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1. Dnemenmut meopuu. Monekynapuas gpusuka

1.1. Beeoenue

Monekynapuaa Quzuka WIA MOJEKYAAPHO-KUHEMUYUECKAA Meopus
(MKT) —pa3aen pusuku, B KOTOPOM U3Y4arOTCs CBOMCTBA MAKPOCUCTEM U IIPO-
LIECCBI, MPOUCXOAIINE B HUX.

Makpocucmema — cuctema, COCTOSIAs U3 OYEHBb OOJIBIIOrO YHCiIa Ya-
CTHII, HAIIPUMEP aTOMOB H/HJIK MOJIEKYIL.

MonexynspHas ¢pu3rKa U3y4aeT 3aBUCUMOCTb CBOMCTB MaKpOCUCTEM OT
UX BHYTPEHHETO CTPOCHHSI, CUJI B3AUMOJEHCTBHS MEXITY YaCTULAMHU U XapaK-
Tepa ABUKEHUS STUX YACTHIL.

B ocaoBe MKT nexar cnenyroniue monoKeHus:

1) Bce Tena COCTOST U3 MOJICKYII;

2) MOJICKYJIbI HAXOJATCS B HEMIPEPHIBHOM XaOTHYECKOM TEILIOBOM JIBU-
KEHUU,

3) MOJIEeKyYJIbl B3aUMOAEHCTBYIOT MEKY COOO0M MOCPEACTBOM CHJI B3aUM-
HOTO NPUTSHKEHUS U OTTAJIKUBAHHUS.

MKT o06bsicHsieT cBOMCTBaA T, HAOIIOJAEMbIE ONTBITHBIM MTYTEM, KaK pe-
3yJbTaT CYMMApHOI'O JEHCTBUA BCceX MOJIEKYJ. To ecTh B JaHHOM pazjene Qpu-
3MKW Ha OCHOBE aHAJIM3a MHUKPOIIAPAMETPOB MAKPOCHCTEM (Macca, CKOPOCTh,
UMITYJIbC, SHEPTUS U KOHIEHTPAIIMS MOJIEKYIT) MOIy4atoT HHGOPMAIIIIO O MaK-
porapameTpax (daBjieHHe, TeMIlepaTypa, IIOTHOCTh U T.I1.). s storo MKT
VCIIOJIB3YET 3aKOHBI TEOPUU BEPOATHOCTH U MATEMATUYECKOM CTaTUCTUKMU.

1.2. Bb1600 ocnoenozo ypasnenus MKT uoeanvnozo 2aza

B MKT 4acTo noyib3yloTcs Mooenvto udeaibHo2o 2a3a. 1'a3 MOXHO CUH-
TaTh UJICAJTbHBIM, €CJIH.

1) pasmep MoJieKyJI ra3a OYeHb Maj [0 CPAaBHCHHUIO C PACCTOSHUSIMU
MEX1Y HUMHU;

2) CWIbl IPUTSHKEHUSI MEXKY MOJICKYJIaMH PEHEOPEIKUTEIIHHO MAJIbI;

3) CTOJKHOBEHHUSI MOJICKYJI MEKIY COOOM U C OKPYKAIOIIUMHU 00bEKTaMH
SABJISIFOTCSL A0COJIFOTHO YIIPYTUMH.

OcCHOBBIBasICh Ha 3TOW MOJIEIM, MOJIEKYJIbI T'a3a MOKHO PacCMaTpUBaTh
KaK CBOOOJIHO JIBMKYILHUECS MaTepHalbHbIE TOYKHU, HE B3aUMOJICHCTBYIOIINE
JIpYyT C IPYrOM Ha PacCTOSIHUU, U KaK YIPYTHUE MIApbl HEMTOCPEICTBEHHO B MO-
MEHT UX COyIapeHui. PeanpHblii ra3 MOXKHO CUATATh UACAIBHBIM, €CJIU JaBJIC-
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HUE raza HeBEJIMKO, a a0COJIIOTHASI TEMIIEpaTypa JOCTaTOYHO Bhicoka. Hampu-
MeEpP, BO3AYX TP HOPMAJIbHBIX YCIOBUSAX MOXKHO ONKUCHIBATH JAHHOW MOJEIBIO.

[Tony4rM COOTHOILIEHHE MEKY JABJIICHHUEM HUJICAJIBHOTO T'a3a, KHHETHYE-
CKOM 3HEPruer MOJIEKYJ U UX KOHIICHTPALIUEN.

[lepBonprurHON BOZHUKHOBEHUS JaBICHUS CO CTOPOHBI ra3a Ha J00yI0
MOBEPXHOCTH SIBIISIFOTCSL COYJAPEHUs C MOBEPXHOCTHIO MOJIEKYJN 3TOro raza. B
o011eM ciiyyae JBMXKEHHE MOJIEKYJ XaOTUYHO, BCE HApPaBJICHUS JIBHOKCHUS

1 N Y PABHOBEPOSITHBI M KX CKOPOCTH PA3JINYHEI 10 BEIU-
6 EN guHe. /[ oOnerdyeHus aHammsa ynmpocTUM CUTYa-
1 IIUIO U BBEAEM CIIEAYIONIYI0 PU3UUECKYIO MOJIENb.

1
§ 6 bynem cuurtath, 4TO MOJIEKYJbI IBUKYTCA

TOJIBKO BIOJIb TPEX B3aMMHO MEPHEHIAUKYISPHBIX

HaIIPaBJICHU C OJITMHAKOBBIMH 110 BEJIMYNHE CKOPO-

1 N ctamu. Toraa uz N Mosiekys raza B 1t000i MOMEHT

6 BPEMEHU BJOJIb KaXJI0T0 U3 TPEX HAIIpaBJIeHU Oy-

Puc. 1 net npuratbcsi N/3 monekyn. Bce nHampaBieHus

JIBMKEHUSI MOJIEKYJT paBHOBEPOSITHBI. Clie/I0BaTeIbHO, TIOJIOBUHA U3 HUX OYIET

JIBUTAThCSL B OJIHY CTOPOHY, MOJIOBUHA — B JApyryro. Takum oOpa3om, B OJIHY
cTopony Oynet asurarbes N/6 momnexyir (puc. 1).

JlaBiieHue P, OKa3pIBa€MO€ MOJIEKYJIaMU Ha Y4aCTOK MTOBEPXHOCTH ILIO-

IaJbI0 S, MOXKHO OTPEACIUTh, KaK

1
6N

F
— n
p= r 1)
rae Fn — mpoekius cuiibl AaBieHUs Ta3a Ha HaMpaBJIeHUE BEKTOpa HOPMaIH K
MOBEPXHOCTH.
> ITo BTOpOMYy 3ak0oHy HbIOTOHA, cHita, 1EMCTBYIOIIAS HA

- . OJHY MOJIEKYJIy CO CTOPOHBI CTEHKH, OYIET PaBHA CKOPOCTH
— _5 M3MEHEHHUS UMITYJIbCA ITOM MOJIEKYJIBI:
LS - A(mv)
F=——", (2)
At

rJe M — Macca MOJIEKYJIbL, U — €€ CKOPOCTh, Al — Bpems B3au-

o4

Puc. 2
MOJICHCTBUS C TOBEPXHOCTHIO (BPeMs HU3MEHEHUS UMITYJIbCA).

[TycTh MOBEPXHOCTH MEPICHINKYIAPHA K OJHOMY U3 BBIOPAHHBIX HAMH
HAINpaBJCHUH, TO U3MEHEHHE UMITYJIbCa MOJICKYJIbI, UCIIBITABIICH a0COIOTHO
ynpyroe coyaapenue (puc. 2), OyaeT paBHO

A(mv) = mo — (—mv) = 2mv. (3)

Ecnu 3a Bpems At o crenky yaapsiercs No mosiekyi, To ¢ yuétom (2) u (3)

oJIy4aeM pe3yIbTHPYIOIYIO MTPOSKITUIO CHIIBI:
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F =2, @

At
BbiiennM BOIHM3H paccMaTpHBaeMOU MOBEPXHOCTH HEOOIBITYIO [IUJIAH-
ApUYecKyro oonacth (puc. 3). 3a BpeMst At 10 JIeMeHTa CTEHKH TUIOIAABI0 S
JOJIETAT BCE MOJIEKYIBI, IBIDKYIIHECS K CTEHKE, 3aKIouéHHbIe B 00BEMe Sl.

Ywucno MoJieKys B 3TOM 00bEME
N’ =nSI| = nSvAt,
r7e N — KOHLIEHTpaLXs MOJIEKYJI rasa.
K crenke nuxercs 1/6 4acTh 3TUX MOJIEKYJ, TOITOMY YHCIIO MOJIEKYII,
yIapUBIIKXCS O CTEHKY 3a BpeMsi At, onpenensercs o popmyse

N, Z%HSUA'[. (5)

YacTb 3TUX MOJEKYJ Ha CBOEM IMYTH K CTEHKE CTOJIKHETCS C IPYrUMU
MOJIEKYJIaMH, BCJIEICTBUE YErO U3MEHUT HANpPABICHUE ABMKEHUS, HE JOCTUT-
HyB S. OHaKO coyAapeHusl He HapyIIalT Xao-
TUYECKOT0 XapaKTepa IBHKEHUS MOJIEKYI: Te-
pEX0J HEKOTOPOro KOJWUYECTBA MOJIEKYNI U3
IpYNIbI, JBIXKYIICHCS IO HANpPaBJICHHUIO K
CTEHKE, B TIPYINbI, ABWXKYIIHECS B APYTHX
HaIlpaBJIEHUSX, COIPOBOKIAETCS OJHOBPEMEH-
HBIM IIEPEXO0M TAKOTO K€ YMCIIa MOJIEKYT U3

OPYTUX TPyIIl B TIPYNIy, ABWXKYILYIOCS IIO
HaIIpaBJICHUIO K CTeHKe. [loaToMy npu BbIYMC-

JICHUH KOJIMYECTBA MOJICKYJI, TOJICTAIOIINUX 10 CTEHKH, COyJIapeHHUsT MOJICKYJI
APYT C APYTOM MOKHO HE IMPUHUMATh BO BHUMaHHE.
[Moacrasus (5) B (4), HOTy4IHM:

szlnnnfs
3

Torna Beipakenue (1) aias maBjieHHs, OKa3bIBAEMOIO MOJICKYJaMH Ha
CTEHKH COCYJIa, MO>KHO TIEPENNCATh B BUJIE

p—lnmo2
3 .

Yucnurenb U 3HaMEHATEIb IPABOX YaCTH ITOCJIEAHETO PABEHCTBA YMHO-
KM Ha JBa:

2 mu?
—N——-.
3 2
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YuuthiBas, 4To Mu?/2 mpencTaBiseT co6oii KHHETHYECKYIO SHEpTHIO E

IMOCTYIIATCIIbHOTO IBUKCHUA OI[HOI7'I MOJICKYJIBI, I1IOJIYIaCM:
2
p =—nE.
3

Monekyiibl UMEIOT Ppa3HbIE M0 BEJIMYUHE U HAMPABIECHHUIO CKOpOCTH. 11o-
3TOMY UMEET CMBICJ TOBOPUTH O CPEIHEN KUHETUYECKOW dHepruu (E) BHe 3a-
BUCHUMOCTH OT KOHKPETHOTO BH/Ia PACIIPEAEIEHUS MOJIEKYJ 10 CKOPOCTAM. Ta-
KM 00pa3oM, OKOHYATEIbHOE BBIPAXKEHHE, ONPEIEISAIONIEE CBA3b JTABJICHHUS
(MakpomapaMeTpa CUCTEMBI) C KOHIICHTpALUEeH MOJIEKYJl U UX CpEeIHE KUHe-
TUYECKOUN IHEPTUEH TETIOBOTO ABUXKEHUS (MUKpOIIapaMeTpaMu), UMEET BU/T

p=3n<E>- (6)
3
3TO ypaBHeHHe HA3bIBACTCA OCHOGBHbBIM ypaenenueM MOJIeKyfl}lpHO-Ku-
Hemuueckoil meopuu udeaibHo2o 2a3a. OHO CBS3BIBAET MaKponapaMeTp CH-
CTCMBI, I/IMeHyeMHﬁ JOABJICHUEM HUOCAJIBHOTO ra3a, C TAKUMU €10 MHKponapa—
MeTpaMI/I, KaK KOHHGHTpaL[I/IH MOJIGI(YJI n ux CpeIIHiI}I KHUHCTHNYCCKasA Z)HepFH}I
TCIIJIOBOI'O IBUXKCHUS.

1.3. Ceazb mepmoounamuueckoii memnepamypvt u cpeoHeil
KUHEeMUYeCcKou IHep2uu MOJ1eKy

3anumeM ypaBHeHue Knannepona — Menaeneesa:
pV =VRT, (7)
riae V — 00béM rasa, v — konmuecTBo BemiectBa, R=8,31 JIxx/(moinb-K) — razosas
MOCTOsIHHAS, T — abCOMIOTHAS TEMITEpaTypa.
KonnuecTBo BeriecTBa paBHO OTHOILIEHHUIO KOJIMYECTBAa MOJIeKyJ raza N
K uncity ABoragpo Na:
v=N/N,.
[MoncraBum 310 B dopmyny (7), meperpynmnupyeM (QU3NUECKUE BEIHU-
YUHBI U BbIPA3UM JIaBJICHUE!
N R
V N,

[lepBas nmpoOb mpeacTaBisieT coO0N KOHIIEHTpAIuo MoJieKyn N. Bropas

p

1po6b paBHa nocrossHHOM Bonbiumana (K = 1,38:102 Ix/K). Torna ocHOBHOE
ypaBHEHHME COCTOSIHUS T'a3a IPUHUMACT BH/T
p=nKT. (8)
W3 cpaBHeHus BeipakeHwid (6) u (8) a1 0IHOATOMHOT'O HACAIBHOIO ra3a
TOJTy4aeM:



.
3
<E>:EkT. 9)

®opmyna (9) ompenenser GU3NIESCKUN CMBICT TOHATUS AOCONIOMHOUL
memnepamypusl U XapaKTepU3yeT €€ KaK mepy cpeoHell KUHemu4ecKoil IHep-
Ul MEen06020 0BUICEHUA MOIEKYl. DTO COOTHOIIECHUE TAKKE 3a0a€T CBA3b
MEXJly MUKpONapaMeTpaMy OTAEJIbHBIX MOJIEKYJ (KMHETHUYECKOH sHepruei
TEIUIOBOTO JBM)KEHMS) U MakKpomapaMeTpoM Trasza (a0cooTHOM TemmepaTy-
poit).

B ciygae MHOTOaTOoMHOTO Ta3a ¢popmyina (9) npuHUMAaET BU]

|
(E)=-KT, (10)

rJie | — YMCIIO cTereHel CBOOOIbI MOJICKYJIbI.

B obuiem cnydae uuciom cmeneneii c60600bl MEXaHUUECKON CUCTEMBI
Ha3bIBACTCS KOJWYECTBO HE3aBUCUMBIX KOOPJMHAT, C MOMOIIBIO KOTOPBIX MO-
KET OBITh OMUCAHO COCTOSIHUE CUCTEMBbI. [[pUMEHUTEIBHO K COOTHOIICHUIO
(10) umcnao cremneneii cBOOOIbI PABHO YHCITY HE3aBHCHMBIX BO3MOKHBIX JIBH-
KEHUM MOJIEKYJ. B yacTHOCTH, MOJOKEHUE MaTepUaIbHON TOYKH, CBOOOIHO
JIBWKYIIEHCS B TMPOCTPAHCTBE, OMPEACTACTCS TpeMsl KOOpAuHATamu: X, Y, Z.
CrnenoBarenbHO, CBOOOHAS MaTepHaIbHAs TOUKAa UMEET 3 nocmynameibHbvie
cmenenu c600600bl1. [1on0xeHne a0COTIOTHO TBEPAOTO TEJIa MOKHO ONPEICTUTh
C TTIOMOIIIBIO TPEX KOOPAUHAT X, Y, Z €ro LIEHTpa Macc U YIJoB a, 3, Y, yka3bIBa-
IOIIMX OPUEHTALIUIO Tejla B TpoCcTpaHcTBe. OHO CITOCOOHO JIBUTAThCS TTOCTYTA-
TEJIBLHO 10 TPEM B3aUMHO MEPIICHINKYIISIPHBIM HAIIPABJICHUSAM M BpaliaThCsl OT-
HOCHUTENIbHO TPEX B3aMMHO MEPHEHIUKYIIpHBIX oceil. CrnegoBaTenbHo, abco-
JIOTHO TBEPAOE TEJIO MOXKET UMETH JI0 6 cTereHer cBo0oabl (3 nocmynameins-
HbIX U 3 8pawiamenvhbix). J1d onpeneneHus mojaoKeHUs B MPOCTPAHCTBE TeEJIa,

pa3IUYHBIC YacTH KOTOPOTO MOTYT CMEIIAThCS 0"

JIPYr OTHOCHUTEIIBHO ApYra, BBOJISATCS CHEeneHu 0 d, 0.
N g

Cc80000blI KONIeOAMENbHO20 OBUMNCCHUSL. ~ -

Monekyiny OIHOAaTOMHOIO ra3a MOXHO
CUMTATh MAaTEPUAIbHON TOYKOM, U OHA UMEET 3
CTENEHU CBOOOBI MOCTYNATEILHOTO ABUKEHUS.
Monekyna AByXaTOMHOTO rasa B IEPBOM IIpH-

OJMDKeHUW TIpeACTaBisieT co0OM JBa aToma,
KECTKO CBSI3aHHBIX MEXAy co0oit (puc. 4). Puc. 4

Kpome tpéx crenenelt cBoOO bl MOCTYMATEIBHOTO ABMKEHUSI, KOTOPOE Xapak-
TEPU3YETCSI CKOPOCTHIO LIeHTpa Macc C, Takasi MOJIEKYJia UMEET elI€ 2 CTENEeHH
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cBOOO/IBI BpaIaTeILHOrO ABMKEHHS oTHOCHTEIbHO oceir 0’0" u O”O”. Bpa-
[IEHHE OTHOCUTENBbHO TpeThel ocu OO He BHOCHUT BKJIaJa B SHEPTUIO MOJIE-
KYJIbI, TAK KaK €€ MOMEHT MHEPLIUU OTHOCUTEJIBHO ATOW OCH paBeH HyJto. Ta-
KHUM 00pa3oM, AByXaTOMHas MOJIEKYJIa (CBA3b MEX1y aTOMAMH )KECTKAsI) UMEET
5 cTeneHei cBOOOIBI.

Ecin B MHOr0aTOMHOM MOJIEKYJIE aTOMBI 00pa3yIOT JIMHEWHYIO LIEMOYKY
U CBA3b MEXAY aTOMaMU KECTKAsI, TO TaKask MOJIEKYJIa UMEET TaKKe 5 CTEIICHEN
cB000BI. MOJIEKYIIBI, COCTOSAIIUE U3 TPEX WK O0JIee aTOMOB, HE PACIOJIOKEH-
HBIX Ha OJHOM MPSIMOIA, € )KECTKOM CBSI3bIO MEKy aTOMaMU UMEIOT 6 CTeNeHeu
CBOOO/IBI.

Mogenb MONEKyJIbl B BUJIE CUCTEMBI KECTKO CBA3AHHBIX MEXKAY COOOil
aTOMOB SBIIIETCS BeCbMa MpUOIMKEHHOW. Bo MHOTHX ciiydasix HEOOX0IUMO
IPUHUMATh BO BHUMaHHE OTHOCUTEIbHBIE CMEILIEHUSI aTOMOB B MOJIEKYJIE, T.€.
BBOJIUTh B PACCMOTpEHUE KosieOaTeabHbIe cTereHn cBo0obl. KonebarenbHas
CTENEeHb CBOOOJIbI 10JKHA 00Ja/aTh BABOE OOJbILIEH SHEPreTHUECKON EMKO-
CTBIO IO CPABHEHUIO C MOCTYIATENIbHON U BpallaTeIbHOU. DTO OOBSICHSIETCS
TEM, YTO MOCTYIMATEIbHOE U BpaIIaTeIbHOE JBIKEHHUE MOJICKYJIBI CBSI3aHO C
HAJIMYUEM TOJBKO KMHETHMUYECKON 3HEpPIruu, B TO BpeMs KakK KoyeOaTelbHOE
JIBUKCHHUE CBS3aHO C HAIMYMEM M KHHETUYECKOW, U MOTCHIIMAIbHOW SHEPTUH.
[ToaToMy Ha Ka)KIyt0 KOJeOaTeIbHYIO CTEIEHb CBOOO/IbI JOJKHA TPUXOAUTHCS
B cpeaneM 3Heprus, paBHast KT (KT/2 — B Bune kunetnueckoit sneprun u KT/2 —
B BHUJI€ OTeHIManbHOM). [ToaToMy B 0011eM BUE

=i, +i, +2i,. (11)

1.4. Pacnpeodenenue Maxceenna no cKoOpocmam 0as MoaeKyJ
UOealbHO20 2a3a

dopmyna (6) BkiIoYaeT B ce0s 3HAYCHHUE CPEIHEH KHHETUYESCKON dHEP-
MU TEIUIOBOTO JIBHXKEHHSI MOJIEKYJI MAEAIBHOIO raza. B pealbHOCTH TEIIOBBIE
CKOPOCTH MOJIEKYJ ra3a pa3inyHbl U JJIs1 UACATbHOTO ra3a, HaXOMAsIIerocs B
COCTOSIHUM TEPMOAMHAMHYECKOTO PaBHOBECHS, MOAYUHEHBI OINPENCIEHHOMY
3aKOHy pacmpeaeneHus. Takoil 3akoH ObUT TeopeTuyecku obocHoBaH B 1859
roay [xeitmcom Kiepkom Makcsesiom.

[Tpu xa0THYECKOM JBUKEHUU CKOPOCTH MOJIEKYJI Pa3JIMYHbI Kak MO0 MO-
IyJI0, TaK U MO HaIpaBjieHuto. Bce HanpaBieHus ABMKEHUSI MOJIEKYJ PaBHO-
BEPOSATHBI, CJIEI0BATEIIbHO, paCIpeIeIeHHE MOJIEKYIT 110 HAalpaBJIeHUsIM OyAeT
paBHOMepHBIM. M Haue 1e5o 00CTOUT ¢ MOAYJISIMU UX CKOPOCTEH.

BBeném BooOpaxkaeMoe MpOCTPaHCTBO CKOPOCTEN IO aHAJIOTUH C JIeKap-
TOBOU cUCTeMO# KoopauHat (puc. 5). ToIbKO MO0 OPTOTOHATIBHBIM OCSIM BMECTO
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KOOpAUHAT X, Y, Z OTJIOXUM KOMIIOHEHTHI
CKOPOCTEH Ly, Ly, Lz. Torna kaxmaon Mose-
KyJI€ B 3TOM IPOCTPAHCTBE OYJIET COOTBET-
CTBOBATh HEKas «CKOPOCTHASI TOUKA» C «KO-

opauHaTamMm» (Lx, Ly, Lz). Beiaenum B 3Tom
IPOCTPAHCTBE  JJICMCHTApHBIH  00BbEM
dV = dv,duydv,.

['a3 HaxoaUTCS B PaBHOBECHOM CO-
crosaun. Cle0BaTeNbHO, KOJIUYECTBO

«CKOPOCTHBIX TOYEK» B 3TOM IIPOCTPAHCTBE
ocTaéTcsi HEU3MEHHBIM BO BpemeHu. lIpo- Puc. 5
CTPAHCTBO CKOpOCTEN N30TpoIHO. Clie10BaTeNbHO, PYHKIMHU INIOTHOCTH BEPO-
ATHOCTH JJI BCEX HAIIPABICHUMN OJINHAKOBBI.

DYHKIMU BEPOSITHOCTU MO «CKOPOCTHBIMY» OCSIM 3aIIMIIEM B BUJIE:

dP(v,) = e(v,)dv,, dP(L,) =e(v,)dv,, dP(V,)=p(v,)dy,,  (12)

rae @(vx), e(vy), (V) — TIOTHOCTH BEPOATHOCTEW IO COOTBETCTBYIOLIMM
OCSIM.

MakcBeII mpearnoIoKuII, YTO pacupeaeICHIs CKOPOCTEH 10 HaIrpasie-
HUSIM CTaTUCTUYECKU HE3aBHCUMBI, TO €CTh MPOCKIUH CKOPOCTEH Ly, Ly, U V;
HE 3aBHUCAT APYr OT apyra. Torma BepOSTHOCTh HAaXOXICHHUS «CKOPOCTHOM
TOUKM» B 00bEMe dV paBHA Mpou3BeACHHUIO BeposaTHOCTeH (12) He3aBHCHMBIX
COOBITHIA

dP(v) =dP(v,)dP(v,)dP(v,) = ¢(v,)e(v,)e(v,)dv,dv do,

170031

dP(v) = f (v)dv,dv dv,, (13)
rae f (V) =o(v,)e(v,)e(v,) —06bEMHAS IIOTHOCTE BEPOSTHOCTHU B IPOCTPAH-

CTBE CKOPOCTEM.
[Mponorapudmupyem f(v):
In f (0) =Ino(v,) +Ine(v,) +Ine(v,).

3ateM npoaudepeHIpyem mo vy
0 0
—IInf()[=—/Ine(v,)+Ine(v,) +In@(v
%J ()] %i o(v,) +INg(v,) +Ing(v,) |

151 HOJ'Iy‘II/IM:
') o _9(v) ”
f(v) v, o(v,)
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2 2 2
[Tonnas CKOPOCTBb MOJICKYJIbI OIIPCACIIACTCA KaK L = 1,Ux + Uy +V, . To-

rma

ov v
— =X, (15)
ov, v
C yuérom (15) coorHomierue (14) MOKHO NIPEJCTABUTh B BUJIC
1f'(v) 1o
1H0)_1¢W,) .
v f(L) v ev,)
[IpaBas yacTh MOJTYYEHHOTO BBIPAXKCHUS HE 3aBUCHUT OT Ly H Lz. OTHaKO
BCE MPOEKIIUK CKOPOCTEH PaBHOIMPABHBI, U, CIIEA0BATEIbHO, BoipakeHue (16)

TaKXXe HE JIOJDKHO 3aBHCETh OT Lx. TO €CTh OHO JIOJDKHO PABHSATHCS HEKOTOPOM
KOHCTaHTE:
1f'(v)
v f(v)
Torma u3 (16) u (17) moydaem ogHOpogHOE qudHEepeHIMATEHOE YpaB-
HeHue 1-ro mopsiika

—QL. (17)

¢'(v,)+av,e(v,)=0,
peIIeHreM KOTOPOTo SBIAETCS (YHKIUS

o(v,) = Aexp(— “;i j (18)

rae A — HeKOTopasi TOCTOSIHHASL.
ITocTosiHHYIO A OIIpenenuM U3 ycious HOpMUPOGKU: BEPOSTHOCTD 00-
HAapYXHUTh MOJIEKYJY CO CKOPOCTBIO L, € (—00;+00) paBHA €IUHHUIIE, TO €CTh

T(p(ux)d v, =1

[MoacraBus dynkiwio (18), monyunm:

400 2
Ajexp[—ang.doX:A- 2% _1— A= /zﬂ
w a T

CootHorienue (18) nmpuHuMaeT BUI
J. (19)

(04
sod-{ -

[TocTosIHHYIO 0 HAMAEM U3 KMHETUYECKOTO OINPENEIICHUS TEMIIEPATyPhl

2
o,
2

KaK MEpPbl CpEAHEH KMHETUYECKOW SHEPIUU TEIUIOBOTO IBMXKEHHUS MOJIEKYI,
ONPEAEIUB MPEIBAPUTEIBHO CPEIHEKBAAPATUYHYIO TEILUIOBYO CKOPOCTh MOJIE-

Ky (L?):
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i / 't : / 1 T 1
2y=| v? do, = [ [ v2exp| -2 |dy, = |2 .= ==,
<Ux> J;Ux(p(ox) l))( 27['[00)( p[ 2 UX 27_[ 2 (a/2)3 a

AHAJIOTUYHO

L

(v,)=(0;) =
a

CpeI[Hﬂﬂ KHUHETHNYCCKasa 3HepFI/I$I
mv?> m 3m
E) = — = —((02) + (V%) +{(v?) )= —,
(B) === =2 (0D + )+ ) ) ==

[ToacraBnsem nonydeHHoe BeipakeHue B (9), BeIpakaem o

3m = 3 KT =>a= m
200 2 KT
U popmymna (19) npunumaer Bua
2 2
m mo
L )=| ——= | exp|-——=| 20
?(0,) (znij p( 2kT] <0
¢(v) 10"
7
7
7
7
. | 1 O, M/C
-1000 -500 0 LLidu. 500 1000

Puc. 6

I'paduk Gyukiuu @(vx) a1 Moaekya azota N, ipu Temmeparype 300 K
npeAcTaBiieH Ha puc. 6. OH COBMANAET ¢ TayCCOBOW KPHUBOU MOTPEIIHOCTEM.
Briennm Ha rpaduike HEKOTOPBIN AMANa30H CKOPOCTEH OT Ly 110 Ly + dux. To-
IJ1a IUIOINA/h 3alITPUXOBAHHOW 00JIACTH MOJT KPUBOH ((Lx) paBHA BEPOSATHOCTH
TOTO, YTO CKOPOCTH MOJICKYJI JIS)KAT B IMANAa30HE CKOPOCTEH Ly 10 Ly + duy.

AHanornyHbple BRIPAKESHHUS 3aUChIBaeM st QyHKIui @(vy) 1 ¢(v,). [le-
peMHOXasi 3T (YHKITUH, HAXOJUM COOTHOIIICHUE I O0BEMHOHN TIOTHOCTH

3/2 2
f(v)= (27:'(_'_ J exp{— anI?T j (21)

BEPOSITHOCTHU:
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OmnpenenuM QYHKIUIO PACHpPeOeieHUs 8EPOAMHOCIU NO MOOYIAM
ckopocmeini F(v). OHa npeacrapiseT co0oi quddepeHiman GyHKIUNT BEPOSIT-
HOCTH TIO MOJIYJTFO CKOPOCTH

F(v)= P (22)
dv

Homyctum, uro B cucteMe Haxonutcess N Monekyn. [Tpuuém ux xomude-
CTBO JOCTaTOYHO BEIHMKO. B MPOCTpaHCTBE CKOPOCTEH «CKOPOCTHBIC TOUKHY
L. MOJIEKYJI, UMEIOIIUX CKOPOCTH B HHTEP-
BaJie L 10 L + dv, Jexar B npeaenax che-
puueckoro ciost TomuuHoN dv (puc. 7).
N3-3a manoct dv 00BEM Takoro cios
MOXHO OIPEACIUTh KaK IPOU3BEIACHUE
TUIOMIAAN TTOBEPXHOCTH chephl U €€ TOoJI-

mmuel dV =4nv°du. BepostHOCTs TOTO,
9TO BhIOpaHHAs MOJIEKYJIa HMEET MOIYJIb

CKOpPOCTH B BBIOpAaHHOM HHTEpBAJEC L 10
Puc. 7 L + dv, 3amaéres NPoU3BEACHUEM 00BEM-
HOW MI0THOCTH BeposTHOCTH f(L) 1 00bEMma dV. Torna noayyaem:

3/2 mUZ
exp| =™ |4, 23
275ij Pl g 9> &)

U ¢ yuérom (22) ¢hynxuus pacnpedenenus eeposmuocmu no Mooyaiam
CKOpocmen TIPUHUMAET BUJT

dP(v) = f (v)4nv’dv = 4nv? (

3/2 2
F(v) = 4nv? (%r%j exp _rzn% . (24)

Ota QyHKIMs HOCUT Ha3BaHUE yHKyuu pacnpeodeaenus Makceenna no
MO0y ckopocmu. YMHOXUB €€ Ha oOmiee yucio yactuil N 1 Ha uHTEepBal
ckopocteit dv, MbI ToTyduM 9ucito MoJiekys ANy, MOy CKOpOCTEi KOTOPBIX
JISKAT B HHTEpBaJie L Jio L + dv:

3/2 2
dN, = NF(u)dv=N -4n0?| — | exp| ™ |qu,. (25)
21tkT 2KT

['panuLibl NPUMEHUMOCTH pacipeaesienns MakcBesa:

— CHCTE€Ma COCTOMUT U3 OOJIBLIOrO YKMCIIa YaCTHIL;

— CUCTEMA HaXOJUTCSl B PABHOBECHOM COCTOSIHUU;

— CHCTEMa U30TPOIIHA;

— CHCTEMa SBJIIETCS KJIACCHYECKOM, TO €CTh OHA HE PEJIATUBUCTCKAS U HE
KBaHTOBas (B3aMMOJIEWCTBHE YACTHUIL IOMYCKAETCS, HO TOJIBKO 3aBHCSIIEE OT
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OTHOCHUTCIBHOTO ITOJIOKCHHUA I{aCTI/IH).

I'paduk dynknuu (24) st monekyn azora Ny npu Temneparypax 300,
400 u 500 K npeacrasieH Ha puc. 8. 3aBUCUMOCTH UMEIOT YETKO BbIPAKEHHbIE
MaKCHUMYMBbI, ITOJI0KEHNE KOTOPBIX C POCTOM a0COJIFOTHOU TeMIIEpaTyphl CMe-
[IaeTcsl B CTOPOHY OOJBIIMX CKOPOCTEH, a UX BEJIMYMHA, HATIPOTUB, YMEHbBIIIa-
eTcsl.

F(v)-10’

1.5. Cneocmeusn u3 pacnpeoenenus Makxceenia no mMooynro
cKopocmu

1.5.1. Haubonee éepoamnan ckopocms yacmuy

CKOpOCTh, COOTBETCTBYIOLIAs MAKCUMYMY (DYHKLIUU pacipeiesieHus Be-
POSITHOCTH TI0 MOJIYJISIM CKOpocTe (24), Ha3bIBacTCs Hauboiee 6epoAmMHOIL.
Omnpenenum cooTHomenue s He€. st atoro npoauddepenuupyem GhyHK-
o F(L) Mo MOAyII0 CKOPOCTH ¥, PUPABHSB MOJTYYCHHYIO TIPOU3BOIHYIO K
HYJIIO, OTIPEAEITUM IKCTPEMYM.

C yuérom dopmyist (24)

OF (v) =4n m 3/22 v’ exp _m02
oL 27kT ) 6v 2kT ||

Hudbdepenuupyem npousBeneHne 1ByX QyHKIIUN U TPUPABHUBAEM Pe-
3yJbTaT K HYJIIO:

OF (V) m mv? ,( 2mv mv?
=4n 2vexp| — +0° | ——— |exp| — =
ov 21kT 2KT 2KT 2KT
3/2 2 3
=4n rrIlT exp _rznle 20 — T‘F =0.
27
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Honyquﬂoe COOTHOLICHHUE paBHO HYJIIIO TOJIBKO B ClIy4dac, €CJIIM paBHa

HYJTIO Pa3HOCTD B IOCIIETHEH CKOOKe
3

20———=0.
KT

Bripaxkast CKOpoCTh B OTOpachiBast BapuaHT perienus ¢ v = 0, noixydaem
bopmyy 11 pacuéra Haubonee 6epoANMHON CKOPOCIMU YACMUY,

v, :,lﬁ. (26)
m

VuuteiBas, uto k =R/N, (R = 8,31 [Ix/(monbK) — yHuBepcanbHas ra-
3oBas nocrosHHasg, Na = 6,02:10% mons? — yncno ABoraapo) u m=M /N,

(M — momnsipHas Macca), hopmyiy (26) MOKHO TiepenucaTh B BUIE

v, = /2% 27)

[Moacrasnss (26) B (24), momyyaeM BBIpaKECHHUS TSI MaKCUMyMa (yHK-
UK pacnpeieieHus: MakcBelia o MOAYJII0 CKOPOCTH:

m 4 m
E —F =4 /—ex -1 :—,/— 28
e (06) 21kT p( ) e\ 2nkT (28)
oA M (29)
e \ 2nRT

W13 cootHomienuit (27) u (29) cnemyer, 94To A1 MOJIEKYJT C HEM3MCHHOM

HJIN

Maccoil ¢ poCTOM a0COJIFOTHOM TeMIIepaTyphbl 3HAYCHUE BEPOSATHONW CKOPOCTU
BO3pacTaeT MPOMOPIIMOHATHHO KOPHIO KBaIPAaTHOMY M3 a0COTIOTHOM TeMIepa-
Typbl, a MAKCUMaJIbHOE 3HAYCHUE (PYHKIIMU pacmlpeneseHuss Makcpemia cHU-
’KaeTcst 00paTHO MPOMOPIIMOHAIBHO KOPHIO KBAAPATHOMY M3 aOCOTIOTHON TEM-
neparypbl

L, ~\/-IT’ l:max ~]/\/-F
YacTo Ha MpaKTUKE PeabHbIC 3HAUCHHUS CKOPOCTEH 3aMEHSIOT 3HAUCHHMSI,
HOPMHPOBAHHbIE HA BEPOSTHYIO CKOpPOCTh U =v/v, Torma pacmpenenenue
MaxcBeimia (24) MOXHO TIiepenucaTh B BUC

F(u):iuzexp(—uz), (30)

N

a BeIpakeHue (25) misa yucna mojekysr dNy, OTHOCUTEIIbHBIE CKOPOCTH KOTO-
PBIX JIeKAT B MHTEpBase U qo u+du,

dN, =N iuzexp(—uz)du. (31)

N
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1.5.2. Cpeonasa apugpmemuueckasn ckopocmop vacmuy

Cpennee 3HaueHHE MOAYJS CKOPOCTH OIPEAENAETCS KaK OTHOIICHHE
CYMMBI MOJIyJIEH CKOPOCTEH BCeX MOJIEKYJI K 0OIEMY YHCITy MOJIEKYJI

TUdNU

(vy ==
JaN,
0

Wurerpan B 3namenarene paseH N. [TogcraBum cootHomenue (25) B unc-
JIUTEIb q)opMyJIBI (32) U TIpOBEIEM MTPeoOpa30BaHMUS:

(32)

N

32 2
nkT kT m T mv?
(v) =2 —dn| | (o exp| -T2 [,
0 KT

CranpapTHbId HHTETPAT I x> exp(—ax2 ) dx = %a_z . Torna
0

<U>—4n( m j”&.(ﬂ)‘z_ 8T
27kT 2 \ 2kT m

To ecThb cpednsan apugpmemuueckan ckopocms wacmuy paBHa

(V) = ,’% i (V) = ,/ﬁ . (33)
m yo\Y/

1.5.3. Cpeonasa keadpamuunas ckopocms uacmuy

Haiiném cpegnee 3HaueHUe KBagpaTa CKOPOCTU KaK OTHOIIIEHUE CYMMBbI
KBaJpaTOB CKOPOCTEN BCEX MOJIEKYJI K OOIIEMY YUCILy MOJIEKYJI:

joszU
(V*) =2

JdN,

0

(34)

Wurterpan B 3namenarese paseH N. [ToacraBum cootHomenue (25) B unc-
autenb hopmyisl (34) u npoBeaéM npeoOpa3oBaHHMS

3/2 2
jNAnu“( m ] exp| —2 | dy Y2 ,
) 27kT okT m . mo
<U >: =4n m ID eEXp| ——— do.
7T

N 2KT

0
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o0 5
CrangapTHbIA UHTETPAT I x* exp(—ax2 ) dx = S\/Ea 2. Torma
0

32 _g
(1)2):475( m j §J;( mj :ﬁ_

27KT 8 2KT m
KBazgpaTHbIil KOpPEHb U3 ITOJIYYEHHOTO HAET CPEOHIOI KEAOPAMUUHYIO

/ 3KT f 3RT
Ucp.l«; = ? nin Ucp.K@ = M : (35)

1.5.4. Pacnpedenenue no KuHemu4ecKum IHepeuim

CKopocmb Hacmuy

3anuiiemM BBIPAKCHHUC JIJIA KHHETUYECKOMN OHCPIUKU MOJICKYJIbI U eé I[I/I(l)-

dbepennnana:

mu?

E, = 5 dE, = mudv.

BripazuM ckopocTh MOJIEKYJIBI U onipeaenuM e€ nuddepeHuual:

L= 2B, dv= dE,
\ m’ J2mE,

C y4€ToM MOJYyYEHHBIX COOTHOIIEHHUH Mpeodpa3yeM (QYHKIHIO BEPOAT-
HocTH (23) K BHAY:

dP(Ek):%(kT )_S/ZJEexp(—%JdEk.

Torna pacnpe()eﬂeuue Makceenna no Kunemu4ecKkum IHepeuam

F(Ek):%(kT )‘3/2JEkexp(—l(E—Tkj. (36)

124 .. — T=500K
I: \.. — — T=400 K
PN cmm T=300 K
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I'paduk dynkuuu (36) mis Monekya azora Ny npu Temneparypax 300,
400 u 500 K npencrarien Ha puc. 9. 3aBucumoct F(Ex) momob6Ho pacnpee-
JeHUI0 MakcBesuia o MOy siM ckopoctel F(L) mMeroT 4ETKO BBIpaKEHHBIC
MaKCHUMYMBbI, ITOJI0KEHUE KOTOPBIX C POCTOM a0COJIFOTHOU TeMIIEpaTyphl CMe-
IaeTCs B CTOPOHY OOJBIINX SHEPTUH, a UX BEIMYNHA CHIKACTCS.

[Mpoauddepennupyem yukuuto (36) mo MoayI0 CKOPOCTH U, IPUPaB-
HSIB TIOJTYYEHHYIO TPOU3BOAHYIO K HYJIIO, ONIPEICTUM 3HaUE€HNE IKCTPEMyMa:

aFa(UEk) - j;(kT )3/2%{\/E_keXp(—kE__l'§ﬂ _o.

Huddepenuupyem npoussenenne GyHKIUN U pe3yabTaT MPUPABHU-
BaeM K HYIIIO:

OF(E)_ 2 32 JE E,
(kT) exp| ——= |=0.
v n 2\/_ kT kT
VYpaBHeHue oOpaiaercs B HyJb B CiIydae, €CIu HYJII0 paBHA Pa3HOCTh
1 _JE _,
2JE, KT

BLIpa>1<a;1 M3 IIOJJYYCHHOI'0 COOTHOIICHHUA S9HCPIui0, HAXOAUM Haubonee

6E€POAMHYI0O KUHEMUUECKYI0 IHEP2UIO.
(E), :%kT. (37)

3HaueHHUE CpeoHell KUHEMmUYeCKOl IHePZuu NOCHLYnamenabHo2o O06u-
HCEHUA MOJIEKY]l OTIPEIEISETCS KaK

(Ek>:TEkF(Ek)dEk. (38)

[ToncraBum dopmyity (36) B (38):

(E) :%(kT = exp(—f—_lk_jdEk.

0

) - 3~
CTaHJapTHBIH HHTErpan Ixs/ ?exp(—ax)dx = 2 Jra¥2. Torma
0

-5/2
@23 2) e

To ecTb cpednan kunemuueckasa Inepzus ROCMYNamenbHO20 08uHce-
HUA MOJ1eKy/1 paBHA

(Ek>:ng. (39)
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dopmyia (39) MONMHOCTHIO HACHTHUYHA COOTHOIICHHIO (9), MOTydeHHOMY
Ha OCHOBE CPaBHEHHMS SMIIMPUYECKOTO ypaBHeHUs Kiaiinepona — Menaeneesa
¢ ocHOBHBIM ypaBHeHHeM MKT, BbIBEICHHBIM Ha OCHOBE CTATUCTHYECKOTO Me-
TOJIA aHAITU3A.

1.6. IxcnepumenmanvHoe noomeepircoeHue pearbHOCHU
cyuwiecmeoganusn pacnpeoenenus Makceenna

1.6.1. Onvtm Ommo Illmepnua (1920)

B ocHOBY 3KCIIepMeHTa ObLIa TMOJI0KEHa ciieayromas uaes [1].
Jonyctum,  ume-
, ercs cocyn V, B KOTOPOM
I MOJJIEPKUBAETCS.  BHICO-
kuii BakyyMm (puc. 10). B
HEM HAXOAUTCSA EMKOCThb

L hAB 12 \P

G wmeHbIIETO pasMmepa,

Prc. 10 3allOJIHEHHAs Tra3oM, B
CTEHKE KOTOPOM MPOCBEPIIEHO TOHKOE oTBepcTHe L. Uepes 3To oTBEpCTHE MO-
JIEKYJIbl BBUIETAIOT B IIyCTOE MPOCTPAHCTBO V CO CKOPOCTHIO, COOTBETCTBYIO-
el remreparype rasa. Juadgparma B popmupyeT 1ocTaTouHO TOHKHI KOHY-
COO0Opa3HbIil MOJIEKYJISIPHBI TOTOK. Mouekysbl, MpojieTass HPOCTPAHCTBO
mexay auadparmoit B u coOuparoieit miactTuHoi P, ynapsisch 0 MOCIEIHION,
KOHJIEHCUPYIOTCS Ha HEM, CO3/1aBast KPYIJIOE MATHO?,

[TpencraBuM, 4TO cUCTEMa OBICTPO BpAILlA€TCsl OTHOCUTENIBHO OCH, IIPO-
XOJISIIIEH uepe3 oTBepcTue L mepneHauKyIsipHO K MOJIEKYIIPHOMY TOTOKY. B
ATOM Cllydae MSTHO Ha coOMparouieil MiacTUHE CMEIIAaeTcs B HalpaBJICHMH,
MIPOTUBOTMOJIOKHOM BPAIICHHIO, TaK KaK MOJIEKYJIaM TpeOyeTcs onpeaenéHHoe
BpeMsi, 4TOOBbI, TIpoiiIsi uepe3 auadparmy, goOpatbest 10 coOuparomieit mia-
cTUHbI P. 3a 3T0 BpeMs I1acTUHA BCIEACTBUE TOBOPOTA MEPEMEILAETCS HA He-
KoTopoe paccTosinue S. OTIEeHUM 9TO PacCTOsSHUE.

Ecmu |, — paccrostane mexay B u P (em. puc. 10), a v — ckopocTh MoJte-
KYJIBI, TO BPEMsl, 3aTpaunBaeMoe Ha MpOJIET, paBHO

T= |—2 (40)
L

3a 3TO BpeMsi TOYKH, JeXkKalue Ha COOMparollei riacTuHe, Bpallaro-

IIEHCs C YaCTOTOM V TI0 OKPY>KHOCTH pagrycoM li, cMeImarTest Ha paccTosiHUE

! Takue MonexymsApHBIE MyuKy BIEpBhe ObUIM co3aansl Jyn Jionyaite. (Louis Dunoyer, Le Radium 8, 142,
1911)
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s=2mnlvrt. (41)
W3 (40) u (41) monyuaem:
s= 2™y (42)
L

[IaTHO Ha coOuparolieit TiacTuHe OyAeT CABUraThCsA Ha ATy BEIUYUHY
BO BpeMsi BpallleHHUsI, HJIM, TOYHEE, TOCKOJIbKY COTTIaCHO MaKCBEIUTy MOJIEKYJIbI
UMEIOT Pa3InYHbIe CKOPOCTH, OHO OYyJIET PacTsHYTO B MOJIOCY, UHTEHCUBHOCTD
KOTOPOM B Pa3jIMYHBIX TOUKAX SBIIETCSA NPSIMON MEPOM pacHpOCTPaHEHHOCTH
(BEpOATHOCTH) 3HAYEHHUSI MOJIEKYJSIPHOM CKOPOCTH, COOTBETCTBYIOIICH pac-
CMaTpUBaeMOM TOUKE.

Ecmu mmadparmy B pacmonoxuth HOCTATOYHO OJIM3KO K OTBEpCTHIO L
(Al=l, -1, <1,), 10 I, =1, =1 u popmyna (42) npumer BHI

2
s = 2“5' . (43)

[Mycte v =507y, | =10 cm m v =500 m/c. Torna cMenieHne S moydaeTcs
pPaBHBIM MIPUMEPHO 6 MM, UTO SBIAETCSA JOCTATOYHO OOJBIINM 3HAUYEHUEM, KO-
TOPOE PEATTLHO U3MEPUTH.

Cxema »skcrnepuMeHTalbHON YycTaHoBKM lllTepHa mnpezacraBieHa Ha
puc. 11. AtomapHblii UCTOUYHUK, OTPAHUUYUTENbHbIE AHUAQparMbl U coOUparo-
M€ MJACTUHBI YCTaHABIMBAINUCh Ha pame R. Dta pama Haxoaunace Ha ocu A,
KOTOpasi MPOXOJWIa Yepe3 AHO CTallMOHAPHOIrO, MOCTOSIHHO OTKaYMBAaeMOIO
pe3epByapa U Obljla COEITMHEHA CBOMM BBICTYIAIOIUM KOHIIOM C OChIO JIBUTa-
Tesst. ATOMapHbIM UCTOYHUKOM L ObL1 He cocyl, HaOJIHEHHBIHN ra3oMm, a noce-
peOp€HHasl TUIATUHOBAs MPOBOJIOKa. Yepe3 He€ MpomycKacs ANEKTPUUECKUI
TOK TaKOH BEJIMYMHBI, YTO OHA Pa3orpeBasiach /10 TEMIEPATYPhI BhIIIEC TEMIIE-
paTyphl IJIaBJIEHUS cepedpa U ucnapsroIIrecs: aToMbl cepedpa UCITYCKaINCh BO
BCeX HampasieHUsX. [lanee yacTe aTOMOB MPOXOAMIIA Yepe3 JABE Mapbl Mocie-
JIOBATEJIbHO PACIHOJIOKEHHBIX AvadparM B JIBYX AMAMETPAIBbHO MPOTHUBOIIO-
noXHBIX HanpaBneHusx. Lllenu S; u S; Beimensiv 1Ba IGHTOYHBIX MTOTOKA aToO-
MoB (puc. 11 u 12). AToMbI Magaid Ha COOMparoIye TUIACTHHBI P, mpukpen-
JEHHBIE K KOHILY paMbl R, 1 00pa3oBbIBaNIU cepeOpsiHbIe TUHUU. B cocTosiHMM
MOKOSI ATH JIMHUM COBMAJAIM C JIMHUSAMU 1eiei. Bo Bpems BpalieHus: paMmKu
cepeOpsiHbIe JIMHUU Ha TUIACTUHAX CMEUIAINCh B Ty WJIK UHYIO CTOPOHY B 3aBU-
CUMOCTH OT HalpaBJICHUS BPALLICHUSI.

Hcnonp3oBanue cepedpa AJi CO3aHUSI aTOMApHOTO My4yKa /1aBajio BO3-
MOKHOCTh TPOBEJCHHS SKCIIEPUMEHTa TpH KOMHATHOW TeMIeparype, IMo-
CKOJIBKY aTOMBI cepebpa, yaapssch 0 MOBEPXHOCTh MPU KOMHATHOW TemIepa-
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Type, KOHIEHCUPOBAIUCH TaM IPH NIEPBOM yaape?.

[TnatunoBas mpoBosioka L umena mmny okomno 6 cv u auametp 0,4 mm.
Tonmunaa cepedpssHOrO MOKpHITUS cocTaBisuia mpuMepHo 0,02 mm. Bepxuuii
KOHEI[ MMPOBOJIOKH 3aKUMAJICSI HEOOIBbIINM 32KUMHBIM BUHTOM, MPUKPEIUIEH-
HBIM K pame R. Hukuuii ObL1 BHlasiH B MPOCBEPIJICHHBIN JIATYHHBIN 010K, OTBEP-
CTHE KOTOPOT'O CKOJIB3UIIO M0 CTEKISTHHOMY CTEPKHIO, 3a1leMEHTUPOBAHHOMY B
pamKy. JIaTyHHBII OJIOK IPYKUMAIICS JTUCTOBOU NIPYXUHOM F, m30ommpoBanHO#M
Ha pame. Takasg KOHCTpyKIusi oOeclieunBaia HaJAEKHOE HATSHKEHUE TUIATHHO-
BOI MMPOBOJIOKU B XOJIOAHOM U B HATPETOM COCTOSIHHSIX.

UTOOBI MCTOYHMK HM3TYUYEHHUS HE MEHsUI CBOETrO MOJIOKEHHS Jlaxe Mpu
BpallleHUH, C 00eNX CTOPOH MPOBOJIOKU L Ha paccTosinuu 8 mm GUKCHUpPOBAIUCH

wenu S, JumHoi 4 em |
u mupuHort 0,2 mm, ( | ———— U u,‘;—-l] U ____ - | )
M300paKeHUe KOTO- |' 0 ﬂ L I] 0 |

P S, S5 S, P

pBIX  TIEpelaBalioCh
gyepe3 menn Sy (-
HOU 4 cm, mmpuno# 0,2 mm) Ha coOuparonue wiactuabl P. Eciiu Ob1 mpoBo-
JI0OKa CMECTHJIaCh, TO U300paKEHUE Ha COOMpAIOLIEH MJIaCTUHE HE MOSBUIOCH
OB, TOTOMY YTO MPH TPAHCISINH Yepe3 MIeNb S1 OHO MOMNaaano Obl HE B IIETh
Sy, a psagom ¢ Helt. KpoMme Toro, mockoJibKy Ipy MOBOPOTE PaMKU aTOMBI cepe-
Opa, mocTuraroue coonparoien miIacTUHbI P, peanbHO CTapTYIOT HE TOYHO U3
IICHTpa IMPOBOJIOKH, &, CKOpEe, HEMHOTO CO CTOPOHBI (puc. 12), TO ieHTpaibHas
4acTh MPOBOJIOKH L jytrHOM 0koJ10 3,5 cm Obuta packaTaHa 10 mupunbl 0,6 .

Puc. 12

Cobwuparoniyie miacTuHbl ObUTH U3TOTOBJIEHBI U3 MOJIMPOBAHHOM JIATYHHU.
AToMBI cepebpa, omaBIIie Ha HUX, 00pa30BaIl KOPUYHEBATYIO JTUHUIO IIIH-
punoii okosio 0,4 mm. IlonoxxkeHnue €€ HEHTpa ONPEAEHSIOCH C MOMOIIBIO
0,5 ;Mmm mKakl, BRIpE3aHHON Ha IJIACTHHAX, C TOYHOCTBIO MpuMepHo ot 1/10 1o
1/20 mm.

Pama R Obl1a ycTaHOBJIEHA HA OCU A U3 CTAJBHBIX TPYO C BHEITHUM JIha-
MeTpoM 6 mm. TOK MOABOIUIICS K INTATHHOBOMY MPOBOAY L uepe3 1Ba KOHTaKT-
HBIX KOJbIia SI. OT BEpXHETO KOJIbIa, H30JIMPOBAHHOTO Ha OCH, TOK MPOXO NI
10 U30JUPOBAHHOMY TPOBOY d Yepe3 BHYTPEHHIOIO YacTh OCH K MpyKuHe F u
nanee — K HIbKHEMY KOHITY L, OT HyKHET0 KOHTAaKTHOT'O KOJIbIIA TOK IIET ITPSMO
4yepe3 0Ch U paMy K BEpXHEMY KOHLy L.

2 M. Knudsen, Ann. . Phys. (4) 50, 472, 1916. B s1oii pa6oTe B KauecTBe UCTOYHUKA aTOMOB IIPUMEHSIACH
nocepeOpEHHAs ITaATHHOBASI TPOBOJIOKA, U ATOMBI, HCTIAPSIEMBIE C €€ MMOBEPXHOCTH, OCAKIATUCH Ha MUIIICHH,
TeMIepaTypa KOTOpoil paBHsIaCh KOMHATHOM.
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BakyymHO€E MpOCTpaHCTBO, B KOTOPOM HAXOAWJIACh pamMa, COCTOSIIO U3
konmaka G BbICOTOH 35 cv W BHYTPEHHUM JTUaMETpoM 24 cm, KOTOPBIM ObLI
npUTEPT HA KBAAPATHOM »KeJIe3HOU mmacTune E tommuuoi 1 cm ¢ aiuHol cTo-
poHBI 35 cm. J{is yIIIOTHEHUS HCIoJb30Banack cMaska Pamces®. Creknsnnas
TpyOKa MUPUHON OKOJIO 2 cm Bella OT TOPJIbIIIKA KOJIOKOJA K COCYZy C KOKO-
COBBIM yIIEM, a OTTya — TPyOKa IIMPHHON 1 cv K KOHAEHCATHOMY Hacocy™.
Ha xenesnyto uractury E Ob11 HaBuHUYEH miTaTuB D, Ha KOTOPOM HaXOIUIICS
pEryJIMpyEMBIN JaTyHHBIN BUHT S CO CTaJbHBIM HAKOHEYHUKOM, CIIYKUBILIHM
YIIOPOM JJI1 BEPXHETO KOHIA OCH.

Camoli CJI0KHOM 4acThlO YCTPOMCTBA ObLII FEPMETHUHBIN MPOXOJ OCU B
BAaKyyM, KOTOPBIA JOJKEH ObUI OTKAYMBATHCS JI0 YPOBHS MPEABAPUTEIHHOTO
BakyyMma. CanpHuk St BmauBajcs B JaTyHHYIO TpyOKy Mi mmpuHoi 4 cu, mpu-
KPYUEHHYIO K HIDKHEHM CTOpPOHE KeJIe3HOM TutacThHbI E, 1 B €€ mosiocTh BIaB-
JUBAJICS CMa3aHHBIA acOecToBbIA MIHYp. Kpome TOro, K HUKHEW YacTH Callb-
HUKA MpPUMbIKaJIa EMKOCTb, 3allOJIHEHHAs cMa3koil. OT natyHHO#N TpyOku Mg
TpyOKka a Bena k popBakyymHOMY Hacocy (Hacocy ['ene). Jlarynnas TpyOka My,
HAXOJAIAsICd Ha BEPXHEM CTOpOHE »KeJIe3HOW rmiacTuHbl E, Obuia 3akpbiTa
CBEpXY JIATYHHOU IJIACTUHOM, Ha KOTOpPOW HaxXoJuiach JIaTyHHas TpyOka I,
IJIOTHO OXBaTbIBaromIasi ocb A, HO 0€3 HEMOCPEACTBEHHOIO KOHTAaKTa MEXY
HuMu. B npocTpancTBe, oOpazoBanHoM Mi u My, monnepsxkuBaics hopBakyym
ot 102 1o 107 MM, B ocHOBHOI Kamepe G — Ha ypoBHe npuMepro 10 Mm. Ba-
KyyM KOHTPOJIMPOBAIHU C TOMOIIBIO0 TpyOku [ elicnepa.

OnopHas nnuta E Obuta %&ECTKO 3aKperniieHa Ha AEpEeBSIHHON pame, K KO-
TOPOM OB MPUBUHYECH HEOOJNBIIONW ABUTaTeNb. Och ABUTATENsl Oblia COeau-
HEHA C HUYKHUM KOHIIOM OCcH A KOPOTKHUM OTPE3KOM BaKyyMHOTO miianra. Jlpy-
roil KOHEIl OCH JBUTaTesis ObUT COSAMHEH THOKUM BaJIOM CO CUETUMKOM cpada-
THIBAaHU .

DKcnepyuMeHTalbHas YacTh BKIIIOYasia B ceOs cneayromue stanbl. CHa-
Yajia B TEYEHUE HECKOJIbKUX YacOB MyTEM COPOIMOHHOM OTKAYKHU TOTyYasH
tpebyembiii BakyyM (mopsiaka 0,001 am). 1s 3TOrO MpenBapuTeIbHO Harpe-
TBIA KOKOCOBBIW yTOJIb TIOCJICIOBATEIBHO OXJIAXKIAIH KHUJIKAM BO3AYXOM (HJITH
TBEPJBIM JTUOKCHIOM yriepoja) u 3GupoM. 3aTeM IUIATUHOBYIO MPOBOJIOKY
HarpeBaJid 10 TEeMIlepaTyphl, OJM3KOM K TeMIiepaType IUIaBlieHUus cepedpa,
BKJIFOYAJIN JIBUTATENb, JOBOJIUIIHN €0 JI0 KEJIAeMOro Ynciia 000pOTOB H, HAKO-
Hell, TUIATUHOBYIO MPOBOJIOKY HArpeBaju TOKOM Mopsaka 5 — 6 aMmrep 10 TeM-
nepaTypsl BhIIe TiaBieHus cepedpa. [loka cepebpo ucmnapsnoch, 4To 3aHSII0

3 Cmaska Pamces (Ramsayfett) — cMa30uHbIii MaTepuall ¢ OUeHb HU3KOH YIIPYTOCThIO IApOB ISl TIyOOKOBa-
KYYMHBIX CUCTEM, COCTOSIIHI U3 cMecH napaduHa, Kayuyyka U BOCKa
* Hacoc ¢pupmbl Hanff&Buest, Bepinn
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BCEr0 HECKOJIbKO MUHYT, MMOCTOSIHHO KOHTPOJIMPOBAIM BAKYYM U KOJIMUYECTBO
0060poToB. Yncmo 060poTOB B MUHYTY B O0IBIIHHCTBE TecTOB Ob110 1500, T.€.
v =25 000poToB B cekyHy. [lomyueHnHble TakuM 00pa3oM cepeOpsiHbIe TUHUU
Ha coOMparomuUX MIaCTUHAX ObUTH OoJsiee CIa0bIMU U PA3MBITBIMU, YEM JIMHHH,
MOJIy4eHHbIEC O€3 BpallleHUs, 1 OHU ObLIA CMEIIEHBI OTHOCUTENILHO HEMOABUX-
HBIX TTpuMepHO Ha 0,4 yvm. J1J1s MOBBIIEHHUS] TOYHOCTH U3MEPEHHUS ObUTH OIpe-
JIeJIEHbl PACCTOSIHUSI MKy IIEHTpaMU CepeOpsHBIX JMHUMN, MOJTYYCHHBIMH B
Pa3IMYHBIX HCIBITAHUSAX C OJAMHAKOBBIM YHCIOM OOOpPOTOB, HO C Pa3HbIMHU
HaIpaBICHUAMH BpameHus. Pesynbrar nexan B quanasone ot 0,7 1o 0,8 mw’.
Takum 00pa3oM, OTKIIOHEHHUE S B OJJHOM HAIIPaBJICHUU COCTABUIIO BEJIMYUHY OT
0,35 1o 0,40 mm.
Bripasus u3 ¢popmyisl (42) ckopocTh

v="211, (44)

U TI0JICTaBHB B HEE MOJIyYeHHbIC 3HAUCHMUSI, JIJIs1 aTOMOB cepeOpa ObLT MoTy4YeH
JUarna3oH MaKCUMaJIbHBIX CKopocTel oT 560 1o 640 m/c.

Ecnu B34Th 32 0cHOBY TOUKy TuiaBieHus cepedpa (961°C), To coriacHo
ra30BOil TEOpUU CpeAHss aprudmeTndeckas cKopocTh (33) T0JDKHA COCTABIATh
534 mlc. OmHako peabHO paCILIaBICHHOE CEPeOPO CHKUMACTCS B KAILIH, BCIIC]I-
CTBHE YE€ro YacCTH TUIATHHOBOMW MPOBOJIOKU, OCBOOOKIEHHBIE OT cepedpa, mpu-
o0peTaroT 60Jiee BHICOKYIO TeMIIEpaTypy U3-3a CBOET0 00JIee BEICOKOTO COMPO-
tuBlieHus. [lo pe3ynbraTaM M3MepeHus SPKOCTH CBEUCHHUS TeMmIlepaTypa co-
craBisuia mopsaka 1200 °C, uto cooTBeTCTBYET cKOpocTu 584 mlc. U 310 yxe
HETIJIOXO COTJIACYETCS C MOTYYCHHBIMH TaHHBIMHU.

B pabore Takxe Obuta poBeIeHA OIlEHKAa HanboJiee BEPOSITHOM CKOPO-
CTH aToMoOB cepeOpa (27). MakcumallbHass WHTEHCHUBHOCTH IOJIOC cepedpa
HaOro1aack Ha paccTossHuu npuMepHo 0,1 vy OT Havana mojaockl. ITO COOT-
BercTBOBaO S = 0,45+0,5 mm, 9TO0 COOTBETCTBYET AHMANa3OHy CKOPOCTEH OT
450 no 500 m/c. TIpu Temneparype cepedpa, paroit 1200 °C, TeopeTHUSCKUI
pacuéT naért 3naveHue nopsaka 477 mlc, 4To TaKKe XOPOIIO COrIACYeTCs ¢ To-
JY4EeHHBIM PE3yJbTaTOM.

OmnbiT, peasninzoBanHbil LlITepHoM, o cyTH fiea BiepBbIe MO3BOIUII T10-
JYYUTH PE3yJIbTaThl, YKa3bIBAIOIIUE C JOCTATOYHON CTEIICHBIO TOYHOCTH Ha pe-
aNBHOCTB pacrpeneneHns MakcBeia.

® PaccTosiHMe MekK/y BHYTPEHHHMH KPasMH MOJIOCOK cepedpa.
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1.6.2. Onvim bepmonvoa Jlammepma (1929)

B ocHOBY ombITa 0BT MOJI0KEH MeTOA PH30, NCTIOIL30BAaHHBIN BIIEPBHIE
uM B 1849 roay iig onpeneneHus CKOpOCTH CBETa C MTOMOIIBIO BPAIIaIOIIErOCs
«3ybuaTtoro xoseca». CyTh 3TOTO METO/Ia B TIEPEIIOKEHUU HA MOJICKYJISIPHYIO
(U3UKY COCTOUT B CJICIYIOIIEM.

[IpencraBum cebe aBa Bpalarommxcs JUcka Ha oOmie ocu. [lepBbiii
JIMCK UMEET TOHKYIO IIeJIb B paJlaiibHOM HamnpasieHuu. Ha Hebombiiom pac-
CTOSIHUU OT 3TOTO JMCKa €CTh 1IeJb, U3JIy4alolas MOJEKYJApHbIe Myyku. B
MOMEHT BPEMEHHM, KOTJa 3TU IIEINW COBHAJAIOT, MOJIEKYJIbI MPOXOAAT 4Yepes
nepBbId IUCK. VI3 3TUX MOJIEKYJ MBIl pacCMaTpPUBAEM T€, KOTOPBIC JIETAT IMpe-
MMYIIIECTBEHHO MAPAJIIETBHO OCU CUCTEMBI. Yepe3 Kakoe-TO BpEMSI MOJICKYJIbI
JIOCTUTAIOT BTOPOTO JUCKA. 32 3TO BpEMs IMCK yCIIEBAET NMTOBEPHYTHCS HA HE-
KOTOPBIN YTOJI, U «TOYKa» MaJCHUS MOJIEKYJIbl OKa3bIBACTCS HA HEKOTOPOM pac-
CTOSIHUU OT «TOYKHY, JIEKAIIECH HAIIPOTUB MIPOPE3H B MEPBOM AUCKE. [Ipuuém
YEeM MEHBIIIE CKOPOCTh MOJIEKYJI, TEM JAJIbIIE ISl HUX OKA3bIBAKOTCS «TOUYKH
naaeHuda. @oTomMeTpus 3TOrO CHEKTPA CKOPOCTEMW JOJDKHA JaTh KPUBYIO pac-
npeneneHuss Makcgesia.

Ha pwc. 13 npencraBieH BHENTHUN BHI
JIMCKa, MpUMEHsAeMoro JlammepToMm. DTOT IUCK
MPOITYCKAET 4aCTh OT BCEX MOJIEKYJI, PABHYIO OT-
HOIIIEHUIO IUIOIIAIN BCEX IIeJel K OOIed IIo-
AN KOJIbIAa, BPAIAIOIIECTrocs Mepea 3a30poM
neun. Eciiv Mbl CHapyXu IUCKA 10 TOJIOBUHBI 3a-

KpO€M BCC HICIIH 2 WU BMECTO HHMX OTKpOCM CCK-

Puc. 13

Top 1, TUIOIIaH KOTOPOTO paBHA CyMME TIIOIIA-
JIed BCEX IIENEN 2, TO ABa MOJIEKYJISIPHBIX ITy4Ka IPOUAYT Yepe3 NEPBbIN IUCK;
OJIUH — 4yepe3 cekTop 1, npyroi, paBHbII 110 MHTEHCUBHOCTH, — Yepe3 IIeu 2
(puc. 13). Jlanee 00a mMOTOKA MOJIEKYJI JOCTUTAIOT BTOPOT'O TAKOTO K€ JUCKA.
[TepBbIit Tydok OecnpensTCTBEHHO NpoxoauT uyepe3 cextop 1. M3 Broporo
My4Ka TOJIBKO YacCTh MOJIEKYJI B OTPAaHUYEHHOM JIMAINa30HE CKOPOCTEN MPOXO-
auT yepes men 2. Ocalok MosBIsSETCS Ha COOMparoIei MiIacTUHE B BUJIE IBYX
JUHUHN, BpeMs BU3YyaJIU3alMH KOTOPBIX 0OpaTHO MPOMOPIIMOHAIIBHO HHTEHCHB-
HOCTHU MOJICKYJISIPHBIX IMOTOKOB, MPOIIEAIINX YePEe3 CUCTEMY U3 JIBYX JHCKOB.

[MponérHast kamepa S u peructpannonnas A (puc. 14) ObUTH OTAEICHBI
JPYT OT Apyra BEPTUKAJIBHOU JaTyHHOU miacTuHo P tommuuoi 0,9 cm u miio-
mwaaeio 20x20 cm? ¥ He3aBUCHMO OTKAYaHBbL.
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ITpocTpaHCcTBO U3Ty4YeHHsI OTPAaHUYHUBAJIOCH CTEKJIIHHBIM KoJimakoMm G ¢
BHYTPEHHUM aAuaMeTpoM 13 cm u BbicoTol 18 cm. OH repMeTHYHO yCTaHABIIU-
BaJICsl HA MOJMPOBAHHOMW JIaTyHHOM miactuHe P. Wcrounuk mznydenus O u
anadparma B Obutn KECTKO 3aKperyieHbl Ha TaTyHHOU pame M. Pama B ropu-
30HTaJILHOM IJIOCKOCTH HAaBUHYMBAJIACh Ha JJaTYHHY!O I1acTuny P. B cepennne
IOTIEPEYHBIX CTOPOH paMbl pacrojarajiach OCb, Ha KOTOPOH Ha HEOOJBLIOM
PACCTOSIHUM OT UICTOYHUKA U3JIyYECHHS U SKpaHa KPENWINCh «IIECTEPEHKN Z —
7IBa JIATYHHBIX JIUCKa ¢ Ipope3siMu B KpoMmke. OHH, B CBOIO O4epe/b, 3aKpbIBa-
JIUCh JKEJIE3HON TpyOKOM JIMHOM 6 cm, 00pa3ys nonblid mimHAp R. DTOT mo-
JBIA LUJIMHAP CIYXKUJI pOTOPOM TPEX(Pa3HOro ABUTATENS, CTATOp St KOTOPOro
OXBAaTbIBAJI KOJIIMAK.

St

Puc. 14

Peructpanronnas kamepa A Oblila OrpaHUY€Ha 3aKpeIuIEHHOW Ha Tuia-
ctuHe P nmatyHHON TpyOKo#t auamerpom 4 cm U IuHON 4 cm, KOoTOpas Obliia
3aKphITa CTCKJISIHHBIM OKHOM F1, TIpUKIIEEHHBIM K Kpato. PsioM HaxoIumoch
BTOpOE OKHO F>. Ha n1iuHHO# BepTUKAIbHOM HacalKe, MPUKPEIUIEHHON BBEPXY,
Obla CTEKJISIHHAS OXJIaKaatomas Tpyoka Ki, Ha yriomEHHOM KOHIIE KOTOPOH
HaxO0JWJIach IJIaCTUHA J1sl cOopa cepedpa p. [lepes Heit OblTa ycTaHOBIIEHA OT-
pakaroluas mpu3ma, Io3BoJIsioNIas Ha0II0AaTh MOBEPXHOCTD TUIACTUHBI P Ye-
pe3 okHO Fi. PacnonoxkeHHasi CHU3y BEepTUKaJIbHAs JlaTyHHas My(Ta Bella K
Hacocy.
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[Inactuna P umena nBa orBepcerus, Ly u Ly, kakmoe U3 KOTOPBIX OBLIO
OKPYKEHO METAJUTMYECKUM KOHYCOM C BHEIIIHEH CTOPOHBI I1acTuHbl P. Ha miu-
POKOM KOHYyce BOKpYT L1 Haxoamiach oxjaxaaromias Tpyoka Ko 3 KBapiieBoro
CTEKJIa, HeOOXOMMas Ji1 YCTPAaHEHUSI PACCESIHHOTO M3JIy4eHUsI BHYTpU Ka-
Mmepbl. OHa 3axonuna Ha 11 cm yepe3 riacTuHbl BriyOb NpoiETHON KaMephl U
umera muomans 80 cv?. Uepes Manblii KoHyc 0Koulo L, Ipon3Boauiocs yiior-
HeHue uHTepdeiica ¢ YETHIPHbMsI TPOBOJIAMU JIJIsl MUTAHKS UCTOYHHUKA U3ITyde-
Hus O.

WM cTOYHUKOM U3ITydeHUsl CIOyKWia IIeNb B IWJIWHIPUYECKOU MeUHn U3
docdhopHoit OpoH3bl. B meun Haxoauiics HEOONMBIION CTEKIITHHBIM COCY/I, 3a-
MOJTHEHHBIN HcHapsieMbIM BellecTBOM. [leub HarpeBanzach 3JIEKTPUUECKUM TO-
KOM MOIIHOCTbIO OK0JIO 4 BT, mpoTekaromum depe3 MIATUHOBOE MOKPHITHE
TpyOBbI U3 FOPHOTO CTEKJIa, KOTOpas pacrojarajiach HEMOCPEACTBEHHO OKOJIO
menu. Tepmonapa U3 MEAHOTO KOHCTaHTaHa ObLIa pacrojioKeHa y BbIXOJA
neyu JJIsl KOHTpoJiA €€ temnepaTypsl. lleus ynepkuBanace kpoHIITERHOM K,
KOTOPBIN 3aKpeIUIsICS Ha JaTyHHYIO pamy M U ObUT U3TOTOBJIEH U3 KOHCTaH-
TaHa [l yMEHBIICHUS TEIJI0O0TBOIA.

Hpyras nomnepednast cropoHa pambl M 3akperuisuiachk Ha mactune P. C
ATOM K€ MOMEPEUHON CTOPOHBI B INTACTUHY P OBUI IMJIOTHO BBUHYEH MOJIBII KO-
Hyc. CO CTOPOHBI U3JIyYalolle KaMephbl B 3TOM KOHYCE MOMEIIAIOCH KOJIBIIO €
HaJipe3amMu B popMe JaCTOUKHMHA XBOCTAa, B KOTOPOM MOKHO OBLIO ITepeMeIaTh
JIBE pa3pe3Hble ryOku, oopasyromue rmpoem B. [loamunuuku ocu potopa Obuin
BCTPOEHBI B CEPEIMHY JBYX MOIMEPEUYHBIX CTOPOH PaMbl.

Jlnucku poropa pacroiarajiuch Ha pacCTOIHUU 6 cm no ocu. VX nuamertp
coctaBisit 5,7 cm. 1o kparo y kakaoro 0buto 1o 50 meneit JIMHON 3 Mm 1 IIH-
punori 0,24 mm (puc. 13). CHapyku ObLIO JIBa CEKTOpPa, IPOIMYCKAIOIIUX
CTOJIBKO JK€, CKOJIbKO BCE IIEJIM BMECTEe B3siThbie. UTOOBI rapaHTHPOBAThH, YTO
YIoJl CMEIIEeHHs ObLI OJIMHAKOBBIM JIJIsI KaXJAOW Maphl mpopeseil, oba aucka
OBLITM TIOMEIIIEHBI IPYT Ha Jpyra U OTMEUYEHBI HETPEPHIBHOM METKOM B MOMEHT
U3TOTOBJIEHUSI IIPOPE3EH.

[Tone, Bpamaroiiee poTop, C03/1aBajoCh BOCBMUIIOIIOCHBIM TPEX(PazHbIM
npeoOpazoBaTeneM MOCTOSHHOTO Toka 220 B ¢ makcuMmanbHOM yactoToit 330
000poTOB B cekyHay. [Inockuii ctatop ObUT TaKOMU K€ JIJTMHBI, KaK U pOTOp, U
YCTaHABJIMBAJICS HETIOCPEICTBEHHO Ha KOJIMAKe.

O0s13aTeIBHBIM YCIOBHUEM DKCIIEPUMEHTOB C MOJICKYJISIPHBIMU ITyYKaMu
SABJISIETCA TOYHAs HacTpoika. KOcTupoBka MpOBOAMIACE C TTOMOIIBIO MUKPO-
CKOIIa C MIEPEKPECTUEM U MUKPOMETPA.
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WcnpiTaHuss MPOBOAWIMCH C MOJEKyJaMU PTYTH TpPH TeMIepaType
100 °C. Haubomnee BeposiTHas pacuéTHasi CKOPOCTh L, = 214 m/c. Temmneparypa
NeYd KOHTPOJIUPOBAIACh TEPMOMApOi M OblIa MOCTOSHHON C TOYHOCTBIO IO
0,1°C. Yucio 060poTOB poTOpa H3MEPSITH U KOHTPOJIHPOBATIN CTPOOOCKOTTHYEC-
CKUM JIMCKOM, Ha OCH KOTOpPOro pacmojarajics taxomerp. OTKIOHEHHsS dYa-
CTOTBI B TIPOIIECCE IKCIIEPUMEHTOB He npeBbimany 3 %. [lo mocTmkeHnn BbI-
IIeyKa3aHHBIX YCIOBHI cOOMparoias IiacTUHA OXJIaXKIaIach KUJAKUM BO3IY-
XOM H TIOBOpaYMBajach, yCTaHABIMBASCH HA ITyTH MOJICKYJISIPHOTO MOoToKa. [1o-
CJie TIOSIBJICHUS] MHANKATOPHON JTUHUH TUIACTUHY €Il€ HEMHOTO TOBOPAYHBaIIU
Y PETUCTPUPOBAIIN BpEMsI BU3yaIU3alliu IBYX JIMHHM, IIEpBas U3 KOTOPHIX Gop-
MUPOBAJIACh CEKTOPOM 1, BTopast — cucteMoit meneit 2 (puc. 13).

[Tomydyennbie JlammepTOM pe3ysIbTaThl OTHOUW U3 PsAJIa SKCIIEPUMEHTAIb-
HBIX CEpMIt® mpeacTaBleHbl Ha pHC. 15. BBIcOTa IPAMOYrOILHHKOB OTMEYAET
OTHOCHUTEIHLHYI0 HHTCHCHUBHOCTh PETUCTPUPYEMBIX TTOTOKOB MOJICKYJ PTYTH.
CIUTOIIHBIMYA TOHKUMH JIMHUSMHU TTOKa3aHbl U3MEpEHHbIC 3HaueHus. [IyHKTHp-
HBIMHU — TEOPETUYECKH paccunTaHHbie. CIUIONIHON KPpUBOU H300pakeHa Teope-
TUYECKas 3aBUCUMOCTh. 13 rpaduka BUIHO, YTO SKCIIEPUMEHTAJIbHbBIE JaHHBIC
OUYEHb XOPOLIO COTJACYIOTCS ¢ TeopeTuueckuMH. Takum oOpaszoM, Jlammepr,
peann3oBaB uaeto, noganHyto emy Otto LlITepHOM, BiepBbIe IKCIIEPUMEHTATb-
HBIM MYTEM HE TOJHKO KaUYE€CTBEHHO, HO KOJIMYECTBEHHO MOATBEPIUI pealib-
HOCTh TEOPETUYECKOT0 pacmpeaeneHuss Makcsena.
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Puc. 15
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& Lammert B. Herstellung von Molekularstrahlen einheitlicher Geschwindigkeit (nem.) // Zeitschrift fiir
Physik — 1929 — March VVolume 56, Issue 3-4 — p.244-253.
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1.7. bapomempuueckaa opmyna. Pacnpeoenenue
bonvuymana

p+dp Hapsiny ¢ knHETU4ECKON SHEPTUEH IBUKEHUS MO-

‘ dh JICKYJI Ha IABJICHUC I'a3da OKA3bIBACT BJIIMSIHHUC U COYCTAHHC
TaKHUX (1)H3H‘{€CKI/IX HOHHTHﬁ, KaK MacCa MOJICKYJ U I'pa-
BUTAOMOHHOC IMPUTSKCHUC ITJIAHCTHI. TO‘-IHCC, MOJICKYJIbL

P

h raza CO3Jal0T BOKPYT IUTAHETHI aTMOC(HEPHBIM CIIOH |
(haKTHYIECKH BEC ra3a 3TOTO CJIOSI TOPOXK/IACT TaK Ha3bIBa-
S\ P eMoe aTMOCc(hepHOE JTaBJICHHE.
ITycTh p — maBienue Ha BeicoTe h, Po — AaBIeHUE Ha
Prc. 16 BeicoTe h=0. JlaBnenue Ha BhicOTe h+dh Oymer paBHO
p+dp. PasHocTth naBienuii p u p+dp paBHA OTHOIICHHUIO Beca BO3/yXa, 3aKII0-
4yéHHOrO B 00BbEMe muimHapa Beicotor dh (puc. 16), k miomaau OCHOBaHMS
sToro muwimHapa S. Bec aToro Bo3myxa, moJ00HO BeCy Tely, paBeH CUJIC TsDKe-
CTH, TaK KaK YCKOpEHHE OMopbl paBHO Hy:to. Clie10BaTeNbHO,
p—(p+dp)="0 = PTG _ g, (45)
S S
rJic p — INIOTHOCTh BO3/yXa Ha BeicoTe h (BbIcoTa IpuuHapa dh oueHs Maia, u
IUIOTHOCTh BO3yXa B Mpe/eax 3TOH BBICOTHI MOXKHO CUHMTATh MOCTOSHHOI),
g — yCKOpeHHe CBOOOIHOTO TaICHHS.
N3 dpopmynsl (45) nomydaem:
dp =—pgdh. (46)

[ImoTHOCTHE BO3ayXa 3anuiieM U3 ypaBHeHus Knanelpona — Mennene-

cBa:
pM
=— 47
RT (47)
dopmyna (46) ¢ yuérom (47) mpuMeT BHI
dp__Mg dh.
p RT

Br16upas npenenbl '3MEHEHHsI BBICOTBI TAKMM 00pa3oM, YTO 3aBHCHUMO-
ctsiMu T ¥ g oT h MOkHO TTpeHeOpeYb, OTyYaeM:

p h
j@:—mjdhjln(E]:—M—Qh.
Po RT

[ToreHuupys MOJIy4EHHOE PABEHCTBO U BBIpAXKAs [, OJIy4aeM:

Mgh
= p,exp| ——— |. 48
P=p, xp( RT) (48)
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dopmyia (48) Ha3biBaeTcs bapomempuueckoii. VI3 Heé cienyer, uTo at-
Moc(epHOe NaBlieHHUE MEHSETCS SKCIOHEHIIMAIbHO C BhICOTOM. JlanHas ¢op-
MyJia He sIBJisgeTcsl yHUBepcalbHOMU. [Ipu €€ BbIBO/Ee MBI IPeHEOPETI 3aBUCH-
MOCTBIO TEMITEpaTyphl K YCKOPEHHS CBOOOHOTO MaiIeHus OT BBICOTHI. Ho, Tem
HE MEHEE, OHa MO3BOJISIET MPOBOAUTH OLIEHKH B pealIbHBIX yciioBusax. Hampu-
Mep, Takoi mpudop, kKak 0ApOMETPUUECKUN arbmumenmp, IPEJICTABIsAET cOO0M
OGapomeTp, IKajia KOTOPOTo IPayupyeTCcs B 3HAUCHHSIX BHICOTHI.

[Tpeobpasyem popmyiy (48) ¢ yuérom (8), 3aMeHuB MOJIApHYIO Maccy M
Ha MN,, a YHEBEpCaIbHYIO Ta30BYI0 MOCTOSHHYIO R Ha KNa.

n=n, exp(—rﬁ—ihj, (49)

r7ie N 1 Ng — KOHIICHTPAIIUX MOJISKYJT T'a3a Ha BeicoTax h u h=0 cooTBeTCTBEHHO.

[TonyyeHHOE COOTHOIIEHUE MO CYTH MPEACTABISIET COOOM pacrpeaere-
HUE KOHIIEHTpAIlMU MOJIEKYJ T'a3a Mo BBICOTE B MoJje TskecTr. O003HAYMM T10-
TSHIIHAIBHYIO YHEPTHIO MOJIEKYIIbI Ha BeIcoTe h kak E, = mgh. Torna dpopmyna

(49) npuHUMAaET BHT

n=n, exp(— kET j (50)

BonbiMaH J0Ka3all, 4To HPEACTABICHHOS paclpeesieHUe CIIPaBeIINBO
HE TOJIBKO B CJIy4ae MOTCHIMAIBHOTO TOJISI CHIT 3¢MHOT'O TATOTCHHUS, HO U B JIIO-
OOM IMOTEHIIMAILHOM TIOJIE CHJI JUISI COBOKYITHOCTH JIFOOBIX OJMHAKOBBIX Ya-
CTHII, HAXOJSIINUXCS B COCTOSIHUU XaO0THYECKOI'0 TEIIOBOrO JABMKEHUs. Dop-
mysa (50) monyuunna Ha3BaHUe pacnpedenenus Borvumana.

Pacnpenenenne bonbliMmana noxoske Ha pacrnpenenenue Makcpemia no
ckopoctsM (21). B oboux ciydasx Mbl JeUM (3HaK MHUHYC B SKCIIOHEHTE)
HEKHE KOHCTAHTHI Ha SKCITIOHEHTHI OT OTHOIIEHHUS SHEPTUil MOJIEKYJI (IIOTCHIIN-
aJIbHOM MJIM KMHETHYeCKo) K Beiauunne KT, koTopasi, B CBOIO O4Yepe/b, Ompe-
JICIISICT DHEPTHIO TEIJIOBOTO JBUKCHHS STUX JKE MOJICKYJI.

Yucao MOJIEKyYJI, COACPIKAIIMXCS B BBIICICHHOM 3JICMEHTAPHOM 00BbEMeE
dV = dxdydz B quanazone koopauHaT oT X, Y, Z 10 X + dX, y + dy, z + dz, MoxxHO
OIpeeIIUTh KaK

dN (x,y,z)=ndV =n,exp| - dxdydz. (51)

E,(x,y,2)
KT
Yucmo MOJIEKyJ1, KOMIIOHEHTBI CKOPOCTEH KOTOPBIX JIEXKAT B JHANa30He
OT Uy, Ly, L; J10 Uy + duy, vy + doy, v; + dv;, MOXKHO OTIpPeeNIUTh Ha OCHOBE CO-
otHomeHus (21) kak
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3/2 2
mo
dN (ux,oy,oz): N(anT) exp T dv,dv dv,. (52)

VYMHOKas1 BEPOSTHOCTH Ha KOJHYECTBO YACTHII, Mbl OOBEIUHIEM pac-
npeneicaus (51) u (52) B enunoe pacnpedenenue Makceenna — bonvymana

3/2
m E +E
dN (0,,0,,0,,%,y,2)=n, | P —# dv,dv,dv,dxdydz,

T
rie dN(vx, Ly, Lz, X, Y, Z) — YUCTIO MOJIEKYJ, KOMIIOHEHTBI CKOPOCTEH KOTOPBIX
JeKAT B AMANA30HE OT Uy, Ly, Uz 10 Ly + duy, vy + duy, v; + dv,, a xoopau-
HAThl — B JHAaIa30He OT X,Y,Z mo X +dx,y+dy, z+ dz; Ex— kuHeTnuyeckas
SHEPIHs OTACIbHBIX MOJIEKYIL.

1.8. /Inuna c60600n020 npobeza moieKyn

Monekynsl Taza Ipu CBOEM IBHKEHUH CTAIKUBAIOTCA APYT C JIPYTOM.
OpHAaKO TEPMUH «CTOJIKHOBEHHE» B JAaHHOM Cllydae HEJb3sl IOHUMaTh OyK-
E, BanbHO. IloA CTOJKHOBEHHEM MOJIEKYI
IIOAPAa3yMEBACTCA MPOLIECC UX B3aUMO-
NEUCTBUS, B PE3YJIbTATE KOTOPOTO U3MeE-

, HAIOTCS HANpPaBJICHUE JIBW)KEHUS U MO-
Cx _______ £ £y IyJIb CKOPOCTH MOJIEKYII.
| E'=E"+E! [lycTp MMEIOTCA IBE MOJIEKYJIBI,
l L on ¥ JBIXYyLIMECH HAaBCTpedy APYr K JIpyry.
0 a; 1} :E,.],,V/"'__ CucreMy oTCUéTa CBSKEM C MEPBOU MO-
\

JeKyJiol U OyleM paccMaTpuBaTh JBU-

KCHHE BTOPOW MOJICKYJbl B CHIIOBOM
Puc. 17 rose nepBoii. JIomycTuM, OHa JBHMKETCS
13 00J1aCTH ¢71aboro Mo, T.€. (PAKTUIECKU U3 «OECKOHEUYHOCTHY, C Ha4aIbHOU

KHHETH4EeCKOi sHeprueii E°. TTo Mepe NpubmkeHus K TIEPBOi MOJIEKYJIE CH-
JIOBOE MOJIE HAYMHAET MPUTATUBATH €€ (YCKOpATh). KuHeTnueckas sHeprus Bo3-
pacraer, a noTeHIMaIbHas £ CHWKAeTCs Ha OTy e Beanuuny. [Ipu r=rg 1o-
TEHI[MaJIbHAsl HEPTUs CTAHOBUTCS MUHUMAaIbHOU (puc. 17), a KuHeTHuyeckas

AOCTUTACT MaKCHUMYyMa. HpI/I IIB,J'IBHCfII.HCM ABWKCHHUHU IMMOTCHIOWAJIbHAA OHCPIUs
MOJICKYJIbI B CUJIOBOM IT10JIC HAYUHACT PE3KO BO3PACTATh (B I[GﬁCTBHG BCTYIIAIOT

CHJIBI OTTAJIKWBaHUS), U, Koraa E, cranosurcs pasHoii E., Mosekyna ocTaHas-

JUBACTCA U HAYMHAET JBY)KCHHS B M3MCHEHHOM HaITpaBJICHUH.
MuHMMalIbHOE PacCTOSTHUE, HAa KOTOPOE COMMKAIOTCS IIEHTPHI MOJIEKYI
Opu  «yJape», HOCUT Ha3BaHUE hghekmuenozo ouamempa monexkyn d,y
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(puc. 18). OueBuaHO, 4TO YeM OOJIbIlIC HAYaIbHASI KHHETHYECKast sHeprus (ao-
COJIIOTHAsI TEMIIEpaTypa rasa), TeM MeHbIue U,y B

o
o N
TO € BpPEMsI 110 IPUYMHE BBICOKON CKOPOCTH pOCTa s
MOTEHIUAJIBLHON KPUBOI B 007aCTH MaJbIX pacCTO- /
sl ' (puc. 17) Ha NpakTHKe B LIMPOKOM Auama- |
|
\

30HC TCMIICPATYP dgd) MO>KHO CUMTaTh BEJIIMUYMHOMN

IIOCTOSIHHOM. N B
[Inomans, orpaHuyeHHas OKPY>KHOCTBIO C e
pagmycoM, paBHBIM 0.4, Ha3bIBaeTCS Ipghexmus- Puc. 18
HbIM ceueHuem G monekyanl (Ha puc. 18 0003HaUeHA TyHKTUPHOM JTMHUCH )
c=nd? 5 (53)

Cpeonan onuna c60000H020 npodeza moaeKys1 — 3TO CPeIHEE PACCTOSI-
HUE, TPOXOAUMOE MOJIEKYJION MEXKy IBYMS IIOCJIEI0BATENbHBIMU COYJaPEHU-
SIMU C IPYTUMHU MOJICKYJIAMH.

Cuitbl OTTaJIKMUBAaHUS Ha PACCTOSHUAX I < I, IO MOAYJIIO MHOTO OOJIbLIE

CHJI IPUTSDKCHUS IIPU. I > ro .UB IICPBOM HpI/I6JII/I}KeHI/II/I MOJKHO paCCMAaTpUBaThb

COYJapeHHe MOJIEKYJl, MCIOJIb3Ys MOJEIb CTOJIKHOBEHHUS TBEPIBIX YIPYIHX
mapoB 1uametpom d,p, He B3aMMOACHCTBYIOIIUX APYT C APYTrOM Ha PaccTosi-
HuM. Bocronb3yeMcs 3Toi MOAEIBIO JIsl IOMCKA CPEAHEN JUIMHBI CBOOOIHOTO
npoOera MOJIEKYII.

Jlnst ynpouieHust OyieM CUYUTaTh, YTO IBMXKETCS TOJIBKO OJIHA BbIOpaHHAas
MOJIEKYJIA, @ BCE OCTaJbHbIE HEMOJBWKHBI. MOJIEKysla JBHUKETCSA MPSIMOIH-
HEWHO W PaBHOMEPHO JO TeX IOp,
[IOKa HE MPOUCXOJUT CTOJKHOBEHHUE
(puc. 19). CTonKHOBEHHE MPOHMCXO-
JUT B TOM CJy4ae, €Cliy LIEHTP Hero-
JBMDKHOM ~ MOJIEKYJIbI  («3aKpalieH-
HBIC» MOJICKYJIBI Ha puc. 19) oka3bi-

BaeTCSd BHYTPH BOOOpakaeMoro Iu-
AUHApA AUaMeTpoM d,g, OCh KOTOPOTO

Puc. 19

COBIAJIACT C JBWKCHHEM IICHTpA JICTSIIEH MOJIEKYJIbl («HEe3aKpalieHHas» MO-

JeKysa Ha puc. 19).

3a Bpems t MosieKyna MPOXOIUT B CPETHEM Iy Th, PABHBIN TPOU3BEICHUIO
e€ cpenHel apupMeTHIESCKON CKOPOCTH (L) OTHOCHUTEIHHO HEMOABMIKHON CH-
CTE€MBbI OTCYETA U 3TOr0 BpeMeHH t. 3a 3TO ke BpeMsl CpeAHEE YUCIIO CTOIKHO-
BEHUU (Z), UCIIBITBIBAEMBIX MOJIEKYJIOW, PABHO KOJIMYECTBY MOJIEKYJI, LIEHTPBI
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KOTOPBIX MOMAJAI0T BOBHYTPh M3JI0MaHHOTO muiuHApa (puc. 19) Ha coBokyt-
HOM ero mmHE | =(VL)t. B 0OBIYHBIX yCIIOBHUSX TSI Ta3a JJIMHA CBOOOJTHOTO
npoOera A 0Ka3bIBaeTCst MHOTO 00JIbIe A3PPEKTUBHOTO THaMETPa MOJIEKYT Usgp.
CrnemoBaTenbHO, U3JIOMaMU IWJIMHAPA MOKHO TIPEHEOpEYh U CpEeIHee YUCIIO
CTOJIKHOBCHHI MOYXHO OIPEACIIUTh KaK MPOU3BEIACHUE KOHIICHTPAIIUU MOJIe-
KyJI N 1 00bEMa IIIHHpA:
() = nol = no(u)t. (54)
B peanpHOCTH BCe MOJIEKYIBI ABMKYTCA. Toraa Hamo OpaTh HE CPETHIO0
apu(pMETUYECKYI0 CKOPOCTh (VL) JIBMIKEHHSI MOJIEKYJ OTHOCHTEIIBHO HEMo-
JIBUYKHOW CHCTEMBI KOOPJUHAT, a CPEAHIOI apu(METHIECKYIO CKOPOCTh JIBH-

KEHUSI MOJIEKYJI IPYyT OTHOCUTENBHO Apyra (v _ . Jlns 1000 napbl MOJIEKYI

OMmH

OTHOCHTCIIbHAA CKOPOCTb paBHA

V.. =V, — L.

O,

Bo3Beném B KBaApaT U MOJIYyYHUM:
2

V. =0, =05+, — 20,0, = Ls + V7 — 20,0, COSaL,
IZIe 0L — yroJI MeX1y BEKTOpaMu v, U U,.

Cpennee 3HaueHHe

(V2 )= (V) +{V2) —(20V,V, COS ). (55)

CpezHee 3HaUCHHE KBAAPATOB CKopocTeil (L) I BCeX MOJIEKYI OMH-
HaKOBO, TO €CTh <u§> = <l)12> =(V%). Vrox o m3mensiercs ot 0 o w. CiemoBa-
TENBHO, MOCIETHUN 31eMeHT popMyItsl (2L,L, COSa) =0 u cooTHomeHue (55)
MIPUHUMAET BU]

(V2 Y =2(0%).

M3BrekaeM KOPeHb M HAXOJUM COOTHOIIIEHUE MEKIY CpeIHEKBaIpaTHy-

HBIMU CKOPOCTSIMHU:

Uomu.cp.x@ =N ZUcp.Ke'

N3 hopmyi (33) u (35) caenyer, uto cpenHeapruPpMETHISCKUE CKOPOCTH
MPOIIOPIIMOHANIEHBI CPETHEKBAAPATUYHBIM CKOPOCTSIM. Tora nojrydaem:
(Vg =V2(V).
[ToxcraBisis moyrydeHHOE BeIpaxkeHue B (54), 1711 cpeIHero 4yuciia coy/ia-
pEHUI 3aMUChIBAEM:
(2) =2nc(L)t. (56)
Cpeonaa onuna c60000H020 npobeza MONEKYIl ONIPEAECISAECTCS OTHOIIIE-
HHUEM PACCTOSIHUSA, IIPOUIAEHHOTO MOJIEKYJION, U CPEIHETO YUCIIa COYAApEHUN
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(vt 1
A= = : 57
(z) <f2no D
Wnu ¢ yuérom (53)
1
A=——. 58
Nn )

Takum 00pa3oM, CBOOOAHBIM MpPOOEr MOJIEKYJBI T€M OOJbllIe, YeM
MEHBIIIe KOHIIEHTpAIKs MOJIEKYJT U 3¢ dEeKTUBHBIN nuaMeTp Mosieky:. [Ipu mo-
CTOSIHHOM KOHIICHTpAIlW TOBBIIMICHUE TEMIIEPaTyphl MPUBOAUT K YMEHbIIIC-
HUIO 3P(EKTUBHOTO AUAaMETpa MOJIEKYJ, U 3TO COMPOBOXKAAETCS CIAOBIM PO-
CTOM JJIMHBI CBOOOTHOTO TTpodera.

BbIpa3uM KOHIICHTPAIMIO MOJIEKYJI U3 COOTHOIICHHS (8) | IMoCTaBUM B
(58):

KT
A=—rr—70r.
ﬁpﬂﬂip

N3 dhopmyinsr (59) creayeT, 4TO MpH MOCTOSHHON TeMIieparype JUIMHa
CBOOOJIHOTO TIpo0era oOpaTHO MPOMOPIIMOHANIbHA JaBlieHH 0. To ecTh B U30-
TEPMHUYECKOM MPOLECCE

(59)

AP, =A,p, =const. (60)
OnHUM U3 SKCIIEPUMEHTAIbHBIX METO/I0B ONPEEICHUS CPEIHEN JUTUHBI
cBOOOHOTO MpoOera MoKy B razax SIBISETCS METOJl, OCHOBAaHHBIA Ha 3d-
KOHe pacnpeoeyieHus c60000HbIX NPobe2os.
[TycTh mMeeTcs HampaBICHHBIN B0 OCH X MOTOK aTOMOB. Ng — 9mcIio
ATHX aTOMOB B ceueHuH ¢ koopauHaroit X = 0. [Io Mmepe 1BUKEHUS KOJIMYECTBO
aTOMOB B My4Ke OyJIeT CHUKATbCs BCJIEJICTBUE UX PACCESHUS MPU CTOJKHOBE-
HUU C MOJIEKYJIaMH Ta30BOil cpeabl. O003HauuM N — 4Kciio aToMOB, MpoIIe-
mux 0e3 paccesHus myTh, paBHbIA X, DN — 4KCIIO aTOMOB, MCIBITHIBAIOIINX
CTOJIKHOBEHUS B CJIOC TOJNIIMHON OX M BHIOBIBAIOINIUX M3 ITyYKa B 3TOM CIIOC
(dN < 0). Torga otHomenue — AN/N sBIsICTCS BEPOSITHOCTBIO TOTO, YTO aTOM,
JOJIETEBUIMHI 10 pacCMaTPUBAEMOTO CJIOSI, BBIMJIET B 3TOM CJIO€ U3 ITy4Ka. Be-
POSTHOCTH JTOTO pPaBHA BEPOATHOCTH CTOJKHOBEHHUS aToMa C MOJIEKYJIOW
Cpelibl B ¢JI0€ TOJIIMHOM dX, TO ecTh paBHa AX/A. Takum 0Opazom,
dN  dx
N A

TdN 1%
[N =]

No

HNuterpupys
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MOJIy4aeM:
INN —InN, =—x/A.
[ToBoAMM SKCIIOHEHIIMPOBAHUE U 3aMCBHIBAEM 3AKOH PACHpeOeeHUs
C60000HbBIX NPODE2OE:

N =N, exp —% . (61)

Cpennioro 1IMHy CBOOOIHOTO Mpo0Oera aToOMOB B Ta30BOM Cpejie MOKHO
OIIEHUTD, €CJIU U3MEepUTh Yrciio aTOMOB N; 1 N2 B cedeHusIX MOTOKa, COOTBET-
CTBYIOIIUX KOOpAUHATaM X1 U Xz. Torna

X, =% _
In(N,/N,)

Hanuseiii meton B 1920 roay 6611 mpumenén Makcom bopaom u Dnmu3za-
0et bopman 11 onpeenieHus: 3aBUCUMOCTU CPeHEN JJTMHBI CBOOOHOTO MPO-
Oera aToMOB cepebpa B BO3AyXe OT JiaBlieHUs Bo3nyxa. [lomydeHHbIe JaHHBIC
MOJITBEPAMIIN MPABUILHOCTh TEOPETHUSCKH BBIBEACHHOTO cooTHomeHus (60).

[ToMuMO yKa3aHHOTO METOJIa, CPEIHION JJIMHY CBOOOIHOTO IMpobera A
MO>KHO 3KCIIEPUMEHTAIILHO OIPENENIUTh U Ha OCHOBE SIBJICHUI TMEPEeHOca B Ta-
3ax. PaccMoTpuMm 5TH siBieHHs moapoOHee.

1.9. Aenenun nepenoca

SBneHus nepeHoca BOZHUKAIOT MPY HAPYLIEHUU PAaBHOBECHUS B CHCTEME.
HapyiieHne paBHOBeECHSI CONPOBOXAAETCS MEPEHOCOM M3 OJHOW YacTH CH-
CTEMBI B JIpYryto J1OO BEUIECTBA, JIMOO 3HEPrUM, TUOO0 MMITyibca U T.m. s
XapaKTEPUCTHUKN WHTEHCUBHOCTH JAHHOTO SIBJIEHHUS HCHOJIB3YIOT IOHSTHE
NIOMHOCIMU NOMOKA.

ITnomnocmoro nomoka j Kakoit-moo GU3NIECKOI BETMUNHBI HA3BIBAIOT
KOJIMYECTBO ITOM BeTMUMHBI P, mpoxosiieii B equauIly Bpemenu dt uepes enu-
HUITY TUTOINAM TMOBEPXHOCTH S, MEepHeHINKY/ISPHON K HANpaBJICHUIO Tiepe-
HOCA.

- dP
=——-o~". 62
. dSdt (62)

1.9.1. lugpghy3usn

Jubdysus — 310 ABICHUE MPOHUKHOBEHHUS MOJICKYJ OJIHUX BEIICCTB B
npyrue, oOyCIOBIIGHHOE MX TEIUIOBBIM JABWKeHueM. [Ipu nuddys3un peanusy-
eTcsl (PU3UYECKUH TIEPEHOC YACTHII, TO €CTh IIPOUCXOIUT MEPEHOC MACCHI.
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JlonycTuM, cMech COIEpKHT ABE
KOMIOHEHTHI (puc. 20), MWIOTHOCTH p1 U
P2 KOTOPBIX MEHSAIOTCS BAOJb BBIOpaH-
HOTO HaMu HampasieHus X. Pasnoctu
KOHIIEHTPAIUI CTPEMATCS BEIPOBHATHCS,

U Kak CcIeAcTBUE (QOPMHUPYIOTCS JiBa

BCTPCYHBIX IMOTOKA YaCTHIl, IIJIOTHOCTHU

KOTOPBIX PpaBHBI Jim M Jom COOTBET-

CTBE€HHO. /)15 INIOTHOCTEW MOTOKOB Macce Prc. 20

TaKUX KOMITOHEHTOB OTIBITHBIM ITyTEéM ObLJIa mosrydeHa hopmyina zaxkona QPuxa
jn, =D, 63)

OX

rae D — koaddunment auddyszun, Op/OX — rpagueHT MIIOTHOCTH BIOJIL OCH X.

3HaK MUHYC O3HAYaeT, YTO IMOTOK YaCTHUIl MPOTUBOIOJIOKEH TPATUEHTY TII0T-

HOCTH, TO €CTh HAIPABJIEH B CTOPOHY MEHBIIIETO €€ 3HAYCHUSI.

B tpéxmepHoM Buie 3akon Duka MMEET BUJT

=-D @éx+@éy+@éz =—-Dgradp=-DVp. (64)
ox oy

0z

Ecnu pa3aenuts cooTHOmeHue (64) Ha Maccy MOJIEKYJIBI COOTBETCTBYIO-
el KOMIIOHEHTBI, TO €r0 MOKHO 3aucaTh B BUJIE

jy =—Dgradn, (65)
r7e Jn — IIOTHOCTh MOTOKA MOJIEKYJI, grad N — rpaMeHT KOHIEHTPAIMi 3THX
MOJICKYI.

1.9.2. Buympennee mpenue

BHyTpeHHee TpeHHue — 3TO sIBJICHUE,

BO3HHUKAIOMICC MCKAY CJIO0AMHU KUIKOCTH /

HJIM ra3a, IBHXXKYINUMHUCA C pa3HBIMU CKO- //
A

POCTAMHU. HpI/I 9TOM PCAIN3YIOTCA ITOCTO- 4

STHHBIE TTEPEXO0/IbI MOJIEKYJI U3 OJJHOTO CIIOS .
B napyroii (puc.21). Monekynsl 2 u3 Sy

«6LVICTp0r0>U> ClofA, Momnajgas B «MEIJICH- Puc. 21
HBII» CIIOM, COyAapsIOTCs, BCIIEICTBUE

YEero UX UMIYJbC CHIXKAETCS. A UMITYJIbC MOJIEKYJ «MEIJICHHOI0» CIIOSl YyTh
yBenuuuBaeTcs. M, Hao60poT, Monekynbl 1 «MeaseHHOT0» CIosi, Iepexosl B
«OBICTPBIN» CIIOM, YBEIIMYMBAIOT BEJIMYMHY CBOErO MMITYJIbCA, CHHXKASI CKO-

POCTh «OBICTPOTOY» CiOsA. Takum 00pa3oM, B MEXaHU3ME BHYTPEHHETO TPEHUS
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OCHOBHYIO POJIb UTpalOT MPOIECChl NEepepacipeiesieHuss UMITYJIbCOB, U TO-
ATOMY JaHHBIN MPOIECC MOKHO HA3BaTh A6/1€HUEM NEPEHOCA UMNYNbCA.

/F
/

ITo BTOpOMY 3akoHy HbroTOHA paBHOAEH-

CTByromast CuJ paBHa CKOPOCTHU U3MCHCHUA HM-

_
-—

—
13

ITyJibCa. CJIC,ZIOB&TCJILHO, HJL CJIydasd BHYTPCH-

T

HETrO TPEHMsI Mbl MOYKEM B Kay€CTBE BEJIMYMHBI
Puc. 22 MJIOTHOCTU MOTOKA, UAYIIEro OT OJHOTO CJOSA K

JApyroMy, B3siTb UMITYJIbC, IEPEAABAEMBIN B €IMHUILY BPEMEHU Y€PE3 CAUHUILY
noBepxHocTH. Torna mioTHOCTh MOTOKA UMITYJIbca P = MU

: ou

Jp,x = & ) (66)
r7e 1 — Ko3(QPUUUEHT BA3KOCTH (BA3KOCTb), OU/OX — FPaIu€HT CKOPOCTH CIIOEB
KUJIKOCTU WJIM ra3a BAOJIb OCU X. 3HAK MUHYC 03HAYaeT, YTO IOTOK UMITYJIbCa
MIPOTUBOMOJIOXKEH TPAIUEHTY CKOPOCTH.

B T0 xe Bpemsi ¢ yuérom cootHomeHus (62)

% _d%

J X -
P* o Sdt  dS
TO €CTh IIJIOTHOCTDB ITOTOKA I/IMHYHBCEI paBHa CHJIC, ﬂeﬁCTBYIOHIeﬁ Ha eI[HHHHy

IUIOIIAAM  CONPHMKACAIONIUXCA CIOEB B TaHTCHIMAILHOM HaIlpPaBJICHUH
(puc. 22).

1.9.3. Tennonpoeoonocmo

TennonpoBOIHOCTb — 3TO ABJIEHUE MEpPEAayYu TeIjia B Cpesie C HEOJHO-
T POIHBIM  pacHpelesiecHneM  TeMIEepaTyphl
(puc. 23). B naHHOM ciy4ae peaau3yercs Ie-
PEHOC TEIJIOBOM 3HEpruu u3 Oojee HarpeThix
o0nacTeil K MEHee HarpeThIM.
[loTok Temia MOXXHO OMNpPENEIUTh IO
dbopmyne 3axkona Pypove
X
Puc. 23 fo. =15 (67)

rjae y — K03 HUIHUEHT TEIIONPOBOIHOCTH (TEIJIONPOBOAHOCTD), OT/0X — rpa-

JMEHT TEMITEPATypPbl BJ0JIb OCU X. 3HAK MUHYC, KaK U B IBYX MPEAbIAYIIUX CITy-
Yasx, 03HA4aeT, YTO MOTOK TEIIa MPOTUBOIIOIOKEH TPAIUEHTY TEMIIEpaTyPHhl.
B tpéxmepHoM cityuae 3akon @ypoe

g

Jo =—xgradT. (68)
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1.9.4. Humepnpemauus sa61eHuil nepeHoca ¢ MOYKU 3peHus
MKT

Jlyis oncaHus SIBJICHUN MEepeHOca BOCIIONb3yeMcsl (U3HUECKON MOjIe-
JBI0, TIPUMEHSIEMOW HaMU B paszfene 1.2 mpu BBIBOAEC OCHOBHOTO yYpaBHEHHS
MKT. Byaem cuntath, 4TO B BHIOpaHHOM HaMH HAIPaBJICHUU OJJHOMOMEHTHO
nBKeTCs 1/6 9acTh OT BceX MoJeKynd. Toraa TIoTHOCTh OTOKA MOJICKYJ B
COOTBETCTBUH ¢ (popmynoii (5) MOKHO MPEICTaBUTH B BUJIE
=22 = 2ngo). (69)
Sdt 6
[ToTOK | ¥ ABSICTCS MEPBONPUUNHON ITEPEHOCA UCKOMBIX HAMHU BEJTUYHH.
Breiaenum mmomazns S, MEPIeHIUKYISIPHYIO K OCH X, B 00J1aCTh, IPHJIETAIOIIYIO
K HEl B AUana3oHe 3Ha4YeHU OT X — A 10 X + A Y
(puc. 24), rae A — cpenHss JUIMHA CBOOOIHOTO
npobera MmoJsiekyn. byaem cuurtarth, 4YTO
UMEHHO B IIpeJielie pacCTOSHUS, PABHOTO CPe/I-
Hel JJIMHE CBOOOHOTO ITpolera, peain3yroTcs

KpallHHE COyJlapeHusi MOJIEKYJI IIPU MEePEeHOCe
MCKOMBIX BEJIMYMH. Y CIOBHO 0003HauuM 3a Y
MEPEHOCUMYIO Uepe3 TPaHUILy S PU3NYECKYIO Puc. 24
BEJIMYMHY, OTHECEHHYIO K OJJHOU MoJieKyJie. Torma cymMmmapHbIi IOTOK 3TOM Be-
JUYUHBI MOKHO HAaWTH KaK pa3HUILy MPSIMOro U 0OpaTHOTO MOTOKOB

. :%n(m(Yl—Yz). (70)

Taxk kak Y = f(X), To e€ MOXKHO pa3yiouTh B psix Teitopa C yuéTom Ma-

JIBIX 3HAUYEHHUH A
Y, =Y(X=21)=Y(X) —a—YK,
OX

Y, :Y(x+k):Y(x)+a—Yk.
OX

Torma Y, -Y, = —2%8— u ypaBHeHue (70) 11 moToka BeTMINHBI Y CBO-
X

OUTCA K BUAY

: 1 oY
=——n,(V)L—. 71
Iy =5 bR (7)
[MTpumenum cootHomieHue (71) k siBieHusM niepenoca (auddys3uu, Bs3-
KOCTH M TEILUIOIPOBOJIHOCTH).
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n 1. {ns nupdpysum Y = n/ng, toe N —
n=tth, KOHUEHTPALMS MOJIEKYJI OJTHOU U3 KOMIIO-
HEHT CMECH B TOYKE C KOOPAMHATOU X;

Np — paBHOBCCHAs KOHIICHTpaIUsi MOJIC-

Ky (puc. 25).
Torma mst iI-ii KOMIIOHEHTBI ITOJTY-

=~  YaeM ypaBHEHHE TUIOTHOCTH IMOTOKAa MO-
Puc. 25 JEKYIT.

. 1 on.
= ——(V)A—, 12
I, 3 (V) o (72)

CpaBHHUB MOJIydeHHOE coOTHOIeHuE ¢ (65), onpeaensem ko3dduuneHT
b dy3un:

1
D =—=(u)A. (73)
3
CTouT OTMETUTh, YTO MOJy4YeHHbIH KOd(pduuneHnt D uaeHntnuen as
00erX KOMIIOHEHTOB CMECH.

2. JIns BA3KOCTH pealin3yeTcs mepeHoc uMmiryibca. [lostomy Y = p = mu,
rzie M—Macca MOJIEKYJbI, U — e€ CKOpocTbh. Toraa miIoTHOCTh MOTOKA UMITYJIhCa
B COOTBETCTBUHM ¢ ypaBHeHHEM (71)

ou
jy =5 P2 (74)
U ¢ yuérom (66) koapdummeHT BSI3KOCTH paBeH
1
n=3 (V)Ap. (75)

3. IIpu TemIonpoOBOIHOCTH MPOMCXOINT IMEpeaada TEIUIOBOW SHEPIHH.
[Tostomy Y = ikT/2. Y mI0THOCTH MOTOKA TEIIOBOM SHEPTUN

. oT
=3 x k.
Jo °<> 2 o

YuuTteiBas, 4To

rae Cv — MOJISIpHAsi TETUIOEMKOCTD BEIIECTBA MPU MOCTOSHHOM 00BEME; Cv —
yJeJIbHasl TEIIOEMKOCTh BEIIECTBA MPU MTOCTOSSHHOM 00BbEME; p — TIJIOTHOCTb,

MOJTy4aeM:

1 or
Q 3<U> pC, ox (76)
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CpaBuuBas ¢ 3akoHoM ®ypbe (67), 3amuceiBaeM KOI(PPHUIMEHT TEILIO-
MIPOBOTHOCTH:

=30, @

[Mony4yennsie koapdummentsr auddysun (73), Bazkoctu (75) u Termo-
pOBOAHOCTH (77) CBSI3aHBI MEXKITy COOOHM MPOCTHIMH COOTHOIIICHUSIMHU

n=Dp,
X =ng,.
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2. Jlabopamopmuwtit npakmuxkym
Jlabopamopnasn paboma 1-8
H3YUYEHUE CHJI BA3KOI'O TPEHUA

Ilenv padomer. usyyeHue SBICHUS BSI3KOTO TPEHMS IIPU JIBIKCHUM TEN B
KHUJKOCTH, HKCIIEPUMEHTAIIBHOE ONPENEICHUE BA3KOCTU KHUIKOCTH 10 METOLY
Crokca.

Ilpuboper u npunaonesxcnocmu’. CTEKISIHHBIN COCY]T C UCCIIETyEMOMN KU-
KOCTBIO, HA0Op IIAPUKOB, IITAHTCHLIUPKYJIb, MUKPOMETD, CEKYHIOMED.

nemenmot meopuu u Memoo IKcnepumenma

Cy1iecTByeT ABa pexruMa TeUCHUS KUJIKOCTEN. TeueHne Ha3pIBaeTCA 1a-
munapuvim (caoucmoim), €CIU BAOJb MOTOKA KaXKIbIA BBIACICHHBIA TOHKHI
- - CJIOM CKOJIB3UT OTHOCHUTEIBHO COCEIHUX, HE IIEPEMEILINBA-

SICh C HUMU, U mMypoy1eHmHubvim (6UXpesbim), €CIV BIOIb
K NOTOKa MPOUCXOJUT MHTEHCHUBHOE BHXPEOOpa3OBaHUE U
Fo NepeMEIINBAHUE KUIKOCTH.

‘ [Ipu TaMMHAPHOM TEYECHHMH KUJIKOCTH MEXKIY CIIO-
SIMH, IBHKYIIIUMHUCS C PA3JIMYHOU CKOPOCTBIO, IEUCTBYIOT

mg CHIIBI, OOYCJIOBIEHHEBIE BA3KOCTHIO. OIHUM M3 METOHOB
U3MEPEHUS BSI3KOCTH BEIIECTB (BUCKO3UMETPHH) SBIISETCS
METOJI majaromiero mapuka, win merog Crokca (Stokes,
1851 r.). Aurnuiickuit puszuk CTokc mokasai, 4to Ha cde-
Puc. 26 pudecKuil mapuk auameTpom d, IBHKYIIMICS B BSI3KOM

Cpelie CO CKOPOCTBIO L, CO CTOPOHBI JIAMUHAPHO2O TIOTOKA JKUIKOCTH JIEH-
CTBYET CHJIa BI3KOT'O TPEHUSI, paBHAs
F =3mmud. (78)

PaccMmoTpum nBukeHHE TBEPAOTO MIAPUKA MPHU €T0 MaICHUHN B )KUJIKOCTH

(puc. 26). ITo Bropomy 3akoHy HeroTOHA
md% _ mg+F +F,,
dt

rne F — cuna Bsiskoro tpenus; F, =p gV — cunma Apxumena; mg =pgV —
CHJIa TSKECTH; P, U P — TUIOTHOCTH KHUAKOCTH U MaTepuaia Iapuka COOTBET-
ctBenno, V = nd*/6 — 06bém mapuka.

B mpoekiuu Ha 0Cch, HAMTPaBICHHYIO BEPTUKAIBHO BHU3, YyPABHEHHE JIBU-
KEHUS TPUHUMAET BU]T
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mcclj—;):Vg(p—pm)—BnnUd. (79)

B ciydae ycraHoBuBierocs (paBHOMEPHOTO) ABMKEHUS YCKOPEHUE 00-
pamaercs B HOJIb (do/ dt = O), ¥ ToTJa U3 ypaBHeHUs (79) mosryyaem:

_Va(p—p.)_d°g(p—p.)

: 80
3m)yd 18v (80)

n

y
IZIE L, — YCMAHOBUBUAACS CKOPOCTb.
O0603HaunM yepe3 L myTh, IpOHIEHHBIN IIAPUKOM B XKUAKOCTH 32 BPEMs

t co ckopocThio v,. Torma Beipaxkenue (80) MOKHO mepenucarb B BHIE

2
p=2to-r.)o @)
18L

OtMeTHM, 4TO MoNTydeHHoe BhipakeHue (81) cripaBeIMBoO JIMIIb TOT/IA,
KOT/1a IIApUK MaJaeT B Oe3rpaHuIHOMN Cpejie.
JlabopaTopHas yctaHoBka (puc.27) s u3Mepe- D

HUS BSI3KOCTH >KUJKOCTeH no meroay Crokca mpeacTas-
JsIe€T cOO0M CTEKIISIHHBINA COCY/1 IIMIMHIPUYECKOHN (DOPMBI, AT

3aIl0JIHCHHBIN HCCHeﬂyeMOﬁ KUIAKOCTBIO. CBepxy, BJOJIb D L
-- 0 0

h()

OCH UMJIMHAPA, OpocaroT mapuku. B BepxHell u HIKHEH
qacTsX coCyJla Ha paccTosiHue L apyr ot Apyra HaHEeCEHBI
ropu30HTaIbHbIE METKU. C IMOMOIIBIO CEKyHAOMEpPA U3- h
MEpPSIOT BpeMs IBWKECHHSA IIapUKa MEXKIY ITUMHU MET- L

kamu. To ecTh B pealIbHOCTH HUCcClielyeMasl Cpelia OTpaHu-
YeHa CTeHKaMU U JHOM COCY/ia.

Brnepsoie nompaBku B popmyie CTokca, yIUThHIBa- —

IOILIME BIMSIHUE OOKOBBIX CTEHOK U JIHA COCY/1a, ObLIN TEO-
petndeckn obocHoBanbl JlagenOyprom B 1907 romy. B Puc. 27
JaJIbHEHIIIeM OHU ObUTM YTOYHEHBI, H ¢ Y4ETOM 3THX momnpaBok [1] dopmyna
(81) mpuHMMAaeT BHT

~ gd’t(p-p,.)
n= d ay)
18L(1+ 2,104)(“ 3,1)
D h

rae D — muamerp cocyza, h — BeicoTa cTosba uecieyeMon KUIKOCTH.

(82)

3anucanHas Hamu Gopmyna (82) B miiaHe MPaKTHYSCKOTO MPUMCHCHHUS
UMEET psii 0COOCHHOCTEN U OTPAHUYCHU.
Bo-1mepBbIX, 3TO OrpaHUYEHUS 110 COOTHOIICHHUIO TUaMETpa MpUMEHsie-

MBIX IIAPUKOB, AHAMETPA COCYHa U BLICOTHI CTOJI0A UCCIEIYEMOM KUIKOCTH.
Pexomenayemsie 3nauenus [1]: 0,1 > d/D > 0,004; d/h < 0,006.
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PeanpHo B HameM ciydae d/D mmeer Benmuuny nopsaka 0,01+0,1, a
d/h <0,005. IToaToMy MONIPaBKO¥ Ha BBICOTY CTOJI0a HCCIICTYEMOM KUIKOCTH
MO3KHO mpeHeOpeun. Toraa popmysta (82) ymnpomaeTcss ¥ MPUHUMAET BH/T

_gd’t(p-p,)
18L(1+ 2,104dj
D

(83)

Bo-BTophix, popmyina (83) MOkKET IPUMEHSTBCS TOJBKO JIMIIb MIPH J0-
CTaTOYHO MEJICHHOM JIBH>KCHUU TBEPJOTO IIapHuKa B BsI3KOM kuakocTu. Ilo-
TOK >KUJIKOCTH, 00TEKAIOLIUH MAPUK, TOJKEH ObITh JaAMUHAPHBIM. Y CJIOBUE J1a-
MUHApHOCTH ONpPENEIsAeTCA 3HAYeHHEM Oe3pa3MEpHOro napameTpa, UMEHye-
MOTO yuciom Peitnonvoca, B KoTOpoe BXOJIAT UCKOMOE 3HAUYECHUE AUHAMUYE-
cKkoro Kod(dduimenTa BI3KOCTH U CKOPOCTh TOTOKA CAMOMN KUIKOCTH:

R, = P

oo
[Tepexoa OT TaMHUHAPHOTO TEUEHUS KUJIKOCTH K TypOYJICHTHOMY pealui-
3yercs B nuamna3one 3HaueHui Re ot 1000 no 2400. Takum o6pazom, popmyna
Crtokca MoeT ucrois3oBaTbesa 11 Re<1000.
OpHako B TAaHHOM CJIy4dae paccMaTpUBACTCS HE MPOCTO TEUCHHUE OHO-

POJTHOM JKHUIKOCTH, a IBM)KCHHE WHOPOIHOTO C(hepruyIecKoro Tena B HEeH C Io-
CTOSIHHOM (YyCTaHOBUBILIEWCS) CKOPOCTBIO L,. B 3TOM ciydae orpaHuueHue
yucna Pelinonbaca cranoButcs emé ooiee xéctkum: Re<0,1 [2], a ero 3Haue-
HUE OTMpeJIeIsIeTCs Kak
P,V yd
n

I/I, B-TPCTbHUX, MUHUMAJIbHOC PACCTOAHUC OT ITOBCPXHOCTHU KUAKOCTHU A0

(84)

e

HepBOi (BepXHE ) METKH OTPAaHUYCHO YCIOBUEM HEOOXOAMMOCTH UCKITFOUCHHSI
MIEPBOHAYAIBHOTO YCKOPEHHOTO y4acTKa JBMKEHHUS MAJafolIero B JKUIAKOCTH
mapuka. BeiBegeM GhopmysTy ISt OIEHKH 3TOTO PACCTOSIHUA.

[Mepenuiiem ypasaenue (79) ¢ yuérom (80) B Bume

dv
m— =-3mmd(v—-v, ). 85
g =i (o-v,) (@)
[lepenecém M BrpaBo, 3aMeHUB €€ Ha pV, U, paCKPBIB 00bEM, MOTYUUM:
d(v-v,) _ 18n
=— v—-v, ). 86
dt pd? ( y) (86)

Pemrenue muddepennmansaoro ypasaeHus (86) HaitnéMm, HCIIONb3ys Me-
TOJI pa3JeiIeHUs IEPEMEHHBIX:
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dlv—v P -V F -
(v-v,) 1811dt j d ——181”dt:>|nU b _ 181y
y ! pd ve-v,  pd

HOTeHquyﬂ MOJIyYEHHOE COOTHOIIEHHE (KM30aBisieMcs OT jJorapudma,
BO3BO/I SKCIIOHEHTY B CTENIEHb JIEBOU M MPABOM YacTEl COOTHOIIEHNS ), TIOJTY-

y

9a€M 3aBHCHMOCTh CKOPOCTH HIapHKa OT BPpECMCHU.

t
U(t):l)y —(Uy —Uo)exp(—;), (87)
e v, = legho — CKOpPOCTDH HIapHKa Ha I'paHUIC pa3aciia IByX CpCa (BO3IIYX'
)KI/II[KOCTB); h() — pacCTOAHNC OT TOYKH 6pOCKa A0 ITOBCPXHOCTHU KHUAKOCTHU
(pI/IC. 27), T—6épemsa pesrlaxkcauuu, onpecacisaieMoc n3 COOTHOICHMA

_pd?

181’] (88)

BpeM}l penakcauuu — 5T0 BCIIMYMHA, KOTOpas IIOKa3bIBA€CT, HACKOJIBKO

OBICTPO YCTAHABJIMBAETCS CTALMOHAPHBIA PEeXUM JBUKEHUA. OOBIYHO CUH-

TaroT, 4TO IIPHU t= 31 ABWIKCHHUC ITPAKTUYCCKH HC OTIIMYACTCA OT CTAallMOHap-

Horo. Torna IIyTh, HpOfIIIéHHLIfI IIAapUKOM B ) XKUIKOCTH 10 YCTAHOBJICHUA CTa-
LIHOHAPHOI'O PEKMMA, MOKHO HAWTH KaK

3t
S~ j v(t)dt.
0

[Toacrasus (87) B 3T0 BhIpa)keHue, MOIyduM (HOPMYJIY JJIs OLIEHKH pac-
CTOSIHHSI OT TTOBEPXHOCTH KHUIKOCTH JIO TIEPBOU (BEPXHEH ) METKH:

s= |:3l)y ~(v, - uo)(l—exp(—B))]r

WJIK C YYETOM TOro, 4To 1— exp(—3) ~0,95:
s=[ 2,050, +0,95v, |t. (89)

Ilopaook eévinoanenus padomul

1. 3MepuTh ¢ MOMOIIBIO IITAHTCHLUUPKYJIS BHYTPEHHUM AMAMETp CO-
cyna D, c momotipro TMHEWKH — pacCTOSHUE OT TOUYKH OpPOCKa A0 TOBEPXHOCTH
XKHUIKOCTH No, pacCTOsIHUE, MPOXOUMOE IIIAPHUKOM OT MOBEPXHOCTH JKUIKOCTH
110 BEpXHEW MeTKU Lo, paccTosiHEe MeX Ay rOpU30HTAIBHBIMU METKaMU Ha CO-
cyne L (puc. 27). VckopeHHe CUIBI TSKECTH CUMTAaTh paBHBIM 9,815 m/c2,
[110THOCTD XKUAKOCTH U TUIOTHOCTH BEIIECTBA IIAPUKOB yKa3aHbl Ha jadopa-
TOPHOM ycTaHOBKE. Pe3ynbTaTsl 3aHECTH B TAOIUILY.

2. C nmoMoOIIIbt0 MUKPOMETPA U3MEPUTH TUAMETP TIepBOTO mapuka d, uc-
MOJIb3YEeMOT0 B 3KcriepuMeHTe. Pe3ynbpTaT 3aHecTu B TabIuILy.
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3. OmycTuTh MApUK U U3MEPUTH BPEMsI €ro MPOXOKICHUSI Ha OTpE3Ke
nytu L mexay Metkamu. OTbIT MOBTOPUTH € S IMIapUKaMH, UMEIOIIUMHU 01U3-
Kue no 3HaueHuto ouamempol. I1o pe3yabTaTaM ONBITOB ONPEACIUTh CPEAHEES
BpEMSI HX MaJICHUS MEXy METKaMU l,, ¥ CPeHUN TUaMeTp MIapUKOB ..

4. TTo hopmyite (83) BBIUMCIUTD CPEIHEE 3HAUCHUE BA3KOCTH KHUIKOCTH
Nep-

5. OneHuTh MOTPEIIHOCTh OMPEACIICHUS BI3KOCTH TI0 CIIEIYIONIEMY ajl-
TOPUTMY:

a) OIICHUTH aOCOTIOTHBIE 3HAYEHUSI TIOTPEUTHOCTH JJIS P, Poe U D 10 ux
CHUCTEMATHYCCKUM COCTaBIIIONIMM C Y4ETOM JOBEPHUTEIHLHON BEPOSTHOCTU
P =0,95: A. = 1,1-C/2, rae C — mu6o0 1ieHa AeIcHUS U3MEPUTEILHOr0 MPUoopa,
au00 3HAYCHHE ITOCICIHETO M3BECTHOTO paspsija COOTBETCTBYIONICH BEIH-
YUHBI;

0) olleHUTh a0COJIOTHBIC 3HaUCHUS morpermHocTy A d u t kak cpeHe-
KBAJIPATUYHYI0O CYyMMY HX CHUCTEMAaTHUYECKOW M CIYy4YalHOW COCTABJISIFOIIMX

AX=\A2+A? ,tne A,=11-C/2; A, =t, ﬁi(xcp —Xl.)2 ; N — 9KcIo

i=1

U3MEpEHUuil; X, — cpeaHee apupMETHIECKOE 3HAUCHUE BEIMYUHBI, Xj — 3HAUe-
HUE BEJIMYUHBI B I-M u3mepennd; t. — kodpdunment Creroaenra as P = 0,95;
B) OILIEHUTh OTHOCUTEINIbHBIC morpemHocty it D, d u t, onpenesnsiemple
KaK OTHOIICHHE a0COFOTHBIX 3HAYCHHUHM UX MOTPEIIHOCTH K CPEIHEMY 3HAUe-
HUIO COOTBETCTBYIOIICH BETUUUHBI: Ox = AX/Xcp;
) OIEHUTh OTHOCHUTEIHHYIO TOTPEIIHOCTh BSI3KOCTH, MIpeHeOperas co-

CTaBJISIFOILIUMH Og U O BCIEACTBUE UX MAJIOCTH, IO (popmyIie
2
2+2,104-dcp/D )

2 2
Ap+A 2,104.d_/D
= 82 +87 + PTPu | v/ 8%
1+2,104-d, /D P—p.. 1+2,104-d, /D

J) OIEHUTh aOCOJIIOTHYIO TOTPEUTHOCTh OMNPEACNCHUS BS3KOCTH
AN = 10
6. 3ammcaTh pe3ynbTar B BUae 1 = 1, + An (/1a<c), 8, = ... %, P = 0,95.
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7. 1o popmyie (84) onpenenuts 3HaueHue yrcia PeiiHonbaca u cieiaTh
BBIBOJ] O TIpuMeHUMOCTH (popMyiibel CTOKcA.

8. ITo popmyse (89) oLeHUTH MyTh, MPOMACHHBIH MIAPUKOM J0 YCTaHOB-
JICHUS CTAIlHOHAPHOTO PEXUMa, CPABHUTH €TI0 C pacCTOsTHUEM Lo 1 crienaTh BbI-
BOJI, MOYKHO JII K MOMEHTY MPOXOXKIACHHS ITApUKOM BEPXHEH METKH CUUTATh
€T0 JIBIKEHHE YCTAaHOBUBIIIMCS.

9. ChopmynupoBath BBIBOJ O MPOJIETaHHON paboTe, OTpa3uB B HEM 6ce
noJiyyeHHble TI0 T 5 — 8 pe3yJIbTaThl.

Konmponwvnsie éonpocul

1. OOBACHUTH MOJIEKYJISIPHO-KUHETUUECKUN MEXaHU3M SIBJICHUS BHYT-
PEHHETO TPEHMUSI.

2. JlaTh omnpeieNieHre MMOHATHS BI3KOCTH U €UHUIT] €€ N3MEPEHUSI.

3. B uem cyth omnpeaenenus Bsizkoctu 1o metony Crokca? Kakue emé
METO/JIbI OIIPEACIICHUS BA3KOCTHU cyliecTBYIOT? TlosicHuTe mogpodHee OTiINIK-
TEJIbHBIE YEPTHI 3TUX METOOB.

4. Kakue cuiipl IEMCTBYIOT Ha IIAPUK, MAJAIOMINI B BA3KON KUIKOCTH?
Kax 3T cuiibl cBsi3aHbl MEXKIy COOOM B ClIyyae yCTAHOBHUBIIETOCS ABUKCHUS?

5. Urto Takoe TaMHHApHOE U TYpOYJIEHTHOE TEUCHHUS KUIKOCTH?

6. KakoB ¢m3uaeckuii cmbici uucna PeitHombaca?

7. Kakue uzmepeHusi BHOCSIT HaWOOJIBIIYIO MOTPEIIHOCTh B PE3yiabTaT
KOCBEHHOT'O U3MEPEHUSI BA3KOCTHU KUJKOCTH B BallIUX OMBITaX?

8. BriBenute pacuétHyto popMyIy i BI3KOCTU KUIKOCTH.

9. 3anummTe pacyéTHYIO POopMYITy, OOBICHUTE YCIOBUS €€ TPUMECHEHUS
Y MIPUYUHY Havajia U3MEPEHUS] BPEMEHH HE OT MOBEPXHOCTHU KUJKOCTH.

10. BriBenute dopmyny 3aBUCHUMOCTH CKOPOCTH TaJCHHS IIapUKa B
KHUJKOCTH OT BPEMEHH.

11. N3obpa3ute Ha rpaduke 3aBUCUMOCTb CKOPOCTH TMaJCHHS IIIaprKa B
KUJKOCTH OT BPEMEHHU JJIsl IBYX Pa3JIMUHbIX BPEMEH pelaKcalluu.

12. meeTcs ABa mapuka U3 OJMHAKOBOTO MaTepuaia, HO Pa3jIudHOro
pa3mepa. Kakoii mapuk Oyner ObIcTpee maaaTh B BsI3ko xkuakoctu? Koraa mia-
UK ObICTpee TMajlaeT B BA3KOM KUJKOCTU: B Y3KOM COCYJIE UK B IIUPOKOM?

13. Kak 3aBUCHT BSI3KOCTb KUJKOCTH OT TEMIIEPATYPhI U oueMy?
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Jlabopamopnan paboma 1-26

OIIPEJIEJIEHUE BA3KOCTH, CPEJTHEH JIJIMHbI
CBOBOJAHOIO IIPOBET A
HIODOEKTHBHOI O THAMETPA MOJIEKYJI BO3-

JAYXA

Ilenv padompl: vzyyeHue SIBICHUS BA3KOIO TPEHUS MPH NMPOTEKaHUM Ia3a
yepe3 Kanuisip, SKCIIEPUMEHTAIBHOE OIPEIeNICHUE BI3KOCTH BO3yXa M0 METOAY
[Tya3é&iins, a Taxoke OlleHKa CpeTHel UTMHBI CBOOOAHOTO Mpodera 1 3 PpeKTHBHOTO
JiaMeTpa MOJIEKYJT BO3AyXa.

Ilpubopwr u npunaonexcnocmu’. nadoparopHasi ycranoska YKJIO-2B-4,
TEPMOMETP, CEKYHIOMED.

nemenmot meopuu u Memoo IKcnepumenma

B ocHoBe n3MepeHus BA3KOCTH ra3oB 1o Metoay Ilyas3énns mexur ycra-
HOBJICHHBIN UM (haKT, 4To 00BEMHBIN pacxo/ ra3a (00bEM ra3a B €IMHUILY Bpe-
MEHH), TTPOTEKAOIEr0 Yepe3 TPYOKy Majioro auameTpa (Kamuuisp), ompese-
JI€TCS €T0 BS3KOCTHI0. OJJHAKO ATOT METOJ UMEET CIIEIYIOIIEEe OTPAHUYCHHUE.
Cy1iiecTByeT ABa peXUMa TEUEHHS ra30B. TedueHrue Ha3bIBACTCS JIAMUHAPHBIM
(croucmeim), ecau BIOJIb MOTOKA KaXKBIN BBIACIICHHBIN TOHKHE CJIOH CKOJIb-
3UT OTHOCUTEIBHO COCEHUX, HE MEPEMEIINBASICH C HUMU, U MYPOY1eHMHbIM
(6uxpesvim), ecinv BAOJIL TOTOKA MPOUCXOAUT MHTEHCUBHOEC BUXpeoOpa3oBa-
HUE U nepeMemmBanue raza. Meron [lya3éiist MOXKHO MCIIOJIB30BATh TOJIBKO
JJIS1 IEPBOTO TUIA TCUCHHUS.

PaccMoTpuM JaMHHApHOE TEUEHHE BO3ayxXa B Kamwuiipe (puc. 28).
Hanuuue cun BHyTpEHHEro TpEHHs] MPUBOIUT K BO3HMKHOBEHHUIO T'PAJAUEHTA
CKOPOCTH  YIIOPSAJIOYECHHOTO  JABHXKECHUS
R rf =N \ du/dr. OgeBuaHO, 4TO HaAWOONIBIIAS CKO-
3’ J X POCTh — Ha OCH CHMMETPHH KaIUILIAPA.
[Tycth paguyc kanwmispa o, AJMHA

Puc. 28
L. Bo3myx mporekaeT cjeBa HampaBo

BCJICJICTBUE PA3HOCTH JIABJICHUI HAa KOHIIAX Kanwmiuiapa P1 — P2. BeipexxeM mbic-
JIEHHO B ra3e HWIMHAPUYECKUN CIOM ¢ BHYTPEHHUM PaJUYCOM I U BHEIIHUM
r + dr (puc. 29).

Ha sToT cioii co ctopoHsl Oosiee OBICTPHIX CIOEB ACHCTBYET "yCKOPSIO-
mas" cuiia BHYTPEHHETO TPEHMs, paBHAs MPOU3BEICHUIO TJIOTHOCTH MOTOKA
umnysbca (66) u momaan KOHTaKTa JaHHOTO CJIO0S C COCETHUMH S
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F(r):—n—rS. (90)

CootHomenune (90) Ha3pIBatOT 3ak0HOM HbIOTOHA ISt BHYTPEHHETO
tpenus (Newton, 1687 r.).
[Tnomane 60koBOM MoBepxHOCTH uauHApa S = 2nrk. CrnegoBarensHo,

F(r) :—nj—UanL. (91)
r

Co croponsl 60j1ee Me/1-

JICHHBIX CJIOEB, MpUJIeTalomuX  dS Yo
_____________ 7_7-\
~ /
K BbIOpaHHOMY, jedctByeT [ WY 1T~~~ ~ H e
| y P r+dr r
3aMeUISIoIIast cria : —d

F(r+dr), mpuaém cuer F(r) u
F(r+dr) mampaBjieHbl B TpO-
THBOITOJIOKHBIE CTOPOHBI.
PaBHOpelicTBYOIIIAs cuia, L
JNEUCTBYIOIIAs HA BBIJICIICH-

HBIM CJIOM, paBHAa Npupaie- Puc. 29
HUFO CHJIBI TIPU YBEIMUYCHUH PACCTOSHUS I OT OcH Ha dr ¥ MOXeT ObITh HalIcHA
¢ momoinpo cootHomrenus dF = F(r+dr) — F(r).

Cuutas Ko3(PUIIMEHT BHYTPEHHETO TPEHUS T HE 3aBUCSIIUM OT I, U3
(91) nonyyaem:

dF =d (—quLr d_u] =—-2mnLd (r d—u] (92)
dr dr

[Tpr OTKIIOHEHUH OT OCH CKOPOCTH YHMOPSIOYEHHOTO IBIKEHUS CIOEB
BO3ayXa yMeHbInaeTcs, Tak yro du/dr < 0. [Toaromy dF > 0. [Ipu cranuonap-
HOM TCUCHHH BO3/IyXa 3Ta cujia paBHa cwie dF', aeiicTByroIIEH Ha MOonepeYHOoe
ceuenue cios dS u3-3a pa3HOCTH JaBiieHU# P — P2 (puc. 28):

dF'=(p,—p,)dS =(p,— p, ) 2nrdr. (93)
[MpupasuuBas Beipaxenus (92) u (93), momydaem:
—2mmLd (r S—UJ =(p,— p,)2nrdr. (94)
r

W3 cootnomenus (94) cienyer nuddepeHiaibHOe ypaBHEHHE
d (r d_uj S T R
dr nL
Pesynprar ero MHTErpupOBaHUs

(AU PP o (95)
dr 2nL
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[Tocrosauyo C HaiinéM U3 ycimoBus, 4To mpu I' = 0 CKOpPOCTh ymopsao-
YCHHOT'O JIBFDKCHUS JIOCTHraeT MakcumyMa. ClietoBaTelIbHO, € MPOW3BOTHAS
npu ' = 0 1omkHa oOpamaTbes B HYJIb

du
dr

Oto peammsyercs B ciydae, ecin C = 0. B popmyine (95) pasaensem me-
pPEMEHHBIC U 3aITUChIBAEM WHTETPAI:

Idu:—%jrdr.

=0.

r=0

Pe3ynbTaT HHTETPUPOBAHUS
u=—Pi=Pe 2 o (96)
dnlL
[Mocrosanyro C' onpenenseM U3 yCIoBHs, YTO CKOPOCThH IOTOKA «HA
CTEHKe» Kalmulipa paBHa Hymo. Torma, moacrasisst 3HaueHus U =0 u r = ry
B (96), onpenensiem:

PP
C'= . 97
yL ©7)
[MepenuceiBaem cootHotienue (96) ¢ yuérom (97):
PPy 2
U—W(ro —r ) (98)

Haiiném Teneps 00beM BO3ayXa, MPOTEKILETro Yepe3 Kammuisp 3a Bpems
t. 3 BeiOpanHoro Hamu cios (puc. 29) 3a Bpems U BeITeueT 0O0BEeM rasza
dV = ut2nrdr. Ucnone3ys cootHomenue (98), monydyaem:

- t
dv :M(rozr—r3)dr. (99)
2nL
[TpounTerpupyem (99) mo Beeit mIoOMaaM MOMEPEYHOrO CEUEHHS KaIluI-
asipa (ot r =0 10 I = ro):

_ fo _ 2 4
V = Tc(pl pz)tJ‘(rozr_r3)dr _ Tc(pl pz)t(rzr__r_J

nL 9 2nL °2 4

0

u 3anuiiem gpopmyny Ilyaséina:
yolim™
n 8L

3ameTnM, 4TO 00BEM MPOTEKAIOIIETO 32 BpeMs t ra3a o4eHb CHIIHHO 3a-

( p1 - pz )tl‘04. (100)

4
BHCHT OT paanyca kammuipa (V ~ 1)) . OTMeTHM TaKoke, 4To JUIs ra30B JIaMH-

HapHOE (CIIOUCTOE) TEYEHUE BO3MOKHO JIMIIIb MTPU MaJbIX CKOPOCTSIX TEUCHUS
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(MaJbIX Tepenajax JaBJeHus) U B BeCbMa TOHKHUX Kaluuisipax.

N3 popmyer [Tyazéiins (100) Beipazum ko3 puiineHT BHYTPEHHETO Tpe-
HUA (BSI3KOCTh) BO3yXa:
(P P.) IOZ)tro“ = &Aptro“. (101)

8VL 8VL

®dopmyna [lya3eiinsg npuMeHnMa K TEUCHHIO Ta3a Mo TPYOKe, eCIu CKHU-
MaeMOCTBIO I'a3a MOKHO IPeHeOpeydb. ITO BO3MOKHO IPH YCIOBUHU MAJIOTO I1e-
penaja 1aBjleHU Ha KOHIIAX TPYOKH, MPU JIAMUHAPHOM T€YEHHUH ra3a U MoCTo-

T]:

sHHOUW TemnepaTtype. O XxapakTepe TEUeHHUs MOKHO CYJUTh MO 3HAYEHUIO TaK
Ha3bIBaeMoOro umciia PeiftHoinsaca

R, = , (102)

r7ie p — IJIOTHOCTb Ia3a; L. — CPENHAS CKOPOCTh €ro TeUeHus; I — paguyc
Tpyoxu. [Ipu Re < 1000 Teuenne namunapHo, ipu Re > 2400 — TypOyneHTHO.

W13 cooTHOmIeHHs (75) moyuaeM BBIpaXKCHUE IJISI CPEIAHEH JJTUHBI CBO-
001HOTO TpOOEra MOJIEKYJIbI:

[TocTaBUB CPEAHIOKO CKOPOCTh TEIIOBOTO IBHKECHHUS MOJIEKYJI (33), BbI-

M
pa3uB INIOTHOCTh raza p = EQ—T u3 ypaBHeHus Kianeiipona — Menneneea (7)

U TIPUHSIB 3HAYEHUE JABJICHUS PaBHBIM aTMOCHEPHOMY Py , TOTYUHM:

x:3_n /ﬂ zl’gg.i /ﬂ (103)
pamM 8M parrm M

CooTtHotieHue a1 oreHkH YOPEKTUBHOTO TMaMeTpa MOJIEKYJT BhIPa3uM
u3 ¢popmyisi (59):

K
\/57-[7\‘ pumM |

BremHuii BUj SKCIEpUMEHTAIBHON YCTaHOBKH TpecTaBiieH Ha puc. 30.
Ha nepenneit mnanenu pacnonoxensl: kpan Kl (1) mnoxgkirodeHus
BCIIOMOTATENbHONM EMKOCTH K Kommpeccopy, kpaH K2 (2) nmoakimtoueHus
BCIIOMOTATeNbHON EMKOCcTH K Kamwuwsipy (3), BoasHOUM U-00pa3Hbiii
MaHOMETp (4) ¢ u3MepUTENIbHON 1IKaoH (5), MepHast EMKOCTb (6) co Ko
(7) m TymOnep BKITIOUEHUST KoMIIpeccopa (8).

(104)
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Puc. 30

Cxema ycTaHOBKH TIOKa3aHa Ha puc. 31. OHa Bkitovaer B cedst kammusip (3),
COEMHEHHBINA OJHUM KOHIIOM 4epe3 KpaH K2 co BcmoMmorarenbHON €MKOCTBIO
(9), HaOJTHEHHOM YaCTUYHO JUCTUILIMPOBAHHOU BOJ0M, M U-00pa3HbIM MaHO-
MetpoM (4). IIpyroit koHel kanuuisipa coodmaercst ¢ armocdepoit. MepHas
€éMKocTh (6) coenuHeHa TpyOkoil (10) co BcmomorarenbHoi EMKOCTHIO (9). C
MTOMOIIIBIO TPYOOTIPOBOAa BerioMoraTenbHast EMKOCTh (9) uepes kpan K1 coequ-
HeHa ¢ komnpeccopoM. [Ipu 3akpeiTom kpane K2 u otkpeitom K1 Bo Bcmomo-
raTeyibHyt0 EMKOCTh (9) KoMIpeccopoM HakauyMBaeTCs BO3AYX, M BOAa 4epe3
TpyOOIIPOBO/I BRITECHSIETCS B MEpHYIO EMKOCTH (6). [Ipu 3akpeiTom kpane K1 u
OTKpbITOM K2 BO1a BEITECHSIET BO3AYX U3 BCIOMOTATEIBHOM EMKOCTH YEPE3 Ka-

nuuIsIp B atMochepy.
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Kommnpeccop E

Puc. 31

Tak kak cevyeHHe KamuuIsipa Majio, Ha ero KOHIaX BO3HUKAET Pa3HOCTh
JaBJICHUH BO3yXa, KOTOPYI MOXHO ONPEACIUTh M0 Pa3HOCTH YPOBHEH BOJIBI
h1 — h, B konenax U-o6pa3noro manometpa (4):

Ap=p,g(h —h,)=p,gah, (105)

TJi€ Ps — IUIOTHOCTH BOJIbI, § — YCKOpEeHHe cBOOOHOTO najaeHus. C moMOIbIo
CEKyHJIOMepa 3aMepsieTCsl BpeMsi MCTEUEHHS 3aJlaHHOTO 00bEMa BO3Ayxa W3
MepHOM EMKOCTH. 3HaueHne 00bEMa BeITeCHsIeMoro Bo3ayxa V =V, — Vi onpe-
JeIAETCs ¢ MOMOIIbI0 ypoBHEMepa (7).

Ilopaook evinoanenus padomul

1. Tym6nepom « KOMITPECCOP» BKIIOUUTH 3JEKTPONUTAHUE KOMITPEC-
copa.

2. OtkpeiTh Kpad K1 1 mogoxkaaTh, Moka HaoJHUTCS MepHasi EMKOCTh
YyTh BBILLIE OTMETKH 00BEMA BOIbI, BRIOPAHHOM B KaueCTBE I'PaHUIIbI BEPXHETO
ypoBHS. 3akpbITh KpaH K1.
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3. Otkpeith kpan K2. Ilpu AOCTHMKEHUM TpaHUIBI BEPXHETO YPOBHS
BKJIIOUYUTh CEKYHJOMEP U MPOU3BECTH OTCUET Pa3HOCTU YPOBHEU KUJKOCTH B
BoisiHOM U-00pa3Hom ManoMetpe Ah;. Pesynbrat 3anucars B Ta0uity.

Tabmuma
Newm | Ahy | Ah t | (Ah) | (Ahy) | ) | Aps | Ap2 | Ap
1
2

10

4. B MOMEHT JOCTHKEHHSI BOJIOM YPOBHSI HUKHEH OTMETKH ypOBHEMeEpa
BBIKJTIOYUTH CEKYHJIOMEp M MOBTOPHO MPOHU3BECTH OTCUET PA3HOCTH YPOBHEH
XHUIKOCTH B BoastHOM U-00paznom maHoMmeTpe Ah,. 3akpbiTh kpan K2. Pe3yib-
TaThl 3aMEPOB 3aMKCaTh B TAOJIHUILY.

5. IlyHkTHI 2 — 4 IOBTOPUTH JIEBATH pa3 Ui OJHOTO U TOTO ke 00bEMa
HPOXOJIAIICTO Yepe3 Kammuisip Bo3ayxa V (00bEM clMBaeMOi KUIKOCTH).

6. 3anmcary qmMHy Kanuwusipa L, ero paguyc ro, 006ém V, 3HaueHus at-
MOC(hEPHOTO JTaBICHUS Pymy U A0COIOTHOU TeMIiepaTyphl T B 1abopaTopu.

7. Ilo pe3ynbTaTaM HW3MEpPEHUN BBIYMCIUTH CpeaHHe 3HadeHus (Ah),
(Ahy) 1 ().

8. IIpunss yckopeHue cBoboaHoro nanenus ¢ = 9,815 w/c?, mnotHocTs
Bozbl ps = 1000 x2/m?, mo dopmyne (105) nns cpennux 3nadenuii Ah Bbrdmc-
JIUTh HAYaJIbHBIM M KOHEYHBIN Mepenaabl qaBjicHui Ha Kamuusipe (Ap: u Ap;
COOTBETCTBEHHO) M OIICHUTh CPSIHMI TIeperna aaBieHuit Ap = (Ap1 + Ap,)/2.

9. ITo popmymam (101), (103), (104) paccuutaTh K03)PUIIUEHT BHYTPEH-
HEro TPEHHs BO3yXa 1], CPEAHIOI UTMHY CBOOOHOTO MpOoOera MOIEKY BO3-
ayxa A ¥ 3pQPEKTHBHBIA AUAMETP MOJEKYNI Bo3ayxa O,44. MonspHyto Maccy
BO3Jyxa NpUHATH paBHOW M = 28,98 2/mons, aTmochepHoe maBieHuE —
Pamy = 100,0 + 2,5 k/1a.

10. O1eHUTh MOTPEITHOCTH TOTYYSHHBIX BEJIMYUH I10 CIICTYIOIIeMY ajl-
TOPUTMY. BBIUnCIHTS:
a) aOcomroTHBIe 3HaueHHs norpemHocTH it (Ah), (Ah,) u (t) xak

CPEAHEKBAAPATUYHYIO CYMMY MX CUCTEMAaTHYECKOU U CIIy4aHOM COCTaBIISIIO-

AX=A? + A?

X
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rae A, =11-C/2; C — ueHa aeneHuss H3MEPUTEIHLHOrO npubdopa (MaHoOMeETpa

i((x} — X )2 ; N — 4KUCJIO U3MEPEHHUIT,

1
n(n-1)4=

n
(X) = Z X; / N — cpenHee apudmeTryecKoe 3HAUCHUE BEIMYUHBI; X; — 3HAUCHHE
=

WM CeKyHIomepa), A =t \/

BEJIMYHHEI B I-M n3Mepenud; t; — koappurment Cteronenta st P = 0,95;
0) OTHOCUTEIBbHBIE TTOTPEITHOCTH
_ AX
e
B) aOCOJTIOTHBIC TIOTPENTHOCTH BETMYUH AP1 11 AP
A(Apl) =Ap, - 8Ah1 d A(Apz) =Ap, - SAhz ;
T') OTHOCHUTEIIBHYIO ITOTPEITHOCTH AP
_ A(Ap, ) +A(AR).

Ap T ’

Ap, +Apy

)

I[) OTHOCHUTEJIbHEIC M a0COIIOTHEIE IMOTPCIIHOCTHU BA3KOCTH 1|

5, =05, +L +51 +(4:3,) An=n-3,

JUTMHBI CBOOOTHOTO Mpodera A

2
5, =\/5$1 +82 +(%8TJ L AL=008,,

1 3G GEKTHBHOTO AUaMETpa MOJICKYI BO3ayXa U,gg

1.V (1.V (1 ?
Sd"/’_\/(ESTJ +(§6xj +(§8pmwj ’Adaqb:dad).Bda,,,'

11. ChopmynupoBaTh BbIBOJ O MPOJIETaHHOW paboTe U BbIIUCATh MOJIY-

YCHHBIC PC3YJIbTATHI B BHU]JIC:

n=n+An (llac), d,=...%, P =0,95;

A=A+ AN (mrm), 6y = ...%, P =0,95;

dgqbqb = dgd)qb + Adgqbd; (HM), de =...%, P=0,95.

Bonpocut u 3a0anus 0na camoKkonmponn

1. ChopmynupyiTe OCHOBHBIC TTOJIOKCHHUS MOJICKYIISIPHO-KHHETHYCCKOU
TEOPUHU.

2. JlaiiTe ompenesneHus CIEAyIOUIMX MOHSATHUNA: CpeIHss AJIMHA mpodera
MOJIEKYJIbI, 2((HEKTUBHBIN TUAMETP MOJIEKYJIbI, 23 ()EKTUBHOE CeYEHUE CTOJIK-
HOBEHUS.
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3. B xakux ycnoBusx npumenuma gopmyna [lyaszeinsa?

4. Kakue npsiMble U3MEPECHUSI BHOCAT HAUOOJIBIITNE MOTPEITHOCTH B Pe-
3yJIBTaT KOCBEHHOTO U3MEPEHUS 1, U,p0 U A?

5. Beienure popmymy Ilyazéiimns.

6. BeiBemuTe, OCHOBBIBAICh HAa MOJICKYJIAPHO-KHHETUYECKON TEOPHH,
dbopmyny 11t kKo PuimeHTa BI3KOCTH Tasa.

7. BeiBenute popMyny st cpeHen JUIMHBI CBOOOIHOTO Mpooera.

8. Tume! Teuennii raza. Yucno Pelinonpca.



95
Jlabopamopnan paboma 1-27

OIlIPEJIEJIEHUE TEIUIOIIPOBO/HOCTH BO3/1YXA
METOJIOM HAT'PETOH HUTH

Ilenv pabomet: n3ydeHue SBICHUS TEIUIONPOBOJHOCTH ra30B U SKCIEpPH-
MEHTAJILHOE ONpEIeTICHNE 3aBUCUMOCTU KOA(GUIIMEHTA TEIIONPOBOIHOCTH BO3-
JyXa, HaXOJIAIIErocst BOJIM3KU HArPETOM HUTH, OT €€ TEMIIEPaTyPBhl.

Ilpubopwt u npunaonercnocmu’. SKCiepuMeHTaIbHAsT YCTaHOBKA.

Inemenmot meopuu u Memoo IKcnepumenma

PacnipocTpaneHue TEIoThl B Ta3ax OCYIIECTBIISIETCS TPEMsI CIIOCOOaMMU:
TCIUIOBBIM HU3TydeHHEeM (TIEpEHOC PHEPTHH SJCKTPOMArHUTHBIMH BOJIHAMHU);
KOHBEKIIUEH (TIepeHOC YHEPTUH 3a CUET TIepeMeIIeHUs CJI0EB ra3a B IPOCTPaH-
CTBE M3 00JacTeil ¢ BRICOKOM TeMIepaTypoil B 00JaCTH ¢ HU3KOM TeMIiepaTy-
pOH) U TETUIONPOBOIHOCTEIO.

TennonpoBoIHOCT — MEPEHOC TEIUIOTHI OT OOJIEe HarpPEeThIX YacTel Tena
K MEHEE HArpeThIM 3a CYET XAaOTUYECKOrO TEIUIOBOTO JBHKEHUS MOJIEKYII.
OOBIYHO 3TOT MPOILIECC TPUBOAUT K BRIPABHUBAHUIO TEMIIEPATYPHI U K TIPEKpa-
LIEHUIO ITpoLecca Teronepenaadn. Ecinm ke noanepuBaTb HEU3MEHHOM pas-
HOCTb TEMIIEPATYP ABYX TEJI, pa3AEIEHHBIX Ta30BbIM IPOMEKYTKOM, TO BO3HU-
KAaeT CTallMOHAPHBIN MPOLIECC, B KOTOPOM KOJIMYECTBO TEILIOTHI, [IEPEAABAEMOE
yepes 3TOT IPOMEKYTOK B €IUHUILY BPEMEHU, OCTAETCS MMOCTOSIHHBIM.

TeopeTnueckoe 3HaueHHe KO3()PUIMEHTA TEIUIONPOBOJAHOCTH MOKET
OBITH paccunrTano 1o dopmyiie (77)

=3 e,

3nech (L) — cpeaHsss apupMeTHIEeCcKass CKOPOCTh TETIOBOTO JIBHYKEHUS

MOJIEKYJT; A — CpeaHsis JUIMHa CBOOOJHOTO Mpodera MOJIEKyJ, p — IUIOTHOCTh
rasa; Cy — yJeJbHas TeIUIOEMKOCTD ra3a MpH MOCTOSHHOM 00BEMeE V.
C yuérom cootnomenuii (33) u (58)

8KT 1 m myN
(V)= |—, A=  p=—= =myn,
m, J2on vV Vv

re Mo — Macca MOJIeKyJIbl; K — mocrosiaaas bonbiiMana; ¢ — addexkruBHOE ce-
YeHUE CTOJKHOBEHMM MOJIeKy; N — 4ucio MOJIEKyIT; N — KOHIIEHTPAIHs MOJie-
Ky, TTIOTy4aeM:

4 = const - - T (106)
(e}
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Jyis peasibHBIX Ta30B KO3(PPHUIIMEHT TETUIONPOBOTHOCTH C YBEIUYECHUEM
TEeMIIEpaTypbl pacTeT ObicTpee, YyeM cieayeT u3 (106). DTo cBsi3aHO ¢ HE3HAYH-
TEJIIBHBIM YBEIIMYCHUEM Cy U YMEHbIIIEHUEM dP(EKTUBHOTO CEYCHHS CTOKHO-
BEHUH O C pOCTOM TeMIlepaTypbl. B yacTHOCTH, U3 ONBITOB CIEAYET, YTO JJIS
MHOTHX PETbHBIX Ta30B, B TOM YHUCJIEC U JIsI BO3AyXa!

x =const-T”, (107)
rJie Tokasarenb b nexut B npenenax ot 0,5 1o 1.

4

1) /

Puc. 32

VYcraHoBKa ISl M3Y4YEHUS TETUIONPOBOIHOCTH BO3JyXa BBHITIOJIHEHA B
BHJIe MOHOOJIOKA (puc. 32). Ha xopiyce ycTaHOBKH PacloIOKEeH CTEKIISTHHBIN



S

Oayon TepmocTara 1 ¢ BoabdpamoBoil HUTHIO. Ha mepenneit nanenu pasme-
[ICHBl UCTOYHUK MUTAHUS 2 U MyJIbTUMETP 3, TymOjep 4 A MOAKIIOUEHUS
MYJIbTUMETPA B peKUME U3MEPEHUs ToKa (IoyiokeHue «I») U B pexkumMe u3me-
peHust HanpsbKeHus: HUTH (noJioxkeHue «Uy»), TymOiep 5 BKITIOUEHHUS 3IEKTPO-
NUTAHUS YCTAHOBKH «CETHY.

Ha puc. 33 npencrasieHa NpUHIMIHAIbHAS CXeMa SKCIEPUMEHTAIbHON
YCTAHOBKH. B CTEKIIHHOM LMJIMHAPUYECKON
TpyOe, OKpY>KEHHON TepMOCTaTOM 6, HAXOUTCS
HarpeBaeMas BoJib(ppaMoBasi MpOBOJIOKA-HUTD 7.
Mexy OBOWHBIMM CTEHKaMH TepMocTara 3a-
nuTa Boja. TemmnepaTtypa Bo/bI B OaJIOHE U, CTie-

JIOBaTeNbHO, TeMIiepaTypa cTeHku (T.,) TpyOoku
IOCTOSIHHBI B T€4YEHHE ombITa. Bonbppamonas K '
IPOBOJIOKA YEpPE3 COEAMHUTEIBHBIE IIPOBOJA U I
NOJKJIFOYAETCS] K UICTOYHUKY ITUTAHUS ITOCTOSIH- bIl

Horo Toka bIl. Tok B HUTH onpenensercs no na-
neHuto HanpsbkeHus: U, Ha OaslacTHOM COIpo-
tuBieHuu R,. Hampspkenune na vutu U, u nage-
HUE HaNpsHKeHUsI Ha 0aiacTHOM conpoTuBieHuu U, n3MepsroTcss MyIbTUMET-
pPOM IIpU COOTBETCTBYIOLEM MoJiokeHUu TymOiaepa 4: «U» u «I» cooTBer-
cTBEHHO. [Ipy HarpeBaHUM HUTH BAOJb paguyca TPyOKH CO3JaETCS TPagueHT
temriepatypsl dT/dr. [TInomans, uepes KoTopyro nepenaéres Terio, paBHa Iio-

Puc. 33

a MOBEPXHOCTU IIUJIMHPA, KOAKCHAIBHOTO ¢ HarpeTou HUThIO: S = 27rL,
rjae I — paanyc quinHapa, L — ero BeicoTa.

Jlns cTanioHapHOTO Tpolecca ¢ YIETOM MUIMHAPHIECKON CUMMETPHUH
CHUCTEMBI Ha OCHOBE BBIPaKEHUS JIJIS MOTOKA Teria (67) MOXKHO 3amucarh ypas-
HeHue Pypeoe:

dQ=—y ar dSdt, (108)
dr
riae dQ — KoIMYEeCTBO TEILIOTHI, epeHocHMOe 3a BpeMs dt uepes mromaaxy dS,
HOPMAJILHYIO K HAIIPaBJICHUIO yObIBaHHs Temiiepatypsl; dT/dr — rpagueHT TeMm-
nepaTypbl B paAHaabHOM HAlpPaBJICHUH.
Toraa ¢ yuéTOM reOMETPUH IKCIIEPUMEHTAIIbHON YCTAHOBKU COOTHOLIE-
aue (108) mpunumaet Bux

40 = — I 2nridt = —y 0 2L, (109)
dr dr/r
Bamensts dr/r =d(Inr), npeoGpasyem (109) B Gpopmyity ist MOIIHOCTH

TCIIZIOBOT'O IIOTOKA 4€PE3 NOBCPXHOCTh HUJINHAPA.
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_d_Q:_ dT
gq= m X(r)—d(lnr)ZnL. (110)

O6o3Hauenuem y(r) moguepkHyT TOT (PaKT, 4TO KOAIPPUIMEHT TEIUIO-
POBOJHOCTH 3aBUCHT OT . Bmecto y(r) 6epém ycpeanénHoe mo pammycy I
3Ha4YeHrne Kod(duimeHTa TEmIONPOBOAHOCTH BO3AyXa (), HAXOASIIETOCH
MEX]Ty HUTBIO U BHYTPEHHEH NMOBEPXHOCTHIO TPYOKH, M peliacM MOTyYCHHOE
muddepeHnmansHOe YpaBHEHNE METOI0M pasz[eneHHﬂ IEPEMECHHBIX .

Inn

qj (Inr) :—2nL<x>de
| U

q= —2nL<x>

H

L 111
In(z/r) (111)
rae 1 — paauyc HUTH [; I, — paguyc Tpyoku 6; T, — TemmepaTrypa CTEHKH
TpyOkH; T, — TEMIEparypa HUTH.

DKCIEPUMEHT TMPOBOIUTCS TP IMOCTOSIHHOW Temmeparype TpyOku 6,
paBHOU T.,. YBeIWUEHHUE IJICKTPUUECKON MOIIHOCTU P, BBIICISIEMON B HUTH,
MPUBOJUT K YBEIIMYSHUIO MOIIHOCTH TerwioBoro motoka: dq = dP; mpu stom
TeMIiepaTypa HUTH Bo3pacTtaeT Ha Benuuuny dT,. 13 hopmyisr (111) mpu yeiio-
BHM ITIOCTOSTHCTBA TEMIIEPATYPhI TPYOKH € BOJOM 6 U TeMIepaTypsl [ ., CIETYET,
4TO

2nL

In(g/q)x

Tak kak BOJIM3HM HUTU TEIJIONPOBOIHOCTD BO3/1yXa ONPECeseTCs TEMIIE-

(T,)dT,. (112)

H H

dg=

parypoii T,, To B (112) 3nauenue y(T,) oTHOCUTCS K 3TO# Temmeparype. [Ipu
BO3paCTaHUU TeMIepaTypbl HUTH Ha AT, TOTOIHUTENBHBIN MEPEHOC TEILIOBOM
MOIIHOCTH AP OT HUTH K CTEHKE TPYOKH OIPEIesACTCsS TOIBKO TEILIOPOBOI-
HOCTBIO CJIOS BO3TyXa BOJIM3HM HUTH.

13 cootnomenus (112) nonyyaem:

_In(g/q)dp
x(T.)= 2nL  dT,’ (113)

s ompenenenus: npousBogHor dP/dT, HeoOXomuMo 3HATH 3aBHCH-
mocth P = f(T,), KOTOpYI0 HAXOAAT MO PKCICPUMEHTATIBHBIM JTAHHBIM.

MoIHOCTh TEMIOBOTO MOTOKA HaXOAST MO HampsKeHUIo Ha HUTH U,
ToKy |, mpoTekaronemMy uyepe3 o0pa3oBoe COnpoTuBieHue Ry, 1 HUTh, coeu-
HEHHBIE TIOCTIEN0BATENbHO. /{151 3TOr0 Ha 00pa3lOBOM CONPOTHBICHUN H3Me-
pstoT Hanpsikenue U, u, 3Has BeanuuHy Ro, onpeenstor ToK:



U
| =—2, 114
-y (114)
Toraa MOIIHOCTH HAXOJUTCS KaK
P=1U.,. (115)
TeMmneparypa HUTH 110 aOCOJIFOTHOM IIKaJe 3aAaETCS COOTHOILIEHHUEM
1| R
T =—|= (l+ octcm)—l +273. (116)
o

om
3nech Rey, — 3MeKTpUUECcKOe COMPOTUBICHUE HUTH TP KOMHATHON TEM-
neparype; R, — COpoTHBIEHHUE PU TEMIIEPATYPE OMbITA; OL — TEMIIEPATYPHBIN
K03 (UIIMEHT CONPOTUBIICHUS MaTeprasa HUTU. TeMieparypa CTEHKU TPyOKH
t., OIpenensercs o TEPMOMETPY, HAXOAAILEMYCS B TaOOPaTOpUH.
Conpotusnenue R, MOxeT ObITh HAWJEHO U3 COOTHOIICHUS

R =—*, (117)

Ilopsaook evinonenus padomot

1. BKIIOUHUTH 3JIEKTPONUTAHHE SKCIEPUMEHTAIBbHON YCTaHOBKH
(puc. 32) TymbaepoM «ceTh» (MYJIBTUMETP BKIIFOYACTCS OJTHOBPEMEHHO).

2. YCTaHOBUTH MPEJIEN U3MEPEHUSI HapsiKeHU MybTuMeTpa 3 «20 By.

3. BeicTaBUTh MUHHUMAJILHOE 3HAUCHUE HAIPSDKEHUS Ha BBIXOJE MCTOY-
HUKa IIOCTOSIHHOTO HaIpshKeHUs 2. J{71s1 3TOro perysiTop HanpsKeHUst Heo0Xo-
JUMO TOBEPHYTh MPOTUB YaCOBOW CTPEJIKH 10 yIOpa.

4. Tlepeximtounts TymMONEp 4 B monoxxkenue «Uy» 1Jig U3MEpEHHs HAIps-
KEHUS HA BOJIHL(GPAMOBOIA TPOBOJIOKE.

5. BKJIIOYUTH UCTOYHUK MOCTOSTHHOTO HANPSHKEHUS 2.

6. C moMoIbi0 perymisiTopa HanpsbKeHUsl YCTaHOBUTH 3HAUEHUE HATps-
KEHUS, TI0JIaBa€MOT0 Ha BOJIb()PaMOBYIO TPOBOJIOKY, PaBHBIM 2 B.

7. ITo moka3zaHusiM MyJIbTUMETPA ONPENCTUTh HANIPsHKEHUE Ha BOJIb(pa-
MoBoii mpoBosioke U,. Pe3ynbrar 3anucars B Ta6. 1.

8. IlepexmounTh TymOIIEp 4 B MOJIOKEHHE «|» 1T M3MEPEHHS TTaJCHUS
HanpsDKEeHUs: Ha 0asTaCTHOM CONPOTHBIICHUH, MTPONIOPLIMOHAIIBHOM CUJIE TOKA
B LIEMIK BOJIL()PAMOBON HUTH.

9. TlepexmiounTh mpeaen MU3MEpPEeHHs] HANpsHKEHUH MyJbTHMETpa Ha
«2000 mBy. [IpousBecTr OTCUET MaICHUS HANPSHKEHUS Ha OAJIJTACTHOM COTIPO-
tuBnenun U,. Pesynbrar 3anucats B Ta6u. 1.
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10. IlepexatouuTh Npeaen n3MepeHus: HanpsHKeHU MyJIbTUMETpa B T10-
noxenue «20 B». ITyHkTel 6 — 9 moBTOpuTh 17151 20 3HaYEHUIN HANPSKEHUS [TH-
TaHUsl, yCTAHABJIMBAEMBIX MTOCIIEI0BATEIBHO, BIUIOTH 10 7 B.

11. ITo dopmymam (114), (117), (116) u (115) paccuurtaTh 3HAYCHUS TOKA
|, conpoTuBiieHus nMpoBoiaoku R,, e€ Temneparypy T, u MomtHoCTh P, moaBo-
IUMYIO K Hel. Pe3ynbpTaTel 3aHecTu B Tab. 1.

Tabomuma 1
No U,, B u,, B I, A R,, Om T, K P, Bm
1
2
20

12. O6paboTka pe3ynbTaTOB U3MEPECHUIA.
a) [Tyrém mocnenoBarenbHOTo YucieHHOTro auddepeHnnpoBanus HaUTH
3HA4YEHUs MPOU3BOIHBIX MOIIHOCTHU P Mo TemmepaType Hakana HUTH T,

& j SR

rae ie[1,19] — HOMEp CTPOKHM JaHHBIX M3 TaOJMIBI. 3amucaTh JaHHBIE B

TadII. 2.
Tabmuma 2

Ne | dP/AT, [T, | x| InT, | Iny (InT,)? (Iny)? | (InT,)(Iny)

1

2

19

Cpennue 3nauenus | {InT,) | (ny) ((InTH)2> {(Iny)?) | (InT)(Inx))

6) o mauubv Tadn. 1 (T,)® paccuurars 3nauenus (T,)® mns Tab. 2
(€] @
(T )(2) _ (Tn )i+1 + (Tn )i
H]j - 2
rae ie[1,19] — HOMEp CTPOKH JaHHBIX M3 TaOJMIBI. 3amucaTh JaHHBIE B

TabI. 2.
B) I1o cootHomenuto (113) paccuutarh 3HaYCHHS KOIDHUITUCHTOB TETI-
JIOTIPOBOJHOCTH . 3amucarh JaHHbIE B Ta0m. 2.
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1) [IpostorapudmupoBaTh 3HaueHus T, U . Pe3yabTaThl BO3BECTH B KBa/I-
pat (In T,)%, (In %)? n nepemuoxuts (In T,)-(In %). 3anucars nonydyeHusle 1aH-
HbIE B Ta0J. 2.

) Paccuurarh 3HadeHHEe YriIOBOrO KO3 GHUIMEHTa 3aBHCHUMOCTH
Iny =1f(InT,), paBHoro mokasaremio crenenu b B coorHomenuu (107), xoH-
CTaHTBI CONSt B 3TOM 7K€ COOTHOIIEHUH U OLIEHUTD MX MOTPEIITHOCTH M0 METOTY
HAMMEHBIIMX KBAJPATOB, UCIIONb3Ys HIKEIPUBEAEHHBIC (POPMYIIBI;

(InT,) = %Zn:(ln-ry)i’
<|nx>=%zn:(lnx)i,

(InT, Yy == (InT, )’

N

n

<('nx)2>=%2('nx)f,

i=1
n

(InT,)(nz) == S [(nT,), (in) ]

((InT,i_)l(InX)>
(InT,)"
Ab =t 1 [<(InX)2> _sz
\n=1\ ((InT,)") ’

5, =%b-100%,

const =exp| ((Iny ) —b((InT, )) |,

Bons = AD\((INT, )" -100%,

const
8COF’ISt
A(const ) = —Lconst.
100%
Hcronp3ys MoTydeHHBIE 3HAYEHUs, 3aicaTh pe3yJbTaThl pacyEToB 10
MIPEICTABICHHOMY HIDKE 00pasiry.
Pacuémnas 3asucumocms. 7y =const-T .

Ilokazamenv cmenenu memnepamypel. b =b+Ab, 5, =...%, P =0,95.

Koncmanma: const = const £(const), 8., =...%, P=0,95.

const
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¢) OTOOpa3uTh Ha 0OHOM Zpaghuke SKCIICPUMEHTAIBHYIO U TEOpeTUYe-
ckyto 3aBucumoctr In(y) = f(In(7,,)). JlaHHBIC, TTOJTydeHHBIC SKCIIEPUMEHTAITb-
HBIM TIYTEM U TPEICTABJICHHBIC B Ta0JI. 1, HA KOOPUHATHOM IJIOCKOCTH OTOO-
PaXKAIOTCS OTIACIBHBIMH TOYKAMH. PacuérHas 3aBHCHMOCTH ) =CONst-T”,

MpeCTaBisIonasi coOO0N B yKa3aHHBIX JOrapu(pMUUecKUx KOOpAUHATAX Mpsi-
MYIO 3aBUCUMOCTb, 0TOOpaxkaeTcs CILIOMIHON JuHKEH (puc. 34)

InX 4

InT,
Puc. 34

12. ITo momy4eHHBIM pe3yibTaTaMm chOopMyIUpPOBaTh BHIBOJI O MPOJICIIaH-
HOM pabore.

Bonpocwt u 3a0anun 0na camokonmponsn

1. JlaiiTe ompeneneHust CACAYIOMIUX MOHITHI: CpeaHss JJIMHa mpobera
MOJIEKYJIbI, 3((EKTUBHBIN AUAMETP MOJEKYJIbI, 3P (HEKTUBHOE CEYEHUE CTOJIK-
HOBEHUS, KOO OUIIMEHT BSI3KOCTH.

2. IlepeuncnuTe MpoLECCHl IEPEHOCA, BO3ZHUKAIOIIUE B TEPMOAMHAMUYE-
CKHM HEpaBHOBECHBIX CHUCTEMaX, JANUTE MX KPATKYI0 XapaKTEPUCTUKY M 3alld-
IIUTE 3aKOHBI, OMHUCHIBAIOIINE 3TU SIBICHUSI.

3. OxapakTepu3yiTe BO3MOKHBIE CIIOCOOBI TIEpeAaur Teria.

4. Kakue mporiecchl BHOCST MOTPEITHOCTUA B ompenesieHne ko3 huiiu-
€HTAa TEMJIONPOBOAHOCTH?

5. Ucnonb3ys noflydeHHbIE B 3TOW paboTe AaHHbIE, IPOBEINUTE OLICHKY
cpeaHell JUIMHBI CBOOOJHOTO Mmpobera MojeKys Bo3ayxa. CpaBHUTE MOJTyUYEH-
HBIN PEe3ybTaT C U3BECTHBIMH.

6. BeiBecTu K03()PHUIMEHT TEMIIONPOBOJHOCTH HA OCHOBE MOJIEKYJISIPHO-
KUHETUYECKOU TEOPHUH.
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