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HeTtekTop 3achmpa, paboTarowmmn Ha nonepeyHom acpdekte [onnepa
Demjanov V.V.

Bpallas UCTOYHMK CBETa BOKPYr TOYKM, NEXalleid Ha nyye cBeTa, Mbl MOXeM HabniogaTb nonepeyHbIn ad-
ekt [Jonnepa ¢ NOMOLLbIO CMEKTPOMETPa, PacrnonoXeHHOro B LIEHTpe BpalleHusl. B aTom akcnepumeHTe (Bbinos-
HeHHoM B 1969-1974 r.r.) 6bin o6HapyXeH aHOMarbHbIM CABUM YacTOTbl 3NIEKTPOMarHUTHOWM BOMHbI, KOTOPbIV OKa-
3ancs ropasgo Gonblue, YeM NpearnonaraeTcsl U3 CTaHAAPTHOTO PENSTUBUCTCKOTO BbIPAKEHUS!, YYUTbIBAIOLLETO
TOMNbLKO NMHENHYIO CKOPOCTb BpaLLEHUs UCTOYHMKA B nabopatopuu. VIHTepnpeTaumus aKkcnepuMeHTarnbHbIX Habnmo-
[EHW Ha OCHOBE NpU3HaHWS aBCOMOTHOMO ABMXKEHNS 3EMMU U COOTBETCTBYIOLLIETO YYETa peanbHoCcTu NlopeHuesa
COKpaLLEHUs 1 3aMeaSIeHNs BpEMEHU, NO3BONWNA HaM ONpeAeniTb CKOPOCTb 3eMIIM OTHOCUTESbHO CBETOHOCHOTO
admpa. OHa okasanacb Heckonbko Bbille 400 KM/C, YTO XOPOLLIO COrnacyeTcs ¢ paHee HaldeHHbIM MHON 3HaYeHu-
em B Tpéx crocobax onpefeneHnsi CKopocTh "acdhmpHoro BeTpa" ¢ nomoLLbio MHTepdepomeTpoB Tuna Marikenbco-
Ha, B KOTOPbIX TLLATENBHO YYUTLIBANICH NOKa3aTeNn NPenomeH1st ONTUYEeCKUX Cpeq.

1. YeTbipe cBMAETENbCTBA AEMOHCTPALMM peanbHOCTU aGCONTHOIO ABUXKEHMUS

PaHee [1] s ocywwiecTBun Tpu aKCnepyMeEHTarnbHbIX AOKA3aTENbCTBA BbISIBIEHWS] abCOMOTHOrO ABMXKEHUST 3eMn OTHOCUTENBbHO
achmpa. CkopocTb "admpHOro BeTpa" nsmepsinacb MHOM Tpemsi cnocobamu: HeMnoCpPeACTBEHHO C MOMOLLLIO MHTepdepomeTpa Maikenb-
COHa, U3MEePSIIOLLEro CABUM NMOJIockl OT 3h(HEKTOB BTOPOro Nopsidka B OAHOWM onTuyeckoi cpeae [2], ¢ NoMOLLbID 0BHapYXEHHOrO MHOW
3aKoHa Ce30HHOro Apewda NMKOBOro 3HaYeHNs ykasaHHOro cagura nosochl [3], n ¢ nomoLbo nHTepdepomeTpa MaiikenbcoHa ¢ AByMst
OMTUYECKMM Cpeaamu, N3MepSIoLLEero CABUM Nosiockl Ha adpdpektax nepsoro nopsiaka [4]. Mopy3oHTanbHast NPoeKUMst CKOpocTy 3emmn
OTHOCMTENBHO admpa okasanachb nexatlen mexagy 140 km/c n 480 km/c, kak cnedcTBve €€ U3MEHEHU OHEM U HOYbIO B TeyeHue 24-
YacoBoro HabntogeHns Ha wupote r. OBHMHCKa. KrtoyeBbIM MOMEHTOM YCMELLHOro OOBbSACHEHUST SKCMEPUMEHTOB ObINO MCMOMb30BaHMe
BMECTO KITaCCMYECKOro npaBuria CrOoXeHWsi CKOpoCTern ¢'=c+V, MPUHLMMManbHO 3anpeLLEHHOro B pendTvBU3Me, Crieayowmx KBasupens-
TUBUCTCKUX MHCTPYMEHTOB: dhopMyribl PpeHenst Ansi CKOPOCTM CBETa B NMOABWXKHBIX CpeAax, peanbHoro JlopeHueBa cokpalleHus nredya
nprbopa, 1 BbITEKAMLLETO M3 HErO 3aMeEASIEHUs BPEMEHU Ha Npubope npy ABUXEHUN B acompe. Hike s nokaxy, Kak 3TU MHCTPYMEHTbI
paboTaloT B NPUHLMNNANBHO APYrOM 3KCEPUMEHTaNbHOM MeToAe, OCHOBAHHOM Ha nonepeyHoM addekte [onnepa. 3T1o OyaeT 4eTBép-
ThI NOAXOQ, K AKCNEPUMEHTaNbHOMY OBHapyXeHW0 abCoNTHOro ABWKEHNUS 3emru (OH BbINOMHEH MHoM B 1969-1974 ropp!).

2. TonkoBaHue nonepeyvHoro adpcpekta Jonnepa B CTO
MycTb NCTOYHUK CBETa ABUXETCS NMMHENHO CO CKOPOCTbIO V, HanpaBreHoW NepneHanKyNsipHO K NPSIMOW, CoeaunHsIoLWen 3ToT
MCTOYHMK C NpUEMHUKOM. B Takon nape, cornacHo CTO, B MrHOBeHME MX OPTOCTOSIHUSA OOMKHO HabnaaTbCs KpacHOe cMmeLleHne
4YacTOTbl UICTOYHUKA B COOTBETCTBMM CO CreAyHoLLENn penaTUBUCTCKOM hopMyrion nonepeyHoro addpekta Jonnepa:

v=vo(1 = VA", 1)

IAe V, 9TO YacToTa BOMHbI MCTOYHUKA CBETa B Mokoe B cMbicrie CTO. [axe ecnv NPUEMHMK U MCTOMHUK ABWKYTCS B admpe MnocTynaTtesisHO ¢
abcontoTHoW ckopocTbio V0, B pamkax CTO, otpuuatoLleit 3cmp (Ha30BEM 3TO NEPBOW MOAENbBIO OMUCaHMS), MPUEMHUK U UCTOMHUK CHUATAIOT
HEMOABVKHBIMY Ha TOM OCHOBaHWW, YTO OMbIT M3MEPEHWSI NMOABVIKHBIM MPUEMHUKOM [y 4acTOTbl U3My4eHUs MOCTYNaTeNsLHO C HAM NOABMKHOMO
UCTOYHMKA S MOKEXKET 3HAYEHNE V, .

Yrnybum copepxaHue aHanusa B JaHHOM 3KCrepyMMeHTe, pa3MecTUB B MeCTax M3MEPEHWIn OPTOCTOSALLMX MOABWXKHBIX S u My
eLlé 1 HernoABWxXHbIE B achupe NpUEMHUKN [My(v), B OCTanbHOM TOXAECTBEHHbIe ¢ noaBwKHbIMU [y (pyc.1). Mpu Takom ocHalleHun "Ha-
6nogatens” dukcupyeT B Toukax 1, 2, ... opTocTosiHMsA S 1 [y Hanuume nanyyeHust oT S napamu OAMHaKoBbIX NPUEMHIMKOB. OaHako, npu-
EMHVK My(v,), ABWXKYLLMICA NocTynaTernbHO C S, 3aduKCcUpyeT n3nyyeHre C YacToTOM V,, @ abCOMTHO HEMOABMKHBIA NPUEMHMK y(V)
3admKempyeT B adhmpe HacToTy BOSHEHUs1 achupa v, CABMHYTYO, cornacHo (1), B "kpacHyto" obnactb. Takum o6pa3om, nocTynaTenbsHON
noaBMKHOCTU S 1 [Ny COOTBETCTBYET He TOMBbKO UX OTHOCUTENbHAs HEMOABMXHOCTb, hUKCMpyemasi paBeHCTBOM YacToThl v, MO LiKane
NOABUXHOMO MpuémHuka My YactoTe v, UCTOYHMKA, HO M Hanudme BO BCEM 3(hMPHOM MPOCTPAHCTBE BOIH, YacToTa v KOTOPbIX UMeeT
KpacHbI casur, obycroBrneHHbI abcomntoTHBIM ABMXKEHNEM Sy CO CKOPOCTbIO V. ECTecTBEHHO, "NMoKpacHeBLLYH" YacTOTy MOXET usme-
PUTb TOMBKO HEMOABWKHBIV OTHOCMTENBHO 3cbrpa NPUEMHMK [Mo(v).
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Puc.1. Cxema HaOmonenus nonepeynoro 3¢ dekra Jomiepa u JBa NPUHIMIHAIBHBIX IOJX0a K OOBSCHEHHIO
KPacHOTO CMEIIEHUsI 4acTOThl V, IONEPEYHO-NOABIKHOIO JoImIepoBckoro ucrounuka: 1) mo CTO, orpuuaromeit
3¢up 1 abCONOTHBIE JBKEHHS — 110 (opmyite (2); 2) no Teopun Tuna JlopeHua, npusHaromen 3¢pup, abcoIOTHBIE
JIBIKCHHUSL M PEATIbHOCTB JIOPEHLIEBA COKPAILCHHS U 3aME/JICHUsI BpeMeHH — 1o opmyie (5).

YT00bl NMOHSATL 3TOT pe3ynbTaT, AOCTATOMHO Y4YecCTb, YTO "MOKpacHeHWe" 4acToTbl abCOMOTHO MOABMXHOIO WCTOYHMKA S
hrKkempyeTcst Mo 3akoHy (1) HenoaBukHBIM B acmpe npuémHukom [My(v). B 310 e camoe MrHoBeHVe "nokpacHeBLIME" B HEMOABUXHOM
achype U3NyuEHNe C YaCTOTOM v MOCTYNATENLHO-NOABVBKHBI MPUEMHIK (Vo) cOMKeHPYET Kak vo=v / (1-v*/c%)" nockomnbKy Ha MOABIKHOM MpUéM-
Huke My(vo) Boemsi 3ameaneHo B (1-v2/c?) ™ paa.

B paccmoTpeHHoi Mogenv HabnogeHns nonepeyHoro addexta Jonnepa CTO pekomMeHayeT aKkcnepuMeHTaTopamM 3eMHbIX nabopato-
puiA AOBOMBbCTBOBATLCS PacCMOTPEHMEM napbl Sy 1 [y, Kak HEMOABWKHBIX B MYCTOTE OOBLEKTOB, MTHOPUPYS U 3dhUp 1 Kakoe Bbl TO HW Bblo yro-
MWHaHVie 06 abComMOTHOM MOCTYMaTENLHOM ABVDKEHN 3TOM Napbl. PYKcaLyst MPUEMHUKOM B TaKOW Nape 4acToTbl UCTOYHMKA "6e3 nokpacHeHns"
B CTO cuuTatoT focTaTo4HbIM, YTOBbl onmucaTh "npaBurbHO" pearbHocTb. PeanbHocTb, oaHako, crioxHee ynpotueHuid CTO. Kak BugHo 13 puc.1 n



KaK crieflyeT 13 OnMCbIBaeMbIX HIDKE SKCMIEPUMEHTOB, B peanibHOCTU Ha MecTax ftobor napbl Sy u Ny Bceraa (Bceraal) AercTyeT Tpu obbekTa: Sy,
MMy 1 achyp B BUAE peanbHoro NpuémHwka MNy(v), cneumarnsHoO yrokoeHHoro B admpe. MocnegHuin ykaselBaeT Ha npucyTcTeue adupa u ab-
COIIOTHOTO [ABMXEHUS Mapbl B HEM OOHapyXeH1eM "nokpacHeHns" 4acToTbl v.

B cepuu potaumoHHbIx akcnepumeHToB no nposepke CTO meTogamu nonepeyHoro addekra Jonnepa [6-9] paccmaTtpreanach TomMb-
ko napHas mogenb CTO (T.e. TONbKO UCTOYHMK 1 MPUMEMHUK B 3eMHOW nabopaTopHO cucTeme OTCHETa) MPU MONTHOM UrHOPUPOBaHUM XOTS Obl
BO3MOXHOCTM CYLLEECTBOBaHMUS achvpa 1 abComnoTHbIX ABWKEHWA B HEM. Takas yMbILLIIEHHO YCeYEHHas Modenb 3KCMEPUMEHTOB [6-9] He Mo-
XeT cunTatbesi obbekTvBHOM npoepkon CTO. B poTaumoHHbIX aKkCnepuMeHTax [6-9] n3HavanbHO cuMTaniu, YTo HUKaKoro abCcomntoTHOro Asu-
XeHus 3emnv B adompe ObiTb HE MOXET, @ MOTOMY BCE MHMLMMpYEMble B nabopaTopun KpacHble CABUM YacToTbl BpaLL@eMbIX MCTOYHWKOB
UM NMPUEMHMKOB AOIDKHBI SKOObI OMMCHIBATECA 3aKOHOM (1), B KOTOPOM 3a CKOPOCTb V MPUHUMAETCS NMUHENHAsA CKOPOCTb U=®xI UCTOYHMKA
(Mnu NnprémHwKa) Ha KpyroBoii opbuTe BpaLLaTeribHoro cTeHaa.

BpalleHue nctoyHnka cBeTa BOKpYr TOYKW HabnoaeHust (NpUEMHUKa) AeiCTBUTENbHO, NO3BONSEeT HabnoaaTb NonepeyHbIn
adhdekT [lonnepa, KOTOPbIA MPW MarnbIX YrNoBbIX CKOPOCTSX ® MEXaHWYeCckux poTaTopoB no dopMmyne u=wor , rAe r eCTb paguyc
BpaLLeHns, Marn, T.K. HUMTOXHO Marbl JIMHENHblE CKOPOCTY U. KpacHbI caBur 4acToThbl B monepeyHoM adpchekte [Jonnepa onpege-
nsetca u3 (1) cneayowmm obpasom:

AV=v, — vo(1 = PP ~ volP1267, 2)

OLeHKa M0 (2) BEMMUNHbI KPACHOTO CMELLIEHNS (Av) MCTOYHVKOB CBETA (B MOMX OMbITaX 3TO GbINW Nasepbl G YacToToi ve~10" i) Ha ABYX
cKopoCTAX Mx BpaLeHust (Q1/21=300 n Qy/27=1200 o6/MuH npu r =1 M) paét ans Av, coorBetcTtBeHHO, 0,5 'y u 8 T'u. HangeHHbI B
MOEM 3KCNEPUMEHTE KpacCHbIN COBUI YacTOTbI (~1O5 U, cM. HUXe) okasancsi B 10* pa3 BbilLe NpuBeAEHHOW MO (2) oueHku. Takoe
rpomMagHoe pacxoxpaeHue onbita v npefckasanui CTO notpeboBano o6paTUTbCA KO BTOPO PAacCMOTPEHHON Bbille MOAENW WH-
TepnpeTauun namepeHuin nonepeyvHoro adpdekra fJonnepa.

3. Bo3aMoxHOe guHamu4yeckoe BIUsiHME abCONOTHOM CKOpPOCTU 3eMnn Ha
BeNINYMHY "KpacHoro caBura™ yactoThl B nonepevyHom adpcpekte onnepa
Heobxoavma vHas nHTepnpeTaums akcriepumMenTa. JonylieHne abcontoTHOro ABWKeHUs 3eMHoI nabopaTopu okasanoch XOPOLLO
onpaegaHo. [ycTb aKkcnepumeHTarnbHas yCTaHOBKa OBWIKETCS BMECTe ¢ 3eMmnéin B CBETOHOCHOM 3dmpe CO CKOpPOCTLIO V. Toraa BMecTo (1), B
pamMkax abCorntoTHOrO ABMXKEHUSI UCTOYHMKA Sy 1 NpUeMHuKa Ry Mbl MeeM nocTynaTenbHoe ABWKEHVE CO CKOPOCTBIO V, Crabo BO3MYLLIEH-
HOE rapMOHWYECKM ABVKEHNEM UCTOYHMKA C YITIOBOM CKOPOCTLIO o. MoaBWKHBIN (B 3dMpe) NCTOYHMK CO34aET B CBETOHOCHOW cpeae OMnTu-
YecKue BOSHbI, KOTOpble HEMOABWXHbIN (B achupe) NPMEMHUK R, BOCMIPUHMMAET C YacTOTOW:

vave{1 = v @ ui)"? (3)

roae [v @ u| — Mmoaynb pPensATUBMCTCKON CyMMbl BEKTOPOB CkopocTeit. MNepexoas k cucteme otcyéTa 3emnu, nosyyaem BblpaxeHue
AN BO3MYLLEHHOW YacToTbl V' MOABWKHOIO UCTOYHMKA U3NYyYeHUs, (OMKCUPYEMON B LIEHTPe BPaLLEHWUs NOABWKHBLIM MPUEMHMKOM Ry
(KOTOpbIV OBMKETCSI TOMBKO CO CKOPOCTBIO V, 6e3 BpalleHust)

V' =V =V = {1 — v @ uPIP) (1 - ViR (4)

re yacToTa v puKCUpYyeTcs kak v' Gnarogapsi 3ame/sIeHnio BpeMeHN Ha NoABKHOM npuéMHuke Ry B (1 — v¥/c®) "2 pas. KpacHoe
cMeLLeHre B cUCTeMe OTCHETa 3eMHoit labopaTopumn onpeaenseTcs Us BolpaXKeHus:

AV'= (Vo= V') = Vo — vo{1 — [V ® e} I(1 = V?Ic?) " & vo-{(v-u)ic® + u?26%. (5)

Hac nHTepecyeT MakcMManbHbIA CABUT YacTOThbl AV'y, , COOTBETCTBYHIOLLMI BEPTUKANbHOMY NMOMOXEHUIO UCTOYHUKOB CBETa Ha puC.2.
MrHoBeHHas BenuumMHa Av', MakCMManbHOrO KpacHoOro casura (B MOMOXeHWW, NokasaHHOM Ha NIEBOM pUC.2) COOTBETCTBYET Moso-
XKUTENbHbIM 3HaYeHusIM ckansipHoro npoussegeHust B (5) npu ycnosum (v-u)=vu. N3 (5) moxeT OblTb onpegeneHa CKOpoOCTb V
"achmpHoro BeTpa", cornacyroLwlascs ¢ peanbHON BEeNUYMHOW, MONY4YEHHON MHOW B OnbiTax Tuna MankenbCoHa, B KOTOPbIX ONTUYe-
CKMe HOCUTENW UCTOYHMKA CBeTa (rasbl, XKMAKOCTW U TBepAble BellecTBa) Oblnn yyTeHbl NpaBunbHO [5].

4. MNocTaHOBKa U BbINOJIHEHUE 3KCNEPUMEHTa C POTUPYEeMbIMU UCTOYHMKAMM CBeTa
Ha npakTuke Mbl UCMOMb30BanNu nasepHbIn UCTOYHUK CBETa C 4acTOTON ~10" I, a B KauecTBe netektopa CBY-TpaHsucTop,
NMo3BONSALLMIA 06HapyXMBaTb KOMBUMHALMOHHO-PA3HOCTHbIE YacToTbl Ao 700 MIy. 3Tu cpeacTBa NO3BONUAM HAaM OLEHUTb 4acToT-
Hble KOMBMHaLMK cnekTpa, 06pa3yemble YaCTOTHO-Pa3HOCTHOW CYNeprno3nLmei BOMH, U3NyvaeMblX U3 ABYX UCTOYHMKOB CBETa.
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Puc.2: ViamepeHiie nonepe4HOro A0nneposckoro adidhekTa B CUCTeME, BpaLLIIOLLIEINCA B MOCKOCTU X, CoAepxalLiei BEKTop ckopocTu V (front view), ¢ koTopoii 3emnia asu-
»eTest B achvpe. [IBa CUMMETPUYHBIX Na3epHbIX UCTOYHUKA CBETA Sy U S,, PacrionoXeHHbIX Ha PacCTOsHUM = 1 M OT LieHTpa BpalLLieHUs], B KOTOPOM PacriorioXeH aCHXPOHHbIA AETeK-

Top AD, coBpaHHbIi Ha TPAH3MCTOPE C MPaHIHOIA YaCTOTON V=700 M, T.€. Vo>>AV',. Criesa: Bua BOOMb OCY BPaLLGHUS, Cripasa: Biyg, CBOKY.



[ns Toro 4To6bI N36exaTb ONTUYECKOW aCMMMETPUN U MEXaHUYECKOTO AKCLIeHTpUCUTETa NpY BpaLleHUn, ABa OAUHAKOBbIX
UCTOYHMKa cBeTa ObiMM yCTaHOBMNEHbI CUMMETPUYHO OTHOCWUTENbHO OOLLEro LeHTpa BpalleHus, B KOTOPOM MOMELLEH AeTeKTop
YaCTOTHO-Pa3HOCTHbIX konebaHuii oT nyyew L4 n L, (puc.2).

NCTOYHUKM MMenu oaMHaKOBble YacTOTbl HEKOTePEHTHOrO M3MyYeHWsl, KOTopble Ha BbIXOAE aCMHXPOHHOro fetektopa AD
(npn © = 0) AaBanu cnekTp YacToT LWYMOMNOA06HbIX BMeHW, umeloLwmnii BUA runepbonbl ¢ 3KCTPeMYMOM B 061acTh OKONOHYNEBbIX
pa3HOCTHbIX YacToT (Kpusas 1 Ha puc.3). Jlyun Ly n L, cBeaeHbl Ha kpucTtanne TpaHavuctopa AD. Korga nctounmkn Sy S; HaumHa-
nn BpaLLaTbesl, cnekTp npuobpertan 6onee BbICOKME HYACTOTHO-PA3HOCTHbIE KOMOBMHALMK AV'y, BEPXHUE TPaHUYHbIE YaCTOTbl KOTO-
PbIX GbIMK MPOMOPLIMOHANLHBI YaCTOTE BPaLleHUs o (kpuBble 2 1 4). Mo aBCoMoTHOM BENUUMHe 3T YacToTsl okasanuce B 10° paa
BblLLe NpefackasbiBaeMbix dpopmyrnon CTO (1).

PesynbTaTbl 3TOro poTaLMOHHOTO 3KCNEPUMEHTa OKa3anunchb YyBCTBUTENMbHLIMU K OPUEHTALMM MNOCKOCTU BPaLleHWs aKcne-
PUMEHTanbHOW YCTAaHOBKW Ha ropu30HTanbHOW nnockoct 3emnu. MameHeHWe opueHTauuy ocv BpaLLeHUs OTHOCUTenNbHO abco-
TNIOTHOM CKOPOCTU V 3eMIn U3MEHSIET NPOEKLMIO U Ha V. OTO NpPMBOAUT K Aerpagaumm crnektpa (OT KpMBOM 2 K KpMBon 3 Ha puc.3),
YTO MOXET ObITb OOBACHEHO YMEHbLUEHNEM BNUAHNA abCOMIOTHON CKOPOCTM V Ha nonepeyHbin addekT [lonnepa ¢ BpaLLaloLwmumMm-
Csl UCTOYHUKaMU. [1eNcTBUTENBLHO, B cOOTBETCTBMM C (5), ecnun (v-u) — 0, TO Avy, — volP1262.

5. UHTepnpeTaumsa akcnepumeHTa
MoacTtaensia B (2) 4aCTOTy UCTOYHMKA ~10" Iy, yrnoByto ckopocTb o = 1200-27/60~120 pag/c, paguyc BpaLleHUst UICTOYHU-
KOB, r = 1 M, 1 CKOPOCTb CBETa C = 3.10° m/c, Mbl nonyynm Avi,~8 'u. CpaBHeHue nocrnegHen ¢ U3MEPEHHON rPaHNYHON YacTOTOM
Habntogaemoro crnekTpa (Av'm~105 'y, kpuBasi 4 Ha puc.3) nokasbiBaeT, YTO CTaHAAPTHbIE MOAENWN PENATUBUCTCKON Teopun coBep-
LUEHHO He NoAXOANAT ANt TOro, YTo6bl 06 BSACHWUTL pe3ynbTaThl 3TOrO 3KCNEPUMEHTA, T.K. 3aHWXaT HabngaemMyo HaMK BENUYUHY
KpacHOro CMeLLEeHMs1 YacTOTbl UCTOYHMKA B nonepedHom achdekTe [onnepa B ~10* pas.
[Ins nHTepnpeTaunn pe3ynbTaToB C TOYKM 3pEHUSI aBCOMNTHOrO ABWXEHUSI Mbl UCNomnb3yeM (3) AN 060NX NCTOYHUKOB:

vi=ve{1 = Ju @ v/ | vo=vo{1 — |-u ® v[7/c?}'"? . (6)

OrpaHnurBasch y4ETOM B (6) TOMBKO YneHoB 1-ro nopsiaka no v/c u nepexofds B CUCTEMY OTCHETa MOABVIKHOIO MPUEMHMKA, NMosyvaem npu-
BrvvkeHHOE BbIPaXKEHVE ANs MaKCUMarlbHbIX Pa3HOCTHBIX YacTOT CrekTpa Av = vo—vq , Koraa (V-U)=V-u (F4e Y4TEHO, YTO U<<V; V<<C):

AV' = vi—v2 = vo {1 — |-u @ VA2 = ve{1 — Ju @ V|2 = 2vo(v-u)/c? . 7)

30ecb pagukanbl B 3HaMeHaTensx (4) onyLueHbl, T.K. M3-3a CUMMETPUM CXEMbI POTaLMM UCTOYHUKOB MO pUC.2 BKag, YeHOB OT HUX B (7) cokpa-
waetcs. U3 (7) anst opvieHTaumm (V-U)=v-u nomnyyaem BblpaxeHue Ars onpeaerneHnst abcontoTHOM CKopocTy ABvkeHWs 3emnm B acupe:

V= CzAV'm/ZVOwl‘. (8)

Mopcraenss B (8) n3amMepeHHble MaKCMMarbHbIe FPaHUYHbIE YacTOTbl Av'y, CMEKTPOB 2 1 4 Ha puc.3, nofyvyaem OLEHKY NMpoeKLmu
ckopocTu "acbupHoro BeTpa" okono 405 km/c. 3Ta BennyvMHa HaxoOMTCSt B XOPOLLUEM COrfacum CO 3HaYeHUsIMW, MoNyYeHHbIMK pa-
Hee TpeMs BbllLeynoMsiHyTbIMU MeTodamu. Kpome Toro, cpaBHMBast kpusble 2 U 4 Ha pyc.3 Mbl BUAMM, YTO POCT CKOPOCTU BpaLlgHus B 4
pasa (c 300 oo 1200 ob/MvH) NPUBOAWT K POCTY CABMIOB AV'y, COOTBETCTBEHHO OT 25 A0 100 Ky, OTo AaeT eLue oayH apryMeHT B Nonb3y NnHel-
HoCTY B (7) 3aBUCYMOCTY CKOPOCTU OT U=

[erpagauus cnektpa oT KpMBon 2 K 3 Ha pUC.3 MOXHO OBBSCHUTL BIMSIHUEM Ha NOMEepPeYHON AOMNEePOBCKUIA COBUI U3MEHe-
HUS OpMEHTAaLMUN OCK BpaLLEHUSI UCTOMHUKOB B FOPU3OHTanbHOM nnockoctn 3emnu. B camom gene, no dopmynam (6) n (7) Av'y, —
0, korga yctaHaBnueatoT v.Llu, T.e. (v-u) - 0.

ObpalLy BHUMaHWE Ha eLé ofHY 0COBEHHOCTb CHSITOTO Ha pUC.3 CMEKTpa KPacHOro CABMra YacToT CBEeTa BPaLLaloLLMXCS UCTOY-
HUKOB. B obnactu nHdpaHuskux yactoT (CM. puc.3, kpueble 2 1 4) Mbl OOHapyXUBaem nepBble HU3KOYACTOTHbIE MUK C LieHTparnbHbIMK
yactotamm ~10 'y n ~40 'y, coxpaHsaoWmMKN KpaTHOCTL OTHOLeHNs (300/1200) yrnosbix CKOPOCTEN ®. ST HU3KOYACTOTHbIE NWKK, MO
MOEMY MHEHUIO, CBA3aHbI HE C PENATUBUCTCKAMU SBIEHNSIMU 3aMEAJIEHNS XOAa BPEMEHN Ha NMOABWXKHBIX MCTOYHMKAX, @ C KIacCUYecKkumM
YCKOPEHHBIM VX OBWKEeHUEeM npu BpalleHun. OHU BbI3BaHbl LMKIOTPOHHBIM 3hdEKTOM 3apsiioB rEeHEPUPYHOLLEN cpeabl BpallaeMbix 1c-
TOYHMKOB.
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Puc.3: KoMBMHALMOHHbIN CNEKTP aCUHXPOHHOMO AETEKTUPOBAHUS ONTUYECKUX KOneGaHUi ABYX HEKOTEPEHTHbLIX UCTOYHUKOB (Sq 1
S, Ha pyC.2) OAMHAKOBOI YacTOTbl vo~10"* . CnekTpanbHble kpuBble: 1 — 6e3 BpalLeHUsi UCTOUHWKOB, 2 — BPaLLiEHME C YFNOBOW CKOPOCThIO
/2 = 300 06/MUH NpU OpMEHTaLMU MIIOCKOCTM BpaLLeHusi ¥ BAOMb rOPU3OHTanbHOW NuHuM 3emnu 15 -195° (Kor)la |u'V\zu -V); 4 — TOXeE,
npu /2x = 1200 06/MUH 1 OpUEeHTauMKM NIOCKOCTY BpalleHWsl ¥ BOOMNb ropu3oHTanbHoW nuHum 15 -1 950; 3 — ToXe, NPy OpueHTauun aTon
nmnum 105 — 285° (koraa |uv|=0), [TorpewHocTs nsmeperus U? na yactotax 10*+10° 6bina ~7%, Ha yactotax 100 'y — 15%, Ha yacToTax
1+20 'y — 30% OT HOMUHANBLHOIO 3HAYEHWs1 MO KPUBOIA; MO OCK YaCTOT Av BENUYMHA OLLIMGKM Bbina ~5% .



Btopas obnactb cnektpoB 2 1 4 (puc.3) ¢ BEpXHUMU rpaHuLiaMmn KpacHoro casura Ha 25 n 100 kI onTriecknx YacToT Bpallae-
MbIX CTOYHMKOB, COXPaHSIOLLAs Ty e KPaTHOCTb BapyaLlyu YacToT o BPaLLEHUst UICTOYHMKOB CBETa, HanpoTvB, 0bycnoBneHa penstuem-
CTCKMM 3aMeASIEHMEM BPEMEHN B MOABWXHON UHEpLIManbHON CUcTeMe UCTOYHWKOB. Hanuuve obHapyxeHHON ABYNOMOCHOCTU JKcnepu-
MEHTanbHOro CreKkTpa Ha BbIXOAE aCMHXPOHHOTO AeTEeKTopa M3MyYeHUn ABYX HEKOrePEHTHbIX MCTOYHUKOB C OAMHAKOBOW ONTUYECKOW Yac-
TOTON MOXHO OOBACHWUTL «LMKITOTPOHHOW MOAYNSAUMEN» amniuTyAbl U3MYYeHUss UCTOYHMKOB. [JonyCcTMB amniuTyOHYH MOZYMSLUmio
A(t)=Ancos(ot) Cos(2mtvoit+py) MHTEHCUBHOCTU U3MNYYEHUS UCXOOHO CTaLMOHAPHBLIX UCTOMHUKOB M3MNYyYeHns ¢ YactoTamu (6) HM3Kko4acToT-
HbIM rapMOHUYECKUM KonebaHeMm C LMKIOTPOHHOW YacTOTOM » MOEW YCTaHOBKW, MonyyaeM crieaytoLlyto hopMy paciLennéHHOR NuHumn
KaXxgoro MCTOYHUKa:

Ami(COsol) COS(2Tvoit+Pns) = V2Am[COS(2mvo—+Pns)+ COS(2mvortm+ns)] - 9

CnexTp (9) OKPECT KaXao CTaLMOHaPHOMN CrEKTParbHON -0/ NIMHWM YacTOTOM Vv, BO3OYKOAET CUMMETPUYHBIN OyNreT 3a CHET eé amniu-
TYAHOW MOAYNALMM YaCTOTON @ HEMHEPLMArbHOMO (YCKOPEHHOTO) BpaLLIEHUS MCTOYHVKOB M3fTydeHus. 3apsibl akTVBHOM reHepupytoLLel cpeabl
3TUX UCTOYHMKOB B YCKOPEHHBIX [BIKEHUSIX By/1yT MOAYNMPOBATL OMTUYECKYIO YaCTOTy fasepa rapMOHIUECKVM YCKOPEHUEM g~a7T C «LMKTIO-
TPOHHOWY YaCTOTON ® BPaLLIEHWs1 UICTOHHMKOB, BO30Y>kAasi OKPECT KaXKAOW MOHOMACTOTbI Vi CTALMOHAPHOIO MCTOMHMKA TPUMIET-CNEKTP (Vo-®), Vo
(voto). KBagpaTuiHoe AeTekTpoBaHMe CUMMETPUYHBIX Nap [(Vo—o) U (Votw)], Kak B MOEM 3KCNEPUMEHTE, UMM HECUMMETPUYHBIX Map [(Vo—m) 1
(Vo) KaK B onibiTax [6-8], 4aéT ABe NpeacTaBneHHbIe Ha pYC.3 NMOMoChl CNEKTParibHbIX Pa3HOCTHBIX KOMOMHaLWA. Hannume H13ko4acToTHOro nuka
Ha pPasHOCTHOWN YacToTe ®»=(v+m)—v NPY HECUMMEPTUHHOM [AETEKTUPOBaHUM Nap W3 TPUMIIETOB, BEPOSITHO, MOXET OOBSCHUTL YacTb TEX MPUYKH
OTKIMOHEeHWI B HabntogaeMom crnektpe Méccbayapa no 3akoHy (2) no CTO, koTopble 3aMeTurv aBTopbl pabor [6-8]. Opyryto ropasno 6onee Bax-
HYO NMPUYMHY OTKIMOHEHWIA OT (2) METOLONOMYECKOTO XapaKTepa S PacCMOTPIO B CreQyHOLLEM pa3saene CTaTbu.

Ob6palyly BHMMaHWE Ha TO, YTO B MOMX OMbITax s BHavane npegnonaran NpuyYnHy HU3KOYaCTOTHbIX MUKOB B MapasuTHbIX Me-
XaHn4yeckmx BMbpaumsax yCTaHOBKM Ha yactoTe o. OgHako, korga s cran racutb 3T Bubpauum (6anaHcMpoBKOW poTopa), MHTEH-
CMBHOCTb HM3KOYaCTOTHbIX MUKOB Ha YABOEHHOW YacToTe BpalleHUsi poTopa TOMbKO yBenuyneanachk (Bubpauum kak 6bl pasmbiBanu
9TOT NUK). DTO KOPPEnNUpyeT C aHanorMyHbIMK pesynbtatamm aBTopoB [8] (CM. nx puc.1) n ykasbiBaeT Ha HEBUOpaLMOHHOE Npouc-
XOX[EHNE HU3KOYACTOTHbIX MUKOB.

6. O6cyxpaeHne pe3ynbTaToB

MpaBomepeH Bonpoc, noyemMy B onbiTax Ansca&Ctuneenna [9] n apyrux aBTopoB [6-8] He Gbino 3amedeHo abcontoTHoe
aBwkeHne 3eMrnm co ckopocTbio vz ~600 km/c? Beapb B onbiTe AnBca&CTuneenna, nuHeHas CKOPOCTb Vi KaHanoBbIX fyyewn bbina
NULWb B TPX pasa Bbille U3MEPEHHOro MHOM B [2] 3HayeHns vs. K cyactbio ABc&CTunBenn npoBenn n3MepeHvs B AByX OpTOro-
HanbHbIX HanNpPaBEHUsIX FOPU30OHTANBLHOW MIockocTn cBoero npubopa (N-S n E-W ) n nonHocTelo ux npeacrasunu B [9]. YkasaH-
Hble HarpaBlieHUs1 OPUEHTALMM MOTOKA KaHaMOoBbIX Ny4el NOYTW COBMNafaloT C MOMMW OPUEHTaLMSIMM BEPTUKANBLHOM NIIOCKOCTUN T
BPALLEHNS UCTOYHUKOB, ONMUCAHHBIMY BbILLE.

OpauH u3 3adukcmpoBaHHbix B [9] "apTedakTHbIX" CABUroB YacToTbl B nonepevyHom addpekte [Jonnepa npu opueHTaumm
N-S Ha AL=0.036 A (npu oxmpgaemom us CTO 0.0472 A) cootBeTcTBYeT NpUCYTCTBMIO MPOEKUMM aBCOMIOTHOM CKOPOCTM
v3=c(2Ak/ko)”2 Ha ropv3oHTanbHOM HanpasneHun N—S, paBHON NpumepHo v3=170 km/c. ATO cornacyeTcs ¢ MOMMK pe3ynbTatamu
[2], koTopbiMM B pasHble Nepuoabl AHS U HOYM 3admKemMpoBaHbl ckopocTu 140<v3<480 km/c. CornacytoTcsl ¢ NMonyYeHHbIM Bbille
MOUM pe3ynbTaToM Ans HanpaBneHus E-W) n 3HadeHus casura anvHbel BonHbl 0,045<AA<0,051, nony4veHHble B [9]. Mpu Takon
OpVEHTALMMN CKOPOCTU KaHaroBbIX Jy4ell OHU OKa3blBaOTCH MOYTU MEePneHANKYNSIPHbIMU K V3 U NO3TOMY HE YyBCTBYHOT BIUSIHUSI
abcontoTHoro ABwkeHns 3emnu B admpe. ITOT 3hdEKT 5 pacCMOTPen Bbille B KOMMEHTapun kK doopmyne (5) n nogTBEpANN B CBO-
€M 3KCepMMeEHTE NpU CbEMKE KpMBOW 3 Ha puc.3 ANst OpueHTaumm NoCcKOCTH BpaLleHnst UICTOYHUKOB BAOMb Hanpasnexuns E-W.

B paGote [6] y-u3nyueHue saep MécbayapoBckoro UcTouHuka °’Co nmeeT B ~3-10% pa3 Gonee BbICOKYIO YacTOTY v,, YEM B
MOéM akcriepumenTe. MNMoatomy, cornacHo (5), KpacHoe cMmelleHne Av'y, y-4acToTbl vo~3-10" 'y B [6, 8], ananornyHoe Habnoaae-
MOMY B MOEM OnbITe (Ha YyacToTe vo~1014 u) caoury AV'm~10° 'L, LOMKHO UMETb Ha BbIXO4e MéccbayapoBckoro getekropa B 3.10*
pa3 Gonee BLICOKOE 3HAaYeHWe KPACHOro CaBMra. OTO COOTBETCTBYET CABUIY Ha Avy,~3-10° I'L. MoAyLIMPUHA AMHUM MOTAOLLEHNS!
snep abcopbepa Fe (npn I =3.10"" KaB) paBHa ~10° . Mcnonb3yemasn B [6-8] TexHVKa CBMNMMPOBAHUS YaCTOTbl UCTOYHUKA
¥Co ¢ nomoLLblo BUBPALIMOHHOMO BO3BYXAEHUS NMUHEHOro addekTa [onnepa, Cyas Mo OonMcaHuMio B 3TUX paboTax UCXOAHBIX 1
COBMHYTBIX B "KpaCHyK" 06/1aCTb PE3OHAHCHBIX NIMHWIA, He NpeBbiana Avg,, ~2+3 MI'y (puc.4). 1o o3HaqaeT, 4To B paboTax [6-8]
TEXHUKa CNeKTparnbHOro aHanvaa caBura 4acToTbl MCTOYHMKA He No3Bonsna PukcMpoBaTtb CABUMM, KOTOPbIE CYLLECTBEHHO MNpeBbI-
Wwanu Gkl WNPUHY Pe30oHaHCHO nonockl saep abcopbepa *'Fe. Casurn yacToThl B ~10* pas Gomblune, YeM MOMYLIMPUHA MMHAN
snep abcopbepa ' Fe, NOITOMY OHU JOMKHBI BbINN Bbl OKa3aTbCs HEHABMIOAAEMbIMU Ha LLUKANaX YaCTOTHO Pa3BEPTKM YCTaHOBOK,
onumcaHHbIX B paboTax [6-8] . YUTo xe Toraa nsmepsanm B atmx pabortax?

a) ;éys-@; b) <--AYS§?~(2+3) MHz
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Puc.4. K 0ObsiCHEHNIO IPUYUH BBIPOXKIEHHS aHOMATIBHO OOJIBILIONO KPACHOIO CABHIa HacToThl AV', HOIVIOMIEHHS
Y-llyda BpallarommMcs B jabopartopun adbcopdepoM (4) B POTALMOHHBIX SKCIEPUMEHTAX, OIMCAHHBIX B padotax [6-8], B
YCIIOBUSIX JIOIYILIEHHs1 a0COTIOTHOM MOJIBIXKHOCTH 3€MJIH, & C HEro U abcopOepa ¢ UCTOUHUKOM (S), B adupe:

a) ucxoHast (pu ©=0) pPe3oHAHCHAs! JIMHKS TIOMIOMIEHHS Y-Tyua > Co-MCTOUHMKA B paGoTax [6-8] M cMeréHHas 110 3a-
KOHY (5) pe3oHaHCHas1 JIMHUSI TIPH BpaltieHnH abcopbepa (w#0) s ycoBus OpueHTalmu y-iy4a: V || [e@xr], npu koTopoit
peanu3yeTcsi MaKCHMAaIBHBIH KPACHBIN CIBUT AV'), (V¢s — MIOJOKEHHE KIACCHYECKOTO MUKJIOTPOHHOTO ITHKA);

b) BEIpOXKIEHIE aHOMAIBHO OONBIIOrO KPaCHOTO CABHIA YacTOTHI AV', ONIOIEHHS Y-ITy4a BpallaoIMcs B JlabopaTo-
prn abcopOepoM B POTAIMOHHBIX SKCHIEPUMEHTaX [6-8] myTéM oproroHamm3amyy V L [@xI] BekTopa V U HalpaBlIeHUSL
BBUIETA Y-yda ' CO-HCTOYHHKA K KOJUIMMATOPY CUETYMKA Y-KBAHTOB (NOJOKEHHE PEATHBHCTCKOTO KPACHOTO
capura v"~U*/2C° 1 LEKIOTPOHHOTO Ves IPH TAKOI OPUEHTALINH Y-KBAHTOB COBIIAAIOT).



£ BbICKaXKy TOUKY 3peHUsi, OCHOBbIBasICb Ha CBOEM OMMCaHHOM BbILLE OMbITe M3MEePeHUIn nornepeyHoro adpdpekta Jonnepa ¢ Bpatlae-
MbIMW OMTUYECKMMM UCTOYHMKaMK. Kak BUOHO M3 OnMCaHWst TLL@TENbHOWM NOATOTOBKM POTALMOHHON YCTAHOBKW K USMEPEHWSIM C BpalleHneM
(w#0) ponnepoBckux 0GLEKTOB, UM MNpedLLecTByeT Bcerga 6asucHas e€ HacTporka npu =0 (B OTCYTCTBME poTaumu), YTOObl NOMyYUTb Ha-
YaribHoe MoroXeHVe pe3oHaHCHOW Morock! NnorrnoLleHns abcopbepa. Takasi TexHKka HabnoaeHus (CM. puc.4,), Momnockl NormoLLeHns abcop-
©6EepOM-NPUEMHMKOM y-M3MyHeHVsT MECCOaY3POBCKOrO UCTOYHMKA Co B [6-8] Heobxoauma ansa Toro, YTobbl OTHOCUTENBHO 3TOW MCXOQHON
Mornockl U3MepPsTb €€ CMeLLieHVe Npu BpaLleHun abcopbepa (T.e. npy w#0). Hanpumep, Ha puc.4 us paboTbl [6] nokasaHbl 6asvcHble namepe-
HUS1 pe3oHaHCHbIX Moroc Npu =0, a cMeLLeHne noroc Npu BpaLLeHun abcopbepa w=0 NpuBeaeHO TaM e Ha puc.3.

Kak 9 nokasan BblLLe NPsiMbIMK OLEHKaMK MO (2) KpacHbIA CABUM YacTOTbl OT BPALLEHWSI HACTOMBbKO Marl, YTO CPaBHUM B LLMPUHOW
CMeKTparibHOM NMHNM UCTOYHMKA (B paboTx [6-8] casurm Av' He npeBbIiwanm 1-2 MITu, kak nokasaHo Ha puvc.4s). O4eBUaHO, YTO B TakOM Cryvae
caBur BemamHoi ~3-10° Iy (kak nokasaHo Ha puc.4,) Nocre BKIKYEHWs BpalleHus abcopbepa-npnémHuka, He ByaeT BuaeH Ha 4YacTOTHOM
pasBEéPTKe 3TON YCTAHOBK (LUMPUHA PasBEPTKM Avy,, MokasaHa cepbiM nosnem). MoxHO NpeanoriokuTb, YTO Nocrne BKIKYEeHNs Bpalle-
Hus1 abcopbepa pe3oHaHCHbIE NMHUM He HabnaalTca Npy CryvyaHON OpMeHTaUMK y-liyda Ha KONnMMaTop M CYETYMK y-KBAHTOB
u3-3a nx 6onbLioro casura no (5), KOTOPbIN He 3axBaTbiBan Nbe303MIEKTPUYECKUIA MeXaHN3M CBUMMPOBAHNS YaCTOTbl Y-UCTOYHMKA.
KapTuHy pe3oHaHCHbIX nuHuMiA npu »#0, BMAMMO, yAaBanock BOCCTAHOBUTL BMM3Kon K H0CTMPOBOYHON (Npu »=0) nocne passopoTta
y-3payka yCTaHOBKM B MMOCKOCTM rOpM30HTa (9 nonarato B HanpasneHun E-W). Kak A nokasan Beiwe B (5), 3Ta opueHTaums cno-
cobHa nogaBuTb BKNaA OTKPbITOrO MHOW JIMHENHOro MexaHu3ma KpacHOro CMeLLeHust (Av=vo-v-u/02) B nonepeyvHom addpexte [don-
nepa, v gaxe caenatb ero otpuuaTensHbiM . B dopmyne (5) Takon opueHTauumn 6ygeT cooTBETCTBOBaTh YCNoBUe v-u/c? < UP2¢%.

CyTb MO€ero o6 bsicCHeHMs1 TOro, YTO B paboTax [6-8] He 0BHapy»KeHO BNnsiH1E abCOMNOTHOWM CKOPOCTU ABVIKEHWS 3eMHON rabopartopum
Ha BENMYMHY M3MEepSieMOro KpacHOro CABUra 4actoTbl MCTOYHMKA B nonepeqHoM adacdbekte [lonnepa cBoauTcs, TakuM obpasoM, K ToMy, YTO
CTOSKHYBLUMCb C (PeHOMEHOM NpOonajaHns PE3OHAHCHOW NIMHWW MpY BKITIOYEHWN BpaLleHus abcopbepa-npMEmMHMKa, aBTOpbl HEOCO3HAHHO
BbIMOIHSIM METOAMYECKME FOCTUPOBKY HanpaBieHWs Bbixoda y-Tyva Asls Bo3BpaTta CUNbHO COBMHYTOMO K V' pe30HaHACHOTO MuKa K 3Ha4eHUsIM
V" B 30Hy HabntoAaTENBHOTO CBUMMPOBAHWSI Avey, (PUC.4p). OpTOroHanmsys oTHoLLeHMst V 1 u B popmyre (5), OHM HeOCO3HaHO OBHapYXEHHbIN
MHOW Ha YacToTax v' adeKT BOMbLLIOro KpacHOro CABMra pe3oHaHCHON NHUA (Av)~vu/c2 B nonepe4HoM adpchekTe Jonnepa (puc.4,) ceoamnm
10 YPOBHA V-U/C® < LF/2C%, KaK 3TO XOPOLLO BAHO U3 Moel (opMyribl (5). Tak Kak GBI voV-U/C> MOXET GbITb 1 MONOKUTENBHBIM U OTPULIA-
TeMbHBIM, @ COBUT Vel /2¢? — TOMbKO MONOKUTENEH, TO dopmyna (5) ob6bACHIET NpUYMHBI NoryyeHnst B [6] B Tabnvue 1 oTpuuaTtensHbiX Ha-
YarbHbIX KOCTUPOBOYHBIX OTCHETOB Npu 0<®m<3000 06/MuWH. lMornyyaeTcs, YTo aBTOpbI [6] BOMIbHO MMM HEBOJSBHO MOAFOHSINIM UHTEPMPETALMIO
nonepeyHoro achdekta Jonnepa k hopme (2) noa naeornornto CTO. HeTOYHOCTY TaKow FOCTUPOBKYW, BUAMMO, U 3ameTuny aBTopsl [7, 8] no
OTKITOHEHWAM pe3ynbTaTos [6] oT oxuagaHuii CTO Ha 20% cornacHo [7] n Ha 40% cornacHo [8].

Takum o06pa3om, MHOM HaWaeH YeTBEPTLIN METOA (4OMONHUTENBHO K TPEM, OCHOBAHHBIM Ha MOAEpPHM3auMM MeToda WH-
TepdepomeTpa MarikenbcoHa [1-5]) onpegeneHns abcontoTHOM ckopocTu "admpHoro BeTpa”). BcKpbITbl y3kue rpaHuLbl AencTBuS
knHematudeckon Bepcum CTO Ha wmpokom none 6onee rny6okon 3chuMpHON INekTpoauHaMuKM NOABWXKHbIX cpeq PpeHens, Mak-
csenna u JlopeHua. VIMeHHO Ha 3Tux rpaHvuax u 6einv HangeHsl Bce (Bce!) akcnepumeHTanbHble Aokasatensctea CTO B 20-om
Beke (B YacTHoCTH, B [6] 1 B [9]). A MHHOBALIMOHHBIV NOUCK 3a Npedenamm 3Tmx "KMHemMaTuyeckmx" rpaHuL, no cen AeHb cyMTaeTcs B
du3nKe QypHLIM TOHOM.
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