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MpeanbHble cpeabl

1.UpeanbHbIN ras

2.\peanbHas BA3KaA XUOKOCTb

3.UpeanbHoe ynpyroe teno

4. ®dunbTpauma naeanbHOro rasa U BA3KOW XUAKOCTU
5. UpeanbHO nnacTu4yeckoe Teno

MaoeanbHbIM ras
®U3myeckme OCHOBbLI

B XVII-XIX Bekax aHrnuyaHuH P.Bounb n dpaHuysbl 3.MapuotT, XK.['en-JTioccak
n XK.llapnb 3KCnepMMeHTanbHO YCTAHOBWUMM pPsifi BaXHbIX Fa30BbIX 3aKOHOB,
Ha3BaHHbIX WX MMeHaMW. 3aKOHOMEpPHOCTU ObinMM MomyyYeHbl MpU U3yveHUn
noBedeHVsi ra3oB npu HebonblUMX [aBneHusiX, ONUM3KMX K aTMocthepHoMmy.
CunTtanoch, YTo 3TUM 3aKOHaM MOAUYMHSIIOTCS BCe pearibHO CyLLEeCTBYHLIME rasbl.
OpHako, BrocneacTeuv, Korga nosiBUnUCL Gonee  TOYHble  MpuGopbl U
YCOBEpLUEHCTBOBANMCb MeToAbl MCCNedoBaHWsl, ObiNno YCTAHOBMNEHO, YTO
peanbHble rasbl AaXe Mpu HEBLICOKUX OABMEHUsIX HE COBCEM TOYHO CreayHT
rasoBbiM 3akoHaMm. PacxoxgeHue okasbiBanocb TEM MEHbLUMM, YEM MeHblue
Obina MMOTHOCTb rasa, T.e. ObiNMM MeHblle CuUnbl  MEXMOIEKYNSPHOro
B3aVMOJEWNCTBUSI.

[ns BblIACHEHUA npegena OeNCTBUS ra3oBbIX 3aKOHOB & mepMOduHaMuKe
eeedeHo NMoHsImue udeasibHo20 2a3a. [log HAM NOHUMaKT TEeOpETUYECKYH
MoAernb rasa, npeacraBsndatollyo coboW XaoTU4ecku OBuxyuineca, paBHOMEpHO
pacnpeneneHHble no o6bemy M HenpepbIBHO coyaapAloLwmeca ynpyrme Monekyrbl.
|_|pl/| 9TOM HE y4UTbIBaEeTCA B3aMMOAENCTBME YacTuL, rasa apyr ¢ gpyrom.

VoeanbHbl ra3 MOXHO NpeacTaBuTb Kak NpedenbHoe COCTOSHNE pearibHOro npu
P, 0

[lna paspexeHHoro rasa cnpaBeanvebl 3aKkoHbl Bouns-Mapuomma, Ied-
Jlroccaka u [xoyns.

Mo 3akoHy Bolinsi-Mapuomma npy N30TePMUYECKOM CXXaTUM UMK PacLUpPEHUn
rasa gaBneHue nsMeHsieTca 0b6paTHO NponopLUMoHansHO o6bemy

ppV =const, T =const ()]

3T0T 3aKoH bbin ycTaHoBNeH He3aBucumo Bornnem B 1661 r. » Maprottom B 1676 T.

Mo 3akoHy lel-Jlroccaka, yctaHoBneHHoM B 1802 rogy, HarpeBaHue rasa Ha 1
rpagyc npy NOCTOSIHHOM AaBreHUN BneYeT 3a cobol ero paclumpenune Ha 1/273,15
YacTb TOro o6bema, KoTopblii OH 3aHMMaeT npu 0°C 1 Npu Tom xe aaeneHun. inn
npu NOCTOSIHHOM AaBreHuu yaernbHble 06beMbl rasa npsiMo NPONopUUOHarbHbI ro
abcontoTHLIM TeMnepaTypam

n_n

14
—=const WA T T )
T 1 2

B COBOKYMHOCTU 3TN ABa 3akOHa OaloT ypasHeHuUe KnaneupOHa-MeHdeneeea

P
pyV =vRT (Ph=;RT, ph}'m=RT) 3)

roe v - Y1cro Monen, cogepxawmxca B obbeme ; R - YHUBEpPCanbHasaA rasosas
NOCTOAHHAA.

Mo 3akoHy [Koysisi BHYTPEHHSAA dHEprus naeanbHoro rasa nponopumoHansHa
abcontoTHoM TeMnepaType

U=vC,T (4)
B cOOTBETCTBUM C KINACCUYECKOWN CTAaTUCTUHECKON Teopuel, TennoemMKoCTb
O[lHOro MOMS BCEX OAHO-, BYX- N TPEXaTOMHbIX ra30B paBHa COOTBETCTBEHHO

cy —2R, 3R, 3R
3772

MocnenHee cOOTHOLLUEHME OObIMHO NMOXO BhIMNONHSAETCS.

Tennota, HeobxoaMMas Onst HarpeBaHWsl OIHOTO MOMS rasa MpU NOCTOSAHHOM
AasneHumn Cp, NpeBbILLAET TENNOeMKOCTb ra3a Npuw NocTosiHHoM obbeme Cy Ha
BennunHy patotsl 25 (V2 =), KOTOpYIO ras NPOM3BOAUT BCIEACTBUE PACLIMPEHUS,
Koraa npu HEM3MeHHOM [aBrieHUM ero HarpesatoT Ha 1 rpagyc

C nomouupto ypaBHeHus KnanerpoHa-MeHgeneesa HaxoauMm:
pn(2=V1)=vR(T, ~T)=R ®)

CnepnoBaTenbHO
C,-Cy=R (6)

3710 ecTb ypasHeHue P.Maliepa




B 1787 rogy XK.lLWapnb, nccnegosasLUnii paclUMpeHme ra3os, yCTaHOBWUI 3aKOH
M3MEHEHWs AaBMNeHUs naeanbHOro rasa c MU3MeHeHUeM TemnepaTtypbl npu
NOCTOSIHHOM 06beme , B COOTBETCTBMWN C KOTOPbIM

pn/T = const (7)
3710 1 ecTb 3akoH Lapns
Pabota paclumpenus: v,
W= j oV 8)
14

|_|pl/| n30TepMnYeCKOM pacLumpeHunn rasa ero BHyTpeHHAA 3Heprma octaeTca
HEN3MEHHOM 1 ra3 npounssoaunT pa60Ty, PaBHYIO TOMY KOJIMYECTBY Tensa, KoTopoe

TpebyeTcst coobLnTh, YTOOLI NpK pacLuMpeHun TemnepaTypa rasa octanach
HEN3MEHHOM

OcHoBHbIe TepMmoaAnHaMuU4eckmne COoTHoweHusa

WpearbHbiii HEBASKMIA ra3 (KWAKOCTb Kak CUHOHUM)  p,' =0 «OCHOBHO»
w_n unu
MHpexc “e" onyckaem;

du=Tds— pydy, u= u(s,y) (10) npoussopsium
B ypasHeHue M'mbbeca noteHuuman —
BXOAUT TONbKO ynpyroe T :T(s,y), Py = ph(S,Y) BHYTPEHHSAsA
nasneHve 3Heprusi
aavabaTuyeckuia
dT:(aT) ds+ (aij dy (al) I 06 beMHbIN
s )y oy ), Os )y ¢

moaynb
LN\
(5&) 1(@) __ 1 _ K
o ) LZ pn ), B ¥
f

aAVA6aTHLIV KO3(MP@ULIMEHT TeNSIOBOTO paclumMpeHus:

aavabatuyeckmia
Pp) _ o%u _ o%u _(or) _ 1 11 KO3 PULINEHT
B cnyyae udeasbHoO20 2a3a BEKTOP HanNpshKeHWI Ha nobol nnowanke Os , - sy - dyds - or ), = o (11) CKUMAEMOCTU
OopTOroHaneH aTon nnowagke. NHbiMy cnoBamMu, TEH30P HaNPsSHKeHWUN SBNseTcs — T 1
LLApOBbLIM dT:;dH o dy
Cjj = _phﬁi/ (9) (B nekuumn 7 + cnepyowmm v S (12)
__ IR cnang — N3oTepMuYecKuin
(c Pi® P = Piy +Ph) Moaynb 1 n306apHbLIn KTP) dpp=— — ds—Kpdy
Yaue Bcero nog vaeanbHbIM ra3oM NOHUMAIT MaeanbHbI HEBA3KWI ras. s
«OCHOBHOMN» UMnn dg =—sdT +vydpy, g=g(T,p,) (13)
npou3BoasLLMn
noTeHuuan —3Heprus Ans udeanbHozo 2a3a: ppym=RT
'mb6ca
Os c
ds:(asj dT+[ GSJ dp,, (a?j = ; Kr =—v(aphj =—Y{EE}=Y¥=P}I (15)
() o)y, pn )y N\ p o Jr orym] y*m
oy oy oy Y M3oTepmumueckume _
dy= (a—T dT + a dpy, % R PBrv  obvemHsrii Moaysib Br =Ph1 (16)
Ph h)T T T M K-T CKMMAEMOCTU
MN306apHbiit KO3hDULMEHT TEMMOBOrO pacLUMPeHUs: T =li R\ R _ ! (17)
- vOT [ ppm] yppm
a o ([ g o(( o & TNNHEVHbIN
S
oo [5) =‘ap((ar] J M[(apJ ] ), e
T Ph )T T/p, Ph p_ Ky
C"/ KT

‘p
ds=?dT— ya, dpy,

(i)
dy=yo, dT—yﬁgdph

g=u—Ts+ppy




«OCHOBHOM»
unm
npousBoasLnUmn
noteHuunan —
3HTanbNuA

KoahpmuneHT M303HTPOMHOro oXnaxaeHus nnm
N303HTPOMHbIN K-T APOCCENNPOBaHNS

(5)-5((2),)-2((2)) -, oo

yT
YcmaHaenueaemcsi ¢ MOMOUibio (="ar (20

OTBevaeT 3a
MeXaHOKasopuieckumi
3(PEeKT - HarpesaHue

XUAKOCTU UMK rasa noa
AelCTBUeM rpaaneHTa
AassieHus (UK pasHocTU
AABeHUIN)

n.r. df = —sdT - pydy, f=f(T,y)

C.
ds:%dT+ £ dy
(1 =

dpy= & dT—Kppdy

M30X0pHbBIN KO3 PULMEHT TEPMNYECKOTO YBENUYEHUS OaBNEHNUS:

(& allE)) alE)) () e

YcTaHaBNMBAETCA GHAMOMUYHO:
a C
n.7 (38): g:(aiT’) =pKrya, =Kro, | (23) Ks =£KT (24)
Y

c
e="l Ks="p (29

: N9 UAeanbHOro rasa:
(" | ) JT = ids _— dp mepMOOUHaMu4YeCcKux pageHcme Cp a Jul o
- & o1 v
e d d Wdeanumpiii 2as Mg =T (21) K-T £ oTBeYaeT 3a TepMoMexXaHNYecKknin 3OEKT — MOSIBNIEHNE B XKUAKOCTM
r= W s~ YBsdp ‘p CP UK rase pa3HoCTY JaBMeHuiA, 06yCrnoBeHHON pa3HOCTLIO TeMMepaTyp,
YTO NPUBOAMT K €€ ABUKEHUIO
Mogenb ngeanbHoro rasa. OudrdbepeHumanbHoe ypaBHeHME U303HTPONMbI
O6wune ypaBHeHuUs
Mocne Toro, kak Bce dp 1 1) dh=Tds +vdp
TepMoaMHaMnyeckme dt +pV-v=0 (1) - oh o 6
CBOIICTBA OnpeneneHsl, N Ph= Ecnm s = const, (dh)s = (vdp), =—= (a—uj =y(a—uj (6)
MOXEM BbINMUCATb HYXXHble P pF+V.c  (2) e oV 0 s s
ypaBHeHus 6anaHca Prh=Phs P 2) du=Tds— pdy
du
pgz_vlJT to-Vv (3) Ecnu s = const, |
& (7)
PJs
Takkak  o; =-p;d; , BMECTO (2) MeeMm
. oh 17
pa=pF-V-p, YpaeHeHus Jiinepa —— [.y. MU303HTpONbI ( j p(aly’] ®)
N
a dVl a dV2 a dV3
1=—» @ =—=,a3=—=
dt dt dt BBoamm ob6o3HayeHue: (i = nokasarer 9)
P M303HTpPONbI
dVl 6V1 aVI 6V1 aVl 1 6ph
—_— = 1= V27+V — =l ap
dt ot ox 0 0z p Ox I —_rjer (10)
dV2 8V2 8V2 8V2 8V2 1 aph p a‘{ s
—== 1 +Vvy——+V YT A
dt ot 0 oy 0z p oy o
dvy v v v v 14 al__r
avs _Oov3 AL B AL iy Ph. lNo onpeaenexuio (apj K,
dt ot a oy a p oz s :




BbinucbiBanu Boiwe: K, —C—pK T.e (@] zcl(aﬁ]
C K= K o)y~ e \or)r

c
— k=_ll(aﬁj (11)
¢y p\OY )y

Ecnu ra3 — naeanbHbli, TO HAM4EM C y4ETOM NpeablayLero

(‘il’j =_LT2=_£ k=Cr (12)
N)r  my Y Cy

YpaBHeHue (10) k = _l(%l’] MOXeM 3anucaTtb creayloLmm obpasom:
\

P alﬂ] (13)
olmy )
WuTerpupyem npu s=const

Y2
n{ﬂ}—jkdlny (14)
P

Y1

Ecnu B HEKOTOPOM UHTEpBAne COCTosIHUIA &k = const,
13 NOCNeaHero ypaBHeEHUS crieayeT psif paBeHCTB

k k
2= w2 pm mP2= ln(ﬂj wm py* =const, P2_[ML (15)
D 11 4 12 Pro\T2

370 COOTHOLLEHWE, cnpaBeanuBoe Anst k=const Ha3bIBaeTCsl ypaBHEHNEM
aduabamni lNyaccoHa

Ecnu ras — ngeanbHbI, 13 NOCNEAHEro COOTHOLLEHUS cnenyer:

Tzz(hjkl . r, (<
i \n 7R (16)

P

Onsa N30TEPMUYECKOIo npotiecca B

pyk = const,
naeanbHOM ras3e nmeem:

pY= RTm ™" = const
A onsa aguabaTtnyeckoro -

pyk = const,

CnepoBaTenbHo, Ha PY - guarpamMme aguabara
(k<1) pacnonoxeHa Kpy4e U3oTepmbl

BapoTponHoe paBHOBecue

|_|yCTb ra3 HaxoaunTcAa B paBHOBECUM B NOTEHUMaANbHOM CUMITOBOM None, T.e.

a=pF-V.-p,=0
pa=p Ph — —pVII=Vp,

F=-VII
V4
BeBegem yHKUMIO JaBMeHNs TakKyto, YTo P(p): I dpy, (17)
p(pn)
Po
Ee rpagneHT: Vp= £Vph = lVph
dpy, P

1 .
BennuunHa —7Vph MOXET paccMaTpmBaTbCA Kak OTHECEHHbIN K eanHuLe
Maccbl rnaBHbIN BEKTOp Cun AaBlieHnd B [aHHON TOYKe unmn
BEKTOp 0OGBEMHOIO AENCTBUS 3TUX CUN

P - NOTeHunan o6 beMHOro AeNCTBUSI CUN AaBMneHnst
CnepnoBaterbHo, ypaBHeHne 6ap0TponHor0 paBHOBECUA MOXHO 3annucaTb B BUAeE:

I1+P =const

YacTHble BapuaHTbl 6apoTpornHoro rasa

BapoTponHblii ras: P = o(py) (4) NMOTHOCTb MOXET paccMaTpuBaTbCsi
TONMbKO KaK (OyHKLMS AaBneHust

B atom cny4yae roeopum o 6apOTpOI'IHOM OBWXEHNUN N paBHOBECUN

B NnpoTUBHOM cnyqae nveem 6apOKJ'|V|HHoe OBMWXeHne n paBHoBecue
p=p(pp.T) (5)

YacTHble cryyam 6apoTponHOro paBHOBECUS (OBWKEHNS )

Viv=0 =—= @=O
dt

MnoTHOCTb NepecTaeT ObITb MCKOMOW BEMMUYMHOM

1) ras HecxXnMaembln:

2) npouecc N30TEPMUYECKUA, HO T =T, = ¢ . p=Pm =P
) =Ty =const : p_RT =const-p=-—p

ras - ckrMaembii 0 Po

3) npouecc agnabaTHbIN; HeT NPUTOKa Tenna. YPaBHeHVIe M30TEPMbL: p)y = const




UpeanbHasa HecXxuMmaemas XXUOKOCTb

[ns ynpoLueHus TeopeTndecknx nccrnegosaHvin 1 Belsogos J1 . Svinep Been
NnoHATME udeanbHOU XXuGKocmu, T.€. Tako BOODpakaeMom KUAKOCTU, KoTopast
abCcontoTHO NOABWXHA, HECXKMMaeMa 1 He obragaeT BA3KOCTbIO, T.€. MpU ABMKEHUM
B HEN He BO3HMKAKT CUMbl BHYTPEHHero TpeHusi. CnegoBaTenbsHO, Npu
nepemeLLeHn naeanbHOM XUAKOCTU No Tpyb6aM OTCYTCTBYHOT NOTEPU SHEPrMU Ha
TpeHue. Tak Kak Cunbl TPEHUS B NOKOSILLLENCS pearibHOW XUAKOCTU paBHbl HyMo, TO
ee CBoVicTBa Bnn3ku K naeansHOM.

INnHenHan BA3Kas XXUOKOCTb

Bsizkast xudkocms Sjj ==Prdij + 5 M

,
pr=pir(PsT) Sij =S (ech’T) @)
€qp KOMMOHEHTbI TEH30Pa CKOPOCTEN AethopmMaLm

[Ns NMHEenHoM BA3KOW XXMOKOCTU MMEET MecTo 3akoH HaBbe-CTokca

dp SY = Cyape @) nen7-To
Viv=0 =—= EZO (1) ij ijapCap )
& SS:LSX[’ Xt:£:e
p<Y =pF-Vp, (2)
dt B cnyyae npocToit M30TPONHON cpeabl MMeem: S =21e; + e (4)
(vHgeke “V” y pesnaTopa garnee onyckaem)
€Lk = ékk =V-.v
m AVNHAMMUYECKMN KO3PMULIMEHT BASKOCTH, v| = M kuHemaTnueckuin
p
370 — NHerHoe COOTHOLLEHME
YacTto BBOOAT BTOp0I7I KOS(beI/ILWIeHT BA3KOCTU: €= kl +EH1 (5) KonuuyecTtBeHHO BA3KOCTb K onpegensdeTcs BEIMYMHOW KacaTenbHOW CUbl,
3 KOTopas JosbkHa ObITb NPUOXEHa K eavHULIE NoLaan CABUMraeMoro Crosi,
2 4YTOObI NOAAEPKaTb B 3TOM CIOe TeYEHME C NOCTOSIHHOW CKOPOCTbLIO
G =—ppdj; +2pe +| L=y | Sy (6) ARSP , P
- - : 3 - OTHOCUTEMNBLHO CABUra, PaBHON eauHULE.

BTopoit KoadhpULMEHT BA3KOCTU CBSI3aH ¢ 06 beMHON AechopmaLmeit 3KMgkocTu 1
npu pacyeTax TEHEHU HEC)KMMAEMbIX XXUOKOCTEN HE YYUTHLIBAETCS.
HeobxoaumocTb yyeTa 06bEMHOM BA3KOCTM MOXET BO3HMKHYTb B Cryyasix, koraa
CXXMMaeMoCTb cpefbl CyLLeCTBEHHA, HanpumMep, Ans NPoLEeccoB ¢ 6onbLUMMM

BpemMeHaMun penakcauum (B OBWXyLLIEeMCA rase c HI/ISKOCKOpOCTHOVI peaKumeVl); B
yAapHbIX BOJIHaX...

7K} TepMoaMHaMMKN Mbl noJyyanu ewe

vy
Ph=Ph+phsph =—wWV-v o (7)
OA4HO COOTHOLWEeHUe Oangd BA3KOro gasneHuna:

2
Gl/ = —(T]VV *V+ ph)ﬁl/ + 2}116[/ +85/(Q —EMJV V=

b (8)
=—ppS; +2e; +54‘/(C—T1V _EMJV v
.
C}/
HecumaeMas XuUaKoCTb: G = —pidj + 2me; )

YKngkocTtu, KoTopble YA0BNEeTBOPSAOT 3akoHaM (6)-(9), HasbiBaloT HeromoHo8cKUuMU

|_|pl/l MarlbIX CKOPOCTAX BA3KOCTb HE 3aBUCUT OT AaBJ1€HUA.

Mmeetcsa pPAL 3KCnepnMeHTaribHbIX 3aKOHOB.

ANT
[nsa Baskux raszos cnpaseanuea dopmyna CasepnaHaa: M= L+CT (10)
Mpy HM3KUX TeMnepaTypax cnpaBegnuea popmyna Yenvena:
w = BNT , C, C sasucst ot nnothoct (1)
1+CT-C'T?

[nsa oyeHb pa3peXxeHHbIX ra3oB NMNOHATUE BA3KOCTU TEPAET CMbICI.
[na rasos.: v~ D~ Ky - CTATUCTM4ECKasa Teopusi

[ns xumakocTeln n TBepAbIX TeN 3aKOHbI CYLLECTBEHHO oTnuyatTes. B Hux
KO3hULMEHT BA3KOCTM 06paTHO NponopLuuoHaneH koadpuumeHTy camoamnddyanm

=)o | (12

W - SHEepPrma akTtnBaumnm BA3KOIro TeHeHna Unm sHeprua «pa3pbiXneHna» XnakocTtm




MopcTaBuB o = —ppd;; +21ie; +Meyd; B YpaBHeHUe ABWKEeHUs!, Halinem:

N _p_lyp, Mgy iy (13)
dt P P P
Mnn onsa HecxknmMmaemom XUOKoCTu:
N Lo +Mav (14)
dt p

9mo - ypaeHeHus1 Haebe-Cmokca

B ckanspHoi doopme (14) npuHMMAaT BUA:

2 2

8V1+V1%+V2 1+V38V1— x_l% | aVI 6v1 6v1

0 Ox 0 p Ox ol ol 8
8v2 2 2 8V2 laph 52V2 0 \& 0 \&)
L4V S+ V5 + F

F M P V2 Y v oz y p dy 1 P 2 ayZ 22 (15)
8V3 8V3 3 8V3 laph 0 V3 0 V3 0 V3

—_ 9 —2 4 + — 9 = —__frn

a Ve Ty e T o a a2 gt a2

B yactHom cny4vyae OAHOMeEpPHOro ABmxeHuns

v #0,vy =v3 =0, v; :vl(x,t)

aVl aVl 1 6ph 52V1
N H -C T 4V —=F,———+v— 16
paBHeHne Haebe-CTokca o Vi x o a I o (16)
1 1

GS=}(SY--e—p V-v) (17)

dVl aVl aVl 1 6ph

. . i A0 § A_p 20

YpaBHeHue Juinepa: di o Vi ox % pox

o, =0

YQaBHeHMe 3Hepruu anga naeanbHbIX cpen
d ds d
u_rds ly

e e o SHopds_ 4y
du=Tds— ppdy akBMBaNEHTHO u=T5— p,y at dr Ph dr
Heesi3kuli 2a3

P V. 3y +0-Vy

dt pITs — pil=-V -3 - pV-v  (18)

ov;
G- Vv=—ppd; —L=—pV-v
Y Ox;
Tenepb BOCNoOnb3yemMca ypaBHEHMEM Hepa3pbIBHOCTU!

dp . _ ﬂ: V.v
E+pV-v=O => p+pV-v=0 1 - dt Y
1 ) d1 1 ) p|:T.§‘+2p:|=—V'JT—php
p=— =% y=——=-—p P P

_dtp_

p

OT0 ypaBHEHWE NMEET MeCTO AJ1A ra3oB, HEBA3KNX XKUOKOCTEN 1 TBEPAbIX Ter
B aomabaTuyeckmx ycroBusix:
) ds _ 0 OTu ypaBHeHUS ToXe
pIs=0 wm (20)  moxwHo paccmatpueaTh
KaK ypaBHEHUsl 3HEprum

B yacmHom criyyae Hecxumaemoli (du), =Tds ——

Heasi3Kol cpedbl (2a3a, meepdoz20 mena):

dT
dT=(a—Tj ds=Tds (1) w pe, o= v.J; (22)
s )y cy dt

Ecnu cpeda (2as) - 3 () ds ="t ar+edy="Ldr+Kyo,dy —=
T T

CKUuMaemasi:
ds ¢, dT dy T(CvdT dYJ__ : d
S Ko, == P +Kya ==V-Jr -
dt T dt T pdt T dt pdt dt YV v
dT dy
c,—=—V-Jr—-Kpa ,Tp—
unm Py r—KrapTp- (23)

B cny4yae esizkoll xuokocmu Haebe-Cmokca (HaxoOuM aHas102u4yHo):
ds

< 14
Hecxumaemas XuaKkocTb pTE =-V-Jr+8§" Vv (24)
CxxMmaemas XuaKkocTb pTg =-V.Jr —p;I,/V v+s’ vy (25)
unm dr _ v v
pcyz——V-JT—phV_-v+S --Vv—KTapTV_-v




