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O MEXAHU3ME N3JTYHEHNA PABHOMEPHO
OBWXYLLIEETOCH 3APAOA

A.Il. Kob3ee

OObeAVHEHHBI NHCTUTYT SAEPHbIX UCCNenoB HuiA, yoH

Mex HM3M U3Iy4eHUs: P BHOMEPHO JBHXKYIIErocs 3 Psjl JeT JIbHO 0OCYXI eTcsl B I HHOM CT The
NPUMEHUTENLHO K onuc HHUI0 a¢dexToB B Bunos —Uepenkos u nepexogHoro usmydenus. Cosep-
IIEHHO OGOCHOB HHO JIOK 3 HO, YTO JI HHBIH ME€X HM3M SBJISETCS OLIMOOYHBIM, IOCKONIBKY OH IpO-
THBOPEUYMT 3 KOH M COXpP HEHHs ®HEPrMH M MMIIYJIbC , T KXe nepsoMy 3 KoHy Heioton . Ilpemno-
KEeHO H IIsAHOe 00bICHEHHE MeX HU3M W3MydeHns B Bunos —UepeHKOB U MepexoqHOTo M3My4eHHns,
KOTOPOE YYUTHIB €T TOMHYIO CTPYKTYpPY TBEPAbIX Tel M He TpeOyeT H pylleHHs (PyHI MEHT JIbHBIX
3 KOHOB. [lok 3 HO, 4ro M3nmyyeHue B BunoB —UepeHKOB U INEpPeXOIHOE H3TyYyeHHE HCIIYyCK eT He
JBUKYIL sici B Cpelie 3 PAXEHH f 4 CTHI , IONSPU30B HHBIE €0 TOMbI cpefibl. O4YeBHIHO, YTO
B T KOM CIIyd € HU HOM JIbHBIA, HM HOpM JIbHBIH 3¢hpexTrl [lommep B mpouecce MCIYCK HHS U3-
nydenus B BunoB —YepeHkoB HeBo3MOXHBL. IIok 3 HO, 4ro u3nydeHus B BuimoB —UepeHkoB u
MEePEeXOJHOTO M3TydeHNs HEe MOXET ObITh H 4 CTOT X, MPEBBIII IOMUX Y CTOTYy BHYTPEHHeH 060-
7mouku ToM cpempl. OOCyXI eTcsd Lemblil psa OmHMOOK, BBI3B HHBIX KCIIONB30B HUEM MeX HI3M
U3TydeHHs P BHOMEPHO JBMXYIIErocs 3 psf Ul ONHC HHUS B3 MMOJCHCTBHS JBUKYLIETocs 3 pai
C TBEPABIM TENIOM.

The radiation mechanism of a uniformly moving charge is discussed in detail with attention to
the description of the Vavilov—Cherenkov and transition radiation effects. A well-grounded proof
is given that this mechanism is incorrect because it is in conflict with the energy and momentum
conservation laws and Newton’s first law. A lucid explanation of the mechanism for the Vavilov—
Cherenkov radiation and the transition radiation is suggested by considering the atomic structure of
solids, which does not require violation of fundamental laws. It is shown that the Vavilov—Cherenkov
radiation and the transition radiation are emitted by the atoms of the medium that are polarized by
the moving particle, rather than by the particle itself moving through a medium. It is obvious that
in this case neither the anomalous nor the normal Doppler effect is possible in the process of the
Vavilov—Cherenkov radiation emission. It is shown that the Vavilov—Cherenkov radiation and the
transition radiation cannot be emitted at frequencies higher than the inner shell frequency of the atom
of the medium. Mistakes caused by using the radiation mechanism of a uniformly moving charge for
describing the interaction of a moving charge with a solid are discussed.

PACS: 41.60.Bq
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Jler JIbHbIA TBOPUECKMH H JIM3 KJI CCUYECKUX
p 60T HWHOLI MOXET BCKpPBITh HE3 BepIleH-
HOCTb UJieil, TOpoi U IyboKue 3 OyXueHus,

9TO BCEJl MOXET ObITh HCTOYHUKOM HOBOTO
H 1P BJICHUSI UCCIIENO0B HHIA.

Jloeynoe A. A. Jlekyuu no meopuu OmHocu-
meavrnocmu. CoepeMeHHblll  H U3 Npodaembl
(M.: H yk , 1987)

BBEJIEHUE

H 3B Hue 1 HHOH CT TbU y HEKOTOPBIX YUT TeNIed, HE3H KOMBIX C COBPEMEH-
HBIM COCTOSHUEM H YKHU O B3 UMOJEMCTBHM IBIXKYIIUXCS 3 PANOB CO CPENOM, BBI-
30BeT IN1y00KOe Bo3MylieHne. OHM MOTYT JIETKO JOK 3 Tbh, YTO T KOW MeX HM3M He
MOXET CYLIECTBOB Tb, IIOTOMY YTO OH OYEBMIHBIM OOp 30M IPOTHBOPEYMT 3 KO-
H M COXp HEHHMS ®HEPrHd M UMIIYIbC , T KXe IepBoMy 3 KoHy HeloToH , B KO-
TOPOM JI HO OIpE/ieNIEHHe P BHOMEPHOIO U NpsAMONIMHEHHOro aBuxkenud. C atuMu
JOBOJI MH K K OyITO HENb35 HE COINI CHThCS, HO YHT TENH, 3H KOMBIE ¢ adhpeKToM
B BwioB —UepeHKOB U NEpEeXOAHBIM M3y4eHUEM, BO3p 34T, YTO B MyOJHMK LUSIX
MHOTUX H3BECTHBIX BTOPOB «ME€X HH3M M3Iy4eHMs IPU P BHOMEPHOM IBHUXKEHUHU
3 psiIl » UCHONb3yeTcs yxe 6onee 70 ner.

Briepsble 3TOT Mex HM3M ObUT NpeIoXeH I oObsicHeHus ekt B Bumo-
B —Uepenkos . B cr tpe [1] U. M. ®p ux 1t L. E. T MM 0OBSICHUIIN MEX HH3M H3-
ayyennst B Bunos —Uepenkos cregyomuM o6p 30M: «OTclof HEMOCPEACTBEHHO
BBITEK €T, YTo O0MO piaupyeMoe »JIeKTPOH MU BEIIECTBO U3/yd €T KOIepPeHTHO O
Kp HMHEU Mepe H IPOTSIXKEHUU, CP BHUMOM II0 CBOMM P 3M€pP M C IJIMHOU BOJIHBI
BUAUMOro cBeT . T KuM 0Op 30M, 9TO U3JIyueHHE HE MOXET ObITh BbI3B HO HHU
P CCesHHEM 9IIeKTPOHOB H  TOMHBIX P X, HU B3 UMOJEHCTBUEM C OTAEIbHBIMU

TOM MH.

DT0 SIBJIEHUEe MOXET ObITh, OIH KO, OOBSICHEHO, K K K YECTBEHHO, T K U KO-
JIMYECTBEHHO, €CJIM IPUHATb BO BHUM HUE, YMO HAEKIMPOH, OBUKYUUIICA 6 Ccpeoe,
U3y em ceem O e NPU P 6HOMEPHOM OGUKEHUU, €CAU MOJIbKO €20 CKOPOCHb
npesvit enm CKOPOCHb céem 6 dMoil cpede™».

C Tex nop «Mex HHU3M M3JIy4eHHd IIPU P BHOMEPHOM [BIXEHHU 3 P4 » IIO-
Jy4usI MIMpOY HIee p CHpOCTp HEHHE B COTHSAX MyOJMK LUK, B TOM 4YWCIEe U B
p OOT X BbII IOIIUXCS yYEHbIX.

Jlekumst K pemuk B.JI.Tun36ypr [2] npu Bpydenuu emy Bombuioit 3o0:10-
Tol Me 1 M. M. B.JIOMOHOCOB MOCBSIIEH HMEHHO 3TOMY Borpocy. H 3B Hue
nexuuu «V3mydeHne p BHOMEPHO IBHXKYIIMXCS MCTOYHHKOB (a¢pcpekT B BHITOB —
UYepeHKOB , MEPEXONHOE W3IIy4eHUE U HEKOTOpbIEe APYTHe SBIEHHSA)» U BCE ee

*Y cTb TEKCT BbIEENEeH BTOp MU p OoThI [1].
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COIEPX HHME HE OCT BJIIOT HUK KOO COMHEHMS B TOM, YTO «U3JIyd€HUE P BHO-
MEPHO IBUXYLUIMXCS 3 PSOB» — CTP TErMYeCKOE H Ip BIEHUE P 3BUTHUS POC-
cuiickoid H yKu. JOKJI JYMK MOOYEepKHYT 3TO 0c000: «KOHKpeTHO B K 4YecTBe
TEMbI H CTOSIIErO AOKJT I S MOT BBIOHMpP Th MEXIy TEOpHel CBepXIIPOBOAUMOCTH,
CcTpOohU3UKON KOCMUYECKUX JIydel M W3ITy4eHHEeM P BHOMEPHO JABHXYIIHXCS HC-
TOYHUKOB. I OCT HOBWICA H TIOCJEAHEW Teme 1o JByM InpuyuH M. Ileps g u3
HHUX T KOB : s JI00JI0 3TOT Kpyr BonpocoB. KoHe4yHo, CI0BO «I000Bb» NP KTHYE-
CKH HE BCTPEY €TCd B H YYHOH JIUTep Type, HO DTO JIMIIb I Hb BBIp OOT BIIEMYycs
CTWIIO U3I0XeHUs. @ KTUYECKM XK€ BCe Mbl B H YK€, K K U B XHU3HHU, 4YTO-TO
JoO0MM,  YTO-TO He JIoOuM. JI106:110 g mpobsieM THKY, CBSI3 HHYIO C M3JIydeHHEM
P BHOMEPHO [IBIKYIIMXCS HUCTOYHUKOB, BEPOSTHO, IIOTOMY, YTO C HEll CBS3 HBI
MOM TIepBble H y4HbIE Pe3yJbT Thl, M ObUIO ®TO B MOJIOAOCTH. BTop s mpuuuH ,
00yCITOBHBII 51 BBIOOP TEMBI JAOKJT I , 3 KJIIOY €TCS B TOM, YTO H3JIydeHHE P B-
HOMEPHO JBIXYIIUXCS UCTOYHHUKOB — 3TO OYKB JIBHO POCCHICK S M K TOMY Xe
K JIEMHYECK S TEM ».

Hu ¢ moro Brop , ynocroensoro bosbiioit 3oimotoi Me jiu um. M. B. JIomo-
HOCOB , HU CJIyll TeJIeH JIEKLUU HEe CMYTUIO OYEBUIHOE IIPOTHUBOPEYUE HTOIO Me-
X HU3M 3 KOH M COXP HEHMS HEpPIMH U UMILYJIbC , K KoTopbiM M. B. JloMoHOCOB
uMeeT mnpsMoe orHomenue. OH yumn: «Bce uW3MeHeHHs, CIIyd IOIpecsd B IpH-
poxe, MPOUCXOmIT T K, YTO €CIIH YTO-THO0 MPUO BUTCSA K YeMy-THOO, TO CTOJIBKO
K€ OTHUMETCH OT Apyroro». JlOBOJBHO OYEBHAHO, YTO €CJIM IBUXYLIUMCA 3 -
PAI M3IY4 €T, TO OH C YeM-TO B3 UMOJIEHCTBYET, U €ro KMHETUYeCK $ Heprus,
CJIE[OB TEJIBHO, U CKOPOCTb JOJIKHBI YMEHbII ThCd. T KOe ABUXEHHE HE MOXET
H 3bIB ThCSl P BHOMEPHBIM.

[IpobneM THK , CBI3 HH S C M3Ty4eHHEM P BHOMEPHO ABUXKYIIHMXCI 3 PSIOB,
nomyawst  p 3Burue ¥ B Kuure B.JL.Twn36ypr u B.H.IHwurosnu [3]. B ¢ mom
H Y JIe I7T BBl KOTOP ST K M H 3bIB eTcd — «M3nyuyeHue p BHOMEPHO U MPIMOIIH-
HEWHO JBMXYILErocs 3 psj », BTOPBHI BHIP 3WIH CBOE K TErOPUYECKOE HECOIT Che
CO CJIEICTBUEM, BBITEK IOUIMM U3 3 KOH COXp HeHHd sHepruu: «B siextpoaun -
MHUKE MHOTHME TOfbl TOCIIOACTBOB JI JIOTM , KOTOPYIO MOXHO C(QOPMYJIMPOB Th T K:
P BHOMEPHO M NPSIMOJIMHEMHO IBUXYLUMICA 3 paA HE u3iyd eT. @ KTUYECKU T -
KO€ yTBepXKAEHHE HYX] eTCS B yTOYHEHHUHM [ Xe IPU JBUXEHUH 3 Pl B B KyyMe
(cM. Huxe u /1, o1, 1/). UTo K ¢ eTcd ABUXKEHUs C MOCTOSHHOM CKOPOCTBIO UC-
TOYHHK , HE O0J [ IOIIero COOCTBEHHOW U CTOTOH (3 psA , IIOCTOSHHOTO THUITOJS
U T.[.), B cpefe Win BOIU3U Cpelbl, TO BO3HUKHOBEHHE M3Ty4eHHsS MOXHO CUYUT Th
Il XK€ HE MCKJIIOYEHHEM, IIp BUJIOM».

AH nornvyHOe yTrBepxaeHue cojpepxurcs B HoGenesckoit jekiuu U.E. T M-
M [4]: «B TeyeHne MHOIHMX HECITKOB JIET BCEX MOJIOAbIX (PU3UKOB YUMIIH, YTO
cBeT (M 2JeKTPOM THHUTHbBIE BOJIHBI BOOOILIE) MOTYT M3JIyd ThCSl TOJIBKO IIPU He-
P BHOMEPHOM JIBUXKEHUU 3JIEKTPUYECKUX 3 psAnoB. Ilpu OOk 3 TenbcTBE 3TOH Te-
OpEMBI SIBHO WJIM HESIBHO MCIIONIB3YETCS TOT ¢ KT, UTO TEOPUSI OTHOCUTEIBbHOCTH
HE JIOIYyCK €T JBUXEHUH CO CBEPXCBETOBOM CKOPOCTBIO; CONNI CHO 9TOM TeOopuUu
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HUK KO€ M TepH JIbHOE TeJIO He B COCTOSHHUHM I Xe AOCTUYb CKOPOCTH cBeT . Tem
HEe MEHee B TeUeHME JOJITOr0 BPEMEHH 3T TEOpPEM CYHUT JI Ch CIp BETUBOM 6e3
BCSKHUX OTOBOPOK.

Bonee Toro, xorn W.M.®p HK u 51 yxe p 3p OOT JIM M TeM THYECKH IIp -
BUWJIbHYIO TEOpHIO M3MydeHHs B BuaoB —UepeHKOB , Mbl BCE €Il IBIT JIUCh P 3-
HBIMH CIIOCOO MU, KOTOpPbIE VIl H C C MHX CErOAHS YXe HEIOCTIIKHMBI, TIPHUMH-
PUTh H IIU PE3YJbT ThI C YTBEPXKJASHUEM, YTO JUIS U3JIy4EHUS HEOOXOIUMO YCKO-
peHue».

DTO0 3 sBJIEHUE BBIVIAUT O4eHb cTp HHO. Bo-nepsbix, U.E. T MM He yK 3 1,
yto W. Hetoton 1 M. B. JIOMOHOCOB y4usu BceX MOJIOIBIX (PU3UKOB 3 KOH M, KOTO-
pBle 3 Mpell 0T U3Ty4eHUe 2IEKTPOM THUTHBIX BOJIH P BHOMEPHO JBIIKYIUMUCS
anekTpuueckumu 3 psag Mu. ITostomy Henssd comt cutecd ¢ M. E. T mmoMm, Ko-
[l OH OTBEpr €T ()yHJ MEHT JIbHbIE 3 KOHBI TOJIBKO IIOTOMY, YTO BTOPbI TEOPUU
uznydenus B Bunos —Uepenkos (MBY), Kk K ciiefyeT U3 NpUBEIEHHOM BbILLE LIK-
T Thbl, HE CMOIVIM H WTH P BUJIbHOE OOBSICHEHHE MUKPOCKOIIMYECKOTO MEX HH3M
9TOTO ABJIEHUS.

Bo-BTOpBIX, COBEPIIEHHO YOEAUTENbHOE 0K 3 TEJIbCTBO «TEOPEMBI» IPHBEI
cum UE. T mm B co Bropctee ¢ . M. ®p ukoMm B Oosiee p HHeit p Gore [5]:
«OTMETUM MOIYTHO, YTO B CIy4 € v < ¢ 3 KOHbl COXp HEHHUd B p BHOI Mepe
3 TIpen T K K UCIYCK HUE OTHAEJIBHOrO (POTOH , T K M OJHOBPEMEHHO I'PYIIIbI
thoronoB. OnH KO AT CBEPXCBETOBOH CKOPOCTH T KM€ IPOLECCHI BBICIIETO I10-
PSOK  BO3MOXKHBI, IPUUEM [UIS HUX, OUEBUIIHO, yCiIoBHe (4)* He 0053 TeIbHO».

K x BummMm, Bropsl Teopuun MBY wucmonb3oB MU OCONMIOTHO yOemuTeIbHOE
JOK 3 TEIbCTBO «TEOPEMbI», COCI BIIMCh H 3 KOHBI COXP HEHMS ®HEPIUH U UM-
nynsc . Ho TyT Xe OHM mpsIMO MpemT I 10T OTK 3 ThCS OT 3 KOHOB COXpP HEHHUS
B CJIy4 € «CBEPXCBETOBOW CKOPOCTH 3 psi ». YTO 3TO 3 «IPOLECCH! BBHICIIETO
MOPSIK », KOTOpble NPHUBOIIT K M3IydyeHHI0 (POTOH U A Xe rpymnmsl (hOTOHOB
6e3 M3MeHeHUs KUHETHYeCKOH ®HEepruu OBUXKYINErocs 3 psig , HI C MH BTOPEI
p 6oter [5], HU KTO-TUOO OPYroil HE MBIT JUCh MOSCHUTh. DTO HEIOIMyCTHMOE
UCKJIIOYEHHE U3 3 KOHOB COXP HEHUS U MOPOAWIO MHOXECTBO IPUHIMIIM JIBHBIX
OIIMOOK, CBSI3 HHBIX C IPUMEHEHHEM «MEX HHU3M H3JIy4eHUs IIPH P BHOMEPHOM
JBUXEHUH 3 psax » Ui onuc Hud apdext B BuioB —UepeHKOB .

Ho ecnu  Bropsl p 60ThI [5] COINT CHIMCH C TeM, YTO 3 KOHBI COXp He-
HUS SHEPIMU M MMIIYJIbC 3 Hpell 0T U3IydeHHe 3 PAAOM, IBIKYILUMCS P B-
HOMEPHO C JJOCBETOBOH CKOPOCTBIO, TO W3 NPHUBEAEHHBIX BBIINIE LUT T U3 p OOT
B.JI.Tun3bypr [2,3] cnemyeT, 4To 3TH 3 KOHBI HYXHO OTBEPr Th IPH JIOOBIX
CKOPOCTIX IBUXYIIUXCH 3 PANOB (IIEPEXOJHOE W3IyYEeHHE U JpPYrUe IPOLECCHI).

*Venosue (4) cnepyromee: cosf = c/vn. 3pech, K K 00BIYHO, HCIOJB3YIOTCS CIELYIOLIHE
0003H YeHHsI: ¢ — CKOPOCTb CBET B B KyyMe, ¥ — CKOPOCTb 3 Sl , . — IIOK 3 TeJb IPelOMICHHS
cpenpl, @ — yroin Mexmy H Ip BICHHEM CKOPOCTH 3 PsiI ¥ H P BIICHHEM H3TydeHHs.
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ITpu aTomM BTOpHI [2,3] HE COUWIN HYXHBIM K K-TO PryMEHTHUPOB Th T KO€ OTHO-
meHne K (yHI MEHT JIbHBIM 3 KOH M (PH3HKH.

OnH KO He Bce y4eHble COIT CHBI IIpeHeOper Th 3 KOH MH COXp HEHHUS dHep-
My 1 uMmmynse . T K, H mpumep, B uctopudeckoM o63ope M.JI y» [6] mox H -
3B HUeM «MHepuus U oHeprus», KOTOpbIil ObUT ONYOJIMKOB H B XYpPH Jie «YcClexu
¢puznyeckux H yk» B 1959 r., Korm «MeX HHM3M H3JIy4eHUS HPU P BHOMEPHOM
JBUXEHUU 3 Psii » TOJNYYWI yXe JOBOJIbHO LIMPOKOE P CIIPOCTp HeHHe, ObLIO
chOpMYIIUPOB HO PE3KO IPOTUBOIOIOXHOE OTHOLIEHHWE K 3 KOHY COXp HEHUS
sHeprun: «Korg xe, B KOHIE KOHIIOB, OKoJI0 1860 rom 3 KOH COXp HEHHS DHEp-
TUM TIOJIyYWs1 BceoOliee IPU3H HHUE, OH ClIell JICS BECbM OBICTPO KpP €YroJIbHbIM
K MHEM BCEro €CcTecTBO3H HHs. Tereppb BCSK s HOB 5l TEOpHsl, OCOOEHHO (hU3H-
YecK g TeopHs, OLEHMB JI Cb IIPEXJEe BCEro C TOYKM 3PEHHUS €€ COOTBETCTBHA C
3 KOHOM COXp HEHUs DHEpPIUM».

W3 a10ii dp 3B criegyeT, yTo M00 S TEOpPHs, MPOTUBOPEY I 5 3 KOHY COXp -
HEHUs HEpIruy, sBjsgercd omnooyHoi. OmH KO B CIIyd € C «MeX HHU3MOM H3Iy-
YeHMs TP P BHOMEPHOM JBUXEHHHU 3 Psil » P 3pYIIEHHE «KP €YroJIbHOIO K MHS
BCEr0 €CTECTBO3H HUS», H NPOTHUB, CT JO NPHUI B Th DTOMY MEX HU3MY CMBICI
H YYHOTO OTKPBITHS.

Eme oquH BTOpPUTETHBIH ydeHblii — D. MepMH BBICK 3 JT KPUTHYECKOE 3 Me-
y HUe [7] OTHOCHTEIHLHO HOBOro MeXx HU3M , BBegeHHoro M.E.T mMMmoMm mn
.M. ®p koM [1]: «T xoe uznyyenue ObUIO AeiicTBUTENBHO H OironeHo YepeH-
KoBbIM. HeTpynHO BUIETh, UTO OHO MPOUCXOIAMUT B T KUX MHTEPB J X Y CTOT, VI
KOTOpBIX ) 30B 4 CKOPOCTb CBET B Jl HHOIl cpele MEHbIle CKOPOCTH 4 CTHILIBI.
Teopust T Koro nzmydeHust 6b1 p 3BUT T MMOM M Pp HKOM, OHM TTOJIB30B JIUChH
METOA MM, OJIM3KMMHM K MCIOJIb30B HHBIM H MM, U TTOJYYHIH ONTU3KHE PE3YIbT THI.
Crnenyer yK 3 Tb, YTO, K K BBITEK €T U3 NPUBEAEHHBIX (POPMYII, YePEHKOBCKOE U3-
JIyYeHUE He IPEJCT BIISIET DHEPreTHUeCKHe MOTepH, KOTOpble CieayeT N00 BT
K TIOTEpsM, BBIYMCIIEHHBIM 110 Teopun bop , 00p 3yer 4 cTh noreph B TEOpHU
Bop . BT0 BUgHO M3 TOro 00CTOATENHCTB , UTO (popmyinsl (30), (31), yIUTHIB f0-
HIMe YepEeHKOBCKOE U3IyYeHUe, B IIPENESIbHOM CIIyd € M JIBIX INIOTHOCTEH (& = 1),
KOIZ TOJISIpU3 LHOHHBIE 3(h(eKTh IPeHEeOPEKUMO M JIBI, 1 0T T€ Xe Pe3yJbT TH,
yto U dopmya (32) teopuu Bop ».

K x BuguM, 3. @epMu, p CCUUTBHIB S NOTEPU DHEPITUM 3 PAKEHHOM U CTULEH,
B3 UMOJEHCTBYIOIIEH C 3 Pl MM Cpeibl, J XK€ He MOI IPEINONOXHTb, YTO IpU
9TOM MOXKET H pylI ThCA 3 KOH COXp HeHUsd oHepruu. OH HECKOJIBKO P 3 OTMETHIL,
YTO MPOBOAUT P CYET [UI Y CTULbI, JBUXYILIEHCA B cpelie C IMOCTOSHHOM CKOpO-
cTio. Boree TOoro, oH p cCUMTHIB J1 MOJIA B yp BHEHHMAX M KCBeT , 3 BUCAIIUE
He OT BPEMEHH, OT KOOPIMH Thl, BBIIONHUB 3 MeHy: d/dt = —vd/dx. Drum
OH TOIYEPKHYJ, YTO MOCTOSHH 4 CKOPOCTb 3 P4l — 9TO YUCTO M T€M THUYECKUI
npueM, KOTOpbIii He TpeOyeT OTBepr Tb (PyHI MEHT JIbHbIE (DU3MYECKHE 3 KOHBI.
OH scHO yK 3 7, uto UBY 00yclioBeHO MOJSIpU3 IMOHHBIM B3 UMOICHCTBHEM
JBUXKYILIErocs 3 psji CO CPeldoi U COCT BJSIET Y CTh MOJHBIX ®HEPreTHYECKUX I0-
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Tepb dHeprur. Kpome Toro, oH 06p TWJI BHUM HUE H TO, YTO BTOPBI p 0OTHI [1]
BBEJIM HOBBIII MEX HM3M TeHED LUM U3JIy4eHHs, IPUHLUNYN JIbHO OTIMY IOHIMICH
0T BOPOBCKOTO.

H ot npunHnunm yipHO B XHble 3 Med Hus D.Depmu 00p THI BHUM HHE
O.Bop. B npunoxenuu x xaure H. Bop «IIpoxoxaeHne TOMHBIX Y CTHI] Yepe3
BelecTBo» [8] B p 31.7, H 3B HHOM «BDpdekT UepeHKOB U ero cBsi3b ¢ mpobiie-
MOIl TOpMOXeHus», OH nHuIIeT: «B H crosuiem p 3aene Mbl 00CYIUM HEKOTOpbIE
4yepThl aphekT YepeHKOB U, B U CTHOCTH, €ro CBSI3b C TEOpHEH TOPMOXEHUS.
IIpencr Bnger unTepec p ccMOTpeTh 9(peKT K K ¢ MHUKPOCKOIMHMYECKOW, T K U
C M KPOCKOITMYECKOIl TOUKH 3peHHus. B mepBoM ciiyd € Mbl IOTy4HM Helocpen-
CTBEHHYIO CBSI3b C P CCYXXIEHMSIMHU B P 34. 6, BTOp 4 XK€ TOYK 3pPEHUS H JIOTUYH
p 3Buroili ®p HxoM, T MmoMm u @epmu. C MUKPOCKOIMYECKOM TOUKH 3peHUs ah-
thext YUepeHKOB BO3HHK €T M3-3 TOIO, YTO U CTh HEPIHH, Nlepe]] B eMOM MPOHH-
K IOIIeH Y CTUIEH, MOXEeT BIOCIEICTBUN OBITh HCIYIIEH K K KOTEPEHTHOE H3ITy-
4yeHue. B npexpiymem p 3xerne He ObU10 HEOOXOOMMOCTH YUHUTBIB Th 3TOT 3(phexT,
MOCKOJIKY B IIpoOJieMe TOPMO3HOM CIIOCOOHOCTH B MEPBOM NPUOJIMXKXEHUH HYXHO
P CCM TpHUB Th MOBEAEHHE JIEKTPOH TOJBKO BO BPeM:s COYJ PEHHS C Y CTUIEH.
JleficCTBUTENBHO, MOXHO CK 3 Thb, YTO IOTEPS ®HEPIUU Y CTHULEH NPOUCXOOUT B
Te4eHHe 9TOr0 KOPOTKOIO MPOMEXYTK BpPEMEHH, M H Hee He BIIMAeT I JIbHelllee
P cIpenesieHue SHEeprud, Nepen HHOH aieKTpoHy. M3 3Tmx cooOp XeHuil CT -
HOBUTCA OYEBUIHBIM, 4TO 3(heKT UepeHKOB COOTBETCTBYET Y CTH TOPMO3HOM
CIOCOOHOCTH, OLIEHEHHOI B p 3.6, U He JIOJKEH P CCM TPUB ThCS K K JOIOJIHH-
TENIbHBIIl HCTOYHUK NOTeph aHepruu (cM. Pepmu /6/)».

A.A.Tankun B cBoeil cT Tbe [9] mpu oOcyXmeHMHM MeX HU3M TIeHep LU
HNBY T xXe ucnonb3yeT NpUBeleHHY0 Bbllie MT Ty u3 KHuru H.Bop [8], HO
¢ omunOKOl B mepeBosie. B ero cr The BBIP XEHHUE «MOXET BIIOCIIEICTBHUU OBITH
UCHYyLIEH K K KOTepeHTHOE M3JyueHHe» 3 MEHEHO H «H3JIyd eTcd B BHAe Kore-
PEHTHBIX 3JEKTPOM THUTHBIX BOJH». DT HETOYHOCTh NPUBEN K NPUHLUIM JIb-
HOH ommbOKe B OOBSICHEHMM MeX HU3M B3 WMOAEHCTBHS 3 PSAX , ABMIKYIIErocs B
cpefie CO CKOPOCTBIO MEHbIIEH () 30BOil CKOPOCTH CBET .

B H crogiuee BpeMs yxe MMeeTcs JOBOJIBHO MHOTO KPUTHYECKHX 3 M€Y HUii
B Jpec «MeX HHM3M U3Iy4eHHUs NpPH p BHOMEPHOM IBHUXKEHHM 3 psI », HO BCe
OHU BECbM Kp TKHME M HE CT BIT IOJ COMHEHHME C M MeX HHU3M, IPOTHBOpEY -
muil yHD MEHT JIBHBIM 3 KOH M (u3uku. [108TOMY, B COOTBETCTBUH C COBETOM
A. A.JIoryHOB , IPUBEACHHBIM B K YecTBe 3MUrp ¢ K J HHOH CT The, HUXKe Oyner
MpeICT BJIEHO JIET JIbHOE 00CYXIeHHEe «MeX HHM3M H3JIYYeHHUS [PU P BHOMEPHOM
IBICKEHMU 3 pan ». H uHeM nmer sbHOe OOCYyXjieHHE C MeX HHU3M H3JIy4eHUd
B BuiioB —YepeHkoB .

1. U3TYYEHHE BABUJIOBA-YEPEHKOBA

B ocnoBomon T fomeil p 6ore [I] BTOPH p CCM TPUB JIH BIEKTPOH, IBH-
KYIIUICS C MOCTOSHHOM CKOPOCThIO B OecKOHEeYHOH cpeme. P cuer uznydeHus
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B BHJIMMOW OOJI CTM CIIEKTP HPOBOIMICS C MOMOLIBIO YpP BHEHUH KJI CCHYECKOM

SIIEKTPOJMH MUKH, B KOTOPBIX IPO3p YH { Cpell X p KTEpU3yeTcd IOK 3 TeleM

npenomerns n. H gun ercd p cuer B p 6ore [1] ¢ nudpdepernn npHOTO yp BHE-

HUS, KOTOpPOE ABHO YK 3BIB €T H p€ JIbHbI MUKpPOCKONUYecKHil Mex HusM MBY:
o0’P

S > WP, =0E, (1)

o — 00BEMH $ MOIIPU3YEMOCTh CPefpl.

Yp BHenue (1) onuChIB €T U3MEHeHUe MoJIpu3 1K cpeabl P nop aeiicTBreM
anekTpuyeckoro nons E guxkymierocd 3 pag . B p MK X KJI cCHYecKoil M Kpo-
CKOITMYECKOI TEeOpUM cpell MPeICT BIFeTCS COCTOSINEH M3 TOMHBIX OCLMUIA-
TOPOB, X P KT€PHU3yeMbIX COOCTBEHHBIMU U CTOT MH ws. Kl ccuueck s Teopus
X.JlopeHn H ocHOBe MeX HUKM HBIOTOH H DISIOHO OOBSCHSAET NMPUHLUIIBI B3 -
UMOJENCTBUS DJIEKTPUUECKOTO OIS CO CPENON.

CucteM yOpyro cB3 HHBIX 3 PSJOB HEMOCPEACTBEHHO NPHCYTCTBYET B TEO-
peTuyecKkux p ccMoTpeHusax Mex HuzM HBY, n0cKoJIbKYy OIUCHIB 10TCS 3J1EKTPO-
M THUTHBIE KOJieO HUSI IOCT TOYHO HM3KOH 4 CTOTHI B OJHOPOXHOM MpPO3p YHOH
Ccpejie, OUAIeKTPUYECK s IIPOHHL] eMOCTh KOTOPOU €(w) SIBHBIM OOp 30M 3 BHCHT
OT YMCIT 3JIeKTPOHOB B efuHHUIE 00beM [N B BHJE:

47 Ne?

E(w)=1+m,

)
Iie € — 3 Paf 3JEKTPOH ; M — M CC 3JIEKTPOH .

B B kyyme N = 0, TOMHBIE OCHWUIATOPHI BOOOIIE OTCYTCTBYIOT, TOSTOMY
€(w) = 1 ¥ p BHOMEPHO JBUXKYIUMIACSA 3 psil He W3iiyd eT. Jucrepcuss B M -
TEpU JIbHOW Cpejie BO3HUK €T B pPE3y/IbT Te BBbIHYXIEHHBIX KOJIeO HMH TOMHBIX
9JIEKTPOHOB U WUOHOB IIOJl BO3JCUCTBUEM IIEPEMEHHOIO I10JI1 9JIEKTPOM THUTHBIX
BOJIH. M3MeHeHune ¢ 30BOil CKOPOCTH CBET B Cpelie €CcTbh Pe3yibT T HHTepdepeH-
LY BOJIH, BO30YXIE€HHBIX MHOTMMHM ABIIKYILMMHCS 3 P MH, K XI 1 U3 KOTOPBIX
B OTHAEJIBHOCTH P CHPOCTP HAETCA CO CKOPOCTBIO CBET B B KyyME C.

Asropsl p 60ThI [1] mogMeHWIM NpeHeOpexeHne p a1 [IMOHHBIMU MOTEPSIMU
9HEPrUM H OIp HUYEHHOM Y4 CTKE TP €KTOPUU JIEKTPOH B CPEJle «MEX HU3MOM
M3JIy4eHUs NpU P BHOMEPHOM [BUXEHHUU 3 psan ». Ilocie 3Toro Bce BTOpHI IIy-
6k nwit 06 MBY cT M enuHOAYIIHO yTBEPX. Th, YTO B B KyyM€ P BHOMEPHO
JOBUXYIL dCd 4 CTHLl HE U3IIyd €T, MOTOMY YTO OH HE MOXET JOCTHYb CKOPO-
CTU CBET , B Cpele Y CTULl MOXET JBUI ThCH CO CKOPOCTBIO, IIPEBBIII IOLIEH
¢ 30ByI0 CKOPOCTB CBET , M UCIYCTUTh HU3Iy4EHUE IIPU P BHOMEPHOM U MPIMOIIH-
HEWHOM [IBUXEHUHU.

DTO NPUHIIMIHN JIBHO OMNO0YHOE YTBEPXKAECHHE YKOPEHUIOCh BO BCeX yUeOHHU-
K X, CIIp BOYHUK X U SHUUKJIONEUAX IOCJIE TOTO, K K IOSBWICH «MEX HU3M U3IIy-
YeHUs [IpU P BHOMEPHOM [JBIXEHUU 3 Psill ». Bce BTOpBHI U UUT TEJIU IIOHUM IOT,
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YTO B B KyyMe 3 PSXEHH S Y CTULl [JBMXETCS P BHOMEPHO U IPSIMOJIMHENHO U He
U3Jyd €T HU B K KOM Y CTOTHOM U 11 30He. [Ipy @TOM BTOpEI HE H IOMUH IOT
YHUT TEJSIM «TEOPEMy» HIIH «I0TMY», KOTOP 5 yTBEPXKI €T, UTO JUIS N3JTydeHUs! ABH-
Kymierocs 3 pap  HeoOxogumo yckopenue. Korm u crum ABHKETCS B B KyyMe,
TO OH HE U3Iy4 €T He IOTOMY, YTO €€ CKOPOCTh OK 3bIB €TCd MEHbIle ¢ 30BOi
CKOPOCTH 9JIEKTPOM THHUTHBIX BOJIH B JIIOOOM CHEKTp JIbHOM Ji 11 30He. OH He
U3M1y4d €T IOTOMY, YTO B B KyyMe OTCYTCTBYIOT DJIEKTPHUYECKHE 3 PSIbl U I0JId,
B3 MMOJIEHCTBYS C KOTOPBIMU, OH MOIJT OBl M3Myd Th. @OpM JIBHO B yp BHEHHMSIX
BIIEKTPOAUH MHKH 3TO OOCTOSITENBCTBO MOAYEPKUB €TCS BEJIMINHON ANDIEKTpHYe-
CKOW IIDOHUI] €MOCTH B KyyM & = 1. B B KyyMme 3 psKEHH 1 4 CTUL , KOHEUHO,
JIBUXKETCS P BHOMEPHO M IPAMOJIMHEIHO.

B cpene xe OBMXKYII $ICS Y CTUL[ B3 MMOJAEHCTBYET CO MHOXECTBOM 3 ps-
JOB P 3JIMYHOU MNOJIPHOCTH, OH JBHXETCS B MONAX P 37IMYHOM CHIBI U H -
Ip BJICHUS, W 3TO JBHXEHHE, p 3ymMeeTcs, He MOXeT ObiTh p BHOMepHbIM. [lo-
CKOJIBKY H C UHTEPECYIOT B [l HHOM CIIy4 € TOJIBKO I JIbHUE B3 MMOJAEHCTBUS, TO
MbI 00CYXJ €M MOJEINb CPeJibl, KOTOP $1 NPEICT BJISETCS JOCT TOYHO OJHOPOAHOU
U 9JIEKTPUYECKU HEUTP JIbHOU B HEKOTOPOM CIIEKTpP JIbHOM AM I 30He. Ilpucyr-
CTBHE B Cpejie MHOXKECTB CBA3 HHBIX 3 P410B ()OPM JIbHO OIUCHIB €TCS Yp BHE-
HueM (1), X p KTepusylolUM U3MEHEHHE MOJIIPU3 LHH IOJ JEWCTBHEM 3JIEKTPH-
YECKOTO MOJIS.

Vp BHenue (2) ¢urypupyer BO MHOTMX ITyOJMK LIMSX, ONHUCHIB IONIMX IWC-
nepcuio cpensl U dpcekt B Buno —Uepenkos . Bonee Toro, HeKOTOpbie B-
TOpbl (cM., H mpumep, [9, 10]) peuutesbHO H CT UB 10T (BIOJHE CIpP BEIJIUBO)
H ToM, uro MBY wucnyck er He ABUXYLIMICH B cpele 3 pafl,  OCLUUIHPYIO-
e Mojiekymsl 1 ToMbl. [I xe B.JI.T'ma3Oypr [11] mouru corn cmicd ¢ T KuMm
oObsicHeHHeM Tporiecc wucnyck Hus MBY, HO HUKTO W3 BTOpOB, TEM He MeHee,
HE CT BUT IOl COMHEHME «MeX HU3M H3JIy4eHHUS NpPU P BHOMEPHOM IBHUXKEHUHU
3 psa ».

H unbomnpmmii uHTEpEC ¢ 3TOM TOYKH 3peHud npeact Biader cT Thd M. E. T mm
MOl X p KTEPHBIM H 3B HUEeM «H3mydeHue, BbI3BIB €MOE P BHOMEPHO ABIIKYIIH-
MHCS 3JIEKTPOH MH» [12]. DTO H 3B HHE MO CBOeMY (PU3UIECKOMY CMBICTY OTIIH-
Y ercs OT H 3B Hus ocHoBoro T fomieii ¢t b ULE. T mm u U.M.®p uk [1],
KoTopoe OHM c(OpMYITHUpOB Jid T KuM 00p 3oMm: «KorepeHtHoe uzinydeHue Obi-
CTPOro 3JeKTpoH B cpene». H 3B Hue cr Thu [12] cneuu JIbHO YK 3bIB €T H
TO, YTO IBUXKYIUIWIACS B cpele BIEKTPOH BBI3BIB €T, HO He uchyck er MBY. O6
atoM U.E. T MM mpsMo H mwic J1 B KoHIe nepBoro m p rp ¢ : «C TOYKH 3peHus
MHKPOCKOIIMYECKOH TEOPHUH P CCM TPUB €MO€ H3JIy4eHHe He HCIYCK eTcd Hemo-
CPEICTBEHHO 3JIEKTPOHOM,  HWMEeT CBOEH NPUYMHOW KOTepPEeHTHblE KoieO Hus
MOJIEKYJT Cpellbl, BO30YX/I eMbIX 2JIEKTPOHOM>.

ITocre T Koro 3 sBIEHNS HEOOXOAUMO OBIIO OTK 3 ThCS OT «MEX HH3M H3-
JIy9eHHs TPU P BHOMEPHOM IBUXKEHHUH 3 PSI », IOCKOJBKY DIEKTPOHBI B COCT Be
MoJieKys1, uciyck romue MBY, He MOryT IIpu 9TOM IBUI ThCS P BHOMEPHO. BBI-
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3bIB IOLIUI M3TydyeHHEe BJIEKTPOH, P CK YMB IOLIUI MOJEKYNIbl Cpembl, T KXe He
MOXET ABUT ThCS P BHOMEPHO, B COOTBETCTBUM C 3 KOH MM MeX HHMKH. Hukro u3
BTOPOB MHOTOYHMCJIEHHBIX IyOiaMK nuii o Mex HusMe MBY moyemy-to He cmor
cHen Th NP BHJIBHBIA BBIBOA M3 3TOTO OYeHb B XHOro 3 sieneHust U.E. T mum .

B mecrom m p rp ¢e cr Teu [12] U.E.T MM p ccMoTpen 3 I 4y C TOYKH
3peHus H OJIIoA Tels, ABHXKYIIErocd BMecTe ¢ a1eKTpoHoM. Mcnoms3ys npeobp -
30B Hust JIopeHIl , OH BeIYMCIAN P 11 JibHylo B, u npostonbhyio E), KoMmoHenTs!
3JIEKTPUYECKOTO OISl U BNeKTpuyecKoil nuaykimyu D) u D, T kXe M rHATHO#
uHAyKuun B, B LMIMHAPHYECKOli cHCTEME KOOPIMH T, CBA3 HHOM C MOKOALIMMCS
9JIEKTPOHOM, MHMO KOTOPOTIO JIBHXKETCS Cpel :

B 400 1 5
e . a
E = —— we ] — — ) —d 3
T aeiom ) ( ﬁ2n2> op"" ®
. +Oo 1
e ww
E, = 22 e™wé <62n2 — 1) wa dw, 4)
el 1 o da
D =——+ <1 — —> / et —dw, (5)
P 2e/1 =32 32 dp
— 00
D, = ;_; et (@ - n2) wa dw, (6)
—0o0
6 +oo 1 5
e , a
B =———_ etws (— — 1) —dw, 7
720152 . n2 dp
e
/ /1 _ 2
&= _u7 (8)
v
2z — KOOpOMH T B CHCTEME KOOPAUH T MOKOSIIErOCH BJIEKTPOH ; V — CKOPOCTh

cpenpl; m — IOK 3 TeJlb IIPEIOMIIEHUS CPENbl; ¢ — CKOPOCTh CBET B B KYYME;
8 = Vv/c — OTHOCHTENBH S CKOPOCTb CPEAbl; @ — LWJIMHAPUYECK 51 (PyHKLIHS,
YAOBJIETBOPAIOL 4 YP BHEHHIO Beccenga

0%a 10a

2

—— +-—+s%a=0, )

dp*>  pdp
riae

2
§2 = %(5%2 —1). (10)
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O4YeBUAHO, YTO IEKTPUUYECKOE MOJie, ONMUChiB eMoe dopmyn mMu (3) u (4),
HE SBJISIETCS I0JIEM IOKOSILErocs 3 psfl , MOCKOJIbKY OHO 3 BHCHUT OT CKOPOCTH
JBUXYLIeicd MUMO Hero cpelibl. OCT ercs TOJIBKO CHEJT Th BBIBOL, UTO 3 Psijl JBU-
2KETCSl OTHOCHUTEIBHO MHEPLM JIbHOM cucteMsl KoopauH T, HO M. E. T MM cpen i
uHoe 3 kimodeHue: «T Kum o6p 30M, 10JIe B CUCTEME IOKOs DJIEKTPOH  SIBJISETCS
CT LUMOH PHBIM, K K 3TO U JOJDKHO OBbITh, H HPSKEHHOCTh M rHUTHOro moss H
ucye3 €T, HO M THUTH S MHAYKUMS B oTmyH ot Hynd, eciiu n # 1. D1o 06b-
SICHSIETCS U3MEHEHUEM NOJSPU3 LMK CPelibl IPU JBUXKEHUM Yepe3 HEOIHOPOTHOE
3JIEKTPUYECKOE T10JI€ DIIEKTPOH ».

JI 1ee OH BBIYMCIIWII CUJLY, C KOTOPOU JBUXKYLIL 4Cd CpPell IEHCTBYET H H XO-
JIIuUiicd B MOKOE 3JeKTPOH M KOTOP 4 H Ip BIE€H HTUIl P JUIETBHO CKOPOCTH
9JIEKTPOH B CUCTEME KOOPIAMH T, CBSI3 HHOU CO CpEHOu:

2 1
F’:i—2 / wdw(l—W>. (11

Bn>1

311ech IPUXOIUTCS TOBOPUTH O MPOTHBOPEYUH BCeM TpeM 3 KOH M HploToH .
ITpotuBopeune nepsomy 3 KoHy HpIOTOH 04YeBHIHO, OCKONBKY 9TOT 3 KOH OIpe-
JendeT p BHOMEpPHOE JBUXKEHHE Tel K K 0cOOBIil Impolecc, Korn H ABHXYIIeecs
WU TOKOSILEeCd TeJ0 He NEeUCTBYIOT HUK KHE€ BHEIIHWE CWIbl, BhIp XeHue (11)
OIIMCBHIB €T CWIy, C KOTOPOU Cpejl JEHCTBYET H IOKOSLIUICSA 9JIEKTPOH.

K k u3BecTHO, BTOpO#l 3 KOH HbIOTOH oOIlpesenser yckopeHue Ten 1oj Aeil-
creueM cunel*, HW.E.T MM yTBepXn er, 4To cpen JAeHCTBYeT H BIIEKTPOH C
cunoii F/, u 9iekTpoH, TeM He MeHee, H XOAHMTCS B IOKoe. [ 3 BepIIeHHs
T KOTO poJ JIOTUYECKOTrO IOCTPOCHUS BTOPY IPHUIUIOCH OTOPOCUTH U TPETHid
3 KOH HbIOTOH , KOTOpBIA yTBEPX] €T, UTO JAeiCTBUE JOKHO OBITH P BHO HPO-
TUBOJICUCTBUIO. B p cyeTe ke OK 3bIB €TCH, YTO JBUXKYIL 4Cd Cpel IEUCTBYET H
3JIEKTPOH ¢ ciioil F/, HO a/ieKTpoH eif He IPOTHBOOEHCTBYET, IIOCKOJIBKY OCT €TCSI
B nokoe. K 3 51ochk 6bl, T KO€ BONUIOLIEE IPOTUBOPEUNE BCEM 3 KOH M MeX HUKH
TpebyeT mepecMOTp € MOTO MeX HU3M B3 MMOJEHCTBHS, HO BTOp HE 00p THI
HUK KOI'O BHUM HHS H 3TO IIPOTHUBOPEYUE.

Bo Bcex nybnmuk 1msix, nocpsuienHsix MBY (cnmcku myGaMK LU MOXHO
H #Wtu, H npumep, B [13-16]), BTOpB OOBIMHO MPHBONIT PryMEHT IHMIO, MO-
NOOHYI0 TOH, KOTOp g Hcmonb3yercd B p 6ote [17]: «Hwmes B Bumy »TH BO-
MPOCBI, MOXHO MpeXJe BCero H MOMHHUTBH Cliefylollee OOIIEU3BECTHOE ITOJI0XKe-
HUE: C6000OHMIIL DIIEKTPOH, NBIXYLUIUNICS [IPAMOJIMHENHO U P BHOMEPHO B IIyCTOM
[IPOCTP HCTBE, HE MOXET M3Jlyd Thb CBET 3 CUET CBOEH KMHETUYECKOM ®HEPIHHU.
Onup 4cb H OCHOBBI TEOPUU OTHOCHUTEJIBHOCTH, K T KOMY 3 KJIIOUEHHIO MOXHO
IPUITH Cp 3y XK€, €CJIM BBECTU MHEPLU JIbHYI0 CHCTEMY OTCUET , B KOTOPOH p C-

*PeISITUBHCTCK S TIoIIp BK KO BTOPOMY 3 KOHY HrloToH He MeHgeT ero CyTH.
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CM TPHUB €MbIi 3JIEKTPOH IOKOUTCSl U B KOTOPOM, CJIEJOB TEJIbHO, DHEPIHs, HE00-
XOOMM § JUISl M3TydeHusd (DOTOH TIpH 3 1 HHBIX yCIIOBHSX, p BH Hymo. OmH Ko,
K K XOpOLIO U3BECTHO, 3JIEKTPOH B COCTOSHUM P BHOMEPHOTO IBHXEHHS 6 cpeoe
0 em T KO€ U3yyeHue — usiyyeHue B BuinoB —HepeHkoB ».

B npusepenHoit mut te u3 p 60tel [. B. Ckobenpbipin  [17] yeTko mpexct -
BJIEH JIOTMYECKUI TyNHK, U3 KOTOPOIo IMOYeMy-TO HHMKTO He yBujen Beixox . C
OJHOI CTOPOHBI, HEONPOBEPKUMO IOK 3 HO, YTO B MHEPLH JIbHOH CHCTEME OT-
CYET , CBA3 HHOWM C p BHOMEPHO IBUXKYILENCA 3 PIXKEHHOW Y CTHULEH, «9HEPIHWd,
HeoOXomuM s Ui W3NydeHus: (POTOH TPH 3 [ HHBIX YCJIOBUSX, P BH HYJIO»,
T. €. U3llydeHue HeBo3MOXHO. C Ipyroil CTOPOHBI, UCIIONb3yeMble LI A0K 3 Tellb-
CTB OTOrO MNOJIOXEHUS (PyHI MEHT JIbHbIE NPHHLMIIBI MPELT I' eTcsl OTOpPOCUTD
npu 00bsCHeHUH MeX Hu3M reHep uuu MBY TOMbKO MOTOMY, YTO BTO «XOpPOLIO
U3BECTHO».

Eciu Mcronp30B Th YUCTO H YYHBIH MOAXOI K PEIEHUI0 3TOH MPOOIEMBI, TO
U3 YK 3 HHOIO JIOTHYECKOIO TYNMUK €CTh TOJBKO B BBIXOJ :

1. Y6enurenbHo 0O0OCHOB Th BO3MOXKHOCTh OTMEHBI 3 KOHOB COXp HEHHUS DHEp-
TUU U UMITYJIBC . DTOr0 HUKTO HE CMOT CHEJ Tb.

2. IIpu3H Th, 4TO TO, YTO «XOPOIIO M3BECTHO», COAEPXKHT OMIMOKY, U H HUTH
nHoe oObsicHeHne Mex HM3M MBY, koTopoe Obl HE NMPOTHBOPEYMSIO 3 KOH M
COXpP HEHMs HEPTHH U UMIIYJIbC .

Crporo prymMeHTUpOB HHBIH BbIOOp momck 3 1 M.JI y» [6] (cM. mut Ty
H c.1115). OH OTMETH, YTO 3 KOH COXP HEHUS] DHEPIUU SIBISIETCS «KP €Yrojib-
HbIM K MHEM BCEro ecTecTBO3H Hus». Ilo mpomectBuu Teneps yxe 150 ner ero
cT Tyc He u3MeHwicd. Ilp B , U «MeX HU3M U3JlydeHHs IIpU P BHOMEPHOM JIBU-
KEHUH 3 P » TOXe ucroib3yercs 6osee 70 j1eT, HO B OUYEBUIHOM TPOTHBOPEYUH
¢ (yHI MEHT JIbHBIMH 3 KOH MH. [loaTOMY 5 BBIOD JI BTOpPOIi IyTh M HE OIp HH-
quicd KPUTUYECKHMH 3 MY HMSIMHM B JIpeC «MeX HM3M M3JIy4yeHMs NpH P B-
HOMEPHOM JIBIKEHUM 3 psil », TNPEeIOKWI H INISITHOE OOBSICHEHUE MeX HU3M
redep uuu MBY [18] B cTporoM COOTBETCTBUH C 3 KOH MU MeX HUKM HbIOTOH ,
He TpeOyioliee H PyIIEHNs 3 KOHOB COXP HEHHs 3HEPTUH U UMITYJIbC .

Crnenyer OTMETHTh, YTO T K H 3bIB €MbIe «CBEPXCBETOBbBIE» CKOPOCTH JBHXKY-
LIEroCs B Cpefie 3 psAd HHOII OK 3bIB IOTCS JOBOJIBHO J JIEKUMHU OT PEISITUBUCT-
CKMX (n > 1), KpOMe TOro, MHOTJ OHH BOBCE HE SBJSIOTCS «CBEPXCBETOBBIMUY»,
K K, H TIIPUMEp, B CIyd € BO30YXIEHUS MEePeXOTHOr0 H3NIydeHHs. DTO ele p 3
H BOIUT H MBICITb 00 OMIMOOYHOCTH «MEX HU3M W3JIy4eHHs MPH P BHOMEPHOM
JBHXEHUU 3 DAL ».

st onuc Hust Mex HU3M renep uuu MBY p ccMoTpuM, K K 0OBIYHO, 3 psi-
KEHHYI0 U CTHUILy, JBHXYIIYIOCS B MPO3P YHOU cpeje, 0O JI IOIICH AUCIIEPCHEN.
P 3ymeercs, mpu JBHXKEHMM B cpele 4 CTHL OYIeT TepsTb DHEPrUI0 B Pe3ylib-
T Te ONMM3KUX U I JIEKUX COYA PEeHHi ¢ 3 psg MU cpeabl. Mbl n30up eM T Ky
MOjienb, B KOTOPOM MpeHeOper eM BCeMH IOTepsIMH 3HEpruH, U OyaeM CUYHUT Th
CKOPOCTb Y CTHUIIBI IIOCTOSHHON H BCell ee Tp €KTOpPUU. DTOT YUCTO M TeM TH-
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YeCKUU IIPUEM HU B KOEM CIlyd € HE II03BOJII€T CUUT Tb Y CTHIlY ABUXKYLLEUCH
P BHOMEPHO U IPSAMOJIMHEMHO M OTBEPT Tb 3 KOHBI COXP HEHMS DHEPIHU M UM-
MyJIbC . DTO MPENNONIOXKEHNE YK 3bIB €T H TO, YTO B3 UMOJEICTBUSA, KOTOPHIE MBI
OyneM p ccM TpUB Thb, HE MPUBOMIT K OTKJIIOHEHHIO TP €KTOPHM 3 psi  OT Ips-
MOJIMHEMHOM, IIOTEPU DHEPIUU HE U3MEHSIOT CYLIECTBEHHO PE3YJIBT T P CYET .
B npuHimie, TH Motepu dHEPrud MOXHO ObUIO ObI ydecTb®, HO NP IMOCTOSH-
HOW CKOPOCTH 3 psii 00ecneyuB [0TCS YCIOBHSI KOHCTPYKTHBHON MHTEpgepeHIn
HBY Bnosmp Tp eKTOpUM ABUXKYLIETOCH B CPEle 3 PAX , U PE3YJIbT T P CUET BHI-
[IIAAUT O4eHb 3(h(heKTHO — HM3TydEeHHE OK 3bIB €TCSI OCTPOH TP BIICHHBIM.

P ccmorpuM mporecc 351€KTpOM THUTHOTO B3 UMOIEWCTBHS ABUXKYLIETOCH B
cpefe 3 psag C TOMOM, H XONIIUMCA H P CCTOSHUM Iy OT €ro TP €KTOPHH.
H npsxeHHOCTh HON4 B HEKOTOpOU Touke M, ya JIEHHOH OT Tp eKTOpHUH 3 paA ,
MOXHO BBIp 3UTh C ITOMOILLBIO NOTeHLHU JI0B Jluen p —Buxepr :

B er(l— (%)
 Amer3(1 — F2sin? )3/2’

(12)

Ije r — BEKTOpP, H IIp BJIEHHBIH B TOUKY M M3 TEKYLIEro IMOJOXKEHHs IBHXY-
erocd 3 psf ; € — JUAJIEKTPUYECK s IIPOHULL EMOCTb CPefbl; ¢ — YIoll MeXay
EIE BEKTOPOM I U BEKTOPOM CKOPOCTH Y -
CTHLIBL.

max

1,0
H puc.1 nox 3 H X p KTep U3MeHe-

HUA 1o B Touke M 3 BpeMs mposer
3 il 4epe3 cpely ¢ IMOCTOSHHOH CKOpO-
CTBIO, MEHbIIIeH ¢ 30BOIl CKOPOCTH CBET
H 4 crore wi. Touk M H Xomurcs H
T KOM P CCTOSHHM OT TP €KTOPHH 3 Psl ,
IJle M KCUM JIbH §l BEJIMYUH I10JI HE IMpH-
(110 5 0 5 lo BOMMT K MoHu3 muu TtoM . Ilone, co3n B -

t,otH.en.  €MOe B TouKe N ABIKYLIMMCS C MOCTOSH-
Puic. 1. Usvenenne nons B touke M, co- HOH CKOPOCTBIO 3 DAJIOM, SABIAETCH HEM3-
31 B €MOro JABMXyIMMCS 3 psioM mpu  Jlyd €MBIM. Benuuun 1ond aBuxyiierocs
yenosun Bn(wi)<1. Bpems t=0 3 psai YObIB €T K K I' 2 B COOTBETCTBUM C
COOTBETCTBYET MOMEHTY, KOTA Ione BBIp XeHueM (12).

0,8
0,6
0,4

0,2

B Touke M HOCTUT €T M KCHUM JIbHOTO OueBHIHO, YTO ABMXYIIMIiCS 3 paj Oy-
3H 4CHMA JIeT MOJISIPU30B Th TOMBI, H XOJSIIUECs] B
touke M B coorBerctBuu ¢ yp BHeHueM (1). Touk M H XOmuTcd H T KOM
P CCTOSIHUU OT TP €KTOPHUH 3 AN , TOe 4 CTHI 3 TP THT H HONSPU3 LU0 TOM

*H npumep, B p 6ote I1 domos [19] yureHo 1 Xe BIMSHHE MHOTOKP THOTO P CCESHHS, KOTO-
PBIM MBI TOXe TIpeHeOper eM B p MK X M30p HHOH MOJeNH.
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DHEPIuI0, COOTBETCTBYIOLIYIO Y CTOTE Wi, H KOTOPOI CKOPOCTb CII [ HUS H Ipd-
’KEHHOCTHU TOJIS CBETOBOW BOJIHBI C U CTOTOH wj OK 3BIB €Tcs OOJIbIIE CKOPOCTH
CIl I HUS TOJS YA Jistomerocst 3 psg  (T.e. npu ycnosud [n(wp) < 1). Ipu-
6mK tomuiics X Touke M 3 psn MOMSpU3yeT H XOAIIMICA T M TOM, KOTOPBIH
3 TeM YCIIeB €T BO3Bp TUTh 3 TP YEHHYIO H €ro IMOJISIpU3 LU0 SHEPTHI0 Y1 JIII0-
nieiicd 4 CTULE B COOTBETCTBUM C TPETbUM 3 KOHOM HplOTOH (neicTBUE p BHO
[IPOTUBOJEHUCTBUIO).

BpeMmeHH 4 3 BHCHMOCTbH MOJISIPU3 LIUM CBSI3 HHBIX 3 PSIOB OyIeT N3MEHAThCS
[0 3 KOHY, IPEJICT BIEHHOMY H pHC. 1, TIpoler Iomui MUMO 3 psAX HE BbI3O-
BeT MX Koyied HUil H 4 croTe wi. [l03TOMY HNPUXOAUTCS KOHCT THPOB Th, YTO
H Y CTOTe wy mpH ycnoBud (n(w) < 1 JBHXYyHI scst B cpele Y CTHI[ HE BbI-
3bIB €T u3nydeHus. [lpuyem OTCyTCTBHME M3IyYeHHS H Y CTOTE wi OOBICHIETCS
X p KTEpPOM B3 MUMOJEUCTBHS IBHXYILEHCA Y CTULBI CO CPENO, HO HUK K HE Je-
CTPYKTUBHOW HHTEP(EPEHLIMEN UCITYCK €MOIO 9TOM U CTUILEH U3Jly4eHHd, K K 3TO
IPEJACT BIAIOT BCE BTOPBI, UCHONb3ylomue i omuc Husd MBY «Mex Hu3M usmy-
YEeHUS NPU P BHOMEPHOM JBIKEHUH 3 DAL ».

B cOOTBETCTBUM C MPEICT BIEHHBIM 3[IECh PE JIbHBIM ME€X HHU3MOM JBHXKYIL -
dcd B Cpelie 4 CTUL 3 TP YMB €T H IIOJNpU3 LU0 BCEX TOMOB, H XONAILIUXCA
H P CCTOSHHMU Iy OT €€ Tp €KTOpUM, OJHYy U Ty Xe 3Hepruio. IlockonbKy H
P CCM TpHUB €MBIX 3/IeCh U CTOT X Cpel] SBIIFETCS OIXHOPOAHOMN, TO BCE P IH JIb-
HBIE CHJIBl yp BHOBEUIMB IOTCS U TP €KTOPUS 4 CTHLBI B P MK X H LIl Mouenu
ocT eTcd npsaMosnuHeiHoi. [locie nposeT 3 psAXeHHOW Y CTUIBI MUMO TOYkKu M
MOJISIPU30B HHBIE €10 TOMBI BO3Bp LI I0TCSl B OCHOBHOE COCTOsIHUE O3 M3TydeHus,

4 CTUILl B pe3yJabT T€ T KOO B3 MMOJEICTBUSA CO CPENOil COXp HAET CBOIO DHEP-
ruo. OgH KO I Xe B T KOM CIIyd € €€ JBUXEHUE Helb3d H 3B Tb P BHOMEDHBIM,
B COOTBETCTBHHU C NEPBBIM 3 KOHOM HBIOTOH , IOCKONBKY OH BCe XK€ B3 UMOJEH-
CTBYET CO CBSI3 HHBIMH 3 PSJ MU, H XOIIIIUMUCS BOKPYT €€ TP €KTOPHH.

To4yHO T KOM Xe pe3yslbT T MHOJY4 €TCd U MPH P CCMOTPEHUH ITOrO IMpPO-
LECC C IOMOLIBIO Yp BHEHHUI KJI CCHYECKOH M KPOCKOIMYECKOW BJIEKTPOAUH -
MuKkd. OOBIYHO BTOpPHI MHOTOYHCIICHHBIX IMyONMUK Iwid 06 acdexte B BmoB —
UepeHKOB 3 NHCBIB JI1 OKOHY TEIbHOE BBIP XKEHUE JUId BEKTOPHOIO NOTEHLH JI
(4 CTHL JBHXETCS BHOJb OCH Z) NMpH yciaoBud fn(wi) < 1 B BUze

A, (we) = C\/QLTF—U/) exp [—Jp—i— 1wy (t - %)} , (13)
rae
w2
§(62n2 —1)=—0o% (14)

IIpu aTOM OHH cIlelM JIbHO MOAYEPKHUB JIM, YTO BEKTOPHBIM MOTEHLHU JI B BBIP -
xernu (13) OpicTpo yObIB eT ¢ yBenmuenweM p. OmH KO Bce BTOpHI MyONUK -
umit 06 MBY, B TOM umciie W Te, KTO NMPHUIUTA K BbIBOxy, uro MBY wuzmyu er
Cpea , He JBHXYII 5ICI Y CTHUIl , €IMHOMYIIHO YTBEPXK] 0T, 4YTO B JOIOPOrOBOI
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00JI CTU M3JIydeHHE I CUTCS 3 CYeT JIEeCTPYKTUBHOW WHTepepeHuuH (CM., H -
npumep, [9,15,16]). CosepiueHHo scHo, 4To yp BHeHue (13) yKk 3bIB €T, 4TO
BEJIMYMH BEKTOPHOTO MOTEHNIM J1 B BOJIHOBOW 30HE CTPEMUTCS K Hy/0 U Oe3 1e-
CTPYKTHBHOH HHTepdepeHnu. P ccyXneHus o NecTpyKTHBHOH HMHTepgepeHInn
CBHUIETENBCTBYIOT O TOM, YTO IMIOHMM HHUS pe JIBHOTO ME€X HU3M B3 MMOAEHCTBUS
3 PSKEHHOHM 4 CTHIBI CO CPEoil 10 CHX TOpP HE CYIIECTBOB JIO.

Ecnu orcyrcTBre n3iydeHHs B 1OIIOPOroBOil 001 CTH OOBSICHSITH JAECTPYKTHB-
HOU MHTepepeHLel, TO UCKIIIDYEHHE U3 3 KOH COXpP HEHUs ®HEpruH, Mpemio-
xkeHHoe U.E. T mmom u U. M. ®p HKoM (cM. tuT Ty H c.1114), He no3Bonsger
YHTH U IIPU «JIOCBETOBOW» CKOPOCTHU 3 Psl OT TeX Xe MPOTHUBOpe4Mil (pyHA MEH-
T JIbHBIM 3 KOH M, KOTOpbIE OPOXJ €T «MEeX HU3M M3JIy4eHHs] IPU P BHOMEPHOM
JBUXEHUH 3 psift ». [eCTpyKTUBH 1 MHTepGepeHLHs JOJKH H OJII0A ThCsl B BOII-
HOBOH 30HE, KyI ®JIeKTPOM T'HUTHBIE K0JeO HUs, TeHEpHpPOB HHBIE P BHOMEPHO
JBUXYIIUMCS 3 PSAJIOM B P 3HBIX TOYK X €ro TP €KTOPHH, JOJLKHBI MPHXOIUTH B
NPOTUBOQ 3€ CIyCTS HEKOTOpPOEe BpeMs IOC/ie TOro, K K OHM OBUTH HCITyIIEHBI.
OTcrol cnefyeT BBIBOJ, YTO 3 KOH COXP HEHHUS DHEPIUHU IPH «I0CBETOBOW» CKO-
POCTH 3 psl TOXE He JIeHCTBYeT, MOCKOIbKY ABMXKYLIMICS 3 Psl BCe XKe UCITyC-
K €T M3JIydeHHe, KOTOpPOe 3 TeM HMCuYe3 €T B BOJHOBOH 30HE B PE3yJabT T€ MHTEp-
thepennmu. IIpenct BieHHOE Xe Bbllle OOBSICHEHHWE pe JIBHOTO B3 MMOAEHCTBHS
JBUXYIIEToCs C «JOCBETOBOW» CKOPOCTBIO 3 PsiI C TOM MH cpefpl He TpeOyer
HHUK KOrO H pyIIeHUS (PyHJI MEHT JIbHBIX 3 KOHOB.

Bbritie Mbl p ccMOTpeNH B3 UMOJEUCTBUE 3 Pl , ABUXYILErocd ¢ CKOPOCTHIO,
MeHbIIel ¢ 30B0ii ckopoctd cBeT (fn(wi) < 1), ¢ TOM MH cpeibl U He 00-
H PYXHWIM HUK KHX «IIPOLECCOB BBICIIErO IOPSIK », VIS OOBICHEHHS KOTOPBIX
TpeOOB JTOCh OB OTOp CHIB Th (PYHI MEHT JIbHBIE 3 KOHBL. [Ip B , IpU T KOM
B3 UMOJEWCTBUU TMOJIIPU30B HHbIE TOMBI Cpelbl HE M3Iyd IOT IOJYyYEHHYI0 OT
JBUXYILIErocs 3 psIl SHEpPIruio, BO3Bp I IOT €€ eMy.

ITockosbKy MBI OOCYXJI €M U3JTydeHHue, BO30YXKI eMoe 3 PsIoM B cpejie, o0 -
I IOIIed JHCIepCHeil, TO 1 Jiee MBI MepeiieM K OOCYXISHHIO B3 HMOICHCTBHUA
JBUXYIIETrocsl ¢ MpPeXHEeH CKOPOCTBhIO 3 psi C TOH Xe Cpefoid, HO H 4 CTOTe
wo, H KOTOPOI 9TOT 3 PSiI CT JI «CBEPXCBETOBBIM» (On(ws) > 1), T.e. Korg , 0o
MHEHHIO BTOPOB P OOTHI [5], ZOIXKHBI HOSIBUTHCS IIPOLIECCHI BHICILIETO MOPSIIK »,
Tpebylolye H pyiieHus: (yHI MEHT JIbHBIX 3 KOHOB.

Ecnu 3 pskeHH s 4 CTUI JBHXETCS B CpPefie CO CKOPOCTBIO, IPEBBILI I0-
meil ¢ 30ByI0 CKOPOCTh CBET B Cpefie H HEKOTOPOH 4 CTOTE wg, TO OH T KXe
MONSpHU3yeT TOM, H XOopmdiuiics B Touke K H HEKOTOPOM p CCTOSIHUM OT ee
Tp extopuu. OJH KO CKOPOCTh CIT JI HHUS MOJISl, CO3[ B €MOro i JIIomencs 4 -
cruued npu ycnosuu (Bn(ws) > 1, npesbin eT ¢ 30ByH0 CKOPOCTh KOJIeO HUi
aunons (puc.2). CTpyKTyp cpenbl T KOB , YTO ¢ 30B S CKOPOCTb Konie® HMi
IUIONS H 9 CTOTE wp HE MOXET OBITh BBIIIE TOH, KOTOp S ONpenelieH IOK -
3 TeJeM HpeOMIICHHS H 3TOH 4 CTOTE ws, MOCKOIBKY COCEJHHE TOMBI CpEIbI
B3 MMOJICHCTBYIOT MeXIy COOON.
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IMpubnux romr sick Kk Touke K 9 -
CTHUL[ TOJISIPU3yeT TOMbI, 3 TP YUB 51 H

E/E ax

1,0

®TO DHEPIHIO, COOTBETCTBYIOIIYI0O 4 CTOTE
wy. IlocKONBKY U CTHI] JBUXKETCI CO
CKOPOCTBIO, IIPEBBII IOIIEl ¢ 30ByI0 CKO-
poCTh CBET B cpelie H Y CTOTe Wz, TO

0,5

1oJie JMIOJId He MOXET CJeJOB Th 3 TMO- 0
JIeM TIpOoJIeT IomIein MI/IM? Y CTHIBI U TOM 05
HE MOXET BO3Bp THUTb €il ®HEepruio, 3 Tp -

YyeHHylo H nosgpu3 umwo. Ilocne yno Je- ol v v v

HHS 4 CTULBI OT TOYKM K TONSpU30B H- 0 5 1o 15 20 25 30
HBIii TOM COBEpII €T Koyneb Husg H Y - f, OTH. €.
CTOTE Wy W M3Iy4Y €T BHEPrHI0, IOIy4YeH-
HYIO B IIPOLECCE TIONAPU3 LIUU.

B pe3ynsT Te Bce NONApU3OB HHbIE
TOMBI, H XOJAIIUECA H P CCTOSHUMU 'y OT
TP €KTOPHH 3 Psi , COBEpUI 5 CBOOOJHbIE
Koneb HUS C OIMH KOBOM Y CTOTOM, M3/y4 IOT MOJyYEHHYIO OT Y CTHILIB SHEPIUIO
B I[IOJIHOM COOTBETCTBUM C 3 KOHOM COXp HeHus dHeprud. K Xuplii TOM HcIyc-
K €T IMIOJIBHOE M3JyYeHHe H Y CTOTE wz B MOMEHT, KOIJ €ro HOJIIpU3 LM
JOCTUI €T M KCHUM JIBHOIO 3H 4YeHud. Ilosromy Bce TOMBI, H XOIIUMECS BHOJb
TP €KTOPHU U CTHLIBI H P CCTOSIHUM Ty, OYIyT M31yd Th C HEKOTOPOIi 3 IEPXKKOH,
3 BHCSILEH OT CKOPOCTH JIBUXEHHUS 3 Pl , DHEPrHsi U CKOPOCTh 4 CTHULbI OyayT
YMEHBII ThCA.

Bce nondpusoB HHbIE TOMBI HCITYCK IOT JUIIOJIBHOE U3IIy4eHUE, IOJISIPHU30-
B HHOE B INIOCKOCTH, OOp 3yeMoi BEKTOp MU V M r. B pe3ynpr Te mHTEepdepeH-
LMY C OIp HUYEHHOIO y4 CTK TP €KTOPUU Y CTULBI, H KOTOPOM CKOpPOCTb €€
OCT eTcs JJOCT TOYHO ITOCTOSIHHOI, M3/1ydeHHe B BOJIHOBOW 30HE IPHOOpET €T co-
OTBETCTBYIOILIEE YITIOBOE P CIPEAEIIEHUE U OK 3bIB €TCA IOJSIPU30B HHBIM T KHM
00p 30M, 4TO BJIEKTPUYECKHUI BEKTOP JIEKHUT B INIOCKOCTU M3JIy4EeHHUS U H TP BJICH
HNEPHEHIUKYIISPHO JIy4y.

[MpuBenenHoe Bbilie oObscHeHHEe MeX HU3M reHep 1mu MBY scHO yk 3bI-
B €T, YTO W3JIydeHUE BO3HUK €T B PE3YJbT TE€ BJIEKTPOM THUTHOIO B3 UMOAEU-
CTBHS JBUXYILErocd 3 psal C TOM MH Cpelbl, T.€. HET HUK KUX OCHOB HUH I/
«MEX HHM3M H3JIy4eHHs IIpH P BHOMEPHOM JBUXEHHH 3 pafm ». P 3ymeercd, B
P MK X HEKOTOPOH MOIEIH MOXHO HPEINoI0XNUTh, YTO U CTHILl , BO3OYXI IO S
WBY, nBuxeTrcsi ¢ MOCTOSHHOW CKOPOCTBIO 110 OECKOHEYHOM TP eKTOPHH, K K 3TO
1 6bUT0 ucroHeHO B p 6orte [1]. OmH KO BTOpPBI H CTOJNBKO YBJIEKJIUCH Hieei
«ME€X HM3M H3JIy4EHUS IIPU P BHOMEPHOM [BUXKEHUU 3 PN », UTO [ XK€ HE OTMe-
THIH, YTO B p cyeTe MpeHeOper 0T MoTepsMH 3Hepruu. B pe3ynsT Te p cuer mid
OECKOHEYHO! TP €KTOPHH 3 psifi MOK 3 JI, YTO KOHCTPYKTUBH $I MHTEp(epeHIus
W3ITy4eHusi, BO30YXI eMOro B cpejie 3THM 3 psiaoM, (hOpMUPYET B BOJHOBOU 30HE

Puc. 2. X p xTep u3MeHeHus IIOJId, CO-
30 B €MOrO JBUXKYIIEWCA Y CTHLEH B
touke K (CIUIOIIH S JIMHHS), U IOJIA
MOJISIPU30B HHOTO  TOM  IIPH  YCIIOBUU
fBn(wz) > 1 (wrpuxos s)
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OCTPOH Ip BJICHHOE U3JIyUYC€HUE TOJIBKO ITOA YIIIOM

1
0 = arccos | — | . (15)
on
OTcIofl  HENOCPEJNCTBEHHO CIIEAYET M MOPOrOBOE YCIOBHE:
On=1. (16)

DTU UCKYCCTBEHHO BbIBe/leHHbIe X p KTepuctuku MBY npusopsarcs Bo Bcex
y4eOHUK X M SHOUKJIONEAWSIX, XOTS OHM HUKOLA He H OJIOR JINCh M HE MOTYT
ObITh H OJTIOZIEHBI B Pe JIBHOM 3KcliepiuMeHTe™. Pe JIbHBIN e MUKPOCKONHUYECKHHA
MEX HU3M [l €T SICHOE IIPEACT BileHue o npouecce reep uuu UBY nonspusos H-
HBIMH TOM MHU B BHjIe JUINONBbHOrO uanydenud. IlpemioxenHoe B p 6ore [18]
oObsicHeHHe Mex Hu3M TreHep mmu MBY mpearnos r er KOHCTPYKTUBHYIO HHTEp-
(hepeHIMIO BOJH, MCIYCK €MBIX IMOJISAPH30B HHBIMH TOM MH CpEibl, H XOJIIIH-
MHUCS BIOJIb TP €KTOPUHU 4 CTHULIBI H OTP HUYEHHOM €€ y4 CTKE.

CoBepIIEHHO OYEBUIHO, YTO JOCT TOYHO IOCTOSHH S CKOPOCTb JBHXEHHS
3 psfl B cpesie MOXeT ObITh TOJIKO H Orp HMYEHHOM, HO, HU B KOEM CIlyd €, He
OECKOHEYHOM y4 CTKE TP €KTOPHH, HOCKOJIbKY CKOPOCTb 3 Psil YMEHBII eTcsl K K
3 CYeT p AM LHMOHHBIX, T K U MOHU3 LHUOHHBIX ITOTE€Pb HEPIUU. YCIIOBUEM T KOU
KOHCTPYKTUBHOM MHTep(hEePEHINH SBIISIETCS HE3H YUTENbHOE H3MEHEHNE CKOPOCTH
Y CTHLBI 3 Tepuox 1’ 3MeKTpoM THUTHBIX Kone® HHil:

Td(6n)

— < 1. 17
u < A7)

Hep BenctBo (17) yK 3bIB €T H TO, UTO B p€ JIbHBIX YCIOBHUSIX 3 PSIKEHH
9 cTHLl MOXeT obecrieunts KorepeHTHoe MBY TONBKO H Orp HHYEHHOM Y4 CTKE
TP €KTOPHHU B cpefie. B pe3ynbT Te morepu sHEpruM yclIOBUE KOTEPEHTHOIO CIIO-
JKEHUS BOJIH, MCIIYCK €MBIX IOJIIPU30B HHBIMM TOM MH H H Y JIBHOM Y4 CTKe
TP €KTOpPHHU 3 psii , H pyll ercsi, elne Oojee NTyOOKO H XOMSIIUEcs IMOJIsipH-
30B HHBIE TOMBI YTP YUB 0T CHOCOOHOCTh K M3iIydeHHio. IloaToMy CBOIiCTB
HBUY, omuceis emble yp BHeHUsSIMH (15) 1 (16), sBnsgioTcsd cyrybo MopenbHbIMH. B
pe JIbHBIX 9KCIIEpUMEHT JIbHBIX ycioBusix MBY nmeer HekoTopoe yIioBoe p crpe-
neneHue, 1nopor npu yciaosuu (16) orcyrctByer. Cp BHEHHE CKOPOCTH U CTHIIBI
¢ ¢ 30BOIl CKOpPOCTBIO CBET I03BOJISIET OTMETUTh M3MEHEHMS X P KTep B3 H-
MOAEUCTBUS ABUXKYILUEUCS Y CTHULBI CO CPELOH, II0OSTOMY YYE€T TOJBKO H 4 JIbHOU
CKOPOCTH U CTHIIBI IIPUBOAUT K CEPHE3HBIM OLIMOK M.

*Hekoropsle BTOpHI IpeLT I 10T HOMNAEPKHB Thb IOCTOSHHYIO CKOPOCTb U CTULBI C IIOMOLIBIO
BHEIITHEro MoJId, HO T Koe ABIKEHHe TeM 0Ooliee He MOXET H 3bIB ThCS P BHOMEPHBIM, K K OTO OIpe-
JIeJIEHO TIepBbIM 3 KOHOM HpioToH . BHeliHee monie Henb3s CO3M Thb H OECKOHEYHOW TP E€KTOPUH
3 pan . Kpome Toro, BHENIHeE 1071€ CO3A CT JONOIHHUTENLHYIO IOISIPU3 LU0 CPEMBI, YTO CYHIECTBEHHO
U3MEHUT H Y JIbHbIE YCITOBHSI.
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DKCHEepUMEHT JIbHOE MOATBEPKICHUE 00CYX]l eMbIX 31ech cBoicTB UBY u ux
OTJIMYME OT X P KTEPHCTHUK, BBITEK IOIIUX U3 UIE JIU3UPOB HHOU MOJIEIH, Ipoe-
MOHCTpPUpPOB HO B p 60T X [20-25]. T M mok 3 HO, yto MBY, BO30yXn emoe
YCKOPEHHBIMH 9JIEKTPOH MM B pe JIBHBIX P IU TOpP X, HMEET JOBOJIbHO LIMPOKOE
YIJIOBOE P CIIpEAeeHHe M M3JIyuyeHHe He Mcue3 €T IPU BBIOJIHEHUH IOPOroBOro
ycioBud (16), H Omion ercs W IpU DHEPrUM 3H YUTENILHO MEHbIIEH OPOroBOH.
IIp B , B u3i1ydeHue, Bo30YXI eMOe B p AU TOPE KOHEUHOW TOJIILIMHBI, BHOCHT
BKJI [I IEPEXOIHOE U3IyYEHHE, KOTOPOE MCIYCK 0T MOJISIPU30B HHBIE TOMSBI, H -
XOdIIMecd H TIp HHUL X cpembl ¢ B KyymoM. OIH KO B T KOM CIIyd € 3TH 1B
o(pheKT HEBO3MOXKHO P 3[ETIUTh, U YIIOBOE P CIpEAeIeHUe SBISeTCS pe JIbHOM
X P KTEPUCTUKOH M3Ty4eHHs, BO30YXI €MOro 3 psKeHHOH Y CTULEH B cJioe Be-
LIECTB . YTBEpPXKIEHUE, YTO 3 pAXeHH 4 4 ctul ucnyck er UBY Tonbko noa
yriom © = arccos (1/06n) [26-28], sBisiercst IPHHLUKIN JIBHO HEBEPHBIM.

B xHO 0c0060 MOgYEepKHYTH, UTO Mporecc reHep mmu MBY HOCHT OBYXCTYyIEH-
Y TBI X p KTep: CH 4 J1 JABUXYIIMICI B cpele 3 pAf Iepel €T 4 CTh SHEpPruu

TOM M Cpelbl, H3JIy4yeHHEe MPOUCXOAUT B PE3YyJIbT T€ HEP BHOMEPHOIO JBHXKe-
HUS 3 PSJIOB, U3 KOTOPBIX COCTOUT cpell . Hep BHOMepHOe ABMXEHHE CBSI3 HHBIX
3 pSOOB B IOJSIPU30B HHOM TOME (MOJIEKYyIe) — 3TO K K P 3 M €CTb TOT MHU-
KPOCKOIMYECKUI TOPMO3HOM MEX HH3M, OTBETCTBEHHBIN 3 HU3llydeHUue B BUIOB —
UYepenkos . [IBUXyMMICT B Cpefie 3 pAf P CXOLyeT KMHETUYECKYI0 DHEPIHI0 H
MOJISIPU3 IIMIO CPEAbl U TOXE ABUXKETCS Hep BHOMEPHO, CIIEIOB TEJIbHO, HET HUK -
KHMX 3 DsJIOB, Y4 CTBYIOIIMX B rpouecce remep uun MBY, koropbie 6bl BT JIMCh
P BHOMEpHO.

W3 npuBeeHHBIX BBIIIE IUT T BUIHO, YTO BCE BTOPBI MYOIMK LM, HCHIOJIB3Y-
I0IIUE «MEX HHM3M U3JIy4eHUS IIPU P BHOMEPHOM JABUXKEHHH 3 PN », ICHO Mpel-
CT BJIFIOT, YTO 3TOT MEX HHU3M IPOTHUBOPEUYUT 3 KOH M COXpP HEHMS DHEpruu U
UMITYJIbC , U TIBIT I0TCS H HTH K KOM-HMOYHb BBIXOH, He TpeOylouMid OTK 3 OT
9TOro Mex Hu3M . Y 11e Bcero UCIosb3yercs yreepxiaenue, uyto sueprusd UBY co-
CT BJIET HE3H YMTENBHYIO 4 CThb OT KMHETHYECKON DHEPTrHH 4 CTHULIBI U ITO3TOMY
ee JBUXeHHe ¢ OOJIBLION TOYHOCTHIO MOXHO CUUT Th P BHOMEPHBIM W HPSIMOJIH-
HeHeM [15,16,29].

Ilp B , mocne T KOro yTBepXKAEHHs AOJIKEH MOCIEN0B Th BONPOC: «A C K -
KOM TOYHOCTBIO BBINOITHAETCS MepBbIi 3 KOH HploToH ?» SICHO, 4TO OTBET H 3TOT
BOIIPOC HE IMO3BOJIMT H CT UB Tb H CIpP BEUIMBOCTH «MEX HHU3M H3Iy4eHHs IIpU
P BHOMEPHOM IBIZKCHUH 3 psf ». UTOOBI K K-TO CKPBITh MPOTUBOPEUHE IEPBOMY
3 KOHY HBIOTOH , MHOTHE BTOpBI YTBEPXK] 0T, YTO JBHXKYIL [CA B CpEle Y CTHIL
ucnyck er UBY 6e3 Kk KOro-iubo B3 HUMOIEUCTBUS, T.€. CIIOHT HHO: U3JTydeHUE
C MO «OTPBIB €TCsI» OT CJIMIIKOM OBICTPO IBUXYyIIeics 4 cruipl [16,29-31]. Ilbi-
T SCh YUTH OT H pYyLIEHHS 3 KOHOB MeX HHUKH, OHH 3 TEM P CCM TPUB IOT «pe-

KIWI0 M3My9eHUsS H IOBIXKYIIYIOCS Y CTHIy», KOTOp 5, IO MHEHHIO BTOpOB,
yXe He UMEET OTHOUIEHUd K C MOMY «M€X HU3MY M3JIy4eHHd IPU P BHOMEPHOM
JIBUXEHUU 3 pal ». Pe JIbHBIM MUKpocKonuueckuid Mex HusM redep uuu MBY
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He TpeOyeT HMK KHUX YJIOBOK Ul ero OOBSICHEHHS, IIOTOMY YTO OTOT MEX HU3M
JEUCTBYET CTPOrO B p MK X 3 KOHOB MEX HHKHU.

KoneuHo, ujie nU3UpOB HHBIM Cllyd ¥ M3JIy4eHUs ABUXKYIIUMCH B cpele 1o
OECKOHEUYHOW Tp €KTOPUM 3 PSJIOM BBIIIIAUT OYEHb WHTPUIYIOIE, OOH KO, K K
OBUIO TOK 3 HO BBIIIE, OH COBEPIIEHHO HMCK X €T pe JbHbId Mex Hu3M HBUY.
H cxeme, 006bpraHO ucmonb3yeMoil mid obbsacHeHus agext B BmwioB —Yepen-

KOB , IIOK 3 HO, YTO M3JIy4€HHE HCIYCK €T
JBUXYIL $cd B cpefie 4 CTHL , YTO SBIIETC
NPUHLMIK JIbHOW owmmOkoi. [lostomy npu

000000000000 obbsicneHuu adppext B BuiioB —Uepenkos

HEOOXOIMMO HCIIONB30B Th CXEMY, NPEACT -

2 b—0 BIICHHYIO H pHC. 3, KOTOp g 0TOOp X eT pe-
_________________ -

JIbHBIA Mex Hu3M renep nuu UBY.

P ccrognme ro H puCyHKe ompenemsd-
eTcsd DHEprueid KB HT , KOTOPBIH HUCIYCK €T
MOJIIPU30B HHBIA TOM, M MOXET ObITh BBIYH-
cieno 1o dopmysie (12), K K ObUTO IOK 3 HO
BBIIIE, VI Y CTOTBI, H KOTOPOIl MPOHCXO-
Puc. 3. Cxem oaddext B BumoB — IHUT U3JIYyYEHHUE.

O0OO0O0O0O0O0O0O0OO0OO0

Yepenkos : b — Tp exTopHs 3 pad , T xuMm 00p 30M, pe JIbHBIA MHKPOCKO-
ABWXKYINErocst B Cpeie; a — TOMbL, ppyeckuil Mex HuU3M MBY mnok 3bIB eT, 4TO
MOJIAPU30B HHBIE ITOJIEM ABUXKYIIETrOCA U B ®TOM SBJIEHHU T K Xe, K K U BO BceX
3 pan U3BECTHBIX P HEe IIPOIECC X H3IydeHHs

3 psjl B QJIEKTPUYECKOM WM M THUTHOM
mnoJie, U3Iyd 0T 3 psijibl, JBUXYyIUecsd ¢ yckopeHueM. CIenoB TeNbHO, «Teope-
M », «IOIM » WU <«IIOJIOXEeHHe», K K ero CT JIU H 3bIB Th W3BECTHBIE Yyue-
HbIE, COIVI CHO KOTOPOMY P BHOMEPHO IBUXYLUMIICS 3 psll HE MOXET M3Jy4 Tb
HUKOLZ , SBJSSACH IPSIMbIM CIIEACTBUEM 3 KOH COXP HEHMS ®HEprud, IOJI-
TBepXJ ercd u Mex HusMoMm MBY. Hux Kux «IpoueccoB BICILErO NOPIAK », Tpe-
OYIOIIMX H pYIICHUS (PYHI MEHT JIbHBIX 3 KOHOB, M B ®TOM CIIy4 € OOH PYXXHUTh
HE Yy JIOCh.

B acppexre B BusioB —UepeHKOB H37y4 0T TOMBI Cpe/ibl, HE JABUXKYII SCS
4 CTUL , XOTSl OH P CXOjyeT KHUHeTHueckyio aHepruio H HMBY nopobHo Tomy,
K K OH P CXOJAYyeT dHEprui0 U H HMOHU3 LHUI0 TOMOB, KOTOpbIE 3 TEM UCIYCK IOT
X p KTEepPUCTHYECKOE U3IYICHHE B PE3yNIbT T€ MEPeXox BO30YXAEHHOIO TOM H
Ooree HU3KUI ypOBEHb HEPTHU.

P 3ymeercd, mex am3M MBY umeer cBOM OCOOEHHOCTH M OTIIMY €TCS OT Me-
X HH3MOB TOPMO3HOTO H3JIy4eHHS M X P KTEPUCTHIECKOTO H3ITyYeHHs, BO30OYXH -
eMBIX JABHXYIIUMCS B Cpefie 3 PSAOM, HO OOIIUM ISl HUX SBIISETCS MPOLIECC IIeK-
TPOM THUTHOTO B3 MUMOJIEHCTBUS JBUXKYILErOCd 3 Psifi C TOM MU CPEbl.

B B xyyme mBuxymmiics 3 psn He Bo30yxa er Hu MBY, HU X p KrepucTuye-
CKOTO, HU TOPMO3HOTO U3JIy4eHHs, IOTOMY YTO T M HET 3 PSIOB, C KOTOPbIMU OH
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Obl MoOr' B3 UMozeicTBOB Th. HeobxomumbiM ycioBueM Bo3Oyxuenuss UBY spis-
eTcsl IPUCYTCTBUE OOJBIIOrO KOJIMYECTB CBA3 HHBIX 3 PSNOB (MOJIEKYN, TOMOB),
KOTOpBIE 3 MEIUIAIOT P CIIPOCTP HEHHE DJIIEKTPOM THUTHOM BOJIHBI, €CIIU €€ JIHH
3H YHUTENIBHO OOJNbIlE P CCTOSIHUS MeXOy TOM MHU. I OTHENbHOrO TOM WM
HECKOJIBKUX TOMOB, H XOASIIMXCA B B KyyMe, T KOW IpoLlecC U3TyuyeHHsd HEBO3-
MOXEH, IOCKOJIbKY HX IIOJISIpU3 LUl OyneT M3MEHSThCI CO CKOPOCTHIO CBET B
B KyyM€ M MPOJIeT IOLIUI MUMO 3 PSA yCIeeT CHATD MOJISIPU3 LU0 MPH Y1 JICHUH.

P com TpuB emsrit mporecc Bo30yxnenus MBY B TBepmoMm Teie X p KTepu-
3yeTcd CTPOrod OCEBOH CHUMMETpPUEH OTHOCHUTENIBHO TP €KTOPHH Y CTHLBI, IO-
CKOJIBKY Cpell TPEACT BIISETCS OAHOPOIHOM B M CIIT O ONTHYECKUX JJTMH BOJIH.
CrnenoB TenbHO, HET HUK KHMX OCHOB HUH OXMHJA Thb M JIEHMIIETrOo OTKJIOHEHHd 4 -
CTULIB! OT NPSAMOJIMHEHHON Tp ekropuu. IloguepkHeM, UTO 31ECh pedb HE WIET O
NpeHeOpeXeHNN M JIBIMH OTKJIOHEHHUSMH, K K ®TO OTMEY JIOCh B KB HTOBOH Te-
opun [32], pemeHue 3 I YW MPUHLMIMN JIBHO SABIISETCI CTPOrO CUMMETPUYHBIM
OTHOCUTEJIBHO TP €KTOPHH 3 PSAKEHHOH 4 crumbl. OgH KO ABUXKYII fACA Y CTHI
P cXodyeT KHMHETHYECKYI0 DHEPIUI0 H TMOJISIPU3 LUI0 CPEeMbl, KOII IPOUCXOIUT
u3nydeHue. B pe3ynpT Te OH 3 MemiseTcd B IOJIHOM COOTBETCTBUH C 3 KOHOM
coxp Henus sHeprur. Ho oTO TOpMOXeHMe ABISEeTCS CIENCTBUEM IIOTEPU DHEP-
MU H TMOJISIpU3 LMI0 cpeabl, He npuuuHoil reHep uuu UBY. Umenno B aTtom
COCTOMUT IPUHLUIM JIbHOE OTIMYME MeX Hu3M renep uun MBY or mex HH3M
TOPMO3HOTO H3JIy4eHHsl. DTO P 3JIHMYHe OOYCJIOBICHO TeM, YTO JBUXYII SICS B
cpese 4 ctuil Bo30yxn er MBY meprneHauKysspHON KOMIIOHEHTON CBOEro IOJIs,
B TO BpeMsl K K TOPMO3HOE HM3JIydeHHe BO30YXI €TCs NMpPOAOJbHOW KOMIIOHEHTOU
MOJI ABUXKYIIErocd 3 pan .

Ipemnoxennoe B p 60te [18] obpicHenne mex mm3M WMBY monrBepxn er
€ro TOPMO3HOH X p KTep, HO OTJIMYUE €ro OT MeX HU3M TOPMO3HOTO M3IyYeHHMs,
KOTOpOE HCITYCK €T 4 CTHIl , JBMXXYI $SCS B TI0JIe TOMHOTO SIpP , H CTOJBKO CY-
LIECTBEHHO, YTO MX HUK K HEBO3MOXHO OTOXIECTBIATh. BMmecTe ¢ TeM U yTBep-
XKI Tb, 4YTO MEXIY MEX HU3MOM TOPMO3HOIO u3inydeHus u Mex HuzmoMm MBY «ner
HHUYEro o0Iero», Obu10 ObI OYEBHUIAHBIM IPEYBETHUCHUEM.

B H crosmee Bpems yxe mMeeTcd AOCT TOYHO MH(OPM IIMH, YTOOBI MOHSTH,
YTO B Pe3yJbT Te B3 MMOJAEHCTBUS JIBIKYILEIrocsd 3 psAI CO Cpeloil HHOTA BO3HH-
K er UBY (1 nexue B3 UMOIEHCTBHA), X P KTEPUCTUYECKOE PEHTIEHOBCKOE U3-
nmyyenue (6oree O6IM3KHME B3 MMOACHCTBHS), TOPMO3HOE M3TydEeHHE NTPU ABHXEHUU
Y CTHLBI B JJIEKTPUUECKOM I10JI6  TOMHBIX sep (O4eHb ONU3KHE B3 MMOACHCTBHS).
Bce aTu Tpu mpomecc X p KTepU3YIOTCS CBOMMH OCOOEHHOCTSIMH, KOTOPBIE [e-
JI 10T UX CWIBHO OTJIMY IOIIUMHUCS JIPYr OT APYT , XOTS B UX OCHOBE JIEKHUT OIUH
U TOT XK€ MeX HHU3M BJIEKTPOM THUTHOIO B3 MMOAENCTBHUS 3 psanoB. IMeHHO 3TO
00CTOSITENILCTBO CHeld JibHO nomuepkuB u B. Depmu [7] u O.Bop [8], HO ux
3 M€Y HMS OCT B JIMCh 0€3 BHUM HHUS O H CTOSIIETO BPEMEHH.

[Ip BunpHOE noHuM HHMe Mex Hu3M HMBY HenocpencTBEHHO YCT H BIMB €T
U CIEeKTp JibHOe orp HudyeHue s spdexr B Buno —Uepenkos . M3 mpuse-



1130 KOB3EB A.Il

JIEHHOTo Bbllle OObsicHeHHs MeX Hu3M MBY cr HOBHUTCS OUYEBHIHBIM, YTO HO-
HU30B HHBIH IOJIEM H JIET IOIIEH 4 CTULBI TOM He MoxeT ucnyck Tb UBY H
Y CTOT X, HPEBBHIII IOMMX 4 CTOTy K-TMHUM X p KTEPHUCTHYECKOIO PEHTTEHOB-
ckoro m3nmyuyenud. [Ipu mepen dye ctomp Oombimoii »Heprud ucToyHuky UBY —
TOMY IOCJIEIHUH HEe MOXET OBbITh HOJIIPU30B H, OK 3bIB €TCS MOJHOCTBIO P 3-
pywennbiM [33]. Orcion crenyer, yto UBY B peHTreHOBCKOM M TeM Ooliee
BT MM -Id II 30H X MCKJIIOY €TCSl NOJIHOCTbIO. ABTOpHI p 60T [34,35], BBICTY-
NUBIIME C T KUMH INPELIOKEHHUAMH, YUCTO (POPM JIBHO HCIOJIB30B JIM YCIIOBUE
n > 1 I p cYeT U3Iy4eHUs PENATUBUCTCKHX Y CTHUL 3 CIHEKTp JIBHOW Ip -
Huueid MBY. MIMeHHO UCNONb30B HUE «MEX HU3M H3JIyYEeHUS IIPU P BHOMEPHOM
JBUXXEHUH 3 Pl » MPHUBEJIO K CEPbe3HBIM HCK XKEHHUSIM CIEKTp JIBHBIX X p KTe-
puctux acdext B Bunos —HepeHKOB .

KocBeHHO H H nMuyue KOpOTKOBOJHOBOM rp Huubsl UBY yk 3 1 D. ®epmu,
KOIJ OH p 3[EJWI 2JIEKTPOM THHUTHBIE B3 MMOAEUCTBUS JBUXKYLIETOCSd B Cpefie
3 paa H 1 nekwe u Omuskwe [7]. II jekue B3 UMONCWCTBHS OH P CCM TPHUB JI
METOJOM M KPOCKOIHYECKOH 3JIEKTPOIUH MHKH, HO HE CT JI P CIPOCTP HSTH €ro
H Oiu3Kkue B3 UMOAEHCTBHS. ABTOpHI myOiauK nuii [34,35] He obcyxn 10T 3TOT
nopxox D.MepMH, NPOCTO P CHPOCTP HAKT METOL M KPOCKOIUYECKOH 3JIeK-
TPOOMH MHUKH H 00J cTh OJMM3KUX B3 WMOIEHCTBHIA, MOTHUBUPYS 3TOT II T IOHS-
THEM «30H (OpMUpPOB HUS». Bompoc o «30HE (hopMHpPOB HUSg» OymeT mogpoOHO
00CYXI ThCSl HMXKE B JI HHOM CT The B CBSI3U C PEHTICHOBCKHMM IEPEXONHBIM H3-
JIy4EHUEM.

CreiyetT OTMETHTD ellle OfIHO 3 OiyXkIeHHe, BbI3B HHOE «MEeX HU3MOM HU3JTyye-
HUS TIPH P BHOMEPHOM JABHXEHHH 3 psO ». MHorme BTOpHI [36-38] oOcyxn T
p 37IMYHBIE B pU HTHI (HOpPM JIbHBIA, HOM JIbHBIN) 3¢dext [Homrep . Umesa ad-
tekr Homnep B npouecce renep uuu MBY Bo3HMKI B pe3ysibT Te OMIMOOYHOIO
obbsicHeHust Mex Hu3M HBY, KoTOpoe mpeanon r er ucryck Hue U3JIyuyeHus He-
MOCPEJICTBEHHO ABMXKYIIMMCS 3 psiIoM. Bbiiie ObU1o yOemuTelbHO J0K 3 HO, 4TO
HBY ucnyck 10T NOJSIpU30B HHbIE TOMBI Cpellbl, He IOBHXyUIMiica 3 psaa. Eciu
IIPUEMHUK U3ITy4eHUs He JBHXXETCS OTHOCHUTENIBHO cpefpl, ucmyck rouei UBY, to
HUK Koro atgekr Jloriep , eCTECTBEHHO, ITPU 3TOM HE MOXET ObITb.

IMozmBosst UTOr NPOBEAEHHOMY 3/1eCh OOCYXXIEHUI0 «MeX HM3M  M3JTy4eHHs
IIpU P BHOMEPHOM JBMXEHHUH 3 psl » NPUMEHHUTeNbHO K agdexty B BuioB —
UYepeHKOB , MPUXOAUTCS KOHCT THPOB Th OIIMOOYHOCTH 3TOrO MeX HH3M . Bonee
TOTO, yCT HOBHMBILEeCs MPEACT BieHHe 00 adekre B Bunos —UepeHKOB IOIKHO
OBITh CYIIECTBEHHO H3MEHEHO:

1. UBY wucmyck eT He ABUXYIIMHCH 3 psif,  MOJSIPU30B HHBIE UM TOMBI
Cpesbl B BUJIE AUIOIBHOTO U3ITy4EHUs.

2. Ilpu nBUXEHHM 3 PAA B cpelie MPOUCXOIUT €ro B3 UMOJEHCTBHE CO BCEMU
3 psgd MH, U3 KOTOPBIX COCTOUT Cpell , HO MeX HHU3MBl ®THX B3 MMOAEUCTBUII
CYILECTBEHHO OTIMY I0TCA. X P KTep B3 UMOIEUCTBHUS 3 BUCHT OT P CCTOSHUS
MEXJy 3 pSI MU Cpefibl U TP eKTOpPHEH U CTHUIBI.
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3. Mex HusM renep uuu MBU HoOcHT TOpMO3HON X p KTep, HO NPHUHLUIU-
JIBHO OTJIMY €TCA OT MEX HU3M TOPMO3HOIO U3IIy4eHUs.

4. IBuxy sics B cpene 4 ctul Bo30yxna et MBY nepneHaukynsipHOid KoM-
MOHEHTOH CBOEro MoJjisl, B TO BpeMs K K TOPMO3HOE H3llydeHHe BO30YXI ercs
MPOJOJILHOM KOMITOHEHTOM.

5. B pe apubix ycnoBusix UBY H Gmiog ercss He TONBKO 1oj yrioMm 6 =
arccos (1/3n), HO OHO UMeeT HEKOTOPOE YITIOBOE P CIIPE/ENICHHE.

6. [Topor UBY — pe3ynpT T mpenenbHOM TEOPHH, B pe JIbHBIX DKCIIEPUMEHT X
nopor MUBY npu ycnosuu fn = 1 oTcyTcTBYyeT.

7. Cnextp MBY onpenesnsercs oNTUYECKUMU 11 P METP MU Cpellbl U CKOPO-
CTBIO 4 CTHUIIBI, HO HU NP K KUX YCJIOBUAX BBICOKOY CTOTH § TP HHUI] CIIEKTP
HBY He MOXeT IpeBHII Th €€ Kp HHEe 3H YeHUE, KOTOPOE OIpPENENIeTcs DHep-
rueil HOHU3 1IUK BHYTPEHHEH 00OJIOUKH TOM , C KOTOPBIM B3 MMOJEHUCTBYET JBH-
XYL cd 4 CTHLL .

8. Huk xoro acpdexr Homnep (HOPM JIbHOTO UM HOM JIBHOIO) B IIpoLiecce
renep uuu BY He MoXeT ObITh, €CJIM TOJIBKO NPUEMHUK M3Ty4eHHs He JBUXETCS
OTHOCUTEJIBHO cpefbl, uciyck omei MBY.

W3 mpoBenenHoro Beilie OeT JbHOro oOcyxaeHns mex HusM WBY crenyer,
YTO «MEX HM3M H3JIy4eHHsd NP P BHOMEPHOM JBHXEHHM 3 PsI » SBISIETCS He-
pe JIbHBIM, 1 €T HeBepHoe oObsicHeHue apekr B BuioB —UepeHKOB U BHOCHUT
Cepbe3Hble MCK XEHHd B IIOHUM HHE IPOLIECCOB, MPOUCXOMALINX MPU JBUXEHUU
3 psO B TBepAoM Tesie. Mcrop30B HHE «MeX HU3M H3ITy4eHHUd IpH P BHOMEp-
HOM W TIPSIMOJIMHEWHOM IBUXKEHHH 3 PsO » I OOBSCHEHUS MMEPEeXOAHOrO U3Iy-
YeHMs BbI3bIB €T HOBbIE NPOTHUBOPEUUs. DTOT BOIPOC T KXe TpeOyeT AeT JIbHOIo
00CyKIeHH s, TOCKOJIbKY P 3BUTHE TEOPUH IEPEXOJHOIO U3IIy4YeHHs 3 I0CIIeAHIE
TOJIbI TIPUBEINIO K OOJIBIIOMY KOJIMYECTBY MPUHIMIM JIBHBIX OIIHUOOK.

2. HEPEXOJIHOE HU3JIYYEHHUE

Wnes nepexoagnoro usnydyenus (IIM), T.e. u3nydyeHus, BO3ZHHK IOIIETO IpU
NEPECEUEHUN 3 PAAOM TP HHULBI MEXIYy CpeJ MU C P 3IIMYHBIMH ONTHYECKHMU
I p METp MM, BIepBble ObLT npemiokeH B 1946 r. B p Gore [39]. Ee B-
topbl — B.JI.Tun36ypr u U. M. ®p HK — 1 Ke B H 3B HUM CT ThU «M3nmyueHue
P BHOMEPHO ABHXKYILIErocs 3JEKTPOH , BO3HHK IOlIee IIPU €ro nepexoie U3 of-
HOH cpefibl B ApYyryto» moguepkHyny, uto [IH u3nyd et p BHOMEPHO IBUXKYIIHUICS
QIIEKTPOH.

Asropsl p 601bl [39] pewr m 3 o 4y 00 W3NIy4eHHH 3 psiI , JABHXKYLIErocs
B B KyyM€ C IOCTOSHHOW CKOPOCTBIO M II J IOHIETO IEPIEHIUKYIIPHO H IO-
BEPXHOCTb UJIE JIBHOTO NMPOBOAHUK . OHU P CCM TPHUB JIM IOJIE C MOIO 3 pAf U
ero u300p XEeHusd, JBUXKYLIErocs K Ip HHULE P 3[0e1 Cpel C IPOTUBOIOIOXHO
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H Tp BJEHHOH ckopocThio. H rp Huie p 3men cpem 06 3 psa ucues . B T -
KOW TMOCT HOBKE 3 [l Y BTOPHI COWIM BO3MOXHBIM YTBEPXI Th, UTO H3IydeHHE
3 ps , NepeceK IOMIEero Ip HUIy P 3[0e7  JBYX Cpell, MPOMCXOOUT B PE3yNbT Te
0c000ro «MeX HHM3M H3JIydeHUs NPU P BHOMEPHOM U NPSIMOJIMHEHHOM JBHXKEHHN
3 psa ».

ABTOpOB p 60ThI [39] He cMyII[ JIO HU H pYyIlIEHHE 3 KOHOB COXP HEHUS DHEp-
TUM ¥ UMIYJIbC , HA 1 Xe TOT ¢ KT, YTO MHTEHCHBHOCTb U3JIyuyeHHUs ObLT P C-
CUUT H K K PE3ylbT T TOPMOXEHHS C MOTO 3 psii M €ro u3o0p XeHHs, YbU
CKOPOCTH H HP BJEHBI MPOTHUBOIOJIOXHO, 4TO, K 3 JIOCh OB, HUK K HE COII -
CyeTcsd C IPEJACT BICHHEM O MeX HHU3Me U3JIy4eHUS P BHOMEPHO IBHXKYILErocs
3 psaa . B TekcTe CT ThM OHM He CT JIM H NOMHH Tb YHUT TEJSIM O «TEOpeMe»,
«JIOTME» WU <«IOJIOXEHUU», KOTOpOe BTOPBI, T KUM 00p 30M, orsepr ju. [lo-
ckoibKy [TH momxHO H 61108 THCS ITpH JTI0OOH CKOPOCTH 3 PSR , TO PryMEHTHPO-
B Th H pYyLIEHHE 3 KOH COXpP HEHHUS BHEPIHH €ro «CBEPXCBETOBOI» CKOPOCTHIO,
K K 910 npemioxun M. E. T mM [4] nns o6bsicHenns mex Hu3M renep nuu VIBY,
B Jl HHOM CJIyY € JIOTUYECKH HeBO3MOXHO. K KuxX-11b0 apyrux J0BOIOB, M03BO-
JISIOMIMX TpeHebper Tb 3 KOHOM COXp HEeHHUsS dHepruu, B cT The [39] He npuso-
JIMTCH.

IMo3xe M. A. Tep-Muxk snsan [40] H 1Ie1 HOBBIN, HO TOXE HEyOeOUTEITbHBIH

PTYMEHT B TOJIb3y «MEX HHM3M H3JIy4€HHs NP P BHOMEPHOM M TPSIMOJIMHEH-
HOM JIBHKEHUM 3 psij »: «B GonbliMHCTBE p 300p HHBIX HHMXE HNPUMEPOB CKO-
POCTb 4 CTHLBI OYyIET IPEeAIoNl T ThCs IMOCTOSHHOM. Mcxonsd U3 3 KOHOB COXp -
HEHMS DHEPIUH U MMIIYJbC MOXHO IOK 3 Th, YTO P BHOMEPHO ABUXKYII ACd U -
CTHL] B OZHOPOIHOH cpesie 3I€KTPOM THHUTHbIE BOJIHBI HE U3Iyd €T (CM. IpUMep
B KoHIe §23). McKIIoYeHHeM U3 3TOrO Mp BWI SIBJSIETCS U3JTyUYeHUE «CBEPXCBe-
TOBOTO 3JEKTPOH » — T K H 3bIB eMoe u3nydyeHue B BunmoB —YUepenkos /1-4/,
Teopusi koroporo 61 1 H B p 6ore I.E. T mm u U.M.Dp ux . HUznyue-
H1io B BuioB —UepeHKOB mOCBdLIeH OOWMPH S JuTep Typ (CM., H IpUMED,
0030psI /5,6/), 1 TIOTOMY MBI OMYCK €M OeT JIbHOE H3JIOXEeHHe BOIIPOCOB, CBA-
3 HHBIX C 3THM u3nydeHueM. T Kum oOp 30M, 3 HCKITIOYEHHEM CIIyd S M3ITy4eHHs
«CBEPXCBETOBOTO» BJIEKTPOH , P BHOMEPHO JBIKYLI SICS 4 CTHIl IIPU MPOXOXKIE-
HUM 4yepe3 OJHOPOIHYIO Cpely 3JeKTPOM THUTHBIE BOJIHBI He M3Iyd eT. I BO3-
HUKHOBEHUS M3JTy4eHHsT HEOOXOIMMO CO31 Th B Cpele, uyepe3 KOTOPYI0 NPOXOIUT
Y CTHL , HeogHOpogHOcTh. H mbosee mpocT s HEOXHOPOOHOCTh — BTO TP HUI]
P 30€m MEeXIy ABYMSI OQHOPOAHBIMHU CPEI MH».

IMockonsKy ¥ 31€ch pedb UaeT 00 M3TydeHHH P BHOMEPHO IBHXKYIIEHCS 4 -
CTHLIBI, TO U3 BTOW LUT THI CJIEAYET, YTO OTMEHSATHh 3 KOHBI COXP HEHHS DHEpruu
U MMITYJIbC MOXHO JINOO NPHU «CBEPXCBETOBOW» CKOPOCTH Y CTHLBI, JIMOO INpU
JBUXXEHUH 3 Pl B HEOTHOPOAHOM cpelie, B KOTOPOH T Y CTHIl TeM HE MEeHee,
[0 MHEHHMIO BTOp , ABIIKETCS P BHOMEPHO M NPSIMOJIMHEIHO, MCITYCK 51 M3JTyde-
Hre. O6 3TH ycrmoBus, K 3 JIOCh OBI, BBINISIAT OCOJNIOTHO HEYOEMUTENbHO IS
MIPUMEHEHHd UX K CTOJb CEphEe3HOMY PELIEHHI0 — OTBEPr Th (PyHI MEHT JIbHBIE
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3 KOHBI, HO 3TU P CCYXJI€HHMd HE BbI3B JIM HUK KHX BO3p XXKEHHH CO CTOPOHBI B-
TOPOB MHOTOYHMCIICHHBIX IMyOnuK nwii o TTH.

Bot k K, H npuMmep, o0bAcHIIOT Mex Hu3M rexep i MBY u IIM  BrOpHI
KkHUrn «PeHTreHoBckoe nepexomHoe m3mydeHue» M.I.T pubsn u S [u [29]:
«To 06CTOATEIHCTBO, UTO M3TydeHHe B BunoB —UepeHKOB U IepexOqHoe U3Iy-
YeHHE OIUCHIB I0TCS OOHOH U Tou ke cpopmysoi (1.37) (B Gonee obmeM city-
g e (1.35)), He sBnseTcsd ciiyd HHbIM. [Ie/io B TOM, YTO 00 9TH U3IyYCHHUS UMEIOT
MECTO IPU P BHOMEPHOM M NPSIMOJIMHEHHOM IOBMXEHHMH 4 CTHULBI (WK, OPYTHMH
CIIOB MH, B Ipefiesie OECKOHEYHON M CChl HOKOS 4 CTHUIIbI), U MO3TOMY 00 OHH
NpPeNCT BISIOT COOO0H M3MyYeHHe KOJUIEKTUB BJIEKTPOHOB CPEIbl, MOJYY IOIIUX
UMITYJIBCBl OTJl YU TPH B3 UMOJEHCTBUM C NPOJeT IOIUM BHEIIHUM 3 paaoM. B
9TOM CMBICJIE 3TH JIB THUI M3JIy4eHMS HeNb3d CYMT Th NMPHUHLUIU JIBHO P 371HY-
HBIMH, ¥ UX P 3/leJIeHHE HOCHT HECKOJIBKO YCIOBHBIH X P KTep».

DT0 yTBEpXKJCHUE HE IO €TCS OCMBICIEHHIO B P MK X 3 KOHOB MEX HHKH.
BceMm sicHO, 4TO Teno ¢ GECKOHEYHOW M CCOil TMOKOS HE MOXET IBUT ThCS BO-
obie, Tem Oosiee C PEIATUBUCTCKON CKOPOCTbIO (BTOpOoil 3 KOH HploToH ).
P BHOMEpHO ABMXYIN §ICS Y CTMLl HE MOXET W3Iyd Th, IOTOMY YTO IS DTOTO
HEeT HUK KUX NpHYMH (H Hee He ACHCTBYIOT HMK KHE CHJIBl B COOTBETCTBUH C
nepspiM 3 KOoHOM HbproToH ), BTOpPBI [29] moguepKHyIu, YTO BHEUIHUH 3 DA
B3 MMOJIEHCTBYET C KOJUIEKTHBOM 3JIEKTPOHOB, HCIIYCK IOIINUM u3iydeHue. [lo-
CKOJIBKY H3JIyd €T BCe-T KU «KOJUIEKTHB 3JIEKTPOHOB Cpefibl», TO, BEPOSTHO, 3TOT
KOJUIEKTUB U JIOJDKEH JIBUI ThCS P BHOMEPHO, €CJIU IIBIT ThCS OOBSICHHUTH DTOT
IpoIecCc NMpHU IMOMOIIM «MeX HM3M H3JIy4eHUS NPU P BHOMEPHOM M HPIMOIIH-
HEWHOM [BMXEHHMU 3 paf ». UWT Tenmu Bpsig JIM COIN CATCS C TEM, YTO «KOJ-
JIEKTHB 3JIEKTPOHOB» B IOJIIPU30B HHOM TOME IBWXETCS p BHOMEpHO. BHem-
HUI 3 P4, OT KOTOPOIO «KOJUIEKTUB 3JIEKTPOHOB» IOIYYUIT «HUMIIYIbC OTH -
YU» B PE3yJlbT T€ B3 UMOJEHCTBHA C HUM, TOXE, OYEBUIHO, JBUXKETCS HEP BHO-
MEpHO.

TpynHO mpencT BUTH MPOLECC W3ITydeHMs, OMC HHBIM T KuM 00p 30M. Bce

BTOPBI, UCIIOJIB3YIOIINE «MEX HHU3M H3JIydeHHUsS IPU P BHOMEPHOM M IPSIMOJIH-
HEWHOM [BMXEHHMH 3 PAfA », NPEANOYMT 0T HE BCIIOMHH Th O MeX HHKe Hplo-
TOH . XOTs BTOpHI [29] HE cMOIIM A Th Bp 3yMUTENbHOE OOBSICHEHUE MEX HHM3M
HBY u IIH, Bce ke OHU COBEPILIEHHO BEPHO YK 3 JM, uTo 1T uznyu er «koiex-
THB 3JIEKTPOHOB Cpefpl, MOy4 IOIIUX UMITYJIbCHl OTA YW MPU B3 MMOIEHCTBUH C
MPOJIET IOMIMM BHEIIHUM 3 PSIIOM».

3 npourexmmue 68 et co BpeMeHH nossiaeHus p 60Ter [39] 6puT0 OMYOIH-
KOB HO MHOXECTBO CT T€H P 3JIMYHBIX BTOPOB, IOCBALICHHBIX TEOPETHUECKOMY
U KCIEPUMEHT JibHOMY uccienoB Huio [IM (cMm. cnvcku nutep Typsl B [3,29,
40,41]). TlepexomHoe u3Iy4eHHe OBUIO HCCIIENOB HO DKCIEPUMEHT JIbHO [42-45]
U, K K YTBEpXH 0T BTOPHI, H LIJIO NP KTHYECKOE MIPUMEHEHHE VISl PErucTp LU
3 psXeHHBIX 4 ctul [46-50]. B p 3BuTHe Huen «MeX HU3M H3ITyJ9eHH IpH P B-
HOMEPHOM M IPSIMOJIMHEHHOM JIBHKEHUH 3 sl » OBUIM «OTKPBITHI» HOBBIE SIBJIE-
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HUd, T Kue K K pe3oH HcHoe I[IH, penrrenosckoe IIU, IIU B ~y-au 1 30He, I -
p MeTpuueckoe, KB 3udepeHKoBckoe, cTpykrypHoe UBY, cnont HHoe MIBY, BbI-
HyxneHHoe UBY, cuHxpoTpoH-uepeHKoBcKoe uznydenue, [T B MoHOKpUCT 1T X,
NEPEXOIHOE P CCEIHUE U Ap.

H cxonpko MHE M3BECTHO, HU OAMH M3 BTOPOB HE OTMETHJI NPOTHUBOpEYHE
«MEX HHM3M W3JIy4eHUS NPU P BHOMEPHOM U NPSAMOIMHEHHOM IBUXEHUH 3 PA-
I » TepBoMy 3 KOHy HBIOTOH , HO H pylIeHHe 3 KOHOB COXP HEHHUS DHEPrud U
UMITYJIbC BCE XK€ JI0 CHX IIOp BBI3BIB €T 03 OOYEHHOCTh Y HEKOTOPBIX BTOPOB.
B 4 crHOCTH, MONBITK K K-TO OOOCHOB Th 3TO MPOTHBOpEYHE ObUT MPENNPHHST
B p Gote [51].

Jnga 3 pam , ABMXKyLIErocs B B KyyMme, BTOpsl [51] mpuBenu coBepleHHO
ybeauTeNbHble COO0p KEHUsSI B IOJIb3Y «TEOPEMbD», «IOTMbI» WIIA <«IOJOXECHUSI»:
«[Tose p BHOMEPHO IBUXKYLIETOCH 3 psl HEPEHOCUTCA B IPOCTP HCTBE C TOH
K€ CKOPOCTBIO, YTO M 3 DsJ, SIBISIOUIMICI UCTOYHUKOM mons. Ilpu stom cob-
CTBEHHOE II0JIE HUK K HE HEHCTByeT H IBHXYLIUICA 3 psl, HE TOPMO3UT €TO,
HE OTKJIOHSIeT U He yckopsier. CiiefoB TenbHO, p 60T IO H A 3 PSiOM p BH
HYJII0, T.€. B 3 KoHe coxp Henus (1) JE = 0 u nepBoe ¢ r emoe B IIp BOU U -
ctu (1) orcyrcTByer. DTO BHOHO XOTH OBl M3 TOrO, YTO B CHCTEME KOOPIMH T,
I7ie 3 psld TOKOWTCS, ero mojie chepHyeckd CUMMETPUYHO U He YCKOpSeT 3 psii.
Torn , B cOIT CUM C NMPUHIUIIOM OTHOCHUTEIBHOCTH, MOJie He Oyner JeiCTBOB Tb
U H P BHOMEPHO JIBIXXYILUICA 3 psi».

3pecy BTOPHI MOJUEPKHYIU BCE MIPU3H KU P BHOMEPHO IBIKYILErocs 3 psf .
@ KTHYECKH OHU CTPOTO PryMEHTHUPOB HHO HOK 3 JIM, YTO «TEOPEM », «IOIM »
WIN «II0JIOXKEHHe» Oe3yKOPH3HEHHO NEHCTBYET NpH JI000H pe JIbHO OCYIIECTBH-
MO CKOPOCTH P BHOMEPHO ABHXYIIErocsd 3 psj 0e3 K KMX-THOO HCKIIIOYEHHH.
OCT J10Ch TOJIBKO COINT CUTHCS C T€M, YTO €CJIM 3 PAI M3Iyd €T, TO OH JABUXKETCH
Hep BHOMepHO. K T xoMmy BbiBony BTOp M [51] mpuaru He ya jock. OHM p ccMo-
Tpenu o6 Ciayd s, KOr 3 PSKeHH s 4 CTHI[ JBHXKETCS C YCKOPEHHEM U KOTI
OH [BUXETCS P BHOMEPHO, M MbIT JIUCh JOK 3 Tb, YTO B OOOMX CIIyd 9X OH U3-
Jyd er Oe3 H pylLIeHHd 3 KOH COXp HeHMs dHepruul. HUK KuXx CChUIOK H p OOThI
M3BECTHBIX YYEHBIX, B KOTOPBIX peub T 00 OTK 3€ OT «T€OPEMBI», «IOTMBI» HIIH
«TIOJIOXEHHUS», TIPUBEIEHO He ObLIO.

HeobxonuMo emie p 3 H NOMHHTb, 4TO IpHU oObsicHeHun Mmex nuzm HBY
MOYTH BCE€ BTOPHI MOAYEPKHB 0T H PYLIEHHE 3 KOH COXp HEHHUS DHEPTHH IIpU
UCTIONIb30B HUM «M€X HU3M HU3JIy4eHHS IPU P BHOMEPHOM M IPIMOIHUHEHHOM
JBHXEHUU 3 psl », HO IPEeI I 10T CON CUTbCS C 3TUM H PYLIEHHEM, IOTOMY
YTO 4 CTHI[ JBHXETCS CO «CBEPXCBETOBOW» CKOPOCThIO. ABTOPHI Xe p 60ThI [51]
IBIT JIUCh IOK 3 Tb, YTO «ME€X HHU3M H3JIy4E€HUS NPH P BHOMEPHOM U MPSIMOJIUHEH-
HOM JIBHXKeHHMH 3 psn » Juid ommc Hus MUBY u ITW BooOie He Tpebyer H pyiie-
HUA 3 KOH COXp HEHUS HEPrHH. DTO BBIIOIHUTb HEINb3S, K K OHH COBEPIIEHHO
yOenuTenpHO MOK 3 JIM, H JIM3UPYd IOBUXKEHHE 3 psii B B KyyMe, IIe TOJIBKO M
BO3MOXHO P BHOMEpHOE M MpSMOJIMHEHHOE JBIXXeHUe 3 psaa . B moboii cpene,
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COCTOAIIEH U3 3 PAXKEHHBIX U CTHLL, 1 Xe KOTJ Cpej , B IeJIOM, IIPEACT BIIEeTCS
HEUTp JIbHOM, BHEINHMI 3 psAJl HE MOXET JBHUT ThCA P BHOMEPHO.

Ommbounoe obbsacHenne mex Hu3M [IH, mporuBopeu mee (pyHZ MEHT JTb-
HBIM 3 KOH M, HE MOXET CYIIECTBOB Thb OECKOHEYHO, OHO JOJIKHO OBITh KOIZ -TO
UCTIp BJIEHO.

BecbM H misigHO pe JbHBIE Mex HU3M [IM MOXHO OOBSICHUTD H Y CTO HC-
M0JIb3yeMOM TpHMepe, KOTI 3 PSXKEHH 4 4 CTHL , IBUXYI §cd B B KyyMe C IO-
CTOSIHHOM CKOpOCTBIO, I1 JI €T IO HOPM JIM H MeT JUINYECKYyl0 MOBEpXHOCTh. B
npuHOMIe, 4 crtun Bei3oseT IIM H moBepxHOCTH p 34€n B KyyM—Cpel IIpH JIO-
6011 ee CKOPOCTH, HO MBI IIPEIIION T €M CKOPOCTh ITOCTOSTHHOM, YTOOBI YIIPOCTHUTD
3 1 4y — MUCKJIIOYUTb TOPMO3HOE U3JIydeHHe, OOYCIIOBIEHHOE €€ YCKOPEHHEM B
cpene. T Koe npenronoxeHue BIOIHE JIOIyCTUMO, TOCKOJIbKY UHTeHCUuBHOCTD TTH
3 BUCHUT OT CKOPOCTH 3 DI , IIEPECEK IOLIETO I'P HULY, HE OT €ro YCKOPEHHMs.
IIpu aTOM H3MEHEHHE CKOPOCTU Y CTULBI IPH INEPECEYEHUU P HULBI 3 CUET
ucnyck Hug ITM oK 3bIB €Tcd HE3H UYUTEJIbHBIM.

Bynem p ccM TpuB Th B3 UMOIEWCTBHE H JIET IOLIETO 3 psl C TOMOM, H -
XOJIMUMcd B ToukKe L H MeT JUIMYEeCKON TMOBEPXHOCTH H T KOM P CCTOSIHMU
OT TP €KTOPHMHU 3 Psil , YTOOBl M KCHUM JIbHOE 3H YEHHE H IPSKEHHOCTH IOJIs,
€03 B €MOI0 JABUXYIIUMCA B B KyyMe 3 -  p/g
psdgoM B Touke L, He npuBOIWIO Obl K
MOJTHOM MOHU3 IIMM TOM , TOJIBKO JIMIIb
HOJIIPU30B JIO €TO.

IIpu nBuXeHuu 3 pag B B KyyMe C
HEPENATUBUCTCKON CKOPOCTBIO DJIEKTpHUYE-
CKoOe IoJjie B Touke L, MO CYIIECTBY, SBNd-
eTcd KyJIOHOBCKMM M UMEET BUJ

max
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HUS H NPsSKEHHOCTH IOJIF, CO3J B €MOW
ﬂBHjKymeMCH 4 CTHLEH B TouKe L, H Xozs- Hee 3 psXeHHOM 4 ctuued (CIUIOWH 4
HIEUCA H TP HHULE P 3ACT CPEN, H HEKO-  pyyyq)  IIItpuxoBoil nuHHeil MOK 3 H

TOpOM p CCTOAHUH I OT TP €KTOPHU 3 - X p krep W3MEHEHHs [0JIs IIOJISIPU30B H-
psia . DTO P CCTOSIHHE I'g MOXKET IOCTHT Th  HOTO TOM

BIIOJTHE M KPOCKOIIMYECKUX P 3MEPOB I
PEISTUBUCTCKUX Y CTULl M HU3KHUX Y CTOT MEPEXOJHOro HU3iydyeHus (cM. op-
Myny (12)), HO MBI 31€Ch P CCM TPUB €M CJIyd H, KOTI Y CTHL JBUXETCd C
HEpEJITUBUCTCKON CKOPOCTBIO.

IMone, co3n B emMoe OBMXKYIINMCS 3 PSIOM B TOUKe L, JOCTUT €T M KCUMYM ,
KOII Y CTUI[ YyXe€ IPOHUKJ B MeT JUI, U 3 TeM Iojie Pe3KO CI 1 €T A0 HyId,

Puc. 4. X p xTep u3MeHeHHs MO B TOY-
ke L, co3q B eMOoro mposeT [mMmei MHMO
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KOIJ 4 CTUL Y[ JIIeTCd OT Ip HULBl B nomioul oyt cpeay. Ilonsdpusos H-
HbIE TOMBI H IOBEPXHOCTH MET JUI COBEpII IOT CBOOOAHBIE (HE 3 BUCAIINE OT
YA JISIOIIErocsl 3 psf , HO 3 BHCSINME OT COCEOHUX TOMOB) KOJjeO HUS U U3Iy-
Y [OT HEPIUIO, 3 TP YEHHYI0 OBUXKYILIEHCAd 4 CTHLEH H HUX NOadpu3 Uuo. Mbl
3[1€Ch P CCM TPUB €M M3JIyueHUE B OLTUYECKOM [U II 30HE, INe Cpel HpeicT -
BJISIETCS COBEPIIIEHHO OAHOPONHOH. U CTOT ®THX KOJieO HUU 3 BHCUT OT DHEPTHH,
nepej HHOM TOM M IIpU IIOJIApU3 LUH, U OIPENENIeTC P CCTOSHUEM 7o OT TP -
€KTOPUU Y CTHULIBL.

IMocne yn nenus 3 psg OT TP HUIBI MONSIPU30B HHbIE TOMBI, T KUM 00p -
30M, M3JIy4 10T B B KYYM ®HEPIUIO, OJIYYEHHYIO IIPU MPUOIMXEHUU 3 psijl . DHep-
TUsl C MOTO JABHXXYILETOCs 3 Psil YMEHBLI €TCS H BEJIMYMHY, KOTOp 5 ObUT 3 Tp -
4eH H II0JIIpU3 LUIO BCEX TOMOB B IIOJTHOM COOTBETCTBUM C 3 KOHOM COXp He-
HUd dHeprud. M3myueHne ok 3bIB €TCs MOJPU30B HHBIM T K, YTO 9JIEKTPUYECKHI
BEKTOP H XOIMTCS B INIOCKOCTH, COIEPXK LIEW TP €KTOPHIO 3 pAA U H IIp BJIECHUE
H OJIomeHws.

B srom u cocrour cyrb Mukpockonudeckoro mex Husm IIH, xoropsli no
CHX IIOp HE H XOOWI pe JIbHOTO 0ObscHeHud. HeoOXomuMo MOoaYepKHYTh, 4TO
[N HenocpencTBeHHO UCIYCK 10T HEP BHOMEPHO IBUXKYIIHECS CBA3 HHbIE 3 PSJIbI
cpenbl ( TOMHBIE BIIEKTPOHBI), H XOIAIIMECS H Tp HULE P 3Hel Cpel, He C M
3 psl, NepeceK oMU TP HUILy p 34e1  Cpex.

JIOCT TOYHO OYEBUIHO, YTO INPEACT BJIEHH 4 31ech K pTuH reHep uuu [N
He OOBSICHSETCS «MEX HH3MOM H3JIy4eHHs IPH P BHOMEPHOM U HPSMOJIUHEHHOM
JBIXEHUU 3 Psfl », IOTOMY YTO H3JIyYEHUE BO3HUK €T B PE3YJbT T€ B3 MUMOIEH-
CTBHS IBHXKYILLETOoCS B B KyyMe€ 3 psll CO CBSI3 HHBIMH 3 PsJ MU, H XOALIUMUCH
H MOBEPXHOCTH cpelbl. [ Xe BBOIUTD NPEAIOIOKEHHE O MIOCTOSHCTBE CKOPOCTU
Y CTULpI B I HHOM CJIyd € He MMeeT 0coOOro CMBICI , IOTOMY YTO €€ CKOPOCTb B
TMOIVION IOIell cpefie HUK K He BIUSIET H H3JIy4eHHe, BO30YXISHHOe H IOBepX-
HOCTU MET JUI .

OnH KO Hemnb3d YTBEPXA Thb U TO, YTO YU CTHL HUCITYCTHJI HW3IIy4eHUE, UHTEH-
CUBHOCTb KOTOPOTO IIPOIMOPLMOH JIbBH €€ 3 MENIEHUIO B Cpele, T.€. TOPMO3HOE
n3nydenue. [IpuOnmx sck K rp HUIE, OH TOJSIPU30B J1 B P 3HOM CTENEHH MHO-
KECTBO TOMOB MET JUI , H XOIMIIMXCAd H TP HULE C B KYyMOM, U BCE€ OHU UCILY-
crwin wupokuil criektp ITM. Kpome TOro, oH HMOHHU30B J1 HEKOTOPHIE TOMBI,
H XOfsIIHecss TOBOJIBHO OJIM3KO K ee Tp eKTopuu. MOHM30B HHBIE TOMBI HCITy-
CTWIU X p KTEpUCTHYECKOE pEeHTreHoBcKoe uainydenue (XPH).

OO0 st mpouecc TNPHHLMIIM JBHO OTINY IOTCS K K APYr OT OPYr , T K U
OT IpolLleCC TeHep LUMU TOPMO3HOIrO M3iydeHus. Mex Hu3Mm renep uuum XPU —
KB HTOBBbIA, Mex Hu3M [IM, x K ObUIO MOK 3 HO, H IlIe] OOBICHEHHE B P MK X
KJI CCUYECKOH BJIeKTpOAMH MHMKH. OOLIMM Ul 9THX MEX HU3MOB SBISETCS TO,
YTO B 0O0OMX IPOLECC X M3IyuYeHHe HEMOCPEICTBEHHO MCIYCK €T He JIBIXKYLI SICS
4 cruy , TOMBI Cpellbl, XOTS OHH IOJIy4d IOT DHEPTHI0 IPU B3 UMOIEUCTBHUU C
JBUXKYIIEHCI U CTULIEH.
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Eme ogHO oTiiMuMe 3TUX JBYX MPOLECCOB COCTOUT B ToM, uro XPH ucmyc-
K 0T TOMBI, H XOfsIuuecs: BOJIM3M BCe TP €KTOpHH 3 psn , B To Bpems K K [TH
UCITyCK I0T TOMBI, H XOIJINMECd H MOBEPXHOCTH P 3e] CpeJ H HOCT TOYHO
OONBIIOM P CCTOSIHUHM OT TOYKM BXOH 3 psil B cpely. Bmecte ¢ Tem 06 aTH
MpoIiecC MPUHIMIIM JIBHO OTJIUY IOTCS OT MeX HHM3M TIeHep LM TOPMO3HOIO U3-
JIy4eHHd, B COOTBETCTBHU C KOTOPBIM HCITYCK €T M3JIyuyeHHe MMEHHO IBMXYIL SCd
Y CTHIl 3 CYET CBOEW KMHETHYECKOH DHEepIruH B pe3yjbT Te TOPMOXEHHS B IOJie

TOMHBIX SIEP.

Heo6xonimMo 0co60 OTMETHTH, YTO BCE IEPEUMCIICHHBIE BbILIE IIPOLECCH B3 -
UMOJIECUCTBUA JBUXYLIUXCSA 3 PAIOB CO CPElOM MPOUCXOAAT B CTPOIOM COOTBET-
CTBUM C 3 KOH MM COXP HEHMd 3HEpruu u umiyinsc . Pe nbHbli Mex HusMm IIH B
OYepeHOU P 3 MOATBEPXKI €T «TEOPEMY», «IOTMY» WIIU «IIOJIOXEHHEe», K K CT JIH
H 3bIB Tb U3BECTHBIE YUEHBIE CJIEJCTBHE, HENOCPENCTBEHHO BBITEK IOLIEE U3 Mep-
BOro 3 KOH HBIOTOH ¥ 3 KOH COXp HEHHUs DHEpPruu. DTO CIEACTBUE OOBIYHO
thopMynupyIOT T K: «P BHOMEPHO M NpPSIMOJUHENHO ABUXYIIMICS 3 PAN HE U3IY-
4 eT». [IocKONIbKy T KOro poj K 3yChl IPU OOBSICHEHUHM MEX HHM3MOB M3JTy4€HHs
WBY u [11 BO3HUKIIH, 3TO CIENCTBUE, H BEPHOE, CTOUT AOMOIHUTH (p 30i: «Hu-
K KHX MCKJIIOYEHHMH M3 3TOTO NP BWI HE MOXET OBITB!»

Crnenyer NmomgyepKHYTh ellle OOHY B XHYH ocoOeHHocTh reHep mwmu [T —
W3IIyYeHUe TOMOB Cpellbl, K K ObUIO HOK 3 HO BbILIE, JIBHXKYLI SICS U CTHIL BbI-
3bIB €T HOPM JIbHOW KOMITIOHEHTOH CBOETrO 9JIEKTPUYECKOTO I0JIS, B TO BpeMs K K
TOPMO3HO€ U3IIy4eHUE OH CO3J €T MPOJOIbHON KOMIIOHEHTOW CBOETO IIOJIA.

IpemnoxenHoe B 1 HHOM p OoTe oObsicHeHue Mex HusM [IM mok 3B er,
YTO NpOLIECC MOJSIPU3 MM TOMOB IPOMCXOIMUT 3 CYET DHEPrUHU JABHXYIIEHCS B
cpefie 4 CTHLBI, HENOCPEeACTBEHHO HcmycK 10T IIM cB43 HHBIE TOMHBIE DJ€K-
TPOHBI B IIPOLIECCE UX HEP BHOMEPHOTO JBUXEHHS BOKDYT SI€pP, HE B PE3yJbT Te
«MEX HHM3M U3JIy4eHUs IIPU P BHOMEPHOM M NPSAMOJIMHEHHOM JBUXEHHUHU 3 Pl ».

Hux koro HOBOro Mex HM3M , IPUHLMIIN JIBHO OTJIMY IOIIErocd OT 3JIeKTpo-
M THUTHOTO B3 UMOJEHCTBHS 3 PSIOB, B I HHOM CIIyd € He H Omrox ercs. HBUXy-
Ol fCd B Cpelie Y CTUll , P 3yMEETCs, TepseT DHEPIUIO IIPU IIePECEUEHUN TP HULIbI
U, CJIE[IOB TEJIbHO, JBIKETCS HEp BHOMEPHO, HO M TeM THYECKHH P cueT ygoOHO
NPOBOJUTH B MPEANOIOXEHUH MOCTOSHHONW CKOPOCTH Y CTHLBI, T.€. IpeHedpedb
BCEMHU IOTEPSIMU DHEPTUM (M 1 Xe MOHHM3 LUOHHBIMH) B 00eux cpen X. OObIYHO

BTOPBI T KOTO PO P CYETOB B APYTHX 00J CTIX (PM3MKM CHELH JIBHO OTMEY 0T
3Ty OCOOEHHOCTh M MOSCHSIOT, K K KUM IOCIENCTBHAM OH mpuBoauT*. Ho B
teopun [11 u UBY »T0 momymienne ObUTO MOAMEHEHO HEpe JIbHBIM «MeX HI3MOM
U3Ty4EeHUs NPH P BHOMEPHOM U MPIMOJIMHENHOM ABUXEHUM 3 Pl ».

*B 4 CTHOCTH, B H JINTHYECKOH METOAMKE pe3epopaoBCcKoro obp THoro p ccesuus [52,53]
NP BHIYHCIICHUH SHEPTUH IPOHUK IOINEeH B Cpefy 3 PSKEHHON 4 CTHIIBI OTOT IPUEM MMeET CIIeLH JIb-
HOE H 3B HHE — «IIOBEPXHOCTHOE MPUOIHXECHHE».
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B ciyu e rp HUIBI MEX)Ty IBYMS ITPO3P YHBIMU CPEl MU H NPSIKEHHOCTb MOJIS
B Touke L MOXeT K K pe3Ko BO3p CT Th, T K M YOBIB Th IOCJIE BXOH 3 PsI BO
BTOPYIO Cpely B 3 BUCHMOCTH OT BEJIMUHHBI MIOK 3 Telleil mpenomierus cpen. Ko-
a(pPULHEHTHI TOITIOMIEHUS Cpel T KXe CYIIECTBEHHO BIHSIIOT H CTeleHb IOJs-
pHU3 IIMA TOMOB, H XOJSIIUXCS BOJU3U TP HHIIBI, TO3TOMY CK YOK MOJISIPU3 IMU

TOMOB, H XOIIIIUXCSl BOJIU3U TP HUIIBI, MOXET OBbITh K K IOJOXHUTEIBHBIM, T K
U OTpuIl TelbHbIM. Eciu B OfHOW WM B 00EUX Cpel X BBIINOJHIETCS YCIIOBUE
fn > 1, TO MOJSAPU30B HHbIE TOMBI, H XOMNSIIMECS B JIK OT TP HULbI, H3ITY-
4 ot UBY. Beriiner iau aT0 U3IydeHrne U3 cpensl U chOpMHUPYETCS U B HEKOTOPOe
VIJIOBOE P CIIpelieSieHue, 3 BUCUT OT KOD(P(UIUEHT MOMIOMICHUsI CPebl, MoTepu
DHEPrUM Y CTULBI U €€ P CCEesHHS.

35ech BIIepBbIe MPEJACT BICHO H IVISIHOE OOBSICHEHHE pe JIBHOTO MUKPOCKO-
nuuyeckoro Mex HusMm redep uuu IIM. P 3ymeercs, ¢ Mo sBnenue IIM nHocur
M KPOCKOITMYECKHH X p KTep U HOJIKHO P CCM TPHUB ThCI B P MK X M KPOCKO-
MUYECKO MOJETN METOIOM KJI CCHYECKOW BIIEKTPOAMH MHUKH, K K 3TO M OBLIO
BBITIOJIHEHO MHOTUMHU BTOp MM yonuk nuil o IIH (cMm., H npumep, [29]).

Ipu o6CyXIeHUH M KPOCKOIUYECKOr0 MeX HU3M HEOOXOOUMO MOTYCPKHYTH,
YTO MOCKOJIBKY C M KPOCKONMHMYECKOW TOYKH 3PEHHUS Ip HHILy OOp 3YIOT IBE Of-
HOpOAHBIE cpenpl (JUId HEKOTOPOH CHEeKTp JIbHOW 00N CTH), TO 3 1 94 007 I eT
oceBoii cummeTpueil. CliefoB TelbHO, OJHOBPEMEHHO H3JTyd IOT BCE TOMBI, H XO-
JEIIIMecs H TOBEPXHOCTU H P CCTOSHUU T OT TP €KTOpHUM 3 psii . B pe3ysb-
T T€, IPU HOPM JIbHOM I J€HUM 4 CTUIBI U3 B KyyM H TIOBEPXHOCTb TBEPAOTO
Tel ee IBUXEHUE OCT eTCsl MPSIMOJIMHENWHBIM, CKOPOCTb MOXHO CUUT Th JO-
CT TOYHO MOCTOSHHOU K K B B KyyMe, T K U H HEKOTOPOM Y4 CTKE TP €KTOpHHU
B Cpefie, Tie OH B3 UMOICHCTBYET C 3 PSA MH, CHMMETPHYHO P CIIOIOXKEHHBIMU
OTHOCHUTEJIHO TP €KTOPUU 4 CTUIbl. OMUC HHBIA BbIIIE MMPOLIECC MPUEMIIEM IS
00BsSICHEHHST U3JTydeHUs, BO30YXI €MOro K K IOJIOXHUTEIbHBIMH, T K U OTPHI] -
TENbHBIMU 3 PSII MM, NEpeceK IOIUMHU TP HUIy B KyyM CO Cpelnoil K K B TOM,
T K 4 B IPyTOM H TIp BJICHUH.

B p MKk x K1 ccmyeckoil anekTpoauH Muku a¢gext [MIHM oberaro p ceMm -
TPHUB €TCs COBEPUICHHO H JOru4HO mporeccy renep uun MBY. IlockombKy pedsp
ugeT 00 W3Iy4eHHHM TOJIBKO B OITHYECKOM IU I 30HE, TO IO0Jie B OTHOPOIHOMN
cpene X p KTepu3yeTcs BeIMYUMH MU H npskeHHoctd E u nongpus uuu P B co-
OTBETCTBUM C yp BHeHHeM (1). P 31moxeHrme WX B CHEKTp MOXHO NpPEACT BHUTh B
Bune uHTerp J1oB Dyphe:

E = /Ew e“ldw, P = /Pw e“tdw. (19)
ITpudeMm ypbe-KOMIOHEHTHI 3TUX BEJIMYUH CBA3 HBI COOTHOIIEHHEM
P, = (n®> — 1)E,, (20)

e n — IOK 3 TeJIb HPEIOMJIICHUA CpeAbl V1A 4 CTOTHI Ww.
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KoneuHo, T U nocliienyiomue yp BHEHHUS U1 HOJIyOeCKOHEUHO!, 1Mpo3p 4-
HOM, HEM THUTHOU Cpefibl U B KyyM OyAyT OTJIMY ThCS APYT OT APYT , HOCKOJBKY
B B KyyMe MOJISIpU3 LUl OTCyTCTByeT. MMes B BHAy 3TO, 3 ITMIIEM yp BHEHHMS
M kcBennn B o0mieM Bupe:

10H
tE=—-" 21
ro pRET (21)
10D 4
ot H — 19D | AT (22)
c Ot c
divH = 0, (23)
divD = 47Q. (24)
Hcnosb3ys U3BECTHBIE COOTHOLIEHUS
10A
E=—gradp — -~ — 25
gradey — ——- (25)
H=rotA, (26)
HepeiiieM K yp BHEHMSM JUI BEKTOPHOIO A U CK JISPHOIO (o IIOTEHLH JIOB:
2
9 e 0°A 47, €0y .
A-S2 2 T 41222 +divAa 27
2 ot cites L@t—i— VA 27)
9 10
e Vip+ —=—divA | = —4nQ. (28)
c ot
H 1 r em gononHuTensHoe yenosue JIopeHi
9 . divA =0, (29)

ot

DTO yclioBUE COOTBETCTBYET TPEOOB HHIO, YTOOBI JAMBEPreHINS YETHIPEXMEPHOTO
noreHun 1 (@, Az, Ay, A;) p BHAN Cb HYIIO, T.€. IOTEHLH JI IPHOOPEN CBOi-
CTBO MHB PHM HTHOCTU OTHOCHTEJIBHO ITpeoOp 30B Huil JlopeHn . C ycnosuem (29)
yp BHenwus (27) u (28) npuobper 10T BUJ

9 e O2A 47,
VA-Gom = G0
e 0?
3 <V2<p+ 6_28—1:2p> = —47TQ. (31)

Ecnu nminoTHOCTh TOK M IUIOTHOCTH 3 pSIl HE 3 BHUCAT OT BPEMEHH, TO COOTBET-
CTBYIOILIME NIPOU3BOAHBIE 10 BPeMEHH B yp BHeHMAX (28) u (29) p BHEI HyII0 U
HHUK KOTO M3IIy4eHHUs, ECTECTBEHHO, OXHUI Th He NpHXoauTcsi. Bece ToMBI B TBep-
JOM Tesie OynyT IOJISIPU30B HbI IOCTOSIHHBIM ToJIeM TOK . Ho Mbl p ccM TpuB em
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ABHXEHUE U3 B KyyM B Cpely TOJIbKO OJIHOM 3 PsKEHHOM 4 CTHLbI, IIO3TOMY CO-
30 B €Mble €l0 IUIOTHOCTh TOK M IUIOTHOCTb 3 Psil. MOXHO HPEACT BHTb B BHIE
0-¢pyukuuu qup K :

j=evi(z)o(y)d(z — vt), (32)

Q =ed(x)d(y)d(z — vi). (33)

B yp BHeHusx (32) u (33) cKOpOCTh U CTHULBI V NPEAINO I' €TC NOCTOSHHON
K K B B KyyMe, T K U B cpege. H yu cTke nyru, rue 3 psi IBUXKETCS B B Kyyme
Il JIEKO OT TP HULBI CO CPElloil, OH HU C YEM HE B3 UMOLEMCTBYET, IO3TOMY €ro
CKOPOCTb HE MEHSIeTCd, dJIEKTPHUYECKOE 10JIe OT HEro He «OTPhIB €TCd», C K KOM
Obl CKOpPOCTbIO OH He JBUT Jicd. Korm e 3 psg npubnmx ercs K rp HULE Cco
Cpeloi, ToO OH BBIOMB €T SiIp M3 TOMOB, P CIOJIOXEHHBIX BOJIM3U €ro Tp €KTO-
puH, HOHU3UpPYeT Ooee yi JIEHHbIE TOMBI U TOJIIPA3YET TOMBI, P CIIOIOXEHHbIE
JOCT TOYHO [ JIEKO OT €ro Tp eKTOpuu. Bce 3T Tpu mpouecc 5IeKTpOM THUT-
HOTO B3 UMOJEHMCTBHA OTCYTCTBYIOT, €CJIM U CTHUL[ JBHXETCd B B KyyMe, KOT XKe
OH NpUONIMX eTcs K TP HMILE, 9TH MPOLECChl H YMH 0T JEUCTBOB Th B 0Op THOM
MOCTIEN0B TEJIbHOCTH.

ITockonbKy MbI pell €M 3 J 4y C IOMOILbI yp BHEHUH KJI CCHYECKOH M -
KPOCKONMYECKOW 3IEKTPOOMH MHUKH, TO MBI HE CMOXEM BOOOIIE P CCM TPHB Tbh
NepBble B IPOLECC U BBIYKMCIIATDH CBS3 HHBIE C HUMM IoTepu aHepruu. Ilpouecc
B030y:xnenus [TH obGyciioBieH Mmossgpu3 LUed cpeibl DJIEKTPUUECKUM IT10JIEM JIBH-
Xylleics B Hell U CTULBI, HO CBI3 HHBIMHU C 3TUM IIPOLIECCOM IOTEPSIMHU DHEPIUU
MBI T KXe MOXeM IMpeHebpeds U CYUT Th CKOPOCTh 3 psI B Cpefie T KOH Xe, K K
B B Kyyme. OfIH KO 3TOT YHUCTO M TEM THUYECKUU INPHUEM HU B KOEM CIyd € He
MO3BOJIIET OTBEpPr Th (pU3MYECKHE 3 KOHBI BIEKTPOM THUTHOIO B3 MMOAEHCTBUS
3 psinoB, 6 3upymoriuecd H Mex Huke HpioToH . [109TOMY «MeX HU3M U3JTy4eHUS
IIPU P BHOMEPHOM U NPSIMOJIMHEHHOM ABHUXKEHHUH 3 PsI », IPOTUBOpeY INUH mep-
BOMY 3 KOHY HBIOTOH U 3 KOH M COXp HEHMS SHEPIUM U UMIIYJIbC , IPUXOAUTCS
MPU3H Th OUIMOOYHBIM.

Bo3Bp 11 eMcsi K p CCMOTPEHHMIO MpoLecC BO30YXAEHHS! W3ITydeHUs JIBHXKY-
IIUMCS 3 PSAIOM H TP HHULE B KYyM—AUIEKTpHK. I 3TOr0 p 371 I' €M IUIOTHOCTh
TOK U IUIOTHOCTB 3 PsiJ , IPEACT BJeHHbIE B Buje O-pynkuuil Jup x (32), (33),
B pad @ypoe. Torg (ypbe-KOMIOHEHT IUIOTHOCTU TOK 3 IMIUETCS B BUIE

Jw) = % ex <—%> 8(x) 6(y)- (34)

AH JTOTUYHO I IUIOTHOCTH 3 pAx UMEeEM

Qw) = 5— exp <—%> 5(x) 8(y). (35)
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IMepenuem yp Buenus (30), (31) miga pypbe-KOMIIOHEHT:

V2A(w) - %ﬁA(w) T (36)
2 w
e (V%(w) + g%) = —47Q(w). 37)

Yp Buenud (36), (37) 3 nmuc Hbl A1 OMHOPOAHON MPO3p YHON HEM THUTHOM
cpenbl. T[TOCKONBKY MBI pelll €M 3 JI 4y O MEePEeXOIHOM H3TyUYeHHH, BO30YXI eMOM
9JIEKTPUUECKHUM 3 PSIOM, JIBUXKYIIUMCS Yepe3 Ip HUIly B KYyM—Cpell , yp BHEHWS,

H normyfble (36), (37), HyXHO 3 MUC Tb U T B KyyM :

2 4
VA®W) -~ FAW) =~ (). (38)
1 92
V2o (w) + 03% = —47Q(w). (39)

Vp Buenus (36), (37) u (38), (39) pew rorcd it 06erx OXHOPOIHBIX OOJ -
CTEd, HO BTH pELIeHUs, OUYEBMJHO, HE YJIOBJIETBOPSIOT TPeOOB HHUIO P BEHCTB
T HICHUH JIbHBIX KOMIIOHEHT IONI1 H Tp HHIE p 30e7 . 19 BBIIOIHEHHS 3TOTO
TpeOOB HHUS HEOOXOOVMO K Y CTHOMY pPEIICHHI0O HEOTHOPOIHOTO yp BHEHHS IO-
0 BUTb pelEHUs OJHOPOAHBIX yp BHEHHH. DTU pelleHHs] Yp BHEHUUH M SIBISIOTCS
M TEM THYCCKHUM OIIUC HUEM IIPOLUECC TCHEP LUU U3JITYUCHUAd IPpU NEPECCUCHUUN
3 pSIOM TP HHMIIBI P 3/1e1 JIByX Cpell.

Bce BTOpBI MHOTOYHCIICHHBIX MYOJIMK LWH, OMUCHIB IOMIKMX MPOIECC TeHe-
p mau [IH, o cux mop He MOINIK yBHAETh (PH3UYECKYI0 WHTEPIIPET LU0 DTOU
M TeM TUYeCKOW omep IIM{, OTBETCTBEHHOH 3 pe JbHbBIA Mex Hu3M [IH, xora
BCE€ BTOPbI KKYp THO INOAYEPKHB JIK, YTO PCIICHUE HEOAHOPOAHOI'O Yp BHECHUIA
YAOBJIETBOPACT Tpe60B HUIO p BEHCTB T HICHUU JIbHBIX KOMIIOHCHT DJICKTpHUYC-
CKOrO IMOJIl H Tp Huue p 371en . [Ipu aToM OoHU 3 OBIB JIM H MMOMHHTH, YTO €CITU
B 00euXx Cpejl X BBINOIHSETCS yclioBue Sn < 1, TO JBUXKYIIMACS 3 Psiji HE BBI3bI-
B €T W3Iy9eHUs B JIK OT Tp HUIBI B 00enx cpex x. CosepuienHo scHo, uyro [N
H3J1y4 0T NOJIAPpU30B HHBIC TOMbBI, H XOIAIIMUECA BHOJIb BCcel I'P HULIBL P 31€71
cpen (OTCION W H 3B HHUE «IepexojHoe u3inydeHue»). CIenoB TeNbHO, TONIIUH
ClI0d H Tp HHULE p 30el1 Ccpel, B KOTOPOM H xondrcd u3nyd towue [IU  Tomel,
OK 3bIB €TCS MOPSAK JTHHBI BOJHBI U3ITyICHUS.

He Bn B gck B mer nu pemenns yp BHeHuit (36)—(39), BpImuimeM OKOHY -
TEJIbHOE BHIP XEHHUE Ul M3IIyd eMOH DHEPruu B CIIyd € [epeceueHHs 3 psioM
[P HULBI B KyyM—IUBJIEKTPUK:

dQW B GQﬁQSiHQQCOSQQ (6—1)(1—52+5\/€—Sin29)
dwdQ  m2c(l — 32 cos? 0)? (6 cos 0 + Ve — sin? 9) (1 + BV/e — sin? 9)

(40)

2
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rjie 0 — yron Mexjay H Ip BIE€HHEM CKOPOCTH Y CTHLBI U H IIp BJIEHHEM H OJlio-
JEeHUS.

Xouy 0oOp TUTh BHUM HHE H TO, YTO B OOOMX H NP BJICHHUIX (BIepex, H -
3 1) W3Myd eTcd MOYTH OAWH KOB g DHEeprus, eciu ycioswe Bo30yxnenus MBY
(fn > 1) He BbIIONHSAETCA. DTO M MOHATHO, HOCKOJBKY H3TyYeHHE UCHYCK IOT
TOJIbKO JMIIONU, H XO#sIIMecs H TIp HULE P 31l Cpel.

B npoBegeHHOM p ccMOTpeHUH He ObLIIO HEOOXOIMMOCTH HCIIONB30B Th K KHUe-
7100 HOBbIE MEX HHM3MbI FeHep LIMU U3jIydeHus. M3mydenue 3 psn , IBHXKYIIErocs
yepe3 Ip HUIY IBYX Cpel, p CCYMT HO C MOMOLIBI0 Yp BHEHUI M KcBemn , Hc-
MOJIB3YIOIINX OOBIYHBIE 3 KOHBI ®JIEKTPOAMH MHUKH. [IpenmosnoxeHne o MocTosH-
CTBE CKOPOCTH 3 psJI , JBHXKYILETocsA 4epes IP HUIly, HE BHOCUT HUK KUX H3MEHe-
HUil B 9TH 3 KOHBI. Celd ¢ K KeTCS yAUBUTENbHBIM, UTO 3 TOJbI CYIIECTBOB HUS
«MEX HHM3M M3JIy4yeHUs NPU P BHOMEPHOM U MPSIMOIUHEHHOM ABUXKEHHUM 3 PO »
OH He ObUI MOOBEPrHYT KPUTHYECKOMY H JIH3Y.

Hexortopple BTOpBI HOBOJIBHO ONM3KO MOAXOOWIN K NP BHJIBHOMY OOBsICHE-
Huo Mex Hm3M [IW. Bor, H mpumep, uro muc 1 U. M. ®Pp vK B p Oore [54]:
«JlomycTiM, 4TO OBICTP 9 3 PSKEHH 9 U CTHII IO J €T U3 B KyyM B MeT JUIL
K x u3BecTHO, BO MHOTHX MET JUI X CBET ONTHYECKUX 4 CTOT IOIVIONI eTcd H
IYTH M JIOM WJIM CPp BHHUMOM C JUIMHOi CBeTOBOW BOJIHBI. T KuM 0Op 30M, ONTH-
YecKue KOMIIOHEHTBI MO IBHXKYLIEHCA Y CTHLBI UCYE3 I0T IOYTH MIHOBEHHO,
K K TOJIBKO 4 CTHIl IepeceK €T Ip Hully p 3gmen . IIpu 1 nbHeiimeM OBHXEHUU B
MET Jule OH CT HOBUTCS K K Obl HeBHANMOM. OYEBHAHO, YTO 3TO JOJKHO HMPHUBO-
JIUTh K BOSHUKHOBEHMIO M3/Ty4€HHs, B HEKOTOPOI Mepe H JIOTMYHOTO TOPMO3HOMY
n3nydeHuto. Ecnu npu oTOM 3HEprus 4 CTHULBI H CTOJBKO BEJIUK , YTO B IOBEPX-
HOCTHOM CIIO€ BEILECTB He MPOUCXOAUT HU P CCESHHS, HU 3 METHOTO M3MEHEHUs
€e CKOpPOCTH, TO MOXHO CYHT Th Y CTHILy JBUXYIeics p BHOMepHO. T kum obp -
30M, 3€Ch T K Xe, K K U B addexre B BuoB —UepeHKOB , BO3HUK €T M3Jlyye-
HHE IIPY P BHOMEPHOM JIBHXKEHHHU 3 Psil , CYIIECTBEHHBIM O0Op 30M 3 BHCsIIee OT
ONTUYECKUX CBOWCTB CPEMbI».

K x Bugum, U. M. ®p vx H 3bB eT IIM «u3nydeHueM, B HEKOTOPOU Mepe

H JIOTMYHBIM TOPMO3HOMY M3JIy4€HHIO», H BEPHOE, [IOTOMY, 4TO B p 3:ene «Te-
OpHs TIEPEXOOHOTO HM3JIYYeHHUs» MEPEXOAUT K P CCMOTPEHHIO IOJISI B BOJHOBOW
30HE U 3[eCh YK€ yTBEPXKJ €T, YTO OHO COCTOUT U3 TPEX KOMIIOHEHT TOPMO3HOIO
U3ITy4eHus:

) MOJIS BIEKTPOH , ABUXYIIErocd B B KyyMe€ U MTHOBEHHO OCT HOBMBLIETOCS
H TIp HULE B KyyM CO CpeloH;

6) 110J1s JEKTPOH , B TOT XK€ MOMEHT H 4 BILEro ABHXEHHE C TOH Xe CKOpO-
CTBIO B CpEJIE;

B) MOJS 3 psif -M300p KEHUs, KOTOPbIH JBMXKETCA K IP HHLE P 37e7 C TOH
K€ CKOPOCTBIO B IIPOTHUBOIIOJIOKHOM H IIp BJIEHUU U MTHOBEHHO OCT H BJIMB €TCA
H TIp HHLE.
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X 04y MOAUEPKHYTh JOBOJIBHO OYEBUAHOE MTPOTHBOPEYUE — C OIHON CTOPOHBI,
H.M. ®p HK npenct BiSET I0Je U3TYYEHUs] COCTOSIINM U3 TPEX KOMIIOHEHT TOp-
MO3HOTO M3JIy4eHHUs, C APYroil CTOPOHBI, YTBEPXKH €T, YTO «3[eCh T K Xe, K K U
B 3(pdexte B BIOB —UepeHKOB , BO3HHK €T M3JIy4eHHe IPH P BHOMEPHOM JIBH-
KEHUH 3 psi ».

B nen BHeit p 6ote [55] BTOpBI NPHBOIAT T€ XKe COOOp KEHUs, KOTOpbIE
ObUTH NPO H JU3UPOB HbI Bhiie. OHU 0OCYXI 0T BOIPOC O MEPEXOJHOM H3ITyde-
HHH, BO30YXJI €MOM 3 DSJIOM, IBHXKYIIUMCS M3 B KyyM B OCOJIIOTHO YEPHOE TEJIO.
B Tekcre ¢t ThM [55] BTOpPBI TOJIBKO OAH KBl YHOMSHYJIH, 9TO U CTHIl JBUXETCS
P BHOMEPHO, «MeX HHU3M H3ITy4eHHs IPU p BHOMEPHOM M IPSMOJHUHEIHOM JBU-
KEHUH 3 pAf » He YNOMHUH Jicsd HU p 3y. C Opyroil CTOPOHBI, U HUK KHX COMHe-
HUIi B CIIP BEUIUBOCTH 3TOTO MEX HU3M , KOTOPBII BTOPHI HCIIOJIB30B JIU B CBOUX
6onee p HHUX MyOJMK LUSX, B I HHOHM CT The BBICK 3 HO HE OBUIO.

P ccMm TpuB g Te ke Tpu KOMIIOHEHTbI, KoTopble nepeuucawn Y. M. @p HK,
OHU TIPUXOIIT K BBIBOAY, YTO H TP HHUIE C OCOJNIOTHO YEPHBIM TEIOM [IBE KOM-
IIOHEHTHI ucue3 10T, u [IM onuceB eTcd TONBKO OJHON KOMIIOHEHTOU TOPMO3HOTO
W3ITy4eHHUs], BbI3B HHOTO OCT HOBKOi 3 psiil H TIp HUIIE B KyyM— OCOJIIOTHO 4ep-
HOe Teno. B T KoM Cilyd e eCTeCTBEHHO H NP IIHMB €TCS BBIBOA O TOM, YTO «Me-
X HHU3M H3JIy4eHHS NIPU P BHOMEPHOM M NPSIMOJIMHEHHOM JBIKEHHM 3 psiI » He
MO3BOJIIET P CCUUT Th BBIXOJ BO3ZHMK IOIIETO IPH 3TOM H3IYYEHUS U BTOPHI P -
60TbI [55] BBIHYKIEHBI B BEIYUCIEHUSAX MPUOETHYTh K TOPMO3HOMY MEX HHU3MY.

Bce a1 BONMIOIINE NPOTUBOPEUHS YOEIUTEILHO 0K 3bIB IOT, UTO «MEX HU3M
U3JIy4eHUs NPH P BHOMEPHOM U NPSMOJIMHEHHOM JIBIDKEHMU 3 PId » HE MOXET
I Th YIOBJIETBOPHUTENIbHOE 00BICHEHHE Mporecc reHep uum I1H.

CremyeT OTMETHTH eIlle OfHY IONBITKY OOBSCHEHHS MEX HU3M M3ITy4eHHs
I[N u UBY. B 0630pHoii cT The M. U.Pga3 HOB [56] mpemt r ercs ciemymwoliee
0ObsICHEHHE MeX HHM3M OTHX IPOLECCOB: «3 METHM, YTO MEPEXOAHOE M3TyYeHHe
MOXET P CCM TPUB ThCSl K K BBICBEUMB HUE BO30YXIEHHBIX OBICTPOMl 4 CTHUEH

TOMOB BeIIECTB . [Ipy mepexomHOM HM3IydeHHM 4 CTh UMIIYJIbC B NPOLECCE U3-
JIy4eHUs TIepesl eTCsl HEOMHOPOJHOCTSIM BEILIECTB , B TO BpeMs K K IPU HU3ITy4eHUH
B Bwi0B —YepeHKOB H3MEHEHHE BHEPIHMM M UMITYJIbC Y CTHLBI P BHO, COOTBET-
CTBEHHO, ®HEPTUM U UMITYJIbCY M3IIy4EeHHOro KB HT . B aTOM M cocToUT oTinune
OJHOTO M3JIy4eHHd OT JApyroro. BojHOBBIE CBOHCTB 4 CTHIl NPHUBOIIT K TOMY,
YTO UMITYJIC HE MOXeT OBITh Iepel H BEIIeCTBY B OAHOW Touke /22/: agdex-
THBH f JUIMH , H KOTOPOM BellecTBy Nepei eTcs umiyibe Ap nopaak  (Ap)~!
(h=c=1). ImenHo H oToii [yIHHE 3(pEeKTUBHO MPOUCXOAUT MPOLECC MEPEXOI-
HOT'O M3JIy4eHHs! 1 BO30YXICHHbIE TOMBI BHICBEUHMB IOTCS KOrepeHTHO. B nepexon-
HOM H3JTy4eHUM KOT€PEHTHO BBICBEUYMB IOTCS HE BCE TOMBI BIOJIb MYTU 4 CTHLIBI,

TOJIBKO TPYNINBI TOMOB H JUIMHE KOI€PEHTHOCTH, T.€. H OTpe3K X IyTH JIH-
noii (Ap)~!; manydenue ¢ cocemHMX OTPE3KOB HE KOTEPEHTHO M B OIHOPOAHOM
BEILIECTBE B3 MMHO IOl LI €Tcs, B HEOZHOPOIHOH MOT I €TCsl He IOMHOCTEHIO,
YTO U NMPHUBOIUT K MEPEXOAHOMY M3ITYUEHUIO».
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A HECKOJIbKO MO03/IHee B TOH Xe CT The [56] BTOp cHesl 1 OueHb Cepbe3-
HOe 00o00iieHne: «3 METUM, YTO MpPU CTOJKHOBEHUU OBICTPOU U CTHIBI C TO-
MOM BO3HHK [OT 9JI€KTPOHBI OTH UM U U3JTy4eHHE BIIEKTPOHOB OTH 4u. [I0CKOIbKY
0OBIYHO B T KOM Iporiecce 6ojiee BEPOSTH Iiepel] 4 OTHOCHTEIbHO M JIBIX MOP-
LII/Iﬁ OHEPIrur, ABUKEHUE Y CTHUILIBL HpI/IGHI/I)KCHHO MOXHO CYUT Tb P BHOMCPHLIM.
[TosToMy M3ydeHUe JICKTPOHOB OTI YM T KXKe CJIeAyeT OTHECTH K MEePEeXOJIHOMY
U3ITyYCHUIO».

K x Bugum, M. HU.Ps3 HOB 00bsicHUN mporiecc Bo3Oyxnenuss UBY u I1H1 B
TBEPAOM TeJjle C IMOMOILBI0 MEX HU3M JIIOMHHECLIEHLUH B ITOJIHOM COINI CHH C 3 -
KOH MH COXp HEHHUS ®Hepruul u mmmyisc . K 3 j10ch Obl, «MeX HHM3M H3IydeHUS
IPU p BHOMEPHOM M IPSAMOJIMHEWHOM JBUXEHHUH 3 PN », KOTOPBIA UCIIONIb3YIOT
BCE OCT JIbHBIE BTOPBI, €My He MoTpeboB jicid. Ho 3 TeM OH mpemtoXun CYuT Tb
JIBUXEHHE 3 psll , BHIOMB IOLIErO B Cpele ®JIEKTPOHBI U3 TOMOB, «IPUOINXEHHO
P BHOMEpHBIM», U DTO OH CYeJ JOCT TOYHBIM OCHOB HHEM, YTOOBI P 3JIMYHOIO
pox wm3mydeHue (TopMo3HOe, MoMuHecteHTHOe, IBY u 1 Xe BHIOMB HUE BIIEK-
TPOHOB OTJl YHM) OTHECTH K NEPEXOIHOMY H3ITYyUCHHUIO.

C oOwsicHeHueM, mpemioxeHHsiM M. U. Psa3 HOBbIM, KOHEUHO, HENb3s COII -
CUTBCS, IOCKOJIBKY BTOpP, K K Mbl BUIEJHU, CMEII JI P 3JIMYHbIE MPOLECCHl B3 -
MMOJEUCTBUS 3 PSKEHHOH 4 CTULBI CO CPENOM — M3JIydeHUe MOJIIPU30B HHBIX

TOMOB, M3Ty4eHHE MOHHM3UPOB HHBIX TOMOB U BBIOMB HHE BJICKTPOHOB OTH YH.
OH He 00p TWI BHUM HHs H TO, 4to criektp [TM u MBY, ux yrioBsle p crpene-
JIEHUd W JJIUTEJIbHOCTb BBICBEUUB HUS CYLIECTBEHHO OTJIMY I0TCA OT H JIOTMYHBIX
X p KTEpUCTHK JIOMIHECICHIIUH, XOTS 3TH BOIPOCH! OBLUTH BBISICHEHBI eIlle B Mep-
BbIX aKcrepuMmeHT X I1. A.Uepenkos [57].

IMosiBnienne oObsicHeHUN Mex Hu3M TeHep nuu [1H, momoOHBIX HpemToXeH-
HoMy M. H. P53 HOBbIM, JUIUHUN p 3 MOOTBEPXKI €T TOT ¢ KT, YTO «MEX HU3M
U3JIy4eHUs [IPU P BHOMEPHOM M NPAMOJIMHEWHOM ABUXKEHUM 3 DAL » HE I €T yIo-
BIIETBOpHUTENBbHOrO 00bsicHenus apdekr M UBY u I[IU. P 3ymeercs, ¢ MbiM yOe-
JUTENIbHBIM PIryMEHTOM, OIPOBEPT IOLIMM «MeX HU3M M3JIy4eHUs NpU p BHOMEp-
HOM U TIPSIMOJIMHEMHOM ABUXKEHHM 3 PAd », SABISETCd MpOoTHBOpeune (yHI MEH-
T JIBHBIM 3 KOH M, HO BO3MOXHOCTb MCIOJIb30B HHUS 3TOTO MEX HHU3M Ul 0Obsc-
Herns a¢ppexroB UBY u [IH onposepr ercsd T kXke TeM ¢ KTOM, UTO HU3Iy4 €T
HUBY u 11 He nBuXywl $§Cd 4 CTUL , HENOOBHXHBIE TOMBI CpPElbl B IpoLiecce
HEep BHOMEPHOTO ABUXKEHHS CBS3 HHBIX 2JIEKTPOHOB.

IIp Bo , criopel 0 ToM, uro ITM u UBY ucnyck er He OBUXyLIMiicd 3 paf,
NOJISIPU30B HHBIE TOMBI Cpeibl, Mpoaoix orcid. H mpumep, B p Gore [58]
BTOPBI OOCYXJl 0T MbIC/Ib, BBICK 3 HHYI0 B.JI.TuH30yprom: «MoxHO ObL1O ObI
NPU PELIeHuH BOIPOC , YTO K€ U3JIyd €T B OTOM CJIy4 € — TOMBI CPEejbl MM
H JIET 10Ul 51 4 CTHLl , UCXOIUTh U3 TOTO, OT Yero MMEHHO «3 OMp eTcs» DHeprus
W MMITYJIBC M3JTy4E€HHBIX 3JIEKTPOM THHUTHBIX BOJIH, OT H JIET OINEH 4 CTHIBI WIH
OT IMOJISIPU3YIOIUXCS TOMOB».
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Ecnu cnenoB Tb MpemioXeHHOMY NPUHLMIY — CUUT Th U37y4 TeJleM TO, OT
4yero 3 Oup ercs »Heprusl, TO IpuiaeTcs Npu3H Tb ucrouHukoMm IIW m yckopu-
TeJb, KOTOPBINA Nepex J1 SHEPTHIO Y CTHIE, U 3JIEKTPOCT HILUIO, KOTOP S CH Omui
9HEpPrueu yCKOpUTesb, U T.[. DTO NPEeIOKEHUE SBIAETCS HEIOBKOH MOIBITKON
H WTH omp BI HUE JUII HEpe JIbHOTO «MeX HU3M M3JIy4eHMs NPU P BHOMEPHOM U
MPAMOJIMHENHOM ABUXEHUH 3 PsI ».

Xouy H nomHutb, yto M.E.T MM nepBsIM yK 3 J1 H TO, YTO «U3JIy4E€HUE
HE UCIIyCK €TCS HEIOCPEICTBEHHO DJIIEKTPOHOM, HMMEET CBOEH INPUYMHOM Kore-
peHTHbIE Komeb HHs MOJIEKYH Cpelpbl, BO30yXI €MBIX 3JI€KTPOHOM», HO M OH He
OOBSICHWII, K KO€ OTHOLICHHE HUMEET «MeX HHU3M M3JIy4eHHs I[P P BHOMEPHOM
U TPSIMOJIMHEHHOM JBUXEHHMU 3 psii » K «KOIEPEHTHBIM KOieO HHIM MOJIEKYI
Cpenbl».

MHoro no3zgHee 3Ty TOUYKY 3peHHs] 0 Kosed HHM MOJIEKYJN cpelbl K K HCTOY-
nuke UBY pemmurensHo nmoguepx 1 A. A. Tanxun u gpyrue Bropsl [9, 10,29].
Pemenne aToro Bompoc B H cTodllee BpeMs HMONHOCTBIO co3pero. OObsicHeHue
MuKpockonuueckux mex HusMos MBY u IIH, npemioxeHHOe BTOPOM H CTOS-
meil p 6OThI, OUEBHIHBIM OOp 30M IOATBEPXH €T, 4TO B OOOMX MpOLECC X HC-
MYCK 10T M3JIy4eHHE MOJIAPU30B HHbIE TOMBI WIIM MOJIEKYNbl. B 2TOM He MOXeT
ObITh COMHEHHI, BeIb HUKTO HE BO3P X €T MPOTHB TOTO, YTO X P KTEPHCTHYECKOE
n3nydeHne, Bo30yxXI eMoe IBHXKYIIUMUCS B CPeie 3 psiI MM, UCIYCK IOT HOHH30-
B HHbIE TOMBI, He BO30YXJ IOII 5 UX 3 PSKEHH 51 4 CTHL , XOTS «3 OUp eTcs»
9HEprHsi OT JIBUXYILEHCs B cpejie 4 CTULBI IpU Ooliee OIM3KUX B3 UMOIEHCTBUSIX,
KOIJl H YWH €T JEeHCTBOB Th COBEPLUEHHO JApYyroil Mex Hu3M. [1ojoOHBIN ABYXCTY-
MeHY ThINA mporecc H Omiox ercd u npu Bo3Oyxnennu MBY u IIU, HO H 6onee
HU3KHX 4 CTOT X, KOTJ BO3MOXH IOJISIPU3 LU TOMOB CpEJbI.

B H crodiiee BpeMs UMEIOTCA U ®KCIIEPUMEHT JIbHBIE Pe3yJIbT TbI, HEIIOCpeN-
CTBEHHO IOATBEPXKA Iommue ToT ¢ KT, yto ITM ucnyck 10T MOISIPU30B HHBIE TOMBI
cpenbl. ABTOpBI p 00THI [59] 0OH pyXWiIM B ®KCIIEPUMEHTE, YTO UHTEHCHUBHOCTD
JJTMHHOBOJIHOBOTO MEPEXOAHOTO U3ITy4eHHUs], BO30YXI €MOro pelsiTUBHCTCKUMH U -
CTHI] MM, PEe3KO CHMX €TCs NpPU YMEHBIIEHHH IOINEPEYHBIX p 3MepoB o0iyd e-
MOH MOBEPXHOCTH. DTO YOEAUTENbHO CBHAETEIBCTBYET O ToM, uTo ITH m3myd er
He JBIKYIIUiicA 3 psl, TOJSPU30B HHBIE TOMBI, H XOMIIUECS H AOCT TOYHO
GOJIBILIOM P CCTOSHUM OT €ro TP eKTOpUU. B J1 HHOM cilyd e, K K CJeiyeT u3
BoIp keHus (12), ck 3 much 1B dQEeKT : HU3K 9 4 CTOT H3TYIEHHUS U PesIITH-
BUCTCK 4 CKOPOCTb 3 PSJIOB, U, B PE3yNIbT T€, U3Iyd IOIUE H 9TOW 4 CTOTE TOMBI
OK 3 JINCh H JIOCT TOYHO OOJIBILIOM P CCTOSHHM OT TP €KTOPHH 3 PSJIOB, PEBbI-
I IOLIEeM IollepeyHble P 3Mepbl JET JIM, KOTOp 51 0OeCleuuB eT Ip HULY MEeXIy
cpel MH.

ScHo, yto npusH HuUe Toro ¢ KT , yro [IM nu MBY wucnyck er He ABUXY-
LIMICA 3 PAf, TONISPU30B HHBIE TOMBI CPEJbI, IIOJIHOCTBIO ONPOBEPT €T BO3MOXK-
HOCTb UCIIOJIb30B HUS «MEX HU3M U3IIy4eHUs IIPU P BHOMEPHOM U NPAMOIIUHEN-
HOM JIBUXEHHUHM 3 P4 » UL OMMC HMA 3TUX MpoueccoB. IIpeioxenHoe B 1 HHOM
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p Gore obbsicHenue Mex Hu3M 1M ycTp HsieT Bce MpOTHBOpEYHsi, BO3HUK IOIINE
IIPU HUCIIONIb30B HUM «MEX HHM3M M3Iy4eHHs IIPU P BHOMEPHOM U INPAMOIIUHEN-
HOM JBIKEHUH 3 paa ». Kp TKo cyMMHpyeM OCHOBHBIE X P KTE€pHbIE OCOOEHHO-
CTH NPEUIOXKEHHOTO MEX HH3M !

1. [IM BO3HMK eT MpH IEepecedeHrH 3 PsIOM JII0OO0ro 3H K , JBUXKYIIUMCS
¢ mo6oii CKOPOCTBIO, TP HHILBI JABYX CPEX C P 3JIMYHBIMH ONTHYECKHMH I P Me-
TP MH.

2. Hep BEHCTBO T HICHLHM JIbHBIX KOMIIOHEHT 3JIEKTPHYECKOrO IOJII H TP -
HUILIE CPell, CO3J B €MOro JBHXXYLIUMCS 3 PSAIOM, BBI3BIB €T M3JIy4€HHE IOJISIPH30-
B HHBIX UM TOMOB.

3. IIponecc u3ny4yeHus MOASIPU30B HHBIX TOMOB IPOMCXOMUT B CTPOIOM CO-
OTBETCTBUM C 3 KOH MU COXP HEHHUS DHEPIUU M HUMIYIbC M HE MOXET OIHCHI-
B ThCS «MEX HU3MOM M3JIy4€HHs NP P BHOMEPHOM U IPAMOIMHENHOM JBHXEHUU
3 pgaa ».

4. TIN HemocpenCTBEHHO M3IydY €T He ABUXKYLI ACd 3 PAXEHH 4 4 CTUl ,
MOJISIPU30B HHBIE €10 TOMBI CpPell, H XOASIIMEecs BAOJb I'P HHIBL

5. IonsipuzoB HHBbIE TOMBI Ucityck 10T [IM B 06e CTOPOHbBI OT Ip HUIIBL.

6. IMonsgpu3oB HHbIE TOMBI, H XOISIIHMeEcs B IIyOMHE K XIOW M3 cpel, HC-
nyck 10T UBY, ecnu cKOpoCTb U CTULBI IPEBBIII €T ) 30BYI0 CKOPOCTb CBET B
atuX cpel X. Ecmu ke a10 ycnosue He BbonHsercd, [IHM ucmyck 10T ToinbKO

TOMBI, H XO[IIMECSd H TP HULE Cpel, MOJIPU30B HHbIE TOMBI, H XOIJILIHecs
B IIyOMHE, BO3Bp LI IOT Y[ JISIOIIEICS U CTHULIE 9HEPTHIO, ITIOJyYEHHYIO B ITpOLiecce
MOJISIPU3 ILUH.

7. OBUXyL gCd 4 CTHUL MOJAPU3YET TOMBI NEPHEHAUKYIAPHONW, HE Ipo-
JOJIbHOM KOMIIOHEHTOU I1OJIA.

8. Ilnockocts nonsgpus uus [MH onpexnensercs Tp eKTopuen 3 psii U IOJIO-
JKEHHEeM M3JIyd IOIIEro TOM , T.€. H Ip BJICHHEM 3JIEKTPUYECKOTO MO, MONsSpH-
3yIOLIEr0 TOM.

9. U croT HCIYCK €MOro M3JIy4eHUS YMEHBII €TCS C yBEIMYEHHEM D CCTOs-
HUA MEXIY I0JIOXEHHEM MOJIAPU30B HHOIO TOM U TOYKOMH IO 1 HUA 3 paf H
MOBEPXHOCTh P 3H€1  Cpel.

10. Y ctuir p cXomyeT M JIyl0 Y CTh CBOEH KMHETHYECKOM ®HEPrUd H MOJId-
pu3 LU0 TOMOB, uciyck tomux ITH.

11. Atom He MoxeT u3nyd Tb B npouecce renep uuu I1IH sHepruto, npesbi-
I IOIIYI0 SHEPTHIO CBSI3HM €r0 BHYTPEHHEH 3JIEKTPOHHON OOOIO0YKH.

Iepeuncnennsie ocobeHHOCTH pe jpHOro Mex Hu3M [IM mpuBomAT K 3 -
KJIIOYEHHI0 O HEOOXOAMMOCTH IEPECMOTP HEKOTOPBIX SBJICHUIA, IOJyYUBLIMX B
MOCTEAHUE IeCATUIIETHS CTpeMHUTeNnbHOe p 3BUTHE. OIHO U3 T KHUX SBJICHUI H 3bI-
B eTcd peHTreHoBcKoe nepexoaHoe uznydenue (PITH). Ilynkr 11 B npuBegeHHOM
BBIIIIE CITUCKE X p KTepHbIX ocobeHnocreit [IM mpsamo yk 3B er H TO, uro PITH
He cywmecTByeT B npupoge. CTolb K TETOPHUYECKOE 3 SBIEHUE HE CIENyeT TOJ-
KOB Th K K OTpHUIl HHE BO30YXJIEHUS PEHTTEHOBCKOTO H3JIYYEHHUS IBHXKYIIUMCS
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B Cpelie 3 psIoM, HO H OJII0J eMOe BO MHOTHX dKCIEPHMEHT X PEHTI€HOBCKOE M3-
JIlydeHre, KOTOpoe BTOPHI H 3bIB IOT MEPEeXONHBIM, HE UMEeT HUK KOTO OTHOIIe-
Hud K 3¢dexty [IH u cymecTByiomeil B H cTodiiee BpeMs TEOPHH PEHTTEHOBCKOTO
MEPEeXOIHOTO W3TyYCHUSI.

DTO CT HOBHUTCS JOCT TOYHO OYEBHIHBIM B PE3yJIbT T€ IP BUJIBHOIO OOBSIC-
HeHHsl MEKpocKonmdeckoro mex Hu3M [IM. OmH K0 3 moclenHue AecSTHIeTUS
MOSIBUJIOCh OTPOMHOE KOJMYECTBO MyONUK LU, K K TEOPETUYECKHX, T K M dKC-
MEPUMEHT JIBHBIX FCCIIEIOB HHUH, MOCBSIIEHHBIX 3TOMY SBJeHHIO. [loaToMy HEeob-
XOJIMMO C MO€ MOAPOOHOEe O0OCYXJIeHHE BOIPOC O BO3MOXHOCTH CYIIECTBOB HUS
PITN. Cnenyromuii p 31em OygeT MOCBSIIEH JeT JbHOMY OOCYXIESHHIO 3TOrO BbI-
MBIIIICHHOTO SBJICHHUS.

3. PEHTTEHOBCKOE IIEPEXOJHOE U3JIYYEHHUE

«Mex HU3M H3Ty4eHHS IIPU P BHOMEPHOM U NPSMOJIMHEHHOM JABUXEHHHM 3 -
psi » 1O CBOEH CYTH CBOOMTCS K yTBEPXKIECHHIO, YTO ABIIKYLIMHCS 3 PsiI M31yd €T
6e3 x kKoro-mnbo B3 mMmopeiictBud. B apcekre B BumoB —UepeHKOB , i1t 00bsIC-
HEHUsI KOTOPOro OOBIYHO HCIIONB3YETCS «MeX HHM3M H3JIydeHHs! IPU P BHOMEPHOM
U TPSIMOJIMHEHHOM IBMXEHHU 3 psiI », [0 MHEHUIO BTOPOB, M3JIy4eHHE C MO
«OTPBIB €TCSI» OT CIUIIKOM ObICTPO ABMXYIIerocsd 3 psn . B teopun MU Heko-
TOpBIE BTOPBI TOXE OOBSICHAIOT, K K M3Iy4eHHE «OTPBIB eTcsi». BoOT K K aTOT
nporecc omuc g @.I. b cc u B. M. fdkoBenko B 0630pH0it cT The [60]: «Ilpu
JBHXXEHUU 3 AN 4epe3 3JIeKTPUYECKH HEOMHOPOAHYIO Cpelly COOTHOLIEHHE MEXIY
¢ 30BOIi CKOPOCTBIO DIEKTPOM THHUTHBIX BOJIH B TOYKE, II€ H XOOUTCS 4 CTHII ,
U CKOPOCTBIO U CTHIBI HENPEpPhIBHO MEHAETCd. B pe3yssT Te a/l1eKTpoM THUTHOE
ToJse, CBA3 HHOE C U CTHIEH, K K ObI OTPBIB €TCSl OT Hee, BCIENCTBHE Yero mpo-
UCXOIOUT U3ITy4EeHUE».

Jpyrue BTOpBI, ONUCHIB 51 3(h(PeKT MepexoqHOro M3Iy4yeHHs, Bce XKe H -
MeK 10T, YTO JABMXKYIIUUCS 3 psii B3 UMOJEHCTBYET C Ip HULEH (CM. IIMT Ty H
c. 1132, [40]). BonpmHCTBO BTOPOB MHOTOYHUCTICHHBIX MyOJIHMK IHN 3 TPYOHS-
I0TCS OTBETHTh H BO3HHUK IOLIUE IPH 3TOM JAOCT TOYHO OYEBUIHBIE BOIIPOCHI:
«K 0B X p KTep B3 mMmozeicTBus 3 psia ¢ rp HuLei? Yto coboit mpeacT Biaser
Ip HUL TpU B3 UMOJEWCTBUU C HEHl IBUXYILIErocs 3 paAd B p 3JIUYHBIX CIEK-
TP JIBHBIX AU 1 30H X OT P JMOY CTOTHOIO IO I' MM -IH I 30H 7».

A Bot B.JI.Tun30ypr [2] x 1 mop 3UTETBHBIA OTBET H 3TH BOIMpOCH: «Bo-
obie, oyeBuaHO, H Jiorn addekroB B.Y. u [omiep , NepexomHoro u3inydeHus
U P CCesHMS] BO3MOXHBI I BOJTHOBBIX I10JIeH 110600 TUI , 3H YHT, C y4E€TOM
KB HTOBOI TEOPUM U U1 4 CTHL JIIOOOTO THIT C IPEBP LIEHUEM (U3JTydYeHHUEM) I10-
Jeil (4 crun) apyroro tun . IlpumepoM MOXET CIIyXUTb IEPEXOIHOE U3ITydeHHE
(poxzaeHne) aIeKTPOH-NO3UTPOHHBIX I P TPH MEPECeYeHNnH 3 psIoM K KOH-THoo
TP HUIBL, CK XEeM, Ip HUIBI TOMHOrO gap . KopoTko rosops, usnydeHue npu p B-
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HOMEPHOM JIBILKEHUU P 3JIUYHBIX UCTOYHHUKOB — 3TO YHHBEPC JIBHOE SIBJICHHE,
HE K K f-TO 9K30THK ».

Oro 3 aenenue B.JI. [ua30ypr o Mex HHU3Me SIEPHBIX MPOIECCOB (POXKICHUE
Il p, d0epHBlE pe KUHUU), NPOUCXONALINX, [0 €0 MHEHUIO, IIPpU P BHOMEPHOM U
MPAMOJIMHENHOM [BIKEHUH P 3/UYHBIX HCTOYHMKOB, T.€. B H PYIIEHHE 3 KOHOB
COXp HEHMsl DHEpPrHU U UMIYJIbC , BUAMMO, He TpebyeT KomMeHT pueB. K k 6buU10
MOK 3 HO BBILIE, «ME€X HM3M M3JIydeHHd IpU P BHOMEPHOM U IPIMOJIHHENHHOM
JIBUXEHUU 3 PIi » HEeNMpUMeHUM K onmc Huio 3¢pdext B sunos —Uepenkos u
yX TeM Oosiee ero Hesib3sl NMPUMEHSTh K OIUC HHIO SIIEPHBIX B3 MMOJEHCTBUIL.
IpuBenenH s Beimie UUT T U3 p 60Tbl B.JI. Tun30ypr [2] H DISAHO JIEMOHCTPH-
pYeT, K K KUM yTP T M B H YK€ MOXET IIPHUBECTH IPeHeOpeXUTeIbHOE OTHOLICHUE
K 3 KOHY COXp HEHMs ®HEpIuH, T.€. p 3pYIIEHHE «Kp €yroJbHOro K MHS BCEro
€CTECTBO3H HHS».

INepexons K oOcyxneHnio Bo3MoxXHOCTH cymiectBoB Hus PIIH, momuepkueMm,
YTO BTOPHI MHOTOYMCIICHHBIX IMYONMK LM, MOCBSIIEHHBIX TEOPETUIECKNUM U DKC-
HEPUMEHT JIbHBIM HccnenoB Husam PIIM, p cnipocTp HWiu 3TO gBjI€HUE 1 JIEKO 3
npejenbl 001 ctu cymecTBoB Husi [IH, yeMy HeM JI0 CIIOCOOCTBOB JI «MeX HHU3M
U3JIy4eHUs NP P BHOMEPHOM U NPSAMOJIMHEHHOM IBHMXEHUH 3 pan ». C mosunuu
pe JapHOro Mex HusM reHep nuu IIM OTBeTHI H TIOCT BIIEHHBIE BBILIE BOIPOCEHI
oueBHuHEL Ilepecek rommii rp HULY 3 psAX B3 MMOIEHCTBYET CO BCEMH TOM MU,
H XOJSIIUMHUCS BOJIU3M M B JIM OT €ro Tp eKTOpuH, HO uciyck T ITW Tonbko

TOMBI, 00Op 3yIOIllMe Ip HUIlYy p 31en  cpeid. (3mech Mbl He OOCYXI eM Cayd i,
KOIJI BBINOJIHSIETCS yeiioBue Bo30yxnenus VIBY.)

K k 6but0 Mok 3 Ho Beire, ITM reHepHpylOT TONBKO TOMBI, HMONSPHU30B H-
HBIE, HO HE MOHHM30B HHBIE ITOJIEM JIBHXKYLIerocs 3 pan . Kp iiHeill BBICOKOY CTOT-
HOW crieKTp JibHOM rp Huneid apdext ITU sBnsieTcs k-Kp i NOIVIONIEHUS TOMOB
cpenbl, B KOTOPOW JBHXKETCS 3 psd. DT TP HUL €CTECTBEHHbIM O0p 30M BO3-
HHUK €T IOTOMY, YTO H HPSXEHHOCTh IO, CO3 B €MOr0 IBIKYILUMCS 3 PSAIOM
BONM3H €ro TP eKTOPMM, BO3P CT €T K K T 2 , 4TO IIPUBOIMT K BBIOUB HMIO BCEX
BJIEKTPOHOB U3 TOMOB, H XOmAMUXCS H Oosee OMM3KUX P CCTOSHUSX K TP €K-
TOPHHU 3 PSN , T.€. K MOJHOMY P 3pYyLICHHIO 3THX TOMOB. BrpiOutsie mpu mon-
JIeTe Y CTUIBI K TP HMLE 3JIEKTPOHBI BBI3OBYT M3JIyu€HHE IPU B3 UMOJCHCTBUU
C JIPYTUMH TOM MH, HO 3TH BTOPHYHBIE IPOLIECCHI, OYEBUIIHO, 31ECh HE CIeayeT
P CCM TpUB Tb.

IepBuuH 5 3 psAXEHH S 4 CTUL , MPUOMMXK SCh K TP HMIE, MOXET B3 UMO-
JENUCTBOB Thb C «TOJIBIM» SIAPOM, OCT BLIMMCS IIOCJI€ INOJHOM WOHHU3 LM TOM .
ITpu aTOM OH OyzeT UCIYCK Th TOPMO3HOE H3JIyYeHHE, MOXKET BBI3B Thb SIEPHYIO
pe Kuuio, HO 11 Bo3Oyxnenus [T H cToib BBICOKMX 4 CTOT X HEOOXOIMMbIE
ycnoBud (CBA3 HHbBIE 3 Psbl) OTCYTCTBYIOT.

JIr060MBITHO OTMETHTh, YTO BTOPBI OCHOBOHOJ T fommeill p 6ot [39] p c-
cM TpuB Jin mponecc rerep mmu [IM K K cyry60 M KPOCKOIHMYECKYIO 3 I 9y —
ONTHYECKOE H3ITydeHHEe, BO3HUK IOllee NP NEepecedyeHruu 3 pSaaoM Ip HULBL P 3-
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Je7T  ABYX OJHOPOIHBIX CPEl C P 3MUYHBIMH ONTHYECKMMH I p MeTp Mu. Il xe
coycts 13 ner B HOOeneBckoi jekuuu [61] M. M. @p HK BHoOIHE Pe30HHO YTBEp-
X1 1: «[Ipu aTOM B ONTHYECKOH OOJ CTH CIEKTP , B KOTOPOH TONBKO U HMEET
MECTO IIEPEXOJHOE H3Ty4EHHE, OHO TOXIECTBEHHO C TEM M3JIy4EHHEM, KOTOpOe
co3/1 /i Obl BJIEKTPUYECKHUI 3 Psiji M JBUXYIIWICS H BCTpeuy eMy 3 psii IpOTH-
BOIIOJIOXHOTO 3H K (€ro »JeKTpuvyeckoe H300p XeHHe B MeT JUie), MTHOBEHHO
OCT H BJIMB IOIIHECd B TOYKE BCTPEUM».

U. M. ®p vK He 00BsicHWT, noueMy [IH momkHO OBITH Orp HUYEHO OITHYE-
CKOi1 001 CThIO CIIEKTpP , HO KOIL MOSBWINCH MyOnuk nuu o6 PIIN, oH He cT 1
BO3P X Tb IIPOTUB 3TOU WUAEHU.

Brepseie TN 6put0 p crpocTp HEHO B OOJI CTh PEHTIEHOBCKOIO M I' MM -
nanydenust B p 6ot x [62,63]. B H crosiuee Bpemsi yXe OINyOIUKOB Hbl COTHU
KYPH JIbHBIX CT T€id W HECKOIIBKO MOHOTp (hbuil, NOCBSIIIEHHBIX 3TOMY MCKYC-
CTBEHHO CO3Jl HHOMY SIBIIEHHIO.

B monorp ¢un M.T.T pubsu wu Sn Ilu [29] nox H 3B HueM «PeHTreHoB-
CKOE€ INEepexXOqHOe M3JIyYeHHe» ObUTH IOIBE/IEHbl UTOTH MHOTOJIETHUX TEOpeTHYe-
CKHX U 9KCHEpUMEHT JIbHBIX ucciienoB Huii PIIM. BoT K K BTOpBI 0GOCHOBBIB 10T
BO3MOXHOCTb IlepeHoc MeX Hu3M [IM B peHTreHOBCKYyI0 U T MM -CHEKTp JIbHBIE
o6n crtu: «[Ins ommc HUA mpouecc 0Op 30B HUSI MEPEXOJHOTO W3ITydeHHs Obl-
CTPOH 3 PSKEHHOH 4 cTuieid B MOpP(HBIX cpel X OyaeM HCIONb30B Th KII C-
CHYECKYI0 M KPOCKOIMYECKYIO DJIEKTPOIMH MUKY. B 00 cTu julMH BONH, H -
MHOTO MPEBBII IOIUX TOMHBIE P 3MEPBI, T.€. B ONTUYECKOH U P JHOBOIHOBOM
00J CTSIX, UCIIOJIb30B HHE KJI CCHMYECKOH M KPOCKOIMYECKOH 3JIEKTPOAUH MUKU
€CTECTBEHHO M IIp BOMEpHO. B 00i cTM Xe pEeHTIeHOBCKMX W Oosiee BBICOKHX
Y CTOT NP BOMEPHOCTb HMCIOJIb30B HUSl KJI CCHYECKOH M KPOCKOIHNYECKOH BIIEK-
TPOIOMH MHUKHU OOYCJIOBIIEH TeM, YTO I M3JIydeHUs BIepes 30H (OpMHUPOB HUS
(M. m. 1.5) gBnsgercs M Kpockornuyeckoi BenuuuHou. [Ipu »TOM eciu He p c-
CM TPMB Tb CIMIIKOM BBICOKHE Y CTOTBI, TO KB HTOBBbIE IIPOLIECCHI IPEBP LICHUS
M3Iy4eHUs] B Y CTULBI HE WIP 10T OOJBLION POSM, M BJIEKTPOM THUTHBIE MOJIS
MOXHO CYUT Tb KJI ccMYecKuMHU. Kpome Toro, u crui TepseT HUYTOXHYIO JOINIO
CBOEHU DHEPIUHM H IEPEXOJHOE U3IIyYeHUE, U MOITOMY JBHKEHUE U CTULBI MOXHO
T KX€ CYUT Tb KJI CCHYECKHMM U 3 ]I HHBIM».

Yro6sl p 300p ThCS B JIOTMKE BTOPOB NPHUBEISHHOIO BBIIIE 3 SIBJICHUS, OT-
Meuy, YTO OHHM yYBEPEHHO MOATBEPXKJ 0T HEBO3MOXHOCTb UCIOJB30B HUA KJI CCH-
YeCKOH M KPOCKONHMYECKOH 3JIeKTPOAMH MUKM B OOJI CTH PEHTTEHOBCKUX M 060-
Jiee BBICOKMX Y CTOT M OIp BABIB I0T 3TO H PYIIEHHE TOJIBKO H JIMYHEM 30HBI
¢popMuUpPOB HUS M3TyYeHHS M KPOCKOIMYECKOIro p 3Mep Y ABHUXKYLIETOCHd B cpejie
3 pan .

JLOA. O vny u E.M.JIudmun [64] yk 3bIB I H Orp HUYEHHE BO3MOX-
HOCTH HCTIONIB30B HUSA KJI CCHMYECKOH 3JIEKTPOIMH MHKH, KOTOpOe OOYCIOBIEHO
BIIUSIHUEM TOMHOW CTPYKTYpBI Cpelbl H IIPOLECC P CHPOCTP HEHUs BIIEKTPO-
M THHUTHBIX BOJH B cpene. B §72 mom H 3B HueM «Jlucmepcusi IUBIIEKT-
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pHYECKOIl IPOHMLl eMOCTH» OHH H IUC Ju ciexywouee: «IlepemeHHoe BO Bpe-
MEHHU BIIEKTPOM THUTHOE I0Jie HEOOXOOMMO SIBIISIETCS HEPEMEHHBIM T KXE W B
npoctp Herse. IIpu 4 cTOoTe w NMPOCTP HCTBEHH S MEPHOAMYHOCTH OIpenesseTcs
IUIMHOU BOJIHBI, HOPSJIOK BETMYUHBI KOTOPOH A ~ c¢/w. Ilpu x jpHefiimem yBe-
JIMYEHUH Y CTOTBl A CT HOBHUTCS B KOHLIE KOHIIOB CpP BHUMOW C TOMHBIMH P 3-
Mep MU a. B T KHX YCIOBHSX CT HOBHUTCS HEBO3MOXHBIM M KPOCKOIHMYECKOE
OIUC HHE TOJIS».

[IpumenuTenpHO K npouecc M renep uuu UBY wnu IIHM cnektp sbHOE Orp -
HUYeHHe, chopMynupoB HHOe Bbime [64], mpenct Biasgercd OCOMIOTHO 0OOCHO-
B HHbIM. [leiicTBuTeNnbHO, yp BHeHUss M KcBesun (21)—(24) onuchiB 10T 2I€KTPO-
M THUTHBIE IIOJIS, CO3[ B €Mble BJIEKTPOHOM, IBIKYIIUMCS B OJHOPOIHOU cpene,
T.€. IIPU YCJIOBUM, YTO JUITMH BOJIHBI H MHOTO MPEBBIII €T P CCTOSHHE MEXIY

ToM MH. Ecii ke A CT HOBHUTCS MEHbBIIE 1M METP TOM , KOTOPBIH COCTOHUT W3
3 PAZIOB, BEJIMYMH M CKOPOCTh KOTOPBIX CP BHUM C TEMH XK€ X P KTEPUCTHK MH
BHELIHErO 3 psijl , 11 KOTOporo ObUTM H nHC Hbl yp BHeHus (21)—(24), u xoro-
pble IBUXYTCS 110 OPOUT M C I METPOM, CP BHUMBIM WM HPEBBILI IOIIUM JTUHY
BOJIHBI, TO Yp BHeHU (21)—(24), oueBUIHO, HE MOTYT OMUCHIB Th DIEKTPOM THUT-
HBIE TIOJIT H T KUX 49 CTOT X.

IMpusenenH ¢ Bbime uut T u3 MoHorp ¢uu M.I.T pubsu u Sn u [29]
MOK 3bIB €T, YTO BTOPBI MBIT I0TCS YOSIUTh YUT TeJiei B TOM, YTO M KPOCKOIIH-
yeckuil p 3mep 30HbI opmupoB Husi PITM Kk xuM-To 00Op 30M Jen eT cpexy Jo-
CT TOYHO OJHOPOJHOM B PEHTTEHOBCKOM AU I 30He. Kpome TOro, oHM H MepeHsl
UCTIONIb30B Th M KPOCKOIIMYECKHE yp BHEHHsS M KCBET IS ONKC HHUS DIIEKTPO-
M THUTHBIX HOJIEH TOJMBKO B mpepen X 30Hbl (popmupos Hug PITH, mockoneky 3
ee npejena MU, K K OHM C MU IIPU3H 10T, M KPOCKONUYECKOEe OMHUC HHUE IMOoJs He-
BO3MOXHO. Bcsl T pryMeHT LS BBIIVISIUT COBEPLIEHHO HEYOEAUTENbHO, C MO
MOHSATHE «30H (POPMHPOB HUS» B I HHOM CIIyd € TpeOyeT T KXKe AeT JIbHOro 00-
CYXIEHUS.

[MonsTe «30H OPMUPOB HUSI», WU «KOTEPEHTH s JUIMH », OBUIO BBEIEHO
JUIS IPOLIeCC MCITYCK HHS M3JTy4eHUS! HEelOCPEICTBEHHO JBIXYIIHUMCS 3 PSIOM B
pe3yapT Te M3MEHEHUs ero sHepru. B mpoliecce TOPMO3HOTO U3Ny4eHHUs Kore-
PEeHTH $ IIMH OITUCHIB eTcd hopmyroit [65]

Leon & 2E1 By Jum?c3, (41)

rme By u Fy — sHeprus 4 CTHUIIBI OO M TOCNe W3IY4eHHs; w — 4 CTOT U3JIy4eH-
HOro (QOTOH ; M — M CC H3ITyY IOIIE U CTHUIIBI.

®opmyn  (41) onuchIB €T BO3MOXHOCTh KOT€PEHTHOTO CJIOXEHHs BOJIH, HC-
MYCK €MBbIX JABUXYILIEUCS U CTHIIEH, C YUETOM IOTEPU DHEPTUH B PE3YNIbT Te U3ILY-
YeHHs.

I mporeccoB, KOTOpPbIe BTOPHI IBIT JIUCH OIUCHIB Th C IOMOIIBIO «Me-
X HU3M U3JIy4eHHUsS MPU P BHOMEPHOM U TPSMOJIMHEMHOM JABUXEHUU 3 PSII »,
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MOHSATHIO «KOTE€PEHTH S JUIMH » OHM HpUJ JIM WHON cMbicia. KorepeHTH s miuH
B ®THX CIIyd SIX CT J ONpeneiarscs K K IIMH IYTH, H KOTOPOM ABHXKYII fcCsl C
MOCTOSIHHON CKOPOCTBIO 3 PSIKEHH $1 4 CTHUI[ OTCT €T OT MCIYCK €MOTO €l H3Iy-
YeHUS H MOJIOBUHY IUTUHBI BOJTHBL. COOTBETCTBEHHO, BMecTO (hopMyithl (41) ObuT
MPEIOXKEH cieaytom s hopMysl JUId JUIMHBI 30HBI (hOpMUPOB HUA [66]:

_ 2mv
|w— E2(v/e)wcosd)|

Brruncnenns no ¢opmyse (42) MoK 3bIB 10T, YTO IHH KOTEPEHTHOCTHU JUTS
PESTUBUCTCKUX 4 CTHLl MOXET JOCTHI Th M KPOCKOIHYECKHMX P 3MepoB (C HTH-
METpPOB U 1 e MeTpoB). Eciil 31 4eHue JUTMHBI KOTePEHTHOCTH MPEBBILI €T JUIUHY
npober 4 CTUIBI B Cpeie, TO COBEPIIEHHO SCHO, 4yTo ¢opmyn (42) HUK K He
CBI3 H C P& JIbHBIMH IIPOLIECC MU, IPOMCXONSALIMMU IIPU JBHKEHUU 3 PSKEHHOU
Y CTHULBI B CPElE, U I K€ YTP YUB €T BIOXKEHHbII B Hee (QPU3UUECKUI CMBICH, MO-
CKOJIBKY B T KOM CJIyd € W3IIydeHHUe He «OTPBIB €TCS» JI Xe OT OCT HOBHBIIEHCS
9 CTHIIBL.

JI1060nbITHO, YTO JUIs YIUT , 101 KoTophiM H Omion ercs UBY, 30n  copmu-
poB Hus (42) BO3p CT eT 10 6ECKOHEYHOCTH, TOTOMY, K K CIIEyeT U3 ee oIpeze-
nennsi, UBY BooO1ie He «OTpBIB €TCs» OT ABMXKYIIEHCS U CTHIBL, T.€. N3ITydeHHe
B 9TOM H IIp BIIEHUM HE MOXET IIPOUCXOAUTb. ABTOPbl MHOTOYMCIIEHHBIX IIy-
OJMK LMW, UCIONB3YIOIIME NOHATHE 30HBI (POPMHUPOB HUSI B COOTBETCTBHU C (42),
HE 3 METWJIH ®TH INPOTHUBOPEYUs, 3 JIOXKEHHbIE MU B C MOM OIpEJeIeHUN 30HBI
tpopMupoB Hus.

ITposenenHoe 31ech 0OCyXAeHNE AIMHBI 30HBI (DOPMUPOB HHSI, OIMCHIB EMOM
thopmyioii (42), eme p 3 yK 3bIB €T H OIIMOOYHOCTD «MEX HU3M H3JIy4EeHUs MU
P BHOMEPHOM U TNPSIMOJIMHEHHOM JBIKEHUH 3 PN ».

Beiiie or™ed JIock, 4TO  BTOPBI HEKOTOPBIX 1yOauk numit 06 UBY u TN Bce
K€ OITUCHIB JIM NOTEPH 3HEPIMU K K BTOPHYHBIH 3(pheKT B 3TUX IpoLecc X U
YK 3BIB JIM, YTO IOTEPU H H3IIy4€HHE COCT BIAIOT M JIYI0 4 CTh OT HEPIHU JBH-
Kymieiicsd 4 ctuupl. @opmyn  (42) He MOXET ONHUCHIB Th JUIMHY KOI'€PEHTHOCTH,
MOCKOJIBKY OH HE YYUTBIB €T HU P OU LUOHHBIE, HM WOHU3 LIMOHHBIE IOTEPU
DHEPrUH, KpPOME TOro, OH NPUHIMIIM JIBHO HENPUMEHMM K IIPOLIECC M re-
Hep uuu IIM u MBY, nockosbKy B 9THUX IPOLECC X MU3JIydeHHE HUCILYyCK €T He
JOBUXYIL gCA 4 CTHL , [MOJSIPU30B HHBIE TOMBI CPEIBl U U3IyYEHUE HU OT YEro
HE «OTPBIB €TCS».

Koneuno, Henb3st Bo3p 3uTh BTOp M KHHMTW [29] ML.T.T pubsny u An Iln,
KOTOpble HEOIHOKP THO mnoBropsiu, yto [N u MUBY 4gBndiorcd «KOIeKTUBHBIM
U3JTy4eHUEeM 2JIeKTPOHOB Cpelibl, MHUIIMMPOB HHBIM BHELIHMM 3 pagoM». K K cie-
JYeT U3 P CUET B P MK X M KPOCKOIIHMYECKOH 21eKTpoaud Muxu, ITH ucnyck 1ot
TOJIBKO TIOJIIPM30B HHBIE TOMBI, H XOAdILIMecd H Tp HULE p 31en cpen. Hep -
BEHCTBO HOPM JIbHBIX KOMIIOHEHT IIOJIS, CO3[ B €MOrO IIepeceK IolIell Ip HHULY
9 CTHLEH, SBISeTCd NPUUYMHON H3Ty4eHHUS, YTO OTP XEHO B H 3B HUM 3(PDEKT .

Ly (42)
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IMockosbKy BHeImHUE 3 psn Bo30yxn er T Tonbko B TOM X, H XOISINUXCSA B
MPUIIOBEPXHOCTHOM CJIOE, TO B T KOM CIIlyd € O M KPOCKOIIMYECKHX P 3Mep X
30Hb! popmupoB Hus I1M BooOIe roBOpUTH HE MPUXOAUTCA. BeccMBICTIEHHOCTD
ke opMynbl (42) npencT BASETCS AOCT TOYHO OYEBUIHOM IPU BBIIOJIHEHUH BJ1e-
MEHT PHOTO H JIM3 3TOTO BBIP XKEHUS.

OcT eTcs TOJIBKO COIJI CUThCSl C MHEHHEM BTOPOB KHUTHU [29] 0 TOM, UTO Ayt
OIUC HUA Npolecc 00p 30B HUS NEPEXOAHOIO U3JyueHHUs! OBICTPOil 3 PsSXKEHHOI
Y CTULEH HCIOJIb30B HHE KII CCHYECKOH M KPOCKOIUYECKOH BJIEKTPOAUH MUKU
HEBO3MOXHO B 00J1 CTH PEHTICHOBCKHMX M Oojiee BBICOKMX 4 CTOT. EnnHCTBEHHBIN

PTYMEHT, BBIIBUHYTHI BTOp MM KHUrH [29] mis 06OCHOB HMSI T KOil BO3MOX-
HOCTH, OK 3 JICS NPHUHLMUIHM JIbHO OmKOOYHbIM. [loyemy uut Tenu kuuru [29] u
BTOpbl MHOXeCTB myOiuk it H Temy PIIM comn cuimch ¢ T KuM oObsicHe-
HUEM BO3MOXHOCTH HUCIIONIb30B HUS KJI CCHYECKOH M KPOCKOIIMYECKOU 3JIEKTPO-
JUH MHKH, OCT €Tcd 3 T JOKOI.

Astopsl, npuaym Bimue PITHM, oObrdHO (hOpM JIBHO HCHONB3YIOT JUIS OIHUC -
HUS CHEKTp JIbHOW 3 BUCHMOCTH IU3JIEKTPUYECKON MPOHMLl eMOCTU cpefbl op-
MyJy (2) ¥ IIBIT I0TCS P CHPOCTP HUTh P CUETHI AUBIIEKTPHUUECKOM IIPOHUL] EMOCTH
3 Tpenes, onpeneseMblii 4 CTOTOH BHYTpeHHeH OOOJOYKHM TOMOB, YTO HPOTH-
BOPEUHT (PU3NYECKOMY CMBICITy IpOLieCC MOJISIPU3 IIMHU Cpelpl ABUXYILEHcs B Hell
3 PAXEHHOW 4 CTHILEH.

@opmyn  (12) mox 3bIB €T KB Ip THYHBII POCT H NPSXKEHHOCTH IO, CO-
31 B €MOrO JBIXKYLIMMCS 3 PsiIOM, [0 Mepe NpUOIMXKEeHHs K ero Tp eKTOPHUH.
IIpudyem 3H 4yeHue p AMyC , IPU KOTOPOM H MPSDKEHHOCTh MOJS JBUXKYILErocs
3 psgd OK 3bIB €TCA JOCT TOYHOW JUIS MOJHOM MOHM3 LIMM TOMOB CpEbl, BO3p -
CT T JUISl PEeIATUBUCTCKMX Y CTHII, T.€. BOJIU3M TP €KTOPUM Y CTHILI 3JIEKTPOHEI
orcyrctByIoT 1 N = 0 B hopmyiie (2) ¢  6CONMOTHON TOYHOCTBIO. CIIeI0B TENbHO,
JUBJIEKTPUYECK S MPOHUI] eMOCTh (CM. hopmyiy (2)), BETHYHUHY KOTOPOH MOXHO
UCTONB30B Th I p cueToB [IM, p BH eauHHMIIE H BCeX Y CTOT X, IPEBBI 0-
HOIMX M KCHUM JIbHYIO 4 CTOTY TOMHBIX OCLHUISTOPOB Wg.

C Touku 3peHus pe JIbHOro MUKpockonuueckoro mex HusM [IH cosepmenHo
SICHO, YTO TNpHUOMIIK IOIIMICS M3 B KyyM K Cpeie 3 psig He MOXET Iepex Tb
OJM3KO JIeXK LIMM TOM M DHEPIHUIO, IPEBbIII IOUIYI0 DHEPIUI0 WOHHM3 LU BHY-
TpeHHeH OOOJIOYKH TOM , Te, B CBOIO Ouepelb, HE CMOIYT €€ WU3JIy4dTh B BUIE
ITH, motoMy 4To OyIyT MOTHOCTBIO P 3PYLIEHB! BJIEKTPUYECKUM I10JIEM ABIIKYIIE-
rocd 3 psp : TOMHBIE 9JIEKTPOHBI IOJIETAT B OfHY CTOPOHY, $ApPO — B IIPO-
THBOIIOJIOXKHYI0. Bce aTH BrOpr4HBIE 4 CTHUIBI OyAyT MCHYCK Th TOPMO3HOE W3-
JIydeHHe, T KXKe BBI30BYT X P KTEPHCTHYECKOE H3/ydeHHE HMOHH30B HHBIX UMHU

TOMOB Cpejibl, T.€. OyneT H Omon Thes K CK JI M3JIydeHuil. B aToM x ck ne Mo-
Xer npucyrctBoB Tb 1 UBY, B030yXI€HHOE BTOPUYHBIMU U CTHILl MH, HO TOJIBKO B
Orp HUYEHHOM CIEKTp JIbHOM IM 1 30He. B K ck ne Oyzer H Oimiox Thes U Ooree
KECTKOE M3Ty4eHHE, BbI3B HHOE IIEPBUYHON 4 CTHLEH B IIPOLIECCE B3 UMOIEHCTBHSA
¢ g9ap MU (TOPMO3HOE U3Iy4eHHe, SIepHBIE pe KIHH).
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IMpouecchl BO30yXaeHHUsS X P KTEPUCTUYECKOTO PEHTTEHOBCKOIO HM3JITy4eHHs,
YHOPYTOro p CCesiHUSI OBUXKYIIUXCS 3 PANOB B Cpelie M BHIOMB HUS SiIEp OTH UM
B H CTOflIee BpeMs XOPOLIO M3y4eHbl M H IIIM HIMPOKOE IPUMEHEHHE, H IpH-
MEp, B H JINTUHYECKUX METONMK X X P KTEPUCTUYECKOIO PEHTTEHOBCKOIrO U3IIy-
yeHus [67], pesepopaoBckoro o6p THOro p ccestHus [68] u smep ot uu [69].

Beiire 6bU10 1MOK 3 HO, YTO M KPOCKOIHMYECK 51 TEOPHs COBEPIIEHHO HENpH-
MEHUM K ONKC HHUIO T KOTO poJ B3 HUMOJEWUCTBUI MO MX (PU3NUECKOMY CMBICIY.
INosToMy ¢hopM JIBHOE HCIOIB30B HHE IOK 3 TeJs IMPEIOMIIEHHS Ul P CYETOB
I B p MK X «Me€X HM3M W3JIydeHHs P P BHOMEPHOM M NPSIMOJIMHEHHOM JIBH-
KEHUHU 3 P9 » H 4 CTOT X X P KTEpUCTUYECKOr0 PEHTIEHOBCKOIO M3IydeHUs (U
Goliee BHICOKHMX) SIBIISIETCSl TPYOOIT OLIMOKOIA.

[TpoBenenHoe BbillIe JET JIbHOE 00CYXJIEHHE T KOro CTp HHOTO SBJIEHHS, K K
PITH, mo3BosisieT caenn Th BrioiaHe 06ocHoB HHBIA BeiBOA: IIM, T x ke K K u MUBY,
B PEHTICHOBCKOM (H 4 CTOT X BbIIIE Kk-Kp 1 MOIIOMIEHHS) U T MM -AW I 30H X
B IIPUPOJE HE CYIIECTBYET.

YuT Telb MOXET BO3p 3UTh, YTO 3 IOCIEIHME JECATWIeTHs! ObUIo OmnyOIu-
KOB HO 0OJIbLIOE KOJIMYECTBO B TOM YHUCJIE M DKCIIEPUMEHT JIbHBIX p 00T, B KO-
TOpPBIX BTOPHI coobn i 0 H Omonennu [ u UBY B peHTIeHOBCKOM U T' MM -
v 1 30H X. Ilockonbky pe spHbI Mex HU3M [IM npuHOMNM JIBHO HCKIIOY €T
BO3MOXHOCTh T KHX 3(p()eKTOB, TO 3TO MO3BOJIAET H 3B Th BCE BKCIIEPUMEHT JIb-
Hble pe3yabT Thl uccienoB Husi PIIU ommGounbiMu. HekoTopble aKCIepUMEHTSI,
OLIMOOYHOCTh KOTOPBIX JIOCT TOYHO OYEBHMAH , Mbl 0OCyauM HuXe. B apyrux ciy-
4 X MOXHO ObUTO GBI BBIIIOJHUTH KOHTPOJIbHbIE U3MEPEHHUSI, €CIIH BTO ellle MOXEeT
HPEACT BIATH K KOU-TO UHTEpEC.

Okcmepument [70] Bropsl 0630poB mo PIIM 06bryHO mpenct BIAIOT, K K
¢ Moe ybenurenbHOE JOK 3 TEIbCTBO UccienoB Hus X p Krepuctuk PIIM. Her
COMHEHMH, YTO PEHTIeHOBCKOe M3iTydeHue BTopbl [70] H Oion jiM, TMOCKOJbKY
B OKCHEPUMEHTE My4OK PENIITUBUCTCKUX 3JIEKTPOHOB MPOXOIWI Yepe3 CTONKY U3
1000 moNMUaTHIICHOBBIX (DOJIBI, 3 TEM IOM A JI B CHEKTPOMETp JUTHHOU 6 M, 3 -
NOJIHEHHBIN renueM. Ilydyok aimekTpoHOB (puc.S5), Mpoiid p CCTOSHUE MOPSAK
1 M B renuu, OTKJIOHSUICSI M THHUTOM, 4TOOBI HCKIIIOYMTh OOMO PIOMPOBKY JIeTEK-
top PIIN.

ABTOpBI TIBIT JIUCh YYECTh TOPMO3HOE H3JIyYeHHE, BBI3BIB €MOE ITy4KOM pe-
JIATUBUCTCKUX BJIEKTPOHOB B CTONKE (PONBI, 3 MEHSAS MHOTOCIONHBIA HCTOYHUK
PIIN mnwHO# okomo 1,5 M 3KBUB JICHTHBIM 110 M CCE€ OXHOPOAHBIM OOp 3IIOM.
TonumH opHOpogHOTO OOp 311 cocT BT 16 MM, [UIMH IIyTH 4 CTHI] B Te-
JIUM OCT B J1 Cb IpexHed. ABTOpPBHI HE YK 3bIB 10T, Ky OHH IOMEL] JIH ONHO-
pOnHBIA 00p 3el, HO, Cyis IO MOJTYYEHHBIM Pe3ylbT T M, OH BCErll H XOJMJICS
B TIO3ULIMK, COOTBETCTBYIOLIECH H Y JIy MEPUOAMYECKOM CTPYKTyphl. Ecim Obl B
thoHOBOM BKCIIEpUMEHTE OTHOPOIHBIH OOp 3l p CIOJ T JICS B KOHLE MEpHOOH-
YECKOW CTPYKTYpBbI, TO MOXHO IPEIOIOXKUTb, YTO B 3TUX KCIEPUMEHT X H -
6511071 JIoCh OBl IPOTUBOIIONIOKHOE COOTHOLIEHUE (POH—B(PEKT 3 CUeT yBellnue-
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Puc. 5. Cxem oaxcnepument [70]: P — muorocnoitn s ctpyktyp (1000 cioeB monustu-
JIeH ); S — CUMHTWUISLMOHHBIE JIeTeKTOpbl; M — M THUT; A — JETeKTOp HTHCOBII Je-
Huit; K — xommum top; AP — mudp KunoHHsli kpuct ju1; [IC — nponopuuoH JbHbII
cueT4ynk; Pb — cBUHIIOB 4 3 muT

HUS TEJIECHOTO YT JieTeKTop . M3mydeHue, BbI3B HHOE B OJHOPOAZHOM 0Op 3Ie,
KOTOpPO€ BTOPHI H 3bIB I0T (DOHOBBIM, T KOBBIM HE SBJISETCS, NOCKONIBKY pels-
TUBUCTCKHE Y CTHUIIBI B OOOMX CJIyd $X BBI3BIB IOT K CK [ P 3JMYHBIX ITPOLIECCOB
W3IIy4eHUs], X P KTEPUCTUKH KOTOPBIX 3 BHUCSAT OT P 3MEPOB M CTPYKTYpbI OOJIYyY -
eMoro obp 31 .

H wubonpmmii BKJI 1 B M3MEPEHHBIH pe3ylpT T B o0oux ciyd sx (acdekr,
thoH) BHOCHIIO TOPMO3HOE H3ITydeHHE, TOCKOIBKY U3MEPEHHUS TIPOBOAMIIICH CTPOTO
nog yriiom 0° ¢ tounocteio 0,02°.

JInd pendaTuBHCTCKON CKOPOCTH 4 CTHLBI, BBUIET IOIIEH W3 cpenpl, opmy-
1 (40), onmceiB fomy g [T, mpeobp 3yercsd K BULY

PW 2% Ve — 1)
dwd® m2c (1_ﬂ2_92)2|1_[3\/g_92|2'
K k Bunum, I umeer M KCUMyM NOJ M JIBIM YIJIOM

0 ~+\/1— 3. (44)

A BoT mpu 6 = 0 u3IyYeHHe MOJHOCTHIO MCYe3 T H BCeX Y CTOT X, B TO
BpeMd K K B yITIOBOM P CHPEIEIIEHUH TOPMO3HOIO M3JIy4eHHd M KCUMYM H XO-
IuTcd MMEHHO mog ymioM 6 = 0. DTu 0coOEHHOCTH IBYX BMJIOB M3ITy4EHHH,
BO30YXKI €MBIX JBIKYLICHCS B Cpele 3 PSKEHHOW 4 CTHULEH, OOYCIIOBJIEHBI P 3-
JIMYHBIM X P KTEpPOM B3 HUMOJEWCTBUI B ®THX IpoLecC X. ATOMBI, HCIYCK IOIIHe
ITH, nonsapu3syoTcd HOPM JIBHOU KOMIIOHEHTOH IOJIS ABUXKYILErOcs 3 psift , TOp-
MO3HOE U3JIydeHHE Y CTHI BO30yXJI eT IPOJOJIbHOI KOMIIOHEHTOH COOCTBEHHOIO
nons. CreoB TeNpHO, CIIEKTP TOPMO3HOTO M3MyYeHWS M ObLT MCCIENoB H B P -
6ore [70].

(43)
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Kpome TopMo3HOro mzinydenus BTOpbl p 60Thl [70] 3 perucTpupoB Jiu 1 X -
P KTEpUCTHYECKOE PEHTTEHOBCKOE M3IyYeHHE, BEPOITHO, OT BO3OYXIEHHBIX TO-
MOB LHMHK , HO TOJBKO H OJHOM MHOTocioiHoMm p gu Tope. H puc.6 B p -
6ote [70] Mok 3 H crexTp ¢ NMUKOM Ipu 3Hepruu 9,1 keB, mmpuH KoTOpOrO
onpenenseTcs dHepreTH4ecKuM p 3pemieHueM aetektop . Ilpu sHeprum 18 xaB
H OJIog eTcs, BUIMMO, T KXe IUK CJIyd HHBIX COBI AeHHMH. ABTOPBI H CT UB IOT
H TOM, YyTO NuK npu sHepruu 9,1 k3B coorserctByer PIIM, HO H puc.6 He
Cp BHUB IOT €r0 C p CUETHbIMH crieKTp Mu PIIH.

H puc.7 [70] BTOpHI IPUBOIAT CIIEKTP U3IYYEHUS, I3MEPEHHBI H  H JIO-
ruuHoM 1000-cnoitnom p au tope PIIHM, HO 6e3 K koro-nmubo H MeK H H OIio-
I BUIMiicS p Hee NMK npu sHepruu 9,1 xeB. Eciu H puc.6 BTOpPHI HOK 3 JIH
ocTpblil UK U oT™MeTwn orcyrcTBue PITH npu G1M3KMX K 3TOMY ITUKY DHEPrHsiX,
TO H pHUC.7 OHU AEMOHCTPHPYIOT IUT BHOe m3MeHeHHe Bbixon PIIM Gombmioit
MHTEHCUBHOCTH B IU 1 30He sHepruil 4-30 kaB or T xoro xe p au top . Hu
B P CUETHOM CIIEKTpPE, HH B OKCIIEPHUMEHT JILHOM IUKHU Ipu sHepruu 9,1 koB
H puc.7 He noK 3 Hel. OCT ercd NpednoyioXUTh, YTO MPUMECh LUHK B 3TOH
MHOTOCJIOWHO# CTpyKType oTcyTcTBOB J1 1 XPU He H Gmion joCh.

Bo BrOpoM B pu HTE€ 9KCIIEPHMEHTOB JETEKTOP MOMEI JICS H IyYKe 4 CTHII
P 37TMYHOM ®HEPrHU M M cChl. ABTOpPBI oOecriednsii 0TOOp M3IydeHUs, BBI3BIB e-
MOTO TOJIBKO JIEKTPOH MU JI XK€ B T€X YCIIOBHAX, KOIJ BIIEKTPOHBI COCT BIIIH
Bcero 1 % ot Bcex 4 CTHIl. DTH Y CTULBI (TMOHBI, TPOTOHBI, K OHBI, DJIEKTPOHBI)
MIPOXOIWIN Yepe3 YePEeHKOBCKUIl CUETUHK, OB IUT CTMYECKUX CLUHIMWUIATOP C
LEHTP JIbHBIM OTBEPCTHEM, P AU TOP U C M JIETEKTOp, KOTOPBIil OTOMP J1 M3 BCEro
atoro Toneko PITH, Bo30yXIeHHOE TONBKO ®IEKTPOH MM M TOJIBKO B P JU TOpE.
Bosee cnoxHbIi 3KCIIEPUMEHT Ul JOK 3 TelbcTB cywecTBoB Hus PIIH, H Bep-
HOE, TPYAHO MPUIYM Tb, IO3TOMY CHEKTpPbI, U3MEPEHHbIE C MHOTOCIIOIHBIM U M C-
CHBHBIM P AU TOp MH, 60MO pAMpPYEMbIMHU IIUPOKHM H GOpPOM p 3JIMYHBIX peJisi-
TUBUCTCKMX 4 CTHL, 0053 TEIbHO JOJIKHBI OTJIMY ThCS. DTO P 3JIMUUE BTOPHI U
oTtHOcAT H cuer PITH.

B p 6ote [71], Kk K yTBepXO 0T BTOpPHI, ObUI0 Hccienos Ho PIIH, Bo3Oyxn -
€MO€ PEIATUBHUCTCKUMH IO3UTPOH MU B CTONKe u3 231 JIoMUHHMEBOW (DOJIBIH.
ITocne mpoxoxaeHus p IU TOp IIy4OK OTKJIOHSUICS M THHUTOM,  CIHEKTp H3Me-
PSUICS KPEeMHHI-JIUTUEBBIM AE€TEKTOPOM. ABTOpBI p 60ThI [71] n3Mepsiu yrioBble
p crpeneneHus W3MydeHus, BO30YXI €MOro MO3WTPOH MU P 3JIMYHBIX SHEPIHUil.
M KcHMyM Bcex yIJIOBBIX P CHIPEAeNeHUH H XOOUTCs 1Mof yriioM 0° OTHOCHTEIBbHO
TP €KTOPHU Y CTHLBI, T.€. BTOPBI U3MEPSIIH YIJIOBBIE P CIIPEAETIEHUS TOPMO3HOTO
u3nydeHus. MamepeHHble yIJIoBble p cripenesieHus [71] He copepX T A ke H MeK
H BK1 A [IH, K K U clefoB 10 OXUJ Th, IOCKOIBKY H YK 3 HHBIX 4 CTOT X,
TeMm Gonee nox yriiom 0°, TIM mpocTo He cyIiecTByer.

ABTOpBI MOAYEPKHUB 0T, YTO U3MEPSIN (DOH H M CCHBHOM 00Op 3I1€, HO TOJIy-
YEeHHbIE B 3TOM CJIy4 € YIJIOBBIE P CIIpesiesieHnsl B p 60Te He npuBeeHsl. [| HHbIHA
9KCIIEPUMEHT BIIOJIHE YOSAUTENbHO OIPOBEPr €T M pe3yabT Thl p 60Thl [70], e
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BTOPBI TOXE MBIT JiUCh H Omiox T [T nox yrom 0°, HO He YIOCYXHIMCH U3Me-
PUTD YIJIOBBIE P CIIPENENICHHS.

B p Gore [72] BTOpHI yTBEpXI 0T, YTO U3MEPUTH T KXKE MOHOXPOM THYE-
ckyto aunuio UBY, Ho npu sHepruu 284 3B, omiuu woieiics ot sHepruu XPU
(277 »B) Bcero H 7 3B, ¢ MOMOIIBIO CEKTPOMETD , P 3pellieHHe KOTOPOro OHU
olieHuB JM BenuduHON 50 aB. ABTOpHI OTMEY 10T, YTO B UX DKCIEPUMEHT JIbHOM
YCT HOBKE IOJIOXKEHHE TOYKH M3TydeHHs H 0O0p 31ie MOIVIO M3MEHSIThCS B Ipejie-
1 x 20 MM 3 CUeT CMeIeHus My4K , I METp KOTOPOro cocT BT 5 MM. JIroGoi
9KCIIEPUMEHT TOP yXe 10 3TUM YUCII M B COCTOSIHUU JOCTOMHO OLICHUTb 9KCIIEPH-
MEHT JIbHOe MCKyccTBO BTOpoB. OHM H Omion jiu UBY B yriepomHoM p U Tope
W He H OJII0f JIM M3ITyY4eHUs B MOJIMATUIICHOBOM C IIOMOLIbIO MOHOXPOM TOp , H -
xogguieroca nox yrmoM 8,42 - 1072 p 1 N0 OTHOIIEHHIO K MyYKy 97eKTPOHOB, KO-
TOPBIH HepeMel] Jics 10 MOBEPXHOCTH 00p 31l B IMMPOKHX npexen X. IIpu atom

BTOPBI OTMEY 0T, 9YTO 3(PeKT cocT BILT 5—7 % OT ypoBHA (OH , TOCKOIBKY
KOHLEHTP LU YIIEPOH B NOIMSTHICHOBOMU IUIEHKE B TPH P 3 MEHBIIIE, YEM B UH-
CTOM yriepone, To Beixon XPH B 3TOM cityy e He npeBslil J1 2 % OT ypoBHS (hOH .
W3 TeKcT CT ThbU T KX€ HEBO3MOXHO IOHATh, MCHYCK €T JIU 00 KB HT IIOYTH
onuH kosoii sHepruu (XPU nu UBY) opuH U TOT e MIOHU30B HHBI TOM YIJIEPOJ
WU P 3MUYHbIE TOMBI C MM BBIOMD IOT MPEANIOYTUTEIBHBINA MEX HHU3M M3TydeHHs.

ABTOpBI p 3THYHBIX MyONMuK nuil yrBepxkn 10T, uro PIIN yxe H mwio mpume-
HEHHME JUI PerUCTp LMK Y CTHIL CBepXBBICOKHUX aHepruit 50-250 I'3B, nmomyd embix
H COBpEMEHHBIX yckopuTesax [73-75]. Bce aTu sKCHepUMEHTHI JEMOHCTPUPYIOT
Pe3yJabT Tl MU3MEPEHUs] PEHTIEHOBCKOIO U3Iy4eHHUs, KOTOPOE BTOPBI IPHUIMCHI-
B 10T PIIM, ucryck eMoMy p BHOMEPHO OBHXKYLIUMCS 3 PANOM, U KOTOPOE HUK K
HE CBS3 HO C pe JIbHBIM MeX HuU3MOM Bo30Oyxmenus IIHM, ero mpomcxoxpeHue
JIETKO MOXET ObITh OOBSICHEHO JAPYTHMH IMPOIECC MH.

C y4eToM TOMHOIO CTPOEHHS TBEPHOIo Tejl pe JIbHBII MeX HHU3M IeHep -
uuu [T cBunerenbcTByeT O TOM, YTO B BHICOKODHEPreTHYECKOH 00 CTH CIIEKTp
nanydeHus HUK koro PIIM He cymecTByeT, pelTUBHCTCKUE Y CTHLBI CO3I IOT
K CK Jbl TOPMO3HOTO H3JIy4eHHS, CBOICTB KOTOPOIrO 3 BHCAT OT M TEpPU 1 U
P 3MEpOB p O TOPOB, Yepe3 KOTOPble 3TH 4 cTulbl mponer oT. I[logsond uror
9KCIIEPUMEHT JIbHBIM ucciienoB HuAM PIIM, MOXHO cK 3 Tb, YTO IIPUBE/ICHHBIE
BBILLIE DKCIIEPUMEHT JIbHbIE PE3yJIbT Thl HE MOTYT IOATBepaUTh H Omtopenue PITH,
KOTOpOE B MPUpPOJE BOOOIE HE CYLIECTBYET.

Kp TKO cymMMHpyeM OCHOBHBIE PryMEHTBI, OIIPOBEPT OIIUE BO3MOXHOCTD CYy-
niectBoB HUA IIM B pEHTIEHOBCKOM U ' MM -1 II 30H X.

1. Kit ccnyeck s M KPOCKOIMYECK s BJIEKTPOAUH MHMK MOXKET OBbITh UCIIOJIb-
30B H g onuc Hus ITH TompKO B CHIEKTp JIBHOM U 11 30HE, B KOTOPOM JIMH
BOJIHBI U3Ty4EHUS BO MHOTO P 3 MPEBBILI €T MEX TOMHBIE P CCTOSHUS.

2. IlepexogHoe M3IydeHUE UCIYCK IOT MOJIPU30B HHBIE TOMBI, HE Iepece-
K ol g rp Huy cpex 4 ctul . [IM He «OTphIB eTcsd» OT OBHXKYILETOCsS B Cpese
3 pan .
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3.P cuer [IM B p MK X KJI CCHYECKOH M KPOCKOIHYECKOI! JIEKTPOANH MHUKHU
MOK 3BbIB €T, YTO M3JIy4eHHE IPOMCXOMUT TOJABKO H TIp HULE p 30E1  Cpel, Tie
BO3HHK €T HEP BEHCTBO T HIEHLU JIbHBIX KOMIIOHEHT IIOJIS, CO3J B €MOIO JABUXKY-
LIUMCS 3 PSAIOM.

4. 3o ¢opmupos Hus I He MOXeT mpeBblll Th JUIMHY BOJIHBI U3JTy4EHHUS.

5. ®opmyn , criend JIbHO BBeIeHH £ A1 30HbI hopmupos Hud ITH, He nmeet
pe JIBHOTO (PU3UYECKOrO CMBICT .

6. Atompl ucnyck 1T 11 nox p 3MUYHBIMU YIJT MM, HO B H IIp BIIEHHHM JIBH-
KEHUS 3 Pl U3IydeHUE OTCYTCTBYET.

7. I1oJHOCTBIO MOHU30B HHBbIE TOMBI He MoryT ucmyck Tb ITH, oHu wuciyc-
K 10T TOJIBKO MOHOXPOM THyeckue JinHuu XPH.

8. PensiTMBUCTCKME U CTHUILIBI, BBIOUB s BOJIM3HM CBOEH TP €KTOPUH BIIEKTPOHBI
U3 TOMOB U SIIp OTH YM, P 3pyLI IOT CTPYKTYPY Cpeibl, KOTOp U 0OECIIeurB €T
T KO M KPOCKONMYECKHH I P METP, KOTOPBIM SBJISIETCS JUDIEKTPUYECK 4 Mpo-
U emoctb. CrenoB tenpHO, Teopus PIIH, 6 3upyiommn sici H HCHONB30B HUU
®TOTO I P METP , B YCIOBUSX P 3PYLIEHHOH cpefpl HE MMeeT Hox coOoil pe Jib-
HOU M TEpU JIbHOU OCHOBBI.

9. Tlepecex omui Ip HULY 3 PAX CO3[ €T H NPSXKEHHOCTb IOJA, COOTBET-
CTBYIOILYIO I MM -IM I 30HY M3Iy4€HHs, H P CCTOSHHH OT €r0 TP €KTOPUU, MEHb-
IIeM MeX TOMHBIX, T.€. B B Kyyme. ClefoB TelbHO, H NPSXEHHOCTh IOJS JBU-
XKYyLIErocst 3 pafl H T KUX P CCTOSHHUAX OT €ro Tp €KTOPUH He M3MEHsSeTcs NpU
MEPEeCceyeHnH 3 PSAOM TP HHILBI MEXIY Cpel MH.

10. Het Hu 0HOTO ®KCIEPUMEHT JIBHOTO ¢ KT , H J€XKHO MOATBEPXK] IOILEro
cywectBoB Hue PITH.

T kuM 006p 30M, OAPOOHBIN H JIU3 BCeX BOIPOCOB, cBi3 HHbIX ¢ PII, npu-
BOJIUT K COBEpLIEHHO 000CHOB HHOMY BbiBony: PITU sBisieTcs npoayKToM OLIM-
GOYHOrO «MeX HM3M H3JIy4eHHs! IPU P BHOMEPHOM U NPSIMOJIMHEHHOM IBHXEHUU
3 PSKEHHOH 4 CTHULbI», U T KOTO U3Iy4EHUS B IIPUPOJE HE CYLIECTBYET.

3AKIIIOYEHHUE

[MozBOsS UTOT IPOBEAEHHOMY B I HHOUM p 0OTE JIET JIbHOMY OOCYXJIEHUIO «Me-
X HU3M H3JIy4EHHs IPU P BHOMEPHOM U NPSMOJIMHEHHOM JABUXEHHH 3 Pl », He-
00XOIMMO OTMETHTb, YTO OIIMOOYHOCTh BTOTO ME€X HHU3M JOK 3 H COBEPIIEHHO
yoenutensHo. Ilpexnae Bcero, ommOK HOCHT NPHUHLMIIM JIBHBIH X P KTep, IO-
CKOJIBKY C M MJesd 3TOr0 MEX HU3M 3 KJIIOY €TCd B OTPULl HUM 3 KOHOB MEX -
HUKM HpioToH u TpeOyer H pylIeHHs 3 KOH COXp HEHHUS DHEPTHMHU U MMITYIIbC .
Hekpuruueckoe OTHOLIEHWE MHOXECTB  BTOPOB, B TOM 4YMCJIE M 3H MEHMTBHIX
Y4YEHBIX, B TEUEHHUE HECKOJIbBKMX AECATHIETUH K HAEAM, JOIYCK IOIIMM H pyLIe-
HHe (YHI MEHT JIbHBIX 3 KOHOB, IPHBEIO K P 3BUTHIO OMMOOYHOTO H YYHOTO
H IIp BJIEHHUS U P 3PYLIEHUIO «KP €yrOJbHOIO K MHS BCETO €CTECTBO3H HUS».
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«Mex HU3M H3Ty4eHHS IPU P BHOMEPHOM U NPSMOJIMHEHHOM JABUXEHHHM 3 -
psia » NOPOOMI OTPOMHOE KOJIMYECTBO MPUHLIMIMN JIBHBIX OIIMOOK:

1. IlpoTuBOpeure 3 KOH M COXP HEHUS ®HEPIUH U UMIIYJIbC .

2. Orpuil HUE BceX 3 KOHOB MeX HMKU HbioTOH .

3. HeBepHoe 0ObsicHEHHE OTCYTCTBHS M3JIyYeHHUS B B KyyMe JBIKYLIEHCS 3 -
PSKEHHOH Y CTHULIEH.

4. Ommnbo4yHOE WCIIOIB30B HHE M KPOCKONMYECKOW BJIEKTPOOMH MHUKH I
ONHUC HHS IPOLECCOB 3 Mpeneil MU ee BO3MOXHOCTEH.

5. HeBepHoe 00BsICHEHHE MHKPOCKOIMYECKOro MeX Hu3M reHep nuu MBY
u [IM B cpene.

6. Hesepnoe yrBepxnenue, uro UBY u 1Y ucnyck er OBIXXyIIuiicsa B cpele
3 psfl, HE MOJISIPU30B HHBIE UM TOMBI Cpelpl.

7. OmmnboyHOEe OTKPHITHE HOPM JIBHOTO U HOM JIbHOTO apchekros [oruiep
B a¢pcpekre B BuoB —UepeHKOB .

8. HeBepHoe oObscHEHHE B3 MMOAEHCTBHS CO CPENOH 3 P , JBUXKYIIErocs
CO CKOPOCTBIO, MEHBIIIEH (p 30BOI CKOPOCTH CBET .

9. HesepHoe yrBepxaenue, uro UBY H Omiog eTcs ToipKO mox ymioM 6 =
arccos 1/0n.

10. OmuboYHOE MOPOroBOe yCJIOBHE, BO3HHKIIEE U3 UJe JU3UPOB HHOU M -
KPOCKOITMYECKOH TEOpHH, HO OTCYTCTBYIOIIEE B p€ JIbBHOM ®KCHEPHMEHTE.

11. Ommbounoe p copoctp Henue apdekr MBY 3 mpenmemnsl crieKTp JIbHOM
00J1 CTH €ro CyIecTBOB HUS.

12. Co3n Hue teopun PIIH, mpoTuBoped Iieil TOMHOW CTPYKType TBEpIbIX
Tell.

13. YrHOpHpOB HHE TOTO, YTO PENSATUBHCTCK 9 4 CTHL TPH M JbIX I P -
METp X COyI PEeHHS C TOM MH P 3pyIl €T CTPYKTYpy TBEpPHOIO Tell , BHIOMB o
9IIEKTPOHBI U 4P OTA YH.

14. OmumbovHOe orpeseieHne 30HbI (DOPMHUPOB HHS Ul MPOLIECCOB IeHep -
uun UBY u TIH, onuceiB 1o1iee U3NydeHUE K K «OTPbIB HHUE€» BOJHBI OT JBHXY-
mielicd 4 CTHULBL.

15. MporuBoped 11 g (PU3NIECKOMY CMBICITY (DOPMYI JUTS [UTHHBI 30HBI (hop-
MHPOB HUS.

16. WUrHopupos Hue TOro ¢ KT , YTO TOMBI cpeapl, ucnyck tomue MBY u
[T, nonspusywTcd NEpHEHIUKYISIPHOH, HE NPOJOIBPHON KOMIOHEHTOH MO
JBUXYIIETocs 3 psx .

B rteuenne 70 ner Bce Bropwl myonuk uuii o ITM u UBY nopxomunu ¢op-
M JIBHO K H IHC HHUIO yp BHEHUH KJI CCHYECKOH 3JeKTPOIUH MHKH, B TO BpeMs
K K TpeOOB JICS TII TENbHBIA H JU3 (PU3MYECKOrO CMBICII OTUX Yp BHEHHIl.
B 4 ctHOCTH, OCT Jicst 6e3 BHUM HuA 3 ekt nonsipus 1uu cpeasl. Cpen , B cpel-
HEM, CUUT eTCsl BIIEKTPUIECKU HEHTpP JIbHOM, 4TO IMO3BOJIMIIO MHOTUM BTOp M 0e3-
OCHOB TENIbHO CP BHMB Th CPEy, COCTOSIIYI0 U3 MHOXECTB CBS3 HHBIX 3 PSJIOB,
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C B KYyMOM, HE COIEpPX IIUM T KHX 3 PsIOB. ABTOPBI OIIMOOYHBIX TEOPUIl HE P 3-
IISAZIeNTN 3JIeKTPOM THUTHOTO B3 WMOIEHCTBHS ABIKYLIErocs B Cpefie 3 psil € TO-
M MH M MOJIEKYJ MH, COCTOSIIMMHU W3 CBA3 HHBIX 3 psigoB. O6 p cCMOTPEHHBIX
B I HHOHl p Oore sBneHus, apdekt B Bunos —UepeHKOB u NepexomHoe H3Iy-
YeHue, SBISI0TCA Pe3yJabT TOM 3JIEKTPOM THUTHOTO B3 UMOJEHMCTBHS IBIKYILUXCS
3 PSDKEHHBIX Y CTHI[ CO CBSI3 HHBIMH 3 PsJ MU cpebl ( TOM MM U MOJIEKYNl MH).

[Mepeuricnennbie BhilIe OMMOKH ObLIH ITOAPOOHO 0OCYXIEHBI B I HHOM CT The,
U TpeUIoXeHbl 00bsicHeHusT MeX Hu3MoB reHep 1mu UBY u ITH, He Tpebyoriue
H pyIIEHUS 3 KOHOB ME€X HUKM U 3 KOHOB COXpP HEHHUS ®Hepruu u uMmnysiasc . He-
pe JIBbHBIA «MeX HU3M U3JIy4eHUs IIPU P BHOMEPHOM U NMPSIMOIMHEHHOM ABIKEHUH
3 Pl » MOPOOWI MHOXECTBO IPYTHX OMIMOOK B BOIIPOC X B3 UMOAEHCTBHS JIBH-
XKYIIErocst 3 psii C TBEPHbIM TEJIOM M ' 3 MH, 00CYXIEHHE KOTOPBIX BBIXOAUT 3
P MKHM I HHOH cT ThH. P 3ymeercs, BbIBOIbI, CIIEAYIOIIUE U3 NP BUIIBHOTO O0b-
sacHeHus Mex Hu3MoB MBY u IIH, oK XyTcd CyLLECTBEHHBIMU /I IIOHUM HUS U
IpYrux (pU3NUecKux SBICHHH.

Drux omMbOK MOXHO Obulo Obl M30€X Th, HE NONYCK s H pyLIeHUS (yH-
I MEHT JIbHBIX 3 KOHOB €CTECTBO3H HMA. [loaTOoMy B 3 KiIloueHHE HEO0OXOAUMO
emle p 3 HOOUEPKHYTb, YTO 3 KOH COXP HEHUA DHEP2UU GbINOJHACMCA 6Ce20 C

OCONOMHOU MOUHOCHBIO.

CITMCOK JIMTEPATYPbBI

1. T mm U E., ©p nk U. M. KorepeHTHOe u3ydeHUe OBICTPOro 3JIEKTPOH B cpeje //
Hoxin. AH CCCP. 1937. T. 14, Bpm. 3. C. 107-112.

2. T'un3bype B.JI. UznyyeHue p BHOMEPHO JABUXKYILUXCS UCTOYHUKOB (a¢pcpekT B BuIOoB —
YepeHKOB , MEpPexXoAHOe W3NTydeHHe W HeKoTopble apyrue ssieHus) // YDH. 2001.
T. 171, e 10. C. 1098-1106.

3. T'unzbype B.JI., Llumosuu B. H. TlepexonaHoe u3jlydeHue U rnepexoqHoe p ccesiHue. M.:
H yk , 1984.

4. T mm H. E. Obmue CBOMCTB HM3/Ty4eHHUs], UCITyCK €MOr0 CHCTeM MH, ABIKYIIUMUCS CO
CBEPXCBETOBBIMH CKOPOCTSIMH, M HEKOTOpbIe NMpUIOXeHHus K ¢usuke 1 3mbl. HoGe-
nesck o nekuus // YOH. 1959. T. XVIII, Bem. 3. C. 387-396.

5. T um U E., ®p nk U. M. U3nyueHue dJIEKTPOH IIpU p BHOMEPHOM JIBUXEHUH B IIpe-
nomsioweii cpene // Tp. ®DUAH AH CCCP. 1944. T. 11, e 4. C. 63-68.

6. JI y» M. Unepuus u sueprus // YOH. 1959. T. LXVII, Bbi. 4. C.729.
7. @epmu D. H yunsle tpyasl. M., 1972. T. 2. C.22-34.

8. bop H. IlpoxoxjeHue TOMHBIX 4 CTHIl 4yepe3 BeuiectBo. M.: H3u-Bo uHOCTp. JIUT.,
1950. Mpunoxenne O.Bop .

9. Tankun A.A. MEKpPOCKOIIIYECK S MIPUPON H3ITy4eHHUs, JI€X ILIEro B OCHOBE apdekT
B BunoB —Yepenkos // DUAS. 2001. T. 32, et 4. C. 947-963.



1160 KOB3EB A.Il.

10.
11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.
29.

30.

M meees A. H. Dnexrpopud Mux . M.: Beicmn. mk., 1980.

T'unsbype B.JI. HeckonbKo 3 Med HUi 00 M3ITy4eHUH 3 PsIOB M MYJIBTHIONEH, p BHO-
MepHO gBuxkymmxcs B cpene / YOH. 2002. T. 172, o 3. C. 341-344.

T mm H.E. UznydeHue, BbI3bIB €MOE P BHOMEPHO HBMXYIIUMUCH BIEKTPOH MH //
Co6p. H y4. Tp. M.: H yx , 1975. C.77-99.

Fonomoesckuit b. M. Teopus a»dpdexkr B sumos —Uepenkos // YOH. 1957. T.62,
BbiIL 3. C.201-240.

3penoe B.I1. Uznydyenue B BusioB —UepeHKOB U ero npuMeHeHue B (pu3nKe BBICOKUX
sHepruii. M.: Aromusn T, 1968. T. 1.

Lkennu J]x. YepeHKOBCKOe M3IyuyeHue U ero npumenenus. M.: M3n-Bo uHOCTp. JMT.,
1960.

@p ux U. M. Uznyaenne B Bunos —Uepenkos . Bompocsr Teopun. M.: H yk , 1988.

Ckobenvyvir /1. B. T1 p 1OKChl KB HTOBOU Teopud 3¢p¢ekToB B BioB —HepeHKOB U
Homnep // YOH. 1977. T. 122, Boin. 2. C.295-324.

Ko63es A.Il. Mex Husm usnydenuss B Bunos —Uepenkos // DUAS. 2010. T.41,
i 3. C. 830-867.

I1 ¢omos B.E. V3nydeHue »IeKTPOH , MPOJET oIIero 4epes i cTuHky // KDTD.
1957. T. 33, Bom. 4(10). C. 1074-1075.

5020 nog O. B., Quxc E. U., [Tusose poe FO.JI. Yriosoe p cupesneneHre 4epeHKOBCKOro
U3J1y4eHUsd PEITUBUCTCKUX TSKEIbIX MOHOB C YY4ETOM TOPMOXEHHUS B p Ou Tope //
KOT®. 2012. T. 142, Beim. 3(9). C.442-452.

Kob3es A.Il. K Boripocy 0 H 1p BieHHOCTU u3inydenus B BunoB —Uepenkos // AD.
1978. T.27, Bom1. 5. C. 1256-1261.

Kobses A.Il., Il ¢pomos B.E., ®p ux H.M. YIioBble p CIpefelieHHs H3ITy9eHHS
B BwioB —UepeHKOB , BO30yXI €MOro B CIIof€ SJIEKTPOH MH C dHeprued 170—
250 k3B // AD. 1979. T.29, sbm. 1. C. 122-132.

Kob3es A. I1., ®p nx U. M. CrieKTp JIbH 4 3 BUCUMOCTD IOJIYLUMPUHBI YIJIOBBIX P CIIpe-
nenenuit nsnydenns B Bunos —Uepenkos // A®. 1980. T.31, sem. 5. C. 1253-1258.

Kobszee A.Il, ®p nk H.M. HexkoTtopble 0cOOEHHOCTM WU3TydyeHHS B BWiIoB —
YepeHKOB , CBS3 HHblE C KOHEYHOW TonuuHoOd p au top // SAD. 1981. T.34,
Boin. 1(7). C.125-133.

Neighbours J. R., Buskirk F.R., Saglam A. Cerenkov Radiation from a Finite-Length
Path in a Gas // Phys. Rev. A. 1984. V.29, No. 6. P.32-46.

®dm3nveckuii sHUMKIIONeqnYecKuid cioB pb. M.: Cos. sHmmkm., 1960. T. 1. C.218.
Dusuueck o sHumKIonenud. M.: Bomsin s Poc. sanumk., 1998. T.5. C. 448.
www.wikipedia.org.

I' pubsan I'. M., An [lu. PentreHosckoe nepexonnoe usnydenue. Epes H: Uzn-so AH
Apwmsnuck. CCP, 1983.

Bennmiocmun C. B. Kit ccuueck s aneKTpoHH ¢ Teopus. M.: Beicmn. mik., 1971.



O MEXAHUW3ME H3JIYYEHNA PABHOMEPHO IBMKYHIEIOCS 3APAOA 1161

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Kyszenee M.B., Pyx 03¢ A.A. CIOHT HHOE M BbIHYXJIEHHOE WU3JIy4eHUE BIJIEKTPOH ,
BIEKTPOHHOTO CTYCTK M 3JIEKTPOHHOrO mydyk B 11 3me // Y®H. 2008. T. 178, bm. 10.
C. 1025-1055.

TI'unz6ype B.JI. KB HTOB S TEOpUS CBETOBOTO U3JIy4Y€HMs 2JIEKTPOH , p BHOMEPHO /IBU-
xymerocs B cpepe // ZKDT®. 1940. T. 10, Beim. 6. C. 589-600.

Dnepoé I'.H., b p wenkoé B.C. Ilp KTMYecKOoe NpPUMEHEHHE IyYKOB TSXKENbIX HO-
HoB // YOH. 1974. T. 114, Bem. 2. C.351-373.

I' puban I'. M. K Teopuu nepexoHoro U3Iy4eHus U MOHU3 IIMOHHBIX IIOTepb Hepruu //
KOT®. 1959. T.37. C.527-533.

b pcykos K. A. TlepexopHoe uznydenne B BomHopoge // ZKOT®. 1959. T.37. C.1106—
1109.

bonomosckuii b. H., T'un3bype B.JI. Dddexr B Buno —UepenkoB u addexr Hdomn-
IUIep TPH JIBUKEHUH HCTOYHUKOB CO CKOPOCTHIO OOJIBIIIEH CKOPOCTH CBET B B Kyyme //
Y®H. 1972. T. 106, Bom1. 4. C.577.

He3nun M. B. BomHbl ¢ OTpHIl TeJIbHOW ®HEpPrHeil U HOM JIbHBIA 3¢pdexT Jommuiep //
Y®H. 1976. T. 120, b 3. C. 481-495.

K pm woe U.H. u op. KonnektusHslil a¢pcpekT YepeHKOB M HOM JIbHBIA 3¢hheKkT
Homnep B orp HUYeHHOU 001 cté mpoctp HetB  // 2KTd. 2005. T.75, Bbim. 3.
C.15-23.

T'un3bype B.JI., @p nk U. M. V3nydeHue p BHOMEPHO JIBUXYLIETOCsl dJIEKTPOH , BO3-
HHK IOIee TIPH eTo Tepexoae U3 OmHOM cpesl B Apyryio // 2KOT®. 1946. T. 16, Bem. 1.
C.15-28.

Tep-Mux snan M.JI. BnusgHue cpefbl H 3JI€KTPOM THUTHBIE MTPOLECCHI IPU BBICOKHMX
sHepruax. Epes H: U3n-8o AH Apmanck. CCP, 1969.

Bubnuorp ¢ust p 60T N0 NepexoqHOMY U3ITYYEHUIO 3 psKeHHbIX 4 crhll (1945-1982).
Epes u: EpeB Hck. ¢us. un-T, 1983.

Kob3es A.I1. u 0p. Ontudeckoe M3MydeHHe, BO3OYXKI eMoe HepelITHBUCTCKUMU 3 psi-
JKEHHBIMU 4 CTHIl MU H TmoBepXHOCTU MeT JutoB // AdD. 1972. T. 15, Bem. 2. C.326—
333.

Ritchie R. H., Eldridge H. B. Optical Emission from Irradiated Foils // Phys. Rev. 1962.
V.126. P. 1935-1947.

Goldsmith P., Jelley J. V. Optical Transition Radiation from Protons Entering Metal
Surfaces // Phil. Mag. 1959. V. 4. P.836.

Emerson L. C. et al. Emission Spectra of Electron Irradiated Metal Foils. Oak Ridge
National Lab. 3450. 1963.

Akesson T. et al. Tracking Performance of the Transition Radiation Tracker Prototype
for the ATLAS Experiment // Nucl. Instr. Meth. A. 2002. V.485. P.298-310.

Grichine V. M. Cherenkov Energy Loss and Particle Identification // Nucl. Instr. Meth.
A. 2003. V.502. P. 133-137.



1162 KOB3EB A.Il.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

Jlopukan M.II. JIeTeKTUPOB HUE Y CTHULl C IIOMOLIBIO IIEPEXOAHOr0 u3ilydyeHus //
KOTP. 1973. T. 65, Bem. 4. C. 1327-1329.

Oz Hecan A.T. PeHTIeHOBCKOE MEpPeXOqHOe M3TydyeHne U ero NpPUMEHeHHe B DKCIIePH-
Menre // DUYAM. 1985. T. 16, Bpm. 1. C. 137-182.

Bamberger A. et al. Transition Radiation Detector for Relativistic Particles at Accel-
erator Energies // Phys. Lett. B. 1973. V.43, No. 2. P. 153-156.

Bonomoeckuii b. M., Cmoaapoé C. H. 3 KOH cOXp HEHUS DHEpIuM Jld 3JIeKTPOM THUT-
HOTO MO B MPUMEHEHNH K 3 [ 9 M H3Iy4eHHS OBUXYIIMXCS 3 PSKEHHBIX 4 CTUI //
VOH. 1992. T. 162, Bbm. 3. C. 195-206.

Bypoens K. K., Yeuenun H.T. CrieKTpoCKOINHUS 00p THOTO P CCESHUS NPU HCCIIEIOB -
HUM IIOBepXHOCTH TBepAbIx Ten // Utorn H yku u texnHuku. T.1. M., 1990. C. 35.

Wei-Kan Chu, Mayer J. W., Nicolet M.A. Backscattering Spectrometry. N.Y.; San
Francisco; London: Acad. Press, 1978.

@Dp Hk U. M. IlepexopHoe U3TydeHUe U onTuyeckue cBoicTB BewecTs // YDH. 1965.
T. 87, Bomr. 2. C. 189-210.

bonomoeckuit b. M., Cepos A. B. TlepexoqHoe U3IydyeHHE H TIp HHILE C YEPHBIM Te-
nom // Tucem B 2KOT®D. 2009. T.90 , Beim. 6. C. 486-488.

Pa3 nosé M. H. KorepentHoe uanydeHue (POTOHOB OBICTPHIMU Y CTHI[ MH B BO30yXICH-
HoM Bemectse // DUAS. 1981. T.12, Bom. 5. C. 1035-1069.

Yepenkos I1. A. Bunumoe cBedeHUe YUCTBIX XUAKOCTEH moj JgeicTsueM y-p au uuu //
Hokin. AH CCCP.1934. T.2, eim. 8. C.451.

Amycva M. A., Loumosuu B. H. O KOIIEKTUBHOM U3Ty4YeHUH 3JIEKTPOM THUTHBIX BOJH //
Bectn. BI'Y. Cep. «®uszuk , M teM tuk ». 2005. Bpm. 2. C.77-97.

llynve H.®D., Jobposoasckuii C.H. O6 dKCHEpUMEHT X MO KOTepeHTHOMY Iiepe-
XOJHOMY H3ITy4EHHUIO0 PENSITUBUCTCKUX 31eKTpoHOB // Ilncem B KOTD. 1997. T. 65,
Bl 8. C.581-584.

b cc @.1, Hxosenxo B. M. Teopus u3nydeHUs 3 psll , IPOXOMSIIETrO Yyepe3 31eKTpH-
yeckn HeogHoponHyko cpeny // YDH. 1965. T. 86, Boim. 2. C. 189-230.

@p Hk U. M. ONTUK HCTOYHHMKOB CBET , OBIKYLIMXCS B MpeoMydomux cpex x: Ho-
Genesck s yekuus // YOH. 1959. T. 68, o, 3. C.397-415.

I' pubsan M.I'. K Teopuy NepexoaHOro U3y4eHUs] U MOHU3 LIMOHHBIX NOTEPb SHEPTUU
y cruupl // KOTD. 1959. T.37, Bein. 2(8). C.527-533.

b pcyrkos K. A. IlepexonHoe uzinydenue B BoiaHosone // T m xe. Boii. 4(10). C. 1106—
1109.

J no y JIL 1., Jlugpuuy E. M. Teopetnueck s ¢muk . T. VIII. M.: H yx , 1982.

Tep-Mux osnan M.JI. P qu OMOHHBIE 2J1€KTPOM THUTHBIE IIPOLECCHl TP BBICOKHMX
9Heprudx B nepuoaudeckux cpen x // YOH. 2001. T. 171, sbu1. 6. C. 597-624.

T'unsbype B.JI., umoseuu B. H. HexoTopsle BOIPOCHI TEOPUU MEPEXOIHOTO U3ITyYEHUs
u nepexopHoro p ccesnud // YOH. 1978. T. 126, spin. 4. C. 553-606.



O MEXAHHW3ME H3JIYYEHN PABHOMEPHO IBMKYHIEIOCS 3APAOA 1163

67.

68.

69.

70.

71.

72.

73.

74.

75.

Ko63ee A.Il. u Op. DnementHelii H 1u3 aposzoneil. Coobur. OUSN P18-2005-188.
Hy6n , 2005.

Kob63es A.Il. DneMeHTHBII H JIM3 H HOCTPYKTYpP H IIy4K X 3 PSXEHHBIX 4 crtuy //
SlmepH 4 (U3MK W H HOTEXHOJIOTWH: SAEPHO-(PU3MYECKHe CHEKThl (DOPMUPOB HUA,
U3y4deHHsl U npuMeHeHus H HoctpykTyp. [Iyon : OUSIH, 2008. C. 142-154.

Hrubcin L. et al. Application of ERD Method for Hydrogen Determination in Silicon
(Oxy)nitride Thin Films Prepared by ECR Plasma Deposition // Nucl. Instr. Meth. B.
1994. V.85. P.60-62.

Cherry M. L. Measurements of the Spectrum and Energy Dependence of X-Ray Tran-
sition Radiation // Phys. Rev. D. 1978. V.17, No.9. P.2245-2260.

Yuan L. C. L. et al. Energy Dependence of X-Ray Transition Radiation from Ultrarel-
ativistic Charged Particles // Phys. Lett. B. 1970. V.31, No.9. P. 603-605.

F 3viie¢ B.A. u Op. H Omonenue 4epeHKOBCKOrO H3Ty4eHHs! C dHeprueil (hoTOHOB
284 »B // IIucem B KDTD. 1981. T. 34, Beim. 3. C. 103-108.

Oyama K. The Transition Radiation Detector for ALICE at the LHC // Nucl. Instr.
Meth. A. 2010. V.623. P.362-364.

Yuan Luke C.L. et al. Observation of Transition Radiation from Pions at 100-—
250 GeV // Nucl. Instr. Meth. 1975. V. 130. P.41-43.

Yuan Luke C. L. et al. Transition Radiation from Electrons at 50 GeV // Ibid. P.45-47.



