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NPEQUCIIOBME PELAKTOPA NEPEBOAA

[MonyaapHaauus HaYKH HIpaeT 3HAUHTEILHYIO DOAbL B
PAa3BHTHH KYJbTYpH 001eCTBa, NoMOrasi MHJAJHOHAM JIO1eH
NO3HAKOMHTBCA ¢ peayasTatamu paboter yueHnX. Ho u
CAMH yYeHhie — a B emle Ooaklleill CTeNeHH CTYLEHTH, CTpe-
MALLHECS K CAMOCTOATENbLHBIM HCC/AEGA0BAHHAM, — TaKiKe
HY¥J410TCH B NONY/sSpHOR JuTepatype O ToH 00JacTH 3HA-
HHi, B KoTopoll oHu paforawr. HecoMHenno, yposenb no-
NyJAsIPHOCTH NPH 3TOM A0JKeH ObiTh HHLIM — npodeccHo-
HagbHas MNOATOTOBKA 4HTaTedell AHKTYeT apyrue, Goaee
CTPOrHe KpHTepHH oTOOpa MaTepHaJa, cnocoOHOrO BHI3BATH
HHTEpec, H COOTBETCTBYIOUIHA CTHAL H3JIO0MKEHHS,

IlpennaraeMasn BHHMAHMIO YHRTATEN KHHIa HM3BECTHOTO
amepukaHckoro yueHoro JI:k. JI. Tpurra orpeuaer sTHM
tTpefosannsM. CaMm aBTOp TaK ONpeAe/u/l OCHOBHYIO 1eJb
CBOEro Tpyla: NOKa3aTh pellawlLlyi0 poJdb ISKCHepHMEHTa
B pasBATHH (H3MKM H CcTaHOBJEHHH ee 3akonoB, Coorsert-
CTBEHHO 3TOMY OH OnHMCAJ H30pPAaHHLIE SKCHEPHMEHTHI, CTAB-
HHe K HHC'I‘[JHLLI,E‘M)’ B}IEMEHH KJacCHYECKHMH, yCﬂGBHU HX
MOKHO pasOHTBL Ha YeTHpe rpynnoi:

OTKpPLITHE HOBHIX SBJEHHH, KOTOpHe He MoraH OHTh
npejicKa3aHW  CYUIECTBOBABIIEH B TO BpeMs TeopHed
(ra. 2, 4, 5, 7);

BhIfiCHeHHe (YHIaMEHTAJbHHX ¢BOficTB mMatepun (ru. 1,
3, 6, 8);

SKCHePHMEHTE, NOATBEpAHBIIHE BLIBOALI elte le obile-
NpH3HAHHBIX TEOPHH H TeM CcaMBEIM JaBllHe HM KH3HB
(ra. 10, 15, 16 1 B meusiei crenenu 12),

H HakoHen, pafoThl, KOTOpHE OTKPLIAH HOBHE BO3MOX-
HOCTH NO3HAHWA MHPa H NpHBEJH K Jporpeccy TeXHHKH
(ra. 1, 9, 11, 13, 14).

Pacemorpendsie sKCNepHMEHTHl [aJieKo He HCUepTibl-
BAIOT TEX ONHTOB, KOTOpHIE ONpeaeasiioT JAnno (GH3HKH
XX Beka u KoTOpeie MorjH Oul No npaBy 3aHATH MECTO B

G

910l Knure, Boifop MaTepHasta B 3HAYHTEJNLHON CTENEHH
oTpajkaeT CHMNATHH aBTOpa: STO BHAHO XOTd OBl H3 TOrO,
uto GOMBIIOE YHCAO IJaB NPHUIVIOCh Ha (PH3IHKY HH3KHX
TeMnepaTyp o (QH3NKY MOJEKYJsiDHBIX H ATOMHBIX NMYYKOB.
KoneuHo, npaso apTopa — NHCATh O TOM, YTO OH CHHTAET
Gosiee HuTepecHbiM. OaHako NPHXOJHTCA COMKAJETh, UTO B
KHHre He HAlloCh MecTa AAf MAarHHTHHIX PE30HAHCOB B
KHAKOCTX M TBepAHX Tenax. HawbGonee H3BECTHBI 9VIEK-
TPOHHE -TMapaMarHATHEA, AAEPHbIA MarHHTHLIH, IHKJIO-
TpoHHHI, Geppo- H aHTHHEPPOMATHHTHEIA pe30oHaHCH, H 32
Kax 1M H3 HHX CKphiBaeTca ofmmupHas objacTtb mccneno-
pannfi. CopeMeHHyl0 (H3MKY HEBO3MOXNHO TNPeACTaBHTHL
Ge3 3THX HCCaeAOBaAHHHA.

Ham kaxkercs taxke, 4To ObLT0 OB MOJE3HO PACCKa3aTh
06 uctopun OTKpuiTHA B 1944 r. E. K. 3aBoHcxkuM sJek-
TpOHHOrO MAapPaMATHHTHOrO pe3oHaHca. TO OTKPLITHE 03HA-
MEeHOBAJIO HAUAJO0 3PH PE30HAHCHBIX METOLOB HMCCeJ0BaHHA
BELECTBA B KOHAeHCHpoBaHHOM cocrosiman. Metoast DIIP-
CHNEKTPOCKONHH HALIH WIHPOKOE NPHMEHeHHe B XHMHH H
MOPOLHJAH IENyK OTpacib HayIHOro W aHAJTHTHIECKOTO
nputopocrpoenus. OpHako 3To cyry6o cyOBeKTHBHBE MO-
JeqaHns, KoTopnie, Gesyc/oBHO, He YMAalflOT AOCTOHHCTB
KHHTH.

Bonee uem mecATHAETHHH ONHIT pafoTel pelakTOPOM '01-
HOTO H3 BeAVIIHX B MHpe QH3Hueckux xKypranos — Physical
Review Letters — nospoansn Tpurry me Toabko 0T0GpaTh
MaTepHaJ, NPeACTaBJAAIONHA OOUIMA HHTEpPeC, HO H H3J0-
JKHTh ero B BecbkMa gocTynHoli dopme, nsberas NpH 3TOM
pyJbrapH3andi. B KAHre MOYTH HET MareMarHiecKHX gop-
MYyJ — OCHOBHOE BHHMaHHE Y/eJfAeTcd KaueCTBeHHOMY 'pac-
CMOTPeHHI0 (DHEHYECKHX SBJEHHH H MOAPOOHOMY OMHCAHHIO
NOCTAHOBKH HaMepeHuil. Hacroe naTHpoBande OPHTHHAJB-
HLX paGoT MO3BOJART OULYTHTH aTMochepy HayTHOro TBOp-
HecTBa,

[To BnosHe NOHATHLIM TPHUMHAM aBTOD Obi/I BLIHYMAEH
OrpaHHYIATECH ONMHCAHHEM JHALIL CAMBIX KAIOYEBHIX MOMEH-
rOB HCCTeTOBAHNA, HO COMPOBOMANJ Ka¥Kiyio raasy GHGIHO-
rpacuer, uToOB NOMOYL uHTATENO ToApPOGHEe O03HAKO-
MUTLCA € 3aHHTepecoBaBwuMu ero pompocamu. [Tpuperen-
HLIC CCHIJIKH OTHOCHATCS TIPeHMYHIeCTBEeHHO K OPHIHHAALHBIM
nyGankanpam. [lo HameMmy MHeHHIO, H3YuYeHHe HMEHHO
rakux pafor mpegcrasaser HauboJbuwHf HETEpEC W NPH-
HOCHT MaKCHMAaJBHYI0 NoJab3y. HHKakoil 0630p HJIH KHHTA
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KOMOHJATHBHOLO XapakTrepa He B COCTOSHHH HX 3aMeHHTh.
VuuTHIBas, OAHAKO, YTO B OCHOBHOM 3TO CTaThH, ONyOJHKO-
BaHHBIE Ha aHrIHHCKOM fA3LHEe B CleldaJbHbiX H3JaHHAX,
TPYAHO AOCTYNHBIX MHPOKOMY KPYTY COBETCKHX yHTaTeaeH,
Mbl JAONOJHHAH NPeJJaraeMblii aBTOPOM CIHMCOK JHTepa-
TypH CCHIKAMH Ha mny0JAHKauHH B KypHaie «¥Ycnexit
Gu3nueCKHX HayK», YKa3aB Te H3 HX, KOTOpHE HO YPOBHIO
H3J0:KeHHA H CTEHeHH Nony/spHOCTH COOTBETCTBYIOT HaH-
HOIl KHHTE.

B szakmodeHHe XodeTcd BHPA3HTh YBE&PEHHOCTH, H4TO
KHura OymeT ¢ HHTepecoM NpouUHTaHA (husHKaMH-npodec-
CHOHAAAMH, K4K SKCOEpPHMEeHTATOpaMil, TaK H TeOPeTHKaME]
ona, Geayc/OBHO, TMpHHeCeT Takwke 00JAbLIYI0 NOJB3Y BCEM,
KTO HHTEpecyeTcs Pa3BHTHEM HaykH. A MOAOAHM JIOAAM,
KOTOpEE ellle He OUPEeAEdH/IM CBOEro HYTH B HaYKe, KHHIA
NOKAMKeT, CKOAb TPYAHO, HO B TO Ke BpPeMs YBJAEKATEALHO
yHacTHe B HENOCPEACTEEHHOM JHajore ¢ NPHPOAOH, B NO3HA-
HEH ee Taill M CO3JaHHH HHLIX (OPM BEUECTBAa €O CBOI-
CTRAMH, OTJIHYHBMH OT TeX, UTO BCTPEUAKTCH B ecTeCcTBEH-
HOM Mupe,

B. Dderoman

NPEAMCNOBHE

(G uanKy OOHTHO CUHTAIOT SKCMIepHUMEHTAIBHOI HaYKoil, 1
TakoBa, Ge3yCAOBHO, TOYKA 3PEHHA NPAKTHYECKH paGoraio-
uero (puanKa, MOTPYKEHHOTO B MHp HENPEPLIBHO TEKYLLero
sKcnepEMeHTa, DTO OUYeBH]NO H A CTYACHTA-ARMIOMHIKA,
KoTophit y¥Ke Hadal npHOGMATECA K SKCHEPHMERTANBALIM
necaenopanuam. OAHAKO CTYIEHTY, TOAbKO HAYHHAIOUIEMY
oGvienne, NOLOOHOE MONOKEHHE Belliell MaJo 3HaKOMO: Ol
JHIL H3peKa CHABMIHT O KOHKDETHOM SKCHEpPHMEHTE, H,
KaK [paBHAO, HECKONBbKO CKA3aHHLIX MO STOMY nopony dpa3
1A10T THIIh OYeHb CMYTHOe TpefcTaBjenne O (PaKTHHECKOH
nocTaHoBKe ONbLITA.

[MonobHas cuTyamust Henabexxna H B ONpeAc/]eHHOM
cvpcne maxke HeoOxoauMa. Buuo Gel GCCMBEICACHHO Tibi-
ATLCS OMHCATh B AETAJNAX BCe SKCTHEDPHMEHTH, pesyabTaThl
KOTOPHIX COCTaBAAIOT OCTOB coBpeMeHHOH (QHIHKH. Onnrako
HVIKHO BCE-TAKH [aTh CTYAEHTY BO3SMOMKHOCTH MOUYBCTBO-
paTh XapakTep SKCIepHMeHTANbHOMH paGmu.uHoaTomy MHE
IpecTaBAseTcs Nenecoo0pasHbIM pLOpaHAEl B 3TOH KHHTE
1VTh O3HAKOMJCHHS CTYNeHTa ¢ HanOolee BLIAAIOUIHMHCAH,
KI0TEBEIME SKCHepHMeHTaMH (H3HKH XX meka. o sKcne-
PUMEHTH, KOTOpbie MOCHYHHAH TIOBOPOTHLIMH MOMEHTaMH
i HAUIMX TPEACTABIEeHHsAX O TeX MAH HHLIX ABJAEHUAX NPH-
poiL HJAH CYIIECTBeHHO DPacHIHpHIH HalUH BO3MOMKHOCTH
NO3HAHHS.

Pasymeercs, BOOp SKCNEPHMEHTOB, ONMACAHHE KOTOPBIX
COCTABJAACT 3TY KHHTY, 110 CYILECTBY, MPOH3BOJIEH. A peumn
orpannuaThest ToasKo XX BeKOM H OMYCTHTH TE pasjensi —
[COPHIO OTHOCHTENBHOCTH, &UHCTYIO» FACPHYIO pmanky H
paiHee PasBHTHe ATOMHOM (HIHKH,— KOTOPHIE yiKe J1ocTa-
oMo TOApoGHO paccMaTpHBAJIHCh paHee. Onanako paxe B
9THX npenenax JIpyrHe aBTODH, HECOMHEHHO, morsin O
cAeNaTh HecKoaABKO nHof BHOOP.




$l mONBITAACA MOKAa3aTh KarAblfi SKCOEPHMEHT B PAMKAX
pU3UKH TOTO BPEMEHH, 4TOOL UHTATeIb MOT NOHATD, NOYEMY
TOT HJIH HHOfl SKCHepuMeHT Obll OCYIIECcTB/IeH HMEHHO TOrAa
i Kak sT0 Obio caenano. S crpemuscs M30erats HCTOPH-
YeCKH HeTOMHLIX YTBEpIKAeHHH, HO 8 He NPeTeHAYIo Ha poJb
HCTOPHKA H He cTaBi/ croeft 3agavel moapoOHOe OMHCAHKE
HCTOPHH KaM/A0ro SKCTepHMEeHT4.
OrpoMuyio TOMOIUIE 0Kasa/jo MHe JIHUHOE 3HAKOMCTBO
CO MHOFHMH (H3HKaMH, paBoThl KOTOPHIX OMHCAHEL B ITOM
kinre. S xoren Owbl nmoGJarogapuTh 3a TOJe3Hbe Gecelsl
wan nepenucky caegyioutux aui: [k, @. Annena, IT. B Au-
nepcora, Mxona bBapauna, Maprusa M. Buaoxa, Yoarepa
X. Bparreiina, Yapasa Baimepa, Ll. C. By, C. A: Taya-
cmura, Jlu Tponsenca, Paccena [lx. Hounenn, Hsapa u-
Bepa, Mapruna Kaeiina, Knafiza Koysua (ma.), Hugoaaca
Kypru, Jleona M. Jlenepmana, Yunauca E. JIsmba (ma.),
Jlkeiimca E. Mepcepo, Pynonsda MéccGayspa, A. A. [Men-
anaca, ®pena Peitneca, A. X. Posendensia, k. M. Poyaa-
na, H. 1. Camuoca, C. A. CseHcOHZ, C. X. TayHnea,
B. JI. Tenermu, Bappn H. Taitnopa, A. JI. llasnosa, Cua-
nea lllanupo, Vaaeama Ilokaun # . P. lpuddepa.
¢ ocobenHo MpH3HaTeJeH TEM HCCACAOBATENAM, pabotul
KOTOPBIX PACCMATPHBAIOTCA B ITOfl KHHFE, — 32 paspelICHne
HONOAL30BaTh WX NyGaukaunu. IlosesHie Martephanst 00
HAYUEHHH TPAHZHCTOPOB S MOAYUHJ H3  OHOIHOTERH
uM. Humsca Bopa B Llentpe mo mucTopuu (H3AKH MNPH
AMepHKaHCKOM HHCTHTYTe GH3UKH. 1 BLICOKO OUEHHBAIO
COTPY/HHYECTBO € TMEpPCOHAIOM Hceaenosarensckoit Gub-
auotexy npu Bpykxefipenckoll HaunonaALHON TaGopaTopHi,
a takxe wuayunolt Gubaworexku Knaifima mpn Henbckou
yaupepcutere. CyniecTBeHHYO NMOMOIIL 0OKa3a/an MHC Jaxex
[puncepr, [Mar Maptun u Bo6 daep. 1 6maropapen Ka-
pomu Byer, de66u Hepapan, Konnn Jlo Pe, Kpuc Cafita,
Kur Cepmxno u Jlecan ®pubopn 3a HX noMolub TPH MO
roToBke pykonnce B meuath. Hakouenu, 1 rayboxo TMPH3HA-
rexen JI. A. Bpomam u BcemMy nepcona’y (HHINIECKOro
daxyasrera FleqbcKoro YHHBEPCHTETa 33 TOCTENpPHHMCTBO,
oKazanHoe MHe BO BpeMs aKa/jleMHYecKOro OTHycKa B Ha-
game 1972 r., koraa s NpHACTYMHMA Kk palore Haj oTOM
KHHUTOI,
Hocopdae JT. Tpuee

ENATOAAPHOCTH

ABTOp BHIpazkaeT NpPH3HATETbHOCTD cHeYIONHM opra-
JHAALEAM M OTAE]bHBIM JHIaM 32 pa3pelueHde HCHOJAb30-
§4Th OPHIHHAJBHBIE HCTOUHHKH:

nanateanctsy «Moxannec AMOpo3nyce Bapr» 3a nepesoll
unTaT H HecJeloBaHHe PHCYHKOB H3 CTaThH Kuunnuura H
Jlays, onyGJANKOBaHHOH B Annalen der Physik;

dupme «Taitnop u PpaucHc» 33 UHTATHL | PHCYHKH H3
oratei Tomcona m Mo3zJu, onyGANKOBAHHLIX B Philosophi-
cal Magazine;

BpuranckoMy KOpPOJeBCKOMY obuiecTBy 32 DHTATH H
PHCYHKH H3 CTATeH Tomcona, Jlayura 1 Menje/1bcona, An-
nena u Maifiznepa, onyOJdHKOBAHHBIX B Proceedings of the
Royal Society, Series A;

KopoJeBcKoMY HHCTHTYTY BeaukoOpHTaHHA 33 LHTATH
i pucyHkr M3 craThi Tomcona, onyGJHKOBAHHOH B Pro-
ceedings of the Royal Institution; ¢

9ayapay HMao H. B. 3a mHTaTH H pUCYHKH H3 crared
Kamepanur-Onneca H Boxkca, Keesoma, keesoma H Kay-
sryca, onyOJHKOBaHHBIX B CooGmenuax ®usnyeckof aado-
patopun JlefileHCKOro YHHBEPCHTETA,

nanateasersy C. Xupuens 3a mepesoj MHTaT H HCIOb-
opaHHe PHCYHKOB H3 CTATbH Meiicenepa, onyOJHKOBaHHOH
n Physikalische Zeitschrift;

nanatenscrsy «Hope-Xoanani» sa HHTATH H pHCYHKH
ws craten Keesoma m MAcc Kee3aoM, onyOAHKOBAHHEX B
Physica;

gupme eMarMuaIaH n K% sa upraThl H PHCYHKH H3
crateit Kanuuw, Annena u MaiisHepa, Annena ¥ Jlxonca,
Jlaynta n Menneascona, Kukonna H Jlazapesa, Heiimana,
ony6ankopanunx B Nature;

AvepHKancKOMY (QH3IHUECKOMY pOmecTBY 3a UHTATHL H
pucynkn B3 craTelt CKOTTa; PaGu, 3axapuaca, Munnvana
i Kywa; Muaamauna, PaGu u 3axapuaca; JIsmba Pesep-
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dopra; Kyma 1 Poun; Bapauia; Bapawna n bparreia;
By, Dwmbaepa, Xehyopaa, Xonnca u Xajacona; [apBuHa,
Jlenepmana H Beinpuxa;, Ppaamena # Tenerou; Pefineca,
Koysna, XappHCOHa, Mak-Tafipa u Kpyse; T'opiona, 1ait-
repa u Taynca; TopoHa; Illapnosa n Taynca; Meiimanas
Meifimana, XocCKHHCAE, 1'Xenenca, Acasn n EsTyxoBaj
JKusepa u MerepJae, Poysana # Anpaepcona; Poyania; [11a-
nupo; sKusepa; JlanrenGepra, Cxananuno, Tsfiiopa H
Jxka: JKakresuua, Jlomb6a, Cnabeepa H Mepcepo; Tlap-
kepa, JlanrenGepra, Henenmrefina 1 Taia0pa; DBapuca #
ap.; Byaw m 1p., onyGIAKOBAHHLIX B The Physical Review
u Physical Review Letters,

HAYYHOMY H3[ATeJbCTBY ¢INMB3enAp» 3a OWUTATH H PH-
cynxni B3 HoGeneBcKofl JeKUHH Bapauna, onyGAHKOBaRHOMH
B Nobel Lectures in Physics;

AvepuraBCcKOH acCONHANH npenonapatetell QHUIHKE 32
HMHTATH H PHCYHOK H3 CTaTBH Bparrefna, onyGankoBaHHOH
p The Physics Teacher;

uszzatenberBy «Mak-Tpoy Xuan» 3a UHTATY H3 KHHATH
P. X. Mapua, Physics for Poels;

nazaTeasctsy «llInpuHTep» 3a MepeBoji LHTAT W FCIIOMNG-
J0BaHHE PACYHKOR U3 CTaTbH Mgéccbayspa, onybanKoBanHON
p Zeitschrift fiir Physik;

wyphany Zeitschrift [ir Naturforschung 3a mepesoi
HHTAT H PHCYHKOB H3 CTATHH Meéccbayapa;

CMETCOHHEBCKOMY WHCTHTYTY 3a LHTATy H PHCYRKH u3
crathu Koyana, ony6ANKOBAHHOIM B OTHETE STOTO HHCTHTYTA
aa 1964 r;

aMepUKAHCKON KOMTaHHH «Tenethor 31 Tenerpagp» 3a
LHTATH H PHCYHKH H3 CTaTbi Kpoydopaa, Xorra Xamnra,
ony6AHKOBAHHON B Bell System Technical Journal;

AMepHKaHCKOMY (H3IHYECKOMY HHCTRTYTY 3a UHTATY H3
craThH Amnjzepcona, onyGankosaknoil B Physics Today, a
TAK)KEe 3a NHRTATY H PHCYHOK H3 CTaTbhH [Tenanaca, OMYy-
Gankopannoit B Review of Scientific Instruments;

anaTebCTBY UHrakckoro yHHBepeHTera 3a UHTATHL |
PHCYHOK H3 crareil TMen3maca n Buascona, onmyOSJaAKOBaH-
neix p Astrophysical Journal.

Fnana 1

HONHOBASA nPUMPOAA PEHTTEHOBCHKMX
NYMEH

{lqpan 41 B MCTOPHA HAYKH MQIKHO ga3paTh Apyroe oT-
Wl Tie, KoTopoe CTOJB frICTPO HAULIO 6u mpakTHUECKoe
NEMenenne, Kak OTKPHITHE PeHTreHOBCKHX JryHeH. Ve
eeKOILKO MeCHlleB nocae TOro, Kak onn ObiAN OOHA-
W Buasreasmom PenTreHoM B nexabpe 1895 r., BX
WA Menoab30BaTh ANR MeNHIMHCKOfl AHATHOCTHER M
Lo Doan MeTAMIRIECKHX OTJIHBOK. OpHaKo JHWE CHOYCTH
Ly Moee BYX JeCATKOB JeT YAanoch yCTAHOBHTh HCTHH-
WYi0 pupony STHX ayuet. /
Honpoe 0 NpHPOJE PEHTIEHOBCKHX ayueft cayua npeis
ecKyccHit mouTH € CaMoro MOMEHTa HX OTKPHTHA.
oo VieHse CKIOHAE OBWIH CHHTATH X WAEHTHYHBIMH
\ syiaM— TyuKaM SJeKTpOHOB, SMUTTHPYEMBIX €
o kaTOZA TPW SAEKTPHUCCKOM Daspae B rase
ey A BJeHIeN, XOTA MarHHTHOE none H He OKashbl-
Cysiiis Ha PeHTreHOBCKHE JYHIL HekoropHe yuenbe
| Cati. MTO STH JAY4H TMPEACTABIRIOT cobofl MPOLOJLHEIE
Jinst «3hupas, a no MHCHHIO WHEIX, 3TO OHIIH BOJHE,
(iatouie cperopbie, TPYAHOCTE aagaodanack B TOM,
crLie CBOMCTBA PEeHTTEHOBCKHX ayuefi B WX AeH
\3a/10Ch, He YAOBJIETBOPSOT HH olHON W3 THX
Korna 1!L‘JIT1'("HOBCI{II€ ayun najaju Ha BEIECTBO,
cenpaNHCh BO MHOTOM aHaJOrH{HO ToMY, KaK pac-
4 cper HA MYTHOR JKHAKOCTH, onHako HHKOMY HE
L roch HabmoflaTh BX OTpaKenue HIIH upenomnem:e‘.
. qelHBIMA OKA3aJHCh TaKKE NOTMLITKA JA0OHTRCH HO-
qup 9THX Jyuel MeTOIOM celeKTHBHOTO HOTJIOMLE-
nofno TOMY Kak 3TO TMPOHCXOIHT npH nNajleHHH

(Vi pasenne peHTreHOBCKHX ayuefl yaaqaochk pabnoiaTh JHIIb qﬂ
¢ Oapake 510 OHAD BE oGhnOe OTpANenne, KOTOPOS Hmelor
popf o6 OTpaXKEHHH BHANMOro CBETa; TO Grn ocobuiil C‘.-'l_!:*
VL RAEMOT0 NOAHOTO BRYTPEHHETO oTpamenid, H OHO HMEQ

npn HO4TH CKONL3IALIEM nanenun J'l:-"-lﬂ.
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BUANMOro csera Ha TypMasauu. B 1906 r. Yapansy Bapxaa
yaanock TOAYUHTL NOJAAPH3ALHI0 STHX JAyuefi MetoioM
apofinora pacceasnal. Oanarko MHOrHX Hcedejosareseil
3T0 He yOeamno, Tak Kak NofoGHble IKCOEePHMEHTH MOXKHD
OLIO OOBACHHTE, NPEANOMONKHE, YTO PEHTreHOBCKHE JIVIH
COCTOAT M3 BPallaIOMIUXCA YaCTHIL

Heilersure/ibiio Npo0HBIM KAMHEM IJIA J0OKA3aTeJsCTBA
BOJIHOBOH NPHPOALI BHOBb OTKPLITLIX Jy4dell Morao Gbl CTATh
Habfoledie Aa8 HHX HATepdepeHUHOHHLX 3(derTod.
Hwmentto Takum obpasom crodernem panbine Tomac IOuHT
NoKa3al BOJMHOBYI0 MPHPOAY BHAHMOro ceera. Ilposenenuio
COOTBETCTRYIOIIAX AKCMEPHMEHTOB Mellano He3HaHHe AHA-
na3oHa AJHH BOJH PEHTreHOBCKHX Jyueil. Pemaiouyio pois
cuirpana paGora, crenannas B 1912 r. Makcom don Jlays,
Basasrépom ®puapuxom u [laynem Kunnnuurom (3a Hee
Jlaya B 1914 r. noayunan HoGenesckyio npemuio). Hanee
MBI OTHIIEeM MpPOBeJeHHLIT HMH SKCIepHMeHT, coolulenne
0 KOTOpOM Blepshie OGbi10 onybamkosano B Tpynax Kopo-
JiepcKol axajiemMun Hayk Bapapuu W noszfnee mepemnevaTaHo
B xypHane Annalen der Physik.

[Tonwitky #aG1101aTh HHTephEepeHIHI0 PEeHTIEHOBCKHX
Jydyeil npeanpHHEMaduch u paHee. Eme B 1899 r. Tepman
Xara u Kopnennc BuHA nponycKain NMy4oK PeHTreHOBCKHX
Jydeil 4epes TPeyroJbHyio npopesb. Ecau Jydn mpefcraB-
JA0T cobofl BOMHEL, TO, KAK MoJaraju MccieoBaTeNn, oHH
AOMMKHB HCOBITHIBATE AH(DPaKUHID Ha Kpafax TIpopesH, B
pesyapTaTte uero uiaobpameHHe npopesn Ha doTONNACTHH-
Ke Jo/:KHO OblTh LUHpe, YeM cama npopesb? Ecitn Gul 910

1 ”]IT{’PH?‘ETGHHH STOTO OOWTA HA A3WKe OOMEepeYHbLIX 3JeKTPOMAr-
IHTHHIX BOAH COCTOHT B C.'[(.’E[)'HTIF[E‘.\'I. PJF{'MDTP'I]\‘! I!E!TI'L'.IJZ-TPH.'G(JEI!HHUH
ny4oK, nagapmpfi nox yriom 45° Ha pacceHBAOWIYY NOBEPXHOCTD,
[Tywok, oTpamenumfi OT NOBEPXHOCTH NO0j4 Tem e yraom 45° 1. B
nom ]I[lﬂ.’\‘]u!\i ?n'['.-'l(?.\{ K I'I.'Iﬁ{ll[)!.llt‘.‘}[}", OKameTca no [\'[}EII‘!HE[‘[ Mepe Hac-
THYHOD FIU.I'I'HPE!EDBE[H]IE[.\T fCTC'I'lE‘II'I-; TI{!PLFIP'I'I.".;'IIL!!H onpe_‘le_']f[CTcrg ONTHYE=
CEUMH CBOHCTBAMM [?ii{‘{'(_'ilﬂr'.l'l'l_‘.'[il}. npHYeN NPeHMyLIeCcTBEHHOE HanpaB-
JIeHHE BEKTOPE S3JEKTPHYECKOro noJis ﬁ_\',‘lf"l" napaaneJibHo nJAOCHOCTH
paccedsatonieli nopepxuocTd. BonenctsHe 370ro nocse NOBTOPHOTD DAacs
CedHuAa Ha an® HHTEHCHEHOCTE PACCEAHHOrO ny4dka GE'J.CT CHABHO 3aBH=-
CeTh OT a3HMYTaJAbHOrOo Yraa Memnay KOHEUYHLIM pACCESHHBIM TTYHHOM i
npoMexyTounEM. B wacTHOCTH, pacceanHe MHHMMAJBHO, KOTZd KOHEH
HHH TYYOK TepneHAHKYJIApeH KaK HCXOAHOMY majamoluleMy, Tak H 1po-
MERYTOHHOMY OY4YKY, H MaKCHMAai bHOo, KOrjia I'[:I,’l.’:[ﬂ]]li!ﬁ H p:IC‘E‘Qﬂ!{I!hlI:'I
FE\\-"IHH MapaJane/ sEHb {FI.-'[I[ EiiI'E'HII:'.I]'IE‘.'J.'IE.'H:H'.-&}.

X TPC}TOJIJHﬂﬂ IIIJCI'PE‘!}I: HCMOAbL30OBANACH TO ABYM I'!P]'I‘IH[I-ﬂ.‘d'. i 11 53
TepBLIX, H3-32 YHe YNOMAHYTOro HC3HAHHA AHADA30HA AR BOJH'a
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LG TAKG, TO peanvnBa YITHpeHHA 1PpH H3BeCTHHIX pa3me-
Gk TI03BOAKAA OB ONEHHTH AJHHY BoJAHH. Xara

S Wiin npMAE K BHBOAY, UTO €CiaH HHTep(pepeHiuHOHHbE
[fiescrid i MMeH MECTO, TO COOTBETCTBYIOIUAA JUIHKHA BOJI -
Wil sie Aosmkua npepsmiate 10° em. B 1908 r. STOT OMNKIT
wiopuan Bepnapn BanbTep H Potepr Iloab, woTOpHE

'.., G« eute Bonee o6ecKypaiKHBAIOIIHM pe3yAbTaTaM:

LGN WX OlleHKaMm, JAJHHA BOJHB He NpPeBOCX0AHJ]a
1 e, B 1912 r. st peayabTaThl ObIH NpOBepEHLI
oL nos 3oMmepdennioM, KOTOPbH NpoBest :boTor\{_ETpH«
HAMEDeHHSt Ha ChelnalbHBIX (OTOMMACTHHKAX, H3-
potonaenipx Terepom KoxoM, # BHIBOAH, CAEJaHHBIC Xara
u BunioM, BHOBb HG,EI.TBE‘I)H{,._"LB.HHCI:I JOKa3aTelblTh BOJIHO-
Pl pHpoiLE peHTTeHOBCKHX ayuefl TOMYUEHO He t’mz:rlm HO
BeAan ONa _.'LI.'I“!(."I'BHTE.-"Ib'rH} Takoepa, TO CODTBCTCTH}'KB)IHEH

(I BoJHE o TIOPALKY BEJHYHHBI COCTAaBJACT 10— cm.

{4y yianoch TPHBECTH STH JaHHEHE B COOTBETCTBHE c
jeopiell cTpoeHHsl aToMa H TBEpAOTo Teaa, EMy 61@0 H3-
0. wro ente 3 1850 . BpaBe BBea B KpHCTaAAOTpadHIo
feONI0, CoraacHo KoTopol aToMbl B KPHCTaJAJAaX yiopsaao-
(ifd B IDOCTDAHCTBeHHYIO peuieTKy. EcaH peHTreHOBCKHE
el cTBHTENPHO SIBASIOTCH BOJHAMM, TO CJAEAYeT O0Xi-
Wro npH BO3OYKACHHH BHHYXIEHHBIX, HIH cnoﬁqsl-
wonebaunit TPOCTPAHCTBEHHO-YNOPALOYEHHAR CTPYK:
npupeser K AHTEphepeHnHOHHBIM spdexram. boaee
KAK OH CHHTA], <«NOCTOAHHBIE PEIIETKH HETPYAHO

(HCHTh, 3HaA, JIOMHMO kpucraajgorpaduueckux napa-
Juipon, MONeKyaspHEIH BeC HCCaeayeMoro cOoeJIHHeHHs, ero
WAGTIOCTE B YHCAO MOJEKYJa B rpaMM-MoOJe. Ta”mm myTeM
I aihnan  peleTkH OlcHHBAETCH BEJHYHHOH r[_OpﬁIlKa
i f oM ...» Dto Omja Kak pas Ta BeIHUARa, KOTOpas

g Gul HaGawaark 3aMeTHHE nnTElpQ)c-pe}m}mnnbie

it ¢ PEHTreHOBCKHMH Aydamu, ecsiu OB 3TH JY4H JIeH-
{TeaLI0 HME H BOJHOBYIO TIPHPOAY. :
[{ypecTible B TO BpeMs TEOPETHYECKHE MAHHLIC, Kacam-
oot OnTHUECKOR HATepdhepeHInl, Helb3d OBlJIO HCNOAL30-

enocpeacTseHHo  BBHLY cepbe3Horo SanynHCll}iH,

ONNIIEro B TPeXMepHOH NepHOXHTHOCTH npompaucmt_?-
| KpueTAMIRYECKOl pelIeTKH, TOraa Kak onTHYECKHE

BOTEAWNO;, W noaxOaAmen WHPHHL rlpm&m’! me:lu:_ Hng\'rnlt?bl;c;

o paciippenne naobpamenua ¥ BEPUIHHE ﬂlo:?;amo BT Sk
oM eavuae Gonblue, ueMm ¥ OCHOBAHHSA, H nosTOMY Tam erg Jc
Doty Od i abIMORATE
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AHQpPaKIHOBHbIE PeIIeTKH 06.1a8amH NepHOAHYHOCTbIO TOME-
KO B O/1HOM (MaKCHMYM B ABYX) HaMepennn. [lostomy Jlays
paspaboTal CBOIO TEOPHIO, HCXOAA M3 NpeanoJoKeHHA, 4TQ

KaXAui atoM BO30y#ITaeTcs B PaBHOH CTeleHH Nox aefi-

CTBHEM Naznalomeil MJIOCKOH BOJHEL pacnpocrpansoefica

CO cropocThio cpera. Mu nme Gyzem ofcy:kaarbh 3aech B
JETaaAX BHBOALI 9TOH TEOPHH: ee OCHOBHON pe3y/nLTaT co-
CIOfI B IONYUCHHH TPeX YC/AOBHI, onpeeasiolux Hanpas-
JICHHS, B KOTOPHIX MHTEHCHBHOCTH pACCESHHA JOCTHrana
Maxcumyma. Kaxaoe ms stux ycaonuii ONpeAensno «Ha-
00p KPYrOBHIX KOHYCOB, OCH KOTOPHX COBNAZAfH ¢ OJIHIM
H3 peDep» SaeMEHTAPHOH suelikn NPOCTPaHCTBEHHON pe-
weTkd. «HMrak, owesnmno, — nucan Jlays,—uto Ttonbko @
HCKTOUATENBHEIX  CAYYaAX O4HO H TO JKe HanpaBJeHHe
YAOBJICTBOPHT OJHOBPEMEHHO BCEM TPEM VCJAOBHSM.. Tem
HE MCHee CAeayeT OKHAATL 3aMETHOTO MAKCHMYMA HHTeH-
CHBHOCTH BOJIH3H TeX MecT, rie JHHHS nepeceueHts KOHYCOB
H3 NepBeIX ABYX HaGopoB cOamMKaercs c KOHYCOM H3
Tpethero Habopa». Ecau pacceswnste syum nazaor Ha
IVIOCKHe (DOTONNACTHRKH, STH MAKCHMYMB JIOJKHEI npes-
CTaBaNTH COOOH OTAENBHLE TOUKH, KOTOpHIE rpynnHpyoTes
Aajee B cemeliCTBA KPMBBIX — KOHHYCCKHE cevenust! Toys-
HCE, MaKCHMYMBl BOSHHKAI0T B MECTax, rie TPH KpHBLC (o
OFHOH H3 KaXI0To ceMelicTBa) MepeceKkaloTCs HJAH MOIXO-
ASIT OJH3KO APYr K Apyry.

«Caenyer oTMeTHTD, 4T0O a8 JaHHON NpoOCTPaHCTREHHOMR
PEeMmeTKH paat’memm Ha AeMeHTapHHe napamrcncmmenu
HE EJHMHCTBEHHO! €ro MOMHO NPOH3BECTH GeCHUHCICHHEIM
MHOMKECTBOM Cnocobos... Cornaceo puueckazanHomy, Mag-
CHMYMH HHTEHCHBHOCTH MOTYT GbIThb CrPYNNHPOBAHL BIOJE
LIEPECEKAIOIMHUXCA KOHHYECKHX CeueHHH BOKPYr ocefi, Bo3-
HEKAIOUHX TPH YKA3aHHEIX BO3MOMKHLIX pa3GHeHHAX: Bo-
00lle KaX(IOMY TakoMmy pasGHeHH:o COOTBETCTBYET CROf
CMOCOO IPYNNHPOBKH MAaKCHMYMOBS,

[To npeanomxenmo Jlays, ®puapnx n Keunnmer npo-
BEMH SKCHCPHMEHTANLAYI0O NPOBEPKY 9Tok Teopuu. ITocae
HECKONBRHX NpEABAPATENLHEX HCC/IeloBAHMA HA BPeMeHHOMN
YCTAHOBKe Obijla CcO3/2aHa YCTAHOBKA, NOKA3aHHAS HA
pac. 1.1. «HM3 nyuxa penrresoscxux Ay4edl, HCnycKaeMoix

! KonnueckaM cedenflem masmBaercs KprBadA, oGpasopaHnan mepe-
CETeHHEM [LIOCKOCTH H KPYronoro xomyca, K KOHHYECKHM CeueHisiM QT
HOCATCA OKPYXHOCTH, NapaGon, s/MINIce H THIEPGOISE,
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1om A peHTreHoBcKoil TPYGKH, NpH OOMOLLH AHA-

:-’-I-I- Bs, Bs, By BHpesalcs Y3kl Ny4YoK AHaMeTpOM
Beovio | aMM. DToT MyuoR mpoxomuan uepes kpucraan Kr,
yeranonseniei #a ronsomerpe G. C pasnuuHbIX CTOPOH H
TH HLIX PACCTOAHHAX OT KpPHCTAAJda pPasMellajuch
|

g0 5 10 15 20cm
e S e e

| | ¥Ycranonka @puapnia u Kmanmmara ans m3ydexus pac;.jr.'.s.'i_il_:;l
kix ayuell, npomurammux cksoap kpucrana [Ann. Physik,
T 41 (1912), erp. 979, puc. 1).

ICTHHKA P, HA KOTOPEIX PErHCTPHPOBAJOCH ]’!al[‘,ﬂ]f'lﬁ.'
\0/iellie HHTEHCHBHOCTH BTOPHYHOrO H3JyueHud, HCMyCcKae-
0 KpueTanioM. YcraHoBka Oblla J0OCTATOYHO X0OpOLUIO
iileHa OT HeXKeJIaTe/IbHOro H3MyueHHs GONbIIHM CBHH-
KpaHoM S H CBHHUOBHM KoxyxoM K. i-msn o
MonTazk M IOCTHPOBKA SKCTEpHMEHTAJILHOH 51:1?11-10?.1
HpONIBOANIACE ONTHUecKHM mnyTeM. Mul HCNIO/IL3OBATH
L ANOBCHEB HETOABHIKHO KaTeToMeTp, 3PHTe/bHAS 'r.py--
otoporo Omaa cHabxeHa BH3HPOM; <ropsuee 11?_1'::{40»
JiikaTona, AHAMPATMB H OChb FOHHOMETpA ﬂPOlIE]JIingD
(ONMCULANHC € ONTHYECKOH OChbI 3PHTENbHOH TPY b[..;
Linipparmul By — Bs B OCHOBHOM OJIOKHPOBAJIH mopuunga
(ylcHHE OT CTeHOK TpyOKH, TOrjaa Kak ﬂnaq;parmg 34
pasMepnl DOYy4YKa PEHTTCHOBCKHX JyHeH,

i nnyuBaJa
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AHQPAaKIHOHHbE PenreTkn 00J1agatt NePHOARIHOCTLIO TO/ -
KO B OIHOM (MAKCHMYM B BYX) H3MEPEHHH. [Tostomy Jlays
paspadoTan cBOi0 TEOPHIO, HCXOAs H3 NPEANOJOKeHHs, 9Ta
KaX /bl aToM BO30YXNaeTcs B DABHON CTCHEHH NON Jels
CTBHEM Najlalolledi ILIOCKOA BOJHHE, pacupocTpaHsmouleiics
CO CKOPOCTBIO cBeTa. Mul He Gyaem obcy:kiaaTh 31ech B
JeTajnxX BHBOAH 9TOH TEOPHH; ee OCHOBHON pe3y/aLTaT co-
CTOAJ B MOJYUEHHH TpeX yc/noBuil, ONpefensioiHx Hanpas-
JIEHHA, B KOTOPBIX HHTGHCHBHOCTH DACCEAHHS JOCTHrana
MakcEMyma. Kamjaoe H3 sTHX yCaoBmit onpenensiio «Ha-
00p KPYroBHIX KOHYCOB, OCH KOTOPHX COBOAZAJNH C OJHHM
H3 pebep> sieMEHTAPHON AYefiKH NPOCTPAHCTBEHHON pe-
weTkd. «<HMrtak, odesnmano, — nucan Jlays, —urto ToAbLKO B
HCK/TOUMATEABHLIX  CAYYaiX OJHO M TO JKe HanpaBJeHHE
VAOBJETBOPHT O/IHOBPEMEHHO BCEM TPEM YCJIOBHHM... TeM
He MeHee cleiyeT OMHI4Th 3aMeTHOr0 MAaKCHMyMa HHTeH-
CHBHOCTH BOJIH3H TeX MeCT, rile JIHiisl NepeceueHts KOHYCOB
H3 NepBHX ABYX HalOpoB cOMuIKAETCA ¢ KOHYCOM H3
TpeThero HabGopa». Ecam paccesnable ay4n nafaioT HA
NJIOCKHEe (POTOILIACTHHKH, STH MAKCHMYMBI JOJOKHB Tpei-
CTaBJATL COOOH OTAE/ILHBIE TOYKH, KOTOpEie IPyNNHPYIOTCH
Aanee B CeMeHCTBA KPHBLIX — KOHHYCCKHE CeueHHs ', TOY-
Hee, MaKCHMYMEl BOSHHK@IOT B MeCTax, rie TPH KpHeuie (no
OAHON H3 KaXA0ro cemeficTBa) NepecekaloTCA WIH NOAXO-
AAT GAH3KO APYT K ApYTY.

«CJaenyer OTMETHTb, 4TO AJis AaHHON NPOCTPaHCTBEHHOM
pemleTkH pasfHeHHe HA 3JMeMeHTapHHe napaJJie/enHnenst
He CAHHCTBEHHO: €ro MOMKHO NpPOH3BECTH OecuHc/IeHHLIM
MHOMECTBOM cnocobos... CoraacHo BHmIeCKa3aHHOMY, MaK-
CHMYME HHTEHCHBHOCTH MOTYT OHTh CFPYNNHPOBAHL BAOJb
NEPECEKAIDINHXCH KOHHYECKHMX cCceueHHit BORpYr ocefi, BO3-
HHKZIOUWHX NPH VKasanHLX BO3MOMHBEIX PasOHeHHAX; BO-
obule KaxAOMYy TaKoMy Da3GHEHHMID COOTBETCTBYET CBOM
coocod rpynmupoBKH MaKCHMYMOB»,

Ilo ppepnoxenmwo Jlays, ®puapnx n Kaunnusr npo-
BeJiH SKCHCPHMEHTANBEYI0 NPOBepKy 370l Teopun. [Tocae
HeCKO/ILKHX NpeABapHTENLHEIX HCCAeJ0BAHH HA BpeMeHHON
ycraHnoBke Obiia co3fZaHa YCT4HOBKA, MNOKa3aHHAA HA
puc. 1.1. «M3 nyuxa penrreHoBckux syuedl, ucnyckKaeMbix

! Kosnuecknm cedenfies ma3wpaeTcs KphBaf, GGPASOBAHHAR mNepe-
CeYeHHeM TIOCKOCTH H KPYroBoro Komyca. K xomnuecKnM cedepnss GT-
HOCHTCH OKPYHHOCTH, napaGo/ibl, 3/AJNNCEH X THIepGOaL.
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Wi Ton0M A peHTreHOBCKOH TPYOKH, NPH NOMOIIH JHA-
I3,. Bs, Bs, By BHpesaica y3KHf Ny4OK AHAMETPOM

Wi 4 ! :

“ y | MM. OTOT NY4YOK NPOXOAWA HUepe3 KpHCTALI Kr,
jennpit #a ronnomerpe G. C pasaudHBIX c-ropml{mg

WA [0oaNuHBIX paceTOsHEAX OT KpHCTa/ia pasMellal

B,

g 5 10 15 20eM
SR N I S

Py, 11 Veranosia Ppunpria i Kiminnaura
(renonckix Jyuell, NPOHHKAIOUIHX CKBO3D I
I = 41 (1912), crp. 979, puc. 1]

WO KpHCTATIIOM.

18 MYHEnHa PacceinHsA
cpuctann [Ann. Physik,

\cTHAKH P, HAa KOTOPHIX PerHCTPHPOBAOCh pacnpe:
{HTEHCHBHOCTH BTOPHYHOTO H3JYYCHHS, HCIYCKAC
Yeranoska OBlia JOCTaTOYHO XOpPOLIO

|cHa OT HemxeaaTelbHOTO H3Jy49eHHH OOJBIIHM CBHH-

KDAHOM S H CBHHIOBLIM KOXyxoM K.

| WOAHJHCH ONTHUECKHM myTeM. Mul

oroporo Osisa cHabykeHa BH3HPOM,
ykutona, AHAQpAarMbl H OCh TOHHOMETPA

MonTaxk H IOCTHPOBKA SI(C[ICPHMCHTH.'TEJUOH VCTaHOBKH
i gy HCIOJIL30BAH

onIeHHB HenoABHKHO KaTeTOMerp, 3pHTeabHaR TPY-
op cropsiiee MNATHO»

MOouepeso

llaaHeh ¢ ONTHYECKON OCbio 3puTetbHOM TPYOH...

) inuupasa  pa3Mephl my4Ka PEHTreHoBCKHX

bparMmer By— Bs B OCHOBHOM OJOKHPOBAJH BTODHUHOE

g . 1 rmMa By
eree | AW TeHOK TDVOKH, TOraa Kak HE.HCIJ]J'E :
ilHe OT CTEHOK TPRYOKH, Ay,
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ha

fnajawouero na Kpucraana, Jluamerp orepetHs o6uiuno cod

eraBasn 0,75 MM; OHO GHIO MPOCBEPJEHO B CBHHIOBOM jilH
CKe TOMIHHOA 10 MM, H €ro noaoKeHne MOKXHO GLLIO perys
AMpOBAaTh C NOMOUILIO TPeX PeryJHpOBOYHEIX BHHTOB (ne
MOKa3alul Ha PHCYHKE) TaK, YTOOHl OCb OTBEPCTHS TOUMG
cOBnajaia ¢ OCbIO 3PHTENLHOR TPYGH HAH OCBIO MyuKay
Taknm obpasom ypagoce AOCTHIHYTb TOTO, 4TO Ha KPH®

t o O

Puc. 1.2, Jlpe KapTHHE pacceinua, AOMYUeHTLE TP TepBoil SKCNoaHITHIL
a@—mna naactine Pg (em. pue. 1.1); 6 — Ha nmacrunke Fs [Ann. Phys
sik, 41 (1912), quer I, pue. 2 u 1 COO0TE.].

CTaJJl nanan nyyoK PeHTreHOBCKHX Jydeil, HMEIOUIHX Kpyr-
Jg0e ceyenne.. Tpybka R caymxuaa Aad oTsoaa, HaCKONLKO
9TO BO3MOKHO, BTOPHYHOIO H3JYVUEHHS, BO3HHKAIOLLIETO npH
NAJCHHH NEPBHIHOTO H3JYYEHHSI HA 3a/HIOI0 CTEHKY KO=
JKyxa,

Ilocne Takofi 10CTHPOBKH oCh FOHHOMETPA VCTaHABJH-
BaJach OOBIUHBIM 00pasoM — MmepneHAHKYAAPHO NyuKy Jys
YeH. AHAMIOrHYHO yCTAHABAHBAINCE Aepxartejn ¢ doTonaas
craHamu. Ilocae Toro kak sta cramms mMonTaKa annapas
Type ObL1a OKOHYEHA, HAa TOHHOMETDHYECKOM CTOJHKE npH
NOMOILH JHNKOH 3aMaskH 3aKpelsficH TpeaHasHAYCHHBIN
Ana oOJyuyeHHA KPHCTA/l (NPH 5TOM BHOBB HCHOJbL3OBA
JaCh YNOMAHYTAH Bbillle 3puTeqbHAA Tpy6a). 3Ty BechbMa
CYIECTBEHNYIO A/l ONBITA IOCTHPOBKY HaM YIaBaloch MpOs
H3BECTH C TOYHOCTDLIO [0 (YrJIOBOH) MHHYTLI>.
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[lepiian  9KCNOAHItHA "HA YCTaHOBKE l'IpOlTBlmﬂ.[-lf.-'la[I‘h nLi
Wi ECTHeHHBIM KPHCTaM10M MEJHOro l{)’_ﬁnpﬂt‘d.“hl}:\:
1] jabsoBajic B NpeaBapHTe/bHLX Shcllepl[&iti-ETc{._
‘l . | 2 nokazansl HaoOpazeuns, NoJAYHEHHbIC 13([301?:
[ iy Py n P npu obayYeHHH KpHCTa/L1a. « Iﬂi\m
JTiTh, MTO pacCTOSHHSA MeXIy KPHCTAMAIOM H I-Tti?cunii
Wokin 'y n Py nponopunoHadbHBEl pasMepam [1301)[1.:};.\.‘[-“0
W anerniax Ps u Pg COOTBETCTBEHHO; OTCIOAA MO
. . B0/, YTO JAYUH BBIXOAAT H3 KPHCTaJ1a o npf::
MM Ay, OGHapysKeHo Takxe, 4TO OTAeNbHEE t}_FOF‘”Hnl
i (T HMEIOT OAHH H Te Ke pa3Meph, HL’.(.M{EI}DFI ti
Bodkdiiee ylanenne naacTHHe Ps OT KpHCTa/LIa. rf“}::li:;
o dGeTaTounoll oueBHAHOCTEIO CcAeAoBano, HTO mor'mlfl 5
i, o0pasviouine OTAeJbHEE NATHA, BLIXOAAT H3 KP
L A paIebHEIM TYYKOM,
{ -‘ '1-'II-.|.=.'L!<I‘:]tuiilmum,‘J yTO ABJSHHEe CTaHeT €Lle ﬁ?;:;
AL UL B TIPOCTHIM A IOHHMaHHA, eCﬂ.I‘{-HCHO.FII.:.BL?I.TPH-
B THaa npaerabHOlR (KyOHYeCKOi) CTPYKTYpEL, & I'I\,!O}[{I-EO
Wil KpucTass MEIHOro Kymopoca, NOCKOJbKY o
{ OlpedeseiocTbio moJarath !, 410 T!]')()CTEHIJJ-aﬂ ]fTipaé,tEa*Lc
PEUOMIs penreTKa Jiydile BCEro OTBEHaeT |-£511||em'” 1|01ca:
{1stoMYy NpaBHABLHBIA KPHCTANT IHHKOBOH OLMakH” e
{0 M BIOJHE NOAXOASTIHM... Mut Isu[’pe?_an;lns..ngu_
({1 KpHeTanaa mapannenbHo rpanaM Kyoa '(T. el mr?-rmw
WWyanpio roasnofi ocH KpHCTasaa) MAOCKYIO M1aC =
pom 10% 10 M u Toamuuoi 0,6 M. Jra naact
' TNpOBaach TaK, 4ToOLl MepBHUHbIE JYUYH HaAATH Ha
. |-'|- nanKyaspHo rpanu Ky6a. Ha puc. [l'ﬂ n:—;ou;lai.é‘
i LTAT OJAHOH H3 TAKHX IKCIO3HILHH. Pdcnpﬁm:ﬂ“
VWOPHYHBIX IATEH TOJMHOCTBIO L:l-l:mx-mTpu-]|r01 0”;1-?[[;-;
(NGO OJIOYKEHER  IepBHYHOTO (HEPECC[‘.?FHH(?I‘(I)_ my ﬂ;:
Flaiiiie cnMMeTpud YeTBepToro TNopsika, -f.‘:ear}-cu;o:inu..mb
oM B3 HanbGoJdee APKHX TOATBEPXKACHHH 1 b
L HrpaeT PONb HMEHHO INPOCTPAHCTBEHHAS geia't-t?'_
flOCTL PellieTKH, 4 He Kakoe-HGO MHOe CBOMCTBO KpH

I1.- rast pabora Jlays, onyOJIAKOBAHHAN ILC(‘.KO:HI-:ICO ng
gepikana Gojee AeTANbHBIA aHAJH3. Kak OT.'»}LM_
jMiie, K ToMy BpeMeHH Jlays yxe BHIBE ),}Elw

Helin,  onpesesionire HampaBJeHHA MAaKCHMYMOB. J

. Gk fia
wronepian  pacwHgposka KpHCTALAHYECKON ET;"}M)PEI»IJG;:B
Wi L B pesyabTate MPOBeACHHMS ONHCAHHBIX 3AECh P s
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K}-'frH‘IECKOI'O KpHCTam1a nu IIpH naaeHuu oy4YxKa BIOJL l‘.].IlH

H3 €ro TJIABHLIX OCelf 5TH ypaBHeHHA NPHHAMAIOT npocTol

BHA:

.;i;}u at J’.i'a}u k
a ? ﬂ__a""l 1-_'?2'71;':1 (I-l

rie A— IAMH3 BOJHE, @— JAWEAa OLHOrO u3 pebGep sae
MEHTapHOH AYeHKH KyOHYRCKON KPHCTA/LIHYECKO peL1eTKH|
fx._.ﬂ, ¥ — KOCHHYCH YT/IOB M@y HATPABJCHHEM HA MaKCl

MYM H OCAMH X, y, Z COOTBETCTBEHHO (OCh 2z CoBmanaer @

Pue. 1,3 acnpegeneH Ter
‘ u]c “I. 3. p.JL..np(,.‘L[‘.'!tiiufe NMATeH, BHIBAHHEIX DEHTTEHOBCKUMIT AYTAMI)
APOIEAMIHME CKBO3L KPHCTRAN CYandHa UHHEKE [Ann. Physik, 41 (19[2*-
I ,
auer II, pwe. 5].

HampabJeHHeM najaioiero nyara); Ay, he, hs— neasie HHC-
Ja  (modoxuTenbHbIe, OTpuOatensHHe HIH Hyan). Jlays
YA2J0ch OOBACHHATL TOJOMKEHHe BCeX NATEH Ha p}ic l):r'.-‘r
IO100pAB COOTBETCTBYIONIHE 3HAYCHHA BeJHUNH fiy, hz- flz‘l'
NPEANONIONKHE, 4TO B COCTABE H3AYYEHHS H.\{E.'CTCFI’HHTH
AHCKPETHRIX JJHH BOJIH.

Bc:::op_c Y. JI. Bpsrr noasepr KPHTHKE aHalH3, NpOBes
Aennsiit Jlays. Bparr ormerns, uro eymecrever HE'CKO.F[hKG
Ha00pOB BEAHYHH fi;, YAOBIETBOPAIOIINX BeeM TpeMm ypaBs
HEHH M !l.l) NPH TOH HJIH HHOH H3 paceMaTPHBAEMEX nAaTH
SHAUEHHH JAMHLL BOJHH, AJsl KOTODHIX, OAHAKO, COOTBETS
CTEYIOUNX TSiTEeH Ha INIaCTHHE He OOHAPYIKHBAJIOCE. Bparé
BELABHHYJ aJbTepHaTHBHOe OOLACHEHHE, NPeANo/i0KHB, Y10
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Hilee naJdygeHAe XapaKTepH3yeTcs HenpephBHBIM pac-
jeiiieM JAAHHE BOAH H MakKCHMYMBEL o0pasyioTcs BClen-
iiTepdepeHitid He NYYKOB, co3JaBaeMuIX OTAe]b-
lOMAMH, a NYYKOB, OTPaXEeHHHIX OT cemelcTB na-
J0CKOCTel. IToT Mexanr3M OyI1eT MPHBOLHTE
OBAHHI0 MaKCHMYMOB HHTEHCHBHOCTH BCAKHI pas,
| AJINHA BOJHBL A, Yrod 6 Meixay najJaroimuM NyykoM H
IO K JJAOCKOCTAM, PACHOJOMKEHHBEIM Ha pacCTOfHHH
01 Jpyra, cBi3aHB COOTHOIIEHHEM

nh.=2d cos0,

|e]106 NoJMoMcHTedbHOe yHeao (Bparr BeiOAY TPHHH-
paABHLIM eauHuIe). JHCKpeTHOCTh NATEH Ha 5}10'1'0-

fiie o0bAcHANach TeM, YTO B KPHCTAJJHYECKOH pe-
VUlECTBYIOT JIHIOb AHCKPETHEE CeMeHCTBAa MNJIOCKO-
npoxoasuax uyepes atoMmst. Iloaxoa Bparra okasancs
ojce IWMIOAOTBOPHEIM, YeM METOL ﬂa)-‘a, TaK KakK OH

Ui He Toabko oOBACHHTL MOJOMeHHe NATEH, HO H

(OO OTIHCATE HX HHTEHCHBHOCTL. Bexope cOBMeCTHO

oM oriom, cspom Y. X. BpsrroM, Bparr npuMennda
0J1 K JanbHeluHM HccaeAoBaHHAM Kak peHTreHoDb-
ofl, TAK H KpPHCTAJANOB.

IpiseuaTensno, 410 B csoelr mnepsoft paGote Jlays
[0 COINIACHE BBIUNCJAEHHN € SKCNEPHMEHTOM <«HE
roro gpakTa, UTO Hallla TEOPHHA MOXeT OHTH Yyay4-

| loOboM oTHowmeduu». ONHAKO ocHOBHLIE KaueCTBEH-

{0/l OCTAJHCH HEHSMEHHBIMH H TpH GoJee rayGoKoM

i 0. uTo BHIXOAfLIEE H3 KpPHCTAJ/JJMa H3AyqcHHE
NOVTHOBYIO [IpHpoAay, fICHO JOKA3RIBAETCH p?3]i0CThIO
0B HHTEHCHBHOCTH, KOTOpYIO JIETKO OODLACHHTb
ofpJeHne HHTepdepeHIHH, HO BecbMa 3aTPYAHH-

I} — A OCHOBe KOPHYCKYJSpHbLIX mnoHaTHl... Tem He

{00 OEao Gbl MPOLOA#ATD COMHEBATHCH B BOJIHO-
pipoje TmepeHuEOro Haaydenus. ITpeanogoxum, HTO
yieTadna Bo3fyiaaloTesd KOPMYCKYJAPHBIM [OTO-

[} 9roM cavdae B COCTORHME KOTepeHTHBIX KOJeOaHHH
yan OB JHIOb LENOYKH aTOMOB, B KOTOpHE momana

(01 Ta ke wacTHma, CaeaoBaTeqbHO, MBI MONYUHJH OBl

GAIO YCJOBHE A8 MaKCHMyMa HHTCHCHBHOCTH H, KakK
CHO 13 coobGpakenuit CHMMETPHH, OHO BHIMOJHANOCH
I OKPYIKHOCTH € HMEHTPOM B TOYKe NaJeHHA NepBHt-
wyukn, Torma crajgo Obl COBepUIEHHO HEMOHATHHIM
¢HIle HeNpepuBHOCTH STOH OKPYMKHOCTH, KOTOPOE,
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OUEBHIIHO, HMeeT MecTo. K TOMY ke mexonuue JAYYH H JYHH,
HCOYCKAaeMble KPHCTAJIOM [0 Beew HanpaBIeHHsAM, CTOJN
NOXO0XKH, 4TO CO BCell BO3MOKHON ONpPeAeJeHHOCTLIO AOMYs
CTHMO CIEJaTh BLIBOJ O BOJHOBO npHpoxe NocjaeHnx, ecail
9T0 COpPaBeATHBO B OTHOLIEHHH NepPBHIX» !, ]

! B nacroaues BpeMs SICHO, 4TO npHBeAeNHAA NHTATA He COBCEM!
DTBEYAET HCTHHE, Huckpernocts n CHMMETDHH KDPHCTAAa NPHBOARE
K TOMY, 4T0 ® lpH paccesyun HacTH, II{HIPI{MCP NpOTOHORE, nospageTeys
AHCKpPETHAN CTPYKTYpa (oM., B qacthoetd, Tyanwwos A. ©., Banauigl
H[JIIt“'l'a.-'l.'llt’{l:!{'[{ﬂl"f PCIDETEH Ha HEKOTODLE aroMiLe H ANEpPHLIE II[JDT[EC':H.'
Y@H, 87, 585, 1985: Tommcon M. Kanaauposanne wactnu g KpHeTads
aax, Y®H, 99, 297, 1969} .— Mpun. peo,

Fhana /Z

MI0TOMNbI

Vi TpuieckHii paspan B rasax r:;u!a.jmcan 1:51::}11‘5{.:'[,0
i iiipanne (UH3HKOB HAYHHAT C CBpUﬂHHb""IF:Ul"O Ly
I, KOrja COBMECTHOE HCMOJIb30BaHHE 2}{},13 A
i leficnepa! H HHAYKUHOHHOH KaTyKH "lll:;ulw,-eubix
{I/10 NPOBOLHTE I'a30BHIH paspajl B hompuﬁa?f'gbcm
iNX, UTO MPHAANO CMBICH STHM onbiTam. I ;\mlm”

WA HCCACAOBARKE S Pa3BUTHA OCBETHTENLHOH T

i 0=
Wk aita, a ¢ 50-X ronoB Hallero seKa OHn HDHDGP(’;{:{EIEEP_
(TR |..'|-.-.- B CBA3H C Mpo0JeMoil 1MOJydeHHs Tep :

Ul wieprun. OnHako Meree WHPOKO W3BECTHO, qwrﬁil{]\{
UMy puspsity Mbi 00fi3alibl 3HAUHTENbHOH YACTHIO L‘”p".‘
Wil v obaacTn atomuoil GusHKH. Paspsy B ras e
JHIACH B KadecTBE HCTOYHHKA CBETA B CIEKTPOCK e
W4y eIIe TA30BOr0 Pa3pAAa NPHBEIO K OTKPLITHIO ME];DE'I-
Wi KOTOpoe TOCTYIKHIO NepBbIM HEOMPOBEPIKAMBIM JIOKd

ethom  aeaEMocTH  aroma. Hwmenno Takue nnuL"Irth

0/ PeHTred, KOTAa OH OTKPHLT HOBHA BHI HJJL}'LUIB

i llakonen, B mpouecce H3yYeHHA OAHOTO “3"[:“'”1&

. 0 paspana, a TouHee, MOJONKHTEJIbHO :@pla.r;:c ¢ “B

e cap . k. TomcoH Bnepehie 0GHapy:KiI, tT.er_

VlOML TAHIHOr0 XHMHUECKOTO 3JEMEHTa CTPOro M) €y
[Hacrosiuas TJ1aBa TMOCBALICHA HCTOPHH 3TOTO

I III---'-l. r. Ofiren TonbrmiTedH 3aMeTH, 1I3‘O ecmlst&:::'

JOJHBIe OTBEPCTHS B KaToje [GTET-I'II.IHTL.r:bHEJ_I.'_\-! gex:

) rasopa3spsiHoi TPYOKH, TO 33 ‘i'“iTO%OJDUEI‘{HK‘{{HIT

Wi, NPOTHBONOAOXKHOM ofJacTH paspsia) s
e ayup, O HasBaml HX KGHAA0B6IMU Ayiami,

O . ok

I I"ehcnepa — ananor MexanHyeckoro Hacoca, B hn;;réj;sur:uiw.:
pnoanner croab pryra. B uacrosuee BpeMs “r?timlu ok
feeienid w3 aaGopatoprolt MpakTHEH AHQOYIRON 3 15

acocamm. —
ipiMi,  COPOUNOHHLIMH H  rasopaspiaifbiMB  Hé
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Kak OHH BHIXOAHJAH H3 MalJBIX OTBEPCTH, CAeNAHHBIX
CPaBHHTEIBHO TOJNCTOH NjacTHHe Katoma., Oauako Lojnll
HITeHHY HE YAaJ0Ch A00HTbLCS OTKAOHEHHS 3ITHX Jyuel njl
MOMOULH IOCTYNHHIX eMy MarHUTHLIX noded; & 1898 r. azom
cMor mo6uTbes Juuth Buu Bun, O He Toasko noxasal
UT0 3TH JIyYH 3apAMKeHH NOJOKHTCABHO, HO H OLCHIN
XapaKTepHOe AJA HHX OTHOIIEHMe 3apiigd K Macce !, 3ugull
HHE STOr0 OTHOLICHHS OKA3aJ0oCh TOrO Ke NOPAARA Bedl
YHHE, HTO H aHaJorHYHoe OTHOIIeHHe /A HOCHTeJeH 3 1
PAla, HalileHHOe panee NPH H3yYeHHH 3JIeKTpO/IH3a.
Tomcon pacemarpusan eHOBB OTKPHTHE Jdy9H KaK «Hall
Golee mHoroofeniaomnii o6LexT A H3YYeHHS NpHPOAN
TIOM0MUTEILHOTO AEKTPHYECTBA» H NOTOMY NpefnpHHs
«CepHio Golee TIIATENbHBIX HCCACAOBAHEE 1O onpenencHii
BEAHYHHE €/m LA STHX Jyvell IPH PasTHYHBIX YCAOBHAXM
Boabuas wacrs noayuennnx Tomcomom pesyabTaToR O
OnyOMHKOBAHA B BOCEMH CTATEAX B Philosophical Magazing
B nepmon 1907—1912 rr. Yactuuno on A0KAaisBan o H
TaKike Ha coGpannax KemOpuiKcroro thuaocofexoro 00
HECTBA H Ha TPeX ekeHeAeabHHX Kon(pepenuusx Kopomens
Ckoro uucTHTyTd. Ha nNexnmu, npountammofi mepen Kopos
neBckuM obiecteoM, Tomcon moases wrorm npoxeraHHol
paboTH, KoTopas nosiHee GmuIa ony0/NHKOBAHA B BHAS
kinrn. Heemorps ma obmmpusti o6vem nyGaukawni, paso
OpaThes B WCTOPHE BONPOCA JOCTATONHO CJ0KHO. Hecaed
AOBaHUA — 4TO HEYAHBHTCJLHO — [IPOBOIHANCE B HECKOJLKM
CTajuil, NPHYEM HEKOTOPLIE aCNEKTH HX, NPeNCcTABASBIING
ans Tovcoma sHaunTennwsti unrepec, KaMKyTCA Tenepb Hes
cymecrsennpiMu. [lpuBoguvuie TomconoM omHcaHHA HE
Oblin BUOJMe SICHEIMH Jae HECMOTPS HA HAJHUHE PR
CYHKOB, OJIHAKO B KOHEUHOM pe3yJabTaTe OWHOHTLCH HEs
BO3MOKHO. ;
XoTsi B OCHOBHOM METOL OCTaBaJCA HeH3MeHHEM, HO
Mepe NPOABHXKEHHA paboTel OH COBEPUICHCTBOBANCT B J
Tanax. Beeraa «uempio onutos Ouu10 onpenesenne OTHOMIE
Hus e/m nyrem nab/i0feHns 3a OTKJIOHEHHEM [ayua], xoTo

! D1 pesyabTaTH e O3HAYAIN HEMpEMEHHO, uTO KaHANOBHE ays

1H — 5TO NMOTOKH OTAEJBHHX YaCTHIL, HO JHIOL CBHISTEILCTROBAAR 0 TOM@

110 AyHH COCTONT W3 KAKOH-TO Matepnm, ofaajawuweft muepunefl, nis
NPAMED OWH MOran Ow OHTL ¥eM-TO BpOAe 3apArEeHHON MHIKOCTH, Tewm

ne menee pas Tomcona B 1907 r. npeanonowenwe o6 M atomapHoll

CTPYKTYpe HBISAOCE HACTOALKG ECTECTBEHHEM, %WT0 OH BooOIle HHTAE
CAeIHa bHO He YNOMHHAS O HEM, -
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)IeKTPHYECKHE H MarHuTHHe noas». Ha mep-

i paboTH «JIYYH AETEeKTHPOBAJMHCE H HX TTOAOMKE-
easaock no dochopecneHnd, KOTOPYIO OHH BHI-
JKpate, pacnoNOiceHHOM B KOHIE pasparHOH
1/l onpoGOBAHE pa3JHuHBIe BellecTBa B Kave-
piaja 1aA TOKPHITHA 3KpaHa»; HanboJee YAOB-
LM ORa npH3Had (ocdop. «Hemano ycummi

ntnnii BApHART VeTaHOBEH ToMcOHA 148 H3MEepeHHS Bead-
NO/0KHTEILHD 3apsentux ayuax [Phil. Mag., 13 (1907),
crp. 563, pmec. 2].

JATPATHTL Ha HOJALICKAHHEe TOAXOAAUIEro Bellle-

I sakpenieHHsa ochopHOro MOPOIIKA HA CTeKJe.
ne. [2.1] morRasaH BHA HCHOJB30BAHHOH TPYOKH.
0L110 MPOCBEPJEHO OTBEPCTHE, B KOTOpPOe BCTaB-
ouenb ToHKad TpyOka F. Ee cewenne jenann Kax
(CHbIUAM, 9ToOL obecmeunTh HeBonbIIOe YeTKOE
cluMpyionlee nsATHOo Ha akpade. Takumu TpyOGKamu
{HTh KAK TIATeJbHO H3TOTOBJAEHHHE CTEKASHHEIC
4K W TOJALIe TOHKHE HIVIH I8 MOJKOMHBIX HHBEK-
plie, Kak o6HapyKAAOCE, IPEKPACHO OTBEUAMH NO-
noft uemn. Ilpofiag cKBOSL HIJY, NOJAQIKHTEJNbHEIE
[JLHeldeM IPOXOAHJH MeWIY ABYMSA TMJIOCKHMH
jnensMi naactagavu A4, A, 3o naacTuiE YRpenaa-
INKaALHo, TaK 4TO, €CAH K HAM NPHKJIAABIBANACH
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o cnera nsnyTps mee Hapyxy. [Ipu 3THX yCAOBHAX

Pa3HOoCTb NOTeHIHaa0B, OHH CO3JaBa/ii rOpH3OHTAaIBHO I" pyiollee MATHO HA 9KpaH BHILAAAENO SPKHM H
[IPABICHHYIO SMEKTPHUCCKYIO CHJIY, AeliCTBHe KoTopof il EEPCLP qepranua. C HAPYIKHOH CTOPOHEI TOHKOTO
BOLHJIO K TOPH30HTAJAbHOMY CMEIIEHHIO CBETSIerocHs Tl . "l_ '|:'1ll‘iii a OO T are k. TYIILIO OYEPYHBAJ KOH-
Ha skpane. YacTs rasopaspsajuoi TpyGky, B KoTopoil Ol JEHERDID SK DA S :

[locae srtoro paspai B TpyOKe BhIKJIOHanCH,

{ 1l N
PACIONOKeHbl AJI0OMHHHEBRIC TIACTHHLL, AeAatH 1o " ;

MOMHOCTH OoJiee y3Koii,  OHa HaXoauJachk MeMAY Mo
camu P, P momHuoro saektpomarinta.. ITosoca mardil

i
COMHIKATHCD HACTONLKO, HACKOJBKO MO3BOJAIH pasMé) ittt ' ¥
CTCKIAHHON TPYOKH, H paclofarajnchk Tak, 4TO MarHHTHE ' _————-“’",\* .
Cil/IOBBle JTHHAUH OLIIH TOPH3OHTAJALHBEI H neprnesTHEY LA Pl | i L

NOTOKY Jyuef. MarHHTHas cHJa BLI3BBaJja BepTHKAJbMHE
cvellenne octopecuupyonero nstea. as oTkIoHEN
NOJOMKHTEJBHBIX Jydell TpeGoBajiHch CHJAbHBE MarHHATHM
noJas, H, ecaH Obl MArHHTHBIE CHJAOBBE JHHHH HOHAJ
HNPOCTPaHCTBO Nepel KaToJdoM paspsijHoit TpyOxa, o
HCKA3uaH O6ul paspsaa B 3tofi obaactn. Takoe Bo3geHcrTH
MOrJI0 OH NOBJAHATL Ha MOJOMEHHe CBETANIerocs NATHA
9KpaHe, MO3TOMY, \He 3alHTHBE PaspsiaHyio TpYOGKyY akpaHOM
Mbl He MOrViH ObiTh yBepeHbl B TOM, 4TO Ha(mionaeMoe Gl
LEHHE NATHA NOJHOCTLIO OOYCJOBJICHO jeHCTBHEM 3MeKTHN
HECKHX H MarHHTHHIX TOJeH Ha NOJM0KHTEbHble JyuH, Mpl
HefliHe CKBO3b KATO/I.

Ias skpauupoBawusi o7 Bo3meficTSHA MATHHTHOLO NOJM
paspaanyio TpyOxky nomemann B koxyx W c oreepcTHE
B JlHE, Uepe3 KOTOpPOe BEIBOAHJACH HApPYXKY uacTh TPYOKI
Jexalulan 3a KatoaoM. 3a KOMKYXOM YKPemisjacsi ToJACTH
quct [/ Ha puc. 2.1] w3’ MarHHTHO-MATKOrO Kese3a, B Kl
TOPOM TakxkKe OBJIO MPOCBEep/EHO OTBEPCTHE, 33 STHM JIl
CTOM YCTAHABJIHBAJOCE BO3MOIKHO OoJbliee YHC/AO TOHKM
NAACTHH, NOAOCOHBIX TeM, 4TO OOBYHO HENOJALIVIOTCH
Tpancdopmatopax. Koraa sto 6eio npojenano, okasaiooh
MTO MAariMT He OKas3piBAeT 3AMETHOr0 BAHAHHS Ha paspill
B 0GJACTH Depej KaToHAOM...

«Koraa nyun He OTK/IOHAIHCH, OHH BBHISHIBANH NOABI
HHE HPKOrO NATHA Ha 9SKpaHe; KOrja JKE€ OHH HPOXOHHJ
qepes 00J1aCTh NEKTPHUECKHX HAH MArHHTHBIX moJef, 91
MATHO HEe NPOCTO CMElaJioch — OHO pacIlenissoch Ha Ne
JMOCH HJIH N5iTHA, HHOTAA TIOKPHBAIOlHE 3HAYHTENBHYIO MGN
wane. Jlas usmepenus ckopocTu Jyuelt u suauvenus 'afilf
TpeboBaNochH 3aduKcHpoBaTh (POpMY 3THX naTed.. C 910
Lenbio OBUI HCMOIbL30BaH caenylowufi mMetos. azopaspill
Hy10 TPYOKy mnomeniajH B TIIATEJILHO 3ATEMHEHHYIO KOMS
Hary, TPyOKY OKpamHBaaH Tak, 4ToObl HEe AONYCTHTL NPOXON

' ['eoMeTpyueckas BANIOCTPALHA K BRITACJACHHIO Dm.jmteu:;:i
Wik x avueli: @ — B SEKTPHYECKOM noae; O0—B M;lﬂﬂ;‘ﬂ
hlu'sm; noj nelicTBHEM PACTATHBAIOUIHX HanpAACHHH.

i ocpewtanacb H IIG,']'_\"‘IEHHHH Ha B3Kp4aHE KapTHHA

T TR ifack Ha KalJbEy,; OTKJOHEeHHS IIATHA HAMEepPAJIH
TON KOMMHH®. :

i |-|||r||!1|j;u."l'£iu.i||l MOTYUEHHEIX H300pakKeHHit Heol-

) DUEHUTE BJAHAHHE noJe. 210 MU}KI_'IU pecbMa TOYHO

LISl SJeKTpHYeCKOro mnoJia H HPHOHH}KC]HIO—{LJH

(oro, TeoMeTpHs mojell B JaHHOM ONbITE NOKasaHa
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Chauana pacemorpuy >ACKTpHYecKoe mone (pre. 208

. : BC nHa
: 13 e reopemy Iludaropa K TpevroasHHKY A
PEANONONKEM, YTO oHO OJHOPOAHO BCIOAY Mexay maactle '.tr F { ||':'\[J'L11;JI i
» - " : L B i :
HaAMH H DaBHO HY/I0 BHe HX (B cBoeft mectol pabg ' \2 2
Tomcon IPOAHA/IH3HPOBAN BaHAHKE Kpaesnix s(herTol rimsteesgl s
He obHapyx:ua CYHIECTBEHHOM pasHWmM B pesynnTaray LAl 2 2
{chn. PaCCTosine Mexnly miactumamy PaBHO s, Hx pm o e Bt
» @ PA3HOCTh NOTEHNHAAO0B Meskny HEMH V, Torn
MEXIY HH] , TOT/a Hanp ' A
JKEHHOCTB TIOAA COCTARMTOT V/s. Yacthua c 3apsaom @ LI0WN0 OTKIOHEHHE IO OCH I MHOTO Merrlimczpaﬂlj}tcg
Maccoli m Gyner HCIILITEIBATL B HANPABAGHHH ocH £ BRI TPACKTOPHHE 7, , TOSTOMY BeIHYHHOH p* MOKH
CTOSIHHOE YCKOpeHHe, papHoe (e/m) V/s. Bpemsn, B reuctl JpRieGpets. Torna 1 =2t 2
KOTOporo wacrnua waxoamres p none, pasuo [/v, rae ok y=z5 el
Hat9ajlibag CKOpocTh yacruuw, 3a 3TO BpeMsA oHa npHoOpN e
TAET TNOLEPeUHYIO CKODOC ; '
UEPEeTHYI0 CKOPOCTE Mieranass ciona smavenne 1fr, Haxoanm
e VI
gl NS 4 ) b I e _9 2.4
i M s v Y =7 3 e
I M s '
I CMellaeTcs Ha paccTodmie Wi cooTHOLIeRHe CIPABEIHBO TIPH MOGHX SHATCHHAX 2.
e EXS-_ e W ptine L Millienne nATHAE Ha SKpaHe, BHISHBAeMOe MAarHHTHHIM TO-
139 (':T) B 3y 17) : RN 9TOM HACAMIHSHPOBAHHOM CayTae, PABHO
3a BpeMa d/v, Koropoe nonagoburTes wacrume pf Y =—=Bl+dh e
NPOXOXACHASA OCTaBierocs mo JKpaHna paccrosnis d, ol o
ﬁog?)niii}n‘rc.zlizr;/ cn-isa:T{;'rg':H n?_ OCH X Ha paceTosiil B et e bHOCTH, OJHAKO, MarHHTHOE MOJe He OAHOPOA-
U, — evia/msv’. Takum oBpasom, moamoe cyeniolg ol 2.5) 3aMeHAIOTCS COOTBETCTBEHHO
Ha 3KpaHe cocTasut ) ! e I||:|[FI e
b CHHAMI
ey A . e ; (2.4a)
o & X syt Uil y=——B;f (2 :
% 2 mv* 5 (2td 'rj_"g mo? et : d = v
i 1]
.CT{CLLU‘HHQ B MarHHTHOM MoOJe TaKKe JocTaTowno npocTo y' =~ Bef (I + d), ]
BEMHCIHTE OPH  MAeaNH3upoBanmx YCIOBHAX, T.e, ; my :

HHMas, 4TO0 Ha BeeM myTH K SKpany u: HaXOAHTON ' A e e
HOL NCHCTBHEM  OAHOPOAHONO MarHATHOrO noxs. B aros ) 'J-“E?-ef_ufbi?;f“i Ig:;gif;gﬁgﬂ"g?113353.?91191;;1;1 noast
cquae TPAeKTOPHST YacTHILk npencrasiaser cobof ayry P9 “[j ) ,“Hm’,ﬂ f(z) ne momer GuiTh Haifinena
OKpY>KHOCTH. MarunThas cnja BCErla HanpasfeHa mepmeiel R lon eHeNISeTOR SMMHPHYECKH; K
AAKYIADHO /IBHAEHHIO 4acTHR H aBastercy LeHTPoCTPEMIs ikl e :

i . M . ¢ 3HaYeHWe TIpH
T&JIb JOH; CJenopaTer L, HAM HeoOXOAHMO JHIIL €c
edien it d, Cnocol ee ompeneneHHs OCHOBaH HAa TOM, 4YTO
2 - = ne
Baa=f;—:’-, HTHOM noJie rHOKHH NOPOBOZA C€ TOKOM CTPeMHTCH
i i Y I Wigrar (OMEIT ¢ OCHOBAMH aHANN3A, MOMET YCMOTpeTh
OTKYA2 molyuaem oGpatuumii pamuye OKPYHHOCTH: o “”ft;a"q‘;:‘p"_:;;,ﬂ B Chexyioues: B ypasnenmu (5.2) Bea-

] _.H“ ¢/ UNNpoKCHMHpOBanach 3navenmem diyfdz?% 310 ’l'[gﬂu.'u_l)l'{ﬁllll]{-:‘
el mo * WG ToMYy, 9T0 Mbl npeHeGperaan seawsnnofi (y')? B ).pms}.;]
[ThoTuocTs moToka (MarsnTHas mEZykuus) B cTanoBHTCS
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A

‘:’

v CBEPHYTHLCA B KOMBIO, PasHyc KOTOPOro, 3afaercs cooT)
/ leHneM

” B

.f T e

"

LAe i—TOK B mpoBoae, T — uaTskenue nposoja.. . .|
10061 y6enutnest B sTOM, paceMorpum puc. 2.2, g, M#l

L

] HHTHAA CHJIa, JeHCTBYOLIAA HA YYacTOK NpoBOJAA NG
b rAB, pasna BirA® u HalpasJeHa MO pamuycy OT HEHT
p OHa NOJUKHA GBITh CKOMIEHCHPOBAHA COCTABAAIOLAMH i
p Hatsoketns T, T, Kaxaan H3 KOTOPHIX paBHa T sin (A0/2)8
' Hanpasiaena mo panuycy & nenTpy. Otcioga nosyus

2T sin (A0/2) = Bir AD. Oas ovenn manwix swavenmi
MOIKHO C ROCTATOYHON TOYHOCTBIO 3AMEHHTE sin (AB/2)
A8/2, otkyna nemocpeacrsento BHITEKAET ypasHeune (2.0
10 ypaBHeHHe aGCOIOTHO aHaJorHuHo ypasrennio (2.9)
CaenoBatensho, ecan NOMECTHTh TaKOW NMpoBox B Marmil
fOe no/le, a 3aTeM OANH| ero Kowen mepeMemarth [o BeTI
KalH 10 Tex mop, noka Apyrofi He yeraHOBHTCH ropHan
TaasHo (eM. puc. 2.3) W Takum obpasom Bocnpoussect

TR uwe?

'
| ]
: Teneps hynkunefl 2z, uTo MomHo sanncate Kak ByF(z), IMostomy ypa
' Henne (2.2) samennercs YPaBHeHHeM
d?y e .
—7r = — ByF (2)
dz* mu - ° ( L

Hurerpapyn ero omnn Pa3 no z B npefenax or 0 zo 2, naxonuM

¢

dy dy e S : :
Fe 7 — rf? K = ”E Br_; F(..}de.

(5

TMOCKONBKY HAa HAYAJAbHOM Y9acTke TPASKTOPHA KacaeTCR OCH 2, BTONNM
Craraemoe B eBOMH uacTn pasuo HyMo, [Toayunnieecs ypasnenne Moncl
NOBTOPHO [POHHTErPHPOBATL — HA STOT paz mo 2’ or 0 no 2 Tom
YUHTLIBaA, 910 ¥ = 0 npn z = 0, noayuaem

2 z'
‘o e, ’ =
W~ S-c-"z S F(2)dz
T} 0

> =
Z =

Taxnym o6pasoy, f(:):gdz’s F (2)dz. Merxo yGemurses, uto T
k 4]

F(2)=1 (cayuaii QAHOpOAROTO moast) nocaeauaf BopMyna nepexoiy
B (2.4).
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OTOPLIX HAXOARTCS MYY0K' NOJOKHTENBHEIX Ay«
| npumer opMy, ONHCEIBAEMYIO KPHBOH

Y= L_‘r Bﬂf (z}l

R Bleninui KoHel OKamxeTcsa OT FOPH30OHTAJIBHOH OCH
".. I [ MHMH !
i 3
h=v Bof (i 4 d). (2.7)
Panneann ypassedde (2.5a) Ha (2.7), noayysMm cOOT-
U B i
. mo. N
T
.‘..
7
R Al oro HCKAKYEeHa He =
ARG elapecTHan {IJ}'HK- 1 J.’=_
BUs (! @), HO H BEJIHYH- El
w My llan yaoberea noak-
L ) eICHHEIMH
B .-II.F‘I”k._i‘rCGEébl ge Puc. 23, Henonpaopanne rubxoro
QR OH AN, NpoBOAA A ONpeneseHnd pa(}jn})%-
BERNEI AT K onpeneseHHIo ReAeHAN  MAFHHTHOTO “0;1’1 [ !5_
B Wi Iopna Kamaoro Mag., 13 (1907), crp. 565, puc. 3]
gaNelin iy, npolg BBE-
i iy Bgg, KOTOpas HCHOOAB30BAJach B Onklte C.
giibnioM, lTorna MoXxeM 3aHHCATL
e
y __  muv B
i B 7
T
g AT yT (28}
A 1B
[Ipusenenne paccMOTPEHHONO MeToda AEMOHCTPHPYeTCA
We pie, 2.3, «Uacre TpyOGrH, uepes KOTOPYIO TPOXOJAHT

iyuclt, Opiiia orpesana, B npubope ycTaHABJHBAJCA
IICCKHIT cTepieHb Tak, 9TOOH €ro KOHell Z. cor_ma:
ruepeTneM yskoft TpyOOuKH, CKBO3b KOTOPYIO 1pO-

IYY0K NOAOKHTENBHHIX Jayued. K xonuy sTof
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i ¥ , ypapHeHni (pasfenHB HX APYr Ha apyra),
TPYLOUKH NpHIOaHBaJdH OYeHb TOHKHH I'I]'JODO,"J., I(CITO[)

pebpacniBajics "epe3 Jerkuit 670K ¥ HMea Ha crBoOOS

HHTHOTO MOMfA»,

Bosppamasch BHOBH K ypaBHenuam (2.1) u (2.8), MoM
IO BHAETh, UTO OHH COAEPIKAT ABA napamerpa, XapakTepl
3VIOLIHE TNOJOMKHUTEJNBHO 3apsiKeHHbie Jydn: oTHOUIGHE
sapafa K Macce ¢/m ¥ HauaabHyio ckopocTh v. ITepenniligs
STH ypaBHEHHA B BHAE '

] g

KOHIle rpyauKk. BJOK yKpennisaim Ha BHHTE Tak, 4T0M Oy
MOMOIIH €ro OH MOTr TepeiBHraThCs BBEPX H BHH3] MO orn. HCKIIONHTG H3 HHX CKOPOCTb, TO MH
BOAY TIPOMYCKaJCA TOK H3BECTHOH BeJHYMHBL, KOTIH Y i il
BXOAWA B TOuKe Z M BHIXOLHA uepe3 Ouok. Crauand Of v o2
(bl 3aKpeneH Tak, YToObl NPOBOA B HATAHYTOM COCTOMNM P \
(B oTCyTCTBHE MarHHTHOIO II0JIf) COBHA/aJ ¢ TpaeKTap LU i O 2 (2.9)
neoTkAoHeHHux Jgyueii, Henocpeactsenno 3a mpongl i b
VCTaHABJHBAMN BePTHKATbHO MacinTabuyio JuHEHKYN i 13 STHX VpABHeHHHA NOKA3LIBAET, 4YTO eCJH
Kpafi OTCTOMA OT OTBepPCTHA, CKBO3b KOTOpOe NpPOHNKE B T 13 Jayuefi, HMeIOUIHX OJAHHAKOBBIE CKOPOCTH,
JYUH, HA TAKOe JKe PACCTOAHHE, KaK H (hocdopecuHpyoM b e SHAVEHHS e/m, WaMeHsoulHeca BIIOTH JO
SKpaH; OTCUETH N0 STOH NHHEHKE NPOBOANJKCE NPH NOMM B y MAKCHMAJBHOTO 3HAYEHHA, T
MHKPOCKONA € OKYJADHOMH LIKaJOH... \ N | NATHO OyAeT pacTArHBaThb- 3

Hag Toro uToOnl yDelMTbes B TOM, 4TO KacaTeJbilii b : (CCKHMH B MarHHTHBIMH TOJS- ;
NnpoBoay B TOUKEe z = 0 pacnono;KeHa TOpPH3OHTANLHO, " i 0 JHHHIO, HCXOAALLYIO H3 Ha-
NOJbL30BAJTH CcaeAyiomuil MeTo. 3aocTpeHHEl Kpail cTujil G oopannar. Torma xag, ecad OVI0K
HA P, nepememniaeMoro BHHTOM, YCTaHaBJIHBalH Ha [l B | \pyx naBopos ayueil, ofHH H3
cTOfHEH | MM OT 3aKpellyIeHHOTO KOHIa MpoBoja, TaK i 00,12/126T CKOPOCTBIO ¥y, @ APYTOR
B OTCYTCTBHE MATHHTHOTO MoJs Kpail crepxus P Kac o (L0 ©s, NATHO PasgenHTCs HA [BE
nposoja (B sToM ObJIO Jerko yOeauThes, saMKHYD SOl R UM
TOUKY KacaHud SJEKTPHYECKYI0 Hems co asonkom). B | [OLICHHE e/m NOCTORHHD, & CKO-
BKJIIOYCHHH MATHHTHOTO NOJs NpoBojA OTPHDAJICA OF K ' 1 pasjHYHLIe 3HAYEHHS BIJIOTh
CTepiHS, KacaTegbilaa B TOYKe 2 = 0 Temeps y:ke HE ' HOro. MAKCHMAJBHOTO, CBETsIlee- {
XOOHJAA TOPH3IOHTANLHO, HO ee NpexkHee MOJI0KeHHE MO puoGperaer OpMY yuacTKa ma- et
OJHaKo, BOCCTAHOBHTD, MEpeiBHTaR BHH3 HAH BEEpX GAOK ' e
Jlo Tex nop, Noka He OyAeT NOCTHTHYT KOHTakT HNPONg : , Jyuain mpH noMomp GoJb- 0
¢ KoHnoMm crep:Hs P (uro BHOBb o0OHapy:KHBaeTCi il , Kiontoll KaTyUIkH, KoTOpas co- et
3B0HKY). Toraa yy Oyaer paBHO paccTOAIHIO N0 BEPTHE . 103VXe HCKPY MPOTSIKEHHOCTLIO Rt
Mexdy TOUKOl, rie HpoBOA KacaeTcsd Kpas JHHeHKHE L 70 TIDHBOARAO K BHOpAmHAM H o
TOYKOH, rie NPOHCXOAHAO 3TO KacaHnHe B OTCYTCTBHE M b o veranopkd, B Xone skcnepH- Bac. Db Pamnie

opagock MHOrO TPYOOK, S ke raNE oGk
TOPEIX  CJ€TKa PasaHyadnch?.  gopecnenunn npu
i peayabTaTe OBAH MaJjoo0etrla- cﬁI;[lEt‘f;]}!ﬁj(r?_ﬂ‘:ﬁfg-
Paavepst TPYOOK He TO3BOJAIHR ?E??&JU?).CTP.-‘E%:

paTH paspai NpHE OUYEHH HHIKHX pic. 6],

fics HCKpoeoro npodod OO CTEK-

ouke. Tunuanas KapThua, naGaonaemas B Bo3-
anjenHAx nopsaxa 1/50 MM pT. CT., HOKasana
- ' 4. «Orinonenne, 00ycjoBJeHHOE BO3AEHCTBH-
JArHHTHOND TOJf, MOKA3aHO BEePTHRANLHOH
. i, TOALKO 9JNEKTPHYECKOro — FOPH30HTAIBHOH;

83

-

N C,e = Cae
mo? ’

rae C; 0 Cp— MOCTOAHHLIE, 3ABHCALLHE OT SACKTPHUCCKON
H MACHHTHOrO NOJeld M pa3Mepos ycTaHoBkd. VKo
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PESYABTAT COBMECTHOTO ACHCTBHSY nonefi ormeuen KoM
POBAHHOW MITPHXOBKOIL,

Qochopecnupyiouiee nATHO pasMbeiBaeTcs B noW
PacTauyryio B ofie cTopoHL OT IepBOHAYaABHOrO Mo I
HHS N5THA. Bepxuas uacth ee Cmyjerenperpyer 0 TOM]
ochopecuenunn BusBaHa AYYa ny HMEIOLHMH  [0M
'i'(_".'llail']r[fll Japal; HHMKHAS 4YacTh f\:Iiﬂ;iElHHaH .Ha PH l
TOUKaMH) OTKJAOHAETCHA Tak, Kak ecau G ayyn Hecan g
4areAbHbill 3apag... Orpanuynmes
paccMoTpeHHeN pepxmeir vactn Ml
npsAMoNHHEHHQ et ee rpannn rosopl
TOM, 4TO JYUH 5 pyyke umeior 1pil
SHTENBHO PABHpe cropocTH, Toranm
8HAYEHH A 6’/’_’3 H3IMEHAIOTCS B LIHE 0
AnanasoHe, O gpyan B HeoTKIONGHN 1
HaCTH NATHA o mpumepuo 104 na W |
Heli ee rpaHHU gy

[Mpumensia  cpeynanbune MaTepil
AN 3J0eKTPORa, TomcoH moayyHiL
PE3YJIbTATOB  mpy  3mauntennno OF
HHSKHX AaBJACHugx. Ha puc. 2.5 0l
ACHa KapTHHNa paspgna B reanm, W
THTHYTBIE YCHR xy cTumyanposadn
HeHIUYIO paﬁl"'r‘y Mo H3VYeHHID raso
paspaia NPH {uggux nangeHHsX,
: : _ CoobwaJa caM. Tomcon B ceoefl i
CTaTbe, OH A00MJACA 3THX Pe3Yrarop. paGoras c¢ g
liF:]MII, TIM(‘IF?I]IEI‘»III 3HAYHTEJbHO K-J()”']hm“ﬁ obkem pasps I
oOsactH. EMy yaasanock CAELHTE, 35 n;j.\lt_‘HL’I]IFIﬁ“-{k pva
Tepa KapTHHe! ocopecteHUHH 15 wmepe Cilii)i-i':.‘.lflr.':i ..
Aetud. CHauana s1o Owia NPAMa s nonoca noaoGHasn !
OpaieHHOH Ha pHe. 2.4, «KOTOPa g l‘f_J.Yr?aiIi‘ﬂ."lEl’L‘b B Al
TCbHOM uHTepBade nanaeHHH. O ppaxg npu I}L;j,.'”,“;‘ﬂl [
CHHIKCHHH JlaBJICHHA Ha 3KpaHe M guyyanp noseAnTHE M
KHE HmATHA, H Torza obmias KaAPTigpa BLITJIAIeNAa TaK
NoxasanHo Ha puc. [2.6]. ; I

CeTsilasca nosoca, KoTopas Oua esuacTBeHHON |
BLICOKHX AaBAEHHAN, NO-NPeKHEMy ocrapanach Ha el
MECTE, XOTd ee APKOCTh Najata; Bo3HHKAMO TAGKE 06 &
FaTHeHoe» mpopoaxkenne, [To Mepa AajdbHelnlero \;r'.m'u.m
HHA HaBJ€HHS! 3TA 4acTh f})o(‘ibuP{_"C]_[Ji[}‘.'IOULPFD 11"mﬁ|1mu
HHA FE_BMt‘L"TU C HEraTHBHBIM 11[70:[!3.1%!:]-3!{('3!]- L:Tnlllufnlﬂa
BCe LoJee TycKIOH — A0 TeX NOP, roka HaKOHel, npi oY

Pue. 2.5. Paunnii pa-

PHaNT KapTuHst (Goc-

¢opecuenunn  npn

HHIKOM JHABJEHHMH

[Phil.  Mag., 13

(1907), erp. 573
puc. 11].

JILN
LA
1
l.
iy
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i CReTAu

HH OHa HE ETj][}El[]fl]lLfi.’lHCi: B TYMaHHYH
HOpyIo Kok Ol HAJOMKEHH SpKHe NMATHa He-
LR
) pila MeTOAOB, KOTOpHe MH He OyreM
lomeon _\'t‘—it',’iFl.’.‘Cﬂ B TOM, 4TO <«IpAMasn

| CHCHUNH, KOTOpad €0HHCTBEHHO BHAHA NpPH

MB/JIeHHAX H KOTOpast MedjeHHo OJIeKHeT
| lABJeHns, B OCHOBHOM obfizana CBOHM
UM BTOPHYHBIM JYy4YaM, BOIHHKAIOUWHM TIOCIE

| NePBHYHBIX  JyHeH
Lansuefiinee BHAMA-

W peaoTOTRT HA (oc-
nLasiBaeMolt  mep-

1. On oGHapymuI,

IX JlaBJICHUAX B ONb-
I TpyDKaAMH NOJOCH

OTACABHEX YYaCTKOB
i mobwix razosB, Ha-
rpyOkys». Hamepus
THX napaGos H 3HadA
Krpuueckoro H mar- Pae. 26, TToaygeanan
wiefll. ToMcon ¢ oMotk 03Xe KapThHa fochopec-
(2.0) ppluHcaIHA 3HAUe- ::Sﬁ:r: Tﬁf’:ff“”f’t?f?; L,"u
CTAHOBHA, 4TO <"3TU]' (!‘_-_Ilfl). cTp 754, puc. .JI
I 14Tk HNOJEe3HBIH

i34 rasa, Haxogsulerocs B TPyOKe, H onpeie-
IMHOTrO Beca=.
loMcoH npHinesd K BEIBOAY, YTO METOL PErucTpa-
WX H3oOpaskeHHi myTem HepeHoca HX C (oc-
¢ro 3KkpaHa Ha Oymary HeyLOBJASTBOpPHTeNdeH;
| 9T0M CJyuae ¢TOUHBIE H3MEpeHHs pasMepos
Xcsi KpHBBLIX OoJjee TpYAHBI, YeM TPH
huporanuus. [Mosromy on nepeites K ¢ororpa-
ronam. On nonwirancs dotorpadhHpoBaTh cBe-
HO OTKa3saJjcd OT 3Toro crocoba seaen-
yiech TpeGoBalock CAHIIKOM HOPOAOJINH-
9KCMO3NMAR  jJaxe TpPH HaJHYHH O4YeHDh
i l'omMcon oOGHApYXHJ, YTO «3HAUHTEILHO
fuiTeabHbit ®H ObicTpufi cmoco® COCTOHMT B8
portonaacTHH BHYTPH camofi TpyOKm, Gaaro-
NOJOKHTeNbHBIE JIVYH HeloCpeACTBEHHO NanaloT
PoTONAACTHHA BEChMa HYBCTBHTE/bLHA
iauuTenbuo Gosee, WeM B3KpaH, Tak TO
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TPEXMHHYTHOH SKCHOSHUAH OKA3aJ0Ch NOCTATOYHO, UTOM
VBHIeTH KpHBHIE, HE3aMeTHHIE Ha SKpane», Bumecre
csonM cotpyaurkom @. V. Acronom Tomcon n3006p:
OCTPOYMHDIE CHOCOOLI KpeIIEHHS ILIACTHH (OZHH H3 M)
H300pazxen Ha pic. 2.7). «@oronaacTaHa nomenm:aaer
Ha WIETKOBOH HHTH, HaBHTOH Ha KoHel wiiHda, repMmeTHdl
PYIOIEro BLIXOX H3 CTEKIAHHOA TPY
KH; NpH noBoporte winda HATL HY
KPYYHBAeTCA HA Hero HJH pacnycy
eTcfl, TaK YTO NJAACTHHA ONVCKAECTE
HiH nojanumaetes. Ilractuna ckosdR
SHT TI0 HAUPABAAOUINM BHYTPH Mg
Ta/JIHYeCKoH c:f.-amnenpof{imam{
KaCCeThl C €OIMHCTBEHHHIM OTBepcTHEl
A, _PacToJIOJKEHHBIM B TOM MeCH
TPYOKH, Uepes KOTOpPoe MPOXOAHT My
YOK TNOJOMKHTeMbHBIX Jyueit.. [Ip§
HAKPYYHBAHHN HUTH CBETOMYBCTBI
TeIbHad NJACTHHA B KacceTe HOJN
MaeTcdl BHIUE OTBEPCTHS, TaK Tl
NOJMOIKHTEADHLIE JIYUYH CBOOOAHO npo
XOAAT Yepe3 OTBEPCTHE W MaaaioT HE
pacnonoxennuil sa HuM 3kpan. C erg
NOMOIINBI0 HETPYAHD YCTAHOBHTEH, cO3
4 A2IOTCA JIH B TPyGKe MOMOKHTEIbHHE
ayyd. Kaccera nmena gocraTounnre
pasMepsl, yToOE BMECTHTH (hOTOMN.ICH
KY, Ha KOTOPOH MOMKHO OLIIO N0V
UHTL TPH oTorpaduu». i
ior.zcuu_\; VABJIO0Ch NOAAEDYKHEATH
TR0 B OOMTACTH OTKJIOHEHHA Ny4YKa 2HAUH
TeJLHO OoJee HH3KOe NaBJIEHHE, UeM B 06aaCTH rasoBor
paspsisia, C 3T0it UeNkio OH MPHCOSTHHII I[L‘i'[m.'["(‘"t"i'l-it‘llT]-' -
K nepsoft o61acT# BakKyyMHHEIA Hacoc (co B'[-tJ]:;oﬁ [Tﬁ:‘l'd-t."i'h-!r-'
HaCcOC COEHHAICA JHIL 4epes OTBepcTHe B KaToje) [To-
10GHKE NPHCMOCOBASHHs M03B0MHAN TOMCOHY TOAVUITL Gos
Jee pasHooOpasHble H HHTEepecHble NAHHBIE: B CBOCH Cceqbe
MOH CTaThe OH TNpHBenT NATL doTorpadbuil, c NoMobIo
?;T?phl.‘([.f!JIpEJEJHJIIL‘_h ATOMHBIC Beca Ta30B, 3aNOTHSIONINX
VOKY (HEeCKOJbKO ApYrux H oTpaxka) T
R Beas rra pyrux dotorpaduit orpakansn apyrue
: Oanako MeTol MO-TIPeXRHEMY OCTABAJCH HEI0CTaTOMHO
TouHBIM, Tak, Ha Qortorpadmuu, modyuennol ¢ TPyGKod, 3as
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Pre. 2.7, Onnn n3 gep-

HaTea [IH"-’T{'; NaacTHH

[Phil. Mag., 21 (1911),
cTp. 228, puo. 2].

oc/eaHRe

fi vraekHcimM razom, Onjla BHIHA BCero oiHa
OOTBETCTBYIOMIAN «aTOMHOMY BECY 47», no Tom-
 yOexaeH, OTHOCHTCH JIH 2TO NeHCcTBHTENBHO K

oMy rasy (aToOMHBIH Bec KOTOpOIro paBeH 44) unn
. aToMHEIM BecoM 48), obpasyiouleMyca B TpyOKe
1 LC,
. 1 TIPOJOJIAKA] COBEPIIEHCTBOBATL TPYOKH. B ugact-

cBOefi BOCHMOH CTAThE OH YIEJAHA 3HAYATENbHOE
ine Bolbopy (opME KaToxa H paspaanofi TPYOKH B
pecerHoern !, OxoHuaTeJdbHBI BHA YCTaHOBKH TPHBE-
| puc. 2.8,
vike OTMeuajoch, ToMcoHA HWHTEPEcoBaJja BO3MON-
(I, HCTIOB30BATL OMHCAHHYI0 METOIHKY Kak crmocob Xm-
Koro aHaJH3a; MO-BHIHMOMY, OH CTPEMHJCSH J0KA3aTh
ie3nocTh B sToy oTHomennn, Cop Jhxeftme bioap
\Gesno mpegoctaBia [emy] aBa obpasia rasos, HOJY-
UMX M3 TIPOAVKTOB OJKHIKEHHS BO3AyXa». PesyabTaTh
peneHHHEX ¢ HAMH ONTOB TOMCOH M3J0KHA B JIEKIHH,
ranmoit B KemOprmkckom duiaocopckom oluiecTne M
onenckoM HECTHTYTe. OfMH H3 ABYX 00pa3ioB coiep-
raeIbe KOMNOHEHTH, @ BTOpofi — Gojee Jerkue.
PR H3 HEX, XOTH B €ro NOBEACHHH H HE ofinapyKHuI0Ch
11er0 HeoBHUHOTO, SABHJA cOo000 «nmpuMep yaoDerba AamH-
0 MeTona, NCHOJALSYS KOTOPHHE MOXHO € HOMOUIBIO
ro aEib oanoi dororpa(HE MNOAOMKHTEILHBIX ayuei
1eANTh COCTAB rasa B TPyOKe».
Bropoit oGpasent obaanan Gojee yAHBHTENLHLIMH CBOf-
samu. «Ha ¢ororpapur Gojee Jerkoro KOMIOHEHTA
.cn (pre. [2.9])... Ml OOHapy#HIH JHHHH TElHd, HEOHA
b HHTEHCHBHYIO) W aprona, B JONOJHEHHE K HHUM

I B sroit cTATHE TOBOPHAOCH TAKMKE of uamepenHAx, CACHARHLX NDH
/OlH SAEKTPHUECKOTO YCTPONLTBA Mif ONpele/cHH 3apaga, nepeHo-
10r0 AygaMy Cc SAAAHHLEM OTHOLEHAEM 1":‘_'-'}! {;!-;1[!1‘.0'[[{!0 |'I-|I:3}’.'T'L-Tﬂ"l’tr:|_l“
yuepHHX PR TOMOMN 3TOTO yerpoficrsa, © Tems, 4To OBIIH AOJY-
i1 Metoaom ochopeciienin 1IH totorpatHpoBanud, Nokasano, 1o
fecnoae3Hnl  ANA  onpeledenid OTHOCHTC/ILHBX KOJAHYCECTB
OB Pa3sHOro THMA, TAK KAk OHH pealHpyloT Kak na cpenHne 3HAYCHHHA
opocTell, TAK W Ha YHCAO NA730MAX HaCTHIL B 9acTHOCTH, OKa3aa0Ch,
0 JNRAA BOAOPOAd, TPAKTHYECKH HEH3DEHHO NPHCYTCIRYIOULHS Ha
\CTHHE MAA 3KPaHe, CODTBETCTBOBAAH LD pefonsiuof Aoje HOHOB
ConepAMAlLHXCT B NEPEHTIHOM MYUKE. (TTo3sree BHAICHUAOCL, 9TO BO-
pon H remmfl npH HCMOALIOBAHHH HX B KavecToe HIYyHaeMOH Cpeinl
TH #a JeTadHdx TD}'G]H‘. H BHOOCAEACTBHH MX MORKHO busio OH yaa-
(Th OTTYAA JHILL NPH OTHKUIE, OTOpHIfl HEBOIMOMKHO TPOBECTH [
rpoiicTBa M3 CTek/d, TePMETHIHPOBAUHOTO BOCKOM H CMa3Koi.)
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Habawonaaack JIHHHA, J(‘f_‘:[,'riil.i.‘.']L‘TH}'!OHLHST dTOMHOMY BEE
22 KOTOpad He Moria OLITh OTOMKIECTRIAEHA HH C o,fl-lim'-'l
AHHHA @3pecTHLX TaszoB. CHauana A moJaraj, 4TO
JUEHA ¢ ATOMHBIM BECOM, paBHEIM NOJOBHHE aTOMHOIO BES
CO., nonmxna COOTBETCTBOBATL MOJEKYJ/IE :\'I'rJ.'ILJk-ll.\L'l KHCAOT

Pue. 2.8. (_]:qmula-re.‘[bm_ui} BHA TPpyOKH, Henoassosannofl Tomconom.

A—Goasman xoaGa, B KOTOPOR MPOMCXOINT paspat; € —katol, nosemeniiail
B cyaenni [D] Konoul. KaToil sokpenden 8 crekaansoll Koale npx noMown ucﬁé
WOro KomuuecTRa Bocka M ORPY#En  BoARHOR pyGaiicoll J Bo nademanne ]|ﬂrpél
pocia npu paapade, Ha katol oilera sGouuronan TpyOxa |B oGaactu T (2], I'M\‘M'-ll
YKaIAHUYIo Ha PHCYHRE qropMy. Lu M- THHBl H3 MATHHTHO-MATKOrO HETeas
¢ TATEALNO oOpaGoTaHibMi MACCRUMI PRAHaML. 3 -
copnnpenn ¢ Gavapeel SAER IO MEN] i )
aqexTpHueckoe  node. P 1 Q= nenhie
i M tomkimm cremkami FIOHH ool IDM =
Mencny L n M co aeTcd MATHUTHOE mone |Proc.
pie. 4l

rpyGra. Tlpa B

K e OMa
Roy. Soe., Ser. AB9 (1913}, cTp. &

¢ NABOMHEIM 3JEKTPHUCCKHM 3apaaoMm (Ha HEeKOTOpLIX mJa<
CTHHAX MosKio OBLIO 3aMeTHTh €aa0ylo JHHHIO, COOTBETH
CTBYIOLIYIO ATOMHOMY BeCy 44). Mennenno mponyckasa ras
uepes TPYOKY, ONVIIEHHVIO B COCYJA € JKHAKHM BO3IAYXOM,
MOMCHO DBIIO ,'flﬂl‘jii'l'ht'il NOYTH MOMHOrO HCYC3IHOBCHHA JHHHIE
44, Torna xak APKOCTh JIHHHH 22 ocrapanack HeM3MeHHOI.

[]p[‘!l{c.‘:ﬂ}l‘{ﬂ{-‘””c >iﬁv-['ﬁ_,'l]“l JIHITHH UI[I'L‘|}{_‘L‘HU CO MHOIHx TO-
UEeK .'jpE‘TH[?T. C (‘."‘[EIDH ("I'i)p(}l]h[, HeT HH OAHOro Fi‘]ﬂOUGpH.G‘*
HOTG COeTHHeHHS JIOBLIX M3 H3BECTHHIX TEMEHTOB, KOTOpoe
HMEI0 B yimﬁaﬂﬂlhll-i aromuuit Bec. C apyroii .{:TOIJ(}HH‘
ecim MocMOTpeTb Ha MEPHOJHYECKYIO CHCTeMY Menneneesa,
sJeMenTy ¢ TAKAM ATOMHbIM HOMEpOM yie He ocTaeTcs
mecTa. . BoaMoxKHO, 970 — COE/IHHENHE HEeOHa C BOAOPOAIM
NeHs ...onHaKo... 1 He XOTe 0Obl HACTAHBATbL HA 3TOM ITYHK-
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(yllecTBYeT, OIHAKO, BO3MOKHOCTE TOrO, HTO MHI
(oM 3akon Menzedeesa CaAHLIKCM OYERaNBHO W 4TO
¢ HEOHOM Mi)l'}"l' l“p}'llﬂl}pl‘ll’,.'_'lTht'ﬂ ABa HAau
ceolficTpaMu», B JeRiLHH,

M} |;|;:\;‘

WJIGMEHTOB €O CXOAHBIMH

‘e, 2.9, Cnexrp napalos s JIETKHX HHEPTHEX razos [Proc. Roy.
Inst., 20 (1913), erp. 596, puc. 3].

ppountandoll B KoponeBCKOM HHCTHTYTE HECKOJIbKO MecH-
e cnycTs, Koraa TOMCOH MOJyuma Te iKe pesyabTaTh €
oueHb TIIATEABHO OUANIEHHBIMH 00pa3namMy HeoHa, OH npei-
cTaRHA HX HeckoJabKo HHaue: «MTak, no Moemy MHEHHIO, HET
coMHeHHEI B TOM, UTO BeillecTBO, HashiBaemoe HEOHOM, HE
gpJsieTcA NPOCTBIM rasoM, a COCTOHT B LefCTRATENLHOCTH
{13 cMeCH JIBYX TasoB, O/HH H3 KOTOPbLIX HMEET ATOMHBLIH BeC

20, a apyroff — OK0JO 22».

| [Tomumo XHMHYeCKOR HHEPTHOCTH, CBoficTBEHHOH HEOHY, HA Tom-
CoRa MpOA3BEA BeuaTIeHHe TOT Cb.'ii{T. 4T0 OTHOWEHHE MACCh K aapany
jiAH HOBOCD BEllecTBa TacTo OKaspiBaeTCA paBHHM 11, t. € EBewecToo
fimceT KaK Ob ABoimoil 3apaa. TaKoe fBJeHHE BecbMa PEIkO BeTpela-
Ji0Ch ¥ M3BECTHBIX TOTAA MOJRKYJ, HO o OOLIMTHEM A7 aTOMOB.
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Mo wexoropuiM mprunmnam Tomcon ne nomen Jansuie
HEe NpeAnoJokua, uTo cyuecTByer npa ¢BHIa» HeoHa, XOi
ITd HAed ONpeAe]eHHO BHTANA & BO3AYXe B TO Bpem
K. ®asnc, A. C. Paccen n ®pesepuk Coaan yie chopmy
"HIPOBAJIH 3aKOHH PaiHOAKTHBHOTO Pacnana. B gwacrhog
B (espane 1913 r, Conan npeacraena B Kopodesckoe of
ILECTBO NOKIaM, comepxasitnis Cleayjotiee yTBepKicHHE
€ITH De3yJbTATH MOKASHBAIOT, T NOYTH Kaxjaoe M
BAKAHTHBHIX MECT B MepHORHYECKOf cHeTeMe MeXAY TaJane
H YPaHOM 3aN0/JHEHO HeOTACAHMEIME APYT OT mpyra 3
MEHTaMH !, aToMHE Bec KOTOPEIX Bapeupyerca B npeneial
HECKOMIBKHX enuHum. IT0 Hen3bekHo NPHBOIHT K IHNOTE38
TO TO K€ MOXKET GHTh CHPABEAIHBO H wus APYTHX uacre
Tabnnust Mengeneesa, Kaxk YIKE OTMeuasoch, Temepsr HE
HEOOXOAUMOCTH HCKATD NPHYUHY HEYAAY NPH HONBITKAX MO
JYHHTh YHCJICHHBIE COOTHONICHNHA MEHAY aTOMHLIMH BecaMi
Muenne o ToMm, 4o aromuas Macca JXeHCTBHTEALHO fnd
JIACTCA KOHCTaHTOH, onpepeasiomied BCC XHUMHYECKHe
¢u3nveckue croficTna HTEMEHTOB, HECOMHEHHO, onpopeps
raercsd TeM (AKTOM, 4YT0 mocue HCNYCKaHUA c-YMacTHILh
(aTomMHas macca 4) ocrasumecs HPOAYKTLE BO3BpaliaoTeH
No3JHee K HCXOAHOMY XHMHYeCKOMY THRys. Mmenno Copny
HO3JHee B TOM 2Ke TOAY NPEATOKHT HA3LIBATE TakHe sied
MENTH usoronamu. Boaee toro, Coanu n Apyrue yueHulg
BIEPBLIC OCO3HAMH, 9TO 3aKOHH PaAMOAKTHBHOIO npespa<y
HIEHHS SI€MEHTOB NPHBONAT K TOMY, uTO CBHHEll, 06pasyo
IHACS npH pacnaje, uMeer PA3THYHBIE 3HAYCHHS ATOMHLIX
BECOB B 3aBHCHMOCTH OT Xapakrepa PaZHaIHOHHONO MNpo-
uccca. Ilosnnee emy cosmectio ¢ X, XumeHoM, a Takwke @
T. V. Puuapacon w M. E, JlemBeprom g3 Fapeapackoro
YHHBEDCHTETA yAa@J0Ch TIOATBEPANTh 570 NpennosioKeHHe,

Ecan ToMcon u 3man o6 srix paborax, on Hurie He
OTMETHI 5TOro my6amuno 2. Om mpemnowen Apyroft moaxoxg
K pellernio npobaemul. Ecan zpe nodock AeACTBHTENALHO
COOTBETCTBYIOT JABYM pPA3IHUYHEIM <BHIAM» Heona, To sty

! Henoassosamme Coann Tepmuna eneoTaesmmuies NPHMEHHTEALHO
K 3JEMEHTAM BH3BANO MEKAY HuM | padeccopor Aprypom Llyerepon
H3 Manuectepa wyrmimyio NEPCNHCKY Ha CTpawnuax xypmaaa Nature,
Conin crepoBano xors Owl AONYCTHTL BOIMONKHOCTh HX pasfencnns ¢
NOMOUILIO (HIHYECKEX (a pe XHMHEYECKHX) NPOHECCOB 3a cyer EERTGI L
B MACCAX.

? Tomcon OTHOCHTENLHO Majio HHTEpECORaACH PALHOAKTHBHOCTLED,
On UPHACPKRHBAACA TOrO MHEHNH, YTo cpofiectsa PAAHOAKTHBHWX aToMOB
BECbMa Creun(WIAL ¥ HX HIYYEHNe Mano uyTo JA3eT A8 ODBIMHEX ATOMOB.
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KHEl OBIMH OH IOAZABATHCHA pi-'lf'!,"[,ﬁ':‘.-'THTle) (r‘..l'lf)-
1x-1160 (pH3HUECKHX NMPOIECCOoB, 3211’!;[&2}:.;!'1.]..‘?.{5)?
npumedande 1, crp. 40). HMmenuo atum TyTeM
\cton. [Ipesje Bcero oH NpeXNpPHHSA _q:.p_‘m-kuuoj
) MeperoHky, KoTopas He Aaja ONpPCAC/CHHLIY
Tanee oR npuberdys K MeTony anddysunu,
DBHE MOMBITKH NPHBENH K NOJIOXKHTEJBHBIM, 11[:
pesyanTaTtam L ﬂ@'l.—'[l:l—]i’-.’Hlf.[F[t
OKa3anuck, OJHaKo, Oec-

10 HaALKHLIM

ITOM  HanpapJ/ieHHH
IeMa 0CTaBajgach B TAKOM COCTOSIHHH BILIOTH :'1‘0
korpa Actor paspaboran 3.-"1(‘]{T]JIU_\{aI'EI]ITHL-]‘I_I ce

1aBIIHI BO3MOMHOCTL NPOBOAHTE MAacc-COEKTPO-
cikne needaenopannd. OnHUM H3 m;-p[zujx c IDO.\-E[J%:L]-;LIZ.]
npudopa OB H3y4YeH HEOH, H Ha 9TOT pa3 L_‘D-:llék;{
OCTABaJoch MecTa: CYLIeCTBYIOT ABe (Ha L{l_ -
pid) pasHOBHAHOCTH, WJIH H30TONA, n:eom.t_ T;h::'[rlr;D
a1 5TH paboTh ¢ Lebi0 TPOJAEMOHCTPHPOBATD,

ILINAACTEA 3JeMeHToB HMeeTca OoJee D;L]-IIUI;O‘I-[.?.UfL’)}]I:g:
1HooJdee TOUHO oONpejeJHTh HX MAaCCHL O-_Llldh.o ney

ILHEIM TOJYKOM K aTofi pabore MOCAYXKHAA JOHOJHH-

tag napaloaa, o0Hapy:eHnHas NMpH H3YYeHHH paspala

opaspasnoi TpyOke TomcoHA.

I Cece SpHTaHCKON =
06 3THX Pe3ysbTaTax oF AOKAaAmBan na ceccun Dputanckofl (

: Ui BHEBATH GOALMIOH
egTaipe 1913 r, # OuHH BH3BAAH 0O
O acCoIlHAIHH B LLHTH[JPL i ; . e kit
: —‘;'I-': OuTH pesyabTaTE TOH Ae CTEeneHH m:_;lim..li. l”ﬂq]j‘.,l-.,
-I;L :11EIJ'|]'|_'; que“L staM CoOaH 3aKOH PainoaKTHEROrO ITJ:_ ...‘c
) i : : e ¥ = i3 H 1 T h |
" o ! "o oMy, ofipaTHa CTOAL XK
[Ipamegatempuo, 9to Coamw, no BRRAEMONY _1| e
:ilF[\‘l.‘!!iiH] Ha [}'_u’)“—: 'i-l_mL‘{.\II.'], KaK H ']FJ\IL(HF]F!"-' "|jr. 1:‘."' \!LL..1;I|1__.|1_E
i.\'iI\'.'HIIfJ{'[ NMPHYHHON Takoro I'!'\'p[‘]‘btllﬁ. ABHJACh MEPBAZ AP

]‘_H‘ D

¥

L peT HIOTOTT 101 " TOMHC MACC 21 s ALK O
C C KoM
c M I M £
THIH H3IOTO HCOHA ;
L O ! FOHHD OBLIO HAP VAR NT B ONLITax ralln
CH; WT 6 er MOz 00 KHTh B NRLITA Tomeo




Fnasa 3

CMBICTTI ATOMHOTO HOMEPA

B konue 1913 r. yke He ocTaBanoch HAKAKHX Cephbesmbiy
BO3PaKEHHH NPOTHB ATOMHOW THNOTE3b, H BHUMAaHHe hu3H
KOB COCPCAOTOYH/IOCD HA H3YUCHHH CTPYKTYPHl CaMORE
aroma. 3amerubili ycnex, JOCTHTHYTHfI B 5ToM Hanpasa
HHH, TMOATBEPHKIAN NpaBHALHOCTE Mojean atoma Pesep
(opaa . Oxnako aias paspaGorku Gosee AeTaabHON Mojed !
(4TO, B wacTHOCTH, cienant Bop) HeoBxomuMo GLIO BLISCS
HHTL 3HAYEHHE OCHOBHOTO TNapamerpa—3apsfa saApa
HMEHHO 3/lech CYLIeCTBOBada 3HAYHTENbLHAN HeolpeneleH
HOCTH. DKCHCPHMEHTH [0 PACCEANHIO PEHTIEHOBCKAX JIyYeliy
nposefentnie 8 1907 r. Y. Bapkaa, nokasaan, uto sapafg
Aipa NMPUMEPHO paBeH MOJOBHHE ATOMHOTO Beca, YMHOMKeH
HOTO Ha 3apan snektpona. PaGora [lefirepa n Mapesena
MO PacCesHuio o-HaCTHIL AaJa Pe3yAbLTaThl, COTIACYIONUICCH
¢ sTuM npeanonoxenuem. (ITosauee Bop ¢ ycmexoM Boce
MOAL30BAJICA 9THM 06cToATesbeTBOM.) OnHako ouenkn ocd
quh'l.llIICI: OPHOJHMEHHBIMH — HX TOYHOCTH He npepocxoana
5% . Heonpepenennocrs ynanock CHATH B pesyabTaTe CH-
CTEMATHIECKOr0 H3YUCHHA PEHTIEHOBCKHX Jyuell, npeanph-
uatoro lenpu . Jla. Mosau. B ABYX cTATBHSX, ONYGAHKO-
BauHbX B Philosophical Magazine s 1913 u 1914 rr. on
HnoKasaj, uto HCTHHHOM Mepoil 3apsiia f/ipa sBaseTcs 31"{_1\.1-
HbIH HOMED, YKA3HIBAWOIHI MECTO 3JCMEHTa B NEPHOIHYE-
CKOH cucreMe Menneneena. g

Bapkna n Caanep ycraHoRmnH panee, uto NpH HCHOJb-
30BaHHH NO6GOTO  3JEMEHTa B KAYecTBe W3JIVualollei
MHIIEHH B PEHTreHOBCKOM TPyGKe BOSHHKAJ CNEKTp, COCTON-
UHH H3 JIBYX "acTeii: CIJIOWIHOrO CNEKTPa, He 3aBHCANLEro

1 = " s
Cwm. Tpurr M., Pewawpnme IKCnepuMenty, M,

faar eMups, 1974,
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W Mumenn, H Habopa AMCKPeTHBIX JAWHHI! 6 KO-
. O JKe OLHOIHAUHO Onpefelsiii TaHHBH 3JeMeHT,
{IlHH ero ONTHYECKOro chekTpa. YueHnie oOHapy-
YapaKTepHCTHIECKOR H3JYUYeHHE KaXIOoro 3ie-
(hopMupoBasoch B CEPHH, KOTOPhIe Oplan oDo3HavYeHEl
n K, L, B NOPSAKEe YMEHbIIEHHSA <€IEeCTKOCTH».
Il ||'."I|“]_-'I,.'I OT OJHOI'0 3J€MEHTa K ,f_!,[.‘i‘:."!'l_'!.'\l‘f B I'I|'!l’“
[N 1001 cepHH «KECTKOCTb» BO3pacTaja € YBeanue-
1 jjoMepa 3neMenTa B nepuoguueckoit tabauie. Mero-
ionbaosanibie Bapkaa n CapnepoM, He NO3BOJHIH
Wayiien  Godee onpenenennsie  cooTHowleHuda. Ilostomy
flocje Toro, Kak OnlJia YCTAHOBJEHA BOJHOBAS NpH-
PUAN PeATreHOBCKHX JIYyUeH M MOABHJIACE BO3MOXKHOCTH
WiTL AJHHBL HX BoJH, Mo3an npeanpHHAI MOMBITKY
‘11, o6wi 0630p OCHOBHBIX THNOB H3JyUeHHS BBHICOKOH
{ictoree. O Havaa csolo pabory B ManuecTepckoM YHH-
pepciTerTe B 3atem npopomxua ee 8 Oxcdopie.
Mo TPHMEHNI MeToj aHa/iu3a, PasBHTHA Dparramn
Wi OCHORE HIEH, ¢ NoMollsio KoTopor Bparr (Ma1.) obbsc-
fi11 peayaprate pator Jlays ¢ coTpyaHHKamH (CM. T 1
WHCAIOULHXCA OTpaXKeHAd MYYKda PEHTTeHOBCKHX JYHEH OT
wpieraaanseckux maockocteli. [lpr TakoMm noIAXole, Kak
1 Moanau, oGHapyiKuBaercs, YTO H3JAyHCHHE onpe-
[ennoil 4acToThl OTpaxaeTcd OT MOBEPXHOCTH KpHCTa/laa
(LKO TOCAA, KOr44 OHO NMajaeT Ha Hee MO OnpeaeeHHbM
pnomM. Tlpu sToM yrodl ckoJbiKeHH: 0, AJAHHA BOIHL A H
(OCTOSHHAA KPHCTANJHYECKOR PelIeTKH d ponmxHbl OBITH

|1 HBL COOTHOIOEHHEM

nh=2dsin0,

n— mejoe 9Hcao, KOTopoe MoxeT OniTh HA3BaHO MNO-
koM oTtpaxenuns. Cxema YCTaHOBKH, HCTIONB30BAHHOM
o1y, nzobpamena na puc. 3.1. «Penrremopckne Jayu,
gpofiia uepes uleas S, NaaanH Ha NOBEPXHOCTH CKOJA &
(picTasaa (heppoinaniia Kanns, yCTaHoBAeHHOTO Ha NPH3-
oM CTodHKe crnextpoMerpa. IlopepXHOCTh KpHCTA/LIA

Mu ynorpefageM 3Aech TepMHH &IHHAA», HECMOTPA Ha TO 4To

Cpuoa, Koraa npﬁﬂ{‘.{[”failf[- 3TH ONHTH, ':I'IC‘HT!\ 1!|1[Il§'.‘l'l'” (bL10 I'I]'lk:.’l'

Th HE KiK pﬁfl‘l:!l‘.‘l(‘.']f‘ll]!@ no AaHBaM BOJH, 4 Kak ['ﬂ(.‘il]’.'(.‘.'h".'l{“
{OCTH®», T. €. Cn(')i.'(.lﬁlli'lf'l'ﬂ |1§‘U'iP[EFﬂfTﬁSIT!- MOraoueHHEd;
: COOTBeTCTBO-

| 10 EMECTE
COOTBETCTBERNO CREKTp n3o0pawancs KpuBofl (ee BHCOTA
WHTEHCHBHOCTH), 8 HE AWHHRAMH HA (POTOCHUMKE.
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Onl1a BepTHKANLHOH, H B 3TOH IVIOCKOCTH Je€xajaa reoMel
pHUECKAR OChb CIHEKTPOMETPA®,

[Tpu mepBHIX npuMeHeHusx 5Toro Meroaa bBpsrrampgy
rakxke Moaan ¢ U. I'. JlapeuHoM HCMONL30BAJIOCH 3TeKTPE
YyeCcKOoe AETEKTHPOBAHHe, OCHOBaHHOEe HAa HOHH3AUMH, NE
HIBOANMOH PEHTreHOBCKHME JydaMu. Moamn oTmeuan, 4

=

Pue. 31. Cxema pacnofomenuiy KpHCTAAAa, HCTOMHHEA CO MLETEIO
¢poTonacruim B ycramoske Moamn [Phil. Mag., 26 (1913), crp 1028
puc. 1]

€3TOT MeTOoJl YCMeUIHO JAeHCTBYeT JIHIIL NPH HeH3MEHHOM
HCTOUHHKE H3JNY4eHHd», NO3TOMY OH paspaboran cnocoOnl
ICNOMB30BAHKA thoTorpadpuyeckoro JAeTeKTHPOBAHHA.
«POTOMJIACTHHA YCTAHAB/JIHBAJACh HA ILIEYO CHEKTpQ
MeTpa, NpHYeM Kak NJacTHHE, Tak H I[IeJh pacnosarafich
Ha pacctosiHun 17 cM oT ocu cnexrpomerpa. HeobxonumocTs
JMMEHHO TAKOro PACMOJOMKEHHA 00yC/I0B/AeHA TeM, 4TO NpH
paBeHCTBe YKasaHHHX pacCTOSHHA Touka L, B KOTOpOil OT
pa)KeHHHH NMyd40K MajaeT HAa (OTOMJAAETHHY, HE 3ABHCHT O
YNOJOMKeHHY TOYKH P TNajeHHd HCXOJHOTO MyYKa HAa KpH
CcTana, ¥roJd, noj KOTOPHM YCT2aHABAHBAETCH KPHCTAMNT, HE
IMeeT CYULeCTBeHHOIO 3Ha4yeHus, NOKyAa oH obecneqHBaer
nonajaHue NajaloWEerg nyYka Ha Kakyw-a1n60 4acTh No=
BepXHOCTH KpHCTa/lJla Nod HeoOXOLHMLIM YyrjaoM, ¥roa 0O
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JAViHTE H3  cooTHomenus 20 = 180° —SPL =
- SAL.

| uaveperna yraa SAL npumensuics caeLyiOuUIdH

[lepen poTorpadpupoBaHHeM MO KDPaAM NJIACTHHE

it iuchL omopHee JuHHEH R, Ilaa 3Toro Kpmcrana 3a-

| CBHHIOBHM 3KP4HOM € Y3KOH HIenbio, COBNaAaio-

ocbio CHEKTpOMeTpa, H MIACTHHA SKCIOHMPOBaJach

[TeHOBCKHX JiyuaX B TeUeHHE HECKOJbKHX CeKyHI.

I vIbTATE HA IJACTAHE BO3HWKaJla ,unus R, onpefne-

' ToJoKeHne TpAMofi, coe/uHAell TOUKH S H A.

| 1 Tukna R BaHocmaach aHaJIorHYHO Nocje NOBOpOTA

| CHCKTPOMETPA Ha ONpeAcIeHHEN Yrog. 3aTeM IIeo

I B MOJOMERHe, HeoGXOoAMMOe AN TOro, YTOOH

aTb» OTpaiKenHslt nydok. Yraw LAS, ompeiensiouine

crne J06oft noayueHHol TPH 3TOM HA NJacTHHE JH-

HaXOMHAHCE 34TeM 110 NOJOMKEeHHIO STOH JWHHH H 1O

criovy veay RAS, na koropril 0b/10 TOBEPHYTO TLICYO

pomerpa, ¥roa LAR hamepsnca ¢ olinOKoH, He mpe-

onsedt 0,1°, myTeM HaJoKeHHsd HA HEraTHB IJIACTHHE

leceHHBIME aHATOTHYHHIM 0Gpa3oM METKaMH, pachofo-

iivu gepes 1% UroOul HaitTH NO STHM IaHHEIM yrod

oHisl OTPAJKEHHOTrO MyHUKa, HeoOXoaumo Owio cle-

, qBe HeOoJbIIHe NONPaBKH, YUHTHBalOUlHe, UYTO HH

cpXHOCTH KPHCTaJJIa, HH lledb B CBHHIOBOM 3Kpaue HE
|a1aJii TOYHO C OCBIO CHEKTpPOMETpaZ.

[lopAAOK n «ONpeesaics NyTeM thoTorpad@HpoBaAREA

| lOTC CIEKTPA KaK BO BTOPOM, TaK H B TPETHEM TIO-

s+ TakuM cnocoloM MOMHO GHAO NPOBEPHTL M TOU=

rb peayabTaTa. Kpucragmmuueckas CTpyxTypa cdepponna-

KaJisi B TO BpeMsi He OwlJa H3BecTHa, YTO He NO3BO-

0 BLEMHCIHThL NOCTOAHHYIO pelleTKH d, OJHAKO AAHHLIN

cTaJT MOMWCHO OHJO «MPOrpajiyHpPOBaTL? MO KPHCTAMAY

cnpoft conn. Kak nokasaxa Y. JI. Bparr, aToMHl Na u

(| gamemnoH coam o0pasylT NPOCTYIO KyOHMECKYIO pe-

'Ky, NOCTOSHHYIO KOTOPOil MOKHO BLIYMCAHTE 1O TAOT-

M i MOJEKYJSPHOMY Becy KPHCTamJja C IOMOUIBIO YHH=

LCncanbHEIX TIOCTOSHHBIX — wHeaa Aporaapo Np m sapsiaa

ckTpona ! e. 3nayenus STHX BEIMMHH (ocoGenno BTOPOIt)

(114 ONpeleleds B TO BpeMs HEJZOCTATOWHO TO4HO, HO

(oCcTOAHHAS pelleTkH ¢ TNPONOpuHOHAIbHA KyGHueCKOMY

| Jlas onpejiesedna MOCTOAHHON peleTRH He tpebyercs 3uaTh 3apaj
xTpona € (cp. ¢ ra 2).— [Mpus. ped.
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KOPHIO U3 HUX, T2K uTO OWNGKA OKa3asach He CTONL ceph
HOIl !,

YerpoitcTso a9 3aMenu MHINeHefi Nokasano na pHe. 3
H 3.3. «ANOMEEMEBAaA HaNpasJIfIomasn, KOTOpasi HeceT My
IIeHH, MOMET cMelllaThed B 00e CTOPOHH ¢ NIOMOILLIO LIGH
KOBOH JIECKH, HABHTOH Ha MeNHEE® KaTYLIKH. (Karyugy
MOIJIH [OBOPAYHBATHCA NPH NOMOULH HPHTEPTHIX CTEKASL
HBIX NPOOOK B BEPTHKANBHBIX TPYOKAX, Paclod0skKeHHLIX
O0GEHX CTOPOH OT OCHOBHOM Tpy6ku). Menesuwi sKpan 8§
3aKpemJIeHnblil Ha NOJO3bsAX, CHAGKEH TOHKON BepTHKAJIES
HOIY 11e/1bI0, OrPAHHYHBAIOUIEH NYYOK PeHTreHOBCKHX Ty el
lileas moaxcua Guaa yCcTaHaBJAHBATLCA TOUHO 3a dokyco
IyuKa, HAYLUIEro H3 KaToaa (peHTreHOBCKHE JYYH BO30YIH
panuck OGoMOapAHpPOBKON MHLIeHeHl KaToIHBIMH ayuamulg
BO3MOXKHLIE HESHAUHTENbHEIE OWHOKH MOXKHO GHIO OTKODS
PeKTHPOBATb, OTK/IOHAA KAaTOIHLIE JVUH MaruuToM, PedTe
TEHOBCKHE JIyuH BLIXOAHJIH 4epes GOKOBYIO TpyOKy aAnamers
poM 2,5 CM, 3aKPHITYIO AMIOMHHHEBLIM OKHOM TOJULLHOMN
0,022 mm». CnekTpoMeTp SKpaHHPOBAAH OT HeKeAATENbHOrG
H3JTYYCHHA CBHHIOBLIM KOJKYXOM, KOTOPHF OKPYXaJa Tpyos
Ky, KaK IIOKa3aHo Ha pHe. 3.1.

Bo sropoii paGoTe HCCTeI0OBaHHS NPOBOLUINCH ¢ BOM-
HaMu Goabuiefi giuublL IIpH 3TOM BOZHEKAN AONOJHHTE/IDe
Hble TPYAHOCTH, NOCKOJbLKY TaKOE H3JYUEHHE «HE MOMKETD
TIPOHHKATH Yepe3 aMIOMHHHEBOE OKHO HJAH cjoff Bosayxa
TONLHHOK GoMec OHOro-ABYX CAHTHMETPOB. [osromy do-
’l'(}rpflfi]lipﬂ[]flHi.’l_" NPUX0AHJA0CH NpOH3BOJAHTD HH'_-."T])H Bd-
Kyymuoro cnekrpomerpas. Ha puc. 3.3 nokasana koncrpyi-
nua storo npubopa, PeHTtreHonckasi TpyOKa <COCTOHT H3
Gannona, coleprKallero KaTon W COeAHHEHHOTO0 OYEHD GOJb-
WAM cTekasHHpM T-06pasHuiM 0TpocTKoM ¢ aannnoil TpyG-
Kofi auamerpoMm 4 cM, B KOTOpOH HMeoTCA noj03bs R K
Hecywasi wacth C; S— weab, onpefensiomans rpagans
nyuka, W — oxHo 3 30a0700TGOiHON NJASHKH 2, OTHeAsIO-
mee TPYOKYy ot cnektpoMerpa... CnekrpoMerp, creuuanbuo

! Tlo cynieetBy, »TH BeanuHum B MoGoM o
OpH OnNpemeaeHHHd OTHOCHTENALHEIX 3HAYCHHH, Tak
QYCHHS OMHHE BO
NPROIHKeHHN T MHOATHTE b,

Tak wmasupamor MEMODANY IKHBOTHOTO NPOHCXOM(ASHHA, HCHOMB-
AYeMVI0 Ian OTAeleHHE JHCTKOB MCTAJNJa OpH H3TOTOBJEHHH 30J0TOH
tonery. O6eMHO 5Ta naenka BO3AYXOHENPOHHIIAEMA, XOTA I
OyeT nakHpoBAHNA, H UPEIBHTANHO NPOIPAUNA [J9 PEHTrEHOBCH
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I wenepHMeHTax GplaH MoJyUeHbl CIeKTPE 38 sne-
joMHHHA 1o 3ojota. Ma HEX LA 15 ;‘JJI.L’_‘.\EPIl-
B | 1o Y) Gbijay B3ygeHst Jub K-cepuu, ais 17 .Tl"!-{‘-
Sn 1o Au) — Toapko L-cepud H Julib AJA

Ag) neanasn Gbino usbexarh obuero orpaxenns, K cof
JACHHIO, NPH POTOrpapHPOBAHNH STO NPHBOANT K Heperydl
HOMY (OHY, KOTOpHIl MOJAHOCTBIO CKpuiBaeT caabbie il
cliektpa*. buno uasectho, 4To (OH BOIHHKAPT H3-32 Hél

YHA Ha NOBEPXHOCTH KPHCTaJMAJaA obaacTei HEOJIHODOAHOS nr BYY
ocoOeHHO XOpollo oTpaxkamwliHy najalouiee Ii.’.i.'l}"—]E‘H-
HMmenno 310 0GCTOATENLCTEO TO3BOINIO f!.‘!.‘:l-péiﬁDTa’l'b ng
CTLIE METOAH, NO3BOJIHBIIHEe H3DaBHTECH OT {IJOH{L IIPF_‘ {9
BCET0, NPH CYIKEHHH LIEJAH HJIH YBeIHYCHHH pACCTOAHHAS
Hee A0 KPHCTaadJa HHTeHCHBHOCTL (hoHa YMeHbLlaeTcd
CpaBHEHHIO C HHTEHCHEHOCTLIO JUHeRYaTOro CIeKTpa. :_' i
Me TOro, NOBopOT KPHCTAJAAa NPHBOAHT K CMELIeHHIO H S SRV
MBITHKO " [IHTEH, TOTAa KaK pPe3KoCTk JHHHH COXpaHsiers i s
le‘HJ.\i(‘HlIOi‘-‘J. eCJH eJgb H LIJUTUJ].JIHCTI[HE{ pacno/ioxien ,
HA PABHEIX pACCTOAHMSIX OT OTpaxaionlell NMORePXHOCTH “iig :
nocjelHee yoJdoBie, KAK ML ViKe OTMEYaJjH, BhLINOJHJI0E g
npu paboTe ¢ KOPOTKHMH BOJHAMH. t !
§
Tabwya & i
Peayasrare namepennfi Mosan pas K-cepnit penrrenoBckux ayyel | -
[Phil. Mag., 27, cTp. 708, TaGa. 1 (1914)] '
qB ATOMITbE B .
i i .elll-..m:n?:'w Qx ’L]J"-’-“I“:f J.:ﬂ lg-nf:':
Aromin i 8,364 12,05 13 7.912
Kpesmunii 7.142 13,04 14 6,729
Xaop 4,750 16,00 17 - :
Kanuin 3,759 17,98 19 3,463 .
Kanpuni 3,368 19,00 20 3,094 1
Turan 2,758 20,99 292 2.524 ¥
Bananuit 2519 21,96 93 D207 .
Xpom 2,301 29,98 24 2,093
Mapranen 2111 23,99 25 1,818
Keaeso 1,946 24,99 26 1,765
Lt i | moe | oo | i o pewmenosee Kecnexmw wnn 10 steweumon, ks
Mexs 1,549 98,01 29 1402 wexay Ca u Zn [Phil. Mag. 2 s
1lnx 1,445 29,01 30 1,306 )
Wrrpud 0,838 38,1 39 2, 0 snementos (Zr, Nb, Mo, Ru, Pd n Ag)— obe cepuit.
i O s 2 — W |} ra6a. 3.1 npuBe/eHBl AaHHLE TO SAEMEHTaM, ¥ KOTOPBIX
f\[!]:;}[ g::‘-gltl |“!b§’ H 5 jceaciopaiuck K-cepul, a Ha pHC. .'3‘3 noKa3aHhl cln_eiinTbETl
Pyre 0.638 436 44 o NecATH M3 STHX 3JEMEHTOB, PAacloJOMeHHHe TaK, 4T0 «Te
Hansauni 0,584 15,6 48 = wnctrn oTOrpad K, KOTOPHE COOTBETCTBYIOT OLHOMY M TOMY
Cepedpo 0,560 46,6 47 — e yray OTPaeHHd, pacnoaaraiorcs Ha ONHON BepTHKAJADb
- AU BOJH C

— . Woft JanHEHH»., PeryasapHOCTb BO3pacTaHHA
50 al




YBEIHUEHNeM aTOMHOTO HOMepa COBEPIICHHO ODYEeBHAHA, b
ITOH KapTHHE, NO-BHAEMOMY, aactanua Moaan npeans
AKHTE KBAAPATHIHYIO 3aBHCHMOCTb, KOTOPOit o H cae108

MPH BLIYHCAEHHN BeJHYHHEL, NPABEACHHON B TPeTheM CTON
e taba, 3.1:

v L

Qx = 3 '

7 i

3MAECH ¥ — YacToTa JWHHH, COOTBETCTBYIOUIel Goabinedl

He BOJHEL B KamKIOM COEeKTpe, a \‘u‘—«(i]}'il;’la.\{E‘I—ITﬂ.'lbﬂ

1aCTOTa OOBIYHOrO JiMHeiivaToOro chnekTpa, moayiaemas |

nocroanuol PuaGepra, pasmoit 109720 cMm~! [mo nanmng

Moaan] ... Cpasy suano, uto Q soapacTaer ma CAHY H TY ¥

BEIHYHHY MNpH nepexoje OT OAHONO 3JIEMeHTa K ApYrom

PacrnoJoXeHHOMY BCJEd 38 HEM B NEPHOTHYECKON CHCTEM

3TO NOKA3HBAET, 9T aTOM XapakTepH3yeTcs HeKoir (Gyuad

MEHT4JLHOH BEJHYHHOH, KOTOpas BO3pPACTAeT CKAauKooh

PasHo NpH Nepexofie OT OAHOrO aToMa K JAPyromy. o]

BeTHUHHOH MOXKeT GHTh TOMLKO 3apAL PacloN0KeHHOrO |
HEHTPE aToMa [OJIOKHTENLHOr0 fApAa, CVILeCTBOBAHHEe KO
TOpOro vike GLLIO onpenesnenno aokazano. Mamepsas orxiad
HEHHEe g-1acTHl B BeulecTBe, Pe3epthopa noxasad, urto s
HECET NOJOMKMTENbHEIT 3apAj, pasHuil no abGcomoTnoll Be
JHYHNHE NpaMepHo A/2 3apsanam saeKTPOHOB, rae A — aTto)
UL Bec. bapkia Ha ocHoBaHMHM ONLITOB NO pacceauunio
BEUIECTEE PEHTTEHORCKHX JIy4el yCTaHOBRI, YTO YHCI0 DTl
TPOHOB B aTOMe pasHo mpumepuo A/2, uto jas snerTpi
HECHH HEHTPaJALHOrO aroMa TPHBOAHT K TOMY e pesynb
TaTty. [Hanee, npr mnepexone & CASAVIOUIEMY 3SJIeMEeHTY]
ATOMHEI Bec BO3pacTaeT B cpeideM Ha 2 eAWHHUE, H 5Tq
HABOIUT HA MbICab, uto N (3apsaf AApa) BospacTaer of
aToMd K aTOMY Ha OAMH 3apaj sjekTpona. Takam oépasom
JKCOCPHMEHTANILHEIM MyTeM MB NPHXOAHM K TOMY, 4TQ |
COBMALALT ¢ HOMEpPOM KJeTKH, 3aHHMAeMOH 9JeMeHTOM B
OEPHOAHUYCCKON CHCTEMES, |
Hanenefiias paGora Moaan, KoTopan GHia H3/J0KeHAS

B ClIenyioulelt cratbe, noAkpennaa sToT BueoA. Ha puc. 3.5
COEKTPH 37€MEHTOB ! HaHeCeHH HA PaBHOYAAJTEHHLIE ropH-
JOHTAALHBIE JHHNH. DJAeMEeHTH PACHOJOKEHH B MOPAJkKe

! K stomy mpemenn yme 6uA0 YCTaHOBJGHO, 810 cmeitp K-cepnu
COCTOHT M3 ABYX awunil, a L-cepua COepHAT WECTh JHARI, YETHIpE H3
KOTOpEIX OBl TIIATEARHO HPOMepeHk,
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“O3PACTAHHA HX aTomuoro Beca, 3a uckmouenney aprog
Ar, KoGaabra Co W Teaaypa Te, rae sror nopa o §
COBIanaer ¢ nopsiakom HIMEHeHHA XuMHyeckyy CEOHeT
i]r;-3<':-J:Lmrmmhrf-_- JHHKE 6RiH OCTABJCHB s TeMeHTH
Pacnojaramouyes MEKAY MornGaerom Mo g pyrenten
Adaee Mexay Beoaumon Nd »u camapueM Sa, a rax
MEXRAY Boabppamom W n ocmuem Os, Hn ogun 3 KEOTOp
Clle He wu3BecTen. B TO Xe BpeMma g ryausa Tm, peg)
A0IrO mepesn tem Pa3/IeNIleHHoro Ysawéaxoy Ha 1nBe ¢f
CTaBaAflolne, 65110 ocTabgeno ABC JHHKK Y, Bee 379 paBHg
CHABHO NpHNHCHBAHMIO Gleayiomum apyr 3a Apyrom sy
MEHTaM HaGopa Hocie0BaTeIbLIX ey uncen. ITo srom)
NPUHLHDY Hetoe uneno N AR TPHHAANATOrO siementa M
PaBHO 13, a smayenus N, npunnmaeympre NpH 3TOM ApyTruMy
VIEMEHTaMH, yKajanw g JIeBOl noaoBuHe PHc. 3.5. Taxo
NoAXoA Obla onpasaag TEM, 4T0 OH BHOCH abcomoTHmf
NOpAAOK B cnexTph PEHTPEHOBCKHX myyef, Bunmarensnof
H3Y4eHHe pue. 3.5 NOKAa3hiBAET, 410 SHaueHus v nng pe

HCCTCAOBAHHLIX AHHHI Kak K-, rak u L-cepun nonanam
TenepL Ha peryaspuue JHHHH, OAH3KHe K NPAMBIM.

«Ecan 6u JNEMEHTH. He XAPAKTEPH3OBAIHCL STHMK e
JLIMH YHCAAMYE WK B BEIOpannoM NopsiKe uX clenopanus
buaa 6m caenana OlmubKa (to e OTHOCHTCH K HOMepa
KJCTOK, ocTaBaennuix ag HEH3BECTHRIY IIEMEHTOR), TO 373
PeryaspHoctn cpasy Gy licyesana 4, Taguy 06pasomM, ocuo

' Ha pue. 35 aay ofo3navenns aproya HCMOML30BaCH 3pak A
A5 CaMapus — Sa. Kpome toro, COMMIACHO COBpeMenmm DauunM, 3gecy

CAEAVET MOMeHATH MECTaMu mnenposuil Dy (B opurunane Ds) y ro b=

Mufi Ho; nanee, JNEMCHTH HTTepOuiT Yh » AOTeUnH Lu umeior atompna
HOMepa 70 u 71 g 4TOMHOMY nOMepy 72 OTBeMaeT spement ratpumi
HE. — Mpua. pes,

¥ixe s neproj cBoelt ctatee Mozan OTMETH, YT «CaMo wneino A,

TO-BHAMMOMY, aBAseTen CI0MNHOH Pyukuneit No UTO «aTOMHBE peca)

MeHAOTes
nocJaeaoBare

# Bee 1p
FOABKO pernil Re, crosmuf Memay W n QOs, BCTpeyaeTca B npupone
B ECTECTBENHOM coctosiuy Xumpus PEAROIEMEIBHNX 3MeMenTOR Ype3nnl-
YaHHO Chomua; per OCHOBauuil coMuesartnes g TOM, 9TO ¥YsamGax #paa-
ACARA® TYAHA, ofHako pey TaK#e OCHOBaHHA pasMemary, HBE ero co-
CTABAAOUINE B CMeR 1y KICTRAX B nepHoanvyeckoi cHereme. Kak oxa-
3410Ch BHOCAENCTRHN, p PACNONOKEHNH HEKOTOD LY 57EMENTOB B sSToff
08a3eTH eCTh omnGKy. (Cu. mpimenanye | — Ped.) .

¢ Iro YIBEPMACHNEe neMuora npeyeeanteno. B pactosimee BpEMA
HABECTHO, 4TO 3aement Ho. AdHHBle N0 AJHHAM BOJH ang KOTOPOrG npeg-
CTamMeHsl na pue, 3.5, umeer ATOMEBIA Homep 67, a me 66, KdK YKazaHo
HA pHCYHKe,

JT(.!'BII_-'[II"IC'.\I}'. JLOCTaTouD flpO:fSBt'J.’JLFlD. TakKk 4r1o HApYVIlenna
*HOCTH HX Pacnonomenny H&8 pue. 35 He YAUBHTE bHOS,

a4

H HEAdOCTalONLNX FICMEHTA NMo3igee Oy OTEPLITH,; H3 nux

0JIKO HA PeHTreHOBCKHX CHEKTpax i He nn:lp:iiqn‘
10 TEOPHIO ATOMHOMH CTPYKTY P, -\m m % \1
. oAy o TOM, YTO STH Iejbie YHCAA ACHCTBHTEAbHO X2
r I' l"illll I~ L.lh llbu\l\l;:h:uro Hanboaee BaIKHON COCTABHON
IIII-I['_.:I ABASETCH €0 LeHTpa/IbHoe JTD."I[};F\IiTt:';L:I.:‘iI.f
ioe sapo, a pan gen Bpyx BBIABHHY I ”I:‘w:u
1To ':.'IIMQ.'L a/pa Beceria ABJIAETCH lE‘c.‘..-:I\T. ::(;m;i_;!_ﬂ
WA saapa atoma Bogopoaa., MuemTes Bee uc‘] A
e HTO IleJ0e YHCNO, YOpasasiollee CHIeKT|
I. | I]Irl Jiyuelt, coBmazaer ¢ YHCIOM _t-tlni-lntlvs‘.ll[:{\;
o ..-.|'H”i£j]]ﬂ:'lé1 aapa. Iloatomy Haiuu jm_:ﬁe{?u.,{ _.l.l,_
'Ir-wm;'r HaWIydlllee BO3MOMKHOE HORTREPIHCIE Hi”e flf_\
I Il-r.'.-Julu nen Bpyka. Coaan otmeuan, tq:r,-w:;s{:;g;o;l;ﬁ,;‘
Micrsa  pagHOaKTHBHEIX a.-l.um'mun.ljl.?!? (L. At
1eHHEe 3TOM OTe3bl A/1f 3JEMEHTOR OT T2 :
..I. I. “!I.'Ii[l-[CL -J'Jr:}m;fa”r!:l‘:[_mﬂ NPHMEHHMOCTL NIPEICTaB/ISETCH

b HATEHHO YCTAHOBACHHOHS.




lnasa 4

CBEPXNPOBOAMMOCTD

Brepsuie réanit 6pn onanke
RO 1 VBl oxHiKeHn B 1908 r. Xafixe K |
MeHi CT”aIingLjf}"I:;-[EJ?F']”ICHCKUM YHHBepCHTeTe, H Irjzhgof":’;}ﬁe
TeMnepaTypax J-;I'r;:\b“m-?i H3YYaTh (hHanuecKne ABJICHHA np
b ‘{'Imw .,”d HECKOMLKO TPajaycoB Bhime adc
ILaBJleHuH 4,;5 I{J- ?)dmlc‘;””a?;i:?q TeIust mpu atMocdepnoy
Kacajoch - SEE 1 5 Y : " dpaBjeHun 3 Jier :
F’E”\'hff:. bl\::iiinii“rr:m £1)r CONPOTHBACHHS xre-ra.-'urifg 1(;12231%”
ot el ”p-“ l"i;"LHI I—erl-rlvc Y€ NPOBOAHA Noxo6Hke “clc 3
TeMHepaTypy -.F.-,',.,Z'?"“T-‘P"-" YMEHLI AN XS BILMOTh 0;1
CKOABKHX LIHL?'.I';F\‘(mc:-]l—gl"';?'?:i'}f}!\.xﬂ {Um{l{jm st ”E
THHERHYIO 3aBHCHMOCTL: s kL OOMAPYKHA npumepiy
Had .i'dtl‘:[lCJl‘..'llri]‘.‘l'tlil::Ti?‘c-{.;_){""J(?L‘{lf“::]{':-:{)“H yCTAHORAN, “TCIJ l:]-()(.‘lf.:}u‘
TAK Kak B o * OI0MAKATECA Gecnpenesm:
1”“-"(-1411._-’ Jlr[:(frtll_l’il:ﬂ.'llfnl Caydae npu aGeomorHom H\'].;)]Ll-"lirl)l|$]\[§
[POOT I ‘”'_m I'_“r'_C"TDF[!I-":'I'{’.'JLI]hm, Csp P.'rI,}J{(_‘I‘l_.\TC.,Hh.I{}F:H k
neparyp }JC[ll-'IlI(;J[}:L-dIM.’I I\:]_3'1{'1f""1“].4""0”““‘3 H IOCTHT Tend
epar) 1AKOTO Bostoposa (20 K) t e
JIOCh, UTO CO“{]U']-”H.QCJ”J{;‘ _‘_1{-]“[(_"']‘]_.;”"'('”
IH&'II'II;L'JE MelJeHHee. e

.I._\[(-.HHO 3TOrC H CAeS0BAJI0 OHCH]
MO YiKe HasBAHNOH AaTh, IPHYEM He ToOALK
R Tfih:;:ii;:m;f ,.J.T.pm,“”m' HO Taxmke mexoas w3 ;I%JTEII;?
Bak it o l;[J;{,;IcT‘liB.fE_cHnn 0 MeTaslax M HX cBoficrd
LECTBASETCH MyTem ‘rc:ii%?;mﬂ‘iﬁf IPOBOAHNMOCTE qcyal
HHE BO3IHHKaeT e JNCKTPOHOB, 4 CONPOTHRIE«
c armra\rukf\i:via ?Torn}u‘j}-;fTijTa;rE. A EHRR ’“P“ﬂrrifmfjf“hl
CONPOTHBIEHHS BIIOMHe oc HHEHHLIL XapakTep ymenbmenus
St el J'w,ny'L.-} e Ct:u.Jla.(-nm.ma.-'n-}! C OpeanoJaraeMbiyM
nepatypu. Oxnaanoer ocKTPOHOD HPH MOHHKeAMH Tem-
KHX Iéx—rnupan-p‘;{ ._?}’.'.G'I.HHHO' UTO NpH 10CTATOYHO m-m-
MEX, TOTIA comnomss o POHbl €KOHAEHCHDYIOTCA> ha aTod

: pit: NpOTHBJAEHHE IIPH Kakxofi-To Ti'lfnc-pa"rc\‘pﬂ

y IIPH 3TOM BESCHH
HO HaYBHaer YMeHRS
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GLiTh MHHAMAJBHEIM, H 3aTeM MeTall MOMXKeH
b B AHSJEKTPHK L,
01AEMOE B ACHCTBATENBHOCTH AOBE/EHHE MeTa 0B
puagaock of mpeanosaraemoro. Kamepaunr-Onuec
yTO MpPH NOHHMKEHHH TeMUepaTypH CONPOTHB-
i OJIBIINHCTBA METaJJOB CTPeMHTCH K IOCTOSHHOIM
j(le, TOTAA KaK V HEKOTOPHIX MeTa/ioB QHO MOQJIHO-
je3aeT NpH ONpefeNeHHO, XapaKkTepHCTHYECKOH,
| rvpe, KOTOpas, KaK BBIAACHHJIOCH, 3aBHCHT OT Ha-
{CHHOCTH MarAWTHOTO ToJs. DTH SKCOepHMEHTH OTHO-

. upcay paGor, 3a kKorophie Kamepanur-Onzec Obia

en B 1913 r. HoGenesckoii npeMun no GH3KKe.

reucHie Goaee ABYX ACCATHICTHA WMEHHO HCUE3HO-

ONPOTHBAEHHS CYHTAIOCH rIaBHOMH, OTJHUHTENLHOH

j0ii ceepxnposoinyoctd. OJHAKO HEKOTOpLIE ocobenHo-
0ro SBJACHHA UPHBOAWIN yUeHHIX B 3aMeaTeNhLCTEO.
7 MATHHTHOE Tojie TTPHJI0KHTE K 00L'THOMY NPOBOA-
(TonbKO He <heppoMarHeTHky), 4YacTb MATHHTHOIO
| [POXOANT uepe3 ToJuly nposojnnka. Ecan ke mpu-
L €ro K WAeaJbHOMY NPOBOAHHKY, B TOCAeLHEM HH-
yIoTcA  TIOBEPXHOCTHEE TOKH, KOTOpBIE CO3]alOT
| MPOBOAHHKA MarHATHOE TOJE, MOJHOCTLIO KOMNEH-
ilee NPHJIOIKEHHOe BHENINES MOJe, H TEM CaMbIM NOA-
|BA10T BHYTPH TNPOBOJHHKA HyJeBoe 3HAYUEHHE Mar-
ro NoToKa. DTO 03HAUAJ0, YTO COCTOAHHE NMPOBOJAHHEA
'HHTHOM TIOJe 3aBHCHT OT TOro, KAKHM CMOCOOOM 3TO
e GHAO JOCTHTHYTO 2, — CHTYalus B BHICUIEH CTe-
pnenpuaThan, [losauee, 5 1933 r,, B. Meiicuep, P. Oxk-
e1 o . Xafizenpefix noxasaiu, 4ro Merand, cra-
b CBEPXIPOBOAHHKOM, B AeHCTBHTENLHOCTH BHITAIKH-
. MAFHHTHBIH TOTOK, €CJH TeMmeparypa TOHMHMHKAETCH
. KPHTHYECKOr0 3HAWEHHS, Koria obpaser HaXOAHTCA B
uiTHoM mone, Jlanee B 3TOH Taase OyAYT OmicaHsl
ri Kamepaunr-Onneca, a takike Meiiciepa, Oxcen-

via u Xaifiaenpeiixa.

—

| VnTepecno OTMETHTE, HTO nopofpas KapTHRA B NEHCTBHTEALHOCTH
T MECTO B SHCTHX NoaynpoBodHnKax.— LIpUM. ped.

: Ecan ofpa’en HaXO[HACA B MardnTHOM MOJE A0 nepexona B CBEPX-
nfMlee COCTOSHHE, TO MOCAE TMepexoia BHYTPH HEro COXpaHUTCA
nTHeil noTok; ecad e ofpasen NOMECTHTh B NOAe Y¥e B CBEpX-

pasneM COCTOAHEH, TO MATHHTHHA NOTOK B HCM G}'IU'.‘T OTCYT=

RaTh

BT




3amMep3anna  BOALI, BEPXHHH KOHEI

TOYKH g i o
lepiAapaerca NpH KOMHATHOH reMnepaType;
LIC R Ba &

: i X deTcs;
fpyOKe readd XOpOLIO BLICYHIHB AET

OKy 3felieHHY a JBe YacTH
yepes TPyOKy, pasflefieHHYI0 HA 1 z e

Ycranoska, wenosbzonanmas Kamepminr-Otinecom
OMKHIKEHHS TeqHA, n3obpaiena Ha puc. 4.1 (a — doro
(hua Bcel ycraHoBKH, 6 — e CXeMaTHYCCKOR YCTpole

Boabmas uacte OyKkBennbIX ofo3Havennii Ha PHCYHEE ¥ i R REE noMelieHa BHYTPH TPYOUATHIX TenJ10-
HOCHTCA K TaKHM [AeTalfiM YCTAHOBKH, KOTOpPbIe 37echl AL RRSOREG Db .“]cp\-}HQi”IHX TEeN/JIOH30IALHEH.
paccmarpusaiores. Hac nuTepecyior anme e o0o3Hauey| fil iKoB ‘J_)_“ “_ o l'\.__l.']..\. naeTcs MapaMH BOAOPOAA, B
KOTOPHIE YKA3LIBaIOT Ha IBHOKEHHE notoka reqang. O I ! BEX RN St St

OCYINECTBJIACTCA N0 CACAVIOUIHM 3TANAM:
«a) resnii mpoxomutr uyepes TpYOKy Ca, WiKkuuij KoH|
KOTOPO# MapaMu 3XHAKOrO Bo3fyxa OXJIdkaeTcA JHAY

a

Pre. 4.1 Pororpadma yerauoskn Kamepaunr-Onneca nas OHMKEHAH

rexun (a) [Commun, Phys. Lab. Unjo, Leiden, No 108 (1908), nncr 1]

cxeMma ycrpoicrBa ocnosHoll wacTy yerauosk (6). Byrseunne o6ozia

NeHHA HA OOEHX WACTAX PHCYHKA 00BAcHeHn B Texcre [Commun. Phys, Puc, 4.1, (IIpoaoanenne)
Lab. Univ, Leiden, No 108 (1908), pue. 3]. ' 3
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LS Bk A A - T

APYTOR — mapamy FeJIHA; npofins
fI0T0Ka resns sHOBp coe THHAIO TS
B) depes TpyGry Cp,

uepes ary TPYOKH,

3ANONHCHHYI0 akTHRHDORANE
APEBeCHBIM yriem g nor [.1}';I-:L'-J{NJ\'F:jkril!:fi_{fllo'lI:'JJJET'-[-:I;;[J'{)‘-i'J\!cmg
;a'rj_;lfipmlmamrcs Te HeMHorpe .OCTEIJ'J(H-I]DJ_'[:;""EJ :i{{:JTO
VIH Opr 3AXBAYQHE 0K THS 7,y
:-:y.-'mu:-m;drb SaXBAYCHH NOTORON FeIHA B nponecce i
I_j uepes TENI00GMeHH K B NOMEUeHHR] B
BO3TYX, Henoasayemmp AIR OXMaxcnenna sk
OUBEMOB, sanoanepyyrx SON0POLOM H remey:
) uepes TennooOMentnk B, g KoTopom ‘rc-.*nrﬁ OXJT¢
RACTCHA MapaMu Kuuxoro BOAOPOAa: 1 -
€) uepes TeNI00OMeHHIK 5, HOMeIeHARI B nepapg
LIHICH TIpH navreHHn 6 yy PT. CT. WHAKHf Boag 0{ ap 0
CKATLI reaufl oxg AAaeres go 15 K; -
¥) oTecroga B Perereparop A.,, :
3]_ JaTeM renmiy Paciipsereg Hepes Apoccens My
_ Hocaeannit sran ABJIACTCA Kioyerky po BCEM np’;:u.ec
Korza ras noJsyyaer BO3MOMKHOCTE PacuupaTtoes y gy
AHTE yepes OTBEPCTHE M3 oGaacry BEICOXKOTro 'rara‘me '
OBIacTs Gosee nuskorg LaBIeH, ”I':’*}.IIECFJST'\"EI",{ .m_om
HuXKaeres, npagng, PH yeaosuu, urg ras m-::e'ua'cr'm'
HpH TeMmepatype mmyce onpenerennorp -.BEIFI‘I-"!"“-“T
HaskiBaemoify Temneparypsy HHBepCUd, KoTopas 4':1Jr3'ri‘c:f|r
BlIa rasa ', Yro6m moxmo Obl10 p06HTECY :';;1;113;-:}-[1=!':r 30|
UHTeNBHON wyaery rasa, o ApoccesHpoBang ;u‘!_ .'-4.0'1;}{
HMeTh TeMIepaTypy pasa g TPH Hike "re.mrepar‘-.'p_r-,f 1'4;-'135
CHH, KOTOpas nna renus Pasua 51K. Hmenno nng am;wlw e
OOXONHMH Bee npelBapnrennype CTAlHA OXJ1a 3% ‘[,ClIHf-H B4
nouemy yxe camo N0 cede OxmKenpe reJins ﬂm*iw--r : '
VOJBIINM NOCTHMeHey. i
«...Korzna TeMnepaTypa

KU
PanoB pg

OH}"CK{:I.THIL‘!J CTOJabL
HauYNHan crexars KITAKHA renuft, op cobnpaacy g HH¥KHa)
TaCTH CTeKnsmHHORg cocyna Mewoapa Eq. Br:r:p\--r' n 'n\ a
HOH HHMHeR HacTu 3Toro (‘DL‘.}','I& L‘OJ.’E!‘.HE.'!H.C“h -I"I'E‘J'IQJLD-I'II-;H
f*f'm””’ H3 JANAKoro Boaopozna. g stof L1 npt.‘:rra 3Ha
1aJ1CH  BTopoil CTeKIAHALIf cocyn Hwioapa Fp KOTopHhi
BMecTe ¢ cocyzom Fg 06pasoBriBan 3aMKHyTOg '[J]J{ﬁ'i‘pl-{l i
Rt .

HH3KD, vy

310 S T IBCC A H 2 i 3 (1!. Ak AL = 10N
(v { Lide H3Beer 1 3B 1 L *K

rp{: €H nog a3Bannem 3 Ta HOyan ‘MY
C .’f\LI \F H Oﬂuk” A — l\{’- bBHHA OH HCno LayYercn Bo BCEX ox
LK) D CTHAX I\U.H.:’PGLCUIJHU; 0 THhOa, g TOM 9 Che u B i
JLU.']L),C[EI.']LH“N&X. ’ ¢ :
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KO3
Matlyu

| MpeAyCcMaTpHBAIaCh BO3MOJKHOCTL NpelBapH-

i | OTKAYKH 3TOTO TPOCTPAHCTBA M aanoJHEeHie ero

ion0pasiuM BoAopodoy (HocaeaHee uc-nﬁin.'.\z?

1 pranug B JajdbHeHIIeM YIOBJETBOPHTeNBHOMN

Wi TH KHAKOTO no_irapu.m,].... Cocya ¢ BoaopomoMm

CH TPeThAM abloapoM Ec¢ ¢ muaxum BO3AYXOM,
CBOK ouepelb ObT momellen B Abap Ed co
narpeBaeMull OyTeM UHPKYAALIH L, A
' I0UIbI0 BCEX STHX YXHUIPEHHE H 4pe3BLIYANHO BL-
ICTOTH FeJHsl HAM YAaJl0Ch TOAJEPIKHBATL ycTa-

I0JIHOCTBIO APO3PAYHON BIVIOTH 0 KOHIA 3KCIEPH-

. NPHMePHO B TeueHHe 5 u»,

Heppple H3MEPEHHAS! CONPOTHBJIEHHA NPOBOIHJANCE Ha
pHIIpOBAHHOR YCTaHOBKe s OMCHIKEHHA TeNHs, H30-
IHOH cXxeMaThHieckn Ha puc. 4.2, O6pasuom CAYIRHA
I0Bas NMPOBOJOKA, YKasaHHas Ha pHCYHKe OVKBOM Q,

i 1 HCAOJb30BaAaCh B IpeABAVIIHX IKCIEPHMEHTAX,

' TIATHHOBAs MPOBOJOKA HAMOTAHA Ha CTCKAAHHBI

p, TIpHYeM Aa8 obecnedyeHus Gmbm“en TIOTHOCTH
raHHs HAMOTKA MPOH3BOAHTCS Harpetol NpPOBOJIOKOIL;

I0JeHEble KOHIBI npoeoiokH W, u W, npupapupalorcs

ay. K 3THM KOHIAM OJOBAHHBIM NpHIOEM HpHTaN-

51 1BOIHBIE IATHHOBHE nposofa Wa, Wa u Wy,

I i nNposoaa 0603HAYEHE! TEMH e GYKBAMH B MeCTe
la nBepxy cnpapa. «ConpoTHRAEHHE HaMepsIOCh MO-
Vurtcrona... Oraszanoce, uto NpH OXJaMKIeHHH Mo re-
' TEMAEPATYPHl CONPOTHBJAEHHE YMEHBINAAOCH, HO O
KeHHH 3TOH TeMNepaTypu OHO NPHHAMAJIO NOCTOAHHOE
HHE, COBEPUIEHHO HE 3aBHCAIECE OT AaHHON KOHKpeT-
emneparypsl. PesyanTaTtsl npeacranaens Ha pHc. [4.3],
OTOPOM XOpOILO BHAHO ACHMAOTOTHYECKOE CTpeMJIeHHe

IPOTHBJACHHS K IOCTOAHHOMY 3HaveHmWio mpu 4.3 K», Ha

PHCYHKe MOKasaHsl TaKMXKe NpPeKHHE peayibTaTe, I110-
HHHE Ad5 ABYX OGpasuoB K3 50J10Ta, CoOlepsKallero
IHYHBIE, HO H3BECTHBIE JOJH NPHMECEH. CpasHnenne aTux

Hx npuseno Kamepaunr-Ouneca K MbIC.,'Hiz. uTO A

UHCTOrO0 METajJa cOnpoTHBJeHHe 2 momKHo

IJIBHO

IMo-eranmomy, 310 neolxoanMo, wTobH ONPeROTBPaTATL 3aMep3a-
CITHDTAa. : .

- 'll.ulsu.rmlﬂ.':elme HACA/ILHO THCTOIO METanJa CTPEMHTCA K my.aio
T = 0K. Cobpemennas Texuuka no3sojser npuGIHINTHCR K STOMY
1EAY, 970 HaeT BO3IMOGKHGCTL NOOYHaThL MEeTaaNH, E‘DHFFP'TIIH.’IE'III]L‘
'PRIX NPH OXJAMACHHH Najder B COTHH Tuead pa3, — Mpum. ped.
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3l npH TeMnepaTtype BHEIE TOYKH KHOEHHA TelHS,

i il nokasano na puc. 4.3.
| qedviolliMm atanoM OeJI0 CO3AaHHe cOcyna, HasLBae-
Wi A IOCTATOM, KYAA MOMKHO NepeinBaTh HHIKHHA reani
A

l

.
’ /
0,005 - T ‘\\f} S A
plab” |
0,002 e
________________ Lo a2
L et z | [
] =
5 g 1] a0 25

0. 4.3. ConpoTusanesne apyx 00pasuoB H3 NAATHHH R ABYX — H3

Jiora (ToHRMe TYHKTHPHHE JHHHH 78 00pastoBb H3 3070Ta — SKCTPA-

wonnuns) [Commun, Phys. Lab. Unio, Leiden, Ne 119 (1911), anct 111,
pue. 3.

o

§ 1 KOTOPOM MOTJIH Obl OMellaThcs GoJjee KpYMHEIE SKCIE
pivenTanbHEE 00pasun M YCTPOHCTBO AJd nepemMelHsa-
Wi (mocaennee godiHo ofecned4HBaTb OLHOPOAHOE pace
jipestesenne Temiepatypel). Ilepesie OMEITH [10 H3MEPEHHIO
CONDOTHBJAEHHA B TaKOM npHOOpe OHUJIH NPOBEIECHH ¢ 30.J0-
i pTyThio. Bo BTOpOM ciyuae COMPOTHBJCHHE TIPH 3K
crapiaano menee 10-* or ero anauyerus ! npu 0°C, Toria

| MppuMajbHas PasnocTe NMOTEHUNAJIOB, KOTOPYIO MOr perHeTpupo-
i K amepaunr-Ounec, cocTaBsaa 0,03 mxB.

ST

'N{\t_ R

Pl 4.2, MognduunpopanHas OMUMHTEAREAR YCTAHORKA IS H3MEDEeHHsT
CONPOTHBNEHA.

WA - AMET TOT e eMHCI, 410 H Ha pue. 4.1, Jhumie, BRI XCGEH:

paBo, TPeACTIBIE coBoit coeImiennd ¢ ADTORHHTEIbHOR

ofl, HCHOALACBANNON B ADYTOM SKCIERIMEH Lab, Univ.

Leiden, ¥ 119 (1911), aucy [, puc. 1 (vacTs PUCYHEA yraaena)|.

[venenntie oB031naYe

» |Comumiin, Phy
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(T [noM cavdae HIMepeHHA NMoxasaau NoaHoe HeHes-

i OHPOTHBASHAS, OAHAKO STH H3MEPEHHH, NO-BH-
i L HetounmiMH. TlocKoabky, Kak npeamonara-
i iTounsle addexkTs, No KpaHHed Mepe YacTHIHO,
W00 il CBOHM  TIOSBJIEHHEM HAJHYHI0 TpHMeceH H IIO-
M pTVThH 3HAUHTENBHO NpOILLE MO/llaBajiach OYHCTKE,
i b 0To, TO. B JAajibHeHIIeM BHHMAHHE HCCJASIOBATEIS
B | ypaock uMenno Ha pryTte. [locaenymouiie Oocaee
T JKCIIEPHMEHTE He TOJBKO NOITBEPIHJAH npexHie
Wi/, HO TIOMOTaH, Kak miucan Kamepanur-OnHec, «noka-
Wi, U0 HCTHHHOe 3HAYeHHe CONPOTHBJAEHHS MHOro MeHb-
i )0 BepxHero Tpeiena, KOTOPHA MoxHO Obuio TMpH-
PenTL eMy Ha OCHOBE NPEALIAYIIHX 3KCHEpHMEHTOB»,

['nnunslit obfpa3en PpIyTH H €ro CXeMmMaTHHYEcKoe pac-
WodoiclHe B KpHOCTaTe nokasane Ha puc. 4.4, «CeMb cTeK-
iy U-ofpasHbiXx TpyOox ceuennem oxodo 0,005 mwm?
JOCHICHB BEPXHHMH KOHUAMH ¢ NepeBepHAyTHIMH Y-o0pas-
Wumi TpyGKaMH, HMeOUIHMH HesanafHHLEE BepXHHE KOHIH

| YACTHYHO 3aHOJMHEHHBMH PTYTbIO. DTO JlaeT BO3MOMKHOCTD
BIYTI CHCHMATHCH HJIH PAcUIHPATBCHA NPH 3aMep3aiHi HJH
I/ 0ICHHY, He paspbiBaf CTeKJa H HE Hapylas HenmpephiB-
oot PTYTHOR HUTH, MPOXOAsAULEH Yepe3 ceMb U-ofpasHbiX
ypyGok. K Y-obpasunivm TpyOkaMm by H bs NMpHCOELHHEHHI
wonsoasune Tpyokun Hgy, Hgs u Hgs Hgy (ux HRXKHHE
joni obo3navensl Hgyo, Hga, Heso, Hgeo), HaNONHEHHDIE
[pryThio; MOCAeAHssl, saTBepieBas, oOpasyer MeThipe TBep-

lLIX PTYTHBIX KoHTaxkta. K coelHHHTeAbLHOMY mepexony
upicoennusercs tpyoka Hgs (ee Huxuss uactb 0003Ha-
nena Hgso). B Toukax by v by TOK NOABOAHTCA 1O TpydKam
Mg, u Hgg tpyoxn Hgz v Hgs Moryr ObiTh HCTIOMb30BAHBL
¢ AHAJOTHYHON IeJbl0, a Takme [/ H3MepeHHA PasHOCTH
fl0TOHILHANIOB MeXKAY KoHuamu pryTHoii HuTH. Hanoanen-
Ivio pTyThio TpyOKy Hgs MOoXKHO HCNOJAL30BATL AJA H3ME-
peHns AOTeHnHanaa B Touke by. B IHEaAX 3KOHOMHH MECTa
I KpHOCTaTe, a TaK)Ke coXpaHeHHf cBOOOJAHOro MPOCTPAH-
crpa BOKPYFP NepemelrHBamollero Hacoca Sb TpyOxi, KOTO-

Pue. 4.4, Cxema pacnonosenus obpa3ua pTyTH NpH HIMEPEHHAX conpo=

rusaenns (a); obuufi U obpasua (6); cxema KpHOCTATA € YCTAHOBJEH-

nuM ofpasmoM (8); cxeMa pacHofoKeHHA BLIBOROB HA Kanlke KPHO=

crata (2) [Commun. Phys. Lab. Univ, Leiden, No 124c (1912), muer I,
puc. 1, 2,8, 4 COO0TB.].
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ABHCHMOCTH CONPOTHBICHNHN 0f
SEHEACH} Pasua pryrya or :
Lab. Univ. Leiden, No 124 U'SI&?;I: 'I:E']ip TS:;”]CPHTWH

Homepal], PHC. Geq

M N AeTeNsCTBORAH O JAOBOJBHO ﬁbICTpf}M YMEHEIIeHHH

BijoTiBaeHHA  cpasy, Kak TOAbKO TeMmmepaTrypa nazana
Wi TeMnepaTypsl KHMENHs reind, B IePBYI0 oUepes BO3-
JiiN nonpoe, CYLIeCTBYET JH TOYKa mepernba 3ToH KpHBOIL..
£ {10110 OTBETHTL HA STOT BONPOC TEMIEPATYPY NOAHHMAJH
Wil TOMKH KHIGHHA NyTeM YBeJHYeHHS [1aBJeHHH, Tpn

BTHPOM AHHIKOCTE HECMapAnach (aas sTOTO nepeKpoLiBajiCH

B Faky, Beayuipi K OMHKHTEN0). STH HIMEpeHHA
Nolhoanan, 4To, Ha4YHHAS € TOYKH MJAaBJeHHs Bojopoja
BiOTL IO OKPecTHOCTH TOYKH KHNOeHHs JKHAKOro re-

i, naGnogaercd obpMHOE NOCTeNeHHOe YMeHbIlIeHHe CKO-
JicT cnaiaHdd CONPOTHBAGHHA ¢ Temneparypoi... Hemuoro
BidlIe 1 HEMHOTO HHMKEe TOYMKH KHNEHHN requs (B HHTEpBase
109421 K) nonobHoe melseHHOe H3MeHeHHE CONPOTHB-
A Owbiio sicao BugHo (puc. 4.5), oanako B HHTEpBaJe
1,%1—4,19 K conporHs/jieHHe yMeHbIIA/J0Ch OYEHb Pe3KO
ionpu 4,19 K poobute ncuesano (3naueHusi TeMmmnepartyp
YINJAHEL ¢ YUETOM TOTO, UTQ TeMMepaTtypa KHIeHHs reaHs
punna ' 4,25 K)». Takim ofpasoM ObI0 HajeKHo ycra-
HONJIEHO CYIIeCTBOBAHHE CBEPXNPOBDASAUIEr0 COCTOAHHS.

Crenyioliliii sTaf HCC/JelOBaHHA 3ak/IioualcA B H3yue-
il BHOBL OTKPHITOIO COCTOAHHA NPH OOJBLIUHX 3HAMEHHSX
foka. HeobxoaumocTh TaKoro HCC/aeAoBaHuA Ouljla NPOgHK-
[opana cAelVIoUHM ODCTOATEJBLCTBOM: ecjf Ol CONpPOTHB-
Aiciie B AeACTBHTEABLHOCTH He paBHAJOCH HYJMO, TO 00Jb-
Hnit TOK AoJaeH 6wl GBI MIPHBOANTE K- OofbllleMy, a che-
0BATENABHO, H Jerie PerHCTPHPYEMOMY 3HAUeHHI0 PA3HOCTH
noresuHaaoB (eM. npumedanne 1 Ha crp. 63). Onnako noay-
NelHBle pe3yqbTaThl JHINbL elle GoJee 3a0yTaldd CHTYalHIO,
10k Kak Habuaionaaocs ¢ocoboe sABaeHHe: npH JAW060il Temne-
parype nuze 4,18 K aada pryTtHOfi HHMTH, 3ak/A04eHHOH
Il CTEKJSAHHBIN KamuJasip, CYLIECTBOBAJIO HEKOE HOpo20Boe
UHaYeHie TIOTHOCTH TOKAa, NPH MNpesHIeHHH KCTOPOro
XapaxkTep SBJEHHS pe3ko maMmeHsaca. I[Ipu naoTHOCTAX TOKA
lliJKe TOPOroBON 3JeKTPHYecKHil TOK MpPoxoAuT 0e3 CKOJib-
Ko-HHOYAb 3aMeTHHIX Pa3HOCTeH NOTEHIHAJ0B, TPHIOKEH-
ILIX K KOHUAM HHTH. DTO FOBOPHJO O TOM, YTO HHTb HE
o0JjajfiaeT conpoTHBJeHHeM... Kak TO/NbKO NJIOTHOCTL TOKa
IpeBOCXOAN/IA IOPOroBOe 3HAYEHHE, NOABANAACh H PA3HOCTE
NOTEeHILHAJOB, KOTOpas K TOMY Ke pocaa OslcTpee, wem Cam
TOKY.

! B macrosmes BpEMA- NPHHATOE 3HAYUEHHE TEMOEPATYPH KHOEHHA
renun coctasaner 4,216 K. — fpus. ped,
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3atem 6niia NOCTABJIEHA CePHA SKCTEPHMEHTOR ¢ el
HaliTH o6bACHeHHe HOBOMY 3ddexty. Mpem e Beero Onl
SENFE‘IQHD, 9TO noporopag IVIOTHOCTE TOKa BO3pacTang
MOHHMEHHeM TL‘.‘\-![]E‘PHT}'}}U T I"IDIHII;'FJHU- EI;FOIHJPUI[OHS.’I'
OTKJAOHEHHIO OT TeMnepaTypul nepexona B CBepXnpoBo a5l
COCTOsNHE (A0 Tex nop, moka P43HOCTL MeKIy TeMnepam
PamMH GrlTa He cammKom BesHKa). EcTecTenua Hanpamy
BaJlOCh MPeANoJdoKeHHe, UTO K3-34 Harpesa, o0ycaosJigh
HOrO. KakuM-TO sthdextom, TEMIOEpPaTypa pTYTH NOIHHM
JaCh BHIE TOYKH Mepexoaa. Buira nocTapJeHa 3ajaua
HaHTH 3TOT HCTOMHHK Temna. Henonbaya pasamunsie KOJ
GHrYypaUHH PTYTHON HHTH, YA3J0Ch YCTAHOBHTL, YTO Temd
He€ MOABOANIOCH CHAPYHKH, Paccmatpusagaocs sausnue npi
MECEH B PTYTH, XoTH B npouecce MeperoHKH OHH LOJKHI
OHJH GHTL ynanens; omkTL 1I0Ra3aaH, 4T0 shexr narpg
BaHUS He CBA3aH ¢ npHMecaMy. CHeNHANEHO J00ABACHHEIM
B HYAHLIX KOJHYECTRAX, ﬂ&.’fl"[_‘ OLITO BLICK&3aHo npeangs
J0KeHHe, 9T0, BOZMOMKHO, KOHTAaKT PTYTHOH HHTH c OO
HHM DPOBOAHHKOM, B KakoM-1HGo BHJIe OKasaBllieMcs
Hell WK 00pasoBanHkM BHYTpPH ee, cniocofen annyHpoBaTh
CBepXNPoBOASIIKE CBOfICTRA pPryTH. das nposepku Ol
B3AT CTAJLHOR Kanmaiap, mo sto ne NPHBEJMO K KakHM
100 onpepesneHnbiM PESYILTATAM, W JHWL B ZajabHel
IIEM, B pe3yJpTaTe OOHITOB Toro e THIA HA OJOBe, 374
npepnonoxesne GuJjo HCRIOueHo. B nesom SKCHEPH
MEHTHl ¢ PTYTLIO HEe nagn OTBEeTa Ha MoOCTaBJeHERIH BOs
npoc,
Oxanako, kax yeranosua Kamepaunr-Ounec, PTYTh SR
JAANACh HE BNOJHE I0AXO0ASLIHM OOBEKTOM AJ5 CHCTeMAaTHA
YECKHX HccnenoBanuii. «CosyecTHOR ACHCTBHE MHOrHX OG-
CTOATENLCTE NPHBOLKJIO K TPYAHOCTAM npu paGote ¢ pTyTLIQ
B Ranunasipax. enn IKCIIEDHMEHTA C JKUAKHM TejHeMm Tpe-
6oBas orpomuof NOATOTOBKA, W, KOTAa A€o0 AOXOMHIO Hes
NOCPEACTBOHHO A0 ONHCAHHKX SJECh  IKCMEPHMEHTOB, HA
HHX. OCTaBaJOCh JIHIIbL HeCKOJBKO Yacos. Yrobw npm atux
YCIOBHAX NMPOBOAUTE TOYHbBE HSMEDCHHS C KHAKHM rejHeM,
HeoOXoMHMO 3apanee HaMeTHTh NporpaMmy n ObicTpo M
METOHYHO BHITOJHATL €€ B JieHB SKcnepumenta. HMamege-
HHS B NOCTaHOBKe 3KcmepHMenTa, HEO6XOAHMOCTh KOTOPRIX
BLISRIBAJIach  HabaogaeMeivn ABJCHHAMYE, OPHXOAHIOCD
OOBIYHO BHOCHTE Ha CACAVIOUINH JeHp... 3auacTyio, B ChA3M
C HEKOTOpOit 3auzepKoii, 00yCa0BIeHHO TPYAOEMKOCThIO
nponecca H3roTOBJeHHS CONPOTHBJICHHH, requepas YycTa-

68

IeJeH.
ML MOTJH CHOBa 3aHATLCH :mcrsepHI-.\{\;CHT('];\_\:I._:;LL,-[AL!HE]‘
YTO TNPHTOTORJIEHHbIE con]h‘TF!!B-'l-C*l"f ‘ll_‘.th e
NONe3HBIMH, TAK Kak OpH 3a\mpa,hm’-§_..1 P
"".l:r-'wr' M BCe HAUM YCHAHS CTAHOBH/IICH
..|I:-\ILI|I|‘_IML“;C STHX YCAOBHAX A "TL_Ji'i_J. ‘I.fjt;bluu?;r;-
HCKJIOUHTL HMCTOTHHKHM HEOXKHAAHHBD P

B .-H-m:";-n-;r neHHe moMex, TpeboBanoce OYeHb 0O/

[0JL30BANACE AA8 KaKHX-JAHDO APYrHX
t OOy, pILIES e

\ CHas fpazen He
1 | AR TOro, »eaaTeabHo OLLIO m.’lcuhla'rbQODEE?;:;;&””H
| |:n\ I{.aUI[-'I‘]H]}::I. a OyTeM ero MpAMOro KOHTE
L] C HR) il o

um reaumeym. [Tostomy, xoraa Kamp'r[H"I:_O]f{l;;qt:';!

sy 4To OJOBO M CBHHel 00Janaior cBofic c.m_.
QK BONCTBAMH PTYTH, OH NPOOLKHMI aKcrepit-
e C[ IBYM S Meranmami. MMeHHo TOria "D‘;_T.d.'ia
ol ?Trlm:é\fa i GLuTa pemrera. Ilo cyniectny, ]-Iaﬂt;ﬁgflu
etian n,poulil-ié BO3HHKIa YzKe IIpH TPOBe/IeHHH n.m’hu.l‘
q 1 r}{t?%ma oGHApPYAKEHE c;:-cpxnponoan&:;g;&ﬁ:iﬁlun-
B e eTKO H3TOTOBHTD ¥
e rc MD}H“U-m;);!iiuﬂLE.-I;:-I.\-:}[.::[::o KOJHYECTBO IpOBOLa
1 S 7o Mm2. JLAS OAMHOUHOTO piner
s 1":}\1L‘Jpﬂ [OPOTOBOe 3HAYEHHE TOK2 n.‘f'.
RO ”TaKDl“G L‘-l IS A. Ilanee 3THM IpPOBOACOM HA l‘t’PlIL‘[;
e CDCT%?M-I\;IUI cJ“.t’mma HAMOTaHa XaTyllika AJHHOM
prike R as 1000 BuTKOoB. OOMOTKa HMeaa lues-
CM, CORGES S ns KOTOPAs CMa4HBAETCA JKHIKHM FesHeM.
| ol lljg;fé_lé:o' NOPOroBOE SHauYeHHe TOKa COCTABJAIO0
\IK OKd3ds 5
P 9 Q AHTEPEC K NMOJYTeHWI0 CHJLHLIX r:mrufwm_;;

.li-- ]E-j-l- rz“;htrl J0CTATOMHO BENHK, NpHYEM tie ﬂ!{?:th:}r:f:;;1
B }I’E\ei ‘OCHUBIIHH npobiemMa cBaAsapa ¢ EJ'lCLU s
e IA:T::S:T; ;Tgouon\-a. Hanpuwmep, Ileppen srFe,g'stl;T{.i.-_lm.J;
; R JKIIKH BO3IYXK; 03KI1AaJ10Ch,
o ﬂﬂ; C\,-‘:f:];ﬁﬁﬁ-l;:::fgn‘gia‘ulzpzn'ua:ueu!m UGM(.)'I‘I{H' c
* C\L:ﬁill?éuw?pTeHhépﬁT}"ptﬂ yMeHbITHTCS m.-t|-:u“ec11?ﬁ“ppl:lﬁ;
NOHHZAKE B L ; i 1penejJeHHEl Bh BIT.
e H-m-f-T;Tnih;;[;iofﬁ% C:;:J?urlpmma TAKHM n}""-i‘j\_{
PacueTH HO.‘I\a.jd.,‘ [.W!D Ssnnins 455 OGYCI0BACHO TE.\E._ _[jm
B fLOCT}:;;:_'-lHBD ],;,{;j}:i-grhcﬂ TpebyeMol Teu.-fzoncpt*ﬂaui!qr::}illﬁ}'
pechie = (THOfI KaTYIIKOH M OXJ: -
.”.IfC;UHMUH{H.I-MM](%Hl::e)g[Hl?;;Sﬁfﬁib;ﬁ%uemm BO3MOIKHOCTH
JeM. Ka:\iep.nmir—'mﬁ 1eAbio CBEPXTPOBOAHHKOB, 0GpaTHB
HCTIOJIL30BaHHA ra 3“‘0 B HEX Temuo BooOule He AOJIKHO
HA TO, :

H
.

JHHMAHHE :
BITHME 4




BblensiThes. loBops o6 3TOM, OH, oaHaKo, Jonyckan «fig
MOZKHOCTh TOrO, Yyrg MarouTHO® nHoJe Mowker NpHBecTH
IiO%f[}IKHUB(‘HHI\U [TUI'IFPDTIIB.-'iCHH}-I B CBCPNFIF()BOJH]IJ’\'C». H !
APHCTYNRI K HecsefoBanno STOro BoOMpoca, _

«Brtn npuymiy npeanogarars, urg 3TOT ekt oK,
HETCA  caabuiu.., [Ipamoe JIOKa3arenneTro Toro, 4yrg
CBEPXTIpOBOARNKaxX mop ACHCTBHEY MAruHHTHOrO momasn BO3
HHKaeT JTH L HE’.SHH'{HT{‘JILIIOE COJIPOTI]B.-‘]EHIIL", GHJTU 1noa
€110, Korza okazagocs, ITO - onkcaHwas Bhe KaTY1Iky
OCTaercs CBEPXIPOBOASMEN, ‘ecan name Hepes Hee NpoX(
AHT TOK 0,8 A. [Tone camop Rarymky aocruranso g 3TON
Clyuae HECKOJLKHX coTey rayce, u B nose Taxoro MODANAK
BE&MHYHNEL Haxoauaacs Goabman vacry BHTKOB, oiHako uN
KaKoro conmporuesenns pe Habualonanocys, [Tosromy Kamepl
II’JH!I‘-OI]'HCL: coanan Tal(}'IO j"{‘TEilIOBK}' J1A HPGEC,EEHHH ITHA
IKCIepHMEHTOR, KOTOpas noseosmna 6y H3YYaTh ABAcHHS
Ha0/I0AaeMBie AHwE B NoNAX Nopsanra KHJorayce,

€3Y/IBTAaThl BHOBb OKa3aumcr HeOKHIaHHMMH, Ceepx
npoBoAsinyio CBHHUOBY 10 KaTymxy, HCloNB30BanAYID §
NpeAIeCTBY IO Y ONBLITAX, NoMelany g KpHOCTaT Tak, uyrg
IMIOCKOCTh BHTKOB Ghita napannensia MarHuTHOMY noJIO

«IIpexkde Beero ay yOeruance B rou, 9TO KaTymka Gy
AET CBEPXNPOBOAsSULelt B TOyKe KHIIEHNA refHs; oma ocra
Ballachk ceepxnposogsmei; u TOTAa, KOrjia uepes pee npos-
yckann tox 0,4 A, xors BHTKH HaXxomiiamucs p 3aMeTHOM
MaruuTHOM noge, CO3naBaeMom nporekaiompuy p HHX TOKOM

3arem 6ruo PHIOKEHO Mar#ATHOE moge, [Tpu peand
HYHHe noas 10 g[e CYHIECTBOBANO 3HAaYNTE IbHOE COTIPOTHR
JICHIE, TpH 5 KIc oHO Brig HECKOJIBbKO MeHblie, D1y ONLITH
,-'{O(,'THTOUHU }-’[ﬁE‘,‘IF]Tt‘.’IhH(J IIGT{HBB.TJI. aTo MEI!'IHI']'HO&! noJigs
1pn Gosblnoi HHTCHCHBHOCTH BH3BIBaeT l0fiBTenHe conpo-
THBJIEHHA B CBEpXTIpOBOANKKaxX, 4 PH Maqofi — wer, B xoge}
AadbHedmnx HCCAegoBauNi Ghla [0Jy9eHa 3aBHCHMOCTH]
conporusaennsn or moag (conporusaenpe BLIDAKEHO B oT4)
HOCHTeNLHBIX eanHumax CONMPOTHRIEHKY opa 0°C), cxema-
THYCCKH M300paskennas ma puc. [4.6]s,

Kamepanur-Ougec €lle He OB rotop g TOMY, 49TODHI
CBASATL KPHTHYecKuil Tok o KPHTHYCCKHM 3HadeHiem Mar-
HHTHOrO noss., (B HacTosiee Bpemsy H3BECTHO, 4TO ;g
obpasuos ¢ JAHHEHHBIM | PasMepamu Gogee 04 CM KDHTH-
HECKHM sIBASETCH Takofj TOK, KOTOpHL co3naer ga [IOBEpx-
Hoctw ofpasia node, pagHoe KPHTHYECKOMY.) OH He mMen
“HHKaKUX COMHenpj g TOM, MTO OTKpHTOE 3;cCH ABJIEHAR
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COCTOSHAME, €YIIECTBYIOWEX NPH ONHHAKOBHX BHEUTHHX
IOBHAX, KOTOpLIE, BO3MOMKHO, MOMIH O jake Haxomm
B TEIIOBOM KOHTAaKTe JAPYr ¢ APYroM, T. €. B COCTOR
pasHOBeécua. Bnaorn no 1933 r.
Obi/ia ONPOBEPrHyTa SKCNEPHMEHTANBLHO, 2 HEKOTODEIE
TNIEPHMEHTHI, Ka3a/10ch, 1ake MOATBepKIann ee. Cyuiee
Basn aaike m TeOPeTHYECKHE COOOPAKEHHS B ee NoJb3Y,

a 3

Puc. 4.7. Pacnpegenenne marnatsoro mous BOKPYT CEEpXNpOBOAHNKASL
4 — Buie TeMOCPATYpH nepexona; 6 —

[Physik Z., 85 (1931), erp. 933 e &) YPH Hepexon§
1SR £., & 34), erp

. 933, puc. 5]

H B stor momenr Meiiciep, mayuas nepexon B CBEpX-

NpoBOAsLLIee COCTOSHME, ObLT NMOPAMKEH NOABJICHHEM CBOEOD.
PasHOTO rHCTepesuca: BO3BPAT MOHOKPHCTAANA ONOBa B
HOpMaJLHOE COCTONHHE NPOHCXOAHI NPH TeMneparype, cier-
Ka npeBhbllualollell TeMaepaTypy mepexojia s CBEPXIPOBO A~
iee CcocTofiHHEe, ITOT sthext nabmonancs mpaxe TOT /4,
KOrlla ConpoTHBJACHHE B Kaxofi Touke H3MEPsJI0Ch NpH
ABYX HampaBAeHHAX TOKAa MeToaoM, cleunatsHo paspabo-

TAHHLIM 108 HCKJAIOMeHHd TFPMOSJI[’KT]J]!‘{U('KIT_‘{ F!BF!CI-IIII"[;

€C/IH HanpaBsieHHe TOKa HE H3MEHSJIOChH, sdpderT yeuausa-
ca. THeTepesuc raBomna wa MuECIL 0 TOM, 4TO sIBJCHHE CBA-
S4HO ¢ H3MEHEHHEM -NPOHHIIAEMOCTH 00pa3iia. Meiickep mH-
caj od stoM Tak: «Eciau 6w pacmpejieieHle H3MEPSEMOro

TOKa H CO3JTaHHOIO HM MArHHTHOrO TOJH He H3MeH10CE,
He OBl10 GBI OCHOBAHMA AN BOIHHKHOBE

ssacHuit», TTostomy on B
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HHA THCTEPEe3HCHEIX
ME€CTe CO CBOHMH COTPYAHHEaMH

.. | Wl Hi Y #

10A00Hasn BOIMOMKHOCTE i

p npo a u - e3y.Jik Th
ICTH C 4

_ 6nazoM: «Ecan DH-
i e yrviolaM 00pasoM: <L
jep pe3oMHPOBA CHAElLy byt Lapeiy i AJIHHL,
pihiie) II_Ll;LEIIi CBepp(npnau-:mmc BO3MOKHO Do{lbu;e:);fmpﬁﬂ‘
L A s : - ¢ [4 T] noMECTH
KaK ToxasaH Ha PHC. [F-1h A (yasipHo OCH
T ..n\T ﬂfi :'10.'19. ganpasieHHoe ﬂepr_lf.n‘m!:;',zwfme N
R A €1 1‘;,1-13 o BHIIE TOUKH Mepexoa 1{11 Gea BCS+
HJTHE : CTHU
e IJITIDG‘Iﬁil,\'T CKBOSE IHARAAR "'pa::?::urfsglunia::nutLTb
BN . o 7 a]} TaK KakK <F
(svenennst (pue. [4.7, al), 'py HHKE
B l..‘].tl;iu!}ﬂl{]_[pt-: Ecan NOHASHTE TeMrepaTypy
BiiiKa K €

iTcA OpH-
pexojaa TO PECHPCEICJIE[-IHC 7oas cTaHoBl
R Nepcaliiid,

2 I)HCA "1.: 1 6].
Mo TAKHM, KaK H3ODp3;I{D]IO Ha - : % e -

MM H
(cHHBf MOHOKPHCTAJI 0J10Bad m-lameTlP(?:\}ng onpe-
EIobAciH . Pacnpefienienne MATHHTHO OBepXHOCTIH
fioit 130 ml;rmmnm o6pasom. BOaman O e
1 III-'lt;guo;i:Zﬁ}a Guiia ycramopaeHa HeGoublian fu
RAR AL

¢ M 10X 1,5 Mm? KOHIEL
QP MOYTOILEAS Raﬁz?}:\fb c}?%ﬁ:};ﬁlucmuem;om}' ra.';bﬁ:-ili::c
|y l’IP“FOE'H\-‘H \16}{«:1‘10 Lo noBOpauuBaTh Bui.cpﬁpmue
B s E!J-'I‘Ie.'leOfi oCH CBePXHI’D“OﬂHmiaE Xnpo-
o "apﬁ : :IO nepeMeniaTs BOKpYT OCH Lr‘n .P,Uvm‘
pro, ce MOEE H;Hmlmbm okpyxHocTaM. OAua L_1H1.1,3Cb

RuKe o AB}%cpb “rak, 4TOOH KaTymIKa Eahgﬁa”pac-
B abiﬁn\'pnaﬁﬂnomlnﬂa, a ETOpEIH-—TaI\: =1Tgt;l;1qam et
i 2 paccroaHuH 4,5 MM OT HETO. L e
QoA araLachiy LEK a OGeHX OKPYKHOCTAX OTPEACHAICE
oo TDILFIH!THG!‘O noas 1o Mar.zcxmainb.r.o,“ o
jjnpasaeHHe Ma Koro raibBaHoMerpa mpH OBIC pci: 5
fipocy Oam‘lflcnmec 180° (sHoBl BOKpYT AMHAHOF o :;Tom
i -;---|cr§1}\;?01'§ U—gi‘l{, Héqﬁcp};npoaommxa), l'Iorq??ﬁgm;;iwmnb
padaedb - MozkHO Oburo TaKAE b bt
MAKCHMANBHOFO OTOPOCZ 5. Takum oBpasom Ol
» '!.I:';H{m;mggfl?rq?:l?;m;:ui?;gpggmuuﬂ MartuTHOTO noas B
yeHE! BEJ

X Ha ABYX OKPYMHOCTAXS.

W~
0TOpOTO noas
NbBAHOMETD, ¥ K :OpOTKH
in. (M RA3SHBAeTCA Tal qK UTO KOPOTKHI
j 5;1,1:1:{;1?%01?;;;1-“ﬁmhmﬁ ““e.‘;‘mm{Ho?b;{;b-;-ﬂsneuex1~r. npexae
il aneMeH Al 3 10 TIpoiiTH 9epe o onop-
; MOAHOCTRIO TP ye B 1enoM 0p
BC TOKA MOKET B peayabTaTe OTKIOHEH 3apHa
' i ; npHEeTca. B peay. : o odepelb 3dPHI
oM TOT 3nMEn;0 Eanome@“}’ gepes KaTYIOKY. Bﬂgﬁm CO3LARAEMATO
OB B eRCHBHOCTH  MATRHTHOIO mKa GHCTPO «NEPEBO-
-u.--'*-'I‘EL“c'"&;:EEmﬁ (npit ycaosud, uTO STA KTy
npoGuoil KaT i

jBacTea®).
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3a 3THM NPOCTBEIM  onHCAHHEM CKpLBaercs - Hek
TEALHO TPYRoeMKas pabota. B kamuoii u3 ToYeK (Koig
HE Menee 16 — o 8 g Kax oM OKPYIKHOCTH) Kap |
YCTanaBaHBanack nox BLHIOpanuLIM yraoy, 3aTeM oHa f
badmBanach ma 180° y HIMEPAICH OT6poc ranspanoy 3]

sind f

a=fpe HampobBasyue L nomg

Pue. 48, Pacapeneaenye Hanpasnenuii marmurHoro nong noene oxag
AoeHun ofpasna Hpxe TOUKH nepexofa (coraacho Meificuepy u  Xaiis
LeHpaixy).

Heboanmimn HEPTOURAME  Yiasanw HOMIOWENNA naockocTh CHIHAABHOR] KATY Ky
CDOTHE'TL"I’B_';'IDII{HE MaKCHMaNE by oTBpocan Ij.'l,"l'.'llh_"l'll'Jtl'\'h'{)l'\‘l I'.]thFh’]IIDMu!FIa I,

CIEToRATNb O, DePOeHAHKY D ble HANPABACHHIO noxg [Physit Z. 35 (1934).8

cTp. 934, puc. 6]

BH'J'E‘M YriioBoe noJoxenne KaTYUIKH CJerKa H3MEHHJI(JCE|,I

Il Hpouenypa nostopsaacy. o TeM 4Tobn HalTh Takof ja-

HaJbHbIA yroJa, !Tpli I(OTG[!U:'\-I nosopor KATYIKH BEI3BIBAg
Obl MakcHManbEL H3 BO3MOMKHHIX oThpoc raJibBanomerpa,

«Ha pue. [4.8] naa PA3IHYHBIX Touex pg OKPYKHOCTH
Anamerpom 12 y 20 ey YKaJaHbl MosxoxKewnny NIOCKOMR: Ka-
TYLWIKH, COOTBETCTBY oM He MaKCHMaJbHbIM orbpocam Gaa-
JMHCTHYECKOr D FajlbBanoMmerpa. Ity NOJIOXKeHus mepnensi-
KYJSPHBL Hanpasiaennro MATHHTHOTO MOAs B 3Tux TOUKAX;
TOUKH, B KOTOpRIX OPOH3BOAKINCE H3MepeHns, o6o3Haueny
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Camu 110 cebe pesvaprar
“ i npeguo.-n:}aﬁmmmEJ MOKHO 6Opf
HHKA HCYe3aeT Hike
BO3MOJKHOCTL Gria
LHH ONTA,

«B MonokpueTan; ' i
e ‘[i\{péﬂ.;alljn,-m 0JI0Ba ObITO caemano OTBepcTHe M
. Mo CHTPOM Ha oc UHIHHAPa, 3aTem mapd

PEACAANOCH BHYTPY OTBepCTHS Kak BhiTtic, 4l
?

& JI0 Obl 06GbacH
9T0 HpOHHUaeMocTy coepxnpoy
-|'_ > L e 3 :

nc-l;']*“'\i[ nepexona. Ograko o060}

WHOUCHA B caenyiomef MOAR i

i 5

Pue. 410, B
- =AW JTHAHR s
MArHuTHOrO mogy ;fa-rﬁ?ﬁ?hrli]omimﬂcm
8 — Bhine Totx s MOI0re LIHHADIYeCKorG cap
& OUKH Hepexoms; § — pmsme Tum[:"u ns-‘;;o&'tkmE;WPIJBO’M_H :
Ind, 11 (1934), crp. 197 pj-'.c ‘.” Aa [£. ges. Kalld

nepexona mna [)EICHDE!.J(:.’IEH Hi

H Huxe TOYKH [e .
IeEpexoga — conep
. X0 BEPUICHEO aHaMorHymo Tc
my,m;.:;f f;fgdm AR HapyxHO# o6racry T
HdYeCTBEHHO [0KAa3: .

Lok o . dH Ha puc, [4, ;
'Ir)umm n;;]%f@n.t.}meca:sr_marsruee BHYTpH ]:{]]'!"H@]I{CT{I?J;I]‘ EI:III
e s CpexOis [pre. 4.10, a], wa HECKOABKO rpagy F
HHNc “U CBOe Hanpapjgenpe OpH NoHmHK ol

Hd\E‘ufD'IKH nepexona OAdHaAKO ot
B 3TOH oGsacTy. IMoBopor noag

2 W
Macmraibe usoOpancen
lioyA yOmBagag

y Jda B cpemmen iMe : '
noapobuo mpeger p e R

i ACTaBJIEHO Ha puc, [4.11]

M Hoclie 3TOr0 BHempeea
HHTHO® moJe
BAHHOMY
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B CHILHO ﬂpE‘}'l}C.’IFI‘iCHHUM'

4T OGoJjee

NoJe BHRMOYad0CH Mar-
. M2

BO H i
a1 m;mr}emﬂgu (no OTHOWCHHIO K noJaomy oao-
JAHHADPY) obxactn MIOJTHOCTEI0  Meyesasio (51

1H TeMIepaTypal
HPOAOIKATO coxpansThesy

fia ~ pue. [4.10, 6]. Hurencusrocrn!

M
8110 BHleTh Ha HEHed wacTH puc. [4.11]. 310 noje He

(VTPH OHJIHHAPa COXpaHAI0Ch OCTATOUHOE Novie, UTO

TeueHHeM BpeMeHH, COXpaAHiA CBOE 3Ha4yeHHEe

RinanCL C
Miyern ea gaca, Ecaw 3aTeM BHOBL BEJIOYMAJNOCH BHEUIHEE
Wie, 10 pacnpeeNeHne NoJs BO BHeluHel 00JacTh CHOBA
Wi iLnasioch TAKHM, KaK A48 CILIOmHOro Kpucranna, Bo
1 s
r.-_,- —
1 “"—-ﬁ___‘h
(1 o — b ey 2.._. —
74 _..;f- et B &
| d = T
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J60°

0° q0° - 180° 2" =

i.11. HanpsikeHHOCTs MarHHTHOrO MOJfA BHYTPH MOJOro HHAWHADIH=
YEeCHOIrQo CBepXnpoBOAHHKA HHKE TOYKH nNepexomna.

{ OTCURTWBASTER OT NEPBOHAMAILHOIG Hanpasaenns moad, Kpusse {1 0 2—a3nas

IPHMEHHOCTH [0M, Onpeflejieniitie N0 BLHIKI0YENAN Bellero noan (/1 —ua

amaMerpoM 2 MM, 2—HS OKPYKHOCTH AHaAMETPOM 4 MM), KDHDL2 im

SYIOUIME 3IRAYEHNH HANPAMEHHQCT NONA Moche BHIKJIOHCNHA BHellllero

ag 3—azaoposnoe mone [Z. ges. Kdalte-lnd., 11 (1934),c7p. 127, pue. 5l

rpenneil ke oGJacTH KapTHHA pacnpefeeHns OT/aH4a-
L OT H300paMkeHHOH B BepXHeH YacTH pHC. [4.11] — Te=«
Db HHTEHCHBHOCTb NOJA BO3pacTaJga BCEro Ha 3—4% no
DABHENHIO €O sHauyeHneM ocratouHoro mnoas [pue. 4.11).

!ii Il TMOBTOPHOM BHKJIOYeHHH OCTaToO4YHOE HoJe CoXpaH#Hj 0

ke 3navenne.., [Tocse cTa HHKJIOB NEPEK/IIQUEeHHs BHELI-
0 oSl OCTATOMHOE TMOJe NO-Npex<HeMy OCTaBajoch NOJ-
b0 HEH3MEHHBIM.

..Kax BuaHO M3 ONHCAHHEIX ONLITOB MO H3YUEHHIO pac-
MoA BHYTPH MOJOro MOHOKpH=

yeeJJeHAd MarHHTHOIO
ah1Ja OJAQBa, NOoJy4eHHHEe SKCMepHMeHTaJdbHblE pe3yJib=
MOryT ObpiTh OO0OBACHEHE TOJBKO € LDOMOUILIO

Tel HE

i
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YAaoBaersoput
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B 1972
no3eoanrmo
TPakTOBKY Habg

A1a 6Bl Konyarty

0K436iBa
Hpowao wemayo 10T, 470 cur

TbHYI0 Teopy

3TOT BOMNpoe PHio CBCPK”]’
r. Onnako oT
AaTh ynop

'I'l e
TC ero NpoHHnaey

Olte umenq e I0CTE majg

CTO, T0 HH ogn
CA Ha BHYTpe

eT oo Ny
a CHIOBagy
HHEH nopepy
: : "
{l Kak EI(CJ'JLEPHMEI'IIJT
Yauus gy .
= ; MEeHHo !
€T, Npexae yey YIanocs Tso}{a?;
JOBOAUMOCTH: o @

: . TellbHo pe !
2 a5 elne

r'[e?;{ne s\luacnepa no r(ppaﬁfrej:“f )I&
L PHTEIbHY 0 MaKpocKomy: a
4EMBIX HBJTenyft, T

hana 5

MEOBLIYHOE NOBEAEHME YKMOAKOIO
renma

He Gbu1 oKonyg

. pnay we moghe ‘Toro, Kaxk yaaloch NoAY4YHTh HHIAKKH

Wni (eM. ra, 4), oH cTad o0BEKTOM HCCACAOBAHNS. OueHb
Blerpo Obliio YCTAHOBJAEHO, UTO reJufi Apjasercid HeoObu-
Wis veitectsom. B 1911 r. Kamepaunnr-Onnec YCTaHOBHJ,

0 (I TOHHZKEHHH TeMIepaTypbl IJIOTHOCThL JKHIKOro re-
Wi poxoanT uepes MakcumyM. K kouny 20-x rofos OuiI0
JVIeHO HECKOJbKO yOeAHTeqbHLIX CBHAETENLCTB B NOJB3Y
jul0, UTO NpH Temnepatype okoJo 2,2 K cBoficTBa JKHAKOTO
{is 3aMeTHO H3MeHsOTCS, MpHYeM MO KpaiHel Mepe €ro
WilikoTeMmepaTypHas MoAH(pHKalHA Beier cebs aHOMAJb-
i, [lasee, B mepuox 1935—1938 rr., OO0 3KCHEPHMEH-

L0 00GHAPYIKEHO YeTHPEe COBEPIIeHHO YHHKAIBHEIX cBO-
(18 AHAKOTO TeJqnd, KOTOpHEe, N0 CYUecTBY, H AajH K101
: | IOHHMAHWIO €ro npepoibl. B aToil riaBe onHcaHul pas-

e SKCNepHMeHThl, CBA3aHHHe ¢ HCCAeAOBaHHeM OCO-
! OiHHoCTell IOBedeHHs MHIKOro reans; oco0blif aKLeHT Cle-
il Ha ‘-IC‘.TLIJ)L‘_\' nocaeaHHX.

Opurunadbusie peayabTatel Kamepaunnr-Ouneca no H3-
(CpeHAAM  TIOTHOCTH JKHAKOTO rejinst Jann TOJbKO He-
{KOJIbKO BechbMa JaJexKo OTCTOsIIUMX APYr oT Apyra TOHeK
il KPHBOM 3aBHCHMOCTH NJIOTHOCTH OT TeMnepaTyphl 21a
\BHCHMOCTE H3y4adach JHIIb A0 TeMOeparyp, KoTophie
(/1M JOCTATOYHO HU3KHMH, 4TOGHI YCTAHOBHTL HaJHUHE
MaKCHMYMa, HO He yKasaTh ero nojoxenne. Ilepsuie TOY-
e HaMepenns Oun ocyntectsaens B 1924 r. Kamepannr-
Onnecom # JIx. JI. A. Bokcom, nosyuyenouie pe3yJbTaTbl
ipeactaBiens Ha pue. 5.1. 3aech sacay:kuBaeT 0co00ro
pIMMAHAS HEe caM0 HaJHuHe MakcHMyMa (B KOHLE KOHIOB,

UM CBOfCTBEOM 00Jaaaer gaxie oORUHAasd Bola), HO TO, 4TO

| 31y raapy Toumee Oumso Om wassath <HeoOwunoe nobeienne
cnakoro ‘Hes, WMens B BHAY cymecTBopapHe GONCE JIErKOro H30TOMA
He, nopenenwe KoTOporo oramuaerca Oosbwnm  csoeolpasieM. —
[lpun. ped.
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B 1924 r y X
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AdIbHeR e ny

Hono6 NONHTKH A00HTBCS 3aTBepAeBAHHA  Felid
T HbUIEHHS aBaeHust, NpH KOTOPOM OH HCllapfer-
8 (loniopadick HeoaHokpatHo». (B 1909 r. Kamepauur-
Nt y/la/10¢h JIOCTHYL Temmepatyps okodo 14 K, a
8 1010 — npumepno 1,15 K. «Oxnake renit no-mpeikHemy
Bl aiaacs  JerkoTekyueli xuAakoeroio. JlasbHedunne mno-
Bl pHLLIOCh TIPEKpaTHTh B CBA3H C BoJiee HEOTJO K-
Wi NONPOCAMH, TaK Kak IJf NMOJYYeHHS TBEDPJOTO rejins
gpeno N HCE HEBIC CPCJCTBH.

[lopan noneiTka ¢ HCMOJTL20BAHHEM HECKOJBKO YCOBEp-
Bl TpoBaHEBIX MeTonoB Owaa mpeanpuHata B 1919 rj
Wiy s 1921 r, npumenus OaTtaped KOHAEGHCAILHOHHBLIX
Wivocon, Kamepannr-Osnec mocTur 3HaunrtenbHo Gonee
Wiy aBJeHHH, IPH KOTOPRIX TeMhepaTypa [JOJKHA
Biian cuusnTees o 0,82 K. Hecmorps Ha 37O, renuit npo-
Wkaa octapaThest KuEAKHM, H Kamepannr-Onnec sanancs
BulpocoM, He octaercs g Boobie rejuit KHIKHM BIJOTD
o Temnepatypel abcDMIOTHOTO HYJIA...

[} 1o e Bpema AaHHEE N0 HCCAGAOBaHHIO CABHra TOY-
Wil napieHds BOAOPOAA NOA AABJEHHEM NPHBEAH MeHsd K
MuCaH O TOM, HeJab3® Ju Ao0HTLCA 34TBEPACBAaHHA TrelHA
fipy vike HNOCTHPHYTHIX TeMmIlepaTypaXx ¢ NOMOLLbIO [AaBjie-
jiiisn». Jas stoft nean Keesom CKOHCTpYHPOBaJ yCTPOHCTEO,
Il KoTOpPOM AABJIeHHe NPHKAAABBAA0CE ¢ 000HX KOHIOB TOH-
hof JaTyHHOR TpyOkyu. 3aTBepaeBaline reTHA BHYTPH TpyG-
ki OOHAPYKHBAJIOCh MO PA3HOCTH JABJEHHH Ha pPasubixX
Konax TpyOKm mochde TOTO, KaK OAHH H3 HHX OTKpLIBand-
()l — nepenaua jAapdedns GJIOKHpOBaIach TBEpPALIM TEAOM.
lnkim crnocoBfoM OHaa NOJAYYeHa KpHBas B Nepeom  J10-

L0 rpyfom npnbGaHMKeHHH, 3aTeM TEM e MeTojloM, HO
¢ Oonpmoiell TOUHOCTLIO IPOH3BOANINCE MOBTODHEIE H3MEpE-
His, NpHYEM BHISCHHAOCH, YTO TpeGyeMmbleé NABJeHHA HE
CJHLIKOM. BHICOKH — NOpAAKa BCEro JMHIIb HECKOJbKo Ae-
ecnrkop aTmocdep (o He coten!). B 9THX ONbITaX HCHOJAB-
opaJicsl CTeKJASHABIE COCYH, W 3aTBepieBaHue rejud odHa-
[V KHBAMOCH BH3VAJBHO TIO OCTAHOBKE 3KeJe3HOH MellanKH,
llepeMellapiieics nojg AeHCTBHEM MarHHTHOro MOJs,

«Ha puc. [5.2] mpeacrasjena Kpupas IJjapjaeHns, aas
KoTopoft XapakTepHa Ba)iHasi OCOOCHHOCTh! MPH CaMbIX HH3-
KIX TemIepaTypax Kpusas sarufaerTce Tak, YT0O HIET HO4YTH
apaJJeqabto och Temnepatyp T ... Hrak, ecnan KpuBas
niapjeHHs He MEHAET Pe3Ko CBOerp HakjioHa, T0 5TO HOA-
[wepicaaeT npeanodoxkenne Kamepaunr-Onneca o 1oM, 4T0

8l




Fequi, Haxong

Ch :
HBIX Tapog non napne

HHEeM COBCTBeHN X

: ocT AeTCH _unw ) nac

COMOTHOrG Hy.q. HAKHM BlIOTH 10 Te.’-rneparycp 801 0cOOEHHOCTb — 9TO FOPH3OHTAJBHEI YYacToK,
750 ' Wilotniicn na kpusol miasnenus. Ha ocHose noJo-
B TopMOJHHAMEKH MOKHO TOKa3aTh, 4TO OTCIOAA Bbl:
' W1 JHUCHCTBO HYJI0O CKPHITOR TemJOTH NjaBieHds (0o
Bl vepe npn ‘aGcomoTHOM HyJe). CuaenoBarenbHo,
il L. B CHie B 9TOM CJIyuae — 3TO He TEIVIOBOH, a YHCTO Me-

Mo it mpotiecc.
H I 1027 r. Keesom n M. Boabdke, HaMepsas AH3NEKTPH-
B MY NPOHHLAEMOCTE JKHAKOTO Teqnsi, HaGaofaAH BHe:
Wil ckauoK ee mpH TemmepaType, ModTH coBmaaaiouieil
™ W, 11pn xoropoit Kamepanur-Onnec o0HaAPYRHI MaKCH-
M noTnoctH resns. Onu 3aMeTHaH, 4TO AdHHBE 3KC-
\f— SNMENTOB IO H3MEPEHHIO TVIOTHOCTH €MOrYT OHTb CTOJb
. B0 00110 — ecJH He Jyullle — HHTEePNpeTHPOBaHbl Ha OC-
7% oy Gl JIONYIIEHHS O CKauke, a4 HE [JaJKOro MakCHMymar,
j tp..-.- roro, MpH 3TOR XKe Temmepatype HeoOhYHbIM 06pa-

BN [IMEHAJNCh TeNJOeMKOCTb, TEINIOTa McnapeHus u IO-
BpniocTHoe HaTsmkenne, Haspannbie BHIIe aBTOPH IPEL-
W0 TIOSTOMY, YTO «NPH STOR TeMNepaType MKHAKHM
pf nepexoauT B Apyryio dasy, TakKmKe MKHIKYIO». Ouu
W00 TePMHHBE: «KBAKEA renud I» aaa MomudHka-
Wi, yerorudsoi npH Gogee BHICOKOH TeMmiepaType, "eM
jeMiicpaTypa nepexona, H «Kuakui requi II» ans monu-
Mikainn, yetofiungoit npe Goiee Hu3Koi TemmepaType. Ap-
jyMentoM B moabsy cpoefit runotesst Keesom m Boabdke
ginrann HabapoaaeMyl TemjoTy Nepexofa, o 4Yem, Kasa-
joch OLl, CBHAETeILCTROBAN H3rH0 Ha KPHBOH 3aBHCHMOCTH
f[UMnepatypsl OT BpeMeHH B Tponecce Harpepa HHAKOro

U'—'—-—:-.Ir‘r

Pue. 5 Y = 3
i 2. Kpusaa nrangeyiy b . 1 goriis,
TeMmepatypn (K) [ ATH FeHa: aappe ' i '
} [Comimun  pr,e 5 BHCHMOCTE napger JTa FHMIOTE3a B JdaJbHeHllleM TOAYYHJAa HOBOe, XOTH
(199 Phys. Lap, Unifo Raenns (g = 3 ;
926). cvp 17, pyc, g, o Leiden, No 184 i e abcomoTHOe oATRepxAenne B 1932 r, Korna Keesou

i K. Kaysmyc npoussead OoJjee THlaTeJbHble H3MEpeHHA

Noomany
coc“l,-'lxzeél-f;:gng}iﬁlH”p"_—;’:“F{-'{ﬂfﬁmnic- HCKTIO9aeT Bosyom [enI0eMKOCTH KuAKoro reaus. [lomyuenHwie HMH pesyJib-
STOM cOCTORT epyr KLY TBeprof dasok ”-..ﬁfr\nocl [ATH, @ TAKKe NaHHble NPeKHuX namepennit JI. H. Haua
Wi OT Beex oepan: n:.ma OCOBEHHOCTD, oo asom I8 K L|,'~.-[cp,rn|Hr—DH]-lcmca npejcTaBJeHBl Ha PIHC. 5.3. B coort-
B i AJLHBIX Bemectys. » GhlHYaoman e WeTCTBHH € (POPMON TMONYYEeHHON KDHBOM, CJAerKa HamnoMH-
' Hantoe BucKasiingmme llaloulell TpeuecKyio ﬁ}’K]&:}' A, TeMOepaTypy nepexoja craju
BLIILE: KpuTHuecKod (gan ;‘;‘“ HE TOUHO, Daktyueciy ; "' j136BaTh aam6aa-Toukoi !, OcoGeHHO BaxeH 31ech TOT Gakr
UCCTBYeT, 1 & 5700 OGnacTy et P2BHA 5.2 K) mumuny o cPATYPE yT0, XOTS HA KpHBOf ecTb paspuiB npu tTemnepartype 2,19 K,

AHAKAR (he
TBYIOT - . a3a g i
raz U]L""TC}:::rE*ﬂijgppﬂﬁ}r Pasa u ras. f'i-'ri
" TBCpRan asa, — ﬁ,ﬂalm J}“?{;IHU:: TOUKH, rje J—pa-
. ped,

OTJIHYaeTes 1 Cocyiec
OT JApYyrix Eput,
HHNAT XHiKoeT, e Belitectn
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Oifa He YXOAHT B OECKOHEeYHOCTh, H 3TO TPOTHBOPEUHT

| 3ror Tepmun seean ¥. X. Keesom u ero mous muce A, Il Keeaom
o npeaao:kennio 1. Spendecra,
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n M E
Kpr::mm.mmcmno O HaNHYHA TEINIOTH mepexoga Keeson
3 \‘_: L e ) 1 T 0 ! ¥ I
"IeT.p._:;i;;ﬂl{lJ}i;’:];fpnhTn[ 3TOT (I}Zii{'['i OHH NOABOAHIH K I\"]a‘?
MEeTpy 3p BMOYJAbcaMi u oGHapy; |y ..
LDy sueprs oy APYIKHAH, 4TO B Kaucng
TC:HF'IE‘E‘J 1.‘.”,‘”“ HMITYThC HEHSMEHHO npHBOMT X noum\m:{n
CI“.I ,]_0[1_13,] _\-[;::I—— Ij:_().'j.‘-rO}E(Hﬂ, MaJaomy, ocoDeHHo B OKpec¢ 'I
g 2,19 K, Ho Beeraa onpeleneryo n'r.m-mgwyr

Puc. 53, 3ange;
- JBBICHMOCTL TenAoeMKOcTH HMHAKOTO Teaus (kaa/r K)
TeMNeparypr dRits
Mpeacranten; i :
ACTARACH B PRIy ALTATE, Noavy L
-t g 3 ’ Ayaennule Keesomon n Kavauvoon: AT
HHH |J.-1|'1.|Tr1ef.-‘r:_.-r[:‘n-r?!:[a”sln!?':: '-:IELU:,{E' EpYREn— i'EJf-!ﬂfﬂ-ﬂC?\Jj'lﬂ-‘ ‘I'-D[”:'lil ||F:-$;Nm]m randl
W T A, KpecTukaMmi ormeventr s pansy el
: J0eM W OpH I8RAERH; o S 4 PE3YALTATH PAHHHX } X
1 pTena0eMKOCTH | A HACHIEHHLX NAPOR raqi xSl
tepminr-Onnecon [Commuyn, Phys. I,lab. L-'ﬂ?goi]? iy N 21t (lom: oaugy
puic. 3], (i S cTn o

HyJa. Onnako AN

HA3ZKBATE IIHGJ]P?SLEQ?&?HBJHh‘”]- «N[b{ i
IT B coctomupe ! I. F
OCBemanT Xapaxrep
BHYTPEHHHE NpHunk
0T  Hacs. Cawmoe
aBTOPHl, — 3T0 VK

MEHEee MoK
[blﬂ' slatbcbem nepexogoM ga cucrr?s:;:i

XOTA DpHBeReHHble A3aHHBIE Toupes
nepexona, caenyer CHHTATEL, 4YTO erg

Mo-1pexueMy COBeplieHHo CKPLITHE
'ﬁo.nbmoe. 9T0  CMOTIH  chrenaths
d43aTh Ha CXOACTBO MEXAY HabA10aaeMEN

0 B
CPEXO]
L‘mmut{e»pLifa'fob:;hrgkr?go-mm li¢ paccMaTpHBaMNcs B To BpEMA Rak «
Pisage el me il PEXONE HOSTOMY onm MOAYIHIH naaéar[:té -.‘paH& k
LHECH BriLeenmen E?;.’O npo{ﬁ?;b’;“"ﬂa KaK nepexo, crmmé.};.m'jgf
AdME €mepBoro popas, AOTielten Tenna, Guan wassamy nepexoy
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0JI0M M YiKeé H3BECTHHLIMA aHAJOrHYHHIMH HepexolaMH
Kropu, npoucxofflluMn B HEKOTOPHIX TBEPILIX
n (heppoMarHHTHLEX BelllecTBax ',
3TH Pe3yabTaThi MpPeACTaARIANHChE HEOXKHIAHHLIMH
il JaNyTAHHBIMH; OJHAKO, II0 CYLIeCTBY, HH OAHH H3 HHX,
i HCKJTIUYEHHeM OTCYTCTBHA TPOHHOH TOUKH pPaBHOBECHA
{hepioft asel, KHAKOCTH H Napa, He IPOH3Bea HAKAKOH
(elcalEE, H daxe pocjiejlee CBOHCTBO, NO-BHIHMOMY, HE
ipirerao ocoboro Buumanus 2. IlepBoe no-macrosllemy
lio/11vioee OTEpuTHe Obivio cierano B 1935 r.: Owuio 00-
JipYyiKeHo, YTo TeIoNnpoBoAHOCTh JHuAKoro reaus 11 crpe-
Ml ci K OecKoHeuHOCTH.
Sto  yeranosram ¥, X. Keesom H ero J0YL MHCC
A il. Keesom B x0/ie AalbHedIHX SKCHEPHMEHTOB no Ten-
00 MEOCTH. MeToa cOCTOs B CAeAVIoUleM: K KaJOopHMETDY
10/ BOAMIM HMOYAbCH Tensa, KoTopole BepabaThiBaiiCh
WiCiTPOHArpeBaTesieM; HOOcJeHHH THTAJCH 3JEKTPO3HEp-
et crporo onpegenennoe Bpemsa (oObiudo 1 MuH) ApH
IHKCHPYEMBIX SHAYEHHSX HANPAMKEHNA H TOK2; IIPH 2T0M
3aBHCHAMOCTb TEMIEPATYPLL OT - BpeMeHH.
[emnepaTypy H3MepsJJdd TEPMOMETPOM  CONPOTHBJIEHHA.
Bnn  ycraHoBKH, Ha KOTOPOH INEpPBOHAAIbLHO paforann
Kceesom m Kaysuye, uso0paen Ha puc. 5.4, a, a ee MOIH-
(priawns, Henoabszosaninan KeesoMmom # ero JoUepslo, npel-
rapjeHa Ha pHe. 54, 6. B oOHMYHLEIX YCAOBHAX TepMOMETp
fipn nojave HMNYJLCOB Tellla AoJaweH OB <Heperpesarthb-
(5i* H3-3a8 BHICOKON TEMIONPOBOAHOCTH CTCHOK KaJOpHMET-
pa H MeAHO# KPecTOBHHEI, a 3aTeM, NOC/Ae TOro Kak Teillo

|
neeJernoBanach

! B mofom BemecrTse (QeppoMarpeTHIM HCUe3aer npH Temnepartype
lie TeMOEPaTypH, XapakTeprofl ad8 QaHHOro BELIECTBA M HA3HBACMOH
ol Kopn. :
2 UMeauck HEKOTOpHE COMHEHHS B NpEINOAAracMoM Xoae KpHBOH

naasnenna Hame | K — vaummaispofl B3 JOCTArEYTEIX TeMOepaTyp; HE
HCKIOYAN0CE Jae, YTO KPHBAA MOMKeT HAYaTh 3arnbaThCs BREpX, 4 He
nuus. [lpeanososenie 0 WHCTO MeXaHHYECKOH NpHpoje NpOLECCa NaaB-
cHiHA, NO-BHANMOMY, Npoliio MuMmo Kak Keeaoma, 1ak H €ro KpHTH-
0B — BOIMOMKHO NOTOMY, HTO HCCACAOBAHAA elle He PacHpoCTPanHIHCDh
g ofiiacTh CTOML HH3KHX TeMmepatyp, uTofll nmoAcOHL BHBOA cral
pensbempsm, PaxTrgeckn xo 1963 r. poolme npe MTPOH3IBOAHNCCH H3IME-
el npi Temnepatypax mume 1 K, a namepenns, ROCTATOYHO TOUNLIE
L% aHan3a kpusoll naasnennd, Guan ocymecTeaeHm guuwbs B 1966 r.
(ciluac napectno, yro npu 0,775 K Ha KpHBOH nJaBienHs HMEETCa MHHH-
MyM, HO upezBmuaiino nosornfi; npu 0,3 K kpunan, BEPOATHO, BLIXOLHT
MA4TO, Ypobesb KoToporo gtk pa 8-107% arM npesmlmacT MuMH-

MiJIbHOS 3HaYMEHHE.
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Pue. 5.4, Kanopnmerp nas swmnkoro reand, nenoassosannuit Keezomo
i Kayanycom, & Tammke na panHeM sTane patorh — Keesomom u mug
A— ofiuen KaaopiMeTpa,

SEPaHHpOBSHIHA oT LER R [
HBIM  LanHApoMm

HHR TEPMETHIHPOBANHEIM Mel
posyio 1pyGxy §
AR TENNO06ME Hily

4Yepes  MedbXHO
rasooGpasnuM  refsenm
0ot sleprin
BOAOB TepmOMerTpa; C, C
A8H ¢ Kanadoum BhICOKOro

TEAYANO #AH  Iancagenc
3LPKEAD S yMeHbwaer
METANAN —CTEKA0 018 BpH
AfP cOSANHEASTCH YePes K
Npaskf  Kamnaamp
ai—K pedTham V, uepe

Metanamyeckos
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JLBBIEH T KoMOopeccop

Ha  JBe BCTBH: OAHA wier

3 KOTODLIll 3800AURETCH Kagoprme
A B Hadopusmerp. Bee yo

Beranka ¢ narped
. Lab. Univ, [,

Kphocrare [Commun. Phy. eiden, M 219 (1933), cTp. 4

Moanduunposannan ycranoska (6),
E —rononunreasnss meranka o Harpesareded F; D—nennan x
nepenadi renna. Bee ocranvume WAL yeTaHos

PECTOBREA ANA yayus
2 (1953) erp. 559, phe, 1],

Kit 0ea yamMeHenHs |Physica
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: T cpa3sy noci T Huaie JAMO] fr
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joe BpeMfx. H paccMaTphBalH BD3MUH\;§§.11&1H“E e
AccqenoBaTted 1, 4TO
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MOCYT GhiTp OTBeTCTBeHHY 34 Hal

NpuIg g JAKNI0YenyI0, yrq %3TH SKCnepumenTy !
3BIBAIOT, yrg TeMIONPOBO AHOCTy, mm;samrmusue:merca (
KOM 1ipy nepexose or He II % He I», OpHuem He |
Pellaer Teng HaMuoro 6Gogee 3{13(1)@!(1‘1“3110, TeM Zaxe |

HLI cocyy Kafopumerpa, Onu HeMenenng B3A/IHCE 4y
CACNoBanne aror Spdexra

TolaeMble gp1enpg)

B 1936 r, onyGangkg,
CBOH Pe€3yabraty g KOpPOTKoM Coobuienuy g Y PH
hysicq,
«B nammy nepBrix SKCIepHMentax yp M3ynann ey
TIPOBOHOCTE

B €10e uakorg refms,
rosoro UHIHHA DA Paluycom 18 py H BHcoTof 5
AHHIKOTO respg LT 3aKmgyen MEXAY nByms il
baokamu, KaXawnif ya KOTODEIX Griy CHalOkep Harpesarej
1 TEePMOMerTpony COnpoTHBIeHNs g3 tpocqmpucm& Gpong

pu ‘remncparype 3.3 K My noJyyamy SHaleHpp TeIog

HMeronen ¢ (
MM,
Me i

BOJIHOCTH, Xapaxtepnoe nagq 3308 NpH oGkyRLyx TeMIey
TYpax,
Oxkasanocp, 9T0 mpy TeMuepatypax miye

JAMO1a-Ton
TCI].-‘I(JI‘J'pOIjU;‘{!—I{JCTL CIHINKOM Besinka, 1T06H ee ug

OuLro H3MEpHTE ONHCaHN BN MeTozom, [Ipy Harpesanuy g
HOro H3 6io0kop HeMemrenpg H3MeHsnacy Temnepary
APYyrore, tak yrg CKOIbKO-HHGY 13, SaMeTHON pasmoery Tej
neparyp ge jlaﬁﬂi{)ﬂaﬂ(}i:h...
nocTenyongx SKCnepaMenTax
MeHLX Gioka, RaKNE 15 KOTOpHX 6y CHalOMen 7g
MOMeTpon Conporupnenus y Kamepoi ¢ KHAKEM renpey
OGe FeJIHeBLe KaMepmn CoOenHAAINCE APYr ¢ Apyrom Ka:
THIAsIpoM g3 HETemIonposoakorg MaTepuana, Hjp 0/1HG
H3 MemHny 610k0B 61 YKpengen Harpesartenp, Oy re1g
BOI Kamep BTOpOro Gaokg OTXOAH Kanummsp, iepes kg
TOPEIT Beg CHCTeMmg 3a00MHgNach HUAKHM rejipey Pagsys
MeeTes, menupe 610KH g COCTHHRTEML Kannanap pasd
Mellanucr g 00beme, KOTOPHI Mor 6y, BAKYYMHpoRay,
TH 3Kcnepuventy HOKazany, gpq Temmepatypa obonx G.10+
KOB BLpaBHnBaeTey 0-npexuemy CT0aL GhicTpo, UTo na
JAEHK HLre H3Mepenng HEBO3MOMK .
Hroow HCKMounTE BlHAHHe
Ha rpannge MEKAY KKy refrnem I p
OKa3saijocp OTHOCHTeNBHY 6, k

MEI HCHO."ILBOBQ.’IH A8

MBl npoBesy 3KCHepH-

ME@HTH ¢ ABYMA (‘OGJHIIHTE.-‘IL:HMJ\-IH K&RIIJL-’JHP&MI'I JAAHHOK
22 u 94 CM (BH}"TPCHHHE AHamerp KaXnoro 6piy PaBen
0,6 mm), . |
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«Ilag obBACHeHAH 3THX
Kasanoce, 970 Bo3MOHo cle
TeIIONDOBOAROCTE He eCTh o
Aapid  KOHBERNHOHHE noToKaM,
H CyUlecTBoBaHns sty
AMMO, YTOGL remm
BA3KOCTbIO, o cnx
BASKOCTH rempg ! [pr stux naw
4TO mpu nepexoge us
TPOHCXOAHT TONLKO Hesya
reaus. Tak, Baskoers g
WASKOCTb reng npu po
8 pas menpue BA3KOCT}
K COXKaNeHHIO, B 3THX
MANOCL IR ABHMxKenue
3T0 BaxkHO 3HATH,
KOCThIO © VaenbHk
daiolumen or y

CTHH

NOp H3BecThy

PMaTBHOM
1 epen to
H3Mepenusn

TaK Kak Kung

AeMbHOrO Beca o
BPEMA KkaK ero Baskocry it Toro >
30B. IT0T BaKT aenaer KHHeM
ACKILIOTHTENbHD MaJio
HHIKOCTAMH, Beneacrsne aToro
H3yuaerca B o6niuy
MAaTeALHO CleAnTh, yTo6y
CTHraa0 Ooabinny 3HAayYeH|
HHAKOCTH JTAMHHEPHBIM,
Moskno NOKasath, yrp ary
BRIIIOTHEH B, H MOXKHD o VBe
TaThl HX OTHOCATCH K BHXpEBOMY
J€T0 nonyuennnie pesmymyy s B
He cooTBercrByiOT HCTHHHBIM |
¥FomHo pas Gousine. y
Hamepenng BASKOCTH XKHIKOro
93 BBy HeoGxogumocry co3gan
TOPOM MOMKHO GBilO Gy COXpaHAT
AaKe npu ero Manof KHHeMaTH

it cpaBHKTe

1,

PeHHOCT

b
qec

——

' 3t namepenns MPOBOAHAHCE
TVXaouwnx KPYTHILHLY Kogel

2 Uneao Pelinoas
CKOPOCTE TeYeHHs p
THBAOUlerD 3TO Tey

NPHBEACHABNA B Teke
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Ycnosus copce

MOTYT OHTH Bo CKROJIBH

HS1 Takoro meroga, B K0

o0nYHLIM MeTq
HApa.

A Kak OTHOWe[pe oifv
APARTepPH BT Pa3Mep Kapa

ABACHH
Had, a npoucxoaur(
Ho pus BO3HHKHON
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! TOMLKO ofilii H3Mepl
i€peHnax Obio  naiiy
A KAy
LIEHHEe BASKC
Pasa menbuie,
Aapnennn (4,22 K),
UKOA nepexona (2,40
X He Gwljo BLIACHEHO, )
HJIH TYpOy.aenTif
HH renufi gBasercy
15, HE3HAYHTe/ILHO o
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K€ TopAnKa, Kak u y
ECKYIO BA3KOCT v = |

€CIIH  BA3KoCTh
10 ocobenno gl
0€ UHCe/0 2 e

M He Ol
bIO CKa3ath, 4T0 pesyd
ABHKeHH IO, Be/encTBif
AKOCTH KHAKOTO respy

reJIga — Tpyanas sza
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fne o
N3, orpanns

Kifl Kostdmumeyr BASKOCTH,

KOTOpDOM

METOM, DPH

DOTad neavion v
iapadoTanl cleavio R PR AL e
] I~|-Ii-| BA3KOCTh JKHAKOCTEH ¢ ropaacr;:;%m]."qecm
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Wpiop Mor onycKaThes APk
BUMATLECA B MHHILIKOM rt'..'l':f)é g
Yponelb JKMAKOCTH B TPY KH,[_I
Mol OLITH YCTAHOBJAEH BHIE HJ :
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HanpuMep B cayuae, Korga i

; HIKATHL ;
2 ObliM  OPHIK 3! HHTepgepeH-
! ]K EP}"TV fe3 calonsiHBEIX TPOKIAAOK, MO PP
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Wiases Les 6h!h1fi»?f‘('}rri}a??l\|?a ,I.:[)‘;)'I‘S-l};il'.‘lllll-i o
[cKaj eme em’;_,;( BHCOTA CT0A0HKa B TpyOKe 3 Mmﬁh e
HyT ]Iaﬁ.rllo.ﬂli-?i{o MHaauMerpa. B cayuae xe reﬂuﬂ”maﬂcﬁ
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DAKDIA v R T te £

s HHCOBLIX “,&; resust Moauduxauny ‘11 no |<I:z; o
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5.6, Cxema onmra Ka-

Pie.

THILBl TIO H3MEPEHHID BASKOCTH

:]nl%ucoro requn [Hoknans A!;I

CCCP, 1938, 7. XVIII, N 1,
c. 29].




NponopuHonanbya KBaapary
PE3 1lean, 410 nokasnpaer. [
HHE NOTOKa remua p meny Guisio ewuge TypGyaenTHRl
CCIH ME BCe-Taky BbBIYHCTHM RHRE{UC'IJJ_. CUHTanA JABH
JTAMHHADHBIM, MBI NOayyly ee nopaaka 10-2 g a6conty '
CAHHHIIAX, 4YTO, OYEBHAHO, mpeacrapiser coboli  Bep)
NIPEARNT BO3MOIKHON BASKOCTH... 10 Kpafinef Mepe B I
Pas MmeHbluef, yey [meer] BOMOPON B rasooGpazHoM
CTOAHHH NpH camol HH3KOf Temneparype, mnpu
BASKOCTD €ro uMeer Hammenpuree sHavenne. Kak napeg
BASKOCTb rasooGpasnoro BOLOpORa cunranach Hanvens
HSMEPEeHHOR BR3KoCThIo, H3BECTHOH s KaKoi-116o !
Yelt cpexnr, Mue Kaxercs, uto storp npenena yxke Mol
TOYHO, YTOOH MO cpaBHenmio ¢ AABJICHACM CBepXupoBo)
CTH CYHTaTh, YTO KHaRAf FeJIHI HHXKe Tougy j, OpDHHHM
0co0y10 MozubHKaLTIO, KOTOPYI0 B BHAY €€ HCKTIOUHTE _
MaJIOH BA3KOCTH Moyo ObIJIO O Haspato «CBEpPXTeKyuE
CBETe nadbHefmnx PCSYJbTATOB, O KOTOpLIX OM
Pacckasano mmke, Brpojy Kanuue moskio OblI0 Gl
CTaBHTL NOA COMHeHKe, ecay OBl OHH OCTadHeh enmme _
HBIMH. Opnako ciyymnoes Tak, 4To aHalOrHuHKe peay
TATHl OHIH noMyyeny Anaenom w A Maiiznepon
KemGpumxckoy YHHBEPCHTETE, Npuyem COBEPIIEHHD ADYE
METonoM. 3ti pesyabrary TaKxie OBIIH ony6akxonamel
Aatyre HelocpencTeeno BCACH 3a coobmennem Kanug
d B ciIeayonem FONy OHH BMecTe ¢ Oousee -'JGUIJIIH-IH-_\J:-L T
HLHIMHA n3Mepenuit Griny NOAPoOHO omycaunr B Proceedin
of the Royal Society.
«YcTanogga METOAHKa
MO H3YYeHHIO Teuenus resys B OCHOBHOM OcTaBagmncy il
H3MEHHBIMH, CTeRasnnmbi; KallIsp OnMUM H3 cpomx K
LHOB coeawnancs ¢ UHTHHADHUCCKHM CTEeKASHHLM peaej
Byapom Taxkoro AHAMETDA, YTOGH CKOPOCTL  H3MeHeHf
YPOBHSI NIDH npoTerkanyy resna Gbla yaobua nng H3Meps
HEA. [lpyroit komen Kannanspa Osa cpoBomen p OTKPh
B pPesepByap ¢ s»muakny refinem. Bepxassg yacrs pesepsyap
TaKkxe oOHYHO ocTapanacy

OTKPHTON, onuako ITHaMeH
OTBEPCTHS OrpamHunBamcs SHavYeHHAMH 0,5—]1 my p 3aBH:
CHMOCTH oT

PasMepa pesepsyapa. Ilegs TAaKOT0 OrpaHHye
HESL cocTosna B Tom, YTOOL YMEHbLINTD, HACKOIbkO BO
MOXHO, /o6y nepenauy xuakocrn olbpartHo B pPesepayap
nocpeicreom TOABHKHON NOBepXHOCTHOR VICHKH, nepeyes
Kalouel yepes nepxuuii Kpaii pesepeyapas,
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p LAviae L iy 0 i
- —_— qa_
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o .I. H HCNOJAL30BAaHHH AJHHHBIX K& HX CBOpPauHBAJIH
‘||'p'n X B BaHHe C JKHAKHM re.-mcm.” SPE s
l“ll .p.H;DH'l"aJIbH\'}O CHPaJlb. ﬂ“a”;’f}g gga pn};enmman JAna-
§ 'Y ; HO B > ¢
LuHO 4—5 CM, T. €. IpuMep ; (o Gelio. TIO
phLuno 4 ?q{; ,ﬂ e WO ['IDC:"IE‘-,-IHIE_H MOXHO
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i o - Je {H * ] \.-['0”.[.1[
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".l.r:'i ‘q.nb-nlnm MacJAHOTO }13J{u&1€TP3I n};;.uBaTb HoCTOS -
FMI;J;:IC Oxa3a/0ch HEOOXOLHMBIM no'mlep?wmlﬁ Ha YPOBHE
reJTHs. dday soce  HamMepe :
: : /PEl B npoiuece BOJHAHCH
¢ |5? ;(?NITT;?IPHE}::E:E:'CIIHD Korga H3MepeHusi NpoBOJ
|- MHH,
SAM3H A-TOUKH. AipJeHHe B ONHITaX
““l”':’;lluﬁ:tai?aqblloe IHAPOCTATI CCEOR ﬂ~m|”r13?3" JKHAKOFO Te-
J'E'E:)K?)\! rejiig Jocterajo 15 MM m,?—:.]qnc:rn.nem TAKHM,
‘ 'IF]‘O u ypeamueie mmmmew; 61’;:[1(;1;2 BCe T0Jie 3PERns
WIHLEL, ? ok B e 3a J
5 TBYIOIIHH CTOJN
1T00B COOTBETCTBY
OKYyJdapa, 93



..Bo Bcex CAyuanx crpougace a
YPOBHA reans g Pesepsyape or gp
B KaxaI0H T0uKe Mor ity 34TeM Nepecunsan B oGpeyy
PaCXON XHAKoCTH B CEKYHLY wanm cpenuio CKOpoct
ABHMCCHHS XHAKOCTH o Kanuaaspy. B to me Epemsa jil
HOCTD Mexay yposusmpy HHAROTO reams g pesepeyap
BaHHe naBana 3magenyg AaBnenus p, COOTBETCTEYIO
3TOl ckopocra, Has xaxnoro rpaduka cocrapasnace 1,
JHUA CKOPOCTL — napnenne, y Ha ee ochose crpon 1
KpHBag B Jorapudmuyeckoy MaciitaGe.. Haxgon i
KpHBOfi (T, e, NpoH3BogHag dlog v/d log p) pasen
3arelio crenennm, p KOTOpO#t p Bxomur g COOTHOIHEeHHE
HCLY CKOpocThio n AanienneM ', Coraacug K1accuyecy
TCOPHE, 3Ta npoussopnas (n COOTBETCTBEHHO NOKazaTedl
PaBen eawmuue nas ugero JAMHHADHOTO Teuenus y 1y
AMA THETO TYpGynenthoro TEUEHHS 3, '

XOAe SKcmepuMmenTop MOM(HO OBLTO H3MeHsTE YETH|
Napamerpa: pamgy Kanuaaspa, eno Panuyc, nasienne.
TeMnepatypy; pesyanrary BHpamanuce uwepes ppe BeJ|
HHEL: CKOPOCTh nOTORa HAKJIOH KpHBOA 3aBHcHMOCH
CROPOCTL — naBaenye, Dpeacrasiaennoli g a0rap Adh MYl
CKOM Mactitabe. B Gosee HOTHOM BapuanTe cBoefi cta _
dBTOPLI pacemaTpuBay MHOrOWHCJCHHbE coveTanpg 3TH
Beminy. Oanako ocropHpe 1€PTHl NAHHOrO ABTeHHS Gl
BHAHK yXe H3 Koporkoro coobuienus, rpe paccmarprng
JIHCh JHWL fiBe Kam; JUIIPHBIE TPYOKH: OfHa Kpyroeoy
CEYCHHA pamnycom 0,05 cm u AlHol 130 cu, a BTOpA
MIHOTHYECKOro ceyenns C nmoayocamu 0,001 u 0,002
H 0auHO#E 93,5 e

«...3HaveHus CKOpPOCTH Tewenny KHAKOCTH 0 K
APy H cootBercTByiOUan PasHOCTL napnennfi g
Kanunaspa npusenenp p Torapudyuieckom Macy
puc. [5.7].

Ouesnano cleayoniee:

a. CkropocTs notoka g MeHsieTCs JHmp He3HauYnTe,ThH
PH GOJBWINX H3Meenusx Epenanos nammenus p crong
KHAKOCTH. [l menbinero kg MHIIADA cOOTHOWEHHE Me i il
HHMH BhIpakaercy fIPHMEPHO KaK poo gb OLHAKO np

YMeHbmenny CKOpoCTH noKaszareJip, No-BHAKMOMY, ﬁy.&:_
eue Gogee BLICOKHIT.

——

! Umeeren & BHAY 3na
CKOPOCTS H AaBachye,
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CAYHHA

MHHApPHOE TeUeHHE KHIKOCTH HJIH rasa,

.

i

Hrzpebamens

i

Pic. 5.8. Cxema npuGopa, ¢ no-
MOIBIO KoToporo Aaaen u Jucone
OTKPBIIH  ShekT HameHeHns aa-
BJACHNT, ‘CBH3AMHEIL ¢ Mepenccom
Temna B wuakom reamn [Natfure,

141 (1938), crp. 243, puc. 1]

&

coM, 0
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KU1 175 KaauOposkH. OcoGhie MepH nperocTof
CTH OBUIH NPHHATH € LEJNb0 00ecHeqrT \

Jenylomee OTKPHTHE, CBA3AHHOE C 4pe3BbyaliHO 9
(bekTHBIM ABACHHEM, 6HAO caenano AdteHom u X, Jx0

HeM OHH COOOUIAJH YeThIPbMA HeAeJAMH MO3Ke
nucome B Nature (moppo6uo 370 OTEpHTHEe ofcy:Kaano
B cTatbhe AJsiena a [, Pugn, OnyOJHKOBaHHOMA B Procees

Ib JefcTBHTEARM
noxasateje
TOPOTo - CAYKHIO CTPOI
HEHHOE HIMEHeHHe Jop
Ma aMmaHTYAL KoJeGa
BpemeHem. Peayastatyl
3aMHChE

He coBceM T4
KaK Oxuaajock; Hampi
BA3KOCTb Bo3pacraia @

TOM TEeMNepaTypul, 4700
THBOPEUHJIO NOBeXeHHIO
MambHLIX KHAKOCTel. O
KO 3HAYeHHA BA3KOCTH
BEeCbMa [aJeKH OT Moy
HEIX B pafGorax Kannm
Take Annena n Malizl
Aanen nocetun Jlefinen
3AHee OH BCIIOMHHAJ O «CH
cnopax ¢ Mak-Bynom 3a @
JIOM B TeyeHHe ABYX HJIRT
OHEH.. 0 ToM, Kak ooj
COIrJIacoBaTh  MexAay col
ABa MOJHOCTBIO B3aHMOHC
YAIOmMHX pe3yJabTarta, (ol
UEHHBIX MPH KJaccHUSCH
H3MEpPEeHHH 3aTYXaHHA aM
TYAH KOaeOaHHA nuCKa, Cf
HOMl CTOpOHBL. H mnyaseflig
CKOrO TEeYeHHs1 CKBO3DL JJIHl
HEIl  Kanuaasap —c  apyrol
PasymMeeTcs, B KoHeuHoM ©
Te Mbl 00a oKasaJfich npanl
OJHAKO B TO BpeMsa BOmpe
npeAcTaBAAacA  COBEpmeHH
3arafloYHBIM, U KaXKALIH 13 HE
BTaliHe BepHJ B NpaBHNILHOCT
JHIIL CBOHX Pe3yJdbTATOBS®.

p-

ypOBHS KHJIKOCTH B 3aKpHI-
yull koabe, npucoem-mmmuu K
Harpe paeMoMy KOHIY Kanuamaa-
i, XOoTs OH AOJIKEH Opln mas
WnrL 113-33 Bo3pacTaHus AABJC-
jiiy napos; TaKoe najeHne 1_:3.—
fi110/14790Ch  TOJbKO TIpH G0/Ib-
{i1x NOTOKAX Temja. 3aTeMm npH-
fop Obll H3MeHeH Tak, yTOOH
jepxHAs HacTb Kon6n Ha ropfi-

oM KOHTE Kanuaiapa Hua
prEpuTa AR AOCTYnd napos,

4 XONAMHAXCH B paﬂilDEECHH C
jopepXAOCTHIO HKHAKOTO r{;)iflll'FlI:
repmocrare (pHC. [6.8]). Taxm

oGpazoM YAanocs  YCTPaHHMTb
{a3HOCTD B AABJACHHAX napor HAL
J it 1KoCTEI0 ¢ ODOHK KOHLLOB' Kd-
ninaspa. Kak # B MpeIbayILix
crvyasix, HATpes OCYILecTBAANCH
¢ [1OMOINILIO SAEKTPHUECKOH CItH-
paJji, noMelleHHOM Buyrgn KoJ-
ou. [lpn marpeBauu ypoBeHb
W(AAKOCTH B KOJALE BHOBb TNOMA-
MAaJcs, TpHYeM MOIBEM BO3-
nacTajd C yBeJHUeHHeM NOTOKA
rera, 4 TpH MOCTOA
HOHHIKEHHEeM TeMmliepaTypsl...

Fiuie Gojee NOpasHTENbHOE TIPO
nunm w3 nac (ILX. =) 2
¢ A. Jl. Mafisnepom. OnuTe [IpOBOAHJIHCE

anem 1 no TpyOKe,

nabaoaanock O
11, TexkyuwnMm

4 3ag. 1011

JHEM

IHOM [IOTOKe Tell

| Mg of the Cambridge Philosophical Society). Hannoe
' o Opjo clenaHo B Xoae Mpo

nojkasmuxcs paboT

i - THOCTH
';\“' & [Tafiepica H Jagu YaanHa OO TenAonpoBOAHO
mAacHn, | ¥
{im nue). :
41410 3aMEUeHO, 4TO Tell0-
W0/ HoCTe KAk Gnl BO3pacra- n
Wi npin ymeHbHICHHH oTBEpCTHA
Blnnnsipa. _[Lam;-.e 6BLIO obHa-
§yicciio, uTO NpH Ouelh HUIKHK
Lwnepatypax (1,08 K) manme
JuroKn Temaa BHIZBIBAJNH TNOA®- A

{fE-F?r:'m Pﬁé

— et

{Tehmouan
MO

Puc. 5.9. Cxema npufopa mad

GHapyKenus (OHTAUHPOBA-
EHH py{:\n’a!ure, 141 (1938),
crp. 243, puc. 2].

fa yBeiuuHBAJCA C
pepne storo spdexra
& Annen) COBMECTHO

JIKHM Te€-
MeJdKHM

o7

3anoJHeHHOH




mopowkoM kopynpa (pue. [5.9]). _
OHITL HA HEeCKOJbKo CaHTHMETPOB BhIlle YDOBHA reJijll
BaHHE, HHAKHHA KoHew TpyGkm, 34M0JIHeHHBIA  MopoLi
UCBEILAJCA S/ICKTPHYECKHM KapMaHHLIM dhonapuxom. Kol
Ha nopomok nmonagan ceer, HaGaonazcs CTauHOHA P
NMOTOK HAKOTQ resnsl, BHXOASINHE 3 BepxHero. K
TPYOKH.

ITo cymecrsy, onucannas YCTaHOBKA npencTaBaser
6oft ouens npoctofi u sphexTuBHbI reanesnii Hacoe, B
COTa CTpyH yBeJqHUHBaeTCs mpwu YMEHbUICHHH TeMmepa
B TEJHEBOH BaHHe W NPH pasMelbueHHH YACTHL NOpo
Dororpadus Hacoca, paGoTaioulero Ha KHAKOM el
npeiacrasaena na puc. [5.10]. IoToxk HOIHHMaeTCA M)
MEpHO Ha 4 cM Hag conaom, H ero BEPXHAA "TacTb ynapsl
¢ B OOKOBHE CcTeHkH cocyda.. MakcumanbHas BHcol
CTPYH docTHrama 16 cwms.

Ouesnano, mesxcay notoxamu Tenna u
g Il cyuwecrsosana ouens Techas B3anmocsase. [Iph
pola 9Tol cBsA3N A0MKHE Gbia CTaTh Gojee siBHOi B i
SYJALTaTe HCC/ACAOBAHUSA NOC/ELHEro, HETBEPTOro H3 «CBEpM
CBOHCTB» — TeYCHHA MJICHOK.

B oranune or Tpex APYrux ocobennocrefi cpepxTeril
HEr0 NMOBEACHHA TeJHsl TeUEHWe IJIEHOK AABHO NpHBJICKaJE
PHUManne uccaenosatedei !. Eme s 1929 o, Kamepanns
Onnec samerna, uto YPOBHH JKHAKOTO refist B ABYX KoMy
LCHTPHYECKHX cOCynax cTpeMATcs BLIDOBHATLCH; OH cued
2T0 CBA3AHHLIM ¢ «lleperonkofts. B 1936 r, Huronac Kyprig
B. B. Poaaur u ®, Cumon COOOLINTH B CTaThe, noMelleH=
HOH B MypHaje Physica n nocesimennoi IKCTIePHMEHTa M!
0 OXJIaXAeHHI0 ¢ NOMOMNIbIO aanabaTHuecKoro pasmarnu=
UHBAHHA, O TOM, 9TO ¢..B COCYIax, copepmanuinx OXnax e
HBIA HIKe A-TOUKH JKUAKHE resnfi COCHHEHHBIX TPYGKOM

¢ Oojee HATPETBIMH 4acTiMM YCTAHOBKH, 6bl1 0GHApYsKel:
4HOMAJbHO BEICOKHE npuHTOK Termta., Sro NoBe/eHe, BOa«
MOZKHO, CBA3AHO, C CYIIECTBOBAHHEM CJI0S KHAKOH NaeHKH
BIOJE CTeHOK TpyORH». Boaee noapo6uo Poaann gosoncna
0 TOAOOHBIX ABJAEHHAX HA CeabMoM MEXKAYHapoLHOM

Bepxywka TpY6KH

1

Maccw s

! Heiictantensno, CYUIECTBORANO, 0 Kpailueli Mepe
Ha AHOMAJTLHO MANyIo BAZKOCTH. A HMEHHO B 1930 r.
B gen Ouge obpapymuan, gro COCYA, F
TEUH OpPH TeMNepaType Buine A-TouxH,
Hiie sTofl Toukn. Ofnake nHkakux i
TOT MOMEHT CAedaHo He GhLjo.
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OO YKasaHwe
Keesom u I, H.
i€ HMEBUINIT HHKAKOR 3aMeTHof
ofaanaer e npu TeMneparypax
ANBHelUINY BLBOAOE H3 3TOfQ B

i ecce

qTo OHH CBH3aHH €

xoaona 0 I pEJlTIO.TID}[{HJ'[,

Onnec. Mostomy Maxon I'.

HAJH
kehopae TpemnpH
Sz Oun

WM. 10 nabnmoaad Kammepmm{:
|..-'.H i Kypr MenieTbcoH R 32 o
.lu-:-l ryLaTesbHOE H3y4deHHE
Qi 0 pesysbTaTax B ITHCh-
Mo v NValfure 8 1938 r,, a IID?:
Julio nx paGora Oblia omyo-
Bllkonana B ﬂﬁ_"\-’f C.ﬂE,U.}'IUHlI-Iz
Wil 3a ApYrou -:Ta'rh:-'{foO
Proceedings of the Roya
flefy n 1939 T, i
«l} ouenb ynoGHOH ycTa
Wonke (pmc. [5.11]) mu moa-

coob-

pecnay HebodbIIYIO c’remls,m_-
fiylo MeH3ypKy Ha TOHKOH
greiiaHHoft  HHTH, KOTOPYIO

Mosno ObBiIO nonmma‘rf, H
nllyckaTe B peaepByap C ?_um-
wnm reamem I1.. Mu Ha _:{Ilo-
inau caeayroliue S-[B.’l(."lmﬁl. :
n, Korpa nycras Meu.-;:, p-
i onyckajach B }zcit;mocm_a,
i ]EIUIHD.-'!HH.'IaE:b oo TOTO e

s b JHAIO-
VPOBHA, yTo H YPOBEH ;“Tq

KOCTH B pesepByape, o
flepxHHA Kpal MeH3ypKH ,H'
I e  BHIIE ypoBHA  HKHA-
KOCTH. g 43

G, Korna MeH3ypky Hac

(HuHo BHEIHHMAaJH H3 pezepn;-i;
upa, ypoBeHb }t{iifli{OCTllBlH]O
ul.:'m..:i. c TOH e c;capn?:::rb 0,
KAK OH BO3pacran BCay 1\ac :
Torna KAK ypoBeHb B pn-.agp
pyape BO3pacTal Ao Texagegi
'|I:r|\',:3. HE .ELOL'.THI'HJ'IOCI) P :

i 1 : (8} : I {} 1 1 T 1% HT JH HEP(’IIOC
¥y ,]lJ-[ﬁ L ;

13yuasics
(HOCTH, Sp@eKT !

; ; Mo I[OBEPXHOCTH, uen
Gmaropapsl meperocy numrn}"rux MeAHBIX TPOBOJOK,

s

. 5.10. Spderr 11.0147:11}1:1[1(31;

Eyi[: EK"aIﬁrc, 141 (1938), erp. 243,
puc. 3]

- 1 08 lrl'l'i[lGlU,Clo'l oba
['li?!(:ll {a.:tocu. YBE'.-EI-[TEE'HHE HDBC[}KHOCTH. :; JAHE ‘
JILIJ(IB-lIIlF[ buio }’C[aHOBJlQlIO, qTo np 3TOM CKGPO‘-“’
Yp L
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Hepenoce }"TiE‘f.'llI‘-iHﬂElﬂ.’iCb B HEeCcKOAbKO pas3, HO JHIIB TMPH

Y0/ 0b1H, ITO HMyHOK IPOBOJIOK omycKajcs B JKALKOCTb A0
Dol BLICOKOrO H3 JABYX ypoeneit ! (pHC, [5.12]).

Korna MeH3YpKY (B OTCYTCTBHE NPOBOJOK) MOJHOCTDIO
Wi MAJTH B3 pe3epByapa, KHAKOCTD p Hell Hcuesana C TOf
W@ CKOpPOCTBIO, KaK ecH 6Lt MeH3ypka ocraBajach 'a-

Lpiuno TMOrpYMKeHHO# B pesepByap. Jror (axT YAANOCh
WolHTL mocne TOro, KakK OBINO }'CTHHDBHC}IB, UTO WHIAKOCTD
wnfnnpeTc B Kanjad Ha JHe MEHIVPKH H Kanaer B Pe3ep-
By ap

J Oxaszajoch, 4T0 CEOPOCTDb nepenoca MHAKOCTH HE 3a-
HUCHT CANIIKOM CHABHO OT TOIQ, janoJiHeHa JAH MeH3ypKa
{ouTH NOJHOCTBIO HJH e TMOUTH mycra; CKOPOCTD nepexHoca
jaMelsaach BCero Jniib Ha 209 npH H3MeHEHHH YpOBHA
§ npenenax OT 0,5—20 MM OT BEpXHEr0 Kpas MeH3ypKH>.

JleficTBATENBHO, KAK GuLI0 NOKA3aHO B mepBof H3 cTa-
yeit aymra # MenaenbcoHa, CcKOpOCTb TOTOKE, no-BHAH-
MoMy, TOUTH COBEPILEHHO e 2aBHcena oOT OTHOCHTENBHOH
pa3noCTH yposnei.

«Jlna Oonee JIeTa/IbHOTO p3yueHus BOOpoca HaMepancd
jlepeHoc MELKOCTH H3 JAJHHHOR MEH3YPKH B 3aBHCHMOCTH
(7T BpEeMEHH, Mensypka HATIOMHAJACH MyTeM TMOJHOTO norpy-
oHUs B pesepByap, a 3aTeM p3paeKajack H3 HEro. Or-
ciieTHl BHICOTHL YPOBHA B MeH3ypKe IPOH3BOAHIH yepes
wazcame 2 mug, Bo pema sKcnepHMEHTa YpoBeHb HHKO-
¢TH B pesepsyape nojaep:kHBancH Ha ofHOfl B TOH Ke BhI-
coTe MO OTHOIIEHHIO K MEHSYDKE, yTo JMOCTHrAJ0Ch PeryiH-
poBaHHEM BBICOTH mensypxs. Buicota ofoux ypoBuei KaK
(pyHRIHA BpEMEHH nmpejcTaB/ieHa Ha pHC. [5.13], oTpaxaio-
eM }}tS}'ﬂbT'dl‘bl THNHUHOTO 51£CHE‘[}HMEHTE!.

| BoaMOMKHOCTE KanHAAAPHOIO gthdpexta MY BHTHAMN MpoBOJIDK
CHU04AAACH TIYTEM SaMenbl ero HECKOABKUMH OTAS/IbHLIMH NpoBONOKAMH.

Pue. 5.11. Kpuoerat, Hcnonbaoeanakil JlayRTOM I MeHaenhconoM, npH-

cnocobaenanil AnA nonbeMa H [Orpy HeHHA MeH3Y piKil.

[ro onwcapHe RARO B pepuofl 13 ABYX cratefl 9TiX aBTOROB. JCotyil, B KOTOPOM 1po=
HNCE 3KEH¢DII.M\.:'.IT'I.-I. coSAHHGH C lleﬁﬂ-'lbluﬂ.'\i reaneBlis i)rl{HH\.ITTE!‘JTE'M--. B 1ex
-pepUMeNTax, T2 Hononk3NBAIACE menaypka B, e¢ moxcio OHLIO NOLHAMATh H

onycKars ¢ TOMOLIBI muri . mposoma £, woropufi 1epel rpyGry Ts BRBOAHACH

rpuGopa. Bepxmit wouel F npucoenusfaci K repMeTHInPOBANHONY NoABEMHOMY
verpofictay W (uin K sarnTEoMy yeTpoRCTAY). Bem yeTanoBKa nomenlaaace

paRYyMIpoBanHilll COCYA c. oRpyen il MK pOAOpOIOM B Aboape Dy Hms-
jaf Yactbh ].l't'['ﬂll\').i.i!t]l caenana mu3 cTeHAa H cotlunReTci © OCIH)L\II.OH YACTHW HPH

(oMo Nepexoios Melb — crexno. Hus apoapd [, ne nocepedpen # NOTPYIKER B BANY

¢ MESKHM 330TOM B AbOEpE D;* |Proe, Roy. So¢., Ser, AlT0 (1939), cTp. 425, pie. !r.
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YpoBenb. JxuakocTH B MeH3ypKe GHCTPO. onyckaen
TEYeHRE NepBhix 6 MHH, NOKA He OKasLIBaeTCA Ha | oM "
€€ Bepxuero kpas. ITocae storo ericora yposrs BHYTPH
8YPKH CTaHOBHTCA JHHEHHON ¢y
yaer,

g

20 IO

20 30 pun

Pue. 5.12. Pacnoaomxenne nyuKa mem-
HEIX MPOBOIOK B npufiope ang Hay =
HEHHA KX BJIHAHHA Ha CKOPOCTh
NepeTexanuy,
Cnpasa —rpadiukn naMenesig so BDEMEHH
YPOBHS WHAKOCTH B ABYX COCYNAX. Caeayer
OOPaTHTL BHIMANNE Ha HIMeHEHHe HakAoHa
GOEHX HKPHAWIX B TOT MOMEHT, KOrfa ypo-
EEfib B BEpXleM \"ﬂ-.'!.-'_'lli QUVCKASTCA HiKe
KOUILE myuxa nposonok [Proc. Roy. Soc.,
Ser. A1T0 (1939), crp. 428, pHe. 3.

HyTh ATOMOB BAOJL OIHOI

Kak (yHKuug BpeMenn, B

UTO! CKOPOCTh lnepeHoca OKaswBaeTCHA ﬂOCTDﬂHHO

NeNeHHvIo
PACCTOSHNE, KOTOPOR aTOMbLI ZOMKHE TPOHTH N0 MICHKE..,
Iostomy 6wiar mocrasnen sKcne
H3 CTEHOK OKa3ulBaJCH 3HA=
AHTEILHO JUTHRHEe, yeM BAoaL Apyrof (puc [5.14]). [Tepe-
HOC JHIKOCTH BHOBb (DHKCHPOBAJCS N0 Pa3HOCTH YpOBHel
MKHIKOCTH B pesepByape H MeH3ypKe,
redenne nepshx 30 MHH ypoBeHB

HK1LHel BpeMenn; 310 Ol

HE 3aBHCHT OT pasuil
YPOBHell BuyTpH H CHMl)
KH MeH3ypkd. Jlaa |1
BEPKH  3TOTO  nOJI0MEH
Ha 33-ft MHHYTe paanol
MeKAy [ABYMA yDOBHHA
BHE3ATHO YMEHLInaJgH
65%. Onnako, kax ag)
BUAHO 3 puc. [5.13], 9§
He DOPHBOAHJO K H3ME
HHIO CKOPOCTH HepeHOCH

(B neitctBurensHOCH
Aanbhefine Gosee TOUNM
H3MEPeHHsl ToKa3ajH, i
BCe ke naGJuronaercs HeKg
TOPBIH, XOTH 1 HeGobmof
s dexrT, Nexawnit 3a Ope
AeJaMH TOYHOCTH ONHCAM
HEIX H3MEPeHHH M CyLIee
BEHHO MEHBINHA CcHOOHHO
ro spdexra.)

«ITockonbky  pasHocTl
BBICOT MEAY ABYMA ypo#
HAMH HE BJHAET 332MeTHO
Ha NOTOK MKHAKOCTH, OLLIO
BLICKA3AHO  TNIPeano/oKe=
HHe, YTO, BO3MOXKHO, Onpes
poab  Hrpaep

PHMEHT ¢ MEH3YPKOH, rae

KOTOpas H3MepfaJach

B pesepsyape Nogaep;KHBaics NOCTOAHELIM,., [locsie atora
OH 0BT, NOZHAT TaK, 4TO O0Kas3aJcfl BHIIe HHXKHEro KOHIA
BuyTpenHnx 1pyfok. CropocTn NEPEHOCA He H3MEeHAJach,
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Ranau HHLKOro renﬁs;
TpeHHEH H3 TpyGOK.
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17K e

eancs HHK
~pByape cjerka omy STt h
4 fi MHHyTE YPOBEHE B p"ﬂﬁ“‘ﬁdgm BH/IETh, 4TO, HECMOTP?

: g - 10TOK
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TH HA MepeHoc
e

TN Oy
0 BARSHHEA A : g onbliIne
S yrpeunufi ypopeus, O 1939)
HKH — BH} Al170 (1339},

13y
514, DrcnepuMeHT 1O H3)

Pae. = nne KpY Ser.
nenkoil  (Manh : 7. S0Ca

JWHLKOCTH I wilt | ypoBEHB) Proce. Rt[;_i'

KpyHKH — BHELI : crp. 436, puc. Y1

B 1 q-
H MBI pabawolaeM B TO

anpaHIl[‘HIlH, a, KaK # npi BTE-

M H
uier B OGPATHOM * o b pocTH mepeHoc

HOCTH TO e SHljlgﬁ:;'p}(y
(AHHH reausa B oH 2 .

" Wntepeckas oco0eHHOCTH mﬁo*ropble
cToRT B 00pa3cBaHAH Kaneib,

jeHero 3HCDEPHMCHTE{ C(]l;
ote pabaogannce 1P
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ONVCKaAHHH HHMHEeT

y 0 KoHIa TPYGOK /

s The ) HHIKE YPOBHA KHIEKOE

y 2 'DII,ELHMDM}’ ITH K& v

- e s , 3TH KalJaH YKa3sl '

ik 1330‘.?:39 KUAKOCTH MOJKET oﬁpasoﬁmsamgiﬂi [iza.n l'
X MECTax, KOTOpHe Hax .

iy ' K > HAXOJIATCS HHMKe BepxHe )

IWBG‘TJ;]I(I:I}_;H ﬂ\?éllfﬂcumem H3YUEHHA 3TOTO HB'TEPHHFI r:?cgg

: J MEH3VPKa ¢ CYHEHH :

SR YHEHHEM BHYTpeHHe]

I [5.15]). Tlyctyio MeH3ypKy norpy}xa.fu B ;ese;:?a )

bem

S W R =
= 5k 5 { ‘0\\
= | S etk v S
3 E f -

== 2 e et ]
5 N .o--«"lr’faj :
= : 3 F!? ’-:’- 24 25 rut

Pre. 5,15, Ix
. 1D, JECOepUMenT, moKa3 fi
i | r, A3RBAIOIIAI BAHAHAE CVHC r
v i B,:E.;[[)IK.[ _(.\m.lr..re KPYRKH — nllv“rpc-mmﬁq fhEHiIST Wit
muit yposens) [Proc. Roy. Saoc }S?Oﬂwh‘ T
crp. 437, puc. 10]. DBl

TaK 4TOOLI YPOB
YPOBEHL KHIAKOCTH B |
e . ) nocIefiHEM OKa3al -
ko ":n;é,::f[i CY#EeHHOH YacTH MEH3YpPKH \:‘3:331::1 1:23
\ AHSNACH, H YPOBEHb B PesepByape : 2
i \ B pesepByape COOTBE -
, TAK 4T0 CKOPOCTEH NepeHoca ocTaBajach ]T(TE:;E:

HOH 10 Tex 1
nop, moka (no mpomlecTsHd 15 MHH) YpOBeHB

HKHAKOCTH B pesep it LH. 0 9] HHO
2pBYape He A0XO ! H

| . : ) ; XOAHJ Jd0 ¥ BHA CYKe

jactd. B aror MOMEHT CROPOCTh iI(:"pEI-IDL‘Z] Pe3Ko HaMend

JIaCh, NIOCJEe Yero NOoHHMKeHHe I:IJ“'I :] r- &
’ O } e (8]0}
H C

BeTCTBYIOLLCE NOB
blIEHHE YPO A,
3aMeAaAIHCD, YPOBHS B MEH3YpKe 3HAUHTENbHO

o V 0 ae |' '-l:TD EpCl OC MeH! Y COCY MH C a3=: .

I Cpa
P4BRHTE € YCAOBHA
: MH, npH K :
JIBYX TPeAbAYIAK CAy PH KOTOPWX Kaiin : o
pefnIymux cayuanx (em. erp. 101, 102). s e
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BliM MecTOM B coeIHHATETLHOH TP
BRMOT0 BLICOKOTO YPOBHA®.

y6Ke, JexalnM pLIlIE

iy nuchmom B Nature Jlaynra H MenaeabcoRa nocaeao:
R0 nicemo A, K. KekonHa H B. [. Jlasapesa u3 YKpaui-
Bhor0 (hHIAKO-TEXHHYECKOTO apeTHTyTa B XapbKOBE, KOTO-
e TaKKe wecTeNOBATH Teuenne MIeHoK, o ¢ TNOMOULLID
Bl ITeHHO Apyroft MeTOAHKH.

CrexnsAHas TPYOKa AHaMETpOM 4wy, cuHaOmenHad
Ry Y MHEOH renJon3zoanuned, norpyxena B scnakuf reauf,
Bpiicy JHLB €€ HHKHSS 4YacTb HAXOAHTCA B FHAKOCTH,
b1l KaK BEPXHSA MOXKET BO3BHIATLCA Haj YPOBHEM WAL=
Wyro reaus B pesepByape. K Bepxnefl 4acTH TpyOKH npH-
Ha KOTOpYio HABHTHI garpepateib H3

Wunia vMeanast TPYOKa,

\iicTanTaRoBOM NPOBOJIOKH (auamerpom 0,1 MM) H TEpMO-
Wetp CONpOTHBIICHHA H3 cpnu‘popucm}": GpoH3Ll (nmaMeTpoM
01 MuM).

Korna HHMHAA 4acTb TpyOKH morpyxena B WHAKHA Te-
wifi 11, pepxusisi 4acTh €€ HMeeT Ty ke TemmepaTypy, 410
W okHAd, T. € TeMTepaTypy MHAKOrO rejus B cocyne
Jlyioapa. [IpH MOABOAE tenaa npH MOMOLIH 9JIeKTpOHATpe-
pnrens Harpesa npaKTHYeCKH HE nabmogaercs... Oxnaro
HpH :mpc,ﬂ,eﬂemmm gHaYeHHH TOKa HauuHaeTcH HHTEHCHE-

Wi i Harpes... I1pH BLIKTIOUEHHN TOKa 1eped Harpesareib
jepxAsAs 9acTh TpyOKH OY€Hb GuicTpo (3a HECKOJABKO £e-

Wy111) TNpHEAMaeT TY HE TemnepaTypy, 4T0 H HIDKHAR
HACThuw

‘70 CBHIETENBLCTBYET O TOM,
ypyGxu 0OpasyeTcs ToOHKas TWIeHKA
jopast BCAEACTBHE cpoeil anoMaJbHo BLICOKOI TENJIoNnpoBOIs
WOCTH BEIpABHHBAET TemiepaTypHl pepxHeld H HEXKHefd 4a-
crefs TpyOKM... TIpH HEKOTOPOM MPEe/IeNbHOM aHaYeHHHA TOKA
2 TUIeHKA HCMApAeTcs, W JAHUIb Torja HaupHaeTcsl Mponece

HAal [JQB&».

[1o oneHKaM
cocTapifJa BeJIHYHHY
4 TOM ¥Ke Frojpy OHH YT

41O MO BCefl NoBEpXHOCTH
JKAKOro rendsd 11, ko-

Kugona i Jlasapesa, ToaMHHa sTofl MIeHKH
nopaaka 10~° e (HeCKOIBKO NO3IHKE
OQUHHJH 3TY OLEHKY: 9 = 3.107% cM);
16 ToHKON nuenxe eapa JH

HRTOPHL oTMeuaJn, 4TO B CTO
MOFTH )’CTBHOBHTBCH KOHBE‘KH"DHI‘!HE nOTOKH. Caenosa-
gHoca Tellla, no uX MHEHHIO, NoaeH

roTbHO, TpONECc Nep
(LTh  00ycaAoBlIEH caepwennonpm;omma*rhm reans 1l
(Yrnaxo JLayHT H MeneabcoH, 00HapyHKuB HCTHHIABIH mepe-
yuian 3TOT BOHpOC fonee rayOoKoO,

jo¢c Macehl NASHKOH, H3)
o ueM W COOOMUIHAH BO propoit H3 CBOHX cTaTeH,
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Jach = 11J1d, HTOOH
CTBIO YyCTaH » H 3T0 ORLT nJaeHKa
OBJIe 0 ¢ moa
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najajonx B cocyd 3 OnRY MHBYTY. atH
npOBOAKHCE TPH pasanuHBIX TeMnepary:
Gun BCETAA oAHHAKOB. boaee TOrO, He
Ha}{{))'lli.'lﬂﬂ ‘y‘pOEEHb JKUAKOCTH | B Met-

Mo Aeinnoro
Wy Kaneab,
Qe MEHTHL

javeHud,
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Mo noiie BAR HHMe KONbIa, oXBaTHBAIOLLETO MEH3YPKY.
Vit rs\'cuup;meﬁnn noKa3adH, uTo 4epes nAeHKy He Te-

R0 TCH cKOIBKO-HROY D HaYHTeIbHOTO KoJHuecTBa Tefia
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WMenno L(E}lIBEELlHﬂ reJHA %

WiiercTBenHa  8d riepeHoc 7

Yenaa, oAHAKO 5T7a KOHBEK-
sl IPOMCXOAHT B nBa 3Ta-
un, Tleperoc BAOJE nJaeH-
§if nepeBoAHT rejnit B 00-
jnctTn Oonee BHICOKOH TeM-
jleparypboi, oTKyaa OH B
gine napa poappamaerca
pOpaTHo, Tk 1T0 BECh KPY-
(Opoil mpouece ananoruyueH
eueHuAx H aTmocgepe®.
Jce fIBNEHHE B yenomM OBLIO omAcaHo Tak ;
«Foan KOHTEHHED C (puc. 15.171) 2a1OJHATD FKHAKHM
penned 11, TO cMexkHan ¢ HEM [IOBEPXHOCTE S TRepAOro Tedd
[oKpHBaeTCs [ieHKOI TeJmsl TOAUIHHON OKOJI0 35-10-° cM,
yra MJACHKA pacTexaetcs 1O geeil NOBEPXHOCTH tTena 0 TeX
pop, NoKa OHa aubo He BHIMALET B pHle Kanedb cBOOOTHON
i HIKOCTH TAe-TO HuyKe ypopHA JKHAKOCTH B gonTehnepe .
G0 He uenapHTCc. Cxopocthb, € KOTOpOIT KHJKOCTD yXOAuT
n3 KouTelHepa C, ocraeTch nocTOSHHOH HesapucHMo OT
Loro, BHOAAAeT JH qeHKa B BHAE xanean B A HIH uemna-
paeTcs B B. TlosToMy n],)e,FLr:Taﬁ.flﬂcTcsa, gyro no Mepe YAd-
|opHA TeM HJa-HHBM cnocobov TiIeHKH € [OBEPXHOCTH S
[ocaeHss BHOBD GLicTpO noKpHBaAETCH reJlieM M3 gouTeit-
a C. CxopocThb, € KOTOPOH NpPOMCXOAHUT ST per’enepau!m
a), B NEpBEOM m‘nmnn}iqemm
bl D10 03HAYUAET, y1O TeNHit
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Puc. 5.17. Cxema, paobpaKanmal
reueHne [JEHKH [Proc. Roy. Soc,
Ser. AFT0 (1939), TP 446, puc. 9]

kpyroBopoTy BOAuI B OKEaHCKHX

Hep
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¢TH VpoBHedt o 5 MM,
Beeria momaznaer s moGoe MECTO moBepxHOCTH, M3 KO LM nyTem .-'!.m:n[rannc‘:;”i?sr:%amm?m Temnepa:r}-pu
6bia yaanena MeHKa», f B0 1010 JLIBAET, HTO TIpH Hadorr KR
' sToMy Bpemeny OBUIE Bhickasamg Ve H Hekgy Qpussusacy e

TEOPETHUSCKHe coobpaienns, Ppny Jlonnoy npexne

e rOpAYEM. HO aHaJorHuHo «sddexty doH-
YTO HHMKe JsMOaa-royxy HMHAKHA rejani COCTOHT H3 | J 110 fipJeHHe COBEpIUIeH
KOMMNOHEHT:, HOPMAaabLHO! kHzKOCTH H COBOKYIDHOCTH

; M
i = TOMY AJJEHO
' Hua» B oOBeMe MHAKOCTH, OTKPHI Y

| - LG TR g b 2
MOB, CKOHAeHCHPOBaHHLX B OAHOM sHEpreTHYyeckom cob
HHH; nociengee BOSMOXKHO mia Taxuy Hacrul, xKak gy /q\

. HIKOHCOM...

TeMTHS, AoauMHADmMHecH CTarncrike Boze — Jjig
Hewmeanenno BCJIen 3a nuchbmamy p Nature Haynra u N
ACJIbCOHA, a Tagke Kukouna y Jlazapesa Ttay OHLTO
O.1HKOBaHO nucsMo Jlacno Tucear, KOTOPHIA Mayupy
CJIEACTRH, BRITERAIOIEX H3 cxemy Jlonmona, Tueea A
HOBHJI, uTQ S4TyXaHWe koneGanmi UHIHHADA Ham e
00ycaoBAHBaeTCH TOJMIBKO aTtoMamy HOpMaTbHO KuAKON
Torira gkag 003e~:—:fmmreﬁﬂoncxuﬁ KOoHAeHcar oGpaay
“CBEPXTERYUYIO JKHAKOCTL» C BA3KOCTBIO, (hakThuecky pi
HOH Hya 0. Takag ¢XeMa ycrpansaa (mo Kpafinefi mepe
YECTBEHHO) pacxom nenpe MEXNY pesyabraTamu Keesg
H ﬁ'lamBy.-:La . ¢ oamoi CTOPOHH, Kanunw:, a 7agl
Annena g Maiisnepa — ¢ Apyroit. Kpome 1oro, Tug
noxasaJ, grg ABYXKMAKOCTHAA THNOTe3q HpHBesaa Gri, my
HepBHYX, K BO3HHKHOBeHHID B Kallhnaspe rpaguenra TEH
IepaTyp, cegasaunorp ¢ ABHJKEHHeM no Kanuaaspy HHARON
reads I, g BO-BTODHIX, K obpaTHOMYy sthoekry, T. e, thouy
HHpOBaHHiO, B APYToM nuchbume, HanpaeaeunoM B Nafus
B 1938 r, Hayar g Menenseon COOOLINMN O cROMY Jalll
HeHWKX paGotax o H3YYEeHHIO Nepenoca KHAKOTO reJim
1O NJIeHKaM, rge sry Hien Tueew mapyy TACTHYHOE O
TBEPH AeHHe,
«a. HeGoapuof cocyn Hbioapa (puc. [5.18]), cozeps
FHauy Harpesatens, norpyacancs Ha HHUTH B pesepsyap |
C MUAKHEM reamem I Bea noasona renaa YPOBHH KHIKOS
CTH KaK BHe, Tag p BHYTPH cocyna YCTaHABAHBAJHCE
OMHOH B TOf e BRICcOoTE [, Oaarogaps nepeHocy KHARG
CTH 1o IJTenke, NOKpEIBaOL el COEAHHUTENLHYIO CTEKIAHHY 0N
NoBepXHOCTL, Ecan Ke, OlHako, yepes Harpesatens npgd
NyCKancs Tox, ypopens HKHIKOCTH BHYTpH cocyna soapacran
H OKaspiBaJcs ppimpe BHEILHETo ypopHs: YCTaHaBIHBaIOCK)
PaBHOBecHOe noMokenye Ly..»
R R

RS maiSt

IMputop npas
Puc. 5.19. s
s MexaHOoKa
g 5.18. TlpmGop na eMOHETPallHH i
-i:L:!'.f;}HCTPﬂII"“ L i j—TgpulieCKOTO shpexra, ob

' {pOHTA=
sugkoro reaun 1l “O'T paTHOro Srbrbemj)'( b 143
:wﬁﬂm[e“ o sttty nuposauun [Nature,

] 143 719, puc. 2.
|m1:|a'r)¥]3bi [-‘E%”r?ﬁc 1. (1939), crp. 719, p
{1939), crp. 2 : XV M
5 BIT CBEPXY
5. Cocya Hbioapa (pue. [5.19]) Db;g i}?&K?iacquo 3a-
oo - cTHe B HHXKHEll 4acTH, KO gvuna. B cocyn
HMe OTEEP npofkoit P H3 Me.ﬂ{f;{)r{iﬂ K}r_p}13 dbochoprcTolt
KpbIBAJIO COMPOTHBIEHE by
oMe TEPMOMETD JAH B pesepByap
1""'](1Il?ﬂf Ecepiy-:Tpoﬁc'mo NOABSMIHBANH B P
OPOH3BI,

v & p s 13
l;l.' a!OLIlOK i H B()El%paﬂlﬁﬂat:h B pcjesﬂh E]D, 18] IH.D Bpl eMEHHO
i Ilf p } £ H [pII coc ,:l da lIDﬂ.ll}I MaJachk Ha
- : sl l ] K. ‘]’:Cﬂn c y;l.l on )-C L ¥

i
' B 10 Bpems Pe3yabTaTH Keezoma p Max-Byna eme ge Oniam

onj.'ﬁ.'umcmalm; B HX CTaree ye COMCPRANACh CCHAKA a3 JaMeTKy
Tuccu,
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uTOGH JKHAKOCTh Ha/llnBajiach H3 pesepByapa B COCYA, |
}KHAKOCTb BHYTPH COCyJAda Ha CTOJDLKO JKe OXJaxaanad

OueBnjHO, YTO «MeXaHOKaJOpuuecKui sdh@ekTs ABJAM
cA 06paTHLIM N0 OTHOWEHHIO K dderTy doHTaHHPOBAHN
ITo cywectsy, takofi sddekr Tucca moctymnponad
Teuenns xuaxoro renns Il no kanunaspam. Ham npeneral
JfieTcqa, OJHAKO, YTO AHOMAJIbHEIE SABJEHHA B JKHIKOM
ank Il BLI3BaHLI He CTOJLKO KAaNHJIADHHM TeueHHEN
CKOJIBKO NepeHocoM BJ0Jb NMOBEPXHOCTH TBEPAOro Teaa,
ONHCAHHBIE PE3YALTATH, MO-BHAHMOMY, YKa3HIBAlOT HA
YTO NEPeHOCHMBIE MOBEPXHOCTHHIM TeYeHHeM aTOMEl COAGH
JKAT MeHblUee KOJHYECTBO TemJa, YeM 3T0 JO/KHO Oblll
B cpeaHem» .

B naavpefitnem ObIJIO OTKPLITO €lle HEMAJO SBJICHHHN |
paspaGortan paa TeopeTnueckHx nojaoxenuit. Tax, Kypri i
Cumon 8 1938 r. coobuuan o0 BHANMOM HCYC3HOBEHHH CBEPN
TeMONPOBONHOCTH HHxKe nprmepno 0.6 K. Mx ucciaenond
HHA OblIn OpepsaHbl H BO3DGHOBJIEHB! JHIIL ITOCAE BTOPO)
mMuposodl BoitHbl I'. A. ®apGenrom n JIxK. Yiakcom; k sToMy
BpeMeHd Nogo0Hoe MOBEeAEHHE KHAKOTO TEMHA Yike MoxcHO
61110 IPeicKa3aTh HA OCHOBE BO3MOMKHBIX THIIOB BO36YH IS
HHHA B CBEPXTeKYUHX KHAKocTaAX. MOMKHO Takxke Ha3BaTh
ONHTH, Nposenentsie 8 1973 r. JI. M. JIn ¢ corpyauuxami
B KopHesickom yuusepcutere. Mla stux onmros ciexopalioy
470 *He Takke 0614 1aeT CBePXTEXKYUHMHU CBOMCTBAMH, XOTH
Cro aTOMBl NOAYHHAIOTCA cTaTHcTHKe Depmu— upaka,
He Bose — dfinwreiina 2, OAHAKO Bce OCHOBHbE HIeH, Ka%
caiomiuecsd CBepXTeKyd4ecTH, OLIIH BbICKA3aHH B TeueHH@
UeTeipexX JeT, 0 KOTOPHX MBI H paccKasain B sTON rianes

! Maen THeew yixe memosbzonanuch JayeTom w MennennconoMm ad q
OOBACHEHNA HATAJIBHOTO [IOBEACHHA KPUBBIX TeHYeHHS, MOA0GHEX n3obpa
WEHAHM HA pme. 5.13. :

* B cratucruke @epmu — Jlupaka KamkAOE KBAHTOBOR COCTOSHHE
MOMKET OuTh 3andaTo He Oosiee deM OAHON YaCTHUEH AAHROre capra,
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! MEWAY pasuHYHRIN :
KoHQHrypanusivy, ; i

Ris :
B cnete sux coobpanenniy OCOOEHHO JKenaTenbHo Onp

e CcKH pacCMOT
Houcon, Aprypos
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! Cornacro rpy0uM OHEHKaM N0 MOPALKY Eem”[“f"f*iﬁh"r::;h'lll‘chl?ﬂ?
omnaaTs crepyomee, Chaa, AeficTeyomas Ha sapiennylo HacTHiy,
e 0 CKopocTwO U B MarpuTHOM nose B, pasda npu
Ae Ha paccTOSHWA RsoT ?‘nﬂ’"ﬂ';';}”-r'f:

NOAR € MOMEHTOM Ji UMEET BEaWuMRy NOAAKE me‘uIE': Be TR
papna pgu/Ric. SlnepHue MarndTHBE MOMCHTH TG NOP g\'n e
: DKAW COCTABIATL efifmuc, TAe My — Maccd qatmuml?ﬁlj{)ﬂ'aa npe-
¢cocTaB sApa (mampumep, MPOTOHA), KOTOPAA ;.pumeprm_:a cogréa.'me*r
BOCKOMMT Maccy SeKTpoHa. I'h'agm. MarguTRAH E‘E:ﬂ'FHHTHBﬂ et
Imuc?R3, a saextphueexan ge/R?; ciejoBaTeabio, Ma

s;cuwn K snexTpuieckofi Kak Avfmyc*R. Paccroakne R pasho 0o

fmell mMepe paauycy anpa, cuBna;fammizm oo nopﬂnhge]?:;m;::_l::”c
i, i = an I . w L
' ecK K’ €1/m.c?, OTRY[A OTHO! i

[ laccHYecKiHM PaaHyCcoM SJEKTpPOHA £/ ( - " -5
nofl CHAB K SAGKTPHHECKOH COCTABJAET rpyGo hnrmgc,e’m.w;ﬂ, ?g:ﬁ:m
panms ¢2lhe — xopoulo HaBecTHAR OGeapasmepHai TOCTOAHHAH, DdU) e
- F TOrAa OCHOHYATENLHO BCEOMOE OTHOLUeHHR OLIE'H.I-Bﬂt.‘h.
~ 0,lv/c, 1. e. AclicTBUTEAbHO ABJASTCE MAJLIM
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KoTopan ABHMETCA C
mepuo g{ufe) B, a maruntioe N0
I

Ypa» onpenesser pacmenenme
ABTANJIETOB, Kak,




Koif CTPYETYpE g MOMeHTOR AREP W name BEIYHE
€CUHE> 5ap7 BHCMyTa 1, Jpy ABTODH He Gruti ayap
C runoresgj; Mayau, no Haxonnaner noy BIHAHHEM oyl
THa Hoca, Pypka y

CHO, Koroppie oﬁﬂapymmn,'
KapTHyp HEKOTOPBIX CcBepxTOHK

HX CTPyKTYp lpeacranmgy
cobof MaunaTiopyLe MYJAbTH T, Iozanee, g
Iperopy Bpeiir » o, OpMaH Ha

OCHOBe CriexTpayl
HBMCDPHHI"I EHEFJBEAIC HOJI}"‘”L’JH DE&.’IEH}’ID BL"J]H'—]'HI]}’ Mar
HOro MomenTs Anpa 7Lj,

ITHYeCK T} MeTog OKasaucg HeoOLiya
H H celfyac Iponomxkaer ger

iHO nojesny

ABaThes C;IHHCTBEI-IH&IM H i
HHKOM daHHEX no ;"rIEiFHIfTIbe'.\I MOM(‘HTEM MHOrmpx q2ie
~AHAKO of OYEeHE Cloxcen S‘I(CHEPIIMQH‘I‘ZL']]:HO H, !.k
TOro,

Tpebyer pacyera alle
AApe, uro uoeyr B pesy
HOCTE, [osromy IpsiMeie mMertoyy MOFTH OH Byery 3Hay
TeJlbHLie npemMymecrag. B 1926
CTaTke, OTKDLIBLICf 3 3
HOBaHngy MeTOnoM H-ID.EIL‘I-:}'.-‘IHPHM.\' Ny49Kos, BBITTOJTH e 1 H i)
B Hacruryre Pusngeckof XHMHRH l'amGyprekore
CHTeTa, YKasaa, urg aroqp Obil Oy
H3MepeHny MarHHTHLIX Mopme
HHI mopapok BEIHUYHHE, KoT
BaTb Takon MOMeHT;
eltfmye,

Meroay MOJCKYIApHLpx ny
CTBEHENE TPyiHoeT)y. B rpervep CTaThe p3
pun, Ony6ARKOBaHKO TaM e,

Haysp u Orro Hltepy COODMHIH, uTg gy YAa10ch 0GHapy:
AHUTB H rpyGo HSMEPHTL Marupmyyf MOMeEHT onxonsmerg
nopsaaka BEJTHYHAL, KOTOpHIi Bosnuka; p PE3ybTate ppas
Hareabyorg ABHHCHHA aTomop BOAOpona B MoJeky.1e BOLBI,

AHAKO HX nomwTky O0HApYKATL ISMEpUTL g 1epppp
MariuTHLT  Momegr Y PTYTH Re YBeHuanncy yenexom 2,
Jlnus 5 1933 r. HMmanysgo SCTepMaH}', PoGepry Dpuuy
H Orro Hrepny YAaaocs H3MEPHTL  Marupryy MOMeEHT

alge

—_—
' Taynemur JaMEeTHa no STOMy

He }'IIOMJIHa.-'TCII ABHO, HO

HBEIM MOMENTOM gToMas,

TY Heynauy opy o6 bACHNAY NpenMyitecraenyq TEM, 9T0, no peeq

BEposATHOCTH i, HEeKOTOpHIE HaoTony PTYTH (2 umenpg HMEIOUHe -
9€THOR  Maccoppe YHCT0),

KTPOHHO# BoaHORBO DyuRimy
JAbTaTH SHaUHTenbRYyIg norpeyy

YKOB Gniap npHeY N

Ha3Ba
Tle H neppag,

noBoaYy: sMarunrnug MOMEHT mapa
O uMmencs g BHAY, Kak 5 g CIy9ae ¢ Margyrs

KOHUERTpapg KOTOpHy COCTABAMMA sy
OKOa 309, MOryr npennu.noamre.-mno ofnagary, MATHHTHRME  pge
MEHTaMy,
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! OBKA H NpHMCHAeMbil METOH,
#ijn BOAOpOLA. Yeran

e lltepHa —
umente 1L

OBIJIH TE 2Ke, UTO H B 3KcOep

YuLecTny,

MHBI 3JIEK
I'I}.I.J:\'rl . ¥

; 3TOM BCe-

. of; NpH =

A spaleHiey Mone

Junoan3oBal = 3¢'¢|CKT. CRAZAHHBIH napaﬁﬂﬂnpoﬂez H

R ”UTHBMCe ST SMNHPHUECKH HA BHOCH/IH COOTBET-

gk He{'ﬁi-rg ¢ O6LIUHBIM BOJOPOLOM

MiTeM TIpH pa - BOGH cTa-
3 BKY. i - noa ¢

LIYIOIY0 ﬂg::ga Patu, padoTaBuinH ﬂnml‘gfzg r. BepHyJCH

[em BpeMeHen - IHTCP“a‘ yvye-

ynne MHJ TaM K H3y

: Esporne B rp) HCTVIHA Ta A

MIPOBKH B H VHHBEpCHTET H MIp 4 cTpoM Dnina

(onyMOHACKHE YHHBEp _, /KOBOJ .
b Ko iwoquﬂpﬂux nyuakos. Ilon QF?TEL KoTOpas 3apep
10 MOJIEKY! cepHfi MOAHMHKALHI Me PAOHANCHOZ0 METO0q
i '-f”‘“man?l':lrfrew TAK HA3LIBAEMOro "Zdumaulm OCHOBLIBA-

Nack CO3INAE ¥ “ x MOJIT
fililiach cO3J cog %, IlepBasi MO; SACKTPOHHBIM,

CYARPUEBAE SYRNEE S AR PEAL. meM Kak 5/ aiidy
NOACKYARAPH e opbaanaio - 3(1“1_,91\1-11}3
U 4YTO B aTOME, oM, MOJHEH
f0ch HA TOM, {LIM MOMEHTOM, s OT 3HEp-
4 I MATHHTHD RS ks apoanas
B onpeneseMHil Kak “ngfmc.lm.mm RHEII-
IR \{OMLHTLIQH OT OpHeHTANNH E‘Tomaw H, — 3aucnt ot
Fitd, 'D*ﬂ”mm,-emmm MATHHTHOTO m})nuhlﬁ s PeKTHBHBIE
Hero Hp}lﬂg!]\ oS l(!}ome TOro, mo. TOSAHHS, a8 HMeHHO
N orout S4h i U3 \irH i Skl HATIPABJICHNS
MOMEHT 3%]'“,[“.-,-33qﬂlOUWﬁ MOMEHTA Egb.“c DHBOJHTCH;

oy e COCTABJ . TH3 316 i

0T 3HaYeHHA S | aHamMH: yaeMaf MpH
; TCTBYIOULHT : gayuaAeMa

noan H. LDOTB&::’: “} TOM, HTO I{ElPT“”a’Hn XapaKTepH3YET

pe3yabTar CDS‘;:“ B MATHHTHOM IIOﬂiTa Eu‘

. IH TIYHKE SHOT Me : : —
e HOTO MATHHTHOIG MO i meton Illtepua
BEJTHYHHBL AP K M NepBOHAYAJBHRIN ! W0 GTERDEEHRS

J10T MeToA, *"QET TeM HEeAOCTATKOM, 3ABHCHT OT HX
. ca, obaana : THOM TIOJE vl
I'epnaxa, L MAarHHTHO? : ¢ MOJEKY/

JEKYJbL B pIeJIeHHE 3
aToma “”"BMGJEH‘é HMeeT MecTo PaC"_P\f‘bl nyuKa, H, cJje-
CKOPOCTH, I} apHCAllee OT T(-!MI'IEP‘“"]'“ u4TO TPHBOAHT
Mo CKOPOCTAM, 3'p0c Mo HX OTKIOHEHHAM,
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K PasMBITHIO KapTHHR!. Ecan ANepHEI MATHHTHEE MOMeN]
mpesnitmiaer /s, “To mpyu HEKOTOPLIX OmpejeaeHHkX 3HAN
Huax H —npudem sTe suavenng MoJd He 3aBHCAT OF CN
pocrei 4TOMOB — S(DPeKTHBHBIA MOMeHT HCUezaeT, cael
PaTeJbHO, OTKIOHEHHE OTCYTCTByer. Hamepenrne SHAUEHN
H, npun koropux HHTEHCHBHOCTE HeOTKJIOHEHHOro oy
MaKCHMaJbHa, NPHBOANT, TAKHM o6pasom, k onpeneacuul
JIACDHOrO MOMEHTa uMnyjbca m COOTBeTCTBYIOWIErO 088
OO MarHHTHOTO MOMenTa . Kpowe toro, nanuwit mere)
obaanaer ente Tem HNPEHMYILECTBOM, YTD B Hewm Tpebyerd
H3MEPATL TONBLKO €aMo SHaueHHe hous H, Ho ne ero
Auenr. JlonmoaunreabHoe YCOBEpIICHCTBOBAHHE MeTOz4,
KOTOpOM Mbi He ByaeM OCTaHaBIHBATHCS 34eCh, TMO3IBOJIHIMN
paborate ¢ sapamm, aMewlam [ = 'Y, tamxe natera
NpobJemMsl, cBsisaHHOl C pasbpocoM ckopoctefi, oHAKE
fip sTOoM TpeGoBaJoch 3HaHHe rpajHeHTa noJs.

06 oxoHuarensuol MoaH(HRANHE MeTona, HOTOPYIO MB
onumem Goaee moapoGHo, Pat6u, M:x. P, Saxapuac, C. Mup
aman u I1. Kym HHQOPMHpOBaMN Koster B IBYX MMHCEMaXx

Pelakumio kypuana The Physical Review (1938), n B c7a
The (1939), nomemensoi B Tom ke KypHase. MeTon Gpig
OCHOBAH Ha Hflee, BHABHHYTOI ABYMA TOAaMH paHbHl
C. Hx. Toprepom. Cyts ee saxmwouanacs s TOM, YTO Hpes
UEeCCHPYIOUIHA FHPOCKON MOFOHIAeT JHEPTHIO OT MepHOANS
1ECKH  MEHAOIErocs Noasi TOMBKO B Tom clyudae, ecin

1aCTOTa BOSMYIICHHA PaBHa MAH 6AH3Ka K yacrore npes

ueccud. Jlajsee Mol uHTHpYeMm paboty Pabu u ap. «31g

OTHOCHTCS! HE TOJILKO K SAEPHBIM MATHHTHENM MOMeHTaM, HO

BOOOIe K J06HM CHCTEMAM, 0OMaLaloNIAM MON

1EHTOM HM=
IIYAbCA H MArHHTHRIM MOMeHTOM. Paccmor

PEM cHCTemy €
MOMEHTOM HMOyianca J (B exmummax h/2n) u marmRTHLIM

MOMEHTOM p. Bo BHemmHem MarmwmhoM none Hy moment
AMOyJbCca GYAeT mpeueccHposath? ¢ flapMopoBofi uacToToll
v (pan/c), pasuoi

(6.1)

|
Ham meron cocronr p H3MEDEHHH ¥ OPH W3BECTHOM MO
1, B 3T0— cymecrrennge AOCTHIKEHHE METOJa, TaK Kar

! Bee momentir umMnyascos H3MEPAIOTCA B eHHHOAY i,

? Coraacyo KBAHTORBOH Mexanuxe, MoMenT HMOYJILCA, a BMecTe @
HHM 71 MATHMTHGIT MOMEHT cocTamasior OTAHYHLNE OT myas yrog 0 ¢ pas
ipaBaeHueM MarauTHOTD noas, Caenopareasno, NOABAAETCS MOMEHT

ciist Jify sin 0, nanpasaennmil NEPUEHIHKYARPHO Kak Hy, Tak u J; s10p
MOMEHT H BBISHIBaeT npeueccHio,
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- T Acnonbayst
By souen i eomepsmo st e, Heresois
ypacuenne ([6].1), mp HAxXOAM! MoMenT HMAyJabca J CH-
“ln' i!'ﬂ:g]; hc;\.;]g;:uggmgﬁe’iﬁ;oﬁ MarHHTHHH MOMEHT “uo
'IH 4, C,I:Urii?;;’emi HAII METOA He TMO3BOJACT HaitH cal
y pact
e OMOIIbI0 KOTOPOTO H3MEPAETCH u'acmT”;i
[Tpageekes e n;m- NOBOJIbLHO DJH3KHH aHajor B E\T'T‘ECC :
ppeuetE .‘,'“]111,2:; Ha ONHCAHHYIO BBIUE CHCTEMY 1:@1\5?1;5:%
L (TejibHOe MarHuTHOe noje Hi, 3Ha LH1 A
P AnpaBJIeHHOe TEpPIEHARKYIAPHO eMy. ok
MelbLICE ”“_“ HBHA waennst. 90, Hy nepHETI;‘IHK)-'JlﬂpII:JHHa“
gy ol }t?g?auw}’ moMenTy [, 10 Upelieccai, BiiasakuAd
Eo. B }r‘lm'lﬁ H,, npuBeaeT K YBeTHUCHHIO HH }‘;mcu-
”'I”’m:;)ei;'lrkig i.le;ﬁﬂ.\r I u Hy (8 3anucﬂmocnl1ﬁoh“r :;a?;a'rbc‘ﬂ
(e HH aa ) . 3 Sacial
- *'“anpaw%:;ﬂ]dyFl}i;ﬂ:falglmﬁmurbcsq H xisﬁicne:;l]{lﬁ
- v%_ ?g:bcﬂcqanb GoabirnM. OUeBHIHO, 4TO, :T..Cﬂ
e Mmhm‘)hmmmﬂ‘ H, soxpyr Ho 3aMeTHO owmqe;;] e
jocaat] Vit s(dekr Gyer Mammm. ‘e }:tbf]:‘-’-!*-'-T
";11‘;’;1‘;1‘::"32[!}1;‘;{&’ TeM OCTpee NpOABJAETCA ITOT
L8] i
fpH Pa"fczpoﬁ“z qa;;g-rrszl.:lmoumi'f OGHAPYKHTH 3TO I;,“L::E-
Jhiobo# .ME‘T '1;.,-9\1011“1 HMIIVALCA OTHOCHTEJIBHO n,ﬂ-I e
RES D’,p”e;,”;;:;];r{:)ﬁéu' a5 W3MepeHHus 4acTOTH Npeuecc
seT OHlT .

: MEHTA.
AT HO MarHHTHOTO MO auaJbHBIX
% ?U'[FieqTif;:etoGJ1011:31-11{9 l-sanomc}}uux : !}CDTILUSH;L'J Seaia
‘HO® e f1) MOIKE . !

TOAL BANKHO, NOJ Sy yppes
) ‘--[”B“ﬁcﬁg ;01 YIaoM @ K INIOCKOCTH, npomiimsgn ._miﬁ},_
|;.;1;p?]:m HO ofo no-npekHeMy JIOAKHO OLiTh TEpHeH)
I u Ho,

napuo He... e
Ha npaktuke

'pr]ULLLE:Pe a He Bpallaolleecs nl?a
‘ e ) cmnia%ﬁﬁg. T‘:Ia.,‘lblx OCILLHJLTHDYIOLILEX
b o R HX & skToB. 11pOCTOH
L;U-Ilix ?ﬂCﬂE\,ﬂ,},‘eTPOH(IIILaTb CXOMHBIX ;n(}gq’;:;;oﬁ Begmmﬂe
o geT MOKA3LIBAET, UYTO HHKAaKOro M3Mcne

pac :

2 % a4 yacroTa
npoekunn J Ha o He IPOH3OHAET A0 TEX nop, MoK

OCIIH/I-
' { Hee MCOOJL30OBATDL

i e ne H;, xora CHTyalHd
K TpH BpalnamouieMcs

cMaTpHBATH HAK CY-
Je MOMHO PACCMaTp . ;
& OpOTHBONCAOHHEIX HANpas
!H 8 MEepeMelHoM ToJe B
0 Bpamaruemcd noae.—

1 M3BecTHO, HTO ﬂEPEMEHHOIe nl?l‘l)(':ﬁ .
Nepno3HIHID ABYX nOJeH, Bpallaiol % Eabon
'..‘.:r:],,.q Orcipga ACHO, YTO NOBEACH Al
;iifnuu.‘n‘rre MAN0 OTAHYEeTCH OT ee [HOBel

Ipun. ped, 117




rgou'[eﬁaum‘t nojis He MPHGJHBHTCH ! K 'HACTOTe NPErnecCHIN
[Mockoabky onmMcaHHHI MeTol Oasupyeres Ha cosnaueH I
4acToT, OH MOMYYHJ HasBaHHE pPe3oHAHCHOZ0.

«YerafoBKa, HCHojb3yeMasi B HalleM SKCIepHMEHT
cxematHueckd mokasana ma puc. [6].1. IToTok Mosexyd

ieroumika O, monajas B 064acTh TAyGoKoro BakyyMil

OTPAHHIABAETCH KONIHMATOPHOH ILEJIbIO S u feTeKTHPYeTe

| L -

.
l ' l Mazuum & I

Pie. 6.1. I'I]’.\.}]I—lLLlI'III.I.‘.-L'[hII-'I‘.\] £XeMa YCTAHOBKH /s H3MepeHH: .\{arml'ruu-
MOMEHTOB S1ep MeTOHOM Pe3OHAHCHHIX MOJEKYNAPHHX IyUKOB [Phys
Rev., 55 (1939), crp. 527, pue. | 1

‘7 Mazrem A

MoGLM MOAXOAANINM Ajs STOH 1eAH YCTPOHCTBOM D. Mars
HHTHI A u B co3naor HeoAHOPOAHHIC MACHHTHLIE NOJA, TPads
anentht Kotopoix d| | /dz yKasansl CTpeaKaMH. [Tpn B0
4eHWH 3THX MAaruTOB MOJEKY /b, MMElollie MarHHTHLIE
MOMEHT, OYAyT OTKJOHATbCA B HAmpapJeHHH rpajHeHTdy
ecH MPOEKILHS MOMEHTA W, HAa HanpasJeHHe NO0JA moJI0s
WKHUTedbLHa, H B T!'[J'OTHBDII(J.TIUH\']I}:']U cTopoHy, €CaH 3Ta NpoeKs
nus orpunatenpra. Moaekyna, BHIETaOLAN H3 HCTOYHHKA
O s nanpasiaenan OS, OyjeT OTKJIOHATLCSH neo;mopﬂﬂuk
nosem MariiHTa A BAOJb OCH Z; OHA OpOiijer KOJLAHMATOP
HYIO Lk, TONbKO KOrjia ee OTK/IOHEHHE GyAeT A0CTaTodHd
MalJbiM KM CKOpPOCTb EecbMa Gonbiioll. Boobiue rosopd,

AAA MOJEKYJBl, HMelolled NPOK3BONbHEI MArHHTHBIH MO= 8

MEHT |tz H HPOH3BOJIBHYIO 3HEPTHIO mo?(2, moxno nofobpaTh
TaKOe HampapienHe HadaJbHOH CKOPOCTH HpPH BHIXOAE u3
HOTOUHHKA, YTO MOJEKYJa MpoiierT KOJJIHMAaTOPHYIO LUCbs
Ha pucynke TakHe TpaeKTOpHH NoKasansl CIVIOUWHBIMH
AupHsvH, OGo3Hauum uepes dy OTKJAOHEeHHE OT npamMoit

OSD B 06naCTH ACTEKTOPA, KOTOPOE HCIHITHIBAET MOJEKYId
118

won neficTeHeM TOJBEO nojas MarHHTA A. 310 OTKJIOHEHHE
MOHCHO HblpE'l?.HTb TaK:

e Hz (flei
A Imuo? dz /a

[3nech Ga — GarTop, sapHCSNIMA TOABKO OT TEOMETpHH
Jeranoskn.] OTKjoHeHHe B HOJC MarHuTa B TPOHCXOANT
§ [POTHBONOIONKHOM ganpaplieHuH, ero MOKHO npencra-
yiTH hopMyJIoH

ok E'iﬂl)
dB_- amo? ( dz DGB‘

Muosxnrean (d|H|/d2)aGa 1 (d|H|/dz) sl MOXHO CIE-
1Th PABHBLIMH NYTEM nopbopa. Torpa, eciH MOJIeKy 1A
jMeeT OAMHAKOBBIH MATHHTHEII MOMEHT B ODOHX OTKJIOHAK-
(11X TOJfAX, OHa Momajier B netexrop OGaaroAapd BO3/1eH-
crmo MarauTa B.
Maraur C coafiaer 0AHOpOAHOE HOIE H,. Kpome TOrO,
jMeeTcsl YCTPOHCTBO (ue noxasaHHOe Ha pHC. Tﬁ].l). co-

afollee MepeMeHHoe moje, nepnes Ky nApHoe Ho. Ecan
GcaHHaf HAMH TepeopHeHTalHd NPOUCXOAHT B ob/actu
[ 0JKeHHS STHX noded, To ycJIOBHA, TPH KOTOpHIX MOJIEKY-
fLl TIomanaioT Ha JeTeKTop D noa feficTeHeM MariHTHONO
noaa B, yxKe e BHIOJHAOTCH. Moaekysa moiger nmo oA
(oMY H3 TyTed, YKasauHbIX yHKTHPOM, B 3aBHCHMOCTH oT
rore, ctaia Ju abconmoTHas peqHuMHa |z Ooabile HIH
Vepblle HJAH 3HAK MariATHOIO voMenTa uamenmica. [210
oKA3aHO CHMBOJHYECKH C MOMOLIbIO HefoabIHX IHPOCKO-
nop Ha Habope Tpacﬁmpi-u“L.] dagTHYECKH, ecaH Npou3oHALT
L nKoe-IHO0 H3MeHeHHe OpHEHTALUH, MOJIeKyJia yKe HE
1omafeT Ha AETEKTOp, YTO MPHBEACT K yMEHbUIEHHIO THC/IA
oro oTcueTos. TakuM 0OpasoM, MEI umeem cnocob ycTaHo-
pHTh, TPOHCXOAHT JH fepeopueHTalnd».

[TpuBeaennoe BLILIE onicaHHe STOro ABAEHHA Ha ASLIKE
«jaccHyecKoit MeXaHHKH XOTi H NPHTOAHO AJA KauecTBeH-
{oil XApAKTEPHCTHKH METOAR, OLHAKO HEZOCTATOUHO AJ#
KOJHYECTBEHHBX OHNEHOK. B gaaccHueckoli MeXaHnHke MOA-
poGHbIfl aHAJH3 ITOTO gpJeHns NPHBOAHT K caenylouemy
pesydLTaTy: BEKTOD MOMEHTA HMIYJIbca CoBepilact KoJeba-
{us BOJAH3H CBOErO nepsoHayaiLHoro nHanpasacHus, ecan
yacTOTHl v H | HE coenanaior; opH [=w Teopus Npeacka-
aLBAET JIMHEHOE H3MeHeHHe yrid npeneccni. Ha sabike
KBaHTOBOH MeXaHHKH 3Td cHTyanun BHIIAAHT Tak, uTo
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t:}-'nl::cmyc’r JHIIB AHCKPeTHHA HaGop amaucuuf J, J
$ =0, iy =T =, =l KOTOpbl€ MOMer mnpHHHME
IPOEKIHSA MOMEHTA HA HAMPABJICHHE NOCTOSHHOTO BHELIHE
HOJIS, EpeMentoe MoJie BHI3BIBAET NEPeXOAH OT OAHONO.
STHX 3HAYEHWH K apyromy. Baxuoit xapakTtepuctukof my
fIECCA CAYIKHT 33BHCHMOCTE BEPOATHOCTH TaKHX mepexoj
OT BpeMenH. 31eck Mu He Oy[eM NPHBOAHTH (opMy a1
SABHCHMOCTH — OHA NpeAcTaBAsieT cobol cAoKHE nofl
HOM cTemen 4/ OT CHHYCOB H KOCHHYCOB yrJa o, KOTODH
B CBOIO oOYepeAb ABJAAIOTCH (yHKUHeH BpeMenu { Bil
Asm‘Q f, tie A w Q—muspecTHnie QYHKOMH OTHONICHM
g=ffv (rounee, v =p(Hi+ H)“[Ih) u ornomenl
H[H,. lJezrjnHauc HacTynaer, Koria f=v’, g sTom caysg
Ax1— Hif4H; v @ = av'H,/2H,,

«[Topanok BXOAAIMEX CIOAA BETHUHH MOKHO OLCHHTS M

NMPOCTOro mpuMepa. PaccMOTpHM cHCTeMy co cnuHOM /ol
MOMEHTOM HMIYJIbCA, PaBHLIM | siepHOMY MarneToHy (4

fnpuMepHo cocraeaser 0,5-10-% ex. CICM) B nod

100(1"[‘-:‘_. Ha CHCTEMY HaJOMKeHO NepeMeHHOe NoJde ¢ aMILTHe

ryaoit 10 I'e, Tpeanonoxum, 4To cHeTeMa IBHIKETCT €O CKOS

pocteio 10° emfe (1. e. mo mopaaxy seauuunb I'IpHME'[JH

C TeNJIOBOI CKOPOCTLIO), Torda ¢ = I/v = 10-5/. Pesonanes
Hasi uacToTa pasHa! '

p# _ (05-1075). 108
T ge s i M B '
(6,55 107%) — '

2 1
K CYacThio, OHA JIEXKHT B OYeHb YA0GHOM /A 113M{-}p€HHH:
AHanasoHe painoyactoT. Yrobe sHaveHusa sin? GLiin Mage
CHMAMLHLIME NPH ¢ = /, noaoxum ? :

A0 X 1,5-10°X 0,5. 107 =2,

0TKyAa [ = 6,6 cM, 1 3TO TaKKe BechbMa NMOAXOAANAA ATHHA
L5 CO3NAHHA MePEeMEeHHOro MoJsy,

Hanee Pabn u ap. ykasuBawor, 4to ais H3YYeHHS Agep-
HBIX MOMCHTOB NMPEAMOYTHTENbHO HCNOAL3OBATL 3TOME HIH
MOJICKY/ILL C HYJIE€BBIM MOMEHTOM HMNYJBCA SJIEKTPOHA, TAK
KdK B NPOTHBHOM CJIyyde OXHMAAEMBIE fAepHLifi s dext

VIEHBl HEKOTOPHE ONMEYaTHim, o

' B caenyiomem minie ypasmennn uenpas

HMI‘_‘H;.UF!E MECTD B OpHTHHAIE, i
OTo yeaoBHe TOUHO CoOBMAaet ¢ ycaonues Qf — 7f2,
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T nepeKkpoIT atpexToM, obyca0BAeHHBIM 9NeKTpOHAMH.

i, (i

APy roH CTODOHE], B aATOMAX H MOJIE,H}'JlaK. Of)ﬂﬂﬂ.ﬂlolﬂit,‘i
o : s ek
fOMEHT 3HAYHTENBHO caabee, 4eM pHellHES HOH:I; E;:K
CVIILECTBY, MOMEHT Apa MOXHO paccMaTpHBa
0oL BiE. 3
) I|l.- pHC. G.? ETPE‘I!,CTEB.TICIIEI cxeMa pEﬂ.TIhHDH }'CT&I?I({);SEI;{.
lln.n -~'|J_‘1ED}I~LHT NJHHHYIO Tp}'GK},’ c ."I.':'IT)-'H;I;::ITT;IES'I?ES KOTD:
' ] KaMepsl, KaK]
b le1eHHYIO Ha TpI-l OT,ELE.'Ib]lblE“
r} . cnabikela CBOEH CHCTEMOH OTKauKH JAJf CO3NaHHi

r. LM CBORCTBOM, ApYrue (QaxTophl BINAKOT Ha AAep-

‘ -
m ‘ | | Maewum A i Meesurm 8 || %
R |l

| |

lll‘ ‘III—__‘ F_—%L l r
o Hacoe

Hotee o -

Pye. 6.2, KoncTpyKTHEHEH CxeMa peasipnoil YCTAHOBKH [Phys. Rev., B

m L

(1939), crp. 528, puc. 2].

NCOKOMO BAKyyma. B ‘Kamepe HCTOUHMHKa Ha laonhcbia];al(l)}-‘
1.|'|- Uj'rtha.‘{ ‘yeTaHOBJEHa Tieub, “OTOEI?JEHEEHEEHI%’;?\M)

et T 1 (Ges Hap) Ma),

§iiTa MOMET TepeMeliaThes : itk

aBJie KyJApHOM OCH myuKa... lip
§ HanpaBJaeHH#, NepueHnk] ‘ ot
bec paKyyMHYIO H30/IAL p
jounas KaMepa odecnedHBACT YVYMH) g i s
il Kame XOLAIHX OT HArpeToH :
jiofl KaMepsl OT ra3op, HCX € s s
g X V3KHX Iledel Ha 000H

LOCTHTASTCS C TOMOULbIO ABYX Y3KH :

THE Jt:;xmpm, KOTOpHIE TaKiKe MOIKHO repeiBHraTh, i:gogge
;-f-':j[am pagyyma. Ilpuemmas Kamepa conepm&{l; H:Iarn;ﬂa
i Y ‘ qu: ABa OTKJOHSIONIHX ) i

noyHHe AeTand YCTaHOBKUD J 1 X »

1l |: B. margut C, co31aiolini nocToAHHOe TOJIE, )ET]:CEJHI

TR0, cO3Aalolee paAHouacToTHOe nepeMenHoe noJje  Rom
:.m.zlmpHym mens S u nerextop D, npe,u(:'ran];m 11

cofoit TORKYK pacKaleHnHylo Boan.rpc?::lc}qt;j.b{x; Tglboﬁbaosau-

< Haa

A W B — aneKTPOMAarHuTH, a ?

LM B MpefblAyUHX sKcnepuMenTax. Ha puc. [6.3] nokasan

AYen
jipm pefteTemst JETEKTOpa COCTOHT B TOM, 4TO Ha TOP

1
np“' oHH3ANHA MONERYd, NonaBuIKx

H »

NOEEPXHOCTH BOJb aMa Tlp(}HC)LOILHT i)

L “Lilj:';:;}i;z J‘“EPO?:FH.‘{ KOAHYECTBA CAYMHAT ]T?ME]’HII?T-‘IhiﬂH Hﬂ$}l§;l }'il'l(;::
:J\-O..'J.ﬂﬂlbl-ﬁ o pﬁ?OE'pETGﬁ HUTBIO H AONOAAHTE/IbH bR P

I % -

TeIbHO 3aPAKEHHBIM JIEKTPOAOM.— Mpun. ped,
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CeYEHHE TAKOro M
MarfuTa. 3aao
o p orpannven '
EHMM;HMH HOBEPXHOCTAMH ., U_IH{)IE,HH 3430 a5
HDEEPLI‘IIJ“H, ﬁunpencmemaﬂ OCHMH ot
{HOCTe cocTaBafe
A 5 T 1,0 M1
i U MM... Tok B 30 0)
M ggmmam, CO3J4EeT MoJe CRbIe 1230[);’]"”1}“
Mammﬂécm 3430pa oxoq0 100000 Ie/em S
: HMeeT OGhYnY =
Sl : YO KOHCTPYKIIHIO, i}
PXHT 12 BuTKOB Mennoro npoaoﬁg Euaﬂpg'zr"ﬂoggm
¢

Pic. 6.3. TIMonepeusoe cedeHne o

ere of ; AHOTO M3 1OH
o odDMoToK [Pﬁ-_r;s, Rev. 53 (19-38j ngi':mgsslrr;’:u.;iix :uﬁr‘f;;n'oa
J - 0, e, 2]

HHS, CO CTOpOHOT 3 “
I!.L"JI(’Z’HJIHIE‘ fac:;:]m; /s P Iosepxuocrn nomocos -
Tox, HPOTewalml.Il)itu?:'{’luug 1;f4 JloBua, mwewon AJTHHY 10 ([:J::

; 030YK ok .
B 3a30pe noze 23 I'c/A Uyiaaouei o6Motke, cosnaef
HBIX epeMeHHoe nose R cospaercn m l

X TpyGok Tommmmol I/ niofiMa

KOTOPHM TOK mMpox
poxoautr p 1
HHAX, DTH TDVGiRu o NPOTHBONOIOMK HbIX J
B 3asop Mc}[p}t}h” COMOMenb, yTO “031‘035:L\T :ampaBJIE
Mency Tplx-ﬁ KAY HOJIOCAMH Mardurta C ”pm-&‘“ BECTH HX
Pes Romage A CCTISTER SpocTRAcTio OKOTo 1w, 164
AHT nyuok, [] M, o
4EPE3 LCHTPH 3THX YuoK. Ilaockoers, @
HX Tpv g poxoﬂ,ﬂ[[laﬂ-
HABJAHBAIOTCH Tak Llrc[:}éjosf::rarzpmmm”'”’“3$ TPYOKH veras
CKOCTAMHY ? JOCKOCTh COBIIa yc
CHMMETDHH MarHuToB A n B Tpy6 Aana ¢ o
122 « IpyOxu nognepku-

PH IOMOLTH AB}'X Mens
H AJAHHOM JO cM, ng

ABYX LHTHHADHYSOK

Slj0Tci MacCHBHEIM  MELHBIM TIOOHHTOM, Yepe3 KOoTopbifl
% \(1aHOBKe TOJABOAATCA CHApyKH SJEKTPOBBOAL.H BOAA.

lok, mpoTeKaownii no TpyOKaM, COSLAET HEPEMEHHOE
Witioe node Hy ¢ aMminTyAo# 0KOJIO 2 Ic/A. St1o noae
Jlipapiero TPHMEPHO BEPTHKAJNBLHO H NOSTOMY noYTH nep-
Wil ikyaspao nomio He, co3faBHOMY MAariHToOM C. Bricoxo-
M4¢10THBIE TOKH B TPyOKax BOHHKAIOT B Pe3yJIbTaTe HHIYK-
Wnioli cBA3H MeKAY BKAKQYCHHEIM nocJael0BaTe]bHO C

JyOKaMi BHTKOM M KATYIUKOH HHIAYKTHBHOCTH 0OLITHOTO

L eGaTeabHOT0 KORTYpa. HacToTsl, HCNOAL3OBAHHEE B HA-
Jjix sKcnepHMeEHTAX, JexaT B AHanasoHe 0,6—8 MIm, a
Wi, co3jlalolllie NepeMeHHoe MoJie, MOryT H3MEHAThCHA B

jpeacaax or 0 go 40 Ax.

CekpeT ycmexa OMHCAHHOrO MeTOAA 3aKJOUAJCH B
I KA IOURTENBHO TUATENbHON IOCTHPOBKE BCeH YCTaHOBKH.
{)/paHHYCHHBA OOBEM KHHIH He MO3BOJAET HaM ONHCATh
¢ 5TO B MOAPOOHOCTAX; NpHBEAEM JIHIID HeGoabIIoH OTPE -
§oK 13 paboTH, KOTOPHIH MOMKET 1aTh NPEACTaB/CHHAE O TOM,
KK BCe 3TO I]pOHCXDJH.’ID,

[Tpu MOHTaXKe MarHHTOB B YCTAHOBKC caenyer NpPHHATH
MepLl A8 TOro, yToOnl HCKJAKYHTH obnactu caaboro H
fLICTPO MeHAoLlerocst Nojs MExAy MarHHTaMi. Taxue 00-
\nCTH BHISHBAIOT TNepexoibl Mexay KBaHTOBEIMH COCTOA-
igMH B DPENSTCTBYIOT MOCHENYIONLeH xopouefi Gokyci-
jopKe nyuka monem maranta B.. MarHuTe pacnoflaratoTcd
H1CTONBKO BAHZKO APYT K APYTY, HACKOJABLKO 5TO NO3BOJIAIOT
itk 06MoTOK. Kpome TOTO, HA OGOMX KOHUNAX MarHuTa %
i 1a koHmax maruutos A u B, ofpauleHHHX K MarauTy [
yoTaHABJIHBAIOTCS JKeJesHbie CTepXKHH; 3TO obecnednBacT
(CTATOUHO CHJALHOE TOJIe Ha TOH YacTH NyTH CAeA0BaHuA
MOJIEKYAAPHOTO nyuKa, rie HaMeHeHHd B CyMMapHOM Mar-
{1 THOM MOMEHTE MOJEKYJ BAHSIOT HAa HX NOJOXKEHHE B AC-
rexrope D... £

TTpessapuTe/ibHas 1OCTHPOBKA MAriHTOB, menefi H e+
[cKTOpa BIOAL OAHOM MpAMOil MPOBOAHTCA ONTHHECKHM
METOIOM BO BpeMsl MOHTaxKa yCTAHOBKH. Ecan ux pacnoJo-
CHHe OKa3bBAeTCH - AOCTATOYHO XOpOUIHM, Hepes ycra-
(10BKY MOXKHO TPONYCTHTH TYYOK H NPOH3BECTH Oonee TOU-
HVIO KOCTHPOBKY...

TlockonbKy 3a30phl MArHuTa HEJIbL3A Habawoaarb 4epes
reJeCKOMHYECKYI0 CHCTEMY, NpeABapHTelbHAHA onTHuecKan
J0OCTHPOBKA OCYLIECTBAMETCA TIO CHENHatbHO pacmoJoKeH=
HEIM. TONOJHHTENALHLIM 3/eMenTaM. [Ipu sTOM yCTaHaBJH-
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BAIOTCA HanpapjeHHA ueTmpex noxeit —A, B, C n i
YaCTOTHOrO, H BCE 3230p5LI OKA3BIBAIOTCH DPaCIOJOMENl
JOCTATOYHO TOYHO, TaK YTOOLI Yepe3 HEX NPOXOLHJ MY
B nanHON KOHCTPYKIIHM MAarHuT B npodHo 3aKpening
B BaKYYMHOH Kamepe, H phpaBHHBAHHe BAOJb OJHOH JMl
NPOH3BOANTCA OTHOCHTENLHO ero. I1yTem cooTBeTcTBYION
HNEPEMELleHHA NeYH, KOAMHMATOPHOR WEAH H Jere
Oy4OK cMellaeTcd B TaKoe NOJOXKEHHe, B KOTOPOM IKE
TEABHO PACHOJIONKHTD IJOCKOCTL rpaHedl mMarHata A, S8

100 | oo o7 Y -.
F , .
oAt i allebelab o 14, el ’_7_
? i | _
§ &0 | A
§ = o 5
-& - i
o5 5585 My
3300 3350 3400

JL50 3500
Hile
Puc. 6.4. PesonascHan Kpusam ans samep 'Li, maGaonaevan B
[Phys. Rev,, 58 (1939), crp. 532, pue. 4).

maraaT A NEepeABHIraeTCs 10 TeX Nop, MOKA €ro rpaHH, IpH
HATHIC 34 OTCHETHBIC, HE MNEPECEKYT NVYOK... 3arem IIY'{
nepemellaerca® B HeaaeMoe KOHEYHOe MOJoKeHne,

HPI{ 06C}'}KILEHHH NPHHIOHIOB HNaHHOIO METoMa 4YacTon

BO3MYILEHHA cuATanach nepeMenHoll. ONHAKO, «NOCKOMLEY

YCHAHTE/b He NOJHOCTBIO 3KPAaHHPOBAaH OT KoJlebaTelbHOMN
KOHTYpa H HNOCKOJIBKY BO3HHKAIOUlEe H3-32 5TOT0 MOCTOSHE
HOE CMeLleHHEe rajJbBaloMeTpa, MOJKJAIYEHHOr0 K BLHIXOAY
VCHJHTENsI, 3aBHCHT OT YACTOTH, H3IMepAJach HHTEHCHES
HOCTb NyYKa KaK (PYHKLHA BHellHero mMarHuTHoro moas Hg
a wacroTa moffepikmBalach nocrosHHo#», [Ipumep mnoJy
yaeMmoit Takum ofpasom Kpupoi (B ganHoM caydae aust TLi)
nokasaH Ha puc. 6.4,

«BBHJ)’ TOr0 4TO 3HaYeHHe MATHHTHOTO MOMEHTA JI060IG
Apa BHUKNCAAeTCA Mo HabmwojaeMoMy MAarHHTHOMY TNOJIO i

3
I-ISMEPL’HHOE HAaCTOTe, CYWECTBEHHO 3HATH 3TH BeJHYHHLE
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rio11ero
fo1L10f CTENeRbI0 TOTHOCTH. UaeroTa OCHHIIHDY

S0 THOTO.  MOa% Ollpe,ﬂe.llﬂc‘!‘(:ii‘ (:q‘;:::ig:rei;:gmm Xy
000, npa NOMOLLH reTepoAHHHOrO ]:armrr-a e L
| ainbpoBKa OAHOPOAROTO noasd '.1 Sl sl
' roKa B BO3OYNKAAlOUICH KATYIIKE uj e
R 'I-ut no m;uepeumo orbpoca GaaaHucTHYe \6 el
‘muz l-l'\ ~L1::I‘ BO'&I‘]HI{alOLEETO npH BHBEJEHHH npoGHOoi
BN CL P oy s

.rn KaaubpoBancs
k1l #3 MATHHTHOrO MOJS. l"a:ibaanom%p ?acm;g}lmm_hm
:li.llllm OMOUIH KATYIIKH Baa"lmmmﬂymﬂganjgfmmx KaTyuler
| A = HECKOJb g -
5 0.5% . Boto H3rOTOBJEHO EMOTKE H3 Jas
:' u-'-:-{?ermﬂu n3MepenHbIMH napﬂMETE::;“;;r”H“:{%T;m o,
ma o HH 3HaAHE . 2
[ 46KH B OMpejlesier i nolLaan ce
B 'u%quHHHE [OTpPeIHOCTAMH B u.mep?“”l:‘e u;genumami
\el1 TIpOOHEIX KaTyIIeK HO-BHARMONY:
e ” !
2% s : snaueHnH
4 BasHo, 4TOGH MArHuTHOE MOJC = ﬂﬁi?? 3HAYEHHIO.
ke 'ucernta pO3BPAILANOCH K OLHOMY H TO! gwmnamiﬂ are
Ill.‘nhlh oGrapyeno, 4T0 ecan L7 pa:’.h{ar:'ﬁ [oC/eLYIoNero
Wra, CO3NAIONIEro OAHOPOJHOE s nﬁccnpona]’aésu-mﬁcb
bonAHES HYKHOTO MArBHTHOrO s oe BHIIE yciopHe
oineeeHHas Npoueaypa, To thalao:?‘ :
Puirc R mqnombt";ﬂ ;fxf:mﬁm‘;n:tiﬁam{t:b B BeJHUYHHE
 ogETeNbHbIE KoJeoa ; 5 2 THOTO MOJAA
» 'T‘lnilaﬂﬂﬂ‘ﬁ(mm-" AGconoTHOE SUHa"IE'.HHC Eﬁ:;;rbm AR
v eNfiA0C € OTHOCHTENBHOM norpe
r||,ii‘t,' o ¥
> Yoo qepn AApa
bpi 7Li m °F B MoOJeKyAax LiCl, LIE' T BeTCTRYIONINE
(i< KOO AP SHANEHHS OTHOMICHER {{/OM. CJ-,[Hana3O“e- oMe-
ol .— MHPO .
IEIM MHHAMYM2M, B BICOROM
4 'Oﬂmjiglf:t.‘rm'm ocTaloTCd MOCTOAHHHMA € 0“‘5’§;e|::w Aeno
ITL'!FII'??HHO TOUHOCTH. DTO NMOKAIBIBAET, e :1:1”-&1-166 MoJe-
‘1'I..L‘+:1EH6HHEM opHeHTAlHH fAep, a He C RAKEE
i eXOI0M... eMbIX
|-._..1;[lpll;11.~;1m;epg daxTop onpenensercs H3 Habaiona
ACPE 5 '
anennit [/H ¢ noMoutpio GOpMYIH =i
dn_ [ __13122+107 4+
g T s
Me
-papuenns [6.1]
, > efcTBeHHO H3 YP P
otopast Caefyer Henocp uuax saep
; -E{;piarl{ttTHEIil MOMEHT |1 H3viepsercs B CJHIN
¢CHTH 1

—

I Cu. npHMeuanue Ha CTP. 73. . &
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. ) Tabwmuya 6,
ngﬁ::;efegr::xropu H MATHATHHIE MOMENTH r :
[p': PEEIOHaIlc:::IeMBMI;]ﬂeEp:;J:‘ ke b i | '
APHBIM
hys, Rev., 55, cTp. 534, rTafua, {Wl?:’ag)]

Hipo
e ol
axTop Crneg MarmnTauft MoMesy |
o i 820 1 0,820
L 2,167 3, 3.2“}0
e 5,243 Iy J'G-’
2 2 ) 22

Pabu u er
2 ro COTpyAHHK i
> g H fefic '
LeJH — OHH C03 = g
L IOCTHTAH CR
MEHTOB sijiep BTN L ODPSTCAGHIUE ME :
Boun mm'j}-lq cﬁﬁonbmou TOYHOCTBIO. chp;i{rc:i”mmx "
TOLa OLlJIa HCNOJNB30OBAHA LA )'-;*rach-um‘lLana :
J JeHHI M

HH i o oH ¥ .
THOTO MOMEeHTa HeH 0 oc.J1e (8] ]HO |

H3MepeHiuii oka
3anack Joc i
Sepiicl i TATOYHOHN, uT : |
uarumi;m-””e MAarHUTHOTO MOMEHTa ,aci’?rﬁ” ooy
DGWWB:JI.\ MOMEHTOB NPOTOHA H 110;"1?[;01-1'1%?? Daomi
VCJAGBAEHO ITHHAMHYECKHMH sqmmmauu)c (1o P2

PCJL]”t ¥
*TO e f 4 T B

CACICTBHH 0T x i W { T ;
AOMOJTHEeH APYruMH, 00Jiee TOYHLIMH MET .
R B oAamMme

ITHaKO -MpesEHeMy ™ qe B i
i L He
{ ? Har OH 110 H T 3 H

( v -
10J1ee HOBEIX e F. [ E a da J0J Ij :

JIaBHYIO POJb,

{hana T

JOHKASA CTPYKTYPA CMNEKTPA BOLAOPOLA

()6GlenpHAATOS {i3M0MKene paspuThi TeopHH aToMa BO-
Jupo/ia MOKET co3laTh HEBepHOE npejAcTasaenue o JNeHcTBH-
bp/ibloM XOle coOpnil. OrpoOMHBIM ycrniexom TEOpHH Bopa
Loy TMOATBEpIACHHE €10 qopmyan bBanpmepay OHAKO
Weero JAulib o CHycTs nocae padors BaabMepa, T, € 22
i, neT 10 OTKpHTHA bopa, Obl10 yeTaHOBJICHO, HTO CIEKTP
yopopoaa ropasio caoiKHee, ueM 5TO CAELYET 13 QopMyJibl
fabmepa. Al A Maiikeascon 1 E. B. Mopa# 0OHAPYIKHIH,
yro neppasi NHHHS CepPHi pojopoaa Hq ABAAETCH IyOaeTOM
{ |,I:|Cl.U.CI1.'l€llHE!\-1, paBHLIM 0,36 cv—! B 1OKaJe BOJHOBBIX
Ncen. :
BioJHe ecTecTBEHHO, qro Teopun bopa HE pania ynos-
((TBOPHTENBHOIO obpacHeHus 3TOMY npJeHHI0; CHOpec
voHO YAMBAATBCH TOMY, yTO OHa OKa3aaachb cnocoGHOMH
¢henaTh TAK MHOTO H Tak XOpouo. Moaubhuganin H yco-
¢ 11 HCTBOBAHHA 5TOH TeopHH HE zactaBuau ceba JOATO
« 1aTb. B UaCTHOCTH, ApHoJbA Zommepdenanl B 1916 r. yued
o AHAe pesTHBHCTCKHX sperToB Ha nBHKeHne 3JeKTpo-
4 ycTamoBmi, UTO apu n=2 (370 KOHEUHOE COCTOSIHHE
[ip1 Mepexoe, OTRETCTBEHHOM 334 JHHHIO Hq) B ACHCTBH-
(¢ 1LHOCTH HMeeTCa 1Ba BO3MOKHBIX COCTOAHHA € pasHocTbIo

jiepTHE

AE;= -llt.l—uzherll + 0 (ad), (7.1)

rne ki — 9nh — nocToAHHAA Tlianka, €— cKopocTh cReTa,
R = 109 7373 e~ — nocToAnAan Puabepra, & = efhc =

'jm-—ﬁeapamepuoe yucs0, HasbIBAEMOC ROCTOAHHOT
ronkofl  CTPYKTYPLL (e— 3apal 3eKTPOHA); CHMBOJOM
0O (a?) 00603HA"AI0TCH peJIHUMHB, HMEIOUHE nopAAoK of HAH
wepblue. JLOMKHO OBLIO, [10-BHAHMOMY, Cyl1eCTBOBATD TAK:
e TpexKpaTHoE paciensiene ypopHsl € n =3, HO OO
coRIKoOM MaJo, ytolnl €ro MowHo OBIO oOHapyMHTb.
[locKOABKY YpaBHeHHE (7.1) naBano npaBuabHOe sHayenne
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AL paciienieHns aunui g Aybiaete, B Teuenne Kako
BPEMEHH CHTYAlHS Bhirsnena BIIOJIHE YNOBICTBOPH O
Kak wit crpanno, no CO3AaHHe HOBOW KBAHTOBOR
BHaYaMe TOAbKO yeaomuumo catyauuio. Ilpanna, hopm:
Bopa nas ocmosmof CTPYKTYPL YypoBHefi COXpaHHIA ¢
JSHaYeHHe, HO monwTKl YUECTh pensiTHBHCTCKHe ath
UPHBOANIH K Beljupye AL, xoTopas okasamace Goal
B 8/3 paaa, [Monoxenne HECKOABKO yayqwmntocs g
TOrO, Kak OblJI0 BBegeHo UIOHATHE CIHHA 3/MeKTpoHa i
3aHHOIO ¢ HHM MarHHTHOro MOMEeHTa. Buuncaenus @
YHETOM namu reneps Pe3yanTaTel, mpemer aB/IEHHLIG
pac. 7.1. Orazanock, uro IVIABHOMY KBaHTOBOMY ugey ,
OTBETCTBYIOT Tpy COCTOAHMA, HO NHINL nBa 3HAYCHHS
CTBEHHOH sHepray, NOCKOMBKY, Kak Gpuio o6Hapy (e
HEPTHA 3aBHCHT OT MONHOrO MOMenTa HMIy/Abca J, a @
opOHTANL OO MOMEHTa mMmyabca [ 1, !'-'LHE{J!OFHT-IHO,
n =3 HMeaoch nAThH COCTORHUE MHuIL ¢ Tpems 3HaYeHus
sHepruu, Kpome toro, o6mas thopmyna ma“Ey ; ve 1o
HPABHALHO ONHCHBAJA paciiennenne ans n — 3, o
toBNazana c dopmynok (7.1) pas AEj;. _
Oanako pacuer gna Caydas L = 0 npusogus k weof
SHAUHBIM pesyabratam, Ecay BBITHC/IEHHe ¢ yyeTom e 1
BuX sthexrop OCYIIeCTBASIOCE TaK, yTo CHauajaa moaapg
S=% g J— L4 1o TPYRHOCTe#H He BosHHKagO! egl
€  HenocpercTseHHo HOACTABASANH  3HAYeHHn [ — "
L=0g 8= s, To BO3HHKaNa Heompenenemnocrs B,
0/0. 31y Tpynuoers YASJI0Ch yCTpaHuThb, Korna p 1928
In. A. M, HAnpax coagan PEIATHBHCTCKYIO TEOPHIO 5/1eKTHE
Ha, H3 KoTopoit asromaTnyecky CllefoBan0 CyHIecTBORAHMN
CIHHA H MarHuTHOrO MOMenTa 3 MOJIYTa0Ch BHIDA A EHIN
A E, ;. B nnzmen HOpAAKe 10 & oHO OAHO3HAYHG npH
MHIIO K YIKe H3BeCTHhM COOTHOLIEHHAM, B yacTHOCTH K ypé
HeHuto (7.1). Qanako g Teopan Jlupaka ocTaBaimch Hegs
HOCTH, ¥ Tnotomy 6bino ouens BaXKHO 3KCMEepHMEHTAAbH
NPOBEPHTE BCe rHnoTesw, Kacamoiunecss cnekrpa BOLOPOJ
IIpeacrapasnocy OUYEBHIHHM NONHTATLCS Henocpes
CTBEHHO Hal01aTh TOHKYI0 CTPYKTYPY auunu Hy merong ]
uEd St

! Bee suyavenns [ O0HuHO 06o3naTaTCH NponucnsMy GyKsamuy
npugey § COOTBETCTRYET L = ), =201 a Te us
YHKBR B Kadecree HHHHHX HHARKCOB YHashlBamwT dHavYEeHHe MOMEHT
HMITYJILCA OTAGABHAGrG SAeKTpoua, uro gam BOAOPOLA LOBNANAGT co aHAs
HCHHEM MOMEHTA HMOYJIbCa G'IUM.'.i,' HMEHHO TadKOog UGDJH&‘[{'[!IIC H Hes
NoJIb30BaHo B fangof pabore,
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Pue. 7.1. Crpykrypa yposuell snepri Bo?auﬂi:.emun B OINOM | TOM e
FHE. f.1, " . POBHER PR .z 5 VIO
B YR TRYEL FDORMES Lok BOCXOAHT OOAHY Y
Crpyxtypil. Biyipu xmr;é‘-;;!_‘;”rp—};mmr nouTH B tﬁrﬂé rr::zpli?;me ne cofmoen).
MACIITAGE; PacCTORHNE LT 3TOrO PECCTOARNA MACHITAS Ha p e SkonBANeRTEH
1 Bepxicl rpynnu (A18 31070 P =1) yeseny ypommamu (! cn™" skesnpanes
L TR HEl HHTEPBAIN (o cu™") wexcay y (0T YPOBHAM SHEPIHH, BHYIN-
‘lichtine aﬁummif_‘i ). TIYHKTRPHEE AHHHH uuorne'EﬂMWmizuﬂ.mmm. NoAYHeHARE
AR Bcﬂ'fiup'ﬁ' CAAQmHEE .mrcs:lljtpﬂﬁt'f_?f‘;:}t WACTH pHCYHKA YPOBHH
cacHEbM 00 Gopuy s b sduberToB, Fards rie OHI cOBMEs
: ATHBHCTCE BECTH PHOYHKA, If gy
TAREE chmRa g p-re;\«rr L paameneust. B mpanol :;; .,-el;rru".':a;.l BHAZY HA WK
© PAMEHEME 3HaYeHH weckie HepexolH liut‘ﬂ'i‘l““}:"‘mn.}-m\:} B HASAALHOM CAYHE
A s o e L s Sy e kel Bt e paapelA0TCs
OMHOBBIX uUMCEN] COOTRETC o HARSOLOR r.[liTCiltllP-'LF-“,G'.__;D“I,”TM (@,66) m (1,04)
Kosnonenra (3) n (1) m.l.rph HORAYI0 JHHNI J'L'fﬁ'f"T.f',Gh-lL-';';L' [upnua uxtephaia
ONTHYUECKH M cocr.‘m-"lﬂ_'ﬂ_'{_ BJ:H;.UI BMECTe RTOPYID 48CTh AyG) : oAHOBOFD  WMCHA
133 Pa3IniAME 0 ‘“"'JU'.L.'J e ™" mpm CpeiueM 3dadeHuH BOJ
EONHOBWX unces pasHa 047
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ONTHYECKOH crnexTpockonnH. Paapemaiowas cnocoGHOME
9TOTO MeTona OrpaHHYHBajdach TeM, UTo BOJBLIHHCTBO OITH
HeCKHX HCTOUHHKOB paGUTEHU‘l’ HpH AOCTATOYHO BLICOKI
SQMEKTHBHBIX TeMIepaTypax, IPH KOTOPHIX CTAHOBHTCSH CYN
IMEeCTBEHHBIM TenJOBOe JABHIKeHHe a4TOMOB, H BO3HHEKAIOUL
B pesyabrare storo sdgert ongepa npusoaut K YIH P
HHIO JIHHHH, CPaBHHMOMY € OJKHAAeMbIM paclleneHHeM
IToatomy pasibie Hecseq0BaTe n MPHXOAMIN NOAYEC K
THBOpEUHBEIM  pesynbrataM. Pacxoxienns c¢  teopuell
Haba0AaeMble OHHMA IKCIEPHMEHTATOPAMH, BIOJHE MONS
HO Obl0 OOBACHATH ¢ NOMOWBIO FHIOTe3w Caifivona T
CTCPHAKa, COIMIACHO KOTOPOH ypoBedb'! 225, nesHT BHIN
yposust 22Py, ua 0,033 cm~!; apyrue uccieropaTen
OOHAPYIKHBAIH HHKAKHX PACXOMACHHIL. TTockoabRY, 0HAKE,
runotesa Ilactepuaka Omaa umcTo IMITHPHYECKOH, BONPOE
NO-NPeRHEMY OCTaBaJCAd OTKPBITHM. 4
OxonuatensHoe pewenue GblA0 HAfACHO ¢ TIOMOMIBIO M
TOfa, npenjoxennoro B 1928 r. V. I'porpuanom 2. On o6pal
THJ BHHMaHue Ha To, 4To npasujaa otGopa® nas aTOMHBIX
NEePEeX0A0B He HAKJIAAHIBAIOT OrpaHHYeHHH HA uucno n, Tak
9TO MOJUKHEI ObiTh BO3MOKHE Hepexoanl BHYTPH TPyl
JHHHA ¢ n = 2. COOTBeTCTRYIOWIHE YaCTOTHl AOJMKHE OH
Ot1 61Tk mopsigka 10 I'Tu (1 I'Ti = 10°Tn), a aanssl BOJIE
nopsaka 3 cM. B wauane 30-x rogos 6usa naxe npeanp
HATA NONHTKA OOHAPYAKHTb yKasaHHbIe NEPeXolll, OAHAKO
pajHOTEXHHKa B 3TOH 06JaacTH vactor Gwina enle HElOCTa-
TOYHO Pa3BHTA. 3HAYHTENALHBIL NPOrpece B MHKPOBOJHOBOM
TEXHHKE, JOCTHTHYTHI B MEpHOA BTOPOI MHPOBOH BOMAHBI
no3sosua Yuapamy Jlam6y i PoGepry Pusepdopny ns Kos'
JAYMGHIACKOrO YHHBEPCHTETA BCKOPe NOCAe ce OKOHYAHHA

! Nannoe oBo3Hauenie sBASETCH CTANMAPTHHM B CNEKTPOCKOTHHE
IEPBOE YHCAO COOTBETCTBYET 3HAUEHHIO 11, BEPXHHI HHACKC — 3HAYCHHID
25 + 1, rne S — noamwit comg; GykBa cooTseTcTBYeT 3Haventio L (B cos
OTBETCTBHH €O CXEMOH, HIVOKENHOA B NPEABAYIEM NPUMEYAHHH); HHMKs
HHE HHCKC COOTBETCTRYET BEAHYHHE MOJHOTO MOMEHTA HMUyabea J,

? Hmeuno TpoTpuan BEen B ymoTpebielie rpafuueckoe naobpas
JKEHHE SHEPTETHIECKHX YpOBHEH, NpeicTaBIeHHOE Ha pHC. T.1.

} Bban pmeficTsue Ha ATOM 3JEKTPOMATHMTHOTO W3TYYEHHS paccMar-
PHBEATL B PAMKAX KBAHTOBON MEXaHHKH, OKA3LIBAETCHA, 4TO MCHYCKAHHE
HJIH MOTAOLWEeHHE H3NYUEHHS NPOHCXOIHT € CYIECTBEHHO BepoaTHORTRIO
HE NpPH NPONIBOJLHBIX H3MEHEHHSX ATOMHOTO COCTOAHNA, HO JHlL DpH
BNO/He ONpefefenbiX (COOTBETCTBYIOIHE DrpANHYEHHS BEIPAKAOTCH B
TEPMHHAX HIMEHEHHIT KBAHTOBLIX YHCEN, OMHCHIBAIOULIX COCTOSHHE ATO-
ma). Takne mepexoas HasWBalOTCs Pa3pelIeHHEIMH, a COOTBETCTBYIOIINE
HIMCHEHHA KBAHTOBLIX UHCEN — npasnaamu orGopa.
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joMy obHapy-
jnapaGoTarh H MPOBECTH ar{cnepimgm.l_m ;ia‘lﬁoﬁmwo [:33
weinio sTHx nepexonos. OCHOBHOH [Ecﬁ;ﬂ}ewlﬂ e .
wowennsfi B xkypuaae The _Phys:ca i g eI
{103 11ee 1eTaJbHO OMHCAHHBIH B CEpHH co O oo
§ 9TOM JKe FKypHame, COCTOHI B cncﬂ}!)};cm?:_)- Teopuefi, HO
peunn ¢ (cyuiecTBOBaBLIEH TOrfd. — C(J:CTD'FIHI'IE oS, e
i cormacum ¢ rumotesofi [lactepnaka, | OHIHS 0 T
wiT Beie deM < 22Py, Ha BeJHIMHY gg'h{:;T et it
(0,033 cm~1), uTO cocTaBaseT nprmggﬂo };’u il i
¢Koro CIHHOBOTO paculenjeHdd AY ﬂeT:c%nﬂmeﬁ g
MeHT, KOTOpBIt MEl H paccMoTpiM B H IO ostie Aua
JAUHTETBHON CTENeHH CTHMYJ/AHpOBA.L l?aoi’{ s o
[0/la PA3BHTHE PeJATHBHCTCKOM uBgHToHHM D EvE o
feficTBHA 9JEKTPOHA C 3JIEKTPOMarHHT e © oD
(oTa, KAaK H nocjiefyloulne HCCJ‘[E)IOBHHE:l o Hosexci:
mn{ar-m:, Guia OTMedeHa NPHCYHACHHE! !
ckoft npemun mo (pu3nKe 3a 1955 r.rl o
SxcnepHMeHT OBl JATEKO HE poﬁr{;,u'{
pcobedio NepBof, coAepikalci noip fie et The Physis
po3pajKenusi CO CTOPOHBI TOrAANIHEr0 p Snaﬂncb O
cal Review) Xoni paccy:aeHHH H n:mm:Tal e g
¢TH MAaHHPOBaHHA 3TOTO augnepsfmetlﬁ .r-m:re;)awphi. solm
xapakrepeH AJs COBPEMEHHOH |-|vay'-m0 D At
N03BOJIAET NPOCAEAHTh HCTHHHBIH XoAa nay . EoRpcaI
JIam6 # Pusepdopa «npexiae BCero sgglnnoaaﬂ i
no3poJser JH CcOBpeMeHHas MH'H.‘pU oy R
cretlHo H TOYHO ONpeeHTb TOHKYI0 CTPYKT) sl
it})l;lgpona [0 NOrIOUIEHHIO CDDTBeTCTByKHLlESr?BaPHT.EMHHE
poaHHKAalolULero MpH rasoBoM ,paspél)ﬂe--.ﬂﬂ pcc:tlemlﬂ o
IDUKHAKH CKOpee OTHyrHBaih». JHEH e itoien -
LleHHS. W BO3MOYKHOrO umeaa BosOyXKie ik il
aLIBAJH HA TO, YTO BeJHYHHA lmr.11011.1{1‘111::-19.)m‘?lmc1 e
ATOMHBIMH TiepexoiaMu, A0JKHE OHITh CDiM(I)I'O it
1oit Ha (hOHe OCHOBHOTO BKJaAa, BHOCE;%[}'H,U.E. ey
91eKTPOHAMH, BO3HHKAIOIHMH npl{umeb e rinery
JIsmBa u Pnsepdopna BO3HHKJA MDBICS
JHOr0 MOAXO/AA. T
«B pagHOUACTOTHOH

B psaje cTATeH,
(necmoTps Ha

Ba
CHEKTPOCKDHHH C}'[LL{.’CTBYCT ABa

MorJoLLaeT
ocHOBHEIX MeToza., B onnoM cﬂ-\rqa,e Be(:“enc;gg{)}lﬂﬂlﬂlﬁ =
HAH Kak-TO HHaye BaanMonencm}ewquewe o sy
pes Hero H3Jy4eHHEM. B apyroM — R seron o
HaGalonaeMBle H3MEHEHHA B BelleCTRE. ep G ot
nljie}me'riné obLIYHON MHKPOBOJHOBOH CMeKTpoc ;
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; - Wil AByX (DOTOHOB; COMVACHO oleHKaM, Bpems IKH3HH Ta
H3TYUEHHE MPOXOLHT AAHHHEG OyTh B MOrIoILaonieM I OO COCTORHHS COCTABJAET nopsaka 0,1 ¢, 410 oni10 DoJee
Bropoit e merox npeiactas/ineT cobofl pesoHaHCHBIH METH \ey 1OCTATOYHO JWIft PEIMERHs ocTABNCHHOR 3a1auH. On-
MOZeKYJAPHHX Nyukon B pajnowactoTHofi o6aactii (EHEEEE 1o ccan S- 1 P-cocTOsiHEA B NeRCTBHTEABHOCTH BHPO-
A G s ol U St e oo TO HAJHAUHE HJEKTPHUECKOIO noAs npHBeReT K TOMY,
H3YYEHHH TOHKOH CTPYKTYpPBI CEKTpa BOIOpPOAa, MLl 34 " T ﬁ&a;maue cocroanna He OyAyT HH gyueTEMH S-, HH Uil
JHCH PACCMOTPEHHEM BO3MOWKHOCTEH, KOTOpEie NpeIOCTHl eriavid P-cOCTOSHUAMH, @ HeKOTOpOH HX omechio !, H BpeMA
S G pewmenin iy kH3HR OyAeT cOOTBETCTBEHHO apasuTeabHo Goee KOpoT
Kamou x pemeHnio npoGaeMsl celoBano HCKATh B 8l int. deM S-COCTORHES. '
MCTHOM Da3/IHYHH B CBOMCTBAX HCCAELYeMBLIX COCTOSHIN Ipu  S(PeKTHBHOM oNeKTpHUECKOM Tiofe MOpAAKA
EUE e e e o e 10 B/cM BpeMst H3BE 22Si,-COCTORHFH GyleT TouTH B NATH
B OCHOBHOE cocTosinne 1S, i 5TOT Mepexo ConpoBoXKiaeTes pas Gonbuze BpeMeER Tp (Tp = 1.6 HC— BpeM U3
HOIy CREHuEM dotona ¢ aanmoir Boans 1216 A B Teued « 2P, .cocTONENA). B UIHPOKOM pgTepsajie sHaueHHH nodm
11395']0_9 e 3a 3:[0 Bpet\‘lﬂ ATOM MOT ORl llEJDﬁTII pE]C'CTO _ ;;[-:_‘.h.?lﬁ WHIHH 1’[3MEHHETCH UljpaTHO HlelOle.llDl-laJ!bHD KBal-
HHE (;E(O.’IO 1:% 10— cm, ecau NpHHATL €r0 CKOPOCTL paBHA ]1'.] 'y HAMPAKEHHOCTH TIOA...
8-10% em/c. C npyrofi cTOpoOHBI, HE HCKIIQUEHD, UTO COCTOA I3 cKa3aHHOrO SICHO, UTO 928,/ -COCTOSTHHE Gyzer nocTa-
HHUe 2255.-_: ORaMXKeTCsl A0CTaTOMHO METEIL‘]'afiHthlllﬂ!\.l, TAK 9 -. TOMHO AU:!I'D)KHB‘.‘UJ_IIM, ecJH TONLKO COOTBETCTBEHE‘ID ‘_\.'MEHb-
MOKHO OyLeT HCNOJIL30BATH MOJEKYJSPHEI MYyMOK HaCTHE ks 3 manoft 6 cM, pac-

COCTO B N L : 1 1 qyRa I
! & - IHHTD BOSM)’U.L&IOHH-!C noJf. Jl.u fl H}-qK 3 ; ;
B TaKOM :TOSHHH>», MetacTabuasiocTh r:[|(_‘|"|('1n_n-1-&\m HQ I1'1OCTp31'IﬁIOLU.ErDCH co CKUPOCTBK) B 103 CM/C, HEDDEO}]\H.’\“)
JIZKHA HMEThL MEeCcTo, NOCKOALKY mepexod H3 aToro COCTOS :

GLulo ofecrnednTh BpeMsfi H(ISHH nopsiaka 0,75-107° ¢, 4TO"
HHSlL B OCHOBHOE He MOr MPOHCXOAHTE OOBIYHBIM oOpasoM (1L MOTJIO «BBIFKHTBY 379 aTOMOB. Cor/iacHO pacueraM, 810
¢ maayuennem (OTOHA, TAK KAK HEOTKYAA OBLIO BIATH €N noTpebopano Gbl HANHUHI BO3MYIIIAI0NLEro TOd BeJHUHHOMN
HUYHEA MOMEHT HMNY.bea, KOTOPBI AC/KeH L YHeCTH nopsaka Ya Bfcw #an \eRbile, OHAKO MY NOMOLL TAKHX
@otol. «Ecam 6H yAau0Ch ¢ NOMOLIBIO PajiHOIacTOTHOTGE el BeChbMa HempocTo GBiIO GH yaepiKaTh 3ACKTPOHH H
oA HAH APYTHM crnocoGoM HHAYUHpPOBaTH Nepexon HE O obpasyloinuecs B TpONeCce hoaOysIeHNs ATOMOB,
STOro cocTosHug B 2P-cocTosinme, TO NOCAeaVIOUHI ﬂepexo' o ' )

B cocrosuue 128y, npousomen G HacTeAbkKo OLICTPO, HTON ].'I'a:;gnngniT;:Tﬁgg&Tfm‘ yto cocrosuns 22Sy, H 22Py, AB-
WHCN0 BO3GYIHKCHHHX aTOMOB B MYYKE CHILHO COKpaTH/IOCH TAI0TCA HeBHPOMACHHBIMA. 10 snzememio  EREC
6ni. Ecaii 6ot yanock K TOMY e HafiTn aeTexTop, KOTOpHIl anasine spoexra IllTapka Ha cTaGHABHOCTD COCTOAHHA
H36HpPaTeBHO PErHCTPHPYeT BO30YMKeHHbIe aTOMLl BOJOS 92§, yMeHblIas BEPOSTHOCTD conTRETCIEYRUEE HEpeRO
POjia, MEl TIOJY4H/H Obi BOSMOMCHOCTb HIMEpHTb Da3HOCTH B 7o BpeMs, OAHAKO, MUl HE paccMaTpHBAJH BCEPHE3 BO3"
SHEpruft Mex Iy MeTacTabuibHLIM cocTosHueM 225y, H pass ' '

W W weT. GEITh B 3HAMHTENh=
v OMCHOCTB TOTO, 4TO BEIPOIK/IEHHE MO?
JHYHEMH 2P-cOCTOSHHAMH,., O 3 e sl

ig 4 i ([0fi CTenmeHH CHATO €CT 2
.-'—Liﬂ_ OCyUieCTBJ/AeHHH ATOH npOTPaMMH HE’Dﬁ){DﬂI[_\TO 61&]-10.: VReJHUHTH CTEGH-THJHOCT[: 298'_':—C0CTDHH“$| ]—[PH [OMOLLH I\Eg‘r{‘
pelnTh AiBe mpobaemsl: 1) co3paTth nydoK ATOMOB B 228,48 ATHOTO TOAS, OBECHedHs Gonpioe pacHIeneHne COCTOS

cocToAHWH H 2) ob6HapyXuTh TakHe atome. OuesHAHO, nuli, oOyCIOBAEHHOE sherToM 3eemanar™ i A
VCNeX BCEr0 MEPONPHATHA 3aBHCEN OT 3HAHMA cBOficTR — p 1 euiyeroc e
MeTacTa0HIBHBIX aTOMOB BOAOpOAa». B To ppems 3TH 3Ha=§ ' Cuemmpanne COCTOREL, P B R o
HH#A OblJIH HeAOCTATOUHE wons nasweaerca sgpexton WTapKs, antOIefcTBHA Mar-

Io cy 4 : Dipexr Jeemaina BOSHAKAST B pesy/ibTarTe BSANE L o raKoro

o CcyuLlecTBY, NEepBLIH BONPOC 34KA[O%AICH B TOM, B Ka- pATHOrO MOMEHTA C plenTHAM  MarEHTHEM noJAe; jjiegl:lilnow* .
KOl cremenH Booblle NpoABAAeTCs MeTacTabHAbHOCTE B psaumofeficreus pasiia WeB, ecan OFh F B AR, Tae M,—npoex:
peaibHEX yeaopHAX. B NMOMHOCTBIO H3OJAHPOBAHHOM aTOME Cocranasioman e MoXET OHTE SURCETR L ooy “or 1 :
ee cymecrsopaiue Gei0 BHe comHeHuii. HanGoaee pepodaT-

-~ { b.
yun sexropa J wa B koa(HIAEAT gy SABHCHT ?'rjsn‘:n’& (m oT
: o1 f {OSNEKTPOHHEIX COCTOSHIES-
§ o KOTOpOe OOBYHO paBHO [z AnA OX
HHIH OYTh pacnaja TaKOoro COCTOsAHHA COCTOAN B HCMYyCKa= | p p
132 . l
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pacuienJieHne HMeeT pasinuyHoe 3Hauedne ans S- H
P-cocrosinuii, TAKEM TYTeM HCKYCCTBEHHO CHHMAaercs
pokaenne. «Haanune MarHHTHOTO MNOJA, nepreH HKY I
HOro aTOMHOMY NYYKY, TaKke cnoco0cTBOBaI0 OH }’,E{'d.‘lf:lrll‘.'
FAPYIKEeHHBIX "acTHIl OT JAEeTEeKTOpa», H, cjeloBaTelibHe
ornajana 06 HeoOGXOAHMOCThE B 3JEKTPHYECKOM noJje, KOTH
poe B JAHHOM CJyyae HexeJaTeJLHO.
Caenyiowmasa npobjema cocTOfAJa B CO3JaHHHM WYUK
aTOMOB, HAXOASIIAXCA B MeTACTAGHILHOM cocTosiHHH. «Pal
CcMaTpHBAJOCh MHOro pasanunslx cnocobos. [lpocrefiuy
HCTOUHHKOM MOTJIa GBI CAVMKHTH BOJOPOAHAs PaspsiaHl
TpyGKa ¢ HeBOJBIIHM OTBEPCTHEM AJf BEIXOAA NyYKa
pakyyM. B mpoiecce pa3pana Mbl noJaydHan Gul cMeCh MOJIE
KVJAPHOTO H ATOMAapHOro BOIAOPO/A, 3JeKTPOHOB H HOHON
a TakKe HeOOABIIVIO Z0UI0 BO3OYHAEHHBIX ATOMOB H HHTEH
CHBHOE H3ayuyeHHe, cojepikaulee auuun Jlafimana Baan
mepa.. Bonpoc coctossi B TOM, YAACTCH JIH TPONYCTHT
3aMeTHOe 4YHCJAO aToMoB B 22S..-cocTOfAHHH uepe3 OTBEps
crie... HekoTopsie aToMhl Toc/ie Bhixoja HX M3 o0/acTh
paspsna MoHO G610 Gbl BO30YAHTD ONTHYECKH, obecTiedHil
TeM CcaMBIM WX JAajbleluni nepexoa B 228y-cocToAHHE
Oanako yucaeHHas OlleHKa NoJyvyaeMoro TakHM TMyTeM BhiS
X044 Aapaja o0ecKypa)KupaloliHe pesayabTaTh. Kpome Toroy
Ha deTeKTop monaaa’to Gbl YPE3BHUANHO WHTEHCHBHOC (O
HoBoe VAbTpaHONIeTOBOE H3NydeHHe. DTO MO0 NpHBECTIE
K HeXejaTeNkHHM pe3yJbTaTaMm, Td4K KaK MHOrHe HeTeKs
TOPHI, YYBCTBHTEAbHHE K H3JYYeHHIO MeTacTaGHJILHEIX aTos
MOB, TaK#e H (POTOUYBCTBHTEJILHLL ;
Bropofi H3 pacCMOTPEeHHLIX HaMH METOJ0B CBOAHJCA K§
GomMOapAHPOBKE MOJEKYAAPHOro BOJAOPONA 3JEKTPOHAMH BY
cpoGopHOl oT noida obaacTH.. DucTpee MeTacTaGHIbHBIES
ATOMBI BOJOPOAA AOJKHE OBIH CO31ABaTECH NPH SHEPTHAXS
nafaioniux 3JeKTPOHOB CBHIIE 25 9B.
Onua n3 TpynHOCTel, CBA3aHHLIX € 3THM METOJ0M, CO=
cToana B ToM, uTo atoMusle ¢parmentsi H 4 H* pasaess
TAIOTCS B COBEPUICHHO C/Ay4afHHEX HaNpapJeHHAX OTHOCH- S
TeJLHO 3J€KTPOHHOrO TYUKa, TaK UTO JETEKTOpP MOKeT 3=
(DEKTHBHO YJIOBHTL JHIIb MaJyK HX 4acTkb. Ponopuift 3d-
(rexT, BRI3BAHHHIE YAbTPa(hHOJETOBHM H3JAYYeHHEM, BO3HH:
KalOUEM B MOJEKyJApPHOM BOJOpOJE HauHHAA C sneprui
11,5 2B, Takxe ofeuian 3HayuTe/IbHbIE OCJHOMHEHHS. ..
[IpuBATH HAMH OKOHYATEJbHO TPETHH METOJ COCTOHJ
B TOM, YMTO CcHauaJjga co3jaBaJjics NYYOK aTOMOB BOAOpOAE
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\ C1OBHOM COCTOSIHHH H 3aTeM OH 50?“1_63P,;inpr?;rf:c‘lt_gllsiel;;*
(10112 MH#, SHEPTHS KOTOPLIX AOMKHA Db""",ii‘muu a8 BO3-
Wi Th TIOPOrOBOE apaueHne 10,2 3B, I%EOGKOAQESI
fi\y¢ 1CHUA 1T TTepexojia aToMoB B -J.EJC'ID}I‘HHB : ‘.-E;;;].ﬂo npH-
[las noJgy+deHda OyHKa aToOMOB lioélopof}‘aﬁ MHKPOBOJI-
(010 HECKOILKO CIOCOGOB: d) pybKa Byaa; 1b¢l}’amoaom
Jl0BOIt pa3pAL; g) Tenjopaf aucconHanus B ﬁg};noﬂasak{-ﬂﬁ”
yursic. BBHAY OTCYTCTBHS KaKux-1HO0 NpoTE s raih
(u11 pLIOpaH NoCaAe HHI. Mo onenkas, npi 1ap an0 OKOMO
10-% atM H TemnepaType 2500 K ;1HCC(‘JHH“P?; daTD\-iOB 2
(59 wmomekyn u HamboJee B;P?gg“i“rc‘-mpoc ‘
‘xOJHOM MYYKE coCTaB/ija - cM/C. :
fic -;;fl:i?r\\%}li‘if‘.filw aTOMOB IpH f')D:\-I.Gzlp,U,HpDHhEHBJlg:;Eﬁf:ﬂE;:
fie rapaii’riipoaaﬁo Takoro ycnexd. «Ceqeuuaw“oﬁ 7]
fipoueccoB MpH 3JIeKTPOHHOM Bosu}ﬁi,ﬂ.eﬂiﬂ:-q 3 }{Onlimclillﬂ
pona ObITH BHIMHC/EHDE Beje B OSILEES anﬁmmeIIe
(le3 yduera 37MEKTPOHHOTO obmeHa. XoTd 3TO l;Hm_ g
\eJIb35l CUHTATh YAOBJIETBOPHTENBHLIM TIDH 3gi?ﬂocfﬁmu A
opora, Mbl He pacnosarain ApyruMHu BO3M ; memmmm
AHeeHibIX OleHOK». MaKcHMalibioe ceuchy 29.10-'7 em®
02§.coCTOSHMA COCTABJAND, NTO STHM oueﬂﬁaM’Ha‘EO CedeHHe
W UMeldo MecTo MpH 3SHEprin 14,8 3B, U:}al{cuma.rlm-lﬂf‘ﬂ
peakiii COCTABAAIO HE menee [1OJOBHHBL !
aiadueHAs BIJOTH 10 SHEPIHH Loty QBCKOMY TipH-
«[ToMHMO HETOWHOCTEH, MPHCYILHX bopH 1](3>ﬁe cepbeaHn
G/H3KEHHIO, YUET SJeKTPOHHOTO 06%‘?}[3 %m';c:.aua.ﬂéﬂ'rbm no-
ICKa3KTh PE3YABTATH, TAK YTO MOKHO O gpe peakiumn ¢
JV4HTH 3HAUYHTEJBLHO fojee BHCOKOE CE%OT‘C terus  60-
makcuMymMom OJHKE K NOpory... Bauiy Ba?;n HHKHIOW
OCTOBEpPHBIX PACTeTOB Mbl HCTOJL30B A

L 0
o 0-'7 cM2, mosaras, 4ro OHa jenajieka OT 1

OUEHKY 0 = 1

e 3aTpyAHEHUSA.
[ mﬁpouecc GoMGapAHPOBKH TOME pLizpBat 3aTpyi

aMO? TAMU:
«HvaiHo Obuto BLGPaTh MEFKAY T!!CMHP ?ingj:ilfﬂf‘lggflﬁﬂ.l“'
GoMGapupoBaTh NYUOK, HaUpaBlss But[re:'-\;;;' emy. B noc.e-
KyJAPHO K HEMY, BOJH HEIro u.nur HABCTP 6L HANpABAEHNE
LyIONHX ABYX CAYHasX He HAPYWARO®D oo, hponcxo-
‘nr_‘n.rle'ra aTOMOB NyuKa, ecJH i no.\a_tm[a‘l ephIAIoLIHK N0
Aqifht ipy HATPSAKEHHAX, JHIIb HEMHOTO MPEBD CCTREHHHM
‘L]P]]r]nnof Takol BHGOp Kasancs Obi BIONES ‘?\:[-)TTGCTEGH.'HJ-
i'um- jioBLIX APYTHX ATOMOB, HO FC :;n-? c.ﬂyqae caefio-
Oro ‘aTOMapHOro BOAOPOAZ. B mocied o




BaJIO Obl HANPABHTL MATHHTHOE [0Je mapadieabRo mydgyl
Ecin 6w saexrponn asuramics HABCTPeuy RNyuky atomon
METaCTAOHALHEIM aTOMaM NPHULIGCh Opl OpoHTH O0Jacy
STCKTPHYECKOTO MOl (CO3NAHHYI0O HCTOMHHKAMH aJeKT
HoB, — Jx. T.), B Kotopoi NPOH3OWII0. Oul mepeMeluin
Hue cocroanmil, Ecan G HIEKTPOHBl MOCHIIaNHCh BAGHN
AYUKa, ObJI0 OBl HeJerkKo 3alHTHTL AETEKTOpP OT HX NN
JlaRH..,
BeiGop nepsoft 3 Haseammbix prume BO3MOMKHOCTEl @
REOOXOHMOCTLIO NPHBOAHT K OTiaue B nonepeunoM HUS
IPaBJeHHH H, UTO elle XyiKe, K HeonpejeieHHOH ee Be
HHE, TAK YTO BHaYaJe XOpOLIO CKOMIHMHPOBAHHLIR NyyoK
PACIILIBAETCH B peayJbTare GomGapanpoekH. 310 03HAM
H4€T, 4TO HCMOJL30BaHMe medef INHPHHOH mopsag
0,001 mioitma, kax npu paBore c OOBIYHBIMH ATOMHBIMH M :
Kawmi, ucitiovaercs». Oanako apyrue BO3MOKHOCTH OKa3d
JHCh MPAKTHYCCKH HeBHLUIOAHHMBIME, H HAM MPHILJIOCE NPl
MHPHTBCA € 3ITHMH ilC‘ﬁ[lHﬂl]iU.\l:i NOCAEACTBHAMH,
Apyras npoGaema 3akuwouanacs p BLI0Ope crocoGa jges
TEKTHDOBaHWA, H BHOBb «ORLIH PACCMOTpEHE pA3JIHYHEE
MeTOAL». ONHa H3 BO3IMOMKHOCTEll CBOARIACE K TOMY, uTOGH
ACTEKTHPOBATL H3JYYeHHe, HCMYCKaeMoe MPH BLICBEYHBA NI
cocronuna  2*Py,  (g-auuns  Jlafimana c LAHHOA BOJIHE
1216 A). 3ra Bo3MommOCTL He 6uaa menoab3oBana, xoTs
IO3NHEE ee peasH30BAaIH B aHAJOTHYHHX ONBITAX C HOHH=
SHPOBAHHBIM rejiHeMm. ,_-E[,jl'}’l'lli‘. BOSMOIKHOCTH (}CHOBLIHZ]JHIC:
Ha TOM, YTO MeTacTaOHJLHEI aToM. YAapHBIIKHCE O MODepXs
HOCTE MeTaamga, Jauto BhOLeT 3JIEKTPOH, Jaubo cam OoTpas=
SHTCA OT 3TOl TMOBEPXHOCTH YiKe HOHH30BAHHLIM, Kar na-
BECTHO, KaMABIH W3 3THX NPOIECCOB HMEET MecTo st He=d
KOTOPHX MeTacTaGHabHbIX aTomon. HeoGxomumoe ycarosne
nepBoro podecca cocCToOHT B TOM, UTOOLI NOTEHIHAT BO3=
OVKACHHA MeTacTaGHAbHOIO cocrosanns (10,2 B — nasl
228y.) 6un Gonbie pafioTa Brx0na 2TEKTPOHA H3 MeTauna.
Has sroporo fipolecca, HANPOTHB, HEOOXONHMO, YTOGH pa-
6oTa BEIXOZAa NpeBuiwa/a moTenuuaa uouuMzanmu (3,4 B).
O6a ycaopas, HO-BHAHMOMY, BBLINOJIHAJIHChL JJsi GOJbIIHH-
CTBA NOBEPXHOCTEH, KOTOPHIE MOFAN GLITh HCTIOVIL30BaHEL
B YCi0BHAX akcnepumenrta. «Coraacho rpyOEIM pacueTam,

: !
NEpeMeIlAOMHeCs noL YrAOM
LA 8 OrpalHueHHHX NpelienaxX

CIAOBHIX  JHHHA MarudTHOrQL

! Baextponsr ¢ mmarofn sHeprueil,
K MariHTHOMY no.mio, COBEPMIAINT ABHME]

MO COHPRABHLIM TPAEXTOPHAM BAOb
o8,
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e SILIOBOH

MeTacTaOHABHEIE aTOMBI BOAOpoAa, c:fﬁ{iaidfoi}u;:gﬁ'gﬂ;zim
jiicprieft W ABHKYLIHECH MO HATPABICHHIO K e
M 'I'l'l"I"IE! ACIKHBL B CPEJHEM BhI3HIBATE Bf![iiL‘C'}(l)lgbkl-' 11010~
HOB npn,nuglxo;m K TOBEPXHOCTH Ha 2.5\ 121‘;\“;! S
A SMETTHPOBAHHLIX JEKTPOHOB, "D_H“;;LIIJOC;TL‘ pponecca
i MeTal, MOKHO OMKHAATh, YTO 3(PexTHB
cocTasHT okoao 50%. A T

.r.‘_i_h‘iu o0Hapy:KHAH, 4TO 3.]]EKTPOHnaﬂ'iamg,:?_‘f}ifl;ﬁﬂ?é?@e“'
e ILEOK MPGMEROMRNT, BIIARS, HOTE 1;:51{01 ::Tb IMHCCHIO N0-
[HBHOCTBIO, Kak nmpeanojaraiock. Ha mche woiipnee
JIOIKHTENLHEIX HOHOB TalKe He ‘-‘I‘la,'m??»;w 61110 H3BECTHO
00HaPYKHIOCH BIOCACACTBHH. 3apanee METOIB! NpHMEHH-
OUTH HHYErO O TOM, KakK A e
Rl B8 il B PR AT FR

Tem ne Menee Guio HeOGXOAHMO xTpyo e SAKTPOHHHE
veTacTabHAbHBIX aTOMOB H lmj}."_lhmm!0m1-;‘nj;uuu.\: yCJ0-
[OKH, KOTOPHE MOKHO OBI10 OJKHIAATH imxmc}ﬂblﬁ ,.-l-cTCK'
pusk skcmepumentas. Curuan S, BOCHpHH IOTOKA ATOMOB
ODOM, 3ABHCHT OT HECKOJBKHX LI}EIKTD[JUBI. O 2104
'I.I'ilgll{l:."iﬂ B TeJeCHOM Yrie, B Tpeleiax 1\DT0PDTJQB nepe-
e i AETEKTOP; A0AH BO3GYKACHHBIX aT?%-Iwéfz.nb:thx
xonai ocrosiune 228y, aonu & meracrad yaio-
108 gltimncim;aumm OTA@uy B HANpABJIEHIH, He HCRAIOUAX
ATOMOB, : et e

sTeKTOP, JOJAH L aTO+«
TR ajlaHus Ha JAeTeKTop; A0/

e AMOJKHOCTH HX TIonajaHH e 5 I
e XpaHAIOT MeTacTaGH/bHOE COCTOSHHE,
VOB, KOTOpbIE COXp JIEK=

‘BY ‘CTAHOBKE 3
npofiga uepes jaobuie {;brmemn}iomneoc?ll}rr:._rJ:‘leCH“ i
TP : - jaxoHneu, s(pheKTHRHOC IMHC
rpHYecKHe NoJas; Hakonel, sgdex L o
[ POHOB € NOBePXHOCTH [LeTeKTopa ”PHC pa e B
:-.I:-‘.'I'.‘i(:'l‘aﬁilﬂhl[bl.‘( 4TOMOB BOJIOPOLA. mm“nmn L
’LL‘TL;'E\'TOD-'I B OTCYTCTBHE pajHOuacTOTHO !
1aNHCaTh TakK:
§ — MaXdlondn o0 rponon/c.
=5 4nRh
> 00 i, B 9TO BHI«
Kpome Mcnoab3oBaHHEIX paHee 0003?311:911;1;1‘13,““ 3oy
JCOHHE BXOLAT flo— THCAO ATOMOB WJIH N ll]'.‘rl.“h i
;:ul.r!\; ;jﬁ”be\-'ia BOJIL()PAMOBOro THIVIA; @ — 11'.30“11I o
HALL B CTCHKe TS, X — CTerenb maccognag % pr
-\rruﬂ ferextopa, [ —TOK SIEKTPOHOB, Go'u agnapqromoa
2ol (smekTpoHbl/c), ¢-— ceueHHE B030Y ME 'lu_‘CTf‘Fi-
aToMEl (2 fc), i ,
I'I';Uoicnomloro COCTOAHHA B 1\'1@T&CT&61U1B!I]0F€::,G !1£pa37~1f.'p
“m MeaAy NeTeKTopoM H UIedbio B thlo;z :
HHE 1 [ : 4
6 : \MO#i SMEKTPOHHBIM ITYTKOM.
o0JacTH, 3aHHMaeMOH I -




«K tomaneumio, Muorme harTopsl, cyurecTrenie i
OUEHKH BEIXO/a, He OBIH M3BECTHB, H TPebOBAIACK onps
ACACHHAA IO ONTHMH3Ma JUIsl TOFO, YTOGH HaLECSTHON i
BO3MOKHOCTh OTHOCHTEIbHO GJaroNpHATHHX 3HaueHul) ATH A
BE/HTHH, KOTOPHIe MOrIH Gul ofecrneyuTs NPAKTHYECKH PN
THCTPHPYeMBIl CHTHAJ Ha AeTekTope». B uactHOCTH, «3nis
HEHHE 0 OLEHHBANIOCh Ha OCHOBE BeChMa HealeKBAaTHORN TE0=
pun. 3uavenne p =1/, aan (aKTOpPa BHIKHBAHHT B METAY
CTAOHIABLHOM COCTOSHHH GO GLi NPABHIBHEIM B OTCYTCTBHE
SNCKTPHYECKHX nodel... Ouenka s(pperTHRHOCTH AeTexTopi
n = 0,5 eirasinena upespwuaiiino ONTHMHCTHUYEC KO, .. '

I[pi BeinoaHenun naspammbix NPEeANONOKeHHIH CHIHAM
pasén

§==3,26 - 10 snexrponos/c =5,2 . 102 A,

10T TOK B 5-10% pas npemocxomut MHHHMAJNBHLIH TOK
(10-'% A), xoTopsiit MOMeT ObiTh 3aPErHCTPHPOBAH C NMOMO-
Wb 3nekTpomerpa FP54 u uypcTBHTeabHOrO rajibBaHo-
Merpa ', CaegosarebHo, eciu daxe nse wian Gosee na
OUEHOK OKAKYTCA Uepecuyp 3aBLIICHHHIMH, CHrHAJ Bees
TakH OyAeT NOCTAaTOYHO BeduK, YTOOB €ro MoxKHO OHIO |
ODHAPYIKHTh H [aXKe HCHONB30BATH IS TOWHEIX paanoya-
CTOTHLIX CHEKTPOCKONHYECKHX H3MepeHuii». Kak okasanoch
BOOCNE/ICTBHH, OIEHKH OBIIH AeHCTBHTONLHO 3aBbIIeHHEMH,
HO, K CHACTLIO, HE HA HECKONLKO MOPS/IKOB BEJHYHHLL
Caenyioumufi sonpoc cocrosn s BEIDOpe HeoOX0IHMOd
MOIHOCTH paxnoyactotHoro (PU-) noas. «Meracrabias-
HBIE ATOMBI JMO/UKHBI NOABEPraThea AeHCTBHIO PajaHoBOJH
B HEKOTODOH OGJACTH MeNKIY MCTOYHHKOM M JeTeKTOPOM.
Ecam yacrora sthx sosn Takopa, 4T0 fiw paBHO HIK GAH3KO
K Pa3HOCTH SHePruil MeKAy 3eeMAHOBCKHMH KOMIIOHEOHTAMH
YporHa 228, u onHOTO M3 ypoBHel 2P, 10 paguonsayyenue
MOKET HHAYIHPOBATb TEPEX0] Ha HeMeTacTabHabHuN ypo-
BEHb, UTO MPHBCALT K YMEHBLIIEHHIO CHIHAJNA Ha JeTekTope.
Crenenb ymensmenusi sasucur or HHTEHCHBHOCTH M Ya-
CTOTHL H3AYUeHHS, OT CKOpocTell aTOMOR W pasMepos 06-
J14CTH, B KOTOPO#H neficTyer paanouacToTHOE noJdes. [lanee
HCCIenoBaTeH  MPOAeNaNH  CJeayionLul pacuer: «ecJu
BPEMA nepexona n3 cocroauust 22Sy, B oaHo M3 2P-cocton-

! MMputop. FP54 npencrapaser coboil COEUHANLHO CKOHCTPYHPOBAT-
HYI0 YCHIHTEJLHYIO JaMny ¢ ouedb GOJBILAM BXOLHEM COMPOTHRACHHEM,
KOTOpas cnocofHA 3aMeTHO pearHpoBaTh Aaje Ha OYEHD MaJiHe TOKH.
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init monx JeHcTBHEM PpajHOuacTo’

[HOTO TMOJIA PaBHO Ts, 'rnll
IMH T10]

0,110 ATOMOB, TIePeCTaBUIHX OHTbH MeTacTaOHibHE

10,11 ! 1 : :

p/iAHAEM 9TOTO NOJif, MOJKHO 3alIHCaTh TaK

D=1—exp (— v:s)'

i f 7 4acToT-
| — anuna ofJacTH, B KOTOPOH :wncn}yw Faél::.t}“ T
rae &= ; R : ot i
hoe mofe, #— CKOpocTh atomos. Ipu L i
8108 cwié nyuok Tepser 63% meracTabH/bHBI

—b
f—+=125-10"c»,

MOLLH KBaH-
§ J{HO BHEIUHCJAHTH TPH 1O
exola Ts MOIKHO s
“Pﬂ:’:l ?:gpm: H3JIVUYeHHA: HATNpHMep, AJIA neptil:;!(mr(‘mﬂ
1Sy 9 — —1/,) npH H3AYYEHHH, NONT-
R sl sy hlmr?i{ouy noJio, Ha pe-
!a1q'ibaal|1{0}~1 mepreHAnKyAfApHO Mar !
joHaHCHOM YacToTe NoJyuHM
nelsS

_L:—---—B‘—"‘E9 2 ’3{131

Ts chiy
= 1/t —

' JAy4eHHSA >
rie So— HHTeHCHBHOCTL Nalaloniero HaJay R o

il “Tb BHICBEUHBAHMA P-COCTOSHHH, do = 0,5";3;!3%“[“3
comte auve. Urobu npuaaTh 1s TpeOyemoe S =
P i ¢IJIOTHOCTh TMOTOKA IHEPTHH H3nyueHus 'Pm
HCDGXD,.EHINI::lS — 34 yBt/cm2 TTocKoAbKY TIONY4HTh TaKY ;
D i FL;E? YO npu a00oft  4acToTe B'm?rr?ouih
g[?mlfilf')ﬁ-rbne l]p!i‘:‘iﬂllﬂe.HDCb 0COBHX OCJIOKHEeHHHA ¢
: 1, X 3
spenns TpeGoBaHuil K MOWLHOCTH PY n‘clJl.;l:{ i beAee
" HanoMuuM, YTO UeJbio KCMEpHME it S
HanCHEX uacToT. «Camblit oueBHAHE o
v MepeHHH HATeHCHBHOCTH TYUKa Kak @y o
CTOM‘GM!;:-II-{SO’IE npH HEH3MEHHOH MOUIHOCTH noc.aenmm;
liacmrhzlmemm~nbmommrh sTo TpeboBanue nn;:zna:i:pﬁ-
1\( com». Bbtxc'mnaﬂ MOLILHOCTh reHeparopa H }1: ot
g i 4 mepeAaud MEHAIOTCS B 3aBHCHMOCT S il 7
CTHH"'MH]” -'{:'rp‘nﬁcma. KoTOpHE MOMKHO OBLIO f:mcms
i ,rlame_ Jl)ﬁ onpeaenenus PH-MOLHOCTH, takTn s
no;:igzizzfﬁé & oBaacth psauMoneficteua PH-noas ¢ 1y
P 1 K 4acToTe.
KO qynﬂgi}lmil:?ﬁ:q}:{elE.lv[arm-rmoro oA npeﬂc*raﬂngggiz
[IF}CI{OH‘::I\E Btmoﬁom cayuae, MB DELIHJH n?ec:ima. .
b i '-“Hoc'ru ¢ ero NOMOIIBI, TaK UTOOH IZIIL s
s o Tp'\ﬂue aTopa TOANEPKHBANHCH NOCTORHHEIMIL,
MOUIHOCTh TIeHep %




pesoHaHC JOCTHTAJCA IyTeM CABHra SHEPreTHYCCKHX yponse
Hell B pe3y/bTaTe H3IMEHEHHA MAarHHTHOrO NOJA. Hamenenng
pe3oHaHCHONW 4acTOTH B TaKOM chaydae BhISHIBAETCHA HaMEBs
HEHHEM 3eeMaHOBCKOrQ pacllenjeHHnd; NpH 3TOM Tpebyereh

Jr
M=%
e

W& edunwiax 7300 My )

{

|
0 02 a4 0,6 8 0
KO edeugax 5214 ) i

Pue. 7.2. Seemanoncioe pacliennense yposuefi ¢ n =2 B BOAOPOAS.
ITo Uf.‘:p'rlma..u.rlor: GCH OTIOHCHA JHEPrHA B dHIHIAX Ty (E+—£_j {COOTBETICTBYHD
igad STOA eINMEHNE SHePrum YacToTa pasHa 7300 MTw), £, u E_ —3HepTHR DEpX-
Hero ('.'?P”.:] W HUKHErD (B’P Ygs 2’5.;2} cocTonnill 8 OTCYTICTENE BHEIIHETD MACHHTHOTD
noas, 3a uyAs OTCUETA DHIGPAN LUEHTP TAMECTH™ STHX cocrormnft Vs (25 + E_)

To_ ropiaouranbholl oci  OTJAOKEHO 3pauenie MATHNTHORO NOAA B eldAHNAX
2 {H+—E_)|}3uu=5‘21-1 I'e, rue l.Lu=r‘F|.-'H1E‘-_'.‘.:“.rHi:'I'01[ Bopa [Phys. Rev., 79 (1930}, 1
erp. 550, puc. 12]

TOYHO M3MEPATH noJe (3T0 CTAHIapTHAA onepamnusa) H 3HATL
3aKOH M3MeHeHHsl pacleljeHus ypopneil. 31ech HeT HeoO-
%OAHMOCTH NOAPOOHO H3JaraTh TEOPHIO spdexTa 3eeMana.
Ilas aToMa BOAOPOAA MOMKHO NPOH3BECTH BCE BBHIYHC/ICHH,
B pe3yJbTaTe [MONy4YaeTcd KapTHHA yposnefl, HzobpaxeHHad
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2 9. CooTBETCTBYIOLLIE YaCTOTH: nepexojia ¢ yueTom

- Iuhllcm orbopa Am = +1, A==l 0 ykasaHe Ha
1Bk
* (B&) /)
I
||
sl
M | ,—'—"‘ |
\ fof 1) II
| P A B _\,_
1 __.ﬂ‘____ ] \ b |
\ €
. |
|! \ |
B o GRS PR £
5 17 | ] !
E’ - fa B) /|/
=
: o)
g

I N
¢ o I 1664 ; 2000 o0 4004 5008

MasHrmmog  f0aE, e

q X MACTOT, o=
7 C : oro MoJA pe3pHaHCH
BHCHMOCTE oT MArHHTE ! - S s
p“c- ‘I"'?. l?&a :*rCHClﬂall.Hli '!'EOFH.H il‘i{pﬂl{ﬂ il b ITLBE}LOILOE MeHny
. e i i o, ofoands
SoInagaioT TIEpexonsl Menciy cnn-mercmy;unlgéga;l {l‘.:?r:"f - pm‘.'. o
IL}DHJGE:'{:\?H?IS:J.L' e, WOK Ha DiC. 7.2 |Phys. Rev.,, 19 ( " .98
JeH Hblb G L

Jaenbl

7.3 I'L[JHLI&M. cOOTHOLIEHHHA, CBHSb’I‘BElIOllLHC yacToTH C

Py J9HTh.
] i K HX HETPYAHO MONY .
bl }l,nrlo.-'l'rlme.nh}lbn-m a-

DHC.

penHuRHON 10 ;

CuTyauus ocAoKHACTCA ,U\E}?dﬁ s chinra

(pexTaMH. Oyl H3 HHEX COE:TODH‘i 2 L%u"apvmcl-m B

: H, Ke LI z "

925, .ypOBHS, KOTOpHH, KaK 70 Y e
'zl'eiﬁﬂ}opcyme,wnye"r, ypOBHH O B { na puc. 7.2 nodx
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?:}l?ll[;i}pl;}};yﬁiﬁg?-“? _He..'mtlfmy, paenyio 0,137 (8 eAHHHILAN
ks m;'m Ttﬂ}rpua}lw B u e npu nonsax nopsiaxa 540 I'e
iy mmﬁﬂontrﬁla- JA1000e Masoe snekTpHuecKoe HoAN
Ll 0C NEpeMelHBAHAC STHX ABYX COCTONS
YaCTHLbI JIBIII'aLOTeCTHHCI'T:pGIﬁ:::!b;I?:;; S W
: ! PICHIHKYIAPHO MACHHTHOMY |
Z(E?Lgfam;;mec:}y Aefictayer :-mempnqecmemgg,r}[e n;n:,
g pili_I __L_)-m Fe w 0=28.105 cm/ec HMEeM
@ D/EM. LIpH KpHTHUYECKOM 3Hauenuu mons sro naer

Bpﬁ-\‘lﬂ HH3H CT i | » paB e 41 ‘i - E Jaee Toro

«0IH *HTY
2 _c;qudrelz_ﬂ BEIIE CHTYalHA MMEET MeCcTo He TOALKO npu
— & i | 4
crpaxmerchI honia YPOBHH B K e nepecexkawores, Ho pacnpos
T yc?;Hg:.nmn HHTEPBAJ 3HAYEHHH HanpsixeHHOCTH
2 . 3KE, OITHCAHHOH HEKe, He v
" y - 2 i ; i
Aatek uepexoast Bb, Be, pd, fe, Bf ; iy
_[\ - 7
5 -:?-EKOBCI‘OE NEpeMelinBaHNe, 0GYCA0BACHHOE NBHIKEL
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(11 K €€ JA0NOJHHTeJbHOMY YIIHpeHHo, ocobeHHo B 00-
JACTH TTHKA.

IlepBonauanbuas ycranopka Obiia «HaCTOJILKO NPOCTOl,
I1ACKOJBKO 3TO NO3BOJANH TOCTABJEHHEIE LEJIH: OLHOBpe-
MCIHOE CO3AaHie W AeTeKTHpPOBaHHe NyyKa MeTracrabHJb-
HLx aToMoB. XoTsi ofa STH IIpolecca TeopeTHYeCKH OblIH
HO3IMOMKHBI, TPAKTHYECKAs HX peaqHsauns ne Obla JoKa-
yana, MCTOUHHK H J€TEKTOP NOMellalHch BHYTPH CTCKJfH-
Hux KoalG, coelHHEHHBX CTekNaHHOH TpyOKo# !/y miofma
niamerpoM M 6 moiiMoB aaunofi. MarHUTHbIe NMOJA MOTJH
¢031aBaTheA B 00J4acTH HCTOUHHKA, JETEKTOPa H MeKAY
HuMH... CupTajoch, uTO BMOCJEJCTBHH COELHHHTEIbLHAS
rpyGKa MOXKeT NMPONTH BAOJb LWIHPOKOH CTEHKH BOJHOBOAA
3 cM-IHAama3oHA.

Metos npsMoro BOSOYNKIEHHS MOJEKYJa 3JIeKTPOHHOH
GomGapauposkoil Obis1 H30pan, KaK, NO-BHANMOMY, npocrtedi-
uinit cnocod cosnauus MeracTaOHJIbBHLIX aTOMOB BOLOPOLA...
MeTon IeTeKTHPOBaHHA OCHOBHIBAJCHA HA 3MHCCHH 3JEKT-
poHOB... K comanenunio, npu GoMGapAHPOBKE MOJEKYJ BOJO-
poja 3JAEKTPOHAMH BO3HHKIO MHOXKECTBO 3()(PeKTOB... [pu
5TOM #e yAapadoch YOe[HTbCS B Ha/JAH4HH METAcTaGHIbHBIX
aTOMOB».

O1HAKO HCCAeAOBATE]H BCe jKe CMOTJIH YCTAHOBHTE, MTO
ATOMBl BOJOPO/a BOSHHKAIOT H JAOCTHTAIOT JeTeKTOpa. IT0
60 o0HapyeHo Gaarofaps MOKPHITHIO IIACTHHBI JIeTeR-
TOpa CJ0EM IIOPOUIKA OKHCH MOMHOACHA KEITOTo 1BETA,
KOTOpLI NOL JAeficTBHEM aTOMAapPHOrO BOAOPOAA CTAaHOBHJICA
ciuanM. McenenopaTenn CLeaadH BLIBOA, 4TO «H3OpaHHbBIA
MeTO BO3OYIKAeHHA He CTOJIb XOpoll, K&K 3TO OXKHIAaJd0Ch»,
TeM He MeHee TIporpaMma B Lelom Oblaa JOCTAaTOYHO obe-
Liaoniell, MOSTOMY MMEJN0 CMbIC] MPOJOJIKATh HCCACAOBA=
unf. «OKa3anoch, UTO ABYXCTYNEHUATHIH METOA— CHauaja
JHCCOIHHPOBATL MOMNEKYJIH, 4 YyKe 3aTeM BO30YyIHTbL aTOMBL
nyTeM 3JAeKTPoHHON GomMOapAHPOBKH — MeHee TNOABEPIKEH
BPeAHOMY BO3JEHCTBHIO» NOCTOPOHHHX MPOLECCOB, KOTOPhIE
NIOJIHOCTBIO MepeKphiBaloT s(@ekTel, CBA3aHHBIE C MeTacTa-

ONJABLHEIMH aToOMaMH.
«[TockoJNBKY cTajo fCHO, YTO YCTaHOBKA HY}KJaeTcs B

cephe3HoM ycoBepuIeHCTBOBaHHH, OBl co3iaH ee HOBHIH
neJbHOMETaJJIRYecKHi BapHaHT, B KOTOpPOM CJeJlaHhl BCE
neoGxomumpie yayuurenus. Tem He Menee moTpeGoBaioch
ellle HeMaa0 YCOBepIIeHCTBOBaHMi, Tmpexie ueM OwJH 10-
JYy4eHH CKOJAbKO-HHOYAL 3HayuTeNbHbE pe3y/bTaTel.
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Ha puc. [7.4] npeacrasnena obwmas cxema YCTaHORKN
FOPHIOATANLHOM CEUCHHH, MpOXO#ALleM Yepes ock NN
KPYMIBIX KOaKCHAJBHHX LHJIHHAPOB, 06pasyioitnx npany
H JneByio KamepH. IpavoyroabHoe npocrpancTeo J — nou
PETHOE ceucHHe NMPAMOYroJbLHOrO BOAHOBOHA 3 CM-IHANS
30HA, NPOXOAAULEr0 4Yepe3 YCTaHOBKY BepTHKa/dbHO, F@

oArarHsnl . Haxoe
MITCHITT

A

STomBel  naxonEHuN
AT

T iy

Puc. 7.4. Tonepeunoe ceuenme YCTAHOBKH.

A—neun BONOPOANOrO NHCCOUHATODA: B —skpannpyonime apadiparmu; C, B, F, O
H—sznementm YCTPORcTsa AAA SAeKTPOHHON GomBapanposkn; D —obaacts domtaps
AWPOBKH, [—wumenn, J—Boanosom; X — g nepeaay; L, M—naerextop Meractas
OHALHMX aroMon. OctabHEue ACTAAM onucaEsl B Tercre |Phys. Rav,, 79 (1950),
c1p. 564, pue. 19]. y

npedebpedyb KpaeBoiMH S(pexTamy, MarHHTHOe Hoje Ha-
NPABJICHO NOX MPAMLIM YrJIOM K BOJHOBOAY H OGeHM KaMe
pas. ITomoca marnura pasmemens s ABYX YrayGJaeHHAX,
HMEIOLHX (DOPMY yCeUeHHBIX KOHYCOB. Hapyxuas oBonouka
YCTA4HOBKH B OCHOBHOM Gl H3rOTOBJEHa H3 MejH.

«.ATOMB Bogopoa BuXOIWIH 13 AHccouHaTopa A wu
NPOXOLHAH Yepes 00/1aCTh B3AHMOAEHCTRHS D, rie HexoTo-
PHE H3 HHX B pesyJbTaTe S/1eKTPOHHOI GoMOapAHPOBKH
Bo36y:KAanuch B cocrosHue 2S. Menmran HeGoabIIYI0 OT-
Aa1y, OnH NPOXOAAT depes menu / u oGaacts PYU-noss ua p
MHIIeHb feTekTopa L.

--YTOl OTJauH NPAHHMAJICA BO BHAMAHMe npa BHGope
OTHOCHTNILHOrO IOJIOXKEHHS BOAOPOAHOrO AncconHaTopa,
STEKTPOHHON AymwKH # weneir /..,
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5 fic BONOPOLHOTD AHCCOMHATORA [Phys. Rev.,
Pue. 7.5, YerpokcTno Im'p, P

pesnaunTeJbHO 3d-

atoMaM , :
e noKa OHo HAXOAHT

TeJLHOCTE K MeTacTalH, iy
LUCHT OT HampsKeHnHs Ha KO
¢n B npenenax 2—4 B.
ATtomapHuii BOAOPO
nHCCOUHALHH MOJIEKYIR
¢TRyIOULEH 9acTH CXeMBl
ueill posbdpamMoBLi LH
(hoJIbTH, KK NMOKa3aHo Ha p

: nOBOI
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9J1eKTPOAOB C BOJAHDI! g




A0POA BBOAMICH Yepes TPYGKY BHYTPH OJHOro us noanoim
ULBX BOAY Kanazos. Ileutpansmas wacrs BOJILGPaMaN)
TPpyOKH Moraa HarpeBatkcsa jo TeMuoepaTypel, - obecuey il
BarolleH YAOBJAETBODHTENLHYIO CTENEHE auccounanun. Bog
HUKIIAC NPH 3TOM ATOMB BHEIXOZHJN CKBO3b Majyio Hpis
Pe3b, KOTOpas® H BLINOAHRNA POJIb HCTOUYHHKA. ¥

Pa6oune TEMNEPATYPH B LEHTPaNLHON vacTy HHIAHHAQ
COCTaBIsH 00blYHO oKOM0 2500 K...

Iepemennuit tox NPOMBIITEHHOA YacToTh  OKa3adeN
NPHTOJAHBIM A4Sl HarpeBaHus BOJOpOAHOTO AHccouHaTORIE
Tunuynpe pabdoune ycaosusa: Tox 80 A u Hanpaxen
OKkoJo 2 B...

Yerpoitcrso pas SJIEKTPOHHOR 6OMGapaAnpoBKH TIpHHEECHD
Goabine Beero xaomor, OblT0 3aTpaveHo MHOro YCHIly
4TOOH cxegath ero paboty nmoeratouno Xopouredi. Bechmil
HETPYAHO chopMyauposaThs YCJIOBHA, KOTOPHIM  NOJXKHE
'\"JIGB.-'IETBDFHTIJ HIeankHas 3JNEeKTpoHHAaR nyliKa B TaKOM
sKcnepamente. Ha npakrtuke, ONHAKO, A NOJYYeHHA J0
CTATOMHOrO YPOBHSI CHrHana HeO6XOAHMO cyuecTeeHHl:
OTONTH OT Haeada.

Henoanezosannas SJEKTPOHHASA NYLIKa cOCTORJa H3 K

TOAa, ynpasasiolleii u yckopsiomes ceTox aHona. Kartoj
KOCBEHHOro Harpesa G uMeN OKCHIHOe nokpuithe. Katon i
Yipasagiomas cetka F Owam  pacnonomens NOJHOCTLIO
BHYTPH YCKopsioltero saextpoma E, cHalxennoro cerxoff
TOJILKO CO cTOpOHK aHoAa. DTo Obito HeoOXonHMO Iasi 9K=
PAHNPOBaHHA objgacTH Gombapanposkn D — rpe NpoHCX0-

AHJIO BOIOYMKAEHHE ATOMOB — OT BANSHHA SJIEKTPHUECKHK
noJsied, neficTRyIOmMX MERNY YCKOpAOIEH CeTKOR N KaTo-

AoOM. Jkpansl B npenstcrsosann NONalannio H3JVIeHHd H
NMPOLNYKTOB HCHapeHus AHCCOLHATOPA HA 3JMEKTPOHHYIO MyMl-
Ky H n€TekTop. B NEPBOHAYANBHBIX cXeMaxX aHom C OTCyT=

CTBOBAJi, €r0 poJib BHINOAHSIA HapyxHaa oGoaouka. Qp-

HaKO TaKoe ycTpoHCTBO He NMO3BOJSIO C ONpeNeNeHHOCThI0

PETHCTPHPOBATL MeTacTabHALHbIe aToMu», 910 6610 06yC-

JIOBJIEHO  HENPEeABHACHHBIM BJHAHHEM NpOCTPAHCTBEHHOrO

34paNla, KOTOPOE yAa/l0Ch BHAYHTENBHO CHH3HTB, JIHIlEL

YMEHBIUIHE MEX3JIeKTpoAHOe NPOCTPAHCTBO NMyTeM BBEMCHHS

AONOJHHTENLHOrO aHOja, 4

«Okasanoce, yTo HanGosee GnaronpuaTHLe paboune ye-

JIOBHSI CO3MABa/HCh NPH HANPAMKEHHH Ha YCKOpAloleH cet-

Ke okoso 13,5 B u norennwuae anona una 3 B Buiwe, ITy-

TEM peryJupoBanusl NoTeHuHana Yupasasiomefi CeTKH Moja-.
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glac
Wofictons PU-nong) OT MHTEHCHBHOCTH MArHHTHOrO MOJ.

1||||- IHasl KpHBa#H 3aBHCHMOCTH BHCBeUHBaHHA aTOM
Wil MATHHTHOIO NOJif NoKasaHa Ha pHC. [7.6]. Ha

ABMCHMOCTL TOKa ra/jbBasoMerpa (npu mpepHBaHHH
oB OT

7.7] oTJOKeHB pe3oHAHCHHE SHAYCHHA MArHHTHBHIX

i/l 1A% pasamuHbX dactoT BOmmsnm 10000 MIu». (Kak

! |

| A=3060 cm

$= 9487 pry

P
\\
|___.

//

ST

1564

mone, Lo

1oa
M assmege

o 500

Puc. 7.6, Tunuunan pelonHancHad EpHBAf.
snfl mEK ofyc/oBael HepexoioM ac, Nnpassil — NEpexoion ab |Phys. Rev., 72 (1947),
cTp. 242, puc. 1.

yKa3aHo B MOAPOOHOf craTthbe, «Pe30HAHCHbIE MAarHHTHLIC
nonf HAXOAHJAACH JABO0 0 MaKCHMYMY BHAHMOro maka NpH
HaJHYHH PESKHX NHKOB, JAOO KAaK yCpeiHeHHOe SHAUEHHC
noJefl Ha YpOBHe MOJOBHHH AMIUIUTYABLL B cJjydae ILIHpPO-
KuX NEKOB».) TeopeTHueCKH pacCuHTaHHbBE KpPHBHIE A
,(ppekra 3eeMaHa H300paKeHbl CHOUIHBLIME JHHHAMH, O~
11aKO, YTOGH COBMECTHTh HX ¢ HaOMOMaeMbIMH TOYKaMH, HX
npUILIOCh cMecTHTh BHH3 Ha 1000 MI'm (OVHKTEpHBIE JTH-
nun). TNocae Takofi monpasKH cOrJacHe TEOPHH C SKCHepH-
MeHTOM GBIJI0 OYEBHAHLIM.

Ha sToM 3Tane <«BBHAY HeONPEAeJeHHOCTH, BHOCHMOH
HEOAHOPOAHOCTIO MOJAA H HCKaXKEHHEM NHKOB H3-3a Haic-
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= SN (N S
Il Wi vpoBHA cHIHAJAZ !, He OpeanpHHHMAa/IHCh NMONBTKH 10-
| Bihcd «HaHaydlero npubimkenus»', Tak 9TO BeJHYHIA

Liniira ounennBaiack npumepio 5 1000 &= 100 MI'n. Hdaas-

Jelliee ycoBepIeHCTBOBAHHE METOAHKH NO3BOJHIO YBC/AH-

Wil TOYHOCTE A0 TAKOH CTeNeHH, YTo MOJYUYeHHbIE B TAKHX

S ghclcpuMeHTax JaHHHE CTadH WrpaTh BaXXHYW pojb NpH
_ Wipeteaennd (yHAAMEHTalbHBIX MupoBuXx Koneraut. O

Wako saxubil Gaxt, sadHUKCHPOBaHHHEI B nepsom cooblile-
Jii11, coctosna B OGesycnoBHOM Hajuuuu s@p¢exTa pacuien-
WA,

B sakadoueHHe cAeAyeT OTMeTHTh, 4To 25 JeT cnycrd
fincne pabotnl Jlsmba u PHzepdopna crato BOIMOMKHLIM
puspeliaTh TOHKYI0 CTPYKTYpy Jauuuu Hg onTHUeCKHMH

hinodl iy . | {peACTBAMHE, HCNOAB3YA MeTOA TAK Ha3biBaeMOH Cnexrpo-
% cronuu nacstugenus. Tlpuvenennwiii snepssie T. V. Xenuenm,
¥ |, C. Ulakanwinm u A. JI. [lasiaoseim B Crsndopiackom
: ViHBepeHTeTe, 3TOT METOA Mpeanojaaraer HCOOJAb30BaHHE
s lepecTPAHBAEMOTO Jiasepa ¢ O4eHb Majofl WHPHHON JHHHH.
S JlazepHbifi Nyu pacllenJisiercs Ha ABe YacTH: CHJABHBIH Ha-
S cuutaoufi Jiydy © NepHoAMYecKHM mpepniBaHHem H Oones
10004 caabpit npoOnwift gyu. OBa Jyua NponyckaoTCs HOYTH B
(IpPOTHBOMOMOKHBIX HaNpPaBIeHHAX uepes BogopoA. Taknm
crocobfoM HCKAYAeTes AOMJAEPOBCKHH CIBHI: TOJALKO aTo-
Mbl, ABHIKVILHECS C HYJ/IeBOH CKOPOCTbIO BAOJb HanpasJ/c-
jist Jydeit, MOryT B3aHMOAEHCTBOBATL ¢ ODOMUMH JydaMH,
rAK KAaK OTAHYHAA OT HYJIA CKOPOCTL CABHHYJA Obl HacTOTY
pRepX AJS OJHOTO Jiyya H BHH3 — [Tt APYroro. ATOMBI BO3-
9060 GviKIalTCA B cocTosiHMe n= 2 TIpH NOMOLLH 3JIEKTPHUE-
ckoro paspapa. Korpa gasepHasi 4acToTa HacTpauBaercd
Ha pe30HaHC ¢ OAHOM H3 YACTOT KoMmjekca Junui He, mio-
Gofi syd MmoxerT BO3OYAHTH aTOMbl Jajiee B COCTOAHHE
f =3, 4TO MPHBENET K HOrJIOUIEHHIO MOULHOCTH Jy4a. Pe-
,0HAHC PETHCTPHPYETCH N0 yMEHbUICHHIO NOTIOULeH}s Tpo0-
: HOrO Jy4Ya B NMPHCYTCTBHH Hachllaloumiero Jayda, NOCKOJALKY
86 / BCI0 HEOBXOAHMYH) MOLLIHOCTDL CBETa, KOTOPYIO MOTYT IOrJO-
a 000 e | S 'HTh aTOMB, cnocoOHBple B3aHMOIEHCTBOBATH C DGUE'IM]F ay-

Mazninmoe  pgmp r.»"}m” Jo0a uaMH, OHH noJgyuaior or Oofee HHTEHCHBHOTO H3 HHX,

Pue. 7.7. C e i

P2BHEHNE sKenme
HATHHIX TIOMeli 5 PHMEHTATBHKX 3Havenui ;
Hult, Hpeflg:apaam'““x HBCTOT (oTMeneH)y 1-? lf;{anHﬂucsmx iy
ACRAIANNLIX Teopredi [Tupaka {en wowp:?ueﬁan:”:' ;i SN
o HHH).

| Manke B OTCYTCTBHE BLICBEMHBAWIEro PaAHOYACTOTHOTO HAH TO=
(TOARAOrO NnoAs cHrpaj jgerektopa yOoBaeT NpH BOIPACTAHHN MArHAT-
Te ae anavennn, BHEURCASHINE ¢ yye HOrO noAs (OCTAMLHLE YCAOBHA HE MEHANOTCA) H3-38 ACHCTBHA INCKTPH-
;)ED‘_‘,,‘"..,“I“ R -'!HEIIIII\:H:- e:_;mvr CABHrA YpOBHA 208y, BBEPX ma 1000 MP YeCKOrD MONA, BOIHHKAOILEro NPH ABHMKENHH SJEKTPOHA. Jro noae, a
BUEHHN YacToT 1 MarmuTHE: neon O TPADHK OXBATREaeT 4 e BMECTe ¢ HHM M JOJS BHICBETHBIIMXCA aTOMOB pacTer ¢ yBelHYeHHeM
VMR rpaguk ne mosmas 10328, HIMepeniy SxchepumenTanyiy 0.0 ST MAFHHTHOTO NOJA ;
x ABHO, O X « JH,
palir, MOAHOCTHIO cooTBeTcTRY DU - Ll A ’racﬁ:l:;ﬁ ':?:a"
4s. Rev., 72 (1947), erp, 243, puc, z) Y b2 1000 ,%I'u.'




Fnaea 8

MATHMTHBIH MOMEHT SNEKTPOHA

B nawane 90-x ronos NPOLIIOro CTOMETHS BLIAAIOUIM
(usux nopa Keassun 3a ABHI, 4TO OCHOBHBIE TPHHIHIE
3HKH MOJHOCTBIO YCTAHOBACHH ¥ Tenepr ocraerca Jnil
“H3MEPATL CAeAYIomEe 3HAKH TNociTe sansiroi»>. Ero npe
Chasdnne okasanoeh ownbGountiM. 3a oxno JHLIL Noc/el
BABIICE 3a STHM decATHAETHe GhuIH OTKPHITLL  PEHTreHoN
CKHE JIYUH W paanoaxTHBHOCTS, uTg NPOAEMOHCTPHPOBAME
ACTHMOCTD aTOMOB, & B KOHIE 5Toro AecATHIeTHA HOM
Jdach runoTeaa KB4HTOB. D:LHB]\'D AaJMeKD He Bce l[UHI!MﬂI
HTO BayKHble KoY K pasraake 3aK0OHOB [IPHPpOaLE CKPH.
B HOBHIIEHHH TOYHOCTH HaMepeHn#. B wacroamed rad
ONHCaH HMEHHO Takoil caywail: H3MEPEHHOEe ¢ BHCOKON CTHN
MEHBIO TOUHOCTH 3HAYEHHE MAFHHTHOrO MOMEHTA 3.1eKTPOM
OR43a/0Ch OpHMEpPHO JHIIL Ha 0,1% orauuaiounves o4
MPEACKA3aAHHOro Teopueil sxavenns. Ho 5TO pacXox1eHHE
KaK H cABHT ypoBHeil BOA0OpOAA, OMHCAHHRIY B i, 7, cTil
MYJINpPOBa.io passuthe Teopin B3AHMOACHCTEHA 9/1eKTPONM
C SMEKTPOMarHUTHEIM [TOJeM. Beuny saxmoctn srorg oTs
KPBITHS €ro asTop, [Moankapn Ky u3s KoaymoGuiicxord |

YHHBEPCHTeTa, OBLT yaocToer B 1955 r. Hobenescxoi npes
MHH 110 thusnke,

Teopnsa Bopa, PA3YMECTCH, YUHTHLIBAJNA MarHATHLIE sth-
PexTH, BozHUKaWOUHE BCACACTBHE J(BIMKEHHSA S1CKTPOHONS
o opoute; B well Guna Bpeaena CCTECTBEHHAA elNHHuAY
MAariHTHOTO MOMEHTA: mazreTon Bopa po = eh/2me, raels |
€ W 0t-—3apax u macca suekTpoua, € — CKODOCTL CEeTal
MaranTauit Moment SACKTPONA, ABHIKVILEroCcs Mo opGuTel
H HMEWwUero MOMeHT HMIOyJabca [B, paBHAgICH TOuHO {ng.
Tosromy ECTECTBEHHO, Y4TO, Korja Hxoprk  Yaentew  fi
Camiosan Tayacmur B 1925 r. BEEJH NOHATHE CHHHA 3JIEK-
TPOHA H CBA3aHHOrO ¢ HHM MArHHTHOIO MOMEHTa, OHH BH=
PasHIN NOCTenuit B exuHEnax py. Oxnaxo OHE OGHapy-
KHJH, UTO CCTH 3amHCATH CHHHOBMI MOMeHT HMIyabea BN
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HauGoJiee TOUHO BLIPAKANCH MATHHTHBH MOMEHT sapa, T
stomy Kyw u Tenpn ®oan nocranman SKCMEPHMeHT 1o O
JIEE TOUHOMY OTIPEACNEHHIO STON BeSHYHHL nyTeM npsMoig
H3MepeHus. Pesyabrarte, onyGiukopanuue BNepaLe |
[lncemax B penakumio KypHana The Physical Review |
1948 r. (u nosamee »n N0ApOoGHOH cTaThe, HaneyaTanHON W
TOM ke JKypHale B TOM e ToAy), CBOAHMAHCH K TOMY, Y10
SHaveHne gs paBHANOCH He 2, a 2(1 - 1,19. 10-4),
Hcnonbzopanuas umu SKCNEePHMEHTA/IbHAA  MeTOLHKE
OblsTa BNOJMHe OGLIYHON Ans TOro BpeMeHH; HeoOMYALIM O
cnocob ee mpHMeHeHHs K HHTCPNpPEeTaLis NONYYeHHBIX PE
3YJALTETOR. -
«OTKIOHeHHE BeMYHNE MAarAUTHOrO MOMEHTa SJIEKTPON

Ha OT OGLIENPHHATOrO 3HAYeHus, P4BHOrO OJHOMY MATLHE
ToHy Bopa, momxno 6mao Gu OGHAPYHHTh, TOYHO HaMepsi
MarHHTHBIH MOMEHT aToMma B COCTOSAHHH, B KOTOPOM CBHIN
CHHHA 3MEKTPOHA ¢ OPGHTANLHBIM YI/IOBHIM MOMEHTOM JI0«
CTaTO4HO Xopowo mu3BectHa. [as H3MepeHHA abcooTHOM
BEIHYHHLI MAarHHTHOrO MOMEHTa Tpelyerea HabJuioIeHHE,
3€EMAHOBCKOrO pacllenJenis 3Toro YPOBHAI SHEPrHH B Ha®
BECTHOM MarHuTHOM nose. B Hacrosuzee BpeMsi  TPYIHO
CO3/1aTh TaKHe MATHHTHBIE MOJS, abcoMoTHEE 3HaYeHHA KO-
TOPHIX MOr/iH Obl GHTH AOCTATOMHO TOYHO H3MEpeHbl H MPH
STOM GbliK OBl YIOBJIETBOPHTENbHE st NOCTAHOBKH ONbLITA
1o HabaI0eHNI0 3€eMaHOBCKOrD PACIIEmJIEHHS B aTOMHOM
nyuke. OAHAKO 4YacToTs JHuH 3€EMaHOBCKOTO CleKTpa
4TOMOB, T. €., N0 CYUIECTBY, Pa3HOCTH MENLY SHepreTHyes
CKHMH YDOBHSIMH aTOMOB, MOJKHO ONpeAennTs NpH NOMOTLH
XOPOIIO  paspaboTaHnoli METOAHKH ¢ TOUHOCTLIO oo 104
HIH 0,5-10~4, npuuem ToyHOCTH OrpaHHYHBAETCS JHIIL CTA=
THCTHYECKHMH OWHOKAaMH, TaK 9TO ee MOMKHO 3HAYHTENLHO
HOBBICHTL NyTeM MHOTOKPAaTHOrO MOBTOpeHHS Habuoge i,
Msmepas wactotu amamii SCEMAHOBCKOrO CNeKTpa B ABYX
4TOMALIX COCTONHHAX, BOSHHKAIOUIHX B OXHOM MM pasHLIx
aTOMAax, HO MPH OJHOM H TOM JKe HOCTOSHHOM MATHHTHOM
[OJIe, MOXKHO MOJNYYHTL OTHOUIEHHE 3HAYEHHL FHPOMAarHHuT-
HOTO OTHOWEHHA'! NSl STHX ABYX COCTOSHH{. Ecau sex-
TOpH CNHHOBOrO H OPOHMTAJBHOrO MOMEHTOR CBs3aHb B

¥ rllpﬂM&I'HIITIEUC OTHOIIEHHE — 3TO OTHMUSHAE MATHHTHOD MOMEH-
Tad YaCTHUB B eIHHHIAX MardeToHa EUFI& [H-'IH HApa—B AIepiLY
MArHeToHax) K MOMeHTy HMOY/IBCA B eddHnUax f; apyrasmu CJioBaMn,
310 M0G0 H3 BOEIEHHBIX Boule g-haxtopos,
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pholX cOCTORHHAX OIHHAKOBO, H3MEpeHHOE U‘rHouu;HHf_: fllf
ther nHdopManHu OTHOCHTE/ILHO {i}}-‘H,ElaELICHTaJJbIE);Mi_lL.‘;{G
Wi @-(pakrtopa AJ4d  CBOOOIHOrO _?.af:njporla. ; rav.'ruu-
LliH-opOHTANBHAA CB#3b B 3THX IBYX L_D.LI'UH'HI»IH_\:'I.) .f:nm,
i, 3HaueHye clnMHoBOro g-hakropa 3/EKTPOHa Mc;me;"_“;pa
DIIPCACICHO 4EPes 3HAUCHHE eTO OPGHTAILHOrO L‘:q};u-ttzpup—
ip YCJIOBHH, YTO MBI pacrnofaraem 1—|enmo,m1u:w1r.|>.|-l i
MalLHed (sKcnepEMeHTAALHON HIH Te:}penruemmzll. b
iioiel CyIHThL 0 TPHMEHHMOCTH NMpeAloJaraeMoro %‘agém
fepa 3toi cea3n. [lpuHnunualkHee Orpamme]m?{umnmro
riocofa  SKCNepHMEHTadbHOTO ()I‘Ip(—.‘ﬂ.&-‘[?ilﬂiﬂ I 1_emm
f/-(hakTOpPa BJEKTPOHA CBOLATCH K _Tuuncu,m onpo:;:.. i
WACTOTHI jlaHHOof JHHHH chnexTpa (T. e. HaaarapTC Lo
NOCTLIO H3MEPEHHS YaCTOTHl M HWIHPHHBL ."IHHH]IL. aﬁn'ruom
WBHCAT OT cTabHJLHOCTH W OJHODOJAHOCTH Mar
ImJlﬂiha NPAKTHKE Kamabii 3lqepremqec?{}|ﬁ y‘pt}BeHiT&j}I{?{ﬂ;
paclllenaseTca Ha ABa WK Oojee NOAYPOBHA cn;gﬁm sk
CTPYKTYPH OJaarofapd HaJ HYHIO SAEPHOro 3:10 Ll
nyabea. IlosToMy HHTepnpeTauHs AaHHBIX MO YacTOTaM |
nil 3SHAUHT CJAOMKHACTCH S, .
””Iiﬂ.ﬂﬁ?;iﬂ:;ﬂE\;MDTpeune 3aBHCHMOCTH BHEprETH'-]ﬁghP(I:;
ypOBHEH aToMa, a CJae0BaTej]bHO, H uacm"r nepexmmlm‘
pHellHero MarHuTHOro noaa Tpelyer ﬂ.pvbm't_ugl-lus\lg |(|3b ik
BOM TEOPHA M BHIXOJHT 33 PaMKH JLaHHOH I\H.HIH. oﬁfsccamie
AaJiIM JIHITb TOJYKJIacCHYECKoe CXeMaTHYecKoe
3 onecca. :
’Tm]-':?cnr:ip alm.\t HAaXOJHTCs B MArTHHTHOM I?D.fle H, "ilj';[m;
AEHHOM BJ0JL OCH 2, B3aHMOJEUCTBHE Mex 1y 3JeKTp )
aToMa H [0JeM ONHCHBAaeTCs BHPAKEHHEM

Jg=gLuULz!‘r+gspU‘SzH- {31)

31ech g W gs — COOTBETCTBEHHO OPOHTAJbHOE H cm-u;g?g}c-[
f}ipm{arﬂmﬁme oTHOLIEHHS, Mo = elif2me — m:arD o
Bopa, L: 1 S: — npoekunn opbDHTAJBHOTO H CIHHOBOTO 2 0:
MCHT(;B Ha ockb 2. Ecau 6m L, u S; ﬁblgﬂ HnﬁTerc?jfé]Ha;m
; 3 ke
¢ HEPru0 MOKHO OblIo

ABHIKEGHHA, HX BKJAj B 3 4
¢ noMompbio ypasHenus (8.1), noacTapuB HX HCTHEIH%;;:KO
ueHnsl B KaXKIoe W3 HHTepecylolHx Hac COI-I(I:;DI:}IE:']IE‘}HHBTCH

i KaK NpaBujo, J :
B JeHCTBHTENLHOCTH 3TO, >
NosToMy NMOACTABAATL CJAEAYET CpeiHHe auaqe;“::i:r?:néh?"rb

: ' pe 1HHE 3HAYEHH /

JHUHH, B ¢BOIO oyepedb ITH cpejl ik
BLIpAXKEHLl Yepe3 nepeMeHHBIC, SBJASIONIHECH HHTErpaJam
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(vam noury maTe

cMaT[J:Inaei-:O;ElTLr}?MMTH} Asikens, Jan STOMGENN

s A4 —C OTHOCHTENbHO  MAILIMI W

HELX 3J0€KTPOH HEOOJILIINM YHCJIOM OnTateckH &l
POHOB — HHTErpaJaMi ABHIKEHHA, MOMHMO

J2, sBaso
, ABaswTea L u 8 R
i . Jlobaska K sHeprum aaerca BHpPA

rae E=(a.g; 4+ vggs) pol H, ]

e =R/ T+ DU+ D+SE+D—LEZ+ 1)

H

3 o, =[] T+ D" VI+1)—SES+1)+LEL+ Dk
;Ip},-’l“()l"f CTDpDHbI, €€ MOIKHO 3alHCATh TAKXKe B BHOE

i E= g, H,
gr=0;.8; + 0.

«Or '
Cmmmﬂﬂxméijzgsosll:a;[;;mi;_g-@mmopon B IBYX aTOMHBIX Of l.
£ 0 e MJIH pasJHYHbBIX aTOMOB HMOUE

E_l_ =0 gf.ui.g =+ gSa.'Su M
gy, 819, +agug '

rge n
peprnongaraercda, 49T0 3HaYCHHSA gt B gs He 32BHCHE

OT aTC
aTOMHOro cocTosHus. Ecin (pyniamMeHTanbHEIE THPOMADS

HHTHLIE OTHOLUEHHA O
TIHYAIOTC 6
JHUHELL arTcsa OT OOBIYHBIX HA MajJsie BE

- Es=2(1+4+0bg), gr=1-414d, (8.2)
ﬁ ¥ 2agq +“L. !

Ry — O, a
=- ) 81 Ly L8,
gf: 2“5: 2 aL:

(2[.!5! -}- (ILJ)! (63 " GLL

Ta
; KHM ©006pa3soM, €ClH NOCTOSIHHBE @., @, , 0., C, H3BEs
CTHEl HA OCHOBAHHH JaHHEX [0 cnﬂsnm N o

VPOBHAME

UEHOI].IOIH-:;a r;?;;rnmfz (6s — 6.) moxer Gute HafigeHa H3

o HHX g-(pakropos. OueBnaHO, HI OJHH SKC=
! Oro THIIa He TO3BOJIHT YCTAHOBHTb, YeM Bbis

3BaHO >
o CH}:T?I:%C;‘L;;EEC. OTKJIOHEHHeM OT paHee NPHHATOLD 3HAYE
HIH opb ]
sirinklon pOHTa/NIbHOrO THPOMArHNTHOTO OTHO-
Ecau 6 ( ¢
D Mgl;:mcgeip:\'ronixoe B3aHMOLEHCTBHE OTCYTCTBOBATO
L 0 OBLIO OBl NOJHOCTLIO npeheﬂpelfh, OTHOLIE~
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Mexway aToOMHBEIMH &

Jii¢ uacTOT 3eeMaHOBCKHX JUHERA IBYX ATOMHBIX cocToAHRMA
hinaio Obl HeNMOCPEACTBEHHO OTHOUICHRE spaueHni aToM-
iix g-haKTopoB... Ilna aTOMHBIX COCTOSHRHA, H3yUeHHHX B
qiHBIX SKCTIEPHMEHTaX, 0 AJA sHaueHifl MarHuTHOTO 10,
§pit KOTOpEIX HabJjioAalHCL ITH JHHKMH, CBEpPXTOHKOE pac-
WercHHe AOMKHO ObiI0  Y4HTHBATHCH. CyuecTBOBaHHE
{nepXTOHKOH CTPYKTYPH oClOKHAET aHajJH3 AaHHbIX, Ha
GeHOBAHMH KOTOPLIX HHPC,ZLL‘.'[FIETCH QTHOIIEHHE g;—fbaii'rt)pon.
I} 7o ke BpeMA BO3MOMKHOCTH naGatofeHusn OoabILOro YHC-
ja JWHUA pasanuHoH 4acToTH, BO3HHKAKOLUIEX BCAEACTBHE
{ e pXTOHKOTO p3aHMOAeNCTBHS B Mpejenax Kamuoro aToM-
JHoro ‘_\'leiIIﬂ, no3B0JfeT HpUBCp![TI—:, HaCKOJBED BIE}'TPEHI‘EE
¢OrTacoBaRbl JaHHDIE, H }'.rl‘:.-"—l[J_IJITb TOYHOCTH pE‘B}'.'Ib'!'a'l'Oﬂ».

BaauMoAelcTBHE, YIHTHBaOee BIHAHHE fepHHEX MO-
MCHTOB, onMHCHBAETCA Iiblpﬁ}i\'EHHt‘!\-l

e ol - 4 26T - J 21T + 1)+ woH (@1 + &il2)

2ech I 1 J — KBaHTOBOMEXAHHUECKHE onepaTopbl, COOT-
neTCTBYIOUHE AAEPHOMY CIIHHY H QJHOMY 3JEKTPOHHOMY
MOMEHTY HMIYJAbCa COOTBETCTEEHHO, g — THPOMArHuTHOE
oTHOWeHHe AAfA AApa, @ W b — KOHCTAHTH, xapaKTepH3ylo-
e nanmsi arom, I — coxpauennas 3allach pHpaKeHus
[ Jot Ly + I:ls. TlepBoe caaraeMoe ONUCHIBAET B3AHMO-
eftcTBHE MEXAY 3JEKTPoHAMH H AAEPHLIM MATHHTHBEIM MO-
MEHTOM, Iﬂupoe—-—11.3311!\-ID,IC!“-EC.E'IH!O MeX Ay sAeKTpoHaAME H
AAepHBIM 3JeKTPHYCCKHM KBEAAPYTONBHEM MOMEHTOM. Pe
,yAbTHPYIOUIH{ BKJAaj B SHEPTHIO cnoikuuiM 06pasoMm 3a-
AMCHT OT COCTOMHHS aToOMa; ero TPyAHO BLIpa3uTh Yepes
unTerpadsl JBMKEHHA, KaKk 3T0 6o caedano B _Oonee
npocToM cay4ae, onuCcHBAaEMOM YypaBHeHHEM (8.1). Temeppb
BMECTO 3TOTO YPABHEHHS Mbl HMEEM cucTeMy ypapHEHHH
s OnpeeseHus BeJHUHHbI Ela — oTHOWeHHs 3Hepriad X
MOCTORHHON CBEPXTOHKOTO paauMoieicTBIA &, BLIPAKCHHOMN
yepes aHavueHHs Napamerpos x=(g:— &) - (wofl/a) [Han
x=I(g,— g1 (nof[2a), ecan MOKHO pe Y4HTHBATh KBAJ-
pyNOJAbHLL quen], y = (g:+ &) (poHla) B r= b/a. Tlo-
cTofEnbie @ n b, a TakKe & Ol panee ONpeAeeHU
B apyrux paborax.

«Beauuuppl X ® Yy Beeriad cofepkaT MHOKHTEND
(poH/a) (nan woH/AE)}, rae a H AE puipaxalorces B 3P-

ROFa MOMHO HE YUHTHBATb KB.‘.L'L]I)’I‘ID.".L»HIJI"{

I'B Tex cayuanx,
¢ B OTCYTCTBHC MarHUTHOrC ponsr obo-

unen, CBEPXTOHKOS paclienaeni
siatzeTes AE u pasno 24,
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rax. Ecan mu suipazum HacToTy B Merarepmax, to mpHige
ACHHAA Bhllle BeJHYHHA 3ANHIICTCH TAK:

pfn 3 11 er 1070 = —H—I
1q 4nma a _
WK il
H’ = 1,3998H, A

B nanbneiiwem mwm 6ygem uenonssosats B KauecTse Mephs
noJist Bestuauny H’,

B nannoft cepun onwmron HEPEMEHHOE MAaruuTHOe MNOJMN
OBlI0 Hanpas/teHo NEPOEHAHKYAAPAO NOCTOAHHOMY Mariips
Homy noaio. Ilostomy paspetiennnie nepexoasl ! npu cade
GOM MAarHHTHOM noJe ONpeAeNATHCH yeaoBaAMH? AF ==
= 1,0, Ams = = 1. B oyeib CHJBHLIX MArHHTHBIX noang
ANCPHbIC H ATOMHBIC MOMEHTH NEPecTaloT OLITh CBA3AHS
HEIMH M NEPEeXONH ONpeAe/AOTCA  YCAOBHAMH Amiy ==
=41, Am; = 0 uan Am; = 0, Am; = 1. Sflsasierca AN
KOHKpeTHOe mosie «cl1abbiM» HAH «CHABHBIM» AJS 1aHHODO
ATOMHOTO COCTOSIHHSA, 3aBHCHT OT 3HAYEHHA MAapPaMeTpon X
HJH If, COOTBETCTBYIOLLHX 5TOMY MNOJI0, 4 Te B CBOK OHey
pelb — OT 3HaveHHna AE uau a. .

Bonpoc o tomM, Kakoe snauenme marmuTHOrO nons chaes
AYET HCI0/IL30BATD H KaKHE JHHHH HAGAIOXATL, pPeLiasch
Ha OCHOBe CJaeAyIOmHX coobpaKeHH. [Mockonbky wuenbio
ONHCHIBAEMBIX SKCIEPHMEHTOB OBIIO H3MepeHue aTOMHBLIK |
MArHHTHEIX MOMEHTOB, C/AeA0BaJ0 BHOHPATb JHHHH, HaH-
OoJiee UyBCTBHTE/LHLIE K MOMIO. [lpu cuabhbix moaax uays-
CTBHTEIBHOCTE NepexonoB Am; = =41 K noai CToAs Mana,
"TO STH JIHHHH GeCriosie3tbl ¢ TOYKH 3PeHHN HALIErD SKCMe-
pumenta. [lepexonu ¢ Am; — 41 o0HapyxKHBAIOT *N0AX0-
AALIYIO HYBCTBHTEJBHOCTL K NOJIO, OAHAKO B GOJbIIHHCTBE
CAYMaen STH JTUHHH BO3HAKAIOT NPH YaCTOTAX, IPH KOTOPBIX
TPYAHO NPOBOAHTL 3KCMepHMeHT. B yclOBHAX OveHp C/d-
Goro noaa nepexoanl AF = 0 panGoiee OTBEHAIOT Ie/aAM
A4HHOrO SKCNePHMEHTA, TaK Kak YacTOTH STHX JHHMHIL
NMOYTH NPONOPLHOHANbHE HAMPAMEHHOCTH MOJAS H JOCTa-
TOHHO YyBCTBHTENbHHI K Hemy. Ouenb caabue noas (H <
<< 100 T'c) Mbl He MOPMIH HCHOJAL3OBATH B HaleM 3KCOepH-,
MEHTE H3-338 HaJHYHA OCTATOYHOH HEOAHOPOAHOCTH MO g

! Cw. npumesanne va c1p. 130, ra. 7.

2 CumBoa F — obGuvnoe 0003HaYeHHe /A MOJHOLD MOMEHTAa ATOMA
F =1I41I;, ms o603gauaET KOMIOHERTY BeKTOpa F Brons ocu z.
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MarHHTHOE NOJe HanpsaKeHrHOCTbIo 4DU 1"::‘, nl[_nmgr;ig:
yoe B GONBIIHHCTBE HAUIAX nnmua.rc(xc,aJTBQengEgéT]: %-m
WisiM ouenk caaboro noas A 2Pw('“lﬂ? a Py, u? o
'S, (*¥Na) BosHHKaer CYUeCTBEHHOE OTKJOHEHHE 7
pnit «cnaboro noas», a aas Ga B ~P.,r._-cocmﬂhnnrHmlﬁ e
noJie ApasieTcs O4YeHb CL_mbuu!d. JInib “H(Ec:jio.-'lbfc&,lmg ¥y
cnekTpe coetosiung “P,.(Ga) ‘© uacTOTOH, Mcuzm
NO3BOASIOT }'ﬂon.'ltre'nsup}ﬂe.—f]b.];l?]I n:gg,‘nlfc.}ni]ar&;;.. A

HILHTIE BO3MOMKHO J0LAEMBbI! CEODOM
‘r.-ETpnapJ:Lrlutm JHHHI aTOMOB B ABYX paa.nultmﬂ.\cj a;m'r_c:llz_
X BHYHCAHTE HeNOCPeACTBEHHO OTHOIUEHHE g, ;_,J:.BMEL
Kad Tpoueaypa, oLHAKO, HCI{.JIIO'IHTC.'II:HF! TPYJIO%:‘;:I}({}ZBEMDI‘:[
¢TO STOro MB BeumcaseMm M’ aaf KaXI0OH HaO Dichos
nuuuH. Kormpa umeetcs pac:;(:[;::;::ﬂzfccm%B:;;:ﬁii. B a.ru
ATOMOB B PA3JHYHBIX COCTOAHHSA ey :CTpaHEIIO
sHadeHHs JOJKHbBI COBIIlaTh), OHO MOMKeT BT y ; _
nopbopoM aHaueHufi g, STO OUEBHAHO, nqc:::;).'n}? n?:e??a
pajKeHHAX JIA IHEPrHi H }'pn;anen ’B(I_::;"]“ O
pxoanT B dopme npoussenenns ® g, H’. Ilycts, D &
A ABYX Pasid4HbLIX COCTOAHHH PaBHO g} u gy

r F
1. nosiaras
oTRETCTBYIONME 3Hayenns H' ects Hy u Hy. Y,
'
AH = H| — Ha, nMeeM

£, E{}. AH
e i

H
&, &;,

O6man meToanka H TpefoBanus K annapa‘rypea{l[nz
: I
nabaio/\eHns JHEHA B PajH0yacTOTHOR oﬁéna%"rna:é:mpc
aToMoB 0GCYXKAAJAHCh BO MHOTHX paborax®. ;&Cfmucunao-
‘ 1 /MKAMH, HCNOJAb30BaHHAN
MOJIEKYASPHBIMH HY4KaMH, g gseet
: ¢ Tax, Oblja MEpBOHAMTAJ ]
MBIX 31€Ch IKCIEPHMEHTaX, ; : ' Epey
HA3HAUeHa A5 H3YYeHHA paﬂ”OL{dCTDTHO'IOCCHEILFCEI)ETBEHHO
KyJ B O4YeHb CHJALHHIX MAarHHTHLIX TOAAX. LOOT

i ; u B
I KnaccH@HKAILHS aTOMHLIX COCTOANRA M HX OGO3WAUEHHA AaH
. Ra crp. 130, ra. 7. AR
s ]]pani‘a, pMeeTcA TaKKe TWIeH gu‘i;. L[Oeﬂ!;iir(%c:ﬁm]:;:xc;cgﬂﬂHm:
He g; ONpeAenseT 3 oo B¢
Kpowme oanore, 3HaUCH e el ol MONRO smECAT
aTOMA, 1B KOTOP0:}[,"HachnTC,1’1|?;;};0'(|';E?0$E]1“9 7,/¢; He 3aBHCHT OT Xa-
e fg:) g rae Bel L
i113[I;!ﬁ(£g{[§&ﬂﬁﬂ.ﬂu,?ﬂeHITI."l OTHOCHTEJLHO £1. ‘B DJ];-liHD,'-'I Dﬁgﬁgxasmgzsw?
£3TOT UJen CTO.L MAJ, YTO HeTOYNOCTH OnpeAeieHnii B g
JaMETHOTO BARAHHA HA Pe3YALTATE®.
8 Cu., panpymep, raasu 6 # 7.
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OTKJOHSIONIAE MATHHTH OHJH BecbMa npotsaeHHMIE
3TO TMO3BOJAAJNO cO3japaTh OOJbIIHE MarHuaTHEEe NOTON
Jnuna obaacTH MarHMTHOTO NOJfA, B KOTOpo# NPOHCXOMN
nepexoj, pasia 48 cm. K coxanennio, noje Oblio HeAOl
TOYHO OJHOPOLHO, H HCHOJL30BAHHE 3HAUHTENBHOH YHLY
sToli o0JnacTH AaA HaOJAI0AeHHS JIMHHE aTOMHBIX NEpE
J0B, 0c0DeHHO YYBCTBHTE/bLHLIX K IIOJIO, CyLlecTBeHHO Yl
paiao 5T JuHHH. Bo Bcex onuchBaeMbiX IKcnepHMenii
sthpekTusHas ganna obGhacti ¢ nojeM, BH3bIBAWOHIUM I
pexon, yMeHnblnajgack A0 2 cM OyTeM COOTBeTCTBYIOMGH
VMeHblIeHHA JAAHE 00MacTH pafHodacTOTHOrO mojs, HEPE
KoTOpoe mpoxoans nydok. OTKIoHAOLIHe MarHATHE Patns
TAJIH HPH MaJblX MarHUTHHIX NOTOKAX... '
Jlas noc/aefoBaTebHOTO H3MepeHHsA JHHHH B paxHoy .'i
CTOTHOM CHEKTpPe ABYX Pas/iMYHEIX aTOMOB (Hampumep, FallSs
JIHSI ¥ HATPHs) OB H3rOTOBJEH CHEMHAJbHEI HarpesaTCH
B KOTOPOM IeuH, COAepKalllie KaXKJoe H3 OSTHX Bellech
YyCTaHABJHBAJHCh Ra NaaTdopMe, 3akpemvieHHOR Ha BPE l
aomeMcad OCHOBAHHH, KOTOpOe YTMpaBAseTc H3BHe. I '.
MNO3BOJANO OCYHIECTBAATE OGLICTPYIO 3aMeHy H yCTaHOBKY
o0enX neuel B 3aJaHHOE MOJOMNKEHHE, f
Bce nsMepeHHsi 4acTOTH [POH3BOAHJINCH € HOMOULLE
reTepoJIHHHOr0 4acToToMepa, olecrneunBaloulero TOYHOC
go 1/20000. HeonpeaeleHHOCTH B H3MEpeHHHIX 3HaYeHHAN
YaCTOTH, BHOCHMAIE reTepoAHHOM H o0ycaosieHHBe [THDHS
HOMl JHHHH, HMeJH CTATHCTHYCCKHE XapakTep, NO3TOMYS
TOUHOCTb H3MEpeHHH MOKHO OLTO NOBLICHTb Pa3yMHBIMY
nosTopeHHeM HaOaonenwits. MamepHTenbs wacToThl KaJlHO=
poBaJics NMyTeM CPaBHEHHH ¢ CHTHajdamu pagnocraduus Has
IHOHAABHOTO 0I0pO CTaHLapTOB. i
Bee paHHbie, noJyvyeHHLe B paccMaTpHBaeMbiX 37ech
SKCIHepHMEHTaX, — 3T0 3HAYEHHS YaCTOT CHEKTPAJbHBIX JIH=
uuit. Ham He TpeGopasoch 3HAThL BeJIHYHHY CaMOIo MArHHT=
HOTO TOJA, B KOTOPOM TNPOHCXOAHT Nepexol, XOoTdA HeoOXOo-
JAAMEM YychopueMm Owisio, uTo0B HCCAeAYeMble NepeXo/sl
NPOHCXOAHJAH B OJHOM H TOM e Mar{HuTHOM [oJge. B nei-
CTBHTENLHOCTH MarHHTHOE IoJie He BloJHe MMOCTOAHHO, H
CKOpPOCTE ero apeittha 3aBHCHT OT MHOrMX (akTopos, rian-
HpIM 00pa3oM OT NOAAEP:HAHHA HEH3MEHHOrO pexkHMa IH-

TaHud SJIEKTPOMarHuTa W TeMOepaTypHol cTaOHNIBHOCTH
neneii MOCTOAHHOrO TOKa W MarmuTa. Jlpefip nons pern-
CTPHPOBAJCH 10 H3MEHEHHIO HACTOTH JHHHH CO BPEMEHeM;
B 5TOM caydae Hanbosee sappeKTHBHAA KOPPeKNHa pe3y/ib-

160

lecTpasAgACh TYTeM TOOUEpeAHOro H3MepeHHs
Kascoloft M3 ABYX MOAJAEKAIHX CPaBHEHHIO JHHHH
|eAVIOlLero CPaBHEHHSl HX B JI0GOH MOMEHT BpeMeii
CKHM MJH HHBIM METOAOM. (
(100 VMEHBIINTE HETEPBANE BpPeMeHH Mexay HalJlo-
NocaeI0BaTebHEX ARHAN (T, e. AJA MHHHMHSALHHA
| oK Ha apefid noJs), TpH HAMEPEHHSX NMPOH3BOLH/CH
O ALKO OAMH OTCYeT 9ACTOTH AafA KamIoh JHHHHY. 210
gafiguaeT, YTO pes0HAHCHAA KpHBas He CHHMajlach HETH:
KoM a4 HaGJIoAaTeNhb 3aNMHCHBA/1 A4S KaXKAOH JHHHH JHITD
/e, COOTBETCTBYIOLIEE MaKCHMAJBHOMY OCHa0JeHHIO

\jiTCHCHBHOCTH TYYKa, KOTOpas perscTpuposajiach A7d

| loft annan HanboJee NOAXOMAIAM cnocobOM.
[locae TmpeaBapHTenbHOil PaGOThl, HOIBOAHBIIEH yLE-
HneficTRHTeNLHO MOryr OHTb

{(HTLCH B TOM, HTO YacTOTH ;
nineteTedE ¢ TouHOCTBIO Ao 1/20000, onil HECKOJAbKO Pas
CniBadnch Memay cobofi, Ml moapofHO onuiieM JHIIb
{0 H3 TAKHX C§1;tB}:IEt]-II-1I"1 MEMIY HaTpPHEM M rajaneM; 370
HOMOMKeT YHTATed0 MOJY4HThL obmiee NpeicTaBieHHe O ME-

[HKE B LEeJOM,

«Tpn JMHHH B CHEKTpe HaTPHA, : aylolkgecs
M AKCHMAABEON UYBCTBHTENBHOCTBIO K TOJIO, HIMEPIIHED
nonepeMeHHo ¢ ABYMS JAHHHAMH CHEKTPd 1'3.3.1]!:-1»._3'[@ :m-
i1 ofo3HAYANHCH OnpenedcHHLIM 00pa30M, KaK MOKa3aHo

ra6.. 8.1, Pesy bTaThl H3MepeHuil NPHBELCHLL B TA0. 8.2,

. Tabauya 8.1

xa 5111I{TE‘P'Ii.?}'IU[lJ.lll;'C}

OfoanaueHus auHnl, HCNOAb30BAHHBIX
NpK CPABHEHHH CNeKTPOB HATPHA H l‘a.ﬂ.fIHi{J.__
Bee NHHHA HATPHS NPHHARALHAT COCTOAHHID ‘\'.-_:r
Bee JHHHH TAANHE — COCTOAHHID
:p, [Phys. Rev., 74, c1p. 257, taba. V (1948)]

\ e Ly
Otpsnatenite JHHA l (‘f Mg :| . aL '. F, "’U'-'_)
Nal (2, —2)«>(2 —1)
N;‘:I (1, D) «—=(1, —1)
Nalll (2, 0) <> (2 —1)
Gal (1, 0) <> (1, —1) ¥Ga
Gall (2, 0) «>(2, —1) %Ga

B nepBoil KOJOHKe J1aHO BpeMs HabimojleHns, a B APYrix—
namMepenHble yacToTs AuHui (8 MTIn). I-l:=nnc1:.e;lc1‘uv1u‘m nojg
3HaYeHHAMH YACTOT 3amucanul smadenus H' (b ckobkax),
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Tab.muuya

Hamepennue 9wactorel w 3navenns H' nam HEKOTOPHX JAHinl
B CeKTPe uaTpHs H raaaus [Phys. Rev., 74,
eTp. 258, TaGa. VII (1948)]

Bpemsm na-
Mepenis, Mal Nall Nalll Gal Gall
MiTH.
|
6.30
f.40 90,410 |
520,08) =04
| 01,087
_. 260,32 (529,93} 40,01
26117 (531,16)-+0,00
531,14) =0,
7.05
745 417,33
ot (831, 15)+ 0,02
‘el 91,060
500 TRY e 3 1
7.40 {529,78) — 0,01 00,998
(329, 700408
7.68 260,27
531,02) —0,01
802 261,12
A1) —0,01
B.14 41717
(531,00)40,01
01,038
{329,65) —0,02 90,2780
(529,68)+0,0
845 260,21
| (530,83 40,00
849 261,05
(530,85) — 0,05
%10 417,04
(530, 88)+4-0,03
9.10 417 .05
(530, 60) - 0,04
0.96
0.96 G 90 218

(520,52 —0,00

BBIYHCICHHBIE B MNPEANOJOKeHHH o ToM, 4To g;(2S:,)=
=2 u g /(Py)=2%s Beanunna, crosmas npapeel
H', — 310 pasnocth Mexay HabmonaeMeM sHavennem HS
H TéM, KOTOpOe BHIYHCIAAJ0Ch 110 METOIY HaHMEHBIIHX KBals
paTos Ha OCHOBE 3KCMEPHMEHTAJbHLIX AAHHBIX,
Pesynbratnl npeacrasiaens Ha puc. [8.1]). Ouenka no mes
TOLY HaHMEHBIIHX KBaApaToB HameHeHHA H’ co BpemeneM
ansi Na u Ga naer, Kak W OXHAANO0Ch, B 0GOHX Cryuafg
MOYTH COBNajalllyio cKopocThb Apeidra moaa!, Oanospes

! Talsmua, NOKA3LBAET HE TOJLKO HOpeii) NoJA M HaJAHUAE pea.b
’
noro AH', Ho u Bpeéms, neoBXoaEMOe 18 CMEHH M PEryIHPOBKH mewedl,
4 TAKXKe AA7 A3MEeHeHHH YACTOTHOIO AHANA30HA,

162

BN -5'_'['.']GOTF\'E! o MeTony HaHMeHBIIHX KBaapaTon

PORIY COBOKYNHOCTER TOYEK A% JHHER (NpH OAHHAKOBOA

FRapocT apeida o/na) OPHBOAHT K CJAENVIOUEMY pe3yib-
Thi

Na: H’=0531,319 — 0,002475¢, na

. .3)

Ga: H'=0530,036 — 0,002475¢. S

Liech ppema ! HaMepsieTcs B MHHYTaX, HaumHaa ¢ LIecTof.

Paasnnune memxay HabaogaeMblM H BLIYHCACHHLIM 3Haue-
M yKasado B tTabanne... Pasnnuue B 3navenuax H' gaa

=+ ,‘ | NaI+ |
ol __\\.‘% s | Mol
' | Nk
| \\.?""-t.._‘ Cal e
Calf x
590.5 ey 3 x L
5300 e =
“‘hx"‘-.
“\.._‘-‘-‘;-x
"l-u-..-_-‘
629, 5 : e > -\\ =
00 7,00 8,00 .00
Bpemm

Puc. 8.1. 3asucumocts amaweunit H' or Bpemenn, BHumcjAeHuas no

pesyasraTam HaOmogenuii, npusejeHHnx B Ttaba. 8.1, nokasmsawouwan

nuiiine Apeiia Toxa wepes marnur [Phys. Rev., 74 (1948), crp. 259,
pue. 2].

Na u Ga cocraBaser 531,319—530,036 = 1,283: STOMY 3Ha-
MEHAW Mbl MPHNHCHIBAEM caydalinyio ommuoky =0,030, uro
COCTABMISET CYMMY CpPeAHHX OTK/JoHeHHHA H’, ompenenenubix
H3 (8.3), OT BHIYHCACHHBIX NO OTHZEJBHBIM H3IMEpeHHAM JH-
nuit Na u Ga...

«[lonaras g,(*Sy)=2 u g,(?Py,) = 2/s, HAXOMUM, UTO
OTHOLIEHHE 3((EKTHBHHIX MoJiell, BLIYHCJAEHHEX A1 Na H
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Ga, coctasasier 1,00242 - 0,00006. YroGur yaopiersopil
VCJIOBHIO HEHBMEHHOCTH MAarHMTHOTD NOJSA NpH H3Mepell
yactor AEHEA Ga n Na, cjelLyer noidoKHTb

g; f“S:__:Nan

S0 3(1,00242 + 0,00006
2, (P gy — 3 (1,00242 <& 0,00006),

rie npUHHMaeTcH, U9TO OTKJIOHEeHHS 3Ha4eHui g or HOMN
HANBHKIX MAaJbir.
B o6meft cnoxkHoCTH ObIIO TPOBEACHO TPH He3aBHCHMES
CPABHEHHA [AJA HEeTbipeX pasJH4YHBIX ATOMHBIX COCTOSNN
X0T4, KaK YKa3HBaJOCh paiee, OTKJIOHEHHS OT 0<HAaeMul
3HAYEHHH MOrIH OHTh BLI3BAHBI PacXOoKAeHHAMA Kak
g:, Tak ¥ B gs, Ky 1 ®oan npeanodns HHTepnpeTHpoBall
X NOJHOCTBIO 3a cyeT MoAHGbHKAUHH B gs, T. €. B TEPM)
HaX OTJIHUHON OT HYJS BEMHUUHH 8s, BEeJEHHOH B ypan
unn (8.2), Pesyabrathl npeacraBiedst B Tala. 8.3. Kai

TabGauya

Hamepennsie OTHOmMEeHHN 3pauennii g; aTomon
H cooTBeTcTBYlOmHe snavenus Og [Phys. Rev., 74,
crp. 262, rada. X (1948)]

3'_\"2!I'-'DI!)N.‘IITﬁJ).rIlE'L‘ OTHOMEeHAE l\u"

g; (*PyGa)fg; (*Pyy,Ga) = 2 (1,00172 = 0,00006)
g; (28, Na)/g; (2Py,Ga) = 2 (1,00242 = 0,00006)
g; (S, Na)e; (*Py,In) =2 (1,00243 = 0,00010)

0,001 14--0,00004
0,00121 0,00002
0,001210,00005

YKasblBaAH aBTOPHLI, «pasjHuYHe MeKAy 3JHaueHHeM dg, NOA
JAyueHHEM no usmepennsm aupnn 2P (Ga)—?Py(Ga) H
aHaJorHuHo Jguaun 2Py (Ga)— 28y, (Na), no-suanMoMmy, AB=
JifeTcsl peajJbHHM», HECMOTPS Ha TO 1TO OHO HaxoAWTcs Ha
npedene ykasaunofi pmme morpemnoctH. Onnako Kym #3
Gonn npeanoJaralif, 9T0 3T0 Pasjintiie MOXKHO 00BACHATLY
«34 CUeT MaJHX OTKIOHEHHH CBOHCTE peaNbHBEIX ATOMHEIXS
CHCTEM OT TeX, Ha KOTOPHIX HEABHO CTpOMJach Teopus, HC-
noab3yeMas IS aHajlH3a SKCHePHMEHTANbHBIX AaHHBIX>.
B s06oM cayuae, 10 MHCHHIO aBTOPOB, «UHC/ACHHbBIE Pe3Y.lbs
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T JABHCAT OT TOMHBIX 3HaueHHH Jobol m3 ¢ynia-
ATOMHBEIX KOHCTAHT».
. i pacCMaTPHBAJH COIJIacHe MeMay 3Have-
i KAK «0YeHb CHJIGHBIH aprymMeHT B MOJb3Y THIOTESLI
b 10 (hyHIaMeHTa bHOe COHHOBOE rHPOMArHHTHOE OT-
Wi ¢ p NeHCTBHTEJBLHOCTH OTJAHYAETCA OT [IPHHATOrO
i caentoro agatennss». OHE NpoaHaNTH3HpPOBaJH «pas-
JiHde BO3MYILCHHS SJeKTPOHHHEIX COCTOAHHM, KOTOpHE B
fi{ie MOLH BBI3BATh OTKJIOHEHHS 3Ha4eHHl aTOMHOrO
| ropa OT Tex, KOTOpHE AaiTcs (opMy/oH CBA3H», H
{I(I0THTH, UTO TaKHe BO3MYLIEHHST MOTJIH OH B JayuileM
i » AaTh JHUIL NONP2BKH, «HE BHIXOJANIHE 32 Npelebl
otk skenepuMmenrta», Takum oO6pasoM, OKOHHYATE/bHO
! 2(1,00119 4= 0,00005) GriT0 MPHHATO KaK Hauaydlliee
|niciie THPOMAarHNTHOTO OTHOMIGHHS, KOTOpoe BooGIILe
ModeT OHTh NOJYYEHO B JAAHHBIX 3KCHEPHMEHTaX.
(nnako BONpPoOC OCTapadcsi MO-IPEXHEMY OTKDHITHEM,
B ToM Xe Bumycke The Physical Review, rae cojep-
yiasock sropoe micbMo Kyma n ®Poan, 6110 oNyOIHKOBAHO
gooGmenne KOmnana lleuHarepa, NOAYYHBIIEro Ha OCHOBA-
1111l TeOpeTHYECKOro pacdera pemunny gs = 2-1,0016. Tem
e viepee, Kak sassua Kym B cBoefi HobeneBckoii JeKUAH,

KHOCTD HaOJI0/ICHAS aHOMAJNBHONO MArHHTHOMO MOMEHTA

KTPOHAa 4YacTHYHO COCTOMT B TOM, YTOOL noxka3sath MpH-
(0/11100Th METOI0B KBAHTOROH 3JIEKTPOAHHAMHKH AJA Omi-
caiis 3aKOHOB MPHPOAKS.

B sakmoueHde 5ToH riaBe HHTEpPeCHO OTMETHTh, 4YTO
anoManbHOe 3HAuUCHHE gs-hakTopa aaa 3aAexTpoHa OBLIO
NOUTH OTKPHITO AecATHAeTHeM pawbuie. B 1934 r.

E. Kuncaep u3 Kaandopumiickoro TeXHOJOIHYECKOro
IHCTHTYTA HCCACNOBAJ BOSMOMHOCTb NMpHMEHEHHA d(dexta
lceMaHa Eak crnocofa OIEHKH YAeALHOro 3apaja 3JeKT-
noua e/m. Yrobel OnperesuTh 3Ty BeJHYHHY M3 JAHHEIX 1O
[IMepPeHHAM DPasHOCTell AAHH BOJAH, He0OXOZNMO, MOMHMO
jaMepenufi MarHETHOrO 10J1f ¢ BHICOKOH CTeNeHbio TOYHO-
CTH, 3HATh, KAK CBA3aH MOMEHT OTAEJBHOTO 3JEKTpPOHA €O
CMUHOBHIM M opOuTaibHEM MoMentTamu. CyllecTsylor, ofi-
HAKO, HEKOTOpHIe BeJAHYHAB HAH HX KOMOHHaumW, ne 3a-
BUCSILEE OT XapakTepa sTofl cBsisn. Ommy m3 sTax KoMGH-
HAlEA MOMKHO TOJYJHTH C MOMOLUBK) COOTHOLICHHH, HAa3h-
BAEMOr0 MNpasuioM g-CYMM, COITACHO KOTOpoMYy CcyMMa
3HaueHni g; ANA Beex cocroanndl ¢ Aanuum J, obpasosan-
HBIX H3 MAHHON KOMOHHAUHH OXHOIEKTPOHHHIX COCTOAHHH,
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HE 34BHCHT OT XapakTtepa CMHH-OpOHTANLHON CBA3H. Kuinos
Jep HpeinpHHAa NPOBEePKY 3TOro [paBH/d, HCIIOJAL3VI A
COCTOSIHHA HeoHa, B KOTOPHIX NATE 3JIEKTPOHOB Ha X0 L HA0CH
B 2p-COCTOSHUAX M OAMH — B 3s-cocrosnuu. Jlas HEONN
OUeHL XOPONIO BHLUIOJAHSIOTCH YCAOBHS, YnoMauyTaie PG
B 3TON rjase, NpH KOTOpuX L u S ABAAIOTCA npHGIHAKENS
HEIMH HHTerpasamu Auacenus. [lostomy aTH 1Ba COCTONS

[nme ecnm G KHHC/IEp JOBEpAJ CBOGMY pesyabTary,
Jli ©ro cTaTL¥ MO3BOJISIET IIPeANO0KHTh, YTO OH HPHNH-
L O 910 pacXoxaeHHe CKOpee HeIPHMEHHMOCTH I1paBuJa
JUyMM, YeM aHOMAaJALHOMY 3HaUeHHI0 gs. BoT Kakue TOH-
WOCTH TOpoH BIHAIOT Ha X0A coOwTHill !

{H5l MOMKHO o003HaYaTh, COrJacHo cxeme, Kak 'P; u *Ff ' '“”".P\L‘.L‘-"n- e BALEHG: ot Jamtion: SocTamediA
Henoabsys paceMoTpeHHHE BHIIE YPaBHEHHS I8 BhMHCIHIGS B I|....-c\:||e||'1i1“‘;::1wlfe e a1 i ise it o
ys y pes , kpatHuie obpatlen#io cBODOIHOTO INCKTPOHA MO MHKIO-

HHA &, NOJAVUHM Von ll]ﬁﬁTrTE B TOM e noJe, — Ob1a OCYUIECTBJIEHA 3IHAYHTEILHO
; ’ woaance (Kpefin T, ¥Y®H, 1968 96, 153). Hmenno takum cnocobom

g5 {IPI'] — g, £ GP)= _, fL’;_ 4 go) (3.4 e namepen g-thaxtop saektpona g, = 1,0011596567 ¢ TounocTLiO

0 II.I "'. :']F:':i H-L"\']!l".[]I]IF! caMad TOMHAHR H3 BCeX MHPOH!:!.‘C NOCTOAHHKEX
(Wesley J. C,, A, Rich, Physical Review, 1971, A4, 1341),— [Tpun. peo.
CAe10BATENLHO, MPABHJI0 Z-CyMM 3anulliercs TakK:

Hamvepenna Kuncaepa aaan clefVIOUHil pe3yJbTar:

g, ({P)) = 1,0350 == 0,0007,
g, (P) = 1,4667 == 0,009.

PacxoxKjenne co 3HAYCHHAMH, NOJYYCHHLIMHE H3 YPABHCHHS
(8.4), sHauuTeJbHE, OJHAKO HX MOXKHO OTHecTH Ha CHEE
HECOBEpPLIEHCTBA TEOPETHYECKOr0 ONHCAHHSA B TepMHHAX :
i S, OaHaKko NpaBHAD g-CYMM, KOTOpoe He JAOMMKHO 3aBHS
ceTh OT 3TOT0 ONHCAHHS, NPHBOJAHT K 3HAYEHHIO

) g,=2,5017.

Kuicaep NOMPOCTY CJOKHJA OWHOKH AN KaKAoro H3g
g-haKkTopoB # NMPHBEN NOJHYIO OWHOKY, KOTOpas Gua pag="
pa 0,016, Tax uTo pacxoxedHde ¢ NPaBAJOM g-CyMM OKas
3200k COBepIIeHHO HedHaunTeabHEM. Ky, oianako, 3ames
THJ, 4TO «3Ta OWHOKa, no-suauMomy, Ge3 HeOOXOLHMOCTH
sapeenay. Ecan nuausuiyadbieie omAOKH OblIH He3aBH:
cHMH, Hauayuwell onenkoli pesysabrTata Obli Obl KBaupaT-
HbIfl KOpPEeHb H3 CYMMbI KBajapaTon omwnGok, T. e. 0,0011, n
TOr/la pacxoXaente crano Obl AOCTATOUHO DOMBIIHM, YTOGH
eT0 CJeNOBAN0 paccMaTpHBaTh Beepres, Kak BHIHO, 9TO
pacxoycileHHe COOTBETCTBYeT 3HAYEHHIO 0,0017 nas Os,
TorAa Kak, cordacio pesyapratam Kyma, ono pasto 0,0012,
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Fnasa 9

TPAH3HUCTOP

Hageproe, mn oano 3 otkpwiThit coBpeMeHHOl (H3AKH
HE JIOBJHAIO CTOMb HENOCPEeNCTBENHO HA MH3HD JI07eH)
KaK TpaH3HCTOP. Baaromtaps csoum mpenmymlecrsam nepesy
SAEKTPOHHOH JIAMIOf TPAH3HCTOD COBEPLIN PEBOMIOLHID BY
OLJIACTH 3JICKTPOHHBIX CPEINCTB CBA3H H obecneuns coznas
HHE 1 LINPOKOE HCNOJb3oBaHNe OHiICTpoaelicTayouix BMY
¢ OOJbWHM oOBeMOM mamath. Hambosdee ouepngmsie npes
HMYIIECTBA TPAH3HCTODA: OH HMeeT MajLit o0beM, paboTady
PE MEHBIWNHX SHAMCHHAX Hanpsxeunit, me TpeGyer rpos
MOSAKIX HCTOYHHKOB MHTAHUA, ¥ HETO OTCYTCTBYeT Harpess
BAEMLIH KATOL, TPEOYIOUIHH BPeMEeHH Ha Da3orpes u OTBOMN
Tenaa. M naxonen, eme ofHo BamHOe CBONCTRO Tpan:ﬂ!-'l
€T0pa, KOTOpOe OCOOEHHO INEHHO HpH €ro NPHMeHeHHH B
9BM, — 370 Manoe Koamuectso noTpedadeMol 3HeprHu
B pacteTe Ha 0AMH OHT HHDOPMAUEN ! ¥ ero HCKIUHTENb-
Has JoJaroseunocts. Haolperenne Ttpausucropa neficTsus
TeldbLHO SIBHJIOCh 3HaMeHaTeJLHOH Bexoll: He VAHBHTCJBLHO,
JT0 ero asrophl — Jlxxon Bapann, Yoarep Bparreiin H
Yaabam Wokan — 6uin yaocroens HoGedesckoit npeMuH
no ¢uznke 3a 1956 r.

Onnako B OTaHYHE OT GOABNIMHCTBA ONHCAHHEIX B 5TOMR
KHHIe OTKDHTHA HCTOPHA CO3AaHHA TPAH3UCTOPA — 3TO HE
€CTh HCTOPHS KaKOro-aubO OQHOrO TILATEeNLHO NOCTABJICH=
HOro skcnepumenTa. HanpoTHB, Kak Mul VBHAHNM B STOR |
r1ape, OTKPHITHE TPAH3HCTOPa O0Ka3aJoch JHIUL OMHHM HI
3TanoOB BecbMa OOGIIHPHOA NpPOrpaMMbl 10 HCCAEA0BAHHIO
NOJYNPOBOAHHKOB, NPOBOAHMON Fpynnoii coBmecTHo pafo-
Talomnx yiensix. Cpean HAX GBUIN He TOJBKO (H3HKH, HO
H CHELHAJHCTL 0 3JEKTPOHHKE, (PHIHYECKO XHMHH 1 Me-
raagsopenennio. Kax rosopun Bapamm B cBoefi Hofeies-

! Kan coolmanoch, sra SHEpPrus R TPaH3IACTOpa CpaBuiMa €
SHEPTHEN, HCNOAL3YeMOll HEelPOHAMH rOJ0BHONO MO3Ta. :
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il TeKluH, «obllad 1eJb NMPOrpaMMEl COCTORNa B TOM,

Oul Kak MOMHO ray0ie pasolparthcd B SIBJASHHAX, HAas
OuioaaeMbIX B HOMYIPOBOAHHKAX, [IPHUYEM He 3MIHPHYECKH,

OBACHHTE HX Ha OcHOBe atoMmHOH TeopHH». ColcrBeHHO,
- eBckaf mpemus Oblla NPHCYMKACHA HA3BAHHLIM Yyes
LM Jaie He 3a H300peTeHHe TPaH3HCTOPA, d 34 OCYLIEs
IBJleHHE HCCAeA0BATENbCKON NporpaMMbi B IeaoM. Tey

venee BapiHH oTMeuas, 49TO, «MOMHMO COOCTBEHHO Ha<
y'HOrQ HHTEpeca, BayKHas OPHYHHA BHIOOPA TONYNPOBO/I<
HHKOB B KauecTBe NepcnekTHBHOH o0JaacTH HccaeAoBaHUSR
COCTOSJIA BO BCE PACIUHPHIOLIHXCH MHOTOUHCACHHEIX TPHM G«
HCHHAX HX B 9JeKTPOHHLIX YCTpolcTBax, K KaKOBLIM B
1945 r. OTHOCHJIHCEL TIPEHMYUIECTBEHHO AHOIL, BaPHCTOPHI
H TepMHCcTOpHL. B TeuenHe poJrorc BpeMeHy CyIECTBOBaja
HaneMmaa co3faTh TPHOA, HWAH YCHANTEAL, Ha TOJAYIPOBOIA
nukax» Takum obGpasoM, XO0TA MepBOHAYAJBHO Iebio pae
0OTH HE CTABHJOCH CO3[aHHE TAKOTO YCTpoOiHCTBa, 5Ta BO3«
MOKHOCTD BCErja HMeaach B BHIY.

Urobul noHaTh gajabHeliee, HeoOXOLHMO BCHOMHHTE Hes
KOTOpEIe CBOHCcTBa noaynposoanakos. Hauajo cepbesnpix
nccnaenoBanuil B 1ol ofnacti BOCXOAMT Ho KpaliHel mepe
K 1833 r., xorna Maiika @apaneft o6Hapy:nid, YTo NPOBO+
AHMOCTh TOJYNPOBOAHHKOB (oH pafortan ¢ cyabduaom ces
pebpa) pacrer ¢ NOBLILIEHHEM TEMIEpPaTyphl— B NMPOTHBRO-
NOJIOMKHOCTE NPOBOLHMOCTH METanaa, KoTopag B 3ToM
cayqae yMmeHbluaercd. B xonue mpouwioro crodetHs GhAH
VCTAHOBJEGHEI TPH APYIHX BAXHLIX CBOHCTBA: BOIHHKHOBEHNG
JMEKTPOABHKYIIEH CHAL NPH OCBELIEHHH NOJYNPOBOAHHKE,
HCTIOAB3YEMOro B KauecTBe OJHOIO H3. 9JEKTPOAOB B 3Jieks
TPOJAHTHUECKOH BaHHe!; pOCT NPOBOAHMOCTH HOJYTPOBOIs
HHKA [PH €ro OCBelleHHH; BLIMPAMJASIONIEE CBONCTBO KOH-
TaKTa MEKAY MeTaJJoM H noaynposoiHukowm 2, Caenyer
3aMETHTb, YTO JBa MeTOda PEe3KOro H3IMEHEHHS IPOBOAH4
MOCTH TNOJYNPOBOAHHKA — NYTEM HarpeBa M OCBELIEHHA —
OB OTKPEITEL AOBOAILHO AaBHO. TpansucTopHbfl adders
7106aBHA K HHM TpPeTHH MeToH, MO3BOJAAOLIEH YOPaBIaTh
NPOBOAHMOCTEIO TIOCPEACTROM TOKA.

! 3ror serr Oua orkpur Samonom bBexkepenem, ormom AupH
DE!\'H(!'_T)E.'IH = NePBOOTKPLIBATENAS paAHOAKTHBHOCTH.

? Tounee TOBOp#, HMEeTCA B BHAY (pakT, 4TO OTHDUIEHHE TOKa M
HAMPSKEHHIO B TAKOM YCTpOACTBE Hlé ABAAETCA MOCTOAHHEIM, T. €. HE
ONMHCHBAETCH 3AKOHOM OM.‘], & J3aBHCHT KaK OT 3HaKa, TdK H OT BejHs

HHAE HaNpAKeHH,
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B 20-e roan sbbext nosunkuHonenuns thoto-3JIC u Bhis
MpsiMJisiiollee CBOACTBO NOJYNPOBOAHHKOB HAYa N NPAKTHs
'-IEC]\'TI HCIOJIL30BaTLCH OPH 3TOM CTaj0 BBLIACHATLHCA, YTO
o0a sti ahhexTa npeacTaBAART colod NOBEPXHOCTHLIE $iis
JICHHA, TOrga Kak (OTONpPOBOAHMOCTD M OTPHUATENLHLIN
T(i!\rlI'ICIJEJ'I_\’piILIfI KO3(DpHIHEHT CONPOTHBACHNST CBA3ZAHLL €
00beMoM matepuana. K kKouuy storo jnecatuderns ObLIO
YCTaHOBJEHO, YTO NPOBOAHMOCTL 3ABHCHT KAK OT umMcaa HO-
CHTeNelt 3apsaja B eAHHMIe oObeMa, Tak H OT HX IOABHIK-
HOCTH (mocHefHsin ONpPefeaeTcs OTHOLIGHHEM LpeidoBoi
CKOPOCTH HOCHTeJieH B 3/EKTPHUESCKOM [OAC K BEAHUHIE
storo noas). B uavane 30-x ronos wuamepeus sthdexra
Xoina' B MOAYNPOBOAHHKAX NOKA3aJH, 4YTO IIA HHX o0e
STH BEJNHYHHBI 3HAYUTEALHO OTNHYAKTCH OT AHAJOTHUHEIX
BeJHYHH [1Jf MeTannoB. IlaoTHoeTh uHesa HocHTeN el B
METAJNaxX NOYTH NOCTOSHHA, MPHYEM HE TOJBKO NPH nepe-
Xojle OT OAHOrO MeTajfla K APYroMmy, HO H NPH H3MEHEHHH
TEMIEPATyphl. B MOJAYNPOBOAHKKAX MIOTHOCTL YHCAa HOCH-
TeNlel H3MeHseTcs OT OAHOro ofpasna K Apyromy (unaxe
€C/TH OHH H3rOTOBJEHDLI H3 OJHOTO MaTeépHana), CHJILHO BO3-
pacraer ¢ TeMmepaTypoH H Ha HECKOJbKO MOPANKOB MeHb-
e, 4eM B MeTamaax.

[ToaBuKHOCTL HOCHTE/ER CYIIECTBEHHO H3MEHASTCS npu
nepexoje 0T OJHOTO MavepHa a K APYroMy KakK B MeTaJqJax,
TAK H B NOJYNPOBOAHHKAX; OHa NMafaer ¢ YBeJHYEHHEM
TEMIePaTypnl?, H POCT CONPOTHBICHHS MeTa/JoB CBA3AN
HMEHHO C 3THM 3(Q(EKTOM, TOrla KaK B NOJYNPOBOAHHKAX
nocne/IHHE NepekpuBaeTcs POCTOM INIOTHOCTH HOCHTeJeil.

dbdexr Xoana no3sosiAeT ONPEACSHTL HE TOJBKO HHC-
710, HO H 3HAK HOCHTeNlell 3apsiia, 1o Kpafineil Mepe nomu-
HHPYIOUHX B Mpoueccax sJexTponepeHoca, B HexkoTopuix
HOMYNPOBOAHHKAX MPH HE CJHIIKOM BBICOKHX TeMnepary-
pax Oouin O0HApYXKeHb HOCHTENH MOMOMHTEJbHOrO 3HAKA:
B APYrHX — NPEHMYLIECTBEHHO COEIHHEHHAX, a He NMPOCTHX
sMeMeHTax (Hanpumep, OKHCAAX MEAH HJAH HHHKA) — 3HAK

! 3dert Xoana coctonr B CAELYIOUIEM: ecid TOK TEYeT Mo fpo-
BOMHHKY MEPMEHHKYMIIPHO MATHHTHOMY MOJIO, MEMAY CTOPOHAMH TPO-
BONHHKA BO3HHKAET DAINOCTL MOTEHUHAN0B (T. €. OHA HANMpaBJeHa nep-
NEHIHKYTAPHO KaK TOKY, Tak H MardHTHOMY MoJmn).

? Ecan orsneuscs oT ToHKHx 3(deRTos, 3T0 yTBepHKIeHue, chpa-
BelnHBOe aaf MeTaJaon, anas MOAYHPOBOIHHAKOB HEBepHO, B IIO(‘.UC,'lIiII.‘.
MOABHIKHOCTD MAKCHManbHAa npu Temmepatypax ~50—100 K. Pacemo-
TpeHie NPHYHHEL ITOTQ ABACHHA BHXONHMT 33 paMky AaHHOH KHHIHM, —
M pum. ped,
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CIOBHBEIX  HOCHTEJIEH HacTO0 OKa3LBaJjcd 3aBHCALIHM OT
ieHb MaJblX OTKJOHEHHH B cOCTaBe NOJYIPOBOJAHHKA OT
ounoi xumuueckoit dopmydast. Tak, ecan B CuO ne Xna-
[0 HOCKOJBKHX MHMIHOHHHX Aodefi Cu, HocuTenan OBLIM
0K HTEIBLHBIMH, eC/IH He XBaTado CTOJb Ke MaJjoro Ko-
miectrea O B Zn0O, onH OBIH OTpHUATeAbHBIMH, OnHako
| BLICOKHX Temmnepatypax (KOMHATHOH H Bhille) MPOBG-
IMOCTE Bcerga Oulna o0ycJioBjieHa TPEHMYLIECTBEHHO OT-
1aTeAEHBIMH HOCHTEASI MY, IIOTHOCTE KOTOPLIX elle MOr/1a
CHSTLCS OT OAHOIQ BeulecTBa K Apyromy, no Obiia oin-
KoBOH LJA pasHuX 006pasioB OJHOTO W TOro e Belle-
ga.
C passHTHEM KBAaHTOBOMEX2aHHUECKHX NpeAcTasJeHiil o
[OBe1eHHH 3JeKTpoHOB B Teepanix Terax A. X. Buascony
1931 r. ypajock c031aTh MOIe]b TNOJAYIPOBOAHHKE, OT-
pazZKaloUIyl0 MHOTHE H3 Ha3BaHHLX cBoiicTe. Mozean, cxema-
rHueckd H3o6paxenuas Ha pue. 9.1, ocHoBana Ha TOM (ax-
re, YTO B TBEPOM TeJe JHCKPeTHHIE JHepreTHYecKie YPOBHH
) IEKTPOHOB OTIENbHLIX aTOMOB PasMBIBAIOTCA NMPAKTHYECKI
b HempephIBHLIEe MOoJO0CH (30HBI), pasie/ieHHBIE «UIeIAMH»
JHAUeHHAMH 3SHEpPTrHH, KOTOPLIE 3JAEKTPOHH He MOryT IpH-
HHMaTh. DJEKTPOHBI, HAXOAALIHECS B [IOJHOCTLIO 38M0JHEeH-
HEIX 30HAX, — B NPOTHBONOJOMHOCTL 3JeKTpPOHaM He moJ-
HOCTBIO 3aM0JIHEHHbLIX 30H — HE MOrYT Y4acTBOBaTh B CO3-
JAHHH 3JMEKTpuiecKoro Toka. Meraaanyeckasn NpoBOAHMOCTh
BO3HHKAeT TOrla, Korja BeICIIAS N3 3aHHMAEMEX 3JEKTpo-
HaMH 30H 3anojHeHa JHIIL YACTHYHO, TAK 4TO Doabluad
uacTh SJMEKTPOHOB MOMKET Y4acTBOBATh B CO3JaHHH TOKa,
5TOT ¢Jayuall mpeAacTaBJeH Ha puc. 9.1,a. B HiealbHO YH-
CTOM MOJYNPOBOIHHKE BhiClIasl H3 3AHATLIX 30H NOJTHOCTBIO
3anoJHeHa NpH abCoJKTHOM HYJe TeMmepaTtyp, a CIeayio-
mas 3a Heli Gojee Bhicokasi sona abcomoTHo mycra !, On-
HAKO pasfeasiouiass 3TH 30HH 3IHEpreTHdecKas edn £y
MmaJjia — HopsjiKa  OIHOro 3JeKTPOH-BOJbTA. DBeposiTHOCTHL
TOrO, UTO 3JEKTPOH B pe3yabTaTe TEMIOBOTO BO30YKIAEHHHA
NpeojofieeT 3Ty Miedb NpH Temnepatype T, MPONOPUHOHAE-
Ha exp(—Eg/RT), rne k — nocrosseaa bBoasumana, pas-
naa 8,617-10~% 3B/K, T — aGcomoTHas TemmepaTypa

! Buiczas H3 NOJHOCTHI) 3aNOJHEHHLIX MpH aGCOMIOTHOM HYJIE TeM-
[EL']Ji:'i‘j.'i}lul 300 B pASAABHOM [(p]l("l‘ii.'h—‘l(! HAILIBARTCH BAACHTHOU R!?.Nf'i'f;
C.‘lt‘j‘l}'ll.‘l[llhﬂ 3a Hel 308Aa HalwBAETCH JOHOM FI,CPE.'-.‘.TG&!'H,HGL'I'H.

Z exp(x) = &', rae e = 2,31828,
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Takum ofpasom, aas we cammkoM HH3KHX TeMmeparyp,
SHAYHTEIbHOE YHCIO0 3JEKTPOHOB | OKAMKETCH B-30HE TIPOBO+
AHMOCTH, FIe OHH CMOPYT NPHHSTHL Y4acTHe B CO3AAHHM
ToKa (pHc. 9.1, 6). MImenHo sta cxema o6bsicHsET OCHOBHYIO
YaCTh MEPeYHCICHHEX BhILLe BBICOKOTeMMepaTypHLX sdders
ToB. KpoMme T0ro, corsacuo KpaHTOBOi TeOPHH, OTCYTCTBHE
SJAEKTPOHA B 3aHATOM NPH OGHMHEIX VCAOBHAX COCTOAHHN
JKBHBAICHTHO Ha/IHYHI0 MOJOKNTENLHOrO 33aPsiia, HaskiBae-
MOro dwoiprodi. Takue AWIPKH, BOANHKAIOLLIE B BAJIEHTHO
SOHE IIPH TENTOBOM BO3DYMKIEHAH, TakyKe BHOCAT BKIaa B
BBICOKOTCMIICPATYPHYIO, HIH COGCTEEHHYIO, NPOBOAHMOCTE,
OJHAKO HX NOABHIKHOCTE HHIKE MNOABUMKHOCTH SJEKTPOHOB,

Huskoremnepatyproe  mnopenenne NOJYIPOBOAHHKOB
OOBACHAETCS HPH MOMOLIH MOZEJH, YVUHTHIBatolel AedeKTel
KpucTamInieckor peurerkd. Haupumep, B oxmcn Memn ¢
H30LITKOM KHCJOPOAA RaX/oe He3aHsToe MecTo MenH 03-
HA94CT HENIOCTATOK OJHOrO 37€KTPOHA MO CPABHEHHIO C TEM,
9T0 HeoOXOAHMO Jjsl SaloJHEeHHS BaJeHTHON 30HHL, T. e,
NPHBOANT K NOABMeHnio AMPKH. ITpn oveHb HH3KHX TeMmmes
Patypax JLIpKa NpHBASaHa K BaKaHTHOMY ¥3J1y; OAHAKO
SHEPTHs, HeoOXOMHMAs AJ5 BHICBOGOMKIEHHS OBIDKH, 3HA-
URTENTBHO MEHBLLIC INHPHHE! IMEJH H 00 NOPSAKY BeJHTHHBI
pasua 0,1 sB; nostomy ABIPKA MOKET y4acTBOBATH B mpo-
BOAHMOCTH Y2Ke NPH HHSKHX TeMIepartypax: DTOT mpomecc
MOJKHO OMHCaThb HHaye, CYHTas, 4YTO YKasaHHBIA BHI Me-
(peKTa NPHBOAHT K BOZHHKHOBEHHIO JIONOJHHTEJILHOTO SHEp-
FETHYECKOTO YPOBHA JAJid 9JEKTPOHOB, pPAacHOMOKEeHHOTO
HEMHOrO BhIlle JIOTOJIKA BaJCHTHON 30HEL DT0T YPOBeHb He
3ano/iHed NpH OY€Hb HH3KHX TeMIEpaTypax, OAHAKO ¢ Io-
BHILIGHHEM TEMNEPATYPH S1€KTPOH HS BAaJeHTHON SOHLI
MOKeT ObTh TePMHYECKH BO3GYMueH Ha STOT YPOBeHb; npu
STOM B BaJIeHTHOH 30HE OCTAaHeTCH ALIPKa, CNocoGHas yua-
CTEOBATh B CO3AaHHH NPOBOAMMOCTH (3Ta CHTYALHA H30-
Opaxxkena Ha puc. 9.1, 8). [TonoaHuTe bHEI JOKATHIOBAH-
HBLIA YDPOBEHb HA3LIBaeTCH aKyentTopasism., ARUENTOpHEE
YPOBHH H COOTBETCTBYIOLIHE HM COCTOSHHS MOTYT TaKKe
BLISLIBATLCH HAJNHTHEM aTOMOB NPHMECH, KOTOPe He 00-
JAAL3I0T JOCTATOUHBIM «KOMIJNEKTOM»  3JEKTPOHOB, ocy-
HIECTB/IAIOIEX MK ATOMHYIO CBS3b: HalpHMep, TPeXBAJILHT-

! Mpn kommatroft Temneparype (T = 300 KY 8 Eg =1 sB anaue-
HHE SRCNOHEHTH papHo mprMepno 1017, TTockoauRy B 3anoanennoi some
THEPLOro Tena mMeetci ~ 107 snextponos/em?®, sto 03xavaer, 910 oKogo
10° snekTponoB/eM® Bo3Gyxaent b SOHY DPOBOJAHMOCTH,
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LM aTOMOM TaMIHA B KpUCTa/JIe YeTHPEXBAJeHTHOTO aie-
CHTA — KPEMHHA HAR repManus. AHZJOTHYHO NMedeKTH,
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Pite. 9.1. Cxematnueckoe naofipaienne yposneii SHEPTHHE B MeTaaxe (a).
Beaentnan aona (Kak o B wacTax 6—a) W samoAReHHaR TacTh JOHL NPOBGANMOCTI
SEWITPHXOBJHEL,

Yposuu sHeprun B cofCTBEHHOM noaynposoanune (&).

CoeTante KpymKH 8 sajedrioll 30He— ALIDKN, OLTARINHECA OPH TemionoM Boifymae-
HHIl SAERTPOHOB (TeMHMble KpyMKU) B 300y TPOBOLHMOCTH.

¥ponun sHepruu B npuMechom (axienTtoprom) noaynposonnike (a).

SaexTponn, BOOYRCACHHEE HI BAJENTHON IONWM, NEPEXONAT Teoeps Ha NOHODHER
YPOBHN (20pUSOXTEABHEE RepTONKL),

Ypopni sHePrHH B npHMeCHOM (nonopuem) noaynpomomunke (2).

DACKTPOHK TOROYAAAIOTCA B S0HY NPOBOLINMACTI € LOHOPHMX Yposuel. ¥popens
®epuy oboznaved Ep,

NPHBOAALIEE K H3OHITKY SACKTPOHOB, — H3GHTOUHOE YHCIO
dTOMOB METaj/la B MeTaJdJamuecKHXx OKHeaax HJIH cy.mtpu,nax
An00 NATHBAJEHTHAN NpuMech (MBILUDAK HJIH (ocop) B
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HETHIDEXBAMCHTHOM  KPHCTAA/e — BHISHBAIOT  NOSABICHUE
JHEPIETHUCCKHX yPOBHEll HEMHOro HMXKe AHA 30HH NPOBO-
AumoctH. Takue yposum, miofpamennnie Ha puc. 9.1, 2, Ha-
3LIBAIOTCH JOHOPHBIMU, H TPEOYETCH OTHOCHTENbHO HeBO0Mb
lIas TemioBas 3sHeprusd, uTobM BO3GYAHTH 3NEKTPOH ¢
OJHOTO H3 TAKHX YPOBHEH H NEPEBECTH ero B 30HY MPOBOAH-
MOCTH.

Ha xaxnof wacty puc. 9.1 YKa3aHo cnenmH@uuecKoe aHa-
HCHHC SHEpruHH (HAH ypoBeHs) @epmu Er. D710 3naueHue
NPHOJIKEHAO ONpeaesfeTcsl Kak SHEPTrHs TAKOro YpoBHH
(ecin on cymectsyer), BEPOATHOCTL 3@8HATHA KOTOPOro
SJEKTPOHOM paBna !/, B meranne sueprius Pepmu cosna-
AAeT ¢ sHEepruefl HaHBEICIIEro YPOBHS, 3aHATOrO npH abco-
JIOTHOM Hyae TemnepaTypei. B coGcTenmom mosynposo-
HHKe ypoBenb DepMH JexkHT B cepeauue 3anpelenHo
SOHBI} B NPHMECHOM NONYNPOBOAHHKE OH CABHraercs H3
STOTO NMOMOXKEHHA, IPHYEM BeNHYHHA H HATPABACHHE CHABHIA
SABHCAT OT OTHOCHTEABHBIX 3IHAYECHHI KOHIIEHTpaluii cBO-
OOJHBIX 3JIEKTPOHOB 1, W ABIPOK My: VYPOBEHb CIABHTAeTCH
BBEPX, €CJH N, > My, H BHH3, ec]u n: < n,l. BaxHocth
MORATHSA SHEPrHH PepMH COCTOHT B TOM, YTO OHA COBMA-
JAeT C XHMHYECKHM MOTEHLHAJIOM B TEPMOLHHAMHKE H TO-
STOMY NpH TePMOAHHAMHYECKOM PABHOBECHH AOJMKHA HMETh
OAMHAKOBLIC 3HAYCHHA MO OOEHM CTOPOHAM TrpPaHHU thas
H/IH ToBepXHOCTH pasfena. Korga apa pasnuummx TBEPAbIX
Te/la IDHBOAATCA B KOHT@KT, 3TO COBNAACHHE 3HAYCHHI JO-
CTHTACTCA 32 CUET OTHOCHTE/ILHOTO POCTa NOTEHIHATA OJ-
HOro 3 Ten (ABJeHHe KOHTAKTHOM pasHocTH HOTEHIHAJIOR) .

TennoBoe Bo36yKaenne ne €AHHCTBeHHbIA cnocob ne-

PEBOa 3JIeKTpOHA Ha GoJdee BLICOKHI SHEPreTHUeCKHIT -

YpoBeHb. POTOHL TaKikKe MOryT COOGLIHTE 3MEKTPOHY HeolH-
XOOHMYI0 3SHEPruio, ecyiH HX 9acToTa AOCTATOUHO BeJIHKA,
HHAYe roBOpS, sHeprud (hortoHa hv AoMKHA GhITh MO Kpa#-
Hefl mepe paBHa TpeGyeMmodi SHepriu Bosbyxaenns, [lo-
STOMY BO3OyXKAEHHE NPHMECHHX COCTOSIHHIT MOMKET ObiTh
BBISBAHO H3JYYEHHEM ¢ BechbMa OOJBMION AAHHON BOJIHH,
TOrla Kak Bo3Oy»IeHHe ¢ NpeojoJeHHeM Beefl 3anpeliex-
HOM 30HB MOTyT BHI3BaTh JIHIIb GoTOHBI cO CpaBHHTENBLHO

' Toanoe swauenwe sueprun Depmn Ep=FEp -{——J—,—ki‘" In (n_/n,)

rie E;.-q—auepf‘uﬂ DepMu nas GecnpumecHOro (coGersennoro) mnoay-
NpoBoAnHKa, |0 — HaTypaneaLf JAorapngis,
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kopoTKof aaunofl BoaHel. Caeayer, oamnako, 3aMeTHTh, 4TO
IPH KOMHATHBIX TeMNEPATYpaX NPAKTHYECKH BCe AKIIEM-

PHHIC YPOBHH Yi<e 3aN0/IHEHH, a BCe AOHOPHHE YPOBHH
IIYCTBl, TAK HTO MOUTH BCe AKTH (POTOBOSOYIKACHHA NPHEO-

K NOABJCHHIO TIap 3/1eKTPOH — [LIPKa.

Takum obGpasoM, naunas Momenn BechMa yenemHo o00p-

IIFIET Te HEPTH MNOBEJCHHA MNOJAYNPOBOAHHKA, KOTOPHE
CB533aHH C ero O0BEMHLIMH CBOMICTBAMH, OJHAKO, N0 Cyuie-
IBY, HHUErO HE rOBOPHT O NOBEPXHOCTHHIX ABJeHHAX. OnHH
H3 BOSMOMKHEIX NOAXOLOB K OOBACHeHUHID Takux SBJEHHI
COCTOHT B TOM, 4TO0bLI CBA3AaTh HX C CYUlECTBOBAHHEM Ha
IIOBEPXHOCTH MeTasaMNa JABOHHOro sJeKTpHueckoro cios. OO
'TOM OBIIO H3BECTHO yiKe B HauajJe HALIero CToJeTus: Ha-
JIYHEe TAKOro cJofd HeoOXomauMO A1A OObACHEeHH: CKayxa
noteninana (oOHApy:KHBaeMoOro, HANDPHMEP, MO TepMOHOH-
HoH paboTe BLIXOAA) MEXKNY BHYTPeHHE u BHeUrHell 06.a-
c1AMH Metanaa. B 1917 r. §l. ®penkear us [lerporpanckora
(trenepr Jlenuurpaackoro) yuusepcutera paa B The Philo-
sophical Magazine ciaenywouiee KauecTBeHHOe OGLACHCHHE
CYILECTBOBAHNID TAKOTO Ca0sl.

«llpeacraBum cebe noBepxHOCTS, Opoxoisuyio Hepes
CaMble BHCLIHHE A/Ipa H HA30BeM ee AAA KPaTKOCTH MOBeps-
HOCTbio Tena. [losoBHEA sueKTPOHOB, O0palalomEXcs BOK-
pyr STHX silep, OyAeT HAXOAHThCH BHE 3TOH NOBEPXHOCTH;
TO Ke CHpaBefnBO H AJS MHOTHX JPYTHX 3JeKTPOHOB,
IPHHAANERKAUIAX AApaM, PacHOJOKEHHBIM OT HOBEPXHOCTH
Ha pacCTOSHHH, He NpeBbilaloleM paiHyca HanbOAbLeH
SJACKTPOHHON OPGHTH. 3Ir1OoT paguyc, COOTBETCTBYIOLLHI
«BaJCHTHLIM®> SJIEKTPOHAM, MOKHO OTOXKAECTBHThL ¢ paauy-
coM atoMa r. Takum o6pasoM, clof TOJNLIHHON r BOJHIN
NOBEPXHOCTH OYHET 3apAKeH MNOJOKHTeNAbHO BCJACACTEHE
TOro, 9WTO 4acTh 9JIEKTPOHOB, MPOAOJIKASE NPHHALICHKATH
CBOMM A1paM, OCT4eTcs BHE NOBEPXHOCTH H 0Gpasyer NpH
STOM 1O JIDYTYi0 CTOPOHY NOBEPXHOCTH OTPHIATE/IbHO 3a-
pAMeHHbIH oA TOM e TOJWMEHL r». B peaymsrate paa-
BHTHA KBEHTOBOM TeopHH pacuerni DpeHkens H nosanee
Dapauna nosnyanaum Godee Tsepayio KOJIHUECTBEHHYIO OC-
HOBY.

CorlacHo npHHATON KOHIENIHH, Koraa ABa pa3Hopo-
HEIX MeTaJiia NIPHBOAATCA B 3()(EKTHBHLI KOHTAKT, 3aPsibl
ABOHHOTO €JIOSl lepepacnpeieasioTes, BCAEACTBHE Uero Bo3-
HHKE€T MOTOK SJCKTPOHOB OT OAHOrO MeTasida K Jpyromy,
KOTOpuIfi nNpexkpauiaercss mnocje BLIPaBHHBaHHA YpoBHel
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@epun (pre. 9.2, 4y, Ocranuwmiica apofiyof aeKTpHyeckuil B8

Croi o0bsicHseT CYLIeCTBOBaHHe XapaKTepuoH pasnocTH
Norennuanon. Caeayer OTMETHTb, urto, NOCKOJIBKY 3JeKT=
POHBEI TIPOBOAHMOCTH g METalle, Mo cyiuecray, CBOGOHLY,

ONHCaHHDE i!GDE‘ElﬂCJ’!ﬁt‘.;’,U.’I@HI—IE‘ H NOTOK 3apanon ge NIPHBOs U8
JAT K EFJJ-IL"I'I-{'il.""i_'C H3MeHeHHo COCTOAHHSA BHYTPH. MeTannon, 18
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Pue. 9.2, Cxems YPoBiell siueprun npy HONTAKTE Mesway ABYMA MeTan-
MAMH (4) B Mexay Merammon H OpPHMECHL M noaynposoanukom ()
(% — patora ay xona).

Oanako Cly9ae KOHTAKTOB Merauja o NOJIYNPOBOAHAKA
HTH ABYX I]L‘L-‘J_‘UIFJ'JGJSOEi!IJl\'DB Glenyer OKHIaTh C{PF}E]}HJCHI]D
APYTHX DesyakTaTon,

Pacemorpuy g ONPeleNCHHOCTH KOHTakT MExIy Mme-
TalloM H [oHOpHEIM NOAYTpoBonHHKOM, noKasauamit Ha
PuC. 92,6, lo Toro KaK YCTaHoBHJOCH PaBHOBecHe, siek-
TPOHE B [OHOPHBEIX COCTOAHHAX HMefoT SHEPTHH, paBHLe
HIH npenocxonsume SHEPTHH BaKAHTHEX YpoBHel B Mo
TaJjale, Tak 4To B fiponecce yceranosdenns PaBHOBeCIIT
BHYTDH moaynposogmnia (B oGnacry, Omnskofi i noBepx-
HOCTH) cosjnaercs CYMMAapHLI  MOJ0MHATALH bl 2apaj.
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I 9toM cayuae, OlHaKo, He mpoHcXomuT CyulecTBeHHOrg
i IHEHHA 3JIeKTPOHAMH H3BYTpH, Tax 4yro COOTBETCTBYIg-
1 YPOBHH SHEpruu ocralores HEH3IMEeHHRIMU, Cymmapumi
WERT, KaK nokasao, cpoantes x BOSHHKHOBEHHIO Ciog
| 'DCMHOTO sapsina, obpasviouero Oapuep, HPEns TeTayin-
Wit nepexoay anexrtponos MeXIy sonamy NpoBOANMGCTH
BeIeCcTB.

‘asymeetes, B oayuae ROHTakKTa ABYX MeTanmop ta KiKe
18T NOA00HE] Oapbep, oanako BCJICACTBHE ero Ma-

I IWHPpHAR (~ 10-8 CM) n Gharogaps TYHHQJIBHOMY 3()-
(PekTY OH He cosgaer SHaUHTEBHOTO conpoTHsIeHHS Las
foka. Hanpetus, npm KOHTaKTe Meramgg — HOAYIPOBOANIK
foiiinta 6apeepa AocThraer ! 10~ e CROALKO-HHGY 15

CTHHH TYHHeJbHHI ToK CTAHOBHTCA HEBO3MOMKHAIM 2
KO ODH OObIMHEIX TEMOEPATYpax cyumlecTByer gocra-
IUUHOR YHCI0 TepMEYecky BO30Y K 1eHHRIX SMTEKTPOHOB, 06ec-

IBAIOWAX  3aMeTHYIO IpOBOANMOCTE  uepes Oaprep,
bapsep nueer HECHMMeTpHY YD Popmy, H ero suicora pas-
Ha B 3aBHCHMOCTH OT HaNpaBIeHIA NPHAOKEHHOrO Ha-
ukenns. H. @, Morr B Anruu, B Hapsinos 8 CCCP
obenHo Banbrep Ulorrkn p Fepmanun ¢ YUeToM sThx

o0paxenni chopmyanposann p 1939 o TEOPHIO BEIIPSM-
AKOUEro neficTBHY Takoro KOHTaKTa,

[Ipumepso B 1940 r. Pacen C. Oup, paboTaBminf g ja-
'OPATOPHE KoMaanuy «Bean reaedoi», 06eCnokoeH L Heo-
rabHABROCTBIO CBOMCTR KPEMHHA B NPHMEHSBLIHXCH TOorza
PA7HONCTERTOPAX THOA <Komaupy YCul», obpathics K xu-
MHKaM H MeTa/lloBegam, LHOTIPOCHB HX MONLITATBCS Crena Th
MaTepuaa Gonee OLHOPOAHBIM, HCHOAB3YA AI% 3TOro JLOM0J -
HHTRILHYIO ouneTRy. 210 saganme PacemaTpHBaNocs Kag
€CbMa cpouHoe, IOCROALKY BO Bpems BTOPOH MHpoBOH
BOHHBI NOMYUPOBOAHHKOBHE NHOIL TOMEUHHM KOHTaKTOM

o MESI0THO-TalONANLIX coemitiennsx GO0 MOMEr OhTh cf 1aH
cuie CoubuimM, B g 1938 ¢, p. Xuasmy u P, ¥, Moo YAanoch BeecTy
HICKTPOA B KpHCTaAn Gpomiictoro Kagmg o HCNOJE30BATE ero kag yin-
PaBARIOMYIO. CeTRy TpHOmA. Onuaxo 310 YCTPOICTBO. MOXuG Grao -
NOABSOBATE JMIE- PH TacToTax nopagka | Iy,

# Kax H3BECTHO, BHYTPH NPOBOLHHKA OTCYTCTBYET NOCTOMINOE SyeK-
rpseckoe none. OHo Momer CYIMECTBOBATE TOALKO BEau NOBEpXHOCTH
H COajaer Ha paccroaumy, HA3LBAEMOM. pamHycom SKPaHUpOBAHEA, Dot
TARHYC TEM. MEHBLIS, 4yeM pume CEOPOCTE  3MekThoHoR (rennosan may
PepMHEBCKanA) u KOHUEHTPAINA HOCHTENeS]. [Mocrenuee OGCTOATEABCTRY
nrpaer UCHOBHYIO poas p Pasnuunn metannos NOAYAPOBOAKHEOR, —
Hpus. pead,
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OLITH OYeHb HYIKHBI AU PajapoB m apyrux SIEKTPOHHBIN
yeTpoiictB. Pafora Gblia nopydena [Mwx. X, Craddy,
X. C. To#iepepy u E. E. Ulymaxepy. Mm yaagocs we TOJ e
KO MOJYyUHTL MaTepHaJ bl 3HATHTEALHO LOJIblIell YHCTOTRIY
9EM 3T0 ObIJIO paHee BO3MOKHO, HO H KOHTPOJIHPOBATE THIN
JedekToB B npuMmecefi; BCKOpe OHH OOHAPYKHAH, 4To npo-
BOAHMOCTb BLI3BIBAJIACH B OCHOBHOM MaJikiMu J0JIAMH 3THX
npumecent. Umenno toraa Oun peen TEPMHHEL «7-THIO® HJIH
$P-THO2 [NA KPpeMHMUS, TAK Kak CAabhi TOK BO3HHKaJ B
TOUGUHOM KOHTaKTe, KOIAa KpeMHHI] CIYIKHIT OTPHIETENb-
HEIM WIH DOJOCHTEABHEIM  3JeK TPOIOM  COOTBETCTBEHHO.
Heenenosaresn yeranosmuan TAKKe, YTO npuMecH umelon
TEHACHIMIO OCTaBaThCA B pacunaBe mpy 3aTBEPAECBAHNHH 06-
pasua ', oaHaxo aTa TEHIeHius BEIpaykeHa nmo-pasHomy aad
ABYX THIOB npHMeced, XapaKkTepHayioumx MaTepHain M-
THIIA # p-THna. Tak, ecaw PACITaBJIeHHMH 00pasen oxa e
A3JICH W 3aTBEpAeBaJ €O CTOPOHH OJHOrG KOHIEA, To 3TOT
KOHElLl CTaHOBMJICH NOAYVIPOBOAHHKOM N-THNA, a APOTHRO- .
NOJOMKHBLT — NOAYNPOBOAHHKOM p-THna. Ckadd, Toitepep

n Ulymaxep B gaasnefinien CMOTJIH TakKe BHIACIHTE caMH
npumMecH. OHn HOK33aJH, YTO 3JeMenthy NATOH rpynner me-
PHOLHYECKOH TaGAHLB SMEMEHTOB Besn celsq KaK JOHODH,

H C HEMH TIoJlyqaJ/iH MaTePHAIL -THNA, Toraa Kkax 9JIEMeH-

THL TpeTbeli rpynnbl ABAAINHCH AKUENTOPaMH H NPHBOAHIH

K Marepuaniam p-tuna. B 1946 r. 6puaa co3flaHa rpymnna
npn Aaboparopun «Beas Tenedon» so raape o Yuapamom
lokmn. Heenenosartenn PCIIHIH OCTAHOBHTE CBOf BHIGOD

Ha KpeMHHH W repMaHnH, a He Ha Gojee IHPOKO HCMOJIb-
SYEMBIX OKHCJIaX MeflH H UHHKE] Taxoj BbIOOp Gblr 06y-
CJOBJICH ABYMA 0OOCTOATENbCTBAMA: BO-NIEPBLIX, ¢ 3JeMeH-
TaMH OblJIo Jerye paGoTaTth, wem ¢ COCAHHEHHAMH; BO-BTO-
PBIX, Ka8K TOBOPHJIOCE Bbllle, COOTBETCTBYIOLLAS TeXHOJOTHS '
MATepnaios GWia ykKe AOCTATOUHO pa3BhTa 2

S

! Sta tennenunn Guaa HCNOAB3OBAHA Gosee monpo npiMepHo |5 ger
COYCTA NpH paspaforke crnocoba OUYHCTKH, Ha3klBaemorg MeTonoM 30H-
Holl maaskn. B stom merane sona N1ABJIEHHA Nepexsuraetes or oanoro
HoHua crepxas Kk mpyromy. [pumecn mmeior TEHACHUHIO OCTARaThCH B
S0HE PACIIaBA W TakiM OGPA30OM COBMPAIOTCH ma OlHOM Kouue. [losro-
PAA TaKHe <«NpOXOAbi», ¢ NOMOWBIO 3TGra METONa YAAETCH NOAYUHTE,
COIHH H3 caMBuix YHCTHIX Ha CEroaHAIIHN IEHb M:]IL}[]HEI.-‘[UB_ L

? Pasymeercs, ue mes paGoTa BummoaHAMach, B naboparopusnx gup-
M «Benns. Baxuse sraais — gak HAYUHEIS, TAK H TEXHOAOTHYECKiE —
BHEC/IH TPYNMLE Npit ¥nmsepenTteTe I'lspl,l.mm H MaccaiycercroM Texposo-
THUECKOM HHCTHTYTE, a Takie HRMIHHCKHE HCCHCLOBATEIN,
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[TprMmepHO B 5TO BpEMA CTAN0 ACHO, HTO c:,‘tuecgaylno‘nnan
fe0pHs BLIIPAMJICHHA TOKA He BIO/MHE ajeKsaTHa, L[.;:.ra“.-m.m
i10fl TCOPHH, BHIDPAMJIONICEe LEHCTBHE KOHTAaKTa ,].[J...-I.I\__lllu
fisls1o 3aBHceTh OT paboThl BLIXOJAA SJIEKTpOHA H3 Mi‘hm."nd.
W10 He NOATBEPIKLAI0Ch IKCHepHMEHTaJbHO. TCIO])IEH npea-
(Ka3piBada Take CYHIECTBOBAHHE KOHTAKTHOM pa3HocTH
cHOHAJJ0B Mexay KPeMHHeM p- H n-THIE, He g()]-m[yll,rl.
JkerHoil B axcnepumentaX. Hakonen, s COOTBETCTBHH C sTOf
[COpHeR, KOHTAKT MeXaAy JABYMA []().'[)’Hp[}li())_lli%[f.s.j':].l.\{ll' ILI:i
0/HOTO MaTepHa.Ja, Ho pasHoro THna (p- u r1‘~) J!U.-l.fh.L‘_l!i._Ub[.I
CAYAHTE XOPOUIHM BBIIPAMHTENEM, TOTAA KaK B ,[l.LHL_I'lfil‘
[eJIbHOCTH MOAO0OHBIH KOHTAKT CXOLEH C JABYMHA BRJAIOUEH-
HBIMHA HaBCTpewy Apyr Apyry BbIHPSTUMIITC.}'[HMII._

U eule oauH 3KcrepHMEHTANBHLIE (AKT Kasaiucs Ha nep-
poiit Baraag venouarHsM. Hlokan npeanonoxun, uro ‘”"mf?q
0GbeMHOr0 3apAfa MOKHO YNPaBJfATE NPH NOMOLILH '3.1‘51.\-
TPHUECKOTO TOJS, H ecJH 00paserl HaCToJAbLKO TDHU[\.,‘JEO
ITOT CJION cocTaBAAeT 3AMETHYIO €ro 4acTh, TO 3TO ll_UJT:Et(.I[U
NMPHBECTH K H3MEHEHHIO TOKa, TEKYLIEero BaoJhb HDBEPM'[DCII.[,
i ero ycuieHnio. bolir nocrasien IKCIEPHMEHT, O'IIHE!]\D ero
pesyibTaThl He ObiH OMYOJHKOBaHLI, IOCKOJBKY aqfqaem
OKazajicd ropasfo MeHbllle, YeM 0)KHAajoch BHavade!, -

[Mozanee Bparrefin nucam: «[pynma B wenom rlocTe
MeHHO OCO3HaBa/ia, NTo BCE 3TH peray.rlma'ru' HMeJH Hegma-
pyio obmyw TMPHUHHY, H HMEHHO Eapmni }cnemup 0 biiC-
HHJ HX, NOTOJHHB DPACCMOTpEHHE Hieel NOBEPXHOCTHLIX
COCTOSHHH 2. DTa Hiaea COCTOMT B TOM, 4YTO 3JEKTPOHEI 31
XBATHIBAIOTCA MOBEPXHOCTHIO NOAYNPOBOAHHKA H (’JlH npn,}n:
AHT B paBHOBECHE CO CBOGH MOBEPXHOCTBIO m, roro, '}1\13;:
oGpasel, NPHBOAHTCS B KAaKOH-THOO 3sJeKTpHUECKHN 1: i
takT. 10, pasymeerc, Npeanojaaraer Ha/m4Ae B Hulﬂ}ii-”
BOAHHKE cj10A 00BLeMHOTO 3apsaa, PABHOTO M0 BeJH i“,“;n'f
MPOTHBOMOMOMKHOrO M0 3HAKY 3apany, 3aXpaueHHOMY L: :
BepXHOCTBIO. Clel0BaTeNbHO, sl;ialellciﬂltﬁlIa.-‘tempocra:rl-: oe=
CKOTO NMOTEHIHAJMa MEXAY BHyTpeHaHefi 06JacTbio NOAYIp

!-3nech aptop mOnycKaerT OMHGKY. pEﬂ}.’.ﬂbT?T[ﬂ 3Kc_11:3p11:'.te1:;~]z:1m;r:j:
JH, TPAKTYeMLIE B paMmKax MOASAH, ROTOPAA }'—II!\T‘I-.:IBH.I:JSHﬁ.U'ii‘kh:.I W
I-I'E'!"JXHD'.’.‘TH_GTD 3apAmla, OBiSTH P"}'ﬁ."lIIKOBﬂHhI B LT:I}'_}.;t]!u"C ec‘j = o
Pearson G. L., Physical Review, 1948, 74, 232. — Hpun, pcubmmmu

2 [TousaTmie NOBEPXUHOCTHRIX cocToAnnfl Ouno Bneneuolue‘ ,I;H illl)-
rogami pausuwie M. Tammom 8 CCCP {}'AOCT::JE!}fm:m Bno'c;::;(:}ic r::a“a““r._r‘
GeneBcKoH npeMun 3a paGoThl B oﬁ.1acjf; HCmyCKanHA iec:rlgél' it
HOMO H3JAYHEHHA HaCTHILAMH, f}h[(‘TPU ilUFIrl\}mJI‘Mil;ﬁ B BEI_I_[I 4 LUEJK”I,
TEM H3IYYyeHO MHOTHMH HCCAEHOBATENAMH, B NEPBYIO Ouepen KT,
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BOMTHNEKA H er0 NOBepXHOCThHIO, HeoOXOMAMOR A8 BHNIPAMI
HHUA, ABAAETCH CROMCTBOM T[D.‘TYFEPOBOILHHKE‘IFI[ ero I'II:JB(! 4
l-ll___=C"I'II HE3dBHCHMO OT HaJHUYHHA KOHTaKTa C M{-_‘THI.TIJIONI» ¢
.:}TD NpeanojJoxKenne He TOJbLKO 00BLACHATO HE"iEll;HCH
MOCTE BBHIIPAMIAIOUICTO AeHCTBHES KOHTaKTa OT I'Iijilpﬂ

metaana. Ono oObACHANIO TaKkKe Heygaqy Hecaeaosareaeis

NpH HONLITKE O0BICHHTH apext posneiicTers nods IHHEKs
THBHO 9KPaWHPOBKOI BHYTPEHHEH YacTH HOJYNpOoBOAHAKA
9JeKTPOHAMH B NMOBEPXHOCTHHIX COCTOSHHUMAX, (

, LAATTL

I‘F[’Q{{f,kg,ﬂ.l Cxema .yl'JOBHE’]“I SHEpPruu naq coctosuuft Ha u BOaAH3H noBepx=
T4 NOJYNPOBOHHKS, YYHTHBAOIAS TOBEPXHOCTHHE cocTosinu [ PhYS
Reo., 71 (1947), ctp. 722, puc. 3]. 3

OcnoBHHEe XatecTBeHHEIE YEPTH TEOPHH TMOMOraeT mo-4

HATL puC. 9.3. :

«Husniee cocrosHne (IHO) 30HH TNPOBOAHMOCTH M BHE=

[llee COCTOAHHE (MOTOJIOK) 3aloJHeHHOH BAaJICHTHOH 30HEI

NOJYNPOBOLHHKA pasieleHbl SHEPreTHYECKOH WIEJbIO €

[Ipexnonaraeres, 4TO pacnpeje/edne NOBEPXHOCTHHIX c;:
CTOAHHI TaKoBO, YTO OHH He JalT CYMMapHOro 3sapsia

eC/IH OHH 3aTOJHEHH IO YPOBHS £g, HAXOMSIIErOCS HiKe
sonsl mpoBoaHMocTH. Ilockoasxy ypoBeib d)epmf-r nepece-
KaeT MOBEPXHOCTh BHIILIE YPOBHA £y, NOBEPXHOCTh Oy1eT 3a-
psizkena otpuiarensHo. Coorsercryiomnit 3apas o6ycioB=
JieH 31eKTPOHAMH, HAXOASIUINMHCS B COCTORHHSAX MEXIY €g)
H YPOBHEM Pepmu. PHCYHOK OTHOCHTCH K rm..wnpoBomf}m};3
¢ H3OHTKOM 3jaekTponop. [CHOcKa aBTOpoB K 3Tofi (pase
raacnT: «Taxofi moJiyNnpoOBOAHHK, NO-BHAHMOMY, Tpolle pacs
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gMaTPHBATH, YeM NONYMPOBOAHEK, oOeHEHHBIH 3JEKTPO-
jun. BrpoueM, Bce peaydbTaTH, NOAYUCHHEBIC sl OAHOrO
¢aviuasi, TPEMEHAMB B JJis ApYyroro HpH COOTBET CTBYIOLLEM
11 vicHeHHH 3HaKoB HOCHTeJeH sapapos»,] B obmeme mony-
1hoBOIHHKA YpoBeHh PepMH paBeH SHCPTHH £ u pacnona-
‘noTeR HIDKE 30HB npopoguMocth, O0aacTh oOBeMHOro 3a-
pijia NPOCTHPAETCA B ray6b NOAYNPOBOJAHHKA NPHMEPHO
ia paccrosHie [ 0 HPHBOAHT K pocty MoTeHLHANBHOR SHEpP-
rny Ha HO]EEP.\HUCTH Ha BEJHYHHY ¢o.

BeqHuuEa ¥ IPOTAKEHHOCTb OOBEMHOrO 3apaid BHYTPb
o1 cBOBOAHOM TOBEPXHOCTH ONMpefeNaercs MIOTHOCTLIO no-
pepxHOCTHLX cocTostHufl. [Ips HYJIEBOM BHEIIHEM noje To-
ocHTeNbHEL OOBEMHBIl SapAA MOBHINAST IOTCHLHAT no-
ponXHOCTH HA BeJHYHHY, JOCTATO4HYIO /14 KOMITeHCALHH
07pHILATE/LHOr0 TOBEPXHOCTHOTO aapana. Hem Gombiie 00-
J20Th TOJOMKHTENLHOTO OOHEMHOro 3apsia, TEM BHILIE (o
4 Tem MeHblle OTpHIATENBHLIH 3apal IIOBEPXHOCTHHIX CO-
croannf. [IpH HEKOTOPOM 3HAHEHHH Qo ofe BeJnYHHL CPaB-
HA10TCA, H 9TO 3HaueHne OyleT paBHOBECHHIM?.

XoTl B MOMB3Y 3TOH TEOPHH CBHLETENbCTBOBAH HEKO-
TOpHE YiKe H3BecTHHIe daxTH, MKeJaTeabHO OLIIO HMETh
loBHE 9KCIepHMeHTalbHEe MOATBEPHKACHHA. OpnH H3 9KC-
IepHMEHTOB OCHOBLIBAJCA HA npeAnoJoiKeHHH O TOM, HTO
yHCI0 MOBEPXHOCTHHIX COCTOSIHHN Ha eAWHALY SHEpTHH
7oJpKHO OBITH NPHMEPHO NpPONOPIHOHANLHO KOHUEHTPAILIH
JOHOPHHX HJH aKIENnTOpHEX COCTOANAM; CIELOBATEJBHO,
paBHOBECHOE SHAUEHUE Qo 3 clIe0BAaTeNbHO, H KOHTAKTHbLIH
[OTeHHHa] NPOBOJHHKA TAKKE AOKHDL zapHceTh OT KOH-
[eHTPALHH JOHOPOB HJIH AKIENTOPOB. STto npeAnoJoxenne
w10 npoBepeHo B pabore Bparrefina u Hlokan, pesyib-
raTh KOTOPOf GbiiH ONYOJHKOBAHE B nHcbMax B pelaKIHio
xypuana The Physical Review.

«BHAN H3MepeHkl KOHTAKTHEIE NOTEHITHAJE HEKOTOPBIX
noBepXHOCTEH KpeMHus f- H p-tinos. Yucao MOHOPHBEIX
I aKNENTOPHEX NPHMeced B KaKI0M obpasiie Onpeeaaoch
10 M3MepenHam 9/ICKTPHUSCKOH NPOBOAHMOCTH H nocTosi-
nofi Xoanal, Buaa oGHapyzcHa ROppeasuss MexKay KOoH-
ienTpaNyeil IPHMECH H KOHTAKTHEIM noTenuanoM. Kaxaas

! Mocronigas Xoana — 310 KospdHUHEAT npoNopUHOHANEHOCTH Me*
sy BeawqHHCfll NOmepesHoOro SMeKTPHUECKOrO Nojisl, BOIRHKAioWero B
stherte Xonna (cm. NpEM. Ha CTD. {70), B nNpoM3BELCHHEM MAOTHOCTH
Toka 1 MarmsTHOro moas, E = RyjH. Beauanaa Ry 00patio nponop-
[HOHAJbHA KOHUEATpaunn HocHTe e,
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NoBepXHOCTE obpabaTupanack Tak, 4To OmIa NIOCKOMH

aateMm cjerka mangorpaaach MopoIlKoM KapOuid I{IJOMS;I{
npH NOMOUIN neckocTpyfiHoro anmapata. Koutaktewit ng
TEHLHAJ] H3MEPSICH B BO3AYXe, B BaKyyMe mocje OTHHIH
npu 400°C, B asore BEICOKOH YHCTOTH H 3aTeM cHOBA W
Bo3jtyxe. Pesyabrara npuseaeist B8 tata. [9.1]. Daekrpol
CpaBHEHNST OBl CAGJaH H3 MJIATHHEL, BEJHYHHA PalOTH nhls
\f),"u“:-'l{l'JTf'rp['_'-H, MO-BHAHNMOMY, HAXOAHTCA MexAy 4 o 5 BB,-
B raauue npHBeeHn cpefliiie GaHHLIEC N0 HECKOJLKHM M8
MEepeHHAM, HMelllHe TouHoeTh nopaaka 0,02 B. !

Tatauga Sl
Koutaxthue notenuuaam (B) nan mexoTopuix '
KpeMHHEBKX II{JJYIII]DBDJ'[HHKUHNX E'I{-)pﬁill.lﬂll
noche IJH'.‘-.]HLlHﬂI'l Oﬁpﬂﬁﬂ!l{ll HX NOBCPXHOCTH
[Phys. Rev., 72, crp. 345, taba. [ (1947)]

Tun neay- Baaxyyme -

npoBGI- npi noc.ae (Tocre mpE
by I'."p:\:' - " LIJlI!I_“ll”ﬂ L]
CROM GOTKH I BoaAYAes

P 8,7 3 100 +0,31 —0,27 —0,19 0,07

P 15 X o= 4035 | —018 | —0.10 To1a

ﬁ 6.5 X Ig” +030 | —ol0 [ —009 | 4017

n 6,9 % 10 Toz | Tote | Your | 0%

n 69 x 108 +032 | 4016 | +027 | -+0.34

n 23X 1018 +037 | 4027 | 4035 | 40,39

] 9% -+0,37 -+0,30 -+-0,37 40,37

...Ha ocHOBe KapTHHBI NOBEPXHOCTHHIX COCTOSIHHI Cleq0s
BaJ0 OXHAATh, 4TO KOHTAKTHLIA NOTEHUHAJ Mexkay obpad=)
HAMH KpeMHuA n- W p-tunoB O6yjgeT Bo3pacrath 1o Mepe
YBEJIHYEHHA OTHOCHTENBHOR KOWIEHTPAIHH npuMecei, NpH=
bamkasich K 3Havyenuio 1,2 B (mupnuna :;ar:pel.uel{ﬁof; 30HLL
KpeMHHA) KaK K npefeilbHomy. aHHBe TaGIHIH NoKa-
3HIBAIOT, YTO mocde TepMoobOpalOTKH B BAKYYME KOHTAKTHAA
PASHOCTH MOTEHIHAIOB MEKAY ABYMS THIIAMH MOJIYIPOBOA-
HHKOB JeHCTBHTENLHO BO3pacTaeT H IQCTHIAeT I'EOpI!,’tE::a
0,6 B nna cayuas KoHTakta KpemHus p-tuna (5,7-102° ag-
ientopoB) u n-tHna (1,9-10%° nonopon). INo stum manHEIM
MOMHO OLEHHTb, YTO IJOTHOCTb TOBEPXHOCTHHIX COCTOS-
HHH B KpeMHHH paBua npubanmkenno 10'%/B-cm?s.

Teopun ykasana Taxike Ha BaXKHOCTh NPSMOro H3YUeHNHS
NOBePXHOCTHHX cpoieTs. OaH0 H3 HHX, HAsLBaeMoe (oTO=
JAEKTPUECKUM 3(hhexTOM, COCTOUT B H3MEHEHHH KOHTaKT=)
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(oro noTeHiHana npu ocsewiennn. HemocpeACTBCHHO BCaenR
. nncomoMm bpartrefina n llloxan nocienoBasio MHCHMO
hparteiida, rae coolliafloch 00 HeCHeOBaHHH YKasaHioro
ipexTa.

Ha OCHOBAHHMH KAPTHHB NOBEPXHOCTHBIX COCTOFHHIL
(AC/1yeT O¥HAATh HANHYHMA ABOHHOrO €108 Ha cBOOOAHOH
lOBEePXHOCTH MOJYNPOBOJAHHKA, NpHYEM N3ORITOUHDIE 3apal
l0BCPXHOCTHHIX COCTOAHHMA OYJeT KOMNEHCHPOBATLCA paB-
LM €My MO BeJHYHHE H NPOTHBOMOJOMKHLIM 10 SHAKY 06D-
eMHBIM 3aPANOM HoaynpopoaHuKa. 1Ipn HH3KHX TeMnepaTy-
pax Tpebyercs 3HauWTe]bHOE BpeM# A YCTAHOBIEHHHA
NABHOBECHA MEXK/y NOBePXHOCTHBIMH COCTOAHHAMH H 0O0-
1cThio 00bemuoro aapana. CiefopaTedbHO, 3EKTPONDLL HIIH
\pKH, BO30yacaeHnnie Onarogapsi RNOTVIOUCHHIO CBETA
BOJM3H TOBEPXHOCTH, AQJMKHEI HApYUIHTH PABHOBECHE. 210
japylienue NPHBEET K TOMY, UTO 3apsii MOBEPXHOCTHEHIX
cocTos U cTaHeT OoJiee NMOAOKHTEIbHBIM [A1H NOMYTIPOBO/L=
HHKOB M-THMA K Oojee OTpHUATENbHLIM — AR TIONIYIPO-
BOJHAKOB p-THIIA; TAaKHM 06pa30M, NpH OCBELIEeHHH NOBEPX~
{OCTH H3MEHHTCS KOHTAKTHBIH [OTEHIHAT. [penyoxennnit
JKCTIEDHMEHT TPOBOJNJCA HA KPeMHHH n- H p-THIOB H
epMakun n-Tina. H3amenenne KOHTAKTHOTO HOTeHIHa 4
Hon geficTeesm csera mpn Temmepatype ~ 120 K cocras-
1510 +012B nas xkpemnust n-tuma, —0,08 B mas kpem-
uus p-tuna u 40,02 B ann repmanud n-THOa. HameHenusn
jMe/IH NpeAcKa3anHbifl 3HAK H TPOHCXOAHTH MITHOBEHHO TDH
1ajeHWH cBeTa Ha nopepxHocTb, C mpekpalneHHeM ocpellle-
{Ms BO3BPAT K PABHOBECHBIM YCJIOBHAM MPOHCXOAWT, KaK
oKA34J0Ch, B TeueHHe BpeMeHH TOpPAAKAa HECKOABKHX Ce-
kyHA. [IpH KOMHATHHIX TeMnepaTypax HC oGHapYKHBAIOCH
HHKAKOTO H3MEHEeHHA NOTeHIHaAa MOJ ACHCTBHEM CBETA».

B cooeit HoGenepckoft JeKIHH Bapaus Tak ONHCHIBAJ
HCHOMABL30OBAHHLIE B THX 3JKCHEpHMEHTaX METOL: «¥ycra-
HopKa, TpHMeHeHHas Dpattefiiom AAf H3MEpeHHA KOH-
rAKTHOrO MOTEHIHANA H Hab/aojenns ero H3MeHeHHs IpH
ocBellleHHH, Moka3aHa Ha puc. [9.4]. DuekTpoa cpaBHEHHA
(0fbpuHO NAATHHOBLI) H3rOTOBJAEH B BHAC CETKH, CKBO3h
KOTOPYI0 MOMeT HpPOXOAHTh CBET. 3acraBuB  3JEKTPOL
RHOPHPOBATH, MOXKHO H3MEDHTH  METOA0M Kenssuna !

! Meton KeasBuua memoab3opaica Muninkenom Aad HaMepenns
KOHTAKTHLHIX NOTEHUHAIOB B CBA3ZH C ero HHC‘IIE[}“:"'[&HTB.\IFT 11a FIFEJTGB.'ICI\"

tpiyeckomy sthenty (cu. Tpurr [k, ¢Pelanine SKCHEpHMEHTLL, M.,
«Mup», 1974, Ta. 7).
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rcmlmn{mmﬁ noreEnuan. Ecow cper noaxoxsmel wac '
flalaer Ha mopepxHOCTL, a SMEKTPOA HENOABHKeH TO |rT3[1)\'tr
HECHUE TIOTEHIAaNa NPH OcBelleHnH MOMKET GWTbL H3Me EH
o Il_ji!\.I{Jilit_‘iiI]Iﬂ H(ETIEJ!'I.?:'\&‘E-[JIFI Ha I{GIL'I,I-_"”L'H'!'DDE» = :
r—.,]:?"m’u[ﬁ[—mr{“ HaroM, kak nucan Bparrein O3 1He8

I8 NOTHITRA «H3MEPHTh HAMeHeHHe NnoTeHnHaNA '
}—lvf.){"r;lf KPEMHNS HIN repManus Kak byHRIMI0O TeMnepaTyphll
R:ml,.lw_.n_;a.';lr:sf N2poB BOABI H3 BO3AyXa Ha xcn.‘-'mn.tlrm"r)?m
?.tt,l-}):rljll_mi.—llj {'IO._'I}'I_I]J"JJI‘ID,"IEIlllh’l Meurasa NpoBeIeHHID E'I(Cﬂepﬂ
THETE. 109T0MY  ObuI0 pemieno  mompoGopaths NOrpy3nTE

K gewmeme nig

e e :
:'E’ij;‘.aogi.“ C;L?-ﬂ\ﬁpzeﬁnpa Al HaMepenns KonTakTHol Pa3HoCTH moTeH=
sy L ee _Iclremm [IPH OCBeuieHHH NOBePXHOCTH [HoGeaenckua
AeKIiE no  (pHanke, 1. III, sayunoe Hig-no Elsevier, Amcreppan, 1064
erp. 335, puc, 2], . b

CHCTEMY B HENDOBOAAILYIO IKHAKOCTD. Veranoska Grina
I]IJI.fClIFOCﬂE.}.-'I(;‘IlEi K HBME‘{}UI-JEI'F'D KOHTAKTHOTO IiDTt‘iilU-[a.'!El-l il-
_r]mm—?ﬂ,ﬂ ! IPA NOTPYIKEHHH B JKHAKOCTh HaGmiona T0Ch
SHAYUTE/IbHOE M3MEHeHNWe BeJHUHHM nocjeanel l—fer-'com-
PHIE H3 ONpOOOBAHHBIX JKHAKOCTEl (ranpumep .B(Jﬂ&j He
UBUTH XOPOWIHMH AHINEKTPHKAMH, & SBASIHCL S1eKT 0JTH=
Tamu. Korga s ykaszan ma sty ABJIEHHA [wpwc;\:v fuﬂ
rpynnel, ¢pusukoxmmuxy] P. B. F'uGan, on rfpein?mc:v'm?:
Jf(?;i}ftﬂ-}f':HﬁCl'h H3MelerRHn NoTe’Huuaga Mexay }Iﬂl:i.{"p:\"ﬂi{;-
CTBIO NIONYNPOBOAHAKA H SJEKTPOAOM cpasHenns. Henous-
YA B Ka4ecTse KHAKOCTH IICKTPOJHT, Ham YAAI0Ch CliiTbe
HO VBedHuuTh (horo-IAC; namensa smak noTeHIHaa, I\m
('a_mrml Tak¥xe MoOHTBCH TOro, uyrto hoTo-31C ﬂ{!O."CO,'IIJl'IEl
1€pe3 Hy b H Naze M3MeHANa 3mak., Buulo npllaraai-ru: 41O
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HTO, MO CYIEeCTBY, W ecTh 3¢derT noasd, npeackasaHasdt
Hogmn. Mcnons3ys 31eKTPOAHT, Mbl MOMKEM MEHATL CMOM
00LEMHOFO 3apAfa H TMOTEHIHAN €O CTOPOHBI BHYTpPeHHEH
IIUBEEPXHOCTH NOJAYIPOBOLHHEA L.

C pesyasraTamu ObiTa O3HAKOMJeHa Bes Tpynna. One
NaiKAel yTpoM napy Auxed cnyers Bapawa samen ko MHe
r‘a0HHeT H NPeAJIOKH ONPeleJeHHYI0 TeOMETPHIO YeTpoli-
a, B KOTOPOM MOr OBITh HCNOAB30BAH 3TOT adipexT ycH-
wun. $ mpeanomna mofiTh B AaGopaTopuio H NPOBEPHTH

)

Yo famouird  smexmpod
+ nenmpamm
a-aun fﬁw}.‘r&t
-
( ﬁ.,) *

Puc, 9.5. Cxemarnueckoe Haolpaenne NEPROrO NOJYIPOBOJIHHKOBOTO

YcHnHTens, cosnauHoro bapannom i Bpatrrefinom [HoGedemckue peximyg

no dusuke, 1. II1, nayunoe uan-so Elsevier, Amcrepaanm, 1964, crp. 336
puc. 10],

510. Msl noxpeiin MeTta/aHuecKHll HAKOHEYHHK TOHKHM
cl0eM BOCKa H NpPHXKAalH ero K KyCKY KpPeMHHS p-THNE,
NOBEPXHOCTL KoToporo Omna obpaGoTana TakuM oGpasowm,
YTO NPOHCXOIHJ Tepexol K NPOBOLHMOCTH n-THHA. 3aTem
Mbl HAHECJH BOKPYF KOHTAKT4 KAIIIO BOAE H NOIBETH K Hell
snextpoa [cm. puc. 9.5]. Touka xoHTakra Gelaa H30AHPO-
BaHa oT BOJAE cjoeM Bocka. Kak ¥ caefoBa/ 10 0MHIATb, MBI

! Bapaun B cpoeil HoGenemcwoli vexuun Taxske rosopua: «Oue-
BHIAO, HOHW, NPATATABAEMEE MOBEDXHOCTRIO, CO3AABAAH OUEHL (OJBLIOE
Nnoae, KOTOpoe MNPpOHHKAMAD CKBO3L NOBEPXHOCTHLIE COCTORHHAD, H:‘EUL"I‘.’E,‘.},-
CTENA B]'-‘H'I'TE]’II[ YCTaHOBHI, 4TO 3TO HENpeOIYVCMOTPCHHOE HBTEHHE YKas
3LIBACT CKOPEe Ha HMIMEHEHHE MOBEPXHOCTHHIX COCTOAHHA No HefcTBHEM
NPHICKEHHOrD NOTEHIHAMA,
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"n_lrlfijﬂj HHIH, 4TO NPHIOKEHHLTe MEXKNY BOAOH H KpeMHHeM
CHUHAMB H3MEHSAIOT TOK, TeKYUIHA qepes meran 'TJI‘I{,‘(.'IH.I}G

ocTpHe HHH ! 3TOT JCHbL 6
PHC B Kpemuun ', B stor zenb Gonuto NOTYYCHO YCHACHIE

0o MolHocTH!»
men,q[{e;;r{wne OMHCaHHOTO yerpoficTBa cocTonT 3 CaeAyio
- MIeTALIHYECKOE OCTpHE C : ol
e, > CMellaeres B «o6paTho
:dl’l]l‘d[_li!.."l@l-lﬁl], d HMeHHO B TaKOM, YTo ]'[]lO'l'EK"ilOLﬁHﬁ T::;
1aJI. HACTHUHO 3TOT TOK COCTOHT H- : ,
: COCTOHT H3 3JeKTPOHOL (
HX Yepe3 NOBepPXHOCTHHEIE Cioil : : ronenucll
: AHOCTHHIH cloH n-tHna. ITpmjgow
IEKTPOJIHTY OTPHUATENBHO Cyucisiace i
IBHOIO NMOTEHIIHAIA VMeHLI:
/10 3JIGKTPOHOB B cJloe, 1 10 veMeneric
Joe, uTo obycaoBaeHo M3
. ' YCJ J SMEHCHHEeM -
BEPXHOCTHRIX COCTOSHHI (- el
; 3(deKT noas), u coor T
YMEHBIIAeT TOK Yepe3 me : enco aall
) . MeTa/liHYecKoe octpue, Y
TPOJHT MpOTeKaeT JaumL H HHBIA 'y o ool
‘ HYTOKHBIA TOK, H, TaK] i
30M, JNOCTHTAeTCH VCHJeH) & onmocrr o
YCHIeHHe Mo TOKY H no M
He no Hanpsmenuio). Bap; ¢ Smeaiel,
- DapauH oTmevan, urg
ONBITa OLLIO CYLIECTR b eopiin
; Jo ) E€HHO HCHOJML30BATL MaTepu:
LKA OYeHb XOpoliHe 06k : - Fesoicmel
) JUBEMHLIE 3IeKTPHYCCKHe cBofic
s s : \ * CBOHCTBa, a
e tI_TyigJ{aHuq:rT; HOTOK SJIeKTpoHOB B nonepxﬁucmbm
J M MOAH(PHKaUHH caMoro Mar
L ! atepHaga (uan
H3TOTOBJAAA CIOH n-THIa : ( el
B MaTepHade p-THma
MOLIBIO OCaXKAEHHS TITe el
JICHKH, B KOTOPOH MOABHIKHO
_ ) CTh 3JIeK-
TPD%DB 3aMETHO CHH3HJAach Ol Eav:
010) Tel
ﬂpOBE‘I():TiLiO::caH':TOT?aCCK?B Bparreitna. «Bapaun npepromun
: JOTHYHBIH 3KCHEPHMEHT Ha ,
! repMaHuH n-Ti
H 3T0 mano emie Jayvymui 3y i
* JIYHIIHA pe3yabTat. Onuako K
HCHApANACh, KaK TOJALKO VCTDOL : Soihiat
; JBKO YCTPOHCTBO Hat
vhes THHAJIO XOpowo pa-
; 4TO, MO nNpeLIoMKenu;
J 0 I'néum, mMpr 3a; J
BOY OOpaToM raumkouas i 0B R
M I JIf, KOTOPHIH [OYTH copce
paercsa. Mpyras npo6a 2 S
JEMa COCToRAMNa B TOM, 4 f
AOCTHTAJIOCh JHILL NpH A
IACTOTAX, MEHBII
BT A HX HJIH paBHpix
; ACHH/H 3TO MeIJeHHE § |
r : . M ICHCTRHEM SAEKTpO-
auta.  OntuManbubix ; o
Ma, X  Ppe3ayabTaToB yaajoch ;
o i : ) yaal AOCTHTHYTE,
um}éﬂbgosmwpo.mm- GBLIO TIpuAOKeHo NOCTOSHHOE m;;n;-
stéss ]_?pyuanpﬂg{e]me IPpH  HCOOML3OBAHHK repMaHun
: 3THX YCAOBHAX MH 3aM -
\ X1 eTHIIH, 4TO0 moj sjek
TpoidoMm obpasyverca ap ; Wi
3} 10AHAS OKcHAHASA nJaeHKa. M
UIHAH HAORMTL HA Ta e
J KYIO [JIEHKY HeMHoro 3oy
HIR Hamee 1 30J10Ta H pa-
JICE — TAK KaK TieHka H3OJHPYET 30JI0TO OT repMaHriﬂM

HCIIOJk: { i
b30BATL 30JI0TO Kak NOJIEBOH 3JeKTpOn u oGofTHCE

I A EURT nar
NMOMARYTHIA 31M8CH NOTOK 3apanos, Han TOK, eCTb NOTOK 3S/eK-

IPDHUB, B TEXHHKe 33 Hanpasaen TQ H Hi Pa Jenne, of-
i HE Kl DpHHHM aeTcna n B .
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saekrpoanta, IMocne o6pa3oBaHHA NIEHKH Mbl CMBLIN
ICKTPOJHT M HaULIGHAM 30J0T0, OCTaBHB B IEHTPE OTBEP-
Crie LA MeTalTHueckoro ocTpus. B pesyabTate NpoHcuies-
LIero 3aTeM 9JeKTpHUECKoro npofos MEKAY OCTpHEM H 30-
oroM ILEeHTp Kamil Oua ucropueH. Koraa ke KOHTAKT
epeMeCTHAHR Ha Kpdii 30J0TOr0 NATHA, OBl ODHAapYIKed
et a(exT; cMBBas 3JEKTPOJHT, MLl Hempe/BHACHHO
{ H pPacTBOPHMYIO B BOje OKCHAHYIO TLICHKY. [Ipm].-
0Ch 34HOBO HANBELIATE 30JOTO HA CBEXEZHOAHPOBAHHYIO
loBepXHOCTL repmanns, [loc/ie MpHAOKEHHA K 30J0TY HE-
(OBIIOTO MOMOKHTEAbHOIO [OTEHIHAAA NOABHJCA TOTOK
\LPOK B HATIPABJEHHH K MOBEPXHOCTH repmanus, KOTOPLIH
CHIBHO VBEMIUHA TOK, HAYIIHH OT repMaiHs K MeTdjlH-
: HaxoaAmemMyesa noi OOJBIIHM OTPHUA-

leCKOMY OCTPHIO,

reTbHLIM HOTEHIHATOM D> ; £irg
[locae sToft npeaBapHTeALHOl paboTl, pPeayAbTaThl KO-
He MVOIHKOBAJHCH, CO3/aRHe TPAaKTHYCCKH TOJEe3-

TOPOH o1
Oro yCTpPOHCTBA HA OCHOBE HA0JI0AAEMOTO sperta ObIIO

HoaTH RemabexuniM, OctaBasioch JuHmb pa3padoTaTh NOA-
takoro ycrpofictsa. BoT Kak ‘onuchisal
CVILECTBEHHYI0 YaCTh 3TOro ycrpoiictea bpartTeidn B Hi-
repBbio !, nannom uM B 1964 r. B LlenTpe ncropun GuankH
npu AMepHKAHCKOM (PH3HUECKOM HHCTHTYTC.

«TTocne obcyucaennit ¢ Jixkonom BapianauM Mbl pelinIn,
) Ha NOBEPXHOCTH H0CTATOUHO

NOAALUIYIO CXeMY

yTOo CAEAOBAJO YCTAHOBHTH .
GJAH3KO APYT K APYTY ABa TOUEYHLIX KOHTAKTa (Ha c)_cuuua-
HK TNPHUOJIHINTEABHBIX PACYETOB PacCTOAHHE MEAIY HHMM
Griso otteheno B 0,002 mwofima). Haumenbinne Henoab3onan-
Hele HAMH [Jf TOYeuHLIX KOHTAaKTOB IHpoBOJa HMEIH
0.005 mioEiMa B AHAMETPE, CISKHOCTh 3aKJ1049ajachk B TOM,
4To6E CO314Th B2 KOHTAKTa Ha MOBEPXHOCTH HA PaccTosA-
uun He Gogee 0,002 miofiva Apyr OT Apyra mnpH IOMOILH
o1ByX C]'IMMET{_)][‘HIO _'mr_1c'rpc~|i]11,1_\; [IJH']HI'.'I,"IQH ﬂIEElMCTPO:‘-l
0.005 miofiMa, KOTOphie He AOKHHL ObIM Kacathes APYT
,'1[)‘3'1'3. i) { ) %0

Mpi penfii 3Ty npobaeMy, NOPYUHB TEXHUKY BEIpE3at
13 MOAHCTHpEHA TPEYroJbHYIo MAACTHHY C HEOOMBIIHM y3-
KM ¥ TLUIOCKHM KpaeMm i MPHKPenHjH K jeMy Kycouek 30/10-
toii ¢oawrn. Ilocae TOro Kak ¢doabra Hpia npofEHo n'pn:
KpenJeHa, npocyuleHa # K ee KoHlam MPHCOEAHHEHE KOH
TakThl, § O4YEHb AKKYpaTHo paspesaid OpPHTBOH S0J0TYIO

U Lurupyeres no Y. Baifinepy, JEEE Spectrum, 1973, 10, 24.
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(GOMLTY B BEpLIHHE TPEYTOMLEHKA TOMONAM, SI mor toungl
YKa3aTb MOMEHT, KOTZa § pasie/tnsn 31y hoasry. 10 GHul0
BCe, 970 41 cfeaal. Sl ocTopoxuo pesan GpuTeoil 10 Tex nap,
1IOKa LIellb He PA3OMKHYNACh. 3aTeM 51 YKPEIHa Bce yveTpoiis
CTBO Ha NOPYIKHHNE H IOMECTHA ero Ha TOT CaMbil oGpasen
TePManns, KOTOPHIi OW/ 3apaHee aHOAHPOBAH, O HaXOs
Auica Ge3 ynotpelaenns NPHMEPHO B TeYeHHe Hejel,
51 oBHapyxua, uto, Koraa s YCTaHABANBAIO €ro NpaBHJIbLHO,
TdK 1UTO BOSHHKa€T KOHTaKT ¢ OOEHMH MACTAMH 30,10TOM
(OJbrH, H eclH OAHH H2 KOHTAKTOR CIYIRHT SMHTTEpOM, 4 §

Tt Va ¥ A

Frapminen # | Honnesnon

fevepnmen N
cuetiana

Pue. 9.6. Cxema noaynposomimxosoro Tpucaa [Phys. Rev., 74 (1948),
crp. 230, pue, 1]

APYTOil — KOJIIEKTOPOM, TO f MOJAYY210 YCHARTENb ¢ Koad-
QHIHEHTOM ycniaeHHA 0Koa0 100 Bo Beewm 2BYKOBOM JHamna-
30HE YacToT».

Yenex GBI ToCTHrHYT 23 nexadps 1947 r., u o6 stom
Bapuun w Bpartrefin coolutmam B nucsme B peraKnHo
Kyprnana The Physical Review B mone Toro e roaa,
[Toapoduoe obeyxnenne puznyeckix MPHHIHOOB H 3JeKTPH-
AECKHX XapaKTEPHCTK YCTpoficTBa GBLIO IaHO HMH B CTaTbe,
ony6ankosannoi B The Physical Review n anpeJje 1949 r.
Huxe Mur nuTHpyem Hx MepBoe OHChMO.

«[IpunonnTes onucanpe TPEX3JeMEHTHOTD 3/JeKTPOHHOTO
YCTPOHCTBA, HCMOML3YIOLErO BHOBS OTKDLITHH NMPHHIIHI, KO-
TOPEIH OCHOBAH Ha NpHMEHEHHH MONYNPOBOAHUKA B Kate-
CTBe OCHOBHOTO 3/JeMeHTa. Y CTPOiCTBO MOMKET GHTh HCTOME-
SOBAHO KaK yCHJIHTEJNb, reHepaTop H AJA APYTHX Helefdl, A1s
KOTOPLIX OOLIYHO NPHMEHAWTCS BaKYYMHEHE 9JIeKTPOHHEE
JaMmu, YeTpoACTBO COCTOHT H3 TPeX 3JeKTPOJ0B, pasme-
UICHHRIX HA repManHeBoM OJI0Ke, KakK NOKA3aHO CXeMaTH-
Jeckd Ha puc. [9.6]. [Cm. Takxke ¢ororpadun na puc. 9.7.]
HBa us stux SMEeKTPOAOB, HA3LIBAEMEIC SMHTTEPOM H KO/I-
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¢ TOYeUHLIM KOH-

JIEKTOPOM, ABRIAIOTCA BhIHpHMHTL‘JIﬂl-IFI i

laKTOM W Dacnojiaraiorces B IIt_:J]OCpC-_‘I,C'[:HHiH()H U:I'lllj'occig:rjjl
wpyr oT apyra (0,0056—0,025 cm) Ha BepxHeH nm;gfpx..f_:.r .
Tpernit 3AeKTpoA OoablioH TAOULANH, u_\{-emrt;um HH3KOE
COTNPOTHB/EHHE, HAHECEH Ha OcHOBaHHE l-fﬁaza? ¥ S
Henoasaopadcs repMalHi n-THIA C umbmagm SIeK '!1‘
HOB M VAedbHEM conporusaennem nopsaika 10 Om-cm.. To-

'y

(1968)
viiad rpausncropa (a) [Phys. Teacfser,‘fi ( 8),
. 1E’?-FIEDE‘:]’Lp:{ILI:;:TpF[nLEJUEIUI'pm:JHn MoAedH TpaHiHcTopa B paspese (6)
oA . T_PJ‘E{,{S. Rev., 756 (1949), crp. 1210, pue. 2].

geunble KOHTAKTH H3rOTOBJAMMCh Kag #3 Boibppama, Tax
3 1cToil GPOH3LL...

3 likzﬁﬁgﬁ‘;pITU'-wtlm,[li-'{ KOHTAKT B nmc.wnorm“B.\.chTe ﬁ?
sMeKTPOAOM Gasbi o0pasyer BHIMPAMHTENL C B.L-J':.Uhl[;%joibl
paTHHM Hanpsaerwem !. BamxHoe sHaueHHe IL.-IS!H ?T:Hm!
YCTPOHCTBA MMEET XapaKkTep TOKA B MPAMOM Hampas/ ;crm:
Mg nonaraem, 9T0 HENOCPEACTBEHHO Y [MOBEPXHOCTH [:ZIHHDﬁ
JaraeTcd TOHKHE cZ0H ¢ NPOBOAHMOCTDIO p-THIA, CBAS3 ;
—_— 1 BI_;IJIp)I!\-lH'I[‘.'I'E'."ﬂ C BLICOKHM Oﬁs’)ﬂT]!N}t [I'.'!I'I'j.'-‘-!}Hl_?!_lHi-ll':l.\;:l.h ri;l.:.ll‘j\l_l::-lii-;.‘:
BBUIPAMHTENb, CROCOOHE BblIEpIKATD aucol-lme Ih'i”]‘-‘rhh.zB:]tuI}Jni_p .E[,mm-
HOe B HanpaBA€HHH, 00PATHUM N0 OTHOWEHHIO K nanp pony
CHaHuA TOKA,
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c ) |
I{t’r':lcflp]tj:::w:i Aeexros, B PE3yAbTaTe TOR, Hanpasienpne
10 OTHOLOEHHID Ko BCEMY 00O
i € 1 BEMY KpHCTaug
ABMACTCA NPAMEIM, B GOk tpnai
M, B OOJIBIIOH CTeNneHH co3aaeTes

T. €. HOCHTeTAMH, uMmeoLy y onae

. MH, MH ITDOTHBONMOJOMKHEI 3
OTHOUICHHIO K HOCHTEIAM. 0 e b
)THO! 0 JAM, OOBITHO HNPHCYTCTRY
GbITl:E BHYTpH o06Lema repmanus, gl d
ﬁ']lil;fc']{:ilfp}{lua TOUeYHRIX KOHTaKTa Pacrnonoxens oyenp

CPSR0 QIPYT K ADYrY Ha NOBEPXHOCTH ¥ K

pyr] ) HHM NpHJIONKe

NOCTOAHHOE MHTAIOMU[ee Hanpay : S

( AXKCHHE, KOHTaKTH OK
B3AUMHOE BAHSIHHE Apyr na a. W i ool

Ipy apyra. Umento 6aaro f
CTAHOBHTCA BO3MOMKHBIM. HCIONE: e yeioono
! Ab30BaTb NaHHOE YeTpofier

T r ! . S
i;ﬁbgmmerum CHIHAJIOB NepeMeHHoro Toka, BﬂeliTquec:{ag
Mua': MOMOLIBIO KOTOPO# 3TOro MozcHO A0OHTbCH, MOKa-
i'a;noxﬂﬁroﬁzﬁbe{g‘ﬁ]- K smurrepy NPHIOMKEHo IleﬁCI)JlblL[OE

HanpsiiKeHHe B HpaMoM Ha
MOM HanpapJeHHH -
TOpOe BLISHIBAET TOK B Heck ( G
CKOJILKO MMJAHaMMep y
Bepxnocte. K komnexropy C : g
L. Y NpHKIanblBaercs obpart
PRUATENLHOE) Hanpsikenue, sl
» AOCTATOUHO GoJblnOe st T
[ | J JI5 TOTO,
;1[1:1?{6&5;{;}:) KOJJIEKTOpa no HOPANKY BeNHYHHE! GEL paBHBIM
K;” JbIIE TOKa aMHTTepa. 3uak HANPSKEHHA Ha
a“iiieffm.pe TaKC!B, HTO OH NMpPHTArHBAaeT ABIPKH, HAVUIHE OT

MHTTEPA; B pesyabrare Goabuag 93aCTb TOKa 3MHTTepa

g{;})ﬁ;{g‘ﬁw 9epes Kouarekrop. IMocaenuui co3jaer ﬁ()-'thL!POQ
BJACHHe MM 3MeKTpoHOB, Tery :

. J » TEEYIIHX B MOJAVIDOROI-
?(;I::(Q'qf:'::'l’m{o OH [OYTH He LUPENATCTBYET NOTOKY ,}n;mr;:or—: ﬂB
o i KOJ—I_*I"«‘BI(T. Ecan, nanee, rox IMHTTEpa MOLYJIH-
E!}B s Hal:pﬁfv{\EHHE'M CHrHaJa, 3T0 npuBoaur g conm'er-
mTegéomemy H3IMEHEeHHI0 ToKa Koanekropa. Bruro obuapy

» UTO NIOTOK ALIPOK H3 SMuTTE : :
3 SMHTTEPA K KOJMJIEKTO
H3MEHHTb HOPMAaJbHBEII TOK 0 S8 e
J OT 043B K Ko/ekTo
HeM TaK, YTO HaMeHeHHe T g ) AL
OKa KOJJIEKTOPA NpeREiae
MEHEHHe TOKa smurrepa. K . oy
1 - APOMe TOro, KodJdeKTop Kak nrir.
HpHMIéTeJIb, BKITIOYeHHEIR B 06paTHOM Hanpanﬂeﬁﬂﬁagﬁ?ﬁ:-
RaeT DOJMBIIAM HMNeaaHcoM (10%—105 OMm) u wox;e:r 5]::1'1"1_;
;?Tr;'rlac.on‘aﬂBc BLIXONHO# Harpyakoit, HMewlleH Goabimof
nggj:g; Hz{ga ToayqeHa GoabWwaf Besnupna OTHOLIEHHS
PAKEHHS K BXOAHOMY — Toro
; \ ro e mopsaka
;{[giTgKr;;}mBmE%:;; HMHOENAHCOB BRINPAMJAIOLIEr TO'—IS‘IHDT(';
THOM W NpaAMOM Hampa
o6pasoM, BosHuKaeT : 5 mn i Bl
! COOTBETCTBYIO /CH T
2 ol e Yioulee yCHIeHHe MOILHOCTH
“0‘11}«11;:}1{10.'153}-'9 Lenb, n3obpamennyio na pHc. [9.6], yraaocs
J Th BBIHFPLIN B MOLIHOCTH Gonee 20 xb {r, e. Gogee
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wem B 100 pas); nonoGHHeE ycTpolicTBa padoTann xKak VCH-
HITeJIH APH YacToTax BIOTh Ao 10 M.

o obcrosTe/abeTBO, 4TO H3MEHEHHE TOKa KOJJIEKTOpa
IPEBOCXOJINT H3MeHeHHe TOKa SMATTepa, O3HAYaeT, uTo

10 3Ch HE TOJBKO B AHPKaX, HHMKEKTHPOBAHHEIX SMHT-
[epOM H 3aXBaueHHBIX KoJajaekTopoM. B moampoGHoil crarhe
{UTOPEl OOBACHAIOT 3TO CAELYIOULHM obpaaom: «Tor axr,
170 TOK KOJJIEKTOpA MOMKeT B AeHCTBHTENLHOCTH H3Me-
HiaThCHd  OOJlee 3HAYMTENLHO, YEM TOK 3MHTTEepa, CBA3AH,
KdK MB CHHTaeM, ¢ H3MCHEHHEM MPOCTpPAHCTBeHHOro 3a-
ana B GapbepHoM cjoe BOJIHIH KOJIEKTOPA 34 CYET ALIPOY-
I0r0 TOKa, MNPOTeKAIOIEero uepe3 Hepexoid. YpeauueHHe
IVIOTHOCTH OO0BEMHOrO 3apsifa W HANPAMEHHOCTH I10J4
oGneryaer 3MeKTPOHAM BHIXOJ H3 KoJJeKTOpa, 4To W HpH-
BOJAHT K BO3PACTAHMIO TOKA 3/€KTPOHOB».

B sTtoM 00BACHEHHH OTMEUEHH JiBa o6CTOATENbCTBA, KO-
ropnie MOCTeNeHHO HaYa/H BRIABIATECA B XOAE 3KCIepHMel-
rog. IlepBoe coCTOHT B TOM, 4YTO H3MEHEHHEe ILIOTHOCTH
HeOCHOBHLIX HOCHTeJed, X0T# H Ma/joe no aGcomoTHOl Be-
THUAHE, MOMKeT OKa3HBaTh CHJbHeHlIee BJHSIHHE HA CBOH-
cTBa BCero MaTtepuata B Lesom. Bropoe cBogntea K tomy,
UTO CYHIECTBEHHOH YacThlo AKTUBHOTO 3JeMeHTa Henn —
VCHIRTeAs A0JXHO ObITb HaJIHUYHE ABYX TPaHAMI, pasjena
(as: Mexly MeTaJioM H [OJYIPOBOAHHKOM M Memay
JABYM#A THIAMH IOJYIPOBOAHHKOB, jAdiKe MEemAy MEeTaaJoM
1 BaKyyMoM, 3TH rpasiubl ZOJKHB OLITh [AOCTAaTOUHO
OJHSKH JAPYr K Apyry, 4YToOH HEpaBHOBECHBIE NpPOILECCH,
BHI3BAHHEIE TOKOM UYepe3 OJHY H3 HHX, MOIJIH Henocpes-
CTBEHHO BO31EHCTBOBATH HA JABH)KEHHe TOKa Yepes Apyryio;
Bce TpH (Gasnl, pasfeleHHble TPAHHIAMH, JOJKHLE HMETh
sfekTponoasoasl. Jlas Toro uyroObl NOJHOCTHH) BHACHHTH
BTOpoe OGCTOSATEJLCTEO, NOTpeboBaNOCh HEMAalO BPEMEHH.
Onnako HMEHHO 3TO BHIICHEHHe H ofecnedHyo JajibHeRmui

nporpecc,
BenomuuM, uto Bapanw npemucsisana ycenex paboTel ¢

3JeKTPONHTOM HAaJHUHIO Ha MOBEPXHOCTH MOJYIDPOBOAHHKA
MOAHQHIHPOBAHHOTO CJ0H, KOTOPHIH OrpaHHUHBAET TOK
saekTporoB. OnHaKO Taxkas HHTepHpeTauus NOYTH CpPasy
Obi1a NocTaBjeHa Noj coMHeHnHe, oco0eHHO NOC/e TOro, Kak,
COrIacHO MoApoOHO# cTaTbe, OBHAPYIKHJIOCH, YTO €MOMKHO
1oay4aTh XOpOMIHe TPaH3HCTOPH, V KOTOPBIX MOBEPXHOCTH
NOArOTOBMeHsl OOHYHEIM 06pa3oM, Kak s BHOpAMHTeJel
C BBHICOKHM 0OpaTHEIM HanpazKenueM; NpH YCIOBHH YTO
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KOMICKTOPHEIH KOHTAakT (opwmupyercs smekTpuueckn!, Tae

KHE NOBEPXHOCTH He 00HADYKHBAIOT OBEPXHOCTHON NPOBO-]

numoct». I'mmoresa o ToM, yto MOAHPHIHPOBaHHEIE Mo«
BEPXHOCTHLIH CJOH He WrpaeT BaskHOH poOJH, NpoBepsalach
HECKONBLKHME cnocoGamn, HanGonee uYeTKHH M3 HHX OBUI
npepnoxen Illokan n Heaasnenmo ocymecteaen Jlsonom
H. llusom: Touks smurrepa m KOMIEKTOPA NPHBOAHINCH
B KOHTakKT ¢ NPOTHEANONOM HEIMH CTODOHaAMH TOHKOH mo-
JIOCKH repManis, W TaKoe yCTPOMCTBO 1aBajo TPAHIUCTOD=
Hulil sipext, cpasHuMEIL ¢ xeficTBHeM OPHTHHAJLHOIG
ycTpoiicTna,

L']EUJC'.\‘EHCI:\ paspaboTaTh SKCHePHMEHTH, OGBLACHAIOULIE
STO oOcToATenbeTno, Illokam mpumen K paceMoTpeniio
CTPYKTYD, COMepiKalLHX TPH CJHOH: HaNpHMep, MaTepHad
n-THO& MEXKAY ApyMmaA caoama p-tuna. O avMan o TAKHX
CTPYKTYpaX M paHbllle —OpaBia, He B CBA3H C VCHJNTe-
JIAMH, — HO Tellepb €ro HAeH OKa3adHch KaK HeIbad KCTATH.
Huddyaus HeocHOBHEIX HocHTenel B HEHTPANBHYIO 4aCTh
MOTJIa PeryfiupoBaTLCs NPHAOKEHHLIM K 3TOfl UaCTH TOTeH-
UHaJ0M, OJHAKO, [IOMAB B NEHTPAJLHYK YACTh, STH
HOCHTETH TIOUTH HeH30EKHO N0MKHE Ghian npoanddyHinpo-
BaTh Aanee cks0sp uee. B aTtoMm cocToHT cyumecTBO mpmHH-
HNA 1.];‘.1'.301'1:! p—#—- H n—p——n-Ti}:tual[CT-OpDB. [Tonpod-
Haf TeopHs Obia onyGunKkosana B 1949 r., a nepsute yenem-
HO paboraiompe ycTpoHcTBa MosBHAMCH B anpese 1950 r. 2
C rex mop TpamsHCTOPH € #—p—np- 1 p— #t— p-nepexo-
AAMH B 3HAMHTEJDLHOH CTENEHH BHTECHHIH TPAH3HCTOPHL! C
TOUEYHBIM KOHTaKTOM.

! Mpoueece snexTpRgeckoro (opmupoBanNs KOHTAKTA COCTOHT B npo-
MYCKAHHN 4EPe3 TOUKY HMIYIBLCOB CHABHOrO TOKA., QIHAKO HCTHHHAS
MpHPpOAA NPOHCXOLAINEro NpoUecca eme He BHACHeHA,

2 Tpausucrepa Thna A—pP—nn p—n—p pakTHUECKH He MOIH
OuHTh CO3NaHM 10 Tex nop, noka [. K. Tuas u Ix. B. Jlutta we paspa-
2ma.m TEXHOMOTHIO BHpPaIABANNA HPYNHHX MOHOKDPHCTE/I0R repma-

HA.

Fnasa 10

OMNPCBEPY{EHME 3AKOHA COXPAHEHMSA

Chenyer OTMETHTb, 4YTO OCHOBHEE YCHIHA (H3HKOB
BCerAa Hanpas/JeHs Ha TO, YTOOL NOHATH, KaK MeHseTcsd
[aTepHaJbHAA CHCTeMa ¢ TeudeHHeM BpeMeHH, NMPOHCXOJHT
JIL 3TO NOJ BJAHAHHEM KaKuX-Jubo BHemHHX (aKTOpOB HJINH
BCAeICTBHE BHYTPEHHHX B3aHMOJACHCTBHH MeMLy 4HacTaMH
| cucreMul. [lostomy Ha nepemil BarIAA MOMKET NMOKa3aThCH

HECKOJBKO CTPAHHBIM, YTO K HauboJjee Baj{HbIM 33aKOHAM
iIJI:I.iJlHI'I OTHOCATCH 33KOHLI COXpaHCHHH, YTBEpPXKI4IOLLHE,
4UTO NpH H3MEHEeHHH YCJOBHH B OYeHb IIHPOKHX mpene/iax
HEeKOTOpLIe BeTHYHHEL BooOlle He H3IMeHAIoTCs.

HEIL]{]F}U'[[—; JadK0OHOB L‘UK!JI—I]]&"J]HEI l'lJ[_"I'k'Jli'[' ]']['HE'}[\':[[' BCETOD
B TOM, YTO OHH COBEplIeHHO «HEUYBCTBATE/IBHE® K JETaJsAM
paccMaTpusaeMuix npomeccos. [lo c¢aoBam ogHOrO aBTOpaE,
$HMEHHO B caMOil He3aRepUIEHHOCTH M 3aKJYAETCH LEH-
HOCTh 3aKoHa. OrpoMHoe KOJMYECTBO PAa3JIHYHBIX TpPOIECH
COB OXBATHIBAGTCH OLHHM H TE€M }E KONMYECTBEHHLIM YTBEp-
saennem» |, OueBHAHO, OTKPLITHE KaJA0ro HOBOIO 3AKOHA
:.‘-"_I_‘{il{:lli(.‘llii}[ AOIIKHO DBEITHL JAegoM DTP(_H:"-T[IU[Hi BAMKHOCTH,
COOTBETCIBEHHO OTKA3AThCHA OT KAKOTro-THOO H3 CTAPHX 3a-
KOHOB Hepo3Momuo Ges camoil cTporofi apryMeHTanni,
B sTtoff rnaBe Mbl paccKazkeM, KaK HaKalJIHBAaldch TaKOro
pofia apryMmentauma (® uto nobyanio K 3TOMY) B cayuae
34KOHA COXpaHEeHUS BeJHYHHbI, HA3LIBAEMOH YeTHOCTHIO.

IToHATHE YETHOCTH TECHO CBA3AHO C pasJiHYHEM MEKAy
NOHATHAMH «JleBoe» H «IpaBDEes, a TaKKe HANHYHEM HJIH
OTCYTCTBHEM 3epKa/abHoH cummetpuit. Mup npupojs noacH
MPUMEPOB ACHMMETPHH «/JTeBOTO» W «NpaBoro», Ha4YWHaA OT
CTOAL KPYNHHIX (H Ha NepsBHil B3rf] HECYUIECTBEHHBIX),
KaK pasMelleHHe OpPraHOB Tesaa MJH HanpasJeHHE 3aKpy-

| Jra uarara 3auMcreomada u3 xmurm March R. “H., Physics for

Poets, McGraw-Hill, lnc., 1970,
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HHBAHHS paKOBiH HEKOTOPHIX MoOaMI0CKoR, A0 ZHaYHTeLHO
Gontee Tonkux u bnonoruuecky BaKHEIX ABJMenuil, kax OnNTH-
1ECKaA aKTHBHOCTH ! Muorpx OPTaHHYeCKHX Bewects, Qpe
HAKO Bce sty HPHMepHl Npenctasaniores CAYUATIHEIMH § He
OTpamanunmy KaKoH-auto BHYTpeHHef 4CHMMETPHH B 33-
KOHaX npuponu, Tax, moGoe ONITHYECKH aKTHEHOe BELleCTRO
MOXeT cyllecTsoBaTh p ABYX thopmax, NpHYEM COOTReT-
CTBYIOllHE MOJeKya ABIAIOTCH 3€pPKAMLHBIM OTpameHHeM
APYr Apyra u mpautaior ILIOCKOCTh monsipusaiuy g npo7TH-
BOTNOJIOXKHBIX HanpapieHusx 2 B 1o BpeMs Kak CYLLECTBYIO-
liHe B NpHpote Oprannzmy HCTIOTB3Y 0T, Hanpumep, caxap
/UL B JIeBOBpautaomely bopme (1. e, BpalleHue mirockocTi
NOJAPH3AHHE NPOHCXOANHT BNEBO), Her OCHOBAHHHA cOoMHe-
BaTECA B BO3MOMHOCTH CYIECTBOBaLKg OpPraHH3mMos, He-
NOJAb3YiouHx ero lIpaBoBpamaomy dbopmy (uan aepKaik-
HO-CHMMeTpHyRyIo popmy  moboro APYroroe ontHuecky
AKTHBHOTO GHOJIOT HuecKoro BEIlecTBa) ; Bo Beex APYTHX OT-
HOWEHUAX 5TH Opranuamiy OYAYT HaeRTHynm H3BECTHLIM,
Hubimy CAOBAMH, 3aKOHE Kaaccnieckolt Gusukn yu XHMHH
HHBAPHAHTHR OTHOCHTEJIBHO OTpamKenus CHCTEMDLI  KOOp-
Annar,

Hpuunng HHBAPHAHTHOCTH CBA3aHL 06HIYHO ¢ 3aKQ-
HaMH cOXpanenus. Hanpumep, saxoy COXDAHEHHA 3HepTHK
CAVICHT TIposiBiennem HHBADHAHTHOCTH busKHTeCKHX 3aK0-
HOB OTHOCHTeLHO Ollepanun capura po BpeMenn. B onpe-
ACJEHHOM CMplcTe AHAJOTHYHAS B3auMOCBsan HMeeTed u
A HHBapHanTHoCTH OTHOCHTEILHO OTpamenns npocT-
patcree. Ipencrasuy cede, HanpumMep, HATAHYTYIO CTPYRY,
SdKpenyiennyip g ABYX Toukax. Cobecrpennye KoJebanng
CTDYHEL MOTYT GriTh Klacenuunpopann no pyx CBOHCTBaM
IpH oTpamenyy OTHOCHTENLH HEHTPA CTPYHEI: HEYeTHEHe
FapMOHHKH He HIMEHAIOTCH, Torma kag HETHbIE — MeHAJoT
anakd. Ecap CTpyHe coobmnTs Hauanbhoe cMmeinenne, pe
H3MeHAlomeecy NpH OTpaednn, PE3YILTHPYIOWCE KoMe6]-
HHE CTpyHH Gynet COAePKATL TOAbKO HEYEeTHHE rapMounky

! ItuM repMumon 0003Ha4a10T croficTao PACTBOPA wan wugrofl
hase pemecrna TOBOPAYHBATE naockoeTs NOMAPHIAUNY cpera, npoxo-
ASLLErO cKBO3L Hpx,

* Heficteurensno, MPH ChuTe3e Takoro Beniectna H3 ONTHYECKH He-
ARTHBULIX  KOMOOHCHT noAY4aeTcd cMech NpaBo- W JeBaBpamarx
hopM B paspmx KoaHgecTpax,

* Tak, mo BTOPOR rapmonnke nepas NOJOBHEA CTpymE cMmelnens
BBECPX, TOrfla Kak npapag — BHH3; OTpameHe OTHOCHTENIbHO uenTpa we-
HACT HX 00JOMeHns pa ofpathule,
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IMEHHBIM TIpH OTpaeHHH.
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GyRKnMell THIb oamol M3 9THX Asyx popm. Takum ofpas
SOM, 9eTHOCTL NMpuoBpesa CTaTyc KBaHTOBOMO upCIa,
Bax#o ormernts, uto ccau CHCTEM# COCTOHT H3 pa3JiHYy-
HEIX YacCTeH, HanpuMep atoMa W Mogs H3JYYEHHAS, TO BOJHO-
Basg (PYHKIUHA MOMKET OLITb pencTasieHa B BHIE NPOH3BE=

ACHHA BOTHOBHIX QYHKUHA, ONHCHBAOWNY KAMKAVIO 1101e]

CHCTEMY B OTHenbHOCTH. YeTHoeTs mommoi) CHCTEMEI paBHE
IPOH3BEACHNIO YeTHOCTel ee vacTell, H COXPAHATLCA N0AKHA
HMEHHO [OJIHAA 9eTHOCTh, AToMm, NEPBOHAYAILHO HAXOAHEB-
WHiiCA B COCTORHIN ¢ MOJOMHTE/NBHOH YeTHOCTLIO, MOMKET
HCIILITATD NEPEX0A B COCTOSHHE ¢ OTPHLATEAbHON YETHOCTHLIO
(man naoGopor) Beaencreme HCITycKanus (oTona, HMen-
LEro OTPHNATENLHYIO YeTHOCTE, Takim 0o0pasoM, 3akoH co-
XPAHCHHA UeTHOCTH OKA3aJCA BECBMA LEHHHM 1S OnHCH-
HHA ONBITOB MO CHEKTPOCKOMHH MHOTOSJIEKTPOHHEIX aTOMOB
H Mojekyn. B cepeaune 50-x rogos stor 33KOH obpea
HOUTH CTO/Ib XKe CBAMEHHbIr cTaTye, Kak KJIaCcCHYECKHe 3a-
KOHBl coXpamneHus !,

[Tpnmepuo B 1956 r. 910 ocoboe noJoXenne 3aKoHA
COXDAHEHHA YeTHOCTH TNpPHBENO K 3aTPYAHEHNIO, KOTOpoe
OHZI0 BRI3BAHO 34ra10MHAIM TIOBEIERHEM JBYX BHOBb OTKPDI-
TEIX SJEMEHTAPHLIX YACTHIL, HIBECTHHIX Mo HA3BaHHAMH T
H 0. Hackonbko moxuo 6hito CYAHTh, obe 3TH YaCTAIH
HMETH OJHHaKOBHEe Maccw (985 mace 3NMeKTpoHa) H onuHAa-
KOBO2 CpeiHee Bpemst acusnn (~ 10-8 C), OAHAKO T-vacTHNA
pacllaianacb Ha TPH MHOHA, Torza Kak B-9acTiia — Ha
Asa. Kasanoch ouens erpaunmiy, uto ABe YACTHIH, GaH3KHe

1

Tor xe CTaTyc npuobpenn una APYTHX 3aKOHA, KOTOpHe CTamH
HIPaTh BAMHYVI0 poas AL ¢ BOIHHKHOBEHHCM KBAHTOBON MEXAHIKH:
XOTH ONH ¥ He ABARIOTCH IAKOHAMN COXDAHEHHA B CTPOTOM CMBLICIE Chn-
Bd, OHH B HEKOTOPOR CTenenn nuMemoT OTHOLICHHE K 3JAKOHY cOXpaHeHHs
HeTHOCTH. ONHH HZ BHX —3T0 3akon HHBADHAHTHOCTH WPA 3apsi0BOM
CONPAMENHE, COrMacHo KOTODOMY Ka#iOMY COCTOSHIID CHCTEME qACTHI]
COOTBETCTBYET APYIOe BOZMOKHOE COCTOAHAE, TOXAECTREHHOR nepBoMY
BO BCEX OTHOINEHHAX, 3a HCKIIOWEHHEM TOCO, 470 K2AMIAA MacTHIA CH-
CTEMEL 3aMEHEHA aMTHYACTHIEH.

HApyroii sakon = 31p 38K0H HHBADHAHTHOCTH OTHOCHTEALHO HHEED~
CHIl BPEMEHH, COTAACHO eMV, I KamIoro COCTOSSHHA CHCTEMBI Cyllect-
BYET Apyroe BO3IMOMCHOE COCTOANHE, TOXIIECTReHNOR NepBoMY BO Beex
OTHOUIEHHAX, 38 HCKJAIOYCHHEM TOTO, 49TO HaNpapiIenns Brex cropocTelt
H CIHHOB YaCTHIK IAMEHEHK Ha ofpaTHLE, TaK YTO TAcTHIL ABMraKTeH
B ofipaThyIo CTOPOUY MO TEM TPAEKTOpPHAM, KOTOpBE OHH HMeaH B
HOM coctosuEl. O6a sty 3akons HMEIOT MECTO H B KIa2CHUIecKON Xa-
HHKE, ECAH 3aMeHHTH KBAHTOBOMEXAHHYECKOE MOHATHE CUHTHMACTUY S
COOTEETCTBYIOMIHM KA4CCHIRCKHM AHAJIOTOM,
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HEIX 33 pacnanm t- y O-vactun, Ong BABOEM o0cyskaain
3TOT BONpoc B TeueHne HEeCKOJILKHX uequum. lT]'iI.’llJ.'HI K Bhl-
BOLY, 4To Maea Baoka e HIIeHa ocHOBanuil, y B xoge
O6CYXACHNA RoKMana Slira Qefinmap 3AABHA O Hell myl-
JAniHo. B otser Hyr CKasaa, 4To on u JIn Takie paccmar-
PHEQJIH 3TY Hael0, oanako ye OPHUITH HU K KaKHM OKoHuaz-
TGIBREM  BriBogaM. B xoge AHCKYccun Buriep, » cpoe
BpeM#a MepBLIM I'l]_:f.'LBHf-{}'lil.![iliull HIEe0 U’_r:\l_l&IIDF]’iH{ 'IG'I'H(}C']'H.
TaAKKe cordachacs c TEM, YTo, BO3MOKHO, oma je coxpa-
HAETCA B ciabpx BIanMoneficTrunx,

Bes commenns, TAKOH HHTepec K px PadoTe BaoXHORHT
Jln 1 flura. Bo seskoy CAyHae, oHH npoaosKany Hee/1e10-
BdThb, HACKOJbKO B ACHCTBHTeIBHOCTH X0poio ofocHosaH
SaKOH COXpaHeHHs YeTHoCT) Kak ynomunanocs Bhillle, sToT
J4KOH TepBoHaYaNLHO G BHIBEACH A1 s/eKTpoMarmuy-
HEIX B3anMoaefhcTeuil, 1 Taym €ro cnpasesnnBocTs Guiia Bre
COMHeHn#l. JIp y Gur O0HApYKHIN, Yo 3TOT 3akKoH mnof-
TBEpHAaeTCH W ana oweys CHJIBHBLX B3auMonefctaii, or-
BETCTBEHHLIX 3a spepuue CHIEL. Ho nackoanko ony MOLJIH
YCTAHOBHTE, Bee Npeanayune IKCMEPHMEHTRI, R KOTOPBIX
OCHOBHYIO pouib mrpan cliabhie RIAUMOACHCTRUS, Ghiyg T4-
KOBBHI, 4TO HX pesyapTar pe 34BHCEN OT TOro, BHMOMHSAACS
/Il 3aKOH coXpaHenns T€THOCTH n0is1 cnaforo B3aumoaefi-
CTBHA HAH HeT. DTOT 3akoy NPOCTO MpHHUMANCH, NOCKOILKY
A0 TOro, Kak Hayajs PAIBHBATLCH TEOPHS CRaGhix B3auMO-
NeicTBul, on YXKe nmoayuun nocratouang HEAeKHEIE nog-
TBEPKAeHS,

I'Io'-ﬂmr}.' JIu u Sur g CTaThe, ony0HKOBAHHORN B KOHILe
1956 r. B The Physical Review NMpeanonoxuiau, uro «pas-
FaJKy «Tay — TeTay Moxuo PaccMaTpuBath kak ykasaupe
H4 TO, 4TO Yernocts npu  cnaburx BIAUMOOEHCTBIAX He
coxpansercsi»  Ony fipenocreperann, onmako, 4TO «aTy
WICIO Helb3s MpumHHMATHL CINKOM Beephes, NOCKONBKY
Halllh 3Ranus oTHocuTennuo CTPAHHBIX YacTHI HenocTa-
TouHbl, Ona Momer guug, CTHMYJHpORATE AaJibHelllee He-
Clenosanne Bonpoca o COXpaHEHHH YeTHOoCTH. [Tosromy
Jn u HGur obpatuancs K AHaJH3Y MHOrHX BO3MOXKHLIX
IKCIEPHMEHTOR, HOTODHIC MOTAH Gl MOCJIYKHTE NPOBepKe
HX Opeanoaoxenuiy, u OMHCaIn Xapakrep PesyvabTator, Ko-
TOPBIE AOMKHE Ghiny NOIYYHTBCA, ecnn 6 YEeTHOCTEL JNeff-
CTBHTEALHO He coxpanmsnack.

Boabmunersog thitrnkog, NO-BHAHNMOMY, cuprtano npeano-
q0xenue Jlu n fpra CHHIIKOM KaTeropuynuy, uyrabn OHO
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nejieHnl HabJawaaeTcs acHMMeTpHa nmni.:l-.e_:l.pll;l _”._.uam._
| (180 —0) (8— yron mexnay OPHEHTALHSMH l.d.\{t. Sia0:
. IMTEKTPoOHa), TO 3TO JaeT OHAHO

pabor oaHOW H3

Lerocd Ajapa n AMMOYJbca i e
;tlru:ltc:c J(ﬁca::a TeALCTBO HeCOXPAHEHHA UeT I:f:tﬁl.l :][gc}: 1;{L1Tpla
pacnase». HMHbIMH cloBaMH, [peictaniM “LI:‘{'.‘.'l-L-\”'-[ Em.;-r])_\'
fl.."[)itt-:i-f'l']l[J'l'_'ll'i.'j!I[ﬂ TaK, 4TO BCE HX cmuslm .‘1:1:?...[)\.'::1.“ F‘;’E‘p‘tl-llmfl‘
TOT/A, eCJIH YHCMO 3JeKTPOHOB, ncn:\l unnm Re
noaycdepy, oramuaercs 0T YHCAF --]:“hj]-HI“:_.\'.--,-\-|m';[._--m:t--
E:'l-_'.\C- B HHMHIONW, 3TO A0JMHO JOKA3HBATL HECco!
YETHOCTH, . e IRV

SBIJI0 H3BECTHO, YTO MHOTHE $Apa MOryT TR T f L
.wHEJ-IL;I BHEUIHHEM MATHHTHLIM noJem i UJI::J‘J‘:,“:LbJT::l[i,'jlfl\g.‘\
(peKT MOMKET NPHHECTH MOJb3y JHIOL NPH O I

! Tun pamxuoakTHBHOTO pactiaia, NPH KOTOPOM SAPO  HCTYCKaer
SIEKTPOM. .

2 Crcrema nactuu, 06.13;
Ha3LiBaerca TT!').'I)]Jli[,',;)‘_l,u;:_-i-hll, SCaH

OPHEHTAIHA COHHOR, U
% Vkasamumi o iperT ABAKETCS KOCDS T T Reas e
SACKTPOHLI HTOMA, KOTOPBIE B CBOW OuEPEdb BJNSID g AAf

200K o AN d,

CHEPXTOHKOMY BIAUMOAEHCTBHIO,

ICHTOM HMDY.bLC4,

NpEHMyIIeCTBCHH AR

B Hell uMmeerca

none po3feNcTeyver Ha
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TeMIepartypax, rax KaK B NpoTupmgym Clyuae Teniozog
ABIZKEHHEe paspymger YHopsaaouennyg OpHEHTanuw. B 19
Bpemda B CIIIA CYINECTBOBAJIO Ay OAHO Yupexaenne, cngd
Co0HOe obecneyyty HEOGXoaHuMoe nag IpoBeneHns Takorgl
IKCnepuMenTa HH3KOTEMNepaTy puge 00opyaoBanie, — [ad
LEOHaALHOe Oiopo CTaHzaprog, JpHeT Ehui;sup, paborap=

LI B BOsruasraemofy p, B Xanconowm CeKIIHA 3TOTO Giopo,

Gbia B ypeae TeX, KT0o momyupy HOaApH3anHG AACD HYHLIM]
METOIOM, [ostouy By OprauHzoeang COTPYRHUYECTED ¢

HHMH, a Takmke ¢ ABYMA crienuannetamy 0 snepuofi ¢u-
3HKe — P, B, Xefiyopiom u A. 1. Xonucon,

B H3YMenns BHGpaay HYKIHD 60Cq, IIparTHueCcKy
HACANBHO moaxozspi; 0 HeckoabkHy npuaudam. On jye-
NYCKaeT kak Gerta-, Tag W raMma-aygu; 6o H3BECTHO, yTQ
ero MomHo NOARPHIOBaTS, MpHYEM cTenenp MoasipH3anny
MOMHO HaMepuTs g AHH30TpONKH raMMa-u3nyyenns (KO-
TOpoe uenyckaeres Ipenmymecreenno g HOJIAPHOM Hanpan-
TeHHH, 8 pe p SKBaTOPHAaNLHOR NAOCKOCTH) ; Hakouen, Kko-
6a1bT Momuo 0e3 Tpyna specry B COb nepuit-marnpe-
BOTO HHTpata. KOTOpYio yaasanocy OXJaxnars nourn ng
abecoaiotnoro HYJIA Meronom anmabatnyeckorg PasMarpy-
YHBaHuyg 1,

Onnako, gak OTMeYann arTopy, “IPH IPHMEHEHHN STol
METONHKY B fammpoy Cavuae mpuinsocy lIpeoaoseTs ase oc-
HOBHEl® TpyaHoCTH: CHETUHK GeTa-yacryy GlexoBano nome-
CTATL BHYTPL KpuocraTa A PaiMarunuusanng, g panno-
aKTHBHEe sapa AOTHHBL OBy Pacnoaratees B Toukom
IOBEPXHOCTHOM ca0e j ObITE HoApusOBansly. Ay Tpedo-
BaHHA BHITeKaloT us TOro, 4ro OeTa-yacThuy e CHOCOGH L
NPOHHKATEL g CROALKO-HUGY 11 Ooabiyio raybnuy BHYTPh
BellecTra, C.‘\!;'.\!BTit‘it’Cl\':'_'rC H300pakenye HHXKHeH vyacrn
KPHocrara nano mg pac, 10.1, a erp botorpadus na
pHe. 10.2.

«llnn o6Hapy®keny Geta-vyacTay TOHKHE KpHcTamg
dRTpauena nomemgercy BHYTPL Bakyymuol KaMeph mpy-
MEPHO Ha pacerostuuy 9 oy Ral Herounnkoy 60Co, Cger or

e

L Han 1APAMATHHTHOrO BemecTay MarauTHAg Hanpsxkennocrs H
HaMarumyeHuOCTH M COCTaBasioT apy conpamennpy TEPMOLHHA M-
CHUX nepeMenpmy, ARANOTHYNYIO AaBaennie P H o6memy ) HIEAILHOrG
raaa, IE(J‘J'FU\I\" TaK { J,"_.'J.!'l.'i]".-":’EL'JiOG JHII_‘JJIHE.‘(‘HHE‘ MK aer
TeMNepaTypy rasa, ammag HeCKOe pasMarnuunpapye LOHHKAET TeN-
NepaTypy TAPAMArHHTRON oy,
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HTHATALEE TPOXONHT Wepes cTeRMSHHOE OKOIMKQ 1 3as
10 CBETOBOAY AJIHHOM 4 ¢yTta [1,2 M] K tbm'r:}-;mod{if-
0, PAclO/IOKEHHOMY HAa CaMOM Bepxy KPHOCTATa; cres

e
: ; ~ C8emofod
W |
an st PmpylaK G
Nl (¥ Bargymai oo
II.
L& oM
% ,.‘!,:I Baryjibsespolamos
\ T e T
Jfgmga’exlag Mol crmana
PMGEHLTING2D AETRa e
ITEBMOMEmTa I

Pdpa oy ——_

Yeped - mazrie B L — e — EaB_,
Himpam = ),
No [

Pwe. 10.1. Cxemarnueckoe uzobpamenne muxHeld tia(:"r;i_alfmmrmm,
'[Irl;lcc.nbsés-a}mom B SKCMepHMeHTE € NoOTAPHAOBAHHLIM Co {P,J;,_rrx_g,
B Rev., 105 (1957), crp. 1413, puc, |

TOBOJL HMeeT (GopMy uworzipxqunirItrECKoﬁ CHHF;)?J”-'.I{TO C;JL;};
NeuHBaeT MAaAKCHMAJBHLEI C(JUP Cl!E‘.TB>'>. CCJ!C;’EOB-d e

'_{'" HIH, UYTO 9T0 He BaHAeT CYLIECTREeHHO Ha [)E’i.i[}CUJﬂlO-
LLlE?SEF::'nLU'C%iBI-IOCT'b CHeTeMBl. «Tmatensno NpoBepsaiceh
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102, DxcnepuMeNTAJLHAS YCTaHOBKE, ia u%'o_mpofr npoBOIHICH

Pc. 2. : axcnepMenT ¢ noaapH3gBaniom "Co,
cTERAANHBIL KPHOCTAT, BHBRLEHNGIA H3 OXTAMIA0MErs 1ip-

e pacHoAHeH B MR MACTH KPHOcTaTa, CHETTHIE &My
pnrra. Heroumme E" p‘3=1' TAOCKOCTH LOKA3AHM Ha PHCYIKE cresa. Ha 38auem mo,ie
yednsd B 1"”“"""-'""”“'“"-;: HCTIDAB3ORAHAER B MPOLECCE mapaMarHuTHOTD OXNa#Aeniin
BiAeH UU-'“'““’JL”5;';5'4'“,".-1“;_ [PoTo n HOXIUCH NPEACTARens A-pom L] G, By.]
joqcd MAarb{uTa & L
“Lg__xhd L
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lAHHe JIIOOBIX MArHHTHHEIX WoH TeMnepaTypabix adpex-
OB Ha eTabHABHOCTL CYETYHKa DeTa-yacTHl; HHKakoro
HINAHHA He Ouo obuapyxeno. s HIMEPEHHS CTeneHH
hoaspuasauny “Co yeranasaupanncs ABA MONOJAHHTE LHbIX
CILHHTHAJIAUHORHLIX cueTunka Nal, PErHCTPHPYIOWAYX raMm-
VA HIAYUCHHE; OAHH — B 3KBAaTOPHAJBLHOM INlockocTy, apy-
r0it — BOJAHIM mnomoca (omum loKasanel Ha doTtorpaduu
pre. 10.2), HaGmogaemasn AHH30TPONMSA ramma-nyuefi uc-
1101b30Baj1ack B KadvecTBe Mepnl MOASPH3AuMK, 7 TeM Ca-
MbIM, MO CYLUECTBY, H TeMIlepaTyphl... Ob6pasunt usrotog-
JAHCD M3 XOPOIIHX MOHOKPHCTAMIOB LUEPHIi-Marunesoro
INTPATa; Ha HX BEPXHIOIO NOBEPXHOCTS HapAlUHBaACs fono.-
HHTEJBHO CJOH KPHCTAMIa TONHHON oKkoJi0 0,002 mofima,
conepamni sapa °Co. IMoese NMPOBeAeHHS pasMaruuyy-
BAHHA MATHHT YGHPAAH 0 Ha HHAKHIO YaCTh KpHOCTaTa Ha-
/IeBANN BEPTHKAJLHEI codenonsy. Mmenno 3TOT COJIEHOMT
CO3naBaJ noaspusyiowee node. Becks npouece saHuMang
OKoM0 20 c. 3aTeM HauHHAJgach perncrpauns Gera- u
ramma-uanyvenus. IlogcuntmBanocs wumeno Gera-umny.in-
OB, NOCTYMABIIKX B TeYeHHe MHHYTH; aazee 40 o VXOHJIO
la 3a0HCh pesyibTata. IKCHEPHMEHT COCTON B MOBTOPEHHH
CU€Td H 3aNHCH Pe3yJbTATOR N0 Mepe pocta TEMIEpaTypel.

«Habmonanace Goapuan ACHMMETPHA OeTa-H3JyvyeHHs.,
Ha puc. [10.3) AHH3OTPONHA GBeTa- raMma-HajayueHmns
NpeicTasiena Kak Qyuxuns Bpemeny ! aus IBYX ciyyaen:
NOJIAPH3YIOUIEro T0JS, HanpaBJeHHOro BBEPX W BHH3. Mo-
MEHTLI HCTE3HOBEHHS GeTa-acHMMeTpHH i ramMma-aiH3oTpo-
IHE XOpollo cosnaaaor. Bpems ororpesa oGpasua cocran-
JA10  OOBIMHO OKOIO 6 MuH, # CKOPOCTh cueta gaq
Harperoro o6pasua He 3aBHCHT oOT HanpasjieHns nogs,
Habmonaemasn OeTa-acHMMETPHS He MeHSleT 3HaKa np
H3MEHeHHMH HaNpaBAeHHS NOAA, B KOTOpOM oGpasen pas-
MATHAIHBACTCH, 4TO YKa3bIBAET HA TO, 4TQ ACHMMETPHA He
CBA3dHA € OCTATOUHOR HAMarHHYEHHOCTbIO obpasnas,

ITo npusnanuio ABTOPOB, 3((EKT MOr OhTh BH3BaH 1
APYTHMH  NPHYHHAMH, KpOMe HecoXpamems YeTHOCTII,
Oxnaxaennas coap HHTpATa uMmeer ovedb GoJbliyio ami-
30Tponuio g-(paktopa. D10 03HAYAET, uTO ee MarHuTHHE
CBOWCTBA pPasAHUHBL s Pa3HLIX  HanpaBdeHHH OTHOCH-
TEIRHO OCell KPHCTANNHYECKOR pellietkn. «Fcan OCb CHM-
MCTPHH KDHCTalJla He YCTaHOBJIEHA MapajlienbHo noJapH-

! Kamaufi otcuer orsnafupancs s KOHLE MHTEpBana cuera,
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(I;.Lcéc;gﬁe ]‘::.BM'EPEHHI:]E CKOPOCTH CweTa TaMMa-cuerTuukon (8sepxy),
c;wqﬂﬂ. el cpennen CHROpPOCTH [AAS HarpeToro 0f]p33!]a (D nocienuem
i pocTH cgera o6OHX CUETUHKOB COBNANAIOT). PeayapTHpY it
i\L‘._}Jl,HIJlﬂLI]EIIT AHH3OTPONAHN, T. €. OTHOWIEHHE PA3HOCTH CKOpOCTeH cuera
.j;:s.amplia.ubﬂoro (a) ¥ nmonapuoro (6) cueTHUHKOB K C]\:':}POCT.Il sxnafa~
g;rim:m-_o cuetunka (8 yenrpe). (3amerum, uTO 0O Mepe narpcna.uun
Opa3la aHH3oTPoIlHA HCYe3aerT, uTo }’Kaaunacr Ha HcuYearoBeHHe moJaHa-
pusamun,) CkopocTH cderd GeTa-CuUeTYHKOB [Af ABYX HAaNpas m:uuﬁ nou-'lﬂ
O0HAPYKHBAQIIHE ABHYIO ACHMMETPHIO (8ruzy) [Pf:ys. Rcv.' 105 (195?3'

crp. 1414, puc. 2] i X
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cobn mo-npexuemy. Onnaxo 60BLIOH

e T

[olILeMY 10710, BO3HHKAET pebonbiioe MarduTHoe nojae B
CpHeHHKY/ISIPHOM HanpasaeHi. Urohu HpOBepHTH, HE
130BET JH TaKoe HCKareHAe MarHuTHOTO MO feTa-acuM-

TPHIO, MLl TIOACYLIHIH KaTIio pacrsopa CoCly Ha TOHKOM
1aCTHKOBOM AHCKE H OPHKPENnHJH 3TOT HHCK KO nuy Oaoxa
cospio. IIpH STOM fiIpa KoDaabTa YimKe HE MOTJIH OXJa¥X-
\aThesl B NOCTATOUHOM cremens, GTOOLI nolspH3angs fLep
rajia 3aMeTHa, Torla Kak BecA ocTajbHas ycraHoBKa Bela
annuzorponuu Oera-
Arvienus He HabJoAanock», Mccaenosanoch Takke «B03-
(o HOe BANANKE MACHATHOTO NOJs Ha TPAeKTOPHH 3JIEKTPO-
OB HA OYTH HX K TNOBEPXHOCTH KpUCTalja», M yueHHe
- GelrAHCh B TOM, 4TO OHO HECYULeCTBEHHO. Takum obpasoM,
XOTA MpeAnojarajioch MPOBECTH «Goaee CTpOryio SKCOEpH-

1eHTAJbHYIO NPOBEPKY» (pe3yabTaThl KOTOpO#, oAHAKO, HE
G onyGaHKOBaHbl), AOCTAaTORHO cepbe3Hoe NOATBEPHAC:
HHe HecoXpaHeHHs HEeTHOCTH YHe GLLIO MOJYYEHO .

B 1o ppemst B KoaymOuiiCcKOM yHHBEPCHTETE CYLIecTRO=
paia TpajHiuA cobupaThCA 1O nATHALAM Ha «KHTATHCKIH
3aBTPAK?, npoxoAuBINHii MO PYKOBOACTBOM Jln, OHBIIEro,
coraTH. Goabwpm rypmanom. Ha oanom 3 TaKHX 3aBTpa-
os JIi COOOMUIHA TOJBKO 4TO MOJYHEHHYIO HM HOBOCTh, UTO
o0 bheIHECHHLIN SKCTIEPHMEHT KonymMBuACKOTO VHHBEpPCHTETA
1 Hanuonaasaoro Giopo cTannapros Aaj NOJIOKHTENLHBIE
pesyabTathl. Cpenn OpHCYTCTBYIOMHX naxouuacs Jleon Jle-
1epMaH; BO BHOBb coanannon Hesniuckoil JaadopaTopii
KoaymOHficKOro yHWBEPCHTCTA oH BMecTe C acmHpaHTOM
Mapceaenm Befinpuxom H3yuana Ha IIHKJOTPOHE HEKOTOPHIS
acHeKTs NOBeAeHHA MIOOHOB. [louap, HTO MOMeET He3abH-
CHMO TPOBEpPHTHL THIOTE3Y Jlu u Sura, Jleaepman OHCTPO
npHcnocobHi CBOI0 YCTaHOBKY A sroft neau. Kpome HEro
1 Befinpuxa, B pabore MpHRHMaJ y9acTHE Puuapa JI. Tap-
BHH — TAMAHTIHBBEIA SKCTIEPHMEHTATOD, 3HAUNTENLHO CIHO-
coGCTEOBARNIN{ yerexy AaHHOTO KCNepHMeHTa.

[Monxon 3THX HccaenopaTened, Kak oTMeuajgoch B OmY-
qMH THCbMe B JKYypHaJ, OCHOBHLIBAJCH Ha
o TOM, UTO <¢NOATBEPKACHHE

OJAHKOBAHHOM
npeanoaoxernun Jn u Hura

| Tlo ecyuecTBy, 9TOT SKCTIGPHMEHT yRASWRALT TAKKE Ha TO, aT0
!Eif|‘l}[£[ﬂETC}'| H lllII‘.ﬂjﬂlilHTlIOE‘Tl: nio OTHOUEHHKD K SIETB\IJ[)!S{PMY Cﬂl]i-ﬂﬂ‘lﬁ“-
WHio (Mbl He TMPABOLAM 31ECH COOTBRTCTBYIONINX APTYMEHTOB). Onnaxo,

HacKoAbKO Cefuac H3BEecTHO, woMOHHalHa ofpamenna KoOpaHHAT H ga+4
PAAOROrG COM| { COOTBETCTBYIOULIHY

nifa #BNAeTca OJIHOM U3 onepauui,
HOTHHAON CHMMETPHH BPHPOLL.

e
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THIIOTE3bl 0 HECcoXpaHeHHH MeTHOCTH HCKATh B H3¥=

YeHHH Lenoukd pachajion

o S »114- _l_ v, ‘[[”]”
pt T2y, ([10.]2)

Kak yxaswBaan Jlu i flur, HecoxpaHeHHe 4eTHOCTH NpHBO=
JOHT K NOonspH3auHHi cHHHA MO0HA, BO3NHKWIEro n3 NMHOHA
B cooTseTeruH ¢ (10.1), B HanpapieHnd ABWKeHHA' H,
KpOME TOro, HO YIVIOBOMY Paclpe/esentio 31€KTPOHOB, Po-
nuBumiaxcs B coormerereuu ¢ (10.2), MOXKHO YCTAHOBUTE
NOJASPH3ALHID MIDOHOB... 7

Ocranapaugas B rpadure Myuok pt, NOAydeHHL rmpi
pacnaje Ha Jjery (Brnepea) myTKa T B LLHKJOTpPOHE, M
HOCTABHAR SKECMEPHMEHT HAa Me30HaX W YCTAHOBHJHM CJE-
AyionLee:

1. Hapnuné Gonbuiofi acHMMETPHH AJ# SJEKTPOHOB B
(10.2), uro noATBEpHK AAET CILILHYIO MOANPHIAINMIO |7 -TIYHKA.

9. Vraopoe pacupeiesienie 3NCKTPOHOB daeTcsa Qopmy-
qaoit 1 - acos B, rae B usmepseTes OT HaNpaBICHHA BEKTOPA
CKOPOCTH TIANIAIOWKX MIOOHOB; Mbl ONDEASJMHIN HTO @ =
— —I!/, ¢ omnbOKofl, ouexennod B 107,.

3. B peakumsax (10.1) u (10.2) wuerHocTh He coxpa-
HAETCH...

DKenepuMenTaNbHAS YCTAHOBKA MOKa3aHa Ha pHC. [10.4].
MezonHB#H TYHOK BEBOAHTCA H3 LHKJIOTPOHA OOBMHBM CHO-
coboM... DTOT Nyvok coaepkut ~ 10% MIOOHOB, BOSHHKIITHX
pOAM3H MUIIeHH IHKJOTPOHA H3-3a pacnajxa HHOHOB HA
dery. Jlns BHIeJeHHA MIOOHGB BO BXOAHOM TeNeCKOne
nomerniaercs caoil rpaduTa TOMMHHOA 8 MOHMOB] cpenHui
npoder nioHos B rpaduTe NOpALKa O AoiMoB. DT0 YCTpoi-
CTBO NO3BOJSIeT OCTAHOBHTL B MHUICHH H3 Tpa(uTa MaKCH-
MaJLHOe THCA0 MIOOHOB».

Chegyiolias CcTajHs skenepHMenTa Ooaee noApoiHo
omncwBanack B aucceptauud Befinpnxa. <Jlag u3yueHnsA
YIJAOBOr0 pacnpeesenis No3HTPOHOB pacnana MOHO Obiae
NOBOPAUHBATH TEJECKON CUeTYHKOB OTHOCHTEJbLHO MHLICHI,
OCTaHaBAMBAOIeH NYYoK, H Takum oOpasom onpeleniTb

! 3ameTnM, UTO 5TO B HEKOTOPOM CMBbiCJe MNpednofaraet CHMpais-
HO& JMBHAEHNE MIOOHOB, a CHHj pazyMmeer off QIHH H3
HARGOJEE OUERMAHLIX B OObINI MuIEN Ny nBuAeHEA, He obaa-
papmero cHMMeTpHeli OTHOCHTEAbHO OTPAXeHHs.
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ewns (VEKIHH pacnpelenenis NpH pas/HHHbIX 3_'1"7'[;1.*{.
wako Gul1 MCToAbsoBaH Gojee MPOCTOH { pe3ydbTaTHB-

- 4y =1 » T ™ = ~ R
ii mMeTol: «pasBepHYTb dhVHKILHIO pacnpeje/enns 4epes
Myuox ool &
srepeued 8% Maff
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7 i
] CX 9K raipHoil  YCTAHOBKIH, HCNONBIOBAHHOH
Puc. 104, Cxema SKCHEPHMENT b ) e briirsaagon

g N0 HAYUEHHID qeTHOCTH Ha [IHKAOT POH

i 105 (1957), crp. 1415, puc. 1]

yHHBEpCHTETd [Phys. Rev.,

HeTIO/IBHIKHOE CHETHOE yCTPOHCTBO. E)'r_orq yaanaoch rlu:
GaThes, NpHKIALBIBAA BepTHKANBHOE }-1u111|n!-10e Uf:h](? C:
NeHAHKYAAPHO HAMpaBaeHHIO oA PHAALHH k'lllf,]ID!!‘R_aﬁ, BJIT
3ARHBIL C noaspusaluei MArHHTHEI MOMEHT BRISDIBAEH

secenio (CITHHOB MIOOHOB) B FOPH3OH=

rUpOCKOTIHUECKYO TIPE 100 FOpHSOls
’T&l!:leDi't [UIOCKOCTH, TPHBOA, TAKHM obpaszoM, K OTHOCH

TeabHOMY cMelleHio cyeTUHKOB Ha yToda
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sh L
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rde | — MarHHTHBIH MOMEHT MIOOHA, §—COHH MiooHa !, |

H — HanpsixeHHOCTh MarHUTHOTO Moad. 3nax yrid, yKase-
BalOLHH HANMpaB/IeHHE BPAILIEHHS, KAK OOLITHO, BuifpaH Tak,
4T0 OHO MPOHCXOTHT NMPOTHB YACOBOH CTPEJSKH NpH NOJOMH-
TeJAbHOM node H (Hanpasjienue BBEpX) H TOJOKHTEALHOM
MOMEHTE...

TpeGyemoe MaruuTHO® MOJgE MONYYANOCH NPH MOMOUIH
KaTylUIKH, HaMOTAHHON BOKDYT MHUICHH, NPH NPONYCKAHHK
Yepes Hee TOKa NOAXOLALIEH BeJHUHHBI:, ITOT MeTON OHLI
npefsoxen [apsunom?2

«JleTekTHpPYIOWEe YCTPOACTBO COCTOAMO M3 ABYX Teie-
CHOIIOB CYETYHKOB. OJJ,HI-I H3 HHX — JleTeKTop ny4YKa — co-
Aepikas ABd CUHHTH/IANHOHHBIX CYETYHKA, BTOPON — Tese-
CKONl 3J€KTPOHOB — COCTOSA H3 ABYX HJAH TpPeX CUETUHKOR,
pasMmeutennx noxa yraom 100° k nyuxy, wa pme. 104
H3Dﬁ[’la}KeHa CNXeMd VCTAHOBKH € JABYMSA CUYCTYNKAME,

[lepseiM Ha myTH nyYka HAXOAMACT MAACTMACCOBELL
CUHHTHATATOP pasmepamn 4 X 4 X !/; mofima, csazannnir
¢ poroymuomuTeneM. Pacnosoxennnit B 20 mofimax sa
HHM BTOPOH CUETUHK HMeJ TOJMWMHY '/ aofiMa H To e
camoe nonepeunoe cedvenme. Mmuyascot ot kamioro cuer-
UHKA YCHAABAAMCh CHa4Yana GHICTPOAECHCTBYIOLIHM YCHMH-
TEJAEM C OTFpaHHYeHHEM, @ 3aTeM TNepejaBajiCh Ha CXeMYy
coBnanenwil ¢ paspewaomum ppemenem 10-8 c... Umnyaben
COBNAACHNH YCHAHBAMNCH U TOXABANHCH HA [ULCKPHMHHA-
TOp, 38 KOTOPHIM cCJefoBaj (POPMHPOBATENb CTAHJAPTHHIX
uMnyaseo ®, Tloautpon, HCNYUICHHBIE MHIIEHbIO, AeTeK-
THPOBA/HCH TEACCKONOM CUCTYHKOB, COCTOALLAM H3 MAACT-
MAaCCOBBIX CHHHTHAIATOPOB (0603HaueHHBIX HA CXeMe HHb-
pamu 3, 4) pasmepamu: Bricota 6,5 aioiima, IIHPHHA —
O LI0BMOB, TOMHAA — '/; A10fMa; MPH MOMOIIH KOHYCOOG-
PA3HOrO CBETOBOJA CBET OT HHX NOAABAJCA HA (OTOVMHO-

' B 10 BpeMsi CUMTAanOCh, 4TO § HMEET Ml HOAYUCNLE IHAUCHHA.
3nauenne /3 paccmatpuBanocs Kax uanGogee BePOATHOR, .HO BecbMa
BOSMOMHKM CUHTANOCE H %3 [lo cymectsy, OfHH M3 pe3ayabraTon 3Kc-
HEPHMEHTA SBHACH AOMOMHHTEABHHM MOATBEPMKICHHENM B NOAB3Y 3Ha-
uenus /o

* UlupoKo pacmpocTpaHeHa, no-BHAHMOMY, HENOCTOBEPHAA HCTODHH
0 TOM, 4ro, Korna [apBui Bnepsme nosemacs m rpynne, paspabaTs- 4
BAICA €NOCO0 BPAIIEHN CHCTEME CYETUHKOB BOKpYr mumenx. M Toraa
Tapsun sxo6um samerna: A nosemy Gl BMeCTo 3Toro  me BpALLATH

CIHABI?» A

% CoOTBeTCTBYOMLH HMITYABC OB03HAYAICH Kax manyase I—2 (no
HOMepaM, 060IHAYAIOUHM ONHCANHLIE BLILE CYESTUNKN),
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wntenab. Cxema coBuajieHuit Ta e, YTO A AeTerTopa
VKA, ¢ TeM JHLIb OTAHYHEM, UTO LA CYETHBIX HMIYILLOB
Tpefyercs Go/blIee YCHISHHES. p

JlanpHeiiias TpOUeAYPa OfHCaHA B ONyGIHKOBAHHOH
e =
lw:g)% ocTaHoBKE MIOOHA CHIHAJIHSHPYeT HMTYJbC 1—2,
)erHCTPHPYEMBIE CXeMOR coBmaZeri. HDCJ‘IE;‘l_‘.-’}OHi:HH Gera-
pacnaj, o6HAPYKHBAGTCSA TENECKONOM JMEKTPOHOB 3—4, Ko
Tophiil cpabaTbiBaer, ecan NPobGer YacTHIL NPEBLIIACT 8r/cu
(sneprua saekTponos > 25 MsB).. Ckopocrn cuera cci-
cTaBAAIOT 00LMHO OKoao 20 HMOYJILCOB/MHH B IydKe pT,
Toraa Kak (oHOBEI cueT — nopanka 1 mMuoyabca/MuH.

B aamHOM 3KCTepHMeHTe [o uMnyabcy [—2 Buipabarsi-
paeTcs MPAMOYTOJbHBI CHrHAJM «BOPOT® TPOAOIHHTEIbHO-
ereio T = 1,25 mke. DT0T CHrHAJ 3afepKHBaeTcd Ha I =
— (0,75 MKC H 34TEM € CUrHAJOM OT IETEKTOpa 3/EeKTPOHOD
noaaercs Ha cxemy cosnanennft. Takum o0pasom cucteMma
pErHCTPUPYET S/AeKTponn ¢ 3mepruelt > 256 MsB, xoropsie
posaatoress B8 pHTepBade 0,75—2,0 Mxc nocie oCTAHOBKH
mioona B rpaduTe, [IpeinosokuM BOSMOMHOCTh POKACHURA
MiooHa [B peaxkunn mt—pt -4 v] ¢ Goasulof no/spHIa-
nieft B Hanmpas/aeHuH ABHzenus. Ecau rHpoMarsuTHoe OT-
HOUIEHHE PABHO 2, 3TH MIOOHH COXPAHFIOT CBOIO MOJApH3A-
IHIO Ha npoTsukennn peero nytu. [Ipumem ganee, 4T0 Mpo-
I[ECCE 3aMejlJieHisi M OCTAHOBKH He NPUBOJAT K JCTIONAPH-
saguH MiooHon !, B 3Tom cayuae HCNyUIeHHBIE MHIICHLIO
51eKTPOHBL MOTYT (NpH YCJIOBHH, 4TO YeTHOCTb B NOPO-
J<1aI0meM HX TPOIecce pacnaja He coXpanseTcs) obaafath
VIIOBOM AcCHMMeTpueilr OTHOCHTENLHO HANPaBJACHHA NOTAPH-
3allHd, a HMeHHO Aas cnuua '/; MX pacnpedencHne AOMKHO
nMmerh B 1 4 acosB. B oTcyTcTBHE BEpPTHKAABHOTO MEH:-
HHTHOFO HOJISI CHCTEMaA CUETUHKOB H3MEDHT 3TO pacnpe.lcu.-
Jedue mpu 3uadenns yraa 0 = 100°, Ilpuaomum TEHEPI;
cnafioe BepTHKajbHOE MOJI¢ BHYTPH MAarHUTHOTO skpaua
BOKPYr MHIIEHH; OHO 3aCTABHT MIOOHH TpENeccHpoBath C
yraoBoft cropoctbio (p/sh)H paafe. Yraosoe pacnpejene-
HEe BEPOATHOCTH CBA3AHO ¢ HATPABICHHEM COHHA MIOOHA.
Takam o0pa3zom, Mbl MOKeM MPH (HKCHPOBAHHOH CHCTEME

| Dro npesmoMOMKEHHE, CTPOrD rOBOPH, HECOPAREANHBO (cm. HUXKE
b stoil raaBe obeyiaenne onura Opunvesa i Teaeran). il

? MarpeTHas SKpaHUpOBKa HeofXoAnMMAa iR JAUINTE OT HPHQI[:“H
noneii MATHHTA UHKJAOTpONHaZ, pIBHBIX OOBIYHO N0 NOPAAKY BEIHIHR

20 T'c B HaNPABACHHLIX BBEpPX.
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CUCTYHKOB H3MEPHTh MOJHOe pacupeiefene, OTIOMKHYE
TpaguKe UHCA0 OTCUETOB Kak (ByHKILHIO HAMArHHYHBAIOMULE
TOKa IPH AaHHOM BPeMEHHOH 3amepiKKes.

CHOBHOH MOMEHT 3TOH CTafWH ONLITA COCTOMT B T0
TO 38 (UKCHPOBAUHOE BPEMA 3aMepPKKH CTUHH MIOO)
H3-3a npepgeccHn HOoBOpayYHBaeTCA B TUPI!BOHTI’EHBHOH’

14

-
T

A wytmedom
HEUHEM foae .

-

e

L
i

-
=

Suoa  pmevemolfvurm  amevemof
&=
=
|
|
|
|
|
|
-'
Ly

-8 aT:;_ I r I ! ‘ : : 4
A -{40 0,20 4 a,80 040
Tow, coxdaeuud s e, A ¥ i

o

Puc. 12.5. Hamenenne cymmapioil ckopoeti cuera cOBMaNeHnit e 3anepiks
KOR B 3aBICHMOCTH OT TOKa B KaTyliKe, OKPYIKatouieil MuIIeHs.

Chjomnan Kpupas — nansy
AHAYHLLEE NPUBIIOKENTe, HCHOARI0BANNOE LR Of
: i A tei kI
et npn cos ¥ B yraosom pacnpem.rjemm [Phys. Rev., 108 (1957) cr; K?-lsl%;’.
pue. 2|, 2 )

CROCTH Ha yroJi, NponopUHOHA/bHEI HANPAMEHHOCTH Mare-

HHTHOTO moss. B pesyawtate usmensetcss yrona MEKIY

HanpapJeHHeM cnHMa H H&HPEBJIEHHEM ABHIKEHHA IeTeKTH-
pyeMoro 3JEKTpOHAa, 4 HMEHHO pacnopejeneHle no 3TOMY-
YIAY B MKENATeALHO H3MEPHTh.

% «:;Tnmmue PE3YAbTATH NpeAcTaBdenw ua puc. [10.5].
TOOBl TPOBEPHTb, HE BO3HHKACT JH CHCTeMATHYECKON

OWHOKH, MBI YMEHBIIHIN TOALLHHY [OTJAOTHTENS B TeJgg-
CKOLE CHETYHKOB A0 D NWAMOB, TAK 4YTO OCTAHOBKA GOJbIIE]

H4CTH NHOHHOrO NyYKa NPOHCXOAHAZ B rpaduToBOil ME-
wenn. CKOPOCTh cYeTa S/€KTPOHOB npu 3TOM BHIpacTana
npumepno 8 10 pas, uro ykaswiBado ma TO, 4TO TENepb
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WICKTPOHBL POXKAANUCH MIOOHAMH, KOTOPbie HIOTPONHO HC-
JIVCKANHCh _ITHOHAMH, OCTAHOBJIEHHBIMH B Mullenw. He
Wnlmo1anocs BAPHALLAH B CKOPOCTH cHeTd NPH H3MEHeHHH
fOKi HAMarsHuupBanug.. Takum o00pasoM, eIHHCTREHHOP,
W10 BLI3LIBAET 3TOT TOK, — 3T0 OpeleccHs CNHHOB MIOOHOB»:

M3 yxazauuslx SKCHEepHMEHTOR ¢ HEOGXOAHMOCThIO cJe-
1yer, 4HTO MYyYOK MIOOHOB HMEET BHICOKYIO CTeNeHb ToJAApH-
gaim u HabaofaeTcs APKO  BhIPayKEHHAS AHH3OTPOMHI
pacipeneieHna 31eKTPOHOB pacnajia. ITH (AKTH B CBOIO
{ilepenb CBHIETENLCTBOBANIH O TOM, YTO YeTHOCTE He COXpa-
fieTest npi oDOHX MPONECEaX B LeNOYKe pacnaja i — p— e
Jiavenne Y5 AN napaMerpa acHMMeTpHN @ OBLIO NOJYYEHO
{11 OTHOWIEHNS MAKCHMAABHON M MHUHHMAJBHOM CKOpOCTEIl
¢uera wa puc. 10.5; xopoiree coriacue 3KCNepHMEHTANbHEIX
ToUeK ¢ BRMHCASHHOH KPHBOH MOATBEPAHJIO NPAaBHAbHOCTL.
YTOTO 3HAUEHHA.

IT1y Ke peaknmio H3ydadu B HHKarckom yHuUBepcHTeTe
Jlxepom WM. @®puamed H ero HayuUHLIH KOHCYJABTAHT
B. JI. Tegeran. Oun ykasanu: «Herpyano naGniogarts co-
OTBETCTBYIOULYIO KOPPeJsHio, TOPMO3d NMyuoK at-Me30HO0B
I faepHoft aMyabcan ! B KOTOpOH OCTaHABJHBAIOTCA TaKiKe
jt-mesonsl. Cleayer aunib yUHTHIBATL ABA (pakrta: 1) Aaxe
crabue MarHuTHLE NoJas (HanpeEMep, KpaeBble nojs B HK-
JOTPOHE) MOrYT €Ma3aTh AeHcTBHTEIbHBI sdderT, Tak Kax
yactoTa npereccud pt-mezona dupaxa pasua? (2,8/207)X
108 e=1/Tc; 2) pt-mesonpl MoryT obpasoBaTh «¢MIOOHHI»,
T. €. CBA3aHHYW cucremy (pte-), n olpazoBaHne 3TONO
«aTOMa» MOMKET JAONOJHHTEAbHO CNOCOGCTBOBATE AENOJAPH-
JAUHH KaK BeJeICTBHE ero BHYTPEHHEro CBEePXTOHKOro pac-
llenJenns, TAK H H3-3a TIPENECCHH ero MoJHOre MarHHTHOrO
MOMEHTa BOKPYT BHEIIHEro moJis.

C yuerom 3THX OOCTOATENBCTB MBl MOABeprajf MASHKH
s1epHON 3MYJAbCHH TOAULMHON | MM jgeficTBrio mr-nyuka Ha
cunxpounkiorpore Unkarckoro ynusepcurera. Ilnenkn na-
XOAHJHCH BHYTPH TpeX LHAHHAPHYECKHX KOHIEHTPHUECKHX
MarHHTHEIX SKpaHoB, 0 JeficTROBABIIEEe HA HHUX MOJE HE Hpe-
pocxoauao 4.10—2 [e». MertonHka skcHepuMeHnTa Ghl."la

! 370 hoToSMYILCHH, B KOTOpo# ocOGEHHO BeJHKA KOHUEHTPAUNA
THMENBIX SvesMenton (cepeGpa it OpoMa), XOpPOIWID BIANMOMENCTBYIOHLIX
C FAPHMEHHLIMN YACTHHAMH M AAKMIHX NOTOM opH NPOSBAEHHN 3EDHA.

? [TosroMy HCXOAHAN NOASpHIauMA Mioona Oyaer HApyWeHa, coiH

TOALKO HANPABNEHHE ABHMKEHHA MIOOHA He COBRALAET CTPOTQ o Hanpas-
JEHHEM MOJH.
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onicana OoJee NOTHO B OnNyGJHKOBAHHON 3aTem B
Physical Review crathe (Tam e COACPIKATHCE HEROTOPHI
AOMOJHHTEAbHEE AaHHEE),

«CTONKH NJenoK SMYJabcHH 6e3 TOAMOMKKE -TOJLIHHO
1000 MEM skcnonupoBaJHCh B NyUKe m-Me30HOB © SHEp:
rued 40 MsB... [Ipu atom B SMYJBCHIO NONANANE
~1,5/10" nuon/cM, uTo MOMNKHO paccMaTpHBaTh Kak ONTHE
MaJbHYIO 3KCMO3HIHIO, NPH KOTOPOH AocTHraercs HeoOXo
AUMasA MJI0THOCTh COOLITHA M COXPAHAETCH BO3MOKHOCTD
pPa3aHYaTh,

..Bo Bpems skcnosmumu smvabeus SKpaHHpOBanach Of
PACCEAHHLIX MAarHUTHEIX TOJef, BO3HHKAOWHX BOIHIN
unKA0TpoHa. C 3T0ll UETbI0 SMYJALCHIO TIOMEWLAH BO BH
PCHHIOI0 H3 TpeX KOHUEHTPHYECKHX TpyOOK, 06pasyiouiuy
MAarHHTHbIE SKpaNbl. Kamauil 3KpaH COCTOAN H3 ABYX C/10EB
BHEUHHH — H3 CTAMH C YMEPeHHOi NPOHHIAEMOCTDIO H BHI-
COKHM TOJEM HACHIIEHHS, a BHYTPEHHHIl — M3 cniaba
BLICOKOH TMpoHnuaemMocThio. Maruutioe node B obaacTu, rae
pasmemasnacs ycraHoBka, 6b10 ~ 10 I'e, oanaxo menocpens
CTBEHHO Ha SMYJALCHIO LeACTROBANH nNoAs He OGod2e
4-10-* T'c, kak nokasajn Hamepenus MpH noMoln Kaaubpos
BAHHOH Ga auCTHUECKOH KATYILKH. -

Hasn oGecnevennss Goavitel OAHOPOAHOCTH IMYIbLCHSA
ofpabarTuiBatack €3 MOATOKKH H JHLEL NO3AHEe MpHEJEH-
Banack K crekay. Ocofoe pammanume ofpaia’noch Ha TO
UTOOEI MAOTHOCTE TPEKOB ¢ MUHAMAABHON HOHH3ALHCH GHIA
AOCTATOUHOH NPH Malofi NJAOTHOCTH 3epeH OT (ona, uTg
oGaieryano HaMepenne NOJCHKEHHA 3/1eKTPOHOB, :

CobuiTis 71— p — e-pacnasa wabaionanuch OpOCMOT
POM 3MVJBCHI, NOMEIUEHHEX B Macl0, ¢ MOJHEIM yBeJauue-
HieM B 330 pa3..»

Hrobu 6uith yBepennmM, uTo shdekTHEHOCTD ofHapy~
JKEHHA COBEPLICHHO He 3aBHCHT OT HanpasjieHus MOSHTPOHA,
00pasoBaBuierocss Npu pacnafe M0OoHa, HaGMOIATENH M0=
JAYUHIH YKA3aHHS PerHCTPHPOBATL TOABKO Te COOHITHA, B
ROTOPLIX CcHauaja oOHapyKHBAETCA = — p-pacnai. Upné_
aHalH3e HCHNOAb30BAMNCH BCe TaKHe COOBITHA, KpoMe Tex,
TpH KOTOPLIX pacnaja MIoOOHa NPOHCXOANJ HA PaccTOSHHH
menee 50 MKM OT M0GoR H3 noBepxHOCTEIR. E

«Korra obunapyxusanca w— p-pacnag, HaGaonaTeTs
OpH  TOMOUIH CKaHHPVIOUIEr0 YCTPOMCTBA NpPOCAeKNBAT
OyTh MIOOHA 10 KOHLA H 3aTEM OTHICKHBAJ NOSHTPOH. 3HA~
YHTCAbHBIE YCHAHA ObiIH NPHJIOKEHH 4719 TO0ro, 4T00E 00«
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flapy KHTh BCe MO3HTPOHE!, TAK Kak HX moTeps npeﬂc:ralmﬁ-
Aich HaM BO3MOMKHBIM HCTOufKKOM oimnGox, Me monaraes,
ito Toabko B 19 cayuaes pacnajia MIOOHOB HNOSHTPOHE HC
(i1 3aperucrpHpoBansl. Jlas Kaxaoro HailIeRHOro nusn{;
Tpotia NPOBEPAJIOCh, AeHCTRATENLHO JH OH BOSHMK B KOHI
ICOHHOrQ TPEEd.
’ Lil;ﬂ ﬁa}Enom ofHapYKEHHOro o — | — e-pacnana us-
Mepsiacs NPOCTPAHCTBEHHBIR YroJl MEMAy nepaonaqanbmfréi
jlanpaBJaeHHeM ABIKEHHA MIOOHE H Hal'lpaBJIEHHeI:!I IBHK |
Jii TO3ATPOHA. JTO [eJaJioCh ¢ Hedbio HCRINYHTD scbfI
()eKTH MHOTOKPATHOrO paccesiusi, NMPH KOTOPOM MEHﬁCTl;;-
HMMYJbC, HO HE OPHEHTAINA CTIHHA Mioona. TounocTh H3M
pelins YIVIOB cocTapasaa =2°. S
Buito npoananusspopano 2000 DOJHBIX 7 — FB A tl;.:'{)ﬂ,"
114108, H A8 Kamnoro U3 HUX Olpene/iaci yroa u. i}
IIDOH3BOJILHO BHIODAHHBIX CJAYyYaes 3TOT Yrod gmuucj.ufmcﬂ
11:.-13?0;:110, ¥ 3aMeTHbIX pacxoxkiennii ne GulI0 06HAPYKEHO.
Hs sTHx manHuix MB HaWlld BEJIHYHHY

e B=F =000 EED 000y,
&=-pTF ol

31ech B — uMC/0 pacnajioB B HaNpapJeHHH Hasaz, KoT?ggf
onpeeasercsi 3HaueHHsMH yraa O B uuTepnafe 90— : 0“;
f —unecao pacmagoB B uanpangnemm BHepen, 'r [ 3,r_ ]

wamerserea B npeaenax 0—90°. Ouesngno, cyliecTyer
«lpeAMOYTHTE/NbHOE HaNpasienne HCNYCKAHHA 1'l03HTpDHO‘E-I
112337 N0 OTHOUICHHIO K jABHKeHWIo Mioona». Ouenka «ct

cTeMaTHYeCKHX omuGoK, BHOCHMBIX, HANPHMED, 32 CHET BO3-
MOMHEX JIOKAJIbHLIX Bapualnfi ycaJgkH SMYJbLCHH B npnm-
lecce NposiBAeHHs H T. 1., IOKa3aja, 4To STH mu?mcu MEEII'AHOE
H MOTYT JHIbL YMEHbIIHTE SKCHEPHMEHTANLHO HA0MI0Aa i
spaueHne e». llonyuenHule pesyabTaThl MOKasa/aH, uTO M

Tog SMYJBCHH MMeeT cepbesHble HEIOCTaTKH. Yrolm anlf;
NOTBPATHTb HACHILEHHE 3SMYJBCHH TPEKAMH, :amnog. 1 s
NOJA¥KHA GHTH AOCTATOMHO MAJOi; IpH 3TOM MHCID COOHTH

TaKMe OTHOCHTeNLHO MaJo, H COOTBETCTBEHHO BeJHKA CTa-
rucTHyeckas norpemmuocts. Tak, B mucbMe Ppuimena H
Teneran coobmanock o 1300 coOuTHAX, NPHBOAALINX K 3HA
vennio e = 0,062 &+ 0,027, 4To HeCKOJbKO MeHbIe uuti:lpg,
nodydeHHON BNOCAEACTBHH, HO B LI&IOM COracyerci C TEaK‘
[Teproe 3HaueHHE, O/HAKO, OBLTO MeHee yOenHTeabHEIM, e
KaK OTJHYaJOoCh OT Hyas (3HaueHHA, COOTBCTCTBYIONLE
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COXPaHEHHI0 YeTHOCTH) MeHee uewm
OTKJIOHEeHHH.

B oranume or Tapsuna, Jlenepmana n Befinpuxa, xoro-
PLIE MPeANONOKHAN anpHOPH, 4TO pacrnpeseenye Hanpan-
JICHHH BHLTETA 3JEKTPOHOB ONHCHBAETCH 3ABHCHMOCTLIO
I +cos 6, ®puaven n Tenerau ucnonbzosanu crou JAaHHbLIE

200 =

Ha TDPH CTaHAAPTHHIX

I ] [ I | T I

50
100 -

56 I

i 1 ! ]

o | 1 1 | i
“W -G8 -0 -0p <02 ¢ B2 0% aF 08 1o
A=cas@

Pue. 10.6. Trerorpamma YIJIOBOTO pacnpenciaeHn
flane MIOOHOB B SKCHepHMenTe, NMpoBenennoMm B Unkarckow YHHBEPCH
TeTe (cntowman AUANA) W Handyduas TuHefinas annpoxcuManns (ny -

THPHAS AUHUA).

Beprakadbibie Seprouxn ma PHCTOTPAMME YRAIWBAGT CTATHCTHYECKE OmHGKN 1i3Mes
penull [Phys. Rev., 10§ (1957}, cop. 1292, puc, 1]

A TIO3NTPOHOR npu pac-

Ans YCTAHOBJAEHHA 3TONH 3aBucHMoctH. O ANNPOKCHMHPO-
BaMK SKCIEPHMEHTANBHYIO (YHKIHIO pacnpese/ieHus cyM-
MOH MOAXOASILHX HOJHHOMOB 1o cos ) OOHAPYIKHIH, 1TO
HaRIyulee corfnacue NOJAYYAeTCs NPH HATHUHH TOABKO KOH=
CTanTHl 0 JHHERHOIO Y/leHa.

C 9TUME HCXOAHBIMH JAHHHIME N0 MeTOAY HauMeHbIIHX
KBaApaToB Owio onpedeneno W(0). Ha puc., 10.6 npen-

CTABJCHLl COOTBETCTBYIOUINE AdHHEE H JHHElHAS hyHRnUST
1o cos 0, orkyna

W (0) =1— (0,174 + 0,038) cos 0.

Hs cratuctnueckoro anaanza CIeL0BAJIO, YTO YKA3aHHAS
omnOKa paBHA Kak pa3 CTAHIAPTHOMY OTKJIOHEHHIO, a OT-
C101a «BBLITEKA/I0, 4TO HAGMIOACHHAN aCHMMETPHS AeHCTBH-

214

TeJbHO CYIUECTBYET C OYeHb BLHICOKOH CTEMeHhiD Hajlem-
100¢ B, y A
lﬂ‘"ig e X II.OI'!D."II—[I!TE."IBHDﬁ npoBeprr BL}Zi:'-iO}I{IID‘ll f’lCTTOl";
HOCTH aHAJOTHYHLIM 00PA30M ONpeleaadnch pacnp&.-'iij-rlt’xzﬂl
lI:_-lE'llJElBJI{‘I-IHﬁ HCOYCKaHHA MIQHOD OTHOCHTENLHO lldﬂ]’)l;ar
JIeHHS MajeHHs MHOHHOro mydka. DTo pacnpefenenue, r;
H CAeA0BaJ0 0MHAATb, ObiI0 H3OTPONHBLIM (C .T(}LIHOCT:bg']'nﬁu
CTATHCTHYECKHX OMWIHOOK)», Tgu{}}é%e, napaMeTp aHH30TP
kazaJcs pashsiMm —0,026 =+ 0,029. . _
( i\dé)ap}mmgn n Tenerau ykasalgu, 4TO, TIOCKD.HE:H}- nplf};lvei.:;,l-i
00oHX B3auMOleACTBU B 3THX pacnajax B AeTanisx i
BECTHA, OTCYTCTBYeT TeopeTHueCKoe JHaueHue KGHe}“m'
IIHEHTa a, KOTOpOE MOMHO HCNOAb3OBATL A «Cpal“ e
BMECTO 3TOr0 MOMYUEHHOE SKCHCPHMEHTAMLIOE SHAYUEHHC o
NMpHHNENEe MOMKHO Oblio OB BHOCACACTBHH iifn%";ag(?};a
JUIA NPOBEPKH TEOPETHUECKHX HNPCANOMOMKEHHH b
JIGHHIO, 3SKCIEepHMEHTAIbHOE 3HaUYeHHe a JHllb i
CBHA3AHO C KOS()(PHUNEHTOM acHMMeTPHH, np.ez!.ck.asx:l S
TeopHeld. MIOOHBL 34 BPEMA MH3HH MOTYT ﬂenc;;:lnfﬂ .
BaTLCHl B peayjbTate JeilcTBHSA pas.rmt{um)]; "[;1111' iy
nabG/aioaaeMoe 3HATEHHE g NpeAcTasaser coboi au e
nuit npegess, [leficTRHTENLHO, B ancnepnmem? Hiome"no
tpore KoaymoOmuiickoro yhusepcutera Obiio }m;:?m I;H.BO(;
UTO ACHMMETpHH, H3MepeHHad B rupacpure, nos: s
foabiie TOH, UTO H3MEpeHa B AJePHOH IMYJBCHH, a;mow e
3blBAN0, YTO CYILECTBYIOT KAaKHEe-TO MeXaHH3MLl ,.‘ltl;l{ - 2-1-
saun, 3aBucawue o1 cpeau. Kpome toro, E-C.Fll:l. hamocﬂu;ﬁ
[0JArajoch BEILIE, HEKOTOPhIE MIOOHE 0'61;:,133’10r i e
H eciiH NpH 3TOM [axe He BOIHHKAET HHh:ﬂlﬂlh APY 0: =
(eKTOB, TO 3T0 OGCTOATENLCTEO CO3AAET yad o'mr:};lmmg _
oaemy. Tlocneayonine SKCIEPHMEHTH B ‘-lmmrc:«.om yH m-[r:[;-x
CHTETE, O KOTOPBIX COO0OULaI0Ch B npHMetaiun, _,:rm1 "
®puamenom # Tejderin yiKe Ha CTajlnu mppami}[?;mm%i
NoAPOOHOM cTaTbi, ACHCTBHTENLHO NOKA3AIH, 4TO
g 'eTCH. 2l
UGP(?;T}.}DOHH]:I dyjaer uMeTh ocHoBHOe 'So- n neppoe nogfg x;-
nenHoe %5;-cOCTOSHHA, paaﬂe#egﬂiﬂoewﬂg_yili OEé]}]E:{y:Ia+—]\rIe;}(;I{
emaeneM [Ha f-3- ‘
;{;}:igﬁag:.sﬁm HEXOLLI{T([,‘H B NOJHOCTBIO NOJAAPH30BAHHOM

; 5 nepH-

| Befiupux B cBoeil jgHcceprauny cpasHusan Feaynf:;ﬁlrlzlﬁ;:t‘:i T];“_
MenTa Ha HuKnoTpone KoayMOHficKOro yHHBEPCHTETA ¢ pd )
peTHUeCKHMI FHIOTE3aMIL,
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COCTOAHNH, cKaxeM a(pn), B TO BpeMa Kak AMeKTPOHH e
Abl, pasymeercs, He TOJIAPH30BaHK [T. e. umeloT noXSPHA
1:{:;21 a(e) u B(e)], To mosmer oGpa3osatbes fBa cocnﬂi
meﬁmibgéﬁmg‘! H a(u)f(e). Meproe u3z wnx npeacTal
s HOE COOCTBEHHOE COCTOAHHE MI00}

5 ), TOria Kak BTOpoe He sRJseTcs TaKOBHIM =

34xB

Bamg;a aTtoMel o (p)a(e) n a{n)B(e) Gyayr oGpas
B PaBHHX KOMMYECTBAX, UTO NPHBOANT K 32BH

MeMy OT BpeMeHH CYyMMapHOMY 3HAUCHHIO Z-KoMMoHe

CHHA MloOHa mocie 3axsarta =
b s pasHoMy  (S.(f))=
50053/4){1 +cos of), rae w==3-100¢c-!. Takuu ozﬂpa Q

MIOOHOB, 3aXBadeHHBIX B MIOOHHI, 6ynyr sdperTHs
ACLONAPHIOBAHK 33 BpeMs, Majoe no CpaBHeHHIO CO Cpef
Hell TIPOAOJIKHTENBHOCTBIO HX H3NN 10 pacnaga (2- 105 ¢)
CJIE,!IDB'HTEHEHO‘ €CTH X — 011 MIOGHOB, oﬁ-paaym
MIOOHHH, TO TeOPETHYeCKHe 3HAYeHMS Ko3duumMenTa acum
METPHH @ YMeHbINAETCS A0 BeIHYAHL] a(l —x/2)
YCJIOBHH 4TO B HPPY He BCTYHNT KaKHe-1HGo ApyTHe zeno:
JAPHIYIOLWINE MeXaHHIMBbL. 1

B nannom pHewmem marmnTHOM moge MIOOHHIT, HaXOA:
WHACA B cocTosimmn 3y, Gysrer mpemeccHpoBaTh ¢ Vrionof
CKOpPOCTbIO 0K0s10 1,4:108 ¢=1/T'¢, wro npumepro & 100 p"
MPEBOCXOANT CKOPOCTh MPEeccHt -CBOGOAHOTO MiooHa. 1
H 1noTpefoBaso OT Hac GoJAbLIHX rrpenocropomnoue.ﬁ ng
SKPaHHPOBAHHIO MATHHTHOIO MOJA,

APYTOfl CTOPOHH, HEKOTOPHE MeXaHH3MbI AETIONSA PHS
3AlAH, CAHIIKOM MeAJIeHHO AeHCTBYIOUINE, YTOGL 3aMETHO
ﬂozaeﬂcmosan Ha CHHH CcBOGOAHOTO MOJOKHTENBLHOrO
H;ﬁg};::;{a :pema €0 JAHIHH, MOTJIH OB BecbMa 3 deKTHRHO

PEAAKCANHN NOJHOTO CNHHA MIOOHHA B 35;-cO

CTOAHHA. Ecan Gl Takiue Mexammami AEHCTBOBAMH, KO3
?;e[;mm ACHMMETPHH a(i—x} HaGmoganca Gul jame
/IBHO SKpannpoBaHHOR 3aMy.abcHH.. Heckoabko mnocne:
NOBATEJLHKEX MpOLECCoB, B KOTOPHIX MNPOHCXOLHT <O0MeHn
3apsna», Takxke morim Ob MpuBecTH NPHMEPHO K TaKOMY.
€ YMEHbLICHHIO aCHMMETPHH. !
Brickasannnie aameuanns CleNyeT HMeThb B BHIY NpH
CPABHEHHA HAWIHX PE3YALTATOB C TMOJAYYCHHBIMH panee B
SKCOCPHMEHTAX, NPH KOTOPHLIX IPENeCCHS CHHHA Mioona
BLISLIBAJAach TPHIOKEHHEM BHEIIHEro moas». Tem He MeHce.
ITOC[.{GJII:K}T AdiKe NP BO3MOMHOM HANHYHH NOLOGHEX npo'
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llcccoB AenoasipHsannn nabaiogaeMoe 3HAYCHHE acHMMeT-
pin GLLIO OTAHYHO OT HYJH, €MONCHO 3aKIIOYHTHL, 4YTO 06a
#1aMMOLeHCTBHA, OTBETCTBEHHHE 33 TepeXofill B CXeMme
pacnaga ot — pt—-et, He ABAAIOTCA HHBAPHAHTHHIMH OTHO-
CHUTEABHO HHBEPCHH NPOCTPAHCTBAY.

JTH HOBbE JAaHHbie MOPHBJAEKAH K cefe 3Ha4YHTedbHOE
pUAManie, MpHUEM He TOJbKO (DH3HKOB, HO M HecneuualH-
CT0B; TaK, wypHan «TafiM» coobuima o6 STHX HCCAEZOBa<
nimx B mMpocTpanHofl cTaTthe. Buina eme ogma rpynna yue-
HLlX, 3acTaBHBmas roBopHTh o cebe,— ato rpynna, pato-
rTapiiafs B DBpyrxefisenckoft wanHoHadbHON JafopaTopui
noia pykosoacrsom P. Powanejaa Pay, koropas nocraBrja
cefe 3afavyy M3yuHTh YrVIOBOE pachnpefesieHHe YacTHI, B
peakilHl pacnaja mt—>- ut->et, NPOHHTETPHPOBAHHOE N0
nCeMy CHEKTPY HMIYJALCOB pt-ME30HOB, OCTaHOBJEHHLIX B
JKHAKOM BoZopogde. K MOMeHTY nyOJHKalni CBOHX pesydlh-
TATOB STH HCcAefoBaTeNl YXe OLLIH 3HAKOME! C elle He
ONMyOAHKOBAHHEIMI. Pe3yALTATAMH JABYX [PYTHX Tpynm, 3a-
HHMABUIMXCA H3YueHHeM 3Tof peakuun. OHH mHCATH:
«BeceMa BeposaTHO, 410 Hanbogee 3pdeKTHBHLIA MeXaHHIM
JAENONAPHIANKMH NPH OCTAHOBKE |1t-ME30H0B CBA3AH C 3aXBa-
TOM ¥ NOTEpell 3/eKTPOHOB HA KOHEUHOM y4acTKe HX myTH ..
Toraa pnoaHe BeposiTHO, HTO ACNOJSPHIALHS 3aMepsio-
npxes pt-mMeaonbs 0yIeT MeHbuUlel B BellecTBaX, obnafalo-
UIHX BLICOKHMH HOHH3AUMOHHLIMH TIOTeHUHAJIAMH, MO3TOMY
B BOAOPOZE OHa MOMKeT OHThH MeHbile, UeM B VIJepojies.
ODTH pesyabTATH TaKke OHIH onyOJIHKOBaHEL B BHAG
nuceMa B The Physical Review, HO To3:Ke, 4eM BCe 0CTa/Ib=
HEIE.

JKenepuMeHT, ocyulecTAcHAR B Bpykxefisenckof Ja-
fiopatopuy, GBI/l 3HAYHTENBLHO NpOlLEe ONMHCAHHEIX patee,
«r-MesoHur ¢ sueprueit 100 MsB, cosfannwie npu Gombap-
AHPOBKe MejAHOi Mutuehn nporonamu ¢ sHeprueit 1 BaB na
KOCMOTPOHE ?, TIOABEprafuch MATHHTHOH CeJeKIMH H Ha-
NPaRJAfAIHCh B MY3HPbBKOBYI0 Kamepy (manpa — 6 mofdMos,
rayfouna — 2 moiMa | BeicoTa 3 mioMa) ¢ MHAKHM BOJAO-
poioM. B ny4ox BBOAMJHCE MOAXOXASLIHE HOTJIOTHTENH, OJa-
ropaps uYeMmy smt-ME30HL TOJNHOCTLIO OCTAHABJMBAJNNCH B
kamepe. Cornacuo JIu m Slnry, pt-mesonsl noJsipHaVIOTCH
TAK, Y4TO HX CHHHE OPHEHTHPOBAHE B HATNPaBJAEHHH HX

! Cpaeuyre ¢ mpexnonoxennayn Gpuamena n Teseran. :
? Kocmorpol — HasBadie MPOTCHHOTO cuExpoTpoHa B Bpyxxeiische.
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HCMYCKaHIA MOKOSWUMHALSSH si-MeaonaMi. [TocKoabky m-Me30s
HGl paCHalaloTes H3OTPOIHO, |-Me30HLI DOJAPHAOBAHBL CJIN
HAHHLIM 00pPasoM OTHOCHTENBHO MIOGOr0 MarHHTHOrO HOMNS:
TIPHCYTCTBYIONIEro B Kamepe; NP 5TOM HX NPENecCHs GYIeR

IPUBOANTL K Hapyuienuio yriiosoll koppeasmui. I103ToMY:

Qe e

200 - . Szm;{_ll_;_‘ ;I[ ——

e TH

Yurmn  gad

L 1 1
-7 -05 9 +5 +7 - =y ; '

4 Cos @ : 5 ’-{‘a.ro& o 4
] s i

Pire. 10.7. &ir.'tonoe pacnpejeneliie snekTpoHOB npd  pacnane pt
B Ny3uipeioBoi kamepe Bpykxeiisenckoll Hanmonaqsuob .';P.ljnpa-mi:rm (a)
(npAMan — wauayuman auneitsas ANNPOKCHMANHA N0 METOLY HaHMeHh-
mitx ksanparos [Phys. Reo, 105 (1957), crp. 1928, puc. 1]. ¥r.ionoe
Pacnpedeacnue MIOOHOB Npu pacnafe 1+ a SECTIePHMEHTE 'npéaeaémmﬁ
B Bpykxelisenckoii HauHONAAsHON naGopatopun (6) {npmﬁas{ — IIBHJI}'.'I':
n}mn AMMPOXCHMAINE 1O METONY HANMEHLUIHX KBAApaTos: OHA LAeT
(1 4 (0,043 - 0,045) cos 0) [Phys. Rew., 105 (1957), crp. 1928, pue. 2].

KaMepy NOMeImann B pasMaTHHIHBAIOLLYIO KATYIIKY, BCACA-
CTBHE UEro MoJe B KaMepe CHHKaA0Ch J0 BeTHUMHL 1o
puiute 0,25 es. TMo-sugnmomy, Tpynoemkas pabota no npo-
CMOTPY CHHMKOB H H3MEDPCHHIO COOTBETCTBYIOILHX COGLITHIE
BEITOTHAIACh OOBIYHBIMH METOAAMH, NMOCKOJBLKY B pabore
Eﬂg::g;;b;o MuTcy'rchymT Kague-1u00 YIOMHHAHHA O Ches
/ X MeToaax : C
S A3X H CBA3AHULIX C HHMH TPeJ0CTOPOIK-
«Ha puc. [10.7,2] nokazano YIi0BOe pacnpenesenue,
ToyaeHnoe H3 HaGniogeHns 980 coOLITHIL AHATOTHYHAS
BABHCHMOCTb YIJIOB MEKAY TPACKTOPHMAMH YaCTHIL — [,
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npefscrasaednas xa pue. [10.7,6], coraacyerca ¢ omuaae-
Mofl A 3TOro THHA pacnaja cdepuyecKoil cHMMeTpHel.
Beaeacrsue Toro 4ro nanua npobdera p-Me3oHOB (paBHas
I.] eM) Maja no cpaBHeHHIO C paaMepaMy KaMephl, ¥ BBHIY
NIOTPONHH HANpABAeHHH [ABHXKEHHS p-ME30HOB MaJaoBe-
posTHO, 4TOOH NOCPELIHOCTH, BOSHHKAIOIHE IPH MPOCMOTPE
I M3MepeHHH, CYIULGCTREHHO BIHAJIH HA KapTHHY pacmpe-
nenenus», PacnpeneneHne BHOBL HMeno BHA | —acos®,
rie a = 0,25 + 0,045. Takum oOpadom, OwbJI0 HONYyYeHO
ClLE OLHO NOATBEPMKAEHHE, XOTH HAJH4YHe SBJCHHA B H3-
BCCTHOM CMBICJ€E ¥ He Bul3bIBAJI0 COMHEHHIL.

K pacckazanHoMy B 3TOH rjaBe MO:KHO J100apuTh ellle
Koe-4T0 HHATepecHoe. Jln u dur s csoeft nepeoit pabore no
HeCOXPAHEHHIQ UYETHOCTH He YNOMAHYJIH 00 OLHOM Cjei-
CTBHH, HauGoaee Jerko MoAAalOLIEMCH 3KCIEPHMEHTaJbHOMN
POBEpPKe, 8 HMEHHO YTO 3/EKTPOHBI, BO3HHKaiONlHE MpPH
P-pacnaje, AOMMHEL HMETb NPOAOJBLHYIO [OJSPHIALNIO
\3/leCh OTCYTCTBHE HHBAPHAHTHOCTH NO OTHOLIGHHIO K OTpa-
JEHHI0 BHOBbL NPOSIBAAETCA B Ha/JAHYHH COHPAJBLHOTO ABH-
wennst). Jln u Hur, oiHAKO, paccMOTPeH 3TY BO3MOMKHOCTh
B Hauade 1957 r. B cTaThe, colepikalleil TeopHwo P- #
it — pu— e-pacnanos '. Ilpeanonoxenue Jlu u fnra 6ua0
IpoBEpeHo Tpynio# yueHex B HManunofickoM yHHEBEPCHTETE,
paGoTaBiuux nojy pykopoiactsom Xanca @Ppayendenbaepa.
PeayabraThl HX HecaegoBadys ObaH onyGJIHKOBaAHH B The
Physical Review B mae 1957 r. [IppMepro ABa roja cuycTs
Jlu Tpopzenc uz BpykxefiseHckofl HanuoHaabHoH naGopa-
TopuHu B KypHane Proceedings of the National Academy
of Sciences ykazan Ha To, MTO aHaJOrHYHOE MCCIE0BaHIE
yke GBJI0 NPOBELCHO NOYTH TPHALATL JeT Hasan: «B 1928 r.
P. T. Koke, C. I'. Mag-Haspaiit # B. Kypeanmeitep npo-
BeJTH HCC/de0BaHie ABOIHOro paccesinns Gera-ayueH, HCIy-
ckaeMuiX paareM. PesyasraTel 370fi paboThl Tenepb MOXKHO
HHTEPNPETHPOBaTh KAK /J0Ka3aTeldbCTBO HApyLueHus -4eT-
HOCTH B CAabLIX B3aHMOAEHCTBHAX.

leomeTpus Takoro onmTa nokasana va puc. 10.8. B ua-
cti A uzobpakeHa CHTyauus AAA OepBoHavalbHO HENOJA-
pH3oBaHHoro myuka. Ofe MHILIEHH TOHKHe, pacceaHne Ha
nepBoil 13 HUX OPHBOAHT B OCHORHOM K TOJAPH3ALHH IYYKE,

| OnHaxo, pewenns ncxopHoil snpobaembl T— O» Be Guno naf-
JIEHD, TAK E4K HOBOE MPENMO/OMEHHE B OCHOBHOM KACANOCH BONPOCOB,
CBU3AHHHIX €O CBONCTBAMM HeliTpnHo, yHacrayiouux 8 fi- 1 p-pacnanax,
{10 HE MMEIO OTHONICHHA K THOHHLIM cXeMaMm pacnagos uacten T i (L
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TOrla KakK BTOPast MUILUEHb CIYKHT aHAIH3aTOPOM. BosHis
Kalomas noJspH3anns spafeTcs nonepeqsofl u Hanpaejeng
UTO TPH BTOPOM PpACCESAHHH HHTCHCHBHOCTh G50.1be

TaK,
B NIOIOJKEHHH HCTOYRAKA 180° uem B momoskenun 0°, Tor

,4 ?l-'i‘ﬂ' * a°
jox: ¢ AT AL BR
KA, atrend SO *
m&fw a,mwﬁ s
oAb ok r80°
Sex=NG_, OO
e,
rioRg L Sobannd X .
PACCERKHEIE  mepwan: 2%’ /: -
Py 2 Mg
3 X Shr
Tanxai m,
CHE AU DGRl dunuie 2 \
o ARG
Moy >Ny ‘) =
£ Torcman sy & L ik
é‘rfm?wa -npngpuses  ~TEINE =
ritiited  PECCORNEE a° 180°
Ry oN
6= -
i i
ROTEREYHG - ORI 30T h - .
Bl lF ALECERHHBIL TTYfuox umm-‘fﬁ
G Cuy Mo £
AL, %mmw?\
Eﬁg&ﬂwaﬂbf& zmw
n
Ney 2Ny

Pre. 108. Teomerpus onwra aas mabmozenns ABOAHOrD paccesnHims
(HcTounng TOBOPAYHBACTCH, NETEKTOD HENOABHIMKEN),
A—mna nyuxa, NEPRONAYANLEG He NOAAPHIOBAHHOrD, B—nin NePBoOHETaAEHO TpOe

AoALHG-OARPHIOBANNOIQ nyuxa |Proc. Naf, Acad, Sei i
pitc. 1], eh. (U, 5.), 45 (1959), crp. 400,

- o
kak npu 90 w 270° uurencusnocrn omumaxoss. Ha wacrm

puCyHKa B mpejcTaBieHa CHTYaluns, korxa NyuoK mpeasa-
PHTEJILHO IIPOJOILHO NOAAPHIOBAH (HAa DHCYHKE NOKa3al
YACTHBIH Cayvafi, KOTAd COHH W HMAyabe OPHEHTHDPOBAHLI
B PASMITHEX HAnNpaBrenusx). 34ech BHOBL BTOpas paccem«
BalOwWas MHIIEHE CAYKHT 2HANH2ATOPOM; TIePBOE paccesHie
HPOHCXOAUT HA TOJCTOM MHLICHH, 4TO NPHBOAMT K MHOFO-
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KpATHOMY Ppaccedaniio H H3MEHEHHIO NOJIAPH3AUMH ¢ TMpo-
JoABHON Ha nonepeunyio. B stom cayuae, naoGopoT, cyile-
CTBEHHAS acHMMETpus HaOGJdIofaeTcA MexAY caysafaMH pac-
noJoKeHnsa uctounnka npH yraax 90 n 270°..

Hwmenno Takyio acuMMerprio W Habmonaan Koke u ap. '
[x ycranoska, ocoGeHHO CHETHHK, He CAHIIKOM 3aC/ayKH-
paJa  JIOBepHS, a TeopHH, CBA3BIBAWOIEA ACHMMETPHIO
paccesHud ¢ nojgdapusandeii, Toria He Oplia elle co3adHa.
[eM He meHee HccJaenoBaTeJH ObIH VOelleHb B TOM, UTO
s(pheKT AefCTBHTEILHO HMEET MECTO, i OHH HpPeAnoJOHHIN,
UTO «NPHYHHY ACHMMETPHH C/lefyeT HCKaTh.. B HEKOTOPOH
ICHMMETPHH caMoro saextpona». Mx pabora Owura mpo-
nomxena Kapmom T, Yeitsom, cryaeatodM Kokea, KoTophiil
[} HEKOTOPHIX OTHOLICHHAX VJVUIINA YCTAHOBKY M NOJYYHI
NOTA M MEeHblIEe 3HAYEHHEe ACHMMETDHH, HO KauecTBEHHO
IOATBEPANJ PE3yJNbTAT HPeAHAYLIEro 3IKCHnepHMeHTa. TeM
ppevereMm Oblia paspaoTaHa N TEOPHA NOJAPHBALUHH TPH
apofinom pacceannn. OIHAKO SKCNEPHMEHT. NO-NPEXKHEMY
HME/ CJAHIIKOM MHOTO YA3BHMBIX MECT, H TOTOMY €ro Bhl-
BOAL He OBIIH NPHHSATH BCepbes.

OcoGeHHo HHTEPECHO OTMETHTh, YTO eille jJ0 onyOaHKo-
paHng cpoelt ctaThH ['posseHc TOHAM, 4TO ACHMMETPHS, O
roTopol coobutaan Koke u fip, HMeaa HenpaBHJIBHHE 3HAK.
J10 samnTepecoBato [ponsenca HACTONBKO, YTO OH BMecTe
co ceouM cryneHtoM Cuaneem ANbTMaHOM NOCTPOHJ TOUHO
TAKYI0 K€ YCTAHOBKY (MHlIb 3aMeHus pajuii Ha CTPOHIHIA
“Sr). Tlposeas CepHl0 ONLITOB ¢ PA3VIAYHLIMH MHIIEHAMH,
OHH OOHAPYZKHAK ACHMMETPHIO, KOTOpaf, Kak OHH H OMH-
qadM, HMeaa 3HaK, NPOTHBONOJOMHHIE TOMY, O KOTOpOM
coobmntaan Koxe u ap. Ilo muenmmio [ponsenca (nporns
koToporo Koxc Bospaman), «poxoRas olInOKa BKpaJjach
32 BpeMA MeXKIy MOMEHTOM MOJy4YeHHS AaHHEIX U HamHca-
HHEeM CTAThH». )

Pasymeercs, naHHblii Bonpoc NpeAcTapiaseT MHCTO aKa<
IEMHYECKHE RHTEpec, TAK Kak 3TH paHHHe pPe3yJabTaThl HE
Optau npupate. Oasako s 1957 r. coMHeHHAM He OCTAJNOCh
MecTa.

! Bropass MHINEHL B STHX ONBITAX Takme Gulna TOACTON, a HE TOH4
10f, DANAKO HaMepHMuil s(pQext Bce Xe nommed G NPHCYTCTBOBATH,




Fnasa 11

MCNYCKAHME W NOTrNOLWEHME
Y-M3NYYEHMUSA BE3 OTHAYM

Boinaromeecs 3nauenne 6o
CBA34HO C TeM BJAHSIHHeM, KOTOpO€ OHM OKa3LIBAIOT Hend
CPEACTBEHHO B cBoeil oBaacTh,
rAyGoKoMy noHuMaiio ABJACHHA

nyTn ncenenosanus. Ognako HEKOTOpbIe 3KCHePHMEHTH! OKA!
SLIBAIOT DPCLIHTENbHOE BO3NElCTBHE MHa PA3BHTHE ApYrH)

OTpacael smauuii n raxum 00pasoM CTaHOBSITCS 3HAMEHA
TeALHON Bexo B HCTOpHH HaVKH.

OAHH U3 TAKHX 3KCHEPHMEHTOR:
ecaenosannii no saeproRt dusuxe, npuobpes dyuramens
TaNbHOR 3HAYEHHE He TOALKO B AAepHOll (u3MKe (rae on
ORA3LIBACT CKOpEe JTHIUIL KOCBeHHOe BIHAHKE), HO H B Apy
THX GO1acTaX (PU3MKH, B uacTHocTH rpaBHTAalK
TBepaoro Tena. Yueunili, OTKpHBIIHA TOT apdexr, Pyronnd
MéccGaysp ns Mionxenexoro TEXHHYCCKOTO WHCTHTYTA (HA-
HaBuil CBOH paboTel B Hacruryte Menuiunckix HCCae 0.
BAHHH umeHn Maxca [Tananka B [efinennGepre), 6nu
yaocroen Hobenesckofi npeman no busuke s 1961 r.

Méccbaysp unrepecosasmcs B3aHMONEHCTRHEM ATOMHOINQ

IAPA € SJEKTPOMATHATHHIM HIAVYEHHEM' OH noaaras, 9TO
TAKAM NYTeM MOKHO BHISBHTE IHHaMEKY HYRAOHOB, 10 AHd-
MIOTHH € TeM, Kak mNoJcTomerns wasag NYyTeM H3VYeHHA
SJACKTPOMAarHHTHLIX CBONHCTB aTOMOB Yaanoch co3narth Teo-
pHio atoma. [lpu ncesenosanun atomon MOIC3HLIM HHCTPY-
MEHTOM oOKasajach pesoHaHcHas hayopecuenuus, Bosmim-
Kaloliast BCaencTRAe TOro, YTo, HOrMOWIAA cBer ofHOf u3
CBOHX COOCTBEHHHWIX 4acTOT, aTom BO30YIKAAeTCs, a 3aTeM

BHOBDL Depensayyaer ero. Ias nayuenus Alpa ITo ABJCHHE

He MOro GuiTh HCHoOOLIOBAHO HENOCpeACTBEHHO H3-3a 3(-

thexra oraaun. Méccbaysp onucsisan sto caeayomnmM oi-

pazom:

«flnepnan  pesonancuas thayopecuenmusn, obycnoBnen-
HAsl y-H3NYUEHHEM, B OOBIYHLIX YCIOBHAX HaOmonaeTca ¢
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JBUIHHCTEA 3KCTepHMeHTO)

TAK KaK OPHBOIAT K GoJel
H/IH OTKPLIBAIOT HOBDI

B stoit rmaee onucan
apdexr, OTKPHTHI B X018

H 0 QHINKE

3AVUCHHH H
foALUIHM TPYJAOM, TIOCKOJBKY ",?-KBGHT]?l n'p”ng.w[tammemy
a W H3-3a TepejauH HMH HMIYJbca o
n|.|.|u1,:f-cql,2:11a1 jolleMy APy TepaloT MHOIO snep_m:I.{TOM. il
. ”.t 1.u DrMH BCAENCTBHE OTAANH HMIYJIbCA Y-KB il
R / 4TO JHHUH H3INYUEHHS H NOTVIOLLe e
nul.m]'erg Eiﬁﬂl&ﬁm ;lpyr OTHOCHTENbHO jApyra H TeM ca
i HCA».

Hill?llﬂifég }:::;F[D"rﬁgmﬂgf:izlxﬁy SHepriN OTAauH, E&ci'{m:f:cpc?f:
; ‘fralme dotona ¢ aneprued Ey = v gémisaqtm o
M “"'“ f NepBoHAavYaJbHO NOKOHIACH. 03 i
b ]\OTD!'}EQ a, T. e. pa3HOCTb 3HEPTHIl MEKAY Haqade e
s gﬂ(':TC-lHHHﬂMH noxoAuleiics CHCTEMB, U pMC}K.ﬂ.V
IMM-H:T';'; SMHCCHH 3Ta SHEpPrud pacnpeﬂe.riﬂe'rcgemyn“b
r||;1.|::-ln1;]m1 H CHCTEMOR, HCHBITBIBaloulel om: F.::HMHYJIBCOM
ATTH ¢ mexny Ey u Eo. ®otod obaai oy it
llq-ll;I'I-llcgzigt;mmenﬂo cHcTeMa npHoOpeTaeT ]:iaﬁm ofa iy
-|'f1-|t|'me W TMPOTHBONOJOKHLH 10 1-1anp3221:ym o
oTnauM W, CAelOBATEAbHO,  KHHETH

' oit E
(Eyfc)’ [2M = E%[2Mc®, wto B cyw™me C BeawtiH ~
;uLl;kHo OLITb paBHO SHEPTHH nepexoja:

o

E2 11.1)
Ev+ 2Mct = Eo. (

NoKOs CH=
Beanunna M¢? ecth He UTO HHOE, Ka:ﬂas:[;%;unmx il
cTeMbl, Hemyckalouleir ¢oToH, Kak- I m:.nu’apnam R
" papHas Mo MOPSAKY BENHUHHB M Lot
oo C npyrofi CTOpOHEI, 3HEPTHA TNeEpexol s o
POH-BOALT. rust otora Ey He MOTYT NpEBHIIATH He;l(a:m-
" SHE%HDB 51€KTPOH-BOJBT AdMke AaA Alep; .D.»'(I) i
s ?Hﬂﬂ}:a HUIb B PeNKHX CAyYasx cOCTaBAAeT Pc aks
MOS Mi}?p:x THICAY 31eRTPOH-BOJIBT. Cﬁennsa*renb:;a\.\nlae.MI
:::::E(;?; npuOANIKEenneM W3 ypasHEHHA (11.1) mnoay

2
1 Ey =~ Ev— 77

E STOM HETDPY, HO \'63 HTLCH ema Vi HeH O
b an HEe MEeT OM mocae-
gi b il i P
JOBATENbHBEIX npilﬁnH}KEHHﬁ. B "EPEG‘M HPHGJHMEHHH MOKHO IIDEHEﬁpE'—Ih

NOACTABNAETCH
2 v E, 7z E,; BZajee ST0 3nadenue it

ynenom E5, uro maer [y hts . e
. F. 8 ynene E°, 9TO MPHBOLHT K JyHHIEMY npubami 3
RMECTD ¥ +

i O }“ B TEKCTE Ecan pe }E]CH 600 i H , NPOL A
AaHHOM s C T i} ; 1ia TOYHOCTD ece MOHHD
[IPGﬂDJlmH[h.
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AHAJOTHUHLIE PACCYKICHUA TIOKA3HBAIOT, YTO sHepris By
HeoOXOAHMas Ans BO3OYMKAEHHS cuCTeMB Maccolt M
noriowennn orona ¢ sueprueit £y, papna )

EE
EmE; — X

‘ 2Me? =

Crenyer 3aaMeTuTs, 4To sneprua Ey dorona, poxaanoimeroci
IpH Tepexone CHCTEMbl H3 OJHOTO COCTOSHHS B npyroe,;
Beerlla MeHblue sHepriu nepexofa Eo, no Gosblile 3Heprum
Nepexona E, Kotopuifl MoXeT NPOHCXoaKT OPH NOTIOUEHHH
¢0T0Ha,23TH 2»158 BeJIHUHHLL Pas/ieNeHnl HHTEPBAJIOM 0=
panxa Ei|Mc®.

Has aroMHEX nepexomor sTa PA3HOCTL COCTABJACT
JTHIIL HECKOWIBKO MHJTHOHHBIX J0Jelt By u epasruma ¢ ectes
CTBEHHON IWHPHHON CHeKTPaJbLHLIX JHHHI (a wuorza u
MeHblle ee). Opnako AJA S4ep OTHOUICHHE ITOf pasuocTi
K SHEPrHAM INepexoga COCTABAAELT HECKOABKO THCAYHLIX.
TOT/la KaK eCTecTBEHHas LINPHHA JHHHA HMeer nops;wn;
BCero juaub 10-3 or smeprun nepexona, Takum obpaioM,
€CJAH B CAyYae aTOMOB elle HMEeT MECTO 3HAYHTENbHOS.
TNEPEKPLITHE MEMIY pacupeae]eHHAMH NO SHEPrHAM HCHY-
WEHHEX (DOTOHOB M MOTIOWLAIOIMAX ATOMHBIX COCTOSMHIL.
I0100HOe NepeKkpLITHE OTCYTCTBYET B ciydae sgepHOro H3~
JYYCHHS,

Oueruano, uto s(ppexr oTaaun yranocn Gl OpaKTHUECKH
NOJAHOCTLIO HCKMIOUHTD, €CH Ol Maccy M BOSMONKEO GHIO.
YBEMHUYATL HA MHOTO NOPSAAKOB. JlocTiKeHue Mécchayspa
COCTOAAO B TOM, YTO OH NOKA34J] PeanbHyio BO3MONKHOCTH
370 CAenath. A HMEHHO NpH ONPEeLEJeHHLIX YCAOBHSX
KOrja ajipa ¢psisaHbl B KPHCTAMIHYCCKON pellleTRe, oun pe-
AVT Ce0A He Kak cBODOLHBIE YaCTHLLI H HMIOYJIBC OTAAYH
HPH. H3JIYYATENLHOM HEpexofie BOCTIPHHUMACTCH BoeM K-
cTa1noM. 3To 03Hauaer, yto Maccoi M, KoTopada Gurypipo-
Bala B BollUCNPHBEACHHLIX pACCYIKACHHAX, Tenepb OVAET
Macca kpucraina, B ~10% pas mpemocxoasman maccy
sapa.

Hpennaraaucs u apyrue METOAL, NO3R0JASIOMNe 000HTH
YKasaHHYIO TPYIHOCTB; OHH M3 HHX HCHOAb30BAN Méc-
cGaysp, NpOBOAS CBOH NEpBHIe SKCNePHMEHTH, KOTOpule M
HpHBEJH €ro K oTKphiTHIO. O0 3T0M oM cooGuina B 1958 r.

B oxypnane Zeitschrift [iir Physik. Bce 3TH MeToZbl OCHO-
BaHH Ha CO31aHHH AOMNEPOBCKOro C/ABHIA YACTOTHI y-H3AY-
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WeH NS, TPOHCXOAAIIEro NPH ABHKEHHH H3JayUaouero u (Himn)
norsolnawpliero aapa. Jas noayuenus HeoOXOLHMMOH CKO-
POCTH  JIBHJKEHHA HCHOJbL30BAJMHCL PasiH4YHbIE METO/LLE
uenrpudyra, ABMIKeHHe siiep, BOSHHKAalOUlee B pesyJbraTte
OT1a4d nocje HMCOYCKaHWA H/AIH NOIVIONICHHS H3JAYHEeHHH, 4
TaKKe TEnJoBoe [BHIKEHHE NPH CPABHHTENHHO BHICOKHX
rTeMmnepaTtypax. MéccGaysp Bwmbpad nociaeiunit merol. Kak
orvenan Mécchaysp, Bo BeeX NpeABIYUIHX SKCOEPHMEHTAX
«[IPOBOAKJIOCH H3YYeHHEe paccesiHus M KBaHTH, PE30HAHCHO
pacceHBaeMbie #APaMH, NPHXOAHJIOCH BBIACJATL Ha (oHe
VIIPYroro H KOMOTOHOBCKOro paccesinas», Bce 1o npuso-
JIHJIO K SHaYHTEJABHBIM SKCHEPHMEIIT-&HBHHM TPYIHOCTHM,
4 TaKXKeé K BechbMa Cephe3fniM orpaHHueHusM npu Buibope
HYKJIHAOB, AJA KOTOPHIX JaHHLIA MeToA MOr OHITh Npu-
MEHeH.

Mécchaysp obHapyxmi, UTO <«yKasaHHbBE TPYAHOCTH
Mo HO 000HTH, ecad athiheRTH, cBA3aHHbIe ¢ pe30oHaHCcaMH,
13MepATh no noraouieniio. OaHako, NOCKOALKY paccMaTpH-
paeMble 3(Q@exTo, ocoDeHHO A MATKOTO Y-H3AYUEHHHA,
O4yeHb MaJbl o C[}EBHEHH}O ¢ NOrMolleHHeM 3TOr0 H3JAy4He-
A atoMHoH obGonoukoi, upessnivaliHo ecTkHe TpebGoBa-
1HH TPELbABIAIOTCS K TOYHOCTH H CTaOHILHOCTH H3MEpH-
TedbHOH anmapaTypsl AJAH H3MepPEHHd BPEMeHH MKH3HH!
AEPHOTO YPOBHA B ONLITAX 110 MOIVIOUIEHHIO, .

HeenenoBante aOepHOi pe3oHadHcHON (uayopecneHIHH
oco0eHHO MHTEPEeCcHO B AHaNasoNe 3HeprHil MACKOro y-uaay-
yeHHs, AJA KOTOPbhIX TNPH HH3KHX TeMIepaTypax ‘caeiyer
OJKHAATH BAHAHHA XHMHYECKOH CBA3M B TBEPABIX Teaax HA
pe3yabTaTH IKCNepHMeHTa.

B wuacrosuefi pafoTe onpelefieH0 BpPeMdA IJKHIHH Ty
vpoBHa ¢ 3Heprueit 129 k3B B upaaun ''Ir. Micenenosanne
pu TeMmmoepaType MKHAKOro KHCJAOPOAA OOHAPYIKHJIO CHIb-
HOE BJHAHHE XIMHUECKOH CBS3H HA CeueHUe B3aHMOAENH-
CTBHA NPH SACPHOM NONIOUWEHHH... DddexT XHMHUeCKOi
CBA3H UPe3BHYARHO YYBCTBHTENEH K CNeKTPY KoJebaHuil
KPHCTAIJIHYECKOH PelleTKH TBEPAOrOo Tejdar.

[lo npHUKHHAM, KOTODHE Mhl OObSCHAM HHXE, SKCOepH-
MeHT NpoBoAMJACH MeTogoM cpasHenua. «Ha pue. [11.1]
NpeacTaBieHa SKCHepHMeHTaJbHAsi yCTaHOBKA, & Ha

I Cevenne PE30HAHCHOTD MOTIOIIEHHA 3ABHCHT OT eCTECTBRHHON LIH-
PHHBI JHHHH P, KOTOpaa B CBOK O4epels cBA3dHA CO BPEMEHEH HH3IHH
cooTHolenneM Heonpefesennocteil T = h/T.
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pue. [11.2] — yetpofictso KpHocraTta ¢ normoTuTessimiu.. Mo
[JIOTHTENH — JBeé NpoOKaTaHHLIE I.IJ()JIhFII, O1HAa H3 HpHIHA

AHamMerpoM 35 MM, — YCTAHaBAMBAJHCh TaK, YTOOK obecre-

YHTh HM BO3MOMHOCTE 6ECHPEHHTCTB(’_‘HHOTD CXaTHa npn

OXTAKICHHH,

Hamepaiocs norsnowenne B mpuann y-H3AYUCHHS C IHEP- |

rueit 129 k3B, uenyckaemoro mpm B-pacnage qaep ocMHA

1910s... HabmonaeMuit cnekTp B AONOJHEHHe K JMHUAM... |

uenyckaemeim  ''Os, umeioutuM  nepuon noaypacnazia

\\\\\\\\“
N6 N
2 - Al

Puc. 11.1. Cxema tepsoro skcnepnmenra Mégccbayspa.

A_—iipuucmt € moraotHteseM; F-—KDUOCTAT, CONEPMANIHA HCTOW G D — netextap
(CiEnTANAREHO R KA Kpuorana Nal o HOTOYMHONNTEL): K —KOANTMATOD, DTemenTsl A
I P ycTananiiBaaiics Ha MACCHBHOM OCHOBSHHN [£. Physik, 161 (1958), cTp. 132, pre. 2|,

Pb

16 nHefl, COMEPKHT TaKkkKe KOMNOHEHTH.. Qs ¢ nepuo-
AOM moaypacnaia 95 AHeH, AAIOUEr0 JKeCTKHe JAHHHH ©
snepruefi 640 u 875 ksB npu BrcBeunpanun $Re, KOTOPHI
obpasyerca npu K-3axparte ! B 1550s,

CaMonorJoilenne pe3oHAHCHON JHHMH B HCTOYHHKAX
JHAYHTCILHO BO3PACTAET ¢ YBEAMYEHHEM TOJUIHHBI Mpena-
parta, TOria Kak ecTKashi KOMIOHEHTa H3JyueHns 'SRe
HCMBITRBACT JIHIIL HESHAURTENBHOE caMononiomenne. Ma-3a
STOr0 OTHOCHTEJbHAR OIS JKECTKOH KOMIOHEHTH H3Tyde-
HHS MCTOYHHKA BO3pACTaeT NMPH YBeJAHYSHHH er0 TOJILHHbL.
[Tostomy npenapar pacuosaraics B BHAe c/ios ILIOMWLAABIO
80 MM2, a ero KOJMHUECTBO He npeseiwano 0,6 r... [penapar

! K-aaxpatom nasupaercs BHA pazHoaxTHBHOCTH, B KOTOpOM #Lpo
¢ NOPRAKOBHM HOMEpOM Z NOrMOUIAST OIHMH H3 SMEKTPOHUB «COOCTBEH-
Horo» aroMa (oboiyso u3 K wam na camofi sHyTpenHei 0foA0YKH) H OPH
ITOM MCIyCKaer HelTDHHO, MPEBPALLASCH B AAPO ¢ NOPAAKOBLIM HOMEPOM
Z— 1. B npunuyne K-39XBAT BCETLA MOMKET HMETh MecTo NpH HaJTHYHH
H3NYHEHuA NOSHTPOHOB, HO OH MOMET NPOHCKXOMHTh, MaMKe €CAN OO3H-
TPOHNOE H3/AYHEHUE 3ANDEIEHO MO SHEPTETHYECKHM COOOPAMCHUAN.
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APYrasa H3 IVIATHHBE, Kaydas TOJMWHHOA oxogo 0,4 wumum H

nepen ofJyueHHeM 3aMaHBaaCcAd B BAKYYMe B TOHKOCTEHHOI
Ksapuesoil xiopere.. KioBera npunamsaiacs Ko AHY HH-
JIHHAPHYECKOrO KBAPUEBOro CTaKaHa AJA KHIKOTO BO3LVXa,
i BCe 370 noMewasoco B cocya Humwapa. Onucannsiii cno-
coll  yCTAaHOBKH HCTOYHHKA
Oua neobXoaum 1JIg TOro, 4To-

Obl NMepeMenieHne HCTOYHHKA, l
CBAI3aHHOE € COKpalleHHeM :
NOAAEPAKHUBAOMHE 3JEMEHTOB
NpH OXJaMmOACHHH, OLIJI0 MH-
namanpHbiM. Takoe nepeme-
ueHHe MO0 OBl NPHBECTH K
H3MEHeHHI0 cpelHel TOJLLH-
Hbl MOTJIOTHTENAS, «BHAHMOTO>
HCTOYHHKOM (ecAH NOrJaoTH-
Tedb He CTPOro NJOCKONapai-
aegent). OcHosHas KCOEPH-
MeHTaJbHA" TPYIHOCTL HpPH
H3MEpDCHHH BpPeMeHH JKH3HH
COCTOUT B TOM, YTOOH! MOJHO-
CTbIO HCKJIOUHTL BJAHAHHE H3-
MEHEHHA FEOMETPHH NPH O0X-
JamAeHHH HAa pPe3yiabTaThl H3-
MepeHHs.

[IpoGaema Gwia yaosae-
TBOPHTEJLHO pellieHa NnyTeM
KpelmjeHns HCTOUHHKA ONH-
CAHHBIM METOLOM, WCHOJbkI0-
BE2HHA MOOYTH TJIOCKONapal-
JAeJALHBIX norJgotuTesel sna- Pue 11,2, Cxema wpnocraTa
YHTEJALHOA MJAOWAAH H BHOOpa L Lt

OTHOCHTEABHO 50.}'[]:.!_1[0]"0 Pal:' Mokasano S'CTDDRETEC'I, C NOMOIILYY KO-
crofHuA (He MeHee 50 cM) or
HCTOYHUKA 0 MorJoTuTeell..,

[Mpamoe onpegenexue ce-
TeHHST B3aHMOAEHCTBHS NpH

TOpOTro JAm 6ol 1E 1By X norJoraTench A
B Ay MORIO YUTAHOBNTL B TOUHE S5 na-
AeNuA HyHEa nyTeM  HaTACHEAHHA
wHypa. D—erenxa cocyis Mowapa;
T —Tennons 0Py tLuh TOpILIeHs
12, Physik, 151 (1938), cvp. 133, pue. 3]

SASPHOM  PC3OHAHCHOM TOMJIOULIEHHH NYTeM H3MepeHus
ko3 puuHenTa noaHoro ocitabachus, poobuwe rosops, He-

BO3MOMHO, TaK KakK #AjepHoe

pe30HaHCHOE TMOTJAOLLeHHe

O0LIYHO OYeHb MaJio MO CPABHEHHIO C MOrJIONIeHHEM ATOM-
HeIMH ofionouKkami. SIAepHbll pesoHaHCHHIE 3didext B 9r
onpeneasiacd nosromy AnddepeHinalbibIM METOAOM, H MO-
IJIONIEHHE Pe3OHAHCHOH JMHHH B PE30HAHCHOM HPHAHEBOM

Bt
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NOTJIOTHTEJNE H3MEPAJOCH NPH PAsTHYHHX TeMmepatypax @
TAKHX YCAO0BHAX, YTO H3MEHEHHE Pe3yNbTHPYIOUISil HHTEH:
CHBHOCTH HaXOAWJIOCH B NPSIMOH CBASH C CEUEHHEM pea
HAHCHOTO TOTVIOWleHnd, a Jawobuie nobounHe sPheKTH Hes
K1iodaauch. CedeHue norsolienus ectb (QYHKUHA Temnepas
TYPH HCTOYHHKZ M moraoTatens. Beuay temmeparvps
3aBHCHMOCTH NOJHOTO HOIJIOUIEHHS BCe H3MEpEHHs [1pOBO
AWAHCh NOpPH TOCTOAHHOH TemMnepaType MNOrJMOTHTEI i — B
KaAmA0M clydae MeHaJach JIHIUb TeMNepaTtypa HCTOUHHKA
Temmepatypras 3aBHCHMOCTD NOJHOrO NOTIOUEHHS OGY<
CTOBJEHA TeM OYeBHAHLIM OOCTOATELCTROM, UTO IPH H3Mes
HCHHR TEMMEpaTypPH HAMEHSAETCH YHCAO aTOMOB MOIIOLIAI0=
Llero BellecTsa, mpuXofsimeecs Ha | cm? nopepXHOCTH.
B paccmarpuaevom cayuae stor sdext npuboant K
H3MEHEHHAM, OOPATHEIM TeM, KOTOpHbie BLI3HBAeT SACPHLIN
Pe30HANC, U MepeKphiBaeT nocaeanne. IToro yaaloch usbe-
JKATh, H3IMEHAA JHIIL TEMIOCPATYPY HCTOUHHKA. Paaymeercs,
CaMONOrJIOMIEHHE B HCTOYHHKE TaKiKe OGHAPYKHBAET, XOTS
H cn1a6ylo, TeMNepaTypHYIO 3aBHCHMOCTB. IJTOT 3(deKT,
TaKXKe NPOTHBONOJOMHEI BOHHKAIOUIEMY NPH pe3oHaHce,
YAaa0Ch HCKJOYHTH 6Jarofaps TOOYEPeHOMY HIMEPeHHIO
HHTEHCHBHOCTH H3JIyUYEHHS, NPOUISANIEr0 Yepe3s pe3oHaHC-
HEIH TIOTJIOTHTEIb H TOMNIOTHTENs cpaBHenus. Mamenenne
CAMOTIOTJIOUICHHA B HCTOYHHEKE BAHAET B OAHHAKOBOH CTe-
NeHH Ha WHTeHCHBHOCTEL H3IAYYCHHA [OCAE NPOXOHKAeHHA
Kaxaoro us IIOT.TIOTHTEJIE?!, TOTIa Kak ﬂﬂ.Ep[']h]E[ pe3cHaHec-
HEIL s(ekT npossasercs JHIIL NPH Pe3oHAHCHOM NOMJIO-
LIEHHH; M0STOMY BJMAHNE CAMONOTTIONIEHHA MOMKHO HCKJIIO-
YHTh HpH anddepeHiunalbHOM H3MEDeHHH, ecTH nojolpaTh
NOrJIOTHTEIH ¢ NPHMEPHO OZMHAKOBON moraomulamlef crno-
COGHOCTBIO. ..

Hpunni (Z = 77) caykun pesoHaHCHHM NOFJIOTHTENEM,
naatuea (Z = 78)— noraotHrenem cpaBnenns. Pasiamume
B HHTEHCHBHOCTAX H3JAyHUeHHs, mpoienmero gepes oba mo-
TJIOTHTEJSA, COCTABJANO NPH KOMHATHOR TEMIepaType 0KoJo

0,19%'. Hamepsinncs nonuste maTencHsrocts /f* w ;' nocie
npoxoxcieHasd pesoHancHoro noraoturens (Ir) u normoru-
Tens cpasnenns (Pt).

Jas uamepenis BAHSHHSA XHMHUECKON CBASH HA AnepHOe
Pe30HaHCHOE MOTrJolenye MOrMOTHTENH BCErAa HAXOANTHCE
IpH TeMnepaType xkuaxoro kucaopoxa. Temnepartypa nerou-
HHK2 MEHfJach B TMpelenax OT TOUKH KHNeHHs KHCJI0poaa
IO TOYKH KHICHHA BOJBL..»
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HemnocpeACTREHHO ONperenseMoil BeJnynHOil OBlTa OTHO-
B2l BE

CHTEIbLHas pasHoCcTh ([}-r‘—'ff )| Ii* npu pasmuunux temme-

paTypax HCTOMHHKA. AHAJH3, KOTOPHUH Mbl 3/lech He OpPHBO-

JHM, TIO3BOJISIET mepeliTH o 9ToR pPasHOCTH K CEeUeHHIO O

i)CBDI‘IﬂHCHOl"O NOrAoLIeHHA.
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Pue. 11.3. MamMeHenne oOTHOCHTABEON Pa3HOCTH HHTEHCHBHOCTEN y-#aay-

yeHHs mocae MOCAOLleHHs B HPHAHH H NIaTHHE B 33BHCHMOCTH OT Tes-

nepaTypsl HCTOYHHKA (a). (Temneparypa noraorurenedl 88 K.) Ceuenue

pesoHancHOro mordoutenus y-uanyens ¥t B aapncimocTs or Temnepa-

Typu (§), NoAyYeHHOe HA OCHOBAHHW NAHHHX, TPHBEACHHHX B hacth (a)
[Z. Physik, 151 (1958), crp. 140, puc. 8]

«Ha puc. [11.3] npubeaennl pesyibTaTsl H3MepeHH|,
npn  KOTOPHIX mnorioraread Ouam  oxaaxiens'. Ha
puc. [11.3,a] npeicraBiess PasHOCTH HHTEHCHBHOCTEH H3-
JyueHHs, H3MEPeHHBIX NOC/Je Pe30HaHCHOro NOrJAOTHTENsS H
NOTJIOTHTEJH CpaBHeHHst, Ha puc, [11.3, 6] — suuncieHHoe

-1 lpn nsvepennax coBCTBERHO BPEMEHH HKHSHH NOTMOTHTENH NOM-
JepHuBaiich NpH KOMHaTHON TemnmepaType.
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no 9THM AaHHLIM cedenne mordowenns... Ha pue. [11.3, 6]
MlaHa TaKyKe TEOpPETHUYEeCKasd KPHBAA H3MEHEHHS CEYeHHS NPH
JABYX PasJMuHBIX pacnpefeeHHAX HACTOT B CHEKTPe KoJie-
OaHHll KPHCTANJMHYECKOA PeMIeTKH UpHAHA». Teopernyeckuit
anajua 0wl ocHOBaH Ha pabote ¥. E. JIsm6a-mua., onybau-
KOBaHHOH HM ABajllaTh J€T Ha3ajl, B KOTOpoH paccmaTtpH-
Bajics Pe30HAHCHHIN 34XBaT HEHTPOHOB KPHETAJIOM.

Kak mozcHO BHAeTb, 00€¢ TeopeTHUECKHE KPHBLIE JHIIL
KaluecTBeHHO COTJAACYIOTCH C SKCAEPHMEHTAJNbLHLIMH Pe3yiib-
TATAMH; OIHAKO OTCYTCTBHE TOYHOTO COOTBETCTBHA OHIJIO
HECYIUIECTBEHHBIM, TaK KaK TeopHA cojiepiKalNa Npeinoio-
JEHUS, A0NYCKAlOUHe H3MeHeHHs (CHJOMHAA H NYHKTHP-
Hasi JAHHHH JEMOHCTPHPYIOT, Kak BJHAIOT HAa Pe3YabTaT
pasiHuHbie NPeAnoJoKeHHs 0THOCHTENbLHO clekTpa Koaeba-
Wil KpHeTaLauueckolt pewerku). Baxno 6nuio 10, 4TO RAK
TEOpHS, TAK H 3KCOCPHMEHT NOKa3LiBaJH CHJAbHOE BO3pa-
CTAHHE CEUeHHS TO Mepe NOHHIKEHHA TeMIepaTypul HCTOY-
HHK4. DTO HAXOIHTCH B PEe3KOM TMPOTHBOPCYHUH ¢ HHTYHTHB-
HLIMH TPeANONOKEHHAMH, UTO TMOHHXKEeHHe TeMnepaTypel
HIPHBEIET HPOCTO K YMEeHBIIEHHIO AOMIEPOBCKOrO VILHpPeHus
JHHHH, CBA3AHHOIO C TEMNAOBHM ABHMKEHHEM, M TEM CAMBIM
K YMCHBIIEHHIO NEePeKPLITHA [UKOB PE3OHAHCHOrO MNOMJAO-
meHnd U Henyckanua. B ceoedt ¢rtathe, onyGauKoBanuofi B
Zeitschrift fiir Naturforschung, Mécc6aysp, onHcsiBas aalib-
Heillllee pa3BHTHE TeME, TAK CYMMHEPOBAaJ TEOpeTHYeCKHe
coofpaxennd.

«HMenyckanne HWJAH NOrJONeHHe KBaHTa AAPOM, CBA3AH-
HEIM B KPHCTaJLIe, IPHBOANT, BOnOLE roBOpA, K H3MEHEHHI0
Ko/1e0aTe/IbHOro COCTONHHA KPHCTA/LIHYECKON PeIIeTKH, Ko-
TOpan mojgyyaer uMny/be oTaaud. Benenicrsne KBaHTOBaHMA
COGCTBeHHON SHEPrHH KpPHCTAAJAa OH MOMKET INOMNIOLLZTh
SHEPTHIO OTI4a4H JHIb AHCKpeTHHMH nopuusamu. [Mpu nous-
MEHHH TeMNePaTYpPH BepOATHOCTh BO3OVIKIEHHS COOCTBEMN-
HEIX YPOBHEN KpHCTa/lla YMeHbIIaeTcsl, NO3TOMY MPH HCIY-
CKaHHH MACKHX Y-KBAHTOB HEKOTOPAH HACTh NEPeXOnoB Mpo-
HCXOJHT TaK, UYTO HMIVJILC OTAAYH BOCNPUHHMAET BeCh
KpHcTann B neaom. KpanTel, HCNyUleHHbIe HJAH MOTJIOLIEH-
HHE TPH 3TOM, TPAKTHYECKH HE HCMBLITHIBAIOT NOTEPH 3SHEp-
THH H3-3a GoOJbLIOH Macesl KPHCTaJdJad, MNO3TOMY OHH
HAeANBHO COOTBETCTRVIOT YCAOBHIO Pe30HaHca.

Ha pue. [11.4] nokaszaHwsl TEOPETHUECKHE CHEKTPHl HCITY-
CKaHHA M Horjolledus npu nepexome B '*'Ir ¢ sHepruef
129 k5B, npoucxoasimem npn temneparype 88 K.
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Kaxaelil COeKTp COCTOHT H3 JIBYX HacTef.

1. [lIupokoe pacnopeieneHne, oTpaxapllee TenJoBoe
JiBH{eHHe ATOMOB, CBA3aHHLIX B KPHCTAMJHUECKON DeHIeTKe,
KpaHnToBHEe nepexofsl, nonaiamoliie B obJacTh 3TOH <«Ten-
JOBOR®» JMHHH, CBHA3AHLI ¢ H3MeHeHHeM KoJebarejbHoro
COCTOAHHA KPHCTAJNIHYCCKOH pelieTkH.

i

Lrguima  WEmyoKaniie

| b x 200

]
E,R Ej Egtl Imepeur
I
Lnexmi x 2009,
PO AGLLEFIS
1
Eih Ea EgtR Fuspeus
Puc. 114, Toaowenne n dopma CNeKTPoB HCOYCKAHHS H NOTNOIEHRA

npd 88 K pas nepexoaa s '"'Ir ¢ sueprueit 129 k3B co ppemenem xu3uu
re=14:10"19 ¢

Hawano orciera SHeprud He NOKasAHO; Macmral mo BEPTHKAALHON OCH MPANIRGIL-
Huifl, BeEcOTE AuHHE Opn E=E; ipesonancaoM 3naueiul Ssueprid) Aaua B yMenbiieH-

o L]
HOM Macmrate | :200. R—sAeprus oriauy csobonuoro fipa, pannas Eé/2 Me®
|&. Nafurforsch., Ha (1929), crp. 213. pue. 1)

2. UpessnuaiiHo HHTEHCHBHAA JIHHHA C ECTECTBEHHOH
ITHPHHOMN, ONpPEeAeIAeMOll TeMH KEAHTOBEIMH Iepexoaamil,
NpH KOTOPBIX HE NPOHCXOAHT NMOTEPH SHEPrHH H3-3a OTAa4YH,
TdK KaK HMOVJALC OTAauYH NOJHOCTLIO NMPHHHMAET KpHCTaJI
Kak uejsoe. 3t1a Anunsa «0e3. oTAadd» TPH HCOYCKAHHH H
NOrJoUleHHH He cMellaercd OTHOCHTeJbLHO PEBDHEHCHOﬁ
sHeprun Eg».

[IpH yMeHBUIEHHH TeMOepaTYpHl BTOPaA KOMIIOHEHTA
BO3pACTAeT OTHOCHTETbHO MEPBO, W HMEHHO MO3ITOMY yBe-
JHUHBAETCH CEUCHHE PE3VHAHCHOIO NOTJOLCHHA,
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Ecan necvemennas annus aclicTBHTENBHO HMeeT TOJALKO *

CCTECTBCHHYIO WHPHHY, TO CJAEA0B3J0 OXKMIAATH, 4TO BO3-
MOZHO HApYIIHTh YCJOBHA pe3odanca OpH Mool sd-
dexra [lonaepa npu BeckMa maaofh ckopocTi. Tem cambi,

BO-NEPBEIX, yAa/10Ch Ol MPAMBIM NYTeM H3MEPHTb WHPHHY A

JHHHA W, BO-BTOPLIX, NOATBEPAHTDL Haauune spdekta. Méce-
Gaysp ycnelHo ocyecTBH STy NMPOTPAMMY H COODULHA O

" / \\_

MR N
NN
Wesr
— Pb

Puc. 115 Teowerpus skcnepuyenra.

A—rproctat ¢ nornoreTeneM: Q —npamaowulicn KPEOCTAT © NETOUHIEOM ] D — ¢tz
THAARUMORIBIE  ferekrop, M —ugcrs TpaekTopnd, na RoTopofi HaxoMLicd HCTOMINK
upH Hasepennax [Z. Nafurforsch., 14a (1950). crp. 215, puc. 2|

PEsyJbTaTax B nucbme v kypHaa Die Naturwissenschaften,
a TaKiKe B yiKe ynomunasweidics crathe B Zeitschrift fir
Naturforschung. Ee mu untupyem Hixe.

«B HacTosmeil paGote na npumepe ''Ir goxasano cy-
IIECTBOBAHHE YIKHX JIHHHI HCNYCKaHHS M NOTAOIIeHNHS
y-H3aydenns. C 370/ HeAbI0 MBI HCTIONB3OBAAN METON ITEHT-
pubyrn. Herounuk aperajcsi oTHOCHTeaLHO NOTA0THTEIA,
uTo Gaaroaapa spdexty Honaepa NpHBCANIO K CMelLeHHIO
JIHHRH HCOYCKaHHSA B CTOpOHY GoJbliel WAk MeHbLIel sHep-
THH. DT0 CMelleHHe JHHHH HCOYCKAHHS YCTPAHAIO cyuie-
CTBylOLICE NPH NOKOAMIEMEs HCTOUHHKE MOJHOe MEePeKpHITHE
JIHHHE HCIYCKAHHA W noraomedns Ges ortaaun. Ilpm stom
Hapylalock y¢j0BHe PE30HAHCA M HCYe3a/I0 CHILHOE Pesos
H@8HCHOE MOroUenHe Ha JHHHN Ge3 oTaaun. AHalIN3 HHTeH-
CHBHOCTH p-H3JyueHns c sHeprueit 129 k3B, npounkawutero
CKBO3b De30HAHCHLIN (HPHAMEBEI) NOTIOTHTENb, B 3aBHCH-
MOCTH OT OTHOCHTEJIBHOfi CKOPOCTH HCTOUHHKA H NOT/IOTH-
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fe/51 B 9TOM CAY9ae AaeT HeMocpeACTBEHHO WHPHHY JTHHHH
fica oTna4H, T. €. eCTECTREHHYD HIMPDHHEY, 4 TeéM CaMbIM
hpeyA RAIEE YPOBHA ¢ aHeprHedr B 129 k3B s Mr..,

Ha puc. [11.5] n3oOpaxena SKCIepHMeHTAJMbHAafA YCTA-
llonka. YcTpolcTeo Kpuocrata Oulao onHcano pakee. Peso-
I8 1ICHEI NONJIOTHTENE (HPHAHH) H NOTJAOTHTENL CPABHEHHS

!ﬂ:fﬂ
I
20° 110 0 twt 20730 6w 507 a8 i
4 2 0 2 & +§ +8 +ilempp
ﬂ 1 i i L 3 i i i i -_y
~02%
4%
~06%
-G8%
-1,0%

Pue. 116, 3asucumocrs orocurTensuolt paanoeTH  HETencHBHOCTER

(1'* — IPYp=t H3MYUeHRA Mocjde NPOXOMKIEHHS HM NAATHHOBOLD M Hpi=
[1HeBOre MOTIOTHTe el 0T OTHOCHTEILHON CKOPOCTH HCTOUHHEA If MO0~
THTENM.

Ita BepxHell ropH3OHTANLHON MKAJE NOKAIAHE COOTBETCTEYIOUINE CAEHIH HePTHE
|2, Naturforsch,, 14a (1959), crp. 215, pue. 3].

(n1aTHHA) MOTJAH MOOYepefHO BBOAMTHCH B NMYUOK H3Tyue~
nitd, ObGa norJoTHTENR H HCTOYHHK HAXOAHJINCh NMPH TeMne-
paType MKHAKOro Kuciopona. CUHHTHIIAUHOHHBIA CNEKTPO-
MeTp ynpapasicad (oTouyBcTEHTeNEHOW fAuefikofi, Tag uta
peTHCTPHPOBAJHCD TOJABKO KBAHTEHI, HCIYyCKaeMHE HCTOYHH-
KOM BO BpeM#d NPOXOMKIACHHS UM TOH 4acTH TPaeKTOpPHiH, KO-
TOpAas BbIACJNEHA HA PHCYHKe XKHPHOA JnHHed.

PeayabraTel m3amepeRHil npejctasiens Ha puc. [11.6].
Kamaad TOYKa B TIOAYYEHHHIX AAHHLIX ONpeaeqsnach TpH-
mepio nmo 10 HsMepeHHAM HHTEHCHBHOCTH H3JAYHCHAA 38
KadIeM M3 norjorareneH, I[lorHoe BpeMs H3MepeHHH
cocrasuao 14 aueit. MurencusHocTh H3MyueHH: 3a no-
IIOTHTEIeM CpaBHEHHS (NJaTHHOM) B OpelelaX TOYHOCTH

233




TI3MepeHHH He 3aBHCENa OT OTHOCHTENLHO CKOPOCTH . Vi
3alfdLie HA rpafuke cpednue oluGKN ONpeseANHCh 1o
Gpocy oTaenbubIX H3MepeHHii H BCeraa npesocxoauan
THCTHYECKHE OWHOKH... [locae COOTBETCTBYIOWULEH YHCJIeHHg
00paboTkn GLiia nocTpoena KPHBAA, YKA3anuas wa D
CYHKE; OHa oTseuaeT WHPHAE Juuun ' = (4,640 6) - 10-2
Aas ypoHst '*'Ir ¢ smeprueft 129 xsBs». Mgl ‘
Meccﬁaj}'ap PEKOMEHI0BaN pa3paloTaHHBIl HM MeTo
KaK HOBGUT HHCTPYMENT AIA H3YUYEHNUs! HH3KONEHKAIHX BOk
OyKICHHBIX COCTOAHMUM ¢ OYEHD KOPOTKHM BPEMEHeM K H3HH
L8] C_\’I.TJ.ECTB}’, 3TOT MEeTol NO3ROJIAN OUEHHBATL | l’.‘.f:l :
BPEMil KH3HH YPOBHS SHAUMTENLHO HaLexiee, yeM M1060
113 CyluecTBOBaBUINX panee MeTonoB. ONHAKO HanGoce B
HOH YEPTOH HOBOro MET0a o0KasaJoch TO, 4HTO }-’CJIU}]
pE3oHanca BLHNOJHACTCA NPH MOKOSLUMXCA OTHOCHTE L
APYT JIpyra HCTOYHHKE M NOIMIOTHTE e, TOraa Kak nepemg
IIEHHE OAAHOrO H3 HAX CO CPaBHHTEJbHO YMEPEHHOM CKOpS
CTBIO NPHBOAMIO K H3MEHeHHIO SHEpPrHw, OpeBLILaIonIeM!

€CTECTHEHHYIO WHPHHY AHHEW, CHPAaBeAIHEO H obpaTHoe)

000l BHeIHHE 3bpext, uamensoui NepBoHavYaILHY K
SHEPIHIO, MOr ObITh CKOMNEHCHDOBAH IPH MOMOIH OTHOCH

TeMBHOTO ABHMKEHHA H BEJHYHHA H3MEHeHHA Moraa OBIT

gnpem—me:{a O SHAaYEHHI0 OTHOCHTETBHOH CKOPOCTH, T
yemolt aas BoccTaHOBAEHHA YCI0BHH pesonanca. Hmen

STO OGCTOATENLCTBO CHOCOGCTROBAIO NaneHeiiwemy passig
THIO METONA, 1aJ1eKO BHIXOAAINEMY 3a TIpeess S1AePHON g
aukit. Tlpunoxennn spexra Méccbayspa Muoroumnciennsl

HHKE MBl OCTAHOBHMCH JHIIb HA HCKOTOPBIX H3 HHX.

B o;zmom H3 PAHHHX NpHMEHeHHit mMeToa cmepXTOHKAS
CTPYKTYpa saaepHOro nepexoaa OBIA HCHOAB3OBAHA Bis) s
ONpPEAENeHNs] MATHHTHOTO MOMEHTA ANPa, HAXOMALIEroCs &
BO30YMACHHOM cocToAHmH. Takas CTPYKTYPA BOIHHKAGR
(a rTake ocHoBHORG

OGaaroaaps pacienjiesio yposHs
COCTOAHHSA) BCJIEACTBHE B3aHUMOIeliCTBHS MArHHTHOTD MO
MEHTa 54pa C BHYTPEHHHM MATHHTHBIM HOJeM KpHCTa/1a
Kaptuna pacnpeaenenns unrencnsrocty onpeensercn e
HApANNEAbHL! WM NEPNeHARKYNAPHE APYT APYFY HAMal
HHYCHHOCTH HCTOMHHKA M NOrIOTHTeNs, a paccrosn

MEMCLY MHHHAMH — KOMNOAEHTAMH CHEKTPA NPOCThIM. Of
PAa30M 3aBHCHT OT PHPOMATHHTHBIX OTHOUICHHT IBVX COCTOM
nudi. [lpn nagveefimiem yrounenmy sryv METOTHRY MO7KHG
HCNOAL30BATS AUISl HIMEPEHUSA CBA3H ME/AKLY SMCKTPHICCKHY
KBaApYNOJALHEIM MOMEHTOM COCTOSIHHA 1t IPALHEHTOM S/eKs
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[pH4eckoro noJs Ha AApe, NMOCKOJbKY 974 CBASH CABHraer
WICPTHA Pa3AnYHbIX MAarHHTHBIX NOAYPOBHEH Ha DasHylo
PANMHEY B TakeM  obpasoM MOXu(HOHDYeET HCXOIHYIO
(TPYKRTYPY JMHHHHE.

[Apyroe npumenenne merona Méccbayspa B anepHol
(pranke cBASAHO C usomepHoim cdsuzom. TaK Ha3pIBAETCH
lliMCHEHHE SHEPrHH Nepexoia, BO3HHKAIOLIee B pesyqbTare
WICKTPOCTATHYECKOrQ B3aHMOACHCTBRA AApa C 3AeKTPOHAMH
CaMbIX BHYTpeHHMX oO6oJ0YeK aToMa; OHO OTpa)aeT TOT
(pakT, 4TO AAPO He ABASETCA TOUEUHHIM 3apAJOM, M H3Me-
fjeiiie ATOFO CABHTA SHEPrHH JaeT HHGMOpPMAaUHIO OTHOCH-
Te/LHO Pasjandng paanycos £1pa B OCHOBHOM H Bo30ymae-
HoMm COCTOAHHAX.

Cymteersyer ette o iy sQ(exT H3MeHeHHs SHEPTHH, Ha-
INBACMBIH  XUMUYCCKUM COBUeOM, Tarike OOYCJOBACHHLU
plaHMOAeHCTEHEM fApa ¢ SJIeKTPOHAMH 1 3aBHCAUIHI oT
\apakTepa XHMHYECKOrO OKpY:KeHHSi fAapa. ODTo ABJeHHE
OUeBHIHBIM O6GPa30M OTpaKaeT BJAHAHHE XHMHYECKOro Co-
CTOAHHA HA TJIOTHOCTh EKTPOHOB HA sIpe (COOTBETCTBYVIO-
M o6pasoM yCpenHeHHYI0 1o oObeMy sapa) H, ciefosi-
reJbHO, HeceT HHGpOpPMAaIHio, B 4acTHOCTH, O Xapakreps
vnvmuueckux cpasefl. Oanaxo nHaubosiee BayKHBIM TIPHMEHE-
niem sppexra Méccbayspa B dusuke Teepaoro Tesa OHIO
i3yueHHe BHYTPEHHHX MATHHTHHIX ToJdeff ¥ rpajnesTtos
91CKTPHUECKOTO TOJAA MYTEM MHCTOJL30BAHHA HIOTONOB C©
N3BECTHBIMH 3HAUGHHAMH MAarHHTHOrO JHNOJBHOIO H JEK-
TPHYECKOr0 KBAAPYNO/JALHOTO MOMEHTOB.

Oco6o caepyer OTMeTHTh HpuMenenue sddexra Méce-
favapa npu mnposepke o0Omedl TeopHH OTHOCHTENLHOCTH.
C ero noMouibio 6HJ0 M3MEPEHO TPABHTAIIMOHHOE KpacHoe
cvelleHde, OGYCHOBAeHHOE PAa3HOCTBIO BhicoT B 2,22 M
NPHBOAAIIEE K CABHTY HacTOTH mopsaka 5-10-'%, uyro npe-
KPACHO COrJacyercs €0 3Ha4yeHHEM, NpeacKashBaeMbiM
TeOpHEH.

Ilnanazon NpouHXx npuIoeHnuit storo sgdexra Upe3Bh-
HaliHO IHPOK — OT H3Mepeuus KosdduiHeHTa TNpEIOMJIC-
A p-Ay4ed 10 onpeiaeseHHs XHMHYECKOTO COCTOSIHHA
Kedesa B PAas3THUHEIX ADEBHHX KpacHTeNdX M riHHax (mo-
C/ICHee TO3BOJIAET BOCCTAHOBHTh METOMLI H3rOTOBJIEHHA
apesneft kepamukn). Dbdext MEccbayspa aelCTBHTENBHO
IuaAeTes BecbMa Pa3HOCTOPOHHHM METOAOM aHaaHsa.
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Fnapa 12

PEANBHOCTD HEHTPMHO

- ‘BHLIaloleecs HCKMoYerHe !. CywecTsopanne 3TOH YacTHm
Guio nocryaupopano n 1930 r., 0 B Tewenme 95 JeT @
PeANLHOCTD NpHHHMagach Ha BEPY — B ocHOBHOM noToMy
4T0 afnbTepHATHBa NpEACTaBAfAach ente Gogee HEYI0G0E
pumoit. ITostomy Gpurg HENATONLHO MONKITATECS oGHapy
HHTD STY YacTHUY Kaknm-a1nGo HC3aBHCHMBIM CHOCOBO]
dTa nombitka Griaa YCOeWwHo ocyinecTsaena rpymnnoi yoes
HEIX TI0A pyKoBozcTBOM Openepuka Pefineca n Knafing
J1. Koysaa ma., o yey OHH coolmmuan B 1956 r. KYpHAaaE
Science; noapoGHoe onucanye FRCNEPAMEHTA NOABHAOCH |
1960 r. B mypraze The Physical Review. 06310t paGore
H IOAZeT peds B pannof riase,

OHATHE «HEHTPHHO» GLLI0 BheeHO o HeJLI0 OGLACHHTE
HeoObLiYHbe OCoBeHnOCTH B-pacnana, 1. e, HCOYCKaHHS anern
TPOHA panHoakTHBHLIM ANpOM. ¥Yie ROBONLEO AaBHo Grino
YCTaHOBJICHO, 4TO Henyckaemoe AHHBIM 3JIeMenTOM B-naay.
YCHHe XapakTepusyercs wme OAHOl Kakofi-To sHepruel; u
Aaxe He HaGopoy IMCKPETHHIX 3Hayenu SHEPTHH — HaG10-
AaJjloch ckopee Henpepusroe pacupeneaenne B-usnyuenng
TIO SHEprusM, nokasawmoe pa puc. 12.1. 310 BHIIVIS 110
BeCbMa 3aramouno, Tak kak fIpE nepexone mexpy AByMA
CHCTEMaMB ¢ onpesesennmmy XaPAKTEPHEIME SHAYeRIs Mg

YO g YIOM BRHaOmIeMeR HCKAIO9EHHA pacckasmpaer 1y 15 5108
EHHTH. — [Tpus. peg,
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JIePTHH COOTBETCTBENHO AQJMHA BEISASTHCA TOMKe nn:::m{e
Onpenenennan sHeprus. Bouin NPOaHAHIHPOBAH DI cayan,
KOria UeNOYKA pPaNHOAKTHBHLIX NpPEBpallenuit passer-
NIAETCS H OAHH H TOT XKe 3/IeMEHT PacnajaeTcs HHOTAA C
IICIYCKAHHEM B-H3NYdeHHS, 8 HHOTAA — G-H3AYIeHHs, nocia
ICTO UeNoYKa onATH 3aMplKaeTcd, Tak 4To obpasyeTcs oaun
| TOT iK€ KOHeUHHIH NPOoAYKT. DTOT amanns nokasan, HTO
MAKCHMAJILHAA SHEPTHS 9IeKTPOHOB (sHeprusi B xm—re-mng
TOUKE) U eCcTh TO 3HAUEHHe, KOTOpoe COOTBETCTBYET HYIKHO

N 83
02—
g‘f — W "
| | | |
4 & b bl 20 Vaf=pm¥
Pre, 121 HCOYCKAEMOr o

Anepreruueckui cnexr%gasﬂj-uamyuenun,

RaE (*°Bi) [Phys. Reuv, 48 ( » €Tp. 394, pre. 5]

pasuoct sHepriit. Ho toraa Bosnnkan sonpoc o tom, Kyna
HCUe3aeT H30HITOK SHepruM, ecan P-uacruiua YHOCHT JAHilb
HacTh MakcHMambHOH sHeprun. OAHO mpeanoaoenue co-
CTORJIO B TOM, 4YTO B-4acTHia MOKHAAeT A1po, Hmesn NOTHYIO
(MAKCHMaJAbLHYI0) SHEPrHIo, HO KaKHM-TO MOKa He H3BeCT-
HLIM O0PasoM TepseT ee, Npoxos uepes BHelHHe ou.frg&:'ru
aToMma; 3Ta rHnoTesa, 0AHaKo, Gulia onposeprayra 8 19 ,7 r.
B pesyJibTaTe KalOPUMETPHUECKOTO SKCHEPHMEHTZ, OCYle-
cranentoro C. JI. Dmaupcom u B. A, BycrepoM, kotopme
OGHADPYXH/IH, YTO TIOJHAS 3HEPrHS, nepenocumasi f-yacru-
ILAMH, COOTBETCTBYET Kak pa3 cpeiHeMy 333125}“1;0 IHEPTHIH
1o pacnpejlienenyio, a He MakcamaapHoMy. CnTyanus cmi
Gostee YCNONKHHIACH, KOTNA HAYYHIHCH ONpeNeTaTh sAep
HuE CHHHH ¥ GHJIO YCTAHORAGHO, UTO HAJHIO Hapytuenne
bajanca MOMEHTa HMNyanca. A HMeHHO CHOHHMI ;chonﬂo::u
# KOHeuHOro snapa Bceria Owan JuGO oba weanMu, JubO
NMOMynenLiMH, KpaTHEMH §, TOria Kak CHHE 3JeKTpOHA
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cocTamaser /2, a ero opOHTATLHE MOMEHT HMAOYJILCA Mos
JKET HMeTh TOALKO Hedoe sHaueHue, xpatnoe fh. ITosTomyy
HCNOJIb3YA H3BECTHble KBAHTOBOMEXaHHUeCKHe NpaBuaa CJig:
JHCHH MOMEHTOB, OLIIO HEBO3MOXHO YIOBJETBOPHThL 3a-
KOHY COXPAHEHHS MOMEHTa HMIIyJibea,

Oaun 13 BO3MOMKHBIX NyTefl BLIXOAZ H3 CO31ABLICFOCH
NPOTHBOPEUNs COCTOSJl B OTKa3e OT 3aKOHOB COXPaHEHHH
SHEPrHH H MOMENTa HMMYJibca, o KpafiHell Mepe HAa MHKDO-
CronuueckoM ypopHe. [laxe croib aBTOpHTeTHas (urypay
kak Huawce bBop, ponyckan, uro B AeficTeRTeNBHOCTH 3aKOHE
COXPAHCHHA BRINOJHAIOTCA JIHIIL B CPEIHEM, a He 15 Kai
AOro HHAMBHAYaNbHOTO Mpolecca. Oanako uues Bopa, ¢ of:
HOH CTOPOHBI, BHINVISIENA CAMIIKOM DajiHKAJAbHON, YTOGH
HAlTH NpPH3HAHHE, HO, C APYrofi CTOPOHH, OHA He MOTJaa
CIACTH NMOJOKeHHe H OOBLACHHTH NAHHLIE M0 PASTHYHBIM e
nouiKaM pacnaga. B npexabpe 1930 r. Boabdranr IMayan
BRIABHHY JIpYryio runoresy. B nHcbMe K Koaaerawm,
cobpasuinmen B TioGurrene Ba CHMIIO3UYM 10 pajHoaKTIiR-
HOCTH, oH nucan': «f peiwnacs wa oruaghueil nar, UTOOBE
CNACTH 3aKOHL coxpaHeHus... OH COCTONT B NPEAIIOJNOK eHITH
BOSMOXKHOCTH CYULeCTBOBAHHS 3MEKTPHUECKH HEHTpasbHoll
HACTHUbI — KOTOPYIo A Oy1y HasbiBaTh HelTPOHOM, — 00Jia=
Aawowedl CHHOM '/ u noguunsiowefica npHRIETY 3anpera.
Macca Takoro Hefitpona Ao/KHA OBITH TOTO JKe nopajgka,
UTO H Macca saexTpona... Toria menpepuBHHI B-criektp
MOXKHO OyAeT HCTOJKOBATb, TPHHAB, HTO HpH f-pacnane
BMECTE € KaiKALM IACKTPOHOM HCMyCKaeTcs HCHTPOH, MpH-
HEM CYMMa SHepruii HefiTPOHA H 3MEKTPoHa COXpaHAeTCH
HOCTOAHHOMN ».

[Tayan nosropua cpojo runotesy B 10KAafe, CACAHIOM.
UM 1O OpHIVIAMEHHI0 HAa cobpauun AMEPHKaHCKOro (isi-.
deckoro obuiectea B mione 1931 r.; oanako oH HHKOrIa HE
NyOANKOBAA 3TOT JAOKAad2 MO-BHIHMOMY, YYBCTBYS, UTO.
AdHHYIO THOOTe3y HEAb3fl NMPHHHMATh CJAHUIKOM Cepbe3Ho. .
Onuaxo upnko @Pepmn noaxsaTua runoresy [layan3 §

! Byayan B To BpeMs TpHIUATH neT or pory, Mayam mponyerma
3acejaHne, npeanouTA eMy TaHueRanbHLll pevep.

? [eproe onyGankoBannoe ynomunanue o6 3Tofi miee mnpupanTe-
wnt C. Taymcmaty, KoTopuifi M3joMHA ee B CBOeM BLICTYIACHHH | M
KOH(EepeHUHH 10 SaepHof Quanke B Muiane p oktadpe 1931 r, opra-
HH3oBanHOH Mranssnckofl KopoJescko akamesue.

. Hmenno Depmu npeancikusn nassanie <HeliTpHRO?, TAK KAK 100H-
Tiiernen pamee Y. T Xapxmne masean sHefiTponom» HefTPAAbHYIO |
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PA3BHA HA €e OCHOBE TeopHio B-pacmaiia, ¢ ycmexoM Ofb-
SCHHBIIYIO (OpPMY SHEpreTHUecKoro pacnpeneienus P-ay- -
e, TaxkuMm oGpa3oM, CYIIECTBOBAHHE HefTPHHO KOCBEHHO
(iLI/10 MPOBEPEHO.

Jaanuefimne KOCBeHHLIC CBHACTENLCTBA CYNIECTBOBAHNSA
JTOIT HACTHIB HAYAAH HAKAMIMBATLCA B HOCHAEAYIONHE
IO.Lbl 10 M€pe TOTo, KaKk MPOBOANAHCH H3IMEPEHHA HallpaBJe-
Il OTA4YH H CKopocTef saep, oGpasyomuxes npu p-pac-
naze. OAHAKO aprymMeHTH B MOAb3Y CYHNIECTBOBAHHS HEli-
IPHHO, KOTOpbIE NOMYUYadH HA OCHOBE TAKHX 3KCHePHMEHTOS,
(paxTHueckn 3aMplkasuch Apyr Ha apyre. Ilo-npemmemv
Onino HeoGxoAMMO HaRTH cnocol NpAMOro HabGJMIONEHNA
1eTPHHO,

Tpyanocts szakaouanack’ B cpofictBax HefiTpuno. [lo-
CHOJBKY 9Ta YaCTHIIA He 3apA/KeHa, oHa He BhI3LIBAET HOHI-
auu; Aayke ecan 6w oma obaasana oranuHoft or Hyan
Maccoill TOKOs, rpaBHTALHOHHBE 3((EKTH CAHLIKOM Ma.aw,
UTOOB HCMONB30BATE HX A58 M3yYeHHS CYOATOMHLIX OOBEK-
ToB. Haxoneu, oma, BepoaTHO, crabuabHAa, H €€ HeJb3s
HADJIOAATE N0 OOABTCHHIO NpoAYKTOB pacnaja, dakTHYeCKH
OHa, MNO-BHAHMOMY, He NDHHUMAET YUACTHS HH B KaKHX
D3aMMOACHCTBHAX, KPOME TeX, UTO NPHROAAT K B-pacnagy;
NOTOMY €e CHAENOBAJ0 HCKATh B peakuHsax, TECHO cBA3aH-
lLiX ¢ B-pacnanoM.

Tunnunas peakuusn B-pacnajga samicuiBaercs B dopme
XIMHYECKOH peakuuu cleayionium obpasom:

zXA_)'z_l_[X!“l—l—E__}—i’. (I?.l)

3nece X m X' —mnyganasl ¢ atoMHLIME HOMepaMH Z H
Z 41 COOTRETCTBEHHO, WHMelolHe OJUHAKOBYIO ATOMHYVIO
macey A; e — HCNymeHHBI  3AeKTPoH, vV— (anTH)Hed-
rpuHo Y. UTo6H peakuHa MOrJia MPOHCXOAHTHL CHOHTAHHO,
macca saapa X' jpoaXHA NpPeBOCXOAHTH Maccy sapa
711X" Gosee "em Ha Maccy onHoro snekTpoHa. B dusuke
SAeMeHTaPHBIX  HACTHI, CYLILECTBYeT [NpPHHIKN, COMIacHO

NHCTHILY, CPABHHMYIO 10 Macce ¢ nporoHoM. Yactmua Tlayas 6maa ro-
[)A310 MEHEee MACCHRHE, NO3TOMY HTAALAHCKMA YMeHLIIHTeNBHB Cyd-
ipHKC ¥HHO> OKA3AICH 3IeCh BECbMa KCTATH,

! TlepBonauanuuo cuHTANOCh, Y10 HET CYLIECTBEHHOrD DAIAHYNA
Meny uefTpHno u anteoefitpuno. Bufop, chenaMnmil B ypaBHeHHH
(12.1), 6w nponssenen B OCHOBHOM 1O cooOpamenuam yaoGcrea, Tax
il NO3BOAHS ECTECTHEUHLAM O5FA30M TPANHCATh HEliTPHHO KBAHTOBOE
NHCIO, HIB2CTHOE KAK JIENTOHHGI 34pf/, KOTOPLIA, NO-BHAHMOMY, BCEraa
cOXpaHAeTeH.
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KOTOpOMY, ec/lH peakuus HIAET B O/AHOM HamnpapRJIeHUH, T

HHYTO, KPOME 3aKOHOB COXpaHeHHs, He MOXKET BOCMpPensT-!
CTBOBATL €l nporexars B oOpaTHOM HanpabdeHHH'. B 4a-
CTHOCTH, ecJH cyulecTsyer npouece (12.1), To npouecc ;

%t g1 XA XA} o+ (12.2)

CTOJIb 7K€ BO3MOXKeH; 3]eCh e+ — aHTHIMEKTPOH (no3uTpon).
Kpowe toro, caeayer omkuaarts, 4To 5Ta PEaKiHs OCylHecTs
BAsieTCH, €CJH aHTHHEHTDHHO HECeT SHEprulo, SKBHBAJeHT-
HYI0 PasHOCTH MACC NPOAYKTOB peaKllHH H PeareHToB.
Onnako psaumojelcTBHe, TNPHBOAsALLEE K Hpoieccam
(12.1) n (12.2), ouenn caaGoe. Hutencussoctb JH0GOro
B3aHMOAEHCTBHA YAOOGHO ONHCLIBATH € TIOMOLILLIO ﬁeapas-'
MepHO#l NOCTOARHOMN, KOTOpAs BKAIOUAeT BeIHUHHL, XapaK-

TePH3YIOIKHE NaHHOoe p3auMoneiicTeme. Hanpumep, snextpo-

MarHHTHOE B3aHMoJAeHcTBHEe XapakTepusyercd (yHIaMeH-
Ta/bHOM enuunleli 3apsla e, a COOTBETCTBYOUIAA Oeapas-
MepHaa mnocrosuuas e?/fic = Y/5; nas P-pacnaja auano-
rugHas OGe3pa3mepuasi I[IOCTOAHHAA COCTABJSET OKOJO 2
10-'% Otciona caeayer, 4TO HEHTPHHO AOJKHO NPONTH
CKBO3b CJIOH TBEPIOrO BelllecTBA TOJMUIHHON BO MHOIO CBETO-
BHIX JIeT, Ipexie ueM BepofATHOCTh TOro, UTO NpoH30fIeT
peaxuns THna (12.2), nocturaer .

Hic/i0 axTOB B3aHMOAEHCTBHA MOMKHO cAenaTh GOIbIINM
nyTeM ypeaunueHus Au00 4HeJda MHIIeHeH (B HHTepecyio-
LeM Hac cayuae 3TO AOMKHO BHITh TBepoe Teslo AJHHOM
B HECKOJBKO CBeTOBLIX JieT), GO uHc/aIa YacTHI, HCNOJAb3YS

BMECTO HECKOJbKHX HE}’IT[}HHG OrpoMHOe EKOJHYECTBO HMX, l

OcyulecTBHTE BTOpOll BAPHAHT O0Ka3ajoCh BO3MOKHEM.
JIHIIL Nocse BTopoii MHPoBO# BofiHLL. Xots CodHue B npen-
crasaser co0oil MOLUHEI MCTOYHHK HeATpHHO ®, HO ero
HHTEHCHBHOCTL NOCTOSHHA, & QIS SKCIepHMEHTa HeoOXoIuM
HCTOUYHHK, KOTOPHIH MOMKHO Obl10 Obl BKAIOYATL H BHIKJIO-
4aTh — €CJH HE IO JKeAaHHw, TO XoTa O B H3BeCTHbIE

———

1 Mo caoeam Pefineca, NpHMEHHMOCT: 3TOFO NPHHLANR, H3BECTHORO
KaK TPHALKRD MUKPOEKONUREcKofl ofparuMoctu, takxke GLia ONHHM H3
00LEKTOB, HAMEYEHHBIX AAA IKCMEPHMEHTAABHON TpOBepKH.

? I'papuTaunounoe B3aumojgeficTaie eme caabGee; ero Geipasmepnas
nocTosHEAR cocrapager oxono 10-%, Hanmporus, sneprnie cnisl sechma
BEJHKH — JLA8 HHX COOTBETCTBYHOWIAA NOCTONHHAT NOPAAKA CARHHLEL

8 s npotexkanus npouecca (12.2) rpeByercs umenno antupefis
TPHHO, OQHAKO HElTPHHO MOrAC GB BHISBATB APYrOd mpouecc, oOpaTHLIN
[(12.1), a uMenno v + 2X4 >z X" 4, X
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1
\OMeRTsl BpeMen#, — n Halaw1aTh paanocTHull 3QQeKT
(TOTbKO B TAKOM ¢ayHdae pe3yapTaT Biyllad OBl moBepHe).
Coananfe KpynsomaciiTabHbiX ycTpoficTs, rie I'IpDTEKa..':fH
bl MpOLLeCcehl AAEPHEOro JedeHns, Xajo To, 470 OBLI10 Hco:-
YOAMMO, TAK KAK Kbl aKT JeJCHHA HPHBOANT B CPEi-
HeM K LIeCTH mpomeccam B-pacnafa, B KamIoM H3 KOTOPLIX
IHEH 0.
yoKAAeTCs MO oAHOMY AHTHHEHTPHH : A
: Ilna uayuennsi Onna BoiOpana peaxius HHAYIHPOBAH
[Or0 HCTYCKaHHA MO3HTPOHA NPOTOHOM

#+p—et+n ()

Sra peakuus obaagaer MHOTHMH AOCTOHHCTBAMH. [Tepsoe
1 HauGoJee OUEBHAHOE H3 HUX — 3T0 HCKIIOUHTEALHAA JiCT=
KOCTb TOJYHCHHS NPOTOHHBIX MHIIEHeH B BOJE. BTnp;De
COCTOMT B TIpocToTe HaGmoAeHHs 0OOHX qacnm—nponix-
toB peaKiuy— NpH TOMOLH BechMa XAPAKTEPHRLIX npouec-
cOB: AMA HEﬁTpDHB 8TO 3aXBaT ero AApoM C ﬂDCJIE,Il)’tOl.LlT!'i;’H.
HCTYCKAHHEM Y-H3JAY4YeHHA, a Aad HOBHTPOH&-—&HIIH!‘H:E[O
1nst. Hagouell, TpeThe AOCTOHHCTBO 3aK/I0UACTCA B TOM, T
.’-M!L'!p['iifi‘ KOTOPYIO IOJKHO HMETDh aHTHHEHTPHHO, He“ CJANI=
KoM BeJHKa, TaK 4TO 3HAUHTeNBEHAR JIOJH AHTHHEHTPHHO,
pOKAEHHBIX B APYTHX PeaKuusix, MOKET BLI3BATH PEAKIHIO
).
UQC}}{aiia.na npeAnoJarajioch PerAcTpHPOBaTh TOALKO TO-
suTpoHLl, UToOH NOJAYYHTh AOCTATOUHO OoNbIIOH CHIHAT Ha
pecbMa 3aMeTHOM ¢oHe APYrHX NPOUECCOB, KOTOPH% Mory;-
HMHTHPOBATh HHTEPECYIOULyi0 HAC DPEaRIUHIO, HeobXoaH
TaKOft TOTOK HEHTPHHO, KOTOPLif CYIIECTBYET JHIIbL Ha pac-
CTOSHAH HECKOJNBKMX COTEH MeTPOB OT MECTa SACPHOTQ
p3pHBa. XOTi 3TO H SBYYHT HECKOLKO q}aHTaCTHHE?CI{I:Z
Guti paspaboTaHnl KOHKDeTHBE TUIaHHE H HaYaa0ch C};{(;}M
ponAbHOE OypeHHe CKBaMHHBI 15 SKCMEPHMEHTa, y
KOTOPOH HECKOJILKO JIeT CTYCTA ONHChBaT Koysh. i
«Mpi 0MKHBL ObiH BOJHSH SNALEHTPA B3pbiBa BHPH
waxry oxono 10 dyros [l Gyr =~0,3 wm] nnawerg:n;ﬁg
150 dyros rayGunofi. Jlanee cienosasio nomec'rwr; L
maxTH Kourefinep muamerpom 10 ¢yToB H ATHHO \
Tos. B BepxHeit ero 4acTH HYMKHO OpI0  TIOABECHTD

1 Mmento 3Aech CTAHOBHTCA HEOGXOAHMEIM HaMHMHE CJI04 TOJ.:I?:(I}IL?;I
30 MHOTO cBeToBbIX JeT. Tomuu Semal niH Jlynel ADCT.?TO:H% é} widh Hé
BKO CcBeT, MAVULHI © !
qTobHl MOAHOCTBI0 TEPEKphTh HE TOA 3 :
H BECh CHEKTP S.I'IE!{T])DMBI'HIITHOI'D IESJI}”LIEIIHH " HPHKTHHEBHH MOTOK BCE
ATOMHHX BAH cy0aTOMHLIX YacTil, HO HE gefitputol
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JdeTex .
TOp BMECTe C 3alHCLIBAIOINHM YCTPONCTEOM H BCE TIPO

Ur e L
PAHCTBO Han KOHTEHHCPOM BHOBb 34CHNAThL FpyHuTOM

Ileapcf LHBRI]EHI 30M Hi:‘(lii‘((],ﬂil\-it) 6]‘.\] I BREIWYHTL BaAKVYVM-
i

=

Pue. 122
. Cxema mpepnonaraemoro skcnepHMeHTa no ofHapymenn
0

aHTuHeliTpuio, pok
namerces OpH sne :
L 1] nepuon Bapuse [Cwmutco
64 r., Cmurconuesckuii HHCTUTYT, Bumm{r'ro[u 1955 l::};enc‘;clligﬂ
! —maepunifl  3apai; i | - |
34_‘ Kafean 418 P:g}mfn—'gﬁfqﬂrﬁam:a Tpaﬂzmuﬂ NS e T A By e)
—BaKyyMubl Hacoo; §—Bakyydnan ,'II:I'IHIFHL:‘HE DOMROCH, MpORCRERHNA TOK seMaek)

BHHHE 18— Bitingyod . £y
fi ofnem; § —noxpemennadl AeTeKTOpD; 9_g;g;’:ll;gngﬁ;rwlﬁlnyyuﬂpm

STO BO3MOXKHO. 3aTeM NpH oTcHeTe «HYJI
2 Yib» IOJABEC JeTeK-
B(S)SEIB;LOHIT:‘EH n?g;]o ;)ﬁpunaﬂ:.cn NpH NOMOLIN HEﬁvO."IiLHDe:'{O
. Ba[cvy:.n.{e. e HI0 OBl #eTexTopy cBoOOAHO NaAaTh
ASTERTOD JOMKHB Hé:fnipfi;‘ﬁg EETQBE:T;:ME"H i e
« & THEHTPHHO, H -
Ht;}; ps;‘g;rﬂp};:]pﬁoeigﬂﬁu co3laBaemMble HMH Hmﬂynbcw,ﬂ'rir:;a
g KOHIIa:-Hﬂ)"UJ.aFI B 3emjle, JHIIL CHJABHO
=S el TEeHHep, HO HHKaK He NOBAHAJA OB HA
Aerektop. Koraa sce oTHOCHTeNBHO YTHXIO Obi,
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neTekTop AoJKeH Obl1 JAOCTHLHYTH Jiid KonTefiHepa, onv-
CTHBIOHCH Ha TOJCTOE TOKPHITHE H3 ryOGuaToil pesuin i
nepbes [puc. 12.2].

Mpl 00aKHE OLLTH BEPHYTBCS K HIAXTE HEPEs HECKOJLKD
nHelt (KOrAa MOBEPXHOCTHAs PaiHOaKTHBHOCTL JOCTATOYHO
ynaaet), BHIPLITb KOHTEHHEp, 10cTaTh JeTexTop, H TOrAA
Mbl y3Hanu Obl npaBiy o HeiTpuao!»

S710oT ACp3RUil TIAH MOLYHII ojo0perHe MHOTHX aoaeit,
cpell KOTOpHIX He MNOCJCAHHM 6 ©@epuu. [loanepxsa
¢ ero cropons Obiia 0COGEHHO CYULECTBEHHOM, NOCKOJALKY
Gepmu 0w H3BecTeH He TOJABKO Kak pHAaoEHCA Teope-
THK, HO H KAK OU€Hb TOHKHH sKerepuMenTaTOp. BO-NepBLIX,
[IOMOrajo yiKe To, 9To OH BooOule NpHIRABAT HEOOXOLHMBIM
JKCMEPHMEHT 110 NpAMOMY oGHApYKeHHIO HEATPHHO ¥, BO-
BTOPBIX, CHHTA npeAaoKeHubiit METOA pasyMHDIM.

Oanaxo, mpexie 4eM MOCTABHTH SIKCHEPHMCEHT, Peiinec
u Koysi 3aHOBO [EpPeCcMOTPEH cHTValliio H npHILI K Bbi-
BOLY, 4TO €CAH OHH OyayT HCNObL30BATH pefiTpoHL P
[OMCKe HEATPHHO, TO YAACTCA OTpaHHYHTRCA 3HAYHTEBHO
MEeHBIIHM TOTOKOM MOCHeLHHX, KOTOPBIl MOKHO TOJYTHT,
pwanpumep, BOAH3W HAIAEPHOTO peakropa. OroHYATETLHE
sKcTepHMEHT OBl HoOCTaBAeH HA atomuoft cranmun Ca-
panpa-PuBep, Haxoaauelics B BEACHHH Komuccny. o aTeM-
nofr sneprun CLIA.

«Cxema pericrpainn nokasana Ha pHC. [12.3]. Anrn-
HeliTpHHO OT NPOAYKTOB fAEPHOTO neledis B MOUIHOM peak-
Tope, NalaloT Ha BOAHYIO Muuleih ! ¢ pacTBOpeHHBIM B nell
CdCl;. B pesyabraTe peakiui [(12.3)] manamouine aHTH-
HefiTPHHO V NPHBOMAT K PONASHHIO nosutponos ft W Hell-
rpoHoB f. [TO3HTPOHLL 3aMEAARIOTCH ¥ AHHHTHIHPYIOT C
aeKTPOHAMH 33 BpeMa, Majaoe Ho cpaBHeHHIO ¢ pa3pelaio-
UM BpeMeHeM CHCTeMBl, PABHLIM 0,2 mke. BosHukamoliie
npu STOM P-KBAHTH € sueprueit 0,6 MsB nponnKaioT CHRBO3b
MillleEh H PErHcTpHpYOTCH exeMofi OwICTPLIX COBIA-
fAenHuil mpH NOMOLIH  ABYX GOJMBUIHK CHHHTHAAALMOHHBIX

P

| B gepsoM >KCTEPHMEHTE, MOCTABACHHOM B 1953 r,, CHMATHAJSATOD
caM CcOyHULT W MHIEHLIO. Tpu sroM Obumit ROAYHEHH HOA0K U Te bHbIE
pesyabTATH, COMIACYIOMHECH C Teopiei; OAHAKO 9TH DEIYALTATH BCR
Je CYUTAnHCh He Broaue yOeanTeaLHEIMH, npeikiae BCEro n3-sa Ciib-
woro (oHa, CO3TABAEMOrO wocMuueckiy wanyuenves, B HOCIENYIOMHR
sKCMepHMEHTaX HCN0AL30BAN0ChH cuetnoe yerpoficrso, obecnennBaies
aHAYMTENLHO Jyullee TIOAABIEHHE (oia, KpoMe TOLO, STH IKCMEPHMEHTH
NpOR3BOLAMHCE HE HA NOBEPXHOCTH, 4 o 3emaei,
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AETEKTOPOB, NOMEWEHHHX M0 06e CTOPOHL Muwenn !, Heff
TPOHBI 3aAMEIAI0TEA BOAOH A0 Temnoskx CKopocTeit, a sartey
3aXBATLIBAIOTCA KAAMHEM 3a EPHOZ BpeMeHy, 3aBHCANLINIT Of
ROHUCHTPAUHE KaAMHA (B HawWHX onbTax NPaKTHYECKH BEE

HEHTPOHL 2axBaThBagNHCEH He nosiHee yem uepes 10 MKQ

[
L PR

£ '

V- Ayes,  Bossununee  mpy ‘ Mirdocesid
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D Py
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FEMED A1 oms Masassinie,
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Az ni g

= dypseee, Eosenmingue e
CAHLI 20 PGt

Mo dwiseat
cf'c'.:f-ﬁﬂh.f.rulﬂeq forar oy Ny
ety

Pue. 12.3. Cxemarimueckoe H300pakenne skcnepnmenta mo perncrTpanin
npouecca oGpaTtHoro B-pacnagy [Pays. Rev., 117 (1960), erp. 159, pie. 1],

fiocae HX poxaenus). MHorouncieHHbe Y-KBaHThL!, BO3HH-
Kaloulne TpH TaKOM 3axBare, PETHCTPHDYIOTCH ABYMSA CLH-
THAIALHOHHEIM I AETeKTOpaMH 1 cxeMoft OBICTPHIX coBnA-
AEeHHi, BEIXOAHON CHIHAN KOTOpoit noseasercs ¢ Heboabio
XapakTepHOf samepmkoil mocae CHrHa/1a OT y-KBAHTOR
NOSHTPOHHOrO Mponcxosk nenns. Lleasio 9TOro sKcnepuMenra
Owli0 mokasaTk, uto

1) onucannne prme SallepiKaHukle COBNafenus pery-
CTPHPYIOTCA npH pabore PEaKTOpa B KONHYECTBe, Corja-
s il

! Henoassosanne crom Sombinny wuaxnx CUNHTHANATOPOB camMo mo
ce6e MBHAOCH BaiKHLM AOCTHIKEHHEM TeXHHKH SKCHEPHMEHTA, 13K uTo o0

YCMEXe NCPBWX HenwTanmi cobmanocs s NUCLME 8 skypuan The Physi-
cal Review,
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4 HTPpHHO W
cVIOUIeMCH € BLIYHCJAEHHBIM 00 MNOTOKY AHTHHEHTp .

51 peKTHBHOCTH AETEKTOpE; | :
D'LMJ;)M;Iepﬂb}ﬂ HMIy/Abc OGHICTPOTO CcOBNAjienHs W3 3TOR

i NO3SHTPOHOB;
2 BI3BAH AHHHTHAALHEH | :
ndp{?l) Bﬂmpoi‘i HMTIYAbc ORICTPOr0 COBMAACHHSA umangu 33

XBATOM HEHTPOHA KaaMHEM;

npoBepKH
Puc. 124 Oaua n3 mumesefl, koTopas ac:i.:?:ezgi:;z Ertﬂs; ovp:\-mogr -
. 12,4, el = : :
MO3TOMY Ha Hell MOMHO Y pitoisi
> Ka?;lﬁfgzﬂcs}ﬂnescx&r;ﬁ orger 3a 1964 r.,, CMHTC;JIIHBBEKNFI HHCTHTYT,
G : Bammunrron, 1965, ancr 2, pue, 1].

4) peaAnmvWHAa CHTHAJZa 33aBHCHT OT YHC/IA HPOTOHOB B
MUILSHH; e
5) cnriai, naGmonaempdi npn paGore Pec?me?xa'fopa
BLI3BAH y-KBaHTaMH HJH HEﬁTpDHEMH oT DE;I::'EC]: ngeﬂeﬂeﬂ_.
eANpHHAMA.
EYeHHEe IKCOepuMedTa np ;
m.teB }Tca.rmn ¢ TeM, uytoOn obGecmeuuTb AGNOJHHTENBHYIO
BepPKY 3THX NDYHKTOB. : =4
HPDC grqz'rom ceuenns peakmun [(12.3)], }cpenuia{l}iigrgm ;
ClleKTpY aHTHHeATPHHO H COCT&B,‘IHI{);_LIE[‘(I} OKOJIO e i
u moayuaemoro notoka ¥ (10 cu—2 c') crayo -
norpebyercs MHIIEHD, conep}?{aman ?{?b:iub?ﬁnxucnmmo-
KOH Mume
npotoHoB. B kauecTBe Ta B
BEHH JBe eMKOCTH H3 ILIacTMAacchl (Kampjas M3 KOTOp
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coaepikana 200 1 BoaH), HMeloUIHE bopmy napanrenenunes
AOB pasmepamu: riyGHHa — 7,6 ¢M, nomepeynoe. ceueHme —

1323 183 em? [puc. 12.4]. Kamxaas eMrocts ¢ BOLOIT TTOMe-
Hadach Mexcay ABYMA M3 TPexX GONLUIHX JKHAKHX CLHHTHI

Puc. 12,5, Cxema pacnonomenus AETEKTOPOB B COHNIOBOM 3Kpane.

Hetextophl, oGoanaueinnoe nrdpamy 1, 2 u 8, conepacaan PACTBOD MUAKOrO CUMATILTS

ARTORA H IPOCMATPEBAGuCcE 110 doToyMuomuTes mnn {Kamaml anamerpoM 5 noiimon),

CRETABIE EMKOCTH — MHITeHI, COEepaanmie BOAHHA pacteop Xnopuiz Kalimns: Ha

STOM PHCYHEE NPEACTABISUE MHIIEHH BLICOTOR ~ 28 cM, [Moanuee ol Gl 3amMeraih

DOTHCTUPEHOBBMHE CMEOCTAMME Brcotoll 7,5 cM;: JETERTOPH | 1 2 OB COOTBETCTREH Ha
onymens |Phys, Rev., 117 (1960), c1p. 160, pue. 2]

JAUHOHHLIX feTekTopos [puc. 12.5, 12.6]. Toimuna emxo-
CTel ¢ BOAOMi OHJIA OrpaHHYeHa NOrJAOUIEHHeM H3IYUeHHS
¢ sHeprueii 0,5 MsB, soszuuxamouero OpH aHHUTHASILHA
FIEKTPOHA H HO3ATPOHA, KOTOPHE PONKAAJCH B Peakiud ¢
YHaCTHEM HI!TI{HI‘.‘}'{TPHHD. EMKOCTH BMCCTE C JIE'TEHTO]JHMH
00pa3oBanu Ape «TpHAAH» (ZeTekTop — eMKoCTh — JeTeK-
TOp), HMEIOUIHe OAKH OBLWHf COHHTH/IALHOHHEIR ACTEKTOD.
FCay6nna cumrTHANAIHOHABIX AdetekTopoB Onina BubBpaHa
PaBHOI 58 cM, UTOGH y-HINYUCHHE, BOSHAKIIEE IpH 3aXBaTe
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reTas
Puc. 12.6. CofSpaunas cekiud NeTeKTOpa, NOATOTOBJBHHAH JAA Y
: nopxn B skpau (a). NG o8
WA cTaidbHON manTHl. [#0 cAeds
Bl.r:!e:::ﬁ:rﬁuym CTPYKTYPE oﬁﬁnunl&u ;;:T?;ce::g
' DOOAHD
CHANAM Ha H3rnD, oOHAKO CHHIY CH
s e"ff:’;'-',:ggﬂf:;ciun' oTuer 3a 1964 r.'. Caureonnescknft wHeTUTyT, Batumur-
b g ; roi, 1966, aunct 2, puc. 2]

Qfoaouxa (33 HeKMDMEHAEM AHA) Il':ﬂl'OTﬁ
AMOMHINS, HMeeT sgqelicryn CTPYRTYpY

Hioxkpan ,TpHana® AeTeKTopos, HCNoBEIORARIEX H peamoperg‘r(é:ﬁ::;l:aa;
Piunep, |:IIIBCIIDa1O}KeHHaH BIYTPH CBHHIIOBOTO 3KpaHa H TI;II,CI. i
K NPOBEPKe U HCOWTAHHIO B Jloc-Anamocckoi nabopaTtop ;

3, —TOpILH BOABIIIX eskacTel-cing.

Tesuae NPAMOYTOTLIRI, ofodadehnse I, 2 1 R Gl ooy Tese

¢ ANGHOR cBeT/
3 LAH MHWeHb HAXDTHTOR B UBHTRH
R Jauet 4, puc. 11,
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HeR
TG, Boouonroh e ST TLION sl
s(pdexTnrrOro cﬁoﬁa cBera HI ﬂogfrflmgziﬁimre coverers ol
ebyemoar =
EE(L}HS;H;LF:I bI:i:ID SHEPrHAM Gpur HCI‘IQJIb.?OBBF? ugnesamgaﬂ"ix?:a-
b PACTEOD KHAKOro CUHATHAAgTOpA . ., .
’ Ge.na:;:m ;;{;;OCTH co CUHHTRANATODOM Gty OKpalensr
. nnnmmﬁmémuu Kaxnana emxoers npoemMartpusanacy
e it M tpomymummnenm.m (10 55— ¢ kam-
POHLI), KoTOphie co0upaan cger oy CURHTHIIANRIT,,, |

R e

HC. I;’.- ,F. Eﬂlﬂ' i il jif T T
P OCTH Fif i X 35&“3” JKHJIKFIX Ma epHag0oR [C!ﬂl CUHHEBCI{HJ
OTYeT 3a 1964 r, CMH]CO"“E“CKH& HHCTHT yT, BﬂmHHI TOH, JAkcT 3 HE. I . .
» W p‘I l

Ha puc [12.5]
; 2] CXEMATHYeCKH nokasa
H
S4KI0YeHHOrO g CBHHIOBHI skpag, g

EMKOCTE TSt
; OCTH H nepexat
e yerpoiicta, pac PeKauHRalg-
s noJI0enH
[pae. 12.7]. HEle  BOJSHay

—_—

! Bu
Henyg Hﬂf;&gji?g; 6?['Tmm oo haMBHas KOHCTPyKiLs EMROCTel Aas xpa«
KpEBanmcE, HBHyT-H PH EMROCTH mpamMepro mo 4,5 thie, g xamﬁnqlgo.
ek o 331’}]]!8!-[&1?]13 3?(uxcn.aum‘: IIEHKO amq BPCADXPANEHNA Muarp- 1)
WHOHROR KHTKOC e ADTPONE TOro, nockoanky TEMOePATYDa cumnTmann<: p
CTH CHAPYXR Gy oﬁémua Grina TOLACDKHBATECE BLIIE 16 °C, emxo-
TePHAIa, MpHaeN. Bo. Bomy Crony EAEME CTORMI H3OaMpYIOmEra. Na-
HEE CTipay SJIEF{TPOHBI'DEBﬁT‘E.’!bHiIJ; l.;?lz.::”e[;l;gndmﬂ M R
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peakropal

[lo TpyGam u3 HepiKaBelollei CTadm K ACTEKTOPY, Ha<

RO AIeMYen BHYTPH 34aHHSA peaxkTopa, NMOABOAHJIACH A=

ROCTL C PACCTOSINHA NPHMEPHO 75 M OT BHEWIHEro XpaHii-
Minta. JletekTop sanoausics CUHHTHAMATOPOM MoOCAC NO-
MElicHHEA B 3KpaH.

POTOYMHOMHTENH OTOHpANHCh HHAMBHIYAALHO, H Te,
IT0 HMeqH NOBBIIEHHHH ypoBeHp IIyMOB, OTOPAKOBHIBA-
Aiick. Yewienne GOTOYMHONKHTeNEH BLPaBHHBAAOCH MOAG0-
[0M pe3sucTopa B BHICOKOBOJLTHOM JAeJHTE/]E, NHTAIONIeM
Mimonel. Bee 110 doTtoymHOMHTETEl Kamioro JeTexTopa
patoradn napaiirenbHo.

[Tpn nosABAEHNH CHUHTHAISUNOHEON BCMHIIKE B 06beMe
/IUTeKTOPE HA BHEIXOJe (POTOYMHOMKHTENER PErHCTPHPOBANHCh
WICKTPHYCCKHE HMMYJbCH, KOTOPHIE YCHIHBAJHCh Wpe/ini-
PITETbHBIM YCHJIHTENEM H N0 KoaKCHaJbHOMY Kaledio no-
JUBATHCH HA SMEKTPOHHYIO CXeMY, Pa3MCLICHHYIO Ha Tpeil-
Jtpe BHE 31aHMA peaKkTopa®. 3To MHOTOYHCIECHHOE 00OpYy-
AUBAHHE, BMNOCACACTBHE 3HAUHTENHHO YMEHBIICHHOEe B 06Lex
MC, CTAJI0 HEOTHLeMJeMol NPHHAANEKHOCTHIO AI060ro IKCes
prveira 8 061acTH BHCOKEX suepruil. OAHAKO B TO Bpems
No100HAS YyCTAHOBKA BHINASLEa YHHKAJALHOM.

«/las  mamocTpanuu  patotw  Beell  CHCTeMB [em.
puc. 12.5] npociaeinm za oaHHM coGBITHEM, HHAYUHPOBaH-
HBIM  aHTHHeRATpHHO. [lyeTh 310 coOwimie HNPOUCXOAHT B
nepxaelt mumenu (A), npruew, cornacno peakumm [12.3],
POANAETCH MO3WTPOH H HeHTpoH, ITa mocaeloBaTeldBHOCTh
AHAJH3HPYRTCSt anmapaTypol Tak: cHavaJa NpPH AHHHTHIA-
ILil MO3ATPOHA BO3HHKAIOT JiBA EMOYJIbCA HA CHTHAJBHEIX
BLIXOAAX CHETUHKOB [ W 2, OHH YCHJAMBAIOTCA YCHJIRTEITMH
Ip 1 2f BepXHel TPHAAH H NOCTYNAIOT HA BEPXHIOW exemy
pr-coBnajennii. 3ta cxeMa cpabarmhipaer, ecaAl aMNIHTYIA
COOTBETCTBYET NOAXOAsAled sHeprum (B uutepsane 0,2—-
(0.6 M3B) u ecan Bpema mexny NPpHXOJLOM HMOVJALCOB He
IIpEBHIIAET paspelieHHoro naTepBana <-0,2 mMre. dra cxe«
Ma coolmaer «pepxmeli cxeMe n-CoBMageHHii» o TOM, YTO
NOAyYeH HMOYJIbC, TMOXOXKHA Ha HMOyasc oT B+, oTkpuBas
BXOM n-CXeMbl Ha BpeMs, pasuoe 30 mxc. Bropas napa um-
MyAbCOD OLICTPHIX COBMageHHit BOCHpHHHMAeTCH CXeMoit
/1-COBTA/IEHHH, eCIH HMIYJABCH HMEIOT NMOAXOASLINE aMIIH«
TYAbl, COOTBETCTBYIOWHE sHepran Goasuie 0,2 MaB na ram«
AOM neTeKTope B cymMapHO#l sueprum 3—11 MsB. Ecan pro-
poit HMAOYABE MPHXOAHT B HHTepBaJe mpemen 0,75—30 mxe
nocae nepeoro, HeidTponuas cxeMa coofIMdeT o TOM, 4TO
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1o n B0 cobuiTHE, NaBilee conmanenie ¢ 34 1eDIKKOI,
Buciitan  HMAYJabe. Ha cuetTuuK M 3anycraf pa3pepTKy
b1 0T pados.

[{a BpeMs CeNexiHH cUrHalbl AETEKTOPOR xpamsites B
A Kega e PIKKH, C BHIX0LOB KOTOPBIX OHH noCTynawoT Ha
jeiorpade, eCan MPHXOANT CHIHAT paspemieHna. .. Kazs-
Lns OCILAANOTpAMMA CHiMaaach Ha  35-MMAJHMETPOBYIO
WionaenKy. IlepeMoTKa Kaipos g KaMmepe ympapisiach
{pirrepoM pasBepTKH ociaaorpada. Tunuube coDHTHA,
i1y LH pOBAHHLIC apTHHENTPHEO, NOKa3aHbl Ha puc. [12.8,a
il 6]. Ha pue. [12.8, 6] n3o0panent kaJ uOpoBOUHBlE OCILHA-
jorpaMMbi, a Ha PHC. [12.8, e—x] ppefcTaBieHbl IpHMEpD
0CLLHANOPPAMM, OTOPOMIEHIEX npy aHaIH3e.

K anuGpoBKa CHCTEMEL 110 sHepril nposoanaach 1o -
av B SHEPTETHUECKOM CHEKTPS, pO3MMKAIOUIMM NpH Hpo-
(K 1eHuH depes JeTeRTOpH PeATUBACTCRHX |-MEe30HOB 13
wocMiecKnX Jgydedl («nnkH [IpOXOAALLAX mesonos») . Tlono-
fipan aMIJIHTYAR HMIYABCOB, AABAEMBIX peun3HoniBM re-
IIL’._T.'.H'UPF).\'L pBBHblM.ll ﬂ;\"il'l.rlHTY,'lﬂM HMH}’."ihEE:JB_ pbi3biBac-
MblX ﬂi}UKD}lHIL‘LHMH MEI0HAMH, }-‘Ilﬂ.rIOCb )'CTal-IﬂB'llTh ypo-
penn AMCKpUMHHATOPA MO sHeprusaM H NpoBecTi Kaanbpos-
Ky KHHOrpaMM. A6comoriinil MacuiTal 10 wgane nepriui
veTaHABAWBAJCH HYTEM yMHOZKEHNS TOIIHNL CIHHTHIN A=
ropa (68 cM) Ha koa(puitHenT AHHCHHBIX NOTeph SHEprHi
wesonamu (1,6 MsB/cM).

[Tukn NPOXOASILILHE ME3I0HOB perHcTpHpOBANHChH yepes
arpeeneHnsie HHTEpBaJL spemenn; fpoBepKa H nom-
CruofiKa CHCTEMbl MPOBOAHAACH B cpeineM pas B HeAeTo. .
SipperTHBHOCTE AeTeKTHPOoBaAHHA NO3UTPOHOB H HellTpOHOB
onpeieasiach NpH MOMOILLH HCTOTHHKOB ITHX qaCTHILZ.

Tleppuiil mwar cOCTOR g TOM, UTODH «TIPOJIeMOHCTPHPO-
paTh CYILECTBOBAHHE 5-noaobHOTO CHPHANA H CTO 3aBHCH-
\0cTh OT MOIIHOCTH peakTopa, 2 Tem caMBM H OT NOTOKA
% .yacTuiy. B0 NPOBELERD HECKO/ILKO cepHil HaMepeHni, B
}OTOPHIX CPABHHBAIOCH ypeao «oToOpaHHbIX? cobuITHH, OT-
cceHHBIX K ONHOMY dacy, Korja peaxrop pafoTas H Koraa
o b pakaoued. Hactk NaHHEX U3 TIepBOH CEpHI HaMme-
B pennil npuBeLeHa B raGa, 12.1. Kag MOMKHO BHIETE, na6/10-
s 1810Ch BCEro 1,63 cofplTHA/d TPH pabore peakropa H
E (.4 — BO BpeMA €ro GeanericTBud, 470 B cpeaHeM nasano
nA3HOCTh 1,23 4+ 0,24 cobuTHR/4, CBA3AHHYIO C paﬁomﬁ
peakropa, «H3 STHX AaHEBX MBl 332KTIOYACM, urto Ccyuie-
cTByeT CHrHad, Koropsiit 00ycaoBAeH paboToi peakTopar.
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Pue, 12 &

Tpi Ayua Ha KaxieMm o _'S' OfGpasus oCUHANOT PAMM.

B -cirnan crivacten CHHANOrPAfe COOTBEICTBYIOT BHIXCIZAM TPEX JAeTexT
YPDORHAK YCHAGHUA: @ E:puﬁ Goapmix ypomHAX YCHAERHA, M-CHTRAT ekt
€ yHacTiteM ¥, §—Kanulpo — BDANEDN cofuTHl, KOTOPHE {:{lnauﬁi'.__”_?“ MATKX
HBIM COGLITHAM: -E—pE‘i\—'ﬂff: ible OCUHAAOrPAMMB Z2—3 cnornercrd'f“ ¢ peakuneh
KQUMHTSCKIMIL /LY aMit B Y St i ] i
OTRAOHEHHOE HA OCHOBAIHN “_:,’gr:me. BHIBAHHOE, BOIMOHHO KQ—;:M“.:(‘:!’:{;{;NJHﬂIlLIHI!
Dn-NeTek & , HTO Hafimonaerca A " CREMI YA
Jetertopa) [Phys. Rev., N7 (1960). ﬂp’l I;l{i['_r;”gnémﬁliyﬂhh (e ayue

: L] ] -




Tasmya™

YacTh TAHHLIX, NOAVIEHHHX B me
sy peofi cepHm Him
[Phys. Rev., 117, crp. 163, Tafa. 19{1939}1 ePoRes

O'rnocué o =

Tpuana 'i‘t‘,.'l.lalilalI SpeMA. SKe- ‘o.'mlna Cayushiume

morow [ nepenta, | wieso | Giiiena] i
u

a Bepxunn 1,03 192,7 033 114
Hitknss 1,04 1718 284 % | onm
6 Eepxﬂna 0 67,3 b5 31,8 0,34 40,14
HHCHSA 0 69,7 44 39,7 | 0.06+0,18
mpn-l Yicio, NPONOPUMOHANLIOS BEHWHCACHHOMY NOTOKY anTHHefTPUHD Ha Pol

¥ Brivicae :
HO No IRANeHHSM CKODOCTH CHETA B KAHARAN OTASALHED JAH ﬁ"' 14

Hocneayomwne cepun uamepennit, NposeeHnke ¢ NOBLILEH

HOH KOHUCHTPauHel KaaMus B MHINEHH M MeHee CTPOrHM)

}'CEOB!{HMH or6opa MMOYJAbLCOB MO AMIMHTYAEe NpPH CYel
HelTDOHOB, JanH 0oJee BEICOKYIO CKOPOCTh CueTa, A

3 cobwiTHii/u, TeM CaMLIM NOBLICHB YBEPEHHOCTb B peadh

HOCTH cyulecTBoBaHu#A sderra.

OcraBajoch, OAHAKO, YCTAHOBHTH, ABJSETCH JAH STO]

sthdextT uMeHHO TeM, KoTOpHf Hekaan. Buauase caenosad
«ompele/inTh, COMMAcyloTca Jan  HaGmwjaaeMmue cmpoc'
cueTa ¢ OKHAaeMEIM cedennem Biaumopefictsus. [as sTong

HeoOXoHMO Gbio 3HaTh 3(P(PEKTHBHOCTD AETEKTHPOBAHMH!

HEHTPOHOB H TMO3HTPOHOB.

Bblia mnpeanpHHATAa NONBITKa ONPEAE]HTDH sqat)‘,len'm
HOCTDb JETEKTHPOBAHUA HEHTPOHOB, HCCARAOBAB OTKJIHK
Gopa na nayronneso-Gepuanmesw®t (Pu—Be) wucrounm
Helirponos . K comanenno, HeATPOHB, HCNyCKaeMBle STHM
ACTOYHHKOM, B ABYX OTHOLICHHSX CYMIECTBEHHO OT.IHYA/INCH
OT HEHTPOHOB, POMAAEMBLIX B HCCAELYEMON PeakiHu.

1) Hefirponu, nsayvaempe Pu— Be-HCTOUHHKOM, HME:
10T GoJiee BLICOKYIO SHepruio, BIuioTh go 11 MsB; Heﬂ:rpo -

1
HSI‘DTGEJIHaqEJTa d0-x romoB yHoOHHE KOMNAKTHbIE HCTOWHHEN HelTpoOHOB
i MM TYTEM CMEITHBAHEA YACTHI GepHAAHS ¢ NOJATOMKHBYUIHME
2 TEPAMH CL-9ACTHN, B [4HHOM CAYYAe MAYTOHHeM. q-UacTHus LY
Tpg?['grc Rﬂ&pﬂ}'[{; peakumo *Be+‘He —= C 415, paomyio nei
‘¢ suepruefl, TpuMepHO Ha 4,7 MsB npes ' -
i ot | 2 "y PEBOCXOARALLYIO SUEDTHIO I
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B paccMaTpuBaeMoll HaMH DpeaxunH obnanawT 3suepruedt
nopsinka 10 k3bB.

9) Pu— Be-HCTO4HHK ABJSETCH TOUEHHEIM, TOrAa KaK
3 peakiuH HEHATPOHH POKAAIOTCA paBHOMEpPHO BO BCEM
olbeMe MHIICHH.

Bropas TpyAHOCTh YaCcTHYHO YCTpamddach Ganarogap
TOMY, 4TO HCTOUHWK NOMELlaj# B Pashble NOJOKEHHA Ha-
BEpXY €MKOCTH CO CHHHTH/MATOPOM, 4 3aTEM nojyueHHbe
curnads yepeauaich. Onnako Mbl He pacnofara’i Hpo-
CTBIMH H TOUHBIMEH crocofaMy yuera pas/inuuf B SHEpreTH«
JECKHX CMEeKTPax,

Crauaia H3IMEPAJIHCh OTHOCHTENLHBIE 3hpeKTHEHOCTH
feTeKTHpoBanns HefTPOHOB MNpH DpAasAHYHLIX NOJ0IKEHHAK
JICTOMHIIKA Haj BOAHOA MHIICHBIO. 3aTeM ONpeieafnach 3~
(eKTHBHOCTb JIETEKTHPOBAHK TPH pacnoacyenin HCTOUHH~
Ka 8 weHTpe MullienH», PesyabTHpyloulee 3Hatuenne ahbexs
THRHOCTH AETEKTHPOBaRHs HEfATPOHOB, MOPOKIECHHEIX ANTH<
HEfITPHHO, PaBHANIOCH 149%: ono ObL1O MPHHATO 3a HUAKHHIT
npejena, 4T0 ©OOYC/AOBJANBAJIOCh HACTHUHO orpaHH4yeHHsaIMi,
KOTOpHIE Hajaraer MeTOAHKa u3MepeHHii, a YacTHYHO —-
pa3ANuHEM B HEPTETHUECKHX CMEKTPax nefirponos, Buunc-
JepHOe SHaueHHe TNOJAHOA BEpPOATHOCTH OAHOBPEMEHHOIO
ocyIIECTBACHHA TpeX cobwTHii: TOro, 4ro HefTpor Oyact
3axpadcH BOJHOM MIIIEHBIO, YTO MPOIECC 3axpaTa mpoH3oii-
leT B MPOMEKYTOK BPEMEHH, TIOKa CHCTeMa Oyaer 4yBCTBIH-
TenbHa K HEMY, M, HaKOHEl, UTO P-KBAaHTH, BO3HHKIIHE 0
nipomecce 3axBarta, OYAYT YAOBJICTBOPATD KPHTEpPHAM COBNA-
nenis, — 1aJ0 OueHKY 3((eKTHBHOCTH JIETEKTHPOBAHN,
papuyio 24%. «Kasanoch pasyMHEIM NpHHATL 32 3HaueHne
sdpexTusnocTH £y = 0,17 £ 0,06».

DdpexTHBHOCT ACTEKTHPOBAHHA NO3NTPOHOB onpeue-
AANAach MyTeéM DPACTBOpeHHs H3BECTHOrO KOJIMUECTBA L5 i
H3/Iy4aloiero NO3HTPOHE, B BOJIHON MHIIEHH H TOCaeLyio-
lera HaMepeHHs CKOPOCTH CHETa GuCTPRIX coBnajennit a8
ABYX JleTEKTOPAax, pacnooKeHHbIX pOAH3A KaMm a0 MHIIEHH.

KaanGpopka ocymiecTaiasjach B ABa 3Tand: H3Mepenne
CKOPOCTH CHeTa [/ HCTOUHHEA 84Cy W onpejesenne HHTeH-
CHBHOCTH HCTOUHHKA KaJiuOPORKH C HCHNOJbL3OBAHHEM CTaH-
napraoro Herounnka #Na. B pesyautaTe GO NOJYUCHO
spauenne eg = 0,15 =+ 0,02.

«Mcnons3ys 9KCrepHMeHTa/ bHbe AanAtle, Mbl MOTIIH T€-
neph BRIYHCAHTE CeueHne paccesiingd ANf peaKuns pl%, ftyn,
MIAYIAPOBANHOR  aHTHHEHTPHHO, NPUCYTCTBYIOLLHMH B
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NPOAYKTAX AedeHHs. Hama leJb COCTOAMA B TOM, YTOOW
yﬁlffi.llTbL'H B COBNAAEHHH SKCNEPHMEHTAALHOIO H npeanoiaa

raeMoro Ha ocHose Teopnu aHavennit, Cedenne Bzanmonel=
CTBHA BBLIYHCAAJI0CE N0 (opMmyJie

R 2
LS Rﬁﬂl_l.r"f\.’aneﬁ s %

rae R =105=*0,1 uy~' —cpennan vacrora nosBACHHA CHE:
Hana B Kaxaof Ttpuame e, = 0,17 & 0,06, e5 = 0,154
= 0,02, N=1,1.10"® —uncno sinep sonoposa B Kaziofl
muitenn, F = 1,2.10'% cm~2 ¢—!' — cpeannfi nmorox antniciis
TPHHO, NoNajawmux Ha aerexTop. OTciona
o=(1,230): 107" en,

UTO COrJACyeTcd ¢ TeopeTHUECKHM
=(1,0=20,17)-10~ cu®s. ;

Ofno jiib 5T0 coBOAjgeHHE MOKHO OBLIO paccMaTpH-
BATb KAK [0CTaTOYHOE AOKA3ATEJILCTBO TOTO, UTO HAGMIOLA-
J0ChL HMEeHHO oxujaemoe ssicnue. Ho uwtofu orGpocnts §
BCe COMHEHHS, HeoOXO[AHMO ObLJIO OCYLIECTBHTH MOMOMHH-
TeJBHEIC NPOBEPKH. B YACTHOCTH, TPL‘GUBH.'I()C]J NoKa3aTh, §
UTO HCPBEIE HMIY.bC HMEET COOTBETCTEYIOLLHC XapaKTepi-
CTHKH U MoOeT OBITh npuuncas nosutpony. Jas nposeprn
3TOT0 HCMOAB30BAJAHCh ABa Meroaa. [lepeuit M3 Hux coctoad
B H3YUEHHH BJMSIHHS Ha CHCHAJ CJOS CBHHIA, KOTOpPLIT NMO-
Mewancs  Memay MHiicupio B W nerektopom 2 (cw.
puc. 12.5). Pesyabratei npusescus 2 taba. 12.2. Oanako

JHAYCHHEM O —

Tabaga 122
CkopocTh cueta B 3KcuepumMenTax
€ NOrAOTHTEACM W3 CBHHUA
[Phys- Rev., 117, etp. 167, Tada. V {1960)]

Tomnwna camuiga, om CropooTh eveTa, u_J

1,244-0,12
6 0624014
8 0,400,156
3 0,04 40,17

YMENLUICHHC CHIHAJA 3aBHCHT OT ABYX (AKTOPOB: Npex e
BCEro, OHO OOYCHOBJAEGHO OCAAGMCHHEM HITYUCHHS, BOIHH-
RAOMEro npu  aHHHCHAAUHH TO3HTPOHOB, H, KPOME TOro
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(B MeHbIIe crenedn), — ocjiadaeHneM 1:-113..11_\"19.}1133. conw-
CTBYIOWLEr0 3aXBATy HEHTPOHOB KaaMpeM. Kamani I],.ir 31;?
(haKTOpOB TPHIIOCH HCCAEA0BATH OTAEJBHO HA MaKeT :
1ePBL «NyTeM H3MEpPeHHUs BHIXOAHOTO CHrHaJja 1<p1-|c13.11:11
YECKOTO CIHHTH/LIAHOHHOTO JeTeKTOP2 NfaI. HOMELU.EH]ID:O
1141 TEHTPOM €MKOCTH ¢ Bofoit (B KOTOpOH Oni pac*nar?ps_u
papnoakrupupit CdCly), Kak QYyHKUHA TOMUAHE Ca07
COMHIA MEXKAY EeMKOCTBI0 H HAeTEKTOPOM; B'ropruﬁ q’mlqr_w;;i
onpeeasics NpH H3MepeHuuy BBIXOJAHOTO CHrHAJA ..-_ZLLTUL;TI[:'
].o’ﬂ HipKHel TpHadbl, PErHCTPHPYIOULIHX HEATPOHL OT HCTO
HIKA, TOMENIEHHOro Haj LeHTPOM BOAHOH MHLICHH, co;;:fp-
scaiteit CdCly, B 32BHCHMOCTH OT TOJULHHbL cn.oﬂ cm'“f“f”’_‘
PeayabTaThi npeacTasieHs B Ta0i. 12.3; Tam xe s L[Jcl\l!:
nenns NpPHBEAEHL Pe3Y/bTATHl, NOJyHeHHLe TpH HiMepe:
HHH 3aBUCHMOCTH UaCTOTHI CHrHaja oT TOAINIHHE i‘l(}]':‘u]l.:
rens. «lTocnenmue ABe KOJOHKH TaGaHLLI comacyoﬂ‘-;
HACTOMBKO XOPOIWO, HACKOJBLKO STOTO MOKHO D}K'li,'lzl‘Th r:;
yyeToM HeonpeneseHHocTell», OOYCAOBJACHHBX Pas3aHTHE
MEKAY MAKETHHM H pealibHhIM 3KCIepHMEHTaMH.

Tadauya 12.3

Hi0 HAAYYEUAn
JyABTATH KOHTPOALHLIX HIMepenHii no moraomen
p“yq::Tnc'm-umxnn [Phys. Rev., 117, crp. 168, 1a6a. V1 (1960)]

OrnocnTeas kil chritad €
Tonuna Omn “;‘ﬁ:;ﬂ b= | Oraockrens-
chl‘l;:'ua. curnan B7F Srrt) di ppenckasamnsf ¥ | naGioasemsi ?
1,00 1,00 1,00
0 04T 0,86) * 0,40 0,50-0,13
0,16 0,47 (0,86) ; e
0,48 0,17 0.68 0,12 0,320,
0,95 0,04 0.45 0,02 0,032£0,06

! Mponasenesne ABYX NPEIBLLYHITHY _HD.'[_;.‘!‘I)IOK,
2 HopMupoBAHH bl HANeHA HI Tafa, 12.2
i Buiyicnennoe (HO HE WIMEPEHHOEZ) SHaneHue.

Bropoit MeToJ COCTOAJN B H3Y4EHHH CIIEKTpa aMIIMTY A,
nepBHIX HMIYJbCOB OT V-TIOAOGHLIX cobuTHit «cC nenislcf
vOEeIHTbCS B €ro COBMECTHMOCTH: C aHHHrHMmmHEHM CELTII{H
Tpom», lonyuernbii CHEKTp NoKasan Ha puc. 12, a « Ha-
cpashennst na puc. [12.9,6] wuzobpaikeH ,ELB(.:EI c,'neu'rpm.l
JAHH — uetounnka Cu, napyrofi — dona. : nellep
puc. [12.9,a] Goablue NOXOJHT HA CHEKTP ft-ucrounuka,
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Juepews  mopfoze  urinyanea, Mol

Fuc. 120, CnekTp aMnauryl neppux HMNy/JLCOB V-NOJOGHEER COGH-

tafl (a). Cnextpu Gona n B -nerounnxa (6) [Phys. Rev., 117 (1980),
crp. 169, puc. 13].

yem ma crnektp Gosa xa puc. [12.9,6]. 9T0 MOKHO pac-
(MaTpHBATL KaK CBHAETEALCTBO TOTO, YTO NMEpPBEE HMIYJIbCH
(111 cBA3aHbl ¢ AHHATHARIHEN NOSHTPOHOBY.

Auanorauio OBIN OCYILECTRACHE NPOBEPKH BTOPLIX HM«
NVIbeoB A0S KamAaoro coObITHS, € TeM uYTOObl yDeanThed,
W10 otiH OGYCTOBAEHE 3aXBaTOM HeWTPOHOB KajiMuem. «Cpms
JleTEILCTEOM B MOJB3Y TOTO, YTO BTOPbie HMOYJbCH V-M0R06-
L cobBITHR OBLIH BLi3BaHBI HERTPOHAMH, CIYIKHT Npexie
ncero opMa CnexTpa BpeMéH 3ajiepiKKM, a TakiKe BJAHAHHE
14 Hero H3MeHsoulelcs KoHIeHTpamuu Kaamus. buio npo-
BCJeHO TPH CepuH HM3MepeHHE IS aTOMHOrO OTHOLICHHS
kaamrd K pogopoay e == 0,005; 0,010 u 0.

«_Pacnpesenenns peMén sanepxkn [aas o = 0,005 u
0,010] ynos/ieTBOPHTENLHO cOTJacyloTcd € TeOPeTHIECKHMH
KPHBEIMH. POCT KOHUEHTPALHH KaAMHf, KaK H OMHA4JI0Ch,
NL3LIBACT ONpeieNeHHBH] CABHI SKCNepHMEeHTaJNbHOro pac-
npeiescHus B CTOPOHY GoJee KOPOTKHX BpeMeH 3axsara.

B cayuae o = 0 (Bepxuss TpHajAa, KaaMHi OTCYTCTBYET
p mumenn) 3a 118,4 u paGoTu peaxkropa C TOH JKe MOILHO-
CTBIO, 9T0 H B cAyvae @ = 0,010, cymmaphnan 1acrora cobbl-
Tuit pasusaack 0,02 4= 0,07 o', 310 snavenne corjacyercid
¢ THcTo caydafiHniyM (oOHOBLIM) 3HAYEHHEM, W €ro CJIelyeT
CPABHHTB € COOTBETCTRylommM 3itavenuem 1,92 &+ 0,01 g—ts,

JLas STHX HMOY/bLCOB TaKKe <H3YYANCH AMILIHTYAHHI
CTEKTP € HeAbIo BHSCHHTD, COTJIACYeTCs JIH OH CO CHEKTPOM,
O)KHAAEMEIM UPH 3axBaTe HeliTpoHoB Kaamuem». H BHOBL
CIeKTp CYIICCTBEHHO OTJAHYAJACH OT (OHOBOTO, MPHUEM
HMeHHO oJKHAaeMbiM 06pa3oM.

«[Ilag Ttoro wrolGnl YCTAHOBHTE, NPOMOPUHOHAALHA JH
CKOPOCTh CUETa CHFHAJOB YHCAY NPOTOHOB MHileHH, Guut
fnocTaBfleH skcnepuMmenTt, B kotopom 0,47 MPOTOHOB B MH-
e OBLTH 3aMEHeHn AefTpoHaMiuy. AHTHHEHTPHHO B3aH-
MOAEHCTBYIOT ¢ JefiTPOHAMH B XOAe peakliH

5+ d—p"+2n

OnHako ceweHRe TAKON peakilMR COCTABAAET JHWD '/is ce-
uennst peagmmir (12.3). CooTBeTcTBEHHO CKOPOCTh CHETa
cOGWTHE AOMIKHA YMeHbmaThes Ha MmHOmnTeab 0,53 4
4 [(2/15) -0,47] =059 (mHommTens 2 BO3HHKAET W3-33
pomaenns asyx muefitporos). B To e ppems «cROHCTBA
cpejbl, BARAIINE HA 3aMeJICHHe HeHTPOHOB, OBLIH WHBIMH,
YTO MPHBENO K H3MEHEHHIO BPeMEeHH 3axXBaTa H YTEUKH
HefiTpOHOB H3 MHUIEHH, T. e. 3(QeKTHBHOCTH 3aXBaTa».
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C yuetom nonpasok ma sta thaxTopnl omuaaemas CKOPOCTH
cucra onenupanack B 0,84 + 0,11 u—!. []o AAHHLIM H3Mepes
HHH, AeficTBHTe/bLHas CYMMApHAs CHOPOCTb cueTa npu

pabore peakTtopa cocrtammia 0,58 + 0,13 u~!, uro coorper

CTBYET OTHONIEHHIO HAOMOAaEeMOro swayemms K QKHAae~

MoMy 0,69 4+ 0,019. Apropu YTBEPIKAANH, 4YTO, «XOTH’ TOY=

HOCTB pesvibTaTta ocraeaser HeJia

Th Jy4llero, TeM He Me-

Hee NoKasano, uto CHrHaJa PeaKTopa 3aBHCHT oT HaJaJHIHA

NPOTOHOB B MHIIEHH».
Hakoner, HeoOXoauMo  Gnljio

yOeauTecst B TOM, uTO.

Ha0a100aeMblfi CHIHAN He OBLA BHI3BaH APYIHMH YacTHUAMH,
HCNYIEHHBIMH peaKTopoM. Hasecrno, uto, KpOMe aHTHHef-

TPHHO, npH nponeccax nedenus s

peaxTope u BTOPHYHBIX

PEAKUHAX BHe I{eTE‘.KTODB MOryT poXKiaaThcs Y-JIYHH, 3JeK-

TPOHHL, TPOTOHBI ¥ HEATPOHH. [ps
CHiHa/a OT peakTopa cocrodna m
HEr0 SKpauupoBku oT HefiTpoHOB M

Mas NPOBEPKA NMPHPOLEL

H3MEepPEeHHN BANSHHA Ha ]
Yy-u3ayvenus. Eciau stm

Hanbosee NpoOHHKAOIIHe BHIBI H3JYYeHHH OTCeHBaloTCd, TO

NPOTOHBLI H 3NEKTPOHBI KaK HCTOUH
HECKH HCKMIOuawoTest, Ecan curnan

HKH CHIHAJla aBTOMAaTH-
BHI3BAH AHTHHEHTPHHO,

T0 Ha Hero sKPaHHpOBKA ecTecTBeHHO He nosanser. Bua
HOCTaBMEH SKCMEepHMeHT, B KOTOpOM H3MepAaach CKOPOCTh
CHETa  KOPPeJHPOBAHHBIX COBMafeHuli c 3ajlepiKKoi Gea
SKpaHa W NPH HAJHYHE ero (B KavecTse SKpaHa npHMeHAJCH
CA0M BJAANKHBIX OMHJIOK ! nA0THOCTLIO 0,52 rfcM® 1 TonmuEOR

76 cm). Tlpn manuuiy 5Kpana 3ap

ETHCTPHPOBAHHEI Bepx-

Heil Tpuanoi curnag CoCcTaBasa 1,74 4 0,12 ! pacne yuera
NONpaBoK HA pa3miuKe B MOTokax % ans AACHTHYHBIX H3Me-

pennit G6es skpama. Aty BEJHYHHY
COOTBETCTBYIOLLEH BeJHUHHON B OTC
1,69 + 0,17 u—1,

CJIeI0BaJIO CPABHHTHL ¢
YICTBHE 3KpaHa, paBHOf

JKPaH H3 ONHAOK TOMea/ics Kak nepen, Tak u s3a je-
TEKTOPOM, NOCKOJLKY JHIEBAS H 33MHSS CTOPOHA feTeKTopa
Obi - 3naunTeasio xyme 3a3KPAHHPOBAHLI OT peakTopa,
4eM Gokosnle. DTOT SKPaH HAa HECKONBKO tbyToB neperpmi+
BAJACA C YCTAHOBJACHHBIM TaM TAMKEIBIM CBHHIIOBEIM 3Kpa-
HoM. IlnotHoets w Toamuna SKpaHa H3 ONMuIOK noabupa-
JHCh TaK, 4TOOBl «OCAA0HTD GHICTpHE HEfTPOHH M3 peak-
Topa no kpafineii mepe B 10 pas, a y-usayuenwe B 5 man

' «B snax NPHIHATEILHOCTH 33 TOCTENPHHMETBO 10HaH, XoTopoe B
TEHCHNE BCEro BPEMEHH OKa3WBAIOCHS SRCTIEDHMEHTATOPAM, HCCAENLOBA=

TETH BBENH B COCTAB FAMHATL sKpana ty
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HT KYKYDY3HHX 3epew,

finsee pas». dddexTusnocts nellcTBHA 3KpaHa H3 OnHIOK
«0Onl1a nmposepeHa ¢ nomowbild Am — Be-uctounuka, xoTo-
puil MOMEWAAH B OAHHAKOBOE IOJOMKEHHE 33 MNpefeaamy
JACMOHKH CBHHIIOBOTO SKpaHa; KaK OOHapyMHJIOCh, IKpail
I3 OMKJOK MOHHIKAJI CKOPOCTb CYETA OT STOrO HCTOYHHKA B
COOTBETCTBYIOUIEM JAManasone sHepruil Ha ABa IMOPAAKA Be-
JnuHHBL. OTCYTCTBHEe 3aMETHHIX H3MeHeHHN B CKOpPOCTH
ClCTa HOCIe YCTAHOBKH SKpaHa B HALLEM C/y4ae CBHIETEh-
CTBOBAJIO O TOM, YTO CHFHA® He GLLT BH3BAH HeHTPOHAMH
H/IH Y-H3JIYYCHHEM, POXKIEHHBIMH BHE NeTeKTOpas». .
Hokasarenscrea Guanm HagemuwniMu. Heyaopumoe wuefi-
Tpiio OHJIO HaKOHENl NOMMAaHO, H YCTAHOBAGHO €ro «cy-
U[eCTBOBAHHE KaK OOBLEKTHBHOH PeasbHOCTH NMPHPOAL».




lFnasa 13

MA3EP M NA3EP

.

Cpenn pasawunmx Bugos B3aUMOAEHACTBHS, KOTOpHE!
BOSMOIKHBEI MEH]y 4TOMOM H 3J1eKTPOMAarHHTHLIM H3ayYe-]
HHEM, 0COOEHHO XOpOIIO H3BECTHH MApa. [lepsoe: atom, na-
XOOACh B OCHOBHOM COCTOAHHH, noraomaer }IBJI}"IBH;IE C
YacToTOI, AOCTaTOYHOM 14 mepexona B OAHO H3 BO30Y K JleH-
HLIX COCTOSIHUI, H BTOpOE: aToM, HaXoasuimficss B BO36Y K-
ACHHOM COCTOSIHHH, CHOHTAHNO NEPEXOLUT B BoJlee HHIKOS
SHEPTETHYECKOe COCTOsNNE, H ITOT Nepexon COTIPOBOIK AaETCA
HanTyuenneM. B ofoux cayyasx mameHenme sHepruu AE, pa-
dYMeeTcsa, CBH3aHO ¢ qacToTol v COOTBETCTB}-’IOLT.I.ET’O H’BJI\"-
‘:I[‘H‘F;I:Hr ypaBhenunem AE = hv, rae h— noctostuuas [Trauxa,

YIIECTBYET, ONHAKO, TPeTuil, MeHee H3BECTHH BHJL
B3aumoneficteust. Ecam wa atowm, Haxoasuuiica B Bo3byx-
JEeHHOM COCTOSIHHH, BDE,ElefICTB}'CT H3JYYEHHE, ROTOopoe caM
4TOM B LAHHOM COCTOAHHH MOT Gl €CTECTREHHLIM oﬁpasa:-a
H3JYUHTb, TO BHEIIHEe H3NYYEHNE BLIIBLIBAET HH@I]L{H,GOBQF;-
Hoe (nam CTUMYAUPOBANHOR) WaNYyueHKe aToMa, Ha nepehif
BSFJIAN STOT NPONECC MaJ0 OTAHYAETCA OT CHOHTAHHOIO H3-
IYUERHA, TeM He Meiee OH NPeACTABAAET cOGON CaMOCTOS-
TEJILHLIH BHI B3auMolelicTeH, (DEIKTHlIﬁC]{}l ero CcyutecTso-
BaHue BHEPBEIE 6LIJI0 OCO3HAHO AneGeprom Jitnwrefinom B
1916 r., 4T0 6HAO BLI3BAHO HEOGXOZAMOCTBIO OGLACHNTE
PABHOBECHOE pacnpellesieHHe” N0 SHEPreTHUECKHM COCTOS-
HHAM aTOMOB, B3aHMOJAEHCTBYIOUIHY C H3JIYy4YeHHEM,

B mocaenywwne Gosee vem 35 ner HHAYIHPOBAHAOE
HIAYUCHHE 3aHANO BAKHOE MECTO B TEOPETHUYCCKHX Heeaeno-
BARAAX, HO HE HAXOAWJO WHKAKOIQ NPaKTHUECKOrO npume-
HeHuA. B Kracenueckoil MOHOTpathHH N0 KBAaHTOBOM TCOPHH
H3dydenus, ony6anrosanHof B 1954 r., sta Tema Grua
MRUIL €183 3aTPOHYTA, a TAKHM ABNEHAAM, KaK pesoHancHasn
dayopecuenuus (cm. ra, 11 stoir KHHFH) H paMaHOBCKOe
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puccesuae L yaensiock 3HaYATENBHOS BHEMaHKe, B anTepas
fype BCTPetNadich OTAedbHbe YIOMHHAHEA 00 «OTPHIATENDY
oM TOTJOMEHHH», KOTOpPOe MOIJI0 BOSHHKHYTE B pPe3yiibi
{i7¢ 3TOrO npouecea, HO HH O KAKOM NPAKTHUECKOM HCMOJbLA
WBAHIH BAHHOTO s(dexta peuH He LLIO.

C pasBHTHEM MHKPOBOJIHOBOH TEeXHHKH, HavyaBlieMcd B
lepHod BTOPOH MHPOBOH BOHHLI, CHTYAlHsA CTAJa MEHATHCH,
I3 nacrHocTH, nporpecc B 00/1aCTH MHKDOBOJHOBOR TeXHHKH
nopJgek 3a coboli HCCAeAOBAaHHS B3aHMOAEHCTBHA MHKPO-
BOJIH ¢ BelllecTBOM, ocoOeHHo ¢ razamu, B stux pafotax
yiUacTBOBAMO MHOTO (H3HKOB, H MO OKOHUAHHH BONHHEI OHH
O yaKe TOTOBM 3aHsiThest GoJiee riyGOKHM H3YUEHHEM
TAKOr0 B3aumojefcTeud. B pesyibTare BOSHHENA — CHA-
u4Jla JIHIIL B HECKOJLKHX MecTaX (IpeHMYLIecTBeHHO IpO-
MblLIEHHLIX Ja0opaTopHAX) — HoBad objacrh (PU3HKH, HA-
JpAHHAS MUKPOBOAHOBOL criekTpocKoniteld, KoTopas OHICTPO
MOJVHHAa IHPOKOE pacopocTpaHeHHe.

OauuM H3 NepBHX UEHTPOR HCCHeNOBAaHHIE IO MHKDO-
BOJHOBOMH cnekTpockonds On1 KoayMmOniicKull YHHBEPCHTET
p CIIA, rne ente B 1951 r. rpynma yueHHX BO IJape C
H. X. TayHcoMm o0Hapy#HIa, 4TO HHAYIHPOBAHIOE H3Jyue-
HiHe MOMKHO HCHOJIb30BATHL AJA NETeKTHPOBAHHS MHKPOBOJH
¢ BLICOKHM paspeliueHiieM, a Takie 1Js reHepHpPoBaHusa HJll
vewienns. B 1954 r. agees OBI0 CKOHCTPYHPOBAHO TAKOL
yCTPOHRCTBO H HCcJAefApBaHuLl ero cmoiicTea. B 3#aKk mpH3Ha-
HHA ,BAKHOCTH 3TOH paboTh TayHcy B uHC/le APYTHX HCC/e-
noBarteseit Ona npucyxkaeHa HobejlepckKas mnpemHd Mo
itbusnke 3a 1964 r.? JlanpHeliniee uaydeHHe NPHBEIO K pac-
NPOCTPAHEHHIO MPHHUKNA PabOTH 3TOro mpubopa Ha BHAI-
MYy10 00JacTh AJAHH BOMH; PsA NONBITOK OCYIIECTBHTh 3TO
NpeANPHHEMAJNCS Pa3HBIMH YYCHEIMH, HO NepBHIll ycneX Onia
poctarayr 8 1960 r. T, X. MeftmManoM M3 HCC/AE/I0BATEILCKHX
nabopatopuft pupMbl «XbploJkecr, Co3faHnble yerpoicTBa

S

| PaMadonckHM paccesHHeM HasnBaeTcd MpOLECe, MPH KOTOPOM MO-
JIGKYIA H3MEHHET CEOR COCTOAHHE KOMEOATENBLHOrO HAH BPAMaATEIRHOTO
NBHIKEHHA BCJAGACTBHE B3amMofeficTBHA C MajalomiM HaphHe GOTOHOM;
NO3TOMY BHEQ/IALLEE PACCESHHOS H3MYJeHHe CMEIeHo MO SHePrHH OTHO-
cHPE/IbHO Makaloero,
2 OmAOBpPEMEHHO TNpeMHa Obina NPHCYMCACHA COBETCKHM  YUEHLIM
l]jl‘ I'. Bacosy u A. M. Ilpoxopory #3 ®H3WUEeCKOTO WHCTHTYTA HM.
. H. Jlederesa AT CCCP, xoTophle HEIaBHCHMO HCCIEAOBANH MHOIHE
CTOPOHLL 3TOTD ABMAEHHA, YTO TAKMKE NPHBEAO K CO3AaHII0 Masepa H ja-
sepa,
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NOJYMHAH Ha3BaHHA  MA3EP U Aa3ep COOTBETCTREHHO,
Tepmun «Masep» (maser) npejicrasaser codon abbpesua-
Typy oT anraufickoro Microwave Amplification by Stimu-
lated Emission of Radiation (ycuieHHe MHKPOBOJH TpH
NOMOIUH HHAYIHPOBAHHOTO HCIYCKAHHA H3JVUEHHs), «ja-
sep» (laser) amanoruuno ot Light Amplification by Stimu-
lated Emission of Radiation (1. e, BMecTo «yCHJEHHE MH-
KPOBOJIH» «YCHJCHHE CBeTa»).

B stoit r;maBe Mel ocraHoBHMcs Ha paGorax rpymnmsl
Tayuaca, o KOTOpHX cooOllaloch B THCHME B pPelaKILHIO
Wkypuana The Physical Review w aByx onyGAHKOBAHHBIX
TaM craTbhax., Kpome Toro, Hapsay ¢ ONHCaHHEM NPYrux
DOAXOA0B K H3YYEHHIO JaHHOH npolJeMBl 34eCh H3J0MKEeHB
pesyapTatel Meiimana, o KoTopuXx coo0waJock B CepHH
craTeil, HarewaTaHHHX B KypHanmax Physical Review
Lelters, Nature, British Communications and Electronics,
The Physical Review.

BaxHocTe pa3paboTKH Ha3BaHHLIX YCTPOACTB H HEKOTO-
phle HX OCOOEHHOCTH CBA3aHH C OJAHHM XAPAKTePHHIM CBOfi-
CTBOM HHAYLHPOBAHHOIO H3JQYYEHHA: H3JYueHHafd BOJHA
HMEeT TOUHO TO K€ HalpapjeHne H (asy, YTo H HHIYUHPYIO-
masn, eficTeHe mMa3zepa HJIH Jasepa YAODHO NpeACTaB/fATH
B BHJe JaBHHoobpasHoro mpoliecca, NPHBOAHMOrO B jefi-
CTBHE «CIYCKHHIM MeXaHH3MOM», KOTODLIH BHI3BIBAET nepe-
XOAH H3 BO30Y:KIEHHHX COCTOAHHA B Oo/lee HH3KHEe SHepre-
THUECKHE COCTOAHMA, YTO COMPOBOXKAAETCH HANVUEHHEM
horonos. Tlpn sToM KaKARA HCnylUleHHHR (HOTOH B CBOIO
ouepedb HHHIHUPYET AdajbHelune nepexoan u 1. 4. Hauano
BCEMY Hpoueccy AaeT (OTOH BHYTPEHHEro TENJIOBOro HIH
BHeUIHero faaalouiero Hajayuenns. B pesyiabrate Bce BO3-
Hukiue GoToHsl ONHCHIBAIOTCH CTPOro KorepeHTHwMH (T. e,
HaXoAAUIMMHCA B ONHHAKOBOH (haze) BOJHOBHIMH (hYyHK-
unsimu. Hanpotne, cnoATanno nanyueHnsle $OTOHE pacupe-
JejeHsl cayuaifHeiM o0pasom Kak no (pasam, Tak H No Ha-
npapaeHuAM. BoicOKas cTeleHbh KOFE€pPeHTHOCTH MO OTHOUIE-
HHIO0 KO BPeMEeHH NPoABASeTCd KAaK BbICOKAs CTeNedb MOHO-
XPOMAaTHYHOCTH, 4 B NPOCTPAHCTBE NPHBOAHT K TOMY, YTO
xoppeadanua ¢asnl coxpansercs Ha OONLUIOM PaCCTOSIHHH.
[Tocnennee cpoiictBo ocoGeHHO XapakTepHo AJs Jasepay
Onaronapa emy yiraercs cOKYCHPOBRATE OOMbIINE MOTOKK
ONITHYECKOTO H3JYUeHHA Ha TJAOWAAAX TOPANKA KRaiapaTta
JUIHHE! BOJHB H NOJAVYHTH NPH 3TOM HANPAMKEHROCTH 3JIEKs
TPHUECKOrO 109 Hopajka HeckoabKHx MB/eM.
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Ilpexae Bcero paccMorpum yeaopusd, NPH KOTOPHIX MO-
JKET BOSHHKATb HHAYHHpOBauioe H3jqyIeHHE. B Bewectse
npu abconoTHoi Temnepatype T uucao aTOMOB 7t; B ;UCTUﬂ-
i ¢ sueprueft £; nponopumonansho exp(—Ei/kT), rie
b = 1'38-10-1 apr/K — nocrosunas boapumana. Jlas aio-
OuX ABYX yposre#t I u 2 ¢ sHepruamn E1 4 Ey > E, T*P-P'DF_‘T'
HOCTh Bj; NMOrJMONIEHHA B cocrosuun [ paBHa BEpOATHOCTH
By WHAYUHPOBAHHOIO H3ayueHusi (ofe BETHUHHBL Oepyrcs
B pacyere Ha oauH atom). Yucao axros NMOMIOULCHHS PO
NOPUHOHANLHO niBis, 4 YHCIO aKTOB HHAYIHPOBAHHOTO H3-
nyuennusi — nyBy. Ilockoabky By, = Ba, OTHOCHTElbHOE
YHCIO TAKHX' AKTOB onpenejsercd 3KCHOHCHIHAMLHBIMI
MHOMKHTeNAMH B BeJIHUHHE M OTcload C/AeLYyeT, 4To Norao-
leA#e TPeBaJupyeT Hal HHAYLHpOBAHHBIM naﬂngunem.
ST0 07HA H3 NMPHYHH TOrO, YTO B OOLIUHBIX CHTYAIHIIX poJb
HHAYLHPOBAHHOrO H3JIydeHHs He3dHayHTEIbHA. Haa Toro
yToObB HCHOOJBL30BATHL 3TOT [IpolLect, peo0X0AHMO BH3BATh
H3MEeHeHHe HOpMaJbHOro pacnpefejeHHA aTOMOD no sHep-
reTHYECKHM COCTOSHHSIM — To4Hee, co3/4aThb HHBCPCHEO' 3a-
CeJIeHHOCTH, HJIH M[OpeBbllIeHHE yHcga aToOMOB B E&PAHEM
HEPTETHYECKOM COCTOSHHH Haj yycjoM aToMOB B lillzKLlieh;i.

Taync u ero coasropst M, T1. Topaon u X. JLx. o
rep pafoTaju ¢ MOJEKy/JaMH aMMHaKa NH?. B kaacchue-
CKOM MpeicTaBleHHH 3Ta MOJeKYyJ/1a paobparxaeTcs B BHIE
TPeyroJbHOR HNHpaMHAb, Yy KoTopoll TPH aromMa BOOPOAA
pacnojoxeHnl B Yriax OCHOBaHHA, @ OAMH aTOM aszoTa —
B pepuntHe. B KBaHTOBOMEXaHHYECKOM npe/iCTaB/IeHHH ITa
MOJTEKY.1a BHITVISIHT HECKOJbKO Hiave, TaK Kak -?ﬂccqh Yo
THIBAETCA BO3MOMKHOCTb ABYX 3KBHBAJEHTHbHIX MO0 EHHH
atoma N 1o o6e CTOPOHH OT IJIOCKOCTH aTOMOB H. INoren-
IMaJbHAs 3HEPrHsl aTOMa a30Ta Kak (YHKIHA €ro paccrod-
HHS OT [JIOCKOCTH OCHOBAHHA cxemaTHUCCKH nokasaHa Ha
puc. 13,1, TIyEKTHPHHIMA JAHHHAME HAMEUEH BHI KpHBOIH
st cayuas, ecan Gbl aTOM 430Ta MOr HaXo/UThCH JIHIIL _HU
OHY H3 CTOPOH OT IVIOCKOCTH ocHOBaHHA. Torna aas Ha:::-l
JIOTO paspelleHHero sHauyeHus 3Heprii On11H OBl BGBEW\ )
NBA COCTOAHHA — N0 OAHOMY € KaxjoOH CTOpoHbl. b JjeH-
CTBHTEJBHOCTH, NOCKOJBKY TOTeHnHabHbH Oapbep -.\-le.xhﬂ.j.i
ABYMA ¢AMaMH? HMEeT KOHEUHOe sgguelde, 3TH J1BA COLTD;
HHS B2aHMOefCTBYIOT APYr ¢ Apyrom, HTO "P”BC_’EHT K 0D-
pasoBaHiio JBYX HOBHIX COCTOAHHI. [Ipn 3TOM YiKe l'le-"h?;‘)
CKa3aTh, UTO A4TOM a30Ta HaxoguTcs MO Ty HIH ApYrY
CTOPOHY IJIOCKOCTH OCHOBaHuA, FAe pAacno/ioHeHsl ATOMBI
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BOAOpOAA, ——.(‘.i-:opee OH ¢ paBHOH BEpPOATHOCTLIO MajkeT
6HTb Ha J000f H3 Hux, Boanosasn (byHRUHS, OMHCHBAaOIIAN
OHO H3 BO3MOMHBIX COCTOAHUH, He MeHAeTCH OpH nepeMeHg

[
Paccmogrue om nacexocmu amonsd dsdgpode

P-uc. 13.1. Cxema aasmcumocTn noTenunanbioll sHeprun aroma asora ot
€I'0 pACHOMOMEHIS B MONEKY e AMMEAKE | XAPaKTePHEIE YPOBAN SHEPrH,

Cunownan Snnna COOTHETCTHYET Peastuaf cmi

Enaour et i : E CATYATHH, TYRKTEDHAS — BoO6paae

CAYyUBi0, XOTAa STOM a30Ta PACOOICMEH JTHITh U9 Oy clopony or naaﬁsan"ruu:;g
MOB BOLOPOILE,

SHAKa KOOPAHHAT, TOrAa KaK BOJHOBAS byukuna apyroro
COCTOSAHAS MeHser 3Hax. B pesyawtate paanmonefieTmst
YPOBHH SHepruu ABYX HOBHX COCTOAHHI pacimenasores &,
TaK 4T0 ypOBeHb SHEPIrHH CHMMETPHYAOTO COCTOAHMS JeKHT
HECKOJILKO HiiKe YPOBHS SHepri aHTHCHMMETPHYHOTD CO-

—_—

' 310 obuunoe spaenne g onpene;
7 ASNCHHOM K/Iacce MOJCKYA HIBeCTHQ
BOA HaspanueM HHBEPCHOTO YABOERHS, 4

264

cronuusl. PaccTofnKe MeKAY COCEIHAMH TMapaMu yposHeft
YueJqHYHBAeTCA [0 Mepe BO3PACTAHHA BeJMUHHE CaMHX
HEPTHH, OAHAKO AAS MOJIEKYJAH aMMHAKa OHO COOTBET-
CTBYET HacTOTaM, JeallHM B MHKPOBOJHOBOM AHAanasoHe.

Kpome atux cocrosnil, xonebare/bHBX 10 cBoefi npn-
poie, MONEKyrIa obJafaeT elle H BpPalllaTeadbHHIMH COCTOSA-
nisimi, Tloclieanne COOTBETCTBYIOT BpAIlEHHAM MOJEKYJIH
BOKPYr OAHOH M3 JABYX He3IKBHBAJEHTHHIX ocel (oxHa W3
X NepnenIHKYASpHA IIOCKOCTH aTOMOB BOJIOPOJA, Apyras
JeHT B Hell), BpaluarenbHble COCTOSSHHA KaaccH(HIH-
PYIOTCA MO 8HAYEHHAM KBAHTOBAHHOTO MOMEHTA HMIYJbca
OTHOCHTE/BHO Kaxaol W3 ABYX ocefi. Bpauenne cierka
H3MEHAET KpHBHEE NOTeHUHAJIbHOH 3Heprud xojaeGanHuifl 3a
CUET UEHTPOGEIKHOTO pacTSIKeHus MOJEKYJbl, 03TOMY pac-
CTOfIHHE MEeXIy Kaxaofi mapofi KoJeGaTedbHEIX ypoBHei
{ABHCHT OT BpaLlaTeJNbHOTO COCTOSHUS MOJeKyaH. B pa-
Gote T'opaona, Iaiirepa n Taynca HCNosb30BaAcA B OCHOB-
HOM MEpexOA MexAy napoH YpoBHell HH3mlero KoJgeGaTelb-
HOTO COCTOAHHA, NpHYeM 000HM YPOBHAM COOTBETCTBOBAJIO
ppallaTeqibHOe COCTOfMIHAE ¢ TPeMS eAHHHIAMH (KBaHTaMu)
MOMEHTa MMIYJbCa OTHOCHTENLHO KaXION OCH (Tak Has3bi-
BaeMoe 3—J3-COCTOAHUE); UACTOTA 3TOrO Nepexoaa pasna
23870 MTI'n.

Hkpyroe BaxHOE CBOMCTBO MOJEKYJB aMMHAKa COCTOHT
B TOM, YTO, XOTSl ¥ HEE OTCYTCTBYEeT COOCTBEHHBIH 3JEKTpH-
UCCKHH HHNONbHBIA MOMEHT, OH MOMET OBITh CO3MAaH OPHJIO=
/KEHHBIM K }IO.HEK}-'J]C BHEIIHHM 3JICKTPHYECKHM NOJEM, IIin'*
ueM 3HAK 3TOrO MOMEHTA pasjiuteH A JABYX COCTOSHHI,
COCTABAAIOIINX ¢Konebarensnyio napy», Ecan noae meonno-
POAHO, BO3HMKAeT CHJA, AelCTBylOmAas Ha Moiexyay !, Ko«
ropasi TOMe HMMEET pasHHe HaUpPaBAEHHA 0AA KamI0To H3
paccMaTpHBAEMEIX COCTOAHHH.

Umes B Buay ckasannoe, oGpaTHMCs Tenepb K SKCOEpPH-
veHTy lopaona, llaiirepa, Taynca, onHCaHHOMY B OCHOBHOM
BO BTOPOH cTaThe?

«¥YcrpoficTBo paboTaer ¢ HCMOALIOBAHHEM MOJEKYJsAD-
HOT'O MyYKa, B KOTOPOM OTOGpaHE MOJEKYbl, HAaX0NsIHecs

10 OTHOLIEHHID K MHEPOBOJHOBOMY TIepeXOAY B BepXHeM

! Cum. ofcymMNeHsHe aHANOTHYHOR CUTYAIHH JJAA CAy4afn MardsTHOTO
noas B rn 8 knurs «Pemaompe skcnepimentst» (Tpurr Ix., Pemaio-
mue skenepumenTa, M., «Mup», 1974).

2 B npuBefennBlx nuMe BHJEDHAKAaX HCNPaBABHO HECKOJBKD 0vde+
BHAHWX THOOTpa(CcKHX OWHGOK, BKPABIIMXCA B OPHIHHAABHLIE CTaThH.
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cocroannu. Baaumoneiicreie MeRAY 3THMH BO30yHAenHbIMH
MOJIEKYTaMH H MHKPOBOJIHOBEIM I1OJIeM BIJHhTH('it".T TOMONHH=
Te/bHOE H3NYUeHHe H, CleloBaTe/bHO, YCHJACHHE C MOMOLUILLIO
HHAVUHPOBAHHOTO H3AVHEHHS ..

"y 'y » A A N :
[Iyuok monekyn avvuaka oGpasyercsa NpH BHITEKAHHNA

aMMHaKa H3 HanpasJdeHHOro HCTOMHHKA, COCTOALLCro N3

Besxoiiend

Senolud Bxodnad

Sonnoliod

! !

e =
NH, ===
—

Wemauiin

Hesara rman

Poryvupyrowee  yempomls

'g @ @ Ceesgriiil
Borrodnod  mopen PORYCU PRI B2
HEMQNHURT @ @ e cmia

Pne. 132, Yupouennas exema ocHOBHOH vac as
xel vactd wmasepa [Phys. Reo,
90 (1985}, cvp, 1265, pae 1) e Rl

Goabitoro uucia Tomknx Tpybox. ITydox nepecekaer of-
J4CTh, CAe Nojde ¢ oYeHb OOJBLIOH HEONHOPOLHOCTHIO
Co3[aeT CeJeKTHBHYI JIHH3Y, KoTopasa (oKycupyer MoJie-
KY/Ibl B BepXHMX (MHBEPCHBHIX) COCTOHMAX M pacdoKycH-
PYET MOJIEKY/bl, HaXoAsllHecs B HIKHKX. Jlasee mojexvant
B BEDXHEM COCTOSIHHH MONAAAI0T B O0BEMHLII pe3oHaTop, N
TaM HHAYUHDYIOTCH Nepexoibl B HHIKHEE COCTOSHHE. Ynpo-
menan 0JOK-CXeMa YCTaHOBKH IOKasaHa Ha pue. [13.2].
Herounnk, dorycupyioliee ycTpoiicTso u pezonaTtop nome-
IeHLl B BAKYYMHYIO KaMmepy.

[Tpu wcnoavsosanun Masepa B KauecTse chekTpoMeTpa
K Pe30HATOPY NOABOAHTCH H3JyUYEHHE NepeMeHHOof HACTOTH
OT BHEelIHero HeToynnka., MonekyaspHele pesoHaHcH oOHa-
PYKHBAIOTCA MO PE3KOMY BO3PACTAHHIO YPOBHHA MOUHOCTH 3
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pCI0HATOPE, KOTAd YacToTa BHEUIHEro HCTOUHHKA COBHaxaeT
¢ 1aCTOTAMH MOJEKY/JIAPHHX DE30HAHCOB.

[Ipu "actorTax, COBrNajaloliuX ¢ YacTOTAMH MOJEKYJIap-
HLIX TEPEeX0A0B, NYUOK YCHAHBAET MOLIHOCTD, NOABOAHMYIO
K pesoHatopy. Takum o6pa3oM, Masep MOXeT OHTh HCTIONb-
jopaH KaK y3KonoaocHsli ycuanteab. [TockoabKy MOJeKYIbl
ile 3apsiyKens, B HEM OTCYTCTBYET OOBYHE APOGOBOMH wyM ',
CYIeCTBYIOUIHIT B 3JEKTPOHHOM ycuautene. PaKTHUECKH B
MA3EPHOM YCHJAHTE/NEe BooOlLe OTCYTCTBYET KaKof-nubo mym,
KpoMe TPHHIMINAILHO Hen30eKHOTO TENJOBOIO WyMa.

Ecan unciAo MoJekys B TIYYKe IPEeBLICHT OmpefeleHHOe
KpHTHYECKOE 3HaueHHe, Ma3ep HauHHAeT reHepHpoBaTh H3-
AyuenHe. B 3TOM cJIydae BHICOKHA YpOBeHb MJIOTHOCTH
MHKPOBOJHOBOH 3HEPTHH MOJKET NOAAEp:KHBAThCA BHYTPH
pe3oHaTOpPa 3a CYET CaMOro myuka, Tak Kak Haaydaemasn
IYYKOM MOIIHOCTb KOMMOEHCHpYeT NMOTepH IHEPrHH B CTEH-
KaX pe3oHaTOpa M M3JjyueHWe B BOJHOBOAbL. [emepupye-
MOe H3JydeHHe, KaK MOKa3aHo H TEOPEeTHYECKH, H SKCMepi-
MeHTaldbHO, #BANETCH B BLHICOKOA CTeneHH MOHOXpOMa-
THYHBIM.

Pa6oTa YCTAHOBKH He KPHTHYHA TO OTHOIIEHHIO K €¢
reoMeTplH... DBIJIO CKOHCTPyHpPOBaHO JABa Masepa Ha am-
MHAKE C HECKOJBKO PA3IHUHBMH (OKYCHPYIOLHME YCTPOii-
cTpaMmu, # ofa paboTajn yA0BJIETBOPHTE/ILHO.

B HHX HCIOJbL30OBAJIH HCTOUHHK, CO3AAIOLIHA HANpaBIeH-
HEIY Ny4oK Mojekya ammuaxa. Habop TOHKHX Tpybouex
HaroToBAsscH caeaviomum obpazom. Meranannueckas no-
noca wmpuEof 'y miofiMa u Tommuuoir 0,001 moiva (na-
npuMep, 3 HeprKaBelollel CTalH HiH HUKeas) roppupyercs
nyTeM NPOKATKH MEXKAY ABYX WIeCTepeH ¢ MEeJKHMH 3Y-
GbAME. 3aTeM 3Ty N0JOCY KAaAyT Ha APYTYIO NMoLo0nyio, Ho
HeropAPOBAHHYIO TOJOCY; MPH 3TOM 06pasyloTCs Kamalbl,
pefyIlHe OT OLHOTO Kpas Mapsl NOJOC K APYroMmy. Moaxkno
COCTABHTb CTONKY M3 TaKHX TMap NoJoC, NOJNYYHB B Pe3yib-
TaTe ABYMepHHIl HabOp KaHAJOB, HJIHM, KaK OHJIO CHeNaHO
B NaHHON paboTe, HaMOTaTh 00¢ MeTajJAHYECKHE NOJOCH
na ToHKYi0 och. [lomepeudoe ceueHie TOJYUEHHBIX TaAKHM
00pa3oM KaHaJoB COCTABJSAI0 OKOJI0 0.002 X< 0,006 kp. nKOf-
vos. [lnomaas, noxpuipaemas HabopoM KaHajoB, paBHa

! 370t WyM BOIHHKAET BCIEICTBHE TOTO, uTO SMEKTPOHHLIN TOK B
7efiCTBHTENLHOCTH HEe HempepsiBeéd, a MpeacTaBifer cobod nabop HM-
NYJBCOB OT KAMKAOrO SAEKTPOHA, AOCTHPAIOUIENO SMEKTPOAA MM MOKH:
NAI0UEr0 €ro.
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TIIoMAAH Kpyra pagmycoM oxoqo 0,2 gofiMa, uTo npuMepHO |

paBHsAJIOCh Npoxoay deKkycupyolero yerpofietra. 'as noj-
BOAuACH W3 Ga/sioHa ¢ Ge3BOAHLIM aMMHAKOM, H 33 HCTOY-
HHKOM NOAACPIKHBANOCH JaBAeHHe B HECKOMBKO MHAAHMeT-
poB pryTHOro creqada..,

Pacnonioxenne snektponon dorycupyiouero yerpoficra
noxasano #a puc. [13.2]. Beicoxoe nanpsxenie NPHKJIa ] bi-
BaeTcd K JABYM 3JIeKTpolaM, O0003HAYEHHEIM Ha PHCYHKE
Oykeoit V; apa apyrax sasesiieHsi...

B nepsom u3 noctpoenunix Masepos BHyTpeHHHe noBepx-

HOCTH 3JIEKTPOJAOB HMean Gopmy rumepbos, ¥ paccTOSHIE |

MEXIY 3apsKeHHBIMH SJeKTpojaMu cocrasisio 0,4 moifli-

Ma. Haumenbiiee paccrosHHe MeXKAY HHMH paBHAJOCH

0,08 nofima, a muiuHa dokycHpyomero yerpoheTsa —
22 pofivam. K 3THM 3aeKTPOAaM MOXKHO GO NMpUAaraTh
Hanpsukenwe 1o 15 kB, koropoe elle He BHawBag0 npobos,
Bo Bropom masepe suextpognl mMean Ty ke dopmy, HO
pasjeasnnce npoMexyrkom B 0,16 mofima. 3710 noseoaaan
NpRKTAALBATE RanpaAxenna no 30 KB, urd HecKoABKO yayu«
waao pabory masepa Gaaroaapsi Gosee BLICOKHM rpagHet-
TaM SMEKTPHYECKOrO IOJNT B MeX3MeKTPoaHoR obnacti.
Hanra dorycupywwero yerpofictea so BTODOM Masepe
cocragasia 8 mofimos. [Ipm cGopke Qokycupyiomero
YCTPOHCTBA NPHMEHSJIHCHL TeIOHOBHE MPOKAAJKH. B measix
YAYHUICHAS OTKaYKH OOJBIINX KOJHYECTB aMMHaka, Mo-
Na2I0MEro B BAKYYMHYIO CHCTEMY H3 HCTOYHMKA, 31€KTPO-
AH (OKycHpYIOUIEro ycTpoficTBA JesaJnch NOABIMH H HA-
HNONHANIHED JKEIKHM a30TOMS.

PaGora doxycupyiouero yerpoiicrsa noApoGHO paccMar-
pHBaack B NepBoi H3 ABYX CTaTell, HAMHCAHHON OLHHM
['opaonoM.

«llone doxycnpyomedt munsL cosmaer cuaw, reifcrs
BYIOIIHEe HAa MOJeKY/Thl GJarofaps HHAYHHPOBAHHEIM B HHX
ANNOJILHEM MoMenTaM. Kondrrypauus saexrponos Takosa,
TO 3JEKTPHUECKHH NOTEHNMAJ B 3a30pe HMEET BHA ¢ —
=qor2cos 20, rie r w 6 — umaEEApHYeCKHe KOOPAHHATHE
CHCTEMHI, OCb KOTOPOH COBHAAAeT € OChI0 (POKYCHPYIOUIErO
yerpoietea. Beamunna saexrpuueckoro moas MpH TaKOM
NoTeHlHade NPONOPIHONANLHA F. DAeKTPHUCCKAs CHAA, Aeii-
CTBYIOIlasl Ha MOJIEKYJB B TaKOM II0JIe, [PONOPHHOHAIBHA
APOH3BENCHATD HANDSAXKEHHOCTH NOAS HA €ro rpagHeHT; mep-
Bl MHOMHTEIb OGYCIOB/EH 3aBHCHMOCTLIO HHAYLUHPOBAH-
HOTO [IHNONLHOTO MOMEHTa OT MOJA, a BTOPOK — CHJOM,
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neficTeyiomedl Ha Aunoab. 3Ta CHNa HANPABJEHA PaAHANLHO
il IpONOpUHAHANBHA r AJS MaJdbX 3HaYeHHl HanpsaKeHHO-
CTH MOAA; ANA MOJCKYJ, HaXOAAUIHXCA B BepXHEM cCOCTOf-
tHiHH, OHA HampaB/ieHa BHYTPH, AAS MOJERYJ B HUXKHEM cO-
CTORHHH — HAPYIKY».

Haabie Mul ONATH UHTHPYEM BTOPVIO CTAThHIO.

«B panHofi paloTe HCHOJB30BANNCH IHAHHAPHUSCKHE
oG0beMHble pesoHaTopsl Auamerpom 0,6 mofiva W aauHok
4,5 mofima, coOCTBEHHaA YacTOTAa KOTOPHX HAa BOJTHe THNA
TEan! mexana B ‘MHTEpeCYIOIieM HAC AHANA30HE YACTOT
(oxo/dio 24000 MI'n). Kamabifi pe3oHaToOp MOr nepecTpau-
BaThest B npegesax o 50 MI'u npu nomolnk KopoTkoit cek-
inH Goabinero jJuaMerpa H MepeMeHHON MJIHHBI, pacroao-
JKEHHO# ¢ oJIHOrO Kouna pesonatopa. OTBepeTHE ARAMETPOM
04 mofiMa B ApyroM KOHHE CIVIKHJIO I BX@Aa NyuKa,
KOTOPHI MPOXOANT Mo BeeH ANUHe pe3oHartopa... Inamerp
3TOTO OTBEPCTHH 3HAYNHTENbHO MEHbINE TpaHHuHOro?, Tax
4TO MOTepPH MHUKPOBOJHOBOH 3IHEPTHH uepe3 Hero. GmIIH He-
SHATHTEAbHEMH.

MukpoBosHOBOE H3AYHEeHHE NOABOAHIOCH K PE30HATODY
i BRIBOJIHJIOCH M3 HEro HeCKOAbKHMH cnocobamu, Hekoro-
phle pe3aoHaTOPH HMEeNH OTAe/bHLIE BXOIHHE H BHXOLHELIE
DOJHOBOAL. MomHocTs BROAHAACH Yepe3 JABa OTBEPCTHA
CEASH B JaflbHeM OT WCTOUHHKA TOPIle Pe30HATOpa, a BH-
BOIHJAACh Uepe3 OTBepCTHe B ero GoKoBofl creHke. B apyrmax
pe3oHaTOpax OTBEpCTHE B GOKOBOM CTEHKE CAYIKHIO OJHO-
BPEMEHHO AJAA BBOZAA H BLIBOAA MOILHOCTH M B TOpUE OTBEp-
cTHil cBa3H we Onino...

Tpi auddysHoHHBEX HACOCA HCNOAB30RAAHCH AJA HOMH-
Aepxkanns peobxoanMoro Bakyyma, He soite 10-% mm pr. ot
Tem He MeHee ©3-3a OOALNIOro 06hLeMa rasa, NIPOHHKAIOMETO
B CHCTEMY M3 HCTOUHHKA, YAOBJETBOPHTedbHana pabota
OHJa BO3MOMHA JHINL TPH OXJaKAeHHH (OKVCHPVIOLHK
3AEKTPOAOB [0 TEMNEpPAaTYPH IKHAKOrQ asora. XoJoAHbE
MOBEPXHOCTH 3JIEKTPOLOB TIpeACTaBAAi0T coboil KoHICH-
CAUHOHALI Hacoc ¢ OOALIIOH TACHIAALIO, NOMOTAIOHLHIT

! Ito ofpaHAucHHE XapAaKTEPH3VET pacnpelleleHus SJEKTPHYECKOTO
i MATHHTHOTQ TONefi B pE20HATOpPE W HE HMEeT CYNECTBEHHOr0o SHausHRS
A48 MOHHMAHHA SHCNepHMeHTa.

2 Cp. ¢ npumeyannem ma crp. 147 ra. 7. Veiosne orcexanrua g

KPYIIOro BOJHOBOAA HECKOObKEe OTHAHYALTCA OT COOTBETCTBYIOLIErD Y18+
RHS A07 TIPAMOYTOAEHOFO, OAHAKO OCHOBNBIE NOHHTHH B ODOHX Caydany

“HaAOrHYTRL
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NMONLACPIKUBATL HU3KOE AABJEHHE B BAKYYMHON Kamepe. 3as

TBEPINCBUIHH AMMHAK, HAKAIVTHBAOIIHACA Ha SNEKTpogax)

DOKYCHpYIOUIETO yeTpoiicTa, Melnaer pabote ycrpoiicTea,

TAK KaK H3-3a HNEETPOCTATHYECKOTO 3apana ucKaKaer (t](}*'

KycHpyiontee noae. Kpome Toro, amMmmpakx o0pasyer Kpuis
CTa.VILl, KOTOPLIE MOIYT B KOHEUHOM cueTe HepeKpHThL NOTOK
rasa. OAHaKo B TeyeHHe TOrO OTHOCHTENbHO MAJIOTO Bpe-
Melii, KOTOpoe HeoGXoAuMO IS CHeKTPOCKOMHYECKHY SKCe-
PHMENTOB, 3TO yCTPOIHCTBO PaGoOTAID yA0BJIETBOPHTENLHO,

OKCHEPHMEHTAJbHBIE De3VJLTATH GbLIH [ONYYeHL npH
pabore Mf'uepa KakK B pexume C!IEKT{)UMCTE}E, TEII‘( H TCHe=
patopa. Xorsi mazep aeficTsoBas u Kak YCHAHTENb, OJHAKO
HOKa He MpOBOAHJIOCh H3MEPEHHIl ero XapaKTepPHCTHK B 3TOM
pexcames.

Ipn ncnomwsosamun yerpofictsa B KayecTse CNEeKTPO-
METpa 4iACTOTAa BXOAHOrO MHKPOBOJHOBOIQ [0S HIMEHT-
Jdack. Koraa owa cosnagana ¢ wacroroi: MOJIEKY/TApHOTO
TIEpexonia, BLIXOAHAA MOLIHOCTb YREJIWYHBAJACL 33 CHET
MOHIHOCTH, H3JYy44eMOH TIPH HHAYHHPOBAHHLIX nepexogax
B MoJexynax. B crathe [opaona onucwiBafoch, kak Takum
NYTEM H3yHaJcs CHeKTp amMmuaka, «Bbuio noayueno pas-
pewenne ckoao 7 kl'u, yto smaumTenbHo Jvume no cpaB-
HEHHIO C npefesiom, pasuuiM 65 kI, koropoift o6yciopaen
AOTLICPOBCKHM VIIHPEHHEM CHEKTPAJILHON JHHHUI, HMEIOHM
MECTO B OOBITHOM MHKDOBOJHOBOM CIIEKTPOMETpPe THIA
nornollawider aueikn. YyscTBHTEIBHOCTS Masepa 3HAUM-
TEILHO MPEBOCXGAHIA UYBCTBHTEJbHOCTh [PYTHX CIEKTPO-
METPOB, O00MaAaBLUIHX CPABHHTCALHO BBICOKHM paspeure-
HHEM...

JKCIePUMEHTAILHBIE Pe3yABTATH, NOJAYUCHHBIE NPH pa-
6015: Ma3iepa B KauecTse reHepaTopa, cONIACYIOTCS ¢ Teo-
PHEH H NOKa3kIBAIOT, UTO H3JYHEHHe Masepa AeHCTBHTENLHO
B OUECHbL BLICOKOH CTEeNeHH MOHOXPOMATHUHO H B 3TOM OTHO-
HIeHHH OH 3HAYHTEJBHO NMPEeBOCXOAMT MioboH N3 H3BECTHHBIX
HCTOUHHKOB usayuenus. KoneGauusi cosnasanmcs na wacto-
Tax JuHWH nepexonos 3—J3 u 2—2 B cnekTpe aMmuaka
IpH HX HHBepCHO# 3acenennocTn. Pasymeeren, aas paBoThi
MAa3CpHOro TeHepaTopa MOXKHO HCTOAB3OBATH H JAPYTHE Mo~
PEXCIbl B CHEKTPEe aMMHAKa, 8 TAaKiKe NMEPeXOAbl B Apyrig
MOJIeKY1ax,

Hacrora 3—3-nepexona B “NH; cocrannger 23870 M,
l"c:»mpautm MA3Epa Ha 3TOH 4YacToTe GHIA HOCTATONIIO
YCTOWYHBA, Tak 4TO IKCMEpHMEHTa/bHAas NPOBepKa 0OHa-
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pVIKHIIA HaJdKuHe YeTKO BHpPameHHEIX OHeHHNl 3BYKOBOI
YACTOTHL NPH  HANOMKEHNHH CHIHAJOB JBYX MasepoB. 370
(inenne (oObito ¢ wactotoft 30 I'n) wHa axpawe ocuungo-
rpatha HaBasio HAeaABHYI0 CHHYCOHLY Ge3 cayuaiiHbiX Ba-
puanHi Gassl, NPEBBLIUAIUINX WYMb AETEKTHPYIOlULER CH-
creMbl. MowHoceTs, Hadyyaemas HYyYKaMH BO BpPEMS 3TOTO
recta, HEHNOCPEACTBEHHO He H3MepsJjach, HO, N0 OUCHKAM,
cocrapiaaaa oxono 5. 10-12 Br,

Buino obnapyxeno, uto uactoTy KOmebaHuil KaK10ro Ma-
wepa Moniio naMmenats Ha 1—2 'y B obe ¢ToponE OT YacTo-
bl MOJIEKYJIAPHOTO Nepexosia NyTeM H3MeHeHHs coOCTReHHOI
uaCTOTH  pesonHaTopa BOJAM3H 4acTOTH nepexoga. Ecau pe-
JOHATOP 3HAYHTEJALHO pACCTPAHBAJCA, TeHepauus kojeha-
il npekpaiutanach. OTHOLEHAE CABHTA YaCTOTH KoJeDaHM
K CIABHIY cOGCTBEHHOIN 4acTOThl pe3oHaTopa MOYTH TOYHO
PABHAAOCH OTHOMEHHIO LIHPHHBL AHHHH MOJEKYJApPHOTQ fne-
pexona, HabmoaaeMoli ¢ NOMOULLIO MHKPOBOJHOBOTO CHEK-
TPOMETpPA, K WIHPHHE NOJA0CH pesoHaTopa. Takoe nopeleHne
MOMHO OblI0 OXHAATh cordacHo Teopui. [lossienne Gne-
HHH YKa3blBaeT Ha CAEKTPAJbHYI0O UHCTOTY H3JYy4YeHHs Ma-
3epHOro remepartopa no Kpaifimei mepe 4-10-'2 B Teuenne
ppeMens nopaaka 1 c.

[Tpn nenonbioBaliiK pe3oHATOPOB H3 HHBapa, HaXOMM-
lIMXCA B TeMJOBOM KOHTAKTe C TAIOHNIAM JALAOM OAf crain-
AnzauHu coGCTEEHHBIX UACTOT PE3oHATOpA, YAaBaJaoch NOI-
JAEPACHBATH FeHepaTopsl B padoueM COCTOAHHH B TeueHHe
npuMepHo 1 4 OpH MAaKCHMaJBHEIX OTHOCHTEILHBIX BapHa-
LHAX YacTOThl OneHuil ~ 5 ['u, nan oxomo 2-10-1° (cpeanee
snavenne nopaaka 10719, Hasxe st Madble BapHauui
CBA3AHBL, NO-BHAKMOMY, C TemiepaTypHuMH addexramus.

Boabltioe paspeiniedie Masepa Kak CNeKTpPOMeTpa, ero
HCKAIOUHTENBHAS MOHOXPOMATHYHOCTh Kak TreHepaTopa H
OMHIAEMAN Y3KONOJOCHOCTH KAK YCHJHTEeNd — BCe 35TH
CBOHCTBA CBA3aHBI C TEM, YTO Masep sBJseTcA pereHepa-
THBHBIM YCHJIHTEJNEM C NOJOMHTEJbHOH o0paTHOH CBASLIO,
B KOTOPOM YaCTb BLIXOAHOIO CHIHa/la BHOBb Nojaercsa fa
pxof B ¢ase ¢ pxoaHmm curnagom. Hlupmrna nosocw Jio-
foro pe30HAHCHOTO KOHTYpa Onpejensercd ero A0OpOTHO-
CHBIO () — OTHOUIEHHEM MAKCHMAJILHON SHEPTHH, 3aMaceHHON
B KOHTYpe, K 3HEPrHH, pacceiBaemMol 3a oIHO KoJebanue,
W HPHHA €ro nosockH o0pPaTHO NponopuHoHabHa Q (Aas
npoctoro RLC-xoutypa mpoGporhocte Q = wL/R). Ilono-
suTenbnan oOpatHas CBA3b IPPeKTHBHO YMeHbIIaeT
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NOJHYIIO pacceHBaeMyI©0 MOULHOCTL, YaCTHYHO BOCTIONHSIA eg
3a CUET BLIXOAHOH MOILHOCTH; TPH 3T0M  Bospactaer, a
LWHPHHA TOA0CH nafaer. ITOT spdexr Tem 3ameTHee, vewm
Gouibule BHIXOAHAR MOULHOCTL reHepaTopa Han yCHJIEHHE
yenauread. B enayuae maszepa wmpHAy JHHEE MOKHO cyue-
CTBEHHO YMEHBIUIHTb MO CPABHEHHIO € €CTECTBEHHON ILHPH-
HOH JHHHA MOJIEKYISPHONO Nepexoja NPH CHOHTAHHOM Hi-
JYHeHHH.

Hnmento upessbuafiio yakaa nosoca u OTCYTCTBHE Tepe-
CTPOfiKH HAKJIaALIBAIT BECEMA Cepbe3Hbie OrpAHHMEHNA Ha
HCHOJIb30OBaHHe Masepa Ha aMMHaKe B KAYECTBE VCHIHTENA.
Ouanako Takofi yeHIHTEAb HMERT TaKike O4eHb HH3KHA
Ko puHeHT mwyma'! B cBA3H ¢ uem ABTOPH TIPELIOJ0-
AHUH, 9TO €T0 MOKHO OYAeT HECNOJb30BATh AJA HEKOTOPHIX
CIEHUANbHEIX HeNel — Hanpumep, ANf <«YCHIeHHS CHPHA-
J0B... U3 ROCMOCA, T/ie TeMIepaTypa COCTABAAET BCEro He-
Cxonbke rpaaycos Keaesuras. IMozoOnsie npuMeHeRns ma-
3CPOB Ha MOJNEKYAAPHLIX NYYKaX BHavaJe OB BeckMa
HE3HAYHTENbLHE, ONHAKO, MNOCKOJABKY caMa BO3MOKHOCTH
MasepHoro s(pdexra OulLIA MPpONEMOHETPHPOBAHA, BCKOpE
9TOT 3 (EKT CTadH HeeAeHOBATH H AN ApPYTHX NEpeXOZOB.
Ocofenno ycnemHo HCMOJb30BAINCE Mepexossl  Memay
ABYMS CHHHOBREIMH COCTOSHHSIMH ICKTpOHa B TBEpIAoM na-
PAMATHETHKE, [le YacTOTa Tepexofia 3aBHCHT OT Hamps-
JKEHHOCTH NMPHJIOKEHHOTO BHEIHHEro MarHHTHOrO N0,

[Tocae Toro kak NpUMEHHMOCTh NpUUBHTA Mazepa Opiia
AOKa3aHa, KasaloCh €CTECTBEHHBIM NONLITATECH paclpo-
CTPaHUTL €r0 H Ha onTHYecKHe wJactoth. Onnago caeaarh
3T0 OLWIO JlaJleKko He NpocTo. CooTeereTByioiiie npobaesl
O0CYXAaaHCh, W DA pemrenufi A0S HHX GbLii ApeaI0HKeH
B copMecTHoll crathe Tayneca u Aprypa J1. Illasaosa (u3
naboparopun Gupmnl <Bena Teqeous), onyGauKoBanHofl
B 1958 r. B wmypuane The Physical Review. Ounit pabeoTs
lilassioBa B o6aacT onTHUECKOI! CIEeKT POCKONKE NOACKa3am
€MY, HTO OCHOBHAA npolJeMa COETOHWT B moabope pescHa-

! Kospiprument myma yewnnreas onpenensercs caexyionHm ofipa-
goM. Ha pxome yewiwrenn BOSHHEAET Temaoeodl WIYM, MOUBOCTH HOTO=
poro: panda RTAv (Av— mupuna nosocs yenanrens). Ecnu woxhidin-
LHEHT YCHICHHST £, TO MHHHMAJILHMA IYM Ha Buxoge Oyger pased
kT Av. Onuako nefiersurensusii YPOBEHL MOIMHOCTH WIYMa Ha BEIKOJIE
B F pas mpeREImAeT 910 MEHUMATEHOE IHAMEHHE NI-34 HIyMa, co3zapae-
MOTO casiim yeHautenem. Beawunna F m paswisactea xosddmupenTonm
HIyma,
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Topa. O0beMHALiE Pe3oHaTOP, MPEKPACHO ONpaBaaBlinii cels
b MHKPOBOJHOBOM IHANaz0He, He MOF OLiTh NPHMEHOH Jaje
B HH@pakpacHofl oGJacTH clleKTpa, HE TOBOPR YIKE O BH-
JLHMOH. )

«UroGpl paboTaTh ¢ OTAe/ibHON MOLOMH i-:omcﬁa'mm pese-
HaTopa B HHppakpacHoM AHANA30HE, €FO JIHHEHHBE pas-
Mephl IOMAKHLl ObITh NOPAAKA AJHHBI BOJHEL F. €. CAHLIKOM
MaJdsMH, 4ToOLl Takoif pesoHaTop MOXHO Obie CO3MATH
Ha MpaKkTHKe. 3To OTHOCHTCH, NO Kpaiikelk Mepe, kK o0aacTa
CaMbiX BHICOKHX HH()paKpacHHIX YACTOT, & TeM Oojee K BH-
numoit obaacta. CaefoBaTtenbHO, NPHXOOHTCA paccMaTpi-
BaTh PE3IOHATOPH, pasMepbl KOTOPHIX BeJHKH 10 CPpaBHEHHIO
¢ JJHHOH BOJIHLI, T2K YTO B HHX MOJKET OLHOBPEMEHHO cy-
eCTBOBATL O0ABIIOE YHCJIO MO HHTEpecylOUlero Hac AHa-
na3oHa YacToT..

PaccMOTpUM Tellepb, HACKOABKO HOJUKHA YMEHLIIATHCA
o0piYHas LIHPHHA JHHHH CNEKTpa aTOMHOH CHCTEME B pe-
3Y/LTATE MazepHoro sdexra, HHEIMHE CAOBAMH, HACKOIBLKO
MOHOXPOMATHYHO H3JyueHHe HH(pPaKpacHOro MAH ONTHUE-
CKOFO Masepa... [lpexanosoxnM, Ham yAajoch BHIAGTHTD
oauy moay. Cnontansoe ! uanyvenne Ha 3Tofl 4acToTe AaeT
KOHEYHYIO WIHPHHY JIHHHH

4 hrv 3
AV ooy = —5— (AV)?,

rae Av — noayHmipHHA pesoHaHca HAa YPOBHE INOJOBHHEL
MaKCHManbHOof HHTeHCHBHOCTH, P — MOIIHOCTD OCHHJIH-
PYIOLIETO MO,
: s cayuas, paccMOTPeHHOTO paHee B ctaThe, 4nfivAv/P
cocrasiader okoao 10~° nmpu muEMMandbHOM 3HAUeHHH P,
HEOOXOAHMOM [IIA TOAdEpPXKAHHA KoJieGaHMI, Tak 470
Avoen ~ 10-8Av. 3710 3HaUYEHHE COOTBETCTBYET YPE3BHYANHO
BLICOKOH CTENEHH MOHOXPOMaTHYHOCTH H3aydenus. OnHaxo
IJ151 MHOFOMO/JOBOI0 Pe3oHaTopa MOHOXPOMAaTHYECKOE H3/V-
UeHHe HakaajbBaercd Ha (oH HMEAYLHpoBaHHOro [owe-
BHIHO, HMeeTcsl B BHAY cnontTannoe — Mo, T.] manyuenus
C IHPHHOK TIOJ0CH Av, AAg NPHHATOrO 3HAYSHHA MOMIHOCTH
P’ WHTeHCHBHOCTH MOHOXPOMATHYECKOTO H3AVUCHHA papHa
EHTEHCHBHGCTH HHAVIHPOBAHHOTO H3/JyTeHwHs %
—_—

' B stof uuTaTe, No-BHAHMOMY, MEpeNyTaHsl ODO3HAYEHHA COOHTAH-

HOTe H HHIVIEPOBAHHOTO HIMYYEHHHA,
? CnonTagHoe HAAVUeHHe JOCTABAAET Topa3fgo Goabiie 3ATPYLNE~
HHfl B ONTHYECKOM, ueM B MuKpOBoaHoBOM, Ananasoue, ITpe npogmx
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Hpyras npobaema, ceasannas ¢ Ma3epaMH HA MHOroOMO-

AOBHIX pPE30HATOpPaX (BepoATHO, He (YHAAMeHTa bHas, HO
cnocobHas, OAHAKO, NPHBECTH K 3HAUHTENBHEIM MpaKTHYE-

CKHM TPYIHOCTSIM), — 3TO BO3MOMKHOCTL NEPEXola KoaeOa-

HH, NEPBOHAYANLHO BOZHHKIINX Ha OZIHOH MOJE, B IPVIVIO
HAH BOOGIIE HENpephiBHOE H3IMEHeHHe MOJ, CBA3AHHOE ©
BHE3ANHBIMH CKAUKAMH YacTOTHY,

Huwivu caosamn, npobaema ceonmnacs x NOJIVUeHHIO
3KBHBAICHTa 00BEMHOTO Pe30HATOpPa, CNOCOGHOrO K CelleKs
THBHOMY OTKJIHKY Ha JAaHHYI0 KodebaTeabHyio Mopy, HO
PasMephl KOTOporo He 00A3aTeNbHO LOJKHEl OHIIH COOTHET-
CTBOBATB AnHHe Boanul. lasnory u Taynecy ynanocs noka-
3dThb, 4TO 3TOT0 MOXKHO LOGHTLCS, HCMOMbL3YA pesoHaTop Ges
OOKOBLIX CTEHOK, HO ¢ YaCTHYHO MPO3PauHBLIMH TOPUEBHIMHA
CTEHRAMH JJIfi CBAASH C BHEIHHM NPOCTPAHCTBOM, HHaue
FOBOPSI, C NOMOMIBIO YCTPOACTBA THNA ONTHYECKOrO HHTEP-
heposmerpa Pabpu— Ilepo. B stom yeTpoficTBe KoJdebanus
BCeX THNORB, KpOME OJIHOr0 HJIH HECKOJbKHX HelaeMblX,
YXOIAT U3 pe3oHaTopa Yepes GOKOBLIEC CTEHKH elle 70 TOro,
KaK yCNeBaloT HabpaTh AOCTATOUHVIO AAH CO3AAHHA TOMEX
HHTEHCHBHOGTD.

ABTOpH HecnenoBaan napamerps nofo6uoro yerpofictsa
B uudpakpacHoM Ananasone, HCNOJb3VH B KaYecTBe aKTHB-
HOW Cpeinl Naphl HATPHSA, a8 B KAYCCTEE HCTOUHHKA — HA-
TPHEBYIO Jlamny; OHH YOeIHAHCh B TOM, Y4TO COOTHETCTBYIO-
LUIHe XapaKTEePHUCTHKH BNOJHe gocTHxUME, [L1aBaop # Tayne
PACCMOTPENTH TaKME BO3MOMKHOCTE HCHOJNL3OBAHHS AKTHB-
HLIX MATEPHAJNOB ADPYrHX THIOB, H HakoHew Ol NpPHMEHEH
OIHH H3 HUX — naphl Le3ud, Bo30ymIaeMule reaiceoll JaM-
noii. HecKoAbKO MeHee onTHMHCTHUHO 3Tu 4BTOPEl OLEHH~
BaJH MePCHeKTHBY CO3NaHMs ONTHYECKOTO Masepa ¢ HCNoJb-
30BAHNIEM TBEPAOTO Tela B KaudecTBe aKTHBHOMO MaTe-
puana'. Yacrnuno sto o6nsicHsgoch Gobiuei HIHPHHOM
CHEKTPANbLHLIX JAHHHH, 3aTPyJAHAIOWEN BHAeJeHHe MOI, a
HACTHUHO — OTPAHHYCHHBIMH BO3MOJKHOCTAMH HAKAUKH HA

PaBHEIX YCAGBHAX BEPOATHOCTL COOHTAHHOTD HIOYYeHH A BO3ADACTACT NpPO=
NOPUHOHATBHO KYGY HACTOTH, TOTAA KAK BEPOATHOCTH HHAYIHDOBANHOTO
HBAYHMENHA He IABHCHT OT uwactotd (B oboux caywasx npeanoaaraeTes
SMEKTPHYECKOE AHNOALHOE HATYUeHNe).

! ApTopnl comuepanncs B STOM, .HeCMOTps Ba 1o uto Illapnoe 3a-
HBHJ caeayioutee: «3a Bpems paGoru B aaGopatopuAx qupmn «Beans a
AOBOMLHO AYGOKO YBEPHICA B TOM, 9TO BCE, UTO BOSMONKHO B rase, ocy-
MECTBHMO W B TEEPAOM Tele, NPHYEM B ROCACAHEM cayyae fame Gonee
Venennos,
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COOTBETCTBYIOMeH nactore. Onnako onn cospasalH, 4To He
HCK/AIoueHbl «0oJiee H3AUHble peurenus». ¢Moxer OBITb,
YAACTCH HAKAYATB OAHO M3 BePXHHX COCTOSTHHMI, PacioNo-
AKeHHBIX Haf MeTacTaGHAbHEM, Toraa aToMu OyIYT nepe-
XOAUTH B MeTacTa0uibHOE COCTOSHHEe (BO3MOMNKHO, 3a cueT
Oe3bl3nyuaTeJbHBIX fIPOLHECCOB € YYaCTHEM KPHCTaJJauye-
CKOH DENIeTKH) W HaKAMJHBATLCA TaM, [OKa HX YHCIO He
OK&@)KETCH JOCTATOMHLIM j/If Jla3epHOro sfpexras.

Heficreurennno, MeHee uem uepes roja [llasnos BeCKa-
all NpeAnofoxenne, uto pyoHH (ABYOKHCL aJIOMHHHS
AlO3 ¢ Hebonbuoll nobaskoll okHeH xpoma CryO; B Kaue-
CTBE «HPHMECH») MOXKET CAYIKHTH TPeOYeMbIM AKTHBHLIM
mMaTtepuagoM. «PyGHH HMEET WHPOKYIO MOJOCY HOTIOUCHIS
B 00/acTH 3€/IeHOr0 LBETa, @ OCTAJBHHE MOJOCH NPHXO-
JAaTca Ha obmacts yabrpadmosera, Ilpw poabymaenuu
KPHCTAL1 pyOHHA HaAyvaeT COJBIIOE YHCAO V3KHX JHHMI
B AanpHell KpacHol ofuactu (A ~ 7000 A), Ise HanGoaee
HHTEHCHBHBIE JHHHH (L = 6919 u 6934 A) ceszanw ¢ nepe-
X010M B OCHOBHOE COCTOfIHHE, TaK 4TO Beerga OoJbluas
HacTb ATOMOB OyZeT HAXOAMTHCA B HHU3UIHX COCTOSHHAX, I
3TH Mepexoibl HENPHIOAHLI OAR CO3JaHHA JazepHoro -
thexra. OfgHako nanbojiee HHTEHCHBHEL caTeauT ¢ A= 7000 A
CBAZAH C NepexonoM B HHMHee COCTOAHHE, OOKYHO He 3aHA-
TO® MPH TeMnepaTypax >KHAKOrO eJHf, H 3TO COCTOSHIe
MOMKET OBITh HCMOJb30BAHOY,

B tom xe coobutennn lllasaos ynomsuya o6 mccaeno-
saunax Ann Ixapana w3 [apsapackoro yuusepcuTera mo
SHEPTeTHYeCKHM IMepexolaM TPH COYAAapeHHAX B CMecH
ABYX COPTOB I'a30B: 3TH COYIAPEHHA MOT/IM MPHBECTH K Tpe-
Gyemoit unBepchy 3acesiennoctell. Takoil MexauusMm co Bpe-
MEHEM HaMies] NPHMEUEHHEe B BaKHOM Kiacce Jla3epos. Oua-
HAKO TEPBLIM MaTepHaloM, KOTOPBIH MO3BOMHA NOOHTLCA
ychnexa, okasaJcs pyoHH, X0Ts MeXaHH3M ero AcHCTBHA Obi
OJXKe K TOMY, UTO paccMaTpiiBajicd B COBMECTHOMN _pabore
[Tapnaora u Tayrca, HexeJIH K HANOMKEHHOMY B COOOUIEHHH
[lasnosa.

Py6un, Xopouio H3BeCTHBIH AparoueHHH il KaMeHb, OKa-
3aJCA OYeHb NoJe3nulM Aas (pH3HKoB. Bo-nepBHX, ero io- .
CTATOYHO JEFKO NOAYYHTL HCKYCCTBEHHBLIM IIyTeM; BO-BTO-
PBIX, €ro KpHCTAAMHUeCKAS CTPYKTYpa BecbMa NpocTa, XOTd
H He TpHBHajlbHAa. Hakomen, Wwowsl xpoMa o6GaafaloT Mar-
HHTHBIMH H ONTHYECKHMH CBOHCTBAMH, KOTOPBIE MOMHO HC-
no/nib3opath. PyOHH AeHCTBHTENBHO MHMPOKO NPHMEHAJICH
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KaK aKTHBHAA Cpeaa nas MasepoB ua TBepAoM Tede, Ox= |
HHM H3 MHOTHX HCCTefoBatesefi, paboTaBiuimx c pPyOHHOM,

Gt Mediman, usyuaBmnit B cBA3H ¢ 3THM NoBeJeHHe HOHOB

xpoMma. Ilepsue maru ma OyTH, KOTOPHI B HTOre TpHBed |

€10 K CO3AaHHI0 Aa3epa, COCTOAIN B CAERYIOUeM: OH OGHA=
PYXHA, 9T0 npu Bo36YxAeunn pyGHHA 3eMeHHM CBETOM

3017 =T : z = |
25 --”1‘;. Lf,/. o

20 5 4
. "
'E o
T B =R
&
4 /J
5
* ol -
? Wy ! S5 //
F i
i / e 1
-1
v 038 cm
L= { { 1
0 Az o NG

Pue. 13.3. Cxema SHEpreTHHeCKUX Yposuell = pyGune,

JawTpnxosanNile nofocl ofoan

: ; » mod A'HI0T WIpoiHe son sHeprun. Cumnonwt, Hakecen-

HEIE PajiloM ¢ YROBHSMH, ONHCHIBAIOT ONPefe e ibe CoofeTna CHMMETPHH 5THX yponHe
[Phys. Rev. Lett., 4 (1960). cTp. 564, puc. 1],

GoablIas 4acTh NMEPexX0i0B B OCHOBHOe COCTOAHME conpo-
Boxaaeres (ayopecuenupeli ¢ manyuenmem KpacHoro csera
C HHON BOJHBI okosao 6900 A, n NoKa3sa, 94T0 MOMKHO 3HA-
YHTEALHO YMEHBIINTL 3aCeeHHOCTh OCHOBHOIO COCTOMHHAS,
O6 stom Meiiman cooGmua s Physical Review Letters s
Hione 1960 r,

«Ha puc. [13.3] nokazamm poneccsl, npeobnanawonine
B Qayopecuupyiomes BelLecTBe npu 06AYUEHHH €ro CBeTOM
COOTBETCTBYIOWEH AMHHL BOAHB. 31ect Wiy — BEepoSTHOCTL
NEPEXoia B CAWHHIY BpPeMeHH NOJ ReiicTBHeM BO3GYKIAI0-
UIEro H3JMYYeHHH, Smn— CKOPOCTH PACTAAA COCTOAHHE KaK
B PE3yibTaTe HSAYYaTEAbHUX, Tak H OGe3L3IyyarebHEIX
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nponeccoB. na paunoro kpueransna Ss merko wafiTH no
CKOPOCTH pacniaja gayopecunpyioumero yposasa (2E) nocae
BLKAIOUEHHT HCTOUHHKA BosOYienust. Bpemsa musun ypos-
HA AJA TAaKOTO IpOIecca cOocTaBJfer ~D M, Bapwasbw,
Bva u IlaBroe moxasann, uTo 3TO BpeMs KH3HH MOUTH
eJHKOM 0O0YC/A0B/eHO CHOHTAHHHM H3JYYeHHeM, CJel0Ba-
rebHO, BeJHYHHA Sy NPHMEPHO paBHA KoadduuHenty DitH-
mreitna Asy.

[TpnGamkennoe 3HaueHHe LJs CKOPOCTH mepexona S
Obilo moJyueHo caeAyiounM obGpasom. Kpucraaa pyouna
oOay4adca cBetoM ¢ aanxoft soaust 5600 A, xotopmii mo-
rioulazicd Ha HH3weld nonoce (*4z —4F;). Menoasaosannwiin
obGpaser; npeacrasasi coboit kyouk ¢ pefpom 1 cM, BEIpe3an-
HbIA H3 KyCKa 0OBIMHOrO pPo30BOro pyOHHA ¢ KOHIEHTpannei
Cr:0; B Al:Os no pecy npumepro 0,05%. Bo sroprunoMm
HATYYeHHH KPHCTaAla B HaNnpas/jgeHHH, NepreHIHKVAAPHOM
nagaomieMy ny4kKy, HaOAwIalHCh ABEe COCTaBASHLIHE:
NepBas COOTBETCTBOBAAA NEPEHIIYICHHIO HA JLINHE BOJHHI
najamulero csera (COOHTAHHBIH pacnaj, CocTOAHHA *Fa);
BTOpas — (ayopecnenunn (CNOHTAHHHIE pacnag CcocTos-
His 2£). lMuTeHCHBHOCTH TepBOit KOMMOHEHTH MPONOP-
unoHa/MbHa fvyNsAy, rae N3— sacenemnocts ypoBHSE 3,
Ay —xosddunnent inmreiina A5 nepexoga Fp—- A,
KOTOPBIH BEIYHCASETCA M0 H3IMepeHHAM Ko3(dHIHeHTa No-
FIOHEHHA H WHPHHLL JAHHE Aa% storo nepexoga (Agy ~
~ 3 -10° ¢™'). ApanornuHo HHTEHCHBHOCTE BTOPOH, (ayo-
PECHeHTHOH KOMUOHEeHTH NponopuHonanbha fivaNaAs. Hs-
MepAS OTHOUICHHE HHTEHCHBHOCTEH 3THX [ABYX KOMIOHEHT
H HCNOJb3yA JonofsHTenbioe yenosme NiSy = N;Sa, xa-
PaKTEPH3VIONIee CTAlHORAPHOE COCTOAHNe, a TaKme MPHO-
nuxenne Sz = Ay, HaX0AHM BeaHuHHY Spo=2 . 107 ¢l

[Tpx nH3mepeHuH KBaHTOBOrO BHXOAA (WIYOPeCHEHIHH —
OTHOWIEHHS YHCId H3JAYYEHHLIX KBaHTOB (iyopecUeHLHH K
YHCHAY KBAHTOB, NOTAOUIEHHBEIX KPHCTA/WIOM H3 HCTOYHHKA
H3JIYUEHAS, — NoAyUeHo 3HaveHHe, OaAH3Koe K |. Drtor pe-
3yJIBTAT BHOBL NMOATBEPMAAET, UTO BPeMfa JKH3HH ypoBHa 2
onpefenierTcs B OCHOBHOM H3JAYUATeALHHMH TNepexXo/laMi, a
TAKME YCI0BHEM Ss2 3> Ss...

Beruciaenna ¢ HENO/Nb30OBaHHEM paHee NMOJVIEHHHX pe-
3yJbLTATOB MOKA3aJH, YTO KOJOKHO JierKo Hab/oaaTthes H3-
MEHEeHHe 3aCeJIeHHOCTH OCHOBHOFO COCTOSIHHSI PYOHHA npH
ONTHYECKOM BosOyMAeHHH. IDTOT BHBOA OB OpOBe-
PeH B mocieayouiux sxkcnepumentax, Kpucramn pyGura
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YCTAHABJIHBANCA MEKAY NapaLaeNbHLIMK nocepeGpeHAEIMA

ILIACTHHAMH, 06PasylolIBME MHKPOBOMHOBOI pesonatop ¢

COOCTBEHHOI YacToTol, PaBHOIl YacToTe pacuienienns OCHOB-
HOTO COCTOSIHHA B HYJAEBOM noJje (11,3 I'Tu). Kpucrama
obayuanca B Teuenne KOpPOTKOTO BpeMenn (20 mkc) cretom

OT JAMMNK-BCILIWKH, W H3MeHeHNe Kos(dHuuenTa OTpake-

HHSl OT Pe30HATOPA NPOCJAEKHBANOCE NPH TOMOILH OCIHIIO=
rpaga. Buiio obnapyxeno, uro BEMHYHHA MHUKDOBOJHOBOLQ
MATHHTHOTO TMOMVIOUICHHS pe3Ko VOuBaeT, a zatem BO3Bpa-
WAeTcs K PABHOBECHOMY 3HAYCHUIO C HOCTOAHHON BpPeMeHH
~5 Mc. Mu npunucHBaew 3ToT athdekr BpeMeHHOMY
YMEHBIICHHIO 3aCeNCHHOCTH OCHOBHOrO COCTOSIHHA ¢ TOcJIe-

AYIOIIHM BOCCTAHOBJICHHEM ee OPH BHCBeYHBaHHHK ¢IJ1_VU--

PECUHPYIOUIETO YpoBHS»,
Caenyomum marom 6t CO3/laHNe HHBEepCHOB 3ace-
JICHHOCTH H TNOJyYeHWe HHAYUHPOBAHHOIO Hanyuenus. Of
ycnexe, AOCTHTHYTOM B 9ToM HATIDABACHHH, KPATKO COOG-
Hasock B xypuane Nature ciyers npa Mecfilla nocae nye-
THRAUAH H3MOMKEHHEIX BHlNe paborT, aartem HECKOJIBKO 10JI-
nee —s British Communication and Electronics, w nako-
HEL, ToapoCHam undopmanuns noseniace s Clenyomen
roay B The Physical Review s COBMeCTHOH ctatre P. X, Xoe-
khuca, H. k. a'Onenca, U. K. Acasy i B. Estyxona.

(Ilpenmapsas ee H3JI0KEHHe, 3aMETHM, 9TO YypoBeHs,
0603navenHnlii vepes 2F ya puc. 13.3, B aefictButensocTH
ABAsieTcs ayGaerom. Ilepexon ¢ BEPXHEro yposHs aybieTa
AdET HINYYEHHE C AAHAON BOJNHEI A — 6929 A, oBosnauae-
MOE Kak JHHHA Ry, a nepexos ¢ umkhero YPOBHS — H3/1y-
qeHHe ¢ A = 6943 A (nuHus R:). Paccrosnne MEXIY 5TH-
MH YDOBHAMH SHEPrHH noyTH B 8 Pas mpesLlaeT pacmen-
JCHHE OCHOBHOrC COCTOSIHHS, HCMOJIL30BAHHOE B NepBEIX
onuiTax Mefimana.)

[poGaeva nerounnka H3MYyUEHHS M HAKAYKH, XOTA W
OKa3anach He cTOJBL Cephe3nofl. rak npeanonarann Taywe
1 lasnos, PACCMaTPHBARA HEOOXOANMOCTL HCMONbAOBAT HH
CBETa CTporo onpereneHHO HACTOTH, BCe JKe 0CTABAJACH
HENPOCTON, HECMOTPS Ha BOIMOMHOCTS HEKOTOPOro paciii-
PEHHA 1HaNa30HA BO3MOXHBIX YacTOT, AOTYCKAGMOTO HIHpPH~
HOR noJockr 4F, p py6rne. OTHOCHTeABHO TpeGyeMoll. Hi«
TEHCHBHOCTH aBTODH roBOPUJH TaK: «Mpy HAILTH, 1TO ecii
KPHCT@/;1 paBHOMEpPHO oCBemaTn H30TPONHBIM H3JAYueHHeM,
TO 4751 BOZHHKHOBeHHS HHAVIHPOBAHHOIO H3JIYYeHNA HYKeH
TOTOK cbeta Gosee 555 BT/cm2.
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BBTIJI\-’ IIQUDXOEHMOCTII HENOJIL3OBAHMA MOIIHBIX HCTOY-
HIHKOB CBETa M NOJAYHIeHH HHAYUHPOBAHHOIO H3AYYeHHS
B pyOHHE H CBA3aHHON ¢ 5THM npobGAeMOf paccesHus Tem-
14 LaHHBIE SKCHCPHMEHTH MPOBOAMINHCE € HMOYABCHHM
HCTOYHHKOM cBeTa. B Tom cayuae, koraa BosGysKaaiolide
HMIYALCH CBETA KOpoue, 4eM BPeM# KH3IHH (hayopecuupy-
I0I1€ro COCTOSHKA, MAMNa-BebILIKa AOIKHA CO3AABATD H3-
Jydenue ¢ yAeabHOH sneprueit nopsaka 1,67 Jlu/eme.

Aaring - Senptina

\ FyiFun

Ynpadnmidused  anewipod
Klupeeban. mpylna

Pue. 13.4. Verpoficrao JLIA HMITYALCHOTO O3GY A AeHHA PYGHHA (pasmepnl
npaMepno 2 X 1 goiim®) [Phys. Rev, 123 (1961), erp. 1154, pue. 7].

B kauectBe mcTounmka mcnoabsoBamach HaNo/JHeHHAs
KCCHOHOM KBapuUeBas Jamia-BenbliiKa €o CHEKTPASLHOM
sthpertaBHOCTEIO 0,064, Manyuaoman naomanas werousuka
cOCTaBaasa npuMepHo 25 eM2, Tak 4To MIf CO3qaHud HHLY-
LHPOBAHHOrO H3AYyYeHHd B pyGuHe TPeGOBAJOCH NMOAABATEH
Ha JaMIY 2JMeKTPHYECKYIO 3Hepriio 650 ﬂf“‘

Ofpasusl py6uua npencrasas.in CODOM LHJIHHAPLI 1HA-
MeTpoM okoao %5 moiiMa n ganHoRt %/ mofima o 1OCKHM I
TOpUAMH, N2PANTENbHEMHE ¢ TOYHOCTBIO A/3 (A = 69434 ).
Ot obpasus yKpenasiuch BHYTPH cCHUpaJabHoi M-
BCOHHIKH, 1 BCe YCTPOHCTBO MOMELLa/och B TOJHPOBAHHbLI
ATOMHANEBLIH UHARELD [puc. 13.4]; Guuo npeaycMoTpeto
IIPHHYARTENEHOE BO3AYIIHOE oXJaxenue, Ha topusl py6u-
HOBBIX NHIHHAPOB IyTeM HCNApeHHs HAHOCHIACE njeHKa
cepebpa; c oAHOro KoHua ILIEHKA Obiia Helpo3payHoil, ¢
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ApYroro— noJynpo3payHoil #AM HenpospayHoH, Ho ¢ Mas
JALIM ORBEPCTHEM B LiEHTpE. )

Baox-cxema sKcnepHMeHTa TNoKasana ua puc. [13.5]¢
JHeprus K Jjamne-BeNHIIKE NMofaBaiach NpH paspsne Gas
Tapen KoHAencaTopos emkoctbio B 1350 mMx®, nonsoaHMas
JHEPrHaA HIMeHHAJACh O¥TEM H3MCHEHHA 34pPAAHOrC HanpH
weHua. Brixoanoe H3JyUYeHHe Ha JHHHH K, HcCaeaoBanoch:

lewepamey
umnynecold J
Oerpeanos -
Ynpabaenue pam
L Punsmp U
" ROEABIILITE A J
527
Bybun POROYMHONCUIMEN

HemosHuK
aqem,
maKa

Haren - Bonwuwxa  FT - 506

Pre. 13.5. Brox-cxema skemepumentansHofl yetanosxn nnsa natyonedns
HHAYIHPOBAHHOrO Hajdyuenus B pyGume [Phys. Rev, 123 (1961),
crp. 1154, puc. 8].

NPH noMomH (POTOYMHOMKHTENS, NPOKAAHODOBAHHONO TPH
A=0943 A MeroaoM cpaBHEHHA C BHIXOAHHIM CHIHAJOM
TepMobataped npx oGJyuYeHHH ee H3JyueHHeM ¢ OJH3KOH
annnofi BoAWL, B mozoce wmpuuoil 200 A, TepmoGarapes
KaanbpoBaiach MPH HOMOH crangaprrofl jmamnu Hauwo-
HaasHoro Gopo cranaapros. Ocaabaenne uaayuenus, neoG-
XoAnMoe i Toro, 4robn obecneunts JHHeRHBIH BLIXOA
(QOTOYMHOMKHTES, AOCTHTANOCh HCHOALIOBAHHEM KajaubGpo-
BAHHLIX HeHTPANBHHX KeJaTHHoBuIX GuasTpoB. [lukonas
BRIXOAHAA MOULHOCTb H CTPYKTYPa BHIXOAHOTO HMOVJAbCA
H3yuajuck nyTeM HaOa0feHHA (HAa SKpaHe OCLHAAOrpas
(ha) curuana, CHEMaeMOro ¢ BKJIIOUEHHOTO Ha BuXoje ¢oTo-
yMmuoxnaTenss pesucropa 1000 Owm. IMonnoe paspemaiomee
BpeMa annapaTypel cocrtaBasano oxoao 0,1 mke, Tloanan
SHePrHsl BHIXOJHOMO HMOYNbCa ONpeleiifNach HHTerpHpoBa-
HHEM TOKa (OTOYMHONKHTENA CHIOAAHHM KOHAECHCATOPOM
emroctiio 0,1 Mmrd.

[Ipn  BO3OYKAEHHWH CBETOM BHICOKOH HHTEHCHBHOCTH
-
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fi10 OGHAPYIKEHO, YTO BHIXOJHOE H3JTyUeHHe AJs pasjini-
nux ofpasmos pyOmHa To CBOeH NPHPOAE MOKET ObiTE
pa3leieH0 Ha JBe KaTeropHH.

|. B ogpux KpHCTaJJAax JHHHA Ry CyXKanach, HO BCETO
ik B 4—5 pas, BEIXOAHOE H3AyueHHe CHazado fGe3 ckau-
kOB, HO GHCTpee, ueM NPOHCXOAHT Pacmaj (uyopecUeHUHH
po BpeMeHH. BHXoAHOM NydOK HMeJN YroJ PacXoiIeHH:d
0KOT0 OJIHOTO PajHaHa, W He HA0JI0AAJOCh HAJHYHA TIOPO-
12 no MommuocTH Bo3Gyxaenuna. Takoe nopefeHHe KPHCTAJ-
J0B yIKe paccmarpuBagoch MefMaHoM [_B CTaThAX, onyb6Jn-
wopaunsx B Nature w British Communications and Elect-
ronies].

9. B apyrux KpHCTamjgaX HaOMIOAaNHCh 3HAUHTENLHOE
cyxeHne JHHAH (MPAMEPHO HA YeThipe MOpHAAKa BEJIHYHIBI),
OCHIIIANNY BHXOAHOTO HMIyJdbca W Yrod Ppacxoiacius
nyika okoJdo 1072 pagman. DTH KPHCTalAb XapakTepH3o-
Badich TAKMKE ACHO BLHIPAXKEHHBIM TOPOrOBHIM 3Ha'TEHHEM
pXOAHON 3SHEPriH, TpPH KOTOPOM MPOHCXOAMJIO 3aMETHOE
CyKEHHE JHAHH B TyYKa».

" ITo muennio Mefimana u erg KojJjer, ciydap MaJjoro
CVIKEHHR JAHEH M GOJBUIOr0 PACXOMKACHHA TyuKa OBLIH
CBSI3aHE ¢ HEOMHOPOAHOCTAMH H HANPAMKEHHAMH B KpHcTal-
/16, KOTOpHe MPHBOAHAH K YaCTHYHOMY paccesiniuio H3jyte-
st MOTeM caMBM K BO3OyKIeHHIo HemelaTebHEX MO
[TosToMY MOTEHIHAJAbHBIE BO3MOJKHOCTH Jlasepa MOT/IH OHITh
peasin30BaHHl JIHIIL B MOYTA HAealbHHX KpPHCTaJJIax. Tem
e MeHee, KaK, yKasano BHIIE, nazepuuiit 3pdexr BnepsHe
nabaionajgcs Ha HecoBepmeHHHX ofpasnax, nosToMy NpH-
1o leHHbIe HHYKe BHEPAKKH H3 NpeABapHTeNbHEX coobuie
1iH TakMKe NpeacTaBJAT HHTEpeC.

B 3aMeTKe, ony6juKopaBHOfi B Naiure, roBOPHIOCH
b o eyxennn auppn. «Kpuctann pyGuna c JHHEHHBIMH
pasmepaMfi mopsiaka 1 cM, MOKPHITHH cepeGpoM Mo ABYM
[apasNeJbHEM TpaHsM, o0ayualcH JaMnofi-BenBI KON
GOJBIION MOLIHOCTH, FOJYUEHHH NpH 5TOM CNeKTp Haly-
jepHs nokazam wa puc. [13.6,6). DT pe3yAbTATLH MONKHO
oOBHCHNTL, WCXOAA H3 TOTO, YTO B OMHITE OBIAN AOCTHTHY-
TH OTPHHATENbHHE TeMIepaTypHl !, UTO W NpHBENO K pere:
HEePATHBHOMY YCHICHHIO.

| 370 mpyroit cnocol ckazaTh 06 HHBEPCHH SaCEACHHOCTH. Ecau
dyuxnisa pacnpenenenns exp(—E/RT) npruaMaer Goabiline 3[.|aqem:sli
llil cocTORHEA ¢ G008e BHICOKPM VPOBHEM SHepriu, qes Jaas E‘ULTEIHHH&I
¢ Gosee HMIKHM VpOBHEM, To meamynHa T Roak#a GuTh OTPHLATEALHOW
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B crathe B British Communications and Electronics
TakiKe oGCYKAANOCHh YMEHbIIEHHEe BPEMEHH pacrnaja CocTos
SIHHS.

«Buina nosyyena cepus OCUMATOTpaMM pacnafga R-au
HHH NPH MOC/IeA0BaTeNbHO BO3PAacTalolledl HHTEHCHBHOCTH
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Maurr Bosvar, .x

Puc. 136. Cnextp mcnyckauus pyGmHa: OpH BO30YKACHHH CBETOM
¢ maxoi (@) n Goasmoi (0) mowHocTsio [Nature, 187 (1960), crp. 494,
puc. |

HMITYJIbCA. Flpn MaJHX YPOBHAX MOWIHOCTH CHan H3JAYy4Yes
HHS OB BJAM3OK K SKCMOHEHIHAJBHOMY C NOCTOSHHOH Bpe-
Meun okosao 3,8 mc. [lpn GodabliHX YPOBHAX MOULHOCTH
HabawoLaaoch 3HAYHTEAbHOE OTKJAOHEHHe OT 3KCHnOHeHIH-
aJbHOTO 34KOHa, H HavyaJbHad cTaauy COOTBETCTBOBANA
pacnaay ¢ Majioil nocrosnHoil Bpemenu. [IpH MakcnmManbHO
JIOCTII)JCI-[MOﬁ HHTEHCHBHOCTH HCTOUHMHKA CTAHOBHAOCH BO3-
MOZKHBIM YMEHBUIHTh MOCTOAHHYIO BPEMEHH pacnaja Ha Ha-
yansHoM yuactre go 0,6 mc,
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13 STHX PesyJbTATOB Mbl JefaeM BHIBOX O TOM, 4TO B
\O1€ ORLITOB GBUIA JAOCTHTHYTH OTPHUATENbHLIE TeMIepaTy-
Pl H 9TO BpeMs JKH3HH YPOBHS 2F 3paqyHTeNbHO YMEHbBHIA~
l0cb N0 CPABHEHHIO € €ro 3HAUeHHEM NpH CNOHTAHHOM
janyuennn GAarolapa HHAYULHPOBAHHOMY H3JYHIEHHIO®.

Ovuenb cKOpPO mocae 3Toro OpliH H3TOTOBJNEHE! JA3€Pbl
17 AKTMBHBIX MaTepHajax IAPYrHX THNOB, B TOM 4Heje ra-
BB Jasep, cospannumi [KapanoM H €ro COTPYAHHKAMH,
BakHoe 3gavende 3TOro THOA Jlazepa COCTOHJIO B TOM, HTO
on BuepBbie padoTan B HENpepLHiBHOM, a HE B HMIYJIBCHOM
pexnme. C camoro Hauaga Jasep NMpeAcTaB/isiji cofofl He
T0JABKO IEeHHHH WHCTPYMEHT HCCAeNOoBaHus, coafaoulni Ha
COTHYECKHX YACTOTAX HEAOCTHHKAMBIE APYTHMH criocobamu
VOIIHKE SJEKTPOMAFHHTHEE TO0JfA C BHICOKOH CTeneHbio KO-
rePEHTHOCTH; OH HalleJ TaKxKe NpHMEeHeHHe B 1EIOM pane
TeXHOJOIHUECKHX mpoliecco. B To ke BpeMs aHaJOrmiHLe
MIKPOBO/JHOBBIE YCTPORCTBA HCOOABL3OBAIHCE B BoJsee orpa-
qHyeHHOM MaciiTaGe, B OCHOBHOM H3-33 CBOHX OoJjee cre-
nuduyecknx cBoficTs (CM. paHee B 3TOH rjape 3aMedvaHHe
Fopaoua, Llaiirepa n Taynca). Onnaxo Masepsl 0Kazaluchb
pecbMa TIONESHBIMH B HCCAefoBaTelbekoit paboTe, Henpes
pHBHO paclupsercs HX NPHMEHenHe B TEXHHKE aanbHeil
TeaeOHHON M TEJIEBH3HOHHOR CBA3H Yepe3 COYTHHKH Jem-
M, KpOME TOTO, OHH HCHOJAb3YIOTCA MPaKTHYECKH BO BCex
pIAaX KOCMHYeCKOf CBA3M.




Inasa 14

TYHHENTMPOBAHME
M CBEPXMPOBOAUMOCTD

B ra. 4 Gena onucana HCTOPHA OTKPHITHA CBepXmpoB
AHMOCTH (HCYe3HOBEHNHS CONPOTHBAEHHS) MeTaNNoB 1t
HHSKHX TeMmnmeparypax. PaccMorpennme Tam ke padoTi
Melicnepa u  Oxcendeanaa, OOHAPYKHBIUHX HACATbHLM
AHAMATHETUIM CBepXHPOBOAHHKOB, CaeNaiy BO3MOMK HEIM
TEOPETHYECKOE CNIHCaHHe CBEpXﬂpDBOEHMOCTH Ha Magpo-
CKONHYECKOM YPOBHE ¢ (heHOMEHOMOrHYCCKOI TOYKH 3PCHHA.
Oxnnako B Tewenne goaroro BpeMeHH noc/ie onySaHKoBa AN
THX paoT MHKpoCKOmHueckHit MEXAHH3M, JIeKAIH B OCs
HOBC ABJCHHS CBEPKIIDOBDILHMOCTH, OCTaBAJICH HEeSCHBLIM.

3107 Npoben Gba BocnodHEH B 1957 r. Haxonom Bapaus
HoM, Jleonom H. Kynepom u I, PoGeprom Ipugppepon
#3 Hanuuoiickoro YHHBEPCHTETa, KOTOPHE paspaGoTaii
TEOpHI0 STOro WBAEHNS, H3BECTHYIO KAK «teopun BKII»
(mo wHEUManaM ee asTopos). Teopust okasadack Bechbma
YAauHOH, H TPH ee aBTopa OBLIH yinocToeHH B 1972 r. Ho-
OeseBcKolt npemun no (usuke!. B npunosennn A nannof
KIHIH NIPpHBE JeHo CXeMaTHYeCcKoe H3JOo3eHne TEOpHH H pac-
CKa3ana NPelLICTOPHS ee cO3Lalus.

Kaouesoe nonoxenne reopun BKII coctount s NOCTY M=
POBAHWH KOPpeNsHu MexAy mapamu SJIEKTPOHOB: OCHOB«
HOE COCTOfHHE CBEPXNMPOBOAHHKA MPH HyJeBO TeMmepaTtys
pe ecTh COCTOsIHHE, B KOTGPOM BCe SHEKTPDH[:I CIIaPeHnl Mog *
ACHCTBHEM KOPDPEJANHOHHBIX CHI. Oueprust, HeoOXoxUMast
A3 PA3PHIBA TaKOf Maph, COOTBETCTBYET mMean B aHepre-
THYECKOM ChekTpe saekTpoHos. Illens pacnomosxena B s0ie ,
UPOBOJHMOCTH: €€ IIHPHHA HMeeT nopanok RTyp (Twp—
KPUTHYECKAA TeMNepaTypa nepexoaa MEH(IY HOPMAJBLHBIM

—_—

' Taxinm oOpaszoM, 3a sew HCTOPHIO cymectsosanur HoGenesckoft
npeMid, Bapaus cram mepmaim JAYPEATOM, MONYYHBIUHM ee 1Ba paja
3a paBoTH B OXHOM H TOM e oGaactH, GYLYYR JHUIL TPETbHM H3 TEX,
KT0 mooGme Gui Harpaxien HoGenesckoit npenuell asaman,
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| CBEPXTIPOBOANIUIAM COCTORMNNIME) H HIMEHACTCH ¢ TeMme-
parypoit, obpaulasck B HYJb NPH TF'=Typ. A

B 1959 r. Msap JKusep, HHKeHEep H3 HCCAeA0BATEAbLCKON
naGopatopuyn ¢upMsl «/lxeHepal sAeKTPHK?, Hayua/l sBie-
Hile «TYEHeAHpOBaHHsm». DTOT TEPMHH NPHMEHAeTCH AMs
ol03HAYeNHs NPOHHKHOBEHHS YaCTHILLL 4epe3 06acTh, Ko-
TOPYIO, COrAacHD KJ’!&C{:H"IE‘EKGT“IY 3AKOHY COXPaHEHHA IHEp-
ruy, ona #e Moraa Ost mponTd !, [as sidexrponos B MeTaJ«
Je TaKyi ©00JacTb co3AaeT TOHKanA ]'lJlEH.Ka H30JATOpa
MCACTY ABYMS MeTananuecKHMH o0pasiuaM#; ¢ cHereMaMu
ioso6moro THna u paGoraa JKusep. B To Bpems on cay-
man Kype ¢usHkn B PeRCENePCKOM NOJHTEXHHYECKOM
nnerutyre, Ospakomusmuch ¢ Teopueh BKI, )Kusep no-
HaJ, UTo 3(oderT TYHHEJTHPOBAHHA MOMXHO HCNOJL30BATH
KaK HHCTPYMEHT A8 H3y4eHHS LIedH B SHEPreTHYecKoM
CIEKTPE 3JeKTPOHOB cBepxnpoBoiannka. Ero ucciaenosauns
B 9TON OONACTH AaAH OoALHINE Pe3yabTaTh, u B 1973 r.
Kusep cran oxauM B3 naypeatoB Hobenesckoft npemun no
(huanke,

B 1961 r. eryaent-aunaoMHAK KemGpumxckoro yunsep-
cutera Bpaian jl Jxozehcod TEOPETHYECKH NOKa3aJd, uTo
yepes MOCTATOUHO TOHKHE TLICHKA MOryT TYHHEIHpOBAThH He
TOJBKO OTAGABHEE 3.']5}{:{‘[)0]151* HO H INEKTPOHHBIE napwl.
J70 0O6CTOATENLCTEO AOMKHO NPHBECTH K TPeM HOBHM 3(-
iEJL]‘IT:M‘C;'E[Jea NAeHKY MoMeT NPOTEKaTh CBEPXNDPOBOLALLUI
TOK, TG €CTh TOK IIpH HYJEeBOM HAMPHMNEHHH Ha NAeHKE.
MarcuManbnas BeIHYHHA TAKOrO TOKA JOJXKHAA OHITL OYeHb
IVBCTBHTENBHA K BeJapdxue MATHHTHOTO HOMA, NPHIOHKEH«
HOTO B MJAOCKOCTH TJeHkd, H OHCTPO yMeHbiuaThess (BHAa<
uajle) ¢ poctoMm noan. 2. Eca# K MAeHKe TNPHICMKEHO NOCTO<
sHOe HANPsMKeHne V, 10 B AONOJHEHHE K TNOCTOSHHOMY

! 310 mpaenye €CTH cAGACTEHE BOJHOBHIX CBOHCTB wactun (oM.
Tporr k., Pemaionme skcnepayentsl, M., «Mnps, 197;). “;e qacmgg?f
Tor0 ofCTOATeAbeTEa, WTO BoaHOBAA (YHEURA He ofpamaerch i
||--1c'rmn B HYJb B ofjacTax, rje KHHETHYECKASR SHEPrusd B IpeicTaBapg-
m]u KaaccHueckoll MexaHuKH OTpHUATENEHA. Sror @?‘eﬁracaﬂiggr::g
NOMHGMY BHYTPEHHEMY OTpaeHHI0, KaK, HampHmep, n];gﬁ]; g?mca%ﬂou
ITHH SAEKTPOMATHHTHBIX BOMH MHIPQBD-THUBOF? nuana“ : el e
» cratee bpefianw Jm. [Hax., Bpuxa P. O. n Tlupcona S : .
nal of the Optical Society of America, 50, 1080, 1960) [Hﬂrt_r{p»
pacnpoctpanenun esera (cM. Jlanmeéepr T C". Onriaxa, M, « .1*_,-1]:?“;
IIGTG) — Ped). B kauecTBe HArNAAHON IEMOHCTPAUHH ABACHHA MO
HCNOJB30BATE BOJAHLE HAa NOBEPXHOCTH BOAB B cocye.
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TOKY JOMKeH BO3HHKHYTH NePeMeHHbIl TOK ¢ uacTorol
v=2eV/h. 3. U Haobopor, ecan NPH/IOKEHHO® HANpPAKE
HHE, KpOoMe NOCTOSAHHON COCTABJAIONLEH, COAEPIKHT TaKKe
NEPEMEHHYI0 ¢ wacToTofl v, ToO 3aBHCHMOCTh TIOCTOSHHOMG
HANPAMKeHHA OT ToKa AOJMKHa OETe umofi. B YaCTHOCTH,
AOJIKHBI CYUIECTBOBATL 0614CTH ¢ HY/NEeBEIM CONPOTHB/ICHH:
em (T. e. oBiacrty, rae Tok MOZET HIMEHATBCH NMPH HOCTO:
AHHOM HanpsizkeHnn). OHH BO3HHKAIOT npu anavenuax V,
= nhv/2e (n— nenoe HHCI0, € —3apsan 37eKTpoHa), W W X
BE/IHYHHA 3aBHCHT QT AMILIHTYZILL [EPEMEHHOrO HampsKes
HHA. Bce npeackazammne sthdexTe, a Takke HEKOTO P BIE
POACTBEHHEIE WM ObiIH OOHAPYXKEeHH M HCCTeNOBAHLI B 0=
CIELylollHe ueThpe rofia B MHOTOYHCJICHHBIX SKCHEPHMeH-
Tax, NPOBEJCHHEIX Pa3THYHLIMK YIedLIME (B ToM uHcae M

HBepom). B 1973 r. Hoxosedeon Tome cran OIHHM H3
Jdaypearos HoGeneBckoii npeMuin no gusuke, - ]

B sroit rnase PACCMOTPEHK SKCIEPHMEHTH Kusepa, ko-
TOPLIH HCMONL3OBAJ IbPexT Tynneauposanus g H3Y4e-
HHSL CBepXnpoBognMocTH. Kpome toro, onucamnw IKCTIep -
MEHTHl 110 MpoBepke TeoperTHyecKHx npenckasaunit xkoae-
¢pcona u uznomern HEKOTOPLIE CNENCTBHH 3THX 3¢ (eKTOB,

Poan tyuwenupopannsa » NPOBOAHMOCTH uepes KOHTaKT
MEXRAY MeTangamu Gpuia OCO3HdHA, Mo Kpaiineft mepe Ka-
HECTBEHHO, NOBOJLHO NaBHO. Ausep n Kapa Merepse B
CTaThe B kypHanae The Physical Review n 1961 r., noapo6-
HO onucwiBas cBoio paGoty c CBEPXNPOBOAHHKAMH, OTMeua-
ak: «[lpeacrasnenne o TOM, 4TO YACTHUBI MOTYT NPOHHKATH.
1€pes sHepretiveckne Gapreph, CYIeCTBYET ¢ TeX mop, KaK
BOSHHK/1a KBAHTOBAas Mexauuka... [laBHo H3BECTHO, uTo G/1a-
folapa KBaHTOBoMeXaHHuecKomy TYHHEALHOMY  3chpekTy
SAEKTPHYECKHI TOK MOKET NPoTeKaTh Me1y ABYMSA o6paz-
UaMR MeTanna, pasfe/eHHEIMH TOHKO#H IICHKOH [H3/TeK-
Tpuka . Teopermyeckne PACHETH BIEPBLIe OBLIIH NPOMeTanel
[ 1933 r) [ApHoaba0M] 3ommepdenbron u [Cancom]
Beres. 3ddexr HSYHAJICH TaKKe M IKCIEPUMEHTAAbLHO, B
OCHOBHOM Parnapom Xoabmom c COTPYAHHKAMH, KOTOpHIE
paBoraian B NCKTPOTEXHHueCKOA hupme «CHuMenc», a Tak-
#e XoJbMOM COBMECTHO ¢ Baanrepom Meiicrepom, crygents
Koft Meiichepa M3oanuoi IHTPHX B CHHOM Meificnepa Can-
coM. Ontako KomnyecTBeHHLe PE3YIbTATH 3THX pafoT Gullin

! M. rake obcyxaenue Gonee PAHHHX TEOPETHYECKHX NpeACTan- _
AN O ACHCTBHH BLINPAMHTE el B I, a5
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Pme. 141, ,3apHcHMOCTH MIOTHOCTH COCTORHHA OT SHeprHu Bo.aflh::
amMIepHHe XapaKTePHCTHKN AJd Tpex cayyaes: ofia L;E-:gg.::ins :og::y:}ﬁ
: B HOPMAaJbLHOM € ;

1 cocroanun (a); onmH MeTaan 8
:uogaepxnp-:monﬂme;l (6); ofa wmerania B CBepXNPOBOASMIEM COCTOH
] unn (a)“.

I J AYHAR TEMOEPATYD, OTAHMHEIN OT HY/AH, NOTOMY Ha
:'“mrpg:ngepmmffxﬁﬁxﬁs r;;ﬂiiﬁ} HMEETCH HEHOTOpOE HOu‘lll‘]lEt‘TBU .'mﬁuuwecxu
e BOSOYMAeHHLIX SneKTponos [Phys. Rev., 122 (1961), crp. 1104, puc. 4]




HeHa
caﬁoﬁne}lfl(;;::]T;alc:{nKaK OHTAKTH B OCHOBHOM NpeACTaBANMg
¥ Kpyry mpbaan I}Eﬂlennme NPOBOJIOUKH, TIpHIKATBIC APYT
Sobetxaocais o gﬁt HJH TPY30M, H XapakTep KOHTaKTHEIX
bsbectell, e PasoBaBmIHXCs HA HHX MJACHOK He Obill
C. Dumiepon B]'[g BTECTQ CO CBOHM Koateroli [laonomd
NOANOKKY nomcxl]j, € TDHMEHHIH Cnocol HanbIeNus nHa
OKHCHOIf I'IJIEI;KH H METa/lNa, CO3NARNAS HA ee NOBEPXHOCTH
PROE Honocks ko 3aTeéM HaNLICHHA BTOPON MeTaJlTHqe-
HE TOJABLKO Monyuj PeK mepBoit. Takud nyTem omn cmoram
yGeanTenb o A0k fTh BIOJHE HAJCKHLE DE3YABTATH, HO H
st 43aTh, YTO TOK, NPOTEKAOMHMA Tepea okiic-
Ka;;e?:;}’ ,IEIE]'-'!CTBHTEJII:HD ABISIETCS TYHHebHBIM o
Wasep ﬁDBEa:;cI;OL::I{I{EHOCb’ HMEHHO BO BpeMsi 8Toft padorit
TeTHYeCKas wiedb prer & weopied BRIU 1 nowsn, wio snepd
P g, o) Hal 0 I{DTOPDHUI‘GBGPHJTDCI; B 3TOH Teopuu
cratee )KHBepa u TPEIHHE%HMH 10K. B untnposaunoit yice
HBIE TIPHAIHTE 1 CrEpAe TPEKPACHO H3NOKEHH OCHOB-
b, |-:cn0.-'tb3oaamL[|)l?¢SCMUFPEHH a_l{C"eP"MEHTB.,‘IHIHE MeTo-
iy UHECA NPH M3YYeHHE TYHHeABHOTO Icb-
«Ha
ABYX Meg‘l:il..ﬂcgé‘;-l.gj IPCACTAB/IEHA TIpOCTast MOAEAL M3
NJIEHKO#; 3Ta [;’uf ACICHHLIX TOHKOH JIHIJIEKTPHYECKOI
Gapbep. Ha puc J[llji“la M300paKeHa KaK MNOTeHuHabHbL
METaa10B HaXomHTCA 0] Noxkasan cayualt, xorna oaun i3
METHM, 4To 3'19;?7 TCA B CBEPXIPOBOAAILEM cocToAHmH, 3a-
uae H3MeHMAACH E(DHHaf TFIOTHOCTD COCTOAAHHA B 3TOM C71y-
i Mlpabipep: ofpasonanaes srepremmcetss b e
Sl e ‘ypomm qJTH'?E(:KaH liedb, CHMMET-
00a MeTajia HAXOMATCA B CBEpX epmi. Ha puc. [14.1,4]
: PXMPOBOAANIEM COCTOAHHH
AAY #
an."K CCTBEHHO NPOAHANUZHPYEM BTH TPH Pa3HBIX Cay-
Be ;
HOTEHLIL}!?:;:}(:::,]? G’?ommgemm KBaNTOBON WacTHUL uepe3
bk xeax KD&&&&&J Ksaaala:;;t::u;ﬁcnweuuuanhuo 0T erg
KHa H OT BblcOTH L' HE 11«
gane;;;!mﬂ;lgg;niaphepa Sk R CKD“KO‘Hﬂﬁ'v'IL{b
. KEHHST  MeEH P NPAIOKEHII HEGONBLIOFO HANPA-
i Ay AByms merainamu:. B stom cayuae

! Vimeerca s
BHLY 3ABHCHMOC
sucnosenTy. — Hpuy. ped. Tb. OT BHCOTH 0apbepa NOKa3aTend

e ).
H 3ITO
ik sxckmponon o sneprH neeee e aree fecmercre i
et M o obe p
HEHA PajHOCTb NMoTeHUuasos V CTOPOHH Oapsepa, Ecan mpiaos
by o TO JHEPTHA BCEX 3VEKTPOHOB CO CTO=
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[puc. 14.1,a] c yseawveHHeM NPHAOKEHHOTO HanpsXeHud
[POTIOPUHOHANLHO €My YBEJHHHBAETCA HHCAO 2/IeKTPOHOB,
¢OCOOHBIX TIepeMellaThes, 8 C/e/0BaTeNbHO, BO3pACTacT
roKk. BAEHWE TEMIepaTyps MOMKHO ObiTh OUEHL MaJo,
raK KaK Mo obe CTOpoHH Gapbepa HAXOAATCA METa/ib B
HOPMAABHOM COCTOSIHHH C OJIHHAKOBLIM pacupeaeeHHeM
9/1eKTPOHOB, H K TOMY e BEJHTHHA kT MHOro MeHblle
peIcOTH Oapnepa.

Fonn JKe OJHH W3 METa/J0B HAXOAHTCHE B CBEpPXNpOBE
nAUeM COCTOAHMH, CHTYaLHs pe3Ko MEeHAeTCH. [Tpu abco-
JIOTHOM HYJIe TeMmnepaTypnl TOK He MOXKET MpOTERaTh qepe3
fappep Mo TeX MOp, TOKA NpPUJIOKeHHOE HaNpANeHHe HE
GyzeT COOTBETCTBOBATh MOJIOBHHE SHepreTHHecKoN IIeqaH.
Ecail MpeanoJoxKuTh, YT0 TOK NPOMOPIHOHAIEH OIOTHOCTH
COCTOSIHNA, TO OH AOMMKeH BHauaze OHICTPO BO3PACTATh C
HATIPSKEHHEM, @ 3aTeM ACHMNITOTHUECKH npHGaAnKAaTLCA K
BOJbT-aMNepHoll XapaKTepPHCTHKE, AMelollleH MecTo, KOrna
ofa MeTajja HAXOAATCA B HOPMaJbHOM COCTOAHHH, [Tpn
TeMIepaType, OTIHYHON OT HyJ s, Aae TPH caMBlX Mansix
HANPSKEHAAX yepes Oapbep GyngeT MpoOTeKaTh He6oTbHIOH
rok. Ho Tak Kak pacmpeje/eHne SJEKTPOHOB 10 DAasHBIC
cTopons Gapbepa B AaHHOM Ciydae PaslHuKO, TOK [0/~
JKeH CHJIbHO 3aBHCETh OT TeMnepaTyphl.

M makosell, kKorja 06a MeTalna HaXOAATCA B CBEPXNPO-
BOJSILEM COCTOSHHH, ONfTH-TAKH BO3HHKAET COBEpLIeHHO
nHas KaprTama. [1pH abcomoTHOM HyJe TeMneparyp TOK
He MOMKeT TMpOTeKaTh [0 TeX NHOp, MOKa NPHJIOKEHHOE Ha-
npsikenHe He OyleT COOTBETCTBOBATH noxycymme JBYX
aHepreTHYecKHx iuexneft. Ilpn koneuro# (T. e. OTJIHYHOH OT
Hyns1) Temmepatype TOK Takike fyzer mpoTekaTh H NPH
caMBIX MaJuX HanpsKeHHAX, Bospactas C HanpsKeHneM
[0 Tex Hop Moxa OHO He CTaHeT npuOAN3HTENbHO IKBHBA-
JeHTHO M[OJYPA3HOCTH [ABYX SHEpPreTHUECKHX mreseit. Tlpu
nasnbHefimeM yBeJquueHnn HampAKenus HHCIO 3/IeKTPOHOB,
KOTOphie MOT/IH OBl TyHHeJIHPOBATh, OCTAETCH HOCTOSHABIM;
HO TAK KAK OHH NepexomAT B 00JacTh C MeHbIIeft ILI0T-
HOCTBIO COCTORHMI, TOK GyAeT B NeficTBHTEIBHOCTH YMEHb-
maThCA ¢ POCTOM HATPAMKEHHS. Haxonel, Korjla nNpHu/ioxeH-
HOe HANpsKeH#e CTAHET SKBHBAJIEHTHO noaycyMmme HABYX

a noumsgTed (TaKk Kak 3apa; Snek-
¢V. Tlocaenywomye paccysaenns Oy-
o npeacraBnr cefie 9T0 OTHOCH:

portl Gofee BLICOKOTO MOTEHUHAN
TpOHA OTpHUATENEH) Ha BeMHAHAY
AYT NOHATHEE THTATEAD, ECIH OH HACH
TeJALHOE CMelleHne pacnpereneHu,

10 3ax, 101t 289




1eJeli, TOK HAYHEeT BHOBE GEICTPO BO3pacTatu 0 acHMUl

YECKH NpHOIHKATECH K BOJLT-aMIIePHOR XapakTepie L AONANHEIX To3gHee APYTHMHM uccnemopatensmu !, HO
Habmonaevolt B caydae aByx HOPMaJibHBIX Me'raJmOI'. BLlon X yepTax OHH CXOJHBEL.
s¥ornnonka, nokasanHad Ha  pmc. [14.2], cocronT H3
Mpn ¢ KnaKHM rerHeM H HA PyicHoro Abioapa, 3amoJ-
S0 HAKAEM a30ToM, KOTOPEIH 3amuumiaeT rejmii oT
- Lt Hulora H3JOYUeHH . TenneBbli ALI0AD cyXaeTcd necepe-
W, Wto cnocobersyer ymeHbILI€HHIO TPHTOKAZ Temia no
MMiiie chepxTeKydero rejusi, KOrma Ttemneparypa Oaaro-
i orKauKe Mapos reJaHs Oy CKaeres HHMKe MA-TOuKH 2
lomiepatypa HaMepsieTcss MO naBIeHHIO NMapoB TeH...
Wi yeranoBKa Mo3BoJAET NOoJayyatk TeMOepaTypy 0Ko-
7 00 K. Dty Temnepatypy MOJIKHO HOAJMEPKHBATL Mpi-
il 1 TedeHie HMecTH HacoB... ;
Jjorpuueckas cxema HEMEpeHHH mnpejcTasieHa Ha
¢ [14.3]. Jlna sanucu BOJMBT-aMMOEpPHbHIX XaPAKTEPHCTHK
Wik 0ATHCE ABYXKOOPAMHATHLIN caMoNHCel H coryacy-

il yeuanteab NOCTOAHHOTO TOKa, cHaleHHLIe BHENI-
i yHTaME H MepeKAvYaTeINIsIMH AHana3oHoB HaMepe-
WA /lnanason H3MepeHHH TOKa MoxeT NeperaiovaThes
gaao or 100 MA mo | MKA, nuanasoH H3MepeHHs Ha-
i eniis namenscs Of 100 MB 5o 50 mMxB». )

{ JeAyeT TaKKe YNOMSHYTE MeTOoJA, HCMOAL30BAHHBIH He-
M APYTAME HeeaelOBATeLCKHMH rpynnamu. Jlas

WM THICCKOR H nopTOpAOILEficAs pa3BepTKH HYKHOI0

WU 110 TOKY HJIH Mo HANPAAKEHHIO BMECTO Gatapen oHH

: WMCHIH HCTOYHHK nepeMeHHOro Toka (0OBLIMHO C 4acTO-

Puc. 142, Cxema yeranomkw, wenombaosannod ACusepom ¢ ooty W cern 60 I'n?). Curaadg, ﬂp(ll‘[opu,nO]-laJIbelﬁ Hanps-
KaMH NpH HBYHEHHH TYHHEJHDPOBAHUS SAELKTPONON, Siil0, 10ABAJICE HA OAHY H3 Map OTKIOHAKIIHX NAACTHH

3kpan npernasnaven a8 JAMATE OT BHELIHHX MATHHETHWYX nogefl ]
B MACHATIOM NOJE MOMET GHTh yaaseH.

! —paryymuan oTKavKa
i [ HILH - g
4= razon6paumit reanit; ?3 PEHUHANLIOIO MAROMeTPA; 2— sAeKTPIMBNIN

Wiaaorpada, a CHruald, NPOHOPUHOHANBHBIH TOKY, — Ha

npn
Jyiyo napy. Takum 06pa3oM, ocunnorpad HenpepuHBHO

opB = o v F ' e
::;af:g::ﬁ;;{ HacocaM; s—ta';:oa:gr};‘ﬂ:nfﬁ:g:ﬁ:s?—'- !Iljlulil:l&:d:Py]' S ENEE I’-n.{lb['*ﬂMﬂ'l’_'pHy!O XapakTepHCTHRY.
I1=Telmenuil KHOD: 18— ToY6Ks rn mmoeonb sy 0 mnikill Wit (A = |y cootsercTRyiollell YCTAHOBKE ABYX NOTEHLHOMET-
JS-—aern-rIe;-J:B:E}E:zua H NpHBOA pﬂf}'ﬂHpgnaﬂzafa?-;'ﬂﬁzbagii“"lw " Ui § AT pAKEHHS GatapeH MO3KeT OHTL TMOJAYUEH HCTOY-
pomaruur [Phys. Rev,, 122 (1961), crp. 1Ok, pog; 1), BR &, i1, C. C COJBIIHM HJIH MAJBIM BH_VTPEHHHM CGﬂpOTHB'
SuiieM. 3uaunTenbHas eMKOCTh obGpasna BMeCTE ¢ HHAYK-
Tax xak me npeanoaaraem, uto pacnpeenenie Yniocteio noaBoasulaX npOBONOB MOTyT CnocoBCTBOBATD

¥

TPOHOB H ALIPOK KdK B HOPMAJbLHOM, TAK H B CHEPXI

AALLEM  COCTOAHHH CHMMETPHYHO OTHOCHTEJ N0 Y " I Ny roro kax JKupep NOGHNCA ycmexa B CBOMX HCCACAOBaHHAX,

Depmu, TO HHRAKHX sperTos, npusBoasUX K MY e 010, N3yuenieM TYHHEIBHOTO S(hdexra 3anHManach TOAbKO 01HA

HHIO TOKA, OMHIATL He ClelIyeTs» n:n... pahoraninas B pupMe «AptyD I, Jluras. bt

Annapar : » F C(OfKniKa NApos Trenns RaeT BO3MOMKHOCTL pery/spoBaTh =

o H'Mﬁ:reypa HﬁMeTD.ﬂHKa H3MEPeHHH, onHcanme m WiVpY, TAK KAK KHTEHHE TeaHA npH YMeHbUleHHH JaB/JeHHA NApoB Mpo-
PJI€, Ues comHennd, B AeTaisuX oTAHMMIO TN L... (i1 npn Bosee ni3Kol TemnepPaType (em. ra. ).

It CIIA crampaptian wacrOTA CeTH mepemennoro Toxa 60 I
G 201
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BBHICOKOUACTOT-
renepallit
BO3HHUKHOBEHHIO HexKeaaTenbHOM T.aMnepHON XapakTe-

»

(OHJABTP BBICOKHX 4acToT, KoTopBiH

; 1a, B TIOCTen0Ba-
: . pio 00PASa
(oJablI0H N0 cpaBHEHHIO ¢ eMKOCT cONpOTHBJICHHS. OUALTP

Gau3ocTh OT oOpasua,

1

=

2 HOrO HANpsizKeHHs HA ydacTke BOJP

@ - nddepenin-
- PHCTHKH, Te 00pasell HMeeT oTleiaTE“ZI;?Ie ;}oﬁop,wﬁa.
= anbHoe conpoTaBaeHue!, Ot sroft HOY ;

o HTe.T]bH'U ee YMEHbLu ITh,
= BATBCA MJAH N0 KpafiHelr mepe 3HaT Myl
= NPHCOGAMHHB  NapasieibHo obpasuy HACTPAWBZE

= P ¢ i coCTONT H3 eMEKOCTH,
o

£

TeJbHO BE/AIO9EHHOTO NepeMeHHoro
pacnojaraercsi B HelocpeACTBeHHO ,

cTh MOABOLALLIHX
¢ TeM 4TOGH MHHUMH3HPOBATH HHAYKTHEHO

aKpenigeTcs
: “B‘TIE‘_‘H.HE.-- &
npoponos. [lepemenennoe conpoT s cTalb. Koakchadbho

Ha KOHIE.. TpyOKH H3 HepiKapeiolle ARaMeTpa, KoTO«
eff pacnoJoxeHa Bropas Tpy6Ka yeHpIIero oMerpa 'ymm'r-
pasi CBA3aHA C OCbIO NEPEMEHHOr0 HOTEH“}:HKQ bi0apa; 3TO
HeHa KOABUOM Kpyrsioro cevenns Ha KPP 4
N03B0ASET MPOH3BOANTE PeryiupoBKY B2ED e H3 TOKOBEIX
AnexTputecKue BBOAB B jbi0ap cocmﬂwé KPHIIKY Jbi0-
i TOTEHIMHANbHHX TPOBOACE, IPpoXOLAT uyepe3 KPEIIKY

o AAITH YMEHb=
aII.beSOHOM II
apa H repMeTHUHO YILJIOTHAIOTCA cxema 3a npemgeramu

[IeHHs HABOJOK BCH 3JekTpuIecKas offillHE TPOBOAA
apoapa skparuposana. OGpasell i NOAP BVXCAONHEM SK-
BHYTPH Zbi0apa MOTryT GHITh g i HIILERD! ?61?0 ¢lt ycTﬁHaa-
paHOM H3 MArHHTHOTO XKenesa i MEAN 5 mga ¢ reJHeM
JIABAETCS B JKHIKOM a30Te, okpyﬁammem e :

MaJH, TO Hi-
i asiie gueHb ]
Tak Kak HampsAmenus Ha 00p ccesEHA, BCETAA MpH-

pomkH OT Gaykrynpylomux nosed PEEC oo, Gonpmyio
CYTCTBYIOMHX B IPOCTPaHCTBE, “penﬂaaﬂﬂponaﬂnn Ot
npobGaeMy Aaxe nocie TiATeABHOTO agpgﬁaﬂnmcn 1-3.1-.mm-
STHX TPYZAHOCTell MOXHO THpakK i VIO LeMb BO3MOK-
yHB NocJenoBaTesibio ¢ obpasnoM B TOKDE.EﬁﬂaeTCH Kag OH
Ho OoJibpllee COTPOTHBAEHHE. Ilpu STOM cl‘lOIIEl.EI.aET TOJBKO
JlenuTellb HaupsAmennd, H Ha oGpased 49 HCMOJAL30BATh
majas 9acth Hasoaok. Takoit meTOMd. Hcﬂbuoﬂ xapakTepH-
nNpH HCCHEJOBAHHH Y4acTKa BO“bT'&MnepermHarmHHM co-
cTHKH obpasua ¢ OTpHILATELHBIM an cbegn 5bln-anMéHEH
[pOTHBIEHHEeM, HO BHe 5TOro yuacTkd =
Aas GoNbIIHHCTEA 06pa3noB.
O6pasen’ sakpemnsaercs nenocpeAcT

HOM COIpPOTHBJIEHHH, KOTOPOE pXOAHT

Yewnumens nocrmosio
&8 moxg £
RO EHTS
yewneses §-200

s puc. 2]

10M
7 0u
10 0m
—AAA
100 Os
0-1
LTI

pBembuemeracne

Brigiu v
71
o—0
"y
Hbyxnoopd
comonesy o

radeckl

Tponos [Phys. Rev., 122 (1961), crp. 1102

fepenmonamens
yanasomy  mowe

BeHHO HA TepeMeH-
g cocTtaB (huALTPA

HKH,
| Ha pue. 14.1,8 sto yuactok B{].’IbT-aMﬂEPllﬁﬁ xapaKTepHcT
[/1e TOK yMeHBIIAeTCA ¢ POCTOM manpsmKeHif:
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Puc, 14.3. Dnexrpuueckan uamepnrensuan cxema. nenonsaosannas JKupepom npe HCCACNOBANHNE T

292




BHICOKHX WacToT. 2710 ofecneynBaeT MEXaHHYECKYIO JKeCT-
KOCTE H BO3MOMKHOCTL TOUHOI H BOCNPOR3BOANMON PeryJHpOB-
KH NOJA0MEHHA 06?&31{3 NpH H3IMepeHHsX B MATHHUTHOM MOJIE...

OGpaseu npeacrapaser co6oli ABe METATIHYECKHE TJIeH=
KH, pa3agficeHtble TOHKHM c/loeM H30JATOpA. ITonobHLIe
CAHIBHYH ANIOMAHEAR — OKHCh AJIOMHHHA — MeTan [IPHTO=~
TABAMBAIOT NYTeM HATHJIEHHS B BaKyyMme ajlOMHHHA Ha
CTEKJAHHYIO NMOMAJONKKY, NOCAeAYIOWero OKHCJICHNA NJACHKH,
B BTODHYHOrO HaNb/IEHHA Kakoro-qubo meranja MOBEpX
okHcH anoMuHHA. [IpeiBapuTesbHO Bhipe3aercs CTEKJAH-
Hag noaJoxkka pasmepom 0,5 3 miofimal, KoTopblfi N03BO-
JISTeT effl MpOHTH uepe3 cyxeHHe B Abloape ¢ rejHem. 3ateM

HA YETBIPE YrJa CTeKJSHHOH NOJM0KKH HAHOCHTCH HHIHH

A5 CO34AHMSI KOHTAKTA M1y HANBLIEHHBIMH MeTaljHue-
CKHMH TIOJIOCKAMH H BHellHHMH nposoiamu. IToene sroro
NOANOMKKA € HHAHEBHIMH KOHTAKTAMH HpOMBIBAETCA C TO-
MOIIBIO COOTBETCTBYIOUIHX MOIOMIAX CPEJACTB, NPOMOJ3acKH-
BAETCH ANCTHIJIHPOBAHHON BOJOH, CIHPTOM H BHCYUINBaeTCH
B CYXOM aszoTe.

Jlanee crekInHHAA MNOAJNOKKA YCTAHABJAHBAeTcA B Ha-
NLVIHTEILHOA yeTaHoBKe Tak, 9ToOH OHa HaXoAwjiach B
BAKYYMHOM KaMmepe Tosaiu coOTBeTCTBylOmHX Macok. Mc-
napeHie TPOACXOAHT € TAHTAJOBLIX JICGHTOUEK.. KOTOpLIE
BMECTe ¢ HaBeckolt [MeTamnoM, npeafasHadenHbM JIs HC-
napeHnsi] TMpeIBapHTENbHO NPOrpeBaloTcsi B BakyyMe aJist
¢MayuBaHHA HX Mera/uiom. Henapenwe NTPOHCXOAHT MpPH
HAuaJbHOM AaBjeHHH He Oodee 5 - 1075 MM pT. cT.

[MpurotoBiaenne cauaBHuell MeTanl — H30JAATOP — Me- |

T4l NPOM3BOAMTCA B TPH 3Tama, Kak NOKasaHo Ha
puc. 14.4; noAnoxKKa Bece BPeMf HAXOAMTCA NPH KOMHATHOMN
TeMmepaTtype.

CHauajna Ha CTEKJAHHYIO NOLJMOMKY MeXIy JABYMf KOH-
TAKTAMH HaNBLIAETCH MOJOCKA AMIOMHHHA WHPHHOK 1 MM
n toamuroi 1000—3000 A. 3arem aMOMHHHA OKHCIAETCH
npH armocepHoM HAH TPH HEMHOrO MEHblIEM AABJEHHH.
M nakoneu, na ciof OKHCH aJIOMHHHS MeIY OCTABLIHMH-
el ABYMS KOHTAKTAMHW Haneuisercs cjaofi Kakoro-inGo H3
caeaviomnx merangos: Al, Pb, In man Sn— pasmepoM
OJAM3KHA K pasMepy NepBOH aJIOMHHHEBOH NOJOCKH. oy

! Xora Ha puc. 14.2 orHocuTeAbHEE pasMepsl He BHAEPHEHH, STH
yHCAa MAlT npeactapdeie 00 HCTHHHOA BeAHYHHE YCTAHOBKIML
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Tormuka caoa uzodaropa Al;Op Mexay MoJOCKAMH Me-
ralda 2aBHCHT oT paaa daxtopos.. [M3 Hux B cTaTebe
VIOMHHAIOTCS AaBjeHHe B YCTAHOBKe NPH OKHC/AEHHH, Bpe-
Mfl OKHMC/IEHHsI, HAJHYHe NapoB BOAB B OKHCJsOUlel aT-
mocdepe, CKOPocTb W TeMmmnepa-
Typa HAanblJIeHHS BepXHero cjos
MmeTajiia, TeMnepaTtypa  lpH N
OKHC/IeHHH H CKODOCTb Hanbiie- |- s E
HHA CA0A AJIOMHHHA]

Peryaupyas B  HEKOTOPHIX
npejejax 3TH IIaPBMBT[}bI, MO¥K- \
HO H3MeHATb CONPOTHBJEHHE
TYHHEJBHOTO  Hepexofa  IUio-
magbio | mMM?2 B . mpedgenax
102—107 Owm...

Toamudy OKCHAHOro cliod
MOMHO ONpPEAE/HTE KOCBEHHHIM
o6pa3oM, BHIYHCIsA €e Ha OcC-
HOBe 3HaueHHs HenocpeACTBEH-
HO H3MepsieMOH eMKOCTH Tmepe-
XOoma»,

B nepsom coobmennn JKuge-
pa B xypHane Physical Review
Letters B asrycte 1960 r. npu-
BOJANJHCE H3MEPEHHLIE HM BOJIbLT-
aMIrepHuie XapaKTepHCTHKH, & 2
AHAJOrHYHLIE TOKa3aHHOA Ha
puc. 14.1,6. )Kusep oTMeTHI Pre; ”'tﬁpgi‘gfm"“m“““
TAKIKE, YTO YroJ HAKNOHA KPH-  (Cregnmuman nouiomka c iiie:
BOH 3aBHCHMOCTH TOKA OT HAa- BbIMH KOHTAKTAMH (); MedLy KOH-

TaAKTaAMH HalNAeHa NDOoROCKA HI
npsKeHHsi TpH Jo0OM 3aAaH-  amoMmnns (0), neAOCKs aA0MiHKA
HOM 3HAMEHHH HAINPSKEHHA PO~  Oracieun o e ens  nacika
NOPIHOHANEH MJOTHOCTH CBO- - ChHds ta}c-mmﬂu ogll:i;ﬂb e ¥
GOJHEIX COCTOAHNWHA 31eKTPOHOB  [Phys. Rev. 122 (1361), crp. 1103,
B CBepXNpoBOAHHKe. ITOro H pac- 3.
cNenoBano OMHLATb, HCXOAH H3
TEOpPeTHIECKHX MNpeACTaBAeHnil o TYHHENHPOBAHHH, KOTO-
poie JKuBep CUMTAN «IPHMHTHBHEIMH>. Onnako B ux oboc-
HOBAHHOCThL B TO BPEMA BepH/JH HEKOTOPHIE TCOPETHKH. ITH
npefCTABACHHER MOJYUHIH AONOJHUTEIbHOE NOATBEDIKACHAE
TpH Mecsina cmycrs, koraa Jixefime Huxon, Cnpneit 11la-
nupo u [loas X. Cmur coofupan B HypHane Physical
Review Letters o nabmoaenun ©00/JacTH OTPHIATENLHOIO
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nugpepeRnnaILHOr0 CONPOTHRIEHNS, napbpaxennoit ma
puc. 14.1,6. M uaxoneu, B craree, OHTHPOBaHHOI BhIlIE,

JKusep m Merepae npeactaBuin psz BOJILT-aMHEPHEX Xa4

PaKTEPHCTHK O0OWX THNOB, W3MEPEHHBIX A Pas/IHIHBEY
CBEPXNPOBOAHHKOB NpH DPa3NHYBEIX TEMNEPATYpax W Ma
HHTHEIX moJsix, Bee stu pesyasrater npekpacho corsaconas
JHch ¢ Teopueir BKIII, :

Onnako sTi pesyabTaTh OTHOCHJANCH K TYHHeTHPOBAHHIQ
CBOOOAHBIX (HeCTapeHHHIX) 3/eKTPOHOB H AaBaJIH HHEDOP=
MALHIO O pacnpeje/ieHHH [0 SHEPTHAM OAHOYACTHYHEIX CO=
CTOSHHA H 3HaYeHMH SHepreTHyeckofl menn, C APYTod CTo=
POuLI, fABJCHAS, npeackasannsie [{xosedconoM, B crporom
CMbIC/Ie BLITEKAIOT H3 CYMECTBOBAHHS SJMEKTPOHHLIX Nap
H HX CBOMCTB (CM. NPHJAOKeHHE), H B YAaCTHOCTH H3 TOro,
1T0 K napam wenpuvenuM npuaunn INayau. Ecan tormuna
Gapbepa Mexny ABYMA CBEPXNPOBOAHHKAMH MEHbLIE Xa-
PaKTepHOR AJHEE 3aTYXaHHs BOJHOBOI (hYHKIRA 5AeKTpPO=
Ha BHYTpH Gapbepa !, TO BoaHOBas GYHKIus SNECKTPOHHOM
Mdphl MOMKET NPOHHKATh uepes Oapbep ¢ JoGoit n3 ABYX
CTOpou Ha Apyryio. 10 03mauaer, BO-NEPBHIX, TYHHEJIHPO=
BAaHUE SJICKTPOHHEIX NMap uepes Gapbep H, CJAeNOBAaTeNbHO,
NpoTeRaHHe CBEDXTIPOBOIALIEro TOKAa, KOTOPOMY HE NpPENAT=
CTBYeT (Kak 5TO HMeET MECTO B Cayuae OOHYHOTO OAHO-
HaCTHYHOrO TYHHEJLHOrO TOKa) OTCYTCTBHE CBOGOLHBIX CO=
CTOAHHA N0 JApyryio cropony Gapbepa. Bo-BTophix, 310
O3nauaer Koppeaanuio ¢as @ BoNMHOBBIX GyHKuUmE no obe
CTOPOHK Gapbepa.

[oanoe martemartnaeckoe pacemorpenne BONpoca CJOATI-
KOM CJ0XHO, Y4TOOblI MPHBOAHTE €ro 3Aech, HO OCHOBHBLI@
HoJIoXeHns ero A0BoJBHO npocTh. Kak ormeueno B nprmo-
HEHHH, (paza BoanoBol GYHKUHH 0 AMeeT MOCTOAHHOE 3HA=
AEHHE BHYTPH BCEro CBePXNPOBOAHHKA (KOTAa OTCYTCTBYIOT
H CBePXNPOBOASIUIHE TOK, H MATHHTHOE NOJEe) H MOJKeT
HIMCHATBCA CPa3y BO BCeM CBEPXNPOBOAHHWKE HA OAHY H TY
*e BeqHyHHY 0e3 Kakux-TnGo HabjiofaeMBIX MOCTeACTBHEA
C TOUKH 3peHnA (QH3HKH. B cucteMe H3 ABYX CBepXIpoOBOL-
HHKOB, Pa3/eNeHHBIX TOJICTHIM CJOeM H30JfATOpa, (hasa BoJ-
HOBOM (YHKUHH ¢ KaXAOH H3 ABYX CTOPOH MOMET H3Me-
HATLCA TAKHM OOpa3oM HesaBHCHMO OT hasel ¢ aApyroi

! BoanoBaa (yuxuna uactaum B obndcr, 3anpelientoll nan mee
€ KA4CHIECKON TOUKH 3PEHHH, 3aBHCHT OT PACCTOANNA OT Fpanmun STOR
06.1aCTH NPAGAHSHTENBHD KAK €—xyr, FAe [ — panua 3aTyxauus,
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cropors. Ecam ke Tonmuna Oaphepa yhzenbmag;rliﬂeig
IyJsl, TO CHAEAyeT npeanojarartb, HTO moncrsax e
GVAYT OOCTEHEHHO HSMeHﬂTbC;I, 513516;!;:[::2::: S
;aM eIHHOrO CBepXMpOBOAHHKA. :
:l,-r;yerﬂaﬂepmﬂ B:EaHMO,ﬂ.EﬁCTBI-]H (nam cBsizn) n.z:::sgnﬁaﬁ?;
CBepPXMPOBOAHHKAMH, KOTOpasf S3aBUCHT OT pqnaae'rcn P
W ¢ yMeHbIIERHeM TOJmHHE Oapbepa YBeJH sitpic i
A6coMIOTHON BelHYHHe, OcTaBasch IpH 3TOM OTP b5
nof. Corsacho crporoit Teopuu, B TPEISIE ,ug:_r o
CBSI3H 9TA SHEPTHS HA eJHHLY NOBEPXHOCTH HM

Ecn == — Eﬂ cos a,

i — DAa3-
rae E; > 0 3aBEcHT OT CTPYKTYPH mnepexona I;Iat?ueﬁgﬂue
HocTb smauennit @ no oGe CTOPOHH 12)9}[1]"3‘;?;1;&%

i B CcB il
thaspl OT OJHOI TOYKH K JIPYTOH
{lc;,\w. NpHToKeHNWe) HaAWYHE CBEPXNPOBOAAILEro TOKa ¢

NIOTHOCTBIO jo=fysind; (14.1)

rie j1 = —2eEq/h. Beanuuny 8 3IKCOEPHMEHTATOD M;:;::g:g
OTYACTH H3MEHSTH KOCBEHHEIM ng?;;z T?;mz:ﬁ;imneanﬂle e
i BJHSAE ee
OB, KOTOpLIH BJuAeT Ha Hee, !
Eapbe[}e; OAHAKO TPH HYJEBOM HAMPSIKEHHHU 8 ’HMEEEITMSE-
HeuHoe, HeHyJeBoe 3pauenne. TaknM oGpasom, SI;C_:L pcnepx-
TaTop, coraacHo ycaosmio (14.1), MOXeT HIMEH oo
MPOBOAAILAN TOK ¢ HOMOULBIO BHEITHe 3JIeKTPpHYeC s pe.
ozethcol NOAYUHI -
Kag ywe ynommuHnajgoch, Jx
SYJTbTaT[} Gyayum etlle CTYAeHTOM B Kemﬁpnnme.xidrll';ep(f:
K 370l mpobreme BOSHIE}K g Fg:me;c;s?a BI?:M;éﬁopaTop!{}!
' HIl

cayman Kype dexumir Il B. st o

OBOAHBUIETO B e P
upMut «bann Tenedon», Op :
?Bﬂpﬁ cBoGoAHET «ceapMolt TOL> %, ECTECTBEHHOa, fgigfécgﬂ
sedpcon obcyxaan ¢ AHIEPCOHOM CBOH 1111;;: e T 2
nrcaa of sToM B cBoelt cTathe B XKypHane £y :

rae
i (n/eARwx) Midy/ (M + Ba),

st S m:x( u{teneﬁ s COOTBETCTBYIOMIHX
eqge (TymmeanHoe) mneépexona B
4 B HOpMajbHOM cocrosumm, A —

! Oua onmpeneasercs
Ay B Ay — noaymupHHa SHepreTHUeC
CBEPXNPOBOAHNKOB, Ryx — COMNPOTHB
cayuae, Korna 00a MeTanna HaxoMATe .
B . e e ctivar gecop Mepes Kamiaue MECTh

2 B aMepHRAHCKAX YAHBEPCHTETAX npod : p .
JeT Toayuaer ofMH «CcelbMoils rod, cpobonnuil o7 :

HATHOS
pes,a Mmennmo Augepcon OTMERT TO GGCTOHTEHBC';EZ,K Twm Mar!
110716 IOMKHO OKA3BIBATL CHVIBLHOE BOIJENCTRIE HA 3 i
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«ITocne anckyccuit B Kapemanwe [naGopatopust = Kem=

Gpumie]... st Bepuyscss JoMoft B naGopatopuio «bBanas,
Tam n nomenuacs ¢ Jdouom M. Poysanom cBoumn cooBe
PaxXEHHAMH O TOM, 4TO, 10 MOoeMy yOexcnennio, Jlxozedcon
npas. B otBer Poysaan coofuimi, uto HHOrAa HAGMIOAAN
noao0Hbe ABIEHHA MPH HCCACJOBAHHH TYHHEABHBIX TIepe-
xo0108. HeckonbKo MecsilieB cnycTs oH MO3Bajg MeHA H MO-
Ka3ajl cBOHW SKCNCPHMEHTAJNbHBIE DPe3y/IbTATH, HOJYYCHHLIE

€ HOBOH cepueil TYHHEJALHEIX II€PeX0/IOB, B KOTOPHIX, KAK OH

nonaral, JeHcTBuTesbHo HaOawoaaetcss shdext [lxosed-
conas. [locsie pama KOHTPOJILHBIX SKCNEPHMEHTOB, NpOBe-
ACHHBIX C TeM, 9ToOL HCKMIOYHTb BO3MOXHOCTD OHIHGKH,
Anzepcon H Poysan ony6ankoBajii cooOLleHHE O CBOHX

HCC/IeOBANHAX B KypHaTe Physical Review Lelters B map-

Te 1963 r,

«Mul HaGmI0AaMH AHOMANBHBI MOCTOAHNBIA TYHHEMbHEI
TOK TpH HymdeBom (HJAH BOJHSH Hero) HanpsiKeHHH Yepes
OueHb TOHKHE Gapbepsl H3 OKHCH OJIOBA MEXIy CBepXmpo-
BoiHHKaMH Sn u Pb. 3tor Tok Henn3s orTHecTH Ha cuer
CBEpXIIPOBOAALINX TOKOB yTeukH H3-3a gedekroB Gapbepa;
OH BefeT celi B HEKOTOPHX OTHOLICHHAX TaK, Kak [A0JKeH
BecTH ce0s Tok Il:ko3edcona.

Ha puc. [14.5] nokasama sanucaunas na ABYXKOOpAH-
HATHOM CaMONHCLe 3aBHCHMOCTE TYHHEJBLHOTO TOKa OT
Hanpmuenus IaA OAHOH H3 HCCJAeNOBAHHBIX CTPYKTYP TpH
I'~ 1,5 K. Ilnenkn tomumuoii (Kak ANA CBHHILA, TAK W
Aas onosa) npubausurensuo 2000 A obGpasyior nepexon
pasmepom 0,25 X< 0,65 mm? u conporusaennem (aas cayuas,
Koraa oba MeTallla B HOPMaldbHOM cocTosiuuu) 0,4 Owm.
Hanpamxenne, cuumaemoe co cpeasefi TOUKH MOTEHIHO-
mMeTpa conporusaennem 1 kOm, npunokeHo Mexay IByms
KOHTAKTAMH Mepexoia, a pPesyibTHPYIOUIAE TOK H3Mepser-
€A N0 NaJieHHI0O HANDSMKEHHA Ha NOCJIEAOBATENBHO BKIIO-
yexHoM conpotHedennn B 10 Om. Hanpsaxenne, BosHHKaO-
nlee Ha Gapbepe, CHHMaeTCA ¢ ABYX APYTHX KOHTAaKTOB re-
pexoaa. Ha puc. [14.6] npeacrasiena Ta ke 3aBHCHMOCTD,
HO B yBeJHYeHHOM Macmrale Mo TOKY, 4TO MOSBOJSET 1po-
AEMOHCTPHPOBATL AHOMAJbBHYIO 00JacTh, CYILIECTBYIOULYIO
BGJHM3N Hayajsa koopaunar. CHawasa TOK BO3pacTaeT jo
0,3 MA npu uynesom HampsxeHHH Ha OGapbepe. B aTom
MecTe 3aBHCHMOCTb TYHHeJLHOIO TOKAa 4epes IepPexoj cTa-
HOBHTCA HeyCTOHUYHBOH H MoOeT QJYKTYHPOBATb MENCILY
BEPTHKAJIbHOH XapaKTePHCTHKON H XapakTepPHCTHKOH, Teo-

208

peTHYECKH OXKHAAeMOR AJs HepexoAa M3 JAByX CBEpXNpo-
ponuukos L. TIpu nanppefimem HeGOJbIIOM YBEJHYEHHH TO-

¢ HUHBOCTE...
Ka nepexoj BHOBbL o0peraeT YCTOH .
: B [:(atrecme QIHOTO H3 BO3MOXKHEIX o0bacHenHft HabMO

jaeMoro sidexta caegosano Obl, 04EBHAHO, MPHHATL TO,

8

LS
I

Tox, mA

| 1
a 1 2 &
Hanpemenue, M8

F:::E::::::j

Puc. 14.5. Bonpr-amnepHas XapakTepHCTHKA TyHHEJbHOTO ne}aexo_ua
07080 — OKHCh on0Ba — cpuuen npa I~ 1,5 K & [marauTHoM] noae

63 1072 I'e (a) u 0.4 Ic (6) Lﬁﬁy!i‘.] Reu. Lett., 10 (1963), crp. 230,

yTo B TAKNX TOHKHX MEpexolax Mbl He rapaur—nponar;m 07
MaJeHbKHX CBEPKDPOBDJIHLLLHK BHKDP‘EI'JHBEIOULHK HHUTEeH, KO-
TOpbie TNpPOHH3BBAIOT Gapbep. Onnako wumeeTcs :::EIT;:&
SKCHEPUMEHTANBHEIX (aKTa, 3acTaBAALLUIIX NPELRO ;
yro nabmoaaerca umenno shdexr [Lxkosedeona,

LiBAeT
aunnA npi Gonee BLICOKOM HAMPAMERHN TIOKA3

i .
mTpHKOBaﬂ M CONPOTHBIBHHEM HA BOJIbT-aM=

CKAYoK 4Yyepesd y4acTor C OTPHILATEALHE
nepHof XapakTEPHCTHRE,
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H'G'?G'“’ﬁ:
I=0,65 ma
04 [
kB [ s i i i e -‘--.-_"-J
f H=04 e 5
I=0,3 1A 2
oz
H~z20re
o1l
2 1072 g7
t‘ .
L 1 ]
0 : 7 7 1
Hargrwarie, mB

pH& 14.5 Halla.llbﬂh‘[ﬂ y " i |
JACTOK 3aBHCHMOCTH “PHBEE&HHQE Ha pﬂﬂ. I.d-“
B yBeJ]R‘JEHHt)M mMacmrabe BMECTE ¢ BOJRT=

aMnepHod
Mepexosa B uome ~ 20 I'c [Phys, Rev, Lett, 10 (f’;ﬁoaj. ?r%?%e.?;:?ﬁ

1. Kak ormeuanoch B crathe JIkoszedcona, sddext
NoaKeH OHTb OUEHb JYyBCTBHTENeH K MarHuTHOMY HNOJH...
Kpome TOTO, Mbl OXHZ2eM TaKiKe CYINECTBOBaHHE 3aBHCH-
MOCTH OT... BEKTOPHOTO MOTeHOKaia, KOTopas AOJHE Api-
LeCTH K KOMIEHCALNH TOKOB B PasJHYHLIX HacTax Oapbepa,
KOTa BeJHYHHA MAFHHTHOIO TOTOKA MEMY CBepXnpoBOI-
I1KAMH JOCTHTAeT OJHOro Ham AByx ksanrtos!. [lna mo-
nepXHOCTH MAOMAAbio ~ 1077 cm* 970 NPOHCXOANT B KOJAX
nanpsiennoctsio okomo 1 Te. Mer obmapyxiii [ewm.
pic. 14.6], uto a) B cuayuae, KOraa mepexol OBl THLIATE b=
10 SKPAHHPOBAR KOXKYXOM H3 p-MeTasta (H3mepemnioe meJe
puyTpH coctasiano 6 - 107° I'c), Ha BePTHKAALHOM YUACTKE
xapakTepHcTRKH TOK mocruraer 0,65 mMA; 6) Oea sxpaHa
(mome 0,4 Te) Tok cocraasa 0,30 mA; B) aHoMaabHLL
V1ACTOK Ha XapakTepHCTHKe BooGme He HabGmORANCH, KO-
raa moJe, yBeammHBasch, npuOamxanoch Kk 20 Te. B 10 xe
ppeMs AJf TOHKAX CBEPXHPOBOLALLHX uHTell KpHTHYCCKOE
sHagYeRne MOAA A0NHO 6o Gbl GHITH YpesBHYailHO BHICO- .
KHM®»,

Jipyrie (axTel, NOATBEPHKAAIOUIHE, HTO uHab/aoaaerca
umenno spdexr Dxosedcorna, Mu He OyleMm ONHCHBATH
eTaNbHO, OHH TaKOBH: a) CyllecTBOBaHie stpdexTa TOILKO
B caydae, Korja ofa MeTalia HaXolsTcs B CBEPXMPOBOIA-
eM cocTosHHM; 6) BeIHUHHA peaJbHOH MPOBOLUMOCTH
fapbepa; B) TOBeJeHHE Nepexoia MPH NMOMBITKE «BLIKEIb®
NpeANoIaraeMyo TOHKYIO 3aKOPavHBIIOULYI0 HHTL. Anpnep-
con B Poysaa pesioMuposann: «ITH.. apryMeHTH, KaK HaMm
KasjKEeTCH, MOYTH MOJHOCTHIO MCKAKYAIOT IHIOTE3y O cylle-
CTBOBAHHH 3aKOpauHBalOmIHX HATE».

B neficreateasnoetH JIxosedcoH caMm H3TOTOBHA TYH-
peJbHEE Hepexol W NHTajcA Habmomats atpdexr, HO

! Dror TEpMHH CBR3AH C NPABRHAOM (NPENCKASAHHEM B 1850 r.
Mpruem JlonjzoHom), COTAacHO KOTOPOMY MarHATHHA DOTOK uepes oOT-
BepcTHE B MHOFOCBASAHHOM CBEDXTPOBOANUKE HE MOIKET HMETh NpOm3-
SOJBIBIE 3HAUeHHs — OH KpanTyercs. Bugncnenns JIoHZOHA, OCHOBAHHBIE
Ha ero (eHoMeHosOrANEcKoll TEOPHH C YURTOM CaMbiX obmux ceoficT
BOJHOBHX (GYHKUHH SNEKTPOHOB, NPHBEAH K BENHWHHE KBaHTa, paBHOIl
hcfe. ¥emex teopun BKI, noKa3asiieRt, uTO CBEpPXNPOBOAMMOCTL 00YC-
NOBJEHA KOPpPeIMpOBAHHEIMH SMEKTPOHHLIMH TApaMy, HNPHBEIT K TOMY,
4TO uneio e B amaMenarene GHao 3amemeno Ha 2e. Teopms, conepika-
[f4% NCMPABNEHHOE 3NAYEHHE Kpanra NOTOKA, GHNA TOATBEPHKIEHA B
ABYX HEe3ABHCHMEX; H HECKOJBKO PA3JHYHHX 3Kcne umentax) 8 1961 r.:
onmn — B. C. Hdueepa n B. M. ®epbsuka na C-raﬂnsnpncmro yHHBEPCH=
rera, apyrofi —P. Joana u M. HsGayspa us Banapckofl akafeMHH
nayk. Beruunna ksanra noroxa fic/2e pasna 2,1- 10-7 ['c-cm?,
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Gesycnemto. TpyaAHoCTL HaGMIOACHHS COCTOATA B TOM, UTO
€C/IH SHEPrus cBA3H Egy He NPeBOCXOAHT YpOBeHBL miyma
MENH, TO KOPPENANHA MeXK/I1y NapaMu HAPYLIAETCH Temao-
BEIMH daykTyaunsmu, H sddext Txosedcona e nposiB
Jsiercst. [losToMy KauecTBo mepexo/ioB, H3TOTOBIEHHBIX Poy-
SJIOM, B YACTHOCTH HX HH3KOe CONPOTHB/IEHHE!, onpenes
JHA0 ycmeX akcnepuMeHTa. AHOEPCOH, OMHAKO, OTMeyYal,
UTO H [ApyTHe HCcAeloBaTeNH, NO-BHAMMOMY, HAGI0nAJN
3 eKT, HO He CyMeNTH ero pacno3HaTh® ,

Kontponb mpn nomomm marmmrsoro noas, KOTOPLIH
omucuBalT Angepcon # Poysaa, 6ol npocTefitiaM u M-
HHEMAJTLHBIM %, YCOBEepIIeHCTBOBAHHE 3TOr0 METOLa MOTJIO0.

! MommocTs TenJoBwX MmyMOB, BHASJSeMad Ha YHACTKe 1enH, npo-
NOPUHOHANBHA €ro COMpPOTHR/ISHHI,

* Hukon, Ulanupo w CumuT onHcann nonoGuoe snieHHe B CBOCM
KPATKOM cOOBILiennH off H3MepeHuy SHepreTHUeCKOft WedH, To e oTMEe=
anu JKupep B cBoeM coobmennn u JKusep u Merepae — 5 coBmecTHof
Goabuioll cratbe. Bee STH aBTOPW OOBACHAAH HAMHUHE TOKA uepes oK-
CHAHYID IJIGHKY CaAMBIM MPOCTHM CNOCOGOM — KODOTKHM 3aMLIKAHHEM
CBEPANDOROIHHKOB, XOTH ORLIH OCHOBAHHA YTBEPKAAaTH oGpaThHOe. Cobi-
Jladch Ha CBOIO GOABMIVIO CTATEIO, JKuBep BCNOMHHAS, YTO «YIHBHTENBHO
craloe MATHHTHOE n0JE MPHEOAHIO K HCUeIHOBEHHIO SIAKOPDATHB AHHE
tr0 coorsercTayer sppexty Jlumosedeonas. Boaee Toro, on aman o pa-
Gorax Xombma, Baavrepa Meficuepa n durpuzx, KOTOpLIe oGHApYMKHAR,
HTO UEDE3 IVIERKH HIOARTOPA MEMILY CBEPXNIPOBOAHHKAMH TPOTEKAIOT
TOKH NpH HYJACBOM HanpAMeHdd, ¥ yGeXHNHCh, 9T0 CBEPXNPOBOSMEE
#3AKOPAYHBAHHE> TYT HH npH uem. BoaMmomHo TakmKe, yTo OH alan u of
Ananornuisix pesyjnratax awea Meicnepa. Onnako, kag rosopua Ju-
BEC, BCE OHH GBIIH €CAHIIKOM 3aHATH, 9TOGH MOPA3MBICIHTL HAj STHM
[3pperrom B MarEuTHOM nose] B To Bpems». OH 0 cam He 331 yMuIBAICH
O TOM, KAl OTAHYHTL KOPOTKOS 3aMBIKAaHHE OT MOCTONHHOrO TOKA (CTarhi
Msozepcona B To spems Guia yme ONMyGAMKOBaHa, Ho, N0-BHIHMOMY,
SHCHEPHMEHTATOPL HALLIH €& TPYAHON /S MOHHMAHHA), K TOMY XKe oH
B TG BPEM§ rOTOBHA JAHccepraumio. MKusep saMmerHn, uto, Bo3MOMKHO, T4
HCTOPHA MOCAYIKHT YPOKOM TEM, KTO ¢MEICTHT CIHUIKOM OrpaHHueHHos.
Jas nonwofi cnpaseinnBocTH, OMHAKO, HYMKHO COCHATHCA Ha 3aMeyanue,
cienannoe AHLEPCOHOM B UHTHPOBaHIOM paHee cOOOMECHHH: «B peayih-
TaTE HENOCPEACTBEHHOTD KOHTAKTA ¢ JDKo3edconoms onn (Anzepcon u
Poysiin) «3namm, uTo HyXNo HekaTe.. [H] MoOHMManlM, 910 Buiesns. He-
JaNLHOBHAHOCTE NDOABHAN HE TONbKO sKCmepHMentatopsl [lxosedicon
€aM CHNTAN CBOH DACYCTH HEBEPOATHO TPYAHBIMH HO TeX ITop, Noxa Amn-
JICPCOR He MOKa3an emy mpenpHst ¢ pacueramn M. X, Kosma, JI. M. da-
simkosa 0 JI. C. ®naamnca, B KoTOpoM «npAMHTHBHLIED dopmyas JKu-
BEpa MOATBEPMAATHCD OUCHB MPOCTHIM METONOM, HO t4M OHJI oNVILeH
4JCH, ONUCHBAMILHA TOK CNapEHHHX 5A6KTpoHOB! iy

3 Tepronaianbio oHu yOEMHTATHCE B «amosedconoBcKoli» npHpoge
s(pdexta ¢ nomoubio rpy6ofl KanecrmewHOR nNpPOUEAYDH, OMHCAHHON
Poysanom crenyionmum obpasoM: «Mut MPOBEPATH 4YBCTBHTEALHOCTE HB-
JIEHHA K MariHTHOMY TOJ0, MOQHOCA K ALIOADY CHABHHE MATHHT, HMel-
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peBpaTHTb €ro B 3HAUHTEAbLHO Oojee Cepbe3nHIi cn?clc:g
IpoBepKH NOAJHHHOH UPHPOJB stpexta, OCHOBaHHbIH
ciAbHOM 33aBHCHMOCTH BeIHUHHB & OT MAarHHTHOIO noJst
(cm. npunoxenne). Ecan B niockoetn 6apsepa NpHi0KCHO
nocToAHHOE MarHuTHoe Noje, To § JAHHEAHO Bo3pacTaer
810/ MO, B 5TOM caydae MOXKET HMETh MeCTo HHTEpP-
epeHIHA MeHAy TOKaMH OT PasiuiHEIX YydacTKOB ueped
x0ja, aHalNorHuHas ONTHYECKOH AH(QpPaKIHH, Haﬁnwﬂl_?e
MOIl Ha 3KpaHe, KOTAA4 CBET IPOXOJHT uepes Ileab. 110~
yroMy Poysaa uayuna 70T sddext Oojee TULATEABHO H
coofuisa 00 3THX pesyabTaTax BMecTe C pesyJabTaTaMi
APYruX onbiToB B xypHande Physical Review Lefters B ceH-
tabpe 1963 r.

Iﬂuff[m?azcc};cmt oTMeuas, UTO BHeUlHce MarnuTHoe no:r;.
JIOJIKHO YMeHbWIATh MOCTOAHHBIH TOK 10 MHH]!M‘H.‘]I:HO
BeJHYHHEL BCAKHI pa3, KOria MardHTHbIH NMOTOK B [IEPEXOLE
CTAHOBHTCA DPABHBIM LeJAOMY 9HCAY KBaHToB. Mbl Habaio-
aanu 3T0T s¢eKkrT B mepexojax PasjHYHBIX pasMepos, HO
sipue BCEro OH MPOSBJAAACH, KOTAA IIHPHHA INICHKH, :{puer_[-
THPOBAHHOH BAOJb MOJfA, ObA2 MHHHMAALHO anmoamnu:
Ha puc. [14.7] noxasana Habaoaaemas 3aBHCHMOCTb MaK
CHMaJbHOTO CBepXMpOBO/AILEro TOKa OT MarHHTHOTO MOJA
A8 TIepexoia CBHHEI — AHIIEKTPHK — CBHHEIL C nﬂem{a:;g
wrpunolt 0,040 w 0,24 MM, npuueM IVICHKa mgmn
0,040 MM HanmpagjeHa NpuOJAH3HTENBHO BAOJL NOJS. no.n;
nanpsxkennocTeio 6,5 F'e MakcHMaJbHEI caepxnpg(l}ag.fmmun
TOK uepes mepexoj ymenblnaercs GoJjiee HeMm B 'paa
He MoOKeT OBITL H3MepeH INpH CyLlecTBYiOUleH '-I}BCT{E}!H-
TeJbHOCTH H3MepHTeabHON annapatypst. [1pn monsx 13, i
19,5 Te 3navenne Toka CHOBA NPOXOJHT HEpe3 Mumm.ymu,
MeXKAY HHMH JIexKAT MAKCHMYME, BEJHYHHA KOTOPLIX r;g_
ctenenHo ymenbiuaertces. [liowans nepexoia, Li%l,w gf_
Py TPOXOAMT MAarHHTHBIE MOTOK, paBHa -7 . :
= 3,1-10-% ¢m?, rae W — mmprra IJICHKH, @ A — Ty Hﬂe
npoHHKHOBeHuaA [cM. npuiaokenue].. Takum oﬁpai;n;, no A
6,5 I'c coorBeTcTBYeT NoToKy B nepexome 2,0-10 ¢+ eMB,

wuil gopmy Gpycka. Tlpr srom nepo caMonHcua 'Eealéc:d T}:}{;r;pjg:n;:’;ﬂ_
07 HYJAEBOro 3HAuEHAS HANpPSMEHHA K KOHeTHOMY. HTO p Gop sl
ckoabko aysersutesien shdext, Pua oTXOAHA K JBEPAM .'la Eemg i
IIl!BL‘IpEI.‘lHB'FJH MAaTrHHT B p}'H_E. n acpo caMolHciLa ﬂpﬂﬂﬂﬂ}i:;‘ll)cuﬂTae'[iT‘
JIOUHO MPHLaTh MEXNCAY HYJEBHIM H KOHEYHHIM HAlpAMelH e
BEHHO H3MEHEHHHM MArHHTHOCO NMOJA ¢ PACCTOAHUEM M YIVIOM NOBOP
MAarHHTa¥,
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KOTODH i i
Bq’{bgﬂmﬂ;llipenmaamer cofoff KBAHT MOTOKA. YYUTLIBAS
Mom[;laﬂnpcaannﬂ i (GaKkTop pasMarHHuHBaHMSE
0 YAHBAATLCA TAKOMY Xopouwemy COBTIA=

IIEHOK,
JAEHHIO»,

500

200 = o
0o -

50 -

1,01

a5

1

o - ; L . L 2 I
g J 1z 1% 20

Muaznumioe noag, o

0,2+

Puc. 14.7. .3

MﬂI‘HﬂTI[o}uh n?::li:lfF;‘.::');T.:E;ie&xxc}m{aﬂhﬂﬁI'O CREPXTPOBOOALICTD TOKE OT
onxa CBHHEL — AHSA ==
T=13 K*. AHSNEKTPHR — CBHHEL, NpPH

Heno suamo |
CXQACTBO ¢ Hapmnof, noadyuaemoll ope JHdpaSKUEN CBETA HA lUeaw \

[Phys. Rev. Lett., 11 (1963), ctp. 202, puc. 3],

Tem
iy H:c[:)'reamue;ﬂ)enm NosiBuoch nepeoe coobileHne o HaGa0-
Aigsie CyuecTs e'rapﬁom sbdexra xosepcona. Ha camom
SABHCSILIHX o¥ I MHOXeCTBO N000KHOr0 pofa SQGeKTos,
(REOrAA Taxke HP]:IPOJIH NPHIOKEHHOTO 3IJIEKTPHUECKOro
S R e ! arnu’rﬁm"o) [oAs; 3Aech ML pPaccMaT-
puie Jerye mMHTe npme 3 HMX, B HEpEYID 0depens 1€, E0To-
HCCTEHORaTE, KapKHp\:?TH}ﬁ)OE’iHTb, Tlpexae Beero HeoBXOAHMO
BJAHAET HA TOK 'JEPE;E I;Jep[;;i&r\:: s e S e

804

Kaiou K MOHMMAHWIO ABJCHHA JEKHT B TOM, 4YTO CKO-
pocTh H3IMEHeHHs (aanl BO/AHOBOH QYHKIHH d0/dt comep-
ST uJieH, 3aBHCAWLAN OT 31eKTPOCTATHUECKOrO NOTeHLUIala
(cm. mpuioxkenne), Tounee rosopi, nocTosHHEAS Pa3HOCTD
(OTeHNHANOB HA Oaphepe B TYHHENbHHOM nepexone BHI3H-
naeT M3MeHeHHe paspocTH (as 8 [cm. ypaBHeHHE (14.1)]

o 3saKoHy
bty 251,

n Tor Jlikosedcona CTaHOBHTCH nepeMeHHBIM € 4aCTOTOMH
9¢V/h. Beanunna 2e/h pasua 0,484 [Tn/mxB. Torna Ans
pa3yMHBIX apayenut V (n0psiiKa HECKONBKHX MHKPOBOJIBT)
yacTOTA JEXHT B /HaNasoHne ITu, ® Taxo# nepeMeHHbH
ToK He Mor OBITL 3aMeuecH B skcnepaMentax Poysaaa. On-
HaKo MpH HajjMexalEM corJiacoBaHHE mepexona C OKpY-
sKAI0lHM TPOCTPAHCTBOM nepeMeHHEIl TOK MOIKHO HEmno-
¢pefcTBEHHO oOHapyXuTh IIPH [OMOULA H3MEpeHHH Ha
CBY. Kag Gymer OmHCaHO nasee, TaKHe H3MepeRHd fleil-
CTBHTE/LHO OBUIH BHITIONHEHE, HO npexpe Obiid NpoOBE-
JleHBl 9KCMePHMENTEl APYroro poaa.

Ecin HanpazeHHe, Npuaomentoe K nepexofy, nmeer
i NOCTOSIHHYI0 H TEPEMEHHYIO cocrasagiomue V=
— Vo4 Vicos of, TO CHTyalHs OKA3LIBARTCA HECKOJLKO
caoxnee. B sToM cayuae TOK MOIKHO 3aMAcaTh TakK:

j=Jisin (bu—i- E%Lif-l—z—;;g'—sinmf). (14.2)

Tpuno;KeHHOe MepPeMEnnos yanpsukeHne MOAyJHpyeT Mo
nacToTe NepeMeHHH TOK, co3jaBaemMbifi TOCTOAHHBIM Ha-
npsxenneM. CaenoBaTelbHo, TOK MOJKHO NPEACTaBHTL B
Bue CYMMBbl UJIEHOB ', Kas bl H3 KOTOPHX OCUH/IHPYCT
¢ 4acTOTOMN, paBHOil cyMMme HIH pasHOCTH HacTOThl 2eVo/h
§ "acTOT, KPaTHBIX UacToTe NPUA0IKEHHOro HANPAMKEHHT,
a UMEHHO

2aV,
o =—-ﬁ—-“- -+ no.

Ecan uacToTa © KpaTHa 9eV,/h, TO OCHHATHPYIOWAH yacTh
0/HOTO M3 UJEHOB HCHe3aeT H ocTaeTcd uJeH, IponopuiHo-
najpHEi sin 8, KOTOPHIH npeAcTaBIAeT cofofi MOCTOHHHYIO

1 Ypenn ¢ n = 0 g A = =] MOKIO BEMHCAATL TPOCTHIM cnoeoboM.
Henoabays ofo3naueHue o == 2eVy/h, NOAYIHM ypaprenme (142) ®
puae j = jisin [of -+ (2eV,/hw)sin wt 4 8] Tlo gopmyne aad cunyca

305




K
]mit}rlcil}:ﬁ:lﬁrg;'rgr{a. Clienyer oTMeHThL ABa 0BCTOSITENbE rBAL
. Be o HE 3aBHCHT HH OT KAKHX B %
POB, KpOMe TOKa, H, TAKHM oorgonis
) o0pasoM, TOK Mo |
NpH MOCTOSHHOM HampsixKe ' emi Stora

HHA (IpHYEeM Npefeast st

! Or0 H3=
MEHEHHS] OrpaHHUEHB TeM, uTo §; BCErma JexHT B HHTEP

1 1
Baje oT — —
T 7o r:) 2. 3ror sddext moxer HakAa

2 2
'}:iBHaeT?CB Ha TOK, BOSHUKAIOWHA MOpH  OZHOUACTHUHOM:
" Ta;}l{ig()ggli}{li, KOTOPLIH NepPBOHAYAJBLHO H3VYyaJ }Kuse
! pa3oM, noJyudeHHLE <«C 3 i
Lkt , 3 TYNEHbKE» He JOJKHBL
JT0HEHEl CHMMETPHUHO OTHOCHTE

: ) JIBHO HYJS TOKA.:
oﬁmlzﬁeSH;efrTgr et H;DMOJJ.QJ] Cunnei IHanipo H CO=
) m H 5 - -8

e ypHajie Physical Review Letters B niogie
. ]
naHugpgo;;le]:‘iﬁ:emIEBCEPHH SKCNEPHMEHTOB 00 HCCTeAg-
Ha -H3Jy4eHHA Ha (P :

POBaHHA B CBEpPXNpPoOBOJL s b

HHKax HaM Yyjalock B

NOCTEHNX MECHALEB H3rOTOBY: b
OBHTBE 00JLLIOE KOJHYECTB i

‘ 0 TYH-

;{ngunaaﬁ I{D}[]T;KTD_li C HH3KHM conpoTuBieHneM (5—20 gm
s ’}K:]).JT 20-107% em?)... B mawux IKCNepHMeHTaX th'
y H HEeCKOJIbKO HOBHIX 3S(EKTOB, CYTh KOTOPHIX
xpag}xo H3JOXeua HHxKe, : 5
Sy 6ﬁptlaimhlgaencrammm Co0O# TyHHeILHblE Nepexo
TR n 1205 — Sn. Ha RamAyio M3 OuHILEHHBIX CTeK-
NOAJIOKEK HANBLIAMHCL MO JBe nojJocku u3 Al mip-

CYMMEI HB}'K Elpl‘)"MEIITUB HaxXoIHM
i= i [sin (@t + &) cos (St sin of) +
-+ cos (o, + &) sin (E;%-'- sin ml)].

IEIIE‘[Jb NPEANOMOMHAM, 9TO eV ;'& 0

: 7 : ub Majgo (T.e. MHO X
sin[(2eV, /hw)s ’ ! J ro Medblie 1); torna
o i 1/hw)sin wf] 2= (231' i/Aw)sinet n  cos [[.‘}e V,/ﬁw]sin of] = 1,

i == iy sin (@t + ) +

BEOI}OH YJeH B CKO& e OBRd Ol 1 pyroe TpH-
KdX MOMHO np Uﬁpd.a BaTh, H
CII ba}' P
I'OHOMCI]JJIHECK()E TOMAECTBO, B pesy.'lh]ﬁle “LL’])-IIHM

jac_f.{sin{wjt—féﬂ)-{'-%sin[(m.,—l—m}r+6o]-—- A

2L’V| -
Fe Sinof cos (o,f + 6;_,_]].

eV .
— Fo sinl@;— o)t — &) }.
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putoft 1,27-102 cM, OKHCjeHNble 3aTeM B T/elMIeM pas-
pie... CBepXy HambliAjach mnonepetHas moJocka TOll e
IUHPHHEL, B TaKuM oGpa3oM Ha KAX /10 NOMJNOMKEe NoJyta-
Jioch Mo Aga oGpasua.

BoabT-aMnepHble XapaKTePHCTHKH TYHHEJNLHOTO Mepe-
xoma HabJoaanaich Ha 3KpaHe ocuuanorpada. [laa nurta-
WHA [eMH, cocToamen H3 ofpasiua H H3IMEpHTENbHOro Conpo-
THBJICHHS, HCTIONB30BANCA HH3KOOMHLIH HCTOUHHK, KOTOPHIH
MOT CO34aBaTh B NeNH KaK MOCTOAHHHIA, TaK H nepeMenHblid
TOK HJIH HEKOTOPYIO HX KOMOHHALHIO...

HUsyuanocs... Boapeiicreue CBY-usnyuenust Ha BOJbLT-
aMmepHYI0 XapaKTepHCTHKY, OCOOEHHO Ha TOK MpH HYJICBOM
nanpskenud, OOpasusl TOMellaaHCh B CBUY-pesonatop,
pMeloniHil NpH HHU3KOH TeMmmepaTtype CcODCTBEHHBIE YACTOThI
okono 9300 MTu u 24850 Mlu. Bee mocienymoulie 3¢-
(hDeKTH He 3aBHCENH OT HaCTOTH PasBepTKH HANpPAKCHHA |
HaGri0AaNHCh TAKIKE H B TOM cayuae, Korja depes obpaseil
npoteKas nocTOAHHLI TOK.

1. Ha puc. [14.8] nokasan npHmep pospeinicreua CBY-
nsnydenna ¢ gacroroir 9300 MI'n Ha BOALT-aMmepHyio Xa-
paKTepHUCTHKY [Jifi THTNHYHOTO obpasna'. B orcyrcrsHe
CBY-u3nyueHHst NOJTYyUeHHAs 3aBHCHMOCTD (BepXHAA OCLHI-
norpamma) nopoOHa... 3aBHCHMOCTH [ans cayuas MOCTOSIH-
noro Toka). OfHAKO H3jyueHHe MOUIHOCTBIO B HECKOJBLKO
JNecATHX JoJefl MHKPOBaTTa BHI3LIBACT HeyCTOfIHBOCTh
KapTHHE TPH HY/JIEBOM HanpsKeHHH [cpemusis ocuuano-
rpaMma] M BOSHHKHOBeHHE TOPH30OHTAMAbHEIX (maw nouTH
rOPH3OHTAJbHBIX) Y4aCTKOB — CTyNCHEK, BIO0JAL KOTOPEIX
TOK BO3PACTAET NPH MOCTOAHHLIX (HJIH NOUTH NOCTOSHHbBIX)
aHaUEHHSAX HAMpsKeHHA Ha obpasiue [HmxHAg  oCHH/IO-
rpaMma). HanpsokeHHs, NpH KOTOPHIX HMEIOT MeCTo 3TH
rOPHSOHTAbHLIE CTYNEHbKH, DAaBHEI +hv/2e, roe v— ua-
ctora CBY-wanyuenns... C yseanuenuenm CBU-mournoctn
npn GONBIIHX HANPSUKEHHSX NOABAAITCH HOBBIE CTYNEHDKH

(Ha pHCyHKe He MOKasambl).. Paccrosnue OT OflHO# CTY-
NeHbKH 0 APYroHl He BCerja cocTaB/ser hv/2e, wHorapa
KakKad-To H3 HHX He TPOABAAETCS, H TOrjAa paccTodlne
OKasniBaeTca paBHBIM fiv/e.

2. Ha puc. [14.8] Bugna apyras nopasHTelbHad ocobeH-
Hocth BoajeficTeus CBY-uwsnyuenus Ha cBepXNPOBOJIALILHI

! Ha puc. 148 n 149 10K oTHOXKEH [0 OCH abeunce, a Hampsie-
HHE — MO OCH OPIMHAT B OTAHYHE OT puc. 14.1, 14.5, 14.6, 14.11, rae pac-
fo/loeHne ocell oOpaTHoE.
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TYHHeNbHHA TOK. Ha wmmxuel OCUHATOTDAMME HATANQ
KOOPAHHAT yike He ABIACTCA CTAGHJIBHBIM COCTOSHHEM. H
CHCTEMA MOMKeT OuTh CMEUIeHa [o HalpsKenHio (H&l‘[i)ﬂ'-
Mep, Ha +Av/2e) ne ToabKo Torma, korza gepes mepexof
NIPOTEKAET NOMOKHTEABHBI TOK, HO M KOrga Tok pabed

Pue. 14.8. Bausupe CBY-nanyvenns ma BONLT-aMNEPHYIO XapakTepi=
CTHKY TYHHEJBHOTO Hepexopa.

Tok oracwen no oon abeuyuce
1 » HANPAMEHHe — D ocH opaaHar. Cr
hauana KOOPIHHAT LIS Ka¥I0R Epusoft [Phys. Rev. Lett,, 11 (19635;?‘?:5;.}3‘!?3;?:??]?

g;ﬁa Kﬂ -— woﬁeme Gosee yauBHTEIbHO — Rajke KOrjia Tox
deT B 0OpPaATHOM HANPABIEHHH, T
i ik p » T. & KOrZa oH oTpu-
2 3. ﬂm;oﬁﬂble_ shhexTs AMeT MecTo NpH "Tacrore H3-
yaerns 24000 MI'u. Ha puc. [14.9] Buggw MHOTOUHCTeH-
1(151;: cTynenskn npu "acrorax 9300 Ml (A) n 24850 MTI'y
» KOTOpEIe HabalofaoTea npyH epesHux
X YpPOBHA) -
CTH H3JYueHHS, £ A e
L T,E[moaed)c?n... TIPeACKas3asd CYMECTBOBAHHE TOPH30H~
ABHLIX CTYNEHeK Ha BOJbLT-aMIepHOf XaPaKTepHCTHRE,:
PasieneHubix nHa hv/2e ogma ot apyro#i, B MPHCYTCTBHH
BEICOKOTacTOTHOTO noas.. Hamnm SKCNEPHMEHTE MOATBEP=
AHJH 3TO  mpeACKasalue H HBHIAHCh KOCBeHHHIM JloKa3a<
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TeJbCTBOM peasbHOIO CYILEeCTBOBAHHA NepeMeHHOro CBepx-
NnpoBOoAALLErD J{H(OBECPCOHOBCKOI‘O TOKa».

Buan npefjoKeHs W JAPYTHe KOCBEHHbLIE METOAb Ha-

Gmiogesna mHecraiumonapuoro s¢dexra Hxoszedcona. Ha-
npuEMep, CAOf AH3JMEKTPHKA B TYHHEJILHOM NEPEeXoje caM
Moxer cayxuts CBYU-pesonaTopom: eciu ero coberpextan

Puc. 14.9. Crynensiu, BosHAKAIOIHE Ha BOALT-AMICPHEX XapaKTePHCTH=
KaX TyHHeAbHHX lepexogos noj peficrenem CBY-manyuenus.

Yacrors 5300 M@y (A) v 24 850 MTy (B). Oas cayuen A hw/e==38.5 ukB u macurad
1o ocH opAuHatr 58,8 MxkBfcM. [dam cAyuas B hvie=103 MKB B MacmTat mo oci opan-
nar 50 muB/es [Phys. Rev. Leif., 11 (1983), ctp. 82, puc.. 3]

YACTOTA HPH H3IMEHEHHH NPHJIOKEHHOrO HNOCTOAHHONO Ha-
npsiKeHdss o MarHATHOrO IoAA COBNajaer ¢ YacToroil
I:xozedeona, To pesyabTHpYOULAn cTOsSMas BOAHA Dyaer
3aMeTHEIM o6pasoM BJHATbD HA TNOCTOAHHBIL ToK. Taxod
athipexr mabmonancs B 1963 r. Munanom JI. Pucke u3
HCcJen0BaTeNbCKoH Nabopatopui Gupmbl «JlxKeHepaJ saek-
TPHES, tbI'i'lel?. NPeANOJOKHA, UTO «BO3MOMKHO, CTYICHDLKH
CBA34aHE C MOJaMH BO3HHKAIOIIHX IepeMEHHEIX TOKOB, KO-
TopHle, coriacHo TeopHH JlxkosedcoHa, noaBafioTCA B [le-
pexoge MNPH HEHVIEBHX TNOCTOAHHBIX HANPHXEHHAX:, HO,
KaK OH TIpH3HaJCA, BONpPOC <MNDKa ele 40 KOHOa HEe
sacen», 31oT 3(dexr Ona ToUHO YycraHoBJeH B 1965 rI.
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P. E. 3xxom, M. k. Ckananuno, B. H. Tafinopom wua
TlescnabBanckoro yHuBepcHTeTa M M. JI. Kygom n @ucke
na «llixenepan snextpuks. Onnako HENOCPEeICTBEHHOe Ha-
OJ0eHHe HeCTallHOHaPHOrO shdexra Bee emme ocacHHA-
J10Ch TPYAHOCTBIO coraacosanusa va CBY tymmeasnoro ne-
pexona c uaMepureabHoli uensw. B mae 1965 r. Kupep:
cooOmua B )ypHade Physical Review Letters o YaCTHIHLIX
yCnexax B 5TOM HANPAaBAEHHH,

«..Mue ynanoch neTeKTHPOBATE S51€KTPOMArHATHOE N3~
Jyuenne [nepexoia), HCNMOMB3YA B BoicuIell CTENCHH fie-
OOLIYHBIH aHANH3aTOP CHEKTPA. [Anu] Hdaitem n [P. JIETS |
Maptun [n3 naopatopun pupmbl «Bean Tesedon»] noka-
3ali, 4YTO "KOrAa Ha OOBYHHIE TYHHeIbHEN nepexox,
COCTOSIUHA H3 JABYX OAHHAKOBHIX CBepPXIPOBOMHHKOB,
Aeiicteyer CBY-nose, To mnpn mampasmennsx, PaBHLIX
(1/e) - (2A=+nhv), rae v— gacTora CBY-usayvenna, 2A —
SHEpPréTHvecKas welb CBePXNPOBOAHHKOB !, BO3NKKAIOT CTYy-
neHbKi Toka. Taxum o6pasom, ceepxnpoeoasumis TYHHE/ b=
HBIX [I€PEX0N B JICHCTBHTEALHOCTH ABJSETCA aHATH3aTOpPOM
CHEKTPa ¢ MaJuM pa3pellenHen.

PaccMoTpum Temeps skcnepumentansnoe ycrpoficTeo,
NOKasanHoe CXemaThmieckn Ha puc. [14.10]. Buauane na
CTCKIIHAYIO TOMJIOXKKY Hafblisiachk mJedka Sn (ma puc.
ofo3nauena uuppoit /). Aty niaenky #a Houb OCTaBJAJIH
Ha BO3AyXe B Ja0OpPaTOpPHH, ¢ TeM YToObl Ha Hell ofpaao-
BA/ICA TOJCTBIE €10/ OKHCH. 3atem mosepx NepBoit naeiKk
HanblIAMACh Takasi ke BTopasa (2), Tak uTo B naaHe oHH
oGpasoeann 6yksy T. Bropas maenka Taxke OKHCJAANACH
Ha Bo3ayxe B TeueHHe 5—30 MuH, uToOm oGpasoBacs
Toukmnit caoft oxucn, M makomen, mosepx NepBLIX ABYX
ICHOK HANLLIANACh TpeThsi (3). Ilienkn I n 2 paspeaenw
AIOCTATOUHO TOJICTHIM CNOEM OKHCH, YTOOBl 3HAUHTEIBHO,
€CTH He MOJHOCTLIO, NoAaBuTh shderrni Ixosedeona. dra

ABE INEHKH COCTaBAAWT neTekTop. Ilnenxkn 2 u 3 pazne-

JICHBl TOHKHM CIOEM OKHCH, H 3/1ech NposiBasioTca 3¢ derThl
Ixosedcona. Atn npe miaenku aeiicteyioT kak CBY-rene-

! Nan Gapoepa Memay MBYMs pasnmaimMu CBEPXMPOBOIHHKAMHE Ha-
Npskenns, cornacko Jalemy w Mapruuy, pasuum (1/e) (g, - &g =+ nhv),,
THe & —NOOBHHA IWHPHHE nienn. MexaHusM sBAeHis COCTOMT B TOM,..
UT0 SAEKTPOH, HAXOMAWKACA B HOPMANLHOM COCTOSHHN HIMNKE MENH W fe .
HMEIOUIHI BOIMOKHOCTH TYHHENHDOBATH, MOMET HIMENHTB CBOIO 3HEP=
FHIO HA BEIHUHHY, HOCTATOUHYIO AAA TYHHEAHPOBAHHR, NOFAOTHB HAH
HCIVCTHE 7t (hoTOHOR,

alo

patop. Memxay nienxamu 3 n | HMeeTca TakkKe «TOMHLIA»
1epexoj;, HO €ro NOBEPXHOCTh MOXeT GHiThb cilenana ocTa-
TOUHO MaJofl, YToOL OH He CKa3blBAJCA 3aMeTHLIM obpasom
IpH HM3MEPEHHAX Ha MOCTOAHHOM TOKe. IDTo NepekphTHE
naeHok 8 B [ HeoOXOAHMO, 4TOOL MOJAYYHTh CHJABHYIO CBA3b

Conl  owucy,
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Puc. 14.10. Cxemarnueckoe wnsofpamenie TYHHENBHON CTPYKTYpH,
uenonssosantoll JKusepom npu nabaiopennn HecrauuoHapuoro sddexra
#xozedcora.

Bee maenkd n3 onosa [Phys. Rev. Leltf., 14 (1965, crp. 905, pue. 1]

MeMAy JABYMA pe3oHaTOpami, 0GPA30BAHHEIME CJAOAMH
OKHCH Mexay naeakamu /—2 n 2—3.

Hpﬂ HaNPA#eHHn Vza, NPHAOKEHHOM MeXAY ITeHKaMn
2 u 3, posunkaer CBY-nanyuenne ¢ uyactoroii fiv = 2eVs.
Torma npn H3MEpPEeHHH BOJALT-AMNEPHOH XapaKTepHCTHKH
nepexoja MemAy IJIeHKaMH 2 W [ noayuaiorcd CTYNeHbKH
ToKa npH HanpaxeHuax Vi = (1/e)-:(2A & nhv) =
='(1/e) (2A == n2eVss)... Ha puc. [14.11] npeacrasieua
BOJIbT-aMIEPHAR XapaKTepPHCTHKAa JMAJs OAHOro H3 JAy4yLIHX
0GpasnoB, 34eck MOMXKHO Pa3jH4HTh CTYHNEHbKH BILIOTH /0

n=3.
a1l




ITOT 3KCTEPHMEHT MNOATBEPM(AAET CYUIECTBOBAHHE HEL
craunonaproro sthderra xosedbcona. Momuoers CB
H3/Y4eHHA [epexola OKa3bBaeTcd [AOBOJBHO SaMeTHOM.
B HACTOAIIEE BpeMa Nepexon MOM{EeT [naBaTb MOIIHOC 4
nopaaka 10~" Br, n 3To He CKasHBaeTcs CKOJbKO-HHOYHAB
3aMmerto Ha ero pabores,

1A

40 f o FrEA

OF -

45

b

Pue. 1411, Boasr-aMnepasie XapakTepHCTHRKH ASTEKTHNYIOUIETO TYHHEAb=

Boro nepexona B akcnepumente JuBepa ana cayuaes, KOrga HanpaKes=

HHe HA reHepupylomeM nepexoae npunoxkeno (f) m KOraa oHO OTCYTCT=
syer (2) [Phys. Rev. Lelt., 14 (1965), crp. 905, pue. 2]

Eme pausuie, B mapre 1965 r., npamoe n0KaszaTeNbCTBO |
CYlLIeCTBOBaHHS HecrauHoHapHoro sdderrta xosedcona
G6uao mosyueno coperckaMu ydyenumu M. K. flnconom,
B. M. Ceucrynosuim u U. M. JImurpeHro ns Pu3nKo-Tex-
HHYecKoro HHcTHTyra H3knx Temneparyp AH YCCP, o wem
onn coobuwuan B «[Tucemax B JKOTD». Onn fetextTHpoBasd
CBU-usnyueune nepexona Jxoszedcona na uacrore 2eVofh
¢ momolusio ofwuEsXx mpHemankos CBY-nsayuennsd. KK,
Cranamwno n Taftnop emecre ¢ . H. JlanreaGeprom nei-
TaJHCh APHMEHHTh TAKOM e MeToh (PakTHUECKH CO Bpe-
MEHH HX YAauHOro KocBenHoro skcmepumenrta, ITocme pa-
6orer $lucona, CeucrynoBa H JIMHTpeHxo crajio ficHO, 4TO.
Heygaun JkKa H Ap. 00BLACHAAHCH HEAOCTATOMHON TYBCTBH=
TeJILHOCTbIO NpHeMHoro Yycrpoictea, Torga mnocaeanne
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CROHCTPYHPOBATH HOBYIO CXeMY M cOOGMINIIH O CBOEM ycrexe
8 ypHane Physical Review Letlers B aBrycre 1965 r. dra
¢TATHA COAEPIKHT HEKOTOPHE MHTEPECHHE SKCHEepHMEnTa/b:
ibie ToAPOOHOCTH.

«Ha puec. [14.12] nokasano B paspe3¢ OTHOCHTEJBHOE
PACHOAOKEHHEe BOJHOBOAA, TYHHENLHOrO NEPEXOAa H Mar«
HHTHOIQ HOJIA. Ocr BOJAHOBOIA HanpabJ/JcHa oo OcH Z.
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Hevirmet it }_"‘ | erenumans il i
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Puc. 14.12. Cxema YCTaHOBKH, MCNOAb30BaHHOM JlaurenGeprom, Ckana-

nuno, TofimopoM ¥ DKKoM I HENOCPEACTBEHHONO HadAoAeHHA HIEETa-

unonaphero sbdexra Hmozepcona lPhlus, Rew. Lett, 15 (1965),
crp. 294, pue. 1]

Brewfiee TOCTOSHHOE MarmnTHOe moae Hy OpHEHTHPOBAHO
B [IOCKOCTH Mepexofa MepneHAHKYIApPHO OCH 2 H CO3MAeT
POCTPAHCTBEHHYIO MOJYJALHIO NepeMeHHOro CBEpXIPOBO-
naigero Toka JlkosefcoHa no ANHHE L nepexoja
[pac. 14.12, Berankal. SToT CBepANpOBOAAIKA TOK BO3OYXK-
14eT.. BOJAHY, KOTOpas DacmpocTpaHsercs B caoe H30/1-
ToOpa BAOJL OCH Z C (hasoBoil CKOPOCTLIO C. Taxum oﬁpaaga;:,'
nepexoi AuuHofl L uMeer xapaxTepHbie HaCTOTH ©n == ne/

(n=1, 2, 3...). DBosOyxneune STHX MOL co3paer

313




CTYNEHbKH H4 BOJBT-aMNEPHBIX XapaKTepucrThkax ! MpH Has

npsKenunx cMetleHus V, = haaf2e... Hdan lepexonon,
HCIONB30BAHHBIX B 3THX SKCIEPHMEHTAX, = 0,16 cm,
£ =005 ¢ (c—ckopocTh CBeTa), Tak 4TO Moja ¢ n— 2
HMEET MecTo Ha uactore 9,2 [Tu. Beraeka ma puc. [14.12)
H300pakaeT MPOCTPAHCTBEHHOE H3IMEHEHHe 3J1eKTPHYECKOrD!
NoJst At 3T0H Moabl, BHOpanHOfi H3 Tex coobpakenn,
4T0 S/ICKTPHYECKHE MO/l HA KOHUAX Mepexoa HaXoAaTCH
B (hase u AT KOrepeHTHLI BKJ1an.

Cormacno rpy6uM ouenkam, MOHIHOCTb, H3Jyuaemas
nepexofom... Pysy &~ 5-10-12 Br,

Has wecenenosanus storo usaywenus o6pasus nome
Haid B BOJTHOBOA € KOPOTKO3aMLIKAIOUHM MOPLIHEM
[puc. 14.12], KOTOpLIl TOACTPAMBAJCH H3BHE KpHOCTATa,
Haayuenne nepexona nonagano v CynepreTepoAHHHKE npHs
EMHHK 3-CM AHANa3’oHa ..B KOTOPOM HCIO/Ib30BAJICS YCHIH-
Telb npoMexyrounolt uacrorm (IMTY) 60 MTy e L H P HHOI
nonocst 4 MI'm. Carnann ¢ Goaboi AMITHTYI0H Halm0-
AaJHCh NMPsiMo Ha ocunajorpage. [11s 9TOro 4acrora rere-
POIHHA MOAYJHPOBANACh CHHYCOHAAJNBHEIM HATIPSIKeHHEM
dactotel 100 T', koropoe ommonpemento ynpas/isio pa3-
BEPTKOH N0 ocH x ocuuanorpada. Buxoanoft curian e YCH-
sureqs [1Y4 nonasancs na ocb y oclHaI0rpada.

[Tepponayaibio uaaydedue MOUIHOCTH Haba01an0ch
TMPH 1IOAAYE HA MEPEXOA.. CMEUIEHHSA, COOTBETCTBYIOULEND
Moje n = 2. Ha puc. [14.13] nokasan noayuenusifi B STOM
Cilytiae cHriaj, MOLIHOCTL KOTOPOTO cocTapasia 10—'2 By,

Buisio ycranosaeno, uto manpskenns wa nepexofie, npu
KOTOPHIX MOABJASICTCA CHIHAJ, ONpPeRe/AloTCs COOTHOLIEHHEM

Vies 'é.';;_{vr + V), (14.3)

A Vr—4ACTOTA FETEPOAHHA, V., — NPOMENKYTOYHA Ya-
crota, pasaaa 60 MI'n... INpn namenenun wactors reTepo-
AHHA HaNpsMeHHe CMEIeHHA HeOOXOAHMO GHLIO yCTaHaBe
JIHBATL corviacHo cootHomenkio [(14.3)]; npr atom oGHa-
PYHBAJIOCh BA CHIHA/IA, OTIHYAIOLHXCA 1O HANDSKEHHIO
Ha BeTHUHHY, COOTBETCTBYIOWLYIO Pa3HOCTH YACTOT OKOJOQ

! Hmenno sti crynemskn GLLH HMCMOAB3OBAHb pasee Kysom u Pa-

CKE B KAUECTBE KOCBEHHOrO MOKA3aTEALCTBA CYIIECTBOBAHHA HECTALHO-
HapHOrO sthexta,
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120 MT. Oto o6CTOATENbCTBO YOEAHTENBHO cnﬁﬂe'rﬁg?(;
CTBOBAJIO O TOM, 4TO HaGJIOfaeMOe H3JyyeHne 06yCa0B
PRpeXooM», 4 B
“LPEB OriCTOHLuee BpEMs y¥Ke HET COMHEHHH B cnpaBeIll;!aHH
poctd naei Jlxosehcona. dtor a(phexT OhlA HCHOIDIO

Pue. 14.13. Curnan, nabnoaasmiica JlaurenGeprom, Cxanamguoiu’i':f.r::;
n:itu. # Sxxom npn H3yuemns nepexoza Jlxosepcona, HIAYHEo
e ® gactore 9,2 ITn.

25 M. LIk NMeeT MecTo, Koria
¢ sul npuianauTeasno 25 M &l '
TMonnan ml:;;g:aq:\.c;t::;m;ap::,m pagnoc‘rn qaCToT r&mpoj"m:H"nRa-‘llfnqc?rrg-{'::"?&e:{ﬁﬁa’
1 3 € H IO LA i i ! yiedginion ualsy
_ oy MPONYCKAHWA YOHAHT 4 i
"”“‘I'Eﬁﬁu"nggﬁmamﬂffmm‘ |Phys, Rev. Leit., 15 (1965), cTp. 295, p I

5 pelieHHst pAna npoGJaeM, KOraa KOHCTPYKIHIO ne[:ﬁ-
XOJ0B yAal10ch LOCTaTOYHO YCOBEPIIEHCTBOBATE. IIsa mj i
IOJKeHNs TAKHX NepexojloB 0COGEHHO BaKHbI H nH'reg:cEm
il MOSTOMY BIIOJIHE 3acC/y}KHBAOT TOro, yToOH HX X0
(pATKO paccMoTpeThb. _
o B Il)(aﬂmtlopmiﬁcmm TeXHOJOTHIeCKOM HHCTJiTy:JE;
Nakefime Mepcepo B TeH€HHE HEKOTOPOTO B]JEIMIIIE:!HHHK l:?ycqm
f OOJBIINE PACCTOAHHS] -
430BYI0 KOMepeHTHOCTh Ha :
F?amn;a}é c nedl sthdextn, BmecTe co CTY,.‘]EHTDM-‘J[HHJID:II.:‘{;
KOM Jlopnrom Ban Xajjaom oH celad HeyAauHyio NOMBITKY
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HIMEDHTL KBAHTOBAHHE MACHHTHOrO noroxa !, B 1962 r, Mep:
Cepo nosnakoMuics ¢ paboroi Hxoszedcona n nousy g
STOT ekt MOKHO Hemoab3EBATE A1 H3MepeHus c'p:a k
BOJHOBOM (ynkumn. K SToMy BpemeHn Mepcepo nepem
B Jabopatopuio Popja, TIe B CKOPOM BpeMeHH foj e .
%:DBO}ICTBOM CTanu paboTath TPH COTPYIHHKA: Poﬁep :
mq;{;l'l:BHK, Haon JIsm6 u A, X. Cnabsep. Onn cocpezos
©BO€ BuHMaHHe Ha 9(deKTax, BOIEHKAIOWAX DK
NApa/lNeALHOM COeAHHEHHH ABYX nepexonos. Ileppmi
AYdeHHLI HME pesyanTat, o KOTOPOM cooflianoch B Kyp-
Hane Physical Review Letters tdespane 1964 r Hai
Aujicas B mpsiMoli amagorup o sppexTom un’mtrecz'c'r:;ﬁ AH=
dpaxmnn, Habamonaemoll Ha ABYX mensx: oGHapy:KuBasach
ﬁgEDJIHHTEJIBHaH NEPHOANYHOCTD, CBASAHHAN B ONTHKe o
HUHEM ABYX wedaefi, a B PaccMarpuBaemMoM cayuae —
ONpene/sieMas MarHHTHEIM NOTOKOM MEXAY MepexonamH,
Caenyoumii PE3YILTAT, onybAHKOBAHAHA Mecamey no3sKe
B TOM me kypHane, Godee HHTEpPECeH: OLII0 YCTaHOBJEHO
BIHANHE BOSNElCTBHA BeRTOpHOrO NOTeHUMANd B Takuy
CIYHanX, KOria MarHHTHOE Moje B cammx nepexonax or-
CyrcTBoBano. O6Ga skcnmepumenrta Gy onucaHu GoJee
T0ApOGHO B cTathe B mypmate The Physical Review B no-
AaGpe 1965 r,, KOTOpPYI0 MBI H UHTHPYeM HuKe, -
rong[:T:: ;;:?!;iae'rc:ﬂ C BHIBOAA BHIPAXKEHHS AN NOJHOMO |
_ ocCT
i o H TOKAa, KaK B YPaBHEHHH (14.1)] uepes

:|'|(IJjr
sinT
«f=], nﬂ';u +sin 8 (0),

Dy

rie @; ,,. MarouTHLE NOTOK Yepes 3 ;

Waib ceveHust nepexosa, M= .’ffze zd) ‘gjx-ﬂrl?—l;) lI{‘:'-:: -I::J;r%-
Iy = joo [jo sKBHBaMEHTHO /1 B ypasuennn (14.1), ¢ — nuo-
Wans nepexonal. Pasuocrs ¢as 6(0) onpe,ue.nma"rcn yeIo-
BUAMH sKCTepumenta». lajgee B cratpe paccMaTpHuBagcs
CIyuail ABYX Nepexoj0B, BK/OYCHHLX napamnensno, «Iloa-
HBI TOK B 5TOM cJayyae paBen ' 4

I=1Isind, + I sind, '

—_—

1
nouex:?n-:lﬂgg:ﬂ;,mm :g'rnennblx NPHIUR UX Weymayw G colnasomyme
Nepenalomue yerpoiieTa
Réaexo o1 EECTHTYTS, Ha rae Bwlcon.} P , PacnojiodeHHLe ne-

816

rae 8, n 8; — pasnoctw dhas na nepexonax... a nndpaxinon-
Huie 9GQeKTs CKPLITE B Ko ot T <

Eenn nepexoaw I w2 coeiHHeHb CBepXNPOBOIHHEOM,
1o §; B Oz HE NPOH3BOJILHELL, @ CBA3AHLI Mexny coboi. .,
ceqd (pasoBads KOrepeHTHOETh cymlecTsyer... Maxcumans-
Ll CBePXNPOBOARUIME TOK uepes napy nepexoios («ui-
TepdepoMerp») pased

. ad
sin
Oy A nane
!nax e 2"({1 ﬂq:'_; cos &, =
LU

[Momuit moTok @poss 9€pPe3 KOHTYP CRAALLIBACTCH K3
BHElIHero MarauTHOro NOTOKA Dupew W NOTOKA HHAYKUHH,
CO3/laBaeMoro caMiMH TOKaMH B KoHType.. [Bo muorux
cayyasx pocneanndi sqgext] odens MaJ, W TOrga MOXKHO
CUYHTATE NOJHBIH OOTORK Muonn PAaBHBEIM Manew».

C noaoGuuIMi yeTpoficTBaM# OLIIO NPOBEAEHO TPH THNA
SKCHEPHMEHTOB, 3jech MBl PACCMOTPHM TOJLKO BTOpOM.

«BTDPD]TI 3KCUEPI1MEI—1T COCTOHT B HCONOJBL30OBaHHH HHTED-
(hepomeTpa JJs H3IMEPeHMS MarHHTHOTO NMOTOKAa B OTCYT-
CTBHE MarHaTHOro noJjs Ha mnepexogax. B 1949 r. [B. E]
Openbepr u [P. E.] Cuns nokazanu, uto warepdepeditionnan
KapTHHa, HabmoaaeMan B SJEKTPOHHBIH MHKPOCKOIN, A0IK-
Ha 3aBHCETh OT MAaTHHTHOIQ IIOTOK&, MPOHHSBIBAIOLIETD Bech
KOHTYP, oOpasyembifi NPOXOSILIHM [YYKOM SJCKTPOHOB,
Jlajke ecllH Ha TPAaeKTOPHH camMuX JeKTPOHOB HeT MarHHT-
HOTO TNOJ4A... l_loaﬂnee 2T0 05CTOHT8.T[bCTBU HCCAeNoBaJaIH
[M] Aaponos u [JI.] Bowm, koTtopwe.. ycTaHoBHIH, uTo
naHHul sddeKkT mo TMpHpoAe He FABASETCH KAACCHUYCCKHM
i BO3HMK3ET... JIUIL B TOM CJyuae, Koraa soaHosas dynk-
LKA OTBEHAET [onpeaeseHHLIM MATEMaTHYECKHM YCIOBHAM],
BuiBons AaponoBa u Bowa noJoXuiaH Hauano AHCKYCCHH
0 (PH3IHYECKOM CMEIC/Ie BEKTOpHOro morenuuana A...

Buino ormeueno, uTOo anajJormuyHas CHTYAaUHs HMeer
MeCTO - JLI MHOrOCBSI3AHHLIX CBePXNPOBOAHHKOB H 4To
MaKPOCKONHUECKoe KBAaHTOBAHHE IOTOKA CHAVIKHT JAPYTHM
NPHMEpPOM 3aBHCHMOCTH MNOBEAEHHAR 3aPAKEHHOH YaCTHULI
OT MarHHTHOTO NOTOKA3, KOTAd OHA HENOCPe]CTBEHHO He mne-
pecexkaeT mose. B CBA3W ¢ STHM, €CJAH ChOpaBelfHBH C00G-
paX<eHHs OTHOCHTENLHO KOTePEHTHOCTH B CBEPXMPOBOAALLEM
KOHTYPE, J0MKHO OhiTh BO3MOMKHBLIM OCYUIECTBHTL CO CBEPX-
NpOBOAAULMM «HHTep(epoMeTpOM» € JABYMs [epexojamu
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SKCNEPHMEHTH!, DLIMOJHEHHBIE panee MJs a.r:empmm
nyukos. BMecTo OJHOPOAHOrO MATHMTHOrO NOAS M MO
nojib3yeM MJIHHHBIA TOHKHI COJEeHOHI, ¢ TeM 4To6H Bec
MArHUTHBIA MOTOK ObLI 3aK/1I0YEH BHYTPH KATYIIKH H Hi
nepeceKkas CBepXNpoBoAsIHA KOHTYp. B stom cayuae, Tag
KaK 1ofie COCPElOTOYEHO B COJEHOMAE, B CAMHX CBEpPXIIPO:
BOJAUHX Tepexojlax He MPOHCXOANT HHKAKOrO0 H3MeHEeHHS
noroka.. Oxunaemsii adbdert npeacrasaser coboit MOy
JIHPOBAHHYI0 HHTepepeHIHOHHYI0 KapTHay Oe3 sddexrtor
oudpakuHH, CO3AABACMYI0 HENOCPEACTBEHHO CTATHUCCKHNM
BEKTOPHBIM HNOTEHIHAJIOM...

OKCepHMeHTaNbHAs MeTOAHKA, HCNONb30BAHHAA TIPH
CO3JIaHHH TYHHEJLHBIX MePex0on0oB OJOBO— OKHCh OJI0Ba
OJI0OBO HECKOJBKO OTJAHYAJOCh OT NPEABAYLIHX METo10B,
Huxuufi cioft onoBa manwianca B Bakyyme 10-% mum pr. cr.
Ha OXJAXK/ICHHBIE OUHIIEHHHE MNOAJOKKH H3 TLUIABJICHOTO
KBapua, MOBEPXHOCTh KOTOPOTO MOJHPOBAIACE OOBIYHLIMH
mertogamu... Ilocae HanblleHHs HUMKHEro cof TOANOKKH
OTOTPeBa/iiCh B BaKyyMe [0 KOMHATHOH TEMIEpATypHl, a.
8aTeM BHIHHMAJIHCh H3 BaKyyYMHOH YCTAHOBKH A/ AafbHeil-
ureit o6paGorkn. IMosyuennas nieHkKa NOKPHBAnach CIOeM
naacTHka dgopmeap! takum oGpa3oM, YTOOH OrpaHHYHTE.
NOBEPXHOCTH GYIYUIHX MEpPexo/oB H CO3/1aTh TOJICTHIL CJIOH
BHYTPH CBepPXNpoBoAAlLLEro KoHTypa... [locie BuicymmBanus
njieHKH GopMBapa B TedeHHe HECKOJIbKHX YacoB HA OTKPHI-
THIC NOBEPXHOCTH MNEpexo/oB HAHOCHJACA CJOH OKHCH: TiO-
BEDXHOCTH 0DAYyBaJHCh CYXHM KHCJIOpoAoM M3 0aljioHa B
rtedeque 1 u npu trempeparype 110°C, 3atem noBepx Bcero
9TOro B BaKyyMme [pPH KOMHATHOH TeMiepaType Hamnblis/1ach
BTOpan MJIeHKa...

BEIIH H3rOTOBJAEHB MHHHATIODHLIE CONEHOWALI, HAMO-
TaHHHEE TOHKON H30JHPOBaHHON MeAHON NpOBOJOKOH Ha
cepevHHK H3 OGepuaanepofi GpoH3bl, MO KOTOPOMY TOK
orsoau/ca obpartHo. [lpuMeHsJHCH COMEGHOMAB ABYX pas-
MepoB: OJHH, AHAMETPOM (BKJIO4AA HIOJHDPYIOLLHH CJI0i)
0,15 mm, ObiT HAMOTAH NPOBOJOKOH ToauHHOA 25,4 MKM
Ha CepleYHHK [OuaMeTpoM 76 MKM; BTOpOil, JHAMETPOM
0,056 MM, Goi1 HaMoTaH mpoBoJokol Todamuvok 127 mrwM
Ha cepaeunuk anamerpom 254 mrMm.. CoJleHOHAB BBOJH-
JHCh B H3OJHDPYIOUHIT NJACTAK TOMIIHHON He MeHee 5 MKM,
33KJIOUEHHBIH BHYTPH CBEPXNPOBOASNIEr0 KOHTYPAa HHTEP-

! IlaacThk, pacTBOPeHHHIN B JETyyeM pacTBOPHTENE, HaMasHBaICH
TOHKOM KHCTOYKOI.
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dhepoMeTpa ¥ OTAeAsBHIHE HX OT CBEPXNPOBOAAIIHX TlIE-
ok, BepXxHue NJIEHKH 0J0BA HANBLIANHCD NOBEPX MIACTHKA
oOLIYHBM cnocobom». Ha puc. 14.14 onucanHoe YCTPOUCTBO
npeiacTaBJeHo B paspese. 2

«..¥ianocs M3roTOBHTH UYeTHpe YCTpOHCTBA, MJsi KOTO-
puiX  HaGMi0ZaNoch NEepHOAHUECKOe H3MEHEHHe TOoKa TpH
H3MEeHeHHWH MAarHHTHOIO TOTOKa Yepes CONIeHOH . Ha

!

T

pmfj’a’m‘f T af
D A P VO R TP VYA PR ™

Pue. 14.14. ,Ilonepeance ceuenne napu nepexonos Jlxosepcona, nan-
JAeHHBIX HA KBApienyio Nomiokky (d).

5 B). Tepe
Fouunit cacl oxicik (¢) pastenmer romkne (-~ 1000 AV maenxn onoma (a u
xooul § B 2 coeAHHEHN ngpnn.m.'n.ua CHEPXNPOBOARUIHMI TONKNUMHA MACHKAMI O K b,
oxBATHBNIOUINME  conenony (A, 3aanTufl hopuaapom (g). Hamepsercs TOK MWLy
naenxams @ n b* [Phys. Rev. Leit,, 12 (1964), ¢Tp. 274, puc. 1L

puc. [14.15] npeacTasaens Jyuwne o0pasiusl KPHBHIX, MO-
JYUEHHBX A CAyuas MOAYJAUHH, OOYCJAOBJEHHOH HOTO-
koM BryTpH camoit Katymkn @ (A) u (B ToM XKe maciirabe
10 OCH OPAHHAT) IS CIyuast MOAYJAsIHH, 0GYCIOBJICHHOH
NPHAOKEHHHIM BHEUIHHM MarHHTHHM NOJEM, CO3AAIOUIHM
notok @(B). Kax u oKuzanoch, B NepBOM Caydae An(ppak-
unoHHbie 3¢ perTsl OTCYyTCTBYIOT.., [ nepexona ¢ KaTyl-
KOl MepHOAHMHOCTh H3MeHeHns Toka [lkosecona npu us-
MeHeHHH TOKAa B oOMOTKe KaTywkn coctasiser 16,9 mxA/
/mepHoA, uTO COOTBETCTBYeT NEPHOAHUYHOCTH MO IOJIO
1,2 mlc/nepuoa. 3Has mnocTOAHHYI0 KaTYWIKH, NOaydaeM
Beanunny KBaHta mnoroka (2,1 =+£0,1)- 107 e emd..
[TpeAnpHHHMAJAKCE NONLITKH ONpEeJe/HTh, KaKas 4acTb Mo-
ToKa paccensaercs (ecii 3TO MPOHCXOAHT) BHE KaTYlIEK...
[Oka3sasiock, 4TO] AOCTATOUHO HIMEHEHHA 1O caMoe 60k
wee na 0,01%, urolGsl cKOMNEHCHPOBATL H3IMEHEHHE HadJ10-
JAAeMOil KapTHHBL, KOTOPOE NPOH3BOJAHT NapasuTHEIH IOTOK».

PeayabTaThl ONHCAHHOTO 3KCNEPHMEHTA, Kak H pesyJb-
TaTh  ABYX JIPYrHX SKCINEPHMEHTOB TeX IKE€ aBTOpOB,
ABHANCH APKORl JeMoHCTpauuei (a3oBoi, KOTePeHTHOCTH B

319




MAaKpOCKONHYECKHX 06beMax ceepxmpoBonuukos. Kpome
TOTO, ITH Pe3ynbLTATHl NOATBEPAHAH ocofoe 3HaueHHe BEKS
TOPHOTO TOTEHIHAMA JJIsi KBAHTOBLIX ABJSHHI.

[Tocre ycnmemmoro omeiTa 1O AETEKTHPOBAHHIO HIMYHE
BEf mepexofa [lxosedcona Taitop u JlanrenGepr ua Ileis

CHJILBAHCKOTO YHHBEPCHTETAa MOPHCTYNH/AH K H3YUEHHIO
:
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Pae. 14.15, Dxenepumentansuas saBHCHMOCTE TOKA [yayxe OT MArHHTHOTQ
NOTOKA MJA Naph NMepexonos.

Bujiia MoJy/iuus TOKA, O0YCAORIRHNAR BHEIIINM MATHHTHHM TOAeM [epeean @ (B)
H BEKTOPHEM DOTEHUNANOM B OTCYTCTEHE BHEWHErO MArHNTHOrO noad [Kpusaa O (A)
[Phys. Rew., 140 (1965), crp. ALG36, puc. 9).

BONPOCA O BO3MCIKHOCTAX MNPHMEHEHHS 3TOT0 BHAA H3JIVYe- |
uufd, Oun yGenuauch, uto spdext [Dxosedcona Momxer
CAYHCHTb HAeaJbHBIM METONOM H3aMeDEeHHA OTHolleHus eff
ABYX MHPOBHIX KOHCT@HT: BCE, YTO /LI 3TOTO HeolXoAnMo, —
3TO H3MEpHThL HanpsmeHHe Ha mepexone ® uactotry CBU-
uaayyenua. Tsfiop HaCcTONBKO 3aHHTEPECOBAJCA AaHHON
paloToil, uTo OTAOKWJA Ha rod CBOH mepexol B JabopaTo-
puio ¢upMel «Pagno xopnopeiimn od Awmepuxkas. K nx
paGote c JlanrendeproM NMOAKMOUKICH OHIVIOMHUK YHILAM
X. Ilapkep. Ilpeapaputenbnbiii sxcnepument Obll npoBe-
AEH CO CAeAYIMHME NPHEopaMH: HEHACHILEHHBIM HOPMA/lb-
HBIM 3JIEMEHTOM, NMPEUH3HOHHBIM NOTEHUHOMETDPOM H IaJb-
BaHOMETPOM ¢ (ortoycuanreneMm. MenonbaoBanuce TpH
MeTofa HW3MEpPCHHIl: HeNOCPelICTBEHHOE [AETeKTHPOBaHHE
H3JYy4YeHHs M3 1#03e(COHOBCKOro Mepexoia, CMellleHHoro
N0 HanpAXKEHHID; HIMEPEHHE NOCTOAHHOIO HANpAXKEeHHAH,
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iuayuupoeannoro CBY-usnyyenneM Ha  HecMelleHHOM
fnepexofie; H3MepeHHe HalpsMeHHH, 1P KOTOPLIX HA BOJIBT-
aMIepHO# XapaKTepPHCTHKE BOSHHKAIOT CTYNeHbLKH, HHAYIH-
posanHbie CBY-usnyuennem.

PesyabTaTh 3TOro 3SKCOEPHMEHTa, onyOJHKOBaHHHE B
wypnane The Physical Review B oxraGpe 1966 r., Oblau
JA0CTATOYHO MHOroo6enialonuMu, 4To CTHMYJAHPOBAJIO Aajib-
neflue cepbesnsie YCHIAHS, HANpaBleHHbIe HA NpOBeAEHHE
pelH3HOHHLIX HaMepeHuii. M3 Tpex MeTol0B HccleloBaTe-
Ay BHIOpadK MOCHAeAHHI Kak HamboJee TOYHHA. Dul1 npH-
oOpereH HaGOp HACHINIEHHBIX HOPMaJbHLIX 3JIEMEHTOB H I1PO-
pejeda ux kanunGposka B HauuonadbHoM ClOpo cTaHLapToB
(HBC). Ts#aop nosiaHee BCOOMHHAJ [0E3KH Ha aBTOMO-
Ouae MexAY H3TOTOBHTEJNEM, HaxoasuuMmcs Ha Poa-AdijieH-
ne, # HBC, pacnosoxkennbiM B Bawunrrone, ¢ «TepMocTa-
roM (B KOTOPOM OBIIH 3aKJIOYeHE HOPMalbHEIe 3/eMEHTH) ».
On pacckaspiBad: <Ml ¢ Buasom [[Tapkepom] HepBrHuaH
H3-32 TOJYKOB HA Jopore H NPOTHO30B MOTOAH, T4K KaK,
ecai Owl TeMnepatypa mogHAaachk Ao 33 °C, sneMeHTHl OKa-
saqHch Om B onacHoct». Jlpyroi npo0Oaemolt Obiio
H3MepeHHe HampsKeHHs MOPAAKA HECKOJIbKHX MHJIHBOJIBT
¢ TOYHOCTHIO 0 HAHOBOJABT C OTHOCHTENBHOH owHOKoHA 1072,
Koucyabranus ¢ corpyanuikamp HBC no stomy sompocy
okasanack Gecnosesnodt, no Tsfimopy nonanoch oOBABIEHHEE
oAHOM MaJdeHbKOl KomnaHuH, KoTopas paspafaTeiBana
noaxoasuiui npubGop. tor npubop H HCNOJLIOBAJH.

PesyabTaThl HcclejoBaHuii ObUIH NMPEACTAB/IEHB B XKYP-
nane Physical Review Letters B despane 1967 1. u nou-
HOCTBIO NOAPOOHO H3TOMKeHH B KypHaite The Physical Re-
view B auBape 1969 r. DKcrepHMEHT CTaBHJCH C LEJIbIO
HafiTH OTBET Ha jlBa Bompoca: «Bo-lepBLIX, MOMKET JH OTHO-
lIeHHE YacTOTH K HANPAMKEHHIO ObITbh H3MEpPeHO C TaKoi
TOYHOCTHIO, UTOGK TOJAYYEHHOE H3 Hero 3HaueHue e/h Moriao
[I0 TOYHOCTH KOHKYPHPOBATL C COOTBETCTBYIOUIHMH BeJH-
guEaMH, HafiJeHHBIMH JApyrHMH MeTogamu? Bo-BTOpHIX,
MOMKHO JH OTHOILEHHE HacTOTH K HATPAXKEHHI0 HACHTH(H-
LHPOBATh C BEJNHYHHOMH 9efh?.. OTBeT HA mepBLIl BOIpOC
32BHCEJ] OT BO3MOJKHOCTH BHISICHHThH 3KClEPHMEHTaJNbHBIM
MyTeM, He BOSHHKAICT JM MpPH HECTallHOHADHOM s pekTe
Ixosedcona sisienns, KoTopbie MOIJH Gbl NpensiTCTBOBATH
ero MPaKTHYECKOMY HCMOJNBE30BAHHIO, 8 TAKMKeE OT TOTO, MOTYT
JH 4acToTa W HanpsikeHHe OHITb W3MepeHHHIMH ¢ TpeGye-
Mofi ToumocThio. BTopoil Bompoc MOXHO 06CYXKAaTh Kak

1, 11 3ax. 1011 a2l




C TOWUKH 3peHHA TeOpHH, TAK H SKCHEPHMEHTAa, HO OKOoHUAL
TeNbHLIA OTBET Ha Hero AoJixeH OCHOBBLIBATLCH HA FECNepHs.

MEHTaJNBHBIX NoKasaTeascTBax. [TocKoibky He cyliecTBy@
TEOPETHUECKHX BO3pa:KeHMH, TO OTHOUIEHHE YacTOTH K Hils
npsaxennio B sderre [xkozedcona B mactosimee sBpemy

&

Pue. 14.16. Cxema skenepHMeHTAJIBHOTO YCTPORCTBA C TOYEYHHIM KOH=
TaKTOM [AJfA H3MepeHHs eff.

Crenyer ofpaTthTh BHHMAHHE HA OpHcmocofJeHHe OAA PeryiHPOBAHHA ZaBJeHHR
B KOHTAKTE.
I—CBY-apoccent; 2—BOABPATHAN NPYIKUHA; J— MeaHbe nposoaa; 4— kpyTaasHbl
nojasec; §— NPHBOANOA PLIYAr; & — BHHT ¢ Meakofl peanboll; 7— och, HAYILAR HA KANKY
Aepapa; & —Boanosol cevennen 22,510 mm®; 9— oTmepoTHe AaA cBAad; [0 —canona)
1 —mafGa; 12—wsennse npopoga; Id—rafika; I4—CcBePINPORQAAIIAR NAACTHHKA,
15 —coepxnposoannl crepsens [Phys. Rev., 177 (1969), cTp. 646, puc. 4].

MOZKHO CYHTATh C TOUKH 3PEHHS TeOPHH HaflleHHEM BepHo.
Mut nostaraem, 4ro GoJiee NPOUHBLIM OGOCHOBAHHEM Tpe/Ja-
raemoro crnocofa onpeieleHHs effi MOMET CAYHKHTb IKCHe-
pHMEHTaJbHAN [POBEPKA HE3ABHCHMOCTH OTHOMIEHHS 4a-
CTOTHI K HaNPAKEHHIO B CaMbIX PasHooOGpasHbIX SKCMepH-
MeHTaALHEX cHTyaunax. Takas HesaBHCHMOCTB, OyayuH
I'IP(},L'LGMUHCTPHPOBaHﬂ Ha JOCTATOYHOM YPOBHE TOYHOCTH, AB-
JS€TCS CepPbe3HbIM JONOMHHTENbHLIM aPIYMEHTOM B MOJAb3Y
TOrO, TO H3MepAeMoe OTHOWeHHe pPaBHO (¢ AaHHOR TOY-
HOCTbIO) Kakofi-THG0 dynsaMenTaanHol (H3HUECKOH NOCTO-
aunoH. [Tocne sToro, nenoab3ys TeopeTHueCKHe Pe3yJAbTATH
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n npuaupn Pefisopal!, caeayer OTOMAGCTBHTH 3TY (yHAa-
MEHTaNBHYIO BEJAHYHHY ¢ oTHOomenHeM 2e/h».

OrpannyerHoctt ofbeMa Hallledl KHHTH He TMO3BOJIAET
HAM PaccMOTpeTh AETadH sKcrnepumenta. [locTaTouHo CKa-
34Tb, YTO JKCIEPHMEHT JAJ fcHbIE HCUEPNBIBAIOULHE [0.J10-
JKHTEJLHEE 0TBeTH HAa ofa Bompoca. Beulo HCHOJb30BAaHO
MHOMeCTBO KOMOGHHAIHA HCXOAHHIX MaTepHaJoB NpH pas-
nuynex yposHAX CBY-MOIHOCTH; NOMHMO TOHKON/JIEHOYHLIX
fepexoJioB /A H3MepeHHH, HCHOJNL30BANHCH TaKiKe CTPYK-
TYPHI, HAa3HIBAEMbIE TOYEHHOIMU KOHTAKTAMU, KOTOPHE, KaK
ONMHCEIBANIOCH B NoapofHOfl cTaTbe, <«IOJYdYalaHeb MPHKA-
rMeM 3a0CTPEHHOTO KOHIA CBEPXNpOBOAsALlefi NPOBONOKH K
Apyromy csepxnpopoanuky. Takas cuctema oueHb UYBCTBH-
TedbHa K [JQ4BJEHHIO B KOHTAKTe, TAK KaK CTeMNeHb CBA3H
CBEpPXIPOBOJAHHKOB B 3TOM cJyuae oOnpele/sercs MJo-
[Laibl0 KOHTaKTa», ¥ CTPONHCTBO, HCMOMb30BAHHOE NIPH HaMe-
PEHHSIX C TOWEUHLIMH KOHTAKTAMH, MOKAa3aHO Ha pHC. 14.16.
PesyabtaTtnl BeeX H3MepeHHH, MO CYLIECTBY, COBHajald H
paBajii 3HadeHHe 2

% = 483,6976 MT'1u/Busc = 2,4+ 107

MOBTOPSAEMOCTh Pe3YJbTATOB I PasHbIX oGpasuos, mo
MHeHHAIO 4BTOPOB, «yOelHTeJbHO AOKA3LIBAJa» HeoOXOmMH-
MOCThL TIOJIOMKHTEIBHOTO OTBeTa Ha BTOpoit Bompoc. Ha stom
OCHOBAHHH ABTOPHI CMOIJIH ONPEeNIHTh BeIHYHHY

A _ 4,135707(15) - 107"® Ik - ¢/Ku,

e

ot
%

]

YTO COOTBETCTBYST 3HAYEHHAM, MOJYYEHHBIM JAPYFHMH Me-
TOLMH.

DTH u3MepeHHS M AEMOHCTPallMs BO3MOMKHOCTEH mc-
noawaoBanns appexra [lxosedpcona wmean GoJbllHe no-
caencteua. OLHO H3 HHX COCTOA/JI0 B TOM, YTO 3TOT METOX
okasancs yAOOHBIM AJisi CpaBHeHHs Mexay COGOH € BEICOKOI
CTENeHbI0 TOYHOCTH STAJOHOB HANPAKEHHA PasAH4HBIX

I duaocodeintt npaunun Okxama Peflsopa raacHt, 4To NpH 06bsc-
HeHUN sBAeHnfi He caeayer Ge3 HEOOXORHMOCTH YBETHUHBATL KOJHYECTBO
MpeAnoN0KEeHHE,

2 pnexe HBC o3nauaer, 910 oleHka OGHIa clenaHa Ha OCHOBE €XH-
HuIB BOgbTE, Xpausnieiica B HauwowanshoMm Gropo CTﬁH,ClﬂpTEIB._{ﬂDJJ}'—
yeHHAR BEJHYHHA OTHOCHTCA K EIHHHIEe BOJbLTA, HCNOAL3OBABINEHCH 0
| supapn 1969 r.; saTem, N0 HEXOTOpuWM npuynHaM, G0 BHECEHO HaMe-
ienme, B PE3YABTATE KOTOPOro MOJyyeHHas BeawtHHa OKA3adack pasHOR

483,5935 MTI'n/Bso usc.
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HallHoHaNBHLIX Jabopatoprii craHpapToB. ItoT c¢hnocol
HaBepHAKa [dONOJHAT OOBLIYHYIO TIPOUEAYPY cpaBHeHus H,
BO3MOYKHO, MO3BOJHT H30eKaTh AOPOroCTOALLEH NMEepeBO3KH
HOPMAJIbHEIX 3JEMEeHTOR B TepMmocTatax. MexayHaponuas
NanaTa Mep H BeCOB yXKe NpeANpHHANA INepBLiE INaru B
9TOM HalpaBJeHHH.

Bosee Bnewatasmiomum, oHaKo, sBasiercs Apyrof daxr.

ITH H3MepeHHs, OTHOCAIIHecs K (H3HKe TBEpLOro Teaa,
KOTOpas HMEET MEJ0 CO B3aHMOJNeHCTBHAMH MHOCHX 4a-
CTHIL, M IHEPrHAMH MNOpPSAJKa HeCKONbKO MK3B, okasaau
BIHSIHHE Ha MHOrHe ApPYrue o0GJacTH, B 4acCTHOCTH Ha -
3HKY 5JIeMEHTAPHBIX 4aCTHL BLICOKUX 3Hepruil. eso B ToMm,
YTO 3TH H3MEPeHHs AajH BO3MOMKHOCTL 3aHOBO ONpPeIeNHTh
«HAWAYYIIHEe 3HAYEHHA» OCHOBHBIX MHPOBBIX KOHCTAHT e,
h, o = é’fhe, ms u Ny (unciio Aporanpo). Bo scex mpex-
HHX BBHIYHCJEHHSX STHX BeJHYHH HCIOJB30BaJCA N0 Kpafi-
Helt Mepe OJHH napaMeTp, AAs YCTaHOBJEHHS KOTOPOro Ha
OCHOBE SKCNEPHMEHTAJbHBIX [aHHBEIX HeoOXoauMO GBHLIO
- NPHBJIEKATH HA MOMOULb KBAHTOBYIO 5JeKTPOLHHAMHKY —
TEODHIO B3AHMONEHCTBHA 3apAMKEHHBIX YACTHIL C 3J€KTPO-
MAarHHTHBIM H3JyYeHHeM; B TO e BpPeMA caMa BeJHYHHA o
HrpaeT BajX{HYI0 pOJb B 9TOH TeopHH. M3-3a Takoii uwactuuno
3aMKHYTOll B cefe CHCTEMEl apryMeHTAUHH Pe3yIbTHPYIOILee
3HaYeHHEe o MNPHBOJMJIO K HEKOTOPHIM HECOOTBETCTBHAM
B KBaHTOBOH snexktpoiunamuke. Hanpumep, B KauecTBe
HCXOMNHBIX 3KCOEPHMEHTAJBHBIX [JaHHBIX HCNOJbL30BAJACH
BeJHYHHA paCIUenieHdss B TOHKOA CTpPyKType 3SHepreruye-
CKHX ypoBHed atoma jeirepus. ITocnenyroniee poiaucaenue
CBEPXTOHKOH CTPYKTYpPH BOAOPOJAa NaBajio PE3yabLTaT, KO-
TOPHIH MOKHO GBLIO COIJIACOBATh ¢ SKCIHEPHMEHTOM, TOJLKO
MPHNHCAB «BO30YH/IEHHLIM COCTOAHMAM?» MOPOTOHA 3HAUH-
TeJbHO Bonaee cHiIbHOE BJIHAHHE, YE€M 3ITO NnpeacTapafaocCh
pasymubiM. Eciiu ke BMecTo pacuieniyiennsi TOHKOH CTPyK-
TYPLl YpOBHe# JlefiTepua B KauecTBe QyHZaMeHTAIbHON NPH-
HATL BeJAHUHHY efh, Hafinennyio H3 sddexra [ImosedcoHa,
TO pesyJibTHPYIOULAR BEJNHUHHA & NaeT CBePXTOHKYIO CTPYK-
Typ%ll BOAOpOZa, COTVIACYIOULYIOCH € SKCnepuMeHToM L,

akum obpasom, snaueHHe 3(erta [lxosedcona pe-
JHKO M pasHoo0pasHo H HET OCHOBAHHM CYMTATh, UTO BCe
BO3MOMKHOCTH ero NPHMEHEeHHs ! HCHEPNaHLI,

! 310 o3Hauaer, uTO NpH ONpeAeleHHH & H3 JaHHHX 4a8 mefite-
pus Gblia foNYIeHa OWKHOKa (MPHPOAA KOTOPOR A0 CHX NOP HE MOHATA).

Tnasa 15

CHUMMETPMS BLICLLErO NOPAAKA
ANS SNEMEHTAPHBIX YACTHL, '

o 1932 r. eaWHCTBEHHBIMH H3BECTHHIMH OOBLEKTAMH,
KOTOpbi€é MOJKHO OblJIO paccMaTpHBaTh KaK «dJeMeHTapHBIE
yaCTHIB», OB NpoToH u 3dexktpon. B 1932 r. Guau
OTKPEITHL HEfiTPOH W NO3HTPOH, H C 3TOTO MOMEHTa CIHCOK
HOBBIX YWACTHIL HAYAJd PAcTH C MPAMO-TAKH OLIEJOMJAIONEH
cxopoeteio. [oanoe uneao wactnn K 1975 r. cocrasuao (B
34BHCHMOCTH OT TOTO, MTO CHHTATL OlpeJe/leHHO YCTAaHOB-
nenHod yacThneft) no kpaiinell Mepe GoJaplue 50, a BO3MOK-
Ho, faxe npepeicuno 100. BospwuHCTBO YACTHIL, 33 HCKIIO-
qepneM (GOTOHA, 3JAEKTPOHA, NPOTOHA W HEHTPHHO ABYX TH-
nos (MHOOHHOTO H 9..-1empommro), HeCcTaOMABHO.

Takoe pasnoobpasie 00BEKTOB, NMpPeANoJaraeMblx 3Jae-
MEeHTApHBIMH, BLITAf/EN0 AO0BOJBHO MAPAJOKCaIbHO H Ha-
BOZMJIO HAa MEBECAb O BO3MOMHOM CYLULIECTBOBAHHH TECHBIX
cBf3ell MeX/y pasaHyHBIMH YacTHuamu, B noHckax sTHX
cBa3ell Heee0BATENH COCPEAOTOYM/IN CBOe BHHMaHHe rias-
HeIM 00pa3zoM Ha adposax — vacTHIAX, YYacTBYIOWIAX B
CHABHBIX B3aHUMOAEHCTBHAX, TAK KaK APYyTHe uacTHuH (Jen-
ToHH ¥ (POTOHB) ObIJIHM CAHIIKOM MAaJoYHCTEHHB, UTOOHI
0¥KHAaTh OT HHX MHOrOro.

Teopusl, KoTOpas faja NPoCTY0 KapTHHY CBA3H MEMXAY
anponamu, Obiia npeaaoskena B 1961 r. TeopeTHkom H3
Kaaudopuuiickoro Texmojornueckoro uneruryra Mioppaem
Fenn-Mannom u mesapucumo — IOpanom HeemanoM, Koro-
puifi Torna, Gyayun o(HuepoM H3paHJbCKOH apMHH, cay-
JKHJ BOEHHHM atraule B JloHaoHe H ojfHOBpeMeHHo pabo-
tax 8 UMnepuan xoanemxke. B To spems He GBUIO H3BECTHO
HHKAKHX SKCIePHMEHTaNbHEIX JaHHEIX, KOTOphie npoTH-
Bopeunsn Obl 3TOft TeopHH. OAnako B JajibHEHIIEM, C

L QauuM H3 cAefcTBHA paGoT, ONHCAHHBIX B STOM rnase, ABHIOCH
TO, WTO paccMAaTpHBaeMBle YACTHOM JHIUWIHCD HA3BAHHA <3/EMEHTap-

unex. — Hpum. ped.
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NOAB/JCHHEM HOBBLIX Pe3y/bTaTOB, HACTAad peluaiollnil MO«

MEHT 1151 NPOBEPKH TeopuH: ObLIO NPEACKA3aHo CyLIeCTBOs
B4HHE panee He HW3BECTHOM YacTHUbI, Macca KoTopodH, d
TaKiKe HeKOTOpbie Apyrie cBoiicTBa OLLIH NPHOAHZHTEALHO
paccuuTanb. JKCNePHMEHTAJAbLHLIE NOHCKH ee YBeHYa/IUCh
ycnexom B 1964 r.: sty YACTHILY oOHapyxuad Tpynna He-
caenoBarenen us BpykxellBeHCKOR HalHOHANBHOR nadopa-
TOPHE; OHH COOGUIHAH O CBOEM OTKPHITHH B HKyprane Phy-
sical Review Letters. Ouepnnnas IAOJ0TBOPHOCTL CO3M4aH-
HOH TEOPHH MNOCHYKHJIA OCHOBAHHEM mas NPHCY K ACHHA
lenn-Manny B 1969 r. HoGeaesckofi NPEMHH 110 (H3HKE,
B stoit rnaBe mbl pacckaskem, kakum o0pasoM GbL10 npeg-
CKa3aHO CYLECTBOBAHHE 3TOH YAaCTHULI H KaK OB BLINOJ-
HEH COOTBETCTBYIOLLHH 3KCTIEPHMEHT,

K npobaeme cucrematnsaiun AMEMEHTAPHBIX YACTHIL
BO3MOXKHLI NO MeHbUIeH Mepe ABa noaxona. OIHH OCHOBaH
Ha dHaJOTHH ¢ atoMHOH (husukofi. Kak nasectHo, a8 ka-
AOT0. aTOMa CyllecTByeT psid 3IHEPTeTHYECKHX COCTOAHMI,
PasTHUAOMHXCA N0 3SHEPrHH Ha BeNWYHHY NOPAAKA He-
CHKOJMIBKHX 3_.-'16I\'T]‘JOI-!—B0;"[I:-'I'. nepexoinbt ME‘}-K,,'L}“ KOTOPbLIMH BO3-
MOZHbBl MYTEM H3JYYeUHA WJIH [OIJOUIeHHA cReTa, 13 pe-
JHUHHA onpeneJiaeTcs BIIE‘PFIteﬁ SJCKTPOMATHHTHOIO B3aH-
MOJEACTBHS, KOTOPOE OTBETCTBEHHO 33 BHYTPHATOMHBIE
cBa3n. [lonoGueiM 06pasoM ans kamaoro flpa cyulecTByer
PAN BO3OYKAEHHBIX COCTOSHHH, Pa3TUYAIOLIEXCA MO 3HEp-
FAR Ha BEAHYHHY MOPANAKA HECKOJBKHX THICAY 3/1EKTPOH-
BOJIbT, KOTOpas B CBOK OuYepelb ONpefesisieTcss 3HeprHeil
B3aHMOACHCTEHA MEKAY HYKIOHAMH.

He uckawoueno, uto n nocaenosatenbeocts 3JIeMEHTA-
HBIX HaCTHL B [€ACTBHTEILHOCTH NPEACTABASAET coboil pan
BO3OYIKACHHBIX COCTOSHHA APYIHX, MHOTFO MEHBLIIHX 00D-
€KTOB H Pa3HOCTb SHEPrHH 3THX COCTOAHHM, MOPHIAKA MuJ-
JAHOHOB 3JIEKTPOH-BOJILT, onpefesaeTcs sHepruefi Baaumo-
MeHCTBHS NOKA elle He H3BeCTHOH npupoan '. dTa Touka
3pEHHS YCHICHHO NOMAIEPKHBAETCA HEKOTOPHIMH (H3HKamu
(ocoGenno Buxkropom Baiickondowm), n, xak Oviaer BHIHO
B KOHIE r1aBbl, HEKOTOPbIC (aKTH YKa3bIBAIOT Ha CyllecT-

! Tpynna cummerpun, obcyxnaeman B A&aHHOf raase, nOonycKaer
OpeAcTaBneHne HalADAAEMLIX SMEMERTAPHLIX YACTHI B BHIE CBASANHLIX
TPYNIAPOBOK THOOTETHYECKHX HACTHIL TPEX THNOB, HA3LIBAEMBIX ¢KBap-
kamuz, Ecan takoe npencrasienne COTBETCTRYET AellCTBHTRALHOCTH, TO
B3AHMONEACTRHE MEXKAY KBAPKAMH [NOMKHO OWTb MHOTO CHAbHee B3a-
HMOLEHCTRAS MEMAY HYKJAOHAML

4926

joBaHHe Tako# cTpykTypel. OpaHako B HacTosiliee BpeMd,
yrodsl 1aTh OKOHYATENBHEH OTEET HA 3TOT BONPOC, AOKa3a

I¢1LCTE ABHO HeLOCTaTOYHO. i .
[TpHHUKHOE, HA KOTOPHIX OCHOBHIBa€TCH BTOPOH MOAXOA
K AaHHOH npolieMe, TaKKe MOKHO NOACHHTL Ha NpHMEpe
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Pue. 15.1. Hekotopuie sHepreTHyeckse YPORHH aToMa HATDHA.
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Ak 1 iy % 28 ra. 7); HHAGKCH C 3 -
HET Aanuofl B NpEMedMauny Ha cTp. 128 ra. 7 ; ent-
I|I|I|‘|'|J:-e";‘?}r;'l:‘ocful;:rmeum J.p [lo oci OpAMHAT OTAOMCHE TAK HasblBaeMbie TEPMLL, 3HA

e g g
JeHHA KOTOPHEX APONOPUNOHAALHN SHEPTHH CBH3H (10* em™" coormercrayer 0,124 3B)

13 aToMHOH QHIAKH. PaccMOTpHUM HECKOIbKO HHIKHHX 3Hep-
reTHYECKHX YPOBHell artoma HaTpus, T[OKA3aHHEX H4
prc. 151, Buino, 410, 3a HCKJAWOUEHHEM COCTOAHHA, npei-
CTaB/JEHHBIX B NEPBOM CTO.NBLE, YPOBHH 3HEPTHH pacnoJo-
KeHbl NONapHO, NpHYEM Y KaXNOft napbl 3HaUEHH: L cos-
nagaior, @ snauenusa J paamnunnt, TlogoOnbie AHArpaMMbl
MOJKHO MOCTPOHTHL TaK:Ke H IS APYrHX aTOMOB, MHOTHE H3
KOTOPBLIX OOHaPYKHBAOT HE TOJABKO JAyHJeTHHe, HO E
MYJbTHIJIETHEIE COCTOAHHA. Oﬁubﬂcueame ITOMY XOIJO?.L}I
H3BECTHO: PAcLIeNJ/IeHHe YPOBHEH BLISLIBAETCA B3aHMOMeH-
cTBHeM COOCTBEHHOTO MATCHHTHOrO MOMEHTa 3JeKTpoHa ¢
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TOKOM, O0YCJOBJEHHHEIM «OPOHTANLHEIM JBIKCHHEMS S/10M
TPOHA; NPH 5TOM NPOHCXOJHT HEKOTOpOe HapylleHHe
MeTPHH, HHa4Ye roBOP#A, BOBHHKAET «NPHOJIHIHTENLHAS CH "
MeTpusi». Ecnn 6w y 3/eKTpOHA  OTCYTCTBOBAJ MaTHlITH.

MOMEHT, CBA3AHbIA C €ro COMHOM, TO 3HEPrus 3JeKTpoHa
3aBucena 6l OT OPHEHTALMH CNHHA U BMECTO MYJLTHMACH
HOM CTPYKTYPH HAGMIOAANKCh Gbl CHHIVIETHBIE COCTOSHHS
Hannune MaruuTHOTO MOMEeNTa MOHUMKAET STY CHMMeETPHIN
# MPUBOANT K 3aBHCHMOCTH SHEPTHH 3/1eKTPOHA OT OTHOCH!
TeJALHOH OpHEHTauHn BekTopos L (moausif opﬁima.nbﬂ
MOMEHT HMIyJbca) 0 8 (moaspHsiii cnun). MatemaTHueCK )
9Ta AONOJHMTEbHAA SHEPrHA BHpamaercs kak [ (f)
(LxSx+ L,Sy + L.S:); oTciona MOXHO KoJHdecTBOHHS
OLEHHTb HEKOTOPhle BEJHYHHEL, TaKHe, Kak OTHOCHTebHOS
pacnonoxenke YpPOBHEH B MYJbLTHIJeTe (3a HCKMOueHHEM
AYNJIETOB) H BEPOSITHOCTH NEPEXOA0B MEKAY MYJAbTHIIES
ramu. [IpHMEeHHTeIBHO K 3JeMeHTapHLIM YaCTHLAM cyr
J@HHOTO METOJa COCTOMT B TOM, YTOOH HalTH cpelu HHX
[JOﬂOﬁHDI‘Oup{)Ha TPYNNHPOBKH H ONHCATh HX B TaKofi MaTe-
MaTHdeckoll dopme, KOTOpas Mo3Bojnaa Ow AHANIOrHYHBIM
oﬁpagom OJYYHTL KOJHYECTBEHHBIe pesyabTatel. Mumenno
TaKoH noaxol H Henoabsosaau [ean-Mawn n Heeman.

Hx cxema Obl1a yxe He NEPBHIM NPHMEPOM YIAaUHOrQ
HCTIO/NL30BAHHA NPHHUHIOOB CHMMETPHH B TpHMEHeHHH K
snemenTapubiM yactuiuam. [leficTBHTENBHO, 3TH yueHLle B
KaKofi-To cTenmeHH oNMHpadHch HAa Hanbojee OCHOBATENLHYIO
( crapyo) H3 MpeIeCTBYIOUIHX CXeM TaKOrO poja, KO-
Topaa Gulla mpeitokena B 1936 r. Benemnkrom Kaccenom
H E. ¥. Konnonom. Kaccen u Konjon ormeuans, uro pas-
JHYHA BO Baahmmneﬁ::'rmmx MEeXIYy napamu t;e}'«:'rpmma
NPOTOHOB H HEATPOHA € NMPOTOHOM (C OMHHAKOBLIMH cnm!a:
MH — KaK yxe OBJIO M3BEeCTHO, filepHbe CHIB 3aBHCAT OT
ClMHA) MOMKHO MNOYTH TNOJHOCTHIO OOBACHHTH MEKTpHUE-:
cKkuM 3apsazom nporona. [To stoit npuunne Kaccen u Kouel
IOH mpHHAMNM npeanofoxenue, caeaarHoe B 1932 r. Bep-
HepoM [efizenGeproM, COrJacHO KOTOPOMY NPOTOH W HefT- |
pPOH MOMHO paccMaTpHBaTb NPOCTO KaK [ABa 3apAMd0BHIX
COCTOAIHHA OAHOW TAXenol wactHus. (C Tex mop sta ua-
CTHII2 NMOJYUHJIa Ha3BaHHe HYKAoH.) B takom cayuae pac-
YyeThl UHCTO filepHbIX 3ddekToB B nepeom npnﬁnnmel-mu
AOJMKHE OBITH HE3aBHCHMH OT TOTO, ABIAeTCA /IH JaHHAA
yacTylla NMPOTOHOM, HeATPOHOM WJH JHHeHHOo# KoMOGHHAaH-
eft HX 000HX, — NOCACAHHA BAPHAHT, OUEBH]HO, HEpealen ¢
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rouKH 3penns (H3HKH, HO €ro Jerko BHIPasuTh MaTeMaTi
wecki. VIHBIME CJOBaMH, TeOpHA sApa JOKHA Oblaa (351
(LITh NOYTH <HEYYBCTBHTEAbHA» K JHHelHHM npeobpasoBa-
HEAM (IPOH3BOJIbHLIM B ONpEeleJeHHBIX npegenax) ABYX
5/leMEHTOB — NMPOTOHA H HefiTpona.

MartemaTHuecKHil annapar, tpefyeMblii ags ONHCAHHA
TAKOM «HEUYBCTBHTEJLHOCTH» K 3apPALy, NOJHOCTBIO aHAJO-
rHyel anmaparty, HCNOJb30BAHHOMY MECATbIO rofaMi paHb-
yle ANA ONHCAHMA CHHHA 3JeKTpoHa. BcaefcTBHe 3TOrO
nepeMeHHas BeJqHYHHA, KOTOPas OTJHYaeT MPOTOH OT HeHT-
poHa, NoJyuYH/a Ha3BaHHE «H30TONHueCKHA chnHH», «H300a-
PHUECKHH CHHH», HJIH, MpoOlle, «H30CTHH?. Kak B ciay4ae
OOLUHOrO CNHHA MaTeMaThHueckuil opManH3M AonycKaer
1§ CIIMHA He TOJbKO 3HauéHue '/, HO H Ji00oe uejpoe HIH
noJylieioe YHCAO0, TaK H B C/ayuae H30TONHUECKOTO CMHHA
EOSMOJKHLL HE TOJABKO YaCTHIH ¢ ABYMS 3apAl0BHMH COCTO-
GHHSAMA, HO H YacTHObl ¢ JIOOHM KOJHYECTBOM €IHHHIL 34-
psfa. DTH PaCCyKAeHHs OKAa3aJACh NOAE3HLIMA MPH BHIBOJE
cieicTBHI 13 npeanosoxenna XuIekH IOkagpa (caenaHHOTo
g 1935 r.) o ToMm, UTO #AIAEPHHE B3aHMOAEHCTBHA OCylle-
CTBAAIOTCS MOCPEACTBOM H3JAYYEHHT H NOTMIOMIEHHA MESOHOB
HYKJOHAMH, HOO B COOTBETCTBHH C sToil Teopuefl Tpebo-
pafcd OAMHAKOBLIH MOAXOL K NOJOMHTEJNbHBIM, OTpHHA-
TeNbHEM M HelITpaNbHEIM Me30HaM, KOTOpbHE, TAKHM ofpa-
30M, MOXKHO GHJIO TaKKe paccMaTpHBaTh Kak DasfHTHBIE
cocrTosiuus oaxofi uacthus. JlanbHeiiniee pasBHTHE aHAJIO-
FHH ¢ TeopHeli CIHHZ MO3BOJAH/IO € MOMOULLIO MATEMaTHYE:
cKoro GopMaju3Ma H3OTOMHUECKOTro CIIHHA ONMHCATh HHBA-
PHAHTHOCTH TIO OTHOLIEHHIO K «MOBOpOTaM» B TpexMepHoM
a6CTPAKTHOM <«IpPOCTPaHCTBEs. Benencreue addextos, cos-
JaBaeMHEIX SJIEKTPHYECKHM 3apAlOM, HapylIeHHE 3TOH CHM-
MeTpHH MNPHBOAHT K MOSIBJIEHHIO B MPOCTPARCTBE QHOTO
BLUIEJEHHOT0 «HaNpaBJeHusn?.

B TeueHpe HeCKOJNBKHX JET, A0 H TMOCHE 1950 r., Beino
0BGHAPYIKEHO MHOKECTBO HOBLIX YaCTHI, KOTOPLIC BHEPBLIE
GLIH 3aPETHCTPHPOBAHL B KOCMHYECKOM H3JYHEHHH, a 3a-
TeM MoJyueHH Ha OOJBIUHX YCKODHTE/IAX HpH B3auMoOJeH-
CTBHH NYYKOB 4acTHU. Diarofaps HEKOTOPLIM ocoBeHHo-
CTHM NOBeAGHHS MHOrHEe M3 3THX YaCTHL NOJYYHIH HA3Ba-
HHe «CTPAHHBIE®: OHH POMKAAMHCH CTOJBL oBHIBHO, 4TO HX
cHeIOoBaNo OTHECTH K aApoHam, Toraa Kaxk HX Kpaite
MepJienHHil pacnan MoxHO OBUIO 0OBACHATL TOJBKO CJia-
GLiMH B3anMotelicTBHAME, KaK npH P-pacnaje {cm. oo 11).
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HenousitHo 6risio, IOYEMY anpon He pacnajfancs nocpeag
BOM CHJBHOro BsauMogeficrsus. OTBer ua stor Bornpoc Ghil
AdH He3daBHcuMO [ean-Mannom n Kauyxuro Humnmxnmay
OH 3aKnaioya/cd B TOM, 4TO CVIIECTBYeT elle OAHH
«NPHOJUIHTENLHOL CHMMETpHH», KOTOPHIH MOXMKHO oxXapans
'I'EI}HS(JBETb HOBBLIM KBAHTOBLIM HHC.TOM ‘Jlﬂ:iﬁﬂlll-!bli\'l, no
NOHATHLIM NPHYKHAM, CTPAKKOCTBIO). DTa cim METPHA COGII0R
Aaercs, H KBAHTOBOE® UHC/IO COXPAHAETCH MPH CHABLHBLIX B3ds
HMOACHCTBHAX, KOr1a YacTHIIMI POXKAATCA rpynnamm
06LIYHO napamu, NpHYEM [IOJHAR CTPAHHOCTh WX pasHi
HyA0. Oauako npn 3toM Macch YACTHIL TAKOBH, 4TO pac:
0a1aThCA C COXPaHEHHEM CTPAHHOCTH OHM He Moryt 4
pacnanalTes TOJNLKO UPH caabhx B3aHMOJACHCTBHAX, A
KOTODBIX BHOBb OTKPBITHIH BHA CHMMETDHHE He co6.10maeTcd,
Bekope 6biio o6napyskeno, uro CTPAHHOCTH S yacTHIH, 68
Gapuonublit sapsa B, npoekuus H30TONHYECKOro CrHHa Ha
YOOMAHYTOE BHIIe <«BLIle]eHHOes Hanpasienne [y u 3a
PAA Q CBA3AHBI COOTHOLICHHEM

Q=145 (B+S).

K koruy 1960 r. 6man ycranosiens BOCeMb MeTacTas
GHIBHLIX 2 GADHOHHBLIX COCTOSHMA H cemb METACTAOHIBHEX
ME30HHLIX COCTOSHME, HMEJHCh TaKike FKCIIEPHMEHTAbHbIE.
$aKTh 1 TeopeTHueckne npeackasanms, YKaseBawliie Ha
CYHIECTBOBAHHE HECKOJbKHX JONMOJHHTENbHBIX Me3OHHBIX
COCTOAHHH (4acTb w3 KOTOPLIX HecTaOuibuu). Bee oun
NpEACTaBAeHH Ha puc. 15.2. Tlo kpafinefi mepe cpean Oa-
PHOHOB, IO aHAJIOrHH C MYJbTHIVIETHEIMH YPOBHAMH B ATO-
Max, MOXKHO BHIACJHTb TaKHe IPYNNL: HECKOABKO COCTOS-.
HHH, M1 KOTOPHX D5l KBAHTOBHX YHCEN COBNAaeT H KO-
TOPh€ pa3HYAIOTCs N0 SHEPIHH HAa BEAHYHHBI, MHOIQ
MEHLIIHE PACCTOANHA, OTACSIONIEr0 AAHHYIO Fpynmy oT apy-
ruX, Jlns Me30HOB cHTyauna menee OMpeje/eHa, HO i 31ech
BO3MOXKHO pasfieleHHe Ha IPYNNH, KOTOPoOe SBASAAOCH Gbl
CAEACTBHEM TOH e CHMMETPHH, 4TO H AA8 GapHOHOB, —
€can TaKkosan poobule cymectsyer, OueBHAHO, YTO 5Ta CHM-
METPHA NO/KHA OLITh JHIUL NPHGIHSHTEABHON H HALMeN A~
WHi BoIGOp B3auMomeficTBHS, HApYLWAKIIEro ee, 10JKeH
AdTb CBASH MeuCAY Maccamu YacTHU BHYTPH ORHON YN,

! Cyuiectayer ofHO HCKAIOMEHHe 3 STOFO npasuaa: yactina L° pace
NANAETCHA NPH MEKTPOMAFHHTHOM B3anmonefctapn X0 - A0y
* BT0 o3Hauaer: cTabWALHWE NPH CHABHBIX B3aHMO1elCTBHAX.
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g 1960 r.: caesa — Me30HH, cnpasa — DapHOMHL
=T oe L Teope-
cca Baps KBAAPAT Macchl ME30HOB (4710 MO
J TACHEHH Macca Dapiouos B ; o : 0 oap
L PCPTHK?G-I.:::S ::m:-mmm GO_?!;::'LI(' NOAXOANT ARA HAcTHL C uL,.'_IthI .Lr:||1'|m-1%‘. l-‘lll:cr‘l‘_lﬁ.
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i cuoﬁli-:t S ottt pasno 2/ 4 I, T. e, nanpuMep, J-Me30H MMeeT TDH SUPAID
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BANISIEL s ’ TCOPETHUECKH,
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CooTsetcrayioman cuerema CHMMeTPHH 1 OHlTa BBeneHa
Feﬂ.rl-Matmc_:M n Heemanom. Oua crpomnach na popmannz-
M€, KOTOPHLIA, XOTA W BHpakaica B a6CTPaKTHHIX xran::ma-
THYECKHX TEPMHHAX, HA CAMOM Jede mpescTaB/s coboil
npogenmee oboOulenne GopmMantn3Ma H30TONHYECKOTD CIH-
;E:. tm\ziucnmema MPHBOLHT HENOCPEACTBEHHO K IPymnipos-
: L B TaK Ha3blBaeMble cynepmyasrunierst!. Bee
{ACTHIE, NPHHANJMEKAIUHE K OAHOMY CYNepMyIbTHIICTY,
AOJKHEL HMETh OJHHAKOBLIH CHH M YeTHOCTH. Ho l{ﬂ);'ibfﬁ'
CYNEPMYIBTHIVIET AOJKEH HMeTh .\'apamefmuﬁ H;iﬁo ;
PasTHTHEIX 3HAYEHHH H3OTONHYECKOrO CIHHA M J'HI‘JL’pJE]le?-
équ(}lrggeﬁs)apﬂo.i g’ paBen cyMMe OapHOHHOTrO 3apsga H

? 1) i e
iR L COOEHHO ylauHLIMH OKa3aJHChb CYnepMyJib-
BocbMH Gapuonam Ha pHe. 15.2. Cemb ME30HOE €0 cnuioM ()
TAaKXKe COCTAB/ASJH AHANOTHYHLIY Habop, B KoTopoMm 613@10
CBOGONHOE MECTo A BOCAMOrD COCTORHHS — CHHITeTa o
H3OTONHYECKOMY CiuHYy ¢ runepsapsiaom 0. Yertipe I]bCJrID—
MaraeMbIX ME30HHBIX COCTOSHHS CO cnHHOM 1 Toce COCTAB-
JAMH HAGOP, HO € YETLIPLMHA He3aHSTHIMH COCTOSHHAMH!
ABA JYNJIETa MO H3OTONMHYECKOMY CIIHHY ¢ rlrnepmpuinm:
+1. Iloxoxe, uro xamgupatamu na cBoGOIHbBIE MecTa
AOMKHBL Obiaik GBITh K*-mezonsbl, Boaee Toro, NpocToe npe-
0JI0XKenke, Kacaiolleecs HapyuleHHA CHMMETPHH, NPHBEJIO
K COOTHOLUEHHIO AJif Mace GapHOHOB ' £

1
g My + M) =3 My 4 Ly,

rae N o3nayaer HYKTOM, a 3Hauenus mace Gepyres cpen-
HHe. 3To COOTHOLIEHHE XOpPOLIO YAOBIETBOPANOCS, l'Io;wES-
HOe cooTHoweHHe GO npeAcKasano aas KBaJpaToB Mace
ME30HOB, HO €ro He yAaBaJ0Ch NMPOBEPHTH, TaK Kak OlHA H3
BXOAALIHX B HEero 4acTHu ellle He GblIa H3BECTHA. Baaroga-
psi ocoGoil Ba’KHOCTH HA3BAHHLIX KOMOHHaUKl H3 BoCcbMH
CocTOAHHA cXeMa cuMMmeTpuu [Dequi-Manna #H Heemana
TMOJYUH/Ia H3BECTHOCTD K&K «BOCBMEPHUHHBIN MYTb® — Tep-
MHH, IO3AHMCTBOBAHHLIE U3 6yaausma. ; b

Bocemoit meson co cnunmom 0. -Me30H, 6HI OTKpHT B
1862 r. Ero macca nopsaka 550 MsB/e? xopouto corna-
CYeTca ¢ TeOpeTHUecKkH NpeicKasaHHoli: 563 MaB/cz, Mééo—

|
- "mél'lrm Tepmun Gein seenen I. I1. Biurmepow, NPHMEHHBIINM KOMGH-
10 H3 HHBAPHAHTHOCTER CMHHA W MAOTOMMYECKOrO china (06e TONLKO
B BHAE NpHGIHINTEALHON CHMMETDHH) K TEOPHH ATOMHOTO aapa.
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H3 BOCBMH COCTOSAHHE, TOYHO COOTBETCTBVIOULHX

HEl CO CNHHOM 1 MpeACTAB/IAIOT HECKOJbKO DoJjiee CIOMKHBIMN
cayyait. Koraa cyumecrBoBaHHe w-Me30Ha OblIo KCHEPH-
MeHTaJbHO YeTaHoBjeno (B 1961 r.), o ero macca okasa-
jack paBHow 790 MsB/¢? torma Kak ma cOOTHOUIEHHS Mace
caeayeT seauuuaa nopaaka 900 MsB/c® Tean-Mann orme-
rHJ, YTO TEOPHSA AONYCKAET TaKice CYIUleCTBOBAHNE JAeBATOro
ve30Ha co chnHEoM 1, He CrpynnHpPoBaHHOTO € IPYTHMH
HACTHIIAMH H HMEIIEro TAKOW e HIOTOMHUECKAH CNHH
i THUEp3apsal, Kak u w-Me30H. Ecaun B oTcyTeTBHE B3auMO-
neficTBHi, HApYWIAOIIHX CHMMETPHIO, Macca 3ToH AeBATOH
uactHiel mopsiaka 900 MsB/c?, 1o ona noakHa B3amMoaei-
CTBOBATH, HJ/H, HHbIMH CJA0OBaMH, 1aBaTh CMELIAHHOE COCTOA-
HHEe € (-ME30HOM, T4K YTO B pesy/bTaTe BO3HHKAIOT ABA
Haf/JoAaeMBIX COCTOSHHA C MaccaMH, KOTOpPLIE NPHMEPHO
OJHHAKOBO OTJHYAlOTCS OT HCXOJHOTO 3HAYEHHA B Ty H
aApyryio ctopory. Caeaysi 3THM paccyKIeHHSIM, OH Npeio-
N0KHI, UTO CYUleCTBYeT ellle OJAHH Me30H €O chnuHoM | u
Maccoit mopanaka 1000 MaB/c2

K cepennne 1962 r. paspaBoTaHHON CHCTeMe XODOIIO
COOTBETCTBOBANH GApPHOHb KW Me30HB c0 cnHHoM 0, HO
HeY/I0BJAETBOPHTENLHO — Me30HH co ‘cnuHoM 1. Brymann
HeKoTOpHle coMHeHHA H Apyrue (axrol. OHH CBA3aHH C cy-
(I&CTBOBAHHEM JOBOJBLHO HAAEKHO YCTAHOBJIEHHBEIX COCTOA-
HUII, KOTOPbIE HEcTaOU/bHEL MPH CHALHHEX B3aHMOXEACTBHAX
H M03TOMY pacnajamTrcest cCcAHlIKoM ObleTpo, 4TOOHL HX
MOJKHO OBLJIO 3apPErHCTPHPOBATL KAK CAMOCTOfATE/bHLIE 4a-
crutpt. OHN NOABAAIOTCSA B BHAE Pe30HAHCOB NMPH ME30HHO-
fapHoHHOM paccessHun. I'pynna M3 ueTHpex TaKHMX 9acTHIL
Gblia W3BecTHa elle ¢ nawana 50-x romos. Oma mpencras-
aana  cobofi KBapTeT € pa3THUERIMH  H30TOMHYECKHMH
cnuHaMu, ¢ Maccoit 1238 MaB/c?, cnmmom %/, w cTpan-
uocrsio 0 # ofosznanaaack kak N* (1238). Co BpemeHeM
npH NPoBefleHHH 3KCTMEePHMEHTOB [IPH BLICOKHX SHEPruax
6LiiH OTKpHITHL W Apyrde rpynnel. ClenoBajlo BLIACHHTS,
COOTBETCTBYET JH H HM paspafoTaHHas CHCTEMa CHM-
MeTpHH:

C maTeMaTHUeCKOH TOYKH 3peHHs npolieMa He mnpen-
crapasia tpyaHocTH. Kamawit Meson H KaxAblit GapuoH
NPUHAANEKAT K HEKOTOPOMY OKTETY, W CHCTeMa CHMMETpPHH
3ajaeT ONMpEAEJEeHHEIE NpabH/ia, No KOTOPLIM MOXHO onpe-
MeJHTh, KaKHe CyNepMyJbTHIAETH MOTYT GhlTh MOJYydeHb!
H3 KOMOHHALME IBYX OKTETOB: 3TO MOryT OHTh CHHILJeT,
ABA HOBBIX OKTETA, jABA JIeKyMJieTa W oOJlHa rpynna mn3
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27 cocrosnmii. Cuerema Taxske OnpefleaseT, Kakne KoMOHe

HAaIllHH{ H30TONMHYeCKOro CnHHA H rHmepaapsaa MOTYyT HMeTh

MECTO B Kamloil rpynne. Onguako CHCTEMA HE B COCTOAHHI
NPEeACKa3aTh, KOTOPHH W3 3THX MYJALTHILIETOB MOMKET §
MEHCTBHTENBHOCTH CYUIeCTBOBATE B npupone. CooTHomenns
MEHAY Maccamu 3lech He NOMOCYT, TAK Kak B TEOPHH GHI
ONPELLARIOT CBA3L BHYTpH CYDEPMYJIbTHINIETA, HO He CBY3h
MEHKLY CymepMyAbTHIICTaMH, MOCKOJILKY OHH 3aBHCAT OF
AHHAMHYECKHX XapDaKTEPHCTHK CHIILHBIX B3dHMOIeNCTRHI,
Yacruna N* (1238) we moraa garts K10 K DELIeHHIO Bo-
poca, HOO OHAa MOAXOAHAA MO CBOHM CBOHCTBAM Kak B
OIHH H3 ABYX N€KYNJETOB, Tak H B rpynny uz 27 coctosinugl,

Ha Mexaynapoguoii KOH(EPEHINE N0 (GH3HKe BLICOKHX
SHEpPruil, cocTosnBuedcs B moae 1969 r B LIEPHe — Espo-
NEHCKOM 1eHTpe ALEPHLIX Hecnenosannit 8 Xenese, G
cooblleHo o Tpex thakrtax, KOTOpble NPONONKHAN NyTh K
PEWEHHIO npoGaembl. [Meppoe — Guino YCTAHOBJCHO Cylie-
CTBOBaHHe npeackasantoro Ienn-Mannom wesona Co CMH-
HOM 1, runepsapagom 0, HIOTONMHYECKHM cnHpom 0 o
Maccoit 1020 MsB/c2. 3o PELINJIO BOMPOC COOTBETCTBHSA
TEOPHH Me30HAM co chnuHOoM 1 § VEPenmio yRepeHnocTh
B MPABHABHOCTH AaHHON CXeMbl. Bropofi pakr 3araouancs
B CYILECTBOBAHHH HOBOTO GapPHOHHO-Me30HHOro pe3oHaH-
€a — AyIJIeTa 1m0 H30TONHYeCKOMY CNHHY, Ha3BaHHoro I¥,
¢ maccoit 1535 MsB/c2, U nakonen. TpeThit hakT coctons
B OTCYTCTBHH KaKoi-J1uGo PE30HAHCHOW CTPYKTYphl npu
pacceanun K* Ha pc sueprusmu s HHTepBae 140—800 MsB.
IIpn oGeyxaennn storo nocaennero coobmenusa Cenn-Mann
OTMETHJ, 4TO eCaAH, ¢ oAHOl cTopoHu, N* (1238) npunanne-
HAT K 27-myabTHOACTY, TO Takas CTPYKTYpa MAOJKHA Cy-
LECTBOBATL, MOCKOJbKY 27-MyJbTHRAET BKJIOUaetr s cefn
COCTOAHHS € H3OTONHUECKHM cnHHOM 1 # runepsapsjom 2,
HMCIOUIHE CTpaHHOCTD | W 3apan no +2, KOTOpEIE H COOTBET-
CTBYIOT HABOpy snauenuii aas K+ — p-cucremu. C Apyroi
CTOPOHbI, NEKYNIET COMEPIKHT TPHMMET 0O  HIOTONHuE-
CKOMY CIHHY €O CTpaHHOCTBIO —I, Aymaer mo uzoTomHye-
CKOMY CIHHY €O CTPaHHOCTLIO —2 H CHHIJeT co cTpaH-
HOCTBIO —3, NpHYEM MacCH B MYJbTHIIETAX PazanyapTes
Ha papubie BeaHunHb. Kaunuaatom wa Tpunietnoe coctos-
HHe Obl1a yKe H3BeCTHasw uwactHua Yi ¢ wmacco
1385 MsB/c? u cnunom, no ecedt BEDOSITHOCTH, PaBHEM 3/,
Hosas wacthnua E* moraa 0L npencTaBasTE cobof AVIIET,
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Tak KdK HMeTa Maccy MOAXOAfEH BeJHIHHH. OTH pac-
CYACIEHHA HPHBOAHAN K CYLIECTBOBAHHID HOBOMN 4aCTHILH,
koropyio [enn-Mann nazsaa Q--runepoHoM, ¢ Maccoli mno-
paaxa 1685 MaB/c® I9ta macca goctartouno Mada, uTo6HI
pacnaj, BH3BaHHLIH CHAbHBIM B3anMOAeACTBHEM, MPH KOTo-
POM JlO/UKHA COXPaHATHCHA CTPAHHOCTb, OLLI IHEPreTHUECKH
HEBO3MOXEH M [O3TOMY HacTHIA A0MKHA OLITE METacTa-
OuabHofl. 'enn-Mann npeanosokut, uto oHa MOKeT pox-
AaThCA NPH peakiuu

K- +po>k*+K+0,

ecan K- umeer uMmnyanc ne menee 3,5 I'sB/c.

Cpean caywaBwux swicTynienne [enn-Manua Hax0-
auaca Huxonac Camuoc uz Bpykxeitenckoli na HHOHATBHOH
J1a00paTopHn; HMEHHO OH paHee cooBILHa 06 oGHap}'meu_nH
AEBATOTO Me30Ha co cnHHOM | H wactHnm E* (1535). Ca-
MHOC yBHAeNd, uTo B BpykxefiBenckoi NabopaTopHH ecThb
BCe HEOGXOAHMOE 0bopyj0BaHHe AJA MOHCKAa HOBOM npen-
CKasanHoi wactuubl. [locrpoennas k Tomy BPEMEHH OrpoM-
Hast OY3ILIPLKOBAA Kamepa AJHHOH OKOJO 2 M morgaa 6wl
CAYXKHTE NpekpacHueiM getextopoMm. Crerema thopmnpopa-
HHA My4dKa 4acTHI, KOTOPHI Mor 6wl comepxath K—-Me30Hb
C HYMCHBIM HMITYJILCOM, GBla y3Ke CKOHCTPYHDPOBaHA  npes-
HasHaueHa A1A paboTel ¢ My3wIpbKoBoii Kamepoil. [lostomy
Camnoc, BepHyBuncs B Bpykxefisen, cobpas HeeaenoBa-
TEIBCKYIO Tpynny (onyGAHKOBaHHOE MO03[Hee CcOOBIIEHNe
Opiio noanucano 33 aBropamMu) A8 BHOOAHEHHS STOTO
IKCNEepPHMEHTE,

B nysupbkoBoit kamepe skMAKOCTb, HAXOAAULATCS npH
TeMneparype, OJAM3KOll K TOYKe KHIEHHS, NPHBOAMTCS B
MEPErpeToe COCTOSIHHE NyTeM pACIIMPEHHA, B pesyibraTte
9Ero MNOHHMKARTCH JABJEHHE, 4 COOTBETCTBEHHO H TOuka
kunenns. [lpw stoMm Baoas caena HOHH3AUHH, KOTOPHIA
OCT4BJIAET B JKHAKOCTH OLICTPO MpoJeTaoiasn 3apsxeHnas
4acTHia, HAYHHAETCA HCHAPEHHE H BOSHUKACT JHHHA H3
AySLIPLKOB Napd, KOTOPYI0 MOMKHO chortorpaduposats. Lan
9TOro O0BIYHO HCNOJB3VIOTCA ABa doroannapara (B GoJb-
mI0H KaMmepe — TpH), PacnoJoKeHHble MO PasaHMHBIMHA Y-
AaMH, HTO MO3BOJSET BOCCTAHOBHTL TPEXMEPHYIO KaPTHHY
TpekoB. Yacto ny3nipbkoByio KaMepy noMeulawT B Maraur-
HOE foJe, HCKPHBJAAIOUlEE TPAGKTOPHH ABHIKEHHA YACTHIL
(nosie, HCMNOMB30BAHHOE B JAHHOM 3KcnepHMenTte, Gbigio
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nopsiaka 20 k['c). AHanu3 HCKPHBJAEHHS TPEKOB H NJOTHOCTH
NY3EIPLKOB MO3BOJAET CYAWTh 00 HMOyJbcax H NpHpPoLe
HCXOMHEIX uacTHi. Taxum ofpazoM, Dy3nlpbKoBad KaMepa
MOUTH AHAJOTHYHA CTapol HOHH3AaUHOHHOH Kamepe Buib-
coHa, TJie c/edbl YacTHU 0603HauaJHch KaIvIAMH JKHAKOCTH,
CKOHACHCHPOBAHHOH M3 IEpeCcHIeHHOr0 napa Ha HoHaX,
00pa30BaBILHXCA MPH NPOXOKAEHHH 3aPSIKEHHBIX 4aCTHIL

BoJbIHM npenMylecTBOM Ny3LPLKOBOR KaMeph ABASETCH

TO, 4TO NMMAOTHOCTL MMHAKOCTH B Hel Muoro OoJbloe NJI0THO-
CTH rasa, M JacTHLA C AaHHOH SHepruel NPOXOAHT 3/ech
MeHblllee PACCTOAHHE A0 OCTAHOBKH, & KOHBepcHA ()OTOHOB
B 9JeKTPOHEI MPOHCXOAHT ¢ GoJabuleil BepoATHoCTbIO. Kpome
TOro, UHKAB B MY3blPbKOBOH Kamepe MNOBTOPAIOTCA 3HAYH-
TeAbHO uallle, UeM B HOHH3dllHOHHOML. \

B nyspipbKOBEIX KaMepax MOryT ObiTh HCNOJb30BAHH
pasanuHbie KHAKOCTH, B OpykxefiBeHCKOH KaMepe HCNOJb-
30BaJIC KHAKHA BOAOPOJ, KOTOPH Mo CPABHEHHIO € APY-
FEMH JKMAKOCTAMH B CMbicJe [JOTHOCTH oOOeCHeuHBaeT
HaHMeHblllee MPeHMYIecTso (XoT§l ©OH Bce-TakKH ropasao
Jaydmie, 4eM nap), Ho, ¢ APYroi CTOpPOHBI, B HeM He couep-
KHTCA HHKAKHX CJAO0MHBEIX ALep, CTAJKHBAAChE C KOTODLIMH
HeeaeAyeMble UacTHUB MOrin Obl BCTYNaTh B NOCTOPOHHHE
peakunn. C TexHHYeCKOH TOYKH 3PeHHS HCIOJb30BaHHe Ta-
KOH KaAMepel CBA3AHO CO JHAYATSNBbHBEIMH Tp}"fLHDCTflMH:
BO-TIePBHIX, OHa OYeHb ONACHA H3-3a JIerKol BOCTIAMEHse-
MOCTH BOMOPOAE H BO3MOMHOCTH B3pbiBa W TpeGyer GoJib-
HX Mep NPeloCTOPOKHOCTH; BO-BTOPBIX, TOYKA KHIEHHSA
BOjOpOAa HpH aTMocdepHOM AaBAeHHH NOpsika —253°C
(kpaTHYeckasi Temmepatypa —241°C), u mnostoMy Tpe-
Gyerca X0J0AMNbHAs YCTaHOBKa Goabwoli mowwsoctn. Ta-
KHM oO6pasom, Goabimaa NyselpbKOBas Kamepa siB/aseTcA
BecbMa BHYIIHTeJBHEM coopy:kenneM. Ha pue. 15.3 noka-
3aH OGLIMHH BHJ ABYXMETPOBOW Kamephi, a Ha puc. 15.4 ona
jllaHa B pa3pese.

K—-Mezonn c031a10TCA [POTOHAMH, YCKOPEHHHIMH J0
suepruii mopsaka 30 3B na Gosbuiom GpyKXeliBeHCKOM
YCKOPHTEJIE — CUHXPOTPOHE € nepesMentbim 2paduenTom
(cokpamernno AGS — alfernating-gradient synchrotron),
[Tpotorb GoMOGapAHPYIOT MHLIeHb W3 BOAb(ppama, pacnono-
JKEeHHYI0 B KOHIE OJHOTO H3 MPAMOJHHENHEIX Y4aCTKOB AYy-
anTa, H CO31AI0T NOTOK (HAMpPAaBJeHHHE B OCHOBHOM Blie-
pe1) PAa3HYHEIX YACTHI B UIHPOKOM [HalasoHe SHeprui.
BauefiuM 3TanoM ABJAETCA BelAedeHHe H3 9Toro Habopa
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yACTHIL HYIKHOTO COPTa M C HYXKHOH sneprueii, nx Qoxycu-
poBKa B MYYOK 'H TPaHCHIOPTHPOBKA ero Ha jgerekrop. Pa-
GoTa CHCTEMBl OCHOBAaHA HA ABYX NpHHIHMAX: 1) 3apsKeH-

Puc. 153 JIpyxMerpoBas NysHpbKoBas KaMepa B BpykxeiiBeHCKOM
panHoHaasHol nafopaTopHH.

o ca W3 MELH M JKeleiHOE APMO MarHnTa; #-—OKHO A4 npoxoMoeHuA nyuKa
JI;B:S;\?;:;HIL:(EM&M. uﬁwmamumﬁp coBCTREHIO NYILIDBKORBYID KAMEDY laﬂl{y}'munﬂ._
gaMepa Tpefyerca [LAd cosfiaHnd BAKYYMUOH TEILI0H30NALHH, nogoGuol Cyu.get;i??a_
mefl MemAY CTEHKAME COCYIA Isioapa); §—cHeTeMa BAKYYMHBIX .H:;lcor!l)_l!, : m; ‘
creMa pacuripeHin; 5= BOAOPOAHLIT peﬂ]pumepam_p, pacno.’tm’(c'arlu.u [EUJ:!.?_L rlrFl
HWTA W ASCTHHUB, §— OCBETHISAN M doTorpaduueckan yeTauosKa; 7—1EnemEa A
nepeisuAennE BCeR 450-ToHROH YCTAaHOBKMN.

gad 94CTHIA, ABHKYIASCA MNEPIEHAAKYJIAPHO K NOCTONH-
HOMY MATHHTHOMY TOJI0, ONHCHBaeT Ayry OKpYKHOCTH
paauycoM, NPONOPUHOHAILHEIM €8 HMOYIbCy, 2) 3apameH-
Had 4acTHuna, ABHMKYUladacs B H_OCTDFIHIIHX JIeKTPHYECKOM
H MarHHTHOM TOJAX, HepHeHAHKYJIAPHBIX APyr ApYry H
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nepROHaua/AbHOMY HaNpaBJIEHHIO NOJETa YacTHIL, He OT=
KJOHAETCA OT CBOEH TPaeKTOPHHM TOTAd4 H TOJAbLKO TOPAA,
Korja ee ckopocte v pasHa (B cucteme MKC) E/B — otHo-
MeHHID HAMDHAMMEHHOCTH 3IJIeKTPHUECKOTrD MoJfl K BeJHYHHEe

15.4.

Puc

Msobpamenie ny3npbKoBod KaMepel, NpPeacTaBJAeHHOH Ha
pue. 15-3, B paipese.
BHAHB 06MOTKH MarHuTa i cama Kamepa.
MATHHTHOA HHAVEUHH. B 1elicTBUTENBHOCTH CO3laHHE CH-

CTEMbl TPAHCNOPTHPOBKH MNy4Ka JOBOJBHO C/IOKHASA NPos-
JieMa HOHHOH ONTHKH, TaK Kak Jo0as cucrema KoJIHMAaTo-
POB, Onpejeailonlas HCXOAHLIC TPACKTOPHH, J4eT XOTA H
Ma/ibli, HO OTVIHYHBIA OT HYas paz0poc N0 HANPaBJICHHAM)
KpoMe TOro, NpHIoKeHHe 3JeKTPHUECKHX H MarHHTHLIX HO-
Nell Ha OrpaHHYeHHLIX YYacTKaX NPOCTPAHCTBA CONMPOBOXK-
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naeTcs MOABJGHHEM KpaeBLIX moJell, KOTOpbie camu mno cede
0Ka3BIBAIOT 3aMeTHOe (oKycHpYiOllee HIAH PachOKyCHPY1O-
nee BoadeficTeHe Ha myuoxk. CHerema, HCHOJAb30oBaHHasi B
JaHHOM 9KCIEPHMEHTe H [0KA3aHHAA CXeMaTHYeCKH Ha
puc. 15.5, Brawuana B cebf ceMb AHNOIBHBIX MArHHTOB

L. ——r———— i
1 : _ il p»yﬂaﬂymmuﬂ
7 by ok APOmHOB

oty
a2
03
-
’

“a._
‘PJJ Q!‘ “'--.__G-_\_‘_L‘l
9}5 “J'JAPE? Sy
My soipaxobas
HEEHEL

Puc 15.5. CxeMa npoxomaelius AYy4KOB HacTHIL B SKCMEPHMEHTE 7O ofi-
Hapymenuio £ -runepona (H3-3a HENOCTATKA MecTa paaura Ha npe
HACTH).

q&g]’b Koabua }'CHD[!IETG.’IH NoKa3adHA HA PHCYHKE HHQPHY CJIERA, I'I'_\"iH]ThFiI:'III.‘I.."I. Ra=
Mepa BHMay copags. T'—soabdPaMoBan MUILEHL, Ai—As—xoaanmaropa (A na-
xoouTcs BEYIDH &) Dy— Dy —IoasHbie MarHdTel A OTHACHEHHR NYHKa ¥
pasfedeHns yacTHy no mMayascasm; Q,—Quw 81, S:—KBAAPYNOJBHEIE H CEKCTY-
nofbHbE QORYCHPYHLLHE MATHITH. Jdauuasie OpAMOYTOThRHEKH Ges  ofosnavedHi
npeacTasnaoT cobofi MACC-CACKTPOMETPhRl CO CHPEMPHHBIMH [OJAMN. Ha pecynke
He MoKazdHB MAFPHHTH A8 OKOHYATEALHOro QOPMUPORANKHA NYYKA (PACNONOMEIHES
wemly smarmatos Dy i nysWpbkoBofl kasmepofll. TpaekToOpHs OyYKa 4acTHU n3glpa-
#eHa wrpHxonoll anHnxel.

A5 OTKJAOHEHHA My4yKa, NATHAALATE KBAAPYNOJBHEIX H ABd
L'(-}KCT_\'IEG.‘Ih]IbIX MariuTa A48 ero Ci](Jl(}"CHpDBKIt. NAThL
auadparM A1 Bhpe3saHHs HYXKHOH 4acTH Tiyuka u /18a
cenapHpVIOUIHE YCTpoHCTBA €O CKPeUleHHEIMH MOJAMH, a
TaKOKe CeMb JOMOJHHTENLHBIX MarHHToB A7as ¢opMupoBa-
uHA H YMpasdeHus BolieleHHBIM nyukoM. IauHa sTolt CcH-
cTeMbl OBla nopstaka 137 M, a MarHHTH NoTpedJsdn 3JeK-
TPHYECKYIO MOLIHOCTD OQKOJIO O MB1. Beck nyte nyuxa
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HHofi TpyOHl, uTO6H HACTH:

NpoXOLHA BHYTPH BAKyyMHpOBa
IKHOBEHH# ¢ MoJeKyJIami

ibi He OTKJOHAJHCL H3-33 CTO.

BO3LYXa.

[lpn mnocraHOBKe SKCUEpHMEHTa He Bee npOXOAHIO
riaaKo. BHauaje cucTeMa TPaHCTOPTHPOBKH myuka He pa-
foTana Tak, Kak TpeboBaJjoch, H TOJABKO B centadpe 1963 T.

(LK TOJIYYEHE TIEPBBHIE dororpaduu TpekoB B KaMmepe.

K ToMy e HeKOTOpbi€ BJIHSTENbHEIC TeopeTHKH BLipaxani
; floibllle COMHEHHA B NPaBHJIbHOCTH ceaHHBEX llpeﬂttﬁl'
e

=7
B3 sanuit, TeM BpeMeHeM KOHKypHpyiomas rpynna b
=3 rakke 60poJach ¢ TPYAHOCTAMH. 3nech HCTOUHHKOM TPYA-
jocTeli GLLIA caMa IY3HpbKOBas KaMmepa, H cJI0KHOCTH Pa-
GoTE B MeMAVHAPOAHOM YUYPEeXIEHAH HE MO3BOJISIIH 3aMe-
HHTBH ee Ha apyryio. ['pynna B Bpykxeiipere YHopHO TPYAH-
| nach, B AekaGpe 1963 r. HavamHCh paGoune cHEMKH, as
despase 1964 r. Gu10 OMyOAHKOBAHO coobienne 00 ycnexe
I SKCTIePHMEHTA.
| «BpykxeitBenckas ABYXMeETpOBas pojopoanas Mmy3HPpE®
koBas Kamepa obayuanach cenapipoBaHHLIM o Macce

nytkoM K—-Me30HOB ¢ HMIYJLCOM 5,0 BsB/c, nosyueHHEM
ua yckoputene AGS. Brao cuaenaHo OKOJIO 100 000 cpoTo-
—_ye30H0B 00LLEH

rpatuil, cofepamnx cymmapubiit Tpex K
' wHHON ~3 - 105 M. DTH ¢oTorpadun OLLIH gacTHYHO OPO-
AHAJIH3MPOBAHEI C LeNbio 0GHAPYKHTb xapakTepHble uepTHl
pacnafa £~ -rHnepoHa.
MckoMmoe coOmiTHe H3oGpaxeHo Ha pHC. [15.6], H COOT-
| peTcTByOLLHE ~ HM3MePEHHBIE BejduiHE ~ npuBejeHsl B

taba. [15.1]. Tabauya 15.1

MapaMeTphl, H3MepeHHbIE Aaf TPEKOB qacTHI
npeAcTaBIeHHMX HA PHC. 15.6 [Physical Review Letters,
12 (1964), cTp. 205, Ta6a. 1]

. ®ororpadua ¥ Amarpamma mpouecca pacnaza @ -runepoua |Phys. Rew

Tpex AsumyT, TPas Hakaouerne, rpait Hunyae MsBfe
: | i
1 4,2 40,1 1,1 £0,1 4890 = 100
: 2 6940,1 33401 501 - 5,5
3 1456 4 0,5 —15+086 e
4 79,5 + 0,1 —27 £ 0,1 281 +6
S0 5 344,5 + 0,1 —120402 256 += 3
o 6 9.6+ 0,1 —925+0,1 1500 £ 15
. 7 375,0 & 0,3 3,9 4= 04 822
éﬂ: . 8 63,3 + 0,3 —24 02 177 = 2
. ERITCAEENER !
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Hawa natepnperanus 3Toro coOLITHS TaKoBAa:

K +p—->Q + K" +K°

— B+ a”
I___bAD_I_ i
Lyt e [15.1]
—>et 4
—et e
—a 4+ p

M3 namepennit uMnyabca 0 paccTOfHMS [MeXAY My3blpbKas
Mi] Tpex 2 onpefejeH Kak CO3laBaeMblid K+-Me30HOM:
(s sToro Tpeka OMXHAAJACH MJOTHOCTh NY3HIPbKOB l{al.'
MHHHMYM 1,9, Torna Kak HaMepeHHOe 3HauerHe cocTaBaA0
1,74+0,2)) Tpexn & u 6 Haxonarcs B XOpoLUeM COOTBeTCTS
Bul ¢ pacnajgoM A Ho uwacTHna A" He MoOXKeT MOABHTBRCH
(pH NepBHYHOM B3aHMOAECHCTBHHY,

310 00CTOATENBCTBO, KOTOPOe SIBJASETCA OIHHM M3 KJIO-
YeBLIX MAJ5 MOHHMAaHHS NPHPOALI COOLITHA, MOXKET ObiTh
onpefeneHo W3 KHHeMaTHYECKOro aHaJjlH3a, MOCKOJbKY HM=
Ny/JAbChl H HANPaBJIeHHs pacnafalolHXcsa YacTHI, H3MepeHhl
Ho Camuoc, o6Hapy»KHuBIINA HOBOE coObITHE, HCNIOJB30BA
Gonee mpocTofl METOJ, H3BECTHBIH BceM paloTalIIHM €
TakUMH TpeKaMH YACTHI: ecJH JAB3a TPeka nocje pacnaia
0KA3bIBAIOTCA BOTHYTBIMH JPYr OTHOCHTEIbHO Hpyra, Kak
5T0 MMeeT MecTO AJs TPEKOB 5 M 6, TO OHH MOTYT .nepe-
ceybCs BHOBb; TOrAAa NPAMYIO, COeAHHSIONIYIO TOUKY nepe-
ceveHHs € TOUKOH pacnaja, MOMKHO pacCMaTpPHBATL K4k
HanpaBJeHue ABHXKEHHS HCXOAHON HeATPaAbHOH 9acTHIE
Ha puc. 15.6 nepeceuenne TpekoB 5 B 6 He MOKa3aHO HO
oHO OBIIO BHIAHO HA SKcOEepHMeHTAaJbHBIX Iﬂ)OTDFpﬂ({]HHrX H
23(:;13;};::5!,10 Camuocy OJHHM H3 KJIiouell K pELIEHHIO MPO-

Ianee B ctaThe coofmaercs: «Macca A-runepona, pac-
CYMTAHHASN C TIOMOIIBI0 H3MEPEeHHBIX KHHEMa THIeCKHX
XapaKTepHCTHK NPOTOHA H mi-Me30Ha, pasua 111642 MaB/e?
[ep. co 3mauennem Ha puc. 15.2]». JIpyruMm BO3MOMKHBIM |
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obbscrenneM HalaionaeMbiX TPEKOB Gu1 pacnap K°-meso-
Ha, HO 3TO COWJIH HempaBAONOA00HBIM, TAK Kak JIDTHOCTh
My3bipbKOB TPeKd 6 coOoTBETCTBOBAJA NPOTOHY, @ HE nt-Me-
30Hy. «Bo BCcAkoM cayuae, H3 KHHEeMaTHYECKOTO paccMoTpe-
uus cneayer, uto Takas KP-uacTua He MOTJIa POKAAThCA
B BeplinHe COOLITHS. Yaeruna A? nosiBAseTcd Ha paccTos-
gud, pasHom 6 anuHam pacmaia ot CTeHKH Iy3bPbKOBOM
kaMepHl [H M03TOMY MaaOBEPOATHO, HTO QHA poKIaeTcsd Ha
crenke], a Kakux-anbo APYrHx BHAMMBIX HCTOUHHKOB B
KaMepe Her.

CoGbiTHE HOCHT HeoOBIUHBL XapaKTep, KOTOPHIH BHIPa-
saeTc B TOM, YTO /iBa ¢ OUYEBHIHOCTBIO yyacTBYIOIHX B
HeM y-KBAHTA NPEBPAllAIOTCA B KHAKOM BOJOPOMNE B 3JEK-
TPOHHO-MO3HTPOHHBIE MAPLI». 70 ABHAOCH CUACTIHBOM
cayuaiHoCTbIO, KOTOpad oGHapyKujlach NpH aHAJIH3Ee AaH-
HBIX YIKE focae TOro, Kak GLI0 JOCTATOUHO ONpeae/eHHO
yCTAHOBJEHO COOTBETCTBHE TPEKA 3 uactune Q. «HM3 uame-
peHNil HMIYJbCOB 3JeKTPOHOB H yIVIOB HX OTKJIOHCHHA MH
onpeneasie 3MMEKTHBHYI0 ~MACCy ¥-KBAHTOB  PaBHOM
1351 & 1,5 MsB/c?, uro corgacyercss C n’-pacnaiom. Ilo-
no6HEM ke 06pasoM MH HCTIOJIL30BANH BRIYHCAEHHEIR JJIA
70 3HAYCHHS HMIYJAbCa M YIIOB OTKJIOHEHH: H TAKHE Ke
BeJHUMEE], MOJAY4eHHHE SMIHPHYECKA JiAA HaCTHILH A,
qToGE OMpele]HTh Maccy pacnafaiollerocs HefiTpaabHOro
runepona, Kotopas OKasanach paBHOf 1316 += 4 MsB/c
Jra BeJHUHHA MPEKPaCcHO corjacyercd ¢ maccolt EY-runepo-
pa. [lpoeruHH TpaeKTOpHil ABYX y-KBaHTOB H AP-runepona
pa mirockocrs XY (mapassielbHYlo mlenKe) NepecexanTes
Ha paccrosHnd 1 MM, a MPOEKIHH HA naockoeTs XZ — Ha
paccToAHHA 3 mm». ChaegoBaTesbHO, BecbMa BepOSTHO, qTo
A® i 0ba y-KBaHTa pPOXKAAWTCH, 1O CYHLECTBY, B OAHOH TOY-
ke. [1yTb, KOTOPHIH MOT 66 peanbHO MPOHTH m-Me30H M0
pacnaja (ero cpeanee Bpemi JKH3IHN BCEro JinMib OKOJO
105 ¢), npeHeOpeKAMO MaJL «BuiuHCIenHbLIH BEKTOP HM-
nyJabca EO-THnepoHa YKashiBaer Ha TOUKY pacrnaja Tpeka 3
g npepenax | MM, OH He AOXOLHT 10 BepUIHHEL BCETO
cobbiTH Ha 5 MM B [JOCKOCTH XY». Cnenosate/ibHo,
E0_rynepoH, 10 Bcell BEPOATHOCTH, nosiBUaCA [pH pacnaie
gacTHIH 3 U He MOr GbiTh POXIACHHLIM TPH [epBoHAYab-
nosm Bzaumoneiicteun. «[lonepeunnie MOMEHTD [To ecThb
KOMIMOHEHTHI, NeprneHAnKYJIAPHEIE HAMPABJCHHIO [(BHIKE-
nmst HexoAmofl uactHuw] E°-runepoHa ® Tpeka 4 KOMMEH-
CHpYIOT APYr Apyra B mpeaenrax omnuOKy, YKa3biBaA Ha

343




- - ..
OTCyTCTBHE Kakoii-1HG0 TpeTbell YacTHIE B CXeMe DACNARAE y .32, uto TPH CcOOLITHA, HAGMOAABIIHECS B KOCMHTECKHX

YACTHILLE 3.

Tenepb paccMoTpHM pacnaj yacTHub 3. M3 nsmepeHuit
HMOYJbCAa H PACCTORHHS MeXAY NyshpbKaMH BHOJbL Tpe-
ka 4. MB 3aRJlOY4eM, 4TO Macca 3TOH YacTHUB MeHbIle
macesl K-me3zona. Mcnoapsys sHauenme mmnyasca E°-rune-
pola W MpeanoJaras, 4ro yactuila 4 —5TO 7-Me30H, Ml
MoJyuHJH, 4T Macca yacTHin § paBHa 1686 &+ 12 MsB/c®
n ee mumnyasc 2015420 MsB/c. 3amerum, 41O H3Me-
PEHHBI TONepedHubli HMOYJbC HacTHUL 4, PpaBHbH
248 + 5 MsB/e¢, npeBocXOAMT MaKCHMAaJBHYIO BeJHYHHY
HMIYJbca JJ5i BO3MOMKHBEIX CX€M pacnajos W3BeCTHHIX Hac-
THIL... 38 HCKToueHueM E- — e -4 n -4 v. 10T caydair MBl
HCKJ/II04aeM He TOJBKO HOTOMY, 4TO OH COOTBETCTBYET H3Me-
penuio crpannoctH AS = 2 [0 cux nop He Haba0AAN0Ch
Hi oxmoro mpouecca ¢ |AS| > 1], vo u noTomy, 4TO OH HE
COOTBETCTBYET YCTaHOBJEHHOH paHee CBA3H C COOLITHEM
nosABJAeHHA A-THHepoHa H JABYX Y-KBaHTOB». Mmenuo sta
GONbIIAS BeNHUHHA NONEPEMHOTOo HMMyJbca dacthus 4 H
NOCAYIKH/I4 BTOPHIM KiodeBbiM (PaKTOpPOM, NO3BOAAIONINMM
OTPEAe/INTE NPHPOAY AAHHOTO COOLITHA.

«BpeMmsa xKH3HH YacTHUH & ObLJIO BLIYHCICHO H OKasa-
joch pasupiM 0,7 - 1079 ¢, OTciona Mp npeanonaraem, 4To
3Ta YACTHIA PAcmajaercs H3-3a ciaboro B3aHMOAHCTBHA €
AS = 1, o6paays cHcTeMy co crpanHocthio § = —2. Tak
Kak uactuna ¢ S = —| gomxua Geuta Ol ouedb ObicTpO
pacnazatbeA Ha Y + @ [rae Y momer o3HadaTh A, & HIH
KaKofi-TH60 M3 PEIOHAHCOB, MH 3aKJ0YaeM, 4TO d4acTHua 3
umeer crpannocts —3. Buiuio BeMECAEHO, HTO HEAOCTalo-
uiasi Macca B HMCXOfHOf BepimrHHe CcoOHITHA paBHa
500 == 25 MsB/c, uto Xopollo corjacyercs ¢ Maccoi KP-Me-
30Ha, yuacTByiolllero B MpeanojaraeMol cXeMe pacnaja

(181l
[Ipunumasn Bo BHHMAHHE YCTAHOBJEHHbE XapaKTepHCTH-
ki uacTHup 3: 3apaa Q — —1, crpamnocts S == —3 H

macca M = 1686 4= 12 MsB/c?, mui monaraeM 00GOCHOBaH-
HEIM ee OTOMK/IECTRBJACHHE ¢ HCKOMBIM S ~-THMEPOHOM».
Bekope mocae storo B BpykxefiBenckoil J1abopaTopun
6Ll 0OHADY:KeH Q -THIepOH, pacnajaioliHiCcs HHLIM CHO-
coboM, H B TEUCHHE NOCAeAYIOUHX ASCATH JeT HabJnoanoch
eme 39 pasJHuHBIX BHIOB pacnafa {1 -runepoHa. Cyuect-
BOBAHHE YACTHILI OHIO TBepfo ycraHoBneno. Kpome Toro,
anajn3, npopedenubifi Jlyncom AJsbBapecoM B 1973 r., no-
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l nyuax B 1954 u 1955 rr., koTopLie panee He YAAJI0Ch YA0B-
} eTROPHTENLHO HHTePNPEeTHPOBATH, ABASIOTCA B NEHCTHH-
TeNbHOCTH MpEMepamu Q-yacTail. BecbMa HHTEpecHO, 4TO
B Ka)KJAOM H3 STHX TpeX cobHTHH OblMH 3aMedeHbi aHOMa-
JIHH B moBegeHHd Q—-uacTHIH: B OJHOM OHE, Npexie [eM
| pacnanatbes, B3aHMOJEHCTBYET C aTOMOM cepebpa; B apy-
roM OHA 3aXBATHIBAETCA B IICEB/I0ATOMHOE COCTOAHNE, H B
tpetbem  A-ramepon, ofpasyowniica NpH  pacnane
O~ — K~ -+ A, 3axBaTeBaeTca ALpPOM a30TA B COOTBETCTBHH

—

§ ¢ peaxuued A+ "N—YC+ p+n, nocne gero noaytues-
| uplil runepgparMenT pacnajaeTcd No cxeMe f{‘C—:-""C-{-
! - a° + n.
| Heropua, ofHako, Ha STOM He KOHYaeTCH. Bo-nepanix,
cxema Tenn-Manma B Heemana tpebyer, uToGH B cynep-
| MyJLTHIIETE BCE COCTOSIHMA UMeNN OAHHAKOBHI cnuH, Ci-
¥ et mactHn, N* (1238), Y:(1385) n E* (1535) Gwuim ycra-
| HOB/IEHEl W OK&3a[HCh PAaBHLIMH 3/, TOrga KakK COHH
| yactuusl Q— ocranca neuspectHEM. OnpejesneHne COHEE Yya-
CTHIE OCHOBHBAETCH Ha aHaJH3e YrJ0BOro pacnpefelenud
MPOAYKTOB €e pacnaga; uToObl OCYLIECTBHTL TAKOH aHampu3,
TpefyeTcs HECKOJBKO 3apericTpHpOBaHHBIX c/lydaes pac-
ana no ofHON W Tol Xe cxeme, Boamomuo, uto cnui -
rHEPOHA OKAXKETCA OTJIHYHEIM OT #/;, XOTS NOKA HHKTO He
NpHHHMAeT TaKyi0 BO3MOMHOCTL BCepbes.

Bo-BTOpHIX, cama uenHocTs cxeMul [easn-Mansa u Hee-
MaHA B KadecTBe MeToia KaaccH(pMKaU@H Y4CTHIL He COB-
| cem Geccuopua. K cepemmiie 1974 r. Guian pmoaue yGenn-
TeJBHO CTPYNIHPOBAHLI TPH OKTETA C CHHIJIETAMH H3 Me30-
HOB H NATH OKTETOB W Ba Aekynaera — nu3 Gapuonos. Ilpu
3TOM TPHHAMATOCE B pacueT He TOJbKO COOTHOINEHHE
Macc, Ho H OTHOCHTENLHBLIE BpeMeHnd noJaypacnajza 4acTHll
|o;umi’1 rpyOmL. ¢ TpeBpainleHHeM HX B HaCTHILH ApyTOil
FPYNTE, KOTOPHE TaKie DHYHCASTCA TeOpPeTHYECKH. Ou-
HAKO BHE 5TOH KaaccHduxanuu ocraercs Gojblioe KoaH4Ye-
CTBO PE30HAHCOB, KAK Me30HHEX, TAKH fapuonnnix. boabure
TOro, NO-NpPEXKHeMY COBepUIeHHO HEeNOHATHO, NOYEMY H3
Bcero pasHoobpasus MyJbTHIJIETOB, AOMYCKaeMHX TeopHed,
B HeilcTBHTENLHOCTH HAOMIOAAI0TCH TOJLKO CHHTAETH, OKTE-
TH H JIEKYNJAeTHL

Tpetselt mpofaemofl, KoTopas Hepa3pHIBHO CBRA3aHa CO
BTOPOH, #BJISETCA COOTHOIUEHHE MeAAY JNaHHOH CXeMOoH
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CHMMETPHH H OPYTHMA 3aKOHOMEPHOCTAMH, CBOHCTBEHHLIMH
uacruuam. Hanpumep, xopolwo usyueHHHH hopMann3M, H3-
BECTHBIH Kak CHCTeMa «TpaekTopHii Pelike» H BeITEKalOUIHil
H3 MaTeMaTHYECKHX aCHeKTOB TEOPHH paccedHHd, NpHBOIAT
K CYIlecTBOBaHHIO, €CJAH TaK MOJKHO CKasaTk, FPyNIHPOBKH
YaCTHI, 70 BePTHKaIH» B NPOTHBONOJOMHOCTh IPYINHPOB=
K€ «[0 ropH3OHTaJAH», XapaKTepHOH AJs BOCEMePHYHOH CH-
creMul. B rpynnupoBke «no BepTHKANH®» KaKAad YACTHIA
LOMMHA HAXOAHTHCH HA «TECTHHIES> W3 YACTHI, HMEIONTHX
OAMHAKOBYIO BHYTPEHHIOW YeTHOCTb, MOCJAeA0BATENLHD YBe-
JHYHBAIOLIHECA MAcChl H CIHH, BO3pAcCTalOILHH HA ABe eLH-
HHLDLL Yepe3 KaXKAVH cTYNeHbKY. YacTHLE, pacno/oKeHHbIe
Ha A4aHHOH JleCTHHLe, Ha3HBAWOTCA pekyppeHunamn Pejpxe
Nno OTHOWEHHIO K ]-1:’[3[]’“".’\1}' COCTOSTHHIO. :‘-')'l'fl cHCTemMa HMeeT
MHOTO CXOZHBIX YepT C CHCTEMOR «BO30YIKASHHEX COCTOf-
HHil», YOOMAHYTON paHee B JaHHo# raaee. [lo-BHanMOMY,
pexyppenTHas lienovyka Pemmxe gas Jwoboro cynepMyabTH-
nJera JQoJHA caMa o0pasoBHBATh CYNEepMyJabTHILIET TOTO
ke Tuna, Ho penuunHa B3MeHeHHs Macchl NPH Nepexole
CO CTYICHBLKH Ha CTYNEHbKY HeonpejejeHHa, TAKkKe H HH-
TepBaJbl BHYTPH MYJILTHIIeTa He 00A3aTesibHO OJHHAKOBLI
pH mepexoje oT OJHOH pPeKYDPPEeHTHOR NOcAel0BATEIbHO-
cTH K Apyroll. B HacToAllee BpeMd, HECMOTPA HAa CYLIECTBO-
BaHHe MHOMeCcTBa 0apHOHHEIX PE30HAHCOB, HAJEKHO Bbiae-
JEHO TONBKD MAJOE KOJHYECTBO PEKYPPEHTHLIX Py pPOBOK
Pejke, H HpH 5TOM OHH HE COAEPMaT HH OAHOLO MOJHOTO
CYNePMYJILTHIAETA,

W naxowen, B camoil Teopuu Kpoercs Hekas 3arajka.
DopmannsM Kak H30TONHYECKOro CMHHA, TAK W BOCBMepH-
HOH CHCTeMbl OCHOBHIBAeTcH Ha aarefipe Marpul — npamo-
YronbHBIX (B MJAHHHX CIyuasx — KBajapaTHbIX) Haboposn
YHCeJ, KOTOPHIMH MOMKHO ONepHpoBaTh, cobJionas onpene-
JeHHHe anrefpandeckue npasuaa, Clelyer BCIOMHHTD, YTO
H30TONUYECKHHA CNHH BOSHHKAET H3 paccMOTPeHHA OTpaHu-
UEHHOTO KJjacca npeoOpasoBaHnd Meway ABYMHA COCTOSHHA-
mH, Beaencrewe 3Toro GasHCHBLIMH ABAAIOTCH MATPHULI
2 X 2, ynosaersopsiiouie onpeneaennuM yceaopuam. as
BOCBMeDHUYHON CHCTeMbl OGA3HCHHIMH  SIBAAIOTCA MATPHUE
3 X 3, yaoBaeTBopaoiilEe TeM Ke yoaosusaM. Toraa nouemy
HEe CYIUIEeCTBYIOT TpeX o00BeKToB, TpaHchopMallusl KOTOPHIX
oTBeuaer cxeme ¢ martpuuamu 3 X 3? Tean-Mann npeano-
JIOMHJI, YTO TakAe OOLEKTH CYUIeCTBYIOT B JeHCTBHTENBHO-
cri. OH moJsaraeT, 4To HX COMH paBen '/, yTO ABa H3 HHX
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pmeroT cTpanHocTh 0, a CTPAHHOCTE TPETLErO pasHa —1,
zapafsl B GapHOHHBIE YHCIA ITHX 0GBEKTOB A0JIKIHD! GI_J_TE
KpaTHHIMH !f; OT 1eJoro. Fesn-ManH Ha3Bal HX «KBApKa-
vi». [lo cHX MOP STH YacTHILI HHKTO He HALAI0AA. n?-L’il‘l-
JHMOMY, €C/ii OHH TOJILKO eCTh, MacChl HX AOMKHEL m,.‘w b
oueHb BeJMKH. HIOTE3a KBAPKOB 00/1a7a€T HEKOTOPEIM
NpHBJAEKATEMBHBIMH YepTaMi, HO HE JAHIIEHa U CYLIeCTBeH-
Hh”if:anﬁﬁirﬂti;;\;?:cﬁ. cnyuaffl CHMMeTPHH BBICILETO TIOI]-'JFI_-'!Kf'l
NO-NPEXKHEMY NpeacTaBafeT cOOOH UIHPOKOE nozne 2 :FI f“‘_'
cienonanns. [TpHHOATE CHMMETPHH OKa3alHCh L.m_:r.u-._ﬂ_ul..n\t
RHCTPYMEHTOM TIPH HccJe oBaHHAX, HO HX COPaBeljHBOCTD

ne Geccrnopua.
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Inasa 16

KNKO4Y K NPOBNEMAM KOCMOJOTMM!

OTtkpriTHe He Beeraa siBasercs AedoM cayuad. Tak, uTo=
6u HafTH cnocol JedelHsi KakoH-1o onpexenenuoit Gojes-
Hi, OOHYHO HEe0OXOAHMQ TINATEJNBHO H3YYHTH MEXaHH3IM
JIeHCTBHSA pA3NAYHHX (JAKTOPOB, MOpOXKAapniAx sty Oo-
Jie3Hb, H TOJABKO TOTJa MOXKHO C0374aTh a(eKTHBHOE cpel-
CTBO BO3/eficTBHA HA 5TOT MexaHusM. Tem He MeHee cayuaif
HEPEeAKO Hrpaer 3HAYHTEJNBHYIO POJib B NPOLECCe OTKPLITHA,
T4K YTO CJIOBO «OTKPLITHE» CIPABEAJHBO HOCHT B cele
OTTEHOK CayuqaliHoCTH.

EcrtectBenno, poap ciaydas pa3jiHuda B PasHLIX OTpacs
aax wayku. B -actponomuu, u ocofenHo B Tex ee olaacrax,
KOTOpBie CBSI3AHEI ¢ KOCMOJOTHell, 3Ta poJb BedHKa, Tak
KaK HallM 3HAHHA CTpoeHua BceneHHofi BecbMa OrpaHu4eH-
HE B MHE He B COCTOSHHH 3apaHee NPelBHIAETh, I'lle H Kak
ofHapymxurea Hosoe ssjenue. IledcTBHTENBHO, LeJoe Ha-
NpaBJeHHe B ACTPOHOMHH — pajHOACTPOHOMIS — BO3HHKJO
B peayabTare cayuad, Korga Kapn fuckm us adabGopatopuu
tdupuu «benn Tenedons B NMoHCKaX NPHUHHHL OAHOTO H3
BHAOB aTMocthepHHX painonoMex oOHapyKnad, 4YTO OHH
NPeACTaBAAIOT OO0 NIYM, IPHXOASIIAH NPHMEPHO H3 HEH-
tpa 'anakrtukn. HaunHas ¢ 3TOro BpeMeéHH pajHOacTPOHO-
MHA Tepexkuaa OypHOe pa3BHTHE H NMPEBPATHIACH B CaMO-
CTOATENbHYI0 00JacTh acTPOHOMHEH; Oaarojapa e yaaJjoch
CleJaTh MHOTHE Ba{Hble OTKPHITHS, NMPHYEM 3HAUEHHA He-
KOTOPLIX H3 HHX Jio CHX NOp He 0CO3HAHH NOJHOCTEIO.

Cpenn 3THX OTKpHITHH, BO3MOXKHO, HauboJbllee sHaye-
HHe 11 KOCMOJOTHH HMeeT oOHapy:KeHHe (POHOBOIO H3aY-
uerna B Ananazone CBY, xotopoe obaanaer npnbIH3HTENb-
HO M30TPONHEIM pAacnpefeJeHHEM H XOpPOWO annpoKCHMH-
pyerca (B Toft o0JacTH 94acToT, B KOTOPO#l NPOH3BEAEHH
H3MEpeHHd) CHeKTpOM H3aydeHHA aOCOJNIOTHO HEPHOro Tena
¢ temneparypoit okoqao 3 K. O6 stoM OTKPHITHH, CAeIaH-
oM B 1965 r, [Tenanacom H BuabconoM H onyGJAHKOBaHHOM
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uMH B kypHajde Asirophysical lournal, Muw n pacckaienm
B JLAHHOH riase.

CHavasna ocTaHOBHMCA KPATKD Ha 3HAYEHHH 3TOTO OT-
kpuitHs. B ochoBe psifa Teopuit sBoonEH Beenenuoir Je-
AT THIOTE3a, COMIACHO KOTOPON MepBoHAYATbHO BCE Belle-
crBo Beenennoil GuHJI0 COCPETOTOYEHO B JAOBOJBHO OrpaHi-
YEHHOM HPOCTPAHCTBE M HAXOIHJAOCh B KOHJIEHCHPOBAHHOM
COCTOAHHH € BHICOKOH TIOTHOCTBIO. DBOJIONHS 3TOTO COCTO-
fiHHA, N0 KpaHHeH Mepe Ha HAYAJbHHIX CTAAHAX, NPOHCXO-
nuna OGblCTpo, KaK B3PLIBHON NpONECC; NMOSTOMY COOTBETCT-
BylOllaAd TEOpPHA HA3LIBAeTCH «TeopHeHd GOoJLIIOro B3pHBAa».

B 1946 r. I'amoB nokasaj, YTO Ha PAaHHHX CTAIMAX
sBoJonEH Beeaennofl 1o/mkHO Obi0 npeolaanaTh H3Jgyyes
HHe THNA W3JYVYeHHs HepHOro Teja, COXpaHHBIIeecd, N0-BH-
AHMOMY, B OCTaTOYHOM COCTOSHHH A0 cHX mop. [Ipn pacuu-
pennn Bceaennofi stderTuBHAR TeMmepaTypa 3TOro HaJjy-
yeHHA [oMKHA Oblla MOHH3HTBCA npHMepHo mo 5 K n
9KCNEepHMEHTA/ILHOE NOATBEPIKIEHHE CYIIECTBOBAHASA PelHK-
TOBOMO H3JV4eHHH MOJKHO OBIO MNOCHYKHTHL CEpPhe3HhIM
ApryMeHTOM B NOJb3Y «TeopHH 00ALLIOro B3puiBa® |,

Mamepenns oCHOBHBAJHChL Ha TOM, 4To Jl00LIe BJIEMEH-
TH SJEKTPHUECKON CXeMHE NpH TeMmmoepaType BhiIne abcomioT-
HOTO HYJIS TeHepHPYIOT WyM, o6yCAOBIeHHEI, B 4aCTHOCTH,
TENJOBBIM JIBHIKEHHEM SJeKTPOHOB npoBoauMoctn, Mou-
HOCTb IIyMa B eAHHHYHOW MOJOCe HaCTOT MPAMO MPONOPIHO-
HanecHa s¢pdexTnBHOl TeMmuepaType, H KosDOhHUHEHT npo-
NOPUHOHAJLHOCTH H3BeCTHHM 00pa3oM 3aBHCHT OT 3JeK-
TPHYECKHX CBOCTB 3vementa. H naoGopor, sTo cooTHOome-
HHe TO03BoJAsieT onpejesntbh Sh(PeKTHBHYIO TeMOepaTypy
moforo myMsilero sieMeHTa OGe30THOCHTEJBHO K TOMY,
HMEeT JIH CO3flaBaeMBI HM MIYyM TemIOBYI0 NPHPOLY HIH
HeT. [lostomy Ilensnac u Buancon nucann? o6 «uamepennn
s(@exTHBHOA WYMOBOA TEMIEpPaTYPH AaHTEHHH, HANpaB-
JeHHOH B 3eHuT». OHu oOHApPY:XKWIH, YTO HEKAs COCTABJIA-
jollag TeMiueparypel aHTEHHBbl, NO-BHAMMOMY, o0ycJaoBJena
H3JyYeHHEM, IPHHHMACMEIM H3 KOCMHYECKOTO IIPOCTPaHCTEA.

! [lenanac n BaAbCOR, OnKAKO, He GbliM 3uaxomsl ¢ pabotoft Ta-
MoBa fo ny6anraupn ceoed coGerseHOfi craTed. OHE 0GCYXIANA CBOM
peayabrare ¢ Juxom, [ladGncom, Ponnom u Yuixmuconos. [Nocaeanue
HE3ABHCHMO TIPHILIH K TOMY e 3aKkMiouennio, yto n Famos, w onyGuin-
KOBaN# CBOK paGoTy, BHECH H3IMEHEHHA C YUeTOM SKCTepHMERTANbHBIX
Pesy/IbTATCR B TOM JKe BHINYCke ypHana, uto ® Tlewsnac § Buascon.

2 Unrnpyerca us aypuana Astrophysical Journal, 142, 1965,
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Aurtenna npeacrasisaa cofoi 6-MeTpoBLll OTpaKaTelh
C pYNopoM; OHAa HCMO0/Ib30BaJdCh palee B HCCJEN0BAHHSIX [0
nporpaMme «3Xo», CBs3aHHON C HCKYCCTBEHHBIMH CITYTHH=
KaMi 3eman, 0 Obia onncaua 8 1961 r. Kpoydopaom, Xor-
roMm u Xantom L.

«AHTelHa PYNOPHO-0TPAKATENLHOTO THOA NPeICTABIAET
coboll KoMOHHAUHIO 3JNEeKTPOMATHHTHOTO PYNOpa KBaJpaT-

W

Puc. 16.1. Cxema KOHCTPYKUHH aHTEHHH! € PYNODOM H napaloanTecKiM
otpamarenem [Bell Sysi. Techn. Journ., 40 (1961), crp. 1086, puc. 1].

{OTO ceueHHst H OTpAaXKaTens, ABASIONIErocH CEKTOPOM pnapa-
fod0naa Bpatlenns, Kak nokazaHo Ha puc. [16.1]. Bepunua
pynopa copnajfaer ¢ (oxycoM napabojonaa. Tak Kax KoH-
CTPYKIIHA aHTeHHH OCHOBAHA HA 3aKOHAX reoMeTPHYECKON
ONTHKH ¥ HE COAEPMKHT 3JEMEHTOB, CBOHCTBA KOTOPHIX 3a-
BHCST OT HACTOTH, TO AHTEHHA 4YPE3BHIYaHHO IIHPOKOTOJOC-
Ha, HE UYBCTBUTEILHA K NOJSPH3ALAH M MOXKeT ObiTh HC
noJab3oBaHa AJA npHema HaayueHusa ¢ Jo00H JOAApPH3AIH-

! Uurapyerca u3 xypuana Bell System Technical lournal, 40,
19561,
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eff... BecaeacTBue skpaHupyloulero jedcrsus pynopa 00Ko-
Bble H 3dAHHH JIENECTKH [AHarpaMMbl HanpaB/ieHHOCTH Ai-
TEHHBLl OYEHb MAaJIHL,

Baarogapsi 9TOMy, Korja aHTeHHa HanpasjeHna B Hebo,
OHA NPHHHMAET JHUIL He3HAUHTENbHYIO A0/ WyMa, Hiy-
mero oT 3eMan, Takam o6pasom, laHian aHTeHHa ABJIAETCS
MaJDIMYMALKHYM NepefaolHM YCTPOHCTBOM, 9TO NO3BOMIIO

Pic. 16.2. Pynopuo-otpamareasHan aHTeHHa, Henoas3osanHan Ilen-
awacoM # Bunxconom [Bell Syst. Techn. Journ., 40 (1961), erp. 1097,
pue. 2]

HCNOJAB30BATD B 3IKCHEPUMEHTe MAJNOIMIYMSULHE MasepHH
YCHJIHTE/Ib.

Ha puc. [16.2] npuBenena gotorpadua pynopHo-oTpaka-
TeJLHON AHTEHHH, VCTAHOBJAeHHON Ha Kpoydopiackol Bo3-
BHIIIEHHOCTH, TAe HaXOAHJAach 4CTPOHOMHYECKasl CTAHUHA
Xoamaenasckoit naGopatopun... UtoOw aHTeHHy MoXHO Oul-
JI0 HanpaBuTh B M100YI0 YacTh Heba, och pynopa ycTaHas-
AuBaercs ropusocnransio, [loBopor BOKPYr 3TOH OCH TO3BO-
JAET NPOCMATPHBATEL HeGo MO YIaYy BO3BHIUIEHHS, 8 [I0BOPOT
Beell KOHCTPYKIUHE BOKPYT BepPTHKAJNLHOH OcCH — [0 a3HMY-
Ty, AuTenna Wveer AJHHY NPHOAH3NTENBHO 1D M, anepTypy
6 X 6 M2 u Bec oxono 18 1. KoHeTpykuusa paccuuTana Ha
TO, 9TOOB BHAEPAKHBATH NOPHIBE BeTpa A0 160 xM/4.

YeTpolicTBo NoBopoTa pyHopa BOKPYT OCH, caM pynop H
oTpaKare/b H3roToBJeHbl H3 amoMnnns. Bee paamanbhbie
HATPY3KH NPHXOAATCA Ha KoJeco BpallleHns pynopa
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BOKPYF FOPHIOHTANBHON OCH, HMelomiee 9 M B fuaMeTpe, Ko<
Tnpne I'IOB(_‘JIJH'I]!HE[E“E'(“:E Ha p(}ﬂl—“(‘rj_\l, CMDIITHPOBBHT—IH_‘{ HA
ocHoBaHuu. Bece oceBre HArpy3KH NajainT Ha GOJBIION
NIapHKONOANINNHAK, pacnoJoXeHHbli Ha OCTPOM KOHIlE py-
nopa. Hepes 3TOT MOAMMOHUK PYIOP MPOXOAHT B KaGHHY,
rie pasmeuieHo o0opyloBaHne: NepexoaHas CEKILHs, CBA3bi-
paloulas KBajpaTHB M KPYrJjblil BOJHOBOALI, NOABHMKHOE
cogANHEeHHe H coOpaHHoe HAa BOJHOBOLAX NpPHEMHOE YCT-
poiicTBO.., Paadeunienne npHeMHOr0o OO00OPYAOBAHHA = He-
NOCPEACTEEeHHO B BEpIIHHE pynopa MO3BoJAsSieT H3BaABATHLCS
OT WIYMOB H NMOTEPh B JHHHH Tepelaul H SBJAETCA BaiK-
HEIM AOCTOHHCTBOM aHTEHHBL.

TpeyroabHad pama OCHOBaHHS H3TOTOBJEHAa H3 CTajb-
noro npotpuas. Ona noBopauyuBaeTcs BOKPYT UeHTPAJLHOrO
VIIOPHOro 1apHKOMOAMIHNHIKA Ha KoJiecaX, KaTAUHXCS 10
KonbleBoll gopoke aumamerpoMm 9 M. Jopoxga cobpana u3
CBOOOIHEIX OT HATPSKeHHH MIOCKHX CTAa/JbHBIX IVTHT, Kaid-
lafi M3 KOTOPHIX NOAOTHAHA TAaK, UTO AOPOMKA ABJAAETCA
naockol ¢ TounocThio 0,25 mM. bokoBhie NOBEPXHOCTH KO-
JieC HMEIOT KOHHUYeCKYI0 (opMy, 4TO NO3BOJAET YMEHbLIHTD
TPEHHE CKOJLKeHHs. UroOLl HpHBECTH BCIO KOHCTPYKIHIO
AHTEeHHE B JBHMKE€HHE, JOCTAaTQYHO MNPHJIOIKHTH TAHTEHIIH-
anpHyio cuiay npubausurensio 40 Kr...

[MonosxenHe aHTeHHH H3MeHAETCA MO AIUMYTY H Yray
BOABLIIEHHST TIPH NOMONIH CEePBOMOTOPOB MOIIHOCTBIO 1O
10 1. c., paGoTarOUINX HAa MOCTOAHHOM TOKe. Hepes cHcTeMy
mecteped (c 3yObAMH, COENHAJLHO HAPe3aHHLIMH Kak And
peeuHoli nepeaayH) NPHBORATCA B [ABHJKEHUE POJHKOBLIE
lenH, OZHA H3 KOTOpLIX MpHKpenjeHa K BepTHKaJbHOMY
KOJ€CY, @ Apyrasa — K IJIHTaM, o0pa3yiolliM FopH30HTa b~
HYIO 1opoxkKy. MakcHMmansHas cKOpocTh BpallleHHs, KaK fo
a3WMYTY, TAK W 10 YTy BO3BHIIeHHA, cocTas/ser 5/, Mak-
cHMaJdLHOe ycKopenHe mo ofenM ocaM —5°/c? DaeKTpHYEes
CKHH TOK [AJA TpHBENeHHA aHTEHHbBI B JABHIKEHHE NOiBO-
AWTCHA K Bpamawlleficd KOHCTPYKIHA Yepe3 TOKOCbeMHHK
C KOHTAKTHEIM KOJIBLLOM, KOTOPBIH YCTaHOBJEH BHYTPH He«
foabinoro (paHepHOTO KOMKYXa, pacnofoiKeHHoro Hajl 1eHT-
pom nopwmunuuka [puc. 16.2]. Bea saexTpHYecKas NPOBO-
Ka, oGecneunsaiomas pafory auTeHHH H mpHeMHOro ofo-
pyIoBaHHA B KabHHe, TAKIKE MPHXOMHT Yepe3 TOKOCheMHHK
€ KOHTAKTHEIMH KOJBIAMHA.

Hudopmanua o NOAOKEHHH aHTeHHB! NocTynaeT of Gau-
KOB AaHHHX, KOTOPHEe NPHBOAATCA B ABHMKEHHE DOJBLIHMA
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mectepEamME (120 cM), H3roTOBIEHHLIMH H YCTAHOBJEHHEIMH
¢ GOJBION TOYHOCTBIO HA NOALINNHHKAX B BepuikHe pynopa
H B LeHTpe OCHOBaHHA. DJIOKH JaHHBIX COAepIKaT Ceb-
CIHDBLS,

Paznomerp 6uin noapobuo onucan [lensnacom u Buib-
COHOM B cTaTthe, rje coobIanoch 0 ero NpHMEHEHHH B Apy-
rHX HCCAeToBAHNAX L

«[lepBofi cTyneHbI0 YCHJAEHHSA CJAYMHT PyOHHOBBIH Ma-
aep Geryieil BoaHbl. Masep... HMEET LIYMOBYIO TeMOepaTypy
okono 3,5 K, ycunenne 42 aB? u WHPHAY TONAOCH 4acToT
15 MI'n...

Masep cBfizan ¢ pPYNOPHO-OTPAMATENbHON AHTEHHOM
BOJIHOBOAHEIM TPakToM, wH3oOpaeHHbM Ha puc, [16.3].
K anrenie MOAXOOHT BOJHOBOJ KPYIJOro CeYeHH#, a ONOp-
HEIH CHTHaJ H CHTHan K Masepy NnopawTcda N0 BOJHOBOLAM
npaMoyroabHoro cedeHus. HeoGxopumpie nepexoasl ocy-
LIECTRASKTCA MOCPEACTEOM TOASPH3ANUOHHEX OTBETBHTE-
nefi... [Tocaenuue umeior T-o6pasnyo GopMy H CO31AIOTCH
npucoenHeHneM GOKOBOro mjeua NPAMOYTOJBHOTO BOJIHO-
BOAA K OCHOBHOMY BOJHOBOAY Kpyraoro ceuenus. [Ipu mo-
CTYNJIeHHH HAa BXOJ OTBETBHTEJNA ABYX OPTOrOHANbHO Mo
pH30BaHHBIX KoJeGaHult OfHO M3 HHX IIPOXOAHT 4epe3 Kpyr-
Jbllf BOJHOBOJA, a JPYroe OTBETBAMETCS B NPAMOYrofbHbI
BOJIHOBOJL.

C BHIXOM2 Ma3epa MOLIHOCTH NMOMNAAaeT Ha CMECHTeJb.
B ocraanHoM pagnoMerp HMeer ofHUHOR YCTPOHCTBOS.

[Tpu u3Mepenusix BXOJA paiHOMETpPa BPYYHYIO NEPEKJI0-
yascd ¢ BEIXOJAa AaHTEHHL HA HMCTOYHHK OMOPHOro cHruana,
HMEIONLHil TeMTepaTypy JKHJAKOTO reJHf, IJTOT HCTOUHHK
6ua panee ronucan [lemanacom. Ero ocHoBHASL HacTh—
OTpPe30K JATYHHOro BojHoBoAa Aaunofi 120 cM, Ha KoHle
KOTOPOTO YCTAHOBJEHA NupaMHia H3 TIOTJONLAIONIero Ma-
TepHaia, NOJHOCTLIO NOrpysenHan B KuIKui reani. Hso-
MeTpHUeCcKas MPOeKiuHs MCTOUHHKA OMOPHOro CHrHaj1a To-
Ka3aHa Ha pHc. 16.4.

«O1pesox BoaHOoBoAa (GAKTHUECKH COCTOHT H3 ABYX CeK-
muit. Humxusas cexins coAepKuT NHPaMHLY H3 TOTIOUIAN0-
giero MarepHana.. W npH paboTe NeJHKOM 3ano/HeHa

! Cu. ccuary ua crp. 349, ,

? OraocHTesbHEE YPOBHH MOIHOCTH OOHMHO H3MEPAIOTCA B neuHoe-
nax (coxpamenno aB); pasamuue yposHell MONIHOCTH B Jeuubenax ects
101g(Po/P)), rae Py ¥ P;— cpasnupaemble 3HAYCHHA MOLIHOCTH SHEp-
' HIH 11]1‘[8]1'.:”1!”0\‘.”":!}k
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AuakuM reaneM. Ha daanuenom coennnennu cexuuii ykpen-
J2HA MaitapoBasi AMa(Qparma, oTAEAfIoNnas BepXHIOn CeK-

p/)
A\

Puc. 16.3. Bxoauofi moanosoamuii Tpaxr panHoMeTpa.
]_\ZHQP."‘.'I'OP WyMa HCIOIBIORAJCH

Anm wajgnGponkn pasuomerpa [Astroph, Journ ,
142 {1965), crp. 1150, puc. 1],
1 —orteervantent 31 ab; 2—renepa Ma:

ta; d—g Mazepy; 4 —ROJHOBOAHEA Nepe-
ENOYETENAD; §— COrNACORANHAN Aarp d; A—Bpainanmiics noJsMIzaTop; ¥ —noJim-
pusagnonnufl orTReTAnTenL; & —K aHTeRHe; I —ABxON ONOpHOro cirEada; I0—mnopo-
POTHO® coemnHeHue; J/ —nofinpuzaguoinbill OTRETBATE R, 12— propoft Bxon (uenc

NoAb3oBAHT K ).

LHIO OT KHAKOro reans. Juadparma ycranosieda nox yr-
aoM 30° K ocu BoaHoBona. Korma HusKumiT BOJXHOBOL 3300-
HEH HKIAKHM reaieM, Nepexol ra3 — KHUIKOCTE HMeeT KJii-
l'II'.Jﬂll.'ll[_‘,']O (1?0]?.\{_\' H HMISIaHC BOJHOBOIA H3MeHnaercs
NJIaBHO Mo BeeH annHe. Korda ypobeub KHAKOTO Trefns B
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JEI0ape ONycKaeTcA HHXKE (JIaHNeBOro COoCAHHEHHHA, KIHHOS
BHIHOCTb Ilepexoja ras — JKHAKOCTb TepaeTcad H YAOBJETBO=
puTejbHas padoTa HCTOYHHKA ONOPHOrO CHrHAJAA CTAHOBUT-
csi HeBOIMOXKHOM», D(deKTHBHAA TeMNepaTypa ycTpoficTsa
(npubansureanvno b5 K) 6uina onpenenena ¢ tognocteio 0,2 K.

B cBoeit nepsonauwansaoil patore! Ilensnac n BHAbCOH
coobmanm: «AHTeHHa, HCTOUHHK ONOPHOro CHrHAJNEZ H pa-
JnoMeTp GHJIH XOPOINO COrJIACOBAHLI, TAK 4YTO OTpameHHad
BoMIHA ocaabasnack Godee yem ma 55 ab. Takum obpasow,
npu usMepennd s(OeKTHBHON TeMmepaTypel MOX(HO Tipe-
HeOpeyh OWHOKaMH M3-3a paccorjiacoBaHHs HMNeAaHca B
npuemuoM tpakrte. Omndka H3MepeHHs CYMMapHol TeMime-
parypel anTeHHs, no onenkam, cocrasager 0,3 K n cpazana
B OCHOBHOM C HEONpPEleNeHHOCTRI0 afCoNOTHON KaanOPOBKH
HCTOUHHKA OTOPHOTO CHTHAJAY.

Hamepennas nosanas s@dexkTaBHAT TeMmepaTypa aHTeH-
HEl, HANpaBJaeHHON B 3enHT, coctasanaa 6,7 K. Orciona cie-
JVeT BblUeCTh BKJIajsE, o0ycloB/eHHLe NOTIONICHACM B 8T+
Mocepe, OMHUECKHMHE NOTEPAMHE B AHTeHHe M 3aIHAM Jemne-
CTKOM AHarpaMMbl HanpasBJaeHHOCTH,

«Jlns p3Mmepenns BKJafa B TEeMNEpaTtypy AHTEHHBI, Bhl-
3BafHoro arMocdepodi, perucTPHPOBAJIHCH H3MEHEHHA TeMIe-
paTypH aHTEHHH B 3aBHCHMOCTH OT yria BosBuiuenus. ITpu
o6paboTKe pe3yAbTATOB HCMOJb30BANCA 3aKOH CeKaHca %,
Peayawrar (2,3 4 0,3) K BaxoguTcsd B XopolileM COrJacHd
¢ M3BECTHHIMH palee 3HaYeHHSIMH...

Bxaan B TeMOepatypy aHTeHHE, OGYCNOBJeHHHE OMH-
YECKHMH TOTepsMH, COIVIACHO ~ pacueTaM, COCTaB/Her
(0,8 4 0,4) K. Ilpn stux pacderax oTASILHO paccMarpHBa-
Jnch 3 yuacrtka aHTendw: 1) nBe HeOAHOPOIAHBIE KOHHYE-
cKkie nepexoinsle cexnnn obuefi NMHHOH NPHOMTH3HUTENLHO
1 M, xKoTOpHE CBA3KBAIOT KPYIJHH BOJHOBOJ AHAMETPON
54 ¢M W KBajpaTHYIO TOPJOBHHY AHTEHHE! C BLIXOJAHHM
oTBepcTHeM pasmepom 15 X 15 cM?; 2) noasmikHOe cOelH-
HEeHHe C ABOMHEIM APOCCEABHEIM YILIOTHEHHEM, YCTAHOBJIEH-
HOE MeXIy ABYMS KOHHYeCKHMH nepexonamu; 3) co6CTBEHHO
anrenna, Coexnmenns MexJay CEKUHAMH ObIIH TILATENLHO
NOMOrHaHy, ¢ TeémM uro0sl OHH He YBEeJHYHBAJH CyLlecT-
BelHo notepn B cucreMe. CnennanbHasA NpOBepKa Nokasana

1 Cwm. cennky Ba crp. 349.

? TMornomenne wanydeHHs TPH NPOXOMICHHH €ro uepes atMocdepy
NPONOPUHORANRHO AJNHHEE MpOfijleHHOr0 NMYTH, KOTOpPAaA HIMEHASTCA KaK
CEK8HC YI/d BOIBHUICHNAA,

356

OTCYTCTBHE YTEUKH H NOTeph CBY-MOmMHOCTH B NOABHMKHOM
coeHHeHH.

Cnennanbio NpoBepanoch TAK#KE OTCYTCTBHE B aHTEHHE
noteph, KOTOphbie MONIH OHITh BHI3BAHB HEeCOBEPUIEHCTBOM
IIBOB Ha NOBEPXHOCTH pynopa. C 3TOi ueAbid BCe [MBEL
p6AR3A FOPJOBHHBL pynopa H GOAbHIAs 4acTh NpOYAX LIBOB
3aKPHIBAJHCH AOMHHHEBOMH JICHTON; NPH 3TOM H3MeHeHHHA
TeMAepaTypsl AHTeHHbl He OLIIO 3aMeueHo. >

Bkaaj, OGVCHOBJEHHEA H3TyYeHHEM 3eMHOM MOBEpX-
HOCTH, KOTOpOE aHTeHHa NPHHHMAET BCIEACTBHE HANNYHSA
gaqHero JenecTka B AHarpaMMme HanpaBiAeHHOCTH, HE Tipe-
piman 0,1 K. tor pesyabrar Ol HO7y4eH Ha OCHOBE H3-
Mepenuft ¢ AaHHON aHTEHHOA H HEOOJILIIHM nepefaTHHKOM,
veTAHOBJAGHHEIM HAa 3eMJje, a Takike Gojee TOUHBIX H3Mepe-
puff, TIPOBeIeHHHIX € TNOMOULBIO p}'nqpno-mpa‘,ﬁaTe,u.Hmft
AHTEHHBl MeHBbIIETO pasmepa, HMewlleH, KaK caeayer Oi-
nath, XYLIYio ARarpaMMy HanpapnJeHHOCTH.

CyMMEPYSl PACCMOTpEHHKE BhIlE BKJIAAN B TeMneparypy

C auTeHHB, MBI BRIYHCAHIH, UTO ocTaeTcsi BKJaa B TeMnepa-

TYpYy aHTEHHH, PABHLI (3,54 1,0) K, xoTophifi He HaXOAHT
obbsicHeRNA», KaKk roBOPHJIOCH BO BBeJeHUH K CTaThe, «3T4
TemMmeparypa, B npeaenax OWHOOK HaMepenufi, H3oTpONHA,
cOOTBETCTBYIONLEe €il HaaydeHHe He nossipuzoeano !, ona we
nonaep}acu}i Ce30MHHIM H3MeHeHHAM (Habaiofenns 3a ne-
puoa uwab 1964 r.— anpeas 1965 r.)». HMenno TakHMH
CcEOliCTBAMH, COTJAcHO TEOPHH, MOJKHO OB XapaKTepH-
30BaThCA PEJHKTGBOE H3JYUeHHE CO CIEKTPOM afcoJoTHO
yepHOro Tena, B H3MepeHHAd Temneparypa H3JyueHHs Ouiaa
GaHu3Ka K BLITHCASHHOMY 3HAUEHHIO.

B Tedenne mOCTeNYIONIEro AeCATHJIETHS, A0 TeX TOP
oKa STH PeayabTaThl He NMOJTy4YHan GeccriopHoro moATBepK-
NeHHs, OCTABANOCh HEACHLIM, NefICTBHTENLHO JH MPHHATOS
H3IVHEHHEe SBARETCS PeJHKTOBHIM H3JIYYEHHEM CO CHEeKTPOM
1I9p;—lor0 tena, Mamepenusi, BHIMOJHEHHbE APYTHMH HCCAC-
nopaTeJfiMi B AHanasoHe JJIHE BOJH 0,33—73,5 cm (ITen-
syac B Buiabcon paboTand HAa AJHHE BOJHE 7,36 cm), Ha-
XOLF/NCh B CONMIaCHHA €O CMEKTPOM A3IY9YeHHA HEPHOIO Tela
npu Temmnepartype oxoao 2,8 K. Oaznako xapakTepHOH 0CO-
GeHHOCTHIO CNEKTpa W3AYUeHHs uepHOro Teja SBAAETCH

! Cama aHTEHHa HEUYBCTBHTENhHA K MOASPHSALNA MALAOUWETO 13-
Avuenns, OAHAKO HA BXOJe paiHOMETPad MOXKHO pasiennTh H3AyYeHns
pa3nHuHOl NOAAPHIAUNH,
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HalHule MAaKCHMyMa, KOTOpHIH AAA 3THX TeMmeparyp cooT-
BeTCTByeT JJduHe Boaibl okono 0,11 cm.

TpyAHOCTh 3aKJA0YATACH B TOM, 4TO H3Mepenns Ha Go-
Jiee KOPOTKHX JJHHAX BOJH He MOrjiH OHTb NPOBe/IeHH ¢
i

Ja

{orrrone, Bt * orm Temep™T
i
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1
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Pue. 16.5. Cpassenne cnektpa KocMHUecKoro (HOHOBOTO HIMYUEHIA,

yamepennoro Bymw ® Ap., €O criekTpoM abeOJMIOTHO HYEPHOrO Teld NpH

remneparype 2,99 K. (o — crangaprHoe OTKIoHEH!NE) [Phys. Rev. Lett,
84 (1975), crp. 1038, pme. 2]

3eMIH H3-33 CHJABHOrO atMmocdepdoro noriouents. Hexo-
TOpYyI0 HH(OPMAUHIO AajH H3IMEPeHHA NOrJOIEeHNH H3Tye-
HHA MOJICKyJlaMH MeX<3Be3aiHOoro IPOCTPaHCTBA, ONHAKO 3TH
pesyabTaThl ONPeNeNANH JUllb BepXHUH TIpesies, H Haanque
MAKCHMYMA TPOLOJKAN0 ocTaBaThesi noa sompocom. Ha-
KoHen, B anpese 1975 r., Golin OMyOMHKOBAHB PE3Y/ILTATH
usmepennit (puc. 16.5), ocymectpiernnix Byan, Masepou,
Humuoka 1 Puaapacom u3 nabopatopun KaaupopHHiCKoro
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yHHBepcHTeTa H JNabopaTopHu HM. Bepran. 31n naMepeHus
POBOAMINCE € NOMOUIBIO [APOB-30HAOB, BLIBEACHHLIX 32
npefent armocdepu. HecMOTPA Ha HEKOTOPYIO HEONPEaS-
7EHHOCTh COOTBETCTBHA 3SKCMEPHMEHTAAbHBIX AaHHBIX TEO-
PETHTECKON KPHBOM, CYIEeCTBOBAHHE MaKCHMYyMa OUEBHIHO.
ApTopH cooGuiann: «JTO H3MepeHHe NOKAa3HBAET, UTO KOC-
MHYECKOEe PeTHKTOBOE H3JAyueHHE UMEeT CHeKTp H3/ydeHHs
yepHOTo Tesa B AHanasone 4—17 cM~», T. e, B JHANasoHe
paui soan 0,25—0,059 em.

Kouneuno, He HCKA0UeH0, 9To OyAeT noKa3aHa HecocTofl-
TeABHOCTh Teopuu Ooasioro eapusa. Ho qobast anbTepHas
THBHASA TEOpHs Ao/KHA Oyner oGBACHHTL (QAKT CYIECTBO-
BAHUA KOCMHYECKOro H3JyueHHd, COOTBETCTBYIOUEro H3ay-
YEHHIO YepHOoro Teda.



Mpunomenue

CXEMATHUHECKOE M3NOMEHME TEOPMM
CBEPXIMNPOBOOMMOCTH BKLU
M NPELALICTOPMSA EE CO3AHMSA

Kak ymomnnaznoce B ri. 4 u 14, nepesie HONBITKH Teo-
peTHIeCKOr0 ONHCAHHA CBEPXOPOBOAHMOCTH HMEJH 4HCTO
ihenoMeHONOrHUeCKHA Xapakrep. JIuois Hesafoaro Jo 0T«
KpHTHA 3ptexta Meificnepa — Oxcendenbaia NoABHIRCE OT-
NeNbHEIE TeopeTHUecKHe paloTH, B KOTOPHX Ha OCHOBE
TePMOAHHAMHKH pa3/IHYHbIE TenMOoBLle CBOHCTBA CBA3HIBA-
JHCH ¢ KpHTHYeckolt temnepatypoil T'xp. Opmaro oGocHo-
BAHHOCTh NOLOOHOr0 NOAX0[A BLI3EIBAJA COMHEHHE Jase
Y HeKkoTopniX apsTopos. [lepByio runoresy BBIABHHYJIH COB-
mecTio I'oprep s Ponna Tefinepa, Xaapaem, 0 Kasumup
n3 Jlefinenckoro yumpepcutera, Ona cocrosjia B TOM, 4TO
3J1eKTPOHEl B CBePXTPOBOJHHKe 00pasyioT [ABe «KHAKHE»
KOMOOHEHTH, O/HA H3 KOTOPHX BefeT cebs o0H4HO, 4 ApY-
ras Kak Onl KOHAEHCHPOBAHA B HEKYI0 CBepPXTERyuYiO
KHAKOCTh, MPOHH3LIBAIOILYIO XHAKOCTE HOPMAaabHEIX 3J1eK-
TpoHOB. /08 5/€KTPOHOB B CBEPXTEKYUEeM COCTOAHHH Onpe-
JeasAnach BEJNHHHHOMN, NO3AHEE NOJAYUHBLIEH HA3BaANHe napa-
Marpa nopadxa w, koropad namensnerca or o=0npun T'="7T,,
Ao @ = 1 npn T=0"'... I1a runoTesa No3BoaK1Ia OOBACHHTD
MHOTHe H3 TepMOJHHAMHYECKHX CBOHCTB CBepPXIIDOBOIHHKA.
3atem B 1935 r. 6patbn Pprn 1 Xeiiun Jlongonw, corpya-
uukn Knapennonckoit nadopatopun Oxchopaeroro yuusep-
CHTETA, MPEANOMHIN TeopHio, KOTOpas HCXOAHAAa H3 AHA-
MATHATHHX CBOHCTE H cMoria <o0BACHHTh® KaK 3derr
Meilicnepa — Ogcendenbaa, T2k M Haxugie OecKoOHEUHOM
nposoauMoctd. Oanako rayGHHa NPOHHKHOBEHHH OKa3niBa-
Jach B TEOPHH CAHIOKOM MaJjioil; pacXoiKleHHe COCTABJANQ
OLHH-IBA TOPAAKA BeJHUHHB. JIOHZOHLI CO3HABAJH, 4TO
O NOJHOM nNoHuMaHns I][‘Ill[’?(_},"ll;.l (‘.Bi;‘[l."{l[pL"IUU.L}I\-‘!i,!("l']i Tpe-

' Cp. ¢ runmoresofi JlomgoHa oTHocHTenbHO uakore reams I
{ra. 5).
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Gyerca KBaHTOBafs Teopus. B uwacTHOCTH, OHH NPEANOTIO-
UM, 9TO MAeANbHBI AHAMArHETH3M, BO3MOMHO, ABIAETCH
PE3yALTATOM «KECTKOH CBA3H», WIH KOrepenTHOCTH, BOJIHO-
BEX (GyRKUAN 51eKTPOHOB, KOTOPAd MPHBOAHT K BOSHMKHO-
BEHHIO SKPAHHPYIOUIHX TOKOB B MPHCYTCTBHH MAargHTHOrO
foad. DTy KOHIUENUHo OCODeHHO AKTHBHO passupail Ppuiu
JTonaon. B 1950 r. on chopmynpoBan ee Gogee TOUHO, Bhi-
CKa3aB NpeAnc/oyKeHHe, YTO SJEKTPOHBI NpeTepneBanT B
HEeKOTOPOM CMEICJE «KOHAEHCALHIO», HO He B NPOCTPAHCTBE
KOOpAHHAT, & B HMMYJIbCHOM NPOCTPAHCTBE; BCJAEGACTBHE
STOrO BO3HHKAET SHEPreTHYeCKas WieJb MEXAY OCHOBHLIM H
BO30YKISHHBIM COCTOAHHAMH, X

B 1950 r. Obl1 YCT@HOBJACH BajKHHH SKCNEPHMEHTA/b-
puf axr: dmanysne Makesean n3 Haunonansroro Bopo
cTaunapToB B (HesasHcumo oT Hero) Pefinoabac, Bepnapa
Cepun, Pafir u Hecurr n3 PyTrepckoro yHHBEPCHTETa
o6HapVIKHAN, 9To 3HaveHHe Typ AAA PasTHYHLIX H3OTONORB
OAHOTO H TOrO JKe 3JeMeHTa (PTyTH) PpasjnuHo, NpHIEM
Typ NpubIH3HTEILHO 00PaTHO NMPONOPHHOHANBHO KBajApaT-
HOMY KOpHIO H3 aTOMHOJI MacCh. DTOT (aKT yKasniBand Aa
TO, Y4TO ABJEHHEe CBEPXNPOBOIHMOCTH CBR3aHO C B3AUMOMIEH-
CTBHEM SJMEKTPOHOB ¢ KoJeGaHHAMH HOHOB DEUIeTKH. Jeit-
cTBHTENbHO, B ToM e roay [epbepr ®peanx us Jlubep-
nyJLCKOrO yHHBepcureta, a roa cmyers Jlxon Bapnus
HE3ABHCHMO NPeIJIOIKHAN TEOPHH, pasBHBAIOUIHE 3TO NOJ0-
swenne, Obe ony OBIH HeyIauHBL,

QanaKo MeXaHH3M, CBfi3aHHHE € B3aHMOAeHCTBHEM
STOr0 THMA, B KOHEYHOM CHeTe OKA3aJcA NMpaBHJILHEIM, MO-
STOMY 316Ch YMECTHO OOCYAHTb ero, DIEKTPOHE B3aHMO-
ASHCTBYIOT APYT € APYTOM HeNOCPE/CTREHHO — KYJIOHOBCKOE
B3auMoneficTBie — H KOCBeHHO — uepe3 HoHbl pewetky. Ky-
OHOBCKOE BaanMofelcTBHe MoykeT ObITb ONHCAHO KAk pe-
avAbTaT 0OMEHa BHPTYAIbHBIMHE KBAHTAMH 3/CKTPOMarufT-
HOTO M3JyueHns, doroHamu '. AHAJOTHYHO B3aHMOAEHCTBHE
yepe3 HMOHB PellleTKH BO3HHKAET BCJ/eACTBHE oOMeHa KBaH-
raMH ee KoJdeGaHuii, HainBaemulx (onHoHamiu. Peayiabin-
pylolilee NOBeJeHHe 3JEKTPOHOB 3aBHCHT OT COOTHOLIEHHS
oTHX IBVX THHos Baaumoaefiermus, Kak Ppenux, rTag u

1| B gagectse rpyboil, HO moneanofi KAACCHYECKOR AHATOIHH MOMNO
NPHBECTH CHEYIOMYI0 CHTYALNID: I qeq0BEKA Ha O4YEHb TNaJaKoH -!i_l-
gepxHocTH (Takofl, xak jaen) OpocaldT APYT APYTY M#Y, TPH 3TOM _-.;Hn
OOMCHRBAIOTCH SHEPTHER W WMNY/JLEOM, B PE3Y/bTATE H€ro BOIMHRALT
B3auMONCTBHE OTTANKHBAHME
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Bapaun ycTanoBuJH, 4TO BTOpOe B3aHMOLeHCTBHE HMeeT
XapakTep NPHTSXKEHHA H MOXKeT OBITh jake A0CTaTOMHO
GoablinM, uToOH NPEeonnJeTh KYJOHOBCKOE OTTaJlKHBaAHHE.
[Tpo6aema cocTosiaa B ToM, 4TOGH HalTH CIOCOG HCNOAB30-
BaHHA 3TOFO Pe3yJbTara,

B nepuon 1950—1954 rr. Ilunnapa n3 Monnoeckon Ja-
Goparopun KeMGpHIKCKOro YHHBEPCHTETA CHOBA BepHYJICA
K Hige KOrepeHTHOCTH BOJHOBOR QYHKIHH M BRKJIOYHT €€ B
TEOPHIO JloupoHoB. ]_lpmmB NJHHY KOTepeHTHOCTH paBHnI’l
no nopaaky sexnundau 10~% cM, OH cMoOr NoOJAy4HTH NOpa-
BHIbHOE 3HaUeHHe TIAYOHHH NPOHUKHOBeHHY B 3(Qekte
Meiicnepa — Oxcendennaa. Takme B 1950 COBETCKHE
yuentie B. JI. Tuuabypr n JI. JI. Jlannay u3 Hucrutyra
isnuecknx npobaem AH CCCP ofo6muan TeopHio JloH-
JOHOB APYVTHM IIYTEM, BREOA I'IHPTI".[E‘TP I'[(‘.lpj'[_"_!{ﬂ iy Pﬂﬂlﬂ."ﬁ
KBajapaTy a0coJloTHON BeIMYHHEL BOJHOBOR (YHKIHH 1.
K sToll KoHuenuHH Mbl eue sepHemcs nosanee. [maabypr
u Jlangay BuiBeNH ypaBHeHHs A5 (QYHKIHAU ), KOTOpHE
oCcOOPHHO NOJE3HLI B TOM {'.'[_\,-'l['c'lB‘ KOorna o H3MeHAeTCHA B
npocTpancTee. B HX TeopHio oueHb eCTECTBEHHO BXOAHT
JJTHHA KOTepPeHTHOCTH E— B cocTaBe De3apaaMepHOro mapa-
MeTpa, pasHoro oGpaTHOMY oTHOWeHHIO § K raybnHe mpos
HuKkHOBeHHA MelicHepa — Okcendensaa.

Konmenuna wmiedn B 3SHEpreTHYECKOM cnexTpe O6niia
BrepBble BBenena Jlomgonamu eume B 1935 r., HO mepBEIM
SIBHBIM CBHAETENBCTEOM €€ CYUICCTBOBAHHA NOCYIKHIH
skcnepament Xefinua Jlonaona B 1940 r. Cpasy e nocae
paGoru [lunmapna, Kacaouefics KorepeutHoctd, Bapann
oKasaj, uTo 3Ta TeOpHs MOJMKHA CJAel0BAaTh H3 MOIEIH.
BKJIOUAIONLeH B cefa Takvio nesab. KoHnenuwa (ean moJay-
uljia CHJALHYIO NOAAEPIKKY TOCTe TPOBefleHHA B MepPHON
1950—1958 rr. psaa sKCNepUMeHTOB, B KOTODHIX H3Mepd-
JIHCh TENJOMPOBOAHOCTh, SJEKTPOHHGLIA BKJAX B TeNJOEM-
KOCTh, MOBEPXHOCTHOE COTPOTHRJCHHE, a4 TaKiKe NpoXoKies
HUe H norJotienne wndpakpacaoro n CBYH-nanyuenus.

@peanx u Bapauu neTagHCbh pelIHTL 3TY 3ajauyy B
paMKax cBoefl MOIeJH KaK NpeHMYLIeCTBeHHO OAHOYACTHY-
HYIO, paccMaTpuBas B3auMmMojedcTeHe depe3 (oHOHW KaR
poamyurenne. Oguaxo B 1951 r. Hladpor u3 Yuueepcntera
Cuauest samern/, 9To TNojoOHOe paccMOTPeHHe HeBepHO,
160 cBepxnpoBofsfiiee COCTOfAHHEe O4YeHb CYLIECTBEHHO OT-
JHUAETCA oT HopmaabHoro. B 1955 r. oH nokasaJg, uTo ras,
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COCTOSIMIHI M2 3apfKeHHBIX G030HOB — YACTHIL, MOAMHHA-
nuxcst cratucTeke Bose — iinwTedina, 10J1KeH KOHIEHCH-
pOBaThCS MPH JOCTATOUHO HH3KOH TeMOepaType B CBEPXTC-
Kydee cocTosiHNe — T4aKoe, KOTOpoe paccMaTpHBamNoCh B T€O-
pun Foprepa — Kasumupa. Hladpor 1 ero KoJnerd, HxoH
Buaatr u Creden Bataep, nbTa/tuch 1a 3T0H OCHOBE CO314Th
TeOpHIO CBEPXTPOBOJMMOCTH H3 TepBHIX NpHHLANOB. O
paccMaTPHBANH KOPPeAALHH MEHKAY napamu HacTHIL, BO3-
HHKaloliHe BCTEACTBHE B3AHMOAENCTBHS NOCPEACTBOM (o-
HOHOB, M TNHTAJHCh NOKAa3aTh, 4TO TAPB AOMH(HBL BECTH
cefa Kak sapsKeHHule GO30HH (MX HeJab3s paccMaTPHBATD
KaK CBA3AHHOE COCTOSIHME B CTporoM cmoicie). [loBuHThes
HEKOTOPOro ycrnexa B 3TOM HanpapJeHHH YAanaoch, JHllb
NMPeAnoAQ;KiB, 4TO Tapsl JOKa/JH30BAHL B MPOCTPAHCTBE.
TO €CTh pACCTOAHHE MeXKMy mapamu OoJblile, 4eM pasMepsl
oGaacTn, saunmaemofi Kaxuoit napoii. Oanako ato npen-
NOJOMKeHHe He TO3BOJAHJI0 HM O0BACHHTHL MHOrOYACTHUHGIE
KOPPeAsUHH HAa OTHOCHTETbHO GOJBLUIMX PACCTOAHMAX, KO-
TOpHE NPHBOAAT K KOTePEHTHOCTH B CBePXNPOBOAsEM CO-
CTOAHHH.

Peanbiiiil Buixon u3 3Toil npobaemsl 0Ll HalAeH B pa-
tote Kynepa, goinoanennon B 1956 r., rjie od nokasana, 4To
{3-34 JOCTATOHHO CHJIBHOTO NPHTHAMXMeHHA Ogaroaapa pe-
[ieTKe, AeNCTBHTE/LHO CYIHIECTBYET KOppelsiua 3JIeKTpo-
HOB, HO He CTOJLKO B TIPOCTPAHCTBE KOOPAHHAT, CKOJBLKO B
MMIYJbCHOM npocTpanctse. Koppeasuua Hanbojee suati-
TeAbHa, ecJai 00a 3JeKTPOHA B nape HMET paBHble N0 Be-
JAUYAHE H NPOTHBONOJOXHO HANpaBJeHHBle HMIYJbCHL, Ola
GHICTPO CHajaeT ¢ yBeJHYeHHeM CYMMapHOro HMIyJbCa.
Nanee bBapaun, Kynep u Wpudpdpep paccmorpenn Ty Ao-
GaBKy K 9HEPrHH, KOTOpaf BO3SHHKAET H3-32 KOPPEJIAUmI,
npejAnoJsaras, YTo OCHOBHAf YacTh SHEPrHH OAHHAKOBA KaK
AN HOPMAJLHOrO, TAK M JJf CBepXMPOBOAALLETO COCTO-
Ans. 3afeM OHH YCTAHOBHAM, UTO COCTOSHHE C HaHHM3LICH
sHepruei (NpH Hy/AeBoH TeMnepaType) fABAAETCA TAKHM, B
KOTOpPOM BCE SJNEKTPOHBEL CHApeHbl M Kaxjas napa nMmeer
Hy/neBoll cymMMapHEi HMnyabc. CHabHad KoppeJsuds no
HMITYJECY, COLAACHO COOTHOIUIEHWIO Heompelae/eHHoCTed,
03HauaeT OOJALIIVIO NPOTAMEHHOCTs B NpOCTpaHcTse — B
NPOTHBONOMOKHOCTh CHTYAIHH, BO3HHKAOUlEH B TeopiH
Baarra — Barnepa — lladpora, rie UenTpnl Macc Orpoi-
HOro KoJaHdecTBa nap (mopsjka MIVIJIHOHA) JekKaT B npo-
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CTPAHCTBEHHOM 06beMe, 3annMaeMoM oAHORN mapoifi !, Muen«
HO 5Ta 0oJabIIas MPOTAKEHHOCTb HBJASETCA NpHYHHON
KOTEPEHTHOCTH, KOTOPYIO MOCTYAHpoBain JIOHAORE u [lun-
napa. Jlauna KorepeHTHOCTH AeiICTBATENBHO OKA3HBaeTes
nopaaka 10~ em. KorepeuTHOCTh He CAMIIKOM CHIbHA: TakK,
€CJH CPelHHHi HMNY/bC Naphl JaKe He3HAUHTEALHO OTIH=
H4eTCH OT HMOYJbCA OCTA/IBHBIX Nap, TO 3Ta mapa paciha-
A4ETCA M CTAHOBHTCA YACTbIO HOPMAJBLHON 3JeKTPOHHOM
xuakocers. OgHako A% TOro, 4TO6H MPEOAOIETH Koppes-
1IN0 H pasopeaTth Napy, HeoOXOAHMA SHEPTHH: HMEHHO Has
AUGHE SHEPrHH NPHBOAHT K O6pPasOBanuio LeJH B SHepres
THYECKOM CHEKTpe.

Crenyer orvmerdts, uTo B3auMojeficTBie SIEKTPOHE ©
PeLIeTKOH, KOTopoe 34ech paccMaTpHBANOCh KaK MEXaHH3M,
OTBETCTBEHHBIl 34 CBePXIPOBOAHMOCTD, C JAPYrOH CTOPOHEL,
00yCAOBAHBALT OOHMHOE SJMEKTPHYECKOR COTIDOTHBJEHHE,
ITostomy B Meraane, sBasouleMcs XO0pOMAM ITPOBOAHMKOM
B ODHYHOM CMBIC/JIe CJOB3, B3aUMOAEHCTBHE SJEKTPOHOB ¢
pemleTkoil c1a60, TOrAa KaK CBepXNPOBOAEMOCTb BO3MOMKHA
TOJNBKO NPH YCJAOBHH J0CTATOYHO CHJALHOrO B3auMoaeHcTBHS,
CaepnosaTennno, oueHb XOpOMIHE TNPOBOAHHKH, TaKHe, Kak
G/1aropoiHEe MM LIEJQUHEIE METAJNTH, He MOIyT OHITh
CBEPXNPOBOTHHKAMH.

OcnoeriM napamerpom Teopun BKII asasercs IHep-
rus A, KOTOpasi BOSHHKAET B 3TOH TEOPHH NPH BHYHCACHHH
SHEPriil OCHOBHOTO COCTOSINHS CBEPXNPOBOAHHKA AJS CJIy-
Has, Korjia s/eKTpoHsl 06pasyoT oXHOPOnHL «razs». Ecan
CBA3b Wepe3 (POHOHLL He CJAHIIKOM CHALHA (TOYHAS ONEHKA
HeCymecTBeHHA A7 HAWero o0CYXKAeHHs) —a 3T0 yeaIo-
BHE BRINOJHSETCA A17 GOJbIIHHCTBA CBEPXNPOBOAHHKOB, —
To A wmeer 3nauenne 1,75 kTyp, e £ — NOCTOSHHAA
Bosbiimana. Pasnocts smeprail MEXIY OCHOBHBIM CBEpX-
TPOBOAAUIHM COCTOAHHEM H HAHHHUSIMHM HOPMAJLHEIM CO-
CTOSIHHEM NDH HYJ/IEBOH TeMmnepaType OKasbiBaeTcd pabBHON
N(0)A%/2, rae N(0) —uncno cocTosiinil B eXHANIHOM Wi-
TepBaie sHeprHH BOawan yposuss Pepmu. B neftcrenrenms-
HOCTH 3TO OYeHb Majaf BEeJMYHHA: SHEPTHA, NPHXOAAULAACH
Ha OLHY YacTHILYy, COOTBETCTBYeT npudiamsutespao 10 mK.
Bonee Baxen Tor akr, yto A npexacrasaser coboli MAHH-

! Haanune Gomemoro whcna map B korepeHTHOM ofbese ssasercs
HCTOSHHKOM TpyAHOCTER B poaxoge baarra — Bataepa — lladpora, no-
CKOJLEY STO O3HAYACT, 4TO CAEAYeT YYHTHIBATh KODDEIAUHIO HE TOMLKQ
AAd 1ByX, HO 075 70000 YeTHOro gicaa YacTHIL
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MAIBHYI0 SHEPruio, KOTOPYI0 HYIKHO TNepefaTh Kaxaoff
4aCTHIE, YTOOH Pa3opBaThL napy; NOITOMY SHepreTHYeCKas
e HMEeeT mHpuHy 2A.

Ecan ma saexTpons AeficTBYIOT BHeIIHHH NOTEHUHAN H
(HIH) MarHuTHOE MoJe, TO A TaKkiKe 3aBHCHT OT KOODH-
HaThl # Hrpaer poJib 3(PDeKTHBHOro NoTeHuHaNR, JeHCTBYIO-
ero Ha Kaxayl 4YacTHuy napu. Buuncaenue sueprum,
B caydae Koria A HSMEHfETCHd He CAHIIKOM GHCTpo, jpaer
pesyabTar, abCoMIOTHO aHaJOrHUHLI TOMY, KOTopuift moay-
uaercsi B Teopun I'muabGypra — Jlaumay. B uacteOocTH, TOT
He pesyALTAT MOSy4aercs, €ClH NPOCTO MOJOKHTL A npo-
nopuHoHaAbHOH BoaHOBOH ¢yukuHE ¥ B (opMyanposke
'unabypra — Jlamnay. Boaee Toro, mokasano, 4To MIOT-
HOCTH 3apHa H TOKA KaK pa3 TAKOBbI, KAKHMHM OHH MOJMCHLI
ObiTh AaA YacTHIL ¢ 3apsaoM 2e, onHCHBAeMbIX KBAHTOBO-
MeXaHHYeCKOH BoMHOBOH QyHkuued' W, Taxum obGpasowm,
W B n3BecTHOM cMuicae ABAAETCH BOJAHOBOH dyuxumei nap.
Hame obeyxienne yao6HO 32BepUIHTB, HCMOAB3YS HMEHHO
3TH TepMHHELL

Dynknua ¥ 3aBHCHT OT KOOPAHHAT H BPeMeHH H MOMKeT
OhITE KOMIJIEKCHOR (TO ecTh HMeTh AHCTBHTEJNLHYIO H MIH-
My 4acrd). Jliofyio ¢yHKOHIO ¢ TakuMu CcBoficTBaMH
MOJKHO 3alHCaTh B BHIE

¥ (r, ) =[p(r, 01" - expli0 (r, 0],
rie p # O — neficTBHTENbHLIE BeJAHYHHH H p BCErga moJo-
KHTEAbHO. AMIINTYAHAA QYHKUESA p CBASAHA C MIOTHOCTHIO
SJEKTPHYECKOTO 3apajfa; KOHKPeTHO, MNJOTHOCTh 3apsja
pasHa 2ep. Kak amnautyanan (pyasuma p, Tak n hasonas
¢yaknusa 0 (rouHee, mpocTpaHCTBeHHOE H3MeHeHHe 0) Bxo-
IAT B BHpa)eHHe AJA NJIOTHOCTH TOKa, BKJAIOYAlOulee H
BEKTOPHLIH noreHUnan A, ONHCHIBAOMIHE MATHHTHOE noJie.
Tounas opma 3TOro COOTHOUIEHHA 3/eCh He CYLIECTBEHHA,
BaxHo, oaHaxo, 4To BMecTe ¢ ypaBHeHusMH MagcBessa
A SNEKTPOMATHHTHOrO MO/ OHO NPHBOAHT K YPaBHEHHIO
naa noTennuana A Bo BHYTPeHHEH O6JacTH CBepXmpoBoj-
HHKA., Pemenne nocnejHero ypaBHeHHS [aeT BeJMUNHY,
nponopuuoRamsuyio exp(—x/L), rae x— paccrosiime oOT
NOBEPXHOCTH Bray0b H A — KOHCTAaHTa, XapaKTepH3YIOIaf
KOHKPeTHBII CBEePXNPOBOMHHK M paBHas npubIH3HTENLHO

! OGwano npn OGCYRIEHHH CBepPXNPOBOAHMOCTH TePMHEHM <napa-
METp nopanKar HWiH €llenn» HCNOAbSYIOTCA Talle, ueM TEpMHH ¢BOJHO=
Bas (YHKUHA®,
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9.10-5 cM. Taknm oGpazoMm, Beanunaa A — U BMeCTe C Hel
MATHHTHOE TOJe — cnajaer Ao npeHeOpeXKHMO MajblX 3Ha=
yepHil Ha rayGHHe, cocTapasioumledl Maaylo A0J10 CaHTH=
MeTpa. JTO H €CTb YK€ H3BECTHhIE HaM sthpext Meiic-
gepa — Oxcendenplia # rAy0HHA TPOHHKHOBEHHHA A

To ofcToATENbLCTBO, 9TO H3IMEHEHHE 0 ¢ KoOpIHHATOH
CBSI3aHO €O CBEPXNPOBOAAUIHM TOKOM, JEXKHAT B OCHOBC iABs
JeRuil, ONHCAHHLIX B I 14

Ckopoctb H3MeHeHHs § OT BpeMeHH HMec JHHEHHYIO
COCTABJSIONLYIO, TIPONOPIHOHAILHYIO obulell sHeprud Napsl
(BKJIIOYAs uien, TPOMOPUHOHAMLHE 3/JIEKTPOCTATHICCKOMY
norennuaay V), n 4ucTo KBAHTOROMEXAHHYECKHH UJIeH, 3d-
BHCSIIIET OT W3MEHEHHS p C KOOPAHHATOH H BPeMEHEM. 10T
noc/Ae/lHHi HJeH MOMKeT AaBaTh 3HAYHTENLHBIH BEI4L Ha
rpamnie CBEPXNpPOBOAHHKA, HO OR paBeH HYTIO BHYTPH HEro
(#3-3a OAHOPOLAHOCTH TIOTHOCTH sapapna). C apyrou cTo-
pOHDI, 3aBHcHMOCTL O OT BpeMEHH 06 BACHSAET NPHUYHHY HIEe-
anbHON NPOBOJAHMOCTH: €can Obi CyllecTBOBAJIO HeHyJaeBoe
COTpOTHBJEHNE TOKY mnap, To 00pasosalach Dbl pasHOCTh
MOTeHUKAN0B V MeXKly ABYMs BbUIEJCHHLIMH TOUKaMH, HTO
pLI3BAJI0 Obl TOABJEHHe BO3PACTalOLleH pPasHOCTH a3z
MEKAY ITHMH TOYKaMH, pasHoft 2eV{/h, ¥ NPHBEJO G6u K
paspyLIeHHI0 OCHOBHOH KOPPEIALHI.

CooTHOIIEHHE MKy PA3HOCTLIO MOTEHNHAIOB H H3Me-
penmneM 0 OT BpeMeHH TAaKXKe HrpaeT BaXHYIO poib B ABJIe-
HHAX, PACCMOTPEHHBIX B VL 14,

Hakomel, HHTEPecHa eule ojHa 0COOEHHOCTD. CyTth ee
B TOM, UTO NapH B MPOTHBONOJOMKHOCTD OAHHOUTHLIM 3JCK=
TPOHAM HE TOJUHHSIIOTCA NPUHILHIY [Taysin. Bo MHOTHX OT-
HOUICHNAX OHH BelyT ceff Kak YacTHIH, HOATHHSIOUIHECH
cratuctike Boze — DiimmrTeiina, B 4acTHOCTH, HE TOJBKO
JOTyCKaeTes HaXOXKAeHHEe MHOTHX nap B OLHOM H TOM XKe
coCTOANNANA, HO Gosiee Toro — uem Oofblle nap HAXOJAHTCH B
amHOM COCTOAHHM, TeM Oojbule BepOATHOCTL TOTO, uTO
nofaBieHHbie B CHCTEMY HOBHe HaCTHILLI 3afMyT TO e
cocrosiHie, a we apyroe. MMenno 370 CBOHCTBO BLIACJIACT
ocroeroe coctofnne BKII kak npeAnoyTHTeNbHOE H obyc-
NOBAMBAET MAKPOCKONHUECKOE NpOsiBjeHHe KOTEPeHTHOCTH.
OHo Tak:Ke NMOAUEPKHBAET MHOTOUACTHUHEE XapakTep Te0s
puu BKII u cozaaer, BO BCAKOM C yuae, MpasAonof00HYI0
OCHOBY JJIfi TEOPETHUECKOro OnHcanud zapsija H TOKAa B
TepMIHAX BOJNHOBOH (PYHKIIH Maphl P,
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coorsercrByomnx Tpynax, 3aren onw GEJAH MepeBeledsl Ha AHTIHACKHI
HIWK H BHULIH 003 HajdBapHeM RXCO[IGIJLC;!UH FEIi[_'i!IliECJ{ﬂI"I ,-‘]ﬂ{ful,'_'l!J{-]TOp]]!l
JlefineHcKoro YHHBEDCHTeTa»: paboTH N0 OKHKEHHIO reans —Ne 108
(1908); no ceepxnpopoauMocTd — Ne 119, 120, 122 u 124 (1911); 133 u
139 (1913) » 140 1 141 (1914). B nocaefsux Apyx paboTax peus lL1a
0 NOCTOAHCTBE TOKA B 3aMKHYTON CcBEDPXNpoBOfmulell HEnH, o yeM MH
He YNOMHHAAH B JaHHON KHHTE.

PaGora Meficnepa Guan ony0ankoBaHbl Ha HeMenkom samke: Meis-
sner W., Ochsenfeld R, Naturwissenschafien, 21, 787 (1933); a raxie
Y@H, 13, 639 (1933); Meissner W. Ochsenield R., Heidenreich F.,
Zeilschrift [idr die gesamie Kalleindustrie, 11, 125 (1934); Meis-
sner W., Physikalische Zeifschrift, 35, 931 (1934) (mepesox ua pycckuit
Aasuk B YOH, 15, 207, 1935).

O63op pabor Kamepminr-Onmeca, BnioTh A0 OTKpHTHS NOJEROCO
sipperta, ® opureHansHas samersa Meficsepa u Oxcendenpaa BOLLIH
8 chopunk Superconductivity: Selected Reprint, Amer. Insi. Phys., N.
Y., 1964; Tam xe HMEETCH aHHOTHDPOBaHHas GmGaHorpadms, Pacwmupes-
uad OmOnworpagma npusefesa 8 paGore Ginsberg D. M., American
Journal of Physics, 38, 949 (1970).

O Goaee nosaunx paGorax no csepxnposoamMocty cM. UlenGepr I,
Ceepxnposoaumocts, H3n-po nHocTpaHuoit antepatypu, M., 1955; AGpu-
wocon A. A, CopBpeMeHnoe CcOCTOAHHE NpOGTeMH CBEPXIPOBOAHMOCTIH,
Yo H, 87, 125, 1965,

K raase 5

OGmuit 0630p pabor — eoaoTs fo 1932 r. — MoKHO HafiTH B KHEHTE
London F., Superiluids, vol. 2, Wiley, New York, 1954, p. 1—17.

Crepxrennonpesoguocts: Keesom W. H., Keesom A. P., Physica,
2, 557 (1935); 3, 359 (1936). Cm, raxme Allen J, F., Peirls R, Zaki
Uddin M., Nature, 140, 62 (1937),
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Ceepxreryuectn: Kapitza P., Nafure, 141,74 (1938); Kannua I1. 11,
OAH CCCP, 18, 21 (1938); Allen J. F.,, Meissner A. D, Naifure, 141,
75 (1938), and Proceedings of ihe Royal Society, Ser. Al172, 467
(1939).

Sdbexr dourannposauna: Allen J. F., Jones H., Nafure, 141, 243
(1938); Allen J. F., Reekie J., Proceedings of the Cambridge Philo-
sophical Sociely, 35, 114 (1939).

[lepesoc mo paenxe; Daunt J. G, Mendelssohn K., Nafure, 141,
911 (1938); 142, 475 (1938); 143, 719 (1939); Proceedings of the Royal
Society, Ser. AlI70, 423, 439 (1939); Kikoin A, K. Lasarev B. G,
Nature, 141, 912 (1938); 142, 289 (1938); Kuxoun A. K., Jlasapes B. T.,
HITD, 11, 573 (1941). O npeppapuTensHEX pafioTax s STOM Hanpas-
neann e, Kirtl N, Rollin B. V., Simon F., Physica, 3, 266 (1936),
ocolieHHO BTopoe TpHMesanHe Ha crp. 269; Rollin B, V. s Acfes du Sep-
tieme Congres Infernational du Freid, Vol. I (van Bockhoven J,, Ut-
recht, the Netherlands, 1937), crp. 187. cm. takxke Rollin B. V, Si-
mon F., Physica, 6, 219 (1939).

Ofaop pafBor fo 1949 r, conepsmurcs B xkuure B. T, Keesoma e«Te-
awis (Ham-go muocrpasxoft aureparypu, M., 1949) w npuBeJeHAOM B
neit nonoanenun E. M. Jlubmuua 1 3. A, Aunponnkawsnan. Cy. raxme
Kanuua II. JI, Csepxreryueers reaus-11, YdH, 93, 481, 1967 (mepene-
yaTka pauee onybankopannoro obsopa Y@H, 26, 133, 1944).

K raase 6

Heraneuwil otuer o neppom sxcnepumente cm. Rabi 1. 1., Mill-
man 8., Kusch P., Zacharias J. R., The Physical Review, 55, 526
(1939). 3ta B pax ApyrHX paloT MO MONEKYAAPHEIM myyKam coGpamst
B CGopanke «Momexyaspusie nyukn. HsGpanuwe penpuntms! (r. 1 —
«IKCMEPHMEHTH € MOJEKyJIApHHMH nyuxkamus; 1. Il — «Coextpockonns
ATOMHEIX 1 MOJEKYJApHEIX nyuxos») (Amepuxanckufi dusuuecknfi ni-
cruryr, Huio-Flopx, 1965). Ob6a roMa cyafKeHH TaKiKe aHHOTHPOBAN-
nofi GuGamorpaduel gaspnefimux paGor e MONEKYAAPHHMH NYIKAMIL

Cu. tarme Meiicaep K, [IpuMenenue atoMmBIX NyWKOB B CNEKTpPO-
cxonup, YaH, 29, 333, 1946; Jcrepman M., TexuEKa MOJeKyASpHEX
myuros, YOH, 32, 89, 1947; Keanor B. M., Muaaman C., Moaexynap-
HBe MYYRH H MarHATHE PE3OHAHCHHA Merox. PamuouactoTnue crnekrpu
aTomos n moxexyn, ¥H, 34, 72, 1948 (nepeson crarent Kellog J. B. M,
Millman 8., Rev. Mod. Phys,, 18, 323, 1946).

K raase 7

Operunansioe coobuenne: Lamb W. E,, Jr., Rutherford R. C., The
Physical Review, 72, 241 (1947).

Passepuyraa paGora: Lamb W. E., Jr, et al, The Physical Re-
view, 79, 549 (1950); 81, 222 (1951); 85, 259 (1952); 86, 1014 (1952) u
89, 88 u 106 (1953).

[IpencTaBnger WHTEpeC TAKME CTATHH, KAcaiomascs HIMEPeHHs TOro
we sthdexta B monusnposanHoM requn: Lamb W, E, Jr, Skinner M,
The Physical Review, 78, 539 (1950).

! Afomic and Molecular Beam Spectroscopy, Amer. Insi. Phys.,
N. Y., 1565.
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Tlepsrie ase paSoru n3 cepun PA3BCPHYTHIX €TATEl MOJHOCTLIO fiee
pemeyatafil TaKKe B cOopuuke eMogexynapusle nyukus, T. [ Cu. Talke
ke HobGenesckylo gexumio JIsmGa » chophnke «Hobenencine, mexuimns,
1. 111, erp. 286, ]

B ¥®H, 45, 553, 1951, npHuBEneH nepeson craven Lamb W, E.. Jr.,
et al,, The Physical Review, 79, 849, 1950, Ha ocuosannn KoTOpoil & OC=
HOBHOM HaNMHCaHa sTta riapa.

K rnage §

Opuranaistoe coobulenne o6 3Toi paGore — Kusch P., Foley H. M,
The Physical Review, 72, 1956 (1947); Foley H. M., Kusch P., ihid,,
73, 412 (1948); Kusch P., Foley H. M., ibid., 74, 250 (1948); cm. Tak-
e HoGenesckyio mexumio I7, Kywa i ocobenno Habpocok maasuefimena
passiris Borpoca, pawnwi 8 Kusch P., Physics Today, 19, Ny 2. 93
(1956). 3ra cratea nepesesena ua pycckmil a3uk s YOH, 93, 159, 1967,

K rnage 9

HanGosee pawnas crates, MOMY HMEUIa® TpPAMOE OTHO=
HIieHle K npo0aeme passuTHA TpaHIneTo — 310 crathd [lmona Bap-
JMHA N0 NOBEPXHOCTHEIM cocToaHmaM (The Physical Review, 71, 77,
1947). 3a nefi mocaemomany Asa nHCHME, cooGaBmG O NOATEE PHL A
HuN BhiBOA0B Teopud: Brattain W. H., Schokley W., The Physical Re-
view, 72, 345 (1947); Brattain W. H. ibid. 3 j

IMucsmo, B koTopoM cooBiganoce o coanamim TpanzucTOpoR: Bars
deen J., Brattain W, H., The Physical Review, 74, 230 (1948): no-
Apobnyio crateio oM. Bardeen J, Brattain W. H. The Physical Re-
view, 75, 1208 (1949).

Heuepnmpawouyim HCTOPHIO HCCIEAOBAHHH [0  NOJYTPOBOIHHKAM
moxiio naitu y Pearson G. L., Brattain W, H, Proceedings of the In-
stifute of Radio Engineers, 43, 1794 (1955); Gosiee kpaTko i Meree ot
IHANLIO HCTOPHA TpanaucTopa H3JOKeHa u paGore Brattain W. H., The
Physics Teacher, 6, 109 (1968).

Hpyrue acnexrtu Teopun cM. 8 Weiner Ch., IEEE Spectrum, 10, 24
(1973), n Schokley W., Proceedings of Conference on Public Need and
the role of Inventor, June 11—14, Monterey, California, NBS Publl-
cation Nz 388 (U. S. Government Printing Office, Washington D. G,
1974), chap. 9. Cm. taxwse cGophuk «HoGeiesckue Nexmims: k. Gaps
aunt (crp. 318); V. Wokau (ctp. 344): B, Bparrean (ctp. 377).

Ilepaeie paGoTH No cosdannio Tpansic opa Ha DYCCKOM $3nike: Bas
BiA0E B. C, Vcunenne TokoB BHCOKOH uacToTh ICTATAHYECKHMHE T8
MAUNCBLIME TpHonamu, YOH, 40, 120, 1950; llokan B., ®usnxa Tpanals
cropos, Y@H, 64, 155, 1958.

K raase 10

Wu C. 5,
P, The B}

[lepeue Tpu nucbma b

er E, Hays
ward R. W., Hoppes D. D., R

I Review, 108,

1413 (1957); Garwin R. L., L. M., Weinrich M., The Physts
¢al Review, 105, 1415 (1957): Friedman J. 1. Telegdi V. L., The Physis
cal Review, 105, 1681 (1957).
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Tlponoamenne nocaenero nmHckMa TOABHAOCE B Friedman J. I,
Telegdi V. L., The Physical Review, 106, 1200 (1957).

Herann sxcnepumenta #a yckopurede s Hesumickod naGopatopuu
onucaHsl B muccepranun Mapcens Befinpuxa, KoaymGuiickuii yunsepcu-
rer, 1958 (He onyGankoBaHo; 14HD JHIUE B BHOE (nana MNe NEVIS-
56, B pamrax ofbveludentoft nporpaumut ONR-AES). PaGoru, ocy-
lecTB/JeHHbe B Dpykxeltseuckoii naGoparopui, onyGamkobansl B
Abashian A., Adair R. K, Cool R, Erwin A., Kopp J, Leipuner L,
Morris T. W.,, Rahm D. C, Rau R. R., Thorndike A. M., Whitte-
more W. L., Willis W, J., The Physical Review, 105, 1927 (1957).

Bonee moapoGuo poas JIu u -Slyra paccMotpena B crathe  Bern-
stein J., Profiles: A Question of Parity, New Yorker Magazine, 12 May
1962, p. 49,

Pabora no nonapuzaums B-nyuelt npexcrasnena 8 Frauvenfelder H.,
. The Physical Review, 106, 386 (1957), a pauaye paboTH 1o gBoll
paccesnmwo cM. B Grodzins L., Proceedings of the National Aca-
demy of Science, 45, 399 (1959); cm. rakse Morrison P., Scienfific
American, 167, Ne 4, 45 (1957) u HoGeaesckue nexuuy Jln u Sera:
NepBEX MHCBMA H CTarbio [fiofaeHca ¢ aBTopeKumi
THTEbH MaTepHanoM

s, vol. y (World

mental Phy
sey, 1974), p. 93.

Jluteparypa Ha pycckoM msmike: Baficentepr A. O., Hosue naniue
0 pacnagax m- A p-medonos, YOH, 70, 429, 1960. O aa CHMMe!

npuponts M. Burwep E., Hapymeuue cummerpun s dusuxe, YOH,
{53, 1966.

K rmase 11

OpirnnajgbHbe cTaTEH ONYGAHKORAHE Ha HeMmenkoM a3wke: MAss-

bauer R. L., Zeitschrift fir Physik, 151, 124 | RY: Die Naturwissen-
chaften, 22, 538 (1958) u Zeitschrift [iir Naturiorschung, 14a, 2I1
39).
AHrapfickue neperoi ASHH B cbopunke The Massbauer Effect,
nanannom I. @payendesnaepom (Benjamin W. A., New Yi 1962)
{em. Tarke pycckuil nepeson: @payendeannep I, Sddexr Méccbayspa,
«Mnp», M., 1974).

@iandeckan CTOPOHA SBJAEHHA MOAPOGHO paccMoTpena s crathe Ey-
ges L., American Journal of Physics, 33, 790 (1965). Cu. taxke Hoge-
pekylo Jexinio Méccaysp:
axme chopunk Mdsshe
N. Y, 1963, 8 Kotopom con
yadHA.

‘Ha pycckom niskike oM. Takuce Mécetayap P., Pesonancnoe sgepioe
NOTIOUIEHHE Y-KBAHTOBR B TBepAWX Tenax Oes orpaun, YOH, 72,
158, 1960.

O npumenennax sddexra MéccGayapa cm. ofizop B, M. Tombaan«

cvoro (¥<@H, 89, 333, 1966).

{

i
(1

Selected Reprints, Amer. Inst.
{ITCR 8HHOTHPOBAHHAR OGHOJINO-

K raase 12

TMoanmit oTeer of skcnepumente moxkHo Haifitw 8 Reines F., Co-
van C. L, Jr,, Harrison F. B., McGuire A. D,, Kruse H. W., The Phy-
sical Review, 117, 159 (1960).




He neperpymennufi texsmmeckimn aAeranam#, of3op Goakimofli uas
CTH parjor. KOTOpHE NpPHBEIR K OROHYATENBHOMY SKCHCPDHMEATY, NaH
Kaainom JI. Koysmom, mn., B CMHTCOHHERCKOM OTuere ! sa 1964 r,
(Cuurcomnencrufl wnetntyr, Bammurron, 1965), ctp. 409—430. Cwm.
rakxke Reines F., Cowan C. L., Jr., Physics Today, 8, M 12 (1957);
Peimec ®p., Koyse K. JL, ma, Hefitpugo, YOH, 62, 381, 1957,

K raagse 13

Iepsoe ymomnmarne o mefcreyiomenm Mazepe Gbl10 cleaHo B pas
6ore Gordon J. P, Zelger H. J, Townes C, H., The Physical Review,
95, 282 (1954); reranwn momuo #afity p cratenx Gordon J, P., The Phy-
sical Review, 99, 1253 (1955): Gordon J. P, Zeiger H, J, Tow-
nes C. H,, The Physical Review, 99, 1264 (1955). CooGpamenne o 503«
MOMXHOCTH pacnpocTpAHEHHA MA3EPHOTD TPHHUHNA Ha EHppakpacHul o
ONTHYECKAN ARAanasomsl npmeencHsl B padore Schawlow A, L., Tows
nes C. H,, The Physical Review, 112, 1940 (1958). Crateu no nazepan:
Aaiman T. H, Physical Review Letlers, 8, 564 (1960); Nature, 187,
493 (1960); British Communications and Elecirons, 7, 674 (1960);
Maiman T, H., Hoskins R, H., Haenens L. J. D., Asawa C. K., Eviu-
hov V., The Physical Review, 123 115] (1961). HoGenesckyw aexmmio
Tayuca cm. Townes C. H., Science, 149, 831 (1968); unrepecnsie TexHu-
YECHKHE H COUMANLHLIE ACHEKTE NpHMEHEHHA JA3EPOB (1|'.J1'3:\'}']':_'"L{-l."|[:Eh 4]
crarke Townes C. H., Science, 159, 699 (1968). [MonpoGunfl  awanny
Pa3BHTHA HCCAELOBAHHA B EE[)H‘D,'I MEHY CO3MaHHEM Masepa H nazepa
zan llasnon 5 cSopuuxe Impact of Basic Research on Tect nology, ed.
Kurunoglu B, Perlmutter A. (Plenum Press, New York, 1973), p. 113,
Cr. raxme Lasers and Light (W. H. Freeman and Co., San Francisco,
1969, chaps. 19—31,

Honoaanrensnas aureparypa: Bacos H. T, Mpoxopos A. M., Mo-
JIERYIAPHBI FeRepatop u yeuaurens, YOH, 57, 485 (1955); B9, 375
(1856); Bacos H. I',, Kpoxus O. H., TTonos 10, M., Tenepauns, yeune-
HHE H HHAAHKalUHs ur||i.u_u:}:p:1::u0:'n H ONTHYECKOrQ H3AYUCHHA ¢ NOMOIILIO
KBaHTOBHX cucresm, YOH, 72, 161 (1960); Ilassos A., Ontaveckne sa-
aeps, 75, 569 (1961).

IlpuMevanus nepesonuMKoB K STofi NoCMenHSll CTATHE MO3BOIAION
BOCCO31aTh HecKoaLKo Oojee OOLEKTHBHYIO KapTHHY ACTOPHH Masepa i
M&S'.?pﬁ. HeM 2TO cIenaHo B JaHHOR raaBee.

K raase 14

Pous TYHHENMHPOBAHHA NpH HeCAENOBAHMHA CEEPXTPOBOAHHKOR nﬁc}'-\-
Hnanace n cratee Giaver J., Megerle K., The Physical Review, 122,
1101 (1961), sta craths cogepkana ccHAKH Ha npeAuaymae pators,
Cum. rawwe Fiske M. D., Giaver J, Proceedings of the I1EEE, B3,
1155 (1964); Sehmilt R. W., Physics Taday, 14, No 12, 38 (1961).

Opursranenas craten Iosethcona, npenckasupaionas sthperTt, —
Josephson B. D., Physics Letters, 1, 25 (1962), ona mmeer cropee pe-
(epatnsunil xapakrep; HecKoALKO Gojee NOCNeNOBaTENRHOR, XOTH TAKIKE
ROBOMBHO CIOKHOE NMPEACTABAEHHe nano B cTathe Josephson B. D., Ad-
vances in Physics, 14, 419 (1965). Cum. rake Anderson P, W., Phy-

' Smitsonian Report, Smitsonian Inst, Wash,, D, C,
ar2

o e

——

r

H

Today, 23, Ne 11, 23 (1970); ®defimuan P., Jefiron P., Cange M.,
IIMAHOBCKHE ACKUHH DO Quarke, T. 9, rn 19 (M., «Mups; 1967).
Ilepmoe coobuienne o pabmonenusn craionapuory spexra Jaxo-
ethcona — Andersen P. W, Rowell J. M, Physical Review Letters, 10,
230 (1963), moareepwacHie copepsanock B8 cratee Rowell J. M., tam
e, 11, 200 (1963). Ileproe HaGmoxeune NPOABJICHHA HECTALHOHAPHOrD
ipiperra dmozedicona omnucano B crarthe Shapiro S., Tam xe, I1, 80
(1963). HerextupoBanse CBY-nanysenns us nepexonra cM. Giaver J,
raM e, 14, 904 (1965). Daxrnueckoe cornacopanme H3JYUEHHA B3 Nepe-
1014 ¢ BHellHHMH TpaGopamy cwm. flucon M. K., Ceuctynos B. M,
uitperko M, M., JK9T®, 48, 976 (1965); Langenberg D. N., Seala-
no D. J, Taylor B, N, Eck R. G, Physical Review Letlers, 15,
t (1965); e, Tawke Langenberg D, N., Taylor B. N., Scientific Ame-
rican, 214, Na 5, 30 (1966).

Hurepdepenunonnas kapraaa <ot ABYX mienen» GHIA BUEpSHEe ONH-

cana B cratee Jaldevie R, C,, Lambe J., Silver A. H., Mercerean J. E,
Physical Review Lefiers, 12, 159 (1964); spdesr posgeficTeus BEKTOP-
HOI'O NMOTEHUHAN3a B OTCYTCTBHE MArHHTHOTO B OBJACTH TYHHEJILHOTO Tie-
pexona — Jaklevie R g Lambe J. J., Silver A. H., Mercerean J. E,
ram e, 12, 274 (1964); noppobuoe omucakme ol e pabornl — Jakle-
vic R. C,, Lambe J., Mercereau J. E, Silver A, H., The Physical Re-
view, 140, A 1628 (1965).
[peasaputeasise Hamepenns efh BENA onHcanu B CTaTHE Langen-
berg D. N., Parker W. H., Taylor B. N., The Physical Review, 150,
186 (1966). Pesyantatsl Tounoro SKCIEPUMEHTA NPeacTaBieéHnl A CTATHE
Parker W. H., Taylor B. N, Langenberg D. N., Physical Review Lef-
ters, 18, 287 (1967) [nepemom: [lapkep ¥., Tsitrop B., JanrenGepr I,
Y&H, 94, 353 (1968]: noamoe H meramboe OMHCAHNe 3TOTO IKCHEPH-
menta — Parker W. H., Langenberg D. N., Denestein A.. Taylor B. N,
The Physical Review, 177, 639 (1969). OGcyxnenie pesyIbTATOR B
A3n ¢ ofmel ouerxoll B YHIAMEHTAALHEIX KOHCTAHT ORI npejcTan-
0 B pabore Taylor B. N., Parker W. H. Langenberg D. N., Re-
ws of Modern ‘Physics, 41, 375 (1969): cm. Tamme Taylor B. N.,
Langenberg D. N., Parker W. H, Scientific American, 223, No 4, 62
(1970); Clarke J., American Journal of Physics, 38, 1071 (1970).

Hexotopuie ykasanns mna ApyrHe mnphMenenns spdexrta comepua-
JHCh B UNTHPOBAHHOM BHINE crathe Anjepcona m wyprane Physics To-
day; em, takme Clarke J,, Science, 184, 1235 (1974).

Kpowe Toro, eM. onyGankopaniue s Y®H, 1186, 1975, «HoGenesckne
nexiian 1o $usures: H, JKnpep «TynHeniposaune a1EKTPOHOB § CBEPX-
nposoanmMocTe» (ctp. 585) w B. [wosedcon ¢OTRpPHTHE TyHHENLHBIX
CBEPXAPOBOARMINX TOKOB» (cTp. 597),

TonoatuTENLHO MOKHO TAKKE PEKOMCHIOBATH ofsop T, @. Kap-
koBa oG sipdexre ixoseeona, YVOH, B8, 419, 1966,

K raase 15

Tlepebie npennosomenua M. lenn-Manua [The Physical Reuview,
125, 1067 (1962)] n 10. Heemana [Nuclear Physics, 26, 222 (1961)}
chHOPMYANPOBAKE B TPYAHON OAL NOHUMANHA MAaTEMATHMECEON hopye,
B ofmux weprax teopus namomena B craThe Chew G. F., Gell-Mann M.,
Rosenfeld A. H., Sclentific American, 210, N 2, 74 (1964) (mepesopn
cx. YOH, 83, 695, 1964).
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CooGmenne o6 skcnepumente: Barnes V. E., ef al., Physical Rea
view Letters, 12, 204 (1964). Cm. raxxe Fowler W. B., Samios N. P,
Scientific American, 211, No 4, 36 (1964).

CocTosiRNe TEOPHA ¢ TOUKH SPeHHA SECOepAMenTa Kk wkoHuy 1973 n
Aano B cratee Samios N. P, Goldberg M., Meadows B. T., Revfews
of Modern Physics, 46, 40 (1974)

CQB]:IEHCIHI(}E COCTOSHHE TEOpHRA FCIJ-G[J.'CDF! H CHCTEMAaTHKH ATPOHOB
cu. H. HamBy «Ilowemy ner cpoGoamsix keapkos?» (VOH, 124, 147,
1978) (mepeBog w3 :kypHana Scientific American, 253, 48, HOAGPL
1976).

K ranaBe 16

INepponavanpioe cooSmenne IMensmaca u Buabcona onyGankosauno
B xmypuane Astrophysical Journal, 142, 419 (1965). AuTenna onmcatns
Kpoybopaowm, Xorron ¥ Xantom B nyprane Bell System Technical Jo-
urnal, 40, 1095 (1961); paguomerp — [Tenanacom n BuAbcoHOM B KYp-
Hane Astrophysical Journal, 142, 1149 (1965); mcToannk OIOPHOro CHI'
#ana — [Mensnacom B mypuame Review of Scienfific Instruments, 386,
68 (1965).

B meyx o63opax paccMOTPEHO COCTORHHE Bompoca ma 1972 o, Omun
n3 wax ([lensmaca — B chopuuxke Cosmaology, Fusion, and Other Mat-
ters, Univ. Colorado Press, Boulder, Colorado, 1972, r1 3) npencran-
afeT cobofi obmee paccMmortpenne, IIpyrof CROHUEHTPHPOBAN BHEM~
HHE Ha PE3YALTATAX HAMEPEHHS NOTJOMEHHS MOJAEKYJAMH MeMM3Besmiorn
rasa [I. Tamneyca—n myprase Annual Review of Astronomy and
Astrophysies, 10, 305 (1972); Annual Reviews, Inc., Palo Alto, Cali-
fornia].

Hanepenns, peimssume uexol gena, GHAN ONHCAHE Bynn, Ma;ep-r:u:
Hummoxa n Pauapzconom B xyprane Physical Review Letters, 34, 1036
(1975). :

Honoaunressno Momuo pexoMenzoBaTh obaopu: 3envaosus . b,
l'opauan Mozens Beenennoit, NOH, 89, 647, 1966 BeGerep A., Koewmi-
necKoe (oHoBoR Hanywenue, YOH, 119, 343, 1976,

K npuroxennio

Hansneiimee wanomenne reopun BKI em. Kuper L. N, American
fournal of Physics, 28, 91 (1960), a raxwe Oefinman P. IT., Jlehs
Tou P. B., Coune M, B ¢6. «DeiirManosckie JeKinm o duauxes, 1. 11,
ra. 19 (M., «Mup», 1967); Tam e comepmnrcs obcymuenne spperra
Ixozedeona, Cu, raxske HoGeaescxue nexnun Ipndbepa, Physics To-
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