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BBEJEHHUE

CyuecTByeT OBa criocoba OMIHMCAHUS ITPOIIECCOB, MPOUCXOIS-
IIUX B MaKpPOCKOIMYECKUX TeAaX (T.e. TeAaX, COCTOSIIUX U3 O4YEeHb
GOABIIIOTO YHCAA YACTHIL — ATOMOB HAU MOAEKYA), — CTATUCTHYECKHHI
U TepMOAUHAMHUYECKUH.

CratucTudeckoil (PU3UKOM Ha3bIBAETCS pPas3leA (PU3UKHU, ITOCBL-
IIEHHBIA HW3y4YEeHUI0 CBOMCTB MAaKpPOCKOIIMYECKUX TeA, HCXOAs U3
CBOMCTB 00pa3yIolIHX TEAO YaCTHI] U B3aUMOAEHACTBUHI MEXKIY HUMU.

Bo3prMeM B KadecTBe IIpUMepa OAUH KyOWUECKUM CaHTHUMETP
raza IIpM KOMHATHOM TeMIleparype (T.e. TemIeparype IopsaKa
20 °C) u armoccepHOM AaBA€HHH. B 3TOM KoaHMYecTBe rasa Coiep-
KUTCS TpUbAu3uTEAbHO 3-1019 MoaeKya. OQHAKO OA CTOAb AETAAb-
HOTO OIHCAHUSA COBOKYITHOCTH MOAEKYA, 00pa3yolIux ras, norpebo-
BaAOCh OBl HAIIHMCATh, & 3aTeM PELIUTb 0KoAo 1020 ypaBHeHUI OBU-
JKEHUS (10 TPU YpaBHEHUS Ha KaXKAYI0 MOAEKYAY).

JlommycTuM, YTO pPEIINM 3aJa4dy W IIOAYYUM OAS KasKIO0T0 MO-
MeHTa BpeMeHHU 1020 TouHbIX 3HaYeHUY kKoopamHaT U 1020 ToyHBIX
3HAYEeHUYH KOMIIOHEHT CKOpocTeil MoAaekya. Bca ata Heobozpumas
rpoMazia YMCeA He JAaCT HUKAKOTO IIPEACTABAEHHUS O COCTOSHHH U
CBOMCTBax rasa Kak IIeAoro. BmecTe ¢ TeM COCTOsSIHHE rasa oIpeie-
AsSIeTCS 3aJaHHUEM BCETO AWIIL TPEX MaKpPOCKOIIMYECKHUX ITapaMeT-
poB: TeMmIlepaTypbl, naBaeHUd u obbema. CyThb meaa B TOM, 4YTO B
OTPOMHOM COBOKYIIHOCTHU MOAEKYA BO3HHUKAIOT KAaue€CTBEHHO HOBBIE
3aKOHOMEPHOCTH, HAa3bIBa€Mble CTATHCTUYECKUMH. ODTH 3aKOHO-
MEPHOCTH yTPAYUBAIOT CMBICA IIPHU IIEpPEX0o[e K CHCTeMaM C MaAbIM
YHCAOM YaCTHII.

B oranume oT craTUCTHYECKON (PH3UKH, TepMOAMHAMHKA H3Y-
YaeT CBOMCTBA MAKPOCKOIIMYECKUX TE€A U MPOTEKAIOIIHEe B HUX ITPO-
IIecChl, He BaBasCh B MUKPOCKOIINYECKYIO Ipupoay Tea. He BBoada
B PacCMOTpPEHHE aTOMbI U MOAEKYABI, He BXO/II B MUKPOCKOIIMYECKOe
paccMOTpeHMte IIPOIECCOB, TEPMOAHMHAMHKA IT03BOALET OEAATH PSII
BBIBOJIOB OTHOCUTEABHO UX IIPOTEKAHUSI.

B ocHOBe TepMOOHMHaAMHKHU AEKUT HEOOABIIOE YHUCcAO PyHOa-
MEHTAABHBIX 3aKOHOB (HA3bIBAEMBIX HAYaAaMU TEePMOOHUHAMUKH),
YCTAHOBAEHHBLIX IIyTeM OOOOIIEHUS OYeHBb OOABIIIOTO KOAWYECTBA
OIBITHBIX (paKTOB. [Io 3TOM IPUYNHE Pe3yAbTATHI, [IOAyIaEMBbIE Tep-
MOOUHAMHKOM, UMEIOT BeCcbMa OOLIHil XapakTep.

Y cratuctudeckoil (PU3NKK U TEPMOAUHAMUKH OOLIUI IIpen-
MeT M3y4YeHHS — CBOMCTBA BEIIECTB U IIPOUCXOASAIINE B HUX IIPOIIEC-
cel. [logxonsa K M3y4EHUIO 3THUX CBOWUCTB U IIPOLIECCOB C PA3AMYHBIX
TOYEK 3pEeHUs, CTATUCTHYeCcKad (PpHU3MKa U TePMOANHAMHKA B3aUMHO
JIOTIOAHSIIOT APYT ApPyTa, o0pasysi, o CYIIECTBY, €UHOE IIEAOE.



1. OCHOBBI MOJIEKYJIAPHO-KUHETUYECKOH
TEOPUHUTA30B

1.1. UpeanbHbIN ras. U3onpoueccsl.
YpaBHeHMe COCTOSAIHUSA U/ ea/IbHOI0 rasa

N neasbHBIN ra3 — 3TO MOJEAB ra3a, B KOTOPOM HE YYUTHI-
BaeTcs B3aUMOAeHCTBHE MOAEKYA MEXIy COOOH, a caMUu MoAe-
KYABI pacCMaTpPHUBAIOTCA KaK YIIPyrHe MaTepHaAbHbIE TOYKH.

WneaabHBIM ra3 XapakTepH3yIOT MakKpo- W MHKpoIlapa-
MeTpaMu. K MakponapaMeTpaM OTHOCATCH AABACHHE D, TEM-
neparypa T, obrem V m macca raza m; K MHUKpoIlapaMeTpam
OTHOCHATCH:

e cpenHsia apruMeTHdYecKasd CKOPOCTh

N

S

v, = ile, (1.1)
rae N —4HCAO MOAEKYA;
e cpeHsI KBagpaTHdHad CKOPOCTh

® CpeaHdd KHHETHYECKad OHEPrud IIOCTYIIaTEABHOIO
ABHUZKEHHUA MOAEKYABI ra3a

E = xe (1.3)

II€ m, — Macca MOAEKYABL.

H3zomporecc — mporiecc, IpOTEKAIOIUN IIPU IIOCTOIHHOM
3HA4YE€HWHU OJHOTIO M3 MaKpoIllapaMeTPOB rasa.

[Ipu mocTossHHOM JAaBAeHUU (p = const) Irpoiiecc Ha3bI-
BaroT u3o00apudeckKuM. [IAd maHHOM Macchl rasza obwvem V AH-
HEWHO 3aBHUCUT OT TeMmIlepatypbl T (3akoH [eti-Aroccaka):

%4
V =V,(1+at) uau T const (1.4)



roe Vo — oobeM raza npu t = 0 °C; o — KoapPHUIIMEHT 00BEMHO-
1

273,15 °C
pa, usMepsemad B KeabBUHax (K), T =t + 273,15 °C.

a = — -
'O paCIIHupPEHUI, T abCcoAlOTHAsI TeMIlepaT

3aBUCHMOCTh OAaBAE€HUS OT TeMIlepaTyphbl Ipu V = const
(M30OXOpPUYUECKUN MHPOIlEeCC) OAS AAaHHOM Macchl ra3a OMNUCHIBa-
ercd 3akoHoM lllapa4g:

p = p,(1+at) nan g = const , (1.5)

rae p,— AaBaeHue raszanpu t= 0 °C.

N3zoTepMmudeckuil Ipoliecc Oad AAHHOM MacChl rasa IIpH
T = const (3axoH Boiiasg-MapuorTa) onHuChIBaeTCS ypaBHEHUEM:

pV = const. (1.6)

O6’be,l‘_'[I/IHHH 3TH TPHU 3aKOHA, IIOAYIHM OAL JaHHOM Mac-
ChbI r'a3a ypaBHEHHCE!

PV _ const , (1.7)
T

KOTOpPOE Ha3bIBAIOT YpaBHEHHEM COCTOSIHUS KaareiipoHa.
\%4
OTHolIeHHE pT’ BBIYHCAEHHOE [ASI OLHOTO MOAL rasa,

HOCHUT Has3BaHHE yHHUBEpPCaAbHOM ra3oBoil IOCTOSSHHOH (R =
= 8,31 [Ixx/moar'K), a ypaBHEHHE

pV = RT (1.8)
Ha3bpIBAIOT ypaBHeHUEM MeHneaeeBa-KaamnelipoHa gag 1 moada

o m
raza. [Iagd IIpOM3BOABHOIO YMCAA MOAEH (v = —) ypaBHEHHE
)7

IIPUHUMAET BHUI.

pv = L RT, (1.9)
U

rae€e m— Macca rasa; g4 — mMmacca O4HOIo MOAH ras3a.



dPopmyaa (1.9) moxkeT OBITH HMCIIOAB30BaHA AT HAXOXKIIE-

m
HHAI IIAOTHOCTH rasa (p = —) IIPpHU 3aJaHHBIX YCAOBHUAX!
%4

p= 2L (1.10)
RT

YpaBHenue MeHpaeaeeBa-KaareiipoHa MOKHO IIpeobpa-
30BaTh K BHAY:

= nkT , 1.11
p ( )

TOA€ n — KOHIICHTpaIUA MOAEKYA, n = 5 k — mocrogHHas

<|=

Boarimmana, k= 1,38:10-23/1x /K.

1.2. OCHOBHOe€ YypaBHeHHe
MOJIEKYJIIPHO-KMHEeTHY€eCKOU TeOpUuu

OCHOBHOE ypaBHEHHE MOAEKYAIPHO-KHHETHYECKOH Teo-
pHUH yCTaHaBAMBAaET 3aBHCHUMOCTH OaBAE€HHd rasza OT CpenHe-
KBaJpPaTUYHON CKOPOCTU MOCTYIIATEABHOTO ABUKEHHUS €r0 MO-

AEKYA:

1 N
ngmo 70;33' (112)

Ecan V4€CTDh, YTO CpE€AHAdd KHHETHYECKad 3HEPrud BCEX
2

mOUKe
MOAEKyA W = N —2*¢ 1o ypaBHeHHe (1.12) MokHO IIpeobpa-
2
30BaTh TaK:

2
p=—nE. (1.13)
3
Hcnioab3ysa ypaBHeHue MenpaeaeeBa-Kaametipona (1.8),
IIOAYYHIM 5HEPTHIO IIOCTYIIaTEABHOTO ABUKEHUA BCEX MOAEKYA,
coaepkRaImxcs B 1 MoAe rasza:
3
W, =—RT . (1.14)
)7
2
[TomeawB 5TO ypaBHeHHE Ha dYHCAO0 ABoraapo (Na =
= 6,023:1023 MoAB!), T.€. HA YHUCAO MOAEKYA B 1 MOA€, IIOAYyIUM
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CPEeOHIOI0 KHHETHYECKYI0 3HEPTHUIO IIOCTYIATEeABHOTO IBUIKE-
HUS OAHOM MOAEKYABI:
3
E = —kT . (1.15)
2

OTO PaBEHCTBO MOKA3bIBAET, YTO a0COAIOTHYIO TeMIlepa-
Typy MOXKHO paccMaTpuBaTh KaK Mepy HHTEHCHUBHOCTH II0-
CTYIIATEABHOTO ABUIKEHUS MOAEKYA.

[ToCKOABKY Hapsiay C IIOCTYHATEABHBIM IBHUKEHHEM BO3-
MOJKHBI TaKiKe BpallleHHEe MOAEKYAbl U KOA€OaHUS aTOMOB,
BXOJSIINX B COCTaB MOAEKYABI, & CAMU MOAEKYABI, KpOMe TOTO,
MOTYT OBbITH OZITHO-, IBYX-, TPEX- U 0oAee aTOMHbIE, TO JAS IIO-
AyYIeHUST (POPMYABI, YIUTBIBAIOIIEH 3TU (PAKTOPHI, BBOOAT TakK
Ha3bIBaeMO€ YHCAO CTelleHeill cBOOOABI MOAEKYABI, 0003Hadae-
Moe OYKBOH 1.

Yucao crerneHed cBOOOABI — 3TO KOAWYECTBO HE3aBHCHU-
MBIX KOOPAWHAT, C IIOMOIIBI0O KOTOPBIX MOXKET OBITH 3a71aHO
IIOAOXKEHHE CHCTEMBI.

Tag, HarTpuMep, AAd OOHOATOMHOM MOAEKYABI i = 3, OAd
OBYXaTOMHOHM [ = 5, mad comepzkalleid Tpu U 0Oosee aTOMOB
i = 6. B craTucTuyeckoll (pu3MKe NOKA3BIBAETCS, YTO HA KaXK-
Y0 CTeNeHb CBOOOABI MOAEKYABI IIPUXOOUTCS B CPEIHEM OIH-
HaKoBas KHHETHYeCKas dHeprus, paBuag kT/2.

[IpuHMMasg BO BHUMaHUE BBINIECKA3aHHOE, MOXKHO 3aIlH-
caTb:

E=Ykr, (1.16)
2

rae [ — CyMMa IIOCTYIaTeAbHbBIX, BpallaTeABHBIX U KOAeOATeAb-

HBIX CTeIleHedl CBOOOMIbI, i =i +1 + 2i (3mecwh yuTeHO,

nocm epawy Konebd
4TO KoAeOaTeAbHOE OBUXKEHUE CBSI3aHO C HAAMYHEM HE TOABKO
KUHeTH4YeCKOH, HO U MOTeHIIHMaAbHOM 3Hepruu); E — cpenHdas
KHHETHUYECKad SHEPTUS OHON MOAEKYABI.
ComniocraBagga dopmyay (1.12) ¢ ypaBHeHHeM MeHaeaee-
Ba-KaarnelpoHa, IIOAyYHUM BBIPaXK€HUE [Ad pacyeTa TEIIAOBOM
CpenHeH KBaAPaTUYIHON CKOPOCTHU MOAEKYA!

o, = |2RL _ |3KL (1.17)
M m,

7




Kpome 5TOH CKOPOCTH OAS PELIEHHUS Pa3AUYHBIX (DHU3H-
YEeCKHUX 3a7a4 HCIIOAB3YeTCs TaKKe CpenHss apudMeTHiecKas
CKOPOCTB, KOTOpasl TOKE 3aBHUCHUT OT TeMIIepaTyphl rasa:

o _ |BRT _ [8KT (1.18)

T mg

U Hauboaee BeposiTHAsI CKOPOCTh

o = 2RT _ 2kT . (1.19)

H m,

1.3. ABy1eHus nepeHoca

[TyTh, KOTOPBIHA IIPOAETAET MOAEKYAA CBOOOIHO OT OTHOTO
CTOAKHOBEHHS [0 CAEMYIOIIETO, €CTh JAMHA CBOOOMJHOTO IIPO-
O6era MoAekyA Ax. OoHAKO HM3-3a XaOTHYECKOI'0 MOAEKYASIPHOTO
OBUXKEHHS BEAMYMHA Ax IIOCTOSHHO MeHdeTcsa. HensMeHHBIM
IIPU OJaHHBIX YCAOBHUAX OCTAETCS AUIIL €r0 CpefiHee 3HAYEHUe:!

PR
A=k (1.20)
N
KOTOPOE M HA3bIBAIOT CPeIHEH NAWMHOM cBOOOLHOTrO mpobera.
CpenHasa mamHa CBOOOMHOTO IIpo0era MOAEKYA 3aBUCHT
OT UX KOHIIEHTPAHUH n U 3PPEKTUBHOTO guaMeTpa dy:

1
//l:\/Eﬂ—djrl. (]..2].)

Ecau B IIOCAEOHEEC PaAaBEHCTBO IIOACTABUTh 3HAYECHUE N U3

dopmyar! (1.11), moayduM CBs3b A ¢ MakpornapameTpaMH CH-
crembl pu T:

Lk
\/Efrdfp'

HBACHI/IH, B OCHOBE€ KOTOPBIX A€XKHUT OAHH H TOT XK€
BHYTpeHHI/IfI MEXaHHU3M — XaOTHYECKOE TECIIAOBOE [OIBHZKEHIE
MOAEKYA, IIPUBOAAIIEE K UX IIEPEMEIINBAHNIO, — HA3bIBAIOTCA
ABACHUAMH II€EPEHOCA.

(1.22)



Ecau npoucxoauT IepeHoC BeIlllecTBa (Macchl), To JaHHOe
dABA€HHE Ha3bIBAIOT Ouggysueil. [Ipu mnepeHoce HMIIyAbCa
uMeeM BHyTpeHHee TpeHHe (BsS3KOCTh). [lepeHOC KoandecTBa
TETIAOTHI (3HEPI'HUH) COOTBETCTBYET TEIIAOIIPOBOIHOCTHU.

Audppysus

Pazanuaror nBa Buna nudgdysuu: camoouggysuro (Korna
IIPOUCXOIUT IIEPEHOC OAUHAKOBBIX MOAEKYA) U 2emepoouppy-
3uro (Ipm KoTopod AupPYHAUPYIOT PasAUIHBIE MOAEKYABI,
HaIIpUMep, UCIapUBIINECS MOAEKYABI OJEKOAOHA B BO3MyXe).
Ho B 060ux caydassx HeOOXOAUMBIM YCAOBHEM SBASETCH HAAU-
JHe rpafieHTa KOHIIEHTPaIuu |An/Ax| BIOAbL HATIpaBAEHUS X
pacmopocTpaHeHHus BellecTBa. [Ipyu 3ToM XaoTHUYEeCKOe ABUXKE-
HUe OyaeT CTPEMUTBLCH BBIPOBHATH KOHIIEHTPAIIUH, B PE3yAb-
TaTe Yero W BO3HUKHET IIOTOK MOAEKYA, HAIIPaBA€HHBIH OT
MeCT C 0OoAbILIIEeH KOHIIEHTpAallrell K MecTaM C MeHbIIIeH KOH-
HeHTpanue.

[lAsl BBIYHMCAEHHSI 3TOrO IIOTOKA CHadasa HaWIeM YHCAO
MOAEKYA, ITPOLIEAIINX Yepe3 BBIAEACHHYIO B Ta3e MAOLIAIKY

1 \AS u AS (puc. 1.1) 3a Bpema At. Tak
n ny KaK [BUXKEHHE MOAEKYA PAaBHO-
MEPHO PAaCIPENEAEHO TI0 TPEM

X1 O X2 B3aUMHO e PIEHUKYASPHBIM

A ] A HAIIpaBAEHHAM, TO BIIOAb OCH X

Ax Oymer maBuratbcad 1/3 raszoBbBIX

MOAEKYA, HaXOMAdIIUXCd Ha pac-
CTOAHUH, HE IIPEBBINIAIOIIEM
CpenHer NAWHBI CBOOOIHOIO MPO-
bera A, or AS ¢ TOM U APYroif CTOPOHBI; IIPUYEM TOAOBHHA U3
HUX [epeMeIlaeTcss U3 NepBOi 00AaCTH BO BTOPYIO, Apyras
IIOAOBHHA — B 0OOpaTHOM HallpaBA€HHUH.

[ToaTomy 4epes naomanky AS 3a BpeMs At IpoHaeT caeBa
HarpaBO MOAEKYA:

Puc. 1.1

AN, =

1
—n,vASAL, (1.23)
6
a CIrpaBa HaA€BO
1
AN, = —n,vASAt, (1.24)
6

i€ v — CpeaHad CKOPOCTh ABUXKEHHS MOAEKYVA.
9



IToTOK MOA€KyA ra3a 4yepe3 €AUHHUYHYIO IIAOLIAAb 3a €oU-
HUILy BPEMEHH MOZKHO OIPEAEAUTDH TaK:

AN, - AN, 1
g,=—""—"—""""=—(n,-n,)v=
ASAt 6
= iu/l M TNy —iu/l " no
3 24 3 Ax
OKOHYATEABLHO TIIOAYIHUM:
1 An
g, = -—ui —. (1.25)
3 Ax

3neck yuaTeHo (cM. puc. 1.1), 9T0 24 = Ax U n, -n, = An.

3HaK «MUHYC» O3Ha4YaeT, 4YT0 MAU(PPY3HUOHHBIA II0TOK
HaAIlpaBA€H B CTOPOHY YObIBaHUSA KOHIIEHTPAIIMHU MOAEKYA.
YuuThiBad, 4TO

1l =D, (1.26)
3

rae D — roadpdpunuent auddysuu, IpugeM K 3akoHy Puka,
KOTOPBIH ObIA YCTAHOBAEH 3KCIIEPHUMEHTAABHO:
An

g, =—-D—.
Ax

3akoH quddy3un MOKHO 3aIucaTh 00Aee CTPOTO:

on
g, =D (1.27)
ox
YMHOKHUB TIIOCAEOHEE paBeHCTBO Ha MacCCy MOAEKYABI Mo
H, HpI/IHHB BO BHHMAaHHE, 4YTO mgyn = p €CTBb IIAOTHOCTH BEIlle-

CTBa, 3aKOH duka MOKHO IIPEOACTABUTEL B BHU/E!

0
g, :—Df. (1.28)

Ecau ra3z HEOHOPOAEH M0 COCTaBY MOAEKYA, IIAOTHOCTE p

B BhIpaxkeHHUH (1.28) Hamo 3aMeHUTh KOHIleHTpanuei C UHTe-
pecyolleit KOMIIOHEHTBI ra30BOM CMECH:

g" -0 (1.29)

. ox

10



BHympeHHee mpeHue

B aBuxkylieMcda raze €ro CAOH, IepeMelascChb OTHOCH-
TEABHO [OPYyT Opyra, B3aMMOAEHCTBYIOT MeEXAy Co0O#, I10-
CKOABKY 4YacCThb MOAEKYA, HMeEIOIIasd IEPEHOCHYI0O CKOPOCTh Ui,
IornagaeT U3 OOHOIO CAOd B APYTOH, CKOPOCThH ABUXKEHHUSA KO-
TOPOTO Uz U HaobopoT. B pesyabTare IIpOUCXOOUT B3aUMHBIH
rnepeHoc uMmiyasca P = mu. Hy>kHO OTMETUTB, 4YTO U — 3TO HE
TENAOBad CKOPOCTh XaOTHYECKOI'O ABUXKEHHA, a CKOPOCTh MO-
AEKYABI, KOTOPYIO OHa ITpHOOpeTaeT BCAEACTBHE HaIIPaBAEH-
HOI'O IIEPEMEIIEHHU r'a3a B CAOE.

NmMniyabc, TIepeHeCeHHBIH depe3 MAOIIanKy AS 3a BpeMs
At B 04HOM HaIIpaBA€HUU, PaBEH:

AP, = %mulnuASAt, (1.30)

B IIPOTHBOIIOAOZKHOM

AP, =%mu2nUASAt. (1.31)

[ToTOK pPe3yABTUPYIOLIET0 HMIIyAbCA Yepe3 €IUHHUYHYIO
MIAOUIAZIKYy B €AWHUILy BPEMEHU (BBIBOJ aHAAOTMYEH BBIBOIY
dopmyasr! (1.25)) paBeH:

AP, — AP, 1 Au

S S Y Rt 1.32
I ASAt 3pu Ax ( )

B [OAY4EHHOM YpaBHEHUU BbIPAXKeHHE
n = % p ol (1.33)

€CTh KO3(P(PHUIIMEHT BHYTPEHHETO TPEHUS UAHU BA3KOCTb.

Ecam yuyreM, 4TO FAt = AP, TO IIOAYyYUM BBIPaKE€HUE [IAS
CHABI TPEHHs, BOZHUKAIOIIEH MEXKIy COCEIHHUMH CAOSIMHU rasa
IIAOLIAZILI0 COIIPUKOCHOBEHHS AS, T.e. 3aKOH HploToHa mag
BHYTPEHHETO TPEeHUS:

Au
F =p—AS. 1.34
o = ( )

PaBenctBo (1.34) MOXHO HIpPEeACTaBUTL OOA€E CTPOTO B
nuddepeHIInarbHOR hopMme:

F —-n%as. (1.35)

mp ox

11



TensnionposodHocmb
jlBA€HUE TENAOIIPOBOMHOCTH 3aKAIOYaeTCs B IIepeHoce
TEeHAOTEI AQ IIpH HaAWYUU rpagueHTa TeMmrneparypbl AT/Ax. B
9TOM CAyYae MOAEKYABI, IIPOXOALIIHE depe3 ITAOIIAnKy AS 3a
BpeMd At, IepeHOCAT SHEPTHIO B OJHOM HarpaBaeHuu — Wi, B
obpaTHOM — Wh:
w

1 1

i 1
= E,AN = —k T, —nvl ASAt;
2 6

i 1
W, =E,AN = —k T, —nuviASAt. (1.36)
2 6
[ToToK TemnAoOTHI (3HEPruu) depe3 eOUHUILY IT0BEPXHOCTU
3a €AUHHUIY BPEMEHU
W, -Ww, 1 AT i
go=——— = -—nul — . —k.
ASAt 3 Ax 2

OTcroma caeayeT 3akKoH Pyphe:

AT oT
go = _ZE HAM CTPOXKE g, = 7 5 - (1.37)

1 i
BeanunHa y = —nul —k Ha3bIBaeTCd KO duyueHmom
3 2

mennonpogodHocmu. Ero 1ieaecoobpas3HO IpefCcTaBUTh B He-
CKOABKO HMHOM BHIE. []ad 3TOro yMHOXKHMM H pa3feAWM BbIpa-
KEHHE JAd y Ha MacCy MOAEKYABI Mo U YUCAO ABOraapo Na:

1 i N
;(:gnmu/l—k A

ik-N, iR C,
L = ——=-"" ¢, , IOAYYUM:
2 myN, 2 u

y4UTBIBad, YTO mon = p H

Z:%puﬂ cy - (1.38)

B BpmurenpuBeneHHBIX popmyaax Cy — MoAdpHad, a Cv —
yaeAbHas TEIIAOEMKOCTH IIPH MOCTOSHHOM OOBEME; [ — UHCAO
cTerieHer cBOOOABI MOAEKYABI ra3a.
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CpasHeHue s18/1eHull nepeHoca

Anaaus gopmya (1.26), (1.33), (1.38) npuBoaAUT K BBIBO-
Oy, 9TO OAUH KO3(P(PHUIIMEHT IIEPEHOCA MOKET ObITh BBIPaXKeH
4yepes APYyrou:

z=nc, =Dc, p. (1.39)

Kpome Toro, MoxHO IoKas3aTb, YTO K03(UuIueHT aud-
dy3um obpaTHO IIPOHOPIHOHAAEH maaBaeHHIO (cp. (1.22) m
(1.26)), a K03(ppUIIHEeHTb] BHYTPEHHEIO0 TPEHUS U TEIAOIIPO-
BOJAHOCTH OT OaBA€HHH HE 3aBUCAT (IPH YCAOBHUH, UYTO A
MeHBbIIIe AMHEUHBIX pa3MepoB cocyaa). 3aBUcUMOCTE D, n U1 y
OT TeMIlepaTyphbl OAUHAKOBA.

OpHako, B OTAMYME OT TEOPETHUYECKUX JAaHHBIX, COTAACHO
KOTOPBIM KO3(P(PUIIMEHTHI IepeHOCa MAOAXKHBI PACTHU IIPOIIOP-

LIMOHAABHO T , 9KCIIEPHMEHT IIOKa3bIBAET, UTO 3Ta 3aBUCH-
MOCTb HECKOABKO 0Ooaee OpicTpas. [IpHumHON sBAseTCS uU3Me-
HEHHE He TOABKO U, HO A C TEMIIepaTypOH.

KoadpduimenTsl AudPy3u U TENAOIPOBOTHOCTH 00-

pPaTHO IIPOIIOPLIMOHAABHBI |/m, (A€ m, — Macca MOAEKYABI), B

TO BpeMsI KaK BA3KOCTh IIPSIMO IIPOIIOPIIMOHAABHA /m, .

B zakarouenme mpuBemem Taba. 1.1, B KoTopoii mpeacras-
A€HBI BCE 3aKOHBI IIepeHoca B 6boAaee pacIInpeHHOH hopMe.

Tabauria 1.1
MepeHocumas
flBneHus nepeHoca BenMuMHa YpaBHeHue nepeHoca KoadhpmumeHT nepeHoca
dp 1
Audbapysus Macca v = -0~ o D=,
IX
Tenrota dr 1
TennonpoBoAHOCTb dQ = —x — dSet X =P CyyaUah
(aHeprus) dx 3
du 1
BHyTpeHHee TpeHue Wmnynsc P = -n_-dst n=gPush

KoHTpoJIbHbIE BONIPOCHI

1. UneanpHBIN ra3. YpaBHEHHS COCTOdHUS HACAABHOTO
rasa.

2. OCHOBHOE YypaBHEHHE MOAEKYAIPHO-KUHETUYECKOMN
TEOPHHU ra3oB. TernmaoBas CKOPOCTb MOAEKYA.

3. PacnipenmeaeHie SJHEPTUHU MOAEKYA TI0 CTEIEHSIM CBOOO-
Obl. BHyTpeHHds sHeprud uaeasbHOro rasa.
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4. YuCAO CTOAKHOBEHHHM M CpenHssd OAWHA CBOOOIHOTO
npobera MOAEKYA.

S. duddyszusa. 3akon duka. Koadpdpunment gudpdysmu.

6. Bayrpennee Tpenue. 3akoH Hrrorona. Koadpdpunuenrt
BHYTPEHHETO TPEHUH.

7. TenaonnpoBonHocThk. 3akoH dypre. Koaddpuiment
TEIIAOIIPOBOJHOCTH.

2. OCHOBHBIE 3AKOHbI TEPMOJIMUHAMMUKHMU.
ATUABATUYECKHUA MPOLIECC

2.1. [lepBoe Ha4Ya/J10 TEPMOAUHAMUKH

TepmoomHaMuKa H3ydaeT TOT XK€ Kpyr SIBAEHUH, UTO U
MOAEKyAdpHada (pU3UKa U CTATHCTHYeCcKad MeXaHHKa, OTHAKO
METOObl WCCA€IOBAHUSA 3THUX POACTBEHHBIX HAYK HPUHIIUIIU-
aAbHO Pa3AH4YHBI. TepMoOAMHAMHUKA CTPOUTCSI Ha OCHOBE ABYX
OCHOBHBIX U OJTHOTO JIOTIOAHHUTEABHOT'O ITPUHITUIIOB.

[IpakTKka HoOKa3aaa, YTO BO3HHUKHOBEHHNE MAHW YHUYTO-
JKEHHE SJHEPrHH HEBO3MOXKHO (IIEpBOE€ Ha4daao) B TaKol XKe
CTEeleHH, KaK HEBO3MOXKHO IIOAHOE ITpeBpaIleHHe TEIAOTHI B
paboTy B MUKAMYECKHUX ITPOIleccax (BTOpoe HAYaAo0).

BHyTpeHHSIa SHepPrus — 3T0 KHHETHIECKAasl YHEPTUs Xao-
THUYECKOTI'0 ABUXKEHUS MOAEKYA, IIOTEHIIMaAbHAasl SHEPTHUS HX
B3aUMOAEHCTBUS U BHYTPUMOAEKYAIPHAS 3HEPTHL.

BryTpeHHsa sHeprud saBadeTcd (PYHKIHUEH COCTOSHUS
CHUCTEMBI, T.€. BCAKHH pa3, KOTJa CHCTeMa OKa3bIBaeTcsd B
JAaHHOM COCTOSHUU, €€ BHYTPEHHSIS YHEPrUus NPUHUMAET ITPU-
Cylllee 3TOMY COCTOSIHHIO 3HadeHHe, He3aBHUCHUMO OT IIpenbIC-
Topuu cucreMbl. CaemoBaTeAbHO, H3MEHEHUEe BHyTpeHHeH
9HEPIUH NPHU NEPEXO0Ie CUCTEMBI U3 OJHOIO COCTOSTHUS B APY-
roe OymeT paBHO Pa3HOCTH 3HAYEHUI BHYTPEHHEMH SHEPrUU B
9THUX COCTOSHUSX, HE3aBUCHUMO OT IIyTH, II0 KOTOPOMY COBED-
nraeTcs Mepexosl.

TakuMm obpazoM, HAIIpPUMEpP, CHUCTEMa MOXKET H3MEHSITh
CBOE COCTOSHHUE NPHU aauabaTUYEeCKOM IIPOIIECCE TOABKO 3a
cyeT U3MEHEHHs BHyTpPeHHeM sHepruu, T.e. pabora coBepiia-
eTCs IPU 3TOM 3a CUET BHYTPEHHEH SHEPruu:

64| = |au | (2.1)
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HAH, YIUTHIBad 3HAKH,
dU = -5A. (2.2)

Ecam cHATb yCAOBHSI OTCYTCTBHS TeIlAOOOMeEHa, TO
BHeIIIHdAs paboTa, coBeplllaeMasd CUCTEeMOM, IIPOU3BOAUTCH 3a
CcYeT KaK BHyTpeHHel sHepruu dU, Tak U Teraolepenadu 6Q:

SA =6Q —dU . (2.3)

Hamo moMHHTB, uTOo BeAMdYnHa dU He 3aBHCHUT OT Xoa
IIpollecca, a I03TOMY HpeAcTaBAdeT COO0OH MOAHBIH mudde-
peHIuas; SA U SQ TIOAHBIMU AuddepeHIInaraMi He SBAT-

I0TCAd:

50 =2 c,dT + pdv . (2.4)
U
U3 IIEPBOI'0 Ha4YaAa TEPMOAHMHAMHKH ACTKO BBIBECTH PLAL
CAe]lCTBI/Iﬁ AAd CAYyd9a€B, Korga OOAuH U3 IIapaMeTPOB CHUCTEMBI
COXpaHdeT CBOE€ 3HAYECHHE HEHU3MECHHBIM (I/ISOHpOI_LeCCI;I) IIpu
YCAOBHH IIOCTOAHCTBA MacCcChI rasa.

2.2. U3onpouneccsl

H3zoxopuueckuii npouecc (V = const) xapakrepusyeTcs
ycaoBueM V = const. IIpu atom dV = 0 Kak IIpou3BoAHAsI OT II0-
CTOAHHOM BeAW4YHHBI. CA€OBAaTEABHO, paboTa MIpHU H30XOpHUe-
CKOM ITpOIIeCCe He ITPOU3BOIUTCH, T.€. U3 ypaBHeHUs (2.4)

A = dev -0 (2.5)

CAENyEeT, YTO IIPH HM30XOPUYECKOM IIPOIIECCE BCE IIpHpallleHUue
TeIAa PacXoAyeTcs Ha YBEAHYEHHe BHYTpPEHHEH SHEePTrHH:

T

0= [Tc.ar =Zc,1,-T). (2.6)
S u u

1

H3o06apuueckuii npouecc (p = const). [IoCKOABKY

Vs

A = IpdV =p(V,=-Vy), (2.7)

Vi
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TO pabora mpu M306apUUECKOM IIPOIlecce paBHA IIPOU3BEe-
HUIO [aBACHHS Ha PAa3HOCTH 0OBEMOB B KOHIIE M Ha4daAe IIPO-
mecca. [Ias cAydasi OTHOTO MOASI ra3a IIpu p = const umeem:

5Q = CpdT , dU =c,dT , 5A = pdV = RdT .

I[ToncrTaBuUB 3HaYEHUS 6Q, dU uU JA B ypaBHEHHE IIEpP-

BOTO HadaAa TEPMOAHMHAMHUKH U COKpaTWB Ha dT, TIOAyYHUM
ypaBHeHHe Pobepra Maiiepa, ycraHaBAMBAaIOIllee B3aMOCBA3b
TEIIAOEMKOCTEM C ra30BOM IIOCTOSAHHOM: C, = C,, + R .

H3omepmuueckuit npouecc (T = const). Tak Kak
T = const, To dT = 0 u, caemoBaTeABHO, U3 BbIpaxkeHUsd (2.4)
IIOAy4aeM:

sQ=dA, Q=A4A, (2.8)
T.€. IIPU U30TEPMHYIECKOM IIPOIIECCE BCE IIOCTYyIIAIOIIIEE B CHU-
CTEeMY TEIIAO MEePEXOOUT B paboTy:

Vs

A:IpdV.

. m RT
N3 ypaBHeHua MenneseeBa-KaanetipoHna =——.
74
[ToncraBasiss 3TO BbIpask€eHUE NaBAEHUS IO, 3HAK HHTErpaasa,
IIOAYYaEM:

\%
A="RrmZ2, (2.9)
u vy
N3 3zakona Botiag-Mapuorra (pV = const) caemyer, drTo
p1Vi = po V>, Torma paboTy MOKHO IIPEeNCTaBUTE B BHUE

A="pRrrm2s. (2.10)
r P,

AoduabammHslii npouecc IpouCXoauT Ge3 TEmA00OMeHa C
OKpyzKalolllek cpenou, T.e.

5Q =0. (2.11)
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YuuteiBag (2.11) U3 ypaBHEHHd IIEPBOIO Hadasa TEPMO-
OUHAMUKH IIOAYYHUM BbIpakeHHe Iad paboThl. Tak Kak B 3TOM
caydae

du +dA =0, (2.12)
TO
T2
m
A:—IdU =—C,(T, - T,). (2.13)
T, H
Hcnioaw3ya ypaBHeHue Maiiepa, HalaeM
G G, R
CV C'V CV
OTKyda
c, - 2, (2.14)
y-1

rme y =C,/C, .

[ToncraBuB B BeIpazkeHue (2.13) BMecTo Cy ero 3Ha4YeHUE
u3 opmyab! (2.14), IIOAYYHM [Apyroe, IIOAE€3HOE BbIpazKEHUE
IS paboThI:

RT T
LANEALS By R R (2.15)
H Y -1 Tl

A =

Ypaenerue Ilyaccona
d/15 aduab6amHo20 npoyecca

[TomeAanB TiepBoe Ha4YaAO TEPMOAHMHAMHUKU Ha abCOAIOT-
HYIO TEMIIEPATYPY, [IOAYIHUM JAS OJHOTO MOAS rasa:

Q ¢ 4 Pay _o. (2.16)
T T T

3aMeHUB B ypaBHeHUHU (2.16) % Ha g U IIPOUHTETPHU-
pOBaB IIOAYYEHHOE PaBEHCTBO, HAHAEeM:
C,InT+RInV+S,=0, (2.17)
rae S, — IIOCTOssHHAsd UHTETPUPOBAHHUA.
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Pa3zneanB AeByI0 M IpPaByIO YacTH IIOCAEIHETO BBbIpazKe-
Hug Ha Cy, a Takxke 3ameHUB R/Cy Ha y -1 (CM. ypaBHEHHE

(2.14)), npuaeM K CAeOyIOLIEMY PE3yAbTATY:
TV ’"' = const . (2.18)

Bripaxkenue (2.18) mnMmeHyeTcss ypaBHeHHeM Ilyaccona
UAM ypaBHeHHeM anuabartbl. Kpome TOro, MO3KHO IOAYYHUTH
elle aBe popMbl ypaBHeHUs [lyaccona:

pV’ = const , (2.19)
Q
¥

Tp = const . (2.20)

2.3. 3uTponusd. CTaTUCTHYECKUHA CMBIC/I JHTPONUHU

CAOBO sHmMponust IIPOU30LIAO OT T'PEYecKoro entropia,
4YTO 3HA4YUT IIOBOPOT, IIpeBpallieHue. lloHATHE «3HTpOIUSI»
BBEIEHO B TEPMOAUHAMUKE [IAS OIIpeNeAeHHsT Mephbl HeoOpa-
THMOTO pPaCCEeSHUA HSHEPrUU. OHTPONHLA HABAIETCI KOAHYE-
CTBEHHOH XapaKTEPHUCTHKOU, oIlpeaeAdionieli xapakrep (paB-
HOBECHbI!, HEpaBHOBECHbIN), HampaBAeHUE MIPoTeKaHus (00-
paTuMbIii, HEOOpPaTUMBIH) U BEPOATHOCTH IIpollecca. DHTPO-
IS XapakKTepu3yeT Mepy Oecriopsiika CUCTEMEI.

IIOCKOABKY TEIIAOBOE ABUXKEHHE MOAECKYA SIBAIETCH Xao-
TUYHBIM, O€CIOPSIAOYHBIM, TO C IIOMOIIBIO SHTPOIHUH MOIKHO
OIPENEAUTDH CTEIIEHb MOAEKYASIPHOTO Oecriopsaka.

CreneHb pas3ynopsfOUYeHHOCTH CUCTEMBI MOKHO Xapak-
TEePHU30BaTh TaK HA3bIBAEMOH MEepMOOUHAMUUECKOU eeposim-
HOCMbIO COCMOSTHUSL.

TepmonmnHaMu4decKass BEPOSITHOCTb — 9TO YHCAO pa3And-
HBIX CIIOCOOOB, KOTOPBIMH MOZKET OBITH OCYIIECTBACHO JAaHHOE
cocrostHre. OZHAKO II0AB30BATHCS TEPMOAUHAMHUYECKOU BEPO-
ATHOCTBIO A9 KOAWYECTBEHHOM OIIEHKH HaIlpaBAECHHOCTHU
IIPOTEKaHUS IIPOIIECCOB HEYIOOHO, TaK KaK B CAydYae HECKOAb-
KHX CHCTE€M HeoO0XoauMO mpuberathb K IIepPeMHOKEHUIO BEPO-
garHoctett — W = W1 W,. D10 03Hadaer, 4TO TepMOAUHAMUYE-
CKad BEPOATHOCTD HE dBASETCH aIUTUBHON BEAUYHUHOMN.

B3aB aorapudm ot ob6emx yacTeidl 3TOro paBeHCTBA, II0-
AYYUM COOTHOIIIEHUE:

InW=InW, +InW,,
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13 KOTOPOTO CAEAYET, YTO AOTapHU(M BEPOSATHOCTH — aJOUTHB-
Had BeAWYHHA. B CBA3M C 5THM B Ka4eCTBE XapaKTEePUCTHKH
BEPOSITHOCTH COCTOSIHHS CHCTEMBI IIPUHHUMAETCS BEANYHHA!

S=kInW, (2.21)

rae k — nocrogHHadg BoabliMaHa, Ha3pIBaeMad SHTPOIIMEN CH-
CTEMBI.

Ceoiicmea sHmponuu:

1. EcAu pOBUZKEHHE CHCTEMBI a0COAIOTHO YIIOPSZIOYEHO,
HaIlpyMep, BCE TeAa ABUXKYTCHA C OOHOM M TOMH K€ YIAOBOM CKO-
POCTBIO BOKPYT OCH BpallleHMd, TO TAKOE€ COCTOAHHE OCYILECTB-
ASIETCSI OHUM-€QUHCTBEHHBIM criocoboM. Ero TepmomnHammde-
CKasl BEPOATHOCTb paBHa enuHUIle, a sHTpormsa S = klnl = O,
T.€. SHTPOIHS abCOAIOTHO YIIOPSAOYEHHOI'O ABUKEHUS paBHA
Hyalo. OTcloma MOXKHO CAeAaThb BBIBOJ, UTO 3HTPOIIUS MeXa-
HUYECKUX ABUXKEHUN, KOTOpble BCEra YIIOpsOOo4deHbl, paBHa
HYAIO.

2. OHTpONNA H30ANPOBAHHOM CHCTEMBI HE MOXKET OBITh
MEHBbIIIe HyAd, IIOCKOABKY B 3TOM CAydYae HE MOXKeT OBITb
MeHBbIIIEe eAUHUIIB] TepMOAUHaAMUYeCKasl BEPOITHOCTb.

3. IIpu HeoOGpaTUMBIX IIPOIECCAX FHTPOIIUS MOKET TOAB-
KO Bo3pacrarb. [IeHCTBUTEABHO, €CAH, HaIIpUMEpP, PacCMOT-
PEeTh IPOoLeCC PACIIUPEHHS ra3a B IIyCTOTY, TO IIPH 3TOM YHC-
AO CIIOCOOOB, KOTOPBIMH MOIKET OBITH OCYIIIECTBAEHO HOBOE CO-
cTosiHUE, DOABIlIe, YeM IIpeKHee, TaK KaK MOAEKYABI IIpHodpe-
TaIOT BO3MOKHOCTD IIOIIA/IaTh B paHee HeOOCTYITHbIe UM obaa-
CTHU IIPOCTpPaHCTBA, T.€. Wr >W, a moatomy S > Si.

4. YMeHBIIATbCHA SHTPOIHS MOIKET TOABKO B CAydae He-
H30AHPOBAHHON CHUCTEMEI.

2.4. Bropoe Haya/10 TEpMOJUHAMUKHU

Bropoe Hayaao TepMOAMHaAMUKU OIIPENEASeT HallpaBAe-
HHE IIPOTEKaHHUd IIPOUCXOMAIINX B IPHUPOLE IpolieccoB. Ero
MOZKHO C(POPMYyAHPOBATh HECKOABKHMMHU CIIOCOOaMHU.

Haunboaee oueBumHas (OpMyAHPOBKA BTOPOTO Hadasa
IIpUHAOAECKUT Kaay3Hycy: TeraoTa He MOXKET caMa coboH Ie-
PEXOoUTE OT TeAa MEHee HarpeToro K Teay Ooaee HarpeToMy.
[pyryio (opMyAHPOBKYy BTOPOro Hadasa TEPMOAHHAMHUKU
npenaoxkvau TomcoH u IlaaHK: B IpHUposie HEBO3MOXKEH IIPO-
1ecc, MOAHBIH 3¢(EeKT KOTOPOTO COCTOSIA OBl B OXAQIKIECHHH
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TEIIAOBOTI'O pe3epByapa U B 3KBUBAACHTHOM MEXaHUYECKOH pa-
6ore.

Btopoe Hauaao, 3anmcaHHoe B audepeHIInasbHOU
dopMe, IIOCTyAHUpPYyeT cCyllecTBoBaHUe nauddepeHIiara 3H-
TPOIINHU U SIBASETCS €T0 OIIPELEACHUEM:

du dA
ds = —+ /. (2.22)
T T
B 0oaee 1I0AHOI 3aITucH
dT av
as = Zc, =y BREL. (2.23)
Y7 T )7 \%4

BaaB uHTErpaa ot BbIpaxkeHUs (2.23), HaliieM 3HTPOIIHIO
CHUCTEMBI:

s=2c,mT+2RInv+s,, (2.24)
U u

rae S, — aHTponusa Ipu abcoaroTHOM Hyae Temmeparyp (T = 0 K).

2.5. TpeTbe Ha4Ya/I0 TEPMOAUHAMUKHU

M3BecTHO, 4YTO IPH abCOAIOTHOM HyA€ TeMIIepaTyp BHYT-
PEHHSI OHEPrusl CHUCTEMbl MHHHMaAbHA, T.€. 3ACKTPOHBI B
aToMax HaxoOdaTCd Ha Hauboaee HH3KHUX JSHEPreTUYEeCKHX
YPOBHSX, a aTOMBbl PACIIOAOXKEHBI B y3AaX KPHUCTAAAMYECKOM
pELIeTKH TBEPAOrO TeAaa. DTO COCTOSHHE ITOAHOCTBIO yIIOPSA0-
4YeHO U €ro TepMOoAMHaMHUYecKas BEPOATHOCTH paBHA €IUHU-
e. [ToaToMmy 3HTpOIINA

S, o=klnl1=0, (2.25)

T.e. IpU abCOAIOTHOM HYyA€ TeMIIepaTyp SHTPOIUS TeAa (CHU-
CTeMbI) paBHa HYAIO. B 5TOM B COCTOHUT CyThb TPETBETO Hadara
TePMOAWHAMHUKH. OTO O3HAYAET, YTO SHTPOIHS AIOOOH cHcTe-
MbI Ipu T = O He 3aBUCHUT OT AABAEHUS, IIAOTHOCTH, pasbl, T.€.
Opu abCOAIOTHOM HYA€ TEMIIEPATyphbl AIOObIe M3MEHEHUS CO-
CTOSTHHUSI IPOUCXOOAT 06e3 m3MeHeHUd SHTponuu. U3 Tperbero
Havasa TEPMOAUHAMUKH CAEIYET, U 9TO INOATBEPKIAET OIBIT,
YTO C MOHUXKEHHEM TEeMIIEPATYPhl MJOAXKHBI CTPEMHTBHCSH K HY-
AIO TE€TIAOEMKOCTD T€A, KOA(P(PHUIIMEHT TEIIAOBOTO PACIIUPEHUS,
KO3 PUITUEHT CKUMAEMOCTH M HEKOTOPbhIE APyTUe BEAUYUHBI.
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KoHTpoJIbHBbIE BONIPOCHI

1. TlepBoe Havaro TepMommHaMHuKH. Teraora u pabora.
BuyTpeHHs1a 5Heprus rasa.

2. I’'pachryeckoe ImpencTaBA€HHE Ta30BbIX IIPOLIECCOB.
H3orepmuyeckuii npornecc. Pabora raza B 3ToM mporiecce.

3. Uzoxopuueckuii mporecc. TemaoeMKOCTh raza B 3TOM
IIpoIecCe.

4. N3obapuyeckuit mpoiiecc. TermA0eMKOCTb ra3a B 3TOM
Ipolecce.

5. AqpnabaTU4yecKHui MpollecCc. YpaBHeHHe amuabaTbhl
(yvpaBHeHue Ilyaccona).

6. O6paTuMble U HeoOpaTHUMBIEe ITPOIlecChl. TepmomuHa-
Mudeckue nUKAbL. [{luka KapHo u ero k.. 1.

7. Pabora ngeaAapbHOTO rasa IIpu U300apHUyecKoOM M agua-
faTUYeCcKOM ITpoleccax.

8. Bropoe Hauyaao TepMOAMHAMUKN. OHTPOIINUL.

9. CTaTUCTHUYECKHUN CMBICA BTOPOTO Hadasa TEpMOOUHA-
MUKH, €TI0 OTPaHUYEHHOCTh. TpeThe Hauar0o TepPMOIUHAMUKU.

Jla6opamopHas pa6oma 2.1
OMNPEJAEJIEHUE IIOCTOAHHOU BOJIBIIMAHA

Ienws: onnpeneAuTb IIOCTOSHHYIO BoabllMaHa U3 OCHOBHO-
ro ypaBHEHUS KUHETHUYECKON TEOPUH Ia30B.

ITpubopsul u npuraonexHocmu: aaboparTopHas yCTaHOB-
Ka, MaHOMETP, TEPMOMETP, MEAUIIMHCKUH IIIITPHII.

TeopeTnyeckKkue cBeJeHUs

[TocrossnHaga BoapliMaHa siBAsieTCsl oqHOM U3 (pyHIaMeH-
TaABHBIX (PU3NYECKHX MOCTOSHHBIX. OHa BXOAUT BO MHOTHE
BasKHEUIIINEe COOTHOLIEHUS (PHU3HKU: B OCHOBHOE ypaBHEHUE
MOAEKYAAPHO-KUHETUYECKON TEOPHUH, YPaBHEHHE COCTOHHULA
HAeaAbHOTO r'a3a, BBIPAKEHUE A CpeaHEH SHEPruu TEIIAOBO-
ro OBUXKEHUS 4YacCTHI[ U BO BCE YpPaBHEHHI, KOTOPBIE COAEP-
KaT KAACCHUYECKHEe HWAW KBAaHTOBBbIE (PDYHKIIMH PaCIPEaeACHUS
yacTuil 1o 3HepruaM. [locrogHHas BoabliMaHa cBA3bIBaAET 3H-
TPONHIO (PHU3NYECKOH CHUCTEMBI C TE€PMOAMHAMUYECKOU BEPO-
ATHOCTBIO €€ COCTOSAHH.
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Oty BeamuyuHy BBea M. [laaHK M ompeneava ee Kak OT-
HOIIIEHWE YHUBEPCAABHOM (MOASIPHOM) ra30BO# IIOCTOSIHHOM R
K IoCTOgHHOHN ABorazapo Na:

YTOOBI BBIICHUTH (PU3UUYECKOH CMBICA ITOCTOSSHHOU BoAb-
2

IIMaHa, CAeayeT oOOpaTHUTbCS K BbIPasKeHHUIO % = %kT.
3meck nocrosgHHasi BoabplilMaHa paBHa H3MEHEHHIO CPEIHEro
3HA4YEeHHSI KHWHETHYECKON SHEPTHH MOAEKYA IIpU H3MEHEHUU
TeMIIepaTyphbl Ha OAWH KEALBUH.

3HadyeHNe NOOCTOIHHOM Kk OBIAO OIpeneAeHHO B MHOTIO-
qucAeHHBIX ombITax 2K. IleppeHa, HOCBAIIEHHBIX IPOBEPKE
pacnpeneaeHuss boabimana.

Ha ocHoBe maHHBIX 00 YHHMBEpPCAABHOM Ira30BOM IIOCTO-
dGHHOM R W NOCTOAHHOM ABoraapo Na IIOAYYE€HO 3Ha4YEHUE

k=1,38-1023 [Ixx /K.
OnucaHue yCTAaHOBKHU M METOAA U3MEepPeHUuM

Ha puc. 2.1 npencraBaeHa 3KCIIepUMeEHTaAbHAs YCTAaHOBKA.

Puc. 2.1

CrerasgHHBIH cocyn I HAOTHO 3aKpbeIT IIpoOKoii. Yepes
OpoOKy IIPOIyIlleHa MeTaAAWYecKas TpyOKa, COeaMHEeHHad
THOKHM IIIAQHTOM C ZKHJIKOCTHBIM MaHoMeTpoM 2. B mpobky
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repMeTUYHO BBeIA€HA MEOUIIMHCKas HIAa, COEAHWHEHHad CO
mnpuoM 3. C HOMOIIBIO INIPUIIA MOXKHO BBOAHUTH B COCYZ
[O3UPOBAHHBIN 00BEM AETKO HCIIAPSIOIINXCS BEIIECTB.

Ecau B cocyn BBecTU HeOOABIIIOE KOAMYECTBO 3THAOBOIO
CIINPTAa, TO BCAEACTBHE HCIIapeHHs obpasyeTcs ra3oobpasHbIN
CIIUPT, K KOTOPOMY IIPHUOAMIKEHHO ITPHMEHHMBI 3aKOHBI HIIe-
aapHOTO rasa. [Ipu aToM maBa€HHE B COCyZle YBEAMYHBAETCS Ha
HEKOTOPYIO BEAMYHHY p. Ee MOXKHO M3MepUTh C IOMOIIBIO Ma-
HoMeTpa. CBa3b MEXIY NaBACHHUEM U KOHIIEHTpaIlyied MOAEKYyA
IIpHU IIOCTOSTHHOM TeMIlepaType ras3a BbIpaXKaeTCs OCHOBHBIM
ypaBHEHHEM KHHETHUECKOU TeopuH. [lo BBEAECHUS CIIUpPTa

p, = kT,

rae p1 — HepBOHAYaAbHOE AaBAECHHE BO3ayxa B COCyle; ni —
KOHIIEHTpPAIUs MOAEKYA Bo3ayxa; T — TeMIeparypa Bo3ayxa.
[Tocae BBeneHua coupra

b, = n,kT.

PasHoCTb po — p1 TIpeacTaBasieT coboil mapliasbHOE IaB-
AeHHe ra3000pa3Horo crupra:

p=p2—p1=(n2—n1)kT, (1)

rA€ N — KOHIEHTpAIUud MOAEKYA CIIMpTa, n = ng — ni, KOTOPYIO
MOZKHO HaﬁTH, BOCIIOAB30OBAaBIIINCE BEIPa2KEHHUEM

3necb V— o06beM cocyna; N — 9YUCAO MOAEKYA CIIHPTa B COCYE,

an anVCTL
N = N, ="oapN,,
Mcn Mcn
Torga
1%
n = an cn NA‘
M,V

YpaBHeHueE (1) IpUHUMAaET BUA!

p.V
p = Loy k1. 2
e, e

cn
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OKCIIEPHUMEHTAABHO BEAMYHHA P OIPEAECATETCHI C IIOMO-
IIBIO KUKOCTHOI'O MaHOMETPA U BBIYHCASIETCS II0 (POPMYAE:

p=p.gh,

rae h — pa3HOCTb YPOBHEH KUIKOCTU MEXKY A€BbIM U IIPaBbIM
KOA€HOM MaHOMETpa, M; P¢ — IIAOTHOCTDH BOJBI.
C ygeToMm 3TOorO (popMyaa (2) HpUHUMAET BHUI:
|4
p.gh = PenVen N kT,
M_V

cn

OoTCroa

M_V h
cn peg . (3)

ITpu pacueTe IPUHSTE:

e pg= 103 kr/Mm3;

e g=9,81 Mm/c?

V=>5".10-3 m3;

Na = 6,022 - 1023 moap};

Pen = 0,8 - 103 K/ M3;

o M =46 - 10-3 KT/ MOAB.

Beanuuns! T, h, V., onpeneadroTcs 3KCIIEPHUMEHTAABHO.

HOpH,Z[OK BbIINIOJIHEHUA pa60Tbl

1. ¥Y6enuTbcs, 4TO JaBA€HHE B COCYZEe paBHO arMocdep-
HOMY (YPOBHH XKHUIKOCTU B KOA€HAX MaHOMETPA OJUHAKOBEI).

2. Habparp B mmmpuir He 6oaee 0,4 MA criipTa, BCTaBUTH
INIPUI] B OCHOBAHUE HUTABI ¥ BBECTH CHHUPT BHYTPH COCyaA.

Brumarue! He caenyet B xoe 3KCIEPHUMEHTA BHIHUMATD
LIIIPUIL U3 HTABI, HHA4Ye TepPMETHYHOCTL cocyda OyaeT Hapy-
ureHa. Bpema ucnapenusa criupra — 30-40 MuH.

3. HamepuTh XUIOKOCTHBIM MaHOMETPOM HapliasbHOE
JaBAE€HHE ra3000pa3HOro CIupTa.

4. OnpeneAuTs TEMIIEPATYPY B IIOMEIIECHUH.

S. ITo popmyae (3) paccuuTaTh IOCTOSTHHYIO BoabIiMaHa.
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KoHTpoJIbHBbIE BONIPOCHI

1. dusmyecKuii CMbICA ITOCTOIHHOM BoabliMaHa.

2. ITouemy razoobpa3z3HbIil COUPT B COCYAE€ MOXKHO MPH-
OAMIKEHHO CUUTATDL HUJEAAbLHBIM Ta30M?

3. [louemy TeMmIepaTypy rasa B COCy[€ MOXKHO CYHTATh
HEN3MEHHOHN, Beab IIPU HUCIAapEeHUH TeMIlepaTypa OOAXKHAa II0-
HUKATLCS?

4. KakuM 00pa3oM MO3KHO ITOBBICUTH TOYHOCTH OIIpPE[ie-
A€HHS IIOCTOSHHOM BoabiiMaHa?

JlabopamopHas pa6oma 2.2
U3YYEHHUE ABJIEHUA BHYTPEHHET O
TPEHHSA B TA3AX

Ifenw: 5KCcriepUMeEHTAABHOE OIIpeeseHre KodpHUuieHTa
BHYTPEHHETO TPEHHs Bo3ayxa MeTomoM Ilyaseiiass, ompeneae-
HUE CpeaHeld NAMHBI CBOOOJHOTO ITpobera MOAEKYA BO3/AyXa.

ITpubopsl u npuHaosiesxHocmu: yCTaHOBKA, CEKYHIOMED,
OapomeTp, TEPMOMETP.

TeopeTnyeckKkue cBeJeHUs

Moaekyabl rasa, [ABUTAsCh XAOTHYECKU, HEMIPEPHIBHO
CTaAKHBAIOTCH APYT C ApyroM. MUHUMaAbHOE paCcCTOSHHE, Ha
KOTOpPO€E COAMZKAIOTCS LIEHTPBI MOAEKYA IIPU 3TOM, HA3bIBAETCH
agppexmusHbiM OuAMEMPOM MONEeKYyNbl d.

CpenHasa OaWHA IIYyTH, KOTOPBIM IIPOAETAET MOAEKyAa
MEXKIy ABYMsI IIOCAEIOBATEABHBIMU COYAAPEHHUSMU, Ha3bIBa-
eTcs cpedHell ONUHOT c80600H020 npobeza A.

CpenHasa nauHa CBOOOMHOTO IIpo0Oera MOAEKYA 3aBUCHUT
OT UX KOHIICHTPAIUU N U 3PPEKTUBHOTO JUAMETPA dog:

1
A=—.
\/Eﬂdfqbn

P
YauThIBas, 9TO n = — , TIOAYYHUM:
kT

kT
A=—F—, 4
\/Eﬁd;,P ( )
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rae k — mocrosHHasg BoablimMana, k =1,38 -10 *° Ix/K; P -
naBaeHUe raza; 1T — TeMIlepaTypa rasa; ﬁd;; — apdpexkTUuBHOE

CEYEHHUE MOAEKYABL Spp.

avHa cBoOomgHOTO Ipobera gBASETCS BasKHOU XapakKTe-
PUCTUKOU SBACHUM IIEpPEHOCA.

SAeneHust nepeHoca — 5TO HeoOpaTHMble IIPOIIECCHI,
IIPUYUHON KOTOPBIX SBASIOTCS IIPOCTPAHCTBEHHBIE HEOTHO-
POLHOCTH IIAOTHOCTH, TEMIIEPATYPhl UAU CKOPOCTH ABUKEHHS
MOAEKYA Tasa.

K aBaeHHAaM mepeHoca OTHOCATCH:

* Juggpysus — IepeHoC BellecTBa (Macchl) IPHU HAAUYIHU
HEOOHOPOAHOCTH ITAOTHOCTHU rasa;

® MenonpoeooHOCMb — IIEPEHOC SHEPruu, BBI3BAaHHBIH
HEOMHOPOAHOCTBIO TEMIIEPATYPBHI;

* gHYmMpeHHee mpeHue — IIEPEHOC UMIIyAbCa, CBA3aHHBIN
C HEOTHOPOAHOCTBHIO CKOPOCTHU HAIIPABACHHOTO ABUKEHUS MO-
AEKYA.

9lBA€HHE BHYTPEHHEIO0 TPEHUSI OIINCHIBAETCH 3aKOHOM
HrroToHa:

du

F _=n
dz

mp

45, (5)

du o
rme — — I'PAOUEHT CKOPOCTH, YUCAEHHO PaBHBINM U3MEHEHUIO
dz

CKOPOCTH Ha €IWHUYHOM PACCTOSHHUHN B HAIIpaBAEHHUH Haubo-
Aee OBICTPOTO YBEAWYEHHsS CKOPOCTH; AS — MAOMIAAL IIOBEPX-
HOCTU COIIPUKOCHOBEHHS CAOEB rasza, MeXAy KOTOPBIMU BO3-
HUKaeT TpeHHe; n — KO0d3(p(PHUIIMEeHT BHYTPEHHETO TPEHUS HAU

AUHaMHU4YecKad BA3KOCTh rasa.

Enununeit Bazkoctu B CU cAy>KUT Takad BSI3KOCTh, IpU
KOTOpPOH TpagueHT CKOPOCTH C MOAYAEM, pPaBHBIM 1 M/c Ha
1 M, IpUBOAUT K BO3HHKHOBEHHIO CHUABI BHYTPEHHETO TPEHUS
B 1 H Ha 1 M? mNOBEepXHOCTH KacaHHUd CAO€B. DTa egUHUIIA
Has3bIBaeTcs ITacKaab-ceKyHAoH (Ila-c). JaHHBIM 3aKOH crpa-
BEJAUB KaK A4 Ia30B, TaK U OAT XKUIKOCTEH.

MeTomaMu MOAEKYASIPHO-KHHETHYECKON TEOPHH OBIAO IIO-
AYYE€HO BBIpaKEeHHE AT KO3(PPHUIHMEHTA BHYTPEHHETO TPEHHSI:
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1
= —pui, 6
n=pv (6)

IZie v — CpelHsII CKOPOCTH TEIIAOBOTO ABUIKEHUS MOAEKYA Ta-
3a; p — MAOTHOCTH rasa.
CpemHsas CKOPOCTh OIPeNeAdeTCd YPaBHEHHUEM:

8 RT
M

v = (7)
rone M — MoagpHad Macca rasa; R — yHUBepcaabHasl ra3oBasi
[IOCTOSHHAad.
[IaoTHOCTE oOmIpedesdeTcsa U3 ypaBHeHHsS MeHpneaeeBa-
Kaamnetipona:
MmpP

p=r (8)

YuutbiBag, 49rto F, At=Ap (o II 3akony HerorTona),

ypaBHeHHUe (5) MOKHO 3aIticaTh B BUIE:

— dv
Ap = - — ASAt,
dz
rae Ap — HMIIYABC, IIEPEHOCHMBIM dYepe3 IIAOLIANKY AS 3a

BpeMs At .

3Hak «» YKa3bIBAET, YTO [IEPEHOC UMITyAbCA IIPOUCXOIUT B
HaIIpaBAE€HUM, IIPOTUBOIIOAOKHOM HAaIMPaBAEHHUIO TIpPaareHTa
CKOPOCTH (B CTOPOHY Hanboaee OBICTPOro yObIBaHUS CKOPOCTH).

KoadduiimeHT BI3KOCTH 3aBHCUT OT TeMIIEPaTyphl,
IIpUYeM XapaKTep 3TOH 3aBHCHMOCTH CYIIIECTBEHHO pPa3AMYeH
[AST JKUOKOCTEH U razoB. Y KHUAKOCTeH KO3(P(UIIMEHT BI3KO-
CTHU CHUABHO YMEHBIIIAETCH C IIOBBIIIEHUEM TEMIIEPATYPHI.

Y razoB, HAIPOTUB, KOI(PPHUIIMEHT BA3KOCTU C TeMIlepa-
Typo# pacteT. OTO OOBSACHSETCS TEeM, YTO IIPU IIOBBIIICHUH
TeMIepaTypbl BO3PACTAIOT BEPOSTHOCTE IIEPEX0da MOAEKYA K3
OMHOTO CAOSI Ta3a B APYrol, IIEPEHOCHUMBIH HMIIYABC U BH3-
KOCTb rasa.
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OnucaHue YyCTAaHOBKHU U METOJA U3MepeHUi

Cxema yCTaHOBKH (pHC. 2.2) BKAIOYAET Kaluaagap I, co-
€IWHEHHBIH OJHHUM KOHIIOM Y€pe3 CHUCTEMY ITHEBMOIIPOBOJA C
MepHOH eMKocThio 2 u U-maHomeTpoMm 3. [pyro¥ KoHell Ka-
HAASPA coobIaeTcd ¢ aTMocepoi.

MepHasd €eMKOCTb COeqHHEHa TPYyOKo#l 4 co Bcriomora-
TEABHBIM COCYIOM 5, B KOTOPOM HaxoguTcs Boza. C IOMOIIbIO
TPYOKH 6 6a40K 2 coequHEH ¢ MHKpOKOMIIpeccopoM. [Ipu 3a-
KpPBITOM KaamaHe K2 U OTKpbITOM KaamnasHe K1 Boza u3 BCIIO-
MoraTeAbHOM eMKOCTH 2 uepe3 TPyOKy IlepeTeKaeT B MEpPHYIO
eMKocThb 5. Ilpu 3akpriToM KaamaHe K1 1 OTKPBITOM KAallaHe
K2 Boza BBITECHSET BO3AYX U3 MEPHOM €MKOCTH Yepe3 KallhA-
Agap B arMocdepy. Tak Kak cedeHHe KallhAAgpa Maao, TO BO3-
HUKaeT pa3HOCTb NJaBAE€HHM BO3ayxa Ha €ro KOHIaxX, KoTopad
usMmepsieTcss BoaAgHbIM U-maHoMeTpoM. C IIOMOIIBIO CEKYHOO-
Mepa Hu3MepseTcd BpeMd HCTeYeHHUd 3aJaHHOTO obbeMa BO3-
ayxXa U3 MEPHOH €MKOCTH M yYKa3aHHBIH OOBEM C ITOMOIIBIO
ypoBHeMepa 7. [Ias IOBTOPEHHS ONbITA 3aKPBhIBAIOT KAallaH
K2 u, BKAIOYHB KOMIIPECCOP, OTKpBIBalOT KaanaH Kl. Ilpu
3TOM BoJa IlepeTeKaeT U3 MEPHOM €MKOCTH 2 BO BCIIOMOTra-
TEABHYIO 5. YPOBEeHb BOJABLI B MEPHOM €MKOCTH ONPENEASIETCH
1o ypoBHeMepy 7. [IOCKOABKY pa3HOCTH AaBA€HUH Ha KOHIIAX
Kalmuaadpa B MOMEHT BKAIOYECHHA CEKyHAOMEpPA MU B MOMEHT
€T0 BBIKAIOYEHHUS Pa3AWYHA, TO HEOOXOAHMMO B3STHb CPEIHIOIO
Pa3HOCTb OaBAECHHUH 3a BpeMd IIPOBEAEHUS OIbITA.

Puc. 2.2
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[Ipy OBUXKEHHHU XKHUAKOCTH B KPYraod Tpybe CKOpoCTh
paBHa HYAIO Y CTE€HOK TPYyObI M MaKCHMaAbHa Ha OCH TPYOHI.
[Ipenmnosaras, 4To TeYeHHE AaMHHAapHOE, HalieM 3aKOH H3-
MEHEHHS CKOPOCTHU C PACCTOSIHUEM 7 OT OCH TPYOBI.

Boimearm  BooOpazkaeMblli  MHAWMHAPHYECKHUE  00BEM
KHUOKOCTH (rasa) paguyca r U AAauHEI [ (puc. 2.3).

[Ipy crarioHaApHOM TEYEHHH B TPyOE€ IIOCTOSSHHOTO Cce-
YeHUd CKOPOCTH BCEX 4YaCTHIl KHIKOCTU (raza) oCTaroTcs
Henu3MeHHBIMU. CAe0BaTEABHO, CyMMa BHEUTHUX CHA, ITPHAO-
KEHHBIX K AI000MY 06beMYy KUIKOCTH, paBHA HYAIO.

Puc. 2.3

Ha ocHOBaHmmM paccMaTpuBaeMOIo IHAWHIPHUYIECKOTO
obbemMa OEHCTBYIOT CHABI OaBA€HHS, CyMMa KOTOPBIX paBHA
(p1 — po)ar2. Ora cuaa AEHCTBYET B HAIIPABACHUHM ABUKEHUS
KUAKOCTH. KpoMme Toro, Ha OOKOBYIO IIOBEPXHOCTh IIMAMHIpPA
IOENUCTBYET CHAA TPEHUd, paBHad 77|du / dr |27rrl (nMeeTcd B BU-

Oy 3HadYeHUe duv/d Ha pacCTOSHUHU r OT OCH TPYyObI). YcAoBHE
CTallTMOHAPHOCTH MUMEET BUI!

Zonrnt (9)

(Pl - pz)m’z = Ud_r

CKOpoCTb yOBIBAET C PACCTOSHUEM OT OCH TPyObI. CAemo-
BaTEABHO, du /dr OTpHLIATEABHA U |du / dr| = —dv /dr. Y4UTBI-

Basl 9TO, IIpeo0pa3yeM COOTHOILIeHHE (9) CAeAYIOIIM 00pa3oM:

~du (P - py)r

dr 2nl
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Pa3neanB nniepeMeHHbIE, IOAYYUM YpPaBHEHHE:

P, — pz
2nl

du = - rdr ,

WHTETPUPOBAHHE KOTOPOTO IAET:

BT Pr e o (10)
4nl

U =

[TocTogHHYI0O HMHTETPHUPOBAHHUA HYKHO BBIOpaTh Tak,
4TOOBI CKOPOCTH Oobpalasachk B HOAb Ha CTEHKaxX TPYyOBI, T.e.
npu r = R (R - paauyc Tpy6sl). Torna 13 3Toro yCAOBUs

p1 - p2 R2
4nl

C =

IToncranoBka 3HadyeHus C B BeIpaxkeHHe (10) mpuBoouUT
K popmyae:

2
P, — P, 2 2 P, — Py 2 r
uir)=—=\R" -r°)J=———=R"|1- —|. 11
r) 49l ( ) 4nl [ RQ] (1)

3Ha4eHHe CKOPOCTHU Ha OCH TPYOBI

UO:U®):£j%?&R2. (12)

C ydetom 3Toro copmyae (11) MoKHO IpHUAaTE BUMI:

u(r) = Uo[l—#]. (13)

TakuMm ob6pasoMm, IIpH AAMHUHAPHOM TEYEHUH CKOPOCTH
U3MEHAEeTCs C PaCCTOSSHHEM OT OCH TPyObI 1o mapaboande-
CKOMY 3aKOHY (puc. 2.4).

Puc. 2.4
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I[Torarasa TedyeHue AaMHWHAPHBIM, BBIYUCAHUM IIOTOK 2KHUI-
174 o
KOCTU Q = —, T.€. obpeM KHUAKOCTH, ITPOTEKAIOIIHUHN YEPES I10-
t

IIepevHoe cedeHue TPyOnl 3a eqUHUILy BpeMeHU. PazobbeM 110-
IIepeyHoe cedeHHe TPyObl Ha KOoAblla HIMPHUHOHN dr (puc. 2.5).
Yepe3 KOABLIO paguyca r NPOHAET 3a CEKYHAY OOBEM KHIKO-
CTH, paBHBIH IIPOMU3BENEHUIO IIAOIIAAN KOAbLA 27rdr Ha CKO-
POCTh Te€4YeHHd B TOYKAX, HAXOMAAIIMXCHA Ha PACCTOSHUU I OT
ocu TpyObI. [IprHaB Bo BHUMaHUue popmyay (13), moAyaum:

doQ :Uo(l—rQ/RQ)Qﬁ-rdr. (14)

YToOBI IOAYYUTH IIOTOK (Q, HEOOXOAMMO ITPOUHTETrPUPO-
BaTh BbIpazkeHUe (14) 110 r B Ipeneaax oT HyAd A0 R

R
1 1
Q:Iuo(l—rQ/R2)2ﬁ~rdr:EﬁRQUO:ESUO, (15)
0

rae S — naolaab ce4eHHUd TPyObI.

N3 dopmyab! (15) caenyeT, 4YTO IPU AAMHHAPHOM Tede-
HUU cpegHee (II0 CEYeHHI0) 3Ha4YeHHE CKOPOCTU PABHO IIOAO-
BHHE 3HA4YE€HHs CKOPOCTH Ha OCH TPYOBHI.

I[MoogcraBuB B ¢opmyay (15)
3Ha4YeHHE BhIpaxkeHHUd (12) maa o, ,
IIOAYYUM [JAS IIOTOKA:

4
(pl _SZQZ)HR ) (16)

Q =

Bripakenue (16) HasbIBaeTcs
dopmynoii ITyaseiinst, COrracHO
KOTOPOH MOTOK ZKHIAKOCTH ITPOIIOP-
IIMOHAACH IIeperaay MAaBACHHS Ha
€IUHUIIE TAWHBI TPyObl U YeTBEPTOH
CTeIleHU paauyca TPyObl U 0OpaTHO
IIPOIIOPIIMOHAAEH KO3(PPHUIIMEHTY BSI3KOCTU KHUAKOCTH. Pop-
Mmyaa Ilyaseting mpuUMeHHMa TOABKO IIPU AAMHUHApPHOM Tede-
HUW U HCIIOAB3YETCS [AS OIIPeNeACHUS BSI3KOCTH JKHIAKOCTEH
(razoB). [Ipomyckad KHUOKOCTH Uepe3 KaIlUAASGpP H3BECTHOTO
panuyca R. U OAWHEI [, IpU 3TOM HU3MeEpPsis Meperay AaBACHUS
Ap, oobeM V, BpeMms t, HAXOIUM 1:

Puc. 2.5
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_ ApﬁR:t

81V (17)

n

IMopsAAOK BHINOJIHEHUSI PaGOThI

Brumarue! Tlepen BKAIOYEHHEM YCTAHOBKH B ceThb ybe-
OUTECH, UYTO IEPEKAIOYATEAD (KOMNPEccop» HaXOOAUTCHA B IIOAO-
KEHUH «8bli/l, a KpaHbl K1 1 Ky — B IIOAOXKEHUHU «(3AKD).

1. BKAIOYUTE YCTAHOBKY B CETbh.

2. IleperarodaTeAab «Komnpeccop» YCTAaHOBUTH B ITOAOXKE-
HUE (8K

3. Kpan K; 1oBepHYTH B IIOAOKEHHE «OMKp», IIPU ITOM
BO BCIIOMOTaTE€ABHYIO €MKOCTh Ha4YHET IIOCTYIIaTh KUIKOCTb.

4. Ilpu OOCTUKEHUU YPOBHSI XKHUIKOCTHU B €MKOCTH OT-
meTku 700 MA 3aKpbITh KpaH Ki M OTKAIOUUTH KOMIIPECCOP.
[Ipu 3TOM ypOBEHBb KUIAKOCTH yCTAHOBUTCH BBIIIE OTMETKU
700 MA.

S. OTkpeITh KpaH K>, IIPH 3TOM YPOBEHB KUIKOCTH B
€MKOCTH HadHeT IIOHuXKAaThcs. [Ipu [OOCTHUIKEHUU YpPOBHA
KUAKOCTH OoTMeTKH 700 MA BKAIOYHUTL CEKYHIOOMEP, OLHOBpE-
MEHHO U3MEepPUB Pa3HOCTb ypoBHe# h; Ha U-o0pa3HOM MaHO-
METpE.

6. [Ipu OOCTUKEHUM yPOBHH XKHUIOKOCTH B €MKOCTH OT-
MeTKH 500 MA BBIKAIOYUTH CEKYHIOMED, OMJHOBPEMEHHO U3Me-
PHUB pa3HOCTH YPOBHeH hy Ha U-o0pa3HOM MaHOMETpE.

7. 3akpbITb KpaH K.

8. IloBTOPUTE IYHKTHI 2—7 NATb pa3 U PE3yAbTAThl U3-
MepeHUi 3aHecTH B Taba. 2.1.

Tabauna 2.1
Ne V, M3 tc hi, m ha, M Ap, MNa n, Na<c Nep, Ma-c

G N|—

06pa6oTKa pe3y/IbTaTOB U3MEepPEHUN
1. AT KasKI0TO OMBITA OIIPENEAUTH Ap 10 popMmyae:
h,+h
Ap = p,g——=,
2

TOE Pe — IINAOTHOCTB BOABI; g — YCKOPEHHUE CBO6OJIHOI‘O IIaacHHUAd.
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2. YuuTbIBasi, 4TO B OaHHOH yctaHoBKe [ = 0,08 M u
R.= 0,75 - 103 M, 110 popmyae (17) BBIYUCAUTE 1) IAS KAKIOTO
OIIbITA W OIPENEAUTH 1. Pe3yAbTaTbl BBIYUCAEHUN 3aHECTU
B Taba. 2.1.

3. U3mepuB TeMIlepaTypy OKpyzKarollero Bo3ayxa T u y4au-
TBhIBas, 4TO MOASIpHas Macca Bo3ayxa M = 29 - 108 kr/Moasb, 110
dopmyae (7) onpeneAuTEs CPEeOHIOI0 CKOPOCTH TEIIAOBOTO IBU-
JKEeHHT MOAEKYA BO34yXa.

4. NamepuB maBaeHUE Bo3ayxa P B aabopaTopuu U HC-
II0AB3yd BbIpaskeHHd (6)—(8), ompeneAuTb CPEAHIOI JAUHY
cBOOOIHOTO IIpobera MOAEKyA BO3ayXa 110 POpMYyAe:

37 7nRT

ﬂ_ >
2PV2M

rae R — yHUBepcaabHasd ra3oBasd [IOCTOTHHAS.
5. U3 dopmyar! (4) paccuuraTthk 3 (PEKTUBHBIA TUAMETP
MOAEKYABI BO3ayXa:

KT
d . =

@ \/E 7PA '

6. CmeaaTh BBIBOJ O IPOAEAaHHOM paboTe.
KoHTpoJ/ibHbIE BOIPOCHI

1. Yrto Takoe cpemHsda OAWHA CBOOOMHOrO mpobera?

2. Yro Ha3pIBaloT 3P PEKTUBHBIM CEYEHHUEM MOAEKYABI?

3. IlepeHocoM Kakux (PHU3HUYIECKHUX BEAWYHH OOyCAOBAE-
HBI SIBA€HHUS AU(PPY3UH, TEIAOIPOBOAHOCTH U BHYTPEHHETO
TpeHUus?

4. Kak 3aBHCUT KO3(p(PHUIIHEHT BA3KOCTH OT TeMIIepaTy-
PBI OAS 3KUOKOCTU U raza?

S. TlppuMeHMMO K KaKOMy TEYeHHUIO CIIpaBemauBa op-
myaa [lyazetinag?
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JlabopamopHas pa6oma 2.3
ONPEJAEJIEHUE BA3KOCTHU
KNUIKOCTH METO0OM CTOKCA

IJenw: onpeneseHre BA3KOCTH KUAKOCTH MeToqoM CToKkca.
Ipubopsbl u NpuHAOEIHOCMU: COCY C UCCACTYEMOM KHI-
KOCTBIO, IIAPUKH, MUKPOMETP UAU MHKPOCKOTI, CEKYHIOMED.

TeopeTuquKne CBeJEeHUuA

Bsaizkocmero (BHYTPEHHUM TPEHHEM) Ha3bIBaeTCsd CBOMU-
CTBO TEKy4UX Te€A, JKUJAKOCTeH U ra3oB OKa3blBaThb COIIPOTHUB-
A€HUE TIEPEeMEIEHUI0 UX CAO-
€B OTHOCHUTEABHO ApPYyT ApyTa.
S [IpeacraBuM ABE mapas-
Yo AeAbHBIE TIAACTHUHBI, OTPaAHU-
YUBAOIINE HEKOTOPBIH 00BEM
XKUOKOCTH (puc. 2.6). Msbic-
AEHHO pas3geAuM >XUIKOCTh
Ha TOHYaMIIHue cAou. Ecam
/] _ [epeMelnaTh BEPXHIOI IIAa-
CTUHY OTHOCHUTEABHO HUIXKHEN
B HallpaBA€HUM, yKa3aHHOM
CTPEAKOH, TO CAOH KUIKOCTH, OAMKAUIINUY K IIAACTUHE, MTPU-
AUTIHET K He¥l UM HayHeT ABUTAThCS BMECTE C HEIO0 C TaKOU ke
CKOPOCTBIO Up. [IpM 3TOM MOAEKYABI JAHHOTO CAOSI YBAEKAIOT
3a COOOM MOAEKYABI CAEAYIOLIETO CAOsI, KOTOPBbIE MPUXOAST B
OBUXKEHHE CO CKOPOCTBIO U < U, U T.A. [Ipuxonsaimipe B ABUKE-
HHE HHUXKEAEXKAIIUEe CAOHU UMEIOT CKOPOCTH TeM OOAbBIIe, YeM
OAMIKE OHM HaXoOdaTCs K BepXHeM rmaactuHe. [Ipu 3ToM BO3HHU-
KaeT CHUAa BHYTPEHHEro TpeHUd F, IMpensaTCTBYIOIAS OTHOCHU-
TEABHOMY CIBHUTY COIIPUKACAIOIIUXCS CAOEB JKHIKOCTH.
BeanurHa 3TOM CHABI OIIpeNeAsIeTCd 110 3aKOHY, yCTaHOB-
aeHHOMyY U. HeroToOHOM:

Z A

Puc. 2.6

du
F =n—AS, 18
n— (18)

du o
rme — — IPagUuEHT CKOPOCTH, KOTOPBINM YHCAEHHO paBEH U3-
dz

MEHEHHIO CKOPOCTH Ha €IUHUYHOM PACCTOSHHUH B HaIpaBAe-
HUU Hauboaee ObICTporo eé€ Bo3pacTaHus; AS — IAOIIAAE I10-
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BEPXHOCTH COIIPUKOCHOBEHHSI CAOEB; 7] — KO3(P(PUIIHMEHT IIPO-
IIOPILIMOHAABHOCTH, HA3bIBA€MBIH KO3(P(PHUIIMEHTOM BHYTpPEH-
HEro TPEHUS UAH BA3KOCTBIO XKHUKOCTH.

CoraacHo BbIpaxkeHUIO (18), BS3KOCTH 7] paBHa CHAE
BHYTPEHHEI0 TPEHUS, BO3HHKAIOIIEH Ha eIWHUIE IIAOIIaIU
IIOBEPXHOCTU COIIPUKACAIOUINXCS CAOEB, ABUIKYIIIUXCH OTHO-
CUTEABHO APYT Apyra C €AUHUYHBIM I'PaIUEeHTOM CKOPOCTH.

Enunuiia namepenud BI3kocTH B CU u3 opmyast (18):

H-wMm-c
[77] =——F =1Ila -c
M- -M

MoAeKkyAsIpHO-KUHETHYeCKasd Teopus OOBACHAET Bs3-
KOCTb JKHKOCTe! M rasoB AByMd ITpuduHaMmu. [lepBod 13 HUX
ABAFETCHI TEIIAOBOE ABHUXKEHHE MOAEKYA, B Pe3yAbTATe KOTOPO-
IO IIPOUCXOAUT IIOCTOSIHHBIA OOMEH MOAEKYyAaMH MEXKIY IBH-
KYIIUMHUCS OTHOCHUTEABHO APYT ApPyra CAOSMU. OTO IIPUBOIUT
K IIEPEHOCY OT CAOSI K CAOIO OIIPEIEeA€HHOI'0 MMIIyAbCA, B pe-
3yAbTaTe 4ero MeIA€HHBIE CAOM YCKOPSIOTCH, a 0oaee ObICTpEIE
3aMeIAdIOTCS. BTOpoM HOpHUYMHONM CyILIeCTBOBAHUS BA3KOCTHU
ABAFETCH TO, YTO MOAEKYABI, OTHOCSIIHECS K PA3HBIM CAOSIM,
B3aMMOAEHCTBYIOT MeXKAy cO0O0M, YTO ITPUBOAUT K OrpaHH4e-
HUIO UX [TOABUKHOCTH.

B XupgkocTdx, TIoe PpacCTOdHUA MEXIY MOAEKyAaMH
HaAMHOTI'O MEHBIIIe, YeM B ra3ax, BA3KOCTb OOyCAOBA€HA MeEXK-
MOAEKYASPHBIM B3auMoAeHcTBHEM. B KuAKOCTH MoaeKyaa
MOZKET IIPOHUKHYTb B COCEIHHUI CAOM AMUIb ITPU 00pa30BaHUU
B HEM IIOAOCTH, OOCTATOYHOH [Ad MEePECKaKWBAHULA Tyda MO-
AeKyAbl. Ha o0OpaszoBaHHE IIOAOCTH (¢«PBIXAEHHE» 3IKUIKOCTH)
pacxomyeTcs TaK Has3blBaeMas JHEPrUsl aKTUBAIIUM MOAEKYA
KHUIKOCTH, KOTOpasl YMEHBIIAETCAd C POCTOM TeMIIEpaTyphl U
IIOHUZKEHUEM [OaBAE€HUs, ITO3TOMY BS3KOCTb IKHUIAKOCTH PE3KO
YMEHBIIIaeTCs C POCTOM TEMIIePaTyPhI.

OnucaHue yCTAaHOBKHU U METOJA U3MepeHUM

OnHUM U3 crIIOoCcOOOB OIIpeNeA€HHs BS3KOCTH SBASETCS
MmeTon Ctokca. CyTh €ro 3akaro4daeTcd B caenyrolieM. Ha Bca-
KO€ TEeAO, ABUXKYIIlceCd B BA3KOM KHUIKOCTH, NEHUCTBYET CHAA
BHYTPEHHEro TpeHHd. BeanuynHa 5TOH CHABI IIPU HEOOABIINX
CKOPOCTSX ABHKEHHS U HEOOABIIHMX pasdMepax TeA IIPOIIOPIIH-
OHaAbHA BA3KOCTH KUIAKOCTHU 1) U CKOPOCTH ABUKEHHUS U :
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Fmp = k?]U 5

rae k — Ko3(p(pUIIMEeHT IIPOHIOPIIUOHAABHOCTH, 3aBUCSIIIHH OT
¢dopMBI U pa3MepPOB TeAa.

PacyeTsl IIOKa3bIBAIOT, YTO [OAS HEOOABIIUX IMIAPHUKOB
panuyca r Kod(pUIUEeHT k = 6zr, CA€NOBATEABHO, CHAA CO-
MIPOTUBAEHUS UX NBUKEHUIOF, = 6zunr .

[Tpubop mag onpeneAeHUs BA3KOCTU ITpeNCcTaBAsIeT coOoH
CTEKASGHHBIU COCYI, HAIlOAHEHHBIH HCCAELYEMOH KUIKOCTBIO.
Ha mapuk, cBoOOaHO Hagalolyii B KHUIKOCTH

— _

AR, (puc. 2.7), neHCTBYIOT CHAA THXKECTH m g , BbI-

=

A TaAKHUBalollad apxuMenoBa cuaa F, HW cHAaA

F. | BHYTPEHHErO TPeHHd F, :

4
] — mwg=§7rr3pmg; F., = 6rrun ;
v 4,
— Fa:mmg:gm* 0,9 > (19)
Puc. 2.7

TZIe My U My — Macca MIapuKa U XKUIKOCTH, BbI-
TECHEHHOM IIAPUKOM; Pw U Px — IMAOTHOCTH IIa-

pHKa U KUAKOCTH; I — paguyC IIapHUKa.
JIBuzkeHHe HIapukKa OyZleT YCKOPEHHBIM AMIIL B IIEPBOE
Bpewms, roka m,g > F, + F, . C BO3pacTaHUEM CKOPOCTH BO3-

pacTraeT cuaa BHYTPEHHETO TPEHHd, U C HEKOTOPOTO MOMEHTA

B CpedHEH YaCTH COCyla, OTPAaHUYEHHOH TOPHU30HTAABHBIMU

MEeTKaMU, IBUKEHHUE MOXKHO CUHUTATh PABHOMEPHBIM.
CaemoBaTEeALHO,

m,g+F,+F, =0 AL m, g=F, +F, .
YuurtbiBasa BeIpaxkeHue (19), moaydaum:

4 3 4 3 6
—ar°pg = —ar pg + 671UN
3 3 ’

OTKya

(P = P ) (20)



[IBuzkeHHE MeXOAy MeTKaMH paBHOMEPHOE, II03TOMY
CKOPOCTBH MOKHO OITPEAEAUTH I10 (popMyAe:

roe ! — pacCTOsiHHE MeXOy MeTKaMU; t — BpeMs ABUXKEHUT
HIapuKa MeXIy HUMH.
YuutsiBag dpopmyay (20), moAyduM:

2 gr2t
= ( w )K)
9 !

OTo ypaBHEHHE CIIPABEIAUBO AUIIIL TOT/IA, KOTA HIAPUK
nazaeT B Oe3rpaHUYHOM cpene. B maHHOM cayyae HEOOXOaHUMO
yd4ecTb BAUSHHE OOKOBBIX CTE€HOK. PopMyaa [AS OLpeeAeHUs
Ko3(ppUIIMeHTa BA3KOCTH C YYETOM IIONPAaBOK IIPUHHUMAET
BU/I:
gr’t Pt P, 21)

¢ 1+2,4(r/R)

2
n=—:
9

rae R - paguyc cocyna.
IlopsAAOK BbINOJIHEHUS PAGOTHI

1. ITpy nmoMoIiy MHKpPOMETpa HAH MHKPOCKOIIA OIIpene-
AWUTH HaMeTp IIapHKa.
2. OmycTuTh IapHUK B XKHUIOKOCTH U U3MEPUTH BPEMS €r0
OBUXKeHUs Mexay metkamu (L~ 0,1-0,2 m).
3. Ilpomeaats OmIBIT 4 pasa.
4. PesyabTaTbhl U3MEpPEHUS 3aHECTH B TabA. 2.2.
Tabawnma 2.2

Ne Px, Krim? P, KTIM3 (A ‘,Mm tc u, mlc n, Ma-c T.K

BlwiNd|—~

O6pa6oTKa pe3y/ibTaTOB U3MepPEeHUN

1. TTo dopmyae (21) ompemeAuTs BSI3KOCTH KUIKOCTH,
BBIYHCAUTD €€ CpefHee 3HaUYeHHe <7)>.
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2. BBIMHMCAUTE OTHOCHTEABHYIO IIOTPEIIHOCTBE OIpPEeaeAe-
HUS BA3KOCTHU 110 POPMYAE:

Ag Ar Al Ap+Ap;, AR+ Ar AR
on=—+2—+—+ + +
g r l o -p,; R+r R

[MpuHATE Ag =5-10 °m/c’; Ap =5 kr/m °; paccyuTaTb
Al U AR, Ar TIO ILleHe HauMEHBIIIeTO OeA€HUS U3MEePHUTEABHBIX
HHCTPYMEHTOB.

3. OnpeneAnTb aOCOAIOTHYIO OIIHMOKY U3MEPEHUSI.

4. BammcaTh pe3yAbTaT B BUOE 77 =< 1 > +A7 .

S. CpaBHUTE <7 > C TaOAMYHBIM 3HAYEHUEM MPU TEM-
nepartype, 0AM3KON K KOMHATHOH, cieAaTh BBIBO/I.

KOHTpOJIbeIe BOIIPOCHI

1. B gyem cocrout Meton CToKca OIpeaeAeHUsT BA3KOCTU
SKUTKOCTHU?

2. KakoB pu3u4ecKuil CMbICA BI3KOCTH?

3. KakoBa mnpupona CHA BHYTPEHHEro TPEeHUd B JKHUIKO-
CTax?

4. 3anucarb (popmyay HrpioroHa. YTo Takoe rpagueHT
CKOPOCTH?

5. Kak ompeneanTts KO3(P(PUIIMEHT BI3KOCTU KUIKOCTH,
€CAU TIAOTHOCTH MaTepHasa, U3 KOTOPOr0o CAeAaH IIapUK,
MEHBIIIE ITAOTHOCTH KUIKOCTH?

6. Uto Takoe 3HepPrUs aKTUBAIIUU?

Jla6opamopHas pa6oma 2.4
ONPEAEJIEHUE IIOKA3ATEJIA AAUABATDI
A4 BO3AYXA METOZJ0M KJIEMAHA-JE30PMA

IMenw: onpeneseHHe OTHOILIEHHS TEIIAOEMKOCTH BO3IyXa
IIPU IIOCTOSTHHOM JAaBA€HUHU K TEIIAOEMKOCTH BO3/yXa IIPHU IIO-
CTOSSHHOM 00BbeMe MeTonoM Kaemana-/le3zopma.

ITpubopsbl u npuHaosiexHocmu: YCTPOUCTBO, BKAIOYAIO-
miee B cebs CTEKASIHHBIN 0aAAOH, HACOC (KOMIIPECCODP), KpaH,
coeMHEeHHBIN ¢ U-00pa3HbIM MaHOMETPOM.
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TeopeTnyeckKkue cBeeHUs

Tennoemxocmosro mena HA3LIBAETCS CI)I/I3I/I‘-ICCKaH BE-
AWMYHMHA, paBHasd OTHOIIEHHWIO KOAHMYECTBA TEIIAOTBI d'Q , CO-

obI1raeMolt TeAy, K U3MEHEHHIO €ro TeMIepaTypbl B TE€PMOIHU-
HaMHU4Y€CKOM ITPOIIECCE:

TermAOEMKOCTEL TeAa 3aBUCUT OT €ro MaccChbI, XUMH4YECKOTO
CoCTaBa M BH/AA IIPOLIECCA, IIPH KOTOPOM OCYIIIECTBAAETCHA II€-
peaada TeEIiaa. TernA0eMKOCTE €OIUHUIIBI MaCChbl T€eAa Ha3bIBa-
eTcs Yo0eslbHOU MenloemMKoCcCmsio U OIIpeaeAdeTCs 110 POPMYAE:

c do
cC=—=——,
m mdT
e m— Macca TeAa.

TernA0eMKOCTB OHOI'O MOA4d BeEIlIeCTBa Ha3bIBaAlOT MO-
JlﬂpHOlj, menjloemMKoCmMviro U OIIPEAECAAECTCA BEIPAZKECHHUEM !

C d'Q
c# = =
m/u  m/u-dT

2

TIEe i — MOASIpHAasI Macca.

'a3bl 10 CPABHEHHIO C BEIECTBAMH B JKUIKOM U TBEP-
JIOM COCTOSIHHU 00AamaroT GOABIIUM KO3(PUIIUEHTOM OOBEM-
HOTO pacuiupeHus. [IoToMy TermAoeMKOCThb razoB Cy IIpU IIO-
CTOSHHOM OOBEME 3HAYUTEABHO OTAMYAETCHd OT TEIIAOEMKOCTH
Cp IIpH TIOCTOSTHHOM JIaBA€HUH, IIPUYEM C, > C,, .

[eHicTBUTEABHO, €CAM HarpeBaTh ra3 IIPU ITIOCTOSHHOM
ob6beMe, TO BCE KOAMYECTBO TEMIAOTBHI, COOOIIaeMoe eMy, HUIET
Ha yBeAHWYeHHe BHyTpPeHHeH sHepruu. Ecam HarpeBaThb ras
IIPU IIOCTOSSHHOM MNaBA€HHUH, TO TEIAO PACXOAYyETCH HE TOABKO
Ha yBEAHMYEHHE BHYTPEHHEMW SHEpPruH, HO M Ha paboTy H30-
OapHOro pacHIupPeHU.

[ag maeasbHOrO ra3a Pa3HOCTb MOAIPHBIX TEIIAOEMKO-
cTell paBHaA YHHUBEPCaABHOM ra3oBOM IOCTOSHHOH R (ypaBHe-
Hue Maiiepa):

(c,),-(c,), =r.
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B manHO# aabopaTopHO#l paboTe ompenesdeTcsd BazKHad

C.),
.),

3ateaeM amuabaTbl — KpuUBasd, rpaduyuecKH H3o0pazkaroias
annabaTUdecKUy mporiecc.

Aduabamuueckum HA3BIBAETCS TEPMOAMHAMUYECKUHI
IIpoOIlecC, MPOHUCXOmdANIi 6e3 TermaooOMeHa C OKpYyKaroIleH
cpenod (d'Q =0). CBg3p MexOy IapaMeTpaMM, OIIpPeNeAdiO-

TEPMOAHMHaAMUYIECKad BEAUYHUHA y = , Ha3bIBaeMasd IIoKa-

IIMMH COCTOSHME HIAEAABHOTO ra3a, HaXOAuTCd U3 IIEPBOTO 3a-
KOHa TePMOAMHAMHKH C HCIIOAB30BaHHUEM ypaBHeHUM MeHze-
aeeBa-Kaanelipona u Maiiepa. YpaBHEHHS, CBA3bIBAIOIIME I1a-
pamMeTpsl rasa npu aguabaTHIecKOM IIPOIlecce, Ha3bIBAIOTCH
ypaBHEHUSMH aauabathl, HAHM ypaBHeHHsSMHU I[lyaccoHa wu
HUMEIOT BUI:

pV '’ = const ;
TV ' = const ; (22)
p’'T™7 = const

Tak kak y > 1, To U3 ypaBHeHHUH (22) caemyeT, UTO IpPHU
anuabaTHYecKOM PAaCIIMPEHUH Ta3 OXAaKIAeTCd, IIPHU aaua-
0aTHYECKOM CKaTHH — HarpeBaeTcs. OTO SIBAGHHE HaXOIUT
IpUMeHeHHe B QU3EASX, Ile BOCIIAaMeHeHHe pabodedl cMmecu
OCYILIECTBASIETCH IIyTEM aaHabaTUYECKOTO CKaTHs.

OnucaHue YCTAHOBKH M1 Me€TOAa I/I3Mep8HI/Iﬁ

MeToz ompeneAeHHs y, HCIIOAB3YEMbIH B JaHHOM paboTe,
Obia mpemaoxkeH B 1919 r. H. Kaemanom u XK. /IlezopMoM U oc-
HOBaH Ha HCCAENOBaAHHUK HEKOTOPOH Macchl rasa, IIocAegoBa-
TEABHO ITPOXOAIIETO YePe3 TPU COCTOSHUS.

Obmrass cxema yCTAHOBKHU IIpeACTaBA€Ha Ha puc. 2.8.
[Tpu oMol Hacoca BO3AYyX HaKadyMBaeTCd B OOABIIION CTEK-
ASTHHBIF 0aAAOH 3 10 HEKOTOPOTO JAaBAEHUS pi, ITPEBBIIIAIOIIE-
ro aTMoccepHoe:

p,=H+h,

rone H — atmocdepHoe naBaeHUe; h; — H30BITOK OaBACHUS
CBEPX aTMOC(EPHOro (M3MepPIETCs BOAIHBIM MaHOMETPOM ).
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Korma Bo3myx B 6asroHE HMPHUMET TeMIIEPATYpPy OKpyzKa-
IOIIETO BO3yXa, OBICTPO OTKpbIBaeTcs KpaH K» M BO3OoyX BBI-
IIyCKaeTCcsd HapyxXKy [0 TeX IOop, IToKa AaBAeHUe B 0aarOHe He
CTaHeT PaBHBIM aTMOC(EPHOMY.

Breixon Bo3myxa IPOHCXOAUT OBICTPO, IIO3TOMY Iepesa-
4Jeil Ternaa depe3 CTeKASHHbBbIE CTEHKH 0aAAOHA MOXKHO ITpeHe-
OpedYh M MPOIIECC pacCIIMpPEeHHs BO3AyXa B 0asrOHeE caedyeT
CYHTaTh anuabaTUdecKuM. [Ipu 3TOM pacUIUpSIOIIUHACT BO3-
OyX COBepIlIaeT paboTy IIPOTUB BHEIIHUX CHA — CHA JABACHUS
arMmocgepsl. CaeroBaTeABHO, TeMIIepaTypa Bo3ayxa B OasroHe
TIOHHU3UTCH.

hy

iz v
Puc. 2.8

Ecan 3akpeiThb KpaH K; W gaTk BO3AyxXy B 0OaaaoHe
HarpeTbCcsd [0 TeMIlepaTypbl OKPYXKAaIOIIEro BO3AyXa, TO €ro
JaBA€HHE BO3PaCTeT 0 HEKOTOPOH BEAUYUHBI:

p,=H+h,,

rae hy — n30BITOK AaBACHUS Hal aTMOC(EPHBIM.

M3 1oAy4eHHBIX TPeX COCTOSHHU BOo3ayxa B 0asroHe He-
CAOIKHO paccuuTaTh Kodddpunuent [lyaccoHna.

BrimeanM MBICAEHHO HEKOTOPYIO MacCy m Bo3ayxXa, KO-
TOpas ocTaeTcss B 0aarOHE B TedYE€HHE BCEro 3KCIIEPHUMEHTA.
PaccmoTpum Tpu cocTosgHUA 3ToH cucTeMbl (Taba. 2.3), mpen-
CTaBAsIsI COOTBETCTBYIOIINE UM IIapaMeTphl rasa (puc. 2.9).
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P F-- 1(P1, V1, Tq)
H \ T = const
i 3(Ps, V. T1)
E V = const
! (n3oxp.)
3
P, 2(P2, V2, Tp) v
0 v, >
Puc. 2.9
Tabauna 2.3
Ne n/n CocTosiHMe cUCTEMBI 06bem NaBnexue Temnepatypa
1 KpaH 2 3akpbIT, BO3AYX CXaT Vi H+ h KomHaTHas
KpaH 2 oTkpbIT .
2 p PbIT, Vo H Hwxe komHaTHOM
BO3AyX agnabaTiieckus paclumpeH
KpaH 2 3aKpbiT.
3 p P Vo H+ h2 KomHaTHas
TemnepaTtypa ycTaHoBWNach

ComnoctraBagsa 1-e u 3-e cocroguud (1 u 3 cTrpoka Taba. 2.3),
BHHO, YTO TeMIlepaTypa BO3ayxa, 3aHHMAaIOIIEero o0beMbl Vi
u V», onuHakoBa. CoraacHo 3akoHy Boiiag-Mapuorra, numeem:

ViI(H+h,)=V,(H +h,),
HUAN
V,/V, = (H +h,)/(H + h,). (23)

[Ipu cpaBHeHHH 1-TO U 2-TO COCTOSTHUN HaOAIOAEeTCH
anuabaTudeckoe pacuiupeHue rasa. CoraacHo ypaBHEHHIO
IIyaccoHa, IIOAYYHM:

(H+h,)V/ =HV,,

r
[ﬁj S (24)
V, H + h,
N3 dopmya (23) u (24) caenyer:
H (H+h,)
H +h, S\ HA h, ’

42




TOTZa AOTapU(PMHPOBAHUE NAET:

lg H -1g(H + h,)
V= .
lg(H +h,)-1g(H - h;)

Tak Kaxk maBaenud H, H + hy u H + h, He3HAYHUTEABHO OT-
AWYAIOTCA OPYT OT Apyra, TO B IMEPBOM HPHUOAMIKEHUU AOTA-
pudMBI BEAMYHMH MOKHO 3aMEHUTH UX YHCAECHHBIMU 3HAYEHU-
aMu. B TakoMm caydae

H-H-h, h,
7/: =
H+h,-H-h, h, —h,

K
T.€. ICKOMas BeANYHHA (9KCIIEpUMeHTaAbHAas)
p 1
p=ro i 25)

K ToMmy ke pe3yabpTaTy MOXKHO IIPHUHUTH U B TOM CAydYae,
€CAH IIoAaraTh, YTO BO34yX B COCyle 3 CHadaaa He HarHeTaeT-
cd, a paspexkaercs. Korma cocyn Ha KOPOoTKOe BpeMs coobIia-
eTcd ¢ aTrMocdepoii, B HEM MPOUCXOAUT aauabaTUdecKoe CKa-
THE BO3[AyXa U TeMIlepaTrypa IIOCAETHETO IIOBBINIAaeTCA H0 1o,
IIOCA€ YEero ITPOHCXOOUT €€ BhIpaBHUBAHHE C TeMIlepaTypoH
OKpPY2KAaIOLIero Bo3Ayxa. OKCIepHMEHTaAbHasd yCTaHOBKa
npeacraBaeHa Ha puc. 2.10.

Ha nepemHeill maHeau pacmoAokeHbI: U-maHoMeTp I C
HU3MEPUTEABHON AMHEMKOM 2, KpaH K HalycKa Bo3ayxa J,
KaamaH K, cOpoca maBAeHHs 4, MHEBMOIIPOBOA S5 U TyMOAep
BKAIOUYEHUSI MUKpoKoMIIpeccopa «Komrmpeccop» 6 ¢ HHAUKAIIU-
el BKAlo4YeHHus 7. U-o0pas3HbI MaHOMETP HMMeeT IIepPEeANBHOMH
b6adok 9.

YcTaHOBKA COAEPKUT CTEKASHHBIN 0aaroH 8, HaTIOAHSe-
MBIF Bo3ayxoM. BaaaoH 8 coemmHeH ¢ BoadgHbIM U-MaHOMETPOM
1 ¥ KOMIIPECCOPOM C IIOMOIIBbI0 ITHEBMOIpoBoaa. BricTpoe
U3MEHEHHE MaBAEHUS B 0OaAAOHE ITPOMCXOMUT MPAKTHUECKU
0e3 TeraoobMeHa ¢ OKpyzkaromleit cpenoit. [loaTomy mpoiiecc,
IIPOUCXOOAIINN IIPU OTKPBhIBAHUHU KaamaHa 4, ¢ JOCTATOUYHOM
TOYHOCTBIO MOXKHO CYHTATh aAuabaTHBIM.
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Puc. 2.10
HOPHAOK BBIINIOJIHEHUA paﬁoTbl

1. BKAIOUHTE SA€KTPOIIUTAHUE YCTAaHOBKHU.

2. 3anucarh B Taba. 2.4 HaYaAbHBIHA YPOBEHb ho (A€BBIHM
U IIpaBbI yPOBHU B MaHOMETPE OONHAKOBBIE).

3. BKAIOUHTE 2A€KTPONINUTAHUE KOMIIpeccopa.

4. OTkpeITh KpaH Ki 1 HakadaTh B 0AAAOH BO3AyX Tak,
4TOOBI PA3HOCTb YPOBHEN KHAKOCTH B MaHOMeTpe Oblra paB-
Ha 250-300 MmMm.

Ipumeuarue. HakaumuBaTh BO3AyX B 0AAAOH HYZKHO ME[-
A€HHO, YTOOBI M30eKaThb 3HAYUTEABHOI'O IOBBIIIEHUS TEMIIe-
paTyppl Bo3ayxXa B 0asAOHE, M OCTOPOIKHO, YTOObI HUXKHUU
YPOBEHB KUIKOCTH He JOCTUT KOAEHA MaHOMETpPA.

5. 3akpeITh KpaH Ki, BBIKAATh 2—-3 MHUH. [I0 T€X IIOp, IO-
Ka TeMIlepaTypa Bo3ayxXa B Oasr0OHE He CTaHeT PaBHOM TeMIle-
patype okpyzxaromieH cpeznpl. [locae dero zanucatb Hadaab-
HYIO Pa3HOCTb YPOBHEH hi B Taba. 2.4.

ITpumeuarHue. B maanbHEHINNX ONBITAX HAYAABHYIO pa3s-
HOCTBH YPOBHEH HEOOXOIUMO ITOAAEPKUBATDH IIOCTOSHHOMH.

6. Pe3ko HaxkaThk Ha KaamaH K, coequHUB 0AAAOH C aT-
Mocepoit 1, MOKIABIINCH, KOTZIa YPOBEHb AOUAET 10 ho, 3a-
KpPbITh KAQIIaH.
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7. Yepe3 3—4 MUH. (11ocae TOro, KakK YPOBHH KUIAKOCTU B
MaHOMETpPE CTaOHAU3UPYIOTCS) 3aIlucaTh Pa3HOCTb 3HAYEHUH
YPOBHEH KUAKOCTH hz B TabA. 2.4.

8. IloBTOPUTE OMBITHI (HII. ¢ 3 IO 7) I4Th pa3. Pesyapra-
Thl U3MEPEHUH 3amrcarh B Taba. 2.4.

Tabaua 2.4
Nenin | ho h1, MM h2, MM <hi>, MM <hz>, MM ¥ < Sy Ay
1
2
3
4
5
9. Brruucauth y 1o opMmyae (25) 1 OIIpeaeAuTs <p>.
10. OmpeneAuTs OTHOCUTEABHYIO IIOTPENIHOCTH HU3MeEpe-
HUS:

AR, Ah, +Ah,

<h, > <h, >-<h,>

ToE Ah = ,\JARZ +ARZ, .

AbGcoaroTHas caydaifHas IIOTPEUTHOCTh

oy =

2

n

Y (h-<h > )

Ah, =\

n(n -1)

Ay
<y >

11. ¥YuwutbIBag, 4TO 6y =

, OTIPEIEeAUTH aOCOAIOTHYIO

HOTPEITHOCTE Ay = 8y < y > .

12. 3anucaTh OKOHYATEABHBIH PE3yAbTAT OIIPENEACHUS
rokasaTeas [uadaThl B CTAHOAPTHON popMe: y =< y > +Ay.

KoHTpoJIbHbIE BONIPOCHI

1. Yro Ha3BpIBAETCH TEHAOEMKOCTBIO TE€AA, MOAIPHON H
YOEABHOM TE€IIAOEMKOCTBIO? KakoBa CBA3b MEXKIy HUMHU?
2. KakoBa CBsI3b MEXKOYy MOASPHBIMH TEIIAOEMKOCTIMHU
IIPU IIOCTOSTHHOM O0BEME U IIOCTOSHHOM aaBaeHHH? Kakada u3
HUX OOABIIIE U ITOYEMY?
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3. Kakue TepMoamHaMHUYeCKHE IIPOIIECCHI UMEIOT MECTO
B AaHHOM pabore? HammcaTh ypaBHEHHS, CBS3bIBAIOIIME IIa-
paMeTphl ra3a IIpH 3TUX IIPOLECCaX.

4. Kako#i mporecc HasblBaeTcd anuabatudeckuM? Kak
MOTYT OBITH OCYILIECTBAEHBI afiiabaTUdecKue IIpoIecChl?

5. KakoB (pusHuecKUl CMBICA ITOKa3aTeAsd aguadaThI?

JlabopamopHas pa6oma 2.5.
ONPEJAEJTEHUE UBMEHEHHS SHTPOIIUU
IMPU N30XOPHOM INTPOLECCE BTA3E

Ifens: omnpeneAeHre U3MEHEHHsS SHTPOIUHU IIPU H30XOP-
HOM OXA@XKIEHUU BO3AyXa.

Ilpubopbl. U npuHAOAEIHKHOCMU: CTEKASHHBIN 06aAAoH,
KUKOCTHBIA MaHOMETP, HACOC.

TeopeTnyeckKkue cBeJeHUs

CocrogHUe TepMOOUHAMHUYECKON CHCTEMBI MOXKET OBITh
3a1aHO0 HabopoM MaKpOCKOIIMYECKHX IIapaMeTpOB, XapakTe-
PHU3YIOLINX COCTOSHUWE CHUCTEMBI B lIeAOM (Hampumep, m, P,
V, 7). 910 3Ke cocTosgHHE MOKHO XapaKTepHU30BaTh 3aJaHUEM
KOOpPAMHAT, CKOPOCTeH M 3Hepruil (MHKpoIlapaMeTpoB) BcCeX
YaCTHUI] CUCTEMBI.

N3-3a Xxao0THU4YECKOTO0 ABHU2KECHHA YaCTHI[ MHKPOIIapaMeET-
PBI CHCTEMBI HEIIPEPBIBHO MEHAIOTCHA, 4 MaKpollapaMeTphbl AALd
PaBHOBECHOI'O COCTOSIHHS OCTAIOTCH HEM3MEHHBIMU.

CaemoBaTeAbHO, KajKZ0€ MaKpPOCOCTOSIHHE MOKET OBITH
peaAn30BaHO OTPOMHBIM YHCAOM MHKpococTossHUM. Yucao W
Pa3AUNYIHBIX MHKpOCOCTOHHHﬁ, COOTBETCTBYIOIIUX OJAHHOMY
MaKpPOCOCTOSTHUIO, Ha3BbIBAETCS MEepMOOUHAMUUECKOLU 8epo-
SAMHOCMbIO COCMOSIHUSL CUCTeMbL.

OHTpoONHEH CUCTEMBI Ha3bIBAETCSI BEAMYHNHA

S-—klnWw, (26)

rae k — rocrossHHasg BoabimaHa.

CoraacHO BbIpazkeHHUIO (26), 4yeM GOAbIIle YHCAO MHKPO-
COCTOSIHUH, TeM Ooabllle SHTPOIHS. B cocTogHMM paBHOBeCHS
(Hanboaee BEPOATHOTO COCTOSIHUS CHCTEMBI) YHCAO MHKPOCO-
CTOSIHUH MaKCHMaAbHO, MaKCHMaAbHa IIPH 9TOM U SHTPOIIH.
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CoraacHO BTOpOMy 3aKOHY TE€PMOAMHAMHKH, IIpH oOpa-
TUMOM IIponiecce umaMeHeHHe dHTporuu AS = 0, rpu HeoOpa-
THUMOM IIpoilecce AS > 0.

Ecau cucrema He3aMKHyTa M OOMEHUBAaETCs TEIIAOTOU C
BHEIITHEH Cpeioi, TO ee SHTPOIIHS MOXKET BEeCTU celsi AI0ObIM
o6paszom.

TaxkuMm oO6pa3oM, SHTPOIHUS XapaKTEePHU3yeT HaIlpaBACHUE
IIPOTEKaHUSI CaMOIIPOHU3BOABHBIX IIPOIIECCOB B 3aMKHYTOM
TepPMOAMHaAMUYECKOH crucTeMe.

Ecan cucrema mnoaydaeT B KaKOM-AHOO IIPOIleCCE KOAH-
YeCTBO TENAOTHI d'Q mpu TeMIlepaType cucreMmb! T, TO H3Me-
HEeHUe SHTPOIINU

as = 29 (27)
T

C Y49€TOM IIEPBOIO HA4YaAA TEPMOAHMHAMUKHU

B dU +6A
po .

ds (28)
Pazanune B 0003HAa4YeHHUAX SAEMEHTAPHOTO KOAHYECTBA
TEIAOTBI 5'Q , 9AEMEHTapHOH paboThl §'A YU U3MEHEHHS BHYT-

PeHHe# HepPruu dU CBS3aHO C TeM, YTO dU dgBAdeTcd (PYHK-
IIMEN COCTOSHM, HE 3aBUCHIIEH OT IIpollecca, B KOTOPOM CO-
BepIIaeTcd IIEPEXO U3 OLHOTO COCTOSHHY B Apyroe. Beanmun-
HBI §'Q U S§’A 3aBHCLAT OT IIpollecca Iepexoaa U He ABATIOTCA

PYHKIIUSIMH COCTOSTHUSI.

B mamunHoit pabote omnpenessgeTcd U3MEHEHHUE SHTPOIIUU B
M30XOPHOM ITPOIIECCE.

B aTom cayuae

50 =dU = —""Rdr . (29)
2 p
[ToncraBuB BeIpazkeHue (29) B popmyay (27), rae i — 4uc-
AO cTelleHer cBOOObI, IIOAYYHM:

m RdT
u T

ds =

K

i
2
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TOoTAa

5

dr i T
jiﬂ RE - 1T Rrm==2, (30)
7 2 u T 2 u T,
2 T2
Tak Kak B M30XOPHOM IIpOIlecce =—2,TO
Pl Tl
' P
AS =~ RIn 2, (31)
2 u P,

Onucanue YCTAaHOBKH MU MeTOAa nsmepeﬂm‘fl

B pabote ompeneasdercsa H3MEHEHHE SHTPOIIUN AS IIpU
H30XOPHOM OXAQXKIEHUU BO3ayxXa OT TeMmIepaTrypel Ti, ycra-
HOBUBIIIEHCS B coCye cpa3y IIOCA€ HaKadK{ B HETO BO3yXa,
[0 TeMIlepatyphbl T2 Bo3ayxa B AaDOpaTOpHUH.

YcraHOBKaA COCTOUT U3 CTEKASTHHOTO OasroHa 1, COeIMHEH-

2 HOTO C ZKHJKOCTHBIM MaHOMET-
poM 2 u HacocoM (puc. 2.11).

[Ipu oTkpriTOM KpaHe Ki B
cocylie yCTaHaBAMBAaEeTCHd aTMO-
cchepHOEe maBaeHUE po, a pas-
HOCTb YPOBHEH XUAKOCTH B Ma-
HOMETpE paBHa HyAlo. Temmepa-
Typa BO3AyXa B COCyAe IIPHU 3TOM
paBHa KoMmHaTHOM To. Ecau

= KpaH K; 3aKphITh, a KpaH K; oT-
7 4 KPBITh M HaKadaThb B 0OaAAOH

Puc.2.11 BO3MyX, TO TeMIIepaTypa BO3y-
Xa B HEM IIOBBIIIAETCS OO 3HaueHUd 11, a JaBA€HHE CTaHET
paBHBIM:

W
=

[ 5]
[}
(T R

h

—
(=

(==

P, = by + pgh,, (32)

rme p — HAOTHOCTH JKUIOKOCTH B MaHOMETpe; g — YCKOPEHHE
CBOOOMHOIrO ITafeHus; hi; — Pa3HOCTb YPOBHEM >KHUIKOCTH B
MaHOMETPHYIECKUX TPYOKaxX.

Temnepatypa Bo3ayxa B 6assoHe T BBIIIE TeMIIEPATyPBI
BO3ayxa B AabopaTopuy. D10 0OYCAOBHUT Ilepenady Tellaa U3
cocyzia B OKPYZKaIOIIYI0 CPEmdy.
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Korma TtemmepaTypa BO34yXa B COCyAe CpaBHSETCS C
TeMmiiepatypoii To B aabopaTopuy, AaBAEHHE IIepeCTaHeT H3-
MEHATHCH U CTAHEeT PaBHBIM:

by, = Py + pghg ’ (33)

rae hy — yCTaHOBHUBIIASICH IIOCAE OXAQKIEHUS Pa3HOCThH ypPOB-
HeH KUIKOCTH B MAHOMETPHYECKUX TPYOKax.

[ToacraBasasa BelpazkeHud (32) u (33) B popmyay (31), mo-
AYIUM:

rgh,
) . 1+
AS=lp2V1np0+pgh2=ip2vln Po _
2T petpgh, 2 T . pgh
Py

(34)

i oV [ h ho )\l
_ip ln[lﬂ_z]_m[H&] .
2 T Py Do
HOAy‘-IeHHOC Bblpa}KeHI/Ie MOZ2KHO yr[pOC’I‘I/I’I‘B, BOCIIOAB30-
BaBIIIUCH HpI/I6AI/I}KeHHbIM paBeHCTBOMZ

h h
ln[l + &] ~ 29 (35)
by Dby
h
YuaureiBas BeIpaxkeHue (33), a Tak¥ke TO, 4YTO LIz ,
by
[IOAYYUM:
Ag - L(Pot pgh, IV (pghg _ pghl):
2 poTo po pO
i (py + pgh, )V i pgh, V
= 2 pg(h, —hy) = — (L4 S 2) —— pglh, — h)
2 poT, 2 po T
HAU
iV
AS = ——pg(h, - h,). 36
2 TO 2 1 ( )

IlopsAA0K BbINOJIHEHUA PAGOTHI

1. Ilpu 3akpeIToM KpaHe K; 1 oTKpbeIToM Kp (cM. puc. 2.11)
HakKa4daTb BO3AyX B 0AAAOH MO pa3HOCTH ypoBHeH hi ~ 50 cM.
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2. 3akpeITh KpaH K> B OIPEOEAUTDH IIOKA3aHUSI MaHOMET-
pa hi.

3. ok aaBIINCh, KOTAA JaBA€HHE B 0aAAOHE IIepecTaHeT
usMeHarbes (h = const), onpeneAuTs ho.

4. OTKpeITh KpaH Ki, BBIOYCTHUTH BO3AyX U3 OaaroHA
(maBA€HHME IIPU 3TOM CTAHET PaBHBIM aTMOC(EpPHOMY).

S. IloBTOpPUTE OWBIT IIO HII. 1-4 A OJHOIO U TOTO K€
3HaueHud h; OBasKIObI.

6. Ilo TepmoMeTpy oIpeneAnTs KOMHATHYIO TeMIiepatypy To.

7. [laHHBIE U3MEPEHUH 3amucaTh B TabA. 2.5.

Tabauna 2.5

Nenm| hym | hym | T AS, OxK | 8S,% | A(AS), Ox/K MocTosiHHbIE NapameTpbI

1 =103 kr/m®
2 g=9,38wm/c?
3 i=5,V=20n

06pa6oTKa pe3y/IbTATOB U3MEePEHUN

1. ITo ¢dopmyae (36) paccuuTaTb HU3MEHEHHUS SHTPOIIHU
AS, BEIYHUCAUTE CpegHEE 3HAUYEHHE <AS>.
2. OnpeneAuTb OTHOCHUTEABHYIO ITOTPEITHOCTh U3MEPEHUS
AV AT A A Ah, + Ah
AS: 58S = AL R AN el
\%

AV
. Ilpupare — =
T p g Ah,-Ah, 1%

A
= 0,1%; 2P - 0,1%; ag = 0,05 m/c2. OnpemeauTh AT H
P
Ah, = Ah, TIO IIeHE JeA€HUd IIPpUbopoB.
3. BerarucauThs abCOAIOTHYIO OHIMOKY H3MEpPEHUd SHTPO-
ouu A(AS).
4. Bamucark pe3yAbTar B BUAE AS = (AS)+ A(AS).

KoHTpoJIbHBIE BONIPOCHI

1. B kakoM H30IIpoliecCe U KaKUM 00pa3oM OIpeieAdeT-
csl U3MEHEHHe SHTPOIINHN B JaHHOU pabore?

i v
2. Kakue BeAUYUHBI, BXOOAIIME B AS = —T—pg(h2 -h,),
2 0

OIIPEAECAAOTCHA 3KCHepI/IMeHTaABHO?
3. Kak PaCCYHUTEIBAIOTCA abCOAIOTHEIE IIOTPEITHOCTH H3-
MEPEHHUA U USMECHCHHUA 3HTpOHI/IPI?
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4. [laTb onIpeaeA€HUE SHTPOIIUNU C TOYKHU 3PEHHUS TEPMO-
auHaMuKH. KakoB BEpOATHOCTHBIM CMbICA SHTponuu? Cdop-
MYyAHPOBaTh BTOPOE HA4YaAO TEPMOAUHAMUKU.

5. Kax MOxXKeT U3MEHATHCA 3HTPOIHNYI 3aMKHYTOH TepMO-
OUHaAMUYeCKOor cucreMbl? HeszamkuyTo#i? CdopmyaupoBaThb
BTOPOE Ha4YaA0 TEPMOANHAMUKH.

6. Kak u3smeHdgeTcs 3HTPOIINA B PA3AMYHBIX U30IIPOIIECCax?

7. BeiBecTu (pOpMyAy AS = é%pg(hQ - h,).

Jla6opamopHas pa6oma 2.6.
OIPEJEJIEHUE YHUBEPCAJ/IbHOM 'A30BOM
MMOCTOSAHHOM METOZIOM OTKAYKHU

Ilens: n3y4eHre 3aKOHOB HJEAABHOIO ras3a; OIpPEAEeACHHE
YHHUBEPCAABHOM ra30BOH IIOCTOAHHOM.

ITpubopsbl u npuHadsexxHocmu: CTeKAdHHad Koaba, Ma-
HOMETD, aHAAUTHYECKHE BeChl, Hacoc KoMOBCKOro, Tepmo-
METP.

TeopeTI/meCKne CBe/1€HUA

B MmoaekyagpHO# (PU3UKE HCHOAB3YETCS MOOEAb HICaAb-
HOTO ras3a, KoTopad JO0AKHA YAOBAETBOPSTH CAEAYIOIINM YCAO-
BUSM:

e COOCTBEHHBIH OOBEM MOAEKYA MaA II0 CPaBHEHHUIO C
00BbEMOM coCcyia, B KOTOPOM HaXOQUTCH ras;

® MEXAY MOAEKyAaMHU OTCYTCTBYIOT CHABI MEKMOAEKY-
AIPHOTIO B3aNMOAECUCTBUS;

® COymapeHUus MOAEKYA MEXIy COOOM M CO CTEHKaMH CO-
cyza abCOAIOTHO YIIPYyTHE.

UneaapHBIN ra3 xapakTepu3yeTcd MakKpo- U MHKpoIiapa-
MeTpaMu. K MakpomnapamMeTpaM OTHOCATCS OaBA€HUE P, TeM-
neparypa T, oovem V; K MakpoIiapamMmeTpam:

o cpeaHsIa apudMeTHIeCKass CKOPOCTh

N
> Ui
_ =1

a K

N

v

rae N — 49ucao MOAEKYA,;
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e cpeqHAd KBaJApaTUYHas CKOPOCTH

® Cpe€aHdAd KHHETHYECKad OHEPIrHud IIOCTYIIATEABHOIO
JABHZKEHHUA MOAECKYABI ra3a

2
mOU;{e

2

E =

CocrogHue HUOEAaABHOTIO ra3a OIIHChIBAETCd YPAaBHCHHEM:
p =nkT , (37)

rae k — nocrogHHad BoabliMaHa; n — KOHIIEHTPAIlHUSI MOAEKYA,
n=—. (38)
Yucao MOAEKYA ra3a

N=w,=2n,, (39)
7,

) m
ra€e v — YHUCAO MOAEHU rasa, v = —; 4 — MOAdPHad MaccCa rasa,

m — Macca rasa; Na— 94UCcA0 ABOraJpo, paBHOE YHCAY MOAEKYA
B 1 moae raza, Na = 6,02:1023 moabL.

[MogcraBuB BeIpaxkeHuda (38) u (39) B opmyay (37), mo-
AyguM ypaBHeHUue MeHneaeeBa-Kaanetipona B Buze:

pV = ZRT, (40)
M
rae R — yHUBepcaabHad raszoBasl IIOCTOgHHad, paBHad 8,31
J>x /moab-K.
N3 dopmyabl aass paboTbl pacHIUpPeHUs Ta3a MPH ITOCTO-

m o
SIHHOM JaBA€HHUH dA = pdV = —RdT CAenyer CbI/I?,I/I‘{eCKI/II/I
H

CMBICA YHUBEPCAABHOM ra30BOM IIOCTOsIHHO#M: R — pabora pac-
WIupeHus 1 MOAS HAEaABPHOIO rasa B H300apHOM IIpoIlecce
npu HarpeBaHuM Ha 1 K.
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Bcakuil peasbHBIN ra3 IPH HU3KHUX JABACHHUIX U BBICO-
KOH Temmepartype OAM30K II0 CBOUM CBOMCTBaM K UIAEAABHOMY.
HexkoTtopele raspl, B TOM YHCAE€ U BO3AyX, MOXKHO CYHTATh HIE-
aABHBIM ITPM KOMHATHOM TeMIlepaType U aTMoc(pepHOM naB-
AE€HUU.

OnucaHue YCTAHOBKM U MeTO/a U3MepeHui

B nmanHO# paboTe yHHBEPCAABHYIO I'a30BYIO ITOCTOSHHYIO
IIpenAaraeTcd ONIPEEAUTb METONOM OTKadkKHu. MccaemyeMbIiM
ra3oM SBASETCH BO3IyX, 3aKAIOYEHHBIH B KoabDe obmemom V.
[Tpu koMHaTHOU Temrepatrype T U aTMocPepHOM AABAEHHUU D1
ypaBHeHue (40) mag Bo3gyxa MacCOM mu 3allHUIIeTCS CAEAyIOo-
M obpazom:

pV = %RT ) (41)

TIe 4 — MoAdpHas Macca Bo3ayxa, u = 29-10-3 Kr/MoAb.

Bce mapamerpel, Bxoadilue B ypaBHeHHE (41), MOXKHO
U3MEPHUTBh HEIOCPEACTBEHHO, 34 UCKAIOYEHHEM MAacChl BO3MY-
Xa, TaK KaK €ro B3BelllMBaHHe BO3MOXKHO TOABKO C KOAOOH, B
KOTOPYI0O OH 3akKAlo4deH. M3MeHMM Maccy Bo3ayxXa [0 My,
HaIllpuMeEp, OTKadKOM. 3amulleM ypaBHEHHE MeHaeseeBa-
KaamelipoHa nag HOBOIO COCTOAHHS BO3AyXa:

p,V = %RT . (42)

Pemaga cucremy ypaBHeHui (41) u (42), moaydum:

(py — py)- V- u
(m, -m,)T

R =

Ecam M, =m_+m, —Macca KOAGBI C BO3yXOM ZI0 OTKa4-

KU, M, = m_+ m, — IIOCA€ OTKAQ4KH, TO
m -m,=M,-M,.
OKOHYATEABHO ITOAYYHM:
(pl_pQ)Vlu (43)

- (M, - M,)T
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ITopsA 0K BbINOJTHEHUA PaGOThI

1. C nmoMmonipi0 aHAAUTHUYECKUX BECOB OIPENEAUTH MacCy
M; KoAGBI C BO3OyXOM IIPHU aTMOC(EPHOM MaBAEHUHU p1 (KpaH
KOAOBI TOAKEH OBITH OTKPBITHIM).

2. OnpeneauThs C IIOMOILBIO MaHOMeETpa aTMocdepHOe
nasaenue B [1a (1 mMm pt.cT. ~ 133 [1a).

3. IIpucoeTHUTE KOAOY C IIOMOIIBIO PE3HHOBBIX TPYOOK
K HacoCcy ¥ OTKadaTh BO3AyX OO0 HEKOTOPOrO OJaBAEHUSI pDo
(Ap = p, — p, ~ 200 MM DPT.CT.).

4. 3akpbITh KpaH, OTCOEOHUHHUTH KOAOY U OIIPEOEeAUTH C
IIOMOIIIBI0 BECOB Maccy Mz KOAGBI C BO3IyXOM ITOCA€ OTKAYKH.

S. OTKpPBITL KpaH KOAOBI, 4TOObI MOaBA€HHE BO3AyXa B
Hel cTaao paBHO aTMOC(EPHOMY.

6. [ToBTOPUTH OMBIT 110 HII. 3-S5 ellle ABaKIbI.

7. OnpeneAnuTh TeMIlEpaTypy BO3[QyXa C IIOMOIIBIO Tep-
MoMeTpa B AaDOpaTOPHH.

8. PesyabpTaTbl H3MepeHUH 3aHECTH B TabA. 2.6.

Tabauma 2.6
= =
| © = a 4
2 5 < © = . L = c S
gE| = = s = = g = = = S = &
=l = £ s 8 i = | £ LR B
Sy = = = <
o« <

06pa6oTKa pe3y/IbTaTOB IKCIEPUMEHTA

1. Onpeneauts R 1o popmyae (40) mo pe3dyapTaTaM Kazk-
JIOT'O OIIbITA.
2. BeraucauTs cpemHee 3HaYeHUE < R >.
3. OnpeneAnuTb OTHOCHUTEABHYIO OIITUOKY H3MEPEHHUS II0
AR Ap,+p, AV Ay AM,+AM, AT
= + +— =+ —
<R > P, — P, %4 7, M,-M, T

dopmyae SR =

2

abCOAIOTHEIE OIIMOKH U3MepeHud Ap, AM, AT paccuuTarh II0
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IleHe HauMEHBIIIeTO [eAeHUd IIpubopa; MOPHUHATb, YTO

AV Au AT
—=05% ——=0,1% —=0,2% .
1% T

u
4. OnpeneAuTb abCOAIOTHYIO IIOTPELTIHOCTb U3MEpPEHUs
AR .
5. PesyabTar BBIYHCACHUH 3anucarthb B BUIE
R =< R > +AR . CpaBHUTB < R > CO CIIPaBOYHBIM, CAEAATH BBI-
BOJl O TOYHOCTH HCIIOAB3yeMOro MeToaa [8].

KoHTpo/1bHBIE BONIPOCHI

1. B 4eM COCTOUT METOJ OTKaYKU OIpPEeNEcACHHS YHUBEP-
CaAbHOM ra30BOH IIOCTOSHHOM?

2. PacckaszaTh 0 mpaBHAax B3BEIINBaHUY Ha aHAAWUTUYE-
CKUX Becax.

3. Kakue Bean4yuHEBI, BXoadIinue B popmyay (43), ompene-
ASTIOTCSI 9KCHEPHUMEHTAABHO?

4. KakoB raz Ha3pIBaeTCd UACAABHBIM?

5. 3anucarts ypaBHeHUe Maiiepa. KakoB cMbICA BEAWYHH,
BXOJSIINX B ypaBHEHUE?

6. Ucnoab3ysas ocHoBHoe ypaBHeHHe MKT, moayduTs
ypaBHeHHe MeHneaeeBa-KaanetipoHna.

7. MOXXHO AU CUMTATh IIPOIIECC, IPOUCXOMAINN C Tra3oM
B IaHHOM cAy4dae, OOHUM N3 IIPOIIeCcCOB?
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