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TeopeTuyeckas 4acTb.
OcCHOBbI MONEKYNAPHO-KUHETUYECKON TEOPUU Fa3oB

OcHOBHOI 3aayell MOJEKYJISIPHO-KMHETHYECKOW TEOPUHU Ta30B SBISIETCS
YCTaHOBJICHHE CBSI3U MEXIy MakpolapaMmerpamu (JIaBICHHEM, OOBEMOM,
TEMIIEpaTypoil) W MHUKpomnapameTrpaMu (KOOPAMHATOW, CKOPOCTBIO, MAaccoil
MOJIEKYJIBI) CUCTEMBl. OCHO6HOE ypaéHeHue YCTAaHABIMBAIOIIEE 3Ty CBA3b,
BBIBOJAUTCS B pPaMKax MOJEIU UOeanbHO20 2a3a W OCHOBBIBACTCA Ha TpeX
IIOCTYJIaTax:

1.T'a3 coctout u3 Gombmioro uucia N MOJNEKyl ¢ Maccoll M Kaxnias,
Xaomuyecku NBUKYIINXCS C Pa3IMYHON CKOPOCTHIO.

2.Monekynbl HaXOASTCs Ha OOJIBIIOM PACCTOSIHUM JIPYT OT Apyra, H03TOMY
CUJIAMH B3aUMOJEHCTBUSA MEKY HUIMH MOYXHO MPEHEOpEUb.

3.B3aumoneicTBue MEXAY MOJIEKYJaMU CBOAMUTCS TOJBKO K Ynpy2um
CMOJIKHOBEHUAM MEXIY CO0OM M CTEeHKaMu cocyna. Mexay CTONKHOBEHUSIMH
MOJIEKYJIa JBUKETCS PSIMOJIMHEWHO U PABHOMEPHO.

OmnpenenuM MaBieHHUE raza Ha CTEHKY cocyaa. [IpeacraBum cebe, uTo ras
3aKJIIOUEH B COCY/l, uMeronuit opmy Kyoa:
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PaccuntaeM MMITyIbC, TIEpeIaBaeMblii CTEHKE, TIEPIIEHINKYIISIPHOM ocu X,
CTAJIKUBAIOIIMMUCS C HEX MOJIEKyJIamMu. [Ipu yrpyroM CTOIKHOBEHUH MOJIEKYJIbI
CO CTEHKOW MEHSETCS TOJIBKO 3HAaK COCTABJIAIOIIEN CKOPOCTU NEPIIEHAUKYIISIPHOU
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MOBEPXHOCTH CTEHKHM, B paccMarpuBaeMoMm ciydae I, (puc. 10). ITostomy

WU3MEHEHHUE UMITYJIbCA IIPU OJJHOM CTOJIKHOBEHUH PaBHO:
A(mI) = mY, — (—md,) = 2md, .

JlBurasch, Kak CBOOOJHAs 4YacTHIA, MOJIEKYJA HPOXOIMUT paccTosHue [
MeKy MPOTHBOIOJNOKHBIME CTeHKaMu 3a Bpems [/, , Tak 4To oHa BepHeTcs
00paTHO K NepBOii CTeHKe Mo ucTeuenuu Bpemenu At = 21/9,,.

ITo II 3akony HproTOHa cnita paBHa CKOPOCTH U3MEHEHUS UMITYJIbCA:

d(mo)
F=—F—
dt

[ToaToMy cHily, C KOTOPOM AECHUCTBYET HAa CTEHKY OJHA CTAJKUBAIOLIASCA C HEU
MOJIEKYJIa, MOKHO HAWTH KaK:

_A(mY)  2md, -9,  miy
* oA 2L L

JI71st HaX 03K IEHUSI CHITBI, C KOTOPOii OyeT neiictBoBaTh N MOJIEKYII ra3a Ha CTCHKY,

HEO0OXO0JIMMO MTPOCYMMHUPOBATH CUJIBI ITO BCEM MOJIEKYJIaM

N
m m
Fe=— (92, + 92, +...+92,) = 72 92..
i=1

Jss HaxoXIOEeHWsT HSTOW CYMMBI BBEIIEM IIOHSITHE CpPEAHEro KBajapara X-—
KOMITOHEHTBI CKOPOCTH, PaBHOU

1 N
=1

C y4eToM TaHHOT'O COOTHOIIICHUS

i=1
Tak kak IBMKEHUE MOJIEKYJ XaOTHUYHO, TO BCE HAIPABIICHUS JBUKCHUS
PaBHOBEPOSITHBI, HET KaKOT0-JIM00 "MPUBUIETUPOBAHHOTO" HAPABIICHHUS.

[ToaTomy 92 = 193% = @
[TocKOIBKY 92 + 193% + 19_22 = ﬁ, To 92 = Eﬁ'

Takum 006pazom, noayyaem:
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Takkak V =1[-S — 06bem paccMaTpuBaEMOro cocyza ¢ ra3oM, UMeeM

p = n( 771192> (1)
3 2 ’
N

raen =  ~ KOHLICHTpALMs MOJIEKYIl B €/IMHHULIE obbema rasa.

ITonyuenHoe ypaBHenue (1) HaspiBaeTcs ypasnenuem Knaysuyca, v
OCHOBHBIM YPAGHEHUEM MOJIEKYIAPHO-KUHemuueckou meopuu. W3 Hero
CJIEAYET, YTO OdGjleHue 2a3d 3a6UCUM MOIbKO OM KOHUEHmMpPAauyuu u cpeoHeil
KUHEMUYeCKOIl IHeP2UU MOJIeK)Jl 2a3d.

OpnHako U3 OmbITa W3BECTHO, YTO JABJICHHE ra3a yBEJIMYMBAETCS MPHU €ro
HarpeBaHWM, CJEAOBATENIbHO, [aBJICHWE Ta3a 3aBUCUT W OT TEMIIEpaTyphl.
BosjblMaH TEPBBIM TMPENONIOKKI, YTO 3aBUCHMOCTh MEXIy P W 1 TpsMo
MPONOPIMOHATIbHAS, T.€.

p = nkT, (2)

109TOMY KO3()(PUIHMEHT MPONOPUUOHATEHOCTH K Mexay P u T mosty4nn Ha3BaHue
noctosiHHoM bonbeiimana. CripaBemsiuBoCTh ypaBHeHUs (2) ObLia MOJTBEpKICHA
onbiTamu Illapnsa. T.o. ypaenenue (2) ocnoeano na pe3yromamax
IKcnepumenma.

[Ipu conocraBnenuun ypaBuenuii (1) u (2) umeem:

2 my? my? 3 3)
3 3 = kT wnu =EKHH_=§kT

YpaBHeHue (3) ycTaHaBIMBACT CB:A3b MexHCOY CPeOHell KUHEmUUeCKou

Inepzueii monexynvt E - (MUKPOCKOTTMYECKON BEJIMUMHON) U memnepamypoi

2aza (MaKpOCKONMYECKOW BeIUYMHOW). T.0. U3 MoeKyaaApHo-KuHemuuecKkou
meopuu 2a30e cjiedyem, Umo memnepamypa ecms mepa cpeoHeil KUHemuuecKou

anepzuu ux monexyn. 3 ypasaenns (3) ciemyer, uTo noctosnHas bonbumana k
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— ecTh KOA(pPHUIIMEHT, TEePEeBOAIINN €IUHUIYY U3MEPEHHUS DHEPruu JIKOYJb B
€IMHUILY U3MEPEHUS TEMIIEPATYPbI — IPAILYC:
o

k=1,38-10"23"—
K

TemnepaTypa

Umo srce maxoe memnepamypa? Ha niepBblil B3I IOHATHE TEMIIEPATYPbI
NPEACTABIAECTCS MPOCTBIM W MOHSATHBIM, OJHAKO, H3MEpATh TEMIIEpaTypy
HAy4YWJINCh HAMHOI'O paHbIIE, YeM MOHSIM €€ (PU3NUeCKUidl cMbIci. B otianuue ot
OpyTrux (pU3NUEeCcKUX BEJIMYMH, TAKUX, KaK JJIMHA, Macca, BpeMsl, 1JIs €€ U3MEPEHMUS

HCJIb3s BBCCTH J3TaJIOH. I/IBMepCHI/IG T OCYHICCTBICTCA Ha OCHOBC TCX HJIM MHBIX

YPaeHeHuil COCMOAHUA, CBS3BIBAIONIMX 1C JPYrMMH IapamMeTpamu TeJl.
OCHOBHOHM 4YacThiO JIIOOOTO TEPMOMETpA SIBISIETCS MEpMOMempuueckoe meio,
KOTOPO€ MPUBOJUTCS B TEILUIOBOM KOHTAKT C TEM TEJIOM, TEMIIEPATYPY KOTOPOIO
HEOOX0MUMO u3MepuTh. Dusznueckas BeTUYMHA, CIyXallas WHIUKATOPOM
TEMIIEpaTypbl, Ha3bIBACTCA Mepmomempuueckoil eeauuunoun. Hanpumep, B
KUJKOCTHBIX TEPMOMETPAX TEPMOMETPUUECKUM TEJIOM CITY>KUT KUAKOCTb (PTYTh,
CIIUPT U T.I.), & TEPMOMETPUUYECKON BEIMUYMHOU — OOBEM WIM JJIMHA CTOJIOMKA
KUJKOCTH B Kamwmuisipe. Y CTaHOBJICHHAash TaKUM 00pa3oM TepMOMeETpHYecKas
mIKajga o0yaaeT CymecTBeHHbIM HEJOCTaTKOM, T.K. Pa3jUYHbIC TeJa BEIyT ceOs
HEOIMHAKOBO NpU u3MeHeHun 1. OjHako, Kak clexyeT u3 ypaBHeHus (2),
JABJICHHE JIOCTATOYHO Pa3psKEHHBIX T'a30B JIMHEMHO 3aBUCUT OT TEMIIEPATYPHI,
HE3aBUCHMO OT BHJIA ra3a. B 3ToM JOCTOMHCTBO ra30BOr0 TEPMOMETPA.

["a30BbIi1 TEpMOMETp, MPEACTABISAET COOON COCY C Ta30M, COSTUHEHHBIN C
MaHOMETPOM ISl U3MEpPEHUs AaBlieHUs rasa. llpu norpyxeHun cocyna ¢ razom

CHavajla B TAIOIIMIA JieJ C TeMieparypoir 1, a 3aTeM B BOJY, KHISIIYIO HPH
HOPMAaJIbHOM aTMOC(EPHOM JaBJICHUH C TeMmreparypoit Ty, ObLI0 0GHapy»KeHO,

uro napieHue Pj, ra3za, Haxozsmierocst B KOHTakTe ¢ KUMATKOM, B 1,3661 pasa
OombINe, YeM y raza, KOHTAKTUPYIOIIETO C TAIOIUM JIbJOM. B TakoM ciiydae u3
ypaBHeHUs (3) umeem

T P
—k =k = 1,3661, cnenosarensho , T = 1,3661 - T, 4)

To Po
VCaoBuIuCh cuntarh eaunuieil namepenus temneparypst 1/100 ot Ty, — T, T.¢.

T, — To = 100 (5)
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YpaBuenus (4) u (5) npecTaBisoT COO0M CUCTEMY U3 JIBYX YPAaBHEHUU IS

Haxoxaenusi 1) U T, Pemas ux, umeem:
_— 100
" 0,3661

BBonumas takum obOpazoMm mikana Oblia Ha3zBaHa mikaiod KensBuna. [1o
JTAHHOM TeMIepaTypHOM IIKaje TemMreparypa TasHus jJbaa pasHa 273,15K, 3aech
KenbBuH (TK) — ecTb enuHuIia u3MepeHus TeMIiepaTyphl B 3ToH mikane. B gpusuke
Takke ynorpebisercs mkana [lenscus — MexayHapoaHast mpakTrudeckas 1kana,

= 273,15K.

10 KOTOpOii TemnepaTypa Tasiiero nbaa papaa 0°C, a kumstmeit Bogsr 100°C, ee

enuunueit spnsercs rpagyc Llemscus (t°C). Casp Mexay STHMH IIKajzamu
CIIEAYIOIIast:

t°C =TK —273,15K (1K = 1°C)
W3 ypasuenus (2) cienyer, uro mno imkane KempBuna mpu 1 = 0

TepMOMeTprUecKas Bennunna oopaiaercs B Hoib (P = 0). [Tosromy T = 0 ectp
MUHHMajbHasg  TeMmreparypa. OHa  Ha3bIBaeTCs  AOCOIOMHBIM  HY1EM
memnepamypusl, a 1IKajla, HAYMHAIOIIAsA CBOM OTYeT OT aOCOJIOTHOTO HYJS —
adCcotOmHOU MepMOOUHAMUYUECKOU UWIKANOI.

N3 ypaBHeHus (3), OCHOBAaHHOTO Ha 3aKOHAX KIACCUYECKOU MeXaAHUKU

cienyer, uro ipu 1 = 0 cpenustst kuneTnveckas sueprust monekyn E,,,, = 0. B
K8AHMOBOIU MexaHuke JOKa3bIBACTCs, YTO JaKe MPU abCOFOTHOM HYJIE TEIIOBOE

nBwkenne He npekpamaercs. Ipu T = 0 oHO cTaHOBHUTCS JIMIIE MUHHMAIILHBIM

E.,,. = min. > 0. Cieocmeuem II u Il nauana mepmoounamuxku A6aiemcs
ymeepoicoeHue 0 He O0CIMUNCUMOCH U MeMnepPamypsl adcoIi0OmH020 HyA.

B cucreMe n3 HECKOJBKUX TEJI C Pa3jIMYHOM TEMIIEPATYypPOM MPOUCXOIUT
oOMeH »oHeprueil. B pesynbrate nOpu HEU3MEHHBIX BHEIIHUX YCJIOBUSIX
TeMIIepaTypbl  BCEX  TE€JI  CUCTEMbl  BBIPABHUBAIOTCS  —  HACTYyHaeT
TEpMOJIMHAMHUYECKOE paBHOBecHe. T.0. TeMneparypa ectb pu3nueckas BeIuynHa,
XapaKTEepU3YIoIllasi COCTOSHUE TEPMOJMHAMUYECKOTO PABHOBECHS CHUCTEMBI.
Cywecmeosanue memnepamypbl — napamempa, eOuHoz20 O0ls 6cex uacmel
cucmemvl, HAXOO0AWEUCs 6 pPABHOBECHOM COCMOSHUU, S81AeMCs HACMOIbKO
BADICHBIM, UMO YACMO HA3bIBAEMCS HY1€6bIM HAYUAI0M MEPMOOUHAMUKU.
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YPaBHeHVIe COCTOAHUA naeasnibHoOro rasa

N3 OCHOBHOTO YypaBHEHHs MOJEKYJSIpHO-KMHETHYEeCKOo Teopun (1) m
ypaBHEHUS (2) MOKHO BBIBECTU YPABHEHUE COCTOSIHUS I'a3a, a TAK)KE BCE Ta30BbIC
3aKOHBI, YCTAaHOBJICHHBIE dKCIIepuMeHTanbHO eie B X VIII Beke.

Vpasnenuem cocmosanus 2asa nasviéaemcs ypasHenue, yCmaHasausaouee
@DYHKYUOHANBHYIO — C6A3b  MeHCOY  OCHOBHLIMU — MEPMOOUHAMUYECKUMU
napamempamu: 06vemMoM, 0asleHueM, memnepamypou.

N3 (2) nomyuyaem, 4yTo
PV = NKT. (2a)

DT0 ypaBHEHHE HEOOXOAMMO MpeoOpa3oBaTh Tak, 4TOOBI B Hero Bmecto IV

BXOJIMJIa Macca Ta3a M. YUWTbhIBasg Majble BEIIMYUHBI MAacC aTOMOB M MOJIEKYI
BBIp@XaTh WX B Kr HeynooHo. [lostomy B MonekynsapHol ¢Qusuke miis
XapaKTEPUCTUKU MACC aTOMOB M MOJIEKYJI HUCTIOIB3YIOTCS CIEAYIOIINE BETUYNHBI:

1. AtomHass enuHuna maccel (a.e.M.) — Oyaem oOo3Hauath ee M, —
BeIMYMHA, paBHas 1/12 maccel aToma 12¢
meiz
12

2. be3pazmepnas oTHocuTenbHas MOJIEKyJsipHas (aTomHasi) Macca [,

my = = 1,66 - 107?"xe. (6)

paBHast OTHOIUCHUIO MACCBI 1ML, 101y, MOJICKYIIBI (ATOMA) U MMy !

m]l/l 0JIEK)/Ibl

Uy = - (7)
mu
3HaueHus U, aTOMOB IIPUBOAATCS B IEPUOIUUECKON cucteme MeHneneesa.
Hanpumep, U,- atoma Bogopozaa pasHo 1, aroma azora — 14, aroma kucnopona —16
u T.0. OTHOCHTENnbHAass MOJEKYJIsIpHAas Macca MOJIEKYJbl paBHAa CyMMeE
OTHOCUTEJLHBIX aTOMHBIX MacC aTOMOB €€ ciararoimux. Harnpumep, Aj1 MOJIEKYJIbI
BOJIbL:

1 (Hy,0) = 2u,(H) + p,(0) =2 -1+ 16 = 18.
Konauuecmeo eeuiecmea V, 6E€C KOomopozco npu esvlparxcenuu 6 cpammax

HYUC/ICHHO paeeH OMHOCUMEIbHOU MOJIBKle}lpHOIZ macce U, 3mo2o séeuwiecmea,
Ha3bvleaemcsa moJjiem.

Mpum = u_(epamm) = [ - 10_3(K2), v = 1mons.
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Haiinem konmuectBo Moiekyn N,, KOTopoe OyIeT COAep:KaTbes B MOJIE
BelecTBa. CHauana Haiiiem maccy 1 Mosekysbl U3 Beipaxenus (7):

M yonexynon = Hr = My (8)
Toraa komuuectBo Mojiekyn Ny B 1 Moie MOYKHO HAaWTH Kak:
N = v _ Hr 107%(e) 107° 1073
‘o Myonexynen opuomy(ke)  my,  1,66-10727 )

= 6,023 - 1023MOJl€Ky]l B 1 Mmoue.
Kax Bugum, Benmunna N, He 3aBUCHT OT BHa BeriecTBa. B 1 Moste 106010

BeIIeCTBa OyIeT COJepKaThCs OAMHAKOBOE KoimuecTBO Mmosekyn N,. Yucio

N, = 6,023 - 1023 1/monb nonydmno Ha3BaHue drcia ABOrapo.
Macca 1 mona eewgecmea Hazvieaemcsa MOJIAPHOIL MACCOIL:
M =my,,,,./Mmon6 = W, - 10™3ke/mons (10)
OTHOIIEHHE MACCHI BEIECTBA 771 K MOJIIPHON Macce paBHO YUCIY MOJIEH BEIECTBA
V. Tak Kak B MOJI€ JI000r0 BEIIECTBA COAEPIKHUTCS OJUHAKOBOE YHCIO MOJIEKYJI

N, to Benmnunna N B ypaBuenuu (2a) paBHa
m
N = V'Nazﬂ'Na-

[ToacTaBuB MOJIy4eHHOE BhIpaKeHHE B (2a) ©MEEM

m

PV =—N, - kT vau PV = vRT (11)
Hy
rne N, -k = R = 8,31 /oic/mons'K — yHuBepcanbHas MoysipHas

ra3zoBas IIOCTOSIHHAsI.

VYpaBuenue (11) Ha3bIBaeTCS ypasHeHuem COCMOAHUA UOCATbHO20 2434
unu ypasnenuem Knaneupona-Menoeneesa.

Kaxk gacTtHbIC ClIydau U3 OCHOBHOI'O YPAaBHCHUA COCTOSAHUSA UACATbHOIO I'a3a
MOJKHO ITOJY4YUTh YPABHCHUA ITPOLICCCOB.

1. M30Tepmuyeckuii mpouecc — rnpouecc npu T=const.
N3 (11) umeem, uto nipu T=const nomxHo ObITh PV=const,
wm P, V; = P,V, (3akon boitns—Mapuorra)

2. M300apubIii mpouece — npouecc npu P = const,

Jlns nanHoro miporiecca u3 (11) momydaem

9.
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4
7= const wim T—l = T—z (3akon I'eii-JIroccaka)

1 2
3. M30xopHblii npouecc — npouecc npu V. = const .

Jlns nanHoTO Tiporiecca u3 (11) umeem

£~ const L= 22 acon 111
T const wim .- T, (3axon [Iapas)

Cmecu ra3oB. 3aKkoH [lanbToHa

JUIs CMECH HECKOJIBKMX Ta30B OOIIee YHCIO MOJIEKY PaBHO CyMMe
Mmosekya  otmenbHbix  razoB: N = N; + N,+...+N,. TlomenmuB 3T0

cootromrexue Ha N, momyanm:

n

v=v1+v2+...+vn=2vi (12)
i=1
Tak Kak Bce raspl B CMECHM HaXOHSTCA NPU OJUHAKOBOM TeMIeparype B
OJIHOM U TOM K€ 00BbEME U JBUTAIOTCS HE3aBUCHMO JIPYT OT JApyra, TO ypaBHEHUE
(1 1) MOKHO 3aIlucCaTh I KaXXJ10I0 rada B OTACJIIbHOCTHU
piV

P,V = v;RT, otkynav; = T (13)

Benuuuna pP; 6 oOannom ypasnenuu HaA3b16AEMCA NAPUUATLHHIM
oagnenuem. OHO pasHo 0aBEeHUIO, KOMOPOE UMel Obl KA3CObLL U3 6X00AUUX 6
cmech 2a308, eciu 0bl 6 00beme, 3AHANMOM CMECHI0, HAX0OUICA OH OOUH.

IToncrasnsasd 3Hauenus V u V; B ypaBHenue (12), momydynm
P=P1+P2+...+Pn, (14)

m.e. OaejleHuUe cMecu 24306 pPAGHO CyMMe UX RNAPUUATLHBLIX O0AB1eHU.
Ypasaenne Knanenpona-MenaeneeBa 1jisi CMECH Ta30B MOKHO 3aMMCaTh TAKXKE B

BUJIC:
n n
pV m m;
RT - a, T LViT L (1)
op- i=1 i=1 "
rne M ap. s¢dexTuBHAs MoJspHas Macca cMmecu raszoB. M3 maHHOTO

COOTHOHICHH ITOJIyHdacM

-10-
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M. = m _ m
3qb'_ﬂ+@+ +%_ZT} m; (16)
M, M, T T, &i=idg,

BBeeM MaccoBYIO KOHIIEHTpaLMIo rasa B cMecu, kak C; = m;/m. Torna,

MOJICJIUB YHUCIUTENIb U 3HaMEHaTelb MpaBOW YacTu BeIpaxkeHus (16) wa m,

TOTy4HM
M. L (17)
= 17
. n
i=1(Ci /M)
Vi
Eciv M3BECTHBI MOJSPHBIE KOHLEHTPALMHM Ta30B B CMECH X; = —-, ToO,
n M _ —
HMCTIONB3YS, 9TO )i q ~ = V,am; = M; - v;, nonyaum
l
n
M3¢_ = Z X Mi (18)

=1

MeToauka onpepeneHus MOHFIpHOﬁ MacCcChbl rasa

YuuThiBasi BaKHOCTb MOHSITUS MOJSIPHON MacChl B Kypce MOJICKYJISIPHOM
bu3uKyM, B JaHHOM JabopaTopHO paboTe TMpejIaraeTcs ONpeNeTuTh
2 PEeKTUBHYIO MOJISIPHYIO Maccy Bo3ayxa. [ 3To¥ menu BO3bMEM CTEKJISHHBIN
COCYJl C H3BECTHBIM 00beMOM V', 3amoiHEHHBIH BO3AYXOM HpPU aTMOCHEPHOM

naBjieHUd P, W Ttemmeparype 1. CocrosHue BO3ayxa B COCyle OJIM3KO K
COCTOSIHUIO MJAEAJIbHOTO Ta3a M Uil HEro MOYKHO 3alucaThb YypaBHEHUE

Knanelpona-MeHnieneeBa B Buje:
my

PoV =
Maqb.

!/
ITocne oTkauku BO31yXa M3 COCyJZa 10 HCKOTOPOro OCTAaTOYHOIO JaBJICHUS P I

- RT (19)

OCTAaBHICTOCA B COCYAC BO3yXa MOKHO 3aIlINCaTh:

!

p'V = - RT (20)

M.y,
[Tocne BeiunTanusa u3 ypaBHeHus (19) ypasuenus (20), Haxogum 3¢ PeKTUBHYIO
MOJIIPHYIO MaccCy BO3/1yXa:
my—m' RT
Po—p" V
-11-

Mad). = (21
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Jlerko COO6pa?>I/ITB, 4qTO HM3MCHCHHEC MacCCbl BO3aAyXa B COCyaA€ paBHO
HN3MCHCHHUIO MACChI COCYya I0 U IIOCJIC €I'0 OTKAYUBAHUA.

YpaBHeHHe (19) MOJKHO TaK>XXC HMCIIOJIb30BaTh IJISA HAXOXACHUS IINIOTHOCTHU
BO3yXd B KOMHATcC. Tak Kak MIOTHOCTH BCIICCTBA PpaBHA OTHOIICHHUIO €I'0 MACCHI

K 00beMy, T.€. P = %, to U3 (19) nomyqaem:

bo - Maqb.
_ Po " Mop. (22)
p RT

3Kcnepu MeHTalibHadA 4acCTb

J1st BBIOTHEHUS! pa0OThI UCIIONB3YETCS:

1. bapomerp nnsi u3MepeHHs aTMOC(EPHOTO NaBJIEHUS Py U TEPMOMETP UIf

U3MEPEHHS TEMIIEpATYpPhl Bo3ayxa 1 .

2. Becnl L UBSMCPCHUA MACChI Am OTKa4YCHHOI'O U3 COCyad BO3yXad.
3.VcraHoBka IJ1 OTKAQYHMBAHUA BO3yXd M3 COCyda M HU3MCPCHHUA OCTATOYHOI'O

!
JaBJICHHUA B HCM p .

Xopa paboThbl

1. IlpoBectn HeoOXoAMMBIE H3MEPEHHS S5 pa3 M HAUTH cpeaHee 3HAuYeHue
MOJISIPHOM Macchl Bo3yxa 1o ¢opmyie (21).

2. Paccuurtarh BeIUYUHY Maqb. BO3/lyXa, CUMTas €ro cMecbio ra3oB. [IpuHSATH
MOJISIPHYIO KOHLIEHTPALIMIO a30Ta B BO3Ayxe paBHOM 78%, kuciopona-21%,
aprona-1%, momneil ocTaJbHBIX Ta30B npeHeOpeub. COnoCTaBUTh PaCUETHOE U

IKCIIEpUMEHTaIbHOE 3HaueHne M o)
3. Ucnonw3ys HaiineHHble 3HaueHus M 5¢h.» PACCUMTATE TUIOTHOCTH BO3/yXa B

J1a00paTOpHH.

KOHTpOﬂ bHbl€e BOMNMPOCHI

1. BriBectn ypaBHenue Kianelipona-MeHeneena.
2. Yrto sBHsETCS OCHOBHBIM JOCTHKEHUEM MOJEKYJISPHO-KMHETUYECKOU TEOPUHN
uaeagpHoro raza? dusuueckuil cMbIca nocTostHHOM bossivana? I'a3oBnlie

IIPOLIECCHI.
3. Yro takoe mossapHas Macca? Yemy paBeH 1 monb raza? Kak HailTu MOJISIpHYIO

Maccy CMecH ra3oB?
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JNNabopaTopHaa pabota Ne 1
N3yyeHne TemnepaTtypHoOM 3aBUCUMOCTU faBNEeHUNA
HacblILWEeHHbIX NAapoOB U onpeaeneHne CKPbITON
TemnepaTtypbl uCnapeHus

TeopeTuyeckas 4acTb

Haz[ MMOBCPXHOCTBIO JKHUAKOCTU B 3aKPBITOM COCYJIC BCCraa HaXOIUTCS
HaCbIH_[eHHBIﬁ map. PaBHOBecue MCKAY IapoM M XHUJAKOCTbIO YCTAHABJIMBACTCA
caMoO COOOM M SABJIICTCS JUHAMHUYCCKHUM, TO €CTb B K&)KI[BIﬁ MOMCHT BpPCMCHH
KaKHC-TO MOJICKYJIbI U3 ) XUJAKOCTH IICPCXOAAT B IIap, a B CPCAHCM aHAJIOTHIHOC UX
KOJIM4YCCTBO, HaO60p0T, N3 IIapa IICPCXOJUT B KHIAKOCTD. C mnoBbIINICHUEM
TCMIICPATYpPbI OAaBJICHHUC HACBLIIMICHHLIX IIAPOB HAI ITOBCPXHOCTBIO KHIAKOCTHU
YBCINYNBACTCA.

Xapaktep TeMIlepaTypHOM 3aBUCHMOCTH JABJICHUS HACBINICHHBIX IapOB
onpenensercs ypaBHeHueM Knalinepona — Knaysuca.

P L
dar TV, —V,)

(1)

rae L — MossipHast cKphITast TEIioTa ucmapenus, V; — MomsipHbIil 00beM
napa, V, — MOJspHBIi 00beM JKUIKOCTH.

YuuteiBasg, uto V,<<V; u mnoxacrasiass B (1) 3uauenue V; = RT/P,
HaijiecHHOe u3 ypaBHeHus KiianelpoHna-MeHnaeneeBa, Tmocie pas3feiacHUs
MIEPEMEHHBIX TTOTYyYaeM:

dP  LdT
P RT?

Nurterpupys (2), HaX0auM 3aBUCUMOCTb JIABJICHUSI HACBIIIIEHHBIX APOB OT

(2)

TEMIIEPATYPHI B BUJIE:

L
P=—— ] 3
In 7 +C (3)

VYpaBuenue (3) cnpaBeyIMBO NMPU JAABJICHUIX U TeMIepaTypax, JaJeKux oT

kpuTHueckux. Ilpu Takmx ycnosusx 3asucumocts INP or 1/T, tne T —
TemIieparypa 1o mkaie KenbpBruHa, mpeacTapisieT co00i IpsAMYIO THHUIO (PUCYHOK

).
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Hns HaXO0XXICHUA CKPBITON
InpP MOJISIPHOM  TEIUIOTBI ~ HCHApEHUS IO
AKCIIEPUMEHTAIBHO HalJIEHHBIM

3HAUYCHUSM  JABJICHUS  HACHIIIEHHBIX
NapoB MpPH HECKOJBKUX TeMIlepaTypax
3anuiieM ypaBHeHue (3) IS IBYX
TABJICHUNA U TEMIIepaTyp:

1/T
Pucynoxk 1
L
InP, = —R—T2+ C; 4)
L
InP, = ~RT +C. (5)

Hckmrouass korcranty C w3 ypaBHeHui (4) m (5) HaXoIuM MOJISPHYIO
CKPBITYIO TEIUIOTY UCTIAPEHUS:

P
R lnP—2
L= ! (6)
(r-7)

JKcnepuMeHTasibHas 4acTb.
OnuncaHue ycTaHOBKMU

N3yuyeHue 3aBUCMMOCTH JABJIEHMSI HACBILIEHHBIX MApOB OT TEMIIEPATypbl
IIPOU3BOJMTCS HAa YCTAHOBKE, CXE€Ma KOTOpPOW NpHUBEJAEHAa HAa PHUCYHKE 2.
HccnenyeMoe BEHIECTBO MOMELIAETCS B TEPMETUYHO 3aKpbIBAOIIMMCS cocyn 1.
JlaBnenue napa, HaXOJAUIErocsi B PABHOBECUH C JKUJKOCTBIO, U COOTBETCTBYIOIIAS
TeMIlepaTypa U3MEPAIOTCS MaHOMETPOM 2 U TEPMOMETPOM 3, 3aKpEIJIEHHBIM B
Kpbllke cocyfa. OcTaBUIMICS B COCYyll€ BO3AYyX OTKAuMBAETCS C MOMOILBIO
BaKyyMHOTO Hacoca 4 B Te4eHHH 3 — 4 MHUHYT, 3aT€M BEHTWIb 5 3aKpbIBACTCH,
oTcekas paboyee MPOCTPAHCTBO COCyJa OT OKpyxkaromiei armocdepsl. [locie
yIAJIEHUS BO3AyXa M3 CHCTEMBl MOXHO THPHUCTYIIUTH K HCCIEIOBAaHUIO
3aBUCUMOCTH JIaBJICHHs HACBILIEHHBIX NApOB OT TeMOeparypsl. B HWxHeN yacTu
cocyla TOMEIIeH HarpeBarenb 6, Hanps)KeHHE Ha HEro IOoJaeTcs uepes
nabopatopHsbIil Tpanchopmarop 7.

-14-
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N3mepeHue n obpaboTka pesynbTaToB

Il @/2 5

<] 4

220B

Pucynok 2

[locne ynaneHuss BO3Ayxa M3 COCyJa MOXHO BKIIIOUWTH HarpeBaTellb,
YCTAaHOBHUB HarpsbkeHne Ha HeM 150 B. M3MepsroT u 3anuchIBalOT 3HAYECHUS
JIABJICHHSI HACBIIICHHBIX MApOB MCCIEAYEMOW KUJIKOCTH JI0 YKa3aHHOM

IpenojaBarejeM TeMmIeparypbl, nonydas 3asucumocts P, = f(T) npm
HarpeBe JKUAKOCTHU. llocne nocTmkeHUs yKa3aHHOW TeMIepaTypbl HArpes
NPEKPAIIAIOT, OTKIKYUB MUTaHWE YCTAHOBKH, M CHUMAIOT 3aBUCUMOCTL P , =
f(T) npu oxnaxnennn. B oruére HEOOXOAUMO MOCTPOUTL TpadUKH

sasucumocreii IN(P, ;) or 1/T, rne T- Temneparypa no mkane Kenbsuna,
TIOJTy4EHHBIX P HArPEBAHKMH M OXJIAXKIECHUM XKUAKOCTH. PaccunTaTh 1o popmyiie

(6) MOIAPHYIO CKPBITYIO TeInoTy ucnapenus 1o 3apucumoctu [n(P, ) or 1/T
IPH OXJIaXkKJJCHHH.

KOHTpOﬂbele BOMNpPOCHI
1. Yro Takoe (aza, pazoBoe paBHOBecHe, (Pa30BbIi mepexo?

2. Hamucate  ypaBHeHue Ban-nep-Baiibca u  n300pa3uTh  M30TEPMHI,
COOTBETCTBYIOLIHE ITOMY YPAaBHEHHUIO.

3. Uro Takoe CKpbITas TEIJIOTa UCTIapEHUsl, CKpbITas TEIoTa pa3oBoro nepexoaa?
4. Briectn ypaBuenue Knalinepona — Knaysuca.

5. BeIBecTH ypaBHEHUE U1l HAXO0XKIACHUS CKPBITOU TEIIOTHI UcniapeHus L.
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JNlabopaTopHasn pabota Ne 2
OnpepeneHue KPUTUYECKOU TeMnepaTtypbl

TeopeTnyeckasa yactb. YpaBHeHue BaH-gep-Baanbca.

VYpaBuenue Kianelipona—MeHeneeBa sBISETCS YPAaBHEHHEM COCTOSHUS
UACALHOTO Ta3a W HE MPUTOAHO IS

U(x)“ OTKCaHUsl PEATbHOTO Ta3a, OCOOCHHO MpH
OOJBINX €T0 TUIOTHOCTSIX, TOCKOIBKY TIPH
ero MOJTyYEHUU npeHedperanoch
pasMepamu MOJICKYJT U 170:

B3aHMMO/ICHCTBUEM MEXKTy COOOM.

YpaBHEHHE COCTOSIHHUSI WACATBbHBIX

ra3oB KH&HGﬁpOH&—MCHHGHGGBa ABJACTCS
HpI/I6HI/I}KCHHI>IMI/I HC TOJIBKO

¥

KOJIMYCCTBCHHO, HO H  KAa4YCCTBCHHO.
[Tocnennee O6YCHOBHCHO BO3MOXXHOCTBIO

: 2 IIEpEBOJIa PEANbHBIX Ta30B B KUAKOE M
g TBEpJOE COCTOSIHHSA, YTO HEBO3MOKHO B
Pucynox 1. [TorennuanbHas ciIyvae YPaBHEHHUS Kitaneipona—
OHEPIUsl MEKMOJIEKYIISIPHBIX MeHeneesa.
B3auUMOACUCTBUHU
Orcrymienus oT 3aKOHOB

UJICAIBHBIX TA30B CBSI3aHbI C HATMYUEM CUJT MEXKMOJICKYJISIPHBIX B3AUMOICHCTBHIA.
Jlanupie  CuiIbl  OOBIYHO XapaKkTEepU3yKT IOTECHUHAIBHOM  DHEprueu
Bzaumoneiicteus  U(X), sapasiomeiics (yHKuueil pacCcTosHuS X MEKIY
MOJIEKYJIaMU — pUCYHOK 1 (crutonrHast kpuasi). JlanHast QyHKIMS UMEET MUHUMYM,
B KOTOPOM CHWJIbl TMPUTSDKEHUS W OTTAJIKUBAHHUS MEXIYy MOJEKyJIaMu
ypaBHOBEMIMBAIOTCS. Bo MHOTHX BOIIpocax T€OpUu ra3oB, 0COOCHHO HETOSPHBIX,
K XOpOIIUM pe3yJIbTaTaM MPUBOJUT alllIPOKCUMAIUS

U(x) = A/x'? — B/x®— norenuman Jlennapn-JIxonca.
I[lepBoe crmaraemMoe B HEM COOTBETCTBYET CHJIAM OTTANKMBAHHS, BTOPOE -
CHJIAM TIPUTSKCHHS.

B Tteopunm Ban-nmep-Baanbca npumensercs emie  Oosiee  rpydas
anmpoKcUMaIus, MpeJICTaBlIeHHass HAa pUCYHKE | myHKTUpHOW nuHued. Ei
COOTBETCTBYET MOJIENIb TBEPJbIX YIPYTUX IIAPOB, MPUYEM 3a HX JHUAMETP

IMPUHUMACTCA BCJIMYHHA d A YUCT HAJIMYIUS MCIKMOJICKYJIAPHBIX CHII 1 pa3MCPOB
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MOJIEKYJI Ta3a OCYLIECTBJISIETCS BBEJICHUEM B ypaBHeHue Kianenpona-
Menzeneesa aByx nomnpasok: b u a.
Jlna yuema pazmepoe moeKyi u cujil OmmaiKueanus 3auiieM ypaBHEHHE
Knanelipona — MenzeneeBa B BUJE:
RT

— 1
V== (1)

rae V(M3 /MOJIb) — 06béM 1 Moms Tasa. M3 TaHHOrO ypaBHEHHS CIIEIYET, UTO
npu P — 00 | 00beM rasza cTpeMUTCS K HYyJIO, 4TO HEBO3MOkHO. OG03Hauas

MUHUMAJIBHO BO3MOKHBIM 00beM 1 Mouns rasza 3a b, npeoGpasyeM ypaBHeHME
Kianeitpona — MeHieneeBa K BULYy:

P(V —b) = RT, )
NJIn
P = RT (3)
" V-b

Taxum 06pa3om, monpaska b uncieHHO paBHA MUHMMAIBHOMY 00BEMY MOIEKYII
npu OECKOHEYHO OOJIBIIIOM JAaBICHUM M 3aBUCUT OT Pa3MEPOB MOJEKYJI U CHII

OTTaJKUBaHUS, u3-3a KOTOPBIX
U MOJIEKYJIbI HEJb3s npUOIU3UTH
BIUIOTHYIO Jpyr K Jnpyry. B stom

Ex+U‘[' = 3aKIrovyaeTcss  (PU3MYECKUd  CMBICTT

nonpasku b. Bennuuna b 3asucur ot
YIAKOBKM  MOJIEKYJ, HO OOBIYHO

npunnMator, 4to b = 4V 000y,

rne Viyonexyn — 00beM Monekyn B 1

MOJIE BEIIIECTBA. [Ipencrasmnss
MOJIEKYJly Ta3a B BHJE IIapUKa

nnametpom d, Haxomum, uyto b =
16/3md3. Takum o6pasom, mO

Pucynok 2 BequuMHe B MOXHO  OIleHUBATh

pa3Mepsl MOJIEKYJI ra3a.
Cunbl OTTATKUBAHUS MEKY MOJIEKYJIaMU MPeo0IaatoT Ha pacCTOSHUAX 1" < T

— pucynok 2. Ilpu T > Ty Mexay MOJEKyJIaMH MPEBAIMPYIOT CHIIBI
npuTsHKeHUs. IX MOKHO y4ecTh, BBE/SI COOTBETCTBYIOIIYIO TIOMPABKY K JaBICHUIO
B ypaBHeHuH (3):
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RT a
S @

V—b V
3Ty ITIOIIPABKY HCO6XOI[I/IMO B34TH C OTPHUIATCIIbHBIM 3HAKOM, TAK KaK IIPUTAKCHHC
MOJICKYJ IMPUBOAUT K YMCHBIICHUIO TABJICHUA HAa CTCHKH COACPIKAIICTO I[aHHBIﬁ

ras cocyja. YpasHenue (4) MOKHO IIPUBECTH K BHAY:
a

(P+77) (v —b) =RT. (5)

DTO U eCTh YPaBHCHUC COCTOAHHUA PCAJIBHBIX I'a30B, BIICPBBLIC IMOJTYUCHHOC

P =

Ban-nep-BaanscoMm. M0KHO 3anmcarth €ro Takke JJIsl BEIEeCTBa Maccou M.
pe. -(V’—mb)=mRT ()
M? V'? M M
rae M (Kr/MoJib) — MomspHast Macca (Macca 1 moms rasa), V' (M3) — 06b8M rasa.
YpaBaenue Ban-nep-Baanbca aist pacdyera IIIOTHOCTH 0 MOIYYaeTCsl, €CIU

B ypaBHenue (6) yuecTs, uto p = m/V'. Torga momydyaem:
2

ap P\ _P
P+—) (1—17b) = 1RT. (7)
VYpaBHeHue (5) MOKHO MPEACTABUTH B BUJIE CTENIEHHOT'O PsiJia IO 00BEMY:
V3 (b+RT)v2+“v 2 0 ®)
P P P

[Ipu duxcupoBaHHBIX TeMIlepaType U [aBIEHWU OHO OYIET SBIATHCS

ypaBHEHUEM TPEThEH CTEINEHH OTHOCHUTENHHO o0bema V' W MOIKHO MMETh Tph
KOPHSI- PUCYHOK 3.

Bce Tpu KOpHSL ypaBHeHHs OyIyT NE€WCTBUTENIbHBI TOJBKO MPU BIOJHE
ONPENEIICHHOM [JIaBJICHUM — JABJICHHMM HACBIIICHHBIX NApOB JIaHHOTO BELIECTBA.
Takomy naBieHuto Ha pucyHke 3 coorBeTcTByeT yuacTok FDB. B Touke F kopHIO
ypaBHeHusi Baun-gep-Banbca cooTBeTcTByeT 00BEM BeliecTBa B KHIKOM
cocTosiHMH, B Touke B — razoobpasnom, B Touke D — nByxdasznom. Jluanun FDB
COOTBETCTBYIOT Pa3IUYHBIC COOTHOIICHUSI MEXKTY KHUAKOHN U TapooOpa3Hoit (ha3oit
BEIIECTBA, T.€. Ha JJAaHHOM YYacTKe OCYIIECTBIIsIeTCA (ha30BbIi MEpPexo/l )KUIKOCTh-
nap. Yuactky AB cooTBercTByeT razoo0Opa3Hoe COCTOSIHHME BEUIECTBA; OH
YAOBJIETBOPUTENBHO COBIIAJAET C ONBITHOM wH30TepMou. Yuactky FG
COOTBETCTBYET U30TEPMUYECKOE CIKATHUE JKUIKOCTH.

Cocrosnus BemectBa Ha ydyactkax BC m EF usorepmsl Ban-nep-Baanbca
BIIEPBBIE OBLIM MPEACKa3aHbl €r0 TEOPUEH U MOTYT SKCIIEPUMEHTAIBHO OTYUYEHBI
JUIIb HA OYEHb YHUCTHIX BeIIecTBax Oe3 mpumeceil. DTH COCTOSIHUSI Ha3bIBAIOT
METacTaOWIbHBIMU, TOCKOJBKY BpEMsI CYIIECTBOBAHMS BEIIECTBA B OSTHUX
COCTOSTHUSIX OTPAHUYEHO, XOTSI MOKET OBITh U JOCTATOYHO JJTUTENbHBIM (4achl U
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naxe cyTkn). OTHAKO MO HCTEYEHUIO ITOTO BPEMEHH BEILIECTBO CAMOIIPOU3BOJIBHO
NEPEXOAUT B OJHO U3 CTAOMJIBHBIX COCTOSIHUN BJIOJb TOPU30HTAIBHOIO YYacTKa
BF. Ha yuactke BC BemecTBo HaxoAHMTCS B COCTOSIHUM IEPECHIIEHHOTO WIH
MEPEOXJIAXKICHHOTO Tapa, a Ha ydyacTke EF- B cocTOsSTHUM neperpeTo KuIKOCTH.

Py

P?__

Bt-

13 L _

13 - [ |
| [
| | . -
Vi 'V v v

Pucynok 3.

ITepexon EDC HeBO3MOXEH, [IaHHOMY YYacTKy COOTBETCTBYIOT
HECTaOWJIbHBIE COCTOSIHUSI BEIIECTBA.

Takum o0pa3om, ypaBHeHue Ban-nep-Baanbca KadecTBEHHO BEPHO
ONKCHIBAET MMOBEJECHUE BEIECTBA U (Da30BBIN MEPEX0 )KUAKOCTh-TIAp.

Kputnueckue remneparypbl. Kpurnueckoe cocrosinue

CewmelictBo m3otepm Ban-gep-Baanbca mpu pa3iauuHbIX TeMmIieparypax
npeAcTaBieHo Ha pucyHke 4. C yBenuueHueM TemmepaTrypbl ydacTok AD,
COOTBETCTBYIOMIUN (Pa30BOMYy TMEPEXOy JKHUIKOCTb<>IAp, COOTBETCTBYIOIIUN
JIABJICHUIO HACBIIIIEHHBIX MapOB BEIIECTBA, CMEIIAeTCs B 001acTh 00Jiee BRICOKUX
naByieHnii. OgHOBpEMEHHO OyAeT CyXaThCid M camMa 00JacTh 3TOro (a3oBoro
nepexojia M3-3a YMEHBIICHUS] pa3inuus OOBEMOB BEIIECTBA B JKUJIKOM H
napooOpa3HOM COCTOSIHMM. B pesynbTaTe Tpu HEKOTOPOH TeMIiepaType 9Ta
0o0NacTh BBIPOKIACTCS B TOYKy meperuOa. Ilpm »sToit Temmeparype u
COOTBETCTBYIOIIEM JAHHOM TOYKE JIaBJICHUM TPU BEIIECTBEHHBIX KOPHS
CTAHOBSTCS] KpaTHBIMH. Takoe COCTOSIHUE HAa3bIBAIOT KPUTHUUECKUM, a TEMIIEPATYPY
— KpUTHYECKOW TemIepaTypod. ITa TemrepaTrypa SBISETCS XapaKTEPHBIM
CBOMCTBOM KaKI[0TO BEIIECTBA.
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|
|
!
!
|
!
|
L
Ve v
Pucynok 4

Hanuuue naHHON Kpumuueckoit memnepamypol TKp. BIIEPBBIC IOKa3aja
UMEHHO Teopusi Ban-nep-Baanbca, B 4eM COCTOUT €€ OCHOBHOE JOCTOMHCTBO.
[Tpu TKp. UCYE3aeT paszIuyue MEeXAYy JKUIKOCTBIO M Ta3oM, a o0JacTh
CYILIECTBOBAHUS JBYX(A3HOIO COCTOSHUSI BEIIECTBA BBIPOKIAETCS B TOUKY
neperuba. Ilpu temmeparypax T > Ty, — BO3MOXHO TOJNBKO ra3000pasHOe
cocrosgaue Bewmectsa. IIpu T=T,, BemecTBO HaXOOUTCA B 0COOOM COCMOAHUU,
HA3b16AeMOM KPUMUYECKUM, TIPU KOTOPOM HAOJII0IAE€TCsl aHOMAJIbHOE TTOBEICHHE
1Ee0ro psaa GU3NYECKUX CBOWCTB BEIIECTB.

Hcnonbe3ys ypaBHeHune Ban-nep-Baanbca MOXKHO BBIpa3suTh KPUTHUYECKHE

napamerpsl 1, P u V., yepe3 nHAMBHAYAIbHBIE KOHCTAHTHI BEIIECTBA A U
kp’ £ kp » Kp

b, a Taxxe uepe3 yHHBEPCAIIBHYIO Fa30BYIO IIOCTOSHHYIO R.

OnuH crmocod HaxOXIEHUs KPUTUYECKUX IMapaMeTpPOB OCHOBBIBACTCS Ha
TOM, 4TO KOpHH ypaBHeHUs BaH-nep-Baanbca i KpUTHUECKOrO COCTOSHMS,
ABJISIFOTCS. KPATHBIMU, T.€. YPABHEHUE MOKHO MPEACTABUTH B BUJIE:

(V =Vip)® = V3 =3U V2 +3VEV = Vg =0 )
Conocrasinsist ypaBHenus (8) u (9) nonyudaem:
RTy, a ab
(V—V)3=V3—(b+—)V2+ V- =0
* Fep Fep Fep

DTO paBEHCTBO OyNET TOXKIACCTBEHHO BBITIOJHATHCS, €CIU KOI(PPHUITUEHTHI

IIPH OJTMHAKOBBIX CTENEHsIX V' OyayT paBHBI MEKITY COOON:
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RT \
b+—— =3V,
PKp
a 2
N = 3Vip > (10)
ab
— = ngf)
Pkp J
Pemas cucremy ypaBHeHuii (10), moaydum BbIpaKeHUs IJII KPUTHUUECKUX
apaMeTpOB:
a 8a "
P = 2752 Yoo = 300 = 3705 (h

OTH ke pe3yJIbTaThl MOKHO ITOYYUTh APyruM mytem. Kak yxe orMeuanocs,
TOYKa, NU300paKaAIOIIAsi KPUTUUECKOE COCTOSIHUE, SIBJIAETCA TOYKOM INeperuda Ha

rpapuke wH30TEpMHUUECKOro mpomecca B mepemenusix P,V. U3  xypca
MaTeMaTHYECKOTO aHallM3a W3BECTHO, YTO B TOYKE Ieperuba nepsas ¥ BTOpas
IPOU3BOJIHBIE PABHBI HYIIIO:

(&)

Huddepentmpys ypasuenue (4) mo V npu T = const, nns kputudeckux

0 d%P
"\aV?2

I
=

(12)

Txp -

napamMeTpoOB MOXHO MOJTYYUTh Te ke cooTHomeHus (11).
OnpenenuB 3KCIEPUMEHTAIBHO KPUTHYECKHUE MapaMeTpbl, MOXKHO HAWTH

HMHAWBUAYAJIbHBIC KOHCTAHTBI BEIICCTB aun b
2 p2
_2TTHR? TR
=D o T
64 P, 8 P,

Henocratkom ypaBHeHusi Ban-nep-Baanbca sBisieTcss TO, 4TO OHO HMMEET

(13)

paanqHHﬁ BHUJI JJI pa3HbIX Ia30B U3-3a pa3JInius 3HAUYCHUM UX MOCTOSHHBLIX A U

b. I[aHHBIﬁ HCIOCTATOK CHHUMACTCA, CCJIIM BMCCTO HAABJICHUA, TCMIICPATYPbI U

o0beMa ra3za NCIOoIb30BaTh NX OTHOCHUTEIBLHBIC 3HAUCHHS

P |4 T
;P = (T =
P,

Vip T '
rae Vip = 3b, P, = a/27b?, Ty, = 8a/27Rb.

T =

(14)

Kp
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[Tocne noACTaHOBKH JIaHHBIX TAPaMETPOB B ypaBHEHHUE (5), MOTydaeTcs Tak
Ha3bIBAEMOE MPUBEJCHHOE YpaBHeHUE BaH-nep-Baanbca:

(r+3/9*)(3¢p — 1) = 81. (15)

3 JAaHHOI'O YpaBHCHHA CJIICAYCT, YTO [BA I'da3a HAXOIATCA B HOI[O6HOM
COCTOAHHUU HC ITPHU OINMHAKOBBIX TCMIICPpATYPAX U JABJICHUAX, d IIPU PABCHCTBC UX
OTHOCHTENBHBIX mHapamerpos T = P/Py,, u T = T/ TKp. [Ipu sToM mns

COBMAJICHUSI COCTOSIHMM Ta30B JIOCTATOYHO, YTOOBI COBMAJANU TOJBKO JIBA HX
napameTpa, T.K. TPETbH MOTYT OBITh omnpezesieHbl u3 ypaBHeHus (15). Tem cambim
ypaBHeHue (15) meMOHCTpUPYET BO3MOXKHOCTH pPa3pabOTKA TEOpHwi Moao0us
ra3os.

O TounHocTM ypaBHeHus Ban-nep-Baanbca MOXHO CyauTh 1O Tak
Ha3bIBAEMOMY KpuTHueckomy mapamerpy: Ky, = 1/Z,, = RT,/(P,V ). Tlo
ypaBuenuto Kunanefipona-Menzeneesa koddpuuuentr K., =1, no Bau-nep-
Baanecy K, =8/3 =2,67. CornacHo npuBeleHHOH Huxe Tabmuue 1,
HKCIIEpUMEHTAJIbHBIE JJAHHBIE CYIIECTBEHHO OJMKe K JlaHHbIM BaH-nep-Baannbca,
XOTSI U1 BECbMa 3aMETHO OT HUX OTJIMYAIOTCHI.

Tabauua 1
ra3 KKp = 1/ZI{p ra3 K}(p = 1/ZKp
Bonaopon 3,03 Kucnopon 3,42
I"'ennit 3,13 Bona 4,46
A3oT 3,42 Yriekucnsblii ra3 4,49

OnHako CyIIECTBEHHBbIE OTJIMYMS OSKCIEPUMEHTAIBHBIX JAHHBIX OT
paccuMTaHHBIX 1O YypaBHeHHUIO Ban-nep-Baanbca nHabmomaroTcs numib Mpu
TeMIiepaTypax, ONM3KMX K Kputuueckoii. [Ipm Oonee HM3KHX Temmeparypax
ypaBHeHUe BaH-nep-Baanbca BO MHOTHX Clly4yasX O3BOJISIET HAXOAUTh IIIOTHOCTH

rasoB PaKTHIECKH c
. 3
AKCIIEPUMEHTATBLHOM 10 3 pxer/v *  DKCTIepHMEHTATLHHE IAHHEIE
g pacdeT no ypaeHeHH:0 Ban-nep-
HOTPEIIHOCTBIO, 4TO Baneca

--------- pacueT no ypaeHeHHio Kianeiipona-
Menneneera

JAEMOHCTPUPYET ~ TPOBEACHHOC ¢ |
COIIOCTABJIEHUE TEMIEPATYPHOU

3aBUCUMOCTH IJIOTHOCTH
MpoIlaHa MpU AABICHUU S5 aTM. 6 7

Toukm Ha pucyske S5 -

9KCIICPUMCHTAJIbHBIC TaOJIUYHEIC 3 3.5 4 4,5 T/100

3HAYCHUS U3 CIIPABOYHHUKA.
Pucynok 5.
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JKcnepuMeHTanbHas 4acTb.
OnucaHue ycTaHOBKMU

T,

3navyeHue KpuTHYeCKMX mnapameTpos By, Vg kp TIPEICTABISET

p >
3HAUUTENIbHBIM HAaydyHBIH W TpakTU4Yeckwil uHTepec. [Ipu Temmeparype BbIiIe
KPUTUYECKON BELIECTBO MOXKET CYILIECTBOBATH TOJIBKO B ra3000pa3HOM COCTOSHHH.
CkppITas TemIoTa napoodpazoBanus U KO3 (GUIHEHT MOBEPXHOCTHOTO HATSKEHUS

IIPU KPUTHYECKOM TeMIlepaType 00palarTcs B HyJIb.

[TocTponB Ha OCHOBAHHH IKCIIEPUMEHTAIBHBIX JAHHBIX CHCTEMY H30TEPM

(kKak TIOKa3aHO Ha PUCYHKE 4), MOKHO OIMPEAEIUTh KPUTHIECCKYIO TEMIIepaTypy U
JBa IPYTUX MapaMeTrpa. ITOT METON ObLI BIIEPBBIE NMPUMEHEH DHIPIOCOM IIPH
OTIPEICTICHNH KPUTHICCKUX IapaMeTPOB YIJIEKUCIoro rasa. [lpu ompeneneHun
TOJIBKO KPUTHYECKOM TeMIIepaTyphl MOKHO BOCIIOJIb30BATHCA MEHEE TPOMO3IKUM
METOJIOM HCYe3HOBEeHMsI MeHucka. HMccinemyemoe

BEIIECTBO MOMEIIAETCS B 3aMasHHYIO CTEKIISTHHYIO

4 amryily W HarpeBaerca. Eciaum  KoaudecTBo
KUJKOCTH B amITyJie oA0OpaHHO TaKUM 00pa3om,

annnannnnanaRNNANNRNNN

4TO B IPOICCCC HAIrPpCBaAHUA MCHHUCK IIPAKTHUYCCKHU
OCTacTCA Ha MECTC, TO B OHp@I[CJ'ICHHBIfI MOMCHT

[
L 8

BEILIECTBO JIOCTUTHET KPUTHUYECKOTO COCTOSIHUS
N— (MeHUCK mpu 3TOM ucye3HeT). [Ipu oxnaxneHuun

1 OH CHOBA MOSIBUTCA U BELIECTBO PA3JCIIUTCA Ha
5 U nBe ¢aspl. Temnepartypa, mpu KOTOPOH UCYE3aeT U

@2 MOSIBJIAIETCST MEHUCK W OyImeT  sIBIATHCS
KPUTUYECKON TeMIIEpPaTypoil.

OnpeneneHne KpUTHUECKON TeMImepaTypbl

IPOU3BOJUTCS HA YCTAHOBKE, IIOKAa3aHHOW Ha
pUCYHKE 6. YCTaHOBKA COCTOMT U3 TepMocTara I,
PucyHok 6. CHA0XXEHHOTO HArpeBaTEIbHBIM 3JIEMEHTOM 2,
BBIKJTIOUaTenneM 3 u  TepmoMerpom 4. B
TEPMOCTATE pa3MeLIeHa aMITysla C UCCIEAYEMBIM BEILIECTBOM 5.

U3mepeHusa. O6paboTKka pe3ynbTaToB U3MEpPEHUN

[locne momyueHus nomycka K paboTe HEOOXOIWMO BKIIOYHUTH IIHYP
YCTaHOBKHU B CETh M BBIKJTIOYATENIEM 3 BKIIFOUHTH HarpeB. B mporiecce HarpeBaHus
HEOO0XOIMMO CJICTUTH 3a TIOJIO’KeHHEM MeHHCcKa. [Ipu onpeneneHHoON TeMiepaType
MEHHCK JIOJDKEH HMCYE3HYTh. OJTO — KpUTHYECKas TeMmIiiepaTypa. BermiecTBo B
KPUTHUYECKOM COCTOSITHUM WHTEHCHBHO PAacCEMBaeT CBET W CTAHOBUTCS MYTHO-

23



JlaGopatopHnas padora Ne 2

OenpiM, Hempo3pauHbiM. HeoOXoaumMo M3MepuTh TemmepaTypy, MpH KOTOPOW B
HWKHEHN 4acTh MPOOUPKHA HAYHETCS MHTEHCUBHOE PACCEUBAHUE CBETA BEILIECTBOM.
3areM HarpeBareilb HEOOXOJUMO BBIKIIOYUTh U U3MEPHUTH TEMIIEpaTypy, MpH
KOTOPOH 3TO0 paccessHue rucue3HeT. [1ono0HbIe n3MepeHns IPOBECTU HE MEHEE TPEX
pa3, U B Ka4eCTBE KPUTUYECKOW TEMIIEPATyphl B3SITh CPEIHEE 3HAUYCHHUE.

Tabnuna 2.
Belecrso OTUIOBBIH | [N THIIOBBIN Aneron | Texcan M30mponuioBbIit
CIUPT a¢up CIIUPT
Kputnueckoe
JIaBJICHHE B 63 35,6 46,6 29,9 53
aTMocdepax

Ilo pe3ynpraramM H3MEPEHUN KPUTHUYECKOM TEMIEPATYpPbl M HCIIOJIB3Ys

JaHHbIE TaOJIUIBl 2, paccuuTaTh KOHCTaHThl BaH-nep-Baanbca a wu b nns
HCCIIEyeMOTO BEIIECTRA.

KOHTpOﬂ bHbl€e BOMNPOCHI

1. JIns yero BBeIEHBI KOHCTaHTHl a U b B ypaBHeHHe BaH-nep-Baanbca u nx
buszndeckuit cMbIc?

2. CpaBHUTH CHCTEMY pEaJbHBIX U30TEPM U M30TeEpM Ban-nep-Baanbca?

3. Kak tpanchopmupyrorcs uzorepmbl Ban-nep-Baanbca mnpu moOBBIICHUN
TEMIIEPATYPBI U IOYEMY?

PacckazaTh 0 AByX MeTOJ1ax BbIBOJIa (POPMYIT I KPUTHYECKUX MTapaMETPOB.
BriBectu npuBeneHHOe ypaBHeHHe Ban-nep-Baanbca.

CdopmynupoBaTh 3aKOH COOTBETCTBEHHBIX COCTOSTHUI

N vk

B yewm 3akirouaroTcs JOCTOMHCTBA M HEIOCTATKU Teopun Ban-nep-Baanbca.
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JNlabopaTopHasn paboTta Ne 3
MeToabl U3MepeHna Temnepartypbl

TeopeTuyeckasa 4yacTtb

Temneparypa — 3T0 BakHasg (¢u3Mueckas BeJIMYWHA, XapaKTepHU3yroIlas
WHTEHCUBHOCTbH TEIUIOBOTO JIBIKEHUS B BEIIECTBE (ra3zax, *HUAKOCTSIX, TBEPbIX
Tenax u miasme). OT TeMiepaTypbl B TOM WM MHOM CTETIEHH 3aBUCST MPAKTHYECKH
BCE Jpyrue XapaKTepuCTHKU BemiecTBa. [loaTomMy BO Bcex (U3HUYECKUX
IKCIIEPUMEHTaX HEOOXOIMMO H3MEPSTh TeMIepaTypy OOBEKTa HCCIeTOBaHMUS,
KOHTPOJIMPOBATh €€ U3MEHEHHUS.

[IpeneOpexkeHne HM3MEHEHHEM TEMIIepaTypbl MOXET MPHUBECTH K
3HAYUTENBHBIM JIONTOJHUTEIBHBIM NOTPEIIHOCTAM JKCIIEpUMEHTA. B 3TOMN CBs3n
OOBEKT HCCIENAOBAaHUS  HEOOXOAMMO MOJJAEPKHUBaThb MpPU  MNOCTOSHHOU
TeMIeparype, T.e. TEpMOCTaTUpOBaTh. [l 3TOM 1enu ero MnoMemarT B
YCTPOUCTBO, MOAAEPKUBAIOLIEE OIPEACIICHHYIO TEMIIEPATYPy — TEPMOCTAT.

B otanuue ot MAcCChI, JIUHBI U BPpCMCHH, I TCMIICPATYPhI HC CYIICCTBYCT
9TaJIOHA. TeMHepaTypy HU3MCPAIOT, HMCIIOJIB3YA (1)I/I3I/ILICCKI/IG CBOMCTBA TCII,
YYBCTBHUTCIIbHBIC K UBMCHCHHIO TCMIICPATYPHI.

1) B omnom wu3 wHaubosiee pacnpoCTpaHEHHBIX METOJOB H3MEPEHUS
TEMIIepaTyphl HCHOJB3YETCS TEIJIOBOE PACHIMPEHHE Ta30B MWW KUIKOCTEH.
YerpoiicTBO  UIsi  M3MEPEHMs]  TEeMIIepaTypbl HA3bIBACTCS Ta30BBIM  WJIH
KUIKOCTHBIM TepMOMeTpoM. [IpwHIMI AEHCTBUS OCHOBAaH Ha TOM, 4YTO B
OTIPEJICTICHHOM HMHTEpBaJie TEeMIIepaTyp OObEeM raza WA JKUIKOCTH 3aBHUCHUT OT
TEMITepaTyphl TI0 TUHEHHOMY 3aKOHY:

e Vy — 06beM mpu HEKOTOPOI (PUKCHPOBAHHOW TeMIIepaType, HalpuMep

npu 0° C, t — Temneparypa no mkaine Lenbcusi, & — K03QPUIMEHT TEMIOBOTO
pacupenus (pu GUKCUPOBAHHOM JAaBJICHHH )

B 1 (dV)
“=v,\ar

Jlng ra3oB, ecnu HayanbHyIO Temnepartypy npusats 0° C, a=1/273. dnsa

)

P

KUIAKOCTH ( — HHIUMBHIyaJIbHAas XapaKTEPUCTHKA KaXKIOM KUAKOCTH.
[IpuHMnuanpHas cxemMa ra3oBoro TepMOMeETpa MpeicTaBieHa Ha puc. 1. Ilpu
U3MEHEHUHU TEeMIIepaTypbl OKpY)KaIOIIel cpelpl OyIeT U3MEHSThCS 00beM Trasa.
W3meHnenns oObeMa COMPOBOXKIACTCS MEPEMEIICHUEM KamelbKH PTYyTH (WiIH
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JOPYrol KUAKOCTH) B KalWUISIPE, KOTOPBIE MPONOPUUOHAIBHBI H3MEHEHHEM
TEMIIEPATYPHI.

2

!

1 ——m ],
IIIIIIIIIIIIIIIIIIIII/

Pucynox 1. YcTpoiicTBO ra30Boro ()KUIKOCTHOTO) TEPMOMETpA.

1 — 00beM 3ar0IHEHHBIN ra30M (KHIKOCTBIO), 2 — «IOIUIaBOK» (PTYTh WU JIPyTrasi *KHJKOCTh),
3 — mKana A U3MepeHUH.
DTO TO3BOJISAET KAXKIOMY IIOJOKCHHIO KaIllld KHAKOCTH B TCPMOMCTPC
IMOCTABHUTHh B COOTBCTCTBHUC OIIPCACIICHHOC 3HAYCHUC TCMIICPATYPbI, HAIIPUMCEP, 110
mikase Lenbcus (unum 060 apyroit mkane).

2) TepmomeTpbl CONPOTHUBJICHUS. C  noMompH  TEPMOMETPOB
COMPOTHUBIIEHUST HHPOpPMAILIUS O TeMIlepaType MOXET ObITh MpeoOpa3oBaHa B
ANEKTPUYECKUN CHUTHAJI. B 3THX yCTpoOHCTBaX MCHOJNB3YETCA 3aBUCHMOCTh
ANEKTPUYECKOTO CONPOTUBIICHUS NPOBOAIIET0 MaTepuana OT TEMIIepaTyphl.
Pasnuuaror ABa BHIa NpUOOPOB: B OJHUX YYBCTBUTEIBHBIMH 3IIEMEHTAMHU
SBJIAIOTCSL TPOBOJIOYHBIE CONMPOTHUBIICHUS U3 YHCTHIX METAIJIOB (Melb, MJIaTHHA),
UX  OOBIYHO  HA3bIBAIOT TEPMOMETPAaMU  CONPOTUBIECHHH, B  APYrUx
YyBCTBUTEIbHBIMU AJIEMEHTAMU ABJISIFOTCS CHEUUATIBHOTO cocTaBa
MOJIYIIPOBOJHUKOBBIE PE3UCTOPBI, KOTOPBIE HA3BIBAIOT TEPMUCTOPAMHU.

TeMmneparypHass 3aBUCUMOCTb CONPOTHBJIEHUS YHUCTBIX METAJUIOB B
OTIpeICJICHHOM JIMaIia30He TeMIIepaTyp ompeesseTcs mo Gopmyiie:

l
R=R0(1+X't)=§l?0(1+)('t); &)

rae Po — YAEIbHOE CONpOTHBIEHWE, | — mmHa, S — cedeHMe NMPOBOIHMKA,
TemriepaTypHbIil ko3¢ unuent conporusienus (TKC):

1 (dp)
X_Po dT

Kaxk IMpaBUJIO TCPMOMETPHI COIIPOTUBJIICHUSA UCIIOJIB3YIOTCA AJIA U3MCPCHHA

4)

T=0°C
TCMIICPATYPbI B IUAIIA30HEC, T'/IC l COXpPaHACT IMOCTOAHHOC 3HAYCHHC.

TemneparypHasi 3aBUCHMOCTb CONPOTHBJICHUS TEPMUCTOPOB OINPEACIISICTCS
o ¢hopmyiie:
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R = RyeT (5)

I'me Ry — HekoTopass KOHCTaHTa, 3aBHCSAIAs OT (OPMBI, pPa3sMEpoB

TepMUCTOPa, 3 — KOHCTAaHTa, 3aBUCAIIAs OT MaTepyaa, U3 KOTOPOro U3rOTOBJIEH
TEPMHUCTOP.

Paccmotpum  mpuunny Ttakod 3asucumoctd  R(T). Kak wmsBectHO,
KPUCTAJUIMYECKAS PENIETKA METAIIA COCTOUT M3 MOJIOKUTENLHBIX HOHOB, MEXKIY
KOTOPBIMHU TIEPEMELIAIOTCS JIIEKTPOHBI IIPOBOAMMOCTH. (DJIEKTPUUECKUI TOK B
METAUIMYECKUX  I[POBOJHUKAX  NPEACTABISET  COOOH  YIOPSOOYEHHOE
IEepPEMEILIECHHE DIEKTPOHOB, MPOMCXOAIIEE IMOJ JEHCTBHEM DIICKTPUYECKOIO
TIOJISL.)

OGo3HaunM vepes A, cpeaHero JMHy IpoOera 3JIEKTPOHA 10 aHAIOTUH CO
cpeaHel JIMHOM mpobera MOJIEKyIbl B KWHETUYECKOW TeOpuHU ra3oB. biaromaps
Xa0TUYHOCTH TEIMJIOBOIO JBWXEHHS 3JIEKTPOHOB MPH OTCYTCTBMHU BHEUIHETO
AIEKTPUYECKOTO MOJI HUKAKOTO MPEUMYIIIECTBEHHOTO TIEPEMEIICHNUS JIEKTPOHOB
HET, CJIENOBATEIIbHO, HET M DJJEKTpUYecKoro Toka. Ilpum HamoxeHuun

QJICKTPUYICCKOI'O IT0JI HAIIPAKCHHOCTBIO E , HOABJCTCA CMCIICHUC ABUKYIIIUXCA
QJICKTPOHOB B HAIIPABJICHUHU, IIPOTUBOIIOJIOKHOM HAIIPABJICHUIO I1OJIA.

B oOmeM Buge TepMOMETp CONPOTUBJIEHUS BKJIOYAeT B ceOs
YyBCTBUTEJIBbHBINA AJIEMEHT TOTO WJIM JAPYroro THMAa W BTOPUYHBIA MpUOOD, T.€.
npuOop AJ1 UBMEPEHUS DIEKTPUUECKOTO COPOTHUBIICHUSI.

3) TepModneKTpUYEeCKHE TEPMOMETPHI — 3TO MPUOOPHI JIsT U3MEPEHUS
TEeMIlepaTypbl, OCHOBaHHbIe Ha »d(dekre 3eedeka. TepMornekTpUUECKHit
TEPMOMETP COCTOMT M3 TEPMOMAphl B KAYECTBE UYBCTBUTEIBHOTO JJIEMEHTA W
AJIEKTPOU3MEPUTEIILHOTO  Mpubopa  (MHJTUBOJIBTMETPA,  aBTOMATHYECKOTO
MOTEHIIMOMETpA,  Jip.). TepMomnapa mpeacTaBisieT co00i AaTUYUK TEMIEpaTyphl,
COCTOSIIMKA W3  JIBYX  COCIWHEHHBIX  MEXIy CO0Oi  pa3HOPOIHBIX
AIIEKTPOTIPOBOIAIINX IIEMEHTOB (0OBIYHO M3 METATNTMYECKUX TTPOBOTHUKOB, PEXKE
U3 TOJyNpOBOAHUKOB). JleiicTBue TepMomapbl ocHOBaHO Ha d(ddekre 3eedeka.
Ecnu KOHTakThl JBYX MPOBOISIIMX OSJIEMEHTOB HAXOMATCS TIPU  Pa3HBIX
TeMmIrepaTrypax, T0 B Lenu Tepmonapsl Bo3zHukaeT DJ[C (TepMoO3/c), BeIMYUHA
KOTOPOU OJTHO3HAYHO OMPEAEISETCA Pa3HOCTHIO TEMIIEPATyp KOHTAKTOB (CIAaeB) U
NPUPOAON MAaTepUaIOB, BXOAAIIMX B TepMonapy (pUCYHOK 2a).

B omnpenenennoM uHTEpBalie TeMIepaTyp BEITUINHA TEPMODIC MOKET OBITh
HaiijieHa o gopmye

e=a(T, —T,), (6)
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rae T; — remneparypa HarpeToro cnas, 7, — TeMIeparypa X0J0IHOTO CIasl.

]_IJ'ISI HN3MCPCHUA TEMIICPATYPBI C IMIOMOIIBKO TCPMOIIAPEI €C HGO6XOI[I/IMO

INOAKIIIOYUTD K BTOPHYHOMY

npudopy (pucyHoK 20). T
PaszHOoponHbIN cniail MpOBOJHUKOB 1

1 u 2 npuBOIUTCS B TEILUIOBOM <

KOHTaKT C UCCIIeTyEeMbIM
00bekTOM. BTOpbIE KOHIIBI 3THX
MPOBOJTHUKOB, HAXOJSIIUECS MpU
Temreparype 1,, C TOMOIIBIO
MEJTHBIX COEJIMHUTETBHBIX

Pucynok 2a.

T,

MPOBOJIOB 4 TOAKIIOYAIOTCA K Tl

MUJUTUBOJIBTMETPY 3 WU APYTOMY <

_— W

&
N

U3MepUTeILHOMY puOopy. OUeHb
9acTo UCTIOJIB3YETCS TaK
Ha3biBaemas auddepeHnranbHas
TepMomnapa (pucyHOK 2B),

N —

coacpiKamasa TpHU IIPOBOIAIIHUX Tl

yeMeHTa: 1 - NpPOBOAHMK U3
IIEPBOTO  Marepuayja, W  JBa
IPOBOJAHMKA 2 W3  BTOPOTO

matepuana. OHHM MOryT OBITh '|'2

HEMOCPEICTBEHHO TMOJKIIOYEHBI K
BTOPUYHOMY mpudopy 3, Wiu ¢
IIOMOIIIbIO COEIUHUTEBHBIX

Pucynok 2B.

mpoBoioB 4. Bo Bcex ciydasx TepModjac paccuuThiBaeTcs mo dopmyne (6). B

Ka4CCTBC MaTCpUaIOB AJII COCAMHCHUA B TCPMOIIAPbI 6prTC$I YUCTBIC MCTAJIJIBI U

cruiaBbl. Hanboliee yacTo ucnosib3yeMble TEPMOIIAPBI U UX CBOWCTBA MPUBEJICHBI B

tabmnure 1.
Tabauma 1.
o Tepmonac (B) npu
No | Lepmortapa Cocras Paboumit |1 _ 1000(,
0003HaYeHnE nuamnasoH, °C
Tz == OOC
| T, TMK Mens // koHCTaHTaH 900... 4300 4,279
(Menp-HUKENb, Mn, Fe)
) J, TX)KK JKeneso // koHCTaHTaH 900.. +750 5,269
(Menp-HUKeNb, Mn, Fe)
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L, TXK Xpomenb (HUKEIb-XPOM) 50.. 1600 6,862

// xotienb (MeIb-HUKEIh)

K, TXA XpoMmenb (HUKETb-XPOM) 4,096
4 // anromens (HUKEb- -200...+1000
ATIOMUHUI)

S, TIIIT ITnatuna // HnaTuI/IHa 1950, +1450 0,646
(10%), pouit

Al, TBP Botnsdpam — penwuii //
BOJIb()paM-peHU

+30...+2500 1,337

JKcnepuMeHTasribHas 4acTb.
OnucaHue YCTAHOBKM

Ha pucynke 3 npejicraBieHa NpUHIMIHAIbHAS cXeMa yCTaHOBKHU. JlaHHas
YCTaHOBKAa COCTOUT M3 BO3AYLIHOTO TepMocTara |, HarpeBaTelIbHOIO 3JIEMEHTa
(JlaMIbl HaKaldWBaHUs) 2, BEHTWIATOpa 3 I TEpEeMEUIMBaHUS BO3yXa,
CIHPTOBOTO TepMoMeTpa 4, ABYX TEPMOMETPOB COMPOTHBICHHUS (MEIHOTO U
MOJTYTPOBOJHUKOBOTO TEPMHUCTOPA) 5 U 5*, xKene30-KOHCTAaHTAaHOBON TepMOIIaphl
6, Tymbiepa 7, MusunBosibT™MeTpa (M198/3) 8, wamm 115 cHera 9.

BbinonHeHne uamepeHumn

1. IogkmtounTh ycTaHOBKY B ceTb. C momomipio TymOnepa 7 BKIIOYUTH
BEHTWISITOP U JIJAMITy HaKaJIUBaHUS 2.

2. Yamry 15 3an0aHUTH CHEroM (JIbJ0M) U YCTAHOBUTH KOHTAKTHI TEpMOTIap.
3. BxiouuTh B ceTh MUUIMBOJILTMETP M198/3.

4. Havath CHUMATh 3HAYCHUS TEMIIEPATYPhl BHYTPH BO3AYITHOTO TEPMOCTATa JI0
TeMrepaTypbl 3aJaHHOW TMpernojaBaresieM (MHXXEHEpPOM JladopaTopuu) U
YKa3aHHBIM IIIarOM C TOMOIIBI0 BCEX TEPMOMETPOB (MEIHBIN TEPMOMETP
COTPOTHUBJICHUS; TEPMHUCTOP, TEPMOTIapa, CIIMPTOBON TEPMOMETD).

5. Ilocne BbIXOAA HA 3aJaHHYIO TEMIIEPATYpPy OTKIIKOYUTH BEHTWISATOP U JIAMITY.
Jlamny BBIBEpHYTH M3 MAaTpOHa TakK, YTOObI PA30MKHYTh KOHTAKThI (MpU 3TOM
JIOJKHA OCTaThCs B TATPOHE).

6. BxJII0YnTh yCTAHOBKY M Ha4aTh CHUMATh OOpATHBIN MpoIecc.

7. TloctpouTs rpaduky 3aBUCUMOCTEN HArpeBa U OXJIaXKICHUS.
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Pucynok 3.

KOHTpOﬂ bHbl€e BOMNPOCHI

. B yeM 0coOEHHOCTh M3MEPEHUST TeMIIEpaTyphbl MO CPABHEHHUIO C MAcCCOM,
JUJTMHOU U BpeMEHEM?

. Yto Takoe TCPMOMCTPUICCKOC TCIO H TepMOMeTpI/ILIeCKI/Iﬁ HapaMeTp?
HpI/IBGCTI/I X IIPUMCPHBI IJIA UCII0JIb3YCMBIX B pa60Te TCPMOMCTPOB.

3. B yeM JOCTOMHCTBO ra30BOr0 TEPMOMETPA JIJIsl U3MEPEHUS TEMIIEPaTypbl?

. Kakue Temnepatyphbie mkansl Bbl 3HaeTe? B ueM JOCTOMHCTBO HIKaJbI
KenbBuna u Lenbcus.

. KakoBa TemmneparypHas 3aBHCUMOCTb COIPOTHBIICHHS y TEPMOMETPA
COIPOTHUBJIEHUS HA OCHOBE METAJUIA U NOJynpoBoAHMKa? Kakoil TepMoMeTp
COIPOTHUBIIEHUS] 00JafaeT OOJbIIeld UYyBCTBUTEIBHOCTBIO K HM3MEHEHMIO
TEMIIEpaTyphl.
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JlabopaTopHas pabota Ne 4
OnpepeneHne BNaXXHOCTU Bo3ayxa

TeopeTuyeckasa 4yacTtb

[log BnaxHOCTHIO B 0OIIEM CiIy4ae IMOHUMAIOT COJEpKAHUE BOJBI U
BOJASHBIX MapoB B (PU3MUECKUX TeNax pa3iudHod mnopojsl. OmnpeneneHHoe
KOJIMYECTBO BOABI M BOJSIHBIX ITAPOB MOTYT COJEPKATh TBEPIbIC, KUIAKHE H
razoo0pasHpie 00BEKTHl. BIaXHOCTh 3aBUCHT OT OTHOCHUTEIHHOW BIIAXKHOCTH
OKPYKaIOUIEN CPeabl, OT IPUPOAbI BEIIECTBA, @ B TBEPABIX TEJIaX, KPOME TOTO, OT
MOPUCTOCTU WA YACJIbHOM MOBEPXHOCTH. B TOHSTHME BIAaXXHOCTh HE BXOJHUT
COJIEp’)KaHHE XHMHUYECKH CBS3aHHOM BOJbI, BBIICISIONIEHCS TOJBKO IpHU
XUMHYECKOM PA3JI0KEHUH, a TAKKE KPUCTAIIOTUAPATHON BOJIBI.

Bnaxxnocth XapaKTCPU3ycCTCA KOJINMYCCTBOM BOJBI B BCIICCTBC,
MNPpUXOIAIICMCA HAa CAUMHUITY CYXOﬁ yacTu. DTO — a0COJIFOTHASA BJIAXKHOCTL. YacTo
BJIAroCoOACPKaHNC XapaKTCPUIYIOT KOJIMYCCTBOM BOJbI B BCIIICCTBEC, BHIPAKCHHBIM
B IIPOLOCHTAX OT HepBOHaanIBHOﬁ MacCChI BCIICCTBA.

OrnpeneneHue CTENEHU BIAKHOCTU OTJICJIBHBIX MaTE€pUAJIOB, MPOJIYKTOB, U
T.I. UMEET BAXXHEHIIICE HApPOJHO — XO3AMCTBEHHOE 3HaueHue. Hampumep,
BJIQXXHOCTh He(TH, MOCTyMAKIIEH Ha MepepadOTKy, HE JOHKHA MPEBHIIIATH
ONPEAECICHHOTO 3HAa4YeHUs. TOJIBKO MOpH OMNPENCIICHHON BIAXHOCTH MHOTHE
OOBEKTHI (3€pHO, LIEMEHT U T.JA.) SBJISIOTCS MPUTOJHBIMU JUIS TPAKTUUYECKOTO
MIPYMEHCHMUSL.

Baxueiiiee 3HaueHME HMEET OMNPEACICHUE BJIAXHOCTH  BO3AyXa.
JKu3HeneaTenbHOCTh  Pa3IMYHbIX JKMBOTHBIX M PACTEHHM BO3MOXHA TIpU
OTPEJICIICHHBIX  TI'paHHWIlaX AaOCOJMIOTHOW M  OTHOCUTEIBHOM  BIAKHOCTHU
OKpyxatoieit arMmocdepsl. BiiaxkHOCTh BO3/TyXa UMEET CYIIECTBEHHOE 3HAYCHUE
MIPY HEKOTOPBIX TEXHOJOTUYECKUX MpoIleccax, ISUSHUH psija 0osie3Hel, XpaHeHUN
MPOYKTOB MTUTAHUS, TPOU3BEIACHUIN UCKYCCTBA, JAeTajiell U mpruOOpOB, U T.1.

XapaI(TepI/ICTI/IKaMI/I BJIAJKHOI'O BO31yXa ABJIAIOTCA:

1. Hapuyuansvnoe oasnenue (Vv ynpyrocTthb) BOASHOTO Tapa, BbipaxkeHHoe B [la
WIH MM. pm. CI.

!/
2. Abconomnuana enaxcuocmsy (0 ) — KOJIMYECTBO BOISHOIO Iapa B IpaMMax,
conepskamerocs B 1 v° Bo3ayxa.

3. Omnocumenvnan enaxcunocmp (') — BBIPRKEHHOE B MPOLIEHTaX OTHOUIEHUE
CBOMCTB COJIEpIKaIlErocss B BO3AYXE BOJSHOIO Mapa K CBOWCTBaM BOJSHOTO
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1apa, HaChIAOIIEr0 MPOCTPAHCTBO HAJT IFIOCKOM ITOBEPXHOCTBHIO YACTOU BOJIBI
IIpU  JTaHHOW TeMmieparype. B KayecTBe TakuX CBOWCTB MCIOJIB3YIOTCS
napuuanbHble naBieHus BoasHoro napa (P u P,), mmotHocTn BoasiHOTO Mapa (P

U Py ), Macchl apa B €IMHULE 00beMa Bo3tyXa (1M u my,):

P p m

(p:—:—:—_
PH pH mH

4. Touka pocwl (T) — TemnepaTypa, Ipu KOTOPOU coJepKalIuecs B BO3AyXe Hapbl
BOABI TPU €ro H300apUYECKOM OXJIKICHUH OKa3bIBAIOTCI B COCTOSHUU
HACBIIICHHOTO TMapa W MOTYT BBIAEIATHCS W3 BO3AyXa B BHUJIC KarleleK Ha
TBEPJBIX TTOBEPXHOCTSX.

[TapunanbHOE€ AaBlIE€HUE HACBHIIIEHHOTO BOASHOIO TMapa HaJ IUIOCKOM
MOBEPXHOCTHIO YUCTOM  BOABI, ompeaensercs ypaBHeHuem Kiaysuyca—
Knaiinepona:

P 2
dT — (V, — V)T

rne V, u V. — MonspHble 00beMBI Iapa M KUIKOCTH IIpu Temmeparype 1, A —

MOJISIpHas TerioTa (a3oBoro mnepexoda XUAKOCTh — map. Ha pucynke 1
U300pakeHa auarpaMma COCTOSTHUSI JJyis BOAbl ((asoBast aumarpamma). Kpupas

Tp — K na nuarpaMMe COOTBETCTBYET PaBHOBECHIO IBYX (a3 — KHIKOU M

razoo0pa3Hoii.
Touka Ha
JIUarpaMMme  COCTOSIHHS, P A
COOTBETCTBYIOIIAS K

paBHOBecHIO TpEX (a3 HKUOKOCTb

BCIICCTBA, HAa3bIBACTCA

20rdogal

TPOMHOU TOUYKOM. Jlna
BOJbl  JIaBJICHUE B
TPOMHOM TOYKE pPaBHO Pol——— - =
46 w™MM. pT. CT., a
temneparypa — 0,01°C.

I[aBJIeHI/Ie HAaCBbIIICHHBIX

napoB ABJISETCS To T
byHKUIMEH TeMIiepaTyphl

Y TIPUBEJICHO 7151 BOJIBI B Pucynok 1.

tabnuue 1. [loHsTue BIaXHOCTh BO3AyXa MPUMEHUMO U JUIS TEMIIEpaTyp HUXKe
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TEMIIEPATYPbI TPOMHOM TOYKH BOJBI. B 3TOM Cityyae Impu OXJIaXXAEHUH BO34yXa 110
TEMIIEPATYPBI — TOYKHA POCHI, HA TBEPABIX NOBEPXHOCTX MOSBIAETCA UHEM, a HE
KaIeIbKH )KAJIKOCTH.

Ta6J'II/II_[a 1. I[aBJ'IeHI/Ie U MJIIOTHOCTHh HACBIIICHHOI'O BOASAHOI'O ITapa IIpH pa3jiIndHbIX

TeMmepaTrypax.

P O I P N e P

MM.pPT.CT. | r/Mm> MM.PT.CT. | T/M> MM.pPT.CT. | T/M>
-30 0,28 033 | 0 4,58 4,84 | 30 31,82 30,3
-29 0,31 0,37 | 1 4,93 522 | 31 33,70 32,1
-28 0,35 0,41 | 2 5,29 5,60 | 32 35,66 33,9
-27 0,38 0,46 | 3 5,69 598 | 33 37,73 35,7
-26 0,43 0,51 | 4 6,10 6,40 | 34 39,90 37,6
-25 0,47 0,55 | 5 6,54 6,84 | 35 42,18 39,6
-24 0,52 0,60 | 6 7,01 7,30 | 36 44,56 41,8
-23 0,58 0,66 | 7 7,51 7,80 | 37 47,07 44,0
-22 0,64 0,73 | 8 8,05 8,30 | 38 49,69 46,3
-21 0,70 0,80 | 9 8,61 8,80 | 39 52,44 48,7
-20 0,77 0,88 | 10 9,21 9,40 | 40 55,32 51,2
-19 0,85 0,96 | 11 9,84 10,1 | 45 71,48 65,4
-18 0,94 1,05 | 12 10,52 10,7 | 50 92,5 88,0
-17 1,03 1,15 | 13 11,23 11,4 | 55 118,0 104,3
-16 1,13 1,27 | 14 11,94 | 12,1 | 60 149,4 130
-15 1,24 1,38 | 15 12,79 12,8 | 65 187,5 161
-14 1,36 1,51 | 16 13,63 13,6 | 70 233,7 198
-13 1,49 1,60 | 17 14,58 14,5 | 75 289,1 242
-12 1,63 1,80 | 18 15,48 154 | 80 355,1 298
-11 1,78 1,96 | 19 16,48 16,3 | 85 433,6 354
-10 1,95 2,14 | 20 17,54 17,3 | 90 525,6 424
-9 2,18 2,33 | 21 18,65 183 | 95 633,9 505
-8 2,32 2,54 | 22 19,83 19,4 | 100 760,0 588
-7 2,53 2,776 | 23 21,07 20,6
-6 2,76 2,99 | 24 22,38 21,8
-5 3,01 324 | 25 23,76 | 23,0
-4 3,28 3,51 | 26 25,1 24,4
-3 3,57 3,81 | 27 26,74 25,8
-2 3,88 431 | 28 28,35 27,2
-1 4,22 4,47 | 29 30,04 28,7
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MeToabl onpeneneHUs BRaXxHOCTHU Bo3gyxa

JUtst omnpezneneHysl BIAXKHOCTH BO3JyXa HCHOJIB3YIOT Pa3IMYHOrO THUIMA
TUTPOMETPBI U IICUXPOMETPHI.

T'uzpomempur. BecoBoii (a0CONIOTHBIN) TUTPOMETP, COCTOUT U3 cucTeMbl U
— 00pa3HbIX TPyOOK, HATIOJHEHHBIX TUTPOCKOTIMYECKUM MaTepUajIoM, CHOCOOHBIM
HOIJIOIIATh BJAary M3 BO3ayxa. Yepe3 3Ty CHUCTEMY HAcOCOM MpPOTSITHUBAIOT
HEKOTOPOE KOJINYECTBO BO3AYXa, BIAKHOCTh KOTOPOTO ONPEEISIOT. 3HAasi Maccy
CHCTEMBI JI0 M MOCIIe U3MEPEHHUS, a TAKXKE 00bEM MPOIYIIEHHOTO BO3/1yXa, MOKHO
paccyuTaTh €ro abCONIOTHYIO BJIAXKHOCTb.

]_ICI‘/’ICTBI/IC BOJIOCHOT'O TUTPOMCETPA OCHOBAHO Ha CBOMCTBE 0663)I(HpeHHOFO
YCJIOBCUCCKOI'O BOJIOCa
HN3MCHATL CBOIO AJIMHY IIpHU
HN3MCHCHHNU BJIa’)KHOCTH
BO3ayXxa, qTo IIO3BOJISICT

U3MEPATh  OTHOCHUTEJIbHYIO
BiIaXHOCTh OT 30 1o 100%.
[lienoyHbIN TUTPOMETP
HMEET YyBCTBUTEJIbHBIN

:

%
DA TSV T

JJIEMEHT W3 OPraHUYECKOU
IIJIEHKH, KOTOpas
pacTaruBaeTcs pu

MOBBIIIEHUN BJIAXXHOCTH U
CKUMACTCA IPU TIOHMKCHUH. Pucynox 2. Turpomerp Jlam6pexra.
BonocHoli ® = mJIEHOYHBIM

TUTPOMETPHI B 3UMHEE BPEMs SIBJISIIOTCSI OCHOBHBIMM MPUOOpPaMU ISl U3MEPEHUS

BJIAJKHOCTH BO3aYyXa.

B 31€eKTpOoIuTHYECKOM THTPOMETPE TUIACTUHKY U3 3JIEKTPOU30ISLIUOHHOTO
Matepuana (CTEKJ0, MOJHUCTUPOJ) TMOKPHIBAIOT TUTPOCKOMUYECKUM CJIOEM
3JIEKTPOJIUTA - XJIOPUCTOTO JINTUSL CO CBA3YIOIIMM MaTepuasioM. [Ipu namenenuun
BJI&YKHOCTH BO3]lyXa MEHSETCA KOHLIEHTPALMS JJIEKTPOJIUTA, a CIEAOBATEIbHO U
€r0 AJIEKTPOIPOBOAHOCTD.

B pasmuyHOro THITa KOHAECHCAITMOHHBIX THUTPOMETPAX OMPEACIISIOT TOYKY
pPOCHI, T.€. TEMIIepaTypy B MOMECHT TIOSIBJICHHS Ha OXJIAKIAEMON IMOBEPXHOCTH
CIEeNOB BOABI (MW JIbJAa), KOHACHCUPYIOIIMWCS W3 OKPYXKAIOIIEro BO3/1yXa.
HaunGonee mpoCThIM KOHIIGHCAIIMOHHBIM TUTPOMETPOM SIBIIICTCS THUTPOMETP
JlamOpexta (pucyHok 2.). OH COCTOMT H3 MeETAUNIMYeCKoro cocyna |1
MUTMHAPUYECKON (HOPMBI, YKPETUICHHOTO Ha mojacTaBke. OauH TOPIOB cocyaa 2
OTHOJUPOBAH U OKPY>KEH TAKUM K€ MOJTUPOBAHHBIM KOJIBLIOM 3, KOTOPOE OT/AEIIEHO
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OT TOpLA LWIMH]IPA TEIJION30JSILIMOHHBIM MaTepuaiioM 4. Cocy1 UMEET B BEpXHEH
YacTH OTBEPCTUE JJISI TEPMOMETpa M MaTpyOoK Al MpoAyBaHus Bo3ayxa. Uepes
oTBepcTHE cocyA | 3amonHsIOT 3)UpoM, MOMEIIAIOT B OTBEPCTUE TEPMOMETP U C
MOMOIIBIO PE3NHOBOM TPYIIM 5 MPOIYCKAIOT BO3AYX uepe3 cocyh ¢ apupom. [pu
NPOMYyCKaHUKM BO3AyXa dS(PUp HMHTEHCHUBHO UCHApsieTcs, €ro TemIeparypa
MOHMXKAETCSI, COCYJl OXJAXAAETCA. DTO NPUBOAUT K TOMY, UTO HAa TOJIMPOBAHHOM
MTOBEPXHOCTH TOPLA HAUMHAET MOSABJISTHCA POCA U3 BOJSHBIX MAPOB OKPYKAKOLIETO
Bo3yxa. IIpy ymeHblmIeHMM MOTOKa BO3ayXa poca ucuesaeT. Jns onpeneneHus
TOYKH POCHI HEOOXOUMO ONPEIETUTh TEMIIEPATYPy UCUE3HOBEHHS POCHI HE MEHEE
TpeX pa3. 3a TOUKY pOChl IPUHUMAIOT CPEIHEE 3HAUCHHUE U3 TIOJTyYEHHBIX BEJTUYHH.

llcuxpomempwr.  V3mMepeHne  BIAXHOCTH W
TEMIIEPATYPHl  OCYIIECTBISETCS € TMOMOIIBK  JIBYX
TEPMOMETPOB, OJIUH U3 KOTOPBIX CYXOU, & APYrOM MOKPHIT

BIaXHBIM OatucToM. CyXOoW TEpMOMETp IIOKa3bIBACT
TEMIIEPATYpPy OKPYKAIOWIEro BO3AyXa, a BIIAXKHbBIA
COOCTBEHHYIO,  3aBUCAILYID  OT  HMHTEHCHUBHOCTH
UCTIApEHUSI, POUCXOISAIIEIO C TOBEPXHOCTH, OOEPHYTOM
O0atuctoMm. BenencTBue pacxona TEIJIOThl HA HMCIAPECHUE
MOKa3aHUsI CMOYEHHOTO TEPMOMETPA TEM HHUKE, YEM CYIIIE

BO3/IYX, BJIQKHOCTb KOTOPOTO U3MepsieTcs. (PUCYHOK 3)

CymiecTByeT HECKOJBbKO THUIIOB MCHUXPOMETPOB:

CTallMOHApPHBLIC, AaACIIMPAIUOHHBIC W JUCTAHIIMOHHLIC.

HenocratkoM cTanMoOHapHBIX IICUXPOMETPOB SABIISIETCSA
3aBUCHMOCTb IIOKAa3aHUW BJIAXKHOTO TEpMOMETpa OT Pucysok 3. OGmii
CKOPOCTH ITIOTOKA BO31yXa, OKPY>KAIOLIEro IICuxpomerp. B BHJ[ CTAIHOHAPHOTO
aCIUPAIIMOHHOM TICUXPOMETpe (PUCYHOK 4) TEpMOMETphI  mcuxpomerpa BUT-1.
NEPBBIA U BTOPOM YKDEIUIEHBI B CIELUAJIBHOW OIPABE,

3alIUIIAOIIEN UX OT MOBPEXKAECHUN U TOCTOPOHHUX TEIUIOBBIX BO3ICUCTBUM.

IIyTh BO3AYHWIHBIX TMOTOKOB, CKOPOCTh KOTOPBIX MOJIEPKUBAECTCS
MOCTOSIHHOM € TIOMOIIBIO acIUpaTopa 8§ U paBHOM 2,5 M/CeK, MOKa3aH CTPEJIKAMU -
BbIlllE OAJVIOHYMKOB 00a IOTOKAa COEQUHAIOTCS B oauMH. [ ycTpaHeHus
HarpeBaHusi mpuOopa ero MeTauIMYeCKHe YacTh HUKEIUPOBaHbI. baTUCTOBBIN
4Ye€X0JI BTOPOro TEPMOMETPA CMAYNBAETCS JUCTUILUIMPOBAHHOM BOIOM MPY OMOILH
pesunoBoi rpymu 1 ¢ mumeTtkoi 3. CmaumBaHue OaTvcTa MPOU3BOASIT OYCHD
OCTOpPO’KHO, BOJa HE JOJDKHA TOMNajaTh Ha OAJJIOHYUK CYXOro TEpMOMETpa U
BHYTPEHHIOIO TOBEPXHOCTh MpEAOXpaHUTENbHbIX TpyOok. Ilocie cmaunBanus
0AaTHCTOBOIO YeXJia BIAKHOTO TEPMOMETpA KIIFOUOM 6 3aBOJAT BEHTHIATOP (5-6
000pOTOB KJIIOYa) U yepe3 4-5 MHUHYT, MOCJEe TOTO Kak TeMIlepaTypa BIIa>KHOTO
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TEPMOMETpPA YCTAHOBUTCS, 3alMCBHIBAIOT TOKA3aHMUSI BIIAXKHOTO M  CYyXOro
TEPMOMETPOB.

Pucynok 4. Acniupanuonsslii ncuxpomerp MB-4M.
| — pe3uHOBas rpyma, 2 — 3akUM, 3 — IUINETKa, 4 — BETpOBas 3aluTa, 5 — KPIOK-TIoABEC, 6 —

3aBOJIHOM KJItOY, 7 — OKOIIIEYKO, 8 — rOJI0BKa acruparopa, 9 — tpyoka, 10 u 11 — cyxoii u
CMOYCHHBIA TEPMOMETPHI, 12 — 3alIUTHBIC TJIAHKH, 13 — TPOWHUK, 14 — N30IAIUMOHHBIE BTYJIKH,
15 u 16 — 3amuTHBIE TPYOKH.

JKcnepuMeHTasribHas 4acTb.
OnpepeneHne abCcoNOTHON N OTHOCUTENBHOWU BNAXHOCTHU

1. C nomompbto ncuxpomerpa BUT-1 u3MepuTh OTHOCHUTENIBHYIO BIIaKHOCTD
BO3/yXa @, 1. e[,
2. Hcnonbsys Tabauiy 1, onpeaenuTsh MIOTHOCTh O ¥ JABIEHHE HACBHIIIEHHBIX
BOJISIHBIX [TApOB IIPH KOMHATHOU Temrepatype P;.
3. Wcnonw3ys popmyny
p HP
Py
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OrmpenenuTh AaBJeHHE HACHIIEHHBIX BOSHBIX MapoB Pyp u, mo tabmwme 1,
TEMIIEPATYPY TOUKH pOCHI Lp, a TAK¥KE MJIOTHOCTh HACBIIIIEHHBIX BOJSHBIX I1APOB
p;p pu temreparype Cp.

Paccunrtate Temnepatypy tp mo smnupuueckoi popmyne Marnyca:

b (ba—_:t+ln<p)

at ’
a= (b s ‘p)
rne a =17,27; b= 237,7°C; t,°C — KoMHaTHasi TeMIlepaTypa MO CYXOMY

tp:

tepmomeTpy. CpaBHHUTH 3HAYCHHS tp, IIOJYYCHHBIC IIEPBHIM W BTOPBIM
CIoco0oM.

Ilpumep pacuema: Ilycts npu t=25°C B mabopaTopuyi OTHOCHTEIbHAS
BJI&YKHOCTb IO MCUXPOMETPY OKazanack paBHOU 50%. 1o Tabmuie 1 Haxomum,

yto npu t=25°C naBneHUE HACBIIICHHBIX MMApOB BOJABI paBHO 23,76 MM PT.CT.
CrnenmoBarenibHO, MApLUHAIBHOE AABJICHUE BOJSHOTO IMapa B KOMHATE PaBHO
23,76:50%/100 = 11,88 MM pt.cT. Ilo Tabmuie HaxoguM, YTO TPU TaKOM
napIraIbHOM JIaBJICHUH TTap OYIeT HACHIIIICHHBIM ITPU CHUKEHUU TEMIIEPATypPhl

BO3/yxa B KOMHaTe A0 temneparypbl t=14°C. Orta TeMneparypa — €CTb TOYKa
POCHI 17151 BO3/1yXa B JaHHOM nabopaTopuu. Eciu Obl Temneparypa B 3aKphITON
repMETUYHO KOMHATE BHE3alHO TMOHU3WIACHL Obl JO ATOM TeMIEpaTyphl, TO
OTHOCHUTEJIbHAsI BIAXHOCTh B momenieHuu Obuia Obl paBHa 100%. Ecnwu
TeMrepaTypy B KOMHAaTe MOHU3UTH JI0 elle 0ojiee HU3KOM TeMIieparyphl, TO
4acTh Mapa CKOHJEHCUPYETCS U BHITIAJIET B BUJIE KameaeK BOAbI (POCKI) Ha BCEX
€€ MOBEPXHOCTIX, OTHOCUTEIbHAS BIAQXKHOCTh B KOMHATE MPU 3TOM OCTAHETCS
no-npexxaeMy 100%, a abconroTHas — MOHU3UTCS.

KoHTponbHble BONpocChl

Kakumu BenmnunHaMu MOKHO OXapaKTepHU30BaTh BIaKHOCTh BO3yXa?

Kak 3aBUCHUT OT TeMIepaTyphl 1aBJIeHUE HACHIIIIEHHBIX MTApPOB BOJIbI?

Uto Takoe ToUKa poChI?

Jlokaxute 3KBUBAJIECHTHOCTh BBIPAKEHUSI OTHOCUTEIBLHON BIAXKHOCTH BO3/1yXa
yepe3 OTHOILICHUE MapiualbHbIX IaBICHUN U €€ BhIpAKEHUS Yepe3 OTHOIIECHUE
aOCOJIOTHBIX BIIAYKHOCTEH BO3AyXa.

. Kax m3MeHsTCS mOKa3aHWs TCUXPOMETPA, €CIU BIAXHBIM TepMOMeTp Oyner

KacaTbhCs METAJUIMYECKOM TIaCTUH?
B kakoM ciyuae Juisi yCKOPEHHUs CYIIKA MOKporo Oenbsi B komHate npu 20°C
CJIeyeT OTKPBITh OKHO, €CIIi 3a OKHOM: a) Temrieparypa 30°C; 6) 10°C.
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OGOwasn Teopus K nabopaTopHbIM paboTtam no
TepmoanHamMmuke (paboTbl Ne5 u 6)

TepmoauHaMuka - Hayka o HauboJiee 00X CBOMCTBAX MAKPOCKOMTUIECKUX
CHUCTEM, HAXOJSIIMXCS B COCTOSHUU TEPMOIMHAMUYCCKOTO DPABHOBECHUSA, U O
MpoIIeccax Mmepexoia MeXIy STUMH COCTOSHHSIMU. TepMOIUHAMHUKA CTPOUTCS HA
OCHOBE (DyHJIaMEHTAIBHBIX IPUHIIUIIOB (Ha4yaj), KOTOPhIE ABJISIIOTCS 0000IICHHEM
MHOTOUHCJICHHBIX ~ JKCIIEPUMEHTAIBHBIX  WCCJICOBAHWA W  BBIOJIHSAIOTCS
HE3aBHCUMO OT KOHKPETHOH MNpHUpOABI 00pa3yromux cucremy Ten. [loatomy
TEPMOJMHAMUKA UMEET YHUBEPCAIbHbLIL XaApaKmep.

OI[HI/IM N3 OCHOBHBLIX IIapaMCTPOB B TCPMOJHHAMHKC  ABJIACTCA
TEMIICPATypa. TO, qTo HGOﬁXO)II/IMLIM YCia0oBHEM TEPpMOAUMHAMHYECKOI0
PaBHOBECHUSA J1000M cHCTeMBbI SIBJISIETCS PABEHCTBO TEMIIEPATYPHI BO BCEX €€
HJacCTAX, 4aCTO0 HA3BIBAKOT HY)J/1€6bIM HAUA/IOM mepmoduuamuku.

Ilepeoe mnauano mepmoounamurku sBIAeTCA OOOOIIEHHEM 3aKOHA
COXpAaHEHUS DHEPTUM HAa MOJEKYISIPHbIE CHUCTEMbI, KOTOPHIM CBOMCTBEHHBI

creruduueckre GopMbl SHEprun: BHyTpeHHss sueprus U u temiora Q.

1. BHyTpeHHAA 3Heprua U

BaxHOil XapakTEpUCTUKOM TEPMOAMHAMUYECKON CHUCTEMBI SBISIETCA €€
snympennaa dnepzus U, paBHag cyMmMe KHHETHYECKMX JHEPIrHi
XA0THYECKOIr0  TeIUIOBOI0  JBUKEHUSI MHKPOYACTHIl CHCTEMBI H
NMOTEHUMAJbHOM JHEPruM B3aMMOJAEHCTBUA 3TUX yvacTtul. M3 »3toro
OIPENICJIEHUS CIIEAYET, UTO K BHYTPEHHENW YHEPTUM HE OTHOCSTCS KUHETHYECKAs
SHEPTUS JBUKECHUS CUCTEMBbI KaK ILIEJIOTO U MOTEHIMAIbHASL YHEPTUSI CUCTEMBI BO
BHEIITHUX ITOJISAX.

BuyTpennsisi sHeprusi - OJHO3HA4YHAs PYHKUUA mMeEPpMOOUHAMUYUECKO20
COCMOAHUA CUCTEMBI, T.€. B KaXIOM COCTOSHUU CHCTeMa 00JajlaeT BIIOJIHE
OIPENICJIEHHON BHYTPEHHEW DSHEPrUMEM, HE 3aBUCAILIEU OT TOr0, KaK CHUCTEMA
IpUIUIA B JAHHOE COCTOSHUE. DTO O3HAYAET, YTO MPH IEPEXOJI€ CUCTEMBI U3

cocrostHust 1 B cocrosinue 2 n3MeHenue BHyTpenHe sHeprun AU onpenensercs
TOJBKO PA3HOCTBIO 3HAYEHUN BHYTPEHHEN HDHEPIHMM B JTUX COCTOSIHUAX U HE

3aBHCHUT OT TyTH mepexona, T.e. AU = U, — U;. Marematudecku 3T0 03Ha4aer,
uTo Juis BHyTpenHel sHeprun U umeem npaBo 3anucarth mojHblid auddepenimann

dU . ImeHHO 103TOMY Ha OCHOBAHMWH IIPABHJI MHTErPUPOBAHUS TIOJIyYaEM, YTO
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2
AU=de=U2—U1 0
1

2. Pabotaraza 4

PaccMOTpUM Ta3, HAXOAALIMICS MO IIOPIIHEM B HUIMHIPUIECKOM COCYIE
¢ mIommanpo ceuenus S. Pabora A, KOTopyro coBepuIaeT ra3 mpH HePEMEICHUH

TMOPLIHS Ha paccTosHue dX, HaXOAUTCs Kak paboTa nepeMeHHoi cuisl F = p - S
2 2 2

A=dex=Jdex=deV (2)
1 1 1
rae P - naienue rasa, dV = Sdx - usmenenue oobema raza. B otmune ot

BHyTpenneit sueprun U, pabora rasza A npu mepexone ero us cocrosHus 1 B
COCTOSIHHME 2 OIPEIENAeTCA TUIIOM IIPOLECCA, C IIOMOILBIO KOTOPOT'0 OCYIIECTBIICH
ATOT MEPEX01. DTO MOKHO ITOKA3aTh, €CIIM COIIOCTaBUTh padOTy ra3a IIpU EPEXOe
€ro M3 COCTOSHMS | B COCTOSHME 2 C IMOMOLIBIO JIBYX PAa3HBIX IPOLECCOB,
HaIpumep, 1o yyactky l—a—2 u 1—-b—2 na pucynke 1.

N3  nganHoro (axra p A

CJIEIIyET, YTO JIs1 pabOThI raza

HEJb3s 3aMucaTh
COOTHOIIICHHUSI, AaHATIOTUYHOTO
(1), T.k. oHa HE sBIAETCS

byHKIHIEH COCTOSIHUS

b » 2

CUCTEMEI. Marematuuecku

— N W R U Oy

9TO O3HA4acT, qTo

>
JJEMEHTapHas paboTa rasa 1 2 3 4 5 6 7V
ABIISAETCA HE

Pucynok 1. Tepmoannamuyeckue cocTosauus 1, 2 u
auddepennuanom, a MIPOLECCHI IEPEXOI0B MEKIY HUMU.
(GYHKIIMOHAJIOM, T.€.

6A = pdV.

3. NMepBoe Havyano TepMmoaANHaAMUKMU

Basuras nopiiess B HTWIMHAP, B KOTOPOM HAXOAUTCS I'a3, Mbl C)KUMAEM dTOT
ras, B pe3yabTaTe 4€ro NOBLIMIACTCS €TI0 TEMIIEpaTypa U BHYTPCHHSISA DHEPT U ra3a.
C npyroil CTOpPOHBI, TEMIEPATYpy Ta3a U €ro BHYTPEHHIOK SHEPIHI0 MOKHO
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YBEJIMYUTH 3a CYET COOOLIEHHMS €My HEKOTOPOrO KOJIMYECTBAa TEIIOTHI ( —
cnenuduueckoir GopMbl SHEPTUH, KOTOPOH OOMEHHBAIOTCS KOHTAKTUPYIOIIWE
MOJIEKYJISIPHBIE CUCTEMBI, B PE3YJIbTATE YEr0 UX TeMIEPATypPhbl BEIPABHUBAIOTCS.

Taxum 00pa3zom, MOXKHO TOBOPUTH O O8YX RPUHUUNUATLHO PA3HBIX (hopmax
nepeoauu nepeuu om O0O0HUX men K Opyzum: padbome u menaome. llpuuem
MEXaHUYECKask JHEPTHUSl MOKET MPEBPALLATHCS B TEILUIOBYIO, K HA000poT. [Ipu aTnx
NpEeBpalICHUSIX COOMIOAeTCsl 3aKOH COXPAHEHHWS W TPEBPAIllCHUS SHEPTHUH.
[lepBoe HayanO TEPMOJMHAMUKHU M MOCTYJIUPYET TAKOH 3aKOH MPUMEHUTENBHO K
TEPMOJMHAMHUYECKHUM IIPOLIECCaM.

JlomycTHM, 9TO HEKOTOpas CUcTeMma, oOnamas BHyTpeHHel sHeprueir U,
TIOJIyYHJIa HEKOTOPOE KOJIMYECTBO TEIIOTHl () W, mepeiiss B HOBOE COCTOSIHHE C
BHyTpeHHeit sHeprueit U,, coepumia paGory A NpPOTHB BHEMIHWMX CHIL
(YcnoBuimcsh cuntath, uro Q > 0, korga remio moasoauTes K cucreme. [pu A >

0 — cucrema coBepiiaer paboTy npotus BHenHuX cui, ecim xke A < 0, To pabora
COBEpLIAETCA BHEIIHUMHU CUJIAMU Had cuUcTeMOM.) OMBIT MOKa3bIBAET, YTO B
COOTBETCTBUHM C 3aKOHOM COXPaHEHHSI HEPruu IpH JIF00OM crocode mepexoia

CHCTEMBI M3 COCTOSHHA | B COCTOSHME 2 M3MeHeHWe BHyTpeHHen sHeprun AU
PaBHO PA3HOCTH MEKIY KOJIMYECTBOM TEIUIOTHI (), MOJyYCHHBIM CHCTEMOH, U

pabotoii A, cCOBEPIIEHHON CUCTEMOM TIPOTUB BHELIHUX CHUII, T.€.

HNJIN

B nuddepennmansruoit hopme BeipaxkeHue (4) umeeT BU:

VYpaBuenus (4-5) ABIAIOTCS UHTETPATIbHON U AU pepeHIInanbHOM 3aMiChio
nepeozo Hauana MeEPMOOUHAMUKU: Menaoma, cooduiaemas cucmeme,
pacxooyemcsa Ha U3MEHEHUe ee GHYMPEeHHell IHepZUu U HaA coeepuieHue eio
Ppadomovt POMUE 6HEUIHUX CUL.

N3 ypaBHenust (5) cnemyer, 4to eciau paboTa OMpEeiseTCs TUIIOM
mpoliecca, TO U TEIJIoTa TaKKe JIOJKHA 3aBUCETh OT THIA Mpoiiecca. T.e. manoe

KOJIMYECTBO TEILIOTHI, KaK U dJleMeHTapHas padora 0 A, sBisercs GpyHKIHOHAIOM:

5Q.
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4. TennoeMKoCTb

Yoenvnaa mennoemxocmeo eeujecmea — BCIIMYMHA, paBHAA KOJIHWYCCTBY
TCIIJIOTHI, HGO6XOI[I/IMOMy AJI1 HarpCBaHUA I xr BCIICCTBA Ha I K:

5Q
mdT’

MOJl}lpHa}l menjioemKkocms - BCIWYNHA, paBHAAd KOJHWYCCTBY TCIIJIOTHI,

cn) =

(6)

HEOOX0AMMOMY Ul HarpeBanus 1 Mojs Bemectsa Ha 1 K:
6Q
~ vdT’

rneV = m/M — xonuuectBo Moneii BemecTa, M — ero MosspHas macca,

C (7)

m — macca. yI[@J'IBHaH U MOJIIpHAsA TCIUIOCMKOCTb BCHICCTBA CBA3AHBI MCIKIAY

coboit coorromernem: C = ¢Y® - M.

Tax kax komudecTBO TemnoThl O() 3aBHCHUT OT Tuma MpOLECca, TO U
TeruioeMkocTs C 3aBUCHT OT TWma mpouecca. Hanbosbliee 3HaYEHHE HMEIOT
TEIUIOEMKOCTH NP MOCTOHHOM 00bEMe (Cyy) u mocrosuaoM nasinennn (Cp),
KOrJIa B TIpOlleCCe HarpeBaHWsl BEIIECTBA €ro O00beM WM  JIaBJICHUE
MOIJICP>)KUBAOTCS TIOCTOSTHHBIMH.

Jns naxoxnenus (Cy) u (Cp) 3amumieM BBIpaXeHHE NMEPBOrO Hayasa

TepmouHaMukH (5) g 1 Mons rasa ¢ yuerom dopmyast (7) mus 6 Q

Eciu ras narpesaercs npu nocrosinaom ooseme (V' = const), rodV = 0
u 60A = pdV = 0. Toraa cooOiaemas rasy TEIIOTA UAET TOJLKO Ha YBEITMIEHHE

ero BHyTpenneii suepruu U. B pesysnbrare monydyaem, 9ro

dU
o = (), ©)
Ecnu ra3 HarpeBaeTcs Ipu NocTosSHHOM fasinenuu (p = const), 1o us (8)
MMeeEM
dU pdV
= (), + (r), 1

[TockonbKy B UICATbHOM Tra3e BeIMYMHA BHYTpeHHeW »sHeprum U
OMpeIeIIAETCS JINII TeMIIepaTypoit raza T u He 3aBUCUT OT P u V, T0, yuuThiBas

(9), mepsoe ciaraemoe B (10) pasro Cy, . Jiis HaX0KIE€HUS BTOPOTO CIIAaraeéMoro B
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(10) mpoauddepenmmpyem mo 1 ypasaenue Kiameitpona - Menzeneesa pl/ =
RT wpu p = const. Tonysaem pdV = RdT. Orxyma pdV/dT = R.

[Toxcrasisis 3To Beipaskenue B (10), monydaem

Cp = CV + R. (12)

Bripaxxenue (12) naszbiBaetcs ypasnenuem Maiiepa; OHO TIOKa3bIBAET, YTO

Cp Bcerma Oonpire CyyHa BEIMYMHY Ta30BOM MOCTOSHHONW R. DT0 00BSACHSETCS
T€M, YTO NPH HArPEBaHHMHU Ia3a NPH MOCTOSHHOM JaBJIEHUU TPeOyeTcs ele
JIOTIOJIHUTELHOE KOIMYECTBO TEMUIOTHI HA COBEPIIEHHE PAOOTHI [0 PACIIMPEHUIO
rasa, Tak KaK MOCTOSHCTBO JaBJICHUs 00ECIIEUMBAETCS YBEINUEHHEM 00beMa rasa.

5. Knaccuyeckas Teopua TennoeMKoCcTu
naeanbHOro rasa
B ClIydac HACAJIbHOI'O ra3a, y KOTOpOIro HpeHe6peraeTc;1 HOTGHHI/IEUIBHOIZ
DHEPIUEN B3aMMOJECUCTBHS MEXKITY MOJIEKYJIAMH, BEJIMYMHA BHYTPEHHEN SHEPTUN

rasa U OIIpCACIIACTCA TOJIBKO CpGI[HGﬁ KUHETUYECKOM 3Hepmeﬁ €0 MOJICKYJIL.

Haubosee mpocTo HaXOmUTCs BHYTPEHHSsS DHEPrHs MICAIbHOIO TIasa,
COCTOSIILIETO U3 OJHOATOMHBIX MOJIEKYI, ik KoToporo Bennuuna U onpenensercs
JHMIIb TPEMs COCTABISIOIIMMH IIOCTYIATEILHON KUHETUYECKOW DHEPIUU €ro
mosieky Baosb ocu X, Y, Z, 1.e. Benuunna U ogHOr0 MoJIst TaKOro ra3a paBHa:

2 2 2
m(Vyg) m(Vy) m(Vy)

— 13
U2+2+2NA (13)

rje M - Macca OJHOM MoeKysl, IV 4 - uncio ABorajpo. [Ipu xaoTuueckom
JIBH)KCHUU MOJIEKYJI BCE HAIMPABJICHUS ABUKECHHS PaBHOBEPOSITHBI, IMOATOMY
CpenHee 3HAYEHUE BCEX TPEX COCTABISIOMIMX dHepruu B (13) oMHAKOBO M, Kak
JIOKA3bIBACTCSI B MOJICKYJISIPHO-KUHETUYECKON TEOpUM HUJICaIbHOrO Ta3a, Ha

KaXIyl0 TaKyl0 COCTABJIAIONIYI0 npuxoautcs sHeprus, paphas Ny, - (kT /2) =
RT /2. YuutsiBas, 4To y 0THOATOMHOTO I'a3a YHCIO TAKHX COCTABJIAIONINX PABHO
3, BBeIst 0003HaueHHe [ = 3, MOIy9aeM JJist HEro
R R dU R R
dU=35dT=LEdT, CV=(ﬁ>V=3'E=l'E. (14)
Ha ocnoBanuu cootHomenuii (14) bonpiimanoM ObUIO BBEJAEHO IMOHSTHE

yucna cmeneneil c60000bl MOJIeK)l i, KakK 4ucjila He3d6UCUMbIX NEPEeMEHHbIX

(Koopounam), noO3601ANWUX NOJIHOCMbIO ORPEOeIUmb CPEOHIOI0 IHEPIUID
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menneeozo Osudcenus MoaeKya 0narojgapsi TUIIOTE3E 0 PAGHOpAcHpedeeHUU
IHepzuu no cmeneHam c60600vl. ([lanHas rumoreza 3areM Oblla JI0OKa3aHa B
paMKax CTaTUCTHYECKOW TEPMOJTMHAMUKHU. )

B kimaccuueckoil MEXaHWKE MOJEKyJla MHOTOAaTOMHOIO Tra3a B IEPBOM
NPUOIMKEHUN pPAacCMaTPUBACTCS KAaK COBOKYIMHOCTh MATEPUANIBHBIX TOYEK,
YKECTKO CBSI3aHHBIX Hesle(hopMupyeMon CBsA3bi0. Takas MHOTOATOMHAs MOJICKYJIa B
o0mieM ciaydae umeeT 6 crereHelr cBOOOBI, T.K. €€ JIBHKEHHUE CKIIabIBAETCS U3

TpeX MOCTYMATENbHBIX M TPEX BpamaTebHbIX IBIbKeHUH Baoss oceir X,Y,Z. B
Cllyyae JBYXaTOMHOW WJIA MHOTOATOMHOW JIMHEWHOW MOJIEKYJIBI BpAILEHUEM
BOKPYI' TPETbEW OCH, MNPOXOIAIIEW II0 JIMHWUM COEOUHEHHSI aTOMOB, MOKHO
npeHeOpeub. IlosToMy 1 oarcecmikux Monekyn O08yXamomHo20 2a3a u
MHO20AMOMHO20 2434 C JTUHEHHbIMU MONEKYIAMU YUCA0 CMENneHell c60000bl
i=5.

EctecTBEHHO, YTO JKECTKOM CBSA3M MEXKJYy AaTOMaMu HE CYIIECTBYET.
[ToaromMy nnsi peanbHBIX MOJIEKYJ] HEOOXOAUMO YUYHUTBIBATH TAKXKE CTENEHU
cB0OO/bI KoNebarenbHOro ABMkeHUsA. KonebaTenbHas cTeneHb o0jajaeT BABOE
OoJbllIeH SHEprueH, Tak Kak Ha Hee MPUXOAUTCS HE TOJIbKO KUHETUYECKas SHEPTUs
(kak B cCiy4ae IIOCTYNAaTEeJIbHOIO M BpallaTeIbHOIO JABWXKEHHWI), HO U
noTeHuanbHas. [Ipuyem, ecnu konedaHusg rapMOHUYECKUE, TO CPETHUE 3HAUCHUS
KMHETUYECKOU U MOTEHIMAIBHON YJHEPTUNA OJUHAKOBBI.

B cootBercTBHM € 3ak0HOM BosibiMaHa 0 paBHOpacnpeeJileHUH YJHEPT Ul
0 CTeNeHAM CBOOOABI 6 cucmeme, HAXO0AWLEUCA 6 MEPMOOUHAMUYECKOM
pasenogecuu, Ha Kaxcoyr) NOCHMYNAMENbHYI0 U 6pPAU{AMENbHYI0 CHleneHu

c60600b1 npuxooumca ¢ cpeonem Kunemuueckas snepaus, paenas KT /2, a na
Kasxcoylo Konebamenvhyio cmenens c60600vt —2- KT /2.

Takum 00pazom, cpeaHssi KHHETUYECKasi DHEPTHUSI MOJICKYJIbI

rje L - CyMMa 4KcIia IOCTYIaTe/IbHBIX, YMC/Ia BPalaTeIbHbIX U YIBOEHHOTO
YHUCiIa KoJIeOaTENbHBIX CTETICHEH CBOOOBI MOJICKYJIBI:

L = lpoer T inam + 2ione6- (16)

Tak kak B WIeaJlbHOM Ta3e B3aWMHAas MOTEHLMAJIbHAS YHEPIHsl MOJEKYII
paBHa HYJIO (MOJIEKYJBI MEXIy CO0OW HE B3aUMOJEHCTBYIOT), TO BHYTPECHHSI
sHeprug 1 Mo raza Oyzier paBHa
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U=i- RT/Z, (17)

Ha ocHoBanuu mnonyudeHHbIX Bbilie cooTHomeHuit (9) u (12) uz (17)

IMOJIy4acM BBIPpAXKCHUA 1A TEILIOEMKOCTEM CV 141 Cp NJICaJIbHOI'O Irada B BUJC:

[puvem Isi MOJIEKYJT OJIHOATOMHOTO Ta3a [ = 3, JUIs JKECTKUX MOJICKYJI

JABYyXaTOMHOTO rasa i = 5, a mng Hexectkux [ = 7.

N3 (18) MOXHO TONYy4YUTHh BBIPAXKEHUE, CBOMCTBEHHOE KaXIOMY Trasy,

PaBHOC OTHOLICHUIO Cp K CV U Ha3bIBa€MOC HOKa3amejiem aouadameot.

N3 coorHomenuit (18) ciemyer, YTO MOJIApPHBIE TEIJIOEMKOCTU
OIpEAEIISAIOTCS JIUIIb YUCIOM CTENEeHEH CBOOObI M HE 3aBUCAT OT TEMIEPATYPHI.
OTO yTBEPKAECHUE MOJIEKYISIPHO-KMHETHYECKOW TEOPHUN CIIPABEIMNBO B JJOBOJIBHO
IIMPOKOM MHTEPBAJIE TEMIIEPATYP JIUILIB JJI1 HHEPTHBIX OJHOATOMHBIX I'a30B. YkKe
y JIBYXaTOMHBIX Ta30B YHUCJIO CTeNeHed CBOOOABI, TMPOSBIAIONICECS B
TEIUIOEMKOCTH, 3aBHCUT OT TemIieparypsl. Hampumep, mid MOJEKYIbI
JIBYXaTOMHOTI'O T'a3a, KOTopas MOXET 001aaTh TpeMsl MOCTYNATEIbHbIMU, IBYMS
BpalllaTeIbHBIMU U OJIHOM KoJie0aTeabHON CTENEeHIMH CBOOOABI, 110 KIACCUYECKON

Teopun TemnoeMkoctu Bemumunna Cpy = 7/2 R. Opnako, Hanpumep, s
Bogopona npu I ~50K oskcnepumenransnoe smauenne Cpy =~ 3/2 R, mpu
komHatHol — Cy = 5/2R, w muuws npu T > 1000K C, waunnaer
npubmxarsca x 7 /2 R.
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u roH A Bogopox —©—a3sor € MeTaH —X— METaHOJI
p

0 ! ! ! ! ! !

100 300 500 700 900 1100 TK,)

Puc. 2. DxcnepumenTtanbupie 3Hadenns Cp (/Mo K) HEKOTOPBIX Ta30B.
ITyHKTHPOM OTMeueHbI Teopernueckue 3nauenus C p Ul T'a30B U3: OJTHOATOMHBIX MOJIEKYJI
5R / 2 =~ 20,8 Dx/mons K; secTkux ayxaTomubix Mosiexyn 7 R / 2 = 29,12 Ix/mons

K ¥ 5eCTKMX MHOroaToMHbIX Mosekyn, SR / 2 =~ 33,3 [x/mons K.

DTO0 MOXXHO OOBSICHUTH, MPE/IOJIOKUB, YTO, TP HU3KUX TEMIIEpaTypax y
BOZIOPO/Ia BO30YK/Ia€TCA TOJBKO MOCTYNATEIbHOE ABUKEHUE €T0 MOJICKYII, MpU
KOMHATHBIX - JI00ABJISETCS WX BpalleHWE, W JUIIb IPH OYEHb BBICOKUX
00aBISIOTCS KOJICOAHUSI MOJICKY!I.

CornacHo NpoBEAEHHOMY Ha PUC. 2 COMOCTABICHUIO SKCIIEPUMEHTAIBHBIX U
TeopeTnyeckux 3HadeHuii Cp HEKOTOPBIX Ta30B, JUIA TaKUX Ta3oB, KaK apro,
BOJIOPOA U a30T, npu Temneparypax nopsaka 200K - 700K Bnonne momyctumo
MCIIOJIb30BAaHKE TIPH pacuyerax TeopeTryeckux 3HadeHuil Cp. OmHaKo Jake Ui
raza merana CH, co chepuueckn cummerprunoii MoJIeKys0i HabrOmaeTCs
HACTOJIBKO CHJIbHAS TeMIIepaTypHas 3aBUCUMOCTh Cp, 9TO KjaccH4ecKas TeOpust
TEIUIOEMKOCTH OKa3bIBae€TCs HECIHpaBeIMBa IOYTH BO BCEM JHaNa3oHe
temneparyp. Emie 6omee cuinbHOE OTIIMYUE TEOPETUUECKUX U AIKCIIEPUMEHTATbHbBIX
3HauYEeHUN HaOJIONaeTcs y NmapoB CIUPTOB (MeTaHoJa, 3TaHoNa W 1p.). Takum
00pa3oM, TOYHOE BBIYHCICHUE TEIUIOEMKOCTH MHOTOATOMHBIX MOJICKYISIPHBIX

CUCTEM IIpU Pa3JIWYHBIX TEMIIEPATYypax B paMKax KIACCHYECKOM TEOpUun
OCYLIECTBUTH HEBO3MOXKHO.
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JNlabopaTtopHasa paboTta Ne 5.
OnpepeneHue nokasarensa agmabartbl Bo3gyxa

TeopeTuyeckasa 4yacTtb

OgHuM U3 BaXHBIX TNPOLECCOB, NPOTEKAIOUIMX B Ta3ax, SBISETCS
aanabaTUyecKuil mpouecc. ITO MPOUECC B 3aMKHYTOW CUCTEME, TPOUCXOSIIIAN
0e3 TermnooOoMeHa ¢ okpyskaromel cpenoi. CrnempoBaTenbHO, IS 3TOTO Mpoliecca
1-oe Hayano TepMOAMHAMUKHI

OyJleT UMETh BU]I

[Tockonbky 0Q = 0. BHyTpeHHss DSHEpPrus HAEATbHBIX Ta30B 3aBHCHT
TOJIBKO OT TEMIEPATYPHI U onpeesseTcs GopMyoi

U—miRT 3)
M2

rje M — macca raza, M — ero MousipHast Macca, L — 4KCyI0 CTENEHEH CBOOOIbI
MouiekyJsl. COOTBETCTBEHHO BHYTPEHHSISI HEPTHUSI OJTHOTO MOJISI ra3a Oy/IeT paBHa

i
U=5RT=GT, 4)

rae Cy — MoJsIpHast TEIUIOEMKOCTD ITPH MOCTOSIHHOM 00BEMe. JIJist miporiecca
MPOTEKAIOIIETO MTPU HOCTOSIHHOM JIaBJIEHUH, |-0€ Hayajao TepMOAUHAMHUKN MOKHO
3amnucaTh B BUJE

OTCIOI[a TEIJIOEMKOCTh IIpHU IMIOCTOAHHOM JaBJICHHUH

_i+2
2

Camo ypaBHeHHE ainadaTUYECKOro Mpoliecca BHIBOJUTCS HA OCHOBE 1- TO

Cp = (2—?)29 =Cy+R (6)

Havasa TepMoauHaMuku (2). [TockonbKy B anabaTiyeckoM MPoIecce MEHSIOTCS
BCe Tpu mapametpa coctosiaus P, V u T, a ypaBHeHwHe mporiecca CBSI3bIBAET MEXKIY
coboif naBa mapamerpa, HEOOXOAMMO U3 ypaBHEHHUS (2) HCKIIOUHWTH OJUH U3
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napamerpoB. HM3menenue temmneparypbl dT MOXHO HaliTM M3 ypaBHEHUS
Knanelipona - MenjeneeBa, IpeJCTaBUB €r0 B BUJIE

Otcrona 1uist U3MEHEHUs TEMITEPATYPhI MMOJTYYUM COOTHOLIEHHUE
av +vd
=P i P 8)

[logctaBuB »TO BBIpaXEHHME B (2) U TMPOBEAS COOTBETCTBYIOLIUE
npeoOpa3oBaHus, MOITYIUM

CpdV _ dp
Cy V B p

Otnomenne Cp/Cy = Y Ha3bIBaIOT HOKa3aTelneM aguabaTsl. VIHTErpupys

)

ypaBHeHue (9), norydyum

yInV + Inp = const (10)

NN

pVY = const (11)

VYpaBuenue (11) mpeacraBiaser coOOi ypaBHEHHE aquabdaTUYECKOTO
nporiecca B koopauHatax p u V. Hcmomssys ypaBuenme Kiameiipona—
MenneneeBa, MOXXHO TOJIYYUTh YpaBHEHUE aaMa0aTHYECKOro Ipolecca B
xoopauHatax P u T,V u T. YpaBuenune annabarnaeckoro mpoiecca B popme (11)
OOBIYHO Ha3bIBAIOT ypasnenuem Ilyaccona.

OnucaHue ycTaHOBKM U TeOpusi MeTola U3aMepeHuUs
nokasartens aguabartbl

VYcraHoBKa A OmNpeAesieHHus Tokaszarens aauabaTel Y u300pakeHa Ha
puc.l. OHa COCTOUT U3 CTEKIISIHHOTO cocyna 1, B KOTOPBIK ¢ TOMOIIBIO PYYHOTO
Hacoca 2 MOXET HaKauuBaThcs BO3ayX, U U — 00pa3HOro BOASIHOTO MaHOMeTpa 3.
[locne 3akauumBaHug HEOOJNBIIOTO KOJMYECTBA BO3AyXa B COCYJ Hacoc
OTKJIFOYAETCSI C TOMOUIBIO KpaHa 4.
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DKCIEepUMEHTBI 1o
ONPEACICHUIO  IOKa3aTels
annadaThl MPOBOJATCA

ciemyromuM  oOpazom. B
cocyn 1 3aKaYMBaCTCS
HEeOO0JIBIIIOEe KOJINYECTBO

BO3yXa. BO3HI/IKaIOHIee Ipu

ATOM JI00ABOYHOE JIaBJICHUE B

cocyme p; wmmepsercs U -
o0pa3HbIM MaHOMETPOM.

3ateM  u30BITOK  BO3ayXa i SERENEENEN . -

uyepes KiamaH S5 ObICTPO Pucynok 1. Cxema yCcTaHOBKH JJIsl U3MEPEHHS
BBIIIYCKAETCA B aTrMocdepy. noKaszarens aguadartel. 1 - cocyn ¢ ra3oM; 2 - py4HOH
HpOTeKaIOH_H/If/’I HpI/I 3TOM HacocC,; 3- BOﬂHHOﬁ MaHOMCTP;, 4 - KpaH; 5 - KJamaH.

MPOILIECC paCIIUpPEeHHs OJIM30K

K aaunabaTnyeckoMy. Temieparypa B 5TOM IIpolecce IOHMXKaeTcs 10 Iy, a
JaBJICHHAE CTAHOBUTCS paBHBIM atMochepHomy Py. [Tocite 3akpbITHS KpaHa BO3AyX
B COCY/JI€ MOCTENEHHO MPUXOJUT B TEIJIOBOE PABHOBECUE C OKPYIKAIOIIEH CpeIoi,
TeMIIepaTypa CTaHOBUTCS paBHOM 1y, a JaBJeHHE BHOBbD MOBBIIAETCS, HO YK HA

r
BCIIMYUHY p .

JUis  omMcaHHs IPOLECCOB, MPOMCXONAIIUMX B  COCyHe, YyAOOHee
HCIIONIb30BaTh ypaBHCHUE aanabaTHYeckoro mporecca B KoopauHatax P u 1,
KoTopble nosrydarotes u3 (11) ¢ nomoursio ypaHenust Knanelipona—MeHeneena

= const. (12)

Jlist agmabaTuyecKkoro pacuiupeHusi BO3AyXa IOCJIE OTKPBITHS KilamaHa
MOYKHO 3aIIUCaTh COOTHOLLICHUE:

y-1 y-1
Py fo (13)
T, Ty’

rie p; = Py + p’, Ty — Temnepatypa, ycTaHOBHBIIASCS B KOHIIE POLIECCA
pacmupenusi, Py — armocdeproe nasienue, Ty — KOMHATHAsI TEMIIEPATYPA.

[Tocie 3akppITHS Ki1aniaHa S MPOLECC YCTAHOBJICHUS TEMJIOBOTO PABHOBECUS
MIPOUCXOIUT TIPH GPUKCUPOBAHHOM OOBEME U OMKCHIBACTCS] COOTHOIIEHUEM
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Po P2 _Potp”
Tx To Ty

VYpasuaenue (13) MoxxHO IpeoOpa3oBaTh K TAKOMY BUITY

B -3
P,/ \Ty/)’

nY-1 14
T, —T
(1 + p_) = (1 n u) _ (15)
Py Tx
Hockomsky p' /Py <K 1 u (Ty — Ty)/Tx < 1, neByio u npasyio 4acTu

ypaBHeHUs (15) MOKHO pa3fioKUTh B PSAJT U, COXPAHSIS TOJIBKO NIEPBBIE WICHHI psija,
MPEJCTAaBUTH B BUJIC

(14)

NN

p' To — Tx
1+ -1D—=1+y—— 16
-1 P, L (16)
Orcrona
p' To —Tx
—1)— = : 17
-1 PV T (17)
WM
T, —T y—1
0(0 X)=p’—- (18)
Ty 4
N3 ypaBuenus (14) nonydaem
To — Ty
Pp——=17p". 19
0T, p (19)
Pemas coBmMectHO cuctemy ypaBHenu (18) u (19), momydaem
pl
Y = —F—7- (20)
p—p

o ! 144
B stoii popmyiie 1o6aBOUHbBIE JABICHUS P U P MOTYT U3MEPATHCS B JTHOOBIX

eIMHMIAX, B TOM YHCIE M B MUUIMMETpax BomHoro crtojiba U - oGpasHoro
manometpa. Toraa hopmymy (20) MOKHO TIPEICTaBUTh B BUJIE
hl

- 21
y h/_hll’ ( )
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! o
rac h — PAa3HOCTb YPOBHCH BOJIbI B MAHOMCTPEC IICPC HAYAJIOM IIpoLeccCa

1
aI[Ha6aTI/IIIeCKOFO pacCIInupCHUA, h — B KOHIIC ITpOoHCcCCa YCTAHOBJICHHUA TCILJIOTO
PaBHOBCCHSA B COCYIC.

JKcnepuMeHTanbHas 4acTb.
N3mepeHue n o6paboTka pesynbTaToB

1. OcTopokHO HaKa4aTh BO3AyX B COCYJ TaK, YTOOBI N30BITOYHOE AABJIECHUE OBLIO
paBHbIM 2025 MM BOJI.CT.
3aKpbITh KPaH, OTCOEAUHUB TEM CaMbIM HACOC OT CTEKIIIHHOTO COCY/a.
[locie TOro, Kak JaBIEHHE YCTAHOBUTCSA, Npous3BecTH oTcuér h' 1o
VU3MEPUTEIIBHOM JINHENKE.

4. BpimycTuTth U30BITOK BO3/AYyXa, HAXKaB KJianaH 5. JlepkaTh KJIamaH OTKPBITHIM JI0
T€X MOp, MOKa OYyAET CIBIIIEH IIYM BBIXOJSILETO U3 COCyAa BO3AyXa.

5. Tlocne 3akpeITHs KjlamaHa M YCTAHOBJIEHUsI paBHOBecHus B cocyge (10+15 Mun)
TIPOM3BECTH OTUET BTOPOTO TTOKa3aHus MaHoMeTpa h'' .

6. DKcrepuMeHThl NpOBOAMTH 110 10 pa3, 3anuckiBasi pe3yJibTaThl B TAOJIUILY

Ne h' h" 14 Iy —vil
1
2
3UT.I

7. Pacuér mokasatens aguadaThl MPOBOJUTD ISl KAXKJIO0TO U3MEPEHHS OTIEIBHO.
8. PaccumTaTh NOrpemIHOCTh U3MEPEHUIA.
9. Ucnone3ys hopmyay y = (i + 2)/1i, OLIEHUTH YHCIIO CTEIEHEH CBOOOIBI.

KoHTponbHble BONpocChHl

1. Kakue nzomnpoiieccbl MOTYT ObITh TPOBEACHBI C Ta3aMu?
Yro Takoe agnadbaTuyeckuil mpouecc?
Kak 3anuceiBaercs 1-oe Hauano TepMOJUHAMUKY JIJI1 HETO?

2. BeiBectn ypaBHeHue Ilyaccona.

3. BoiBecTu ypaBHeHHE aquabaTHYECcKOro MpoIecca B pa3HbIX NePEMEHHBIX.

4. Yto Takoe BHYTPEHHSISI SJHEPTUsl UACAIBHOIO ra3a U KaK OHA CBSI3aHA C YKCIIOM
cTeneHen cBo0oabI?
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NaGopaTtopHaa pabota Ne 6.
OnpegeneHue CKOpPOCTU 3BYKa B rasax u ymcna
cTeneHen cBo60AblI MONEKYI

TeopeTuyeckasa 4yacTtb

OCHOBHBIMM YpPaBHEHHUSIMU MEXAHUKHU HUJICAIbHOW JKUJAKOCTH M Tas3a
ABJIIOTCSL ypaBHEHUE OWiepa, ypaBHEHHE HEPa3phIBHOCTH M PEOJIOTHYECKOE
YpaBHEHUE COCTOSIHUA. YpaBHEHUE DMiepa MpeAcTaBiIsieT co00iM BTOPOM 3aKOH
HproTOHa B MPUMEHEHWH K ABWKEHHUIO YaCTHUIbI CILUIOIIHON cpenbl. s manon
YaCTHUIIbl, JBWKYLIEHCA TOJIBKO TOJA JACHCTBHEM CHJI JaBICHHUS CO CTOPOHBI
OKPYKaIOUIEN CPelibl, OHO UMEET BHU]I

o
Pt

YpaBHEHNE HEPA3PBIBHOCTH MPEACTABIISIET COOO0M 3aKOH COXPAHEHUST MAaCChI

= —grad(P). (1)

IS IBHGKEHHS OJHOPOHOM CKMMAEMOM JKMIKOCTH U 3aIIUCHIBAETCS B BUIIE
P . )
— = —div(pv). (2)
Jt
Marematnueckue onepatmn  grad(P) wu div(pV) ceomarcs K
nudepeHITMPOBAHHIO TI0 KOOPAHHATAM cKanspHoii Gyrkimu P u Bextopa (pv).

Peonornyeckoe ypaBHEHHE COCTOSIHUS OIHKCHIBAET Je(OopMaluio 4YacTu
Cpellbl MO ACMCTBUEM CHUJI IaBJICHUSA, U B OOILIEM CITy4yae UMEET BU/L:

p = p(P).
B nuddepennmanbHoil hopme 3Ty 3aBUCUMOCTh MOKHO MPECTABUTH B BUJIE
0
= = pop, ®
p

rae 0p/p — OoTHOCHTENbHOE M3MEHEHHE MIOTHOCTH MOJ JeHCTBHEM CHJI
nasnenus, 5 — k03GpUIMERT CKUMAEMOCTH MIIM IPOCTO CKMUMAEMOCTD CPEIBL.

[Ipy wn3yyeHHM pacrnpoOCTpaHEHUs IUIOCKUX BOJH MaJOW aMIUIATYIbl B
HEMOIBMYKHOU Cpelie BIOJIb OCU X 3TH YPaBHEHUs YIIPOIIAKOTCS:

dv JP

- = 4
Pat = ox *)
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dp dv
ot~ Pox
dp

— = BaP.

p B

Hoxcrasnsas dp/p u3 Tperbero ypasHeHus (4) BO BTOpOE, IOJYYMM
CUCTEMY U3 JBYX YpaBHEHUM:

av B dP
Pat = " ox
(5)
0P B ov
ot dx

Huddepenuupyst Bropoe ypaBHeHUE cucteMsbl (5) mo t, MeHsAs NOpsAIoK

nupdepeHupoBanys B CMEIIaHHON MPoM3BOAHON M mojcTaBias 0vV/dt us
TIEPBOTO YPABHEHHS, TIOTyIaeM COOTHOIIECHUE

d%P d%P

oxz PP =0 ©

Eciu o6osHauuts pff =1/ c?, To ypaBHeHue (6) IpPEBPAIACTCS B
BOJIHOBOE ypaBHEHUE

= 0. (7)
0x? c? 0t?
Pemenuem ero sBisieTcst ypaBHEHUE OeryIeit BOJIHbI
P(x,t) = Pycos(wt — kx). )

da30Bast CKOPOCTH IIIOCKOH BOTHBI C = (/K 3aBHCHT OT CBOWCTB CpefIbl 1
onpenensieTcss GopMyson

1

C = —. (9)
VPB

B ra3dax B 3aBHCHUMOCTH OT TOI'O, KaK HpOI/ICXOI[HT HpOHeCCLI cXKatTuia u

pa3pexeHus: aanadaTHIeCKH WM U30TCPMUICCKH, CKOPOCTD 3BYKa OIMPEACIIACTCS
dbopmynoii Jlammaca

1

\/p—T, (1 0)
ad

Cqp =

win popmynoit Herorona
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Cy = —, (11)

B 1((’)V> B 1<6V>
Baa = v \opP ad’ﬁT_ vV \oP/

— BCJIMYHUHBI COOTBCTCTBYIOIIHUX C)KMMaEMOCTEH.

rac

3neck aguabaTuyeckas U U30TEPMHUUECKas CKUMAEMOCTH BhIPaXKEHbI Uepes
U3MEHEHHE 00beMa YacTUIbl TOJI JEHCTBHMEM CHUJ JABJICHHUS U HAXOIATCSA C
noMouiplo U GepeHIIMPOBaHMST COOTBETCTBYIOIIUX YpPAaBHEHUH MPOLIECCOB.
Hertpynno nokazars, 4to

Baa =

1 _1 .
]/_P, ﬂT__ ( )

rney = Cp/Cy - mokasarens anuabatsl. Takum 06pa3zoM, CKOPOCTh 3ByKa
B ra3ax BbIpakaercs (popMysaMu

N e )
p p

DKCIEPUMEHTHI IO OMPEAEIECHUIO CKOPOCTHU 3BYKa B ra3ax MOKa3bIBalOT, YTO
IIPU HU3KUX YaCTOTAaX CKOPOCTh 3BYKa ompezensercs (popmynoit Jlannaca, a Ha

gacrorax Gonee 108 + 10%¢c™! — popmymnoii HeroroHa.

Ornomenue P /p MoxHO 3aMeHnTh ¢ moMoNIbI0 ypaBHenus Kianeipona -
Menneneea na RT /M, Torna

(14)

YRT
Cp = |— .

M

Ota (popMyia Mo3BOJISIET PACCUUTHIBATH CKOPOCTh 3BYKa B PA3JIMUHBIX ra3ax

M Tapax JEeTKONCHApSIOMMXcsa kuakoctelt, mockomsky ¥ = (i +2)/i u M
ABJISIFOTCS. XapaKTEPUCTUKAMH JaHHOro rasa. OHa ke OIpeneiseT 3aBHCUMOCTD
CKOPOCTH 3ByKa OT TEMIIEPATYPhI IS JaHHOI'O rasa.

JKcnepuMeHTanbHas 4YacTb.
OnuncaHue ycTaHOBKMU

[IpuHIMNMaTbHAS CXE€Ma YCTAHOBKHU JJIsI ONpPEIEICHUsS CKOPOCTU 3BYKa B
BO3JlyX€ M TMapax pas3lIMyHbIX SKUAKOCTeM u300pakeHa Ha puc. 2. B
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TOPU3OHTAILHOUN TpyOe 1 pacrmosararoTcst u3mydaresnsb 2, 3aKperyIeHHbIA B OJJHOM
TOpIIe TPYOBI, U IPHUEMHUK 3, KOTOPBIN 3aKpETUICH Ha IMOBMKHON METAJITNIECKOM
TpyOke 4. IlonmokeHue mpueMHUKA 3 B TpyOE PETHCTPUPYETCS C TOMOIIBIO
U3MEPUTEILHON JIMHEHKH 5, )KECTKO COEIMHEHHOM c TpyOkoi 4. Mzmyudarens 2
MOAKIIFOYAETCS K 3ByKOBOMY I'€HepaTopy 6, CUTHal C MPUEMHHUKA 3 TIOCTYMAET Ha
ocrusutiorpad 7.

C nomonipio Hacoca 8 u3 TpyObl 1 MOXKHO OTKAuMBATh BO3YX U 3aMOJIHATh
e€ mapamMu HCCIEeNyeMOW KUAKOCTU U3 cocyna 9. KoHTposb mporecca OTKauku
BO3/lyXa M 3allOJIHEHHMs] TPYOKHM TMapaMu OCYIIECTBISETCA C TMOMOIUIBIO
BakyymmeTtpa 10.

Merton omnpeneneHuss CKOPOCTH 3BYKa B BO3YXE M Hapax HCCIETyEMBbIX
JKUJIKOCTEH OCHOBAH Ha M3MEPEHUH UIMHBI BOJHBI A B cpene. Ilpu paboraromem
HETPEPBHIBHO HM3lyyareie Ha (PUKCUpOBaHHOM yacTtore f B 3ByKOBOW Tpybe 1
BO3HUKAIOT CTOSAYME BOJHBI. MaKCUMyM aMIUIUTY/bl CTOSYUX BOJIH HAOJIIOMaeTCs

IIpun YycCJIOBHH, 4YTO pPACCTOAHHUC L MCXKOAY H3IydaTrcjicM MU IIPUCMHHKOM,
BBIIIOJTHAKOIIUM TAKKE POJIb OTPAXKATCIIA, paBHO LCIOMY YHMCIY IIOJIIYBOJIH, T.C.

L=nl/2.
7

6 O

10
8 0 |\ \“

Puc. 2. Cxema 3KCIIepuMEHTaIbHON YCTAaHOBKH JIJIS N3MEPEHUS CKOPOCTH 3BYKa B ra3ax
1 — tpy6a Kynnra; 2 -uznyyarensb; 3 - IpUeMHHUK; 4 -TI0IBUXKHAsI MeTaJuIMYecKast TpyOka; 5 -
U3MepHUTENbHAs JIMHEHKa; 6 - 3ByKOBOM reHepaTop; 7- ocumiuiorpad; 8 - Hacoc; 9 - cocyn ¢
napaMy UCCIIEyeMOH )KUIKOCTH; 10-BakyyMMeTp.

N3mepeHusa n obpaboTka pe3ynbLTaToB

1. BkiounTth reneparop, ocunsuiorpad u yoeauTbes B MPOXOKACHUU CUTHAIIA T10
3BYKOBO# TpyOe Kynnara.
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. YCTaHOBUTb YaCTOTY f =15001"m.

N3mepuTh JUIMHY 3BYKOBOW BOJIHBI B BO3AyX€ C MOMOIIBID HU3MEPUTEIBHOU
JMHEWKH 5-6 pa3, HacTpanuBasi CUCTEMY B PE30HAHC MOOYEPEAHO HA 1-bIil U 3-uii
MAaKCUMYMBbI CUTHaJIa. MOYKHO W3MEPUTh MOJOBUHY JIJIMHBI BOJIHBI, HACTpanuBas
3BYKOBYIO TpyOy Ha 1-bIii U 2-0lf MAKCUMYMBHI.

ITo popmyse C = f - A paccunThIBaThL CKOPOCTH 3BYKA B BO3/LYXE U C TOMOMILIO
dbopmysl (14) st C4 paccuuTaTh Y g Bozayxa. OnpeneauTh Yuciao CTeneHen
CBOOO/IBI [ MOJICKYI.

[loBTOpUTH N3MepeHus U pacué€rsl Ha yactore 20001 1.

CpaBHUTH pPE3yJIbTaThl DKCIIEPUMEHTAIBHO IOJYYEHHONW BEIMUYHHBI [ ¢ €€
TEOPETUYECKUM 3HAUCHHUEM.

KoHTponbHble BONpocChl
. Kaknmn YPaBHCHUAMU OIIMCBIBACTCA ABUIKCHUC H,HeaJILHOﬁ KUIAKOCTH U rasa?

. Kak 3anuceIBalOTCd OCHOBHBIE YPAaBHEHMS THAPOJMHAMUKU JJIi OJJHOMEPHOM
3a7a4u ¥ B HETMIOJBWXXHOM cpene?

3. Kak I10JIYy4acTCA BOJIHOBOC YPABHCHHUC, KAKOBO CI'0 pCHICHHe?

. Ucnionb3yst COOTBETCTBYIOIINE YPaBHEHUS MTPOIIECCOB, BHIBECTH (HOPMYIIBI JJIs
CKopocTH 3ByKa Jlamtaca u Herotona.

. Kak ckopocTh 3ByKa B ra3ax 3aBUCUT OT TeMIIEpaTyphl U BUaA rasa?
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JNlabGopaTopHasn pabota Ne 7.
U3yuyeHune pacnpepeneHnsa MakcBenna — bonbumaHa
ANA TePMO3NEeKTPOHOB

TeopeTuyeckas 4yacTb

Monekynbl Ta3a IBUKYTCS C CAMBIMU Pa3HBIMU CKOPOCTAMH, MIPUYEM KaK
BEJMYMHA, TAK U HAMPABJICHUE CKOPOCTH JIF0OO0H MOJIEKYJIbl MEHSETCS MPU KaXI0M
coynapeHuu. Yucno coyaapeHuii oueHb BEJIUKO, MPU HOPMAJIbHBIX aTMOC(HEPHBIX
ycnosusax (P=larm, T=273K) ono pasHo mnpubmusurensao 10°. Ecmu ras
IPEIOCTaBIIEH caMOMy cebe, TO OH OyAeT HaXOAUTHCS B COCTOSIHUM PaBHOBECHS,
xapaktepuzyemMom onpeaeneHHbiMu mapametpamu (P, V, T). 3a cuet coynapenus
YCTaHOBUTCS ONPEAEIICHHOE PACTIPEAEICHHE MOJIEKYJI IO CKOPOCTSIM, MOJTYYEHHOE
TEOPETUYECKU MaKCBEIOM:

m 3 (_m_vz>
f(v) = —)Z - v2 . e\ 2KT (1)
\/_ GxT

I'ne m — macca monekynsl, K — mocrosanas Boneumana. Eciu Ob1 Ha
MOJIEKYJIbI HE JIECTBOBAJIM BHEIIHUE CUJIBI, TO 3@ CUET COYAAPEHHUIM Xa0THUYECKOTrO
TEIJIOBOTO JIBJKEHUS Tra3 pPaBHOMEPHO pachpedenuics Obl 10 BCEMY
npenocTaBieHHOMY 00beMy. Ho B peanbHBIX YCIOBUSX HA MOJIEKYJIBI IEUCTBYET
CuJIa IPUTSHKEHUS CO CTOPOHBI 3€MJTH, TOITOMY YHCIIO MOJIEKYJT B € AMHUIIE 00beMa
WU3MEHSETCS B 3aBUCHUMOCTH OT BBICOTBI HaJl MOBEPXHOCThIO 3eMJIA. XA0TUUECKOE
MOJIEKYJISIDHOE JABWKEHHE U JEHUCTBUE CHJIbI TPUTSIKEHHUS TPUBOIAT K
ONpEEICHHOMY PAaCIpEAeICHUIO YUCia YacTUl B €IMHULE 00beMa MO BBICOTE,

YCTaHOBJIEHHOMY boiblIMaHOM:

n(h) =ny - e(_mK—gTh)

(2)

rje M — Macca MOJIEKYJbI, B — BBICOTA Haj MOBEPXHOCTHIO 3emiu. [loaTomy

npousseneHne MGh ecTh moTeHIMANbHAS SHEPTUs B MOJE THKECTH 3€MIIHU, U
dbopmyna (2) MoKeT ObITh MepenucaHa Tak:

n(h) = ng e(_%). 3)

CnenctBueM pacnpenenenusi bonbpiiMana sBisercss OapomeTpuueckas
dbopmyIa, ycTaHaBIMBalOIAs 3aKOH YObIBaHMS YMCIia 4acTull (ypaBHeHUE 4) Win
MOJIeKyJI ra3a (ypaBHeHue 4*) ¢ BRICOTOM MPH MOCTOSTHHON TeMIIepaType:
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n=ng el E), @)
n=mng-" e(_%)_ (4%)

YuurteiBas, 4yro AaBinenue raza P=nkT, a ero mmornocts p = PM/RT,
ypaBHEHUE 4™ MOKHO TakKe MPEICTABUTH B BUJE:

b
)

P=P,- e(_ RT _M)

p=p,-el 7T (47%)

Pactipenenenusi,  ycraHoBiieHHble ~ MakcBeisioM u boablnmaHoM,
CIIPAaBEUIMBBI W JUISI DJICKTPOHOB, HCITYCKA€MbIX PACKaJICHHBIM KaTOJIOM B
AJIEKTPOHHBIX JIAMIIAX, T.€. TEPMOIJIEKTPOHOB.

PaccmoTpum  KpaTko  OpoOLIECCH, MNPOUCXOASAIIME B  MPOCTEHIIEH
AJIEKTPOHHOM JamIie — AuoAe. Eciu NmoAKIIOYUTh K UCTOYHMKY HUTh Hakaja, a
aHOJIHYIO II€Nb OCTAaBUTh PA30MKHYTOM, Karoj OyneT HCIyCKaTh 3JIEKTPOHBI,
CKOPOCTH KOTOPBIX HMMEIOT pAa3jMYHYK BEJIMYMHY U HampasieHud. Yactb
AJIEKTPOHOB OCAJIET HA aHOJIE U MEXKJYy KaTOAOM U aHOJOM BO3HUKHET Pa3HOCThb
MOTEHIMAJIOB, TOPMO3sIIasi JaJbHEUIIEe NBUKECHUE JJIEKTPOHOB OT KaToJa K
aHOAY. YCTAaHOBUTCS PACIpENEICHUE TEPMOIIICKTPOHOB B IIPOCTPAHCTBE MEKIY
aHOJIOM M KaTOJO0M, MOJOOHOE pacHpeiesieHUI0 MOJIEKYN ra3a B IOJI€ TSHKECTH
3emun. [loTeHuumanbHasi HHEPrus SJIEKTPOHOB B BJIEKTPUYECKOM Iosie Oynaer
BBIPAYKATHCSI U3BECTHBIM COOTHOILIEHUEM:

U= e_'AQD, (5)

e € — 3apsi daeKTpoHa, AQ — pasHOCTh MOTEHIIMAIOB MEKTY KaTOJIOM M KaKO#-
JU00 TOYKOM MEXIJIEKTpOJHOTO mpocTtpaHcTBa. IloactaBus (5) B popmymny (3)
MTOJTYYHM:

n(h) =n, - e(_ e;(.'?"(p)

(6)

CooTtHoienue (6) OyaeT ompenensTh TAaKKe M YHCIIO AJIEKTPOHOB BOJIW3H
aHoja JamIiel, mnpudeM Tterepb A o3HaYaeT pasHOCTH MOTEHIMAIOB MEKIY
KaToJI0OM U aHoAoM. Ecnu Temnepb 3aMKHYTH IIeIb aHOa, JICKTPOHBI BO BHEIITHEH
nenu OyIyT TepeMemarbcss Ha KaTod, 4Yepe3 Jammy MOoWaeT TokK. PasHocTh
noTeHnranoB A W3MEHHUTCS B 3aBUCHMOCTH OT BEJIMYUHBI COMPOTHBIICHHUS B [ICTTH
aHonma. Tok B menu aHoja OyAeT MPOMOPIMOHATICH YHCIY 3JIEKTPOHOB BOJIW3U
aHoJa M, CJICJICTBEHHO, OYJIET MEHSTHCS B 3aBUCHMOCTH OT Pa3HOCTH TTOTCHIIMAJIOB
0 3aKOHY, MOJOOHOMY COOTHOIIEHHIO (6):
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I = IO -e(_%)

(7)

OneKkTpoHBl BOIM3M Karoda OyayT HAXOAWTHCS B TEIUIOBOM PAaBHOBECHH C
PACKaJC€HHOM ITOBEPXHOCTHIO KaTOAa, CJIEIOBATEIbHO, MOXHO CYHTAaTh, YTO

temreparypa T B (6) u (7) — 9TO TeMIeparypa Karoa.

JKcnepuMeHTanbHas 4acTb.
OnucaHue ycTaHOBKMU

[IprHIMNIManbHAsA cxemMa
yCTaHOBKH M300pakeHa Ha pucyHke 1. B A
Iernb aHoJa BKJIOYAETCS MarasuH
COINpPOTUBIIEHUH R,, 1 MUKPOAMIIEPMETP.
3Has TOK B LIENIU U CONPOTHUBIIEHUS R, 1
R, — BHYTpeHHee CONpPOTHBIICHUE — R
MUKpOaMIiepmMeTpa, 1o 3akoHy Owma K
MO>KHO OTIPEACTUTh pa3HOCTh

IIOTCHIOMAJIOB MCKIY KaToaoM u

aHOAOM. Hutp Hakama jamMnbl TUTACTCS

OT HCTOYHMKA HampstbkeHus V1. Jlns V1
pEeryJIupOBKM TOKa Hakala HW, TEM @
caMbIM, TE€MIIEpaTypbl Karoaa, B LEIb R
BKJIFOYEHO COMIPOTHUBJICHUE R, Pucynox 1.

BbinonHeHue paboTbl

C moMOmpIO CONMPOTUBIIEHUS R, YCTaHOBHUTH OIPEACIECHHBIM TOK Hakaia,
IIPU KOTOPOM CTpEJIKa MUKPOAMIIEPMETPA OTKJIOHUTCS MOYTH Ha BCIO IIKaly. R,
IpU 3TOM JOJDKHO OBITH Majlo. 3aTeM, MEeHAs R,, CHUMAaIOT 3aBUCUMOCTb TOKa
aHoJa OT pAa3HOCTM TMOTECHHHAIOB MEXAY AaHOAOM M KaTOIOM H CTpPOAT
COOTBETCTBYIOIMI rpaduk. Y 100HO ypaBHeHue (7) mposorapumMupoBath:

() = in(l,) — (%)

Hatypanbhbrit torapudm Toka 3aBUCUT O TUHEHHOMY 3aKOHY OT Pa3HOCTH

(8)

IIOTCHOMAJIOB.
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Tabauua aJsl 3aM0IHEHUS

No R, Om I, MkA In (I) Ap, B

500

1000

1500

2500

1

2

3

4 2000
5

6 N nanee no 9000 OmMm ¢
maroM yepes 500 Om

18 9000

APl e

3agaHue

CHSTH 3aBUCUMOCTb TOKA aHOJIa OT Pa3HOCTHU MOTEHIUATIOB.

[TocTpouTs rpaduik B COOTBETCTBUU C hopMyIIoi (8).

Onpenenuts TeMnepaTypy Katoja.

[TpoBecTn m3MepeHus A1 TPEX Pa3HBIX HAYaIbHBIX 3HAYCHUIA TOKA aHO/IA.

JImst  Kaxaod — TeMIiepaTypbl  ONPENETUTh  CPEAHEKBAAPATUYHYIO U
HAWBEPOSITHEHIITYIO CKOPOCTh DJIEKTPOHOB.

KoHTponbHble BONpocChl

. HapucoBatp pacnpenenennss MakcBeiuia Uii HECKOJBKUX TEMIIEPATYpP H

O0O0BSACHUTH TpaHC(HOPMALIHIO €r0 (POPMBI.

Kak HaxonmaTrcs HauBeposTHeWIIas, CpeOHEKBaJpaTU4YHAsT U  CpEIHE
apumMeTndyecKas CKopocTu? 3a4eM UX HyKHO 3HATh?

3anucarh pacrpeaeneHue bonpiMaHa [ 4YacTUI] M MOJIEKYJ. BeiBecTu
OapomMeTpuueckyro GopMyITy U 3alKucaTh BCE €€ BOZMOXKHbBIC BUJIBI 1JISI MOJIEKYJT
ra3a u 4acTHil.

Kak uzmensiercs pacnpenenenue Makcpeiia ¢ U3MEHEHUEM TeMIIEpaTyphl rasa,
MOJIEKYJISIPHOTO Beca?
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O6wasn Teopus K NnabopaTopHbIM paboTamMm NO ABJIEHUAM
nepeHoca B rasax (pa6otbi Ne 8, 9, 10).

CpenHsisi CKOPOCTh TEIUIOBOTO JIBHYKEHHS Ta30BBIX MOJICKYJI OTPEICIISICTCS
dbopmyoit

8RT

o0 (1)
M

U=

V3ke mpu KOMHaTHOU TeMIiepaType OHa MopsiiKa CKOPOCTH PYy>KEHHOU My JIu.
Hanpumep, mpu T=293K i1 mapoB BOIBI CpenHsIsi CKOPOCTb JIBHKEHUS €€
MoOJIEKyd paBHa 587M/c, st Bo3ayxa - 462,5 m/c. Ha panHel ctaguu pa3BUTHUS
MOJICKYJISIPHO-KUHETHYECKO TEOPUH Ta30B CTOJIb OOJIBINNE 3HAYCHUS CKOPOCTEH
MOJIEKYJT HEKOTOpPhIM (hM3MKaM Ka3aldnch HEBO3MOXXHBIMU. Ecmm ckopocTu
MOJIEKYJT JEHCTBUTENBHO TaK BEJIMKA — TOBOPWJIM OHM, - TO 3amax Maxydero
BEIIECTBA JIOJDKEH ObLI OBl PACIpOCTPaHATHCS OT OJHOTO KOHIA KOMHAThl K
IpyroMy NpakTHUYEeCKM MIHOBEHHO. Ha camMom J1ene mpu  OTCYTCTBUM
KOHBEKTHUBHBIX IMOTOKOB BO3JyXa BpEeMs PAacCHpOCTpPAHEHHWs 3alaxa Ha TaKue
PaCCTOSIHUS MOKET COCTaBIISATh MHOTHME MUHYTHI, U Jake 4achl. PacpocTpanenue
3arnaxa OCyIIECTBIISIETCS] TOCPEACTBOM MEJIJIEHHOTO npoyecca ouggysuu.

1. CpegHsas anvHa cBo6ogHoOro npo6era Monekyn

MennenHocts npouecca 1ud@py3un 1 aHanoruvHbIx e siiaeHuil Kiaysnyc
OOBSACHWI cmMOIKHOGeHUAMU MoeKyl. MolieKya ra3a JBUKETCsl CBOOOHO TOJIBKO
Ha KOPOTKOM pPAacCTOSIHUM MEXY CTOJIKHOBEHHSIMM C JAPYTMMH MOJIEKyJlaMH. B
MOMEHT CTOJIKHOBEHMSI CKOPOCTh MOJIEKYJIBI PE3KO MEHSETCA KaK 10 MOJYJIIO, TaK
U TI0 HarpaBiieHU10. B pe3yibTrare Mosekysa OecropsiouHo MedeTcs, a ee od1iee
NPOJABIKEHUS IO KaKOMY-TO HANpPaBJICHUIO MPOUCXOAUT CPaBHUTEIBHO
MeJUIeHHO. JIJisi KOJIMYeCTBEHHOro omnucaHus sisiienus Kiaysuyc BBen moHsATHe
CpeoHeli ONuHbL

c80000H020 npobeza, PaBHOU CpPEIHEMY PACCTOSHUIO, KOTOPOE MPOXOJUT
MOJICKYJIa MEXIY CTOJIKHOBECHUSMHU.

JIns BbIYMCIIEHUS CpeHEed JJIMHBI CBOOOJIHOTO IMpoOera BOCIOJIb3YyeMCS
MOO0eblo meepobix wapos. Mex iy CTOJIKHOBEHUSIMUA MOJIEKYJIbI-IIapbl ABUKYTCS
IPSMOJIMHEWHO U PaBHOMEPHO. [[ns ympomeHus pacyera pacCMOTPUM CHadasia
Cly4yap, KOTJa JBWXKETCA TOJBKO OJHA MOJIEKYJa, a MOJEKYJIbl MHUIIEHHU, C
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KOTOPbIMHM OHa CTAJIKHUBACTCA - HCIOIABHIKHBI. Kak BUJIHO H3 pPHC. 1 JaHHas1

MOJIEKyJIa CTONKHETCS ¢ IV
MOJIEKYJIaMH,

U HaXOoAAIMMHNCA BHYTpHU

T?"o 270 MWIKHIApA pPaguycoMm 271y,

rne’, -paanyc MOJIEKYJIBbL.

Ecan uucio MOJICKYJ
Pucynok 1. B eauHuie oOneMa Ng, a

nnvHa nuaHapa [, o

N = T[(ZT'O)ZTLOI == O-nol, (2)

rae BeJIMuuHa 0 — 77:(27"0)2 HAa3bIBACTCA ITOIICPCYHBIM CCUCHHUCM PACCCAHHNA. HpI/I

N = 1 pnmmua mmmunagpa | paBra cpenmeil mmmue cBoGomHoro mpotera A. B
TaKoM ciydae u3 (2) umeem

— 1
A=——. 3)
ony

3a Bpemss t = lcek Molekyina INepeMelaercs Ha pacCTOSHHUE pPaBHOE

U= \/ 8RT/ (7M)> TPETEPTIeBas CTONKHOBEHNUS Hepes A=1/ (ong)

OTHoOI1IEHUE
U/X=ﬂ-a-n0=Z 4)

— €CTh YHCJIO CTOJIKHOBEHHI JaHHOM MOJIEKyJIbI 3a Bpems t = 1cek.

YyecThb TO, 4YTO ABWIKCTCA HC TOJIBKO pacCMaTpuBacMas MOJICKYJd, HO U
MOJICKYJIbL MI/IIHeHeI\/JI, C KOTOPBIMHU OHA CTAIKUBACTCA, MOKHO JOCTATOYHO IIPOCTO,

3aMEHHB B BHIpaxkeHHH (4) UHa Uypy — CpPEIHEE 3HAUYEHHE OTHOCHTEIBHOMN
CKOPOCTH 2-X CTAJIKMBAIOIIUXCS MEXy co00i Momekyi. Toraa

Z=§0TH’O"TI,O (5)

- - - - o
[To ompenenennto Ugypy = Up — Uy, T.€. BEKTOP Uypry PABEH BEKTOPHOM CyMMeE

- - - o
JIBYX BEKTOPOB Uq M —U,. nMHY BeKTOpa Ugypy MOXKHO HAWTH IO TEOpEME
KOCHHYCOB:

-61-



JlaGopatopHnas pabora Ne 8

UOTH=\/Uf+U§-ZUl-Uz-cos 0,

rme O - yrom Mmexmy BekTopamm U
u 62 — pI/IC. 2

Y‘{I/ITBIBaSI, 4qTO CpCOAHCC 3HAYCHHC

cos 06=0, a V; =V, =V, nonyyaem:

Pucynok 2.

Uorn = V2U (6)
[Toxcrasisist naHHOE BhIpakeHUe B (5), UMeeM

Z=\2v-0-n (7)

IToxcraBnsis B cooTHouieHwe (4) HaligeHHoe UIs Z 3HAa4YeHHe, IOJIydaeM

OKOHYATCIBbHOC BBIPAKCHUC JIA /1

z_v_ 1 _ 1
Z \N2-0-ny V2-m-d?-ng

rae d — nuamerp MoneKyIbI.

(8)

2. OGLwee ypaBHEeHUe nepeHoca

Vnpowennwuii evi600. Cuctema, mpefocTaBiIeHHas caMoil cede, CTPEMUTCS
JIOCTUTHYTh HauboJiee BEPOSTHOIO PABHOBECHOIO COCTOsIHUSA. B pesynbrare
JTAHHOTO TIpoliecca BCe MapaMeTphl CUCTEMbI JOCTUTAIOT PAaBHOBECHBIX 3HAUCHUM.
DTOT MPOIECC OMMUCHIBAETCA KaK IMEPEHOC COOTBETCTBYIOIIMX MOJEKYISPHBIX
cBoMcTB. Het cmbiciia paccMaTpuBaTh KaKJ10€ SABJICHUE MEPEHOCA B OT/ACIIBHOCTH,
MOJIy4rM 0000IIIEHHOE YpaBHEHHE MTepeHOca.

[Tycte G xapakTepusyeT HEKOTOPOE MOJIEKYJISIPHOE CBOMCTBO, OTHECEHHOE
K OJHOW MOJIeKyJe. OTHUM CBOMCTBOM MOXET OBITb JHEPrus, HUMIIYJIbC,
KOHIEHTpamus © T.A. PaccMoTpuM  Iwiomaaky ¢ miomansio — dS,

HEePIECHINKYIISIPHYIO OCH X U HaXOAIIEHCS B TOYKE C KOOPIUHATOMN X.
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B YHOPOIICHHOM BBIBOAC IMPHUHUMACTCA, YTO MOJICKYJIbI, ABUTA’ACh B
HalpaBJICHUHA BBII[eHeHHOfl IJIomaaku

dsS . EY
W3 TOYEK C KOOPAUHATOM X + A u X —

A, tne A - cpennss gmuHA CBOGOIHOIO
npobera MOJIEKyJl, HE IpPETepHeBaIOT
CTOJIKHOBEHHI MEX1y coOO0l BO BpeMs
3TOro JBWKEHHUA. B TakoM ciyyae, npu

CTOJIKHOBEHMHU C ILIOIIAJAKOM dS 9TH

x+A MOJIEKYJIbI OynyT mepenaBaTh e
CBOMCTBO, KOTOPOE OHU UMEJIHU B TOUKE

¢ koopauHatoii X + A u x — A, te.

I

4
Y S
v

G(x iz) Tx. A Mano, BeTHUHHY

PrcyHOK 3. G(x £ A) MOXKHO pa3IOKUTL B psn
Tenmopa, OIpaHUYMBIIUCH IMEPBBIM
YJIEHOM Pa3JI0KEHUS:

G(x+2) =G(x)iiaG(x) ©)

ox
BYI[eM CUHUTATHh paBHOBepOﬂTHbIMI/I BCC BO3MO>XHBIC HaHpaBJIeHI/IH
JBHUKCHUA. TOFI[a, KaK B ITIOJIOKHMTCJIBHOM, TaK H OTpI/IuaTeJIbHOM HaHpaBJIeHI/II/I
ocu X, OyleT IBUraThCs OJUHAKOBOE KOJIHUYECTBO MOJIEKYJI, paBHOE [/6 OT Beex
monekya. KomuuectBo monexyn dN, kotopoe cronkhercs ¢ miomankoi dS 3a

BpeMs dt, paBHO //6 OT uucaa MOJEKYI, Haxoasaumxcs B oobeme V = v - dS -
dt.

Torna dN = (1/6) ‘ng-v-dS-dt, tne n, - uucio Monekyn1 B
eAUHUIIE 00BeEMa.

Konuuecmseo monexyn, nepecexarowux eOUHUUHYIO NIOWAOKY 8 eOUHULY

spemenu (AS = 1, dt = 1), nasvieaemcs nomoxom monexyn Iy.

Ilomok MOEKyJI B MOJOKUTEILHOM HapaBJIeHUH OCU X paBeH

1
1t = R (10)

Kancz[aﬂ MOJICKYJId, ABUT'asCb B IIOJIOKUTCIIBHOM HAIIPABJICHUU OCHU X u

crankuBasch ¢ mwiomankod dS, Oymer mepemaBarh eit coiictBo G(x — 1),
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KOTOPOE OHa MMeEJa B TOYKE C KOOpAMHATOM X — A. B TakoMm ciyuyae MOTOK

cBoiicTBa (G B TIOJIOXKUTEILHOM HaIpaBJICHUHM OcH X paBeH:

1 1 —0G(x
I(+) cho U - G(x—/l) ——TLOU{G(X) A ai )} (11)
IIoTOK 3TOrO X€ CBOICTBA B OTPHUIATCIIBHOM HAIIPpABJICHHUN OCH X PaBCH:
_ 1 1
Ié )——gno U - G(x+/1)——gnov{G(x)+/1 6( )} (12)

[TossBneHue 3HaKka (—) BIICPCAN TMOJIYUCHHOI'O BBIPAXKCHUA CBA3dAHO C U3MCHCHUCM
3HAaKa CKOPOCTH MOJICKYJI, JABUIAIOIOMUXCA II0 HAIIPABJIICHUIO K IIOIIAAKC dS .

CymmapHbIii oTok G paBeH cyMMe 000MX TIOTOKOB

_ 1 _ -
lo=1g" +1g = =30 - G(x +7)
_ 1 36 (13)
-3 oY dx
VYpaBuenue (13) siBrsercst 00001IEHHBIM YpaBHEHHEM TPOIIECCOB MIEPEHOCA.

Yuem pacnpedenenusi MoneKyn no cKopocmsam npu 8vl8ooe 0000UWeHHO20
ypasHeHuss nepeHoca. B ympoleHHOM BBIBOJE HE PaccMaTpHUBAIIOChH
pacmpesenenrne MoJIeKyI o CKopocTsM. CUNTANIOCh, UTO B CPETHEM BCE MOJICKYJIBI

JIBUTAIOTCSA C OJHOM M TOMH e CKOPOCThIO U, MOATOMY B JJAHHOM HAIpaBJeHHUH
nsuraercs 1/6 or Bcex Monekyn. Ilpu ydere pacnpenesieHHsi MOJIEKYJ IO
CKOPOCTSIM OKa3bIBa€TCS, YTO MOTOK MOJIEKYJ B HAIpaBJICHUU BbIJICICHHOU

miomanku pasen we (ngv)/6, a (nyv)/4. Kpome Toro, mnocnennee
CTOJIKHOBEHHE TIEPE] TUIOMIAIKOM MOJIEKYIIBI HCTIBITHIBAIOT Ha PAcCTOSHUK He A,

KaK MbI CUUTAJIH BBIIIIE, a 21 /3. (A.H. MarBeeB. MonekynspHas ¢pusnka, crp. 62,
70 -71). C yueTom naHHbIX QakToB, BMecTO ypaBHeHuil (11-12) nonyyaem

1 2
I(+) Zno U - G(x——l)

3 bl
1o ZAOG(x) )
Znov (x) —= e |
1 2 —
Ié_)Z—ZnOUG(X+§/1> ,
__ 1 {G( )+2,106(x)} "
4nOU x 3 0x
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Cymmupys Boipaxenus (11°) u (12°) nerxko yOemauTbCsi, YTO BBEJICHHBIE

I(+) I(_)
YTOUYHCHHUA HC CKa3aJIMCb Ha BCINYHWHC CYMMAPHOI'O ITIOTOKaA G + G - Kaxk
BHUJIHUM, YCJIOXHCHHUC BbIBOJd HC HM3MCHHIIO KOHCYHOI'O BBIPAXKCHHUSA, IMOITOMY
BO3MOXCH U yr[pOHIeHHblf/'I BBIBOJI COOTHOIIICHUS (13).

N3 0606menHoro ypaBHeHus nepeHoca (13) MOXXHO MOTYYUTh BBIPAKECHUS
JUJIS1 TIOTOKa Macchl (siBjaeHue audys3un), sHepruu (SBJIESHUE TEIJIOMPOBOIHOCTH)
U UMITyJIbca (BSI3KOE TPEHHE).

Henenue oughghyzuu — nepenoc xonruuecmea mMoiexyi.

B stom ciyuae G (x) = n(x)/n,. Hoxacrasnsas nannoe 3Hagenue G (x) B
ypaBHenue (13), momydaem BbIpakeHUE sl TOTOKA MACCHhI:

1 _—-0G(x) on(x)
I = =3nvd—7—=-D—"—

Vpasuenue (14) HaspiBaetcst ypaBuenneM ®uka, rae D — ects koadduiment
b y3un

(14)

1 —
D == 56/1 (15)

Aenenue memzonpoeodnocmu — NEepPEeHoc IHepiuu.

B stom ciiyuae G (x) = ikT /2 — ects sHEpTHS OHOI MOTEKYIIBI, | — YHCIIO
CTerneHei CBOOO bl MOJIEKYJIBI.
G(x)=ik—T=£kN“T=££T=&T. (16)
2 2N, 2N, "N,

[Moxcraemss o1o 3uauenne G (X) B ypasuenue (13), mosydaem BhIpaKEHHE

JUTSl IOTOKA SHEPTUU (MM TETLIa)

1 _—3G(x) oT
I, = —=NyUA———2 = —y—, (17)
1 3"0% Ty d0x
1 -¢ 1 ¢ 1 _-
X= §Tlov/1N—a = §n0mv/1mNa = §pv/1cV. (18)

VYpaBuenue (17) nazpiBaercsi ypaBHeHueM @Dypre, a BenuuuHa Y —
K03 duImeHToM TemronpoBoaHoctd. B Beipaxenun (18) €y, — MossipHas
TEIIOEMKOCTh Ta3a, a Cy — yaAesbHas, M — macca monekynsl, M - Ny, = M —

MOJIsIpHas Macca, 0 = MM — IJIOTHOCTH rasa.

Henenue 6a3x020 MmMpEenRus — nePperHoc umnyijibcd.
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B sTom ciyuae G (x) = MU — eCThb UMIYJIbC OJHOU MOJIEKYJbI, U — €€

ckopoctb. [loxcrasnss mannoe 3nauenue G(X) B ypaenue (13), momydaem
BBIPKEHHE JJIs1 TOTOKA UMITYJIbCa

1 _—-0G(x) dv
= _Z AL (19)
fmo 3n0v/1 0x ox
1  — 1 -
n=§n0v/1m=§pv/1 (20)

Benmnuuna 1) — ectb KO3(DPUIMEHT NTMHAMHYECKOW BSI3KOCTU. Y paBHEHUE
(20) BuepBbie nonyueno Ix. Makcsemiom B 1860 roxy.

JNlabopaTopHasn paboTta Ne 8
OnpepeneHue ckopoctu anccdy3um napoB BoabI B
BO3AYyX MO CKOPOCTU UcnapeHns Boabl

TeopeTuyeckas 4yacTb

PaccmoTpum  kanwuisip paxmyca 7, ypOBEHb JKMAKOCTH B KOTOPOM
HaXOIMTCS Ha PacCTOSHUM N OT BepXHEro Kpas Kamuuispa. KoludecTBo MoKyl

dN, ucnapuBiueecs U3 KUIKOCTU 3a BpeMs At paBHO

dN = —77,'7'2 dh pNa/M 21)

rne M - monspHas macca XUIKOCTH, O - €€ IUIOTHOCTh, Ah - u3MeHeHue
YPOBHS XKMAKOCTU B Kanmuspe, N, - uncio Asorazpo.

Ha rpanure pasaena ®UAKOCTb-TIAp UMEETCS JHHAMUYECKOE PABHOBECHE
MEX1y KOJIMYECTBOM MOJIEKYJN MepelieilinX U3 *KUAKOCTH B map u oOpatHo. B
3aKPBITOM COCYI€ 3TO KOJMYECTBO OJJUHAKOBO U YPOBEHB KUJIKOCTH HE MEHSETCSI.
B oTKpBITOM Kanmiisipe ypoBEHb KHIKOCTU OyAeT MOHMKATHCS 3a cUeT AU y3un
MOJIEKYJ Mapa 3TOM XKUAKOCTH W3 Kamwuisipa. Kak Obl1o mokasaHo B pasjene
Teopun (CMOTpH cooTHOLeHuE 14), nudpy3noHHBIN MOTOK MOJIEKYJ paBEH

on(x)
0x

I, = —
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HpI/IMeHHH 9TO COOTHOLICHHUEC AJIA paCCManHBaCMOﬁ 3aJlauu, U YUYUTbIBasd, 4TO

dN = [,, - dt - dS, nonyuaem

An
dN = —D Tmﬂzdt. (22)

[TpupasuuBas Boipaxkenus aas AN B (21) u (22), moaydaem ypaBHEHHUE JUIst
HaxoxaeHus kodpunuenta nupdysun D napoB )KUIKOCTH B BO3AYX

dh-p-N, An
v h (23)

_h-dh-p-N;  h-dh-p-Ng-kT
~ M-dt-An M-dt-(ng—n,) kT
_ h-p-RT (dh)
M- (pr —po) \dt/

B nomy4eHHOM BBIpaXXCHUU Py U D, - AABICHUE IIapa UCCIEAYEMOMN KUAKOCTH

(24)

BHYTPHM KallWJLIAPA U BHE €T0. 3/1eCh UCTOob30Bano, uto p = NkT,N, - k = R -

YHHMBEpCalbHas ra30Bas IOCTOsAHHas, K - mocrosHHas BonbiMana.

JlaBieHue mapa BOABI B BO3[yX€ BHE KalWLIApa P, MOXKHO HAWTH, 3HAA

BCIIMYUHY BJIAKHOCTH BO31yXa (l):

Po = ¢ * Dus (25)

I'ZI€ Py - JaBJICHUE HACBIIICHHBIX [TapOB BOABI Ul JAHHOW TeMIepaTypsl -
HAXOJUTCSA TO TaOJuIle, BIWKHOCTh BO3MyXa OMPENENseTCs MO KOMHATHOMY
IICUXPOMETDY.

Cnenyer MNOMHHUTH, 4YTO JaBJI€HHE TMapa Hal

HCKpHBHCHHOﬁ IMOBCPXHOCTBIO JKUAKOCTH B KaAIIUJIIIAPC pk

— Prap

HC paBHO pH - JABJICHUIO HACBIIICHHLBIX IIAPOB Haxl IJIOCKOM

MOBEPXHOCTBIO.

[TomyuuM  BbIpaX€HHE [JUJISI  HAXOXACHUA  DPj.
oL KUIKOCTh
VYcnoBueM TepMOAMHAMUYECKOTO paBHOBECHs JIBYX (a3 o

(kuakocTh) M [ (map) SBISETCS PABEHCTBO IOTEHIMAIIOB
I'u66ca >Tux nByx (as:

Gy = —SodT + Vydp, = dGg
Pucynoxk 1. = —S[ng + V[)’dpﬁ
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[Ipu TepmoauHamuueckoM pasHoBecur aByX (asz dT = 0, mosromy wus3

yenosus dGg = dGg, nonydaem

Vadpo = Vpdpp, (26)

Vg
=1

rie Vg u Vg - 06bembl | MO 5KMAKOCTH B 3KUIKOH 1 1apooOpasHoit dasax.

[Ipn WuCKpUBIEHHON TpaHuUlle pa3leia pa3HUIA MEXKIy HaBJICHUSIMH B
KOHTaKTUpYyIoUUX (a3ax paBHa JlarnaiacoBCKOMY J1aBJICHUIO

20
dpg — dp, = d (T cos 0), (28)

rae 0 - €CTh MOBEPXHOCTHOE HATHKEHHWE KUAKOcTH, O - KpaeBoit yroin
CMA4YMBaHUS )KUIKOCTBIO CTEHOK Kanwuisipa. JlJist BOJbI B CTEKIITHHOM KaIllWLUIApe

BenuurHy 6 MoXHO cunTaTh paBHOI 0.

[Toacrasmnss (27) B (28), moirydyaem

Vo — Vg 20
dpg - <T) =d (T cos 0). (29)

VuuteiBas, uto Vy, K Vg, acos@ = 1, n sweipasus Vg u3 ypasuenus

Knaneitpona-Menneneesa Vg = RT /p > TIOJIY4aeM YPaBHEHHE, KOTOPOE MOXKHO
IPOUHTErPUPOBATH
T

Pk
RT dpg B fd (20) (30)
D& 19ﬁ r)

Pu ©
[Tocnie uaTErpUpPOBaHUS UMEEM

20 _ RT Pk

” 7 In . (31)
nim
2V, o

I[aHHOC BBIpAXKCHUE MW JAac€T 3aBUCHUMOCTb OaBJICHUA IIapOB Han

MTOBEPXHOCTHIO KUIAKOCTH B KalMIUIApE paanyca 1. M3 mony4yeHHOro BhIpaXEHHUs
CIeAyeT, 4TO JNaBJICHUE I1apa HaJ IOBEPXHOCTBIO KUAKOCTU B KAIUJULIPE TEM
MEHBbIIIE, Y€M MEHbIIE paauyc Kamwuipa. [losromy sBileHHE KanWUIAPHOU
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KOHJICHCAIIUM B KanwjuisipaX NPOUCXOAUT TMPU AABJICHUAX TMapa KUIKOCTU
MEHBIINX, YeM Ha IUIOCKOM MOBEPXHOCTHU. 3a CUET 3TOTO SIBICHUS MPU OYCHb
BBICOKOI BJIQ)XKHOCTH BO3/yXa U MajOM paJuyce Kalmuuisipa BO3MOKEH 0OpaTHBIN
MPOILIECC- YPOBEHB KHUAKOCTHU B KAIIUJUIAPE CO BpEMEHEM OYIeT HEe MOHIKATHCS 13-
3a ucnapenuss W nuddy3uu, a HA000pOT, MOBBIMIATHCA H3-3a KAMWJUIIPHOU
KOH/JICHCAI[UH.

AKcnepuMeHTasribHas 4acTb

OCHOBHOM 4aCThIO YCTAaHOBKH SIBJIIETCS KalIMJUIAP, YACTUYHO 3aIl0JIHEHHBIN
BOJIOM, U MHMKPOCKOII, C TOMOIIBI KOTOPOTO HU3MEPSETCSA IOJIOKEHHE YPOBHS
AKUIKOCTHU. DIIEKTPOHHBIN OJIOK TO3BOJISIET ONPEETATh BpEMS MEXITY MOMEHTAMHU
WU3MEPEHUSL YPOBHS KUJIKOCTH, TEMIIEPATYPY OKPYKAIOIIETO BO3AYyXa, a TaKKe
OCYILECTBISIET TOJACBETKY Kanwjuisipa UId YIY4YIIEHHUS BHIMMOCTH YPOBHSA
KUJKOCTH B HEM.

NMopspok paboTbl
1. HOIIaTB Ha YCTAHOBKY IINTAaHHUC, BKIIIOYHUB TYM6J]ep «CCTb» YCTAHOBKH.

2. OrperynupoBaTh  MOJCBETKY  KaoWwuisipa  py4YKOHM  IMOTEHIHMOMETpA,
PaCIOJIOKEHHOU PSAIOM C TyMOJIEPOM «CEThY.

3. Ilpyu momMomM pEryaupoBOYHOTO BHHTA MHKPOCKOMA JIOOUTHCS YETKOIO
M300pKEHUSI MEHUCKA KUIKOCTH B TI0JI€ 3pEHUS MUKPOCKOIIA.

4. VYcCcTaHOBHUTH HYJIEBOE JEIEHUE MUKPOCKONA HA BEPXHUM Kpail Kanujuisipa U He
cmewamo e2o € xooe 6cetl pabomul. I3MepHUTh HAYAIBHYIO BEJIHYUHY A OT Kpas
Kanmujuisipa 10 MEHUCKA KUJIKOCTH.

5. 3anmchIBaTh BENMYUMHY N M W3MEHEHME YpOBHA kuakocth dh depes
npomexyTku BpeMern dt = 30 mun. Paccuurarh 10 MOJTyYEHHBIM JaHHBIM
cpenHee 3HaUeHHe BeanunHbl pomsseaeHus h - (dh/dt).

6. Paccuntare naBieHHe mapa BOABI B Kamwuisipe Py 1o ¢opmyne (32).
OnpenenuTs BIAXXHOCTh BO3JyXa B KOMHATE IO MCUXPOMETPY U PACCUUTATH
napiuaibHOe JaBJIeHUE MapoB BObI P, B Bo3ayxe 1o dopmyie (25).

7. Ilo moixy4eHHBIM JaHHBIM paccuuTath KO3PduureHT nuddy3un napoB BOJbI B
BO31yX 110 opmyiie (24):

D

B p - RT L (dh)
M - (Pk — Do) dt/)
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8. CpaBHUTH SKCIEPUMEHTAIBHO HalIeHHOE 3HaueHue Kodpduipuenta qudpdy3un
C TEOPETUUYECKUM, PACCUUTAHHBIM 110 (hopmyiie (15)

=T = kT 8RT _ 2kT RT
0 " 3V2-m-d2-p M  3m-d?-p (uM’

3aece P - armocdepHOe IaBiICHHE IO KOMHAaTHOMY Oapomerpy, 1 -

D =

W =

Temriepatypa, d - tuameTp MOJIEKyIIbl Bojisl, M - ee MonsipHas Macca.

Bce HGO6XOI[I/IMI)IC JaHHBIC OJIs1 BOABI B3ATHb U3 Ta6J'II/II_I.

KOHTpOﬂ bHbl€e BOMNPOCHI

1. BeIBeCTH BBIpakeHHUE [T HAX0KIAECHUS CpeiHel JUIMHBI IPoOera MoJIeKyJl
rasa A.

2. BeiBectn 00001I€HHOE ypaBHeHHE mepeHoca. [lomyuuTs U3 Hero
yYpaBHEHHUS JUIS TOTOKOB TEIIa, UMITYJIbCa U MAacChl, a TaKXe BBIPAKCHUS IS
K03((PHUIIMEHTOB TEITONPOBOAHOCTH, BSI3KOCTU U AU (DY3UH ra3oB.

2. PaccMOTpeTh 3aBUCHUMOCTb CpPEIHEH UIMHBI IIpoOera MOJIEKYN rasa, a
TaKke KOA(P(UIHMEHTOB TEIIONPOBOJHOCTH, BA3ZKOCTH U IU(PQPY3un ra3oB OT
TEMIIEpaTypbl U TaBJICHUS.

3. IlomyunTh BbIpKEHUA IJs JABJICHUS TMAPOB KUIKOCTH HAJ ILIOCKOMN
TpaHUIIEH pa3jiena U HaJl UICKPUBJIICHHOW MOBEPXHOCTHIO B KAIMILISIPE.

4. Kak Haiitn ko3ddunment nuddysun napoB KUAKOCTH MO CKOPOCTU €€
WCIIAPEHUs B Kanwiusipe?
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NaGopaTtopHaa pabota Ne 9.
OnpepeneHue KoachdpuumeHTa BA3KOCTU Bo3ayxa
KanunnspHbIM METO4O0M

TeopeTuyeckasa 4yacTtb

Omnpenenenre kodhduIeHTa BA3KOCTH BO3AyXa KAMMLISPHBIM METOIOM
OCHOBAHO Ha CJICYIOIIEM SBJICHUU: MTPH MPOKAYMBAHUN BO3/yXa Yepe3 KaluuIsp
Y4acTh BXOJHOT'O JIABJICHHS TEPSIETCSA Ha MPEOJIOJICHUE CHJI BHYTPEHHETO TPCHUS,
00yCIIOBJICHHBIX BS3KOCTBIO ra3a.

DyHKIUOHAIBHAS CBA3b MEXKAy JUMHON [, pammycom kammmwispa R,
pacxomoM Bosayxa (Q, morepeit (magenuem) nasinenuss AP u xosdduimentom
BSI3KOCTH BO3/yXa 1] yCTaHABJIMBACTCS C MOMOIIBIO hopmynvl Ilyatizetins:

TR*AP
8nl

OTta (bOpMYJIa CIIpaBCJIMBa JIMIIb IIpU MaJIbIX CKOPOCTAX IBHIKCHUA

(33)

YKUJKOCTH U rasa, MpU KOTOPBIX UX JBMKCHHE JJAMUHAPHO.
[IpumenuM mnostydeHHOE paHee cooTHouleHue (19) miga moroka uMITyabca
I,, = —1m(0v/0x) nna BeBoma Gpopmyssl [Tyaiizeiins.

Haiinem cHauana 3akOH M3MEHEHHS CKOPOCTH Ta3a BHYTpU TpyObl. Ilpum

JAMHHApPHOM TEYEHUM Ta3a B KPYIJIOU

Fop R ‘ TpyO€e €ro CKOpPOCTh paBHA HYIIO Y

R

CTEHKU TPyObl M MaKCHMMajbHa Ha OCHU

TpyOBl. PaccMoTpuM BBIZICIICHHBIN Ha

. PUCYHKE HHIMHAPUYIECKUI 00beM rasza

paguyca 1" ¥ IIMHEI L,

[ Ha ra3 B BblIEIIEHHOM 0OBEME

JIEUCTBYET, BO-TIEPBBIX, cuIIa,
PucyHok 1. oOyCJIOBJIEHHAs Pa3HOCTHIO JABJICHUS
rasza Ha ero Topiax, u paBHas

E, = (py — p)mr?. (34)

Ha 00k0oBYyI0 MOBEPXHOCTh JEHCTBYET TOPMO3SIIAs JBUKEHUE CHIIa BHYTPEHHETO
TPEHUS, MOJYJIb KOTOPOU paBEH
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Fy, = Iny - S = —n(0v/0x)2mrl, (35)

rae S = 271rl — miomans 6OKOBOI MOBEPXHOCTH LIUITMH/IPA.

[Ipy cTalOHAPHOM TEYCHHH Tra3 B BBIACICHHOM OObeMe IBHMKETCS 0e3
yckopenusi. CrieoBaTeibHO, CyMMa TMPUIOKEHHBIX K HEMY CHII paBHA HYIIIO,
nosromy F, = F,. Tlpupasuss Beipaxenus (34) wu (35), nomyyaem

nuddepeHanbHOe ypaBHEHHE

Jv

(py — py)mr? = —n—2mrl. (36)
ar
[Tocre pasaencHus MEPeMEHHbBIX PUXOIUM K YPaBHEHUIO
(p1 — p2)
dv = — Mrdr,
21l
HHTETPUPOBAHUE KOTOPOTO JIaeT
(p1 —p2)
- — M,ﬂ + C. (37)

4nl
[Mocrostuuas unterpuposanus C B (37) HaXoAMTCS M3 YCIOBHUS, YTO Ha
crenke TpyOsI (T.e. ipu 7 = R)ckopocts U = 0. D10 ycnoBuUe BHIIOIHIETCS IPU

C = (p; — p2)R?/4nl. Noxacrasuss 1o 3uauenne C B (37), monydaem

u(r) = (p14;lpz)

N3 coornomenust (38) ciemyer, 4TO CKOPOCTh Ta3a Ha OCH TPYyObI

(R? — r?). (38)

MaKCHMaJIbHA U paBHA

(p1 — p2)
Vly=0 = Vg =4—an2. (39)
CootHomienue (38), yunutbiBas (39), MOKHO 3anucaTh B BUJIE
U(T) — Uo(l - T'Z/RZ). (40)
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Taxum 006pa3oM, npu TaMUHAPHOM T€UEHUH

CKOPOCTbH Ta3a U3MEHSETCS C PACCTOSIHUEM OT OCH
— >
TpyOBI 1O MapaboIMYECKOMY 3aKOHY: )
Ucnonb3yst cooTtHomienue (40) MoOXHO Z
BBIYMCIMTE MOTOK rasa (J, T.e. oObeMm ra3a,
MPOTEKAIOIIUI Yepe3 MOMEePEUHOE CEUeHUE TPYObI
B eaunuiy BpemeHun. C 3TOH HENbI0 pa3oObem Pucynok 2.

ceueHre TpyOBl Ha KoJbla mmpuHoi dr . Yepes
KOJILIIO pajuyca 7 HpOMAEeT B €IMHMIly BpeMeHH o0beM rasza d(), paBHBIN
NpousBeNeHnI0 Twiomanu Komsna dS = 27mrdr ma cxopocts raza U(r) =

Uo(1 — 72 /R?) Ha paccTOSHHH T OT OCH TPYOBI:
dQ = vy(1 —1r?/R?) - 2mrdr. (41)

[TporHTErpUPOBaB 3TO BEIPAKEHHME 110 T B IIpeeax oT Hyis 10 R, momydunm
BBIPAKECHUE JJIS [IOTOKA ra3a

TR?v, Vg
=— =5, (42)
¢ 2 2

rae S — wiom@aabs ceueHus Tpyosl. [IoTOK MOXKHO MpeCTaBUTh KaK MPOU3BEICHUE
CPEJIHErO 110 CEYEHMIO 3HAUEHUs CKOpPOCTH U Ha miomans S. U3 (42) ciexyer, uTo
Py JIAMUHAPHOM TEUEHUM CpPEJIHEE 3HAYEHUE CKOPOCTHM pPaBHO IIOJOBUHE
3HAYEHHUS CKOPOCTH Ha OCH TPYOBI.

[ToncraBuB B (42) Beipaxkenue (39) mis Vg, noayuum ¢opmyiy [lyaitzeitns
(33).

3KCI'IepVIMEHTaJ1bHa$I 4yacTb.
OnuncaHue ycTaHOBKMU

OCHOBHOM 4YacCThlO JKCIEPUMEHTAIBHON YCTAHOBKH M0 ONPEACICHUIO
BA3KOCTH Bo3ayxa siBisiercsl kammuip mmeor [ = 0,1 v u gnamerpom d =
1,00 rm. Kanmmistp 3aKperiieH MEKIy IByMst OTOOPHBIMU KaMepaMH ¥ 4epe3 HEro
MPOKAYMBAETCS BO3/IyX OT MUKPOKOMIIPECCOPA, YCTAHOBJICHHOTO B MPUOOPHOM
omoke. Pacxon Bozmyxa omnpenensieTcss pPeoMeTpoM, INepenaja JAaBJIeHUs B
Kauuisipe M3MEpsieTCss MaHOMETPOM, KOTOPBIA TOJICOCIWHEH K OTOOPHBIM
Kamepam. PeoMeTp 1 MaHOMETp 3anpaBii€Hbl JUCTUUIMPOBAHHOW BOJOM.
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NMopsaaok BbINONHEHUs paboTbl
[lonath Ha yCTaHOBKY IUTAaHUE, BKIIFOUUB "CETh".

[InaBHO Bpamas peryaiarop BO3QyXa YCTAaHOBUTh pacXoJ BO3AyXa Ha
ONPEJEICHHOM JIEJICHUH IIKaJIbl PEOMETPA.

CHATB NOKAa3aHUS pEOMETPAa U MAHOMETPA JIJIs1 PA3JIMUHBIX PACXOI0B BO3IyXa.

IMoctpouts rpaduk 3aBucumoctd () or AP, oObscHuTh ero xoxa. BeiGpats
y4aCTOK Ha TOJIydEHHOM KpHUBOM, rie crpabemiuBa Gopmyna Ilyaizeins, u

paccuuTaTh 1Mo Heil K03 (PUIIMEHT BA3KOCTH BO3AyXa 1.

PaccuuTaTh CpEHIO apU(PMETHYECKYI0 CKOPOCTh MOJEKyd BO3ayXa U,
UCIOJB3Ys cooTHOIeHue (1).

N3 SKCICPUMCHTAJILHOI'O 3HAYCHUS BA3KOCTH BO3ayXa 1], paCCUUTATh CPCIHIOIO

JUTUHY CBOOOJIHOTO mpodera Z, UCTIONB3Ys cooTHoIIeHue (20)
n=1/2)pv A, e p = PM5¢ /RT - nnotnocts Bo3MyXa.

[To HaliieHHOMY 3HAa4eHUIO A, BOCIHOJIB30BABIIUCH COOTHOLIEHHEM (8),

onpenenutsh dPHEKTUBHBIA auamerp d MOJIEKYI BO3IyXa.

KOHTpOﬂ bHbl€e BOMNPOCHI

Kaxkue siBnenus nepenoca Bol 3Haete? [Ipu KakoM yCIIOBUM OHU ITPOUCXOJIAT, UTO
MEPEHOCUTCS B KAXKJIOM M3 HUX U 32 CUET 4ero?

Kaxkoii ¢usudeckuit cMbICT UMeeT TpagueHT ckopoctu? KakoBo HampaBiieHue
rpaueHTa CKOPOCTH B KallWJUISIPE U B KAKOM HANPAaBIICHUU TaM IPOUCXOIUT
MEPEHOC UMITYJIbCa?

BreiBectu popmyny Ilyaitzeiins.
. Uto Takoe nmamMuHApHOE W TypOyJeHTHoe TeueHrne? UTo Ha3bIBaeTCS YUCIOM
PeitHonbca?

Kaxkoit ¢puzmdeckuii cMpIci UMeEeT TMHaMUuYecKas Ba3KocTh? Kak qunamMmuueckas
BSI3KOCTh Ta30B 3aBUCHUT OT TEMIIEPATYPhI U TOUYEMY?
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JNlaGopaTtopHaa pabota Ne 10.
OnpepeneHune KoachcnumeHTa TenNonNpoBOAHOCTH
BO3ayXxa

TeopeTuyeckasa 4yacTtb

Kak wu3BecTHO, m100asi TepMOAMHAMHUYECKAs CUCTEMA, HaxoAsmlascs B
HEPAaBHOBECHOM COCTOSIHUM W TIPEJOCTaBJIEHHAs caMmMoi cebe, CTpeMHUTC K
COCTOSIHMIO paBHOBecHsl. Eciii yacTu cucTeMbl UMEIOT Pa3InyHyI0 TEMIEpPaTypy,
TO B CHCTEME BO3HHUKAIOT TEIUIOBBIE IIOTOKH, CTPEMSILHECS BBIPOBHSTH
TEMIEpaTypy IyTeM IMepenayd Temia OT Oojiee HarpeTblX YacTed K MeHee
HarpeTbiM. CylIecTByeT HECKOJIbKO MEXaHW3MOB IEpelayn TeIjia: KOHBEKLHUsS B
ra3ax M JKUJIKOCTAX, U3JIyYEHHE U MOJEKYJAPHBIA MEXaHU3M, OOYCIIOBJIEHHBIM
OOMEHOM HHEPruy CTAJKUBAIOMIMXCA MEXKIY co0oil Mojekyn. B nampHeimem
OyzaeM paccMaTpuBaTh TOJIBKO MOCIEIHUN MEXaHU3M TEIUIONEpe1adH.

Brelpaxkenue 1151 MOTOKa TeIUla B CpPelle B OJHOMEPHOM cCiyyae ObLIO

TOITY4eHO BO BBOAHOM pazzene (cMotpu cootHomenns 17-18): [, = — x0T /dx,

e ¥ — kodpdurment ternonposogaoctd, T /0X — rpaauenT TeMmepaTypsl.

Koapdumment TETUIONPOBOIHOCTH X SABJISICTCS BKHOM
TEPMOJUHAMHYECCKON XapakTepuCTUKOM BemiecTBa. COTNIAaCHO MOJEKYJISIPHO-
KHHETUYCCKOU TeOpUH, KOA(PPHUIIUESHT TEIIONMPOBOHOCTH ra30B MOYKHO HAWTH 1O

coorromennio (18): ¥ = (1/3)pVDAcy, rae p — mioTHOCTs Tasa, U —

cpenHeapuMeTHIECKas CKOPOCTh MOJIEKYJI ra3a, A — cpeiHss JIMHA CBOOOJHOIO

npobera, Cy — YHeNbHas TEIJIOEMKOCTb IIPH  IOCTOSHHOM  OOBEME.
OKCHEpUMEHTAIBHO YCTAHOBJIEHO, 4YTO COOTHOoueHHe (18) B 1enoM BepHO

OTpakaeT CBSI3b )Y C JPYTUMH XapaKTePUCTHKAMHU Tra3a, OIHAKO YHCIOBOU
KO3 PUIIMEHT HeCcKoJbKO otiauyaeTcss oT 1/3. JIns sxkupakocred BooOue He
CYLIECTBYET MOJ00HOM TeopeTuueckor (OpMyJibl, TO3TOMY OOJBIIOE 3HAYCHHUE
UMEIOT  OJKCIIEPUMEHTAJIbHBIE ~ METOABbl  OmpeleieHus  KodpQuieHTa
TEIUIONPOBOAHOCTH.

HauOonee W3BECTHBIN METO/I ompeeICHUS KodpuimeHTa
TEIUIONPOBOJHOCTH Ta30B OCHOBAH Ha IIPOLIECCE TEIUIONEPENAYM OT HArpeTou
HUTH, PACIOJIOKEHHOUN BAOJIb OCH TPYOKH, 3alIOJTHEHHON UCCIEAYEMBbIM Ta30M, K
CTEHKE CTEKJISIHHOW TpyOke. B kauecTBe HAarpeToil HUTH MCIOJIB3YETCS TOHKas
METAJZINYEeCKast IPOBOJIOKA, IO KOTOPOM IPOTEKAeT IOCTOSAHHBIM TOK. B
CTallMOHAPHOM pPEXHUME, T.€. IPU IOCTOSHHBIX TEMIEpPaTypax HUTH U CTEHOK
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TpyOKH, BBIIEIAEMOE U3 HUTH KOJIMUECTBO Tema () mepemaercs cTeHKaMm TpyOKu
u omnpenensieTcs: GopMysoun:
dT

dT
Q=1,S= _XES = _XEZ””’ (43)

3nech () — KOJMYECTBO TeIula, MPOXOMAIIEE B
CIWHUILy BpPEMEHHU, 4Yepe3 I[HIUHAPUICCKYIO
IOBEPXHOCTh pamuyca T, MBICJICHHO
NIPOBEJICHHYIO B MPOCTPAHCTBE MEXIYy HHUTHIO H
CTEHKON TpyOku, [ — njauHa TpyOKM M HHTH.
O6baHO gumMHa TpyOkm | MHOro Gomblie ee
pamuyca T,, Te. |>71,, uyro mo3Bomser

npeHeOpeyb TEIJIOBBIMHU IMOTOKAMHU 4Yepe3 TOPIIbI
TPYOKH.

ITocne Pa3aCIICHUA IICPCMCHHBIX B

ypaBHeHMH (43) umeeM: Pucynox 1.
dr 2mly
— = ———dT. (44)
r Q
WnTerpupys (44), nonyyaem:
2ml
11’1(1‘) = _XTT + C. (45)

[Ipu cranvoHapHOM pEXHUME TeMIEepaTypbl HUTH U CTEHOK TPYOKH HE

MEHSIFOTCSI CO BpEMEHEM W paBHBI 1y W T, COOTBETCTBEHHO. YUWTHIBas 3TH
IpaHUYHbBIC YCIOBUS, U3 (45) momyyaem:

| T, 2ml
n—=y—
T Q

Hcnonp3yst a1y dopMmyny, MOXHO HaWTH KOIDDHUIMEHT TErTIonpoOBOAHOCTH

(T, — T,). (46)

BO3/IyXa

_ QIn(r,/n) o 2ml
=g =1y M5 T XF(TH —To). (47)

JKcnepuMeHTasribHas 4YacTb.
OnuncaHue ycTaHOBKMU

YcranoBka st onpeneneHuss KodhGUIMeHTa TemIonpoOBOIHOCTA BO3AyXa
npu aTMOC(PEepHOM JaBICHUU TPEACTABISIET COOOW KOHCTPYKIIMIO HACTOJIHHOTO
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Tumna. TermnoBol MOTOK B YCTAHOBKE CO3JAETCS MyTEM HarpeBa BOJIb(HPaMOBOMA
MIPOBOJIOKH TTOCTOSTHHBIM TOKOM | OTIpeAeIsIeTcs Mo hopmyIie:

Uy Uy

R, ’

Q (48)

rne U, — mamenne HanpspKeHWs Ha HUTH, Up — HaJicHUE HanpsDKEHUs Ha
JTaJIOHHOM PE3UCTODPE, Rp — COIIPOTHUBIJICHUE YTAJIOHHOT'O PE3UCTOPA.

Pa3HocTh TeMmepaTyp HUTH U TPYOKH OTIpenessieTcs 1mo hopmysie

Us Upo 1+ at
= — = —_ —_— 49
AT (TH TO) UHO l’p 1 a ) ( )

rae o — TeMIepaTypHbiil KOdQPUIIMEHT COMPOTUBIECHUS Rp, t°C — Temmeparypa

Hapy)KHOU TPyOKH, paBHas Temmeparype Bo3ayxa, U, — majgenue HanpspKkeHUs Ha

HUTH B HArPETOM coCTOsHUH, U, — NajieHue HanpskeHusl Ha STAIOHHOM PE3UCTOPE
R, ipu Tom xe Toke Harpesa HuTH. Uyg u Upo — Nanenue HanpsikeHns Ha HUTH U
JTAJIOHHOM pe3ucTope Ry, TpH, Tak Ha3bIBAEMOM, KHETPEIONIEM» PEKUME PaOOTHI
yCTaHOBKU. [IpH 3TOM «HETpEoIEM» peKUMe Upo JOJKHO OBITH He Oosee 60MB.

3nauenus U,, U,, U,qo n U,y U3MepArOTCA C MOMOIIBIO OJHOTO BCTPOSHHOTO B
H» Yp» YHO p0
YCTAaHOBKY MULIMBOJILTMETPA. KHONKA IMEPEKIOUEeHHs MUUIMBOJILTMETPA Ha

usmepenue Uy umm U, Haxoaures Ha naHemu 3JeKTPOHHOTo 6710Ka yCTaHOBKH.

Takum 00pa3oM, ycTaHaBiIMBas C TIOMOIIBIO pEryJATOpa Harpesa

ONpeJIeNIEHHbINA TOK Yepe3 HUTh U u3Mepss 3Hauenus Uy u U, MoxkHO paccunTarh

no coortHomeHusaM (48-49) morok temta @ w pasHocts Temmeparyp AT =
(T, —T,) B ycrauoske. 3nas Q u AT = (T, —T,) mno dopmyne (48)

OnpeaestoT KOdhPUIIMEHT TeITONPOBOAHOCTH BO3ayXa X .

TexHMUYecKue xapakTepuCcTUKN YCTaHOBKU, HeoGxoaumble Ans
pacyeToB:

1. paguyc creknsaaoit pyoku 7, = (13 £+ 0,5) am

2. pamuyc mutu Harpesa 7, = 0,32 vm, nmana | = 0,402 u; Temneparypublii

koo duument conporusnenus pasen @ = 4,1 - 1073K 1,

3. CONpOTHUBIIEHHE ITAIIOHHOIO pe3ucropa Ry, = 7,5 Ow;

4. morpeuHocTh u3mepenus remmeparypsl Bozayxa 0,3°C.
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5. HarpeB HUTH OTHOCUTEILHO OKpyKaromiero Bozayxa ot 0 o 30°C.

NMopsaaok BbINOSIHEHUA PaboThl
1. BxirouuTh nutanue npudopa Tymonepom "cetp".
2. Bxmrouuth TyMOJep "Harpes".

3. Haxartb KHOIIKY C HaAIIUCbIO «Up)) I U3BMCPCHUA ITAACHUA HAIIPSXKCHUA Ha

ATAJIOHHOM PE3HUCTOPE.

4. YCcTaHOBUTH PYKOATKON "HarpeB" HalpsbKeHHE Upo He Oonee 60 ™MB
(«merperomuii pexxum»). IlepexiounB BOIBTMETP, U3MEPUTH MPU JTAHHOM
uarpese Uy.

5. CHoOBa HaXaTbh KHOIIKY « Up» Y YCTAHOBHUTh PYKOSITKOW "HarpeB" HampsiHKeHUE
Up B nuana3one 0,3+1,5 B. BeokiaB 2-3 MUHYTBI U3BMEPUTH COOTBETCTBYIOIIEE

3TOMY HarpeBy Hampspkenue Ha Huta Uy.

6. Ilo popmynam (48) u (49) paccunrarh moToK Teruia () 1 pa3HOCTh TEMIIEPATYD
AT = (T, —T,).
7. Tlo ¢opmyne (47) paccuutarh K03PHUITMEHT TEIJIOTPOBOIHOCTH.

8. M3mepeHus MpoBECTH MPHU 3-X 3HAYEHUSIX Up B nuanasone 0,3+1,5B.

9. Paccuurtarh TeOpEeTHUYECKOE 3HAUEHHE )Y 10 COOTHOLIEHHUIO (18) 1 conocTaBUThH
C JKCnepuMeHTOM. /[l pacdera TEOpETMYECKOro 3HAYEHHs HCIIOJIb30BATH

(bopMybL:

—pRTZ— IR _  |8RT 1 =7
Pe=M™ " T razp' T2 T A T3P
rne d = 3,2-1071%; — sddexrusubii auamerp Momexyn Bosmyxa, M -

MOJIIpHAs Macca Bo3ayxa, P — 1aBlieHre BO3Iyxa MPH YCIOBHUSIX SKCIIEPHUMEHTA.

KOHTpOﬂ bHbl€e BOMNPOCHI

1. [Tepeuncnuts OCHOBHBIE MEXaHU3MBbI TEeTJIOTePEIauH. [Touemy
TEIJIOMPOBOJHOCTh OTHOCUTCS K SIBICHUSIM mepenoca? Uro, moyemy u B KaKkOM
HaIpaBJICHUU IEPEHOCUTCA?

2. Kak MOXHO 3KCIIEPUMEHTAIIBHO ONPEACIUTh KO PHUITMESHT TEIJIOIPOBOIHOCTH
raza METOJIOM HarpeToil HuTu? BrIBECTU COOTBETCTBYIOIIUE COOTHOILICHHUS.
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3. Kak 3aBucutr KOAOUIMEHT TEIUIONMPOBOAHOCTA Tra3a OT JaBJICHUS U
Temrneparypbl? B deM 0COOEHHOCTH TEIUIONPOBOJHOCTH Ta3a B COCTOSIHUU
BakyyMma? [IpuHuun paboTsl Tepmoca.

4.Ilouemy B KauecTBe pabouyero 3JI€MEHTa YCTAHOBKM HCIOJb3YETCs
pacrosoXeHHAas! 6epMmuKaIbHO JJINHHAS HUTh B TOHKOM CTEKJIIHHOHN TpyOKe?
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NNaGopaTtopHaa pabota Ne 11
OnpepeneHue KpaeBbIX YriOB CMaYnBaHUsA

TeopeTuyeckasa 4yacTtb

N3BecTHO, yTO B OOJIBIIMHCTBE CIIY4aeB KUJIKOCTh, HAHECEHHOE Ha TBEPI0E
TEJ0 HE pacTEKaeTcs, a OCTAaeTCs B BUJE Kallld, KOHTAKTUPYIOLIEH C TBEpIOH
cpedoil mMoJ OmpeNeNieHHbIM YIJIoM. PacTexkaHuwe >XKUIKOCTH MO TMOBEPXHOCTHU
TBEPAOr0 TE€Ja Ha3bIBAETCS cMayugaHueM W MPOUCXOAUT TOJBKO B TOM CIydYae,
KOTJIa MOJIEKYJIbI JKHIKOCTU CUJIbHEE B3aUMOCHCTBYIO C TOBEPXHOCTHIO TBEPIOTO

Tena, 4eM MeXIy coOoi (Hampumep, BoJa Ha MOBEPXHOCTH YUCTOrO CTEKJIA).

Ecnm Momnekybl )KUIKOCTH B3aMMOJICHCTBYIOT IPYT C APYTOM 3HAYUTEIHHO
CHWJIbHEE, YeM C MOJIEKyJIaMH TBEPAOTO Teja, PACTeKaHWS HE MPOUCXOUT.
Kunkoctb cobupaeTcs Ha MOBEPXHOCTU TBEPJOTO Tella B KAIUTIO, KOTOpas, €CIH
Obl HEe OBUIO CHJIBI TSKECTH, UMena Obl moutu chepuyeckyro Gopmy. Ciyuaid,
OJIM3KUI K 9TOMY, HAOIIOaeTCsl IPU HAHECEHUH KaIUTM PTYTHU Ha CTEKJIO.

Mexay 5TuMH ABYMSI KPAMHUMHU CTy4asiMU B 3aBUCUMOCTH OT COOTHOIICHUS
WHTCHCUBHOCTU MOJICKYJISIPHBIX CHJI, JCHCTBYIOIIMX, MEXAY MOJEKyJIaMu
KUJKOCTH U TBEPAOrO Teja, BO3MOXKHBI CIydyal HE MOJIHOTO CMAayMBaHMS, KOrAa
Kalig JKUJKOCTH 00pa3yeT C MOBEPXHOCTBIO TBEPJOTO Teja ONpeeiIeHHBIN

paBHOBeCHBIﬁ YToJi, Ha3bIBaCMBbIi Kpaeevim _Vyeiaom, HUIN VYSAOM CMAYUEAHUA.

CrnemyeT UMETh B BUJY, YTO KpaeBoM yroy, oOpa3yemblil Kamiel Ha MOBEPXHOCTH
TBEPIOIO TeENa BCETJa M3MEPSAIOT CO CTOPOHBI kuakocTh. Ha pucynke 1

M300pakeHbl Karlii, o0pasyrolye Ha TBepaoil nomioxkke octpeiii 8 < 90° (a),
npsamoii 8 = 90° (6), Tymoii 8 > 90° (8) yromn.

7 0

a) 0) B)
Pucynok 1.

[Tonunoro HecmauuBanus, T.e. ciaydas, korma 6 = 180° wuwmkorma ne
HaOJIF01aeTCs, T.K. MEKIY KUIKOCTBIO M TBEPBIM TEIIOM BCET/Ia IEHCTBYIOT CHIIBI
HPUTSDKEHHMS, XOTS ObI U OUYE€Hb MaJIbIE.
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VYcnoBre paBHOBECHS KAaIUIU KUJIKOCTH Ha IMOBEPXHOCTU TBEPAOIO TEJa C BIIOJIHE
ONPENEIICHHBIM YIJOM KpPacBOr0 CMAyMBAHMUA OIPEIAEIACTCS IAEUCTBHEM CHII
ITIOBEPXHOCTHOTO HATKEHUA. PaccMOTprUM pUMEp TakOM Karulv Ha PUCYHKE 2.

OKpy>KHOCTb KalUIM, SBJIIOLIASCA MEPUMETPOM CMAUYMBAHMS, SBISETCS
TpaHULIEH B3aUMOJICUCTBUSA
Tpex cpea: V — raza (Bo3ayx), L G,
— KUIKOCTH, S — TBEPAOTO Tea.
Kaxmas wu3  moBepxHOCTEH
pazmena  oOjagaeT  CBOUM
MTOBEPXHOCTHBIM (nnu
Mex(a3HbIM) HATSKEHUEM.

Yurem, uro ko3 UIHEHT
MOBEPXHOCTHOrO HaTskeHus G

< >
onpezensier cuy, G, G Cosl S
NENCTBYIOIIYI0 Ha  EIUHHIY vs
JJIMHBI IEPUMETPA CMAUYUBAHUSL. PHCYHOK 2

Torna Ha eQUHUILY JUIMHBI

nepuMeTpa CMauuBaHus OyAyT NEUCTBYET TPU CHIIbI, M300paKEHHbIE HA PUCYHKE
2 COOTBETCTBYIOIIMMHM BEKTOpPaMHU M HalpaBJEHHbIE IO KacaTeIbHOHM K
COOTBETCTBYIOLIEH MOBEPXHOCTH paziena: (g — MOBEPXHOCTHOE HATSHKEHHE Ha
rpaHMile TBepioe Teiao — ras, Gy — MOBEPXHOCTHOE HATSHKEHHE HA TPAHMIIE

KUAKOCTh — ra3, (g — MOBEPXHOCTHOE HATSHKEHHE Ha IPAHUIE JKUIKOCTH —
TBepaoe Teno. Ilpu paBHOBECHHM S3THUX TpPEX CHJ, PACTEKAHHME >KUIKOCTU IO
MOBEPXHOCTU TBEPJOTO Tejla MPEKpAIaeTca. YCJIOBHEM 3TOTO PaBHOBECHS
ABJIIETCS] paBEHCTBO (0 CyMMBI TPOEKIUHN 3TUX CUJI BJIOJIb TOBEPXHOCTU TBEPJOTO
Tena:

GVS - GLS - GLV -cosf =0 (1)

riae Gpy - cos O — npoekius Gy HA IOCKOCTH TBEPIOTO Teja. Jl[aHHOe
ypaBHEHHE Ha3bIBAaeTCsl ypaBHEeHHEM FOHTa H SIBISICTCSI OCHOBHBIM YPaBHCHHEM
TEOpUH CMaunBaHusl. JIOCTOMHCTBO €T0 B TOM, YTO OHO MO3BOJISICT HAMTH BETHUUHY
Gys — Grs, DOKCICpUMEHTAIbHOE HAXOXKICHHE KOTOPOHW /O CHX MOp
HEBO3MOJXKHO, M0 3HAYEHUSM JOCTATOYHO JIETKO KCIEPUMEHTATEHO H3MEPSIEMbIX
napamerpoB Gy u COS 6. Hanpumep, ypaBuenue FOHra 1mo3BosiieT HaXOIHUTh
paboTy aare3Wd, XapakTEPU3YIOIIYI0 DSHEPIUI0  B3aUMOJICHCTBHS — MEKIY
MIOBEPXHOCTBIO TBEPIOTO TEJA M KHIKOCTBIO.
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Pabora agresun W, 4, 310 paboTa, KOTOPYIO HYKHO COBEPILHUTh, 4TOOBI OTOPBATH
OT €IUHHIIBI MOBEPXHOCTU TBEPAOTO Tela CTONOMK XHUIKOCTH. M3 pucynka 3
ciegyer, 4to  pabota
aaresuy paBHa pabote
00pa3oBaHMs MIOBEPXHOCTU I Gy
paszena SKUAKOCTh — ra3

(Gy) v TBepOE TENO — Ta3 , ‘l' """ 4 Gs G, _
.;l_/z

(Gys) BMECTO

IS
MOBEPXHOCTHU TBEPI0E |
\./\\_/
TEI0 — JKHIKOCTh, C
suepruei G g. PrCyHOK 3.
Takum oOpazom:
Waa = Gy + Gys — Gis (2)
Ho u3 ypaBaenus IOnra
GVS — GLS = GLV cos 6 (3)
Torna
Wad = GLV(l + cos 0) (4)

N3 Bcero ckazaHHOTO BBILIE CIAEAYET, YTO KUIAKOCTh TEM JyUIIe CMAaYMBAET
TBEPAOE TEJIO, YEM MEHBLIE B3aMMOJEHCTBHE MEXAy Mousiekyiamu. Hampumep,
YIJIEBOAOPOALI C MOBEPXHOCTHBIM HaTshkeHueM nopsgka 20 — 30 spr/cm?
IPAaKTUYECKU CMAuMBaIOT BCE TBEpJble Tejla (CTEKJIO, KBapll, HEOPraHUYECKHe
COJIM), PTYTh C OBEPXHOCTHBIM HATSDKEHUEM 475 5pr/cM? IOYTH BCE HE CMauMBAET
(KpoMe HEKOTOPBIX MaTEPHAJIOB).

C TepMoaMHAMHUYECKOW TOYKHM 3PEHHs CMAayMBaHUE SIBISIETCA IPOLIECCOM,
Opy KOTOPDOM B CHCTEME M3 TpeX CcolpuKacaroumxcs @a3 MPOUCXOAUT
yMEHbIIEHUE CBOOOJHON 3Hepruu. B camom Jnerne, mycTb O4YE€Hb TOHKUH CIIOM
YKUJIKOCTH PACTEKACTCSA MO MOBEPXHOCTHU TBEPAOTO TEJIA, KOTOPOE HAXOAUTCSA B
ra3oBOM cpele, U MyCTh IUIOLIAAb, MOKPBITAs JKUAKOCTBIO, B PE3yJIbTaTe 3TOrO

yBenmuntcs Ha AS. Tlpu aTom:

1. TToBepXHOCTH TBEPAOrO Tela, 'paHMYaiias ¢ ra3oM, ymenoiaercs Ha AS, B

pe3ynbTaTe 4ero MOBEPXHOCTHAS YHEPTHSI CUCTEMBI yMeHbImaetcst Ha Gy gAS.
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2. TloBepxHOCTb, Ha KOTOPOM KHJKOCTh COIPUKACAETCA C Ia30M, YBEJIUUUBAETCA

Ha AS , B PE3YJIbTATC 4CTO ITIOBCPXHOCTHAS QHCPI'HUA CUCTCMbI YBCIIMIMNBACTCA HaA

G,y AS.

3. Ilmomane mexda3zHON MOBEPXHOCTU MEXIY KUIKOCTHIO M TBEPJBIM TEJIOM

yBennuuBaercs Ha AS, B pe3ysbTaTe NMOBEPXHOCTHAS DHEPIHs YBEIMYHBAETCS

Ha GLsAS.

T.o. u3BMeHeHre MOBEPXHOCTHON PHEPTUU IIPU paCTEKaHUU OY/ET:

12 - Il - _GvsAS + GLVAS + GLSAS == AS (GLV_GVS + GLS) (5)

Ho KHUAKOCTD paCTCKACTCA JIUIIb €CJIIN:
GVS > GLV + GLS (HpH cosf = 1)
T.e. GLV + GLS - GVS < O

Otkyna I, — I; < 0, 1.e. aHeprust cucTeMsl mocie pactekanus I, MeHbIie

OHCPIUU CUCTCMBI 10 PACTCKAHHA 11 .

JKcnepuMeHTaribHasa 4YacTb

Ha npeameTHbI CTONMK MUKpOCKONA KIAAYT IUIACTMHKY W3 MaTepuaia,
CMayMBaHUE KOTOPOTO M3Yy4yaroT (CTEKJI0, METall, MiacTuk). Ha kpail mmacTuHku
HIITPUIIOM HAHOCAT KaIUTIO KUAKOCTU. PazMep karum He 107KeH npeBblmaTh 2 — 3
MM. B 3TOM ciywyae Karil0 MOMKHO CuUMTaTh CHEPUUYECKON U KpaeBOW Yro
CMa4YMBaHUs MOXKHO OyJIeT paccuuTarh 1o Gopmyse:

6 2h M
tg - = —
2 d

rac h — BBICOTA KallJIH, d — AHaMCTP KaIlJId Ha IIOBECPXHOCTHU TBEPAOI'0 TCIIA — PHUC.
4.

3HaueHusd h U d HaAXOOAT C
ITOMOIIBI0 MUKPOCKOTIA, 00BEKTHB
KOTOPOTO  UMEET  CEeTKy ¢

h nenenusvu. Kak cremyer u3 (1)
) pemmunHa 6O He 3aBucuT OT
d pasMEpHOCTH & U d, HEOOXOAMMO

JUIIb, YTOOBI WX Pa3MEPHOCTH
PucyHok 4. O 0MHAKOBEI. [loaTOMy /4 1 d
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MOKHO BBbIpaXaThb NHPOCTO B YHCIE JENEHUH MUKpockoma. Takum oOpa3om

HaxoxkaeHue 6 CBOAUTCA K CIEAYIOIEMY:

l.

W N

© N Wk

HaCTpaI/IBaI'OT MHUKPOCKOII Tak, yTOOBI Karuig Obliia BHUAHA B IIOJIC 3PCHUA
MUKPOCKOIIA.

[loBopaunBarOT CceTKy OOBEKTMBAa Tak, 4TOOBI OHa pacroJjarajiach
ropusoHTaigbHO. [Ipon3BosAT 3aMep 3HaUEHUM d.

VY cTaHaBIMBAIOT CETKY BEPTUKAIBLHO U MMPOU3BOISAT 3aMep A.
ITo dpopmyiie (1) paccunthiBaroT 6 118 JaHHOM KaILId U JAHHOTO TBEPIOTO TEa.

JIJst KasK70T0 TBEPIOro Tella pacCYMTHIBAIOT 3HaYeHus 6 He menee yeM it 10

KaIICJIb. HaXOI[HT CPCAHCC 3HAUCHHNC 0 AL JTaHHOTI'O TBEPAOIro TCjia, OOCHHUBAIOT
TOYHOCTB.

OnBIT MOBTOPSIOT /IS 3 PA3IUYHbBIX TBEPBIX TEII.

KOHTpOﬂ bHbl€e BOMNPOCHI

. Yto Takoe KpaeBoﬁ YIroJjl CMa4YuBaHHA, pa60Ta arce3nu u Kore3uu?

BeiBectn ypaBHeHue HOHra.

[Tokazatrk, 4TO IPU CMAaYUBAHUU IPOUCXOAUT YMEHBLIECHHE CBOOOIHON SHEPTUU
CUCTEMBI U3 TPEX COINpHUKacaroumxcs ¢as.

BriBectu ypaBHenue (1) Ay pacuera KpaeBoro yriia CMaurMBaHHMsL.

OOBSICHUTH MOIOIIIEE CBOMCTBO MbLJIa C TOUKHU 3PEHUS SABJICHUSI CMAYMBAHMUSL.
Kak M0XHO HOCHUTH BOJy B peliere?

BnusiHue yria cMauMBaHMs Ha OJHATUE )KUJKOCTH 110 KallWJUISPY
JlanutacoBCKOE [1aBJIEHWE B KamWUIApax, W3MEHEHUE €ro HalpaBJieHUS B
3aBUCUMOCTH OT KPaeBOro yrja CMaulBaHUSI.
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NaGopaTtopHaa pabota Ne 12
OnpepneneHve NOBEPXHOCTHOrO HaTAXXeHUA
KanesfibHbIM MEeTOA0OM

TeopeTuyeckas 4acTb

Monekyibl KUIKOCTA PACTIOJIOAKEHBI HACTOIBKO OJIM3KO APYT K APYTY, 4TO
CUJIBI TIPUTSKCHUSI MEXKJYy HUMH HMMEIOT 3HAYMTENIbHYIO BeJIWYMHY. biaromaps
CUJIBHOMY B3aHMOJICMCTBUIO MEXAY MOJEKYJaMH, CBOMCTBA JKHUJIKOCTEU
CYIIECTBEHHO OTJMYAKOTCS OT CBOWCTB ra3oB. | paHMYHBIA CJIOW, OTIEIISIOIIUN
YKUJKOCTh OT OKPYKAIOIIIEro €ro MpoCTPaHCTBa, 001a1aeT 0COOBIMU CBOKMCTBAMU.

PaccmoTpum  cuiibl, JEWCTBYIOIIME HA MOJIEKYJIY BHYTPH JKUIKOCTH
(pucyHOK 1). Ha BBIJICJICHHYIO MOJICKYJy IEHWCTBYIOT CHJIBI OTTAJIKUBAHUSA CO
CTOPOHBI HEMOCPEJACTBEHHBIX COCENCH M TMPUTSHKEHUH CO CTOPOHBI MOJIEKYI,
HAXOJAIIMXCS ~ HE  Jajee  ONPENCIICHHOTO0  paguyca  MOJIEKYJISPHOIO
B3aMOJICUCTBHS.

YcpenHeHHas 10 BPEMEHU BEIMYMHA PABHOACHCTBYIOIIEW BCEX CUI IS
MOJIEKYJIbI, HAXOIALIECS BHYTPH KUJAKOCTH HA 3HAYUTEIBHOM PACCTOSIHUU OT €€
MOBEPXHOCTH, PaBHA HYJIO (HO B Ka)AbIN
KOHKPETHBII MOMEHT JTa CWIAa HE PaBHA
HYJIIO, B PE3YJIbTaTe MOJIEKYJIbl KUIKOCTH

BHYTPH €€ COBEpIIAIOT XaOTHYECKOE,
OpoyHOBckoe aBwxkeHue). MHas kapTuHa
HAOJTI0JIaCTCS HA MMOBEPXHOCTH JKUIKOCTH,

IMOCKOJIBKY B HaxoaA1meMcCest Hanqg

MOBEPXHOCTHIO JKUAKOCTH Trasze (mape) -
9UCIO0 MOJCKYJI B €IUHHIE o0beMa v F;

KHUIKOCTU Ny MHOTO OOJIBIIIE, YEM B ra3e Pucynox 1. Cunbl, geiicTByronme Ha

MOJICKYJIY BOJbI B IOBEPXHOCTHOM CJIOC.
Npa3, TO €CTH YAy BOA P

Nra3, Ny — KOHLIEHTPALIMKA MOJIEKYIT
My 2 Nras, BOJIbI B TA30BOM M KUIKOW Cpenax, FE —
B pe3ynbprare Ha KaXKIYIH0 MOJEKYITY PaBHOAEHCTBYIOLIAs TOBEPXHOCTHBIX
B IIOBEPXHOCTHOM CJIO€ JEHUCTBYET CHIIA, CHIL.
HalpaBJICHHAs BHYTPb >XUAKOCTU. M3-3a 3TOM CHIJIBI ITOBEPXHOCTH MKUJIKOCTH
MPUHUMAET MHUHUMAJIBHYIO IUIOMIAAb (BCE JUIIHKWE MOJEKYJbl BTSATHBAIOTCS

BHYTPb )KI/I)IKOCTI/I) M HaXOOUTCA B TaK HA3bIBACMOM JKHIKO-PACTAHYTOM
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COCTOSHUM TMOJOOHO CTpeMsIIeNcs CKaTbCs
yOpyroi pactsaHyToil 1uieHke. CiieqoBaTeNbHO,
cuna F, wusobpaxennas wHa puc. 1, Ha
MAaKpOypOBHE IIPOSIBIISIETCSI B BO3HUKHOBEHUU
CHJIBI IIOBEPXHOCTHOTO HaTSDKEHUS,
HAaIlpaBJICHHOM IO  KacaTelpHOM K €€

NOBEPXHOCTH. lIpHunHy 3TOro JE€MOHCTPHUPYET
IIPUBEICHHBIM CIpaBa PUCYHOK. JIerko BUIETH,
4TO, €CJIU TSHYTh 32 KOHIbl BEPEBKU HA 3TOM PUCYHKE BHU3, TO B JIIOOOM TOUKE
TOPU30HTAJILHOTO Y4YacTKa JTOW BEpPEeBKM IO KacaTelbHOM K HeH OyayT
JNEWCTBOBAaTh CHWJIbI PABHOM BEJIWYMHBI W TIPOTHBOINOJIOKHO HAIPABICHHBIE,
MOJEIUPYIOIINE CHIY IOBEPXHOCTHOTO HATSKEHHS B JKUAKOCTH. OJTa CuUia
IIPONIOPLIMOHAJIBHA JUIMHE KOHTYpPA:

rae koddduireHt nponopuroHaasHocT 0 (H/M) HazbiBaeTcss kodPduiineHTom
MTOBEPXHOCTHOTO HATSHKEHUS, KOTOPHIM YHCIICHHO PAaBEH CHIIC, MMPUXOISAIICHCS Ha

CANMHULIY MJINMHbBI KOHTYpa, l — IJIMHA KOHTYypa. Tak kak cuiaa — BeIMYMHA

BEKTOpPHAs1, TO U BEJIMUYMHA O 10 ompeaeneHuro (1) Toxxe BeKTOpHAsI BETUYUHA.

ITockoabKy Ha MHUKPOYPOBHE MEpPEMEIICHUE MOJIEKYJ B MOBEPXHOCTHBIN
cJjoil TpebyeT coBeplleHHs] pabOThl MPOTUB MU300pAKEHHON HAa pUC. 1 CHIbI, TO
MOBEPXHOCTHBIN CJIOM KUIKOCTU 00JaJaeT MOTCHIIMAIBHON YHEPTHEH, BEIMUMHA,
KOTOPOU MPOIOPIIMOHATbHA BEIMUNHE TOBEPXHOCTH KUJIKOCTH:

E=0-S (2)

[lo cootHomeHuto (2) KOA(p(UIMEHT MNOBEPXHOCTHOIO HATSDKEHUS O
(J>x/M0B), UMCTIEHHO PaBEH CBOOOIHOM MOBEPXHOCTHOM SHEPTUU, IPUXOAALIEICS
Ha €IMHHUILY IUIOIIAJM MOBEPXHOCTH, U SIBJIAECTCS YK€ CKAJISAPHON BEIMYUHOM.
Benuunna 0 — eguHCTBEHHAs B (PM3UKE BEIMYMHA, KOTOpas B 3aBUCHUMOCTH OT
3a/1aud, MOXET SIBIATHCS JTMOO BEKTOPHOM, JTUOO CKaJISpHOW BeMunHOU. Jlerko
yOemuThCs, YTO Pa3sMEpPHOCTH O, BBOAMMBIC MO ompeaeneHusm (1) u (2),
UJICHTUYHBI.

Ha rpanuiie pasznena AByX HE CMENIMBAIOIIMXCS KUAKOCTEH TaKKE UMEETCS
YETKO BBIpRXKEHHAs TpaHUIA pa3jiesia MEXIy HMMH, a CBOMCTBAa MOBEPXHOCTH
paszzmena yaoOHO OMHMCHIBATH C TIOMOIIBI0  KOY(PDUIIMEHTA Mexchaznozo
HATSKEHUS.
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Uzyuast mexdasHoe HATSHKEHHE MEXAYy MABYMS SKUIKOCTSIMH, HaJo
YUYUTBIBATh MX BPEMEHHYK) PACTBOPUMOCTb, T.K. Yalle BCErO0 HAAO0 H3MEPSITH
Mex(pazHOe HAaTSHKEHHE B3aUMHO HACBIIIIEHHBIX PAaCTBOPOB.

Pe3ynpTaThl SKCHEPUMEHTAIBHBIX H3MEPEHUN MeEX(Pa3HOTO HATHKEHUS
Obutn  0000meHsl [.H. AHTOHOBBIM B BHAE NPUOIMKEHHOTO IIpaBUJIA!
KoI(hhuyuenm mexchaznozo namsarceHun Ha 2panuye 08yx HCUOKocmeil pagen
paznocmu  KoI(puuuenmos noBEPXHOCMHBIX HAMANCEHUN UX 63AUMHO
HACHIUWEHHBIX PACHIEOPOE.

]_IJ'ISI HN3MCPCHUA Me}K(i)aSHOFO HATAOKCHUA  IIPUMCHAIOTCA  TC  JKC
OKCIICPUMCHTAJIbHBIC  MCTOJAbI, YTO W TJII HU3MCPCHUA KO3(I)(I)I/IHI/I€HT8,
IMOBCPXHOCTHOI'O HATAKCHUA )KPIIIKOCTGIZ, rpann4anux cO CBOUM IIapOM.

Teopua metoaa

Cy1iecTByeT HECKOJIBKO PAa3IMYHBIX METOJIOB OIpeneaeHus ko3 duirenrta
MOBEPXHOCTHOTO HATSKCHHSI: KAMWULIPHBIA METOJ, METOJ MaKCHUMalbHOTO
JABJICHUsI y3BIPbKOB, METOJ cueTa Kameiab U Jpyrue. B 3Toil mabGopaTopHoit
paboTe HKCIEPUMEHTAJIbHOE OIpeAesieHne KO3(P(PUIMEHTa NOBEPXHOCTHOIO
HATSDKEHUS TPOBOAUTCS KaeIbHBIM METOIOM.

PaccmoTpum nporiecc oTpbiBa Karesnb. [[pubinkeHHO MOXKHO CUMTATh, YTO

B MOMEHT OTpbIBA KaIlJii OT Kanuuisipa (TpyOKH) BBIMOIHSAETCS yCIOBUE:

P=2n-'r o (3)

rae ' — paadyc KoHUa TpyOKH, 0 — KO3(P(PUUMEHT MOBEPXHOCTHOTO
HaTsDkeHus, P = mg — Bec kamm.

= = 4
9 2nr  27r @

bonee TouHOe cooTHouieHHE (5) Y4YUTBHIBACT OTJIMYUE pajuyca OTphIBA
KaIlId OT KanWJUIAPHOUN TpyOKH (pUCYHOK 2):

m V V V
Uz_g.p(_)zu.p<_>’ (5)
r r3 r r3

4 .
rae V — o6wem kamm, F | — | — Tabnmunoe 3Hauenue (He myTaTh ¢ CHIION B
T

hopmyre (1)!)
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Tabmuma 1.
V/r®) F V/r®) F V/r®) F
5000 0,172 2,637 0,26224 0,816 0,2550
250 0,198 2,3414 0,26350 0,771 0,2534
58,1 0,215 2,0929 0,26452 0,729 0,2517
24.6 0,2256 1,8839 0,26522 0,692 0,2499
17,7 0,2305 1,7062 0,26562 0,658 0,2482
18,28 0,23522 1,5545 0,26566 0,626 0,2664
10,29 0,231976 1,4235 0,26544 0,597 0,2445
8,19 0,24398 1,3096 0,26495 0,570 0,2430
6,662 0,24786 1,2109 0,26407 0,541 0,2430
5,522 0,25135 1,124 0,2632 0,512 0,2441
4,653 0,25419 1,048 0,261 0,483 0,2460
3,975 0,26661 0,980 0,2602 0,455 0,2491
3,433 0,25874 0,912 0,2585 0,428 0,2526
2,995 0,26065 0,865 0,2570 0,403 0,2559

JKcnepuMeHTasribHas 4acTb.
OnuncaHue ycTaHOBKMU

OKCIEpUMEHTAJIbHAsT YCTAaHOBKA COCTOUT U3
MHUKPOMETPUYECKOTO HIpUIA TUTST
BbI/IaBJIMBAaHUs Kalleib KUAKOCTHU, MOJACTABKU U
CTEKJIIHHOTrO crakaHa. C MOMOUIbIO JTaHHOM
YCTAaHOBKHA MOYHO OIpPEAEIUTh KOIPPUIUEHT
MOBEPXHOCTHOTO HATSHKEHMSI KUIKOCTH, €CIU
KalJId MUCCJENYEMOM JKUIKOCTH TNaJarT B
IyCTOW CTakaH. MOXHO TakXe W3MEPUTH
Ko3(ppunmeHT Mex(asHOro HATKEHUS, IS
4ero HeoOXOJWMO 3arloJHHUTh CTakaH JApPYrou
ynobctBa  paboThl €

KHUIKOCTAIMU pa3HI/I‘IHOI\/’I IIJIOTHOCTHU YCTaHOBKaA

JKUJAKOCThIO.  Jlns

CHa0>XeHa MPSIMBIMU W HM30THYTBHIMU HTJIAMH.
Macca BbIHABIMBAEMOM KaIlIM ONPEIEIISIETCS
M0 U3BECTHOM IJIOTHOCTHU XKUIKOCTH U 00BEMY
KaIUIM, KOTOPBIM H3MEPSETCA C IIOMOIIBIO
MUKpoMeTpuieckoro Bunta. Ha popmupoBanue
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Ha Kariro B MOMEHT OTpBIBA. O —
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mg — cuna TSOKECTH; 1 — pagnyc
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Ka)XIO0W Karuii HeoOXOJUMO 3aTpauynBaTh HE MEHEE MHHYTHI, IPUUYEM OCOOEHHO
OCTOPOKHO IIPOBOAMTH IIOCJIEIHIOK CTaAUI0 (POPMUPOBAHUS HENOCPEICTBEHHO
nepea OTPbIBOM Karlu.

YnpaxHeHue 1.
OnpeaeneHune koadpcdunumeHTa NOBEPXHOCTHOIO HaTSXXEeHUA

BOAbl
1. 3anoaHWTh WINpUL JUCTUIIMPOBAHHON BOJOM.
2. YKpenuTs IIPUI] Ha TOJICTaBKE, COOpaTh YCTAHOBKY.
3. OnpenenuTs HaYaIbHYIO TOYKY OTCUETAa HA MUKPOMETPUYECKOM BHHTE.
4. IlpousBectu n3MepeHus: 00beMa Kareb.
5. 3aHecTu Bce HEOOXOAUMBI JaHHBIE B TAOJIUILY U POU3BECTH PACUETHI.
Ne onbita Al V=AIl-S F o Ao
1
2
3
4
5
YnpaxHeHue 2
OnpepeneHune KoadpcpunumeHTa MexcasHOro HaTsXKeHus
ncenenyembix XXuagKkocrteun
1. IIpocymuTh WIPHUILL U 3aTIOJIHUTH UCCIEAYEMOU KUIKOCTHIO.
2. CobpaTb yCTaHOBKY.
3. Hanute B cTakaH BTOPYIO UCCIEYEMYIO KUIKOCTb.
4. IlpousBecTu u3MepeHus: 00beMa Kaneib, Kak B MPEAbIIYIIEM YIPKHEHHUH.
Ne onbita Al V=AIl-S§ F o Ao

1

N Bl W

5. Paccuutath k03 duimeHT Mexx(pazHOro HaTSKEHUS
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Apy
o =——gVF
r
rpe r — pagdyC WIOJIKM IINpUIA, Ap>K — Pa3HOCTh ILIOTHOCTEMN

HCCIIeyEMBIX XKHUIKOCTEN, KoHCcTanTa I — onpenensercs u3 Tabmunpl 1.

KOHTpOnbHbIe BONPOCHI
1. KakoBbI 0coObIE CBOICTBA IMOBCPXHOCTHOI'O CJIOA )KHI[KOCTI/I?

2. Kakyto pabory HEOOXOAMMO COBEPIIMTH JJii HW3MEHEHUS BEITUYUHBI
MOBEPXHOCTH KUJIKOCTH?

3. Yto Takoe CHubl IOBCPXHOCTHOI'O HATSDOKCHUSA?

4, I[Ba OIIPCACIICHUA KOB(I)(bI/I]_II/IeHTa IMOBCPXHOCTHOI'O HATAKCHHA }KI/IIIKOCTeﬁ )51
HnX CYTb. HpI/IBeCTI/I IMpUMCPBI 3aJa4, B KOTOPBIX MCIIOJIB3YIOTCA 3TH OBa
OIIpCACICHUA].

OT yero 3aBUCUT (bopMa IMOBCPXHOCTH JKUAKOCTHU U €C MOJIOKEHUE?

6. ChopmynupoBaTh MpaBuwiio AHTOHOBA.
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NaGopaTtopHaa pabota Ne 13
OnpepeneHuve yaenbHOU TennoThbl NNaBfieHNUA U
TensioeMKocTu napaduHa.

TeopeTuyeckasa 4yacTtb

dPa3oBble nepexoanbl U pasoBblie AUarpaMmmbl.

dazoBbie iepexopl I pooa Mexay Tpems pazaMu BEmIecTBa: ra3000pa3HbIM
(1), xxugxkum (2) u TBepabiM (3) (McmapeHWe W KOHJEHCAllWs, TUIABICHUE U
KpUCTAJUIM3aIMs, CyOJMMalusi ¥ BO3TOHKA) OIMCHIBAIOTCS  YpaBHEHUEM
Knaneiipona- Knaysuyca:

dp _ q12 S 0 dp _ q13 > 0: dp _ q23
dT T(vy—v,) dT T(vy—v3) dT  T(vy, —v3)

(1)

IZie  — yAelbHas TeioTa (pa3zoBoro nepexona, V — yaeiabHblii 00bEM BEIIECTBA.

P A . Jlnsg  (a3oBEIX EPEXOJ0B
" B B ra3<>XUJKOCTb (12) u
raz<>TBEpa0e TEJIo (13)

IIPOU3BOHEIE dP/dT

MOJIOYKUTEBHBI JJIs1 BCEX BEILIECTB.
Jls OOJIBIIMHCTBA  BEIIECTB

dP/dT > 0u npu da3oBbix

nepexogax KHUIKOCTb<>TBCPIOOC
TCIO0 - TaKHueC BCIICCTBA

Ha3bIBAIOTCsA HOPpMaJIbHBIMH.

OnHako UMETCI U aHOMAJIbHEIE

v
T Bewectsa (manpumep, Boja U Jex),

PucyHok 1. ®a30Bbie 1HarpaMMmei. mis kotopeix dP/dT < 0, 1x
Ui HUX V3 > Vs

\Hpez{CTaBneHHe O BO3MOXXHOM (pa30BOM COCTOSIHUM BEIIECTBAa TNpHU
Pa3IMYHBIX TEMIIEpATypax U JaBJIEHUSAX HanOosee HArIsJHO MOXHO MOJTYYUTh MO
(da3zoBbIM nuarpamMMmaM. Dazoevle Ouazpammvl — FEOMETPUUECKOE N300paKEHHE
(a30BOTr0O COCTOSTHUS CUCTEMBI B 3aBUCHMOCTH OT TeMrepatypbl 1 u naBienust P —
puc. 1. Kaxnas Touka Ha KpUBBIX pHUC. | COOTBETCTBYET YCIIOBHIO PaBHOBECHS
mexnay aByms (asamu. Ilostomy B ABYyX()a3HOM COCTOSIHUM BEIIECTBO MOXKET

HAXOAMUTHCA JIMIIb BJOJb N300paXEHHBIX Ha pUC. | KPUBBIX, B OAHO(A3HOM - BHE
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kpuBbIX (S — TBepaoM, L — skupkom, G — razoobpasnom). Touka O HasbiBaeTCs
TPOIHOM TOUKON U COOTBETCTBYET PABHOBECHIO BCEX TPeEX (as.

4
Ha puc. 1 muonu OB u OB’ wna3biBarorcs KpUBLIMH IUIABJIEHUS WM
/
kpucrammsanyu (OB — nna sopmanbueix Bemects, OB’ — s aHoManbHEBIX).
JI1sl HOpMaJIbHBIX BELIECTB IIPU YBEIMUYEHUU JABIEHUS TEMIIEpATypa IUIaBICHHs
TIOBBIIIAETCS, 4 I aHOMAIIbHEIX, Ha000poT, noumkaercs. AQ — KpuBas BO3TOHKU

WIH CyOIMManyy — KpUBasi PaBHOBECUS T'a3<>TBEPAOE TEIIO.

NnaBneHue TBEpAOOro Tena

VY KpPUCTaJUIMYECKUX TEJI IIPHU ITOCTOSIHHOM BHEILHEM JABJICHUM ILJIABJICHUE
IIPOUCXOJUT IIPU OIPEACICHHON TEMIIEpaType, Ha3bIBAEMOM TeMIEpaTypou
wiaBieHus. lIpeamnonoxuMm, 4YTO0 K KPUCTALUIMYECKOMY TEIy €XECEKyHIHO
MOJBOJIUTCSA OJTHO M TO K€ KOJIMYECTBO TEIIOTHL. Torga ero remmneparypa OyaeT
MOCTENEHHO BO3PAcTaTh J0 TEX MOp, IOKa HE JOCTUTHET TEMIIEpaTyphl IUIABJICHUS
(pucynok 1, Ttouka I). OTHOIIEHHE >IEMEHTAPHOTO KOJUYECTBA TEIUIOTHI 00,
COOOUIEHHOr0 Telly NpH HarpeBaHWHM, K COOTBETCTBYIOILEMY HW3MEHEHUIO
TEMIIepaTyphl Tella, HA3bIBAETCS TEINIOEMKOCTBIO.

C=-% @)

A i

T

o

Az Az, Aty t,°C

Pucynok 2.

KonuuecTBo TemioTel, HEOOXOAMMOE JIJIsi TIPEBpaIlleHUs] TBEPAOTO Tejia B
KUJKOCTh TPU TEMIIEpAType TIUIABJICHUS HA3bIBACTCA YNEJIbHOW TEIIOTOM
[UIABJICHUS:

qz23 = Uy —U; + P(vy —v3), (3)
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rae Uy ¥ U, — BHyTpeHHUE SHEPTUM €ANHUIIBI MACCHI BEIIECTBA B JKUIKON

U TBepaoi dase, Vo U V3 — yIelbHbIE 00bEMBI JKUAKOCTH U TBEPAOTO Tena, P —
MIOCTOSTHHOE JIaBJICHUE, PU KOTOPOM ITPOUCXOIUT IJIABJICHHE.

3aBUCHUMOCTh TEMIIEPATYpPhl IUIABJIEHUA OT JABJICHUSA OIHCHIBACTCS
ypaBHeHueM Kuaneitpona—Knaysuyca (1). OOpatHblil mpoiiecc mnepexoga u3
KUJKOM YacTU B TBEPAYIO Ha3bIBaeTcs Kpucrtamiuzanueil. Kpucrammmzanus
CBSI3aHA C BBIICJICHHEM KOJUYECTBA TEIUIOTHI, PABHOTO TEILIOTE TIJIABICHUS, U JIJIs
XUMHUUYECKH YHCTBIX JKUJKOCTEH IMPOTEKAeT MpPH IMOCTOSHHOW TeMIIepaType,

nprdeM Tigpycran COBIANIAET C TEMIIEPATYPOH TIABIEHUS Ty ).

OnucaHune yctaHoBKU. Teopusi metoaa

OnpeneneHue  yAeNbHOM  TEIJIOEMKOCTH  mapapuHa  MPOU3BOIUTCS
KAJIOPUMETPUYECKHM METOJOM Ha YCTAHOBKE, CXeMa KOTOpOM H300pa)keHa Ha
pUCYHKE 3.

- 3T

Pucynok 3.

Ha o0mieit moactaBke CMOHTHPOBAH OCBETHTENb | M KaJIOpUMETp 2 C
TEIUIOU30JIUPYIONTUMH CTEHKaMHU MX TIEHOIIAaCTa, B KOTOPBIM IOMeIleHa mpooupkKa
¢ napadurom 3. BHyTpu poOUpKHU MTOMEIIEH HarpeBaTellb ¢ TEPMOJATIYUKOM 4.

W3MmepsieTcss U KOJMYECTBO TeIUla, moiseacHHoro k mnapapuny AQ wu

nsmenenne remmeparypsl AT .

AQ = PAT, (4)

riae P — momnocTs Harpesares, AT — BpeMmst Harpesa.

TennoeMKoCTh MOXHO ONPEAEIIUTh MO (PopMyIie:
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AQ

C = (5)
AT
VY nenpHyI0 TeII0EMKOCTh TTapaduHa MOKHO OTPEIEIUTh Mo (hopmyIe:
AQ
c (6)

~ AmAT
rae Am — macca napaguna.

Yacte sHeprun A(Q, BblgeleHHas HarpeBaresieM, IOWIET Ha Harpes
npobupku. C yueTom 3Toro ypaBHeHue (4) mpuMeT BU:

AQ = PAT — CCmCAT, (7)

rie C, — ynenbHas TEIIOEMKOCTh CTEKIIA, 1M, — Macca MPOOHPKH.
VY nenbHas TemoTa TU1aBlieHus mapaduna onpeaensercs no Gopmyse:
qz23 = Aq/my ®)
Aq = P ATI I

I'ne AT;; — Bpems ruiaBieHns nmapaduHa.

JKcnepuMeHTaribHasa 4YacTb

Ilepen HayanoMm pabOThl HEOOXOAUMO MOATOTOBUTH JIEKTPUUECKHN TEPMOMETP
OT).
1. Bximrounts OT.

2. TlocTaBuTth IMCPCKIIIOYATCIIb B ITOJIOKCHUC KKOHTPOJIb».

3. Perynmaropom «HampspKeHHE» YCTAHOBHTH CTPEIKY IpuOopa Ha 3HAYCHUH
«45y.

4. IlocTaBuTh NEPEKIOYATENb B IOJOXKEHHE «u3MepeHue». IOT mno3BoIseT
U3MepATh Temrepatypy B nosoxenuu ot 0 1o 100 °C. B pabote npennaraercs
CHSITh 3aBUCUMOCTbh U3MEHEHHUS TEMIIEPATypbl OT BpeMeHH. J1jist aToro:

5. Tlopate Hanpsbkenue 220B Ha HarpeBarteb.

6. IlocTaBuTh NEpeKIIOUaTENb HArpeBaTeNs B IOJOXKEHUE «BKID» M cpa3y ke
3allyCTUTh CEKYHAOMED.

7. 3anonHuth Tabnuiy 1. 3anuceiBath nokazanus DT yepe3 nBe MuHyThl. Harpes

npoaospkath 10 Temieparypst 60°C.
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Tab6mmia 1.

Bpewms, cex

[Toxazanus
oT
Temneparypa,
°C.

8. Tlokazanus DT nepesectu B rpanaycel Lenbcus: 1 nenenue 9T coOTBETCTBYyET

2°C.

O6paboTka pe3ynbTaToB

1. HaiiTu MontHOCTh HarpeBaress 1o Gopmyiie:

PZUZ/R (9)

rae U — nanpsoxenne HarpeBaTenst, R — conporusieHne Harpeatens (R=21500
Om).

2. Ilo dopmyne (8) ompenenuth YAEAbHYIO TEIUIOTY IUIABJICHUS TMapaduHa.
m,=38r (Macca napaduna),

3. OnpenenuTh yAeabHYIO TEIIOEMKOCTh XKHUIAKOro napaduna mno Gopmysie:
K.II. mHAT

9)

rie Cy ; — yAenbHas TEII0OEMKOCTD XUAKoro napaduna, AT;;; — BpeMsi Harpesa
xuakoro  mapaguna, C.=0,14  kkan/(kr-°C)  (TEIUIOEMKOCTH  CTEKIIA);

1 kxan/(kr-°C)=4190 Ix/(kr-°C), m =50r (Macca CTEKJIIHHON NMPOOUPKH).

KoHTponbHble BONpocChl
1. Jlath onpeneneHue TeIIOEMKOCTH, YIETbHONW U MOJISIPHOM TEIIIOEMKOCTH TeT.
2. Yo Takoe ynenbHas TEIJI0Ta IJIaBJICHUs?

3. HapucoBath (a3zoByro nuarpaMmy U U300pa3uTh Ha Hed puc. 2 — (a3oBbI
nepexo napaduHa u3 TBEPAOTO COCTOSIHUS B )KHUIKOE.

4. Yro Takoe TpoiiHas To4YKa?

5. YUem oTanyaroTcs HOPMAJIBHBIC W aHOMAJIbHBIC BCHICCTBA C TOYKH 3PCHUSA
(1)21301351)( MNepEXOJ0B B HUX, HAPUCOBATH JJIsI HUX (baBOBBIC AuarpamMmbl

6. B uem otnuume (azoBsix nepexoqaoB | u Il poga. [IpuBectn npumepsl Takux
(a30BbIX IEPEXOJIOB.
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NNaGopaTtopHaa pabota Ne 14
lNMpoBepka ypaBHeHUs1 bepHynnu.
UccnepoBaHne 3aBMCMMOCTU CKOPOCTU NOTOKA rasa ot
TemMnepaTypbl

TeopeTuyeckasa 4yacTtb

N3ydenune NBMKEHUS PEabHBIX KUIKOCTEH W Ta30B MPEACTABISECT OYCHb
CIOXHYI0 3anauy. I[losToMy s omucaHusi JBMXKCHHUS KUIAKOCTEH W Ta30B
HEO0OXOJIMMO BBOJIUTH PsiJl YIIPOUIEHUM B 3aBUCUMOCTH OT KOHKPETHBIX YCIIOBHIA.
Cy1iecTByeT JBa OCHOBHBIX METOJIa OMUCAHUS JIBMXKEHUS YaCTHUIl KUAKOCTU. B
MepBOM crocoOe HaOJIOMAI0T 3a JBUKEHUEM WHJIMBHUIYaJIbHOW YaCTHUIIBI, T.€.
YKa3bIBAIOT MOJIOKEHUE U CKOPOCTh YACTHIIBI B JIFOOOW MOMEHT BpeMeHH. Takum
o0pa3zoM, Il ONMUCAHUS JIBIXKCHUS >KHJIKOCTH HEOOXOJMMO 3HAaTh TPACKTOPUU
JBIKEHUST Bcex dacTull. [Ipu BTOpoM crocoOe omucaHusl yKa3bIBalOT CKOPOCTH
YaCTHUIl B KaXJOW TOYKE MPOCTPAHCTBA, 3aHSATOrO MOTOKOM, B (DMKCHUPOBAHHBIM
MOMEHT BpeMeHH. TeM caMbIM 3ajaercsi mojie ckopocrteid. B oOimem cmydae
CKOPOCTH YacCTHIl 3aBUCST OT KOOPAUHAT U BPEMEHH.

Ecnu ckopocTH yacTuil, NpoXOoasIIuX JH00bIE 3aJJaHHbIC TOUKH B TTIOTOKE, HE
MEHSIFOTCA CO BpPEMEHEM, TaKOW TMOTOK Ha3bIBAIOT YCTAHOBUBIIEMCS WIH
CTallMOHapHbIM. [Ipy 3TOM TpaekTOpuM 4YacTHI] HA3bIBAKOT JUHHUSIMHU TOKa. B
nanbpHeieM OyeM pacCMaTpuBaTh CTAIMOHAPHBIN MOTOK.

Brienum B IIOTOKE IIPOU3BOJIBHBIN 3aMKHYTBIN KOHTYD,
NEPIEHANKYJIIPHBII JTMHUAM TOKA, U IPOBEIEM Yepe3 TOUKH ITOr0 KOHTYpa JINHUN
Toka. OHM 00pa3yroT MOBEPXHOCTh, KOTOPYIO HA3bIBAIOT TPYOKOi TOKa. Tak Kak
CKOPOCTH YaCTHI] HallpaBJCHHBI IO KACATEJIbHBIM K JIMHUSAM TOKa, TO YaCTHILBI,
JBUTAIOILIMECS BHYTPU BBIICICHHOM TpPyOKM TOKa, HE MOKHAAIOT ee. Maccy

JKUJIKOCTH, TEPECEKAIONIEN HEKOTOPOE IMOIEPEYHOe ceueHre S TpyOKM ToKa 3a
Bpemst dt, MOKHO NpeacTaBuTh Kak: dm = puSdt rae p — IOTHOCTD KUIKOCTH,
U — CKOPOCTb YaCTHIl B JaHHOM cedeHuu. [Ipu cranuonapHoM TeueHun Macca dm
OyIeT OIMHAKOBA IS BCEX cedeHui TpyOku. Eciu BhIIENWTH ABa ceueHus Sq U

S5, TO MOKHO 3amucarh ypaBHEHHUE:

P1V151 = P22 5;. (1)
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OTO COOTHOIIEHHE MPEJICTABIIAET COOON 3aKOH COXPAaHEHMsS MacChl WM
YPaBHEHHME HEPA3PBIBHOCTH. EciaM XKUAKOCTh HECKUMaeMma, TO Pq = Py =

const, u (1) npyuHUMaeT BUA:

U1 Sy
— = 2)
v, 5

PaccmoTpuM cTanimoHapHOE TE€YEHUE UJIealIbHOW (HEBSI3KOM) KUAKOCTU B
noJie TroteHust (pucyHok 1). [[ppyMeHrM 3aKOH COXpaHEHUs SHEPTUH K JIBUKEHUIO

YaCTH JKUAKOCTH B TPyOKe TOKa MEXIy pasHbIMH cedeHusMu S; u S,. Uepes
HEKOTOpOE BpEeMsl 3Ta 4YacTh KUIKOCTH OyAET 3aHUMAaTh IMOJOKEHHUE MEXIY

CCUCHUSMU 511 v 521. [Ipu miepeMeIeHnH CeYeHust S B IOJIOKEHUE .5'11 BHEIIIHUE
cunbl cosepiuar pabory: Ay = P;S;1l; tne l; — nepememenve ceuenns S;. Ho
S1l; = AV;. Tlosromy

Am,
Al = P]_Avl == Pl .
P1

B ceuyennn S, BHEIIHME CHIIBI COBEPIIAT PabOTY:
Amz
P2

B ciydae cranmonapuoro teuenus Am; = Am, = Am, u BHeniHue CHIIBI

A, = =P85, = =P,

COBEpIIAIOT paboTYy:

3)

Pucynok 1.
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Dra pabora nokHa ObITh paBHa mnpupamienuto AE monHON sHEpruu
BBIJICJICHHOW YacTH >KUAKOCTU. [lonmHast »HEpPrus YacTH >KUIKOCTU MEXKIY

CCUYCHMSIMHU 511 u S, Heumsmenna. IlodTOMy W3MEHEHHME TIOJHON OSHEPrUU
paccMaTpuBaeMoro oObeMa JKHUIKOCTH Ompejensiercst cooTHoineanem AE =
(82 - el)Am, I7I€ € — DHEPIrus eIMHULBI Macchl. lIpupaBHuBas 3Ty BeaU4YUHY

pabore BHemHUX cuil A ¥ cokpammas Ha A, moayunm:

P, P,
£1+_=£2+_. (4)
P1 P2

Orcroga cieayer, 4YTO BJIOJAb OJHOM W TOW K€ JIMHUM TOKa IpHU
CTaIIMOHAPHOM TEUYCHUHU UJIC€ATbHOM YKUJIKOCTH BBITIOJHSAETCS COOTHOIIIECHUE:

P
& + ; = const. (5)

Ero naseBaror ypaBHeHueMm bepHymm. Ui HEC)KHMMAaeMOM KUJIKOCTH

MO>XHO CUUTATh, YTO TMOJIHAS IUIOTHOCTh DHEPTUM & MPEJCTABISET COO0H CymMMy
KMHETHUYECKOW M MOTEHIMAIbHOU 3Hepruu. Toraa ypaBHenue bepHymum npumer

BHU/:
P+ ¥+ gh = const (6)
512 gh = const,
NI
2
v
P+ PT + pgh = const. (7)

B nocnenHem BeIpa)K€HHH BCE CIIAraéMble UMEIOT PA3MEPHOCTH JABIICHMUS.
Bemmunny P = P.. HaseBAlOT CTATHYCCKMM  JaBieHHeM, pPuZ/2 -
nuHamMudeckuM Haropom, P + pv? /2 - monubiM Hamopom. B wacTHOM ciyuae,
IIPU TOPU3OHTAILHOM OpUEHTALUU TPYOKH TOKA, BbIpakeHue (6) MpuMeT BU/L:

2 2
pU1 pU;
P+ =P+ SE (8)

VYuutsiBas ypaBHeHUE (2), HETPYAHO YOSAUTHCS, YTO B TPYOKE MEPEMEHHOTO
CEUYEeHHUsI CKOPOCTh MHUHHMMAJbHA, a JaBJICHUE MaKCUMaJbHO TaM, TJI€ CEUYeHHUe
MaKCHUMAaJIbHO, U HA00OPOT — CKOPOCTh MaKCUMaJllbHa, a JIaBJICHUE MUHUMAJIBLHO B
TOM TOYKE, TJI€ CCUCHUE MUHUMAJIHHO.

Kax u3BecTHO, ra3el 001a1a10T OOJIBIIEH COKMMAEMOCTBIO, YeM JKUJIKOCTH.

OI[H&KO, C€CJIM MaKCHUMaJIbHasA CKOPOCTb B IIOTOKE rasa U;,gy MHOI'O MCHBIIC
CKOPOCTH 3BYKa B HEM, C)KUMACMOCTBIO Iada MOXXKHO HpCHG6p€IIB, H JJIs1 OIMKMCaHuA
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NOTOKA ra3a uCnoJib3oBaTh ypaBHeHue bepuysm (8). I[loaTtomy naHHOE ypaBHEHHE
UCTONB3YIOT B JlabopaTopHOW paboTe JUIsl ONMCaHUs IOTOKAa BO3AYyXa,
CO3/1aBAEMOI'0 MUKPOKOMITPECCOPOM.

JKcnepuMeHTanbHas 4acTb.
OnucaHue ycTaHOBKMU

[IpuHnMnuanbHas CXxeMa YCTAaHOBKM H300paxkeHa Ha pucynke 2. Ilotok
BO3JyXa CO3/JaeTcsi C TMOMOIIbI0 Mukpokommpeccopa (1), cocrosimero u3
BCHTWISAITOPA ¥ HArpeBaTEeIbHOTO »JJeMEHTa. BKIIOYeHHWE BEHTWIATOpA W
YCTaHOBJICHHE TEIJIOBOI'0 PEXXHMa OCYILECTBIIACTCS C TMOMOIIBIO0 EPEKITI0YaATENS
(2). Bo3ayx U3 MUKPOKOMITPECCOpPA MOCTYIAET B OTPE30K TOPU3OHTAIILHON TPYOKHU
nepemMeHHoro ceuenus (3) u3 oprerexiia. BuyTpennuii quametp TpyOku B 001acTH
mryuepa (4) pasen 30mm, a B obmmactu mryuepa (5) — 14 mu. Jlanee ctpys Bo3ayxa
BBEIXOJUT B CBOOOJHOE TIPOCTPAHCTBO, TJAE pacIoiaraeTcs CIenralbHas
matdopma (6), mo3BosIsitolas nepeMeniatb 3041 (7) B IByX HalpPaBJICHUSX: BAOJb
U MOTEePEK OCHU CTPYH Bo3ayxa. 30H] (7) cHaOkeH AByMsI HAKOHEUHUKaMHU (8), OJIUH
UMEET OCEBOE OTBEPCTHUE U MPEIHA3HAUYEH /I M3MEPEHHUs IOJHOTO Haropa,
BTOPOW HAKOHEYHHK MMEET HEeOOJIbIIoe OOKOBOE OTBEPCTHE U MPEIHA3HAUCH JJIs
U3MEPEHUsI CTATUYECKOTO aByieHus. [10ABMKHBINA 30H]] MPUCOESTUHEH C TTIOMOIIIBIO
ruOKoi TpyOKH K MUKpoMaHoMeTpy (9).

2
]/ J -
/4
1 _
6
7 //
-
‘ LTI TP LT AL
3 8
Pucynok 2.
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MeToauka namepeHun

BrIIFOYuTh MHMKPOKOMIIPECCOP W YCTAHOBUTH PETYJSATOP TEMIIEPATYPHI B
nosnoxxkenne «I». TemnepaTypa Bo3ayxa mpu 3TOM OyAeT MPaKTUYECKU paBHOMN
KOMHAaTHOM.

YcTaHOBUTH HA 30HAC HAKOHCYHUK C OCCBBIM OTBCPCTHCM U U3MCPUTH MOJTHBIN

Harop P,y Ha OCH CTpyH B 3aBHCHMOCTH OT KOOPAMHATHI «X» KaKk BHYTPH
TpyOKk# (3), Tak ¥ B CBOOOHOM MPOCTPAHCTBE.

YcraHoBuTh Ha 30HIC HAKOHCYHHUK C OOKOBBIM OTBCPCTHUEM W HU3MCPHUTH
CTaTU4YCCKOC JaBJICHUC PCT BIOJIb OCH CTPYH.

[TocTpouTs Ha oxHOM pucyHke rpapurn Pyo,y (X) u Pop(X).

Hcrnons3yst cootHomenne Poyy = Pop + pU?/2, paccuntats CKOPOCTB

BO3ayxa Ha ocu U(X) Npu KOMHATHOM TeMIEpaType ¥ MOCTPOMTH Ipaduk.
[110THOCTE BO3AyXa paccuuTaTh IO ypaBHEHNIO Menneneesa — Kiraneiposna.

TepMmoperynsiTop Ha MHKPOKOMIIPECCOPE YCTAHOBUTH B TOJIOXKEHHE 2.
Temneparypa notoka OyzeT yBeIMYUBaThCS.

[Torpy3uTh B TOTOK BO3/lyXa TEPMOMETD (MPUIIaraeTcs K YCTAHOBKE) U UBMEPUTH

TeMmeparypy 1.

[TocTpouts rpaduiku o myHKTy 4 1 5.

Voenutscst, uto AP = Py, — Per ocTaérest mpuMepHO TaKuM-kKe, Kak U IpH
KOMHATHOW TEMIIeparype.
Hcxoms u3 yenosus, aro AP = p(T) - v(T)?/2 = const, onpenenuts

ckopocTh motoka, kak ¢pyrxuuo T: v(T)~TX.

KOHTpOﬂbeIe BOMNpPOCHI
Yrto Takoe JIMHUS TOKa, TpyOKa Toka?
Kakue ObIBatOT BUJIBI TEUCHUS Ta3a WIH KUJIKOCTH?
CrneacTBueM Kakoro GyHJIaMEHTAIIBHOTO 3aKOHA SIBJsieTCs 3aK0oH bepHyrm?
KakoB cmbici cnaraeMbix B 3akoHe bepHyin?

IloueMy cymma Tpex cilaraeMblXx B 3akoHe bepHyim omnpenpensercs ¢
TOYHOCTBIO JI0 HEKOTOPO KOHCTaHTBI?

Kakosa gomkHa 6b11b 3asucumocts U(T)~T X ? Yemy pasro X2

-100-



