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JI. B. Keapgbimr,
O0KTOp U3UKO-MATEMATUYECKUX HOYK

CBEPXIIPOBOAUMOCTDb B HEMETAJIJIHYECKHX
CUCTEMAX

B nocsiensue ronbl cCHOBa pe3KO MOBBLICHJCS HHTEPEC K sBJe-
HUIO CBEPXNPOBOAUMOCTH. B 3HAuuTeALHON Mepe 3TO obbacuaeTcT
TeM, uTO nocje nocrpoeHuss B 1957 rogy MHKPOCKONMHYECKOH Teo-
puu cBepxnpoBoguMmoctd DBapauuniM, Kynepom u Ilpudepom
(BKIL), Boronto6oseiM, [0OpbKOBBIM H APYrHMH, NOABUJAACH BO3-
MOXKHOCTb, N0 KpaiiHeil Mepe NpHHUMNHAJbHAS, HANpPaBJeHHOrQ
NOKUCKA CBEPXMPOBOAHHKOB C TEMH HJIH HHbIMH 3aJlaHHbBIMH CBOM-
CTBaMH.

Jlo camoro nocsaeaHero BpeMeHH CBePXNPOBOAUMOCTb HA0JMiO~
Aajiacbh TOJIbKO B MeTalllax H NPH OYeHb HU3KHX TeMmepaTypax—
ne sbiute 20°K. Kpome Toro, cBepxnpoBojsliiee COCTOsIHUE pa3py-
mwaercst OGBIYHO YK€ OTHOCHTENbHO CJabblM MarHHTHBIM MOJEM
(nopsinka 103—10% raycc), 1 mo3TOMYy TOKH, MpPONycKaeMble Yepes.
TAaKOH CBEPXMPOBOJHHK, TaKxKe He MOryT GbiTh Bendkd. Bce atn
06CTOATEIbCTBA CYLIECTBEHHO OrpaHUYMBAIOT BO3MOXKHOCTH MC-
NoJb30BaHHs CBEPXMPOBOJHMOCTH, U €CTECTBEHHO I[O3TOMY, 4TO.
OHMM. H3 LEHTPaJbHBIX BONPOCOB TEOPHH CBEPXNPOBOJHUMOCTH B
HaCTOsIILlee BPEMS SIBJSIETCS BONPOC 0 TOM, MOXKHO JIH HaAeATbCs
NOJYYHTh TaKoe BELLeCTBO, B KOTOPOM CBEPXNPOBOASIILIEE COCTOS-
HHE CYILecTBOBaJO Obl NpH 3HAYHTEJbHO 6Godee BBICOKHX TeMIe-
paTypax U MarHHTHBIX MOJSIX.

OcuosHoit pesyabrat BKIII-Teopuu cOCTOUT B TOM, 4TO B CU-
creme PepMH-yacTHL, HaxoAsIeHCA NPH LOCTaTOYHO HH3KOH TEM-
neparype, Ji060e CKOJb YrOAHO MaJjioe MpPHUTAXKEHHe MexXIy ua-
CTHLAMH NPUBOAMT K KAPAMHaNbHOH mNepecTpoiike COCTOSHHUA.
Yactuusl (B JajbHeilllieM Mbl HMEeM B BHAY 3JEKTPOHBI) ciauna-
I0TCSl B napbl, IPHYEM TaKUM 06pa3oM, UTO BCE Mapbl HAXOMATCH
B OHOM H TOM e COCTOSIHHH — HMEIOT OJAMHAKOBLIA CyMMapHbiil
UMOyJabc. B paBHOBeCHOM COCTOSIHHH, T. €. B OTCYTCTBMH TOKa,
MMOyabchl Bcex nap paBubl Hyao. CaemoBaTedbHo, caunaiorcs
3JIEKTPOHBI C OJMHAKOBLIMH NO BEMHYHHE, HO MNPOTHBOMOJOXKHO
HanpasJeHHbMu uMnysabcaMd. HHBIMH cloBamu, ajekTpouHbie
napsl, o6najawoine csoiictBamu bose-uactun, o6pasyior Bose-
KOHJBHCAT, KOTOpbIl Beaer cebs, Kak 3apsiKeHHas CBepXTeKyyast
®Kuakoctb, CylecTBEHHO mpu 3TOM, UTO CIHApHBaHHE SBASETCHA
KOJINEKTHBHBIM 3 (peKTOM — CBA3aHHOE COCTOAHHE ABYX JISKTPO-
HOB BO3HHKAaeT TOJNIbKO B TOM CJjydae, Korja 60JiblIoe YUCA0 ApY-
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rUX map HaXOAHUTCA B 3TOM KE COCTOSTHMH M SHEprusi CBSI3H Kax-
J0ft mapbl pacTer ¢ YHCAOM mnap B 3ToM cocrosuuu. Iloatomy
BCSIKOe M3MEHeHHe HMMYJbCa NMaphbl, CBSI3aHHOE C ee yAaJeHHEM H3
KOHJEHCaTa, LOJKHO CONPOBOXKAATbCS €€ pasphiBOM H Tpebyer,
cJ1e0BaTe/1bHO, 3HAYHTENILHON 3aTpaThl 3HEPrud. ATO NOCAeaHEee
O06CTOATENBCTBO H NMPHUBOJHMT K YCTOHYMBOCTH CBEPXNPOBOASIIEro
TOKa.

OHeprus cBA3M A B KaxKJOH nape npu HyJeBOil Temmeparype,
KOTla cnapeHbl Bce 3JeKTPOHH BOaM3n nosepxxHoctu Pepmu, on-
penessieTcsl WHPUHO TOi 06/7aCTU SHEPTHIl 3JEKTPOHOB, B KOTO-
poit ad(eKTHBHO NMpPUTArUBaIOlllee B3aUMOLEHCTBHE €, MJIOTHO-
CThIO 3JIGKTPOHHBIX COCTOSHUN Ha HHTepBaJ 3Hepruit B6AU3U mo-
BepxHocTH @epmMu N u cpelHMM 3HAYEHHEM SHEPrHH NPUTSKEHHS
IBYX 3JeKTpoHOB V: ‘

Ao=eoe NV, (1)

C poctoM Temnepatypsl T TensioBoe ABH)KEHHE pa3pbiBaeT 4acTh
nap, Tak YTO YUCJO HX B KOHJEHCaTe yMeHbIUaeTcs, a BMecTe ¢
tem ymenbiuaercss H A (T) — aHeprust cBisH B KaxJoil nape.
Ipu nexoropoit KputHueckoil Temnepatype T . N0 MOPSAAKY BeJH-

A
yuHbI, 63K x—k"- (k¢ — nocrosinnas Boabumana), A(T.) o6-

palraercss B HOJIb, T. €. CBEPXNPOBOASLLEE COCTOSHHE HCYe3aeT.
Dueprus cBA3U A onpenensieT 1 TO KPHTHYECKOe 3HaUeHHe Mar-
HuTHOrO mons H ., B KOTOPOM paspylllaeTcs CBepXNpOBOAslLee
cocTosiide. Jleso B TOM, 4TO B HPHCYTCTBHH MArHUTHOTO NOJIS B
CBEPXNpPOBOJHHKE BO3HHKAET CBePXMPOBOAAIUMA TOK, MarHHTHOE
1icJIe KOTOPOrO TOJHOCTBIO KOMIEHCHPYeT B 06beMe CBEpXMNpoBOJ-
HHKa BHelllHee MarnuTHoe noJje. IToT 3((GEKT BHITAaJKHBaHHSA
MariUTHOTO M0Js U3 CBEPXNPOBORHUKA, TaK Ha3blBaeMblit apdext
Meiicuepa, sBnsetcst ofHOH U3 Haubo/Mee XapaKTepHHIX 4YepT sB-
JIEHHs] CBEPXMPOBOAUMOCTH. DHeprusi KOMIEHCHPYIOLIero MarHuT-

H?
HOTO TIOJIT HA €AHHULY o6beMa CBEPXNpPOBOAJHHKA paBHa 'E; y T

H — HanpsKEeHHOCTb BHENIHEro MoJs.

OueBHIHO, YTO B JOCTATOYHO CHJBHOM MoJe, KOrja 3Ta 3Hep-
rusl craHeT GoJibllie, yeM CBSI3aHHOE CO CMapUBaHHEM yMEHbLIEHHE
YHEPTrHY NPU Nepexoje OT HOPMAaJNbHOrO COCTOAHHS K CBEPXIPO-
BOAAILIEMY, CYLIeCTBOBaHHE CBepXNMpoBOAALIel ¢a3bl Oyjaer Tep-
MOJHHAMHUECKH HEBBITOJHBIM H NPOM30HJET ero paspylleHHe.
SHeprud, Bbljensomascs npu o6pasoBaHUK OLHOI Maphl, paBHA
2A, a y4acTBylOT B 06pa30oBaHHU Nap rJaBHEIM 00pa30oM 3JEKTpO-
Hbl B Y3KO# 06/1aCTH 3Hepruft B6/MU3H noBepXHOCTH PepMu WIHPH-
Hoii mopsAgka A. Uueno rakux snekrponos nopsgka NA, a noanoe
yMeHbOIEHHE 3HEPTHH NPH NEePexofe K CBEePXMPOBOAALWIEMY CO-

4



crosuuio nopsaika NA2 IlpupaBHuBasi 3Ty SHEPrui0 IHEPTHU KPHA-
H?

c
THUECKOro ManHUTHOro ﬂOJlﬂ—gn— , MOJYUYHM

H ~V NA.

TInotHOCTH cocTOAHMIT B6IN3Y noBepxHOocTH Pepmu N Bpan au
MoXeT GBITb B KakKHX-Tu60 BeuwlecTBaX MHOro Goabuiefi, yem B
TUMUYHBIX CBEPXMPOBOAAIHX MeTananax. IloatoMmy noBbimenue
KpuTHUYeckoro mons H,. Moxer GbiTh AOCTHTHYTO B BEUIECTBAaX C
60O dHEPrUeH CBA3M A, T. €. C BbICOKON KDHTHUECKOH TeMiie-
paTypoii, ec/iu Takue BellleCTBA MOLYT ObITh HaiJeHSI.

Onnako npoG/ieMa yBeluueHUst KPUTHYEOKOro MarHATHOTrO MO-
As1, 10 KOTOPOro MOXET CYLIeCTBOBATh CBEPXMPOBOJHMOCTD, MOJNY-
YHJIa HECKOJIBKO HeoxupanHoe pewenne B 1961 roay, xoraa 6bi10
oGHapyxkeHo, uTo HekoTopbie cmiaBbl (NbsSn, NbZr) ccrarorca
CBEPXNPOBOASIUKHMY B moasx BnjoTe Ao 100 raycc. fIsaenne aro
6b10 nmpexckasaHo A. A. AGPHKOCOBLIM Ha OCHOBe moaycdenome-
HOJIOTHYECKOH TEOPHH OBEPXMPOBOAHMOCTH, npeanoxenuoit B, JI.
Tuus6yprom u JI. [. Jlaunay. ITokasaHno, 4To B HEKOTOPBIX onJaa-
Bax npu monasx Goibiuux H, Moxer BO3HMKATh Tak Ha3blBaeMoe
CMeLIaHHOe COCTOSIHHE, XapaKTepH3ylolleecss TeM, YTO MarHUTHO®
noJie MPOHUKAET B CBEPXNMPOBOJAHHUK B BHIE TOHKHX HHTEMN, mpo-
HU3bIBAIOLIHX o6pasel, Mexay STUMH HHTAMHU BEILeCTBO OCTAeTCs
CBepXMPOBOAAILHM, ¥, €CTECTBEHHO, HOCTAaTOYHO, YTOOB XOTh He-
Gosbliast foast o6beMa o6pasua Gbljla CBepXNpOBOAALLEH, N
TOro uTOGHl CONMPOTHBJAEHHe Bcero o6pasua paBHAMoch Hymao, C
ApYyroii CTOPOHBI, TePMOAMHAMHYECKas HEeBBITOZHOCTb CBEPXIIPO-
BOJALLETO COCTOSHUSI PE3KO YMEHbUIAGTCH B 3TOH CUTyalUuH, Tak
KaK MarHHTHOE MoJjie BBITaJKHBAaeTCd U3 CBEPXNMPOBOAHUKA JIHIIb
YaCTHYHO,

B nacrosiiee BpeMs mOJyueHbl CIJIaBbl, COXPaHSIOIIHE CBEpPX-
MPOBOASALIHE CBOACTBA B NMOAAX, 6/1M3KHX K 200 raycc. 10 OTKpbHI-
THE UMeJIo KpaliHe BaXKHOe 3HaueHHe AJ% HCIOJb30BaHHS SIBJICHHUS
CBEPXNPOBOAHMOCTH B (DU3UYECKHX HCCJAEJOBAHUAX H B TEXHHUKE,
B YaCTHOCTU B TeXHHKe MOJYYEHHS CHUJbHBIX MATHHTHBIX MOJEH.
Marnurol, ocHOBaHHble Ha CBEPXMPOBOAALUIMX COJEHOHIAX, yXKe
ceflyac mMoJyYHJIH LIHPOKOE paclHpocTpaHeHue.

IepcnekTHBb Aa/bHEALIEr0 HCHOJb30BAHHSI CBEPXIPOBOAHH-
KOB B TeXHHKe, KaXXeTcsl, OblIH Obl MOYTH Ge3rpaHuuHbl, eC/AH Gbl
He TO TleyasbHOE OGCTOATENAbCTBD, YTO BO BCEX H3IBECTHBHIX Ha
CerofHALIHHUI JeHb Cly4YasX CBEPXNPOBOAsLUee COCTOSIHHE Oocyle-
CTBJAETCS] TONBKO NPH OYeHb HH3KHX, a NMOTOMY TPYAHOLOCTYM-
HbIX TeMnepatypax. ITostomy Bompoc o GyayuieM CBepXMpOBOLH-
MOCTH CBfi3aH B IEpBYI0 ouepelb C Mpo6JeMOoil MOBbILEHHA KPH-
THYECKHX TEMIIepaTyp, eciu 3TO BOOOLLEe BO3MOXKHO.

Bennunna kputuueckoit temmepatypl T, cBA3aHHas C 3Hep-
rueit o6pasoBaHus napbl A, onpeje/nsercs B OCHOBHOM, KaK BHA-
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no u3 ¢opmyanl (1), TeM npuTAruBalouM B3auMozeiicteneM V,
KOTOpO€ NPHBOAHT K CNapUBaHHIO 3JeKTPOHOB. B Metannax 3T1o
NpUTAXKeHUe, cornacHo uiee ®Ppesuxa, BO3HHKAET BCJeLCTBHE
B3aMMOEACTBUS 3/IEKTPOHOB C KosNeGaHMAMHM KpPHCTaJIHYeCcKO
pewerkH — ¢ononamu, O6Men POHOHAMU MEXKAY ABYMS 3/€KT-
POHAMH NMPHBOAHT K NPHUTAXKEHHIO HX APYT K APYry. 3To B3auMo-
AeitctBue 3PPEKTHBHO AJS SNEKTPOHOB C HEPTUAMH B Y3KOH 06-
Jgacti B6au3u noBepxHocTu Pepmu wupuHoit eg~4&7T g, rae T n—
TaxK Ha3biBaemas neGaeBckas TemIeparypa, paBHas MO MOPSIAKY
BeJIMUHHBI MaKCUMaJbHOI 3Hepruu ¢oHoHoB. CaMo 3/1eKTpoH-Jo-
HOHHOe B3auMoJeficTBHe B MeTajjlax fBJsAercs 06bIYHO JOBONbHO
cn1a6eiM, T. €. NV € 1, 0 HMeloTCst TeopeTHUECKHe YKa3aHUs Ha TO,
YTO CHJIbHBIM OHO HE MOXKeT ObIThb NPHHUUNHAJBLHO: NPH CHIBHOM
B3aHMO/ICHCTBHH KPHCTAJJIHYEOKAs! PEIIeTKAa CTAaHOBUTCSA HeycToil-
YHBOH, T. €. MepecTpauBaeTcs B KaKylo-TO APYryio MoaH(HKaLHIO.
YuurniBasi, 4ro gebaeBckHe TeMmepaTyphl AJS THHHYHBIX MeTaJi-
J0B HeBesiHKH — mopsigka 100—200°K, Mbl BHUAMM H3 (GOpMYJIbl
(1), 4TO KpUTHYECKHe TeMMepaTypbl B TaKHX YCAOBHAX HOJIXKHBI
OblTb OYeHb Majbl — MHoro Menblie 100°K, uto u HabJwpaercst
B gefictBurenbHocTH. IlosTOMy BO3HHMKaeT Bompoc, He MOXET JiH
CBEpPXNMPOBOAMMOCTb BO3HHKAThb 3a CYET KAaKOro-to Apyroro, 60-
Jiee CHJbHOTO B3aHMOJEHCTBHS, W He CJelyeT JIH HCKaTb TaKylo
BO3MOXKHOCTb B JPYruX BellleCTBaX, He OTHOCALIUXCS K KJaaccy
OGLIYHBIX U XOPOLIO MCCJAeIOBAHHBIX METaJ/IOB, HJIH B MeTraaJax,
HO NPH HEOOLIYHBbIX YCJOBHSAX.

3a nociaenHHe roAbl B 3TOM HaNpaBJIEHHH MOABMJICA DAL Teo-
peTuyeckux pabot, cpeau KOTOPbIX Han6oAbIIKH HHTEpeC BO3OYLH-
Jaa pa6ora JIuTTiIa O BO3MOXKHOCTH CBEPXNPOBOAAILEro COCTOSA-
HUSl B IJIMHHBIX OpraHu4yeckux Monaekynax. Ilpuraxenue mexny
3/7eKTPOHAMH, NpeLJI0oXKeHHOoe B 3TOH paboTe, HMEET KYJOHOBCKYIO
MPUPOAY ¥ MO3TOMY CBS3aHO C IHEPTrHUsAMH Nopsiika 1 sznekrpono-
BOJILT, YTO COOTBETCTBYeT TE€MNeparypaM MOpsijiKa THICAY Ppapy-
COB, Ha JiBa NMOpPSAKa NMpeBHIIAIOLUINM SHEPruH, XapaKTepHble LJs
B3aUMOJeHCTBHH, CBSI3aHHOrO ¢ ()OHOHAMH.

CxeMaTHYeCKH Mojesb, paccMaTpuBaeMmasi JIMTTIOM, COCTOHUT
M3 JJHHHOM OJZHOMEPHOH LEMOYKH aToMOB, B10Jb KOTOPOH CBO-
601HO mepeMellaloTCs /JEeKTPOHBI, T. €. MMEeTCs MeTaj/inyecKas
NPOBOAUMOCTb, H GOKOBBIX OTPOCTKOB. OTHOCHTE/IBHO MOCAENHHX
NpeANnoNaraeTcs, YTo OHHU SIBASIOTCA CHJABHO MOJAPH3YIOLIHMHUCS.
C KBaHTOBOMEXAHHUYECKOH TOYKH 3PEHHsI ITO O3HayaeT, 4TO y Mo-
Jexya, o6pasylolmux GoKOBble OTPOCTKH, MMeeTCsd INO KpaiHeH
Mepe OIMH HH3KUI BO3OYXAEHHBIH ypoBeHb (c 3Hepruei Bo36yx-
nenns 1—2 sjaeKTpoHOBOJbTa, o6jJafalowuil 60JbLUIMM LHNOJb-
HBIM MOMEHTOM.

B Taxoii Monenn cBOGOAHBI 3MeKTPOH UEHTPANbHON LENO4KH,
NBUrasch B6JAH3H 04HOTO U3 GOKOBBIX OTPOCTKOB, NOJISIPU3YET ero,
Tak 4TO Ha OJIMIKHEM KOHILE OTPOCTKA HABOAMTCS 3HAYMTE/bHbIN
NOJIOXKUTEJIbHbI 3apsif. DTOT 3apsAA NpUTATHBaeT K cebe Apyrue
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SJIEKTPOHB! UEHTPAJbHOH LENOYKH, B PE3y/JbTaTe YEro BOZHUKAeT
3 PeKTHBHOE NPUTAKEHHE 3THX IJIOKTPOHOB K TOMY, KOTOpbiil
BbI3BaJl MePBOHAYa/bHYIO NOJsipH3auHio orpocTka. Ilo ouenkam
JIaTT/Aa, 3TO mpUTAKeHHE MOXKET OKa3aThCA OGoJsblie HPAMOro
KYJIOHOBCKOTO OTTa/JKHBaHHA, AEACTBYIOLLEro MEXKAY 3JIeKTPOHA-
MH B LEHTPaJbHON LENnoYkKe, TaK YTO Pe3yiAbTHpYiolllee cyMMap-
HOE B3aMMOJEHCTBHe MeXAy HHMH OydeT MMEeTb XapaKTep fIpH-
TAXKEHMS CO CpelHeir sHeprueit B3aumogeicTBua V~1,6—2 anexr-
POHOBOJIbTA.

PaccMarpusas nanee noaydyeHHyio TakHM 06pasoM CHCTEMy C
nmoMoubio MeTonos teopun DKIL, aBTOp NMPHUXOAHUT K BBIBOAY, UTO
B HEH JOJI)KHO BO3HHKHYTh CBEDXNPOBOAsiILee COCTOSIHHE, IpHYEM
posb gy B dopmyse (1) adpexkTuBHOH 06.1aCTH 3HEPrHi, B KOTO-
poit meiicTByer cmapuBalolllee B3aHMOJEHCTBHe, HIpPaeT 3HEprus
BO36YXXE€HUA TOrO YPOBHA MOJIEKYJbl — GOKOBOrO OTPOCTKA, KO-
TOpHIt o6najaer GOJBIIMM NHMOABHBIM MOMEHTOM, DHEpPrus 37Ta,
KaK YKa3aHO Bblllle, CYHTAETCA MOPAAKA 2 3JEKTPOHOBOJMBT, UTO
NPUBOJLHT K KPUTHYECKOH TeMNepaType CBEPXNPOBOASILLErO mepe-
xona, 6suskoint k 2000°K.

ST0T pe3yJbTaT, €CIH OH CIpPaBelJiuB, npPeacTaBiaser ¢eHo-
MeHaJIbHbIii HHTEpEeC, H MO3TOMYy He YAHBHTEJNbHO, 4TO palbora
Jlurria npussekna BceoGulee BHuMaHue, He rosopst yxe o Bo3-
MOXKHBIX TEXHHYECKHX NPHMEHEHHAX, HaJuuyue B OPraHHYECKHUX
MOJIeKyJaX CBepXHPOBOJASILIEr0 COCTOfIHHA ¢ €ro CBoeoGpasHoil
BBICOKOH CTeleHbIO YNOPALOUYEHHOCTH MO0 Obl, KaK yKa3blBaeT
aBTOp, HMETb KapAHHAJbHOE 3HAYEHHE AAA pAlda OGHONOTrHYeCKUX
npoLeccoB.

Patora JIurTia BEI3Basa, OXHAKO, DA BO3PAXKEHUI KaK NPHH-
UMNHAJMBHOTO XapaKTepa, TaK M OTHOCSUIHUXCA K yOeIHTeJbHOCTH
cnenaHsbix BeiBonoB. Mcxoanas Monean cama mo cefe npeacrac-
AAEeTCA Pa3yMHOH, TaK KaK MeTaJJHYecKas MIPOBOJAHMOCTb B He-
KOTOPHIX OPTaHUYECKHX MOJEKYaax, MO-BHAUMOMY, HefiCTBHTE/b-
HO CYLLECTBYeT, a IPHMepBl MOJIEKYA, KoTopbie, c6afan 60abLIoH
No/APH3YEMOCTbIO, MOIVIH OB HTPaTh POJb GOKOBBIX OTPOCTKOB,
HETIOCPENCTBEHHO YKa3aHbl B CTaThe,

BoJsiee Toro, #HTEpECHbIM AOMOJHUTENABHEIM PE3YABTATOM 3TOMH
CTaTbU ABASETCA YTBEPXKAEHHE O TOM, YTO Nepexoi B CBEPXNpoBo-
IAliee COCTOSIHHE MOMKEeT MPOH3OHTH Jaxe B TOM Cayyae, Koraa
MoJeKyJ/la B HCXONHOM COCTOfIHHH He 06/afaeT MeTaNNHYeCKOow
NPOBOAHMOCTBIO NIPH YCJAOBHH, 4TO 3HEPrUA 06pPa30BaHHA maphi A
NPeBsiIaeT NepBOHAYANBHYIO SHEPTHIO CBA3H 3AECKTPOHOB B LEHT-
panbHO# Hemouke.

OctiosHoe BO3paxkeHHe CBA3AHO, OJHAKO, C TEM, 4TO Pe3y/b-
tat JIUTTNa NPOTHBOPEYUT H3BECTHOM TE€OpeMe O TOM, UTO B ONHO-
MepHOli CHCTeMe HeBO3MOXeH (ha30BH A Mepexon B yNopALodYeHHOe
cocrosinne, C ¢pH3HISCKOH TOYKH 3PEHHSA, ITO CBA3AHO € TéM 06-
CTOATEASCTBOM, 9TO B OAHOMEPHOH I1CMOYKE ATOMOB KaXKAbH
aTOM CBs3aH ¢ JPYTHMH TO/BKO 4ePe3 CBOHX GaMmKaWLIHX coce-
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nei. Tloatomy cayuaiinoe HocTatouHo Gosbloe (PAYKTYyalHOHHOE
cMelletdHe B 01HOIl TOUKe cpa3y NMPHBOAMT K HapyLIEHHIO Koppe-
JSLHW MeXAYy aTOMaMH, HaXONfLIMMHCH CnpaBa M cjaeBa OT 3TOH
TOUKU, B AByX- U TpexMepHOM cjydyae 3TO, OYEBHAHO, HE TaK, NO-
CKOJIKY KODpE/ISILHOHHAS CBSI3b MEXAY ABYMS JaHHBIMU aTOMa-
MH, OTCTOSILIMMH JasleKo IAPYyr OT HApyra, OCYyLUecTBJseTcs He
TOJNILKO Yepe3 aTOMHI, Jiexkalllue Ha NpsAMOH, COedHHAoLlel ABa
NaHHBIX aTOMa, HO H uYepe3 O4yeHb GOJIbIIOE KOJHYECTBO OPYrHX
aTOMOB, JieXalllX B CTOPOHe OT 3Toro Kparuyaiimero nytd. [lo-
5TOMY IJISl NOJIHOTO HapylIeHUd KOppesasilHH MeXAy HABYMsl Of-
JlaJIeHHBIMH aToMaMH notpefoBanach Gbl cyllecTBeHHas QJyKTya-
U Ha Lesnofl NJOCKOCTH MeXAy ABYyMs 3THMHM aTOMaMH, UYTO
KpaitHe MaJjoBepos1HO, PopMasbHO 3TO O6CTOSATENBCTBO BBHIpaA-
}aeToss B TOM, 4TO (pMIyKTyallid B OAHOMEDHOH CHCTeMe OKa3bl-
BAlOTCA HACTOJbKO OGOJBIIHMH, YTO pa3pyllaloT Ynopsigo4yeHHOe
coCTOAHHE,

Crporo roeopsi, aTo paccyxIeHHe He OTHOCHTCS Henocpenct-
BEHHO K Mojesu JIMTT/a, TaK KaK OHO OCHOBAHO HA Mpe/NoJoxe-
HUH O KOPOTKOJAEHCTBYIOILEM XapaKTepe CHJl, CBSI3bIBAIOLLHX TOMb-
Ko GamxHHuX cocenedt. OQHAKO IHPOKO pacmpoCTPaHEHO MHEHMHE,
4TO pe3ysabTaT 3TOT HMeer Oosee oOIMiI XapaKTep H (a3oBble
nepexoibl B ynopsinoueHHyio ¢asy B OJHOMEpHOIl uemnouke BooO-
1le HEBO3MOXKHBI.

®eppes paccMoTpes 3TOT BONMPOC CHEUUANbHO B NPHMEHEHHH
K Mogeau Jlurtna. OH nmokasay, 4TO KONeGaHUS  3J1eKTPOHHOM
TJIOTHOCTH, KOTOpLle HMEIOTCH U B TPEXMEDHOM CBepXMPOBO/JHHKE,
HO HrpaloT TaM MaJjyio pojb, B ONHOMEDHOM cjayyae NPHUBOAAT K
paspyLIEHUIO CBEPXNPOBOASALLIEr0 COCTOSIHHS YXKe NPH CKOJb yrol-
HO HUM3KHX TeMnepatypax. MIHBIMM cioBaMH, yKe HyJ/eBble KoJe-
6aHHs 3/JEKTPOHHOM NJIOTHOCTH NOJHOCTbIO HApyWaloT ynopsizo-
YEeHHOCTb 3JIGKTPOHOB, XaPAKTEPU3YIOILYI0 CBEPXNPOBOASALLEE CO-
crosiuue. DTOT pe3yabTaT, IpaBla, TaKxke He sIBJAseTcs abCoMIOTHO
yGenuTeJbHBIM, TaK KaK XapaKTep CNIeKTpa H JaxKe caMo CYLIeCcT-
BoBaHHe KOoJieOaHHil 3/IeKTPOHHOH MJIOTHOCTH Mojenu JIurtia ue
YCTAaHOBJIBHB! TOCTATOYHO HAaNEXHO.

Kpome Toro, kaxk ykasaau aBTOpbl paGoThl, BhiBoAb Peppena
OTHOCATCA JHMWb K 6eCKOHEYHOH JNHHeHHON Lemnoyke, a K Makpo-
MoJIeKyJle, cocTosilleli U3 G0JIbIIOr0, HO KOHEYHOr0 YHCJIa 3BEHb-
eB, KoJieGaHUsL JEKTPOHHON MJIOTHOCTH MOLYT MPHBECTH JHIb K
CYILeCTBEHHOMY NOHHIXKEHHIO KpHTHYeckoit TeMnepatypnl. Ilpea-
noJjarafi, 4YTo HLeHTpajJbHasl Lenoyka B Monean JluTraa cocrout
13 105 aTOMOB, OHH MOJNYYU/IH, YTO KOJIEOAHHS 3JIEKTPOHHOH IHWIOT-
HOCTH NPHOJH3UTENbHO HA MOPANOK YMEHBUIAIOT FHEPrHIO CBHA3H
nap-

B cBfA3H ¢ BONpPoCcOM 0 BO3MOXKHOCTH CBEPXTIPOBOASLIEro me-
pexona B OJHOMEDHON CHCTEMe MpeJCTaBJisieT HHTEPeC TaKxkKe pe-
syabTaT JIaTTHHATEpA, pacCMOTPEBLIErQ HEKOTOPHIN OYEHbh CXeMa-
THYECKHH NpHMEp ONAHOMEPHOH CHCTEMBI 3JEKTPOHOB, CHJBHO
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oTnnualolefica oT MonenH, ucnoab3oBannoit Jlurraom. Ox noka-
3an, 4TO PACCMOTPEHHE TaKOil CHCTEMbl METOAaMU TEOPHH BKII
MPHBOIMT K BBIBOAY O CYLLECTBOBAHHH B HEH CBEPXMPOBOAUMOCTH.
B 10 xe Bpems 3Ta MOZeNb NOMYCKAaeT TOYHOe pellleHHe, MOKa-
3bIBAIOLLIEE, YTO OCHOBHOE COCTOSIHHE CHCTEMbl He SIBJIAETCA CBEpX-
NpPOBOAALIUM.

Bospaxenus apyroro pona cBfi3aHbl ¢ HEAOCTATOYHO MPaBU/Ib-
HbIM paccMoTpendeM B padore JIMTTIIa caMOro MO/APH3ALHOH-
HOTO B3aHMOHEACTBHS MeXAy 3JEKTPOHAMH, Urpalollero B 3TOH
TeopuH OcHOBHYIO poab. [lposenenubie JIMTTIOM OUEHKH OCHOBA-
Hbl HAa TEOPHUH BO3MYILEHH, B TO XKe BPEMs SHEpPrus B3aHMoOLeH-
CTBUS 3JIEKTPOHA C MOJISIPH30BAHHBIM OOKOBBIM OTPOCTKOM OKa-
3biBAa€TCsl 3HAUMTENbHO OGoJiblie 3HEPrHH BO3OYXKAEHUA TOro
YPOBHS, KOTOPBIH CBA3aH C BO3HUKHOBEHHEM NHIOJBHOTO MOMEH-
1a. CoBepIIeHHO SCHO, YTO 3TO OGCTOSATENBCTBO AOJXKHO MPUBECTH
K 3HaYHTEJbHOMY CMELIeHHIO 3THX YPOBHell ¥ KapAHHAJABHON mne-
pecTpoiiKe GOKOBOro OTPOCTKa, a MOXKeT ObITb, H BCEHl MOJIEKYJIbI
B LEJOM.

[Tostomy Bbiuucnenus JIMTT/Ia NMOKa3bIBAIOT, YTO NpejJarae-
Mas UM MOJEeNb MOJIeKYJbl, N0-BHAMMOMY, HEyCTOHYHBA H HOJK-
Ha CIOOHTaHHO MepecTPauBaThbCsl B KAKOE-TO LPYroe COCTOSIHHE.
[Tpu stoM cOBeplEHHO OYEBHAHO, YTO 3TO HOBOE COCTOSAHHE Oy-
JeT CBEPXMPOBOISALUINM, a HE AUIJEKTPUUECKHM.

Hexons u3 HeCKOJNBKO HHOH TOUKH 3pEHHsS, MOXKHO CKa3aTh,
YTO OPUTAKEHHe, HCROJb3yeMoe JIHTT/IOM, ABJISAETCS Pe3ynbTaToM
Toro ¢akra, 4TO ero MOXenb NPHBOAMT K BO3HHKHOBEHHIO OTpPH-
UaTeNbHOH NM3JEKTPHUECKOH MpoHULlaeMocTd. YCTOHUHMBOCTL Ta-
KO#t cHCTeMbl, B KOTOPO# ONHOUMEHHbIE 3apsabl (He TOMbKO 3JIEeKT-
poubl B UEHTPaJbHOH LENH) NMPUTATHBAIOTCA APYr K ApYry, Tpe-
OyeT TLIaTeJbHOTO PacCMOTPEHHS,

Takum oGpasoM, pesyabratel paGoTel JITTNa Henb3s, MO-BHU-
RMMOMY, CYUHTAThb JOKa3aHHbIMH CKOJIbKO-HHOYAb HanexHo. Ox-
HAKO HIEH, MOJIOKEHHble B ee OCHOBY, H BONPOCH!, BO3HHKAIOLLHE
npu ee aHaNU3e, NPEACTABJAIOT HCKJIOUHTebHbI HHTepec. B aTom
H COCTOMT, HaBepHOe, OCHOBHAs LIEHHOCTb 3TOH paboTel. B uacr-
HOCTH, HEe HOKJI0YeHa BO3MOXHOCTb 00pa30BaHHS CBEpPXMPOBOAHU-
MOCTA 3a CYET CHJIbHOTO KYJIOHOBCKOTO NMPHUTSXKEHUSI B CHCTEMax
HEOAHODPONHBIX, HO OOG/MANAOUIUX OTPHLUATENbHOH JIHIJNEKTpHYE-
CKOfl MPOHHLAEMOCTbI0. A CHCTEMBI, B KOTOPbIX AH3JIEKTPUUECKas
MPOHRUAEMOCTh OTpHLATeNbHA XOTA OBl B Kakoit-To objactu ua-
CTOT, 3aBEJOMO M IIHPOKO PACMPOCTPAHEHBI, a TaKkKe MOryT GbiTh
APUrOTOBJAEHBl HCKYCCTBeHHO. lHTEpecHas BO3MOXKHOCTb BO3HUK-
HOBEHHUS JOMOJHHTEJIbHOrO NPUTSXKEHHS MEXKAY 3/]eKTPOHAMH Obl-
fa yka3aHa BoncoBckuM u CBHPCKHM.

OcHoBHOe BO3paXKeHHEe NMPOTHB BO3MOXHOCTH CYLIECTBOBAHUA
CBEpXMPOBOAUMOCTH B Molenu JIMTTAA, KaK yKa3aHO BbllIe, CBfi-
3aHO C OfHOMepHOCTbIO 3Tofi Moxead. [Tostomy ocobwiit uurepec
npHoGpeTaeT NpPeAJOXKEHHAdA HECKOJAbKO panee I'unsbyprom u
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KupxHunleM noBepxHOCTHaA CBePXNPOBORHMOCTD, T. €. CBEPXMPO-
BOAHMOCTb IO MOBEPXHOCTH TBepAoro rtena. Meno B ToM, uTo Ha
NOBEPXHOCTH KPHCTa/Ja, KaK OblJo moka3aHo BnepBbie Tammowm,
MOryT BO3HHKATb AONOJHHTEJbHBE JEKTPOHHBIE COCTOSHMS, GBI-
CTPO 3aTyxalollHe B rAy6b KpHCTa/lia. DJAEKTPOHbI, HaXoAs e s
Ha TaKHX YPOBHSIX, MOI'YT, OLHAKO, nepeMellaTbcs BAOMADb MOBEPX-
HocTH. I'nu36ypr u KupKHHIL MoKas3asu, YyTo NPH HAJHYUH NPHU-
TAXKEHHS MeXAy 3JeKTPOHAMH B TaKOil CHCTeMe MOXKEeT BO3HHK-
HYTb H CBEpXMpoBojsiliee coctoanne. PopMasbHO B TaKOH ABYX-
MepHOA Mofenn GJAYKTyaOuu TaKKe OKas3hblBalOTCSH GeCKOHeUHH-
mu. OflHaKO pPacxoAMMOCTb HX OYeHb cJabas — norapHdMuye-
CKasl, H MO3TOMY IJisi JIOOOTO Tella KOHEYHbIX pa3MepoB OHa CO-
BEPIUEHHO HecYUleCTBEeHHa.

HntepecHo, 4To cBepXnpoBOAUMOCTb Ha MOBEPXHOCTHBIX ypOB-
HAX MorJyia 6bl CyLIecCTBOBATh B fIpHHUMINE H B TOM CAydae, KOTAa
N0 CBOHM OGDBEMHLIM CBOHCTBaM BEIIECTBO SBJSETCSH AHANEKTPH-
KOM.

B3aumopeificTBue 3/ME€KTPOHOB B 3TOM CJyyae TaKmKe MOXKET
6biTh BecbMa cneuuduunbiM. OHO, HampuMep, MOXKeT BO3HHKaTb
H3-32 B3aHMOJEHCTBHs 3JEKTPOHOB C P3JIeeBCKHMH NOBEPXHOCT-
HbBIMH BOJIHAMH-

I'nnsbyprom Gbi10 YKa3aHO TaKXe, YTO JJIS YCHJIEHHS NMPHUTS-
XKEHHT MEXAY JJeKTPOHAMH MOXKHO MCIO/Jb30BAaTh MEXaHH3M
JluTTA2, BBOAS B KPUCTA/JI CHJBHO MOJAAPH3YIOLHECH NPHMECHBIE
aTOMBI, YTO H B 3TOH MOJEJNH MOXXET MPHBECTH K PE3KOMY YBeJsH-
YeHHIO KPHTHUECKOH TeMmepaTyphl.

MHorouuc/ieHHble BO3MOXHOCTH NpPENCTaBJAsIeT TaKKe HCeJe-
JI0BaHHe CBEPXNPOBOAMMOCTH B MOJYNPOBOIHHKAX, Trle B OYEHb
IMPOKHUX TpejeJax MOrYT BapbHPOBaTh KOHLEHTPALHU 3JAEKTPO-
HOB, @ TaKXe XapaKTep HX B3aHMONEHCTBHS ¢ (OHOHAMH H JPYT
¢ ApYToM.

B oTnnuHe OT mpeAbIAYLIHX CAyYaeB, paCCMOTPEHHBIX BHILIE U
NpejoKa3aHHBIX NMOKAa YHCTO T€OPEeTHYECKH, CBEPXNMPOBOAHMOCTD B
pfile MOJYNPOBOJHHKOB yXe oOOHapyXeHa 3KCIEepHMEHTAJbHO.
Teopernueckn ona Bnepsble Gblla paccMorpena I'ypeBuuem, Jlap-
KuibiM 1 PupcoBbiM u 3atem Kosnowm.

IlepBbie aKCnepuMeHTabHEIE PE3YAbTaTHl GBIIM NOJYYEeHBl Ha
coenunennn GeTe u na Tutanare crporuusa SrTiO;. IMocaeanni
cnyyail mpeacraBiasier ocoOblii HHTEpec, H Mbl OCTaHOBHMCA Ha
HEeM HEeCKOJbKO noapoGuee. [leno B TOM, YTO THTaHAT CTPOHLHSA
BO MHOrOM MOROGEH THTaHATy OapHA — THINHYHOMY CErHETO3JeK-
TpuKy. XOT B CaMOM THTaHaTe CTPOHLHS CErHeTO3JeKTPHUECKHH
nepexoi H He NPOHCXOAHT, HO OH O4YeHb OJIH30K K TakOMy mepe-
xopy. JluanexTpHueckasi NpOHHUAEMOCTb €ro NPH HU3KHX Temile-
paTypax AOCTHraer orpoMHbix 3HaueHuil (-~ 103—10%). IMosTomy
KYJIOHOBCKOE OTTaJIKHBaHHE 3JIEKTPOHOB APYr OT Apyra — OCHOB-
HOH (DaKTOp, NPENsATCTBYIOWIMH MOABNEHHIO CBEPXNPOBOAKMO-
CTH, — B 3TOM BellleCTBe NPAKTHYECKH OTCYTCTBYET.
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C MHUKDOCKONMUYECKOH TOYKH 3PEHHS, CErHeTOdIEKTPHUECKHUil
nepexox, Mo COBPEMEHHbIM MpeAcTaB/JEHHSM, BO3HHKaeT B CHJIY
TOrO, YTO 4AaCTOT4 OLHOTO M3 TaK HA3bIBAEMBIX ONTHYECKHX KOJe-
6anuil PEIIETKH CTPEeMHTCS K HYJIO. ODTO O3HAuaeT, YTO K HYJIO
CTPEeMHTCS KBa3uynpyrasa cuJsia, MPensiTCTBYIOLlast COOTBETCTBYIO-
emy THNY AedopMauHu, U pelreTka KPHCTaJJa CTaHOBUTCA He-
YCTOHYMBOM, T. e. mepecTpaHBaercs.

Ho ¢ apyroit cropoubl, H3 TEOpHH AHCNEPCHH 3/MEKTPOMATHHT-
HBIX BOJIH B KpHCTaJ/lJlaXx H3BECTHO, YTO YACTOTbl ONTHYECKHX KO-
Ne6aHUi COOTBETCTBYIOT JWHHSM MNOIVIOLIEHHs B KpHCTaliax, a
HeKoTopasi 06/1acTb 4acTOT, GOJIBLINX 3TOH XapaKTepHOH YaCTOTHI,
siBAsieTcs 00/1acTbi0 aHOMAJbHONM AHCIHEPCHH, T. €. JHJIEKTpHYe-
CKasi MPOHHLAeMOCTh B Helt oTpullaTenpHa. [TosTomy ecan 3ta 06-
JIaCTh YacTOT BHOCHT CYIIECTBEHHBIl BKJaX BO B3aHMoJeHcTBUE
MEXJy 3JIeKTPOHaMH, TO B3aHMOAEHCTBHe 3TO OYyAeT MpPUTATH-
BAIOLHM.

ITo cyuwiecTBy Takoit MeXaHU3M MNPUTAKEHHS AHAJOTHUCH TO-
My, KOTOpHIl paccmaTrpuBaeT JIHTTJ, HO B ero MoAead OTpHla-
TeNbHas QUIJIEKTPHYECKasi MOCTOSAHHAS O0YCI0BIeHA SJIeKTPOHHOM
NOJISIPH3YeMOCThIO, a 31ech — MOJSIPH3yeMOCTbIO HOHHOH pellleT-
ki, CyllecTBEeHHO MOJTOMY, YTO B THTAHATE CTPOHLHUA NPH HU3KOH
TeMIepaType OJHA U3 YacTOT ONTHYECKHX KosiebaHUII OKa3biBaeT-
Csl OUeHb HH3KGH, T. e, HH3KO JexXHT 06JlacTb aHOMaJbHOH IHcC-
nepcun. Moxer ObiTb, HMEHHO STHM OObfCHSieTCSI TO 06CTOSATE/b-
CTBO, 4TO, MO COOOIIEHHIO aBTOPOB, cBepxnpoBoauMocTb B SrTiO;
NOSIBJISIETCS yKe NMPH OYeHb MaJblX KOHUEHTPauHsIX 3JIeKTPOHOB
~ 1017,

B 3akrnovueHne NoAyepKHeM ellle pas, YTO AOCTUTHYTOe B Ha-
cTOsILlee BpeMsl TIOHHMaHHe NMPHPOIBl SIBJCHHUS CBEPXIPOBOLHMO-
CTH IC3BOJIHJIO 3HAYHTENBHO PACLIHPHTb KPYT TeX BEIUEecCTB, B KO-
TOPLIX 3TO SBJEHHE MOXKeT CYLIeCTBOBaTb, H MOPOAMJIO HaZEXKAY
Ha TO, YTO MOryT ObITh MOJNY4YeHbl CBEPXMPOBOJHHUKH, CYILECTBEH-
HO OT/JHWYAIOIHEeCs MO0 CBOMM CBOHCTBAM OT OGBIYHBIX METaJlJIOB.
Ykcio TakuX BO3MOXKHOCTeH, KaK Mbl BHIENH, OYEHb BeJHKO U
TPYLHO mpeacTaBuUThb cebe, YTO BCe OHH OKaxkKyTcsl GecnyIOLHBIMH.
Oanako OCHOBHOI BOMPOC O TOM, MOXer JIH ObITb MOJY4YeH CBepX-
NPOBOJIHUK C AOCTATOYHO BLICOKOM KDHTHYECKOH Temmepatypoi
(xots 6ot mopsimka 100°K), moka emre ocrtaercss OTKPBLITHIM.

———

U 1. HoBuxkos,
KaHOudar (u3uKko-marematTuieckux Hayx

KAK YMHPAIOT 3BE3[bl

B pasubix obmnactax ¢U3UKH BPEeMs OT BpeMeHH yueHble 00-
HapYXUBAIOT TO, 4YTO, MO HX YOEXAEHHIO, CYLIECTBOBAaTh HUKAK
HE MOXKeT, H Ha06ODOT: TOro, YTO OHU MPEACKa3bIBAIOT TEOpeTHUe-
CKH H pPacCUHTLIBAIOT YBHAETb, HA CaMOM Aene He HaxomAar. Kor-

11



Ia nopobnoe cayuaercss B (PU3HKe SJ€eMEHTapHBIX YacTHL, 3TO
KajKeTcsl €CTeCTBEHHbIM, HOO 3leChb Ype3BHIYANHO MaJibl OGBEKTHI
4 HarsAHble NpeiacTaBjdeHdsi HeBo3aMOXHB. Ho Korza peun naer
0 KOCMHYecKHX Macumitabax, CHTyauus pe3ko MeHserc. Bor ra-
KOl KOH()IHKT NPOHCXOLHT cefiyac B aCTPOHOMHH. ACTPOHOMH He
HaxoJsAT B KocMoce TeX 06beKTOB, KOTOpble, IO MX Npeanosoxe-
HHIO, AO/KHHE 00513aTesbHO cyllecTBoBaTb. M1 oHU BUIAT peanb-
Hbl€ 00BEKTDI, KOTOpBIE CYLLeCTBOBATh, 0 HX YOeXIeHHIO, HHKaK
He MoryT. Bce 370 nopuuHsieTcs OOLIHM NpHHUHNAM pasBUTHA,
3BOJIIOLLHH, KOTOpbie BTOpraloTcsi Bce GoJiee riy0oKo B acTPOHO-
MHUYECKYIO HayKy.

B npowsiomM u Hauyajie Hallero BeKa B aCTPOHOMHH TOCIOACT-
BOBaJla MJes CTallHOHApPHOCTH. ACTpPOHOMBI H3yyanu Bo Bcenen-
HOH TaKue cTallHOHapHble 0O'bEKTHl, KaK COJIHEYHasi CHCTeMa, J0J1-
TO CYUIeCTBYIOILasi ¥ NMOYTH He H3MEHSIOLLascsi B TeYeHHe OrpoM-
HOro BpeMEeHH.

Ceiiuac B KOCMOCe H3y4alOTCS MPOLECCH O4YeHb GLICTPbIE, Mpo-
TEKalollHe HMHOrAa Ha IJjasaXx OLHOrO 4ejoBeKa, OAHOro MoKoJe-
uns. Peub uger B nepByio ouepeib O Tex mpoleccax, KOTOpbie
0COGEHHO AaKTHBHO H3y4a/IHCbh B NMPOLIIOM FOAY. 51 ZoJIXKeH npej-
foCJaTh 3TOMY KPaTKOe H3JIOXKeHHe HCTOPHH BONpOoca.

Hsuratomefi cuaoii KoHQJIHKTa B aCTPOHOMHUH ABJSETCA Npos-
JleMa KOHEeuHOIl cyb0bl 3Be3fbl. ACTPOHOMBI MHOI'O 3HAIOT O paB-
HOBECHOH CTaJu{ 3BOJIOLHYH 3Be3[bl. 3Be3bl THna CosHla — 3TO
Fa30BBI LIap, KOTOPBIH HAaXOMUTCS B FHAPOAMHAMHYECKOM PaBHO-
BECHH; OHa He pacliupsieTcss, He ckuMaercsi. CuJa B3aHMHOro
TATOTEHHS] YaCTHL ypaBHOBeUleHA CHAOH BHYTPEHHEro AAaBJIEHHA
rasa.

Kpome toro, BHYTpH 3Be3J] NpH BLICOKOH TeMmmepaType mpore-
KaloT silepHble peakUun. DHeprus, BolfeJsieMast B 3THX peaKLusX,
NpoCayuBaeTCs CKBO3b BeleCTBa HapyXy H H3ayyaercd ¢ no-
BEPXHOCTH 3BE€3/bl.

B Conuue BGJAM3H LeHTPa TeMmepaTypbl AOCTHraloOT MOPsiIKa
13 MuAAHOHOB rpaaycoB, MIOTHOCTb Heap CoJiHLA — HEeCKOJIbKO
JIleCAITKOB IpaMMOB B KyOHuecKoM caHTuMerpe. MayueH xumuuye-
ckuit coctaB CoJHlla, H3BECTHO, KaK GyAeT mPOUCXOJUThb ero 3BO-
JIOLHSA H KaK NPOTEKaeT 3BOJIIOLHS APYrUX 3Be3l. Teopuio men-
JIeHHoM 3BOJIIOLHH 3Be3]l, 3aK/A0Yalolledcss B BHIOPAHHU siiepHO-
ro ropioyero, Mbl 3HaeM xopowo. CJefcTBUS 3TOH TEOPHH MOA-
TBEpPKAAIOTCA aCTPOHOMHYECKMMH HabJ/I0LeHHAMH.

OcHOBBIBASICh Ha 3THX ()aKTaX, MOXKHO OBbITb yBEepeHHBIM, UTO
HalllH CBelleHHS O NOBeJEeHHH BelleCTB B HeApPaX 3Be3[ MPAaBHJb-
mbt. MBI npaBu/abHO npencraBiaseM cebe, YTO MPOUCXOZUT MpPH
temnepatype CoJaHlla, 3Be31, MO3TOMY BCe BHIBOABI TEOPHH O
JaJbHeHmield cyabbe 3Be3Abl MPEeACTaBJASIOTCH BMOJHE HaeXHbI-
mu. K uemy oHH Benyr?

BpeMs MeansenHoit apoaounn Coanua, T. e, HCuepnaHug 3ana-
COB 5ePHON IHEpriuH, cocTaBaserT npumepHo 101 aer,
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IonoBuny caoeit xu3nu CosHlle yKe NPOKHIIO, TONOBHHY ellle
NPEeACTONT npoxuTh. UTOo XKe Oyder mocje OKOHYAHHS SAEPHOrO
nepuona asoatouun? Kasanoce 6bl, TYyT OyMaThb Heyero. 3pessa
OCTbIHET, KOrJa HCYepNaloTCsd HCTOUHHKH SHEPruH, M NPeBpaTUTCA
B TBepIbIil TeMHBIH XOJOAHbIN WIap, THMa Goabuiod naadersl. Ho
B NefiCTBHTENbHOCTH 3TO He TaK. Macca Coanna oueHb BesHKa-
ITosToMy npu OXJ1aXKAEHHH CHJIA TATOTEHHSI COXMET BellleCTBO [0
TaKOH IVIOTHOCTH, YTO 3JIEKTPOHHbIE OGOJIOUKH aTOMOB OKaXyTCs
pasnaBJeHHEIMH. DJIEKTPOHbl He GyAYT NpHHAJJIEXKAThb OT/He/b-
HbIM aToMHBIM fiapaM. Ecau 3Be3na Bce Gosiee oxsaxkpaercs, TO
JlaBJIeHHE 3JIEKTPOHHOrO ra3a He CTPEMUTCH K HYJIO, a OCTaeTcs
BIIOJIHE ONpe/eJIeHHBIM, KOHEUHBIM, DTO CBA3aHO € TEM, YTO AJEKT-
pon nonuunserca npunuuny Ilaynn: nsa anexTpoHa B omuHaxKo-
BOM COCTOSIHHH HaXoJHTbcA He MoryT. [TosTomy, Korjaa 3/71€KTPOHBI
C OJHHAKOBbIMH MMIYJbCaMH MHOAXOAAT APYr K APYrY, OHH He
MOTYT OcTaBaTbcsi O6MM3KO M 6Gyayr orrankuBathbes. Ilpu pocra-
TOYHO HH3KOH TeMImeparype MHOrO 3JIeKTPOHOB 06/iajaloT OLHHa-
KOBbIMH HMNYJbCaMH. DTO BLI3bIBAET MOABJEHHE CHILHOTO OTTaJ-
KHBaHUS — YNPYroCTH 3JMEKTPOIHOro ras3a. Takoe COCTOsIHHE
Ha3bIBaeTCH BBIPOXKIEHHBIM.

KauectBeHHO ynpyrocts X010JHOI0 BHIPOXK/EHHOTO ras3a Oblia
npenckasana B 1928 rony 1. M. ®peunxenenm.

Ynpyroctb X0JMOLHOrO JEKTPOHHOTO ra3a ¥ OYyIeT TOALepIKH-
BaTh 3Be3ny. 3Be3na, HanpuMep CoJHlle, COXMETCA A0 MIOTHOCTH
okosno 10"%—10+° rpamm B KyOuueckoM caHTuMmerpe. Cpenuss
naotHocts Cosnla ceifyac cocraBasger 1 rpaMm B KyGuueckoM
caHTuMerpe. [lanbHefiliee cxxaTHe NPEKPATUTCA, TaK Kak LaBJe-
HHE BBIPOXKAEHHBIX 3JIEKTPOHOB YPaBHOBECHT CHJYy TATOTEHHA H
sBe3fla OyJer HaXONHTbCA B paBHOBecHH. Takue 3Be3bl H3BECT-
Hbl. X HaseiBaloT GeNbIMH KapJaHKaMH, Tak Kak OHM Gejoro LBe-
ta, Benble kap/auKy 3aKOHUMIH CBOIO siiepHYIo 3Boaionuio. Ho
TaKas CMEPTb MOXKeET MOCTHraTh TOJIbKO 3BE€3[bl, Macca KOTOPBIX
He oueHb BesHKa, He Gonee 1,2 maccel Connua. Eciun macca 6y-
ner GoJblleH, TO CHJa TATOTEHHS NpPU CKATHH TAKoro Llapa B
TipoLecce OCTbIBAHHA CTAaHOBHTCA HACTOJNBKO OOJBILIOH, YTO 3BE3-
Ia npeBpallaeTcs He B Genblfl Kap/auk, a COXMETCH [0 ropasio
6onbiei naoTHocTd. Ecin Macca 3Be3[bl 3aKJI0ueHa B HHTepBaJie
or 1,2 maccer Cosinila npumepHo Ko AByx Macc CosHua, To oHa
npespaulaeTcs B TaK HasblBaeMYl0 HEATPOHHYIO 3Be3ny. Bewecr-
BO CXKHMaeTcsi 10 MI0THOCTH okos10 10+14 rpaMmMoB B Ky6uueckom
CaHTUMETpE, T. €. [0 MJIOTHOCTH ATOMHOro sjapa. Taxue 3Be3nbl
6blH mMpeacKa3anbl B TPUAUATHIX rojax akaaemuxom JI, 1. Jlan-
nay.

yPasmepbt 3Be3fibl CTaHYT cOBceM Heboabmne — okoao 10 Ku-
JoMmeTpoB. DTo — Kpouika-3Be3aa. Ecrectsenno, yTo Koraa B Ta-
KOi1 3Be3/le MoJie TATOTEHHS] CTaHEeT OuYeHb BEJHKO (rpaBHTALUOH-
HHI moTenuHaa nopsaxa 0,2 KkBagpaTa CKOPOCTH CBeTa), HAYHYT
npoABaATbCA 3¢ ekt obliell TEOPHH OTHOCHTENbHOCTH. B 3TOM
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cydae HYXXHO YYUTHIBaTh Bce (aKThl, CBA3aHHble C Teopuefn TH-
TOoTeHHs DHHIUTEHHA.

Ecan xe macca 3Be3nnl Gyner Goabuie, yeM aBe Macchl Conn-
1a, TO HUK4KOE PaBHOBECHOE COCTOSIHHE MOCJe OXJaKIeHHs He-
BO3MOXKHO, 3Be3/la OyneT HeorpaHuueHHo cxkuMaTbcsi. Hukakas
CH/1a JaBJIeHHs, La)Ke yNnpyroctb rasa, Npu SIAEPHON MJIOTHOCTH
He B COCTOSIHMH BOCHPeNnsTCTBOBaTh ckaTHio. I1puunHbl 3TOroO 3a-
KJIOYaloTcsl B H3MeHeHHH 3akoHa TAroteHud. Ilo 3akony Hbioro-
Ha, CHJIa TATOTEHUS TNPSMO MPONOPLUHOHANBHA TNPOH3BENEHHIO
macc u 06paTHO MponopuHoHaibHa KBaApaTy paccTosiHHs. Toabko
KOrfla PacCTOsIHUE CTPEMUTCS K HYJIO, cHJia CTPeMHUTCst K 6ecko-
neunoctu. Ilo Teopuu ditnwTeliHa, CHIa HA MOBEPXHOCTH CTAlHO-
HAPHOTO Tesa CTPeMHTCS K GEOKOHEYHOCTH, KOTAa pa3Mephl cTpe-
MSTCS HEe K HYJIO, a K TaK Ha3blBaeMOMY TPaBHTaLlHOHHOMY
panuycy, paBuomy 2G—M/c?.

Cuna TAroTeHus HapacTaer ropasjo ObicTpee mpu GOJBMIKX
noTenluanax, ueM no 3akony Hbiortona, ITostomy 3Be3ga Gyzer
HeOrpaHHYEHHO CKHMAThCA W HHYTO €€ OCTAHOBMTb He MOXKET.

B cusbHOM moJie TArOTEHUS MEHSIOTCS CBOHMCTBA MPOCTPAHCT-
Ba U BpeMeHH. [I1s BHelIHero HabaiofaTe/isi BpeMsl Ha CXKHMalo-
uieicst 3Be3je Bce 3aMelJIsIeT CBOH TeMI, U TpH CTPEMJIeHHU pa3-
‘MepoB 3Be3/bl K 'PaBHTALHOHHOMY pafHyCy BCe NpOLECCH Ha Hel
KakK 6bl 3aCThIBalOT. 3aMea/eHHEe BPEeMEHH MPOABJASETCS, XOTHA H
cnabo, yKe B MOJISAX TATOTEHHsST OOGbIYHBIX- 3Be3[, H aCTPOHOMHYe-
ckne HaOMIOfEHHST MOATBepxKaaioT 310. M3-3a 3amennenus tede-
HHA BPEMEHHM CxKaTue 3Be3[bl OCTaHABJMBAaeTCS [Jisi BHEUIHero
uaGJonartensi npu pasmepax R=2G—M/c?, u BHemnuii Habmoa-
Te/ib HHKOrAa He YBHAUT TOTO, YTO NMPOMCXOAHT MPH MJIOTHOCTAX
BeliecTBa GoJsiblile. TeX, KOTOPblE COOTBETCTBYIOT 3TOMY pa3Mepy.
KaprtuHa cxkaTHA Ha 3TOM OCTaHaBJHMBAETCA, 3aCThIBAEeT.

Taxkue 3Be3bl, KOMaNCHPYIOIHE, HaXOAsLIHECS B CYLIECTBEHHO
HeCTaLlHOHADHOM COCTOSIHHHM, HO AJs BHelIHero Habaionatens
npexcTaB/sIOIIHEeCS 3aCTHIBIINMH, YAOOHO Ha3bIBATh 3aCTHIBILUMH
3Be3flaMu. DTO — TPETHIl THM KOHLa 3Be3XHOM 3BoJioUnH. Bonpo-
Cbl TEOPUM DEJATHBUCTCKOrO CKaTHi pa3pabaThiBaloTcsl B Jabo-
patopun akagemuka $1. b. 3enpnosuua.

ActpoHombl HaGa0gal0T Gesible KapJaHKH, HO He BUAST HU Hefl-
TPOHHBIX, HH 3aCTHIBILUUX 3Be3M. TOT QaxT, yTo 4O CHX NMOP M3 YMH-
paloLIMX 3Be3 HaHIeHbl TOJbKO OeJible KapJAHKH M He HaHJeHb
KOHEYHBIE COCTOSIHH S, COOTBETCTBYIOUHE 3Be3aM GOJIbLIOH Macchl,
a TaKxe OTCYTCTBHE PaBHOBECHOIO KOHEYHOTO COCTOSIHMS JJIsi
60JbLIOl MacChl — 3aCTaBAK/IO AyMaTh, 4YTO 3Be3/1a KaK-To H36aB-
JseTcsl OT M3JHMIIKA Macchl M BCe e MNpeBpallaercs B Genoro
kKapauka. Ho HaGJioaeHus nmokasaiH, 4TO TaK BpSA JH MOXKeT
6bITh.

Brisicuusioce, yto ecan Gbl Kaxzaas 3Be3fla B KOHIle CcBoef
WU3HM npeBpalllanach B Oesoro KapJ/auka, To OeNblX KapJTHKOB
6biio Gbl 3aperucTpHpoBaHiio ropasfo Goabine. HMs6asassach ny-
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TeM DB3pbiBa OT M3JHMIIKA Macchl, 3Be3fa, Hanpumep, B 10 mace
Connua noJxkHa o6ssatenpHo c6pocutb 9 mace Coanua rasa, u
ToabKo 10% mnepBoHayalbHO MACCHl OCTAHETCS] M MPEBPATHTICA B
6enbii Kapauk. [TonoGubii Ganauc kaxercs cTpaHHbIM, Kpome
TOrO, TakHe B3PhIBHl AOJKHH ObITh HaGJMI0laeMbl, HX MOXHO
OTOXJECTBHTh CO BCNBIIKAMH CBEPXHOBBLIX 3BE3.

Hapectno, uro B Hawei lanakTHke BCIBLIXHBAeT B CpeRHeM
TOIBKO OJHa CBepxHoBasi 3Be3fia B 300 mer. Pacuers noxassiBa-
I0T, YTO €XKeroAno B 'ajlakTHKe KOHYAIOT CBOIO JXH3Hb HECKOJILKO
3Be3 AOCTaTOYHO Goubluofi Macchl. M eciv GBl BCE OHH BCIHLIXH-
BaJIh KaK CBEpPXHOBble, TO aCTPOHOMbI BHAENH Obl HECKOMbKO
B3pHBOB B rof. Takum o6pasom, uMeeTcsi iBHOe Hecornache. Cae-
oBaTeNbHO, 3Be3/lbl He 06A3aTeNbHO H306aBASIOTCA OT H3JIHIIKa
Macchl, H NO3TOMY MOTYT IpeBpalllaThCsl B HEHTPOHHLIE WJIH 3a-
CThiBlIME 3Be3/bl. Tem He MeHee acTPOHOMBI MX He Hab./I04aloT.
Becbh npamaTi3M mosIOKeHHsT 3aK/II04aeTcss B TOM, UTO He HabJo-
AaloT 3Be31H HauboJee BaXKHbIE JJ151 MPOBEPKH oblieH TeopuH or-
HocuTenbHocTH! IlpaBna, Habmonate Takue sBe3fbl (€ciH OHH
BOOGlLE €CTb) OYEHb TPYAHO.

HefiTponHble 3Be3/lbl Ype3BbIYaHHO MaJbl M CHJIBHO pa3orpe-
Tbl. B MOMeHT 06pa3oBaHus HX TeMNepaTypa Ha NMOBEPXHOCTH JO-
cruraer 10 muanuoHoB rpagycos. IloBepxHocTs ConHua HMeer
Temnepatypy Bcero 6 Tricay rpaaycos. Ipu Temneparype 10 Mui-
JIHOHOB TPajJycoB 3Be3Ab OyRyT H3JAyuyaThb IiaBHBIM 00pa3oM
PEHTreHOBCKHE JMYYH C HAJAHHOA BOJHBI OKOJIO HECKOJbKHX aHICT-
peM. UroO6nl HafiTH HEATPOHHBIE 3Be3nbl, HAaJO HCNOJAb30BATh
NpHeMHUKH PEHTreHOBCKHX Jyueil. Ho peHTreHoBckue Jyuyn Ha-
6ni0faTh Ha NOBEPXHOCTH 3eM/IH HEBO3MOXKHO, aTmocdepa Io-
rJouaeT Takoe Hanyyenue. [1o3Tomy cooTBeTcTBYIOlIHE NPHOOPH
HaJo BLIHOCHTbL 3a npefennt arMocdepst.

PeHTreHOBCKHe HCTOYHHKH AEACTBHTENBHO ObIH OGHApYIKEHH
3a nocJeAHHe OB, H 3TO BCEJIHJO HEKOTOPYIO HaJeXAy Ha To,
YTO HaKoHell HahAeHbl HEHTPOHHHE 3Be3[bl, JaBHO NpEeACKa3ak-
Hble acTpOHOMaMH. DTH 3KcnepuMeHTH nposoiuauch B CUIA ha
pakerax, NMOChlJIaeMblX 3a nmpenetnl aTMocdephl.

H BoT B npollsioM rofy Obl1 clejlaH OYeHb HHTEPECHbI OMNbIT,
KOTOPbIN MOCTaBHUJ TOJ COMHEHHEe TUIOTe3y CYLIECTBOBaHHS B
TFanaktike HeATPOHHBIX 3B€3A. OKCHEPHMEHT OCYLIECTBHJA B
CIIA rpymna Ppusmana. OH 3axkni04ajcs B TOM, YTO OAHH H3
HCTOYHHKOB PEHTIeHOBCKHX Jyuel Obl1 M3MepeH 0coGeHHO Tiia-
TeJbHO (ero yrJoBoil pasmep).

Ecnu 310 3Be3fa, To ¢ 00/bIIOrO PacCTOSiHUA OHa AOMXKHA
NPEeACTaBAATLCS TOUKOH, T. € MCTOYHHK PEHTICHOBCKHX Jyueil
RoaxeH ObiTh ToyeyHnlil, OXHH H3 PEHTTEHOBCKMX HCTOYHHKOB
coBnafaer ¢ u3pectHod KpaGoBMAHOH TYMaHHOCTbIO, KOTopas
Bo3HHKAa B 1054 ropy, Koria BCILIXHYJa CBepXHOBasi 3Be3la B
Hawel Fanaxrtnke.

Hsmepenns ®puamaHa 3ak/il04ajnCh B TOM, YTO OH HCIOJb-
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30Baj OJHO HHTepecHoe siBjeHHe. JIyHa, okasbiBaercd, MOXeET
BpeMsl OT BpeMeHU NPOXOAUTH MO HebY Tak, YTo 3acjoHAeT co60i
Kpa6osuauyio TymaHHocts. HenocpeacrsenHo H3Meputhb yriaopbie
pasMmepbl PEHTTEHOBCKOTO HCTOYHHKA C JOCTaTOYHOH TOYHOCTHIU
coBpeMeHHas anmaparypa He no3BoJsieT. Ho HaGaionasi nokpuiTHe
JIyHO#H 3TOro HCTOYHHKA, MOXKHO ONPEAEJHThb: CPa3y JIH Hcuesaer
PEHTIeHOBCKOE H3J/lyyeHHe WJIH MOCTENeHHO, a 3aTeM BBIUHCJHTD
pasmepbl PEHTTeHOBCKOro MCTOuHHKa. Mpiess storo onbita Gbl1a
npennoxena npodeccopom M. C. lIxnosckum,

H3MepeHHus 1okasand, 4TO pa3Mepbl HCTOUHHKA €OCTABJSIOT
1/s Tymannoctu. PaccrosiHne 0 TyYMaHHOCTH M €€ pa3Mephl U3+
eectubl. [Tonepeunux ee okoso !/jp mapceka, yto cocraBiasieT 3 Thi-
cAYd MUJAIHapaoB kunoMerpoB. Mcrounuk 3anumaer !/s tyman-
HOCTH, T. e. uMeeT pasmep 600 MHANHAPAOB KHJIOMETPOB, HJIH
NpHMEPHO TpU CBeTOBble Hexend. HamoMHio, 4To pa3mepsl Halueft
COJIHEUHOH CHCTEeMbl COCTAaBJIIIOT BCEro HECKOJNbKO CBETOBBIX 4a-
coB, a paccrosiuue ot 3emau g0 CoaHua — 8 CBETOBBIX MHHYT.

Pa3smepbl HCTOUHHKA FOBOPSAT, YTO 3TO He HEATPOHHAS 3BE31a,
H, TaKUM 00pa30M, BCA KOHLEMIUMS OTOXKAECTBJEHHS PEHTTeHOB-
CKHX HCTOYHUKOB C HEATPOHHBLIMH 3BE€3JaMH OKasajacb MokoJie6-
JIEHHOH,

Coscem HenasHo M. C. UlkJgoBckuit nokasan, uro Kpa6osua-
Haf TYMaHHOCTb, BO3MOXHO, SBJISETCA NOCaJHbIM HCKJIOYEHHEM,
YTO TOJIKO 3TOT MCTOYHHK HMEeT TaKHe NMPOTAKEHHhe pa3MepHl,
Jpyrue HCTOYHHKH MOTYT OBbITb JCHCTBHUTEJNBHO HEHTPOHHBIMH
3Be3aMu.

Tak 3T0 H/M He TaK, Mbl He 3HaeM, H HaOJ/1l0eHUs caMoro G-
¥Kaiilero 6yaylero ROMKHbBI OKOHYATeJbHO OTBETHTh Ha BOMpOC:
Ha6Ji01aeM Mbl HeHTPOHHbIe 3Be3Abl uau HeT? Cefiyac peHTreHoB-
CKHX HCTOYHHKOB H3BECTHO OKOJIO JecsTKa.

HeiirpoHHble 3Be3gbl HMEIOT Ha MOBEPXHOCTH TeMIEpaTypy
10 MHMIHOHOB rpafycoB, HO OHH OBICTPO OCTHIBAIOT. DTO CBEUEHHE
nautcst 100 net, a 3aTeM HCTOYHHK ocnabeBaeT H 3Be3fa CTaHO-
BUTCA HeBUAMMOH. HeBHIMMBI M 3acThiBLIME 3Be3[bl, KOTOpbIe,
KaK yXe 0TMeYasoch, CBOUM IPaBHTAllHOHHBIM MOJIEM HEe BBIMYy-
CKAaIOT H3JYYeHHS.

Kak e MoxKHO nbITaTbecst HAGMIOAATh 3TH 06BbeKTbI? OKa3bl-
paercs, 1o Moo TAroTeHusi. M HefiTpoHHble H 3aCThIBILIHE 3BE3[bl
TIPUTATHBAIOT K cebe Apyrue HebecHble Tea TaK e, KAK H HOp-
MaJibHble 3Be3JIbl.

Ecnu mbl HabaolaeM Kakyic-1HG0 3Be3HYIO CHCTEMY, CKaXKeM,
1apoBoe 3BE3JHOE CKOMIEHHE WJH JaJieKyi0 TaJaKTHKY, TO H3y-
yas [BHMKEHHEe 3Be3ll, B mepH(PepHAHBIX YaCTSIX rajaKTHKH, Mbl
MOJKEM ONpeNesNHTh MAcCy Bcelt 3Be3qHoi cucTeMbl. B camom je-
Je, Korja TeNo JIBHXETC 1o KPyroBoit opGure mox HefcTBHEM
TATOTEHHUS, TO LEHTPOCTPEMHTE/IbHOE YCKOPEHHE JOJKHO COBMa-
AaTh C FPaBUTAIHOHHBIM YCKCPEHHEM, T. e.:
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Ecnu no u3amepeHHio JiyuesbIX CKOpPOCTeil H3BECTHBl pa3MepHl
R cucrembl 4 CKOPOCTb 3B€3]] U, TO MOXKHO ONPeAeNUTh Maccy 3To-
ro o6bekra. Ciofa GYAYT BXOAMTb MacChl BUAHMBIX 3BE3Jl, HEBH-
AMMBIX 3Be3]], rasa, NblJIH, HHBIMH CJOBaMH BCE, B TOM YMCJ/E Ta-
KHe BHIBl MaTe€PHH, KaK HEHTPHHO, TPAaBHTALIMOHHBIE BOJIHBL U T. .

Kpome TOro, MOXKHO OLEHHTb KOJHYECTBO BHAMMBIX 3B€3 H
BBIYHCJHTb HX Maccy, OnpefesuTb MacCy BHAWMOro ras3a, BHIH-
Moit mblnd. Beryuras temepb M3 MOJMHOM Macchl Maccy BHAMMBIX
COCTaBJSIOWIMX, Mbl MOJNYYHM MacCy HEBHIMMOro KOMIIOHEHTA,
rJIaBHYIO 4acTb KOTOPOrO COCTABJSIOT HEBUIHUMbIE 3Be3[Hl.

CyuecmByloT ¥ ApYyrue MeTOABl, HO MOKAa HU OJHUM H3 HHX
BOCNO/1b30BAThCHA HENMb3f, TAK KAK OHH He 1alOT elle JOCTaTOYHOM
TOYHOCTU. Bor uTO MOXHO cKasaTh 06 oObekTax, KOTOPHIX MOKa
He HalVIK B KOCMoce.

CyuecTByoT 06beKTEl B HEKOTOPOM CMbIC/J€E NPSIMO MPOTHBO-
noJioxKHble. Mbl HX BHJUM, HO He 3HaeM, YTo 3TO Takoe. Peub uaer
O 3HaMEeHHThIX CBEPX3Be3/1aX, O KOTOPbIX MHOTO FOBOPHJIOCH B MO-
nyJAAPHOI mevyaTH, H TOITOMY A CKaXy O HHX KOPOTKO.

H3BecTHO, 4TO aCTPOHOMBI B MOCJELHHE oAbl OTKPBIIH TOYey-
Hble HCTOYHMKHU PaJHOM3NYyueHHs, KOTOPble COBMAaJaloT C Tovey-
HBIMH ONTHYECKHMH 06BbeKTaMH. DTO cBepxbspKHe 06pa30BaHHUA
B0 BcesieHHoil, B 1ecATKH pa3 sipue rajJakTHK, HO OHH HMEIOT Ma-
JieHbKUE pa3Mepbl — OKOJIO CBETOBOI HeJeNH M HaXodATcs naJje-
KO OT HaC: caMasl Jajlekast U3 M3BeCTHbIX CBepPX3Be3J OTCTOMUT OT
3eM/H Ha PacCTOSIHHH 5 MUAJIHADPIOB CBEeTOBHIX JeT. Macca 3Tux
06bekToB, BeposTHO, okojo 108 mace Coanua.

Yrto 310 Takoe? Kasasoch 6bl, 3TO rHraHTckas 3se3fna 0o0Jib-
woi Maccel. OfHaKO J0Ka3aHO, YTO TaKHX 3Be3] ObITb HE MOXKET.
Heno B ToM, yTO GOsbIUAS 3BE3[Ja MOXKET yAepXKUBAThb CBOIO 60Jb-
LIYI0 MacCy TOJIbKO MOTOMY, YTO OHa OYeHb Harpera. [1aBHyio
poJsib B aBJIEHHH, MOJANEPXKHUBAIOLIEM MACCY rasa H NMpensTcTBYIo-
weM CXKaTHIO, UrpaeT €BeT. A 3To BeleT K TOMY, YTO TaKue 3Be3-
Abl HAXOASATCA Ha rpaHuue ycroiiyuBoctd. UM mocraTouHo HemHO-
rO OCTBHITh, H TATOTEHHE COXMET 3Be31y. SlaepHble peaKuHu B Hej-
pax Takoit 3Be3[bl HATH He MOTYT MOTOMY, YTO B LEHTPe TeMrme-
paTypa Bce K€ HENOCTAaTOYHO BEeJHKa.

Ha6aoaenns B3ppiBOB B 1paX HEKOTOPHIX raJaKTHK YKa3biBa-
10T, YTO TaM MPOTEKAalOT ABHO HECTallHOHAapHble B3PBIBHBIE MpO-
ueccol, Ha yTo ocoGeHHo obpamiaer BHHMaHune B, A. AmGapuy-
MsH. Bo3HUKaeT MbIC/b, UTO CBEPX3BE3[bl — 3TO TAaKKE B3PbIBbI,
6ypHO pasBuBaloLIMecs HAa HaUIMX I1a3aX MOPOLECCH, MPHPOLY
KOTOPBIX Mbl MOKAa He MOHHMAeM.

Bce 3Ty npoueccsl Ba)KHbl MOTOMY, YTO MOLYT OCYLIECTBASTh-
cfl B caMblX HeoObluHBIX ycsoBusax. Hanpumep, dusuku Meyraror
Ha 3eMJe O MarHUTHBIX MOJAX B COTHH TBICAY raycc, a y cBepx-
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3Be3l onu Moryt Guite 1010 raycc. Takum o6pasom, atu uccaeno-
BaHHs BaXXHbl HE TOJbKO C TOYKH 3PEHHS aCTPOHOMHH, HO OHH
NpeAcTaBAsA0OT 00/bINOH HHTEPEC M AIsl (HU3HKOB, peIUaloUHX
3eMHble npob6JeMEl.

Hrtak, acTpoHOMEl BUAAT 06beKThI, MPHPOAL KOTOPHIX NMOHATH
noka e moryr. OHU TaxxKe He 3HAIOT HAaBEPHSKA, YeM KOHYAeTCH
3BoJoitus 3Be3abl. Moxker GhITh, JBe 3arajkyd MOXKHO 00beIUHHTD
B oAHy? Bo3aMoxHO, uTo 06e 3TU mpoGJeMbl CBSI3aHbI.

HauGonee BeposiTHO, uTo nocienHeii craniefi 3B0MIOUUH OCThI-
Balollell 3Be3[bl BJSETCA KaTacTpoduueckoe CKATHE C BO3MOXK-
HbIMH B3pbiBaMH. CBepx3Be3/lbl XKe — 3TO, BePOATHEE BCEro, Tak-
JKe MposiBJeHHs1 THraHTCKoro B3phiBa. Hazx BceMu saTHMu npoGie-
MaMH paboTaioT cefiyac acTpou3HKH.

1. A. CMopoxuHCKHUIL,
JOKTOp uU3UKO-MATEMATULECKUX HAYK, npodeccop

HOBOE B ®HM3HUKE 3JIEMEHTAPHbBIX YACTHLL

B ¢wusuke aneMeHTapublx yactut B 1964 ropxy mnpousomno
mHore co6biTuit. DTOT rog 6bla1 NoJoH HOoBocTell, O MHOTHX M3 HUX
MBI y3Haau B aBrycre B JlyGue, rae cocrosnace XII Mexnynapoxn-
Has koHpepeHUHs no Ppu3HKe 3MEMEHTAPHBIX YACTHI, Ha KOTOPOH
pas B 1Ba rojpa moJIBOAAT HTOTM MPOLIEAIINX COOBITHII H 06CyX-
DAlOT Pe3yabTaThl U MJAaHbLI SKCIEPHMEHTAJIbHBIX H TEOPETHYECKHX
paboT Bo BceM Mupe.

Ewe pa3 o HeCOXpaHeHHH YETHOCTH

Hau6oaee ceHcalHOHHBIM COObITHEM roja OblJIO OTKPHITHE AB-
NeHusi HecoxpaHeHus yeTHocTH !. MHorue, HaBepHOe, CKaXyT, UTO
3TO y»Ke GblI0 OLHH pa3 OTKPHITO.

JleiicTBuTeIBHO, HEeCKOJIbKO seT Ha3an (B 1956 rony) neoxn-
NaHHO OOGHApYXHW/IH, YTO CYMTABUIMICS OYEBHAHBIM (aKT o6 of-
CYTCTBHH B HEOPTaHHYECKOH NPHPOJE Pa3HHUblI MEXAY NPAaBBIM H
JIeBBIM OKa3aJ/cst HeBePHBIM.

HauneM c¢ npocroro nmpuMepa. Bo Bcex yuebHHKaX 3JieKTpo-
TEXHHKH PaccKa3aHo, YTO AJsl TOro 4To0bl onpeaeNuTh HanpasJe-
HHEe MarHMTHOrO MOJIA B COJIEHOM[E, WA A TOro 4ToObl BHIAC-
HUTh, KaKOBa CHJIa, KOTOpas NEHCTBYET Ha JABMXKYLIHHCA 3apsai
MJIH TOK B MarHHTHOM NoJe, HaAO NPOH3BECTH OnpelesieHHble Ma-
HHDYJISIHHM € NMPABOH MM JIeBOW PYKOH H TOrla onpeae/ieHHblil

! Mo npHuMHaM, KOTOPHE 3A2Chb TPVAHO OGBLACHHTHL, FOBOPAT O Hecoxpa-
nenny T-ueTHOCTH HAH BpeMeHHOl uerHocTH, ORHAKXO 3TO HE HMEET HHKAEKOro
OTHOUIEHHA K Heo6paTUMOCTH TePMOAHHAMHYECKHX MPOLECCOB, KK 9TO HHOrAA
nymaior}
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AN KaXJA0ro npaBuia naJjeu GydeT mokaswmlBaTh JHGO Ha cuay,
an60 Ha TOK. B yueGHHKax gaHbl MpaBHJa, KOTOpPbIE MPEANHChHIBa-
I0T, KaK HMEHHO HaJ0 BepTeTb PyKaMu. Bo3HUKaeT, ecTecTBEHHO,
BOMPOC, OTKYJa BOOOLLe B 3/JeKTPOTEXHHKY MOMajaloT yejoBede-
CKHEe DYKH, BHHTBI M IITOMOPBHI; MoyeMy BOOOLIE MarHHTHOE moJe
IOMXKHO OLITh KaK-TO CBSI3aHO C aCHMMeTpHell Tejla yYe/loBeKa.
slcHo, YTO OTBET MOXKEeT ObITh TOJBKO TOT, YTO Y MArHUTHOrO MO-
As BooOLle HeT HampaBJIeHWs, a YTO HamnpaBJeHHe BBOAHMTCH
npocTo Aast yno6GCcTBa, a mpaBhaa B AEACTBHTENBHOCTH paboTaioT
TOJIBKO MOTOMY, 4TO 6e3pa3iuuHO, KaKoH PYKOH NoJb30BaThCcd —
npaBoi HJH J1eBO, JHIIL Gbl MOJAb30BATbCA OAHOK H TOH XKe py-
KOil Ha NMPOTSKEHUH BCEil KHHTH.

310, Kasanocs Gbl, He CJAHMIIKOM OCTPOYMHOE pacCyXieHue, B
HENCTBUTENIBHOCTH CONEpKano ray6okue (GHU3HUeCKHe MPHYHHBL
Y TBepPKAAJO0Ch, YTO HUKAKAMH cnoco6aMH HENb3sl OMpeNe/HTh
HanpaB/ieHHe MAarHHUTHOrO I10/fl, YTO MATHHTHOE MOoJie He HMeeT
HanpasJ/IeHUs H €ro HampasJ/ieHHEe MPUAYMAHO TOJNBKO AJA Hallero
yno6erBa. Tak cuutanu Bce H, KaK 0Ka3ajoch, 6e3 JOCTATOYHBIX
K TOMY OCHOBaHHH.

Kak ceifyac yxe BceM H3BeCTHO, CyLUIECTByeT (hH3HYECKoe fiB-
JIeHHe, KOTOpOe MO3BOJISIET ONpPele/NuTh HalpaBjeHHe MardHuTHOTO
nons 6e3 moMomH pyk. DTo ¢u3HYecKoe sIBIEHHe, HampuMep,
nposB/sieTcs NpU HaO/MIOJEHUHM PalHOAKTUBHOTO pacmajia Belle-
crBa. JIBaeHne GbLJIO OTKPHITO MPH ONBITE C PAgHOAKTHBHBIM H30-
TOOM KO0Oa/bTa, MOMELIEHHBIM B CHJbHOe MAarHUTHOE MoJie.
DJeKTPOHBI, BbLIETalOLIMe W3 KoOaJbTa MPH €ro pacnajie, JeTAT
TIpeNMYLIECTBEHHO B HaNpaBJeHHH, 0OPaTHOM HampaBJeHHIO Mar-
HHUTHOTO MO0JISI, KOTOPOe [0 CHX MOp BBIGHPAJOCH JHUIL YCJOBHO.
MarHuTHOe moJie 0Ka3aJoCh BEeNHYUHOI, HampaBJeHHe KOTOPO#H
MOXKHO U3MEDHTb C MOMOLIBIO YHCTO (pH3NUYecKoro, a He GUHOJIOrH-
YeCKOro dKcrnepuMeHTa. DTo GblJIO OTKPHITHEM NPaBO-J€BOil aCUM-
METPHH B HEOPraHHYECKOM MHpe, TaK KaK B OpPraHHYECKOM MHpe
TaKasi acCHMMeTDPHA, HANPOTHB, KpailHe Pe3KO BbIpa)KeHa W mNpef-
crasasger coGoil oqHO M3 HauboJiee HHTEPECHBIX CBOHCTB MI0Goro
JKHBOTO OpraHu3Ma.

[IpusnaB HecuMMeTpHIO MUpa, (DU3UKU BCe Ke HE MOIVIM COB-
ceM OTKa3aTbCs OT CBOUX mpenyOexkneHuii; ObLIO BbICKAa3aHO
NpenmoNioKeHHe, UTo MHp o6GJiajaeT BCe XK€ CHMMeTpHel, HO He-
CKOJIbKO 6oJiee CKPBITOM.

B paccyxaeHUH ¢ MAarHUTHBIM MOJeM, O KOTODOM TOJbLKO YTO
FOBOPHJIOCH, T. €. B ONBbITE ¢ KOOaJAbTOM, paclnaialolliuMcs B Mar-
HUTHOM T[10JIe, €CTeCTBEHHO MpeJNoJarajoch, YTo HMeercs Ko-
6anbT, COCTOALUUA U3 NMPOTOHOB, HEHTPOHOB H 3JEKTPOHOB, H
HMEHHO C TaKUM KOGaJNbTOM MPOUCXONST OMHCAHHbIE COGBLITHA.
To, yTO B KOHUE YYacTBYIOT SJEKTPOHBI, a He MO3HTPOHBLI, NPOTO-
HBI, 2 HE aHTHOPOTOHHL!, CBA3AHO € PeasIbHBIMU YC/JIOBHAMH Halle-
ro mupa.

[Tpu 3tom, ogHako, A0GABAANH, 4To ecau Gbl 3aMEHHTh HeMT-
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POHbI Ha AHTHHENTPOHHBI, IPOTOHLI Ha AHTHIIPOTOHBI, SIEKTPOHHI HA
MO3HUTPOHHI, TO HaNpaBJieHHe BblJeTa MO3HTPOHA Guljio 6 obpar-
HBIM, TaK 4YTO B aHTHMHPE HanpaBJeHHe MariHTHOro moJs onpe-
Henusiock 6bi 06paTHHIM 06pasoM. B rakoM 3apsnoBo-sepKalib-
HOM MHDPe MBI, NO/b3ysCh NPaBUJAaMH y4eOGHHKA 3J€KTPOTeXHHKH,
JAOJKHBEI Obl/iH MOMEHATb NpPaBYlO H J€BYIO PYKH. B pesynbrarte
HEMHOTO H3MEHAETCS MOHATHE O CHMMETDHH: BMECTO CHMMETPHH
npaBo-JeBOH BBOAHTCH CBSI3b NPaBO-J€BOH CHMMETDPHH H CHMMET-
PHH MeXIy MHPDOM H aHTHMHDPOM.

Kasanoch oueBHIHBIM, YTO CBOMCTBA MPHPOABI TaKOBHI, 4TO
NpHpPOAA MOXKET OTJHYaTb NMPaBoe OT JIEBOTO, TOJNILKO CBS3bIBAf
9TH pa3HHLBI CO 3HAaKoM 3apsAna. Ecan 3aMeHuTb npaso na aeso,
a 3apsajA MHHYC Ha 3apsif MJiOC, TO AOJNMKHHEI HabJI04aTbCs TaKue
ke 3¢ deKTh, KaK B HCXOJHOM MHp€; 3TO 3HAYHT, UTO MOTryT OLITH
B NpHHIHMNE ABa a0COMIOTHO TOX/JECTBEHHBHIX MHpa, B KOTOPHIX
6y4yT ONHHAKOBHIE NpaBH/Ja (QH3HKH, TOJBLKO 3JEKTPOHLI GyAYT
Ha3bIBaTbCA NMO3UTPOHAMH, a npaBoe O6yzner JeBbiM. CyuecTBylo-
masi CHMMeTpHusi Mupa Gblia Ha3BaHa JlaHaay KOMGHHHPOBaHHOM
cUMMeTpHel; Tak ee Ha3LHIBAlOT M ceHyac.

Artor (aKT, yCTaHOBJEHHBLIH JeT BoceMb Ha3al, KasaJjcs 0es-
ycaoBHbIM. M TeM He MeHee Bce OKasanoch He Tak. Ilpupoxa e
3axoTesia YIOBJIETBOPUTbCS NPOCTOiH CXeMOM, KOTOpYylO e HaBsi-
sbiBasid, OGHAapYyXKHUTh OTK/IOHEHHe OT 3TOr0 NpaBHJa 0Ka3asuoch
He Jerko. JIuwp B 1964 rony B aBrycre ABa yenoBeka — Kponun
u OuTH cooGUIHIH O caenyoweM 3ddexre, KOTOPbIE OHH HEOXH-
HaHHO IJis BceXx HabJlionaJiy.

CylecTsyer B MPHUPOAe TaK Ha3hlBaeMBH HefTpaJbHbIH Ka-
HOJb-Me30H. HeliTpa/bHble Ka-Me30HbI, Y KOTOPBIX €CTh MapTHepHl
AHTH-Ka-HOJb-ME30Hbl, 00/1a1al0T HEOOLIYHbBIMH CBOHCTBaMH.

Korja ny4ox TaKMX Me30HOB BBINYCKAIOT HapyXy H3 YCKOPH-
TeJis B BaKyyM, TO OGHapy»KHBaeTcs, 4TO Me30H JeNHTCS Ha JBa
Myyka YaCTHL: HX Ha3bIBAIOT Ka-HOJIb ONMH M Ka-Hoab 1Ba. OnuH
u3 Hux KO 6yaer pacmajarbcs GbicTpo co BpeMeHem 10-10 ce-
KYHJ Ha JBa TH-Me30Ha.

IMoatoMy, ecaiu MBI GyaeM HaXOAHTbCA OKOJNO CAMOTr0O yCKODH-
Tens, To GyAeM HabJaloAaTh HMEHHO TaKo#i pacnan.

Ho ecnu MBI OTOHAEM HEMHOTO OT YCKODHTeNS, TO B Nyuke
OCTaHYTCA TOJIBKO JOJrOXKHBYILIHE ME30Hbl, KOTOpble TNOJYy4HH
nassanue K% Otu Mesoubl kuByt 10-8 cekyHn u pacnajalorcs
Ha TPH NH-Me30HA.

O6e yacruupl K% n K% Benyr ce6s mo-pasHoMY: €C/H Mbl OT
MHpa fepeiijeM K aHTHMHDY H eclH KOMOMHHPOBaHHasi CHMMeT-
pusa cyuiecrsyer, To B BakyyMe K He MoOXeT NpeBpaTHTbCA B
K9, a K% ne moxer npespatutbes B K%. 3To 3HAUMT, YTO BAaAH
OT YCKOpPHTe/IAl HeJb3si OGHApYXKHTh PacnajoB Ha ABa NH-Me30HA.

Bce cuHTanu, YTO CYLIECTBYET B NPHPOJAE CTPOrasi CHMMETpHA,
KOTOpasi He pa3pemiaer oaHoi yacruue K% pacnajaaTbCs Ha TPH
nuoHa, a apyroit K° pacnajaTbca Ha ABa NHOHA,
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OTo Ka3anoch HACTONLKO ECTECTBEHHBIM (B KOTOpHIt pas!),
YTO B TEYEHHE MHOTHX JIET HHKTO CEPbE3HO He MbITajCs npose-
PHTb 3TO yTBepKJAeHHe, JIHLIL B NPOLLIOM rofy TaKOf OMBIT Gbia
coesaH, ¥ 0Ka3aJochb, 4YTO NPUMEPHO ¢ BeposATHOCTLIO 0,2% B myu-
ke yactunl K% HabJaiofalorcs pacnaibl Ha ABa MHOHA. DTOMY CHa-
yaJja He XOTeJH NMOBEPHTb Jaxke caMH aBTOpH. OHH Ouedb A0ATO
NOBTOPSI/IK OMNbITHI, HO Pe3yJabTaT He MeHAJcHd. A 3aTeM, yxe B
HECKOJIbKHX 1a6opaTOpHAX MHPa, ONbITHl MOBTOPEHH, H CTano sic-
HO, YTO pacmaj YacTdI[ Ha ABa IHOHA, CYHTABLIHHACA 3anpelieH-
HBIM, mpoucxonut. [Tponcxoaur oH, 0OJHAKO, C OYEHb MaJioH Bepo-
ATHOCTBIO. MBI CTOJIKHYJ/IHCH CO CTPAHHBIM MOJIOKEHHEM: ¢ OJHOM
CTOPOHBI, MPOLECC, KOTOPbIA CYHTAJNCs aGCONIOTHO 3anpelleHHbIM,
Ha caMOM Jiesle MPOMUCXOAMT, HO, C APYrOH CTOPOHBLI, OH MPOUCXO-
JHUT oyeHb PeJIKO; NPUPOAA CJAOBHO MOALIYTHJIA HAaX HAMH, BblAaB
HaM Mnpouecc, KOTOPbIH Mbl CYHTAJH HEBO3MOXHBIM, HO MOKa3aJja
€ro MOYTH Ha rpaHulle BO3MOXKHOCTH COBDEMEHHOro 3KCHepi-
MEHTa.

Yro orciona caeayer? OnbiTel HAYT, BHIABHIAETCS Macca pas-
#uIX runores. HauGosee abdekTHOH, HO o0KasaBuielics Heco-
CTOATENbHOMH, GblJa TUnoTe3a, KOTopass npeanoJaraJa, 4to Ccylie-
CTBYIOT KaKHe-TO GO/blLIHe raJlakTHKH, KOTOpble JEHCTBYIOT Ha
YaCTHUBI U aHTHYACTHLLI B Hawel [anakTHKe mo-pasHoMy, Tem
CaMblM Hapyllas CHMMETPHIO MHpa.

OueHp HHTEpeCcHO, YTO TaKas, Ka3ajoch Gbl, TyMaHHas ruIo-
Te3a B AEHCTBHTENbHOCTH ObljIa NOABEPrHYTa IKCIEPHMEHTAJbHOM
npoBepke, H MOCJAeJHHE OMbITH NMOKAa3bIBAlOT, YTO TAKOrG KOCMH-
YeCKOro mnoJifl, Mo KpaiiHeif Mepe JOCTaTOYHO CHJBLHOrO, YTOGHI
BbI3BaThb HalJionaBuuuiics 3¢ ¢eKkT, He CYLIeCTBYeT,

Bosunkaer Bonpoc, He CYIIeCTBYeT /M ellle KaKOro-To HOBOTO
B3aUMOJEHCTBUS, KOTOPOTO MBI He 3HaeM (OHO YXKe MOJNYYUJIO
Ha3BaHUe NSATOro B3aHMOJEHCTBHS).

Ml 3HaeM, YTO CyLIeCTBYIOT YeThip€ THNAa B3aHMOAEHCTBHUS:

1. 'paBuTauuoHHoe.

2. DNeKTPOMArHUTHOE,

3. CusbHoe, T. e. flilepHOe B3aHMOJEHCTBHE, KOTOPOE AEPIKHT
yaCTHUbl BHYTPH AApa.

4. Cnaboe, T0o, KOTOpPOE BbI3bIBAaeT paJHMOAKTHBHEI Gera-pac-
naj sjaep, npuBoauT K pacnagaM K% Ha nBa mHoHa H BooGLle K
pacnagaMm, NPOHCXOIAIINM 332 CPAaBHUTENLHO HOJroe Mo saepHoi
HiKaJjle BpeMA.

Bosnukaer Bompoc, He cyLlecTBYeT JIM elle OJHOro THMAa B3a-
nMopeicTBus, GoJiee ciraboro, ueM slepHOe, KOTOPOE M NPHBOAHT
K HapYIUEHHIO 3aKOHOB COXpaHeHHS.

OnbiThl MPONOMKAlOTCA. TeOpeTWKH NBITAIOTCH HAHTH CBA3b
9TOro siBieHus ¢ ApyruM. B mae 1965 roma nosBuaach eule oxHa
cMejad THNOTE3a O TOM, YTO NMPHYHHA HAPYIUEHHS CHMMETPHH
JEXKHUT B JNEKTPOAHHAMHUKE, YT B npoleccax ¢ ynactieM GoTOHOB
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¥ TSKeNBIX YaCTHI, B TAKMX, KOTAa OfHA YacTHLA fpeBpallaercs
B 1pyryio, ciMMeTpust Hapywaetcs. [TocMoTpum, yto ckaxyT 06
3TOM (PH3UKH-3KCEPHMEHTATOPbI?

Maruyeckue uucaa 35 u 56

Pacckaxem Tenepb o TOM, KaK B Xaoce YaCTHI MPOAOJIKAET
yCTaHaBJIHBATbLCS MOPSLOK.

TMocneanum coGriTHeM 30ech ObLIO MOSIBJAEHHE MaruueckHx
KBAHTOBLIX yncen — uucen 35 u 56. To, yto Goabuiast yacTb cy-
LEeCTBYIOUIMX YacCTHL MoxeT OblTb pa3bura Ha ABa KJjaacca —
RaBHO H3BeCTHO. §I HANOMHIO TEPMHHOJIOTHIO, MOTOMY YTO OHA
ceifyac yxe, MO-BHIUMOMY, YCTaHOBMJAcCh. TsKejbie yacTHIH
ceffuac HasbIBalOT aapoHaMH. AJPOHBI GBIBAIOT ABYX COPTOB —
6apHOHBI, B KOTOPble BXOAAT MPOTOHBI, HEATPOHBI, YACTHIILI, O KO-
TOpHIX cefidac GyneT cka3aHO, H Me30HBI, POJIb KOTOPbIX COCTOHT
rnaBHBIM 06pa3oM B mepejaye B3aHMOJEHCTBHS MeXAy 4aCTHLA-
mu. Kaxnas u3 atTux yacrul, Kpome 3apsigma, oO6aajfaer euie CiH-
HOM — MOMEHTOM KOJIMYecTBa [ABHKeHHs. [103TOMy MOXHO cKa-
3aTh, UTO B NMPHPQAE YACTHLB! OTJHYAIOTCH MO Pa3HBIM MpHU3HA-
KaM. YacTHLBI MOrYT OT/IHYATbCA 3apSJOM H MOTYT OTJIMYATbCA
cnudoM. Ecnu roBopsart, uro yactuia umeer cnud 1/2, to ato mpo-
CTO BbIpaxKeHHe TOro (hakTa, YTO YacCTHIA MOXKET HAaXOAMUThCS B
ABYX COCTOSIHMX: C «IPOEKLHSIMH CIIHHA» MJIIOC MOJOBUHA H MHHYC
nosioBuHa. Ecau vactuia umeer cnuH 3/2, 3To 3HAUMT, OHA MOXKET
HaXOMUTbCSA B YeThIpex cocTosHuaAx: +3/2, +1/2, —1/2, 3/2.

Hakonen, eciu yactuua uMeer cnud — 1, To oHa MoKeT Ha-
XOHAHUThCS B Tpex cocrosuusx: — 1, 0, 1.

OxkasaJioch, YTO OYeHb MPOCTasA CXeMa YTBEPKAdeT, YTO Me30-
HBl MOTYT HaXoAMTbcA B 35 cocTOsiHHAX, a GapuoHsl — B 56. ATH
COCTOSTHHUSl JIETKO MEPeyYHCJAUTb, H CXeMa COeIMHHT B cebe SIBHO
Hayajo HOBOIl MepHOIHYEcKOoil CHCTeMbl 3JIeMEHTapHBIX YacTHIL.

Haunem ¢ mesonoB. Okasajoch, YTO cyuiecTsyer 8 Me30HOB,
KOTOphle 06J1aaf0T CIMHAMH, PABHBIMH HYJIO, T. €. HE HMEIOT c00-
CTBEHHOr0 MArHUTHOTO MOMEHTa. DTO ME30HbI

at, n-, 70, K+, K-, K% antu K° 1°,

Bcero & vacrull.
Cyuwecrsyer 9 me30H0B co cnuHoM 1. D10 Me30HBI

Q+r Q—' QO’ wo, wo’ K*-l-’ K*-’ K*O’ aHTH K*Oo
He TPYAHO COCYHUTATH, YTO BCEro 31echb 8 me3oHoB, Y KOTOPBIX

HeT CnHHAa H 9 MEe30HOB, KaX[bifl U3 KOTOPBIX HMEET TPH COCTOs-
uus (cnuu 1), Tak uto 8X14+9%X3=35'.

! nt ectb autn n—, K+ ects autu K-, @+ ectb aHtH 0~ , K*+ ects
antu K*-. Mesoust 7°, @°, 9° m° Ha3blBalOTCs HCTHHHO HeTPANBHBIMH YacTu-
uamu; oHH (KakK (OTOH) COBMAAAWOT CO CBOMMH AHTHUACTHLAMH,
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Ot 35 wacTHIl yK/MaJbIBAIOTCA B KBaLpaTHYI0 TaGJAHUKY u3
6X6=236 kneTok, HO 01Ha YacTHIa HCK/IOUAeTCS. DTO CJAENCTBHE
TEOpHH rpynn, Kotopas TpebyeT, YTOGH! B TaKOH KBAaApaT OblAH
nocrasJienbl He 36, a ToAbKO 35 yacTHIL

Hanee mmeercs 56 6apHoHOB, KOTOPHIE TaKXKe JETKO mepeyHc-
autb. Cpenu 6apuoyoB, Kkpome 56 uacTull, ecTb elle U 56 aHTHYa-
CTHIL Y Me30HOB M YaCTHUbI M AHTHYACTHLbI BXOJWJIH B OAHY
rpynmy.

Cpenn atux GapHoHOB ecTb 8 yacTHL co cnuHoM 1/2:

n,p, =+ =-,3°, A%, B0, BE-
H HMeercs 10 yactuu co cnuHoM 3/2. dro:
A++, A+, A_., 2*+ , 2*0, E*—’ E*—, 8*0, Q-

Omera-MuHyc — 374 YacTHLa, KOTOpas yTBEPAWJAA BCIO CXEMY.
Bolno npencka3ano, YToO CYIIECTBYIOT YacTHUB ¢ Maccoi 1676
MHJUIHOHOB BOJIBT, CMHOM 3/2 M BpeMmeHeM Hu3uu 10-10 cexyn-
JABl. DTO GBLJIO HACTOJBLKO CMeJOe NMpejfcKa3aHHe, YTO B HEro no-
BEDUJIH OYeHb HEMHOTHe.

B nexaGpe 1963 roma poxaeHHe Takoil yacTulnl 6blio obHa-
pyxeno. B 1964 rony Habaioganu elle 0JHy OMera-yacTHly.

Ilnst nabalofenuss mepBoil u3 Q~ YacTHU GBLIO MPOCMOTPEHO
300 ThICsIY (HOTOCHHMKOB!

Hrax, ectb 8 wacTill ¢ AByMS CIIUHOBBIMH COCTOSIHHAMH u 10
YaCTHI C YeTbIPpbMSI CNHHOBLHIMH COCTOSTHUSIMH, a Bcero 8X2+
+10X4=56.

Takum o6Gpa3oM, 3aMeTHass YacTb YacTHI ceffyac yJOXKHJaCh
B [Ba TaKUX MYJbTHILIETa.

CyulecTByeT ellle HECKOJNbKO NECATKOB YaCTHI, CBOMCTBA KO-
TOpBIX H3yueHbl Xy>ke. MHoOrue 4yacTHIb, KOTOpHIE 3[ech mepeunc-
JieHbl, XKUBYT OY€Hb MaJjo, npuMepHo 10-22—10-2 cekynaH, u
TeM He MeHee HX CBOHCTBa XOpOLIO H3Y4YaloTCs.

HoBas Tteopus kaaccHpuKamMH YacTHI, — TaK Ha3biBaeMas
CXeMa YHMTapHOW CHMMETPHH NpHHeC/a BaxKHBIK pe3yabTar.

Tak oka3aJjiocb, 4TO OTHOLIEHHE MAarHHTHOIO MOMEHTa HeHTpo-
Ha K MarHUTHOMY MOMEHTY MPOTOH@ JOJIKHO GeTh paBHO 2/3.

Has Bcex GblI0 MOYTH YYJAOM, YTO BBIYHC/IEHHas BeJHUYHHA
Tax XOpOWIO COBMaja ¢ dKCnepHMeHTanbHbIM 3Hauenuem 0,632.

IMocaeanee oTKPHITHE NOAENCTBOBAJIO Ha (QH3NKOB OYEHb CHJIb-
HO, W T€, KTO COMHEBa/JuCb B HOBOM MOAXOJe K TeOpHH, cefiyac
CaMH MHTEHCHBHO BKJIOYHJIHCh B ee pa3paboTKy.

KBapKku ¥ aHTHKBapKH

B mupe yacTull, Moxet GbiTb, XKHBYT MOHCTPH — YaCTHUb C
yIMBHTEJbHBIM CBONCTBOM, NOHCKH KOTOPHX Beayrcs B Jabopa-
TOpHAX MHpA.

51 napeloCh, 4TO TaKHX YacTHL He CYIHECTBYeT, HO ecaH OH
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oHHU GblaH, To o6/aganu Obl OueHb HHTEpeCHbIMU cBoficTBaMH. Mx
MOMCKH BedyTcs Bcloay. MHoruM oueHb Xxouercs, uroGbi Gbuia
HafiieHa Kakas-TO YaCTHUA, M3 KOTOPO OBLIM Obl coesaHbl BCE
octanbHble, [l HYKIOHOB 3Ta POJib OKa3aJjach HEMOCH/bHOM.

OxkaseiBaercs, eCTb OCHOBaHHE HPEINOJOXKHTb, 4YTO MOXKeT
CyllecrBOBATh yacTHLa, Ha3BaHHAS KBapKOM, KOTopas 0603Ha-
yaercs £ (COOTBETCTBEHHO H aHTHKBApK ).

ITpennosaraior, 4To KBapK H AHTHKBapK BMeCTe COCTaBJSAIOT
Me30H, a TaK KaK KBapK HMeeT CIHH MOJIOBHHY, TO H3 ABYX IO-
JIOBUHOK MOXHO CAeJaThb Me30H co cnuHoM 0 uiau Me30H co cHH-
HoM 1. Eciu Xe B3siTh TPH KBapKa, TO MOXKHO COCYUHTATH, YTO OHH
NAI0T MATBAECAT WWECTb cOCTOfHMA. M3 Tpex mosioBHHOK MOXHO
caeaarb cnud aubo 1/2, au6o 3/2. CioBoM, H3 KBapKOB MOXKHO
cAenaTh KaK pa3 CTOJbKO aJpOHOB, CKOJIbKO HAlO, €C/IM CUHTATh,
YTO Me30Hbl cocToAT M3 § U §~, a 6apHOHBI H3 TPeX KBAapKOB.

Ianee TeopHa npeacKasblBaeT, YTO y KBapKa 3apfia MOXKeT
6biTh paBeH au6o +2/3 uan —1/3 ot 3apsAna nporona (a y g au6o
—2/3 nu6o +1/3).

o cux mop Bce yacTHlUbl HMENH LEJOYHCJEHHBIH 3apsid, U HA
YaCTULY C TAKUM HeOblBaJLIM 3apANOM CTOHT MOOXOTHThCH. Oxo-
Ta 3a YaCTHUAMH, KOTOPHIX HHKTO He BHAeJ, Bbi3Baja O6O0JIbLION
uHTepec. MHorue BKJIOYHJAHCh B Cepbe3Hbleé IMOHCKH KBapKOB.
OpnHxako noka KBapku He o6HapyxeHbl. [Toucku KBapkoB OBsI3aHbI
¢ BONPOCOM, KOTOPblfi HABHO BO3HHMK: MOXKHO JH HaHTH caMyio
aneMeHTapHyio u3 Bcex yactull. CHayasa Bce (M3HKH CMESIHCH
HajJ TeMH, KTO 3ajlaBajl TaKoH BOMpOC, MOTOM CTaJd CMEATbCSH
Ipyr Hajx APYroM, HO B KOHLE KOHLOB NMPHIIIH K BLIBOAY, YTO B
NpUHUHNE TaKas BO3MOMKHOCTb MOXMET W CYIIeCTBOBAaThb, YTO BO-
npoc He Takoil raynblii, CaMble sneMeHTapHbIe YaCTUIb! TOJXKHBI
06Janath IPOGHBIM 3apsiAOM M HUMeTb BecbMa HeOGBIYHBIE CBOMi-
crBa. Ho npupona ue mo6ut tpuBmajbHbIX pewenuit. J[lo cux
nop kBapku He obHapyxenbl. CknajabiBaeTcs BledaT/eHHE, UTO
3T0 CJAHIIKOM MPOCTO, 4TOOB! OBITH MpaBHOIA.

Hrak, Bor Tpu raasHefimux cobblTus mpoleamero roga. Hu-
CAPOBEPrHYT 3aKOH COXPaHEHUsS YETHOCTH, YCTAaHOBJEHA HOBas
KJacCH(HKALHSA YaCTHI H MOCeAHO COMHEHHe (ecaH He OmpoBepr-
HYTO) B CYLIECTBOBAaHHH caMOf 3JIeMEHTapHOH 4YaCTHUBl —
KBapka.

B.A. ®a6Gpukaur,
00KTOp pusuko-matemarTudeckux Hayk, npogeccop

HOBBIE NPUMEHEHHUS JIASEPOB

To, o yem 51 pacckaxy, KOPHSIMH YXOJAMT B JasieKHe BPeMeHa,
a peasiu30BaHoO Oblio coBcem HenasHo. HauGonee untepecHsie pe-
3yJbTaThl onyOJHuKoBaHbl B Kouue 1964 roma. Ot uaeu, paxe
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O4YeHb KPacCHBOH, [0 ee peajiu3allid, KaK H3BECTHO, AHCTaHUUA
Goablioro macwraba.

Bce, oueBuaHO, cabiiaJud 06 ycrnexax KBaHTOROH 3JIeKTPOHH-
Ku. DTO HOBas 006saCThb TEXHHKH, KOTOpas, B YaCTHOCTH, 103BO-
JWJla CO3[aTh reHepaTopbl CBeTa COBEPILIEHHO HOBOFO THAA —
ONITHYECKHEe KBAaHTOBble reHepaTophl, HiHu JNasepbl. Kak HH napa-
JIOKCa/lbHO, HO 3TH NpUGOPHI, B Ha3BaHMH KOTOPHIX (pUrypupyer
CIOBO «KBAHTOBLIE», T. €. HEKJAaCCHYECKHE, BBI3BaJH GYKBaJbHO
HOBBIIl pacuBer kJaccHueckoil ontHkH. Kaaccuueckass ontuka
6narofapsi lazepam MepexHBaeT HAcTOSALLYI0 anoXy PeHeccaHca.
Hano nanoMuuth, 4T0 MocieHHE NeCATHJAETHS KaK pa3 B ONTHKE
JOMHHIHPOBAJM KBAHTOBble HJEH M NpPEeICTaBJIEHHS.

OnTHyeckuil KBaHTOBHI reHepatTop npexacraBiasier coGoit Ho-
BBIl HCTOYHHK CBETa, OCHOBHble MPEUMYLIECTBA KOTOPOTO CBs3a-
HBI C KJaccHYeCKHMH cBofictBaMHu cBera. CTapble HCTOUHHKH CBe-
Ta, TaKHe, KaK JlaMna HaKaJHBaHUS WM JIOMHHECUeHTHAsT JlaMna,
JaloT cBeT Kyna 6Gojiee KBaHTOBOTO XapakTepa, YéM ONTHYECKHH
KBaHTOBLI/l reHepaTop.

Kaxk ycrpoen ontuueckuit kBaHTOBbIH reHepatop? [Ipexne Bce-
ro 370 A160 KpucTana, au6o 6a/M0H ¢ ra3oM, JHOO COCYA ¢ KHI-
KocTbio. B o6uiem ans paboTel B reHepaTope NpHrogHa cpexa,
HaxoaAuasacs B JI06OM U3 TpeX (U3HYECKHX COCTOSHUE — TBep-
JIOM, XKHAKOM HJH ra3006pa3HoM. Mbl HOJKHBI NMPUBECTH 3TY
cpelly B cnelHaj]bHOE COCTOsIHHe, Ha3biBaeMoe aKTUBHBIM. J[las
3TOrO HYXXHO K aTtoMaM HJH MOJIeKyJaM Cpeibl MOLBECTH 3JHEp-
ruio, T. €. HX Bo36yauTh. [Ipuuem Bo36yAuTh Tak, 4TOGB BO3GYXK-
JIeHHBIX YacTHL, B cpefie Oblio Gosblle, uYeM HEBO3GYKAEHHBIX.
Takasi nepeBo3byx/JeHHasi cpeda npencraBiaseTr coGoit Kak GObl
3apsKEHHYI0 cBeToBYyl0 60MOy. Ecau oauH H3 B036yIEHHBIX
aTOMOB Da3psAHTCA M OTHACT H3GLITOK CBOEN HEPrHU B BHAE
cBeTa, TO Janbllle, Kak 3TO mpexnckasan eule B 1917 roxy itu-
mITeiH, DOJKHO NMPOH30ATH ClAenylolllee — 3TOT CBET, npoJieras
OKBO3b Cpely, MOXET BbIHYAHTb ObICTp€e PaspsiKaThCs H HCIY-
CKaTb CBET ApYyrue Bo30YKAEHHbIE aTOMBI. DTO fIBJIeHHE TaK H Ha-
3LIBAETCS1 — BBIHYK/€HHOe H3JyueHue. BaxkHo moauepKHyTh, 4TO
NpH BBIHYXJIEHHOM H3JyYeHHH aTOMbl HCIYCKAIOT CBET aGCOJIOTHO
TOXIECTBEHHBIH ¢ BBIHYXKIAIOLIMM CBETOM. DTOT CBET HMEET TO
JKe HampaBJ/IeHHe PacnpOCTPaHEHHs, Ty e YacTOTy H Ty XKe mo-
JsipH3aLHIO.

B pesyabrate akTOB BBIHYXKAEHHOrO HCMyCKaHHs B cpene Gy-
JIeT HapacTaTh CBeTOBast JlaBHHa, H HapyxXy Bbliifer ropas3go 6o-
Jlee CHJIbHBIY CBETOBO# NOTOK, YeM NEepBOHAYaJ/bHAs 3aTpPaBOYHAS
nopuus CBeTa, HCTyIlEeHHass OXHHM H3 BO30OYXKAEHHHIX aTOMOB
cpensl.

[pexcraBbTe Tenmepb, YTO aKTHBHAS Cpela MOMeLleHAa MEXAY
JIBYyMsl AapaJjsie/ibHbiMA 3epKanaMH. OnHO H3 3epKas Henmpo3pau-
HOE, a JApyroe uyTh-uyTh npomyckaer cser. ITycre omuH 3 Bo3-
6yXKAEHHbEX aTOMOB CPeXbl HONMYCTHT CBeT, HaNpaBJeHHbIH nep-

25



NEHAUKYJAPHO NMOBEPXHOCTH 3epKan. Baarogaps Beiny:RaeHHOMY
H3JIYUEHHIO 3TOT CBeT OydeT YCHAUBATbCA B cpefe, He MeHss
CBOEro HanpasJ/eHHA, U MOC/AEA0BATebHO OTPAXKATLCH OT OOOHX
3epka/i. On GyAeT MeTaTbCsA OT 3epKaja K 3epKajy, YCHAHBAsSICh
npU KaXAOM HPOXOXAEHHH cpeAbl. C Apyroil ¢TOPOHH!, NpH KaX-
JOM OTpaXXE€HHU OT 3epKaJsa, MPOIYCKaloliero CBET, YacTh CBETa
Oyaer BHpPLIBATHCSH Hapyxy. Bce 3TH BHIpBaBIIHECS MyyKH CAO-
¥KaTcs B OJHH MOLLILH CBETOBOH Jyd,

Ho cux nop & HamepeHHO TOBOPUJI HEATPAJBHO, ST HE MOJb30-
BAJICS NPH 3TOM HHKAKMMH MPELCTAaBNEHHSMH O TOM, YTO TaKoOe
€BET, T. €, JJIA TOr0 paccKa3a MOXKHO OblIO CYHTATh cBeT JH60
MOTOKOM CBeTOBBIX YacTHI — (POTOHOB, NHOO MOTOKOM 3JIEKTPO-
MarHHTHEIX BOJIH.

Bmecre ¢ Tem pabora KBaHTOBOro rexweparopa, 3¢deKTuB-
HOCTb 3TOrO HOBOT'O MeTOAA NMOJYYEHHS MOLIHBIX CTPOTO Hampas-
JEHHBIX CBETOBbIX MYyYKOB B 3HAUHTE/BHON Mepe ompeaensercs
BOJIHOBBIMH cBOficTBaMn cBera. B kBanTOBOM renepartope ogHoBpe-
MEHHO NPOUCXOAAT JBa pe30HaHCa — KBAHTOBBIA M KJjaccHue-
ckuit. AToMbI cpeanl paboTalOT KaK MHKDOPe30HaTophbl, H pe3o-
HAaHC CBeTa ¢ UMM onpejesseTcs KBaHTOBbIMU 3akoHamu. C apy-
réfl CTOPOHHI, CHCTEMA ABYX 3€pKaJ NpeiCTaBAseT pe30HATop
MaKpPOCKONHYECKUX DPA3MepOB, H CBETOBAs BOJHA B3aMMOAEHCTBY-
eT ¢ 9THM pe30HaTOpPOM MO cyry6o KAacCHUeCKHM 3aKOHaM.

CunbHasi cBeToBas BOJIHA NoJyyaercsi B KBAHTOBOM TeHepa-
TOPE KaK pe3yJbTaT CJI0XKEeHHS KoJieDJIOWUXCH B TAaKT OTAe]b-
HbIX BOJIH, BHIXOASAIUHX NDH KAXKA0M OTPaKEeHHH. DTO MPOHCXONUT
NpA pe3oHance MeXJIy CBeTOBOH BOJHOH H MaKpODPE30HAaTOPOM,
YpesBbiualiHO BaXKHO, YTO 3TH BOJIHBI KOT€DEHTHBI, T. €. (asbl X
KoJNeBGanuil JKecTKo oBsI3aHbl Mexay coboit. KorepeutHocTh — 310
cyry6o K/aaccuyeckoe cBOiCTBO cBeTa. LleHHOCTb CBETOBOMH BOJIHH,
IaBaeMOfl KBAHTOBLIM reHepaTopoM, KpoMe O0JBIIOH MOLLHOCTH,
COCTOUT B COBeplLICHCTBe ee (hOPMBI, y Hee Upe3BblYaHHO HPaBU/Ib-
Hble 3aKOHOMEPHOCTH H3MEHEHHSi BO BPEMEHH M B NpPOCTPaHCTBE
9MIeKTPOMarHuTHOro noas. I'padukn H3MeHeHUs HaNpsKEeHHOCTed
3JIeKTPUYECKOr0 U MATHHTHOTO NoJeid MpeicTaB/flOT NOYTH HAe-
albHBIE CHHYCOUAB. BoOT 3To coBepmieHCTBO (GOPMBI  CBETOBOM
BOJIHBl W $IBJsiIeTCS OCOGEHHO BaXKHbIM AJA Mepejaid BCEBO3-
MOXKHOA HH(OPMAUMU C MOMOLIBLIO Jyuel, JaBaeMblX ONTHYECKU-
M KBaHTOBBIMH F€HEpaTOpaMH.

Hano cka3ats, uTo onTéka Bceraa OTCTaBajsa OT PAAHOTEXHHU-
K4 B CMBICJE KaueCTBa reHepUpyeMblX BOAH. JIi060# HesaTyxaio-
WHA pajuHonepelaTYUK RAeT BOJAHbI BHICOKOrO KayecTBa. Mul
HCKYCCTBEHHO MOPTUM KauyeCTBO 3TUX BOJH, MOAYJHUDYA HX AJA
nepefayd HHQOPMauUHH KAaK 3BYKOBOH, TaK H H306paA3HTENbHOM.

HueansHasa no ¢opme Boaxa caMa no cebe He MOMKET mepe-
JaTh UH)OPMAUHI0 H3 OZHON TOYKH NMPOCTPAHCTBA B Apyryw. Ec-
JIi BBl XOTHTE NepesaTs HHPOPMAUHI0 O KAKOM-TO COOBITHH, MpoO-
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HCIIEAINEM B ONHOM MecTe, Haflo CAENATb KaK Obl «3apy6Ky» na
MeaJIbHOH BOJIHE, TOTHA NMPHUXOJ 3TON «3apyOKH» B APYroe MecTo
MPOCTPAHCTBA SBUTCS CUrHAJOM 06 3TOM COOLITHH.

Ilast cBeTa Takas «3apyGKa» MOJYYHTCS, €CJIH B COOTBETCTBYIO-
LM MOMEHT BPEMEHM YyTb-4yTh MPHIAYIIHTb €r0 HHTEHCHBHOCTS,
TOTA4 Yepe3 HeKOTopoe BpeMs, HeoOXOJAMMOe IJis pacnpocTpane-
HHA CBeTa, cHrHag o cOGbITHH JOMAET A0 COOTBETCTBYIOLIEro
MmecTa. Uem BhilIe KauecTBO BOJIH, KOTOPble COEAHHSIIOT 3TH JBe
TOUKH NPOCTPAHCTBA, TEM MeHblUas «3apy0Ka» Ha BOJIHe yxe Oy-
AET YYBCTBOBAThCsl B MecTe NpHeMa HH(pOpMauUuH.

Craprle HCTOYHHKH CBeTa, B OTJIHUHE OT pajHoNepelaTYUKOB,
AaBajH BOJHBI OYeHb HH3KOTro KauecTBa. B MXx u3ayuenuu umapua
nonublil xaoc. Ha sisbike paaHCTOB MOXKHO CKa3aTb — IIyMsuine
HCTOUHHKH M3jayyeHHs, Takue BOJIHBI HH3KOrO KauecTBa MaJjo-
NPUTOAHBl ANS TIEPEAAYH U 3amacaHus HHGopMalUMH.

Co3nanne KBaHTOBBIX M€HEPATOPOB NPUHUUNHANBHO H3MEHUIO
CHTYyaUHIO.

Mbl nMeeM CBETOBbIE BOJIHBI BBICOKOTO KauecTBa, H NMPHTOM B
Juamna3oHe 4acTOT, B COTHH ThiCAY pa3 NMpeBLILAIOUIUX YaCTOTh
paanonnanasona. IToBhilleHHe YacTOTHl Ype3BbIYAHHO MOBHILIAET
HHPOPMALHOHHYIO €MKOCTb Jy4a, HCMOJb3yeMOro MJIsi mepeiayH.

s1 pacckaxy o6 HCMONB30BAHHH H3JYUEHHS] ONTHYECKHX KRaH-
TOBbIX T'€HEpPaTOPOB NJIfl 3amacaHHs W BocrpousBeneHus uHdop-
mauud. Peub uiger o pa3paboTke HOBOrO IBYXCTYNEHUYATOrO Me-
TOJAa NOJy4yeHHUs U300parKeHHil npesMeTOB,

Bnepsbie ugest metona Gblia BeickazaHa I, TaGopom B 1948
rojay, 10 10 MPOLLIOro rofa MeTo[ He MO3BOJA MoJayyaTh H306-
paxeHus xopouiero KayecTBa. AMepukanckue ¢usuru . Jlelit u
10. YpaTHuKC BHecAH NpPHUHLUHNHAJBHOE YCOBEpLIEHCTBOBAHHE B
meton [I. ['a6opa u ucnonb3oBanyu nasepbl AJs €ro peaju3alni.
$1 cnayana KopoTKO cKaxy o6 ux pabore 1963 roma, a 3ateM us-
JOXY 3aMeyaTe/IbHble pe3yabTaThl, onyb6ankoBanuble B 1964 rony.

Bo3sbmem Kakoii-in6o npeamer, Hanpumep nuamno3utuB. Ilpu
06blYHOM MeTofe H306parkeHHe JHAMO3HTHBA HA 3KpaHe moJy-
yaeTcs Cpasy ¢ MOMOLLBIO JHH3bI, PACNOJI0XKEHHIH COOTBETCTBYIO-
muMm o6pasom. Corsaacuo I'abopy, cHauana mosy4aloT Tak Hasbl-
BaeMyIo rojorpaMmy AMamoO3UTHBA HJH J1060ro Apyroro npeame-
Ta, a 34TeM, NPOCBEUYHBas roJOrpamMmy, MoJyuaioT usobpaxKkeHue.

IOns monyueHust rojlorpaMMbl KHANO3HTHB WJH APYrof mpen-
MeT npocBeYHBaloT NyykoM cBera. Ha nytu nmyuka 6e3 BCAKHX
JIMH3 CcTaBHTCH (OTOMIACTHHKA, HUKCHPYIOWash MO CYLIECTBY Te-
HeBoe 4300paKeHHe MpeAMera, CHJIbHO OCJ0XKHEHHOE SBJIEHHEM
audpakuuu. ATo 1 ecTb rosorpaMMa. B gannom cayuae audpak-
LHS MpoABJseTcss B Pa3MbITHH TeHEH H B NOfABJEHHH cBoeobpa3s-
HBIX NEepPHOJMYECKH pacrnooxeHHbX moJjoc. Judpakuus obGbsc-
HSieTCA BOJIHOBBIMH cBoicTBaMu cBeta. IIpu cuabnoi audpakuuu
rojorpaMma nouTH HHuero o6lLiero He HMeeT C TeHeBhLIM H300pa-
KenneMm npeamera. OaHako ec/ii roJOrpaMMy NpPOCBETHTb CBETO-
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BbIM NMYYKOM, TO HA 3KpaHe Mbl NMOJYYUM H300paxKeHHe, JOBOJIbHO
noxoxee Ha npeamer. OaHaKO KayecTBO H300paKeHHH, MOAYUHB-
muXcs mo sTomy Mmerody Ao 1963 roga, 6bl10 Kpaitiie HEBHICOKHM,
XOTSl HCLOJIb30BaJUCh OYeHb MPHMHUTHBHblE OGDBEKTHl: MPOCThbIE
reoMerpuyeckue Qurypbl U OykBbl. DTO OOGBACHAIOCH TEM, YTO
npH 0OJYyYeHHH rojiorpaMM TepsJjach, rpy6o roBops, MoJOBHHA
uHdoOpMaUHH O MpeAMeTe, CYKHUBIIeM 00beKTOM AJs H300paxe-
HHA.

Bcskas BosiHa B JaHHON TOYKE MPOCTPAHCTBA XapaKTepH3yer-
cfl IByMsl mapaMeTpaMH: BO-NePBbIX, aMIVIHTYAOH KosebaHHH, B
Heil MPOHCXOAfALIUX, M, BO-BTOPbIX, COCTOSIHHEM KoJjebaHus, T. e.

Puc. 1.

¢asoni. PoronsnacTuHKa, Ha KOTOPOH MOJyyYasach rojiorpaMma,
(QuUKCHPYeT TONbKO aMILIATYAY NPHXOAsALLeH cBeTOBOH BOJIHBL TTo-
yepHeHHe AaHHOro Mecra (POTOmAaCTHHKH PACTEeT C POCTOM aM-
IJIHTYOBl Nagaiouteil BoJiHbl, ¢pa3a HUKAK HE BJIMFET HA MOYEpHe-
HUE MJIaCTHHKH.

9. Jlent u 10. YpaTHukc npuaymasu cnoco6, Kak yYHHYTOXKHTD
3TOT HENOCTATOK rojiorpamm. B paGore 1963 roga oHH npHMeHH-
N cxeMy, H306paxKeHHylo Ha pdc, 1.
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IIupoknit nyyok cBeTa, KOTOPBI MOJYYAeTCst OT HEOHO-TeNue-
poro Jasepa (marmiuero 0co60 BBICOKOKAYECTBEHHBIE BOJIHBI) €
MOMOIIBIO «CBETOBOro pymopa» (puc. 2), He TOJIBKO NMPOCBeYUBa-
€T MpeAMeT, HO YaCTHYHO MPOXOJHUT Yepe3 NPU3MYy UIH CHCTEMY
3epKaJl, Paclo/IOKEHHYI0 PANOM ¢ mpeaMeToM. B kaxayo Touky
(GOTOMMACTHHKH, DUKCHPYIOILEH rojIoTpaMMy, NPHXOAAT ABe BOJI-
Hbl, OHa — TpoLIeAIlasi CKBO3b MpeIMeT, U BTopas —— CKBO3b
npusMy. OTH ABe BOMHBI KOTEPEHTHBl MEXAy cO0Oi H NaloT HH-
TepdepeHIHOnHYI0 KapTUHY. Pe3yabTaT HX CJA0XKEHHS 3aBHCHT OT
cooTHowenus ¢a3. Ecau o6e BOJIHBEL B OLHOH (a3e, To nonyuaercs
APKHUIT cBet, a ecau B nporuBodase — temuora. Pasa scmomora-

-

Puc. 2.

TeJNIbHON BTOPOIH BOJIHBL JIMHEHHO pacTer OT OJHOro Kpas ¢oto-
NJIACTHHKH K ApyroMy. PasHocTh (a3 o6eux BoJIH B KaKAOH TOY-
Ke (oTomyacTHHKY OyJeT, OUeBHIHO, 3aBUCETh M OT (pa3bl BOJIHHI,
npowenieii ckBo3b npeamer. Takum o6pa3oM, BCnoMorarejbHas
BOJIHA KaK Obl NpOABJAET MO MOBEPXHOCTH (HOTOMJIACTHHKH (pa3ml
BOJIHBI, Npolleuiell CKBO3b MpeJMeT, H TeM CaMbIM BOCCTaHaBJIH-
BaeTcsl yTepsiHHAash B OOBIYHOH rosiorpaMme yactb HH(popMauuu.
st npocBeYUBaHKA IOJOrPaMMBI ONATb-TaKH HCIOJb30BAH NMYYOK
cBeTa OT Jasepa. IIpu 3TOM JOCTHraercs BBICOKOe KayecTBO BOC-
NpOH3BeleHHUS.

B 1964 rony 6bl10 coenaHo upe3BblYaliHO MHTEpPECHOE ycoBep-
meHcTBoBaHHe. [Ipu mosyueHuu ronorpaMMel Ha MYTH NPOCBEYH-
BAIOILLLEr'0 NyyKa JO NpeaMera OblIO NMOMELLEHO pacceuBalollee
crekao. Taxum o6pa3oM, mpeiMeT MDOCBEUHBAJICS YKe He Ha-
NpaBJ/IeHHBIM MYYKOM, a4 pacCessHHbIM CBETOM. ABTOPBI MUIIYT, YTO
YHTaTeNb MOXET YAHBHUTbCS, 3ayeM BHOCHTCSI XaoC B BBICOKOKa-
YeCTBEHHYIO BOJIHY, HaBaeMyio JasepoM. Ha nepBulit B3rasig mo-
JKeT NOKa3aThCsl, YTO Mbl YHHYTOXKAEM BCe MPEHUMYILECTBA TAKOW
BoJiHbl. OfHaKo 3T0 He TaK. MaToOBOe CTEKJ0 He BHOCHT XaOTHY-
HOCTb BO BpEMEHHOH 3aKOH MpPOTEKaHHs MNpPOLECCOB B  BoJHE,
3necbh BO3HHKAaeT TOJMBKO HEKOTOpas NPOCTPAHCTBEHHAsh XaoTHY-
HOCTb. 3aTO OKa3aJoCh, YTO PacCesHHOE OCBELleHHE MpeaMera
MMeeT OrpomHble npeumyiecrsa. baaronaps paccesHsomy ocse-
LIEHHIO B KaXXAYyI0 TOYKY roJIorpaMMbl NMONazaloT BOJIHBL OT BCex
ToYek npexnmera. Baaromaps stomy ucuesalor nedexT, cBs3aH-
Hble ¢ nonajJaHueM NbUIMHOK B anmapaTtypy. To BecbMa CyILecT-
BenHo, I[IpeacraBbTe, Mbl XKeslaeM NOAYYHTb H300paKenue reo-
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rpaduueckoit kapTel. Hajuune nedexroB Moxker BBECTH Hac B
cepbe3Hoe 3abayxiaeHue. 3aTeM, TaK Kak Kax<1asd TO4Ka roJo-
FPaMMbl OJyuHsa HHPOPMALHIO O BCeX TOYKAX NPEeIMETa, MOMKHO
pa3buTb roJIorpaMMy Ha MeNKHEe KYCKH, NPOCBeYHBAHHE KaxKJA0ro
KyCKa nact mossoe u3o0paxenue npeamera. Cama rojorpaMmma
APEACTABJSET HACTOJbKO MeJKYI0 psbb, UTO HE TOJBLKO HH O Ka-
KOM CXOICTBE C MpPeAMeTOM U peud GbiTb He MOXKET, HO Jaxe,
B35B €e B PYKH, He BCAKHH J0raaaercs, YTo 3TO roJiorpamma.

Haxonen, Ha oxnoit ¢oroniacTHHKe MOXHO 3aUKCHPOBATh
HECKOJIbKO TOJIOrPaMM pa3jiHYHBIX NPEeIMETOB H 3aTeM MOJyYUThb
HX pasnenbHble H3o6paxkenus. Ilasa atoro HeOGXOXHMMO TOJNBKO
HECKOJIbKO H3MEeHSITb HanpaBJIeHHe BCIOMOraTesqbHOro Jyya npH
¢HKcauuy rosorpaMMbl KaAAOro 00beKTa.

Ouenb 3¢dexTHBeH HOBBIH MeTOH AJs MOJYyYeHHS] 0GBEMHBIX
n3006pakeHui.

Ha puc. 3 nokasana cxema Takoil ycranoBku. B manHom ciay-
yae HCMoJIb3yeTCs He NMPOXOASLLHH, a OTPaKEeHHBIN OT NmpeaMeTOB
cBer. PagoM ¢ nmpeameraMu momelaercs 3epKaJso, Ha KOTOpoe
nomajaeTr yacTb CBETOBOro myuka Jasepa. CBeT, OTPaxKeHHBbIN OT
npeIMeTOB H 3epKana, co3fiaer Ha (GHOTOMNACTHHKE roJicrpaMmmy.
Ilpun paccmaTpuBaHUH rojorpaMMbl MBI CKBO3b Hee BHIAUM MHHU-
moe o6peMHoe m3o0paxkeHue mpeamera. [lonyuaemble Takum ny-
TeM u3o0paxkenuss Gjarogapsi napalilakcy, T. e. Kaxyliemycs
CMeLLleHHIO OJHOro MpeiMeTa No OTHOUIEHHIO K APYroMy, co3laoT
noJIHOe oulyllleHHe O6GbeMHOM rpynnbl NpeaMeTos,
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Puc. 3.

Hcnonb3ys Tpu Jasepa, galolldX TPH CBETOBBIX MyYKa pasHbX
HBETOB, MOXHO MOJYYHTb OGBbeMHoe lBeTHOe H3o0paxeHue. Slc-
HO, YTO TAKHM METOAOM MOryT ObiTh cAedaHbl 00beMHble UBeTo-
Bble KMHO(UJIbMBI,

IOas nonyyenuss oGbeMHBIX H306paXKeHH TPYNNblI NPEaMETOB,
AaJieKO pasHeCeHHbIX mo ray6uHe, HeOOXOMMMEl 0CO60 BHICOKOKA-
yeCTBEHHbIE. BOJHBI, H HAaJ0 APHHUMATb ChellHajbHble Mepbl A
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BBIAGNGHHS] TaKHX BOAH 8 NMyuKax, AaBaeMblx Jasepamu. B Ha-
crofllee BPEMA TPYAHO fIOJHOCTbIO OLEGHHTb TPAKTHYECKOE ¢
NPHHUKNHAJBHOE 3HAYEHHE HOBOro MeTOAAa TOJydYeHus usobpa-
XKEeHHH.

. T'a6op npeanaran Merod rojorpamm AJis NOCTPOEHHS CBOe-
o6pa3HbBIX MHKPOCKONOB. Ecau noayyatb TroJIorTpaMMmy B cBere
oueHp KOPOTKUX BOAH (HanpyuMep, PEHTTEHOBCKUX HAM SJEKTPOH-
HbIX), @ MpocBeudBaTh ee GoJiee JJTHHHOBOJIHOBLIM BHIMMbBIM
CBETOM, TO H3oGpakenne OyAer yBeNHYEHHBIM B YHCJIO pas, paB-
HOEe DTHOIUIeHHIO AJHH BOJH. B camom xonue 1964 rona noasunace
pa6oTa, B KOTOPO#l MOJAY4eHO KayeCTBEHHOEe H300paxkeHne MyLIH-
HOro Kpbuisliika ¢ yBeanuesnem B 150 pas.

B 3axmioyenue s Xxotesa Ol HEMHOTO CKa3aTh O Bewlax, CAenaH-
HBIX, cTporo rosops, He B 1964 roay, a panee, HOo B 1964 rony
y:Ke BbllleUIHX Ha XOPOLIMIl TexHHueckuit ypoBeHb. 51 umeio B
BUAY TaK Ha3bIBAEMYIO HEJUHEHHYIO ONTHKY.

[lo nosiBneHHs KBAHTOBBIX reHepaTOPOB MOIIHQOCTbL CBETOBBIX
Jyyedt Oblia OYEHb Or'PAHHYEHHOH.

Ksanrosbie reHepaTopbl 4al0T BO3MOXHOCTb MOJNYdYaTh CBETO-
Bble NMyuYkH HeoGbl4aiiHO GoJblioft MowHocTH, OT renepaTopos c
KPHCTaJIOM PyOHHA NOJY4EHBl MOLIHOCTH [OPSIKA MHJJNHApAOB
BATT. DTO MOLLHOCTH, MpEeBHILIAIOLHe MOUIHOCTH KDYIHBIX 3JIEKT-
pocrauuuit. IlpaBaa, pa3BHBaIOTCS TakHe MOLIHOCTH TOJBKO B
TeYeHHe MHUJJIHapAHBIX JOJell CeKyHIbl, TaK YTO TOJHAS 3Heprus
TAKOro CBETOBOTO HMMYJbCAa HE CJAMIUKOM Benuka. OrpoMHbIM
MOIIHOCTSM  COOTBETCTBYIOT  KOJIOCCAJbHble HampsI)KEHHOCTH
3/IeKTPUYECKOr0 MOJISi CBETOBOH BOJIHBL. B TakHX CBepXCHJBHBIX
3MIeKTPHYECKHX MOJSAX BO3HHKAIOT MPHHLUHNHANBLHO HOBLIE, OYEeHb
HHTepecHble 3 deKTH.

Co WKOMbHBIX BPEMEeH Mbl Bce 3HaeM 3HaMeHHTbIl onbiT Hblo-
TOHA C pasjioxeHHeM Oesoro cBera B LBeTHO! crmektp. Ho Mano
KTO 3Haer, uto HbloTOH nmpousBes ellle cepui0 OMBITOB, AOKa3bl-
BalOUIHX HEH3MEHHOCTb CBOMCTB OT/JEJbHBIX LIBETOBBIX MYYKOB, HA
KOTOpble pacmaJsicss Gesiblii CBETOBOH NMYYOK MOCJ]E MPOXOXKAEHHUS
npusMel. HbIOTOH 3acTaBHI 3TH OJHOUBETHbIE MYYKH [1PENOMJIATh-
cfl ¥ OTpaxaThbCd M YCTAHOBMJ, YTO NPH 3TOM HE MPOUCXOIUT
JanbHellero uaMeHenuss ux usera. Ha coBpeMenHOM s3bike 31O
03HAYaeT HeM3MEHHOCTb YaCTOTHl KoJeGaHUi OXHOLBETHOro —
MOHOXPOMAaTHYECKOTO CBETa.

B nanbHeiimieM BHISICHHJIOCH, YTO 4aCTOTYy CBETa MOXKHO Me-
#aTb, HeGoJbline M3MeHeHHst 4acTOTHI NMPOMCXOLAT, HampuMep,
NpU OTPaXKEHHH CBeTa OT ABHXKYIUIerocs 3epkasa. Bosbluue us-
MeHEHHs YaCTOThl BO3HHKAalOT MpPH JIOMHHecleHuuu. Beiecrsa,
HasblBaeMble JIOMHHO(OPMaMH, NOMIOWAIOT CBET DJHOM YacTOThHl
¥ HCMYCKAlOT MPH 3TOM CBeT APyrod yactoThl. JlioMuHOGDOpMBI
npeacTaBisioT co6oi mpeoGpasoBaTesNM CBETOBLIX YacTOT, HO Y
3TUX npeobpa3oBaTesell ecTb OueHb KPYMHBIH HemocraTokK. Ha-
npaBJ/edHbIi CBETOBO/ MYyYOK MOCJe MOIVIOWEHHA JIIOMHHOGbOPM
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npespalllaeTcss B pacCesiHHoe MO BCeM HAMPaBJCHHAM H3AyyeHHe
JIOMHHECLeHIUH. TepsieTcsi HanmpaBJEHHOCTb NEPBOHAYAJbHOrO
nyyka. B cBepxMOIIHBIX CBETOBBIX MYyYKaXx JIa3epoB MOXKHO npe-
06pasoBBIBATb YaCTOTY, HE TePsAs UX HamnpasJeHuoctd. Ecan Mul
€KBO3b COOTBETCTBEHHO MONOGPAHHBIH KPHCTAJ NpPOMYCTHM
CBEPXMOILUHYIO BOJIHY, TO 3Ta BOJIHA JEKTPHYECKHUM MOJIEM H3Me-
HSET ONTUYECKHE CBOMCTBA KPHUCTaJl1a B TAKT CBOHM KOJIeGaHHAM.

H3meHeHus onTHYeCKHX CBOHCTB (IOKasaTess NpesomJeHus)
B CBOIO OYepejib BJHSIOT Ha CKOPOCTb PacCNpOCTPaHEeHUsI CBETOBOM
BoJsiHBl. B pesysnbraTe BosiHAa C MOMOILbIO CPelbl Kak Obl cama ce-
6a monyaupyer. HactoTa MOAYJfLMH, OYEBHAHO, PaBHA 4acroTe
BOJIHBL. B pesyabrarte mosyyaiorcs, Kak OObIYHO MpH MONYJSILMH,
JIBe 4acTOThbl: OJlHA PaBHA CyMMe HaCTOT BOJIHBI H MOAYJslUH, a
BTOpass — pasHocrtd. IlepBas yacToTa B JaHHOM cJayuyae paBHa
YIABOEHHOH YacToTe BOJIHBI, a BTOpas HYJIO.

IlepBoit yacTOTE COOTBETCTBYET CBET C YABOEHHOH yYacTOTOMH
WAH C YKODOYEHHO! B JBa pa3a AJHHOH BoJiHBL. HyneBo#i yacto-
Te COOTBETCTBYET NOCTOSTHHOE 3JIeKTPHUYECKOe MoJie, BO3HHKalolllee
B Kpucramje, TakuM MeTonoMm npeo6pasyercs HH(pakKpacHoe H3-
JlyueHHe B BUAHMOe, BHAHMOE — B yJAbTPadHOJETOBOE U T. I.

JII060NbITHO, 4YTO B JAaHHOM Cjyuyae ONfiITb-TaKH HAXOLAT
BaX{HOE NMPAaKTHUECKOe MPHMEHeHHe YHCTO KJacCHYeCKHe CBOHCTBA
CBETA4, JaBaeMOro KBaHTOBBIMH reHepaTOpaMH.
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HATIOMHHAEM MOJANUCYHKAM

B 1966 roay usgzateabcTBo «3Ranne» HPOJOANHT BMDYCK
MOANHCHBIX 6poImIop, BHIXOXAMWMX MO AEBHSOM

«HOBOE B #ilH3HH, HAYKE, TEXHHKE».

14 cepuit aToro pukaa: «Hcropua», «@urocopua», «Axo-
HomHKa», «Texumka», «Ceanckoe xossaiictBo», «AmTeparypa
u HcKycctBo», «Mexaynapoanan», «Buororma m meangmma»,
«Mn3uKa, maTemaTHKa, acTponomuna», «Moarogexnan», «Xu-
musa», «EcrectBosnanne m peaurna», «Hayka o 3emae», «Pa-
AHOBAEKTPOHHKA M CBABb» PACCKAXKYT YHTATEAID O CaMoM
HOBOM H CaMOM MHTEepPecHOM B Ba:KHeHIHX 06AacTAx sHanuil.

Bpomiopnt nanmcausi nonmyaspro mu yBaexareabmo. Oun
npejHa3sHaueHbl NMPeNogaBaTeAsiM BYy30B, TEXHHKYMOB, cPEAHHX
UIKOA, CMEJHAAHCTAM ¢ BLICWIHM H cpeaHuM o6GpasoBaHuem,
CTYAEHTaM, WIKOABHHKAM CTAPUIMX KAACCOB, ATHTATOPAM, AeK-
TOpaM, NPoOMaraHAHCTaM, a TaKxke BceM AIGO3HATEABHBIM

YHTATECAAM,

B 1966 roay anropamn Gpowop 6yayr akapemnxn A. A. Apuumosus,
I. A. Kanuga, M. A. Muarnonwnkos, B. H. Cnagun, J. H. Illep6axos,
urenni-koppecnongentss AH CCCP A. I, Aran6eran, B. A, I'mns6ypr,
M. I1. Horuyx, A. M. Ilpoxopor, K. H. Ilrornnxos, axazemmxn
BACXHHA T1. M. HBykoncknit, A, H. Kapnenko, ®. I'. Knpnuenxo,
eiicreureapnbie uaenst AMH CCCP A. A, Aeraser, B. [Jl. Tumexon,
A. K. Xoynanos, poxropa u KananaaTsi (HAOAOTHM H HCKYCCTBOBEACHMA
A. Kawomon, A. B. Kaparanos, 3. C. Keapnna, H. C. Kyauxona, A.
Hosnxkosa, nucarean C. Anrouos, H. Bounn, A. Osepos, mypuarucroi,
o6igecTBeHHbIE H NOAHTHYECKHE AEATEAH.

TleproanunocTb nepsbix gecATH cepuil — 2 6poliopbl B Me-

cau, 24 B roa.
[Moanuchasn uena Ha oany cepuio:

Ha roa — 1 py6. 80 xon.
Ha TOAyroaue —_— 90 kom.
Ha KBapTaA — 45 xon.

ITocreanne uetnipe cepun Boixoant no 1 6poutiope B Mecay,

12 B roa.
[MoanucHas yeHa Ha 0AHY M3 3THX CepHii:

Ha roa — 1 py6. 08 kon.
Ha NOAYrojHe —_— 54 xon.
Ha KBapTaa —_ 27 xon.

[MoanucaTbcs MOKHO Ha 0AHY HAH HECKOABKO CepHif 6e3 BCAKHX orpa-
HHYEHHH B OTAEAEHHAX CBA3H H MOYTAMTaX, a Tak#ae Yy OOLLECTBEHHDIX

pacnpocTpaHUTEAEH NeyaTH no Mec'(rjv paGorbl.
naexcor cepuii 8 kararore «Coiosnevarn» Ha 1966 roa ¢ 70064 no

70075 » 70090.



