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K HMUTATEJIO

ManatenbCTBO IPOCUT NpucHNaTe Bawu 3ameda-
BMS B OT3mBH 06 5Tofi kHure, mo aapecy: Mocksa,
Tperbsakosckuit npoean, A. 1 [nasHag peaaxuds
TeXBHKO-TeopeTHueckol anrepatypu OHTH.

AHHOTALIVS

KHura cogepsuT u3AomeHHE QH3KYECKHX OCHOB BAKyyMTeX-
HUKA ¥ ONHMCaHHMe H TEOPHIO NPOXOXKAEHHS 3IEKTPHHYECKOTO
TOKa uepes BakyyM H rasu. [lo cBoemy 06beMy H H3AOXEHHIO
OHA npelnaspateHa XJs HHKEHEPHO-TEXHMYECKMX U aaGoparop-
HBIX PAGOTHMKOB 3JIEKTPOBaKYyyMHOH NPOMBEILAEHHOCTH, M pa-
6OTHHKOB HCCHENOBATENbCKHX (H3HUECKUX JgabopaTopuid H List
CTyA€UTOB COOTBETCTBYMIHMX CreudanbHocTel BIY30B H BY30B.
TMpenaonaraercs, YTO YATATENAb 3HAKOM C BMEMEHTAPHHMA [M3BaMH
MaTeMaTHYeCKOro aHaliuaa.

NPEANC/IOBME KO BTOPOMY H3IAHUIO

3a BpeMsi, ucTeklllee MOCAEe BHIXONA NePBOr0 W3NAHMS, Y4€HWe O ra3o-
BbIX Pa3PANAX M NEKTPOHHKA [ONYYWI¥ MOUIHOE passuTHe. Paciumpmiacs
¥ 001aCTb IPAKTHUECKUX NPWIOKEHHH 3THX mucuMmauH. OTpPasuTh UeNHKOM
5TO PA3BHTHE MU NepepabOTKE KHWTM I/ BTOPOrO M3LAHMSI Y 4BTOPA BO3-
MOKHOCTH He ObiI0 H3-32 KODOTKOTO BpEMeHH, TMpenoCTaBIeHHOrO HA Mepe-
pa6otky. IlostoMy aBrop crenan TOABKO Te H3MEHEHHN H llOnOJlHEHgH
KOTOpHE Ka3anuch emMy Haubonee CywiecTBeHHmMH. KopeHHol nepepaﬁome’
TIOABEPIVIMCh INIABBI O PA3MMYHOTO DOAA ,3/MeKTPOHHBIX IMUCCHIX®, O IBH-
KEHUH 3/eKTPOHOB uepe3 ras, TeOPHS HApACTaHHS SJIEKTpOHHbIX, JIaBHH;
BBEJEHA TEOpHA TOJOKHUTENBHOTO CTOA64 M NJIA3MLL, OMMCAHME omenbnux’
BULOB DAa3pANA [OMO/HEHO IMaBaMu 06 HCKPOBOM M KODOHHOM paspspe;
B MEPBBIX INaBAX KHHIY, TMOCBAIEHHBIX BAKyYMTeXHHKe, Gonee nonpoﬁm;
paso6paH BOMPOC O MOACYETE BPEMEHH OTKAYKH. YKasznem, TUTEPATYPH
SHAYUTENBHO TOMOJHEH W I0BeleH npuMepHO 1no Hauaiaa 1937 ropa SyTIZ)'r
YKa3aTelb HOCHT BePOSTHO HECKONBKO MecTPhift Xapakrep, TaK KaK., ecre-
;;?I;f:)lz(;;{'mpamam GonpMl  HHTEpPEC aBTOpa K HEKOTODHIM  OTIEeJbHbIM
Kak u npu nepsomM usjgaHuu aBTOp cuuTaeT CBOMM LONrOM BHIPA3UTh
CBOW T1y6OKylo 61aroAapHOCTL COTPYIHHKAM JlaGopatopun anekTpuuecknx
spnesnit B rasax H. M. M. &, M. T. %7 sa ux nobpue cosern u ykasanus,

4 TAKOKe 33 MPENOCTABAEHHBIE B €0 PACMIOPSIKEHHE MATEPHANB YyepTenu
13 HeonyGaMKOBAHHHX euwle paGoT.

30 anpens 1937 r. fi. Kanyos.



[TPEAWUC/IOBHME K ITEPBOMY HM3IOAHHIO

DneKTPHUYECKHEe fBIEHHA B Pa3permeHHbIX [a3aX HAXOAAT cefyac NpHMeHe-
HHE B LeJoM psje u3geauft ¥ npu6opoB, BeCbMA BAKHLIX AHGO0 MO TOMY
3HAYEHHIO, KOTOPOE OHM MMEIOT IV DPA3BHTHS JHEDPreTHKH, a TAKKe pas-
AMYHBIX BHAOB CBA3H, nu60 Mo TOMy upe3BnYafiHO IIUPOKOMY pacnpocTpa-
HEHHMIO, KOTOpOe 3TH H3JeNus MOMYvaloT wWIH AOJIKHBEI IIOJAYYUTh B OJdiah-
wem Gynymem B CCCP. K nepsoft rpynne oTHOCATCA: BHINPAMMTENH, Npe-
o6pa3osaTe]d TOKA M MOLIHbIE pele (THPaTPOHH), Hrpamiue BecbMa 60Jb-
Iyl poJb B BOMpOCaX Nepefayd M palOHANBHOTO HCMONb30BAHHMS BJIEKTPH-
4yecKOi SHeprUH, 3aTeM JaMmibl TeleBHIeHHd U (DOTONIEMEHTH, CTOJb Cylle-
CTBEHHbIE B BOMPOCAX CBA3H, Pa3/IMyHble HHIMKATOPH H NMPENOXPAHHTENM U T. 1.
Ko Bropo#l rpymne OTHOCATCH HOBble MOLIHBIE HCTOYHHKM CBeTa C GO/BILINM
KO3 HUIMEHTOM MONE3HOro HRefcTBHA. DKOHOMHUS, KOTOPasy MOMKeT GHTh 10-
cTHrHyTa B OAMXaflike roAsl OT 3aMeHol MMM HEKOTODHIX TelepeliHHX
-ucrounnkos ceera, rno BceMy CCCP wucuuciasercs MHOrMMH. MWIHOHAaMH
pybaeit B roa.

Mexny Tem JuTepaTypa HAa DPYycCKOM s3bike MO (DU3VWKO-TeXHHYECKHM
BOMPOCaM, CBS3AHHBIM CO BCEMH 3THMH HW3le/usMH, Hayana NoOsBJAATHCH JHUIb
3a camoe mnociennee BpeMs (B. Il. Boaormun, Bunpsamurenu, Mocxaa{—
Jlewnurpan 1932; A. Tiourtepmyasile, IeKTPUYECKUE BHIIPSIMUTEIH W BeH-
THJH, nNepeB. C HeM., Mocksa — Jlenunrpan 1932). A cucremaruueckoe,
6osiee iy MeHee MOJHOE H3NOweHHe TOH o067acTH (DUBUKH, KOTODYIO MOXHO
HA3BaThb y4yeHHeM OO 3JEKTDHUYECKHX SBJEHMAX B rasdax, Ha DYCCKOM f3blKe
COBEpIIEHHO OTCYTCTBYeT. DTO M MOCAYXKHWIO CTHMYJIOM K BBINYCKY HACTOs-
e KHUTH,

[To croeMy 06beMy M HM3/OMEHHIO KHUra NpeaHA3HAYeHad I/ HHKEHEPHO-
TeXHHuYeCKHX U Na60PATOPHHX paGOTHHKOB 3/]eKTPOBAKYYMHOH TPOMbILIIEH-
HOCTH, XeNalouMX CO3HATeNbHO PaboTaTh B OGNACTH M3TOTORJEHUS H yCOBED-
INEHCTBOBAHMS MEepPeyHC/IeHHBIX Bbllle H3meNu#, ¥ IIf CTYAEHTOB BTY30B H
BY30B, FOTOBSILIMXCA CTaTh TakMMHM paGoTHukamu. Tak Kak Henb3s pa6o1arth
B 00JaCTH 3/IEKTPHUECKMX pa3psjioB B raszax, He 3Hag BooOue GU3NKH
F430B ¥ OCHOB TEXHHKH BHICOKOI'O BAKyyMa, TO IlepBbie IVIaBbl KHHIH NOCBS-
wensl 3THM BompocaM. Ilpu HamucauWp KHUTHM aBTOP MCXOMHJ M3 TeX Kyp-
COB, KOTOpble OH BeZeT B MoOCKOBCKOM TrOCYAdpCTBEHHOM YHHBepCUMTETE M
B MOCKOBCKOM 3HEPreTHYeCcKOM WHCTHTYTe (a [0 cansHus B WucrutyTe Ha-
poanoro xosaficrea uM. [lnexanosa) no ¢usuxe u TexHnke Bakyyma ¢ 1924 r.
H M0 3JEKTPUYECKHM sBNEHUAM B rg3ax ¢ 1929 r., npuueM HeCKOJbKO pac-
IIUPHJI ¥ JONOAHHA uX. [loMeureHHBM B KOHLE KHHUIM KPaTkui NuTEpaTyp-
HBHI yKa3aTe/lb He MNpeTeHAyeT HAa OONBLIYI0 MOJHOTY M MMeeT lelbl JHLUIb
1aTh HeOoOXOAMMBIE YKA3aHWA HayuuawiueMy paboTtate B ganHoH o6aactu,

NPEAHC/HOBHE K NEPBOMY H3JAHUIO 5

B saxioueHne Bhlpaxain MO0 Iny6okylo 6iaaromapHocTs wHX. B. U, 3a-
Ty/JI0BCKOMY, KOTODHH B GHITHOCTH CBOIW CTyaeHTOM [IneXaHoBCKOTrO uHCcTH-
TyTa 3aM¥cal KypC MOHX JleKUMH 1o BaKyyM-TeXHHKe, COTPyAHMKY BOU
M. C. llunanosy, oxasaBuleMy MHe OGOJbLIYK MOMOIIb B COCTABJACHHU W
M3TOTOBJEHHH 4epTexeR, U MOUM coOTpyAHukam mo JlaGopatopuu snexrtpu-
4eCKHX fABJAeHHR B rasax Hayyso-ucC1e10BaTeNbCKOrO HHCTHTYTd  (DM3HKH
MIY B. T. Cnusaky, II. B. Tumodeesy u C. Il TBo3moBepy 3a no6psie
COBeTHl M YKa3auus,

Mocksa, 1 nions 1932 r.
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[JIABA TIEPBA#

BBEJEHUE

[lepBhle TIaBH HACTOMMIEA KHMTH FTOCBAUIEHB! JETAALHOMY O3HAKOM/EHHIO
¢ (GU3UYECKUMH OCHOBAMH BAKYYM-T€XHHKH ¥ TIDAKTHYECKHMH TpHEMAMH
TOJAyYeHHss H M3MEpeHus BHICOKOro BakyyMa. 23Ta c6Jacrb OAHHAKOBO HYyKHa
(U3HKY U HMHXKeHepy, pabOTalOIIAM KaK B 064aCTH YHCTO BAaKYYMHBIX NpH-
60poB, Tak M B 06JaCTH HCTOYHHKOB CBeTa M ADPYrux npubOpOB, OCHOBAH-
HBX HZ 3JeKTPHYECKHX $fIBJeHHAX B rasax. B camom mene, mas TOro, yroGu
€031aTe XOPOWMH HAMNONHEHHHH! TeM MAM MHBIM ra3oM npubop, Halo crnepsa
€031aTh NPUOOpP, YROBAETBOPRIOUMH BCEM YC/JOBHSM BBICOKOTO BaKyyma, H
JIMIEb 32T€M MPOH3BECTH ero Hamo/dHenue, B HcTOpUM CO31aHHA BBICOKOIO
BaKyyMa ycrnexd ¢H3HKH HEeH3MEHHO Mepervietainch # NpPONOMKAIOT Tiepe~
/1IeTaThCA C YCNeXaMH TEeXHHKH. YCOBepINeHCTBOBATbH METOMIbI OTKAYKH HayalH
C Tex NIOp, KAaK TMOSBWIACL JAMNA HAKATHBAHAS. Tak KAK OKa3anoch, 4TO
KayecTBO 3TOH JaMNul ¥ ee NOATOBEYHOCTH 3aBHUCAT OT CO34aBAEMOrO B Hel
BaKyyma. BuuMare/bHOe H3yueHHe SsIBMeHHY, TPOMCXOAALLMX B jaMre Haka-
NHBAHHA B CHJBHO pa3peX{eHHOM ra3e, OKPYXAIOWEM DACKAMEHHYO (Yrodb-
HYI0 HIH METa/IM4ECKYIO) HHTb, MDHBEJO K OTKPHTHIO SIBJIEHHA TEPMOHOHHON
3MHUCCHH. DTH 9BJIEHHS, B CBOIO OYEPeib, MOCAYKHIM OCHOBAHHEM AAs CO3xd-
Hus KatonHo# namnel. Xopowas karolsag aamna rnorpeGoBana euwe Godee
HH3KOr0 [aBJeH¥A OCTATOYHOrO ra3a, yeMm JaMna HaxkaavBaHus, W aana
HOBBIE TONMOK K H3ydyenuro (U3HYECKHX $BIEHHH B BLICOKOM  BaKyyMe
(Knyncen, Tene, Jlenrmiop), npupemuinii K CO3MAHHIO BHICOKOBAKYYMHBIX Ha-
COCOB COBepilieHHO HOBBIX THMOB, pabOTaMOUIMX Ha OCHOBAaHHH HOBBIX fIPHH-
uniios. TakuM o6pasoM B 3TOH 06RACTH 3a4aud TEXHHKH [OCTOSHHO CTHMY-
JUDPOBANK HOBLlE HAyYHBIe HCCASNOBAHHA, a INOCTUTHYTBIE 3THMH HCCJeOBa-
HHUSIMH pe3ynsrTaThl TPUBOAWNK K HOBHIM ycnexam TexHuxku. To ke camoe
HA0/I001aeTCA B HACTOSee BPEMS IO OTHOUIEHHIO K M3YYeHHIO sABJeHHH
9NIEKTPHYECKOrO paspana s ra3ax. Kak m Qu3uka BakyyMa, oTH sIBJIEHUS Ha-
XOmAT ceGe NpuMeHenwe, ¢ ONHOH CTOPOHBI, B PA3BHTHH OCEETHTENLHOH
TEXHHKH, € APYro#i 8 TexHHWKe BBUIPIMJIECHHS H yCHIEHHS TOKOB. d1n BO-
DpOCH! SABASIOTCA CYWIECTBEHHHIMM B BOMPOCAX CBA3K W B BOMPOCAX Mepenaux
SHEPrHM N0 NPOBOXAM, a B GynyuieM U 6e3 MpOBOLOB.

Tak xax Beskuit BakyyM npencrasaseT co6oH, cO6CTBEHHO roBOpPSH, AHIb
OI€Hb CHJBHO pa3pexeHHbI ra3, TO HEBO3MOMKHO TIPOBECTH DEe3KYK rpaHb
Mexny ¢u3nkoil Bakyyma u cdusuko#h razos. Ira rpaHb eue 60abluie CTH-
paerca Gnarozaps TOMy OOCTOATeNbCrBY, 4YTO MOYTH AAf BceX uenel, ans
KOTOPBIX NMPE&KAE MPAMEHSUIMCh b MPUOOPH C BHICOKHM BAKYyMOM, B Ha-
crofulee Bpems BCe Gonee M Goaee BXOAaT B ynoTpeGaeHne nprGopw, OCHO-
BaHHLIE HA HWOHH3AHMK rasa. B Hacrosmued wuure oOvennneHs ¢uanka
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8aKyyMa H (PU3NKA INEKTPUYECKHX PaspsnoB B rasax. Cneunanbusle Bonpocs,
OTHOCHIWMECT K (U3MKE M TEXHHKE BAKYyMa, CKOHLEHTPHPOBaHB B MepBHX
ceMH [/1aBax.

Henb3s He OCTaHOBHTBCS M HA TOM IPOMAaJHOM 3HAaUYEHHH, KOTOpPOE MMeNH
MCCNeOBaHAA B O0JACTH Pa3pe}eHHLIX rasoB MM LPYTHMX obaactefl pu3UAKH,
B YaCTHOCTH I/ TEOPHH CTPOeHHa Marepuu. Kax pa3 npu npoxomaeHun
3eKTPHYSCKOrO TOKA 4epe3 rasm Mpl MMeeM JIe10 CO CBedeHHeM, 06ycio-
BAEHHBIM OTIe/BHBIMH aTOMAMH W MO/JeKylamH rasa. MoxHO cMelo cka3ats,
YyTO BC€ PA3BHTHE YyYEHHs O CNeKTpaX aTOMOB OCHOBaHO Ha HaGMOAeHHAX
aBfeHni razosoro paspana. Ho kpoMme u3nyueHns cBeTa atoMamu B ABIeHHUAX
ra3oBoro paspsind NPOHCXOAMT MHOFO JPYFHX MOJEKYAADHHX H AaTOMHHX
npoueccoB. 318Ch MH HMeeM M0 C fOCTOSHHBIMH B3aHMONEHCTBHAMH aTO-
MOB, HOHOB ¥ 3JEKTPOHOB. $5IB/MeHHs 3/1eKTPHYECKOr0 pa3psia B rasax
B CBOMX JETAJAX OCTAOTCA HENOHATHHIMH Ge3 noapoOHOTO H3y4eHMs ITHX
3/eMEHTADHBIX ATOMHBIX M 3/MEKTPOHHBIX npoueccos. OTCiONa MOHATHO, KaKOH
CH/ABHBIA TONYOK IUISt H3YYEHHS STHX 3/MeMEHTAPHBX ABAEHHH, TECHO CBA3AHHLIX
CO CTpOEHMEM aToMa, Laik paGoTel B 064acTH SBAEHHI Tra3oBOrO pas-
paaa.

[lonsiTKM MOAYMHTb rassl NOI IMOHHKEHHHIM JaBleHHeM GepyT CBOe Ha-
Ya40 C HM3BECTHHIX M3 HAYaAbHOTO Kypca GU3HKH OnbToB 6yproMmcrpa
roporna Marne6Gypra ['epuxe, nocrpousmero B XVII cronersn nepsuifi mopui-
HEBOM HACOC M/ OTKAYKM BO3Lyxa. Buicoku#i Bakyym O6bin oCyuwiecTsieH
Bnepssie B GapomeTpuyeckofl Tpybke onsitamum Topuwennu. Hacoc Tepuxe
OCHOBAH HAa NMPHHIHNE MEXaHWYECKOrO CO3MAHHA BaKyyMa TYTEM HCOOMb30-
BAaHUs CBOWCTBA MOGOTO rasa paciiMpPATbCd M 3aHHMATL BeCh NPEAOCTABMEH-
Hblfl eMy oOBeM M MexaHWyeckoro yxanesus rasa. [lpusuun nonyuyennst
BEICOKOIrO BakyyMa B Gapowerpuueckoit tpy6ke Topuuennn oCHOBaH HA 3aKo-
Hax COOGWIAIOMINXCA COCYNOB M DAaBEHCTBA NABJGHHS aTMOCHEPH AaBAEHMIO
cronba prytu BuicoToH 760 mm (B cpemHeM Ha ypoBHe mops). Ha srnx
ABYX NMPHHUKNAX OCHOBAHO MEHCTBHE DEIIMTENBHO BCEX HACOCOB, MPHMEHSB-
IIHXC U JIOAYYEHHS BAKyyMa BJOTh 10 NepBoro Necatuietus XX Bexa,
Koraa Golee ray6okoe M3yyeHHe ABNEHHH B Pa3pereHHHIX ra3ax mo3BOAWIO
fIPHMEHUTE N/I1 TOCTPOCHHS COBPEMEHHBIX HACOCOB BBHICOKOTO BAaKyyMa COBep-
LIEHHO HOBBIE FPUHLUNEL (MOJEKYAADPHBIN, NHPDY3HOHHMM, KOHACHCALHOHHRIH
Hacoch).! TOYHO Tak e W M3MEpeHHE HH3KMX jaBaeHuH Nepeunio Tenepsb
OT TPOCTOro NMpHMEHEeHHs NPHHUMNA COOGIIAIOUIMXCS COCYNOB K onpenede-
HHIO ABNEHHS HA OCHOBAHMM TAKMX (DH3MYECKHX ABAEHHH, KK Tenionpo-
BOLHOCTL, BHYTDEHHEE TDEHHe, HOHHM3ALMS TA3a, WIH, HANPUMED, 3aBACHMOCTD
TEPMOHOHHOA IMUCCHH OT OKPYWKAIOLIEr0 rasa.

Han6onee ynorpe6urensuofi exmuuuelt mas H3MepeHuns MaBAeHMH CIyKaT
MHINHMETDEL pTyTHOTrO cTon6a (M Hg). Enunnua nasienus B 1 an pTyT-
HOrO CTO/GA HA3WIBAETCS B HACTOAWEE BpEMS »T0p* (o umenn Topruemtn).
Exunnuess nns haMepenns nasnedufl B cucreme CGS caywur nusa Ha
KBAApATHHN CaHTuMeTp., T4 €AMHMLA npUMeHseTCsH B BAKYYM-buskKe amepu-

KaHCKPlP»:I/I, AHMAMACKUMA M dpatLy3CKAMH asropamMu M HaswBaeics ,0ap”
(»a bar“, _ume bary*).

Ipocroit pacyer paer:

1 wamHg==1 rop=0,1. 13,56 2'cu® = 981.0,1.13,56 Odunajcm?.
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Orciona: 3
1 6ap=0,745-10"" TOp

108 Gap Ha3miBaetcs MeraGapom H npuGAU3uTENBHO PaBHO OJHOH aTMocdepe.

CoBpeMeHHple cMOcO6n H3MEPEHHS HU3KHX [HABJeHuH [al0T BO3MOXHOCTH
6onee WAM MeHee HAJEXHO ONpPEeNeNATh AABJAeHHS BIJIOTb IO 1078 mum Hg.
NpegenbHnil BakyyM, AOCTHKHMbIAA COBDEMEHHBIMM HACOCAMH, COOTBETCTBYET
6o2e HHU3KOMY AARJIEHHIO: MOXHO AOOHTLCA TAKOrO pa3pexeHus rasa, uro
Haubo/ee 4yBCTBUTENbHbIE MAHOMETDH HHuero He nokasmBawT. [IpHM mocTH-
HEHHH TAKOr0 BHCOKOrO BaKyyMa NPHXOAHTCA CYHTATbCA HE TOMBKO C Hef-
CTBMEM HAaC0Cd, KO M C BbIIe/leHHeM rasa CO CTEHOK M MeTaldyecKUX ua-
crefi Bcell anmapatypel H OTkauuBaemoro mnpexmera. Ilocnennee siBnenue
urpaer Boo6ire oyeHb OOMbINYK pOJb B BAKYYM-TEXHHKE, H NOTOMY fBie-
HMSl MOCTOIIEHHUsT M BbIIeJNEHHs ra30B TBepALIMH Tenamy (ancopbuus, abcopo-
I[HS, OKK/IO3UA) COCTABASET CYIMECTBEHHYIO JABY BaKyyM-(H3HKH.

B nacrosiiee BpeMsi cCyllecTByeT ueiblfi psa HMHOCTPAHHBIX PYKOBOACTB
N0 BaKyyM-TeXHUKe, U3 KOTODBIX Kaxjoe Taioke 6ojee MM MeHee 3aTparu-
Baer U (u3uky Bakyyma. M3 HHX OCHOBHBIMH MOXHO CYHTaThb CledyloLiue:

L. Dunoyer, La fechnique du wide. Paris 1924.

S. Dushmann, Production and Measurement of High Vaecuum. Sche-
nectady N Y. 1922,

A. Goetz, Physik und Technik des Hochvakuums, Braunschweig
1926. 2-e nananne (mOMONHEHHOE).

Kuuru [donyafie u Jlgmmsua repeseneHsl Ha PYCCKHH 93BIK, PaBHO Kak
1 MoHorpadus [gmmMsHa B cepun Y cnexu Puauku. [lose3Hsle npakTu-
YeCKHe YK43aHHS MO BAKYYM-TEXHHKE MOXHO Takwe HaATH 8 kHure Amurepep
» T€XHHKA (HU3HYECKOrO IKCIEepHMEHTA“,

Wayyenne asiaennst rasosoro paspsaa nauanoco B XVIII Bexe ¢ HaGmo-
IeH¥ 3/IeKTPHYECKHX DAa3pANOB B aTMOCchEePHOM BO3AyXe, MOJAYyydeMmX MpH
MOMOWH 3NeKTpocTaTHyecKkod MamuHb. [lepBoe TexHHueck(e npuMeHeHue
MOJMYYHJ BMA Da3psana HasblBaeMblfl Telepp ,,AYTOBBIM PaspsfioM™ — BOJLTOBA
nyra. B Konue mnpowmioro crosetust 1JaBHefinde BuAbl Paspana NOJyYHaH
Gonee uau MeHee moapoGHOe (eHOMEHONOTHYECKOe OnHcaHHe H Gbilo ycra-
HOBJIEHO, 4TO ra30Bbifl pa3psn CBA3aH C ,MOHBM3auHeR raza“, T.e. C nosBje-
HHEM B Ta3e MOJOWKUTENAbHO H OTPHLATENLHO 3apsieHHbX yacThU, CymHocts
npouecca MOHH3aIMU [OJATOe BpeMs oOcraBanace 3arafoyno#f, Ilpasusbnbre
KO/NH4YeCTBEHHbIe (3HepreTHYeCKHe) COOTHOUIEHHSt OblIM yCTaHOBNEHB B 3TOH
061aCTH Muwb HaduHas ¢ onmrtoB Ppanka u Tepua (1913 r.). Itr onsiTn
COBMa/J# MO BPeMeHH C BO3H4KHOBeHWeM Teopuu atoMa Bopa. Jluwb ¢ sToro
MOMEHTA CTad0 BO3MOMHLIM INVIAHOMEDHOE pa3BHTHE TEOPHH [a30BOro pas-
pana, OCHOBaHHOE HA paciuudpoBaHHX 3NeMEHTaPHLIX MPOLIECCOB B paspsane —
T. €. TeX sBIeHMH, B KOTODBIX YYAaCTBYIOT OTJe/bHbIE aTOMbl, HOHH HJIH
anexTpoHsl. Heckonbko pamee (1900 r.) Bo3HMKJIA, HE NOTEpSBINAS 3Ha-
yeHus B (EHOMEHOJOIMYECKOH CBOe# uYacTH, TeOpHS 3/MEeKTPOHHHIX JIABUH
Tayncenna. OnwucaHHIO ¥ H3/I0XEHHIO 3aKOHOB 3/eMEHTApHBIX NPOUECCOB
B Ta30BOM Dpaspsje, a Takke 3aKOHAM [BHXEHHS 3/JEKTPOHOB M HOHOB
B rase nocBsimennt VI, IX, X u XI rnamt sto#t kuuru. [nasa XII 3anu-
Maercs KJAacCHpuKkalMeR M HeKOTOpHIMH O6WMMH CBOMCTBAMH ra30BbHIX pas-
paaos. [locienyioumine INaBHI COmepXaT OMHCAHWE M TEOPHIO OTIE/bHHX
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pnaoB paspana. B raase XX npusenensr kpaTkue nanmne
NpUIOKEHNAX ra308oro paspana. [To razosomy paspsan
AMEIOTCA CHellyIOlMe PYKOBOACTBA:
1) A Ourens ¥ M. lten6ek, Ouzuia u mexrHura
) 331 -
cxoz0 pazpada 8 zazax tom | OHTU 1935, r. II OHTH 1936~e,i1’;lpeualtoe
¢ HEMEIIKOro. peson
2) R. Seeliger, Einfuhrung in die Physik d
200 mssanne, Mewnane 19%s 1y er Gasentladungen

3)J.J. Thomson and G. P. Thomsen 1 ici
through Gases 3-e uznanue, Kam6pumx, Tom 1, I’Qggfw;%cz\:wlllz {)gSZgleCtrmty
4) K. K. Darrow, Electrical Phenomena in GZzses Banmmop')a 1932
Kpome Toro craten B Handbuch der Physik Geiger und Schee]
tom XIV u B Handbuch der Experimentalphysik Harms und Wien
toM XIl, 1-as, 2-aa m 3-1 uwacte, ToOM XXII, rn. 4 (Tonen in Gasen)
u toM XX, ra. 2 (Anregung won Quantensprungen durch Stosse).
KypHanbHas uTEPATYPA 1O OTAeAbHLIM BONDOCaM yKasaHa no riasam
B Koulle 3Toll kuurd, Tam xe yxasanu DYKOBOACTBA, Monpo6HO TpakTyio-

nine H3J0MEeHHBIE B OTAENAbHBIX IJIABAX BOM
pocsl (XaK TO TepMOHOHHA -
cus, dorosddext u T. a.). P e

0 TeXHHYeCKHX
Y B HacToduee Bpems



[JIABA BTOPAY
CBEJEHUSI U3 KMHETWYECKOW TEOPHH TA30B

§ 1. BolBox OCHOBHOrO ypaBHeHHs KuHeTHueckOH Teopun. CornacHo
npejACTABNEHUAM COBPEMEHHOM QH3HKM Bce MaTeépyuanbHbie Tela COCTOAT M3
OuYeHb GOJBINOr0 YHCAA BechMad MAAbIX YACTHI,, HA3HIBAGMBIX MOJEKYIdMH,
Bce simnenus, cBsizauHpie C gedopMaumelt Tem, NepexogoM TeN H3 OUHOLO
COCTOSHMSI B IPYroe, ¢ WX HarpeBaHueM W nepefavefi rtemna, ¢usuka 06b-
siCHAeT, HCXONS1 M3 PacCMOTPEHUs DACNONOMEHUH MOJEKY/], KX IBHXKEHHT M
NefCTBYIOIIMX MEXIY HHMH CHI.

B rasax, cornacHo KUHETKYeCKO# TEOPUHM MATEPUH, MOJEKY/H HACTONbKO
yAaneHs! APYr OT Jpyrd, yTo AeHCTBYIOLIHMH MeXIy HHMHU CHIAMH MOXHO
npexeGpeus. CrenoBaTeabHO, MOXHO CYHTATh, YTO MOJEKYMbl MEXIY CTOJKHO-
BEHHAMH MX JAPYT C JIPYrOM M CO CTEHKAMH COCYNd NBHKYTCH MPAMOJHHENHO
U PaBHOMEDHO,

YpasHeHHe COCTOSIHMS TaKMX HIeaNbHBIX ra30B, T. €. YpABHEHHe, CBA3hI-
Baomee 00beM, NaBleHde U TeMNepaTypy rasa, rJacCur:

pV=RT, (1)

rie T — TemnepaTypa rasa no aGcosoTHolt wikane.

Ecan oTHectH 2TO ypaBHeHHe He K KaKOMy-iM60 KO/WuecTBYy rasa, a K
rpammonexyie 1), To R okasblBaeTcd BeJWYHHOH OAMHAKOBOW nJis BCeX rasos,
YHCJEHHO paBHOR

8,315-107 spz/epadyc;

R wuasweiBaercs 2a30806f NOCMOAHHOU.

Tax Kak B BaKyyM-TeXHM&e MH HMEEM [eN0 C ra3aMH B COCTOSIHHU 60Jb-
IOr0 pa3peeHHsi, KOrid HX cBOHCIBA 4Ype3BmualiHO OiM3KHM K CBOKCTBAM
»MIEATLHBIX ra30B*, TO MBI MO¥eM C O4YeHb GOJbINO} CTEMEHbID TOYHOCTH H
INs peallbHHX [d30B MOJNb30BaTbCS ypaBHeHueM cocrosuus (1).

IisuskeHne Monekyn rasza, HAXOAAINEroCH B 1IeN0M B TIOKOE, COBEDINEHHO
fecriopsA04yHOe, HM OLHO HampaBjeHWe He mnpeobJjajnaer; Kaxiaas JaHHas
MOJIEKY/la IIOCTOSHHO MeHsieT HAMpapjieHHe CBOEro JBHXKEHHs, CTAJIKHUBAACH
CO CTeHKaMW COCYHA WAM ¢ JAPYyruMH MoJtexynamu. CKOPOCTH ABUNKEHUS
OTHENBbHWX MOJIEKYN pa3/AH4HBL.

IapjeHue ra3a Ha CTeHKy €CTb Pe3yJbTaT OLICTPO CAEAYIOWIMX ApyT 3a
APYroM yZAapoB Moaekyld. UroGel yCTa. “BHTb CBS3b MEX/Y IBMKEHHSM MOIe-
KyJ U HABJEHHEM ra3a, BO3bMeM B COCYZAe, 1< TMOMEUEeH ras, Kakyr-Hu6ynn

1) 'paMMoAeKya0li HA3BBAaeTCd KOAMYeCTBO rPAMMOB XaHHOTO BellecTBA. PaBHOE
YHCIEHHO €r0 MOJEKYJpPHOMY Becy.
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cTeHKy M BblIeJuM Ha HeHl 3/eMeHT foBepXHOCTH Ag. 3a HanpaBieHe ocu X
GyaeM CUMTATH HANpaBJeHUE, NMEPNEHIUKYNAPHOE K CTeHKe. Bomenum Kaxyio-
#u6yab TPYNIY MOJEKyd, HMEOWNX ONAHAKOBYIO N0 BeNMYHHE H HANDABIEHHIO
ckopocth €. KoMmrionetitei 310l ckopoctn nycts 6ymyT u, v, ¥ w,. Ias
Apyro CPYINbl MONEKys, MMEIOWHX CKOPOCTb C;, KOMIOHEHTH MyCTb 6yayT
Uy, Vg M Wy M T. L OueBunno, 4ro Ha BHIENCHHY mJOWMAAKy Ac 3a
ppemst Af MOMajyT W3 MEPBOH IPYNMu TOABKO T€ MOJEKY/L, KOTODble B Ha-
yajle TPOMEKYTKA BPEMEHH Af HaxomATCs BHYTPH LMIHHAPA C OCHOBA-
uueM As M ¢ 00pAa3ylOWMMH, [3pANIENLHMMH CKODOCTH ¢, M 10 MIHHe
pasHeiMU ¢, (puc. 1): Takum oGpasom 06beM, B KOTOPOM 3aK/IOUEHBI MO-
JeKynel NepBOA  IPYNmH, yuapsiomuecds 3a Bpems Af o CcTeHky, Oyner
paBeH Ag-u,Af, TAK KaK BHICOTA paccMATPHBAEMOro LMIMHApA Gyler u,dt.

Ecau B enunuie o6bema
CONEPWHUTCA 1y MOAeKyn u,Al
NepBOA IpyANel, TO BCETO
B HalweM IHAHHADe Oyner
nuAcAt  Monekyn  sToft
rpynnsl. Tlo Bropomy sa-
KOHY MEXaHUKH HMNOY/bC
CHJIB, T. €. MpPOH3BeIEHHE
BeJIMYMHB CHJIBl Ha BpPEMsi
ee JNelCTBMA, paBeH H3Me-
HEHHI0 KOJW4ecTBa NBHXKe-
HH4 B HanpasieHuu nael-
CTBHA cunul, Hna  cuim,
DeficTeyiolwed repreHauKy- Puc. 1.
MAPHO HA CTEHKY, HYXHO
B3ATb  KOMIOHENTY  KOMMYeCcTBA [BHWEHMS 1O ocu X, T. e. Jnu,.

Mu npunumaem, uro monekyaw YHAPAWTCA O CTEHKY M0 3aKOHY ynapla
Brionxe ynpyrux Tex. Orcoona clemyer, 4TO mocue yAapa ciaaraemasi cxo-
POCTH MOJIEKY/IB, NEPUEHAHKYNAAPHAL K CTEHKE, HE M3MEHSSICh 110 BeNHYHHE,

MEHAETCA MO HANpABNEHHIO HA TIPAMO MPOTHBONONOXKHYIO. ITonHOe HameHenye
KO/MYeCTBA ABMKEHHS Oyner:

jQ

-2

muy — (— mu,) = 2mu,.
Hnst Bcex Monexyn mepo#t rpynnm uameHenme KOAMYeCcTBA NBUMeHHs Oynmer:
2mun AcAt.

O1y Bemuuuny Mul npu

PaBHUBAHVEM uMOYAbCY CHALL, HelcTBYIOIEH
CO CTODOHBI CTeHKH: ey ’ yOMER Ha s

p,AsAs,

TAE py—rTa wacts | napneuns«
yaapamu o creuky MOJIEKYJ ne
Takum o6pazom noJsyuaem;

Fasd Ha CTEHKY, KOTOpas 0GyC/OBIHBAETCS
PBOH rpynmsl,
2 _— .
2muin AcAt = p AcAt,
dHaN0rHYHO 1n5 MOJIEKYN BTOpOH rpynmm:

2muin, AcAt = p,AcAt.
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Crnoxus Mexny coGOH Takde e DaBEHCTBA, COCTAB/eHHhle JUIA BCEX BO3-
MOMHBIX TPYNI MOJeKys, W pasneius oGe 4acTd Ha AgAf, monydnm:

2m (nlu‘f—{—nzug-{—nsug L)=p, (2)

rae p — obuiee NaBleHHe rasa Ha CTeHKY, 4 BHpaXenue, cToslee B CKOO-
kax B JeBoft uyacTH, mpeAcTasafeT coGOH CyMMy KBalpaToB COCTABRIOUINX
ckopocTefl o ocH X AMs BCEX MOJEKyT, 3aK/I0YEHHBIX B eluHulle 00beMa
M IBHXYIIMXCS IO Hanpas/leHHio K CTCHKE. Eciun ofilee 4YHCIO MOJEKY,
3AK/IOUEHHBIX B eIuHALE O6DbeMa, DaBHO 7, TO YHCIO MOMEKYJ, IBHIKYLULHXCH

n
Mo Harpas/eHHIO K CTEHKE, 6yILET -2—., TaK KaK MOJIEKYJIh, BCAeACTBHE MoJHO#~

6ecnopaIOYHOCTH CBOEro ABWXEHHH, NBUIAIOTCH, B CpeiHEeM, PABHOMEpHO IO
BCeM HANpABAEHHMAM, a TOTOMY BO BCAKHi JaHHBIH MOMEHT BpEMEHH Ti0JI0-
BUHA WX MpHOIMKAETCs K CTEHKe, MOJOBMHA YAaNdercs OT CTEHKH,

CnoXuM KBAAPATH KOMIOHEHTOB CKOpOCTeH BCEX MOJEKyd, npubauxaio-
LMxcsd B NaHHIH MOMEHT BpEMEHM K DACCMATDHBAEMOM HAMU CTEHKE H, cre-
JOBATENLHO, COCTABNAIOUINX, NepeYncCenble B PaBEHCTEE (2) rpynnst 1, 2, 3
urT I

n
Paznesnum 3ty Cymmy Ha 5, [IO/ly4HM HE YTO WHOE, KaK ,CpesHHi KBa-
APAT KOMIIOHEHTHl CKOPOCTH BCEX MOJEKYJ M0 OCH X«
2 — nui + nou +nug ... (3)

n .

2

Pasencrsa (2) u (3) nawot:
2
p=mnu, 4)
HAMUCAB S CAAraioUlMX CKOPOCTH MO OCH Y M 1O OCH Z BHIpAMEHHdA, aHA-
nornunsie (3), M CAOKWB BCe TPH TMONydeHHbIE TAKHM 06pasoM paBeHCTBA,
HAXOIHMM:

~ | o T ny (3ol +wh) bt od ...
u? - w? = . =
2
__nlc?+n9c§+ngc§+ g2 (5)
= - ,
2
rae ¢? ecTh CPegHuil KBANPAaT CKOPOCTH BCEX MOJEKYJ. Tak KaK BCJAEACTBUE
NOTHOA 6ecropANOYHOCTH NBMKEHHS MOJEKY/l rasa HM ONHO HANpaB/eHHe
He MOMET HHYeM OTAHYATHCA OT APYrOro N0 OTHOLIEHHIO K 3TOMY ABHXEHHIO, TO

HKOMXKHO HMeTb MeCTO PAaBeHCTBO:

u? =12 = wz,
yro BMecte ¢ paseHctBamu (4) u (5) naet:

Py (6)

- 1
2=
u 3

™

1 2
p=§nmc .
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-V 5
BennunHa c=Vc¢ HA3bIBACTCS CpedHeldl K8AOPAMUYHOL CKOPOCMBIO MOJe-
KV ra3a.

dopmyany (7) MOXHO Hamucarh Tak;

2 nmc?
P=32

nme?
rae 3 €CTh KHHETHYECKAAd 3HEpPIuA TNOCTYyNaTe/NbHOTO [BHXKEHHUS MoJne-

KyJ, 3aKII0YEHHBIX B eluHulle oGbeMa. JlaBfeHHe rasa UMCIEHHO DAaBHO ABYM
tpetsix aTOR 3Hepruu, O603HAYMM yepe3 m MAcCy KawAOH OTHeNbHOH MoJe-
Kyabl rasa, BHIDAXEHHY!O B rpammax, yepes M —  MoneKyasipumit Bec® rasa
yepes N —uHCIO MOJEKY/ ra3a, 3aKNodalomuxcd B OAHOR rpaMMOJleKleef
Tak kak Mbl H43bIBAEM FPAMMOJIEKYJO} rasa Takoe ero KOAHYeCTBO, BEC KO-
TOPOrO B rpaMMax paBeH MOJEKyJAsIpHOMY Becy, T. €. /A rpaMM rasa, TO Ml
MOXeM HallHCaTh:

M=N-m. ®

TomuoxuB o6e uactu paseHCTBa (7) Ha oGbem rpaMMosexyis rasa V, mony
YNM, NOJB3YAch paBeHCTBOM (1): ’

— L vme — Y w1
pV =5 nVmc® = Nmc* =5 Mc* = RT. 9

Ws pasencrsa (9) saknouaem: abcosiomnas memnepamypa RPONOPLUOHAAHA

cpedneldl KuHemuwecKold dHepzuu no
CMYnameavrozo OBUINCEHUR Mo.ae
Hanee u3 pasencrsa (9) naxoamnm: A

V= ./ 3RT T
a=Ve )/ RT_ 15800 VL (10)

H
Hgmoc:gosaﬂnn 3TOH GOpMYNH M5 KAKAOLO Ta3a MOXKHO BHUHUCHUTH cpen-
AApaTHiHYi0 CKOPOCTh ABHXKEHHS €r0 MOJEKY/! AN MOGOH TeMmepa-

Typb] 2. B Iasﬂﬂue 1 COIIOCTaBJ/IeH bl CPe HHE KB4 aTuy p

v npu 20°C. OnsitoM ycra-
HOBJIEHO, YTO MpPH OAHOM
M TOM € NaBJIEHHH U 1pH
OIHOH W TOM e TeMmepa- Fas
Type BCe rasni, B3siThle B
Konnyectse oaHOK rpammo-
JIEKYABl KawIbI}, 3aHAMAIOT

Ta6auna 1

Cpennsis kBaip. ckopocts

npu 0°C npu 20°C

B
ED.HH H TOT we o6bewm, K%ﬁg;ﬁxi . 122213 Hlcen | 1308 Vicex
HACTHOCTH 1IpH  ,HOp- ASOT « o L L .. .. 493 gzél; .
MATLHLX®  yeosHsx, T. e, Mapwt prym . . . .| 184 . 191
npu £=0°C g 0 =760 » BOAW . . . . .| 615 : 637 :
Mt Hg, 5707 o6nem pasex »  YrIeKHCIOTH .| 393 408

22410 cu3. C apyro#t cro-

g;’s:', eClin  0603HaYuTHL
3 m, o
o OIHY iUeCTHAAUATYIO JOMI0 MAcChl aTOMa KHCIOpoAa, To, COrAacHo

onpese
P F ICHHI0 MOJeKynspHOTO Beca M, 6ynem umers:

m = Mm,. (11)
2
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H nanee

1 12
Nm=M=N-Mm, niu N=—m—o, (12)
Papencrso (12) mokaspiBaeT, YTO B rpamMoJlexyine nie60ro Tesa 3aKnio-
yaeTcd OOHO M TO e uHucA0 MOJeKyn N, IDTo 4uCn0 HA3bIBAETCA HHCIOM
ABoranpo; OHO Oka3anoch paBubm 6,06.1023, )
BrlieckasaHHoe (opmyaupyercs Taxxke B Qopme ,3aKOHA ABoraapo“:
paBHbie 06DbeMbl pasiMuHbLIX Ta30B [PH OJMHAKOBHX YCAOBHAX HaB/eHus K
TeMNepaTypsl CONepXaT OZHO M TO Xe uHcA0 Moaekyr Hanwwmem pasen-
ctBo (9) AN TPaMMOJeKyJ IBYX rasoB 1 W 2, B3ATHLIX NPH OJHOM M TOM Xe
LABJEHWH W NpH ONHOH M TOH e TeMnepaType, TaKk YTO: Py == Py M COTJACHO

BhlllecKazanHoMy V==V,

[Moayyum:
=1 ame? V, =~ Nmycs
p1V1‘3 mey M pPrVe=-3 2€2
¥ orciona:
”’12% _ ’”22%
T T T2

T. €. NpPE ONHOR ¥ TOH e TeMneparype CpelHsis KuHeTHYeCKas 3SHeprus
MOJEKYAL JI060r0 ra3a MMEeT OAHY M Ty e BelHYHHY.

Ecan MH npou3BeseM pacyeT, MpuBeAmIM# Hac K dopMyne (7), A cMecH
rasos, cofepwaulell B eauuuue O6BEMi £, MOJexya rasa 1, ny MOnekyi
rasa 2 u T. L, TO, MOACYATHIBAS H3MEHEHHe KOJNMYECTBA IBIKEH Sl BCeEX
MOJIEKYN M OTCIONA AABAEHHE p, MOJY4HM aHATOTHYHO BHIBOLY dopmynn (7):

plAedt = (nlmlu—f—}— nymgu3--...) Aodt
H, 3aMeusis W3 paseHctBa (6):

-3 1

I 2 2. 2 2
lll—-31, u; = 2 .« U T, I,

l —_— —_ p—
p=73 (nym €2 4 mymyck 4= ngmacl—-. . .).

To nasnenne p;, KOTOpOe MPOM3BOAHT NeEPBHH ras, 3aHuMas Bech 06beM
B OTCYTCTBUH IDYIHX Ta30B, O MpENBAYIEMY DAaBHO:

1 o)
1= —3— nlmlcl.

1 j—
TouHO Tak e Pg== — MyMyc2 W T. 1., W CAEROBATENBHO:

3
p=pi+PtPst+-..,

T. €. AaBleHHE CMeCH ra30oB PaBHO CyMMe ,TapUMajibHHX“ AaBJEHU} rasos,
COCTABASAIOIUX ITY CMeChb., IJTOT 3aKOH B (PH3NKE HOCHT HA3BaHME 3aKOHA
HanwToHa,
Tak Kak no mnpebiayieMy
»

2 — 02—
mcl=myci=...,
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TO

1 3
p=gnm =

nmyci=...,

o

rpe n="ny-ny-n3-4...; crenosarensso:

n n
&=—‘; 32-=z" L. H T L

P n r

§ 2. MaxcBeanoBCKOe pacnpelenetue CKOPOCTe; Cpeanssi CKOPOCTh;
pan6osee B:.poaTHas ckopocTb. [lpu BbiBOZEe ypasuennus (7) Mef mpeanosno-
WKWNH, 4TO CKOPO.TH MOJEKYJ HtONMHAKOBBL, HO MBl HE BXOJMJIH B PACCMOTPE-~
HHe BOTPOCd O TOM, KAaK 3TH CKOPOCTH pacrpeneneHsl.

MaxcBesin noKa3ajd, 4TO BCEBO3MOXKHbLIE CKODOCTH MOJEKYJ HOJDKHbI OBbITH
pacrpeneneHs MEXIY OTAeNbHBIMH MO/JEKY/IaMH [0 OfPENeNEHHOMY 3aKOHY;
ecau B enuHdie 00beMa COUNEPKUTCA K MOJEKYJ, TO COBEPLIEHHO Ofpele-
NeHHas yacTb WX WMEET CKOPOCTh, AEWAINYIO B NPENENaX MeXNy ¢, M ¢; —+dc,,
COBEPILEHHO OrpenesieHHas 4acTh — CKOPO Tb B Npefelax ¢, u Cq—- dc, U T. 1.
Ecau shifpars Hayran Kakyw-aufo Mo/eKkyly, TO CyllecT8yeT COBepIleHHO
onpeneneHHas BEPUSTHOCTh TOTO, YTO 3T2 MOAEKY/NA MMEET KaK pa3 CKOPOCTh
B mpemesiax Mexuny ¢y H ¢y -+ dey.

3axon MaxcBensa uMeeT MeCTO, KOPAA ra3 HAXOAMTCH B TOKOE, B yCTa-
HORHBWIEMCA COCTOHHHM H IIDH TOCTOSHHOM BO BCeX €ro 4YacTAX TeMIe-
parype.

Benencrene HenmpepsiBHBIX CTONKHOBEHHH CKODOCTh KamIOR OTAENLHOM
MOANEKY/Ibl MOCTONHHO H3MUHSETCH, HO 3aKOH pachpene/eHHs CKOPOCTeH
MEXAYy MOJIEKYJaMHd OT 3TOrO0 HE MEHAETCH.

Ecnu w3 n monexyn, ComepKamuxcs B eluHMUe O6BEMa, 71, MOJEKYH
MMeT CKOPOCThH B Mpenenax or ¢; 40 & - dc¢;, TO ,BEPOATHOCTL TOrO,
YTO KaKas-/1uGo MPOM3BOJLHO BLHIGPAHHAS HAMH MOJeKYJa HMeeT CKODOCTb,
Jexawyio B 3THX !Degenax, Gyner:

r,

1
Wl"———"n—. (13)

Pasnoxum Teneps cKOpoCTs KauIOH MoONeKy/Ib Ha ee COCTAaBASIOLIME i,
UVHWwno ocaM X, Y u Z. Yncao modekyn B endHHue ob6beMa, cocra-
BASIOMAA CKOPOCTH KOTOPHIX N0 Ocy X JeXMT B Npelenax OT & 00 4+ du,
4 cnenosatesbHO, H BepORTHOCTL W, Toro, uTo caarawuwas no ock X aas
KaKOH-1170 naHHOH MOMeKy/el NewuT B STUX Npefenax, 33BHCAT, KOHEYHO,
OT BeMYHHbBI KOMMOHEHTH 4, TAK KaK He BCE CKOPOCTH BCTPEYAOTCH Cpeld
MOnexyn oannaxkoso uacto. Kpome Toro, aru Beanuuns 6yayT mpONopLHO-
HifbHOL BLIGpaHHOMY WHTepBany du, TaK KAk, 4eM IIUPe MHTEPBAA, TeM
Gonbiuee uncao MOJ/eKyl OH oOxBareiBaeT. TakuM 06pazoM 1043 MoJekyd,
O6nanalomux cnarawoumefi CKOPOCTH 110 OCH X, nexaweit B upemenax or &
RO u--uu, WM BePOATHOCTb TOTO, YTO AdHHAS MOJIEKYy/d MMEeeT HUMEHHO
13KYI0 KOMMOHEHTY CKODJCTH, MOXeT OniTh Bhipawena dopMyaoh:

W, = f(u) du, - (14)
he f—nmoKa nemssectHan HaM (YHKUMS.
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AHanoruyHo GyneM HMeETb:

= 15
W,=f(v)dv 1 W, =f(w)dw. (15)
3necy f(v) uf (w) npeacTaBARIOT cobott Ty e camyio (yHKIMIO, 4TO H (yH-
kuua f(u) 8 Belpaxennn W,, TaK Kak, COrT1aCHO HAlieMy OCHOBHOMY mpel-
CTABNEHUIO O TOAHOH GECcnop#IOUHOCTH ABHMEHHST MOIEXYI rasa, OBHXEHHE
WX B HANpABAeHMM OCH X HHMYEM HE MOXET OT/IMYATBCA OT HBHKEHHA IO
ocaiM Y u Z. I

Cripocum ce6s Temeph, KaKOBa BEPOATHOCTD TOFO, UYTO KAaKas-l
Gpasnas HAMM Hayrag MOneKyaa HMEer CKOPOCTD, KOMIOHEHTH KOTOpOH 4,
© W W JNexaT B mpeflenax COOTBETCTBEHHO OT # /10 u -+ du, or v o v--dv
u oT @ 10 w-dw. Taxo#l BHGOD CKOPOCTH MOJIEKY/Ibt OTIpefensieT 3Ty

Lt w2
CKOpPOCTb HE TOMbKO MO BeAH4HHE OT c=1/u‘—{—'v2—{—'w mo c—-dc, rne

de = 1/ (du)*+ (dv)’ + (dw)*
HO H TIO Hanpaaneﬂuxx a HMEHHO, eClid Mbl ToOMeCcTAM Havano BCKTOp&

¥306paNAIOWEr0 CKOPOCTh €, B Hadaje KOOpAHHAT O (puc. 2), To KOHEL
ero 6ymeT JieXarb BHYTPH na-
pajinenenuneid A, AMEIOMIEro
o6bem du-dv-dw.
Hcnomas sepostnocts W, .,
HOMKHA, KOHEYHO, 3ABHCETH
OT HAMHCAHHLIX Bhlle ¢QyH-
kit W, W, u W, Bmpa-
WAOIHX Jdllb, YTO KOMMO-
HeHTH CKOPOCTH C Kaxnas B
OTHENLHOCTH JIEXAT B mpe-
X jenax or u no u-f-du, o1
20 v dvHoT W now-|- dw.
Yrobu Hailtu W, npuMe-

uyw?
/ HUM TEOPEMy TEODHH BEpOAT-
Y

4

HOCTe#, riacdauylo, 4To BEPO-

Puc. 2. STHOCTh CAOQXHOTO COOHITHS

pasHa NPONIBENEHUIO BEPOAT-

#oCTel TPOCTHX COOHLITHH, COCTABAAIOIIMX 3TO C/IOXKHOE cobpiTHe. JTO HACT
Ham:

WW=Wu-Wv-Ww-—:f(u)-f(v)-f (w)-du-dv-dw. (16)

u

{IposeneM Ha puc. 2 u3 Toukd O B NPOU3BONLHOM HANPABICHUM BEKTOD Ci,
N0 BenduMHe pasHbA BexkTOpy € M B Kouue storo sekropa OA; mo-
cTpouM TakoH ke nepaanenenunen du.dv-dw, Kakod Mbt NMOCTPOWAH B
8 Touke A B KOHLE MepBOro BekTopa €. Taxk Kak TpH ABHXEHUH MONEKYJ
rasa Bce HATIP-BAGHUS P4BHOLEHHH Mexay CO6OH, TO BepOATHOCTbL TOrO, 4TO
KOHel BEKTOpa C, COOTBETCTBYIOWSrQ CKOPOCTH MPOH3BONLHO BLIXBAaYeHHOH
HAMW MOAEKYAul rasa, GyieT JaexaTs BHYTpH napanaerenunena A, B TOY-
HOCTH paBHA BEPOATHOCTH TOTO, YTO KOHEH 3TOr0 BEKTOPA JEKHT BHYTPH
napanneneuunena A: YHCAO MOJeKyJ, CKOPOCTb KOTOPHX MO BeAH4UHE JEKUT
8 npencnax ot ¢ 10 ¢ -+ dc n nmeer nanpasnenne OA, 6yner paBHo UHCIy MonE-
KyJI, IMEIOUIHX Ty e CKOPOCTh [0 BeauyHHe, HO HaPABAEHHYIO OT Ok A;. Ho
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A5l BEKTOPOB C M €, 3HAYEHHS OTA°JIbHHX KOMMOHEHT 4, U U W PA3/HYHB MeXIy
coboit, Iaa toro u4robbl BepoaTHOCTs W, =~ He 3aBicena OT HANpaBiAeHUS
CKOPOCTH C, HAIO, YTOOH 3Ta BePOATHOCTb ObMA (PyHKIUEH He OTAENbHMLIX
KOMIIOHEHT 4, © 1 W, a CKOPOCMIL C 8 HEAOM, T. €. hynkunet ot |/ u® |- v¥ |+ w?.
TakuM 06pa3oOM Mbl HOJXKHBl HMETh!

W,p=0 (Vi +v* ) dudvdw=F (1>} v* - w?) dudv dw. (17)

3jech OMEPAUHS H3BIEUEHUST KBAAPATHOrO KOPHS BKJIIOUEHA B BUN dyHKuud F,
a MHOWHTeMb du dvdw BeefeH B Bupaxenue seposTHoctd W, Ha TOM Xe
OCHOBaHHK, KAK W MHOXH1enb di B Bbipameunn (14).
CpasuuBas pasenctsa (16) u (17), HaxoauM, uTO QyHKuMH [ U F LODKHbE
6uITb TAKOBh, YTOGH yLOBAETBOPSIUCH PABEHCTBO:
f - f()-f(w)= F (12} v2 4 w?). (18)

DToMy (YHKIHOHANLHOMY yDaBHEHHIO MOXHO YIOBNETBOPHTb, TO/OMKUB:
J(@)y=Aek*, f(v)= A", [f(w)= A,
F (2 102 - w?) = Asekltvite), (19)

Ecnu 6uf MBI IONyCTHAHM, YTO KOHeYyHOe YHCAO MOJEKysa rasa umeer Gec-
KOHEYHO GOJbLEYI0 CKOPOCTb, TO CPegHAs KUHETHYECKAd SHEPrHs IBHKEHUH
MoJekya rasa, a CleioBaTelbHO, COrnacHo pasexctsy (9), W Temnepa-
Typa rasa, Owid Om OecKOH:uHO Goabwiumu, Itoro Her. Creno-
BAaTEJAbHO, BEePOATHOCTb TOr0, 4YTO B31as HAMM TIPOM3BOJBHO MOJeE-
Kyia umeer OGecxOHeunO GeJBIUIYIO BeJHUHHY COCTaBAsiolledl CKOpPOCTH
no ocu X, nomkHa OGuTh ucuesalouie Manoll; Gydxuus f(u) = Aek’
nomKHa ObIThb MPU 4 = 0O GeCKOHEeYHO Manol BeNHYHHOR; 3TO MONKET HUMETH
MECTO TOABKO MIPH BeJHYMHE R cyllecTBeHHO oOTpHuaTensHoft. Ilonowxum
k=—gqm, rae m-—macca MOJIEKY/bl, a g -— CYUIeCTBEHHO NOJOXHTEIbHAS
NOCTOfHHAA, (PU3HYECKUN CMBICA KOTODOH BBIACHHTCR B AanbHeHiieM,

[ToncuuraeM BepoOATHOCTb TOrO, YTO NaHHas MOJEKY/NA HMEET CKOPOCTB
MmoGOro Hampab/ieHHs, HO MO BelHYHHE Jewallyio B peletax OT ¢ 1o ¢ -} de,
OpYTHMH CAOBaMH, BePOATHOCTb TOTO, YTO KOHel BEKTOpa, MpeACTaB/ISIOLLEro
CKOPOCTb B3ATOW MoJekyan, OymeT /ewaTbh B IIAPOBOM C/lO€, OTPAHHYEHHOM
IIaPOBBIMM MOBEPXHOCTAMH PAAMYCOB ¢ H ¢ -}-dc. M komaa seposatHocte W,
pasHa ¢yuxkunu F, yMHOXEHHOA Ha of'beM MAHHOrO 1MAPOBOro ¢iod., ITOT
o6bem pased 4 wc2de, W, CneIOBATENLHO:

W, = 4nAle—am@+v+wh) . o2fc = 4n A3e—9mc2dc, (20)
3alimemcst onpenenennem KoHctawTs A Ramux dopmyn. Yucno dactuu,

Y KOTOpwiX cnaramas CKOpocTH no ocH X /IewuT B Npefenax OT 4 1O
4--du, suipasutcs cornacuo (13) u (19) ra:

n, = nf(u) du = nAe=m dy,
Ecmu mur NPOKHTErpHpyeM 3TO BLIPAXEHWE MO 4 B Ipelejax OT 4 == -— 00

ﬁo #=--00, TO MH NOCNEN0OBATe/AbHO NANHM 4 BCE BO3MOMNHBIE 3HAYEHHS
TakuM 06pasoM nepeGepeM BCe HACTMIbI, 3AKIOYEHHbIE B EAMHHMLE 0GDbEMa,
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PesynbTaT Hautel MHTErpPALAH AOMKeH GbiTb paBeH oOiieMy 4ucCay n Mode-
Ky rasa B eguHune oObema. Takum 06pasoM HaxoauM:

Tw oo
nA/e—qm”’du=n HAY A/e—q”‘”’du=1. (21)

~-CQ

JlAs BHYMC/AGHHS 3TOrO HuTerpana samenum )/ gm u vepes x. Torma

gmu® = x2,
OTKynaa
1
du=————dx.
Vgm
Ce0BaTe/NLHO:
oo A o0
A / eIy — ——— / e—*dx.
A Vam .
Bossmem
+-co fm
/e—x’dx=%~ / e—*dx
0 —o

¥ YMHOXHUM €ro Ha TaKOH Ke OnpejeneHHHH uWHTErpaji, B KOTOpoM 0603HauuM
flEpEMEHHYI0 MHTerpaunu yepes y. [loayuum:

o [o o)

‘/‘e—x’dx-/e*y’dy=//' e~ +dx dy.
0 g 0

0

Ecay MBI yc/10BUMCH CUHTATH X U Y IEKADPTOBBHIMH KOOPAHHATAMU HA TIOCKO~
<TH, TO MBl MOXEM DacCMATPHBATh JBOHHOH HMHTErpal KakK uuTerpajs, pac-
MPOCTPaHEHHBH HA Ty 4acTb MJIOCKOCTH, rae x M y o6a OGonbule HyJs.
Ipeo6pasyem nexapTOBH KOOPAMHATH B MOASPHMWE, D/IEMEHT MAOLIANH, PaB-
HBlA B NIPAIMOYTOJMBHBIX KOOPAMHATAX dx dy, B TONAPHBIX BLIPASHTCA 4Yepes
rdedr npu uem r2 = x%-}- y2, Tlpenesbl HHTErPaLHH ONPeAENRIOTLS U3 YCIO-
By, 4TO X M ¥ 062 TOJOWKUTEALHb; 3TO PABHOCHIBHO 3HAueHHsM * oT O

Ao CO u 3sHadeHmsm ¢ ot 0 Ho %

Takum 06pasom, mepexons K NOAsAPHBIM KOOPAHMHATAM, HAXOLHM:

™
=) 2 o0

©0
// e~ dx dy —= /re"’ dr /dq::z% /re"‘dr=
5o b 8 i

fee)
= ' ., -y __ T
—-T‘/—e’d(e’)—-‘l.
0
0o -fc0 o<}

+ oo
/ e~ dx dy = 4/ et dx dy =,
§ o

—00 —Co
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[TonaraeM Y = X; HMEEM:

(oo \2
% e—*dx } =,
{ —o0 J
§ C/IellOBATENIbHO:
ﬁw
/ ePdx =)z (22)
—c0
TaknM Q6pasoM cornacHo (21) OKOHYAaTeNbHO HMeeM:

~+o0
—-{lt /e""dx:A —-fn—=
qu__oo q

A=‘/%”T. (227

Met cBemu koHcTanty A K Koucraute ¢. Bcramass smecto A B (20)

HJH

m
]/ Q_m—, BLIDA3UM BEPOATHOCTh TOFO, YTO CKOPOCTb B3ATON MOJIEKY/bi JEXHT
B npenenax OT ¢ X0 C-{-dc clefylOuwdM PaBeHCTBOM

W, =4z 1" ]/_ﬂ"— e—Ime. 2 =4 ]/_M e—Imc2gc, (23)
k1S 'N T

BeposiTHOCT TOro, 4TO KOMIOHEHTA CKOPOCTH MO ocH X JIEXHT B npefenax

oT # no u-}-du Gynmer .
Wu=]/ A% g—gmet dy, (23")

Bennuuna CKOPOCTH, KOTOpas MpH 3anaHHOM uHTepBane dc ofpawaer W,
B MakcnMyM, HauboJiee BepOsiTHA IS Kaxo#-n60 nmpOW3BOJNBHO BwGpaHHOMH
Mmonekynw. Tako#l ckOpocThio 06/anaer HauboJbliee YHCAO M3 BCEX MOJIEKYJ
rasa, 3r1a CKOpPOCTh HasbBaeTcs HanGosiee BeposaTHOH CkopocTeio. (O6o3Ha-
UMM ee uyepes €, M BBeleM ee€ B BHPAXEHME 3aKOHA DAcCNpejeseHHfl CKOpO-
creit Makcsenna BMecTo g. Jlasi 9TOre HaikneM 1pu KAKOM 3HAYeHWH ¢ Bbi-

Im3
paxenue (23) 6ymer umerTh MakcumyM. Tax kak 4 ]/_q;n H dc Beiu-

GMHE NOCTOAHWBIE, TO HAM HAO HCKATh TOJILKO MAKCUMYM  BE/IHYMHbI
e~ 4amc® ¢ [IpoxudepeHUHPOBAB 3TO BHIDKEHHE MO C H IPUPABHAB HYJIO
NPOU3BOAHYO0, HAXOAUM:

2e—mme.c—2e 1™ gme3 =0 wmn e 9"".c(l—gme2)=0.

Peutenus c=0 u ¢==co He ymnoBAeTBOPSIOT Hamel 3ajave, TaKk Kak,

B34B BTOPYiO NMPOH3BOAHYIO, Mbl HAlleM, YTO 3TH 3HaYEHHA ¢ HAIOT MHHHMYM.
Pewenrie ¢=-_"_ paer makcumyM. CrefoBaTensso:
qm

1

Cp=———=

Y qm

1) OnpeneneHHu! HHTerpad, BHITACAEHHE -KOTOPOTO MbI NPHBENH, HaSHBAETCA

uATerpasom [lyaccona.

. (24)
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OTciona
1. 25
q - mcg ’ ® ( )

3aKOH pacnpelieieHHss CKopocTed MakcBe/ia HamMIIETCHd B OKOHYATENLHOM
BHIE TaK:

P
4 ¢z o2
WC:V‘TC_ge OdC, (26)
a ¢opmyna (23') mepenuileTcs B BHIE:
us
W,——1_e %au (27)
oV ®

Pasencteo (23) maer HaM 400 MOJeKyJ, OONaNalOUIHX CKOPOCTBIO, BEJIH-
YHHA KOTOpOH JIEXKHUT B mpegenax OT ¢ LO c—}— dc, HO Hanpas/ieHHe KOTOpPOH
MoXeT ObiTh n06HM. Uucio MoJekyn, 064anaiomux 3T0# CKOPOCTHIO, NoOAy-
YUTCA Kak npoussenenHe n Ha W, Brusemensoe B § 1 pasencrso (10) paer
HAM 3aBHCHMOCTb ,CpenHefl KBagpaTHuHOH“ ckopoctu G OT rTemmepatypu 7.
Jns Toro uro6Bl BLIBECTH 3aBHCHMMOCTb HaHGoAee BepOATHON CKODOCTH ¢
or T, Ham Hano HaiiTH, Kak BoIpawkaerca ¢, uepes (. [lomytHo Oynem

HCKATh BHIPAXKEHHE H LA cpendell apudmeTndecKkoll CKOPOCTH BCEX MOJEKYJN ¢
yepes G u ¢, Hna nonyueuns cpeaseit apudMerddeckOR CKOPOCTH HYKHO

C/IOXUTH BCE BO3MOMHBIE CKOPOCTH, NPHYEM KaXAVI0O CKOPOCTH HYyXHO MO-

BTOPHTH C/IaraeMbiM CTOJNBKO PAas, CKOABKO MOJekya e o6aanaet, H pas-
NENUTh MONYYEHHYI0 CyMMY BCeX CKOpOCTeH Ha 4Hc/0 BceX Moaexysa. Taxum
06pa3oM CPefHIOlD CKOPOCTh Mbl MOJMYYAM, TPOMHTEIPHPOBAB BHIPAMEHHE
nWede B npemenax or 0 no-|-co M pasgeauB pe3yibTaT Ha MHCIO 7
MOJIEKy/l B eAHHHLE O0bema:

oo —_— o0
3m3 s
né ]/-q—“—- e—Imc2edc = 4 1/-‘]—“—— / cde—ameide,
0

OG6osnaunm gmc? = x2, Torna

— 4 2
C=—— [ x3edx = / — x2e*¥2xdx.
Vam= 0/ 1/ gz

MHTerpupys mo 4acTsM, Haxomum:

co { oo oo |
/ x3e—""dx=——{| le—*’xZ— / 2xe—*’dxlg=
0 '\ 0 )

H Aanee:
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CrienoBaTeIbHO:

804 emm | g2 | X —
/xe dx = 5| eTTx 5| € 3
0 0 0

B yeM HeTPyIAHO y6emurthCs Mo OoOLieMy NPaBHAY DPACKPHTHS HeonpeaeneH-
Hoc1ef.
Orcona:

(28)

ﬁ

/ x3e—**dx ==

2
]/ gm V gmn

M ganee, TAK Kak

|\~

— CO’

Va

a1 &

= L__ Cpe (29)

T

CoBepIleHHO TaK e MOCTYNdeM ¥ B OTHOIUEHHH CPelHero KBajpara CKopo-
cTel: CKIanbiBaeM KBaAPATH CKOPOCTeH BCeX MOJEKYJ M HENHM Ha obmee
YAUCIO MOJIEKYJ,

Haxoaum:

o0

o0
1 1 7/ 3 r
4p—a? It e — —x? 43 —_ 2o—7? R 2p—-1% —1
/xe dx= 2lexx+2/3xe dx 2/xe dx
o y

0

xie—*dx,

3 { 1 ‘I 3 <
— i —x3 _-xil —— —x2
——2{ ze*x—}- /e x}}_4fe*dx,
L 0
WH cornacHo (22)
[e0]
/ Xt dx=%l/§,
0 3 3
-~ 3 3,
= 2qgm 2 Co- (30)

G=V;_z=]/-§co. (31)

®opmynu (10), (29) n (31) nawoT Ham:

co=V%G=]/2“T ]/i’-—mgoo]/M (32)

=V ¥ — 5009/ L, (33)
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rune k=%——n0CTOﬂHHaﬂ BOJ[bILMaHa, HJIH ra3oBag MNOCTOSAHHAA, OTHECeH=-

Hasg K ONHON MOJeKyJe.
dopmynst (32) u (33) MOKA3LIBAOT HAM, UTO CPeAHss apupMeTHUeCKas

CKOpOCTb ¢ BCerna Goiblle HaubGonee BEPOTHOM Cp, @ Cpeauss KBanpaTHu-

nas G Gonblle ueM ¢, M c. HapasHe ¢ 0603HaueHWeM CpelHeH KBampaTHy-
Ho# cKopoctu uepes G [OOBOJNIBHO pAaclpocTpaHeHo o00603HaveHHe Cpefteh
apudmeTHyeckoil yepes 2.

Puc. 3 naer rpapuyeckoe H306pAWEHHE MAKCBENNOBCKOIO pachpeneeHus
cKopocTeil.

Iina BBeseHHOH paHee KOHCTAHTH ¢ HAXO/JMM:

1 M N
9= Tnez = m-2RT _ IRT — ZkT" (34

Bcrasaan BupaweHue (34) ans g B (23), Haxomum Crenylolliee Bhpame-
HHe IUIA MAKCBEIIOBCKOTO 3aKOHA PACMpejlesieH’sl ¢CKOPOCTeh B 3aBHCHMOCTH
0T TeMneparyps rasa 7.

Sla

4 )T
dnc:nl—/—?— s T -c%de(35)
§ 3 Oduaemenrapuuiii nmoacuer
¥ cpenHedl AJMHBI CBOGOJAHOTO NYTH.
Ecan monexynn He Ge(KOHEYHO Manbl,
" e—G i TO OHU HE MOryT Jereth OGecrnpensar-
CTBEHHO [10 TPSIMOMY HAfpaB/JeHHIO,
Puc. 3 He CTANKUBAACH C APYTWMH MOAGKYNAMHE.
B pesyibTaTe KaxAOrOo M3 TAKHX
CTONKHOBEH!H HanpasjeHHe HBHKEHHs
MOJIEKY/IB! PE3KO MEHSETCAa M, B OflieM, MOJeKyla OMMChIBAET B ra3e CJOMK-
Helfl 3uUr3aroo6pasHeiit myTh., JAMHA KaXHIOro NpAMOAHHEAHOro OTPE3Ka 3TOrO
HYTH, HAH DaCCTOIHHE, KOTOPOE NpOGEeraer Mo/aeKkysJa OT OJHOTO CTOAKHO-
BeHHs [0 JAPYroro, HA3LIBAETCA OAUHON C80000HOZO mymi. MOJeKyAn. Benen-
cTBHe GeCnopafOYHOCTH ABHMKEHHS MOJEKYsN ANAHA CBOGOAHOrO NMYTH BechbMa
pas/iMuHA KAaK B OTHOIWEHWM DA3JHYHHX MOJEKYJ], TaK ¥ B OTHOUIEHHWH II0-
Ce10BATEAbHBIX NMPSAMOJIHHENHHX YYAaCTKOB NyTH, NMPOXOAMMBIX OZHOH M To#
Ke monekynolh. Ecnu ras Haxoutca npu onpeeeHHBIX YCAOBMAX HABJEHHA
H TeMnepaType, TO aHAJOTMYHO CpeaHel CKOPOCTH CyuiecTByeT M onpefe-
JleHHas Cpefusas AnHHA CBOGOAHLIX nyTeH kauao#h Mosekyasl. Taxk kak mone-
KyAnl HHYeM OAPYT OT Ipyra He OTJIMYaioTCH, TO 3Ta CpedHsis NJuHA csBoboOn-
HOro NYTH, Ha3blBaeMasi Takxke CpeiHUM CBOGOAHEIM NPOGEroM, OIMHAKOBA
Ans Bcex monekyn. Ee HasmBawT uwacto mpocto ,cBOGOMHBIN Nyt Hau
»CBOGOMHEN npoGer” u 0603HauaT yepes L uiu uepes A, Mbi GyeM noib-
30BAThCA B 9TOH KHUTE nepruiM 0603HAyeHHeM — L.

MarteMaTu4e(KH CPElHIO0 ANUMHY NyTH ONpeleasiOT KaK OTHOINEHHE MYTH,
APOALEHHOTO MOJIEKYJIOH 33 HEKOTOpHLIH MPOMENKYTOK BpeMeHu f, K uHcay
CTONKHOBEHUH 9TOH MOJIEKYJBI C APYruMH 3a TO e BpeMmsi. Ecnn 0603HaunmM
CpeAHee 4YHC/IO CTOJNIKHOBEHHH MOJIEKy/nl C ADYTHMHB €IMHMLY BPEMEHH de-

3NEMEHTAPHBIA TOACYET CPEOHEH MJIMHBEI CBOBOJHOfO NYTH 27

pes v, TO TaKOe OfpefeneHHe HAET HaM.

L=<, (36)

A

KuHeTHYECKAR TEOPHUA TAS0B BBIBOAHT BhiPAXeHHe 11 L, npuHuMas MOJEKYJInl 8a
mapel HeKoTOporo muametpa ¢. M.l mpusenem sgmech campbiit mepsuift mpuban-
seHHBIA BHIBOX KM3-32 ero MPOCTOTH, a4 34T€M YKawkeM Bolpaxedue aas L,
noay4aeMoe B KHHETHYeCKOH TeopHH 6onee cTporum 06pascM.

Bysem cuutaTs Ans ynpolieHusl 3ajayd, YTO BCE MOJEKY/Bl rasa, Kpome
OJHOH, HEMOABUXKHGL. B MOMEHT CTONKHOBEHHMS PACCTOSHME MEXLY LEHTPaMH
nByX Mosekya1 paBHO o. OdeBuaHo, 9TO CTOJKHUBEHHWE NPOM3OHAET JHIIL B
TOM CcAydYae, ecad LEHTp BTOPOfl MOJIEKY/H OKa-

KETCSl NeNAUMM BHYTPH HUWIHHAPA paanyca o, OChbio
KOTOPOrO CHymHT NpsMas, OnuchbiBaeMas TPH 1BH-
WEHHH LEHTpOM Tepsod Moaexyns (puc. 4). 3a-
MeHHM Hauly ABMXKYIIYIOCA MOJEKYyNYy AHCKOM pa-
Adyca o, NMepleHAHKYNAPHBIM K HANPABAEHHIO NBH-
WeHHUsT MOJIEKYJbl, 4 BCE HEMOJBHKHBIE MOJIEKYJIbi
TOYKAMH, PACMONOKEHHBIMH B TeX MeCTax, TAe
HAXoaATCd MX p~HTPbL. Tako# HHCK NPU IBHMKEHHH —ghe

6yner OMUCHBATHL PAL MHIHHIPOB C OCHOBAHHEM Tt o2 Puc. 4.
M C BBHCOTaMH, pDAaBHBIMU Cf;, Cof,,... U T. I,
raefy, fo,. .. 1 1. . — IPOMEKYTKM BPEMEHH MeXI1y OTAEeNbHHIMH CTONKHOBE-

ansimi, CyMma 065EMOB BeeX MUAHHADOB, ONMCAHHLIX IKCKOM 32 Bpems £, Gyaer

4BHA:

’ malet, moeyly ... =mne® (et cylycta .. ).

3neck ¢t - cyt, ¢3¢+ ... npencrasaser co6o#l MyTh, NPOHaeHHHH HaEH
MONleKynoH 3a Bpems £, TOT NyTh, KOHEUHO, PaBeH CPelHe#l CKODOCTH, YMHO-
KeHHOH Ha Bpemsi, T.e. cf. TakuMm 06pa3oM MOLCUHTHIBAGMBIH OGLEM paBeH
molcf, B arom obbeMe nexar HEHTPHl BCEX MOJIEKyJ1, C KOTOpDBIMH OaH-
Hasg MOJIeKyna HelpeMeHHO CTONKHEeTCSl 3a Bpemsa £ Yucno MoJjekyn B 3TOM
oGbeMe paBHo N1 Tolcl, ecAM UYHCIO MOJIeKYJ B efinHUIEe 06beMa ecTb f. 1o

H €Crb YHCNO CTONKHOBEHHH Hamel MoJekysnl 3a Bpems £, OTCI0A3a HAXOXHM
YHCJIO CTOJKHOBEHMH B 1 cex:

v = nmolc. 37)
Berasasa 10 Beipaxenue v B (36), HaxomuM:
< 1

DTOT MoACHeT HETOYeH, TAK KAK Mbl MPEANONOXHAM, YTO BCE MOJEKYIb 33
HCK/I0YeHWeM OfHON HeMOABHMWHLI, YEro HAa CAMOM fefie HeT, Dolsee TOUHMH
TNoxcyer, mnpeanoaaraioliuii BnoiHe GecHOPAAOYHOE ABHMEHHE MONEKYA I10
BCeM HAMpPABAEHMAM H YUMTHIBAIOWHH MAKCBEJJIOBCKOE paclpefeneHHe CKO-
pocrteit mpusoautr K ¢opmyae:

L 1

o V_Z nmo?

Kak Buamo, namua cBo60AHOrO MyTH MONYYAeTCs COracHo 0GenM ¢popmynam
O6paTHO NPONOPUHOHAILHON YHCAY MOJEKY, a MOTOMY M TUIOTHOCTH Ta3a H,

(39)
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C/IeOBATENbHO, NPU IPOYMX PaBHE'X YCIOBMAX oOPaTHO NPOTOPLHOHANLHOH
HABAEHHIO rasa. 3aMeTHM, YTO HaflleHHOe HAMM HA OCHOBAHHH YMPOLIEHHHX
npeanoaokeHddt BuipaweHue gas L 0T 60/iee TOYHOTO OTAMYAETCA TOABKO

1
quciaeHHHIM akTOpOM 1-72:

Yro6el HMeTh MpejfCTaBieHHe O MOPALKe BeJHYMHB CBOGOAHOro mnpobera
MOJIEKYJl B rase, 3aMOMHHM, UYTO Juis TFd30B C HE CJHIIKOM CAOXHBIMH MO-

nekynamu npu p =760 top L 6iM3Ko K 107° cx, Otciona nerko MPHKH-
HyTb, 4TO L Oynmet:

TpH 1 ux Hg nopsaxka 760.10 75 ¢u '
» 0,001 um Hg " 76 cxu
. 107° ux Hg ” 760 ¢

Takum o6pasoM npH HU3KHX AABJAEHHAX MIMHA cBOGOAHOro myTH 6oapiue

HE TOJBKO AHAMETPa ynoTpebaseMbix B BAKYYM-TEXHHKe TPYOOK, HO M BOOGLie
6osblle JIMHEHHbLIX Pa3MepOB OTKauu-
BaeMblx u3genuil. Tabnuua 2 naer 3Ha-
[lanua ceoGoanoro nytu | yenwnsa L gnan papa razos.  Hanustit
Fas npu 07%0“,:;“6“"“ HAMH BLIBOA u opmyaa (33) Gbuiu 6bl
B MP BecbMa 6/M3KM K JeHCTBHUTENbHOCTH

B TOM C/yuae, €CM Obl MBI PAaCCUHMTEI-
N, ... 0,599-10—5 BaAd CBOGONHKEIA NyThb MOJEKYJB!, IBH-
Ar . .. 0,635-10~" rawomeicsa co CKOPOCThio, B 04eHb 60.b-
Hy . .. 1,123.10—° HIoe YHCAO pas npesocxoasatyed CcKo-

Ta6banuna 2

H,O . . 0,404-1075 POCTH [BHXEHHMS BCEX OCTaNbHBIX MO-
He . . . 1,798-10~ nexkyn. ToBops 06 a/eKTpHYECKHX
O, . .. 0,647.107° ABJIEHUAX B ras3ax, HAM HepeaKO MpH-
Kr ... 0,487.107° HeTCcd paccMaTpuBaTh JBMKEHHE IIEK-
Xe . .. 0,350.1()—5 TPOHOB CDenu MOJeKy”a rasa, 31ech KaK
Ne . .. 1,?58-10_5 pa3 uMeeT MeCTO TakoH cayyan, Tak
Hg. .. 0,217:10~5 KaK 3JeKTPOHBl, Y4YacTsysd B TelJIOBOM
HS .. 0,375-107° ABHXEHUH MOAEKY, 061afai0T IPH 3TOM

co, . . 0,397-10—5 6ONbIIMMHE  CKODOCTAMHU  BCJEACTBHE
cl ... 0,287-10~5 Manoct#t csoefl maccel. Kpowme Toro,
BOSAYX . 0,608-10~5 NONL pgeHCTBHEM 3JEKTPHUYECKOTO moJis
SMeKTPOHK mnpHobpetaioT eme 647b-
mue ckopoctH. Ho Toapko, npuHH-
Mas BO BHHUMaHue 4pe3sbiuallHO MaJjible pagMepbl 3JAEKTPOHOB MO CpasHe-
HHIO C Da3MepaMy MOJeKy/a, Mbl AOJDKHB MPUTTH K 3aK/AI0YEHHIO, YTO CTOJ-
KHOBEHHE 2/EKTPOHA C MOJeKyJOH mNpou30HIeT BCAKHH pa3, KOIrAa LEHTP
MOJEKY/Ibl AEMUT OT NyTH, ONUCHIBAEMOrO 3/IeKTPOHOM, HA PACCTOSHUHM HE G,

[~
K4K Mbl CUMTANH B BHIBOJE, OTHOCHBLIEMCA K MOJeKyJe rasa, a iuuub o . 3a-
G
MeHAs B BulpaXeHud (38) o uepes —~» HAXomMM Wi CBOGOAHOIO IyTH 3J€-

KTPOHa B HaHHOM rase L, Bmpaxenue:

4
Ly=——0. (40)

SNEMEHTAPHBIA [IOJNCYET CPENHEN IJIMHBI CBOBOAHOrO IYTH 29

B sto#t dopMmyle non % HaoO TIOHHMATL ,panuyc cdepsl AEHCTBHA Mone-

Ky/bl Ha SAEKTPOH®, T.e. TO PACCTOAHHe OT WEHTPA MONEKYJh, HA KOTODOM
MOXHO TipeHe6peub NeHCTBHEM 3MEKTPHUECKUX W MATHUTHHIX TOJeH MOJEKY/n
HAa 37EKTPOH BCJAEACTBUME BecbMA OHICTPOro yGbiBaHWA ITHX TNOJAeH C paccTofi-
uuem. B mepsoM mpubanKeHHH Pannyc cdepsl NeACTBHS MONEKY/Ibl OTOMXAECT-
BAAIOT C PaOMYCOM MOJIEKyabl, KaK ero IPHHHMAeT HpocTedwas KHHETH-
yeckas Teopus rasos. [Ipu Takom ortoxaectsaednu (39) u (40) naor:

L=4V?2L, (41)

1. e. cBOGONHHI MyTh 3NeKTpOHA B KakoM-1u6o rase B 5,64 pasa Goabule,
geM CBOGOMHHIH TyTb MOAeKyJ 3TOFO ra3a NMpW TeX Xe ycjaoBnsX. B nanb-
uefiiieM Mbl euie BepHeMcs K Gonee nogpoGHOMY DAaCCMOTPEHHIO BOMPOCOB,
CBA3AHHBIX CO ,cBOOGOTHBIM nyTeMm 3aekTpoHa“. I GbICTPO ABHNKYIIHXCHA
HOHOB TAKHM Xe TNYyTEM Haxomaum

L=V2L (42)

JNlauHa cBOBOAHOTO MYTH HTPAeT CYLIECTBEHHYIO POJb B sIBJIeHHAX TEIO-
POBOAHOCTH M BHYTpeHHero Tpedus rasos. Ilpexcrasum ceGe, 4TO B rase
MH umeeM Harperyio crenky A. Ilepenaya Tenaa
OT CTEHKM BHyTpH Tra3a MPOHCXOAMT TaK: MoOJje-
Kyna rasa, yaapascb O CTEHKy, NpHOOGpeTaeT KH-
HeTHYeCKyi0 SHePrulo, COOTBETCTBYIOUIYI0 TeMnepa-
Type CTEHKH, 3aTeM, NP CTOAKHOBEHMH C ApYyrof p L] 1
MoAeKyAOW rme-au60 B Touke B, oTMaer eft -~
u36RITOK KUHeTHuecko# aHepruu. SicHo, 4To mepe- F_
naya rtemna OT creHkn A K TPOIHBOMOJOXKHOH d
creHke OyaeT nNPOUCKOAHT TeM OhicTpee, ueM ‘
6onpie GygeT YHCAO MOMeKyJ, YHAapslOmuxcs 8 NFP b
0 crenky A. 3ro 4YHCIO TNpPONOPUXOHANLHO [13B- Puc. 5.
aenmio raza p. C gpyrc#t cTOpOHEI, 4eM Goiblle p,

TeM KOpOue MIUHA CBOGOAHOrO MYTH MONEKYAbl, a C/HENOBATENBHO, TeM HA
MeHbillee DACCTOAHHE Kawias CTOJKHYBIIAsCA ¢ A MOJeKyna TNEPEHECET B
CpeaHeM MOJyYEHHYIO MPA CTOJNKHOBEHMH KMHeTHYeCKYl SHepruio. B pe-
synbTate 062 (PAKTOPa KOMIEHCHPYIOT IPYr ApPyra, W KO3(HUHMEHT Teruo-
fIDOBOJHOCTM ra3a, B KOTOPOM [IMHA CBOGOJHOTO NMyTW L MHOrO MeHblre
PACCTOAHMA MeNNy CTEHKAMH, OKAa3hiBAeTCs He3aBMCAWMM OT JAaBJEHHA p.

[lycte ras orpaundeH aByMs creHkaMH AB n CD, HaxoodwuMucs Ha
paccrosunu d apyr oT Apyra (puc. 5) M TemmepaTypsl kotopwx T, u T
u nycre Ty < T, KosduumeHToM TEmionpoBOXHOCTH £ HA3biBAETCH KOI-
$UIMeHT NPONOPHYOHAABHOCTH B dopMyse:

dr
dQ=—=% Ty dt, (43)

A MEK C

dT
rue ac €CTh NajeHHe TeMrnepaTypbl HAa €IMHHLE [JIHHBI TO HanpansJEHHUIO,

nepreHnrkyaspioMy kK AB u CD, a d()—xonnyecTBo Tenja, MnepeHOCHMOe
yepes eIMHUlly NoBEpXHOCTH 3a BpeMs df. Ilposenem B HaweM rase mioCKoCTh
EF, napannenstyio crenkam AB u CD, u Oyjgem NOACYMTHIBATE KOJIHYECTBO
Terla, NPOXoAsilee B TedeHue 1 cex uepes Kawabldh KBanpaTHbM CaHTH-
meTp mosepxHoctu EF. [lposeneM mno o6e cTopoHe mnaockocTd EF  mio-
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¢koctn MN w KP, orcrosmume or EF ua PaCCTOsHMu CBOGOAHOrO myTH L.
Has ynpowenns 3amaum AOMyCTHM, 4TO BCE MOJeKyNw rasa ABUTAIOTCH
€ OuHOM W TOK ke ckopocThiO, 33 KOTOpy10 npumem cpemuioio apudmeTtu-
YECKYI0 CKOpOCTS c, COOTBETCTBYOLIYIO AEHCTBUTENIBHOMY  pacnpenesenuio
CKOpocTe#t Hamtero rasa. [posesem ocy X OPAMOYTOILHOH  CHCTeMbl Koop-
AMHAT TEPNeHNNKYAIPHO K maockoctd EF AONyCcTUM 4N panbHeHuiero
YOPOuweHns 3aaauu, 4To BCe MOJEKYIsI rasa MOXHO pa3GuTL Ha 6 rpynn

1
TaK, 4TO—— o6uiero uncia MOJIBKY 1, HAXONAWMXCA B emuHuue 06bema,

1
ABHKETCR NapanneNbHo 0cu X B MOMOMKHUTENbHOM HAnpas/eHuy, - — B OTpu-
LaTe/bHOM HaNpaBileHyu, CTOJBKO e — MONOKHUTEABHEIX H OTPHHATENbHBIX
Hanpasienuax oce#t ¥ uw Z. Ilpn Takux HANpABIEHHAX ABMKeHHS

HE NOMKHO HMeTb MpeMMyliecTBa mepen APYTMM B OTHOWICHWH YHcna pBy-
HYIINXCA B 9TOM HanpasjeHnun MOJeKyn, Hapywen he 6ymer. B takom cy-
Hae BCE MONEKYJLl, MpoXomsulue yepes EF C/IeBa HANDPABO, HAYMHAIOT ppy-
Tatecs B CpedHew oT nuockoctd MN, a Bee MOJI€KyNbl, mpoXonsmee yepes
EF cnpasa waneso, — or naockoct KP. B cpeanem 4epe3 ennHuUy nosepx-

B HamnpasiaeHuy g njao-

l j—
CKOCTH £F. 3710 4ueno paBHoT nc . Crolbko ke MOJIEKy1 npoliner cnpasa

Haneso. Hawm ras orpaduyen AByMsl napamiensHeMu NAOCKOCTAMH. Cneno-

T2_' lL

Kawnas MoseKyna, nepexoasas or maockoctu MN x mnockoctu EF npu-
HOCHMT ¢ co6oi u3bmmor TellJla, PaBHLIA:

¢, m 7, ~ Ty L, (44)

Tle m-—wmacca Mosexynsl u €, YAENbHAN TEIVIOEMKOCTh rasa HNPH NOCTOsIH-
HOM 06beMe. CTombko e Tenna wuedocmaem kampoh MOJleKyJle, Iepexo-

GricTprIx MOJEKYN cnesa Hanpasn, Tak H Gosee MELNCHHWX CNpaBa Hajepo
Ofpenenser co6oll , aBmmenue Temna® C1€Ba Hanmpaso. TakuM 06pasom gpi-
paxenne (44) npencrasaser co6on KOMU4eCTRO Temna, nepexocumoro ia-
WKIOH MOJeKyNOR, npoxonsigel depes EF kak B TTOTOKHUTENLHOM  Hanpa-
BIEHHH OCH X, TAK U B OTpHLATE LHOM. B.ero 3a ClHHMUY BpeMeHH H uepea
EIMHULLY NOBEPXHOCTH 6yger NEpEHeCeHO KOJUYeCTBO Tena:

2 = (T — - -
Q=+ nmcwcg%mz lpc% (T3 dﬂ)L ’
FA€ p MAOTHOCTL rasa,

S3JIEMEHTAPHHII TOICYET CPENHEH HNJHHbI CBOBOJMHOTO TNYTH 31

72_‘7‘1
=1 r
Tak xak nagenne Temnepatypsl Ha ENMHHIY HAKHHL PABHO 7 To

KO3(HIHEHT TEMIONPOBOAHOCTH GyjeT pasen:
E=-r pcclL. (45)

C yBennyeHueM nasieHns rasa p ysenuuusaercd, a L ymeubm/:e'rceﬂang?:;
Hakopoe 4ucno pas. [1oaT My KoIpuumeHT TemIONPOBOAHOCTH % H Heur
ot nasieHus. ToOuHBIR nomcuer, cBoGomuubii OT BCex BBeneHHuxéﬂaruL ynzeT
WeHHA, TaK XKe, KAK 3T0 6bI0 M B CAyuae CPeAHero Ipo :rbKo,HSMe_
Ansl % TAKOe XKe BHIpAXKEHHME, TONbKO YHCAEHHBIH (aKTOp HECKO.
Hﬂem;ll/.laaecmo, 4TO €C/M Mbl ABMTaeM B rase WJH XUJIKOCTH TBepm:e HT::S:
TO HCMBITHIBAEM NPH 3TOM HEKOTOpOE COMpOTHBJEHHE, KOTOPOE M:ne fou
BdeM TPeHHEM HJIH CONpoTuBaeHHEM cpelbl. BmecTe ¢ Tem B AB#ke e ! pHO
XOAAT He TOJbKO OammKadiide K ABHralomleMyCs TBePAOMY Teqdy C/AOH , 0
u Oonee oTaaleHHbie. ECAH Mal MMeeM MOABEIIEHHEIH HA HATH [ uunfménr;m
M IpPYrofl KOHUEHTPHYHHI NepPBOMY MOABLH wwauuap B Héecnu :1;““;' o
BpAlaTh UMAMHAD B BOKPYr ofuwie#t reoMeTpuueckofl ocn o6oux 1 e }) ué
TO UWAHHIDP A TOXE HAYHeT BPAWATbCH, NMOKA CHIA KPYYeHH: ;{:H Jone
YPaBHOBECUT CUAYy, NMpuBonsmyio A BO BpauieHue. Ecau A prenmIX e
HUTH, & UMEeT BO3MOMHOCTD BDPAlIATbCs, HANMpPHMEP, HA nsyéx oCTp HM’HTOTI/I-
GyleT HempephBHO BPALATHCHA, H CKOPOCTh €ro BpalleHHs ayneT aceHHe -
YeCKH MPUBANKATLCA K CKOPOCTH BpAauleHHUs nunuegpa B. 310 aBa " )
penadsn NBUXKEHHA vepe3 ras moC/AeA0BATENLHO OT OJHOrO CJ0s ’;ase::mam;:y
TOMy HA3bIBACTCA ABJIEHUEM BHYMPEHHE20 mpeHus B Tase. lac ! mo:,
C KOTOpOH onuH ot rasa ysaekaer Opyro#f, paccyuTasHas Ha .4; HaMe_,
II)0TOPUHOHANBLHA PA3HOCTH CKOPOCTel 3THX ciioes. [Ipu HempepuBHO e
HEHHN CKOPOCTH OT OLHOro GeCKOHEYHOr0 TOHKOIO CJOf Trasa K npyocrz
cuna F nponOpLHOHANbHA TpafHeHTy CKOpOCTH, T. €. H3MEHEHHIO cxo;:( T
rasa npu nepenBuKeHud HA 1 cx B Hanpas/leHWH, NEPNEHAKKYAIPHOM
NPABNEHUIO0 ABIKEHUS CJOM.
F=—n %7 (46)
X
KoapuumeHt mponopumonansuoctu Y| Ha3bIBAETCH KOIPUYUEHMOM BHYMPEH-
us rasa.

Hez%”lz(ﬁi:mqecxoﬂ TEOPUH 4308 NPHHATO rosop;n'b O nepenade uyepes
Ta3 ,xomiqectBa nsumenusn“?), Eciu macca 1 cu® cios rasa dpaaﬂa ”11,1’
4 CKOPOCTb [BMKEHHS 3TOrO Cnos 3a BpeMa df M3MEHWTCE Ha v,dTo M)
CKaXeM, 4r0 KOAHYECTBO IBHMXEHHH K 3TOrO CJIOS M3MEHHAOCh Ha (mu),
DaBHoe mdv. 1o BTOPOMY 3aKOHY MeXAHHKH HMeeM:

— "
') 3Hax Mumyc nossaserca motomy, uro mepsmil cioff rasa aneKaeTbﬁT:eE?;
8 HADPABICHHH COSCTBEHHOrO NBHMKEHAS, ECIH CKOPOCTh ABHKEHHA 432 yMeH
Mpi Mepexoie oT nepmoro cios Ko BTOPoMY.
%) Konnyecrsom gsuxenus B MexamMke HasmBaercs npousBencHHe MaccH Teaa
H4 ero ¢kopocCTb.
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HITH . mdv__d(mv) _dK (47)
P="gr="a="a

0
Tak kak K u3MeHseTcs BC/IENCTBHe Ilepefayd JBHXEHWH 4epes ras, T
epes
K eCTb He YTO WHOE, KAK CKOPOCTh Mepelayd KOAUYeCTBA IBIMEHUS 4ep
dt )
ras. Popmynn (46) u (47) naiot:
L S (48)
@t T Maxe
Ho-
T. e. KO9(pUUHEHT BHYTPEHHErO TPEHHR 7 €CTh KO3(pHUUHEHT MNPONOPLL 23
H.::IJH:HOCTPI B (opmyJie, BbIpa)aiouel 3aBUCHMOCTb CKODOCTH Mepelayu 4ep
T IPajueHTa CKOPOCTH rasd.
43 KOJMYECTsa [ABHKEHUS O
' OT KO3(hHLUHEHTA BAYTPEHHEr0 TPeHns ClledyeT OTIUYAThH xoagﬁuuu‘eﬁ(t)n
sHewnezo mpenus N. O603HaqyuM 4epes (vz*—-'v,)‘JY paaHo(c)j[Z ?;:4«011;/ o
aioutefics BI y
TBepnO# CTEHKH, MEPENBHT:
AP eJCTBEHHO MOpHUJe-
e HanpasleHuH Henocp
H CKODOCTBIO [BHXEHUS B TOM X ) e-
raxomepro K CTeHKe €J0s rasa, a yepes F,—cwuiy, ¢ KOTOpO#H 1. cM? cre
yBaekaeT npuwieraiowuil cjo# rasa. Awanornuyno (46) Hanuuiem: .
4
F1=)\(113'——-'Z'11). ( )
1 = ULUEHMOM CROABHCEHUS.,
OtHoweHHe KOSHUHEHTOB - ==Y Ha3biBAETCA Koaghuy :
[Iru nBuKeHHH rasa BHOJb TBEPAOro Teaa OOHIYHO )\=oonHKY;;e
Aro o6o3uavaer, yTo CJAOH rasa, HENOCPEACTBEHHO npnneraioélun MmagT
JIOMY Tejly, HEMOABHKEH MO OTHOUIEHHWIO K MOCnexHeMmy — Kax Ol np
K HeMy. )
B }ilmaemqecxoﬁ TEOpHM T430B AHAJOTMYHO BHIBOJAY KO3(hUILHEHTA Tegsge
APOBOMHOCTH /1% KOIPHUHMEHTA BHYTPEHHErO TPEHHs MOJIy4aeTcsd Bulpax

1 -

NpU [PEATIONOMKEHHH, YTO BCE MOJEKYJH 06MaMal0T OJHHAKOBOH cxopoc;bB;o(;
pasHOft Mx cpeane#f ckopoctn. Dosee- TOynmi#t noacyer, NPHHAMAIOLLHK
BHUMAaHHE MAKCBE/UIOBCKOE pacnpene/ieHHe CKOPOCTel, naer:

1 = 0,3502 pcL. (51)

Ha TOM e OCHOBaHMH, 4YTO W £, BEJHYHHA ¥ HE 33aBUCHT OT MBéleZ?[:Hon
Kpome sieieHH# TennonpOROAHOCTA W BHYTPEHHEro Tpezxgl,eﬂmx e
cBOGOAHOIO TYTH MOJeKy] rasa npuxonul:eczlegqu:a;r:;iﬂ(m:”60 e
uu rasa. Mei zHaem, 4TO e€cJqM ras no ;
g)gieme, TO OH PaCNpPOCTPAHSETCH 110 BCEMY 3TOMY 0GbeMy, 201;:};(;23;2;22
€ro, WaW, 4TO TO XKe, YHC/IO MOJEKyn rasa, NpuXOAdiHXCcA H xawah Kyou-
4eCKHH CaHTUMETP, He Oyrner onuﬂaxgao BoHeBc(:)e;MHTquax.
CXOMHT, €CM ra3 HaxoauTca B 06beMe .
npo?lon;cwim, 4TO B OOGBbeme ¥ CylliecTByeT ropusomanbnaﬂ60nnee;;er?lggi1::[.
Bepxnss 4acTb 0O6BEMa 33aHATA OAHUM Ta30M, nonycwnw,M onee J.I«*.Bﬂe-,
HUMmHAS — OpyTHM, 6onee Tsokesasiv, Of6a rasa HMEOT OKHO ietiaien
aue. ONBIT MOKA3BIBAET, 4TO €CAM OCTOPOXHO YHaJIUTh Tep H;) oy, e
BLISHIBAN HHMKAKUX [BUXEHUH B O06OMX Tras3ax, TO HeCMOTPA ,

SJIEMEHTAPHHH MOJACYET CPENHEH NJIHHEI CBOBOJTHOTO MyTH 33

BEDXHHMH ra3 Jierde, MONEKY/ bl €r0 B CBOEM NBWIKeHHy NOCTENEHHO TNPOHH-
KaioT B HWKHIOIO 4aCThb COCyna M, 06PATHO, MOJEKYAM HUKHEro rasa no-
CTENEHHO PACNPOCTPAHAIOTCR B BEpXHell 4acTu CoCyna, cpeas MOJIeKya Haxo-
Anulerocs TaMm rasa, Ilocie nocratoudHo ponroro BDEMEHM 4HCIO MoJeKy.
Ka10ro rasa B 1 c#® OkasblBaeTCA OMHAKOBEIM BO Beex TOUKAX CcoOCyna.
OT0 BHPABHHBAHME MJOTHOCTH aHHOTO rasa mo BCEMY INpenoCTaB/IeHHOMY
€My 06beMy HEe3aBHCHMO OT NPUCYTCTBHS B TOM Ke 06beMe Npyrux rasos
HA3bIBACTCH npoueccoM auddysum raza. Koamuecrso rasa, mpoxoasuee
yepe3 1 cH? MbIC/EHHO nposemeHHOM B raze nnowanku B 1 cex, TeMm Goabuie,
ueM ObiCTpee MEHSeTCH MAOTHOCTH rasa B Hanpas/ednu,
K naowanke. CosepmeHno ananornyvo bopmynam (43) u (48), onpene-
JUlOUM KO/MYECTBO MEPEHOCHUMOrO Ta30M Tenna H MeXaHHYeCKOro OBHKEHUS

KOJIM4eCTBO rasa, MepeHOCHMOro uepes 1 cu2 B Hanpas/ieHnd ocH Z nyrem
IuQdy3un, OKasbIBAETSA PABHEHIM:

neprneHanKyaspHoM

o=—p - o
op

Tﬂea "

BleHnH Z, Kosbuuvedt 3 waswiBaercs Kosgunuenmon dugpgpyzuu. Korna
NPOHUCXONHMT NepeMeUIMBAHME [BYX raszos nyreM augdysuu, M rosopum
O ,B3aUMHOA tuddysnu“ u o ,kosduuuente B3aUMHOA widdysun“. Ilpo-
HHKHOBEHWIO ONHOTO ra3a B Apyrodl Memraior B3dUMHbIE CTOJIKHOBEHHS MO-
JIEKYJl MepBOrO rasa ¢ MosieKynamu BTOpOro u o6paruo. Ilostomy npomux-
HOBEHHE ONHOTO rasa B 1pyrofl Gyner TIPOMCXONHUTE TEM GLICTPEE, YeM MeHblle
STHX CTOJIKHOBEHHH, 4 UX TeM MeHblle, 4eM 60OJblle LIWHA CBOGOXHOTO TyTH
MOJIEKY ONHOTO rasa cpenu MoJekyst npyroro. Takum o6pasom Koauuuenr
B3auMHOW AnDdy3un 3aBucHr oT TPUPOAB  O0OUX CMELINBAIOWAKXCA ra308
H OT OTHOCHTENLHOIO yucaa MOJIEKY TOrO M APYroro rasa B CMecH.

Pacemotpenne npouecca Auddysud npusomuT B KHHETHYeCKO! Teopuu
T330B K TAKOMY BRIDANEHHIO g KO3duuneHTa B3auMuol IuPdy3un:

dn
Jz T TPALMEHT NAB/IEHWA M TPANMEHT IIOTHOCTH rasa B Hanpa-

1 — —_
0= Bp el colyn). (53)

3aecs ny, ¢y, Ly —uucio Mosekysn B 1 cm3, cpemuan apupMeTHuECKAT CKO-
POCTb u miuua cBoGomuoro NYTH MOJEKY/ MepBOoro rasa; n,, o U L,—
T Xe BeJMUHHB 9 MOJieKy/1 BTOPOTO rasa; n=n, -} n,—obuwee uucno
MOJIeKys1 06oux ras3os B 1 cul,

B Tom cayuae, xorna umeen OOHH H T
TIOTHOCTH B PA3AMYHLIX YacTsX cocyna,

Iuddysuu raza s camom cebe u
HOro rasa“:

OT € ras, HO TOJILKO Pa3iHyYHOH
(53) naetr wam g KO3(uunexTa
/M 0pOCTO  ,Koaduipenra mvddysuu  nau-

d=gCL. (54)

Cpasuusag (45), (50) u (54), ycraHasausaem CeNYIONIHE COOTHOUIEH U

Mexny Kosbuunenrom auddysun 8, koadutuentom BHYTDEHHErO TpeHus v
H KO3pHuHeHTOM TeNJIONPOBOXHOCTH k!

=1_k __k
Bﬁyﬁp%. 'q—%. (55)
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1
YucneHHb# MHOXHTENb -5- B (54) ABARETCA TAKWUM e TPHOAHKEHHBIM KO3-

(UIMEHTOM, BHITEKAIOUMM H3 yNPOLIEHKBIX pACYeToB, KaK M B dopMyaax
(81) u (50)1).

Heo6X0QMMO najee OTMETHTb, YTO COIMACHO NAHHHIM ONbITA BHYTPEHHEE
TPeHHe rasa mpM OHOH H TOH K€ TUIOTHOCTM 3ABACHT OT TEeMIepaTypHl.
Otciona Heo6XOMMMO 3aKIIOUHTh, YTO JNHHA CBOGONHOTO NYTH 3aBHCHT OF
TeMiiepaTyphl, JTO NPHBOJMT B CBOKO O4epeib K TOMYy, HTO BBeIEHHA HAMH
BeJHUHHA G — YCAOBHBIA ,IHAMETP MOAEKY/H® — 3ABHCHT OT TEMIEDATYDEL.
B OTHOLIEHHKH STOCO BOMPOCA, NATEKO BBIXOASLIErO 32 MPERenbi KIacCHue-
CKOli KMHETHYecKOH TeOpHWH ra3os, TaK KaK MOJHOE Ero peuieHHe Tpebyer,
KOHEUHO, OUeHb GOMBIIOTO YTOUHEHHMS MPEACTABJEHUA O MOnekyJe, Cylie-
CTBYeT PAL TOMBITOK 1aTh MOAYSMMHPHUYECKOE PEILeHHE, [puBonuM dopmyay
Cyrepienna s 3aBHCUMOCCTH KO3(HUMEHTA BHYTPeHHEro TPeHHd v OT

TeMIepaTypsl: 5
2731 +C T \z
iy = Mot { T+ C 2731 } (56)

e 773 — 3HAUEHHE 7] TpH 0°C, a C— sMnupHuecKas KoHcraura?®).

§ 4. BeposTHOCTb AAHHOH JIMHEL cBoGonHoro nytu. Mbl BBE/IH BhIIIE
fpeAcTaBAeHME O CpemHefl MIMHe CBOGOAHOTO NyTH. B nanbHefiluem Mbi
BCTpETUMCA € HeOGXOJMMOCTBIO 3HATh, KAK BETHKA NPH JAHHOM CpeRHeM
npoGere L BEpOSTHOCTb TOro, YTO [1aHHAS MOJeKyJa MOCIE CTONKHOBEHHA
nponeTUT CBOBOAHO MNyTh JUIMHO X HIH CKONbKO MoJexyn, u3 obuiero
YHCA 7, MOJEKY/, HAUHHAIOUMX CBOM TyTb MOC/HE CTOJAKHOBEHHIA nponeTaT
OT MecTa CTOAKHOBEHHs GecripenmsiTCTBEHHO myTh X. Paccyxnaem Tak: co-

¢ -
[NacHO omnpexeseHHio L, HaHHOMY HAMH L=-V—, roe ¢-—CpeaHu# mnyTh,
npoitmeHHult B 1 cex, a v-—HHCIO CTONKHOBeHUA 3a 1 cex HWAW HA TIYTH
mauHow ¢, OTcioga 3akmaodyaeM, 4TO CpelHee JHCIo CTOJIKHOBEHHH HA MyTH

v 1
B 1 cxu 6yner — HIH A CpenHee 4HCIO CTONKHOBEHWH Kaxao# MoJe-
c

dx 6 U gx. T n
Ky.ﬂbl H4a MaJIOM HyTH X yneT—L— . yCTb U3 HeKOTOpO TOYKHU B Trase

BHLTETAeT 7, Monekyd. OGO3HAYMM uYepes n 4HCIO TeX MOJEKyT, KOTOL.HE
fecrpensaTCTBeHHO NpOunTy MyTb X. [Ipu NPOXOXKIEHHH CAENYIOUIETO MaJoro
yuacTka MyTH dX Kawaas MOJEKyHa, KK Mbl TO/MbKO HTO  BHICIH, nperep-

nesaer d—;, a BCE MOJIeKyJbl BMECTe %dx cronkHoseHuil. Cne10BaTeaAbHO,
YHCAO MOJEKYJ, BHGBIBAIOMMX W3 YHCHA GeCnpensTcTBEHHO MPONO/IKAIOMIKX
CBOH TMyTe MOJEKy] Ha yyacTke dx, Oyaer % dx, ¥ MBI MOXEM HanucaTb
IS U3MeHEHHA BENMYMHB # TpH npobere HAWHWMH MOJEKYNaMH y4qaCTka dx:

dn=——% dx. (57)

1) Kunernueckas TeopHs obbennHseT ABICHHA TENIONPOBOAKOCTH, BHYTPEHHEI O
1peHus M Auddy3uH B onHO obulee ydeHue O nepeHoce Kakoi-1160 BEANYMHbBE
rasoM (,ypasuenus nepeHoca“), Cu. A. K. Tumunpsases, Kunemuueckas meopus
Mmamepuil.

2y CM. Tabauubi Jlangoasta-Bepuwreina u Ap.

3AKOH KOCHHYCA 35
Orciona HaxXOAUM:
dn 1 1 L
n—-—de, 1Hfl=—Tx+]nC, n=C.e *

M, TAK KK MpH X =0 n = n;, OKOHYATEJILHO:

X

n=ne L, (58)

Popuyna (58) maer HaM UMCAO MOMeKyJ, UPOJETAOUMX CBOGOIHO

paBHBI# Han Goapurufl x. Y oo,

paskii . Hneno mosekyn n,, 0 KOTOPHIX CBOGOAHBIA TIpO-

Ger nc HT B;peneﬂax MEXNYy X H X -} dx, DaBHO YHCAY CTOJKHOBEHHH Ha
oM myTH dx, T, e. |dn|. IOudepenuupys (58), Haxoaum:

X
n,="e Ldx. (59)

BepoatHocts TOrO, 4TO
s Kakas-1n60 naHHas Monekynaa
npobexu
MyTe B Mpefenax OT X 10 x-}-dx, 6yner: Y P T ceobonio

X
W-dx:ﬂ“_:_l_ -7
X o Le dx.

(60)

CTeH§K5. l?aKlOH KocHHyca. Yucio mosexyn, ymapsromuxca o6 1 cu?
e e cex NpU MaKCBEJTIOBCKOM paclHpejesieHdd CKOPOCTeH.
€ HaMu BO BCeX OpeUIECTBYIOUWMX naparpadax sTOH raasbl

CBENEHHS O ABIKEHUH MOJEKYJ ra
332 1AI0T HAM BO3MOXHOCThH BHI
Myay, ONpeleNfiouyl0 YHCAO MO- Bectit op-

JIEKYJl ra3a, ynapsiouuxcs 06 enu- d
HHLy TOBEPXHOCTH CTEHKH, WJIH, . o~
4TO TO XK€, UHCHO MOJEKYn rasa, D y
KOTOpHlE MPOXOMAT YepPe3 emuHHIy $
nIoWAand JI060H IIOCKOCTH, MbiC- /
JEHHO TIDOBEJEHHOH B rase mnpu
ycroBuH  GecnopsiiouHoOro  ABHXKe- /
HHS MOJIEKY/ rasa, COOTBETCTBYIO- g i ;
LIer0 MAaKCBENNIOBCKOMY pacrnpene- /
NEHHUIO CKOPOCTEH MeX1y HUMH, dTta vy \A
dopmyna Gymer BCTpeuarhcss Ham 0 g d
B JaflbHeHIeM HEOIHOKPATHO B KJa- » /
A€TC B OCHOBY MHOIHMX pAacCuyeToB N
B BAKYYM-TeXHHKE, 4 TAaKXe B gBie- do
HUSX 3/IEKTPHYECKOrO Paspsaa B ra-
3aX. BujenuM Ha  nomepxHOCTH Puc. 6
;T(:(HKH, OrpaHHyuBaoe ras, ‘
“g Eg:K;OqOK" K(;KHeKOTopyxo He6O0/bINYI0 moAnKy do (puc. 6). [TocTpoum
Byp o1 M3 BepIUWHE Maabifi TelecHol yron do H BuIedUM
Oro yria snemeHT oObeMa M, paccrosHue HIKHEH M BepX-

Hefl rpaHum KoTop
oro ot ToukH O nycTe 6yayt [u /-dl. T
. Toraa BennuuHa
HALIEro 3/MeMEeHTAPHOro 06beMa BHIPABHTCHA Yepes: T

22dldw.




36 CBEJNEHHSI U3 KHHETHYECKOH TEOPHH TA30B

TMycTb B eauHuie O6BbEMAa CONEPNKHTCA 7 MOJEKYJ; CDEMHIOI CKOPOCTb HX

0603HauMM Yepes ¢, a CPeJHOI0 JUIHHY C30604HOrO MyTH 4Yepes L. Yucno

CTONKHOBEHHH MOJIEKy/ rasa Mexay cOGOf 3a eQMHHIly BpEMEHW B eIMHHUIE
ne

o6bema Gyner 4—, a YuCIO CTOJNIKHOBEHHH 34 eAWHHIY BPEMEHH BHYTPH

sneMenta o6bema M:
ne
—_ 2

VM———L— { dldo. (61)
[MocTpoum HOBbIY 3/1€MEHTAapHHIA TeneCHbf  yroa dw,, BKJAIOYAOUMA HaL
a/1eMeHT MOBEPXHOCTH d9 M MMEIOLiMil BepUIMHY BHYTDH HAIlero BeCbMa Ma-
noro saementa o6wema M. Tlocae cronkdosenuil B M MOAeKynbl JIeTAT 1O
BCEM HAMPABAEHUSM TAK, YTO HY ONHO HAMPaB/IEHHE HE VIMEET NPEeHMylecTsa
nepex npyrumd, Takum 06pa3om, u3 OOUIErO YHC/AA MONEKYM vy, NpeTep-
TIeBLINX CTOJAKHOBEHMS C ADYTHMH MOJeKylaMu B 3nemenre A, no Hanpa-
BAeHHIO K dG, T. €. BHYTPH TenecHOro yria dw;, moJerr

do, nc

—4  Pdlde monexyn. (62)
Tposenem uepes Touky O chepy pamuyca ¢ ueHTpOM, JexawuM BHYTpH M.
[Tnomanka ds, BHpe3aHHas Ha 3Toft cepe yriom dw;, pasHa ldw,. Tlno-
wanky ds MBI MOXeM paccCMaTpHBATh KaK NPOEKUHIO MAOWIALKH ds. B Takom

caydae:
I2dw, == ds =docos 3. (63)

Moncrasnas B BeipaxeHue (62) 3xauenue /2dw; H3 BHIPAKEHHT (63), noay-
yMM [A9 YMCAA MOJIEKYJ, BBUIETAIOMMX H3 aneMedta obbema M mo Hanpa-

BMEHHIO K 3/EMEHTy MOBEPXHOCTH do:
1 ne
nm, = g - cos Ydodldo. (64)

BceiieacTeie CTOJNKHOBEHHH C APYTHMU MOJIEKY/JAMM, COIVIACHO BHIBEICHHOMY B
npensymeM naparpade pasectBy (58), myTs [ 10 MIOMANKH ds, 6ecnpe-
l

MATCTBEHHO MPOJETAT HE BCE 3TH Iz, MOJEKY/, a JHWD N e L wmonexyun,
Ias Toro, uTo6M MONCYHTATb, KaKOe HHCJIO MOJEKya dn mnomjieraer
K Hawell sneMentapHo#i maowanke dc NO HANpaBieHWio, ONpeaeaseMOMy

NOJIOXKEHHEM 3JJIEMEHTADHOIO KOHYCA d(ﬁ), HAagoO CJAOXKHTL UYHUCIa MOJEKYJ
l

nme L, oTHOCAUMECH KO BCEBO3MOXHBIM 3/EMEHTaM o6beMa, JEKAIHM

BHYTPH 97MEeMEHTapHOro KoHyca do. [lns 3T0ro Hajo TpPOHHTErPUPOBATH
1

nme L mo dlor 0 no - oco. INoayunm:
dn = / 1 necos ddoe Tdc a_ne cos Ydwds 4(65)
§ 4m L 4n :

TakHM 06Gpa3oM MPH IIPOYHX DABHHIX YCAOBHAX (71, €) MHCIO MOJEKYJ, MOA-
JETAIOLINX B €IAHUIY BPEMEHM K eJIHHHUUE TMOBEPXHOCTH CTEHKH MO yIoM

BAKOH KOCHHYCA 37

nagedus ¥, NPONOPHAOHANBHO €OS ¥, DTO MONOMEHHE HOCHT HA3BAHHE _3a-
KOHa KocuHyca®, Mu nuuwieM dn, a He NMPOCTO 7, TAK KaK 9TO YUCIO ”MO-
JIEKy/l OTHOCHTC K GecKoHeyHO MaIoMy TenecHoMy yriy do. Ilposenem us
toukd O chepy pannycoM, PaBHBIM efuHHe. IJeMeHT NOBEDXHOCTH 3ToH
cepul, BEpe3aHHbIA TesecHnlM yrioM do, u OygeT Kak pa3 Mepo# rejec-
Horo yrna de.

Ins Toro uro6b HaliTH obuiee 4UCIO MOJEKyN, YRAPAIOMHXCA 06 3je-
MEHT NOBEPXHOCTH CTEHKH dc B €IUHHY BPEMEHHM, HANO NPOHHTEIPHPOBATL
soipaxenne (65) no Bce#l MOBEPXHOCTH monaycdepsl, Jexamel Ham paccma-
TpuBaeMoil HamMu cTenko#. OnuHakosuM yriam ¥ Ha srtoit nonycgepe coor-
BeTcTByeT mapoBo#t cimo#t A (puc. 7). Ilycte BbCOTa 3TOrO Ci0st ecTb dz,
a 2-— /IMHA TIEPNEHAMKYMAapa, ONYINeHHUTO H3 KAKOH-1M60 TOYKH IAPOBOTO
CJI0f Ha OCHOBaHWe Moaycdepsl. ’
Toraza mnoBepxHOCTL 111APOBOTO z
cao 6ymer 2nRdz, roe R=1, \ 9

¥ WHTerpan BhipaxeHus (65), N \/
B3AITHI [0 IIAPOBOMY CJIOIO, MACT: '

ne cos ¥
4=

HaM, BHipaxkas cost yepes z

2w dzds,

nezdzds
2

Ina roro, uro6er pacmpocrtpa-
HUTL HAall MHTErpas Ha BCKO MO- 7,
Jycdepy, HaIO mNpPOHHTErpUpo-

BaTb BblpaxkeHHe (66) mno z or

Hyas 10 R, T. €. 10 ENUHHIBL,

TMonyuum: puc. 7.

. (66)

1

| 1 -

No—/7 nezds dz = + neds, (67)
0

H, ClefloBaTe/bHO, YHCIO MOJeKyJa, yhaapswouxcs B 1 ¢cex 06 1 ¢em? no-

BEPXHOCTHU:

1

Nl_—"z*ﬂc—= nG

]/67: )
BuiBox Bhipasenus (68) ocxoBan Ha TOM NO/IOXKEHHH, YTO BCe Hampae/eHus
ABHXeHNs MOJIEKY] B rase paBHOLEHHH MeXIy cOGOH. 3r0 e MoJomeHHe
MPuBeNO HAC B § 2 K MaKCBeNNOBCKOMY pacnpeneieHdio ckopocTefh. Takum
06pasoM BeipakeHHe (68) MMeeT MeCTO NDPH MaKCBeMJOBCKOM pacnpenenesnu
ckopocrelt. Ilonbaysice popmynamu (29) u (32), a Taxe dopmyno#
RT nRT  nRT
p=——=——=——=nkT, (69)

v on N

— RT_ _ o) 1
N=ny = V s (70)

(68)

HaxoauM:
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Tpn BhBOAE Ml MCXOQMM H3 cpelnHel CKOPOCTH Monekyx ¢, Ecau Gwl
MH IIpMMEHHIM Hall BBIBOJ He KO BCeM MoJeKysaaM BooOule, a JHIIbL K MO=
MeKysnaM, HMEIOWNM HEKOTOPYIO OnpeneneHHylo (10 BeNHYMHE) CKOPOCTh C,
TO COBEPIUEHHO TaKXKe HauIu OBl

- 1
N, =T ne (71)

4

§ 6. Mlorenenne rasoB NpY HU3KHX [AaBJeHUAX. Msl Buzenu, 4TO
IIMHA CBOGOIHOrG MyTH MOJeKysJ rasa oO6paTHO MpPONOpPLHMOHAJbHA naBie-
HHiO., YMeHbillas Aas/ieHHe, Mbl Heu30eWHO AOMKHBI NOHTH M0 TaKoro pas-
PEMeHHd rasa, KOraa AAHHA CBOGONHOIO MyTH MOJEKYH CHENAeTCs MHOFQ
6osblle AMHEHHHIX PA3MepPOB TOI'O COCyNd, B KOTOPOM 3aKJAK4YeH ras. SicHo,
YTO B TAKOM C/yyae BepPOATHOCTb TOrO, WTO NAHHAS MOJIEKYJA [POJIETHT 10
CTEHKH COCyla 6e3 CTOJIKHOBEHHS C IDYTAMH MoJeKy/jaMH, GyJeT O4eHb Be-
Juka. JIpyrumd CaoBaMH MOJeEKysbl rasa 6yldyT ropasgo 4Yaumie CTaJKHBATHCH
CO CTeHKaMH cocyna, 4eM Mexay co6oit. IloaToMy GO/BUIHHCTBO BHBOAOB
npeabAyinx naparpados He/lb3s 6€3 OroBOPOK NPUMEHATH K Cilyyal pas-
PeXEHHOro rasa, B 4acTHOCTH 33KOH HE3aBMCHMOCTH TEIVIONPOBOAHOCTH rasa

U KO3(QHUUEeHTa BHYTPEHHEro TpPEHUS OT

A p HABJEHM Trasa OCHOBaH Ha oGpaTHOH
¢ NPONOPUHUOHANLHOCTH YHCJIA MOAEKYy1 B

2 ; eluHMIEe o6beMa W AAHHH HMX CBO6OM-

& Horo mytd. Pa3s croiaxHOBeHHs MOJEKyn

Puc. 8. rasa Mexny COGOH IIpU HU3KHMX AABJIEHHAX

nepectaT ObiTh pewaomuM (QAKTOPOM,
TO CHO, YTO B 5TOM C/lyyae ymoOMAHYTEIH 3aK0H MepecTaeT GbITh CAPABEAIHBLIM,
Korna Monekynsi rasa eTaT oT OHOMR CTeHKH 10 APYrO# 6€3 B3AUMHBIX CTOJK-
HOBeHHH, NMHA CBOGOXHOIO MyTH MOJIEKY/BI ONpPEeNseTCs PACCTORHHEM MEXLY
CTEHKAaMU HE3aBMCHMO OT fasiaeHus, Hanpumep, B ciyyae nepeHoca tenna, npu
YBETHYEHHH JNABJIEHHWA B 7 Pa3, BO CTONBKO K€ pa3 YBeNMYHBAETCA UYMCIO
MOJIEKyJ1, YAAPSIOWMXCS O FOPAYYI0 CTEHKY M YHOCAWHX TEWIOBYH) 3JHEDTHIO
OT 3TOH CTEHKH, a PAacCTOsIHHE, HA KOTOPOE KAXKJas MONEKYNad YHOCHT TOAY-
YeHHBI €10 OT ropsyed CTEHKH 3anac SHePruH, OCTAETCA HEH3MEHHBIM. Ta-
KHM 06Da3oM yme 3TO 3/eMEHTAapHOE DACCYKIEHHE TOKA3LIBAET, UTO B cny-
4ae, Korga L Gosblue JHHelHbIX Pa3MepOB COCYAd, TemJIOMPOBOAHOCTb rasa
TeM MeHblle, yeM MeHblle jgasnedde. Ha stoft 3asucumocru Tensonposop-
HOCTH OT AaBJ/leHWs OCHOBAH, KaK yBMAWM B riaBe [V, omuH u3 yao6HBIX
CHOCOG0B HM3MEPeHUS HU3KHX aBreHHl.

B kasectse BTOpOro mpumepa cymiectseHHoro orTMuMs dBieHMH B rase
TP HH3KHX NABAEHMAX OT TeX Ke ABAEHHH NPH BHICOKUX NABJEHMAX YyKa-
JKEM HA TO, 4TO, xorna L Gonbule JuHeHHBIX DPAa3MEPOB COCYAa, mepecTaeT
GHTb BEPHWIM 32KOH paBeHeTRa CyMMBbl MAapuUKaNbHHIX daBjieHuft Ta308 B cMeCH
BO BCeX TO4YKAX 33HATOTO cMechblo O6neMa. Tak Kak MOJNEKy/abl OGOMX ra3os
CTANKHBAIOTCS MOYTH MCKIOYHTENbHO CO CTEHKAMHM COCYNA, a He Mexay Co-
60#, TO Kawaw# ra3 B mMpeneabHOM cnydae oueHb Oouaslioro [ Bener ce6s
CaMOCTOATe/bHO, KaK OyATO Apyroro rasa B cMecu HeT, [lostomy ecam
B KakoM-mi6o mecre C Tpy6uu (puc. 8) nasienne ONHOTO ra3a noLAEPIKH-
BAETCH MOCTOSHHO OYeHb HU3KuM (HATmpuMep MyTeM KOHIEHCAUMH rasa NpPH
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HOMOIUH XOJIONWJIBLHOH CMeCH) M JAHHBIA ras NOCTynmaer B TPYOKY C OIHOrO
konua A, TO B ApyroM Koulle B maelenue 3TOro raza OyaeT O4YeHb HU3-
KMM, 4 UMEHHO, PaBHHIM HaB/JEHHIO napa, COOTBETCTBYIOLIEMY TeMmeparype
KOHAEHCHPOBAHHOH (ha3bl; HENOCTATOK AaBJAeHWs He Oymer BOCIONHATHLCH
yBseiuueHHeM IVIOTHOCTH Apyroro rasa. Hanportus, ecid 3707 1pyro# ras
B KOHIE Tpy6ku A HenpepuiBHO W3 Hee yaansercd, To audpdysns ero OGy-
LT ODOMCXONMTh B Hampasnendn of B k A, Kak 6yaTo nmepBoro rasa
B TpyOKe COBCeM HET M [aBieHue rasa B B Oyner HempepsiBHO Najfath,
310 06CTOATENBCTBO HMeeT peluaiouiee 3HAYEHUE NPA NOCTHKEHHH TPEReNbHO
BHICOKOTO BAKyyMa NPH MOMOLIY HACOCOB, Pa6GOTAIOIKX C MpHMEHEHHeM rna-
pOB PTYTU WIM ADYIUX BeIECTB.

TeopeTvyeckd nOBen€HWe rasa B ApPeNeNbHOM Clyyae, KOTAa B3aHMHLIMH
CTONKHOBEHUAMH MOJMEKy/l ra3a Mexay co60H MOMHO COBEpPUIeHHO IIpee-
6peub, XOpomO u3yyeHo. IlepexopHsifi ciayuyalf, koraa mauHa CBOGOAHOTO
OyTH COU3MEpPHMA C pasMepaMH COCyJa W TPHXONHWTCS yUATHIBATH KaK CTOJK-
HOBeHHsl MOJEKyJ Meway co6oif, TAK M CO CTeHKAMH COCyna, NpeacTasiser
6oapline MaTeMaTHyeckde TPyaHocTH. CTPOTHX pelieHUH 1O MHOrMM BOIPO-
caM B 3TOM Cjyuae euie He HalgeHo, IIpMXOAHMTCH OrpaHHYMBATHLCH MOJYIM-
nupudeckuMu Gopmynamu.

Mbl He GyAeM 3aHMMAaTbcsl B 9TOH I7ase pACCMOTPEHHEM 3AKOHOB II0BE-
neHHa rasa, korga L GoJiblle pa3MepoB COCyNa, a BePHEMCA K 3TUM BOMPO-
caM B COOTBETCTBYIOU(MX [VIABAX MPU PACCMOTPEHHHM NPAKTHYECKHX NPHIOKE-
HBHH 9THX 9BJEeHUH B BaKyyM-TeXHUKE,

§ 7. Tennoemkocth rasoB. Met ycranosunu B § 1 cooTHOUIEHHE MexTy
cpeaHel KHHeTHYECKOH 3Hepryeil MOCTYMATEbHOTO NBHIKEHHH MOJEKyJa rasa
U TeMIlepaTypo#

me _SRr_ 3.t (72)

Cpennuit KBagpaT ckopocTelf MOJEKYJ paBeH CYyMMe CpelHHX KBalpaToB
CAralouMx 3THX cKopocTeli mo ocam X, Y u Z, T. e,

e =u? |02 |- wt,
Benencreue nosHOM paBHONPABHOCTH BCEX HanpaejieHHH INpH  IBMXKEHHH
MoneKyn u? = o2 = w2, Takum o6pasom, n3 (72) cienyer, uTO ecmu pasGuTh
IBHXEHUe MOJIEKYJ Ta3a Ha ABWXKEHHs N0 Tpem ocaM X, ¥ u Z, To Ha Ka-

HIOE H3 3THX NBHXKEHHH, MJIH, KAK MPUHATO TOBOPHUTH, ,HA KAMAYIO CTe-
fleHb CBOGOAL MOCTYMNATENLHOTO JIBMXEHHS MOJEKYJBl Ta3a“, NPUXOAHTCH

1
B CPeHEM OJHO W TO )K€ KOMHYeCTBO SHepruw - £7. KnHetnueckas reopust

obobuiaer 3TOT BHIBOJ HA OCHOBAHHH 3aKOHOB ,CTATHCTHYECKOH MexaHukH®
TAKXE H HA 3HEPrui0 BPAIlATENbHOrO ABHMEHHS MoJekyl. B cBoem obuem
BHIE 3TOT 3aKOH, HA3KLIBAEMbIi ,33KOHOM DABHOMEDHOTO pacnpeneeHHs
BHEPrdM®, BeipaXaeTcsd TaK: €M Mbl HMEEM CHUCTEMY, COCTOSILIYIO M3 OYeHb
60MbUIOTO YHCAA XAOTHYECKH ABMKYUIMXCH YACTHI, TO HA KAXAYIO CTeneHb
cB0GOAN ONHOM YaCTHLH, HAMPHMED HA KAXKAOE BO3MONHOE BpAWIATEALHOE

1
ABAXEHHE, B CDENIHEM IPUXOMMTCA KOMUYECTBO SHEPIHU - kT. CoBpemenuas
(hU3HKA OYeHb CHIBHO OrPaAHHUH/IA 061aCTh MTPUMEHHMOCTH 3aKOHA PABHOMEPHOIO



40 CBEJEHMSl M3 KWHETHUECKOH TEOPHH TA30B

pesiesieHUs SHEPIHH, Ha#i /s, 4TO OH MPEACTaBaAeT CO60H TOJBKO HEKOTOPHIK
rpefe/bHbIH ClIydal, K KOTODOMY KBAHTOBbIE 34KOHbI paclipeleeHHst 3HeP-
rHM  TNPUBONAT TNpH MOBHIIeHHW TemmepaTypel. Ho Bce xe B BOmpoce
O TENAOEMKOCTH ra3oB NpH OOLIYHBIX TeMnepaTypax STOT 3aKOH NPUBOAHT
K CAeINCTBUAM, C HOCTATOYHOH TOYHOCTHLIO ONIPABIbIBAEMBIM ONBITOM.

BoabMeM OAHY rpaMMOJieKy/ly OJHOATOMHOrO rasa mpH rtemneparype 1.
Tax Kak rpammoJlekyna saxknawoudaer B cebe N Monlekyn M rakkak Nk—= R, 10,
cornacHo (72), KuHeTMueCcKass SHEPrUs MOCTYNATENbHOrO NBHMXEHMA BCEX MO-
JIeKyJl HAIero rasa, ¢ KOTOPOH MBI OTOXIECTRAsEM €ro TeIIOBYiO 3Hep-

raio Q,, Gyner: Q1=¢;’—RT. YBennuuM Temneparypy Haimiero rasa Ha 1°,

Torpa sanac ero TemJioBol sHepruum Oynmer Q2=~§—R(T—]— 1). Mosnekyasp-

HOM Teni0eMKocTsio C, rasa npd MOCTONHHOM O6beMe HA3LBaeTcs KOAH-
YECTBO TENJIOBOA JHEPrHH, KOTOPOE Halo COOGIIMTL IPaMMOJieKyJie rasa,

yTo0H MNOAHATL ee Temmepatypy Ha 1° SflcHo, uro C, paBHO pasHOCTH
Q. — Q,. Haxonm:

Cv=Qz—'Q1=%R(T+1)—% RT='32— R (73)

Mounexyarapnas menioemxocms OOHOAMOMHOZO 2A3Q NPU NOCMOAHHOM
3
o0seme pasHa 9 R.

C BO3MOXHBIM BpAlllaTeJbHbIM [BHXEHHEM AaTOMAa KMHETHYecKas Teopus
He CYMTAeTCA, HMCXOIA H3 TOro, YTO BCHAENCTBHE MaJblX DasMepoOB aroMa
KHHETHYECKAs 3Heprus BPalleHHs aroMa Oyner wHcye3aiome Majia, IJKCNepH-
MeHTaibHOE onpelleienne C, OIpPaBAbIBAET 3TO AOMYyLIEHHE,

Eciu Monekyna cocTOMT M3 IBYX MM Go/ee aroMOB, YKasaHHOe HOMYy-
IeHHe ywe He umeeT Mecta. [lpuxommrcs y4HTEIBATL BpaIlaTeNLHOE JIBHME-
HHE MOJIEKYAHl, pa3/jaras ero Ha BpalleHHe OKOJIO TPeX B3aHMHO MepHeHAH-
KyaspHuIX oceit. Ha ocHoBanuM 3aKoHa paBHOMEpHOrO pacnpeiefeHHs SHePruH
MO cTefeHAM CBOOOAL CPejlHAf KHHETHYECKaw SHEPrHs MOCTYNATeNbHOTO M

6
BPAalATENbHOTO HABMXKEHHS MHOroaTOMHOR MoJiekyanl 6ymer 5 kT, a 3anmac

6
Tellna rpaMMO/IeKYJ/Iel MHOTOaTOMHOIO rasa 5 RY, TaK KdaK Takag MOJeKy/na

umeer Bcero 6 crenene#t cmoGomel. Otciona, mopo6ro (69), nHaxoanwm nasm
MHOrOaTOMHOrO rasa:

Q:%R

B ciayuae ABYaTOMHOH MOJeKy/ibl pPasioXuM BPAUIATENbHOE ABHIKEHHE
MOJIEKY/Ibl Ha TpH BDAUIEHUS BOKPYT TPeX B3auMHO MeprneHIHKYJSpPHRX oceH.
OnHy ¥3 9THX OCelfl MpoBeAeM yepe3 UEHTPH OGOMX ATOMOB, COCTABJSIOLMX
Hauy MoJekyay. MOMeHT wHuepuHM KaAoro M3 4TOMOB [0 OTHOILEHHIO
kK 3To#t ocu Oyjser ype3BbHIYAKHO MaJl, MO3TOMY BpalleHHe BOKPYL 3TOH OCH
1IpH TNOACHETE KWHETHWYECKON 3Heprud ABYaTOMHOH MOJIEKY/B B pacuer ONAThb
He npuHuaMaercd. IIpunuchiBas KaxIOH U3 OCTaALHEIX IMATH CTENeHel CBOGOIH
(mBa BpalaTeNbHBLIX ABHXKEHHS M TPH TNOCTYHATENbHHX) CPEIHIOI SHEPruIo

1
Ha OnHY MOTEKyAy o kT, naxommM misi cpeisett KuHETHYECKOH DHEpIuH
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IBHXEeHHA [BYATOMHOH MOJIEKY/IH % RT n pna MONeKyNspHOH TemnoeM-
5
KOCTH IBYaTOMHOIO rasa - R.

Eciu npy HarpeBaHAW ra3 pacIMpAeTcs, TO TIPOUCXOMHT IMepelBIKEHHE
KaKoro-1u6o HOpLIHst WJAH, B OOLUEM Cayyae, KaKoro-iubo rtena, ¢ KOTOPHIM
ra3 rpannunT. Tak Kkak 3TOT IOpLIEHe WIH BTO TeJO OKA3bIBaeT AABJEHHE
Ha ras, TO PacCMaTpuBaeMOe IBHMEHHE COBePLIAeTCAd NPOTHB AeHCTBUA  BHI-
3BAHHOM 3THM AaBJleHMeM CHJIKI, H TIOTOMY TpPH DaCIIMPEHHH ra3a HeMHHyeMo
cosepwaerca pa6ora. BemuunHy 3Toit paboTel Hago n06aBUTL IIpH yueTe
TEM/IOEMKOCTH K SHEpPruH, HIylled Ha YyBelHUYeHME KHMHETHYeCKOH 3Hepruu
IBIXeHHs1 MoJjeKkya rasa. [lycrb mpu ysenuuennu o6bema rasa Ha dV samm-
palowuil ras HOpIleHb IepeBHHYJCH Ha I, NaBieHue rasa pasHO p, a
naomaAs mosepxHocTH nopmus S. Torma, ¢ oxHo#M cropoun, dV = Sd/,
¢ Apyroft — meficTByiOliash HA MOpuieHs CWJIA paBsa pS, a cosepiaeMas npu
nepenswXeHun 1opiuHa pabora dA pasna pSdl, Orciona Haxoau:

Eciu ra3 pacmupsieTcss Npd HarpesaHuu ot obwvema V, 1o obvema V,, co-
XpaHsis MOCTOfHHOE [aB/JeHHe p, TO COBepllaeMas MPH STOM NPOTHB BHeMI-
Hero jmasjeHus p pabora

A=p(V,—V). (75)
Mycts o6wvemy Vy coorsercrByer Temmeparypa T, a o6bemy Vp— rem-
neparypa (T—1). CornacHo ypasHenuio Knanefipona pV,=RT u pV,=
=R(T-+1).
Briunras nmousaeHHO MepBOe K3 3THX PABEHCTB W3 BTOPOrO, HaXOIWM:
p(Vy— V)=R(T-+1)—RT=R. (76)
(75) u (76) nawr:
A=p(V,— Vy)=R.
Pa6ora pacuiapeHns rasa mpu HarpesaHMH Ha 1° pasHa rasoBo#t [OCTORH-
Ho#t R. Otcioona 3ak/oyaeM: TemnJ0eMKOCTh Cp rpaMMoJieKy/ibl ra3a fpH no-
CTOSIHHOM [IaBJIEHHH GOJIbliie TEIVIOEMKOCTH rPaMMOIeKy/bl Ta3a, HarpeBaeMoro
NpU COXPaHeHHH MOcTofHHOro obbema (6e3 paculMpeHus), Ha BeMHUMHY R:

C,—C,=R. (77
[pu nepepofe MexaHMYeCKMX eXHHHNI B Kajopun R=1,985=~2. Taxkum

06p330M AJi1 YHUCJIIEHHOIO 3HAaueHHs MOJIEKY/ISIDHBIX TEeII0OEMKOCTEt pasnuy-
HbIX ra3oB HaxOIHM:

G, ¢ &
ra3 OQHOATOMHBIA
(He, Ne, Ar, Hg)... SR~3 SR~5 1,67
ras AByaTOMHBIH
(Hy Oz Np)... oS R=5 LR=T 140
ra3 MHOroaTroMHbIf
(COy, NH,, CH,, HOp)... S R~6 SR~8 1,33
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[Ipu 06bIYHLIX Temmepatypax (mopsuka 0°C u BbilLIE) TEMIOEMKOCTH BCEX
JefCTBUTE/NLHBIX Ta30B OYeHp G/IMBKO COBMAjaloT ¢ STHMH 4HC/IaMH. Orcry-
IIeHds 0ODBACHAIOTCS TeM, 4TO AeHCTBHTENbHHE ra3sl He NMOAUYMHAIOTCS BIOMHE
CTpPOro 3aKoHaM HAeanbHHX rasos. IlpueneHHas Bhbillle TabnuLa npaKTHYeCKH
MOXeT GbiTh TMOMOXEHA B OCHOBY OYEHb MHOTMX pacyeToB, He TpeGylomnx
ype3BbYa#HO G0/bIIOH TOHUHOCTH.

§ 8. BsipownenHblii ras. Pacmpeneiesue ckopocreit ®epmu. Ilpn
OYeHb HH3KHX TeMuepaTypax, Gau3kuXx K aGCOMOTHOMY HYJIO0, TEMIOeMKOCTH
4308 OTAMYAIOTCS OT NAHHHIX Hame# TaGauus, CoBpeMeHHas ¢u3uxa o6bAC-
HseT 5TO O0BCTOATENHCTBO TEM, YTO TNO/IOXEHHBH B OCHOBY NPHBENEHHOrO HaMM
BLIBOAA 34KOH PABHOMEPHOIO pACrpele/eHHs! 9HEPrHH MO CTEneHAM CBOOOMIR
qBISeTcd JMIb 3aKOHOM MNpub/KeHHbM, O/MM3KMM K MCTHHE [pH CpaBHH-
TebHO BHICOKMX TeMmeparypax. Boobuie ke 3Heprus pacrnpeneisercs Meriy
MOMeKy/laMH ra3a JMilb ONpeAeNeHHbIMH MOPUMAMH H/IH KBaHTAMA. Ilpu
HUBKAX TEMNEPATYpax HA KAWAYylo MOJEKYIy MPHXOAMTCA Juuib HeGoJbIIoe
KOAMUECTBO 3HEpPrAM M, CIELOBATENbHO, Ma/10e YHCAO KBAHT 3HEPTHH; 3TO
06CTOATEILCTBO TIPUBOANT K OCOGOMY XapaKTepy MABHMEHMS MOJeKyl Tasa,
COBEpUIEHHO OTIMYHOMY OT TOFO, KOTOpbIH COOTBETCTBYET 3aKOHY paBHOMEp-
HOTO pacrpejeiieHis 3HePIMH TO CTeNeHsM CBO6OXH. IT0 0C0Goe COCTORHUE
rd3d MPH HU3KMX TeMIepaTypax XapaKTepu3ylOT Ha3BaHMEM ,ra3 B COCTOAHHH
BHIPOMIEHUS® WM ,ra3 BBIPOMAEHHBIH . BulpoxaenHbilt ra3 xapaKTepH3yeTcs
W NpyrMM pacrpeie/eHHeM CKOpOCTel, ueM MaKCBEMIOBCKOE. Mocnenuee
OKA3KIEAETCH TPENENbHBHIM C/Iy4aeM OueHb ONU3KMM K HCTHHE NPH CKOIBKO-
. Hubynb BHCOKMX Temneparypax. [IpakTHYeckH HM B BAKyyM TeXHHKe HH
B BJEHUAX ra3oBOro paspana He MNPHXOIMTCH BCTPEYAThCAd C BHIPOMIEHHEM
XMMHUYECKNX ra3oB, VlHaue oO6GCTOMT BOMPOC IO OTHOIIEHHIO K ,3JIeKTPOH-
HoMy rasy®, cocTosulemy M3 6o/blIOro Yuciaa 6eCcrnopsiouHO IABHNKYUIHXCA
37eKTPOHOB COBEPLIEHHO TaK Xe, Kak JIOGOH ras cocTouT u3 6ecrmopanouHO
JBUTAOLIMXCS aTOMOB MM Mojekya. C 3MeKTPOHHBIM Ta3oM HaM npHueTcs
MMETh [el10 B rasoBOM pa3psie, a TaKwke MNpU pPacCMOTPEHHH NPOUECCOB,
MMEIONIMX MECTO Ha IT0BEPXHOCTH TDAHMYAILMX C BAKYYMOM HJHM DaspaioM
MeTaNIMuecKUX SA€KTPOAOB. BONpOc O TOM BHPOMIEH JHM [AHHbIA ras WM
HeT 3aBHCHT He TOABKO OT €ro TEMIepaTyphl, HO M OT MACCH OTAeNbHOH
YaCTHUM T433 m W OT uMcia STHX vactiu 72 B 1 cm3. A MMEHHO BBIBOIbI
06BIMHOM KHHEeTHYeCKOH TEOPUH MPHJICKHMBI JHUb, €CIH

2

10 meT>> h®n®, (78)
rie / yHHBepcaibHas QuauuecKas HOCTOSHHAs, Ha3bIBAEMAs MOCTOAHHOH
Mnranka (6,57-10>7 spe-cex). Ecan noacTaBuTh BMECTO m MAaccy SJeKTPOH2
¥ BMecTO A ero 3Hayenme, to (78) npespauaercs

2
T>>3,5.10 " n’., (79)

Tak Kak n A8 SAeKTPOHHOrO rasa BHyTpM Meraana nopaaxa 1022, to anmek-
TPOHHB} ras BHYTPM MeTaljia OKa3bIBaeTCsl BRIPOMICHHBIM He TOABKO NpH
koMHaTHOM Temneparype (300°K) wiu npu TeMnepaType packaaeHHOro 1o
APKO KeATOr0 MAH 6enoro KajaeHus Kartona (2500 — 3000° K), Ho u mpH
Temnepatypax B 10 pa3 Gosee shicokux. HaoG6opor, TaK KaK AJs 3MEKTPOH-
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HOrO rasa B paspafie # peako npesbimaer 10'%2 ¥ Bo BeskoM ciyuae <C 1019,
TO K 37eKTPOHHOMY ra3y B paspfize Mbl MOXeEM He 3a[AyMblBasCh, Ipuaarath
MaKCBENJIOBCKMH 3aKOH DaCIpefeseHHsl CKOPOCTEH H BCE NPOYHE BHIBOAH
Kiaccuyeckofi KHMHeTHuecKOH TeopHH ra3oB. CHAAMM  3/1€KTPOCTATHYECKUX
nose#, obpasyeMbiX 974eKTPOHAMM, Mbl npeHeOperaeM TaK XMe KaK ,CuAaMH
CLErUIeHHs MOJeKyn“ B cllyyae ugeanbHoro rasa, 3aKOHE KBAHTOBOTO pac-
npeneieHus 3IHEPruUH  ABJAIOTCA CNeACTBHEM BOJHOBOH TNpPUPOLHI MAaTEpPHH.
,DOJIHOBAs MeXaHWKa“, YyYHTHIBAIOAs 3Ty NMPHPOAY MATEPHANbHHX YaCTHIL
NPHBOIMT K HEOOXONIHMOCTH MONXOAHTH K BOMPOCY O pacnpele/icHHH cxopo:
cTeHl W/ 3HEPTUM, CPENK YaCTHL Ta3a pa3AMYHO B 3ABHCHMOCTH OT poia
4acTHIL. A HMMEHHO, K Pas/MYHOTO POjA YaCTHLAM NPUXOJMTCA NPHMEHATh
Pa3AHYHYIO CTATHCTHKY.

MakcBennosckHi  3aKon pacnpeseneHus CKOPOCTeR MOMHO NOIYYHTD
HCXO0s M3 TEPMOIYHAMMYECKOrO 3aKOHa:

au

dS=—T— (80)
H H3 ,KJacCHuecKoH“ craThcTuKH, OCHOBBI 3TOH CTATHCTHKM 3aK/II0YAIOTCA
B TOM, YTO TPEXMepHYIO NMarpamMMy CKOpOCTe#, TOYHee KOJHYEeCTBa I[BHKe-
HUS p==mv, TAK Ha3HBAeMoe MPOCTPAHCTBO MOMEHTOB, B KOTODOM 32 OCH
KOODIMHAT MPUHATH HAMPAB/JEHHST KOMIIOHEHTOB KOJHYECTBA [BHMEHHA p .,
Py P, pa3buBalOT HAa NMPOM3BOBHO Ma/ele 3JeMEHT3pHble 06beMH H qubf-
BAIOT BEPOATHOCTb KAaKOro-An60 HdaHHOro pacnpenefeHus ckopocrefl npu
coOnloNeHNH ycaoBUA TepMoauHaMuueckoro pasHosecua (80). Ilpu aToM aBa
pacnpenenenusi, OT/IHYAIOLMECT NPyl OT ApYra JHIUb IepPeCTaAHOBKOH KaKoii-
a0 Yactulsl A H3 OJHOrO 3JAEMEHTAPHOrOo O6beMa WM SjeMeHTapHOH
fidedku 8 APYTYI0 NPH ONHOBDeMEHHOM OOpAaTHOM mNepeMelieHHH Lpyro#
uactuibl B u3 3ToH BTOpOH sAYelxH B IEpBYIO, CYHTAIOTCA DAa3AHYHBIMH.
B pesyibrate Haubonee BepOATHHIM pAacHpene/ieHHEM OKA3LIBAETCH MAaKCBes-
nosckoe!), B ,KBAHTOBOH CTaTMCTHKe* 06beM KawIO# 971eMeHTapHOM suedku
[IPOCTPAHCTBR MOMEHTOB Gepercs ywe He [POW3BOJBHO MajblM, 4 PABHLIM /13
{A —TIlnankoBCKas MOCTOAHHAs), Bo-BTophiX, 3a 4acTHIAMM HE MpPH3HAETCS
UHIMBUAYyaNbHOCTH. OrnMcaHHbie Bhillle [Ba c/Iydas He UPH3HAIOTCA B 3TOH
CTATHCTHKE PA3JAMYHBIMM H CYMTAIOTCH 3a ofHH, IIpu oTcyTCTBHH HanbHedminx
OrpaHHyeHMH TaKas CTATUCTHKA HasmBaeTcs craructuko#t Dose-DiHmrefina.
CornacHo BOMHOBOY MexaHHKe OHA TPWIOKMMA K ,CBETOBHIM KBaHTAM® WJ/H
¢oronay, T. e. TeM uacTHUAM, MPH NOMOUIM KOTODHX COINACHO BO33PEHHMI
CoBpeMeHHOH (HMBMKH HPOHUCXOAUT MepeHOC CBETOBOU 3HEPrud WIM IiHpe —
DHEPrUM 3/IeKTPOMArHHTHOrO M3/1yyeHus BceX HJAMH BoaH, Crarucruka Bose-
OilHuiTeiHa TPHBOOHT K 3aKOHY paclpeleleHuss SHEPrMM CPely HacTHIl
»$OTOHHOrO raza“ npu GecrnopsiiOYHOM DABHOBECHOM H3JIyYeHHH M, C/JI€NOBA-
TeJlbHO, K pacrpele/eHHI0 SHEPrid B CTEKTPE PABHOBECHOrO M3/AYYEHHS WM
H3NydeHHs 4YEPHOTO Tesla, M3BECTHOMY MoJ HasBaHWeM 3akoHa [lnanxa. Ta xe
CTATUCTHKA NPUAOXHMMA K YacTHIIAM XHMHYECKHUX ©a30B B BEIPOXIEHHOM

COCTOAHHH.
B cnywae 3neKTPOHHOrO rasa mnpPHXOXMTCH CYHTAThCA €lle C ,3aMperoM

1) C aruM BBIBOAOM MAaKCBELIOBCKOrO PaclpPeleneHHs, 4 TAKKE PacnpenencHHUs
Depmu MoxHO 03HaKOMUTLCA N0 kHHTE K. L appoy, drexmponnas meopus meman-
208 u gususeckas cmamucmuxa I'TTH. 1933.
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[Maynu“, 1. e. c TeM OGCTOATENLCTBOM, YTO B JAHHOH COBOKYNHOCTH 3/IEKTPO-
HOB, KauJoH siuelKe MPOCTPAHCTBA MOMEHTOB MOXET COOTBETCTBOBATh TOJBKO
OnuH 37ekTpoH. Tako#ft sanper npUBORHMT K cratndTHKe Pepmu-upaka u
K pacnpejieleHHI0O CKOpPOCTeH, KOTOpOe MMeeT BHI:

__mig 1

1 T O )

dudv dw,
5

rae dny o, YMCAO YACTHIL C KOMIOHEHTAMH CKODOCTEH, MexawuMH B fipe-
Lenax or # mv,u-+du, ot v nowv-dv, or w Ko w -} dw, B—KOHCTaHTa,

4

‘mﬁ,
2 |

) g_f
r 5

05

U -

Puc. 9.

8aBUCAIAR OT M, & — KOHCTaHTA, B C/Iyyae 3jeKTPOHHOIO rasa, pasHas 2, Ha
puc. 9 comocrasneHo pacnpeneneHne ckopocred mo Pepmu mnpu HEKOTopo#
remneparype T (xpusas ABCD) u npu aGconioTHOM Hyse Temneparyp (kpH-
Bass AECF). B mnoclegHeM ciyyae B UPOCTPAHCTBE MOMEHTOB 3aHATHI BCe
cocennne ¢ Ha4yalOM KOODAMHAT SAYEHKH BIJIOTH [0 SiYeeK COOTBETCTBYIOILMX
HEKOTOpOH MaxKcHManbHOH sHepruu snektpoHos W,. Ilpu T > O nossasworcs
B HE3HAYNTE/JbHOM KoOJiHYecTBe 60Jice OGBICTphle 37EKTPOHBI 32 CHeT OGeIHEeHHA
A4YEEK, CONepwAlUX 3/eKTPOHBl C 3Hepruell Gamuskod k W, Ilpu ouens
BEICOKHX TeMnepaTypax, NpakTHYECKH B C/y4yae 3/1EKTPOHOB HENOCTHKMMBIX,
XBOCT KPHMBO# pacnpenenenuss Pepmu COBNAJAET ¢ XONOM KDHBOH MAaKCBEn-
J0BCKOro pacrpenenedus. C BeduynHOH sneprum W, M C pacnpeneneHuem

PepMu Ham npuzercs uMerh feno B raase VII s YYEHHH O TEPMOHOHHOM
9MHCCHH 31EKTPOHOB,

[JIABA TPETDA

TEOPUS U MPAKTHKA BAKYYMHBIX HACOCOB

§ 1. Ckopocts peiicTBHa Hacoca. [lepexols K MerogaM mnoJydeHHs
HU3KHMX NaBieHul, Mbl COCPeNOTOYMM HAalle BHUMAHHE, C OIHOM CTOpDOHSI, HA
OCHOBHBIX MPUHUMNAX HeHCTBMA HACOCOB, C NPYrod — Ha ONKCAHHH NDUEMOB
¥ annaparypsl, Hanbonee nmpuMeHsieMblx B npaktuxe, [lepeuns BCeBO3MOKHBIX
BUNOM3MEHEHHH OCHOBHHIX METOJOB ¥ OMHCAHUS PA3JAHYHBLIX KOHCTPYKIHUH MHI
nasaTb He GyneM. Bce 3TO MO¥HO, eClM NOHAAOOMTCH, HAlTH B yKAa3aHHHIX
B BBENEHMH KHHXXKAaX M B XKypHaAbHOR JMTeparype, TMpHseleHHOH B KOHILe
3TOH KHUFH.

B oTHOLuEHMM OTKAYKH ra3a Hac, KOHeYHO, IOMXKeH MHTePeCOBaTh BONpPOC,
¢ KaKOH CKOpOCTbIO MPOHUCXOIMT yMeHbllleHHe [aBJeHHs rasa B OTKAYHBAEMOM
cocyne. B ofwmem ciyyae CKOpOCTb WM NPOM3BOAMTENbHOCTh HAacoca onpe-
nensercs oGBEMOM MW Maccod XUAKOCTH, BhHKAauuBaeMoH uM B 1 cex.
B cayyae BakyyM-Hacoca 3TO OINpeje/ieHHe He MOweT OwlThb NpHHATO. Jlasne-
Hue, MOX KOTONHIM HAXOIHMTCHA ra3 B COCYZHE, HENMPEPhIBHO yMeHblllaeTcsd I10
Mepe pabors Hacoca. Ilpn JocraToyHO G60/bLIOM pPaspexeHMM Macca BbIKA-
4yuBaeMOro B 1 cex rasa MoxeT CTarTb MCYe3awoulle Majoff, YTO HE MellaerT,
ONHAKO, Hacocy xaBaTh OGOJbLIYI OTHOCHTENBHYIO CKODOCTb pa3pexeHHs
ocrasnierocs raza. B 3tom ciayyae Gosee ecrecTBEHHBLIM fBJGEeTCH onpenele-
HHe CKOpDOCTH HeHCTBHA HAcOca KAaK CKOPOCTH OTHOCUTENBHOIO HaMeHeHHd
laBjaeHds B maHHOM oOneme B 1 cex. Tloatomy 3a CKOpPOCTH neicTBHs Hacoca
NpUHAMAeTCa BeAH4MHA, ONMpelensiemMass U3 paBeHCTBa:

—_ Vi (1)
p dt’
dp
rie p — naslleHHe B JaHHBIH MomeHT BpeMeHH, V — o6beM cocyia, —
yMeHblueHUe A4BJEHHA B enanuy BPEMEHH,
d
Kpome OTHOLUEHHS CKOPOCTH HU3MEHEHUHA naBJieHHAA B’%K JA2BJICHHUIO D, 31€ech

BBEJIEH MHOXMHTeleM OGbeM OTKAYMBAEMOrO COCYNa, TAK KaK HECOMHEHHO INpH
onHOK M TOM We ,NMpPOM3BOAMTENBHOCTH® HAcoca JaBjleHWHe B COCyde, B ABA
pasa GosbiueM, Oymer mamarb B ABa pa3a MejjeHHee.
[lycte B mMoOMeHT f# namneHue rasa ObIO p;, @ B MOMEHT f, OHO CTalO
PaBHBIM p,, MpUUEM
Pe < Pi-

U3 pasencrsa (1) cuenyer:
sdt=— VL,
o
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[IpounHTerpupyeM 3TO BbIPaWeHHE:

ty D2
" odf — — L/
[ sdt= - [ v
P2

5%
ByleM MNOHHMAaTh IOJ § CPEAHIOK CKOPOCTh OTKAYKH 32 Bpema (£, — f,);
Toraa:

ty—t)=—Vin22 = Vin2t
s(t, 1) Ex 75
HIH y
v D1 F241
= L==23 g, 2
s tz'—ﬁlnpz Tl —1 gp2 ( )

rae 2,3 — nepesoaHoi (hakTOp A IepeXoia OT HaTypaibHHIX J0rapudmos
K OOBIKHCBEeHHEIM. ITa QopMysna HOCHT Ha3BaHue ypasHeHus [eme. BuiacHiM
¢usuueckoe sHaueHne s. IlpuHMMasn, YTO TeMmiepaTypa OCTAeTCH MOCTOSIHHOH,
MMeeM 1o saKkoHy DBotins-Mapuorrta mocie HaMeHewws p Ha dp u V HadV:

pV=(p+dp)(V4-av). (3)
VBenuyeHue o6bela Ha dV npoM30WIIO BCAeACTBMe TOIO, UYTO 4acTh rasa
NPOHMK/IA B HACOC M3 BHIKAUMBAEMOro cocyna. Bupawenue (3) maer:

pV=pV-1-pdV 4 Vdp-+dVdp.
[peHe6perass GeckOHedHO MaJoH BelMYMHOH BTOpOro MNOpPAAKA, MOJY-
yaem:

dp
pdV+Vdp=0 wnm 1% >

H Jalee:
ldp 14V
pdt V dt®
BeraBass mocnefnee Buipaxenne B (1), Haxoanm: A
av 4
§ = Fl’— . ( )

Taxum 05pasoM § ecTh OTHOmIeHHe OGbeMa rasa, BHIKAYaHHOrO 32 BpeMs 4%,
K df WM, IPyTMMH C/IOBaMH, BHKauuBaeMbl# 0GbeM rasa, OTHECEHHBIH K
1 cex, npuueMm sTor oObeM HOMKeH OHTh U3MEPEH IIpPH AABJCHHH, CYule-
CTBYIOIIEM B COCYNE B TOT MOMEHT BDEMEHH, K KOTODOMY OTHOCHTCH §.
TakuMm o6pasoM, eciad, HampuMep, CKODOCTb HAcoca MpH NdBJEHHH
0,01 mu— 1400 cu3/cex, TO KOHKPETHO 3TO 3Hayut, 4To OObeM rasa,
BbIKAYAHHOTO HAacocoM B 1 cex ¥3 3aMKHYTOro NpOCTPAHCTBA, IAe Cylue-
creyer nasnenue B 0,01 umu, pasen 1400 cu®, npuuem oGbeM rasa usmepen
NpH TOM ke nasieHnd. PacuetHoit opmynoi spasercs ¢opmyna (2).
MoXHO 1aTe M APYroe HCTOJNKOBAaHME CKOPOCTH [eHCTBHS HAacoca.
Mycts B o6beMe V cyuwiecTByer naBileHue p; M 3a Bpemst &, — 1t =1 cex
OHO yMEHBIIMIOCH B € pa3, e e — OCHOBAaHHE HATYDaNbHbIX J10Tapu(MOB.

Torna §—1=e, H CKOPOCTh ne#cTBHSI HAcoca OKasbiBaercs pasHoOH:
3

s=-¥ Ine=V ‘ (5)
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WM COBaMH. CKOPOCTb [eHCTBHS HACOCA DPaBHAa TAKOMY OGDBEMY, B KOTO-
pOM IaHHHIH HACOC INMOHMKAET NaBleHde B TeueHue 1 cex B e pas.

Bonee Tounoe Bmpaxenne ckopoctn meficrus B AndepeRInanbHOR
(opMe JaeT paBeHCTBO;

=Y
§= P — Do di’? (6)

A€ po — HAMHHU3LEE NABIEHHE, KOTOpOe MONET Harh Hacoc. Ho nas uenef
NPaKTHKH NOCTATOYHO TOUHOH #BAseTCH yKasaHHAA BHIue topmyna (1), xo-
TOPOH MBI M GyneM MoMb30BaThCs, H KOTOpas MONy4aercs B NPennoI0KeHHH,
110 KOHEUHOE 13B/eHHE po UPE3BLIYAWHO MA0 1O CPABHEHMIO C HAYANBHBIM,
TaK 4TO MM MOXHO mnpeHeGpeds. [lpu ymorpeGreHMH COBpeMEHHHX HACOCOR
BbICOKOTO BaKyyMa 3TO HONyleHHE BIOJHE 3aKOHHO.

§ 2. Knaccaduxanus Hacocos. Bce HAcoCH, ynorpeb/soumecs B Ba-
KyyM-TEXHUKE, XADAKTEPU3YIOTCA CAeAylOWMMH TpeMs mapaMerpamu: 1) Ha-

HalbHHIM N3BNCHHEM, MDH KOTOPOM HACOC HAYMHAET PaboTaTh, 2) KOHEUHHIM
LaBJEHHEM MJIH pa3pexeHueM,

KOTODO€ OH MO3BOJsET [0- _|
CTUFHYTb, H 3) CKOpOCTBIO ' g :Oa
nelCTBHA.

Ilo ToMy HayanbHOMY nas- Puc. 10a.

JIEHHIO, C KOTOPOTO HAYMHAETCH
pa6ora Hacoca, U MO cTemeHW _ | PR S ‘
paspemeHHs, KOTOpYH Hacoc | — ! { i :O&
MOKET HaTh, HACOCH NeAsITCs
Ha nBe Goabluue rpymnmmb: Puc. 106.
I. rpynna — Hacocsl npenBaputensHOro paspemeHHs WA HacoCH! dop-
BAKYYMHHIE. JTa KaTeropus HacocoB He Tpebyer mis cBoeft paGoThl, YTO6H]
B NpOCTPAHCTBE, Kyla BHIXOAMT TIa3 M3 HACOCA, OblI0 TOHHXKEHHOE [aRfe-
Hue; BHOpaceiBalomasl ra3 Tpy6Kka MOXET NPAMO BLIXOLMTH B arMocdepy, Ho
34aTO 3TH HACOCH He MOTyT 1aBaTh OYEHb BHICOKHX CTereHeH paspexeHus.
IL. rpynna —Hacocw Boicokoro Bakyyma. Heo6xonumem ycaosHeM paBoT
HACOCOB 3TOH rpyNmsl fBJseTCH NPEABAPHTENBHOE pa3pexeHye npocrpaﬂcrsa;
KyAa BRIXONMT ras, Tak HasbiBaembt dop-BakyyMm. K aroil rpynne orHocsrcs
BCE Hacochl, Haloumiue npefeNbHbIM TOCTHXUMBIR B HACTOsILEE BpEMS BaKyyM,
Cxema 0G6bluHOM yCTAHOBKH 1.1t TOJY4EHHs] BHICOKOrO BAKYyyMa Mpen-
CTaBneda Ha puc. 10a, rae I— Hacoc mepsoit rpymnsi, a Il — Hacoc, naio-
WHR BRICOKHHR BaKyyM W mOpHHapiIexaudi xo BTOpoH rpynme. Tak kax
AEHCTBHe BCAKOrO Hacoca B 3HAYMTENBHOM CTENEHH 3aBUCHT OT TOrO JABie-
HHA, IIDOTHB KOTOPOro OH NEHCTBYET, TO HEPeAKO NPHUMEHAETCS CXEMa No-
CleloBatesbHOro coepuHeHus Tpex u Gonee Hacocos (Puc. 10g).
omumo npusenennolt kmaccuduKaumu, OTIeABHHE THMB HACOCOB Xa-
PAKTEDU3YIOT B WX Ha3BAHMH yKa3aHMeM Ha COBepInaoUMica B Hux Hu3H-
€CKHA Tpolecc: Hanpumep, mUddy3HOHHEIH HaC0C, KOHIEHCALMOHHBIA Hacoc,
HIH YKA32HWEM Ha CylieCTBEHHYI0 1€Talb KOHCTDYKIHMM: MOPUIHEBOH Hacoc,
POTaunoHHHA Hacoc. [las Gonee NMOJHOTO OnpeneleHus cioga MPHCOENMHSIOT
€lle yKazaHue yyacryioulero B paGoTe Hacoca BeumlecTBa, Takum obpazom
NOoNyyalTcs HasBaHug: »BONOCTPYHHBIH HAcOoc“, ,MacAfHB POTAMOHHHIY
Hacoc®, ,KoHAeHcalmouHbt pTyTHHIH HAcOC* W T. n.
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§ 3. Macasnnie MOpIIHEBLIE H pPOTAUUOHHEIE Hacocel. Macasuwe
TIOPINHEBbIE M DPOTALMOHHHE HACOCH! MCNIONBb3YIOT MPHHLUMN ,3acackiBadus
rasa“ B Hacoc u ero NOC/IENYIOLIETO MeXaHMYeCKOro BhiTankupanus. [leppeifi
TIOPIIHEBOR BaKyyMubI# Hacoc 6pir TOCTPOEH O6YproMucTpom ropoga Marge-
6ypra leprike B XVI[ s, ). Onnu u3 HauGosee COBEpUIEHHBIX HACOCOB 3TOro
TMna mpeacrasneH a puc, 11. Yaorpebassimecs paHee MopiHeBsie HacoCh

HE& MOrIu jath BBHICOKOrO DaspexxeHusi H3-3a
HAJTHYMA B HUX TAK Ha3bIBAEMOro BPENHOrQ
TIPOCTpaHCTBA, KOTOpOoe o6pasyercst BcnencTeue
TOro, YTO NpH KpaHHUX nOMOKeHHsX NOpPIIHg
OH HHKOrIa He 3amonmsieT Beero NpoCTpaHCcTBa
UATHHADPA: MOL MOpIUHEM Bcerpa HUMeeTcs ocra-
TOK BO31yXa, KOTOpHH npu peficTeup Hacoca
AU [ONEPEMEHHO CUMaeTcst u pacwvpsierca
H He MOXET 6bThb yhajieH W3 uuavumpa, [as
YHAUTOXEHHsI 3TOr0 HemocTarka B Hacocax
HOBeAWnx KOHCTPYKIMR cranu NPpHMEHATL B
KauecTse  ynaoTHsowef MUIKOCTH, Macio,
3anoaHsIoulee BpenHoe TIPOCTPAHCTRO.

B nacocax Iepuke BEICOTA MOy YaeMOoro pas-
PeXeHHsl 3aBHCHT OT yucma paboralowux yu-
JMHADOB H NOCTHTaeT B Hauboee COBe puleH-
y HBIX Hacocax 9Toro tuna mpu ABYX UWIMHApAx
(npuyeM oaun HWIMHAD CIywuT dop-Bakyymom
Ana ppyroro) 0,05 ..

Tpy6xa A (puc. 11) coenunser BbIKayupae-
Mbiff coCyn ¢ npocTpancreom B, B HuwHe#t yacTy
KOTOpOro Haxomutcs oreepcrue T, coenuusio-
mee B ¢ unaunapom C Hacoca. [lopumenr D
CHabMeH KOoWaHbIM KOMYXOM ¢ MmaHweramu F.
Hacrs npocrpancrsa HaJ TOpIIHEM 3amosiHeHa
MacioM. Yem cunbHee pasmmpa HABNEHUH, Tem
CHlIbHee MammerTol E npmxumaiorcs i CTeHKaM
Uunudapa., Korma nopwens D TIoHUMaeT s,
OH 3aKpbiBaer otsepcrue T W cxumaer BO3yX
B C 10 MoMenTa OTKpLITUA o6paTHoro kna-
naHa F, KOTOpHIH 1no3Bosser npo#itn  3tomy
Puc. 11. CKATOMy BO3NYXy B MpOCTPaHCTBO £. Hux-

Hs 4acrs npocrpaHcrsa & Hamno/HeHa Takike
» KOTOpoe coepuHsetcy ¢ MacnaoM, nogHuMaemum MaHxeTamu, npuyem
BO3LYX BBLIXOMT Ny3wippkamy uyepes MaciJio,

Taknm 06pazom BDEIHOE TPOCTPaHCTBO YHHYTONKEHO, Korna nopwens D omny-
CKaeTcd, K/aamaH ongrp 3aKPHIBACTCA € MOMOIUBIO TPYKHHH 1 pasnenser o6a
Mac/isHele fpocTpaHcraa, Ilpn onyckauuu nopiuHg D B Outunape C o6pa-
3Yerca paspexmenHe 10 Momenra OTKpHTUA  oTBepcTHs T, nociie wero B C

ycTpemisierca Bo3nyx us OTKauMBaeMoro cocyna. 3atem npouecc Mmosro-
—_—

1) Benomuuu 0651qH0 NpUBOAMMEIT B K¥pce NEMEHTAPHON PHU3UKH OnpIT TCepuke
€ Marme6yprekumu nonyWapusMy,
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paercd. Tpy6ka H, coenunsiomasn NpOCTPAHCTBO B ¢ JHOM Kopnyca C,
CIYWUT I/ NPeJOTBPAINEHNS NPUIMNAHAA MAHXKETH KO nay kopnyca C.

Ilns paGoThl 3THX HAcOCOB, TAK Ke KaK W aas paccMarpuBaeMuIx Janee
POTALHOHHLIX MACAAHBIX, DOP-BAKYYM He HeOBXOIMM,

B pOTauMOHHMX MacAfTHBIX HacocaXx ABHKeHne TIOPLIHA B HOJHOM 1M~
JIMHLDE B3AX M BNEPE] 3aMEHEHO HEMPePHBHHM BPAIIATE/IbHBIM ABHIKEHHEM
CIVIOWHOrO MeTaLIMYecKoro uuanHapa, O6pasosanue KaMep ¢ pa3pemeHHBIM
POCTPaHCTBOM, B KOTODOE YCTPEM/AETCS 43 M3 OTKAYHBAEMOrO cocyna, u
TIOCIEAyIoUICe BHTANKHBAHNE 3TOrO rasa HAPYKY NOCTUTAOTCH CenyIOmuM
06pasom. CrnnoumHok unmudap D (puc. 12) wuaxomurcs BHYTPH NOJOrO IiH-
JMHApa E,6O/bIero AnameTpa M MAOTHO KACAETCH €O 1Mo OZHOH M3 CBOMX
obpasyrounx !). Tlo OlHOMYy u©3 nMaMeTppB uMauHnapa DD B HeM HMeercs
€KBO3Has npopesb. B 3ty npopess
BCTABNEHb JiB€ JIOMATOYKH a W b.
Ilomewmentnasn Meway ux Konuamu
TpYX¥HA ¢ TVIOTHO IIPWXUMAeT A0-
[IATOYKH K BHYTPEeHHeH MoBepXHOCTH
nonoro umauanpa E. Ilycts pu-
JUHAP [) B HEKOTOpBLIH NAHHBIH MO-
MEHT BpeMeHH IIPOXOLHMT uYepes mo-
JIOXeHHe, n306pamenHoe Ha puc. 12,
BPAlLAACh MO HaNDABJEHHIO, YyKa-
3aHHOMy cTpenkod. Torma B pac-
CMaTpuBaeMblii  MOMeHT | BpEMeHH
kamepa A, yBeanuusaercs, u B Hee
[IOCTYMaeT ra3 u3 OTKAYHBAEMOrQ
cocyna 4yepe3 orsepctHe B. Ka-
Mepa A, yMeHblwaeTcs B o6beMe,
H M3 HEE a3 BLITA/NKMBAETCH Hepe3
orsepcrre C, cHaGxeHHoe kiaananoM. B Kamepe A; B paccMaTpHeaeMbiff Mo-
MEHT T43 MDOCTO MEPEHOCHUTCS  OT BXOLHOTO OTBEPCTHS K BBITYCKHOMY.
Yepes nekoTopoe Bpems, Koraa KoHew JomaTouek Io#mer cnepsa 40 OrBep-
crus C, a 3ateM 10 OTBEpCTHs B, ponu kamep TIEPEMEHATCA, KAaK 3TO JIerKo
fIpocieadTh Ha puc. 12, Ecan 6u B nopuiesoM Hacoce (puc. 11) ne 6n0
K/1anaHoB, TO 9TOT HACOC COBEPIUEHHO He MOr 6hl paorath, Tak KaK npmu
ABUKEHAH TIODIIHA He MOMY4anoch G6b HMKAKOTO paspexeHus. B poTaunHou-
HOM MAacAsHOM HAacoCe K/1amaH y BHIXOAHOTO OTBEpCTHS UIDAET HeCKOJbKO
iiHy1o posb. TIpocTpaHCTBO OKONO BXOAHOrO OTBEPCTHA BCErda H30JUPOBAHO
OT BRIMYCKHOTO OTBEPCIMA Gaarogaps TOTHOMY TPWIPTraHuio uuauumpa D
H Jlonaroyexk K BHYTPEHHEH MOBSPXHOCTH uMAHHIpA E. YnnotHenne 3geco
CLIE YBEMYEHO MOCTOSHHLIM TNPUCYTCTBHEM MACA2 HA CTEHKAX. [Tostomy
IpW Bpamenuu uuaMuapa D ras mcerga OyneT ,3acaceBarbes® yepes or-
BEPCTHE HE3ABUCHMO OT HANWYMA BWMYCKHOrO KianaHa, Ho rtoabko ecnn
STOr0 KnanaHa He Gyner, ra3 CTaHeT yCTPEMAATbCA CHApYKH (U3 arMocdepsl,
€C/IH HAcOC paboTaeT HemoCpeinCTBEHHO Ha atmocdepy) BHYTpPh Hacoca BCs-

1) B HekoTOpHIX THHaX POTAIHOHHLIX MACAAHHX HACOCOB Ha BHYTPEHHEH CTO-
POHe uwaunapa E BuiTOYEHA nuaHHApHUeCKAs N0 % OHHKa, AHAMETDOM D 1BHAsA nua-
Merpy D, Tak uto wuarmap D fipnieraer K UWIHHAPY E HE nO OXHOH 06pasy oouiei,
4 10 BCel NOBEPXHOCTH NOMOHHKH,

4
Kannos 1329
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kuft pas, KaK COOTBETCTBYIOWAs JIODATOYKA 6yneT TNPOXOAATb MHMO BbI-
MyCKHOTO OTBEPCTHS, COENAHAA STO OTBepCTHE C ouepennoll kamepoi. Ilpm
nanpHefilieM BpalleHun wanaapa D aTor Yaz Obur Gut ONATH BBHITOJNKHYT
Hapy®y, HO pa6oTa Hacoca GyneT CWJIbHO 3aTpPyAHEHA MO CPABHEHUKI CO
C/Iy4aeM, KOTZIA MMEeTCsl BHINYCKHOR KianaH, TaKk KaK JaBIEHHE, HCIBITHI-
BaeMoe JIOMATOUKOH, BMECTO TOTO YTOO< MOCTeNleHHO yBEIW4MBATHCA 110
faBieHus, MPH KOTOPOM OTKPHIBAETCS BhIMlyCKHOM KAanaH, cpasy, KaK TObKO
OTKpoeTcs orsepcrue, Oyler PaBHO HaBJeHHIO B BuinyCKHOH Tpy6e. Kpome
TOro, 6/arofaps CyWECTBOBAHHIO 3TOro GOJBIIOrO AaBJeHHd B TeyeHne
60JIbIIOTO MPOMEXYTKA

J BpEMEHH YBEJH4UBAETCH

BEpPOSITHOCTH TIPGHHKHO-

BeHusi ras3a uepe3 Mac-

; AsHOE YNIOTHEHHE BO

L ,BcacmBawoiee”  11po-
Y CTPaHCTBO B NIWIKHADE E.

Bce ke TaKo€ HeCKOJbKO
BTOpOCTENEHHOe Ha3Ha-
yeHye KjnanaHa MO3BO-
JseT He jejarh €re B
BHAC OOBIYHOTO MJIOTHO
NPATEPIOro K CTEHKaM
oTBepCcTust TeJa Bpaiie-
Husl, # CHWIBHO YMNpo-
CTHT €ro KOHCTPYKIHIO.
Ha puc. 13a knanan
npexncrasaser co6o# wia-
pHK Ha mfpyxuHe, 3a-
KphiBaOlUuil OTBEpPCTHE.
{ TakoBo yCTPORCTBO Kuia-

[ naHa B MEPBOHAYAJb-

| Lo —

3
/

™y

HO} KOHCTPYKIMH pOTa-
LMOHHOTO  MAac/sHOro
Hacoca, JAHHON HeMel-
Puc. 13a. knM pusukom [ene. Ha-

cocel  OTOH KOHCTPYK-

HHd, TNePBOH 1O BpeMeHm HM3rOTOBJEHHA, He OTIMYAIOTCA 6061 HMH
HOCTOMHCTBAMM KaK B OTHOILEHHH CKOPOCTH JeHCTBH#A, TaK M TIpe-
eJbHOrO  IOCTHKHMOTO BakKyyMa (MOpANOK ONHOK J[ecaTod MHAnUMe1pa
Il HOBOTO HEM3HOIEHHOro nacoca). Ho 3T HAcOCH HEBEJMKH MO CBOMM
pasmepaM, TpeOYIOT HEMHOTO Macna, JierKH # JCLIeBbl. Onu 00HYHO HMEWTCH
BO BCex (u3HueckuXx kabuueraX. [IpOTOTHH HX H3TOTOBJAJICA cdupmoit Jlelt-
Gonbn B Kenshe; B HacTosuiee BpeMs oHn marorosasiorcs n y nac B CCCP.
TunnyHast 0coGEHHOCTb 3TOM KOHCTPYKLMH MaC/ASHOTO pOTaUHOHHOIO HAcoca
COCTOMT B TOM, 4TO M4C/O HA4/MHTO JMWb B npocTpaHcTse F (pHC. 13b) u
OTCIOA TMONAeTcs HA OCb BPALIAIOWEroCst IUAIMHIDE BHYTPh HACOCHOHR Ka-
Mepsl 6Jaronaps NBMMEHWIO METaJJM4eCKOro KOJbLA 7, YBAEKAEMOIO Tpe-
HHeM W ONYILEHHOrO HIKHMM KpaeM B Macio. bosee cosepuieHHy:0 KOH-
CTPYKUHIO, HAleAUIYl0 IWIMPOKOe NPHMEHEHWE B BAKYYMHOM TIPOM3BOACTBE,

MAC/IIHBIE TOPWIHEBBIE ¥ POTAIMOHHBLIE HACOCHI 51

e

2&;?33““ COGOM Hacoc, KOTOPHIA M Ha30BEM HACOCOM Tuma [Tdeitdepa
Cxeu 11w €CKH mn306paxeHHblit Ha puc. 14. Hacocw Ttaxoro yCTpOﬂCTBZ;
forora ;ISUOTC?I gecgggx;mmn MHOCTPaHHBIMH bupMamMu — CuMmenc [endep
np. HX u3roToBJ , :

SIIOT B MEXaHMYECKHX Ma
Bona ,Csetnana“ B Jlennurpa foorse " oo

Ie W Ha ,JJeKTposasome“ B M
OCKBE -
:i)el\:TquTﬂuoe OT/M4ue 3TUX HACOCOB OT HAcOCOB THna [ente 3aksouaer o
ueﬂ;“mMo nrg,;l;,: KOTOPDOM BbITOYEHA UUAMHAPHYECKAS MOJOCTS (puc. 14)
YHeHo B Macmo. Takum o6pas . :

. OM IMOJIy4aeTcs OYeHs

peamKo HazexHas
1 OT BO3MOXHOCTH NMPOHMKHOBEHWsE B HAaCOC BO3AyXa uepes_HenocTa
A -

N
K
; 7 ;
B\ seel”]
i
S - 7
P e N2’
S ;i A
£
s -
— 7/ \ 1,
f Puec. 13b.

TO
Me:};g YMJIOTHEHHbIE MECTa COeAMHEHMs pa3/nyHbiX yactedl, B Hacocax Cum-
e lV,Ian;ipBoual{am,m:lx Hacocax [lpefidepa u B Hacocax, M3roToBiseMbix y
ch}o’ paﬁcog IpOCTO HanuTo B OOMBINOH MeTaMauyecKuti KOPOG, OKpyxawwui
Y10 dacts Hacoca. B 6ouaee Hos
. bIX Hacocax [ldende
MEHEH MeTaliuyeckolt pyba el
IKOK ¢ Gonee MAM MeHee
3KUM mpoct
MEXNY ee CTEHKAMH H Te10 { Poo vetmoon
M Hacoca. DBoinyckuolt knanan o6
B BUIE CHJOWHOM CTajdbH St A
O# mJjiockolt maacrruxkM K
el nox maciom Ha T o, e
Ipyroft TakoHl e TmIacTuHke
cHabxeHH oM
BEPCTHH, Yepes KoTOpmle ’ by, B
ras BBIDLIBAETCH, MONbIMAST KB
€pXy MAACTHHK B
HEKOTODHX THNAX HAaCOCOB : A
He CHenaHo BHINYCKHOH Tpy6K
OCPEJICTBEHHO Yeped MacJo 7 0pos wacacs. . Tan.
3aMONHAIOLIEE BHEIIHUH
s Kopo6 Hacoca. [I
WeHue MIACTHHKH BHNYCKHO : -y
TO K/anaHa CONPOBOXI2eTCH B &
IIROHHBIX HACOCAX XAPAKTEpHb maenon cooyme
IM CTyKoM. Korpa B ortkay
pomHux ¥BAEMOM COCYHe
4, Ta3 CWIBHO neMpHpYeT MBHXKeHue KJanana, CTYK I]OJIy‘lanCﬂ

-

Ca B



52 TEOPHSI M ITPAKTUKA BAKYYMHLIX HACOCOR

sarayureHnn#, ,marxkufl“, Korma nmasnenue B macoce YMEHbUIdeTCy A0 HecA-
TeIX nojsed mumidverpa Hg, cTyk Hacoca cradosHTes Pe3KHUM H TPOMKAM.
Ecan Biesando suycrirs B orTkaumsaemmi COCyam BO3OyX, CTYK PE3KO H3Me-
HSeTCH, CHbLIUIATCA 3BYKHM, MOXOWHE Ha 3axieGsiBaHde. Takum o6pascm
ob6paias sHUManue Ha 8BYK, H3/1aBaEMbI HACOCOM, MOKHO CyIATH O xa-’
4eCTse PaGOTH HACOCA M O MOMEHTE NOCTHIKEeHHs 607ee Hau M2Hee XOpouiero
BAKYyyMa, a TaKiKe 3aMETHThL BHE3ANMHO2 HAPYIIEHAE e0CTH oTKayuBaemokt

ell ’ , i

A\

il

Al

Puc, 14,

BaKyyMOM cucreMmul 1), Benencrsue HekoToporo HECOBEPIIEHCTBA BHIMYCKHOTO
K/J1anaHa, MMeIouIero MecTO BO BCeX HACOCAX THNA Ipeticdepa, npu ocra-
HOBKE TaKOro Hacoca 4epes HeKOTOPOE KOPOTKOE BpEMS B HAacOC MPOHH-
KaeT BO3LYX M TOHMT MaCl0 M3 HAcoca BO BXOAHYW TPyGKy. YTo6bl nabe-
HaTb NPOHUKHOBEHMS Macsa B TPYGKY BAKYyMHOH CHCTeMBI, Ha G/IH3KOM
PACCTOSIHHH OT HACOCA CTABAT KpaH, 4 Mew1y KPaHOM H HACOCOM MOMe-
WAKT CTEKIAHHbR wap ob6bemom 1—11/, 4. Macno, noking 40 3Toro wmapa,

1) Orciona npumensemble Ha npakTHKe BHPAXKEHNS :

Hacoc 3apaboran“
CTY4HT®, ,Hacoc 3axaebniBacTc®. »Hacoc sapaborar®, ,macoc
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NPOMyCKAeT AIBAILMHA HA HEro cO CTOPOHB Hacoca BO3LyX B BHue Oyab-
KAaUIMX W MeHAUIMX MacAO Ny3bIPbKOB M CaMO HaJibllle He pacnpoCTpaHseIcy,
Hpyroit cnoco6 o06e30nacuTb BaKYyMHYIO YCTAHOBKY OT IIPOHMKHOBEHHS
Macna COCTOMT B TMOMELIEHMHM BO BXOJHOH TpyOGKe HAcoca T1pPexXxoLOBOro
kpana. ToTuyac e wuocae pasMukanus pyOuAbHEKA MOTOPA, BPauiaioilero
HAacoc, BXOAHyl0 TPyOKy HAcoca OTKJIOHAIOT MPH NOMOLIM 3TOTO KpaHa OT
BAKYYMHOH CHCTEMbl M COEMHHSIOT C aTMocdepHnM BosnyxoM. Moxuo Taxkke
yCTpauBaTh aBTOMATHYecKu#t 3aTeop Mg Macaa B Bule wiuda, npobka ko=
Toporo (Tmo/asi CTeKJsHHas 3anasHHas Tpy6Ka) MNABaeT B Macle H INPHKH-
MaeTcs MM K My, WIH B BHOE JIErKOro CTEK/ISHHOIO INApHKa, Jexallerc
B BEPTHKAaNbHOH TpPyOxe HAa KpyrioMm ee cywxeHud. Illapux noi nasnenuem
CTpYH ra3a no[CKaKkMBaeT KBepXy W IIponyckaeT ras, a mnoAa AedcrBueM na-
BJEHHS Macja, NOMaBLIero B BepXHIOK 4YacTb TPyOKH, MJOTHO 3aKpLIBAaeT
Haxonsiweecd nojd HUM OTBEPCTHE W He NpONyCKaeT MAc/a B HHXHIOW 4acTh

A 4] 4, ﬂ 5, o & 4 & 4 5 4
o P
Lo A
- ' ' /
H H l ! :
Puc." 15, Puc. 16.

tpy6ku. [lociennue TUme HacocoB, seimyckaeMwx Ildeiidepom, cHabmeHbr
yie B CaMOM HAcOoCce aBTOMaTHYECKHM TpHCNOCo6/1eHHeM, MPeNnsTCTBYIOIHM
3a6packBARMI0 MAcna B OTKauHbie TPYOKH 1).

Kawcamit  pOTALMOHHWA MacasgHe Hacoc MoxeT paboTaTh Hemocpen-
CTBeHHO Ha aTMocdepy, HO Bce xe paboTa TAKOro Hacoca TEM Jyuiie W
KOHeyHoe [aB/JeHWe B OTKAYHBAeMOM COCYyHe TeM Hvie, UeM MeHblue na-
BJeHHWEe B TOM MPOCTpAHCTBE WAM TOW TpyOKe, Kyla HACOC BHITA/JKHBAaeT
BhKayuBaeMbid uM ra3, [lo3ToMy OueHbp 4acTO IBa M jJaxe TPH POTaUHOH-
HWX MACASHBX HACOCA COEAMHAIOT NOCAeNOBATEJBHO OIWH 33 APYrMM. ITO
NOCTHraeTcs, HATIpuMep DPa3NHYHHMH KOMOMHAUMAMH CTEKNAHHBIX M DE3WHO-
HOBHX TpY6OK, MPUCOENHHEHHHX K BIYCKHBIM M BBIMYCKHHIM TPyOxam Tpex
HaCOCOB, HAXONAUIMXCS B OAHOM H TOM e MACATHOM KopoGe M npuBONH-
MHX B JABHXEHHE OIHHM M TeM e 3jekrpoMoropoM. Puc. 15 naer cxemy,
B kotopo#d Hacocw I u III Kaxpwi#t B OTHeNbHOCTH COGAMHEHH 110OC/€IOBa-
tenpHo ¢ Hacocom II. Ha puc. 16 I II n Il coenvHenn moclemoBarenbHO
onauH 3a npyruM. Ha 31ux deprewax uepes Ay, A, u A; o6o3uaueHs BXOA-
Hele TpyOKH Hacocos, uepe3 B, B, u Bz — BHIYCKHbE,

Jns 3anMBKM  POTAUMOHHBIX MAC/SHBIX HACOCOB 3a rpaHulie#t npuMe-
HseTCs CreudanbHoe ,BaKyymHoe macno“ (,vacuum — oil*) 2).

1) HeMun Ma3pBaloT 3a6pachiBanue Macaa obpaTHeM ymapom Macaa ,Oelriick-
schlag*®.

2) 910 HA3BaHWE TIPHMEHHAETCA K MACAy, BBIICPXAHHOMYV N0 BAKYYMOM H MOTOMY
OTAABLIEMY 3aKAIOYABUIYIOCH B HEM Baaly H JIETyYHe BEILECTBa.



54 TEOPUSI W NPAKTHKA BAKYYMHBLIX HACOCOB

B CCCP npunsto ynorpeGaarb Tak HasbBaeMoe Macio ,Boasta A,
HO MO&HO, KOHE4HO ynoTpel/sTh H JIPyrue MAacia MOAXOAMIEr0 KauecTBa.
TpebopaHus, KOTOPbie HPEALABAAIOTCH K MAacHy s 3aMMBKH HACOCOB, Clle-
Iyloulue; Macno He JOMKHO ObiThb JHUIEHO BA3KOCTH NMPH BHICOKHX TeMrepa-
Typax ¥ He NOAKHO OblTh CAHIIKOM FYCTHIM NpU HH3KHX. B nocresnem cny-
4ae npu MycKe B XOI Tpebyercs CrelManbHOe MOAOrpeBaHHe Hacoca. Macno
JOMKHO OBITb YUCTHIM, He COAEPWATh HHKAKHX MEXaHHUECKHX MpuMece#t, tak
KaK TOCJeNHHEe MOIMH ©bl HAPYWHTb IVMIOTHOCTb MPHTUPKH IBHXYIIMXCH
qacredl Hacoca. Macno AOMKHO ObTh MO BO3MOWHOCTH MAaNo THIPOCKOOHYHO
¥ He [O/MKHO BHIZENATh B BaKyyMe GOMbLIOTO KOJIMYECTBA 4308 U Iapos.
Temnepatypa BOCIJAMEHeHHs Mac/la HOMKHA ObiTh JOCTATOYHO BHICOKOH,

Yxom 3a pOTAalMOHHBIM MACIA9HBIM HACOCOM COCTOHT B TOM, 4TOGH IO
BO3VOXKHOCTH HE JO0YCKATe HDOHHKHOBEHHS B HACOC MEXaHHYECKHX HpPH-
Mecefl K Macly W fIePHOAMYECKH NPOU3BOAHTbL YHCTKY Macia (npouexusa-
Hue, oGe3soxuBaHue) u BCeX uacredl Hacoca. He crexyer monmyckartb miu-
TENLHOTO MePEKayuBaHUd HACOCaM aTMOCHEPHOrO BO3LYXa 4Yepe3 OTKPHITYIO
BXONHYIO TPYOKY WM H3BiH B YCTAHOBKE, TAK KAK MPH 3TOM MAacl0 CHABHO
HarpesaeTcd. M3 yacre#l Hacoca NMOuYMHKM 4Yame BCero TpPeGyeT KAamaH.

Ckopoctb ne#icTBHa DOTAHMOHHOIO MAC/HSHOIO HACOCZ 34BHUCHT OT €ro
pasMepos. Oua pasnuyHa npv Pa3HBIX NAB/JEHHAX OTKauHWBaemoro rasza. O6
310# nocrenHed 3aBHCHMOITH MOMXeT HATh mpencTaBieHne Tada. 1.

[IpenenbHoe pnaBneHue, MOCTHRHMOE TpH HONTOBPEMEHHOH OTKAuKe Ha-
cocamu cucremu [Idefipepa npu xXopouieM 33 HAMH yXOme M He CHMIIKOM
GONMbIIO# H3HOIIEHHOCTH, — TLICAYHHE JOAM MWIIHMETPa; B XyNiieM cay-
yae— OnHa — gBe coThe, CoBepUIEHHO HOBLIE HACOCH NPH COGXHHEHHH
TPEX HAacOCOB MOCAENOBATENBHO HAIOT (COTMACHO DPEKIAMHBIM OGBABICHUSM
H3roToBAsomnX ux ¢upm) sakyym no 0,00015 xx Hg.

Ta6auma 11)

Bpems Jasnesne | Cxopoctb Bpewms Hasnenne CropocTts
neiicreyug neicrans aeicreus nencTsus
B cex B ux Hg | B cudjcer B cex 8 ux Hg B caudlcer
0 760 327
125 180 0,015
30 522,7 485
202 210 0,0035
60 285,4 112
592 240 0,0025
90 48,1 13,6
1990 270 0,0024
120 0,12
366 Janee cxopoCTh AEHCTBUA TAKOr'o XKe
150 0,04 nopsaKa

B macrosuiee BpeMs MacqAaHble POTAUAOHHHE HACOCH NPENCTABASIOT cOBol
HEeOBXOMUMY 0 MPHHANILKHOCTL BCAKOM BAKYyMHOH Aa60paTODHH M KaWIOTO

Y} D11 Tabauuma B3ATa Mamu u3 kuura Jouyaite, La fechnique du vide, Paris,
1924, crp. 29.
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38KyyMHOTO NPOH3BOACTBA. B oueHb GOALIIOM yHcAe CAyydeB HACOCHOE XO-
31#CTRO MPOM3BOACIBA ITUMH HAcoCaMH H OrpaHWYMBaeTcsl © JHaibHelillee
yaydileHHe BAKYYMa B OTKA4YMBAEMsIX H3JEAHAX HOCTUrAETCS XUMHUYECKHMH H
3/IEKTPOXUMUYECKUME criocoBamu (,,a0inu’, NpUMEHeHHE LIENOYHBIX # Ile-
JOYHO-3EMEILHBIX METAJJIOB), KOTODBIMH Mbl 3aiiMeMcs B riage V 370l KHHTH.

§ 4. Monexynapusie Hacocsl. [lepexoas K HACOCaM BHICOKOTo BaKyyMa,
3aMeTHM, YTO DTYTHhHIE HACOCH, OCHOBAHHBIE HA MEXAaHHYECKOM TpHHUHUMe
nONyueHus BakyyMa (,3acaceiBanue” u ,BoITAJIKMBAHHE® ra3a) U HA NpPHH-
uune Topuuelnn, UMeIOT B HACTOMIEe BPEMs JHIUbL HCTOPHYECKUH uHTEpEC.
Temeps 3T RacOCH OKOHYATeIbHO BHTECHEHB KoMGUHAuueH: Xopouiero
pOTAMOHHOIO MAC/SIHOTO HACOCA M HAcOCad BBICOKOro BAKYYMa, OCHOBAHHOTO
H2a OIHOM H3 HOBbLIX NMPHHUHUTOB NOJAy4eHH BakyyMma. [1o3TOMy Mbl KOCHEMcA -
JHlb BCKO/Mb3b HEKOTOPHIX U3 CTAPhIX HACOCOB B nocnenHeM naparpade sto#
rnasbl, a Tenepb MepedfeM K OIMMCAHHIO MOJEKYJISIPHOrO HacOCa, NMpeasoKeH-
voro [eme (2.3 B 1912 r. u yco-

BEPLIEHCTBOBAHHOIO BAOCIENCTBHH [ O/1b- NN
pexom (481, .

MonekynapHsie HACOCH OCHOBAHB!
Ha 9BJEHHH BHELIHEr0 ¥ BHYTDPEHHEro
Tpenusi B rasax. Ilycrp umelorcs ase
TJIACTUHKH, "NPHYEM DACCTOSHHE MeXIy
HUMH paBHO npubauaurensHo 0,1 wma,
4 WWPUHA COEHHANBHO BBITOYEHHOrO \ m .
3a30pad A pAaBHA HECKOJbKHM MHJIH~ ‘\\\\& R\\\
merpam (puc. 17), u nyérb BEPXHA A A
M1aCTHHKA HENONBHXHA, a HUKHHAS 1BH- 1 -
JerTcsd B HANpPaBACHHH CTPENKH, Puc. 17.

HuxHag N1acTUHKZ B CBOEM JBH-
JEeHHU YBJEKAeT cocefHu#t cnoil raasa.
Dror clholl yBhekaeT clemywinvih W rt. I. bnarolapsi TakoMy yBJIeueHHIO rasa
B HANpaBNeHHHU CTPENKM NasleHue HA CTEHKY & Oymer BhIle, YeM HA CTEHKY &,
H DTyTh B KOJeHe MaHoMerpa C OynerT CTOATb Bhille, YeM B KoJeHe [3.
Ecnu cpenHee paslieHHe rasa BeNHKO H HA NMYTH OT BepXHEH MIACTHHKH IO
HIDKHEH MOJeKy/Ja Trasa HCaeiThiBaer O6OMbIIOE YHCIO CTONKHOBEHHH, TO
B NONOCTH A YCTAHOBHTCH JOBOMLHO CHQXKHOE ,BHXPeBOE” [NBUIKEHUE ra3a
K4aK UeNoro; OKONO HIKHeW mnnacTMHKA ra3 Oyler ARMraTeCd OT 4 K b,
B HeElMocpeXcTBeHHOH OMM30CTH K BepxHeM nAacTHHKE ras Gyler HeMOIBHMKEH,
MEXLY STHMH [ABYMH Cc/JosiMu Oyler HAXOHNMUTbCA CJOH rasa, nsvraiomuics
or b ¥ a. Onut nokassisaer, yto MeXLy & # O OyneT ycCTaHaBINBATHCH
HEKOTOpAas PAa3sHOCTb AaBJEHUH, 3aBUCAIAA OT CKODOCTH NBMXEHHA HHXhel
MJIACTHHKH, OT TOMUIMHHL moJoctd A W or mpupons! rasa. Ot abcomiorHOH
Be/IMYMHbl NABJCHHA B MOJNOCTH A 31a pPAa3HOCTh MNaBAeHuifl, KAK IMOKA3bIBAET
noicuer, 3aBHUCeTb He Oyner.

Ecan paccrosuue Meway NaacTHHKaMH MHOTO MeHblle, YeM IJIHHA CBO-
604HOrO MyTH MONEKyJd rasa npu NAHHBIX YCAOBUAX, TO OOPaTHOro TOKA
rasza B nonocty A cymecrsosaTh He OyIeT; Kaxaas MoJekyna, yaapusuiascs
0 IBHXKYLULYIOCH cTeHky, Oyaer JneTeThb NO MPOTHBOMNOJOXKHOH HENOABUKHOH
CTEHKH, COXDAHAS MOJNYYEHHsH OT HBHXKyLieHcsd cTeHKW H3OBITOK KOAUYeCTBA
OBWKEHHS B HArnpasieHnw [BHXKEHHS 3TOH crenkn. Beaelcrsme 3Toro

4



56 TEOPHS! U MPAKTHKA BAKYYMHBIX HACOCOB
¥ KOHua b HameH MOMOCTH 4YHCIO 7 MOJAeKy], npuxomsuuxca Ha 1 cud,
6yner yseaHuusartbcsd W HauHerca AMQQY3us MoJieKysl B HANpasieHHH oT b K a.
B pesyiabraTe mOJAyuHTCs HEKOTOpPOE CTalHoHapHoe cocTosHHe. Ecan wu-
pHHA Hawel MNOJOCTH MHOr0o MeHbule JIMHB CBO0OAHOFO MyTH, TO 3TOT
cayyaih Jerko monpaercs mnoacuery. K Hemy MOXHO NpHAOXUTb (Gopmyny
Kuyacena, onpepensiouryto HABHXKeHHE rasa 1no TPyOKe fpd AsUHE fyTH
MHOro GoasmeMm nuamerpa Tpybiu. CoraacHo sto#t dopmyne, noapobnuii
pa3bop KoTopol M paguM B riase VI, KoaMuecTBO rasa, MpPOTEKAIOMEro
no Tpybke B 1 cex npu AaBAeHMAX HA KOHUAX TPYO6KH py WU p;, NpAMO
NPONOPIMOHAIBHO PABHOCTH ITHX naslieHHH (py— p;). Bupaxas sto Koiu-
4eCcTBO ra3a yepes npouaselenHe obbeMa Ha NaBleHHe u 00603HAuas uepes

=

p_w—‘gpg ——CpegHee naBjieHHe rasa B TpyOKke, HamKILIEM:
pV=U(py—p1); (7)
rae U, o6o3HayaeT KOJMYeCTBO rasa, MNPOTeKawero no Tpybke 8 1 cex
Npu pasHOCTH HaBieHu#t HA Koumax B 1 6ap. B nawewm ciyuae ras s cBoei
Macce HeMmOABMMEH, [IBHUXKETCH CTEHKAa, HO 3TC MHe/la He MeHseT, TdK KaK Of-
HOCHTENbHOE IBHXEHHE ra3a ¥ cTeHxku OyneT To xe. (OG6GO3HAYMM CKODPOCTH
nBHXKeHHd ra3a B TpyOke uepe3 w. B Haiuem cayyae w Gyzer 0603Hauarh

cpenHee apmbmemqecxoe MEXny CKODOCTAMH HBHXKEHHA o0enx CTEHOK Tio
OTHOWIEHHIO K rasy, T. €. NOJOBHHYy CKODOCTH [BHXEHHSA HHKHEH CTEHKH

(puc. 17).
Ecau s —nonepeyHoe cedenne TpyOKM-—B HAlleM Clyyae MOMEpeyHOe

ceueHue moaocTH A-—7T0 o6beM rasa, nporekawuero B 1 cex, V=sw,
¥ ¢opmyna (7) HpuHUMaeT BHI:
psw=U (py—py) . )

3amensis p uepes Eiigﬁ‘—, BCTaBAss 370 BhlpaxeHHe B (8) u, Xeas mpasyio

M JIeBYIO 4acTH Ha p,, OyseM uMeTs:

S (P 1> =U (E’.L_ 1 9
2 <P1+ 1\ py > ) : ©)
Pemas 37O ypasHEHHE OTHOCHTENbHO &, HAaXOJHM:
1
£17] U, s
THU oty
L = <. (10)
Py U s gl,__f ’
179 w 2

®opmyaa (10) nokasniBaeT HaM, YTO NPU OMNPENEJCHHOH CKODOCTH ABHKEHHS
CTEHKU H, CAelOBaTeJbHO, MPH AAHHOM 7 OTHOIIEHMH [aBAEHHWH B TOukax
b u a no koHuam monoctd 6yneT BeAM4HHON moctosHHo#, Kpowme Toro, us
pasenctea (10) Herpyano ycmorperh, YTo mpH w=0 p,==p,, a 3aTem
C yBeJHYEHHEM CKODOCTM ABHMEHHSN CTEHKH OTHOWMEHHE [3BJIEHHH H4 KOH-

HAX IOJMOCTH ﬁ—"l Gyaer Bospactarb!). B MosekyaspHOM Hacoce, nepeldsH-
1

\
U, s
1) Cnywa#, xorza w nenaeTcs MeHple o HepeaseH, TaK kak GopMyna Cko-

POCTH IBWXEHHSA Taza 1o pr6Ke NpHMEHNMA AW a9 CAy4das, KOorjga arta CKopolTh
MEHbLUIE CKOPOCTH TENAOBOTO ABHXEHHS MOACKYJ.
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raeTcsl He MIOCKas CTeHka, a Bpamiaetcs muaunap. O6mas cxeMa Takoro
Hacoca usobpawena Ha puc, 18.

Brelinuii udaueap A HenoABHXEH, BHY-
TPeHHUH B BpaUIaeTcd U MOXET Jeaalb HeCKOMb-
KO TeICAY OOOPOTOB B MHHYrY. 3a30p MEKIy
uuavHipaMd A v B genastcd HacKoJbKO BO3-
MOXHO Y3KHM, 4TOOBl YCTPaHWUTb TeYeHHe rasa
no 3TuMy 3asopy. Ilpewned monoctu ab co-
OTBETCTBYET Tenepb BhPe3HPOBAHHOE BO BHEIN-
HEM UM/MHApDE pacmupenue 3asops ¢d. Mbl He
OyleM OCTAHABIMBATBCA HA 110APOGHOM OfHMCcA-
HHH MoexyJsipHoro Hacoca [ege. IpakTuuecku
3TOT HACOC 1104TH HEMPUMEHUM, TaK Kak Tpebyer
Ype3sHMaiHO TILATENbHOTO YX0Ad M BeCbMa /erko
BuGnigaer U3 crpod. IlpakTuyeckn tpueMaeMuii
THI MOJIEKYJASpHOro Hacoca mpencrasaser co6o#
Hacoc [onbBexa, uMewoui nepen Hacocom [ene
TO HApenMyuiecTso, 4ro ox Gonee npocr. Bpauwjaowasica yacte 1onHOCTBIO
Haxoautca B (op-BakyyMe 6e3 BHIXONA HAPYXKy, YEM YCTPAHAIOTCH BCEBO3-

MOXHBIE IOTEPH B YTEUKH.
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Puc. 19.

B stom Hacoce (puc. 19) ppamaow@dcs 4actb — FIAAKMH LHAMHAD, HE -
HOXBHHBIA Xe YUIHHAD MMeeT BHHTOOOPAa3Hbl KeloO, NIaBHO HEPEexXoas -
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mui oT GONbIIMX CeueHMH B cepemuHe K MalniM HAa KoHuax. Bcnencrtsue
BBeJ€HHUS BPALIAIOUIEHCA YacTH CO BCeM# MOALIMNHUKAMH NOAHOCTBIO B Gop-
BAKYYM MCKJIOY2@TCH BO3MONHOCTb MONANaHMA CMa304Horo macna s patouywo
4acTh HACOCA., 3330p Mewly CTeHKAMH UMMMHAPOB yMeHsuien po 0,03 su
BcaeacTsne 6onbliero IMaMerpa UHAMHApA (a, CI€AOBaTeNbHO, W Gonblie#t
CKODOCTH NO OKDYXHOCTH) M OOAbIUEr0 CEYeHUA BHHTOBOM CHOMpanH KOMH-
4eCTBO BulKauuBaeMoro B 1 cex ra3a B Hacoce [onbBeKa 3HA4YUTENBHO.
Hapeska konuaercs Ha cCepeaune wmuamuapa C y otsepcrus L Gokosoft
TPyOKH, NPUCOEAHHAEMOH K BbIKAYMBAEMOMY cOCyRy. [IpoOTHBOMONONHbIE
KOHUBI HADE3KW HAYMHAIOTCH TEPed OTBEPCTHAMH KaHaaa PP m coobwaircs
¢ noMomsio Tpy6xu B ¢ Hacocom ¢op-BakyyMa. YmensuieHue rayOuHBI Ha-
pPe3Kd OT CepelliHB K KOHUAM CJleflaHO, NMPHHUMAsA BO BHUMAHHE YMeHnLIEHHE
IA¥HBL CBoGOAHOrO MYTH MOJEKYAB MO Mepe MPOXOXKAEHUA cnupaiu (BCnen-
CTBUE YBeNuueHus NaBAeHUA), Bpawalouwufics uuavEAp COCTOUT H3 O6pPOH30-
BO# MM LypasloMunueBol Tpy6Gunl ¢ rnaako#t noeepxHocThio. Ha xonpax
UMAUHADA MPUKpEenaeHs CoaniHple (UISHUBI, Yepe3 KOTOPHIE MPOMYIUeHa OCh
spauieHus, F—wapukonoawmunauky, Ha koHpe ocu Haxomwics portop
He60LIIOTO ACHHXPOHHOIO ABUratend. B Mewnyxene3anoM npocTPaHCTBE NOMe-
WAKTCI OYEHb TOHKHME Cretkd kopobku K, coobuiajoineiics € BHyTpeHHeH
MONOCTHIO HACOCA 4yepe3 OTBepcTue &. TakuM o6pa3oM [OCTHUraeTcs fcMe-
ieHve Bce# Bpalyaromeics uwacTH B Gop-BakyyMe 6e3 BHIXOLA HAPYXY.
Manaa TommHHa CTEHOK KODOOKM HMEET Uedbio YMeHbllleHue NoTePh OT TOKOB
$yko. Ing CMa3Ky ILAPUKONOLUIMIHKKOB AOCTATOUHO KAMjIM BaseJMHOBOTO
Macaa, BIyCKaeMOoro pas B Tpu Mecsua, CkopocTs BpaimeHHs Hacoca—
4000 o6/mun; guaMeTp Bpauldloulerocs puavHapa— 150 M, niuMHa pu-
aunapa — 200 wm. Iina cpaBHeHust npuBeieM cnedyiowue udpsi: CKOPOCTH
ne#creus MonekynapHoro Hacoca [onsBexa— 2300 cm3/cex, CKOpocTh ZHeit-
CTBHS MOJZeKynspHoro Hacoca [ene— 1200 cwm3/cer, ckopocTes nedcrsus
PTYTHOro POTauKOHHOro Hacoca ['ene — 130 cu3/cen—~—npu Pugy = 0,1 ux Hg
H Puon == 0,001 mn Hg nns scex Tpex Hacocos.

Tax xax cornacHo ¢dopmyne (10) oTHOweHwe naBieHUM raza y BHIXOZHOH
TPpyGKkn Hacoca M p, y BxomHOA {CO CTOPOHH OTKA4MBAEMOro COCYna)
ABJIAETCA BeJHMUYHHON TNOCTOAHHON, TO KOHedHOe pa3peweHHe, JaBaeMoe Mo-
JEeKYNSIPHLIM HACOCOM, TeM G6oJnblle, uyeM HMUXKe jJasilende B GOp-BaKyyMe.
OnHako He crenyeT IymaTb, 4YTO, yMeHbmass IasneHue (op-Baxyyma WM
COENMHAS] NOCAREAOBATENBHO HECKONBKO MONEKYJNADHLIX HACOCOB, MOXHO MONY-
YHTB CKOJb yYroiHO BbICOKu#i BakyyM. [lpensarcrBueM K 3TOMy CRYXHT
o6paTHOe NPOCAYHBAHHE ra3a yepes y3KYi0 4aCTb 3a30Pa MENIY MOLBIKHLIM
H HENnOABMMHHM uuauuapamu. Mnmoctpauue#t Moxer cayxurb Taba. 2, or-
HocswasAcs x Hacocy lene.

Ipenensuwit Bakyym, ROCTHWHMEHA NpPH TIOMOWM MONEKYAIPHOTO Hacoca,
Hago ouenusath 8 10~7 uu Hg.

Popuyna (7) KaeT HaM BO3MOWHOCTb CYNHTb O HEHCTRMH MOMEKYARPHOTO
Hacoca No OTHOLWEHWIO K pasnuudbiM rasaM. Cornacuo dopmyne Knyncena U,
O0paTHO NMPONCOPUHOHANBHO KBAgpATHOMY KODHIO W3 IIOTHOCTH rasza. Yew
Goaswe CyneT MIOTHOCTbrasa, Tem mMeHblle 6ynet Uy, TeM Menbuie GyLeT 3Hame-

HaTens sbipaxenus (10) u teM Gonslue oTHOLIEHHE 53 . Orciona saknouaem,
1

4YT0o BOAODOA 6y11€T OTKAYMBATLCA MOJIEKYNAPHBIM HACOCOM XyXKe APYTIHX rasos.

PTYTHHIE JU®SGY3UOHHBIE U KOHAEHCAILIHOHHBIE HACOGHI 59

Bosslloe npeuMymiecTBO MOJIEKYASPHOrO Hacoca mepea Hacocamu, pabo-
TAWMUMYU NPH NOMOWIM NAPOB PTYTH, 3aKII0YAETCH B OTCYTCTBUM HeOoOXOnH-
MOCTH 3aMODaK¥BAHUA 3THX MapoB. MOWHO CKasaTh, 4TO MOJIEKy/ApHBIH
HACOC OTKAYMBAGT BCE.

Ta6anuua 2

Yucno 060-

potos 4000] 4000 4000 4000 | 6000820012000 12000 |12000

[iaBlEHHE B
dop-sakyyue
B um Hg | 20 10 1 0,1 01! 01 10 1 0,1

HaBnenue B
BhICOKOM Ba-
KyyMe B MH

Hg 3 [80-107300,03-1072/0,03-10—2 10—5| 10—5|3,10~%0,5.10~°

10~7

MonexkynaspHblli HacoC GOMTCA ManeHuiMX MeXaHMYeCKHX 3arps3HeHufl u
BCAKHX ra30B M MapoB, MOTYLIWX HEHCTBOBATHL HA METANA LMAMHADOB, TaK Kak
BCAKOE H3MeHeH¥e LIMPHHEI 3a30pa nNpuBOAUT nubO K ,3aelaHui0“ spama-
IOUIETOCs LMAMHADPA, Nu60 K MpocaduBaHMIO rasa yeped 3a3op., ITuM oby-
CJIOBAMBAIOTCH COOTBETCTBYIOUME MePbl yX01a 334 MONEKYJAPHHIM HACOCOM.

§ 5. Prytupie auddy3nHoHHble H KOHAGHCALHOHHBIE HAcCOCHl, XOTs
B MOMEHT u306peTeHus MoiexynspHoro racoca [ese ?ToT Hacoc namal cre-
neHb BAKYyMa, yIOBJETBOPSIOWYI0 BCeM MOCTABJEHHBIM B TO BpeMs Tpe6osa-
HYSAM, MeXaHMYeCKne TPYIHOCTH ero H3roTOBAEHUS ¥ MOBbILIEHHbIe TPeOOBa-
HMA yxona 3a 3TuMm HacocoM mnobymuad Tenel®l uckate HoBOCO pelneHus
3ajaun NOCTHXEHNA BeicOkoro BakyyMa. C srofi mensio [enme npoananusupo-
Baj sABieHUe B3auMHOK Auddysnu rasos npu oOYeHb HUBKUX MNABJEHHUSRX,
Koraa mauHa csoboaHoro nytu Gonasme auaMerpa to#l TpyOxu, B KOTOPOH
HPOACXOMUT Huddy3us. ITOT TeOpeTHYeCKMH aHANW3, BO-NEPBLIX, NpHBEN
leme K ycraHoBaeHMIO OTMeyeHHOro Hamu Ha cTp. 38 daxTa, yro npu aTHX
yCROBHSAX OTNajdeT 33aKOH DABEHCTBA CYMMBI MNAapuMajbHBIX HaBleHu#t BO
Bcex yactsax TpyOku. Orcioma [ele, BOnpekH CymecTBOBABIieMy IO TOrO
BPEMEeHH MHEHHIO, 3aKAIOUMI, YTO, MOJb3YACH KAKMM-AU60 PTYTHBHIM HACOCOM
H BEIMODAXMBas Mapbl PTYTH HAa MyTH Mexdy HACOCOM H OTKAauHBAEMbIM CO-
CyaoM, MOXHO TMOJYYUTh B ITOM NuCAeNHEM [AaBJEHUE Ta3a MeHblle, UeM
IaBneHHe napos PTYTH y BXOMHOrO OTBEPCTUs Hacoca, Bo-eropuix, lele
NpUules K MbICAH, YTO Il HeNpepulBHOH OTKAYKM ra3a ¥3 COCyla MOXKHO
BOCROAB30BATLCH sABJAEHHEM He3aBHCUMOH BCTpedHo#l anddysun kKaxoro-nubo
napa W OTKAYWBAEMOrO ra3a uepe3 Y3KOe OTBEPCTHE HIM y3Kyl TPYOKYy,
eciu 03abotuthea yaaneHueM rasa nubdyHaupyouero vepea orsepcrue. IJTH
coobpawenus ['ene mposepun Ha onuiTe W 8 1914 r., HakaHyHe UMnepHanH-
CTH4eCKOi BOHHBI, moctpoun ,nuddysvonnbil Hacoc®. B 1o BpeMs amepu-
KaHckuil Pudux JizarMiop, 3aHaBuiMiCA 3NEKTPOHHBIMM SIBIEHHSIMH B BHICOKOM
BaKyyMe, B TOMCKAX METONOB MNOCTHXKEHHS] BBICOKOrO BaKyyMa MNpAMEHHJ
cnoco6 ysneueHus raza CTpyei napa, NEXIIMUA B OCHoBe JellcTBAS TaKk Ha-
3bIBAEMBIX 2HEKTOPHHX HacocoB. Ho TOAbKO 3Had, YTO Taxkoe yBledyeHHe



60 TEOPHA H TIPAKTHKA BAKYYMHBIX HACOCOB

HAM 3acachisasMe T1a3a CTpye#l MMAKOCTH MJM Napa HE MOXET [pHBECTH
K BHICOKOMY BakyyMy, JIeHrMiop BOCHO/ML30BaJCA He TONBKO MEXAHUHECKHM
yBJeUEHHEM rasa cTpyeil PTyTHOTrO Napa, HO M XOPOINO M3YHEHHWM UM AB-
neHveM aACOpPOUMM ra3a Ha yHCTOH MeTaMIMYeCKOH IOBEPXHOCTH. Yrobut
MOAYYUTh TAKYl0 MOBEPXHOCTb, JIEHIMIOP BBeN B CBOH HACOC KOHIAEHCAUHKIO
PTYTHOrO Mapa B MKUAKOCTb Ha CTeHKAaX TPyOkH. OTCI0A2 MPEIIOKEHHbI UM
HACOC MOMYuM] HA3BAHME ,KOHAEHCAUMOHHOrO Hacoca“. [Ias Toro uroGu
HONY4YHTh HENPEpPHBHYIO LHMPKYNAUWIO PTYTHOTO napa, [exe B csoeM HAcoCe
T0Xe BBEJ KOHAGHCAUUIO [APOB PTYTH IPH NMOMOIIM OXJAWIAEHUs] BHeLIMHX
credok TpyGku. Taxum oOpasoM o6a nacoca ,Adddy3uOHHHA® H LKOHAEH-
CaUHOHHHAY, M3 KOTODHX MepsHfl MOJYYMI pacnpoctpasenue B L'epManuu,
a BTOpO# —— B CTpaHax AHTAHTB, OTHEJEHHHX Or ['epMaHuM BOHHOH, OKa3a-
JUCh OYeHb CXOWMMHM Mewpay coGoft, Hemenkue ¢usukd, O03HAKOMUBIUUCH
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1
) Jian
Brdoempyursid wazee )
Puc. 20.

nocje BOHHW € HACOCOM JIeHIMiOpa, DNHTANNChH Jdame HOKa3ath, uTO JNeHCTBHE
9TOT0 HAacoca He COJAepkHT B cefe HUuero MPUWHUMINAILHO HOBOI'O M UTO 3TC
TOT Ke nuddy3noHnbiil Hacoc. OnHako pasanude Mewny O0eMMH CUCTEMaMM
TO, YTO B AnGQPY3HOHHOM HACOCe HMeeT NPUHLKNHANbHOE 3HAUEHHE HATHUHE
y3KOH wmieny, yepes KOTOPYIO NPOUCXOAMT Auddysusa, TOraa kak B Hacoce
Jlenrsiopa Takoit utesn Her. C Epyrofl CTOPOHB, NPONMECC KOHAEHCAUMH
PTyTHHX Napos, OCHOBHOH B Hacoce Jlenrmiopa, B Hnddy3HoOHHOM Hacoce
Fexe wurpaer /auiub BTOPOCTENMEHHYIO DOJb.

B kauecrse Tpy6ok ouenp manoro puaMmerpa [eme B csoux nepsonavanbe
HHX OIBITaX BOCHO/AL30BAJCA MODUCTHIMH NePErOPOAKAMU. YOenupIINCh Ha
onbiTe, HTO Y€pe3 Taxylo neperoponky AxudQysus KBYX rasos NPOUCKOAHT
He32BHCUMO 1pyr or apyra, [exze nocrpoun Hacoc, nAeficTBywuufl nmpu 1mo-
MOIIH CTPyH BOAAHOro napa. IlpuBoium uepTeX STOTO HACOCZ B BUAE WIIIO-
CTPaUHHK CXeMbl HelcTBHs Bcaxoro auddysuonsoro Hacoca (puc. 20),

[Tapni BOLH W3 KMOATHABHUKA BXOAHT B 3aKpHTY0 Kamepy CD uepes
otBepcTHe . HacTs nmapos umer B CONMO @ MapoCTPyHHOro Hacoca, Henpe-
PHBHO yJansieT ra3 U3 NPOCTPAHCTBZ g Mepep NMOPUCTOR Neperopolkod e M
BMeCTE C 3aXBRUEGHHBIM Ta30M nonajaeT B BOAOCTPyHHBIH Hacoc AB, pabora-
Uil 0T BOAONMPOBOAA M cospalounft dop-akyyM. HMaburtox BogsHmx na-
pos BuxoauT U3 Kamepnl CD yepes orsepcrue ¢. B xanasax mopmcroit me-
PErOpOAKH ¢ MDOHUCXOAUT BCTPeyHas He3apucHMan Awvddy3us mapos BOAM H
rasa. {laps BOAW 3aMOPAKUBAIOTCH B XOJOLHIbHUKE f, KOTODHIH moMemaercs
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B XONOZWILHYIO cMech, Yepesd TpyOKy 2 HenpepeBHO MOCTymaeT ras W3 oT-
KauUBAEMOr0 COCYNa B3aMeH YIA/AIOUErOCS uepe3 MEPErOpPOaKy € MmyTeM
auddysuu. CornacHo onucanuo [ede, emy yAanoch NOAy4HTb Npu TIOMOILH
TAKOrO HACOCA BAKYyyM Xopoulel DEHTTeHOBCKOH TPyOKu — T. e. papieHue
nopsaaka 10—* 10—% um Hg.

Ha ocHOBaHMM 3THX OMHITOB CKOHCTDYHPOBAH HACOC, HA3BAHHHIA ,,aud-
¢ysuonHbM PTyTHEIM Hacocom [eme“ (87), n3o6pawennstt wa puc, 21. Ilo-
pucras Meperopoika 3aMmeHeHa y3kofl ropusoHTanLHOf weabio S Mewny
ABYMS CTAJbHBIMU LHIHHADAMH. POD-BAKYYM
npucoeaunes 8 V. PtyTs naxoaurca s 6an-

JoHe A ¥ INOZOrpeBaercsi CHU3Y TOpeNxoi. {
[lapw pryTH moamMaioTcs 0o B, anddys-
AMpYIOT Yepe3 ulenb S, KOHIEHCHDPYIOIC Ha
TOBEPXHOCTH TPyOxku O/arofaps HapyxXHOMYy
BOASIHOMY OXJIAXKIEHUIO U CnycKalnTca obpart-
HO Mo CTeHKe 3TOH TPyOKM MU 4Yepe3 KOoJib-
[eRy0 dauleyky g, B KOTOpOH HEMIOTHO
crout cramsuoft uuaunap C co memso S. M
1lupuna wenu S o cbopku Hacoca ypery-
auposana suutoM F - T—tepmomerp. [lo
HeMy yCTaHaBIHBaeTCd Takas TeMmmeparypa
PTYTHOrO mapa, NpH KOTOpOH HMMEeT MecTo
HauBHroaHefiulee COOTHOLIEHHE MEXAy IiM-

S
- asaun e

=

punofi uleid W IJIHHON CBOGGHHOTO MyTH K
Mousexkys pryTu. Tpy6ka, meayinas K OTKa-
qyugaeMoMy COCYdy, npucoeaunserca B F,
Yepes otsepctue L orsepcTue F Henocpen- s

CTBEHHO COEIMHEHO C (Op-BAKYyMOM, MOKa
Npd AOCTMKEHHH [AOCTATOYHOTO IS 3STOro
paspemeHus PTyTb B KOJEHE /M YKOPOUCH-
H0ro pTyTHOro MaHoMerpa M ne moasiMerca
HACTONBKO, 4YTO 3aKPOeT y3KOE OTBEpCTHE 7.
Tlopaaok Bemuuuubl (op-Baxyyma, HeoOxo-
aumoro i paborbl AUGOHY3HOHHOrO HACOCA
Teme, 0,1 —0,3 #x Hg. Dra senuuuna sa-
BUCUT OT INUpHHH Weau S no creayouleh
nipyuune, s toro uro6hl ras us Qop-sa-
KyyMa yepe3 Tpy6xy £ M wenb S He NPOHUKA Puc. 21,

B BHICOKMH BAKYYM, HEOGXOAHMO, 4TOGH Naphi

PTYTH He MyCKaJiud 3TOT ra3 4epes ulefs S, a AJAA 3TOr0 HyXHO, YTOGH
IABNeHUe PTYTHOro napa OuIO He HIKE [aBIEHHT rasa B Qop-sakyyme,
B TO ®e Bpems HeOBXOAMMO, 4TOGHI Mapbl PTYTH He Memanu Anddys3nu rasa
yepe3 S CO CTOPOHH BHICOKOTO BaKyyma. [las 3Toro ywHo, uyTO6u npu
ZasaeHUM HecKoApko OofblieM AaBjieHus B (OP-BaAKyyMe, A1UHA CBOGOAHOTO
NyTd MOJeKysa PTyTH Gbina Gonbuie muPUHN wedd. Ecaun yseauwunts nomo-
rpes PryTd B A, TO yseqiuuuBaeTcs AABAEHHE DPTYTHOrO napa, PTYTHHH nap
HAYWHAET MEIUaTh NBWKEHHIO MOJEKyJ Fa3a uepe3 iuels S, M CKOPOCTh Aeit-
¢TBHA HacOCA yMeubumderca. Ecau, Hi060pOT, MOAOrPEB pPTYTH yMEHBILAT,
TO MocC/ne AOCTHXKEHUS MaKCHMyMa CKOPOCTb NeHCTBMA Hacoca KPyTO najaer
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RO HyAf, TAK KAK NMapsl PTYTH MepPecTaloT CAYHHUTh NPerpanol rasy, ycrpem-
asowemyca K wean S co croporn Qop-sakyyma. Ha puc. 22 nsoGpawen
3TOT X0 HM3MEHEHHf CKOPOCTH Aeicraus RH(QY3HOHHOIC HACOCA B 3aBHCH-
MOCTH OT JIaBJEHHR PTyTHLIX

0 T "] napos npu wupune wean 0,12xm.

¥ MakcuMyM CKOpPOCTH JleficTBHA

5 ¥ : nacoca B 80 cM®[cex monyunncs

§ o F\ npu A4BAEHHH DPTYTHOTO Napa B

Ny \ 0,27 mm Hg, uto coorsercTBYeT

S \\ TeMneparype xuako#t pryru 99°

3o N His atoro npuepa BuaHO, 4TO

&« N CKOpOCTb HeficTeua AnddysnoH-
g N HOFO HACOCA4 OveHb Mana,

g B BechMa CyIecTBEHHO CIEAYIO-

% uiee obcrosteascTso. Ecau nas-

0 ™~ MeHye rasa 10 OQHY CTOPOHY

| y3Ko# wieH HAH TPYOKH HACTONE-

07 04 06 03 19 12 14 15 18 20

Jobrenve naosd aryey 8 s

KO Mano, 4YTO HM MOXHO npeHe-
6peub, TO Macca rasa, NpoTeKaio-
Puc. 22. uiero uepes medb uiAH TPYOKY,

NPH HH3KMX JABJEHURX MNPONOp-

HMOHANIBHA [ABJIEHHIO P 1O APYrylo CTOpoHy ulens wam 1pyOku. [lpu

yMeHbLIGHHM p 00beM rasa, yCTpemasiiollerocs B Wieab B Teuewue 1 cer,

6yneT OCTaBaThCAd TOCTOSHHHM, TaK KAK NPH 3TOM YCIOBUH Macca
NPOTEKAWINEro rasa Kak pas # Gyler nponop-
HOHaNbHA  Aasnenuto., Tak Kak CKOPOCTE
xeticreun An(dy3HOHHOrO HAcOCa onpeseneTca
HE YeM HHHM, KaKk o0beMOM npPOXOAALIEro
uyepe3 uie/ib ra3a, TO 3akjJOvaeM, 4TQ CKO-
pocth Jje#creua  auddhy3HOHHOrO Hacoca He
3aBHCHT OT JABJIEHHA Ta3a B OTKAYHBAEMOM
cocyne, Orciona crepyer, ut0o meficTeHe Iud-
({Y3MOHHOrO HACOCA HE [ROMKHO WMETh HHKa-
KOro fpellefa, CBSI3aHHOro C paborTo# camoro
HAacOCa: NOCTHIHYB CKOMb YrOAHO MAanoro Aau-
JIeHNs B OTKAYHWBAEMOM COCyRe, Mbl BCEria MO-
weM eie Gonee mMOHU3HUTH 5TO KABACHHE, 1PO-
Zo/nxas geftcreue Hacoca. [lpenen ZOCTHXKUMOrO

paspexenns OyNeT ONpenenaTbCA PABHOBECHEM 4
MeHIy KOJIHUeCTBOM Ta3a, yaa/iseMOro HacocoM,

H KOJIUYECTBOM rasd, BLIAENSIOUINMCH CO CTEHOK L’
U JADYrdX dacrefl OTKaupBaeMOro NpenMeTa.
Haaoctpauue! noctosncTea cKopoctH Audody- Puc. 23.

3HOHHONO HACOCA MOXET CIYXKHTH NPUBORMMAS

Fene Tabnuua 3, COCTaBNeHHast HA OCHOBe TPOM3BENEHHBIX WM H3MeDeHui.
Puc. 23 noxassiBaeT ycTpoHcTBO CTeKAAHHOTO KOHIEHCALUHOHHOTO HACOCA

Jlenrmiopal® % 101, B konbe A maxoaurcs HeGONBINOE KOMMUECTBO PTYTH,

KOTOpas MNOJOrPeBAeTCH DIEKTPUUECKHM HarperaTteseM HAU rasoBoH ropenxofl.

[laper pryrs uayT no 1py6ke B u smixoast uepes orsepctue C B cocyn D,
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oxnaxnaemblt xonoxuasuukom E. Tpybkm Ky u K, cayxar & NOABOAKY
¥ yAaneHus BOAbI XOJOAWAbHUKA, [a3 W3 oTKauyMBaeMoro cocyaa uaer Mo
tpybke F B cocyne D. B G npucoennnen $op-sakyymubii Hacoc., KonmeH-

3

Tabanupga 3

IHupuna wean 0,025 cu, Temn. llnpuna wenu 0,004 cu, Temn.
pTyTHBIX mapos 106°C pTYTHEIX mapos 110°C
NaBaeuue Ckopocts aeficTBHS Hasneunne CkopocTb neHcTRHS
B 1 Hg Hacoca B cud/cex B p Hg Hacoca B cu3/cex
1
25 77 . 70 52
9 L 12 28 48
2,5 67 6 40
0,8 72 1,5 38
0,2 73 0,4 41
0,06 70 ! 0,07 40

CHPOBAaBLINECA DTyTHHE KalNA¥ CTEKAIOT BHU3 U nmo TpySke L
nonagaor obparHo B cocyi A. Bepxuaa uacth konbu A n
Tpy6Kka B 006n0xent ac6ecToM A NPELOXPAHEHHA DPTYTHOTO
napa OT KOHAeHCAallMW AC suixoxa u3 orsepctusa D). [lpu meixone
Mapos pTyTH M3 oTBepCTHd [), TIe OHH NONajaiOT B MPOCTPaH- a
CTBO C JaB/ieHHEM, MEHbIUHM, ueM OHH uMelu B TPyOKe, mone-
Kynul PTYTH IBUTAIOTCH BeepoobpasHo Bo BCe croponb. OmHako
TeopeTHyeCKuH# pacyeT M ONLIT MOKA3LIBAIOT, YTO HANPABACHHE
ABMKEHUA MOJIEKYNl CTPYH He u3MeHaerca OGosee, uem Ha 90°
TaK YTO MOJIEKY/Isl FOPAYEro PTYTHOrO napa He NONAafaioT B Npo-
.CTPAHCTBO @ H PACNPEeAeNAIOTCA COrIACHO CXeMATHUECKOMY pHC, 24,
Taxum oOpasoM B BepxHel uactu Tpy6kn D (puc, 23)
nepes orpepCrueM C HAXOAMTCA BCerja NJIOTHas 3aBeca pryT-
HOro mapa, /ABHramioilerocs nmo Hanpasiesnio or C K Qop-gaxy-
ymy. Dra saBeca, Tak e Kak H B IHDQY3HOHHOM HACOCE, He
HaeT rasy NpOHAKATH M3 (OP-BAKYyMa B BHICOKMH BAaKYyM, HO Pyc. 24,
TO/NIbKO BCJAEACTBHE MABUXKEHHS CTPYW PTYTHOTO Tapa HasCTpeuy
ABMIKEHHMIO ra3a u3 (POpP-BAKyyMa NpH 3TOM neHCTBYET AWHaMHUYecKoe KABJIE=
Hue BmKyweidcs cTpyy, Oospluee, e AaB/eHHE HEMOABIXKHONO napa npu
TO# ke Temneparype. MosieKy/sl OTKaYMBAEMOTO rasa Onaromapa cBoemy
TEMTOBOMY ABAKEHWUIO HERAPEPHBHO NOCTYNAT B TPYGKY yepes KosmslieBoe
orsepctue b. B D 3t MOJekynH nONAnalOT B CTPYI0 YBNEKAOWEro HX IO
HanpasneHuio K dop-sakyyvy napa. [lonanaoude Ha crenxu Tpy6ku D mo-
JleKyabl rasa  ancopOupyloTca 31€Ch YHCTOH TNOBEPXHOCTHI0 KOHAEHCHPYIO-
wHxca Ha CTeHKe Kanesek prytd. Oxono orsepcrns C moamepkuBaeTcss Bce
Bpemsl HW3KOe HaBieHue (Op-BaKyyMHbIM HacocoMm. Kaneabku pryrs oraawr
3/leCh ancopOUpPOBAHHLIN HMH ra3, NOTOMY YTO, CTEKAA BAOJb CTEHOK Tpy6ku D,
ManeHbKde KanelbKH COENWHAITCH B GoOnblive C ropasgo MeHblueH o6med
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rnosepxHOCTbIO 1), TaK KAK WIHPHHA TOTO OTBEDCTHS, Hepe3 KOTOpOe B CTPYIO
PTYTH TONanaiT MOJeKy/an rasa B Hacoce Jlemrmiopa, wmiuoro 6oablue, ueM
wnpnsa wenn anddysuonsoro Hacoca I'emre, 10 M CKOPOCTh AeHCTBHA Ha-
coca Jlenrmiopa Gonvwe: npu auamerpe comra C mopsaka 1 cu W wWMpUHe
KonnueobpasHoft wean 0,5 ca €ro CKOPOCTh paBhra 2000 — 3000 cnd/cex.

Yr(6ul CYAHTH O MpPEfeAbHOM DA3PEKEHHH, KOTOPOro MOXHO MOCTHYL FpH
[IOMOIM TAKOrO0 Hacoca, JIeHrMID JenaeT mnOACYET, KAKOBA BEPOATHOCTH
TOr0, 4TO MO/EKyJa ra3a B CBOEM TEIIOBOM ABAKEHHH mpoHnkHer OT C u3
dop BakyyMa B BHICOKHH BaKyyM B @, M HaXOAMT, 4TO 4epes 3aBeCy CTpyH
pryTHoro mapa B TpyOke D npopsercs Toabko omHa us 1020 monexyn. Ta-
KuM 06pasoM OTHOCHTENbHO Tpeiena PaspemeHus, NABAEMOIO KOHIEHCALk-
OHHBIM HacocoM JleHrmMiopa, NDHXORMTCA CKA3aTh TO e caMoe, YTO YKe
CKa3an0 Bhille OTHOCHTENbHO AudQY3HOHHOro Hacoca [eme: Bcrencrsde He-
3aBHCHMOCTH CKOPOCTH OTKAYKHM OT AABMEHHS! M OTCYTCTBHs YTeukd u3 ¢op-
BAKyyMa B BHCOKMH BaKyyM npefien paspemeHusi 3aBUCHT OT KONHYeCTBA
Td3a, BLEJASEMOrO Da3jHUYHLIMH YACTAMH OTKAYMBAAMOro NPeAMETa ¥ BaKyyM-
annapartypst. BhICOTA QOCTHXHMOrO BaKyyMa He CTOMT HM B KAKOR CBASH
¢ napiesdeM B QOp-BaKyyMe, eClH TONbKO COOMOAEHO HEOGXOAMMOE AAA
IEeHCTBHA HACOCA yCAOBHe: NMHAMHYECKOe NaBJEHMe CTPYd Napa He MeHbiue,
yeM jgaBicHHE B (HOP-BaKyyMe. DTO NMHAMUUECKOe [asieHne TeM GoJblie,
YeM Bhillle TemIeparypa pTyTd B 6aniloHe A u yeM ywxe orsepcrus C u b 2).

[losToMy, yMeHbwas STH OTBePCTHA H YBeIMuYMBAA TNOKOFpEB DTYTH,
MOMHO 3acTaBdTh Hacoc JlewrMwopa paborate npd Oonee MIoXoM ¢op-
Bakyyme, Ecau Hafo 3acTaBUTh KOHICHCALHOHHHHA Hacoc paGoTars ApH OuYEHs
n1oxoM d¢op-Bakyyme, B TpyGke [ 1enaioT COOTBETCTBYIOMIEE CYKEHHUE.
Tlpu 318X ycaosusx nacoc Jlenrmiopa paboraer npu dop-sakyyme B 2—3 a2},
CkopocTh neficTBul HACOCA, KOHEYHO, CTAHOBUTCA 3HAYHTENHHO MEHbILE.
Ilps oO6bi4YHbIX, YXA3aHHBIX B Hauaje 5TOR CTPaHMLbI, pasMepax TpPySok mIA
paborst Hacoca JlenrMiopa tpebyerca ¢Gop-BakyyM ¢ JaBleHHEM He BhlLE

1) flycth pauuyc Maneunkoft mapooOpasHoll KaneabkH — ry, TOTA3 PAAUYC ry
Honbiod KamaW, B KOTOPYIO COABLIOTCS 7 MAJNeHbKHX, ONPENCAHTICH M3 paBeHCTBa:

4 3 4 4
N Ty == N1
31 3 2
TaK 4T0
3 —
n=nVn.

[loBepXHOCTH n MajeubkHX Kanefs U ofnolt Goaplofl GyAYT COOTBETCTBEHHO:

S, = mwr m S,= 4nrl.
Orrowesnne S; x S, Gyxer:
2
S, i 3

=R adt= n

S, 1

2) OnucwBas upepnaraeMuii uM HacoC, JIGHIMIOpD NPHBORHT TAKHE HHDPH:
HacoC ¢ aAWaMeTroM D 1py6ku, pasueim 22 MM, paboTal XCPOIIO NPH MOWHOCTH
HarpeBaioNro pryTe 10ra B 220 BatT M KarneHuwd B Qor-sakyywve B 35 wiie. llpu
AOBLILIERNE PaCXOAYEMOH MowsoctH ro 550 BaTT Racoc Takike Xopomo paborax
upy pasaenud B Gop Bakyyme 8 600 pHg.

%) Takoe nOXL30BARME KOHAEHCAUWOHHLIM HAaCOCOM OHBaeT, HalpHMep, HYKHO
7IpH yCTpolcTBe NOCTOAHBON UMPKYASUMHE Kakoro-anbo rasa.
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0,1 xx® Hg. Caumkom canoHuft Harpes pryTd B Gannone A HEAOTYCTHM,
T4K KaK TakoH HarpeB Baeyer 3a coboft OypHoe Kumemue u nepebpacuBa-
Hue pTyTH B Oamnose A, onacHoe mns
HEeNOCTH - CTeKJSIHHBIX  vacrtefi Hacoca.
Koraa nxasieHne B GOp-BaKyyMe JNeXHT
HA FPaHHLE 10NYCTHMOTO, TO paora Hacoca
TIPOUCXOANT ¢ 6OMBLLINM UKCAOM nepeboeB
B CEKYHIY, BbI3HBAEMbX KOJeGaAHUIMHA
TEMNEPATYPH PTYTHOrO napa. B pesyab-
Tare B OTKAYMBAEMOM COCYNE YCTaHABIW-
B3eTCA HeKOTOpoe O6ojiee MM MeHee IO-
CTOTHHOE  [ABJIGHHE, COOTBETCTBYIOLIEE
AOBOABHO MVIOXOMY BaKYYMY, H CO3AdeTcs
Breyar/ieHne, 6YATO HOCTHKHMOE paspe-
KEHWE 3ABUCHT OT AaBJeHus B Gop-Bakyyme.

Puc, 23 apencrasngser coGoit koH- Prc. 25.
ACHCALHOHHBI HACOC TaK, Kak OH 6yl
nepsoHavansHo npeanower Jleurmiopom, B 3TOM BHIe HAacoc HMeeT 1BA He-
mocrarka: 1) 60/blias BHCOTA KOAOHKH 3aCTaBAsieT YCHJEHHO 3aUMWIATEL ee
OT MOTEPH Temna Hapywy, 2) Koporkoe paccrosuue ot D go 6anrona A
OHaCHO B CMbIC/E TMONANaHUS XOJOAHOR PTYTH
Ha ropAude yacTH Hacoca, IDTH HEAOCTATKH
yCTpaHfloTCa B KOHCTPYKHHH Hacoca, u€3obpa-
WEHHOH Ha puc. 25, Ha aroM we pucyHKke wu3o-
GpaxeH Crnoco6 Harpesa PTYTH B HACOCE MyTeM
NPHMEHEHHS 3MEKTpUYeCKOHR nedd, BcTasAeHHOH
BO BA3BJEHHOE JHO KOAGHW Hacoca.

Hnst Toro uro6u ynpocTuTh CTEKNONYBHYIO
pafoTy, mpy H3roTOBJEHHH HACOCA Jlenrmiopa
UPHAMEHAIT TAKKE M KOHCTPYKIMIO, H306pa-
WEHHYI0 Ha puc. 26,

3nece u3beruyr Tpoluo#t smaft Tpy6ok def
puc. 23. TlpHHuMnuansHel HEZOCTATOK 3TOH
KOHCTPYKUHH BaKI04aeTCs B TOM, UTO BOAA AAd
OX/IAX1€HHA NMAPOB PTYTH MOJAETCs He MO Ha-
DYXHOH py6aluke, KaK B OPHIUHAALHOM HACOCE
Jlenrmiopa, a no BHyrpenHeft TpyGke . Ombipan
H3uyTpu TpyO6KY @, BOAA cTekaeT o0O6pATHO
uepes TpyOky c. Hapywuoie crenkn Hacoca d
OCT2IOTCA TemAuIMH, M HA HHX DTYTh KOHIeH-
CHDYeTCA  JidIlb B HE3HAUMTENbHOH CTeneHu.
Ouanako onmr NTOKAa3biBAGT, YTO NPH XOopOleM
dop-BaKyyMe rtakue Hacocsl RAOT pa3pereHie LJ
nopsaka 1077 g Hg (,8akyym npunnnanua®, Puc. 26.
cM., § 3 maHomerp Max-Jlcoxa 8 crenyoweht
r1ase), a NOTOMY NMpM HeWMeH#wH HACOCOB  GoJee COBEPLIGHHOTO THMNA
NDHM2HEHHE HX RBIIONHE BO3VOKHO.

B ycnosusx 3asoackoro npoMssoAcTsa BAKYYMHBIX H30eAuid HACOCH H3
CTexna ABMAIOTCA HeWenaTeNbHbIMH BCAEACTBHE CBOeH Xpynkoctd, Meraanu-

Keaanon 1229
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YECKHMMH MX MOKHO HeJlaTh TOABKO M3 IKee3a Wi CTany, TaK Kak ¢ Apy-
UMY MeTa/idMH PTYTh CWIbHO pearupyer, 06pasys amaibramy. HacT TaKore
HACOCA MOXHO TOJLKO MM CBaPHTh, YTO CWIbHO 3aTPyAHAET WX USroTo-
BieHMe, WJYM COSAMHUTH HA WIAM(AX UM CBUHTHTH, PONOKUB DEBUHOBNE HIH
CBUHILOBHE Tpoknankd. Ho scakue COeNMHEHWs B BAKYyM-anmaparte fBAfIOTCH
BCerna cnabuM MecroM. B 4aCTHOCTH DE3MHOBBIE MPOKAALKH GHCTPO BhI-
cHXalT ¥ TpebyioT uacrof 3amensl. [ToaTOMy ieneaHbie KOHIEHCALHOHHbIE
HACOCH JOCTABJSIOT MHOIO HENpUATHOCTeH npu uX npumededud. [Ipuxo-
AMTCA TAKIE CUMTATBCH H € TeM,
4TO METa/JIHYeCKHe CTEHKH HacoCa
npu CONPUKOCHOBEHHH C armocde-
po#t noriomamt oveHs OGosbuioe
KOJIMYECTBO BO3AYyXd, KOTOpPHIl OHH
MOTOM BO BpeMs OTKAUKH OTIZIOF
oyeHb MeanendHo. Kpome TOTrOo, Kak
T0KA3HIBAET OMNBIT TNPUMEHEHHS Ke-
Jie3HBIX KOHIEHCALMOHHHX HACOCOB
8 naGoparopun mnpod. Borocaos-
CKOTO Ha JIeKTPOBAKYYMHOM 3aBOJE
8 Jleuunrpane !), pTyTh B Keied-
HbIX Hacocax OueHp OBICTPO rpa3-
HUTCH, H3-32 HEr0 HACOC BHLIXOAMT
U3 CTPOd, TOrAa KaK B CTEKJAHHHX
HACOC4X 3TOrO He NMPOUCXOAMT, TaK
4YTO BpeMd I0ae3HOro Ae#fcrsmd
TAKOro Hacoca OrpaHUHHBAETCH HC-
KNOYHTENbHO CIyuaHH MK ABAPUSIMU,

Puc. 27 nokasmBaetr yCTpoHCTBO
MeTa//IMYeCKOro Hacoca, 6e3 uiHdos
¥ peaunbl, Kak oH Obld MpelviokeH
Jlenrmiopom. Ha nne A cocyma H
Ha/MUTa PTYTh, KOTOPAA HArpeBaeTCH
3/IEKTPHUYECKUM TOJIOrpeBaTe/eM.
[Mapet  pTyTd nogxuMaTCa 110
Tpy6ke B, ¢ auamerpom 3—4 cu,
mor konoxkon C, wuanpasisiowni
napbol KHMSy. 3TH mapel TpOXOZRAT
yepes oreepctHe [D U yBiexaoT
MOJIEKYJibl  rasza, MOCTYMAIOLIME H3 OTKAa4yMBaeMOro COCYAa uepe3d TpyOKy
F u E. Kounescuposasmimecs Kanag pTyTH CTeKaloT BHHA3 U BO3-
BpamaTcs B A depe3d Majioe OTBEPCTHe, Bujensiouminiics ra3 oTKauHBaeTcs
uepes TPYOKy [ dop-BakyymHsiM Hacocom. Boga B oxaamutens nocrynaer
uepe3 TPyOKY G W ynanserca uepes Tpy6ky K. CKOpOCTh meHCTBHS HAacOca —
no 4000 cad/cex—ripakTudecku BronHe AOCTATOYHA, TAK KAk i MONHOLO
UCNO/b30BaHUA GOAbUINX CKOPOCTEH HYWHO 6BAO Gbl NPUMEHATH OYeHb KOPOT-
KHe ¥ WHPOKHe TPYOKH INa COeAMHEHHs C OTKAYHBAEMEIM COCYAOM.

7l

1) D;orxnan npod. Borocaosckoro ma IV cnesse pycckux dusunkos s JleHus-
rpaze 8 1924 r.
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Tax xak B nacoce Jlewrmiopa umeercss cTpys pryTHOro napa, BLIXOAS-
wero u3 orsepctus C (puc. 23), TO MOWeT co3maThcs Bneuarnenue, 6yaTo
Mexay ngﬁcrsuﬁmu Hacoca Jlenrmiopa u me#icTBHeM OGHKHOBEHHOrO napo-
CTPYHHOrO Hacoca HeT HUKakoro pasnmuud. Takoe yTrepwienue HEBEpHO,
Heno B TOM, 4To pelicTBHe mnapo- a b
CTPYAHOrO HAacoca OCHOBAHO Ha I
OMpeAC/EHHOM BHEUIHEM O4YepraHuu, N
KOTODOE NPUHUMART CTPYS, BHIPLI- \ /

BasiCh U3 OTBEPCTHA, U HA NUArOHKE
OYePTAHHMA  OKpyxawie# crpyio
TpyOKn K 3ToH dopme ctpyu. [na it
XOpOIIEro 3acachiBalotiero Aed CTBUA i % it
TAKOrO Ha:0ca Tpebyercd, u4TOGSI 1l I 16\
BHeIllHEE OyepTaHuwe CTPyHd wao )
napannenbHo creHkam TpyGky, ocra- A '
BRI BCIOLY ONMHAKOBBIE Y3KHH 3a- Puc. 78.
30p I ABMMKEHUA YBICKAEMOIO

TpeHHeM Cod rasa, Kax 110Ka3aHo Ha puc. 28a. YroObl yBenmH4uTH CKOPOCIH
AefCTBUSA ITOTO HACOCA, MOKHO YBEJHUATH 3330D MEKIY BHYTpPeHHEH Tpy6KOH
@ ¥ BHelllHel b, nomuas TPyGKy a B NOJOKeHMe, MOKA3aHHOe Ha puc. 28b,
1ocAe TOro KaKk Hacoc Hadan Aeficrsosark. Cama ¢opma Crpym sasucuT OF
dopmrt Tpy6ku @. B macoce Jlewrmiopa ,comno* C (puc. 23) genaercs
pOCTO B BHAE HWAMHADHYECKOH I
TpyOKH, U HEOGXOMUMOE AN 3HeK- ’\

7

TODHOI'O0 HACOCA yKA3aHHOE BhllIe
ycioBue COBepIIeHHO He CobnoaeHO. ﬂ

[pusonum 3meces eme qepTemi |
OGBIKHOB(HHOTO BOJOCTPYHHOrO Ha-j
coca, pafoTaioero OT BOAONPO-
BOZHOro KpaHa U crnoco6Horo Aasarth

TIpY KOMHATHOH TeMrepaType paspe- 58 LAf
weuue 15—20 uu Hg » coorser- er il
CTBHM C JaBJAEGHHEM HACHINEHHOTO £
Boasdoro mapa (puc. 29). Crpys m ;
BOJBI, BbIXOAH U3 KOHHYECKOro OT- o o/

BEpCTHA @, yBJeKaeT BO3AYX, OKpY-
waowui crpyto. Pabora nacoca tem
Jdyuute, weM OoJpllle AaBiAeHHE B
crpye. Ilpu cna6om pasnednu Boas
CTPYS NpHAMIAET K CTeHKaM Y BX0.1a
B TpyO6Ky b u npuGop nepecraer
pa6orars.
§ 6. Muorocrynesuyarnie Ha- Puc. 30.

COCBI. Y 0AUBUIUCE B NTPEBOCXOACTEE

KOHIGHCALMOHHBX HACcOcoB Hal AN(QY3HOHHHMH, HeMelKHe PHIUKO-TeXHHKH
OCTaBH/tH [OPUHUMO AHdPY3MOHHOTO HACOCA W CTanM pasBuUBATH HACOCH
C PTYTHBIMH M12paMu B HAPABJAEHUH HCIOAB30BAHHA HUX [PU CPABHHTENbHO
Gonbuiom nasieiuMd B HOp-BAKYyMe, COENMHAS B OAHOM NpHOOpe HECKOJBKO
noc/eI0BATENLHO PabOTAIOLIMX OAHH 33 ADYTHM HACOCOB., B 3TOM OTHOUIe-

B
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HUM 3aCHYXHBAIOT BHUMAHMA HacoCHHe arperaThl Pombmepa, Hauboxee cosep-
HIeHHOEe TeXHH4YEeCKOoe O(bOPMJIGHHG KOTO-

PHX MPeACTABARIOT COO6OH  KBapueshe
Hacocw Taug u Biocr M1 (puc. 30).
Ksapu npumensercs B arHx clyqasx
NOTOMY, 4TO OH ropasfo 6osee CTOEK ripH
Pe3KUX HM3VEHEHHAX TEMIepaTypsl, ueM
CTeKkn0. BBuay CAOMHOCTH ¥ 1OPOTOBH3HK
H3rOTOBNEHHS BCeit cucreMn Tpy6oK npu-
MEeHeHHe JIOpOroro Ksapua BMeCTO Hellle-
BOTO CTeKA4a C AHXBOH OKynaeTca 60/b-
me# NOATOBEYHOCTHLIO Hacoca, Bo Bcex
HACcocax MHOrOCTYNEHY4TOrO THNA HEPROE

€O CTOPOHH (POP-BAKYYMA HACOCHOE COMNO
RENaeTCi C y3KUM OTBEPCTHEM, MOCAELYIO-
lue penawrca mupe. Tax, ma puc. 30
Koiblueso# 3azop D, mepso# CTYNEHH
Hacoca, a Takwe 3a30D e, yepes KOTOpHIH
BLIPHBAETCA pTyTh, — y3KUe. 3azopu D’
W €& BO BTODOH CTyreHu Hacoca — wmupo-
kue. Tpybka B coegunsercs ¢ dop-Baxy-
YMOM, Tpy6ra C-—C BHICOKHM BaKyyMOM.
Tpy6xu m u n caywar nns nozaun u croka
OXnaxpaoued wacoc Bopsl. PryTh noaw-
Maerca K o6oHM comfaM H3 KOA60uKH Q
no T1pybke ¢. Tak kak mnepsoe oTBEp-
crie d — y3xoe, 10 CTPys DTyTHOrO napa
LOXOLHT 1O OTBEPCTHA f Ha KoHIe Tpy6-
Ki C, COXDaHAN [OCTATOYHO GoAbLIOE
nasnende. ese Takwe CKOHCTDYHpOBan
MHOrOCTYNeHYaTHH H 1pHTOM MeTasiH-
YeCKHH HACOC, KOTOPHM Ipencrasien a
puc. 32, D10T Hacoc HasmBaercs #CTaNb-
uo#t Hacoc lene*. [lepsoe conao sroro
Hacoca (28), crenanuoe B Bume pacrpy6a, Pue, 32.

PTYTHHE HACOCH MPEXHHX THNOB 69

HEHCTBYET Ha NDHHIHIIE 33EKTOPHOro Hacoca. Bropoe conno (22) npencrasnser
cO60# KOHIeHCaUHOHHbIA HACOC C ManKM OTBepCTHEM, H HakoHell, Tperbe (19) —
KOHJIEHCAUWOHHBIH HAcoCc ¢
IIHPOKHM COILJIOM, YCTpCeHHbIR
nanojnodue COMIA KenesHoro
nacoca Jlenrmiopa (puc. 27),
¢ Tiozavyeld PTYTH Hepes BHYT-
PEeHHIO BepTHKaJAbHYIO TpyO-
Ky. bnarogaps wmupokomy
OnaMeTpy TrocielHero 3BeHa
crasbHo#t nacoc [exe oO6na-
naer 4ype3sni4aliHO  60/b-
ok  cKOpOCTbIO  jpeHcTBUA
40000 cu3/cex npm OTKAuKe
Bo3nyxa (100000 cu3/cex npn
oTkauke sogopona)l).l[logoGuo-
FO pONa MeTalJnYecKHe YeThi-
pexcTynenyarbie HacOCH B Ha-
CTOsILIfee BpPeMst H3rOTORAMIOTCA
ua Dnexkrtpo3asoae 8 Mockse,

Jas paumoHanbHOro Hce- Puc. 33.
NMONL30BaHuA 3TOH CKOPOCTH
mefictBuss Tpe6yeTCd npuMeHeHHe Ype3BHYaMHO WHPOKUX TPYOOK Mexuy
HACOCOM H OTKauusaeMmM cocynoM. IlpuBomum eine 4epTeX NPOCTOFO ABYyX-
CTYMEeH4YaToro Hacoca, MpelaoXKeHHOro
Hiwouyaile (puc. 31).

§ 7. PrytHsle Hacochl npexuux Coeydc omk
tunoB. Hacocw  rtuna  Jlenrmiopa 8%
B COeIVHEHUH C MACAAHBHIMH POTALHOH-
HbIMH H2COCAMH COBepILEHHO BHITECHU/H
U3 nabopaTtopH#t U BAKYYMHHX (POH3-
BOJICTB BCe CTapsié THME DTYTHHX Ha-
cocos. [lostomMy B OTHOWEHHH 3THX
HAacOCOB OrPAHHUMMCS /IMLIb CXEMaMH
nacocos [eficniepa u  Ulnpenreas
(puc. 33 u 34), uaubonee HHTEPECHBIX
HCTOpHYECKH., DTH HACOCH MO3BOJAIOT,
npasia nupH Soabwoft 3arpaTe Bpe-
MEHH © Tepresus, MONYYHTH BuCOKHH
Bakyym Ge3 npumeHeHds Kakoro OH
TO HH Oui0 (Op-BAKYyYMHOrO HACO-
ca. B nacoce leficaepa (puc. 33) mna
obpasoBandas B cocyne A Ttopuyen-
nvesoft NyCTOTH, ,34c4ACHIBAHUT“ B Hee
rasa 4 ero TIoClelylouiero BHTAKU-

Ombasubaemsid

Bodoempyinsnd

e 125¢cm

1) Bonee uoppoGHoe omucarHe H fepevens O0GO3HAYEHHHIX pPaRXUTIHBIMM
nuppauu ma pHC. 31 yacret Hacoca MCWHO HadlTH B kBure I'érua, yxasansod
Ha crp. 12.
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?}:Z“ﬁnotjle}?:;aTian:ﬂgﬁpHym TpY6Ky C npuXOAHTCH GOMBINOE YHCAO PA3 10OA-
paR momiky yckath Gamnon co pryrteio Hg. Ilpemen mocTmkumoro
Yy PeAenfieTcs KonMyeCTBOM BO3AYX4, 3aCTPEBAOLIErO B Tpy6Ke C

B BPélle TIPUNHNLIETO K CTeHKE Ny3slPbKa,
mma;;;(;c:cﬂﬂl;pe'mem (puc. 34) ras yBiekaercs KameabKamu pPTyTH Tepe-
aammm“‘ﬂ Heepir 33 ApYyroM BaoJs GapomeTpuueckoii TPy6KM H roma-
e ma s BepXy. 34eCh TAKKe NPHXOAUTCH NOCTOSHHO fiepeBOAUTD
D ot wiciero cocyna B BepXHHH. B npeacrasncuuolt ma puc. 34 creme
o PTyTH B BepXuu#t COCYM TDPOH3BOMMTCH BdACACHIBAHHEM €€ MpH
CTPYH BO3NyXa, MOCTYNAIOWIEro M3 Manoro OTBepcTHs P u ynasse-
MOro BOLOCTPYHHHM HacocoM yepes Tpybky R H. YR
mec%n&n Konnencauuounse nacocsr ¢ NpHMEHEHHEM OpraHHYeCKHX Be-
MecTo pryTH. Hesocratok Hacocos Bmicokoro BAKyyMa, NeHCTBYIO-
WIAX TPH NOMOWM YI8DOB DPTYTH, B3aKMOYAETCH B TOM
4TO NIPH KOMHATHOH TeMnepatype lasiesue napos prym’
NPOHUKAIOMWAX B OTKAYMBAEMHH COCYH, HOpAAKA 0002'
TOD, €CIH He TpPUMeHAETCH BulMODAKHUBAHUE HX cme’cmo
TBEPAOH YTrIeKHCAOTH ¢ AlIETOHOM (—79°C; nasneune

napos pryta 1077 M) HIH XA AKAM BO3AyXoM (—184°C;
HHYTOMHO ~ Manoe [napiedde TNAPOB  DTYTH). Kpomé
TOTO, PTyTb TNpencTaBiseT cOGOH MaTepHal HOBOJBHO
noporo#, HeysoGHelil B O6pauleHHH BCAeNCTBHe 60/ib~
Ioro  ynMerpHOTo Beca M, 4YTO OuYEHb CYUIECTBEHHO
BPEAHO OT3HIBAIOUIMACA Ha 370pOBbe oGpamaxomecsz
¢ HuM paGoTunkos. [MostoMmy ¢ 1928 ropa noseumics
TOMBITKH 3AMEHNTH DTYTh APYruMH WHAKOCTHMYU, CaMmo
CoGO# MOHATHO, uTO pa3 Wenb 3aKAOUAETCH B ycrpa-
HEHHM HEOOXOAMMOCTH B  XOMONMABHOM CMecH, TO
Pue. 35, BOCNO/Nb30BATLCH  JUI1  3aMEHBl PTYTH MOXHO T(';.’"::KO
iype zasrense MHAKOCTAMM,  UMEIOWIMMH  TIDH  KOMHATHOH TeMmepa-
» 4poB, cooTsercTByiomee TpeGyemoH BhicOTe BaKyyMa.
Bg;{:gﬂgﬂﬂxocm HAWMCL CcPeln oprannyecknx semects o ' | Tak Bapy
0BA/CH BHICOKOKHMALIMMA NPOM3BOAHLIMU HedTH ) W mon il
pewenne nopsaka 10~ 6apa. Xatuwm C ; -~
3pup Prajiesoll KHCHOTH u 6ymnﬁzl:lsoﬂﬁoatg)gg)ﬂ ﬂpm;eﬂmu o
PEKOMEHlyeT npHUMEHEeH#e II9 HACOCOB ,,Anbesozlz)mm Cro%, o ou ey
4TO ewe aydiwe padHHUPOBAHHOE B TeudeHue Hecxom?f{:;w;?ae’ﬁ HzachnaTCa;:é

MaUidHHOE M [19
HECKOMLKO I acno . Camas dpopma KoHmeHCAHOHHOTO »MACIHIHOro“ Hacoca
sacsony cogome l:;coca Jleurmiopa (puc. 35). Tpy6ka B semeT x orxauu-
HYTHIX mnnxogfgﬁ KOH;: op-sakyyuiouy wacocy. Tax kak maps ymoms-
CHPYIOTCH MHOTIO Jerde, 4em maphl
cax aTor s pBI DT, TH, TO B HACO-
STOro THNA OTHANAET TAKNKE M BOASHOE OXJIKICHHE, Xaﬁm«’au u Con-

—

Hb
pOTaquHHgggepxrtogggggoe onucanye Hacocos [eitcaepa u Llnpenrens, a raxxe
y Hacoca [exe, Teneps COBEPUIEHAO BHIIENIIEr0 W3 yiio-

p 2 €
T e(;ﬂeﬂﬂﬂ UHT pecylolLIHeCH Mor y
- yy T HaﬁTH B KHUXKE ﬂlo H if an e’ Zex”&“a 8bico

?) MNapadunosue YIIE€BOXOPOADI.
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Jopa BBENH OXJANAEHWE TP MOMOLIH MeIHON NPOo30/0KH, HABHTOH BOKDYT
TpyOKH C TOPYALHMH BO BCE CTOPOHbI Hanono6ue cyures nepeBa OTPOCTKAMH
oToit mpoBonokH. Kpome yKasaHHBIX XHAKOCTEH, BO3MONKHO NpHMEHEHHE H
LPYTHX. )

Xopouide pe3yibTaTh deT NpuMesesne ONpeE/le/ieHHMX NDOAYKTOB (pPaK-
LAOHHOMN NEPEroHKHA XOPOLUIEro MaluiHHHOIO, TPAHC(HOPMATOPHOTO MM LHIHHIL-
POBOFO Macja MO METOAY, MPEIOKEHHOMY Ha 3aBOJE »,CeeTnana® Bexwns-
ckum 1 Mranansm 2 g pa3pa6oTaHHOMY B BAKYyM-TexHH4YeCKoit naGopa-
topuu BIW.

Criepsa Macjio AepKAT O] BAKYYyMOM TPH Temmepartype 100—120°C =
npH HenpepuiBHOA OTKAuke B TeyeHue 6—8 4acoB AR YHaJNeHHA COLEPKA-
mieftcs B Maclle BAACH M JIETY4HX BELECTB, 3aTeM B CrEIHAJbHO CKOHCTPYH-
pOBAHHON ammapatrype NPOU3BOMMTCH (PAaKIMOHHAT NEPEroHKa, Otnenpunie
$pakuuM Mepero4fioTCS MpH TeMmepaTypax:

wysesas ot 120—140°C  Tpetes  oT 250—270°
neppaga A , 150—170 yereprag , 280—300°
” B , 180—200 [Matylo dpakuuic CoCTasasieT OCTa-
spropas A , 200-—220 TOK rnocie oTroHkH 4-# ¢pakuus.
B 220—240

»n ”

[leperonka Kawmofl (paKiu¥ 3aHAMAET HECKONLKO 4YACOB BpeMeHH; ee Tnpe-
KpauiaoT, Koraa C ,X0JONWIbHAKA® annapara B NPHEMHBIA COCYA MOCTynaer
yWe UMb TOABKO 1 Kamid JAaHHOH dpaxuua B 1—2 munyTtal, [IpoayxrtH
NeperoHKH XpaHATcs NMOJ BAKYYMOM B 3aManHHLIX KonGouKax.

dpaxusu nepsass B u Bropas A NpHMEHAIOTCH IR HATOJHEHMS MACHH-
upix U-06pa3Hbix MaHOMETPOB HiH MaCAgHHX Mak-Jleonos. B xauectse paGo-
4ero BelleCTBA B KOHJEHCALMOHHBIX HACOCAX MPUMEHHIOT (PpaKIHK BTOPYIO B,
TpeThio (HauGonee MOAXOAALLAS) H UETBEPTYIO. Oaa paboTel Mac/asiHOro KOH-
JEHCAIMOHHOTO HAcoca TpebyeTcss OueHb XOpOWHMA (op-BaKyyM, NOITOMY
peKoMeH/LyeTcsl COeMHATh ABA HACOCA C YSKHM M UIMDOKHM COTLIOM TOC/E-
LOBaTe/bHO. B nepBOM M3 HHX MOXeT ObiThb HCHO/Jb30BAHA TAKWE H ¢pax-
uas neperonkn Bropas A. KoniencalHosHbie MACidHBIE HACOCH paGoTaoT
XOpOLIO JHINL B BeChbMa Y3KOM HHTepBaje TEMNeparyp Macid. drtot wuHTED-
Ban HYXHO MOAGHPATh s KAWIOH nausoll dpaxuuu. Hns BTopod ¢paxiuu
npumepuo Ha 100° Beue TemMmeparypsl MeperoHk, 1/ TpeThell M uyeTBep-
Toft Ha 10—20° uiwe Temnepatypsl neperoHkn., Macno Anbesos uMeer CO-
[AACHO NAHHHIX (DUPMEHHLIX MNPOCHEKTOB RAB/JEHHE NAPOB TPH KOMHATHOH
TeMnepatype MopsiiKa 107° top. Takoro e MopsaKa AaBleHHe NAPOB YeT-

BepTOH (bpaKiHH NpH BHILIEYKA3AHHOH NEpEroHKe. Baxkyym nopsaxa 107°
TOP MOXHO TIONYUATH TPHMEHAS JOBYIIKY C 3KTHBHDOBAHHEIM yI/IeM. Oas no-
AyueHHs BaKyyma ropaaxa 1077 TOp JOBYLIKY € AKTUBHDOBAHHBIM YI/IeM
APHXOIATCA OXAKAATH MHUAKHM BO3LYXOM 1% | Myras (dpaxuus ykasanHoi
BhIIE TIEDEFOHKA MMEET TaKOe Majoe AdBJeHWEe NApOB, M HACTOJBLKO BA3KA,
4TO He MOWeT ObiTh HCMOJb30BaHA B KayecTse pabouyero BewecTBa B HACOCE,
HO MOxeT GbITb C yCmexoM NpHMeHeHa KK CMaska Uil KpPaHoB H WG OB,
Tlo usmepennam 3elizens nogoB6HOTO POAA ,KHDH “, NpojaBaeMbie 3a rpanuuel
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nox HassaHueM Anbe3oHOBHX (,Apiezonfette“) nokassiBalOT B CBexeM BHAE
HEIOCPEACTBEHHO NOC/IE NOMelleHHs B BAKYYM KaXyuwieecs JaslieHue Napom

nopsaxa 107° Top. Tlpn HenpepuiBHOM oTkauke nox BAKYyMOM 3TO oOCTa-

TOYHOE naBjieHHe MNajaeT Yepe3 HECKONLKO HACOB A0 5.1077 rtop. Ilpu npo-
rpese B BaKyyMe€ COLePHAHHE JETYYHX BELECTE ObICTPO yMeHbIUAETCH H
OCTATOUHOE laB/eHHe ManaeT MHOrO Huwxe 1077 TOp [771. ITo vabaonennsm
Keppuca Bwiensiommneca us macna napsl ¥ rassm NOIVIOMIAIOTCH » CHAHKA~
reabio ewe Jydie, yeM aKTHBUpOBaHHBIM yriem. Ilocrenusst npexcTasiaser
COGOMH resb KpeMHEBOH KHCIOTH ~— OKHCh KPEMHHS B KOJJIOMIHOM COCTOf-
HHH M MONeT OWTb JErK0 MONyYyeHa NyTeM OGPAGOTKH TAK HA3LIBAEMOTO
»KHAKOTO CTEKMA* cONfHOH KuchoToH,

FAABA YETBEPTAS

TEOPHS U NMPAKTUKA MAHOMETPOB

§ 1. PryrHbie MaHoMmeTpol. [loucku meronos, I03BoaAOMIMX Goaee
WIH MEHEE TOWHO ONpene/siTh AaBAEHHA HMke ONHOM aTMOCQeEpH, NPUBENW
K NDUMEHEHWIO NPHHUHNA PTYTHOrO 6apoMeTpa B BWLE OTKPHITOFO HAH 3a-
KPHTOTO DPTYyTHOrO MAaHOMETPa, B OTKPLITOM MAaHOMETpE ONHO KOJNEHO CO-
O6IAeTCH € TeM NPOCTPAHCTBOM, B KOTOPOM HU3Mepserca jpaBjeHHe, IPYroe —
¢ atMoccepoit. Tlpu onuuakosom yposne PTYTH B 060UX KO/leHaX H3Mepse-
MO€ fasaehue pasHO atMmocdepuomy. Ecau pryTh B KOZene, coobmaomemcs
€ atMocepolt, CTOMT B, uyem g APyroMm, pasHOCTb YPOBHe# PTYTH Hazo

npHGABUTE K aTMOCHepHOMY HABJIEHHIO, €C/IH HHKe — BhlyecTh. {9 TouHOro
ONpefe/IeH!s [aBJEHHS 10

3TOMY CrMOCOGY Haio OIHO- )

BPEMEHHO NPOH3BOAUTE - K rcocy
T

orcyer G6apoMerpa, a Tak- /

WKe L NOPHBOIHTE 063 o1-
cueTa K HyMo“, 1. e. BBO-
IHTb NONPABKY HA PasHOCTH
NA0THOCTe# PTyTu npu 0° ¥ NPy TemmepaType, NpH KOTOPOH NPOH3BOAHTCH
orcuer. Ilnm 270# nonpaskH CYINECTBYIOT TOTOBble TAaGAHILL. OTKpHTHH
PTYTHbIH MaHOMETD ynobeH B TOM Ciyyae, KOTia B TeyeHHe OLHOTO H TOTO
We ONbiTA WIM OZHOH H TOH Xe INpOH3BOLCTBEHHON OriepaiMH NpHXOLUTCH
HMeTb Jel0 ¢ faB/eHHeM KaK Bbillle, TAK H HUMe aTMocdepH 10 xonaeH Mui-
AMeTpa BKAIOUHTeNbHO, Hano/HenHe ero pPTYTeI0O He CONpAXKEHO HH ¢ Ka-
KHMH TPYAHOCTSMH,

B 3aKkpuiTOM HAH YKOPOUYEHHOM PTYTHOM MAHOMETpe ONHO KOJeHO 3a-
MasgHO M MPH HIrOTOBJEHHH MAHOMETPA AOMKHO OHTL 3anOAHEHO PTYThIO
neaukom, JIlpyroe koneno coepuusercs ¢ annaparypo#, B KOTOpPO#t usme-
psetcs massenue. TlpH HM3MepeHWM HAL TNOBEPXHOCTBIO PTYTH B 3aKPHITOM
KO/1eHe — TOpHYeN/IMeBa TyCTOT4, T. €. AMIUb JaB/eHHe PTYTHOrO fapa, KoTo-
PBIM MO ero ManoCTH MOXHO npeHe6peus. Mawepsemoe maBnenue pasHo pas-
HOCTH ypoBHeft pTyTH B 0GoHxX KoJeHax ManoMmerpa. Otcuer yposne# pryTH
B OTKDHITOM H/H B33aKPHTOM MaHOMETpE MPOH3BOIMTCA rrazoM MO WIKaje,
a ecny Tpe6yeTc91 60ab1as TOYHOCTh, TO HDU MNOMOIH KaTeTOMeTpa.

Hanonuenue 3akpniToro MaHoMeTpa pPTYTIO Ayulle pcero NPOH3BOAUTE
noa BakyymoM. Ins 3T10ro npunamBalT, Kak NOKa3aHo Ha pHc. 36, oTkphi-
Toe KGAenO MAHOMETPA K x0/i0OUKe Wi LIMPOKOR TPyGke Co PTy ThbIO, Apyioe
OTBepCTUe KOJNGH MM TPYGKH COENHHAIOT C HACOCOM, NPOW3BOAAT OTKaYKy
Yepes 4HCTyl TPYyOKy W3 ,BaKyyMHOH® DE3HHB, OCTODOXKHO NPOrPERAIOT
PTyTh € 1eJbl0 BHIFHATE H3 nOCHeaHeRl BOBLYX, H, HE NPeKpauldn OTKAYKH,

Puc. 36.
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TIepeNUBAIOT PTYTh B 3aKPHITOE KoJMeHo. Ecim OTepailyio nporpesa He npo-
M3BECTH NOCTATOYHO TiATENLHO, TO BO3AYX M Tapel BXard MOTYT HPOHHK-
HYTb U3 PTYTH B B3KDHITO® KOMEHO M GyAyT HCKamath NOKAa3aHUA MaHOMeTpa,

Hpyro# odveHs namexuumif MeTOL HamosHenua U-o6pasHoro ManoMeTpa
COCTOHT B TOM, 4TO MAHOMETpP npuNauBaercs K COeRUHEHHON ¢ HACOCOM
ATHHHOA TpyGKke, OKaHYMBAWLENCH CHU3Y pe3sHHOBOH TPYOKOH ¢ nmOABMRK-
HuM Samionom co pryTeio. MaHomerp OTKaYHBAETCH, NPOrpeBaeTcs NMpH He-
TIDEPLIBHOM [IefiCTBMM HACOCA M 3aT€M HAMOMHSeTCH PTYThIO nyTeM NOAHATHA
Bannona co PTyThio. lns MCKNIOYEHUS BAHAHHA aBieHus KanwapHoHd ne-
TIpeccH# pTYTH B CTEeKJAAHHOH TpyGKe HEoOXONnMO, uTo6m 062 KOMeHA MaHO-
METPA MMM OAMH M TOT e RCIOLY ONMHAKOBHIL anamerp, CaMo coGoi
pasymeercst, 4ro Tpy6KH U PTYTh AOMKHB GbiTh 4ACTH. YT06H yBenuuuTh
1YBCTBHTE/JLHOCTL NPHGOPA TIPH  HU3KHX AABAEHAAX, MOJB3YIOTCH 3aKDHITHIM
MAHOMETPOM C HAKNOHHOM TpYOKOH wu YCTPauBalOT cHeuUaJbHLIE MeXaHH-
HecKne npucnocobnenug M % » B KOTODHIX M3MEHEHHE YDOBHA DTYTH NpOH3-
BOLMT NMOBODAUMBAHWE 3eDKasbila, AT OBLIYHOLO Meroxa OTCYera npH yi0-
Mowi 3epkara, wkanabl ¥ Tpy6e. Ho Bce sTH npHeMsl He JaiOT BO3MONK-
HOCTH U3MepATb CKOJBKO-HHGYIb TOYHO AABAEHHs Huxe 0,001 wu Hg. 3a-
flada M3MEDEHHA HH3KNX HNABJEHWH IyTem CPaBHEHHA YDOBHeH DTyt Gwmisa
pewena Mak-Jleogom (§ 3 ato# r7assr).

Bumecro prytu s U-06pasuux maHomerpax MOTYT OHITh HpHMEHEHH TaKie
M OpraHuuecKHe BewieCTBa (Macia), HMeliuue ZABJIEHHE HACHLILIEHHOTO Tapa
TOTO Ke MOpAAKA, 4TO M PTYTh MAM ele HuKe, Ilpu Bnycke Bo3nyxa B Mauo-
MeTp My3LIDLKH BO3/YXa MOTYT POHHKHYTh Yepe3 Mac/o B 3aKPHITOE KOJEHO
MaHoMerpa, Jlna ycTpaHeHMs 3TOro HemoctaTka 3MIEKTPOBaKYyMHaa naGopa-
Topusa B3U paspaborana ocobyio dopmy MaHoMerpa.

§ 2. Mexannyeckue BakyymmeTpel. B mpoussoncrse rasonommbix namm
HAKANUBAHUA MOXKHO BCTPETUTh NPHMEHEHHe MEXaHHYECKHX MaHOMETPOB, OCHO-
BAHHLIX HA TOM IKe MPUHLUMeE, YTO U MaHOMETDH /Il BBHICOKUX HAB/EHHH.
B stux MmaHomerpax mueercs SaMasAHHAs MeTamIMyeckas Tpybka, CBepHyTad
B NOCKYW0 Cnupanb, DTy Cnupaik COeNUHAOT ¢ TOM annaparypo#, B koro-
poli namepsiercs masneune. Popma cninpann 3aBucur or Pa3HOCTH naBnenud
BHE W BHyrpu Hee. Co cnupanbio coemnHeHa CTpesKa, X0Adias 1o WKase,
Uadpu wkanu 06wmuno MOKA3LIBAIOT B ¢4 PA3HOCTH HABJCHUH CHapyXu #
BHYTDH TPYyOKH, TaK 4TO Hy/ b WiKaAwl COOTBETCTBYeT aTMOChepHOMY mnasne-
HAlo. Jlis ckonbKo-HHGyNL TouHOrO usMepenus He06XONUMO 3HATH atMocdep-
HO® naBnenue B nauHoe Bpema (0coGeHHo Np1 M3MepeHuM AasieHuH B OauH
HIH HECKOJNLKO JeCSTKOB MHATIMETPOB). BakyyMmerper Ha oTxaunnx cTonax
M dBTOMAaTaX /aMHOBOrO MPOM3BOACTBA HEOGXOLUMO NPOBEPATL, ciM4as ux
TIOKA3AHUS € MTOKA3AHUAMU OTKPHTOrO PTyTHOro MaHomerTpa,

§ 3. Maunomerp Max-Jleona. Manomerp Max-Jleona ¥ ochonan Ha npu-
MEHEHHH 3aKOHa Boﬁnn-MapnorTa. Haub6osee npocran KOQHCTPYKIIU# ero rnoka-
3aHa Ha puc. 37. 3aecs D — 6apomerpuueckas Tpy6Ka, coemmmenmas pesu-
HOBOM TPYOKO#H ¢ Gammomom mig pryru C. Hasepxy k tpybke D npUnasd
Gannon B, sakaHuuBaomuicy kKanuanapom C, 4 tpybka F ¢ Kanumispom E,
Tpydka F coemmunena ¢ COCYNloM, BaKyyM KOTOPOTO HYXHO H3MepHT, O6masn
BnuHa tpy6ok D u F okomo 900 s 1), Ho uavana H3Mepenua Ga/ion G

') Aanua rpy6xu D okono 780 s,
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OoNyHieH HACTONAbLKO, YTO MNpU BAKYyMe B annaparype p(;ry'rb : gyé::yfz
CTOHT HHWe pa3BeTBNeHusi TPyOGoK A. 3areM NOAHUMAOT aumf:1 6a;lJIOH *
B Tpybke D nopnymaercd ¥, KOrAa OHA HOXOHUT A0 YDOBHS Pm, annont L
pasobiderca ot TpySok F u E. Ilpu nanvHedluieM nomHaT npc}l;memoﬁ’
saxmoueHunt B B u C M umesuut no pasobuieHus € OCTANbHO e
TAKOE )Ke JaBJeHHMe, KaK W BO Bcelt anmaparype, HauMHaeT cxmmag H.OH 5
Bannon G nolnsMaercs H0 TexX nop, NOKa PTYTh, 33MOJNHHB BeCh ;nname:
He IOJHHAMETCA IO HeKoTopo# Beicotsl B kammmaape C. Toma,Becno nasre-
HHE B OTKAYHBAEMOM COCyZe (a cJexosaTelbHO, W B Gamrone nxa)—p
THA PTYTH 10 ypoeHsa A) pasxo p, B kanuaasipe C (mocxe C}Kamn:};)szg;wosec;;l
a arMocgepHoe xasjeHHe paBHo P, TO HAa OCHOBAHHH 3ar<onpl
B COOOLIAIOMAXCA COCYAaX OUYEBHIHO, 4YTO DA3HOCTH yp%BHe.
PTYTH h B 3axpbitoM KojeHe C u OTKPHTOM E H0MKHA OuITh:

h=P—p)—(P—p)=p,—p,

Eciu o6osnauum Bech ob6beMm kamuwmumipa C u 63nnouag
no yposus A uepe3 v, a 06beM ra3sa, cxatoro B kamuumpe C,
uepe3 vy, TO MDU NOCTOSHCTBE TeMNepaTyps BO BPeMs oOmbita
HMeeM o 3akoHy Dotins Mapuorra:

OTKyna

ey

pY=pv ]
HIH - o
= 171
p - v . ) /)
|
Jogrens cwumaemsli B Kanuwanape ra3 KO BeChMa Masoro | (:j?
. aBJe- ;
o6beMa d, c/elOBATENbHO, [0 BeCbMA 3HAUUTENLHOrO [ - Hole
HHfl 110 CPABHEHHIO € TEM NaB/IeHHEM p, KOTOpOe ra3 HMe |
A0 CKarust, MH MOxXeM B pasexcrBe (1) mpene6peun Benmzu-
HOM p 1O CpaBHeHWIO C A, OTKyHa, BCTasaaa p,=4Hh B (2),
HAXOAMM HCKOMOE NaBJeHHE:
p—_—-hﬂ . (3)  Puc. 37.
v

Tpy6ka C 6epercs KanuaaspHoH, uTo6n HMeTb BO3MOMHOCTE MNOJY-
U
K4K MOXHO MeHblle, a
4uTh O6BEM U, a C/eN0BATE/bHO, H OTHOIUEHHE — .

BLICOTY /L NDH “OZHOM ¥ TOM K€ HABNEHUH p KAK MOXHO 6oibiue, o
Bo mcako#i y3xo#f TpyGke, 3anoiHeHHOH HecMauuBaoule ee cre
WHUAKOCTLIO, MO JefCTBUEM CH/l CLENIeHHS MOJIEKYN MpPOHCXONHT, Kaxg
H3BECTHO, MOHMKEHHE YDOBHA MUIKOCTH IO CPaBHEHUIO C YPOBHEM eic-

COEQUHEHHOM C 3TO# Tpy6KOH 1WHUPOKOM COCyRe. DTAa ,KanuwuiapHas AEnp
cua“ onpegenserca dopmynoi:
22 cos ¢ 4)
hy="—p5
& gdR

HHE KHIAKOCTH,
rae o — MOBEPXHOCTHOE HATSNE
* ¢ — KPaeBOH yroj Mexay KacareJbHON K TNOBEPXHOCTH KHAKOCTH H

CTeHKOH TPyOKH, -
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£ —— yEKOpeHHe CHIIN THKECTH,

d — NIOTHOCTD XHAKOCTH,

R — paauyc 1py6Ku.

[pu onpenenedun pasHocTelt YpoBHEH pPTYTH B 3aKPHITOM M OTKphi-
TOM KOjleHe MaHoMetpa Mak-Jleona ¢ xanmunispHo# Renpeccuell HeoOXomnme
cunrathcst.  [lostomy Max-Jleon u Bsen kamunasp E, npucoenrHerHbfl na-
panneabHo TpyGke F. Jluamerp xamusnapa E gomxeH GuiTh paBeH AuaMeTpy
Kanuaaapa C, Toraa KanuwilspHas penpeccus B oboux Kanwuispax Oyxer
UMeTh OIHY M Ty e BeluuuHy u OyJeT ABTOMATHYECKE MCKAIOYEeHa IpH
OTCYeTEe PAa3HOCTH ypOBHEH A.

Mamepenus npu nomotnu Manomerpa Max-Jleosa npoussomsTcs crexyio-
HIHMH ABYMS DasiHyYHBIMH crocobamu:

1-& cnoco6. PryTh B 3aKpHTOM KOMeHe MOJHHMAIOT 4O TAKOH BHICOTH,
yToBsl OCTAIOUIMNCH HAX PTYTHIO A0 BEPUIMHLI Kanwuiapa o6bem papudice
onpeneneduolt necaruuno#t mone — 0,01, 0,001 u 1. 1 — obuiero oBvema
CoCyla W Kamwluisipa ¥ OTCUMTHIBAKT PAa3HOCTh yposHeH 2 B mm. HWamepue-
MQe [dBlieHHe DaBHO:

h
p:"k_; (5)
rie
=2,
£

2-ii cnoco6. PTyTh B OTKPWTOM KAaMWAMADE yCTAHABAMBAIOT HA OMIOR
BEICOTE C KOHLOM 3akpuiToro Kammwiaspa. Ecau o6o3uauum yepes s nomepey-
HOe cedyeHHe STOr0 Kamumispa B Mu*, a uepe3 s pasuuuy yposHeH pryim,
TO 00beM cartoro rasa v, GyaeT pasen sh uM3, nasieHHe ero Py Oyner
pasHo 2 mm Hg. BcraBnss 3TH 3naueHus B PABEHCTBO (2), naxomum:

v s 4
p=21" S pe o opr (5%
v v

Ilepsonayanbioe MaMepsieMOe HAMH [aBieHHe ra3a NMPONOPHUOHATHEHO LPH

3TOM Croco6e H3MEPeHHs KBAAPATY PA3HOCTH /4 ypOBHEH PTYTH B 3aKpHITOM

N
H OTKpBITOM KOJIeHaxX MaHomerpa, Benuuuna C:'—T"—- HA3LBACTCH ,,[TOCTORH~

HO#® Mauomerpa Mak-Jleoa u ofpenedseTCst Pa3 HABCETHA NyTeM H3aMepe-
HUA MIOWAAN MOMepeyHoro ceuenust s ¥ ob6bema v. [as Geictporo u3amepe-
Huft JasneHudl coctapnsercs T1abnuua AN9 HAXOMIEHWS [aBiEHHS p B 1o~
mx #x Hg no manuomy k. Korma npuXoAMTCs NpCU3BONMTH W3MEDEHH:
B HIMPOKHX fpelesaxX AABACHUR — OT HMBKHX N0 CPABHUTENbHO BHICOKHX, TO
OGHIKHOBEHHO M0/b3yIOTCA BTOPHM criocoboM uavepenuil. Eciu peus urer
He O TOYHBIX u3MepeHusx abCoOMOTHON ReNMYUHB JAABACHHH, a JHLIL 06
OLCHKE CTENEHW BaKyyMma, TO, MO/b3ysich BCerga OJAHMM W TeM we ,Mak-
JleontoM®, roBopsT uHOrza NPOCTO O AABMEHHH ,BO CTOMBKO-TO MUJUIUMETPOB
no Mak-Jleony“. ITonssyscs ans COKpAUIeHHS BpPEMEHH TAKHM Y{IpOUIeHHBIM
0603HAaYEHUEM, HE HALO 3a6u1BATh 0 HeOGXOLMUMOCTH YKA3HIBATH MOCTOAHHYIO
NprHMensitMOro MaHOMETPa, ecaAM [es0 HIAeT He TOJMbKO O CPaBHHTEAbHOH
OLgHKe BAKYYM2 B 14HHOM 4YaCTHOM clyyde, HO M O BEIMYHUHE JOCTUTHYTOr®
BaKyyma,

Tak kax BcAkas pesuHa cama no ce6e, a B OCOGEHHOCTH B MeCTax coe-
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EWHEHUS €e CO CTeKJIOM, MOXET MPONYCKaTh BO3AYX, TO B MeCTe MPHUCOEIM-
HeHHd pe3uHn X TPpyGke MaHOMeTpa yCTAHABNUBAETCH NOBYIIKA ANt BO3JyXa,
npeacTasiedHas Ha puc. 38 wnu B Apyrom sapuante Ha puc. 39. [Tonagaio-
wuit Yepes pesuHy B PTyThb BO3AYX CKOMINETCA
8 BepXHe#dl 4acTH JOBYIIKH B 4, W €T0 MPUXOAHTCA
BHIYCKATb, OTJIOMHB REPXHUM KOHen y3eds-
koA TpyGouku ¢ (puc. 38), moguas pryTs npu
aTMOCHEPHOM [aBJEHHH B MaHOMeTpe 10 Bepxa
3TOH TpyGouYKkH ¥ BHOBL 3414dB ee,

Onucannas Bellle  KOHCTPYKuMA MAHOMETpA
Mak-Jleona Ha npakrike Hecko/bko HeynoGHA Kak
BCIENCTBHE TOFO, YTO TPYyOKH AAMHHH H NpHGOp
3aHUMAeT MHOrO MecTa, TdK W [GTOMY, 4TO
HeynoOHO MpOM3BONUTL MPH KAMEOM H3MEpeHHu
NOonHATHE W ofyckaHue Oannona. JIpyras KoH-
CTpyKuus, u3obpamennas Ha puc. 40 u HasmBae-
Masl YKOpOuYeHHbM MaHoMerpoM Mak-Jleoma, ycrpa- Pac. 38.

HAeT 3TH HemocTaTku. bannou K npunagn k maHome-

TPY 4 cHiGxen TpyGrolt R. [Ipu nomouru ato#t Tpy6KH, HMeOweH TPeXXoL0BOR
kpad, Ganton K MOWHO COGNWHATH MJIH C atMocdepoit, #1u ¢ POP-BAKYYMOM.
Ecna cnavana 6ammow K 6uln coenumed ¢ BakyymoM, 10, Coobuias GamioH
€ aTMocepoH, Mbl 3aCTABUM PTYTh B MaHOMETpe .

noxdumMatecA. OTKpbIBATE €OOGilleHue C aTMoO- ‘
Chepolt HyKHO OCTOPOXKHO, TAK KAK HHAYE PTYTh
MOAHMMAETC B Kamuanape ¢ GoMbIUM HAmoOpoM
M MOXET ero paspywuTsb. [ 0cTaHOBKH pTyTH
B [MO/NIOKEHHH, HYXHOM AN W3MepeHHus, 3aKPhi-
BAIOT Kpad B cooTBercTByloumuit Moment. [locre
H3MepeHus NepesolAT KPaH B TpyOke R #a co-
oGuwenne ¢ HOP-BAKYyMOM, PTYTb B MaHOMeTpe
Qnyckaercsl, 4 npubop FOTOB AN HOBOrO H3Me- |
perus L.

Ouens ynobHO pmenath coolilleHHe TpexXo-
loBoro kKpana ¢ armochepolt uepes TpyOky
C OTTAHYTHIM Y3KHMM KOHUOM H OCTAHAB/IMBATH
PTYTh MpH ee NOXbEME, 3aKPLIBAs 310 OIBEp-
crie mansueM. Ecau 8 naboparopuu win B uexy
HeT olwero $op-BaKYyMa, TO BaKyyM, HeoBXo-
IUMBIA 19 YpaBJeHHs YKOPOYEHHHM MaHOMeT-
poM, Nydlie CO31asaTh NpH OoMowM ocoboro,
HAMlpuUMep BOI10CTPYHHOro, Hacoca, TaK KAK MpH
MONL30BAHUN TeM e (NDBAKyYMHEIM HACOCOM,
KOTOp»H 00CAymHUBAET HACOC BLICOKOTO BaKy-
yua, neobxomuMo Nipu coenuueHun Qop-sakyyma Puc. 39, Puc. 40.

C MaHOMEeTPOM 3aKphiBATL cOOGiIeHHe MeXAy

HacocaMd OpP-BAKyyMHLIM M BHISOKOTO BakyyMa, uToOW Bo3oyX M3 ¢op-
BiKyyMa He mpopBanca B oTkauusaeMeil cocyn. OcofeqHHo yaoGHO npuMe-
HATL yKOpodeHHBIH Manwoverp Mak-Jleona, korga nmo BceMy HOMeileHHIO Hexa
Riu 1aGopaTopHH CHeNaHa mposoAka OT o6ilero ¢op-BaKyYMHOIO Hacoca,

¢

3

Bapau. mpybia sawem Mak fleod -

Pasun mpybies

L
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K KOTOpOH NpHCOENMHAIOTCA BCe MaciAfHLIe HACOCH AMst o6neryeHuss UX neh-
CTBHA ¥ KOTOPOH MO/IB3YIOTCS 6e3 [ONOIHKTENLHOTO HACOCA, KOTIA HYXHO
lapieHHe 10paaka Heckoabknx mu Hg. Tloxvem pryru B Mmanomerpe Mak-
Jleona MOXHO TaKxe OCyulecTBISTH [pPH MOMOmM NOZBOIKHM CHATOLO BO3-
ayxa. O[HAKO B 3TOM C/Iyude MAHOMETD He OYAET YKOPOUEHHHM. Moaepomml
OnuCaH CrneuuaNsHed yAo6HME B 00paiueHuH TUN YKOPOYEHHOro MaHOMeTpa,
OCHOBAHHOTO Ha mnpuHudne Mak-Jleona, comepwammi Bcero 6 cud pryTH,
Ilono6roro pona npu6opel HHOrAa HA3WBAIT B JUTEPAType KeHOMETPaMu
no PEJIEHy[23]. Hem Goabue mui GepeM o6BeM U W ueM ywe KANMAIAD, TeM
MeHbliMe AARJIEHHS MBI MOXEM H3MepaTh MaHoMeTpoM Maxk-Jleona, s Benu-
YUHBL /2 NOMYCTHMBIH MHHMUMYM paBeH 1 ., TaK Kax
mpu B <1 Mm pasHuUa ypOBHEH y/JIaBIUBAETCA r1230M
canwkom nerouno, Oanako GecrnpeaenbHo yBeNMYHBATH U
H yMEHBIIATH S MH He MOxeM, Ywe NpH v = 250 cu3
NPOIONKUTENbHOCTE  UBMEDEHHs, BKJIOYAsT OMyCKaHHe
b, pTyTd AAg TOro, 4ToGn npu6op 6w FOTOB K HOBOMY

U3MEpeHuio, MOpAAKA HecKOAbKHX MuHyr. [loatomy
o6beM o OepyT O6biKHOBeHHO He G6onee 250 cu3, n
TO/MBKO B PeKHX CAy4asx B JjuTepaType BCrpeuaercs
‘; onucanve MaHOMETPORB ¢ 06beMomM v > 500 cu3. C apyroi
'0]’ CTOPOHBI, 06beM U; TAKKE He MOXKET OBITh YMeHbLiaeM

W 000001
il 0,000
I 000

B0 GeCKOHEYHOCTH: BO-NEPBWYX, YPOBEHb DPTYTH HEb3
MOABOLATL CAUUIKOM G/IM3KO K 3amaBAeHHOMY KOHLY

i  KanmWiaspa, TaK KaK NpH STOM [eAdeTcs OYeHb Helou-
HbIM  onpejesesne 00beMa ¥; BO-BTOPHX, YMEHbLIATH
00beM v; MpU HOMOMIH yrnoTpeGaeHHs TpyGOK Menb-

l LIero JHaMeTpa MOXHO TONBKO JO H3BECTHOTrO Npenena,
TAK KaK mpu nvamerpe, MeHniieM 0,5 mM, PTYyTh uMeer
Puc. 41, TEHJEHLNIO BCAEACTBHE TDeHNd MEPEMellaThCl CKAYKAMH
H, CIEROBaTEJBHO, TPYAHO N06UTLCA COBNANEHUS YPOBHS

PTYTH C OTMETKOH MM AeneHueM WKaiabl., KpoMe TOTO npu TAKOM ManoM aua-
}eTpe,HenaGenHbie HEDABHOMEPHOCTH B BEAMUHHe NOCAENHETO CHABHO CKA3HI-
BAIOTCHA HA BENHYMHE KanwinapHoH nenpeccun. O6bIUHO AuaMeTp TPyGOK GepyT
He Menbile 0,7 uu, To MUHHMaNbHOE JaBleHue, KOTOPoe MoXeT ObiTh HaMe-

PEHO ZI0CTATOYHO TOYHO NpH OGbeme ¥, pasHoM 250 cu3, u duaMerpe ka-
nwuapa 8 0,8 wa, pasto:

p=1001p=10"" s,

Ecan met npunagum Kamepe cmaTHsl ONMH H TOT Ke AUAMETP IO BCeH Aauue,
TO MAHOMETD HeNb3a GyseT NPHMeHATb A JaBieHMH GOJbIIE H3BECTHOLO
Npeiena, TaK KK no KOCTHKEHHH 3TOFO Npeiend UIMHA %4 He Gygxer yme-
watecad B8 TpySke E. [ng Toro yTo6ui MaHOMETPOM MOXHO OBIJIO HBMEDSTH
ORHOBPCMEHHO KAK HHM3KWE, T3K W BHCOKHE JaB/JCHHA, OPHUMEHAETCS COCTaB-
HOIt KAMW/AP, KaK rnoxasano ua puc. 41. [lpn o6beMe v =250 cu3 MOKHO
Hate TPyGKaM, HANpHMep, TakMe pasMepHi:

Tpy6xa D, : pnuna 50 cu nuaserp 10 sum

» D2 . ”n 20 » » 4;5 »
» DS: ” 20 » » 1»5 »
» Do, 20, . 0,6 ,

MAHOMETP MAK-JIEOJIA 7%

ITpu Taknx pasMepax OTMeTKH, NOKA3anHbieé HA puc. 41, OyayT nanexo
OTCTOATh OT MECT CIaifiKH, 4TO FO3BOJISET NPOU3BOJAHTH TOUHHE M3MEPEHHH,
Ecau~tpybka F (puc. 41), coo6wmaomancs ¢ Pa3pemeHHsM MPOCTPAHCTBOM
M WMemias [uaMeTp, DaBHuit nuameTpy TpyOku Dy, GymeT HMeTh INUBY
40 cu, To MaHOMeTp, AaBas BO3MOXHOCTb M3MEpATH [aBjeHHe BHH3 110

107° MM, B TO e BpeMa TM03BOJAET M3MepATH JAaBJICHUS BBepX [AC
4 mMm, T. €. 00 00JacTH, B KOTODOH Hanblle NPUMeHHMBl OOHKHOBEHHHIE
pTyTHbE MaHoMeTphl. UToOm M36exaTh NMONPABOK HA KaNHMJADHYIO Aerpec-
CHIO, YCTPAHBAWT OTBETBJEHHA TPyOKu [ C COOTBETCTBEHHBIMH JIHAMETDAMH.
WenarenpHo, uTOGH Npefensl uaMepeHult OTAENbHBIX 4aCcTeH COCTABHOrO Ka-
AMANSPA 3aXORMJM OJMH 3a APYroff, TAK KakK MpPH 3TOM fABAAETCA BO3MONK-
HOCTH NPOBEPKH H3MepeHHH, TPOM3BEAEHHHX C MOMOWBLK TOR HAM HHOH
YacTH.

[Tockonexky wmaHoMerp Mak-Jleona ocHOBaH HAa INpPHMEHEHHH 3AKOHA
Bo#tna-Maprnorra, nokasanus ero 6yayT TO'IHH TOJMbBKO B TeX Ciyyasx, KOraa
3TOT 3aKOH AeHcTBUTeNsHO uMeeT Mecto. IlosroMy MaHOMeTp HeNb3d Hpu-
MeHATh /5 ra3oB, OMU3KHX K COCTOAHMIO CKHMEHUA, KAK, HANpHUMepP, B TOM
cIyuae, KOPAd B OTKAYMBAEMOM Ia3e COAEPWUTCA YI/IeKUCI0Ta M, B OCOOeH-

—6

HOCTH, BOlsHbe napel, Ecau usMmepsemoe namienue Menee 10 MM, UTO
COOTBETCTByeT NpH o ==250 cm® u muamerpe kKamuaaapa 1 M4t Buicole
KaMepn Catus Mexee 1 ea, TO onpenenende RaBaexHus ManomerpoM Max-

Jleoma CTaHOBUTCS O4YeHb HeTouHHM. Ho BCe ke u npu masienusx 10-—% n

10~ m Hg manomerpom Mak-Jleona mMoxno nosib3oBaTeCa A4 QNIPENEIEHNS
TI0psAKA HMEIOLerocs paspexenns. [1eso B TOM, 4TO eCNH AaBAEHHE AGCTUTAET

NOpHALKA BeJHYUHBI 1077 Hg npyn v==250 cx3 B DPTyTs MOAHUMATL O
sepinnpl kKamwiiapa C (puac. 37), To ocraloumiyiica NysbipeK rasa ApMHHMAeT
pa3Mepsl, HEBUAMMBIE [Jif [71a34, a 3dTeM, HECMOTpS Ha OMyckaHue pTyTu B E,
B kanuaaape C PTyTh He ONyckaeTcd M Kak Ghl TNpujumaer K CTeKay, TaK
yTO ypOBeHb PTyTH B TpyOke E MOMeT CTOATh 3aMeTHO Huxe, Yem B C.
D10 ABJAEHME HA3LIBACTCH ABAEHHEM ,TIPWINMAHUE DTYTH® B MaHOMETpe
Mak-Jleona.

MNpuaunasne MMeeT MeCTO TOTAA, KOrAd My3skipeK BOBAYXa IeNaerca ywe
HACTOAbLKO MaJ, Y4TO He IPensiTCTByeT CONPHKOCHOBEHHIO PTYTH ¢ BeplUHHOH
kanuanapa. C yMeHblueHueM [ap/JeHHA OCTATOYHBIM MySHpPEK rasa yMeHb-
aercs, 4T0, KAK MOKA3bLIBAET ONBIT, BA€YeT 3a COO0# yBeNUUEHHE PA3HOCTH
ypostelt B TpyOkax £ m C B MOMEHT OTphHBA DTYyTH OT BepIUMHB Kamui-
napa C. Takum 06pasoM mo/yuaeTcs BO3MOKHOCTL KaUECTBEHHO CYHHTh G
ﬂOpﬂIIKe BeJINYHHLI A aBjeHUd,

Tor BaxyyM B OTKA4HBAEMOM cOCyNe, IPK KOTOPOM HaYNUHARTCH siB/IEHHE NPH-
JMMAHKY, HOCAT Ha3BAHUE 8aryyua npusunaris. [IOPAIOK BeAUYKHb 8aKyyMa
NPUAURQHUS 3ABUCHT OT o6beMa KOnObH MaHOMETPA, NMaMeTPa Kanuanapa
H COCTOAIHHA MOBEPXHOCTH cTex/aa (IIPeABAPHTENbHbIA Nporpes) (7, 28],

[priaunanue PTYTH K CTeKJAY YIOBJAETBOPHTENLHO OOGBACHAETCH, KAK ITOKa-
3wiBaeT nocrpoeHHas npod. B. M. PomaHOBHIM Teopus, cunaMu B3aMMHOIG
MPUTSHKEHHS MOJeKys Crexaa ¥ pryTd. CnpaiumBaelcs, moueMy e He pas-
puBaeTcs CaMblff CTONG DTYTH, NOUYEMY CHAB NPUTHAKEHHA MEXLY MOJeKy-
naMM pPTYTH CHOCOOHH yaepxaTh CTO/AOMK BECOM B HECKOJBKO rpaMM?

Yro6sl OTBETHTb HA ITOT BOMPOC, DPHXOAXTCA 06paTHTBCA K paccMOTpe.
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HHUI0 KpDHBBIX, H300DaWaloOmUX YypaBHEHHE COCTORHAS MKUAKOCTH BaH-Iep-
Baansca. OG6HYHO HaG/0gaeMbie COCTOAHHS KHAKOCTH COOTBETLTBYIOT KDH-
BomuHefiHOMY oOtpeaky AB (puc. 42). Otpesok CD COOTBETCTBYET raso-
06pa3HOMy COCTOSHHIO, @ TOPH3OHTANBHBI! TPAMON 0Tpe30oK BT — COCTOAHHIO
HacwlleHHOro napa, KpupoauHefinmit oTpesok 0T B po E coorsercrayer
MafoyCTOHYMBHIM, HO BCE JKe BOSMOXHBIM COCTOSHHAM ,TieperpeToi* WM B
MHTEpeCyIOlIeM HAac Cciy4ae Jydlle CKasaTb ,NePepacTsHyTOH“ KHAKOCTH
(1. e. muakocTH, HUMeloUiel MpH nauHoit rtemnepatype GoabiuHii 06'heM H
MeHbllee dB/ieHHE, 4eM COOTBETCTBYeT ONHOBDEMEHHOMY CYIIECTBOBAHHIO
WHIKOCTH M HachluleHHoro napa). Xonx KpuBHIX BaH-Iep-Baanbca, u3 koto-
PHIX Kaaas COOTBETCTBYET OMNPEEJEHHO! TeMruepaType, NOKa3HBaeT, YTO
nasneHue , eperpeTofi KUIKOCTH MOXET ObiTh OTPHUATENBHBIM (HHIKHAA
Kpueas puc. 42). BenduuHB KOHCTaHT BaH-fep-Baaneca a u b ana pryTH
TaKOBW, 4YTO [PH KOMHATHOH TeMmepaType Kpushie BaH-Zep-Baannca ans
4 PTYTH KaK pas 006JafaloT 3TUM cBOHCTBOM. TaKuM
o6pa3oM siBAeHAE OPUIUTAHHUS MBI JOMKHH PHCO-
BaTh cefe TaK: pTYTh B 3aKPHITOM KANUWAIAPE,
TIDH ONYCKAHWH ee B OTKPLITOM KOJ/eHe MepexoNuT
B COCTOSIHHSI, COOTBETCTBYIOLIHE HEYCTOHYUBOMY
OTpe3Ky KpuBo¥ BaH-Iep-Baanbca, n umeer ,o0TpH-
paTeapHOE NaBAeHHE", 3TUM M OGBACHIETCH TO,
4TO B 3aKPHITOM KamH/nspe yPOBEHL DTYTH BhIlle,
qeM B OTKpuITOM, OOBIYHO CYIlEeCTBOBaHHE OTPH-
0 ‘\/’ YuatenbHOro QaBNeHHA  JeMOHCTPUDYeTcsl MyTeM
OCTODOXHOI'O NOJHATHA OUYEeHb INJAHHHON GapoMer-
g“c' 42. Kpuswe Baw-1ep- ,yueckop TpyGku CO PTYTHIO M3 apyrofi Gonee
aajkbCa A  DA3JTHYHEIX
TeMneparyp. mupoko#t Tpy6kH, 3anoaneHHoft pryThio. Ecan
pPTYTh JHOCTaTOYHO Ofe3raxeHa KHIMsiYeHHEM H
PTYTh W CTEKIO 4YMCTH, TO CTOX6 pPTYTH He OTpHIBAETCA OT 3aKphI-
TOr0 KOHUA 6apoMeTpHyecKko# TpyGKH, KOrJa pasHHUA ypoBHed B TpyO6Kax
CTaHOBUTCA DaBHOH aTmMocdepHOMYy IHaBieHHIO, a HOAyyaeTcs TaKOe Ke
»AB/NEHHE NpUAMNAHKA®, KaK B MaHoMeTpe Max-Jleona. Taxum nyrem ynaerca
NMOJYy4YHTH PAa3HOCTh YPOBHeH B TPyOKax, 'COOTBETCTBYIOILYI0 HECKOAbKUM
aTMochepam.

Sleaenne NpuaunaHug uMeet GOJblLIOE MPAKTHYECKOE MDHUMEHEHHE B Tex
Cly4adx, IZe BaxHa He aOCOMOTHAA BeAHYHHA HMEIOLIErocd NaBIEHHSA,
2 BO3MOXHOCTh [OJIHOCTBIO W CMOJIB30OBATL DAa3pexeHHe, NaBAEMOE HACOCOM,
SlBneHne MpuAMNaHus MOKA3BIBAET HaM, YTO 3TA BO3MOXHOCTL JOCTHIHYTA H
HHKAKOH TeYH B BaKyyM-ammapaType Her.

Hepocratku manoMerpa Max-Jleona caenyiomtue: 1) dem Huwe pasie-
HHe, TEM MeHbIIEe TOYHOCTh NDPOH3BOJHMHIX M3MeDeHH}; 2) mMaHOMeTp He
YUYHTLIBAET AABJIECHUA PTYTHHIX MAPOB, TAK KAK STH MAPH NPH CKATHH KOH-
JEHCHPYIOTCH B XKHAKOCTb; 3) MaHOMeTp HEBeDHO H3MepsieT AasJeHHe JIErKO

CrymiaeMelX Mapos; 4) uamepenus MaHomeTpoB Mak-Jleoga npoussonpsitcs
DOBOMBHO MEMNIEHHO.

4

OnpeneneHue HOCTOSIHHOH% maHoMerpa Mak-Jleona [dopmyna (5')],

Heo0x0auMOe I/t MMO/MH30BAHHS STHM MaHOMETPOM No 2-My crocoby oTcuera,
ApOU3BOAUTCA N0 MDUNARKH MaHOMeTpa K BAaKyyM-ycraHoBke. MaHomerp

MAHOMETP MAK-JIEOJA 81

ONPOKUIKIBAIOT, HAMOAHAIOT DTYThIO AC pa3peTeieHua TPYBGOK H OMpere-
Aa10T 06BbeM ¥, BHUIMBAA 3Ty PTYTh B MEH3YpKY. 3aTeM Ha/iHBAOT B KOAGY
MaHOMeTpa HeGOJBLIOE KOJHYECTBO DTYTH, HANEBAIOT HA OTKPHITHH KOHel
HiHel! TPy6xH MaHoMeTpa TpyOKY M3 BAKYYMHOH DE3HHb, COSAHHANT 3Ty
Tpy6Ky € (dOp-BaKYYMHBIM HAacOCOM H IOJ BAKYYMOM NepeingaioT He6omb-
1H0€ KOMHYECTBO PTYTH B KaIlHIAD, W3MepsiOT AAMHY cTON03, 3aHHMAEMOTo
8 KalHAIADE PTYThIO; OTBELHHRIOT PEe3HHOBYIO TPYOKY H 3aTeM B3BELIMBAIOT
MAHOMETD BMECTE C DTYThiO.

ITo pasHocTH Beca mycTOro MaHOMETPA M MAHOMETPA CO DTYTHIO Ofpe-
AEJAI0T BeC M OTCloga oObeM DTYTH B KANWASDPE M, HAeAs Ha ANMHY CTOJN-
6uKa, mIOWale NONEPEeYHOro CeyeHys Kamuaaapa.

Ecny xenatenpHO HKOCTUCHYTb GOJblielt TOYHOCTH H3MeDEHHH H YUYecTsb
BO3MOXHYI0O HEDPABHOMEDHOCTh NOMEPEYHOr0 CeyeHHH Kamuaaspa O ero
amide u - Qopvy 3a-

KDYrAEHUd ero BepxHero I
KOHI]A, TO, ONpelenus
o6t o6beM Gannosa
4 Kanumnsapa v, BHICYH-
THIBAIOT, KAKHM KOJHYe-
£TBAM PTYTH COOTBeT-
cTByOT 06bemb: 105 @,
10—¢ 9,103 9,102 o,
3areM NOCAeJOBATENBHO
OTBEUWIHBAIOT 3TH KOJH-
4eCTBA DPTYTH, 3arOHAIOT
KaXObIY U3 HAX B OTHACNB-
HOCTH MOL BAKyyMOM B
KOHYHK Kanuuasapa H &'

AEpKaA MaHOMETD Kanui-
JIAPOM BHH3, NEAAIOT HA
Kanwuspe FOPU30OHTab- Pue. 43,

HYI0 OTMeTKy Ha BHI-

COTE MEHMCKa PTYTH AN MDOM3BONCTBA M3MEPEHWH 10 MNEpBOMYy M3 yka-
3aHHWX Ha cTp. 76 cnocobow. Heo6xomrmo 3ametuts, YTO NPH NONHATHY
PTYTH BO BDeMs H3MeDeHHH B KAMHANAPE, MOCTABJIEHHOM 32KPHITHIM KOHIOM
KBepxy, 00beM OKATOr0 rasa B Kanmuiadpe Ha4 PTYTHIO HE COOTBETCTBYET
B TOYHOCTH 0OBbeMy PTYTH, 3anofHsaBIIE# KANUAIAD AO TOH ke MeTKH BO
BpEMs HaHECeHUs! NMOCJeNHeH NpPH MepeBePHYTOM MOJNOWKEHHH Kanuiaapa. 3TO
MPOHCXOAUT BCAEACTBHE KPHBH3HbLI MEHHCKA PTYTH, KAK BHAHO Ha pHC. 43,
Ilns toro, 4toGbl 06DBEM MEXAY PTYTHIO H KOHUOM KamUusipa Gbil OAMH H
TOT Xe B O6OMX Cy4asX, HaA0, YTOGH MEHMCK 3aHUMai B NMepsoM caydae
noanxwenue AMB, a Bo Bropom — A“M”B”. Hecnoxuw#t noacuer!) noxa-
3LIBAET, 4TO PACCTOSIHHE Y BepHHH MeHucka AM”B” or ocHoBaHus K
meHucka AMB  Gyner nopsaka 0,06 BeicoTel Menucka. [losTomy npH
Kaa46pOBKE MaHOMETDA METKY HAHOCAT He NMPOTHB BEDIIMHH MEHHCKA PTYTH

NpyY MNEPeBEPHYTOM MNOJMOXKEHHM Kanmwaasipa, a NPpOTHB OCHOBaHHH 3TOrO
MEHHCKA,

.

1) Nwonyate, Texuuxa seicoxozo saxyymsa, crp, 62.

Kano: s 1329

[+7]
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BeneactsHe ManoCTH  BeJHYHHB Y M MOCTOSHHOTO HaJH4MA NPYrHX NpH-
YUH HETOYHOCTH H3Mepenuit ManomerpoM Mak-Jleona sennuynny y He yqn-
THIBAIOT B KA4YeCTBE MOMPABKH NPH HAHEeCEHHH MeTKM, TeM GoJiee, 4TO Ha
puc. 43 M OCHOBAHHOM HA 3TOM DHCYHKE MOACYETE BEJMYHHB Y HE NPHURSATO
BO BHMMaHHE TO 0GCTOSI1e1bCTBO, YTO B OJHOM M TOM Xe kanwiaspe ¢opma
MeHHCKA pTYTH W ero BmicoTa OyAyT pPasiHyHbl B 3aBUCHMOCTH OT TOroO,
CONMpHKACaeTcs A pTyTh ¢ arMocdepodt mau ¢ Bakyymom. HroGu mpeny-
CMOTpETh 3TO MoC/AelHee OGCTOATENbCTBO, DEKOMEHIyeM HAHOCHTb METKY He
pasbenuHAs MaHOMeTpa C (GOp-BAKYYMHEIM HACOCOM MoOCHe  3aNONHEHHS
KOHYMKA KAMWAAApa PTyThlo. PamaceaHu yKasan METOd IPaAyHDOBKH MaHO-
Merpa Mak-Jleona (ompejeneHHe MOCTOSHHOR) He OTHMMas MaHOMETp OT
Bcelt BAKYYMHO# CHC1eMbl 25,

§ 4. A6comornbii maHomerp KHyacena, panHomMeTpAYecKHe MaHo-
meTpbl. Paunomerpuueckuit MaHometp KHyaceHa OCHOBAH HA TAK HA3bIBAEMOM
paanomerpuueckoM addexre. EcCaM B N0CTaTO4HO  paspexeHHbl  ras

[IOMeCTHTh JerkKyl MEJBHHYKY CO CAIIAHBIMHU

\\\\ KpuUILILIKAME, OpDHYEM OAHA M3 CTOPOH 3STHX
\s KPLUIBILEK 3aYepHEHA, W OCBETHTE MEAbHHUKY,

\
\

TO Aaxe [pPH c1a60M OCBEHIEHHH MENbHUYKY
OHAa HayHeT BpAIAaThCcd B TAKOM HANPABJEHHUH,
KaK ecnd Gbl 3a4yepHEHHblE CTOPOHBI KPLIABILIEK
OTTanK¥BaNKChL JydyoM cBeta. Ha camom zmene
CYIUHOCTD SIBJGHHA 33KIIOYaeTcd B TOM, 4TO
3a4epPHEHHLIE CTOPOHB KPbUIbIIEK HATPEBAIOTCH
Ayyamu ©0osbllle, 4YeM NPOTHUBONOJOXKHLIE HX
CTODOHBL, ¥ 1apsouyecs 0 3a4ePHEeHHYI0 MoBepX-
HOCTb MOJIEKYJIBI YHOCHT € cOGOH B Cpennem
Gonbllee KOMMYECTBO ABHKEHHS, YEM MOJEKYH,
yaapsionmecss o He3auyepHeHHble CTOpPOHHI, IIPH-
4eM 3TOT W3GBLITOK He MOMXeT KOMMEHCHDOBATBECH CTOJKHOBEHHSIMH MeXIy
MOJIEKY/IaMH, TAK KaK JUlHHAa CBOGOAHOrO NyTH LOCTATOYHO BeduKa. B pe-
3yAbTaTe JaB/JEHWe rd3a HA 3ayepHEHHBIE [MOBEDPXHOCTH OKasnipaercs Goablie
H KDBUIBIIKH NDHXOAAT BO BpalieHHe.

Teopns paavomerpuueckoro sddexta Afs ,HU3KHX“ naBiaeHHi rasa Onia
naua  Knyncenom 481 u B Gonee crporosi dopme Jlopenmom 9. Tlycrs
As u A, (puc. 44) nee napamiensHble TAACTHHKH, [OMEMleHHble B ras,
NOCTATOYHO DASPEMEHHBIA AN TOro, YTOOH JUIMHA CBOGOXHOrO MyTH MOJe-
KyJbl Obl1a BesMKa MO CPaBHeHHMIO C PACCTOAHHEM MEXAy NJAACTUHKAMH.
Mycts T, u T,-—a6CcomOTHbIE TeMreparypsl OGeuxX macTuH, npudem 7,
eCTh B TO Xe BpeMd M TeMmepaTypa CTEHOK COCyna, COAepXallero rasz
M CAMOTO Ia3a BHE MPOCTPAHCTBA, 3AKIIO4EHHOTO Mexay ImacTuHkamu. Ilpn
T, > T, paisoMeTDHYECKHE CHIbI CTAPAIOTCA PA3ABHHYTb ITACTHHKH.

ITycts B KaXAOM KyGMYECKOM CaHTHMETpe IPOCTPAHCTBA, 3aK/IOYEHHOTO
MeXIy NIaCTHHKAMH, COAEPXKHTCS 7, MONEKyA C OOLIWM HanpasineHHeM ABH-
Kenusd ot A; K Ay, T. e. TAKHX MOJEKYJ, KOTOPHIE NPeABaPHTENbHO YAADH-
JMCb O TMAACTHHKY A, B n, MOJeKkyJd, YHAAPHBUIAXCA [PEXBAPUTENbLHO
0 MAACTHHKY Ap, C HanpaslenneM newxeHuss oT A, k A,. Ilycts nas nep-
BBIX MOJIEKYJ] cPelHss KBaLpaTH4YHad CKOPOCTh paBHa (,, a cpeluss apHd-

meTHueckas c¢; == 2,. Te e senuuuus nns BTOpO# Trpynnel Monekyn G

ABCOJMIOTHBIH MAHOMETP KHYACEHA; PALMOMETPHYECKHE MAHOMEIPB 53

W, V3 TOTO mONOXEHHS, 9TO TMAOTHOCTL 4338 B YCTAHORMBIIEMCH
COCTOAHHH HE NOMKHA [Ae Gbl TO HA OBIIO M3MEHSTHCA C TEYeHWEM BDeMeHH,
Cleiyer, 4TO WYHCIAO MOMeKYN, npoxXosumx B 1 cex wepes enuuniy
MBICTEHHO TDOBEIEHHOA B rase TMJOCKOH MMOBEPXHOCTH, MNapajie bHOH
N/IACTHHKAM, NOMKHO OHTh ONMHAKOBHIM KaK B HampaeaeHun ot A, k A

Tak ¥ B o6paTsoM. Tak kax, no KUHeTHuecKO# Teopun rasos, lmcng Monelf
Ky, mlonajawumx B 1 cek Ha 1 cu® n060# MOBEPXHOCTH, MPOBeAeHHOH

1
B rase, DaBHOTﬂQ, TO &
1 1
g M@= 1”292
HaH
1Ry = n,Q, . (6)

Hanee, yepes GOKOBYIO NOBEPXHOCTh, OTPAHMUHBAIOLIYIO 3AK/TIOYEHHBIH MeX oy
NMJacTHHKAMU OGBEM, MO TeM Ke CaMbIM COOOPANEHHAM TAKKE He FOJIKHO
OLITh HUKAKOrO IBHXKEHHH ra3a Kak uejaoro. Jas Toro uToGul BBIDA3UTH 3TO
MareMaruyecku, OyneM pAacCMaTPHBATH HAXONAIIMECH MENIY MAACTHHKAMH
Ay 1 Ay MONeKyas KaK ABa DA3AMYHEIX Ta33d, HMEIOMIHX TeMneparypu 7T,
u T, A cpenHue apudMeTHYECKHE CKOPOCTH [BHIKEHHSA Mosekyn &, u Q.
Ho6aBuM K MMEIOWHMCA YHCAAM MOJICKYA 7, W Ny TAKOE e 4hCIO Mi)nexyn
VIMEIOUIMX TAKHE XMe CKODOCTH MO BeAHYHHe, HO 06paTHO HaﬂpaBneHHbIei
Tak Kak CTONKHOBEHMAMH MOJEKYl Tasa Mexay coGOH Mbl MOXeM npe-
Hebpeub, BCIEACTBHEe GObUION BelWuYMHB  CBOGOAHOTO NnyTH, TO TaKoe
10G4aB/CHHE HUCKOABKO HE U3MEHHT YCAOBUN JBHKEHHs MOJIEKY1 Mexay
nnactuikamu. B pesynbrare mnawero gonylleHus Mu GygeMm nMeTh, 4To
B elMHHLe 00beMa COLEPHHUTCH 27y MONEKY! OLHOIO ras3a, HMeOLIUX ’cpen-
HIOIO cKOpocTb 2,, ¥ 2ny MOJexyn BTOPOrQ raza, MMeIUX CPENHIO
ckopocth Ry, Tak Kak Teneph MONeKylIb KaWAOTO r43a ABMTAIOTCA BO BCEX
HATIPABJEHUSX, TO K HAM nOpUMeHHM BuiBOx KHyacena ama gmcma MOJIEKY
nonazalouiux 8 1 cex Ha 1 cu® mo6ol NOBEPXHOCTH, NPOBEAEHHOH B rase*:
M, CJIeOBATENbHO, Mbl MOXEM HAINCaTh, YTO Ha 1 ¢#2 yKa3aHHOH GOKOBOH
NOBEPXHOCTH, OrPaHUuMBAIOIEN 00LeM U, MONANAeT W3HYTPU 3TOro 06beMa

1 1
-2 n,2, Mojekyn nepsoro rasa u TZnQQQ MOJIEKYJl BTODOI'O rasa, uiu
BCETO

1
T (22, 4 21,2,) moaexya.

Tax xak MM yBeNMYWIH B IBA Pa3d 4HCJO MONEKYN KAWEOLO rasd, TO
caeqoBaTenbio, (pakTuueckn Ha 1 c#? mOBEpXHOCTH nomnamer ’

;—- i(2r1191 -- 21,2,) Monexyn.

C apyro# CTOPOHH, Ha 3Ty e MOBEPXHOCTb MONANAIOT MOAEKyAbl rasa
HaXOASIIErocs BHE NMPOCTPAHCTBA, 3AKMOUYEHHOTO MEXIy MAaCTHHKAMH A. u
A,. TycTs yuca0 MONEKyn rasa B eInHdUe 00beMa BHE 3TOro npocrpanc%sa
PABHO 1, A CPEMHAS KBAIPATHUHAA M CPENHS apH]MeTHUeCKas CKOPOCTH
3THX MOJeKyn cooTseTcTBeHHo pasHel G W 2. Toraa ¢ sroli CTOPOHU!

«
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1
yepes 1 cu2 npoxomar e nQ MoNeKyn, M MH AOMKHB HMETh

1 1 1
?nQ == 5 . 4 (2”191 —i— 2”292),
uiau
nQ = nQ - 1,2, . @)

Y3 pasencts (6) u (7)gcrenyer:

2m @ =2n,2, = nl
HIH
n, 2, =n292_—:%n9. (8)

Hatinem napnesue rasa p u p' BHE NPOCTPAHCTBA, 3aKAIOYEHHOrO MeXIy

NJAacTHHKAMM, H BHYTpH 3TOTO mpoctpaHcTea. [lo ocHosHO# dopMyne KnHe-
THYECKOH TeOpHH

p= m-nG? . (9)

Yro KacaeTcs BEAHYMHBI p’, TO ee HafileM H3 COOOpaxeHHH, aHANOTMYHHIX
NpPHBEIEHHBM NPH BulBoge GopMysan (7), — HMEHHO CuMTaeM, 4TO HMeelCs
IBa I'd3d C YHCAOM MO/eKyA B epnuune o6beMa 27, W 21, IBATAIOILUXCA
BO BCEBO3MOXHWX HalpasieHusXx. B TakoM cayuae nasieHue p” Ml HONYYnM
KaK CYMMYy NapUMANbHBIX HAaBJeHHH, T. e.

P =m L (2n,G3 4 21,G3) . (10)

Tak Kaxk yHCIO MOJEKyJ B3STO HaMH B 1Ba pa3a 6oibime (PaKTHUECKOTO HX
yhcaa, TO, CNeJOBATENbHO, NeHCTBUTEABHOE NaBjeHWE B NPOCTPAHCTBE MEXAY
MI2CTUHKAMM B [iBA Pa3a MeHblLe:

1, 1
¥ = =4 m 00 a

Uz dopmya (9) u (10) caenyer, 4To npesbinesde naBAeHus p’ Hap p, uau
IPYTAMH CINOBAMH, CHJIA, CTPEMAILAsCH Da3[ABHHYThH NAACTHHKKY A, U A, H OTHe-
ceuHas k 1 cmu®, pasHa:

) 4 - n,G} + myG;
F=p “‘P-P(;“‘ 1>~P<*‘~’n*02—“— 1.

Tax kak no Hawemy yc/noBHIO TEMIepaTypa TJIACTHHKH A, M rasa BHe npo-
CTPaHCTBA, 3aK/IIOYEHHOIO Mexnay MIAaCTHHKAMH, ONWHAKOB3, TO, CJIEHOBa-
TeNbHO:

G, == H Q=2.
Otcrona umeem:

( nG} + n3G3 1) (12)
S ’

F =
”( nG;

Ho (xak ykasaHo B ra, II)
-
a=ay &,
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¥ OTclo1a

G,y Gy a
Kak nokasan Kuynces, 310 cooTHOweHue, GeccriopHoe Ans Cayuas, KOTAQ
BeCh ras B OOWIEM HAXOAMTCH NPU OAHOH TEMIEPATYpPe, NPHMEHHMO M IS
NaHHOTO CAydYas NPH HaAHYHH CKOPOCTEH, COOTBETCTBYIOLIMX ABYM PA3AHUHLIM
TeMiepaTtypam, mpH TOM, OAHAKO, OTPAHHYEHHM, YTOOE DA3HOCTH ITHX TEM-~
neparyp Ghiia nepenuxa, BuiHecem 3a ckobxu B paBeHCTBe (12) B uncaurene
n,Q, wmm, 4T0 TO Xe, cornacuo (6), 7,2, a B sHamenatene nQ,. Torxa

GZ G?
nQ, (—i o )

Fepl_ o e/ |
&
0. 1
Ws (8 mey 1
3 (8) caeayer, uto oG, — 5 M, CHIENOBATENBHO,
s 4

G, '

Orciona corsacuo (13):

WM
/ Gy — G p (G
2 (\ G, 2 \G, ). (14
[TpuMensis cooTnomenne
Gy, _ /T
Gy T,

H MOACTABIfs 3ITO BeipaxeHde B (14), HAXOAMM, 4TO OTTAa/KMBATEJbHAR CHAA,
neficTByomas Ha 1 cu? xaxaoft nnacTuHkKH, pasHa:

=5/3-) g

Orcrona ’
2F
p=— (16)
I
T
B cayuae, ecan T, mano oramuaerca or T, Tak 4TO OTHOIUeHHe % 61n3KO
1
K eaunuue, gopmyny (16) moxuo ynpoctnts. HMmenHo, nonaras
T.
Tj:l—{»-a, ree 0 <Ta<1,

HMeeM:

—_— 1
75 ———
F=V1ta=01+a".



86 TEOPHSl M TIPAKTHKA MAHOMETPOB
Pagnaras ator Asyunen no 6usomy Hblotona uau B pan Teitnopa

1
(1) =14 ... an

H npeHereraﬁ 971eHaMu BoICIIMX NOPAAKOB, Ha4yuHas CO BTOPOIO, NOAy4aem:

T, ,
l/T‘]—l‘}—z

Tax xak B jpaHHOM caydae

TO

H, CJIeL0BATENbHO,

P=rz7, =42 (18)

Takum o6pasom, 3uas Temneparypnt T, W 7; U U3MEPHB TeM MM MHBIM
cnocobom cuny F, mbl MoxeM oupefenuts no dQopmyae (16) wumu (18)
naBneHue rasa p. IJT0 onpefeieHne Gymer TeM TOuHee, yeM OoJblle IJIHHA
CBOGOJHOr0 MNyTH MOJEKYN 0O CPaBHE-

A A, HHUIO C pACCTOAHUEM MEXRY IVIACTHHKAMU

TR e M 4eM MeHplile Da3HOCTh TemnepaTyp
2 A T,—T). K

(T, —T3). Kayncen mokasai, yro CTod-

Puc, 45. KHOBEHHSIMH MOJEKY/l MexIy coboll B

MPOCTPAHCIBE MEXAY NAACTHHKaMM A,
i Ay, MOXHG npedeOpedn, ecan AAMHA CBOGOLHOrO MyTH MOJEKya rasa
Gosee uyem B 200 pas npesHINAET pACCTOAHHE MEXAY MAACTHHKAMH '),
B ¢opmyny (16) ne BX0ONAT HUKAKME BEAMuMHE, XaPaKTepuUsyoUIMe
AaHHBIA ras, M, CleI0BATE/bHO, MaHOMETP, OCHOBAHHHN Ha 3TOM IPHH-
uMne, He TpeOGyeT CPABHCHHMA C APYTHM MAaHOMETPOM, T. €. [PAAYHPOBKH.
ITosTroMy  onmuchiBaeMeii  MaHOMeTp  HA3BaH KHYZcEHOM aBCOMIOTHHIM,
Ifpaktnuecku pamnomeTpuueckuit MaHoMeTp Moxer OBITh OCYIIECTBAEH
HAUPHMEp TaK: MaacTunka A; NOABEWeEHA HAa KPYFWIbHOH HHTH, MpHYeM 3Ta
NMaCTUHKA COCTOMT M3 [ABYX 4acTeif, CHMMETDHYHO DACHONOMKEHHLIXK MO
OTHOIIEHHI0O K HATH M HAXOAAUIMXCH IIPOTHB NBYX Gosee TenmbIX MIacTHHOK
As, Kak mokasauo Ha puc. 45. OTTa/AKMBATENbHAS CHIA MOXKET O6LITh BhI-
YACAGHA MO yriy 3akpy4usadus HUtd. Moment kpydyenus M nponopuuoHa-
ned yray Kpydesus @9:M==cp. C APyrok CTODOHM, OGO3HA4HB BHICOTY
MIACTHHOK 4Yepes [, HaxOmuM, YTO Cu/d, NPUXOAINAACH HA D/IEMEHT nOBepX-
HOCTH MJIaCTHHKH BbICOTOW / M WIHDHHOW0 dx, pasHa Fl/dx. MowmenT stoft
CHABl OTHOCHTEAbHO OCH KpyueHus paeen xFldx. Tlpounrterpmposas 3To
BHDAMEHHE B MpelenaxX OT Xx==vr, 1O X="ry; ¥ YMHOXKHB ero Ha 2, TaK

1) Teoouio paguovMerpHyeckoro 3addexra 11 ,BHCOKMX® IaBAeHHH, 4 TakKe
Ansi mepexoguofi o0sacT™ OT HM3Kkux JAABAEHHH K BBICOKMM YHTAaTeNb HaiigeT
B ctathe A, K. TumMupasesa 50 :
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(aK MBI  KMeeM 31ech JABe IUJIACTHHKH, MOJAyYHM BeAHWUYUHY KDYTALUETO
1OMeHTa:

Ts
M=2 [ xFlax —=2FI 3 (3 —R)=FI(B—rl) . (19)
;.
Q603HaunM TAOWALL KAXIOH NAacTHHKM depe3 S, a cpefHee PAacCTOSHHE OT
fI7aCTHHKH 1O OCH KpydeHus dyepe3 r. Toraa
rykry
=T

.

S=(r;—n)l n r

2 e
3amenns B popmyne (19) semmunny (r—ri) uepes (ry—ry) (rp—r) u
MOACTAaBUB BMeCTO I(ry—r,) BeluuHHy S, a BMECTO r,—-r, BeinuuHy 2r,
TI0JyYHM OKOHYATeJBbHO!

M=2FSr. (20)

[pupasHap 0064 BHIPAKEHMs] KDYTALIETO MOMEHTA, MOJYYHM!
gc ==2FSr. 21)

ToCTONHHAA KPYYEHHS ¢ HAXOAMTCS, KAK OOBIYHO, MO MOMEHTY WHepuuu [
TOABEIIEHHON CHCTEMW W MepHOLy ee KkoneGaHnit T mo dopmyne 1):

’::21:1/“1 ,
C

OTKy1a

TlogctaBus 3TO BhIpaXeHWe B paBeHcTso (21), umeen:

_ ge _ Amel | 2m
F=s55=95m3 = 5a®

SIOACTAHOBKA 3TOro BelpaweHi'st B paBeHcTBO (16) unu (18) naer:

A= {o 1 (22)
TSt ‘/:—T_;_
11
i 8mif T
L O 23
: p= el )

Onpegenus A8 JI4HHOA CHCTeMBI NEPHOA KOJAeGaHHS M reoMeTpHyecKHe
pa3MepL, MBI MOMEM BRIYMCIHTH 1nf Hee MomeHT HHepuun [. Oupene-
JIeHHE JAaBJEHHMA CBOAMTCA K U3MepeHHIO TEMNeparyp H K H3MepeHHw yraa
3aKPY4HBAHKA @ OOGLIYHEIM JyT€M NPH TNOMOUIK 3ePKANLUA, YKDEIVIEHHOro
Ha 3aKpyuuBamowedcs HATH, TPYOH M wkans. Taxk Kak Temnmeparypa X0a01-
noft MAACTHHKM A, DaBHa TeMnepaType rasa M COCyna, B KOTOPOM 3aK/i0YeH
a3, TO O Hell MOXHO CYyAHTb NO TePMOMETDY, H3MEpsIOLIEMy TEMIEpaTypy
cocyda; TeMNeparypy e ropaueff nIacCTHHKM MOXHO ONpeleAnTh MO  ee

1) Cm, Haupumep, yuebunk DifixemBaanbma, Jaekmpudecmso, cip 342,
131. 1928 r.
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COTIDOTHBAEHHIO 3NEKTPKYECKOMY TOKY, KOTODHH TPOMyCKAaeTCs uepes
MAACTHHKY N8 ee HarpesaHud. B Buage napel MIaCTHHOK, MOABEUIEHHBIX Ha
3aKpy4MBaeMO# HWTH, paxuoMeTpHdyeckud ManoMeTp 6w moctpoed KHyice-
HOM M TpH COGMTIONEHHH BCeX HEOOXOAWMBX NDPENOCTOPOXKHOCTEH OGbilt
HCNOAb30BAH MM Kak abcomothell, OaHAaKO B 3TOM BHIE, NMPH TOYHOM yueTe
TeMriepatyp # cobmogenun ycaosus, uTo L B 200 pas Goabumie pACCTOSHUA
MEXIy MAACTHHKAMH, PANUOMETPHYECKHH MaHOMETD ABJSETCH OYeHb POMO3i-
KuM, a Tpe6oBanHe He6GoabWOH pasHOCTH Temnepatyp 7; W 7, genaer ero
Ma10 4yBCTBATeAbHMM. IIpM yBelHMYeHUW 3TOH pA3HOCTH  TeMmepalyp
1IDUXOAUTCA CUHTATBHCH, BO-NMEPBBEIX, C TEM 4YTO XOMONHAS NNACTHHKA HArpe-
BAaeTCH BCACJACTBHE JIYYEHCIYCKaHHS Topavedl u TOTOMY Temmeparypa ece
CTAHOBUTCS OTAHYHOH OT TEMIepaTypebl OKPYwalollero rasa, M, BO-BTOPHIX, C
TeM OGCTOATENLCTBOM, HYTO YHADPUIMECH O CTEHKY MOJEKY/bl He npHOGpe-
TAOT 8 TOYHOCTH CDelNHIOK CKOPOCTh, COOTBETCTBYIOULYIO TeMmmeparType
CTeHKH. Yuyer 3rtoro o6crodtensctsa TpeGyer BBeleHHs B  (opmyanl
,koadunrenra akkomonauun® a 183U, KospuumenT akkoMopauuu pasinyed
A PasiM4HbLIX ra30B, a NOTOMY NPH CKOJbKO HHOYIb 3aMeTHOH DasHOCTH
temnepatyp 7, u T, paauomerpuueckdHdl maiomeTp nepecraet O6uTb a6co-
AOTHHIM, BcnoMHuM  emie, uyto ¢opmyna (16) He, yuuTHBaeT Kpaesmx
spekTos, [lopsmOK BequuuHB 3THX KpaeBHX 3(h¢exTOB TaKoB, “uro, Kak
MOKA3piBaeT ONHIT, 0OPHM PAacCTOAHHH MeXAy I[UIACTHHKAMH [OPAAKAa HX
JMHEAUEIX Da3MepoB pPagMOMETPUYECKAT CHIA HE TONBLKO NepecTdeT OuiTh
NPONOPLUHOHAJILHOR JaBJeHHIO, HO JaXe MepecTaeT YBEIHYHBATHCH C YBeJH-
yeHWeM [AABJAEHuH, W HAYMHAET 7afath, Mexay TeM HUMETh BMECTO MaHOMETpa
Max -Jleoga ppyro#i  aGCcoNMOTHBHIA W TIDKTOM  NPAKTHYECKA  YAOGHA
MaHOMETD, NPUMEHEHHe KOTOPOro He OGYCIOBJEHO HAJaraeMhHIMH Ha MaHOMETP
Mak - Jleoga orpanwyeHssMM B OTHOUIGHMHW BmOOpa T1a30B, OYeHb CYy-
mecTseHHo. JJoCTUTHYTH 3TOr0 MOMXHO, PasBHBas Hdjpllie TEOPHIO pagHome-
Tpudeckoro a¢gdexra C yy4eToM KpaesbiX 3(Q¢deKTOB M H3y4as KOIPHIHEHT
aKKkoMogauuu. B orHoweHNU Mepsoro M3 3THX ABYX BONDOCOB MHl HMEEM B
Hacrosuiee Bpems pabotsl Mapruaa [71 (1930 r.) m Cnmeaka [81 (1932 r),
npuyeM MapTuHOM npou3BeleHbl TAKKE ¥ 3SKCIEPUMEHTAJNbHBHIE U3MeDeHus
3aBUCHMOCTH PaIMOMETDHYECKOH CHIB OT PACCTOSHHA MEXAY MNAACTHHKAMH.
Teoperndeckne BHIKAAAKY MapTHHA NPUBOJAT €ro K ¢opmyie:

4 —
F=p ey — 7, (24)

.
rie d-— DACCTOsIHUE MEKLY MIACTHHKAMH, a b — MvHeHHLIHA pasmMep MAACTHHOK
(ouu npexnonaralotces ksagpatHuiMi), Popmyna (24) eeiBenesa Ans 60AbIIUMX
p b
orHOweHNA — -, CnuBak, y4HTHBA#, 4TO NdBAeHWE HA XONOAHYIO MIACTHHKY

CKJA2AbIBAETCH H3 TpPex yacrel:
1) ynapos MOleKyn, NpUXOAAUIAX CO CTOpOHH Gojee TenaoH nNAacTUHKH,
2) ynapoB MOJEKYJ, NPHXONALIMX W3 BHEIUHEr0 NPOCTPAHCTBA, H
3) peakiHH MOJEKYJ, OTPAMAIOMWHUXCH OT XOJAORHOH NMIACTHHKH, IPDUXOIAT

K ¢Gopmyae:
- P/ T, N =
F= 2 (\/'ﬁ ) (25)
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a 1
i . 2<}+—b—2>b2—d? J ,
ne y=— L — —  arctg —-. (26}
L d2 b d
b2 ‘/—1 + ~b—2* J
Hasa b=10,5 cu# Cnusak naer taGmuuy (Ta6n. 1), BHpaxawowyio 7 4epes
J, M COOTBeTCTBYOY0 eit Kpusyw puc. 46. -

Y
Ta6auua 1 18
- |d B can- d B can-
TAMETPAX i THMETpPAx T 038
0,05 0,889 0,5 0,280
0,1 0,787 1,0 0,101 0,6
0,2 0,624 2,0 0,029
0,3 0,467 5,0 0,005
l Y

Ilpu Gonpinx d, npUpaBHUBAA Maauifl yroa ero
b2 0,2
TAHreHCy M TnpeHe6Gperas Zz 'O CpaBHeHuIo C enu-

wune#t, Cnusak Haxoamt BMecTo (25) n (26):

iy,

— 005 1015 20 254
oo T bk J&
F“P%Z“z(l/"r]—— 1>’ (27) Puc. 46.
BLIDAXEHUE, KOTOPOE MOC/Ae OGHIUHOTO DA3NOKEHUS l/—% B sl OTNHYAETCS
1

or solpawenns (24) MapruHa Auwe uMcAOBHIM MHOWHMTedeM. Puc. 47
naer cpasHexue ¢opmyn Maprusa u CnuBaxa ¢ nasnHMd onmra Mapruna.
Kpusas Cnueaka (BepxHsis)

11,3¢r=10
GAM3KO COBRajgaeT € [AaHHBIMH
oneita (kpywouku). Kpusas Map- w03}
THHA COOTBETCTBYET UM HECKO/b- osl °
Ko xyxe, JHanee, mnpHH¥Mas BO -
BHUMAaHHe KO3(DHUHEHT aKKOMO- Bast

IAUKH ¥ YYHTHIBadA, 4TO CPeaHss
CKOPOCTb MONeKyJ B3BHCHT OT
TOI0, CKOJABKO Pa3 H C Kako# 654F '
NNacTUHKOA Kaxaad u3 HUX CTON-
kaynack, CnuBak BHBOAHT GOp-
MyJabl  AJAA PagHOMETPHYECKON FRMES
cuinl B 5TOM ofuieM cJayuyae H
NOKA3bIBAET, YTO NMpH MaNON pas-
Hoctu Temreparyp 7, u 7, OHH
npespawanTca B dopmynnl
(25) u (26),

Takum oOpasom paGora Crnmsaka naeT BO3MOXHOCTb CTPOHTL W
HOJB30BATHCS A6COMOTHBIMH PAAKCHMETPHY XCHFMH MAHOMETPAMM [1DAKTHUECKR
npdeM/eMbIX Pasmepos 1),

750

5531

0505 Usas 05t 0626 0ps6 0706 0,45 0785 0826 d
Puc. 47.

3,85

2l -
1} O ppene’ax NPHMEHMMOCTH MAHOMET) . UYACEHA CM. TAKKe 28],

#
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Ecin B xadectse a6COMIOTHOTO DAgHOMETPHYECKMH MAaHOMETp OmLT 10
CUX 0P MUCHOAB30BAH JHIIL onHMM KHyJICeHOM, TO B KauecTse MaHOMETPA,
rpanyupyeMoro CpaBHEHHEM C APYTHMHW, MM [OAB30BaJNCh Hepeako. [lpen-
JOXeHO 0O0/JbLIOe KOMAMYECTBO KOHCTPYKLMH TAKHX  DANMOMETPHYECKHX
mManoMeTpoB. [Ipu wuagoGHOCTH uuTaTeNs HaHIET WX ONKMCAHHE B KHHre
Hwuyatie, Texuuxa swcoxozo sarxyyma. TlpueeneM 3fech JHUIb CXeMa-
THYECKHe 4YepTexxu ABYX THIOB (pHC. 48 u 49), u3 KoTopwmx Buaua obuias
ulles ycTpofictBa Takux MaHomeTpoB. Ha puc. 48 D npeacrasaser coboi

' JErKYI0  [JIOCKYI0  [UIACTHHKY,
] CNYXAWYIO ONHOH M3 NJIaCTHHOK

PAAHOMETPHYECKOTO MaHOMeTpa

Jlpyryio OAacTHHKY — 3aMeHSET
=~ . CcTekj0 Tpy6xH A, nogorpenae-

MOEe MJAH OXxAawpaemoe BOJIOH,

nportekaioule#t uyepes pybGamky F.

Buyrpennss Tpybka B cay-

HUT /1 TOTO, 4TOGHI 3aLIUTHTD

naacTMHKY [ OT ymapoB MoJe-

KYyJ, MPHXOAAIIHX OT CTeHKA A,

32 UCKJIIOYeHHEM TOR 4acTH 3TOH

CTEHKU, KOTODAs HaXOAWTCA Npo-

THB TNpPAMOYTOJbHOIO Bhipesa C

B Tpybke B. [lnactuuka D noa-

BemeHa Ha HUTH £E Tak, uro

orBepctue C HAXOOUTCH HE OpO-

THE ee CeDelAHH:, a OJaHxke K

OxHOMY H3 kKpaeB. Bcnencrsue

9TOTO nN/1acTuHKa D noxa aecTereM
1) panuomMeTpryeckoro addexra Ha-
y YHHAET NOBOPAYUBATHCS, M HUTb £

\. sakpyuuBaercd. Ha puc. 49 uso-

Opaked MaHOMETP C 30/0THIM

Puc. 48. Puc. 49. anctoukom C. Tlpu npomycka-

HHW 4epe3 pyGawky F Temiol

BOIbl  JIHCTO4EK BCAGACTBHE CBOeH Maio# Maccl OHCTPO  HarpesaeTcs,

TOrla Kak MaccusHoe JaTyHHOe TeRo B He yCmesaer HarpeBaThes. Pamyo-

METPHYECKHE CH/IBl BO3HMKAOT MeXAY B u C. OTKAOHEeHHEe JHCTOUKA

HabMOAeTC B MUKPOCKON uyepe3 oxowedko F s Tene B, Jlns Toro uro6ui

n36exaTh OGiIero HarpeBaHus Beex BHYTPEHHUX uacTed 1pubopa, pexoMeH-

Ayercs MU  BCeX W3MEDEHHAX TNPONycKaTh Yepe3d BHEWHIOW pyGauiKy

npubopa BOAY TO HA HECKOMBKO IpRaycoB Boillle, TO Ha CTOJAbLKO XKe
TPALYCOB HMXE KOMHATHOW TemmepaTyphl.

OmnH M3 odweHb mpocTMX  THMOB PaAHOMETPHYECKOI0 MaHOMEeTpa
npencraeaseT co6o# nerkas momperueHHas Ha KBapIEBON HMTH IJIACTHHKA,
OCBEIaeMas ONPENENEHHBIM CBETOBHIM NMOTOKOM. B 3ToM ciyyae paseirphi-
BAIOTCA TaKME IKE SABNCHWS, KAK B CIyyae KPYKCOBOH MENbHHUKH, MpHUeM
BC1MYHHA OTKJIOHEHHUS NNACTHHKH OT NOAGKEHHS PABHOBECHS B34BHCHT OT
1aBNeHUs rasa.

Tak kak NNAACTHHKH PANHOMETpPHYECKUX MAaHOMETDOB MOXHO A€JaTh H3

=L

MAHOMETPhI, OCHOBAHHHE HA TEM{ONPOBONHOCTH TA3A 91

CAIOAB W MOABEWIHMBATH KX HAa KBapUEBHIX HHTAX, TO PpalHOMETPHYECKHe
MAHOMETDHl MOXHO MNpPUMEHATH W [/ XHMHYECKH AaKTHBHBIX Trasos, And
KOTOPHIX HEMPYMEHHMb JADYyrWe BHIbW MAaHOMETDOB, cOAepwailde pTYTh HAH
MeTannnyecKue HATH.

Yr1o KacaeTcd MHHHMA/bHBIX KaBieHHN, KOTOPHE MOIYT OHITh H3MEPEeHHI
NpY NOMOUIM PAAUOMETPHYECKOrO MAHOMETPA, TO aOCOJIOTHBIH MAHOMETD
KdyACeHa MaBal RO3MQKHOCT M3MepHTh AasaeHus mopsaka 2.107% um Hg.
[Toab3yacs oueHb JerKMMU' CAIOASHHIMH DAMOYKAMH M TOHKHMH KBAPIEEBIMH
HUTSIMH, CTPOAT DALHOMETPUYECKHE MAHOMETDH, H2OUIHEe BO3MOXKHOCTHL
u3mMepaTh Aasiends mo 10—"—10~° wx Hg!l).

§ 5. ManomeTpnl, OCHOBaHHbie Ha TemaonposoaHocTu rasa. I[lpu
KPATKOM H3J0XEHHM OCHOB KHUHETHYeCKOH Teopuu rasos B raase Il 6uito
YKa3aHO, 4TO TENNONPOBOAHOCTh TA30B, 4 TAKXKe KO3(UUMEHT BHYTPEHHEro
TPEHHS OCTAIOTCA HEM3MEHHLIMA MpPA H3MEHEeHHH [aB/JeHAS Ta3a TOABKO A0
¥3BECTHOrO MNpeaena, WMEeHHO 0 TeX MOp, NMOKA NaBJeHHe He JOCTHIHET TaKoR
Be/IMYHHBI, YTO AANHA CBOGONHOrO MyTH MOJEKYN rasa CTAHOBHTCH COWBMEDH-
MOH ¢ pasmepamu cocyna. B sToM ciaydae yMeHbilleHHe 4YHC/IAa MOAEKyn 6Gonee
He KOMIEeHCHPYeTcd YMeHbLIEHHEM YHUCAA CTONKHOBEHHH Mex1y MOJeKylaMu
M Bbi3bIBAET yMeHblIeHHe KO3(hHLUMEeHTa TEIONPOBOAHOCTH rasa.

BospMeM cocyl, B KOTODOM [OMeUleHa HArpeBaeMas 3/MeKTPHYECKHM
TOKOM Merasnudeckas HHTh. Ecnn pasieHue rasa, OKDYXAWOIIEro HUTh,
DOCTaTOYHO HHSKO, TO YMeHbWEHHe ero BjedeT 33 CO6OH yMeHblueHHe
KONHYeCTBAa TEN/a, OTAABAEMOTO HHTBIO, 4YTO, B CBOW oYyepelb, BLi3bIBAET
yBeNWueHue TEMOEpartypbl ~HUTH, eCIM MNPUTOK Temia K Hel ocraercs
HEeH3VeHHbIM, YBeAHYeHHe TeMnepaTypel HMeeT MecTO A0 TeX nop, TMoKa
oTeps  Telia 4epe3 Jy4YeHCTyCKaHHE, BO3PACTAOUIAd [POMOPIHOHAABHO
4eTBEPTOH CTeMeHH TEMmepaTypsl, He YBEIHYHTCH HACTOABKO, UYTO BHOBb
HACTYMAT paBHOBECHE MeXAy IMoOAyydeMbiM H oOrhasaemeim Temaod. 06
H3MEHeHUH TeMIepaTyps HHTH, d CNefOBaTeNbHO, U 06 H3MEHEHHH HaBJICHHA
rasa Cymatr 10 H3MeHeHHIO CONPOTHBACHHA HWTH. B 3ToM M 3axnodaercs
[IPHHUMAN AeHCTBHA MaHOMETDA, OCHOBAHHOrO Ha TEN/JONPOBOAHOCTH rasa.

[Mepenaya Tensia OT HUTH depes ras 3aBUCHUT OT TOTO, E KAKOH CTEMeHH
MOZEKyJIsl Fa3a BOCIPHHAMAIOT MpH yaape 00 HATb CPeIHIO0 CKOPOCTh,
COOTBETCTBYOIYIO TEMIIEPATYPEe HHTH, T. €. 3aBUCHT OT ymoMsHytoro B § 4
»KO3pHUIMEHTa AKKOMOAALMH®, Pa3MYHOTO I DasnuyHbX rasos. [lostomy
MAHOMETP, OCHOBaHHBIH HA TEMIOMPOBCAHOCTH, HE MOWKET GbiTh a6COMOTHEHIM,
Ero noxaszauust s3asucat ot npupoas rasa. [loacuutaTe TeoperHyeckH
laBACHUE B KAKOM-JIHGO ONpefeNeHHOM Tra3e Ha OCHOBaHMX mnoxa3aHuh
TAKOrO MaHOMETPA, YUMTHIBaA KO3dUIIMEHT AaKKOMOZauuu—3ajayd, A0 CHX
fI0p TOXe euls HepaspellieHHad, T4K KaK YCAOBUA TemAoOGMEHR HHTH X
CTEHKH KO.0B uyepes ra3 eile HeIOCTATOYHO H3YYEeHH, H TEOPHH 3TOrO
ABneHns npeactasaseT OGoibline 3aTPYAHEHUS [Ad NpPaKTHyeckH Haubonee
MHTEepeCHO o6aacTd [asleHHit, Koraa Hels3d npedebpeys HH AJAHHOM
CBOGOAHOrD MyTH MOJEKY/A [a3a Mo CPABHEHHIO C Ju4HEHHHIVM pa3MepaMmu
cocyna, HA 3THMH Pa3MEPaMH MO CPABHEHHIO C AIHMHOH CBOGOAHOrO MyTH.
flosroMy MaHOMeTp, OCHOBAHHuI/ HA TemIONPOBOAHOCTH, MPHXOAMTCH
rpaayupoBaTh CPAaBHEHHEM €r0 NOKa3aHUH C APYFHMH MaHOMETDAMH.

1y Cu. Takwe 2
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O6bIYHO MaHOMETPOM, OCHOBAHHBIM Ha TEIUIONPOBOLHOCTH, NOJb3YIOTCR
no cxeme, paHHo#t Tlupanu u Tasnne 5 101
Bﬂkyyﬂ B ToM BuIe, B KakOM CKOHCTPYHPOBal CBOH MaHOMETP

[Mupaun, onv noxom Ha namiouky Hakanueanud (puc. 50),
TOJBKO HHThP B 3TOM MAaHOMETDPE HE HAKanAusalT, a JHWb
C/lerka mojorpeBaloT TOKOM. HUTh gomkHa OblTh yCTaHOBAEHA
TaK, UTOOBI €€ MOJOMKEHHE [I0 OTHOIIEHHIO K CTEHKAM KOJO
OCTaBaNoCh HeH3MeHHHM. IS MONNepXaHHUs BO BpEMS H3Me-
penHil MOCTOSHHOH TeMOepaTypel KojaGbl, NOCAEAHAS IleH-
KOM [OrpyxkaeTcsl B BaHHY C BOLOH onpeleaeHHOH TeMmne-
parypsl.

Ha npakruxe wmanomerp [lupaun-Tanie MOXHO 3aMEHWTH
OOLIKHOBEHHO!H NaMMOH HAKANMBAHUA C 3UT3aroo6pasHoll BOJb-
bpamosolt HHTBIO. KOHCTPYhTHBHBIE NaHHBE OPHUIMHANLHOTO

/ madomerpa [lupanu-I'anne cnepylomue: HATH H3COTOBJeHa

M3 YHCTOR TMaTuHH, ee aaAuHA— 400 mau, nnametrp—0,028 mu,
\y TeMNepaTypHeiil Kosduuuent conporuBnenns—0,00376; koiba

umeeT nanHy 114 um u guamerp 32 MAM; HHTL HATPEBAIOT O

100—125° C. B paabHeifimem ansi KPaTkoCTH Mul GyneM Ha-
3uIBaTh MaHOMeTpodM Ilupanu BcAKHH MaHOMETP, OCHOBAHHLIH

Ha TENJONPOBONHOCTH M HAa M3MeHEHVH COMPOTUBJIEHHS HHTH.

Ilas toro 4tobu cyanTs 06 H3MEHEHHWH COMPOTHBAEHHA
HHTH MaHOMETPa M OTCI04a 06 W3MEeHEHHWH OABNEHUH, MAHO-

v MeTp OOGHIYHO NOMEILAIOT B OZHO M3 IJ1€Y BCeM H3BECTHOH
U3MEDHUTEJBHON CXeMBl, Ha3LBAEMOH MOCTHKOM YUTCTOHA.
Puc. 50. OnpeneasTh NPH  KaXAOM W3MEPEHHH UHCJIEHHO 3HAYeHHE

COMPOTHUBIEHUS HUTH GBLIO GBI yepecdyp rpoMo3axkuM. IlosToMy
FPaIyMPOBKY MaHOMETDA MPOM3BOJAT TAK, YTO YCTAHABIUBAKT MyTeM CHH-
YEHHs] C MOKA3aHHIMH JDYTrOr0 MaHOMETPA COOTBETCTBHE MEXAY BeJMYHHOH
U3MepAeMOro fAaBieHWS M MOKA3aHUAMH
KaKoro-an6o BKIIOYEHHOIO B LIENb H3MepH-
TedbHoro npubopa. OO6BYHO B KauecTse
TAKOro npu6opa u3bupaercs TajlbBAHOMETP
WM YYBCTBUTeJNbHHH MHNAHaMnepMerp G
(B cpenweit BeTBHM MOCTHKa, puc. 51).

Ilpy BCEX OTCHETAX HaNpAKEHHe, MOlIBe-
IeHHOe K KOHUaM MoCTuka A u B, RomxHO
GrITh CTPOro MOCTOAHHLIM. OHO 1poBepseTcs
npu nomown soasT™METPAa V' W perymupyercs
NOCPEeACTBOM NOTeHUMOMeTpa P.

i TOYHOCTH H3MePeHHH OYeHb BaXHO,
bomapes 4TOOH COMpOTHBIEHHE R B Tiede, CoCenHeM
__“l'M'M'M ¢ Ma#omMeTpoM M, BechbMa Maa0 H3MEHAAOCH

C H3MeHeHHeM OKDYXamolllel TeMIepaTyphl.

Puc. 51. I'panyuposky NpOH3BOLST OOLIKHOBEHHO TaK,

YTO HyneBoe nokaszanue npubopa G cooTser-

CTBYET ,BAKYyMy NPpUIHNAHHA“ 8 manomerpe Mak-Jleoma. Hyas ycrauasiu-
BAETCH U3MEHEHHWEM CONDOTHBIEHHA R, WIM nNepeMelleHHEeM KOHTAKTAa BLOJb
CTPYHbl PeOXOpA3, eCNH Ry ¥ R; npencTap/ieHsl ABYMS CMEXHBIMY YaCTAMH TaKOH
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.

CTPYHBI, KaK 3TO OOBIYHO ObiBaeT B 7a6oPaTOPHLIX THMAX MOCTHKA YHTCTOHa,
OnuWT [0Ka3HIBAET, YTO W3MEHEHHE BeNMYWHLI conpotusneHus R B 3aBuCH-
MOCTH OT Ko/MeGanuit TeMmIepaTyps MOXHO 10 HEKOTODOM cTemeHH koOMMeH-
CHPOBATb YCTAHOBKOH npnGopa Ha Wyab mpu Bakyyme NPHAUOAHUA TIOCpes-
CTBOM nepeiBmeHHS KOHTakTa C mepes KaIbiM HOBHIM panoM uamepe-
Hull. Hpyrofl Meron kommencaumu COCTOMT B TOM, 4TO BMecTO R mnoab-
3YIOTCd TOYHOH Komuept MaHometrpa M,, coenuHeHHOH c HacocoM, H Bce
BpeMd MOJNCPKHBAT B M, BaKYyM npununaHus. Hau6onee, koueuno, npa-
BWIBHO [PafyHpoBaTe MaHOMeTp IlupaHu B OTCYyTCTBAHM 1apOB PTYTH, BHIMO-
PaXHBad HUX 06uWuYHBIM crioco6om. Ho Tak Kak madometp [lupanu ovens yacro
TPELHAIHANACTCH AN M3MEPEHHS [1aBJEHHH BOAAHMIX [APOB W Napos Apyrux
ICTKO KOHICHCHDYEMBIX BEIIECTB, TO B 3THUX Cliy4asX npH paboTe PTYTHHIMH
HacocaMH TrpagyWpOBKY MpPHXO-

ANTCA NPOUSBOAMTL Ge3 BhMODAa-  p
KHBAHHUA DPTYTHHX Mapos, Tak 005
KaK BBIMODa)XHBAHHE YHANUIO GBI 0031
O0HOBPEMEHHO W Naphl, NaBJIeHHE
KOTODBIX HYXHO H3MepuTh. B
3TOM C/Ay4de NOKasaHus wMaHo- 02
MeTpa Aenaiorcs emie 6onee 4ys- 0015 +
CTBUTENBHbIMM K  TeMmepartype,
DU KOTOpOH Haxomarca Hamwan- 0T
UIME K MaHOMETPY 4aCTH BaKyyM- 00051
4MMapaType, M  NpPUMEHEeHHe 0

0,025t

:

BMECTO CONPOTHBAEHHS R BTO- D 10 20 3 4 50 6 70 2 % w0
DPOTO, KOMIEHCALHOHHOTO 3K3eM- Lenenua npulopa

MIPA  MaHOMETPa BECHMa  yMe- Puc. 52.

CTHO.,

Benenctsue Gonbuioro uwcaa IpHYHH, BIMAIOLIHX HA MOKA3aHHWY MAHO-
merpa [lupanu, stoT M2aHOMETD Mai0 MNOAXOmAML Jyis H3MeDeHHuHt, rnpu
KOTODBIX CTABUTCA 3al1a4d ONDENEIUTH abCoIOTHY IO BeNUYUHy nasaenus. Ho
BO BCEX TexX c/y4asX, [CIe yaop jJenaeTcd Ha OTHOCHTE/bHEIE WHOPH
AaBreHNA — HAMPUMED IPH CPABHHUTENBHOM H3YYEeHHUW Tra3o0THaYH Ten B
BAKyyMe TDH Da3/IH4HBIX YCIOBHAX NpPOrpesa, — maHomerp Ilupawu Bnosue
AOCTATOYeH U BeCbMa YAOOGEH, TaKk Kak B HeM CTpenKa npu6opa HempepeBHO
PErucTpupyer usMepsemoe naeiedde. [enas 3akmoueHue o X0Ae H3MeHeHHSs
1aBJICHHS MO NBMXEHHIO CTPeNKH npubopa, He Hajno, 0aHAKO, 3a6eiBATH, 4TO
manomerp Ilupauu o6napaer HEKOTOpOH TennoBOK u  MexaHmyeckof
avepuned. Hns  ycranosaenus TEMNepaTypHOTO PDABHOBECHS HUTH U, B
KOHEUHOM WMTOTe, NI YCTAHOBIEHUS CTDPENKH H3MEPUTENBHOrO npubopa B
IONIOKEHHH, TO4YHO COOTBETCTBYIOLIEM H3MEPACMOMY 1aBjieHHI0, Tpe6yercs
Hexoroppe BpeMs. [103TOMy fnpu OueHb GHLICTPHIX M3MeHeHUsX JaBjieHda Xon
CTPEIKH NACT TOJBKO [PUGHKEHHOE MNpefcTaBAeHHe o TEUYEHHH TIpoLecca.
KpuBasi 3aBHCHMOCTH NOK33aHH npu6opa B MOCTHKE YHTCTOHAZ OF JaBnaeHus
UMeeT BHI, H306pameHHni Ha puc. 52. Kemu6enn (1] YKa3an MeTol mnoab-
30BaHUA cXeMOR Maxomerpa [lupanu, npu KOTOPOM amarpaMma MaHoMeTpa
NpeacTasiser Cco6o#t npsMyo JauHH0O. Ecau IpH  KaXJIOM H3MepeHuH
YCTAaHABAUBATL CTPEAKY npu6opa G B MOCTHK2 Ha HYJb HYTEM H3MeHeHus
DA3HOCTH MOTEHUMaNOB V, nNPHIOKEHHOH K ToukaM A u B, u ecau 060-
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3HAUHTb PA3HOCTh MOTEHLHAJIOB, COOTBETCTBYIOLIYI0 HY/NEBOMY TOJOXKEHHI®
npu6opa G 1pH BaKyyMe npuHiunaHus B MaHoMeTpe ueped Vi, TO Mexay

2 2
napieHueM P W BeAuunHoH V—V& CyUIeCTBYeT NpHGMHKEHHO JnHeHHas
2

3aBUCHMOCTb. Ha puc. 53 3asvcUMOCTh 3Ta NPEACTABJEHA MU HEKOTODBIX
rasos cornacio uamepenuam KemnGemna !). Tloacuersi Kemnbemna xopouio
ONpaBABIBAIOTCH 32 MWCKMOYEHHEM YIJIEKHCIOTHl W OTY4CTH NapOB  BOAH.
[lpsamonuuetinas 3asrcuMOCTb ABASIETCS OYeHb 3aMAHUMBOM, TaK KaK CHALHO

Moraa Obl  o6jerynTs npouesypy rpaAyHpoBKH ManomeTpa. OmHako Ha
NPaKTHKE CHOco6, NpeasoxeH-

Hulii KeMmnbeanom, HatajikuBaercs

Ha TO B3aTpyAHeHHe, UYTO BeCh

npenen H3MepeHUH naBiaeHu# oT

10 by ! OueHb HH3KHMX 3Ha4YeHHH [0 Ta-
,| / KHX, M[pH KOTOPHX TemIonpo-
I

H ™
s I | |

i BOXHOCTB YK€ OUeHb  Mao
MeHSIeTCSI C Has/ieHHEeM, COOTBET-
CTEyeT HeGOMBIIOMY YUCAY BOJBT
no wane BonsT™MeTpa V (puc. 51),
W TIOTOMY BCSl CXeM3 OKA3hiBAETCs

L A ~
b / / %@‘\& Mano 4yBCTBHUTEABHOH Hnst M3Me-
S / 74 i‘ pEHMA LABJICHH WIH e TpebyeT

4 NpUMEHEHHUA CIENNAbLHLIX, 60/ee
4 S Z T WIH MEHee CJOXHHX MeTOA0B
) V/ oTcyera BgAHUNHW V (KomneH-

| ! calluOHHBIe MeTOARY). YTo Kacaercs
] BeJINYMHBI TEX MHUHIMANbHLX /a5~

i
)
1 / L ‘! JIeHHH, KOTOphie ele MOXHO
‘ 1 | l U3MeDATh NMDH MOMOUIM MaHOMe-

g
%ﬁ

‘ L__  Tpa, OCHOBAHHOTO Ha TENJIONDPC-

Dl G 06 G180 02 U b 08 BOJHOCTH, TO 3Ta BeJMYMHA 3a-

Aadrene § vm BHCHT OT YyBCTBHTENLHOCTH 3/ieK-

Puc. 53. TpHYeCKOW CXeMbi M B YacTHO-

CTH OT 4YBCTBUTE/NBHOCTH IpH-

6opa G, nawepsiowero 1ok B MocTuke (puc. 51). OfMaKO, ECAM MBI 3aXOTAM

MSMEDATL  OYeHh HHBKOE LaB/leHHe, nDUMeHas B KadyecTse npubGopa G

UYBCTBUTENbHRIH rafbBAHOMETP, TO MbI HAaTOJKHEMCH HA BECHbMA 3HAYMTENAbHHIE

TPYHZHOCTH B CMBICAE COXDAaHeHH# [MOCTOSHCTBZ TeMNepaTYPHOIO DeuMa
Pa3NNYHLIX 4dacTeil siCKTPHYEcKOH CxeMbl ¥ KOMOb MaHOMeTpA.

Bes coxpamenus rtakoro nocToAHCTBA pe3yABTATH H3MepeHHH OynyT
Upe3BLIYAHHO M3MeHUMBE, M MX KOJeGaHHs MEPEKPOIOT MOPALOK BENHYHHBL
H3MEPHEMOrO  JaBJieHHs, .

[Ipu nomown maxomerpa ITupaHu Jerko MOXHO HBMEDATH NABACHUS BHH3
10 10~* xx v Ges ocoBerno Gonpwux satpynHenutt no 10—3 um Hg.

Bepxuuit nperen npumenumoctn manomerpa Tupanmu 0,2 — 0,3 Top.
B stofi o6nactu nasaennt NPH OOKWUYHLIX Pa3MepaX BAKYYMHBIX COCYIOB
TEMIONPOBOAHOCTD Ia3a CTAHOBHTCS Mano 3asucsiled oT nasnenus 4. Kpome

!) Teopernveckne Bmkaanku KemnGenna, npuBomsiue K JMHEHHON 3aBHCUMOCTH,
© KOTOpOH uneT peub, MOXHO HaiiTH B kuure o uya'ie.
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maHoMerpa [lupanu, HAXOIMT eme NpyMeHeHue MaHOMETpP, OCHOBAaHHHHK Ha
HCIONb30BAHMM  TepMO3JeMeHTa. B xonby Manomerpa cpenano qeTelpe
ssoaad A, B, C u D (u306paxeHHsie Ha pHC. 54). K stum mpogam npucoe-
AMHEHBl IBE MDOBONOYKH HIM JBA CTEPKEHbKA H3 DANHYHBIX METanIos,
PACIIONIOKEHHRIE KPECT-HAKPECT W CMasHHBIE B MECTE COMPHKOCHOBEHHH. DTOT
cnait o6pasyer TepMonapy, HarpeBaeMyid TOKOM yepe3 BBOAW A W 3. llens
fepMONapH 3aMblKaeTcs yepes Bsoanl C u D Ha raasaHoMerp G (puc. 54).
Temneparypa cnas, a cirenoBaTe/bHO, M BeJlMYHHA TOK3, H3MepseMoro
npuGOPOM, 3aBMCHT OT MOAOLPEBHOTO TOKA H OT OXAAKIEHHS TePMOMaph
4epes ra3. Takum o6pasom, mopgepxMBas MOCTOAHHBI MOLOTPEBHLIH TOK
pH TIOMOUIM CONPOTHBAEHHS R ¥ MHUJTHaMIepMeTpa mA, MOXHO rpanyupo-
BATh TOKA3aHWA npubopa G MO OTHOWIEHHIO K RABJEHHIO T433 B MaHoMeTpe,
Takne mamomerpsl MaroropasioTCs Ixenepan Inextpuk Komnanu M npume-
HAOTCH, HANpUMep, B KATOAMHIX OCUWIIOrpadax SToH e ¢dupmn. Tlo
CpaBHeHHI0 ¢ maHOMeTpOM [lupaHMm 3TOT MaHOMETp umeer TO NPEHMYIIECTBO,
UTO Halo 3a60THTHCH JMULIBL O MOCTOSHCTBE TEMIepaTypHl KOJOb MaHOMETpa.
TemnepatypHas 34BUCH-

A
MOCTbL BHEIUHUX 3JIEMEHTOB |’_|M .
CXeMbl, I0CTABJAAIONIASA MHO- A
'O XJIONOT NpH MPHMEHEHNHU * 48
l[ 6

e

manomerpa [lupauu,” 3necs

He HrpacT DOMu. () 'c e
Ocobuii TN MaHOMe- N\
TPa, OCHOB3HHOIO Ha HU3- ’ Puc. 54.

MEHEHHN TeNIONPOBOAHOCTH
rasa, mpeacrapiseT coGo# CTPeNOYHBbIA MaHOMeTp Knym6a u Taaze. B srtom
MaHoMeTpe IIPH W3MEHEHHH TEeIVIONPOBOAHOCTH Ia3a H3MeHseTcs TeMllepaTypa
OMMETannMyeCKOR MONOCKH, COCTOSWIEH M3 IBYX HANOMEHHBIX OIHH Ha
ADYrOi W KPEMKO CHasHHBLIX META/NIOB C PA3HBIMH KOS(DHIMEHTAMH TelI0BOro
pacwnpenns. IIpH WameHeHHH TeMnepaTypsi Takas NOJOCKA WaruGaercs wuam
BEUTIDAMARAETCA G/1arofaps HePABHOMEDHOMY DACIIMDEHHIO COCTABASIOLIHX ee
MeTainoB, 3TO MBHXEHHE NepelaeTcd CTpeiike npubopa. Kak ykasmsaior
Knym6 u [aase mocTpoeHHBIMM HMH MaHOMETpPaMu MOMXHO M3MEDATE NasJIeHHst
B npenenax or 1 go 10—* topa (M maxe mo 10-5) 019],

§ 6. Honnsaumonnniit Manomerp, Ilpu npoxoxnennn saextpuyeckoro
TOKA 4epe3 rashl sMeKTPUYECKHE 3aPANEI MePeHOCHTCH TOMOKHUTE/bHBIMH
W OTPHLATENbHHIMU HOHaMH, TIPHYEM OTPHUATE/NBHHIMK HOHAMH B rasax
CNyHar, rIaBHbIM  06pasoM, CBOGOAHBIE 9JEKTPOHBI. I[10OJIOKHTENbHbE HOHBI
JAETAT K~ OTPULATENLHOMY MONIOCY, OTPHLATENbHHE WOHB M SMEKTPOHB! —
K nmonoxutenbHomy. Ecam B TpyGKke HaxoAuTCd B KauecTBe KaTona pac-
KaneHHbIH MeTannuyecku#t BOJOCOK (BOALDPAMOBHIA), TO HOHH3ALUS rasa,
T. e. 06pa3oBanye CBOGOAHLIX MOJOMHTENBHBIX MOHOB H 37IEKTPOHOB B 3HAYH-

TeNbHOM KOJIMYECTBe, TIPOHCXOAUT BCJAEICTBHE CTOJKHOBEHHS C MOJIEKYJIaMH

Tas3a 3/IEKTPOHOB, BHUIETAIOIMX 13 HAKANEHHOTO BOJOCKA M yCKODAEMBIX
SNEKTPUYECKUM 1oNeM. fIs/eHHe BbiXOAa CBOGOAHBIX 3MEKTPOHOB H3 HAKANEH-
HbIX METAJII0B HA3HIBACTCH TepV OHOHHOH SMUCCHER 1) H ApoHCXOAMT OT TOTO,
YTO B METa/lIe CYLIECTBYIOT /M€KTPOHBI, KOCTATOYHO CNA6O CBA3AHHBIE C 4TO-

1) TepMouoHHO#H aMHCcHM nocsumena raasa VI stol KHHTH,
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MaMH MeTanna d AOCTATOYHO OHCTPO ABHMIKYUIHECH s TOro, 4rolul BhAe-
TETh 34 MOBEPXHOCTH MeTaina. Pacwennenne HeHTPanbHOH MOMEKyNs!l MM
ATOMa NPH CTOJAKHOBEHHH C 3/EKTPOHOM MPOHCXOAKT TOJBKO B TOM Cayuae,
€C/IM 3NMeKTPOH obnagaeT ROCTATOYHOH KHHETHYeCKOHM 3sHeprueft nas TOro,
y1o6GH NPOU3BECTH pacCluenieHHe.

Ho xuHernueckas sHeprus snekTpoHa paBHa paGoTe CuA  YCKOPAIOLLETO
3/IEKTPOH MOJA, a NOTOMY MLl HMEEM:

mTv?:eV’
rne m, v, ¢—Macca, CKOPOCTb M 33apANd 3/MEKTPOHA, a V — pasHOCTh IOTEH-
1(HaN0B, MPONUIeHHAsd SAeKTPOHOM OT Hayana asmxeHun. TakuMm o6Gpasow,
yTOGH HAKOMHMTH OMPeneseHHbI! 3araC KMHETHYECKOH sHepruH, HeoOXonWMLIH
st MOHH3AWWKM MOJEKyNn NAaHHOIO rasa, 3MeKTPOH AOoMueH NpoiTH ompene-
JEeHHYI0 Da3HOCTh MOTEHUHaJoB, IJTAa pPa3HOCTb MNOTEHLHATOB Ha3bIBALTCA
UOHU3ARUOHHBM NOMEHEUAL0M TAHHOTO rasa.

[Tpencrasum ce6e Temepnr, 4YTO B HaimeM npHGOpe, KpOMe PAacKaNEHHOrO
KaTodd ¥ XOJOMHOTO aHOJA, HMeeTCH elle TPETHH 3/eKTPOA, HMEIOIHH
OTPHLATENBHBIM TOTEHUMaNA, Hanpumep, o6Gpawadcs K CAy4alww KaTOOHOH
JIaM{I, OTPHNATeNbHO 3apsKeHHad cerka. Jlersuiue OT Karoaa K aHomy
3MeKTPOHE 6yayT pasbusaTh HA CBOEM MYTH MOJEKYJH rasa, MNpHYEM TNpH
ONHOM H TOM Xe 3AEKTPUYECKOM M0Je YHCAO O6Da3yIOILUXCT MOJCKHTENb-
HHX HOHOB OyIeT NPAMO MPOMOPUHOHANLHO YHCAY MPOAETAOINX B eAHHHLY
BPEMEHd OT KAaTOa K dHOLY 3JeKTDOHOB H NPAMO NPOMOPIHOHANBHO YHCIY
MOJIeKYJ, KOTODHIE KAKABIM 3AeKTPOH BCTpeydeT HA CBOeM MNyTH; a 3TO
noclenHee 4YHC/AO NMPAMO MPOMOPIHOHANBHO YHCAY MOJEKYa rasa, 3ak/io4aio-
aMxXcd B elHHuue O00beMa, ClelAOBaTe/NbHO, MNDPOMOPUHOHAILHO [ABJCHHIO
rasa.

O6pasoBaHHbie APH CTOAKHOBEHHH NOJNOXHTEAbHBIE HOHBI JASTAT K
OTPHLATENLHO 3aPAKEHHOMY 3MEKTDOAY, KOTODHIA B 3TOM ClIyyae Ha3hIBAIOT
Koanexmopos (cobupareneM), 4acTHYHO, KOHEYHO, M K KaTOAYy M 00pasyioT
UOHHBLE MoK, B TO BPeMsl Kak JeTdu{e K aHOLY 3/eKTPOHH 006pasyloT
nexmponnbili mokx (Hanpasnenue Toxa—oGpatHoe). OTHOWEHHEe BeTHYHHBI
HOHHOTO TOKAa K 3JeKTpOHHOMY Oyner TeM Goabuie, yem 6oJbuie gaBieHde
rasza, 3TO OTHOLIEHHe e€uie A0 H306peTeHHs HOHHMBAIMOHHOrO MaHOMETpa
NpHHUMAAOCH 33 ,Mepy BakyymMa“® B KaroaHsiXx Jamuax. [lpocras mpomop-
IMOHANBHOCTL MOHHOTO TOKA N4BJEHHI0O B obmieM ciaydae He HUMeeT MeCTa
BC/ACACTBHE TOro, 4To: 1) 4acTb HOHOB MOHANaeT HA KATOA K 2) MpHCYTCTBHE
HOHOB MeHSeT moJie BHYTPH npH6opa, YTo He6Ge3pasnuyHo EBBUAy Gosee HIH
MEHEe CJOXHOH 3aBHCHMOCTH 4ucna 00pa3yeMblX OHHM 3JEKTPOHOM HOHOB
OT ero CKOPOCTH.

Ha npuuuune xarogno#t namnm [émmen wu  Poyua ] noctpouiu
HOHM3AUMOHHHA MaHOMeTp, cXeMa KOTOPOro Aana Ha puc. 65. B crexusiH-
Hywo 1py6ky A (muamerp 40 uw mimua 12 cm) BCTaBAeHB! TPH 3SNEKTLOAA
B, C u D. Buytpedruit siektpon C npeicTaBiseT Crnupajib U3 NPOBOJIOKH
nuamerpoM 0,125 #m, cocrasnenHywo u3 5 O6OPOTOB ¢ AMAMETPOM CIIHPANH
2,25 mm. DnexTpod B COITOMT U3 TOH Ke NPOBOJOKH, CBEPHYTOH CIHPAbIO
¢ nuametrpoM 3,65 mm. Dnexrpon D caenad M3 MOAUGLEHOBOH MECTH H
HMeeT GOpMy UMAHHIPA AHaMeTpoM 12 u mIuHOW 12 4w,
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Hanpsxennss B maHoMerpe [l€uiMeHa MOTYT GBHITh pacnpeneneHul JBOAKHM
cmoco6om: '

I cnoco6: cnupans C cIyxuT packaTeHHBIM KaTOMOM, CNUPais B CIyXHT
asoaoM, UMIAHAD D CAYXHT koJyiekTOpoM HoHOB. B mnpocrpancree memny
C u B Bhinerepmine u3 xarofa C 5/4eKTPOHBl MOJY4aOT GOJBWOH pasroH,
TAK KaK MOMNajaloT cpa3y B CuibHoe aHogHoe mnoJse. OO6pasosaHHbie B
pe3ynbTaTe MOHW3ALMU KOHHLI NPOXOAAT MHMO Cnupand B M cobupaworca Ha
uuananpe D.

Il cnoco6: cnupans B caywur katonoM, cnupais C CAYKHUT KOJMIEKTO-
POM HOHOB, UMAHHID DD CHYXHT aHONOM.

ITocnennss cxeMa BK/AWOYEHHS OTAHYEeTCA MeHblIeHl UyBCTBHUTEJIBHOCTHIO.
ITO MPOUCXOMMT MOTOMY, YTO NpH NEPBOH CXeMe BKIIOYEHHUS 3JAEKTPOHHI
ClIepBa Pa3roHAIOTCA IOJeM, 3aTeM, NPONIAH
cnupans B, 3aMemfAIOTCS NPOTHBOMONGKHO
HAMpPAaB/ACHHBIM TIOJEM M B De3y/ibTare COBEp-
HIAIOT HECKOAbKO KOJeOaHu#t OKoJO Ccau-
panu B, npexne yeM OKOHYATEALHO OCECTb
#a nedd. [lpn BTOPOM cCmocobe BKmo4Ye-
HUS HHKAKOTO Ko/neGaTeNbHOTO ABHMKEHHS
3JIEKTPOHOB HET, U TOTOMY HNPOXOAMMBIH
KAXABIM 3MEKTPOHOM TNYyTh H uucI0 06pa-
3yeMblX HMH HOHOB MpPH MNDPOYHX PAaBHHIX
YCAOBUAX MeHblile, YeM [pH NMEpBOM cnocobe
BKJIIOYEHHs. 3aTo0 NpH BTOpoM crocobe
BK/IIOYEHHS NIPONOPUHOHANBHOCTh MEXIY HOH- J
HBIM TOKOM ¥ [4BJCHHEM HMEET MeCTo B 60-

Jee UIMPOKUX [Ipejenax, L )
B nensx 64apluefl TOYHOCTH uU3MepeHHM
He06X0AHMO, YTOOB! BCE MEeTALINUECKHE YACTH, M Muwwzsn ~AAMAMA ii

HAXOAAUIMECT BHYTPH MaHoMeTpa, OblaH 10 £ E %
MakcHMyMa obearaxeHsl, [ns sToro maso- x_t<|| IIIMF.;“ * !

METD J1OCAe TNpeABAPHTENLHOH OTKAYKH C

MOMOLILIO HACOCAZ JIeHrMiopa MpOrpeBalOT B L“—h‘!}l[l'i!l—"———]
Tleuy NMpPH HEMmpepuBHOM HefiCTBHM HACOCA B ' :
teqenne yaca 1o 350—450° C. Yrobu ynaa- Puc. 35.

JUTb Tasel M3 MOMMGASHOBOrO LHJIMHADA,
MoC/e MPOrpeBa B MedH €ro [enaloT dHONOM, a CiHpans B — Karoaom
H TpH HENpepLIBHON OTKayKe pAcKalaloT LMWAHHID 33 CYeT KHHeTHye-
CKO!l 3HEeprMHM YNAPHAIOLIMXCHA O Hero 3/EKTPOHOB, HIM Ke NpHMeHsds Nedb
BolcOKOM vactorel. Cnupansku C u B 06e3raxuBamOT, NPOKATHBAA HX
TOKOM. '

Hémven npoussen ucc/ienOsaHne CBOer0 WOHU3ALMUOHHOrO MaHOMETpa C
UeJIbI0 BLISICHWTb, KAK HA HOHHBIH TOK BIMSET HAMNpSKeHHe ceTkn V,, HaS
npsxeHue asona V, (npu J, = const) u Tok Ha avone [, (mpn V, = const).
Jro uccnenosanue J[lEmmen mupoussen npu aaenesnn 1,85 Gapa uncroro
aprona npu [ cnocoGe BkMOYeHHst W YCTAHOBHI MPH 3TOM, YTO:

1. Bruguue HanpsaeHus KONIEKTOPA HA HOHHBIA TOK Mano, Koraa
NOTeHU AT KOJNIeKTOPa MO OTHOLIEHHWIO K OTPHUATENbHOMY KOHILY KaToAa
nocruraer —22 V.,

Kanooos 1939 7
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2. Bnusnne V, Ha MOHHHH TOK HMeeT CJAGAYIOUIMHA <APAKTEP: nppn
1,~0,5 mA u V, ue 6onpme 30 V HOHHBIH TOK NPUOIMLTENLHO Pasen
HYJII0; C YBEJIHYEHHEM AHOAHOTO [TOTEHIMand HOHHBI# TOK OF CTPO DACT T U
TOCTHrAaeT CBOET0 MakcuMyMa npu V== 250V.

3. VloHHBIN TOK yBe/MYMBAETCS C YBelIHYEHHEM Hakaja HWTH, 4 ClefddBa-
TEAbHO, M SMeKTPOHHOro TOKA, npuHyeM B uHTepsaas 0--10 mA »3ra
3aBUCHUMOCTh JuHelpas. s Gosee CHJIBHbLIX TOKOB 3aK04 J.HHEHHOH 3aBH-
CHMOCTH HeCKOJbKO uckasaerca. IIpum Bkmouyenun manomerpa no II cmocoby
AMHEAHBIH 3aKOH HMeeT MeCTO A0 TeX [op, noka /, ne mpessimaer 20 mA,
HO 3aTO HOHHBI TOK, @ CJIENOBATEAbHO, M YYBCIBMTEALHOCTb Npu6Opa, 3mech
Oyner pasa B TDH MeHbLue, uyeM npH Brmouenuu 1o I cmocoby. Ha ocuo-
BAHUH 3THX JAaHHbXx JEmMed ycTaHaBAuBaeT, 4To HanGonee GaaronpusiTHhe
YCAOBHA Uil H3MEPeHHUs BaKyyMma IIPH NOMOLIM €ro MaHOMETPa COOTBETCTBYIQT

K mavomem,
———r
Mak-/leoda

©
/

i ‘;—
M r] B wavoc
L, v

Pue. 56.

noreHuuany adoma V,==250V, nortexuuany komiexropa V, = —22V u
MIEKTPOHHOMY ToKy Ha anox /,=—20 mA. [Ipu xenanuy uzmepsth Gonee
BLICOKHE AaB/ieHHs Hago 6partb Gosee cnaGeifl 9AeKTPOHHLIR TOK.

Ilns xanu6puposanus npubGopa HEumMeH moab30Baica ABYMS OLMHAKO-
BhiMH GannoHamu A ¥ B eMkoCThio 1o 3 2 kawawmi (puc. 56), coenuHeH-
HHIMM Mexay coboft y3ko#i kamwunspHoft Tpy6xo#t C. BamnoH B OTKaunBaim
IO HAaWBHICINErO npefend BaKyyMma, IIOABEPras ero MNpd 37OM  CHJLHOMY
Harpesanuio. B GamnoH A BBOAMAM a3, J[aBjleHHe 3TOro TIa3a H3Mepsau
maHomerpom Max-Jleona, sarem oTKpeiBanu prytHa#t kpaH. Kosanyecrso
npOoTeKalouiero rasa, a clegosaTtelbHO, M LaBieHHe B B B KawAblfh IaHHLIR
MOMEHT BpeMeHU MOXKHO MOACYHTATb, NOJL3YACh 3aKOHOM KHyshceua TeueHus
rasa no Tpy6kam.

[Ipn comnoctapneHun NOKa3aHAA 3ePKaNbHOIO ranbBaHOMETNa, [MOKA3LI-
BAIOWEr0 HOHM3AUMOHHKH TOK B MAaHOMETPe g, W TOBBIUIEHM" HABJAEHUS B
GannoHe B oka3anoch, 4YTO MOHM3ALUOHHKH TOK BO3DACTIET NPONOPILY O-
HaJbHO  BpeMeHH, a CJegoBAaTeNbHO, H NPONOPUHOHANBHO  AABJIEHHIO B
6ammone B. C BO3pacTaHHeM [aBAEHHS B3ABHCHMOCTb MeXKY HOHHBIM TO~
KOM d HAdBACHUEM mepectaer OHITh JAHHeHHOH, M KPHBas 3arnSaercs BBE)DX
TeM paubille, 4eM GOoiblle 3MHCCHOHHBIE TOK ¢ KAaTOIa, 1K ATO TOKa3t:
BAIOT KPHBHIE pHC, 57.

B onmrax HemMeHa Kamabf MHUKpOamiep MOHHONO TOKZ COJTBETCTBOBAA
napiennto B 0,1 6apa, Takum o6GpasoM, npu NMOMOLUK MaHoMerpa JléuiMeHa
npu Toke Hakana B 20 mA W uyyscTBATeNBHOCTH raibBaHomerpa 10— A
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MOWHO M3MEpATL NaBjeHue rasa go 10—+ 6apa DU BKAIOYEHHW MAHO-
meTpa no I cnoco6y.

Bce ckasanuoe Bmime otHocuTCH K U3MEpPEHWI0 faBjeHus aprosa. Yro
12caeTes ynoTpe6aeHuss HOHH3AUHOHHOIO MaHOMETpA I APYTHX rasoB, TO
AeUIMeH HAawend, YTO MPH ONHHX U TeX ke I, nV, uouusaunouuuﬁ TOK
I POTIOPIIHOHANEH B MEPBOM TMPHUOAHKEHHH HHCAY 3IEKTPOHOB B MOJIEKyJe
I3IHHOTO rasa.

. OnHaKO NPONOPUMOHANLHOCTE HOHHOTO TOKA HHCAY 3JIeKTPOHOB 1yt Hy u
He He umeer mecra, u Boo6ie sToT 33KOH MOXHO CYHTATL MMEIOIIMM MeCTo
ha W TO MPUGIHUBHTENHHO, /Wb MPH ycnoBusxX oneita  Jl&mMena, BOOGmé
e HeoOXONMMO KalubpuPOBATH MaHOMEeTD Ui KawAOr0o [aHHOTO Ta3a
[PHYEM eClli He BBIXOAMTbL 3a Npededbl JMHEHHOH 3aBHCHMOCTH | OT r T(;
15 KaAuGPOBKH JDOCTATOUHO OLHOrO® TOJNBKO OTCYeTa HOHHQrO TOKa ’npﬂ
OnpeNeneHHOM naaeneHHH. Bropoi
OTCHET NPH ADYTOM NABAEHHH HyXeH I,
JMWL [ TOrO, 4ToOH  yGemuThes, SEUF
UTO Mbl NEHCTBUTEABHO €uie Haxo-
AMMCs  Ha 3TOH  npAMONHHeHHOH
YacTH.

[lono6uo tomy xak B kauecTse
MadomeTpa Ilnpauu moxuo noanzo- 200
BATHCS NaMNOH HaKanUBAHWA C 3uT- -
3aroo06pasHOM HWTBIO, TdK B Ka- 120+
UeCTEE HOHM3ALHOHHOTO MaHoMeTpa
OGLIHO NPHMEHRIOT YCHAMTENbHbIE

2801

KaTofHble MaMabl. [[Be cXeMbl BKAIO- Ag J

YeHUS MOXHO COXDAHUTD H e

e i p 311eCh, 02 04 0F 03 10 |zp
b3y5Ch TDH BHICOKOM [O- !

AGKUTENBHOM TMOTEHLHANE HA CeTKe Puc. 57.

B KayecTse OTPHUATENBHO 3aps-

KEHHOTO  KOJ IGKTOPA TeM 3MeKTPOAOM JaMOel, KOTODHH npd OOGHIYHOM
€€ MCNOJb30BAHUM CNYXKHT aHONOM, NUGO TNIDHMEHSISi B KauecTBe KOJIEKTOpa
OTPHUATENLHO  3apsiKeHHYIO cetky. B nocnegsem Cllyyae OTPHUATENbLHBIH
MOTEHUMAT  CeTKH NPUXOAMTCA BHIGHpATH He6onbmoN, mnopsgka 1 — 2V
4TOGBI HE 3aNEpeTh LEAHKOM BECh TOK Ha awnoa. Ilos1omy s3tOT cnocoﬁ’
BK/IOYCHUST JIaET MEHbIIYI0 YyBCTBHTENBLHOCTD, Heyno6cTtBO MaHoMerpa ¢
MO A0KHATENBHO 3aPSMEHHOH CeTKOH 32KJII0YaeTcd B TOM, YTO NPH 3TOH cxeme
B NDOBOAAX, COCNHHEHHHIX C AHOAOM H CeTKOH, BO3HHKAIOT BHCOKOYACTOTHHIE
SJEKTDHUECKHE KONeGaHHA, 14K Ha3wBaeMble KONeGaHMsS bapkraysena u
Kypua, tax wam wnave ceazammpie c KO/IeGaTe bHbHIM EBHXEHHEM 3JMeKTPOHOB
OKGIIO TOMOXHTENBHO 3apSkEHHOH CceTKu, Bnarogaps stuM  koneGauusim
COUDOBONIAEMbIM, MOBHIMMOMY, GOJBILAMH KO/NeGaHUSMH noTeHIMana He;
aHone, NPHUGOPH MOCTOAHHOTO TOKA PErHCTPHPYIOT 3JIeKTPOHHBIH TOK OT
KaTONa HA aHOM, HECMOTPH Ha TO, YTO OHM B TO e BpeM# NMOKA3BIBAIOT Ha
AHOAE OTPULAYENbHBIK MOTEHLHAT. DNeKTPOHHHHE TOK Ha KOJANIEKTOD nepe-
KPLIBAET OWHIAEMbIA HOHHEIN TOK W He naer BO3MOXHOCTH H3MepATh
Mocaennnit  [IpoTue storo Mewaromero seieuus MOXHO 6GOpOThbCAd COOTBeT-
CTBEHHBIM 10400DOM napamerpos BHewHel wemu (eMKOCTb, CaMOMHAYKIUs)
YCIDaHAOIKUM NIOABNEHHe KoseGanutl, HO Bce ke HAAO WMETh B BHAY, 4TO

*
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Kone6anus MOTYT BO3HMKHYTb M B OTAENbHBIX YACTAX LieMH, HENOCPEACTBEHHO
nMpUAeraloUkX K AaMne, W jawe BHYTPH JNaMibl (noABOAALIME npoBoza).

Ecre mnonuitiky 131 321 parp ¢opMynsl mis BbIYACAEHHS IABJAEHHS M0
OTHOUIEHHIO MEXAY MOHHBM ¥ 3JEeKTDOHHBIM TOKaMHM Ha OCHOBAHMH Xo0na
(yHKUMK, BbpaXaoLlel 4MCI0 HOHOB, O6PasyeMbX B 3aBHCHMOCTH OT CKO-
POCTH 3JIEKTPOHA, MPAKTHYECKH STOT DACYETHbIA METOA ellle HE MNPHUIOKHM
¥ TOTOMY MOHM3ALMOHHHIA MAHOMETP He MOXET CNYWHTb KaK abCcoOTHBIN,

B 06uuHOM HUIMHIPAYECKOH YCHIMTEAbHOH KaTOAHOHW Jlamne [pH He-
GoJplIMX NABJEHHAX TaK Xe Kak U B ManoMerpe [lémmena u Poynna nomy-
‘yaeTca JiMHEHHAS 3aBHCUMOCTh HOHHOTO TOKA OT JaBjeHus. 3aMeTHM, 4TO
IPH 10Jb30OBAHMM KATOAHOH JaMnofl B KAYeCTBE MOHW3AUHOHHOTO MaHO-
MeTpa ClefyeT YYMTHIBATL TAK HA3bHIBAEMbIE [10/3y4He TOKH, AB/AIOLIMECH
pesy/ibTATOM YTEUKM TOKA 4YePe3 HEUCIPABHYIO H3OMALMIO HIM M0 MOBEPX-
HOCTH cTekna, DTH TOKM MOTYT HCKAa3UTh [I0OKA3aHUA rajibBAHOMETPA, Deru-
CTPHDYIOUIErO MOHHBIA TOK, M TakuM 06pasoM BBeCTH B 3abiyxieHue
OTHOCHTEJbHO CTeneHH Bakyyma. [loasyuue TOKH MOXHO YCTDaHHTb NyTeM
npuMeHeHHus 3AMMTHBIX KOJIEL HJM MOMXHO HCK/IOYATb WX BJMAHUE, OTMETHB
OTKJOHEHHe TajibBAHOMETpPA, H3MEDSIOUIEr0o WOHHHH TOK, Ccrepsa NpU HaKa-
JIeHHOH HHTH, 3 TOTOM [PH BHIKAIOYEHHOM TOKe HAKa1a, B O0OHX Cly4asx
npyY ONHMX M TeX Xe HANpsKeHWaXx Ha ceTke W Ha aHoxe. Tak Kak moasy-
ydge TOKH OJHM K Te Xe B 000HMX cayuasX (ecld TOJbKO HE MEHAETCHd TeM-
neparypa 6amioHa JaMnpl), TO Pa3HOCTL OOOMX OTK/IOHEHMH Tra/bBaHOMETDA
M JACT YMCThIlt HOHHHIA TOK.

[Ipu monb3oBAHMM KATOJHOH JIaMMOH B KayecTBe MOHM3ALUHOHHOIO MAHO-
MeTpa IPHXOOMTCS NPUNAUBATE €e K COCYyldy, B KOTODOM M3MEDHETCH BAKYYM.
Bo Bpems sToft mpunadikd B jamny npouukaer ras. [lostomy nammy Hano
BHOBb OTKAYaTh M MOABEPrHYTL €e METAJJIMYeCKHe UacTH COOTBETCTBYIOUIEH
06paGoTke Ha Hacoce. ODTO OOCTOATEJNbCTBO CHABHO YC/AONHAeT pa6oTy
C UOHM3AIMOHHBIM MAHOMETPOM,

UyBCTBATENLHOCT HOHH3ALMOHHOTO MaHOMETPA 33BACHT OT Da3MepoB
npuMeHseMolt B kausecTBe Hero kxartoAHol Jjamnel. [loiesysach nHeGo/bLioH
TeHepaTOPHOM NaMmoH, MOXHO AOCTHIHYTh TaKO# e 4yBCTBHTENBHOCTH, KaK
yKasaHHag Bellle. O OTHOMIEHMIO K MaHoMerpy Hémmena. B cropouy Bu-
COKUX naBleHuil NPHMeHeHHe HOHH3ALMOHHOTO MAHOMETPA OlPAHWUMBAETCS
paspyluyTespHbM AeHCTBHEM [A30B HA HUTh, NMPHYEM MPHXOLHTCH CUMTATHCH
He TOJNbKO ¢ BO3MOXHHIMHM XMMHUECKHMH peaknusMd MEXIy ra3oM H BOJb-
(hpaMoM, HO u C MePerpesaHHEM HMTH, NPOHCXONAILMM OT YIapOB O Hee
MOJIOKHUTENLHIX MOHOB, a TAKXKE C fABJCHHEM KaTOMHOTO pachuenus. Ilpu
OTCYTCTBUH 0¢060 AKTHUBHBIX XHMHUECKHX Ta30B npenensl NpPUMEHMMOCTH
MOHM3AIMOHHOTO MAHOMETPA MOXHO OXapAKTEPH30BATh TAK: OT HECKOJBKHX
THCAYHBIX 10 1. 10-8 xu Hg. [lpuMeHeHye 4yBCTBUTENBHOIO IajbBaHOMETDE
He ‘3bI3HIBAET 37eCh TAKHX OCJOXHEHMH, KaK B cayuae MaHomerpa [lupauw.
Ho ecrtecTBeHHO, 4TO B Ciyude OueHb HM3KMX JAaBAeHHH TpebyeTcs OUeHb
xXopollee o6e3rayUBaHWe MAHOMETPA M €r0 HUTH.

_Hounsauuonns#t maHomerp [emmena n Poynna paboraer Ha 3eKTPOH-
HOM ,TOKe HACHIIEHUA% — NanpHelillee yBeJAHYEHHE [OTEHUHANA [OJOKH-
TEJBHOTO MEKTPOAA HE YBeIHUKMBaeT 3JEKTPOHHOro Toka, [lpu moreHuuane
MEHbLIEM TOrO, KOTODHIM COOTBETCTBYeT TOKY HACHIEHHS], 3JEKTPOHHLIH
TOK C HAKaJleHHOrO KaTONa 3aBHCHMT OT MOTEHUMana aHoja. Kak Gyner no-
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kagaHo B riase XI, 9Ta 3aBUCUMOCTH HABJIAETCS CAECACTBHEM OrDAHHYEHHA
TOKAd C KaTolla IeHCTBHEM OTPHUATEJBHOIO NMPOCTPAHCTBEHHOTO 3apAnd 3J/eK-
TPOHOB B NPOCTPAHCTBE MEXAY KAaTOAOM H JIDYTMMM 3jeKTpoaamu. Ilo-
ABAAIOLIMeECT B 3TOM MPOCTPAaHCTBe, MNPH HAIHYUH Ta3a MOX HeSOAbIIUM
HaB/IEHYEM, TONOXKHUTEJbHBIE HOHH YACTHYHO HEHTPANUIYIOT OTPHLATENbHBIH
33pal K M3MEHAIOT CHAy 3iekTpouuoro Toka. [lpu onpenenensom noxGope
KOHQHATYPaLMH 3JEKTPOROB M 9JEKTPUYECKMX [apaMeTpoB npubopa cuaa
3M1eKTPOHHOTO TOKAa B 3THX YC/IOBHAX OYEHb UYBCTBHTENbHA K M3MEHEHHIO
NaBleHus rasa, BLI3HIBAWOIUEMY H3MEHeHHE UNCIa MOJNOXKUTEIbHHX HOHOB,
. B. CnuBakoM npemoXeH MAaHOMETD, OCHOBAHHLIA HA 3TOM IPUHLMIE H
NaHa ero Teopua., B HeKOTOPHIX CiyyasX 4YyBCTBHUTENLHOCTb TAKOTO MaHO-
merpa B 100 pas Goublle uyBCTBMTENBHOCTH OOGBIYHOIO HOHH3ALMGHHOTO
manoMerpa. [logpo6uocTu yMrtatens HafifleT B OpPMIHHAABHWX CcTathax Cru-
paka [33l, [34],

§ 7. Maromerprl, ocHOBaHHHE Ha TpeHuH. B rase II 6wu1o ykasawo,
YTO BHYTDeHHee TPEHHE rasa, OCTABAACh NOCTOAHHHIM MPH. OGBIUHLIX YCJIO-
BHAX, yOBIBAET C yMEHbIIEHHEM NaB/eHHS rasa B TeX CJAyuyasaxX, Korga QJHHA
cBo60AHOrO MyTH MoJeKya Goabile JAHHEHHBIX pasvepos npubopa. OTcio na
BBITEKAET, YTO, H3Mepsid KaKyio-HHOYIb BENMUUHY, 3aBHCSILYIO OT BHYTPEH-
HETO TPEHHUSl, MOXHO CYIMTb NpPH GOJNBIIMX pazpexeHusX O AaBJeHWH Tasa,
[oabsyach atuM npunuunoM, Jlenrmiop 141 npepnomun MaHoMeTp, B KOTO-
pOM TOPH3OHTa/IBHEA BPAIAOUIMACH OKOJNO BEPTHKAJILHON OCH IMCK, yBiae-
KaeT B CBOEM [IBIXKEHHWM Tas3, a MOCAEAHHH, B CBOIO oOuepejyp, 34CTABAAET
TTOBEPHYTLCA NPYrONl rOPH3OHTANBHHIA NMCK, NOABEIIEHHHN HA KPYTH/bHOM
HATH HA HEe6O/JLIIOM PACCTOSHUH HAL MEPBLIM BPAUIAIOIIMMCH HHCKOM.

Yroa 3aKpyuHBaHUA HUTH 3aBHCHT OT TAHIEHLMANLHOH CHILY, Jefcreyomen
CO CTOPOHBI T332 HA BTOPOH AHCK, a 3Ta MOC/JEAHAA, B CBOK OYepejb, 3a-
BHCHT OT KO3(QHLMEHTA BHYTPEHHEr0 TPEHHS M, CcJAENOBATENBHO, OT HaB-
JeHud.

He npejicraBiass HUKAKMX OCOGEHHbLIX BBITOA M0 CPABHEHHIO C OMUCAH-
HEIMH Bbillle MAHOMETDAMH, MaHoMeTp JlenrMiopa ropasgo cioxuee HX MO
KOHCTPYKLUHMKM M yXoly 3a HuM. KpOMe TOro, 9TOT MaHOMETD COJEPKHT
Gonpille MeTajuyecKde Yacrd, S3aTPyJHSIOMME OGe3raMBAHHE, MOITOMY
MaHOMETDHl 3TOTO THMA DPACHPOCTPAHEHHA HE MOJAyuuiu, W B Gojiee HeTajb-
Hellt pa36Op HX TEOpHMHM M YCTPOHCTBa MBI BXOIHTH He GymeM.

Ipyro#i Bri MaHOMETDPAa, OCHOBAHHOIO HA TPEHWH, IPEMNIONEHHHH TaKKe
JleHrMiopoM, HAa060pOT, YPE3BHIYANHO 'MPOCT W MONKET HAHTH NpPHMeHeHHE
TaM, TAe AaBjieHue Halo ONpeAeNHTh JHilb Oojiee UIM MeHee NPHUGIHIKEHHO,
Ecau 3aKkpennTs HEMONBMXHO OJAMH KOHELl Je€rkoR IWOKOH HMTH, HAmMpuMep
KBapueBo#t M, XOT# Obl COTPACeHHeM npubOpa, 2aCTaBAATb 3Ty HMTh Ka-
uaTbCs, TO KonebGaHusi HATH GylyT nocTeNeHHO 3atyxatb. [lekpemeHT 3aTy-
xauus OyZeT 3aBHCeThb OT KO3(UlMeHTa BHYTPEHHETO TPEHMA ra3a, W CiAelO-
BaTeJbHO, NPH BHICOKWUX Da3pexeHUAXx H OT LABJCHHA,

O neKpeMeHTe 3aTYyXaHWs HHTH MOMXHO CYIMTh NO AJMHE TOTO MpOMe-
HYTKA BPEMEHH, 332 KOTOPHH aMmIMTynd ee KO/eGaHUE yMeHbINAeTcs B Of-
pene/ieHHOE YMCIO pas, HAampuMep BABOeE.

HNporpanyuposas 3ToT npocroli MaHOMETP OGBIMHEM CIIOCOGOM, MOXHO
UM [0/Ib30BATHCA IJI H3MepeHus NaBlieHuil npumepHo xo 0,02 Gapa.

Ouerb ynoGHO mnpuMenenpe 3TOTO YCTPOHCTBA B TOM CJyuae, KOTAa
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HYXHO CYIUTH OO M3MEHEHHM [ABJIEHHS B y¥E TOTOBOM, OTIAAHHOM OT HACOCa
npu6ope. Hano Tonbko npu npurorosiensd npubopa MnoOMeCTHTH B HEM COOT-
BETCTBYIOIUMM 06Da30M HHTh W TPOM3BECTH TPANYHPOBKY BO BpeMs OTKAYKH.
§ 8. I'panyuposka mamomerpa. B § 6 ykasan cnoco6 rpasyuposku
VOHH3ALMOHHOIO MAHOMETPA [yTeM HKCMOAb30BAHHA 33KOHOB MPOTEKaHU:A
rasa nmo Tpy6ke. ITOT CcnoCcO6 HelaAMEHHM MNpPH TPanyHPOBKE HA  OYEHL
HH3KOE JaBleHue, HO BooOIe OH Tpebyer TPOMO3IKOH ammaparyps
OO6w1yno rpagyHpoBKy MPOH3BOIAT, [cO3maBas B BaKkyyM-anmapaType oOImpere-
JieHHOE AaBJIeHHE ¥ OMHOBPEMEHHO OTMedas MOKa3aHWs IBYX MaHOMETPOB: TOTO,
KOTOpHI Hajg0 rpanyMpoBaTh, W TOrG, ¢ KOTOPHIM NPOH3BOIMTCA CPABHEHHE
Wamenenrie nasiienus B anaaparype npOM3BONAUTCA OXHWM H3 CJEAYIO-
KX CcrocoGoB: 1) ra3 MelJeHHO BOYCKAaeTcs B anmapatypy A >KENaeMoro
HaBlleHuss 4epes yaKyio TPyOKy; 2) ra3 OTKauMBaeTCd uYepes Y3EHBKYIO
TPyOKy M 3) K BaKyym-annapaType NpHNaWBAETCH CHMCTEMa IIAPOB C Kpa-
HaMu, uzobpaxennan ua puc. 98. [lycts kpan 6 coemnnen ¢ BakyymuoH
annapatypol, a kKpaun 1 c pe-
3epBYapoM, COIEp¥allluM ras,
3akpoiBaéM KpaH 1, OTKphiBaeM
BCe OCTa/bHble KPaHel H OTKa-
YKBaLM BCIO CHCTEMy O BO3-
MOXHO BRICOKOIO npenesa, 3aTem
3aKpbiBaeM Kpau 2  uepe3 KpaH 1
BIIyCKaeM B MajeHbKMH O6alNou-
yiKk A ra3, 10 OTHOLUEHHIO K
KOTOPOMY NpPOU3BOAMTCA rpadyH-
poBka Manomerpa. Ilycrn, maBne-
HUe T332 B pesepByape W Gamnmone A Oymer p,. 3axkpeiB kpaHel 1 u 4 u
OTKPHB KDaHH 2 u 3, NaeM ra3y pacUIMPUTHCH M 3aMOJHHMTL 6anioHnl B u C.
HNasnenne p; 8 B Gyner BO cTONBbKO Das k£ Mewbille AABJACHUS Py, BO CKOABKO
pas cymma o6bemoB A, B v C Goasine o6vema A, T. €. p, = kpy,
rae

Puc. 38.

b o6neM A
" 06neM A + obbem B | o0beM C

MoBropas 1y e onepaumio ¢ kpanamu 3, 4, 5 u 6 u 6aanomamu D, E,
nonyuum B E nasnenue k%p,. Ecan ortHouensne o6bveMa E k o6bemy Bceft
Halle# anmaparypsi, B KOTOPYI0 MH BBOIMM ra3, DaBHO k;, TO, 3aKpHB
KpaH 5 M oTKpHB kpan 6, moayuuMm B annaparype IaslieHHe

p=RkRp,

Ecaa p,, £ u k; mane, TO MH MOXeM BIyCKATh a3 B annaparypy
MajibIM4, 3apanee M3ReCTHRIMM (DU 3HaHUH p,) nopumsmu. HenmocraTox
3TOr0 yROGHOTO M0 Hiee METOLA 3AKMIOUAETCS B HO/IbIIOM KOMHYECTBE KPAHOB.

§ 9. Onmpenenenne paBieHus B TOTOBHIX BaKyyMHBIX mpubopax,
B YACTHOCTH B JaMnax HakainuBaHus. B rotoBrix BakyyMmHHX Mnpubopax
nocie uX OTHAHKH OT HACOCHOM annmaparypsl AaBJEHWe OCTAT.YHOTO Tra3a
MOXKET H3MeHATbCA BC/AENCTBME BhINE/CHUS ra30B W I[ApOB M3 CTEKJIA M
Apyrux 4acte#t npuSopos wuim, Ha060POT, BCAEACTBUME NOTJIOIIEHHs Tra3a.
Tak Kak cremedb BaKyyMa uMeeT Gobiioe 3HaueHue jis paBGOTOCIOCOGHOCTH
npubopa U ero KaYecTB, TO OYEHb BAXHO HMETb BO3MOXKHOCT: ONPENENHTH
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AaBjienyie B TOTOBOM NpHGOpe, a emie Jy4ille WMeTb BO3MOXHOCTb CJEdUTh
33 M3MeHEHHeM BAKyyMa C TedeHHeM BpDEMEHU. ITO MOMKHO OCYIIECTBUTS,
onpelendas AaslieHde MO KoJebGauusM KBapleBOH HHUTH, KAK YKA3aHO BhIile,
eCiH TAaKyi0 HMUTb 3apaHee BBECTH B Tpubop. B OTHOLIEHMH KATOXHBIX HaMN
BOMpPOC paspellaeTcd MPOLIE HA TOM OCHOBAHHMH, YTO BCAKa® KAaTOAHAA
NaMMa MOXET CAYXKHTb HMOHM3AUMOHHbIM ManoMeTpoM. Ecan nporpaayupo-
BaTh 8 KA4eCTBE HOHM3ALUMOHHOrO MAHOMETDAa KATONHYIO JAMIy KaKoro-1#6o
OnpeleseHHOr0 TuMa, TO MOXHO MHOBOJABHO TOYHO ONpENeNHTh [aBleHye
B no6of JaMme 3TOTO THMA IO OTHOWEHHUIO B Helff MOHHOTO TOKAa K 3JeK-
rpoutoMy. Hamo Toabko rpanympyemyto jamny BelGpaTh CO CPeOHMMH st
IDAHHOI'0 THNA reOMeTPHYECKHMHM M 3JIEKTPHYECKHMH TNapaMeTpamu.

Tak kax naMna Hakaaupauus C 3Mr3aroo6pasHOH HHTBIO, 4 C HEKOTOPOH
MeHbIleR YYBCTBMTEJNBHOCTBIO H CO CNUPaNeoOpPa3HON, MOXET CAYXHTb Ma-
HeMerpoM Tlupanu, to, kasamock 6bl, Ha TAKHX XK€ OCHOBAHHAX MOKHO
ONpeneasiTh BAKYyM B NMyCTOTHBIX JaMaX HAKQJMBAHUA NAHHOrO THUIA, MPO-
rpany¥poBaB ONHY H3 HHUX B ONpPeleNeHHbIX YCJIOBUAX B KayecTse Mao-
merpa [Iupanu. Ha npakTuke OKa3bIBaeTCH, OXHAKO, YTO HHIMBHAYaJbHBIE
0cob6eHUOCTH OTHENBHBIX JIaMN HAKaJAMBaHMS TOPA3N0 CHJbHEEe OT3BIBAIOTCH
Ha MoKazaHUAX MaHomerpa llupaun, uYeM 0COGEHHOCTH OTAENBHBIX KATOMHBIX
JIaMNl HAa MOKAa3aHHsX HOHW3ALHOHHOTO MaHoMerpa. [losromy, npu BcTpeuaio-
IUXCA MEXAY OTHeNbHHIMH TYCTOTHRIMHM JaMIaMH Da3/M4Y¥AX UX 3JexTpuye-
CKHUX W TeOMETPHUYECKAX MapaMETPOB H DACMONONKEHH HHTH (10 OTHOUIEHHIO
K Kod6e, cnoco® MCNOMb30BAHHWA METOAA MaHoMerpa Ilupanuw He HNPHUBOIHMT
K LeJM, TAK KaK dABJfAETCH CJHMIIKOM HeTOYHbIM. [l pemeHus 3afaud mpepn-
JOXeHbl Clenytouide Metoabl. 3enenn 131 mokasan, uTo ecaM omycTHih
Konby JaMmei B COCYHM C CAerKa NOAKYCAeHHOH BOMOH, TO CUCTeMYy HUTH
JdMIb — BOAA B COCYL€ MOXHO pAaCCMAaTPHBATh KAK HEKOTODHBIH KOHIEH-
carop. HakaaneBaa Ha OOGKNAOKHM 3TOro KOHAEHCATOPA MEPEMeHHOEe HANps-
wenue mopagka 120 wau 220 V npu uacrore 50 nep/cex, MoxHo momay-
YUTb W3MEPUMBIA MO CBoell BeiuuuHe TOK. Ecaum marb HUTH 1aMmoel HOp-
MasbHBIH HAKAJN, HUTb SMUTTHDPYET B JOBOJBHO GOJbLIOM UHCJE 3/IEKTPOHEL.
DnexTpuueckoe fiofe, CYIIECTBYIOHIEE MEXIY KOHLAMH HUTH (MOCTOAHHOE
WM fepeMeHHoe 0e3pa3NHUHO), YCKODAET IBMXEHHE 3MHTTHPOBAHHBIX 3JEK-
TPOHOB, 4TO MPHUBOLMT K HOHH3ALMM OCTATOYHOIO rasa B KO/AGe JaMIbl.
Hounzanys raza MesHseT eMKOCTb CUCTeMbl HHTb -— BOJXA B CTODOHY ee yBe-
Juuenus 1), MamepaeMbfi eMKOCTHHE TOK Tem GoJbile, ueM Gosbiie yncCHO
HANWyHBIX WOHOB, 4 3TO MoC/HedHee, B CBOIO ouepelb, TeM G6oliblue, YeM
Gonblie naBieHde rasa B jamne. 3eJileHH YKaseiBaeT HecKOJbKO cnoco6os
uaMepenuss cAa6Oro MNEepEMEHHOro TOKA uepe3 JaMiy MM OlpenelieHus
M3MEHEHKs HHTePeCYIleH HAC eMKOCTH, HO Ha NpPaKTHKe Haunbojee ynob-
HBIM 0KA3a/Jici METOH HEMOCPeACTBEHHOrO M3MepeHUs eMKOCTHOrO TOKa yepe3
JAamily MOCPEACTBOM UYBCTBHTENBHOTO 3JEKTPOAHHAMOMETPA MO cXeMe, [pel-
cTapienHo#t ua puc. 59. 3Sgecs 1,2 ¥ 3 —mpoBoAa Tpex(asHOro TOKA;

1) U'py6o ropops, MOXHO MpeincTaBHTh IeN0 TAK: fIPM HATWYHKH HOHH3ALMH
#Ha BHyTpeHHeli CTeHKe xoabn BO BCAKMH MOMEHT BpeMeHHM OyneT HAXOAMTbCA NOJO-
HUTeApHsIE WAH OTPHUUNATEAbHLIN 3apaa (MPOTHBOMIONOKHEIY MO 3HAKY 3apAly BOLM)
H Mp 6yfloM HMETb Jen0 Kak 6ol ¢ ABYMS COENWHCHHBIMU NApanienbHo KOHIEHCATo-
PaMH: HUTh — BOJAa M BHYTPeHHsA# MNOBEPXHOCTb KOAOL — BORA, OPHTIEM EMKOCTh
BTOPOTO 3aBUCHT OT YHCNA HOHOB B KoaAGe.
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K kiaemMaM 1 u 2 npucoexuHeHa Jamna, K KJIeMMaMm 4 H H-— moABMIK-
Hasg KATYWKA 91eKTpojAHHamomeTpa, K 6 © 7 — HemOABHKHBIE KATYIHKH
atoro mupubopa. Hopmanbmaa saamma Kakoro-nu6o THNA MpUGAHBAETCH
K BAKYyM-amnapatrype, BKJIOYaiOuled MaHo-
Vo3 3 mMetp Mak-Jleona, u NPOW3BOAUTCA TPanyH-
A M ! POBKA H3MEePUTENbHOH CXEMBI JIH 3TOTO THNA
J3aMM, T, €. TOKA33HHS 3/MEKTPOIMHAMOMETpA
CNMYAOTCA ¢ IIOKA3aHWsMH maHoMerpa Mak-
R, Jleona. Camo co6Goit pasymeeTcss, uYTO BOC
BpeMsl H3MepeHu# Jamna ¥ MasHomerp Mak-
Jleona oTK/OYeHs! KpaHoM OT Hacoca. Kpome
Toro, Heo6X0AUMO BBDKJNATH, IMOKA ras He
3 5§ 7 UePeCTAHET BLIIE/HTHCH HHUTHIO “JAMIbl WK
noraomarbca ew. Koraa rpasyuposka mpo-
BEpeHa HAa HECKOJBbKHX JAMNAX AAHHOIO THIA
H [OCTPOEHA CpefHsAst I'PaLyHuPOBOUHAA KPH-
Basg, MOXHO BKJIOYaTh B CXeMy TOTOBYIO
06/IMII0BAHHYI0O ¥ BBHIMOKEHHYIO B TEUGHHME He-
Puc. 59 CKO/IbKMX MMHYT JIaMIIy 3TOrO THNA, OTMEYaTh
fe. o OTKJIOHEHHS 3JEKTPOJHMHAMOMETpa M IO rpa-
NyMPOBOYHON KpHBOH uau TaGimie onpegeluTh nasaesve B aamme, [lpumep
rpaoyupoBouHol KpusoH npusened #a puc. 60. Tax xak mb umeem neno
C Majo{ mnepeMEHHOH €MKOCTbIO, TO TNPH H3MEPEHHAX MPUXOIAUTCH CO-
6nonaTe Bce HeOGXONMMBIE B TakoM Cilydyae mpepoctopoxsoctd !). Ia-
agee, MNpaKTHKa IIOKA3hBaeT, UYTO Ccnoco6 3eleHH [MPUIOKHM ML K
* jaMriaM, KoJgOH KOTODHX CHEJAHH
U3 CTek/a, OOGJIafalulero YpesBsbi-
4a#HO MaJIOH 31eKTPONPOBOAHOCTLIO,
T HalnpuMep U3 TaK Ha3bIBAEMOTO CBHH-
+ noBoro creknaa, llpu konbax wu3
,6eCCBUHLOBOrO® CTeKJa 3JEKTpH-
yeCKHe TOKH, YXOasd uepe3 CTeKJO
“ur KONGB — , yTEYKa“ KOHIEHCATOpA,—
T JIeRaloT MeTon JeJeHH HerpuMe-
1 HUMEIM,
34T0 OKAa3hKIBAETCHA, YTO B 3TOM
. clyuae K Jamile HAKaNUBAHHUA, KAK ITO
A T35 7 1noKasaud IKCIEPUMEHTANBLHO Allb-
TeprymuIsect (18] MoxHO npuMenuTh
Puc. 60. OPUHIHUIT  HUOHHU3ALMOHHOIO MAaHO-
MeTpa. A HMEHHO, ecNy NPHJOXKHTH
k Bolle (WJH METANIMueCKON MIOTHO NpHIerawiel 060m0uKe), OKpy atomeh
KOJ6Y NaMIbl, TOJOMKUTENLHAIH 110 OTHOINEHHIO K HATH JIaMMbl MOTEHLMAN, TO
yepe3 CTEKJO KOJOL! MAeT 9/1eKTPOHHHH TOK. TIpH OTpHLIATENLHOM MOTeHUnale

80T

fokasanve nekmpodunamemempd
t

1) Hanpunmep, pacnonoxenue BceX NMOABOASLIHX [NPOBONOB AOMKEO GbITh CTPOTO
HEU3MEHHO H PAaCCUHTAaHO Tak, 4ToObl 1aBaTh NAPAMIEIbHO JaMIE BO3MOXHO MEHBIIYIO
eMKoCTb. Ho 1 mpH cobmonenun BCex Mep NMPEAOCIOPOKHOCTH PeKOMEHIYETCS BpeMs
OT BpeMeHH NPOH3BOAHTG NOBTOPHble TPALYHPOBKH IS BCEX THUMOB JaMI, YTO6M
YYECTh YCKONb3AIIIHE OT BHUMAHHS HE3aMETHbIC H3MEHEHHs YCAOBHH ONBITA.
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BHelIHE OOOJNOYKH 110 OTHOMIEHHIO K HHTH uepe3 CTeKJ0 KOJOb HAET TOK
TIOJIOKUTENBHHX MOHOB, AnbrepTyM H 2DBeCT NPe/lIaraioT Onpenearb HABie-
HUE B JIAMIE N0 OTHOWEHUID HOHHOTO TOKAa K 9/1eKTPOHHOMY, MPOHM3BOLSl CO-
OTBETCTBYIOLIYI0 TPAaNyupOBKY HanonoOue onHcanHoW suime. Ha npakTuke
BECbMa yAOGHHIM OKA3aJICA CllelyioLiHil, OCHOBAHHBIA HAa MeToie AsibTepTyMa M
Becta C10co6, pa3paboTaHHblit BAKYYM- .
TeXHuyeCKkuM oOTmenom BOH wu ocy- [@
I;eCTBJACHHBIH B MaccoBOM maciutabe
B gaboparopuu Jlamnosoro ormena
»JNeKTpo3asona®, Ecau Ha BHeIIHIO
o6on0uky xonlw (puc. 61) Hanmoxurh
nepeMeHHOe HaMpAXeHHe, TO yepes
CTeKN0 KoAOb U W3MEepHUTENbHBIA upu-
6op G 6yaeT HUTTH B OAHY NOJOBHHY
nepucna 3JeKTPOHHHE TOK, B APYIYIO
NOJNOBUHY Tfepuona — HoHHui, Ilpn-
6op MOCTOSHHOTrO TOKa (G 6ymeT mMoKa-
3biBaThb OTKJIOHEHWE B Ty WIH Ipy- Puc. 61.

TYIO CTODOHY B 3aBHCHMOCTH OT TOTO,

KOTODHi #3 3TUX TOKOB Gosbiue., Ecan nurate namny L nepeMeHHBIM TOKOM
M HaKNajhBaTh HAa O6GO/OUKY MeDEeMeHHOE HANMpsiKeHHe OT TpeThed (asbi, TO
npeo61anaer 3aeKTPouubith ToK. Ecau K nepemennomy uanpsmxeHuo n06aBUTH
MOCTOSHHOE HAmpsikeHue Vi, OT NMOTeHUHOMeTpa P, 13MepAEMOE BOALTMETDOM,
TO 9/1eKTPOHHBIA (OTPHLATENBLHBIN) TOK YMEHBLIIAETCH M TPH HEKOTOPO# BElUUMHE
Hanpskenua Vi nauxer npeo6aadats MoH-
Helt TOK. Bennunna komnencupyiowero sl
9/IeKTPOHHBI TOK HOHHOTO TOKA 3aBMCHT
OT nmaBAeHus rasa p. Meway V, u 10275
CyLIecTByeT OJHO3HAYHAA 3aBHCUMOCTH, 250
Takum o6pasoM B 3TOM CiAyuyae rpamyH- o
POBKQ IUIA ONpelesieHHs NABJEHHS B HaH-
HOM THINE MyCTOTHBIX 1aMll COCTOMT B CO- anr
nocTasJeHny 3anauennt p (Max-Jleon)u V. 175
YyBsCTBATENBHOCTD 3TOI'O METOAA 3ABUCHT 15
B 3HAUUTENBLHOH CTeNeHH OT TOTO, C KAKUM
THIIOM JIAMIT NPHXOAUTCA uMeTh neno. He-
KOTOpble 3aTpPynHeHus BCTpevarorcs mno W
OTHOILEHHKIO K CMHPANBLHO-BAKYYMHBIM JIAM- 75
nav. ITH 3aTpPyIHEHH#A NDUXOAHMTCH 06- g

1 I 1 d L 1 L L 1 1.
XOnuTh, npuMensii Gojee 'YBCTBUTENb- 5 l 0 1uutg
Hele mnpubope, [Ilpumep rpamynposou- Puc. 62,

HHIX KDUBHIX pmaH Ha puc. 62. He-

KOTODBIe MPAKTHYECKHKE MONPOGHOCTH: KONGA NOMKHA GbITh OnyuieHa B BOLY
o OMPENENEHHOTO YPOBHA, IVIA NOBLIUEHHS YYBCTBHTETBHOCTH IlyTeM yBe-
MM4eHNA 3JEKTPOMPOBOJHOCTH CTeK/]a, TEMMEPATypPa KOGl yBETUYHBAETCS
MOCpeNACTBOM NpPHMEHEHUs B KaueCTse BHewHe# 0GOJNOYKH MOAOTPETOH BOXHI
TeMMepaTypy 3TOH BOMb, PA3yMEEeTCA, HANO AEPXKATh MOCTOSHHOM, M OHA He
LO/KHA ObITh HACTONBKO BENMKA, 4TOGbl BBHICOBLIBAIOLIASCH M3 BOALI 4aCThb
KOJIGH MOT/IA MOKPHBATLCA HAaNETOM BJIArH. TOYHOCTH ompeneneHus Bakyyma
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B TOTOBBIX BAKYYMHBIX J1aMnax Kak clocoGOM, OCHOBAaHHbIM Ha MeTome 3e-
JieHd, TAK M CINOCOBOM, OCHOBaHHBIM Ha Merone AnbTeprymMa W 3Becra,
Hano ouennsath B - 50/, 3rta TOYHOCTH NOCTAaTouHa Ans Tex Lenett, s
KOTOPHIX NPOH3BONMTCA OfpejejeHHe NABJACHHA B 3THX JaMmax.

Ecnu Bakyymuoe uspensie win 1npubop He ¥MeeT B uyclie COCTABJAILIAX
€ro uyacTe#t BOAbPaMOBOH wuaM IOPYro# MeTalniM4ecKOH HHUTH, KOTOPYIO
MOXHO pacCKaluThb TOKOM J10 3aMeTHO ! TepMOI/IOHHOVI IMUCCHUHU, HJIK E€CIU 3TO
H3Je/MUE He NPUHANAGKUT K OMpeHeNEeHHOMY CTAHZADTHOMY Tuny, Tak 4io
AN Hero He MOXeT OWTE TPAanyUPOBOYHHIX KPHBLIX, TO LA OMNpEHeNEHHUs
OaB/leHH MOXHO npuberHyTh kK ,MeTONy pasbuBaHus®. [Ipu He6oAbLIIHX
pasMepax, musmense (HANpMMED CHIHAJbHAA HEOHOBAA /1aMMa) IOMELIAT
BHYTPH HEKOTODOTO M3BeCTHOTO 06beMa, B KOTODOM NyTeM OTKAYKH H0OH-
BAIOTCA HAWIydIUero Bakyyma. 3aTeM M3feiue npPOOUBAIOT [OL BAKYYMOM,
yaapaa 06 Hero KyCOUKOM JKejle3a NDH MOMOI(H 3JEKTPOMATHUTA W H3Me-
pSIOT [aBJeHHE, KOTOpOEe
nocjie 3TOr0 YCTAHABIH-
BaeTcs B almaparype.
[lepBonauanbHOE gaBJeHKE
B U3Ie]iuy Onpegensercs 0o
OTHOWIEHHIO 06beMa pa3bu-
BaeMOro o6nekta K o6neMy

Puc. 63. BCero NpoCTPaHCTBa, B KO-

TOPOM H3MepsieTcs nasJe-

HHE. B clyyae GO/bIIMX NpeAMETOB, HANPUMED ra30CBETHHX TPYGOK, HA Ka-

KOH-1MGO OTPOCTOK 3TOTO MpeaMeTa HALEBAETCH # NPHMA3bLIBAETCA MeH/el/eeB-

CKoH 3amaskolt (ra. VI) Gonee wmpoxas, 4eM STOT OTPOCTOK, TpyOKa, coe-

JMHEHHAA C BAKYYMHOH annapatypolt u cHa6xeHHAas BHYTDH KENE3HHMM ,,6HT-

Hem®, ynpasnsembM snexrpomarautom M (puc. 63). Manmnynsusu mis
ONpefe/ieHNs NABJICHHS Te e, KaK TOJNbKO YTO OMHCAHO.

§ 10. NpumeHenne rasosoro paspaga Jns onpene’eHus cTeneHu
pa3pexeHns. $srenue NIDOXOXKIEHHUA 3NEKTPHYECKOTO TOKA 4Yepe3 " Trashl
3aBUCHT OT japlieHMs raza, [loaTomy, Ha6ai0nas ceeueHde rasa fipu paspsie,
MONKHO CHeNaTh 3aK/io4YeHHe O MOpPsfKe pA3pEKeHHA Trasa. YCTaHOBHTH
KaKue-1160 ToyHble OGuIMe NMpaBHAA [Uis STHX ONpele/ieHufl HeAb3dl, TAK KaK
KpOMe IaBnieHus CBeyenue T1a3a 3aBUCHT eule OT GOJBLIOIO YKCAA IPYTHX
napaMeTpos (pasMepw W dopMa 3JEKTPOIOB, MIMPHHA TPyGKH, HAnNpsuKeHue
M Cula TOKa, npupoma rasa u T. A.). Co6Hpasch IHPOKO MCIOJbL3OBATH
STOT METOL Ompene/ienws AaB/eHNs, Ay4ilie BCETO MPOM3BECTH COOTBETCTBYIO-
Iyio TIpanyuposky npubopa. [lpu 6ojee WM MeHee HH3KMX NABNEHHAX
(npumepro 0,001 414 Hg) cBeyenue rasa mpekpamaercs, u OCTaeTcs JHIIb
¢ayopecuenuns  crexna (nmpu  O6bIYHBIX COPTAX CTeK/a — 3e/ieHORATas).
flpy ,BaKkyyMe npusunmasus® n OTCYTCTBHM B aNNapaType MapoB PTYyTH BCA-
Koe cBedeHHe TPYGOK npekpamaercd — TaK HA3HBAEMBIH , yepHHIH BaKyyM“.

Onst cyxnenus o cremenn paspexeHus B rOTOBHX H3JAeIUAX TNpHMe-
HAIOTCH BLICOKOYACTOTHHE pas3paAfbi, BO30YMIAaeMHE NPM NOMOLIH TPAHC-
dbopmaropa Tecna. Tak, nanpumep, mMycTOTHBIE JAMOB HAKANMBAHHA MOCJE
OTKaukH 10 papienusa 0,05—0,1 mnx Hg cserstea Ha npubope Techa

KpaCHbHIM CBe4eHHMEM, IpH nasmenuu mnopsaka 0,01—0,02 xx ocraercs
auwb cnaboe AMA0BATOE CBeyeHue. '

‘ CJIABA TATAA

XUMHUYECKHUE, 3JIEKTPOXHUMHAYECKHE ¥ ABCOPBUHAOHHBIE
CIIOCOBbI MOJIYYEHUSI BbICOKOrO BAKYYMA. BJHMSAHHE CTE-
KISHHBIX CTEHOK M METAJUIMYECKMX YACTEA HA BAKYYM

§ 1. Noraomenue ra3oB TBepabiMu Tenamu. Habmonenue sBieHsuH,
fIPOMCXONAINUX TPH OTKAYKE rasa, MOKA3a/l0, 4TO eC/HM Kakoe-1HGO TBeploe
TEJ0 HAXOIMJIOCH HEKOTOPOE BPeMsl B CONPMKOCHOBEHMM ¢ KakuM-aubo ra-
30M, a 3areM OLUIO IOMEIIEHO B COCYZN, B KOTOPOM MPOHMCXOMMT OTKAauyKa,
TO 3TO TeJ0 HAYMHAET YCHJEHHO BBINEJATb TOT ra3, ¢ KOTOPLIM OHO HAaXo-
IUIOCh B COMPHKOCHOBeHUH. OTCIONA MPUXOMUTCA 3aK/IYUTh, YTO TBEpIBIE
TeJa MOrACWAnT ra3. 3To MornoueHHe TeM 6ojblLie, ueM 6oJblie AaBieHHe
raza # yem GOJbllie MOBEPXHOCTH TREPAOrO TeJA: DPa3Me/ibYeHHLIE MOPOWKO-
o6pa3Hbie Tela MOIJIOWAIOT HECPABHEHHO OOJbille CUIOUIHBIX Tel TOro e
cocrasa ¥ Toil xe maccu. Hanpawupaercs BHBON, 4TO ras OCeNaeT HIH
MPUA¥NAET HA [OBEPXHOCTH Tesa., Dosiee [eTajbHOE pAacCMOTPEHHE 3THX
SIBEHHN TPHBENO K 3aKII0YEHHIO O CYIIECTBOBAHHM JIBYX Pas/iMyHbIX BHIOB
NOrJIONIEHAs Tasa TBePAnIMHM TenaMu — afxcopGuuu u abcopbunn. Adcopbyueii
HAa3bIBaeTCA TOT C/y4yal, Koria ras TOHKHM YIJIOTHEHHLIM CJIOEM TpuJerael
K MOBEPXHOCTH TBEPJIOro Tena; abcopOyued, WiM oOKKAO3uell, HA3HBAETCH
HAKON/IEHHE ra3a BHYTPH TBEPHOro TeJa — MPOUecc, AHANOTHUHHH DPacTBO-
peano. s o6o3nauenus o0GOMX IIPOLECCOB HHOTAA MPHMEHAIOT CI0BO
copCyus, XOTH NPOLIE MeDeBOIMTL STO HHOCTPAHHOE CTOBO CJOBOM 1n02.20
uienue. Vinorna ObiBaeT 3aTpyNHWTENBHO NPOBeCTH PE3KYI0 TIpaHb MEXIY
ancopbuyeit u abcopGuuedt. [lo OTHOMWEHMIO K AaACOPOIUM CYLIECTBYET
Teopus JleHrmiopa, no KoTopo#t agcopGupoBaHHHH ra3 o6pasyer HAa MOBEpX-
HOCTHM TBEDIOTO TeAa CNOH TOJLIMHOI0 BCero B oHy Monaekyay. C cymecrso-
BAHHEM TAKUX MOHOMOJIEKY/ADHBIX C/0eB JIeHTMIOp CUHTaeTcs He TOJBKO
B SIBJIEHHMAX afcopOLMM, HO U NpH OPYyrux ABIEHUAX, HMEIOUIMX MeCTO Ha
TPaHUIle MEXIy TBepObI™ TeJIOM H pa3PEewMEHHBIM Ta30M WiH BaKyyMmMoMm.
BebiBesiennble #3 3THX NpeNcTABJCHHH Pa3/NHYHOTO PONA 3aKMIOYEHHs, Kaye-
CT3eHHLIE M KOJHYECTBEHHhlE, XOpOIUO ONpPABABIBAIOTCA OILITOM, ¥ TeOpHUs
MOHOMOJIEKYJIAPHLIX Cl10es JleHrMiopa MOJAL3YeTCA B HACTOAIlee BpeMs 50/b-
KM pacnpocTpaHeHueM. B cBoeit Teopuu JleHrMiop ucxonuT M3 coobpa-
HeHMA, YTO TO DACCTOSIHHE, HA KOTOPOM 33MEeTHO MpOABJIMIOTCA MeXAy-
aTOMHbIE CH/IH, ONHOTO MOPAIKa C JuHeHHbMHM paamepamu atoma. llosromy,
KOTa Ha [iepBeIff CIOH MOJIeKy/n HAYMHAET HACAAWBAaTBCA BTOPOH, HA MoJje-
KYJBl 3TOCO CJ10f HeHCTBYIOT JHIL CHJbl CUEIIEHHs MOJIEKYJ [epBOro cios,
a He CHJB MpDHTAXeHHA CO CTOPOHBI ATOMOB TBepioro Tena. Takum o06pa-
30M mepBHI ClIOH MoOJlexyJ, ynepMBaeMbl CH/IAMH ClCIVIEHHA Mexiay Mo-
eKyjAaM¥M TBEpPAOrO Tela W rasa, NOMKeH OO6Aafarh COBEPIIEHHO ADYTUMHM






