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AHHOTALNA

PHU3NKO-XHMHUECKasA FHAPOAHHAMHKA SBAAETCA HO-
BbIM HanpaBleHHEM HCClelOBaHMil, KOTOpOe BO3HHKJIO
Ha cToike (u3ukH M xuMuH. OHa H3yuyaeT Kpyr Bo-
NpOCOB, CBA3aHHHIX KaK C BAHSAHHEM ABHXEHHA XHIAKO-
creil Ha XHMHyeCKHe HIH (H3HUKO-XHMHYeCKHe NpeBpa-
LI{eHHs, TaK H ¢ BIHAHHEM (H3HKO-XHMHYECKHX (HaKTOPOB
Ha IBHXeHHe xuakocTeil. Bo BTopoe H3laHHe KHHMrH
(nepBoe H3janue BhiuA0 B 1952 r.) BKJIIO4EHO pac-
CMOTpEHHE psila HOBHIX BOIIPOCOB TEOPHH Temaoliepe-
JlauH, TEOPHH IBHXEHHA H TEOPHH APOOJEHHA Kamnelb,
ny3bipbKOB H CTpyii; HafbHeiillee pa3BHTHE mOXAy-
uMJa TEOPHA BPAL{AIOUErocA JIHCKOBOTO 9JeKTpoaa,
KOTOPHIH B nocjenHee BpeMs npHoOpen Goabluoe 3Ha-
yeHHe LA TOYHBIX (PH3MKO-XHMHUYECKHX HcClelOoBaHHii.

KHura npelHasHaueHa AAA HayuHHX PaGOTHHKOB
H acnHpaHTOB (PU3HKOB, (PH3UKO-XHMHKOB H XHMHKOB,
a TaKyxe CTYAEHTOB CTapIUHX KypCcOB, crieuHalH3Hpyio-
UIHXCA B 06NACTH TeopeTHYECKoH (hH3HKH M QH3HYecKOit
XHMHH.
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NMPEAUCIOBHE KO BTOPOMY H3JAHHIO

Bo BTopoM wu3namuu (nepBoe wu3naHMe BuA0 B 1952 r.) B KHury
BKJIOUEHB HOBbie paslenbl — TeOpHs TeNnonepenayi B MUAKOCTIX, TEOPHS
JBWXeHHS W NpoOieHHs Kaneab, CTpy® H nysblpbkoB ¥ Hp. B kHHre
paccMaTpuBaeTcs PsSA HOBBLIX CAy4YaeB KOHBEKTHBHOR auddysum u apy-
rue BOMPOCH, pa3paboTaHHble Ha OCHOBe TPYAOB aBTOPa H €ro COTpyn-
HHKOB M YaCTHYHO Ny6JHKyeMble 31eCh BnepBbie. KpoMe TOro, B kHure
JaH KpaTku# 0630p MHOTOYMC/JEHHBIX SKCMEePHMEHTaJNbHHX PaboT, OTe-
YeCTBEHHBHIX U 3apyOexHbX, B KOTOPHX TeOpUsd KOHBEKTHBHOFO mepe-
HOCa BellecTBa B XUAKOCTSX, Pa3BUTas aBTOPOM, MOLBEpPraach OMbITHOH
TpoBepke,

Hosbie opurunanbHeie paGoThl, OCBellEHHblE B KHHUTe, MPOBOAUJIHCH
B Hucruryre aaexrpoxumuu AH CCCP u una xadenpe Teopertu-
yecko# ¢usauxu  MOCKOBCKOrO HHXKeHepHO-(U3HUECKOro HHCTHTYTA.
AxcnepuMmenTanbHble paGoThl MPOBOAMAKCL HAa Kadeape 3JeKTPOXHMHR
MoOCKOBCKOro rocynapcTseHHOrO yHuBepcuteTa u B MHcTHTYyTE DnexTpo-
xumun AH CCCP.

1 xoten OB BHOBb BHIPA3uTh TrJyGOKYlO. 6JarONapHOCTL akale-
Muky A. H. ®PpyMkuny kak 3a MHOrouuc/ieHHblE M BeCbMa LEHHble
Ans MeHs OOCYXIeHHS M COBeTHl, TaKk M 3a TOCTaHOBKY 3KCMepHMEH-
TajbHBIX UCCIENOBAHUR B YKA3aHHBIX OPraHU3ALUMAX.

91 Buipaxalo ray6okyio Gnarosapuocts axamemuxky JI. . Jlannay
8a BeCbMa LiEHHbIE COBETHI.

CuuTalo CBOMM NpUATHBIM N0JroM noGaaromapurtbh R-pa 3. I'paGos-
ckoro (Bapwasa), n-pa 5. Koyreuxoro ([Tpara), m-pa Hx. Oiirapa
(Kem6pumx), kaun. xuM. nayk HW. A, Barouxyioo, npod. b. H. Kaba-
Hosa, npod. C. C. Kyrarenanse, kaun. ¢pus.-mateM. Hayk A, M. Poaena,
n-pa xuMm. Hayk H. JI. Poseudenbna, n-pa xum. nmayk I'. JI. Haran-
coua, mpop. H. A. dykca 3a IHCKYCCHIO U CYIIECTBEHHble 3aMeuaHus,
yureHHble MHO# BO BTOPOM H3NaHHU KHHUTH.

Mue xouercs no6iarolapuTh KaHA. XuM. Hayk . A. Afikassna,
I'. JI. Bunosuy, 0. B. Tlnecxosa, B. JI. IOxTanosy, KaHA. XuM. Hayk
A. Y. denoposy, nou. B. I1. l'anywko (InenponeTpoBCKH# YHHBEPCUTET),
npod. 5. B. lypausa u kann. xuM. Hayk 3. Y. [yxuskoBy (Jlenunrpan-
ckult yHusepcuter), mpod. M. P. KpuueBckoro u kaHA. XHM. Hayk
0. B. LllexaHnckyio, skcnepuMeHTa/blibie HMCCAENOBaHHS KOTOPHIX CMO-
co6cTBOBaNM NMPOBEPKEe W Pa3BUTHIO HAIUKX TeOPeTHYeCKUX paboT.
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[Toapo6roe ofcyxnenne pa6or no Teopuu MOAPOrpaduUecKUX
MakCHMyMOB Ha ceMuHape WHctutyra dusuuecko#t Xumuu Yexocnosau-
kot Akanemuu Hayk (ITpara) Guisno BecbMa UEHHHIM /A MeHs.

Xoten 66 BHPasHTb GJAroAapHOCTb PYKOBOLMTENIO 3TOrO CeMHHApa
akan. P. DBpanuka u BCeM ero yvacTHukaM M B OCOGEHHOCTH
a-py 1. Koyreukomy u a-py I'. Kopura.

B noarotoske KHHFH KO BTOPOMY H3LaHHIO Ype3BHYatHO GOJIbLIYIO
MOMOWb MHe OKa3aau HayuHble corpyanukn P. P. JloroHanse u
0. A. Yusmamkes. B sro#f paGore mnpHHANM TaKKe y4acTHe KaHA.
¢us.-mateM. Hayk 1O. B. Vsanwos u B. A. Kupbsuos, B. C. T'pados,
10. Y. flnamos, E. B. Bpemenkosa u B. 10. duauxosckuit. 1 c yno-
BJeTBOPEHHEM TNPUHOUWY BCEM HM CBOIO MCKPEHHIOI 06/1arodapHOCTb.

B. Jlesuy

U3 NPEAUMCJIOBHSA K NTEPBOMY M3JAAHHIO

. Ins passutus puanueckoft XuMHU B MOCJIeNHHEe AeCATHAETHS XapaKTep-
HO IUHPOKOE NPOHUKHOBEHHE B Hee (PHUIUYECKHX METOAOB UCCIENOBAHHSI.
K nocnennuM oTHOCATCA, B YaCTHOCTH, METOLH TeopeTHYecKo# (usuKH, KO-
TOpLle HaXOZAT Bce 6GoJee IUHPOKOe NMpHMeHeHHe B paspellleHHH PasHO=
06pasHLIX BONPOCOB, HAaXONSAUIHXCS HA TPaHH MexAy GH3UKOH ¥ xumHuefd.

B nacrosuelt MoHorpaduy, nocssiueHHOR BonmpocaM (pH3HKO-XUMH-
4YeCKOR ruapodMHAaMHMKH, pacyeTHbHle MEeTOAH TeopeTHYeCcKOH duanku
HCMONb30BANUCL MNPH  PACCMOTPEHHH HEKOTOPBIX (UIUKO-XUMHYECKHUX
ympo6sieM, CBA3AaHHHIX C ABHXKEHHeM XHAKOH (a3H.

[Ton ¢usHKO-XHMHUECKOM THAPOAHHAMMKOR MH MOHHMAaeM COBOKYyT-
HOCTh BOMPOCOB, CBA3aHHHIX KaK C BJAMAHHEM JBHXKEHHS JKMIKOCTeR Ha
XHMHYecKHe WAH (U3UKO-XMMHYECKHE TNpeBpalleHHs, TaK H C BJAHAHMEM
(pH3HKO-XUMHYECKHX (DAKTODOB HAa ABHXEHHE XHIKOCTEH.

[naBHas ueab KHHTM — NMpPHBeLEHHE B CTPOHHYIO CHCTEMY MOJIOXeHHH
(13NKO-XUMHUYECKO! TUAPOMMHAMUKM Ha OCHOBe HaWuX pa6oT, NMpOBO-
IOMBIIMXCS B TEYEHHE MOCJACAHMX HECATH JeT B OTAeJNe 3JMeKTPOXHMHH
Hucturyra ¢usnveckolt xumun Axasemun Hayxk CCCP B TeCHOM KOH-
TAKTe C KOJJIEKTUBOM OTAea.

Buipaxaio ray6okyi0 6/arofapHOCTb DYKOBOLMTENIO STOro OTIeJa
akanemuky A. H. &pymxuny, a Takke MOEMy YHHTEMO, aKaZeMHKY
JI. 11, Jlannay, 8a MHOroYMC/NeHHbIE M HCK/IOYHTENbHO LEHHBE COBETH
M YKasaHus B Tpollecce BelleHHs 3THX HCC/AeN0BaHHR H NMPH co3daHUM
HacTosiwero TpyAa. CyuTalo CBOMM NPHATHHM AROJArOM MN06JAroiapuTb
npod. B. H. Kabanora, npod. M. H. Kysbmuunix. H cr. HayuH. coTpya-
uukoB T, A. Kpiokosy, U. A, Baroukyio, A. B, lopozreuxywo, E. H. ITo-
NOBY, 9KCIEepPUMEHTa/bHBE HCCIeNOBaHHA KOTOPHX CNOCOGCTROBa/NH pas-
BUTHIO TeODHH W3/JaraeMblX HHiKE BOMPOCOB.

B. Jlesuy



FJMABA I
BBEJEHUE

§ 1. YpaBHeHus rHApOAHHAMHKH

Jlannas kHHra umeeT cBOefl 1eJbI0 PAacCMOTpPeHHe PasHOOOPA3HBIX
3anay (U3HKO-XMMHYecKOH ruapoamHamuku. Ham npuzercs B NajbHefi-
tleM IWHPOKO M0Jb30BaThCs MpeNCTaBJeHUAMH COBPeMEHHOH ruapodnHa-
MuKkH. B vacTHOCTH, MBI 10/KHB OyleM HCTOJb30BATH TEOPHIO BAKHX
TeyeHHR MMAKOCTH, TEOPHIO MOrPaHMYHOTO CJIOS, TEOpUI0 TypGyJeHT-
HOCTH M T. M.

B pamkax nauHOM KkHMrM MB He MMeeM BO3MOXHOCTH LOCTaTOUYHO
noApo6GHO M CHCTEMaTHUYeCKH OCBETHTb BCe 3TH BONpOCH H OyneM mpeld-
1nojaraThb, YTO YHTaTeJb 3HAKOM C OCHOBAMH rHapoaHHaMuku [l]. Bosee
ChelunasbHHe BOMPOCH THApPOAMHaMuUKM OyLyT H3JaraThcd B COOTBeT-
CTBYIOIIUMX pasnenax kuuru. Kpome Toro, anas ynoGcrTBa CCHUIOK M cripa-
BOUHLIX Iuese#l Mb npHBeaeM B 3TOR r/aBe KpaTkuHh 0630p OCHOBHHIX
NOJNOKEHHA COBPEMEHHOH TFHAPOAMHAMHKH.

B nanpHeftueM Mb OyxeM uMeTb 1es0 TOJBKO C JABHXKEHUEM He-
CKMMaeMBX KaleabHbHIX MHAKOCTEH, a MO3TOMY BCeraa CUMTaTb NAOT-
HOCTb >XHAKOCTH NOCTOAHHOR BO BpeMeHH H B MPOCTPAHCTBE.

CocTosHne aBHXyule#ics HeC)KuMaeMOH JKUAKOCTH MOJHOCTHIO Xa-
paKkTepu3syeTcs 3amaHueM B KaxA0M TOuYKe INPOCTPAHCTBA B KaXIBIR
MOMEHT BpEeMeHHM 3Ha4yeHHs YeThpeX BeJWYMH — TpeX KOMIOHEHT CKO-
POCTH KHIOKOCTH V U IaBieHHs p. B Hec)xumMaeMOH KHAKOCTH CKODOCTb
JIBMXKEHHS V YLOBJETBOPSIET YpaBHEHHIO HENpepBLIBHOCTH

0v]l+ 00, = (l,l)

BB p2XaIOEMy 3aKOH COXPaHeHHs BellecTBa.

Tpu apyrux ypaBHeHHs, HEOOXOAMMBIX 1/ ONpPENeNeHHs HCKO-
MHX (QYHKUMR, NPencTaBAsIOT YPaBHEHUs ABHIKEHHS 3/eMEHTa XHAKOCTH.
Ecay OTHOCHTb ypaBHeHMe [BHXeHHS K eluHuie 00beMa KUAKOCTH, TO
8 BEKTOPHOM BHIE OHO 3aNHIUETCA:

d
p o7 =—grad p—pAv 1. 1.2

divv = 0"“’ =24
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Ypasuenue (1,2), umenyemoe ypaBueHuem Hasbe — Crtokca, B Jesoft
YaCTH CONEPXHT, OUYEeBUIHO, MPOU3BENEHHE Macchl elHHHIB 06bLeMma
MHUAKOCTH HA "ero yckopeuue. B mpaso#t uactu ypasuenus (1,2) crosr
CHJB, NelCTBYyIOlUIME HA STOT 3jeMeHT wkuakoctu. Bexrop f npencrasaser
o6beMHYI0 CHJY, INeHCTBYIOWLYI0 Ha 3JeMeHT KuakocTH. [Ipumepom
06beMHOR CHJB MOXET CHAYXHTb CHJAAa TsKecTH. [ panveHT IaBjieHUs
npeactaBaseT 00beMHYIO CHAY (B3fATYI0 ¢ OOpaTHHIM 3HakOM), nelct-
BYIOULYI0 Ha 3N€MeHT XHIKOCTH, €CJIH CaMO [aBJEHHe H3MEeHseTCcs OT
ToukM K Touke. Jle#CTBUTENbHO, eClM BLILEINTb B KWUIKOCTH HEKOTO-
puft o6beM, TO CHJa, AeHCTByOulas Ha STOT 06beM, paBHa HHTerpaay

—'—§pd$.

rae dS —3JeMeHT MOBEPXHOCTH, M MHTerpad OepeTcsi MO TIOBEPXHOCTH,
okpyxaiowe#t 310T 06beM. [Ipeo6pasys mnOBepXHOCTHHIH HHTErpas
B 00beMHBIH, HAXOAUM:

—-§pd$=-—fgradpdfv.

IMocnenunit wuurterpan mnfjencrasaser o6beMHYIO CUJIY, AEeHCTBYIOLLYIO
Ha Bechb 00bem. Orciona cJaepyer, YTO Ha enuHuuy o6beMa HeHcTByer
cuna (—grad p). To o6cTONTEAbCTBO, YTO B YPABHEHHS! IBHXEHHSI BXO=«
IOMT He caMO JaBjeHHe, a JHLIb ero rpalHeHT, MNOKa3biBaeT, YTO 3HA-
YeHHe NABJEHWSI B XMAKOCTH ONpeleneHO JHUb C TOYHOCTbIO AO MPOH3-
BOJILHOR nOCTOSHHOR.

Ynen pAv, rae g — B3KOCTb KHIAKOCTH, YUYMTHIBAeT NefCTBMe Bs3-
KX cui. Hanuune y KHAKOCTH BA3KOCTH HJIH BHYTDEHHErO TPEHHsS Mpo-
ABISETCS B NMEPEHOCE KOJMYECTBA ABHXKEHHS OT TeX MECT, Fle MHAKOCTb
IBWXKeTcs c OoJbliel CKOPOCTbIO, K MeCTaM C MeHblle# CKOpPOCTbIO.
WHpiMH cnoBaMM, NPOMCXOAMT YBJleueHHe CJIOeB, NBHXYILHXCA C MeHb-
meft CKOPOCTBIO, CJOSMH, JABHXYWMMHCA C GoJbliet CKOPOCTHIO.
O6bemHas cuia pAvV BO3HHKaeT B XHIAKOCTH, Y KOTOPOH STOT mepeHoc
NpOHCXOAUT N0 3aKOHY Tpenus HbloTOHa M BA3KMe CBOMCTBA KOTOpOH
XapaKkTepu3ylOTCSL 3HaueHHeM ONHOR TmocTOsSHHOH Ba3koctH p. Takue
MUAKOCTH HMEHYIOTCS HOPMAJIbHBIMH, WM HbIOTOHOBCKHMH !).

HopManbHEIMH KUAKOCTSMH SABJSIOTCS BONa M BOLHBIE PacTBODHI
HEOPraHMYeCKHX M MHOTHX OPraHMUECKHX BEIWECTB, DAL OPraHHYECKUX
KHUAKOCTeH — CIMPTH, YrJIeBONOPONb, IKMAKHE MeTaanbl, TJHUEPHH,
HEKOTOphle CMOJBl M CTeK/Ja W Pl APYrHX, a TaKwme BCe rasbl.

1) Crenyer noauepKHyTb, YTO BSiI3KHE CBOMCTBa HBIOTOHOBCKOW CM(MMaEeMOit
WHAKOCTH XapaKTEpH3YIOTCA ABYMfA MOCTOAHHBIMH — BA3KOCTbIO W H BTOPO#
BA3KOCTbIO §, BXoasuleil B ypaBHEHHE IBHXEHHS KaK KOS @HUUHMEHT mpH ujeHe,
cojepxalleM IHBEpreHuHlo CcKopocTH. B uecxumaemoit xumkoctd divv =0
i STOT 4JeH He BXOAHT B YPaBHEHMA ABHKEHMsA, a BTOPas BA3KOCTb He f1PO-
ABJIAETCS. :
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BASKOCTb |y Pa3qHUHBIX JKHUIKOCTE! HMeeT 3HaueHHs, pa3JHuaio-
wecs B HeoObyafiHO WMPOKMX npenenax. Hexoropbie 3HaueHus p mpu-

peleHH B Ta6a. 1.

HeCMOTpr Ha CTOJb pa3juyHble 3HAYEHHS |, B YKA3aHHBIX XHUAKOCTAX

crporo cobaionaercs 3akon Tpeuns HbploTona.

IIMPOKHA KJacC MKHIOKOCTEH,

CyulecTByeT, 0nHaKo,

AN KOTODHIX 3aKOH TpeHus Ta6anua 1
Hbiorona nenpumenuM. Taxue BAIKOCTS KumeTHuecKas
SKHAKOCTH HMEHYIOT OOBIYHO Bewectso @ npu 20° C BASKOCTD v =
HEHbIOTOHOBCKHMH, HJAH 4HO- P
MaJIbHBIMH,
Bona . . 0,01 0,010

.B pamkax 3To# KHHTH MbI A 0 0_ . )
we Oyzem  paccMarpusare | BO3wyx. .| 18.10 0,150
cBoficTB HEHbIOTOHOBCKHX Pryts . . 0,0156 0,0012
KMAKOCTEH, XOTH HMX H3yue- T nuuepun 8,5 6,8
HHE HEeCOMHEHHO COCTaBJ/seT :

OHY M3 3a1a4 QU3HUKO- XUMH-

yecko# ruaponuHamuxd. K coxaneHuio, 10 HacCTOSIEr0o BPEMeHH He
CYLIECTBYEeT CKOJIbKO-HUOYAb OGOCHOBAHHBIX TEOPETMYECKHMX MpEeiCTaBJe- |
HH#t B 06/1aCTH TeueHHs HEHbIOTOHOBCKHMX XHAKoCTeid. BecbMa 3sHaumresb-
HOe HHCJO TeOpeTHYeCKHX HccienoBaHnt B 3TOR 06/1aCTH He NpPHBEJO
NMoKa K CO3MaHHMIO TOCAeNOBAaTeNbHON KOJHMYECTBEHHON THUAPOIHHAMUKH
HeHbIOTOHOBCKHX JKHIAKOCTCH.

dv
3anucas 4r H YUHTHIBaf, UYTO TJIOTHOCTb
KUAKOCTH MOCTOSIHHA, MBI MOXEM NpencTaBuTh BbhipaxkeHue (1,2) kax

noapobGHee yCcKOpeHHe

%—i—(vgrad)v:——grad—:i'-{—vtkv.—{—% (1,3)

#IM B KOODAMHATHOM BHIE
v, dv 1 0%, ’
#-{_.v"ﬁ:_?ax,'F ‘+f‘. (1,3

B ypasnennu (1,3’), kak u Bciody B AajabHefiieM, Hpeanojaraercs,
YT0 MO MHIOEKCaM, BCTPEYAIOLMMCS [OBAXAH, MPOM3BOAMTCA CYMMHpOBa-
HHMe (B JaNHOM cjyyae CYMMHpOBAHHe BeleTCa 10 HHAeKCYy K, mpoGe-
raiouieMy 3sHauenus 1, 2, 3).

BennunHa v, paBHas

V= % [em?/cex],

HOCHT Ha3Ballle KMHeMaTHUeCKOH BAIBKOCTH XKHIKOCTH.
Ecan otsiaeubca ot f; TO ypasueunus Hasbe — CTOKCZ MOKHO BbI-
Pasutb B Apyrom, Gosee HarasgHoM Buie. Jaa 3Toro 3aMeruM, 4ro,
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yuutnBaa (1,1), moxuo (1,3") mepenucatb B Buie
dpu; 0
_—‘3;, =‘0_x:[ pstk‘*‘?'”cvk'l‘l"(oxk +0x‘)] (1.4)

3 1 npu i=k,
rie %=1 o npu i # k.

Yro6ul yGeAuTbCS B TOXAECTBEHHOCTH Buipaxewut#t (1,4) u (1,3),

3aMeTHM, 4TO o
ox]‘( i k) =T 0xk+ toxk koxk

0"01{ 0 Oy

0x;0x;  0x; 0xx
nockoabKy ypaBxenue (1,1), HanumcaHHOe B KOMIOHEHTAaX, HMeeT BHUA

Oux

0xy =0.

Ecau 0603HauuTb BhIpaXeHUe, CTOflulee B KBaApaTHHIX CKoOkax B ypar-
nHenuu (1,4), uepes pi

du
sz-—_Psz\‘l‘P‘v{”k—f—P'(axk+7x%,). (1,5)
TO NOMYHUM: R ,
Opvy __ 0Pk
OF = oxg " (1.6)

BenuunHa p;; HOCHT HasBaHMe TeH3opa HampsikeHu#t. OueBUAHO, uTO

dv,
P1k=_p°1k+l"(0x + ax,:

BATH BeMHYMH: Dooy Pyys Prys Poz B T A
[To caMoMy Ompele/ieHHIO TeH30pa HANpSXKeHUH B H30TPOMHOH cpele
ICHO, YTO OH fIBJSETCS CUMMETPHYHBIM TEH30pOM, T. €.

Pix = Pki-
JleficTBUTENBHO, HAnMpuMep,

)—[—pfuiv,‘ npencTaBAseT COBOKYMHOCTb Ae-

ov. » Ovy

Poy =0 (22 4+ T0) oo, = (S A+ 22) 4 p0,0,= o (1T

B cuny sTtoro M3 neBsTtH ‘BeTHunH Pij MMWIb WECTb UMEIOT He3aBU-
CHMble 3HayeHHs.

YTo6H BLIACHHTb CMBICA TeH30pa piz, mnpouxrerpupyem (1,6) mno
HeKOTOPOMY NpPOU3BOJALHOMY 00BeMy M NpumenuM TeopeMy [aycca—
Ocrporpanckoro Kk npaBoft 4acTH ypaBHeHHs, 3aMeTHM, YTO, NOCKOJIbKY
Nno MHAEKCY R MPOHM3BOAUTCS cyMMupoaaHue. B NpaBO# YacTH Bblpaxe-
Hus (1, 6) CTOUT AHMBEPTreHUHs

2 [evydo=[L 4u=§ pyas, (1.8)
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¥YpasHenne (1,8), cienosaTenbHO, XapakTepHsyeT M3MeHeHHe HMNYJbCa,
KOTOPHM 00/1ajaeT KHAKOCTb B HEKOTOPOM o6beme. MameHenne uMmy/abca
B 06beMe pPaBHO MOTOKY WMNYJabCa, KOTOPbIft BHITEKaeT uepe3 MOBEPX-
HOCTb, OrpaHuuuBaoulyl0 3ToT o06bem. Takum o6pa3oM, p; npencra-
BASleT TMOTOK MMOyJabca. Hanpumep, KOMIOHEHT p,, eCThb He 4TO HHOE,
KaK x-f KOMIOHEHT HMOTOKA HMMy/bCa, BBHITEKAIOUlEr0 yepe3 rpaHb No-
BEPXHOCTH, NEPNEHAHKY/ISPHYI0O K OCH ¥
v ov,
Pay = (pvz) Uy +P‘(Ty£+_0;y‘) .

ITepoe cnaraemde B MpaBo# YacTH 3TOro, BHIPAaXEHHA MPEACTAB/AET
KOMIIOHEHT MOTOKA HMIy/bCa, CBA3AHHOTO C MeXaHWYeCKHUM TMepeMmelille-
HHEM 3jeMeHTa 006beMa XUIKOCTH yepe3 MJOWANKY, NMepIeHANKY/ISpHYIO
K OCH y. Bropoe craraemoe Bbipa)aeT MOTOK MMIMYJbCa, BO3HHKAIOUIHH
BCJIENCTBHE HANHYHA Y KMAKOCTH BS3KOCTH. Bsskue cBo#icTBa MUIKOCTH
06ecneunBalOT MepeHOC KOJHYECTBA LBIXKEHHMS OT MeCT C GoJiblle# CKO-
POCTbIO K MecTaM C MeHblIeft CKOpOCTbiO.

Cucrema ypasuenu#t nswxeuns (1,1) u (1,2) nomkHa GbiTh gomnoJ-
HEHa CHCTEeMOR T'paHMYHBIX YCJOBHH.

MHorouuceHHbIe 3KCIEPHMEHTANbHBIE HCCAeL0BAHHS MO3BOJIUAA YCTa-
HOBUTb, YTO NPH TEYEHHH KamneJbHBHX HBIOTOHOBCKHUX JKMAKOCTEH BAOJbL
CMauMBaeMON HMM MOBEPXHOCTH TBEPLAOFO TeMa HMeeT MECTO HeMOMBHX-
HOCTb CJIOfl KHAKOCTH, HENOCPeNCTBEHHO MPUAETalOUero K MOBEPXHOCTH,
WM, KaK YacTO TOBOPSAT, CJHN HIAKOCTH C TBeplo# MOBEPXHOCTHIO.
HaMepeHns ckopocTeft mokasanau, uTO TOJIHHA HEMOIBHXHOTO CJI0%
KUAKOCTH BecbMa Mana: OHAa COCTaBJAAET HECKOAbKO MOJEKYAAPHBIX
caoeB (cM. § 132). Tem .He MeHee, OTCYTCTBHE CKOJIbKeHHs! BLOJAb IO-
BEPXHOCTH BECbMA CYUIECTBEHHO NJIi TeYeHHsl KMUAKOCTH B LeJOM, Ana-
JIOrHYHOE sBJIeHHe HMeeT MeCcTO M B rasax, ecid MIOTHOCTh HX AOCTa-
TOYHO BeJHKa.

Takum o6Gpa3oM, MONKHO CuHTaTh, YTO Ha BCeX TBepAHX MOBepxX-
HOCTAIX, C KOTOPHIMH I'DaHHYHT [IBWXKYILASCS KHUAKOCTb, BHIIOJHEHO rpa-
HHUHOE YCJIOBHe

v=0. (1.9

Ilpu 3TOM Ha enMHHLY MOBEpXHOCTH TBEPLOT'O Teja CO CTOPOHBI XUIKO-
CTH nAeflcTByeT cHia, paBHas MOTOKY HMIYJbCa, NPOXOASLLEMY uepes
STY MOBEPXHOCTb. :

Ha rpanuue pasgena noABmkHbIX (a3 — ABYX HECMEIUHBAIOUIHXCS
WUAKOCTE! MM IKHAKOCTH M ra3a — CKOPOCTb He HOJ/KHa 00paulaTbCs
B HYJ/b, HO BHIIOMHSIOTCS CjeAyIOLiUe YCJIOBHA:

1) TanreHunaiabHas caarapuias CKOPOCTH v, HempepbiBHA

v = v, (1,10)
2) HopMmasnbHas cJaaraiouias CKOpocTH obpaliaercs B HYJb
o) = o =0; (1,11)
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3) paBHB IpyT APYry ¥ NPOTHBOMOJOXHBI MO HAMPABJEHHIO CHIbI,
€ KOTOPHIMH HMAKOCTH HeHCTBYIOT APYr Ha Apyra, T. €.

F(1)=F(2) (1’12
F(l) F(z) (1, 13)

The MHAeKCH 1 M 2 OTHOCATCA K pasHBIM XHAKOCTAM, B uyacTHocTH, Ha
€BOGONHON NMOBEPXHOCTH. UAKOCTH KacaTeNbHHH KOMIOHEHT CHJBI 00pa-
1aeTcs B HYyJib

F,=0. (1.14)

Tlpn nBuKEeHUHM BS3KOH HMAKOCTH B Hell MPOMCXOLHT AMCCHMAUMS 3SHEP=-
THH. Boiuncsienune [2] mokaseiBaeT, YTO 3SHeprus, AUCCHNHpyeMas B eld-
Hule oébeua, Bupamaerca ¢dopmyno#

LGy
dr = f 0xk Ox,) av =

=g[—f(rotv)2dv+ "T‘jl’;ds-Qf{vrotvlnds]. ,15)

C maTeMaTHuecKO# TOUKH, 3DEHUsl DelUCHHE CHCTEMbl YDaBHeHHH THAPO-
MEXaHHMKH, ABASIOLIMXCA HEJHHEHHBIMH NH(PepPeHUHANbHBIMA yPABHEHUAMH
€ YaCTHBIMM TpPOU3BOAHLIMH, NPENCTABASET 3HAYUTEJbHBlE TPYLHOCTH.
[TosroMy o6ulee pelleHHe MX yAAaeTc NOAYYHTb TOJNbKO B HCKJIIOYH-
TeJbHHIX CAyuasX. TakWe ypaBHeHus, KaK IpaBHIO, CTPEMATCH YNPOCTHTb,
nociae Yero OTHICKHBAIOT NPUGIMNKEHHBIE DelieHHs YNPOLIEHHOH CHCTEMH,

§ 2. Mono6ue ruapoauHaMHYECKUX sABJEHUM

B ruapoiMHAMHUKE M CMEXHBIX C He#l AMCHUMIMHAX, OCOGEHHO B TEO-
PHUHY TemsoNnepenayy, IHPOKOe PAaCNpOCTPaHeHHe MOJYYM/IH TaKXKe METOAb
TEOpMH pA3MepHOCTe#t U TeOpHH mopobwus.

3aecb Mbl OrpaHWYMMCS JHWIb W3J0XKeHHeM HanGoJee NPOCTHIX
NONOKeHU TUAPOAHHAMUYECKOR TeopHH nopoGus.

3aMeTHM JHIUb, YTO MeTOAM TeOpHUH nono0Hs W TeOpHH pasMep-
HOCTell, NpeACTABJsIOLME HAYYHYI0 OCHOBY MOIEJAUPOBaHHA (PU3MYECKUX
ABMEHHH, WCHOJM3YIOTCA He TOJbKO B TeOPeTHHYeCKHX HccaenoBar dx,
Ho u B Texuuke. OcobeHHo WHPOKoe pa3puTue OHM moayuunan 8 CC 1,

Orcplas yutaTenss K pAAY OPHTHHAAbHBIX paboT u MoHorpad
TIOCBSILIEHHHIX TeOpuH noaobus [3], MBI OTrPAHMYMMCS AHILbL HAXOMN
HUEM YCJOBHH Moo0GMS THAPOAMHAMHYECKHX TeueHuH, NOCKOJBKY o.
OyAyT WHPOKO HCMO/b30BATLCS HAMH B JajibHeRie.

Hekoropnie, 6osee creunanbrble, BOMPOCH TeOpiu MonoGHs rerepo-
TeHHbIX XWMHYeCKHX peakuuft 6yayt pasobGpann B § 19.

PaccmoTpuM Teuenve BA3KOH MMAKOCTH M YCTaHOBMM HeoOXoauMbie
¥ LOCTaTOuHble Yycjosus nonobusa AByx Teuenul. [as ycraHosiaeuuns
ycaoBuit noaoOua JAByX NpOLECCOB HeOOXOLMMO TNPHBECTH YpaBHeHHs
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yeueHns k GespasmepHoMy Budy. s sToro BCe pasmepHble nepeMeH-
mMe BeJUUYHMHB, BXOAAILMEe B ypaBHeHMs THIPOLMHAMUKH, CJIeAyeT ofpe-
ZeA9Th, B YaCTAX HEKOTOPOTO, XapaKTepHOro IJs HuX MmacwTaba. Ilycts,
adnpuMep, MOTOK MHIKOCTH OOTEKaeT TeJo, KOTOPOE MOXHO OXapak-
TepH30BaTb Da3MepoM [, MM 3TOT NMOTOK TeyeT BHYTpH TPYOHI, panuyc
xotopo#t pasen [. Torna pasmep oOrexaeMoro Tesna UAH paguyc TpyGbi
OyReT XxapakTepusoBaTb Maciwita6 o6sacTH, B KOTOPOH NPOUCXOMUT
ABMXKeHHe kuakocTH. Bce nuneftinbie pasmepn Gynem uamepsite B 6es-

g X
PasMepHLIX BEJHUYUHAX Xi=—li. [Myctsb, ananoruuno, U, npeacrasaser

CKOpOCTb MOTOKAa, Haberamulero Ha Tel0 WM BTekaouero B Tpyoy.
Cxopocts U, MpencTaB/seT HEKOTOPYIO XapaKTEpPHYIO CKOPOCTb HBHXKe-
HMA ¥ fo/KHAa OuTh Bbi6paHa 3a MacwTab ckopocTH. Bynem Bolpaxath

v
ckopoctd B 6espasaMepHblX BeJHYMHAX V"=?‘" Torna ypasueHus
0

Hasbe — CTokca 1Js CTalMOHAPHOTO TeYeHMst HECKHMAEMOH IKHUAKOCTH
MC)KHO 3anucaTh B BUIe

Us ., oV, 1 op 1, Uy o,
TVeex, = voox, Tt X2’ @10
HIH v
oV, oP v oo,
Viser X FXT—{—WW’ (2.2)

rae P= ufpf‘ — GespasaMepHOe JaBjeHHe.
P

0
B npeoGpa3oBatHoe k Geapa3mepHoMy BuAY YpasHenue (1,2) sxoaut
onnn GeapasMmepHbit mapaMmeTp, MMeHyeMbl#t uyuciom Pefinosnbaca
Uyl
Re = '—-v—- .

BBoas 3To 0603HaueHue, MOXHO mepenucaTh ypasHeunue (2,2) B Bune

ov, 1 0%V,

V" X + Re 0)(2

(2.3)

Hagy:omnotst K (2,3) R0mkHO 6BITH NPHIAHO YPaBHEHHE HENPEPHIBHOCTH

Vi
X, = =0. 2,4)
~MO3HayHOE peleHde /Mo6OH ruaponaMHamMMueckoft 3amauu Tpebyer,
noMumo ypassenuft (2,3) u (2,4), 3anaHus cHUcTeMbl FDaHHYHLIX YCAOBHH
Ha TMOBEPXHOCTAX, OrpaHHuWBaiOUX O6bEM, B KOTODOM TNPOHCXOLHMT
ABHXKEHHE MXHAKOCTH.

PaccMoTpuM 1Ba TNOTOKAa UAKOCTH, ABMKYILMXCA B FeOMETPHYECKH
10n06HbIX O6nacTax (1. e. Takux o6aacTax, KOTOpsle MOryT OHTb
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npeoOpa3oBaHbl APYT B APYra ONHUM JIHIIbL H3MeHEeHHeM JHHeRHOro Mac-
wraba).

[MycTb 3alaHa TOXAECTBeHHast AJi OGOMX IOTOKOB CHCTeMa rpaHHY-
HHX yCJA0BHR M mycTb 06a MOTOKA XapaKTepH3YIOTCS ONMHAKOBHIM 3HA-
yeHueM uyucia PefiHonbnca. Torna GesapasMepHble ypaBHEHHS! IBHXEHUS
06OHX MNMOTOKOB OYAYT COBEPIUEHHO TOXIECTBEHHbl, a MOTOKH MOJHOCTHIO
nofo6GHbl ApYr ApPYry B reOMETPUYECKOM M AMHAMHYECKOM OTHOLLEHHUH.
TaxuM 06pa3oM, YCJOBUE reOMEeTPUYECKOTO MOAOGHS, TOXIAECTBEHHOCTH
rpaHMYHbLIX YCJIOBH# M paBeHcTBa uucesn PefiHoibica sBAseTcs Heo6Xo-
IMMBIM M JOCTaTOUHBIM YCJOBHeM mnONOGHMs AByX TedeHu#. B Bume mpu-
Mepa MOXHO YyKa3aTh Ha OOTexaHWe IAapoOB paauycoB R; u R, AByMs
NMOTOKAaMH ONHOR M TOH e WHAKOCTH C Pa3IvuHbBIMU ckopocTamu U, u U,
TaKUMH, 4TO g-,-;=% , Wi oOTeKaHHe ONMHAKOBBHIX LIAPOB Pa3JHYHBIMH
XUAKOCTAMH C Pa3HbIMU CKODOCTSIMM, TaK YTO BHIIOJNHEHO pPaBEHCTBO
Ui __
=
M Vv, 3a1aBaeMbX MO TPOU3BOJY; BA3KOCTb I[IPeACTaBASET KOHCTAHTY
KUIAKOCTH, XapaKTepHble CKOPOCTb H pa3Mep MOryT uMeTb Jiobbie, He
CBA3aHHble Mexay Cco0o# 3HayeHus, onpeneiaseMble FPaHHYHBIMH YCJIO-
BusiMu. Beapaamepnbie kpurepuH, nonoGHbie yucay Pefinoabaca, cocras-
JIeHHble U3 NPOM3BOJILHO-$ANaBaeMbIX BeJHYMH, HOCST HasBaHue ompele-
asowKx Kpurtepue. JlioObie apyrue OGesapasMepHble BeJHYHHBI, XapakTe-
pU3YIOLIMe TEKYLLYI0 XUAKOCTb, SBAAIOTCA (PYHKUUAMH ONpenessiomuX
kpuTepueB. [103TOMy Bcsikas THAPONMHAMHYecKas BeJHYHHA MOXeET OHITh
npelcTaBieHa Kak (YHKLHS ONpene siOUX KpuTepreB U Ge3pasMepHBIX
BeanunH. Hanpumep, CKOpOCTb KHMIKOCTH MOXHO BBIPAa3HTb CJELYIOLIUM
06pa3som:

U
v—’. Kpurepuft (uucno) Pefinonbaca cocrasnen u3 Beandud Uy, I
2

o=t )

ITpn cTaUMOHAPHOM TeuyeHHH HeC)KMMaeMOM XHIKOCTH UMEeTCsl TOJNbKO
OluH ompefesiouuit kpurepuit — uncno Pefinonbaca. Bce apyrue seau-
YHHBl ABAIOTCA (pyHKuMsaMH uucaa PefiHoabnca. Tak, nanpumep, Geapas-
MepHas cujia TpeHHus, aeficTBymouias Ha 1 cu? o6TekaeMo#t MOBepXHOCTH,

paBHa
©=f(Re).

B 6oJee ClOXHBIX cayyasX TPH HeCTALHOHADHOM TeYeHHU WJIH Teve-
HHU TPH HAJIMYUM BHeLHero moJs OObeMHBIX CHJ M T. M. HAPAALY C YHC-
JaoM Peitnonbaca mosBAsIOTCS ApYyre ompeledsioulie Kputepuu. B atom
ciyuae TeueHuss NOnOGHBI, ecnid TOAOGHBI TreOMeTpHYECKHe YCJIOBHS,
TOXIAEeCTBEeHHb Hauya/jbHble M T'PaHHYHbIE YCJOBHS, a BCe OMpelesioulHe
KpHTeDHH MMelOT ONMHAKOBOE YHCIOBOE 3HaueHHe.

Mbl He GyneM paccmaTpuBaThb 3THX 6o0Jiee CJIOXHBIX CilyuaeB H Orpa-
HHYMMCS CTAaUMOHAPHBIM MOTOKOM HeCXKUMaeMOR XHMAKOCTH. B aToMm cuy-
Yae peXHMM- TeUeHHS ONpele/seTcs 3HauyeHueM Kputepus Pefinonbnca.
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§ 3. JBuxenHe XHUAKOCTH npH Goapmux uucaax Peiinoannca.
IMorpaHuuHblil cJo0ii

Hau6osee pacnpocTpalcHHBIM Ha TNPAKTHKE  CIyyaeM  JBIDKCIHS
WHUAKOCTH fBAsiCTCA ABHXKeiHe ee mpH Ooublunx unciax PeHnoanaca.
IMpu Re>>>1 nocaennum uaeHoM B ypannennn (2,3) MOXHO npe-
2.
Hebpeub, ecau TOJABKO MO KakuM-1HOO NpHYHHAM NPOH3BONHAS 5}—‘ e
k
uMmeer 0ocobennHo OOAbUINX 3HaueHHH.

Onyckas, kax Manbil, nocaeauufl yien B (2,3), Mbl MOXKEM HAMUCATD:

orP
Viaz, = ~ox;”

HJIH, B pa3MepHbIX BeJHUYHUHAX,

- d‘U,‘ _ 0 (p)
koxk - oxg\p )’
B oGuiem cJydac HCCTAalHOHApHOro ABIDKEHHsT H NMpH HAJHMIHH BHCLWI-
X 00BCMHLIX CHJT HMCCM:

%tz—%(vV)v:*gfﬂd%—l-f' —;— 3.1

B ypansirenunt (3,1) mul npencOperaeM BaskoCTbio. DTO 03HAYAET, YTO
npu Goabwux uncaax PcHionbaca BI3Kue CHJAB MAALl M UrPaiOT BTO-
pocTeneHuyio pob.

YKunkocTn, e HMCIONLYIO BA3KOCTH, HMCHYIOT OGHIMIO HACAbHON.
Ypapuenune (3.1), Buipaxaionee 3akoi ABIKCIA HACATBHON MILAKOCTIH,
Ha3uiBacTcst ypanncuueM Ofepa.

[pencOpexeric  uietioM, COACPWAILMM  BA3KOCTb, H MEPCXOAL  OT
ypaniienns Hasbe — Crtokca K ypasHenuio DH/Icpa npeacTaBiseT BecbMa
cyulecTBeHtioc  ynpotlenue. Ypasueuue IRaepa-— nepporo nopsaaxa,
a ne proporo, kak ypasuenuc Hapbe — Croxca. Ero wuurterpuposanue
B psfe cJayuaeB MOKCT ObITh NPOBeleHO B caMoM OOIICM BHUILe.

B cayuae craumouapHoro BIKEHWS MOA NeHCTBHEM BHCIUHHX cHa f,

UMeIolX NoTeHIHaMbHbH Xapaktep, Tak uro {=—grad U, ypasuenue
Ainepa MOXIIO TICpenucaTh B BHIC
’ 14
(v grad)v:———grad(£ —I—%) 3,2)
p

Ilns wuTerpupopauns ypasueuns (3,2) seesem noustie aunnft Toka. Toa
AMHHEH TOKAa HOHHMMAIOT KPHMBYIO, Kacareianuas K KoTopoft B Kaxk1o0f
TOYKE COBMAAACT 110 HAMPABJEHHIO C BCKTOPOM CKOPOCTH JKHAKOCTH.
[Tpu  craunouapnoM Teueritt I TOKd MPEACTaBISIOT TPACKTOPHH
WHAKIX HacTull. Bocnoansopapminck TOKACCTBOM

erad »Z;l = (vgrad) v 4-[v rol v]
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H 3aMeTHB, YTO BeKTOp [V rotv] mepneHaMKy’aspeH K BeKTOPY CKOPOCTH
V, MB MOXeM BHDa3uTh NpPOEKLHIO ypaBHeHus (3,2) Ha NPOU3BOIIbHYIO

JHHUIO TOKa [
(graa ), =—[eraa (£ + 5],
RJau

o2, p ,U\__
alz+5+7%)=0
OTKyaa (Ha NaHHOM JIMHHM TOKa)
v? U
2—+£; ~+ = const. (3,3)

PaBenctBo (3,3) Hocur HasBaHue uHTerpana bepuynmm. Ox npen-
CTaBJseT OGWHH MHTerpasl ypaBHEHHH ABHXKeHUs HIealbHOH HeCXKHUMaeMOH
KUAKOCTH. DTOT UHTErpasj N0 W3BECTHOH CTeneHH aHAJNOTHYEH MHTerpany
SHepPrHu O6HYHO# MexaHumku. MHrerpan DepHynim mokasmiBaer, 4TO npu
nepexone OT MeCT ¢ 6OJbluet CKOPOCTbIO TeYeHHS K MecCTaM C MeHbuieit
CKOPOCTHIO JaBJeHHe B XHUAKOCTH H3MeHSeTCS B NMPOTUBOMOJQKHOM Ha-
npasJeHAH.

Mockosbky B oramuug¢ OT ypasHenuit Hasbe — CTokca ypasHeHus
dinepa npencrasasior AudepeHuHanbHble YpaBHEeHH NepPBOro MOpsAKa,
B HIeaJbHOH MHAKOCTH AO/MKHBI GbITh H3MeHeHBl TPAHHYHBIE YCJIOBHUS,;
HanpuMep, oOpauleHHe B HYJb BCeX KOMIIOHEHTOB ‘CKOPOCTH XHIKOCTH
Ha TBepAOH MOBEPXHOCTH SBJfETCA TPeGOBaHHEM, HECOBMECTHMbIM C ypaB-
HeHusaMu Ditepa. B HAeanbHOR IKMAKOCTH, He B3aUMOLEHCTBYIOLLEN
C TBepALIM TeJOM M3-3a OTCYTCTBHSl BS3KOCTH, TAHFeHLMaJbHAA CJaraio-
mas CKOPOCTH He MOXeT OBITb NMOABEPIHYTa KaKMM-JHOO OrpaHHYeHHsM,
H Ha NMOBEPXHOCTH TBEPAOro Teja HOJAKHA OOpallaThCi B HY/Ab TOJNbKO
HODMaJ/IbHas cJjaraioulas CKOpPOCTH:

v,=0 (Ha NOBepPXHOCTH TBEpAOro Tesa).

W3 ypaBnenut Ditiepa MOxer OHTb coeNaH elle H APYroff BaKHEIH
BHIBOA: B HIEaJbHOH JKMIKOCTH HMeeT MeCTO 3aKOH COXPaHeHHs UHp-
KYJSILMK CKOPOCTH BHOJb HEKOTOPOFO 3aMKHYTOI'O KOHTYPa, ABHXKYLUe-
rocsi BMeCTe C XHIAKOCTbIO, '

é;vdl = f rot v ds = const,

W3 storo creayeT, YTO ec/M Ha [aHHOM JIMHMM TOKAa B Haya/bHbI# MO-
MeHT BpeMeHH frotv=0, TO naBHXeHHMe Ha 3TOH JHHMH TOKa OyneT
ocraBaTbcsi Oe3BMXpeBHIM M B lajibHeftiieM. B uacTHocTH, Ge3BuxpeBbIM
apAsieTca n1060e ABHKeHHe HAealbHOM XUAKOCTH, HauaBlleecs U3 COCTOSI-
HuA 1oKos. (DTO crmpasessuBO I GAPOTPONMHHEIX KUAKOCTEH, M KOTO-
pux p=2.(p).)

HueHne KHMAKOCTH, B KaXAOR TOuKe KOTOpOH pOTOP CKOPOCTH
PaBeH HY/IO, Ha3biBaeTCH 1OTEHUUANbHBIM.
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[Mpu moTenuHaabHOM NBHXKEHHM CKOPOCTb IKHAKOCTH BCErNd MOMXeT
ObiTh NpefcTaBjIeHa B BHIe
v=grad o, 3,4)

rae @ — HeKoTopas (PyHKILHMA KOOPAHHAT M BPeMCHH, HMCHYeMas MOTeH-
uuanom ckopocte#t. [1pu Takom npencraBaeHut CKOPOCTH ycaoBue rot v =0
BHIMOIHAETCS aBTOMATH'ECKH.

Moncrapasa (3.4) B ypasnenne HenpepuisHocTd (1,1), HaxonmM, 4TO
MOTeNIHAA CKOPOCTH AOJDKEH YNOBAeTBOPATb ypaBsuenuio Jlanaaca

rpaHH‘lelM YCJIOBHEM, KOTOPOMY M10J/KeH YIOOBJIETBOPSThHL MOTEHIIHAX
Ha TNOBEPXHOCTH TBEPIHBLIX TeJ, OrpaHHuYUBAOULIMX 00JacTh  JBHXEHUs
KHUIAKOCTH, CJYXHT YCJOBHE

0

:-—:O

Un on

(Ha MOBEPXHOCTH TRCPAOro Teﬂﬂ); 31echb n——llopmam» K TIOBEPXHOCTH.

IMoTeHIlHan CKOPOCTeH, a CAe0BaTeJLHO H pacnpeneneHHe CKOpocTef,
B MA€aTbHOM MKHAKOCTH MOXHO HAHTH W3 pelleHdUs XOpolIo MU3y4eHHOH
B MaTeMaTHyeCckOH ¢H3Kke KpaeBol 3amaud.

Pacnpenenenve nasnenus MoxHO HaTH M3 ypanucHus Iftnepa. Ilo-
CKOJbKY TPH MOTeHlUHAaAbHOM TeuyeHUH BCIOAY B XKHAKOCTHM rotv =0,
MOXIIO HAMHCATh:

2
(vV)v =grad vz—

Torna ypanuenue D#nepa npuobGpeTaeT BHIL

(09 V2 p AN
grdd ('(j't‘ + —2——*— -;— —"‘ P—) - 0-

OTKy[Oa Cllelyer, uTo

U o0 v? p )
p +0_t —+ §+ .= const. (3.6)
Hanviichmee cyiuecTReHloe Ynpollielnue BO3HMKAET NpH CTallMOHAPHOM
pexuMe ABHKCIHHUS, KOrja gf:.o H
U
%+%+‘-p=const. (3.7)

B oranure ot (3,3), B (3,7) mocrosiiHas HMEET OLNO WM TO Xke 3Ha-
yeHWe 1A BCex JHHUAX TOKa B MHUAKOCTH.

W3 ypasueuns DBepuynan (3,3) caenyer, uTO ecam  HleaibHad
XHAKOCTb 06TeKkaeT TBepAoe Teno, TO HauboJbluee Agpienne OyaeT LOCTH-
rarbc B TO# TOUKe, B KOTOPOH CKOPOCTb HAKOCTH o0paiaerca B nyan
{OT NCHCTBUS MOAS TSHKECTH MIb oTBhekaemcs). Taxan Touka na3biBaercs
TOUKON naleranns HOTOKA WA KPUTHUYCCKOM TOUKOH.
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B cayuae nOTeHUMAJLHOrO CTALMOHAPHOTO TedyeHHss HECXKHMaeMoH
MHAKOCTH OCOGEHHO TNpPOCTO BHACHUTL YCJOBHS, NMPH KOTOPBIX MOXHO
CYMTATb KUAKOCTb HeCrkumaeMmo#t. VIMeHHO, u3MeHeHHe MJIOTHOCTH Ulealb-
HOM JKHIKOCTH, MOCKOJbKY B Heit HeT HMCCHNALM¥ SHEPTHH, CBA3aHHOH
¢ HeoGpaTuMBIMH TIPOlleCCaMM, BCeraa MMeeT aauaGaTHyeckuM XxapakTep,

T. €.
= (%) 3p.
B _(dp)s %
rae S — sHTpomus.

U3 ypasHenns DBepnyanu (3,3) mosyuaeM, YTO M3MeHEHHE NaBJEHHUs
B XHAKOCTH CBS3aHO C KHHeTHYeCKOM 3Hepruefl HUAKOCTH COOTHOLueHUEM

p~E,

MOCKOJ/IbKY TPH CTaLHOHAPHOM NBHXEHHH g—f=0.
HasecTHO, masiee, 4TO CKOPOCTb 3BYKa B MHIAKOCTHM DaBHa

V@,

[MosTomy

HIH

3
XKuakocTe MOXHO CUMTaTb HeC)KUMaeMOH, ecsu —PP'<<1. A0 Hepa-

BEHCTBO BbINOJIHEHO, €CJN CKOPOCTb JKHUIKOCTH ¥ MaJa no CpaBHEHHIO
CO CKOPOCTbIO 3BYKa ¢ B 3TOH XMAKOCTH,

Takum 06pa3oM, CTaUMOHAPHOe NBHXKEHHe HIAealbHOH KHMAKOCTH MO-
#eT ObTb 0XaPAaKTePH30BAaHO YypaBHEHHWSIMHM NBHXKEHHs, PelleHHe H uccle-
JlOBaHHE KOTODHIX §IBJISETCS CPABHHUTEJbHO MPOCTHIM.

Onnako mnpubiameHHe HLEANTbLHOR MKHAKOCTH OKa3blBaeTCs HelOCTa-
TOYHBIM I/ (aKTUYECKOrO H3y4YeHHs ABHIKEHHS peasibHHX KHAKOCTeH
Iaxe MpH O4eHb Goabluux uucaax Pe#iHosbaca. Oco6GeHHO HarjsmHO 3TO
NposBAsieTCs B CYLUleCTBOBAHMH TaK HasnBaeMoro napanokca HanamGepa.
Mapanoxc IanamGepa 3akaiouaeTcs B TOM, YTO CHJA COMPOTUBJEHHUS,
UCNbITHIBaEMasi MPH CTaHOHapHOM ABH)XXEHHWHM TBEpAOro Teja B Haeasb-
HOM XNIKOCTH, OKa3niBaeTcs paBHOH Hy.loO.

flcHee Bcero 3TO BHAHO Ha npuMepe cdepsl, PABHOMEPHO MABHXKYLLeHCs
B HIeanbHOM KuAKOCTH. Paccyskpenus, OCHOBAaHHbHie Ha MCNOJb30BaHHH
ypaBHeHus DBepHyniu, nokasmBaloT, uTO cuJaa, AeHcTBylowas Ha mepen-
HIOI0 noJycepy, B TOYHOCTH KOMIEHCHpPYeTCs CHIOH, AeHcTBYylOWweld Ha
3anu0l0 noaycdepy.

AGCypAHOCTb 3TOrO pesy/JbTAaTa MOKA3HBAeT, YTO 3aKOHBI JBHXEHHS
nieanibHOH XHUAKOCTH, B YACTHOCTH YypaBHeHHe DepHyaad, HMIGT orpa-
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HMUEHHYIO TNpUMeHHMOCTb. OKa3biBaeTCs, YTO BAUSHHC BA3KOCTH HMceT
BeCcbMa CYLICCTBeHHOe 3iiayeHHe B 00./1aCTH, HeMnoCpenCTBeHHO NpHIeraio-
ute K TMOBEPXHOCTH TBepaoro Tenad. Moxno nokasars, uTo B 3TOH
o6s1acTH 0Ka3aTebCTBO 3aKOHA COXPAHCHHS IHPKYJSLHU TepseT CHIY.
Oka3sbiBacTCs MPH 3TOM, UTO YPaBHENHs JIBHKCHIN HICaTbIIOR WUIKOCTH
LONYCKAIOT pa3peiBHble peluends. Dosice Toro, 3Tl pellends CranonsTcs
HeOJIHO311aYHbIMH.

[TpubamKenre HACANLHOM KHAKOCTH SBASAETCS HEYLOBAETBOPHTENLHBIM
NpU PacCMOTPEeHNH IABHKEHHS >KMIAKOCTH BOJMM3M TpaHHUbl paszesta §as.
B knaccHuyeckoff ruApoaMHAMHKE PAaccMaTpuBalOT OOLIYHO CBOHCTBA Teue-
nus BOGAM3KM TBepaod nosepxuoctH. B § 80 Mbl ocranoBuMcs Takke
M Ha cBOMCTBAX TteveHHs BOJAM3M TpPAHWLBI pasnend XHAKOCTb — ras.

B peanbHOft MHMAKOCTH HA NOBEpPXHOCTH TBEPAOro Tesia CKOPCCTh
TeuyeHus NO/kHA OOpaTHTbCA B HYJb. Mexay TemM M3 3aKOHOB IBHXKe-
HHUS HAeaNbHON KMAKOCTH, e HAK/JaablBaIOUIX KaKoro-aubo orpamiuye-
HUS Ha KacaTesJbHYIO CJaraioutlylo CKOpOCTH XHUAKOCTH BOJAU3M TBepAoOH
NMOBEPXHOCTH, C/AeAyeT, YTO MKHIKOCTb ABHXETCHA 34eCb CO CKOPOCTHIO,
CpaBHUMOR CO CKOPOCTHIO TeuYellMs BAAJH OT TBeplOH NMOBEPXHOCTH.

Takum o6Gpasom, BO6AM3H TNOBEPXHOCTH TBEpAOro Tejaa NOJKHA CY-
L1eCTBOBaTb Yy3kas o006/1acTh, B KOTOpPOH Kacarenblas CJaraiouias Cko-
pOCTH NpeTepreBaeT BecbMa pe3Kkoe H3MeHeHMe, OT OOJbLIHX 3HAYCHU]
Ha BHewHe#l ee rpanuie N0 HYIs HA MOBEPXHOCTH TBCPLOTO Tesa.

IJTOT TOHKHH CAOR KHIKOCTH TOJYYHJ Ha3BaHHe MOTPAHHUHOTO CJIOS.
Bce paccyxaenns npeaviayulero naparpada o Majoft BeauumHe BSI3KHX
CHJ MpPH TeueHHH IKHAKOCTH ¢ OoablHMH uMciamu Peflnoabaca nenpi-
MeHUMLI K TOTrpanHyHoMy CJ0i0.

TopMoxeiiHe XHAKOCTH B MOTPAHUYHOM C/A2€ MPOUCXOAMT HCKJIIOUH-
Tenbo Oraronaps BA3KHM CH.JIaM, HIPAIOILMM  3[eCh OCHOBHYIO POJb.
MartemaTHuecky 3To BLIPAXKAETCs B TOM, YTO B MOTPAHHUYHOM CJOE BechbMa
BEJMK TPafMEHT CKOPOCTH B HOPMAaJibHOM K CTEHKe HAnpaB/JeHHH, U BA3-
KHe uyieHbl B ypapuennsx Hapbe — Crokca, coxepiauiue npou3BoaHbie,
B 3TOM HAMpaB/AenHK BEJHKH, HCCMOTPS Ha Manaylo BA3KOCTb KHAKOCTH.

XOoTs TNOrpaHHyHbIf C/A0H 3auuUMacT. HUUTOXKHBIK 00DbeM, OH Hrpaer
BECbMa CYIUECTBEHNYIO POJb B JABHIKEHWUH JKHIKOCTH.

SIBacnus, nMpoucxoasilue B NOTPAHHYHOM CJ0e, CIYXKAT HCTOUHHKOM
THAPOAMHAMHYCCKOTO COMPOTHRIEHHS MNpPH ABMIKEHHM Tesl B IKHIKOCTAX.
IMorpannunbift cjaoft MmeeT ouenb GOJbINOE 3HAUYEHHE H 14 psijla BOMNPO-
coB (PH3NKO-XHUMHUYECKOH THAPOAHHAMHMKH.,

Ypasuenus ABIDKCIHA -KHIKOCTH B MOTpAHHUHOM CJ0€ JONYycKaloT
cyulecTBeHHOe ynpoidenne. Mmenno, B TOHKOM MOrpaHHyHoM cjoe Obi-
CTpOTa M3MeHeHHs BCEX BeJHYMH B HANpaB/ieHWW, TNepICHLHKYIIPHOM
K CTeHKe, BeJHKa 110 CpaBHeHWIO ¢ OLICTPOTOM HMX H3MCHEHHS B TaH-
FeHIMA/bIOM HAMpaB/eHHu,

Kpome Toro, na mocrarouito MajoM ydacTKe TeJa TeueHHe B norpa-
HHYNIOM CJIOC MOXIO CUMTaTh MJAOCKHM (pasyMeeTcs, ecd pasMepbl Tesa
BCJAIKH 11O CPABHCHHMIO C TOJILHHOK NOFPAHIYHOro cJjos).
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PaccmMoTpuM miockoe CTallHOHapHOE TeYeHU: HHUAKOCTH, Halpasus
OCb y MNepneHAUKYJAAPHO K MOBEPXHOCTH TeJa M OCb X BAOJb NOBepx-
HOCTH B HampaBJ/IeHHH TeYeHus.

YpasHenus aswxenus (1,1) u (1,2) B KOMIOHeHTaX njs CTalHOHAp-
HOTro ABHXKEHHA npqupeTaloT BUIL

ovw 1 0p 0’1’9;
Y 5x I V -p ax (0x2 I 0y“) @3.8).
dvy 1 0p 0%, 0%
v, 0x+ y_____—__p_a_}_y(a?_i_o_y%). (3.9)
0vy , Ouy
ox Tay =0 (3.10)

Eciu 0603HaunTh uepes 8, TOJNLIUHY MOTPAHMYHOrO CJIOS W 4Yepe3 [
pasMepHl Tesa, TO MOXHO CYHYaTb, YTO H3MEHEHHe CKOPOCTH 10 OCH Y
MPOUCXOMUT Ha PaCCTOAHMAX MOpsiAKa d), a BAOJNbL OCH X — Ha PaccTosi-
Huax mopsaka [.

Bcio o6GjacTb aBHKEHWS MOXHO nNpub/aniKeHHO pa3buTb Ha ABe:
06/1aCTb HeBA3KOr'0 ABHXKEHHA U 06/1aCTb MOrPaHMYHOrO CJOS, B KOTOpO#
BA3KOCTb MrPaeT CYLIECTBEHHYIO POJib.

B nepeo#t ob6aactu B ypasHenusx HaBbe — Croxca MOxHO oT6pocuTh
YneHB C BA3KOCTbIO, 3aMgHMB MX ypaBHeHusMH Dfinepa.

BHyTpu . norpaHuMyHoro cJof AJf yHpouwleHHs ypaBHenu#t Hasbe —
Croxca MOXHO BOCHOJB30BATLCA TEM, YTO MOrpaHUYHbIH CJIOH HMeeT
TOJILUKY, BeCbMa MaJjyl0 MO CPaBHEHHIO C ero NMPOTAKEHHOCTHIO BHOJb
Tena. Beenem B ypasnenusx (3,8) —(3,10) Ge3paaMepHble KOOpPAHMHATHI,
Hanucas;

x=IX, y=173,Y. @3.11)
OnpenenenHble TakuM 06pa3oM O6e3pa3MepHble KOOPAMHATH H3MEHSIOTCS
B TNpeaeiax

0LXLL, oYL 3,12)

B HoBBIX nepeMeHHux ypaBuenns (3,8) — (3,10) npumyT BHA
lx ax + az %u}f ,:lrgf(-l—,{- %Q;f-i- ;e %;f- (3.8
RN e P e b—og—yf 3,9)
Tlgt;? T at a;y 0 (3,107

CpapHuM, npexne Bcero, MOPSAKH BeJHUUH KOMIOHEHTOB CKOPOCTeH v,
H Uy,
Hs (3,10”) nmeewm:

oy =—"2 [ Gzar. (3.13)
l )
0
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(4
[TpousBoaHas %)% He HMeeT Kakux-an6o ocobenHocTcH, a ee HuTerpan

B npenenax or 0 40 1 MMeeT MOPSIOK CaMoOro v,. IlostoMy B morpa-
HUYHOM clloe

vy~ 20, <, (3.14)

C nomoutbio (3,14) MOXHO OIEHWTh pa3aHuhblie WicHbl B YpPaBHEHHH
(3,8). 3ameTnm, 4TO, MOCKONbKY u3MeHeHHe Y NPOMCXOAMT B nperenax
(3,12), npowusponivie

W Oz
oY or? h
TouyHo TaK e
0V 0%,

x ~axs U

o

[ToatoMy B mpaso# uyacTd (3,8") MoxkHO npeHeGpeub 4YaeHOM

v 0, U v

12 0X2 2
MO0 CPaBHEHHIO C YJeHOM

v 0W, U, v

Eore TR

35 OY b

B nesoft wactn (3,8’), oanako, o6a yseHa MMelOT TOT Ke MNOPSALOK

BEJMYMHBI:
2
Up 0 Y,
I 09X I
B cnay (3,14)

2
Uy Vg U Uy Uy

AT 28 L2,
By 0Y b [
TMosromy ypasuenue (3,8) MOXKHO HanmUCcaTb OKOHYATCABHO B BUAE

0, 00, 1 op :
T 1. gL y =T 5
Uy ox + 'Uy 0)/ + 0)’2 (311 )
Toawuny norpaHnyHoro cJos 8, MOXKHO OUENHTb H3 YCI0BHS, YTOOHI
BCe uJjieHbl, OCTaBjeHuvie B ypanueHun (3,15), Onia OLHOTO W TOro e
nopsaaka MamocTdH. JTO Aaer:

T, (3,16)

Ecaun ckopocth v, Ha BHelle# rpaHuile MOrPaHHUHOTO CJAOSI JOCTHraeTr
sHauenust Uy, 1o u3 (3,16) caenyer:
v

Ua ;
20O =

l by

0
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HiIn
L 12
O ~ —_——~ —_—
0 UO ] VRC
TakuM o6pa3oM, 8, MeHbllle pa3MepOB Tejla B OTHOIWIEHWM KOPHS U3
gyucaa Pe#tHonbaca. [lpu srom, pasymeercs, Heo6XOmHMMO, YTOOH BHINOJ-

usnoce HepaseHcTBO ) Re>S>1. OTa oueska MOATBEPKIAETCH TOUHBLIM
pacueToM (CM. HHXe).

HyxHo, 0IHaKO, NOMYEPKHYTb, YTO TMOHATHE TOJIUMHH MOTPaHHY-
HOTO ClOft fBASIETCS YC/MOBHBIM. [lepexon OT BASKOrO TeueHWs B Morpa-
HHYHOM CJ0e K HEBASKOMY TeYEHHI0 B OCHOBHOM [OTOKE MPOHCXOLMUT
nnaBHO M mocTenenHo. ToammuHa 8, MpeicTaBAseT TOMUMHY TOR o6JaacTH,
B KOTOPOH NMPOHCXOIZMT OCHOBHOe H3MeHEeHHe CKOPOCTH OT Hyaf Ao U,

M3 (3,15) caenyer Takxe, 4TO NpOM3BOAHAA

(3,17)

2
1 Op Ug

P ox T' (3:18)

INepexonas K oueHKe YJeHOB, BXOAsKX B ypaBHeHue (3,9), Haxoanm,
Uy,

YTO OHH MMEIOT MOPANOK BENUUHHB —— —f» T € MeHblle 4/eHOB ypas-

)
Henus (3,8) B OTHOMeHMH 7‘1

Orciopa caesyer, 4TO rpaAMeHT [NaBAcHHS M0 HOPMAanM K MOBepX-

HOCTH, Bxoxsawu# B (3,9), pasen
: 2
1 0p 3Us
¢ 20
poy B

Cpasunsas ato ¢ (3,18), Mbl BHAHM, 4TO

oy T ox"

D10 03HauaeT, YTO TpaiMeHT [aBJEHHA B HanpaB/eHNH 1O HOPMAaau
Majl MO CPaBHEHHIO C W3MEHeHMeM [aBJieHHs BIOJb MOBepXHOCTH. [lo-
9TOMY C TOYHOCTHIO RO Y/JEHOB BTOPOTO MopsAka Majsoctd BMmecTo (3,9)
MOXHO Hanucartb:
op
a‘y—’: . (3,19)

Ypasuenne (3,19) nokaseiBaeT, uTO B BeCbMa TOHKOM MOTPaHHUYHOM
CJ0e [aBJ€HHWEe He YCNeBaeT HW3MEHWTbCS B HOPManbHOM HaNpaBJIeHHUU
M OCTaeTCsl PaBHLIM [NAaBJIEHHI0 BHe MOrpaHHuHoro cJjosi. [Tostomy uame-
HeHue [1aBJieHus p C KOOPLMHATOH X B NMOTPAHHUHOM CJIO€ OnpexensieTcs
XapakTepOM H3MeHEHWs ero BHe TMNOrpaHuuyHoro cJjos. [locnepuu#t onpe-
AensieTcss MHTerpasoM Dephynan.

YpaBHeHuss MOTrpaHHYHOrO CJOS ROMYCKAIOT TOYHOE pelleHHe A1
cnyyas oO6TekaHusi noayGeCKOHeyHOl NJIaCTHHKM, HAa nepeluufl Kpa#l Ko-
TOpOf HaGeraer NMOTOK XHUAKOCTH, ABMKYyLWHACS co ckopocTtbio Uy (puc, 1).
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IOna Haxoxnenus pewenus ypapuenutt (3,15) u (3,19) npu rpauny-
HBIX YCJOBHsX

Vp=v,=0 npu y=0, (3,20)
v,~> U, npu y-— 00 (BHE NMOTrpaHH4HOrO C/109) 3,21

3aMETHM, NpexJae BCCro, YTO CKOPOCTh BO BHELIHeM MOTOKe MMeeT Io-
croannoe 3pauenve, M3 unrterpasa Depuynnaum cregyer, uto M aasielive
BO BHEWICM MOTOKE HMECT [OCTOsHHOC , 3uavetine. Duaropaps sTomy

[
r——-»-
}——>-
e Uy == |
I_’/PY
'Z: i }\5,,
L
! ,ﬁ\} '
— > )
[
=t ———
—
'g___

Puc. 1. O0TeKaHHe NMAaCTHHKH.

B BhipaxeHuu (3,15) MOXHO ONYCTHTb uJeH C TPAAMEHTOM [aBJcHMS,
nepenucas ypasHeHHe B Buie

0y ()v,, 0%,

Vo oy T Uy =Yy (3.22)

0

HOns HaxoxaeHus pacnpeneseHus cuopocreﬂ Uy W Uy B NOTPaHUULOM
cjoe, YAOBJACTBOPSIOILMX YypaBHeHHIO HenpepwiBocTH (3,10), ynoGuo
BBeCTH (YHKUHIO TOKA ¢, OnpefendeMyi0 COOTHOLIEHHEM

v, =9, (3,23)
v, —=— —— Qﬂj—. (3,24)

[Tpu sToM ypamuenne (3,10) obOpawiaercs B TOXAECTBO.

Ypasuenus (3,10) u (3,22) u rpannynbie yc/I0BHS He COAEPIKAT HHKA-
KOTO XapaKTepHOTO napaMerpa, UMeIoLlero pasMepuocTb Aaunbl. Orciona
crenyet, 4To B ypasHenuu (3,22) uenecooOpasno nepeiith k nopo#t Ge3-
pasmMepHoft nepemcHiiol

1 U
=7 2.y (3,25)

Bynem uckarb Qynkiumo toka ¢ B BHie

b=V Uox - / (). (3,26)
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Ipu 31OM OkasuBaercs, yro f(7M) YLOBJETBOPSET ypaBHEHMIO B MOIHBIX
NPOM3BOAHHIX. KMeeM, OuYeBHAHO,

1
0= = Lu,r(s, 6.2
9 1 YO, .
vy=—P =3V Zeqs —p. (3.28)
v 1 U,
St oo @29
ovy _ Ug U,
Se=5y T @30
0%, 1 Uo o
Sl can
[loncrasasas COOTBETCTBYIOLME BeMHYMHHI B Bhipaxenue (3,22), Haxonum:
"+ ff=0. (3.32)
IMoncranoska v, W U, B rpaHmunnc ycaosus (3,20) u (3,21) naer:
ft?f'=0 npu 7==0, (3,33)
=2 npH 7 — 0o, (3.34)

O6o3nauan f”(0)=a, MOXHO NOAYYHTb pelleHWe YypaBHenus (3,32)
B Bulle [4]
__an?  a¥b | 1laPsB
f= 31 g+t —g T+ - (3.35)
Ilpn GosblMX 3HAueHHAX 7 psal HeynoOeH niad no/b3oBaHHs. B rtakmx
ciyyasx npefelbHOe 3HageHwe f, ynoBieTBopsiouee ycrosuio (3,34),
NOJyyaeTcss YUC/JAEHHBIM MHTErPUPOBAHHEM.
[TyTeM 4HC/IEHHOrO HMHTerpuUpoBaHus OHlJIO HaltneHo [4] 3Hayenue

a==1,33.

Cuna tpeHus F,, AelcTByIOlas HA OZHY CTOPOHY MJACTHHKM, Xapak-
TepuayeTcsi BhIpaXceHHeM

b 1
2 S——
0y apUyq l/‘ v
= —_= = ——— bl —, ,36
F, fa/lp(oy)y_odxdz =0V g (3.36)

rie b — wupuHa NIaCTHHKH.
BMecTo cHABI COMPOTHMBJEHUS 4aCTO BBOASAT TAK HA3BIBAEMBIA KO-
(uuMeHT cOMpOTHB/IEHHs, onpenenseMblfl Kak

= f= __ 3,37
K U2 VY Re 3.3
P'Tz—'bl
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Ecau onpenenuTh TOJIHHY MOFPAHMYHOTO CJI0S Op, KAaK TO Paccrosi-
HMe OT TNOBEPXHOCTH [MJACTHHKH, Ha KOTOPOM Uy, AOCTHraeT 3HAuYeHus,
pasioro 99%, ckopocti octoptoro notoka U, TO Aas 0y, B pe3y/abTare
YHCAEHHOTO Pacyera MoJy4acTCsl Be/H-
yuHa (puc. 2)

8= 15,2 1/7‘ (3.38) 0

0 O

KauecTBeHHO OpMyaLl, . noayueHubie Vo
AN TIACTHHKH, TMPHMCIMMBL K MPOM3-

BOJMBHOMY Tely, HMelOlleMy Maayio (5t

KPHBUBHY,

0 1 i3 1 L 1 )
! 2 3 4 5 6
I=L
Yy
z
Puc. 2. 3aBHCHMOCTb TOMIHIIL norpamuu-  Puc. 3. Pacnpeneacuie kacateanbtoii
HOTO CJO# H HaNpsHKEHHs TPeHHs OT  Claraiouicii CKOPOCTH B MOTpaiHi-
KOOPAMHGTHI X HA ILNaCTHHKE. HOM CJIO@ Ha NJacTHHKE.

Kpysikamu 00603ud Ienbl 3KCNepivMeHTAAbHbIC
TOYKH,

Beinuiem ewe B sBHOM BHAe ') pacnpeneseiive ckopocTedt npu n<e 1
(puc. 3)

v, =90 _-“_”_‘Jr...) '33U°1/U°V“ <0 @3.39)

2 41

o Uov a U vy?
v, — — T T 3,40
LA [ 16+ 33 ( )

0

§ 4. TypOyaeHTHoe ABHIKEHHE XXHUIKOCTH

[Mpun Goapwux nuciaax PeHnonbaca Xapaxrtep Teuenus KHUAKOCTH
OGBIYHO OT.IMYAETCS OT PACCMOTPEHHOrO B MpPEeNbLAYUIMX naparpagax.

[Mpu HekoTOpoM 3uaueiin yucaa Pe#iHoJsbaca CTalMOHAPHOE, MOCJOR-
HOe TeyeHWe MXHIKOCTH 3aMCHACTCA PEe3KO HECTAUMOHAPHBIM, XaOTHUECKHM
IBHXEHHEM, B KOTOPOM TCUCHME B OMNpENCJEHHOM HalpaBJicHHH peanu-
3yeTca JHWb B CPEAHEM.

020, 0%,
1) Bbtao 661 HENPAaBHABHO 1IPOBEPATH BHINOAHENHE HCPABEHCTBA g {)V_ >

noactasJasis B Hero pasaomcenne (3.39). B6ansu toukn y = 0 mnosejneHHe Hempe-
PHIBHON (DYHKUHH Uy ONPCACIsCTCA IpanHuHbiM ycaosuenm (3.20).
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CraumnonapHoe, nocjaofHOe OBHMKEHHE KHAKOCTH Ha3blBaeTCs JaMHMHAp-
HbIM pexuMOM TeueHus. HecraunoHapHoe, XaOTHuYECKOE NBHXKEHHE, TNpu
KOTOPOM CKODOCTb T€YeHHsi 6eCnOpSAOUHO MYJAbCHPYET OKOJO HEKOTOPOro
CpelHero 3HauyeHus, 1ia3biBaeTcsl TYPOYJEHTHHIM DEXHMMOM TedeHHs !).

HccnenoBanus BO3HMKHOBeHHs TYpOYJNEHTHOrO pexuMa MOKAasajH, 4to
OH CBfi3aH C HeyCTOHUMBBIM XapaKTepOM JIAMHHAPHOT'O IBUXKEHMS, BO3HM-
KaiownM npu Re, mpesbimaouieM HEKOTOPOe KpUTHUEeCKOe 3HaueHue Rey.

Ha ocHoBHOe cucTemaTHueckoe ABHXKEHHe MXHUIKOCTH BCeraa MOTYT
HaJaraTbCs OeCKOHEUHO Masblie Boamywenus. [Ipu Re < Rey, BOo3Myiue-
HHUS, BO3HMKIUHE B MHAKOCTH, ObICTPO 3aTyXawoT; npH Re > Rey, onu
HEe 3aTyXaioT, a HakJaAbBalOTCA APYr Ha Apyra. Ecam kaxuaoe u3 BO3-
MyWeHHfl HMeeT NepHOdMYecKHH XapaxkTep, TO HallOXEHHE MHOMXECTBa
NepUOANYEcKMX ABH)KEHUR C HecOM3MepMMBIMH YaCTOTAMH TPHBOLMT
K YCTaHOBJEHMIO XAOTHYECKOro pexxuma ABuxenus. Ha ocuoBuoe nBuike-
HHe HaKkJaguBaloTCA OGecnopsaounbie MyJibCallid, mnpuyeM B 06jacTw
Re >>> Reyp aMmiuTylbl nyabCaUMOHMHBIX CKOPOCTel CPaBHHMbI C BeIHYH-
HO# cp:nHel ckopocTH.

Ecau npocieants 3a TpaexTopuel nBH)KeHHS HEKOTOPOR OTHEJbHOM
Macchl MUIKOCTH, TO OKAaMXeTcs, Y4TO NPU TypOy/JEeHTHOM TeyeHHH OHa
MMeeT BeCbMa CJOXHbI i 3aMyTaHHbIl XapakTep, JMIb B CPeNHEM OTpa-
KAIOWMH TEHNEHUMIO K CUCTEMaTHYECKOMY NBHXKEHHMIO moTtoka. TpaexTo-
pHA B NaHHOM cCiayuae GYNeT B U3BECTHOM CTEMEHH CXOLHA C TPAEKTO-
pue#t IBMXEHHs ra30BO¥ MOJeKy/bl B ra3oBOM MOTOKe. ITO NMOKa3biBaer,
YTO Teopus TYpPOY/JEHTHOrO IBWXEHHs NOJXHA HMMETb CTaTHCTHYeCKH#
xapakrep. B Hacrosuiee BpeMs KO/JHueCTBEHHast TeOpPHS Ty pPOYJIEHTHOCTH
euie He paspaborana. Baaronaps paboram coBeTckux yuensix A: A. dpun-
Mana, JI. B. Keanepa, A. H. Koamoroposa, JI. [l. Jlaunay, A. M. O6yxosa,
JI.T. Jlottusinckoro, M. 1. MuanuonuukoBa, a Takxe Kapmaua, Ipauaras,
lattsen6epra, Jluna, Teftnopa W Apyrux oOHa Bce ke MOJyuyHna BecbMa
CyLleCTBEHHOE Pa3BUTHE, MO3BOJAIOIEE TOBOPHTH O CO3JaHHH KayecTBeH-
HO# M Iaxe MOJYKOJHYECTBEHHOH TEOpHHM TypOyJNeHTHOro ABHXEHHd [D].

Paccmotpum 2), npexne Bcero, o6liHe KaueCTBeHHbIe XapaKTEPHCTUKH
TypOy/neHTHOrO LBHxeHus npu Re ~>> Rey,. Takoe nBuxeHHe HOCHT Ha3Ba-
HHE pasBHUTOR TypOYIEHTHOCTH.

Ha cpennee nBuXeHHe KHUAKOCTH, MpoMCXonsulee cO ckopoctsio U,
HaKJaAbIBAIOTCA MYJbCalHOHHbIE CKODOCTH, MMEIOUIMe caMmbie pa3sHO00pas-
Hble ammiautyabl. TypOyieHTHble Ny/JbCalHMM CHAELYET XapakTepH30BaTb

1) OueHb YaCTO B HecCMNeLHaJbHOH JHTEpaType, B HaCTHOCTH (H3HKO-XHMH-
YeCKOMH, NMPH XapaKTEPHCTHKe TypOyAeHTHOro ABHXXEHHS NOAYEPKHBAIOT €ro BHX-
peBoit xapakrep. TypOyientHoe nBHeHHe OObIYHO HeiiCTBHTENbLHO BHXpeBOE, HO
MoxeT ObITh M NMOTEHUHaJAbHBIM (XOTA TNpPH 9TOM OHO HMEET 3aMeTHoe 3aTyXa-
HHe). JlaMHHapHOE TeyeHHe BA3KOH WHAKOCTH TaKie HMEeT BHXPEBOH XapakTep.
OtanunTenbHas OCOGEHHOCTb TypOYJAEHTHOrO peM(HMa COCTOHT B XaOTHUECKOM
Pe3KO HeCTalHOHaPHOM XapaKTepe NBHXCHHSA XHAKHX 4aCTHL, a HE B TOM, UTO
TypOy/NeHTHOE NBH)XEHHE SBNAETCH BHXPEBBIM.

2) llg'}m caeayem panbiie usjgowenuio B khure JI J. Jlanzay u E. M. Jlug-
wHua [5]. .
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§ 4] TYPBYAEHTHOE ABHXEHHE HHIKOCTH

He TOJIbKO BEJIMYMHOH CKOPOCTH, 11O TalKC W TeMH PAacCTOANMAMM, Ha
APOTSKEHHH KOTOPBLIX CKOPOCTh My/bCallHH MPETCPNCBACT 3AMETHOE H3ME-
HeHMe. IDTH pacCTOsuiMs HOCAT Ha3BaHue Maclwrtaba apmwkenus. Camure
6LICTpble NyJAbCALMOIIHLIE ABIKEHHS MMel0T M caMbl#t 6oabwioft maciutad
aBrkeHHa. CKOpPOCTH caMbix OBICTPBIX MNyJAbCauMft ¥ HMET MOpPsIOK

v =~ AU, 4,1

rie AU — uamcuenne cpeaneft CKOPOCTH ta mpoTshkennu maciuraGa my -
caumn [. Tak, nanpumep, npum TYpOY/IeHTHOM JIBIKCHHH B TpyOe wait-
6oabuin#t Macwrab typOynentnnix nyascauuit [ 6yser coBnanath ¢ amna-
MeTpoM TpyObl, a CKOPOCTH — C HM3MEeHeHHeM CpelHed CKOPOCTH HAa 3TOM
NPOTSIKEHHH, T. €. C MAKCHMaMbHbIM 3HauelHHeM CKOPOCTH B IEeHTpe
TpyOHI.

B Takux KpymnoMaciwTaGHBIX NYAbCAUMAX 3aK/i0UeHa OCIOBHAS 4aCTLb
KUHETHYECKOH SHepruM TypOY/IeHTHOTO ABHIKENHS,:

Al -1
Uncnaa Peftinonbaca stx ABMXKCIMH, OnperenseMbie Kak ~—— MMCIOT

nopsnoK BeaHunub uucaa Pe#tnoabaca rcero noroka B neaoM. Hapsany
C 3TUMM KpynuoMacwTaGHBIMH NyJbcaiuAMH B TypOYJACHTIIOM TIOTOKe
npencTaB/ieHn MyJAbCAUMH MeHblIero Macwtaba X, HMelolulMe MeHbIUHe
CKOPOCTH ¥,. XOTs 4YHCJAO TAKUX MEJKUX NyJbcalii BecbMa BeJHKO,
OHM COACPXAT JIHUIb Malyld YacTb KHHETHUCCKOHN 3HEPTrHH TCKYULEro
noroka. Tem He MeHec, MCAKWE My bCalluM MrPAIOT OuYCHb BaXHYIO POJib
B TypOy/eHTHOM TOTOKC.

YT100bl ysacuuTh MX poab, paccMmorpum uxcao Pe#tnonnnca, otTseuaio-

LY

lee HeKoTopo# nymbcanuu Mmacwraba X, RCl:T‘ Yucao Re, tem
MeHbllle, YeM Melibllle h W COOTBETCTBYIOULAsl ‘CKOpOCTh ¥,. Y Kpymio-
MacwTabueix nyancauuft umucao Petinoabiaca Bechbma Beanko. [losromy
B ABWXXEHHUAX HMAKOCTH Macuitaba »=2! Baszkue cuabl GakTHUCCKH e
urpaioT Hukako# poan. Taxie apHxKetus -nporucxonst 6e3 Kako#-nubo
auccunauuy. Hanoxenne npyr na apyra xpynioMaciutaGHBIX Tyabcaiiuit
NopoOXIaeT MeJKOMacWTabHoe MyJbCaIloNHOe ABWXEHHE, 11f KOTOPOro
uyucao PefiHosnbaca GHICTPO CHIDKAETCS C yMeHbLICHHCM X

[Tpu HekoTOpOM 3HA4CHUK k==X, uncao Peftonbica cooTBeTCTRYIO-
HIero ABWXCHUS Rexi,_—_f'%'k—o OKAa3bIBACTCA HMEIOIIHM MOPSIOK eLHHIIbI.
310 o3Hauaer, 4ro B 061aCTH MOPSAKA Ay BA3KIlE CHALL HAYHIAIOT CYulc-
CTBEHHO RJMSTL Ha JABIDKeHIC XKHAKOCTH. [Tyabcalyonoe ABieniie Mac-
wraba Xy conponrokipacTC auccunaumefl sHepru.

HurencipHony  xapakrepy MeaxomaciutaGuuix  ABIDKeHfi  ornevacT
OTHOCHTE/NBLHO OUCHL 3HAYHTC/ABHAS [AMCCHTAILNA 3HEPTHI W Tpeppanichue
ee B Tem1o. ITa IHCPTHA HENPEepPLIBIO YCPNACTCs MCAKOMACIUTAOIbIMIT
LBYIKEHIIIMM OT KPYHHOMACIITAOHBIX, TAK YTO MOXKHO FOBOPHTH O Cylie-
CTBOBAIHM HENPCPHIRIOTO  NEpeXoaa  MCPriui  Of  Kpynnomacmrabusix
aswiennit kKo nce Gojec W 0odec MCIKHM My.aLCalLMSIM A0 TEX 1OP, noka
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B NyJabcauuax ¢ macwtaboM nopsaka Ay He Npou3ofileT ee mpeBpallieline
8 Tenjgo. Meakomacitabubie ABMxeHMs CJIyXKaT TeM «MOCTHKOM®, Tpy
TIOMOUIY KOTOPOr0 KHHETHYECKas SHeprus KpymHoMacwtTaGHBIX IBHXKEHHH
MOXET MepexoAuTb B TelIoBYi0 suepruio. [Ipu Teueuun KIAKOCTH B lic-
H3MEHHBIX YCJIOBUAX TpOleCC Mepexoaa SHepruu OyneT WMETb CTalHO-
HapHBI# XapakTep: MnyJAbCauMH [OaHHOro Macwiraba 6yayT noayyaTh Ot
Gojlee KPYNMHHX CTOJbKO JKe 9HePruH, CKOJbKO M OTAaBaTtb Oonee Me-
kuM. TakuM o6pa3oM, xoTd TypOY/eHTHOe IBHKeHHe BO3HMKAET TOJbKO
NpH CPaBHUTENbHO O60JbIUMX uHcaax Pefinosnbaca, oHO conpoBoxaaercs
6oabuIof auccunauvelt sHeprud. C sToff TOuKM 3peHUs TYpOYJ/EHTHOMY
MOTOKY MOXHO MNPHNHCAThb HEKOTOPYIO 3DPEKTHBHYI0 «TYpOYJIEHTHYIO
BA3KOCTb» |Lryps, BHIPA3UB NOTePH 3Heprud 3a 1 cex B enunuie obbema
ypaBHenueM, aHamoruuubiM (1,15),
dE AU\
e=—=p (T) : (4.2)

[Mopanok BenuuuHbl TYpOyneHTHOH BA3SKOCTH MOXeT ObiTb Onpesenex
#3 coobpaxenuit nonobus.

BeanynHa e = — KaK fCHO M3 mnpeabiayuiero, He 3aBUCHUT OT Mac-

d

at;
yraba ABAXEHHS M SBJIAETCH KOHCTaHTOM, XapakTepHOH ANA AAHHLrO
notoka. B uacTHOCTH, OHA paBHa NOTepe SHEPrHU y caMBlX KpynHoMac-
mTabHbIX ABMXEHUH HA cO3naHue NBWeHWH MeHbluero Macwraba. [Tocnen-
Hu#t npouecc npoucxoaur npu Ooabwiux Re u He Moxer 3aBHCeTb OT
MOJIeKY/NAPHOH BH3KOCTH KHIAKOCTH . [103TOMY & NO/MKHO OmpenensTbcs
BeJIMUUHAMH, XaPaKTEPH3YIOWMMH KpynHoMacwTabuoe TypOy/eHTHOe ABM-
enne. TakuMu BeJMUMHAMH SBJIAIOTCA TOJBKO ckopoctu AU, maciutab
JBwkeHUs [ M IJIOTHOCTb IKHAKOCTH p (KPOMe Mepeyuc/IeHHbIX BeJ{UHH
R p, HAKaKHe APYrue BeHYMHbl B yPaBHEHUS FMADOAMHAMHMKW He BXOLAT).
M3 AU, [ v p MOXHO COCTaBHTb BCero OAHY BeJHuUMHY, 06/aAaloLLyio

ape
Pa3MepHOCTLIO [e]=m, a HMMEHHO
3
emp 82 (4.3)
Cpasuusas (4,2) u (4,3), nonyuaem:
Pagps = P AUL. (4,4)
‘COOTBETCTBYIOIAS KHHEMATHYECKas BA3KOCTb BLIPasHTCA
Vayps = “TP’P“ — AUL (4.5)

Tlocnennne gopmyant Moryt ObiTb BbiBeleHbl M M3 APYTFHX coobpaxeHufl,
OCHOBAHHBIX HA YKa3aHHOW Bblle aHANOTMH Meway TYPOy/neHTHbIM Teue-
HHEM U XaOTHYeCKHM [BHXEHHeM Tra3oBbiX MoJjekyJa., Ecau nposonuts
AHANOTHIO MeXAY STHMH BHAAMHM [IBHXKEHHS, TO Macwral nBKeHus !
ClelyeT CYMTaTL aHaJOrOM AJHHH CBOGoZHOrO mnpobera, a CKOPOCTH
nyabCaumfl — ananorom cpeiHe#t CKOPOCTH rasoBbIX MOJeKY/I.
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Toraa dopmyasl (4,4) 1 (4,5) nonyuaioTcs HeNoCPEICTREHHO H3 H3BCCT-
upix  GOpMyn kuueTitieckof  teopud raszos. Passimas 3Ty anasiormio,
MOXHO HamHcaTb, Kak 3TO Ae’1aercs OOLIUNO B KITHCTIHCCKOR Teopuiu
ra3oB, UYTO MY./bCAUHONIHAS CKOpOoCcTh AU 1o Mopsaiky BeJHdHHL pasha

AU~ 157 (4,6)

Apdextupnas TYpOY.JICHTHAS BSIKOCTH BCChMA  RETMKA TO  CPABHCHHIO

v
C OObiyHOM BA3KOCTbIO. JIeWCTBHTETBLIIO, COCTABIB OTfHOUEHHE - ,

Y -
TYpO

HaX0oauUM:
v v 1
= = 4,7
e UL Re (h.7)
Cuny tpenus, nefictnyowyio Ha | cu® Tpepnoft nosepxnocti (nanpske-
HUe Tpe““ﬂ), MOXHO HAMHCATL NPU MOMOILH Peyps B Bi1C

Fo_ AUN o U\ QU
TEIT "T:‘M('T)N Paspe o7 = PL° dl) = ol (?57) » (48)

rae o — HEKOTOPLI HCH3BECTHLIE MUOXKHUTENb MPONOPLUHOHATHLIIOCTH.

B nanbueftiieM naMm npuiercst MMeTb €0 C JABYMs CNCLHAALHLIMI
cayuasmMu TypOyJIeHTHOro IBHKENHs — ¢ ABKenveM Maciirada ) <[,
T. e. C MeakomacwTtaOnoft TypOyJICHTHOCTBIO BAAJAH OT TRCPALIX CTEHOK,
H ¢ TypOyJ/eHuTHBLIM ABNAeHHeM BOAH3M TBepALIX nowepxuocteft, B 3Tix
CAYYanX OKAIBIBAETCS ROIMOKHLIM HARTH XAPAKTCPUCTHKH TYPOYACHTHOTO
IBHXKellnA 13 coobpaxenntt nonobus.

PaccmotpuM, npexie Bcero, Meakomacwrabuoe (W< [) nsikenne
B oO6beMe kitakocTi. DymeMm cunrarh, oJ1HARO, UTO )\/>)\0. TaK YTO
ABHKeHHE MMecT Hepa3knit xapaxrtep. Hattaem cxopocTh vy TypOyacur-
HBIX nyJabcatuit maciuraGa A (MM, 4TO TO Ke CaMoc, BeJHYMHY HM3Mclie-
HHMSl CKOPOCTH IBHIKEHHS Ha MPOTHKCHHA PACCTOAHUA MOPAAKA A).

Bemnynna v, MOWET 3aruceTh TOJAbKO OT p, A H KOHCTAUTLI &, XapaK-
TEPHIYIOILMHX ABiKeuHe npH Juobom Maciutabe. OT BU3KOCTIL KHIKOCTH v
apuxeHue (npn A 3> )) 3amnceth ne moxmer. He Mower ono Taroke
3aBUCeTh 1enocpeicTrenno 1 Or macwraba [ no ckopoctn noroka U
(nockoapky k <z 1).

Eautcrsennoft koMGunanuet 3 peanuiti p, k11 g, IMciontelt pasmep-

'
eA\ /2
HOCTb CI(OPOC'I'H, SAIBJASICTCS <>E~) . nOE)l"OMy

1,

v)\m(ﬂ) " (4.9)
p
Buipaxas e uepes AU npu nomoun (4,3), naxonnm:

0, ~ AU (-ﬁ)/ (1,99



34 BBELEHHE [ra.

Takum 06pa3oM, NybCaUHOHHBIE CKOPOCTH ABWXeEHHa MacwTaba X MeHblue,
A Ya
ueM CKOPOCTb OCHOBHOF'O NMOTOKA B OTHOLIEHHH (T) .
YMeHbILIEHHIO CKOPOCTH H MacluTaba COOTBETCTBYeT yMeHbIIEHHe uucy
PefiHobaca ass aBMKeHHs MacwrtaGa Mo 3aKOHY

A A% A\
Re;\:l_l.)____.A__(]_.___Re(_l_) .

Tlpu nekotopoM Macwrabe \;,, UMEHyeMOM BHYTPEHHHM MacwtaGoM Typ.
GyneHTHOCTH, uucao PedHoubaca Rey, okaxercs mopsaaxa enuuuubl, Oue
BHIHO,

1
xoz_i,-z(f’_‘f)/‘. (4,10
Re /s €
Hauunas ¢ storo 3snauenuss Macwrtaba, ABHXKeHHe KHAKOCTH HMeeT B3
kuit xapakTep. TypGysnenTHeie myabcauuu, HMeiowne Macwtab k<),

HE JICYe3al0T BHE3anHO, a 3aTyXalT MOCTENeHHO W3-3a BA3KOCTH.

[MepefineM Tenmepb K PacCMOTpeHHI0 TYpGY/eHTHOTO INBHiKeHWs BOJM3N
TBepAoH noBepxHOCTH. PaccmoTpum, npexae Bcero, MOTOK HAKOCTH,
TeKyuuit BLOJb GecKofieyHoft MIoCKo# noBepxHOCTH (MAOcKocTH y == (),
MycTs B cpexHeM NOTOK ABHXKETCA BAOJIb OCH X CO CpelHelt CKOPOCTbY
»==U. BeanunHa cpenHe#t CKOpOCTH 3aBHCHT, BOOGule roBopR, OT pac:
CTOSHMA CJOf MAKOCTH 10 TIOBEPXHOCTH TBEpAOro Teaa, TaK uTo
U=U(y). Ha cpensee nBuwxeHue 3HUAKOCTH, NpOUCXOLslliee BLOM
OCH X, HaKJalIbiBaeTCs NY/bCalUOHHOE JBHMKEHHE BO BCeX HANpaBJeHusX.

Hattnem saBucumocts U (y). Ilas 3TOFO MOXIO BOCMOJbL30OBATHCE
¢dopmynoit (4,8), nepenucaB ee B BHIe

Y-y Z. 1. (4.11)
'y pa

[Mockonbky Bce ToukH GeckoHedno#t mmockoctd y==0, BLOJL KoTOpOH
APOUCXONUT TeueHHe, COBEPUIEHHO SKBHBAJIEHTHLI, BEJMYMHA HATNpsKeHW
TPeHNs T MOCTOSHHA Ha BCeH NJAOCKOCTH. DTO MOXHO HarjsdHO HHTep
NpeTHpOBaTh CJeLylollMM 06pa3oM. Beanuuna T npencTaBaseT MMMYJbC
nepenaBaeMbift CTEHKe CO CTOPOHbI TNMOTOKAa MKHAKOCTH. B kuakocTH
Tekyllell BOJb CTEHKHM, NPOUCXOLMT HenpepbiBHas Nepefaya UMNY.bC
(MOCTOSHHBIN MOTOK MMAOYJbca, PABHHINA'T) OT 60Jce ynaleHHbIX, GBICTPO
IBWKYIHXCA CIOEB K CJOSM XHAKOCTH, TPHJETaloUUM K CTelKe.

[TockoNbKY MOTOK MMMYJbCa YZOBJETBOPSCT 3aKOHY COXPaHeHMst W
MO MpelNnoJIOKEHHIO, ONMHAKOB BAOJb Bcelt moBepXHOCTH (T. €. He 3aBW
CHT OT KOOPAMHATHl X), Ol AOMKeH GHITb NMOCTOSIHEH W B HANpPaBJaeHUH
NepneHAuKy/IIpHOM K CTeHKe (T. e. He 3aBUCHT OT KOOpAuHaTh y). [Ipf
3TOM MLl HE YUHMTHIBaeM M3MeHeHHs MOTOKAa MMIyJIbCa, CBA3AHHOTO C IHC
cunauHed H3-3a MOJEKYJAPHOH BASKOCTH.
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YuuThiBaf, uTo T ==const, moxio nanucars (1,11) B Biuae

— dy Vo dv
U=V = [Wconst =2 Lo
prd o Viad Uy
rae C,— NOCTOAHHAS MHTCIPHPOBAHHS M uepcd U, ofo3nauena Be.aH4HHA
B
w=) = (1.13)

Jas unterpuponanus puipaxcinis (4,12) neobxoanvo 3math 3aBICHMOCTD
Macwitaba ABMKeHNst OT PACCTOSIHUA CJOSE MHAKOCTH JIO TBCPAo#f CTEHKH
1(y). OcoGenocThio paccMaTPHRAEMOr0 HAMH TCUCHIIS HKILIKOCTH SB.ISETCH
TO, YTO B YCJAOBMS, OMNpPELC/ISIONINC PEXHM 3TOrO TevelHs, He RBXONAT
pasMepbl Teaa WM KakHe-ju00 ApyriHe BEAMUHHLI PA3MECPHOCTH JUINHBL,
KOTOphie MOrjn O onmpeiacsantb XapakTepub#t macwtad kpynnomacirad-
HBIX  TypOysenTiuix nyavcanuit £, [1o3TOMy €CTCCTBCINIO MPCANOAOKHTD,
4TO
() x~y. “4.14)

Ycnosne (4,14) noxassipaer, uto Macwirald nyanbcanuit pactet ¢ yBesi-
YEeHUEeM PpaCCTORHUS 00 TBREPAOH CTEHKH — e€IUHCTBCIHON RE.THUHHLL pasd-
MEpPHOCTH IJHHBI, MOTYyulelt onpeneasTh CBOHCTBA ABHXKCHHA, [Tonobnoe
NpeAnooXeHNHe KaXeTCsi BMOJHE €CTeCTBCHHBIM: TBCPAAsl CTEHKA TOPMO-
3UT TeKYIUHH OKOJO Hee MOTOK, TaK UTO ABMIKCHHE A0/DKHO 3aTyXaTb
no Mepe NPUOMIKEHHS K CTCHUKE.

Mpu nomouwn Buipaxeuust (4,14) mowno us dopmyan (4,12) nony-
YUTb:

Vq -

= Vfgln y -+ Cy. (4.15)
Yro6ut yACHNTH (PUIHUICCKUH CMLICJ BEJIUHIIB ¥y, 3aMCTHM, UTO ReJH~

YHHa nyJabcanuonnol cxopoctn v’ corgacno suipaxemno (4,1) pasna

"T~A=U(y+0D)—U(Q) =<,

Takum o6pa3oM, T, MPCACTABIAET XAPAKTEPHYIO M3 MOTOKA CKOPOCTH
TYypOynenTunix nyabcauuit. Jas onpencacnns noctosuioft Cy 3aMeTHM,
YTO yMenublIenHI0 Macmitaba TypOyacHTHBLIX nyabcaiuit 1o mepe npuban-
XeHUs K CTelike COOTBETCTRYeT yMenbuicive uncaa Pehnoabaca

Re — "o/ )

ITpu nexoTopom [ ==7, OHO CTAHORWTCH MOPAAKA ENUHHILHI.

B o6usactn v < 4, nocsute#t nazsaniie BA3KOTO TNOACAOSN, TCUEHHC
uMeeT Ba3kult xapaxkTtep. Toautiny Bs3KOTO MUACJAOS Mbl ONPEACTHM
ycaosuem

Uiy,

Uiau v
80:—_(1———, (4.16)
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rile a-— HEKOTOPLI MHOXHTeNb NPONOPUHOHAIBHOCTH, M BbiGepeM ng,
cTOsHHYI0 B (4,15) Tak, uroOsl npu y~13, cpeausisi CKOPOCTb NOTOka
llesanach MaJo# BeNHYMHOR, CPaBUMMON € XapakTepHOR CKOPOCTBIO Typ.
6yJeHTHBIX NyabCaLuR vy,

Torga nas cpelHe# CKOPOCTH NOJyYaeTCs: CJAEAYOWHH TaK Ha3LiBae.
Mui#t morapudmuyecku#t npoduas (puc. 4):

U__.‘;{Oal Uov}’ (4,17)

Bripaxas v, uepe3 t mo cpopmy.ue (4,13), HaXOAMM OKONYATE/bHO;

vy EntyE.

Typ6y/enthas BA3KOCTb MOKeT ObIThb HANMCAHA B BUIE

v,yp6'~‘vol~voy~v—§;-. (4,19)
Jlorapudmuuecknt npoduas ckopocreit (4,18) comepxur ABe HeuaBect-
Hble TOCTOSHHbIE: & M &. KX 3HaueHUs! AO/KHBI ObITH ONpeNe]eHH U3 OMbiT-
HBIX NaHHBIX — pacnpenéneHHs CKOPOCTe# BOJUSM TBepAOR TNOBEPXHOCTH,
'Yno6uee Bcero 3710 caenarb, BBeas 6e3pa3MepHyI0 KOOpIMHATY
Yy, Y

y:—-—-— N
* v LT

U
BespaamepHoe oTHOLIeHHE 2or Kax dyHkuus 1g y,, NOJyYeHHOE H3 MHO-
0

FOYMC/JEHHBIX W3MepeHu#t pacmpelesneHHs ckopocTeft BO6JM3M TBephOf
CTeHKM, MpeiCTaBJeHO Ha puc. 4.

Mur BuauM, YTO pacnpelneieHue CKOpOCTeH BbIpa)aercs npocron J10-
rapudmuueckot dpopmyaoft auws npu y, > 30. B srot obaactu a =~ 0,17.
Onpenenenye a HemocpeACTBEHHO U3 KpHBO# B 06aacTH y, > 30 He mMeer,
OIHAKO, CMBIC/IA, MOCKOJBKY @, NO ONpele/eHUI0, OTHOCUTCH k obaacty,
B KoTopo#t Re=y, ~ 1, 1. e. x 06AacTH BA3KOrO MOACIOS.

B Bonpoce o pacnpenenesun ckopoctefl B BA3KOM NOACAOE NO Ha-
CTOSILEro .BpeMeHN B HAPOAMHAMHMKe HeT equHOR Touky 3peHus. Ilo aTomy
BONpOCY Obiny BBICKA3aHHl [Be TMIOTE3hbl:

1) MonyunBiuas mmpokce .pacnpocTpaHeHue rumoresa [lpanatas [4]
3aK/II0YAIONLAsCA B TOM, YTO B 06aacTu y < 8, ABHXKEHHE KUAKOCTH CTPOTrO
namunapuo. Camas obGnacte y < 0, Gbiia HasBaHa [IpaHaTieM JaMuHap-
HbiM moachaoeM. OcHoBaHMeM An8 runoTe3wnt [lpanaras nocayxua rof
dakr, uto npu y < 8§, uncao PeftHosbAca OKa3bIBAETCS MeHbIUWM enH-
HHUBI.

B naMuHapHOM NOAC/I0€ HATIPAXKEHHE TPEHHR Ty BHIPAXKAETCS, OYEBHAHO,
¢dopmysont

= - i;l (4.20)
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IMosToMy 3lechb pacnpeleieHne CKOPOCTEH NOIKHO BLIDAKATLCA JIHHEH-
HBIM 33aKOHOM

U:%f}y—{—(:.

[MocTosHHas MHTETPHPOBAINS NOKHA OLITb PaBUOW HYMO, MOCKOJIbKY
Ha TRCPAOH MOBCPXIOCTH CKOPOCTb MHAKOCTH obpainaercs B nyb. Cic-
AoBateabho, npu y < d,

U:_;gy. (4.21)

HenocpeacTBeHnoc CMblKamie JanneHiioro w JorapugMuueckoro mnpo-
¢uas ckopocTelt He MPUBOMMT K YLOBAETBOPUTEILIIOMY COIVIICHIO C OMbIT-
HBIM 32KOHOM pacnpefe/iciis, MPeACTaBaciHbM 11a puc. 4.

Up //

4]

0

1,0 15 2,0 2,5 30
g yx

Puc. 4. Pacnipegenennc cpeamcii ckopocTH npu TypOyacHTHOM TCUC-
HHH BJOJb IJIACTHHKH,

IMosromy Kapmanom Oblna npedsoxena cxema, cOraaclio KoTopofi
TYpOyJAeHTHHN NOTOK Yy TBeplo# CTenkil MOXeT OuiTh pasOHT Ha TpH
ob6nactu: 1) ob6aacty TypOysaeHTHOro mnoroka, 2) obaactb «Oydepiioros
croa u 3) 061acTb JAMHIIADHOTO MOrPancaos.

Coraacno Kapmany [4], 8 6ydepuon croe TypOyacutiiniit noToK 3arty-
XaCT 110 Mcpe NPHOMDKCING K TRCPAOH crenke no ToMy e 3axony (4,14),
yTo M B oGaacti TypOyaciutuoro noroka. Opnako B Oydepiiom caoe
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nposABAsieTCs BJAMSHHE BS3KOCTH, B pe3y/sbTaTe 4ero NOCTOSIHHBIE B JIOTa-
pudMUYECKOM 3aKOHe pachpellelienus cpelHedl CKOPOCTH & W @. MMEIOT
3llecb 3HauyeHust, OT/JHMYHbIE OT TeX, KOTOphle OHH HMelOT B OCHOBHON
TypOY/NeHTHOM IMOTOKe.

2) Ipyras rumoTe3a, BblckadaHHas coBMectHo ¢ JI. 1. Jlanmay as-
TOpOM Hactoswe#t kuuru [1, 6], 3akmaiouaercs B TOM, HYTO B BA3KOM
noacjoe TypOy/neHTHOe ABHXeHHe He HCYe3aeT BHE3aNHO, HO MOCTENeHHO
3aTyxaeT NO Mepe npub/MKeHus K CTeHKe. 3aKOH 3aTyXaHus TYpOYyJeHT-
HBIX nyJbcalu$, T. e. 3aBUCUMOCTb [ OT y, B BA3KOM MOLNCJOE YXKe He
MOxeT ObTb Halllen u3 cooOpaweHuH pPa3sMEpPHOCTH, KaK 3TO HenaeTcs
nas 061acTH pa3BuTOR Typ6yaeHTHOCTH. B, Bsi3KOM moncioe Bce BeJIHUHMHLI
MOTYT 3aBHCETb OT BA3KOCTH v U PACCTOSIHUE OO CTEHKH He SIBJSETCS Yice
eMHCTBEHHON BeJMYMHOM PasMepHOCTH AJMHBL. 3aKOH 3aTyXauus TypOy-
JIEHTHOTO [BH)XXEHHS] B BSI3KOM MONC/JOe MOXeT ObTb HalneH U3 clenyo-
wux coobpameunntt. B Bs3oM nonciaoe pacnpeneseHie cpelHed CKOPOCTH
UMeeT TOT jKe BHI, YTO W NPH JAMHHADHOM TeueHHu, T. €.

Uy~ Y.
XoT# B BA3KOM IOAC/JOe He BO3HHKaeT TYPOyJeHTHHIX myiabcauuft, Typoy-
JIeHTHBIE MyNbCALMK " BXONAT B HEro CBepXy, CO CTOpOHH y > &y Cko-

poOCTH TYPOYIeHTHHX Nygbcauuih B BS3KOM MNOACAOE TOrO e MOPAAKa.
4TO M CpenHue ckopocTH.' [T03TOMy MOMHO HanmuCaTb:

’
'UT Ny.

B cuny ypaBHeHusl HempepbIBHOCTH

dv,  0v,
o Ty =0

dv,
W= fox dy ~ y*

Kosdduunest npomnopuHOHaIbHOCTH B BBIpAKEHHH IS 'v; MOXHO Ham{-

€aTh, HCxoasi U3 YyCJOBUA, YTO IMpH ywﬁo Ha TIpaHHIle BA3KOrO CJOos
nyJabcalluoHHasi CKOPOCTH ‘U;/ uMeer TOT e MOPSAOK BEJIHUYHUHBI, YTO H

XapakTepHas CKOpPOCTb TypOyaeHTHoro noroka v, [lostomy

‘v;='00'§. (4.22)

Taxkum 06pasoM, 3aBMUCUMOCTb pacmpelle/ieHdst KacaTeJbHOH M HOpMalb-
HOft caaralowUX cpelnell U MyJbCaUMOHHON CKOpPOCTe#t B BA3KOM nonciaoe
OT DPacCTOSIHUsSI MONUUHSETCS TOMY JKe 3aKOHY, 4TO W pacrnpenejeHie CKO-
pocTe#t B NaMHHADHOM MOTPAaHUYHOM Cnoe. DTHM, B CYLWIHOCTH, H Orpa-
HUYHBAETCd CXOACTBO MEXAY BfI3KHM NOACAOEM M JaMHHapHbIM MOrpa-
HHYHBIM CJl0eM.
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Jns Haxo)Kaenus MHTEpCCYIOUlero nac Kosdpduinenta TypOyacutTHot
BA3KOCTH B B3KOM TNOACJ0€ 11e00X0AMMO oONpcieuTh MacwTtad TypOy-
JIEHTHOTO ABH:Kewisd. g 3TOTO MOMHO BOCMNO.1b30BATLCH CACAYIOULIM I
coobpaxeHusiMit. B BA3koM noac.10e yic10 Pelno biaca Menbiue exnHiib,
a kBaipaTHunuie uienbl B ypasennsx Hasse—Crokca Mansl mo cpasie-
Huio ¢ jauuelnvivn. Tlostomy pacnpeneiende CKopocTeft B BA3KOM TOJL-
cjaoe onpencssiercst JncluniMu ypasnenussit.  Ecan B opaskuft noacsaoi
NIPOHHKACT HCKOTOPLIN CHCKTP TypOyJcHTIIX TyabCaitiih, B3anmonehcrnie
MeXLY OTIAeJbHBLIMM MyJbcallisiMi Npekpauiaercst. JIsmxenie npitoGperact
XapaKkTep He 3aBUCSAUIMX APYr OT Apyra MepHOLHYCCKIX ABHKCHHH, ne-
pHoOAbl KOTOPLIX T OCTAIOTCH MOCTOMUHBLIMI MO BCeMy _BSA3KOMY MOAC/IO0IO.

TakuM 06pasom, MOXIIO CUHTATh, YTO NEPHOAB TYPOYJACHTIBIX Nyl -
cauuit BHYTPH BH3KOTO TOJC/I0s HE 3aBiCAT OT paccTosiisg N0 CTCHKH y.
MacwTad nyabcawionioro ABIDKEHIS B Hanpas/ienid OCH Yy panen

4
Il~uv,-T, (4.23)
@M, nocKkouabky T 1ie 3aBucHT OT ¥,
[~y

Tlpn y= 6, macwralG ABILKEINIS 10/DKeN COBNAAAThL € TAKOBLIM B TYp-
6y/JIeHTHOM MOTPAIMuIION Cjaoe, T. ¢. [ =26 [logroMy nocrosuias nop-

. 1
MHPOBKH paBna —,6— H
N 0
=2
— .

(4,24)

>

Macwtab typOyscurnuix Apikenufl B BI3KOM TOJCJIOC Nanaer ¢ pac-
cTrosiiieM A0 cTenkH y Obicrpee, ueM B TypOyJaeHTHOM HOTpPAINivioM
cioe. ‘
[To omnpenesennio, MOTOK HMIyAbCA, mnepeHocMuLfl TYpOyaenTiLMu
fyNbCAUMsAMI 110 HANpaBJEHHIO0 K CTeHKe, BLipaKaercs (OpMysioH
puoytdU

- dU d
Tryps TP Vesps gy =0 v, o eyt (4,25)
0

IMostomy ko3(gduient TypOyJenTHolt Bs3KOCTH

'U(]y'i 1\ 4
e Y (L) (4,26)
B %o
Tpn y << %, NOTOK 1MIYALCA, ICPCHOCHMBIH TYpOYMeUTILIMII MY ILCAILNAMIL,
MeHbille, UCM MNOTOK HMIYJ/LCA, MNCPCHOCHMBIH MOJEKYJSIPHOH BI3KOCTHIO,
a ko3 ¢uient TypOyJICHTHOR BA3KOCTH Melibllie, YeM BA3KOCTb v. DB cHay
3TOro npu y < fy MOKIO MPHOJIHIKEHIIO CYHTATb, UYTO HATPSHKEle Tpe-
HHSI T COBHANACT C BEJANUHHON T3, a MPOQUAbL Cpernied CKOPOCTH Bbipa-
kaetcs  popuyaofl (+4,20). Tem 1ne menee, TypOYJACHTHLIC NYJAbCAILHHA
CYWEeCTRYIOT RIVIOTb N0 CaMOW creuxkin. Mbel yBualM B naavie#iieM, 4rto
cyulecTpoBpaiiie B BA3KOM MOjac/OE Typ()ynem‘m,lx nyJjbcaulift  HMeetr
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OCHOBHOE 3HaueHue Ajs NpoGJeMbl MepeHoca BelleCTBA M Temia K TBepao#
nosepxHoctu. Kpome TOro, yuer TypOy/JeHTHBIX my/abcauuit B BS3KOM
MOAC/IOE MO3BOJSET TeOpPeTUYeCKH OGOCHOBAHHO MOLOATH K ONpelesieHHIO
pacmpenenenns ckopocre#t B o6nactu compskeHus. Cienyer ewie yka-
3aTh, YTO BLICKA3bIBAaJacCh TaKiKe M NPYras TOYKAa 3PEHHS Ha XapakTep
3aTyXaHusa TYpOYJNeHTHBIX mNy/abcauM#t B BaskoM noacaoe [7]. Vimenuo
cunraercsi, yTo Macirtab TypOy/neHTHHX My/ibCcauu# Bupaxaercs He (op-
Mmynoh (4,24), a Tem ke 3akoHoMm (4,14), uro u B o6nactn y > ;. Idto
NpUBOANT K TYPOYJIeHTHO# BA3KOCTH, BhIpa)xxaeMo# c¢opmyJot

Vayps ~ v(aiof . (4.27)

BbiGop Mexay AByMs TUIOTEe3aMH, a TaKe MexAy IBYMf TDUKaMH 3pe-
HUS Ha 3aKOH yOblBaHMs mpoGera myJbcauuii B mpenenax BTOPOH runo-
Te3bl MOXeT ObiTb clelaH TOJAbKO Ha OCHOBAHUH ONBITHBHIX JAHHBIX.
O6uapyxenne TypOyJeHTHbHX Myabcauu#t W u3yuenHe 3aKOHA HX Craja-
HHA MO Mepe INPHOMIKEHHA K CTeHKe NpencTaB/aseT BeCbMa CJOXKHYIO
3ajayy, ¥ OPH COBPEMEHHON TeXHHKe M3MepeHHH HeBO3MOMKHO NaTb OKOH-
yaTe/bHbi#t OTBeT B MOJAbL3Y TOH MM MHOM rumoTe3n. OkasbiBaercs, YTo
ybenurenbupie JaWHbe MOryT OuTb NOMYueHbl H3yueHHeM AUQOY3HH
PCCTBOPEHHBIX BeulecTB B TypOyaeHtHoM motoke. Kak Oylzer nokasaHo
ke (cM. § 57), B HacTosulee BpeMs HMeEIOTCH [AHHble, C HECOMHEH-
HOCTbIO TrOBOpSLLHe B NOJb3Y FHIOTE3bl MOCTENEHHOr0 YyracaHus TypOy-
JIEHTHOCTH B BA3KOM moacioe no 3akouy (4,24). [MostoMy wMbl mpu-
MeM B JajbHeflueM 3TOT 3aKOH H 6yleM no/ib30BaThCs BuipaxceHueM (4,26)
ISl Vgyps TPH HAXOWIAEHUM NPOQHAR CKOPOCTeH B 30HE COMPSKEHHS.
- I1pu BbiBOZe pacrmpeliesieHds CKOPOCTe#f B 30He CONPSKEHHS eCTeCTBEHHO
NPeNnoJoXUTb, YTO B 3TOH 06JaCTH NMepeHOC HMIY.IbCa OCYLIECTBASETCH
TypOy/JeHTHbIMH My/AbCALMAMH, Ha KOTOPbHIX, OIHAKO, CKa3blB2eTCH yke
BAUAHHE BA3KOCTH. JlocnenHee O3HauyaeT, 4TO 3aKOH CHNaLaHHa TYpOy-
JeHTHOR Bsa3kocTH (4,19) Tepser cuny B 3oHe compskeHud. s kosd-
¢duunenTa TypOyJeHTHOH BS3KOCTH B 30HE CONpPSKEHHs eCTeCTBEeHHO
HanmucatTb HMHTEPNONAUMOHHYIO ¢dopMmyay (cxonHas d¢opmyaa Obina naHa
[. I1. Murepckux), npomexxyTounyio Mexay (4,19) u (4,26):

s = 03(%), (4.28)

a AJs BA3KOro HanpsKenus

':=p(v+v“p6)‘%=p[v+bv (alo)z]:i—g-, (4.29)

rie b — HekoTOpas NMOCTOsHHAS.
Wurerpupys (4,29), naxomuM 3akoH pacnpenesneHus cpeaHeft cxo-
POCTH B 30He CONpMXeHHs

U= _‘—;’90— arctg Vb Blo +c. (4.30)
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CywTas, uYTO TNpH y,~2 5 pacnpenenene cKopocted mepexomut B (4,21),
a npH y,= 30— (4,17), naxomum moctosimsie b u c.

OKOHYATEAbHO 33KOH pacnpeiencHHs Aas cpelHefl CKOPOCTH Bbipa-
auTcA (opmyaamu

—,%=y*- 0< y, <5, (4.31)

_v‘i= 10arcte (0.1y,) = 1,2, 5 <y, < 30, (4,32)
0

%:5,5+2,5!nyt, v, > 30, (4,33)
0

¢ 60/bIIOK TOYHNOCTLIO MNCPeNAIoUIMMH H3MepeHHoe pacrpescacHHe CKO-
pocteft (cM. puc. 4).

Cnenyer 3ameTutb, YTO (DAKTHUCCKHM CTPOr0 Peanu3oBaTh YCAOBHA,
LJIs KOTOpBIX OblJ npoieiad NpuBeicHHbIR BHIBOL — Tevelne BAOJAL Oec-
KOHe4yHO#t mJockocTH, Heab3sd. ONHAKO BCe BHBOALI MOTFYT ObITh Hemno-
CpeACTBEHHO mMepeHeceHLl Ha CAyual TeuecHWs B NOTPAHUYHOM CJ0C Ha
NJAAaCTHHKE WIH BHYTPHU TPyObl.

PaccmoTpuM, npexsae Bcero, Teueinue IKHIAKOCTH BAOAb nosaybecko-
HeyHo#t naactunkHd. Kax mu Bugean B § 3, uucao Peftnonkaca norpa-
HMYHOTO C/I0K DACTeT € yaajdenueM OT Touki nabGerauns. Ecau ono noctur-
HeT KDUTHYeCKOro 3navenns Re,==Regp, Teuenne B MOrpaHuutioM cjioe

Ua UU

v JO'2
( -
. 2 l

b

ot . g L T co o . P — '._"T‘ 'n

R A f
;Z‘ xl

8

Puc. 5. O6paszonainie TypOyJACHTHOrO MOrpariuioro cJios
1a nJaacTHiKe.

o Toukk B Ttewuenne B NOTPAHITHOM C.17€ HOCHT JaMHHAPHLIH XapaKTep,
1ocae Hee — 1ypOyacHTHIL

cTaHoBUTC Typ6ysentuuin (puc. 5). Kpurnueckoe snavennme Regp aas
raaako#t naacTHuku coctasaset oxoso 1500, Ho ono mMoxeT 6LITH CYylie-
CTBEHHO CHMXXCHO BCAKOTO pPOAA BO3MYLILEHHSIMII TCUCHHA B [OTpatiifioM
C10€, HampHuMep BBCACHHCM B 1CTO MPOBOJOUCK, BLICTYnoB u T. m. Typ-
6yneHTHBIft norpannunbift caofl, obpasyionmiics npun obTexanny raaako#
NJI3CTHHKM, B OTJAMYHE OT PACCMOTPCHHOTO BLIHIE Teuelns BAOJbL OCCKO-
HEeYHON TMOBEPXHOCTH H3MCHACTCH C KOODAUHATOW X, OTCUHTHIBAGMOH OT
Ha4Yasa NaacTHHKHM, W HMEeT KOHCUNVIO Tosqutiny d. BuyTpn norpanuunui
caoll  yMmeer pacnpeac.acuie cpediich  cropoct u Jorapugmituecintt
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npodub (4,17). Ha rpaunue norpaHuyHoro cios, npu y==d, CKOPOCTb
TeyeHUs PaBHA CKOPOCTH OCHOBHOro mnotoka Uy:

Up= 2 1n %%, (4,34)
YVa 10v
TomuuHa NOrpaHUYHOrO CJOf M XapaKTepHas CKOPOCTb U, M3MelusOoTCH
€ KoopauHaTo# y Tak, 4ToObl 9Ta CKOpPOCTb Ha rpanuue U, Gbina no-
CTOSIHHOR BeaHuYnHON.
Bropoe ypaBHenue, cBs3biBaowee v, U d, MOXeT ObITb COCTaBJIEHO
Hia OCHOBaHUHM clelnywownx coob6pawenuft. Hakaon kpusoft d(x) pasen
OTHOILEHHI0 CKOPOCTel HOPMaJbHBHIX M TAHFEHUHMANbHLIX K MJaCTHHKE

ad (x) vy
ox “ug®

Ho wua rpamnue cnos v,~U, a v, HMeeT NOPALOK NyJbCAHHOHHOH
CKOPOCTH ¥, TaK 4YTO
ad (%) ~ Yo
~ TT e
ox Uo .
TIOCKONbKY v, MPENCTABISET MELNEHHO Y3MEHSIOWYIOCs GYHKUHMIO X, TOM-
iy €108 d MOXHO MPRQAMKEHHO BLIPA3HTH:

boasn (4.35)

Tonumua TypOy1€HTHOrO MOrpaHUYHOrO CNOS PaCTeT NPONOPUHOHAILHO
PACCTOHHUIO OT Havyasna miacTuHkH. [ToaTomy

ng
10Uy
Cuna Tpenus, ne#CTBYIOUAA HA MJACTUHKY, PaBHA

b 1 ,
U.
F=//tdxdz=K,p—2—°bl.
0 0

f1e K, — K0o3dpdruneHT COnpoTHBACHHS.
lMpocroe BhuMCIeHHe MOKasbiBaeT, yTO K, omperenserc W3 ypabHe-
dua (8]

Uy= %ln (4,36)

1
VK,
Ilns Gonee rpy6oro BbiuncieHHs KOIGQHIMEHTa CONPOTHBJIEHHS NpH

TypOY/NeHTHOM TeueHUH BAOJb MAACTHHKM MOXHO [0.1b30BATHCH IMNHPH-
YyeckO# ¢Qopmyaoft [8]

=4,131g (Re K)). 4.37)

K,=0’—07ﬁ. 4,37

1
Re®

Bce OCTaNbHbIE - COOTHOLUEHHS, MNOJYUYE€HHbIE BbIlIE AJd51 TeuyeHuss BAOJADb
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6eCKOHEYHOM njocKocTH, MOryT OblTb HEMOCPeICTBEHHO MepeHeceHbl iia
cayuat naacTHHKH.

Kpusas pacnpenenenns ckopocre#t, npusenennas na puc. 4, otiio-
cuTca MMEHHO K ciyuaio ofrexatns naactiiiki. Jlorapmupmnuccki#t npo-
¢GHab pacnpenesieHus Cpenicit CKOPOCTH MOXKHO MPHMEHHTL K TYpOy.icHT-
HOMY TEYEHHMIO XHIAKOCTH mno Tpybe. DBBHLY MeLIEHHOTO H3MENeHHs
aorapudmMa B pacnpeneneHHH, TpPCACTaBIeHHOM Bhipawendem (4,17),
MOXHO NPHMeHHUTb 3Ty (POPMYyay K cpeanefl CKOPOCTH Teueuls MIUAKOCTH
no tpy6e, nanucas ee B Bilae

Up= Uq In Rvo
V—a avy

roe Up — cxopocts Teuetns B uenrpe TpyOn 1 R — pamyc TpyOul.
Ha puc. 6 npeacrasiaenn npoduan ckopocTed npir aaMunapuos u
Typ6Yy/IEHTHOM pexuMe Tteucting B TpyOGe.

Puc. 6. Pacnpeaenenne ckopocteil npu mamunapnom (caesa) u 1ypOy-
nenTHOM (CrnpaBa) TeueHuMH B TpyOe.

Yacto OBIBAET BaKIIO CBA3ATHL NyJAbCALIOHHYIO CKOPOCTb Uy CO CKO=
poctbio U, Cornacuo onpeaeneiinio

T k Tk,
vy = ‘/—— /e F Uy~ 11 41fU (4,38)

ﬂpﬂdnnmeuuo. nas ne couwikoM Goabwnx uiicea Pe#noapaca (< 107)
A8 NJAACTHHKH [8]

027 Ua Uy
v =0,47 —=. 4,39
0™ 0,58 Re'® Re'0 (.59
Auanoruuno mas Tpy6n Moxkno namucartb [8]:
0,16U 0,20
vo%—_T”'— =, (4.40)
Re® Re”

§ 5. OGtekanue Tesa, WMelOUero 3HAYMTEJNbHYIO KPUBH3HY

Brimie MBI paccMoTpeqt TeuycHHe KUAKOCTIH BROJbL 11OBEPXHOCTH TRCP-
no# naactunki., Ha npakrike 4YacTo MpHXOLNTCA H3yuaTh IBIKerie
WKULKOCTH, 06Texaioniel Teqo, IMeiollee 3HaYHTEILHYIO KPHBI3HY, HAMPHMCP
cdepy, UMAMHAP 1 T. D. Taxue teaa nasviBaloTcss oOLIYHO TCJAAMH, HMCIO-
wuMu HeoOTeKaeMylo (popMy.
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Kapruna o6Texanus mnoBepxHOCTH HeoOTekaeMO#t ¢GopMBI cjlOXKHEE,
yeM maacTuHki. COOTBETCTBEHHO YCJOXHSETCA M KapTHHA NepeHOCa Bellle-
CTBa K TakOH MOBEPXHOCTH.

PaccmoTpuM 3mech B KauecTBe XapaKTEpHOro nmpHMepa moToK, o6Te-
KalolWu# NMOBEPXHOCTb UMJIMHAPA, OCb KOTOPOrO HepHEeHAMKYJAApHA K Ha-
NpaBJIEHUIO TEYeHHS XXUAKOCTH.

HenmocpencreenHbie ruipoAMHAMHYECKHE W3MepeHUs NOKa3ald, YTO
nepefHss YacTh LMJIHHAPA MJIAaBHO OGTEKAeTcs MOTOKOM KMAKOCTH M Ha

Heft o6pasyercs MOrpaHHUUHbIH
- CJOH, B TpPHHLHNE HE OTJIH-
] ,7,'~~ Yalouwuics OT NOTPaHHYHOrO
cnosi Ha miacrunke (puc. 7).

CyumecTBeHHBIM OT/HHYHEM
MOTPAaHUYHOTO CJIOS HA TOBEPX -~
HOCTH UWJIMHApA OT -MOrpa-
HUYHOTO CJIOSI Ha NJIACTHHKe
sBJsieTCss TO, YTO CKOPOCTh
WHIAKOCTH M [NaBJeHHE B NO-
TOKe MUAKOCTH, ABHKYLLeHCs
BOKDYT UH/JIHHAPA, BHE MOrpa-
HHYHOTO CJ04, SBJAIOTCS Ne-
peMeHHBIMH OT TOUKH K TOuKe,
BHe mnorpanuuHoro cJjos na-
BJIEHHE H CKOPOCTb TeueHHs
cBsi3aHb ypaBHeHuem bep-
Hyaau (3,3). [loatomy, kak
Mbl YKasHiBaIH yxe B § 3,
Puc. 7. BosunkHoBsenne otpeiBa mpu o6rexka- CKOPOCTb KMIAKOCTH  HMEET

HUH LHJHHApA. HauMeHbluee 3HA4YeHHe B Me-

penHelt Touke (TOouke Habera-

HHf) UMZAMHAPA M TJIABHO HApACTaeT 10 3KBATOPHAIbHON MJIOCKOCTH, mocne

KOTOpOH OHa BHOBb HauMHaeT yMeHbluarbcs. Hanporus, nasnenme umeer

Han6oJbliee 3HayeHHe B TOUke HaberaHus,, yMEHbIUAETCS N0 3KBATOPHA/b-
HOHl MJIOCKOCTH U BHOBb BO3pacTaeT B KOPMOBOH 4acTd UM/IMHApA.

B nepenue#t uyacTH UHMJAMHAPA KHIKOCTb B NMOTPaHUYHOM CJOE NBH=-
®eTcsl B Hanpas/j€HHM TrpalMeHTa NaB/JeHUd, B 3alHeHl 4acTH — NPOTUB
rpaauenta pnasneHus. $ICHO, uTO rpanMeHT naBjeHus OydeT TOPMO3UTL
B MepBYI0 oOuepelb MENJIEHHO NBHXYLWHECH CAOM KHUIKOCTH, NpPHJEraio-
wue x mosepxHocTd Tena. Ilpoduab cxopocreit 6yner AedOpMHPOBATHCS,
KaK NOokasaHo Ha puc. 7. B HekoTopo#t Touke P npoTUBOAABJCHHE NOJ-
HOCTbIO 3aTOPMO3UT MKHAKOCTb BGaM3M moBepxHocTH. Hike sTo# TOuKM
BO/M3M CTeHKH IOMIKHO BO3HUKHYTb BO3BPATHOE MBHIKEHHE KHUIKOCTH.
3lech CJAOH KUIAKOCTH U3 MOTrPAHHUYHOrO CJOS OTTECHSIOTCS B 00DbeM
WHUAKOCTH, TAK YTO MOTPaHHYHbIft Cio#t Kak Obl OTpHIBaeTCs OT MOBEpPX-
HocTu TBepaoro tena. OTopBanwuiica norpanuunbift cioff o6pasyer cTpyio,
Tekyllyl0 B noToke xumkoctd. Ha puc. 7 mosepxuoctb Ttena o6o3Ha-
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yeHa cnjowHo#t KpllBOﬁ, TYHKTHPOM MOKA3AHLT JIILHIIII TOKA, NYHKTHPHLIMI
KPUBBIMH — NPpOdiib CKOpocTeh.

OnuiTOM (B COraacH# ¢ TCOPETHHECKHMH TMPeACTABICHUAMI) YCTallo-
BJEHO, UTO B TOUKe OTPhIBA P MpPOHCXOLUT OTPLIB BHXPEH, YHOCAULIXCSA
TekywuM nortokoM. OTprB pHxpeH nawmaercs npu ynciax Pelnoasaca
nopsinka 20.

Mpu 6oabuinix uyncaax Peftnoabaca (100—300) apinkernte cTpyu oka-
3bIBAETCA HEYCTOMUNBLIM, H ABIDKCHHC JKHAKOCTH MO3aAH TOUKH OTpbLIBA
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Puc. 8. Boaninonemic typOyaenTHoCTH B KOPMOBOIl
00J1aCTH 110C.IC TOUKH OTPhiBA.

Typ6ymuayetcsa (puc. 8). TMocacanee oGCTOATCILCTBO TPHUBOAHT K 3uati-
TEJABHOMY YBeJIHUCINIO CONPOTUBICINS, HCMLITLIBACMOrO TCJI0M HeoOTe-
KaeMo#t (OpMbI, NP ABIDKECHHH B XKIAKOCTI MO CPABICIIIO C ABIKEIHEM
MAACTHHKH. ITO CONMPOTHB.ICHNE, Ha3biBAEMOE CONMpoTHB.IEHHCM (POPMLI H
CBSI3aHHOE C IHCCHNalned suepriuu B 3o1tic TypOy. 1@l THOCTH, NOJAYYHRUIEH
HazBaHHe 30HLI TYpOY.1eHTHOro C/cAad, CYHIeCTBeiNo npesbiactT 06byloe
Ba3koe conpoTupiacuue. C 3TuM cpg3ana Ta po:ib, KOTOPYWO HTpaeT 10-
TPaHUYHBIL CJIOR HA MOBCPXHOCTH TeJa, HMEIOIMETro 31auinTe/bHyio Kpi-
BHU3HYy, B pexume ero obtekaints. Okasnipaercst, YTo Citia CONPOTIBIC-
Hust F, ucnbiTbiBaeMast Tel1oM, MoxeT ObiTb BulpakeHna (opmy.ioit
U’l
r—=K5"s, 5.1

rne K,— noctosnnuift (aas 7eaa nanno#l popmun) koaddiunent.
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KOHBEKTHUBHASl IU®dY3USA B XUJAKOCTAX

§ 6. duddysnonnas kuueTnka

Kak Mbl yka3niBau BO BBEICHHH, XapaKTep MPOTEKAHUs MHOTHX XHMH-A
YeCKHX H H3UKO-XHMHYCCKHX MpPOLECCOB B 3HAUMTEIbHON CTeneHu ornpe-
AessieTcsl TMAPOAMHAMHUeCKHUMH daxtopamu. K umcay takux npolleccos
OTHOCSTCS, NpeXIe BCEro, reTeporeHHble IpeBpalllelitss B HKHAKOCTIX U
razax. [1ol reTeporcinibiMH MpeBpalllelUsaMH HJAH peakUHIMH Mbl OyaeM
nonpasymeBaTb XHMIYeCKue HJIH (])PI3HKO-XHMH‘{€CKHC HPEBpalLleHHﬂ, npo-
ucxonaiye ta HEKOTOPHX MOBEPXHOCTAX, HAMPHUMED Ha rpaniuax pasaena
$a3 uanm Ha nomepxiocTAX, o0MAAAOUMX KATATUTHUCCKHMU CBOHCTBaMIL,
IIpy TakoM ILINPOKOM MNOHHMAIUK TepMHHA FCTCPOTEHIILIC NpeBpatielts
K HHMM HYXHO OTHECTH BCC KATAIHTHUECKHE pCakuuu, aacopOuMio ik
necopOUMI0 HA TBCPABIX H KMIKHX MOBEPXNOCTSX; pacTBOpellHe H oca-
JKieHue KPUCTAANOB M3 pacriaBoB M pPacTBOPOB: 3IMCKTPOXHMHUCCKHE
peakuHH, MAyilHe Ha NOBEPXHOCTH 3JEKTPOAA, MOTPYMKEHIIOro B pacTBOP
9JIeKTPO/IMTA: Hcnapenne, cyOJMMalUi0 ¥ KOHICHCANMNIO; aacopOIHio ra3os
WUIKHMM M TBEPABLIMM TMOBEPXHOCTAMH M T. A.

Bcsikas rereporennas peaxius BKAoYaeT B ceGs HCCKOJALKO craauit:
NnepBO#t M3 HMX AB/IAETCS CTANMA MepeHoca pPearupylolinx YacTHil K Io-
BEPXHOCTH, Ha KOTOPO# MNPOUCXOAMT peakiuHs (peakuHoninof mnopepx-
HOCTH), Ha BTOPO CTA/NIH NPOILECCca MPOHCXOAHT coOCTBeII0 TeTeporenias
peakuus (xuMuueckoe mnpenpaietine, ancopOins — jgecopOuus, paspsii
u o6paaonmme 1HonoB H T. Ll.); TpeTbﬂ CTajang 3akJ/JioyaeTcsi B OTBode
NpopearupoBaBUINX YacTHI, OT MeCTa peaKIluH.

I/Iuorna Tedenie FeTC[)OFEHHOH peaxkunn COﬂpOBO)KJlaCTCﬂ I'IOGO‘{HL]MH
l'lpOl.leCC.’flMH——3HallHTeJIbeIM TeMnJOBbLIJIC/EHHEM OGP&BOBHHHGM I‘ly3blpb-
KOB npu  BbLI1EJCHHIA raaoo()paam)lx nponymos peakunn w T. Q.
ycnomnmonmmn Tcyelie npoiecca.

Cymmapnas cKopoCTh FeTreporchiioro mpoiiecca olpeaeasercs CKo-
poCTSIMH OTACALHLIX crannft peawitrn. Ecau, onnako, cKopocTh OAHOTO
H3 3Tanosn npoiecca MeubUIe, UCMm CKOPOCTb APYIruxX, TO, KaK pcerna s
peaKmm, HAYIIHX B HECKOJbLKO NMOCJACAOBATE/bILIX CTa/NH, CyMMapHast
CKOPOCTb npouecca OyneT ONpenesnsThcs CKOPOCTbIO nanbonce McaneH-
HoOM craanu, B ToM cayuae, Korga mcaicinioll craincht npoiecca snasercs
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fiofaya MJM OTBOJ peareHTOB OT MeCTa peaKlUHH, roBOpAT, 4YTO peakuHs
uner B audpdysuonnoRt obaactd uan no nuddysuonno kuueruke. Ecap
MENJeHHON CTanueRt sBASETCS CTAAMA XHMUYECKOro MM (H3HYECKOr |
npeBpallleHs, TO CKOpPOCTb PeakuHH OnpelenseTcs KHHeTUKOH mpoiecca.
Ecan ckopocTH nepeHoca peareHTOB M XMMHYECKOR peakuHH CPaBHHME
Mexay coOoff, COOTBETCTBYIOWIME DeaKLHH Ha3biBAIOTCH FeTeporeHHbIMK
PeakuusaMu CMelaHHOTO THMa.

C xuMuueckOR TOUKM 3peHHs HaHGOJbIUMA WHTEpeC NpPeICTaBASIOT
peaKuuH, CKOPOCTb KOTOpbIX ONpeneisercs XHMHYeCKON KHHETHKOMH.
Onnako ¢aktuueckd OGOJbIUMHCTBO TeTePOreHHbLIX peakuuil HieT 1c
INPEPYSHOHHOH KHHeTHKe. IJTO B 0COOEHHOCTH OTHOCHTCH K TeTeporcH-
HBIM peakUUsM, UMEIOLIUM IpOMBbllIEHHOe 3HaveHue, Tlpumepamu no-
JOOHBIX peakuu#t MOTyT CJAYXKHTb mNpouecchl aacopbuuu Xopowo pac-
TBOPUMBEIX Ta30OB XUAKOCTAMM, OO0JbIIAA 4YacTb CJyyaeB pacTBOPeHHs
TBEPABIX TeJ B MUAKOCTAX, 6OJbLIUHCTBO 3JEKTPOXHMHUECKHX U ObICTPhIX
KaTanuruyeckux peakumd W psan apyrux. [losromy’ ucciaenoBaiime KH-
HeTHKH ANQdy3HOHHBIX MPOLECCOB npeicTaBiseT 00JblIOH MpaKTHYeCKHUH
nHTepec, Kpome TtoOro, xak 6GyneT MOKa3aHO HuXe, HCC/elOBaHHe HEKO-
‘TOPBIX CJyyaeB AHG(GY3UOHHOR KUHETHKHM MOMKET NpelACTaBUTb HHTEpec
Ans THApOAMHaMHYyecko# ceOpUH TypOy/JIeHTHOCTH M TeOpHH Temao-
nepenaiu.

B Tex cayuasx, Kkoraa WHTepec NpelCTaBjseT KMHETHKA reTeporeH-
HOro nmpeBpailenus, W3 CcymMMmapio#t CKkOpPOCTH peakuuH, HabjaionaeMo#
Ha onwiTe, CJeAyeT MCK/IOYHTb (AKTOPHl, OTHOCAIHeCSs K AUdPy3non-
Ho#t cranud. Ecam wmsBecTHO TeopeTuueckoe BLIpAaXKEHHE OJs CKOPOCTH
audpdysnontoll craanu, nonobHoe HCKIIOUCHNE MOKeT OLITh 11POBeLeHO
Toyuo u 6e3 Tpyana.

Mexny nuddysuett BeuwlecTsa M MepeHOCOM TelJa B KUAKOH cpene
.CyLIeCTByeT TeCHasi CBA3b, M MOXeT ObiTb NpOBeleH UeJH#t psan aHamso-
ruf. Ha 3TuX aHanoruax Mbl NMOApOOHee OCTAHOBMMCS B HaibliefiueM.
3necb MBI MOXEM JMIIbL yKa3ath Ha TO, YTO OAHMM U3 HauGoJee HiiTe-
pectibix npuaokeuud Teopuu NHPEDYIMOHHOH KHHETHKH MOXKET CJAYIKHTb
ee MPUJIOKEHUE K MCCAENOBAHMIO CJOXKHBIX BOMPOCOB TeMIONepenayu,
B OCOOEHHOCTH B YyCJOBMSX OOMbLIMX TenjOHaNpsKeHHOCTeR.

B coorserctBuM ¢ wueadMH NAHHOHW KHMFM MBI B OCHOBHOM Orpa-
HHYHMCS B CBOEGM pacCMOTpeHUd npobiemaMu AUMPY3UOHHOM KHUHETHKH
B XHAKOCTAX.

Bonpocel nuddysnonHo#t kuHetukn B rasax 6yayT pa3o6paHbl JHILb
NOCTO/MLKY, TNOCKOJbKY 5TO MOHAafoOUTCA A4S BbISBIEHUWS CXOACTBA H
pas/iuuus Mex 1y npollecCaMd MepeHoca BewlecTBa XUAKOH ¥ rasoBof
cpenamu.

Duddysuonnas kuHetTuka peakuu#dt B TBepao# ¢ase (Tak HasbiBae-
Mble TONOXMMHYeCKHe peaKUHH) B KHHre He paccMaTpHBaeTcs.

B nocrenyiowux naparpadax Oyser passura obwas Teopus -
.DY3HOHHBIX TNpPOUECCOB B JKUAKOCTAX W HAHB MPHUJOXKEHHS ee K rere-
pOreHHbIM peakuuam, MAPOTeKAIOWMM Ha rpaHulle pasfena Tsepaoe
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TEN0 — XKUIKOCTb, a TaK)XKe PACCMOTPeHbl HeKOTOpble 0COOENHOCTH peak-
UMt CMelaHHOTO THHA.

B raase VI Oynyr paccmorpennt HekoTopnie ocoOGcHHOCTI  Aud-
¢y3HOHHOR KHHETHKH 3JEKTpOXMMHueckux peaxunft, s raanax VIII, X, XII
paccmaTpuBacTca AW QysHoHHas  kuHeTHKA HAa  TpaHMIAX  pazileJa
WHUAKOCTh — Ia3 H KHIKOCTb — KHIAKOCTh.,

§ 7. O6uue nauusie o0 AnPAY3NOHHOI KHHETHKE B WHIKOCTAX

Hsyuenne cixopocTc# TreTepOreHHBLIX MpPOLECcCOB B JKMAKOCTAX ha-
yaJloCb C M3yueHHd npocTchiic audOY3noHnol KUeTHKH PacTBOpPCHHS
TBEPABIX TeA B IUAKOCTAX. AHAMH3 3HAUMTEALHOTO SKCMCPHMEHTAILHOTO
matepuana npusen A. H. Ilykapena [1] k ycTauosiacuiio sxcnepumeri-
TaJbHOrO 3aKOlla PacTBOpeHHs, 3AMUCAHHOTO TaK:

Q="R(cu—rcy S, 7,0

rae Q — KOJHUCCTBO RCHICCTBA, PACTBOPSHOUICTOCST B CAHIIILY BPCMCHI,
S_—— BeJIMUHHa I]OlkaXllOCTli [)HCTIIODHIOHLCI‘OCSI TCJA, C"-.KOHILCHTPIIIUHI
HACBILEHHOrO PAaCTBOPA, Cp— (PAKTHUCCKAs  KOHILCHTPAIHs  pacTnopa
B JaHHBIf MOMeHT BpeMcHH, R — KO3 HUUCHT TNPONOPILIOHAMBIOCTH,

IanbHeftivie uccrenoBaHus, B nepsylo oucpedb Hepucra (2, 3, 4],
nokasanu, uTo Ko3ppUUMeHT k£ npomopinonanell Kosphpuiuenty aud-
¢y3un Beuiectsa B KMAKOCTH [, Tak uTO BLIpawKenuwe aas Q MOKET
OLITH 3amucano B Bile

Q:DLC,“%C“_) S, (7,2

rae 8 — HekoTOpas mocTtosiinas.

dopmyaa (7,2) BLIPAKACT OCHOBIOE COMEPKANUE TCOPHH reTeporeil-
Heix peakuuBt Hepucra. Cornacuo Teopuu Hepiicra, B cioe xuakocri,
HErnoCpenCTBEHHO TpIJeralolleM K MOBEPXHOCTH PACTBOPAIOULErOCs TRep-
IOrO Teja, BCErja BO3HHKAET HACLIUEHHBIA PACTBOpP PaCcTBOPSIOUICIOCH.
BewecTBa. CKOpPOCTh rereporedfibix  peakinil, HAymux no anpdyago-
HOW kunetuke!), onpenensiercs aHddysuelt, BosHUKaOUICH RBCACACTBIE
HaJIMUMs Pa3HOCTH KOHIUCHTpAUMK DPACTBOPAIOULErOCsS BelleCTBA MekKAy

1) B nepsounauvannnoii ¢opmyanponske teopun Heprcra cuntazoct, uTo Bce
reTeporeHHbie npouecchl HAYT 1o AHppy3nonuon kuuctnke. Brocaeictsun Obia
OGHapYyXEH PsAX TeTepPOrcHHLIX PCakuHi, CKOPOCTL KOTOPLIX Ofpencisiaach CKO-
POCTBIO CaMOT0 TETEPOrCHIIOr0 NPCBPAIelHs, a He AHPQY3HOHIILIMH TIPOILCCCaMH.
Hyxno, onnako, yMeTh B BIULY, UTO TAABHLIM MOMCHTOM 9TOIl TCOPHIL ABJIANOCH
NMPeAnoJOKEeHHEe O MeXaiame M y3nomoro, a ue retcporeuiioro npotecca.
Hanbueitinas kputuka teopiit Hepicta 6yacT npou3BOAHTLCA HAMH HMCHHO 1OJ
STHM YTJOM 3pCHMA, TaK Kak owHOOUHOCTL MCPBOUAUAJLIOH TPAKTOBKH B Ha-
cTosulee BpeMsi HC BbLi3biBacT HiKakHx comuchuil. llasectno oucnn Goawvinoe
YUCNO Pa3nooGpasibiX TETCPOrcHIILIX NPOUCCCOB, HAYHHX e 1o andysnonnoii
KHHETHKE. [IpuMepaMH HX MOIyT CAYXKHTL NPOICCC Pa3psanaa HOIOR BOAOPOAA H
KHCJOPOAa 11a TMOBEPXIOCTH MCTANIHUCCKHX 3JCKTPOI0B, Pii CAYUACB KPHUCTAd-
_JH3alMH K T. DL
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CJIOEM HIOKOCTH, HEMOCPeACTBEHHO I[pHJEraloWmnM K NOBEPXHOCTH, U
Tomued sxkuakocTH. Ecaum 8 o3HavaeT pasmep 00JacTH, NpPOXOIUMOMN
anddyranpyowumu yactuamu, To ¢opmyna (7,2) BuipaxkaeT OOGbIYHbIf
3aKOH craunoHapHo#l auddysuu B HenoOuBHXKHON cpele Mexly OGeckoHeu-
HHIMHM TJIOCKOCTSIMH, Ha KOTOPBIX 3aUaHB Pa3jHyHble KOHUEHTPAUHMH Cy
H ¢y HaXORSWHUMHCA Ha paccrTosuuu d. B obnactu mpocrpaucTsa, 3akaio-
YEHHO# Mexdy ISTHMH TIIOCKOCTSMH, 33aBHCHMOCTb KOHLEHTpauuMu OT
KOOpAMHATHl ONpefeaseTcd JUHeHHbIM 3aKOHOM.

Kak npasuno, omnako, ckopoctd peakuuit, uaywux no auddyson-
HOM KHMHETHKE B HENOABHXHOH cpene, Ype3BHIYAHHO MaJbl, MOCKOJbKY
Kospduuvent auddysun B kuakoctax D Becbma Maa. C nmociensum
06CTOATEILCTBOM CBSI3aHO TO, UYTO B HEMONBHXHOH cpelle NMPUXOLUTCH
OrpaHHYUBATLCA PEAKUMAMH, HAYWHMH MO0 AupPy3HOHHOH KHHeTHKE B He-
CTaUMOHAPHOM pexuMe. Tak, HanpuMep, CKOPOCTb 3JEKTPOXUMHUECKOR
peaxkuuy B HeMONBMXKHOR Cpele CTOMbL Majna, UYTO 3aMeTHbie TOKH Meway
9/IEKTPOAAMH HAYT TOJbBKO B TeuyeHHe BPEMEHH, He MpeBLILIAIOErO
NepHOA YCTAaHOBJIEHUS CTAallMOHAPHOrO pexxuMa (CM. noapobxee B raase VI).
Ha npaxrnke B noxaBasouem GOJbUIMHCTBE CAYYaeB CTPEMSTCS NOBLICHTH
CKOpOCTb peakuu#t, npuberas K pasMEWIMBAHMIO CPelbl NPH [OMOLILH
MeEIlaN0K, BPAWAOWKUXCA HJeKTPONOB HJIM HCMONb3Ys eCTECTBEHHYIO KOH-
Bekuuo. bBosec TOro, mockOALKY B MaNOBASKHX KHUAKOCTAX, K KOTUPbIM
NPUHAAMIENKUT, B YACTHOCTH, BOMdA, MOABIEHHE HeOOJbWHX H3MESHEeHHH
NJIOTHOCTH NPUBOAUT K BO3HUKHOBEHHIO eCTeCTBEHHOR KOHBEKUMH, OYeHb
penKo yaaeTcs MPOBOAUTH PeaklMIO B YCAOBHAX MOJHOW HEMONBHXHOCTH
cpenn. Bosunkaioulie B Xoxe peakUMHd PasHOCTH KOHUEHTPAlLHUA, HIH
TEMJIOBLIeACHUE, OGYC/J0OBJNBAI0T H3MEHEHHE NJOTHOCTH KHAKOCTH, YTO
B CBOIO Ouepelb BEAEeT K 2CTeCTBEHHON KOHBeKUUH, 6aaronaps KOTOpOH
TMPOMCXONUT 3HepruyHOe MepeMelinBaHHe KUAKOCTH. ToJbKO MpuMeHe-
HHEM CrieuHaIbHbi X KOHCTP Y KIHA PHGOPA WM KeJaTHHUPOBAHHEM HULKOCTH
MOXHO HM36exaTb eCTecTBEHHOR KOHBeKUMH B peakTope.

TakuM o06pa3oM, He06XOAMMO pacCMOTpPeTb BOMPOC O MeXaHM3Me
nepeHoca BelllecTBa B ABIKYLEMCH pacTBope. JKCNepHMEHTAMbHBIN 3aKOH
(7,2) nosponser Ha#TH 3HAueHue O, MCXOASl M3 H3BECTHLIX 3laueHu#t Q,
KOHUEHTpaumit ¢, M €, M H3BeCTHOro kosdduuuenra aupdysun D.
Okasanoch, 4TO B OOBIYHEIX YCJIOBHAX ~a3MEIUMBAHUA BeJUYHHA O uMeeT
nopsanok 10-2—10-* ca, T. e. BecbMa Maja NnO CpPaBHEHMIO C pa3s-
MepaMu OObLIYHBIX PEaKLHMOHHBIX COCYLOB. DTO 06CTOATENLCTBO MOOYAHIIO
Hepucra BhickasaTh npeanosoxenue, 4to 8 B ¢opmyne (7,2) mpencra-
BJSET TOJUIMHY CJOfl, B KOTOPOM TMPOMCXOMUT auddysus B ABHkKYLeHCH
smunkoctd, ITosnuee mpsmble uamepenus A. I'. Camapuesa [5] noxasany,
YTO KOHUEHTPAauud pacTBopa AeHCTBUTENLHO UMEET MOCTOAHHOe 3HaueHHe
BIJIOTb 10 MHHHMAaJbHbLIX M3MEPHMBLIX PACCTORHMH IO MOBEPXHOCTH peak-
uuu. Cormacio Teopuw Hepncra, x noBepXHOCTH TBEpLOFO Teja NpH-
JeraeT TOHKHMH CJOH HemoABHXKIOW KHUAKOCTH, B KOTOPOM MPOMCXOIMT
AH(p¢y3us pearnpylowux Mojekya. 3a mnpelenamM 3TOrO CJIOS IBHXe-
HHe KHAKOCTH, YBJjeKaiollet pacTBOpeHHOe BelleCTBO, MPUBOAHT K MOA-
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NepPXKAHHIO MOCTOSHCTBA KOHUEHTPAWM BO BCeH OCTazbHON TOaME pac-
TBOpA.

Toaunna ) noayunia Haspatne TOJUHHBE Illl(b(byau()]moro cnos
HepucTa. [lockoabky B npeaenax TOMUMHBL  AHGGYIHOHHOrO €04
KHAKOCTb CUUTAETCS LEMOABHKIION, pacnpenc/icHHe KOHuenTpanuit B nem
HaxomuTCqd Oe3 Tpylda M3 pelleHus ypasueius AMdPY3uu B HenoaBHKHON
cpene. OHO uMeeT JuiefiHLIR XapakTep, Kak yKasaHo ke, Ha puc. 12.
Takum o6pasoM, cornacHo Teopuu HepHcra, B cayuae msixkyuiefics
HHUAKOCTH, KAaK H B CJayuae HenoaBmxHOH, ¢opmyaa (7,2) nomxna uutep-
NPeTHPOBATLCA KaK BhIpMKeNie s MOTOKA BewecTsa, Aupdyianpylo-
mero nofl NeACTBHCM DPA3HOCTH KouuenTpamnt (¢, — ¢q).

Teopus Hepucra ne nossosser BoluncasTh 3uaucuue TOMILMHH AHd-
GY3UOHHOTO CN0S & M ee 3ABUCHMOCTH OT CKOPOCTH ABHKCHIS WHAKOCTH.
ArcnepuMeHTanblibie OnpencieHHs (T0 U3MCPEHIIOMY 3HANCIIO NOTOKOB Q)
MoKasaJjai, 4YTO Ola HMeeT BIA CTereliol 3aBHCHMOCTH

B%U—},,
rae v — CKOPOCTb JBIDKCHHSI KHAKOCTH.

[Tokasatess, cTemenin 7 OKA3aJACa  3ABHCAHNUIM OT YCJORHH dKCNEpH-
MeHTa (cM. noapoOuee § 55). Pazununbie asTopul UPHBOART pazHuie
3HAUCHHS 71, JeKaulHe B MPEiefax oT n==-5; A0 n==l.

Teopus Hepucra noayuwaa mmpokoe pacnpocTpaueine, 0coGeHio
B DJIEKTPOXIMIIH, M CHIrpaga B CBOC BPeMst MOJOMHTE/bIYIO poab B pas-
BUTHM TeOpHH reteporennnix peakinft, OOuian waea Teopnn Hepuera —
npencTasieHne O TOM, uTo BOJH3M 3IACKTPONA, HMeEETcsa ToHKMf caofl
XKHUAKOCTH, B KOTOPOM MPOUCXOIHT H3MCHEHHe KOHUeNnTpaumu, — 6uaa
noatrsepxnena npambimu  uamepedusimi A. [, Camapuesa. Onnaxo
B nocJieaHue ABAALATH JET TOSBHJIOCH 3HAUNTENLHOC Wic/i0 paboT, B KO-
TOPBIX 3Ta TeOPHA MOLBEPranach CnpapelliBOM KPUTHKe, I B liacToAllee
BpeMs OHa Jo/pkna ObiTb mpusHaia HeynosieTBoputenbiioft. IlocraTouno,
HAampuMep, yKasaTb, UTO MpsaMble 3KCMCPUMelTanbHble u3MepeHus (6]
(cm. rakke § 9) noxasamn, uro Ha paccTosHUAX nopsaka =2 10-% cm
OT TBepnOfl crelkn Habmonaetca ABKeHHe )uakocTn '), Takum o6pa3oM,
npeanonoxenue Hepucra o HenmomBmxHOCTH WHAKOCTH B Mpefenax cos,
npenuitaioutero yrasanmmit caott B 10—1000 pas, npoTnsopeuut omnwiTy
H nomxHo OwTb OTsepruyTto. Ecam, omnaxko, cuutaTh, uTO JKUAKOCTb
B nupenenax naudpdy3uoHHOro ca0f He ABAAETCA HernoABILKHOR, JuHefi-
HbIft 3aKOH pacnpelenenuss KOHUEHTPALHH TepseT cBoe DOOCHOBaHHe.

1) B onsitax Peiimxa n Toylena M3yvyanochb ABHKCHHE MKHAKOCTH BOAH3M
TBCPAOH MOBEPXHOCTH NpH TypGyJentHoM pexcsme. IIpu nomoun yasTpamukpo-
CKOMa Ha6Gaofanoch ABHKEHHe KOJJJIOHIILX YaCTHL, B3BEIICHHHX B XHJIKOCTH.
Ha paccrosnuax nopsinka 10-5 ca# OT CTCUKI YacTHIbl COXpaAlsIN CBOK NOA-
BHMYXHOCTb.
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dopmyna (7,2), npexcrasasioulas TeopeTHUYECKH OGOCHOBAHHOE Bbl-
paxenue a8 AuPPy3HOHHOTrO TNOTOKA B HEMNOIBHNKHOR cpele, B ciayuae
ABHKYUIEHCS CpPelBl NOJOKHA PacCMaTPHUBaTbC Kak YMCTO IMIMpHUYECKas
¢opmyna. OcobeHHO scHO sMNMpHYeCKUH XapakTep 5To#H (GOpMy.abl npo-
ABIRETCS B TOM, YTO TOJIMUHA AUDPY3HOHHOrO CJ0Os OKasbBaeTCs 3a-
Bucsuwe# or koadpduuuenta Aupdysun uactuu. [locienHee o3Hauaer,
YTO NpU 3aJaHHHIX YCJOBUAX OMbBITA KAWKAOMY HOHY HJAH aToMy, Aud-
¢yHaupyloueMy B pacTBope, OTBeYdeT CBOS TOJMUHHA AHPQPY3HOHHOTO
cnos. Teopus HepHcra HeyLOBJETBOpUTEJbHA elle W B APYroM OTHO-
IIEHUH: OHA He TMO3BOJSET ONMpele/UTb WIH XOTA OBl OlLLEHWTb 3HaYeHHe
noToka Q TeOpeTHyecKH, MOCKOJbKY TOJUWMHA 8 B Helt He BHIUHMCHAETCS.
[TosToMy oHa siBAsieTCsl KaueCTBeHHOH Teopue#t AHGDY3MOHHOR KuHeTHKM
reTeporeHHbix npespaiueHufi. Heob6xomaumo, OAHAKO, MNOAYEPKHYTb, YTO
3 TOro ¢akTa, UYTO NKUAKOCTb COXpaHseT CBOIO NOLBHAKHOCTb BMJIOTb
10 BeCbMa Ma/JhX PacCTOSHMN 10 TBepLO#  CTEHKH, 3HAYUTEJIbHO MeHb-
wWhx. 6, OTHIOAb HeJab3s JejaTh BHBOL 006 OTCYTCTBHH AH(D(DY3HOHHOH
craauu npouecca. OnHaKO TaKo# CTpaHHHH BLIBOA Obln CrenaH He-
KOTOpHIMM aBTropaMu [7, 8], nbiTaBWMMHUCA paspelluTb NPOTUBOpeuHe
MOCTPOEHHEM TeOpHUH, HrHOpHpyoouwe# AnddysHoHHYI0 CTalHiO reTepo-
FeHHOro mnpeBpauieHus ).

Teopus Hepucra Hauwaa: wMpoxoe pacnpocTpaHeHue IaaBHHIM 06pa3oM
npu  paccMOTpeHuM npoG6JeMbl PACTBODEHHS, B TEODHH NPOXONAeHUs
TOKOB Yepe3 PacTBOPH H B JAPYrMX CaAyYasX, KOrAa H3Y4ajHCb rerepo-
TeHHble peaKUMM Ha TPaHWLAX pas3fena XXUAKOCTb — TBEpPAOE TeJo.

Hpyras BecbMa Oiu3kas K He#t Mo cyuwtectBy Teopus IudPysHoHHON
KHHETHKH FeTepOreHHHIX peakuu# nojayumia Bceobliee pacnpoCTpaHeHHe
B XUMHYeCKOR TexHosjoruu., Peub MaeT 0 Tak HasbiBaeMOW NJeHOUYHOH
(duabmosoit) Teopuu, npennoxenHo#t Jlanrmiopom [9]. Coraacuo 3TOH
TeOpHH, BOJAU3H IOBEPXHOCTH pasflena NBHXKYLIMXCA (a3 UMEETCs TOH-
KMt CJIORt BewlecTBa, OTJAMYHBIR MO CBOMM CBOHCTBaM OT IJaBHOH MaccChl
ABWKylelcs ¢assl. DTOT CJAOH NMOAYUH/N Ha3BaHWe TUIEHKH WaH (usbMa.
Ilnenka npeacraBasier coOOft 30HY, JeXallyld MexLy HeNOABUKHON U
ABmxyuiefica cpenamu. Tak, HanpuMep, cOrjiacHO ¢MAbMOBOH (MseHOY-
HO#) Teopuu, BOGAM3HM TpaHHUB pas3jena TBeplOe TeJO — KHAKOCTb
MMEeTCs MHAKOCTHAsA IJIEHKa, B KOTOPOH CBOHCTBA MMAKOCTH, B YacT-
HOCTH B OTHOLIEHWM TNepeHOCa B He# BEILECTBA WM SHEPruu, OTJIHYHHI
or coficTB 06beMHO# kuaxOH ¢asn. Ha rpannue pasmena nBmxywuxcs
a3 wunxocTb — ra3 06pas3yloTcs ABe MJEHKH — MHUAKOCTHAA M ras3oBad
CO CTOPOHB WHMIKOCTH M rasa. B Hux cBOHCTBa *KMAKOCTH M rasa Or-
JHYHH OT cBoficTs B 0o0beme. Ilpu cronp o6uwe#t dpopMyanpoBke TPynHO

1) YrBepxnenne MenpBHH-Xbl03a O NMOJNHOM pacxoxaeHHH Teopun HepHcra
c onsitoM (no moacdyeraM MeabBHH-Xbi03a TOAlHHA AUPQPYIHOHHOrO Caosd
ROJ/KHA COCTaBAATh OKONO 1 ca), kak ykasan lO. I'. CuBep, OCHOBaHO Ha apHg-
meTHyeckoil own6ke. lpn mepecuere o6beMa pacTBopa, BbIPaXeHHOro B KyGu-
YeCKHX CaHTHMeTpaX Ha JMTD, HM GHa nponyuleH MHONHTEAb 108, uTO M npH-
BEJO 9TOr0 aBTOPa K 3aBbilueHHIO 3HaueHui 3 B 1000 pas.
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clenaTh Kakue-nuGo BO3pAXKenud MPOTHB TJIeHOUHOH TeopHH. B nas-
HefiiueM OyaeT nokazano, yro BOAM3M rpanuub pasnena $as nefcTBu-
TeNBHO CYLECTBYIOT O6JACTH H3MEHEH!HOTO pEeXMMa TeueHus (HO, pasy-
MeeTCsl, HeH3MeHHBIX (PM3HKO-XHUMHYECKUX CBOUCTB (hasm).

Omnako B mnAcHOYHOM TEOpHHM MeJA0TCS W fajbHelnne  BHIBOMBI
o0 cBofictBax naeuku. limenno, npeanonaraercs, uYTO B INIEHKE OTCYT-
CTBYeT OTHOCHTE/bIlOe ABWKenHe ¢a3. IJTO O3uayaer, 4TO HA MOBEPX-
HOCTHM paslena TRepAOe TeJ0 — KHAKOCTb TJIeHKA fBJSETCS HEeNOLBHK-
HOM, kak 3to cuuractcst B Teopun Hepucra [10]. B cayuyae nsenkn Ha
NMOBEDXHOCTH pasfend KHAKOCTb — a3 CYHTACTCH, YTO B IKHIKOCTHOH
M rasoBOM NJEHKAX OTCYTCTBYeT OTHOCHTeJAbHOe JBHXXeHHe TIIeHOK ApYT
orHocuteabno apyra [11]. Cunraercs, 4TO ABIKCHHC KHIKOCTH M rasa
B MJeHKaX HMeeT CTPOro JAMMHADHbI XapakTep, npHueM CKOPOCTH
JBHXKEHUS HMMEIOT TOJbKO KOMIOHEeHTHl, Mapasjjenblibie MOBEPXHOCTH
pasnena. Torma, 1o npeanoJoxennio nJAeHOYHOH TEOPHH, NBHXKeHHe
B NJeHKe He HrpaeT poOJAd B MepeHoce BellecTBa M mnociaentee 0O0y-
CNOBJeHO MoJexyaapuoit aupdysveit veped naenxy. Tonautunsl mIeHOK
HaxXoAsTCA Ha ONblTe MPH noMouln cootuowennit tina (7,2) u3 uaMepeH-
HBIX 3HauyeHu#t nortoxa, AUPPYUAIPYIONIEro vyepe3 MiIeHKY.

[Tpu o6ocHOBanuy MJEHOUNON TCOPHUM CCHINAIOTCHS OOBIYHO Ha OMBITH
Jlaurmiopa [9], ofuapykuniero cyuiecTpoBanne B rade BOTH3H mOBepX-
HOCTH TBEpIOTO Te/iad JAOBONBLHO WIMPOKOTO (MOPAAKA HECKOJIbKHX MHJIIH-
MEeTpPOB) CJ0fi, B KOTOPOM NPOHCXOAHT OCHOBHOe H3MeHeHHe TeMmepa-
Typet. [lo nosony nuenounoft Tteopuw BOAM3NM rpauulbl  pasgena
WKUOKOCTb — TBEpPAOE TeJO MOXIO ClelaThb Te IKe 3aMeuyaHus, 4To H
o Teopiu Hepucra. Yro ke kacaerca o6pa3oBaHus NJAeHOK Ha rpaHiue
pasmena J>KHAKOCTHL — ra3, TO, Kak 6yner hoapoGHo nokasaino B § 18,
ponyiuenite Jlaurmiopa 06 OTCYTCTBHH BJHSIUHS TaHTCHILMAJIBIOTO [BHIKE-
Husl Ha repenoc BeulecTBa omwnbouno. [lonpobusift pasbop ssaennit na
3TOft rpanHue paslena MOKA3bIBAET, UTO TaHTeHUHANbHOE ABHXKeHHe
O6GLIYHO CONpOROKAAeTCs HOpMaabHLiM (cM. § 15). Janee Gyner nokasauo,
YTO npemmosoxene 06 OTCYTCTBAM HA TpaHHILC pasiena TypOYyJACHTHOro
ABMXKEHHS] U CBSI3aHHOTO C HHM NepeMelHBaHus JKHAKOCTH TaK)Xe NpOTH-
BOPEYUT ONBLITHLIM (HAKTaM.

Macunounas Tcopis MORO6GHO  HEPHCTOROW  XapakTepudyeT mnpouecc
nepcioca BeniccTsA B ABIDKYULCHCS OKUAKOCTH JAHulh B KaUCCTBCHHOM
otHowenun. Ona He N03BOJSET NPENBLIYUCAATL BeHUHHK MItdY3noH-
HBIX MOTOKOB.

Mbl OCTaHOBHAUCL TaK MOAPOOHO Ha STHX ABYX TEOPUAX MOTOMY,
4YTO OHM Ouelb IIMPOKO HCMOJAb30BAAUCh B PA3AHUHBIX 06JACTAX XHMHH
¥ (pu3nyeckol XHMHHK, A TAKKE MPH H3YUCHWH Pa3JHylLIX TCXHOJIOTH-
YeCKHX NpoIleccon,

Hinke MBl BuigCHIM, B Kakoll Mepe Harasainic, XoTs W HCOPABHJb-
Hble Mo cyniectny, Bos3peHust tcopuu Hepucra u nsenouniofh Teopuu
MOTyT 6HITb COXpaHeHLl AU KayeCTBEHHOrO M3y4eHHs Mpoueccos mepe-
HOca BelleCcTBa B MHAKOCTAX H rasax.
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BumecTe € TeM MH MOKaxeM, NOuYeMy B ABHKYWERCH HKHAKOCTH
MOXeT ObTb CIOpaBeiJHBO SMIMPHYECKOE BHIpAXEHHE [Js [0TOKAa Le-
wectBa tuna (7,2).

W3 apyrux uccienoBaHu#t B 06aacTH TeopuH AHPPYSHOHHBIX MPO-
HEeCCOoB cselyeT npexae Bcero OTMeTHTb paborel Jl. A. Ppank-Kame-
Heukoro [12].

L. A. dpank-Kameneuku#t BnepBHe YyKasaa Ha HeoOXOLMMOCThb
B pa3fope sBJEHHS! NepeHOCa BellecTBa MCNOJb30BaTb METOAM noAoOHs,
NOJyYUBIIME LWMPOKOE PpacCnpOCTPAHEHWE B THAPOAMHAMHKE M TeOpHu
Tenonepenayd (K BOTMPOCY O TEODHH mnono6us Mbl BepHemca B § 19),
OnHako npu Bcefl 1LleHHOCTH MeTONa NOKOGHS OH He MOXeT NPOJHUThL
CBET Ha MeXaHH3M mpoueccoB RU(OY3nuH B ABIKYLIMXCA Cpenax.

HeynosaersoputenbnocTs Teopud HepHcra no6ynuna E. Dfikena [13]
OTKAa3aTbCid OT MpenCTaBJ€HUH O HEMNOABHXKHOM CJO€ M JAaTh TOYHOe
pelleHne ypaBHeHH# KOHBEKTHBHOH Auddysun. OnuHako nonyuieHHas HM
omnbka B pacuere (cM. § 15) Zenaer ero BHIBOAB HENPUMEHHMBIMY
K NpaKTHYeCKd BCTPEYAIOWHMCS CJAYYasM pasMellindBaHHS.

flBnenus, BecbMa CXOnHBiE C KOHBeKTHBHON nuddysuelt, nonpobHo
H3yya/Jucb B TEOPMH Temjoneperaud, B nuddysuoHHo# kukeTnke u3y-
YaeTcs NpOLECC MNEepPeHOC3 BEWeCTBA B IBHXYlleHCS KUIKOCTH, B TO
BpeMs KaK B TEOPHH TENJIONepelaudt pacCMaTPHBAETCs NPOUECC MepeHoca
SHEPrHH B TeX e ycJAoBUSX. Bompocw Tennonepenaun passuBasiuch B No-
ClleLHHe NeCITHIeTHS B pabOTax FMAPOLMHAMHKOB H TEN/NOTEXHUKOB C TEOpe-
THYecKOM ¥ sKCrmepuMeHTaNbHOR cTOpOHH [14].

PacnibiBYaTHIM NpencTaBJAeHHSIM H3j0xeHHbX Bolwe Teopu# (Hepucra
M TeHouHoH) B 06nacTH AMPPYIHOHHLIX SBJEHHH MOXKHO NPOTHBO-
NOCTaBUTb KOJUYECTBEHHYIO TEOpHIO Tenjonepelaud B ABHKYLUMXCH
cpenax, pa3pabOTaHHy!0 AAS Pa3JIUYHBIX DPEXUMOB TEUEHMS M Pa3HBIX
reomerpuyeckux ycnaosuit. Hiuke Oyrer mnokasaHo, 4to obuiag cxema
TEOpHH Tenjonepenayn Moxer OuTb 0e3 TpPyAa nepeHeceHa Ha Au-
¢dysnoHHble fBJEHHS B rasax. B caydae xunkocTe#l, omHako, Heo6Xxo0-
AMMO YYMTLIBATbL HEKOTOpbie MX CrnelHpuueckue OCOGEHHOCTH, KOTOpble,
He H3MeHAs NPUHUMIHAJABLHOM CXeMbl TeOPHH, NMPHUBOJAT K APYFMM KOJM-
YeCTBEHHLIM pe3yJbTaTaM.

§ 8. KousextnBHas nuddysus B KuaxkocTax

B nanbuefiiueM Hac OyAeT HHTEPeCOBaTb MOBeldeHHE MHMIAKOCTH (MU
rasa), conepxailel nmpHMecb HEKOTOPOro BellecTBa. Takyl0 CMechb Mbl
OyaeM HasWBaTh pacTBOPOM, XOTA NOCJAEAHUH TepMUH npHUMeHseTcs
OOBIUHO TOJIbKO K pacTBOpPaM BeWleCTB B KamMeJdbHBIX JUIKOCTAX (HO He
B rasax; nocjiegHue MMeHYIOTCS Ta3OBHIMH CMecCiMu).

OGuuno Mu OyleM HMeTb [Jen0 C PacTBOPOM ONHOrO BellecTBa,
XOTA B OTAeJbHLIX CJAy4Yasx HaM TpUReTcs paccMaTpHBaTb PAacTBOPHI,
COAepiKallHe HECKONbKO PpacTBOpeHHbXx Bewects, CocrTas pacTsopa Mu
OyieM XapakTepu3onaTb KOHUeHTpauweH, KOTOPYIO ONpene/iuM Kak 4MCio
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yaCTHIL PacTBOPCHHOTO REILCCTBA, COJACPKAWMXCT B camiue o0nema
swuaxkocTH. KowileuTpauwuio, onpegchennylo TakuM o6pasoMm, Mb OyneM
o6o3HauaTh uveped c¢. B Tex cayuasx, Koraa yaoOHee M0Jdb30BaThCS
MOJSIDHOH  koOfiueHTpannelt, T. ¢. XapakTecpiuaonpaTb COCTaB PacTBopa
4yHCAOM rpamm-moJset, conepwxauinxcs B 1 cu®, M Oyiem obosnauats
KOHUEeHTpauuio yepes C.

B cocrosHMn paBHOBecHs R OKILLKOCTH, CcoOlepikaiiel pacTBopennnie
BEWIECTBA, BHINOJHMIOTCS  YCIOBHST  TCPMOAHIAMHIECKOrO  PaBHOBECHS:
OTCYTCTBHE MaKpPOCKOMUUCCKOro JBIKCHMS, IIOCTOSIHCTBO Temnepatyp T,
I3BJIEHHS p W NapuMaibioro (xumimcckoro) notenwiana p (T, p, ¢).

- B nanpHeftmieM, mnoka ue OyAeT CMHCIMKAJABIIO OroBOpCHO NPOTHBOMNO-
A0XHOe, Mbl OyAeM CUHTaTh, YTO HAPYLIEHHC pPapBHOBCCHS B IKILAKOCTH
CBI2aHO C HajsWuyHEeM B Hel MAKPOCKOMHYECKOTO ABIDKCHHA (TedelHa) H
C M3MeHelHeM KOHIEHTPaLNl PACTBOPCHIOTO BCUICCTIBRA OT TOUKI K TOUKC.
Temneparypy AuakocTtd Mol Oyiem cunTatb nocrosuoft. Hro we kacacrcs
JaBJeHus B KHUAKOCTH, TO, XOTs OHO 1 He OVICT CUHTAILCST NOCTOSII-
HBLIM, TpaAveHT aasjeuns OyACT LPCAIONATATLC JOCTATOUHO MadbiM (CM.

- HMaKe).

AdBuxmenne KHAKOCTH  OYyAcT OnpeacasThes AcHCTBYIONIIMH Ha Tice
O6BEeMHBIMU M noBepxunocThoiMi ciiaMu. Ono OyjaeT onuchBathest ypan-
HEHHSMH JIBIOKENNs W HCnpepuLBHOCTH, npusefennuivig B § 1.

IMepenoc peniectna B ABIGIKYULCHCS KHAKOCTH 00y CAORACH JIBYMSI CO-
BEpUICHNO DPa3iMunbLiMI MeXartussasi. Bo-nepsuix, upn namum paznocTi
KOHLLEHTpaunit B MHAKOCTH BO3NHKACT MOJACKyaspnas jupdyans; BO-BTO-
PbIX, UACTHILLI BCULCCTBA, PACTBOPCHIIONO B KHIKOCTH, YBJEKaloTcsd MoO-
caentiell B npoitecce ec ABIKCHMs W nepeunocstes nmecte ¢ nelt. Copo-
KYMHOCTbh OOOMX MPONCCCOB HMCHYCTCS KOUBCKTHBIIOH
A Pysucht pemecTna B KHAKOCTH,

Ecan B paccmarpupaeMoff SKIIKOCTH WM na ce rpaiiiile NpolcXOanT
HEKOTOpOe npcepatiletive, B KOTOPOM YUacCTBYIOT PacTBOpeHIibie YACTHILHL,
HX KOHUEHTpPaUHsl MOKET H3IMCHATHCA OT TOUKH K TOYKE H 3aBHCETb
OT BpEMCIIH.

Hammwes anddepciuuansioe  ypapHenie, KOTOPOMY 10.KHA YAOB-
JAeTBOPSTh Qyuxunus ¢(x, y, 2z, ¢) B ABmkywehcs xuakoctn. lpinxenne
KHUIAKOCTH MLl OyiacM CYMTATh CTAlMOHAPUBIM M JAMHHAPHLIM, 4 camoe
KUAKOCTb — neckumaemofl. TypOyaentnuiil pokuM apipkenust OyaeT pac-
cMoTpelt B caenyloutefl ‘raase.

Haanune nepesmeiniof ot ToukH K TOuKe KOMICHTPAIINT 06y CAOBIH-
BaeT HapywchnHe YcJOBHS paBHOBECHS M 1IOABIEHHC B KUAKOCTH ILH(-
$py3HOHNOro noToxa BeUleCTRA.

Ecan Bosunkaoutte B KMAKOCTH TPAAHCHTHL KOUUEHTPANINL MaAH,
MOXHO CulTaTh MaJBIMH M TPAUMCHTLL lApiHaaLHoro notennnana. Toraa
aasg auddysnomioro notoxka (udcAa wactTmu, npoxolmunx aa 1 cer
yepes 1 cu? BOOOpAXKACMON MAOCKOCTH, npoBgcHion B PaCTBOPC) MOKHO
Haucary:

Jp==—2zyuraduy, 8.1)
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rie a— HeKOTOPLA KO3((HUHEHT NPONOPUMOHANbHOCTH, KOTOPH# OYaer
CUHTATbCA CYILECTBEHHO MOJONHTENbHBIM, @ CMBICA 3HaK3 Muuyc Oyler
siced M3 NajbHefiliero. MexaHU3MOM nmepeHoca 4YacTHu, 06yCTOBIMBAIOLIKM
nossjenne AHPPY3NOHHOro NOTOKA B MHUKOCTH, ABJAAETCS MOJEKYJISPHas

nuppysus.
Bbipanasi rpaaueHT p uyepe3 KOHUEHTDALHKIO, MMeeM:
— Op
jip=—aua (W)T pgrad c.

[Tpx 3TOM MBI CYUHMTANH, YTO rPalMeHT TeMmnepaTypbl OTCYTCTByeT, a rpa-
NUEHT [aBJEHHs HACTOJbKO MaJj, 4TO BbI3bIBAEMbLIM MM MOTOKOM 4HaCTHL
MOXHO NpeHeOpeub MO CPaBHEHHIO C NOTOKOM, OOYCJOBJEHHBIM MepeMeH-
HON KoOHueHTpauue#t. 3HaK MuHyC nokasbiBaeT, 4To Auddy3uoHHbIl NOTOK
YacTHll HanpaBJeH OT MECT c 6OJbluel K MecTaM C MeHbluedl KOHUEHT-
paunefi. Beeas wkosdouunest audoysuu D, onperenseMbit paBeHCTBOM

D=a(_00%)ﬂp’

MOXHO npeacTaBUTb IU(EDY3HOHHBIA MOTOK B BHAe
jp=—Dgrade.

Kosdguunent anddysun D 3aBucHT OT KOHUEHTPAUMH DACTBOpA ¢, a
TaKxKe OT TeMHepatTypbl.

Ecau KoHueHTpauus pacTBopa Maja, 3HayeHHe D MOXHO CuHMTaTh
NOCTOSIHHBIM, HEe 3aBUCAULMM OT KOHUenTpauuu. Toraa Auddysnonbif
NMOTOK MPONMOPIHOHANEH TPaJHeHTy KOHIEHTPaUMH H Hanpasjed B CTOPOHY
yOuAH KOHUeHTpalMu pacTBopa. KIMeHHO c 3THM cayuaeM Mbi Gynem
¥MeTb Nen0 B AaJibHeHieM.

Ecnn pacTBOpeHHO€ BellecTBO HaXOAMTCA B IBMAKYylleHC WHUAKOCTH,
TO TOCJeNHAs YBJAeKaeT B CBOeM JABHXEHHH pAaCTBOPEHHOE BeleCTBO.
ITpu srtom Hapsny c anddy3uoHHeM notoxkoMm jp uepes 1 cm® BooGpa-
XaeMON MJIOCKOCTH, NpOBENeHHOH B IKHAKOCTH, 3a 1 cex nepexocuTcH
MOTOK BELIECTBA

jrons =cV,

ABmxyuwnfics BMecTe C 00beMOM MXHUAKOCTH V, NMPOXOAAUHMM Yepe3 3Ty
miowanky B 1 cex.

[Tonnw#t moTOk BewecTBa, chaaralWUfics U3 KOHBEKTUBHOTO H IHU(-
prslAOHHOl‘O MOTOKOB, BbIPAXKAETCA BEKTOPOM

j=cv—Dgradec. (8,2)

Ecau pacTBOp HaXxOZWTCH B HEM30TEPMHUECKHX YCIOBHAX WM HA Hero
AefCTBYIOT BHElHHe CHUJOBblEe MNOJs (HanpHMep, FpaBUTALHOHHOE mMoOJe
MM 3/IeKTPHYecKoe TNoJje B CAyyae HOHHOrO pacTsopa), TO B MOJIHBI{
noTtok OyAyT BXOAMTb NOMOJHHUTE/NbHbE Claraembie. [IBuikeHHe 3apsxen-
HbIX 4acTHI (HOHOB) B IBHXYIUEMCH DACTBOPE MPH HAMHUUHK 9JeKTPHYECKOTO
noas 6ynet noapo6Ho paccmoTpeHo B raase VI.
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Hanucannoe namn pripaxenue JJs 10J1IOTO NMOTOKA C MOCTOSIHIILIM
snauenneM koddduuuenta ayddysinn D cnpaBelanBo, KK Mbl MoAuUcp-
KMBAJN Bhie, JHWbL B PACTBOPAX C AOCTATOUNO MaJIOW KOUUCHTpaineH.
CyuecTBeHHO Taioxke, 4To [ onpeneseno e HEMOCPCACTRCIO, KaK KO3d-
GHUMEHT TPONOPLUHONAILHOCTH B TMOTOKE J, HO uepe3 NPOH3IBOAHYIO

dc

HHM spicHdit, mpoucxossumx B kpurnucckoft Touke (ecm. § 22).
Broirenum  (Moicaenno) B oTenc nponspoaniisit o6neM Vi naftpem

6ananc yucaa YaCTHIU, BXOAAUIHX N BBIXOAAIUNX M3 11CTO R €IMIUILY Bpe-

meHn. UHCIO wacTHIL, TPOXOMAUINX uepe3 [oBepxiocth S B TCUCHHE

CeKYHIbl, paBlo, OUCBUANO

(0“) . 970 o0CTOATCALCTBO MIpACT RAKHYIO POJAL NPU paccMoTpe-
T. p

QZ—if‘de.

roe uuTerpan Gepercs no nomepxutoctu S, okpyaonic# o6vem Vi 3a no-
JOKUTENbHOE HAMPABACHHE BekTOpa BHewiied uopmann pulbpano narnpas-
JeHHe OT MOBEPXHOCTH HAPYKY.

oc
Ecau 57 DAaBHO M3MCHEHMIO YHC/IA YACTHUL B CAMHHILE obema 3a 1 cex,

dc
TO M3MeHenue uucaa uactul, B obveMme V pasHo f?)?dv' [Mpupanuu-

Bas M3MeHeHHe YHuCJa YacTHl, B 006bSMC YHCAY 4acTHU, B HEro npHxo-
HOAUIUX, UMEeM:
dc .
= dV = ~——§ das.
.[ ot ]

TpeoGpasys wirerpan npasok uacTn ypasicHus no popsyne Faycca—
Octporpaiackoro, umeem:

e P
.(of_a'v EE— '/\ divjdV. (8,3)

Beuny npowusnoasbtioctv oGbema ua pupaxcii (8,3) caeayer, uto

ac livi
57 = AV, (8.4)
Hiau
dc . ~ .
5= div (D grad ¢) — div cv. (8,5)

[MpeneOperast 3aBucuMocTbio Kodpduiienta aupPysun or KonuenTpa-
UHU M CYHTaAst €ro MOCTOANHBIM, MOMHO HaNUCATh:
div (D ¢rad ¢) == D div grad ¢ = DA¢,

Haxnce,
div (cv) = (vgrad)c 4 c divv.
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B cuny HecwuMaemoctu uaxoctd divv=0. IlosToMy OKOHuaTe/bHO
ypaBHeHHe (8,5) MOXHO mpeiCTaBUTb B BHIe

-o—tc— ~+ (vgrad)e = DAc. (8.6)

YpaBuenne (8,6) u sBasercs OOWMM YypaBHeHMEM KOHBEKTHBHOH AHd-
¢yaun. B KOOpAMHATHOM INpEACTABAEHHH €ro MOXKHO 3a.ucatb CJaelyio-
wuM 06pasom:

dc dc dc dc 0% | 9%

Ftumt o el =D(E+ i+, 6D
CKOpOCTb TeueHHs IKMAKOCTH V, BXOLfLLAs B ypaBHeHHe KOIBeKTHBIIOH
auddysuu, apasercs, pooOuwie roBops, (yukuue#t koopaunar, [Tosromy
C MaTeMaTH4eCKONW TOUKM 3peHUs yparHeHMe KOHBEKTUBHOH nudPysun
npeAcTaBiseT co00# YpaBHeHWe C YAaCTHHIMH TNPOU3BONHBIMM  BTOPOrO
nopsiaka ¥ c nepeMeHHnIMM Ko3dduunentamu. Kak HM3BecTHo u3 Teopuu
ypaBieHH# C YaCTHBIMH INPOM3BOAHMBIMHM, 3aNaHUSI yDPaBHEHHs, KOTOPOMY
JOJDKHA YJOBJETBOPSITb MCKOMAasi BeJMuHHA — B JaHHOM cJjydyae pacfnpe-
JeJieHHe KOHUEeHTPauuH c¢(x, y, 2, f), — HeAOCTATOuHO LJs NoJHOH ¢op-
MYJHPOBKH 3alauu. B HOMOJHeHHe K YPABHEHWIO ZO/MKHBI GBITh YKa3aHbI
TpalMuHble W HayajbHble ycnomm KOTOPHIM ROMKHA YAOBJAETBOPATH
Qynxuu ¢(x, y, 2, t). { .

3azaua 06 onpeneseHMM (YHKUMM, YAOBJETBOPSIOWEH YpaBHENNIO
¥ cucTeMe TPaHHUYHBIX M HayaJbHbIX YCJAOBHM, HasblBAeTCH KpacBoH 3a-
navet, [aq HeKOTOPOro kJaacca rpaluyHblX M HayajbHHIX YCNOBHR MOXer
6LiTh [lOKd3aHA TeopeMa eAMHCTBEHHOCTH, COrJIACHO KOTOPOH naiias
Kpaepasi 3a/1aya HMeeT OJHO H TOJAbKO OJHO peLlieHHe.

Xapaktep TPaHHYHBIX M HAYaAbHbIX YCIOBHH 3aBUCHT OT XapakTepa
(A3MKO-XUMUUECKHUX TIPOLECCOB, B KOTOPEIX MOMeT NPUHHUMATb y4acTde
pacTBOpeHHOe BeluecTBO. PasnuuHbie MpuMepbi MPaHHYHBIX YCaO0BHi GyayT
paccMoTpensl B nanbHeHmem. [loka xe Mbl Oynem mnpeanosaratbh, YTO
COBOKYNMHOCTb AOJXHOTO YHMCJa TPaHMYHBLIX M HAyaJbHBEIX YCAOBHI 3apaHa,

YpaBHeHHe KOHBEKTHBHO# IMddY3uM CYWECTBEHHO YMpowaercs, eciau
pacnpenenesie KOHUEHTPaUMH € MOXHO CUMTATb He M3MEHSIOUIUMCS
BO BpeMeHH.

3aKOHHOCTb TAaKOrO AONYUWeHHUs OOBIYHO CTAHOBUTCA SCHOM U3 aHa-
AM3a (usuuecknx ycaosu#t npouecca. Ecau ¢ He 3aBHcHT OT BpeMenw,
TaK YTO —g—;:——o, To BMmecTO (8,6) nosyuaeM s pacnpepesieHus KOH-
UeHTpaluyu ypaBsHellne

(vgrad)c= DAc. (8.8)

Ilpyroe cyulectBeHHOe yripolleHHe YpaBHeHus (8,5) umeer Mecto
B CJyyae HENnoABHXHOCTH XHAKOH cpennl. B arom cayyae v=0 u ypas-
Henne (8,5) npespawaercs B 06LIYHOEe ypaBHEHHE MOJEKYJIAPHOH Aud-
¢ysun
Oc
—07 = DAc. (8,9)
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B oTawuve OT YypaBHeuMs KOuBexkTHBHOH nuddysun, B KoTOPOM CO-
nepma'rca KO‘:)(b(bVllJ,HeuTbl, 3apHcalige OT KOOpAHUAT — KOMMOHEHTHI CKO-
POCTH Tz, Uy H Uy, — ypaBUCHHE MOJCKYIAPHOH audPpy3un npeacranaset
ypaBHeHHe C HaCTHbIMU MPOWU3BOAHLIMH BTOPOTO MOPALKA C MOCTOSTHILIMU
ko3dduunenTamu,

Peweuns nocjaeaucro ypasHelids 0pH  pa3znooOpPaA3HBIX FPanHuHbIX M
HAaYaJbHbIX YCJAOBHAX ACTA/IbIIO UBYUYCHKI B MaTcMmariyeckol (husnke B CBsI3U
C 3ajzayaMu Teopuu Tenaonepesaun. Kax wasecTho, pacnpenescHue Temie-
patyp B HeNoABW:KHOW cpene YyAOBJAECTBOPSET TaKOMY IKe YpPaBHeHHo,
4TO M pacnpeinc/ieHde KOHILEHTPAUHK, B KOTOPOM TOJbKO BMECTO KOI(-
¢uuventa auddysuu Gurypupyer TeMnepaTyponpoBOAHOCTb Cpeldbl.

Hecxoabko Kpaenbix 3anau B HEMOABMNKHON cpele OyAYT PACCMOTPED
HM2Ke B CBSI3H C HUX (PU3HKO-XHMHUCCKHMIL TPUAOKCUNIMHI, a TaKKe Aas
cpaBHeHusl peweHdit aupPysuonnolt 3azaun B HENOABIKHOH M ABIKY-
ntefics cpene. B nexoToprix cayuanx npUXOAWTCS H3yuaTh pacripeieJe-
HUe KOHUEHTPAUMK BEUleCTBA, KOTOPOE H3IMCHseTCs B pe3yabTaTe XIIMI-
YeCKMX WJM HHBIX [IPOIECCOB, lampiMep B peaynabrate pekoMmOnnanuu
MJIM HOHM3AUHWH, MPOUCXOAAUIMX BO BCeM OOBEME IKILIKOCTH, HJIH HCKO-
Topo# oObeMHOH xXHMuvecKO# peakluH, B KOTOPOW YYyacTBYIOT pacTBo-
pennbple uacTHubl. I3 sTOM cayuae ypaBucHiie KOHBEKTHBION Rudpyanu
LOMKHO ObiTb AOMOJHEHO YJACIOM, YUYHTLIBAIOUIHM TMOSABICIHC HAH HCUC3-
HOBEH¥Ee YacTull B obbeMme MUAKOCTH (HCTOWIHKOB HJAK cTOKOB). JlycTh
B HeKOTOpOM JIeMClITe d\/, naxojasauieMcs B obbeme KHAKOCTH, BO3HU-
KaeT waM McuedacT neuicctBo. O0o3nauum ueped Q,(r)dV uncio uvactuil,
BosuMKaowmx B 1 cex B oObeme dV, naxonsiuemcs BOKPYT TOUKM T,
Beanunna Qg HOCHT HazBaiue MOHLIOCTH HcTounnka., Ecan uacrtnusl ncue-
3a10T, a He BO3HHKAIOT, TO (J, OTpPHILATELIIO.

Beoas QudV B 6Gasanc vactuu B obGnveme 1V, mnmeem nmecto (8,3):

*de o - %
/})t<(1L/~—§J(iS+ /(Jof”-

OTKYyla
Jc -
5 = —divi—+ Qp,
HIH
—3; -t- (v grad) ¢ = D Ac 4~ Qy. (8,10)

Heob:xoanumo nonuepriyts, 4to  Q— Beauunna, nMeiomas  obneMibii
XapaxTtep. “actinuu, Hcuesdionlie HAH  BO3UHKAIOMHC HA HOBCPXHOCTH
PeaKitii, YUHTLIRAIOTCA TOALKO TpanHunniMu yceaosuamu. Haamuie ncrou-
HUKOB MM CTOKOB (ia I'DAIUHON MOBEPXUOCTH HC MOKET OTPAMarbcs
HenocpeacTselino Ha ypasnenun guddysnn, Tak Kax ouo orpamact Oa-
JAHC Yucaa uacTiie 8 obbeve pacTrRopa. YpasHediue KOHBEKTHBHON AHY-
Ppysun no cyuwectsy U 10 Gopme CXOAHO € ypaBHCHICM CHAPOIHHAMIKH
Harbe - Croxca. Tlocncaiee Brpamkacer 0Oananc KOJINUCCTBA ABILKCHI,
JEePCHOCHMOr0 5 KHAKOCTH, B TO BPeMsi KK HepBoe sbipaxKaer 0aqanc
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BewecTsa. [l09TOMy B paccMaTpuBaeMOM CJyyde BMOJHe HOMNYCTHMO
HCMO/MIb30BaHHE TeX e MeTOJNOB pellieHHs, KaKHe IPHMEHAOTCS K ypas-
nenuio Hasbe — CTokca.

IMpuBepeM ypaBHeHue KOHBekTHBHOH aAH(PYsun k OeapasmMepHOMY
BHAY, BBeis XapakTepHbit pasMep L, Ha KOTOPOM NPOHCXOZHT OCHOB-
HOe H3MeHeHHe KOHLUEHTPAUHH, M XapaKTepHYIO CKOpoCTb aBwkeHus U,
PaccmaTpusan cnepBa caywalt CTauMOHapHOrO Npouecca, Mbl MOXeM Ha-
MHCATh:

vy Oc v, Oc¢ v, Oc D
yx Ty i = v (Gt )
L L L L2 L? L?

Uy
BBoas 6e3pasMepHbie KOMIOHEHTH CKOPOCTH V¢=-.-U—, V = U
0 0
v X
.=~ u GespasMepHble KOOpIMHATH X=-r, V=2 n Z=72
U, L L

c
a Taike Ge3apa3Mepuyio KoHuewtpaumio C=-_=, Tle Co— NOCTOAHHAA

0

KOHLI.eHTpaI.lHﬁ B TOJIUE pacmopa HMeeM:

02C , o9°C
Vo 5%tV ay‘*’ UL(&X°+0Y2+022 CRRY
BespasmepHoe oTHOIeHue
pe=t (8.12)

HOCHT Ha3BaHue uucaa IlexJe.
Bsons B ypanuenue (8 11) uucno Ilexne, MOXem nanucaTe ero B Buie

1 (o2C o2C a2C
Vo sl v, 3o v, 26— se (5 +57)  (®.13)

oxi T ore

JleBan wacTb ypaBHEHMs] KOHBEKTHBHOH Iu(dQy3HH XapaKTEPHU3yeT KOH-~
BEKTHBHBI TlepeloC BeuleCTBa BMeCTe C MXHAKOCTbIO, MpPaBas 4acTb —
moJekyaspHyio Auddysuw. OuesngHo, uTo Bce OGe3pasMepHbie WieHHI,
BXoAsine B ypasHeHue (8,13), uMelor, BOOOlle rOBOpPsS, MNOPANOK elH-
Huubl. [103TOMY COOTHOWIEHHE MeX1y KOHBEKTHBHBIM M IHGPY3HOHHBIM
TepeHOCOM BellleCTBA XapaKTepH3yeTCsi eNHHCTBEHHBIM UHCJIOBHIM napa-
MeTpoM — Ge3pasMepHrM uucaom [lexse. OHo wurpaer ajs mnpouecca
KOHBeKTHBHON auddysuu Ty e pOib, HTO YHCIO Peftnonbaca nns reue-
HHSl KHIKOCTH.

Ecau uncno Pe Mano, To Bmipaxkenue, BXxousiliee B JEBYI HacTb
ypasHenus (8,13), uMeeT cTapwui noOpsAOK MaJOCTH MO CPaBHEHHIO
C uJeHaMH, CTOAUlMMM B mpaBoft wacTu. [103TOMY ujeHB, BXOAfULHe
B JIeBYIO 4acTb YPaBHEeHHs, Kak WMelOWlMe CTAapWHH MOPANOK MaJOCTH,
ClefyeT ONYCTHTh M JMIUb NOCJAEe 3TOTO MPHPABHATb UJeHbl, CTOSLHE
B 1npaBOft yacTH, HyMO. DTO O3HAYaeT, YTO pacnpeleseRue KOHUEHTPa-
UMY omnpenensercs B OCHOBHOM TNpPOLECCOM MOJEKyAspHO# Auddysun.
[lepeHoc BeuwlecTBa KOHBeKlUe#l WMeeT MpH AOCTaTOYHO MajoM Pe npe-
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pe6pexnMo Majoe 3uauenue. M3 onpencnenus (8,12) uucira Tlekne cae-
AyeT, WYTO TaKas CHTyauus umeerT MecTo (npu AaniHoM D) mpu nocTa-
TOYHO MAJIOH CKOPOCTH IABIKEHWs XUAKOCTH M B 00.1aCTAX MaJOro Mac-
wraba. Hanportus, ecau uncio Pe Beauko, TO Bepawenue B npanoft
4yacTH ypasHeHus (8,13) Mano. B atom cayuae pacnpenesenie xotueH-
TpaUMu ONpenensercs B OCHOBHOM KOHBEKTHBHBIM NEpPEHOCOM H MOJIEKY-
aspHolt anddysneit moxno npenebpeus.

CrnenyeT TyT e MOAMCPKHYTb, YTO TMOCAEAlCE DACCYKACHHE MOXKET
0Ka3aTbCA 1ECTpaBed NBLIM B TOW 00MACTH KUIKOCTH, B KOTOPOW 1Meer
MeCTO pe3Koe wuaMelictiile KOHIleNTpauud H T NPon3Boatbie OT Koli-
HeHTPaUnN N0 OAHOM M3 KOOPIMHAT IMeloT 0co0o 0oJblioe 3Hauctiie.
B 3TOoM cayuae wujens, KOTOpPLIC COIEGPIKAT YKAadalHblic NPOU3BOAIELIE,
6yayT ‘¥MeTh MJAAAWIH NOPAAOK MAJOCTH, OAXKE eCil OUH YMHOMXKeIH
Ha Maabit uncaonol Miownredb. C TAKHUM CAYHACM MH yiKe CTaAKNBa-
AUCb MPH PACCMOTPENNH TEOPHH MorpaHuuioro caos [Ipanar.as.

CocrasuM otHowmenwne uncaa [lexsie x uncay Pe#ionvnca. Jro Ges-
~ pasMepHOE OTHOUICHHE HOCHT Haspaimte uucaa [lpanaras Pr:

b Uil UL~
I r——P(«-Rc-———”‘D“‘-j“‘—“ ok
Yucno Tlpauatan!) He 3aBUCHT OT CKOPOCTH TEYCHHS I XapakTephbiX
pasMepOB U ONpelensieTcsl NCKAIOUMTEIbHO MAaTepPHaILHBIMH KOHCTaHTaMH,
XapaKTepHU3YIOWHMH Nepetioc HMNY/bCa W BEIecTBd YMCTO MOJCKYJISPHLIM
MeXaHH3MOM.

Mpu sHauenun wncaa Tlpanatas, pastoM egunuite (T. e, Korna
v=D), uMecer MccTo nonobue MEXILY NCpeHoCcoM HMIYILCA H BEULeCTRA.
B To#t oOnacTH KMAKOCTH, Trne npeoOianact MOJEKYAspHLIH MeXanuam
nepeHoca MMNyabca, OyAeT NOMUHIDPOBATH TaKXKe M MOJACKYIspHBLIN Me-
XaHu3M MNepeHOCa BeILECTRA.

[MoncranoBka uncaeninix 3uavenuft kosdoduumnenton 1udhysun u Bas-
Koctn B BHipaxenne (8,14) nenaeT oueBMAHBIM pa3danume uncesa [Ipau-
ATA 0151 Ta3oB M KHAKOCTEH.

Y razoB uncaopoe 3navenne koshduunenta auddysnn U BIIKOCTH
OIHOTO NOPAAKA BCIHUMHBI, Tak 4To Pr==1.

Hnaue oGctout neno y xkuakocreft. BAskocts moapmxnubix muakocTelt
TMRA BOMW cocTaBaseT ok0a0 v=2 107% cu2/cex. Koapdpuumenrsr nnd-
$y3uu MOJACKYJ M MOINOB B BOAHLIX PACTBOPAX PABHE MO NMOPAAKY BCAN-
winet D =~ 107° c.u?/cex; y maxpomonckya D=~ 107" cu2jcerc. Tlosromy
Y BoObI M CXONHBIX C el sxuaxocte# Pr= 103, Tlpn noapacranuu Bsa-
KOCTH HHAKOCTH Ko3hduuueHt auddysun yMetbluacrtes no sakony ?)

(8.14)

= (8,15)

1) Muyoraa wicao Mpauaran ann anddy3uonnuix nponcccos HMCHYIOT THCAOM
Wmunara Sc. .

?) 3axou (8,15) mmeer npuGmmwenubii xapaxrep. Boaee noapofiuo ponpoc
0 B3aHMOOTHOWCUHH KOvhPHunerron 1HPPysun u pusxocrn cm. B § 11
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[Mosromy uncao [panaras pacteT ¢ yseauuenueM BA3KOCTH MPOMNOPLHO-
HasbHO KBaupatry nociaenHefl. B Baskux kuakoctax uucao [Ipannras
nocturaer suaveHust nopsaka 108 u Gosee. Boabwoe suayenue audoy-
snonHoro uucaa [lpanaTas ¢Husnueckd BHIpaXaeT TOT (PAKT, YTO Yie
NpH BecbMa MajsblX CKOPOCTAX MepeHOC BeUuleCTBa B MHAKOCTA KOHBeK-
uue#t npeoGsanaer Had MepeHOCOM ero NMpH TMOMOULM MOJEKYNApHOH Auc-
(¢hy3un: MoJekyaspHas Auddysns BewecTBa B KUAKOGTAX NPOHCXOAHT
CTOJb MENJEeHHO, YTO IJIS YBJIEUueHHsl BelleCTBa JABHXKYLUeHCs KUILKO-
CTbI0 JOCTaTOYHO CaMbIX MeMJIeHHBIX TeueHH#. MOKHO yTBepxaaTh NO-
STOMY, YTO B IBHXYLUeHCS >MHIAKOCTH NpPOLECChl KOHBEKTHBHOrO mepe-
HOCa pacTBOPEHHOrO0 BelleCTBa MrpaloT GOJAbLIUYIO pOJab, YeM B rasax.

BaxxHefiluuM BONMPOCOM SBJSIETCS BOMPOC O B3aUMOOTHOLIEHHH MEXLy
npoleccaMy MepeHoca BewleCcTBa W TemJa B ABWXKYylle#ca xuzkocTd. On
Gyner paccmoTped B raase IV,

§ 9. 'paununbie ycaopus
1Jsi ypaBHeHHsI KOHBeKTHUBHOH muddysuu

[TockoJbKY YpaBHeHMe KOHBEKTUBHOH AUP(DY3HH B KUAKOCTIX mpel-
CTaBjsieT ypasHEHME B YacTHBIX NMPOMU3BOAHBIX BTOPOTO NOpPAAKA C Nepe-
MeHHBLIMH Ko3(dHUMEeHTaMH, TOUHble pellleHHsi ero MOTYT OHITb MOMYHEHHI
JUIIL B MPOCTHIX reOMETPUYECKUX YCAOBHAX.

- lns HaxomIeHUs pelleHUW ypaBHeHUH KOHBEKTHBHOR Auddy3un He-
006X0nMMO 3HAaTb CHCTeMYy rpaHuuHbix yciaosuft. Ilocneanue 3anaioTcs,
KaK MpaBH/0, Ha IMOBEPXHOCTH peakuuu U BoajJd OT Hee, B TOJulEe pac-
TBOpA.

['panuunoe ycnoBMe B TOJUIE PacTBOpa HpelcTaBaseT OOLIYHO 3anla-
HHe KoHueHTpauuu. [lockoabky, kak OyneT MOKasaHO HHXe, HU3MeHEHHe
KOHUEHTPAUUM TNPOHCXOAMT B TOHKOM CJOE MHAKOCTH BOJH3H noBeEpX-
HOCTH pE€aKuuH, YyCJOBHe BLAJIKM OT NOBEPXHOCTH peaKUUud MOXKHO pac-
CMaTpHBaTb KaK 3aZaHHOe Ha GecKOHeyHO GOJbLWIOM OT Hee PacCTOAHMH,
T. e.

c=¢, NpH y—> CO, o.n

roe y— paccrosHue [0 noBepxHocTH peakuud. CMbiCT nepexona K
npegeny y-—»co OylleT yTOuHeH B AajbHefliiem. B uvacTHocTH, ¢, MO-
wer ObiThb pasHo HyJO. Tako#f cayuall uMeer MecTo B 3alauyax O pac-
TBOPEHHHU.

YcnoBus Ha MOBEPXHOCTH peaklUud HUMeloT 6oJee CHOMHEIA XxapakTep.
B cTauHOHAapHBIX YC/NOBHSX YMCJAO 4acTHIL (MOJIEKYJ, aTOMOB HJH HOHOB),
pearupyiouux. B eAMHHLY BPeMEHH Ha MOBEPXHOCTH, PaBHO YMCIY YacTHL,
NOAXOAAIMX K MOBEpPXHOCTH. YHCAO MOJEKYyJA, TNOAXONAWMX B EAUHHILY
BpeMeHN K eliHHUe MOBEPXHOCTH (NMOTOK BELLECTBA), PaBHO

/=D (g_f{)y-o ’ 9.2)
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oc
rae (a—ﬁ — npou3podiast no BreiHei HOOMAAN K NOBEPXHOCTH, 3HA-
Jy=0

yeHue KéTopon Oepercs na nomepxHocTH peakii!). HTo ke xacacrcs
CKOPOCTH peakuui Ha NOBEPXIOCTH, TO HMCAO 1acTHLL, pearnpyloumx
B eAunHHIY BpEMCHH na 1 ca? ﬂOBCpXHOCTH peaKiinyg, BbIPAKACTCsI oOnn
&3aKOHOM Dpeakuui»

qg=~rkic)m, 9.,3)

rae ¢y — 3navenue KOMIENTPAMW Ha [0BEPXHOCTH peakiuu. [loxaza-
TeJb CTeNMeHW 1 11a3LIBACTCSl MOKa3aTe JcM nopaaka peakiud. On MoxeT
ObiTb Kak uUeablM, Tak M apolHmM, nockoabky 3axon (9,3) MoxeT Buipa-
KaTb CYMMapHHIft PC3YALTAT HECKOJABKHX 3AeMCHTAPULIX peakilif, mpo-
HCXOASUIHX HA TMOBCPXIOCTH PCAKIUH, 1M aumpOKCHMUPOBATH B BILAC
CTCLEHIIOr0  3aKOHa O01eC CAOKHYIO  (PYHKIWONAABIYIO  33BIHCHAMOCThH
¢ ==f(c,). Beanunua k 3aBucMT TOALKO OT TEMMEPATYpPHI, HO He OT KO-
LeHTPauu#t pearupyiontx BenlecTs, W spasieTcs KoOHCTaluTo#  peaxitin.
Koncraura peakuuit k£ oOulio 3aBliCHT OT TeMrepaTypsl Mo 3akony
rY
=k *T, 9.4)

rae U —sueprus axtiupauuun n T — temneparypa. Tpn ofGnnuix rere-
pOreHHBIX peakuusix aneprust akrTnsaun cociapiaaer 6—10 Toicsiu kano-
pU# Ha MOJb.

B crausonapuuix yc.10pnax iMmecs:

Jj=q (1.5)
Noacraeass o (9,5) suipawkewns (9,2) 1 (9,3), naxoanM r ofiueM cay-
4ae peakUHH NpOK3BOJALHOIO 1TOPSIKA

D<g%)=/er;” Ha NOBEPXHOCTH peakiiil. (9,6)
B ofuicn caywae cmemannoff xmieTuku npu m == 1 rpamuine yenio-
BUR (9,6) sapasioTcs HeauncfnniMi, U peulende 3aladd O KOHBEKTHBHOM
Audbdysun cyuectaeino ycaoxidercs. Ecan, oxnako, ¢akTineckas cko-
POCTb 0ZHOTO H3 MPOUECCOB — Npollecca nepelioca BeuleCTRAa WAM peax-
U¥H — BeJIHKA NO CPaBHCHHIO CO CKOPOCTBIO LPYroro, rpanHwiioe ycao-
Bie (9,6) cymiectneino ynpoiacTcs.

Ins ananusa storo ynpowenus nepenumien (9,6) » Geapasmepiion

n

BHie, BBedsl XapaxTeplyio  KOOpAWHATy N::~[ I KOICHTPALHIO
C =c_l
1 o
Torna nmeem:
D (d(,‘) ” 9
— (2 —C7 =0. 7
kLc:)n—«l \dN o Cl 0 ( )

—_—

1) B oranune ot (81) B (9,2) HCT 3maka munyca, Tak Kak HanpapJieHHe
BHewncil nopmaau ob6pario nextopy (grad c).
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D
BeapasMepHas BequuHHa K=k—L—,,;_—l XapaKrepusyeT B3aUMOOTIHOWIE-
€o

HHe MeXIy CKOpPOCTSIMH npolecca NepeHOca YacTHL K TMOBEPXHOCTH pe-
aKUMM M DEAaKUMOHHOr0 mpouecca.

B npeneabHoMm cayuae K<€ 1 nepsbift uied B (9,7) Man no cpasHe-
HHI0O CO BTOPBIM M MOxeT ObiThb onyuied. Torma rpaHuuHOe yC/OBHe
npuobperaer Bu

C,=~0 Ha MOBEPXHOGTH PeaKLHUH. (9.8)

Ycnosue (9,8) umeer npocto#t cmeica. Kax suaso us onpepenenus K,
MaabiM 3HaueHHsM K OTBEYalOT OTHOCHTEJNLHO OOJbluxe 3HayeHHs KOH-
craHThl peakuud k. MHbiMH caoBamu, HepaBeHcTBO K<€ 1 o03Hauaer,
YTO CKOPOCTb peaKiMd AOCTATOYHO BesiMKa M0 CPABHEHHUIO CO CKOPOCTbIO
nepexoca BewtecTBa. [103TOMy cyMMapHas CKOPOCTb reTepOreHHOro npe-
BpallleHHA OnpenenseTcs HMEHHO CKOPOCTbIO nocjenHero (6osee MeldneH-
lOro npouecca).

['panununoe ycaosue (9,8) nokasbiBaeT, 4TO €CJaH CKOPOCTb peaKlHH
JNOCTAaTOYHO BeJHKAa, BCE YaCTHUbl, MOAXOAAUIME K MOBEPXHOCTH, MIHO-
BeHilo pearupyiT. KoHueHTpauus Monekysn B 6ECKOHEYHO TOHKOM ClOe
pacTBopa, NpujeraiouieM K NOBEDXHOCTH PeaKLHH, CTAHOBHTCH NMpPH ITOM
KaKk yrogHo Majnoff. DTOMY ciyyaild COOTBETCTBYeT HauGosbluee BO3MOX-
HOe H3MeHEeHHe KOHLUEHTpAalHUH Mexny ToJjie#d pacTBOpa M MOBepXHOCTbIO
peakuun Ac ==cy,— ¢, =2 ¢, [10CKOJIbKY MOTOK BelleCTBAa HAa NMOBEPXHOCTb
peaKuud Npd MPOYHX PAaBHbBIX YCJIOBHAX MPONOPLHOHAJEH NMepenaly KOH-
LLeHTpauuy, B paccMaTpHBaeMOM CJyuyae MOTOK BewlecTBa OyneT UMeTb
npeneabHo GoJbwioe 3Hayenne. HauGoabim#t BO3MOXKHBIH NOTOK Beule-
cTBa, OTBeyalowu#t npeneabHO 60JbLIOMY Mepenany KOHLEHTPAUUH, Mbl
B lajbHe#weM OyleM HMeHOBaTb MNpenebHbIM AUMPY3HOHHBIM NMOTOKOM
4 0603HayaTb COOTBETCTBYIOWYIO MJIOTHOCTb MNMOTOKA uepes jyp. Hudpdy-
3UOHHBI/E peMHUM, ycTaHaBiauBaiowuitcs npu ¢ =0 Ha NOBEPXHOCTH peax-
uug, Mbl OydeM HMEHOBaTb pEeXHMOM MpeleqbHOr0 MoTOKa. Pexum
npeieJbHOTO MOTOKAa OuEHb YaCTO BCTPeYaeTCs Ha MNpaxkrtHke H Gyner
paccMaTpuBaTbCsl B JajbHeflIeM.

B o6GpaTHoM npeaenbHoM Caydyae K >> 1, oTBevaiouwlem MajgoMy 3Ha-
YeHUI0 KOHCTAHThI PEaKuHd K M, CIeL0BATENbHO, CAYHAl0 MiJOH CKOPOCTH
peakuuu N0 CPaBHEHHIO CO CKOPOCTbIO MepeHOCa Bellec'Ba, FPaHHYHOE
ycaosue (9,7) npuoGperaeT BuA,

(g—z)zo Ha MOBEPXHOCTU PeaKUUH. 9,9)

Ycaosue (9,9) nokasbiBaer, uTO KOHLEHTpAuUUs BO BCeM pacTBOpe MoO-
crosuia, CymmapHas CKOPOCTb Npolecca OfnpenenseTcss CKOPOCTbIO pe-
aKUMHM M paBHa g = RcJ'.
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B uactiHoM cayuac peakuufi nepporo mnopsiaka m == 1 ofilce rpa-
nuuHoe ycaosue (9,6) umeer Bug

D (’g%) = ke, Ha MOBEPXHOCTH DEAKLHN (9.10)

M mpencTaBiaseT JHHeHiloe cooTHoulenue. B aToM cayuae pcuenne 3a-
Jayd O CMelaHHOM KHHETHKE YMpollaeTcs.

Korna orson mpoaykToB peaxilud OT NMORCPXHOCTH sBaseTcs Hanbo-
Jee MelJieHHOW CrTagWcil, TpHUBeleniibie BblILE YCAOBHS [PETCPNEBAIOT
HeKOTODble M3Melenust, [lpexae Bcero, BLaaM OT MOBEDPXHOCTH pPCaKUHH
KOHLEHTpalKs NMPOAYKTOB pPeaklUMH BeCbMa Majna NO CPaBHCIHNIO C KOI-
ueHTpauvet ux BOAH3M 1OBepXIOCTH, Tak 4To BuIpawende (9,8) OGyaer
UMeTb BHUI

c—0 npin y-—oco. 9,11

QOuesuano, uto ycaosue (9,11) npeanonaract, urto CymMMapiioc Kojauuc-
cTBO 06pa30BaBIIMXCS HPOAYKTOB BecbMa Majo. [lance, nockoabKy Hia-
npasJjeHre AHGPY3HOHIOrO MOTOKA H3MeHsieTCs Ha 0OpaTHoe, KOJAMUCCTRO
MOJIEKYJ, OTBOAHMBLIX C MOBCPXHOCTH PCakiMi, OyAeT OHpCAC.ATbCA
BMecTO ypasienus (9,6) Buipaxenuem

— D(%i—) = ke 1a TMOBEPXHOCTH PEaKIMH. 9,12)

[TpuMepoM 1ono6HEIX peakiMit MOTYT CAYKIITh aBTOKATAANTHUYCCKHE PCAK-
UMH, B KOTOPBIX MPOAYKTH pPEaKUMH SBASIOTCS KaraausdaTopami 3Toft ke
peakuuu. B cayuae apToxkaTaaMTHueCKHX peakumit OLCTpHIR OTBOL TpO-
LYKTOB peakllMd MOXET YMelbWHTh e CKopocTh. Hanporus, upn men-
JIEHHOM OTBOJAC NPOAYKTOB CHCTEMA ypaBueHn#t AUPPY3UH U rpanmutniX
ycaoBu#t (9,11) n (9,12) moxer He WMCTb peuieHHf. ITo O3nAUACT, MTO
BG/JIM3N TMOBEPXHOCTH PpeaKiUM MPOUCXOLUT HENpepuiBiioe HAKOIICHHC
NPOAYKTOB mnocjaeatedl, KaTajiH3WPYIOUMX M YCKOPSAIOULHX TMPOUECC, Tak
YTO CTauHMOHApHOE MPOTEKAHNC PeaKillii HEBO3MOXIIO.

OpyruM  BOKUBLIM  OPUMCPOM  MOXCT CAYXHTb  PACTBOpPCHIC — TCJA
B XKHIAKOCTH.

YacTo crOpocTb mpollecca pacTBOpCHUS BECbMa BEJANMKA 10 CPantic-
HHIO CO CKOPOCTLIO OTBOAA PACTBOPEHILIX YacTHU. ITO OTBCUACT Tpa-
HUYHOMY YCJOBHIO '

€ == Cpam (11a mMoOBEpPXHOCTH pacTBOpeHHs). 9,13)
TIE  Cpany — PaBponcclast  KOHICHTPAILIS  (KOUILCHTPALHS  HACHIICHIIOTO

pacrsopa) B CAOC HGULKOCTH, HCHOCPCACTBCHIO MPHICTAIOUICM K 1HORCPX-
HOCTH pacrpopceius,
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§ 10. O6was Teopus KxoHBeKTHBHOH AHPDY3uu
B XHAKOCTAX

Boabiwoe 3nauenne nuddyauoHHoro yucaa [IpaHATAA B KUAKOCTSAX
o6ycioBaMBaeT cjenylouee Baxuoe obcroateanctBo [15]. [Mockoabky

yucao [lekse paBHO
Pe =Re . Pr, (10,1)

oHO ywie npu uncnax Petinonbaca Re ~ 1072 okasbiBaeTcs 60ablim
€1 HHHULLBI.

[pu Tex unciaax PefiHosbAca, KOTOpHie BCTPeualoTCsl OGHIYHO HA MpaK-
THKe, YHucaa [lekse BecbMa BeNMKM. DTO O3HAuaeT, YTO Yxe NPH CPaBHH-
TeJbHO MaJbiX 4Hucnax PeifiHoablAca KOHBEKTMBHBLI MEepeHOC BewlecTBa
B KUAKOCTH npeobianaer Hal MOJeKyJApPHbIM. To e MOXHO BHPAa3uTb
cnoBaMu: KOdhpHUMeHT auPPYysHH B KUAKOCTAX CTOJAb Majl, YTO yke
fIpY MaJbIX CKODOCTAX TeueHHS MePeHOC BeUleCTBa ABIKYieHcs KUAKO-
CTbI0 HauMHaeT mpeobsanaTb Han MoaexkyaspHoH nudoysueit. [NocnenHee
06CTOATEbCTBO MOXHO MCHO/Jb30BaTh NS YIPOIUEHHs YPaBHEHHUst KOHBEK -
tupnolt nudeysun (8,8). Tax kak DAc, Bbelpaxaiollee MOJEKYJAAPILYIO
Angdy3nio, B CHIY CKa3aHHOTO Kpaiille Maj0 no CPaBHENWIO C KOHBEeK-
THUBHbBIM 4JeHOM ypaBHeHust (8,8), TO UM MoxHo npene6Gpeus. Torza

0

P
vmg%+vya—:,—+vz£=0. (10,2)

YpasHenue (10,2) nonyckaer peuwenue
¢ = const. (10,3)

3710 pelueHUe, OTBeyaioulee NOCTOIHCTBY KOHUEHTpalUUN pacTBOpPa, YAOB/1e-
TBOpSET, OYEBHAHO, TPeGOBAHMIO NOCTOAHCTBA KOHUEHTPALUWH BRAAH OT
NOBEPXHOCTH DPeaKlMH.

IpyrumM BO3MOMHEIM pelileHHeM ypasHenks (10,2) cayxut Takoe pac-
npeje/ieHue KOHIUEHTPALUU, TPH KOTOPOM FpaiHeHT KOHLEHTPauuu B Kax-
LOH TOuKe XHIAKOCTH MepleHAUKY/speH K BeKTOPY CKOPOCTH. ITO pelle-
HHe He Y[NOBJETBOPAET TpPaHUYHOMY YCJAOBHIO BAAIW OT MOBEPXHOCTH
peakuud H He WUMeeT (HMU3MYECKOrO CMHICA.

Pewenne (10,3) #e Mower, oAHAKO, HMETb MecTa BGJM3H NOBepX-
HOCTH peaKuuH, NOCKOJbKY OHO He yHOBJETBOPSET rPaHHYHOMY YCAOBHIO
Ha 3T0# NOBEpPXHOCTH. ATO, B YACTHOCTH, OCOGEHHO SICHO BHIHO B CJY-
Yyae TaKOro pexuMa, KOrja Ha NOBEepPXIIOCTH peaklWH NOMHKHO BbINOJI-
HaTbca ycnoBue ¢ = (. [TosTOMy BOJAM3M NOBEPXHOCTH PeaKUHH NOMKEH
CyulecTBOBaTb TOHKMH CJIOR KMIKOCTH, B KOTOPOM NMPOHCXOAUT ObiCTPOC
H3MEHeHHe KOHUEHTPauhH. B 3TOoM cayuae npousBOAHBIE OT KOHLUEHTPa-
LM NO KOOPAMHATAM OueHb BeJWKH, BCJEACTBHE Yero npasas YacTb
ypasHenns (8,7), BHpakaiowas MOJEKYAAPHYI0 IHPPY3UI0, LeaaeTcs
CpaBHMMON C  J1eBOH 4YacCTbl0, HECMOTPA HAa Manylo BeauynuHy Ko3dpou-

udenra aAMpPysun.
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Taxkum o06pasom, npu 6o/blInX uHcaax [leksae BCIO KHIAKOCTb MOXIIO
ycsaOBHO PasOuTb Ha NBe O06GAacTH, MOAOGHO TOMY Kak 3TO JenaeTcs
B FMAPOAHHAMHKE MOTPAHHYHOTO csiost npu OosbiunX yncaax Peftnoabnca:
06s1aCTb TOCTOAHHOW KOHILEHTPAUMH BIAJH OT TOBEPXHOCTH peakuHu
H 001aCcTb OGLICTPOro H3MeHeHHs! KOILEHTPANHH HEMOCPeNCTBeHHO BOIHIH
9TOH IMOBEPXHOCTH.

MMocaennsas o6macte npencrasaser coGof BechbMa  ToONKHUH  caoft
WHUAKOCTH, aHANOTHUHKY NPAHATACRCKOMY MOTPAHHYHOMY CJOIO: B TNPaHAT-
JIEBCKOM ITOrPaHMyiioM CJI0e HrpaeT poJb BA3KOCTb KUAKOCTH, He MPOSBJISIO-
uiasca B OCHOBHOM oO0beMme TeUYeHHsd; B CJOE OIKHAKOCTH, TNpHjeralouleM
K MOBEPXHOCTH pPeaklnH, Mpoansercs Monekysasphias augpodysns. [Tosromy
Mbl OyaeM HasuiBaTb 3TOT CAOH AHGBPY3HOHHBIM NOTPAHHUHBIM CJOEM.

Y1o6bl HalTH MOpAAOK BeJHUHHLI TOAUMHLL mipdy3noinoro mnorpa-
HUYHOTO CJIOS O, 3aMeTHM, 4TO coraacuo ¢opmyne (3.38) TonuHa no-
rpaHuyHoro caos [Ipanatas nponopuHonanbHa KBaapaTiOMy KOPHIO H3
paskocTu. [as npoiecca auddysuu posb KHHEMATHYECKOH BA3KOCTH
Hrpaet KoO3pdHUHeHT audpdysun D, uncnenHO nOuTH B THICAYY pa3
MeHbwiui. TToatomy v Tomunna 1HddY3HOIHOTO NOTPAIHYHOrO €108 LOMKIIA
6bITh 3HAUYUTEALIIO Mellblile, UCM TOIINHA NPAHATICBCKOrO MOrpaniyioro
caiof.

A10 06CTOATEALCTRO MO3BOJSICT HAM TP paccMOTpeHuH AHDGY3IHOH-
HOro CJI0si BOCMOJAb30BATLCS pasdnoxkeniem (3,39) nas komnonelToB CKO-
POCTH M OTrpaHHYHTLCA B HeM TMEPBbIM wjaenoM (MOCKOJAbKY B aupopy-
3HOHHOM TOTPaHNuHOM ciaoe y < & < d).

OuenuM wopanok BeauuwH B ypasHenun (8,7) npu anayeHuu y =g,
rae 0 -— TOJWMNA u,uq)(pysuomloro cnon. KMimeem, ouenuaiio (Cp. § 3).

dc c
ox 1
‘_)i ¢
oy %’
0% c
Tz (10,4)
¢ ¢
Gyt (10.5)
TaK 4YTO
2 2c
Wz)>0_«‘-’—2' (10,6)

H N03TOMY YpaBiuenHe KOHBEKTHBHOH muddyauy 5 auddysuonnom no-
rpaHK4HOM C/i0e UMEeT BHI

adc oc __ 0%
"’xg;-*-’”yg;—Do\y,. (10,7)
Nanee, 0 ¢

C
Uy 57*”’1/ T (10,8)
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Ilns xoMnoneHTa v, MOKHO NOACTABUTL €ro 3Hauyeiuue BOAH3H TBCPgy
nosepXHoCTH no ¢opmyJe (3,40). Torza naxoaum:

de vdc

Uy 337%;3-- (10,9
Hanee, umeeM
., oc e ¢ __  0Oc
"’m’g;ﬁﬁuoﬁ—o;~vy*gr>wy@. (10,19

TaK KaK M3 YpaBHeEHHUA HerpepbiBHOCTH HMeeM

0vg 3 v, v,
T~ Vi~ o1y
Haxkoneu,
0% Dec .
0—)’5%‘?{. (10,12)

Tpu 3navennn y > 8 nudpPysuonnnift unen B Boipaxcennu (10,7) mo.

y et ObTb ONyWeH; NpH y==0 OH fe.
0

o JIAeTCS CPABHUMBIM -C KOUBEKTHBHLIN,
[TosToMy, cpaBHuUBass BLIpaXceHu
= (10,9) u (10,12) npu y =29, Haxonuw
— x ¢ De
vB-SN—B—z—, (10,13
)

OTKYZa TOMIUMHA nH(PPY3HOHHOTO Ca08

<
.1 1 az(g)‘/‘ao=ﬂ. (10,14
f

Pr'ls

_/

Takum obpasom, npu Pr=~10% Tos

Puc. 9. Toﬂmnua Jll/lq)(b)’SHOHHOPO muHa mld)d)y:sMOHHOI‘O ﬂorpal“l‘“l()m‘

H TIHIPOAMHAMHYECKOrO MorpaHuy- CJIOst cocTaBjasier npllMepHo llt_’Cﬂ'l'le

HLIX C1OEB. yacTh NpanATaeBckoro cuaos (puc. 9)

[MosTomy Kacaresbtas caaraooiuas CKo-

pOCTH IBHKEHUS MHIAKOCTH HA rpanuue AHPQY3HOHHOrO IOTPAHHUHOT

cnost cocrasaser oxono 109, snayenms ckopoctd Braauw or Teepiod
NOBEPXIOCTH.

s suipaxcenuft (10,14) u (3,38) Ges Tpyna HaXomuM:

~ N)'/sy e X )
DY (10,19

Mu BuauM, 4TO To/UKMHA AUPPY3SHOHHOrO NMOrPAHHYHOrO CJAOST OK¥
3bIBaeTCs 00PATHO NPONOPLUOHANILHOA KOPHIO KBANPATHOMY U3 CKOPOCTH Us
Haberaiowero nOTOKa JKHAKOCTH, pacTyuie#t Kak Kopehb n3 paccrostif

Vx OT TOYKHM Haberauus IMOTOKA KHUAKOCTH HA TENO, a TaKxe 3asuct”
wel {0T BA3SKOCTH MKHUAKOCTH W' KO3(puuneHTa andPy3nn yacTHl,
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PacueThl MOKa3LBaOT, 4TO B npesenax AlpQpy3HoHHoro norpaHuy-
pOro CJOS KOHUEHTpAltMst pacTBOpa ObICTPO u3MeHsieTCd, B meproM
npHOAMOIKEHUH  33KON  H3MeHCHHS  KONUCHTPAUMIl MOXKHO CUHTaTb JIH-
HeHHbIM.

TMosToMy Buipaxenne nas audPy3nonHoro Toka MO0 npuG.IHKCHHO
NpeAcTaBUTb B BiAe

. __Dcy
/Jntb:b—"T.
T. €. B TaKOM e puae, kak n Teopun Hepucra.

OnpHaKo B NAHHOM CJAyuae ¢ SBJSIETCS BUOJHE onpeneneHdHoll (hyik-
el CcBONCTB WHUAKOCTH W CKOPOCTH €e ABMXeHHs, a TaKxe Kodppu-
unenta auddyauu.

BoJsiee TOUHO pacnpenedeHHc KOHIEHTPAILMM M BeTHUYHHLI TOKA MOXET
6LiTh Haftneno w3 Ttounoro pemtenvs ypasuenus (10,7). 1o peinenue
MoXeT OBITb NPOBeneHO JWWbL TOrAa, KOTAa FCOMETpPHUCCKUE YC/IOBHSA
0c06eHHO NPOCTHL.

3aecs yMmectHo OyaeT npomecTH cpasiierine nousTHH Anddy3uoHHoro
NOTPAHUYHOTO ca0s, onpenenseMoro dopmytos (10,15), ¢ nousTusMu
angdysnontoro caos Hepicra v nrenxu.

BBeneHHbI!t HaMU MOTPAHHYHBLIA CAOM TPHHILMAHAALIO OTJAAYACTCS OT
caosi Hepuera u ot nacukn. [leHernuTensno: 1) B 1eM  yuuThiBaeTCs
ABHMXKEHHNE JMXHIKOCTH M BLI3LIBaGMBLIE HM KOHBEKTUBHLIH nepeHoC Beuie-
CTBa, TOrAa Kak B cjaoe HepicTa KHAKOCTb CUHTAGTCH HEMOABHAHOR;
2) B AMPPY3HOHHOM MOTpaNHUNOM CIO0e PACCMaTPHBACTCS KOHBEKTHRHAS
H MoOJeKyaspHas muddy3ns, HAYUIAN KAk MONepeK ¢Jos, TaKk H BAOJIb
Hero (B § 17 Gyner nokaszano, 4ro KousekTHpuas AupQysHa BelllecTBa
B TaHTeHWHaAbHOM HanpasJeHiH Hrpacr cyll,l'egTBclll|y|0 poJsb B mepe-
Hoce Bewecrna). B teopun Hepiicta u nacuounolt teopuit auddysneht
B TaHTeHIMAALHOM Hanpaprjeliui NoAHOCTBLIO npeneOperaloT U npeanona-
TalOT, YTO TOJUINHA C/05 OAMHAKOBA 11a BCCH nobepxiocTi Tena. B aeft-
CTBHTEABLHOCTH, 67aroiaps TAlreHiHaablioMy MCPCHOCY HacTHU TOMLIHA
APy 3HOHHOrO €10 CYICCTBCHIO Pa3jiiunia Ha PasliniX TOYKAX NMOBepX-
Hoctu. [lostomy Teopus Heprnera 1 niaenounas teopus MOTYT NpPUBeCTH
K 3HAUYMTEJLIM norpeiiocTamM; 3) tomuuwna cnaost Hepuera wan npun-
BEAEHHON ek CYNTANACh TIPH NAHHOM PeXHMC ABDKeHus (pUKCHpo-
BaHHo#t. Mexcny Tom  auddysnounnii norpamuunnift caoft ne obnanact
yeTko Boipaxennoll rpammnueft. Cp npeacranaser obaacth nanbonee pes-
KOTO wu3Menenys kounentpanuy peutectsa. Tlpu arom, Kak BWINO H3
dopmy b (10,15), romumiuHa AHPPYIHOUHOrO CJOS 3ABHCHT HC TOJLKO
OT CBOMCTB pacTBROpa 1 CKOPOCTH Cro TCUYCHMS, HO TaKKe W OT KOIp-
buumenta andpgysun. ITo 03NAUACT, yTO TOANMHA MOrPAHHYHOTO CA0%
OKaabIBACTCsH 3aviicsiiteil  OT  npupoant  AudGOVHAIPYIONEro BeulecTBa.
KaxaoMmy sentecTey, intcioneyy wamoe anagenie koopupurenta gy -
I, orreuacr crolt norpamtm®t cnoft. Bocayuae, xoraa mnhdyaanpyer
OJIIIOHD(‘,MCHIH\ HOCKOJIBKO BCHICCTB, 1TPH AAHHBIX YCT0BHSIX PJL\[L‘LUHBR-
HHA O HOBPEMCHIIO CYULCCTBYCT HECKOAbKO 1HOTPatdiibix C/10CB.



70 KOHBEKTUBHASl AU&SY3HA B XKHUIKOCTAX (1. n

§ 11. PemreHue ypaBHeHus kousextupHoil audpdysun
K NOBEepXHOCTH Bpamalowerocs Aucka

YpaBHeHuss KoHBeKTUBHOH AHDPY3un uMelOT HauGosee MPOCTOH Bupg
TOrAa, KOria MOBEPXHOCTbIO PeaKUMM CJIYKUT MOBEpXHOCTb Bpalalie-
rocA aucka. Bpawaiowuics QHCK MCTIONb3yeTCs B 3JEKTPOXMMHH H Y.10-
O6eH ans M3y4yeHHs XMMHYECKOH KHHETHKH B JabOpaTOPHBIX YCHOBHsX,
Pewenye 3anaun O NBHMEHHM KMIAKOCTH, yB/JIeKaeMOR NHCKOM, Bpaulaio-
HMCA BOKPYr OCH, MepreHAHKYJAAPHOH K €ro mIOCKOCTH, ObIJIO Aailo
Kapstanon [15], a mosgHee Koupanom [16]. TIlposenenHoe mnocaeiiinm
TOYHOE peuieHHe YpaBHEHHH THUAPOAMHAMHKHM NPHBOAUT K CJeAyiOuleH
KapTuie ABMXEHHS WHAKOCTH., Baanum oT Bpawaouwerocs AMCKA KUAKOCTb
JBHXETC BEepTMKAAbHO B HANPABJeHHMH K [HCKY; B TOHKOM Xe ClOe,
HeMmocpeACTBEHHO IMpHUJeraioueM K NOBEpXHOCTH, OHa npuobperaer Bpa-
WarTenbHoe NBHMEHHE, NMPHYeM YrjaoBas CKOPOCTb €r0 YBEeJHYMBAETCH [0
Mepe OpHOJHKEHHS K [IUCKY BIJIOTb L0 3HAYEHHsi, PABHOTO yrijoBOU CKO-
poCTH €aMoOro AHUCKa.

Hakoueu, 61arogapst ueHTpobexHOMY 3¢dexTy XHIKOCTb NPHOOGpe-
TaeT TaKke M PaauabHYl0 CKOPOCTb.

[Tpusenem OCHOBHbIE: . MOMEHTEl DELUCHHS 32134l O pacrmpenenciin
CKopocTe#i. A

3aMeTHM, 4TO 3Ta 3aJaya MNPEACTaBasna OCOObI# MHTepec AN THUPO-
JMHAMHKH, NOCKOJbKY €e pelleHHe — OJMH U3 HEMHOTOYHC/JEHHBIX MNpH-
MEPOB TOYHOIO pelUeHHs TNOJHOH CHCTEMbl yPaBHEHUH THAPOAHMHAMMKHY.
[Ton TOUHBIM pelleHHEM NMOHHMMAIOT TaKOe, KOTOpPOe [03BOJSIET HAUTU
pacnpeneneyHe ckopoctet BO BceM oObeMme BsiskO#t xuaxkoctH. Juck
fipeanoJ/araercs AOCTATOYHO OOJbIUKN AJAS TOr0, 4TOOBI MOXHO ObLIIO
npene6peyb BAHHHEM KpaeB. B UMIHMHADHYECKHMX KOOpAHMHATAX YpaBiie-
Huss HaBbe—CToOKCa M HenpepuiBHOCTH NPHOGPETAIOT BHA

vg 0, v, vl ov, 1 dop v, 20y,
TW‘F"’rF—T‘*”%W:“;a—,‘H(M’r—7?*;5“»;)’
1L
v, Oug vy v, Ovg 1 dp 2 0v, v,
T atug b =— (e aE — ).
(11,2)
U 0Uy dv, du 1 op
T E T Ty =gy (11:3)
lov, ou w, ov,, '

l"llé 'U', v‘P H ‘Uy—palll’lallbﬂafl. TaurelyHasbHass ¥ aKcHaabHasl KOMIIO-
HCIITB CKOPOCTH;
02 1 0 1 02 J?
A=cgat o Trsr T
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Ha noBepxuocTH AHCKA JODKHBI  BHIMOJHATHCS OUYEBHAHbIE FpaHui-
Hble YCJIOBHsI

v,=0, v,=or n v,=0 npu y=0, (11.5)

rae ® — YrjoBas CKOPOCTb BpalleHust AUCKa. YCJAOBHE LJIS TaureHui'aib-
HOH cuaaraiowe#t ckopocTnt v, NMOKasbiBaer, UTO BOJNHM3H AMCKA KUIAKOCTD
BpallaeTCcsi BMecTe ¢ HWUM. DBpalienve A1MCKa, yBJICKAIOWETO IKHUIKOCTD,
APUBOAMT K flOABJICHHIO BOJ3N CrO NOBEPXHOCTH 3NAUHTCALION paadais-
ot ckopocTH, wuanpasdennoft ot nenrpa Ko Kpawo aucka. Jlas Ttoro
yto6Bbl  00ecricuuTh 1oJiauy OIKHAKOCTH K MOBCPXHOCTH AMCKA, BAAJAH OT
JUCKA NOJDKEH CYULeCTBOBATL MOCTOSHIBIA BCPTHKAIbIILIH MOTOK MKHAKOCTH.
[losToMy rpaHuuHbie yCJOBMS Ha OCCKOHEUYHOCTH MMCIOT BHI

v,=0, v,=0 n v,=—U, npn -y — ~o. (11,0)

3nauenne U, nomiiio Ouith nafiicno 13 camoro peurenus aanaun. 3nax
MHHYC O3HAayacT, 4TO CKOPOCTh MIAKOCTH HATMpasicita K JANCKY B OTPH-
uaTeJbHOM Hanpaesjennd ocH y. Haumume akcuanbuol cuMmerpum npu-
BOOMT K MCUE3HOBEHWIO BCeX TMNPOM3BOMNBIX 10 yray ¢. [assieuue
B XHIKOCTH MOXHO CUNTaTh TMOCTOSUIILIM BLOJL pajiyca r.

Torna ypasncnus (11,1)—(11,3) moxuo nepentcarh B BiAC

Ju, vfo ov, (()?v, 0%, 1 ovu, v,> ‘
s Ty =\gr e r e ) (LD
v, v,v, adv,, (0%@ 0%v, I ov, v,
vy g = (G R ) (L)
0v,, dv,, 1 op 0%, > 0%, 0v,,
Uror TGy =T ey T (()y—_'_‘t)n rT)‘r‘) (11,9

Byaem wuckath pewenus ypasneuu#t (11,7) —(11,9), yAOBAETBOPAIOLLIHE
YPaBHEHHIO HEHpepnIBIOCTH W rpaiunsid - yeaosusam  (11,5), (11,6),
B BHIE

Up=roF (), v,=roGE), v,= V voH %),
p=—opvol £),

rie nepemetitias npeacTanasicr ()CBPHBMCDHOC OTHOLUEHHE

t=1 Sy (11,10)

v

W F, G, H u P —ueuspectuble GyHKUHH, KOTOpEIE YAOBJAETBOPSIOT
YpasHenusam

F2— G2+ F'H=F", (11,11)
OFG - G'H = G”, (11,12)
HH' = P~ H”, (11,13)

2F +11"=10 (L1
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" l'paﬂﬂ‘lelM YCJ'IOBHHM
F=0, G=1, H=0 mpu §£=0, (1],15)
F—»0, G—»0, H—»—a mnpun t— oo, (11,16)

NONyYaloMMCs IPH NOACTAaHOBKe OMpenesenuit v,, v, U Uy B yPaBHEHH R
Hasbe—CTOKca ¥ ypaBHeHHe HeNpepHIBHOCTH, a TaKKe B FPaHUUHBE YCIO -

0
Ve

Vlcxons M3 rpaHuMuHbIX YCJOBMH BIAaJAH OT AMCKA W Ha ero noBepx-
HOCTH, MOXHO MNOCTPOMTb (OpMajbHbie Ppa3noxeHHs MI9 OQYyHKUUR |
G u H, ynosnersopsiollie TNpPUBENEHHbIM YPaBHEHHSIM W TpPAHUUHBIM
ycaoBusM. XapakTep 3THX pas3/odXeHuH npu 60JbLIKHX 3HaYeHUsIX § (ACHMTIT-
TOTHUYECKOTO pA3/IOKeHHs)) MONCKA3bIBAETCH FPAHMYHBIM ycCjoBueM Aas [,
HimeHHO, mOCKOJbKY acuMntToTHueckoe 3Hauenne H(E) ectb H— — a
npu §— o0, a dyukunn F u G Manb npu £ — co, B ypasnenuun (11,11)
MOXHO ONYCTUTb KBAAPAaTUYHEHIE YieHH M Mepenucatb ero B Bule

Bua. [locrosHHas a=—

‘MOAJIEXHUT OMNpelneseHHI.

— Fla~F" npu §— oco.
HHrerpupys 3TO ypaBHeHHe, Mbl HaXOZMM acCHMNITOTHYeCKOE BbIpa -
wenue naa F )
R~e~* npu §—>oo0.
Auanornuxo ypassenue (11,12) npn & — co npuobperaer BuiL
—Gla~=G",
OTKYa HaXOAMM aCHUMNTOTHYECKOe BLipaxexue s G
G~e npu &-—o0o0.
[TosroMy acumMnTOTMYeCKHe pasnoxeHus Ins ¢yukuu#t F, G u 7
LODKHEL NMPOBOANTLCA MO CTeneHsM e—%, [lepBLIMH uleHAMH ITHX pa3~

JoxceHu#t, ynosnersopsownx ypasnenusm (11,11) —(11,14) wu rpauvsa-
HbiM ycnosuam (11,15), (11,16), cayxar:

2 2 2 2
F= Ae—qﬁ_..A_Q__ 'a‘?Be—zae | *“(*‘1%*'-4 B st .,
—al B(A*BY ..
G =Bemi— = — e
24 A4 B2, A(A2 4 B2
...__a_i___a_ e—aE___QaT__e—ZaE_'____g_é_as*)_e—Sai_‘_ ..

TouHO Tak ke MOXKHO NOJAYYHUTb (OpPMajbHble PA3JOKEHHS, yAoBAS<
TBOPSIOU(YE YPABHEHHSIM W T'PAHWUHBIM YCNOBHMAM NMpPH Majablx § B BuAE

g1
Feat—S—Llowq
= 1By a .,

H=—a2 284 ...
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Mocrosunbie A, B, a, b n o nontexar onpenenenuio. lmeuHo oHH
ROMKHB O6LITh nopobpanbl Tak, 4robw dynxkuuu F, G, H u npoussoa-
nuue F/ u G’ Gouni uenpepwiBHbl. Torna w3 ypasienut ABMXeHus 6ynet
cJelOBaTh HENpephLIBHOCTL NajnbHeHWHX NMpousBoAHbIX. YHc/IeHHoe nuTe-
rPHPOBAHHE TPHBONHT K 3HAUECHHM

a=0,51, b=-—0,62, a==0,89,
A=0,93, B=1,21.

Pacnpenenenne nasrenns P moxer OblTh naftneHo aBTOMAaTHYeCKH.
Mbl B nanbHefiiem OyleM mo/Jb30BaTLCS 3HAYEHHEM U, B MEPBOM MpH-
6aMKeHHH

vy =~ — 0.89 V vo npu  y — o, (11,17)
b v
v, ~ — 0,51 ]/Tyz npu y<<]/_—m~. (11,18)

- Tpapukn ¢yuxuuit F, G u A npuscaenst na puc. 10. M3 puaa srux
rpaMkKoOB, 3KCIMOHEHIIMAJILIO CNajaaoUnX ¢ pOCTOM £, BLITEKACT CJCaYylO-
1asi KApTHHA pacnpenencius cko-

pocre#t: npu 3Haucuuax §=x 3,6, 10K !
YTO OTBEUACT 3HAUCIHIO Y == Oy, 09 \ ; 5
rae 08| ]
5 :36]/L a119 Y7 i
0= w ' ' 06 4\
CKOPOCTb Uy, nOcTHracT anavenis, & /
pasioro 0,8 npexeasnoro 3ama- 04 1= ><
yenusi. Cropocts v, cikaer- O AN —
¢as mo 0,05 or cnocro gna- 02 7 AN
YeHusl HA TOBEPXIIOCTH AHCKA. 01 =~ 61
MoXI10 NO3TOMY YCJIOBHO CHH- 0 05 10 15 20 25 340 35 7 s
TaTh g, Onpenescinioe no Gop- é{w/zl/

myae (11,19), Tomuunoft ruupo-

AUHAMHYECKOro Nor patHyloro Puc. 10. Tpagukn dynxumit F, G u fi.
€0  Ha TOBEpPXHOCTH AMCKa.

B npemenax norpanuuioro cjaos OTAHUNL OT HyJas pamnaibnnil n ram-
FeHlUHaAbHBIH KOMIOHCHTH CKOPOCTH; BHE 3TOr0 CJA0f HMeeTCd TOJMbKO
akcuanbhoe apmxenue (puc. 11, a).

Ha puc. 11,0 usoGpaxeHa ¢akTaueckas kapTHua junuft Toxa y no-
BEPXHOCTH aucka (MeTold ee nogayucuus Oyaer paguvacterr B § 59). Mut
npeuebperaeM 3pdexTOM Kpae MicKd. ITO  BAKOHNO, CCAIN TOAHIHHA
NOrpaliuyiioro caost 9, Maaa Mo CPaBHCHIIO € paauycoM ancka R.

[cpetinem Tenepn K GopMyanponke auddyauonnolt 3azaun [17].

Ypasuene KousekTHBoH AH(Py3un g HHARHAPHUCCKIX KOOPAHHATAX
uMeeT BHI

ac Uy OcC dc (()'50 0% 1 9c 1 9% R
U, or -+ b -+ Uy oy ()yz_ + 5?5+ Y or -+- P D‘;,,—) . (11,20)
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rpaHH‘-lHHMH YCJ/IOBHUSIMU CJIY2KAT
c=¢, npH y-— 0o, (11,21

rie ¢, — KOHUeHTpauus B o6beme pacTsopa. B cayuae pexuma npemess-
HOTO MOTOKa Ha NOBEPXHOCTH AMCKA HMMEET MECTO yCJIOBHe

c=0 npu y=20. (11,22)
Cayua#t cMewaHHOM KHHeTHKM OYNeT pacCMOTpeH B CJELYIoleM napa-
rpade.
Byzem neiTaThesl MCkaTh pelueHue ypasneuus (11,20), yaosnersopsio-
wiee rpaHudHbiM ycaosuam (11,21) u (11,22), B Bune

c=c(y (11,23)

T. €. CYNTATb KOHUEHTPAIHIO 3aBHCALLEH TOJbKO OT PACCTOSHHS A0 NOBEPX-~
HOCTH JHMCKa, HO He 3aBHcAllell OT r
1 ¢. [1Ipu 3TOM MBI 3aBElOMO npeHe-
6peraeM 3¢ddexTaMH KpaeB LUCKa,

\ y Koropuix pewenne puga (11,23)
HE MOMXET MMeTb MecTa!l).

Puc. 11. Pacnpenenenme JHHMA TOKa MHAKOCTH OKOJO TOBEPXHOCTH
BpallalolWerocs JucKa.
a-—cxeMa; 0 — JHHHK TPABJEHHS Ha BPallaloUIEMCst AMCKe,

B npeanoaoxennu (11,23) yparuenne (11,20) npuobperaer Bup,

d a2
vy(y)a%r_DE}%. (11,24)

1) MonuepkHeM, YTO B OTCYTCTBHE KOHBEKUHH, T. €. B Clyyae HENOABHM-
HOrO JaMCKa OecKOHeyHO OOJbLIOH MOBEPXUOCTH, AH(PQY3HOHHAA 3ajaya He
uMena Gbl CTaUHOHAPHBIX PElieHHH NMPH HEOrpaHHYEHHOM O0'beMe WHAKOCTH (T. €.
rpannusom ycaoshk (11,21)). B mose TAKECTH HAPANY C BBIHYKIEHHOH KOHBEK-
uMeil B pacTBOPE MOMET BOSHMKATL €CTCCTBEHHAA KOHBEKUMs (CM. § 23).
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WurerpHpoBanue ypasueuus (11,24) naer:

' |
%:a,exp{l%fvy(z)dzj}. (11,25)

[MoBTOpHOE HHTErpHUpOBaHHE AaeT:

Y

c_alfexp vay(z)dz‘idt—l—az (11,26)

0

Ilns HaxowIeHus NOCTOSHHBIX @ H @ BOCMOJAb3YEMCS TpaltiulibiMu
yeaoBuamu (11,21) u (11,22). Tlocnenuee cpasy naer

a2= 0,

tak kak npu y=0 nurcrpan B (11,26) obpaniaerca B Hy.b.
Cpaunynoe ycaosue (11,21) naer:

o0

I

1

co=a, | exp{-= | v,(2)dz }dt. (11,27)
a/ lDa/” J

Jns BuluMc/eHHs nocaeniero nHrerpasia pazobbeM RCO 06aacTh MiiTe-
rpUpOBaHUs Ha [BE YACTH: OT Hyas 10 8, U OT Oy 10 GecKoleuHocTH,
rae o, onpenreneiioe no ¢opmyne (11,19), npencrapaser obracth mno-
rpaHuuloro caos. Bue norpannunoro caos v, naerca dopmynod (11,17).
BHYyTpH norpannduoro caosa v, uaMeHsercs no caokionmy saxony. Oanaxo,
Kak 3TO0 yxaswmBasoch B § 10, npu OGombmuXx uwicaax Ilpanatan (t. e,
npu D <& v) ocHOBHYIO POJbL HrpaeT 06.JaCTb MaJLIX IO CPaBHCHHIO C O
paccTosuuit 10 Tsepao# nosepxuocTiH. B obaactu y <€ 5, aas Ty, MOIKHO
BOCNOAb30BRaThest (hopmynoft (11,18). Huxe Mu BMecTo v, noacrasiu

3Hayenue 13 (11,18) u nposepuM cnpapelauBOCTL ITOM Olepauui B xoie
Buiuncaenul. Mrax, nmcem:

o t
J::fexp -—ID—/’U”(Z)d21dt=

; J

._f exp —[])—/v (z)dz}a’f—{—‘/'expjD/'v”(z)dz‘J}dt__Jp{—J,

Oas J; noaywaem c¢ momomsio (11,18), npeuebperas o U, CTapunimi
YleHaMu PasiioKenus 1o CTeneHsM y,

K

wli® )
h=J e T g

0
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BBOﬂ.ﬂ HOBYIO nepeMeHHle.
Y2
w’?t

== ?-_x_—n_—’ (1 1,27’)
V588 D"+
HaxoanuM:

30‘-'-"/’ 1/,

Ve (3"

3,— VsV, . AR
S~ ————-V GD,/:V : / e~%Wdu—= ———————1'819/:\' / e~%du,
[0] (0]

[} 0

IMpu Ll)>>1 BepXHHUI mpenes B uHTerpane CYULeCTBEHHO O60Jblue

€IMHHIBI, M, NOCKOJbKY MONBIHTErpaJbHOe BhHIpaXeHHe BecbMa GHICTPO
yObiBaeT NpH 3HAuYeHHAX apryMeHTa OGOJbIUMX ENMHHLH, €ro MOXHO 3a-
MCHUTb HAa 6eCKOHeuHBIH.

Toraa

o

s e
‘Il ~ l’_s_l_D__.i__./‘e—u" du.

o'l
0

Mpt puauM, uro O6aaremaps OBICTPOH CXOAMMOCTH HHTErpana Npu
¥>>>D B pasnoXeHHH U, 'MONKHO NEHCTBUTEIbHO OFPaHUUHBATHCA nep-
BbIM YJIEHOM,

OcHosHo#t Bknaa B J; nawot Jauws Majasle 4. ViHterpan B J; Bhipa-
wactcs uyepe3 I'-QyHKLUMIO M paBeH

©0
1 1 1 4
—u? —_ —tp—=3 il —_—) = )~
/e du / £ dt = (3) P(l—|—3)_-1‘(3)~0.89.
0
[TosTroMy oOkOHuYaTeabLHO

sy'/s
Jy=1,61 22

o

AHalOTHYHO BBIYHUCTSAETCS UHTErpan Jy:
feS) ( . t \ o .
J2=fexp{7)—/vy(z)dz}dt:fexp{__%g_vv“’[}dt=
A oo b
VR —3(x
089V_exp{ 089; Vo 80,};W9DTT_)e (D)
Mpu v>>>D 3HaueHue HuHTerpaja J, BecbMa MajJO0 MO CPaBHEHHIC

¢ J;, 1 OH MOxeT ObiTb OTOpOIUEH.
Torna J=J;, u us (11,27) naxonum, uro
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MosToMy oOkoOuYaTeabHO IS pacnpeneleHHs KOHILEHTPALMH, KOTOpPOe
YAOBJIETBOPSET YPaBHEHHIO KOHBeKTHBHOH AMPDY3UU M rpaHHuHBIM yCia0-
BHAM, HMeeM:
4 ( 't
! 1

|
¢
c:ﬁ/ expkﬁ.['uy(z)dzj}dt—_—

0 0

=_—1’6l (VQ;?/’ o jexp{—lD—s/zvy (2) dz}}dt. (11,28)

[0}

ILna Toro uToOw npeacrasuth cefe XOML € C PaccTOsiMEeM y IO NOBepX-
HocTH aucka y=0 npn Maiubix (MO cpane-

HHIO € 3p) y, moncrasum B (11,28) mmecto w, (oo
ero Boipaxenue no (11,18). Toraa Buipaxenne ¢
Anst pacnpelnesiels KOHIeHTPalil (Iph y < 3y)
MOXHO 3anHcarb, B CIIMMETPHUIIOM BHIE!: 0%
y
f e~ dy 050}
c::co%———————, (11,29)
fe‘“a du 025}
(1]
roe o onpenpeileHo mno-npexiemy dopmyro#t , . ,
(11.27') H uepes Y o0603HayeHo oTHOLICHHE 05 10 15
— 1 Y.
13/‘6D lay'/s 2y /v /s 5*)’
e VO )
© 0 Puc. 12. 3aBHCHMOCTH KOH-

dbopmyaa (11,29) noxassipaer, 4TO NpH MaABIX y “e“;gé‘;‘;‘ﬂ‘:m;{”‘;;Bl‘l’lg’é‘m‘)T
KOHILEHTPaLHA BecbMa OLicTpo (OnicTpee, yeM mo P )
SKCMOHEHTE) BO3PACTACT C PACCTOSHHEM Y.

'Y
Yxe npu V> 1, 1. e. npu y>%(€> 5, BBHUAY OnicTpoR cXo-

IMMOCTH [HHTerpasa MoXHO 3aMeHUTb Y Ha Oeckonednocts v (GopMyaa
(11,29) npupoaut K 3HAYEHHIO KOHUEHTPAUNH, paBHOMY Cq (T. €. KOi-
UeHTpauuu B oObeMe pacrsopa).

C
Ha | . 12 uzoGpaxkcha 3aBHCHMOCTb - or Y, namacmas (11,29).
0

Huddepennnpys (11,29), wnaxoauMm mnIoTHOCTb MOTOKA YACTHL ila
NMOBEPXHOCTH NHCKA

D (% __Dey o Dcy .
J= —0-— - O Ar— 1, 1, B — =
: Y/ y=0 0,89 J/ 6 Dsy'ls 161 (D) a v

v w

=0,62D"y """ ¢qx (11,30)
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dopmyast (11,29) u (11,30) HaxonaTca B NOJHOM COriacuu ¢ OGWHMHU
NoJoXeHnsaMH, paspuThiMU B § 10. Poab Toaumuul  AHGdYy3HOHHOTO no-
TPalMUIIOro C/IOf MrpaeT BejMuyMia 8, ompeneiseMas Kak

B .D;'z = 1,61 (?)/l/- _("_ ~0,5 (13—)"'60. (11,31)

WE Rt e Homitose corme i ¢ popayaolt (HLO1D), 1 conepacur
woorme g CHO D) aupeneasiing aneaonon num|u|nuuu.u'|' 13 oBaactu
ool ~ 0 HPOUEXOIUTE  nee  OcHOBIIOC H3MElleHHe KOHUENTpaLuH,
[Mpu o6uiunuix suavennsix kosdduunenta audpysmu D~ 107° cu/cex

Buoacuy~ 107° ca2/cex tomuuua IUPPY3HOHHOr O NOrPaHUYHOTO CJ104 O
cocrasaser 0k00 5%/, OT TOJ/MHBI FMIPOAHHAMHYECKOrO MOTPaHHYHOTO
cnos 8. ITO NOJHOCTbIO OMPABALIBAET CHENaHHOE B XOJA€ BbIYHCJEHHH
yupoluenye, COCTOsBIIee B MCHOJb30BaHUM opmyasl (11,18) nna v,
BMECTO [OJIHOTO BBIPAX(EHUS, CNPABelJHBOrO TNPH BCEX 3HAUEHUAX .

CyuwectseHHolt 0coGeHHOCTbIO AH(DPY3HOHHOTO TNOrPaHUUHOrO CJIOs
Ha lHMCKe S§BJSETCA TO, YTO €ro TOJUMUHA He 3aBUCHT OT pPaCCTOSHHUA
N0 OCH BpalUleHUs] OHCKA W TOCTOSIHHA MO BCeH ero moBepXHOCTH, 32
HCKJIIOYEHHEM KDaeB IUCKa, Y KOTOPHIX BCE PACCMOTPEHHOE HENpUMEHHUMO.
O6aacTb KpaeBbix 3 eKTOB MPOCTHPAETCH, MO-BHAMMOMY, HA PacCTOSHHE
nopsinka 6, OT Kpas IuCKa.

dopmyana (11,30) nokaswiBaet, yTo NJIOTHOCTb NHPPY3HOHHOrO MOTOKA
Ha MOBEPXHOCTHM JHCKA TNpONoOpuHoHaabHa ko3pduunenty AUPPysun
pactBopeHHbX uactuu D B creneHu 2/;, BA3KOCTH v B cTemeHd (— 1/y)
H yrjoBOH CkOpOCTH BpauleHHs B cTenend !/,. TIOCKOAbLKY MpH H3Mede-
HHM BABKOCTH pacTBOpa MeHsieTrcss M KoadduuueHT auddysun mno
3aKony (8.15), ¢akTHueckd NOTOK 3aBUCHT OT BSA3KOCTH MO 3aKOHY
J ~ v, [ToNHbIA MOTOK BewlecTBa Ha I0BEPXHOCTb NMCKA PaBeH, OYEBUIHO,

"D“’R’ — ~1,9D""""V & R, (11,32)

’/a
1 61 1/'—

AnnapaTypHoe odOpM/eHHe BpaulAOUErocs IHCKa, HAa KOTOPOM H3Me-
psietca anddysHoHHbft noTok, naBaeMbit dopmyaot (11,32), npHBeneno
Ha puc. 13 (cM. Takxe § 56).

PaccMoTpHM elle BOnpoc O TemmepaTypHOH 3asucuMOCTH AHDDY3HOH-
HOrO MOTOKA Ha MMCK.

Koadpdpuunent nuddyanu D u BA3KOCTL v B 0OGBIUHBIX KHUAKOCTS ;
3aBUCAT OT TEMNEPaTYpPH SKCIOHEHIHAbIIO:

D =Dy *T, (11 33)

v=vee IT, (11,34
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rae Up wn U, —sueprun akTupanun nas auddysun u paskoctw u Dy
H vy OTHECEHBl K HEeKOTOPOH, nanpumep kOMHATHOH, Temneparype. Yncno-
poe 3Hayenue Up cocranaser o6wiuno okono 3000 xaa/soas, U, — ne-
ckoabKO Goabiue, nopsiaka 3600 rxa.i/moan.

s A

Puc. 13. Bpamaoumiics: UtCKOBBI 3ACKTPONL (3KCNO
HHpoBaacsa Ha Bprwocceabckoit BoicTaBke 1958 r.).

[Moacrasnas poipaxenus aas D u v B (11,30), naxoanm:

AUpt U,
j~e KT, (11.35)

Temneparypnas sasucumocth ; uvceer npoctoff Bua, HO 3hpexTHBIAT
SHEPrusi akTHBAUMK AASA NMOTOKA fABJAAETCA CJOXKHON M pasua
U._ﬁﬁ_uv
iT 6 .
IMonuepkiem, uro Bce (opmyan naunoro naparpada crpanensunl
AMwbp B o6aacTH JaMuuapnoro pexxma oOrtekanus aucka. [Tocaenuni
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BMeeT MeCTO BIJIOTb A0 yHuces Pe#iHosbaca mopsinka Re ~ 10%, a aas
OYeHb XOPOLIO OTMOJUPOBAHHEIX U LEHTPHPOBAHHBIX AUCKOB— A0 Re~109,
C npyro#t cTopoHH, mpuH Mannx uuciaax o6oporoB (Re=10) rou-
fUHA THAPONMHAMHYECKOrO CJI0 Oy CTAHOBHTCA CPaBHHMON C paauycoMm
JLHCKa.

B pa6ote Punnngopna u I'peropu [36] npoBeneno BuunciaenHe uuterpana(11,27)
€ yueToM CTapIIMX YJIEHOB pasioxenus B Qopmyae aasa v, Bocnoab3oBasunchb
panoM Ans ¢yHxkuu f1(€), MOXHO BHUMCIHTL 3HaueHHE Uy, COlepxaliee noboe
YHCJNO YJEHOB pa3noxeHus no £

Moncraeaas B (11,27) Bepaltenue vy, C yUETOM CTapUIMX YJEHOB Pa3NOMEHHA
B $OyHKuHH H (§) HAXOXHM ¢ TOUHOCTBIO O UJEHOB TPETbero MopsiKa:

7, ~161 (@)”‘ 1/ % [1 +035 (-D;)m] (11,36)

3HaueHHe HHTerpaia J; OKa3biBaeTCs HECKOAbKO GOJLIIMM, YeM B HYJIEBOM INpH-
6anxcenn. COOTBETCTBEHHO 3HaueHHe NMOTOKa / OKa3blBaeTCs HECKOALKO MEHbLIHM,
Beanuuna nonpaBku Kk noroky (11,32) cocraBiser 3—5%. Kak Gyner ykasauo
B ra. VI, onbiTHble 3HauyeHus JekaT 6amxe x (11,33), uem k (11,32). D10 03Ha-
YyaeT, YTO HMeIOTCA JAPyrHe NOmpaBKH, HMEIOLHE Te )Ke BeJHYHHH, HO APYroH
3sHak. OZHOH M3 HHX fABJAETCA MonpaBKa Ha KpaeBoi sddext. Makcumanviioe
3HaueHHe 9TOH MONpaBKH NOJNYyYaeTcs, OUEBHIHO, B Clydyae HENONBHIKHOW CPELBI.
IloTok WHMAKOCTH BCeraa OTHOCHT BellecTBO OT Kpaes nucka. Ecau auck cHa6ucen
BHelllHel OGOHMOM, TO NOTQK Ha AMCK AaeTca dopmyanoit [35]:
T

. \]’ 4 9 _ D ‘/al/— v .
1 —-4RDCoH—/—=-;-—E-_l'99(T) (T]?‘Z—'

JpyruMu nonpaBKaMH, TaKiKe YBeNMUMBAIOUIMMH TNOTOK Ha JMCK, MO CPaBHe-
amo ¢ (11,32), aBAasIOTCA nonpaBKH, CBsA3aHHblE C €CTECTBEHHOH KOHBEKLHENH
(cm. § 23) m TypGyausanmeii nortoka (cM. ra. IlI). [lepas U3 HMUX CTaHOBHTCS
CyLiecTBEeHHOH Npu Majinx uuclax PeiiHoabaca, BTOpas, HanpoTHB, — NPH 6OJb-
wHux yucrax PeitHonbnca, Kak BMIHO M3 CPaBHEHHsi TEOPWHM ¢ HanGojaee TOUIILIMH,
CrneuxaNbHO MOCTaBAeHHbIMM B JaGopatopuu A. H. PpymMKnHHa u3MepeHHAMM, Ha
NpaKTHKe NepeyHCJeHHBEe IONpaBKH B -3HAYMTEJNbHOH Mepe KOMIEHCHPYIOT Mo-
npasKy K noroky (11,32), naBaemyio dopmyaoit (11,36).

Ecau Ha noBepxHOCTH nucKa o6pa3yeTcs ocagokK, TO OH Oyaer paCTH npe-
HMMYLIECTBEHHO y KpasA H NorpewHocTs qopmyast (11,32) 6ynet Bo3pacTath.

§ 12. CvemanHasi KHHETHKA HA NOBEPXHOCTH BpPAalAIOIIErocs AMCKa.
MeToAd paBHOROCTYNHOH MOBEPXHOCTH

PaccmoTpuM Tenepb Cayuail CMellaHHOM KHHETHKH, KOrja Ha Mmosepx-
HOCTH A¥CKa BHIIOJHAETCA rpaHuynoe ycJjosue (9,6):

D. (%)y_o=kcgn, 12,1

Tle ¢, — KOHLEeHTPauHs ¥ NOBEPXHOCTH AMCKA, MOMJekKallas onpeseneHHIo.
Ws ob6wero pewenus (11,26) caenyer, urto
ay=2¢y. (12.2)
{loacranoBka (12,2).8 (12,1) naer:
Da1 = Ra™, (12,3)
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Ycaosue (11,21) upu 3toM HMeeT BHI
fes} t

( \
co=a1fexp{ —ll)—fvy(z)dzidt—l—az. (12,4)

)

Hurerpan, Bxoasuuit B 370 BbipameHue, Oula Bhiuinc.1en suline. OGosna-
uas ero uepe3 6, HAXOAHM:

Co==a,+ap,
OTKyla

Co— Ao Cop— Cq
al= 5 =1 3

Torna wu3 (12,3) noayuaem aareGpalluccKoe Ypasieiuce Aas rpaniiioy
KoHUleuTpan ¢, == ¢, (D, o, &, ¢,)

D I)Co ¢
cy‘n__*— /'gF,— ¢, — kg_::o. (12,5)

TToTok BellecTRa Ha enMIHILY MOBEPXHOCTH AHCKA (paBHbift cKOpOCTH
PEaKUMH HA TOBEPXIIOCTH) MMeeT BHI:

J=Day=D2="L, (12,6)

Pemas aare6pauuccikoe ypaptienve (12,5), HaxomnM notox Ha QHCK
B Cayuae peakuui, uayweH s cMewantolf odmactu, no ¢opmyae (12,6).

B rpaununoe ycaosue (12,1) pxoast aAse BeAHUHHBI, XapakTepusylo-
IWMe peakuuio: nokasateab cTeneln m ¥ KOIPHHUHEHT MPOTOPIHOHAIb-
HocTw k. Ecrecrpeuno, onx polayr M B TEOpPeTHUYECKOE BLIpaXellHe
CKOPOCTH peakIlHH.

Bpawaiouiafics AUCK Kak MOBEPXHOCTb peakuUuu obsazaeT npawiof
0COOEHHOCTHIO, OTAHualoulet ero OoT ApPYFrHX MOBepXHOCTCH peakitnu
B IBWXKylLeHCs xuakocth. MMenno, Tomuuua rifpoauHaMiiyeckoro norpa-
HUYHOTO C.10%, a BMccTe C Hefl M ToauMHA AUPPY3HOHHOTO MOIPANHYHOrO
cnos B gamioM cayuae OyaeT HMeThb MOCTOfHHOE 3HAuYeHHe 110 Bcelt
NoBepXHOCTH AWcKa, ITO 0311a4aeT, YTO YCJAOBHS TPaHCMOpPTa RelllecTRa
K no60o# Touke 1OBEPXHOCTH AMCKA, HE3aBUCHMO OT PAcCTOsHHUA ec 10
OCH BpauleHHs, COBepIICHIO OAMHAKOBLI. TakHe MOBEPXHOCTH peaxiii,
caenys tepmuiionoruu, npepaokenioft . A. dpank-Kamenenkum, mMoxio
Ha3BaThb PaBHOLOCTYMHLIMH (B AHM(P(Y3MOHIOM OTHOILCHHU).

B cayuae pasnopocTymiofl noBepXHOCTH KOHIICHTPAlHS BellecTna
Y noBepxhocTH ¢; W CKOPOCTb peCaKUWH ¢ ==[Rc* mocTosiibl N0 BCeH
nosepxHocTH. Ypasienne (12,5) ycranapaupaet 04HO3HAUHYIO CBA3b
MEeXNy ¢; W Cp eCiil YCJAOBHS pPa3MelUHBAHUs, Onpeae/sioliie 3nauchie 5,
3apanbt, Cyniectseniio npH 3TOM, UTO 3iauenie & He 3aBHCHT OT XapaK-
T€pa KHHETHKH XHMHYCCKOTO NMpeBpaliciis 1 KOOPAHIATH HA NOBEPXIOCTH,

Pewenne ypasneuns (12,5) ynoGno nposoanrts B 0OeapasMepiom
BUle, ucnoabdys rpaduuecknft merod. llmeuno, psoas Oespasmepiyio
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KOHUeHTpaluio §=-1 g 6e3pa3MepHbift mapameTp a=—ok __1
Co Dc(l)—m [
MOXHO mepenucatbh (12,5) B Buae
m__ 1—¢
V= 2.7

Ha puc. 14 npusesen rpaduk, 3aUMCTBOBAaHHbIA M3 MOHOTpabun
dpank-Kameneukoro, npu nomois KOToporo MoxHo Ge3. Tpyua HaXxOLUTh

\
\

” p=10 m-=0
SNEAUEND
N2
s

N\

DX
DARW

)
T
y0°
c‘oﬁ'f{
1701

H=15 /,//

%}
l09

*
o
QO
N
6\\
3\\
~”
7

s =N,
Pl *?) \X
; >
H30 /| N
< S N \\
a=40 ~_ \ \
M=50 — ~I
o eSS NN
u=0 — " N
1
0 ¢ 10
Puc. 14. Inddysuonnas kuneTuka peaKuuii 1poGHOro
nopsauka.

Mo ocu abcuuce oTAOKeHa GespasMepHass KOHUEHTpauus & no ocH opau-

mat £”. Ha kaxno# KPUBOA HAaANHCAHO COOTBETCTBYKOUlee 3HaueHHe
nopaaxa peakuun m. IIpAMble, cxoasuuecs B Touky §=1, u3obpaxaior

. Ha kaxno#t M3 HMX HaaNHCaHO COOTBETCTBYlOLlee

BEJHYHHY

3HAYEHHE p»--:l— . A6cuncca ToukH nepeceuenus kpusod £ u npsamodt
A3eT SHAyeHHe Oéspaauepuoh KOHUEHTpauuu § KaK QPyHKUHH %- npu
AaHHOM nopsiaKe peakuUHH.
peuwledre ypaBHeHus (12,7). [psamble, BbixomAuive M3 Touku =1 H#
WMelOUlMe HAKJIOH —, OTBEYaloT MNpaBof uactH ypasuwenns (12.7)-

Kpusbie, pbixondmme u3 Touku & =0, npeicTasjsioT ero nesyl 4acTb
Npu pasinyHbiX 3HaYeHUsX m. Pewenusam ypasuenus (12,7) orseyaioT
- TOYKM MNepeceyeHHs KPHUBbHIX M npaMbix. [IpH [LaHHOM m pasHbie TOUKH
TNepecCeyeHns OTBEYAlOT Pa3JMYHbIM 3HAYEHUSIM napaMeTpa a,
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Ha npaktike nokasaTtesab CTeneHd B peakilMu HMeeT OOLIYHO 3Have-
e m <L 1. Tlostomy na puc. 14 npusesensl KPHBbE, OTBeyalwouiHe
TOAbKO 3HAueHWsIM /M, MellbIIHM eIHHHULLb.

OcofenHo MNpOCTLIM ABJASETCS Cayuall peakuuu MepBOro nopsaka
m = 1. Tlpu sTom

P __ bk
T l4a’ a=7-
HIH D
“O=®wFD
H
j — D (60—01) — kCo — DC() — jk
s 5 D\ ./~ | D ’
T g, - #eo [1»61(7) I/TJJF“E} (‘H‘Z)

(12,8)

rae Jjp = kc,— npenenbiioe 3uaucine CKOPOCTH peakiutii (mpu ¢, == (o),
a jg— npepesbHblt MOTOK
fupdysun. LTI
dopmyna (12,8) nmeer 772
TakOH Bun, kak Oynro Ou x-q /
andPyunupyouee Benie- 3F a-6 /

CTBO I OJMKHO OblJIO MpOoKTI

Anddyasnonnnit nyTs °-0 /
N o D A -
04 =O+-k— 21 ”""\’
D
OTHowenue ~ Wrpaet
POAb BOMOAHUTEALHON AN =
by3uoHHoHN b, f ’
Ha pwuc. 15 (xpusas /) o’
H306paxeHa 3apHCHMOCTb 4
NOTOKA uYacTHIL Ha [JHUCK 0 ' | y

OT Yr/JOBOH CKOpPOCTH ® 2 % 6 ] 0
no ¢opmyne (12.8). I[lpu

MaJblX 3HaycHusXx ® Obl- Prc. 15. 3 Cor oro
CTpoTa mpouecca ompene- LG G eKTpORa Mpi 7 = 0,045 8,
agercs  audgysuch, mpu 41y H,50,, 6 — lu. HCI, 8— L. HBr; kpu-
GonbIINX ® NPOHCXOAMT  pan / Bhuucaenma no ypasHenmio (12,8); kpupas
NAaBHbLIK nepexon B Kille-
THYECKYIO obsacte. [lo
Mepe yMeHbliens [0Ka3a-
Teas m kpusbie j(w) uaMeusiorcs. [lepexon u3 auddyauonioft B Kune-
THYECKYIO 00.acThb npoucxonurt Bce Gonee 1 0Oosce peako. B npenene

-10°
\E
\

=

wVZ >

2 otBeuaer cayvaio m < -

m/—l— 1yvacT 1 2. Onuti aunbic, H306paNKeHHbIE
< 5 moayuactes  KpHsas . ITHBIC  Adiibic, 11300paKeHHble Ha

puc. 15, 6yayr obcywaarses n § 56.
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CriepyeT euie 3aMeTHTb, YTO H3J0XKeHHas BbllUe METOAMKA pelieHus
MoxeT ObITb Ge3 Tpyaa NepeHeceHa Ha CJyya# peakuu#, 3aKou KOTOPbIX
He anMpOKCUMHPOBAH CTeMeHHON (yHKuuel.

[Tpn wuccnenoBaHun MexawHsMa peakuuu HaubOJbIIKHK UHTEPEC npen-
CTaBjisieT ONpejeneHue ee MOPANKA (T. €. 3HAYEHUS M) U SHEPrUH AKTHUBA-
uun peakuun U. 3nayenus re u U mMoryT ObiTh OnpeleneHbl 3 KOMOHHALWHU
TeopeTHuyeckoro Beipaxenns (12,6) u sxcnepumeHTanbHOrO -oOnpeleneHus
BEJIMYHMHBL /.

ViMenno, ans ompeneneHus BeJHYUH m U R Heo6XONMMO H3MEpPHTL
NBa 3HAueHHs j, NMpPH pasHbIX 3HAYEHHAX CKOPOCTH Pa3MelUUBAHUA WK
KoHueHTpauun ¢, [lepenucas smipaxeune (12,6) B Bune

M 3aMeuyas, 4To

. \™
q=kc;"=k(co—j -—D-) =j,
HAXOoHUM:
N
LI S 1
(1 JcoD kel (12.9)
H
p=— (12,10)

3uas j AA8 NBYX PasaMuHBIX CKODOCTeR TedeHus MUAKOCTH (PasHLIX O),
MOxHO U3 ypaBHenus (12,9) onpeaeauts m

( _ ]131)
mlin ——c.—°.D—-=ln£.
( _ ]202) J2
CoD

3uas 3HaueHus m, MOXHO npu noMown Bhipawenus (12,10) wafitu k.

3uas k, Kkasanoch Ob, MOXHO JIErKO ONpeNeqdTb SHEPrui0 aKTHBA-
uud U, noabsyscs ¢opmyaoit (9,4). B neHCTBHTeNbHOCTH, OLHAKO, 3TO
He TaK. [1pu uaMeHeHMH TeMIepaTyphl M3MeHSIETCS He TOJbKO BeJHYHHA &,
HO TakXe M 3HaYeHHe TOJLMHbI AH(PY3HOHHOTO c0A & U KO3(pdHLMeHTa
aunddysuu D. .

lpoue Bcero mpoc/ieiuTb BAUAHHE TeMIepaTyPHOH 3aBHCUMOCTH 3THUX
BEeIUYHH HA NMpPHMEpe PeaKuuu Nepsoro mnopsaka, sanucas (12,8) B Buse

1 o 3 o v'lo
—=-—— = ——const —-.
k J D J D's
BBoasi sueprud axkTuBauMU AAS BSISKOCTH y aupdysuu, Mowuo HaltTH:
v Wy U,

T koc —_—
eiT — ‘;of(;onsteakT+6kT.

(12,11)
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Wp—+U,
6
ECJIM CYMTATh, YTO SHCPrHA AKTHBAILHH PCAKIHMH BEIPANKACTCH 3HAYHTENBIIO
60NbINMMH UMGDPaMI, MOPAIKA 1ICCKObKHX JeCITKOB TLICAY Kaaopuf,

TO MOXHO CYMTAaTb:

BeanunHa cocTapaser oOnIUHO 2—3 ThiCAUN Kanopuft.

LU
el ~ ‘) — const.

Hamepenne 3apucumoctu j ot 7 nosponser nakitn U nenocpencTrenHo.
OnHako, Kak sCHO M3 MPEABAYUIEr0, TOUHOCTh TAKOTO OnpeleneHHs
He odeHb Beauka. Dosec Ttoro, U Moxuo Ha#tti, noab3ysach ¢opmy-
ao#t (12,11).

Ins peakiuft [poGHOTO NOpALKA BHMUCAENNS HMeEIOT §ojec rpoMo3n-
KMH Xapakrep.

OcTaHoBuMCS ellle Ha BONPOCE O NMPHMEHUMOCTH METONA paBHOAOCTYI-
HOH MOoBepXHOCTH.

Kak scHo wus obutnix cooGpaxenudt, pasputhix B § 10, ToawmuHa
IMPPy3MoHHOrO0 TNOrpaHudHOrO  Cca0s HM3MenseTcd OT TOYKH K TOuKe
HAa TMOBepXHOCTH peakiuiu. [TO3TOMY, Kak mnpaBwio, pasJUUYHbie TOYKH
NOBEPXHOCTH 1€ 3SKBUBAJeHTHH B AH(PPY3HOHIIOM OTHOLIECHUN, TaK YTO
OCHOBHOE MpeAnoJoXeHue MeTO/la DPABHGAOCTYMHON MOBEPXHOCTH Ie
BBITTOJIHEHO.

B § 17 Oyner nokasano, 9TO HE3KBIBAJICHTHOCTb Pas3iiblX TOYCK
MOBEPXHOCTH CYIICCTBEHHO CKAZLIRACTCS HA BEANUNHE MOTOKA, It PacHeTH,
OCHOBAHIILIC 1A MCTONC PABIONLOCTYHIION 1MOBepXiOCTH, napami Ou pe3yb-
TATHI, CYWECTRCHIO OTMivaloniHecs OT npasiubiniX. Takinm oOpasom,
METOJ paBIoAOCTYMHON MOBEPXHOCTH NMPHMEHHM TOJLKO B MCKIIOUMTEb-
HbIX CJayuyasx.

Bmecre ¢ TeM M3 ckasaunoro dcHO, UTO MCCAENOBAlMS  MCXalW3Ma
peakuui, HOyUHX B IpoMenyTounol obaacti, ypeasriyaliio ueaecoobpasio
MPOBOLHTL B CTPOTO OMNpENe/CHIIbIX YCIOBUAX PasMCILHBANUS 114 MOBepX-
HOCTH BpalLaoOLierocs Micka. IDTO ACHO BIANHO, HAMNPHMEp, B TOM Caydae,
KOrma nokasare/b pecakitiu m Mmain. Ecnu peaxilus nponcXooHT Ha no-
BEPXHOCTH ANHCKa, TO KpHRas j(w) HMeeT BHA KPHUROM C XapaKTepHbIM
pe3kum usgomoMm. Ecan ke peakius ocyurecTBasercs Ha HepaBHO-
LOCTYNHOH MOBepXHOCTH, HANPUMEDP HA TOBEPXUOCTH MJACTHHKM M T. M.,
TO, TMOCKOJbKY ToOaUHHA AHOOY3UOHHOTO TMOTPAIHUNOro CJA0S PasInyHa
Ha PAasHbIX YUYaCcTKaX MOBCPXHOCTH, nab/IiOAAI0NIASCS CYMMAapHas CKOPOCTL
npouecca OyACT PBLIPA/KATLCH KPHBOR, Ha KOTOPOH W3IOM OKaMeTcs
CMa3aHHBEIM M KOTOpas no cpoemy Buiny Oyaer npuOmixarbes K kpuso#t [
Ha pMc. 15,

B pesyabrare amanuza KpHBOA., nosaydcnHol Ha liepaBHOROCTYMHOMH
NOBEPXHOCTH, MOMeT OblTb CHENa0 HeBePHOE 3aKJUCHHEe O NOpPSLKe
peakilmu.

O. A. <$panx-Kamencuxn#t B  (uTHPOBaION Bhile  MOHOTPauH
noapobHo pasbispacT MCTONL pPABIONOCTYNHOH MOBEPXHOCTH, CYHTAf Cro
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YHUBEPCATbHBIM, XOTA M TNpPUOGIMIKEHHBIM METOLOM pelleHusl 3anay
B o6snacty audPPysMOHHOH KHHETHUKH.

Buiyucnenusi, nposeneHHule B mocjelyiomux naparpadax stoit kuuru,
NMOKa3HBalOT, YTO B NeHCTBHTE/JbHOCTH CAYy4YaH paBHONOCTYNHOH mOBepx-
HOCTH, peanu3yolHUAcs AN NHMCKA, HMeeT MWCKJIOYHTENbHBIN XapakTep,
TNorpewHocTb, BO3HMKAOILAS NPU PACCMOTPEHHH HEPABHOLOCTYNMHOU mo-
BEPXHOCTH KaK PaBHONOCTYIHOM, MOkeT OBTb OYeHb BEJIHKA, NOCKOJbKY
3HaYeHWe TOJWMHH AUPPY3HOHHOTO CJNOS MONKET H3MEHATbCA BLOJbL
NOBEPXHOCTH PeaKuMy B NECSTKM U COTHU pas.

B Hacrositee BpeMs BpawlaioWMAca IHCK, KaK palMOHa/NbHBI# npuOOp
ANl U3YUeHUs KHHETHKM 3/JeKTPOXMMUYECKUX NpeBpauiexHu#t, npuobperaer
Bce Gosnee wupokoe pacnpoctpaHenue (cM. § 56—59).

B sax/iioueHue noauepKHeM, YTO MpelbiAyllee PacCMOTPEHHE OTHO-
CHTCA K JAMUHAPHOMY TEYEHHIO HMAKOCTH OKOJO BpPallaloWerocs MucKa,
MaMepenus nokasniBAlOT, YTO JIaMHHapHbff pexxum O0OTeKaHHs AMcka

2
cobmonaercs n0 uucen PeftHonbaca Re=—‘-"f; nopsaxka 104—10%,

§ 13. Csenenne, ypaBHeHHsi KOHBEKTHBHOH Ruddy3un
K ypaBHEHHIO TUNAa ypaBHEHHUs TemJONPOBOAHOCTH

IDuddysus x BpawmaomeMycs AUCKY NPeACTaBasieT TOT UCKIIOYHTE/b-
HbI cayda#t, koraa YypaBHEHMs KOHEEKTHBHOH AMDDY3UHM AOMYyCKAKOT
TOYHOE pewenne, B aApyrux cayuyasx npuxoaurcs npuberaTb K Haxoxie-
HMIO NPHOJMMEHHBIX pelleHUH ypaBHeHWs NMOrpaHUyHOro cjios. Ilpu arom
uenecoobpasHo npuMeHeHHe paspaGOTaHHOrO HaMH OOGLLEro mnpueMa,
MO3BOJIAOILEr0 CBECTH MOCJeAHee K TUNY YPaBHeHHs TeNJONPOBOXHOCTH.

Meroab UHTErpUpOBaHUS TOC/AENHEr0, KaK M3BECTHO, AeTaabHO
paspaboTaHhl.

Mu GyaeM cuuTaTh, YTO NOBEPXHOCTb DEaKUUH HMeeT Maiayild Kpu-
BU3HY, TOYHee, YTO panMyC KPUBH3HH NMOBEPXHOCTH BEJIUK MO CPABHEHHIO
¢ ToMwuHON AuPPysHoHHOro nOrpaHWyHoro caos, Ha npaxkTHke 3T0
yCJIOBHe MOXHO CYMTaThb BCeraa BLINQJHEHHHIM, MOCKOJbKY TOJILLHHA
AuddysnoHHOro Cn0s BecbMa Mana, ToOria ypaBHeHHe CTalMOHAPHOH
KOHBeKTHBHOX IU(EDYy3in B NOrpaHUYHOM AHPPY3MOHHOM CJOE MOKHO
Hanucatb B Bune (10.7)

) dx+ de —Dlt)y” (13,1)

rie v, UM U, — U3BECTHbIE (YHKUHH xoopnnHaT, yAOBJETBOPSIOLLUE
ypaBHenuio HenpepbiBHOCcTH (1,1)

0vy, ov,
—Z 4 Y 0. 13,2
x T 3y =0 (13,2
IMocaentee ypaBHeHHe TIO3BOJAET HANUCaTb OJd vV, H 'Uv BbIpaXEHHA
o0, 0
'UJ-—-ES'-, ‘Uy————d-; (13.3)

rae § — QyHKuus TOKa.
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PYHKUMIO TOKA MBI CYWTAeM HM3BCCTHOH M3 peLICHHS THAPOLIIAMH-
geckOll 3anaun ¢yHkuHeR KOOPAHHAT.

BnibepeM ee 3a nosyio nepemcunyio B ypasuexnu (13,1), cosepuwus
g HeM 3aMeHy mnepemernnblX (x, y) — (x, ¥). HMmeem, ouesnaiio,

(B5:2), =(85), + 5 () e o

t

oc _ dc 0y oc .
By = 0y oy = Yo o (13.5)
d% oy 0 dc\ 0 dc
a7 = oy oy (%o a5) = %o a (e )- (1.0
{Toncrasass suipaxenus (13,4)— (13,6) B ypasuenue (13,1), nmcem:
dc 0 dc
(55), =P s [ 5] (13.7)

B ypasnemin (13,7) xonuwentpanus H TaBTCHIHAILIGI  KOMIOHCHT
CKOPOCTH TpeACTaBAeHbl B BitAe (PYHKIHH KOOPAMHATH X, OTCUHTLIBACMON
BIOMb oOTcKaeMolt rosepxnocTd, u GyuxuHit Toxa . [Mocaeansis BsoanTCs
npu nomown auddepenunanbunx cootinowenuft (13,3) u nosromy onpe-
neleHa C  TOYIOCTbI0O [0 MNpoH3Ro/biof rnocTosinofl. Mo BuibGepem
fI0CJIeIHIOI0 TaK, 4ToOnl 1a nosepxHocTd Teia vy =0 6un0 & =0. Torna
TpaHMYHBIMH ycaoBuaMit Last ypasnenus (13,7) cayxar

c=¢, NpH Y —>0O (y — 090), (13.8)
c=0 npn $—0 (Ha nMoBepXHOCTH Tead). (13,9)

ATUX ABYX OYEeBHIHBIX YCJOBHA HELOCTATOYHO, OLHAKO, AJA TMO.TyyYCHUs
noJHoro pettenns ypashenus (13,7). [leHictBurebHO, OHO COAEPKHT
BTOpPblE MPOU3BOAHBIE OT ¢ (X, ') MO nepeMentofl § 1 nepsyio no nepe-
MeHHOR Xx.

Oas dopmyauposku kpaesoft 3anaun, nomimo yeaosnit (13,8) n (13,9),
LOMKHO ObITh 3214110 eule 04HO ychaosie. B kauecTse nocaeancro MOMHO
Hanucatb Tpeboraiie, 4ToOLl B TOYKe HAOCTaius MOTOKA HA TeJ10, TOuke
(x =0, y==0), Bulpaxende 43 KOHUEHTPAILIH HE HMCJIO OCOGCHUOCTCH,
T. €. He o6pamanock B 6eCKOIEYHOCTL W MPEACTABASLIO OANO3NAUHYIO
¢yHkumnio koopaunar. Takum o6pas3oM, HeLOCTABABILEC YCAOBNE TAACHT:

Konuenrpawnst ¢ (x, ) #e numeer ocobennocti B TouKe naGerauuns
NOTOKA Ha Teno.

Ypasnenne (13,7) npencrasiser ypasiclue THI TCrionpoBoIIOCTH,
HO € ko3(dinentom TEnA0NPOBOANOCTH, 3aBHCANM OT KOOpAHIAT H
BpeMeHu

o [rs 0 28],
HMurerpupopanue ero cyuleCrseiiiio mpoute, UCM RUTCFpHpOBaic ypap-
Hennst (13,1).
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Hanbheftinee ynpoulenne ypasHeHus (13,7) BO3HMKAeT INpPH yuerTe
TOro OOCTOATENLCTBA, YTO HAC MHTepeCyeT ero peileHHe TOJbKO BOJH3y
nosepxHocty y==0, T. e. npm Manux 3Hadenusx ¢. IDTO NO3BOAAEr
pasnaratb v, (), X) B paa no crenensM $ H OFPAHHYHBATLCS IICPBLIME
YJeHAMH Pa3JOXeHHs,

§ 14. Mudpdy3us k namaroweil TBepaoit uacrtuue

B kauecTBe nepBoro npumepa HCNOJb30BAHHA METOLA MHTErPHPOBAHHY
ypaBHEeHUSt KOHBEKTUBHOM nnddysuu, paspuTOro B npenbiayuiem napa.
rpade, paccMorpum aubdysuio k TBepaoH uacTHue, Nanaiouwekh B pac.
TBOpe. Mbl GyneM mpeanosaraTh YACTULY HACTOJABLKO Majoff, YTO COOTs

Ua
BeTCTBYIOUee 4HCAO Pe#Honbaca Re == —— (rae U — ckopocTb mnaneHms

U @ — pasMep YaCTHLB) MajO MO CPaBHEHHIO C eNHHHULLeH.

IMpn 3TOM pexxuM IABMKEHHS IKHIKOCTH BOKpPYr uacTuubl Oyner
BaskuM. Jlas cdepuyecko#t yacTHubt 3alaya O pacnpeleNeHHd cKopocTefl
B6aM3M nanaowel wactvupl Gbiia peweHa CTOKCOM M XOPOIIO U3BECTHA
non uaspanueM 3anaup Croxca.

lMosnoe peweHue 3TOH 3amaud, B HaCTHOCTH ONpelesleHHe CKOPOCTH
Kak (GYHKUHMM TOKa, NMpuBeleHO, HanmpuMep, B kHure Kouuna u np. [18)
Mb e orpaHMumMcs 3lecb JMWIb YKasaHMeM Ha TO, YTO CKOPOCTH
JKUAKOCTH, oOTekalowle#t uwacTuuy, OyZLeT NJIaBHO YMeHbLIaTbCA C pac-
CTOSIHHEM OT NOBEpPXHOCTH HaCTHUBLI H HHMKAKOrO THUAPOAHHAMMYECKOFO
NOrpaHiyHoOro cJjios BOJAM3H ee NOBEpPXHOCTH CYWECTBOBAaTb He Oyner

HecmoTpss Ha 3T0, BOJM3H MOBEPXHOCTH YAaCTHUB B KHIAKOCTH BO3-
HHKaeT NUQQY3HOHHLIR morpaHuytbit cioft. HeficTBHTenbio, kak MB

Ua
yKa3seBaan Bblwe, uucao [lekne Pe=T=Re~ Pr B wunxocru Oyner
B 10% pa3s Gosmbuwre uyucaa Peftuombaca. Ecam yuects, uto copmysiol

Crokca MOXHO nOJb30BAaThCA BHJAOThL A0 unces Peflnoabnca Rez-i.
sicHo, YTto ycaoBus Pe™>>1 n Re<€ 1 6ynyT onHoBpeMei{HO BbIMOJIHEHH
B NOBOJIbHO ILIHPOKOM WHTEepBajle Pa3MepoB YACTHLL.

[Tpu Pe =>> 1 u3ameHeHue KOHUeHTpauuy OyneT MPOUCXOLHUTb B TOH-
KOM MOTPaHWYHOM CJI0€, HEeCMOTPA Ha TO, UYTO CKOPOCTH TeYeHHS
WHIAKOCTH U3MEHSIOTCS 34€Ch MJABHO.

YpaBHenne koHBeKTHBHO# AM(Y3nH B MOTrpaHHUHOM CJoe B cepH-
4YeCKMX KOOpAMHaTax r 4 0 (OT a3MMyTa ¢ KOHUEHTpaLHd, OYEBULHO:
3aBHCETb He MOXeT) MMeeT BHI

dc vy dc 0% 2 oc
%o+ =D (G o) (4.

Tlpu 3TOM MBI OMYCTHJM B NMPaBOH YacTH YrJIOBYIO YacTh JanjacuaHs
0
r2sin 0 00

. dc
(smﬂ 5'6')' NOCKOJbKY NMPOHU3BOAHbIE BAOJb NMOBEPpXHOCTH wap?
MaJi N0 CPAaBHEHWIO C TMPOU3BOLHBLIMH MO PAaAdyCy-BeKTOpY. Mul yﬁe’
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IMMCS B LajbleHiueM, uTO pe3xkoe H3MeHeHHe KOHUEHTPALHII MPOMCXO-
AHT B CJIOE, TOJLWIHHA KOTOPOTO Majga NO CPaBHEHHIO C pasMepaMu 4a-
cTHEl., B 3TOM cayuac nuddysvonusift caoil aBasgeTcs MOUTH MJIOCKHM.
3ro o3HauaeT, 4To nac OynyT HHTepecoBaTh peulcHiust yPanHeHnus KolBeK-
THBHOR aMpPY3HK Npu 3Havennsx r, GIM3KHX K Panuycy uacTHUb a.
Ha wmanbix paccrosanusx OT TnoBepXHOCTH cdepbl (yHKUHS TOkKa
UMeeT BI
U 3 1 a3 3
—_ L sin20( e — 2 28N~ 2 Uvtsin?
¢ 5 sin )(r 5 ar + T )N i Uy?sin20, (14,2)
rae U — CKOpOCTbL mapenus 4acTuilbl,
COOTBeTCTBEHHO TaHTeHUHANLIAS CJIAraowas cKopocTH
1 ! 1 ab 3 .
v 1 Sy e, (14,3)
rsint oy asinl oy 2 a
VuuThIBas, UTO npH maaux suadcinsx ¥ (v < a)
0% . 2 0c
dy* ~ a oy
npu mnomouwn Bupawens (14,3) ypasuenue KoWBEKTHBHOH nndiyamit
B nepemenubix (¢, 0) moxio nepemicaTh B BlAe

1)0::——

1 oc . 0 . oc
;W=Dasm9(ﬁ[(asm Ofu,,)w]. (14,4)
[ToactaBass Bbipaxenie v, yepes §, HAXOMIM:
0\ o ia %77 0 = dc
(d—ﬁ>¢_Da sin OVBU—(E(Vq» d¢>. (14,5)
[paHHYHEIMU YCAOBUAMH LA yDaBHEHHS (14,5)' CYKAT:
c=0 npu =0 (112 MOBepXHOCTH UACTHILHI), (14,6)
c=¢, npu ¢ — co (Branu OT MNOBEPXHOCTH YaCTHLLHI), (14,7)
c==¢y npu 0=0, $=0. (14,8)

Mocaeniiee ycropue umeer sechMa npocto#t cmuica. Touka =0,
{==0 mpencrasaser He yTo HIOC, KaK TOuKy HaGeratus nMOTOKA KHUAKOCTH
na chepy. Copepuenilo 0ueBrao, YTO B 3TOH TOuKe uaberaiomnit nNoTok
He o6Geanen emie mpuddysuelt u ero KouuenTpains CoBnanaeT ¢ KOHLEii-
Tpauned B oOveme pactsopa.

IOns uurerpuposaumns (14,5) npexne BCero BaeaeM HOBYIO repe-
MeHHYlO .

t:Da?V?fjfsinzo(f0=9ﬁ¥i“_’<e._ ““Zf”)_{-cl. (14,9)

Toraa nosyuaeu:
dc 0 - oc
W—WO/LP 5@)' (14.10),

Mpu peuwenuu ypasucunit B yacTuuix npoussoannix Ttina (14,10),
KOTOpLIc BCTPEYAOTCS HitKe, Mul OYAeM Modb30BaTHCH MCTOLOM 10100Ms,
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KOTOpLI! CPaBHHTE/NbHO PEAKO H3JaraeTcs B MAaTeMaTHYECKUX PYKOBOAs
cTBax !). BBuly 3TOro Mbl KpPaTKO W3JIOXHM HAE0 STOr0 MeTo.a.
Ypasuenue (14,10) ocraerca HenaMeHHbIM MPU Npeo6Pa3OBaHHU Mepe.
MEHHBIX
$— M,

ot (14,11)

€CNM NpPOU3BOJNbHbIE MAacIUTabbl M3MEHEHHH KOODHHHAT CBA3aHBl MErKLy
co6oft cooTHOWeHHeM

b= )\’/a.

[Mpu npeoGpa3osanuu nepemenHuix (14,11) rpaununsie ycaosus (14,6)—
(14,8) ocraioTca HeusmenuoiMU~ [103TOMY pelueHHe KpaeBo# 3anauy
OocTaerca Heu3MeHublM npH mpeoOpasosanud (14,11), T. e. umeer mecro
PaBEHCTBO

c @ By=c(\p, \").

BBuly 9TOro MOXHO MbITaTbCs MCKaThb pewenve ¢ (Y, £), 3aBucsilee
OT TakOH KOMOMHAUWU fiELeSMEHHBIX §, £, KOTOpas OcraBajaach Obl HEH3-
MeHHOH npu npeobpa3osanuu (14,11).

Tako# KOMOGMHALHEH CAYNKHT:

n= ;‘:/a °
Vimeem, oueBuzHO,
‘ ge 2 de(w)
ot 3h dy
Oc - 1 de(m)
oy £ dy

2(VTLE)=LA(y74@)
(Vo) =1 (V15
Toncrasass 310 B (14,10), Haxomum AAsS ¢ ypaBHEHME B MNOJHHIX MPO-

H3BOLHBIX
2 dec d de
315 = w1 %)
Bsoas 13 ynobcTBa MHTErpHpPOBAHHS NepeMEHHYIO

=V

noJiyuaeM OKOHYaTeJbHO:

d? 4
4 g2 S =o. (14,12)

1) HUckmouenne mnpexcraBasger H3BecTHHHE yde6uuk A. H. Tuxomosa #
A. A. Camapckoro, YpaBHeHHa MateMarnueckoil ¢usuku, [octexuspar, 1951, cu.
cTp. 252, -
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Muterpuposauue (14,12) cosepwacrtcs HenocpeacTseHno. neewm,
04eBHAIIO,

c(z)zcg/'exp{——g-ﬁ}dz—{—cg, (14,13)
¢

3U y sin 0 ,
2= V“ I — . (14,14)
4 ‘ I
[Dtﬂ ]/— 3[4j‘ (U sin ZU) C1J

MNoctosuHble C,, C, 1 C, MOXHO ONPenenanTh H3 FPAHHUYNLIX YCAOBUH
(14.6)_(14’8).
YcnoBue (14,6) naer C,=0. M3 ycaosus (14,7) Burckact:
C, = %

(g o]

fexp {“% 23} dz

0

rae

Mocnemuu# unTerpan Buipakactcs deped ramma-¢ynxuun. On pasen

'U/‘ e_%dz:(%y/”% r(%): 1,15.

Hakowuew, BGausu Toukn naderanns noroka Ha wactuny 0==0 xoHuen-
TpauMs ¢ no/oxkna ObiTb ONI103HAUHOMK mosioKuTeabHOH dyukiuelt yraa 0,
Mpu Manbix suaucnuax 6 wis z umeem:

B0 yu
2= -

4 203 Da® T VI
[t 5+ 55 V3]

IOns toro urobul z OLIAO CYULECTBEHIIO TOMOKHTENbHOH# Beauuunon
npu Manwix 0, nyxuo noaoxnts C;==0.
[Tosromy umceMm okoHuaTeNbHO:

y— 1/— ysin0
- 4/-)11‘ sin 20

9 |/3,
)
z

c 4
czrl"gfexp{—-gza}da (14,15)
Q0

Quddysnonnnit mOTOK Ha MOBEPXHOCTH YacCTHLKL

| — Deg ]7- 3U sin 0
=D (dy )(/'*0 L15 4Da? (0 sin 20 )l/. . (14, 16)
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[1oTOK Ha NOBEPXHOCTb YACTHIK OKA3LIBaeTCA MNPONOPUHOHANbHLIM
KOHUEeHTpauun aHPQyHIHpYIOUlero BeulecTsa ¢p CKOPOCTH 4acTHULl U
B crenenn 'y, D’ u a”’*, a rakwe dyuxunu yraa 0, Tocrennss pasna
8/ 5
]/_% B TOuUKe 6.—:% n Hymo B Touke 0 =m=. B Touke 0 =0 B dop-
Myne (14,16) nosnyyaercss HeonpeleJeHHOCTb. PackpbiBas mocJenHiolw,
HAXONMM, UTO (YHKUMS yraa B TOouKe U0=0
pasHa 1.

TakuM 00pa3oM, MOTOK BelleCTBA MMeeT HaMe
6osbuiee 3HaYeHUe B TOUKe HabGeranus 6 =0, yObl-
BaeT ¢ poctoM U u.o0pauiaeTcs B Hyab Ha KOPMe
yacTuubl (puc. 16). CoorserctByowas apdexTus-
Has TOMWMHA AUPPY3MOHHOrO CJOS HMeeT BHIL

sin 26\
115 (e ) ) 4Da?
sin 0 3U

b= . (14,17)

Puc. 16. Iudpysmon- OHa pacrer ¢ yruom O, oGpamasice B Geckoneu-
Hbiii norpanKunbili cioii  HOGTH B Touke 0 ===. Camo coGo#t pasymeercs,
Ha NOBEPXHOCTH 4a- 4r0% B JNEeACTBHTEJNbHOCTH B TOYKe O=mw 3 He
CTHLBL. 06pallaeTcsi B 6ECKOHEUHOCTb, 3 j — B HY/Ab. 3a-
MeTHM, YTO ecau Obl Mbl HE MOJOXHIM MOCTOSH-
uywo C, B dopmyae (14,14) paBHo#t Hymo, 3HaueHHe G B TOUKe Haberauus
6 =0 oxasancch 661 GeckoHeuHO GOJIbIINM, a NMOTOK j Okasaics 6bl paB-
HBIM HYJIO, 4TO fBHO abCypao.

B xoxe BhiuMc/AeHH#t MH NpeAnosaraad, yTo ToJMmMHA AUPPY3IHOH-
HOTO CJ0f 0 BecbMa Maaa MO CPaBHEHMIO C pPaaMycoM uacTuusl, U3
dopmyast (14,17) caenyer, uTo npH HeKOTOpOM 3Hauenwuu O, cpaBHu-
Te/bHO OJM3KOM K T, TOMUUHA NU(PY3HOHHOTO C/NOA NOCTUraeT 3Haue-
HHsl, CPAaBHUMOrO C pasMycoM 4vacTHUbl a. B stolt o6Gnacth yrnoB usno-
eHHas Bl TeOpUs HenpuMeHuMa. SICHO, 0nHAKO, YTO 06JAACTb YrioB
0 ~m He BHOCHT 3aMeTHON nOJAM B NOJHHIA NMOTOK / BeuwlecTBa Ha
4acTHLy; OH paBeH

l=fjds=21ra2fjsin0d6=

Dcoa’* sin? 0 46
=115 4D 2/ sln"ﬂ) . (14,18)

Bblquc.neﬂne nocaeaHero ml'rerpana naer:
9, 1 4
1=1,98¢,D"U"a" (14,19)
[Moanbil moTOK BellecTBa Ha TBEPAYID 4HacTULY, ABHXKyULYlIOCS B pac-
TBOpe C MaiAbiMHu CKOPOCTHMH. OKa3piBaercs npouopuuouanbuum Cor

U”* u a”
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VIHTepecHO CTMETHTb, 4YTO AH(PQY3HOHHBIE TOTOK HAa YacTHUY He
npsAMO nponopuuonasen D, KakK 3TO uMeeT MeCTO B HeNmOABHXKHOH Cpene,
a conepxut D B Gonee HIH3KOHN cTeneHn, ITo 06CTOATENLCTBO HE ABJASETCs
0COOEHHOCTBIO PAaCCMOTPEHHOM TOJBKO uTO uacTiOH 3amayn, a lMeer
obulu#t xapakTep. B nemonBukiioft cpene uameilenue KOHUEHTpALIH MPo-
HCXONMT B 00slacTH TOpsiAKa pPa3MepoB Tesa. [IpH KOHBEKTHBHOW AH(-
¢y3Huu BeLIeCTBO MOAHOCHTCS ABINKYLICHCS MKHUAKOCTLIO OMiKe K MOBepX-
HOCTH Tesja, M 3TO YACTHYHO KOMMeHcupyeT Majnoe 3nadenne D. Ana-
JOTHYHBIHl pacueT MoxeT ObiTh mnpopeaett A8 Anddy3un K uvacTuue
nanoukoo6pasHoit opmul (cM. § 43).

Heckonbko nosnuee, 110 He3aBHCUMO OT aBTopa 3TOH KHHrH, BOmpoc
o0 anddysuu Kk nosepxHocTH cdepwl O6uia paccmorpen . A. Axcenbpy-
aoM [19], xoTopsl}t nmoab3oBaics NPHOAMKEHILIM METOAOM HIITEr pajbHOro
fanaHca BelleCTBa B NOrPAHWUHOM CJI0e C MOCJAeNyIOWHM TNpEACTaBaCHIIeM
KOHLLeHTpauud B Buae noauHoma. Ero pesyasratel B ofuiem Xopouio
corjacyroTcs € HawuMi. Jlas nmoaHoro nortoka Ha cdepy noaydaercs
BoipaxceHue, oTauuaouieccs ot (14,19) uncnosuiM  muoxunrensem 8,2
BMecto 7,98. Hyxuo, onnako, oTMeTuTh, YTO 3TO COrAacie 10 H3BECT-
HOM cTemeHH aABIseTCcA CAydYalHbIM, H Ha ero pasbope MOXKHO SCHO yBi-
JeTb HenmOCTaTKH MeTona noaunomon. [locaennudt sakmaiouaetrcs B TOM,
YTO pacnpenefieHiHe KOHILeHTPAUHH 3armUChIBAIOT B Buae MOAMHOMA 10

CTeNeHAM OL 1 nonbopom onpeneasioT KodpduiienTs TaK, 4ToOH yno-

A
BIETBOPHTL TPAHUUIILIM YCHIOBUAM:

—alEor@E @) e

rie 34 npeacTaBaseT TOMUIHY Mipdy3noHnoro caod. [lpn y==3dy
£=L’0.

HOas  Tomuunnt 04 AKCeabpyn NOJyuaeT BHpaKeHHE NOYTH BIABOEC
Goabuiee, ueMm nawe 3uaucinne 6. Onmako OGmaronaps monBopy Kosd-
duuuenrta s noaunome (14,20) nmoToOX Ha moBCpXHOCTb pasen

1=2(5),. ="

IOnaa j Axcenbpya mnoayuaeT 3Hauemiie, COBMANAOUEC C TOUHOCTHIO
10 HeCKOJIbKUX mpouentos ¢ (14,16).

CMblCJI MOJAYYCHHDLIX I'I[)OTHBO[)C'—(Hﬁ 3dKJo4aeTcst B TOM, 4YTO ﬂplié.’ll{-
XKeHue noAHHOMAMH [HacT cyuecTaeliylo norpemHocTh B pacnpcnenenuu
KOHlleHTpallHﬁ, 110 CpaBHUTEIbLIIO npasujbHO mnepegacT HaKAOoll KpH-

dc
BOH oy NpH MajibiX 3HAYCHHAX Y.

Ecnn pasmep uyacTHubl HacTosibko Man, 4to unci1o [ewsae cranonurces
MeHnblle COHHMILL, TO KOHBCKTHBHAS and@yans yxwe ne urpacT samernof
poau B nepchHoce BReulecTsa. B 3TOM ciayuyae MOXIIO ONyCTHTb KOHBEK-
TUBHBLIK usen B ypasuenun (8,8) n ono npiobperaer Biu

DAC——__"O.
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Pewrenne ypasHexusi auddysuu Kk cdepe, Moryulee, OUYeBHIAHO, 3aBH.
CeTb TOJIbKO OT paﬂ.HaJIbHOR KOOpAUHATH r W YAOBJETBOpsIOUIEE rpa.
HUYHBIM YCJaOBHAM ¢ == (0 Ha NOBEPXHOCTH YaCTHLbl M € ==Cy BAaJi Op

Hee, HMeeT Bu]
a
c=c¢Cy{1 ——=).
°( r)

Iuddysnonnnt noTox Ha NOBePXHOCTb cdeps!

. 2 D
,=D(3f-)r_a=%. (14,21)

[ToTok Ha MOBEPXHOCTh YaCTHLBl paBeH COULIBETCTBEHHO
I=4xDac, (14,22)

ﬂpn yucJaax Pe, MEHbIUUX eAHHULLB, MOXHO HAMNCATb UHTEPIOJIALHOH.
Hylo opmyay ,
/= 4n Dcya (1 40,64 Pe™), (14,23)

koTopas mnepexoaut B (I4,21) npu Pe—0 n B (14,19) nmpn Pe>> 1.
1

§ 15, Juddy3nonnsii noToK Ha NOBEPXHOCTh OOTexaemoi
fnacTHHKH

PaccmoTpuM Tenepb cayuaH, KOrJa MOBEPXHOCTbIO PeaKIUH CAYIKHUT
raaakas naacTHHka, oGTexaeMas MOTOKOM wuiakoctd [17].

3nech Mbpl GyleM paccCMaTpHBaTh Cayuat JaMHHADHOTO TeueHUs B MNO-
rpasdyHoM caoe. [TpeAnonoKuM, UTO CKOPOCTb TEUEHUs }KHAKOCTH BAAJH
oT naacTuHkM paBHa U u nycts h — QJMHA, b — WIMPUHA MNJIACTHHKH.

Mw 6yneM mnpeamoaaraTh, 'ITO IUMPHHA W AJMHA TJIACTHHKHU BECbMa
BEJUKHM TO CPABHEHWIO C TOJIIKEOA TFUAPOAMHAMMYECKOTO TNOTPAHHYHOTO
cnos. Toraa naacTHHKY MOXHO CUMTaTh NoayGecKOHeYHOH, T. e. 3aHH-
Maouwe#t npasyo noaymnockoct y=0 (x> 0), rae x — paccroanue,
OTCYHTHBAaEMOe OT MepelHEro Kpas NAACTHHKH, M Yy — pacCTOsHUE MO
HopManu. OG6TekaHdHe noayOeCKOHEUHOH TNJAAaCTHHKH KPaTKo Yxe Obljio
paccmorpedo B § 3.

Cuuras pacnpenenenne ckodocTet u3BecTibIM, NMepefneM K paccMo-
Tpenuio audhy3noHHOR 3adauu.

PacnpeneneHne KOHUeEHTpauun BeillecTBa B pacTsope Gyner 3aBHCeTb
OT KOOPAMHAT X M J, HO MOM:T CYMTATbCS He 3aBUCALMM OT KOOpLHM-
HaTHl 2, OTCYUTHIBaeMOH momepex MNJIACTHHKH.

YpasHenne koHBeKTHBHON AHDPY3uH B JaMHHADHOM TNOTPAHHYHOM
C/I0e HAa MOBEPXHOCTH NJACTHHKH UMEeT BUA

. 0c¢ dc 0%
vwb—x-i—’vy‘a;:[)m. (15,1)
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0%
B npaBOf YacT# 3TOr0 ypasHeHHs OMyLICH dJcH g Kax Maaulfi o cpan-

d?c
HeHHIO C 55 {cp. (10,6)].
Kounouemm CKOPOCTH Uy, I v, onpexeasiorTcs pasaoxcinisimu (3,39)
u (3,40).
3ameTuM, uyro o6a uiena B nepoM uvacTH ypasHenus (15,1) umeior
oOHH M TOT >e MOpsAOK Beanuyunnl (Kak 3to mokasano rtawoxe B § 10).

. oc
XoT KOMIIOHEHT CKOPOCTH U, Man MO CpaBHelHio ¢ v,, Npou3soanas a7

oc
SHAYMTENILHO MPEBLILIACT MPOH3BOANYIO == . B pa6ore Jtikena [13] nay-

yanacb KOHBeKTHBUAA ANPYaus K MOBePXIOCTH MAACTHUKI 1 OO BBE-
neso ypapuenne (150,1). Onmnako B Hem 6e3 10CTaTOYNBIX OCHOBaHHH

dc
vy YTO M NPHBEJSO aBTOPA K OIIMOOUHLIM BBIBO/AM.

B stom naparpaq)e MBl  OFpalMIUMCst  BBLIUKCAEHUEM MPefesibHOro
Andpdysuonuoro noroka, Tak 4ro OYACM CUHTATL CKOPOCTb peaxuiH
6eckoHeuno GonblIOK MO CPaBHEHHIO €O cKOPOCTHIO audpyaui. [Toatomy
TpaHuyHble YCJAORNS B nallHOM ciayuae OyayT:

Ol omyuien unen v,

¢ =c, npu y— oo,
c=0 npu y=0. (15,2)
IOns peweuns ypasnenns (15,1) Bocmoabdyemcst oGuiitM  MCTOROM,
pasBuThHIM B § 13.

MMoxncrasnsa BMecto v, U v, ux supaxenus (3,39) u (3,40), uepes
$ynkunio toka ¢ (3,26) naxoaum smecro (15,1)

=B (VE5), (15.3)
rne
a\" o
@Z?—(%),T—U—-- (15,4)

HCHOJIbS)Yﬂ H3MOWKEHHBIR  BHIUIE METOH4 aBTOMOACALIILIX pCUJCH(Iﬁ,
6y113M MCKATHL pcuictiice, BBOLd HOBYIO nepeMennyio

e 1 UyE
’7:——7/2_4}‘_“——27 U«_,}C (15.5)
(_%_) OU)exs
Umeem, ouennio,

dc __dcon__  Wh 1 dc
dx__onox Vi 1a : !
Jx  Onox 4x7s (_;_) Uyh on
dc _ Oc 0n _ 1 | 1 Jc
9 = om0y s s “on”

oMoy T 2 iy (i) coye O
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[Tpoussons Hecnoxuble Npeo6pasoBaHHs, HAXOAUM:

dc (v de -
() r—o s
ToncraBass 3naveHue B, HAXOAUM OKOHYATELHO:
d2c 0.
.,]2+ 92 D 71 "'_ (15.7)

VnTerpuposanue Beipaxenus (15,7) naer:

1
c=C16[exp {—-—;—Dv— }dz-}——C

[pannunpie ycnosus (15,2) nossonsioT HaiTy MOCTOAHHBIE HHTErPHPOBA-
st C; n C,. OxoHuYarenbHO AJH

C U, pacnpene/eHus KOHUEHTPaLLUK
‘€(X, y), YAOBJETBOPSIOUIETO ypPaB-
Henuio (15,1) npH rpaHuyHBIX yCJ10-
r Buax (15,2), naxoaum:
g 4 (x' y) =
25
- Uy
1 ‘ 4 —2- Sz
‘; JT7 ¢ f exp {—0,22 Pr 2%} dz
DI 7 =L ' .
Puc. 17. PacnpenereHne KOHUEH- f exp {— 022 Pr 23} dz
TpauHMH H KacaT€jbHaa cJaarapowas
CKOPOCTH Y NMOBEPXHOCTH NJAaCTHHKH. 0

(15.8)
VuTerpan B 3HaMeHaTesle BLIPAKAETCA Yepe3 raMma-(GyHKUHMIO; OH paBeH
[oo)
. f eV at 1 [‘(-1—)
3

3 0,89
_0.2 3 d =0 T =~ ; s ®
6/ exp (=022 Pr ) Az = ey = 0z Prye  022Pr)

V%
s
c(x, y)= (0—2%%)&’ f exp {—0,22Pr2%) dz. (15,9)
0

[TosTomy okoHuaTenbHO

I'paduyeckoe BbluMC/eHUe MHTerpPasa NPUBOAUT K 3aBHCHMOCTH € OT V—_-
x

CXeMaTH4eCKu mpencTaBneHHoOH Ha puc. 17.
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M3 puc. 17 scHO, YTO NPH JaHHOM 3MAYCHHI X KOHILENTpalLis GpcTPO
BO3pacTaeT C POCTOM ¥ 1 JOCTHTaeT 30aueHHs, MpaKTHYCCKIl CORMALII0-
wero C Kolueurpaituell B To.ule PacTBOPA €, Ha PacCTosil & OT nia-

CTHHKH, rle
1, v
%3([3) ‘/[’]i (15,10)

PaccTosune & npefcTarancT ToOMMHNY AHPPY3UONIOTro MOrpanitiioro
cJIos Ha njactHike. JLleBcTBHTEIbHO, MPII NOMOIIM  pachapeaesnciits Kou-
ueHTpauuu (15,8) Moo onpenc. it AMPPYIHOHILIA TOTOK 1A MIACTHIIKY.
Ox pasen

. (0 _Dcn(o,'ZQPr)‘/a‘/”T B o0V U («; s
1=D(5), ="V () asan
Toawwuna anddysuonnoro caos mMoxker OLITL Handcana B BHAC
s DCQ D /s _,? D '/3'\
6—7,\,3<T> UNO,G(T) 24 (15.12)

(3g — TO/UMHA THAPOAUIAMHYECKOTO TIOFPAHIYIOTO C/I09).

Tomuuna apPyanonnoro caos Ha MOBEPXIOCTH TIACTHIKA B OTH-
yde OT TO/MUMHLI AUPPY3HOMIOro cjios Ha NMOBEePXNHOCTH BPaLLAIOLLECrOCs
OWCKA OKa3biBAeTCH 3aBUCsIIER OT pac-
CTOAHHA 1O TMepeanero kpag mia-
CTHHKM M pacTyulelt nponopuuonanbio

V; . VInLiMu ctoBaMM, pasanunbie Tou-
KM mJaacTiHik, 00TekaeMoR MOTOKOM
XKHUIKOCTH, HE PaBHOJOCTYNMHH B uHb-
dysuonnom ortHowenun (puc. 18).

TaHrenu1aabiibif  MepeHoc  BCiIc-
CTBa NBHXKYIUEHCSI »KHIKOCTbIO BeChMa L
CyutecTBEHHO yBeanunBacT pderTs- z
HoCTb auddysnonnoro noroka. Lud- p,. g Iupdysnonnuit motoK na
bysuonubtit notox y mepentcro  Kpas pazauunniX  paccTOSIHHAX 0T Kpast
tactTuhku Ooubuic, uUeM  y  3aniero. TACTHIK,
Pasymeercst, 'y camoro nepenitero
Kpas, Ha paccTosimsX MCHLIUNX 6, KOFAa TFUAposimaMudeckits norpa-
HUUHBIR ciioft enle we chopmuposan, (opmyna (15,11) nenpumenuma,

3aBHCUMOCTI, NPelenbllor0 NMOTOKA Ha MAACTHHKY OT Beauuni D H v
HMeeT Takoll e xapakrep, UTO M B Ciaydae Aucka. [lpeacabinmit nMoTox
Ha nuaacTunky nponopinonanc ckopoctm notoxa U B crencnn 1/,
A TaKxke OOpIATIO MPONOPILIONAACH KOPIHIO KBAAPATIIOMY 113 pPaccrosi-
HHA 10 Kpast MIacTHHKH.

Mpu paccvorperu nidpyams 1a BPANLAOURMCS JUICKE MBI YCTAHOBRHIH
nonobue Moy Jutddysnounpid i CIPOAIIANHUCCKIM  HOT PaiiibiMi
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cnosiMd, DT0 noaobue HMeeT MeCTO U NPU 3aMeHe IHCKA MIaCTHIKOH,
I KOTOPOH CrpaBelJHBO paBeHCTBo

a=3(%)l” T 06(2 )"ao.

Mosnubi#t AMpdy3nO:iHbBI NOTOK HA MOBEPXIOCTb NIACTHHKY MONYYaeTCs
MHTerpHpoBanueM /;, NO MOBepXuHoCTH. DTO AaeT:

o= [ Juydx dz=0,68 Deyp (+ ) V. asay

3aMeTuM, YTO MOC/elHee COOTHOIIeHHe C HeCKONbKO APYrUM YMCJIO-
BbIM KO3(¢duumeHToM 6bl10 noaydyeno Kpyxuanuuim [20] B cBA3K ¢ Ha-
XOXIeHHeM ‘TernIOOTIAYH OT MAACTHHKH, OOTeKaeMOR JaMMHADHBIM MOTO-
koM. Onxako B pa6ore Kpyxu.aunHa mnpumeHsiacs rpy6o NpHGIHIKEHHLIR
MeTON pacuera, B KOTOPOM pacrnpeiefieHHe CKOPOCTe# M TeMmmepaTyp
B MOTPaHMYHOM CJI0E aNnpOKCMMUpyeTcs mnoJuHoMamu, [Tockosabky no-
n06Has anmpoKCHMauMs HMeeT COBEpLIEHHO NPOM3BOJNbLHBIA XapakTep,
OHa BHOCHT HeompeleleHHyl owuOKy B pacuer. IT0 npuBeno Kpyu-
JMHA K HEeNmpaBWJAbHLIM BbiBOAAaM, Oyaro dopmyna, 6Ju3Kas K Bbipaxice-
nuo (15,13), ne#icteutesipna ana Bcex Pr>0,5. B neficTBuTebHOCTH
oHa cnpaseaauBa Jauwb npu Pr>> 1. Tlostomy cxoacTBo dopmyn no
U3BECTHOM CTeneHH ciayuafiHoe.

§ 16. Ananorus Mexxay KOHBEeKTHBHOH NHddy3ueit
M MOBEPXHOCTHBIM TpEHHEM

B § 10 Mb oTMeuanu yxe, 4TO pacnpene/eHHe CKOPOCTe# Teuelus
WUAKOCTH V H KOHLEHTPallMH BeulecTBA ¢ OMHCHIBAIOTCA CXOIAHBIMH ypaB-
Henuamu, CornacHO ckasaHHOMY B § 1 ypaBHeHUs! rHAPOAMHAMHKA MOXKHO
TPaKTOBaTb KAaK ypaBHEHHd COXPAHEHHA MJIOTHOCTH HMIYJbca,

AHanoruyHo ypasHeHUsi KOHBEKTHBHON nud@ysun npelcTaBasioOT ypas-
HEeHUs COXpaHeHHs KOJMYecTBa BewiecTBa, MPHYEM MOTOK BeulecTBa mMepe-
HOCHTCA MOJekynapHo# anddysuett n Konpeklueft.

Ecau HanucaTb 3TH ypaBHeHHss B BHAE YypaBHeHHH nOrpaHHYHbIX

cnoeB ) R
(4
vzt 05 =55(5):
0V, 0y 1 0( 0V
”0x+ Y9y ~ p dy FW)’

TO B MPaBO# yacTH 06oux YpaBHenuit GYAYT COZepKATbCS MPOM3BOAHLIE
ABYX MOTOKOB: MOJEKYaAsSpHOrO MoToKa Audpdysuu

, 0
Juoa = Dbﬁ
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H MOTOKA HMMIYAbCAa, NEPCHOCHMOTO MOJIEKYJ/SIPHBIM TPCHHCM, PaBloro
cuJie MOBEPXHOCTIONO TpeHus, aeicrByioutelt ta 1 c.u? nosepxuoctu
0v g
dy *

B neBoft wacti of6oux ypapicHuit co1epmKaTCH BHIPAWCHHA, KOTOPHC
NPencCTaBIIOT AUBEPreHItMI0 KOHRCKTHBHOTO MOTOKA €V H MOTOKA M-
nyJabca v (pv,), HCPCIHOCHMOTO KOHRCKIHCH MHAKOCTIH.

T:p,

L
Ecau 6o 3inaucmis pesiun v:% n D 6uiay Gan3ky apyr K JApyry,

MeXI1y ToJeM CKOpOCTeH M mojdeM KOHUeHTPaHi B norpannyiom ciaoc
cywecTBoBaza Obl nomnas ananorus. Hywio npu sTom nmers B Buuy.
YTO CKa3aHHOe OTHOCHTCA K NOrpaiuuiioMy C/010, B KOTOPOM X-KOMNO-
HEHT CKOPOCTH BeMMK NO CPABHCHHIO C T,, TaKk YTO MOL MOJEM CKOPO-
CTeH MOHMMaeTCs nosne KOMROHeNTa U,. MiubiMHi C10BAMH, B NOrpaiHyHoOM
cJjioe TIPHM BHINOJHCHUK paBelicTBa v=—=1[ Obl10 Gh TOXAECTBENHOE pac-
npenesjeHyue BeJHUYHH U, 1 ¢. I3 nelcTBUTCABIOCTH, OXHAKO, B IKIAKOCTH
v>>>D, Tak uTO NOJHOH aNaNOTHH MCXIY pacnpeleneHieM U, M ¢ e
cywecTByeT. Tem He Mciee, H3BecTHOE MOROGHE MeXAy HIMH BCe e
nMeercs. KOMMOHEHT CKOPOCTII v, H3MCHACTCS OT 3HAueHHs, PaBlOTO
HYJI0O Ha MOBEPXHOCTH TBCPAOrO Teaa, 1O ckopoctH U HeBO3MYIleHHOTO
NOTOKA NpH Y =8, rae 8, — TOJIULHIA THAPONMHAMHUCCKOTO (MpanaTies-
CKOT0) MNOTrpaHH4yHOro cJaos. AHANOTHUHO ¢ HM3MCHSCTCS OT 3HAYCHHS
¢==0 Ha NOBEpPXHOCTH PeaKUHUH [0 €==C, NPH Yy~ 0, rae d— Toj-
wuHa AuddysnoHiioro norpanuunoro cjaos. Ilpu 3ToMm, kax OGbin0 noka-
sano B § 10, o6e sddexTiBiibic TOMUHIL TPOTOPLUHOHAILHB APYT APYTY.

Hanpsbkenwe Ttpeuns (cuaa Tpenus, aeicrsyionias na 1 cm? mopepx-

HOCTH TBEpPNOrO Te/1a) BLIPA3HTCS BCIHYHION n‘opruuca
U,
TR,
Yo
a audpdysnonnbit noTox

T =~ D 'C;JQ .
[Mockoabky o nponopimonaabno 3y, Beeraa
j,lmm, == T,
HAW, npu nepexoac K noanod naomant,
I=F,
rae F=fﬂ:dS, nirterpat 6epercs M0 MJOUALH TOBCPXITOCTH PeaKiMH.

B xaucctpe npumepa anaitorun Moxay IHODY3UOHHLIM HOTOKOM H
HanpspkeneM TPCHHA PACCMOTPHM  OTH BeAHuliibl B cayuac oOTeraeMoft
nnactuHkn. Buuncacime [eM. (3,36)] npHBOaHT K cieAyloiueMy Bobpa-
XeHuIo pnjs NoJanol ciuni Tpewis (OTHecewiof K oano#t cropoxe mnaa-
CTHHKH): o

F =0,664pb /U,
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CpaBHuBas c HalieHHBIM Bbllle 3HaueHHWeM /np, HMeeM:

Iy - 32 (%)%F. (16,1

Bgonsi Bmecto cuabt Tpenus F koapouument conporusienns K, Ha.
XOLMM:

KfCOUS .
~L =, 16,2
" opeh (16.2)

Takum o6pa3oM, Iy, MpONOPUMOHANLHO KOIPDUUHEHTY COMNPOTHBIIE-
uus K, MOTOKY BELIeCTBA, NEPEHOCHMOrO HeBO3MYLIEHHHM NOTOKOM, coU
H TNOBEPXHOCTH naacTHRkH S. KosgpduuueHTOM npONOPUHOHANIBHOCTH
CNYXHT BE€JIHWYHHA —Fp .

. 2Prs

CoBepuwieHHO Takoe >ke BbIpaXKeHHe moJyudaercs U Ansg auddysion-
HOro MOTOKa Ha Bpawaouufics nuck. Takum o6GpasoM, ecau uepes K,
0603HaUUTL COMPOTHBJAeHHe Tena JM060H ¢opMbl, TO ¢opmyna (16,2)
onpenenser AuPY3UOHHEIH NOTOK HAa 3TO TeJO.

[Tpu Pr==1 Hacrynaer noiHoe moaoGHe Mexiy NepeHOCOM BellecTsa
U UMIYJbCa M

: Kf Fey

Ly = eUS =77 (16,3)

Cnenyer umers B Buay, uto ¢opmyaa (16,3) cnpasennvBa JMuilb A

Ten o6tekaemMolt gopmbi. Ecam Teno umeeT HeoO6TekaeMyl0 ¢OpMYy M Ha

$1eKOTOPOM DACCTOSHHMHM OT TOUKM HaGeraHusi IPOMCXOLHUT ABNEHHE OTPHIBA,

T0 ¢opmyna (16,3) xapakrepusyer Andpdy3uoHHBH MOTOK TOJBKO HA TY

4acTb MOBEPXHOCTH, KOTOPas MNPOCTHPAeTcs [0 JMHMM OTPbiBa, T. €.
0o0TeKaeTcsl NaMHHapHEIM MOTOKOM.

§ 17. Pemenne ypapHeHHA KOHBeKTHBHOH nuddy3uu nas naacTuHku
npu CMemaHHOA KHHeTHKe')

B cayuae peakuuu nepBoro mopsuka no KOHUEHTPAUMH, HAyUled CO
CKOPOCTbIO, CPaBHHMOR CO CKOPOCTBHIO IONAYH PEAreHTOB K MOBEPXHOCTH
NJACTHHKH, TPAHMYHBIM yCiaoBMeM npu y =0 LOJXKHO CIYKHTb YCAOBHE

de
D(—) = ke, 17,1)
['paHnuHOe ycnoBue Ha GeCKOHEUHOCTH OCTAeTCS TeM XKe, 4YTO W TNpH
yucto auddy3uoHHo#t KHHeTHKe, T. €. MMeeT BHI, MPEACTABJCHHBI{ Bbi-
paxenuem (9,1),
: c—>¢y, npu y-—> 0o, (17,2)

1) Cosepicanne 9TOro M CACAYIOULEro Maparpaa OCHOBaHO Ha paGote [21)
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IOas pewenus 3anayn neo0XoANUMO 321aTh AONOJNHTENLHOC YCIORHC,
COOTBETICTBYIOUIee HAUAILIIOMY YCI0BHIO B vpasueunu anddyamt. HHvenno
g maockoct x = 0, B KOTOPOH JexnT Touka naGeraunst MOTOKA 1A Ijaa-
CTHUHKY, AO/DKIO BLIMOIHATLCS YCIOBHE

c=¢, npiu x=0, yv=0. (17,3)

Moayuennoe pauce pemcie (15,8) aroMaTiueckil YAOBACTROPIIO
nocaeflHeMy TpeboBanHio.

IOas  naxokaeHus pacmnpencacHus KOWMCHTpalti Npu  cMeranno
KHHETHKe HeoGXOooMMO H A0CTaToUuio HaliTH peutenne ypastienns (15,1),
YLOBJAETBOPSIOICE VKA3AMILIM rpannuneiy yeaosiay [21]. B arux easx,
T. €. IJd moayyelna peuenis ypapienda (15,1) ¢ HOBLIMIT FpatiyitbiyMIn
YCAOBHAMH, BBCEM MNepeMceHibie

x [T KN
::-gi;,\ /‘, (P:l/lil)

Torna ypanneune (15,1) npuser st

dec

0%

Lo (17,4
¢ ¢

ATo BBIpaXKelWe [BJAACTCH YPABHEHNEM, CXOINWM C ypasienieMm TCNAO-
NPOBOAHOCTH, C TOH aAuwb pasnuuefl, uro B Hem koadhduinent auddy-
8HH 3aBHCHT OT nepemennoft o. Bupawewo (17,4) mowio npuiath 60-
jee ynOOHBI# BUI, BBOAA HOBYIO HepeMmelnylo

2

2 = ?'/'q‘

Toraa yxazauiioe ypasueuuc (17,4) Oyner uMctb CJACAYIOWHA BUA:

1 dc dc
+3204 0:" (17.5)

Ypanuenue (17,5) Ouwao noapobno uccaenonano s paGore Carroua
[22], B xoTopol paccMaTpHBAIOCL HeckoabKo Gosce obniee ypasuciie

0% 1—2pde __dc
0z z 0z 0% (17.6)

Mpu p="1/, w3 (17,6) noayuacrcst (17,5), npu p='/,—ofnimioe ypashe-
HME TenaornpoROAHOCTH.

Hast virerpupopaius ypastenns (17,6) Cyrronos Ouia pazsur obuinit
MEeTon, aHa oruulilil TCOPIM HHTEr PHPORALNS YPABUSHHA TCHAONPOBOIL-
HocTH, mpentoxennoft Typca.

Otchintas 33 moApoBHOCTINMI K opurinaibuwy patotam [ypca n Car-
TOHA, OTpaHYHMCA ML CAMBIM  ODILHM  ONMHCANHeM 3TOrO0 METOLA Ha
npumepe ypasuedus (17,5).

Mpencrasuym nekoMyio Gpyiruio

¢z H=2hSC 2.



102 KOHBEKTHBHAS NIH®®Y3HS B XHAKOCTAX [ra. u

Toraa S, 2) nomxua yu.os.nemopa'rb y PaBHEHHIO
028 1 OS 03
Tz S = (17,7
AT0 ypaBHEHHE C DPa3NeNSIOUUMHUCT NEPEMEHHBIMH.
Ero pewmienusiMu cayxar, HanpuMmep, QYHKUUH

l \
- E-p) A _aE-p A
e * Jigy (5, 2); e J_y, (—5. z).

rie N\ M p— NPOU3BOJbHEE NOCTOSHHbE, a Jyi, — dynkunn Becceng
uaaekca ——1/;1). Ha ocHoBe 3THX ¢YHKUMHA, ABAAOWMUXCA PelIEHUAMK
ypaBHenus (17,7), MOXHO nOCTPOMTL ABa (YHAAMEHTAJIbHHIX DelleHHs
ypasueuus (17,7).

Has sHbopa Q)yunamemanbuux pewenrfi ya1o6HO BOCNO/Ib30BAThCA
CBOACTBOM MHBADHAHTHOCTH ypaBHeHus (17,7) oTHocure/bHO npeoOpaso-
BaHHA

E/._)_E‘:!"_P.; Z’—)-g;
2
/ l RYED) __I_ _Z
el TS (s 1)

Aro o3uavaer, 4TO ecaH S(E, 2) ABaseTCs pewienueM ypasHeHus (17.7),

—]——. ——2—) TaKKe sB/feTCd
E—p'E—p

2
TOo ¢yuxuns S’ =3 _1_ e 4G-0 . S(——

pelIEHHEM 3TOTO YpaBHeHHs.
Bu6epem B kayecrse gynxuud S oaHy u3 Gynxuuii:

Si=exp(—F) I (35) -

Sz=exp( A E)] x,x(;f),

rie A\ — NpousBO/NbHOE UMCIO U [1y, — Pyuxuus Beccens Muumoro apry-
MeHTa uHLexca ——1/,. Toraa Mbl MOJyYuM NBa pelieHus ypasHenus (17,5),
KOTOpLie B jpanbHefimeM OYyLyT UMeHOBATbCS (YHLAMEHTAJIbLHLIMM pelie-
HUSIMM 3TOTO ypaBHEHUS:
22422
Vhgh o =

X
X, 2(2 2; X, p)___ TE— )e 4 (E—p) [i'/s{_————Q(;_z_P) }r

rie uHAeKC 1 OTBeuaeT BEpXHEMY, a WHIEKC 2 — HHXHeMy 3Haky Oec-
cesleBOM (ynkuuu. PyuiameHTasbHble (YHKUHH Y1 o OnpeleneHbi ¢op-
myJoff nuwb mas § > p. CarToHom nokasaHo, 4TO npu §€.<p, 2> 0 o0e
3TH (YHKUHUM DaBHBI HYJIO.

dynnamenranbubie GyHkunu x; »(§, z; X, p) YAOBAETBOPAIOT YpaB-
wennio (17,5) npu moGLIX 3HaueHHSX NapaMeTPOB X, p U B 3TOM CMbiCe
MOFyT paccMaTpHBaThCA KAK (YHKUMH yeTbipeX NePeMeHHHX — NepeMen-

N Ly (x)=i="J, (%)
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amx (€. 2) n napamerpos (A, p). [Tocrpocuue dyiaaMenTaTbibX Gy HK-
unut ¥y, 2 418 ypasuenus (17,5) ne sasasiercs 4eM-auGo cnelHHUECKUM
H MoxKeT ObITb aHanorHuHo nposenpeno Aas oGuiero ypasuenus (17,6).
posee TOro, npu p=!/, MOXKIO aHaAOTHUHLIM OOpPA30M NOCTPOUTH (yHHa-
MEHTa/bHOE pelleHHe YPABHEeHHS TenJ0NnpoBOAHOCTH, €CAH MpH 3TOM
BOCRONbL30BAaTbCA CBOWCTBOM GecceneBulX (yHxuu# /4y, KOTOpPHe BLIpA-
KalwTCA uepe3 runeploqauyeckue cunyc W wocuuyc. [lpu 3rtom mnoay-
yaercs:

_ (=2
o 4 (5—p)
Y= V———’——“‘( Y §>op.

C noMowpbio  ¢ynnaMcHTanbusix  GYHKUHA ¥y 5 MOXIO MOCTPOUTD
pelmeHne Kpaeno# samauu, cpssauHoft ¢ ypasuenuem (17,5), t. e. HaltTn
peweHue ypasiteuus (17,5), ynonrierpopsionice HeKOTOPOl cucreme rpa-
HHUUYHBIX YCAOBHH.

HMNmenHo, noctpoum ¢yHKiu0

CE 2= f[A(x. P 11+ B0 )72l [P Oy ) A +4-Q(n p)dpl. (17.8)

rae x, W y,—Qynaaseutansbuuie petenns ypasucuus (17,9), a A, B, P
B Q— QYHKUMH napaMerpos A, p, HITErPUpPORAUUC BCACTCS [0 HEKO-
TOPOMY KOHTYPY B moaymiockoctd A > 0. Bubipas kontyp uurterpu-
poBaHusa u ¢pyuximn A, B, P 1 Q nomxkueyM o6pa3oM, noayuaem peie-
HMe KpaeBo# 3anauu, yrosiaerpopsioutee ypasuennmio (17,5) u sanannoht
CUCTEME TrPaHUUHBIX YCJIOBHI.

O6wuft MeTon peulentds Mul TPUMEHHM 31cCb K (OPMYTHpPOBaNioh
BblllE CHUCTeMe rpannutibix yciosulh. Ipyro#t npumep Hcnonb3opanus
sToro Merona OyacT JaH I1hpke. AHAZOTHUYHOE peulciiMe KPacBLIX 3amay
AN TEOPHUM TeMJONpOBOAHOCTH MO0 naltn y Typca.

BriGepem B Kauecte nytu unTerpupoBamis npamyio p==0 W non0xHM

AQL 0)P (O 0y =X"f, ()

B, 0)PQ., 0)==2"f,0).

Pyuxuvn fi (M) 1 f,(0) Oyaem [as TMPOCTOTH CwiTaTh HCMPCPLIBILIME
H orpaHuyeHHLIMH npu A — ~o. Toraa Haxoanm:

€G 2D =cG )+ 2=

(7 Al

- ne)” e Cxp{ — IR () o+

0
a0

- / fo ()) z =l exp : — E:l S I, Cf) a., (17.

~n

8]
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rae ¢;(§, 2) u ¢y (5, z) onpenensioTCs NepPBLIM M BTOPHM CJlaraeMbly
COOTBETCTBEHHO.
IMokaxeM, YTO MOXHO TaK ONPENE]IUTb Heu3BeCTHole dyHKUuH f1(X)
U f,(\), uToOH yNOBJETBOPHUTH TPAHHYHHIM M HAuyaibHOMY YC/IOBHAy
(17,1)—(17,3). Tem camubM 3anaua OyIeT NOJHOCTbIO pelieHa.
lpexcae Bcero, 3aMeTHM, 4YTO B mepeMeHHLX (2, §) OyaeM HMeTh;

. dc . de (8, 2)\ 0z 9y —Ysntfs s v, 0c-(§, 2)
lim D(—) = lim D( ) =278 lim (z fs ————) .
y>0 \0 2> 40 0z )ogoy g 2> +0 0z

INosroMy cucTeMa rpaHMuHBIX M HayaJbHLIX YCJIOBU nepemuiieTcs B BHAe

2“‘/3@‘/.&"/: lim (z'/;. e f)e;z)):k lim C(E, 2), (17,1')

z> +0 z> +0
lim ¢ 2)=c, (17,2)
Z2-»co
lim ¢t 2)=c,. (17,3)
E>+0

-

Kak 6u0 nokasano ‘Corronom, dynkuun ¢ (¢, 2) n ¢, ¢, 2) odna-
AawT CaelylouluMH cBOHCTBAMH:

I. lim c,' 2§, 2)=F(2).

1. 11m c, Z(E z)= lim f(2) ¢G> 0.
2-» 00
, . y 0C €, 2) . v df
/._1,_2___ — 1y 2L .
T ECTC R R R
Iv. lime¢, €, 2)=0 E>0).
z2>0
. v 0¢q (5, 2) 2h [ =\ _ .

. 2\ 22 — 3 .
Lol e 6>

o WIS .
r—@offz(mp)e tp~hdp (5> 0)

VIL. lim { 2's M} 0 ' ¢ >0

z>0 0z

VL. lim ¢, (§, 2) =
z2>0

I
[TocnenHue vernipe cBOHCTBA Cpady NOJAYHalOTCH, ECAH Pa3/IOKHTE
B pALbI li'/’(QE) H TNOACTaBUTb B HHTerpajbHble BhLIpaweHHsa A%
¢, (G 2) u el 2).
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Ceo#ictBa I u Il nokasmiBaioT, uTO
Eiimc(i, 2)=f, (&) +f,(2) = ¢y,
lim ¢ (3, ‘.)_ llm f1(2) -+ lim f,(2) =c,.

2> z >0

Takum o6pasom, ycaonimst (17,27) u (17,37) OyayT ynorjieTsopennl, €CJi
NOJOXHTb
L) =co—fL (M.

OcTtaercsa nono6path f, () Tak, urobLl YAOBJAETBODHTL OCTapiieccs yC10-
sue (17,1).

IMoacrasass B (17,17) spaucuist BXOAAUNX B HEro Beaiuil, yUHTH-
pasg cso#ictsa IV—VII n yuurnidas (17,27), naxoanm:

B/a 5—/’ fx(OV: e~?dp = Oo[/ "“fx(QV )Je-n ~'dp.
QP(s) / " ( )i

(17,10}
M3 sTOro cooTHOWeHHA JACrKO ONpefesuTh neussectiyio Qpyuxuimo fi (2).
Monoxum

wl e

p=f t=ri [ QVD =0

TOrna

[ee]

BT (%s)

21 (_;.) J
Wnterpupys ciepa no uwactam n noaaras ¢ (0) =0, noayunm:

B'/“I‘(2

oK1 ( z‘

. dt
g 0 e—ut df — '/‘ [CO '—x o N1 e—ut t_‘_/_a
0

fp (#)e— dt—j [co— o ()] e~vit="5d

OTKyla cJichyeT, uTO HCkoMasi Qyuniinst o (£) spasercd peuienies And-
$epenunansiioro ypanueuis

‘ 2
a1 —_
“r(z)

ot

YaoBaeTBOpAOWMY HauaabioMy ycaopuio o (0) =0. Jlerko naltnem, uto

¢ (O) = ey — (O] £,
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:(3)e

Iae

dynkuus obieranus
12 [ _.s....'_./_’.]
o=¢(F)=colt—e™n 7],

Tloncrasasia 3Havenue f, (f) B moJyyeHHOe BHpaxKeHue, HaHIeM 3HaueHwHe
¢yukuun ¢ (&, 2), ynosnersopsiowet ypasHenuio (15,3) ¥ HauanbHOMy
u rpasuuHomy ycaosusm (17,1), (17,2). Ha cBoticts f; 4 dynkuun f,
clenyet, 4To

T ath

1im C(E, z 2 f e—w e—tlky='s dt,

z>0 (3_) H
_i (EP)’/‘

lim ¢ (§, 2)—.—"2—-/(3 2 7 g =p p='h dp.

z>0 1‘(-3-)0

[epexons K MOTOKY Ha MJACTHHKY j ¥ KOOpAHHaTaM (X, y), MOJYyUHM:

Han

A
J(x 0)=——k%)—/e_7t “te'h g, 17,11y
r(3)s

The nJii KPaTKOCTH BBEleHa 6e3pa3mepuaﬁ BeJMUYHHA Y

L _o(g)e (7.1

(5

Pasnaras nonmHTerpajbHBIR MHOXHTENb e~1th g PAlL, MBl MOJYy4uM
ans j(x, 0) BbipaxeHue B Bule PANa MO CTENEHsM Y, CXOASILMMCS IipH
Bcex 3HaueHuAX 7. OnHaKkO 3THM pasjioXeHHeM HMEeT CMLICA NO/b30-
BaTbCH TOJBKO B OOMACTH MaibiX 7, 3anNuchiBas j B Bule

j (%, 0)=;‘_Z%;—)[P(%) r(3)5+T(3)F—5R). a7.19
roe

2

0

[ee]
] s AN
R, = fe"t’°[ ey Wt ...]dt.
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npn 6OMbIINX 3HAYCHHAX T HYXHO NOJb30BATLCH ACHMIITOTHUYECKHM
pa3J/10KeHHEM (17,11). Ilposenem B (17,11) sameny

Tt"/3=u.
B HoBOH nepemenio#
Pt 1\ /y
J(x, 0):-13-52’—“—fe—~e (" . (17,14)
T p(2).
L (3)0
("
Bocno.bayeMcs Tenepb pasaoxenueM B psa Muowiteas e '/, orpa-

HAYHUBAaAChL TpeMs 4djellamu

N
Ug) ¥

_‘_T—s.%[‘(g)___.r—"/aésn], (17,15)

—u 9, 1 (u\" 1 fuy""?
Ss—‘/ﬂe 'ut[l——;l—(-%-) 4?0(7) ——...]du.
0

Cwmblca moaydennuix peumenu#t sicen ua caeayioniero: j(x, 0) Bbipa-
¥aeT TOTOK Beutecrsa, npuxoasuufics na 1 ca® naacrauin. Boanan
Kpasi nJacTMHKH TOTOK ONPeacAscTCs HCKAIOUNTEIbIIO CKOPOCTLIO XIMII-
Yeckoft peaxiua, Ilo Mepe orcrynacuiiss oT 3TOro Kpas npioOperact
3HA4YeHHe I CKOPOCTh KOUBCKTHRIOTO MePCHOcd BeleCTBA B OKHAKOCTIL,
flcHo, oanaxo, uto Buipaweie naa j(x) Tuna (17,13) cranonurcs Henpu-
rOoAHBIM NpH MOOLIX 3nauchigx X. JocraTouilo naneko OT Kpast naacTIKIL
Onaronaps ofeaHenHio pacTBOpa peardpylouliiM  BCHIECTBOM CKOPOCTH
KOHBEKTHBHOTrO Mnepeioca 10/KHA yrnacTh. Ecait cKopocTb KONBEKTIHBHOH
MOMAYH BelCcCTBA ynaaeT A0 3HAueINIH MaakX MO CPABHEHHIO CO CKO-
POCTBIO peaxiiMi, TO OHa TpeBpatiTCca B (DAKTODP, JIHMUTHPYIOUMHE CKO-
poCTb CyMMapHOro npouecca. I3 3TOM cayyae MJIOTHOCTb MOTOKA LO/KHA
€OoBManath € MNJIOTHOCTBIO MApPefeabloro AN (py3noHIoro noToKa, BbIUM-
cneHHo#t B § 15. [lpewse yem peanuayeTcss 3TOT npefeablblift cayuvatt,
HMeeT MecTOo HeKoTopas npomexyrounas o6aacth. MartemartHuecku tepe-
Xom OT oano#t of6jaacTH K NPYyrofi MpOMCXOAMT NMPH 3HAYEHHH napamerpa
1==1, npu kotopom psin B (17,13) cxoaurcsa ouenb MerIeHHO.

ITpencrasisier ewe HITCpPeC 31HAMCHHC BCAWUMHBL O,

s __Dlca—=c(x, 0)]

j ’
KOTOPYIO MOXHO Oblo Oul Ha3paTh 3pdekTusHolt ToauuHo#t auddysuor-
HOrO MOTPAHHUIOr0 C105 U KOTOPas COOTBETCTBYEeT Onpene/ielio 3Tol

BeJIMYMIL, nanioMy namu pamce. Ona  Takke HaMcufeTcss nNo  pas-
HBRIM 3akonam 7npH  pasupix 3navennax x. Jleficrsurennuno, w3 (17,1)

roe
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n Buipaxenus mias j(x, 0) B popmyne (17,13) caeayer, uTo npu 7 <[ }
TOJMILMIA MOrPaHHYHOro cJosl paBua
. I ( T‘ ) 1D

~

ON‘*Q——. (17.16)
1 <~3—)k
[Tpu Goapwux 7 afa 8 uz (17,1) n (17,15) cazayer:

. 2 2\ ¥
o,\,?F(?)?D, (17,17)
YTO COBNajaeT C BblpaxceHHeM O, NaHHLIM B § 15 Ias cayyas npenenbe
HOro notoxka (T. e. k —» 00).

CpaBuuBas ¢opmyast (17,16) u (17,17), BHAHM, YTO OTHOLICHHe

K03 (PULMEHTOB TPH —L— pasio okono 0,7. MubiMu ciaoBamu, TOJILUHHA

NOrpaHuyHOro AUQPQPY3HOHHOrO CJOS M3MEHAETCS MO pasiMUHLIM 3aKOHaM
Ha PasjMYHLIX yYaCTKax MJIACTHHKH M 3aBUCHT OT 3llaYyeHUs OTHOILEeHHd lk.
Pasnnune B 3aKoHe I/ u3MeHeHHs! & CBSI3aHO C Pa3jHYHEM B POJIH KOH-
BeKTHBHOH NOJAYH BelleCTBA BAOJb W MEePNeHAHKYJSPHO K NJIaCTHHKE Ha
pasHblX ee yuyacTkax. B ssemenrapuoft teopuu Hepucra teopus nundpoy-
3HOHIOTO CJI0A CUMTANACH XapaxkTepHOH BeJHUYHHOH, 3aBUCSLLEN B KpaltHem
C/liyyae OT CKODOCTH [BHMEHHA XuAKOCTH. Kak OblJO NOKa3aHO Bhllle,
sjeMeHTapHas Teopusi HepHcra okasaznach HecocrosteabHolt. Touio Tak
)Ke paHee HAMH Y)Ke OTMeYaloch, 4YTO TOJUMHA AUPPY3HOHHOTO CJO%
3aBHCHT OT CBOKRCTB AHdPyHAUPYIOLIHX YacTHL (KOdbduLHKenTa anddysun),

B rteopun Hepucra cuutanocb, uTo aubPysus NPOUCXOAUT TOJNLKO
HOpMa/JbHO K MOBEPXHOCTH peakumd. B § 15 Bonpoc 0 poan HOpMasib-
HOrO ¥ KAacaTeJbHOrO0 K MOBEPXHOCTH peakUUH TPAHCMOPTA BelleCTBa He
MOr OblTb BHIICHEH, MOCKOJbKY Mbl OTPaHHUHMJMCH TaM JUIUb NpenesbHbIM
CiyyaeM XMMuYecKo# peakuuu smo6o# ckopoctd. M3 Bripaxeunit (17,16)
u (17,17) caenyer, uTO 3HAYEHHE TOJILMHEL AUPPY3MOHHOTO CJOSI 3ABH=
CHT ¥ OT KOo3hduuuenTa AupPy3un U CBOACTB TEUEHHs (4Uepe3 BeJHUMHbL [B)
H OT PacCTOAHMA OT Kpas miacruHku. BOausu kpas (7 <€ 1) npuobpe-
TAIOT 3aMeTHOe KOJIMYeCTBEHHOE 3HaueHHe HOPMAJbHBIR M TaHreHuHaabHbIK
nepeHochl BewlecTBa. [Ipu 3TOM 3 WMeeT BesMUMHY, OnperessieMyio Ghop-
mysno#t (17,16). Braaun ot kpas (7>>>1) pactsop BOAH3H NOBEPXHOCTH
naacTHHKM ofenned auddysvefl K nNpeabinywuM yuactkam. [losTomy
3lecb OCHOBHYIO pOJIb HIpaeT HOpPMaJbHBIM 1EepPeHOC BEelwecTBa K nonepx-
nocTH. DTO WM MPUBOAMT K PA3NMUMIO B 3HAYEHHAX O NPH MaibIX 11 GOMb-
X T.

§ 18. Peaakcanus auddysuonHoro npouecca

Baxknoe sHauenue /18 BbisicHEHWS CYLIHOCTH Tpolecca KOHBekTiiBlioH
andpdysnn B MUAKOCTAX [PENCTaBASET H3y4YeHHe TAKUX HUPPY3OHHBIX
3ajmay, KOrja pasHble 4YacTH PeakUHOHHOM noBepXHOCTH 06JsanaioT pas-
JuYHbIMM  cBOAcTBamu. [logo6HOro poaa sagaud, Kak Oyner ykasaHo
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HMIKe, MOTYT TNPEeACTaBJASTb 1C TOJAbKO NPHHINNNAMLHBLIA, HO JI NpPaKTiI-
geckHi HHTEepec.

Ipeacrasum cebe, nanpuMep, NOTOK KHUAKOCTH, oOTekawouiel momay-
6eCKOHEeYHYI0 MIacTHHKY, Ha TOBEPXHOCTH KOTOPOH pacrsopelnoe Be-
(eCTBO BCTYMaeT B peaklHio K lcyeszacT. [lpeamoaoxumM npm 3TOM,
9TO peaKuusd MNPOUCXOAHT JHIIb Ha YACTH TMNOBEPXNOCTH MNJIACTHHKH,
B OCTAJbHLIX e MeCTax 3Ta peaxllis HCKYCCTBelHo 3aTopmoxcha. [las
KOHKPETHOCTH NpPennoNONiM, YTO paBHAa HYJI0 CKOPOCTh peakind i,
CNenoBaTeNbHO, MJIOTHOCTL notoka j==0 na nepeanefl yacTH noBcpX-
HOCTH npu x < h,, rae h,— paccTosiiie, Hu3Mepennoe ot Touku Hale-
raHus noToka. DTy UICTh [OBCPXHOCTH YCJHOBHMCS HA3HBaThb JaKHDO-
BaHHOM. Haumnas ot Toukn x =/, 1 npu Goaplnx 3sHavemsix x Oynem
CYUTATb, UTO HMMEET MCCTO INPCARIblibIH pexuM Ha NOBCPXHOCTH nja-
CTHUHKH (c; =0).

YlcHo, 4TO Npu x, 3HAUMTCILHO TPCBLILAINKX f1,, HaaudIe JaKu-
POBAHHOM YacTH MJACTHHKM ne OyICT CKasbiBaTbCS 113 PEIKHME TOAAYH
BELLeCTBA M HAa nMaacTuiky OyleT mocTynarh npeacavuuifl angyanounnii
NOTOK.

C npyro#t croponwl, mpH anaucnusx X, OAM3KHX K f5, K nmopepx-
HOCTH nJjacThHkn Oyj1eT NOIXOAHTL MOTOK pacTBopa, He obeanchiinifl
andodysnelt K yuacTiam NMIaCTHHKH, Je/KalluM Buie no notoky. [Tostomy
Ha HEKOTOpOM yuacTtke mnaactuiku auddysuonunift noTox GyLeT 3aMeTHO
npeBbIWATL NpefebHbii.

Yacrte naactainki, na kotopoh OYLeT npolCXOAUTL yCTaloBJcine
peXuMa npeueiabHoro Toka, Mol OyiaeM  Ha3niBaThb - pPeaakcallioiniof
o6nacThbio.

Mpl HayHeM paccMoOTpelne peaakcannonHorod AN Qy3HonHoro npo-
iecca co cayuas noayOeckoHeunol NAACTHHKH, 0OTeKaeMOH MHAKOCTLIO.

Huxe MBl paccMoTpum psaa APyrTHX caydack peaakCanMoOHIBIX TMPo-
leccosB.

Hameft wneapio 6yner HaxomacHue pacnpefescius KOIHILEHTPaL i
B peJlakcauHoOHHO# o0sacTH M onpejcleHdHe ee NPOTSHKEHIIOCTH.

Kak MBb yxe ykaswiBany, OTIHUNTENbHOH OCOGEHHOCTBLIO Ppefakca-
UHOHHOM 006sacTH #p/geTCd TO, UTO TMNCPeNoC BCILECTBA TAHTCHLHAMbIION
caarampoulet cKopocTH AacT 3acch, Ooabiuuil Braal B noaHbl# auddyanoi-
HBIH 1NOTOK, ueM B 00JaCTH YCTAHOBLBIICTOCA TPEAEAbHOrO [PexIMa.
ITosTOMY aeTaiblioe PACCMOTPEHHUC PEIaKCalHOHIIONO NPOLeCcca NO3BoaseT
OILlEHUTb pOJib TAHTCUUHAABLIIOTO ICpCHoca REUeCTBA B NPOLCCCE KOH-
BeKTHBHOMN nuddysun.

PaccmoTpum, npexje Bcero, DBOIPOC O pa3Mepe penakcaunotnoft
o6slacTu C TOYKH 3penus Teopuu Hephcra.

B Teopun Hepncra kuakocth B npegenax  audpysHonioro  c.os
CYHTaJlach HCMOABMXKIION 11 TICpCHOC BeIIeCTBA OCYUIECTBISIACA MOJICKY -
aspHo#t auddysnelt. Harnune nakupopaniiol 4acT niaacTHHKU, HA KOTO-
Po#t 3aTopMoOKena peakuus, HaMenseT YCJOBHA ANPPY3N 112 PACCTOAHIN
opsaka pasMcpop AuPy3noNoro cos. 34CCh BEUICCTBO ANPDyuanpyCT



110 KOHBEKTHRHAA IHSSY3IHA B KHAKOCTAX [rn. u

n3 HeoBelHeHHOTO pacTBOPa HE TONBKO B HOPMAJbHOM, HO H B TalleH-
UMANbHOM HAMNpaBieHHu.

Ha paccrosnun x > hy—8 OT Kpas MJIACTHHKH COFJAClO TEOpun
Hepuera pomien ycTanoBuTbCS npeiedbiibih pexum.

Mnave BLIFAfAuT penaKcauHouubil RPOUECC B cBeTe TEOPHH An(dy-
3HOHHOrO NOrpaHHuHoro ciof. [lis HaxoXAeHHs pacnpeleieHHss KOH-
HeHTPaUuH W AHGPQDY3HOHHOrO NOTOKA HEO6XOAMMO HaHTH pellieHue
ypaBHEHHs KOHBEKTHBHOH Jiud(Py3un K NOBEpXHOCTH MaacTHHKH (15,3)

£ po¢( gi) (18, 1)

IPH CAeAYIOMUX TPAHMYHBIX YCJAOBHAX:
1) norox BeuiecTBa Ha JAaKHPOBAHHYIQ YACThb MAACTHHKHM paBeH HYJIO,
TaK 4TO

3_;.——_:0 npu y=0 (x < hy), (18.2)

2) Ha OCTa/JbHO# NOBEPXHOCTH TJACTHHKH HMEET MeCTO YCJ/OBHe
ApefesbHOr0 peximMa

¢c=0_npu y=0 (x> hy), (18,3)
3) BAamu OT nnacmm;:;i KOHILEHTPALMsd pacTBOpa
c=¢, npu y-—>oco, (18,4)
4) B Touke Haberanus, npu x =0, y=0,
¢ =¢,. (18,5)

Ina nonyueHus peuleHds KpaeBo# sanauM BBeneM B ypasHenuu (18,1)
HOBble MepeMeHHble @ M §, CBA3aHHBE C X U ¢ COOTHOLICHUAMH

E:%px’/.' “P’——Vl{_)" (18,6)
Torna ypasueuune (18,1) npuobGperaer Bux
de 1 0%
X7 g (18,7)
B 3THX nepemeHHHIX TPaHHYHbIE YC/NOBHA NPHOOPETAIOT BHA
c—c¢, NpH ¢ —» 00, (18,8)
0 1 .,
£=0 npu £ <z BhY, =0, (18,9)
c=0 npn E> LBl ¢=0. (18,10)

MoxHo mnokasarb, 4TO CQOPMyJIHPOBaHHAas KpaeBas 3amaya umeeT
eAUHCTBeHHOe pewenne, Ec/n eAMHCTBEHHOCTb pelUEHHA LOKa3ana, TO
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caMO pelicHHe MOXHO Oyaer nafity, BOCMONB30BABILNCL PEIUCHHEM aHa-
JOrMYHOf 3a4aun O npelejbloM pemuMe Ha Bcelt miacTunkel).

Ilepexons X pewendio Kpaesol 3anauu, HanmuilieM, Mpexpe BCCro,
pelleHre NpenenbHOM Kpaepoll 3amauu, T. e. peulelne 3anain o AHp-
¢y3un K nonyGeckoieunolt naacTuike, Ha BCel MOBEPXHOCTH KOTOPOH
HMEIOT MeCTO YCJAOBMA TPCACALIOTO peKHMa B TepeMeHHHX ¢ u & Jro
MOJKHO CclenaTb, TpOH3BOAS 3ameny nepemenunx n dopmyae (15,9).
Onnako ynoOliee MOJAYYHTHL pelleHle TpeaeibLHof KpaeBol 3azaud B ne-
peMeHlbX ¢, § HenocpencTsenio.

I'paHuulBIMU YCAORHSIMH C.IVHKAT:

c—cy npit @ — 090, 18,11y
c=0 mnpn ¢=0, (18,12)
c=c¢, npu &=0, ¢=0. (18,13)

Bynem nwitatsca nafitn peuwenne ypannennsi (18,7) npu rpammunnix
ycaosusix (18,11)—(18,13) B Bune dyukuun nepemennoft

TIpOU3BOAS COOTBETCTBYIOULYIO 3aMeny HepeMentbiX, HalleM RMCCTO:
(18,7)

& paeit=o. (18,14

Peuwiennem (18,14), yropaersopsioltuM rpanuutipis ycaosusam (18,11) —
(18,13), cayxur:

~

e~ d\

O

by
T S—
=l

e d), (18,15)

np ==

e~ d\ 3

7V

_ /
1, (1.
r(5)

Ck_ﬁg

rae unnelc\t(/qp 0311AYaCT, UTO pelielnHe OTBEYaeT MPCAENbIIOMY PeKHMY.
Tak xax ypasuenne (18,7) MHBAPHAHTIO OTHOCHTEALHO 3aMelibl § Ha
§—+ const, 10 mapany c (18,15) dynxuus

©
P (E+const)s
,

¢ == 20 / e~ M dx
3iy)

') TlpuBoanmuic HuKe pe3yabTaThl Ads penakcaudH Ha NJAACTHHKC GblaRM
noayuennt H. Il. Meiimanom B 1947 r.
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Takxke fBASETC pelleHueM ypasHenus (18,14), yaoB/AeTBOPAOILHM, O4-
HaKo, APYTUM TPAHHYHBIM YCJOBHSIM.
Bribupas const paBHo#

const = — % Bhy*,
™Mbl 10Jy4aeM (QYHKUHUIO

- ¢
)}9— (E...% th’/c)l/;

¢ =l_1€(01_) f exp {— M} ar,

3 \3 v

KOTOpAas, KaK eTPYIHO BUAETb, MpeAcTaBaseT pewenue ypasuenus (18,7),
YHOBJCTBOpPsIOWEe IpaHuuHbIM ycaosuam (18,11), (18,12).

Bosppawasc, OT nepeMeHnbX ¢ M § K NEPeMelHbM Y H X, MLI TO-
JyudeM MoJioe pellleHUe CMeWaHHOW TpaHu4yHON 3a4auH 4 ypasHelus
(15,1) npu rpanuuHbix ycaosusx (18,2) —(18,5)

[ o e . o npu x < Ay,
R (Y D
C(x. y)= co ‘(44)
Vi j exp (— )¢t~ ls at npu x >h,.
) s
(18,16)

Jlerko nposepuTb, YTO OnpejeneHHas TakuM o6pasoM QyHKLHUS Helpe-
pbiBHA BMecTe CO CBOMMH TPOM3BOAHLIMH NMPH BCEX 3HAYEHHAX X H Y,
KpOME KDHTHUeCKOR Touku (x==hy y=0).

Hudpdepenuupys c(x, y) no y u 3sacrasass y — 0, Haltgem BeauuHHy
AnPPy3uoHHOrO MOTOKA NpPU X > A

j . 0)=D(§—j)y_o=;§¢r2“l)71;[ (1,,0;3:]1/, —. (18.17)
3

Cile10BaTeILHO, OTHOLIEHHE WCTHHHOrO IOTOKAa K MpelejbHOMY AH(-
¢ysuoHHOMy onpeneasercs GopmyJoh
j(x,0 1
Jap [1 (ho\’/.]'/.
%)

I h
Taxkum o6pasoM, oOTHOIIeNHE j/j;, BaBHUCHT TOJNBKO OT OTHOLIEHHS —;0

(18,18)

[pu 3HauenusiX x MOPsSAKA Ay — OAMHBL JAKKPOBAHION YACTH — TOK OKa-
3LIBAETCS CYlIECTBEHHO 60/bIHM MpefenLHOro. Besnuuna j ene 3ameTHO
OT/HYHA OT j,, Ha AniWHe X, COCTABAAIOWICH ABE-TPH L/AMHLI JAKHPOBaH-
HOMt uwacTu Ay

Pasmep o6nactu penakcallud OKa3bLIBaeTCd HMEIOWMM TNOPSLOK Ay
Takum o6pasoM, B OTAMYME OT BLIBOJA, MOJYYEHHOrO 1A OCHOBE TeO-
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pun Hepncra, BAMSHME /aKMPOBAHHOM YACTH NPOCTHPAeTCH Ha BecbMa
6oNbIIOE PACCTOsIHHE, MOTyLiCe HAa MHOrO MOPSAKOB BEJMYHHBLI TPCBLI-
WaTh TOMUHHY NHPPY3HOHIOTO Ca0s 8. DTOT pe3y bTaT MMeeT NPOCTOH
CMBIC/I: Ha Yy4acTKaxX, NpPHIeralowHX K JaKHPOBAHHOH 4acTH f,, MIacTHHKA
o6Tekaerca neobGeanenHbiM noTokoM (puc. 19). [MockoabKy, Kak MBI yiKe
YKa3blBa/IH, TaHrelUHaAbIbI!t TepeHoc BelecTBAa HrpacT CYUCCTBEHHYIO
ponb,  MAOTHOCTL  MOTOKa

3leCb 3HAYUTEbHO NpeBHILaeT ga
MJIOTHOCTb MNpesebHOTO Mo-

TOKa, T.e. MaKCHMa/bHO BO3-
MOXXHOTO TMOTOKa MNPH HOp-
MaJIbHOM K NOBEpPXHOCTH Iie-
peHoce BewlecTsa. JIMwb npi

3HaYMTEJLHOM yaazelud ot [~ hy _"{
NaKUPOBAaHHOM  uyacTH, 1A

PACCTOAHHUAX, HA  HECKOMb-  pye 19 Myrpommmamuueckuii u andysmnon-
KO NOPSAKOB  MPCBBILAO-  jipifi mOrpaHHunble CAOH HAa AAKHPOBAHHOI>
WHX  TOoAwMHY auddysHon- NAacTHIKE.
HOTO cn0f, pacrtBop o0bej-
HAETCS HACcTO/LKO, YTO OCHOBHO{ MEPEeHOC COBEPINACTCS B 1I0PMANbIIOM
K TOBEPXHOCTH HAMPABJCHMH H MIOTHOCTL TOKA CHHIKACTCS 1O Jpp.
Takum oGpasom, MOXIO npuiTH K OGILEMY BLIBOAY, YTO TaHreHUHATb-
HBIt mepenoc wurpaet OGosabiuyio posb B 0OlieM IiepeHoce  BelileCTBa
K MOBEePXHOCTH. [3 CKa3aHIoro scHo, 4TO MOBCPXHOCTb MOXKHO CUHTATh
paBHOAOCTYNHOK B AHP(Y3HONIOM OTHOWCHHH TO.ILKO B OCOOGHIX, HCKJIO-
YUTEJbHLIX Ccayyanx. Bo Bcex ciyuyasx, KOraa‘TaHreuuHaiLHLIH nepeHoc
BeLleCTBA MrpacT poJb R CO3MAHHIL [0JHOTO {AHPPYIHOHIOTO MOTOKA,
NMOBEPXHOCTL e  aBjAfeTCst  pasuogocTynHoR. [IpeucOGpexccuue TaHrew-
LHANbHBIM NEPEeHOCOM H 3aMeHA peasbliblX YCJIOBHU MPCANOTOMKCIHEM
O PaBHOIOCTYMHOCTH MOKET NMPHBOAHTH K CYUICCTBCHHBIM MOTPCLIITOCTSIM.

Paccmorpum  Tenepn apyro#t cayuait peaaxkcallHonnoro nporecca.
HMmeHHO, paccmorpiM pemakcaunonnbiif npoiecc ha BpailaioeMcs gucke,
BHYTPEHHSI1 4acTb KOTOPOro ABJASCTCSl «JIAKMPOBAIOhy 1),

IMyctb paanmyc «iaakupomaniioit» uacTh papen R.

Ypasnenue KoupexTisno anddysmin nmeeT sui (11,24). TMepexoan
OT nepeMeHHLIX (7, ¥) K HOBbIM nepeMennbim (P, 7), rae ¢ — pynkitis

TOKa, HaXOaMuM:
dc 0 —dc
= :Dr — | r /' - |-
ar oL Ve ol
TMoacrasass 3nauchuc b, 1MeeM:

Jc 0 —oc
=155 (V¥57)- (18,19

T

——

1) 3anaua ara GOuiaa peucna no naweii npocuGe P. M. 3aiincacm no mcroiy
H. H. Meiimana.
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B HoBuLX NepeMeHHbIX TFpaHUYHbIE YCJIOBHSI WMEIOT BHI

c—c, npu $— o0, (18,20)
c=0 npu ¢=0, r>R, (18,21)

(7]
—5%=0 npu $ =0, r <R, (18,22)

ByneM nbiTaTbCs MCKaTb pellleHHe KPaeBOH 3alauW, cCuMTad, 4TO pacnpe-
IelieHHe KOHLEHTPALNH 3aBHCUT OT NepeMeHHOH

e ‘7-31 Vr“’. (18.23)

Toraa ypasuenue (18,19) npuoﬁpeTaeT BHI
l d2c
3 dx '2+ 2
PeluenueM ero, yaoBieTBOPAIOUIMM I'PAHHYHBIM YCIOBUAM NPeleNbHOTO
pexuMa (18,20)—(18.22), CAYXUT B COOTBeTcTBHH C dopmysnoft (15,9)

Ve
91 r T

c=ﬁ°1_ / e dl=—3621— /'e—ks d\.

1\ - : 11 i ¥
(3) 0 ( )°

[Mockoabky ypasHenue (18,19) MHBApHAHTHO OTHOCHTENBHO 3aMeHH

r — r -}-const, pewenuem (18,19), ynoBieTBOPAOWUM FpaHUUYHBIM YCIO-
Busam (18,20) — (18,22), asasercs

z

5 )" E" C@Y
c(r, 2)= 3 e~ g\
o/

[updysuoHHEIR NOTOK Ha noaepxuocu J1MCKa PaBeH COOTBETCTBEHHO

o T> Re
=D(3’§)z.,o= :)61 %) l/—*<1_§"> e (18,24)
, < Ro.

OGuue BHBOIB, KQTOPHE MOXHO CAe/aTb M3 MNOJYYEHHBIX GOpMyJ,
COBMNAjalOT C PacCMOTPEHHBIMU BBIlE N CAyyasds NOAyGeCKOHeuyHOH naa-
crukn. OO6nacTb peiaKCalMd HMeeT MNOPANOK BeJMYHHBl panuyca
«JIARMPOBAHHONY» HACTH HOHCKA.
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HnTepecHo paccMoOTpeTh Cayyal, KOTaa noBepXHOCTLIO peakiHn cay-
KHT KOJBUO, HMewluee paauyc R, W wupuuy AR 1a noBepxHOCTH AnCKa
(npH STOM AR € Ry).

TIAOTHOCTL TOKa HAa MOBEpPXHOCTh KOJblA nactcs ¢opyyqaoft (18,24),
a MONHBI# TOK 1A KO.IbUO paBcH COOTBETCTBEHIO

R.+AR R +AR
. 2nrdr . 3\ IR IA Y,
1=Jo [ I =i —RY" | SRR AR
3
r R,

MB BHAMM, 4TO MOJNLIH NOTOK [ mpomopuuoiaiell panuycy koanna R,
p creneHun 4/,, a ero wupuie AR — B crernenn 2/;. 310 06CTOATEILCTBO
geNlaeT KOJbLEBYIO MOBCPXHOCTL BeChbMa BHITOANOW C TOUKH 3peiisg no-
ayvyeHus Goabmx aunddyaonnnx noroxos. [lefcrruteanno, ecan G
BCA TORCPXNOCTL Jicka Onina paGoucl (peaiitonnolt) nopepxunoctLio,
TO HA KOJbLO TOM ¢ nosepxnocTh nocrynan Ou anddysnoninit notox

Io==2%j,R, AR.

7 37t R\

CocTaBHMB OTHOLUEHHE

MB BHAMM, 4TO npu Ry, > AR [>>>1/, Hinke, B § 56, Oyaer omicana
sKcnepuMeHTdabhas nposcprka dopmyn (18,24) u (18,25).

§ 19. MopeanpoBaHue reTeporeHHbIX XHMUYECKHX peakimii

Bonpoc o MoaenupoBanuu XHMHYCCKHX mpenpauleniit 1eoIHoKpaTio
obcyKnancs B XHUMHUCCKOH Jaurepatype [23—25], 110 OKOIYATE/JIbIONO
pelleHHs OH N0 CHX TMOp Iie MOJyuMI.

PaccmorpuM, mpexwste Bcero, 1a 0CHOBe TeOpHH NOA0GHS pCaKILMH,
Hayuire 1o uucto avddysioniof KiHeTHKe, T. €. BONPOC O MOAEAHPO-
BAHMM TIPOILECCa KONBCKTHRIION anddysiu.

Kak Bcerna, mer OyieM u3ayuyaTh cTamiionapinil poxiuM TeucHus u
npouecca audgysimn. B kauccrre MacwiTaba waMmepenis KOHICHTPaILHi
BeleCTBA B MKHAKOCTH BO3bLMCM BEJIUHIY KOHILEITPAIL BAAAIT OT NOBCPX-
HocTH peakuuu ¢, Toraa ypasiciis THAPOAHIAMHUCCKOrO It AHPHYIH-
OHHOrO MOTpPAHUMIOrO CjA0st MOFYT ObiTb HauMcaln B 6C3pasMepHoOM

Bune

av. Ve 0P | 1 0V,
Ve Voo = ax T ke om (19.1)
aC oc 1 0C 9
Vv Ve oy = ove (19,2
Tae X Ul (1
=L, Re=- mPe=-y

Co
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[paHHuHble YCJIOBHSA HMEIOT BUL

Vy—1 npy Y —oco; (19,3
Veo=V,=0 npu V=0

C—1 npu Y —>o0; (19,9
C=0 npy ¥V =0. (19,5

B ypasnenna (19,1) u (19,2) BxoadT ABa ONpeneisiOWHMX KPHTEPH
Re u Pe; Bce ocraibHble Ge3pa3mepHble BeJMYHHB SBASIOTCS Wy

pyHKUHAMH.
Bumecro Pe mowno BBecTH kpurepu#t I1panartis
Pe v
Pr = Re=D"

Beenenue renmumnnl Pr uMeer TO MpeHMMyIECTBO, YTO OHA 3aBHCH
TOJIbKO OT MaTepHa/ibHbIX KOHCTAaHT, HO He OT PexuMa TeYeHHs.

B nuddysnonnbix 3azauax OCHOBHON HHTepec mpelncTaBaseT AHdpy.
3MOHHBIA MOTOK BellleCTBa C eNMHHLBI NoBepxHOCTH. Ero Ttakwe ymoOOGH
BBECTH B Buie Oe3paaMepHOro KpHTepHs, Onpefe/uB AHD(y3HOHHHR
noToOK HWAM AudpPy3noynbft kpurepuit Hycceabra Nu coorHowenvem

Dc
Jap = —72 Nu,
T. e
l f
Nu = DCO jnp- (19.6)‘
Kpurepuit Hyccemvra cssisan ¢ uarasatiol  seanunnoll — 10OJLLLHHO
AUPPY3HOUIOTO HOFPANNULIOrO CJ0sI COOTHOLWCHHEM
1
Nu=—. (19,7

T
Kpurepu#t Hycceabra npu  HauHbIX TeOMETPHUECKHX Y CITOBHSX
apasercs Gydxunett onpeneasiownx kpurepues Re u Pe wim Re u Pr

Nu = f(Re, Pe), (19,8
Nu = ¢ (Re, Pr). (19,9

Yaue npuMensercs nocjeiHee BbipameHue.

HyxHo euie umeTb B BMAY, 4TO C/elyeT pas/jMuaTh JOKajbHble U Cper
Hue 3HaueHus Kpurepus HycceabTa, MOCKOJAbKY ju, 3aBUCHT OT TOUKH
B3TOR HA NMOBEPXHOCTH peaKUuH; B Pa3HBHIX TOYKAX MOBEDPXHOCTM MOMKeE!
OHTL pa3anuHOe 3HAYCHHe JOKa/ibHOro Kpurtepus Nu, onpeieJeHHOM
¢dopmynoit (19,6).

Bmecro JokanbHoro kputepus HycceabTa MO0 BBecTH cpenuud
kputepu#t Hycceabra, onpeneneHubifi npu MOMOWM CODTHOWIGHHS

L1 (19,10

N = De3
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rae I,,p==fjnp dS 1 S — nosepxnocTs peaxkiuHH

Nu =" (Re, Pr). (19.11)

Bua dyHKuHonansiiolt sasucumoctn ¢ (Re, Pr) Gui1 suiuucaen naMi
A/ HEKOTOPHIX ClyuaeB B MPCALIYIHX naparpagax.

IlepefineM Tenepn, K Bonpocy o Oe3pa3MepHblX napaMerpax, Xxapak-
TePU3YIOLWHX FeTePOreHNyi0 XHMHYECKYIO PeaKuHio, HAVUYIO B TPOMEKY-
rouno#t obOaactu. B stom cayuae rpanmuHoe yciaonme (19,5) nomkumo
6LiTb 3aMeHeHo ycaosuem (9,6).

Paccmotpiim crieppa cayuaft peaxiunt nepnoro nopsiika. Torna iseem
BMecTo ycaonusn (19,5)

D(—(zf-)zkcl npu  y=0. (19,12)
oy -

Besuuuiinl, Bxofsiide B rpandvunoe ycaosue (19,12), ne apasiorcs
HE3aBUCHMMBIMHM, M 3HAueHHe WX ONpenesscTCs MITerpHpOBAalMCM ypaBile-
HU# ABMenns.

Ipu nepexofe K GC3pasMeplLIM  BCHHINIAM YN0 MMETb B BH-
ay, 4to

de

¢
~-L wo e -“.
Jdy 0 [

Moatomy nns nepexona k GespasmepiiiM  Beamuunam ycaosuce (19,12)
caenyetr chopMyaupoBaTh B BHIE

p(s) DLy
0y Jy=0 L o\ oY) )r=00"

Torna
ocC
W:)‘C npu Y =0, (19,13)
rane Ge3spasMepubilt mapamerp A panct
kI 3 kl
)x:—L—)--T:T)— -f(Re, Pl‘) (19,14)

Buiuncaenuam § 17 otseuaer ¢ynkuns f(Re, Pr) miuna Re™” Pr='h.
®ynkuus A (Re, Pr) onpeneisercs M3 peuleHus 3a1aud O KOHBCKTHBHOR
mddysun (ducto anddysnonnoro pexxuma). Mapamerp M spaserca onpe-
Ressiouinm Ge3pasmepHbIM KPUTEPHEM, MOCKOALKY OH MOCTPOEH U3 BeJiH-
YHH, 3ajpapacMbiXx no npowussoay —rk, [, D i ¢yuxiwm ot Re wu Pr.
BHaueHue h MOKeT OHTHL pAsAMUBLIM 11a  PABNLIX TOUKAX TIOBCPXHOCTH.

Onpenedennbit  TakuM  006pasoM kpuTepuft L Qurypuposan  vie
B § 17, rne Ouin suscien ero (u3dueCKHH CMBICT: OH TpeacTasset
OTHOLUEHWe CKOpoCTe# Mpoiecca XHMHUYEeCKOro mpesparuertist (KoanuecTsa
YacTHl, pearupyionux B 1 cex npu ¢,==1) kK ckopoctn npoiecca aud-
bysuu uepes norpannunuit caol 8 (KOJAHUMECTBO UACTHIL, MOLXOASULITX
32 1 cex Kk 1 cu® noBepXuocCTi, KOrAa KONIEHTPAlHs pacTBopa ¢y == 1).
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BespasMmepiias CKOPOCTb TFeTEPOreHHOr0 Npouecca Ha eaHIHUE Tos
BEPXHOCTH
Nu = ® (Re, Pr, }). (19,15

Ormerum, uro ¢yuxuus P orwoas He cosnazaer ¢ ¢ (Re, Pr),
Bxomsiet B Buipawenue A uucaa Hyccenbra B ycaosuax 4HCTO M.
Gy3vOHHOH KHMHETHKH.

[lpu naHHOM 3HaueHun Re W Pr ona Moxer OuiTb pas3iuiHa, ecCJhy
KpUTepHit 7 uMeer pasubie 3HaueHus. [Ipumep TOMy Obla NOAPOOHY
paccmorped B § 17. Bui0 MOKka3aHo, UTO Y| HE TOJNbKO 3aBHCHT O
BEJIMYMHLl £, HO MOXeT HM3MEHATbCA OT TOYKM K TOYKE BAOJb TOBepX.
HOCTH.

I'pannynoe ycaosue (19,15) MOXKHO cpOpMyaHpOBATL KAK

(g%)ho S (19, 16)

the OcapasMepHLIfl KpUTepu#t T paBeH

kL3 m-1 _ Rlc!

T=p7¢% =—p5—fRe Pr. (19,17
Nns GespasmepHOR CKOPOCTH PEaKLUMH HMeeM:
"Nu=® (Re, Pr, 7). (19,18)

Pusnyecku#t cMbICKT T B 3TOM Ciyuae MOXeT OBITb CTOJb e HarJisiIHO
HCTOJKOBAH, KaK 3TO MMeeT MeCTO A/ peakUUd MepBOro Nopsiaka.

HyxHo 3ameTuTb, UYTO CXOAHBlE C 7 KpHUTePHH ObAM Npel/OXeHH
HpbakcrnoseiM. OnHako ykasaHHuih aBrop Opajd B KauecTBe KpHTEpHA
noo0Hs OTHOWIEHHe BPeMeHH AHPQY3HH K BpeMeHH peaxunn. Uro asrop
NOHMMaeT MOX BPeMeHeM peaklud, OocTaeTcs He Bnoine sicHbiM. Kpowme
TOoro, JIbSIKOHOB HIrHOPHPOBAJ BO3MOMHYIO 3aBHCHUMOCTb BBEILEHHOTO
KPUTepUf 7 OT KOOPAMHATH X HA NOBEPXHOCTH, a CJELOBATe/NbHO, W OT
IBHXKEHHS KHAKOCTH.

§ 20. BuyTpennns 3apaua — auddysus B naMHHApHOM NOTOKe,
TeKyuwem B TpyGe

Jo cux mop Mbl PacCMaTPHBAMM TOJNbKO KOHBEKTHBHYIO Aud@y3uio,
tianpas/eHHyl0 H3BHE HA MOBEPXHOCTb Teja, rle W MPOTeKasna peakiiHs.
Onnako MpenCcTaBASET HHTEPeC PAacCMOTpeHUe 3TOrO Mpolecca U B yCJio-
BHAX [BHXEHHS NOTOKA BHYTpH TpPy6nl. Ha npaxtuxe, xak npaBuno, npH
TEYelHH JKHAKOCTH B TpyOe NPHXOAUTCS HMeTb Ae0 ¢ TypOyJICHTHBIM
NOTOKOM. .

3acayuBaeT BHHMalidsi, OLHAKO, W YCTAHOBIEHHE 3aKOHOMepliocTeH
onpefenmiomwux Audpdysuio B namuHapHoM notoke. PeweHue nocacimef
3alayM HE BLI3LIBAeT 0coOeHHbIX 3aTpyAHeHu#t. [Ipeanosoxum, uTo
BHYTpH TpPyObl KpYIJOrO CeYeHHSl TeueT JaMHHapHbHH MOTOK MUAKOCTH.
[Ipu (OuLIYHLIX YCAOBHAX JIAMHHAPHOCTb DPeXMMA COOJIOAAETCS npH 3Ha*



§ 20] INOPY3IST B JAMHIIAPHOM MOTOKE, TEKVULIEM B TPYGE 11¢

genusx uucna Pelinoasnca, He npessiwaownx 2000. Bech noTok
B Tpybe MOXeT paccmaTpusaThcs Kak Obi COCTOSLUMM H3 JIByX 4acTCH:
TaK HAa3bLIBAEMOTO BXOIHOTO y4acTKa M 00.JacTH NyaseH/eBCKOro TeueHus.
BO BXOMIOM YYacTKC JKHAKOCTh, UOCTymaiowas B TpyOy, HCIMTHIBAET
topMo3sillee AelcTie cTeHoK. [ToA BansnieM 3TOFO TOPMO3SUEro Jch-
cTBhNa Tepsonauanbupf npamoannetnnit npoduan, ckopocreft nocreneHio
npeo6pa3osmiBactcs B nyasciacsckuft  (puc. 20).  Jlmma  sxoanoro

N

2R ———]

i

Puc. 20. Ycranonacuue nyasciincsckoro npoguas npu
AUMHHAPIOM Teucunit B 1py0e.

ydactka MoxeT OMTb oileliciia u3 caenyiouuix cooGpawenuft. Xuaoctb,
noctynamoiias B TpyOy, oOpasycr mnorpanuuinit ca0f Ha ee cTeHkax.
[Toka To/muMia MOrpanMuHoro CA0sS Majga 10 CPABHEHHIO C pPa1HYCOM
Tpy6b R, ero MOMUIO CUNTATb [JIOCKMM H IC OTJHUAIOULIMCS OT 1OTpa-
HMYHOTO CJIOst na mJiactiike. [locaedunit (pacter no 3akony (3,38)
€ paccTtosHHeM X OT Bxoia B TpyOy. Korsza Tommmma norpasnysoro
CAOs CTaHOBHTCA CpaBHUMOW C paauycoM TpyOwl, BCsS BHYTPC 10CTD
Tpy6bl  OKasLiBacTCsl  3AMOMHENHONW JaMUHADHBIM - MOTOKOM KHIAKOCTH,
B KOTODOM CKA3LIMACTCH BA3KOC TOPMOXKeHHe. Toauwuna BHYTPEHHEro
fApa TeucHis C MPIMOJHICHILIM NPOQHIEM MOCTENeNo yMCHLIIACTCS H
CTAHOBHTCS GaN3KOH K HY.10 NMpH 65~ R,

YMeubuieine TOJMUMHBL siApa Teuelins OyAeT COMPOBOKIATHLCS yCKO-
PeHMeM TeuyeHHs B IICM, MNOCKOJbKY [OJHOE KOJHUYCCTBO MpoTekaioliel
KXUOKOCTH MOJOKHO OCTaBaThbCs NOCTOSHHBIM. Takum oOpa3om, xoMOuHa-
UMS  HapacTawuiero MOrpaHuunoro cjaos W sapa  TeueHus NPHBOANT
kK dopmuposanuio  NyascHaeBCKOro npopuas Cckopoctedt npu £~ f.

Moncrapasns 3uauenue o, U3 (3,38), HAXOaUM, YTO AJIHHA BXOAHOTO

yyacTka
I~ R -Re. (20, 1)

dakTnuecky B 9TO BHPANEHHME BXOMMT CIlie CYIeCTBelHbft 4ucaoBO#
Kosg@uuuent, TaK UTO Aia BXOAHOFO YuacTKa OKa3blBaecTcsi paBHOK

NpuMepHo h~0,1R-Re. (20,2)
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[Mocae 3TOH TOUKHM (GOpPMHpOBaHHe mnyasei/IeBCKOro MpoHIs CKOPOCTR
OKa3blBaETCA 3aKOHUYEHHbIM, W JaibHeHllee TeyeHHe MXWAKOCTH MPOHCXO-
IUT BLOJb OCHM TPYOH € mnapaboinyeckMM npodu/eM CKOPOCTH, XapaKe
TepU3yeMbiM (HOPpMYJIOH

r2
o=on(1= ) @2
2
Tae Uy= ii“ALP — MaKCHMaJbHas CKOPOCTb B LieHTpe Tpy6nm (r=20) n

Ap —nepenan naBiieHds HA AJHHe L,

Hcxons us obuux coobpaxenuit o mopobuu Mexay aubdysveh u
MOBEPXHOCTHHIM TPEHHEM, MOXHO OXHAATb, YTO B Ciy4yae AHPPy3uRr
K CTeHKaM TpYOBl, SBJSIOLIMMCS MOBEPXHOCTbIO PeaKluH, TAKKE cCylie-
CTByeT BXOAHOW YuaCTOK M YYacTOK YCTaHOBHBIUErocs pacnpenese-
Hus BewectBa. Ilockoabky ko3adouuueHT Audpdy3ud B KHAKOCTH Man
N0 CPAaBHEHHIO C BA3KOCTbIO, MOXHO OXHIAaThb, YTO Y4acTOK, Ha KOTOPOM
yCTaHaB/MBaeTCd pacnpenesneHde nHGEOYHAMPYIOLLEro BEUIECTBA, 3HAYH-
TEJbHO AJIMHHee, YeM BXOLHOM yyacTOK 1/ YCTaHOBJIEHHSl nyaseHsesckoro
npopuas ckopocteli. Toraa Bcio TpyGy MOXHO pa3GHTb Ha TPH yua-
CTKa: 'THAPOAMHAMHUYECKHH BXONHOH Y4acTOK MiaHHON £, AH(PPY3MOHHDBIK
BXONHOH yuacTok /1 u 06JacTb YCTaHOBHBLIHXCS PeXHMOB.

B nepsott o6nactu Ayddysus BewecTsa k creHke TPYOH npoucxo-
JUT TaK Xe, KaK K MJACTHHKe.

Bo Bropo#t obnacTu pacnpesneseHHe CKOpocTeft MMeeT BHA, XapakTe-
pusyeMuit ¢popmyiaoit (20,3); onHako nH(DY3UOHHEIK TOrpaHUuHHE caok#
BCE Elle MOXHO CYHTATb WMEIOLHMM TOJILHHY 8, SHAUMTEJbHO MEHbLIYIO,
YyeM papuyc TpPyOHI.

Paccmorpum pacnpesenenue pewtecTBa H NOTOK AHpysuH B >Tof
obs1acTH.

Beuny kpaitHe Manoi Toawuubn auddysHonHoro cnof npouecc Aud-
¢ysHH npPOMCXOAMT HA MaablX pacCTOSHHAX OT CTeHKH, npu r < R.
[TosToMy, BBOAS HOBYIO MepeMEHHYIO

y=R——r,

MOXHO OTPAHMYMTHCA Ma/AbIMH  3HAYEHHAMH nepeMeHHOH y (y <€ R).
Torna

2
‘U%“’o%- (20,4)
Ypasnenue KOHBeKTHBHON nmpq)yauu 6yneT uMeTb BHI
200 0%
R ydx =D — E (20,5)

rie X — KOOPIHHATA, HanpaB/eHHas BLOJb TPYOHI.
Mposenem BbluKCAeHHe JHIIb npeneapbHoro AudPYsuonnoro moroka,
TaK YTO rPaHUYHbIE YCJIOBUS GYLAYT MMETb BHA

C—>Cy npu y—>00,

¢c=0 npu y=0. (20.6)
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PewuM ypapueuue (20,5), BBoas Ge3pa3MepHYIO BeJHUHHY
([ vg \ Y
T‘"(DR) s

d?c 2 dc
S TS Sy o ) 20,7
dn? + 3 1 dy (20.7)
PeweHneM nocJjaenHero ypasHenud, yIlOBﬂeTBOmeULHM rpauuqnum
ycaosuam (20,6), caymur sripaxeune:

[ va >’/3
z's \ DR

CO / cXp {———9“ }
(0 (20,8)

[ ool-tele
[

MaoTHocTh andysuonoro notoka Ha CcTeHky TpYOuL XapakTepusyctcs
dbopmy ol

X oc DCn o \'s 1
Janpy = D('o’y')y,o v (DR‘) =

0
exp -{— G n‘} dn

Tornma uMeeM s c(m)

I

0

'/ 1/672.3— f]
—P_CL(%%) sV O 0,67¢,D (DR )’ =D (20,9

rae Toawmnua AHPPYIHOHIOrO CI0s & OMpefefseTcs CACAYIOUUM Pape-

CTBOM:
~ 1 D\" 3 v R
¢ =067 <7> 1/00R V Rx. (20,10)

IOudbdysuonnsit  noTok  11a  BHYTPEHHIOIO  NOBEPXIOCTh  TPYOHI
(B o6macti ycrauoBienus AHPPYIHOHHOrO pekuMa) MokeT OblTb OnucaH
bopmyao#

. Uax2\!/x
Tapp = 25R / a4 =2,017¢,D(252)" . 20,11)
. DR
Hutepechoft ocoGetinoctbio dopmya (20,9) — (20,11) spasercs To, uTo
B HHUX He BXOMHT KOIPMDHIUHENT BA3KOCTH XKHUAKOCTH (OT KOTOpOH, mnpwu
A

JaHHOM Tp 3aBUCHT TOALKO Ug). DBulio Obl, 0nHaKO, HEOCMOTPHTEIBHO
cnesatb W3 3TOrO BBLIROJA, YTO MNOAYUeHHbIE (OpPMYALl CNPaBCTHBH
npu o6om 3uavenun otnomenus v/D. Jlonyienue, uto v S>> D, 6uI0
NOMOXKEHO B OCHOBY MPHBCACHHOTO BLIUIC BLIBOAA, MOCKOILKY MPCANOJa-
rajsoch, 4TO TomnuiHA AHGGY3IHONIOro NOrpalHuioro c1od UpeanLivatio:
Mana no cpapiHeHdio C TOMUMIONW THAPOJHHAMHUYCCKOTO MOrpanHyHoOro:
cirod.
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Hatinem ewe (no nopanky Beawunun) nnuny H yyacTka yCTanopje HHA
LA(PY3HOHHOTO pexuMa.
[Tocnennss onpenenuTcs COOTHOMWEHHEM

8 ~ Rl
HaM, 3ameHss 6 ero BeipaxcendeM (20,10), onpepenuM sHaueHue
voR?
H~ OD ~Re-Pr.R.

IMockonbky Pr=>>1, H>>h, xak 3TO ¥ npenanosarajioch paHee,

Ha npakrtuke BeanunHa H/R o6blYHO cTO/Mb BeJuKa, YTO BCA OJ1HHA
TpyObl HELOCTATOYHA IJiSi YCTAHOBJEHHS CTaUMOHAPHOro AHPPY3HOHHOTO
pexuma, BcA InMHAa TPYyOB 3aHATa BXOAHOH 06sacTbIO, B KOTOPO#H
cnpasesauBs dopmyan (20,10) u (20,11).

Bripaxenuss Aosna npeneisHoro auddysnoHHOro noroka ObIM BbIYH -
ciensl Hamu B 1943 r. Panee, ewe B 1928 r., osu OblJIM NOJyyeHb!
Jlesexom [27]. Ho JlesekoM He Gnina onpeneseda 061acTb MPUMEHHMOCTH
COOTBETCTBYIOLWIHX BbIPAXCHUA W mpuBedeHbl 1IECKOJILKO HHbIE YHCJIOB bLIE
xoapduuuents (2,16 pmecto nawero 2,01, cm. (20,11)).

PaccMoTpuM eute sBiéHue penakcauuu IH(OY3HMOHHOro npouecca
B YCJOBHUAIX BHYTpeHHe# 3anauu.

FiMenHo, npennosioxuM, 4YTO M[POMCXOLMT TNPOLECC PacTBOPeHHs
€ BHYTpeHHe#t nOBepXHOCTU TPYOHI, NpHYEM KOJHYECTBO PECTBOPSIOUErOCH
BellleCTBAa OTPaHUYEHO.

[lo npowecTsuu HEKOTOPOrO MPOMEXKYTKA BPeMeHu pactopaiouieecs

BelWecTBO B Hayaze TPYOL NOJHOCTBIO mepeier B PacTBOp, 3ATEM

(POHT pacTBOpeHus OYLET NOCTENEHHO MEpEeLBUraTBER BROAL TPYOwL
Mu orpasnuunMcs cayuaeM YCTaHOBHBILErocsl pacmpefielienus ckopocTeh
¥ HeyCTAHOBHBLUIErOCS pacnpejeseHis KOHLEHTpPalUuH, paccMOTPeH HbIM
B § 18. Onnako rpaHHYHbLIMH YC/IOBHAMH Temepb OYLYT CHAYMKHTb:

¢c=0 npu x<Lh, (20,12
c=c¢o, npu x> h. (20,13)
Kak 1 Bulue, BOCNOJb30BABLINCH HHBAPMAHTHOCTbIO ypaBHeHus IHPDY 3uu
N0 OTHOLIEHUIO K Mpeobpa3oBaHUi0 X —» X -} const, 3anuueM pacnpene-

JieHHe KOHIEHTPAlUH, YNOBJeTBOpsAOUIee rpanuyHbM ycaosuam (20, 12),
(20,13), B Bune

o N 1
U( DR) (x—h)'ls

( 2
Co / exp i— 5" }d"l
0

J e
0
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n}'lOTHOCTb NnOoTOKa paCTBOpﬂlOULEFOCH peuecTsa pania
. oc v Y/ 1
j=—D (_ 7) 0o\
ay

(
0::0.67COD k—D—R—} —(—v———h)r/: npn x> /.
[Ipu 3TOM MuI HpC/UIOJNAraIi, UTO KONLCHTPAIHS B TOJUle PAacTROPa Bce
BpeMs paBia Hy.i0 i YTO pPacTsop He 0GOralacTcs IOPUHSIMIL BEILECTBa,
PacTBOPSIOLLErOCsl € y4acTKOB, Jekawnx Gawke K nauaxy TpyOul.
[pu owuenb MeMJEHIIOM ABHMKCINHM KILAKOCTH 3TO TNPEANOJoNKeHie
MOXET U He BbLINOJHATLCA.

§ 21. Pacnpenesenne BeuwecTBa, BBEICHHOrO B TeKyuHii
NOTOK MHIAKOCTH

I/IBMEPCHHB CKOPOCTH TMNOTOKA JKUAKOCTH NYTEM BBCACHHS B HEKOTO-
poe ceyelnne TMOTOKd pAaaHOAKTUBIOIO BeHiecTBa  Hiu 'E).'lCKTp().'IH'l‘(’l It
nocJaenyiouero u3aMepceius akTHBHOCTH HJ/H 3NCKTPOIPOBOJHOCTH B JApYy-
romM CeuveHIilH, HHXKC 110 MOTOKY,

NOJIYUH/10 TPHMEHEHHE B Pa3libiX /o1
obsacTax TexXHUkH U B ocoleln- AT T
HOCTH B (H3HOJOTHH (M3MepcHiie &/ !

|

|

CKOPOCTH Teuelis Kposu B apTe-

]
1 .
puax). e _ﬂ\
Ocnoxtenue C  KOTOPHLIM g’/'/////(//////”,u
' |

P .

OPUXOMAHTCS  CTANKHBATLCS  TIPH C/c,=!
HCTIO/NIb30BAHUH  3TOFO  MCTOIA, V
3aKJ/II04YacTCst B TOM, YTO BBCACH- Z‘

~ H Iy ] v -
Hoe BewecTBO  aH(pOynaHpyeT ! " Lol
BLOJAb H  TpoTHB 110TOKA. Ecun = S
B MOTOK BBejena HexkoTopas nop- ! '/: .'\

> y >

UMa BeulecTsa, Kak 3TO H30- U A N | - S
6paxenHo Ha pwuc. 21, 710 6aa-
rofaps KOHBeKUMH W AH(y3nn vy z

KOHTYpH 06heMa, 3aMOJMHCHIONO  pyc. 21, Pacnpeseacuie cpeuicii Konuen-
BEeULeCTBOM, JCPOPMUPYIOTCS H  TpauHH B CaAyuac OTCYTCTBILI MOJCKYasip-
pasMbiBalorcsa. [lpn uamepeHun — HOli andoysin. Otreasnsic rpapHki OT-
3JeKTPONpPOBOANOCTH (MAH  aK- BEYAIOT PA3HLIM MOMEHTaM BPCMCIIH.
THUBHOCTH) B TOuKe, Jexatle#t

HHXKe TO TeueHuio, HaMepsieMas 3JEKTPONPOBOAHOCTL B HEKOTOPLIE MoO-
MeHT BpCMCIH HAYHIACT YBeJUUHBATLCHA, JAOCTHTAeT MAKCHMyMa M 3aTeM
BHOBb 112/1a€T 1O HyJs.

B psane paGor I'. Tettnopa [28] Onisna pa3paborana TCOPHA 3TOTO
MeTona H3Mepelus CKOPOCTH NOTOKA JUIst Cayuast ABIDKCHHS YKHAKOCTH
no tpyo6e.

Pacnpcaenenne KkouileHTpalMi BBEACHHONO BEILECTBA ONpesesieTcs
Sanancom wmoxuy nepeliocoM BAOAL TPYOL HOTOKOM M MOJCKY./isipHOH
Anpy such.
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YpaBiieHne KOHBeKTHUBHOH AHP(PY3HU uMeeT BUL
oc dc 0% 1 de 0%
%0 5E=0 5+ 5+ 5): 1.

rie X — KOOpPAMHATa, OTCUMTHIBAEMAs BROJb TPYObl, 7 — pPaccTosHHe RO
ocu Tpy6H (R — paauyc TpyObl), H Uy (r) — CKOPOCTb XHAKOCTH.

B najbHeftmieM yno6HO npoBeCTH BbIYMCJIEHHE B CHCTEME OTCUETa,
IBuXylelica co ckopocthio U BMecte ¢ norokoM, rie U — cpennds
CKOPOCTL TeueHHs B Tpybe. B srolt cucrteme, OuepuiHO,

fv(r)=fvo(r)—U=2U(l —-’i) —U=U(1 —-2%). (21,2)

CyuTas, 4YTO H3MeHEHWe KOHUEHTPAUMH BHOJIb OCH TPYOl NMPOHCXOIHMT
MelJieHHEe, YeM B palMajbHOM HanpasjeHud B (21,1), MOXKHO OMyCTHTDH

4 0%
JIEH Aw.
Toraa umeem:
de 2re\ odc 0% 1 oc
S+ (1 =) Hm=L(am+7 %) (21.3)

rie NpPOU3BOAHAS NO ¢ Gepercs B ABUKYWEHCH CHCTEME OTCYETa.
'pannunblM YC/IOBHEM Ha NOBEPXHOCTH TPyObl CJAyXHUT Tpe6GoBaHue

(67} wn =0
Or Jr=R
BHIpax<alolllee OTCYTCTBME MOTOKA BelleCTBa Ha CTEHKY.
Ha ocu Tpy6bl KOHLEHTpauMs AOJIKHA MMETb KOHeuHoe 3layeHue.
[pennosoxuM, YTO rpafHeHT KOHUEHTPALUWH BAOJb OCH TPYyObl B rep-
BOM npuOIMIKEHHH MOCTOSHEH

i?_ = const
ox :

Torna pewenue ypasHeHusi (21,3) MoxeT ObITb HAnMCaHO B BHie

¢y UR? de (f_’_l _"_),

D ox \R? 4
4D 0x \R 2 R (21,4)
% —0
t - ’
rile ¢,-— KOHlUEHTpauus Ha ocu Tpy6u npu r =0, a
R
R 27‘[ crdr
c =29 crdr 0
T

€CTh CPENHAn KOHLeHTpalusd No CeuyeHHIO TPYyOHI.
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OTclona HaXOoUM:

— RW dc(_1 1t
c=c+ ( T T ) |

D 0x > R4 L5
,9)
% —o.
t
[ToTOK BeUlecTBa no BceMy ceuclnio TPyObl paneH
R —
R2.U2\ dc
— O — — xR2 B B
Q_Q.‘./‘wrdr_ .R( D) )d.\:'
0
ITAoTHOCTL MOTOKA
. Q (R?U'l dc_
J=72rr = —\"48D )'b‘; (21,6)

MMeeT TaKoR e BI, Kak nAoTHOCThH AHP(YIHONIOro MOTOKA NPH rpafi-

dc
eHTe KONUEHTPAUHK = - H saddexTusiiom kodppunuente AHPPY 3un

0
R2U?
Darlub::_48/) . . (21,7
. Jc -
B cneayioowem npubaikeHud, cunTas, urto 50} #+ const, MOXHO
Hanucartb:
w_ o
ot ax /'
HAan
dc 0%
- = [)__,(,,(b PR (21,8)

dopmyna (21,8) noxasuiBaer, UTO pacnp‘encnenue cpentich no ceve-
HMIO KOHUEHTPAIHH, B npeieiaX CAeTaHHBIX TNpHO/iKenuit, BhLIpaxaercs
B CHCTeMe OTCYeTa, ABMXYilleHcs cO cpelHelt CKOpoCTbo, AHPD y3MOHHBIM
ypaBHeHHeM Juist HENOABINIION cpenbl ¢ 3PPexTHnHLIM KO3 itineuToM
amddysun (21,7).

OueHuM ycsaoBusi, B KOTOPHIX BHIMOJAHAIOTCS CAeNanibie npuOIinKenus.
IOns Toro urobni nponodbiioft modexyaspuolt audpysuet Moo Gnlio
npexebperarb N0 CPABHCHHMIO C KOHBEKTHBHOM, HCOOXOAMMO BLITIO.IHEHHC
HepaBeHCTBA

D << Dagy
HJIIH

RU __
ST (21.9)

YcnosueM TOro, 4TO ¢ MOXIO CHHTATh MCAJICHHO H3MeIsioueHcs

byHkune#t Koopauiarel X (TaK YTO B MEPBOM NPHOIDKEHHH —% 2 const),
fBJIS€TCS PaBeliCTBO

e O RW o 1 st 1 ortN_oc
dx ~ dx ' 4D o0x? 3 + K2 2 I(‘r> o
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HIIH

dc R 9%
o5 = 4D %"

Eciu L — nauna, Ha KOTOpOH NPOMCXOAMT 3aMETHOE H3MEHEHHE c, To
nocjiefHee HEPABEIICTBO MOXMHO 3anHCaTh B BUIE

LD
== 1
i, ucnoasdys (21,9), B sune
L
=>8 > @1,10)

Hepasencrsa (21,9) u (21,10) paor npeneint NPUMEHUMOCTH YypasHe-
Hus (21,8).

4 BTN -

A N

-
90 00 70 120 130

Puc. 22. PacnpefeneHue KOHUEGHTPaUHH B MOTOKe yepes
11 muHyT mnocae snpeicka (omuiTh Teiinopa).

B Bume mnpuMepa ero HMCnojb30BaHHS MOXHO DACCMOTPETH Clelyio-
Wy sanauy:

Hekoropoe kosnuuectso BeulectBa N BBeleHO B NOTOK B MOMeNT
t =0 B nauane koopauHat x =0, 3anoJHAS y4yacTOK TPyOLl, Majbifi no
CpaBHEIHIO C paluycoM, T. e,

N o
¢=—r <0(x) mpu t=0. (21,11)
Ha#ttu pacnpenenenne BewlecTsa Bioab Tpy6ul mpu £ > 0,
Pewenue ypasdenus (21,8) ¢ HavanbHbiM yciaosuem (21,11) B Heno-
LBHKHOH CpeAe HMeeT BHI
1 N1 - o
4Dypot
=5 — 20¢ . .
2 aR? V"Damt ¢ 21.12)
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B dopMyay (21,12) Bxoant oana HeussecTHas BeauuiHa  Dogg.
Onpelensis Ha OMLITe PAcnpenescHie KOHUENTPAIH B ICKOTOPHI# MOMEHT
BpeMeHH f Toc/e BReiCHHs BeulecTBa M cpasumpas ero ¢ (21,12), moxio
onpelenuTs 3Haucnue [,yyp. [lociennee nospo:aseT 11aXOAHTL CKOPOCTH
noTtoka (ecan uapecTno 3unauchue D) uan koapduwment anddyaun (ccan
H3BECTHAa CKOpocThL notoka U).

Ha puc. 22 uzoGpaxceno pacnipencaenuc xotentpaiun KMnO, yepes
11 MuHYT nocae Bpeaemist ero B TpyOky jamerponm 0,0504 car, B koTO-
po#t aBuranack Boaa co ckopoctbio 0,167 catfcer. Onpenenennoe us
9THX H3Mepeniit 3nauciie ¢ HAXOAUTCA B OHCHb XOpOWICM COTJACHH CO
3HAYEHHSIMH, HAHJCHHBIMM APYTHMHI MeTOLaMH.

§ 22. Kousextupuast auddy3us B aBoitnoii wuakoii cucteme
B KpHTHUEcKoii oGaacTi

Ewe B 1899 r. B. Tu66c [29] ycranonua, uto mapwmxyicht cuaoh
auddysnonnoro mnpouecca, T. €. BCJAUUHION, OnpcacasiOuledt 3HaucHie
MOTOKA BelecTsBa j, sBJSCTCA TPaMMCHT TNapILMaALHOTO (XHMUYECKOTO)
noTeHuuana.

BrisicHeiie npasHabiocTH  3TOrO  yTnepcaenis Ouiao  teM  Gojee
CyulecTRenlbIM, UuTo coraacto oOuwio npuustoft Tpaxkronke audQysnoi-
HBIX fIBJCHHU ABIOKyHlell CHAOH SRJSCTCS TPaNMCHT KOHUEHTpallini, a e
rpajgveHT napuxaiLIOro mnoTchlMana. [pamenTt Konueutpaiii e rnpe-
TepneBaeT Kakux-aubo usMeNlciluil B KPHTHUECKOR TOuUKe, MOITOMY COTaAcHO
O6LIYHOM TPAaKTOBKe HHKAKIX ocobennocte#t Anpdy3nn B KpHTHUECKOH
o6aact KonuenTpainit oGnapyRKunathCa e NOJKIIO.

O6pauenne koapduiuienta AudGy3nmu B HyJAL B KPHTHUECKOH TouKe
B KUAKOH jByxKoMmonentHo#t cHcteme OLI0  Boepsbie  ofnapyikeHo
HU. P. Kpuuesckum u ero corpymtikami. 3To spieHie noapo6io Hccae-
noaHo B To#t ke naGopatopun lO. B. llexaickoit [30], kotopas usy-
yaaa auddysnio B pacTsopax Boaa-— TpusTHaamud. Habuionenus B Ton-
KHX Kanuisgpax rojdHoCTbIo NOATBEPIHIN Mpelckasanns o6 ofpauieHuin B
Hyab ko3hdunuenta anddysnn. IMpekpautenne andysun B KPUTHIECKON
06/1aCTH NOJDKIIO CYINECTRENNO BAMSITL 112 CKOPOCTb FCTCPOTEHHLIX PCaK-
LHi, B KOTOpHLIX ywacTBycT AM(dyHAUpyolice BellecTBo.

“HO. B. Uexarnckas [30] skcnepnMenTaJbiio u3yvana pacTBOPCHIE 1HCKa
3 mpeccoBanioft repedranesoit (mapatoaynaoBoft) KHCAOTLI, MPOHCXOAf-
uiee B pe3ysabTaTe RIANMOIEHCTBUS KHCAOTH C TPHITHAAMHHOM ¢ 00paszo-
BaHWeM pPAacTBOpHMONl B BOoJc coan (cama TepedTaseras KMUCAOTAa B BOAC
HepacTpopuma).

Kouueurpauna tpustTiviamina, pasnas 246 ae/cmd, spaserca KpHTH-
Yecko#t B pacTBOpC 10a — TPIITHIAMHU.

CkopocTh pacTpopciiiiss B 9THX YCJAOBHAX Onpcae/asnach NOTOKOM
TPHUITHAAMUHA K MOBePXIOCTH Bpantaouierocs aucka. CKOpocTb BpailleHus
aucka cocranasaa 16,6 u 8,4 of/cex, nmamerp nucka u3 tepedraneBoft
Kucaotol Onit pasent 0,81 ¢, Tak uto uncna Pefinoabica coctasastan 2. 10t
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v 10¢ coorBeTcTBeHHO. PesyanTathl 3THX H3MepeHu# a9 Re =— 2. 104’
npu Temneparype 290°K npusenedn Ha puc. 23. Kpusne / npencrta.
BAAIOT W3MEPEHHbIe, NMYHKTHDHble MpsMbe 2 -— PacCYdTaHHBEe no pop-,
Mmyne (11,30) sHaueHHS NJIOTHOCTH MOTOKA TPHITHJIAMHHA (paBHule H3Me-,
PEHHLIM 3HAYEHHSIM CKOPOCTH pacTBOpeHust Tepe(TajeBOH KHMCJOTLI) B 3a.
BUCHMOCTH OT KOHLEHTPaUuH TPHUITHIAMMLUA.

{ca)CM 2.cen

) 1 1 M2

100 200 300 400 o’

Puc. 23. 3aBucufiqcTs MOTOKa BewecTsa Ha | cM? noBepx-
HOCTH JHCKa OT\06’b€MHOH KOHUEHTPaUuHH pacTBopa.

1 —onuTHass KpuBaf, 2 — Teopusi 6es yueTa KPHTHUeCKOX 06/1aCTH,
[\ — TCOPHA C yueTOM KPHTHYeCKOA 064acTH.

Mb! BHAMM, 4YTO B JOKPHTHYECKOM OO6/aCTH CKOPOCTb pacTBOPEHHS
BECbMa TOYHO COBMAaNaeT C paccuuTaHHoi. I1o AOCTHEHUH KPHTHYeCKOf
©061aCTH MPONOPLUHOHAIbHOCTb MEXAY MOTOKOM TPHUITHIAMHHA M €r0 KOH-
ueHTpauueit Hapyiuaercs. IloTok oOkasniBaercs BecbMa Cjab0 3aBHCSILLLUM
OT 06beMHO# KOHUEHTPauuu TpusTuiamuHa. CoBeplIEHHO OYEBHIAHO, HTO
B KPHTHUECKOH 006J1aCTH H3JIOKEHHas Bbllle TeOpHs KOHBEKTHUBHOR OH(-
¢ysuu H, B uyactHocTH, dopmyaa (11,30) HenpuMeHHMHI.

IOas BboiBona Qopmy.bil) MOTOKA BellecTBa, CHNpPaBelHBOM B KPHUTH-
YecKOM M 3aKpHTHYeCKOR 004acTH KOHUEHTpAauui, HeOIXOAMMO YyuecTb
crenyouiHe (GakTopb:

1. 3aBucumocts ko3dduiMenta AudbdYy3uM OT KOHUEHTPAUMH AH]-
<{YyHIHPYIOUIEro BellecTBa i, C/HENOBATEJIbHO, OT KOOPAMHATH Y, OTCUH-
TbiBAEMOH OT NMOBEPXHOCTH OHMCKa.

2. 3aBHCHMOCTb BSI3KOCTH pacTBOpPa OT KOHUEHTpauuu AupPyHIH-
pyiollero BeuwlecTBa, KOTOPAas TakKxe MOXET HrpaTh CYLIECTBEHHYIO P OJIb.

PaccMoTpuM kauecTBeHHO KAPTHHY M3MEHEHHS KOHUEHTPAUMU W APYruX
BeJMYMH B 3aBHCUMOCTH OT PacCTOAHHMs L0 MOBEPXHOCTH Bpawlaioulerocs
aucka. Ilpeanosiomum, YTO KOHUEHTpPALUUs TPUITHIAMHHA B pPacTBOpE
€o > Cxp» THe Cyp— KFMTHYECKAs KOHUEHTPAUWdA, H Ha TMOBEPXHOCTH
aucka ¢ =0 (peakuus TPUITHAAMHH - TepedTaneBas KMC/I0TAa — PACTBO-

1) IlpuBoxuMuLIii HMke BbIBOA OCHOBaH Ha paGore [34].
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puMast comb M ylanewue pACTROPHMOH COMM ABASIOTCH OBICTPBIMH TIPO-
peccamu). B oOnactu koHuentpauuit ¢ > ¢y KO3pduument auddysuH
B2CbMa Mal W KOHBEKTHBULIH mepeHoC BetiecTna npeolaagaer Han AHg-
¢y3vonupiM. ONIIAKO KOHBEKTHBHBIA mepenoc ne MoxeT npeo6aanaTh HaL
aadYy3uonHBIM BCIOAY, TaK KAK 3TO OTBEUa.10 Obi MOCTOANICTBY KOMIEH=
TPalHU, IDTO O3HAYACT, UYTO B IIEKOTOPOM MHTEpPBAJIC paccTOoanii KOH-
ueHTPauus MajacT OT 3HAUCHHA Cp MO cgp (puc. 24). lllupuna storo

vy v(y)

/ Co cly)
/M

D, D(y)

c=0 © D=0

«——— § ————=i 0,

¥

Puc. 24. 3aBHCHMOCTbL KOHICHTPAIHH BAIKOCTH 1 KO3(-
¢uigieHTa  AHQQPY3HH OT paccTOsiHs 10 MOBCPXHOCTH
JMCKa.

WHTepBana 9, OyneT oueilcna mke. BB unrepnane o, koshduument and-
Gysun nmamact oT 3naucuus [ NOUTH A0 YA, BIIKOCTH — OT Vi J10 V.
KouBextupnuit nepeinoc oGecneunsact MPOXONCICINIC BENCCTBA  yYepes
MOBEP XHOCTh € == Cgp. :
JasnbHeftiuee u3MeHclHe KOHIGHTPAIHIHK -OT 3HAuelns cxp A0 ¢ =0
npoucxoaut B obuiacTit & B peayanbTaTe KOHBCKTHBHOK nupysiit: OHO
coBepLaercs Tak 0.H3KO K MOBEPXNOCTH AHCKA, ITO 3IAUCHHC CKOPOCTH T,
IBHXKEHHS IKIAKOCTH 31CCh CYUICCTBCHIIO 1NDKe, 4eM BIaTH OT AMCKa.
B o6nacru & xospduusent auppysun Bospacraet Ko 3navennsg Dy,
O0TBEYAIONICTO RBCChMA MAJOM KOHHEHTPAIHH TPHITIIAMINA B BOJIe, BA3-
KOCTb mMazact Lo Beamnninl vy, OSmactii 8 ¥ 8, B KOrOPUX NHPOHCXOJIHT
H3Melene KorenTpaili, npeicrasisior obaactn audPys3nonioro conpo -
mpaerus, Mu B panvuchimem  Oyaem  npencOperath  andpy3nonnnim
conpoTupaeieM B 00/acTil 6, U CunTath, Uro nce AP pysnonnoc conpo-
THBAEHUE cocpPeloToueio B o0MacTi ¢. JelcTnireanio, roanina o6aacTi &
. D ((‘r) o gl?vl) .
MoxkeT ObiTb ouenictia no Gopmyse j== T NOCKOJILKY B 9TOA
o6aacTu koadpuient awppysuin D noiuTH He MIMCHICTCS € KOUEHTPa~
unelt pacrsopa. Hibke Oyier 110Kazano, YTO & CYULCCTBCHNO GOJbIIC B,
dTo o3Hayact, UTO rAABHOC AMPPY3HOIIOC CONPOTIBICHNE COCPCAOTOUCHO
HMEHHO 1 cJ0C o (ABIDKYHUIC Cuaul B 00enXx 00/JacTsIX HMCIOT OMMH
nopsinOK BeJIUUITILL).
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TouHoe peuieHMe THAPOLMHAMHUYECKOW 3aRaud C yYyeTOM 3aBHCUMOCTH:
BA3KOCTH OT KOHUEHTPAuUWH W YPaBHEHUs KOHBeKTUBHOH IMPdy3un
¢ nmepeMeHHbIM KoO3(duuneHToM auddy3un npeacTaBafeT HENPeoLOTHMBIE
MaTeMaTH4yeckve TPYAHOCTH. BBupy 3Toro Gblja NpoM3BelNeHa Caeldyiouias
CXeMaTH3auus npoO6JeMBbl.

1. Cunraercs, uyTo B 06siacTH O M3MEHeHHe KOHLUEHTPAUUM OT ¢ = Cxp
10 ¢ =0 mpoHCXOOHT MO HEKOTOPOMY 3aKOHY, KOTOpPHH B rpyboM npu«
G/MKEeHHH MOXHO annpoKCHMHUPOBAThH JMHHeMibiM, ITa annpoKCHMaUHa
HEeAOCTAaTOYHA [J8 HaxoxiaeHus noToka. OQHAKO OHA CUMTAeTCA NOCTa-
TOYHO XOpowel Ais ynpoulenus Buaa 3aBucumocte#t D (c) u v(c). HmenHo,
eCc/IM ¢ M3MeHSeTCs MO JuHeHHOMY 3aKoHy, a saBucuMoctdH D(c) u v (c¢)
(no amanubim 1O, B. llexancko#) Takxke G6ausknm K JHHEHHLIM, TO MK
GyneM cuutath, uto B npenenax 0 < y < d umeior MecTo NpubiHikeHHbIe
paBetcTBa

D=D (1—%), (22.1)

v=v,f y-122 ——"0+°‘J’- (22.2)

rle BeJHYAHA O TMOMLJNENHT oOnpefeleHHio B janbHeltwem u Dy, v, U a
ompeneaens u3 uamepenutt, H0. B. Llexanckoft.

2. Tpuuumaercs, uto obaactb & < y < 38, apnserca BecbMa Y3KO#H
W He BJMAET HA pacnpeleleHHe cKopocrefi.

3. Bce unsmeHeHHe KOHLEHTPAUHM NPOHCXOAMT HA PACCTOAHHAX OT
IMCKAa ManblX MO CPaBHEHWIO C TOJILMHON THAPOAMHAMHYECKOTO MOrpa-
HUYHOTO CJIOf.

PaccMoTpum, npexne Bcero, pacnpene/ense ckopocTe#t B6JH3M AHCKA.
B ob6nactu y<8 ypaBHeHus rmlpon,nﬂamuxu MMeIlOT BUI

Gz_*“HF"—‘F”—l— .V‘—' FI+ V_ F" . E (22’3)

wvy wvYq

2FG+4G'H=G" } vao G'—{—V__ G" . % (22.4)

wvYq

H 4-2F =0, (22.5)

3leCb HCMO/ib30BaHH 06Go03HaueHus § 11.

[TockonbKy Hac MHTepecyeT pachpenesiieHne CKOpocTel BOAM3H QMCKa,
peluenue ypasHeHu#t (22,3)—(22,5), yropsersopsioliee rpaHHuHbIM YCJ1O-
BHAM HA MOBEPXHOCTH [HCKa,

F=0, G=1, H=0 npu £§=0,
F=G=0 npu §— oo,
6yneM ucKaTb B BuAe

F = a& + bz + k3,
G=1-4d:+ e2—+ f&,
H =g+ h3?
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IMoacTaBnas 3TH pas’aowenus B cHCTeMy Ypasueunit (22, 3)~—(22 5)»
HAXOOHM!

F="E—’*§‘(1+‘ra>?—%ld——7(l+7a)]23+..., 22,6)
G=1+di—%7d52+—:}[a+y?rl]?‘+..., (22,7)
H=—a§2+%(1+m)53+..., (22.3)

rae BBeleno 0603naucHie
(= o’v_’: (22,9)

Paznoxenus (22,6)—(22,8) cacayer coMkHYTh lia nekotropom (0Oc3-
pa3MCpHOM) paccTofIH

L=0y/ 2 (22,10)
Yo

OT TOBEDPXHOCTH JIHCKA C A1AJOTMUHBIMH  PA3JTOMKEHHAMH 9 MKIHIAK OCTIE

¢ MOCTOsHHON BABKOCTLIO vy, lIpu 3TOM MBI coBepuiaeM MOTPCHIIIOCTL,

CBAI3AHHYIO C TeM, uTo npenefperaeM TOMUHHOM] ©.

Ipennonaras, coraactio 3, uto pacnpeaenettnc ckopocreft npu & g5
uMeeT TOT e Bui, uro u B § 11, noayuaem w3 ycaonnit cMmbikairm 3
YCJAOBUS [Af OmpeacicHis TpexX HeW3BeCTHLIX Beauuun a, d M 3, ITir
BEJIMYMHEL MOTYT OBITb BBIPAKCHBI UYEPE3 Vo, v, vy 1l ®, H3BECTHNE H3
uamepenutt 0. B. llexanckolt. B peayabTate A0BOJALHO TPYLOCMEKUX
YHCJIEHHBIX BLIYHCJICHHH A CUCTEMBl TPHUITHAAMHUI — Bola npn 290° [

MO/MIYYEeHbl CJENYIOUHC 31avelns BeJaniii 2t a
Y1
Konuentpaunn c, 100 se/ca® 200 mz/em? 300 stz/ca® 400 s2ic a0
]/ X0 0,68 0,57 0,49 0,47
Y1
139 0,17 0,28 0,34 0,35
a 0,39 0,34 0,31 0,30

IMepexons Tenmepb K peulcuio ypasetns kousextusuoft anddy amu,

iMeeM B cuay (22,1)
de _ d v\ dc
vygy_w[oo(n-ﬂw], (22,11
Tne

~ Vi —=a1)2 — )
v, T aw vyt = — )2,
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Ypassenne (22,11) wuHTerpupyercs HemoCpeACTBEHHO. [TosTOpHOe
MHTErpupoBalue naeT:
? 2 “K;;:“) | KB [2 12\
co=a | (1—F) exp{ 7, [+ 5 (3) ]}z +an
0
['pannunbie ycnosus
c=0 npu y=0, (22.12)
€= Cyp npu y==o (22,13

AT BO3IMOKHOCTb ONPENeNHTb MOCTOSMUHBIE @) H Q.

[pono/mxaTb HMHTErPUPOBAHHE 33 Npelesibl MJIOCKOCTH J == 3 HeJbas,
Tak Kak B 9TOH OG/MACTH TepsieT CMLICJ HCMO/b30BAHHOE BLipaKenue mJg
BASKOCTH.

~L
bel&c

¢
Puc. 25. 3aBHCHMOCTb OTHOLIEHHS 7~ OT pac
Kp
CTOAHHA MO MOBEPXHOCTH JHCKA NMPH Pa3HbIX KOH-
LEHTPALHAX PacTBOPa Cq.

OlueHKH TOKasbIBAOT, YTO KOHBeKWus oOOecneynuBaeT noauepyKaHue
TIOCTOAHCTBA KOHUEHTPAUMH B MIOCKOCTH y == 0 (MHBIMU CJOBaMi, MEIJIEH
HOR CTanMel mpouecca ABASETC NMEPEHOC BEWECTBa M3 MIOCKOCTH Y ==b

k y=0; nepenoc BewecTBa H3 OECKOHEYHOCTH K y==0 sLJisieTCAA OH:
cTpo#t cramuelt mpoilecca).

C yueToM rpaHMYHBIX YCIOBMH UMEEM OKOHYATENbHO:
y K& K3 [z 1[z)\2
z2\\"p, ") B, 5+ (5))

cnp . 1""? e

c(y)=—;

Jog A b )
, ?

dz

(22,14
dz

Kpusas ¢ (y) npencrasnena Ha puc. 25. OHa DeHCTBUTEALHO MO
OuTb B MeppoM NPUOIHKEHHH annpoKCHMHPOBaHa NpAMOX.
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fIOTOK BEIWECTBa 11a MOBEPXHOCTH IHCKA BHIpakacrTcs GpopMy.10#
ch D w1

. de _ Doty
J“Do\dy Jeco ol = Dycxp } E;i’ (22,15)

rae 1 .
1= [(1—p=e (”‘7)(#
0
(] o K
v D,
B ycaoBuax onnita 0. B. Llexancko#t. Murerpan / onpeneasics uucienio.
[Ipu npusenennom 3auauctd § on cxomurcs ouenn Ouictpo. B pesynb-
TaTe pacqua moayuetnt ciaeayiouiie BbhIpaenus Jg 11oToka pemecTtsa
na 1 cm? nosepxnocrtH Aucka:

j= ADOCM,}/—

— 0,256 - 10'a%}

(22,16)
rae Oespa3mepHuil KospPuument A  3aBUCHT OT KONILCHTpalHi pac-
TBOPa Cy!
KOHIeHTPAUHA €y B ./ll’/CM’ .. 100 200 300 400
kospunuent A. . . . . .. 606 6061 674 696

Mu BHIVIM, 4YTO TOTOK BCUIECTBA OKAa3biBaeTCs Caad0 3aBHCALIHM OT

KOHUEHTpAUMU ¢, W nponopiHonatbibim V w.

3aBUCHMOCTb j OT Cgp, @ He OF ¢, CB3ana, TakuM o0pa3oM, c lie3a-
BUCHMBIM XapaKTePOM Tepeloca BellecTBa 4O MJOCKOCTH, B KOTopoR
€ == Cgp, ¥ OT 3TOH MJOCKOCTH lla MOBCPXHOCTL Aucka. [lepenoc BewecTsa
B MJIOCKOCTb ¢ == Cgp OOYCJOBJEH B OCIIOBIOM KOHBCKIHCH,

Ha puc. 23 wuzobpasceHa 3aBHCHMOCTL MOTQKA j OT KOHUEHTPAUHM
pPacTBopa ¢, B OTHOCHUTEIbHBIX EIHHHLAX. Paccuitat 1vie no (22,16) teco-
PeTHYeCKHe 3laueHus MNpeNCTaBleHbl Ha puc. 23 TPEYrOAbHIKANH,

Mpl BUAMM, YTO TeopeTHYeCKHe 3naucitis MOTOoKA j B AOKPHTHYECKOH
06/1aCcTH MPONOPUUOHAJIBHBE €y, B 3aKPHTHYCCKOR O6AACTH OT ¢, MOUTH
He 3aBHcAT. KoauuecTBeHHOE cornacie MeXny TeopHel J ONMLITOM HMceT
MECTO KaK B AOKPHTHYECKOHW, TAK M B 3AKPHTHUECKOH 06JACTH KOHIEeH-
Tpauu#t. Buipaxenne (22,16) nig naotHocT noroka uMeer obuuif xapak-
TEP AASt BCEX MUIKHX PACTBOPOB B KPUTHUYCCKOH 06JaCTH KoHUEHTpaIL].
Oanako wuncaoBoRt kos(pdumient A . ero 3ariciMOCTL OT ¢, CBA3aua
¢ YHCNOBLIM 3HAYEHICM MOCTOSMIILIX Yy, Vep, ¥y W & M Y Pa3utix pacTso-
POB MOXET MMETb pasmuuioe 3ualciue,

§ 23. Juddysnonnsiii NOTOK NpH ecTeCTBeHHOH KOHBEKLHH.
Cayuaii BepTUKANLHOI MIACTHHKA

OnumM 13 YaCTO BCTPCUAOMMXCA 1A IPAKTHKC CAYUACK PAIMCIIIRA-
HHA pacTBOPOB sBJIsicTest ecTecTpenias konsekuus [31], [(32]. [Tpn ecre-
CTBEHHOfl KOHBEKIIMY JIBMKEHHE PACTROpPA NPOHCXOMHT CaAMONPOU3BOABLIO,
NOA BJHSHUCM CHJ, BO3JHHKAIOUWIMX B CaMOM Tpouecce rereporeiniioft
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peakuuu. [loasnenne mnOROGULIX CHJI  CBA3AIO OOLIYHO C H3MEHeHHey
IIOTHOCTH PAcTBOpa NPH NPOTEKamin reteporetinol peaxitni '), HMomene.
HiHe NJIOTHOCTH PacTBOPa MOXET BbI3LIBATLCSI ABOSIKOI'O POAA NPHUUHAMUY;
BO-MEPBLIX, B X0 reTeporeHHoR peakiLity KOHIEHTPalHs pacTsopa BOIU3y
NOBEPXHOCTIH PEAKLHH MpeTeprneBaeT M3MEHelHe, KOTOpOoe MPUBOIHT K H3.
MEHEHHIO 11ITOTHOCTH PAcTBOPA; BO-BTOPLIX, €CJIE FeTeporciiias peakiiuy
COHPOU()‘/I\'][HL‘TCH CytecTseHibiM - TCIVIOBLIICACIHICM,  HJIOTHOCTD ])OCTUO]);]
ISMEIBICTSs 0T TOUKH K TOUKE H3-31 HCPABHOMEPHOTO H3MCHCHHS erg
TeMIepary phl.

[Mocnennuht cayyatt Mul paccMmarpusath He OyaeMm, Tak KaK OH BbLIXO.
JHT 34 DAMKY 3TOH KHMrH, e crassilleH cBocH 1eqblo H3ydcuHe peaks
LA,  OCJOKHEUIILIX  TeryoBLLICACHIICM, 34eCh MBI OFPAIHYIIMCH  JHLp
HaxoxaenneM AndDPysHOMILIX 1TOTOKOB, KOIAA KOHBEKIHS BLI3BALA H3Me.
fleltHeM  MJAOTHOCTH  PacTBOpa (3a4acTylO BCCbMA 3HAUYHTC/LILIM), CBsi3aH-
HLIM C H3MEHEHHCM €ro KOHIeHTPallnu.

EcrecrBentiast KOIHDBCKILHSI pacrpopa BO3HHKAET TOJLKO TOr/1a, KOria
H3MeleHHe TUIOTHOCTH NPOMCXOAMT B IMOJE THKCCTH 1t MPHTOM KOT.a
TPAMMEHT TIOTHOCTH Hanpapjael MepnetMKyaplio K MO0 TSKCCTH WM
TAK, YTO TJIOTHOCTb BO3PACTAaCT CHU3Y BBCPX.

Besmunna o pacnpegesieHiie THAPOAHUAMHYECKHX W AMDDY3HOHHBIX
TOTOKOB OyAyT CYIIECTHEHHO 3aplCeTb OT FeOMETPHYECKHX YyCIOBHA,
B YACTHOCTH OT (POPMLI M XapakTepa pacno.oxeuust NoBepXHOCTH peak-
uud., B npocretiureM cayuyae, KOria NOBepXHOCTL peaxilHil NpelcTaBJ/sier
TJAAKYI0 MJAACTHHKY, PACMOJOMENHYI0 BepTHKAAbIIO B MOJE TIKECTH,
OKAa3bIBAETCA BO3MOMKHLIM TPOBCACHHE KOJIMYECTBEHHOrO pacuera JIMd-
«y3uonoro NoToKa K ee MOBepXHOCTH. 3uaudrennio 60/ee C.JI0MKHBIM
BIeTCA CAYyUuall roOpPH3OHTANBLHOrO PACIONO0KCHHA TTOBEPXHOCTH PCAKILIH,
B srom cayuae 3anaua pacuera AH(GY3NOHHOro MOTOKA eule e pelicHa,
U [PUXOLHTCS OrpPalMYHBATBCA HCIIOJIBL30OBAUNEM aHAJNOTHH Mexndly Jud-
ysiellt n Tenaonepenavel.

Paccmorpun BepTHKAAbHYIO MIACTHHKY, NOMELUEHHYIO B NoJe TsKCCTH,
$12 KOTOPOfi NPOMCXOAMT HEKOTOPAs reTeporeiHas XHMHUCCKash pedKILHA.
IlpeanoniomumM, 4TO CKOPOCTb COOCTBEMHO XHMIUECKOrO MNpeBpAlLleHHd
BECbMa BeJHKA MO CPABHEHHIO CO CKOPOCTHIO IICPEHOCA BewlecTsa H KOH-
UCHTPAlNs PeaPHPYIOULEr0 BCUICCTBA HA MOBEPXHOCTH MAACTHIKH DaBHA
nyJ/io. Kouuenrpauuio sewecTsa BAMIM OT MIACTHHKY o0o03HauiM, Kak
06nwi0, ¢y [laoriocTs pacrsopa 3aBucuT OT ero Konuedrpawii. Coor-
BUTCTBCHHO 3TOMY IUIOTHOCTb PAacTBOPA BAAAH OT MJIACTHIIKM 1t BOJIH3H
pee 6yner pasmuunoff, Takum o6pasoM, ecau NAOTIIOCTL PAcTBOpa BJLAJM
OT MIacTHIKM pasna p(cy), TO y ee mosepxiiocTi oua pasna p(0). Eca

1) Tennopasa 3alava O CCTCCTBCHHOII KOHBCKIHH BOAH3H BCPTHKAJLHOIT r1JIa-
CTHHKH Palice H3ydaJach MHOUHMH HccaeloBaTeaaMit [32]. B rtenaoBoil sanaue
uncao Ilpamnras cuntanoch paBHLIM ClHIIHUC., 3aMCTHM TaKiKe, UTO PaccMaTpH:
BacMas 31eCh 3afdla COOTBETCTBYCT 3ajaue O TerioBolH KOHBEKIHIT BOIH3H rOPA”
QCH IJIACTHHKH, OXJA:KAaCMOIl 1I0TOKOM XOJMOJHOM KHUKOCTH.
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ANOTHOCTH paCTBopa MaJO 3aBUCHUT OT €ro KOHUCHTpAUHH, MOKHO TIPH-
G6AHMKEHHO HANUCaTh:

() ~p (0) 5 .

M3 Becbma o6uux coobpaxcinl, cBA3aHHbLIX C H3BECTHO TCcopeMOi
bbepkHeca, MOXIIO OXH1ATb, YTO B IKHIAKOCTH BO3IHKAET KOHBEKILIs:
fIOBEP XHOCTH DPABHOW MAOTHOCTH XHAKOCTH OpPHEHTHPOBAIbl MCPNEILINKY ~
JAPHO K MOBepPXHOCTSIM PABHOTO jgas.eliis.

IpuMeM nOBEepXHOCTb MJACTHIIKM 3a nopepxHocTs y =0, nanpaBns
OCb ¥ B PacTBOp H OCb X BepTHKAJAbHO BBepX. Hunam# kpafh naactuikm
orBeuyaeT 3Hauennio x —0. Hanuiwem ypaBHcHUS ABIDKEHHS KILKOCTH,
gosHUKaAIOWero non aeicrsuem cuasl TmxectdH. Cnia, RefcTpylowast na
eauHHLY o0TnheMa KMAKOCTH, PaBia, OYCBHAHO, pg W B CHIY CKA3AHHOTO
H3MEHAETCS OT TOUKH K TOUKE B pacTBope.

KoHnuentpauus, a ¢ neff ¥ n1oTHOCTH pacTBopa 3aBHCIT KaK OT pac-
CTOSHUA 1O IJIACTHHKI ¥, TaK M OT KOOPILHHATB BJOJb IIACTHIHKH X.
EcrecTBeHio, onnaxko, NMpeanosokiITh, 4TO OCHOBIIOC H3MCHEle KOHILCH~
TpauuM pacTBOpa MPOHCXOMHT B BCCbMA TOIKOM CAOE, 1EMOCPEACTREHHO
fIpUJeraiouleM K nosepXnocTH peakitnu — auddyanonnom caoe. 1o name-~
Hellue KOHIIGHTpauli npeACTaB/BICT CANNCTBCHIYIO npiuHny, nobykaao-~
Wy XKUAKOCTL NMpHUTH B apmxenne. [1o3TOMy ecTCCTBEHIIO CUHTATh, YTO
H IBHKEHHE >KUAKOCTH TAKXe NPOUCXOMUT B 3TOM cJjoe. TakuMm oOpasoM,
K ABH)XKEHHUIO KMAKOCTH MPH €ECTeCTBCHNON KOUBEKIHH NMPHMCHHMLI CO-
of6paXkeHHst TEOPHH CHAPOAMNAMUYECKOTO norpainuioro cios. [locaennntt
CoBnanaer B 3TOM cjayuae ¢ AM(PQPy3HOHILIM CJIOEM.

YpaBuenus ApvKCHMS HKHAKOCTH B MOFPANU4IOM CIOC B TIOAC TSKCCTIL
HMEIOT BUJL )

v, OV 0V (co) —p (0)
v oy G = GE M @
0, v, 239
o Ty =0 (23.2)

tae p(¢c) — nAoTIOCTb PAcTBOPA B MPOH3BOALHOH TOUKE pacTBopa M

p(co) — MAOTHOCTb BAAAH OT TWACTHHKH (na  Oeckoneunocti), v, M

Uy — TanrenunanbHLil W HOPMaNbHLIK KOMOOHCHTB! CKOPOCTH JKHAKOCTH.

Pacnpenenenne KonueHtpauuu pactsopa p AH(GPY3HOIHOM mOrpatiiy-

HOM cio0e omnpenessiercst pelicHHeM Yypaslielins KOHBCKTHBHOR andpy3uu

¢ )°

w5, ‘37= Sy (23.3)

Ilns cosmectnoro pemecins ypapnenuntt (23,1) u (23,3) npises, npexae

BCero, uTO wMaMedenuc NAOTHOCTH PAcTBOPA C H3MCHEHHEM ero Koillei-

TPauuu 4OCTATOYHO MagO0, TaK YTO MOXKIO NPHOJIKCHNO HANHCATb AJS
KOHueHTpaluI pacTBOpa B MPOU3BOABLHON TOUKE BLIpAKEHHE

PO~ + (55 e—ep. (23.4)

=Cg
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IMoncrapnas sto npubamkennoe 3nayeinue p (¢) B ypasuenune (23,1), umeem:.

U, du, 0%, g (co—c) ( op )
s Gx T ay oy e\
C=C

(23,5)

Hna nanvHedmux paccyxnesnft yno6no BBeCTH B ypapHeHus (23,5)

u (23,3) HOByl0 Ge3pasMepHYI0 KOHLEHTPaUHIO tp=£‘%§-—£. Torna aTn
ypaBHeHus OGYAYT MMeTb BHA
du 0%y
Vs 0;+ v ()_y oy =" Toyr + gae, (23.6)
0%
Yz 0x + v dy =D oy’ (23.7)

— 7 fgo) (%)c—ca.

Ipanuunbie ycioBus pas ypasHenult (23,6) u (23,7) TakoBLI: Ha
NOBepXHOCTH nacTHHkH, npu y =0, CKOPOCTL XHMIKOCTH OOpallaeTcs
B Hysib. KpoMe TOro, B Cuiy CKa3aHHOrO KOHUEHTPAUWs pearupyioliero
BEl(eCTBA HA NMOBEPXHOCTH PeakUWH Takxke paBHa Hymo. M3 onpeneneHHs
Oe3pa3mepHO#t KOHUeHTpauyu ¢ cjaenyer, uro npu y=0 ¢ =1, Tax
YTO OKOHHYATE/NbHO IPaHHuHble YCAOBUA GYLYT UMETh B AAHHOM C/lyyae BHL

fvm:vyzo,} .

o1, y=0, (23.8)
fvw=0,} 23 9
— y— 00. (23,9)

v
Byaem neitarbcs Ha#TH pewenue cHcTembl ypapHenuft (23,6) u (23,7)
nNpu rpaHuuHbix ycaosusax (23,8) u (23,9), Bsoas HOBYw G6Gespa3MepHYIO

nepeMeHHyIo
Y,
(82 Yy
n=(4a) (23,10
M (QYHKLHIO TOKA
e
b=1(£5) FHf (. (23,11)
B HOBOH nepeMeHHO# KOMIOHEHTHl CKOPOCTH HMEIOT BUI
v, = (£5)" 1 o, (23.12)
o _, (&eNh (f —3f)
0 —_ % : 23,13
Y ox (4v ) x ( )
rie QyHKiHA f YAOB/IETBOPSAET ypPaBHEHHIO
" 3" —2(f 2+ 9=0. (23.14)

B HOBLIX mepeMeHHbIX ypaBHenue ais GeapasMepHOM KoHUeHTpauuu (23,7)
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npHOOpETaeT B

¢" 4-3Prfo’ =0. (23,15)
HakoHell, [ TPAHHUILIX YCJAOBHH 3ajauu MOJYUHM BbhIpaKenie
f=f=0,)
=\, 2”»
o1, ( n=20 (23,16)
/=0 } 23,17
0 =0, n— 00. (23,17)

[dna pewenus ypasiesndt, Kak BCersa, BOCMOJb3yeMCsl TeM, YTO YHMCIO-
Mpanaras BecbMa Bemuko. Hannwem d¢opMaabHoe pewenne ypaslieins
(23,15) B BuIE

fo o)
fexp(‘——BPrffdnidn

p=1—"" 0 . (23,18)
fexp|—3Pr ffdn‘ dyn
R R A

B ¢opmyne (23,18) dyukuus f eute se onpesencua. s ee onpenede-
HHUSA BOCMOJb3yeMcst TeM, uyro 6arogapst ypeanbiuatiio GOJBIIOMY 3nauc-
nuio yucaa Ilpauatas unrerpanst B ¢opmyne (23,18) cxonsrcs ouenb
6bictpo. [lo3aTomMy npu Manbix 3HaueHHsX nepemennoll v 3nauenye uure-
rpasnoB onpeneascTCs raannbiM o6pazom 3nadennem ¢yukiun f. Hanpo-
THB, NpH OGOJLWINK 3HAuenHsIX 7 NOBEACIHC (YUKLHH f uc okasnnaer
3aMETHOr 0 BJHSAIINS HA pacnpeaeJsieline KOmucHTpauui BOJU3M MJACTHIIKH,
Beuny 3Toro Ges GObION OWMOKH MONHO 3aAMEHMTL FPANHUHOE YCJIODUE
Ha 6eCKOHEYHOCTH Ila HOBOE IPaluyHOe YCJAOBHES KOTOPOE AO/KHO BhINOJ-
HATLCS HA HEKOTOPOM KOIlleulloM pacCTOSHHU OT naacThku. [lanbwe or
MJIACTHHKH JKHUOKOCTb HENOABHXHA M He MepeHOCHT BewlectBa. MHbiMu
CJIOBAMM, MO)KHO BBCCTH TaKyio TOMIMIY INOTPAHHYIONO CJ10S %, UTO
BHE TOrpaHUuIiOro CJOosi, Mpu 7 > 7, CKOPOCTb JKUAKOCTH 6yneT pasha
HYJIO, a HA ero rpaHuue, NpH 7 =7, BHINOJHHTCA YCJOBHE

7 =0’
/ } = 0. (23,19).

¢=0,
3HaueHHe TOJIUHHBI MOTPAHUUHOTO CAOSl 7, TIOKA He HM3BECTHO H JOMKHO-
O6bITb Ompeleseno U3 Najbieitiiero pewciud. Beuny OuicTpo#t cxoanmocTu
HHTerpanos B Buipaxenuu (23,18) nas dyukuun f npu n < 7, MOXHO
HanMcaTb pasjokeHde B ps MO CTENeHSM 7%, B3SB M3 3TOrO pslia JHUIb
nepBbie ujenn. B cuay rpamunoro ycaosust (23,16) pasaoxenue f B
pPan no cteneHsaM v OyneT MUMeTh BHI

[ ~
f=E (23,20)

YUnensl c nyaesoft M nepBo# CTemeHaAMH v NOMKHB OTCYTCTBORATH. Koad-
buumenT pana (23,20) noka euwie He onpeneseHd.
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[Moacrasass B pewenue (23,18) nonyueHHoe BoipaxceHHe s (YyHics

ann [ (23,20) ¥ orpaHHuMBascb B NepBOM NPUOJIHIKEHHH TOMbKO ONAHMN
‘YJIeHOM, HaXOAMM:

i

fexp{—ppr—%a—}dn

V]
o .

fexp{—ﬂPr 123-} dy

0

1
/s
‘Beons HOBYI0O MEPEMEHHYI0 HHTEr pHpOBAHHUSA t:(g Pl') 7, HaXoAHM:
g Pr /s
( 2 ) 1

f exp (— #3) dt

0

p=1—

p=1—

. (23,21)
7%(3)

Pr\"s
U3 ¢opmyan (23,21) caenyer, yto eciu (6—2-) n> 1, T0, yuHUTbHIBAf
:BLICTPYI0 CXOLMMOCTb WHTErpasa, MOXKHO 3aMEHHTb ero npefei Ha OECKO-
HEYHHH W HanucaThb:

[ee]
{ exp{—t)at

cp%l— =0,

Pr\Y
Hanporus, ecau (ﬁ_Q_T) ' 4 <1, T0O MOXKHO TPUGIMKEUHO MOMNONKHTD:
BPr\ /.
(7)™

| o (1—B+4..)dt 1 (ﬁ_PQL)'/’ " l (ﬁ%r)'/, \
=1— ~l— =l =] — .
%r(%) , %p(%) 0,89
(23,22)

Mpu noMowwu dopmyasl (23,22), nawouel pacnpelenenue KOHUEHTP a-
(LMK BHYTPH MOTPAHUYHOrO CJI0S, ¥ rpaHuyHoro ycioeus (23,19) MoxHoO
HaHTH TOJIUKHY MOrPAHHYHOTO CJOS HA MJACTHHKE

()

e=0~1— 080
«OTKYyAa TOJILLMHA NnorpaHu4HoOro cno1
0,89

o= (Eg_r)/ . (23,23)
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B Buipaxenue (23,23) BXOAMT eule Oj4HA HEH3RCCTHAs Beauuuna B. 3ua-
genue nocrneldelt moxer ObiTh Haltaeno caenyiowuMm obpaszom. [loacran-
Asg  pacnpelesenide KouUeHTpaiuy, onpeneasemoe dopmyaoft (23,22),
B ypaBHenue (23,14), npuxoaum K cacayiouleMy npHGIBKEHHOMY ypan-

HEeHHIO:
(Bpr>l/a.’_‘
/) " 2 ! «
f,/+3f _°2(f,)2+ 1 __()3(; -] =0. (23,24)

Pewenve ypasienus (23,24) moxer OLITH MOAyuCHO METOAOM MO-
caenoBarenbHbXx  npubanwenuft. [1oCKOAbKY Hac uHTepecyeT TOJLKO
MJAaAWWK wien B pasnoxenun f B pAA 1o cTeEneusM v, MOKHO NpH
HAXOXKIEHHM pellenis OrpaHUYyHTbCS HH3IWNMH crencnsmu 7. Hmenno,
apubarxentoe pewenne (23,24) MOXUIIO HANMCATbL B BILAC

()

f= P’”“ + ! 23,25)
- 240,89 ° Btk

Beanuuna 3 moxer ObiThb Hafilena w3 rpaimunoro ycaosus (23,19)

(i)

fr=tn—

B Touke m==m, npousnonnas f’ go/mxna obpauarbcs B yib. Iro
fIPUBOJAMUT K COOTHOLIEHHIO

o ( pf) 3
0=y — Ty LT (23,26)

— L) T6-089 ¢ '
Moxacrtanoska B pupaxenue (23,20) snauenus 7, 1acT BOIMOKIOCTD

onpene/iTb, Hakouetl, f:

p_,"_f;“ (23,27)

Takum o6paszom, sl XapaKTepPHCTHUECKOTO ypaBneHus aidyaunon-
HOrO INOTOKAa IpH cCTeCTBEUNHOH KouBexUMH BOJM3M BePTHKANbIOW mia-
CTHHKH, NP NONYULEHHH, UTO ABIKEHHE KHAKOCTH NPOUCXOANT B NPH-
CTEHOUIOM CJ0e KOICUHOM TOJMUHMHBL 7, MOMXIO HAHTH BCC lEH3BCCTIbIE
NOCTOsiHHbIE,

[Moncrapana natnemioe snavenste § B suipawenue (23,22) s Geapas-
MEpHOH KOUICHTPANHH I MepeXxoast OT iice K KOHUCHTPALLIH ¢, NOJyUYacM:

a \'x ye
¢ =0,7 Prhiqe, == 0,7 Pr/e (B2 )" X0, (23,28)
M)
IMaortsocTs  Andpysionoro notoxa npim  ecrecTdeltiof  KOHBCKILHIT
uMeeT BHI:
. dc
J=D(55),.,=0TDPri(£Y" &0 _ o 7p0% g (o) Th
0y Jy=0 x'/ c=c,

dc r/(

(23,29)
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Inddysuonnnt notok oxasuisaercs CPaBHHTEJbHO MEIJIEHHO H3Me.
HAOWKUMCA ¢ yIaJeHdeM OT HHXKHEero Kpas IUIACTHHKH, a TaKe 3aBHUCH-
ILMM OT BeJMYMHB KOHUEHTPAUUU PacTBOpPa €3 BASKOCTH KUIKOCTH v,

NpOH3BOAHOM (gc) ¥ uucsaa [Ipawatas.

Hurerpupys Bupameﬂue (23,29) no noBepXHOCTH NJIACTHHKH, OMNpe-
ZeJUM NoJHbift AUPPY3MOHHLIR MOTOK HA MIACTHHKY
Cy (O Ve
I=0, gupr'/«[g“] it cy = 0,9Pr [£2 (28)  T™bmnc,D.  (z3.30)
4v2p \0c Je=c,
IMoaHLI MOTOK HA MOBEPXHOCTh MJAACTHHKM OKa3bIBAETCH MPONOPLLHO-
HaabHeiM uHcay [lpanaras B crenenu !/,, xOHueHTpauuu B CTenenu °/,,
06paTHO NMpPOMOPUMHOHAAbHEIM KOI(D(UUHEHTY BASKOCTH pPacTBOPa B CTee

0
NeHU 1/, ¥ 3aBHCALLHM OT MPOU3BOAHOM (5%) H YCKOpEHHSl CHJIbI TH-
C=2C,

WECTH g.

[MTockonbky NAOTHOCTL MOTOKA H3MEHSIETCS OT TOYKH K TOUKE BLOMB
NNACTHHKK, MOJHHI MOTOK Ha MJIACTHHKY He MpPONOPLHOHAJEH ee nJo-

0
wan4. Benvuuna npoussonHOM (-5—2—) MoxeT ObiTh 6€3 Tpyna olleHeHa
C=C,

no Tabau4HBIM faHHbIM. ECAH  KOHUeHTpauus pacTBopa BblpaxcaeTcs
B NpOUEHTaX, TO OKashiBaETCA, YTO MO NOPAAKY BEIHYHHBI OTHOILIEHHE

¢ (0
(20) (OZ)c ,, PasHoO emuHHue. [Mo3TOMYy npH OLEHKE MOPAAKA BENHUHH
Llu(pq)yauoﬂuux NMOTOKOB MPH €CTeCTBEHHOH KOHBEKUHH MOXHO CYHTATb:
S (&Ea\h S0 .
j=~0.7DPen(S8) (23,31)

Addextnpnas Tomuuna nudQysHOHHOrO C0A paBHA NPH ITOM
e
ow——"?/— (23,32)
Y, —ﬁo
07 e ( )

ToncranoBKa uMCIOBHIX 3HaueHUH naeT (puc. 26), nanpumep, aas

pactBopa ¢ KoHueHtpauMel o=~ 107° 0/ gns nuactTHku BHCOTOR
h=1 cx crenywouylo sBeauuudy auddysuonsoro cnos:

8~0,03 cu.

Tonuunbl 1UPGYSHOHHOrO €10 MPH ECTECTBEHHOHW KOHBEKUUH OKa3bl-
BAIOTCH CYUIECTBEHHO GOJbIUMMHM, YeM MpH BLIHYXIAEHHON KOHBEKUMH,
BeJIMUHHBI Ke NHUPPYSHOHHEIX MOTOKOB — COOTBETCTBEHHO MEHBIIMMHU.
Crneayer OTMETUTb, YTO BO MHOFHX KHHIaX M MOHOrpadusix, ©co-
6eHHO B 06JAaCTH 3/MEKTPOXMUMHH, YACTO JeJiaeTCs yTBep:KIAEeHHEe, YTO MpPH

ecTeCTBEHHOH KOHBEKLUMHM BejMYyMHAa O BCEraa HMeeT 3HAaueHWe OKOO
0,05 ca [33]. D10 yTBepxkaeHHe, KaK BHAHO H3 NpedWAyuUlero, MOXeT
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NpHBOLHTL K CYULECTBEHHLIM ownbkaM NpH wictopok ouenke anddysu-
OHHBIX TOKOB,
Hannwmem ewe Bolpawenne A1 aHddy3noHioro mnortoka B Heapas-
1 h?
mepHoM Buac. Despasmepnas semiunna Gr Z%T MOXeT OLiTh 11a3BANA,
no aHanoruM C TeopueM 'Teniomepenaunt, uncaom [paccroda s Anug-
¢y3un. Ona apisercs ennncTseniod 6e3pasmepnoit BeaHUHHOM, BXOsILeH

B BBIPaXEHHWE [ CKOPOCTH H 5

muddysnonnoro nortoxa. [Ilpn .

noMow 3TOro  GespazmMepHOro s

KpUTEpHS MOXHO  Tlepenncarhb

BbipaxceHue 111 Oe3pasMepHoro - — =
aupdysuontoro notoka B puze OO -

h[ 1 1
Nu: —D'EEO—ZO,OPT"GT/‘. 04,
(23,33)

HuTepecHo CpPaBliiTL 3TO BHpa- @ , , ) . ,
WeHHe C aHAJOTHUIILIM BbIpae- 02 04 a6 a8 g

HueM A8 aud@ysronnoro rno-
TOKAa, BO3HUKAIOUICTO H3-3a H3-

Pic. 26. Tomunna muddysuomioro caos
MeHenHs  nAOTHOCTH  OKHUAKOCTH  yo peppukanniiofi  HaacTHUKE MpH CCTCT-
NPy U3MEHEHHHU eC TeMIIeparTyphi. BCHHOH KOHBEKI|HH.
B sToM cayuae TensioBOe uHCaO
[lpanaTas wuMmeeT MOPANOK CAMIMIL, M 3TO OOCTOATCJALCTBO Iie MO3RO-
NeT YNPOCTHTb COOTBETCTBYIOUIME (OPMYJbLI, HCMO/b3ys OLICTPYIO CXO-
AMMOCTb HHTErpanos. [1o mopsaiy Beanuuibl MOXHO, OMIIAKO, 1ANUCATH
ans GespasmepHoro AnddysHoHHOro MoToka Cjenyiollec Bhpaxeite:

>l

ah [ 9o\ AT T
Nugopa =2 {717[ (5{) 7‘;] — Gl"/"F“m’ (23,34)
rae yepes Gfrepns OO0O3nauen rennoroft kpurtepuft I'paccroda.
OTtHowenue aHPOYy3HOIILIX MOTOKOB, BLI3BANHLIX  PA3MCIUIIBANIECM
KUAKOCTH, OOYCAOBACHILIM KOHICHTPALLUONUIBIM M TEMIEPATYPILIM H3Me-
HellMeM NAOTHOCTH, COTsaclio suipaxeHusm (23,33) u (23,34) pasno

Nu Pr i[00 cal's [0p AT V'
1\*"%[[—‘“] Gl (% 7] (23.39)

1CILT - 1€ o

nOCKOJIbK_V U3MCIHICHHe MJAO0OTHOCTH WIIAKOCTH 3aBHCHT OT HCPCMCHN TCM =
l'lepa'rypl,l FO]’)J]SJ].O McClblIe, ucM OT H3MCHEHs I(OIHLCIITDQHIIH Pi]C'l‘liO[){],
dopmysa (23,35) noxasupaeT, uTO NPH MAILIX TCPENALAX TCMIICPATY PLI
A dysuonnbi noToK, 00ycjoBAeHiB{l H3MCHCHUAMIT KONLEIITPAILIH, CY-
WecTBenno npesbiuacT NOTOK, BLI3BAHHLITL H3MEHCHHCM TEMIEpaTyphl.

Cneﬂye'r ele 3aMeTuTb, UTO HpHRCllCHllble q’)OpMyJ!bl CItpaBCcaJIiBhl
MHWbL  npM  JaMMOapioM  JIBIDKCHHH B norpanuunoM  caoe.  HMapect-
HO, oanako, uro MPH ECTeCTBEHHOH KONBCKLHMI CPABINITC.ILIO JIETKO
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NPOHCXOAUT Mepexoa K TypGy/neHTHOCTH. JIaMHHAPHBIA pexHM TCUEHHN
3aMeHseTcs TypOy/leHTHbIM NpH 3HaueHusx kpurepus I'paccroda, nocrtu-
raowux 108, TakuMm o6GpasoM, npHBefeHHble (OPMYJbI MTPHUMEHHMbI JIHIUbL
ana asuavenuft Gr < 108,

JUTEPATYPAI

1. A.H. Ulykapes, XXPPXO 28, 604 (1896); Z. phys. Chem. 8,76 (1891},
2. Nernst, Z. phys. Chem. 47, 55 (1904).
3. Nernst u. Merriam, Z. phys. Chem. 53, 285 (1905).
4. Brunner, Z. anorg. Chem. 28, 314, 693 (1901).
5. A. T. Camapues. Tpyam 'OM 9, 16 (1933); XK®X 5, 1424 (1934).
6. Fage a. Townend, Proc. Roy. Soc. 135, 434 (1932).
7. Meabuu-Xbio3, KuHeTnka peakuHii B pactBopax, TOHTH, 1938.
8. Miymoto, Trans. Farad. Soc. 39, 789 (1933).
9. Langmuir, Phys. Rev. 34, 321 (1912).
10. Yokep, Jlbiouc 1 Mak-Anamc, TunoBas XHMHueckasm anmnapa-
Typa. Xumteopernsaat, JI., 1935, crp. 29.
11. A. T. KacartkuH, OcHoBHbHlE NpOUECCH M anmapaThl XHMHYECKOR
TexHoaoruH, [ocxumusaar, 1948, ctp. 533.
12. . A. dpank-Kameneukwnii, JIuddysus u rennonepesaya B XHMH~
yeckoii kuHethke, M3n. AH CCCP, 1947.
13. E. Euken, Z. Elektrochem. 38, 341 (1932). )
14. M. B. Kupnuuen, M. A, MuxeeB u J.. C. diirencon, Ten-
acnepenaya, AU, 1940. % )
15. C6. «CoBpeMennbie npo6aeMbl THIPOASPONHHAMHKHY, T. I, ctp. 122; WJI,
1948; T. Karman, Z. angew. Math. u. Mech. 1, 244 (1921).
16. Cochran, Proc. Cambr. Phil. Soc. 30, 365 (1934).
17. B. . Jlesnu, X®X 18, 335 (1944); MpX 22, 575 (1948).
18, H. E. Kounn, M. A. Ku6ean, H. B. Pose, Teopernueckan ru-
apoMexannka, T. I, Foctexuspar, ctp. 338 (1948). '
19. T. A. Akceabpyn, X&X 27,.10 (1933).
20. Kpyxuauu, XKT® 6, 561 (1936).
21. B.T. Jlesuy u H. H. Meitman, JAH CCCP 79, 97 (1951).
22. W. Sutton, Proc. Roy. Soc. 182, 48 (1943).
23. Damkohler, Euken-Jakobs Chemie-Engenierer III, 1, 448 (1937).
24. T. K. OIbakonos, IIAH CCCP 39, 143 (1943); 57, 701 (1947);
Hss. AH CCCP, Orta. TexH. Hayk, ctp. 473 (1944). )
25. H. M. XXaBopoHkoB, ['nipasiHueckHe OCHOBH CKpPy66epHOro mpo-
necca u Tenuonepenayu B ckpy66epax, Man. «Cos. Hayka», 1944.
B. M. Pamm. AGcop6uHOUHBIE NPOUECCH B XHMHYECKOH NPOMBILLIJIEH-
HoctH, Focxumusnar, 1951.
27. Leveque, Ann. des Mines (12) 13, 201, 305, 381 (1928).
28. G. Taylor, Proc. Phys. Soc. 67, 85 (1954); Proc. Roy. Soc. A 219,
186 (1954); ibid. 225, 473; 223, 446 (1954).
29. B. Tu66¢c, TepmoanuaMuueckne pa6otbl, ["octexusnat, 1950.
30. 10. B. Uexanckasn, XKoPX 30, 2315 (1956).
3l. B.T. Jlesuu, KX 22, 575 (1948); Acta physicochimica URSS 19,
117 (1944).
32. C6. «CoBpeMeHnnble npobiaeMbl runpoaspoauHaMukus. T.11, MJ1, crp. 317.
33. C. Tneccton, Beeaenne B saextpoxumuio, WMJI, 1951, ctp. 585;
G. Kortiim a. J. Bockris, Textbook of Electrochemistry, v.1l, p. 400, 1951.
34. 10. B. UBanos u B. I'. Jlepuy, XKPX 32, 592 (1958).
35. I'. Tpebep n C. dpk, OcHOoBu yuenus O Tennoob6Mene, 1958.
36. Riddiford a. Gregory, J. Chem. Soc. London, 1956, ctp. 3756.



FJTABA I

JA®PY3UOHHASl KHUHETHKA MPU TYPBYJEHTHOM TEYEHUW
XUIAKOCTH

§ 24. OGuine 3aKOHOMEpHOCTH MepeHoca cyOcTaHuuil
B TypOy/NeHTHOM MOTOKe

Jlo cux nop, paccMartpupasi cKOpPocTH ANGM(Y3HOHHBLIX TpPOILCCCOB,.
MBI OFPaHMYHBAJIUCHL CayuaeM JaMitapHoOro Teuelus xuikocT. Ha npak-
TMKe, OIHaKo, Ouellb YacTO TPHUXOAHTCS HMETb Je0 C TypOyaenTibiM
ABHIXKEHHEM KHIKOCTIH.

IMpu paccmorpenun audyanoninbix npobaeM, a TakMme POJICTBEIHBIX
aM mpo6JsieM mnepeHoca Temaa, CyLeCTBeHIIOe 3iaueHHe HMEET pPEXHUM
TeYeHHs] XUIKOCTH BO/M3M TBEP/BIX TOBEPXHOCTeH, ABISIONIMXCS TOBEpX-
HOCTSIMM peakUny (WM OXJAAeMBIMI U HArpeBAEMLIMH MOBEPXIOCTIMH
B 3alauyax Tenjonepcratiu).

TypOyausauus TeueHust XHAKOCTH B HENOCPEACTBEHHON NOBEpXHOCTH
TBEPAOro Tela HMeeT MeCTO: ‘

1) B ycroeuax BuyTpemiecf#t 3amaun, koraa B TpybGe TeyeT NMOTOK
KHMIAKOCTH C LOCTaTOYHO GoabluinM unciaoM Pettnonbaca;

2) B yciaopusix BHellHe# 3afaud, KOTAa MOBEPXIIOCTb Teld HMecCT He-
o6TekaemMyio ¢opMy (map, UHJAHHAP) MAH HA [OBEPXHOCTH HMEIOTCA
WepPOXOBATOCTH W T. T.

3) npu TeueHUu BHOAL Tena obTexkaeMoit ¢GopMbI (HanmpuMmep, BLOJDL
MAACTHHKN MM AWCKA), HO mpu ouellb Gonabluux, nopsaka 10% uncmax
Peftnonbaca.

Ty p6ynentiioe Teuenne BOJIH3H TBEPALIX MOBEPXIOCTCH peakiluil OUCHb.
YaCTO BCTpevaeTcsl Ha NMpaKTHKe.

B §§ 55, 56 Oyaer nokasano, uto B HEKOTOPHX ycaoBHAX TypOy-
AM3auMs  Tedyelids Yy CTCHKH BO3HMKAET NOYTH BCErjia, ecau He MNpHIU-
MaloTCA creuuazblibie Mephl IJsl ec npefioTBpauieHus.

IMockoabky KHHeMaTIICCKAsA BSI3KOCTb OKHAKOCTH v o0bIulO Mana,
reyeHus c OonbWINMHK uucaaMu PefinonbAca peasn3yloTcs OueHb JETKO.

Hurencudukauns rercporenssix npespattenuit tpeGyer oObluHO nepe-
kona Kk TypOynenTHOMY PEKHMY JBIKEHHS JKHAKOCTH. TypOyaenTiibifh
\eXuM TeyeHHus BcCbMAa YaCTO BCTPEUAETCA B E€CTECTBEHHBIX NpPOUEccax.
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[Tostomy uccneaopane sBienufl KONBeKTHBHOW nuPdysun npu Typby.
JIEHTHOM PesKMMe ABIDKEHMS HMeeT CYLLeCTBelioe IPaKTHYCCKOe 3i1aveH e,
OO 10NOMHATENLHO yBeJAMUMBAGTCS TeM, UTO, Kak OyldeT BHAHO wu3
na’lbHeHlnero, H3ydyelle KOHBEKTHBHOM AMPPy3un CyleCTBEHIO  Iag
pelenist nMpodaeMbl Ten1onepenaun 1pH TypOyaenTHOM ABHKEHHH JKHIKO-
T, Hakouew, okasupaercs, uro wuccicionanue nponecca AHPDYy3uy
MOXET JAaThb BAXKHBIE CBededHs O npupole TypOy.enTHOrO JABHIKCHHs
BOIM3H  TBCPAOHA MOBEPXHOCTH. IKCMCPHMENTA/lbiIOe W TEOpeTHUECKOe
HcC/el0Ballle npouecca KOHBEKTHUBHOW AHPPY3HU B KHAKOCTAX MNpen-
CTaBAACT CYNLCCTBEIHLIE HHTEPeC st COBPeMeHUON Teopuu TypPOyaeHT-
HocTH. [losTomy B naibHefmiem Mbl NOAPOOHO OCTAHOBHMCH HA BOMPOCe
KOnBeKTHBHON nnddysun B TypOy/eHTHOM NoTOKe. B OCHOBYy TeOpeTH-
4ecKoro paccMoTpenus OyneT mnojo:Kena coBpeMeHHas Teopust TypOy-
JICHTHOCTH, KPATKOEe H3Ji0XeHHe KOTOpod Ouno pano B § 4.

Mpr BHIEAM, YTO [pH TYPOY/NEHTHOM peXHUMe NBHKCHHS NMPOHCXOMUT
BechbMa 3JHepruyHoe Oecrnopsnoyioe IlepeMelunBanue Kuikoctu. Typby-
Jelutuble NyJbCalMH MepeHOCAT HMIMYJAbC XHAKOCTH K MOBEPXHOCTH 00-
‘TEKAEMOr0 TBEPAOFO Tena, 4YTO NMPHBOLMT K MORABJEHHIO CPEANMEro NMOTOoKa
HMily/bCa K TOBEPXHOCTH.

Hanwuyue cpesnero moTtoka MMNyJabca K TBepAOH MOBEPXIIOCTH O3Ha-
4aeT, uTo 11a 3Ty MOBEPX)OCTb NeHCTBYET CH/AA MOBEPXHOCTHOrO TPEHHS,
Mul Buzean B § 4, UTO nepenoc uMnyjabca B MHIAKOCTH MOXIO Xapak-
TepH30BaTL TypPOYJeHTHOH BS3KOCTBIO voype. Hanmpsikenue Tpenus B TYp-
OyJIEHTHOM TNOTOKe, NBHXYLIEMCS BAOJbL TBePAOH MOBEPXNOCTH, Bblpa-
waercst popmyiofl (4,8):

7 = pypyeg 22
= [Yryp6 dy

ITpy ABMIKEHMM BROJbL TBCPAOH MNOBEPXNOCTH MOMKHO CUMTATDL, UYTO
H3MCHelHe CKOPOCTCH NPOHCXOAMT 1A CTOAL MajJOM pacCTosituil OT lice,
q4TO T MMeCT NOCTOAIIOC 3HaueliHe, pasioe HANpsLKCHHo Tpenis ia ca-
MOH cTenKe.

AnanornynbiM 00pasoM MOKHO CUHTATb, YToO TYypOYJeHTHbIe NY/1bLCAUNH
NepeHOCAT BElleCTBO, PACTBOPEHHOE B KHIAKOCTH.

[Mepenoc BewecTBa TYPOYJAGHTHBLIM MOTOKOM MOMKHO XapaKTepPH3OBATb
Typoy.tentiuy Kodhduumentom auddysun Dips.

[Tpeanoaoxus, uro B TypOyJeHTIO ABHXKYUIEMCS pacTBope cyule-
crByer nepenas  kouuenrpaumu. [lyCTb, Hampuymep, Ha NOBUPXHOCTH
peakuuy NojIepIKUBACTCA KollenTpauus pewectsa ¢=0, B TO Bpems
K4K B pacrsope ona pasia ¢,. Torza BO3HHKAeT CPEUMH CHCreMaTH-
YeCKHA MOTOK BEIECTBA K MOBCPXNOCTH PCAKIUH, KOTOPHK Oynct npo-
NOPUHOIIAJAEH TPALHEHTY CPealeH KOoHUenTpalHu g% ITOT MoTOK Beue-
cra Oyner nepenocHTbCs TypOyaeHTHLIMHE NyJAbCAUMSMH, HECMOTpPs 1a
ux pnome OecropspounLit XapakTep.

[Tepentoc Bewectsa GecnopsiouHbIMH  TYPOYJACHTHBIMH Y ILCAILIAME
aHATOrHuel Mepetiocy BeuwlecTBa npu  MoJexyaspuod auddysint B rase:
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ganMuHe rpanvedTa KOHUEHTPAIHH MPUBOIMT K TOMY, YTO Ha XaoTHYcC-
Koe NBWKEHHe rasoBbIX MO.IEKY.l 11aK/aAbiBAeTCs CHCTEMATHYCCKOE 1BH-
XeHMe B Hanpas/icHuu natenis Kouitedrpannu. Toumo Tak e nagaudne
rpaAMenTd KOHUEHTPAUHH B XAOTHYCCKH DPA3MEUINBAEMOH JKILIKOCTH M =
BOAHT K [MOSABICHHIO CHCTCMATHYECKOTO Mepenoca BCuleCcTBa B Hanpas.ic-
HHH YMeHbllUeHHs KOHILeHTPallHH.

Ecan o6osnauuts uepes j,y,¢ cpelnuft nortok Bemiectsa ua 1 c.u?
NOBEPXHOCTH, MEPeHOCHMbIY TypOYAeHTHLIMH TY.IbCAUMHME, TO B CILIY
CKa3aHHOrO MOXIIO MOJOXHTb:

. dc ¢
J= Dryp6 ())—' » (24, 1)
dc -
rae Jy — rpasveHT cpeaneft Konuenrpaimmm u D, .u6 — kodpdunnenr

TypOynentolt auddysun. 3uax nmoc B dopmyae (24,1) cooTBercTByeT
TOMY, UTO yMelbllelie KOHILCHIPAUMH OPOICXOAHT B OTpHLATEIbHOM
Hanpasiietnu ocu y. Koapunumenr nponopiuonanvioct Dipe B hop-
myae (24,1) urpaeT Ty e posb, 4TO KOI(puiLitentT anpdy3nn B oduiu-
HOM BbIDa)KeHHH [/ MOTOKA BEILECTBA, MEPEHOCHMOTO MOJEKYIsIPHON
mddysuelt, 1 UMEET Ty e CaMylio pasmepliocTh (c.u*/cerx). Pasymeercs,
ko3 puuuedt 1TypOyentiol auppy3uu He HMCECT 1Huero ofuLero ¢ Koag-
GULLUEeHTOM MOJeKky/aspHoA andPpy3un. OH xapakTepH3yeT NEpPeHoC Be-
IEeCTBA XaOTHYECKHUM TYpPOY/JCHTHLIM ABHXKEHHEM, TOrAa KaK Kod(duLHeHT
anpdysun xapaxrepusyer nepeHoc BEULECTBA XAO0THYCCKUM MOJIEKYAPHBIM
aBH:KeHueM. TypOy.ieHrioe ABHWEHHE XHAKOCTH H3MelsieTcss C paccTosi-
HHEM OT TBEpIOH TOBCPXHOCiHM, TNMOITOMY H3MEHSIETCS C PAacCrosHiueM U
nepeHoOC BeutecTsa TypOyJeHTHBIMA MyJbcauuami, TakuMm 06pasom, KOIP-
puunent typOysentHolt auddyann Dy, LOMKeH 3aBHCETL OT pPaccTosi-
HH 10 NOBEPXHOCTH pEakuMH. -

Kosppuumenr rypOyienrioft auddy3nit MOKHO CBI3aTh C BeTHUMHAMH,
XxapakTepuaymolmumit TypOy.tedTHb#t notok. KMmenno, nocko1bky cBoficrra
TYypOY/IEHTHOrO ABHKCHHA OIpciensioTcs seauwuuHamu p, AU u [ o enn-
CTBEHHOH cocTapicHuofl M3 1HMX  BelHunHo#, wHMeoule pasMepHOCTb
leu?/cer], asaserca npousscichue AU - [, ML LOKIHB TOMOMKHTD:

D gy = AU 24.2)

bopmyaa (24,2) umecer NPOCTOH CMBIC.H: OHA ABISETCH aHATOTOM (op-
Myabl KHHETHUECKOH TeopHil rasos

D =~ ). (21,3)

B nocnenme#t A — nauna coGomioro npobera, v — cpelusss CKOpPocrb
eNI0BOrO NBIDKCIHNS MOJICKY.T.

IMepenuiuen suipaxcine 415 ko3 pduienva typOyenrion aHPPysun
B Yonee ynoGuom suie.
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CiopocTu TYpOYIEHTHBLIX MyJbCaunit v' — NopaaKa U3MEHEHHs Cpems.
Hell CKOpPOCTH HAa PACCTOSINMAX, NOpstaka Macwralda TypPOY.JCHTHLIX MNY/ifee
caumit, 1. e.

, ou ¢
v zAU%—oT - L. 21,49
Mostomy nns D.yps MOXHO Hanmucarh:
ou
D'rypﬁ =~ "U,l ~ [? —0-[— . (24,5)

B nanbuefiieM Mbl 10MkHb OyleM HanucaTh BupaxeHune nis AH(p-
¢$ysHoHHOro noroxa B TypOyJEeHTHOM MOrPaHUYHOM CJIOC, CYLleC TBYIOLLEM
Ha MOBEPXHOCTH TBeploro Teja. OKasbiBaeTcs, YTO 3TO MOIKHO CHAEJATH
TOJIbKO HA OCHOBE HEKOTOPBIX FHNOTe3, KacalolMXCs Xapakrepa TypOy-
JIeHTHOCTH ABHKEHHS B HenocpeAcTBeHNOR OJM30CTH OT MNOBEPXHOCTH
TBEPAOrO Tena.

Cpasuupas (4,2) ¢ dopmynoit (4,5) A8 viyps

Vayps ~ AUL ~ Dyyoi, (24.6)

Mbl BHUAHMM, YTO 1<09q5(pmmem TypOyneuTHOR AndDYsHn sABASETCH aHa-
JOTOM TYpOyJ/ieHTIIOH BA3KOCTH M MMeer, BoOOLIe rOBOpS, TOT XK€ NO-
psnok Beauuunnl. CoBeplUCHHO Takoe e MOJIOXKEeHHEe MMEeeTCsi B KHHe-
THYeCKO Teopuu rasos.

[Mockoabky D,yps nmpornopinonased MaxkpoCKONHYeCKOMY MaciuTaby
TypOy/JIeHTHBIX MyJbcaliifl, B NOTOKe XHIKOCTH C Pa3BHTOH TypOyJieHT-
HOCTBIO Ol NPeBOCXOLUT KO3pduuUMedT Mosexyaspuodl aubdpysun D Bo
MHOTO THICSIY Pa3.

Orpomnoe 3uauyenne D,y,6 0GecneqipaeT nouTH MOJHOE NMOCTOAHCTBO
KOHUEHTPAaUW¥ pacTsopa BMJIOTb [0 BeChbMa MaJblX paccTosHWHA OT NO-
BepxHoctd peakuuu. OOHAKO HA MajbIX PACCTOAHMAX 0O TBCpAOd NO-
BepXIOCTI, Kak Mbl BHAead B § 4, NauMHUeT CKA3LIBATLCS TOPMO3sflLee
neficrue cTenkd. 3aech Macwtalb LBMNKCHHS HauuuaeT 3aBuceTb OT pac-
CTOSIHIIL DO TBEpPAOH MOBEPXHOCTH 10 3aKOHY, YyCTaHOBJeHHOMY B § 4.

B § 4 Mbl Buaesu, yTo yMenbllienue Macwitaba TypOyJeHTIILIX MY/b-
CalMi NPHUBOAMT K YCTaHOBJAEHWIO Jorapudmuyeckoro npodu/si CKOpo-
creit (4,17).

Ananoruuno uamenenune Macwraba ciaspiBaeTcs W lla pacnpenesieHHH
cpelticlh KOHUGHTPALUMH B NOrPalH4yHOM Cllo2,

Comepuiellio TaK e NMPOMCXOAHT Mepeloc Tenia B HePaBlHOMEPHO
narperoft xkuaroctu. TypOynenTHoe nepemeliuBanue obecrncynpaer nepe=
Hoc Gosiee HarpeTblX MOPUMA MKHUAKOCTH K Melee HarpeTbiM MeCTaM,
3aMeHss MOJeKYJASPHYIO TenJonpOBOAHOCTD.

Ecan B HIKOCTH MOANAEPMHUBAETCS PasHOCTb TeMNeparyp — Hanpu—
Mep, NYyTeM MOMelleHusi Teia C 3anaHnof Ttemneparypo#t, oTaHUYHOW
OT TeMnepaTyphl JKHLKOCTH, — B HeH BO3NUKAET CHCTEMATHYeCKHH 18-
TOK Temja OT 6oJiee HArpPeTbiX MECT K XOJIOAMbIM,



524] 3AKOHOMEPIOCTH MEPENOCA CYGCTAHUHA B TYPBYJAENTIIOM MOTOKE 147

TIoToK Tensia MoOKeT OnITh XapakTepH3oBall KO3((HUUHEHTOM Typ-
GyAEHTHOTO Mepeloca, TaKk Jke KAk W NMOTOK HMOYJILCA WIH BellecTBa.

Ha Bonpocax nepeuoca Tenna Mpl ocTanosumcs  6o.ee  noapo6mo
HECKOJbKO TMo3anee. 31eCh ke MLl OrpaHHUMMCS 3aMeuaHigeM O TOM,
gro BCe NajdbHeflIMe paccyiiclins MORYT ObITh HenoCpeiCTBCHHO Tepe-
geceHbl C aBjleHntt AMPPYy3un 1a npouecg Tenaonepenavi.

HMsmenenne macwtada IBIHKEHHS 3aBUCHT OT PaccTOsHUd 10 TBepAOft
MOBEPXHOCTH no 3akony (4,14), uro npuUBOAHT K yMCibIUICHHIO KO3 -
¢uurenta typOyneutinolt mudpdysun no saxony

DT)'])G ~ [ z_i'{ Nyz gv[;/- . (21,7)
COOTBEeTCTBCHIIO [LJS TNOTOKA BeluecTsa, MepelocuMoro TypOyneHT-
HHIMHM NY/AbCAUMAMH, 1AXOMHM:
. . 0U dc
J =20 y” dy 9y’
rae Po — HEKOTOpas MOCTOSHIAL,
PaccmoTtpum npocreftinft cayualf, xoraa morok BeiuecTBa TeYeT OT
6eckoHeuynoft naockoct y =0 B 6eckoneuubit 06bLEM — NO.IynpoCcTpaH-
ctBO y > 0 Han naockocThio. Bimsiiie KOHEYIBIX pa3MCpOB MOBEPXHO-
CTM peakuuu OyacT yurcio ke, B atroM cayuae noTox BelecTBa johe
MOXET, OYeBIANO, 3aBlCeTh OT paccToauusg A0 naockoctH y=0 (ot
KOOPAMHBATHLL ¥), TaK e KAK W OT kKoopaumnarul x. B upoTusiom cayuae
O6bis1 OLI Hapynicl 3aK01 COXpalCiiig BCHleCTBA,
Takum obpazom, B paccmarpiaemom cayvae j==const. [louacrasnss
B (24,8) sakou pacnpeacacuns cpenne#t cxopocti (4,17), noaydaem:

— dc 1:
J=3u,y dy’ p= Po- (24,9)

=T

(24.8)

Mpu 3TOM MBI minueM 311K MOANOH TNPOIN3BOANOH, MOCKOALKY pacnpe-
leneHue cpenlich KOHUCHTPALNKA ¢ HC MOXET H3MCHATLCH BAO.Ib OeCKO-
HEYHOMN MJIOCKOCTI.
HMurerpupys (24,9), nmosyuaem s pacnpefenehus cpeitieft KoiueH-
Tpauuu B TypOy/CHTHOM HOTOKE
¢, =-—1n y+a, (24,10)

1t U

rae a, — rocroanuas unrerpuposanus. Cwmuica unaexca [l Oyner ycra-
HoBJieH B nasabuefmem (cM. Tabua. 2).

dopmyna (24,10) noxaaviBaer, yro B TypOYJEHTIOM TNOTOKe, TeKy-
ueM BAOJB Oeckoleuliofl MAOCKOCTH, YCTAHABIMBACTCS J0TapH(MHUECKOe
.Pacnipenesienye cpeaHeft KOHLEHTPAUMH B SaRUCHIMOCTH OT PaCCTORHHS
R0 nrockocTtH. IJToT JorapudMuueckufl 3aKOH anaJjoruvien aorapupmu-
YeCKOMY 3aKOHY pacrpejcnaenus cpenucit ckopoctu (4,17). Onuako no-
CTOoAHHAA [, BXomsulas B JOTapUPMUUECKHH 3aKOl 449 pacrpeneneni
CpenHel KOHUEHTpAaUHM, HEC HMEET HHUCTO O00Wero ¢ MNOCTOSIHHOA o
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pxonsief B (4,17). Mul nonuepkuBaeM 3TO OGCTOSATENLCTBO NMOTOMY, 4To
BO MHOrux paboTax 1o TeopHH Tervionepefayd, B KOTODHIX H/si TEMIIea
paTtypsl yCTaHaBauBajcs jorapudmuueckuft 3akoH, anajsoruusmi (24,10),

NMOCTOSIHHAsA, 6e3 BCAKOFO OCHOBAHMs, NMpMHMManach pasHo#t ) o . Jlora.
pudMuyeckuft 3akoH (24,10) Obin BbIBeleH IS MIEATU3UPOBAHHOr O CJIY-
yas MUIKOCTH, TeKyulel BROMb OGeckoHeuynoi miockoctH y==0.

[Nepexons K cayvalo BHellHero o6Tekanus Mo y6ecKoHeYHOH MIaCTHHKY
(y=0, x> 0), Mb Ha OCHOBAHMU pe3yJAbTaTOB, NpHBeNeHHbX B § 4,
MO)XeM cunTaTh 3aKoH (24,10) npumeHMMbIM B 06JaCTH KOHEYHLIX 3Haue.
HU#l y, H3MEHAIOWHUXCA B npeleiax TypOyJeHTHOro NOTPAHMYHOrO CJIOS,
T. e. B uutepBate 3, <<y < d, rae d— TonuuHa TypOyJeHTHOrO mo-
rPaHUyHOro CcJOR, onpenesenHas ¢opmyion (4,35), a Gy—— TO/LLUHA
BS3KOTO MOAC/IO0A, naBaemas ¢opmynoft (4,16).

3a npepesaMud MOrPaHMYHOrO ‘CJAOS MACIUTAl [ABHXKEHMA MOMHO CHH-
TaTb He 3aBUCAUIMM OT PAaCCTOsHMA 0O CTeHkH (00jacTb aapa TypOy/eHT-
Horo teyenust). B o6Gmactu simpa TypOyseHTHOrO TeueHHs CKOPOCThb, a
TaKXe W KOHLUEHTPAauus HMeloT MocTosHHoe 3HayeHue. Ecanm ¢y — 061
eMHOe 3HayeHHe KOHUEHTpauud, TO NPpu y=d [ONKIIO BbLINOJHATHLCA
paBeHCTBO

o J _
chmln d+a,=c,,

M03BOJISIOILee OMNpeneNuTh 3HayeHHe MOCTOsSHHOM HHTerpupoBaHusi. Jlora-
pudmuueckuit npoduab ckopocrel B TypOy/JeHTHOM MOrpaHHvIlOM CJIOe
MoxeT ObiTb HanucaH B BuIe

cH=H{}_0|n 2 ¢ (24,11)

O6aactb TypOy/CHTHOrO MOTPAHUYHOTO CJOS Mbl GyneM OTMeYaTh MH-
nexcoM lI, ocrasass unmexc | pas sgpa TypOyneutsoro Tevenus. Kou-
UEHTPAUUa ¢;; 3aBUCHT HE TOJIbKO OT PACCTOSHMS 1O MOBEPXHOCTH MJa-
CTUHKHY, HO TaKXe H OT KOOPAHHATHI X, OTCUHTLIBAEMON BIOJb NJAACTHHKH,
3aBUCHMOCTb C;; OT X ONpejesnsieTCs COOTBETCTRYIOUleHl 3aBHCUMOCTDIO

BeqMuuH v, H d, nasaemo#t dopmynamu (4,13) u (4,35).

§ 256. Nuddysuonnsiit notok

Kak mu Bugenn B § 4, Ha BecbMa MaiblX PacCTOAHHAX OT CTeHKH,
B BsI3KOM NOACJOE, Jorapudmudeckui 3akoH pacnpejesenuss ckopocTeft
tepsier cuiy. Onnaxo, Kak 310 GyneT SCHO BHAHO M3 Nanbhefuiero, rpH
Gonblunx 3nadeHusx yucaa [Ipauaris uMenHo 3ta 06JacTb uMrpaetr posb
OCHOBHOro AH(PPY3HOHHOrO CONMPOTHBJIEHHA, OMNpPEEafOUEro BEIHUHHY
Muddysuonnoro noroxa. I103TOMy BOMpoC 0 MeXaHuaMe 3aTyxalus Typ-
Oy/leHTHOCTH B BSI3KOM TMONC/AOE NPHOOpeTaeT OCHOBHOE 3HAUeHHe.

B § 4 Guinu pasoOpanbl ABe rUnoOTe3bl O 3aTYXaHUH TypOYJ/eHTHOCTH:

1) runoreza [lpanntas — Tettnopa [1—3] 0 nosHoM npexpauleHHH
TYPOY/IEHTHOCTH B BA3KOM MOACIOE,
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2) runotesa JI. JI. Jlannay n apropa o nocTerncHiioM 3aTyXaHHu Typ -
GyneHTHOCTH.

[MpeacTassenie O MOCTeNelHOM 3aTyxanuu TypOyaciTHocTH BOAH3H
cTeHKH DPasBHBAIOCH B NOC/AedHHe TOAbl Pa3JHYIILIMI aRTOPAMH, IJIABHBIM
o6pa3oM B cpasd ¢ ponpocamn Tentonepenaun (1. JI. Kamiua, C. Jlun).

OnHako no BOMPOCY O 3aKOHe 3aTyXanus eaHHoH TOUYKH 3peHns He
CYyWEeCTBYET. :

Hcxoas u3 ABYX yKa3aHHLIX MApeACTanaeHHH O Npupone ABINKeHHS
B BA3KOM TMOJC/0e, MOAyuYaeM AB1 Pa3aHUHBIX BLIPaXCHUs LJ1s1 XapaxTe-
PHCTHKH TOTOKA BpeutecTsa B Hiem. OObeaunss peuieHus BHYTPH W BHE
BA3KOTO TMONC/0S, MOXHO HaTI npeneabist anddysionunt norox, uay-
wufl depe3 norpaiuunbii CIOH.

1. Ecan cunrath, uro npn y <0, TypOyJAeHTHLIE NyAbCAUMH NOJ-
HOCTBIO HCYE3aI0T W JABIDKEHHe CTAHOBHTCA JAMHHAPHBIM, a MepeHoc
BEWLECTBA MPOICXOLNT MyTeM MOAeKyaspliol Anddy3ii, MOKHO NOAOKUTD

H, MOCKOJbLKY j == const,
J
c = 5 Y+ a

Fle a, — nocrositiHas nurerpuponanis. Ona MOXer OwiTb Haliena u3
yenosus ¢ =0 npu y=0. [Ipn 3TOM, ouyeBuiHO, a, =10, Tak yTO

Cip = 715)’» (25,1)

Ha rpanune Bsskoro noncaos, npu y~:dy pacnpenenchie (25,1)
LO/MKHO HenpepblBHLIM 006pasoM mnepexonnTtb B pacnpelesdernic (24,10).
Humenno, npu y~ 3, nmcenm:

ﬁ_-;;m 24 co =15 3. (25,2)

U3 ypasuenns (25,2) moxuo uallTH BeJHYHHY MPEAC]bHOrO MOTOKA
B Bune .
. j= Deo (25,3)

- D -
Oo—m In Oo/d

10
3amensis U, Ha —Gf—, cornacto (4,16) moayuaem:
0
DCO DCO

j == = . 25,
(i ra R
T 103 0 0\ 103Pr  d
Mpu Gonvwon auauen wicia [Mpaniras
jay Do Deavo v (25,5)

Pr °

O 10v
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B sTom cayuae okasbiBaeTCA, UYTO OCHOBHOe «AH((PY3UOHHOE CONPOTH-
BJEHUE» JIEXMT B JIAMHHADHOM INOJCJOE, T. e. NOTOK BeuleCTBa JTHUMHTH-
pyerca mouaexkyaspHoft nuddysuch vepes Basku#t noacaod. Iudpy3Hon-
HHH MOTOK NpOMNOPUMOHANEH XAPAKTEPHOHR CKOPOCTH TYPOYJAEHTHLIX IYJIbe
cauuit v, u obparHo mponopuuoHaned uyucay I[Ipanatas (1. e. npsaMo
nponopluoHaien Kodbduuuenty anddysuu D).

[To xapakTtepy pacnpelleseHus BellecTBa H ckopoctell BCCL IMOTOK
MOXHO pa3butb Ha Tpu 0o6JacTH, KaK ykasawo B rtabna. 2.

Tab6awmuwa 2

Mexauuam nepexoca
af 3Hauenue XapakTepH- 3akoH pacnpenesieHus
; a KOOpAHHATL CTHKA 0042CTH KOAHYEeCTBa KOHUCHTpAIIHH
:g~§ ABHKEHHS Belecrsa
1 y>d Pasputan 1yp- | Typby- Typ6y- ¢; = const
6yneHt- JeHTHLIA JICHTHLIT
HOCTD )
I8, <y<d| Typbynenur- To e To we - cll:F{J_ In %'[ -+ ¢o
HbH norpa- 0
HHYHBIH |
cioit 3 ‘
1 [0<<y<?¥ | Baskuit nox- | Moneky- Mounexy- Cyp = _L])“ y
cnoit aspuas NsipHas
BSI3KOCTD nugy-
318

TlpeneGperas 3aBHCHMOCTBIO U, OT X, He HMeOUled CyLeCTBEHHOro
3HAYEHHUN JUIS KAYeCTBEHHbIX BLIBOLOB, MOXHO CYUMTATh, 4TO popMmya (25,5)
jlaeT NJAOTHOCTb HHPY3MOHHOrO MOTOKA B JI06OH TOuKe MAACTHHKM,

B 6e3pasmepHblX KpuTepuax (25,5) MoxHO NepeniucaTb B Biie

Nu ~ Re. (25,6)

MonuepxiieM, uro (25,5) Buipaxcaer npenebilbiit 3akoH Ajst j, orBe-
yapoumi Goavwum uucaam [lpanaras Pr > 1.

[Mpepenvuwmit 3axon (25,5) nokasuaer, uro Nu ue 3aBUCHT o1 Pr,
T. €. He 3aBUCHT OT ko3pduunenta auddysuu BeurecTna.

Kapman nonsepr xputuxe npencrasienus [Ipanatias — Tefinopa. On
YKa3a1 Ha HeLOMYCTHMOCTb BBELEHIS PE3KOH rpaHuubl Mexay TypOyJIeHT-
HBLIM TMOrpaHHuHBIM CJAOeM H JaMuiapHeM noaciaoem. Kapman [3] npean-
JIOXHUJI BBeCTH B PacCMOTPeHHe Tak HasbiBacMbil OydepHHl CIOH, MNpH
KOTOPOM TeYeHHe HAKOCTH BOJH3M CTeHKH pa3busaeTcst Ha Tpu 06siacTH:
1) TypOy/eHTHHH MOrpaHHyHbLIA CJIOH#, B KOTOPOM KOMHYECTBO IABH KEHHSA
M BelleCTBO MepeHOCSTCA TypOy/ieHTHEIMH nyabcauuamu; 2) OydepHbIit
CI0H, B KOTOPOM KOJHHECTBO ABIKeHHS W BelleCTBO MepeHOCHTCst B paB=-
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Mepe TYPOYICHTHLIMI My IbCaiuaMIt 1 MOJCKYINPHLIM  MCXaHI3MOM;
8) AaMHHAPHBIA CIIOH, B KOTOPOM 1I KOMUYECTBO ABIHZKCHIS Il BEULCCTBO
AEPEHOCHATCS MOJCKYIAPHBIM MEXAUI3MOM.

CaenyeT 3aMeTiThb, 4TO B OpurnHaibHbix padortax [Tpanatas, Teft-
sopa u Kapmana paccmarpusasics npoitecc Tensonepejiadn, a ne nepe-
goca BellecTsa. 3 ckasannoro panee (cam. takke § 30) scno, uto 3710
oTAndHe He uMeer MPHHIMNHATBHOTO 3HAYCHHA,

Konuenuus Kapmana noayuinia ocofenno WHPOKOC pacipocTpaienie
g TeOpUHU Temuonepenaun. daxTiiecKoe BHpaMKeHie A4 MOTOKA 1P HaTH-
gun 6ydepHoro cson neckoavko caoxiee, uem (25,4). Onmako B npe-
AembHOM cayuyae Pr>>>1 dopmyant TMpauntas u Kapmana cosnanator.
A10 coBnazneHie Meer npocTod cmbica: npu Pr>> 1, 1.oe. mMaawx 3na-
4eHHsaX Kosddunueura niddysin, Kak 310 ocobenio ACHO BHAHO TpH
nepexone oT (25,3) x (25,5), measenuolt craniet npoxXoxeiis BellecTsa
SBAAETCA NMPOXONIACHIC MM JaMunapHoro noxcnaos. Jduddysmnonnoe conpo-
THBNEeHHe TypOy/nenTHOro norpaHc/ios, a Takwe Oydepioro caof Mnpi
Pr>>>1 oka3biBaeTcsi MCHbIINM, YeM CONDOTHBJEHHE JAMHHApPHOTO MOJ-
cnosi. 3nauenne nuddysnonnoro uncaa [pannras p oxuakocrsx Pr~ 103
daKkTHUYeCKH JOCTATOUHO BeJHKO A TOTO, 4TOOLI HMMEJIO MecTo [10Ji0e
cognanenue ¢opmysa [Mpanaras (25,4) u Kapmarna.

2. Ecau nouuare M3.J10KeHHYI0 BbLHLE THIOTE3Y O MJABHOM 3aTyXarin
TYpOYyAECHTHOTO ABIDKCHIIR B BSIBKOM MOACHKOE, TO CTPYKTYpa AnPPy3HOI-
HOFO MOrpaHHuIIoro caost oxaswipaerca Oonee cioxuoft. Fmeuio, nmpu
d>y > 0, uMecT MccTO BbIBeACHHBLIH BLIWE JorapudMiveckitt 3akon
pacnpepesenns xouienrpauni. [Ipu y < 6y A5 MIOTHOCTH NOTOKA MOMHO
HamHCaTh :

. oc

J=Duyps gy
# CYMTaTb, KAK ¥ B BepXHeHl YacTH NOTPAHHYHOTO CJI0s, UTO MepeHoc
BewecTsBa TYPOyJAEHTUBIMIL MyAbCAUNAMH 3HAUHTEABHO TIPCBBLILIACT NEPEnoc
Molekynsipuoft midysnelt.

IOas naxoxaenns D,y B BI3KOM TMOJNC/IOE MBI BOCMOAL3yeMCs OOLLIM
BhipaxkeHueM (24,5). Buipakas BXOIsUIME B 1IEro BeJANUMHLI Uepe3 Uy,
S, ¥, HAXOMMM:

~ Yoyt
Digps =~ 2

5Ys%rd
. (25,7)
8]

Kak wu cacnosano OXWIaTh, [iyps 1O MOPAIKY Be NI COBIANACT
¢ Vrype, onpeneseninim GoOpMynol (4,26). B BaskoM noac1oc vy, Meliblie,
YeM MoJiekyasapHas Ba3KOCTh v. OAHAKO, HOCKOJIBKY MLl PaccMaTpHBACM
Ciyyat D <& v, aaa Dy 1 D nmeer mecro ofpariioc Cootiolienue.

Moacrasass B BupaKeinie ars noroka suadcine Deeps mo (25,7), M1l
Uphxomnm K BHIpAKCIO g M dysHotoro noToxKa B BIAIKOM nojacaoc

. y* dc (25,8)
== YUg—7 7
J 1% '68 Jy
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rae <y — HeKOTOpbif HeusBecTHLIH yuca0BO# KO3bdHuMenTr. ML YKasmu.
Baait ywe B § 4, uTo Hapsay c runoresoit (4,24) o 3aoie 3aTyXaHus
TypOYJeHTHLIX MNyJAbCauu#t BLIABHrasoCh MNPeAnojgOXende O COXpaHeHuy
3aKona [~y B mpeflefax BA3KOTO noAca0f., IDTO NPELNOJIOKEeHHE NPH-
BOLMT BMecTO (25,7) K BblpameHHIo

3
Dayys ~ =2~ . (25.9)

Wnrerpupys (25,8), nojyyaeM pacnpeieseHie KoHUeNTPauud B 0B1aCTh
y <G
By 1
=g,y T (25.10)

Heo6xonumo, onnako, yuecTs, YTO 93TO pacnpeieseHde KONUEHTPALHK
e MOKET MMeThb MeCTa BrIoTb 00 caMol crenku y ==0. [leficTeHTe bHO,
K03 dunuent typbynenrio#t auddysuu D,ype B BI3KOM noacioe 6bICTPO,
Kak y%, yObiBaeT C paccTosHueM 10 cTeHkH. [l03TOMY Ha HEKOTOPOM
PacCTOSHMM 0O CTEHKH, paBHOM O, KO3(pduuueHT TypOynentiod nuddy-

3UM CTaHeT CTOJb Maj, uTto Oyner

€%  MMeTb MeCTO paBelcTBO
JeroBrod mypbyneximesid nomox 4
1 Gorolnd mydy. Dryye(3) = 10 = D. (25.11)
%
Mpu y <8 xospdunmeur typo6y-
Il Typbynesmueni nocoascnod NeuTHoR NG Qy3un CTAHOBUTCS MeHblue
d Ko3apduumenta monaexyaapiot naudopy-
aud. CoorBercTBeHHO npu y < 3 Me-
. XaHU3MOM NepeHOCca BellleCTBa sIBJISETCS
Monekynsapuas audysus.
MM Bgskui nodenod Takum 06pa3oM, nosyyaercs, 4YTO
r TYpOy/ieuTHbI NOTOK MMeeT YeTbipeX-
IV Lugaysuonnsi nodcaod 10 CJIOHHYIO CTPYKTYPY, noKasaityio Ha
D %//W/W %  puc. 27.

Bnamu ot nosepxuocTu Tena umMeer-
Puc. 27. Pacnpenenenne nuddyu- : N P y eT

LMpYlOUero BemectBa B Typdy- % o6nacTb pasBHTOR TYpOy.1€HTHOCTH,
JCHTHOM IOTOKE, apiasiowancas  of1acTbl0 NOCTOSHHOH

KoHllenTpaunu. bavxke k Teny, B Typ-
Oy 1eHTHOM TOrPAHMUYHOM CJlO€, MPOHCXOAMT MenjeH) 0e, MOAYHHSANolLEeeCs
JA0rapu(MUYecKOMY 3aKOHY, yMeHblleHHe CpelHel CKOpPOCTH M  KOH-
ucutpaiit, B stoft oGsacti MosexynapHas BA3KOSTh U And@y3usa He
nrpaior sameTiod posu. KoauuecTBO NBHKEHHS H B(ILECTBO NEPEHOCATCH
TypOyaeHTHBIMU TysibcauusmMu. Elue 6/Mxe K CTeHKe, B BA3KOM NOICJOE,
TypOyneHTHble MNYJibCALMY CTAHOBATCA CTOJb MaJjbliM, YTO KOJAHYECCTBO
LBHNCEHHS, MEPEHOCHMOEe MOIeKYJNApPHOR BA3KOCTbIO, Oka3dmBaeTcst 6OJb-
LM, 4eM KO/NMYeCTBO ABHXKEHHUs, NEPEHOCHMOro TYpOY/JeHTHBIMH MYy b-
cauuamu. [lockonbky, onHako, koddduument Auddysun D B Thicsiuy pas
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MenbIe, YeM KHICMATHUCCKAS BSIAKOCThL, OCTATKH TypOy.IcHTHLIX My.Tb-
calu#t MepeHocsT Bce KE ropasno 6oJbiue BeiecTBa, CM MOJCKyaspHast
mpdysua. Tonvko B camolt rayfuie ps3koro noacaos, npu y < g, MOJe-
Ky AspHBI Mexanuam anddysun naunnaer npeo.ranate Haa TypOyICHTIbIM.

3aech )
. ac
J= D 5)',' ’
oTKYyAa .
v=-5y  (y<d). (25,12)

[MocTosunas a,, nxofauwas s dopuyay (25,10), naxoanres ua yeao-

BHSI CMBIKalHs BblpakeHHH 1719 KOHUeHTpain (25,10) 1 (25,12). B touke

=20 dopmyasl (25.10) 1 (25,12) nomxnut AaBaTL OAHIAKOBOE 3iaue-
HAE [/ KOHUCUTPALHH

1 I
G= G, T D
oTKyna
N A 1 -
cm =5 + Tvg (‘55 — >'a> . (25,13)

U3 ycaoBus cmukanns pacnpeleaenns ¢ M €y B TOUKE Y == %, HAXO-
) It 0
AHM TOTOK BellecTBa J

] 3 me /1 1
_Lm§+%=£+“%7—?> (25,14)

fvg D 3\ 0 [

OTKy.a
D(,'o

D o n WD /1 1 >+
v, d @ 3y \ 80 B

3uauenne ¢ waxoaum u3 (25,11). C yuerom (4,16) umeem:

oy N .
(D"?») ‘ n 107wy

) ==
pr'’ Vl()*( pPrls ‘/ Y Uy

j= . (25,15)

o

o2

. (25,16)

Corunacro (25,16) & cocrapaser npu Pr~ 103 nprimepiio 1/, wacts ot 3.
Yem 6oabie suaucnue Pr, 1. e. uem menbwe D, TCM MelbLIYIO K00 3,
cocTasasier tomuuia aHpdysuonnoro noacnos 6. B monean IMpanaras
o6sacth ocitosiioro andQYy3snoHioro COMpOTIBICHHS CUHTAJIACH HC 3aBH-

cauteft OT 3suaveuns [ H BCeraa paBHOM TOMWMIE CJOS G,
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TTpeobpasyem dopmyay (25,15), ucrnoas3ys 3nauenne & uz (25, 16);
DC()

/=T 1 & 4 D ]
it sy \w T %) T T
.DC()

— > _.j.‘L__ E‘L]
[1-;-30 5= (107 Pr 1/10 107 1 ) — e

Mpu 6oabiux 3navenusx uucaa [lpanaras Pr=> 1

J= 1 . (23,17)

8 lf'___J/; ma_,,]

3 1078Prh 4

Buipaxenie 1as j COLepPHT B2 HeusecThble nocrosaunbie: § u 7. Ecay

NPenoJOXHuThb, YTO HMX 3HAYeHHUs1 HEe Oo4YeHb OTAMYAIOTCA OT CAHMHHIL

(4TO BrioCJeACTBUM OGYAEeT MOATBEPXAEHO OMBITHLIMM JAHHBIMH), TO OKas

3bIBaeTcqa, uTo BTOpOﬂ 4yjeH B 3HAMEHaTeJae CyuleCcTBeHHo MeHbue nep.

BOrO (CM. caenyouiui naparpa(p). Torna (25,17) MOX1I0 HANKCATL B BUOe
Dcy __ "ayvy_

4 31 1
o 250 rne a=— — 107 .7, 25,18
j %a aPr/‘ 3 T ( )

Butpaxcenue (25,17) ansg audpPpy3moHHOTO MOTOKA COMEPHKHUT XAPaKT.-
PHCTUYECKYIO CKOPOCTH TypOyJIEHTHOTO MOTOKA M TOJUMHY TYpOy/eHr-
Horo mnorpanuusoro cjos d. Popmyna (25,18) orauuaercs ot (25,5),
npexnae BCero, pasjauuueM B creneusx yucnaa [Ipannras, sxoaduwero s obe
hopMyJIBI.

Mpr MOXeM BLIPa3UTb Uy, M d uyepe3 CpeiHHe BeJMUMHBI, XapaKTe-
pu3yollMe TeyeHde N8 TPEX CJAy4aen: KOTAA NOBEPXHOCTbIO PeaK Ly
CAYIAT BHYTPEHHAs [OBEPXHOCTb TPYObl, rJalkas NNACTHHKA B NOTONE
M NOBEPXIIOCTb BPALLAIOWIErOCs AHCKA. DT0 OyAeT cAeNaHO B CACAYIOLILCeM
naparpage. 3necn :Ke Mbl NPUBELEM elle HeKOTOpbie o6uwue coobp axe .

B Gespasmepiiom Buge anas (25,18) umeem:

Nu ~ - ,NVk RePr’, (25,1Y)
DP “h

Kak u 5 Momean [lpauntasn, npu Pr 2>1 ocnosuoe nudgysuornoe
COIIPOTHBJIEIINE OKAa3bIBACTCS cocpeuoroqeuuum B AHPDY3HOHIIOM 1101~
cioe 0, B KOTOPOM MepeHOC BellecTBa OCyulecTBaseTca Auddyauel.
OnHako Mbl BUAMM, UYTO B Haie# cxeme nud(dy3HOHHOrO mpolleccad Aud-
dy3noHHLIA NOTOK j OKa3bBAETCS NPONOPUHOHAILHBIM D™, a ue D, xax
B cxeme [lpanaras. Bonee nuskas cremeub npu kospduuuente auddy-
3uM MMceT onpenelenubit cMuica (cp. § 14): ueMm menbwe kod3dduuirent
auddysun D, TeM HA MEeHbIUEM DPACCTOSHUM OT CTeHKH TNepPeHoC BELIECTBA
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cypOYNEHTUBIMH NIy ALCAUHAMM NPeobaanaeT namx MoIeKyasplioh anddyanett,
MockoabKy TYpOysenTHLN tepenoc sipascTcs 6oaee  3(p(CKTHBIBIM, ueM
MONCKYJISIDHBIA, MOXHO CKa3aTb, 4YTO B lallef CXevwe YUMTLIBACTCA yac-
THYHAS KOMMNCHCAuna ymenstenns D pozpacranuem | o. TypOyIeHTiOrO
nepeHoca.

To xe camoe MOXIIO BHIPA3UTb W Wuauc. [Ipu mepenoce BelleCTBA
y4eT PoJiH TypOyienTHbIX Nyabcauiit B BA3KOM MOACAOE MPHBOANT K TOMY,
4YTO 30Ha OCHOBHOTO AHDPYIHOHHOFO CONPOTHBACHTIST — AHPYYIHOIIIBLIY
MOAC/ION 0 3aXBATLIBAET JIHIL 4ACTb BI3KOTO NOACTON B,

Ecnu Gbl Mbl npuaepxHBaNHCL THIIOTE3Ll O 3aKOHE 3aTyXalus [~ y
B 06JacTH BA3KOI'O 11OACI0A M BOCROJAL3OBANUCHL BuipawenueM (25,9) aas
xoadduunenta TypOyrentHoit nuddysun B 310# 06aacTH, TO BMCCTO POp-
mya (25,16), (25,18) u (25,19) noayunan Obl COOrBeTCTBENNO:

5~ 8, Pr", : (25.20)
Jo== L% (25,21)
const . Pr/s
. Nu~ V%, - Re - Pk, (25,22)

[Mocnennve Gopmyan coaepKaT Hibie crenenn uucaa [Ipanaras. Coor-
nHomeHus (25,20) — (25,22) Guian noayuennt B pabore Jlnina, MyabTona
H IlatHama [4]) u B paGore Puavwrixa [5].

B nepsoit u3 atux pabor anstopn 6e3 kakux-anbo mnoscicHUM BRO-
ast B (25,20) onpepeacunuiit wiciosoft kodgduunenr. B mupoxo nurn-
pyeMblX B XHMHUeCKOH JHTEpATYpC M JHTepaType Mo Teijionepenade
pa6orax Jluutona u lllepsyna [6], “Unibrona n Koav6spna [7] u Jluuna
H ap. [B) ykaswipacrtcs, 4YTO MOXKIO NMOJAYYHTH COrjgacue TeOPETHYeCKHX
dopMya ¢ onbitoM, ecau nphHath (25,20) Kak HeKOTOpPYIO 3MOHplYe-
ckyio dopmyny.

HyxHo npusnarn, uto pasauune Mexay GOpMynaMH, NOAYUYeHHLIMH
Ha OCHOBe Haluel THUMOTe3bl O XapakTepe 3aTyXaHHs TYpOyJEHTHOCTH M
runotessl !~ y B BSI3KOM nojaciaoe, Hepeauixo. OHO CBOAMTCS K H3Me-
HEHHIO 3HaucHusA crercuu y uncia [lpaunras B gopyylax ana Diype

8 M j, mpuueM pasamude B CTCHENH COCTaBASET BCEro 17
* Hamepennst anddysuoninix, a Tem Gosiee TCNIOBLIK NOTOKOR e ofna-
Jal0T A0CTATOUIOH TOUNOCTLIO AJs TOro, YToObl MOXHO ObIIO ONHO3HAUHO
BBIOpATb Onliy M3 I'HIOTE3 3aTyXanus TypOY/eHTHOCTH B BSI3KOM 101C/0E.
Henocratouno Tounn Taroke H H3MEpeHHss pacrp: ie.eHHs Kouiel-
TPalu# B 3aBICHMOCTH OT PACCTCAlMS A0 CTeHKW, $ICiio, 01Hako, 4TO
AAsl Pa3BUTHA COBPCMCHILIX NPCACTABICHUN O XapakTepe TYpPOY.1eHTIOro
ABKKEHHs BO.IZH TBCPAON MOBCPXHOCTH CYUWECTBEHHO [ie TOJILKO ycTa-
HoBJieHHe (aKTa NPOHHKHOBEHHS MAH HENPOHHKIOBEIHS NVALCAILUA B BSI3-
Kuft noncsol (pasauuue mexay gopmynamu (25,5) u (25,18)), Ho u BLIGOp
MeX Ay ABYMS IHIOTE3aMIt 0 X4PAKTEPe 3aTyXanust TypOy . ICHTHOCTH BHUYTPH
BH3KOrO noaciaos (paszanune memay popmynamu (25,13) u (25,21)).
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OnviTHble RanHbie, of/afaioiuide TpeGyeMOt TOUNOCTBIO, Oblai nomy.
YeHbl U3 IJNEKTPOXHMMHUECKHX HSMepEIlMﬂ.

HaMmepsanacy 3asucumocTs notoxka j oT Kodbduumenra anddysnun D
(onuTut M. A. BaroikoH), a Taioke Temneparyplias 3aBHCHMOCTb MOTOKaA j
(onuitet A, Y. denoposo#t u . JI. Bumosuu, cm. § 57). Tlocaenuss
onpefessgeTcst TeMnepaTypHOW 3aBHCHMOCTbIO O6GeuX MaTepHalbHbIX KOH-
CTauT, BXOMSILIX B TOK J, — KO3pdHUHeHTa BA3KOCTH W KO3(DdUIliteHTa
nudpysun. [Mockoabky 9TH NMOCTOSIHHBIE BXOAAT B j B BHle Oe3pasmep-
HOfl KOMOHHAUUK Pr:—;- B Pa3JMulbIX CTeMeHsX, TeMIepaTypHas 3aBu-
CUMOCTDL j HeMOCpeACTBeHHO OnpelesieTCsl TeMnepaTy pHoH 3aBUCHMOCTbIO Pr
B COOTBCTCTBYIOLLEH CTemeHu.

Artu uamepenus OyayrT noxpoGuee omucausl B raase VI. 3acch Mu
yKaXeM JItllib, UYTO pPe3yJbTaTh H3MepelH# ONHO3HAUNO YKA3bIBAIOT Ha
npasuabioctTs Gopmyant (25,18), T. e. Ha NPaBUILHOCTbL NPENNONEHHOHN
HaMY CUMOTE3bl O XapaKTepe 3aTyXaHus TypOYJeHTHBIX NMYyAbCAllHi B BSA3-
koM nojcnoe.[TosroMy B nanbHefiieM Ml 6yaeM pacCMaTPUBATb TOJbKO
$hopMyIbI, NoJyueHHbie HAa OCHOBe 3TOH THMOTE3Hl.

Hurepecuo eile KauyecTBEHHO CPaBHHTb (OPMYJbl LS pacrpeneseuns
KOHUeHTpaun# u AUPDY3HOHHBIX NOTOKOB NPH JaMHHADHOM H TypOy-
JeNTHOM pexcume Teuenus. * [1pu TypOyJieHTHOM pexHMe TOJKMHA -
($Y3MOHHOrO NOACJOS BecbMa Mana mno CPaBHEHHIO C TOJILIMHON JIAMHHAp-
HOoro morpaHuuHoro cJjosi. CoOTBeTCTBEHHO 3TOMY 3aKOH pacnpeleseHHs
KOHLEHTPAUHUd C pacCTOSHHEM OT TBEPLOH CTeHKH, BbipaxcacMmblit gopmy-
aamit (25,12) u (25,13), npUBOAMT K BeCbMa pe3KOMY H3MEHEHHIO KOH-
ueHTpauuu s6au3u crenkd, Ha paccTofHuAX, NpeBHILAIOWKUX TONUHHY O,
KOHIleHTpauus npakTHuecKH cnabo 3aBUCUT OT pPAcCTOSHUS A0 CTEHKH
(B cooTBercTBHU ¢ ¢opmynoft (24,11)), Takum oOpasoM, npH nepexole
OT JIAMMHAPHOTO TeueHus K TYpOYJeHTHOMY pacnpelesieHie KOHIEHTPa-
LMK B 3aBHCHMMOCTH OT PACCTOSHHA NOJKHO CTallOBUTbCA 6GoJiee KPY TLIM.
KpyTusHa pacnpeneneHnss [0JoKHA OBICTDO BO3pacTaTh C YyBeaiyeHieM
uncaa Pe#tHoabaca TypOyJsentHoro noroka. [locienHee yTBepiieHiie
Ayulle BCero WJMOCTpUpYeTcs oTorpaduaMu, npuseleHHbIMH Ha pic. 28
n 29. dororpaduit 3TH, 3aMMCTBOBAHIIBE U3 LUTHPOBAHHOM BbIwe PaGOTH
Jlima, Myabrona u Ilatusma, npencTaBisioT HHTepdepOMeTpHUECKOe i13Me-
pende pacnpenesieHHs KOHUeHTpauHu BOJM3H 3JEKTPOAa, 0OTeKaeMoro
TypOyAeHTIBIM NOTOKOM. DJEeKTPONL NpelACTaBAfA YacTb CTeHKH TPYObl,
yepe3 KOTOpYIO npokauuBaznca pactsop. [lepsas dororpadus otHocuTt-
ca Kk uncay Pe#tHonmbaca Re = 2000, sropas —x Re = 7200.

Mepexona x cpasnennio ¢opmya aas nud(py3HOHHOrO MOTOKAa Mpil
JAMHHAPHOM W TYpOYJEHTHOM TeueHHsX, CJeAyeT, MNpexie BCero, YKa-
3aTh Ha TO, 4TO miidY3UOHIBIH NOTOK NpH TYpOYNEHTHOM pexnme Npo-
nopiuioHaied Gojiee BbICOKOH CTenmeHH CKOpPOCTH (MaH uuciaa Pettnosbica),
6/M3KOH K NepBOH, TOrna KakK MNpH JaMHHApHOM pexuMe OH Mporop-
LLHOHAIEH KOPHIO KBaApaTHOMY u3 ckopoctd. Jlamee, u3 (25,18) Bunno,
yro Anddysionnit noTox npu TYpOYJAECHTHOM TEUEHWH MpPONOpUHOLAien
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kosdduitnenty nuddyain 5 crencnn 3/, (a e 2/,, KaK TpH JaMHUIADHOM
pexHMe TeueHns). My pumiM, uro 3aBHCHMOCTh AHPPYIHOHHOO NMOTOKA
ot KO3(duienta Mogexyaspuoft AnddY3in He TOILKO He iCuc3aeT, 1o,
HANPOTHB, OKa3uLIBacTCsi 60aee peskO BLIPAKeOH.
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Puc. 28. Pacnpeaenenne ckopocteit y crenkn Re == 2000.

IDTO uMeeT, Kak MLl BUAEAH BLIIE, MPOCTOH CMLICT — y.JyullleHde
YCJAOBHH pa3smelinpadist CHIDKAeT pOJb  YaajeHIILIX OT crenkH obgaactett
TeYeHUs B oOuleM A (Py3HOHIIOM CONPOTHBJIEHHH, KOTOpoe npH Re~>>1

Puc. 29. Pacnpeacaenne ckopoctelt y crerkn Re = 7200.

B Pr=> 1 ueaukom aexur B obracti nuddysuonunoro noncnos. CronHble
coob6paxkenns Obau pbickasaus na  VIII MenaeaceBckom cbeane B
Mockse (1959 r.) Llepsyaom (CLIA).

MbI' cneusadbHo MOLUEPKIYJT 3TOT Pe3yaLTAT NOTOMY, YTO B JMTe-
PaType no nocsennero BpeMeHIl NPOMO/MKAIOT BbICKA3LIBATLCH MPOTHBO-
NON0XKHble B3r.sabl. VIMeHlo, UacTo yTBCPIIACTC, YTO NPH PA3BUTON Typ-
Oyaentnocri NHQ(Y3HOHIBIA [TOTOK 1IEPECTALT 3aBUCCTb OT KOIPPHILHedTs
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MoJaekyaspHol mud!yaun anddyuaupyowux sewects. Tak, HanpuMep,
. A. ®dpauk-Kameneuknit [9] Ha crp. 27 csoed monorpabun «dudg-
(hy3ns M Tersolnepenaua B XHMHYECKOW kuuertnxe» muiueT: «BuiBoa, uro
B npegeabuolt ob.acth uncro#h rypOy.aenrnocti kpurepnt Mapryneca

(paBHbm B Hawix 0GO03 1aUeHHsIX OTHOLIEHHIO Uic—.—-B. ./7.) NOJIKEH
oto

CTPEMHTBCSl K TNMOCTOSHIOMY 3HAQYEHHIO, c/lelyeT M3 TOro, 4TO NPH STOM
NpOTeKaHHe TNpolecca MepecTaeT 3aBHCETb OT MOJEKYJASIPHbIX KOHCTAHT
M onpelessercs TO.LKO BeJIHUYMHAMH, XapaKTepHLIMH 1 TYpOyneHTHOCTH
NoToKa».

Aunasoruunias Touka 3peuns Bulpaxanacs B pab6orax B. B. Kada-
posa [10]. B psne pa6or Kosbrroda [11] B noab3y 3TOH TOUKH 3PCHHSA
NPHBOMILIICL JldlHWeE, N0JAYUeHHbIe B OULITaX N0 AH(dY3iH K NOBEPXHOCTH
peakumd BeCbMa MAJbiX Pa3MepoB (TaK HasbiBaeMbH «MHKDPO3JEKTPOMA»).

HeaasucumocTs nu@@PY3HOHHOrO noTOKAa j OT MOJEKYJAAPHbIX KOH-
CTaHT W, B Y4aCTHOCTH, OT KO3dpduunenra nndoysun D Buiparcana Ow
TOT (hakKT, 4TO OcHOBHOE AUPY3HOHHOE COMPOTHBJEHHE JewHT B 00JIACTH
pa3BuTOR TYpOYIeHTHOCTH.

[TonoGHbift BEIBOL NMPOTHBOPEUUT BCelt COBOKYMHOCTH NpencTaBAEHHH
B TypOyJEeHTHOM IOTOKe.*

OcHoBHOe 3lauenile 0BJACTH MOLTOPMOKEHHOTO ABIXEHHS s MHU-
(y3HOHHOrO COMPOTHBJICHHS OCOGEHHO SPKO MPOSIBJSIETCH NMPH OTIHOCH=
TeJbHO Ma/biX YWCJOBbIX 3HauyeHusx KospduuueHtroB auddysuu (T. e.
Pr>>1). Cneayer oTMeTuTb, uTO npuBelenHble oO6LUMe COOGpaKEHIS
O. A. dpanx-Kameneuxoro u ap. He Obuid moAKperenbl Kakimu-/au60
KOHUKPETHbIMH pacHeTaMi.

Yro e kacaeTcs sKcmepuMeHTanbHBIX paHiuix KoawbTroda, To onu
NPOTHBOpPEYAT BCe# COBOKYMHOCTH OCTAJIbHBIX 3KCHEPHMEHTANbHLIX PabOoT.
[To-BHAIIMOMY, B 3TH M3MepEHHs BKDAJIHCb KAKHE-TO IKCMEPUMEHTAAbHble
nerounoctd. Crenyer saMmerTurb, UTO B mnoc/ednue rolb! HOBbIX pabor
KoabTrogda, cBA3aHHBIX C MCNOJAb30BAHHEM YKasanHOH BbiliE MCTOILKH,
6oJiee 11e nofB.IAAOCH,

§ 26. dnpdysuonHnpii NOTOK Ha BHYTPEHHOCTb TPYGbI
M Ha 0OBEPXHOCTb MJIACTHHKH

Paccmorpum, npewxae Bcero, ciayua#, KOrAa NOBepXHOCTBIO peaKILNA
CAYMNT BHYTpellHas noBepxHocts TPYOBl, MO KOTopo# mporexaer TypOy-
Jentiivil notok. B srom cayuae pacnpeneneiiie KOMUEHTPALMH MOXKHO
culltaTh JOrapudmMHYecKuM BMIOTb N0 UeHTpa TPYOLI, T. €. 110.10XKHTb
d~R (cMm. § 4).

XapaxTepHCTHYECKYI0O CKOPOCTb U, MOxHO mo dopmyne (4,38) puipa-
3UTb Yepe3 CPENHIO CKOPOCTb Teuenus no tpybe Uy

>
00=U0' ‘/-—Q—v

rie k, — KO3(Q(HUHMe.IT CONPOTHBIEHHS.
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OueHuM npeBapHTe.1bHO POJTb 060HX uJenon, CTOAWMHX B 3lameia-

gene opmyanl (25,17).
MOXKHO, OYCBIJIO, HAMUCATD:

n 2 atn % e (2 Yy 10
R T vk T {‘/k; UolR y Yl
Vo] RV
Has k, MOXIO BOCMONBL3OBATHCA IMAMPHUSCKON dopmyaoh
0,32 .
k=", Re<100
T Re's o

IMpu

Re ~ 105 wumeem In ~ In 400 ~ G.

10

Vi
C —
R 2

Mpu Pr~ 10° nepsuft yiaen B 3naMcnatcac (25,17) Goabuwe BTOPOro
npumepro B 40 pas (ecnu CUHTAThL TIOCTOsIIIIbBIE o0 W —— TOpSiAKa emil-

]

puubl). Tlostomy (25,17) MoxHO Hamucath B BHE

ke Ugc
. ! oCo
= . 26,1
/ ‘/ 2 aPr' ( )

ITpun Re > 106 smnupuueckas popmyaa aas k, umcer Gosee caox-
HHft BUI,

0,221

W BeluMCaenus no dopmyne (26,1) cranopsarca ieckoanko Gomce Kpo-
noTaMBBIMH. OnHAKO OOIHMH XapakTep 3aBUCHMOCTH NOTOKA OT CKOPOCTH
B MPpUHUMNe He u3MeHacTcsa. [110THOCTL MOTOKA HA BHYTPEHIOCTL TPYOLL
He 3aBHCHT OT KOOpPAHHATHI, OTCUHTLIBAEMOHW BAOJAL TPYOLI, 3a HCKTiOuC-
HHeM BXOJZHOro yuyacTka, JJauHa Koroporo oxoJjo 100 auascrpos.

3 dopmyan (26,1) suano, uro rtomuuny auddysnounoro cros 8
Npu TypOGy/ieHTHOM MOTOKE MOKIIO NMPENCTABHTL B CJEAYIOUIEM BUIE:

N 1,41a Pr'v. D
0__

= - 26,3
1/-/2/4'U0 ( )
,CpaBuuBsas BLIpaXcenue (26,3) c (4,16), BunuM, uro
' ~ (150
[ ~ o (26.4)

!
i

Taxum o0paszoM, ToawmuHa AHPPYIHOHHOrO €O YAOBACTBODPACT He-
BeHCTBY

8 <% <<R.
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CMBIC/ TTOCMeAHEro HepaBeHCTBA sicen: Graronaps MaaocTH KO3(h:pHilHeHTa
nupdysnn D TypOysenTioe pasmeiiHBaHde 00eCNeyuBaeT NOCTOSHCTBO
KOHUEHTPauMd BO Bceft 06sacTH TypOYJEHTHOrO MOrpaHHYHOrO Ca0A i
YaCTMYHO BO BHelIHeM uyacTH Bs3koro mnoacnos. Kak Oyner 110xasaHo
HIbKe, (PAKTHUCCKH MOXIO CYMTATb, 4YTO G COCTABJART OKOJO [, Mau Y
OT 0.

Ananornuusie GopMyabl MOryT OwITb Hanucaubl aas MAacTHHKH, oOTe.
KaeMofl TypOy/ieHTHBIM NOTOKOM. Enuucrsennuis OTJIHYMEM ABASCTCH TO,
YTO B C/y4ae MAACTHHKH KOIM(MUUMEHT CONPOTHBJIEHHS K, KAK U T,
U3MeHAeTCd OT TOYKM K TOYKE BAO/Ab NJacTMnKH. [103TOMYy MJIOTHOCTD
notoka, Bbipamaemas (popmysofi (26,1), B koTopo#t Tenepb £, OTHOCHTCSH
K (UIaCTHHKE, OKa3biBaeTCA MeMIenlo H3MeHsiouiedcs quHKu.ueH KCOpP Y-
HaThl X BAO/bL NJIACTHHKH.

Ha onbiTe 00LI4HO H3MEpsieTCs He MJIOTHOCTb NMOTOKA, a CaMbiH MOTCK,
TeKYWHMH Ha BCIO LOBEPXHOCTb PEaKIHH,

. bCOUo f Yarm 26 5
= Tl Vik,dx. (26,9)

Beaununna Vk, ABIseTCH (MelneHno M3Mensiouletics (yHKue# KOOPIH-
HaTbl BLOJb MA4CTHHKH, ONMPeNeascMON COOTHOWEHHEM

1
Vg
Hapany ¢ xosd¢uumentoM conpoTup/iendus B BLlpaXKeHHH n/51 33KOHa
COMPOTHUBJIEHHS MOJIb3YIOTCA HHTErpajbHbBIM KO3(PPUUHEHTOM COIIPOTHB.Ie-
HHsl, OTHCCEHHBLIM HA €AUHULY [AJIMHbl MJACTUHKH. [TocnenHutt onpeune-

JIeTCA KaK OTHOLIEHHE MOJHO# Ccuabl, AEHCTBYIOLWCH HA OLHY CTOPOHY
TNJIACTHHKH, K HAnopy W IUIMHE IIaCTHHKH, T. e,

]
fk,. dx
F 0

g
7

—4,11g (k- Re)+ 1,7. (26,6)

Kf=

Moxno nokasatb [12], uTo ¢ norapupMHYecKO! TOUHOCTBIO Mpii 6OJb-
WHX 3layeHusx yuces Peinonbaca

1

3nauenue &, Geperca u3 supiaeiusa (26,6) npn x =/
Moo 11okasare TaKke, 4To

VE =V (14 m41ék R (26,9
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flosTOMY C JorapupmMuyeckoft TOYHOCTHIO

bicy V KU V KreolloS
T 1 d1zPr T 1 4AlaPrs

(26,9)

TaxuM obpazoM, noaupift auddysHonuuift 1noTox Ha NOBEPXIIOCTb
ANACTHHKH OKa3biBAETCs MpoHopuUHOHanabibiM miomwait S, Uy u Pr=,
3uaveHHe KO3(hduiLHeHTa CONPOTHBICHHS OnpenelscTcs H3  BLIPAKEIHS
(26,7) v npu Goavunx 3nadennax uucaa Peftiioapica npubikenno Bui-
paXkaeTcs noJaysmunpnucckofl gopmy.ioft [13]

— 1 0,27
K, = ~ . 26. 10
4 < 0,8In Ret3 7 Re™! ( )

[Tpu TypGyscHTHOM Teuelu XHUAKOCTI B MOrpaiiuion cjaoe auddy-
BHOHHBIf MOTOK 112 MJACTHHKY 3aBUCHT OT CKODOCTH B CTENCHH, He-
CKOAbKO Menbwwel enuumint (oxo.10 0,9). dopmy.aa (26,9) noxaswiBaer,
YTO B OTJIHYHE OT C.ayyas JAMHHApHOrO MOrpannunoro cjios [cp. ¢op-
myay (16,3)] nonoGue mexay mepepadeit KonnuectBa ABIDKCHMS M Belle-
crBa Hapywaercs. JTOMY OTBeuaeT NOJOBMHNAS CTENCHL NpH KodaPu-
lIMeHTe COMpOTHURJIeIs Ky. Boipakenne (26,9) a1 noToka rauecTneHio
MOXXHO NpPHMeHATb npu TypOy.edTHOM MOrpaHHyHOM CJa0e Ha Teae npo-
H3BOJILHOH (POpPMBI.

Henocpeacrsennas komuecrsennas nposepka ¢opMyast (26,9) mas
AOTOKA Ha MJACTHIKY I NpuMellclHe ee Ha NPAKTHKE HeCKOJbKO 3aTpyl-
'HAGTCSl CJeLYIOUHM OOCTOSITE/IbCTBOM: Typéyne{m{bm NnorpaHuIbLIA CI0#
nosBiAseTcs He cpasy B Touke HaberaHusi MOTOKA Ha TEJO, a JHWb HA
'HEKOTOPDOM pacCTOSIHHM OT Hee, KOrAa JaMIHApHBIA TNOrpaHHunbif C10H,
obpasylouinitcs Ha nepeldied YacTi Teaa, ycrieet TypOy.IH30BaTbCA.

Bsaronaps 3ToMy nosHbift MOTOK 1A MAacTHHKY OyaerT BLIPpaKaTbed
HekoTOpOit KOoMOIIaUHelt U3 MOTOKA B J1aMHHApHOM cio¢ [popmy.aa (15, 13)]
H noToka B TypOynenTHOM c.10e. B cremennoft 3aBHCHMOCTH j OT CKO-
poctu nortoka U, Oyner ¢urypuposatb cTemeHb 11, 3Hauyenie KOTOPOH
kone6aerca mexmay 0,5 u 0,9.

[To mepe pocra uncaa Pefinoabaca i crenen TypOyJeHTHOCTH NOTOKA
crenenb n Oyner npudakarbcs k.0,9.

Ykasauuas TPYLHOCTL COBEPLICHIO MACHTHYHA C H3BECTHBIM B THAPO-
IHHaMuKe OocJ0XueniesM npi nposcpke dopmy.ant (4,37).

Hattnenioe Beipaene s / MOXIO mepenncarh B c.aeayiouwem 6e3-
PasmepHOM BHIE:

. Vi V Ky
Nu= 75 ="iais

Re Pr', (26,11)

l‘IHC.’TOBOE 3naycnie KolCTalTLl o OLLIo onpeneneno 1a OnLite,
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§ 27. Auddysronnslii NOTOK HA BPAWAWOWHICA AHCK

Boabwoe yro6CTBO AJ8 3KCMEPUMENTA/bliOl NpoBepKH H3jaraemoft
TEOpHH MPEACTAB/SET U3yYeHHE 3AKOHOMEPHOCTEH, ONpelensdouHx Aud-
¢ysnoHiibif NOTOK, HanpaBjeHHbIH Ha BpauwiarouIMHCa LHUCK.

Typ6yneutusit norpanuynsliil CJAOK HA MOBEPXiIOCTH BPALLAIOULIETOCS
AMCKa NMOApO6IO H3Yuaics SKCMEePHMENTanbHO W TCOPEeTHUYECKH.

IT10T C/IOH BO3HHKAET HA OYeHb XOPOLUO OTMOJHPOBAHIOM H LLEHTPH-
pOBaHlIOM NHCKE NPH 3HaueHuH uuciaa Pefinosnbaca
aw

Re= ~5.10%

O6biyiio e TypOy./elTiLit MOrpaHuylbl CIOK Ha AMCKe BO3HHUKAaer
npu Re ~ 104,

Ilns BblYMCIEHHS NOJHOTO TOKa ynoGiee BOCNOJb30BATLCS Bbipaxe-
nvem (25,18). B HeM ny/abcauHOHHAas CKOPOCTb U, sBifercs GyHKILHeR
pPacCTofiHUA 7 N0 OCH BpaEHHA.

Ecan a— panuyc aucka, TO NOMULIA MOTOK HAa ero NnOBePXHOCTH
C OIHOH ee CTOPOHbLI

21:'5(1 a
!_—_f/jrdrdco—_—ﬂ"_fvor-dr. (27.1)
g ' aPrs v

[MynbcauonHas CKOPOCTb U, MOXeT GLITb MCKJ/HOYEHA H3 MOLbIITEr pasib-
HOro BuipaxceHus ¢opmyanl (27,1) mpu NOMOUM COOTHOWEHHU, MOJyYeH-
HBIX B TeopHH TypOYyJeHTHOro MNOrPaHHYHOrO C/AOS HA BPaULAIOLLEMCS
nucke [14].

V3 Teopun TypOyJieHTHOro mnOrpaHHYHOro CJ08 Ha BpalaloureMcs
AMCKe CcJaelyeT, YTO PpaccTosiiMe L0 OCH BpawWenus ry, My/JabCaLlHOHHaK
CKOpPOCTb Uy, uyHucI0 PefiHosibnca U MOMeHT cua Tpeuua M moryr ObITb
BhipaXceHbl 4Yepe3 HexkoTopbi# napamerp §&. Ilpu Gonbiunx umciax Pek-
HOJIbACA COOTBETCTBYIOLUIME BhIPAaXeHHs HMMeOT BHA

Y2 g res
rz(%) 2 Y 3AC, (27.2)
or
‘UO= —AE ) (27’3)
8rAC
— 3 vpa (!)?, (27,4)

rze A u C —nocrosiHnble, a napaMeTp & BecbMa BeMuK MO CPaBHEHHI
c enunuueir. Bpons GeapasMmepHsit koshPuument mMomenta Ky, onpemes
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MOXEM BolpasuTh ero yepes &,

8r
Kt = oz

(27.5)
[Ipn nomoun puipawenutt (27,2) — (27,5) MOKHO BHIUHCIHTL HHTErpas
B ¢opmyne (27,1). MoncTtapaaa B 31y GopMyy 3ilauelne NyabCauuOHHON
'cxopocm T, COTJIaCHO Bbipawenuio (27,3), no.ayuaem:

a

2mcgn /‘r'«‘dr
. 27,6
a Pl 4 ¢ 13 ( )

Bxonsuiee B MOABLIITErpatbHOE BLIpAKEHHE PaccTodlive A0 OCH Bpa-
fleHns 7 MOXHO 3aMEeHHTb ero 3HaueHdeM, COOTBETCTBYIOULHM GOMbIUHM
ynucaam Peftionsaca. Ono naetca dopmynot (27,2).

B nanbheHnx pacuerax Mo 6yaeM  cuuTaTh, uTo npH Re > 1
£ TakKe BenHKO.

Torna, ucxoas u3 supaxeunt (27,2), (27.4) n (27,5), Moxio naitri

a

o [ Re V Ky

ol e Tl 27.7)
» o
0

Mpu BuiuKcCIcHnU BHipaxcenus (27,7) wHcrnonb3opailo To 0GCTOATCALCTBO,
yro § > 1, rtak uro, HanpnMep,

( )~ '/"e
-’“.!, 2 gt 32
fe di~ e,

2 V KnieoS (av)
T Y18 a Prls
Cpasuenne dopmyast (27,8) ¢ auibiMM  ONbITA NO3BOJAAET HAHTH

YMC0BOe 3lauelie nocrosHHo# o (cm. § 43).
dra ¢opmyna copeplueno uuentnyHa d¢opmysae (26,9) no csoemy

obiuieMy xapakTepy M OT/MYAeTCA JHIUb TEM, YTO VK, 31ecb 3aMeHeH

[TosToMy okoHuaTesbllO

(27,8)

VKM W BBCIAEH YIICI0BOH KO3(PPHUHEHT

1
Vo

Has xosdduumueHra MOMeHTa MOXKHO HAMUCATh NPHOIMKEHHOE BHPa-
xenue [14]

KN = T (27'9)
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[r.u._ m
[TosToMy OKOHUATe/bHO
0,01¢,S e
I~ =50 ) , :
o (@) (= (27,10)
i B Oeapasmephoit dopme
_da 001 5 v/ 09
Nu= gpr =~ PriRe”. (27,11)

§ 28. JAuddy3noHHBIl NOTOK K MOBEPXHOCTH Tena
HeoOTekaeMoii ¢Gopmbl

Bhiute Mbl orpanMuMBajsMCh BblUMC/CHHEM AUPQPY3HOUHBIX IOTOKOB Ha
Tena obrexaeMolt GopMsl, -

HOuddysus x Tenam Heo6TekaeMoit (GOPMEHI HMeeT HeKOTOphHE OCOGEH-
HOCTH, OTJMYAIOLLHe ee OT ONUCaHHON Bhille.

B kauectse mpuMepa paccMOTpUM IHPPY3HOHHBIH NMOTOK HA NMOBEPX=
HOCTH UMJHIADPA, OCb KOTODOrO OpHEHTHpOBAaHA nomnepek noroxa. Bca
MOBEPXHOCTb UMJIMHAPA .MOXeT ObITb pa3geneHa Ha naBe O06JACTH,
B KaXaoH 43 KOTOpPLIX ycJoBuA AuPPYy3dH COBeplueHHO PA3AHMYHML,
[Mepenuss wacTb uMAMHAPA OOGTeKAeTcs JaMUUAPHLIM noTokoMm, OOpa-
aylowuM norpanduHuid ol B kopmoBolt o6aactd, mosann JIMHUH
OTpbIBa, MOBEPXHOCTL LMJAMHAPA OMbIBaeTCA TYypOYJAenTHHM NOTOKOM.

M3 ob6wux cooOpawenu#, npusenentblx B § 9, sacHo, utro auddy-
3HOHHBIH MOTOK Ha MNepemHIO0 YacTb UHJAMHAPA NO MOPSAKY BeJUYMHK
He OTJMYaeTc OT BLIYUCJIEHHOrO HaMH Bbllle MOTOKA HAa NMOBEPXHOCTH
naacTHuk¥. 3TO NOATBEPXKIOAGT TaKKe M HemOCpPeNCTBeHHLH pacuer,
KOTOpbIt 6Ge3 Tpyaza MOXeT ObITb BbITOJHEH IJS OKPeCTHOCTH TOYKH
naGeranus. 3Lecb peuieHHe YpaBHEeHHs MOTPaHMYHOrO CJAOsl HPUBOLHT
K CJeAyIOWHM BLIPaXEHUAM LIS KOMMOHEeNTOB CKOpocCTel:

4Ugx
V= 2 U
l/,
‘U” =_(4V{$}0) 2’

roe UO—CKOPOCTb HEBO3MYUIEHHOro nOTOKa BhajAH OT UHAHHAPA,
d—nuameTp uMadnapa, X — paccrosiHie OT TOUKH Haberauus 1

U, '/2
71-—( vd ) 2
YpapHenHe KOHBeKTHBHON AHPQy3uu B MNOrpaHMyHOM CJOe NOCJE MOA-
CTAMOBKM U, H U, W BBEAEHHA HOBOH nepeMeHHOH w npuobperacT BHA

¢"+Pryq2c¢’ =0. _ (28,1)

PewennemM ero, yaoBieTBOpsAIOUIMM YC/HAOBHIM

=Cy npu y—> 09,

9
c=0 npu y=0, (28.%)
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CAYWHT:
S T
Cof exo:—Prfn?dnjd
(=" l 2 . (28.3)
[ah] ( T] \
fcxp\—Prfn?dn‘dq
SR U S
Jnddyanonnut NOTOK 1a MOBEPXIOCTH WILTHIAPA PaBell COOTBETCTBEHHO
j___D(iC_) __.D<“{9,) _ £ . (28.4)
dy U=0 ‘id @ I 1
Jo 3
fexpl 3Prn }dq
0

TMockonbky Pr>>>1, nocaennec sbipaxeiie MOWXKiO HamHcaTh npi-
6navikewnino B BuIe

) Co_ (28.5)

~
I~ D( vd Pr'/'
Umerouifica B 3ToM BLipaKenun Kodduiuent Moxer GbTh TOYHO BhIUH-
CIeH TOJ/IbKO I OKDEeCTHOCTH TOUKH Iaberanis; OLHAKO MO MOPSAKY
BENMMYHHL opmyna (28,5) cnpasesnnBa Ha BCeHl NOBEPXHOCTH, OMbIBae-
MO®t JsramunapHniM nmoTokoMm. BB xopMOBO# mMoBepXHOCTH uManHApa Add-
¢y3uoHunit norox onpencaserca ¢opmynoi (26,9). Tlostomy noansii
aucddy3nonnbit NOTOK 1A MOBEPXHOCTb UUAHILAPA MOikeT ObITb npef-
CTaBJ/I€eH B BHAE CYMMbI
° 4 bl e
I — ﬁi .D ( U") _17+ 161 C, =¥ K Uneo [Vf]OC" . (28,6)
17360 4 vd Pt 360 4 Pr
[lepBOe cnaraeMoe BbIpaWaeT 31cCh NOTOK Ha MEPEAHIOI0 YACTh LHIHHAPA
(ko TOuKM oOTpbIBA), BTOpOoe —Ha 3anHi00. [locTosnnbie C; u C, He
MOryT OuTb ouenb Touilo onpeleneibl. OLHAKO HeT OCHOBAHHH CUMTATH
HX CYLLeCTBEHHO OTJHYHBLIMH OT eauHuipl. $Popmyna (28,6) noxasbiBaer,
YTO AM(PPY3INOHILIC MOTOKH HA NEpealion M 3aAHION uacTi LIAnHapa
CpaBIIUMLI Mexly cobo#t, Omnako nmo Mepe pocTa CKOpPOCTI Haferaio-

wero notoxa U, neppoe cnaracMoe cymmnl (28,6) pacrer, Kak Uo’,

a BTOpoe —kak UQ”. T103TOMY MONIHO OXHIATH, HUTO C yBeanueHuem
CKOpPOCTH yaedbib#t Bec propo#t uwacTit anddysuoninoro noroka 6yner
Bo3pacTath. J[luddysuomisit MOTOK 112 KOPMOBYIO uacTbh WHJANHApA CTa-
HOBHUTCS TNpUH  [0CTarouyio OOoJAblIHX CKOPOCTAX noToka O6oJblle, UeM
Ha nepenHoo.

DTOT BbLIBOL KMKETCA NapatoKcaabiniM [HOTOMY, UTO Ha MepelHiolo
YacTb 1uaHnapa naberaer neoGennennuift (Man neoGoranienuuit B ciayyae
pacTBoOpenus) pacrsop. Hymno nomimnth, oanako, uro B 3oiiec Typby-
AEHTHOCTH TNPOHCXOAHT BechbMa 3IeprHyiloc pasMcllUiBaiic pactsopa,
npuuyemM TypOy.JICHTHLIC NY.TbCALIHM 3aXBATLIBAIOT CpaBHHTEALHO OOabluHe
06 beMBbl KIKOCTH, a CTpys obeutieinioro pactsopa yXoAuT OT TNOBepX-
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HOCTH Tena B ray0b IKHAKOCTH I HE OMLIBAET IOBEPXHOCTH WATMHApP,
no3anm JHUHH OTpblBA. ﬂonyqeuubm HaMH BbLIBOA O PpacnpeueneHuy
AuddysHOHHOro noTOKa MO MMOBEPXHOCTH WMAMIIAPA HMEET CoBep-
WeHI0 oOUIMK XapakTep M OTHOCHTCA KO BCeM TenaM ueoOTekaen oft
¢opmbl. K coxanenuio, Mbl He pacrosaraeM B HacTosilee BpPEM# AaH-
HbIMH, KOTOpble MO3BOJHAM OBl MOABEPTHYTb €ro KOJHYeCTBEHHOH mnpo-
Bepke. MoOXHO JHWb YKasaTb, 4TO OH KAayeCTBCIIHO MOATBEPKAAETCS
JaHHLIMM 1O  TenJonepejnaye OT MOBEPXHOCTH uUMANHAPA M CchepH
(cM. § 56). IT0 no3soafeT peKOMeHNOBaTL WCMONb30BAUHE B KAa4ecCTBe
NOBEPXHOCTH peaklUuH Tena HeobGrexaemo# ¢OpMBI B TeX ciayuasx, KOrma
WeJaTeJbHO NMOAYYUTb BO3MOXKHO Goabiumit audysnoHubft nmorok. XoTa
BbiBEIEHHble BbILUE KOJMYECTBEHHBIE BLIDAXEHHS MOTOKA PACCUHTAHBL IS
KOHBEKTUBHOR nuddy3uu B MULKOCTH, KAYeCTBEHHO OHM MOryT NpHMe-
HATLCA H JUIA XapaKTepHCTUKU NH(pOy3un B rasosoft ¢ase. B vacrHocTH,
lioJ1yyeniible PesyJbTaTsl MOIYT OLITb MCIOJb30BAllLl APH aHajdu3e siBJies
HHSl HCRapeHHa Kamesb, 3aMeTHM B CBA3H C 9THM, YTO NOJYUYCHHBIH
pesyabTaT MNPHHUMIMAALHO NPOTHBOPeuuT pabore akanemuka JlefiGeH-
30Ha [15], BbiuucanBuero AU(Ey3HOHHBIA NOTOK HA MOBEPXHOCTbL CHEPH,
obrexaemo#t rasom (Re>>>1). B 3Toit pabore mnpoussoAMTCS pacuer
I10TOKA TOJbKO 10 TOuku OTpbiBa, Ilpu 3TOM HeocHOBarenblHO NMpHHHMA-
ercd, 4to IHMbdysuonubliif ;NIOTOK nOcjAe TOYKH OTPLIBA HE OT/IHUYAETCH
OT MOTOKA N0 TOYKH OTpbIBA.

Hyxno eue ykasats, uto B pacueT AudPy3HOHHOro notoka 10 TOUKH
OTpHIBA B uUTHpPOBaHHOM paboTe Bkpajsach owubka: B AHPPY3IMOHHOM

oc
YpaBHEHUH ONyLieH, Kak MaJjbl#f, ujeH vy—@. B ne#cTBUTEABHOCTH OH

de
HMEET TOT Xe MOpANOK BEJHYMHBl, YTO H COXpaHEHHbI wieH Vo35 °

B stom mnpoute Bcero yGemuTbCs HeMOCPEACTBEHHHIM BbIYHACACHHEM IO
¢opmyne (20) uutuporanHo#t paGorsl axanemuka Jle#GeHsoHa,

YkazaHHoe 00CTOATEbCTBO NPHUBENO K TOMY, 4TO B dopmy.e, onpe=
neasioweft AnddysvoHnbIE NOTOK L0 TOYKH OTPLIBA, CTOUT HENpasH b=
Hbifl nokasateab CreneHu npu U,

§ 29. Judpdyanounblii NOTOK HA WEPOXOBATYIO NOBEPXHOCTH
npu JaMHHApHOM TeueHuu. PacTBopenue Tesa BGAM3HM yrJa

[Tpn BBIUKCAEHHH AHPPY3HOHHBLIX MOTOKOB Mbl IO CHX HOp npeario-
JlarajaM, YTO TNOBEPXHOCTb PeaKlUuH fABASeTCs TJIalLKOM.

Hannune nHa nosepxnocTH peaxkuuu IEPOXOBATOCTEH CYULECTBEHHO
H3MEeHAeT KapTHHY o0TeKalus MOBEPXHOCTH M COOTBETCTBEHHO BCJAHUHHY
Inp¢ysHOHHOTO MNOTOKA K MOBepXHOCTH. [loA 11epoXOBATOCTAMH Mbl
NnoapasyMeBaeM BbICTYIbl Hal MOBEPXHOCTHIO Teja MPOU3BONBHOR QOpPMBL,
KOTOpble pacnoJoxmeHbl Ha HOCTATOYHO OOJbIUHX PacCTOAHHSAX APYT
or apyra. Cpeanee paccrosHHe Mexly LIEPOXOBATOCTAMU LO/MKHO ObIThb
BENMKO MO CpaBHeHMO ¢ uX pasamepamu. Ilocaeande Mul Oynem xapake
TEePU30BaTL BLICOTOH /1,
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YIp¥ paccMOTpellMd BaMsHHs wepoxoBatocTed Ha xapaxrep ofTeka-
g@f MOBEPXHOCTH CJENyeT PasjuyaTh C.IYu4dH JNaMHAHAPHOTO M TypOy.1eHT-
goro TedeHu# BOJM3M MOBCPXHOCTH
peaKuLHH.

PaccMoTpuM, npexie  BCero,
cAyudafl  1aMMIapHOrO  TedcHus.
MIpeanonoxuM, 4TO pasMep wepo-
XOBATOCTH BCJHK N0 CpaBHEHHIO
¢ ~ TOJWHHOA rHAPONHIAMHYECKOTO
AOrPaHHUYHOTO C.1051 &, Toraa mepo-
XOBATOCTH OYAYT BO3BLILIATLCS 1AM
NOrpaHHYHbIM CJ10EM U OOTeKaTbCH
HenOCPpeNCTBEHHO OCHOBHLIM, He 3a-
TOPMOXEHHLIM Y TOBEPXIOCTH T0-
TOKOM KHIKOCTH.

Cocrasim  uncio  Pettnoanica Pic. 30. OGrexame BLICTyna,
anst atoro obrekanns. Ono pasuo,
U (h) h

[IynKTHPOM TOKa3ama (popma, KOTOPYIO MPHHH-

MacCT [)dCTBOpﬂIOLLU“lCﬂ BLICTYIL.

oueBMAHO, Reye, == . Ecn

yucao Pelivonbica mepoxosarocm Reuwep Oyarer npesoimats 20—50,
70 OoOTekaHue IIEPOXOBATOCTH, KAK M BCAKOTO APYroro Te.ia HeoOTekae-
Mo#t cdopMbl, GyneT corpoBOKAATLCH OTPLIBOM H TypOy.m3auuch teyenus.

Ha puc. 30 cxematnueckn n306paxeno 0OTEKaHHe LWICPOXOBATOCTH.
Ha 3anseft (qexaineft mmxe no notoky) cTopoile LIePOXOBATOCTH BO3HH-
kaeT TypOy/JeHTHOC TeuelHe, Toria
KaK Mnepellfii CTOpOHA WEepOXoBa-
TOCTH 00TeKACTC  JIAMMUHAPHBIM
norokoM yuaxocti. Typ6yneHTHoe
Teuelle MO3anM  IICPOXOBATOCTH
NoCTeNeHHo 3aTyXxaeT, XOTA 3TO 3a-
TyXaHue TNPOUCXOANT Ha paccrod-
HHSIX, CYUIECTBEHHO MpPEeBLIIUAIOLIHX
pasMep WIEpPOXOBATOCTH.

Lpyroft npumep mepoxoBaToCTH
npeacrasien na puc. 31. 3uecs
poOCT naBjeHus  NPOHCXOXHT  He
TOJIbKO 1a 3alHeli CTOpONe BLICTYNa,
HO Taie M nepen HHM — B o0usa-
Puc. 31. OGpasosamic TypGyJCHTIOCTH  CTH yria IAKOCTh OKU3LIBACTCS 3a-

nEpeA yraom. TOPMOXKELHOH, a NaB.1eHIe COOTReT-

cTBeHo mnosuiuelsiM. Baarosaps

STOMY ncpesl 1ePOXOBATOCTbIO MPOMCXOAUT TAKOH e OTPHIB H, TaK e
KaK W Ha 3aluell ee cTopotie, Bo3unkaer TypOy.uenutitoe revennc!). Bos-
HHKHOBeHNIO TypOYIeuTioro Tedyelis M03aaH LIEPOXOBATOCTER OTBeyaer

1) MNpnmeuanne npn xOppckType. ITOT PPCKT KOJHUCCTBCUHO pPa3obpaH
B paborte [2]].
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ycuseHHe Pa3MeldBaiig WHAKOCTH M yBeanucHue auddys3noitnoro noroka,
[Mopsnok BeanunHbl AHG( Y3MOHHOrO NOTOKA 11a OTAE/AbHYIO WECPOXOBATOCTE
onpeneasercs dopmynoit (28,6). Onnaxko, MNOCKOJbKY 4YHCJAO LIEPOXO=~
Baroctefl, ux popma ¥ pasmMepnl HE MOTYT CYHTAThCS CTPOrO ONpelesieH-
HLIMH, CJelyeT OrpPaHHYMUTbCA JHIUb KaueCTBEHHLIMM BBHIBOLAMH:

1) Hanuuue wWepOXOBATOCTER CHOCOOCTBYET yCTaHOBMAElHIO TYPOYmeHT.
HOTO TeyeHus BOJH3H MOBEPXHOCTH TBEPNOro Teja M YJyHIUEHHIO YCJao-
BI# PasMemBadlg XKHAKOCTH;

2) npH pacTBOPEHMH B JKHIAKOCTAX Tel C IEPOXOBATOM MNOBepX-.
HOCTBIO PAacTBOPEHHE LIEPOX0OBATOCTe! NOMKHO MATH ObICcTpee, YeM OCTa/be-
HOW MacChl TeJsa. .

Ha puc. 30 nyuxTHpOM nokasan cXemaTHYeCKM XapakTep W3MeHeElHs
¢GopMLl OTHeNbION WEePOXOBATOCTH APHl PacTBOPEHWH TeJa.

A} I
e \‘ Vo
\ I' I'
\
\ \ ] ’I
1

|

! /
A V) l
L iy
))'J\ {/ Y

ri‘
Puc. 32. TlyTu,{nipoxoaumeie yacTHuaMi, PacTBo-
PAOILUMHCA € HICPOXOBATOCTH H € raalKoii 1o-
BEPXHOCTH, :

Jlyumne ycnosus nepeMellMBaHHA Ha LIEPOXOBATOCTAX AOJAHLI CIO-
co6CTBOBaTL MX CrJAAMHBAHMIO B Npouecce pacTBopenus Tenaa. B Takowm
obOuieM BHJe 3TOT BLIBOL NPHMEHNHM HE TOJbKO K PACCMOTPEHHBIM BLILue
KPYNHBIM IIEPOXOBATOCTAM, HO TaKikKe M K BeCbMa MaauiM, pa3mepn
KOTOPbLIX HHYTOXKHLI MO CpPaBHe-
HHIO C TOMuMHOH & 3(pderTHB-
Horo nuddysnonHoro cios. ITo
noKasaHo Ha puc. 32, rae nyH-
KTHPOM H300paweHnsl NyTH, Ipo-
XOAMMblE YACTHILAMH, Mepexons-
IHMH B PacTBOP C WIEPOXOBATO-
CTH M C yYacTKa riankoft nosepx-
Hocti. B nocneanem caydae onu,
OUEBHAHO, NJilHHEe W pacTBOpe-
Pic. 33. Jluuuu ToKa KHuIKOCTH, 06Texalo- HHE TPOUCXOLHUT MeltenHee, 4deM
weli yroa npu Maabix uiicaax Pedwonsaca. B nmepsoM. ©akT pactBopeHus

wepoxosatocied U MOJAHPOBKH
PaCTBOPSIOULIXCS TeJ XOPOWO W3BECTEeH Il HCrOJAb3yeTest B MPaKTHKE Af
TaK na3biBacMolt aOAHON MOMMPOBKH METAN/IOB.

Paccmorpiim  Bofipoc O pacTsopeHud Teaa BOJAU3NM BLUIYKJIOTO HJIH
poruyroro yraa. JIpH MenjeHHOM Te4YeHHH JKMIAKOCTH BAOJAb OnHOH
M3 njockocrelt, o0pasyiowkx cCTOpOHY BLINYKAOro yraa (puc. 33), noTOK
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AAKOCTH TJABHO MOBOPAYNBACTCS! OKOJG Yrad. NPeBpailaich B NOTOK,
pexyiiuit B1OAbL BTOPOH NJIOCKOCTH. Onnako npi 6OJLIIUX YHCIAX
PefinoAbICa KaPTHHA CYIIECTBElil0 H3MenseTca. [TOTOK KUIKOCTH Teneph

pIBAETCS1 C TBCPMOH TOBEPXIOCTH I MPOSOMKACT PACIPOCTPAHATHCA
p npexueM Hanpapieuid, 06pasys CTPYIO, ABIKYULYIOCS OTHOCHTENLIO
HenoaBIxkHOH Maccul xuakoctn, Onnako mnonoGubifl peRdAM  TedeHus
peycToiuns. [10BEPXHOCTD, pa3jiensiolas ABIKYULYIOCH M HEMOMBHKIYIO
JCWAKOCTb, PAa3MLIBAETCA, M JAaMUNapubi pexwuM ABIKeHus 3aMendercs
rypCOyaentnnin. Ha puc. 34 noxaszana Ta KapTHHA TeUEHHd, KOTOpas

T////////’////, ]
A

(o)
\

AL I

o)

Puc. 34, Jhunmn Toka WHIAKOCTH, ofTeKkaouieil yroa npi 00abiiiX
yucaax Peitnoapaca.

IyHKTHPOM NOKa3ana 30HA TypOYAeHTHOCTH.

dbaxTHyeckH BO3HHKACT MPU CpPhiBe KHAKOCTH ¢ yraa. B oGaacti morpa-
HHMYHOM NYHKTHPIBIMH NPAMLIMH MOKasauo typOyaentioe teuenie (Typ-
6ynieHTHast CTpYs), CTPeaKaMH BAOJb naockocth OB nokaaan noTo
WHUAKOCTH, NOATeKAWHH B 30HY TypOyJMeHTHOrO Teuenis. '

TIIIIS e

Puc. 35. OGpasosauiie TypOyJaCHTHOCTH BHYTpH yTrJay-
6acHus.

IMpupenenunie peayabraThl NoJe3Hbt A8 peuienus BOnpoca O pac-
TBOpeHun yrayGielins B oOTekaemoM Tese. IlpeanomnoxiM, uTo B pac-
TBOpAOIUeMcA Teac uMmeercs yray0OnedHune, pasmep KOTOpPOro /b cyuie-
CTBEHHO npeBHIACT TOMULINY MOrPaHIyHOrO €108 HA TEle.

Uph
Ecau umcer Mccto ycaosie —~-3~>>1, TO B yray6aenii BO3HHKaeT

MHTEHCHBHOE NepeMcuBaiiie JUAKOCTH, CRA3anHOe ¢ 0oOpasosalHem
B HeM 30ubl TypGyacutnocTH. ITHM  sBAEINNEM, HO-BILIMOMY, RBHI3N-
BaeTcs YCKOPCHHC KOPPO3MI MeTaaIoB B BecbMa CLICTPOM  NOTOKE
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IKMIKOCTH NpU BO3HUKHOBEHHH KaBHTauud. KaBuTauus u3LA3B.ISIET mO-
BePXHOCTb MeTadAda, cosnaBas Ha He# yruyGJeHHs IOBOALIIO 3aMEeTHOTrOQ
pasmepa (nopsnka 1 aear). Yray6ieuns, nepBonauaibio o6pa3oBaBluHect
Npu KaBUTAIUK, NOLBEPralTCAd 0CO6EHHO ObLICTPOMY PACTBOPEHHIO BC/El-
CTBHE YKasaHHOro Bhilie sddexrta. YCKopeunie pacTBOPEHHS NOJNKHO
HUMETb MECTO TaKxe W NpH LOCTaTOYHO OLICTPOM TeyeHHU KHAKOCTH
Bo3ne BorwyTtoro Texaa (puc. 36). Buauane BOM3M yraa BO3HMKaer
3acToliHas 3o0Ha, MNpUueM, KaK BCeria, yMeHblUeHHIO CKOPOCTH MOTOKa
OoTBeyaeT nopbillendue naBlienus. [loBuileHiioe napjeHHe NPeNsTCTBYeET
TCUCHHIO XKHAKOCTH B NOrpaHuduioM cJaoe., B peayabrate B HEKOTOPO#H
Toyke O BO3HHMKAET OTPHIB Teuehls OT CTEHKH
H TypOy/au3auus tedeuuss., [Ipu 3ToM «3acTOMH-
Has 30Ha» y BepwHHLl yria npespauiaercs
B 30oHy TypGynentHoro nepememusannda. Coor-
BETCTBEHHO pacTBOpeHHe B 3TOH 30HEe HAYHMHAaeT
IPpOHCXOMNTb He Mendennee, a OruicTpee, ueM
na mjiockoctd AB. Ycuneunoe pacrpopeHue
(xopposHs) MeTax10B B yrjiax nabalonaercs Ha
AR RRY onwite. Cnenyer 3aMeTuTs, uTO ONUCaHHOE

SR RARARR SR siBJleHHe TYPOyJaM3aLMK XKUAKOCTH Yy BepPLUHHH
\\ yraa MOXET MMeTb MEeCTO He TOJILKO MPH BhIHY-

. A TN XKaetHod, HO TaKKe H NPH eCTeCTBEHHOHU KOH-

\\ A AN BEKLUH.

hN

§ 30. 1udpdy3uoHublii NOTOK HAa LIEPOXOBATYIO
s '( noBepXHOCTbL fipy TYpOYJEHTHOM Te4YeHHH
AY

\\ -
sl s
s
s
/ 7
.
-
-
7
P4
' ///
7 7
-
7 “ »

I /"A\\\\ N BGJH3H NMOBEPXHOCTH
[ ! \\\ N
0 I AANNY PacCMOTpHM Tenepb cayualh, KOTAa TedeHHe
N TG SKULKOCTH Y TBepLOH MOBEPXHOCTH MMEET Xae
g s pakTep TYpPOYNeHTHOro Teuenwus.
Puc. 36. Teuenue n6ausm Ecau pasmep wepoxoBarocrel BEJaHMK 1O
yraa. CpaBlleHMlO C TOJILLHHOH llOl‘pamlllllOl‘O CJ1os d,

TIyukTipoM  uOKasaww amuwM  TO OHW OOTEKAOTCA 1HEBO3MYUIENHBIM NOTOKOM,
TOUKd, CHAOWHBIMH KPUBLIMH — , .
upogian cxopocted. 3oma yras KAk OTAC/bHLIE Tena HeobrekaeMo#t HOpPMbI.
sanioatiena z{)ﬁgﬁe"'"“" fo- Bo.blio# npakTHueckuit nnTepec npeancTa-
BJSET, O/1HaKO, cay4yad wepoxosarocrefl, BLiCOTa

KOTOPLIX /2 MajJa 1nO CpaBHellMO C d, HO BeJlKa NO CPaBHENHIO C TOJ-
WHHOR BA3KOTO noacaos 8y (1. e. 0y <& h << d).

Hannune wepoxosarocrefl cyuiecTsenHo BauseT Ha xapaxtep TypOy-
JCHTHOrO Tevenns. Mimenno xuakocte GyAeT COBEpLIdb BOKPYF LUepo-
xosaroctelt TypOyJsenTHoe ABHXKeHHE, KOTOPOe MOXKIIO (XapakTepusonaTtb

BEJAHYHIIaMH p, T H h (IIO e 6y116T 3aBHCETb OT BA3KOCTH v, MOCKOJbLKY,

0030

voh
Mo NpeanosiokKeluio, Remep-—- 9 —_— > ) U3 |, cocbpawenuft pas-

MEpPHOCTH SICHO, YTO CKOPOCTb 3TOrO .D.Bl‘l)keHHﬂ, Mo nopsAKy BeJin4dHHBbl,
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. T
SyaeT MMeTb 3Hauenne voz]/-—. Takum ofSpa3oM, B TypOyICHTHOM
I

SOTOKE, TEKYLUIEM B10.b IEPOXOBATON NOBEPXIOCTH, B OT/AMUHE OT NOTOKA,
feKylIero BAO/b TNalAKOH NOBePXHOCTH, CKOPOCTb CTAHOBHTCSA Mataoft (no-
pRAKA V) npn\ywh, a He HAa PAacCTOAHHH, DABHOM TOJUHHE BA3KOro
ROACJO0d Yy =20
Macwrab Typ6y.entHhX TyJabcaup MomeT ObiThb NOITOMY npei-
€TaBJIEH B BHIe
l~y-+h

Ilpu 3stoM norapudmiucckiift 3aKOH pacnpeneseHnst cpefnell CKOPOCTH
g6AM3H LIEPOXOBATON MOBEPXHOCTH TmpHobperaeTr BHA

y+h

u=1u,ln .

Beonsa HOBYI0 nepeMeniyio Y ==y -}/, MOMCM Icpenncath BbIpakcive
ANR 4 B BuIie

’

u:fuoln-yrl. (30,1)

[Tpn 3TOM, uYTOOW e BBOJIMTL 1HOBBIX 00O3HAueHNM, MBI HOBYIO KOOpPIH-
Haty oO0o3Haun yepesd y'.

HameHeHno pacnpeneseniss CKOpocTe OTBeuaeT TakkKe H3MelelHe
sakOHa conpotusienusi. Ilpocro#t pacuer [16] nokaswBaer, uro ko3bdu-
UMEHT COMpOTHBJeNNs B Cjayyac IIEPOXOBATOH MJAACTHHKM lie 3aBHUCHT OT
yucaa Peitnonbnaca u onpepenserca ¢opmyaoft

03 (5 Vﬁﬁ') . (30,2)
/\]'j'tl' h !

leficTBUTEALHO, WCKaOuas v, 13 gpopmyn (4,13) n (30,1) mas aorapnd-
MMYecKOro 1upo¢guas BOAN3H LIEPOXOBATOH NOBEPXIOCTH, A TakKe U3
obwero Buipaxenis (4,35) A TOAWHHBL TypOy/JIEHTHOrO MNOIPAHHYNIOrO
cnoss d, Mbl npuxoninm K ¢opmyne (30,2).

IMockoabky Kko3dpuuMennT CcONpPOTHRIEHNS NpH OOTEKAHHM LWIEPOXO-
BaTOM nopBepxHOCTH (NJIACTHIKH) lie 3aBUCHT OT Re, CHia conpoTip/ienns
TOYHO NponopuUHOHaibHA KBaapaty ckopocth U2

Funpoaunnamuueckne ¢opmyant (30,1), (30,2) xopowo coraacywrcs
¢ onbiToM. OpHako MX elle HELOCTATOUNO AJs pelleHns Hurepecyoteh
Hac 3anaun o naxoxuicnnu anddysuonnoro noroka. Ilpu Pr>>>1 nas
Haxoskneuus anddysnonnoro noToka neoOXOAMMO paccMOTpeTh pacnpe-
denenne ckopocrte B oOmactn y < h. Pacnpenenenne ckopocrte#t B 310#
o6jsacTH panblue lie HITEPEeCOBATO THAPOAMHAMMKOB 1 HMH lie NCC/elo-
Bajocb. PaccmoTpuM cnepma cayuafl KpynmHLIX ILIepOXOBaToCTed, TAKMNX,

hvg <«
YTo Remep_ e >> 1. s TakixX WEpOXOBATOCTEH CCTECTBCHHO CAC/AATD
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npeanooiketye, 4yto B 064acTH y =2k uMeeTCs TYpOynenTuoe npuixenwue,
MacwiTab KOTOPOro Onpele/seTcs pa3MepoOM LIGPOXOBATOCTH #, T. e.

~h. (30,3)

B kauecTBe aprymMentoB B MOJb3y TaKOTO MpPEANOJOXKEeHHST MOIKHO

BBUABIHYTE cuieayowue coobpaxennsd. C nosepxuoctd wepoxoBaTocTeR
NPOHCXOAUT CPbIB TeUEHHs, MOCKOMbKY Regep, >>1. TlosTOMy aBHKEHHE
B o0nacTH y=ch [OMKHO ObITb TypOyJeHTHHIM, XapakTep IBHIXKEHHSK
B 3TO# 06/1aCTH He MOXeT 3aBHCeTh OT BA3KOCTH v, HO OH NOJIKEH. 33-
BHCETb OT pa3MepoB WepoxoBaToCcTH A. EnuHcTpennoft BenMuuHOM pas-
MepHOCTH [ca] fABasieTcs npd 3TOM caM pasMep h, Tak yto MmacwTab
TypOy/AeHTHBIX Myabcaunit no/mken ObITL nponopuuonasbhbiM 2. Harnanxo
9TO MOXHO MHTEpPNpeTHPOBATb TaK: YeM GoJblle pasMephl LIEPOXOBa-
TocTe#f, TeM OGoJbuie MacwTab cphiBalOWUXCA € HuX Buxpe#, Macumta6 -
TYpOY/JeHTHEIX BUXPeH, OTPHIBAOLIMXCA OT LIEPOXOBATOCTH, LO/MKEeH ORIThb
TaKOB, 4YTOOE OHM 3aXBaTblBaiM BCIO 00/aCTh MNOpAAKa pa3MepOB LIEpO-
Xx0BaToCTH (T. e. 06.acTb TypOy/ieHTHOro cJjeia 3a IWEPOX0BATOCTHIO),
Ecau Obl MBI NpennoJioxuau, 4ro B 06/acTd y < h MacwTal LBHIKEHHR
I=~y, To Mbl BHOBb npHuM Obl K JOTrapuPMHUYECKOMY MPOPUTIO CKO-
pocTe#t ¥ noayuuau Gul HeBepubm pe3yJabTaT — oKas3ajgoce Obl, 4TO pac-
npeneienne ckopocrefl y {1epoxoBaTOH MOBEPXHOCTH HMeeT TaKOH ke
BUA, KaK H Yy rJIaaKoi.
* Bce yxasantple coobpaxenus nenaior runotesdy (30,3) RoBOSBLHO Ha-
rasaHo#t u mpasnonogo6Holt. OnHAKO, MOCKOJBKY Helb3s OTBeCTH OGO
3aKOH BM1A [ =2 A"y!~™, OKOHYaTe/]bHOE pelieHHe BOMpPoca MoxeT ObITb
HallIeHO TO/bKO U3 OMBITHBHIX MAHHBIX.

Mpunas runotesy (30,3), MBI MoxeM npu moMowu obwux d¢op-
mya (4,9) u (4,8) cocraButh BhpaweHue nas 3ddexrusHoro kos3Ppdu-
uueHTa TYypOyJeHTHOM BA3KOCTH B o6aacTH y<h H COOTBETCTBYIOLLETO
HAaNpsXEHNA Tpeuus B CJCAYIOUIEM BHAE:

oU

~ 2
\"ryp6~h 0}”

o ou
TR sy ~ o2 0y) (30,5)
Pacnpenenenue cpefHeft CKOpPOCTH TypOyJeHTHOTO TeyeHHs B 0OJiacTi
y < h noayuaercs u3 (30,9) ¢ yyetom ycrosus
~v, npuy=~n, (30,6)

Hurerpupys Bripaxenne (30,5) u BLipaxas t yepe3 v, HaXOAUM C yuye-
ToM Yycaosus (30,0)

(30,9

U='1'0 ‘3’;. (30,7)

Pacnpeneneune ckopocret (30,7) cnpaseasnso, OLHAKO, He NpH  JO-
6uix y </, HO /MW L0 Tex MNOp, NOKa COOTBeTCTBylOUleEe YHCAO
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U (3) - D
PefAHobACA —i%)——ﬁ

CcTeHKH B XHIKOCTH BCeraa Bo3nuxaeT ps3kii nonciofl. Tosugiua Bs3-
KOro IONC/A0f &y OMpelefsieTcs yClOBHEM

L2
U (59) -89 __ Yo%

ne cTtaner pasHnim 1, Takum obpasoM, y camoft

M — Thv ~1,
OoTKYZAa
v\ h
o ~|— N 30,8
“ (Uo> ]/Remep ( )

Pacnpenenenne ckopocreft B TypOynentiiom mnoroke (30,7) cnpa-
BeAJMBO HAa pacCTOAHHAX OT CTEHKH, YIOB.JIETBOPSIOUNX HepaBEHCTBY
3 << y < A, Tlpu MeHbWNX 3HAYEHHAX ¥ B BA3KOM NOICJ0€ pacrnpeneneHue
9TMX CKopocrtet Oyner onpenenstbcs JHeHnnim 3akonom (4.31),
¢ KO3(PbdULNEHTOM, 3aBHCSILHM OT MOJCKYJAAPHON BS3KOCTIL

3Haa pacnpenelenne CpelHHX CKOPOCTeH, Mbl MOXeM oOpaTHTbCS
K PacCMOTpeHHIO HEeMmOCPCACTBEHHO HHTepecylouied mnac 3anaud HaXO0X-
AEHMA pacnpeienenns KoulleHTpanny., IlocienHss noJkua ynoB.J1cTBOPSIThH
TeM Ke yc.J10BHAM, uto u B § 25:

— ~
c=¢, npn y=d, (30,9)
c=0 npn y=0.

B ob6nacti d > y > h s3akou pacnpeleneHust KOileHTpanun GyIeT Bb-
paxartbcsi Toft Ke cdopmysnoft (24,11), uto M B cayuae raanKol nosepx-
HOCTH. B o6aacti oy < y < &, ucxons us obinx ¢popmyn (24,3) n (24,4),
TIOJIYUUM caeayioulee puipaxenie pas apdexTisioro xospduiienta Typ-
6ysnentHott nndoysmu:

Dy 2 12 %% ~ v, (30,10)

H, caenoBareabLlo, nag l(OIlLleHTan,H“ B 3TOM 00/MacTH HMeeM:

vh y -+ const. (30,11)
B ob6aactax 8§ <y <o, n 0 < y<d pacnpeneieniie KOHILEHTPAUIH
BhIpaxcaercs (popMysaamn, BuiBeseHubMH (B § 25. Bocnoabsyemcs npi-
6amxenHo#t Qopmy.oi
Dcy _ Dey Pr'/
j~ Do DeoPr (30,12)
o [

paHee mnoayueHHOft Ljas 3tauells MIOTHOCTH AMPPY3I0NHOro nMOToKa Ha
nactusky. Ilpn Pr>>> 1, koraa OCHOBHYIO poab B An(py3noHHOM MO-
TOKe MWrpaeT necpeloc BellecTsa, NPOHCXONAULMA B rayOHie BfI3KOro
noacaos, uU3Metlelie 3aKoHa pacnpenejieHus KOHUEHTpauHd BiHe BA3KOro
oncnon B nmepsoM npuGaiDKenin He cyutecTBeHHO. [opasno 60.biuyio
POsib urpaer mnaMelcie TOMULIILL CAMOTO BA3KOTFO MNOAC/IO0f, a4 Takike
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e v, [loacrasass B Qopmyny (30,12) 3Haucuue &, us BHpa-
wenus (30,8), Haxonum
i Dcovg’Pr" s oDt v:,/“
—_ ~

Vhph T g

(30,13)

nep
[Monb3ysch cooTHOlIEHHEM Uy = l/ g U, nepenuwem gpopmyay (30,13)
B BHIe

4
P VK;mp Ut ph Co (30,1 4)

Tt

HuddysnoHnbt MOTOK OKa3biBaeTCss MNPOMOPLHOHANLHBIM KOPHIO KBalds
PATHOMY H3 CKODOCTH KHIKOCTH.
‘B Geapasmepiiom Bume Buipaxenue (30,14) sanuwercs Tak:

4 — !
Nutyop =~ % = V]\’;mp Re'sPrVs (__IIT) A ) (30,15)

dopmyana (30,15) nokagpisaer, 4TO B Ciyyae WeEpPOXOBATOM MOBepX-
HocTit Gespasmepiiblit nmb(bysnonubm norok (OoTiecelHL K eAHHHILE
1 1 '/'
MCTHHHON MoBepXxuOCTH) MponopluoHased Re's, Pr'/i u (’E ',

3nech caenyer OTMeTHTb, uto ¢opmyna (30,15) monyckaer cuaegyro-
Y0 NOrpewHoCcTb: OHa OnpejesseT NOTOK BeuleCTBA HAa KHU3UHLI» MeEHCAY
«BO3BLILIEHHOCTAMH» — LIEPOXOBATOCTAMH. [IpH ee BLIBOJE He YYTEHO,
YTO CaMM IepOXOBATOCTH, BLILAIOUIHECH B MOrPaHHYHLIA CJOH, 11aXoAATCH
B HECKOJLKO MPUBH/IETHPOBANIIOM mnojaoKenuH B auddysuoliiom OTHO-
wenin. [osromy ¢dopmyna (30,15) naer neckonbko 3aumKeitoe 3tiaueHHe
s auddysuotnioro noroka. Hyxiuo uMerb Takke B BHAY, YTO MoJiias
MCTHHUAST TOBEPXHOCTb IIEPOXOBATOrO Tesa MPH 3HAYMTEJALHOM YHCJIE
WepoxoBaTocTet MoXeT OBLITH CylecTBeHHO OOJblue, uYeM KaKyiasicd
noBepXHOCTb Tenda. [Ipu BBIYHC/IEHHM NOJHOrO NOTOKa AHPPY3u caepyer
BeMUiiHy, nojay4daemyio no d¢opmyae (30,15), yMioxarb Ha HUCTHHHYIO
noBepxHoCTsb. IlpH MajdoMm uuciae 1LepOXOBAaTOCTed pasd/ivuve MewAy
HCTHHHOR M KawyuwieHcs noBepXHOCTAMH MCYe3aeT, HO MNpPH 3ToM Tepsier
cvbica o dopmyna (30,15); B cayuae oueHp Majsoro uucja lwepoxoBa-
TOCTE# Ha eIMHMUE NJoWand oHH He OYyAyT BAMATH 11a pacnpenenecHHe
CKOpOCTEH. :

Hapsany c pazoOpaHHnM ciayuyaeM GOAbLIMX LIEPOXOBATOCTeH caeayer

hu,

paccMoTperTh ciyyadh Magbix wepoxoBaTocTed Reye =-—~1. B sToM
clyuyae eCTeCTBEHHO NPEeNNOJOXHTb, YTO CrneKTp TYpOY/JEHTHHX nyJib-
cauui oGpbiBaeTCs HA ypOBHE Y ~ h OT crenku. [locTenenHoe 3aTyxatiue,
HMelouiee MeCTO y TJIaaKoM CTenku, MCKaxaeTca nefCTBHEM IEPOXOBATO-
creft. B kauyecTBe npeaenbiOro CAyyas MOXIO PaccMOTpeTb cJayuad
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HONIHOTO TOPMOXEHHS KHAKOCTH B YrayGaeHnsaX MexAy WepOoXOBATOCTAMH.
sl'OMy npenejbHoOMy CJay4alo OTBEUaeT 3AKOH mnepenoca BeulcCcTBa, OTJIU-
qaloumica ot NOJYUYEHIIOTO BbhiWIE, MMentno, CHiTas WHIAKOCTb HelNnoOdBHH(-
poft, Moxxuo nanucars pacnpenedenne (30,11) B obaactu 0Ly <L h n
COMKHYTb ero HenocpeacTBeHHo ¢ JAOrapH(pMHYEeCKIM pacnpeaeienies
(24.10). 310 nacr

J=ayv,c. (30,16)

Caenyer, onnaxo, MOAUEPKNYThb, UTO MOCAenifAss (POPMYIa OTHOCHTCH
Anwb  k yrayGaennaM Mexay iwepoxosatoctamu. [Ipn nnrerpuponaiuu
BAOJIb TMOBEPXHOCTH MNPHILIOCL Obl yuecThb UaCTb MOBEPXHOCTH, HENO-
CPEACTBEHHO TMOKPHITYIO INEPOXOBATOCTAMH. B MTOre MOXHO OMMIATH,
yTo IMUPPY3HONUHBIA NOTOK HA NOBePXIOCTb, NMOKPHITYI0 MEIKHMH Iepo-
XoBaToCTsAMHU, GyleT BHpaxmarbca (OpMyaoH, cpeanelt Mexcay ¢opmyiont
AAs raanko#t noscpxuocti (26,9) u gopmyno#n (30,16). duddysHounbiit
potok Oyner nponopunonanen U”, raoe n neckoabko Ompke x 1, uem
B cayyae riaako#t mosepxuoctu. Iloamyuenite xoJmuectBennHOH Gopmyant
ABJISIETCA, ONHAKO, 3ATPYJHHTE/bHBIM, NOCKOALKY Ola 3aBHCHT OT TOYHOTO
peaveda nopepxnocTH.

HUMetowniica sxcnepumenTanbilbif MaTepHad He no3sosseT NOABCPriuyTh
HafiaeHHble OpMYabl CKOIbKO-NHOY L yOAHTEAbHOMY CPaBHCHHIO C OMbl-
roM. OHo npencrasuio Gul HecoMHenHbIH HHTepec. 3aMeTHM B 3akJliOyeHHue,
yTo B BbiBOAe (opmyan (30,15) npeanonowenne Pr>>>1 6bvi0 BechbMa
cyulecTseHHbM. B cayuae Pr=1 6osbluoe 3uavenne npuobGperaioT npo-
HeccH neperioca BHe BA3KOrO MNOACJOS.

§ 31. 06 awanoruu mexiay KOHBeRTHBHOH nnddy3neii
H MNOBEPXHOCTHLIM TpeHHeM TNpH TYpOYJEHTHOM peXxxume TedeHHS
WHAKOCTH

Mbl HEOMOKPATIIO yIKE YKA3biBaJAM HA aHAJOTHIO MEXLY IEePCHOCOM
HMNynbCca M nepeniocoM cyOCTaniMH B ABHIKYULEHCS XHAKOCTH.

IMon nepernocom cyGeTanit MOXKHIO NPH 3TOM MOHMMATh KAK MepeHoc
BellleCTBa, TaK M NepCHOC Tenaa, 0 KOTopoM peub Oyner nati nmxe. Cue-
AyeT, npexie nBcero, NOAYEPKHYTb, UYTO B TeX CJydadX, KOrja MOMeT
6bITb noAyueno KOHKPCTHOe, XOTs OLI 1 NPHOMKEIHOe, pellleHHe  3a1auy
0 mepeHoce cyOCTaHilMi, NMOJbL30OBATLCA 3THM pellCHHEM NPCAIIOYTHTE b~
Hee, ueM HecoseplucHHolt ananorueft Mexxay rnepeHocoM HMNyJabca H nep.-
Hocom cyG6cranumi.

OnaciocTb HENoCpeACTBEHHOTO HCMOJAL3OBANHSA 3TOR aHATOrMH MOXET
OLiTb  OcoGenio  ApKO MPOMMUNIOCTPHPOBaHAa HAa NpHMEpe Pasobpauioff
B § 28 zapgaun 06 obTexaiinn TcI1a ncobTekaeMo GopMbl.

Mui Bumenn, uro p6ausn nepeaHed KpHTHHCCKOH TOYKH (TOYKH Ha-
Geranus nortoka) naoTHocTh AHMGY3HONIIOrO NMOTOKA OKa3biBaacCh MO-
crosHHOU (cp. (28,5)). Lcau BHIUNCAWTL, OIHAKO, COMPOTHBIEHHE Tpe-
Hya B 3TOoH o6JgacrtH, TO OKa3biBAeTCsi, 4TO OHO ob6pauiaercss B HY b
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B camo#t Touke Haberauns, a BOJM3HM TOuKM HaGeratus PACTET NMPONOP.
WHOHAABHO paccTosiinio OT uee. TakuM o0pa3oM, 3lechb HeT HUKaKoOR
aHAJOTHM Mei1y MepeHoCcOM CYOCTAHLHHM M LIMIYJbCa.

Ce#tuac Mbl 06CYyAMM 3Ty aHaJOTrHIO B ciayuae TypOyJNeHTHOTO PerKuma
ABHMKEHUS KHAKOCTH, KOILAa NPHUHATO OOLIYHO CUHTATb aHaJOrHi0 TPHe
MeHHuMOH.

Hansem noTok cyGCTaHUMM M NMOTOK HMNYabca Ha HeKOTOPYIO Oec.
KOHEUYHYIO MJOCKOCTL B BHIE

J':(D'{_D'x'ypé)g—;:(D“l—?E;)%%: (31:1)
© = p O vague) Gy =0 (o) o1 (31.)

rie [ — macwta6 nyabcaunft 1 v — NyJbCalHONHA CKOPOCTb, YepTa
O3HA4aeT ycpelHeHue H a U 3 — MOCTOsHHBEIE, BOOOIULE TOBOPS, Pa3JaHY-
Hble. Bue Bsaskoro moxzcaos ¢opmyas (31,1) u (31,2) npusoast K Jio-
rapiugmuueckoMy npoduaio ¢ pasHbIMH 3HAYCHUAMHU NMOCTOSIHHLIX.

[pencras/iedie O NOJHOM noao6uMM B pacnpeleseduil cyOCTaHLLHY
H ckopocTit B TypOyneHTHOM mnoToke OblJO pa3suTo BhepBuie PeiHoJhe
JCOM B NMpHUMEHeHWH K PpACNpelenennio TeMNnepaTypLl — TaKk Ha3blBaemag
ananoruss Peflnonpaca. M@ BMAMM, YTO HET TEOpPETHYECKHX OCHOBaHUR
CYNTaTh TY aHA/NOTHIO CRpaBelHBOH naxe npu Pr=1.

[losromy naxe B cnyyae Pr=1, kak Buauo us npuseseuiibix ¢op-
MyJ, OTCYTCTByeT MOJHas# HAEMTHYHOCTb B pacnpeneneniil CKOpoCTel
H KOHLEHTPAaLHH.

Tonbko npu ManonpaBaonoao6HOM JONyUlGHUH a==[ BO3HHIKaer
nonioe nogobue ITHX NOJeH.

[Mpu Prs£1 curyauus eue OGoJee yCIoKIsfeTCs.

[Tpu Pr=~1 momno npub/iuKeHHO CYuTaTb, YTO pacnpefeeiide CKO-
pocTe#d M KOHLEHTPaluH MOXHO NpPeaCTaBUTb B BHJE

=i |
C=EJ{TO‘?(%5)’ )

rie f W @ —pasnuudbie (GYUKUMH OMIOrO aprymelnra OL (8 — TOX-
0

(31,3)

LiMHA BSI3KOFO MOACI/IOfA). _

Ha ocHoBe Tako#l rumortesbl MOXKIO 6e3 Tpyla MOAYYUTL COOTHO-
lenue, CpA3LiBalolee pacnpefesnedHs CKOPOCTed W BewecTsa Apyr ¢
LpYyrOM.

B pame paGor (cM., manpumep, [16]) ykasaunoff rumorese npumnu-
ChlBa/ACSl YHMBepCalbHbik XapakTep. B neHcTBuTeNbHOCTH yie B CaMoOM
npeanonoxenud (31,3) saksioyeno LOnyuwieHHe 06 OOUIHOCTH MEXaHH3M3
NnepeHoca MMMyJbca M CyGCTaHLMH.

Mu Bupeau, oauako, uro npd Pr>>1 sra olwHocts OTCYTCTBYET
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Mpn Pr>>>1 nHe T10abKO HapyuwaeTcs noaoGie B pacnpeaeicHiti
KOHILEHTPAlMH H CKOPOCTH, 1O 3TO Hapywendc umeerT rayOoku#l xapax-
Tep: MMEIOTCA 06/JacTH, rAe BCILCCTBO M MMOYJLC HMeEIOT pasiiuit Mexa-
sm3M nepcenoca. [losromy nensss 6once cuurath, UTO pacipene’ciiis
cxOpocCTEefl M KOHIleHTpalUH 3aBHCAT, XOTd Obl W pasinimM 006pasoM, oOr

O@HOrO aprymenra ol
0

Tax, u3 dopmya § 4 u § 24 Buano, uro Bo BiewHel yacTH norpa-

BMYHOIO CJ108 AeHCTBUTEABLHO v::f(%), a c:# \p(—{y—> B 6o.1ce
0 0% 20 :

rayGoKO#ft 061acTH U no-npexiieMy 3aBUCHT TO.JbKO OT 3ilaueHdss (yHK-

'

Yy
UuH f(’a.%,)' TOT/lA KaK ¢ ONpelefsieTcsl He TONbLKO OTHOLIEHHEeM —0; HO

)

W 3HaueHHeM —. [lo3ToMy mpennaraembie B JHTeparype crnocobu omnpe-
0

AeJIeHMs DPacyeTHHIM NYTeM pacrpeneteHds TeMmleparyp AU KOHLEH-

Tpauui ((bym(lum ?(ol)) MO H3BECTIOMY M3 ONbITa pacnpenescHuio CKo-
0

pocteft ((byHKuHM f(%)) npu Pr>>>1 okasblBaioTcst HENPHIOLILIMU.
0

Yacto npeacrasaser unrepec conocrasicine LHPPy3HOHHBIK  (H.IH
TENJOBbIX) MOTOKOB C CHIOH TpeHHS.

B snamuuapnom noroxe, xak smul Biaean B § 16, n1s rex obrexaenmolt
$popMBl  1IMeeT MecTO NPOMOPUMOHAMBHOCTb MEKIY ISTHMI BEIHYHHAMU.

B TypOyaentnoM noroxe ne10 06CTOMT HECKOABKO CJIOXKHCE.

Ecau  pacnpenenenns ckopocTefl M KOHUEHTpalH# HMEOT ToMc1e-
CTBEHHLIM XapakTep, TO O'eBHAHO, 4TO OyHeT iiMeTh MeCTO NPONOpilio-
HaJIbHOCTL j M .

Ouxanako yKe nonyimielns O Pa3HLIX 3HAUEHHAX KOdPPHIHEHTOR 2
H f HapywaoT 3Ty NponopiHOHAILHOCTD.

M&l orpaHuuuMCcs HuTepecyiomuM Hac 6oablue Bcero cayuyaem PrS> 1.
B npocretiem cayuae GeckoHeunofi MAACTHHKHE MOXKHO COMOCTABHTH AH(-
QYSHOHHDBI# NMOTOK C CUIOH TpEHHd.

Yunrtoias (4,38) u (4,13), nmeen:

. T U(]CO T C
~VEk ~ . U
i~Vk, oo T

Fhe T — NOKanbHOE HANpsHKeHHE TpeHis, 3aBlicaulee OT PacCTONHHS 1o
Kpas naactuuxd. C nomoibio (26,9) MO0 HANMCATL AHAJIOTHUHNOC CO-
/
OTHOLUEHME MEXIy CPEIHMM TOKOM — H CPENHIM HAmpskeHieM Tpe-
F

Hug 3-:

ks V’ U()C() f Co .
-~ f Pr/' pS Ppr'ls
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[NTocienHee COOTHOWIEHHE CNPABENNHBO JIMIb C JOrapudMmuyYeckoh cTe-
1IEHBIO TOUHOCTH.

Mpt UMM, 4TO [/ NMPONOPIHOHANBHO VF. a He F. Kpome Toro, ko-
3(h(pHUHEHT NPONOPUHUOHANBIIOCTH CYIEecCTBEHHO 3asicuT ot Pr.

YxasaHnbie 0OCTOATEJNLCTBA CYIECTBEHHO CHIDKAOT 11e1ec006pa3HOCTh
HCMOJIb30BAHKHA KOJIMUECTBEHHOfl aHAaMOTUH MEeXAY KoHBeKTHBHON AUPDY-
3yueft ¥ Tpeuuem npu Pr>> 1.

§ 3Z. JBuikeHHEe 4YACTHL, B3BELICHHLIX B TYypOyJeHTHOM MNOTOKeE

Ias psana 3amay, kotopuie OYAyT paccMorpedbl nHume (cm. § 33
1 § 41), cyuwecTBenHbli unTEpeC NMpeAcTaBAfeT ABHMEHHE YacTHI', B3Be-
IeHHLIX (BHTAIOWKX) B TypOYJCHTHOM mNOTOKe.

Mpr 6yneM npeanosaraTh, HTO YMCJ/IO TAKMX HacCTHIL B eiuMnule o6bema
KHIKOCTH LOCTATOYHO Majo Iis TOro, 4YtoOul MOXHO Obl10 npeiebpeus
HX BJIMSHHEM Ha [ABHXEHHE XHIKOCTH.

Yactuubl, B3BelleHHblE B NOTOke, 6YAYT yBaeKaTbCs TYPOYJICHTHBIMHU
Ny bCalUAMU M ONMHUCHIBATL B XUAKOCTH Croxuble Tpaektropun. Typ6y-
NEHTHBLIH NOTOK Mbl OyN€M npeanojaratb ONLHODOAHBIM M HM3OTPOITHBIM,
Ins nanbHeHilero HaM MOHAaLOGATCS HEKOTOPbIE LOMONHUTENbHbIE XapaK-
TEPHCTHKH TNOJA CkOopocTeffi M yCKOpeHu#l OLHOPOLHOrO U H3OTPOIHOro
TYpOYJICHTHOrO MOTOKA.

B § 4 Mbl paccmaTpuBan¥ M3MelleHHe CKOPOCTH [BHXEHHs Ha pac-
cTosuun A, Kortopoe naercs dopmyaolt (4,9)

vxw(i'p—)\)l/" np L > ), (32,1)

Beanunna v, npencraBaser BMeCTEC C TeM CKOPOCTh TypOYJCHTHLIX
nyabcauuft macwraba L. Ckopocts v, yMeubliaercs ¢ macwtabom A no
3aKOHY «OIHOW TpETH».

IBuxenuio mMacwtaba = (L >>)y), NPOUCXOAALIEMY CO CKOPOCTLIO T,
oTBeuaer xapakTepHbift mepuon T,. Ilepnon T, MOMKCT 3aBMCETb TO.BKO

€
oT MmacwTaba NBUKEHUS A U XapaKTepHCTUKH TYpOyAeHTHOro noroxa (—;) .
IMockonbky X > 2, T, He MOKeET 3aBHCETb OT BA3KOCTH KHIKOCTI.
€

W3 Beanuun (?) M A MOXHO COCTaBUTb TOJBKO OLHY KOMOHIIAILNIO

Pa3MepHOCTH BpeMeHH

T, =(—:-’i)"“~i. (32.2)

2
Tlepnoa pacreT ¢ MacwTaGoM ABHXKEHHS, Kak L7, Tai u4TO HaiGOnb-
WHMH nNepuHofamu 006/anaI0T KpynHoMmacilutabuble nyabcauuu. Hamaem
M3MeHeHHe CKOPOCTH AAaHHOro HBiKylierocs 00beMa »yAKOCTH BO Bpe-
MEHH.
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OueBHIHO, UTO CKOPOCTH My.IbCaUUfl MOXHO npeacTaBHTb B BHIE

d) A
Jo T o~ st 32,
U dl [) ( 3)
Onpenenum tencph yckoperie TypOyaeHTHLIX ny.ibcaiuft maciuraba A,
chOpCHHe MOXIIO NpCACTABHTb B BHIC

Adv, [N X e\ 1
wy =~~~ (32.4)

MBI BHAMM, uTO NpI yMenbiuennn Macwraba nyabcauni HX yCKO-
peHMe YBeMUMBACTCA.

3HauyuTeAbHLIM yCKOpeHHeM 00/1a1ai0T MejakoMaciTalivie nyabCcallu,
a HauboJbIWNM — NYALCAUMM MOPSIAKA BHyTpeHnero Macwraba TypOy-
aenTHOCTH X, K yckopenmo nyabcauu#t macwrada h ~ %, hopmyaa (32,4),
pasyMeeTcs, HENpHUMCHIMA, TOCKOJAbKY Y TaKuX mnyabCalnh naunnaet

€Ka3BIBATHCA BAHsIKE BA3KOCTIL Y my/bcaunit Macwraba A~ ky CKOPOCTb
N0 MOPSAKY BeJHUHIIL paBna
U ™~ 70 (32,5)

Yo'

raKk Kak Re, ~ 1. [lepion nyibcauuit macwraba ), pasen no nopamky
BEJIHYUHHLI

Tig~ o~ ~ ()" (32.6)

rae o6o3HaueHo g, =

Yekopenue TypOynentibix nyabcannft macwrtaba A, pasuo

2 3 2y
dvm U Y Yy 0 (32.7)
Wy~ —55 ~ e g e~ e~ ,
0 ot Tko X v N

Popmysa (32.7) naerT 3navenHe YCKOpeHHs MO MOPSAKY BEJAHUMHDL,
A. M, Sraon [17] na ocuosc TEOPHH JIOKasdblio# wusoTporioft TypOy-
denTHocTn A. I1. Komvoroposa moayuma TouHoe puipaxetnne mns Wy,

KOTOpoe 0ka3anoch oTanuaouuMcst ot (32,7) YHCAOBLIM MHOXKHTedeM 1/3:

M
W, =V 32— - (32,8)

Y

B d6aactit k-, ammkenie nprodperacT KBasupsiskid  xapaxtep.
KBanapatyuunvic wicnu b ypasnenmt Hasse — Crokca B ofaacth piyTpen-
Hero wmycwitaba TypOyJAENTHOCTH Madpl MO CPABHCHHIO C JHHeHHLIMH.
MosTomy B3anmonchcTRte MeXKAY OTACALHBIMI TYPOYICHTHLIMI NyAbCA-
UMAMM fipekpanactcst M Kawias H3 nyabcauil  3aTyXaeT He3aBHCHMO
or OCTa‘:‘bllbIX. :
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[Tepuoasl nyabcauuil nepecrTaioT 3aBUCETb OT MacwTaba ABHMKEHHR
Y p

(A < ko) u coxpausior 3uadenue (32,6). CropocTd TypOyJenTHLIX MY Jib=
cauuit 3aBucar OT Macwraba A no 3sakomy

\ A
NS,

(32,9)

Uy

CooTBeTCTBeHHO Yyckopenue B 006.1aCTH BuyTpeHHero Macuraba typOy-
JEeHTHOCTH

wAN“ULN—'O—')\. (32; 10)

Ycuopeuuﬂ. TaK € KaKk W CKOPOCTH, YMEHbIUAIOTCH C \ JHMHEHHO.

Takum 06pasoM, HanGONLWIMMH YCKOpeHnusiMu 006aanaior TypOyJIeHT-
Hble NynbCAUWH MacwTata A~ hy. IJTH NYAbCALMM UMEIOT TaKiKe MHHHe
Maabibi nepuon T,.

Ha ocnHoBe noayyeHHbiX 31ecb (HOPMYJ MOXHO MCCAEAOBATL ABHIKE
HHE YacTull, B3BelleHHbIX B TYpPOYJEHTHOM NOTOKeE.

§ 33. Mnuddysua x uyacTuuam, B3BEWEHHHIM B TypOyJeHTHOM NOTOKe,
DlieMeHTApHLIl AKT NpoOUecca 3KCTparupoBaHus

OnHUM H3 BaXUHLIX CJAY4aeB reTeporeHHbIX (PH3HKO-XHMUUYCCKHX MPO-
eCCOB  ABASIETCH NPOICCE, POUCXOMSIMIA HA NOBEPXHOCTH MEJKHX
yacTul, B3BeweuHbix B TypOyJeurnoM noroxe. B psne rexnosorinyeckKux
MPOLECCOB HPUXOMHTCH HMCTL IeJO € PacTBOPEHHEM MCJKMX YAaCTHUL
Npyd SHCPIHYHOM B3MYUMBANKK JKHAKOCTH BPALIAIOILHMUCS MELUAJK A MH,
HaBseyenne pacTBOPMMOl COCTABUOW YACTH M3 TBEPALIX WM  JKHIKUX
BELECTS METOLOM pacTBOpeHH B KUAKOCTH UOCHT 11a3BaliMe 3KCTPax-
uu. B 4acTHOCTH, eCiAM 3IKCTPATIPOBAHHE IPOU3BOLHTCH H3 TBEPALOrO
Te/a BOLOW, TO TaKOM HpoLecC 1A3bIBAIOT TaKkie Bblwenaunsaunem. [lpu
3KCTPArupOBAHHM PACTBOPHMAs COCTABHAS HACTb NEPEXONUT U3 B3dELIEH-
HBIX TBepAbIX HAH JKMAKMX uacTuy, B pacrBopureib., Ouesumiio, uyTO
OObIUHLIK MpOLECC pacTBOpPeHUS ABJSETCS [pEledbiibiM CAy4YaeM SKCTP aK-
LLUM, NPH KOTOPOM He OcCTaeTcsi HepacTBopiMoro ocrarka. OxouiaTelibs
HOE Hu3BJleycHHe pACTBOPAIOUIErOCs BEULCCTBA M3 PACTBOPA NPOH: BOAMTCH
NYTEM [ICPErOUKH MM KPUCTALIM3AUME 11 HPCACTABISCT OT. (e/bHBA
npouecc.

MLl orpanuuMMcs paccMoOTpeHHeM Cuyuas, KOria H3BjedeHUe RPOH3-
BOLMTCSI M3 MeJKOH CycrensuH TBepublX vacruil. Bonpoca o6 skcmparu-
pOBAIIMH M3 OKUAKMX YacTHLL Mbl KOCHEMCsi B § 72, IxcCTparuposBaHue
M3 KPYMiBIX Y4ACTHL, JEXaUWHX HellOABHKHO HAa JHE annapara u OMplBae-
MbIX TCKYUIMM pAaCTBOpHUTENEeM, NpeacTaBjfder 4YacTHbfl C.iyuaft 11joueccd
pactsopetts uacTdil HeoOTekaeMon Gopmul.

dxcrparupoBaiie M3 BeCbMa MEJKO pPa3MOJOTLIX YacTHll, 1'axons-
WHXCs B PacTBOPHUTeJe B BMLE CYCNEH3MM, BCTpeuaercs ocofetiH 4acTo
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g rmHApoMeTaaayprun. B oBHic npumepa MOMIT0  YKasaTh H3BJICUCHHE
sonOTa W3 PYIALL NPH MOMOUUT IHAINCTOTO PACTROPA, NOJYUCHHE PACTBO-

B ajioMinusa u3 Gokcurta ofpaborkolt ceprioft kuctotot i 1. n. [18].
[Ipouecc 3KCTPAKIUIH caxapa H3 CTPYKKIH caxapuofl CReK.Ibl APCACTaB.IgeT
OCHOBHOH TMpOIleCcC Caxapnoro npon3soacTsa.

Hneda TeXiuoa0THYCCKOrO OQOpMICHHA TPOHCCCa IKCTPAKINIT 3aKMO-
gaeTcs B TOM, UTO [HCHCPTHPORAIHBIC TBCPAMC dacTHil 0Oo.ec WIH
meHee IUIUTEeNbHO BLUICPIKHBAIOTCT B SMCPrHUNO PA3MCHIIBACMOM PACTBO-
puTtene. IlosepximocTs uacTuiL oMLIBACTCS pacTROpITeaeM, W PacTBOPHIO-
wHHACAa KOMIMOIEHT MNepexoalT ¢ MoBCPXHOCTH TRCPAOH yacTuilbt B pac-
rBop. OObiuiio Mewtenioff cramicit npolecca spasiercsl CTalnsi pacTBO-
peHHs, 3aBucaulad OT OLCTPOTH OTBOTA PACTBOPAIOILErOCT KOMMOHCHTA
0T MOBEPXHOCTH yacTHuhl B rivOL pacrropa. PacTsopeHue nponssoIuTes
H3 YAaCTHLL CPaBnuTeIbHO 0OILUNIX Pa3vCPOB, 3HAUHTCILIO GOALIIMX,
yeM BHYTpPeHHutt macuiraG typoHy1eHrTiocTi.

Jpyrum cayuaem reTeporcitioll peaxiuu, 1ayineil Ha moBepXHOCTH
JaCTHIL, B3BCUICHINKX B TYpPOYICHTHOM MOTOKC, SBJASICTCS PCaKILis, Mpo-
HCXOMSNIAA Ha MORCPXIOCTI M3MEIbUCHILIX UacTHH kKaramsatopa. [lpH-
MEPpOM TakKoO¥ pecaritii MOTYT CAVKHTL TPOICCCH THAPHPOBAHHUA KHPOB,
C. KO. Enorny n T'. M. Wabposa [19], paccmorpen orpoMunifl sxcie-
PHMEHTANbHDLI MaTeprat B 00JACTH H3YYCHHA Mpollecca FHIAPHPOBANUS
KHPOB, YCTAHOBHIN, 4YTO PCAKILHST TFHAPHMPORANTST MOKET NPOTEeKaTb Kak
B KHHeTH'ecKo#l, Tak 1t » 1anddyanonnoht obiactn. B wactHocTH, npwu
H3BEeCTHON KOoHICHTpallMit  Karami3atopa W CKOPOCTH  Pa3MCIUHBANHSA
KHAKOR asn Mmeaneinolh crannelt npouecca sipaserca anddvaus pac-
TBOPEHHOrO B XHAKOH (a3c BOAOPO1A K MOBCPXHOCTH YACTHIL KaTalu-
3aTopa.

Tlpun nposecuun peaxii ripUPORANNA 1 APVTHX KATATHTHYCCKUX
peakumi B wHAKON hase cpeainie pazvepLl YacTHIL KATAIN3aTOpa BapbH-
pyroT B 1wmpoxux npeneaax (102—10% c.ar).

Takum 06pasoM, B PazamUbIX CAYYAAX 114 NPAKTHKE BCTPEUAOTCH
CaMBIe pas3HOOOPA3ULIC Pa3Mepnl B3BCLICHIBIX YACTHIL.

IMepemewpanme pacTrOpa MPOU3BOIUTCS OOLIUNO  MEWAIKAMU pa3-
THYHBIX TUNoB. B peayabrare paGoThl MCHIANMOK B KMIKOCTH, 3anOAHAI0-
wel peaxuHouHBLH COCYA, VCTANABANBACTCS COCTOsE Pa3BUTOR TypOy-
M1eHTHOCTH. MakcuManbunic CKOPOCTH TYPOYJACHTHLIX MyJbcalliifl Mo no-
PAAKY BeJHUNUBL  PARHLI  HAHOOJBLIICH CKODOCTH  ABIDKEHHT  MCHIAIKH:

o= wR, rae o —yraosas ckopocth H R — panuyc Memanxu. Hau-
6oAbWIHN MacmiTab TypOvaIcnTHHIX myascanni [~ R.

IMyabcaunn xpynnoro wacmtaba yBJICKAIOT YaCTHIY BMeCTe € MpH-
AEFAIOWIMMHK 'K Hefl CA0sMI KIIKOCTH, TepeHocs HX Kak ileqaoc.

Ecan, 0Anako, nJA0THOCTL uWACTHILL p  OTAMUYHA OT TWIOTHOCTH
XAMNKOCTH Py, TO 3TO yBAaeuenue e MookeT ObiTh noanuis. Cayuic veaxo-
MacmITabHbl€ JIBHKCHUR SKHAKOCTH HE CMOTYT VBJICKAThL B CBOC ABIW U1HE
YacTHily M 110 OTHOICHINO K HHM 4acTHILa ovier BecTi celst, 1°v ve-
Nlonzuwhoe tneploce Teto. KOCTL, NpHIHMaoWAs yIACTHE B 3THX
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MeJKOoMacwiTabHbIX [BUXeHusx, Oyner OO6TekaTb MOBEPXHOCTBH YaCTHy
H B npnneralomen K NOBEPXHOCTH HAaCTHUUDLI XXHAKOCTH BO3HHKHET Paz.
MELMBAHKE COOTBETCTBYIOWero Macwraba. [lysbcanuu NpOMesKY TOUHop
MacwTtaba OyLyT BOBJEKATb B CBOE ABHKEHHE YACTHIY 11¢ TIOJIHOCThy

M3 ckasaunoro sicno, uro Boupoc 00 ysjacy2lHH  UACTHILDLI TYPGy.
JEHTHLIMH  NYJILCAUUAMH B obem Cjiyude, T. e. KOriaa llJl()’lHOcn
MaCTHUbl OT/HMYHA OT MIOTHOCTH OKHAKOCTH, HON'EKHT CNElHa/ bHoyy
PaccCMOTpEHHIO.

COCT&BHM ypasneuune ABHMXCHHUA XKHUAKOCTH H YACTHILDLE, 0603113'-"”‘
yepes F cuuy, AcHCTBYOWYIO 114 YaCTHILY €O CTOPOHbI  JKFLLKOCTY,
YacTvua ¥ XUAKOCTh 006pasyioT 3aMKHYTYy cucremy. [1ycTb v, —- BeKrop

CKOPOCTHM 4YacTHUbl, 4 V,— BEKTOP CKOPOCTH MHAKOCTIl B TOM Mecr,
TAe HaXOMLMTCS YacTHLA.

Ecay 6 4acTHUA NOJHOCTBIO YBJEKanach MXKHAKOCTbXO, TaK ypy
V, ==V, TO Ha uacTuuy pAcHcTBoBana Owl Takas IKe CHJIA, KaK g

Ha KHMAKOCTb, 3aKJIOYEHHYI0 B TOM e OObeme, T. €. AeHCTBOBAaJA 6y
dV() .
cuia pOVTt—, rLe py— MIOTHOCTb XHAKOCTH M V — 00beM wvacTHuy,

[Ipy HenosHOM yBieueHMM KMAKOCTb Gyner OOTeKAaTb  YICTHLY,
KOTOpas MNpH 3TOM MOXET CHMTATHCA ABHCyuwie#cs MO  OTHOLLEHHY
K JKHAKOCTH C OTHOCHTEJIbHOM CKOPOCTBIO U=V, — V,. [IpPH STOM ona
MCMLITHIBAET CHJAY CONPOTHBJEHHUS Foonp. Tlo3TOMY Ha TE€JIO, YacTHyHo
YBJIEKAIOUIEECS KUAKOCTBIO, NAeHCTBYET cymmapﬂan cuiaa f,

i=F + qup = Pov + Fuonp-

YpaBHeHue IOBHXEHHA 4YaCTULbI UMeeT BHI

VI oV 2N 4 ooy, (33.)

BBoass OTHOCHTE/bHYIO CKOPOCTb, MOJYYHM:
dn
oV—r=0o—0V

lockonbKy pasMepbl 4YacTLLl @ BEJMKH MO CPaBHENHIO C X, rnpu AsH-
KEHMH €€ B KUIKOCTH CO CKOPOCTAMH 4 OO/bLIMMH, HYeM U . coOTBET=

dv0

—%— Feonp- 33,1

- ua
creyiouee ducio Pelnonbacd Re = —- > 1. [losromy ans 13, = MOKHO
HallHCaTh:
Feonp =— KfPo Suu,
rae S —niowan, ceyeHus YACTHLBL,
Takum 06pa3oM, npu NBHIKEHWM YACTHUUBI C Re>>1 HMe 3y
du UO 2

(MOCKOJIbKY BEKTODH U M Vo NapasieabHbl APYT APYTY).
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[Ipu ¢dopmyanponke ypaBHenus (33,2) MLl ORNYCTILIM WiCH, Xapak-

yepH3Y 0L NONOMIHTEABIYIO PCAKIHIO HA Te10, BLISBINIYIO ABHIKCHNCM
gena OTHOCHTCALHO HkuakocTH. Kak nssecrno [20], nocnennsa nponop-
MHOHATbHA OTHOCHTCILHOMY YCKOPCHMIO 1 TIOTHOCTH Cpelbl. OICHKI
IOKA3bIBAIOT, UTO NpU MaJO# IIIOTHOCTH Cpelbl (MO CpaslicHHIO € MJOT-
HOCTbIO BELIECTBAa HACTHLL) — HMEINIO 3TOT cayyaft nac, no cyutecrny,
u 6yneT HMHTEpPecoBaTh B JaibicHineM — 3TOT 4ieH Mad. Yckopere

u
qacCTHILbI - MOXKHO 3anucarb B BIAC

du u
du 0 33,3
dt T (53 )
rie TF — nepHON NBWKEHMS YACTHIIK, CBI3ANNLIR €O CKOPOCTBLIO & W
MaciuTaboM ABIOKEIHS, COBEPINACMOro 4acTHIled nox jachcreueM ypiie-

Katowe#t ee TypOyseHTHOH NYJALCAILUK X, COOLIOLLCINIEM

. A
TH~- - (33,4)
u
[Mo3TOMY AAst YCKOPEIHS HaCTHILBL MOXHO HANHCATL:
du u? -
T (33,9)

Yckopenve nyabcanuu MacmrtaOa ) jacrcs dopmyiaoit (32,4). Toa-
crasaas (33,5) u (32,4) B ypapsnenuc aBikenus uacrduu  (33,1),
HaXOANM:

V-~@~WV() — KpySut. (33,6)
OTCIOJla noayvyacm njasg CKOPOCTH OTHOCHTeﬂbHOl‘O JBHKEHUA
l/ﬂ)\l/3 )
P [V KypoST™

!
u~I(p—p) V1" (33.,7)
an HEKOTOPOM 3Havelun N OoTHOCUTEAbLHAd Cl(Op()CTb nuMeer Hau60nbxuee
BO3MoxHoe 3nauciue « . Coorsercrsylowee 3uayenHe A Hafizercs

max
H3 ycJaoBusd
ou

o =0.

IMpoctoe puuucaciue naer

2 p VvV
O\)umux /\, P S’ (33.8)

H MakcuMaabhas CKOPOCTH

i (P_P_ )’ <_V_> <_ )/ (P)
I\ZlX ~
“ ‘/3 P S Po o
Iy
B TOM C.’ly‘lﬂe, KOrZ1a nJaoTHOCTb BeEllecTna YaCTUullL! BEJHUKa 1o CPHBHC-
HH10 C ILTOTHOCTLIO CpCﬂbl, KaK 3TO HMECT McecCTo, Hilﬂpl’lMCp, llpll

1 /"

, s
(-?-> . (33.9)
K,
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ABHZKEHHIT  TBEepablX YacTHU UAH Kanejln B rase, T. e, npu P>>Po-
I/:‘ 2 I/:l
( ) : (33.10)

HMeEeeM:
p 1 /1)"“(.&.)”“(1)
max 1/'3' \ Po 0 S Ky

B cnyyae cdepuuecknx yactuil paanyca a dopmyna (33,10) mower GuiTh
COOTBETCTBEHHO Hanucana B BHIE

! P\ N )'/3 ]
e () 2y (). 33,
U nax 3. ]1/.1-<;- ( PO) ( a) (PO (33,1 1)

Uncnopoht koapduument B (33,11) Bpsan nu uMeeT CyiuecTseHiioe 3Haye-
nue. Ou npuseped JjnmL st TOro, 4roGul 1OAYCPKIYTb OTCYTCTBHUE
B 9TON (popmyne 3HAYUTEIbHLIX UYACJAOBLIX l(OS(prHU.MeHTOB.

U, . NPeNCTaBAfeT Ty lipefebliyl0 OTHOCHTENbHYI0 CKOPOCTL, C KO-
TOPON KHAKOCTb OOTeKaeT B3BeLWICHHYI0 B HER uacTuuy,

dv,
Ouenum ewe ortHoweHne unena (p—pg)V + —— K HeyuTcHHOMY

dat
yieHy, CBSI3aHHOMY C JOMNOJIHTENbIOR peakiidedt, CBsI3aHHOH C OTHOCH-
TeJbHbIM ycropenueM. lns cdepuyeckolt yacruust mocjaeaHuih paseu

poVi-du _ pV (_U_

u )
2 dt 2 T# A :
max

CocraBass yKa3anHoe OTiolueHe, Haxon i:

duy . paV du  p—pg

§— Yo . Po¥ 4 ~
(® PV dt ~ 2 dt Po po>>l'

YTO U ONpaBAblRAET caesiaHHoe HaMu npuOamkenue. [Ipu p > p, M 0IKHO»
TakuM  06pasoM, He YUMTLIBATH TaK Ha3biBaeMoft «npucoenuiieHHOH
N4
5 -

[Mpn Buisoxe dopmyan (33,11) Mbl npeneGperananm BausHiCM 1O
TSKECTH Ha JBHIKCHHE YaCTHUBL.

Hurepecnio cpasiuts Hafipeniioe BLIpaXeHWE AN CKOPOCTH MHIAKOCTH
MO OTIOUIEHHIO K uacCTulle C W3MEHEHHEM ( KOPOCTH TYpPOYJeHTHBLIX MYJ »-
canuMi Ha paccroaHuu A, paBHOM pasmepy uactuisl 2a. CpasueHire
(33,11) n (4,9) nokaswiBaeT, uTO npH

MaccCbl»

)
p~1py  Upax~ Urosge (33,12

Takim 06pasoM, CKOPOCTH, C KOT)PbIMH KHIAKOCTL 00TeKaeT 4a-
CTHIlY, M3-3a HAJM4YU HHEPUNOHHBIX 5§ PeKTOB M M3-3a M3MelleHHs Typ-
6y /eHTHBIX CKOPOCTEeH OKa3blBalOTCA OA1OT0 MOpsaKa Beauuuunl, Haobo-
pot, npu p=>>pg

u N(_P.)'/’. (33,13)

U= Fo.
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Hanpumep, B rase npu o/py~ 10 4 mpepwwacT v,_., Ha TMOPsSIOK
seanuntnl. To ke MOWIIO 3anucatb B OBHIS

o s e 'y "
a~(L) (L) e ~w,, .
Po fa T MUmax

TaxkuM 006PasoM, YACTHILY OOTEKAIOT AV.ILCAILNN, HMeouHe He MacwTab 2a,
| cywecTBenHo Goaumui mMacwrab k=1, .
max

CpaBunM eule nepuoan  ABIGKCHHA  yacTHun 7% W TYPOVICHTHLIX
pyabcaiuit 7 macwrtaba ).~ 2q. 113 onpeacacunit (32,2), (4,9) u (33,11)
caenyeT, UTO MNpH p =3>p, OTHOUICHIIC ITHX NMCPHOLOB PABIO

iy
T ( Pa ” Uy —oq
—— o~ )~ =
7 0 u

PaccMOTpiM Teneph ananormunyio samauy o AsiokelMn B TypOysaent-
HOM NOTOKE J1JsI YacTilll, pasmep KOTOPHX a CYUeCTBCIIO  MeHbLIe
BHYTPEHHEro Macwrtaba TypOyacnTuocTit. BB 310M cayuae MM MOKeM

dv
HamucaTh Jid ycxkopeus -»itfl AKUILKOCTH €€ MakCHMAJbHOoC 3iavexite,
2

napaemoe Qopmynoft (32,8). Ouenunio, UTO MMCIHIO 3TO YCKOpelHe
6ynet nasarh HaHOOABWMA BKIAA R CHIY, ACHCTBYIONYVIO Ha UACTHILY.
[TockoabLKy pasnmep uyacTuitLl Meliniie ), @ CKOPOCTb €€ OTHOCHTEJLIOro

ABHXEHHS, KAk MOl YBIAMM HH/KC, MeHblle CKOPOCTH T, 4Hcao DPe#t-
ua U, g

HoABACE —- < —L— ~ 1.
v
HOSTOM}' g CHJN CONPOTHUBJACHHUS, HenoiTHiBaeMo# uyactuuell B ee
OTHOCHTE/bIIOM JLBHKCHII, MOXKIO HanucaTh ¢opmyny Croxca

T=—ua-anu, (33.14)
roe o — uucaono# kodpPuiHenT, A8 cheprieckolt yactunn pannudl 6w,
Torna ypapnchue jBuikenns 4acTHILLL MOKHO 11AMHCATL B BUe

{u
pV id'," = (p — po) V@,

o - antt. (33.15)

ey g du
Ouenum no nopsiky seandnunt pxoasmme B (33,13) wienu pV i

(P — po) Vwo,,. Moxito, OMCBIANO, HANHCATEH:

, du u PR , N
pV f('ft' ~pV 7 pl . (33.16)

7,

v
(0= )V, ~@—rp)V 7~i“ ~pb (33,17)

Ecau npeanogaoxnts, 4ro CKOPOCTbL ABIDKCIHNSA KHAKOCTH HO OTHO-=
WeHHUIO K JacTHIC pasMepoM a <k MaJa Mo cpaBlchiio ¢ ¥y, TO nep-
Bfl unen B (33,15) Mowio onycTHTs 1 sanncare (33,15) B Bude

capu ~ (p —po) Vw,, (33,18)



136 AHDPSY3HOHHARR KHHETHKA NMPH TYPBYJEHTHOM TEYEHHH [rn.

HH

P—rpo V
U~ q Y (33,19)

JLast chepuyecKkKHX YacTHIL

3V 3 e T4V

U~ e g (33.20)

dopmysna (33,20) o3nayaer, uTO ABMIKCHHE YACTHIBLI HMECT KBa3H-
cTauuoHapubi xapakTep. Yactuua asmkercs B nose TypOy/leHTHHX
ycKopeHufi w, C ROCTOAHON CKOPOCTLIO COBepLUCIHO TaKMM Xe oOpa-
30M, K4aK OHa ABHrajaach, Obl B KAKOM-1n00 HHOM CTAaLMOHADIOM MOJe
YCKOpeHHit, uanpumep B noJse TiecTH. PasyMeercs, CKOpOCTb & TipH
3TOM 6ecropslouHo  M3MENAeTCsl N0 HanpaBJelHsM.

OrnocuTe/iblias  CKOPOCTb NPONOPUHONANbHA KBaApaTy pPa3Mepos
YacTHUL, M PA3HOCTH MJIOTHOCTEH p— p, BelleCTBAa YACTHILI H CPENH,

34BUCUMOCTb £ OT MHTEHCHBHOCTH Typ6YJleHTHOFO NBHXKEHMHs OnpeneasseTca

MHONHUTedeM &', Tlo ¢dopmyne (4,3) 3TO oO03HAuaeT, 4TO U PpacTer

€0 CKOpOCTbI0O MAKPOCKONHUYECKOro MABUXKEeHUS UO N0 3aKOoHY
3
uNUo'I‘. (33,21)

Ycaosuem npumenumoctd dopMyab (33,20) caymur Heponr»UCTRO
u < v,,. lNoacraBaas adauenne u, nHaxonmum (py <& p):

-_— Y — —— —_ << 'v}w, (33,22)
0
U, TOCKOJBKY Ty, + by ~v,

P2 e, (33,23)

Po Mo .
‘Orciona caenyer, uto dopmyna (33,20) cnpapennusa npu a < A /% .

- A
Ina yactuu B rase npu _PPQN 107 310 oTBEuaET a <%°.

CnenyeT 3aMeTUTb, 4YTO B rasoBofl cpene CKOpPOCTb OTHOCHTECJIBHOTO
IOBIKEHHS MOXET MpeBLIUaTh M3McHeHHe CKOPOCTH TYpOyJeHTHBIX MYJIb-
Cauuh Ha AJAUHE @ U OJS MajblX YacTHLL.

Cpasnusas (33,20) u (32,9), HaxomuM:

u poatv oy p a* v p a

—— S~ >,

N . — T3 Vi3 X
Uy Po My Ay po Ao Ay Po %o

N A A A
T. e. Npu a > My ‘:)—0 ~ oo B uHrepsare x> a>> qobs CKOPOCT®

OTHOCHTE/IbHOFO JBH)eHUs NpPeBblLAeT U3MeHeuHe MYJIbCalMOo.1ii0H CKO-
POCTH 11a pacCTOfHMAX MOpsiika @ W BblpaxaeTca dopmynot (33,20).
3uas ckopocTe nyabcalufl, OGTEKAIOUWUX HYAaCTHULY, MOXKHO BLIMHCJIMTD
AuQDYy3nonnpd NOTOK HA ee MOBEPXHOCTb. VIMEHHO, MOXHO CUMTATD
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410 MO  MOPSAKY Ba.OM4EbBl MLPDHYIHOHHLIK NOTOK HA MOBEPXHOCTH
qaCTHLLLL papell AHPPY3HOHHOMY MOTOKY, M2PeHOCHNOMY K MOBEPXHOCTH
HenOABMNMHOHN vaciHILLL,  00TCKAacMOU KHAKOCTHI0, ABinKkyHleHcs co cko-
pochlO u. '

[Mopsinok peauum LupPy3HOHULIX TMOTOKOB oNpeieasercs (OpMy -
aamu (25,18) u (14,19) naa caywas noroxos ma uyacTHIl pasMepoM
60OAbILINAM K MeUbUIHM 1y COOTRBCICIBCIHIO,

Takum oGpasoM, mpu a ~>> 1,

I—<_—S<ll'.q\c " 17 € fa
f e YRS e ~4n(-"-—) (2(1)’(~—> acy ~
Po Po

P R
~47;<.L) V2a )'L”T(O' (33,24
npn a <<}

1 1 /4
) 1 2 N 2 \® €
Qe )t s 2 (e N U
lNkCOD a “Upmax ‘BCOD a <P0) \31/'3 S
2 A - 'y o My
N8<M_:> D (JL> A, (33,25)
31/’3 o Vha L'

The 4 u L —cKkopocTh M MacwTal ABIDKEHHA Pa3MEWNBacMOoi WHAKOCTH
KaK 1eJ0ro

K coxancumio, umeouiics 3KCnepuMeHTAIbBIA MaTepHat siBasieTcs
HeJOCTATOYIIO TOJHLIM Ads  TOro, yroOul TeopeTHueckue (HOPMYJIbl
{33,24) u (33,25) Mmoo OblJAO CPaBHUTH C OMBITHLIMHA 3HAUEIHHAMH
andodysnonHsix nortoxos. Ha onuiTe n3mepsercs noans# noTok na Bce
YacTHILLI B peakiuonuom cocyac. Pasmeps uactuu namensiorcst 06uLiwiio
B WMPOKHX MNpefcnax H HMEOT PasiooOpa3ubie QyHKUHH Pacmpesesc-
Hug no pasmepam Kpome Toro, He Bcersa TypOyJaeHNTHOCTb B peds-
LMOHHOM COCYAe MOXKIIO pacCMaTpPHUBAaThb KaK OMHOPOLHYIO H H30TpOI(-
Hyi0. B 1ekoTopLix usMepelnax CYWEeCTBCHIYIO PO.db HrPaAIOT NPHCTEHHDIE
obnacty.
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FJIABA 1V
TENJOMEPEALAYA B KHUAKOCTIAX

§ 34. Tenunonepegaua B KHAKOCTAX

[Tpoueccl Tenaonepe aud B HILIKOCTX HMCIOT BaXneHiuee 3uaucuie
ans comppeyenHolt Teximiku. [losTomy omi 1puBJACKaIH M NPOMLOMKAIOT
npuBJieKaTb BuuManne Ooabmioro uuciaa mcciegosateaed. C sxcnepumer-
TaAbHOM CTODOHBI Teronepefada BechbMa TUATE.ILHO 13y4CHa B CaMbIX
pazHOOOGpa3IILIX, B TOM YHMCJAE M BecbMa CJAOXHBX ycaosuax. Onnako
pa3paboTKa TeopeTHueCKHX MpelCTarjieiinit M HAXOKACHIE KOJIHUCCTBEH-
HBIX 3HauyeHH{ Ten/ioBLIX I[OTOKOB B [I0TOKE HAKOCTA MOKA NaJleKH OT
3apepluelims.

[Mpouccc nmepenoca ten1a B ABIKYULCHCS IJKIAKOCTH BO MIIOTHX OTHO-
WeHHAX CXOoleH € nmpoueccoM KousektHsnoit auddysun. Tenno, kak #
IMpdyHIHpYIONee BEUleCTBO, MOXKIIO pACCMATPIBATL KAK  HCKOTOQYIO
Cy6CTaHMIO, TNEPEUOCHMYIO KONBEKTHBHLIM H MOJEKYJISipHLIM  MCXanu3-
MoM. Ogpmaxo, kak 370 Oyaer ocobenno scHo M3 aajdbilciuiero, Hapsiy
€0 CXOACTBOM IIMEeTCHl CYILeCTBCHIOE pasiuyde Mekialy oOOMMH mpoliec-
CaMH.

Hatinem, upexcae scero, anddepenunansioe ypasueHie, omichisao-
liee moJse TeMieparyp B ABIGKYHLEHCs KHAKOCTI.

[Monupift BLIBOA 3TOrO  ypasHCHHS SBASE1CS IOBOALHO FPOMO3LKHM.
NosTomy, oTcuias uuTarens, HUTEPECYIOLLErOCS STHM BLIBOLOM, K KHIIe
N 0. Jawnay n E. M. Jludusna «Mexauika cujiomwnux cpeiy», Mbl
OFpaHuuMMCs 3.1eCh HEKOTOPHIM YIIPOLUEHHBIM pPACCYMIACHHEM, NPHBOAA-
WuM, Brnpouem, K TNPaBHAbHLIM pesyabTataM. [accMOTPHM  HCKOTOPYIO
HepaBHOMepHO 1ATPCTYI0 MILAKOCTb, XaAPAKTEPH3YIOULYI0CA NepeMenol
Temnepatypoit 7' (x, y, 2z). B Tako# mHUAKOCTI BO3MIKAET NOTOK TeMAa,
NePEeHOCHMOr0  MOJEKY. IspHofi  TCHIONPOBOAHOCTLIO.  Beiiuiua  moroxa
Tenna q, ornecemoro k 1 cu? B 1 cer, OGyicT, OUeBIIO, 3aBHCCTL OT
Toro, Kkak usMelsiercsl OT TOUKH K TOUKE TeMicparypa kuakocti. Lcan
TPanment temnepatypbl KOCTATOUNO Mad, TO AJAA NOTOK4 Tenja ¢ GOb-
Wolt cTemenbio TOUNOCTH MOMKIO HAMICATH:

q—_———-/.-gradT. (34,1)
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[Tockonbky MOTOK Tensa HanpasJeH OT MeCT ¢ 6osee BLICOKOH K MecTam
c Oonee HU3KOH TemnepaTypolf, KO3(pPHUHMEHT TEMAONPOBOLHOCTH x
ABINETCH BEJIMUHHON CyulecTBEHHO NonokHTeabHOR. Tema0npoBoAHOCTL %
3aBHCHT, BOOOlLe TOBOPS, OT TeMnepaTyphl U (PH3UKO-XUMUURCKUX XapaK-
TEPUCTHK NHUAKOCTH. B HAKOCTH ¢ nepemeHHOH Temnepatypod njaor-
HOCTb p, 3aBHCAWLAS OT TEMMNEpaTyphl, TAaKKC $BAACTCA TepeMeHHOW oT
TOUKHM K Touke. [looTOMy B KauecTBe TePMONMHAMHUYECKHX MePEMEHHBIX,
XapAKTEePH3YIOUIUX IKHIAKOCTb, CJeLy€T BbOMpaThb, KpOMe TeMNepaTyphl,
nLaB/i€HHe B XHUIKOCTH.

BoigeniiM  MBICAEHIO B KHAKOCTH HekOTOphLI o6veMm V u 3anuileM
Gananc rTennoconepxanuua H(p, T), 3asucsuuit or temmepatypnl M NaB-
gennst, s storo o6vema. Mamenende Tenjocomepikanist BLiLC/CIOTe
o€b:Ma MOXHO HANHCATL B BHAE

dH d daT
_(.Ezd—t/pcp'rdv:fpcp—m—dv,

rae ¢, — Ten10eMKOCTb.

Mimenenne rennoconepuanus B o6veme V' obycaosiieno:

1) najnuneM NOTOKA TemJa, BLIXOAALIErO U3 3TOro o6bema, W

2) nanuudeM JMCCHNAWAY SHEPTHH, CBA3ANLOR C ABMIKENHEM KILKOCTI
B paccMarpiBaeMoM obbeme)

Iuccunauus sHepruu B enunuue ob6vema E naerca gopmysot (1,15).
Huccunauus sHeprud NPUBOAHT K BbILEJEHHIO TenJja.

[TosToMy MOXHO HanucaTb:

/pcp%dvz~:§qu+/EdV:fxgradrds+fEdv.
WM, TIepexoas K OODLEMHOMY HHTerpany,
/pcp ‘—Z—dV:/div(uV'[‘) dV+J Eav,

aT . X
Py g = div(xVT) 4+ E.

OTiKyAa

Pacnucubipas MOJHYI0 MPOM3BOLHYIO C YUETOM KOMBEKLW'l, HAXOLHM:
dT _ oT oT Ox oT oy oT 0z
@ = Tox o Ty o wr =
or oT oT orT oT
=5 T Vg7 T vUW_*_U:?z_: o Tend)T.
[TosTomy oOKOHYaTeblIO
pc,,(%rt- +(vgrad) T) = div (e grad T) 4 £. (31,2)

I'lonylieunoe ypaBuende, onpenesasioulce pacnpenenenie temuceparTy p ol
B OKHIKOCTH, HMECT BeCbMa CJ0XKHBIR XapakTep, NOCLO0JIbKy BXOMsiili1e
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§ HEro Xapaxktepuwnie BCIHYMHLI — TLIOTHOCTL, TEMIOCMKOCThL H TEMI10-
APOBOLHOCTb — 3aBHcAT OT Temncparypol. Ha npaxkrtuke, omiako, npu-
XORAMTCA OOCKIYIIO 1IC YUHTLIBATH ITY 3aABHCHMOCTH M CHITATL RCC TP
BeNIMUUHBL  TocTostnuLIMIL - [TpeueOpencciiie H3MeHEHUeM  MaTePHATIbLIBIX
KOHCTAHT C TEMTNCPATYPOIN CTAHOBHTCA 3AKOIHDBIM, €CJTIT H3MCHCHHE TeM-
nepaTypbl NIAKOCTH OT TOUKH K TO'UKE OLLIO 1OCTATOUIO MCICHIBIM,
Ha onwite, B ocofennoctt 1ipy GoALIINX TCITOBHX MOTOKAX, 3TO yCJIO-
pHe Hc Buinoamsierest. QUUIAKO yUeT 3ABHCHMOCTH MATCPHAALILIX KOUCTIHT
OT TEMIICPATYPLI  CYHICCTBCHIO  yCJTOMKISCT  YPABHCIHNS  TCIAONCPCAAH.
B noaasasioued  OOMbWHICTRE  321a4  NPHXOAHTCS  A0BO.IBCTBOBATHCA
NPHOIHAEHHCM, B KOTOPOM BCC MAaTEPHAJblIble KOHCTAHTLL CUNTAIOTCS I1¢
saBUCAWNMHU OT rtemnepatypnl. Oanako uX 3Hauctus CJAeAyCT OTHOCHTD
He K Temnepatype rpanidiiof noBepXHOCTH, a K 1CKOTOPOR cpennchH
TeMnepartype oxkuakocti. [IpeneOperast  3aBHCHMOCTBIO  MaTCPHATLITHX
KOHCTaHT OT TeMnepatypnl W, cuie-

AOBATEAbLHO, "OT KOODJIHIIAT, HMCCM, Tabanna 3

OYE€BHIHO, v
Yucna Mpaugras Pr = --

or ;
Pep (W —- (v grad) T) == 0751 HEKOTOPbIX THNHYHBIX

. WHAKOCTCH
= div (grad T) -1 e
UK S [ ) |
07‘ i . 1-5 WITROCTH | T I!
—_— W [T S
o7 T (verad) T ==yAT + v S S
(34,3) Bostvx . \ 0,733
rie uepes y oGoauaucna meamupna | DOV - - | 075
X Cnnpr ! . o 16,6
= ;C; ’ 314 Fonneprn L ‘ 7250
o PryTh, ' 0021
HMEHYyeMast TCMICPATYPOIPOBONTIO- :
CTbIO. [Tarpit . 0,007
Cpasuupas (34.3) ¢ ypaniiciuen ] B

KOHBEKTHBION Au(dy3nH, MLl BH-
MM, 4TO Mexcly oGOMMH YypaBlleHHAMKH HMMCCTCS BCChbMA 3HAYUHTCALIIOR
txonctpo. Onnako napsily ¢ 9THM CXONCTBOM HCOOXOIHMO OTMCTHTh:
1) B ypannenne (34,3) mxoaur auccHnaTHBHLIE uiell, OTCYTCTBYIO-
wui B ypasnenun auddyaun (8.6);
2) TeMmneparypONPOBONOCTb KHAKOCTH ¥y H3McleTCs B Gojce mnpo-
KHX npexnesnax, uem koddpuument anddyanu D. Daaroraps stomy rten-
d1oBOe uric.10 [lpamiras, ONpeaeIsteMoe KaK

Pro=—. (34.5)

TaKMKe MOKOT MWeTh caviie pasnoobpaznue amaucwia. Botada. 3 npn-
BemaeHb uncaa [lpanaris Aast HEKOTOPHIX THIHUIILIX JKUAKOCTCH;

3) Hakoweu, cIelyeT yKasarb, YTO NpPHOJMKENHe, B KOTOPOM Mare-
PRaJILIIBIC KOUCTANTLL MOMIIO  CHNTATL 1HC BABHCSILHMI OT TCMICPATYPHI,
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Jla;1eKo He BCerla apaserca NoCTaToudbiM. Hanporus, 3aBHCHMOCTD KO3d-
¢uumenta 1MPPys3uu OT KOHUEHTPALMHM PAaCTBOPA HE MMEET CKOJbKO-HHe
6yAb CYLECTBEHHOTO NMPAKTHYECKOTO 3HAYeHHUs. )

B GosblHHCTBE CJAyydaeB OKAa3biBAETCs BO3MOXKHLIM NpeHeOpeyn
B ypasuennu (34,3) auccunupyemuiM rennoM. Ias sroro neobxoaumo,
4yroObl ABIDKEHHE JKUAKOCTH TPOUCXOAHAO NOCTATOUNO MENIEHHO (MO=-

ckonbky E nponopiuonanbHa KBaapaTaM [POM3BOMIBIX OT CKOPOCTeR),
a pasHocTH TeMnepatyp OblAM NOCTaTOYHO BenukU. Torma pasHOCTH TeM-
neparyp, BO3HMKA!OUME B XHUIKOCTH M3-3a Bs3KOH AMCCMNAUUH SHEPTHI,
OylyT Maabl MO CpPaBHeHHIO C MMEIOWHMHCA TfepenagaMud TeMmnepaTypH,
INpenebGperass NL1HCCHNATUBHBLIM YJCSHOM, MOIKHO MepenucaTh ypaBHEHHe
(34.3) B ropasao Gosee npocTom BHIE:

%; ~+ (vgrad) T = yAT.

[Mocnennee ypaBHenne GOpMajibHO COBNazaeT ¢ ypaBHEHHEM nJsi pac-
npenesnenus koHueurpauuu (8,6). B naibnefimiem 1ac OYAYyT HUHTEpPECO=~
BaTh JHWb CTAalLHOHAPHbIE 33a134H.

Pacnpenenenne TemMnepatyp B CTallHOHAPHOM Cjyuyae oOnpenesasieTcs
YpaBHeHueM

(vgrad) T =yAT. (34,6)
['panHuynbie ycnoBus, BCTpeyalouisecss o6LIYHO B TeNnNOBLX 3a4auax, MMeloT
chaenylolni Xapakrep.

Ha nosepxnoctu Tena:

a) HarpeBaéMoro HJH OXJaxAaeMoro, TEMmepaTypa MOJKHA IIMeThb
3aaHHOE MOCTOSIHHOE 3HAaYeHHe;

6) mepeHOC Tenna ¢ MOBEPXHOCTH Telda OTCYTCTByeT. B 3TOM caydae
NOTOK Tenia Mno HOPMaaM K MOBEPXHOCTH Tena Aonkell OuLTb pPaBeH
1y J1o;

B) 3a4aHO0 3Hauelde TemJIoBOro MOTOKA.

Branu ot Tena: ‘

a) TemnepaTypa NOJUKHA WMeTb 3aNaHIIOE 3HAYEHHE B CJAy4dae BHeLl-
ilero obrekaius;

0) B ciyuyae reuycHua mo TPy(= 3amaercs TeMmIicparypa KILAKOCTH
y BXxoia.

Taxkuy 06pasoM, rpaHuuHble YC:IOBUS TEMJIOBHIX 3aia4 HMEIOT TOYHO
TaKON Ke XapaxkTep, KaKk ¥ rpaHuyiiLie yc/10BHa AWpPy3HOHULIX 3anad.
ITO NoO3BO/SIET MEPEeHecTH Ha TemJc:ble 3a1aYd HeKoTophie ofbllHe pe3yJib-
TaTbl, MO.JyyYeHllbie HAMU panee. Myenno, MOXHO yTBepxn1aTb, 4TO Oe3-
pasmepuniit rensioBokt notok — uncno Hyccenbra — B yc.10BHAX BblHYKAEH=
Holt konsexuuu ssasercs ¢ynkiue AByx Oeapas3MepHbLiX KPUTEepHEB —
yucaa Pe#tnoapaca u uiicaa [lpauatas (tennoBoro). AHalOrHUHO MNpH
eCcTeCTBEHHOM KoiBeKllMM uucio HyccenbTa onpenensieTrcs KpHTepHUAMH
I'paccroda u Tpanaras. Onnako Bul 3THX (PYHKIUMOHAIbLHBIX 3aBUCHMO-
CTeil B CIyyae Temnonependaiyd MOXKeT CYUIeCTBEHHO OTJAMYATbCH OT BhIpa=
KEHHH, NOJNyueHHLIX BLiUe LAS aupdysnonnsix 3anau. Ob6uiass npUYHHE
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@TMX Ppasnvudil cBd3ana ¢ TeM, YTO, KaK MO14YepKHUBAjsOCh Bhllue, B Ter-
FOBBIX 3ajnadax uyHuci1o [lpauiatas MOKeT WMeTh He TO.bko 00.1bline 10
CPABHEHMIO C elHHMUEeH 3HAUeHIS, HO TaloKe HMETL MOPYIAOK CAMIHLBL
gAd ObITb MajbLIM MO CPABHEHMIO C eJuiHilcH B cayuae sKHAKMX MeTan-
g0B. HUTOObl yacHMTL, K KaKuM (PU3UUYecKHM CJENCTBUSM 3TO NMPHBOILHT,
CpaBHMM, HanpuMcp, Temonepeiady M - Macconepelayy B KHAKOCTH
¢ ancaom [lpanaras Prp~1, koropas ofreaeT nJjacTHiky, HABHrasch
ASMHHapHo npu Re > 1.

Y noBepxXHOCTH mn.1acTHHKH 0o0pasyeTcs rilpoAHHAMHUECKHH M, COOT-
BeTCTBEHHO, NHGMMOY3HOHHBIA #aH TenI0BON no:iciofl. Baaronaps GoablioMy
gHaueHHIo uncaa [lpauntas npu audgdgysuu Mbl MOTJH  CUHTATh TOJUIMHY
andpdy3noHHoro noncaos Ma.gq0f N0 CPaBHEHHIO C TOJILLIIION FHAPOIMHA-
MHUYECKOTrO CJ0f M NOJb30BATHCA 18 CKOpOCTeH nepBbIMH uieHaMH pa3-
aoxKeHu#. D10 00ecneyupaio BO3MONKHOCTb MOJYUYEHUd BLIDAKEHHH A
pacnpeneneiida KOILEHTPALMH B aHaIMTHUCCKOM BHAc. B Tenjopoft 3anaqe
ROBOOHBLIf npueM CTAHOBMTCs, BOOOUIE rOBOPs, HENPHUMEHHMbIM, TaK KaK
npu uKcaax [lpaHaTas nopsiaka CAHHHILL TENJI0BOH MOACION HMeeT Ty ke
TOMWMHY, YTO M FUADOAMHAMHYECKHH, a npu Maitbix uyuciax [Ipanaras
TEMJIOBOH CJIOH MOMCT HMETh TNPOTHIKEUIOCTb CyLlecTBenHO 60abnyio,
4eM TOJILMHA norpaununoro caoa. [losromy He ynaeTcs noayuutb oduiHe
BHpaj)keHusa AJasd pacrnpeneseiius TeMnepaTypsl H aHAJIMTHUICCKHE Bbipaxc-
HHSl OJi TeMJIOBHIX HOTOKOB. [awe B npocrefiiinx cayuasx, Hanpumep
npu oO6TexkaHMH HATPETON NIACTHHKH OXJjaMaiouleHt JKHAKOCTBIO, 1.1
HAXOXCIEHHUA pacrnpenenchus TeMInepaTypbl NPHXOAUTCS NMPOBOAUTL YHCACH-
HOe wuHTerpuponaune ypasneuus (34,6). B Gosce c.ioxnbix 3anauax, Ha-
npumep B caydae TypOy.enTHOrO MOTOKAa, pasjuuve B unc.iax [lpanatas
TaKIKE JlenaeT HEeNpUMEHHMBIMIL Pe3yabTaThl, OTHOCSILHECA K TCOPHIt AHp-
bysumn. :

‘B 3amauy naHuOl KnMrn He BXONMT CHCTEMATHUYECKOE H3JI0MENne
TEOPHUH Ten.onepenaun B AmkyuleHcs xuaxkoctd. OHa 10CTaTOMIO NOA-
poBHO ocBeulcHa B pslle yime UMEIOUHXCA PYKOBOACTB. Mil orpaHuuiimcs
AMiUbL TeM, 4TO IPHBCIEM pelleHde HEKOTOPBIX THMMYCCKHX 3anad, Ha
KOTOPBIX MOXHO OCOOeNHO HArJsAHO TPOJAEMOHCTPUPOBATL CXOLCTBO M
passHuMe MexJy NPOoLCCCAMH Teniaonepenaun H AHG@PY3HH B HKUIKOCTIX.
Kpome Toro, Gosee noapoGno 6yayT pasobpanbl CHCUHAILHO BOHPOCH
TEOPUH Tenaoneperaud B MIAKHX Merannax. DyneT Takike nokasano,
Kak, KOMOMHHDPYS faHuble 10 nUPPy3un 1 Teniomepenaue B OKHAKNX
MeTansiax, MOKHO MOJYYHTb O6UIYI0 HHTEPHOIAUMOHHYIO GOPMYAY, OXBa~
THBAIOLLYI0 mpollecc mnepenoca cyOctaiiynd npu Beex uucaax [lpanatis.

§ 35. Mpocreituine 3apa4d KOHBEKTHBHOIH Tenjonepenauu

IlepBuM 13 BONPOCOB TCOPUM TENJONCPENAUH, KOTOPHIH HHTEPCCHO
PaccmoTperh Aas  cpasuenus ¢ Teopuel  aHddysun, asiserca Bonpoc
o TenJjonepenave, OCVILUCCTBISICMOR  KHIAKOCTBIO YC.I0BHSIX Buy'rpumcﬁ
3anayn.
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a) PaccMOTpHM naMuHapHbi#fi MOTOK JKHIKOCTH no TpyOe, CTeHKn
KOTOPOH NOMLIEPKHUBAIOTCS IPH OnpeseaeHHol Temnepatype 7. XunkocTs,
Bxonswas B TpyGy, umeer Temneparypy T,. Mm GyleM mpeanosnarats,
uToO TPy6a HMeeT KPYropoe ceueHue, paadyc TpyOnl 0003HauuM uepes R,

YpaBHenve nJa pacnpejefeHus TeMNepaTypbl 3aMHWETCH B UHAMHAPH-
yeckux koopauHatax (r, 6, x) B Bune

aT 0°T 10T 0T
v—=x(a—ﬁ+7ﬁ7“‘7ﬁ) 5.1
[1p¥ 3TOM yuTeHO, Y4TO TeMmeparypa He 3aBUCHT OT yrja 6.
['pannunbie ycnoBus:
T=T, npu r=R, x>0, (35,2
T=T, npu x=0, r<R. (35,3)

CKOpOCTb ¥ MHUIKOCTH BLOJMb TPYOH HMeeT Pa3jMiHOe 3HAaYeHHE BO BXOI.
HOM YyyacTKe W B 00JACTH YCTAHOBMBLIErOCS IyasefileBOr0 TeueHHs,
B nepso#t ob6nacTi 3anaua OKasbiBAGTCH HAEGHTHUHOM C AUddY3uOHHOK
3anavelf, paccMorpenHolt B § 15.

OnHako, TMOCKONBbKY ,KOXDDHIHMEHT TEeMMepaTyponpoBOAHOCTH Cpas-
HUM MO MOPALKY BEJMUHHEI C BA3KOCTbIO XHAKOCTH v, MIMHLI A, WU hg,
Ha KOTOPBLIX NPOUCXOAMT YCTAHOBJEHHE Nya3eHneBoro npoduas ckopocTeh
M CTaUMOHAPDHOrO pexHMa pacrpeneseHUss TeMnepaTyp COOTBETCTBEHHO,
HMEIOT ONMH fOPALOK BeJHYHHB

h,~hp~Re-R.
Paccmotpum [1] Tenmepb yuactox TpPyGul, HA KOTOPOM VCTAHOBJIEHHe

nyasefleBoro npoduas ckopocret yxe npousouno (T. e. obnacte x > h,).
Ipu srom (35,1) 3anuwercs B BHIe

wi—g)g =Gt ror+as) @5

Itpennonaras, yro uucno Ilekse

Pe—=Re - Pr= w;(R

BENHKO NO CPABHENHIO C EIHHHIEH, MOXHO CYATATh, WYTO KOHBCKTHBHULN
nepeHoC renna BLOJb TPYObl npeBhaer MOJEKYJspHuA. Huumu cio-

2T
BAaMH, MOXHO OfyCTHTb B YPaBHENUWH 4JeH Y 5z MO CPaBHeHWIO C wje-

HOM B JePOH 4acTH. 3HaueHHe U, BHparaeTCs Yepe3 CPelHiolo 10 ceue-
HHIO CKOPOCTb ¥ (Up = 20).
Toraa umeen:

Wi E =) oo
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¥pasHenne (35,5) npeactapnser yparHeHHe C Pa3neAIOLIHMUCS MepeMeH-
ALMHU, Jlerko BHIeTb, YTO €ro pelleHHeM CJAYXHT psl

T=T + Y (To—TD A4, exp{—p,, v R,}w ", (35.6)

rome A, v 8, —nponsBosibhbie nocrosuuble, a ¢yukuns W, (r) ynosne-
TBOPSIET YPaBlenuio

d"\If 1 d‘If

n + St n
npu l‘paHH‘lHOM yCJIOBHH
V,=0 npu r=R.

re

7ol — 78] Va=0

dyuxuwy W, moryr GLiTh npencranieHbi B Buie GECKOHEYHOro psna,
He HMelero 0COOEHHOCTH B Havasne Koopaunar,

1
| - |
: (R> nt ( >2(4')a ( ﬁ;,)
I paunynoe yciosue (35,2) nact:
T, (R)=0.

Mocnentee ypaBHeiive HMeeT OCCKOHEUHOE 4YHCJIO KOPHeH, NEpPBLIMH M3
KOTOPHIX ABJASIOTCH

8, =2,705, B,=6,66, B,=10,6.

IMocTosnHbe A,, OTBEYalOUle 3THM KODHAM, MOXHO HaHTH myTeM mon-
cranoBku psana (35,6) B rpanuuHoe ycaosue (35,3). Ouu umerT crae-
AyoLuMe 3HAYeHHS:

A =148, A4,=—0,81, A,=0,38.

C nomowio 3THX MOCTOSHHLIX pacnpeneseHne TemnepaTtyps B TpyGe
MOXHO Hanucarb B Buie (puc. 37)

T= Ty 148(Ty— T exp {365 Lol () —

_0,81(r0_r,)exp{ 22,18 R,}l_f( )—

Hcxons us nocrennett GopMyabLl, MOXHO HaHTH TenJoBOH MOTOK BLO.1b

TpyOn
o=—sen(3F).,

Xon ¢ B saBucumocTH OF KOOpIMHATH X BAOMb TPYOm H30o0paxeHn Ha
bac. 38
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X x
| QR 2R T
X
=95 Pe> 110 OCH OPAuHAT — 3Hayeie Kpurepus Hyccenbra nas 1py6mr,

Mbl BuauM, uTo Ha paccrosiiuu x =~ 0,05(2R)Pe or Bxoma B TPyGy
YCTaHaBIHBAETCA ACUMNTOTHYECKOe 3HayeHne kpurepus Hycceavbra

Ha sToM pucyHke no ocm aGcuucc OT/IOXKEHO 3Havelue

Nu = 3,66. (35,7)

6) OcHOBHOM MHTepeC npencTaBJseT KOHBEKTHBHasg Temjaomepe__ g
npu Gosbwinx uuciax Pefinonbica. Ilockoabky B 3agayax Temaonepelaun

ANy
N
N\ AN
AN N
N —
> AN
A Y AN N
NN, N . N
AN
{ W N = S
) ot N ~
\ AN N ~ - .
AN - = = _—— AN
o) h - NN
N ) - N
LS 3 ’ / ” - X )”\)\
% \ Y, ———— = ’ &/
AER N+ - S KA,
Y\ e NS/ \ \

Puc. .37. PacnpeneneHne Temnepatypnl B TpyGe.
[poguan Ttemneparyp, BhluepUeHHble cnnomuum{

JAHHHAMH, COOTBETCTBYIOT 3HaYeHHIM - == 0,005;

Qu % R
0,01; 0,02; 0,04; 0,06; 0,08.

OOBIYHO MOXHO CuMTaTh' uMcao [lpaHaTnd nopsika efuHuus § BO BCH-
KOM..CAYHAG HC NPEBLIIAIOULHM 100, cayuau, nonoGHLle paccMc TPCHHOMY
B § 14, korpma” Re<€1, a Pe>>1, B 1eopuu Tensonef:1auu He
scTpedaiorca. ‘Yawe BCrpevaioTes Cayuad, Korna uncao Pefno iaca se-
JMKO TIO CPaBUCHILO € 'elHHMUCH,

OcHOBHOM 119 TEXHMYCCKMX NpPHJIOKEHUH ciyyat Teunmepenaqu
8 TypOyneuryoM nortoke OyACT PAacCMOTPEH Humxe. 3AeChb Mb' KpaTKO
paccMOTPHM  HEKOIupble C.y'lad TelJonepenayd B MOrpaHHuHdIM  CJ0e
1IpH JIaMHHAPHOM IBHXEHHH,

l. Tennonepenaya y nmoBepXHOCTH Bpauwaiueroct
Aucka. Pewende 3agaud o rengonepenaye y NOBEPXHOCTH MCKa Obnifo
noayyeno C. 3. Ku3esem [2] ¢ yuerom Tensa, BblAessioUL cOCsl BcJel
cTBHe aMccunauuH. Ecau npeunebpeub nociaennum sddext i, pewennt
TEMJOBOH 3asaup MAEGHTHYNO C npoBedenHbiM B § 11 pewn anem puddy”
3401HOHA 3anauu.
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Pacnpencienne TemnepaTtypbl naercs ¢opmynaoh

w
S

[ 7 \
(To—T)) / exp{\f_;;vy Syar Y az
T = - v A 0 ] + Tl, (35'8)

S l
/exf’i [“} v, (&) d8’ Ydi
§ . J

rne % — 6e3pa3MepHas KOOpAMHATA

gz‘/%y nov, =V wH (@),
7aK 4TO
v, dy=v-H()dk.

OpHako B oTanune ot caydaq anddysun peanuuHa y, pooOlie roBopsi,
CPaBHHMA C BASKOCTHIO MHMAKOCTH, TaK UTO YACAOBOW KOIPHUMEHT BO-

60

50X
AT/
&l’“"i\H‘
L 30
=
20
10

[
0 00l a5 02 0% 03

Puc. 38. Mamencuire kpurepus Hycceabta npu namu-
HapHOM TeUeHHH.

v
BHyTpeHteM Hurerpate — ~ 1. [lo 3Tolt mpuuMie Henb3A BOCNOAL30-

Batbest aast H (%) paanon(umeM TPH Ma.IbiX 3i1aueHusix &, Kax 3To O6LlAo
crenano B § 11,

Buiuncnenue HII.TCl"paJ'IEl He06X0AMMO MPOBOANTHL YHCJICHNO, 3a4aBasiChb

v . '

KOHerT”bXM 3HaYCIHHUEM OTHOIUCHHS PrT_'7. Tensioso#t morox BLipa-
XaeTcst popmyaoH '

Y(To—T)

'/—?—. foexp !fPrH(E') as’ ‘} di |
“8 lo J

Gren ==

(35,9)

conepikauiel TOT MC HHTCrpa.i. .
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BeauyuHa O7, BHPAXioWasAcs HHTETPAJOM
__ [ 3 ]
Oy = ‘/-%f exp {lpr f HE)ay } dt, (35,10)
0 0

npeACTaB/IseT TOJNUHKHY TEMJOBOrO MOFPAHUYHOTO CJIOA.
2, T'nankas nnacruuka, o6TexkaemMas JAMHHAaPHuy
noTtokoM. Pacnpeaenenue TeMnepaTypn OnpenenseTcsi yPaBHeHHeM

oT oT 0T
u;;—}—fua—y——-_—xm- (35,11)

NpH FPaHUYHHX YCJIOBUSAX
T=T, npu y=0, x>0, }

T—>T, npu y-—»oco. (35,12

3anaua o Temsonepexaie, TakMM O06pa3oM, MIEHTHYHA C 3anauel
O pacrpelefeHHH KOHUEHTpallux, paccmoTpenHoi B § 15, Oanamako g
Baecb, KaK B Clydae AWCKA, HENb3s BOCMOJb3OBATLCS PABNOKEHHEM T,
M Uy B P, C COXpaHEHHEM MEPBHX 4YIEHOB paaiowenus. [loabrayse [3]
pewna STy 3a1ayy YHCAOBLMH METONAMH.

3ameHON nepeMeHHHX, yKasaHHOM B § 3, ypaBHeHWe LJd pacnpele-
JieHHs CKOpOCTeli B MOrpPaHWYHOM cJoe MNPuBoAUTCA K BHLY (3,24).
Droft e NONCTAHOBKON ypaBHeHue I/ pacrpeleseHHss TeMNepaTypu
B norpaHuyHoM cjoe (35,11) cBoouTCs K ClelylOweMy:

T" +PrfT' =0, (35,13)
rae f onpenesneHo ¢dopmyioit (3,27).
Pewennem ypasnenus (35,13), ynoBJETBOPAIOIMM T'PAHHYHBIM yCJO-
BHaM (35,12), cayxur:

Yo

ive t l
fexp{-Proffdt Jatt
t

T=T+(Ty—Ty) Ooo

fexp{—Prffdt’}dt

0

. (35.14)

CoOoTBeTCTBEHHO TEMJOBOR MOTOK

1 u,
To—=Ty)-5 Y ﬁ, N

Grenn =) 5 o (35,15)

t
fexp{—Praffdt'}dt

0

BuiuncieHue wunterpanos B dopmynax (35,14) u (35,15) Mower ObiTh
BBINOJIHEHO TOJIBKO HHCJEHHO, MOCKOJbKY napamerp Pr~ I,
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36] TEMJIONEPEAAYA B TYPBYJENTHOM TIOTOKE

3HaueHHe HHTErpana
S S S R
8r =2 fexp{‘——Pr‘/‘fdt’J}df ‘/E— (35,106)
0
0 0

supa)l(aeT TOJIUUHY TENI0BOTO norpaHyyiioro cJjos. Ero 3aBucumoctb
OT KOODIAHHATHI X BAOJb IJIACTHHKH U CKOpPOCTH TIOroKa 4, TaKasi Ke,
KaK y IUDPy3HOHHOTO MOTPAHUYIOro CJ0os.

Yucaosoe 3naucuue unrerpana

0 t
a:fcxp{-——l’r!f(t’)dt’%dt

ans pasavunbix uncea [lpanaras npuseacno B rtaba. 4.

Ta6bnuna 4
Pr a (Pr) Pr a (Pr) Pr a (Pr)
0,6 0,55 0,9 0,64 7 1,29
0,7 0,58 1 0,66 10 1,46
0,8 0,61 1,1 0,69 15 1,67

YucaoBoe 3HaueHHe KO3 HIMEHTa B O HM3MEHAETCS C H3MEHCHHEM
yucna [lpanatas AoBOabHO cyuiecTBeHHo. [lpu Pr > 20 mM0oxHO RoJb-
30BaTbCA (opMyJaaMu, BbIBeIeHHbIMH A4 AMPDY3uM B npeanosnoxeHHu
Pr>>> 1 c rounoctsio 10 29, TlorpemwrHocTb, BO3HMKAIOWLAS OT HEYYTCH-
HOft 3aBHCHMOCTH MaTepHAJbHBIX KOICTaHT v M ¥ OT TeMnepaTypsi, Mo-
BHAHMOMY, NpeBbILAET 3Ty HCTOUHOCTb.

§ 36. Tensonepegaua B TypOyJ/JEHTHOM NOTOKE

IMepBonauanabhbIt BapHaHT TeOpHH nepeHoca Temsna TypOYyIEHTHHM
notoxkowMm, npemnoxennun#t Tenopom u IlpanntieMm, xoropwift Gbin pac-
CMOTPeH HaMu B § 25, npencTaBas/icsi He BrOJHE YNOBIETBOPHUTEJbIIBIM
¢ camoro mnavaia. [eRcTBHTeNbHO, HAJHUYHE pE3KOH rpaHUUHN MEeXAy
MaMHHAPHBIM NOACAOeM H 00JacTbl0 TypOyJeHTHOTO ABHMCIHHS BLI3bIBANO
IpUHUMNHaabHibie coMmuenus. Kpome Toro, nyrem nonbopa cAMIICTBEHHOR
locTOsiHHOH, BXOondilet B Bbipaxenue 0Js TEMJOBOrO NOTOKA, HE ynaBa-
docb I00UTHCS XOpOWIero COrMacHs MeAy TeopucH U IKCmepHMelToM
B TenJoBo#f oOaacTH. B cBasu ¢ 3TMM ObJ MpEm/OKeln psn ycoBep-
WweHncTBopanuit Teopun Tetaopa n [Tpauarias.

Kapmanom Obina npeasioxena Teopus AaMHnapioro noacjos € 30HOH
tonpsxkenus (Oypepnum caoem). [lpeanosaraercs, YTo B 30He CONPsAKEHUs
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CoBepIuaeTcs nocTeneHNLd Nepexon MBHMEHHS KHUAKOCTH OT TypOy-
JIEHTHOTO K CTpOro JaMuuapHomy. s noaydeHus Habmonaioulerocs
Ha onbiTe npoduas ckopoctet Kapman npunuMaer nJs pacnpellesIEeHUa
CKOpOCTe# B 30HEe cConpsikeHus Jorapupmudeckui 3akon Thna (4,12),
HO € MOCTOAHHLIMI, OTJAMYAIOUHMHCA OT MNOSTONHHBIX, BXOMSLIMX B JIOTa-
pudmuuecknit 3aKOH pacnpenesenilss CKOpocte#t B 0061aCTH Pa3BUTOR
TypOyneuTHOCTH. BBenenne NOMOJHHTENBHOrO jorapudMHYECKOro BbIpas
WeHHs B pacnpenefeHHe CKOpPOCTeH, colepxawiero ABe MPOH3BOJbHbIE
NocTofNNbie, yBeAHYNBaeT MOJHOE YUCIO MOCTOSIMHBIX, BXOASLWHX B pac-
npenesneHue CKOpOCTe#, KO MATH. )

Haxons w3 pacnpenenenus CkopocTeft sHaueHwe TypOyJieHTHOH Bs3-

KOCTH, PaBHOH COTIacHO (4,D) Vryps =2 vl ~const - [2 -%yu— =al? —3—5 , MOYHO
BLIUNCAMTD TEMJIOBOH [OTOK 1O (Gopmynam
L . . oT
q - Pc]’(/.+/.'ryp6)_d7 (36’ l)
"
— . Ou ou
~ ~ 2= —= 2 77
Yoryps ~ VL == cOnst - dy al dy * (36,2)

[pi 3TOM, ORHAKO, He yn'aciTca NOGHTBCA AOCTATOUHO XOPOLUEro COrJacHs
C ONbITOM.

Kak 6b10 nomuepknyro PefixapaoM [4], HeT HHKaKMX OCHOBaHHMR
CUUTATL, YTO NOCTOSHHEIE, BXOomsiutite B ¢opMyan (4,5) u (36,2) aas
TypOyJeHTHOR BS3KOCTH M TeMNepaTypPOMPOBOLIOCTH COOTBCTCTBGHHO,
LO/KHBL MMeThb OILHO H TO e UuCI0BOoe 3Hauyenue, Hamportus, kak Mul
yKasbiBald YyXe paHee, Ha npumepe TypOyaenTHo# mudpbysii, ST
NOCTOSIHHBIE MOTYT IIMeTb COBepllekHO pasiuuHbie 3Havenus. [losTomy
dopmyay (36,2) nns TypOysneHTHOR TeMmnepaTypONpOBOLHOCTH, CJenys
Pelixapay, HyxHO Hanucarb:

d .
XTypﬁ = Tll2 'Eg- == Tavﬂy ’ (36’3)

FAC 7 — HEKOTOpas MOCTOfAlHas, OT/JHulas OT eauuHuunl. B sroMm cayuae
yuaeTcsi LOOMTbCS JIyylWlero COTJacHs TeopHH C ONLITOM, "aK Kak pac-
upesenenue Temneparyp Oyner onpelenfTbCs He TOJbKO pacmipenesieHUeM
CKOPOCTeH, HO CONepPKaTb elle OAHY IIOCTOAHHYIO 7, KOTOPO# MOMKHO
pacnopaauThcs no npoussoayl).

OuenuBan Tteopuio Kapmana — Pefixapna, cienyer 3aMeTHTb, HTO
BBEACHUC 30Hbl COMPSXEHHs M JorapHpMHUYeCKOro 3aKo (@ AJs pacnpe-
Aenenus cpeasel CKOPOCTH B 3TOH 30He Hesb3fl CUMTATH KOJMBKO-HHOYIb

1) 3ameTHM, uTO NpPH He oueHb 6oabliux uHcaax [1paHATI* B MOJHOE TEMJO®
BOE COMPOTHBJEHHME BHOCAT BKJAaA Bce 06JacTH MOrpaHHuHO™ ¢ caos. HanpoTuBs,
KaK Mbl BHIEAH Bbllle, MpH oueHb 60abwuX yuciax [lpaHnpan ocHoBHas 4acTb
COTPOTHBIENUSI COCPENOTOdEHa B npenenax aup@ysuonioio (MiH Ten.a0BOTO)
NOACJIOS. - : . C
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©BOCHOBAUNLEIM TeopeTiueckil. B namiom cayuyae corsmacie TEOPHH C OMbi-
g0M CaMo no cebe He MOXCT CHUHTATLCA TMOLATBCPMCIEHHEM TEOPHIL.
€ oaHOR cropoHbl, TeopeTitueckiie (GOPMYIbl COMCPIKAT 3HAUHTENbHOE
EOJIMUECTBO MPOH3BOJLHLIX MOCTOAMIBIX, YTO MMO3BOJHIO TNPON3BECTH
BOATOHKY TeopeTHueckux (oOpMya K OnbITHHIM KpuBkiM. C mpyro#t cto-
POHBI, OMbITHbIE AAHHBIE NO TerJonepenaue B KHAKOCTAX HMCIOT CPaBHH-
Te/IbHO  HEBLICOKYIO cTenetb  TounocTi. CyuiecTBeHHAs MOTrpewHoCTb,
BOBHHMKAIOIIAA B ITHX M3MepPeHHAX, CBA3aHA C I3MeHeHHeM MaTepHaJbHBIX
KOHCTAHT XIAKOCTH ¢ Temncparypoft. Taxk, HanpuMep, B Bole YHCIO
Mpannras npu temneparype 0°C papno 12,5, npu 50°C oHo nanaer
o 3,5, a npu 100°— o 1,7. CienyeT HMeTb. B BHLY TaKXe H TO
06CTOATENLCTBO, UTO KaXAas U3 BeJHUHH, BXOAAWMX B yucnao [lpanatas —
BA3KOCTb M TEMICPAaTypPONpPOBOAHOCTD MKILLKOCTI, — H3MeHseTCs C TeMIie-
paTypo#t mo pasubiM 3akonaM. Bce 3TO CO3naeT yc/noBus, OTIMYHbIE OT
TeX, MIJ8 KOTOPHIX MPOH3BONM/ICH BHIBOL TeOpeTHYeCKHX (HOpMY.JI.
B usBectHo#t pabote HMraa u Pepriocona [5] onbiTHbe nanHele 3KCTpa-
NOJINPOBANICh Ha BECKONEUHO MANyl0 Pa3HOCTb TEMIEPATYp MEXLY OXJam-
JaeMoil MOBEPXHOCTHIO M OXJaxnawouled KiakocTbio. CTeneHb TOYHOCTH
MOJIYYaIOWHXCA NPH 3TOM Pe3yAbTaTOB NOCTATOYHO YIOBACTBOPHTEIbLHA.
Oanako onbitil 11raan depriocona npoBOAHANCH TONBKO C BOLOH, B BeCbMa
y3KOM uHTepBaisc uamenenus uncen IMpanatas (3 < Pr<10). ITosromy
CpaBHeHHWE TeOpMM C OMHITOM uMeeT oOTrpanuuentnbit xapaktep. Ouo
He JnaeT NOCTATOUHOrO OCHOBaHUA JJIS TOro, 4Trolbl CUHTaTh TEODPHIO
Kapmana — Pelixapna yGeaurtenbiio noarsepkueqino#t onsitom. OnHako
ApsAMble H3MepclHs NpopuJas CKOPOCTe M TeMmepaTyp BilcC BA3KOro
NOMCJIOSt TO3BOJMIKH YCTAHOBUTH MOCTOsHIIBIE B JOFapuOMHUCCKHX Mpo-
punsx. 1o nano nas v 3snavenne 1,25 (Bennumiia o= 0,17, kaw ykaswi-
BaJIOChH pauee).

IMoayyenue TeopeTHueckH OOOCHOBaHHON yHHBepcanibHOR GOPMYH,
tnpaBenJuBOd npu mobbX uucaax [IpaHaTis, HPHHILMIUAABLIO 3ATPYAHH-
feJIbHO: TpH pa3auuuBlX uncaax TIpaHaT/As MexanusaMm Nepeuoca rer.ia
MOXeT ObiTb CYUIECTBEHHO pasinuubiM. [T03TOMY HaM Kasanoch 1.e1eCo-
o6pasHbiM moliTH Mno Apyromy nyTtH. B nasbnefimueM Mu nonniTaeMcs
noayuuts QopMyay Aas Tengorepefnaud B OKIAKOCTSX NpH MOOHX 3Ha-
YeHusax uucsaa [Ipanatas, ucexons H3 ClAelylonHMXx coolpamennii:

a) Bbiuie Obi10 nostydeHo BblpaKeHHe IJIS TOTOKA M pacnpeneJselns
ey6ctanuun B apokyuefics smaxoctn (B Il rnase nepenocumoft cy6-
cramuuest sipasitock  Anddyusnpyoulee  BCULCCTBO) MNP TypOy/IeHTHOM
pexume nnsg Pr=>s 1.

6) Anagornunpim  o0pasoM B caenylouleM naparpade namu Oyner
HalneH notok u pacnpenciennce «cyocranuuny npu Pr<Z 1. [Mocaentini
thyvait peasusyercss npu TCnionepenave B KHAKNIX MeTaanax.

B) Hamune (Gopmya ns nortokon Temna npu PriZe 1w Pr<Z 1
B03BOIMT 1OJyuHTL O0UICC BhipaXelde IS MOTOKA Tenaa npu mobbix
¥Mavenusnx uncaa [TpasiaTas nyTeM HUTEPHOAAUMIt MckAy OOeMMH Tipe-
ReALHBIMKH GopMyIaMH.
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§ 37. Teopus KOHBeKTHBHO# TenJonepeinaiu
B MHUAKHX MeTauanaax

Bonpoc o nepeHoce TemJia npu NMOMOIUK XKHAKHX (OOHIYHO pacnJas.-
JIEHHHX) MeTalIOB B NOCJAelHHe roibl NOAPOGHO H3yyancs KCHNepHMeH-
TalbHO M TEOPETHYECKH B CBA3H C MCMOJb30BAHHEM KHUIAKHX METaJIJIoB
KaK TenionociiTeiefl B aTOMHBIX PCAKTOPaX.

OrinunuteJbHod 0co0eHIIOCTbIO KUUKUX METAJIOB KaK TenjioHOoCUTe el
ABJISIETCA HMX BHICOKAaf TeMJONPOBOIHOCTb. MexaHH3M TenionpOBOAHOCTH
JKMAKHX MeTajsOB, KaK M TBePIABIX METaJVIOB, B OCHOBHOM 3/eKTPOHHBIM,
HanportHB, BfA3KOCTb KMAKMX MeTalJOB He OT/IHYaeTcs MO NOPAAKY
BeJIMYMHH OT BA3KOCTH OOHYHBIX JIErKOMOLBHMHHX XuAKoCTel. Biaronaps
S5TOMY XapaKTepHble 3HaueHHs uyHcen [IpaHATAs y JKHAKHX METaJJioB

nexaT B uudepsane 6-107°—107%

C ¢QopMmanbHOH TOUYKH 3peHHs MepeHOC Terja KUIAKHMH MeTaijlaMy
npeiacraBaser oOpaTHHM npeleabHbifi cayuaft (Pr<€ 1) no cpaBHeHwMio
€ MepeHOCOM BellecTBa B ABHxYywehcd kaneabHoR »xuakocth (Pr>=> 1),

B cBA3M ¢ 3TMM npeAcCTaBAfeT HHTepeC HAXOXAeHWe TpelesibHBIX
3aKOHOB MepeHOCa CyOCTaHUMH MNpH BecbMa OO/bLIMX M BECbMA MaJIbX
3navennax uucaa [lpaupgras.

3uan npenesbHble 3aKOHH, MOXHO MOMYYHTb YHHBEPCAJbHYIO HHTEp-
NOJISILHOHHYIO cpopmyny,‘ CNpaBel/MBYI0 BO BCeM HHTepBaje 4HUCel
Mpauatas or 107° no 10°, BcTpevamwuxcsa Ha MpaKTHKE.

TeopeTuueckoe paccMOTpeHHe MNpouecca TnepeHoca Temia KUAKHMH
MeTajJaMH HMeeT W OSuiuit HHTepec.

Cnenyer nog4yepkHyTb, YTO NpH JAalbHefllleM PacCMOTPEHWH MBI He
OyneM NHTaTbCi yyeCTb Takue 3PdPeKTH, KaKk HenoJHOoe CMauykBaHHE
MEeTaJJOM OXJaxJaeMOR NOBePXHOCTH MJH BAUSHHE HA TemJjornepenavy
flIEHOK OKHCJIOB, 4YacTo 0o0pa3ylouuxcs Ha obTekaeMblX KUAKHMI MeTaJl-
JlaMH TNIOBEpPXHOCTHX.

lunpoauHamuyeckue CBOMCTBA IKUAKUX MeTan1oB OblaM ucc/elOBaHH
g GoabwoM uyucae pa6or. Okasanoch, YTO FMAPOIHHAMHYECKOE MOBedeHHE
KUAKHX MeTa/IOB HUYEM He JTJMYaeTCA OT NoBeleHHs OOLIUHHIX KarmeJib-
HBIX JKHAKOCTeH, ecJM TOJBXO HMeeT MeCTO NOCTATOYHO XOpollee CMae-
YHBaHHE CTEHOK TeKyUlHM MeTajjioMm. [TosToMy Bce ruapoiMHamMH4YeCKHe
COOTHOLIEHHS MOXHO HeNCCPeiCTBeHHO TMNPHMEHATb K paccMOTPEHHI0
IBHXXEHHS XHUIKHX MeTal/CB.

ViameHeHue H3UKO-XAMUYECKUX KOHCTAHT (BA3KOCTH, TJOTHOCTH,
TEeMMepaTyponpoBOIHOCTH M T. M.) C TeMNepaTypoH y XHIAKMX MeTaJ1JioB
CPaBHUTE/NbHO HEBEJMKO M TNPH HaJWYMM Tepenala TEMNepaTyp MOWKHO
C YCrexOM MO0JIb30BAaTbCs 3HAYEHHWSIMH STHX BeJNMYHMH, OTHECEHHbIMH K He-
KOTOpOH cpelHed Temnepartype.

[lepeHoc Temaa B IKHIKMX MeTaanax TakKxke H3yyanca B O0O.bLIOM
yHcie SKCMepHMeHTanbiblX paboTr. [lpn ManablX CKOPOCTSX TedeHuf
MeTal/1a TMepeHOC Temnsa MPOUCXOIMT NPH MOMOWM KOHAYKUMOHHOrO Me-
xaHuaMa. KoHBeKTHBHBIH mnepeHOC Temsa B KHAKMX MeTamjiax MoOdKeT
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”Mb CYLeCTBEHIYI0 POJib TOJAbKO MPH JLOCTAaTOUNO OOJAbUINX 4YHCI1aX
PeRnosbaca, 60abwix npumepno 5. 103,

Flo3ToMy B 1aibHe#nleM Mbl OrpaHHYMMCH .IHIUb PaccMOTpPeHHEM

Y/IEHTHOr0 NOTOKa IIKOro Merainal).

FIpeanonoxum, uTO IABHXKEHHe MeTanla npoucxonut B TpyOe pa-
amyca R. Dddekramu kpupBuanb, 41d npocToTh, Oyaem rnpencOperars.
Pacnpelenienne CKopoctel B KMAKOM McTalic OyNCT BhpaKaTbca o0uiunok
POpMYNIOft JlorapuMIIIecKoro  3akoua (4,12)."Bpuay McaneHHOTO H3me-
geudst Pyukuuu lny sorapudMHueciitft 3aKon pacrpenenelus ckopocteh
fyaeM TPUMEHSTb W K LEHTPY TpyOui, Kak 370 OWa0 noscHeHo B § 4.

Mp OyaeM CuHTaTh, UYTO CTeHKH TPyObl MOAAEDIKHUBAKOTCA TNPH  [i0-
CTOSHHOM TeMnepaType, TaK 4TO MMeeT MECTO TpaHiulioe ycloBHe

T'=T, npu r=R. 37,1

Ha ocu Tpy6nl TeMmnepaTypy Meraina OyneM cuuTaTh (GHKCHPOBAHHOH,
1, 'e. OyneM nojaratb, 4YTO HMEET MeCTO yCJAOBHE

T=Tp mnpn r=0. (37.2)

[p¥ nepexole K CPaBHCHHMIO TCOPUM C OMBLITHBIMI NAHHHLIMI TeMMeparypa
8 HeHTpe TpyObl OyneT Buipaxcena uepe3 CPeaHIO0 TeMnepaTypy nmoToka.
HaMeHneHuneM ¢ TeMnepaTypo#t MaTepHanbHLIX KOHCTAHT — BS3KOCTH v
H TEMNepaTyponpoBOLHOCTH Y — Mbl B NajbHefliem OyneM npexHebperats.,
[Ipn cpaBHEeHHH moJayueHHBIX QOPMYJ C IKCMEPHMEHTOM A5 STHX BeJH-
wiH OYIYT B3ATbl 3HaueHls, OTHeceHHble K cpeaHelt Temnepatype. [lepe=
HOC TenJia TypOyJeHTHBIMH TNYyJAbCaUUAMH MBl OyleM XapaKTepu3oBaTh
HEKOTOPOH TypOy/enTHOH TeMNepaTyponpoBOLHOCTLIO X, ¢ 3aBUCAULCH,
BoobLle rosops, OT PAaccTOANHMA N0 CrenkH TpyGu. [lotox Tensa, nepe-
HOCHMbI TypOy/ieHTHHMH NY/IbCallUIMH, faeTcsi Npu 3ToM popmy.ok (36,1).
Cnemyer ewe pas noayepkHyTb, YTO HeJsb3s NPENCTaBASTb TYPOYJIEHTHYIO
NyAbCALMIO KaK HEKOTOPHH 00beM («MOJb» MO TEPMHHOJOrHH HEKOTOPHIX
iBTOPOB), KOTODHIff H30TepMHUECKM, I He B3aUMOLeHCTBYs C Apyrumu
JaCTAAIMHM  XXMAKOCTH, TePEHOCHT TeM/JO M3 ONHOH TOUKM B APYyryio.
MonwbiTka paccMoTpeliis H30JAHPOBAHNBIX, [ B3aHMOLCHCTBYIOUINX MEMCLY
to6o#t nysabcaunft npoTHsopeunsna Oul  COBpPeMeHIbLIM NPEACTaBACHWAM
0 npupone typOyaentnoro npwxenus. [lotox rtemna (36,1) mepenocurcs
BCeMHM TypOy/eHTHBIMU MyJAbCalHAMH, HMEIOUMUMHCS B OKHAKOCTH. Mbl
byneM npeanosaarath, uto uHcJ0 PefHonbaca LOCTaTOMNO BEJTHKO 143
Toro, uto6H, mno Kkpalinet mepe B obsnactH BOANM3KM uenTpa TpyOHI,
lepeHOC Tenja TypOyJeHTHBIMM NyJbCcalUsAMH npeobJanan iai NepeiocoM
Tensia nyTeM TeMmJONPOBOAHOCTH (KOHLYKUHHU).

—

1) MpumeuanHe npu KoppekType. M3anaraemas Iae TeOpHs NMPHHAANCHHT
BTOPY NaHHON KuHMTH M nyGauKyeTCa Bnepsble. B kpaTkom Buie ona Gblaa BKJIO-
Yema B8 nmoknan C. C. Kyrateaanse, B. M. CyG6orusa, B. M. Bopmuuwanckoro

JL. Kupuanosa ua Bropoii Mexaynapomioii xoupepenuun OOH no npumerne-
BM0 ATOMHOI suepruu B MHpHMX uedsax [10], 32 4TO aBTOp BhHIpaXaer yKaslaH-
MM anuaM cBO 64arogapHoCTb.
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VubiMu coBaMu, Mut Gynem CYdTaTh, YTO B LEUTPAIbHOH O6GJAacCTW
TPyObl HMEET MeCTO HepaBEHCTBO

Layps = 7. npu r ~ 0. (37.3)

HepaBenctBo (37,3) o3Hauaer, YyTO eC/JiM MLICJAEHHO NPOBECTH B LLEHs
TpanbHO# vacTH TPYyOH KOHTPO/ILHYIO TNOBEPXHOCTb, KOAaKCHAJbHYIO €O
CTeHKaMH TpyObl, TO CYMMapHH# MNOTOK TenJa, nepeHOCHMLIH BCeMn
Ty pOYJAeHTHEIMH TNyJbCauusaMy, OoJiblie MOTOKA TenJja, 00yca0B/IE€HHOrQ
06LIYHOR TENnJONpPOBOAHOCTHIO MeTallna. _

B TOH 064aCTH XMAKOCTH, B KOTOPOH BunonHeHo nepaselictso (37,3),
Mbl MOXEM Ins MOTOKa Tensa wnanucatb ¢opmyay (36,1) u aad X,
dopmyny (36,3). Cuuras noTOk Tensa ¢ MOCTOSIHHLIM MO PaillyCy TPYOH
(1. e. npenebperas, A48 NPOCTOTH, KPHUBH3HOH CTeHOK TPYObl), MOWKEM
HanucaTb Jaorapu@MHUeCKUR 3aKOH pacnpepeseHust TeMNepaTyphl

T = In y - const, (37,4)

1apc Yo

Tle y — PacCTosiHe N0 CTeHKH TPYOHI.

[TocTosnHble | W a, HalkleHHble M3 u3MepeHUH npoduns TemnepaTyp
M ckopocre#t B Tpybe, IJsi KHUAKOCTel ¢ Pr~1 MOXHO HCNOJL3OBAaTH
B (37,4), mnockonbky s5Ta GOpPMYsna OTHOCHTCS TOJNbKO K OBJaCTH YHCTO
Typ6yNeHTHOrO mnepeHoca Tennda, Toraa

a=0,4, 1=12.

[Tockoabky In y — MenneHio u3MeHAIOWAsCs PYHKLUUA C TorapuPMHUUYecs
KOt TOUHOCTbIO, npodunb Temnepatyp (37,4) npUMeHUM BIJIOTH N0 LLEHTPA
TpyO6hl, Tie y ~ R, u B cuay (37,2) MOXHO MOAYYNTH L CONst 3HaYeHHe

const=Tp— —I _InR,.
k Tapc Yo

Takum o6pasoM, morapudmuyeCKHdl 3aKOH pacnpeielsieHds TeMnepaTyp
npuobperaer BHA

T=Tp+—L (ny—InR). (37.5)

1apc Yo

Pacnpenenenne Temneparyp (37,5) oxaskiBaeTcs, OnHako, HEMpHUMe-
HUMBIM B TOH 06JacTd .Tevenus, B KOoTOpo# HepaBenctBo (37,3) Gouee
He BbIMOJIHsIETCS.
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WIMEHHO, B CHIY TOTO, HTO ¥, ... yOLIBaeT 1nO Mepc npHObamKelns

N
g CTeHKe Tpy6n no 3akouy (36,3), Ha HCKOTOPOM pAacCTOSHHI O OT
gOBEPXHOCTH HepasencTso (37,3) saMensercs NMPUOJINKENHLIM PAaBEHCTBOM

Yegps X npH y =Y. (37,6)

Mipu y <37’ TypGyJneuTnas TeMneparypoOnpOBOAHOCTL OKA3LIBACTCT MEHbIlE,
geM MeTajnuueckas. DBocrnoab3oBaBuiuch s dopumyaoft  (36,3)
A JorapudMuuyeckuM mnpodiaem
cxkopocTd (4,12), naxonum:

7«:3’1:6

N

Tavdy ~ % T &7 7
RAH T - —

Sp—b-, (BT =

. /. S

tae b — HekOTOpHIM wiICaOBOM
kospduunenr.  Beaunny by — V4 AT S
MOXHO Ha3BaTh TOJUMIOW Ten- 777777777 )

‘hoporo noacsaos. [lpn  Maseix (@).
wncnax lpanntas y “>>v u T01-
WHHA TeNJOBOro MOLC/ON B'T Be-
AMKA 1O CpaBHEHHIO C TOJIHH-
Ho#t BsAskoro noacaos. [lpn

y<82r MOXHO npetiebpeub Typ-
GyseHTHON TeMMmepaTypolpoBoL-
HOCTbLIO MO CcpaBiieHiio C MeTal-
AHYECKOM. :

Mb1 BHAMM, YTO TpH J0OCTa-
TO4HO Oouabuioft  Temieparypo-
APpOBOAHOCTH KapTHHa CYUICCT- v o
BEHHO ~OT/Muaercss o1 Anddy- 0 - 510
aonHof. [lepeiioc Tenyra Koil- Pnc.39.a;-Pacnch1enexilxe TCMICpaTyp H
BekumeH oKaswBacTCs MCULIIIM,  ckopocteil y ctenki. 6 — [Tpoduin teMie-
YeM nmneperoc Tengaa Tenaonpo- paryp nIpH pa3ubiX 3HAUYCHHAX uncja’ Pr.
BONHOCTbHIO yxe B TOH oOnacrti
TYypOyNEHTHOTO 110TOKa, B KOTOPOH BJHSIIME BA3KOCTH clile Tpeledpeximo
Mano (puc. 39).

Mo ananoruu ¢ Qopmyroft (25,12) mul MokeM npu Y <87 mamucatb
Lns pacnpeneneHnsi TEMHEPATYPLl 1TPOCTONH 3aKON

Pr~12”

al 1

30 40

T:JL%+TD (37.8)

FCp

UPH 3TOM rpamnunoe ycaosie na crenkax tpy6u (37.1) yaosacrtsopero,
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- Tr

4
B rouke y=<dp MH AOMKHH COMKHYTb pacnpenesenus (37,5) y (37

8
Torna umeem: ).

g = ep(Tr—Ty) __ pep(Tr—Ty)
1 R ¥ 1 Ru, b
In— 4 — In + —
a1y, op X Yav, by Yy
pep (T — Ty) Yay, . 0.5pc,(Tp — T)) vy

[mfﬂ-}-ln%——lnb—}—jab] [ln Ru,

v

+ InPr—inb 4 qab

v

] . (37.9)

3ametum, 4to Buipaxenue (37,9) 4aa TenJa0BOro noToka 3amucayg
TaK, 4TO0bl OxJaxcieHHio nosepxHocTd (T, > Tr) orBeuan OTPHUATENbHN{,
a Harpesanuo (Tp > T,) — nonoxute/bHbit NMOTOK ¢. ITO crenano puq
COXPaHEeHU CHMMETPHH MEXJy MOTOKOM TenJa ¢ W NOTOKOM BellecTsa j,
Onpelle/leHHHX B MNpelblLywMX riaBaX. XapaKTepHY0 CKOPOCTh 1,
Bxonsiyio B (37,9), MOXHO BHPAa3uTb uYepe3 CPEAHIOD CKOPOCTbL fo-

TOKa #4 no ¢opmy.e
Vi, -
_ —=Uu. 37:
Yo 9 .V"z u ( 10)

Bsoas uucno PefiHonbaca ans teyenus B TpyGe

Re — 2uR

v

H ompeneauB Ge3pa3MepHHfl TemsnoBOH NMOTOK COOTHOLIEHHEM

—__ ¥R 37.11
Nu = pep(Tp—Ty0)" @710

MoxHo nepenucath (37,9) B Bune

0,18Re Pr VX,

u= — , (37,12)
IgRe 4 1g Pr4-1g0,35 V1. + A
WU
L O18-Pe. Vl_, ' (37,19
IgPe+1g0,35 VX, + A
rae Pe — uucao [lekae
Pe =—Re - Pr .—_2#
H
Azﬂtﬂ:o,gb,lgb, 37.19)

2,3
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ocTosHuas b Moxer ObiTh onpelle/ieda, HCXOAS M3 C/CAYIOWHMX €CO00-
,iuxeuvm 1.

npu Pr=1 nomxHo umeTb MecTo nosanoe nmomoGHe Mexiy pacnpefe-
FeHMAMH CcKOpoCTed M Temnepatyp B TypOyaenTHoM notoxe. [ToaTomy
» ¢opmynax (37,7) u (4,16) no/ken CTOATb ONMH M TOT e UYHCIOBOH
xoopduunent. MHbiMH C10BaMH, MOXKHO CUMTATh, YTO

~11,7. (37,15)

dopmyna (37.12) mnpencraaseT NpeieibHbIf 3aKOH Tersonepenaun npu
pecbMa 60ab1nx uncnax Pefinoabiaca u Manbix 3navenuax uucaa [pauatas.

Umenno (37,13) npuMeHnma TOALKO NMPH NOCTATOUHO GOJLIWIKX 3HAYEHHSX
gucaa [lexse Pe > Peg,.

Mepenucas (37.7) B Bine

1V v oy 66
=117 P2 Y T p 66 R (37.16)
Vi, 2uR v 1/7\,« Pe
MBI BHIMM, UYTO MO Mepe cHuxenus uncaa [lexksae BeauunHa 8;, Yy BeJH -
paeTca M npu Pe=Per, nmeer mecro pasencrno

OueBHHO, 1TO

Pe, ~ 7 (37,17)

Mpu Pe < Pey, 37, > R 1t nepeHocoM Tenia TypOy/IeHTHHMH My.TbCaUHAMIL
MOXHO npenebpeun.

MNMpusenem 3nauenns Re u Peyg,, nmxe koTtoprx cdopmyaa (37,13)
TepseT CBOIO MPUMENHMOCTb:

Re l 0,5-104 { 1-104 ' 5. 104

Pe . l 3,4 - 102 ‘ 3,7 - 10® , 4,5.10?

Mepexoas k Bompocy o cpasueund Gopmyan (37,13) C ONLITHHMH
RaHHHMH, caenyeT 3aMeTHTh, 4To uucio Hycceanta n dopMyse (37,13)
Ouno oTHeceno HaMu K MakcuManbioMy nepenaay TemnepatTyp (Tr — Ty).

—

1) Ha kotopue yxasaa asropy C. C. Kyrareaaaoe.
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[ra,
Ha onuite H3MEPAITCA BEJHUYMHBI, OTHECEHHHE K pr.u[eﬁ Pa3HOCTH Te
nepatyp (Tep — 7). Tae “
R
o
Ty —Tep = Tﬁ/ [Ty— T (r)lrdr. (37-18)
0

[pu BHluKC/IEHMH CpelNHErO HY)XHO HMeTb B BHIY, 4YTO TpPH rsy
pacnpenejeHye TeMnepatypsl C JorapuMuyeckoft TOYHOCTbIO llaercz
dopmynon (37,5), a npu r < 3, — dopmyot (37,8).

Buiuucienune naet:

,6/
(Tcp - Tl) = (TR —_— Tl)f (TT) ’ (37.19)
Tne
y (Elz)z(i_“‘_”) 1
R 7773 3
f(ﬁr_) —1 - . (37.20)
A
1ab—ln( = )
/ 66 1' o
ﬂocxonbxy —_— V)\ Do+ TpH Gombwux Pe MHOXHTENb f( ) dax-
~p

THUYECKH He O4YeHb CHJIbHO OTJIH‘laeTCﬂ OT €AUHUUB H MOXKHO CYUTATh
(Top—T)N(rR'—TI)

Nu
o T 5
a-2 T
-3 e»(w:
20 =4 ) "§‘ O]
0 . WE 3
sf e 1 s
: e & RAE
3 e g
5 e A
4 2 80 - oi Ol
3 V

56 60° 2 345660 2 345680% 2

Puc. 40. Pe3yabTaThl ONBITOB MO TEMJIOOTAAYE K CNAABY CBH-
HE€U — BHCMYT H K CBHHLY.

1—Pb—Bi; 2—Sn (Muxees, bBaym, Bockpecencku, ®PerbiHckui);
3 —Pb— Bl (gBo HUIAHCKU, l(yra-renanse Lluennepman, HBaweuko);
f Oparu\{os, Cy660THn); [ — pacueTHast KpuBas.

dopmyna (37,12) He colepiUT KAKUX-THOO HEU3BECTIILIX pe/ndHH H
MOXET HenoCPeACTBEHHO. COMOCTABAATLCA C ONBITHBIMH AAHHLIMH. T0
conoctasnenue 6u1i0 Bumoaueno C. C. Kytateaanse. Puc. 40 3aumcTsO”
Ban W3 ykasaunoro sbime foxkaasa C. C. Kyrarenapse u 4p.
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OnbiTHAs KPHBas BKJIIOUACT H3MCPCHIS psand  aBTOpoB H  XOPOIIo
ecoBnanaeT c pacuctuolt Kpieo#t !). Yunrubizas OTCYTCTBHC KaKHX-aHO0
PeM3BECTHBIX NMOCTOSHHLIX, CJACAyeT MPIiTH K BHIBOAY, UTO Mpelloxwenias

asl cXxeMma pas’edeHHs I10TOKA Ha ABe 00.1aCTH AOCTAaToulio npa-
pHABHO MepenaeT XapakTepible OCOOGHHOCTH TEILTOlePelaul B IKIIAKHX
MeTaajaax.

§ 38. O6was unrtepnoasuuonnas gopmyna aas noToka rtenga
B )KUIKOCTH npH Ji00GbIX 3Hadeuusx wucaa [pavnras

Mu1 pacnoaaraeMm Tenepb HeOOXOIHMDLIMI JIAHHLIMH AJs1 TOCTPOCHHS
RHTEPNoOAALHONHOR HOPMYILI Aia NOTOKA Teraa, xotopas Ovlia Okl cinpa-
“BeAAUBOH B J11000H KUIKOCTH.

" JeACTBATCABHO, MBI MOMEM HAMMCaThL AAs TypOy.1eHTHOrOo TNOTOKA
Ha CTeHKY TpyOnl /ABa COOTHOLIEHNS:

0,17Re PtV &,

u= - = 38,1
0,17aPr’ -+ InRe 0,2 V&, ( )

017 V' & Re Pr
1 == T o . (38,2)
mRe-fInPr+A4 027V &

[lepBoe u3 Hux OLIIO BLIBCACHO HaMH JIs mepenoca cyOCTanilMu mpH
BecbMa Go.ibwpx wiciax Ilpauatias {popmyas (25,17)). ks ouniTos mno
mbdysun Obino nattaciio snaveHne eMHCTBEHHOW IHCH3BECTHON BesH-
YHHH, Bxoasuichk B (38,1), — nocrositnofl . ;COriacHo NPUBOIUMbIM
B § 55 onwmitam M. A. DBarouxoit ¢=2,0.

Bropas dopmyqa 6bi1a mosydena A1 BecbMa MaduiX wices [Ipanarias
(popmyna (37,10)). 3uaucune nocrosmiol A=2,4 6uLJ0 nakaeno
H3 Apyrux, cobepuleH:0 He3aBuCHMMBLIX uamcpenn#t. Ilpn BuiBone obenx
dopMyn mnpesnoaaraioch, UTO MaTCpHaJblbie KOHCTANTBl TCHIOHOCHTE A
HEe B3aBHMCAT OT TeMIepPaTyphl.

YuutniBas cTpyKTYypy OOGCHX (OPMYI, HETPYAHO 3aMETHTH, YTO CJe-
Ayiowmas wunrepnoiaunonnas (popmyaa nepexoaut B (38,1) u (38,2) npn
Pr>> 1 u Pr<=_ 1 coorsercTiemiio:

017 V&, R Pr

= = - . 38,
U= 1Re + 1002V k, + (in Pr -4 2,4) 40,5 Pr's (38.3)

Mockonbky B suamenatene popmyan (38,3) conepxarcs InPr u pr’l,
MYHOCTL MITCPHOIIIN JIOBOALIO BedHKa:  Hanupusmep, npn Pr~ 1077
\-ﬁ——ﬁ_—_

6 1) OTMeTHM, UTO BRCPBIC H3MEPEUHs TCHAOTEPETAH I KM MeTaliaMH
NaR npoBexeisl na pryts B paGore M. A. Cruipnkosnua u I, E. Cemeno-

“epa [{1].
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nepBoe cjaaracMoe Tno  MOAYJAI0 NOpsika ~95, BTOpPOE — NOpsinka
~ 0,03 < 5. Tpu Pr~ 102 umeer mecto ob6patHoe HEpPaBEUCTBO.

[Moayuennyio wuxTepnoasuuoniiyio ¢opmyiy (38,3) MOXKHO CDPAaBHHTHL
C ONBITHBIMH JaHHBIMH [JI5 TIPOMEXYTOYHOH oOGnacTd, T. e. AN YHCex
[Mpanaras nopsaka enunuuel. dopmyna (38,3) e comepkuT Kakux-aunbo
NpPOU3BOJIbIILIX MOCTOAHHBIX. OGe mnocrosiivie A U a nonobpaHul U3 He-
3aBUCHMMBIX M3MepenuH Ha aByx npenenax: Pr<€1 n Pr=>>1 coorser-
CTBEIHO.

Ha puc. 41 wuso6paxena B norapudMuueckolt uicane popmyna (38,3).
Kpecruxamy noxasann Jannuole u3 uurnposaunod pabors HMrna w dep-
riocona [5], KOTOpble 3aCTY)XHBAIOT MOJHOrO [OBEPHA 1t  ABJIAIOTCA
Haubo.lee TOUHBIMH.

ly Nu

lg Re

Puc. 41. CpaBHeHHe nHTCpPHONALHOHHOII (op-
Myabl fasg Nu ¢ onbiToMm.

Has cpaheHns ¢ Teopuel ObiNM B3SITHI COBEPIUEHHO MPOH3BOJbLIO TE
naHibie, KOTOpbie OTHOCHAMCH K 3uaueHuio uucna [lpauaras Pr= 5.

B npenenax TouHOCTH, AonyckaeMmo# JorapHdMHYeCKOH WIKaNOH, CO-
rnacie ¢opmyawt (38,3) ¢ onbiTHeiMK AaHHLIMK Krna u Pepriocona oxkasbi-
B4eTCA BIIOJIHE XOPOIWHM. DTO MO3BOJSET HALESTLCHA, YTO WHTEPOJIsSILHOH -
nas ¢opmyna (38,3) obnamaer NOCTATOYHOH TOYHOCTHID W NPapHJbHO
nepenaer 3asucumoctb Nu ot Re u Pr Bo BceM unrepsane uucen [pannras.

HlocrouncrBoM 3TOR opMyan siBasercst TO, uTO 00a ee mpenesibHbLIX
3HayeHHs SIBASIOTCS TeopeTHyeckH OOOCHOBAHHBIMH.

Ananoruunylo QOpMy/ny MOMXHO HamucaTh AJs BHelHero oOrTckaHus
NIACTHHKH.

Hurepnoasuunounas ¢dopmyaa (38,3) npumenuma pas typOyaernTHOro
noTOKAa M MNPHUTOM AJs TakliX uuces PeilHo.abica, AN KOTOPHLIX BbI110J~
HeHO HepaBelcTBo

Re > (—'lfg)/ (38,4)
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fipu Pr>>1 nocieiiec nepaseicrso He Hrpaer poail, Tak Kak BOJ.
mWKHOBeHHE TypOy.1enTHOCTH OTB2yaeT 3HaynTedbhno 0o1blieMy 3irave.
mmo Re. Ilpn Pr< 71 nepasencrso (38,4) BechbMa cyiuecTseinio.,

I[Tpu mnoan3zonanm  nutepnoaanionnofl  dopmynolt 418 Ten1oBOT ¢
goTOKa ciaenyer OparTh Cpesinie 3naueHis MaTepHAIbIBIX KOHCTAHT., [La/T ks .
pefliuas 3dKCrnepuMenTaIbias NnpoBepka 3ToR dopmyas npeiactasiaa O m
Goabuioh HiTepec.

Ha puc. 39, 6 cxemartuuccki npeacTaniciio pacnpejedienie TeMacp a-
TYp npu pasawmnix uiciax Pr.
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FTABA V

HEKOTOPBIE BONPOCHI TEOPHH KOATYJSSUUH AUCIHEPCHbBIX
CUCTEM B ABYXKYLIUXCH XKHUAKOCTIX H A3AX

§ 39. Teopus CMoayxoBCKOro

flBnenre KOATy/sLMM HUCMEPCHHIX CHCTEM, T. €. CJMAHUS AHUCNEePCHBIX
yacTuy C o6pasoBzHueM GoJiee KPYMHBIX arperaroB, OCEAAOIMX M3
MUAKOCTH WJAM Tasa, NpeancTaBjiseT Baxhelliee siBicHHe (U3HKO- XUMHWH
KOJIJIOHAHBIX CHCTEM M a5p030Jielt.

B sanauu naHHOM KHMrHM, pasyMeercs, He MOMKET BXOAWTb OCBELLEHME
CJIOXHBIX fIBMEHHH KOarygsuuu. Mbl OrpaHHuuMCcH JHIUb TeMH BOIpOCAMH
TEOPHHM KOATyJsLHH, KOTOpble TECHO CBfA3aHB ¢ TeopHelt KoHBeKTHBHOH
nuddysun. Peub ugeT o rTeopuM KOarysnauMH AMCHEPCHBIX CHCTEM, AMC-
NeprupoBaHHbIX B IBHXYyUMXcs cpelax. Kak Oyner noscHeno HHIKe,
fiepeMeIlNBaHKe §BJAETCS MOWMHBIM (axTOpoM Kkoaryaauud, Jluwb nng
CNpaBOK Mbl NpHUBEJeM KpaTKHe CBeleHMs NO OOWWM BONMPOCAM TEOPHH
KOaryJauuy.

JlucnepcHble cHCTeMBbl, BCTpEYalOLIMECs HA NMPAKTHKe, COCTOAT W3 ua-
CTHL, Pa3Mepbl KOTOPBIX U3MEHAIOTCA B NOBOJbLHO IIMPOKHUX npenenax —
or 107! (rpy6oamucnepcuble cycneHsuu) no 1077 cm (MOIEKy NSIPHO~
JHMCNEepPCHbie CHCTEMH).,

Iucnepcrbie yacTHUB HCHBITHIBAIOT GPOYHOBCKOE NBHKeHHE, TeM GoJsiee
HMHTEHCHBHOE, 4YeM MeHblUe pa3Mep YacTHU. B pesyabrare caydadHbiX
61y naHHA HeKOTOPHle YacTHUBl COMMIKAIOTCA Ha Majloe paccTosHue -ApPYyT
or npyra. Ha BecbMa Maanix paccrosuuax 6.1arojaps BaH-lep-BaaJibCOB-
CKOMY B3auMOeHCTBUIO YaCTHLLbl HHTEHCUBHO NPUTATHBAIOTCSA APYT K APYTY.
Cuabnl  Bau-nep-Baanbca HAcTOJNLKO BEeNHKH, YTO TEMJIOBOC ABH>KEHHE
MOXeT HapyliaTh YCTAaHOBMBIUHeCS CBSI3M TOJMbKO B CJyyae QHCNEPCHBIX

uacTull campix Mambix (~ 1077 cu) pasmepos. Ecnu ne mpuusirni crie-
u¥anbHble Mepbl A8 CTabuAM3auMy AMCHEPCHOM CHCTeMBbl, Kaxaoe cOJu-
JEHHEe YacTHLl HAa PacCTOAHME NMOPAAKA MX DPasMepoB BeleT K UX C/uMa-
HMIO, T. e. Kkoaryasuuu. Takas koaryasuums, npu KOTOpo# Kaxpoe
cOnnxenve yacTul, 3¢@eKTHBHO, HOCUT Ha3BanHe ObLICTPOH KOAry . siLLMH.

Crabunuaupyouiee NedcTBHE MOTYT OKa3blBaTh:

1) nnddysuoHHLle HOHHLIe 060JOYKH (BHewlHHe OOKJAAKH ABOWHHBIX
C/I0EB), OKpYxKaloulde YacTHUB TMOPOOHbIX 307ed [1].
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DaexTpocTaTHuecKoe OTTaAKHBAINIE HOHHLIX 0GO0.10YeK NPH HEKOTOPHIX

ROBHAX OKa3blBaeTCs J1OCTATOUHO OGOJbIUNM IJS1 TOrO, 4ToOH Npen-
orsPaTHTL COAMKEeHue uacTHUL 10 paccToAnui, Ha KOTOPLIX Bal-Aep-
p88/IbCOBCKOE TIPUTAKEHIC HAUHHAET npeobianath;

2) 3awmuTHbie 000104KH, 00pasoBallHble CI0eM CTPYKTYpHPOBAHHOMR
ERAKOCTH [2].

3auurHeie 000.104KH CO371A10TCS HCKOTOPLIMI ReuleCTBaMI — CTabu-
8aTOpPaMH ¥ 00Jajai0T BechbMa GONBLINOH BA3KOCTBLIO, a MO OTHOLIEHH!O
K KPaTKOBPEMEHHO AEHCTBYIOUIHM BO3MYLIEHHSM, BO3MOKIO, H IPPeKTUB-
HOR ynpyrocrsio;

3) sapsae, a BO3MOXHO, M AUMOJM [3] Ha MOBEPXHOCTH a3pP0O30/b=
HBIX 4acTHu.

Hanunuyne Tex waM  unbix  crabuausupyiomnx  (pakTopoB TNPUBOLHT
K TOMY, UYTO TOJbKO 4acTh, MIIOTAA npeHcOpPCKHMO Majaas, BCTPCY YacCTHlL
okaaniBaeTcd 3P(EKTHBHON B CMBICAE MX CAWMANMS.

Koaryasuus npu Haanupu ctabuanaupyionygix (axTopoB HOCHT Ha3pa-
HMe MelJIeHHOH Koaryasiiu.

B aanbuefimem OyaeMm paccMaTpuBaTh JHIIb TCOPHIO GLICTpo# koary-
raumu. Mbr He crasum cefe 1@LIO H3JTOKCHIC TEOPHH KOAryJsUHH U
cTabuav3auun LHcnepcHsix cuctem. Hac 6yaer HHTCpPECOBATDH JHUIb BIAMSHHE
ABHOKEHWS KUAKOCTH 1a 4YHCAO BCTPEY, HCMBITHIBACMBLIX B3BEILEHILIMI
qacTUlLlaMHU.

Ina pasbopa uHTepecylOmNX 1Hac ABACHUN KOATYISIHH B ABIDKYUIHXCH
cpenax BecbMa MOJC3LO CpaBleHHe MX C KoaryJasuue# B uenonBwxuoft
cpene. K xpatkomy wmanoseHnso Teopuu noc.ieanero apdexta, paspaGoTaH-
Hoft M. Cwmoayxonckum [4], MBl U nepexonum.

Paccmotpim nncnepcuonnyio cpeny, conepkayyio B exnunie o6vema Ny
mapoo6pas3HbiX MACTHL, ONWHAKOBOTO pasdmepa. Yucmno wacruu N, npen-
noaaraeTcss NOCTATOYHO MAanbiM, L7t TOro 4toObl BEPOATHOCTb TPORHBIX,
YeTBEPHBIX W T. A. BCTpeY sBjsiach npenebpesxxumo manoft. Hucnepcuon-
Hast cpena (KMAKOCTH MM Ta3d) CUHTAeTCs Hemoammwkno#h. Hac Oyner
HHTEpPEeCOBATb BepPOosTIIOCTb BCTPEUYMU ABYX AHCNEPCHBLIX YACTHIL B pe3ynb-
TaTe€ HX GPOYHOBCKOFO JBMKENHS.

Ias Buiukciaenns 3TOH  BCPOSTHOCTH NPONIE BCCFO BOCMO.Tb30BAThCS
9KBHBAJEHTHOCTBIO GPOYHORCKOTO ABMKENHs U Anpdy3un. Oady M3 yacTuil
MBl Oynem cuntats Henoaswxnoft. Tipopens BOKPYr 3TOH uacTHibl cCepy
panuyca R, Mut OGylicem CUMTaTb, YTO BCsiKash 4ACTINLA, BXOJsiulas B STY
c¢hepy, 3axpaTHiBACTCH W COCAMUACTCS € BoUlcaennoft uactuiied. Ito
03Hayaer, uto ua cdepuucckol NMOBCPXHOCTH pannyca R KOHICHTPALUA
YacTHil noniacpxupactcs pasnoft nymo. [TosTomy BOMH3H 3TOft nosepx-
HOCTH BO3HMKACT TPALHCHT KOHILCHTPALNH W COOTBCTCTBYIOULHM eMy And-
Pyanonnuit  nortoxk uwactit. Au(dy3nonHLii NOTOK Ha TOBCPXHOCTH
Paamuyca R pasen CpeaneMy UHCHY 4acTiil, NEpeceKaiomux 3Ty nopepx-
HOCTb BC.1e/cTBHE GPOYHOBCKOTO ABIDKCHMA. DTO paBeHcTBO OyAeT UMeTb
MecTO TOJBKO TpH J10CTATOUNO MAJOH KOHUEHTPAIINT ANCHCPCHLIX YACTHIL,
korpa BCTpeiH MOXIO CUMTATL NonmapubiMi. QueBHano, 4To -B cayuae
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HeB3aNMOeHCTBYIOIMX YaCTHIL palrnyc Koaryusiuu R ==a, ric ¢ — nua-
METP YaCTHILLL.

HOas naxoxaeHus AudPy3nOHHOrO NOTOKA PacCMOTPHM pacripeleseHue
yactuil, AMPPYHIMPYIOLIMX K chepe R. KoHuenTpauus 7 3THX HacTHL
YAOB/eTBOPSiET, OYeBHAHO, AMDDY3N0IIOMY Ypapueynio

on 1 0o ( dn)
r

=P \T e (39.1)

rae D —rxosdpduiuent OpoyHoBckol AHPOY3MM AMCMEPCHLIX  YACTHY
(B Tex cayuyasx, Koraa Koddgpuuuent O6pOyHOBCKOH nuddysuu Moer
OLiTb CMewaH ¢ Ko3¢ pullnenToM MoJeKYAApHOK AWbY3UH, MbI Gymaem
obosuayarb ero yepes Dgp), NpH rpaHMyHbIX M HayaibHOM YCJOBMAX
n=mn, npu r>R, t=0,
n=0 npu r=R, t>0, (39,2)

n=n, NpU r—>O00.

Peiucunem ypasuenus (39,1) npu ycaosusx (39,2) apasierca

r—R
R, 2 &
n=ml1—= VT?T/ exp {— 22} dz |. (39,3)

V]

IMoTok uactuu 1a NOBEPXHOCTDb C(bepbl paned

. on Dn R
j:p(“) — 0[1 + _~]. (39,4)
or/,_g R V =Dt
nOJIHOC YHCAO0 4acrTul, rMnepeceKarinmx ﬂOBepxllOCTb r=R B enHiHILy
BpeMeld, T. e. MoaHoe 4YUCAO0 AaKTOB Koaryasauuu B eJ.lHHPlU,y BpPCMCHH,
paBHO, oOYeBHANO,

M :fde_—_D- 4'mloR[1 +T/%5?

]. (39,5)

dopmyna (39,5) B cuay CKa3aHHOTO BHIIUE faeT MCKOMOE YHCIO BCTpeY,
T. €. YHCJO aKTOB ObICTPOH KOaryasuuH, C BbileJeHHOR YacThuett B caM-
HHLY BpEMeHH.

Mbl Gynem npeanosararth, 4TO MPOUECC KOAryJsuMd PacCMaTpUBAETCS
no npomecrauu TaKOTO BpeMeHH f C ero Ha4ana, HTO BBLINOJHIETCS
ycaosue > — D . [1pn oO6bluHLIX pa3Mepax YacTHL, 3TO O3HAYaeT, UTO

BpeMs, Npollefliee C MOMelTa Hauana NPOUECCa KOaryJsilHu, MpesLiiiacT
- —4

107°—107* cex. Yucno BCTped C BhIAEAeHHOH HaCTHUER 3a enuiliily

BpeMelid OKa3blBAETCA PaBHBIM

M= 4ﬂDRn0. (39;6)
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[Mpu noayycmmr peipaskenss 179 4icJa BCTPCY Caclyer YHCCTb 1pi-
geeHHe BBLICACHHOW wacThibl. JICrKo nokasaTh, uro B Ciyuyac OAHHAKOBHIX
gaCTHIL yueT ABIKEMs NpHBOINT K YABOenHio Kosdduinienra auddysmi,
TorAa TMOJHOE UHCIO BCTPCU B e o0neMa B CLILY BPeMmcend

pasto
N ==8=DRn} = 8=Dan?, (39,7)

e @ — OMaMEeTD UacTHILLL.
Ilas CKOPOCTH KOAry.asiuut no.jayyaes:
dn N
— .= —8xDRn2. (39.9)
dt
Hurerpuposanne (39,8) naer a’1a yOuLLIH Yicia uyacTimil BO BPEMelH,
BbLI3BAHHON MX Koary.asumeit:

ne=—"0, (39,9)
I e
roe
1
T=prn (39,10)
HOCHUT Ha3BaHue Bpeﬁe"” Koaryﬂﬂunu. OﬁpﬂTHﬁﬂ BC THYIIHA
k=1 = 8=DRn, (39,11)

HaspiBaeTca Koiulcrantofl koaryasunn. Caelyer noAucpKHYThb, UTO NpPHUBe-
JE€HHOEe BhIIUE HECTPOroC PACCYXKACHHE NMPHBOIMT K TCM K€ pe3y.IbTaram,
YTO M CTPOTruMd BLIBOJ, OCHOBAHHLIK HA peuweHit coorBercrnytoulelt cro-
xacrtuueckoft  npobaemb,  npeasowchubift A, H. Koamorcponbim
H M. A. Jleonronnueam [5].

Hast cpasHenysi C Teopued Koary.asiluu B JBMAYILCHCS cpeae HaM
JOCTATOUNIO OrpaHnrbCa npuBelCHHbIM BHILIe paccykacuueM. Hamome-
HHe oO6oO6uleHHs ero 1a ciyuali yacTHi pas.MyHLIX pasmepoB [4], a Takke
Ha cayuahh noamamciepcunix cucreM [6] e BXxoauT B 3alaud  AaHHOU
KHU U,

B saxmouecunie ciiesacMm euie coeayoulie 3aMmevaHus.

1) Koadduuuenrsr  Opoynonsckott  mnpdysim  wacrii  KOII0MLIOR
a3po30Jieft BeChMa Majbl 110 CPaBHIHHIO C MOJCKYJ/SPHLIMIT KO3(pIHILUCH-
TamMu  and¢ysmr. Eco paccuntuiBarb (4TO BNOJHE JIONYCTHMO 1St MO-
PSAKOBBLIX OICHOK) Koppu.ment auddysmr no wuasccriod  Gopmyse

AAnwreitna
rT

D= ,
Jt[:, a

TO JULiS KOJJIOMUILIX YACTHIL B ROJC UPH KOMHATHOW TCMIICparype roJy-
yaercs.
1,1.107 8 )
D~ -l (39,12)

a
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ANg 4yaCTHL a3p030Ji1 B BO3AYXe MNMPH HOPMAJIbHBIX YC.I0BHAX

1.107% 1072 13.107"

D= =
a 0,15-1073 2.a

.

CocTaBuB OTHOLWIEGHEe KUHEMATHYeCKO# Bf3kocTu cpeasl ¥ Ko3PIu-
uueHty audPysuu, T. e. anansor yucaa [lpaHaras, HaxoAMM A1 BONny

. -2
Pr=%=ii(1)0_-ﬁ' a=2,5.1010
M AJsi BO3AYyXa ‘
0,15a —
Pr = 015000 10104,

Hdaxe 1451 caMblX MaJeHbKMX yacTHL 4ucao [lpaunTis okasuiBaercs
BecbMa 00/IbliMM MO CPaBHEHHIO C elMHMUeH Kak B BOIe, TaK M B BO3AYXe.
D10 OOCTOATENALCTBO LE/NAeT BO3MOMHEIM IMpuMeHelie pa3BuTbiX Bblile
METOLOB pacCMOTPEeHHA KOHBEKTHBHOH AudPysun npu GOMbIIMX YHMCAAX
[Tpanaras Kk u3yuyeHnio AUGOY3HOHHBIX SIBJEHHH B AMCNEPCHBIX CHCTEMax.

2) Bwmecre ¢ TeM, HaJmMude y JIHCAEPCHBIX YacTHL 3HAYUTETbHONK
