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Unnioctpaunsa A.banguHa

lNocesiaercsa 90-netuio N3BEeCTHEVILLEro
Pu3nka-TeopeTuka Hallero cTtoneTus
JilbBa [aBbifoBuya JlaHaay.

3aKOHbI COXPaHEHU
ITIOMOTAIOT IIOHATH
(pu3n4YeCKUe SBJICHUS

ABEPHOE, y MHOTHX uHTaTese

CYIIECTBOBAHUE 3aKOHOB COXPa-

HEHUs BbI3BIBAET HEKUIl 110YTH-
TeJbHBIN TPeTeT: HeuTo 3ampenieno. He
TO 4YTOOBI KTO-TO HE Ppa3penimi, a B
HefCTBUTETbHOCTU He MOKem Obliny, He
npoucxooum.

Korpa s pemms Hamucatp aTy cra-
THIO, MEPBOE, UTO MPUILIO B TOJOBY,
JlasKe Tiepe]l MBICJIEHHBIM B30POM BO3-
HUK Hekull pucyHox (HaBepHoe, u3
IIKOJBHOTO yuyeOHUKa (PUBUKH) — DTO
rOpKa € CAHKaMH, TOTOBBIMH CITyCTHTh-
csi. CaHKHM IIPH CIIyCKE [IOJUKHBI IIpe-
omonerb nogbeM (puc.1). VI MBIC/b:
CAHKM! HAJIO TOCTABUTD HECKOJIBKO BBITITE

Puc.1. CaHkn He [OCTUrHYT BEPLUVHbI
XO/IMa, eC/I X HadasibHasi CKOPOCTb
paBHa HyJo

— HaJ0, YTOOBI XBATHJIO IHEPTHH TIPe-
0/1071eTh ToIbeM. 1 Heo6X0[MMO yUecTb
SHEPTUIO, KOTOpas M3-3a TPEHUs TIpe-
BPATUTCA B TEMJIO — TOTePSIeTC...
BcnoMHWIMCh M Kakue-To WHBIE CJIY-
Yyau, KOTJa aHaJIu3 3aKOHOB COXpaHe-
HUsI IPUBOJUT K MeHee TPUBHATbHBIM
BBIBOJIAM.

HeoxuganHo BbBIIJIBLI U3 HMaMSITU
paccka3 3nakomoro dusuka. Ero mpu-
TJIACUJIN HA TIOCT 3aBEAYIOINIETO Teope-
THYeCcKUM oTzesioM Hekoero HN , umes-
IIIETO OTHOIIEHNE K BOEHHOMY BE/OM-
cTBY. UTO yauBmi0: 06emaiy BbICOKY IO
3apIiaty, CBOGOIHBIN PEXUM eMy Ca-
MOMY U €TO COTPYJIHUKAM U TIPU 9TOM
Tpe6OBAM TOJBKO OJHOTO — TOCelle-
HUS 3acelaHuil TeXHUYECKOro COBETa.
Moii 3HaKOMBII He BbIJIEPKAJT U CIIPO-

1*

M.KATAHOB

cmit: «3aueM g BaM HykeH?» [locaeno-
BaJI HEOXKHU/IaHHbIN 0TBeT: «Ham Heol-
XO/IIM YeJIOBEeK, KOTOPBIN 3HAEeT 3aK0-
HBI COXPAHEHUS> ...

B aToi1 cratbe 6ynmeT MpuBeAEHO He-
CKOJIBKO TPUMEPOB — CJEACTBUH U3
3aKOHOB COXPAHeHUs SHEPTUU U UM-
ImyJabca. BOJbIMUHCTBO SBJIEHUH, O KO-
TOPBIX TIOH/IET peyb, OTHOCATCS K (PU3H-
Ke KOH/IEHCHPOBAHHOTO COCTOSIHUS Be-
mecrBa (k Mmakpodusuke). Hekoropbie
13 HIX UMEIOT HEeMIOCPe/ICTBEHHOE OTHO-
mrenue K paboram JI. /l.Jlangay, koro-
pomy B 1962 rogy 6blaa mpucyskaeHa
Hob6eneBckas mpemust mo pusmke <«3a
IIMOHEePCKNe MCCIEeJOBAHNUS 10 TEOPUN
KOH/IEHCHPOBAHHBIX CPeJl, OCOOEHHO
KUIKOTO TEJINsI> .

Hauynem MbI, npaBja, usjganexa — ¢
33724 060 YIPYroM  CTOJKHOBEHHN
JACTHII.

CTonkHOBeHME OBYX
4yacTuL, pasHbIX Macc

CsoBO «yacTHIlay He JOJKHO HACTOPA-
JKUBATb, BbI3bIBAst ACCOIMAIINY C IIPOTO-
HaMu, HEHTPOHAMU, ME30HAMU W MHO-
TUMM ApyrumMu npeacrtaBuTeiAMu Toro,
YTO MO TPAJUIMH TPUHSTO HA3BIBATDH
MHUPOM dJIEMEHTApHBIX yYacTHl[ (XOTs
ATHTET «3JIEMEHTAPHBII» , TOX0XKE, BECh-
Ma ycrapes). B HameMm KoHTEKcTe Yac-
THIIA — IAPHUK, KOTOPBIN MOXET TOJBKO
nepeMeniatbesi. Hanpumep, B HeM He
MOTYT BO36Y:KIATbCS 3BYKOBbIE KOJIe-
6anms.!

[To-MoeMy, CTOTKHOBEHHE IBYX IIa-
poB m3y4vaioT B mKojge. He 6yaem pac-
CMATpUBAThb pa3Hble CJIy4aun, a OrpaHu-
YUMCS TMPOCTEHITIM: JacTUI[A MacCCOi

I Cu. emamwio A.Tpocbepea u M.Kaza-
noea «Bokpyz wapuxas («Keanms Ne2 3a
1996 2.).

M TTOKOWTCSI, & Ha HEE CO CKOPOCTHIO 50
HaJIeTaeT yactuia maccoit m. Uro mpo-
U30UeT B Pe3y/bTaTe CTOJKHOBEHUS,
ecJ CTOJKHOBeHUe J060Boe? SlcHo,
4TO TOCJIE yapa 06e YaCTHIIbI JABUKYT-
cs1 Boab ocu X (puc.2), a o ToMm, 4to
CKOPOCTH U UMITYJIbChI — BEKTOPbI, MOK-
1o He aymarb. O603HAYNM BEJTUYMHBI,
OTHOCSIIMECST K YaCTHIIE C Maccoil m
110CJIe CTOJKHOBEHUS MAJIbIMU OYKBaMuU

Puc.2. Jlo6boBoe CTOIKHOBEHUE YaCTUL]

(v — ckopoCTD, p = My — UMILYJIbC), &
K yacTuie ¢ Maccoit M — 6oapmumu (V
— CKOpOCTb, P — uMiy.ibc). 3amuiiem
3aKOHBI COXPAHEHUS UMITYJIbCA:

mo, = mo +MV (1)
U SHEpTHH:
mo:  mo’ MV’
0 = + )
2 2 2

PemuB cucremy ypaBHeHUN OTHOCH-
TEJIBHO CKOPOCTell v 1 V, MBI 6ce 6y 1eM
3HATH O ABW)KEHUU YACTHUI] TIOCJIE CTOJI-
KHOBeHUs 2 . Boipakenust qiast 0 u V.
OUYeHb MPOCTHI W HATJIS/THBI:

2Mo 2mo
v=0, - 0 = 0

O m+M’ m+ M’

[Ipu M = m naseraoIas 4acTuIla Becb
CBOH UMIIyJIbC TIepefiaeT CTOSIIeH Jac-
THIIe U OCTAaHABJMBAETCSI, a CTOSBIIAS
netut co ckopoctbio v, (V = o
v=0).

3)

0’

2 Tpusuanvnoe pewenue v = v,, V =10
onycmum. OHo o3nauaem, 4mo CmMoIKHOGe-
Hue He COCMOSIOCY.
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Yro6bI 5Ta 3a/1a4a He OCTalIach JHIIb
TIPIMEPOM U3 IIKOJIbHON (PUSUKH, TIPH-
JaIIM  TIOJTy4eHHbIM (popMyJiaM He-

2

mo,

CKOJIBKO 1pyToit Bua. Ecom g =
2
mo
2
Maccoil 7 /10 U HOCJe CTOJKHOBEHUS, a
pO = WZUO n p = Mo — €€ UMILyJbChbl, TO

u € =

— OHEPruM 4YacCTulbl C

Ae  4M/m
—=———— e Me=¢e-¢g,,
s() (1+M/m)

Ap__ 2M/m Ap =

2 - 1+M/m’me P =P Po

(4)

IIyctb Macca M HOKoOAMeiics 10 CTOJIK-
HOBEHMSI YACTUIIBI 3HAYUTENBHO Ipe-
BOCXO/MT Maccy m HaleTaomieii Ha Hee
yactunpl (M > m). Torga

B ™t By (5

€ M Po
C/oBaMu: JIerKasl 4acTUIA IIPU CTOJIK-
HOBEHHH C TSIKEJION, CylecTBEeHHO U3-
MeHSISI CBOii MMITYJIbC, IIOYTH HE M3Me-
HseT sHepruu. Ha HayyHOM »Kaprome:
CTOJIKHOBEHHUE JIETKO} YaCTUI[BI C TAXKe-
noit keasuynpyzo (1104TH YUPYTO; yII-
PYToe CTOJKHOBEHHE — CTOJKHOBEHHE
6e3 Tepejauyd SHEPTUU, KaK MpH
M_ ©).

Terepb MOHO PacCMOTPETb HMHTe-
PECHYIO, Ha MOW B3I, 3a/ady M3
Makpoduauku. IIpegcraBum cebe ANNK,
HaHOJIHeHHbIﬁ Ta30M TSKEJIbIX YaCTUI]
(¢ maccoit M). OHHI, KOHEUHO, ABUKYT-
CsI, KaK MM II0JIOKEHO: eCJIH TeMIIEpaTy-
parasa T, TO cpeiHAS BETMUNHA CKOPO-
2% T

M
ky,— nocrosunas Bobimana (ckopocts
TeM MeHblIle, 4YeM TsxeJel yacTuilbl). B
3TOT SIMK <BIPBICKUBAIOTCS» CTPYH
raza jierkux yactuiy (¢ maccoit m<M ),
NpUYeM SHEPTUsS JBHXKCHHUS YacTHI[ B
CTPYAX B pacyeTe Ha OfHYy YacTHIy &
GOJIbIIIE SHEPTHHU TEILJIOBOTO JBIKEHIS
TsKesIbIX yactul kT . (3xech € — me
SHEPTUS TEILJIOBOTO JBIKEHN: BCe Ya-
CTHIIBI, BO3MOKHO, MMEIOT OJ[HY U TY JKe

2

CTH 4acTUl] paBHA V1 = rae

mo,

CKOPOCTb v, & € = .) «Bupbichy-

JIM» Ta30Bble CTPYU W 3aKPBLIN SIIUK.
[lesib: u3yunTh, 4TO Oy/JET TPOUCXO-
IIUTH JaJIbIIIeE.

Yto6b1 OBLIO TIPOIIE PACCYKAATD,
6y/ZieM CUMTATD, YTO COJAEPIKIMOE SIIIU-
Ka IIOJTHOCTHIO OTTOPOIKEHO OT BHEIIHE-
rO MHPAa, a YUCJO «BIPBICHYTHIX> JIer-
KX YaCTHUI] PABHO YUCJTY TsKeTbIX. Ha
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3T0 ycJoBue obparture 0co60e BHUMA-
HUe, YHUTas IMocjaejHue ab3albl 3TOr0
paszeJa.

Jlerkue YaCTHUIIBI CTAJKUBAIOTCS C
TSKEJIBIME U ApYT ¢ aApyrom. [Ipu croa-
KHOBEHUU JIPYT C APYTOM OHU OOMEHMU-
BAIOTCS 9HEPIUSIMU 1 UMITyIbcamMu. Econ
ObI TSIKeJIbIX 4acTHUll He ObLJIO BOBCE, B
raze JIErKMX YacTHI[ YCTAHOBUJIOCH Gbl
PaBHOBECHOE paclipe/ieJieHe, puieM
TEMIIEPATypa ra3a COOTBETCTBOBAA Gbl
9HEPTUM [BMKEHHs YaCTHIL B CTPYSIX.
Ecnn momHBIN CyMMapHBIH WMITYJIbC
YacTHIl BO BCEX CTPYSIX He OblJI pPaBeH
HyJIIO TIPH <BIIPBICKUBaHUU>, TO OH
06paTUTCs B HOJIb 32 CYET CTOJKHOBE-
Huii (B TOM umMc/Ie M CO CTEHKaMu).
Bpewmsi, KoTOpOE IPOIET 11OCJIE BIIPHIC-
KMBAaHUSI /0 YCTAHOBJIEHUSI PaBHOBe-
CHsl, Ha3bIBAETCS BpPEMEHeM peadxca-
yuu. O603uaunM ero 6ykBoil T.

Yro 6yeT IPOMCXOANTD, €CJIH B SIIU-
Ke eCTb TspKeJble yacTuibl? Cragkusa-
SICb C HHUMH, JIETKHe 4YacTHIlbl OYIyT
CYIIECTBEHHO U3MEHTH CBON UMITYJIbC.
Tsikesible YacTUIBI TIPU 9TOM OYTH
HUYEr0 He <«IIOYYBCTBYIOT» — HX CKO-
POCTb TIOCJIE CTOJIKHOBEHUS IIPAKTHYEC-
ku He usMenures (cM. gopmy.nr (3)).
O/HAKO JIETKUM YaCTHIAM ISl TIOTEPH
MOJIHOTO UMITYJIbCA YK€ HET HeOOX 01~
MOCTH JI0JIeTaTh /10 cTeHoK. [laske ecsin
SIIUK 6ECKOHEYHO GOJIBIIOH, TIOCTEIEeH-
HO [JBIDKEHUE CTPYHl IIpPEKpaTuTCs, U
JIETKHe 4acTUIIbl GyyT ABUTATbCS Gec-
HOPSIZIOUHO. DTO O3HAYAET, YTO CyM-
MapHBIN UMITYJIbC Ta3a JIETKUX YACTHUI]
obparusicsi B HOJb. Bpems, koropoe
[UIST 3TOTO HEOGXOANMO, HA3bIBAETCS
epemenem peaaxcayuu umnyavsca. O6o-
BHAYUM €TO TaK: T, .

CTONKHOBEHUA C TSKEJBIMH YacTH-
1[AMU, KaK MbI 3HAeM, TIOYTH He H3MeHsI-
10T HEPTUM JIETKUX YACTHUI[, T.€. OHH
HOYTH HE TIEPEJAI0T CBOIO SHEPTHUIO TsI-
skespiM vactuiam. Iloatomy mpoiecc
peJlaKcaluy B ra3e JIETKUX 4acTull 6y-
JleT uATH Tak. BoicTpo, 3a Bpems T,
00paTUTCSl B HOJIb CyMMAapHBId HM-
MyJIbC JIETKUX 4YacTull. BeicTpo B rase
JIETKMX YaCTHI[ YCTAHOBUTCS PABHOBEC-
HOe pacrpejiesieHue 10 sHeprusm (3a
CYeT CTOJIKHOBEHHH JIETKUX YACTHIL [PYT
C IPYrOM), BpeMsi 3TOI0 IPoLiecca Ha30-
BeM T_.° MubIMu clioBaMH, 3a BpeMs
T, B rase JIErkNX 4acTuIl yCTaHOBUTCA
Temneparypa T, COOTBETCTBYIOIIast
SHEPIHU JIETKUX YacTuIl B cTpysx. [lo
namemy npeanonoxenno T > T, rne T
— TeMmIepaTypa TspKeJbix yactuil. [1o-

HOEKC <«8H» — COK, enue cl06
3 Wno a a
<eHYympenuees.

TOM MeJIJIEHHO, 34 CYeT KBAa3UyIpyrux
CTOJIKHOBEHU I MEXK/1Y JIETKUMU U TsIKe-
JIBIMU YacTUIlaMu, 6yIeT UATH IPoIecc
BBIDAaBHUBAHNUS TeMIIEpaTyp B CMecd
JIByX Ta3oB. B KoOHIle KOHIIOB yCTaHO-
BUTCS eJuHas Temueparypa. Ha ato
HOHaZ[OéI/ITCH BpeMAa Ts’ 3HAUYUTEJIbHO
npesocxozamee T, u T . OHO Ha3bIBa-
eTCsl peMeneM IHepzemuueckol pe-
AAKCauuu.

[lepeunraiiTe HaMCaHHOE W BHI y6e-
JINTECh, UYTO OMUCAHHBLIN <«CIIeHAPWii»
peslakcaliil CMeCH Ta30B OCHOBAaH Ha
dopmynax (5) — creacTBUAX 3aKOHOB
coxpanenus ipu M > m. Ho nipu uem
3[lech TBEPJOE TEJO, €CJU PeYb IIJIa O
razax?

IIycTb nerkue yacTuubl — 3TO 3JIEK-
TPOHDI, a TSKEJIble — IIPUMECH B MOJIY-
IPOBOJHUKE. SICHO, UTO paccesHue JIeK-
TPOHOB Ha IIPUMECSIX, KOTOPBIE B THICS-
YW pa3 TsyKesee 3JIeKTPOHOB, TPOUCXO0-
IUT nouwmu ynpyeo, W pejaxkcanus B
HOJTYTIPOBO/IHMKAX POUCXO/IUT ITPUGJIH-
3UTEJbHO TaK, KaK MbI OIINCAJIN BbIIIE.

B ¢usuke 1oynpoBoAHUKOB Cylile-
CTBYET IeJIBbII pa3iesi, HOCATIIUH Ha3Ba-
HUE zopsuue aaekmponwvt. Iopsune oHn
MOTOMY, YTO WX TEMIIEPATYPbl BBIIIE,
yeM TeMIlepaTypa HMOHOB KPUCTAJLIN-
4yecKoil pemreTku. Temepb MBI 3HaeM,
moyeMy 3TO BO3MOKHO. [loHummanue
CBOWCTB TOPSTYMX 3JIEKTPOHOB BaXKHO
IpU TPAKTUYECKOM WCIIOJIb30BAHUU
MOJTYTTPOBOTHUKOB, & TaK:Ke MPH pellle-
HUM 337124 (PUBUKH [TOJYTIPOBOJHUKOB
— aKTHUBHO pa3BUBAIONIENCA 06JacTH
(pm3uxm TBEpIOrO Tesa.

1 B ¢pusmke maa3Mol, BeIb Maa3Ma —
CMeCh 3JIEKTPOHOB U NOHOB, TOHUMAHWE
MOYTH YIIPYTOTO XapaKTepa CTOJKHOBe-
HUIi 2JIEKTPOHOB C HOHAMM TOXKE HEOO-
XO0AUMO.

Taxk permenne TMPOCTOH MIKOJBHOMN
3a/1a4M O CTOJTKHOBEHUN JIBYX MIAPUKOB
Pa3HBIX MacC OKa3bIBAETCS MOJIE3HBIM B
CaMBIX PA3JUYHBIX 06J1acTAX (PUHUKH.
3ameruM (TPyHO yaepsKaThCs): IIa3-
Ma — caMoe PacCHpOCTPaHEHHOE COCTO-
SHIe BelllecTBa BO Bcesennoii.

YacTunubl-BOJIHbI,
BOJIHbI-HaCTULbI

B kaaccuueckoit (okBanToBOIT) pusu-
Ke OIMCaHue IMouTH J060ro ABJIeHUd
Tpe6oBaso BbIGOPA <«HUCHOJHUTEJS>
aubo vactuna, au6o BoJsaHa. Oxasa-
JIOCH, TIOHATUS <«YacTHIa» U <«BOJIHA»
He UCKJIIOYAOT IPYT Apyra. MuKpoda-
CTHUIIBI MHOT/Ia BEYT ce6sT KaK BOJIHBI, a
BOJIHBI 00J1a1aI0T CBOWCTBAMI YaCTHII.
COBOKYITHOCTb CBOWCTB, M3 KOTOPBIX



3AKOH bI

OJTHU HAJIO OTHMCHIBATH C TOMOIIHIO KOP-
MYCKYJI, a [Pyre — C MOMOIIbIO BOJIH,
MOJIYYHJIN HA3BAHUE KOPITYCKYJISIPHO-
BOJIHOBOTO jiyasu3ma. «IlepeBomom» ¢
KOPITYCKYJISIPHOTO $I3bIKa HA BOJHOBOM
CJIy’KaT COOTHOTIEHUS fie bpoiins

p=hk, e=hw.  (6)

3zech p U € — UMITYJIbC U 9HEPTHUS —
XapaKTePUCTUKU [BM)KEHUS 4YaCTULLBI;

k m W — BOJIHOBOW BEKTOP * M wacroTa

— XapaKTEePUCTUKHU BOJIHBI, i — 3HaMe-
HuTtag mnocrosnnas Ilmamka (7 =
=107 Tk k).

Cootnomenust ne Bpoiina (6) moryt
CJIYZKUTb U JIJISI <[IEPEBOJIA» C BOJHOBO-
ro s3bIKa HA KOPHYCKYJISIDHBII: 7SI
HTOTO WX HAJI0 MPOYECTh CIIPaBa HaJle-
Bo. Kak/10ft Bo/THE MOKHO TIOCTABUTD B
COOTBETCTBHE YacTUILy. YacTo mpu aToM
TOBOPAT HE «YaCTUILY», a KBa3u4acCTu-
ny (mourwu, He COBCeM 4YaCTHILy), TeM
CaMbIM MO/[YEPKUBAST, YTO BCE JKE ITO HE
HACTOSIII[As YACTUIIA, 2 KBAHT — HOPIUS
SHEPTUU BOJIHBI, paBHas /iw. Kpant
5IEKTPOMAarHuTHOi (CcBeToBOM) 3HEp-
UM — KBa3W4yacTuiia ¢homow, KBaHT
3BYKOBOU aHEPTUU — (POHOH.

BBejist KBa3nuacTUIbl, JE€TKO MOJIb30-
BaThCS 3aKOHAMU COXPAHEHUST SHEPTUN
U UMITYJIbCA He TOJIbKO IIPU CTOJKHOBE-
HUAX 9aCTUIL, HO 1 B TOM CJIy4ae, Korjia
B «peaKlu» IPUHUMAIOT y4acTHe BOJI-
Hbl. IIpocreitmmit mpumep — doToad-
(exr. CBeToBast BoJiHA, MajAIONAs HA
MOBEPXHOCTh MeETaJlIa, BbIOWBAET W3
HEro 3JIEKTPOHBI. PUCYHOK 3 TIOKa3biBa-
er, Kak 3TO MPOUCXO/HUT: TOTJOTHB
(boTOH, BJIEKTPOH MTPEOI0IEBAET MTOTEH-
[UAJTbHBI Gapbep, KOTOPBIH JEPIKUT
€ro BHYTPHU MeTajlia. 3aKOH COXpaHe-

En ----

| Sanoanennwvie
IAEKMPONILLIE
yposhu

L

Puc.3. lMornotusB ¢OTOH ¢ sHepruen hw,
BJIEKTPOH nokugaet metasml; A—paborta
BbIXOAA, T.€. HaVMEHbLLAasi SHEPIUS,
KOTOPYIO HaA0 3aTpaTtuTb, YTOObI
«BbITALNTb» 3/IEKTPOH U3 MeTasna

4Boanosoii 6EKMOp paser no Mooy,

21
k= N 20e N\ — O0aumna 8omvl, d HANPAG-

JleH O HANnpaeleHulo pacnpocmpanerus
6OJIHbL.
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HUSI SHEPTUH B 9TOM CJy4ae 0COOEHHO
HPOCT:

c=hw-A. (7)

OH yTBep:K/IaeT, 4TO HIHEPTHS IEKTPO-
Ha JINHEITHO 3aBHUCHUT OT YaCTOTBI. Y paB-
Henue (7) Ha3bIBAIOT COOTHOUIEHUEM
OiinmTefiHa. DUHIITENH MEePBBIM MPH-
MeHuN moHsTHe hoToHa (KBaHTa CBeTa)
K hoToadpdexTy 1 TEM OOBSICHILT IKCITE-
pHUMeHTaJIbHbIe (PAKTHI, B KOPHE IIPOTHU-
BODEUUBIINE KJIACCHYECKOH (usukKe.
WMy abe poToHa B 3TOM CIydae MOXKHO
He YYUTBIBATH, TAK KaK OH OYEHb MaJ
(nk = hw/c, TIE ¢ = CKOPOCTD CBeTa),
U BOCIIPUHMMAETCS BCEM MeTaJlinyec-
KUM 00pa3loM, a He OJHUM 3JEKTPO-
HOM.

Celiuac, KOT/[a KBAHTOBO-MEXaHIYeC-
KH€ TIPe/ICTaBJIEHHs TPOYHO BOILIU HE
TOJIbKO B CO3HaHHe NPOpECCUOHAIOB,
HO U BCEX, NHTEPeCYOMuXcs PU3UKOH,
TPYAHO ce6e TPEACTaBUTh 3HAYEHUE
pa6oThl JiHIITEHHA TT0 Teopru (HOTO-
addekTa. [lyg Hac TTaBHOE, YTO COCTA-
BUJIO CJABY JDUHINTENHA, — 9TO CO3/a-
HUue MM Teopuru OTHOCUTEJbHOCTU, MU3-
MEHUBIIEI HANITH TPE/ICTABJIEHUS O I1PO-
cTpaHCTBe M BpeMeHu. Hasephoe, st
MHOTHX OyZeT HEOXXHJIAHHOCTbIO Y3-
HaTb, uTo HobeseBcKkyIo npemMuio JitH-
MITEHH MOTYYHJ «3a BaXHbIE (DU3NUKO-
MareMaTH4ecKue WUCCJIeOBAHUS, O0CO-
GEHHO 32 OTKPBITHE 3aKOHOB (POTOAJIEK-
Tpuyeckoro adexTay. ITO MPON3OII-
g0 B 1921 roay, Koraa u cnemnuaabHas,
1 001I[as1 TEOPHUST OTHOCUTETBHOCTH ObLIH
yoKe CPAaBHUTEJbHO JABHO MOCTPOEHDI.

Addekt KomntoHa

SABreHMEe paccesTHUS 3JIEKTPOMATrHUTHBIX
BOJTH 3JIEKTPOHAMU C U3MEHEHWEM JIJIU-
HBI BOJTHBI HA3BAHO B YeCTDH OTKPBIBIIIE-
T'O €r0 aMepPUKaHCKOro yueHoro A.Kowm-
nrona (Ho6enesckas npemus 1927 1.).

CorJyiacHO BOJIHOBBIM IIPE/ICTABJIEHM-
sIM, 9JIEKTPOMAarHUTHASI BOJTHA, YACTOTa
KOTOpOii W, 3aCTaBJsET 3JEKTPOH KO-
Jsebatpcst ¢ Toil ke vactoroit. Kose6-
JIACh, 3JEKTPOH M3JIy4aeT, eCTeCTBEH-
HO, 3JIEKTPOMArHUTHBIE BOJIHBI TOW Ya-
CTOTBI, C KOTOPO# OH Kojie6iercsi. ITO
1 eCTb paccesiHHas BOJIHA. TeM caMbIM
YacTOTA PACCESTHHOI BOJIHBI COBIIA/IAeT
C 4YacToToil majawlleil Ha 3JeKTPOH
BOJIHBI.

Opnnako, ecam paccMaTpeThb pacces-
HHUe KaK CTOJIKHOBeHHe (POTOHA C AJIeK-
TPOHOM U y4ecTb, 4T0 (HOTOH 061a1aeT
sHeprueil hw u uMIyIbcoM hw/c (M.
dopmyabt (6)), TO U3 3aKOHOB COXpa-
HEHUST HEME/IJIEHHO CJIeYeT, YTO 4acTO-

COXPAHEHNA HNOMOTAIOT NOHATD OUSUUYECKUE ABJUEHNUA S

tTa (OTOHA J[OJKHA HPHU PACCETHUN
YMEHbIIAThCA (a JJINHa BOJIHDBI yBEJIN-
yuBarbest). JeifiCTBUTENBHO, OCKOIb-
Ky 9JIEKTPOH TPHUXOJAUT B JIBUJKEHUE,
€r0 HEPTUST YBEJINIUBAETCS, & IHEPTHS]
dorona momkHa yMeHpmnThes (Ha Be-
JIMYUHY OPUOOPETEHHON 3JIEKTPOHOM
KMHETMYECKOW SHEPrum). 3ammcas 3a-
KOHBI COXPAHEHUST JHEPTUH U UMITYJTb-
ca, MOXKHO TOJIYYUTh

N == 2—Tm(1 -cosB), (8)
m,c
rme A m A\' — IJIMHBI BOJH CBETAa [0 U
TOCJIE PACCESHNUS, M, — MACCa NEKTPO-
Ha, a O — yros paccestHus.

Beanunny 2T|Tz/(mec) Ha3bIBAIOT KOM-
ITOHOBCKOM JJIMHOM BOJHBI 3IEKTPOHA.
Ona paBHa 2,4 0™ M. D10 odensp
MaJIeHbKasl BeJMYNHA. SICHO, 4TO OTHO-
cuTelbHOe U3MeHeHue BOJIHbL AN/A 3a-
MEeTHO TOJIbKO B CJIydae 04eHb KOPOTKUX
BoJiH. [Toatomy Kommiton-addexrt dak-
THYECKH HAGJI0/IaeTCsl IPH PACCESTHUN
PEHTIeHOBCKOro U Y -usjaydyeHuil. Bol-
B0/ hopmy.ibl (8) — mpocToe yrpakHe-
Hue. Y 106HO CUUTATD, YTO AJIEKTPOH, C
KOTOPBIM CTaJKUBaeTcs (OTOH, TOKO-
utcst. OHAKO, YUUTHIBAS, YTO SHEPIUY-
HbBII POTOH MOXKET 3aCTaBUTh 3JIEKTPOH
JIBUTATBCS JIOCTATOYHO OBICTPO, HAJO
UCIIOJIb30BATh PEJISTUBUCTCKYIO CBSI3b
MEK/y SHepPrueil m MMIYJbCOM 3JIeKT-
pona (€ = ym’c' +p’c’).

Mbl HACTOIYMBO PEKOMEH/IyeM BbIBe-
crtu popmyay (8). Corsacue sxcrepu-
MEHTaJIbHO HAGJIF0/IEHHBIX (DAKTOB UMEH-
HO ¢ 3TOl (popMyJoii OBLIO TIEPBBIM
HETIOCPE/ICTBEHHBIM /I0KA3aTeJIbCTBOM
KOPITYCKYJISIPHBIX CBOMCTB 3JIEKTPOMAr-
HHUTHBIX BOJIH, BOBMOXXHOCTU BBE/IEHUS
«HacTosiieil» vacTuupl — @omona c
MOJIATAIOIMUCST YacTulle dHeprueil n
umirysibeom (1922 r.). Bamux sHanmit
y3Ke JOCTATOYHO, YTOOBI BBIBECTH Ta-
KyI0 BaXXHYyI0 hopmyy!

YacTtuupl n3ny4aloT BOJIHbI

Jlo cux nop, roBopsi 0 CTOJKHOBEHUSAX,
MBI DPACCMATPUBANM UCTMUNHOE CTOJIK-
HOBEHHUE: JI0 COOBITHS U TI0CJIE COOBITHS
CYWIECTBYIOT JiBe YacTuibl. Hu tum wa-
CTHI[, HU UX YUCJIO He MeHsauch. Ho B
dbusnKe TEPMUHOM <«CTOJKHOBEHWE>
YaCcTO MOJB3YIOTCS BechbMa CBOGOIHO.
Hanpumep, Ha atom Haseraer (OTOH
(dporon crankupaercs ¢ aromom). B
pesyJibrare cmoaknogenus HOTOH BOB-
Ce MCYE3A€T, a ATOM TIEPEXOAUT B BO3-
Gyxaennoe cocrosiaue. Mm crankusa-
I0TCS MOH U 3JIEKTPOH. Pesyabrat cro-
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KHOBEHUS — TIOSIBJIEHNE HEHTPATBHOTO
aroma. [Ipumepnl Jierko yMHOXUTD.

A MOJKeT JIM aJIeMeHTapHasl 4acTUIa
(B naHHOM ciydae 910 — GECCTPYKTYp-
Has YacTHIla, OHa MOXKET TOJbKO Tepe-
METIATHCA B TIPOCTPAHCTBE), CTOJKHYB-
much ¢ (HOTOHOM WM KAKOI-HUOY/Ib
JIPYTOI KBa3WUacTUIlel, <IpoTJOTUTD>
ee? Muu: MosxeT M aieMeHTapHas ya-
CTHIIA «POJIUTHY» KaKYI0-1160 U3 KBa3u-
4acTuIl? DTOT BOMPOC MOKHO 3a7aTh Ha
«BOJIHOBOM $I3BIKE»: MOXKET JIU 4acTHU-
11, IBUTAIONASCS C IOCTOSTHHON CKOPO-
CTBIO, W3JAyunTh BosaHy (IIpm Takoi
QopMyHpOBKe He 06513aTETBHO UCTTIOJb-
30BaTh TEPMUH «CTOJKHOBEHHEY )?

OnHo o61iiee 3aMevanue. JaeMeHTap-
HbIE Ipolecchl o6patuMbl. UTo 9T0 03-
HavaeT? B janHOM ciyuae cieaytoniee:
€CTM YacTUIla MOXET <IIPOTJIOTHTb>
KBa3WYaCTHUILy, TO MOXET ee WU <«PO-
IuThy. JloCTaToOuHO MCCAeI0BATh OUH
U3 TPOIIeCCOB: JTU60 POKIEHUE KBA3U-
yactunpl (M3/Iy4eHne BOJHBI), JHGO
morJommenne KBasmdactuinl. OcTano-
BUMCS Ha pOKAeHNH (M3IyueHun).

Jlymaro, H1 y KOTO He BBI3OBYT COMHe-
HUH ypaBHEHUs, KOTOpbIe OYAYT ceifyac
TIpebSIBJICHDI:

p=p+hk, s(;a):s P +hw[l7c).
(9)

Ha Bcakuii cayuwail, Bce ke cKaxeM
CJIOBAMM: YaCTHUIIA, MMILYJbC KOTOPOM

p, a sHeprua & = s(p), poXxaaer
KBa3WYyacTUILy — U3JlyyaeT BOJIHY C BOJI-
HOBBIM BEKTOPOM £ ¥ 4acToToil 0 (W

— dyHKIEsS k). ITO COOBITHE MOXKET
MPOMBONTH, €CJIM 3aKOHBI COXPAHEHUST
(ypasuenua (9)) spmosnsiorca. Mx
MBI ¥ JIOJUKHBI IPOAHATM3HPOBATD.

KoHeuHo, /711 TOTO 4T0GbI IMETD BO3-
MO>KHOCTb MIPOAHANU3NPOBATh ypaBHe-
nug (9), Heo6X0MMO 3HATH 3aBUCUMO-
CTH BXOJANINX B HUX (DYHKIWH OT UX
apryMenToB. MHOrO MHTEPECHOTO U
BaKHOTO MOKHO OGHAPYIKUTb, HE BbI-
X0/ 34 MPEAEbl IIPOCTHIX COOTHOIIE-
Huit

2

p
€=—, w=uk-
om w=uk

BbI, Ha/l€I0Cb, ITIOHUMAETE, YTO IIEPBOE
PaBEHCTBO TOK/JIECTBEHHO 6oJee 1npu-

(10)

mo
BbruHOMy € = —— (cm. (2)), Tak Kak

p = mov (m — Macca u3Jayyawmlei
yacTuilbl). BTropoe paBeHCTBO MOKeT
orHocuThess U K ¢orony (rorma u —
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CKOPOCTB cBeTa), u K (oHony (Toraa u
— CKOPOCTD 3BYyKa).
VTax, MMITy.IbC YaCTUIIBI TIOCJIE U3.TY-

yeHug p' MOYKHO BOBCE UCKJIIOUHTD:
2
2 (p -h k)
p— = 7 + hw(k) .

2m 2m

Orcioia, yYUTBIBasi, 4TO CKAJSIPHOE
IpoM3Be/IeHUEe /IBYX BEKTOPOB p U
ectb pk = pkcosO, tme 6 — yron

k

7

p

Puc.4. HanpasneHue nosneta kBasudac-
TUUbl (Yyron © ) oTcYuThEIBAETCS OT UM-

nysbca 4actvubl p .

MeXIy STUMH Bektopamu (puc.4),
nMeeM

2,2
hpk cos® _ (.o(k)+h k ’
m 2m
NN
hk’
vkcos® = w(k) + —.
2m

YcnoBue u3JIydeHUS CBOJUTCS K YT-
BEPKJIEHUIO, 4TO €OSO He JOJIKEH 110
MOJLyJIIO TIPEBBINIATH €UHUILY, T.€.
w(k nk
-1<cosB = L +—
ko 2mo

<1, (11)

Ycnosue (11) ™Mbl B3sim B pamKy
necripocta. OO6CYsK/eHNe ero — TJaB-
HOe cojeprkaHue ocTaBiieiics yacTu
CTaThy.

Knaccunyeckuin npenen.
N3nydyeHne HepeHkoBa

Venosue (11) momyckaer mepexon K
Kmaccuueckoi usuke (mpene6peske-
HHME KBaHTOBBIMU 3SddeKramMu): s
storo mpocto(!) najo nooxuts # = 0.
Koneuno, motoM Hazo y6eauThesl, YTO
JesiaTh 510 03BoJeHo (cM. Hike). Toraa
YCJIOBUE U3TyYEHHS BBITJISIUT COBCEM
POCTO:

w
U>z:U(b, (12)

3mecp vy, — (hazoBasg CKOPOCTD BOJIHBI.
Yactuna cnoco6Ha M3JIYyYUTb BOJIHY,
€CJIU ee CKOPOCTD TIPEBBIIIAET (PA30BYIO
CKOPOCTH 3TO¥ BOJIHBI.

B 1934 rogy acmmpant C.UM.Basu-
goBa I1.A.YepeHKoB 0OHAPYKUI HEO-
6pruHOe nanyuenne. OKasaaoch, aJex-
TPOHBI, JIETSINE Yepe3 BemecTBO CO
CBEPXCBETOBOI CKOPOCTDIO, M3JIy4aroT
cBer. Teopuio aToro u3/aydeHus, MO-
JIyYMBIIIErO Ha3BaHHE YEPEHKOBCKOTO,
nocrpoun U.E. Tamm nu 1.M.Opank
B 1937 roay (HoGenesckas mnpemust
1958 T. «3a OTKpbITHE U OOBICHEHHE
a¢pdexta Basumroa— Yepenkosar
npucyxaena Tammy, @panky u UYe-
PEHKOBY ).

Kak n3BecTHO, CKOPOCTD CBeTa B IIy-
CTOTE ¢ — Ipe/iesIbHAas CKOPOCTD JIBIKe-
HUSI MaTepUaIbHbIX TeJl, 3/1eCh YaCTHIIbI
He MOTYT JIETETh CO CKOPOCTBIO, 6GOJIb-
meit ¢. Co ceepxceemosoii CKOPOCTHIO
OHHU MOTYT JIeTeTb JIUIIb B cpede, Tlie
CKOPOCTb CBeTa # MEHbIIEe CKOPOCTH
cBeTa B IyCTOTE.

[TpoBepuM, MOKHO J OBLIO TIpe-
HeOpeub BTOPBIM CJIaraeMbIM B ITPaBOil
vactu ycaosus (11). Cunraem: o = ¢,

21T

m,— MacCcCa J9JIEKTpOHa, k :7

(3aecb N — AJMHA BOJIHBI M3JYYEHHO-
ro cBeTa); A OTOPOIIEHHOTO YJeHa

h
cA

e
cJIaraeMoe eCTb OTHOIIEHHE KOMIITOHOB-
CKOW [IMHBI BOJIHBI K JTAHE BOJIHDI
cera. Ho, Kak MbI yKe 3HaeM, 3TO
OTHOIIIEHHE OUYEHb MAJO JJIsl BOJH BH-
aumMoro cgeta. [IpeHeGpeskeHne onpas-
JIaHo.

Hajo ckasarb, TeOpHUs 4ePEHKOBCKO-
r0 WMBJIYYEHHS CTPOUJIACh W OOBITHO
CTPOUTCSI HA OCHOBE KJACCHYECKOTO
(HEKBAHTOBOTO) paccMOTpeHHst. BoiBoj
ycaoBus ussaydenus (12) npome, ecin
HCTIOJIb30BaTh KBAHTOBBIN TIOAXO.

Taxenoe Tteso, 1Mynas, caMoJieT, pa-
KeTa He MOTYT JIETETh CO CBEPXCBETO-
BOH ckopocTbio (BO3MOXKHO, MOKa). A
BOT CO CBEPX3BYKOBOHl yixe moryT. B
yeaoun (11) B caydae MaKpOCKONU-
YECKOTO TeJMa BTOPBIM CJIATaeMbIM 3a-
BEJIOMO MOYKHO TIPEHEGPEUD: OHO CTOJID
MaJio, 4TO O HEM TOMPOCTYy He CTOUT
rOBOPHTH. MbI IPUXOAUM K €CTECTBEH-
HOMY BBIBOJLY: €CJIH TEJIO JIETUT CO CKO-
POCTBIO, TIPEBBINIAONIEH CKOPOCTD 3BY-
Ka B BO3[yXe, TO OHO M3JIYyYaeT 3BY-
KoBble BOMHBL. O caMOJIeTeé B TaKHX
CJly4asix TOBOPAT, 4TO OH IPEOAOJIEN
3BYKOBOU 6apbep. ITOT (DaKT MOXKHO
3aCBUJIETEIBCTBOBATD HA 3€MJIE: JI0 3eM-
JIM JIOXOJIUT <AKeT» BOJH, UCIYIIEH-
HBIX caMosieToM. YacTo aTo MpUBOAUT
K TOMY, 9TO B JloMax jpeGe3:KaT OKHa,
a MHOT/Ia W BBIMA/IAIOT.

m =

mojay4yaem: =~ , T.€. OT6pOHIeHHO€



3AKOH bI

OnNeKkTPOHbLI MeTanna —
npuyrHa 3aTyxaHus 3ByKka

Bo36yinTh 3ByK B MeTaJLJIE TPOIILE MTPO-
CTOTO: HATIPUMEP, MOXKHO CTYKHYTb 110
€r0 TIOBEPXHOCTH — TMOGEKUT CTYCTOK
BOJIH OT MIOBEPXHOCTHU B TIy6uny. Ecim
MBI XOTUM BO30YAUTDH 3BYK OTIPe/eeH-
HOI YaCTOThI, HA/IO K TTOBEPXHOCTU Me-
TaJIa TPUJIOKUTh HCTOYHUK 3BYKA;
0OBIYHO HCHOJIB3YIOT KBAPIl, KOTOPBII
KOJIeOJIeTCsT IO/l BO3/IEiCTBUEM AJIEKT-
POMArHUTHBIX I/ISJIy‘{eHI/Iﬁ.

Urak, mo meranty GeXUT 3BYKOBas
BosiHa. Ilocrenenno ona 3aryxuer. To
paccrosiiie, Ha KOTOPOM ee aMILTHUTY-
Jla YMEHBIIUTCS B € pa3, Ha3bIBaeTcsi
daunoti 3amyxanus.. Ee MOXHO u3Me-
PHTb, YTO U Jlesaercst ¢ GOJbIION TOY-
HOCTHIO B CaMbIX PA3JIMYHBIX YCJOBU-
SIX: U3MEHSIOT TEMIIEPATYPy METaJIia,
BHOCSIT METAJIJI B MATHUTHOE T0JIe, 3a-
CTaBJISIOT TEPENTH B CBEPXIIPOBO/IS-
ee COCTOsHUE W T.JA., W T.I. 3adeM
HYJKHBI 1T0JIOGHDIE SKCIIEPUMEHTBI? 3a-
TE€M, 4YTO [JJINHA 3aTyXaHUA O4Y€Hb 4yB-
CTBUTEJIbHA K «yCTPOIICTBY» MeTaJsLia.
A 3HATh, KaK «yCTPOEH» METAJLT, BasK-
HO. Jlymaio aTOT Te3uc He BbI3OBET
BO3pa’KeHUIl.

3BYK B TBEP/IOM TeJjle — BOJHA KoOJie-
63HI/IfI ATOMHDBIX YaCTUIl OTHOCUTEJ/JIbHO
uX TOJI0KeHuit paBHOBecusi. B Merasine
ATOMHBIE YACTHUIIBI — UOHBI, OKPYIKEH-
HbIE «Ta30M» 3JeKTPOHOB. [IpuHUMaoT
JW yYacThe 3JEKTPOHBI B 3BYKOBBIX
KoJieGanusix? Jla. Vloubl u 371€KTPOHBI
KO0JIe0JTIOTCS TaK, YTO PABHOBECHE MEK-
JIy HUMU TPAKTUYECKU HE HAPYIIIAETCS:
KQK/IbIil 971eMEeHT 00'beMa MeTaJla oc-
TAETCs TIPU ITOM HEUTPAJIbHBIM.

AKkycTnueckue CBOICTBA 3JIEKTPOH-
HbBIX TPOBOJHUKOB — BaXHad U UHTE-
pecHas T1aBa KBaHTOBOW (DU3WKH TBEP-
noro tesa. O Heil xoTen0ch Gbl paccKa-
3aTh TOAPOGHO OTIENbHO. 3/eCh MbI
OTBETUM JIUIIIb HA OJIMH BOTIPOC: TIPUHHU-
MaIOT 3JIEKTPOHBI yUACTHE B MOTJIOIIE-
HUW 3ByKa MeTasioM uan Het? OTBeT:
npuaEMaioT. 1 6ojiee TOTO: Tpu HU3KIX
TeMIepaTypax M JIOCTATOYHO BBICOKOMN
vacroTe 3ByKa (KOrja OH yKe He 3BYK,
a yJbTPa3BYK) 3JIEKTPOHBI — IJIABHbIE
TOTJIOTUTEJIN 3BYKOBBIX BOJIH. B JAaH-
HOM CJIydae JIydile TOBOPUTh — (POHO-
HOB.

Ecsmn ycnosue (11) onpexensier Bos-
MOYKHOCTB MOTJIOIeHUsT (DOHOHA HJTEKT-
ponom, T0 0(k) = uk, rie u — ckopoctb
3ByKa. Ycaosue (11) npunumaer Bun

(13)

2*

T/le 0 U M — CKOPOCTb U Macca 3JIEKTPO-
Ha. MakcuMabHast CKOPOCTD 3JIEKTPO-
HOB B MeTa/ax (Tak HasbiBaeMast pep-
MHEBCKAs CKOPOCTD ) 10 «36MHbBIM» Mac-
mrabam Beqnka’: o =10° M/c, T.e.
u<<0. ITO — BAXKHBIH (pakT. 3allOMHIM
ero. Temnepb OIleHNM KBAaHTOBOE CJIarae-

Moe. Y@OOGHO ero Iepemnucarb Tak:
hw u

7 —. CKOpOCTb 3ByKa B MeTajjiax
v

mu
nopska (2 - 5) 10> wm/c. Ilostomy
IJIg 4acToT W < 1011 c_1 KBaHTOBBIN
YJIeH MaJI 110 CPAaBHEHUIO C OTHOIIEHUEM
u/v. 3HauuT, 1A OOBIYHOTO 3ByKa U
Jlake yJIbTpasByKa KBaHTOBOE cjiarae-
Moe (omsaThb!) oueHb Majo. A Tak Kak
CKOPOCTD 9JIEKTPOHA 3HAYMTENBHO TPe-
BBIIIAET CKOPOCTb 3BYKa, TO 9JEKTPOH
«jerko» morsomaer dpouon. Crenosa-
TeJIbHO, U3y4Yas IOrJIOIEHHE 3BYKa, Mbl
MOKEM y3HaTh 00 3JIEKTPOHAX MHOTO
MHTEPECHOTO.

3atyxaHue Jlangay

He npaBuTCcs MHe Ha3BaHuUe 3TOTO pas-
nena. Touynee, JaBHO He HPABUTCS Ha-
3BaHUE SIBJIEHNUS, KOTOPOE TaK HA3BAHO.
Oco6eHHO TPYCTHO OHO 3By4Yajio B Te
IECTD JIET MTOCJIEe AaBTOMOGUIbHON KaTa-
crpodnr (1962 1.), B pesyabraTe KOTO-
poil mectb Jer 3aryxasa Ku3Hb JlaH-
nay. Ho nuyero ve nommmerns. d3bik (B
JTAHHOM CJIydyae — Hay4YHas TePMUHO-
JIOTHSI) 3aKpEluJa TaKoe HanMEHOBA-
Hue.

[Tnasma yske ymoMUHAJIACH B CTAThE.
[Inasma — uelirpanbnas (B cpeanem)
cMech 3apsDKEHHBIX YaCTHUI[ Pa3HBIX
3HaKoB. Hampumep, MOJIOKUTENbHBIX
MOHOB W OTPUIIATENBHBIX JIEKTPOHOB.
Ho nam mpujercsi MO3HAKOMUTHCS C
elle OJTHUM TEPMUHOM: 6ecCOIKHOGU-
mesbHas naasMa. ITOT TEPMUH HE 03-
HAYaeT, YTO YACTHIILI TIJIA3MbI HIKOTIA
He CTaJKUBAIOTCS. BeccToIKHOBUTED-
HOHM TIJIa3My Ha3bIBAIOT TOT/AA, KOTIA
CTOJIKHOBEHUH MOYKHO HE YUYUTBIBATD.
Hampumep, eciu BpeMst MEKIY CTOJIK-
HOBEHUSIMH 3HAYUTEJNBHO GOJIBIIE, YEM
TIePHO/I TeX MOJIel, TOBeIeHNE KOTOPBIX
B IJIa3Me MBI U3yYaeM.

Jlnst onmcanust CBOMCTB GECCTOIKHO-
BHUTEJIBHON TIa3Mbl Obiiu copmyin-
posansl B 1938 roay criermanibHble ypas-
HeHusi. OHU TTOJTYYUIN UMS CBOETO CO-
3/1aTeJsT — UX HA3BIBAIOT YPaBHEHUSIMU
Baacosa ¢ . Xora vactuup (1o npemo-

5 Cn. cmamwvio M. Kazanosa <Kax ycm-
poenvt memannvi? > («Keanms No2
3a 1997 2.).

6 A.A.Baacos noayuun Jlenuncxkyio npe-
muto 1970 z00a 3a yuxa pabom no niasme.
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JIOKEHHIO) HE CTAJKUBAIOTCS, HEJb3sI
CYNTATh, YTO OHU HE B3AaNMOCHCTBYIOT.
DJIeKTPOMarHUTHOE TI0JI€ 3aBUCUT OT
JIBUDKEHUS 3aPSUKEHHbBIX YaCTHIL, a CaMo
oJie BJIMSIET HA WX JBUKEHHE: BO3HU-
KaeT cBoeoOpa3Has 3aBHCHMOCTb BCEX
OT BCeX — KOJUIEKTHBHOE B3amMMOJIeH-
CTBHE 3apSKEHHDIX YACTHI[ MEXAY CO-
60ii. JTH ypaBHEHHS OKa3aJUCh BaK-
HBIM TIOMOII[HUKOM B OI'POMHOM YHCJIe
3a/1a4 pu3uky mrasMbl. C UX MOMOIIBIO
MO3KHO Ob1JIO0 GbI PACCYUTBIBATD MHOTO€:
OT 3JIEKTPOHHBIX TPUOOPOB, COCTABHBIM
37IEMEHTOM KOTOPDIX CJLy KHUT 3JIeKTPOH-
HO-MOHHBIH IYYOK, /[0 CBOICTB HOHOC-
epbl MM MEXTAJAKTHYECKOTO Tasa.
Ho... o6parnTte BHUMaHNe Ha YacCTHUILY
«Obl». Jles10 B TOM, UTO IIPH IOy YeHUN
pelieHuil Bo3HUKaJa OGoJbIIAs TPY.-
HocTb. OKa3anoch: 371eKTPOMarHUTHbIE

BOJIHBI C BOJHOBBIM BEKTOPOM E n

YacTOTON W TaKUMH, YTO W = k v, IJe

© — CKOPOCTh KaKOU-u60 U3 YaCTHUI
[JIA3MbI, ONUCATH HEBO3MOJKHO, WJIH,
TOYHEe, MPUXOIUJIOCH HUCIIOJb30BATH
UCKYCCTBEHHDII, HE ONpaBJaHHbBIN pu-
3UYECKOU TPUPOJION MaTeMaTH4eCKUi
npueM (PU3HKI-TEOPETHKHI 9TOrO OYEHb
He J06AT!).

Yactunpl B ILIazMe, Kak B JI0O0M
rase, JABIJKYTCS XaOTHYECKHU C CAMBIMU
Pa3TMYHBIMU CKopocTssMu. Pacmpene-
JIEHVIE TI0 CKOPOCTSIM 3aBUCHUT OT TeMITe-
paTypbl: B YaCTHOCTH, YeM ILJIa3Ma ro-
psiueii, TeM CpeIHsisE CKOPOCTb YaCTHIL
6oupiie. B oueHb X0JI0[HON TITa3Me,
OTIMCHIBAEMOIl KBAHTOBBIMHU 3aKOHAMH,
CKODPOCTH 3JICKTPOHOB OTPaHUYEHbI (pep-
MHEBCKOH CKOpocTbIo (CM. Tpeablay-
it paszen). OTcioa ICHO, YTO MOJIb30-
BarbCcs ypaBHeHussMu BiiacoBa, He BHe-
€SI B HUX KaKyI0-TO HOBYIO (PU3UUECKYIO
UJIE10, €CJU HEe HEBO3MOYKHO, TO OYEHD
Heyno6HOo. Kak TOsBKO BCTpevaercs
BOJIHA, XapaKTEPUCTHKK KOTOPOi ( W u

£ ) YIOBIETBOPSIOT yCJIOBHIO

w=ko, (14)
AMILIUTY/Ty TAKOW BOJIHBI MBI PACCUU-
TaTth He MokeM. Wuu, n1pyrumu ciosa-
MH: Mbl HE YMEeM PACCUUTBIBATH TAKUE
BOJIHBI, (Ha30Basi CKOPOCTh KOTOPBIX
MEeHbIIIe CKOPOCTU KAKO¥-I100 13 yac-
THUI[ T1JIA3MBI.

Hosyio ¢dusmueckyio uzgeio B ¢usn-
Ky miasmbl BHec Jlangay B cBoeil pa-
6ote 1946 roma. Ee, kak 60/bIINHCTBO
treopusndeckux paGor, HEBO3MONKHO
U3JIOKUTD, OTPAHUYUBASICH TEMU CKPOM-
HBIMU 3HAHUSIMUA, KOTOPBIMHU HAM MPU-
XOJUTCST JIOBOJIBCTBOBAThCsI. HO MOHATH
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(usnveckyto IpUPOLY IPOUCXOSIIE-
ro B 06eCCTOJIKHOBUTEJDbHOH ILTasMe
MOKHO.

[laBaiiTe mpoKBaHTyeM BOJIHY I10JIs
1 MOCMOTPUM, MOXeT JH «(OTOH» I10-
TJIOTUTBCA YacTHIaMu IIa3Mbl. [lus
BBISICHEHUS 9TOTO, KaK MbI 3HAaeM, HaJ0
HOCMOTPETD, YAOBJIETBOPAIOTCS JIN 3a-
KOHBI COXPAHEHUST 3HEPTUH U UMITYJTb-
ca. CBeJieHHbIE BMeCTe, OHU 3aIHIIyT-

Cd TaK:
s(;;j + s = 8(73+ hzcj,

[Ipu pacueTe 31€KTPOMATHUTHOTO MTOJIS
HAJI0 YYUTHIBATH B3ANMO/IEIICTBUE C HIM
6cex 4acTUIl. JTO 03HAYAET, UYTO pacyueT
IpeanoaraeT CyMMHPOBAaHUE IO BCEM
yactuiam (MHTErpUpOBaHUE MO BCEM
umirysibcam). [loatoMy Ge3pasiinyHo,
BO3MOKHOCTH KaKOH YaCTHUIIBl paccMar-
puBatbh. /[laBaiiTe 3aiimMemcsi yacTuiia-

MU, UMITyJIbC KOTOPBIX PaBeH p' = p +

hk
+ T TOFZ[B. YpaBH€EHUE, OIIUCbhIBAIO-

1ee 3aKOHbI COXPpaHeHUA, OKa3bIBaA€TCA
CUMMETPUYHDIM

- hk - hk
g pt— | ¢ p-—

= hw. (15
5 5 (15)

2

P
Tak xak € =—, a
2m

creayer ycaosue (14).

Wrak, ycnosue (14) — yciaoBue Bo3-
MOKHOCTH TIOTJIONIEHUST «(POTOHA> .
[orsomienne JOIKHO IPUBOUTD K 3a-
TYXaHUIO JEKTPOMATHUTHON BOJIHBI C
mapaMeTpaMu, YAOBJIETBOPSAIOUIUME
yeaosuio (14). Anmapar Teopermdec-
KOW (DUBMKKM TO3BOJISIET BBIYUCIHUTD
KoaduienT saryxanus. Ero u Hasbi-
BatoT 3aryxanuem Jlanpay.’

Bo mMuorux cayuasax saryxanue Jlan-
Jlay — BasKHDIN MEXaHWU3M, OTPAaHIIHNBA-
IO aMILTATY/TY 3JIEKTPOMATHATHOTO
noJist. IHOr1a yueT ero Heo6XouM J1Jist
HaBe/ICHUS MOPSAJKA B TEOPETUYECKUX
ypaBHeHusX. W To u Apyroe BechbMa
BayKHO.

O6patute BHUMaHHUE, YTO TOTJIOIIE-
HUE 3BYKa 3JIEKTPOHAMU METAJIJIa, OTTH-
CaHHOE B NPEIbIAYIIEM pasjene, 10
CyTH Jlefla, TPOSIBJEHHE 3aTyXaHUs
Jlangay 1pu B3aUMOJEHCTBHU 3BYKO-
BOIT BOJIHBI C 9TEKTPOHAMU TIPOBOTUMO-

EZ;,TOH3(15)

7 Cnoso <«homomns> 635M0O 6 KABLIUKU,
max Kax peuvb udem e o6 NeKMmpoMAZHUM-
Hotll eoane 6 saxyyme. Keasuuacmuuy 6
naazme HAa3vledaiom NiAA3MOHOM.

KBAHT 1998/ N 6

cru. JloskeH ckasarb, aTO He cpasdy
OBLIO TIOHATO.

Kpuntepuin ceepxrekydyectu

Irtor 1998 ros MOXKHO cunTaTh I0OMIEH-
HBIM He TOJIbKO TIOTOMY, YTO OTMEYAEeTCs
nessanocrosetue Jlangay. lectbaecar
get Hazajq llerp JleonugoBuu Kammia
OTKPBLJI CBEPXTEKYUYECTb — CIIOCOOHOCTD
JKUJIKOTO TeJTHS ITPH TEMITEPATYpaX HIKe
2,19 K (resmii IT) mporekats 6e3 BA3KO-
CTH 4epe3 TOHKUE Kamuaspbl. O6Ha-
pysKeHue ABIKEHUs JKUIKOCTH 6e3 Tpe-
HUS, a Tak)Xe TTOHUMaHUE TOTO, YTO B
TeJTUN TIPU HU3KUX TeMIlepaTypax BO3-
MOXKHO [[BAa TUIIA [BUKEHUS: OOBIYHOE
(HOpMaJIbHOE, KaK TOBOPAT) M CBEPXTE-
Kydee, MO3BOJISIET OOBICHITH 6OJIbIIIOE
YUCJO YAWBUTETbHBIX CBOWCTB TS
(«3a oTKpBITHA B 061acTH (PUBMKK HU3-
kux Temrmeparypy [I.JI.Kamuma ymoc-
toun HoGenesckoit npemun 1978 r.).

B 1941 rony JI.l.JIannay nocrpousn
Teopuio cBepxTekydectu. OIHO U3 OC-
HOBHBIX TIOJIOXKEHUH 3TOH Teopuum —
Kpumepuil ceepxmexyuecmu, 0 KOTO-
POM MBI ITOCTapaeMcs paccKas3aTb, UC-
MOJIb3YsT 3aKOHBI COXPAHEHMUS.

3asymMaeMcs, YTO O3HAYAET MmeyeHue
6e3 mpenusa? ITO 03HAYAET, YTO IHED-
TUS YHIOPSAOYEHHOTO BWKEHUS KU/
KOCTH He TIEPEXO/IUT B TEILJIO, He pacce-
UBAaeTCS — 3HAYUT, IBUKEHIE HE TOPMO-
3UTCS, HE 3aTyXaer.

TemnoBoe nBUKEeHNE — 3TO Gecropsi-
JIOYHOE [IBI)KEHUE aTOMOB, MOJIEKY.JI.
B pasHbIX arperaTtHbIX COCTOSHUSIX
aATOMHBIE YACTHUIBI JBIKYTCS TIO-Pa3-
HOMY: B TBEPJBIX TeJaX KOJeOIIOTCS
BOKDPYT CBOWX ITOJIOKEHWII PAaBHOBECHS,
B rasax [BIKYTCS KaK CBOOGOJHBIE Ya-
CTHI[bI, M3PEJKA CTAJKHUBAsICh C cele
m0406HbIM. B O6BIYHON JKUAKOCTH TEI-
JIOBOE JIBIKEHWE YACTHI] CJIOKHO: OHU
1 KOJIe6JTI0TCSI, U TIEPEMENIAIOTCS B MTPO-
CTPaHCTBe Ha OOJbBIINE PACCTOSHHUS.
Ho B remuu 11, B resium nipu temnepa-
type HIpke 2,19 K, curyanmsa umas.
[Tepexom B cBepXTeKydee COCTOSTHUE
03HAYaeT BO3HUKHOBEHHE CBOEOOPA3HO-
TO KOJUIEKTHBHOTO COCTOSTHUS BCEX aTO-
MOB TeJius. ATOMBI TeJUs B 3TOM HO-
BOM COCTOSIHUU HE MOTYT JBUTATHCS
HE3aBUCUMO JIPYT OT ApyTa. EnnHcTBeH-
HOe JIOCTYITHOEe WM [IBUDKEHWE TIpe/-
cTaBJisieT co60il 3ByKOBbIE BOJIHbBI. 3BY-
KOBBIE BOJIHBI, KaK MBI 3HaeM, MOXKHO
MPOKBaHTOBaTh. Tak BBOAATCS (HOHO-
Hbl. Ecqim HaM W3BecTHa 3aBUCUMOCTD
YaCTOTBI W 3BYKOBOW BOJIHBI OT BOJI-
HOBOTO BEKTOPA k, TO, TeM CAMBIM,
M3BECTHA 3aBUCUMOCTD 9HEPTruu (HOHO-

Ha € OT €ro UMIYJbCa p':

e =¢(p). (16)
Tak Kax rejuil M30TPOTIEH, SHEPTUS He
3aBHUCHUT OT HAIPABJEHUS UMIYJIbCa, a
3aBUCHUT TOJIBKO OT €0 BEJUYHUHBI.
Tenepp TeII0BOE ABHKEHUE B TEIUH
P HU3KOH TeMIeparype MOJIydaeT
HATJISITHOE TIPE/ICTABICHNE: TIPU TEMITE-
parype T # () B Macce TeJusi «pacTBO-
peH» ra3 ¢ononos. Yem Temieparypa
BbIie, TeM onoHoB Gosbire. Hape-
I0Cb, BbI IIOHUMAeTe, YTO CKA3aHHOE —
yao6ubIit, Hars b 06pa3. He Gosee
toro. Ho u He MeHee, Tak KaK HCIOb-
3y$1 3TO MPE/ICTABIECHNE, MOJKHO BBIUNC-
JIUTh 3aBUCUMOCTD PA3JUYHBIX XapaK-
TEPUCTHK TeJusl OT TeMIepaTypbl H
BBISICHUTD, KaK 3aBUCHUT 9HEPTHUs POHO-
Ha OT UMITYJIbCA, T.€. HTOCTPOUTH (hYHK-
o (16). Ona nokasana Ha pUCYHKe 5.

A

S

p

Puc.5. 3aBucuMocTb aHeprum oHOHa B
resvn Il ot umnynbca. B OTMEYEHHOU ToY-
ke (npu p  p*) Npsamas, NpoBefeHHas u3
Hayvasna KoopAnHaT, KacaeTcsi KpuBon € =
= &(p)

Hazmo moguepkHyTh, 4TO 3aBUCHMOCTD
€ or p upu p — 0 ussectHa ObLia
AIPUOPU: MAJIBIN KMITYJIbC COOTBETCTBY-
€T MaJIOMy BOJHOBOMY BEKTOPY R u,
CJIeJOBATENIbHO, OOJBIION JJINHE BOJI-
el A (k= 21/A). Ho ipu A >a, rae
a — MeXaTOMHOE PACCTOSTHIE, BOJHA, O
KOTOPOU UIET peub, — OObIYHAS 3BYKO-
Basi BosiHa. CKOpPOCTD ee XOPOIIo n3Be-
ctHa: U =240 Mm/c, n

“17)

[Tpu nmMmyibcax, 6IM3KNUX K MUHIMYMY
SHEPTHUH,

E=up.

2
(P - Po) _
* ) p -~ poy
2m
6 -1
rae p,/h=1900" M, A =8,7K,
" =016m, (m, -
m = 0,16m,, (my,, — Macca atoma re-
).
X
3HaueHns mapamMeTpoB p,, A u m
moJ00PAaHbl TaK, YTOObI HATYYITHM
06pa3oM OmUcath TeMIepaTypHbIE 3a-
BHCHMOCTH XapakTepuctuk remus II.

e=A+ (18)



3AKOH bI

STI/I 3Ha4YeHUuA yAaJa0Chb ITMOATBEPAUTDH
HEMOCPEICTBEHHO MPOBEPKOM, <ITOCT-
pous» pyuxuuio (16). 1 B aTOM 1oMor-
JIM 3aKOHbBI coxpanenust. VcceaoBaiu
HEYIPYToe paccesiHue HeUTPOHOB TeJIH-
eM BO.JIi31 a6COTIOTHOTO HYJISI TEMIIEPa-
typer (1961 —1964 rr.). Heympyroe
paccestHre — 3TO pPaccesiHue, Mpu KOTO-
poM Heilitpon tepser (uau npuodpera-
er) anepruio. OcTaHOBUMCS Ha paccesi-
HUM C TIOTepel SHEPTHH.

Ha uto HeHTPOH pacXoyeT SHEPTHIO,
nposeras uyepe3 remmii? Ha <«poxie-
Hue» (poHoHa. 3HAYUT, COTJIACHO 3aKO-
HAM COXPaHeHUsI,

E(p)E Plee(p), P=Pp,
nJjan

el P- P’ :E(i)]—E Pl (19)

3nech P u E[i’) — UMITYJIbC ¥ 9HEPTUS

Heiitpona do pacceanus, P' u E| P' |-

2m7aP:

= mﬂé (m, — macca neiirpona), To,
3Hasl CKOPOCTb PaccenBaeMbIX HelTpo-
HOB U WU3MEpUB CKOPOCTb HeHTpOHa,
PACCESTHHOTO T0J] OIPECICHHBIM YT-
JIOM 0, MOKHO OIIPEICIUTD 1 BETHUUHY

|p-p| = JP? + P2 -2PP cosB, u
Pa3HOCTb 9HEPTUI HEHTPOHOB, PABHYIO
sHeprun ¢oHoHa. V3MepeHus: ¢ 60.b-
IIOI TOYHOCTBIO MOTBEP/ NN Hal/1eH-
HbIe 3HAYCHUS.

Temepdb ecTb BO3MOKHOCTb c(HOPMY-
JIMPOBATh KPUTEPH CBEPXTEKYYECTH.
Mbl 1okaxkeM, YTO BUJ 3aBUCHMOCTH
¢ = g(p) (popmyna 16), uzo6pasken-
HOWl Ha PHUCYHKE 5, CBHUETEJbCTBYET:
€CJI CKOPOCTb TeYEHUS >KUIKOCTH
rejisi MeHbllle HEKOTOPOTO KpHUTHYeC-
KOTO 3Ha4yeHusd 9,,, TO IPU B3anUMO-
JIefICTBUN €O CTEHKOH KamujIsipa B
JKUJIKOCTH He MOXKET «3apOJUThes» o-
HOH. A 3TO O03HAYaeT, YTO 3HEPTUs
JIBIDKEHUST JKUIKOCTH HE MOXKET TIpe-
BPATUTHCS B TEMJIOBYIO sHepruio. Cie-
[0BaTeJbHO, P 0 < O SKAIKIN
rejuii Teuer 6e3 TPeHUsl — OCYIIECTB-
JISIETCST CBEPXTEKYYECTD.

Ilycth 1O KanMJIAPY CO CKOPOCTHIO
—0v rever reauir npu T < 2,19 K.
[Tepeiinem B cucremy KOOpAUHAT, B
KOTOPOW TeNuil MOKOUTCS; KAIHJLJISP
JIBIDKETCS] OTHOCUTEJIBHO TN CO CKO-

2
mocje. Tak Kak E(i’j =

H

pocTBIO 7 . IIpeAnonokum, 4to <po-

3 Ksaut Ne 6

OQuacs» ¢honon (MbI HaliieM ycJIOBHe,
KOT/Ia Takoii mporecc Bo3MOKeH). B
5TOM CJTyYae J10JKHbI ObITh BbITIOTHEHbI
3aKOHbBI COXPAHEHUsI

= ve(p) b= P 20)

rae P =M v — UMIIyJbC KalWLIAPA,
M — ero Macca, ocTajbHble 0603HaUe-

‘»I
HUA IIPpEKHUE. [lopcraBuM BMecTO pP

€ro 3HayeHune, BO3BEAEM B KBa/lpaT U
IoJgyanm

v P =¢(p). 1)
MpbI OT6pOCHIN KBaApaTUYHBIL TI0 P
wyer. OH Tak MaJi, 4TO er0 MOKHO GBLIO
6bl He ymoMuHaTh: Beab M — Macca
KaIUJIIsIpa, a sHeprusi €(p), ¢ KOTOpoi
HA/I0 CPaBHUTD HTO CJAraeMoe, — sHep-
rus 001020 (HOHOHA.

Pagenctgo (21) MOKeT GbITH BBITIOJ-
HEHO, €CJIN CYNIECTBYET HATTPABJIEHHE —
yroia 0, xyzna 6y/ieT JBUTaThCS «PO/INB-
mmiicst> poHOH:

&r)

po
CrezmoBaTebHO, CKOPOCTD ¥ JIOKHA
IPEBOCXO/IUTh MIHIMAJIbHOE 3HAYEeHHe
g/p. Takum o6paszom, (oHOH MOKeET
«POJIUTBCS>, €CIIN

cosB =

€
0> minﬁ,
P
U HE MOXKET «POJIUTHCSY, €CJIN
€
v< minﬁ,
P
T.€.
€
Opp = minﬂ. (22)
P
€
Ecnn min@ =0, TO HHUKaKOi

CBEPXTEKYUYECTH HET: TPHU JIOGOH CKO-
POCTU TeueHUsl SHEPrusl TeueHus Ipe-
Bpamaercs B Temjosylo. Ecim 0, #0,
TO TIpH © < V., XKMAKOCTb TeyeT Ge3
TPEHUSI: SHEPTUS TEUEHUsT HE MOIKET
MIPEBPATUTHCS B TETLIIO.

Herpyato y6eauTbest, uTO 3aBUCH-
MOCTb €= g(p), H300paskeHHasT HA PH-
CyHKe 5, IPUBOJUT K O, # 0. 3navenue
U,p JIETKO HAWTH rpaMvecKkn: OHO Om-
peJiesiieTcs TeM 3HaUeHNeM p = p*, IpH
KOTOPOM KacaTeJbHasi K KpPUBOI €=
= g(p), Kak MOKA3AHO HA PHCYHKe 5,
€CTh TIpSIMAasi, BBINIEAITAs W3 HAYATIa
koopauHat (Te, KTO yMewoT mudde-
PEHIMPOBATD, JIETKO MOTYT B 3TOM y6e-
JIUTHCS).

COXPAHEHNA HNOMOTAIOT NOHATD OUSUUYECKUE ABJUEHNUA 9

3aBucHMOCTD €= €(p) HA3BIBAIOT
crexrpoM resusi. Kpurepnii cepxre-
Kyuectn JIaH/ay YTBEPIKAAET, UTO JKH/I-
KOCTb MO3KET GbITb CBEPXTEKYYeii, eciu
ee CIEKTD Y/IOBJETBOPSIET YCJOBHIO

e(p)

min —= #0. IToT KpHUTEpPHil MOXKeT

ObITh ﬁpI/IMeHeH HE TOJIBKO K TeJHIO.
Hampumep, OH ChITpas BAKHYIO POJb B
[IOHUMaHUU IIPUPOJbI CBEPXIIPOBOJU-
MOCTH.

Hazo npusHarbest, 4To TPYIAHO JOC-
THYb 3HAYEHUSI KPUTUYECKOIT CKOPOCTH,
BblYnCAeHHON 1o dopmye (22), — ee
3nHavenune mnopsigka 60 m/c. O6braHO
CBEPXTEKYUee JBUKEHUE «CPBIBAETCS>
13-32 BOBHUKHOBEHUS TyPOYJIEHTHOCTH
— 3aBUXPEHUIi, KOTOPbIE CPABHUTEIBHO
JIETKO TIOSIBJISIIOTCSE B OTCYTCTBUE BSI3KO-

e(p)

cru. Ho ecom 661 min —== 0, TO HH

o p
IIp1 KaKOX CKOPOCTH HEBO3MOJKHO OBLIO
ObI CBEPXTEKYyY€EEC T€UECHUE.

3akniodyeHue

Cpenn nogapkos, Bpyuyennbix JI. /[.Jlangay
B JIeHDb ero nsruaecatuiaetus B 1958 roxy,
6bun «CKpusKaIu»: /IBe MpaMOpHbBIE J[OC-
KU, Ha KOTOPBIX BOCIIPOU3BE/IeHbI 3a10Be/ 1
Jlanpay — mecatp (Kak MOJIOMKEHO 3aIlOBe-
JIIM) KJaccuIeckKnX (POpPMY.JT, BbIBEJEHHBIX
Jlanpay. Ix ot umenu MuctuTyTa aTOMHOI
9HEePTUH MoJapu I00UIsIpy akagemuk Mca-
ak Koncrantmaosmu Kukown. Cpenn 3armo-
Beslell Toji HOMepOM 7 — 3HaKoMas HaM
KpuBast U (OPMYJIbI, ee OIMUCHIBAIOIINE.

B Tot xe nenp Mapa Muxaitaosuu Jlug-
mun (OH GBLT M3BECTHBIM (PUITATENMCTOM )
OT WMEHU XapbKOBCKUX (DU3UKOB BPYUIIT
Jlanpmay <«KOHBEPT TEPBOTO JHSI» — TOYTO-
BbIil KOHBEPT € MAapKOif, SIKOOBI BBIMYIIEH-
vble B Jlanwu, Ha poamHe Husbca bBopa,
KoToporo JlaHzay cunTasg CBOUM yUUTEJEM.
Ha xonsepre — Ta ke Kpusas.

Korna cospaBanace kuura «Bocmomuna-
mus o JI.[[.Jlangay» (M.: Hayka, 1988),
coctaBuresi B IlpuoskeHUn mMOMeCTHIN
¢ororpadun «Crpuxaseily ¢ KOMMEHTapU-
em UK. Kukouna (u3 sxxypuasia «[Ipupoga»
Ne1 3a, 1968 r.). B kommenTapuu x 3aro-
Beqn 7 yntaeM: «OHa u3 HamboJiee 6ecTs-
mux pa6ot Jlangay — Teopusi CBEpXTEKyUe-
ctu requs 11. Pa6otsr Jlangay B a10it 06.1a-
CTH HE TOJIBKO OGBSICHIIIN 3araloyHoe SIBJIe-
Hue, BuepBbie oTKpbiToe 11.J1. Kanmreit, Ho
OTIpE/IeJTUIIN CO3/IaHKe HOBOTO Pas/iesia Teo-
peruueckoii puzukm — GU3NKU KBAHTOBBIX
SKUKOCTEN» .

OxasbIBaercs, BOCIOJb30BABIINCH 3aK0-
HaMU COXPAHEHUS, MOJKHO TTOHSTD TIPUPOJLY
CBEPXTEKYYECTH — CIIOCOGHOCTH JKUAKOCTH
MPOTEKATD TTI0 TOHKUM KaluJLIsipaM 6e3 Bsi3-
KOCTH.



