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K UYUTATEJIAM

Céopruk «Yenexu Qususeckux Hayx» cOCTOUT u3 B6ICTYNAE-
Hull  yuenvix Ha odepednom geuepe yuxia <becedw. no akryanre-
Hoem npobaemam Hayxu», npose@ennom Bceecowsuoim o6eyecTaom
«IHAKRUE» COBMECTHO € pedakryuecsi JCYPHAAQ TO2Q e HA3BAHUA
7 anpeasn 1965 e. B becede npunsiu y4acrue 4ACH-KOPPECHOH-
denr AH CCCP aaypear Hobenrescrkod npemuu 1964 e. H. T ba-
cos, 4nen-koppecnondent AH CCCP B. JI. FunsGype, axademux
A B, 3easdosuu, Ookrop  usuxo-maremaruveckux — Hayk
JI. B. Keadouu, 00KTOp (hu3uKo-maremaruieckux Hayx npogeccop.
3. B. Hlnoasckuti — pedaxrop gscyprasa «Ycnexu usuueckux
Hayks.

Marepuanror goictynrenun axademurxd . B. 3eavlosuva na
STOM dice Beuepe 6ydyr onybauxosarst & eco Gpouiope <Iaemen=
TApPHblE UYACTUYBL, NO020TOBAREMOU K U3AAHYO.

Botcrynaenue JI. B. Keadouua 6yder onybaukosaro 8 c6op-
Huke «Pusuxka 1964 200a», svthyckaemom no 3roil sce cepun (9).

Bce cTenozpammor GbICTYnACHUL HCnpasieHsl U 00NOAHEHb
asropana.



H. T. bBacos,
ynren-koppecnondentr AH CCCP

noJyYyNPOBONHUKOBBIE KBAHTOBBLIE TEHEPATOPLHI

B coBpemenHoit ¢usnke, Kak 3T0O BO3MOXKHO GBbLIO M paHbile,
CYILECTBYIOT [iBa pas3/iuuibiX TedeHus. OfHa rpynna (GU3HKOB BH-
JHUT CBOIO UeJIb B NO3HAHMM HOBBIX 3aKOHOMepHOCTell W B paspe-
LIEHHH CYILECTBYIOLIMX NpOTHBOpeuni. BuixogoM cBoeit paGorht
OHH CUHTAIOT TEOPHIO, B YACTHOCTH Pa3pabOTKy MaTeMaTHUYeCKOro
anmnapara coBpeMeHHOH ¢u3ukyu. B KauecTBe OTXOHOB NPOK3EOI-
CTBa MOSABJSIOTCS HOBLIE NMPHHUMIBLI NOCTPOeHHsT npuGopos, du-
auyeckue npuGopsl. Ilpyras rpynna ¢usSHKOB, HaoGopoT, cTpe-
MHUTCS CO3RaTh (u3HyeckHe MPHGOPH, OCHOBaHHbIE Ha HOBOM
NpUHIKIE, U, HaNpaB/AfAsACh K 3TOH Le/H, cTapaercs o60HTH Hens-
6exXHO BCTpeyalollyecss TPYAHOCTH- U NpOTHBopeyus. Pasjnunble
THIOTE3b U TEOPUH 3TA IPYMNa CYHTAET OTXOAAMH NPOU3BOACTBA.

O6e rpynnbl UMeIOT Bhljaiomuecs goctixeHus. OxHa rpynna
CO3ZaeT MUTATENbHYIO CpPely AJA APYroH, U mo3TOMY OHU He MO-
I'yT XUTb Ipyr 6e3 Apyra, XOTs HX B3aMMOOTHOLIEHHS NOBOJBLHO
octpel. IlepBas rpynnma HaseBaeT BTOPYIO «H300peTaTelsiMH»,
BTQpas 0OBHHSAET NMepBYI0 B aGCTPAKTHOCTH, a UHOTAA U Geclielb-
HOCTH.

C nepBoro B3rJsiia MOXKET [0Ka3aThCA, YTO peYb HIAET O
TEOpPEeTHKaX H JKCIEPUMEHTaTOpax, HO 3TO He TaK: W nepBas H
BTOpasl rpynna BKJIIOYaioT B cebs 00e 3TH Pa3sHOBHAHOCTH (H3H-
KoB. B Hacrosllee BpeMsi pasjejeHHe Ha JABe IPYNNLI CcTajdo Ha-
CTOJIbKO PE3KHM, YTO lieJble HalpaBJIeHHs B HayKe MOXKIO OTHec-
TH K NepBOf WM BTOPOil rpynne, XOTS MMEIOTCS H pasaennl ¢pu-
3HKH, I'ie 06e rpynnsl paGoraior coobuia.

K nepsoil rpynne ¢pu3uKOB OTHOCHTCH GOJBIIHHCTBO HCCAELO0-
BaTeJieil MO KBAHTOBOH TEOPHH 1OJIA, TEODHH 3JeMEHTapHbIX Hac-
THL, MHOrMX BONPOCOB SIJEPHOH (PU3HKH, I'paBHTALUH, KOCMOro-
HHH, TI0 psILY BONPOCOB (GDU3MKH TBEPAOro Tena.

SIpkuM npumMepoM BTOPOH IPYNMBL ABISAIOTCA (PU3HKH, 3aHATHIE
paspaboTKoii BOMPOCOB TEPMOSILEPHOTO CHHTe3a, KBAHTOBOH H
NOJNTYNPOBOAHMKOBOH 3JIEKTPOHUKH.

Hecmotpst na 10, yto BrOpasi rpynna (U3HKOB CTpPEMHTCS B
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KOHEYHOM cyere co3iaTh (usHyecKuit npuGop, BeCbMa ¥apaktrep-
HbIM [Jf1 HUX SIBJASIETCS NMpPeJBapHTENbHbIN TeOpeTHyecKMit aHa-
aus. Tak, B KBaHTOBOH 3/1eKTPOHHKe ObIIH TEOPETHYEeCKH Mpes-
CKa3aHbl BO3MOXHOCTH CO3NaHHA KBAaHTOBHIX IeHEpPaTOPOB BOOG-
ule, MoKasaHa BHICOKad MOHOXPOMAaTHYHOCTD H CTAGUJIBHOCTD
4acTOTLI M3JYyUeHHsl, IpeJcKa3aHa BLICOKAS UYBCTBHTENbHOCTb
KBAaHTOBbIX YCHJIMTENEH, HccJefoBaHa BO3MOXHOCTh cO3LaHUA
Pa3JMUYHBIX THIIOB JIa3€POB.

3nech nmoljeT peub o HauGojsee MOJIONOH BETBM KBAaHTOBOH
3JIEKTPOHUKH ~— NOJNYNPOBOJHUKOBBLIX KBAaHTOBLIX TIeHepaTopax,
KOTOpbIe MOABHJIMCH Ha CBET BCEr0 OKOJIO IBYX JIeT Hasaj, XOTs
H B 3TOM CJly4ae npellecTBOBAJ TEOPETHUYECKHU aHaJIM3, HauaThli
ewe B 1957 rony.

Ho npexnae uem mepexoxute Kk aHanu3y paGoThl MOJAYIPOBOA-
HHKOBbIX KBAaHTOBHIX FeHepaTopOB, XOTENOCh Obl CAeNaTh HECKOJb-
KO 3aMeyaHHH O «TEOPETHYeCKHX OTXO0JaX» KBAaHTOBOH 3JIEKTPO-
HUKH. MIX oYeHb MHOrO, HO S OCTAHOBJIIOCH JIHIIL HA TPEX,

1. Co3nanne BBICOKOCTAGHJbLHBIX KBAHTOBLIX TeHEPaTopoB R
fnepexol Ha aTOMHBIE 3TAJMOHB BpeMeHM IOCTABHJIM HA NOBECTKY
IHA pelleHHe, BOIpoca O CBOMCTBAX aTOMHOIO BpeMeHH.

P. lluke B AOKJajfe Ha nepBOH KoH(EpeHUHH MO0 KBAHTOBOMH
3JIEKTPOHHKE YKa3as Ha BO3MOXKHOCTb IKCIEPHUMEHTAJbHON NPO-
BEPKH THNOTE3b 06 H3MEeHEHUW MUPOBBIX KOHCTAHT CO BpeMeHeM
Ha OCHOBe H3YYeHHS M3MeHEHHMs 4YacTOT pa3JMYHbIX KBAaHTOBBIX
CTaH[apToB CO BpeMeHeM. BosHHKaer BONpOC O MpefenbHO TOu-
HOCTH aTOMHBIX M MOJIEKY/SIPHBIX 4acoB, OOYCJOBJEHHOH KBaH-
TOBOH INPUPONOH H3/TYueHHUs:, OCOGEHHO O TOYHOCTH H3MEpeHus
KOPOTKHX NPOMEXYTKOB BpeMeHH.

2. KBaHTOBasi 3/IeKTPOHUKA Jiajia paBa rpaKJaHcTBa HOBOMY
«CBepXHepaBHOBECHOMY COCTOSIHHMIO MaTepyH» — COCTOSAHHIO C OT-
puuaTesbHOH TeMIepaTypoH, KOTopoe B CBOefi KpaliHe#l TOuKe
COCTOSIHHA OTPUUATENBHOrO HYJs MO CBOMM CBOHCTBam OJIH3KO K
COCTOSIHHIO aBCOMIOTHON YMOPALOYEHHOCTH, CBOMCTBEHHOH COCTOS-
HUAM abcogioTHOro HyJs Temnepatyp. VmeHHOo 310 cCBOHCTBO
BBICOKOH YMOPSAJOYEHHOCTH CHCTEMBL C OTpHIATe/IbHOH TeMmepa-
TYpPO#l H AaeT BO3MOXKHOCTb CO31aBaTb BBLICOKOKOTE€DEHTHOE u3-
JlyueHHe KBAaHTOBEHIX T€HepaTopoB M TNOJY4aTb BLICOKOUYBCTBH-
TeJbHble KBAaHTOBbIe YCHJIMTENH, BHIAEJIATh 3aNaceHHYI0 B COCTOS-
HUH C OTpHULIATENbHOH TeMIIepaTypoil SHEPruio 3a oYeHb KOPOTKHE
IIPOMEXYTKH BPEMeHM, CPaBHUMbIE C MEPUOAOM KoJieGaHmi

3. KBaHTOBas 3/IeKTPOHHKA fajia IPUMEPBI CHCTEM, B KOTOPDIX
TOJIy4aeTcsl H3JyYeHHe C OUeHb MaJbiM 3HAYeHMEeM 3JHTPOINHH,
Hanpumep, pacnblienHoe no oueHb GONBLUIOMY YHCAY CTENEHH CBO-
6oibl HHM3KOTEeMIlepaTypHOe CIOHTAHHOE H3JyyeHHe JaMn ¢ 0o-
MOUIbIO CHCTEM C OTPHUATENbHOH TeMnepatypoit (KBaHTOBBLIX re-
HEepaTopoB) NpeBpallaeTcs B BHICOKOKOTEPEHTHOE H3JydeHHe Jia-
3cpa, TeMnepaTypa KOTOpOro yxke cefyac AOCTHUIaer 3HauyeHui B
10%—102 rpagycos,
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BuarM0, 3aKOHOMEPHOCTH, KOTOphLIe ObLIH OGHAPYXKEHH KBAH-
TOBOH 3JEXTPOHUKON NPH HCCJAEAOBAHUHU, MOIYT OHTH 00OOUIEHE!
1 Ha apyrue HopMsl ABHXKeHHH. BO3ZMOXKHOCTL NMOAY4YEHHS BBICO-
KOYIOPAAOUEeHHOTO ABHKEHHS C MOMOLUBIO cHUCTeM ¢ oOO6GpaTHOf
CBA3bIO MOXKET NPEACTABAATb MHTEPeC AJS XHMMYECKHX H GHOJIO-
rMYecKUXx Hcce/elloBaHHH, KocMOroHud, BosHukaer Bompoc, Hc-
MOJIb3yeTCsl JIM Ja3epHbI{ NMPHHLUUI B NMpHpone?

Ham kaxercs, 4TO nepeunc/eHHble BONPOCH HYKAAIOTCH BO
BMelUaTeabcTBe (HU3HKOB NEpBOfl TpynIbl, TAK KaK OHH HaJeKo
BBIXOJAT 3@ PaMKH TE€OPHH KoJieGaHUl, TEOPUH H3JNy4eHUI H 0ObIY-
HOM ONTHKH, COCTaBJAIOLIMX OCHOBY COBPEMEHHOH KBaHTOBOM
9/7EKTPOHHKH.

YcA0oBHS NOAYYEHHS OTPULATENBHOI
TEMNEPATYPhbl B NOJYNPOBOAHHKAX

Pa6oTbl 110 MOJYNPOBOLZHHUKOBBLIM KBAHTOBLIM Te€HepaTopaM
SIBUTHCE HENOCPENCTBEHHBLIM IPOAOJIKEHUEM HCCJIELOBaHUA MO
MOJIEKYJIAPHBIM reHepaTopaM H NapaMarHATHLIM  YCHJIHUTEAM.
Crenyer OTMETHTh, YTO K MOMEHTY Hauajaa paboT 0o HoJynpoBOJ-
HHKOBBIM KBaHTOBBIM reHepaTtopam, Oaarofapsi HCCIeJOBaHHAM,
CBA3AaHHLIM C TOJYIPOBOAHUKOBOH 3JIEKTPOHHKOH, OblLJIH BhICHe-
Hibl OCHOBHBIE (DU3HUECKHE XapaKTEPHCTHKHU IOJYHPOBOJHHKOB,
HEOGXOANMbIE AJ151 pa3pabOTKH J1a3€POB: ONTHYECKHE H SJeKTpHYe-
CKHe CBOHCTBA, CTPYKTYpa HepPreTHUYECKUX 30H, BpeMeHa peJiak-
cauui ¥ T. A. Buiy nosyueHsl pasHooGpa3HBle YUCThHIE H JIErHpo-
BaHHble INOJYIPOBOAHUKOBBIE MarepuaJsbl, CO3AaHA METOLHKA
HU3MepeHHUs UX PAas/IHYHBIX CBOHCTB, paszpaboTaHa TeXHOJOrus u3-
TOTOBJIEHHSI p — N NePeX0Ji0B, KOHTAKTOB M T. 1. Bce aro 3Haum-
TeJbHO YHIPOCTHJIO NMPOBEJeHHEe HCCNEJOBAHUH MO MOJYNPOBOLHU-
KOBBIM J1a3epaMm.

INonynpoBogHUKOBLIE MaTepUaJsbl NIPUBJIEKIH K cebe BHUMaHHe
BO3MOXKHOCTBIO peaJsH3alli reHepaToOpOB OT JaJjieKoi uHppakpac-
HOH 006/1aCTH OO ONTHYECKOrO MJU [aKe YJbTpadHUOoNeTOBOro
juanasoHa, pasHoo6pasueM MeTOLOB BO30OYKIeHUsT HepaBHOBecC-
HBIX COCTOSIHHH, GOJIBIIMM KO3((pHUHEHTOM morjoiueHus (ycuse-
Hus). Kak moxasanu mocaeiylolline HCCJAEAOBaHHs, MOJAYNIPOBOJ-
HUKOBble KBAaHTOBEHIE TeHepaToOpbrl MOTYT 06/ajaTb 60AsIUM KO-
st pHUMEeHTOM [10/1€3HOrO AefiCTBUSA, B PAJe CayyaeB NpUOIKAIO-
wumcs K 1009,

B oranuue oT M30AHPOBAaHHOrO aToMa B MOJYNPOBOAHHKAX
HMEIOTCSl He OTAeJbHBIE YPOBHH, a TPYINbLl HENPEPLIBHO PacmoJio-
JKEHHBIX SHepreTHYecKUX ypoBHell — 30H. BepxHsas rpynmna ypos-
tell — 30Ha NMPOBOAMMOCTH M GoJiee HH3Kasg rpynma 3aHATHIX
YPOBHeH — BajieHTHAs 30Ha pasfeseHbl MOA0COH 3anpellleHHbIX
sHeprud {puc. 1),

Pacnpenesenue sn1ekTpoHoB M0 SHEPreTHUECKMM YPOBHSIM OfTH-
chiBaeTcs pynkuuest Gepmu: KaxKAbIH yPOBeHb 3aHAT ABYMA 3J/1CK-
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TPOHAMH, 5/JEKTPOHHI PacnoJaraioTcsi B M0Jjoce SHePrHuil MopaiKa
sHepruu TensoBoro apuxenus KT, BeposATHOCTb HANTH 3JEKTPOH
3a narepsaioM KT Guictpo najgaet ¢ poctom aHepruu. Ecan snep-
rus Tenaosoro aswkennss KT 3HauuTesbHO MeHblle DPa3HOCTH
9HEPTHH MEXKLY 30HOH NPOBOAMMOCTH H BAJIEHTHOH 30HOH, Mpak-

= Jona npobogumocmy ==

Janpewenras 3010

== Banesmrag 30Ha ————

a 0

Puc. 1. JIuarpaMma 3SHepreTHyecKHX YPOBHeii:
@ — il atoMa C ABYMS 3HEPTETHYECKMMH YPOBHAMI; 6 — IS
NOJMYNpPOBOJKIKA.

TWYECKH BCe 3/1eKTPOHbl HAXONATCA B BaJeHTHOH 30He, 3aroJHAfA
ee YPOBHH, a BCe YPOBHH 30HEI IPOBOAMMOCTH CBOGOLHEI (pHC. 2).

B TakoM cocTosiHUM TOJYNPOBOAHHK HE MOXKET NpoOBOAHTH MK~
Tpmecxnﬁ TOK M SIBJIIETCSI H30JISITOPOM, T. €. JIEKTPHUECKOe noJie,
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Puc. 2. Pacmpelejienne 3JEKTPDOHOB Ha 3HEPreTHUECKHX
YPOBHSX.

TPU/I0KEHHOE K IMOJYNPOBOAHUKY, HE B COCTOAHHN H3MEHUTH [BH-

JKEHHe 3JeKTPOHOB BaJIeHTHOH 30HBI (BCe YDOBHM 3HEPrHu 3a-
HSITHI) .

Ecan SHeprus TENJOBOro ABH2KEeHHUs noc¢rarouda paada Toro,



yToGui 11epeGpPOCHTh 3JEKTPOHBI Yepe3 3amnpelieHHY0 30HY B 30HY
NPOBGJIHMOCTH, YacCTh 3/IEKTPOHOB NEPEXOAMT B 30HY NPOBOIH-
moctH. Takasa cucreMa MOXKeT NPOBOAUTH JIEKTPHUUECKHH TOK. OH
ByneT Teub KaK 3a cueT U3MEHEHHs SHepPTHH 3JEKTPOHOB Ioj aeii-
CTBHEM BHeEIUHero noJisi, TaK U 34 CYET M3MEeHEHHs! SHEePTHH JeK-
TPOHOB B BaJIEHTHO# 30He. KapTuHa TOKa B BaJIeHTHOH 30HE OKa-
3bIBAETCSl TaKol, Kak ecau Gbl ¢BOOOAHBIE OT 3JMEKTPOHOB MECTa
(1BIPKH) TepeaBHUrauch Gbl B NMPOTHBOMOJIOXKHOM HaMpaB/IEHUH.
BakaHTHOe MecTO — ABIPKA MOJHOCTBHIO SKBHBAJEHTHO MOJIOXKH-
Te/IbHO 3apsiKeHHOH uacTuue (cM. puc. 2).

IMpn B3auMozxeicTBHM CO CBETOM, KaK M IS H30JHPOBAHHO-
FO atoma, B NOJYNPOBOAHHKE MOLYT NPOUCXOAHTh 3 mpolecca.

1. KBaHT cBeTa MOXKeTr GbITh MOIVIOUWIEH MOJYIPOBOLHUKOM,
npu 3ToM obpasyercs napa 3/eKTPOH M JbIPKA, NPHYEM Pa3HOCThb
SHEPTrUH MeXAY 3JEKTPOHOM H ABIPKOH paBHa 3Heprud KBaHTa.
ST10T npouecc CBA3aH C yYMeHbLIEHHEM SHEPTHHU HJIEKTPOMATHHT-
HOrO TOJSI M HOCHT Ha3BaHHE pPE30HAHCHOrO MOIJIOULEHHUA
(puc. 3,a).

Janpewdnnas soma hv

——
Pomon Dbpasobanue snenmponyo- mm\
Goiposnod naps! 8 pesynemame
W noznowenus gomona kv w \_—~—

Puc. 3. Tlpoueccst B33HMOJEHCTBHA CO CBETOM:
@ — PE30HAHCHOe MOTJIOWeHHe; 6 — BBIHYXKAEHHO® H3JyYeHHe,

2. Tlon melicTBMeM KBaHTa 3JIEKTPOH MOXKET NMePeHTH M3 30HbI
MPOBOAMMOCTH B BaJIEHTHYIO 30HY Ha CBOGOIHOE MeCTO — HbIDKY.
[lpu sToM Gyner M3LydeH KBAHT CBeTA, TOMXKAECTBEHHBIR MO yac-
TOTEe HAMPAaBJEHHOrO PAacCHPOCTPAaHEHHs! M MOMSPU3ALMM C KBaH-
TOM, BbI3BABIIHM H3JyuyeHHe. DTOT NPOUECC CBSA3AH C YBeJHUEHHEM
SHepPrHM MOJSl M HOCHT Ha3BaHHe HHAYUHPOBAHHOIO H3JYYEHHS
(puc. 3,6). HanoMuum, 4T0 HHAYUMPOBAHHO® H3JyueHHe GblIO
otkpoito A. Dinmrefinom B 1917 roay npu HcciefoBaHHH TepMO-
AMHaMUYECKOro paBHOBECHsl MeXAY NOJIeM H3/1yueHHst H aTOMaMH.

3. Kpome pe3oHAaHCHOro MOTJIOUIEHHS M HHAYUHPOBAHHOTO
HCHYCKAaHHS, MOKET HMeTh MECTO TPETHH Npolece — cHOoHTaHHOe
H3TyYeHHe. DJIeKTPOH MOXKET mepedTd Ha BaKaHTHOE MeCcTo —
IbIPKY (peKOoMGMHHPOBATb C JAbIPKO#) B OTCYTCTBHE KBAHTOB H3-
JIYUSHHS!, MCITYCTHB KBaHT CBera.



Tak Kak BEpOSITHOCTh HHAYUMPOBAHHOTQ M3JYYEHHS U Pe3o-
HAHCHOIO MOrJIOHIEHHS TOYHO PaBHBI APYT APYFy, MOJyNnpOBOJHUK
B PABHOBECHOM COCTOSIHMH MpPH JI000H TeMnepatype MOXKeT JAulUb
[OrJIollaTh KBAHTHI CBeTa BBHAY TOFO, YTO BEPOSITHOCTb HaXOX[Ie-
HHSl 9/JIeKTPOHOB Ha YPOBHSIX YMEHbIIAeTcs ¢ POCTOM IHepTHH.

Jln: toro utoGBl 3aCTAaBUTb NOJYNPOBOAHHK YCUHMBATL 2J€K-
TPOMArHUTHOE M3JyueHHe, HYXKHO HapyLWHTh PaBHOBECHOe pac-
npefiesIeHHE JIEKTPOHOB [0 YPOBHAM H HCKYCCTBEHHO CO3/aTh Ta-
Koe pacrpejenende, Korga Ha GoJiee BHICOKHX YPOBHSIX IHEPrHH
BEPOSITNOCTb HAXOXKAEHHSI JeKTPOHOB 6osbluie, ueM Ha Gojee
HU3KUX ypoBHAX (1—3), Hapywuth pacnpenesneHue BHYTPH 30HbS
QueH’ TPYAHO BCJEICTBHE CHJIBHOrO B3aUMOJEHCTBHS MeXAY
3JEKTPOHAMH U pelleTKOH NOJYNPOBOLHHKA: OHO BOCCTAHABJH-
Baercsi 3a Bpems 10-19—10-12 cex. 3HauuTenbHO 1polle Hapy-
LINTh PABHOBECHE MEX/IY 30HAMM, TaK KaK BPEeMs XKHU3HH 3JEKTPO-
HOB W ABIPOK B 30HAaX 3HauyuTeabHo Gouabime. OHO 3aBHCHT OF
APUPOABL MOMYNPOBOJHHKA H JIeKHT B nperenax 10-3—10-9 cex.

BeaenctBue Toro, 4ta 3J€KTPOHBl M IBIPKH B MOJYIPOBOAHH-
KaXx ABHXKYTCH, KDOME 3aKOHA COXPaHEHWs 3HEPruu NPH H3ayue:
HHH, JOJIKEeH BHIOJHATBCA 3aKOH COXPaHeHUus AMIyJbca. Tak Kak
UMIIYJAbC KBaHTa BecbMa MaJ, MpHGJNKEHHO 3aKOH COXpaHEHHSA
HMIyJbca CBOAHTCA K TOMY, YTO 3JIEKTPOH M AbIPKA NPH H3Jyye-
HAM (MJH TIOTJIOLIEHHWH) KBaHTA CBeTa NOJKHbI UMETb OAHY H
Ty xe ckopoctb. Ha puc. 4 cxemaruuecku nsobGpakeHa 3aBHCH-
MOCTb 3Hepruu or mMmnyabca. CyllecTBYIGT jABa THNa MOJYOPO-

[
3 N
5 Ny
S Jona Umnynocsr =Y Jewa npoSegu-
npobogumocmu @omota mocmu
\ /"
Jnepeus
@omona .
— N
Kbasu- Jnepeus R
umaynsc kbanma [ ‘ﬁ;’,‘,’;,‘;,;c
T~ , B~ 4
Banewmnag 30na Barerimnag sona

Puc. 4, Jluarpamma 3aBUCHMOCTH IHEPFHH SJIEKTPOHOB H IHLIPOK OT
KBa3HUMNY./1bCa:
a — NpsMble Tepexonsbl; 6 — HenpsiMble NEPeXOnH,

BOJIHUKOB. I/l ONHUX NMONYNPOBOAHHKOB MMHUMYM YHEPTHH 2JeK-
TPOHOB B 30HE NPOBOAHMOCTH TOYHO PaBeH MAaKCHUMYMY SHEpru#
IbIPOK B BaJIeHTHO# 30He (puc. 4,a). B Takux nonynpoBORHHKaX
MOryT MMEeThb MECTO TaK Ha3blBaeMble NpsMbie TePeXoldbl. DJek-
TPOH, HMEWIIUH MHUHUMAJIbHYIO SHEPTHIO, MOKET PEKOMOHHHPO-
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BaTh C NbIPKOil, HMeIoILel MaKCHMaabHYIO sHepruio. Ias ppyrux
[O/MyNPOBOAHHKOB MHHHMYM 3HEpPruH B 30He MPOBOAHMOCTU HE
coBITaaeT ¢ MAaKCUMYMOM 3Heprufl B BaJieHTHOH 30He (puc. 4,6).
B 3TOM Cayuae mpouecc H3Jyu4eHHs! WM MOIJIOLIEeHHsI KBaHTa CBe-
Ta JOJI)KEH COMPOBOXKIATHCSI U3MeHeHHeM Ko/e6GaTe/bHOro coCTo-
QHUA  pelleTKM KPHCTaMIa, U3JIyYeHHEM WM [OIJIOUIEHHEM
('OHOHA, KOTOPLIfl OJIKEeH KOMNEHCHPOBATh H3MEHEHHe UMIYJIbCa.
Taxune mponeccol NMoONy4u/nH Ha3BaHHE HENPAMBIX NepexonoB. Be-
pOSITHOCTb HENpPSAMBIX NMEePeXOf0B OGbIYHO MeHbIHE BEPOSTHOCTH
npsMbIX NEPeXO0B.

s Toro yroGbl 3aCTaBHTb NMOAYNPOBOAHUK YCHUJHBATh Maja-
olee M3JydeHne npyu MeXX30HHbIX Nepexonax, HyXKHO c/eLyollee:

a) B cniyvae npsiMbix mepexomos

Heo6xonumMo 3anoyiHuTh Goslee NMOJMOBHHBI YPOBHER B IoJOCE
nopanka KT BG6iu3H kpas 30H 3/eKTpoHamu M Asipkamu. Takue
COCTOSIHHSI, KAK W JJIs] aTOMOB MJIM MOJIEKYJ, MOJYUYHJIH Ha3BaHHe
COCTOSIHHH ¢ HHBEPCHOH Hace/JeHHOCTbIO, WIAH COCTOSHUH C OTPH-
uatesibHOH Temmeparypoil. TemmepaTypa MuHyC Hy/ab Trpaaycos
COOTBETCTBYeT TAKOMY pacHpejeseHHIO 3JeKTPOHOB, Korja Bce
ypoBdu B nosoce KT 30HBI NPOBOAHMOCTH 3aHATH 3IEKTPOHAMH,
a B BaJIeHTHOH 30He JNblpKkamu. B TakoM coctosHMM (B MpOTHBO-
NOJIOXKHOCTb COCTOSIHUIO MOJIOKHTEJNBHOro HYyJsl) NONAYNPOBOAHHK
MOZKET TOJIbKO H3/aydaTb (MHAYUHPOBAHHO H CMOHTAHHO) KBaHThI
CBETa, HO OH He MOXKEeT MOJIOMaTh H3J/y4eHHe.

CocTosiHHe MOJYNPOBOAHHKA, KOrAa OOJbLIMHCTBO YPOBHEH B
HEKOTOPO# MOJIOCE SHEPTHU 3aHSITO 3JAEKTPOHAMH HJH AbIPKAMH,
MONYYHJIO HAa3BaHHE BBIPOK/AEHHOTQ COCTOSIHHS.

Hrak, s co3faHUsl OTPULATENBHOH TeMnepaTypul HeOOXOAH-
MO HMEThb BBIPOXKHEHHE B NMOJAYHPOBOLHHUKE MO 3JEKTPOHAM H
abipkaM. [Ipu 3anaAHOM KOJMHUECTBe 3JIEKTPOHOB M JBIPOK BCeraa
MOXHO CO3LATb BBIPOKJEHMe, YMeHbIUasi TeMIepaTtypy MOJaynpo-
BOJHHKA, TAK KaK NPH YMEHbLIEHHH TEeMMepaTyphl yMeHbLIaeTcs
INHPUHA TOJIOCH! SHEpruHu, 3aHsATas sjekTpoHaMu, [Ipu temnepa-
Type XKUAKOrO a30Ta AJIs BbIPOMKAEHHS HYXHO HMETb KOHLEHTpa-
uuio 1017—10'® 3;exTpoHOB B €MP.

6) Bcayuae HenmpsAMBIX MepPexonoB.

st cospaHua OTpUNATENbHOH TeMmmepaTtypbl He Tpebyercs
BbIPOKIEHHUS. DTO CBSI3aHO C TeM, YTO BEPOATHOCTb HHAYLHPOBAH-
HOTO HM3JIYYeHHs KBAHTA MOXeT He PaBHATLCS BepOATHOCTH pe3o-
HAHCHOTO MOTJIOUIEeHHS [IPH HENpPAMBIX NMepexciax.

Paccmorpum, HanmpuMep, HenpsiMOH NEpexof, NpU KOTOPOM
OJIHOBPEMEHHO HCIyCKaeTcss KBaHT M (oHOH, OGpaTHBIM TaKOMY
npoueccy 6Gyner npouecc OJHOBPEMEHHOro MOIVIOIIEHHS KBaHTA
u ¢doHOHa.

BeposiTHOCTEL DOTVIONIEHUST NPOMOPLUHOHANBHA YHCHY (DOHOHOB
B pemietKe KpucraJia. Uncno GoHOHOB yMeHbLIaeTCs C MOHHUKeE-
HUEM TeMIepaTyphl: NPU HU3KOH TemnepaTtype (OHOHBI OTCYTCT-
ByiotT. CHIXKan Temnepatypy o6pasia, MOXKHO C/AenaTb BEPOAT-
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HOCTb H3JYUYeHHs MHOTO Gosiblie BepositHocTH Nornomenus. [lo-
9TOMY Ui HeNpsIMBIX NEepexXoAO0B OTpUNaTe/]bHas TeMneparypa
MOXeT ObiThb TOJIyYeHa NPH 3HAUHTENbHO 60jiee HU3KOH KOHLEH-
TPalUU 3JIEKTPOHOB M AbLIPOK.

Crenyer OTMETHTb, YTO MOTVIOLIEHHE ¥ H3/yUeHNEe KBAHTOB NPHU
nepexofiax BHYTPH 30HB TaKie NPOMCXOAMUT 3a CUer HeNnpaMmbiX
nepexonoB. Ilpy cosnanuu orpunaTebHOl TEMNEPATyphl MEXKAY
30HAMH BHYTPH30HHOE pacnpele/ieHHe SJIEKTPOHOB (M  JbIPOK)
COOTBETCTBYET I10JIOKHUTEJIbHOH TeMNeparype H NPUBOJUT K MO-
TVIOIIEHHIO H3JIY4YEeHHS.

B cayuae npsiMbix nepexonoB, KOrja BEPOSTHOCTb MEXy30H-
HbIX MEePEX0A0B MHOTO 60Jibllie BHYTPH3OHHHIX, MOXKHO [IpeHe6peub
BHYTPH3OHHBIMH TepexojaMy, T. €. MOXKHO yTBepxkaaTb, UTO
COCTOSIHHSI C OTPHLATE/NbHOM TeMiepaTypoit OyAyT YCHWIHBATb
H3JIyyeHue.

Jowna npobagumoemy Jowa npobogumsac
e e e _f——__z—_——_—:
Aonapsi Aryenmaopsr

Vo Vo Ve v e v Vv v

’.‘.’. QG’O.OG;.O.Q.Q.
0000000000
000000000

>

Banenmuas 3o0na Banenmnas 3ona

Puc. 5. IoHOpHBIE W aKUENTOpHbIE YPOBHHU.

B cayuae HenpsiMBIX NepeXoloB /sl YCHIEHHS HENOCTaTOUHO
UMeTb OTPHILATENbHYIO TEMIEPaTypy, HYIKHO, 4TGB! BEPOATHOCTL
MEXKIY30HHBIX N€PexojoB Owlia GoJblile BHYTPH3OHHBIX Mepexo-
noB. Heo6X0AHMOCTb BBINC/JIHEHHS 3TOTO YyC/NOBAS 3aTpyAHAeT
WCIoNb30BaHHE HENpAMBIX nepexofos. ITo ouenkam Jlymke oHO
He MOKeT GbiTb BBHINMOJHEHO AJs repManus. OAHaKo AJsl APYTHX
N0JIyIPOBOJHUKOB OHO MOKET BBINOJHATBCS.

B papme cayyaeB B nosiynpOBOJHHKAX 3JEKTPOH H AbIpKa 006-
PasyioT CBSI3aHHOE COCTOSIHHE, HeYTo MOJ0GHOe AaTOMY — SKCH-
TOH, DKCHTOHE MOTYT PEKOMOHHHDPOBATh, NaBas HaNyueHue. K-
CUTOHEI TAKMe MOTYT GbITb MCIIOJNb30BaHbt ANA CO3LAHHA KBaH-
TOBLIX TEHEpPaTopoOB, HO Mbl He OyaeM OCTaHABJIMBATBCA HA
Aeransax.

Mpl paccMOTpeaH  YC/IOBHS BOSHMKHOBEHUSH OTpULATE/bHOR
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TeMmnepaTypsl B MONYNPOBOAHHKAX C HA€anbHOi pemweTkold. B He-
HIeaJbHOM KPHCTaJ/ljle BO3HUKAIOT JONOJIHUTE/IbHble YPOBHH 3HEP-
FUY, CBSI3aHHblE C HAJAHYHEM DPA3JHYHBIX HapyILeHWH B KpUCTaJ-
JAMYECKOH pewieTke (MpUMecH, BaKaHCHH, NHCAOKaUMH M T. A.).
Kak npaBu/io, 3TH COCTOSIHUS JIOKAJHU3YIOTCA BGJH3H COOTBETCT-
BYIOLLLEro leHTpa (HampuMep, NPHUMECHOTO aToma), YyeM OHH OT-
JIMYAIOTCS OT COCTOSIHUH B Pa3pelleHHbIX 30HAaX, NpUHafIeKalluX
BCEMY KPHCTAJ/NY B LEJNOM.

B uneanbHoM KpHCTa/jle YHCJIO 3JEKTPOHOB B 30HE NPOBOIH-
MOCTH TOYHO PABHO YHCAY ABIPOK B BaJjieHTHOH 3oue. OnHaAKO B
peasibHOM KpHCTAaJJIe YHCJIO HOCHTeJleH TOKa — 3JEKTPOHOB H
ABIPOK ompejesiseTcsd B OCHOBHOM HaJlMuHeM npHMeceil.

CyurecTByIloT ABa COPTa MPHMeCed: OJHH U3 HHX HMEIT YpOB-
HYM 3HEPIHH, DPACNOJIONKEeHHble BOJH3M 30HB NPOBOAUMOCTH, H,
HOHH3UPYSCh, CO3[AI0T M30LITOYHBIE 3JeKTPOHb.. OHM MOJYUYHJH
Ha3BaHHe [IOHOPHLIX Npumecell. J[pyrue, MMes YpOBHH BHYTpPH
BaJIEHTHOH 30HBI, CMOCOGHBI 3aXBATHTh JEKTPOHbI U3 BaJEHTHOH
30HBI, CO3[laBasi B Hefl H3GBITOYHOE KOJMYECTBO ABIPOK. DTH NPH-
MeCH NMOJYYHJIH Ha3RaHHEe aKuentopos (puc. 5).

Cienyer OoTMETHTb, YTO MOJYIPOBOAHHK, B KOTODOM HMeercs
OJMHAKOBOE KOJHUYECTBO JOHOPHBIX M AKNENTODHBIX MpHUMecei,
BeleT ceGs KaK 4MCTHIH NOJYNPOBOAHUK, TaK Kak AbIPKH, obpa-
30BaHHbE AKIENTOPaMM, PeKOMOGHHUPYIOT ¢ 3JeKTpoHamH, obpa-
30BaHHBLIMH AbIDKaMH.

B psazme cayuaer nepexolbl 3JEKTPOHOB MKy 30HAMH U MpHU-
MECHBIMH aTOMaMH MM MEKAY YPOBHSIMH INPHUMECHBIX AaTOMOB
TOXKE MOTYT CONpPOBOXKIAThCA H3JAydueHHeM. TakHe Iepexombl
TakKe MOTYT ObITh HCHOJbL30BaHBI AJs IOJYUYEHHS OTpPHLATENb-
Holt TeMmepatyphl. OfHaKo MBI He GylJeM OCTAHABNHBATHCS U HA
3TOM BOMpoOCe.

Meton noayueHHUs COCTOAHHI ¢ OTPUHATEJbHOI
TEMNepaTypoit B NOJYNpPOBOAHHKE

a) MeToJ ONTHUYECKON HaAaKauyKH

B cayuae monynpoBOLHMKOB MOXKHO BOCHOJB30OBATBLCA «TPeX-
YpOBHeBOf» CXeMOH, C ycrnexoM NPHMEHAeMOfl AJs rmapamarsar-
HBIX KBAHTOBBIX YCHJIMTeJeldl M ONTHYECKHUX TeHepaTopoB Ha JIo-
MHHECUEHTHBIX KpUcTa/iax u crekaax (puc. 6).

Tak kax BpeMs peslakcauuy 3/71€KTPOHOB M IbIPOK MO YPOBHIM
30H MHOTO MEHbIlle BpeMelld XXHU3HH 3/1eKTPOHOB U ABIPOK B COOT-
BeTCTBYIOLHX 30HAX, UHBEPCHAsl HACeJEHHOCTb MOXKET GbITb NO-
JydyeHa C [OMOLIbIO CBeTa.

[Monynposonunkyu o6gajgaieT oueHb GOMBIM Ko3(hpHUUEH-
TOM TOIJIOIIEHH S, CH/IBHO YBEJHUYUBAIOUWIAMCA TpPH YBEJHUYEHHH
yacToThl u3snyuedus. Ilostomy nnsi nmanyyeHus uHBEepCHON Hace-
JIEHHOCTH B 00pa3nax CPaBHUTENbHO OGOJIBUION TOJNLIMHBI LENeco-
06pa3HO HCHO/Mb30BATh MOHOXPOMATHYECKOE H3JAYHEHMHEe ¢ 4acTo-
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TOH, 6IH3KOM K 1acTOTe MEK3OHHLIX MEpexXoRoB. B cryvae xorna
YacToTa BO3OYKAalOHIero naayuenus Goablie NNpHEHb 3aEpeiReH-
HOH 30HbBI, COCTOSIHHE C OTPHLATENbHO TeMIIepaTypoil abpasyer-
Cfi B Y3KOit nojioce BOJH3W TpaHnub obpasua rayGuHok B He-
€XONLKO MHUKPOH (mopsaka MRIMHH IHGEY3HH 3JEKTPOHOB).

Hoanowernue Yeunenve
gpomonob pemenol
¢ hV> ¢

goeoe0)

a

Puc. 6. OnTHyeckas Hakayka:
a — TpeXypoBHeBasi AuarpamMMa JJisi aTOMOB; 6 — Ijg MOJyHpoO-
BOAHHKOB.

B kauecTBe HCTOUHHKA H3JYYeHHS MOKHO HCNOAb30BaTh CBET
J1a3epoB APYTHX TUIOB; ra3oBHIX JIa3epoB, Ja3epoB Ha JIOMHHe-
CIEHTHBIX KpHCTaJjnax, Ja3epoB Ha p—n nepexojax.

6) BosbyxneHue NOAYNPOBONHHKOB HNYYKOM

OLICTPHX 3JEKTPOHOB

Ecan HanpaBuTh ny4oK ObICTPHIX 3/1eKTPOHOB Ha 1IOBEPXHOCTh
NONYyNPOBOJHHUKA, TO 3JEKTPOHHI JIerKO IPOHHKAIOT B ray6b mo-
aynpoBojnHuka, Ha cBoem myrtH, crankupBasch € aroMaMH KpHc-
Taajaa, ObICTpble 3/7eKTPOHB 06pasyloT 3JEKTPOHHO-AbIPOUHEIE
napol. PacueTs! u onbITEl 10Ka3bIBAIOT, 4TO Jisi 06pas3oBaHus
OJIHO 3/1eKTPOHHO-BIDOYHON Mapbl TPATUTCHA SHEPTHS, IPUMEDPHO
B TPK pasa Gosbliast, YeM MHHUMAaJbHAas pPasHOCTH SHEPruii Mex-
ny soHamH. OOpasoBaBiuyecst eKTPOHBl U AbIPKH, OTXaBas H3-
OLITOYHYIO JHEPTHI0 aTOMaM pellieTKH, COGHPAloTCs Ha YPOBHSX
B6/M3H KpaeB cooTseTcTBYIomuX 30H. Ilpu atom moxer o6paso-
BaTbCS COCTOSIHHE ¢ OTpHLaTeNbHO# Temneparypo#. Yem Gonruie
9HEPrus 3JEKTPOHOB, TeM GoJbllle UX IyOHHA HPOHHKHOBEHHS.
Onnako cyumiecTByeT HeKOTOpasi NMOPOroBasi SHeprus, HauyHHAA €
KOTOPOH 3JIeKTPOHBl OynyT co3naBaTh AedekTel B KpHCTaase —
paspywmarb Kpucrajaanyeckyio pewerky. [loporosas sneprus sa-
BHCHT OT 3HEPrHH CBS3H AaTOMOB B KPHCTa/NlaX W COCTaBjafer
O06BIYHO HECKOJbKO coteH x38, OnbiThl 1M0Ka3dJjiH, YTO 3/MEKTPOHbI
¢ sgeprueit 200—500 ka4 ente He CUABHO MOPTAT PEHIETKY.

IlnernocTh TOKa ObicTphiX 3JEKTPOHOB, IPH KOTopoil o6pa-
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ayercs OTpULATENbHAN TeMNepaTypa, CHIbHO 3aBUCHT OT BpeMe-
HH KU3HH 3JIEKTPOHOB H AHIPOK. [/151 MONYNPOBOZHHKOB ¢ Bpeme-
HeM xusHu 10~7 cex npu TemMnepaTypax XHUAKOTO a3oTa MOPOro-
Bas MJIOTHOCTb TOKa uMeer mopsanok ! afcem? Tax kak BelIense-
MYI0 B MONYNPOBOXHHUKE SHEPrHIO MPH TakuX OOJBIIMX TOKaXx
TPYAHO OTBECTH, O6GLIYHO HMCHONB3YETCS HUMINYJbCHBII METOL BO3-
OyXAEeHHS ¢ MaJiol CKBa:KHOCTBIO UMIYJbca.

8) Muxexuua 23MeKTPOHOB U JAHPOK uepes

p—n nepexon

Kak 6b10 otmMeueHo Boiine, cnennguyeckoil 0COGEHHOCTHIO M10-
AYNPOBOJHHKOB SBJSIETCS] TO, YTO €r0 3HEPreTHYeCKHe YPOBHH
MOI'YT 3anoJIHATBLCA 3JEKTPOHAMH HJM JBIPKAMH 3a CueT BBeje-
HASI B KPHCTa/J ClelHa]bHO MOJOOPaHHBIX aTOMOB IpUMeCEH.
Onnako OJHOBpeMEHHOE BBelJeHHe AOHOPHBIX M aKUENTOPHBIX
npuMeceyl He NPHBOAUT K BO3HMKHOBEHHIO COCTOSIHHI ¢ oOTpula-
TeabHOH Temmeparypoil. [TostoMy JI/st HOJNydYeHHS] HHBEPCHOM
HaCeJEeHHOCTH MOCTYNAIOT cleLyoluM o6pa3oM: 6epyT JBa KycKa
NOJIyNPOBOJHUKA, B OAYH H3 HUX BBOASITCS JOHOpHble IIPHMeECH,
B Jpyro#t akuenropHuie, Eciu Takue nonynpoBOAHUKH COEIHHUTD,
TO ob6pasyercsi p—n Nepexoj — Ha rpaHHIle pasuena MOJYIpo-
BOJXHHKOB BO3HHMKaeT CKauyOK MOTEHILHaJa, MPeNnsTCTBYIOWNI npo-
HMKHOBEHHIO 3/1eKTPOHOB B KPHCTaJJl, B KOTOPOM HMeEIOTCS ALIPKHU,
3 AbLIPOK B KPHCTAJLI, B KOTOPOM HMEIOTCS 3JIeKTPOHH (puc. 7,a).
Kak Gblio oTMeueHo Bhille, AJis NOJYYeHHs] HHBEPCHO!N HaceJseH-
HOCTH HeoOXoAuMa OcJsibLiias KOHIEHTPAlHs 3JIEKTPOHOB H JbIPOK
(noXHO GBITH 3aHATO GoJibllie TOJOBHHBEI YPOBHE B HEKOTODOIl
fonoce sHepruil), T. €. NOJYNPOBOSHUK AOIKEH COLEPIKATh GOJb-
uroe KOJHYeCTBO Npumeceil.

P-mun n-mun P-n nepexoq
p-n nepexog p-rmun n-mun
"o 9a28,
Jarpewermas™>_ OO, Q)

Q0o
000006 OO
()

Puc. 7. @ = p~n Hepexoi B PABHOBECHH; 6 — p—n Nepexof BO
BHIUHEM 3JIEKTPHYECKOM MoJe,

Ecniy K p—n nepexoily MpUIOXKHTb BHElHee HaMpsiKeHHe,
CHUMalolee CKAyoK NOTEHUHaAa MeXAY ABYMS 4acTAMH MONY-
NPOBO/JHNKE, TO PaBHOBECHOE pacnpeieieHne aJeKTPOHOB Hapy-
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WHTCA, U uepe3 ToJYyNpoBOAHHK noitaeT Tok. [Ipu stom snekrtpo-
Hbl KaK GObl BJHBAIOTCS B 00/1acTh, I'le MHOTO JBIPOK, a NBIDKH B
006/1aCTh, TJle MHOI'O 3JIEKTPOHOB, H B Y3KOH 30He BOAU3H p—N
nepexofa Ha PacCTOSIHHH B HECKOJNILKO MHKPOH BO3HHKaeT HHBEpC-
uasa HacejeHHocTb. [Tojyuaercss coff MoOMynpoBOAHHKA, CMOCOG-
HbIIf YCHJIUBATh JEKTPOMAarHUTHble KoJeGaHHsl 3a CHeT BbIHYXK-
JIEHHOTO HM3J/YYeHHsI KBAHTOB NPH IepexoJe 3JCKTPOHOB U3 30HbI
NpPOBOAMMOCTH B BaJIEHTHYI0 30HY (puc. 7,0).

IMpu co3panuu monynpoBOXHUKOBHIX MPUGOPOB GblIO pa3pa-
60TaHO MHOI'O METO/I0B MOJIyYeHHs! p—r nepexojoB. B HacTosee
BpeMs /ISl CO3/aHHUS JIa3epoB yAaJoCh HCHOAb30BATh JBa MeTOAa
JUIS U3TOTOBJIEHUS p—n MEPeXOofoB: AHGD(Y3UOHHHIH MeTOn ®
MEeTOJ, JIETHPOBAHHS Pa3/jHUHBIMH NPUMECSIMH HPH pOCTe KpHUC-
TaJJIOB.

WloaynpoBOAHUKOBbIE KBAHTOBble IeHEPATOPb

Iljis oCyIlecTBJeHUS reHepalliy HA OCHOBE CHCTEM C OTpH-
naTebHON TeMmepaTypoli HeOOXOAMMO B TAKyl0 CHCTEMY BBECTH
o6paTHyi0 cBsisb. OOpaTHasl CBA3b OCYILECTBJSETCA C NMOMOLIbIO
pesonatopos. [IpocrefiliMM THUNOM PE30HATOPOB B ONTHYECKOM
JAMANasoHe ABJAETCS Pe30HATOP C IJIOCKOoNapaJJebHbIMH 3epKa-
kamu. OTpaxasicb OT 3epKaJl, KBaHTbl cBeTa 6yAyT MHOTOKpaTHO
NPOXOJHUTh Yepe3 ycuauBalouyio cpeny. Ecnn kBaHT cBeTa mpex-
e ueM OH OYHeT NOIJIOLEH 3epKajaMu MJAM BHYTPH o6pasua
ycreeT BbI3BaTh HHAYLHMPOBaHHOE H3.1yuyeHHe 6osee OJHOrO KBaH-
Ta (T. €. ecyii B cucTeMe Oy/JeT BBIIOJNHEHO YCJOBHEe CaMOBO30YXK-
JleHHsI reHepaTopa), TO Takasl cuctema OyzeT paboTaTh Kak re-
Hepatop (puc. 8,a). Ecan nopnep:kusath B o6pasie ¢ MOMOILBIO
BHEUIHEro HMCTOYHMKA SHEpPTHH HEKOTOPYIO OTPULATENbHYIO TeM+
neparypy, TO YHCJO KBAHTOB B pe3oHaTope OyleT HapacraTtb A0
TexX [Op, MoKa Yucao BO30OYyKAaeMblX B €IUHUIY BpPeMEHH 3JIeK-
TPOHOB He CTAHET PABHbIM YHCJAY H3JyYyaeMblX KBAHTOB.

Cnenyer 0co60 MOgYepKHYTb, YTO, KOrJd KBAHTOBAs CHCTeMa
¢ o6paTHOl CBsI3bI0 paboTaeT KakK reHeparop, ee u3jyyeHHe UMeer
CTPOro onpejeneHHOe 3HaYeHHE YacTOTH. DTO CBOACTBO OT/NHYAET

Hemoyur 8030yx-
/ genus (clem um

/Jeprm/m Nonynpobogruw e oHols oK)
Kozepenmusii Kozepewmuory
——— rhem — clem
—
NonynpoBoguux ¢ ompuyo- Jeowana /
meNLHOU MEMNERAmYRad
a ]

Puc. 8. INuarpaMma nosynpoBOXHHUKOBHIX Ja3€pPOB:
a — o6biutble; 6 — ¢ U3AYHAIOLMMH 3epKaaamy,
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N3NYYEHHE TeHeparTopa OT BCEX APYrHX HCTOYHHKOB CBETA: JaMIl
HaKa/JMBaHUs, JIIOMHHECUEHTHBIX JaMN UM JJf HCTOYHUKOB cBeTa
€ OuYeHb Y3KMMH CHEKTPAJbHBIMY JHHHSIMH aTOMOB U MOJEKY.I.
MoOROXpPOMaTHYHOCTh M3JIYYEHHs KBAHTOBOrO reHepartopa HB-
JAAETCA CAEACTBHEM CBOWCTB HHAYLUHDOBAHHOTO HM3Jy4YeHus: yac-
TOTa KBAHTA NPH HHAYLHPOBAHHOM H3JYYEHHH paBHA yacToTe
KBaHTa, BH3BaBuiero uaayvenue. Mexoguan wnpusa jaunufl B
NOYNIPOBOJHMKAX OGHLIYHO COCTABJAET HECKOJbKO COT aHTCTPEM.
B nacrosiuee BpeMsl NOKa3aHO, YTO MIMPUHA JHHUM B reHepaTo-
pax, UCTONb3YIOWINX p—n Nepexoj, B APCEHHAE TaJJIHs MEeHbLIE

o
0,0017 A. KoneuHoe 3HaueHWe WINPUHBI JUHMH B reHgeparTopax
CBSI32HO CO CNOHTAHHHIM U3JIYYEHHEM.

Hapany ¢ usmenenueM clekTpajbHOro cocrasa M3JyueRHs B
pexxuMe reHepaiii BO3HHKAeT NPOCTPAaHCTBEHHAs HaNpasBlIeH-
HOCTb u3ayyeHus.. OHa Takxe CBs3aHa C NMPUPOROA MHAYDHUPO-
BAHHOTO U3JIyYeHNs, IpN UHAYLHPOBAHHOM HU3JYUEHUH KBAHT CBe-
Ta HMEET TO JKE€ HaNpapJeHHe pPaclpOCTPAHEHUs, UYTO H BLI3BAB-
WA ero KBaHT.

OG6ryno B MONYNPOBOJHMKOBLIX KBAHTOBHIX reHepaTOpax pe-
30H3aTOPOM CNYXKUT caM o6pasel, TaK KaK MOJYNPOBOIHHMKOBLIE
KPUCTAJINBl HMEIOT GOJbIUYI0 AMIJIEKTPHUECKYI0 TOCTORHHYIO U
OTNOJHPOBAHHAA TPaHHULLA gaasnena BO3AYX — JHUIJIEKTPHK CHO-
cobHa oTtpaxatb okosno 30% wusnyuenus.

Brepsrle nosynpoBoAHNKOBEE reHepaToph! OBIN OCyulecTBIe-
HB Ha p—n nepexofe B Kpucrannax CaAs, HeCKOJbKO TIO3XKeE
Npu BO3OYXKACHUU 2IEKTPOHHHIM NYYKOM M B CAMOe TOTJIENHee
BpeMs ¢ ONTHUecKUM Bo30Oy:kAeHUeM. B tabauue noxazaHu pas-
JYYHBEE TNOJIYTIPOBOAHHKOBHIE MaTepuasbl, Ha KOTOPHIX YZHajoch
OCYHIECTBUTH I'eHepanuio, ¥ yKas3aHb MeToAbl BO3OYXIeHud.

C noMompio NOMYNPOBOAHUKOB YXKe YAAN0Ch NEPEKPHITH GOMb-
mo# auanasox yactor ot 0,5p xo 8,5u. B psje cayuaes ynaercs
HenpepLiBHO TepekpHTh GOAbIUOH AMANA30H HACTOT, TaK Kak
H3MeHeHye KOHUEHTPAUUM KOMNOHEHT B TPOMHHX TOJYTPOBOIHU-
KOBbIX COeAHHEHHMAX NPUBOAHT K H3MEHEHHIO PAcCTONHHS MEX1Y
30HAMY, T. €, TO3BOJNSET MEHATb HETMPEPHIBHO YACTOTY U3AYUEHMA.
Hanpumep, usmenenne cocraBa B cuctemMe CaAs npusogur K
u3MeHenuio yactotsl or 0,9n mo 3,2p.

B Hacrosiiee Bpemsi HauGoJbilee pa3BUTAe NMOJYYWIH KBAH-
TOBBle reHepaTope Ha p—n nepexonax B CaAs. Brouin nonyuenst
MMIYJbCHBII ¥ HENpPEepLIBHBEIA DPeXKHMBl CO CpefiHell MOIHOCTbIO
B HECKOJBKO BAaTT M MMKOBOH MOWHOCTHIO 10 100 8T npum x.1m.ja.
oxoso 309%.

HanGonee nnTepecHoit 0COGEHHOCTBIO TOJYIPOBOLHHKOBLIX
KBaHTOBLIX reHepaToOpoB ABJASAETCS BHICOKAH KoshdunrenT nones-
HOTO JAeACTBUA.

Hns resepatopos ma p—n NepexojaX WMeeT MECTO TpsMoOe
npeoGpasoBanHie 3HEPTHM IJEKTPUUECKOTO TOKA B KOIEpEHTHOE
H3JaydeHue, no3ToMy Ko3(QuiUeHT NOJE3HOro AeACTBHA MOXKeT

15



npuGaukaThcd K eIMHHIE. YiKe cefuac yHaercst ZeaaTh AUQABI,
uMeomre K.mjx. 70—80%.

OueHb BBICOKHM KO03((UIHEHTOM MOJE3HOTO NEHCTBUA MOJIK-
Hbl 06GJalaTh U KBAHTOBble I'eHepaTopbl ¢ MOHOXPOMAaTHUECKOM
ONTHYECKOH HAKayKoH, TaK KaK 4acToTa HAaKa4kKH MOXKeT ObiTb
0/IM3Ka K 4aCTOTe H3JyyeHHUS.

K.n.a. nasepos ¢ 2/1eKTpOHHBIM BO30YXKIEHHEM He MOXeT
6biTh Bhile 30Y%, Tak Kak ABe TPeTH SHEPrUH TPATUTCS HA Harpes
peureTky npu 06pasoBaHuUM 3NEKTPOHHO-AbIPOUHOH napbl. OnHako
TaKHe PeHepaTophl- MOryT 00JalaTb 3HAYUTEIbHOH MOLHOCTBIC.
Aror BUI BO3OYXKAEHHS, TIO-BUAUMOMY, NMO3BOJNUT CO3AATh HUCTOY-
HUKU KOTEDEHTHOro U3JyuyeHHsi, paboTaioliie BIVIOTh O AAJEKOH
y/JAbTpadHoaeToBON 06JacTH.

Hpyroit 0co6EHHOCTBIO MONYNPOBOAHUKOB SIBJSIETCS BBLICOKHI
K03(pHLHEHT YCHJIEHUS, JOCTUraioLuii HECKONbKHX ThicA4Y 06-
paTHBIX CAHTHMETDPOB, 4TC MO3BOJISICT CO3/aBaTh KBAHTOBbiE Tre-
HepaTophl ¢ pa3MepaMH, HCUHC/AAEMBIMM MHKPOHAMH, T. €. C pas-
MepaMH pe3oHaTopa, OJU3KUMU K JJIHHE BOJHBI uanyueHus. Takue
pe30HaTOPB! NOJIKHBI 06/71aAaTh OYeHb MaJbIM BpeMeHeM ycra-
HoBsenus, mopsaka 10-12—]10-13 cex, 4To OTKpHIBaeT BO3MOXK-
HOCTH [/l CBepXBBICOKOUACTOTHOIO YNpaBJieHUA KosaeGaHHUSMH
flONIyIPOBOAHUKOBLIX TeHEpaToOpoB, I/l CO3JaHHSi Ha OCHOBE
JlasepoB cBepXGHICTPOAEHCTBYIOIHUX CXEM, HANpHMep 3JeMEHTOB
st CBEPXGBICTPONEHCTBYIOIINX 3JIEKTPOHHO-CUeTHBIX MamuH. Ha
OCHOBE MOJIYIPOBOAHHKOBLIX BELIECTB MOrYT ObITb CO3LaHHI reHe-
paTopbl C MOIYJMPOBAHHOR JIQOPOTHOCTBIO, Jaiolive OYeHb KO-
poTKue UMIYyJabChl CBeTa.

Mausnble pa3Mepbl MOJNYNPOBOAHUKOBBIX J1a3€pPOB  OTKPbIBAIOT
BO3MOXKHOCTH JJIsl CO3LAaHHs KBAHTOBBIX yCHJAUTenel, obJaanato-
LIMX MpedeNbHO BEICOKOHl UyBCTBHTENBHOCTBIO, TAK KaK YYBCTBH-
TeJbHOCTh YBEJIHUUBAETCSl C yMeHbIUIEHHEM 4YHCJIa THIOB KoJeba-
Hufl, KOTOpble MOTYT BO30yXaaTbcsl B pe3oHaTope. Co3naHH mep-
Bble YCHJIMTENIH CBeTa ¢ KoadduuueHToM ycujieHus oxoso 2000.

Beicokuit Ko3hduuHEHT ycHIeHHs B MOJNYNPOBOAHHKOBBIX re-
Heparopax No3BOJISIET CO3/1aTh 1J151 HUX HOBBIH THII pe3oHaTopa —
pes3oHaTop C M3My4alOUMMH 3epKaaaMu (puc. 8, 6).

CepebpsiHOe 3epKajio MOKPLIBAETCS TOHKOH MOJYNPOBOAHH-
KOBOIl MJIEHKOH, KOTOpas 3aTeM IIOKPBIBAETCSl MPOCBETJSIOULel.
Ecan B mosynpoBOAHUKOBOH MIEHKE CO3[4aTh COCTOSIHHE C OTpU-
[ateJbHOH TeMIepaTypoH, KOTOpoe CMOXKEeT KOMIEHCHPOBATH IMO-
TepH 3epKaJa, TO TaKoe 3epKajo MOXKeT ObITb OCHOBOH maft
Co3aHusl KBAHTOBOro renepatopa. Kak u B ciyuae rasoBoro
reHepaTopa, 3/ilecb MOXKHO OXMJIAaTh OYeHb BBICOKYI0O MOHOXpOMa-
THYHOCTb M NMPOCTPAHCTBEHHYIO KOTEPEHTHOCTb H3JyueHHus. 3Ha-
YUTEJNbHBIM NPEHMYILECTBOM TAKOH CHCTEMbl SABJSIETCH TaKe
CpaBHUTeJbHAA JIETKOCTb OTBOAA TeNJa OT TOHKOH NOJYIPOBOA-
HMKOBOH MJIEHKH, YTO MO3BOJIAET HAAELATbCA HA MOJNYYEHHe 3HAYH-
TeNbHOfl MOILHOCTH,
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MoaynposoAHAKOBLIE Na3€Pbl

o JauHa BOJIHB
Honynbf;):::uﬂaaxoauu U3JTyYeHHS Metoxn BO3GYKACHUR
(B MHKpOHAX)
cds 05 TMyyok GeICTPBIX 3/1EKTPO-
! HOB
CdTe 08 ITyyor GeICTpBIX 3/1EKTPO-
! HOB
ITyyor GblCTpbIX 2JEKTPO-
GaAs 0,95 HOB
p—n mepexon,
Onruucckass Hakauka
InP 09 p—n Tnepexos
p—n nepexon
GdSb 1.6 OnrHyeckash Hakauka
p—n nepexon
InAs 3,2 ITyuok GBICTPBIX 3JEKTPO-
HOB
OnrHueckast HaKauka
p-—n nepexon
InSh 5,3 ITyuok GBICTPBIX 3JIEKTPO-
HOB
PbTe 6.5 p—n Tepexon
PbSe 8,5 p—n mepexox
GaAs—GaP 0,65—0,9 p—n Tepexox
InAs—InP 0,9—3,2 p—n Tepexox
GaAs—LuAs 0,85—3,2 p—n TEPEXOA



st monyyeHusr oTPHLATENbHON TEMIEpaTypht B MOJYIPOBOJ-
HHKOBOI1 TIJIeHKE MOYKHO BOCIOJIb30BAThCH 3JEKTPOHHEIM BO3GYXK-
HeHHeM /K onTHuyecKoM Hakauko#l. IIpumeHenue mas ontuueckoit
MOAKAYKY TOYNPOBOJHHKOBBIX J143€POB HAa p—~ Hepexojax
[HO03BOJHUT MOJYYHTh GO/IbIIOA KO3 (OUIMEHT NONE3HOro AeficTBUS
CHCTEMHL B LIEJIOM.

Bonpoc o npenenbHbIx MOIIHOCTAX, KOTOPble MOTYT ObiTh
MOJIYYeHbl C MOMOIIBIO [OJYTPOBOJAHHKOBLIX T'€HEpaTopoB, B Ha-
crosiilee BpeMs elle HenocTaTouHO fAceH. OINHAKO npuMeHeHHe
M3/1YYaIOLIUX 3epKaJj JOCTATOYHO OOJbILIOH NJIOILAAM, NO-BHAU-
MOMY, AACT BO3MOXKHOCTH HCHOJAB30BAThH 3HAUUTENbHOE KoJjuye-
CTBO NOJYIPOBOAHHKOBOro BeulecTsa. [IpemenbHoe 3HaueHue
ceueHus 3epKaj oflpefessieTcss TOYHOCTBIO HMX H3IOTOBJICHHA,
OJIHOPOHOCTHIO MOJYIPOBOAHUKOBOTO ¢J0A U T. A. Pasnuunble
HapyUIeHUsl ONTHYECKOH OJAHOPOJHOCTH OYAYT NPUBOAUTH K BO3-
HUKHOBEHHIO BBICIIHX THIOB KOJ€OGaHHH.

Cpean HeIOCTAaTKOB MOJYNPOBOJHUKOBBIX KBaHTOBLIX TIeHe-
paTopoB cleAyeT OTMETHTb CPABHUTEJNBHO MaJyl0 MOLIHOCTb,
BObLIYIO TIPOCTPAHCTBEHHYIO PACXOJMMOCTb ¥ HEJOCTATOYHO Bbl-
€OKYI0 MOHOXPOMAaTHYHOCTbD.

Onnako, orMeuast 3TH HeLOCTaTKH, CJEAyeT HMeTb B BHAY,
4TO TOJIYNPOBOAHHKOBAS KBAHTOBAs JEKTPOHHKA JeNaer elle
TOIbKO nepsble maru. M cefiuac yxe BHIHBI NMYTH YCTpaHeHHs
YKa3aHHbIX HeNOCTATKOB, TMEPCIEKTUBLI pPa3BUTHS KBaHTOBO
3MIeKTPOHHKH U ITepPCNEeKTHBB NPHMEHeHHUS [OJYNPOBOLHHKOBHIX
nazepos. Bee aTo nosBoJisier HaneATbCs, YTO NOJYIPOBOJHHKOBAS
KBaHTOBasl 3AEKTPOHHKA €CTb OAHO M3 OCHOBHBIX HATlpaBJeHH
PasBUTHSA J1a3€POB.



B. JI. Tuuso6ypr,
unen-Koppecnondenr AH CCCP

COBPEMEHHAS ACTPO®H3HUKA

51 Xouy pacckasaTb O TOH POJIH, KOTOPYIO KOCMHYECKHE JIy4H
urpaiot Bo Bcesenno#, 06 acTpodu3uKe KOCMHYECKUX JyueH, uin,
KaK 4aCTo roBOpSIT, 0 NpobGJjeMe MPOUCXOXKAEHHS KOCMHYECKHX
aydeil. Ho s pemius BHauajie OCTaHOBUTBCS HA COCTOSIHHU COBpes
MeHHOH acTpodusuku B Gosiee WHUPOKOM miaHe. Jleso B TOM, 4TO
U3 CeroJHAIIHUX [OKJaJOB IOCBSILIEH acTPOHOMUUECKOH npobJe-
Me TOJBKO MOI. A BBl 3HaeTe, 4TO ceHyaC acTPOHOMHS OYeHb
HHTepecyeT U LWHUPOKHEe KPYTH Jiofell, H B YaCTHOCTH (HHU3UKOB,
Ouenb MHorue (u3uKu cefuac 3aHHMAIOTCS YACTHYHO aCTPOHO-
Muell, H 3TO COBEpPUIEHHO He cyyailHO, XOTS HHKTO U3 HAC He fB-
JasieTcsl acTpoHoMoM mo o6GpasoBauuio, 1. b. 3eabnoBuu u s no-
JIOBUHY CBOEro BpPEMeHH oTJaeM acTtpodusuxe. IDTO CBA3AHO C
TEM, YTO aCTPOHOMHSI MepexHBAeT cefiuac MCKIIOUMTENbHBIN me-
puox csoero pasputHsa. MMeuHo B acrtponHomuu oxono 20 Jaer
Hasajx Haua/jlach U cefiyac MpoJoJIKaeTcs MOMJNUHHAST PEBOJIIOIHS
B TOM CMbICIe, 4YTO IPOUCXOAUT He NPOCTO GHICTpoe
pa3BUTHe, XapaKTepHoe s Bcell Hayku 3a nocaenuue 200—300
JeT. OTO KayeCTBEHHO OCOGbl MNepHok, KOTOPBII MOMKHO
CpPaBHHUTH C TeM, 4To Gbli1o B Hauasne XVII Beka u uTo 3ac/iyKeH-
HO cBa3biBalOT ¢ uMeHeMm [anunes. Uro cmenan [anuneit? Own
BIlepBble MIOCMOTPE] Ha He6Q BOODYXKEHHBIM IVIa30M B MOCTPOEH-
HyI0O MM CaMHUM TNOJ30pHylo TpyOy. I'anuneli oGHapyXusa rops
Ha JlyHe, o6Hapyxua 4 apkux cnyrHuka IOnurepa. Ilo sroro
HUKAaKUX COYTHUKOB Yy IVIaHeT He Buaenu, u [aausiell Kak 6ol
YBHJEJ COJIHEUHYIO CHCTeMY B MUHHATIOPE; OH YBHJAEJ NSTHA Ha
coannne. KonepHUK cuuTan, 4To ecTh HeGecHas cepa, Ha KOTOPO#
3aKpen/eHbl 3Be3fbl. Brnepsble paspemnn 3Be3nubli nyte [anau-
aei. D10 OTKpBITHE, KOHEUHO, NaXKe cedyac HUYYTh He ycTymaer
Jy4lieMy, YTO HaM M3BECTHO M3 MCTOPHH Hayku. ['anuseir nocrpo-
Ha Xopowni Tedaeckom u mosyuusa 30-KpaTHoe yseaunuenue. Ia-
JIMJIeH caM Jgesiafl 3TOT TeJeCKOon; OH caenan oxoao 100 Ttene-
CKOIIOB.

Ou nonb3oBasics ecTecTBeHHbIM MeTOAOM oTGopa. M3 100 Te-
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JIECKOTIOB OH MOJIb30BaJICSl JIHIIb CEMbIO, TEMH, KOTOpble NaBaJH
xopowee uzo6paxkenue. Ho Obiio Gbl omwn6Ko# AyMaTh, Y4TO MO~
CTPoHKa TejiecKoma 3TO IJ1aBHOE, uTo caenan Danuneir. S xouy
BOCINIO/Ib30BATbCS CAYYaeM — 3TO yXKe OTCTylJeHHe — H  MNosic-
HHTb BaM, YTO [J1aBHas TPYMHOCTb, KOTOpPAs cTaja Ha €ro MmyTH,
ro Gapbep, BO3ABUTHYTHIH CPeNHEBEKOBOH cxosacTHUECKOM
unocopuein.

S1 npuBeNy BbIJeP:KKY BHICKA3bIBAHUS O JIHH3AX TOro MEpHOAA:

«OcHOBHAs HeNb 3peHUst — 3HAThb NpaBly. JIuH3bl xe [Js
QUKOB JIaI0T BO3MOXKHOCTb BHJETb NIPeIMeThl GOJMbIINMH UAH MeHb-
UMY, YeM OHH eCTh B JEeHCTBUTENbHOCTH. Uepe3 JIMH3BI MOXKHO
yBUAETb NpeiMeThl OauKe, AaJiblile, HHOH pa3 NepeBepHYTHIMH,
AeOpMHPOBAHHBIMH U OLIHGOYHBIMH; CJENOBATENbHO, JIHH3BI
He Jal0T BO3MOXKHOCTb BHAETh JNeHCTBUTeNbHOCTh. IlosTomy ecsu
Bbl He XOTHTEe OLITb BBEIEHHBIMM B 3a0JYXKJIEHHE, HE MOJb3YHTECh
JAWH3AMUY,

JIuH3H U1 OYKOB GbLIM OTKPHITHI M HCIONb30BAJHCh s OY-
ko 3a 300—400 ser no lanunes. Teneckon Ttoxe uzoGpea He
Fanuneii. HaM Kaxerca uyjnoBHLHBIM, HOueMy HHKTO jgo [aau-
Jiest He TOCMOTpes Ha HeGo. DTo GbLIO CBS3aHO C CYXKAEHHUEM O
TOM, 4YTO MBI NMOJIYYaJid, NPUMEHSS JIMH3bL

S1 npouty BblaepxKKy u3 nucbMa I'aaunes x Kenaepy:

«ITocmeemcs, moit Kensep, Benukoit raynoctu Jjwogei. Hro
€Ka3aTb O NepBHIX 3JelIHHX (unocodax, KOTopele ¢ KakUM-TO
YNOPCTBOM aclHJ, HEeCMOTPsl Ha THICAYEKpaTHOe NpHrJalleHue,
He XKeJaJNd faxe K B3MJISHYTb HU HA NJIaHeThl, HU Ha JIyHy, HU
Ha TeJecKoI».

Bor ¢ yem npumnocs 6oporsca anunero. [Nanuneft «nosepua
JMH3aM», TIOBEDHJ B JOCTOBEDHOCTb 3HAHUH, NMOJNYUYEHHBIX C MO-
MOIIbIO TesecKona. DTo Obll PEeBOJIONMOHHbIA IIar.

Wms Tanunesa cnaBHO B UCTOpUM HAYKH Cpelu MHOTHX €ro
NOCTHXKEHHH BBeIeHHEeM 3TOrO HOBOTO MeToha.

Co Bpemen Tannaes acTpoHOMHS, HECMOTPSA HM Ha Kakue mpo-
THBOAEACTBHUSA, Hauajia pasBuBaThcad OypHbIMU TemMnamu. Hepepuo
AYMaTh, YTO ee pa3BHTHe cefiuac ocobeHHO ObicTpo. Ono Ghlno
OGBICTPBIM Bce 3TU roibl. § mpuBeAy HaHHbE, XapaKTepH3yloulue
coBepIleHCTBOBaHUe TeseckonoB. ¥ lanuies teseckon Gbi pas-
MepoM npumepHo 1 M, a guameTp auH3bl — 5 cm. Jlyuwnit Tese-
CKoOM, KOTOPbIH MBI HMeeM ceflyac, BcTynua B cTpoit B 1948 rony.
On uMeer AuaMetp 5 M M Mo YFrJIOBOH paspelnarouieil cune oH B
100 pas ayuwe Teseckona [anusnes, a no ceetocuse 8 10 000 pas
ayuire, CMOTpHATE, KaKoi orpoMHbift aporpecc!

Ho uTo xapakTepHO j/ifl BCero pasBUTUS aCTPOHOMHH BMJIOTh
IO TIOCJIEBOEHHOTO NEPHOAA — ITO HCNONb30BaHHE HCKJIOUHTE/h-
HO onTHyecKoll yactu cnektpa. M 3to coBcem He caywaino. Mul
3aLHUIEHB OT MEXIJIaHETHOro NPOCTPAHCTBA CJOEM BO3Ayxa.
Ator caoit no Becy sksupasenten 10 ky6. » Boas. Ho atmocdepa
iponycKaer coBceM He6GOJblLIYIO 4aCTh CHEKTPa 37A€KTPOMArHuT-
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HbIX BOJIH, TaK Ha3blBAEMOE ONTHYECKOE OKHO HPO3PauHOCTH.
STOT AHANA30H COCTABAAIOT 3/€KTPOMATHHTHbIE BOJIHB C AJIHHOM
soanbl 0,4—0,8 mx. IlpumepHo k 3TOMY ZHanasoHy 4yBCTBHTEJEH
yeJOBEYECKHH TJ1a3; 3TO H eCTh BUAMMBIN CBeT.

To, 4yTo NPOU3OINTO B aCTPOHOMHM B NOC/JeJHHE TOABl — 3TO
npeojoJeHHe NpensaTCTBHH; acTPOHOMHS BhIIHJA Ha lupoyaliune
npocTopbl. OHA HCNOJb3YeT HOBble METOABI, KOTOPHIX He OblLIO
pasbiie. Bpan an HYXHO NOKasbiBaTh, HACKONBKO 3TO BaXKHO.

Hau6oablitee 3HaueHNe u3 HOBBIX METOLOB HMEET NpPHEM H3ny-
YeHus N0 pajHoKaHamxy. DTHM 3aHUMaeTcd HOBas BETBb acTpo-
HOMHUH — paguoacTpoHoMus. 3aMeyy, 4To KapTuHa He6a B pajno-
Jy4ax PaJHKaJbHO OTJIMYaeTcs OT NPHUBBIYHOH JJIA HAC ONTHYE-
CKOl KapTHHBHI Heba.

3a nocaennue 20 JeT pagnoacTPOHOMHs KOJOCCAJIBHO PasBH-
Jlach, H €C/iM paHblie ee axu//ecoBoli naToH ObIIM yrjoBbie pas-
peliamoliie CHIBb, TO cefiyac o YIVIOBOH paspeliaiollell cuie
pajaHoacTpoHOMust oGOrHaJMa ONTHYECKYIO acCTPOHOMHUIO.

Taxkum o6pasom, BOT mepBHI METOX — pafHOMETOL.

Brtopoit MeTox — 3T0 MOABEM ONTHYECKHX NPHUGOPOB HA CHYT-
HUKAaxX W pakerax. Tak BB Moxere HaOMIOAaTh yAbTpaduoseTo-
Bble 4 MH(ppaKpacHble yacTH cnekTpa. Hama atmocdepa xots u
NpPONycKaeT BUAHMBIA CBET, HO BHOCHT CHJbHblE HCKaXKeHHS; NO-
9TOMY OOJIbILINE TENECKOINbl HCAOAb3YIOTCS HHOTLA B TeueHHe roAa
BCEro NMIb OAHH pas. [TosToMy noxremM HpYNHEIX TEJIECKONMOB Ha
COYTHHKAX OTKPHIBaeT O0JblIHE BO3MOXHOCTH /51 acTpOHOMQB.
B 6ynymem JIyHa siBUTCS COBEpIIEHHO HIEAaJbHLIM MECTOM AAf
obcepBatopuu. ONUH OuYeHb NMOYTEHHBIH aKaJeMHK, KOrja ero
CIPOCHJIH, Te ClefyeT NOCTaBHTh HOBBLA Te/ecKol, ckasan: «Ha
Jlynes. OH HecKo.IbKO NMOTOpOmWJCH, HO Korjga-HuOyab OGynrer
CAeqaHO HMeHHO TakK.

Tpertuit MeTox — peHTreHOBCKAash M ramMma acTPOHOMHSA. ITO
camast MoJiofiast o6/acTh acTporHoMuu. PeHTreHOBCKOe M3JyueHue
13 KocMoca BnepBble Habmonanock B 1962—1963 ronax. Cefiuac
cHesiaHbl 3aMeuaresbHble OTKpbITHS. OKaspiBaercs, B KocMoce
HUMeIOTCA MOUHblE PEHTTEHOBCKHE HCTOYHHMKH C JJIMHOH BOJIHB B
HecKonbKo aHrcrpeM. CaMbIMB SIDKHMH SIBJSIOTCA HCTOYHHKH B
cozsesann CkopnuoHa, KpaGoBHERHA TYMaHHOCTb, O YeM 1
CKaxKy HECKOJBKO MO3¥Ke.

UeTBepThli METOH, KOTODBIH c/leXyeT HasBaTh, 3TO H3YueHHE
NepBHYHBIX KOCMHYECKHX JyueH.

S ykaxy eme OfMH METONL — 3TO Hab/I0ReHHe HeHTPHHO.
Huxro ne ynusutcs, ecii OH 0OHapYKHT B JUTEpPAType CBEJEHHSA
0 MEepBBIX OMBITAX € KOCMHUECKHMH HehTpuHO. Takne HeHTpHHO
H3JyYaloTcs ocoGeHHO CHIbHO B ropsueft obmactn Coanua. Heii-
TpuHo cBoGoxHe npoxomar dyepea Coanne m 3emaio. Ilpunumas
CoHeyHble HeHTPHHO, MOXKHO 3arnsHYTb B Meapa Coanua, ys-
HaTh, KaK NPOTEKalOT TaMm fAepHhe PEaKIMM.

Kak un 0orato BooGpaxenie y nicarenen-panractos, Ho MHe
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He NPUXOAUJIOCH BCTPEUaTh 10 OGCY:KAEHUS B HAayyHOH JuTepa-
Type, 4ToObl KTO-JIHO0 MOr NpeXBUIEThb, YTO MOXKHO 3arJsiHyTb B
ropsiunie obsactt CosHua. DTOT METO HECOMHEHHO OYNeT NPUHAT
Ha BOOpYXKeHHe.

Mbl nosyuyusu psji HOBbIX METONOB, HAXOASMIUX PaclpocTpa-
HEHHE B ACTOPOHOMHUH. DTO 06CTOSATENLCTBO H, eCTECTBEHHO, Ta Ka-
YecTBEHHO HOBasi CHTYyallHsi, KOTOpas cefl4ac BO3HHMKJIA B 3TON
HayKe, MJIIOC H3yuyeHne KOCMUYECKUX JIyyel, JII0C HeATPUHO, MITIOC
H3yueHHUe rPaBUTALMOHHBIX BOJIH, KOTOPOE, OYEBHAHO, CKOPO CTa-
HET peaJjibHbIM,— BCe 3TO COCTaBJSET COAep:KaHHEe HOBOro W mell-
CTBUTEJNBHO rPaHAHO3HOrO 3Tana B pasBUTHH acTpoHomuu. U mo-
3TOMY He C/lyyalfiHO, YTO acTPOHOMHeH 3aHHMaloTcs (HU3UKH, Ha-
[IPOTUB, 3TO OYeHb MOHATHO.

BoAbIMINHCTBO COBpeMEHHBIX  METOAO0B — 3TO  (U3HUecKue
MeTONbl, UyKIble KJIacCHYecKoil acTPOHOMMH, KOTOpas OfH-
paJjach HCKJIIOYUTENBHO Ha ONTHKY.

$1 Xouy MoJUEPKHYTb, YTO He MOXKeT GbITh U PEYH O TOM, YTO-
6bl OTPHLATbL KJaccuuecKie ONTUYeCKHe MeroAbl. Jlullb Bo Bpe-
meHa [anunes pa3BuTHe HOBBIX CNOCOG0OB M METOLAOE MNpHHHMA-
JIOCh KaK yKasaHue Ha TO, YTO HYXKHO oTGpocuth cTapble. Ha
caMoM Jle/ie HYXKHO CoueTaThb Bce MeToAbl. OnTHyeckass acTpOHO-
Musl TOKe He CTOMT Ha MecTe, OHa 3BoJolHoHu3upyer. M Ge3 nee
HEBO3MOXKHbI CKOJIBKO-HHUOY b NOJMHBIE HAGJIIOIEHUS,

CoueTaHue pagHOACTPOHOMHYECKHX M ONTHUYECKHX METOLOB
fIpUBeJNO K OTKDBHITHIO «CBepX3Be3[d». DTO camoe NociegHee OT-
KPBITHE, KOTOPOe N0 IPaBy CYUUTAIOT OJHHM M3 CAMBIX BbIJAIOLIUX-
Cst OTKPBITHII COBPEMEHHOCTH.

Cefluac 51 moJKeH NepedTH KOHKPETHO K ONHCAHHIO OJHOTO U3
YOOMSIHYTbIX METONOB, K HCCJAENOBAHHIO KOCMHUYECKHX Jyuell Bo
BcenenHo#, 3T0 uccaenoBaHne 06bACHUIO TY pOJb, KOTOPYIO OHH
urpaioT Bo Bcenennoil,

Kak MoxkHO Habm04aTh KocMuueckue ayuu? KocMuueckue ay-
Yyh 3T0 GLICTpHe 3apsiKeHHble YacTHLbI, KOTOpble MOCTYMalOT H3
kocmoca. Mx Henb3s HaGJ0LaTh HA YPOBhe MOps, NOTOMY YTO
10-mMerpoBasi ToJLla BOAB MX Npeobpasyer A0 Hey3HaBaeMOCTH.
Hy:xHo noxusTbest Ha BoicoTy 30—40 k4, a ewwe syuile NOAHATD-
Cs Ha CIYTHUKe; 3TO Telepb M Jenaercs.

HenocpeacTBeHHO KOCMHYECKHE Jyud MOXKHO y 3emaun Ha6mio-
JlaTb MeToJaMHU siiepHOH (PU3HKH.

Bropoil MeTo, He MeHee BaXKHLIH, COCTONT B CJACAYIOILEM.

Ewe 10 ser nasanx Kasasnochb (paHTACTHKOH y3HaTh 4YTO-HH-
6yab O KOCMHYECKHX Jiyyax Aajieko oT 3eMJH, a He 3Has 3TOro,
TPYAHO y3HATb YTO-1H00 06 HX MPOHCXOKIEHUH, MOCKOMBKY KOC-
MHYecKHe Jy4yd MPHUXOAAT CO BcexX CTOPOH.

Ho okxasasnoch, 4yTo yCKOpeHHO ABUXKYLIHHCH 3JIEKTPOH H3JY-
4yaerT NyTeM CHHXPOTPOHHOrO WJIH MarHHTOTOPMO3HOTO H3/JYWeHHs.
OKasblBaeTCsl, YTO 3JEKTPOHK, C ONpeie/]eHHON 3Heprueil nBuxy-
yyecss B MArHMTHBIX HOJSX, H3JY4YaloT B pPajHokuanasoe.
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Takum o6pasoM, KOCMHYECKHE JYUH Kal0T © cebe 3HaTh U no
cBOoeMy pajavouaayueHuto. [IpunuMas ero, Mbl nosyuaem cpege-
HU$t, CKOJIBKO DPEJIAITHBHCTCKHX 3JIEKTPOHOB HAXONHTCS B CaMbiX
yHaJieHHbIX OT FajJaKTHKH 00beKTax.

Tpernit Metox — 310 ramma-ayuyu. Koraa ObICTpBIN 3/1€eKTpoOH
cTajIkuBaeTrcsi (roBopsi Ha KBAHTOBOM fI3bIKe) C ONTHYECKHM do-
TOHOM, OH H3JyuYaeT raMMma-kBaHT. Markuit ¢oTroH craHOBHUTCS
JKECTKHM (DOTOHOM, M €ro 5Heprusi COCTaBJsIeT MHOrHE MHJIJTHOHKI
371EKTPOHOBO/IBT, DTOT NPOLECC TOXKE HECET ONpeeNieHHYl WH-
dopmanio.

Ho kakoBbl pesysbTaThl, NONYUYEeHHble 3TUMH MeToZamu? I
CKaXxy o6 5TOM B JBYX CJIOBaX,

MerogaMu ¢U3HKH KOCMHUYECKHX Jayuell yAajoch YCTaHOBHTb,
4TO Ha rpaHuie 3eMHOH aTMocdephl B COCTaB KOCMHYECKHX Jyuel
Bxoaut 90% npoToHoB ¢ snepruelt 10—° 3. 10 npumepHO FHEpP-
rusi, Kotopas jpocruraercsi B JlyOHe Ha H3BECTHOM YCKODHTEJE.
Ho B HeGoJbuIOM NpOLEHTE eCcTh YACTHULBI C 3HEepPrued, K0X0as-
wei no 10%° s6. Tarux vyactul, MaJjo, HO 3T0 B 10 MH/IIHAPIOB
pas 6oJjblue, yeM 3SHeprus, AOCTUraeMas Ha YCKODHUTese.

Bpocaercs B rmasa peskoe oTiMuHe XUMHUYECKOTO COCTaBa
KOCMUYECKHUX Jiyyell OT COOTHOWIEHHsI HaGJI0JaeMoOro Ha 3semJe.
B npupome Takux 3J€MEHTOB, KaK JUTHi, 6epusnuil, 60op, cTpam-
HO MaJjio. A B KOCMHUECKHX JyyaX HX CTOJbKO, CKOJILKO Keje3a.
Slapa Keneza B MeXK3BE3JHOM NMPOCTPAHCTBE TPOXOAAT 3SHAYH-
TEJIbHYI0 TOJIIUHY BElNECTBA, CTAJKHBAIOTCS BPeMs OT BpEMeHH
C siIpaMy MEeXK3BE3IHOTo rasa u pacllemsiorTcs; Mbl HaGJ01aeM
9TH NPOAYKTH pacuiensexus. Ilo usotonHoMy cocraBy KocMHue-
CKUX JIyuell MOXKHO 3aKJIIOUHTb, KaK JOJT0 OHH OJyxaanu BO Bcee-
7€HHOH, KaKylo TojuluHy mnpouid. Onu O6ayxKAalOT  0KOJO
300 MuUnIMOHOB JleT B rajaxkTHKe; TOJNbKO [0C/e 3TOr0 MOJYYUTCS
HYXKHBII XMMHUECKHH COCTaB.

B nawefi 'anaktike NMJIOTHOCTb 9HEPrHH KOCMHYECKHX Jyueild
TAKOro e MOpPSAKA, KaK INIOTHOCTh MarHUTHOrO MOJis.

OauH W3 BaxKHeHIIMX BBIBOJOB COCTOMT B TOM, UYTO NOMHMO
CHJIBI TSTOTEHHs, KoTopas co BpeMeH HpioToHa, a MoxeT GbITh H
paHblle, cyuTanach onpefensioumleii Bo BceseHHoH, B psjge 06-
JacTeil MCKIIOUUTENbHO BAXKHYIO POJib MIPAIOT SHEprHs u nasie-
HHe KOCMHUYECKHMX Jiyueil # MarHuTHoro noast. OcobeHHO CHJIBHO
9TC MPOSABJISETC B PajHOrajakTHKaXx.

B Halllux raJakTHKaX o4yeHb HHTEPECHBIM 00BEKTOM SIBJASAIOTCS
cBepxHoBole 3Be3fbl. OO60JOUKM HX — MOLIHbIE H3JyuaTesH.
[pumepom cayxur KpaGoBuanass TyMaHHOCTb. ITa CBepx-
HoBasi 3Be3fa nossusach B 1054 roay Haued apel. DTo uCKIIO-
uuTeNbHO HHTepecHbll o6bekT. Ee o6onouka pacuwmpsiercs co
ckopocTeio 1000 xm/cex.

B 1964 roay, 7 uio00d, BO BpeMs JYHHOro saTMeHus GBLIO ycC-
TauosieHo, uro KpaGoBunuas TYMaHHOCTb HBJSIETCH MOILHBLIM
HCTOYHHKOM pPeHTreHoBcKoro uanyuenus. Ilpuposa storo peHrre-
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HOBCKOTO M3JyueHHsl eule He sicHa. Mue xkaketcss HauGosee Be-
POSITHBIM, YTO 3TO PEHTrE€HOBCKOE H3JyueHHe — H3/aydYeHHe Tex
e CaMblX PeATHBHCTCKHX 3JEKTPOHOB, HO B 3TOM cayyae 3J/eK-
TPOHBI [0JIKHBI BCe BpeMsi nocrasaatbes. Ho otkyna oun 6epyt-
csi? Ha 3710 oTBeTUTb HempocTo. Mbl nake He 3HaeM n0 CUX HOp,
YTO OCTaeTcsl OT B3pblBa CBePXHOBBIX 3Be3ld. Bo Bcskom cayuae,
3TO OJMH U3 CaMblX OCTPbIX BOMPOCOB COBPEMEHHOH acCTPOHOMHH.
Bol He A0/1XHB YAUBJATBCS, YTO CErOAHSI OTBETA HET.

$1 Xouy ellle TOJIbKO CKa3aTh, UTO OTKPLIThie 3BEPX3BE3JABI ITO
paauoranakTiku 0co6oro THMAa, ¢ MaJeHbKHM YIJIOBLIM pa3Mme-
pom. Ecan JleGenb-A uMmeer yrioBofi pasmep 5 MHHYT, TO Y CBEpX-
3Be3x — CeKyHAbl M JoJu CceKyHA. B ueHTpe ux Haxoaurcs Kak
Obl cBeTsiieecs snpo. KBasussesgaMu MM cBEpX3Be3JaMH Ha3bl-
BAIOTCA OueHb sApKHe HcTOuHUKH. He uck/ioueHo, 4To UX pasMmeps
TakKHe e, Kak pasMepbl COJIHEYHON chUcTeMbl, HX usayderus B 100
pa3 Goablue, yem y Hamell anaktuxu, cocrosimein us 200—300
MUJLJIMAPAOB 3Be3.

5 cknoHen mymaTthb, 4TO B (M3HKE KOCMHUUECKUX JydyeH HacCTy-
naet HOBBIA NMepPHOJ, KOTOPbIH CBA3aH C LIMPOKUM HCIOJb30Ba-
HHEM pe3y/IbTATOB H3YyUeHUS MJIA3MEHHLIX SIBAEHHIl; peub HUAeT
0 Tex MPOLeccdX, KOTOPHeé YAAJIOCh XOPOIIO H3YYUTh — H Teope-
THYECKH M 3KCIEPHMEHTAJIbHO — HpPH MOMbITKE C€O3[aTb TepMO-
agepHyto peakuuio. Kocmoc cocront u3 mmasMbl. B kocmoce poa-
KHb[ OCYLIECTBASITLCS 3TH MJa3MeHHble mpouecchl. OHU NOJKHbBI
Ha010naTbCa NPH ABUKEHUH KOCMHYECKHX Jyyed,




D. B. Hlnoabckui,
JOKTOp (PUBUKO-MATEMATUYECKUYX HAYK, npogeccop

O XYPHAJIE «<YCNEXH ®U3HYECKHX HAYK>»

Bcecoloshoe o6uiectBo «3HaHNe» NPOSIBUJIO HHHIMATHBY B Op-
raHM3anuy HeoOBLIYHOro BHAA NMOMYJASIpPH3ALHU TOCJAEAHHX NQCTH-
XKeHHil HayKH — BEeUepoB BCTPeUYH C YUeHBIMH, CO3JAOILUMH 3TH
noctkenus. CerofHsIHMI Beuep HAXOMUTCH B paMKax 3TOH
MHUIIHATHBLl, HO HMEeT 0COOEHHOCTb, KOTOpas NPHAAET eMy HEeKOo-
TOpYI0 CBOEOOPasHy M LeJbHYI0 CTPYKTypy. OH mpeicrasaser
co6oit Kak Obl OXKHBLIMH HOMep )KypHaja «Ycnexu (U3HUECKHX
HayK», JKypHaJ/a, MOCBSMIEHHOro CHCTEMATHYECKUM M TJIaHOMep-
HbIM 0030paM JOCTHIKEHHII BO BceX 00J1acTAX (PUINKH U CMEXKHBIX
¢ Hell HayK.

51 xouy pacckasarth 0 camMOM KypHaJe, uTOObl MpUBJeUYb BHH-
MaHHE K TOMY HCTOUHHKY, OTKYJIa IOCTOSSHHO MOXKHO uepnarb
CBEeHHs O HOBHIX mpo6JeMax, CIODHLIX BONpocax M MNpH3HaH-
HBIX JOCTHIKEHHAX 3TOH HaYKH,

Ucropusa xypHana «ycnexu (pHU3HUECKHX HayK», 0COOeHHO
UCTOpPHS ero nepshbixX INaros, Ype3BhIYaHHO HHTepecHa, HO s OT-
Meuyy TOJIbKO TO, YTO TMPHO/HKAeTcs MoJyBeKOBOH Iobujell xyp-
HaJ/ia: ero mepBblil TOM B YeThipex Bbinmyckax Bhbimien B 1918 rony,
a Hauas roToBHThcs B 1917 rofy. D70 GbiI0 COBEPIIEHHO HCKJIIO-
uuTeNbHOEe BpeMs M OOCTaHOBKA, B KOTOPOH poOXiajcs KypHal,
HHKaK He HalOMHHajla yypeauTeJbHOe 3acefaHue Oyayluehd pel-
KOJIJIETHH.

Cosnanue 3TOro KypHaja ObLIO AeJ0M, BCIO BaXHOCTb KOTO-
pOro IJist CTPaHbl NoGeAHBLIEH PEBOJIIONUH MOXHO OLEHHTh TOJb-
KO cefiuac, mouTu dyepes 50 jer.

B camoM gnese, mas co3llaHus MepeloBOii HAYKH B CTpane,
T. €. /ISl pellleHdsl 3a4aul, KoTopas Obla ¢ MepBLIX WIAros Mmo-
crasjena Kommynuctuueckoii naptueir 1 COBETCKHM MpaBHTE/Ib-
CTBOM, HEIOCTATOYHO GBIJIO IMPOKOTO PAacCpOCTpaHeHUs BhICHIE-
ro 06pa3oBaHus U CO3JaHusl GOJBUINX HCCE0BATEIbCKAX HHCTH-
TYTOB, B YacTHOCTH B oGjacTu ¢uankn. Hamo 6b10 OTKPHITH
JOCTYIl K Cepbe3HOMY H CBOEBDPEMEHHOMY O3HAKOMJEHHIO CO Bce-
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MM HOBBIMH NOCTHXXCHHUSIMH HAYKH TeM HOBHIM KajpaM, KOTopble
FOTOBHJIUCH B BBICUIMX ILKOJAX M PAaGOTa/Ju B HCC/IEI0BATENbCKUX
HHCTHTYTaX. A mast dusuku sta 3ajgava Gblia ocoOeHHO BaXKHA
¥ TPylHa MOTOMY, YTO B CaMO# 3TO! HayKe npoucxonuaa peBo-
AIOLUs, JIOMABIIas NpUBbIYHBIE NMOHSITUS W 3aMeHsBIIAst HX HO-
BBIMHU NpPEJACTaBJAEHUSIMH, C KOTOPbIMH He JIErKO ObLIO OCBOHUTHCS.

Co Bceil 370t Besnuaiiwell B UCTOPUM HAYKH PeBOJIIOLUE, CO
BCEMU TOJIOBOKDYXKHTEJIbHBIMU OTKPBITHSIMH, TNPOHCXOAMBLIIUMHE
B (DU3HKe H B CMeXHBIX C Heil HAYKAaX, 3HAKOMHJH COBETCKOrO
YUTATENs] KHHXKKH «YCmexoB (DU3MUECKHX HAyK», BBIXOJUBIIHE
noutn Ge3 NepepLIBOB, He HCKAOYasg TPYAHBIX JIET BTOPOH MH-
POBOI BOMHHI

HeBonbHO BCOMHHAETC BpeMsl CTAHOBJIEHHS HOBOM, Kak
TOr[a ee Ha3blBaJIH, KBAHTOBOM MexaHukU. C GpIOIUMCS cepaueM,
a MHOTJA U C OOJIBIUIMM HanpsKeHHeM YuTanu (u3uKku Moero, Aa
H psifia cjieXyIoUluX MOKOJNeHHH, MOABAABIUMECS B <«Ycmexax»
nepeBoabl cTaTel OCHOBOMOJOXKHHKOB KBaHTOBOH MeXaHHKH —
Fefisen6epra, lpenunrepa, bopa, [upaka u craTbu COBETCKHX
TEOPETUKOB, M3/JardBUINX UM JUCKYTHDOBABIUHX 3TH HOBbIE TEO-
pud. B 20-x u 80-x romax TO, 4TO CTYHNEHTHl Y3HAIOT TENepb M3
yueGHHKOB, MOXKHO ObLIO y3HaTb JAu60 U3 OPUTHHAJBHBIX paGoT
(uto 6BLIO JOCTYMHO HeMHOTHM), qu60 U3 CTaTelt B «YycHexax».
)Xypuan Gbl1 Kak Gbl TMTAHTCKUM BCECOIO3HBIM CEMHHApoM, B
KOTOPOM Y4YMJIHCh MHOTHE TBICSIUM M AECATKH ThicAY Oynylux
GU3HMKOB U HHXeHepoB O/MU3KHX K (DH3MKe ChenuanbHOCTeH.

PagyMeercsi, KBaHTOBYI0 MeXaHHUKY 51 MPUBEJ TOIBKO KaK NpH-
mep. He 6bl10 Takoit mpo6/eMbl HJIH TAKOrO HampaBJeHHSI B CO-
BETCKO/l MM MHpPOBOH (hu3HKe, KOTOpble He OblM Obl OCBEILEHb
Ha CTpaHHUIAX Hallero XypHanaa. fnepHas husnka, HeJHHEHHbIe
KoJie6aHHsl, 3MeMeHTapHble YaCTUILl U TBEpJOe TeJIO C ero Mexa-
HUYECKHMH, 3JIeKTPUYECKHMH, MAarHUTHBIMH cBOficTBaMH — Bce
nepeuyucyaATh He uMeeT cmbicia. He Oburto takoro ¢usuka, Ha-
yuHas OT OCHOBONOJOXKHHKOB coBerckolt ¢usuku Hodde, Jlaza-
peBa, PoxnecTBeHCKOro u mepBoil LiiepeHrH TOrAa MOJOJBIX ¢H-
3UKOB, a cefiyac coBceM, K COXaJeHHIO, Hemosonmbix: Kanums,
Cemenosa, Tamma, ®Poka — u KoHuYad Temepb emuie JOCTATOYHO
MOJIOAbIMU H COBCEM MOJIOJBIMH, B YaCTHOCTH 3[€Ch IPUCYTCTBYIO-
wumu 3enbgosuueM, ['uus6yprom, bacoseiM, Keaznblmem u muo-
TUMH-MHOTHMH JPYTHMH — BCEX [ePeuHCJUTb HEBO3MOKHO, KOTO-
pble He GbuIM Gbl aBTOpaMu KypHaJa.

Peposionus, Koropasa Hayajsach B pu3uKe 65 ner Hazam, co
BpeMeHHM poxJeHMs1 KBaHTa 3Hepruu [lmaHka, mpoposxkaercst u
M0 HbIHEHIHUH IeHb.

[TopasuTenblible 3KCIIePUMEHTA/NbHBIE OTKPHITUA, TakHe, Kak
sddexr Mecc6ayspa uau KBaHTOBble eHEPaTOPbl CBETa — Jase-
pBI, anu B PYKH HCCIEA0OBATE/IA CPEACTBA NPOHUKHOBEHUS B NIPH-
poay (hu3MUECKUX SIBMEHHI HEOOBIKHOBEHHOH MOLIM M CTONL K€
HEOOLIKHOBEHHOH TOHKOCTH,
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HckyccTBeHHble CIYTHHKM 3€MJIM, aBTOMATHUECKHE KOCMMYE-
CKHe CTaHIHUM, NOJIeThl KOCMOHABTOB B HEBUIAHHOI CTeNMeHu pac-
WHPHJIKN HAIUY NpeacTaBleHnd o BceeneHHOM.

ActpoHomus, KOTopas elle HeJJABHO MOTJIa H3y4YaTh OKpy»Kalo-
mHid MUp yYepe3 Y3eHLKYIO ek ONTHYECKOrO CIEKTpa, Tenepb
HMeeT B CBOEM PACNOpPSiKEHHH WHPOKHH JHaNasoH pajuoBOMH,
PEHTreHOBCKHe, raMMa-Jy4H, KOCMHYECKHe JIyYyd ¥ Jaxke HeHTpH-
HO — YIMBHTENbHbIE YaCTHILbl, HEe UMEIOoLIHe HH Macchl, HY 3apsja
1 obsnajaiouine YyyJOBHIIHON NPOHULAIOWEH CHIIOHN.

He menee posHyiomue pe3yabTaThl ObIM JOCTHIHYTHI B BAXK-
Heilllell u caMoil noporoit (B OyKBaJbHOM CMbIcJe cioBa) obJaac-
TH — B (DH3HKe 3jIeMEHTapHbIX yacTtul. Ewe coscemM HelaBHO
husuky OB CMYLUEHB! OBICTPHIM POCTOM YHCJAa BHOBb OTKPBI-
BAEMBIX 2JIEMEHTAPHBIX YacTHL M KaXXYLUHMCSl Xa0COM HX
cBoiicTB. Ho BOT Ha Hamux rjasax HaMeyaloTCsl KOHTYphl KJjac-
cu(pUKaLKH, BHOCSILLEH YXKe U3BECTHYI0 SICHOCTh B KapTUHY: YacTH-
bl pAacNoJaralTcst B CTPOMiHble TpYNNbl, BHOJIHE aHaJIOTHYHBIE
MYJbTHIJIETAM ONTHYECKHX cekTpoB. OZHO M3 NOCTHXKEHMH 3TOM
KJaaccH(pUKaLUd — NpeACKa3aHHe CYLECTBOBAHUSL elle OXHOMH
YacTHHbl, 3aBepiialoliell 3aKOHOMEPHO MHOCTPOEHHOE CEeMEHCTBO,
He nyOJeT WJiW TPHILIET, a Uesablil AeKaIJseT 3/eMeHTapHBIX yac-
THL. DTa YyacTHIA TeNnepb OTKPhITa, OHA Ha3BaHAa OMera-MHHYC —
co6biTHe B 3HAUHTE/NbHOHN CTENEHU AHAJOTMYHOE MpeNCKa3aHHIo
HOBHIX 3JIeMEHTOB Ha OCHoBe MeHeneeBCKON NepHOIHYeCKOF
cHCTeMBl U NOC/ENYIOLEMY OTKPHITHIO 3THX djeMeHTOB. OHO mpo-
u3Be o Obl ceHcauHuw, eciu Obl HAIUH HEPBBl HEe NPHUTYNUIHCH OT
CAMIIKOM OO0JbILIOrO YHC/IA CeHCAlHOHHBIX OTKpwiTHH. [IpaBna,
IJIs TOJNIHOTO OBJAJeHUs] 3TOH CHCTEMAaTHKOH 3JieMeHTapHbBIX
YacTHL, HYXKHO 3HaHHe HOBOH MAaTeMAaTHKH — TEOPHU TIPYNN H He
TOH, KOTOPOH JlaBHO NOJIb30BAaJUCh B KBAHTOBOH MeXaHHKe — B
TEOPHH CJIOXKHBEIX aTOMHBIX H MOJIEKYJSIDHBIX CIEKTPOB, HO Gosee
abcTpakTHOH — Teopueil rpynn Jlu (ue toro Jlu, Koropwiil BMecTe
¢ Slarom mokasaJs HapylleHHe NpaBO-JeBOH CUMMETPHH B cJalhix
B3aHMOJAeHCTBHAX, a WBeAckoro maremaruka Codyca Jlu, xus-
Hmiero B NPOLIIOM cTojeTHH). BrnpoueMm, TakoBa yx cynnba ¢u-
3MKOB, 0COGEHHO MOEro HOKOJIEHHs, YTO KaXKAbI HOBBIH yClex B
TeopeTHUecKol (¢H3uke TpebyeT H3Y4YEHHST HOBOH MaTeMAaTHKH.
A momoryT B H3yyeHNH HOBOTO MaTeMaTHYeCKOro anmapata Te
¥e «Ycnexu (U3MYECKHX HAYK».

B maprosckom HoMepe (1965 r.) xypHana «Ycrexu ¢usuue-
CKMX HayK» HameyaTaHa IIPeBOCXOJHas cTaTha npodeccopa
B. B. Bepecrenkoro «JluHaMHyeckne CHMMETPHUH CHJIbHO B3aUMO-
JeficTByowux uactuu». Ho 3To majeko He mepBasi ctaThs H He
nocaenHss, B uvacrtHocTd, OYyJAyT CTaThbH, TMOCBSIIEHHHIE,
cO6CTBEHHO, 3TOIl HOBOH MaTeMaTHKE, KOTOPYIQ HYXKHO 3HAThb (u-
3UKaM.

B ToM ke HoMepe npubausuteapto yepes 50 mau 100 cTpanul,
MOXKHO HaHTH BIOJIHE NONYJSAPHO HANHCAHHYIO CTaThio (DH3UKOB
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BpykxoseHckoin naboparopun Y. Paynepa u H. CefimHoca o
NpeNCKa3aHH{ U OTKPHLITHH YaCTuUbl oMera-muxyc. OHU He BABO-
eM ee OTKPBHIIH — 3TO ObIJI0 MHPOKOE HCCIeJOBaHWe, B KOTOPOM
yuactsoBaso 30 uau 32 yesoBeKa.

B Tom e HOMepe HamneyaTaHa MHTEPECHas CTaThsi O CHUCTEMa-
tuke neryaimux sgep (bass, Foabpanckuit u 3eabaosuy).

B nepsble roabl XHU3HH Haulero XKypHaja OH COCTOSJI IJaB-
HbM o6pasoM u3 Hebosbuiux (1,5—2 mewaTHBIX JuCcTa) cpaBHH-
TeJAbHO NOCTYMHBIX craTeft. TakoBa 6blla mnepBoOuepenHas Io-
TpeGHOCTL TOro Bpemenu. Ho cornacHo u3BecTHOMY JaTHHCKOMY
H3peuYeHHIO, «<BPeMeHa MEHAIOTCA H Mbl BMecTe ¢ HUMH». [Ipaumid
Apyrve BpeMeHa, MCCAeNOBaHUA B 00JacTH (PU3MKK TIpHOGpesU
KOJIOCCAJIbHYIO BaXXHOCTb JJIA CTPAHBI.

[FocypapcTBa cTanu TpaTUTh Ha 3TH MCC/AEJOBAHUSA 3aMeTHYIO
JIONI0 CBOEro HAMOHAABHOTO AOXOMA, YHC]0 PaboT CTaj 0 pacrtH
¢ ¢eepuueckoit OGLICTPOTOH, M AAA 00603pEHHS pe3ynbTATOB, NOA-
BefleHnss U OOCYXKJeHUs MTOrOB MOTPeGOBAJHCh CTATbU JPYroro
Xapakrepa — IieJble MOHOIpadHu 3HAYUTEJNBHOTO pasmepa Huyac-
TO He CJHUIKOM JOCTYIHBIE HJISi LINPOKOTO Kpyra 4yuTaTesed.

3TH cTaThd HEOGXOAMMBI, 00Jiee TOrO0 — OHHU OYeHb BaXKHBI, HO
npepHa3sHavYeHH! Ui CNENHAJNUCTOB, paboTaloUiMX HMEHHO B JaH-
Holt obsacti. PHU3UK — He ClEeUUANUCT [0 3TOMY BOHpPOCY —
NPOCTO He UMeeT BPeMeHH s HX udyueHusi. OgHaKoO crnenuanuc-
Ty, paboTrapouleMy Haj KakKoOH-HUGYAb oOnpefeneHHo#, BooOuie
TOBODPs, y3Ko#i npobsemMoii, Heo6X0AHMO 3HATh HE TOJBKO TO, UTO
Henaercss B ero o0JacTH, HO M TO, YTO JeJaercs Mo COCENCTBY.

ITo onpepenenuio Beaukoro (u3MKa KOHIIA MPOULIOLO CTOJe-
THA Jopaa KenbBuHa, «crmenuanucT — 3TO TOT, KTO 3HaeT BCe O
yeM-HHOYp U 4TO-HUOYABL 060 BceM». M BoT 310 «uTO-HUGYABL 060
BceM» He MeHee BaXKHO, yeM «Bce o ueM-HuOGyas». He npuxopur-
Csi TOBODHTb O INPENOAalliuX B BHICIIEH WIKOJIe, KOTOPHIE IO CY-
INeCTBY CBOCH AesiTebHOCTH 06A3aHBl 3HATh, NMOXKAMYH, HE «YTO-
HUOYAB», & NOBOJIBHO MHOTO «060 BceM». M BoT, HMesi B BUIY 3TH
noTpe6HOCTH, pellakuua ocoGeHHO o03aboueHa pasBHTHEM OTHeNa,
KOTOpBIN Mbl HasbiBaeM «PH3MKa HAUIMX RHEd» U B KOTOPOM KakK
pas cocpenoToueHbl He OYeHb GO/blIHe CTaThH, NpeaHa3HAUEHHbIe
AJST WHPOKUX KPYroB (DU3HKOB,

CeroaHsiiHge AOKAAAbI B 3TOH ayJHTOPHUH B 3HAUUTEIbHOH
Mepe HCMOJb3YI0T MaTepuasbl 3TOTO OTAeNaa.



COBETCKHE ®H3HKH —
JTAYPEATHl HOBEJIEBCKOH HNPEMHH

B srom cbopruke nanewarana crares aoypeara Hobeaesckod
npemuu H. I'. Bacosa «IToaynposodnukossie K8anTOBble 2eHepl-
TOpLL c8eTas. B 813U C ITUM HUTATEASM, 8epOATHO, byder unTe-
pecHo Yanate nodpobree o Tom, uro npedcrasaswor cobod Ho-
6eseackue npemuu u KOmy u3 CO8eTCKux (uauxos npucyscdena
3TA BbICUAR MEIOYHAPOOHAR HAYUHAA HAZpada,

B nawef; crpane cefiuac umeercs ceMp naypearos HoGenes-
CKOIl MPeMHH: WecTh Mo (HU3UKEe U OAHH MO XUMHH. DTO aKaJAeMH-
ku . E. Tamwm, JI. . Jlaupgay, H H. Cemenos, uie-
usi-koppecnouaentst AH CCCP M. M. ®pauk, H T. Ba-
coB u A. M. Tlpoxopos, Il. A, UepeHkoB.

HoGenesckuit komuter npu llIBenckoit akagemuu Hayk exe-
rogHo npucyxnaer HoGeneBckne mpemMuu 3a BBIAAOLIMECS OT-
KpBITUS B BaxKHeHIINX o6jacTAX HayKd. DTH IPEMHU CUUTAIOTCA
BbICIIE MeXyHapoNHOH HayuHo# Harpazmoil. Ee nonyuaor nuis
HEMHOTHe KpyIHeHilue yuyeHble pasHBIX crpadH. Kanaupatypsl
couckarenel HoGeseBCKO# npeMHH BbIABUIAIOT HAyuyHble yupex-
JIeHUst U OTJesbHble yuyeHble, NOJb3YIOLINECS MeXIAYyHapOLHON
YU3BECTHOCTbIO U GOJIBIIMM aBTOPHTETOM.

B HexoTopbie rofbl Ta HJAW HHAs NpeMHUs He NPUCYKAAETCH,
tTak Kak HoOeneBckuii KOMUTET He HAaXOZHUT JOCTOHHOIO COHCKa-
tens. HobeneBckie NpeMUu NMPHCYXKAAIOT TOJAbKO XKUBYUIUM yue-
HBIM, KOTODBIE AOJKHBEI MOIYyYHTh X B CTOKrosbMe U3 PYK INBEA-
ckoro kopossi. CyllecTByeT TLIATEJAbHO pa3pabOTaHHBIN H IOYTH
He MEeHSIOILHUicsS B TeueHHe JECSATHJIETHH LepPeMOHHAJ BPYUYeHHS
npeMui.

Bot kKak pacckaspiBaer 06 3TOM UepeMoHHasne Jaypeat HoGe-
JeBcKo#l mpemun akagemuk Hrops EbrenneBnu Tamm.

[lgeuuss oTHOCHTCA K mpasgHecTBaM BpyueHus HobemeBckux
npemMuil Kak K jeny o6uierocy1apCTBEHHOro 3HayeHUs. DTH mpe-
MHH JJIsl TAKOH CPABHHUTENbHO HeOObIIOH crpaunl, kak llpenus,
C1yXKaT BaMHBIM COObITHEM, KOTOPOMY YAeasieTcs 6OJblloe BHHU-
MaHue. BpyueHue npeMHH NPOU3BOAUTCH B TOPIKECTBEHHOH 06-
CTAaHOBKE MO paHee BLIPabOTaHHOMY H CTPOTO CcoOG6/I0AaEMOMY
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putryany. Ho 3Ta TOpXKeCTBEHHOCTb He JIMIAET APOCTOTHI oblie-
HHUs1 Jofed.

10 nekabps naypeatos BeAyT B Konuept-xays. Ouu crodr 3a
KyJucaMH, NoKa 3aJj 3anoJusercda. Korma Bxoaut kopoab H Ko-
poJIeBCKasi CeMbsl, HrpaoT ¢aHdapbl. 3aTeM BBHIXOIAT YHHOBHHKH,
pasyKpallleHHble JIeHTaMH W OpJeHaMH, 3a HHMH B CTPOrOM IIO-
psiiKe caenyioT jaypeathl. Bo3dle KaxKJoro H3 HHX — LIBENCKHH
akaneMHuK. JlaypeaThl OCTaHABJIMBAIOTCS Yy KOBPa, JeJaI0T MOKJIOH
u cafsitcs. DTO eNHHCTBEHHbIA CAyuyaH, KOrja BCe NPHCYTCTBYIO-
uMe Ha nepeMoHuase, B TOM YHCJIe U KOPOJIeBCKAsi CeMbsl, CTOSAT,
a jaypeatsl cunst. I1pu atom cobuiogaeTcs CTPOruil NOpsAOK: Ha
fepBoM MecTe (pU3MKM, 32 HHMH XHMHKH, 3aTeM GHOJIOrH W T. 1.

Isenckuit akageMuK pacCcKas3blBaeT O JOCTOHHCTBAX H Ba-
nocti paGor jsaypeara. 3aTeM Jiaypear CHYCKaeTcs N0 CTYMNeHb-
KaM 4 KOpOJIb Bpy4aeT eMy H3ALWIHO clesaHBBI aumioM. Bmecre
€ JUIIOMOM BBIAaercsl Gosblias 30J70Tasi MelNanb.

B npomexyTkax MexJy pedyaMu H BpYYeHHeM TpeMuil op-
KecTp UCHOJHAET pas3jHuHble My3blKa/bHbEle npousBeneHus. Llepe-
MoHHaJ 3akaHuuBaeTcsi ucnonHeHuem IlIBexckoro rumua. B TOT
Ke Beuep ycTpauBaercss GaHKeT Ha HECKOJBKO COT YeJOBeK.

Kaxnplii maypeat Bo BpeMsi npebbiBaHus B CTOKroJbMe HOJ-
xeH mnpouectb HoGemeBcKylo J€KIHIO, TNOCBSILEHHYIO cBoel
pab6orTe.

Axanemux H. H. CemeHoB — mepBblil U3 HBIHEUIHe#l TIpyNmbl
coBeTCKUX JjlaypeaToB HoGeseBcKo# nmpeMuu nmojyuusa 3Ty Ipe-
muio 1956 roja coBMeCTHO ¢ aHMVIMFCKMM XHMHKOM C3pOoM XHH-
HiebByoM. BOT 4TO cKasan Toraa IBeAcKHH npodeccop ApHe
Dnaujep, NpPeACTaBJAsAsl HA liepEMOHHANE 3THX ABYX YYEHBIX —
COBETCKOTO H aHrauiickoro: «Korna Mel roBopuM 06 OKTaHOBOM
yucje GEH3HHOB M O MOILHOCTH MOTOPOB, 3TO SIBJSETCSl pe3yJib-
TaTOM OrpoMHO# paGoThl, KOTOpas B CBOEH XMMHYECKOH YacTH
CTPOHUTCS HAa OCHOBE, CO3JAHHOM CeTOAHAIIHUMH HOOETeBCKHMH
JaypeaTamuy.

B 1958 rony HoGeneBckass npemust no ¢husuke Gbl1a NMPHUCYXK-
IleHa rpymne YyueHbX, B Kotopyio Bomuin K. E. Tawmw,
H. M. ®pauk u I1. A. Yepenkos. Ha aunaomax, BpyueHHbIX 3TUM
YueHbIM, OblI0 H306pax<eHo (PHONETOBO-CHHee CBeyeHHe U YKa-
3aHO, YTO NMpeMHsl TOJyyeHa «3a OTKPbITHEe U OGbsICHEHHe cBeye-
Hus UepeHKoBa».

1o otkphiTHe GblTo chenano I1. A. UepeHKoBBIM moj pyko-
BozictBoM akajgemuka C. WM. BaBunosa eule B 1934 rony, Ho npu-
pona ero 6bl1a o6bsicHeHa ropaspo nosxe M. E. Tammom n
H. M, ®pankom, nocje uero o6HAPYHKEHHOE SIBJIEHHME TOJYUYHJIO
BaXHoe NMpUMeHeHHe B TeXHHKe IKCIEePHUMEHTaNbHbIX (PU3HMUeCKHX
uccaenoatuil. Ceyenne UepeHKoBa O0ODBACHAETCA CIOCOGHOCTBHIO
3JIEKTPOHOB H JIPYruUX 3apsizKeHHBIX YACTHI B HEKOTOPBIX MJIOTHBIX
cpenax JABHraThcs ¢ GoJsibllieH CKOPOCTbIO, YU€M B 3THX cpejax
ABUKETCS] CBeT (Hesib3si 3a6biBaTh, YTO B NYCTOTE CKOPOCTb CBETA
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Bbille JI060f cyuecTBylomeit B npupoe ckopoctu). Ilpu Takom
JBHKEHHH CaMH 4acTHUbl HAYMHAIOT H3/]yyaTh CBETOBBIE BOJIHBL
DTo gBJEHHE JIEXKHUT B OCHOBE CO3[aHHLIX ropasfo MO3¥Ke CUeTuH-
koB UepeHKOBa I/l PErHCTPALMM YaCTHL, U3Yy4aeMbIX B (u3uke
BbICOKUX 3Hepruit. OHH GBI KCMOJAb30BAaHbl FPyNNnoil aMepuKau-
ckoro ¢usnka dmunno Cepre npu nccnel0BaHUAX, 3aBePIINBIIHX-
Csl OTKPLITHEM AaHTHIPOTOHA. UYepeHKOBCKHE CUETUHKH cefiyac
CyXKaT BaXKHeHIIUM CPEeJCTBOM U3yYeHUs 3/7eMEHTapHbIX 4acTHIL.

B 1963 rony HoGenesckasa npemust no ¢usnke Oblaa MpUCYXK-
neda axanemuky JI. I. Jlanmay — aBTOpYy BaxHBIX TeopeTHYe-
CKHX paboT, B TOM 4HCJe OOBACHSIOUIUX 3aMeuaTejbHOe (hH3UYe-
cKoe siBjeHHe, oTKphiToe akaaemukom I1. JI. Kanuueit u nuasectHoe
M0 HUMEHEM CBEepPXTEKYYECTH KHUIKOrO TesHusl.

Ho6enesckas npemus no ¢usuke 1964 roma npucyxiuena yue-
oM H. T'. Bacosy n A. M. TIpoxopoBy 3a co3zgaHue NOJYIPOBO/I-
HHKOBLIX KBAHTOBBbIX F€HepPaTOpPOB CBeTa. ATO OAHO U3 CaMbIX
yIUBHTEJNBHBIX OTKPHITHH B (H3nke nocjaenuux Jjer. KpaHToBble
reHepaTopbl CBeTa, WIH COKPALHEHHO Jias3epbl, CMOIMIH ObiTh MO-
CTpPOeHBI MoCJIe TOro, Kak B Hauase copokosbix rogos B CCCP u
CIA 6bl10 OTKPLITO HHTEpecHOe (usuyeckoe siBaeHue. Okasa-
JIOCh, YTO HEKOTOpble BellecTBa, HampuMep KpHCTAIb pyGuHA,
CnocoGHbl MOC/Ie UHTEHCHBHOI'O HX OCBEIIeHUs HaKalJiHBaTh CBe-
TOBYIO SHEPTUI0 H 3aTE€M HCIYCKaTh €€ B BUJIE KPaTKOBPEMEHHBIX,
HO OYeHb MOLIHBIX CBETOBBIX BcHbIIeK. B camoe nocsenuee Bpe-
Msi TOYHO HamnpaBJeHHBIE W CBEPXMOLIHblE CBETOBblE MOTOKH, W3-
JydaeMble JasepaMH, Hayajld yxKe HCIOJb30BaTh Ha MNpPaKTHKE,
HanpuMep B NMPOMBILIEHHOCTH, MEIHIIUHE.

HoGeneBckue npemun Guuin yupexIeHB Ha CPelaCcTBa H3BECT-
HOrO IUBEJCKOTO WHXKeHepa-XHMHKa ¥ mpeinpuHuMartens Anbg-
pena HoGens. [leuexkHble CyMMbI, BbIUIAUHBAeMble JaypeaTam
npeMuit, KoJeGJMIOTCS B 3aBHCHMOCTH OT TOrO, Kakas MNPHGBUIb
nojiyueda Ha KamuTal, COCTaBJASIOUN (OHJ 3THX NpeMHil.

HoGenesckumu naypeataMu no (usuke GbIM BCEMHPHO H3BE-
cruble yyensie B. Pentren, Ilbep u Mapu Kiopu, T. Jlopenn,
M. Ilnanx, A, Diinmreiin, H. Bop, Mpen u  ®penepuk YKoauo-
Kiopu, 3. ®epmu, . Jloypenc.

ITpucyxnenue HoGeneBckux npeMuit coBeTcKuM (hH3UKaM CBH-
ZleTeIbCTBYET O MHPOBOM NPHU3HAHHH 3aMeyaTe/bHbIX YCIIeX0B Ha-
Lie#t HayKu B 06/1ACTH 8KTyaJ/IbHbIX NPOG/IeM KCIepHMeHTaNbHOM
H TeopeTHyecKol (H3HKH.

B. 1. Kapyes
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HATTIOMHHAEM IMOJANHCYHKAM

B 1966 roay msgateancTBo «3HaHEe» mPOJOANHT BBImycK
NoANACHBIX GpPOuIOp, BHIXOAAIIAX NMOA AEBH3OM

«HOBOE B #KH3HH, HAYKE, TEXHHKE».

14 cepnit smoro guxaa: «Hcropusa», «@urocopra», «xo-
HoMuka», «Texnmuxa», «Ceabckoe xossiicTBo», «AmTeparypa
H HcKyceTBo», «Memaynapognan», «Bmoaorma m megupmnan,
«@Mnsuka, matematuxa, acTpoHomma», «Morogexnas», «Xn.
mus», «Ecrecrosnanne n peanrnsn», «Hayka o 3emae», «Pa-
AHOBACKTPOHHKA H CBABDL» paccl(amy'l' YHTATEAD 0 CaMOM
HOBOM H CaMOM HHTEpPeCHOM B BazKHEHIIHX 0GAacTAX sHaHmi,

Bpomiopnt nanncaus monyaspuo m  yBaekateabmo. Omm
NpeAHasHaueHnl NPeNOAABATEAAM BYB0B, TEXHHKYMOB, CPeAHEX
INKOA, CHCJHAARCTAM C BbICIIEM X CpeAHAM 06panonanne"'
CTyAeHTaM, IMKOABHHAKAM CTapIIAX KAAcCCOB, ArHTaTopamM, ACK-
TOpaM, NPONATAHABCTAM, @ TaKXke BCeM AIOGOBHATEADHBIM
QHTATEAAM.

B 1966 roay aBropamn Gpowiop 6yayT akagemnxn A, A. Apynmonns,
I. A. Kaouga, M. J. Muarwougaxos, B. H. Coapan, J. H. lgépﬁmol,
aaeuni-xoppecnongeatni AH CCCP A. I'. Aran6eran, B. A. I'nus6ypr,
M. Il. Homuyx, A. M. Ilpoxopor, K. H. Ilrornnxos, aragemmxn
BACXHHA TII. M. tByxonckuit, A. H. Kapnenxo, M. I'. Kapnuenxo,
aeicreareabuble urennt AMH CCCP A. A. Aerarer, B. . Tampxon,
A. K. Xoynuos, 30kTopa # KananaaTrhl (QHAOAOTHH H HCKYCCTBOBEACHRA
A. Kawomon, A. B. Kaparanos, 3. C. Keapuna, H. C. Kyaaxosa, A. H.
Honuxora, nacaream C. Anronon, H. Bounn, A. Osepos, xypmarmecrm,
o6igecTReHEbIC B NOARMTHYECKHE AEATEAN.

ITepuoauunocTb nepBbIX AeCATH CepHil — 2 GPOIWIOPDI B Me~
cay, 24 » roa.

[MoanucHan gena ua 0zHy cepuio:

Ha roa — 1 py6, 80 xon.
Ha MOAYrozue — 90 xon.
Ha KBapTaa . 45 xon.

ITocaeanne uernipe cepun Brixoaar no 1 6pounope 3 mecayg,

2 B roa.
[ToanucHas ygena Ha 0AHYy U3 3THX cepHit:

Ha roa 1 py6. 08 xom.
Ha MOAYTOAHE — 54 xon.
Ha KBapTaA p— 27 xon.

IToanucaTbcsn MOXHO Ha OAHY MAHM HECKOABKO CEpHil 63 BCAKHX Orpa-
HHYCHHH B OTAEAEHHAX OBA3M M NOYTAMTAaX, a TAKXKe Y OOLIECTBEHHBIX
pacnpocTpaHHTEAEH NeYaTH No MecTy paboThl.

naexcol cepuii B kararore sCorosneuaru» Ha 1966 rea c 70064 ne

70075 u 70090.



