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B TOM Y1CJIe TPO0JIeMbl CIEIJIEHHOCTH COCTOSHUN U

AVaJin3Ma BOJIHa-9aCTHUIlA

C.A. Bacuibes

Anrnomayus—QOcTaércsa HEIIOHATHBIM CaMoOe IJIABHOEe
B KBaHTOBOI (pu3mkKe, a UMEHHO, KAK BO3MOXXHO BO3-
HUKHOBEHUE KBaHTOBBIX, a HE HEINPEPLIBHO W3MEHSs-
IOIUXCsI COCTOSIHWM, KBAHTOBBIE CKAYKWN, B3aMMO/Ieii-
CTBUA 3a MpejiejiaMUu BJWSHUN BCEX H3BECTHBIX aKa-
JeMHYecKoil ¢usnke B3amMoAeicTBUil (ClLellIeHHbIe
KBaHTOBbIE COCTOSIHUS ), AyaJIu3M BOJHA-YACTUIA U T.II.
He ny»xHO 3abbiBaTh, YTO B UTOre KBAaHTOBAas TeO-
pusi ocraércsi GPEHOMEHOJIOTNYIECKOi (BCIIOMHUM, XOTSI
ob1, moctrynarel Bopa, ITocrysar coorBercTBUsI ypaBHEe-
HUH KBaHTOBOM M KJiaccudecKoll ¢pusukmn). Peiinman
B UTOre€ TaK OXapaKTePU30BAJI CJIOXKUBIILYIOCS CUTY-
anuio: “/lymaro, si MOTYy OTBETCTBEHHO 3asBUTb, UTO
HUKTO He IMOHMMAaeT KBAaHTOBYIO MexaHuKy. Eciu ecrtb
BO3MOXKHOCTb, [IpeKpaTuTe crnpammusaTrh cedst 'la kak
K€ 9TO BO3MOXKHO?’ — TaK KakK BaCc 3aHECET B TYIUK,
U3 KOTOPOro emigé HUKTO He BbIOupasics.”. B maHHom
crarbe yKasaH IyThb M CAeJIaH HIar K BBIXOAY U3 Ty-
nuka. B crarbe mokaszaHo cieaymomiee. B cuiry ciio-
>kuBIIelicss (PEHOMEHOJIOTMYHOCTY KBAHTOBOM Teopuw,
KBaHTOBasi (pU3MKa, BO-ME€PBBIX, JUIINIACH KOPEHHOTO
nporpecca KBaHTOBOI Teopuu. Bo-BTOpbix, KBAHTOBast
dusuKa JUMINIACh KOPEHHOro Iporpecca B pPa3sBUTHUH
KBAHTOBbIX TEXHOJIOTUI U MPAKTUYECKUX ITPUMEHEHUN
KBaHTOBOM Gu3uku (BOIpPEKU U3BECTHON ONpPaBAATEIb-
HOM mo3unuu: “9robbl A00paThCs U3 TOYKU A B TOUKY
B, BoauTesr0 HeoGsiI3aTEJBHO 3HATH, YTO MPOUCXOIUT
moJ, KaroTOM €ro MAIUWHBL’). DTO MPOUCXOOUT U3-3a
KOPEHHOII HEMOJIHOTHI KBAaHTOBOII Teopuu. “3ariisiHyB
O/l KAaIloT aBTOMOOWJIs’, yOaJIoCh YBHUAETh HEKOTO-
pPbie GaKTOPBI-IIPUYINHBI KBAHTOBOMN (PU3NKU, HEN3BECT-
Hbl€ aKaJIEeMUYECKON Hayke. DTy (paKTOPbI-IPUIYUHBI
paboraroT B KBaHTOBOU (puU3MKEe M, 49TO Ba>XHO, OHU
CIIOCODOHBI YIIPaBJSATH MPOIecCCaAaMU KBAHTOBOU (bu3uKu.
OTu (PaAKTOPBI-IIPUYUHBI 00ECIIEYNBAIOT CHEIMJIEHHOCTDH
KBAaHTOBBIX COCTOSIHUI 3a MpeaejiaMy BJIUSHUN Bcex
U3BECTHBIX aKaAeMu4uecKoil (pusnke B3amMoeiicTBuii.
Vx ynpaBisifoliime BO3JEUCTBUS ITPOCJIEXKUBAIOTCA B
Oyajin3Me BOJIHA-YACTUIA U JIeXKAT B OCHOBE 3TOro
ayaju3Ma.

BHUUT'eodusuka (retired), disput22@gmail.com.

I. BBEAEHUE. ICTOPUS BOIIPOCA U IIE/Ib
UCCJIEJJOBAHUSA

Ilo ompernenenuio, KBaHTOBas 3aIlyTAHHOCTH, CITYTaH-
HOCTb, WJIN, YTO TO K€, KBAHTOBAsl CIEIJIEHHOCTBH - 3TO
dABJIEHUE, IPX KOTOPOM KBAHTOBBIE COCTOSAHUA IBYX HJIA
GOJIBIITEr0 YHCIa OODBEKTOB OKA3BIBAIOTCS B3AMMO3ABUCH-
MBIMH, TIPUYEM, YTO BaXKHO, 3Ta B3aMMO3aBUCUMOCTH CO-
XpaHseTCs JaXxKe, €CJIU 3TU OOBHEKTHI Pa3HECEHBI B IIPO-
CTPAHCTBE 3a IMPEJENIbl JIOOBIX W3BECTHBIX B3auMOJIeii-
crBuil. B KBaHTOBOM (DU3MKE CTPYKTYPHI U MX CBOHCTBA
BO3HUKAIOT 33 CYET B3aUMOJIEHCTBUI YaCTHUIL TTOCPEICTBOM
dbusngeckux noseit (KBAHTaAMU KOTOPBIX, B CBOIO OYeDellb,
SIBJISIFOTCSI KBAHTOBBIE 4aCTHIBI). HO Kak OCyIecTBIIsieT-
Csl B3aMMO3ABUCUMOCTb TaM, TJie He JeHCTBYIOT (usmde-
CKHE TIOJI BCEX M3BECTHBIX KBAHTOBOU (DU3WKE B3aUMO-
neticreuit? Kazasmoch Obl, HECOMHEHHBIN W €TUHCTBEHHBIH
JIOTUYECKHU IIOCJIE/IOBATE/IbHBINl OTBET TAKOB: CyIIECTBYET
IIOK& HEU3BECTHOE aKaIEMUIECKON KBAHTOBOM (pU3MKe I10-
Jie, KOTOpPOe U OCYIIEeCTBJIeT TaKyI0 B3aNMO3aBUCUMOCTb
KBAHTOBBIX cocTosgHuit. Ho Torma HbIHENHsAsS KBaHTOBA
Teopus He IOJIHA U TPeOyeT BKIIIOYEHNs B Heé HEN3BECTHBIX
el moJreit.

OnHako akajieMuyecKasi KBaHTOBasi (PU3MKA HE IPU3-
Ha€T BO3MOYKHOCTH CYIIIECTBOBAHUS HEU3BECTHOTO €if IOo-
JII, OCYIIECTBJIAIONIETO0 B3aMMO3aBUCHUMOCTD CIEIIJICHHBIX
KBAHTOBBIX COCTOSHUN W HAXOIUT TOMY, KAa3ajoChb OBbl,
HEIPeOI0JINMbIE JIJIs €€ OIIOHEHTOB YKCIEPUMEHTAJIbHBIE
nonreepxkaernst (cm. Pasmes II).

OTHOCHUTEILHO MTOJTHOTHI KBAHTOBOM MEXAHUKHU, MHEHUS
BeAymux (GDU3UKOB PA3MIEJMIACH C CAMOTO HAYAJIA €€ BO3-
HUKHOBeHUsI. Bop cunras [1] KBAHTOBYIO MEXaHUKY IOJI-
HOMt. DitHIITeH JoKa3bIBaJ eé HenonHOTY [2]. Ecin kBas-
TOBasd MEXaHUKa II0JIHA, TO HUKaKOe HEeU3BEeCTHOe II0JIe
He yJacTByeT B (DOPMUPOBAHUYN KBAHTOBOM CIIEIIJIEHHOCTH.
Takoe mostoxkeHune Bemeit DUHINITEHH HA3BIBAT “2KYTKUM
JaJIbHO/IEICTBUEM; TIOCKOJIBKY OHO AJIOTUYHO U IIPOTUBO-
€CTECTBEHHO, TaK KaK TOIJja 0JIydaJoCh: HUKAKOe I10JIe He
CO3JAET CITy TAHHOCTH OObEKTOB, & CITyTAHHOCTDH CO3/1AETCH,
HUAYTO HE IIePEHOCUT BO3/ICHCTBUE OJHON YaCTH CILy TAHHOI
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CHUCTEMBI K JIPYTOil €€ JacTu, a BO3JEHCTBUE IeperaéTcs.
Ilo cyTH, CTOPOHHUKY TIOJHOTHI KBAHTOBON MEXAHUKU BbI-
JlaBaJii KBAHTOBYIO CILy TAHHOCTDb COCTOSIHUIT 38, OUepeIHOIM
CIOpIIpU3, 3a OYEPEIHOe IyA0 KBAHTOBON (DU3WKU, HEIOJI -
BJIACTHOE TTOBCEIHEBHOMY, IIPUBBIYHOMY OIBITY U IIOHAMa-
amio. Beah BCE 0CHOBHOE B KBAHTOBOI (bU3MKe - CIOPIIpU3
JIJIsI IPUBBIYHOTO OIbiTa. HermoHsITHO fgazke caMoe TJIaBHOe
— [0YeMy, BOIIPEKM IIOBCEIHEBHOMY, [IPUBBIYHOMY OIIBITY,
BO3HUKAIOT KBAHTOBAHHBIE, & HE HEIIPEPHIBHO N3MEHSTIOIIIN-
€Csl COCTOSTHUS, KaK U IMOYeMy BO3HUKAET yasu3M BOJIHA-
qactura. Tem He MeHee, CO3/IaH MaTeMaTUIeCKUil alnapar,
[TO3BOJIAIOININN PAaCCIYUTHIBATH KBAHTOBBIE COCTOsIHUSI. Pe-
3yJIbTAThl PACUETOB KBAHTOBBIX COCTOSIHHIl IIOJTBEpPK/1a-
1oTcd skcriepumenTamu. Kak numer Bukunegus: “ B yeaom
60ALWUHCNBO PUUKOE MPOCTO YCMPAHUAOCL OM PUNAO-
copckux caooicnocmeti Konenzazenckol unmepnpemayuy.
Ypasnenue Ilpédunezepa pabomano, npedckazanun co8na-
0aAu € PESYALMAMAMY, U 8 PAMKAT NOZUMUBUIMA IMO20
ovia0 docmamourno. I'pubbun nuwem no 3momy nosody:
“umobu, dobpamuves us mouku A 6 mouky B, sodumenio
HE0OA3AMEALHO 3HAMD, YMO NPOUCTOOUM N0d KANOMOM
€20 mawuns”. Inuepagpom oice ¥ ceoeli knuze I'pubbun
nocmagun caosa DPetinmana: “lymaro, A mozy omeem-
CMBEHHO 3AABUMD, YMO HUKMO He MOHUMGEM KEAGHMO-
syt0 mexanuky. Fcau ecmv 603mooicnocmsb, npexpamume
cnpawusamy cebs a xax orce amo 603moocno?’, max
KaK 6ac 3aHeCEMm 6 MYNuK, U3 KOMOPo20 ewé HUKMo He
8vloupancs.” - KOHEIl IIUTATHI.

Kazasmoch O6b1, Takast MO3UINS TTOJTHOCTHIO YIOBIETBOPSI-
eT NIPaKTUKY [IpUMeHeHN KBaHTOBOM (busuku. B jeiicTBu-
TEeJILHOCTH, [0 MHEHHUIO aBTOpa, 3TO 3abiyxmenue. OHO
MIPEISITCTBYEeT PA3BUTUIO KBAHTOBOH dbusuku. Beab moue-
My Deiinvan, riyOOKO IOHUMAIONII JAHHYIO IPObJIeMy U
(GUBHUKY B 1IEJIOM, IIPU3BIBAET JIa2Ke He MbITAThCsI TIOHIMATh
du3MIecKnii CMBICJI IPUYUH KBAHTOBOW (PU3UKU U HE IIbI-
TaThCHA BBIXOJIUTH U3 ymoMsiHyToro tynuka?! [loromy, aro
B JOCTUTHYTOM, yCTOABIIIEHCH CUCTEMe 3HAHUN aKaJieMude-
CKOl (DM3WKM HE BUHO HU MAJIEHIIero HaMéka Ha CIocod
BBIX0/1a U3 Tynuka. Crajio ObITh, TOYTH HABEPHSKA, BBIXO,
13 TYINUKA, €CJIU OH CYIIECTBYeET, OyjIeT 03HAYATh BBIXO/I 38
[IpeJIeJIbl YCTOSIBIIENCST CUCTEMbI 3HAHWI aKaJIeMUIeCKON
bu3uKY, MoIyYeHne TPUHITUINAIBHO HOBOTO 3HAHUS, ITO
HEMUHYEMO JOJIZKHO IIPUBECTU K HOBBIM €€ IIPUMEHEHV-
sIM, TEXHOJIOTHUSIM M T. II., OJjiarogapsl 4eMy BBIXOJ U3
TynuKa ObLI Obl Ba)XeH W JJIsi HPAKTHUKH I[IPUMEHEHU
kBaHTOBOW (pusuku. [Ipu obcyxKaeHNn MOTOOHBIX BOIIPO-
coB, BumHbll akagemuk A. C. AjekceeB OTMETHJI CJIO-
JKUBIIYIOCS TEHECHIINIO PA3BUTHS COBPEMEHHOU (pu3mKm:
WCITOJIB3YIOTCS BCE DOJIee MOIIHBIE CPEICTBA BBIYUCJICHUN
U 9KCIIEpUMEHTa, a HATypduiocodus, GpuandecKuii CMbICJI
dyHIAMEHTAIBHBIX SIBJIEHUN YXOIST B HEOBITHE, UTO MMe-
€T OTpHUIATESbHOE BO3/EHCTBHE HA pPAa3BUTHE HAYKA U
texunosoruit. Keratu, Ha 3ape dbopMupoBaHus KBAHTOBOIM
TEOPUHN CEPHE3HO MHTEPECOBAIUCH (DUIMIECKUM CMBICIOM
KBAHTOBOW TeOpHH. BBIJI0O MHOIO MHTEPECHBIX, IIyOOKIX
JIMCKYCCHIA, CITOPOB Ha 3Ty TeMY, KOTODbIE, TeM HE MEHee,
He TPUBEJIN K COJIMXKEHUIO MO3UIUil criopiukoB. Hampu-
mep, lpemurrep roBopms, 9TO, €CaU HEJIb3s ODONTHCH

6e3 TOro MpPOKJIATOrO KBAHTOBOI'O IPBIFAHbS, TO OH CO-
JKaJIeeT, 4TO BOODIIE 3aHsIJICS KBaHTOBOI Teopueit. [locemy
3aTeM IEPEINLIA IPOCTO K IPAKTHIHOMY ‘“YIIPaBJIEHUIO
aBTOMOOMIIEM”, HE 3arVISAbIBasA ‘IO €ro KamoT U OCTABUB
HaTyphmI0coMUI0 KBAHTOBBIX SBJICHNUI 0€3 PA3BUTHSI.

Bosspamasich K aHajJorum ¢ BOIUTEJIEM W aBTOMOOU-
JIeM, MOXKHO CKa3aTh: €CJIH HUKTO He OyJeT 3HaTh, UTO
[IPOUCXOJIUT TIOJ] KATIOTOM aBTOMODOWJISI, TO CYIIECTBEHHbIM
nporpecc B aBToMoGmiecTpoeHnn ocrtaHoBurcs. (Bymyr
CO37aBaTh MacCy AU3afHEPCKUX MOJEJIell KopIlyca aBTO-
MOOWIIS, 3aHUMATHCA MOIDOPOM METAJLIOB U IIJIACTHKOB
JJIs HEro W T. 1., HEe 3aTparuBas [JIABHOE — JIBUTATEJb
aBroMobmiist.) TOUHO TO Ke caMoe IIPOMCXOJUT ceifvac B
KBAHTOBOW (u3MKe, XOTSI MBI YacTO HE OTIaéM cebe B
sroMm or4ér. [Iponcxoaur 910 n3-3a HE3HAHUST MEXAHU3MOB
CO3/IaHNs KBAHTOBAHHOCTH, KBAHTOBON CIETLIEHHOCTH, JTy-
aJIM3Ma, BOJIHA-IACTUIA, KBAHTOBBIX 3AIIPETOB COCTOSHUH 1
T. II., TO €CTh, U3-3a HE3HAHUsI CYIIECTBEHHBIX (PaKTOPOB-
[IPUYYH, OIPeJIeIAONUX BaXKHeNWne 0COOEHHOCTH TOBe-
JIEHHUs] KBaHTOBBIX CHUCTEM. B pesysibrare yIycKaercs Cy-
IIIECTBEHHBIN TPOrPEcC KBAHTOBOM (husuku. DT haKTOPhI-
[IPUYUHBL JTOJI2KHBL CYIIECTBOBATD, MOCKOJIBKY, COIVIACHO
[IPEJICTABIEHUSM €CTECTBEHHBIX HAYK, BCE B MUPE ITUX Ha-
YK JIOJZKHO uMeTh puduny. [TosToMy, Bo-11€pBbBIX, Pa3 MbI
ceiffyac He 3HAEM ITU CYIIECTBEHHBbIE (PaKTOPBI-IIPUINHBI
KBAHTOBOW (DU3WKW, 3HAYWUT, HBIHEIIHAS KBAHTOBAS TEO-
pusi CYIECTBEHHO He MOJIHA. BO-BTOPBIX, BOZHUKAET 3a-
Jada TOMOJHEHWsS KBAHTOBOW TEOPHWHM, TO €CThb IIOMCKA
YKa3aHHBIX (PaKTOPOB-IIPUYKH, YTO U JOJKHO IIPUBECTHU
B UTOTe K BBIXOJY U3 Tynuka. [Ipwdém, Kak IOKa3aHO
BBIIIIE, IIOMCK BBIXOJ@ W3 TYIMKa BaKeH He TOJIBKO JIJIst
MOHUMAaHW (DU3UIECKOTO CMBIC/IA IPUYNH KBAHTOBOM (Du-
3UKU, HO U C YACTO MPAKTUIECKO TouKn 3pennst. Ocraéres
HaiiTu 3T pakTOPBI-IIpuUnHbI. Ho ciiesiaTh 3T0 HEIIpoCTo,
[TOCKOJIbKY, KaK OTMEYEHO, 9TO COIPSIZKEHO, ITOYTH HABEP-
HsIKa, C BBIXOJIOM B HOBYIO 00JiacTh 3HaHWil. Bo BpemeHa
ot Bopa, Ditamreitna 10 Peiinmana TynuK AefiCTBUTEIHHO
BRITVIsiesT Oe3picxomabiM. OIHAKO, Teneph, 9epe3 NeCITKA
JIET, TOSBUJINCH HEOXKUJIAHHBIE SKCIEPUMEHTAJIBHBIE JTAH-
HBIE W WJIEU, KOTOPhIE IIO3BOJISIIOT HAYATH IIOMCK BBIXOJA
U3 TYIHUKA.

B macrosimeit crarbe mpeciemayercs 1ejib HATH TaKue
dusudeckre HakTOPBHI-IPUINHDBI, KOTOPbIE, B YACTHOCTH,
00€eCTIeIMBAIOT CIEILIEHHOCTD COCTOSTHII U JIEYKAT B OCHOBE
JyaJIn3Ma, BOJIHA-IACTULA. DTU (PAKTOPBI-IPUINHBI, HE UC-
KJIFOUEHO, OIPEJIEJISIOT MHOTOE B (pU3UKE, IOCKOJIbKY OHU
CIIOCOOHBI YIIPaBJIATH (pU3NIECKUMU Iporeccamu. [lonck
OCYIIIECTBJIAETCA C BBIXOJOM 32 IPEEJIbl JTOCTUTHYTHIX,
VCTOSIBITAXCST 3HAHUN aKaIeMUIeCKOi (PU3UKU Ha OCHO-
Be 9KCIIEPUMEHTAJbHBIX JAHHBIX KBAHTOBOW (U3NKKA U
GU3MKE KOCMUYECKUX BozjeiicTBuii. Paccmorpenue 3/ech
[IPOBOJIUTCS B paMKax IIPeJCTaBJIEHUN TEOPHUH IOJIs O
CYILIECTBOBAHUU II0JIed — IIEPEHOCUYUKOB BO3JedcTBUl B
HaIlleM TPEXMEPHOM IIPOCTPAHCTBE.

II. OCHOBHBIE UJEU [TOUCKA

Jloruka oOHapyxKeHUsi UCKOMBIX (haKTOPOB TakoBa. B
2008 rozy [3] 6bwI HOTYYeH PEIIAIOIINIE, IKCIIEPUMEHTAIb-
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HBIIl apryMeHT B I0JIb3Y CTOPOHHUKOB IIOJIHOTHI KBaHTO-
BOI MEXaHUKH U “KyTKOTIO JaJbHOIEACTBYs . 3aly TaHHbIE
(OTOHBI yIAJOCh pa3HECTH HA PaccTosiHue B 18 Kujio-
MeTpoB. Biaromapst 10cTaTOYHO BBICOKON TOYHOCTH U3Me-
peHuit yIaJoCch BBISICHUTD, UTO, €CJIA CYIIECTBYeT HEU3-
BECTHOE JI0CEeJIe TI0JIe, CO3MAIOIIee CIEIIEHHOCTh COCTOSI-
HU (POTOHOB, TO ITO IOJIE JOJIZKHO PACIPOCTPAHATHCS
CO CKOPOCTBIO, IIPEBBIIIAIOILYI0 CKOPOCTh CBEeTa HE MeHee
geMm B 100000 pa3. Mexy Tem, Teopusi OTHOCATEIHHOCTH
(CTO) u kBanTOBas TEOpHUs 3AIPEMIAIOT PACIPOCTPAHE-
HUE CO CKOPOCTBIO OOJIBINEH CKOpOCTH CcBeTa. Bpome ObI,
apryMeHT He3bI0JIeM W CTaBUT OKOHYATEJIbHBIA KPeCcT Ha
ujiee CyIIeCTBOBAHWS HEU3BECTHOI'O II0JIsl, CO3AOIIEro
CIIEIJIEHHOCTh KBAHTOBBIX COCTOSIHHIl, U IIOITBEPXKIAET
CIOpIIpU3 KBAaHTOBOI (DU3MKM B BUIE AJOTUIHOTO M IIPO-
THUBOECTECTBEHHOTO COCTOSHUS: HUKAKOE I0JI€ HE CO3TAET
CIlyTAHHOCTH OO'BEKTOB, & CILyTAHHOCTH CO3JAETCS, HUUTO
He IIEPEHOCUT BO3JeHcTBUE OHON YacTU CIyTaHHOU Cu-
CcTeMbl K JIpYyroii eé JacTw, a BO3JelCTBUE IepenaéTcs.
Taxk omo m BocupumHIMaeTCsa akageMudeckoil ¢pusukoit. Ho
Bcé He Tak mpocro. Cpasy moguepKHEM, apryMeHT Ieii-
CTBUTEJIGHO HE3BIDJIEM B IpeesiaX YCTOSABIINXCH 3HAHUN
dusuku. OHAKO HUOTKYJAa HE CJIEyeT, 9TO ITa He3bIO-
JIEMOCTb COXPAHSIETCsI IIPU BBIXOJIE 32 IIPeJIesIbl 3HAHUIA,
JOCTUTHYTHIX K HACTOSIIEMY MOMEHTY.

HeiicTBuTeibHO, KaK ObLI0 yKazaHo, coryiacio CTO wu
KBAHTOBOW TEOPUHU, HE MOXKET CYIIEeCTBOBATH I10JIEe, OCY-
IIIECTBJISTOIIEE CIEIJIEHHOCTh KBAHTOBBIX cocTosiHuit. Ciie-
J0BaTEJIbHO, MBI HE HAWIEM 3TO IOJIe B PAMKaxX CIIpa-
BegymBoctu CTO u kBanTOBO# Teopun. Ctano OBITH, MbI
CMO2KEM HAWTH ITO IOJIE TOJIHKO, €CJIU BBIIHIEM 3a IIPEIeITbI
npuMennmoct CTO! u KBaHTOBOI TeopHU HpH COXpaHe-
wun cupasegymmBoctu CTO u kBaHTOBOIT Teopuu B mpeje-
JlaX WX NIPUMEHUMOCTH. B 3TOM HeT HWYero yJIuBUTEIHLHO-
ro. Ormernm, cama CTO BO3HEKIIA KAK BBIXO/T 38 IIPEIEIIBI
IpUMEHNMOCTH MeXaHuKu HbioToHa, canTaBIIeiics 10 TOro
HEe3bI0JIEMOTl, HO OCTAOIIENCsT CIPaBeJIMBOi B IIpeesiax
eé npumenumoctu. KBaHTOBasi (pusnka Tak»Ke BO3HUKJIA
KaK BBIXOJ] 38 [IPEeJIeJIbl IPUMEHUMOCTHU KJIACCUIECKON (hu-
3UKU, TJI€ COCTOSHUS N3MEHSINCh HEIIPEPBIBHO, M KOTOPAs
MpEeXKJIe TAKXKE CUYNTATIACH HE3BIOJIEMOI, HO OCTaBIIEHCs
CITpaBeJJINBOIl B IIpejesiax €€ IpUMEeHUMOCTH. B oboux
CJIydasixX, BBIXO/I 3a IIPeeJibl IIPUMEHNMOCTH IIPEIIIeCTBY-
OIUX (DU3NYECKUX IIPeJICTaBJIEHNI ObLI BBIHYZK/IEHHBIM
o, maBjieHneM (baKTOB, KOTOPbIe ObLIN aJOTUYHBIMA B
peiesiax MPUMEHUMOCTH TPEXKHUX (DU3NIECKUX TIPeJl-
crapiennii. Temepb TPeACTONUT CaeaaTh CJELYIONINI ar
— BoiiiTH 3a npenensl npumennmoctn CTO u kKBaHTOBOI
TEOpUH, MPU COXPAHEHWM UX IPEXKHel CIpaBeJInBOCTH
B IpeJiesiax TPAHUI] WX MPUMEHNMOCTH. DTOT BBIXOH, 34
upeaensl npumernmoct CTO u KBAHTOBOI TeopUH TOXKE
BBIHYKIeHHbIl. OH TPOUCXOIUT TOJ BJIUSHHEM (aKTa,
AJIOTUYHOIO B IIPeJie/laX TPUMEHUMOCTH KBAHTOBON TEOPUU
u CTO — 10, 94TO CO37aET KBAHTOBYIO CIIEILJIEHHOCTD, HE Cy-

VmeeTcst B BUY BbIXOA 3a mpesennt npumenumoctu CTO me B
CMBICJIE IIEPEXOa K TEOPUSM THUIIA OOIIEeH TEOPHH OTHOCHUTEIHLHOCTH
(OTO), a B cmbiciie BeIxOa 3a npeessl npuMennmocta CTO u npu
NPaKTUYIECKU HeoIyTuMbIX dddekrax OTO.

IECTBYET, & KBAHTOBAS CIEIJIEHHOCTH CO3/Ia€TCs, TPUIEM,
€CJI BBOJUTD I10JI€, CO3/IA0IIee KBAHTOBYIO CIIEILIEHHOCTb,
TO OHO JIOJIZKHO IIPEBBINIATH CKOPOCTh CBETa, MUHUMYM, B
100000 pas.

CTO u KkBaHTOBasi TeOpHUs CIIPABEJIUBBI JJISI MATEPU-
aJbHBIX 00BEKTOB, obsamaronux sueprueit. CiremoBaTesb-
HO, CPeJ MATEePUAJIBHBIX SHEPIeTUYECKUX OOBbEKTOB MBI
He HaiiJIEM 110JIe, OCYIIECTBJISIONIEe CIEIJIEHHOCTh KBaH-
TOBBIX COCTOSHUI. 3HAYUT, MBI MOXKEM HANTH ITO IOJIE,
0003HaYNM €ero Kak F'; TOJIBKO cpefu 0e39HEepPreTUuIECKIX
00BEKTOB, KOTOPbIE, TEM HE MEHee, TOJI2KHBI UMeTh (hu-
3UYECKHe CBOMCTBa M MOT'YT BO3/ECTBOBATH Ha, SHEPTeTH-
geckue 00bekThI, moruntsitonuecs CTO u kBaHTOBOI Teo-
pun. Ecyin mojie F' cyiiecTByer, TO CONJIACHO JAHHBIM, IIPH-
BEIEHHBIM BBIIIIE, CKOPOCTD €r0 PACIIPOCTPAHEHUS JTOJI?KHA
MIPEBBLIMNATL CKOPOCTDh CBeTa ¢, Kak MuamMmyM, B 100000
pa3. Kak sro moxker 6biTh? B ciiyuae dacTuiipl, nmMmero-
el Maccy, WHEPIUIO, BCE HAIISITHO - YACTHIA HE MOYKET
[IPE0JI0JIETh CBETOBOI Oapbep, TakK Kak, 10 Mepe MpubJIv-
JKEHUsI K CKOPOCTH CB€Ta, €€ MHEPIIMOHHOCTH BO3PACTAET
10 6ECKOHEYHOCTH. Be39HEepreTHIHOCTh 00bEKTa aBTOMa-
TUYIECKN 03HATAET €ro 6€3MacCOBOCTh, OE3MHEPITUOHHOCTD,
[TIOCKOJIbKY, €CJiM OOBbEeKT HMMeeT MacCy, TO OH HMeeT U
suepruio. [losTomy Ge3sHEpreTUIecKue Mo, 00 bEKTHI Oe-
3UHEPINOHHBI U 0€3 3aTPYIHEHNIT TPEOI0IEBAIOT CBETOBOIM
6apoep. 3anper CTO u KBaHTOBO# TeOpUM HA MPEBBIIIE-
HI€ CKOPOCTHU CBETA, MOJIYY€H TOJBKO JJIS SHEPTeTHIECKUX
00bekTOoB. M3BecTHBIE 3aKOHBI (PU3WKU HE 3aIpearoT
6Ge33HEepPreTUIeCKIM 00 beKTAM ITPEBBINIATH CKOPOCTH CBETA
B 100000 pa3 u 6osiee. Crajio OBITH, HE UCKJIIOYEHO, UTO
nckoMoe mojie F' MOXKeT mpeomosieBaTh MEXKIIJIAHETHBIE
U MEXK3BE3IHBbIE PACCTOSIHUSI MOYTH MTHOBEHHO. Takmm
06pazoM, TOTydIaeM

BBIBO/I 1: kapauHaJibHBIE cBoiicTBa mmojss F — ero
0e39HEPreTUYHOCTh U IIPEBBINIEHNE CKOPOCTH CBeTa — He
€CTh TUIOTE3a, a eCTh 00sg3aTesbHbIe CBOCTBa mojs F,
CJIEIYIOIINE U3 AHAJIM3a CJIOKUBITEHCS CHTYaIluu, eCJIu,
KOHETHO, ToJie [’ cymmecTByer.

Pesynbrarel aHajm3a 3KCIIEPUMEHTa CO CIEIIEHHBIMU
(doTOHAMU ITO3BOJISIET IMOCTABUTH BOIIPOC B O0Jiee oOIeM
BHUJIE: CYIIECTBYIOT JIU HeKue Ge33Heprerudeckue moJs f,
KOTOPBIE OKA3bIBAIOT BO3IEHCTBUSA HA IIPOIECCHI KBAHTO-
BoOli du3MKH! DTUM BOIPOCOM MBI U OYyIeM 3aHUMATHCH
B JIAaHHOW CTaThbeé HAa OCHOBE HMEIOIIMXCS, B TOM YHCJIE,
HOBEHNIINX IKCIIEPUMEHTAIBHBIX JAHHBIX O KOCMUYECKHUX
BozJeiicTBusix. [ToyeMy mMeHHO O “KOCMUYECKUX BO3IEii-
cTBusiX’, CTaHeT s$CHO u3 maJbHeiimero. Ho cmagama ot-
METHM OJHY OCOOEHHOCTH: MOYKHO ITOKa3aTh, UTO 0e3-
sHepreTuyeckre 1oJg f (ecju OHU CYIIECTBYIOT) CIIO-
COOHBI YIIPABJIATH IPOIECCAMH, IIPOUCXOJSIIUMI B MUDE
SHEPreTUIECKUX MaTepuaIbHbIX 00beKTOB. ClpaBe inBoe
[IOTIOJTHEHNE KBAHTOBOI (DU3MKHU TAKUMU YIIPABJISIIONTIMUA
dakTopamMu MOrJIO OBl CYIIECTBEHHO PACIIUPUTH HAIIA
B3IVISIIBI HA TO, 9TO IPOUCXOJUT B IEHCTBUTEIHHOCTH B
KBaHTOBOM Mupe. OCBOEHME IIOHUMAHUS U IIPUMEHEHUIT Ta-
KX (haKTOPOB JIOJIZKHO IPUBECTU K CEPHE3HOMY IIPOTPECCY
KaK B IIOHMMaHUU (PU3MIECKOIO CMBICIA KBAHTOBBIX I1PO-
[IECCOB, TaK U B MPAKTUIECKUX WCIOJIH30BAHUIX KBAHTO-
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Boii ¢usuku. [losroMmy oTBer Ha BOIIPOC, ITOCTABJIEHHBIN
BhIIlIe B OoJiee 00IIEM BHJIE, UMEET JIjisi KBAaHTOBOW (pU3UKHU
HeMaJjIoe 3HaUeHNe.

[Tocemy, cragasa maauM 0OOCHOBAHUE CIIPABEJINBOCTH
yKa3aHHoit ocobennocTH. JlaHHbBI BOIIPOC MOAPOOHO pac-
CMOTDEH, HaIpuMeD, B pabore [4]. ABTop B cBOeii cTaTbe [4]
Ge33HEpreTryecKrue 0ObEeKThl Ha3bIBaeT OObEKTaMU HeMa-
TepuaibHOro Mupa. I ot nouemy. CorsiacHo pusniecKuM
[IPEICTABIEHUSM, BCE MATEPHUAJbHBIE O0BEKTHI, KOTOPBIE
U3y4YaloT CErOHSIIHIE eCTeCTBEHHbIE HAYKY (TeXHUIeCKUE
[IpeIMEeTHI, IUIAHETHI, 3BE37bI, OMOJOTMYECKHE TKAHU U
KJIETKH, 3JIEKTPUIECKIE, MATHUTHBIE, si/IEPHBIE II0JIsl 1 TaK
nasee), umeror sHepruo E. IlosTromy, ¢ TOUKM 3peHHUst
busuku, HaOOP O0OBEKTOB, UMEIOIINX dHepPru F, n ecTb
martepuasbabiit Mup Wy, Torma, mo onpenenenuto, HaOOP
00BEKTOB, BBIXOSAIUX 3a mpeesbl Mmupa Wy, ecTb Mup
memarepuabHbIii Wiy r. CiieoBaTeIbHO, C TOYKHU 3PEHUsT
dusuku, HemarepuaabHbIil Mup Wi ecrs Mup 6e3sHED-
reTuvecKux OOBEKTOB. DTO OIpPeJe/IeHHE HEMATEPUAJIb-
HOTO MHUpPa MeTOJOM uCKJiodeHusi. Moryr jin ecrecTBeH-
Hbl€ HAYKW MTO3HABATH BeCh HemaTepuaabHbiit Mup Wyas?
Ceityac HET TOYHOTO HAYYHOTO OTBETA HA ITOT BOIPOC.
Ckopee Bcero, HeT, He MOTYT. 1TOOBI KOPPEKTHO yYecThb
OI'PAHUYEHHOCTh KOMIIETEHTHOCTU (DPUBUKHU, HEOOXOIUMO
JaTh onpejeaeHne (GU3NIECKOT0 HEMATEPUAIbHOTO MUPA.
Tlosromy obo3mHaumMm Kak (Hpu3MIecKuii HeMaTepPUAJIbHBIN
mup W arpn Ty 9acts Mupa Wiy, KOTOpast mo3HaBaema,
(PUBMIECKUME METOIAMUA.

B crarbe [4] merasbHO 06CYKIAIOTCS OCHOBHBIE bu-
3udeckne cBoiicTBa 006bekToB Onprpn, Mupa Wynpn 1
BOITPOCHI TTO3HABAEMOCTH HEMATEPUAJIHHOIO MUpa. dura-
TeJIn, KOTOPBIM HEe HPABUTCSI TEPMUH (DU3NIECKUI HEMATE-
pUaIbHBI 00BEKT, MOI'YT 3aMEHSITh JjIsI Ce0si ITOT TEPMUH
Ha TepMuH ¢usndeckuii Oe3sHepreTnyeckuii oObeKT 6e3
yiepba Jijisi CMBIC/IA, 9TO He IPUHIUITHAJIBHO.

Ecin 6e3snepreruwdeckne moss f CymecTBYIOT U OKa3bI-
BAIOT BO3/EUCTBUS HA MATEPUAJIbHBIE OOBEKTHI KBAHTOBOIA
buU3MKYM, TO OHU MO3HABAEMBI (DU3MIECKUMU METOIAMU IO
peaxIyy 3TuX 00bEKTOB Ha BO3JeiicTBus moJjeil f, momo0-
HO TOMY, KaK MbI IIO3HAEM HEBUIMMOE I'DABUTAIMOHHOE
[oJjie 10 PpeakIMy MaTepPUAJIbHBIX TeJ Ha BO3JefCTBUs
rPABUTAIMOHHOTO 10Jisi. Toraa, mo onpeesennio, moys f
apistiorca oobektamu Onprpn Mupa Wnarpn. IHosTomy
mosist f MblI OyjieM UCKaTh Cpelid O0bEKTOB (PU3UIECKOTO
HeMaTepuaJbHOro Mupa On s ph -

C apyroil CTOPOHBI, IO OIPEIE/IEHU0, KaXKI0MYy (hU3H-
qecKkoMy HemaTepuaabHOMy 00bekTy O N prpp busmaecko-
ro HemarepuajabHoro mupa Wy arpp (& He TOJIBKO 1OJISIM
f) HesBHO IpPUIUCHIBAETCST CBOWCTBO BO3JEHCTBOBATH, 1O
KpaiiHeil Mepe, Ha HEKOTOpble (PU3NIECKUE MATEPUAJIB-
Hble 00beKkThl O); MaTepuabHOrO Mupa Wy, U M3MeHSTh
buU3mIecKoe COCTOSHIE ITUX MATEPUAIbHBIX OOBEKTOB,
TIOCKOJIbKY B TPOTHUBHOM cjaydae 00beKTbl Onpspp OBI-
g OblI HEMO3HABAEMbI (PU3MICCKUMH MeTOodaMHu. TeM ca-
MBIM, KayKJIOMy TaKOMY OOBEKTY IPUIIACHIBAETCS 00JIa1a-
HI€ HEKOTOPbIMU (pU3nIecKuMu cBoficTBamu. PaccMoTpuM
ocobeHHocTb mojieii f um 00bekToB ONprpn YIPABJISATH,
crenyst crarbe [4].

Hecmorpst Ha oTcyTcTBUE 3HEPrun, 0ObEKTHI (busmde-
CKOI'O HeMmaTepuajbHOro Mupa Wyjspp aBTOMATHYECKH
HE €eCTh HHUYTO, TaK KaK OHM O0JIaJal0T HEKOTOPBIMU
CBOMCTBAMM ¥ CIOCOOHBI K HEKOTOPBIM B3aMMOIEHCTBHUAM.
Hemarepuanbibie 06bekTsr Oy pr Oe3uneprimonnbl. OHn
He HeCyT B cebe MMIIYJIbC P U He MOIYT BO3IefiCTBOBATH
cuJIoBBIM criocoboM. Ho oHU BO3/EHCTBYIOT Ha MaTEpH-
asibHble 00beKThl O) . CiieoBaTe/IbHO, OHU BO3JIEHCTBY-
0T Ha MarepuasbHble 00beKThl () 0E39HEPreTUIeCKUM
HecuJIOBBIM crtocoboM. CreqoBaTebHO, BMECTO SHEPIUN
7 CUJIbI, (pU3NIEeCcKre HeMaTepuaJbHble 00beKThl ON s ph
UMEOT YTO-TO JIPYToe, ITO3BOJIAIOIIEE UM BO3eCTBOBAT,
9TO MOXKHO OBIJIO OBl Ha3BaTh KAK HEMATEPUAJIBHBIN I10-
TEeHIMAJ BO3JIEHCTBUsI, MJIX KPATKO - KaK NM-1mtoTeHImaJr.
Brorgeaenne NM-norennmasa 66110 ObI maromM BIEpEnD B
duznke.

B pesysabrare BO3seiicTBril (PU3MIECKUX HEMATEPUAJIB-
HBIX OOBEKTOB Ha MaTepHalibHble OOBEKTHI, ITPOUCXOIUT
n3MeHeHne (PU3NIECKOTO COCTOSIHUSI MaTepUaJIbHBIX 00b-
ekToB. V3MmeHenne (pU3UIECKOTO COCTOSHUS MATEPUAJH-
HOTO 00BEeKTa TpedyeT, Jale BCEero, 3aTPaT WM BBICBO-
OoKIeHusT 3Hepruu. IIpearooKuM, YTO B pe3yJbTare
BOBJIEAICTBHS HEKOTOPOI'O (PUBUIECKOIO HEMATEPHUAJIBHOIO
obbekTa Oy pp HA HEKOTOPBIH (DU3MIECKUN MATEPUAJIB-
HbIi 00bekT O)y dHEprHUst 00bekTa )y YBEJIMINBACTCS HA,
Besmunny 0 F. Otkyna 6epércs sta sueprus 6?7 O6bekT
ONMpr He TepemaéT HUKAKyIo SHepruio oobekTy Opy.
DHeprueiir 00J1a1a10T TOJBKO 00bEKTHI MATEPUAJIBHOIO MU-
pa. Eciin npemmnoioxKuThb, 9T0 BO BpeMsl BO3JEHCTBUS HAa
00bekT Oy HE BKJIIOYAETCSI IIePelada SHEPTUH K 00beKTY
Opr OT JApyrux MaTepruajbHBIX OOBEKTOB WM IIPOIEC-
CoB, TO 3Heprusa 0F Gepércsd HUOTKYyAa, 9TO UCKJIIOYEHO.
CieoBaTe/IbHO, BO3JIEHCTBIE HEMATEPUAJIBLHOIO 00bEKTa
ONyv PR HA MaTepHaJbHBIA 00beKT (O)py BKIOYAET IIepe-
KaJKy 9Hepruu K MarepuajbHOMy 00bekTy Ops OT APYrux
MaTepUaIbHBIX O0bEKTOB WM IIPOIECCOB, COBOKYIIHOCTD
KOTOPBIX 0003HaYnNM Kak Aps. AHaJormdsHo, eciu B pe-
3ynbTaTe Bo3deiicTBus obbekTa Onprpp Ha 00bekT Oy
sHeprust oobekTa () yMeHbIIaeTcs Ha BequduHy OF,
TO BO3JeiicTBHEe HemarepuajbHOro obbekTa Opnprpp HA
MarepuajbHbIl 00beKT () BKJIIOYAET OTKAYKY SHEPruu
OT MaTepUaJILHOro 00beKkTa Oy K APYTUM MaTepPUAIbHBIM
00bEKTaM WJIN IPOIECCaM, KOTOPble 0003HAYMM TOXKE KaK
Apr. Hepejsiko, epekadky 3HEPruu MKy MaTepHaJIbHbI-
MH OOBEKTAMH CBSI3aHBI C IIPEOOPA30BAHMEM SHEPIUH W3
ojiHOTO €€ BuUa B npyroit. Torma, mosydaem [4]:

BBIBO/I 2: kaxkap1it HeMaTepuaabbiit 00bekT O N s ph,
a, BHAYNT, U MCKOMbBIE II0JIs f, BO3AEHCTBYIOT Ha MaTepU-
aJIbHbIe O00BEKTHI HECHJIOBBIM CIIOCOOOM, HO HE TepenaéT
UM SHEPIUIO, & IOPOXKJAET IEPEKAYKY SHEPIUH MeXKJLy
MaTepuabHBIMUA OO'bEKTAMHE, IIPe0bpa30BaHNe SHEPIUN U3
OIHOIO €€ BHJa B JADPYroi, W, TEeM CaMbIM, YIPaBJILET
MaTepUaIbHBIMA IIPOLIECCAMI.

IToguepkuém: cBoiicTBO moJelt f yIpaBJATH - HE TUIO-
Te3a, a CJIeJCTBYE aHAJIN3a BO3IeiicTBuUil moJieil f Ha MaTe-
puajbHbIE OOBEKTBI, €CJIM, KOHEYHO, T0JIsi [ CyIIecTBYIOT.
T'unore30ii sIBJISIETCS MIPEJIIIOJIOXKEHNE O CyIeCTBOBAHUN
moseit f.
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JlaHHYy0 runoTesy TpedyeTcst HOATBEPIUTH YKCIIEPUMEH-
TaJbHBIMKA JAHHBIMHU, HMPUIEM, TaK, 9TOOBI OBLIO $ICHO,
9TO OOHAPYKEHHOE BO3/IeCTBIE HE MOYKET ObITH PE3YJ/IbTa-
TOM BJIUSTHUSI 3JIEKTPOMATHUTHOTO, TPABUTAIIHOHHOTO, WJIH
JIEO0OTO JPYroro MaTepPUabHOIO (SHEPrEeTHYECKOTO) IOJIS.
Kax sro moxkuo caemars? st 9TOTO TOAXOMUT TIOMCK
BO3JIeficTBUiT IIaHeT U 3BE3J Ha 3emiie. JleiicTBuTesbHO,
HETPYIHO YOEIUTHCsI, YTO BCIKOE IHEPreTUYECKOe II0JIe
co chepuaeckuM (HPOHTOM, UCXOJAIIEE OT IJIAHETHI WJIH
3BE3JIbI, JOJYKHO, HE3ABUCUMO OT €ro (PU3UIECKO TPUPO-
JbI, yOBIBaTh Kak 1/12 Ha PacCTOSHUM T OT TIAHETHI W
3Be3/Ibl B CUJIy 3aKOHA COXPaHEHUs SHepruu. Kcjm ydecThb
peaJibHbIE PACCTOSIHUSI OT 3eMJIU JO ILJIAaHeT W 3BE3J, TO
OIEeHKa, TIOKA3bIBAET HEBO3MOYKHOCTD CKOJIb-HUOYIb 3aMeT-
HOTO BO3JeficTBUSA mocaeaHnx Ha 3emie. [losromy Hayka
TBEPJAO CTOUT HA TO3UIUU: “IJIAHETHI HE MOTYT BJIUSTD
na 3emuto”. Ilocimennee peajibHO CIPABEIJIMBO C TOYKH
3peHusi HbIHEIHEel HayKW, U3ydarolleil TOJIbKO IHepre-
THYEeCKHe OOBEKTHI, IIOCKOJIBKY B KJIACCE MATEPUAJIbHBIX
(sHepreruyueckux) OOBLEKTOB, KaK ObLIO YKA3aHO BBIIIE,
JIEHCTBUTENIHHO HET TAKOTO SHEPTETUIECKOTO TIOJIs TIIaHeT
7 3BE3J, KOTOPOE MOTJIO ObI 3aMETHO BO3JEHCTBOBATH HA
Bemute. Crasno ObITh, ecm Ha 3emie OyaeT oOHAPYKEHO
3aMeTHOe BO3JeiCTBUE ILJIAHET, a OCODEHHO, 3BE3]I, U3Me-
HATOIEE COCTOSHUS SHEPTETUIECKUX 0OBEKTOB, 9TO OyIeT
O3HAYATh OOHAPYXKEHWE BO3IEHCTBUS HEMATEPUATHHOTO
(6e3smeprermyaeckoro) moist. BeseacTue sToro, st neeit
[TOMCKa, 10JIell [ JIOTMYHO CHOBa IKCIEPUMEHTAJIBHO TIIa-
TeJIbHO ITPOBEPUThH, HET JIM 3aMETHBIX BO3/I€HICTBHIl IJIaHeT
u 3BE31 Ha 3emie.

SAMEYAHUE 1. CornacHo BbIIIEe U3JO0KEHHOMY, TIO-
JIE3HO BBISICHATH, CYIIECTBYIOT JI PEabHO IMOJIs, TPEBbI-
maromue ckopocTb cseta B 100000 pa3 u 6ostee. Obo3Ha-
9uM UX Kak f100000- VICIIOJIB3Y st aCTPOHOMUYECKUE JIAHHbBIE,
HECJIOZKHO PACCYUTATDb U YOEIUTHCSI, ITO, €CJIU HAOJIIOIATh
3BE3/IBI C OMOIIBIO TIOJIEH f100000, TO JF0OasT 3BE3/1a HAIIIEH
TamaxkTuku O6ymer HAOIIOIATHCS TPAKTUIECKU B €€ MCTHH-
HOM TIOJIOXKEHUHN Ha HEOOCBOJE B MOMEHT €€ HAOJIIOMEHMUSI.
CienoBaresibHO, YTOOBI HANUTH IKCIEPUMEHTAJIbHBIE JAaH-
HBIE, CBUJIETEJIbCTBYIOIIINE B II0JIb3Y CYIIECTBOBAHUSI IOJIEH
f100000, MOXKHO HCIIOJIb30BaTh CBEIEHHUS O HADJIIOIEHUAX
UCTUHHBIX TOJIOKEHUN 3BE3I,

I11I. BA3OBBIE SKCIIEPUMEHTHI

Baustepuit Hukosnaesuy CmupHOB, G€3BpEMEHHO VIIE-
Uit OT HAC, CKOHCTPYHUPOBAJI IIPUOOP, KOTOPBIN PErUCTPH-
pyeT 3aMeTHbIE BJINSIHUS IJIAHET U 3BE3] Ha 3eMiie, U KO-
TOpPBIl aBTOP CTAThU Ha3biBaeT AerekTopom CmupHoBa. B
nerekTope CMUPHOBA UCIIOIB3yETCHA BOJIOK HA MATHUTHOM
[TOJIYIIIKe, BpallleHrne KOTOPOTO OPraHU30BAHO IO CIIEIH-
aJbHOI cBoeoOpasHoit cxeme [5], [6]. Ilox BozmeficTBHEM
HEOECHBIX TeJI U3MEHSEeTCS CKOPOCTH BPAIEHUS BOJIUKA.
Cuavasia OBLIO 3aPErUCTPUPOBAHO M3MEHEHWE CKOPOCTHU
BPAIEHUS BOJYKA IIPU BOCXOAX-3aKAaTaX, IPA BEPXHUX U
HIDKHUX KYJbMUHAIIUSIX IJIAHET, DA COEIMHEHUSIX [LJIAHET
¢ Comnnem, npu nonagaruu CoJiHIIA B TOYKH PABHOJIEH-
crBusi. [Ipu Bocxomax-3aKaTax W KyJIbMUHAIMAX ILJIAHET
CKOPOCTh BpallieHus BOTYKa m3MeHstach Ha 0.7-1.5% B

TedYeHWe KPATKOrO IIPOMEXKYTKa BpeMeHu, oObrdHO, 1,5-3
MuHYTBI. C 9KCIEpUMEHTAJbHBIMYI 3aIlUCAME YKA3aHHBIX
M3MEHEHUI MOKHO 03HAKOMUTLCH B paborax [5], [7], [8], [9],
[10]. Bce nabmonenus ¢ gerekropom CMUPHOBA IIPOUCKO-
Juu 6e3 UCI0JIb30BaHus (DOKYCUPYIONIUX YCTPOICTB TUIIA
teneckonoB. Hanpumep, #a Bocxome FOmmrepa, ero rpasu-
TaIMOHHOE BO3/IeiiCTBIE HA TPUOOP B HOJTOPA MUJLIAAD/IA
pa3 ciaabee rpaBUTAIMOHHOTO BO3/IEHCTBUS SKCIIEPUMEHTA~
TOpa, TIePEMEITAIONIErocs BOKpYT npubopa. Tem He memee,
prbOp PearnpoBaJI He Ha SKCIIEPUMEHTATOPA, & HA BOCXOT,
FOmurepa. (g npaBUiIbLHOrO pacdéra IPaBUTAIUOHHOIO
BozzeticTeus FOmmTepa Ha ero Bocxojie Ha 3emJe, 9To He
COBCEM 3JIEMEHTAPHO, TOJIE3HO O3HAKOMHUTLCS CO CHOCKOM
HOMeD 4 B pabote [11]). BameTHOE BINSHNSI 3BE3]] HA 3eM-
Hble O0OBEKTHI MOXKET TOKA3aThCs HEBEPOSTHBIM. 1eM He
menee, B 2009 roxy gerekrop CMUPHOBA 3aPErUCTPUPOBAIT
CyIIeCTBEHHbIE U3MEHEHHsI CKOPOCTU BPAIEHUS] BOJIYKA
[IpU BEPXHUX KYJIbMUHAIUSIX OJIMXKANINUX 3BE3J, HAIIPU-
Mmep, Cupnyca, 3e3ist & Eri (HP 15197) u 3Be3apr o For
(HP 14679A), u npu BepxXHUX KYyJbMHUHAIUIAX JAJEKUX
raJIakKTHK, HATIPUMED, TYMAHHOCTH AHIpOMeEIbl U rajak-
tukn NGC 1344 [12], [13]. IIpuaém, Bo3geiicTBus 3BE3
U TaJIaKTUK Ha BOJIYOK CMUPHOBA He OBLIN HUYTOXKHBIMU.
OHu OBLIM BIIOJIHE COIIOCTABUMBI C BO3JIEHCTBUSMHY IIJIAHET.
Jaxke 0e3 BCAKUX PACIETOB, MAJIO KOMY MPUIET B TOJIOBY
[I0JIATaTh, YTO CKOPOCTH BPAIIEHUS BOJIIKA M3MEHMIIACH 38
CUYET SHEPIUU TOJISA, UCXOIAIIETO OT 3BE3/IbI, HAIPUMED, OT
Cupuyca.

Herekropbl Cmupaoro u [1IHOJIS pearupyor Ha OJHU U
Te JKe acTpoHOMUYecKue siBjieHnsi. Ho B nerekrope [IHoJIs1
U3MEHSIETCS HE CKOPOCTH BpAIEHWsI BOJTYKA, a hopma
TUCTOIPAMM MAaKPOCKOIMYECKUX (DIIIOKTYAITMH CKOPOCTH
[poTeKaHusi (pu3ndecKux IporeccoB. llocie Toro, kak
IKCIlepuMeHTaJibHbIe janHbie B. H. CMupHOBa poHUKIIN
B Hayunyio nedarb, C. . IIInois ToXKe OIMyOJIMKOBAI
CBOHM JIaHHBIE O BINsSHUN IUTaHeT Ha 3emite [14]. derekTop
IITrons, ko BceobIEMy YIAUBIIEHUIO, SIBHO PEATHPOBAJ HA
monamanne HOnurepa, Berneps:, Mepkypus B TOUKy pas-
HOJIEHCTBHUSsI, TO €CTh, KOIJ[a JIyd OT ILJIAHETHI COCTABJISIET
yroa «, paBubiii 90 rpajycam, ¢ OChIO BPAIEHAS 3eMJIH
[14]. TTos:xe 6oL BbIsiBIIEH [14] OKOIOTOAMIHBIN BpeMeHHOI
[IMKJI 9TOTO BO3EHCTBUS, PABHBIN UKJIY NM3MEHEHUs YIJIa
«, mpaBna, He st mwraxeTsl, a st Comana. JlerekTop
IMuons, kak u jgerekrop CMHUPHOBA, 3aperucTpPUPOBAJI
BJIMSTHUSI HEOECHBIX TEJI B 3aBHCUMOCTU OT WX IOJIOYKEHUSI
OTHOCUTEIHHO IIJIOCKOCTH MECTHOT'O T'OPU30HTA U PE3KOe
YCUJIEHWE BJIUSTHUS IIPU COEIUHEHWSX W IMPOTUBOCTOSHU-
ax uebecubix Tes [14], npasmga B ocuoBuoM g CostHia
u JIyHBI, KOTOPBIM U3 HEOECHBIX TEJ B HUCCJIEIOBAHUSIX
rpynnbsl C. 9. IIlHoJist yesisiiocb OCHOBHOE BHUMAHUE.
Vxe B 2001 romy C. 9. IIIHosb mpuIEn K BBIBOLY O
6e3HepreTUIHOCTH ucceayeMbix rpymmoit [IlHosmss BO3-
neficrBuii (0 6e39HEPreTHIHOCTHU NOJIs HUYEro He MOBOPH-
JIOCh ), IOCKOJIbKY Ha ypoBHe rucrorpamm [Ilnoss pesyiib-
TaT BO3/EHCTBUsI HAXOIUTCS BHE 3aBUCUMOCTU OT SHEP-
TOHACBHINEHHOCTH TIPOTIECCOB, KOTOPAasl M3MEHSIaCh Ha JIe-
CSITKU TIOPSIZIKOB [15] OT siepHBIX pacnaioB, XUMIIECKUX
peakiuii 70 OIyMOB B TDABUTAIMOHHBIX aHTeHHAX [l14].
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(C. 9. IInoss m3BecTeH, Kak KpaiiHe J06POCOBECTHBIH,
TINATEIBHBINA UCCIEI0BATEh, KOTOPBII CTO pa3 IPOBEPUT
CBO#1 pe3yJIbTaT, IPeXKie, 9eM ero onyoaukyer. Tem He me-
Hee, CPeJid CIEIUATNCTOB WHOT/A BCTPEYaeTCsl COMHEHUE
B pesgyabrarax C.D. [Iluosss. D10 HecmpaBeIIuBo, B €M
MOYKHO YOeJIUThCs, O3HAKOMUBINUCEH ¢ [Ipuioxkennem 3 B
pa6ore [4].)

HemaBro, ¢ TOMOIMBIO CHEMUATIBHON CIIEKTPOCKOITUH,
B.A. 3yboB ¢ coTpygHMKaMu OOHAPYKWUJIN U3MEHEHUs
HAJIMOJIEKYJISIPDHBIX CTPYKTYP MHOIHMX 3€MHBIX OOBEKTOB
non Bozzeiicreusivu maaner (a tak ke Cosjmma u Jly-
uel) [16], [17], [18], [19], [20], [21] [22]. Croma oTHOCATCSH
JKUBBIE W HEXKUBBIE OOBEKTHI, JKUJKUE U TBEPJBIE CPEIbI,
B YACTHOCTH DACTBODBI U Boja. Hampumep, BO Bpems
BepxHeil KyjapMmuHauu HOnurepa, HabJ/IIOIaIUCh PeE3KHe
AMITYJIbCHBIE U3MEHEHUsI CPEJIHET0 MOJIEKYJISIPHOTO Beca
KJIACTEPOB OHOMATPHUILI KapTOdesis, Yucia pasIuaHbIX
KJIACTEPOB ¥ 9Hepruu ux uaiaydenns [16], [17], [18], [19].
Ipuuém, nurupyio [17]: “B uepuon xynpmunanuu FOmu-
Tepa OOHAPYKUBAETCS JIOCTOBEDHAsT KAPTUHA BJIMSTHUS
ero Ha Omomarpuily KapTodeJs. Bimsinne FOnwmrepa
HEOXKHJIAHHO CUJILHO B IIEPUO/T €r0 KYJbMUHAINN , U3 IKC-
MEPUMEHTAIBHBIX JIAHHBIX “CJIEYET COM3MEPUMOCTDH BJIU-
SAHUsI TJIAHETBI C TAKOBBIM st JIyHer’, XOoTsi sHeprum
BO3JEHCTBHIT TTaHeT U JIyHBI CyIECTBEHHO pa3Hble. B.
A. 3y6oB ¢ corpymHUKaMu OOGHAPYKWIN CJIELYIONee: a)
KOHTPACTHBIE U3MEHEHUST HAIMOJIEKYIISPHBIX CTPYKTYP BO
BpEMsI BepXHMX KyJbMUHAIMN 1eHTpa Harreil [asakTuku
[19]; 6) roMUHEpPYIOITE N3MEHEHHS] THHAMIYIECKOI BA3KO-
CTU ¥ U3MEHEHUS HaJIMOJIEKYJISIPHBIX CTPYKTYDP BO BpeMs
BEPXHUX W HUKHUAX KYJbMUHAIWN 3BE3THOTO CKOILIEHUSI
M34 [21]; B) u3MeHeHHUs TUHAMUIECKOH BI3KOCTH BO BpEMsT
kyapmuHarmit ragaktukn VIRGOHI21 B ommosmiun k
Comnary [21]. (B 9tnx crarbsx KyJIbMHUHAIUN Ha3BaHBI
“HPOXOXKIEHIEM Yepe3 MJIOCKOCTh MPABUTAIMOHHOTO PE30-
nanca”2.) 3y60B ¢ COTPYJHUKAMHU TIPeIOKUIN (DUZHKO-
XUMHUIECKYIO MOJIETh KOHBEPTAIMH yKA3aHHBIX (DU3UKO-
XUMHUYECKUX U3MEHEHUN B OUare 3eMJIETPSICEHUST B WHUIH-
upoBanue 3emyierpsicerns [22]. Peasboe Bausiaue miaHer
Ha CEHCMUYECKYI0 aKTHUBHOCTH HA 3eMJIe TTOITBEPIKIAETCS
dakTraecknmu garubIMHT [23], [24].

IV. OBCVYXKJEHUE PE3VJIBTATOB BA3OBBIX
SKCIIEPUMEHTOB

B cuity usiioxKeHHBIX pe3yIbTaToOB 6a30BbIX IKCIEPUMEH-
TOB U OObsICHEHMII BTOPOTO pas3jiejia CTaTbU, De33Hepre-
THYecKne 1oJisi cymectByoT. OcHoBHOIL jerekTop [IHOJIs
[IPEJICTABIISIET COOON pPaIMOAKTUBHBIN UCTOYHUK. B 39KC-
mepumenTax rpymmsl C. D. [Iluonms mox Bo3meiicTBreM
6e39HePreTUIeCKnX Mo N3MEHSIIOTCS THCTOIPAMMBI Pa-
JIMOAKTUBHOI'O paciiajia. be3sHepreTndyecKue moJist Bo3eii-
CTBYIOT U Ha CPEJHIOI CKOPOCTH sIZIEPHOTO pactaja (CM.
Pazmes V). 3uaunt, moj ux BO3AEHCTBIEM U3MEHAETCS CO-
CTOSTHIE PAIMOAKTUBHOrO ucToIHmKa. CIte10BATEIBHO, CY-

2ABTOp HE MOXKET COIVIACUTBHCS C OODBSICHEHHSIMH (DU3MIECKOIT
IpUpOABI SIBJIEHUH, 1aBaeMbIMH B paborax rpynnsl B. A. 3y6osa, HO
CUNTAET, YTO UX IKCIEPUMEHTAIbHAS JaCThb 3aC/LyKUBAET BHUMAHUS
U pa3BUTHUS B CUCTEMATHYECKHE HaydHbIE HAOIIIOIEHUA.

IIECTBYIOT Oe33HepreTudeckue 1oJisi f, BO3/IEHCTBYIOIINEe
Ha COCTOSIHME KBAHTOBBIX OOBEKTOB, YTO M TPEHOBAJIOCH
nokasarhk. Ho Torma crupasenius BBIBO/I 2 o mecniioBbix
VIPABJISIONINX BO3AEHCTBUAX mOJeil f Ha MaTepuaJIbHBIE,
B TOM 4YHCje, KBaHTOBBIe mporecchl. Ho, ecim Ge3sHep-
TeTUYECKUE T0JIs BO3JEHCTBYIOT HA YACTUIBI U CHCTEMBI
YaCTUI[ MUKPOMUPA, TO CAMHU 3TH YACTHUIBI U CUCTEMbBI 00-
JIAJAIOT STUMU TIOJISIMU UJIU UX MIOJIEBBIMU KOMIIOHEHTAMM,
IOIOOHO TOMY, KaK 3JEKTPUYECKHE W MATHUTHBIE TIOJIS,
3JIEKTPOMATHUTHOE TI0JI€ BO3JAEHCTBYIOT HA IYACTHUIIHI TOJIb-
KO TIOTOMY, 9TO YACTHUIIBI SIBJISAIOTCH UCTOYHUKAMU DJIEK-
TPUYECKOTO U MArHUTHOrO mnoJeit. Kpome toro, corsiacHo
dusmaeckoit Mmozesn Ge3sHeprerndeckux mnosen (cm. Pas-
e V), Bce MaTepHaJbHBle TeJa U YACTHIBI 00JIaJIAi0T
6e39HEPreTUIECKUMU TOJISIMU. JHAYUT, U MATePHUAJbHBIE
YACTHUIIbI, CHCTEMbI MATEPUAJIBHBIX YACTHUI] MUKPOMHUPA 00-
JIaJA0T OE39HEPreTUYeCKUMHU TOJISMA W B3aUMOJIEHCTBY-
FOT MEKJy CODOM ITOCPeICTBOM Ge39HepreTHIeCKuX IOJIeH,
a He TOJIbKO II0CPEJICTBOM PA3HOOOPA3HBIX MaTepHaIbHBIX
moseit. Craso OBITH, KBaHTOBasi (pu3MKa TOKHA OBITH
JIOIIOJTHEHA B3aUMOIEHCTBUAMUI depe3 0e39HEePreTUIeCKue
OoJist, & KBAHTOBAs TEOPUs JIOJKHA OBITH JOMOJIHEHA
CBSI3sIMU, BBIPAYKAIOIIUMK HECUJIOBOE YIIPABJIEHNE KBAHTO-
BBIMH IIPOIIECCAMM M B3aHMMOCBSI3b KBAHTOBBIX OOBEKTOB
IoCpeICTBOM Oe33HepreTndecKnx moJteit. Ilpu srom, Kak u
0XKMJIAI0CH (CM. BBemenue), npugrcs BBIATH 38 [IpeIesIbl
JOCTUTHYTHIX 3HAHWIA, UTO MIPEICTABIISIET CODOil, IO MHe-
HUIO aBTOpa, IIaTdOpMy Jjis CYIIECTBEHHOI'O DPAa3BUTHS
KBAHTOBOW (DU3UKU U IAl' K BBIXOY U3 TYIHUKA.

Hamnpumep, oneparop 'aMuibrona KBaHTOBON MeXaHU-
KA W ONepaTopHbIil Jlarpam:knaH KBaHTOBOI Teopuu He
MOTYT COJZIEP2KATbh B cebe OTHeJbHBIN BKJaH Oe3sHepre-
TUYECKHUX I[10JIell HaIpPsIMyI0, IIOCKOJIbKY Oe3sHepreTude-
CKHUe II0JIsI, TI0 OIPEJIEJIEHUIO, He BHOCST BKJIAJ B KJIac-
cuueckue lamumibronnan u Jlarpamkuan. Tem He MeHee,
oneparopsl [amuiabrona u Jlarpamkmana mOJKHBI Oy-
JyT COIEepXKaTh B cebe OMMCaHme TOU IMePEKAYKN JHEPrun
MEXK/Iy 9aCTIMU KBAHTOBOH CHCTEMBbI, KOTOPYIO OPTraHU3Yy-
0T U KOHTPOJIMPYIOT 6e39HepreTuyecKue 1oJjist. B 1esomM,
[0 MHEHHUIO aBTOpa, IPEJCTOUT IEPECTPORKa KBAHTOBOIA
TEOPUU C YIETOM IPHUHIMIIMAJIBHO HOBBIX ODCTOSITEJIHCTB
[IPUCYTCTBUsT B KBAHTOBO# (DU3MKe YIPABIAIONIUX BO3-
JeficTBUit GE39HEPreTUIECKUX TOJIEH W B3aWMOIEHCTBUIA
[IOCPEJICTBOM DOe33HepreTnyeckux moJieii. Kak aro cienars,
3a YTO YXBATUTHCS?

Kak u3BecTHO, MCXOJIHBIE YpaBHEHUsI KBAHTOBON (busu-
KO JJIsT MUKPOYACTHUIL CTPOATCH O CHEM(PUIECKOil ana-
JIOTHH C YPABHEHUSIMU KJIACCHIECKON (DU3UKH TSI MAKPO-
ckonmaeckux 00bekToB. [loaToMy ceityac Ha MepBHIi MIAH
BBIJIBUTAETCS 3871294 IOCTPOEHNUS KJIACCUIeCKOll (He KBaH-
TOBOI) (DUBUKY C YIETOM CYIIECTBOBAHUs U BO3JIEHCTBUI
6e3snepreTrdeckux mojieil. st 3Toro Hy»KHO y3HATDH J10-
CTATOYHO TIOJTHO CBOMCTBA O€39HEPTeTUIECKUX IOJIei, ITO
TOYXKe OYeHb HempocTo. TeM He MeHee, HEKOTOPBINH KOM-
IJIEKC YHUKAJIbHBIX CBO€OOPA3HBIX CBOMCTB Oe33HEpreTu-
YeCcKUX I10JIei, OTJNYAIONINX UX OT BCEX M3BECTHBIX MaTe-
pUaIbHBIX TOJIEil, BCE-TAKM YJIAJIOCh BBISICHUTH Ha OCHOBE
[IOCTPOEHUST UX HAYATBHON (hU3NIEeCKONH MOIEIIH.



C.A. Bacunbes. Harypdunocodus Tynnka B KBAaHTOBOI (pU3MKe U IIAr K BBIXOAY U3 HErO... 149

V. HEKOTOPHIE ®U3NYECKUE CBONCTBA
BE39HEPIETUYECKUX IIOJIEN

Bemmkue acTposorn-uHabrogaTesn JaIEKOro mpoIrioro,
CpeJil KOTOPBIX, HECOMHEHHO, ObLIM U OYE€Hb yMHBIE JIFO-
JIM, CyMeJI 3aMeTHTb HEKOTOpbIe (bu3mdecKume CBOMCTBa
BO3JIEAiCTBUT HEOECHBIX TeJl. ABTOPY Y/JIAJIOCh BBIYMJIEHUTH
9TH CBOWCTBA W3 CTPAHHBIX, HA HAII B3IV, OO MU-
CTHYECKHAX PACCKa30B acTpoJiorunu. Hambosee HaméKHbIE
13 3TUX CBONCTB, C KOTOPBIMH COIJIACHO MHOYKECTBO IITKOJI
aCTPOJIOTHH, OBbLIH 1eped>OPMYJIMPOBAHBI aBTOPOM B JIBa
dusnueckux [loctymnara. Pusnyaeckue IlocTynaTs mpuse-
nensl B [IPUJIOZKEHUN. Tlocmemoarenpuyio dbusmte-
ckyto mozesib (PM) Gessmeprerudeckux IoJieii yIaaoch
IIOCTPOUTH KAK JIOTMIECKOE CJIEIACTBHUE ITUX IMOCTYIATOB.
B nanpueitmem @M MHOTOKpATHO, HO JAJEKO HE B TOJI-
HOM O0bEMe, IPOBEPsIaCh U IOJATBEPXKJIAJIach B (DU3M-
9ecKuX IdKCIepuMeHTax. 1lo Mepe HaKOILIEHUS SKCIEePH-
MEHTOB y/IaJI0Ch IIOCTPOUTH BTOPYIO (PU3NIECKYIO MOIEIH
6e39HepPreTUIecKnX MoJIell Ha, OCHOBE TOTHKO IKCIEPUMEH-
TaJIbHBIX JAHHBIX [25], [26]. Bropas Moxens najia HEKOTO-
pble JIOTOJIHUTEJIbHBIE CBEJIEHNS O CKOPOCTU PACIIPOCTPa-
HeHUsl OEe39HEPreTUYeCcKuX 1oJieil u 06 uX BO3JeificTBUM HA
CPEJHIOI CKOPOCTH S/IEPHBIX paciaIoB. B ocragbHOM 006€
MOJIEJI COBIIAJIM C TOYHOCTHIO JI0 CJIEIYIOIIEro: IepBast
MOJIeJIb COAEPKUT B cebe ropas o 6oJibiiie nHMpOpMAIUT O
Ge3sHepreTnyeckux moJisix. IlocjeHee ecTeCTBEHHO B CH-
Jty GoJtbIteil ”HPOPMATUBHOCTH O (PU3UYECKHUX CBOMCTBAX
MHOTOJIETHUX, ThICSUeneTHuX HaOsoaeruit. [losmoe omm-
canme ceromaamueit @M MOXKHO HATH B COBOKYIIHOCTH
pabor asropa [20], [25], [26], [27], [28], [29], [30], [31], [32],
[33]. Dro suimb HAYANBHAS, JAJIEKO HE TOITHAS (PU3MIECKAs]
MOJIeJIb OE39HEPreTUYeCKUX II0JIel, IIOCKOJIBKY MHOXKe-
CTBO (PU3WYIECKUX CBOUCTB, MMOAMEYCHHBIX ACTPOJIOTAM,
e BKJIIOUeHO 1oKa B IlocTysmaTel, a 9KCIepuMeHTaJbHbIE
JaHHBIE CETOMHS JAJIEKO HE JIOCTATOYHBI JJIs TOCTPOEHUS
riosiaoit M.

Cornacuo nepsoit M nmeem ciremyioree. Bee dusmae-
CKUE TeJIa ¥ YACTHUIBI UMEIOT 0€39HePreTHIeCKUE MOJIs, ITO
OTKPBIBAET MEPCIEKTUBY U3YUEHUsI UX B3AMMOIECIHCTBHIA C
HEMaTepPUAJBHBIMUA OObEKTAMH IIOCPEJICTBOM UX HEMAaTe-
pUabHBIX, Oe39HEpPreTUIecKuX 1oJjieil. Bessneprerudeckoe
[10Jie 3aBUCHUT OT BHENIHUX W BHYTPEHHUX JIBUKCHUIT €ro
UCTOYHUKA, OT €r0 CTPYKTYDPBI, BEIIECTBEHHOI'O COCTABA
U BHYTPEHHHUX IIPOIECCOB, mMpoTekaomux B HéM. [loTomy
Ge33HEpreTuyecKue 1oJjisi HHGOPMATUBHBI B IIEJISIX PErH-
CcTpaluu U3MeHeHH BHYTPEHHUX IIPOIECCOB, CTPYKTYPBI
HEOECHBIX TeJa W 3eMJIN, Ja U JIOLIX (PUSHIECKUX TeJl,
BKJIIOYasi YEPHBIE TBIPHI.

CyirecTByeT HECKOJIBKO Pa3HBbIX THUIIOB Oe33Heprermde-
KHX T0J1e#t 1mapoobpas3ubix HebecHbix Teq. JIBa n3 aux @1,
@, Bcerga BOZHUKAIOT BMECTE OJJTHOBPEMEHHO U TIOTOMY UX
MOXKHO PACCMATPUBATH KAK KOMIIOHEHTHI HEKOETO €IMHOTO
6e39HEPreTUIeCKOro Mo MOJOOHO TOMY, KaK SJIEKTPO-
MarHuTHOE I10JIe COCTOUT U3 KOMIIOHEHT 3JIEKTPUIECKOIO
¥ MarHUTHOIO moJjieit. B ciiyuae 3Heprerndeckux IIOJIeit,
CIJIa UX B3aUMHON WHJIYKIIUU OI'PAHUYUBAETCS 3aKOHOM
COXPAHEHUsI SHEPIUU — SHEPIUs WHIYIIMPOBAHHOTO IIOJIsT

HEe MOXKeT OBbITh OOJIbINlEe SHEPIUU IOJI WHIIYIIUPYIOIIe-
ro. Boamoxknas B3amMuast uHyKIus KoMmroneHnT @i, P,
MOXKeT OBITh HEOOBIKHOBEHHO CHUJIbHA, IIOCKOJIbKY OHA He
JINMUTHUPYETCs 32KOHOM COXPAHEHUS SHEPIUHU, YTO KOCBEH-
HO TIOTBEPKIAETCsT HAOJIOMECHUSIMI 3a BO3IEHCTBUSIMA
HEOECHBIX TeJI.

Bparenus mapoobpa3Hbix HEOECHBIX TEJT BOKPYT COO-
CTBEHHOI OCH ¥ TI0 OpbuTaM IOPOXKIAIOT IMaphbl IOJIei
®;, @y, KOTOpbIE, €CTECTBEHHO, 3aBUCAT HE TOJBKO OT
BPAIIEHNS, HO U OT TOr0, YTO UMEHHO Bpamaercsa. CKOIbKO
BpareHnii, croabko Bo3HmkaeT map P, Py. Ilome Dy
CEKTOPHOE, OCh CEKTOPOB II0 HAIIPABJIEHUIO COBIIAIAET C
ocbio Bpalenusi. [Ipuuém, HeDeCcHbIE Tejia BPAIAIOTCS, a
CEeKTOpa He BPAIaloTCd U 00pa3yioT HEBUIUMBIN perep
MHEPIIUATHFHOCTU BPAIMAIONINXCS CUCTEM KOODIMHAT: €C-
JIX CHCTEMa KOODJIMHAT BPAIMAETCH OTHOCUTEIBHO STOTO
periepa, OHa HEWHEPIUAJIbHA, €CJId He BPalllaeTcs, OHa
UHEPIMAIbHA (IIPH WHEPIUAIBHOCTH CUCTEMBI KOODJIMHAT
B OTHOINIEHUN [IOCTYTIATEILHOTO JIBUKEHNS ).

B ornomenun Ge3zsmeprermueckux mosieit Haire Hu3n-
9eCKOe MPOCTPAHCTBO IPOSBJISET CBOI AHU30TPOIHOCTD.
JeficTBuTeIbHO, €CIi OBl TPOCTPAHCTBO OBLIO TOJHOCTHIO
M30TPOIHBIM, TO IIPU BpAIEHUH IIapa BO3HUKAJO OBl
ocecuMerpudHoe, a He cekTopHoe mosie ®;. CekropHoe
mose @ BO3AEHCTBYET BHE 3aBUCHMOCTH OT YIJIa MEXKILY
JIyIOM TIOJIsT U TIapaMeTPaMU JIBUKEHUs O0beKTa BO3Ieli-
crBusi. [Tone @9, HAOOOPOT, CTPYKTYPHO OCECHMETPUIHOE
U BO3JENCTBYET B 32aBUCUMOCTH OT YIIOMSIHYTOT'O yIJIA.

[Toste Tperbero Tuna ®3 BO3HUKAET W IPU OTCYTCTBUH
BpAIIlEHUsT U JIFOOBIX BHEITHUX JIBUYKEHUIN HEOECHOI'O TeJIa.
Ono crpykTypHO chepuiaecku cummverpudroe. [Ba mosrst
@3 OT pa3HBIX UCTOYHWKOB IIPHU JAUCKPETHOM HAOOpe yT-
J0B «, (cMm. IlpusoikeHne) MeXKJy HANPABJIEHHUSIMA UX
Jydeidl HeJIMHEHHO B3aUMOJICHCTBYIOT U CO3/AI0OT PE3KU,
OTHOCUTEJIHLHO KPATKUH BCILJIECK “CHJIBI’ CYMMAapPHOTO BO3-
JeCTBUsT 9TUX TOJIell ¢ PEe3KNM W3MEHEHHEeM KadecTBa
BozaelicTeus. Takum ke cBoiicTBOM 00J1a1a0T 1m0t Do,

Hexkoropoe xapakreproe namnpassenue mois @z 3emiin
B KaXKJION TOYKe €€ IOBEPXHOCTH COBIIAJAeT C MECTHOMN
BEPTUKAJIBIO, TO €CTb, CHEepUIecKd CUMMETPUYHO OTHO-
CUTEJIBHO IeHTpa 3eMiin. AHAJIOTMYHOE XapaKTepHOe Ha-
npasiierne ot Py 3emMitn B KarXKI0i TOUKE €€ TOBEPXHO-
CTH COBIAJIAET C MECTHBIM HAIPABJICHHEM BOCTOK-3aIIa],
TO €CTh, OCECUMMETPUYHO OTHOCHTEJIBLHO OCU BpAIIEHUsI
Semumu. [TosTomy, eciin yros MexK Iy JIy4oM OT HEeDEeCHOTO
TeJla W MECTHON BEPTHKAJIBIO, WM MECTHBIM HallpaBJie-
HUEM BOCTOK-3aIIa[, COBIAJIAET C KAKUM-JIA0OO M3 YyTJIOB
U3 IUCKPETHOro Habopa (v, BO3HUKAET PE3KUil BCILIECK
BOBIEHCTBUIT CyMMapHOTO MOJIs 3€MJIA U TTOJIs HeODECHOTO
testa @3 mwim Py, coorBercrBeHHO. OTCIOA, B YACTHOCTH,
BCILIECKM BO3JEfCTBUII Ha BOCXOaxX-3aKaTaX HeOECHBIX
rest (YIOMSIHYTBIA yroJl ¢ MeCTHO# BepTuKaJbio paser 90
rpajycam) U B KyJIbMUHAIUAX HeGECHBIX TeJ (YIOMSIHY-
TBI YyTOJI ¢ MECTHBIM HAIIPABJIEHHEM BOCTOK-3AIIa]] PABEH
90 rpasgycam).

Bessneprernueckue 1oJisi HEOECHBIX TeJl 00JIAIAIOT
HEOOBIKHOBEHHO BBICOKON IPOHUKAIOIIEH CIIOCOOHOCTBIO,
OHU TIPOHUWKAIOT Jake ¢ 00paTHO# cToponbl 3emun. Pac-
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cMOTpUM B Touke M 3emHOI moBepxHOCTH TOUYKM A u B
repeceveHns] SKJIUITUKYA C JIMHUSIMA MECTHOI'O NOPH30HTA
U MeCTHOro HeDecHOro mepujuaHa. MHTepecHO, 4TO Mu-
CTHUYECKIN HEBEPOATHBII pacCKa3 aCTPOJIOTUN O TOM, 9TO
nyctele Touku A u B BosgeiicrByioT B Touke M Tax ke, Kak
BOB/IEHCTBYIOT IJIAHETHI, OKA3AJICS MOYTU IPABIAOH B TOM
CMBICJIE, UTO OIKCHIBAEMbIE BO3JIEHCTBUS JIEHCTBUTEHHO
CyIIECTBYIOT, HO HCXOJT OHM He u3 Touek A u B, a
U3 TJIAHETHl 3eMJisd. DTO BO3IAEHCTBUSA IBYX CEKTOPHBIX
mosieit @1 3emin, TOPOKIAEMBIX €€ BPAIEHUSIMHI BOKPYT
cobCcTBEHHOI ocu 1 110 opbuTe. Touka M, Bpamasich BMecTe
¢ SeMJIéii, TPOXOIUT Yepe3 He BPAIAOIIUECS CEKTOPA STUX
nosieit @1. Kak ymasoch BBIICHUTH, JBUKeHHE TOUKH M
4Jepe3 CEeKTOpa MOYTH TOYHO CHHXPOHU3MPOBAHO 10 BpeMe-
HU ¢ aprmKeHneM Todek A u B mo 3nmakam 3ojmaka, B 4éM
U COCTOUT MPUYINHA KaXKYIIErocss BO3IEHCTBUSI IyCTHIX TO-
gek A u B B 3aBUCHMOCTH OT UX IOJIOXKEHUI B 3HAKAX 30-
mraka. CTOUT IPEKJIOHUTHCS Hepe]l HabIIodaTeIbHOCTHIO
BEJIMKMX aCTPOJIOTOB-HAOJIIOaTe el TaJEKOro MPOIILIOro.

DKCIIEPUMEHT TMOKA3aJI JTOTMOJHUTEIHHO: BPAIIEHNE JIa-
6OpaTOPHOrO Tejla 3aMeTHO BO3JEHCTByeT KakK Ha I'd-
crorpammbl [THousst [34], Tak W HA CPEHIOID CKOPOCTH
gepHOTO pactaja [35]%. 3Haunt, u moaA HEGECHBIX TeT,
MOPOXKIAEMbIe WX BPAIIEHUSIME, TOYXKE BO3JEHCTBYIOT HA
CPEJIHIONI CKOPOCTD SIIEPHOTO PACIaja, YT0 KOCBEHHO MO
TBEPKIAETCS] TAKXKE BBISIBJIEHUEM COJIHEYHBIX U JIYHHBIX
[IMKJIOB M3MEHEHU CpeJIHell CKOPOCTH SIJEPHBIX PacCIaloB
[36]. ImeroTcst TakKe TIpeIBapUTELHBIE SKCIIEPUMEHTAb-
HBIE€ PE3YJIbTATHI, MPSIMO CBUJIETEIHCTBYIOMIAE B TOJB3Y
BIUSHUS HEOECHBIX TeJI HA CPEIHIOI CKOPOCTDb SIEPHOTO
pacmasia Ha 3emJyie BO BpeMs BCILUIECKOB HA J3eMJje BO3-
JeficTBuil ceKTOpHBIX T0Jielt HebecHBIX Teut [20]. [loTomy, B
YaCTHOCTH, HEe UCKJIIOYEHO, YTO XOJIOJHBIE siJIEPHBbIE peaK-
1un [37] He yIACTCs IOHATH IPABUIIBHO 0€3 IIPUBHECEHNs B
KBAHTOBYIO (PUBWKY BO3AEHCTBUI O€39HEPTreTHICCKUX II0-
seit. B coorsercreun ¢ SAMEYAHUEM 1, ckopocts pac-
[IPOCTPaHEeHUs] OE33HEPreTUIeCKUX II0JIefl MOXKET IIPEBbI-
IaTh CKOPOCTh CBETa MHOTOKpPATHO, Bo3MOxkHO B 100000
pa3 u 6oJsiee, mockosbky H. A. KosbipeB perucrpupoBaJi
UCTUHHBIE [TOJIOYKEHUS IIJIAHET, 3BE3] U TAJIAKTUK C TIOMO-
bI0 (DOKYCHUPOBAHNUS HEIJIEKTPOMATHUTHOTO BO3AEICTBHA
nebecunrx e [38], [39], [40]*. Pesyabrarst H. A. Kosbipesa
OBLIM ITOJITBEPXKIIEHBI HE3aBUCUMBIME HUCCJIE/I0BATEISIMU
npu HabsoeHusAX ucruHHOro mosioxkenust Comnna [41],

[42].

3CnoBo “marms” B Ha3BaHWH JKypHAJTa HE JOJXKHO CMYIIATh.
Asrop crarbu, Urops AnatosbeBud MeJbHUK CEphE3HBIN (DU3UK-
HCCIIe0BaTeNb, OILyOJIMKOBABIINI Cepuio paboT Ha 3Ty TeMy. Ero
paboThl UMEIOT IIPUHIUITHAJIBLHOE 3HAYEHUE [IJIsI KBAHTOBOU (DU3NKH.

4/norna BBIIBHraeTCA MPENNOJIOXNKEHHE, YTO B KOCMOCE CyIIie-
CTBYIOT IIOTOKHM HEKHUX YaCTHI[ BO BCEBO3MOXKHBIX HAIPABJIEHUSX,
KOTOpBbIE CBOBOMIHO MPOXOAAT |uepe3 arMocdepy 3emun, 3aTeM OT-
paxkarorcss oT 3epkaja tejeckorna H. A. KosbipeBa u 3a cuér
rPaBUJIMH3UPOBAHUST TIOTOKA HEOECHBIM TEJIOM CO3JAI0T BUIMMOCTDH
HabJ/IIOJIEHUs] UCTUHHBIX IIOJIOKEHUH HebeCHbIX 00bekToB. C aTum
TPY/HO COIVIACUTBCS 110 PAa3HBIM IPUYMHAM, B YaCTHOCTH IIOTOMY,
YTO rPaBUJIMH3UPOBAHUE, XOTS U CYIIECTBYET, HO HE YIOBJIETBOPSIOT
Hab/II0aeMbIM cBoiicTBaM, onucanubiM B @M, a H. A. Kosbipes Ha
cBoeil ammaparype HaOJIIOaJl BCIUIECKH BozzeiicTsuit Mapca Ttam n
Torja, Kak 1o npejckasbiBaer @M. Ecsn 661 Torma H. A. Kosbsipes
3HAaJI O BCEil CucTeMe BCILJIECKOB, OH Obl, HABEPHAKA, UX OTCJIEIHII.

IIpu BcéMm ckazaHHOM, HECOMHEHHO OCTAaETCs HEIIO3HAH-
HBIM MHOXKECTBO CBOWCTB 6e39HepreTuvyecKux IoJieil, a
TakyKe HUX (pU3NYECKasl IPUPOJA M MEXaHU3M WX BO3-
neiicrBuit. [losTomy ceftdac mpu3Haku, BbIsIBJIAONIE O€3-
SHEPIeTUIECKHUE I0JI, MOTYT OBITb TOJBKO KAIEeCTBEH-
HbIMU (HE KOJIMIECTBEHHBIME) UM KOJMYECTBEHHBIMU HA
ypoBHe GoJibiiie-MenbItie. ChopMysimpyemM IpU3HAKHU, I10-
MOTalOIe BBISCHITH POJIb OE39HEPreTHYeCKUX IoJeil B
CO3MIaHUU CIIEIJIEHHOCTH COCTOSTHUIA.

IIpuznak 1. Kak ynmomuHaIOCH, 6€39HEPreTHYECKUE TI0-
Jist HeOEeCHBIX TeJI 00J1a1af0T HEOOBIKHOBEHHO BBICOKOIT IIPO-
HUKAIOIIEH CIIOCOOHOCTHIO. DTO MOATBEPXKIACTCS U MHOTH-
MU dKCrepuMenTaMu. VX He OCTaHABIMBAIOT HU METAJIIIH-
qecKuil Kopiryc KopabJuisi, mim aBTOMOOWJIsS, HU OETOHHBIE
CTEHBI U MEPEKPBITUS 3JIaHUl, HU JepPeBsIHHbIE TIOKPBITUSI
u T. jg. Hampumep, HEATPUHO 3aIIpOCTO IMPOXOJUT Yepe3
BCIO IIaHeTy 3emiiss. HO 9TO IPOUCXOAUT 3a CUET MOYTH
OTCYTCTBUs B3ANMOJIEHCTBUSA HEHTPUHO C BEIIIECTBOM 3€eM-
sin. Be3suepreruteckue moJist, HATPOTUB, AKTUBHO B3ANMO-
JEHCTBYIOT C BEIIEeCTBOM, KAK MOKA3BIBAIOT, B YACTHOCTH,
sKenepuMeHThl rpynnsl B.A. 3y6osa [17], [18], [19], [20],
[21], [22], [23]. fIcHO, 9TO 3T CBEPXBBICOKAST IPOHUKAIOIIAST
CITOCOOHOCTD TIPU AKTUBHOM B3aUMOJIEHCTBUH C BEIIIECTBOM
€CTh CJIEJICTBUE MMEHHO OE39HEPTeTUIHOCTH PACCMATPUBA~
€MBIX TI0JIEi, TTIOCKOJIBKY SHEPIeTUIECKIE TTOJIs IIPU AKTHUB-
HOM SHEPreTUYECKOM B3aWMOJIENCTBAN C BEIECTBOM aK-
THUBHO PaCcTPadYMBaIOT CBOIO SHEPIHUIO, 3aTYXAOT U IIOIJIO-
IIAIOTCST BEIIECTBOM (38 MCKIIIOUEHUEM DEIKHUX CIIeIHalb-
HO TIOJICTPOEHHBIX CJIYYIAEB, KOT/Ia BEIIECTBO OTIAET CBOIO
SHEPIUIO II0JII0, HAIPUMED, CIYYaeB JIA3EPHBIX CHCTEM).
Takum 0O6pa3oM, 3aKOH COXpAHEHUs] YHEPTUH KJIAJIET IIpe-
JieJI TIPOHUKAOIIEN CIIOCOOHOCTU IHEPreTHIeCKUX II0JIeid,
AKTUBHO B3aMMOJIEACTBYIOIINX C BEIECTBOM. Be3sHepre-
TUYHOCTh AKTHUBHBIX B3aMMOJIEHCTBHUII C BEIECTBOM aB-
TOMATUYIECKN CHUMAET JAHHBIH SHEPIeTUIECKUI IIpeIes
nporuKarorieil crrocobnoctu. Crie10BaTeIbHO, CBEPXBBICO-
Kasl IPOHUKAOIIAs CIIOCOOHOCTD IOJIsI IIPU €r0 aKTUBHOM
B3aUMOJIEHCTBUU C BENIECTBOM IIOYTHU BCETJA sIBJISIETCS
[IPU3HAKOM TOJIBKO Oe39HEepreTuvyeckoro moJjst. Ilo Tem xe
[IpUYrHAM, B OTJIMYHE OT CTAHIAPTHBIX IIPEICTABJICHUIH,
oTpakeHne OE39HEPTeTUIECKOTO MO/ HEKUM 3ePKAJIOM He
O3HAYAET ABTOMATUYIECKH OCJIabJIEHUE TI0JIsI, TPOIIIEIIIErO
CKBO3b 3epKaJo (OTpasKeHue - 3TO OJIMH U3 BAPUAHTOB aK-
TUBHOTO B3aMMOJIEHCTBUS C BEIECTBOM ), HO O3HATAET €T0
TpaHChOPMAIIIO 33 CIET B3AUMOIEHCTBUS C BEIECTBOM
3epKaJia.

ITpusnak 2. Cornacuo Pasmeny II, HeoOBIKHOBEHHAsT
JAJbHOCTh 3aMETHOTO BO3JEHCTBUS TOJIS SIBJISETCS TIPU-
3HAKOM TOJIbKO 0Oe3Heprerudeckux mojieil (mpu orcyT-
CcTBUU cucTeM, (DOKYCHPYIONIUX [T0JI€ U YCUJIUBAIOIINX €r0
CHUTHAJ).

ITpusnak 3. Cornacuo Pazmemny 11, Tosbko 6e33HepreTn-
9eCKUe TOJId MOT'YT MPEBBINATH CKOPOCTH CBETA.

VI. CUEIJIEHHBIE COCTOSIHUS

A. Cuenaenmnvie cocmosanusa 6 K8aHMOo80U Pusuke

Bemomuanm (cm. Beesenne u Pasgen II), B xBaHTOBOI
dusnke 1T 0ODBACHEHUSI CIEIJICHHOCTH COCTOSTHUI TpH-
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XOJIUTCsI OTKA3bIBATHCS OT IIPEJICTaBJIEHUN TEOPUU IIOJIst
U BMECTO HHUX HPHYMBIBATH UCKYCCTBEHHBIE CXEMbI AJIO-
PUYHOTO, YKYTKOIO, [0 BBIPAXKEHUIO0 DUHINTENHA, TaJIbHO-
JIEHCTBUST TOJILKO TIOTOMY, YTO, BO-TIEPBBIX, B3aUMO3aBU-
CUMOCTD CIIEIJIEHHBIX O0BbEKTOB COXPAHSAETCS JIarKe, eCJIn
9TU OOBEKTHI Pa3HECEHBI B TPOCTPAHCTBE 38 IMIPEJIEIbI
JIFOOBIX W3BECTHBIX AKaJeMUYeCKO# (usnke B3amMOJIEii-
CTBUIl, &, BO-BTOPBIX, IIOTOMY, YTO, €CJIA U CYIIECTBYyeT
HEU3BECTHOE AKAJIEMUIECKON (DU3UKe I0Jie, CO3IAOIIEee
CIEIIEHHOCTh COCTOSIHUM, TO 3TO TOJIE JOJKHO PaCIpO-
CTPAHATHLCS CO CKOPOCTBIO, TIPEBBIIAIOIIEH CKOPOCTh CBETa
He Mmenee dem B 100000 pas (cm. Paznenst II u III),
rTorma kak Teopusi orHocutesabHOocTH (CTO) 3amperma-
eT I0JISIM, U3BECTHBIM aKaJeMUYeCcKol (pusuke, pacipo-
CTPAHATHCHA CO CKOPOCTBIO, DoJibIeit ckopoctu cBera. Ho
Ternepb BBISCHSIETCsT CYIECTBOBAHUE TOJIEH, HEM3BECTHBIX
Ha CErOJHSIIHUN JTeHb aKaJleMUIecKoi Gpusnke, 061 1ak0-
UX HEOOBIKHOBEHHOW NAIBHOCTHIO JIeHCTBYsI (BILIOTH J10
MesK3BE3HBIX paccrosianii), koropeim CTO He 3amperna-
€T TPEBBINATHL CKOPOCTh cBera. [loToMy Temepb MOXKHO
BEPHYTHCSI K N3HAYATIBLHOMY €CTECTBEHHOMY TIOUCKY TIOJIS,
CO3JIAIOIIETO CIEIJIEHHOCTD COCTOSIHUIA, TO €CTh, BEPHY ThCSI
K IIPeJICTAaBJIEHUSIM TEOPUU II0JIsl B 9TOM BOIIPOCE.

B pamkax mpeacraBaenuit Teopun moJisi, corsracao [Ipu-
suaky 3 Pasmema V, mouss, cosmarorime CIEIIEHHOCTH
COCTOSIHUII B KBAHTOBOU (pU3UKE, SIBJISIIOTCSI Oe35HEPreTH-
YEeCKUMU IIOJISIMU, YTO U TpeboBaJioCch MoKasarhk. Crajo
OBITH, B paMKaX IIPeJCTaBJIEHHII TEOPUU II0Jisi €CTh OT-
BeT Ha BOIPOC, KAKOE IMOJie CO3JAET CIEIJIEHHBIE COCTO-
staust. [loToMy HET CMBIC/Ia OTKA3BIBATHCS OT TEOPUU OIS
B JAHHOM BOIPOCE W IPHUJYMBIBATH BMECTO HEE WCKYC-
CTBEHHBbIE IIOCTPOEHUS C 3araJ0YHBIMH, HEeeCTeCTBEHHBI-
MM, AJIOTUYHBIMU CBOMcTBaMu. Kak BUIUM, CIEIJIEHHOCTH
COCTOSTHUI HE SIBJISIETCS 9yJIOM KBAHTOBON MEXAHUKHU, &
BIIOJTHE MTPO3AMIECKY OObICHIETCS B pAMKaX TEOPUU TIOJIS
BOBIEHCTBUSAMEI HEKOTODPBIX moJjieit. B wmrore DitHImTeiin
OKa3bIBAeTCs IPaB — HET YKYTKOIO JajibHOJAeicTBUs. A
ecTh Oe33HepreTuIecKoe 1o0Jie, KOTOPOe IIEPEHOCUT BO3JIEli-
CTBHE MEXKJIy CIEIJIEHHBIMIA KBAHTOBBIMU cucTteMamu. Ho
akajeMmdeckas u3nKa “He BUIEIa” ITO MOJIE, TOCKOIbKY
OHA MCCJIEIOBAJIA TOJIBKO YHEPreTHYecKre (MaTepuasib-
Hble) noss. Eciu 661 n3HAUAIBHO OBLIO MOHSATHO, YTO MO-
JKET CYIIECTBOBATH I10JI€, OCYIIECTBJISIFOIIEE CIIEIIEHHOCTD
COCTOSIHUI, TO He BO3HMKJIA OBl HOTPEOHOCTH M300peTaTh
AJIOTUYHBIE CXEMBI CIETIEHHOCTH COCTOSTHU.

B. Cuyenaennocms cocmoanuii Maxpoobsekmos 6 Kaaccu-
yeckotl pudure

Bessneprernaeckue mosst @ oTHOCATCS K TOMY KJTACCY
1oJjieif, KOTOpBIE BO3JEHCTBYIOT KaK Ha MUKPOYACTUIIBI
KBAHTOBOW (PU3UKHU, TaK U HA MAKPOCUCTEMBI KJIACCH-
qeckoit dusuku. s moseit Takoro Kjacca TPUMEHSIOT
Tlocrynar cooTBeTCTBUS ypaBHEHNI KJIACCUIECKON 1 KBaH-
ToBO# pusuku. Ecim Takme 1o CO3AIOT CIEIIEHHBIE
COCTOSIHUSI MUKPOYACTHUI] B KBAHTOBOH (bU3MKE, TO CJIey-
eT OXKUJATh, YTO OHU Ke OyJyT CO3aBaTh CIEIJIEHHbIE
COCTOSIHUSI MaKPOOOBbEKTOB B Kjaccuueckoil dpusuke. Co-
rnacuo [locTymary cooTBercTBHs ClielyeT CHaYaJa, 9TO

[IpOIIle, MOHATh U MU3YYUTh CO3JAHME CIEIJIEHHBIX COCTO-
SHUIT MaKpOOObEKTOB B KJACCHIECKOH (usmke, a 3arem
[0 aHAJIOTMM COOTBETCTBUS IIEPEHECTH WX IOHUMaHUE U
ypaBHeHUsI B (PDU3NKY KBAHTOBYIO. TakuM myTéM, yBEpeH,
MOMIET pa3BUTHE TEOPUH KBAHTOBBIX CIEILIEHHBIX COCTOSI-
Huil. DTO moiruit myTh. A ceiuac coCpeOTOINMCS HA BO-
[IpOCe: CO3/IAI0T JIM OE39HEPreTUYIecKne MOJsl CIEIIEHHbIE
COCTOSTHUST MAKPOOOHEKTOB?

[Tox crieryieHHBIMU COCTOSHUAME MaKPOOOBEKTOB Oy 1eM
MOHUMATh, KK U B KBAHTOBOI (DU3MKE, COCTOSTHUS, KOTIa
U3MEHEHUE COCTOSTHUSI OJTHOTO CIETLIEHHOTO MaKpPOOObeKTa
[IPUBOJUT K W3MEHEHWIO COCTOSIHHS JIPYTOrO CIIEILIEHHO-
ro MakpooObekTa. B Mupe MakpoOOBHEKTOB CIEIJIEHHBIE
COCTOSIHUS JIEHCTBUTENHHO CYIIECTBYIOT U HAOJIOIAIOTCS
JaBHO 1 MHOTOKpaTHO. Ho, 3aMeTnM, B KBAHTOBOI (pusmke
CIEIJIEHHBIE COCTOSIHUST CO3AIOTCS MEXKIy He JIIOOBIME
JaCTUIAME, & MEXK]y YaCTHIaMU-OJIM3HEIaAME. DTO MIPO-
CTO TOXKJIECTBEHHBIE YACTUIIBI, XapaKTePU3yeMble CPaBHU-
TEeJIbHO HEDOJIBIIUM YHCJIOM IIapaMETPOB MX COCTOSTHUS.
Mup MUKpPOYACTHI] KBAHTOBOM (DU3NKHN OYKBAJBHO KUIITUT
TakuMu Ou3HenaMu. [109ToMy B KBAHTOBOM MHUKPOMEUDE
M3HAYATIBHO CO3MAIOTCS MPEKPACHBIE YCJIOBUS IJIs BO3-
HUKHOBEHUsI CIEIJIEHHBIX COCTOSIHUI IIOBCEMeCTHO. A B
MaKpOMUPE KJIACCUIECKON (PU3UKU MBI IMEEM COBCEM JIPY-
ryfo curyammio. MakpooObeKThI ropa3io MHOT0ObOpasHee
qacTur] KBaHToBOU ¢du3ukun. OHU HWMEOT YpPE3BBIYAITHO
MHOTO TIAPAMETPOB, XapPaKTEPU3YIOIMIUX UX COCTOSHUSI, Be-
IIIECTBEHHBIN COCTaB, CTPYKTYpYy M Tak jaJjee. lloaTomy
B MakKpOMHUPE TPYIHEe BCTPETUTH WJIU CO3/aTh OJM3HE-
0B - MaKPOOOBEKTHI C OIUHAKOBBIMU, WJIM JOCTATOYHO
OIM3KUMU TIapaMeTpaM#, U TOTOMY Tpy/jHee HabJIoIaTh
Wi CO31aBaTh 9M@EKTHI CIEIIEHHBIX COCTOsAHMI. B Mupe
MaKpPOOOBHEKTOB HYXKHO XOPOIIO MOCTAPATHCS JIJIS STOTO.
3/1eCh TIPOSICHSETCSI, KAKOE MCKYCCTBO IKCIEPUMEHTATO-
pa ummeer BBuIy Bsarko Bempas, roBopst o Habirome-
HUAX CIEIUIEHHBIX COCTOAHUN B MakpoMmupe (CM. HUXKE).
Vmenno cpeam MakpOCKONMUYECKUX OJIM3HEIOB W HAOJIIO-
JIAJINCDH CIIEIJIEHHBIE COCTOSTHUS B MUPE YKUBON U HEXKUBOK
IIpupossr.

OnblT, IPKO JEMOHCTPUPYIONIUI IPOIECC IPUTOTOBJIE-
HUSI MAKPOCKOIMUYIECKUX OJIM3HEIOB ISl CO3JAHUST CIIEN-
JIEHHBIX COCTOsiHUIT ommcan B pabore [43]. B garmke ITerpu
[TOMEITAJINCH CEMEHA PACTEHWS U HAJUBAJIM HEMHOTO BO-
Japl. B pesysbraTe cemena cOBMECTHO HaOyXayid B OJHOMN
u Toii ke wamke llerpu. 3arem, coBmMecTHO HabyXxIimue
CceMeHa pas3fieslsiid Ha, JIBe YACTH M PA3HOCUIH STU da-
cru B npoctpancrBe. Ha omHy 9YacTh HaHOCHIN T'PUOOK-
mapasut. Torma Bropas JacTh Beja cebs Tak, Kak Oyaro
7 OHa ObLIa 3apakeHa ITUM Ke rpuOKoM. KoHTpoJibHbIE
ceMeHa OJTHOBpeMeHHO Habyxiue B apyroii damke [lerpu,
HE IPOSIBJISIIIA CIEIJIEHHOCTh COCTOSHUN € CEeMEHAMU W3
mepBoii yarmku. VI3BeCTHBI CXOYKHUE OMBITHI, KOTJa Yy pac-
TEHU U3MEHSIJICS TEHETUIECKUI KO TOJIHKO MIOTOMY, UTO
U3MEHSJICS TEeHeTUIECKUN KOJT TIOJ, BO3IEHCTBUEM DPafo-
AKTUBHOI'O OOJIyUeHUsl y JIPYTUX PACTEHUM, CIEIJIEHHBIX C
nepsbiME [43]. DTO rOBOPUT O BIIMSIHUY LI0JIsI, CO3AIOIIET0
CIEIJIEHHOCTh, U HA T€HEeTHYEeCKUN KOJI, 9TO OyJIeT UMeTh
0coboe 3HAYEHNE B CJIydae OCBOEHUsT YIOMSIHYTBIX MMOJIEH.
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WHor/1a CIEIIEHHOCTh COCTOSIHUI HA3bIBAIOT D dek-
rom Hemokanbuoit Ceasu (9HC). Urobsl nmokasaTs pas-
MaX HCCJEIOBAHUN CIIEIJIEHHBIX COCTOSIHUI MaKpOOObEK-
ToB, upouuTupyio pabdory [43|: “Uccaenosanusg IHC mex-
Jy KOMITOHEHTAMH CHUCTEMBbI MAKpPOOOHEKTOB HEXKUBOU U
JKUBO TIPUPOJIBI B HACTOSIIEE BPEMST yKe HAUMHAIOT IIPH-
ofpeTarhb CTaTyc akaJeMUIeCKuX uccaenosanuii [1], [2], [3],
[4], [5], [6], [7]. BoT 4T0 roBOpHT O/1MH U3 IPKUX NIPEJICTABH-
TeJsiell TAKOro Hay9IHOrO HAmpasJjeHus npodeccop Biarko
Benpaut, cozmasmmit cebe nmst B Hayke pa3spabOTKOI HOBBIX
€ocoO0B KBAHTOBAHUS CIEIUIEHHOCTH W MPHUJIOKEHUST UX
K MaKpOCKOIIMYeCKUM cucreMam: 'KBaHTOBasi MeXaHUKA
OIMCHIBAET HE TOJIBKO ITOBEJIEHUE MEJIbUaIInX YaCTHII.
Ee zakonbl JeficTBYyIOT B TejlaX BCEX pPa3MepOB: B IITH-
[aX, PACTEHUSX U, BO3MOXKHO, Jayke B dejioBeke... Oka-
3BIBAETCSI, PA3ININE MEXKJY KBAHTOBBIM U KJIACCUIECKUM
MHUpaMy He uMeeT (YHIAMEHTAJBHOIO XapaKTepa. IJTO
BCEro JIMIIb BOIPOC HUCKYCCTBa 3dKcrmepumenta’ [4].... B
aKaIEMIIECKYIO TIeYaTh IPOCOYMIINCH TOPA3UTEbHBIE Pe-
3yJBTATHI U3yYeHusi (DeHOMEHa OJIM3HEIIOB — Ha KPOJUKAX
[10] n Ha wenoBeke [11], [12] (6amu3HenBI TOCTE POXKICHHS
IPOJIOJIZKAIOT OBITH HEKUM 00Pa30M CBSI3AHHBIMU JPYT C
japyrom). DHC mpeanosoKuTeIbHO HADIIOIAETCS TAKKE B
XUMUAYECKUX U (PUBNUECKUX CHCTEMAX, HAIPUMED MEXKJIY
JBYyMsl Pa3JjiMBaMK OJHOTO U TOXKE pacijaba craad [13]
U UJAEHTUIHBIMU TEeXHUIECKUMU MpubopaMu, paboTaroniu-
ME jtoiroe Bpemsi BMecte [14], [15]. B macrosimee Bpemst
y2Ke HaKOIUIeH OOJIbINOi (DaKTUIECKHUT MATEPUAII TI0 TOMH
npobseme, rae nokasano Haanune YHC B pasamyHbIX Xu-
MHUYECKUX, (PUBNIECKUX ¥ OUOJIOITIECKUX MAKPOCUCTEMAX
(cm.0630psr [16], [17], [18], [18], [19]).” - KoHery ruTaTs! (B
[IUTATE HOMEPA CCBLIOK OTHOCSATCS K CIUCKY JINTE€PATYPBI
[UTUPYEMOH paboThI).

dpkuit mpuMep CIEIJIEHHBIX COCTOAHUI B 2KuBoit [Ipu-
pO/ie OIUCHIBAET 3HAMEHUTHI Omosior YOTCOH, B CBOEI
narepecueiimet kaure “Omubdka Pomeo”. Ciepmarozounsisr,
BBIPOCIIIE BMECTE B OJHOM OPTaHU3Me, OKA3LIBAIOTCS B
CIEIJIEHHOM COCTOSTHUU. FC/In HACHIBCTBEHHO W3MEHSITH
COCTOSTHUE OJTHON YACTHU ITUX CIIEPMATO30UI0B, TO M3MEHSI-
€TCsl COCTOSIHUE U JIPYTOi €€ 4acTh. JKCIEPUMEHTHI [1PO-
BOJWJINCH C PA3beJIUHEHHEM 9acTell CIIepMATO30UI0B HA
paccrostiug 10 500 kuiomerpos [44]. Tpymnmo cebe npen-
CTABUTDH, 9TOOBI HUYTOXKHASI MOIIHOCTH 3JIEKTPOMATHUT-
HOT'O M3JIy9eHUsI CIIEPMATO30U/I0B 00ECIIeTNBAIA 3aMETHOE
9HEPreTUYIecKoe BO3/EICTBIE HA JIPYTHE CIIEPMATO30UIbI
Ha paccrosgaun B 500 KusiomeTpoB. Ilo/100HBIX OIBITOB
CO CIENJIEHHBIMU COCTOSTHUSIME MaKpPOOOHEKTOB MPOBE/Ie-
HO MHOXKecTBO Ha paccrogauax o 10000 KkmiomeTpoB n
6ostee. Bo Bcex armx ombiTax, Ilpm3nHak 2 KadecTBEHHO
CBUJIETETILCTBYET CHOBA O OE39HEPIeTHIHOCTH IIOJIsI, OCY-
MECTBJISTIONIEE CIEINIEHHOCTh MaKpPOOObEKTOB, KakK WM B
CIyYasx CIEIIEHHOCTH MUKPOOObEKTOB KBAHTOBOM (hu3u-
ku. B oTiane 0T KBaHTOBOH (DU3UKU, SKCIEPUMEHTATODBI
B Makpo(U3nKe He JAI0T KOJUIECTBEHHYIO OINEHKY CKOPO-
CTH PACIIPOCTPAHEHMS CUI'HAJIA MEXK/1y CIIEILJIEHHBIMU MaK-
poobbekTamu. MexK 1y TeM, 3TO IMPUHIAINAIBHO BayKHBIN
MoMeHT. Eciu 661 6b1TH JaHHBIE 00 yKa3aHHON CKOPOCTH,
MOYKHO OBIJIO OBl TMPUMEHUTH TOYHBIH KOJMYIEeCTBEHHBIH

IIpusnak 3 6€39HEPreTUTHOCTH TOJIS.

B paborax npoekTa “Bropasi pusuka”’ cozmarTcs u ak-
THUBHO WCIIOJIb3YIOTCsI T€HEPaTOPhl U PErUCTPATOPBI HEKO-
ero nojis 1, HeyCTaHOBJIEHHON (DU3MIECKONU MPUPOIBI, HO
SIBHO HEIJIEKTPOMATHUTHON M HETrPABUTAIIMOHHOMN MIPUPO-
qel [45], [46]. CormacHo skcnepumenTaM, nose 1 oKa-
3bIBAETCsSI HEOOBIKHOBEHHO BBICOKO IMPOHUKAIOIIUM H aK-
TUBHO B3amMojelicTByer ¢ BemectsoMm [45], [46], [47],
[48]. TToromy IIpusnak 1 Ka9eCTBEHHO CBUIETEILCTBYET O
6e3snepreruanocTu mojs 1.

leneparopsr u peructpaTopsl 1oJist 1 yCTaHABIUBAJII
MeXKJy co0oit cBsa3b Ha paccTosgHusax Oosiee 10000 xusto-
METPOB, UyTh Jid He ¢ obparHoii ctoponsl 3emym (CIITA —
Ascrpamus, FOxuas Amepuka — Tomck u tak masee) [49],
[50], [51], [52], [53]. 11 BCE TO MpPH MHU3EPHOI (HECKOIBKO
BaTT) JIEKTPUIECKON MOIMHOCTH, OTPebJIsieMOil reHepa-
Topamu 1ojiss 1. CBsI3b yCTaHABJIUBAJACH C IIOMOIIBIO
CIEIIJIEHHBIX COCTOSIHUI IBYX OJMHAKOBBIX WJIA Pa3HBIX
dororpaduit ogHOrO M TOro X)Ke pusndeckoro rejua. OaHa
dororpadus pacmosarajiach OKOJIO T€HEPATOPA, APYTast —
okosto peructparopa mosis 1. Ha ommy m3 dororpadmuit
BOzeiicTBoBasn osteM 1’ remeparopa. Torma Bropas do-
Torpadus “3Hasa’, 9TO MPOU3BOJUTCS BO3JEHCTBUE TOJIA
T wna mepByio doTorpaduio, a ceHCOp o T perucTpu-
poBaJI 3aMeTHOe u3MeHeHue MMojsg 1 PSIoM CO BTOPOIi
dororpadueit [49]. [Toromy u IlpusHak 2 KagecTBEHHO
CBUETEILCTBYET 0 Oe3sneprermanoctu moss 1. Ho Tomy
ecThb U 60JIee onpeiesIEHHOe 0OOCHOBAHNE.

OmvH W TOT 2Ke JIeTEeKTOP perucTpupyer u mojs 1’
reHeparopa, u 6e3sHeprerudyeckue 1oJisi @ HeGeCHBIX TeJI.
Suaunt, monsg 1T u D, ckopee Bcero, COBIAIAIOT IO CBOEH
dbusugeckoit npupose. Crasmo 6b1Th, moste 1T' TOXKE, CKOpee
BCEro, sIBJIIETCsI OE39HEPreTUYEeCKUM. DTO MOKA3aJ OIBIT
B. T. lIkarosa. Ero merekrop moseit T' 3apeructpupo-
BaJl TPU BCILIECKA BO3JEHCTBUII HEOECHBIX TEJI, MPUUIEM,
TaM, W TOTJA, KaK 9TO MPEICKA3bIBaeT (pu3mieckas Mo-
qess moneit @ (em. Paszmen V). JlaHHBI 9KCIEepUMEHT
He OBbLT OIMyOJIMKOBAH, MOCKOJBKY 9TO OBLT €IMHUYIHBIN
OIBIT, TIOPOJMBIIKMI MAacCy BOIIPOCOB, TPEOYIOIIMX JaJib-
HEHNIero 3KCIepuMeHTHPOBaHus. ABTOpD JAHHON CTaTbu
JINIIb BBICTYIHJI TIepeJl ydYacTHHKaMu IpoekTa “Bropas
dusuka” ¢ TOAPOOHBIM AHAIN30M OMBITA M BO3MOXKHBIMU
OoTBeTaMM Ha BO3HHKamomme Bonpockl. Ho To, uTo maTamk
B. T. IlIkaroBa crocobeH PerucTpupoOBATL BO3IEHCTBUS
HEOECHBIX TeJI, - 9TO TOYHO.

Kak BujmmM, nMmeercs: cepust SKCIIEPUMEHTOB, CBUIETE b
CTBYIONIUX B IOJIb3y OE39HIePreTUIHOCTH IIOJIsl, CO3.Ia-
IOIIEro CIEIJIEHHBIE COCTOSHUST MaKpooObeKToB. OmHako
[IOKa HE XBAaTaeT JKCIEPUMEHTAJBHBIX JAHHBIX, UTOOBI
cllelaTh OKOHYATE/IbHBI HECOMHEHHBIN BBIBOJ, XOTs B
cuity Ilocrynara coOTBETCTBUS, B CIEIIEHHBIX COCTOSIHU-
X MaKPOOOBEKTOB KJIACCHYIECKOH (u3nkm Oe3dHepreTu-
9ecKue MOJIA JIOJIXKHBI UTPATh Ty K€ POJIb, KAKOBYIO OHU
WUTPAIOT B KBAHTOBOI du3uke.

Cornacuo Ilocrynary coorBeTcTBUsl ypaBHEHUI KJIACCH-
9eCKON U KBaHTOBOI (DU3MKM, MCCJIEIOBAHNE CIEILJIEHHBIX
MaKPOCKOIIMYECKUX COCTOSTHUI TPOJIMBAET CBET U HA SIBJIE-
HUsT KBAHTOBOM CIIEIJIEHHOCTH U HA0OOPOT. JTO COrIacyer-
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¢ ¢ ngesMu BiraTko Bespasia o euHOl Ipupoie KBaHTO-
BBIX U MaKPOCKOIIMYECKUX CIleIIeHHocTei. A eciim BiaTko
Beapan peiicTBUTENLHO CyMes CBA3aTh BOZHHUKHOBEHHE
CIETIJIEHHBIX W KBAHTOBBIX COCTOSTHUI MaKpPOOOBEKTOB, TO
GE33HEPreTUIECKNE IO UMEIOT OTHONIEHNE U K BO3HUK-
HOBEHWIO SIBJICHUI KBAHTOBAHUA. 1[0y THO BOSHUKAIOT BO-
IpOCHL: MOYeMy, B OTJIMYME OT KBAHTOBOI'O MHUKPOMHUPA,
He TOJLKO MaKpOOJIM3HEILI, HO U MaKpO He OJIM3HeIbl
(ckazkeM, dbororpdus u chororpadupoBaHHbIl 0GHEKT)
IMEIOT CIETIEHHBIE COCTOSTHUA! OT KAKAX XaPaKTEPUCTHK
apbl MATEPHATBHBIX OOBEKTOB 3ABUCHT TIOSBJICHHE CIIETI-
JICHHOCTH MX cocTosiHuii? JIjisi OTBETOB Ha 3TU BOIPOCHI
norpebGyercst OT/IebHas ClIeIUAIbHAS CTAThSI.

VII. HEKOTOPBIE 3AMEYAHUSA OBIIETO
IPUHIATIMAJIBHOTIO XAPAKTEPA

A. Baxorvr npupodu

Kak ykaspiBasoch, HemarepuabHBIE TOJS PEAJTHHO
CYIIECTBYIOT U YIIPABJSAIOT MAaTE€PUATHHBIMA IIPOIEC-
caMU KAKHM-TO II0KA HEMOHSTHBIM JJI HAC HECHJIO-
BBIM, Oe33HepreTudeckuM criocoboMm. Takoe Bo3meiicTBue-
yIIpaBJIeHUe Mbl HADJIFO/IaeM KaXKJIblil JeHb BOKPYT HaC, HO
He oTaaéM cebe B arom oruéra [4]. HefictBurensho, Bee dbu-
3UYIECKIE eCTECTBEHHBIE ITPOIIECCHI, ITPOUCXOIATIINE BOKPYT
HaC, YIPAaBJSOTCs 3akoHamu [Ipupoasr. 1o ynpasienue
He Tpebyer 3arpar 3Hepruu. OHO IIPOUCXOAUT KAKHM-
TO CTPaHHBIM JJIsi HAC HECHJIOBBIM, OE33HEPreTUYeCKUM
criocobom. [ToaToMy pazyMHO TPEITONIOKNATD, YTO UCTOKH
bU3MIECKUX 3aKOHOB, YIIPABJISIONNX (DU3NICCKIMUI B3an-
MOJEMCTBASIMA B MATEPUATLHOM MUPE, COBEPIIIEHHO HEITO-
HATHBIE HAM CETOMHS, JIeXKAT B MUPE 0Ee39HEPreTUIECKUX
00'BEKTOB, TO €CTh, B HEMATEPUAJBHOM MUPE.

B. /lyasusm sorna-wacmuia

VYupagsstomnine BO3AeiCTBUSA TaBHO U PA3HOOOPA3HO Ha-
GJIIOMAIOTCs B KBAHTOBOM (Du3MKe ¢ cCaMOro Hadaja €€ BO3-
HUKHOBEHUsI, C MOMEHTA, KOTJa ObLI OOHADYKEH JTyaJIu3M
BOJIHA-YACTHIIA, XOTs, Kak U B pasgene VIL.A, ucciaemosa-
TeJI 9acTo He oTjaBaJju cebe B 3ToM oT4uéra. PaccMoTpuM
JIyaJIN3M BOJIHA-YACTHIIA Ha IpuMepe oToHa. JlaHHbIil 1y-
aJIM3M HAOJIIOIAJICS MHOTOKPATHO B PA3HOOOPA3HBIX SKCIIE-
pumenTax. [To ero moBoy /10 CUX TIOP MPOBOJISTCS TOPSTIUE
JIMCKYCCHM B IIOINBITKAX IIOHSITH, KaK 3TO MOXKET OBITh.
Jlyasu3Mm BOJIHA-JaCTUIA HEPEJIKO HAPEKAIOT BeJImjvaiileii
3araJIKoii KBaHTOBOI (usuku. Ho moueMy-TO HMKTO He
XOYeT 3aMevaTb, 9TO B JAyaju3Me BOJIHA-YACTHIA, SBHO
MIPOCJIEKUBAETCS YIIPABJIEHNE KBAHTOBBIMHU ITPOIECCAMU.
Ecnu npuasaTs npeamnosoxenue, 9To Tpu TpaHCchOpMAIAN
BOJIHBI B 4dacTHIly (1 oOparTHO) SHeprusi (HbOTOHA HE W3-
MEHSIETCsI, TO 9TO yIIPaBJIeHNEe KBAHTOBBIME IIPOIECCAMU
cJlelyeT IpU3HATh Oe39HepreTuviecKuM. /leiicTBuTEIHHO, C
YI€TOM TIPEIIOIOKEHsT UMeeM cJemyomiee. Pacmpocrpa-
HeHne POTOHA KAK BOJHBI — 9TO OJMH KBAHTOBBII IIPOIIECC.
Ilepememenne hoToOHA KaK YACTHUIBI — 3TO JIPYroil KBaH-
TOBBI Tporiecc. POTOH TposiBiIsier cebsi TO KaK BOJIHA,
TO KaK 4YacCTUIa B 3aBUCHUMOCTH OT 0bcrositesibeTB. Ho,
KaK CUMTAeT HayKa, BCE NOJKHO nMeTh npuunny. [loTomy

[IEPEKJII0YEHNE MEXKJIy JIByMsI KBAHTOBBIMH IIPOIECCAMU
TOYXKe HE MOYKET IIPOUCXOJUTH 0e3 MPUYNHBI. 3HAYNT, eCTh
[IPUYMHA [TEPEKJIIOYEHIST MEXKLY JIBYMsI KBAHTOBBIMU ITPO-
meccaMu. 3HAYAT, €CTh HEKOE YIIPABJISIONIee BO3eiiCcTBIE
Ha KBAHTOBBIE IIPOIECCHI, MEPEKTIOYAIONIEE UX U3 OIHOIO
pexkuma B apyroit. pyrumu ciioBamu, 107, HEKOTOPBIM
YIPABJISIONIIM BO3/IEHCTBUEM KBAHTOBBIM IIPOIECC M3Me-
HSI€TCsI U TIPOSIBJISIETCS TO KaK PaCIpPOCTPaHEHNe BOJIHBI, TO
KaK rmepemerrienne q9acTuribl. CoriacHo MPeIIoI0KEHUIO,
B caMOM TI0 cebe Tporiecce mepeksodeHns: GOTOHa U3 pe-
KuMa “BosiHa” B pexkuM “gacruna”’ (u Hao6opOT) SHEPrus
doTona He n3MeHsieTcs. VHatie TOBOPsI, 3TO yIIPABJIAIOINIEE
BO3JIEiCTBIE He IepeJaéT 3Hepruto (POTOHY U He oTbupa-
er sHepruo or ¢GoroHa. CTajio OBITH, 3TO yIPABJISIOIIEe
BJIUSIHIE BO3JEHCTBYeT Oe39HepreTudeckn Ha (HPOTOH, UTO
7 TpebOBAJIOCH TOKA3ATh.

Takum 06pa3oM, B OCHOBE JIyaJiu3Ma BOJIHA-YACTHUIA
JIE?KUT YIPABJIAIONIEE B KBAHTOBOM (DU3MKe BO3/IEHCTBHE,
KOTOPO€, B PAMKaX Pa3yMHOT'O IIPE/IITOJIOKEHNS, ABJISETCS
6e39HepPreTUIeCKnM. 3IeCh He 3aTPATUBAIOTCS BO3MOXKHBIE
SHEPreTUYECKe BO3IEHCTBUS Ha (POTOH IIPU U3MEPEHUIX
1 HaOJIIOJIEHNSX ero SHepreTuIecKuMu Metogamu. Hecmor-
ps Ha 3TO, €CJM MBI CUYUTAEM, UTO TpHU Tpanchopma-
UAX BOJHBI B uacTuily (1 Hao6opoT) sHeprust hoToHA
HE W3MEHSIETCs, TO HAM CJeIyeT IIPU3HATH CIPABEIJIH-
BOCTH CJIeJIAHHOTO 3jieCh BbIBOa. OHAKO, KOTIa, Tle U
Kak (OpMHUPYETCs JAHHOE YIIPABJISIOIIEe BO3JEHCTBUE,
€ro KOHKPETUKa, MEXaHU3M €ro JeHCTBUS — 9TO OOJIBIION
BOIIpOC it KBaHTOBOM dbusuku. [lomo3pesaro, 9To oTBeT
Ha JIAHHBII BOIIPOC HE YIACTCS MOy IUTh Oe3 IPUBJICIEHNUsT
VIPABJISIONMX BO3IEHCTBUIl Oe33HEpreTuvecKux I0JIei.
Ilo MHeHuIO aBTOpa, OTBET HA JAHHBIA BOIPOC OyIeT
[IOJIyYeH Ha OCHOBE BBISBJIEHHS CBONCTB M MEXaHU3MOB
BOBEHCTBHUIT GE39HEPTeTUIECKNX I0JIeil B Makpodu3mKe,
C TIOMOIIBIO TOCJIeAYIoNnero mpuMmenenns llocrymara co-
OTBETCTBHUSI, AHAJOTMIHO TOMY, KaK TO OBLJIO OIMCAHO
BBIIIIE [IPUMEHUTEIBHO K CIEIJIEHHBIM COCTOSTHUSIM. Ecm
B WTOre TOSIBSTCS CIOCOOBI M3MEpEeHUH u HabJIFOIeHUi
bOTOHOB, JTEKTPOHOB U T. II. ¢ MOMOIIBIO OE33HEPreTH Ie-
CKUX TIOJIEH, BO3MOXKHO, IIPEJICTABJIEHNsI O KBAHTOBBIX ITPO-
meccax CTaHyT 0oJiee eCTeCTBEHHBIMU, ITOCKOJBKY OyIyT
yCTpaHEeHbl Hen30eXKHbIe CHUJIbHBIE YHEPIEeTUYECKHE BO3-
JIeliCcTBUsI Ha KBAHTOBBIE YACTUIIBI IPU UX HAOJIIOJIEHUSIX
SHEPIeTUIECKUMU METOIAMHU.

C. O MeHn08eHHOM PACNPOCTNPAHEHUL IHEP2UL

Cy1ecTByIOT pa3/IMdHbIE TPENOIOKEHNS O MIHOBEH-
HO Tlepesiade SHEPIUHU OT 3BE37 B /1I00yI0 TOUKY Bceemen-
noit. Hapumep, runmoreza H. A. KoswipeBa nipemosiaraer
MTHOBEHHO€ IIpOHU3bIBaHue BcejieHHO#T BpeMeHeM, a BMe-
CTe C HUM W SHEprueil, WM TUIOTe3a O CBOPAYUBAHUU
namreit Bcesmenno#t B “karymikw’, B mpejesie B TOYKY, B
[IPOCTPAHCTBE OOJIBINIET0 UHMCJIa M3MEPEHUN MPEIIoIaraeT
MTHOBEHHOE PAaCIpOCTpaHeHne dHepruu B Harrelr Beesen-
HOM 3a CUET BBIXOJIa SHEPIUHU B JIONOJHUTE/bHBIE U3MEPe-
HUsI ¥ TIOCJIeIYIOIIEro €€ BO3BPAIIeHNs B HAIIIU M3MEPEHUs.
O1HaKO, MOXKHO ITOKa3aTh, YTO 9TH U IIOIOOHBIE UM IIpe-
[TOJIOYKEHNST TTPOTUBOPEYAT IKCIIEPUMEHTATHHBIM JTAHHBIM
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U IOTOMY HEe HMEIOT OTHOIIEHHS K HallleMy peaJlbHO-
My PU3NIECKOMY IIPOCTPAHCTBY, YeMy OYIET IOCBAIIEHA
OT/leJIbHASI CTATh.

VIII. PE3VJIBTATHI U 3AKJIIOUEHUE

1. AHa/IM3 9KCIIEPUMEHTOB CO CIEIJIEeHHBIMEU (DOTOHAMUI
[TOKA3bIBAET, YTO I0JIs, OCYINECTBJISIONINE CIEIIEHHOCTh
COCTOSTHUH, MOTYT OBITH TOJHKO HE39HEPreTUIECKUMHE 10~
ssmu, ecau oun cymectByior (Pasmesn II). Corsacuo MuO-
TOJIETHAM W HOBEHIINM Pa3HOOOPA3HBIM SKCIIEPUMEHTA b
HBIM JIAHHBIM, Ge39HepreTndecKue 1moJis cymectsyior (Pas-
messr 11, II1, TV). B Tom unce, cymiecTByIoT Ge3sHEpre-
TUYECKUE M0JIs1, BO3AEHCTBYIONINE HA COCTOSTHUST 00 HEKTOB
kBaHToBOI (usuku (Pazmen IV).

2. B paMkax mpeJiCTaBJIEHUI TEOPUH IOJIsI €CTh OTBET
HA BOIIPOC, KAKOE II0JIe CO3/AET CIICIJICHHBIE KBAHTOBBIE
COCTOsIHUsI. A MMEHHO, CIIEIJIEHHBIE COCTOSIHUSI MUKPOOOb-
€KTOB KBaHTOBOI (DU3HMKM CO3/IaI0TCs Oe39HEPreTUIeCcKu-
mu nossmu (Pasmesn VI). B nonb3y Toro ke pesynbra-
Ta B OTHOIIEHUU CIENJIEHHOCTH COCTOSTHUN MaKpOOObEK-
TOB KJIACCHYECKON (DU3UKU CBUIETEIHCTBYET CEPUS IKC-
[IEPUMEHTOB, KOTOPBIX, OJIHAKO, IIOKA HEJIOCTATOYHO JIJIst
OKOHUATeIbHOro obocHoBanus BeBoa (Paszen VI). Kak
BUJIUM, CIIEIIEHHOCTh COCTOSIHWII He SIBJISIETCsl CIOPIIPH-
30M, YyJIOM KBAHTOBON MEXaHWKHU, a BIOJHE [TPO3amde-
CKU OObSICHSIETCS B PaAMKaX MPEJCTABICHUI TEOPUU TIOJIs
BO3JIEAICTBUSAMEI HEKOTOPBIX moJieii. [loTomy, HET cMbICa
OTKA3bIBATHCS B JIAHHOM BOIIPOCE OT TEOPUM IIOJIsSI U IIPH-
JIYMBIBATh BMECTO HEE MCKYCCTBEHHBIE TIOCTPOEHMUSI C 3ara-
JIOYHBIMU, HEECTECTBEHHBIMU, AJJOTHIHBIMU CBOHCTBaMu. B
uTore DUHINTEHH OKA3BIBAECTCS TIPAB — HET YKYTKOTO J1ajTh-
HOJlelicTBuUsI. A ecTh Ge33HEpreTHYecKoe 1oJjie, KOTOpoe Iie-
PEHOCHUT BO3JefiCTBHE MEXKy CIEIJIeHHBIMI KBaHTOBBIMU
cucremamu. Ho akajgemuyeckast pusuka “He BHIea” 3TO
moJie, TOCKOJIbKY OHA WCCJIEIOBAJIA TOJBKO IHEPreTHYe-
ckue (MaTepuaybHble) Hosst. Ecam 66l n3HAUYAIBHO OBLIO
MIOHSITHO, ITO MOXKET CYIIECTBOBATH I10JIe, OCYIIECTBIISAIO
1ee CIIEIJIEHHOCTDb COCTOSTHUI, TO HE BO3HUKJIA ObI IIOTPED-
HOCTb M300peraTh aJIOrUYHBbIE CXEeMbl CIEIJIEHHOCTH CO-
crognmii. Corsacuo ITocrynary coorBercrBus (CM. HUXKE),
UCCJIEIOBAHUE CIEILIEHHBIX MAKPOCKOIMTUIECKUX COCTOSTHUT
POJIUBAET CBET Ha SIBJICHUS KBAHTOBOW CIIENJIEHHOCTH
u HAoOOPOT, UTO coryiacyercs ¢ uiesmu Biarko Bempa-
Jla O eJIMHOI IPUPOJie KBAHTOBBIX M MAKPOCKOIUYECKUX
crerienHocreii. A ecom Biatko Bempan meiicTBuTEIBHO
CBsI3aJ1 BO3HUKHOBEHHE CIEIIEHHBIX U KBAHTOBBIX COCTOSI-
HUIT MAKpOOOBEKTOB, TO HE3IHEPreTUIECKUE TTOJIT UMEIOT
OTHOIIIEHNE U K BO3SHUKHOBEHUIO SIBJIEHUI KBAHTOBAHMUSI.

3. BessHeprernyeckue 10Jisi BO3/IEHCTBYIOT Ha MaTEPH-
aJbHble 00BEKTHI HECUJIOBBIM crocoboM. Oum 06s1a1210T
0CODEHHOCTBIO: DE39HEPreTUIECKIE TI0JIsT BO3AEHCTBYIOT HA
MaTepuaabHble 00BEKTHI, HO HE MEPEIAI0T UM IHEPIHIO, a
MTOPOXKIAIOT TIEPEKAYKY SHEPIUU MEXKJY MaTephabHLIMU
obbeKkTaMu, Mpeobpa3soBaHue SHEPIUH U3 OJHOIO €€ BUJIa B
JIPYTOii, U, TEM CAMbIM, YIIPABJISIOT MaTEPUAIBHBIMU IIPO-
meccamu. CBONCTBO Oe33HEPreTUYECKUX II0JIeH YIIPaBJIATh
- He TUIIOTEe3a, & CJIEJCTBUE aHAJIN3a BO3AeiiCTBIIT Oe3vHeP-

reTU4ecKnuX I0Jiell Ha MaTepuajbHble 00bekThl (Pasmes
1I).

VipapJsiolye BO3IEHCTBUAS HAa KBAHTOBBIE ITPOIECCHI
MPOSIBJISIIOTCS B JIyajiM3Me BOJTHA-YACTHUIA U JIEYKAT B OC-
HOBAX 3TOrO Jyaju3Ma. Fcjim NpUHATH TpenoIoXKeHue,
4TO pu TpaHcdOpMAIMU BOJIHBL B dacTuily (1 o6paTHO)
sHeprust (HOTOHA, FJTEKTPOHA U T.JI. HE H3MEHSIETCs, TO
9TU YIPABJISIONINE BO3/ICHCTBUSI HA KBAHTOBBIE IIPOIIECCHI
ciezyer upusHaTh 6e3sneprerudeckumu (Pasmesn VILID).

4. BezanepreTudeckue moJist MOy T MHOTOKPATHO TIPEBbI-
maTh CKOPOCTh CBETA, 9TO, TEM He MeHee, He MPOTUBOpe-
qur CTO u kBanrooii Teopun (Pasmesn II). Cornacao Ha-
JAJIBHON (DU3NIECKOI MOJIE/IN CBOMCTB OE39HEPreTHIECKNX
nosieit (M), ocHOBAHHON HA MHOTOJIETHUX HABIIIONATE b
HBIX U IKCIEPUMEHTAJBHBIX JIAHHBIX, BCE MATEPUAJTbHBIC
TeJla U 9aCTHUIBI 00JIaTAI0T OE39HEPreTUICCKUMU TTOJISMU,
9TO OTKPBIBAET IEPCHEKTUBY H3YyUEHUs] WX B3AMMOJIE-
CTBHII TIOCPEJICTBOM OE39HEPreTUIECKUX 0TIl ¢ HeMaTe-
PHAJIBHBIMI O00bEeKTAMU (PU3UIECKOTO HEMATEPUATBHOTO
mupa (Pazgenst I, V). Mukpouactuipl KBanToBoii husu-
KI U WX CHCTEMbI HE JOJIKHBI 37[eCh OBITH UCKJIIOYCHUEM.
Cornacao @M, Bpamenusi, mo KpaiiHeil Mepe, Mapooo-
pPa3HbIX (PU3NIECKUX TeJ U YACTHUI[ BOKPYT COOCTBEHHON
OCH U TI0 OpOWTAM MOPOXKJIAIOT CEPUI0 KAYECTBEHHO Pa3-
HBIX 0E39HEPreTUYeCKUX MOoJeil, 0 OTHOIIEHUI0 K KOTO-
pbIM Harie (GU3NIECKOE MPOCTPAHCTBO TPOSBJISET CBOIO
aauzorponnocts (Paznen VII). B wacrhocTu, cekrophblie
0e3vHEPreTUvIecKue IMojsi 00pa3yioT B TPEXMEPHOM IIPO-
CTPAHCTBE TOT HEBHJIMMBIN (pU3NUIECKUil pernep, BpalieHue
OTHOCUTEILHO KOTOPOT'O OIPEJIEJIsieT, SIBISETCS JIM CUCTE-
Ma 0TCYETa MHEePIMAJILHON mwin HenHepuuaabaoii (Pasmesn
V). Bessneprerudeckue mojs UPOSBIIAIOT HEOOBIKHOBEH-
HYIO JAaJbHOCTH JIEHCTBHUSI U CBEPXBBICOKYIO ITPOHUKAIO-
IIYTO CIIOCOOHOCTH IIPU AKTUBHOM B3aUMO/IEHICTBUN C BEIIe-
CTBOM, ITO HE IPOTUBOPEINT 3aKOHY COXPAHEHUS SHEPTIUN
(Pazgensr II, V). MarepuajibHble Tesla M YaCTHIBI B3a-
UMOJEHCTBYIOT MEXKIy CODO# TOCpescTBOM Oe33HepreTH-
YeCKUX TI0JIeli, & He TOJBKO TOCPEICTBOM Pa3HOODPA3HBIX
9HEPreTUIeCKNX MarepuanbHbix mnoseii (Pasmensr IV, V).

5. IlockonpKy Ge33HepreTHyecKue I0JIs CYIIECTBYIOT U
BOBJEHCTBYIOT HA COCTOSIHUS OOBbEKTOB KBAHTOBOH u-
3UKHU, U, OCOOEHHO, TTOCKOJBKY ITU IMOJIA OOJAIAIOT CIIO-
CODHOCTBIO YIIPABJIATH MATEPUATHHBIMU SHEPTETHICCKUMU
[IPOIIeCCaMu, OHU — GE39HEPIeTHIECKHUE OJIsT — SIBJISTIOTCS
TeMn (paKTOpAMU-IIPUIMHAME ABJIEHUN KBAHTOBON (busu-
KU, KAKOBBIE HA, CETOMIHSIIHNAN JIEHh HEM3BECTHBI aKaIeMU-
qecKoil KBaHTOBOI ¢usuke. [loToMmy KBaHTOBas (PpHU3UKA
JIOJIXKHA OBITH JIOMOJHEHA STUMU (DaKTOPAMU-IIPUINHAMH,
a KBAHTOBasi TEOPHUsl JOJKHA OBITH JOMOJHEHa CBs3s-
MU, BBIPAXKAIOIIMEI HECUJIOBOE YIIPABJICHHE KBAHTOBBIMH
[IPOIIECCAMU U B3ANMOCBA3b KBAHTOBBIX OOHEKTOB ITOCPE/I-
CTBOM D€33HEPreTUIeCKUX IMOJIel ¢ yIETOM UX Pa3HOTHUII-
HOCTM W aHW30TPOIUHU TPOCTPAHCTBA IO OTHOIIEHUIO K
sTuM 1oJistM. [Ipu aToM, Kak u oxxuganocs (cM. Beejgenne),
NpUAETCA BBIATU 3a NPENEsbl JOCTUTHYTHIX 3HAHWMA, 9TO
npejcTaBisieT coboi, TI0 MHEHHIO aBTODA, IIAT(OPMY JJIs
HECKOJIbKO HEODOBIYHOTO, HO, TEM He MeHee, HEOOXOMMOTO
PA3BUTHUS KBAHTOBOM (DUBMKM U IIAT K BBIXOJLY U3 TYIHKA



C.A. Bacuibes. Harypdusocodus Tynuka B KBAHTOBOH (pU3UKe U MIAT K BBIXOJIY U3 HErO... 155

(Pazgen IV). Ho, Kak 9T0 ¢/ie1aTh, 38 9TO YIEMUTHCH !

Bessneprernueckue 1oJisi OTHOCSTCS K TOMY KJIACCY
1oJjieif, KOTOpBIE BO3JEHCTBYIOT KaK Ha MUKPOYACTUIIBI
KBAHTOBOU (DU3WKH, TAK W HA MAKPOOOBEKTHI KJIACCH-
qeckoit ¢usukn. [lgs moseil Takoro Kiacca IPUMEHs-
o1 [locTymar coorBeTcTBUS ypaBHEHUI KJIACCHIECKON U
kBaHToBOl dusuku. Corsacao ITocrtynary coorBercTBUS,
crieiyer cHauasja (YTO UPOIE, HO B JIAHHOM CJydae He
[IPOCTO) MOHATH M U3YYUTh CBOWCTBA GE39HEPreTHYECKUX
mojieit MaKpPOOOBHEKTOB B KJIACCHIECKON (DU3WKe, a 3aTeM
[0 AHAJIOTMH COOTBETCTBUS IEPEHECTH WX IIOHHMAaHUE U
yPaBHEHUsI B KBaHTOBYIO Gu3nky. JIpyrumu cjoBamu,
[pezkJie YeM BKJII0YaTh B3aMMOJEHCTBHUs Oe33HepreTuye-
CKUX TIOJIefl B KBAHTOBYIO TEOPUIO, CJIeJlyeT Y3HATb Ipa-
BUJIA B3aUMOJEHCTBUST MaKPOOOHEKTOB MTOCPEICTBOM O€3-
SHEPreTUIECKUX IOJIeil B KJIACCHMIeCKOi (bU3WKe, y3HATH
CBolicTBa OE39HEPreTUIeCKUX MMOJIeil 1 MEXaHU3MBI UX BO3-
JefiCcTBUl B KJIACCUYIECKON (pu3uKe MaKpooObEKTOB, TJIE,
KcTaT, corsiacio @M Ge3sHepreTudecKre moJisi H3HAYAb-
HO MMEIOT HEKOTOPbIe KBAHTOBbBIE (JUCKPETHBIE) YIJIOBbIE
u npocrpancrBennble xapakrepuctuku (Pazgen V). Takum
Iy TEM, CKOPee BCero, MOWIET PA3BUTUE TEOPUH KBAHTOBOIA
buszukn.

Hamnpumep, oneparop 'aMuibrona KBaHTOBOI MeXaHU-
KA U OmnepaTopHbIil Jlarpam:knaH KBaHTOBOI Teopuu He
MOT'YT COZIEPKaTh B cebe OTIeIbHBIN BKJIA] O€39HEpreTu-
9eCKUX MO0JIell HAMPSIMYIO, TOCKOJIbKY Oe39HepreTuIecKne
I10JIs1, 110 OTIPEJIEJIEHUIO, He BHOCAT BKJIAJl B KJIACCHIECKUE
Tamunbronnan u Jlarpamxkuan. Tem He MeHee, omnepaTo-
pbt Tamunbrona u Jlarpamkuana JOKHBI OYIyT COIEP-
KaTh B cebe ONMUCAHWE TOW MEPEKATKYM SHEPIUH MEXKLy
9acTSIMU KBAHTOBOW CHCTEMBI, KOTOPYIO OPTraHU3yIOT U
KOHTPOJIMPYIOT Oe33HepreTuiecKue 1moJjisi. B yacTHoCTH, HE
UCKJIFOUEHO, ITO XOJIO/IHbIE si/iepHble peaknnn (Paznen V)
HE y/aCTCsl IOHATH IPaBUJIBHO 0€3 IIPUBHECEHUsI B KBaH-
TOBYIO DU3NKY BO3AEHCTBUII OE39HEPTEeTUIECKUX IIOJIEH,
ITOCKOJIbKY TOCJIETHUE, COTJIACHO SKCIEPUMEHTY, BJIUSIOT
Ha sizepuble pacuaabl (Paznenst IV, V).

6. B urore, BBIPHCOBBIBAETCS CTOJIb CJIOXKHAS KapTHU-
Ha IPEJICTOSINNX KHCCJIEIOBAHUI U MOJEPHU3AINNA KBaH-
TOBOW (PUBMKHU, peam3aliusl KOTOPOH IO CUJIY TOJBKO
6OJIBIION OMUITNAIBHON HAyKe, KAKOBOI aBTOD JKeJIaeT
0o0paTUTh BHUMAaHWE Ha MPOOJEMYy ITPUBHECEHWS B KBaH-
ToByIO (u3uKy Oe3sHeprermdeckux mnosteit. IIpeacrapien-
HblE PEe3yJIbTAThI BBIIVISJIAT IIPOBOKAIMOHHBIMU C TOYKHU
3pEHUs aKaJIeMUYeCKOl (DU3MKKM M II0TOMY IIOTPeOYIOT
eIé MHOTUX 3SKCIEPUMEHTAJbHBIX MTOITBEPKICHUIA [IJIsT
WX IMAPOKOTO TpU3HAHUS. KOMY-TO HM3JI02KEHHOE MOXKET
MoKa3aThCs (DaAHTACTUKON, HO, B JEHCTBUTEJIHHOCTH, OHO
sIBJISIETCs He (DAHTACTUKOM, & JIOTMYECKUM CJIEJICTBHEM Pe-
aJBbHOI CUTYAIINU W HEIIOXOH TaTdopMoil TaabHeIero
pocTa KBAHTOBOM (pU3UKHU, B IEM MOKHO YOEIUTHCs, €CIIN
BHUMATEILHO IPOYUTATH Pa3essr cTaTbu.

ABTOp BOBce He jymaer, OyJATO CTaThs WJEAJbHA.
Ho, ecnm oma Oymer mnoOy»XJIaTh CIOPbI W MBICIN
HCCIIe0BaTeIelH, aBTOP OYIeT CUNTATh €€ I0JIE3HOM.

B zakmtouenne, aBrop uckpense osarogaput I'. . Ilu-
[I0Ba, MHUIUUPOBABIIIETO CBOMMU BBICTYIIJICHUSIMI UHTEPEC

aBTOpa K paccMarpuBaemoii mpobiieme, a B. T. IlIkarosa
3a IIPOBEJIEHHE II0 MPOChDe W BBIYUCIUTEIBHON HABOJI-
K€ aBTOpa CIEMUAJHLHOTO SKCIEPUMEHTA 0 HAOIIOIECHUIO
BCILJTECKOB BO3/efCTBUIT HEOECHBIX TEJI.

IIPUTOYKEHUE A
ITIOCTVYJIATHI, IIOCTPOEHHBIE HA OCHOBE JIAHHBIX
MHOTIOJIETHUX HABJIIOJEHUN ®U3UYECKUX CBOWCTB
BO3/ENCTBUI IIJIAHET

ITOCTVYJIAT 1. B Te u TOIBKO B T€ MOMEHTHI BPEMEHH,
KOI'JIa yTOJI (v MEKJIy HAIlIPABJIEHUSIME Ha JIBe IIAHETHI U3
3eMHO TOYKHM HaOII0neHns M y/10BJIETBOPSIET YCIOBUIO

oo — an| < éen (1)
rIe

en << 180° (2)
n=1,2,3, ..., N (yroux a,, Bo3pacTaer 110 Mepe yBeJInIeHnsI

UH/JIEKCA, 1), HABJI/IaeTCsl BCIJIECK BO3IEHCTBUS 9TUX JBYX
IUTAHEeT Ha 3eMHBbIe OObBEKTHI, HAXOmdAmmecss B Touke M.
B awuckpernbiii Habop yriaos {a,} BXomgr, mo Kpaiiueii
mepe, yrist 0°, 30°, 45°, 60°, 90°, 120°, 135°, 150°, 180°,
npuaéM, ecau B Habop {ay,} BXOAMT yrom au,, TO B 3TOT
nabop BxoauT u yroja 180° - a,,. [Ipu nmonmajanmm miaHeTh
B TOYKY €€ BOCXOJa W B TOUYKY €€ BepxHell KyJIbMHUHA-
UM TTPOMCXOANT BCILIECK BO3JEHCTBUS IIJIAHETHI, OYEHD
KPATKUil TI0 CPABHEHUIO C 3€MHBIMH CyTKAMH. XapaKTep
BOBJIEACTBUS IIAHET B TOYKe M CYIIECTBEHHO U3MEHSIETCsI
B IIPOIIECCE CyTOYHOIO IUKJIA MX JIBUXKEHUsI 110 MECTHOMY
HeGOCBOMY (IIPU MOUTH HEU3MEHHOM 38 CYTKHU IOJIOKEHUN
[UTAHET Ha SKJIMIITHKE).

[TOCTVYJIAT 2. CymecTByeT Takoe BO3JEHCTBHE ILIa-
HET, OOPAIMAIoNNXCAd B IJIOCKOCTH SKJIUITUKH, KOTOPOE
3aBHCHUT TOJBKO OT UX IIOJIOXKEHHS B 3HAKaX 3oanaka. Ko-
i@ IUTaHeTa IepeMernaeTcs 1o 3oauaxy (Ipu B3MIse Ha
IUTAHETY ¢ 3eMJIH), XapaKTep eé BO3JeHCTBUS N3MeHSeTC s
CPaBHUTEJIBHO ILUIABHO BHYTPH 3HAKOB U CPABHUTEJHHO
pe3ko Ha nx rpanunax. CymecTByeT HEKOTOPOe KOHETHOE
GUCIO tmae 3HAKOB. Co3maércss BIeYaTIeHHE, 9TO MECT-
HbIE BOCTOYHAS TOUKA MEPECCICHUST IKIUMTUKN C MECTHOM
JINHUEH TOPU30HTA U BEPXHSAS TOYKA IE€PECeUEHUs] IKJIHII-
THUKH C MECTHBIM HEOECHBIM MEDPUIUAHOM BO3JEHCTBYIOT
B JAHHOM MECT€ IMOBEPXHOCTU 3E€MJIM B 3aBUCHUMOCTH OT
UX TOJIOYKEHWsI B 3HAKAX 30/IMaKa TaK, KaK OyATO 9TO He
MaTeMaTUIEeCKHe TOYKH, a TIJIAHETHI.
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