O "Teopun qpyHOameHTanbHOro nonsa'" W.J1.'epnosBuHa

Mpr613nTeNbHO € cepeanHbl 1960-X rofoB pOCCUMCKINIA (hM3nKo-MaTemaTuk W.J1.epnoBuH
3aHVMMancs pas3paboTKol crneumgpuryeckoro BapraHTa LUMPOKO N3BECTHOM MMMOTETUYECKN
BO3MOXHOW "EAnHOIN Teopum nons”. NMoCcKobKy, COrnacHo pesynbTataM ero UccneaoBaHuin,
"Knaccuyeckoe" noHnmaHune "EanHoi Teopun nons” agpyruMm ravkamm okasasnocb HEBEPHbIM,
OH Ha3Bas1 CBOW BapuaHT [aHHoI Teopumn — "Teopus yHAameHTanbHoro nons" (T®M). Mo ero
MHEHWIO, C (DM3NYECKOI TOYKM 3peHNs 601ee NpaBu/bHO rOBOPUTL He 0 "EAMHON Teopun nons”,
a 0 co3faHuy "ELUHON Teoprmn BCeX B3aMMOAENCTBIIA B BELLLECTBE", YTO eMy YAanoch caenath B
npouecce pa3sutus TOIM. Teopusa (hyHAAMEHTAILHOTO NONA 06bEANHAET BCE BUAbI N3BECTHbIX
B3aVMMOLENCTBUI B BELLECTBE: CUbHOE, CNaboe, 3N1eKTPOMarHUTHOE 1 FpaBUTaLMOHHOE, —
paccmartpuBas UX Kak pasHble NposiB/eHNs 04HOM0 (PYyHAAMEHTa/IbHOro Mosis.

Ha ocHoBe T®I1 6b171 OTKPbIT NEPUOANYECKUIA 3aKOH 3/1EMEHTAPHBIX YacTHLL, YTO SBNSETCS
OrpOMHbIM CO6LITUEM B KBAHTOBOI (h13vKe. HalileHHbIe B €€ paMKax pacuéTHble hopMy/ibl
MO3BONMN TEOPETNYECKMN BbIUUCIUTL MAcChl, 3apsfbl, CMUHbI, MarHUTHbIE MOMEHTbI, BpEMeHa
YKM3HU 1 ApYriie KBAaHTOBbIE XapaKTePUCTUKI BCEX NIEMEHTAPHbIX YacTUL,, KaK U3BECTHbIX 13
OMbITa, Tak U eLé He 06HapPYXKeHHbIX. COBMafieHNe TEOPETUYECKMX [aHHbIX C OMbITHBIM B
npefenax TOYHOCTY TEOPUM W IKCTIEPUMEHTA 0KA3as0Ch NMOHLIM. STO CBUAETENLCTBYET O
KonoccasbHoli 06bACHUTENbHO-MPeacKasaTenbHol cnoco6HocTy TN, NoATBepXKaatoLLEl eé
WCTUHHOCTb.

T®IT oTKpbINA YHUKa/IbHYH BO3MOXHOCTb BbIYMC/EHUSA BCEX MUPOBbLIX (PU3NYECKNX KOHCTAHT
(BkNtOYas 6e3pasMepHble), B TOM YMC/IE, U3BECTHbIX Pa3MePHbIX MOCTOAHHbLIX U3 6e3pa3mMepHbIX
MOCTOSAAHHbIX, HalAeHHbIX B TOI. Mpu aTOM, BCe NOCTOSAHHbIe TP — npsaMoe crnefcTeue eé
YPaBHEHWIA 1 He coflepXKaT NOArOHOUHBIX NapaMeTPOB XapaKTepHbIX A4/151 HbIHE OOLLENPUHATOIA
KBaHTOBOMN (DU3NKN.

T®IT He BXOAUT B NPOTUBOPEUME C U3BECTHLIMM OOLLENPUHATLIMUA (IU3NYECKUMU TEOPUSAMU, &
TO/IbKO 060CHOBLIBAET MOCTY/AaThl, HA KOTOPbIX OHW OCHOBaHbI, U YCTAHABNMBAET PaHULbI
MPUMEHNMOCTU 3TWX NOCTYNATOB. TakuM 06pa3om, TPl — He anbTepHaTMBa 06LLENPUHSATHIM
TEOpUsIM, OHa Pa3BMBAET W YrNYGNSeT 3TU NPeACcTaB/eHNS HA HOBOM YPOBHE HayyHOro
MOHMMaHWS, YCTPaHss MHOTVe paHee HeO6bSCHMbIE NapaioKChbl.

B ""Teopun dyHAamMeHTa/IbHOro Nons'’ BnepBble:

1) HailgeHbl hn3nyecKune SBEHUS, OTBETCTBEHHbIE 3a KBAHTOBbIE U PENSATUBUCTCKME CBOWCTBA,
onpeeneHbl rpaHnLbl 061acTU NPUMEHUMOCTU 3TUX CBOWCTB;

2) HailfleHa CTPYKTypa (hM3M4ecKoro Bakyyma, pacCMaTp/BaeMOro Kak CTpYKTYpUpoBaHHas
MaTepuanbHas cybcTaHums, CPOPMYNNMPOBaHbI U BbIYMC/IEHBI CBOMCTBA (PU3NYECKOT0 BaKyyma;
3) HailaeH "NeproanNYecKIii 3aKOH" AN KBAPKOBbLIX CTPYKTYP 3NeMEHTApPHbIX YaCcTuLl,
MO3BONAIOLLMIA TEOPETUYECKM BbIYUCATH BCE X KBAHTOBbIE XapaKTEPUCTUKM;

4) npeasioXeHa U uccnefoBaHa CTPYHHas MOAEe/b YacTuL, KOTopas HaMHOIO r1y6xe K
rnobasibHe N0 CBOUM CMeACTBUAM, YEM LLUMPOKO paccMaTpuBaeMble ceryac Apyrue CTPYHHbIe U
CYNepCTPYHHbIE MOLENN;

5) BCKpbITa (h3myeckas Npupoa KBapKoB, TaXMOHOB, BUPTYa/IbHbIX COCTOSAHMI U HEKOTOPbIX
APYrX NOCTYNMPOBaHHbIX 06 bEKTOB COBPEMEHHON MUKPOU3NKN;

6) 06Hapy>XeH eAuHbIA NoAX04 AN onucaHns hepMMUOHOB U 6O30HOB, KOTOPbIN LLNPE
CynepcyMMETPUYHOIO NOAX0Aa, OTKPLITOro MNO3AHEe U YCUNEHHO pa3pabaTbiBaeMOro cenyac;
7) faHO 00BbACHEHME NPUYNH HapYLLIEHUSA 3aKOHa COXPaHeHNS NPOCTPaHCTBEHHOW YETHOCTY B
cnabbIx B3aMOLENCTBUAX;

8) 06bACHEHO Noyemy "NErkme" KBapku CrnocobHbl 06pa3oBbIBaTb THXKE/bIE 3/IEMEHTAPHbIE




YacTuubl, a "TAXKENbIe" KBapPKM — NETKUE 3IEMEHTaPHbIE YacTULbI;

9) 06BACHEH MexaHM3M (DOPMUPOBaHMSA "KYNepoBCKMX Map™ Npu BO3HUKHOBEHWM
CBEPXNPOBOAMMOCTHU, BbIYMCNEHbI TEMMEPATYPbI Nepexoaa B CBEPXMNPOBOAALLEee COCTOAHME ANa
pa3nyHbIX BELLECTB, COBMAaBLLME C IKCMEPUMEHTA/IbHLIMW JaHHbIMU, a TakXKe NnpefcKasaHa
BO3MOXXHOCTb (DOPMMPOBaHMS CBEPXMNPOBOAALLMX COCTOSAHWUIA HOBOIO TMMNa Npu TeMneparypax
cBbiwe 100°K;

10) 06bsACHEHO NoYeMy TBEPLbIe BELLEeCTBa MIaBATCA MPY CTPOro onpeienéHHbIX TeMneparypax,
HangeH 1 NOATBEPXAEH BbIYMCIEHMSAMU COCO6 TEOPETUYECKOr0 pacyéta Temmnepatyp
nnasneHus;

11) faHa BO3MOXKHOCTb 0OBACHEHWSA 3KCMEPUMEHTa/IbHBIX JaHHbIX, CBUAETENbCTBYHOLLMX O
HaCbIWEHUM "CUNBHBIX" A0EPHbIX cunt, a TakKe 0 BO3MOXHOCTY NPerMyLLLEeCTBEHHOM
MPOCTPaHCTBEHHOM NOKaNN3aLuMy 3/1EKTPOHOB B aTOMax;

12) cthopmmpoBaHa (PU3MKO-MaTeMaTnyecKass OCHOBA 151 BbICOKOI((EKTUBHOIO
KOMMbIOTEPHOIO MOLENMPOBaHUA CTPYKTYPHbIX 0CO6EHHOCTEN, KBaHTOBbLIX CBOWCTB 1
0C06EeHHOCTE B3aMMOAENCTBUIA BCEX "MPOSBMEHHBIX™ U BUPTYa/IbHbIX MUKPOYACTULL, a TaKKe
pasIMYHbIX PU3NYECKMX NPOLLECCOB U SBEHWIA.

T®I1 ocHOBaHa Ha Ype3BbIYaHO CIOXKHOW N HEOObIYHOI PU3NKO-MaTEMATNYECKON MOAENN
""paccnoéHHbIX MPOCTPAHCTB". PaccnoéHHoe NPOCTPaHCTBO — MNOHATUE, LUMPOKO NCMONb3YEMOE B
COBPEMEHHO MaTemaTuke. B HEM cucTema A0NONHMTENbHbIX OAHO K APYroMy NoAnpoCTPaHCTB
paccMaTpuBaeTCa Kak MaTeMaTnyeckas KOHCTPYKLMSA, B KOTOPOI NPOCTPaHCTBO, OXBaTbIBatOLLEE
BCE €€ 3/1EMEHTbI, Ha3bIBAETCA 0OBLEMIOLLIMM NPOCTPAHCTBOM, a B/IOXKEHHbIE B HEFO
NoANPOCTPaHCTBa AeNATCA Ha MOANPOCTPaHCTBA, ABNAOLWMECS 6a30i Pacc/MIOEHUS U CNOEM.
Habntogaemoe HaMu Kak OKpY»KatoLLmii Mup "nabopaTopHoe™ pr3nyeckoe NognpocTpaHCTBO
ABNSETCA 6a30i paccnoeHns, BHE KOTOPOI HaXoAsaTCsA NOANPOCTPAHCTBA, B KOTOPbIX
NPOABNAETCA CKPbITad CTPYKTYpa 3MIEMEHTAPHbIX YaCTULL U OCYLLIECTBNIAKOTCA PasinyHble
CKpbITble B3anmoeincTams. OCHOBHble KBAHTOBbIE MapaMeTpbl, Hab14aeMble B HALLIEM
"nabopaTopHOM" NOANPOCTPaHCTBE (Macca, 3apsif, CvH, MarHUTHbIA MOMEHT U T.4.)
(hopMUpYOTCA B APYrMX CMOAX PACCMIOEHHOr0 NPOCTpaHCTBa. Mo3aToMy Mbl HE MOXEM TOYHO
paccumTaTb 3Ha4YeHMS KBAHTOBbIX NapaMeTPOB B "'1abopaToOpHOM" NOANPOCTPAHCTBE U
BbIHY>X/[€Hbl MCNO/Ib30BaTb A1 UX ONpPefeeHns MeTObl BEPOATHOCTHOIO aHa/n3a.

M0 OTHOLLEHMIO K KAKOMY-/TM60 JaHHOMY NOANPOCTPaHCTBY (6a3e nnm Cnor) nrboe apyroe
MOANPOCTPaHCTBO, BXOASLLEe B MOTHOe 06bEMIOLLEE MPOCTPAHCTBO, BCEr4a HAX0AUTCSA B
MHUMOV 06nacTv. Mexay noLnpocTpaHCTBaMU-COSMU U MeXAy 6a301 JaHHOTO Pacc/OeHs
1 CNOEM BO3MOXKHA TO/IbKO MH(hOPMaLMOHHasA CBA3b.

YcnoBmem (hyHKLMOHaIbHOCTM (IM3NKO-MaTeMaTUYeCKON MOAENN PacCNOEHHbIX MPOCTPAHCTB
ABNSIETCA "NPOCTPAHCTBEHHbIN MeTamopo3". MNpOoCTPaHCTBEHHbI MeTaMOP(03 yCTaHaB/MBaeT
pas3nyYHble reomMmeTpuyeckne POpMbI OLHOMO M TOr0 XKe 06bEKTA, KOTOPbIE peasin3yroTcs B
NOANPOCTPaHCTBAaX BCEro 06EM/IHOLLErO NPOCTPaHCTBa. [N1aBHbIM NPUHLMNOM
MPOCTPaAHCTBEHHOr 0 NOMMOP(n3Ma ABNAETCA COBMOAEHNE YCIOBUA KOMMYHNUKATUBHOCTA
0TOOPaKEHNIA MEXY Pa3IMUHBIMI CNIOSIMU 06BEM/THOLLIENO NPOCTPAHCTBA.

OcHoBHoe ypaBHeHMe O6Luel Teopmum OTHOCUTENBHOCTM A.SWHLWITENHA, cornacHo T[T,
NpeAcTaBnseT COO0I He ypaBHEHMe KaKoro-nbo nons, a ypaBHeHMe (hyHAaMeHTaIbHON CBS3U:
NPOCTPaHCTBO-Bpems-MaTepust. CyLLecTBYeT KOBapuaHTHasi CBA3b NPOCTPaHCTBA-BPEMEHM U
BELLIECTBA BO BCEX MO/AMNPOCTPAHCTBAX PAacCNOEHHOMO NMPOCTPAHCTBA.

AneMeHTapHOM YacTuLEel BelecTBa, cornacHo TP, asnsetcsa "PyHAaMeHTOH" —
"HenposB/ieHHan" HernocpeACTBEHHO B HalleM "1labopaTopHOM™ MOAMPOCTPaHCTBE YacTuLa,
KOTOpast Ha camMOM r/1ly60KOM YPOBHe Pacc/IOEHHOr0 MPOCTPaHCTBA NPeACTaBIseT cob0i



OCHOBHOM ((hyHAaMeHTa/bHbIN) AUNONb 3apsaoB hyHAameHTasibHOro nons (®Ir) — TaxmoH, a B
APYrux nognpocTpaHcTBax NPosBAseT cebs Kak "ronble” afneMeHTapHble yacTuubl (M34). B
CYLLUHOCTW, OH MOXET paccMaTpuBaTbCA Kak "MiaHKOBCKas Yactmua". Bo3by>KaéHHOe COCTOsHME
(hyHL,aMeHTOHa NpeACTaBNSeT COO0I OCUMNNALMIO 3TOro Annons. Korga Mbl Habno4aemM B
HalleM "1abopaTopHOM" NOAMNPOCTPAHCTBE KaKyto-/IMO0 afleMeHTapHYH0 YacTuuy (Hanpuwvep,
MPOTOH UMW 3M1EKTPOH) Mbl PUKCUPYEM NNLLL MPOSBNEHUS YCTONUMBBIX BO3OYXXAEHHbIX
COCTOSIHWUI (hyHAaMeHTOHOB. MeTacTabu/ibHble COCTOAHUA (DYHAAMEHTOHOB COOTBETCTBYHOT
KOPOTKOXVBYLLMM 3/IEMEHTapPHbIM YacTuLam (B TOM YKC/e, pe30HaHCaMm).

CornacHo T®rT, pa3nnyHble BUAbI BO3GY)XAEHHOIO COCTOAHUA (OCUMNNALMM) PYHLAMEHTOHA
NopoXAatoT B APYrMX CMoAX Pacc/IOEHHOro NPOCTPaHCTBa pasnnyHble BuAbl 'AY. "Tonble”
3NleMeHTapHbIe YacTULLbI NPeLCTaBNAOT CO60 06bIYHbIE PEPMUOHBI, KOTOpPbIE, CorlacHo TAIT,
He NPosBNAT cebs B "nabopaTopHOM" NOANPOCTPAHCTBE B CAMOCTOATENbHOM BUae, 6e3
B3aMMOLENCTBUA C (IM3NYEeCKUM BaKyyMOM (6e3 06pa30oBaHUs "KBapKOBbIX CTPYKTYp"
MPUHLMMWAILHO HOBOIO TUMA MO CPABHEHMIO C NMPEXHUMUN PUINYECKUMU MPELCTaBIEHNAMN).
CywectByeT 60/bLLOe KONMyecTBO (0K0M0 800 ThicAY) MaTeMaTUYeCKN BO3MOXHbIX B1A0B N34,
HO HabNto4aeMbIMK B HaLlem Mupe (Npwv B3anMOLENCTBUN C PU3NYECKMM BaKyyMOM) SBSETCA
NALWb HE3HAUYNTE/IbHAA YaCTb U3 HNX (B TOM YKC/e, eLlé He 0OHapPYXXeHHbIE, HO NpeACKa3aHHbIe
T®MM)®, NOCKONbKY APYTvie UMEIOT BPeMs XU3HN MeHee 10™3c, uTo He NO3BONSET UM MPOSBUTHL
cebs B "nabopatopHoM" nognpocTpaHcTBe. OcTanbHble MY npeacTaBnstoT cobol
BUPTYasibHble YacTULLbI.
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CTpyKTypa (h1M3MYeCKOro Bakyyma COCTOUT 13 CBOE0OPAa3HbIX HEMPOSB/IEHHbIX B
"NnabopaTopHOM" NOAMNPOCTPAHCTBE CYOKBAPKOBbIX YaCTUL, — 3/IEMEHTAPHbIX YacTuL, BaKyyma
(34B), Kaxaas 13 KOTopbIX COCTOMT M3 F'AY 1 aHTMI OY ((hepMMOH-aHTU(EPMOHHON Napsbl). B
pesynbTare, (JU3NYECKNIA BaKyyM NpeacTaBsieT cCO60iM CMeCb HECKO/TbKMX BUAOB BaKyyma B
COOTBETCTBUM C BMAOM 06pasytoLmx nx M34. CornacHo TeopeTnyeckum pacyétam TOIT,
CYLLECTBYHOT [€BATb BUAOB Bakyyma. Ho 3aMeTHO MposBAstoT cebs B 13NYeCKOM MUPE TOJbKO
[iBa BMja BaKyyMa, MMetoLLe HanbobLUYH NIOTHOCTb: B MePBYHO O4epeb — NPOTOH-
aHTUNMPOTOHHBIV (~1,54x10%cM™), 1 BO BTOPbIX — 31EKTPOH-MO3UTPOHHBIN (~1,73%10%cm™).
OCHOBHble CBOICTBA "'1abopaTopHOro™ (hM3M4ecKoro Bakyyma (B TOM YuC/e, Hanpumep,
AV3NeKTpruyecKas NPOHULLAEMOCTb) ONPeAENstoTCA CBOMCTBAMM MPOTOH-aHTUNPOTOHHOIO
BaKyyma.

B cnyuae, ecnm B hnsnyeckom Bakyyme (BHe “nabopaTtopHOro” noAnpocTpaHCcTBa) UMerTCs
"MN36bITOYHbIE", HeMapHble MY, HecnocobHble 06pa3oBaTb AUB, OHM 06beAMHSOTCA ¢ QYUB B
"KBapKOBbIe CTPYKTYpbI", KOTOpble Hab14atTCA B "1abopaTopHOM™ MOAMPOCTPAHCTBE Kak
pas3nnyHble 3NeMeHTapHbIe YacTuLbl. "KBapKoBble CTPYKTYpbl™ B T®I1 oT/iMyaroTCa OT
"00bIYHbIX" KBAPKOB (KaK OHN paHee MOHUMaINCL B PU3MKE) UMEHHO HA/IMYMEM
CneymngunyeckKon CTpyKTypbl, onpedenstoLlen nx csoncTaa. Mpuuém, TP nossonset
onpeaennTb "NepuoamnyecKnin 3akoH" s KBapKoBbIX CTPYKTYp. CornacHo T®I, KBapKoBble
CTPYKTYPbI He 06pa3yoTca NMLWb NeNTOHHbIMK [TOY, HO OHM 06PAa30BbIBaOT HEKOTOPbIN aHanor
KBapKOBOM CTPYKTYpbI ('NCeBLOKBAPKOBYHO CTPYKTYPY'") B BUAE 00beANHEHNS C
BO36YXXAEHHLIMU QUB NpOTOH-aHTUNPOTOHHOIO BaKyyMa, YTO MO3BONSET /IENTOHAM MPOSBAATH
cebs B "nabopaTtopHom" nognpoctpaHcTee. TAIT BriepBble CMOr1a NOHOCTHHO 06BACHUTL BCE
Habnofaemble napafoKcaibHble 0CO6EHHOCTN KBapKOB, YTO paHee Obl/10 HEBO3MOXHO.

CornacHo T®I1, HeBO36YXAEHHbIE QYUB He Habnoaaembl B 'NabopaTopHOM™ MOAMPOCTPAHCTBE.
Mpn BO36YXAeHUN SUB nponcxoanT nx nonsapusaumns (ysennyeHne AnnosibHOro nieyva Mexay
06pa3y LMK UX aHTUYaCTMLAMM), OHW MPeBpaLLakoTcs B napy 6/13K0 pacroNoXeHHbIX 1
CNOCO6HbIX 06bEAMHUTLCA BHOBb BUPTYa/IbHbIX aHTMYacTULL. Takoe cocTosHMe QUB
BOCMPUHMMAETCA Kak (hoTOH. Mpouecc nocnefoBaTte/ibHOro pacnpocTpaHeHns BO30YXAEHHOMO



COCTOSHMS OT 0AHON QUB K Apyroi (06ycnasnvBaeMblii BO3AENCTBUEM NEPEMEHHOIO NN
MMNY/IbCHOIO NO/S) BOCMPUHUMAETCA KaK pacnpocTpaHeHne cBeTa 1 04HOBPEMEHHO
onpegenseT cob0i CKOPOCTb PacnpocTpaHeHus CBeTa B BaKyyme. B aTom npouecce
nocnefoBaTenbHON nepeaayn Bo36YXAeHNs 0T 0AHON QYB K Apyrovi (hoTOH TePSET HEKOTOPYHO
BeCbMa He3HauNTeNbHYI0 YacTb CBOEN sHeprum.>

Mpoekummn ocumnnupytoulero gunons eI yHaameHTOHa Ha Apyrve Cnov pacc/ioBHHOro
MPOCTpaHCTBa NPeLCTaBAT COO0W pas/iyHble BapuaHTbl BpaLLaTe/bHbIX ABUKEHWI 3apsaoB
@1 No KpyroBbIM TPAEKTOPUAM, a TaKXXe N0 BUHTOBOW re0e3n4ecKoin TpaeKTopumn Ha
MOBEPXHOCTW TOpa B NOAMPOCTPAHCTBE C NCEBAOPUMAHOBCKOI reoMeTprei. uHammka
ABVKeHWS 3apsgoB P Ha TopomaaIbHOM NOBEPXHOCTU ONpesenseTcs nonsMmn 4ByxX TOKOBbIX
CTpyH ®T1. OfHa TOKOBas CTPYHa, NPOXOAALLAA Yepes 0Cb TOpa M yX0AALLas B "OECKOHEYHOCTb
(3aMblIKaroLLAsACca Ha pacCTOAHUAX NOPsAKa paguyca BCeNeHHOM), CO34aéT MarHUTHOe None,
KOTOpOe Npwv B3aMOAENCTBUM C MarHUTHBLIM MOJIEM PYroil TOKOBOM CTPYHbI, MPOXOAsALLeli No
0CK TOpa, AaéT pe3ybTUpyoLLee nose BLOb N-BUTKOBON IMHUK HAa MOBEPXHOCTY Topa. Mpwu
3TOM, NepBast, HaK/NIOHHas CTPYHa BpaLlaeTCs BOKPYr "0CeBOM" CTPYHbI, 06pa3ys "KOHYC
aHM30Tponun™ cooTBETCTBYHOLLEN MIY. MonoBMHA yrna y BepLUMHbI 3TOF0 KOHYCa Ha3blBaeTCcs B
T®I "yrnom aHnsoTponun™ (puc.1). Hanprmep, 415 aneKTpoHa yron aHM30Tponum CcocTaB/seT
~22°, AN NpoToHa — ~17,5°. OTuK [1Ba OCHOBHbIX Yr/a, ONpeaenstoT aHU30TPOMNMIO CBONCTB
34, 3UB 1 34. Ins HeBO36YXAEHHbLIX QUB yron aHM30TPONUK paBeH HY/H, HO MPW CUIbHOM
BO36YXXJEHMMN OH CTAHOBUTCSA BOJbLLE HYS.
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Puc.1 Cxema 3UB 1 '24Y B 0g4HOM 13 CNOEB PAcC/OEHHOI0 (hM3MYECKOro NPOCTPaHCTBa: a —
34B; 6 -TI324.



Cu/oBble B3aMMOAENCTBUSA MeX/Y aTOMaMKn B MOJIeKy/ax U Kpuctasiax MMerT He
chepnyecKyto, a OCEBYHO CMMETPUIO 1, BC/IEACTBME BPaLLATEIbHOrO ABVXEHNSA CTPYH @I B
YaCTMLAX, MEHSAIOTCA BO BPEMEHM C O4eHb GOMbLLON YacToTol — nopsigka 10y, Cunbl
B3aVMMOLENCTBUA YacTUL, BCE BPEMS MEHAIOTCS, HO BCIEACTBME OYeHb GO/BLUOIN YacTOThl 3TUX
N3MeHeHWiA 3T0 He NPUBOAMT K Kak1M-1M60 HabnogaeMbiM addektam.’

[MpakTnyeckn Bce MaTepuasibHble CTPYKTYPbI "MOMHAT" O TOM, YTO B OCHOBE UX NEXUT CTPYHa
@[, ckaHMpyoLLaa No NOBEPXHOCTU KOHYca. JTa NamAaTb MOXET NMPoABAATLCA U B
MaKpoo6beKTax, Korga OHM UMELOT (hopMy KOHYCa UAN Nupamugpl ¢ yriioM npu BepLunHe
6113Kkom K 35° nnm 44°. @opMmMpoBaHNe TaKUX FeOMEeTPUYECKMNX 0O BEKTOB MOXKET
06ycnaBnmBaTb Pe30HaHCHbIe BO3AENCTBMS Ha COCTOSHME (PU3MYECKOTO BaKyyMa W BELLLECTB B
06/1aCTV JaHHbIX 06BEKTOB. 3TO MOXET 06YyC/aBIMBaTh BECbMa HeOObIYHbIE U Pa3HO0Opa3HbIe
Mo CBOVMM BHELUHWM (hopMamM NposiBNIeHMs MOLOBHOro “PopM-BO3aecTBUA".

MpaBuTaumsa B TP 06bACHAETCA Kak pe3ynbTaT 9KpaHMPOBaHWNA 3/IEMeHTaMu CTPYKTYpbl QY
CUNOBbIX NNHWIA ("CTPYH") hyHAAMEHTaIbHOMO NMoAs. "paBUTaLMOHHBIN 3KpaH, UMEOLLMIACA Y
KaDK[,0M 3/1eMEHTapHOM YacTuLbl, UMEET He ChepuyecKyHo, a OCEBYHO CUMMETpUIO. B
pe3ynbTaTe, aPQeKT1BHAA BEIMUYMHA 3TOT0 3KpaHa 3aBUCUT OT opueHTaummn 4. B HanpasneHum
BeKTOpa crnHa Y apheKTVBHLIN pasMep akpaHa 60/bLUe, YeM B OPTOrOHa/IbHON eMy
NNOCKOCTU. (SKpaH MakCUMasieH BLOMb OCY BpaLLeHUs cyocTpyKTypbl y 9Y.) CnefoBaTenbHo,
eCNu CNnHbI Y, BXOAALLMX B COCTAB aToMa (B OCHOBHOM, HYK/TOHOB, MOCKOJIbKY OHU
onpesenstoT OCHOBHYHO MaccCy), OPUEeHTMPOBAHbI B OA4HY CTOPOHY, TO B 3TOM Harpas/ieHnn
rpaBMTaLMOHHasA cuna 6yaeT MakCUMa/IbHOM, a B NepreHANKYNSPHON MI0CKOCTN —
MUHUMaNbHOW. MoTeps maccbl QY ¢ OPUEHTUPOBAHHON CIMHOBOIN CTPYKTYPOIA MOXET
COCTaBNATb NPM6/IM3nTeNnbHO 20-50%. K coxaneHuto, aKcneprvMeHTabHas NpoBepKa aToro
npeacTaBnseT 60/bLUYH COXHOCTb, MOCKO/bKY 3TOT 3(h(heKT MOXKET ObITb BblAe/NIEH NULLbL NPU
o6ecneyeHny NOYTY NOTHON CNMHOBOM OpueHTaumm 34 B MakpoobbekTax (Maccoi B LoNu
rpamma n 6onee).

["paBMTaLMOHHbIE CU/Ibl BO3HWKAKOT B pe3y/ibTaTe IKPaHMPOBKM HaTSHXKEHWIA BaKyyMa, KOTopble
BCerja AeNCTBYIOT Ha N6y 34, 0AHAKO, MPKU CKONMEHUN B MaIOM 06bEME 0YEHb 6OMLLLOTO
ymcna YacTUL, MOXKeT BO3SHUKHYTb "BbITECHEHME" HEKOTOPOIA YacT QYUB 1, B CBA3N C 3TUM,
ocnabneHvie cun HaTsHKeHMst BakyyMma. Ecnv KoHUeHTpayms QY B JlaHHOM KOHeYHOM 00bEMe
6/113Ka K KOHLEeHTpauun 4B (~1039CM'3)Z, TO CWNbI FPaBMTaLMOHHOIO B3aMMOAECTBUA MEXAY
HVMW MOTYT OY€Hb CUJTIbHO CHU3NTLCA. CHUXKEHME IPaBUTALMOHHbIX CU1 06YCNaBIMBaeT fedeKT
Macchbl 1 BblageneHve aHeprum. MNMoatomy TP TeopeTUYHeCKMN NpescKasbiBaeT BOSMOXHOCTb
Bbl€/IEHNA PaBUTALMOHHO-BAKYYMHOIN 3HEPr UK B Hefpax 3BE3[, U NIaHeT.

BbisiBneHHasi B TP aHM30TpoNmMs CBOMCTB 3N1eKTpoHa (Kak 1 apyrux d4) nossonvna
06BACHNTL MeXxaH13M POPMUPOBAHUA "KyNepoBCKMX Nap" Npu BO3HUKHOBEHWM
CBEPXMNPOBOANMOCTH, @ TaKXKe BbIYMC/IUTL TEMNEPaTypbl Nepexoa B CBepXMnpoBoAsLLee
COCTOSAHME ANA Pa3/INYHbIX BELLLECTB, COBMAaBLLME C IKCNEePUMEHTaIbHbIMU AaHHBLIMU.
KynepoBckas napa 06pa3yeTcsa Korfa o6a 3neKTpoHa ConmkarTCcs HaCTOMbKO, YTO UX
CTPYKTYpPbl BO BHELLHEM, MO OTHOLLEHWIO K "'NabopaTopHOMY", MOANPOCTPAHCTBE 3aXBaTbIBAOT
ApYr apyra B "NoBYLUKY" KOHYCOB UX aHMU30Tponun. W.J1.IepnoBuHbIM 6b11 NpefcKasaH
TeOpeTUYECKUIA Npeaen TeMMNepaTypbl CBEPXNPOBOAALLEr0 COCTOAHMS 0ObIYHOTO TUMA PaBHbIN
~100°K, 4TO BMOCNEeACTBMUN MOATBEPANIOCH 3KCNEPUMEHTa/IbHBIMW AaHHLIMW.[97] 10 MHEeHUIO
.J1.I"epnoBuHa, (hopMUPOBaHME CBEPXNPOBOAALLErO COCTOAHMSA BeLlecTBa 06ecrneyrBaeTcs
BO36YXAEHHbIMU QUB. "O6bl4Han™ CBEPXNPOBOAMMOCTb OMpPeaenseTcs BO30y>KaeHNeM
3/IEKTPOH-MO3UTPOHHOI 0 Bakyyma (4emy, Hanpumep, CrocobCcTBYET MUKPOMOPUCTOCTb
BbICOKOTEMMEPATYPHbIX CBEPXMPOBOAALLMX KepaMuK). HO TakKe BO3MOXHO (POPMMPOBaHME



BbICOKOTEMMepaTypHou (10 105°K) CBEPXMNPOBOANMOCTH C y4aCTUEM BO3OYXKAEHHOIO NPOTOH-
aHTUMPOTOHHOIO BakyyMa.

OfHWM 13 cnepcTBuii paspaboTkm TP cTano cosfaHne KpUCTIMUYECKON MOLENN aTOMHbIX
Aaep.[96] Mo obLienprHATLIM NPeACTaBEHNAM, A4pa aTOMOB COCTOAT M3 Z NPOTOHOB U N
HenTpoHOB B AApe A. B oTanume oT aToro, cornacHo T®I1, B agpe cogepxutcs A npoToHoB 1 N
oTpULAaTENbHbIX "METOHOB", KOTOPbIE HEMTPA/IN3YHOT YacTb MOMIOXKMTENBHOI0 3apsaa sapa.
MeTOH — crieynduryeckoe MeTacTabuibHOe COCTOSIHWE 3/1eKTPOHA, HaXOAALEerocs BHYTpY fapa.
B cB0604HOM BUe OH He cyLecTByeT. MeTOH 06pasyeTcsa npv onpeAenéHHOM B3aMOLeCTBUN
3/1EKTPOHA C NPOTOHOM, MPUBOAALLEM K "CXaTunio" 3neKTpoHa. KOMNTOHOBCKasA A4/IMHa BOSHbI
MeTOHa paBHa TPEM KOMMTOHOBCKUM [/IMHaM MPOTOHa, NO3TOMY, B OT/IMYME OT 3/1eKTPOHa, OH
MOXXET BXOAWTb B COCTaB fapa. HeMTpoH, BXOAALLMIA B COCTaB aTOMHOI0 s4pa, Takum 06pasom,
paccMaTpuBaeTCs KakK COCTaBHasA yacTumLa, COCTOALLAasA U3 NPOTOHA U MeTOHaA. B cucteme
KOOPAMHAT, rAe 3N1IeMeHTbI CTPYKTYpPbI AAPa MOXHO CUMTaTb HEMOABVXHbLIMW, BCE NPOTOHbI A4pa
06pasytoT NPOTOHHYHO, & BCE METOHbI — METOHHYIO NMPOCTPAHCTBEHHYO (PUTypy. VX cMMeTpum
B3a¥MOCOr1acoBaHbl. Kaxas u3 aTux uryp rno oTAeNbHOCTU HEYCTOMNYMBA, HO BMECTE OHU
06pa3ytoT ycToiuMBble aapa. CTeneHb aHM30TpONMK Nons (OTHOLLEHUA MakCUMyMa K
MUHUMYMY) ANs NpoToHa paBHa 107, a Ans MeToHa 1077, T.e. Ha 20 NopsAKoB 60nbLue. Mo3ToMy
CTpOeHVe a4pa, B OCHOBHOM, 3aBUCUT OT YMC/ia U B3aMMHOIO PacnosioXXeHNs METOHHbIX KOHYCOB
aHusoTponun. MUHUMYM MONSA HAXOAUTCA Ha OCU KOHYCa aHMU30TPONUU UIn B
nepneHAVKYNAPHOW K Heil NI0CKOCTH, MPOXOAALLE Yepes LeHTP MeToHa. Bce NpoTOHBI,
OTTa/IKMBaACL APYr OT Apyra, CTPEMATCA PacnonoXnTbCa CUMMETPUYHO Ha 3N1EMEHTaX
CYMMETPUN NPOTOHHOW Urypbl 84pa, rae B3aMogeicTBMe MeX Ay NPOTOHaMU MUHUM&/IBHO, 1
Ha rnepeceyeHN METOHHbIX KOHYCOB aHU30TPOMWK, e CBA3b C METOHAMU MaKCUMaslbHa.

Kpuctannuyeckas Mmogesb SiAep XOPOoLLO 06bACHAET MPUUNHBI HEYCTOMUYNBOCTU HEKOTOPBIX
130TOMOB BELLECTB, NPUBOAALLEN K X PaAMOaKTUBHOMY pacnagy, U HEKOTOpble Apyrue
(hm3myeckme apdekTol.

Takxe, B Ka4ecTBe OAHOr0 M3 CBOMX cnefcTeuid, TP no3sonunna 06bACHUTL NoYeMy TBEpAbIE
BELLLECTBa NaBATCS NPU CTPOro onpeaenéHHbIX Temneparypax, obia HangeH 1 NoATBEPXKAEH
BbIYMCNEHMAMM CMOCO6 TEOPETUYECKOr0 pacyéTta TeMnepatyp nnasneHus. CornacHo TOI, B
KPUCTaNININYECKON CTPYKTYPE BELLECTB CYLLECTBYHOT Cneunguyeckne 06beKTbl — "Kpe3oHb!”
(KpUTMYECKME Pe30HaHChI) — KOTOPbIe MPeACTaBNAOT COO0N AONTOXMBYLLME BO36GYXAEHHbIE
COCTOAHMA QUB, pacnonoXeHHbIX B y3/1axX CUMMETPUM KPUCTaNINOB (Hanpumep, B
OKTa3ApnyYecKnX 1 TeTpasapuyecKmnx nyctoTax), UTo 00yCnOBIEHO aHN30TPOMNMEN CUN0BOTO
NnosiA 31eMeHTapHbIX l-IaCTVILI,.g Mpwn pa3meLLeHM KPe30HOB B MEXXaTOMHbIX MYyCTOTax
KPUCTaNN0B AOCTUraeTC MaKCUMYM 3HEPT M CBSA3M KPE30OHOB C aTOMaMM KpUCTaIMYeCKOM
peLwéTKn. MoaTomy faxe B NOMKPUCTAI/TIMYECKUX BELLECTBAX KPE30HbI UrparoT
onpeaensitoLLy0 Po/b B KPUCTaNIMUYECKUX Y MEXXKPUCTaNIMUYECKMX CBA3SIX, 06YyCNaBnnBas
MPOYHOCTHbIE CBOMCTBA 3TWX BeLLECTB. MnaBneHve BELECTB MPOMCXOANT B pesy/bTaTe Toro,
YTO KpPe30Hbl BbIXOAAT 3a Npefesibl Y3/10B CUMMETPUM KPUCTANI0B, paspyLlas BHYTPU 1
MEXKPUCTaI/IMYECKME CBA3MW.

B KayecTBe 04HOro 13 CBOMX MHOIOUYUC/IEHHbIX NPUKIaAHbIX acrnekTtos TPl nossonuna
06bACHNTL MeXaHN3Mbl CTPYKTYPHOW aKTBaLuM YACTON BO/bl, @ TaKXKe XMMMUYECKOT0 KaTansa.
CTpYKTypHas aKTMBaLMs BELLECTB NpeACTaBseT cCO60M Nepexos UX MONeKyn B creunduyeckoe
aKTUBHOE COCTOSIHME C NOBBILLEHHON 3HEPTUEid, CNOCOOCTBYHOLLIEN OCYLLLECTBIEHNIO
XUMUYECKUX peakuuid. ns Bofbl 3TO COCTOsSIHME NOA06HO AnccoLmauuy eé MoneKys Ha NOHbI
H* 1 OH". OgHaKo, B AEACTBUTENLHOCTM, MPOUCXOAUT HE AUCCOLMALIMS, a (DOPMUPOBaHME
"KBasumMosnekyn" Bogbl H'e 1 OH'e” (KBasMKMCMOTbI 1 KBA3WLLENOUM), KOTOPbIE 06/1afatoT
BbICOKOW CTEMEHb YCTONYMBOCTH (Ha NPOTSHKEHNM HECKO/IbKMX CYTOK C MOCTEMNEHHbIM



CHIDKEHMEM KoHLeHTpauun).? Mogo6HbIN aththeKT NPOMCX0aUT, B OCHOBHOM, MPY Pa3NyHbIX
BapMaHTax aKTUBaL MV BOAbI 3M1IEKTPUYECKMM TOKOM MPU Ha/IMumMmK CneLmanbHbIX CenapaTopos
MeXy 3MeKTpogaMu Unn 6e3 ToKa 3a CUET BO3AENCTBMS Ha BOAY 3M1EKTPUUECKOr0 Nons
M30/IMPOBaHHbIX 3/1EKTPOAOB (pUC. 2).
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Puc.2 Cxema 6eCTOKOBOM (a) 1 TOKOBOW (6) (h3MKO-XUMMYECKOW aKT1BaLUN BOAbI.

CornacHo T®I1, cywecTBYeT HEKOTOPbINA MOCTOAHHbIN YPOBEHb BO36YXAEHHOIO COCTOSAHNSA
peasibHOro (PU3NYEeCKoro Bakyyma. Npu aToM, YacTuLbl 3NIEKTPOH-NO3UTPOHHOI 0 BaKyyma
pacnonaratoTcs Ha HEKOTOPOM PacCTOAHUM APYT OT Apyra c AUNO/bHLIM M1e4oM ~1,79A.
[MOCKOMbLKY 3TO M/1eHO MPEBLILLIAET PACCTOSHME MEX/Y aToMamu MOMeKybl Bobl (0,96A mexay
O 1 H 1 1,53A mexxay H 1 H), sta BupTyansHas (8 "1abopaTopHOM™ MoA4MpOCTPaHCTBe)
3N1EKTPOH-MO3MTPOHHAsA Napa 6yaeT CTPEMUTLCA pa3opBaTb MOJIEKY Y BOAbI HA NOHbI. Mpu
3TOM, Hambosee CUIbHOE BO3/ENCTBME OKasblBaeTCA Ha CBsi3b Mexay O 1 H, noaTomy monekyna
BO/bl paspbiBaeTcs Ha MoHbI H' 1 OH™. Ho MOHbI cpasy »e COeAUHSAIOTCA C 06YCOBUBLLNMM
3TOT Pa3pblB 3/IEKTPOHOM U MO3UTPOHOM SYB, npeBpaLasch B KBasuMonekysibl H'e n OHe”
(pcwn. 3). 3TM KBa3UMOSIEKY bl MOCTOSAHHO MPUCYTCTBYIOT B HEKOTOPOM KO/IMYECTBE B BOJE, HO,
Oyay4m CMeLLaHHbIMU MEXAY COO0M, He NPOSABNAIOT KaKUX-1M60 0Co6bIX CBONCTB. OfHaKO, Npu
HaI0XKeHMW 3/IEKTPUYECKOr0 MO 3TN KBa3UMOJEKY bl MEPEMELLIAOTCS K KaTOAY U aHOo4Y,
06pasys ycTonumBble Ppakuum akTMBMPOBAHHOW BOAb! B BUAE KBA3UKMC/IOTbI U KBa3ULLENOUN.
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Pnc.3 Cxema guccoumaumm Bofabl Npu eé nsnkKo-XMMMYeCKon akTUBaL i,



AKTMBaLMS BELLECTB MOXKET MPOMCXOANTL U NPY BO3AENCTBUM MarHUTHOIO Nons. B 3Tom
cnyyae, none o6ycnaBnnBaeT NapMOPOBY NPELLECCUIO 3NEKTPOHOB, KOTOPbIE CornacHo TAr
061aaat0T aHM30TPOMNMEN CBOCTB BAO/b OCK, COBMAaAAtOLLEN C HanpaBNeHNEM CNUHA. JTO
CMOCO6HO BO3AEINCTBOBATL Ha COCTOSIHME MOMEKYNAPHbIX CBA3E BeLLecTBa, 00ycnaBnmnsas
pas3nnyHble 3PdeKTbl ero HU3MKO-XMMUYECKO aKTMBaLUN.

B cooTBeTCTBUY C TeOpeTUYeCKMMU NpeacKasaHnamm TOIT 0 BOZMOXHOCTN PU3NKO-
XMMMUYECKON aKTUBaLMM BELLECTB Oblfv MPOBESEHbI AKCNEPUMEHTbI MO aKTVBaLMK
3HEPreTUYECKMX XapaKTePUCTUK XMAKUX TonuB. VccnefoBaHuns 6blnv BbINOMHEHbI B
COOTBETCTBMU C TPe6OBAHUAMM CYLLECTBYIOLLMX CTAHLAPTOB UCMbITAHWIA XapaKTepPUCTUK
XUAKNX TONAMB. Pe3ynbTaTtbl 3TUX 3KCMEPUMEHTOB NOKa3a/I BO3MOXHOCTb YBe/IMyeHus
TEenN0Tbl CropaHus Tonme Ha 5-10% (puc.4), a Takxe U3MeHeHWe paga ApYruX XapakTepucTuk
aKTVMBMPOBAHHOIO TOM/IMBA. B 4aCcTHOCTU, yBeNIMYeHNe OKUCINTENbHO-BOCCTAaHOBUTENIbHOTO
noTeHuunana, yMeHbLUeHWe TeMNePaTypbl BCMbIWKK Ha ~6°C, yBENNYEHME NCMAPAEMOCTMN,
YMeHbLLEHME NOBEPXHOCTHOIO HaTAXeHNa Ha ~4,8%, yBennyeHne BA3KOCTU Ha ~2,6%. Mpu
3TOM, 06HapY>K1/1acb PasHMLA B XapakTepucTmkax npob, 0Tbmpaemblx B 30He aHOZA WX B 30HE
KaTo/Ja TOM/MBHOro akTuBaTopa.™’ TakKe 6bina BbISBIEHa HEO6XOAMMOCTb AMIUPUYECKOFO
nozf6opa oNTUMasIbHOro peXkuma paboTbl TOM/IMBHOMO aKT1BaTOPa U HEBO3MOXXHOCTb
LNINTENbHOTO XpaHeHUs akTUBMPOBaHHOIO TON/MBaA. B TeueHMe TPEX YacoB Noc/e akTmsauun
XapaKTepuCTVKK TOM/NBa BO3BPALLaMCb B HOpMY. OfiHaKo, 6bIn10 06HaPY>KEHO, YTO B
HEKOTOPbIX Cyyasax NPOUCXOAUT POCT aKTMBaLMK TOMN/IMBA B TEYEHNE HEKOTOPOT0 BpemMeH!
rnoce NpekpaLleHns BO3AenCcTBUA TONIMBHOMO aKTUBATOPA.
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Puc.4 OunarpaMmma npupocTa Tena0Tbl CropaHns aBMaumoHHOro kepocuHa TC-1 nocne ¢msmko-
XUMUYECKOMN aKTUBaLN.

K coxaneHuto, HayuHble ngen .J1.I'epnoBmnHa 0Kkasasnch CUWKOM HEO6bIYHbI U TPYAHbI 415
MOHMMaHWA (B CUY YPE3BbIYANHON CMIOXKHOCTU UCMO/b3YEMOI MaTeMaTNKN) B60NbLLUNHCTBOM
ApYyrunx coBeTckmx punsnkos. Kpome Toro, T®I ykasbiBasia Ha OLLMOGOYHOCTb MHOTUX YCU/IEHHO
pa3BMBAaEMbIX UMW UAEN, YTO, ECTECTBEHHO, HE MOT/10 UM HPaBUTLCSA. 03TOMy “BacTb
MMYLLAas" YaCTb COBETCKOW HayKM, LieH3ypupyoLLas Bce Ny6anKaumm no (usmnyeckor TemaTuke,
He gana W.J1.FepnoBuHy ony6ankoBaTb 3HAYMTENbHYIO YacTb CBOMX MUAeEN (faxke X0TA 6bl Ans
NX GUCKYCCMPOBaHWA). 3TO 06YCNOBW/IO MPAKTUYECKUN MOSIHYHO HEW3BECTHOCTb "Teopum
(hyHAAMeHTaIbHOro Nosns" Kak B Poccum, Tak 1 3a py6exXom, U HaHeC0 KONoCCaslbHbIN YPOH
pasBUTUIO MUPOBOI (PU3NKW.



Kak HecnoxHo 3ameTuTb, TP aBnsieTcs rnobasbHOM 1 BCENPOHMKatOLLE No CBOUM
CNeLCTBMAM (3UYECKON Teopumeli COCOOHOM 06BACHUTL OrPOMHbIA 06BbEM HaKOMIEHHOr0
HEMOHATOro B COBPEMEHHOI HayKe. PazymMeeTcsi, OHa eLé He ABNSeTCA MOTHOCTbIO
3aBepLUEHHON 1, Kak /1to6as HoBas Teopus, MOXXET UMETb CKPbITble OLLIMOKK. OfHAaKOo,
obecreyeHHOe Ha €€ OCHOBe CpaBHeHWe TEOPETUYECKUX PACHETOB C 3KCMEPUMEHTa/TbHbIMU
[laHHbIMW NOKa3bIBaeT eé nepcneKkTnBHoOCTb. .J1.I"'epnoBuH caenan ansa passutna TPl BCE, UTo
OblN10 B CK1ax 04HOro YenoBeka. JanbHelillee pa3BuTre ero naen AomKHO 0CYyLLeCTBATLCA
06beAVHEHHBIMW YCUNNAMW MHOTUX YYEHBIX 1 TPeOYeT HernpeaB3AaToro OTHOLLEHNSA U 60/bLUNX
WHTENNEKTYa/IbHbIX YCU/INIA, Ha KOTOPbIE, K COXKa/IEHUIO, CMOCOOHbI HEMHOTME.

LKax /bl HYKIOH MOXET BbITh CBA3aH 0OMEHHbIMI CUIaMN MPUTSHXKEHUA He 601e YeM C Tpems
APYTUMUN HYK/TIOHAMW.

2370 nonoxenue TP, noXanyi, Hanbosnee HEMPUBbLIYHO C TOUKWN 3PEHNS paHee NMEBLLIMXCS
(hm3nyecknx npeacTaBneHunin, Xxota TOI obecneymna ero CepbE3HYH apryMeHTaUmHo.

3Cne,u,yeT OTMeTUTb, 4YTo TPl y>Ke NPoAEMOHCTPUPOBaA/IA CBOKD pPeasibHYHO MpeacKasaTe/lbHYHo
cnocobHocTb. B 1975 roay B nyénukaumm [96] 66111 npefckasaHbl napaMeTpbl Tay-NenToHa,
6necTswe nogTeepamBLLMEcs B 1982r. B Havane 80-x rogos W.J1.'epnoBmH CMOT TEOPETUYECKN
npefcKasartb BO3MOXHOCTb CYLLECTBOBAHWSA U NapameTpbl HECKO/IbKUX OTKPbITbIX HEMHOTO
Mo3/Hee HOBbIX 3/1IEMEHTapPHbIX YacTuL. Ho MOCKO/bKY M3-3a KOHCepBaTM3Ma pesakTopoB
COBETCKUX (PU3NYECKMX U3LaHWI eMy He YAaioch Ony6/IMKoBaThb 3T (Kak U MHOTMe apyrue)
pe3ynbTaTbl CBOMX TEOPETUYECKMX UCCNEA0BaHUIA, €ro NMPUOPUTET Ha aHHbIE OTKPbLITUSA Obln

YTEepsiH.

*Hanpumep, W1.J1.FepnoBuH cuén Heo6X0AMMBIM BblAEUTbL MPOTOH-aHTUMPOTOHHBIN BUL,
BaKyyMa HECMOTPS Ha TO, YTO NPOTOH MMEET KBapKOBYHO CTPYKTYPY. ITO 0OBACHSETCA APYrM
NMOHUMaHMEM CYLLIHOCTU KBAPKOBLIX CTPYKTYp B TP N0 cpaBHEHUIO C paHee MMeBLLMMUCA
npeAcTaBNeEHNAMM.

>3T0 CNOCOGHO OBBLACHNUTL HABIOAAEMbIN aCTPOHOMUYECKNIA 3MEKT HAMUKSA Y BCEX
OKPY>KatoLLMX 3BE3[ "KPaCHOro CMeLLeHmsA™ crnekTpa (YTo paHee MHTEPNPETUPOBAIOCh Kak
cneacTeue ux "pasberaHusa™ ot CONHEYHOR CUCTEMBI).

®B HekoTOpbIX CMy4asix aTa YacToTa KoneGaHuii HanpaBieHNs aHU30TPOMNN MOXET
YMEHbLLNTLCS, UTO CNOCOGHO 06YCNOBUTL NPOSIBNEHME Pa3NUHBIX 3((EKTOB.

"KoHUeHTpaums yacTuy, pasHas ~10*cm™, BeposTHO, ABNsieTC NpeaenbHOl AN rUsMUecKnx
06beKTOB (COOTBETCTBYET HEMTPOHHBIM 3BE3AaM).

®B CyLIHOCTY, KPe30HbI NPeCTaBAAIOT COBOM XOPOLLO U3BECTHbIE B (IU3VKE KOPOTKOXMBYLLME
3M1eMeHTapHbIe YaCTULbI-PE30HAHChI, BblOVBAEMbIE M3 TBEPAOr0 UM XXMAKOTO Tena Unu
006pa3sytoLLmMecs B BaKyyMe Npu SAepHbIX PeakLysix.

93T0T aththeKT 6 06HAPYXKEH IMMMUPUYECKU 1 paHEee CYUTANC HEOBBLACHUMbIM (HECMOTPS Ha
aheKTUBHOE NPaKTUYECKOE NPUMEHEHWE), YTO 06YC/I0BU/I0 00BSABIEHME €r0
"HecyLLeCTBYHOLLNM" CO CTOPOHbI MHOTNX YYEHbIX.

1*0|/|CI'I0}'II:>3OBaI'ICﬂ METOA aKTBaUUWN XXNAKOCTU INEKTPUHECKUM MNOJIEM.



