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KBAHTOBBIE TEJIA ) KUBBIX OP'AHU3MOB
N NHOABJIEHUE )KU3HU

OrnucaHbl CBOWCTBAa KBAHTOBBIX CBEPXTEKYUUX TEN YKUBBIX OPTraHU3MOB, COCTOS-
IIUX U3 JIETKUX 3JIEMEHTAPHBIX YACTHI] U B3aUMOAECUCTBYIOLIUX C aTOMHO-MOJICKYJISIPHON
CTPYKTYpOI OMOJIOrHYeCKOro opranusMa. [1oka3aHo, 4To CyIIECTBOBAaHHE U OCOOCHHOCTH
(YHKIIMOHUPOBAHUs KBAHTOBBIX TEJI CHUMAIOT U3BECTHBIC MPOOJIEMBI HU3KOH BEPOSTHOCTU
CIIOHTAHHOTO, WJIH CIy4aiHOTo, cuHTe3a Omomnormdeckux monekyrmr: PHK, THK u menru-
noB. OmurcaH BEpOSTHBIM MEXaHW3M COOPKH TEPBHUYHBIX OMOJIOTHYCCKHX MOJIEKYJ ITOJ
YIpaBJICHHEM KBAHTOBBIX CTPYKTYp, 3aJAIONINX M IHUCCHUMMETPHIO XHBOTO, YTO CYIIe-
CTBCHHO YMEHBIIACT BpeMs, HeOOXOANMOE Ul BOSHHUKHOBCHHS KHUBBIX OpraHu3MoB. Pac-
CMOTpPCHBI TUCTAHTHBIC dPPEKTH KBAHTOBBIX TENI W MPEUIOKEH HOBBIM IMOAXOJ K OIHCA-
HUIO TPOIIecca KBAHTOBOTO H3MEPCHUSI.

Knrouesvie cnosa: xMBOW OpraHu3M, KBAaHTOBOE TeJO, JIEBUOH, BO3HUKHOBEHHE
KU3HHU, BO3HUKHOBCHHC 6I/IOJ'IOFI/I‘~IGCKOI‘/II [[I/ICCI/IMMeTpI/II/I, KBAHTOBOC 1/13MepeH1/1e,
CBEPXTEKY4ECTb.

1. BBeoeHue

B mpeppiaymmx paborax HaMu OBUIO MOKa3aHO HEOOXOIMMOCTH CYIIECTBOBAHUS KBaHTO-
BBIX TEKYYHX CTPYKTYp WM TEJl ¥ KUBBIX OPraHU3MOB [5, 6], KOTOpBIE, HApSAY C MOJCKYISIPHBIM
TEJIOM, 00eCeunBaIOT ()EHOMEHBI JKU3HHU, TICUXUKUA W CO3HaHUA. [Ipu 3TOM KBaHTOBBIC Teja JKH-
BBIX OPraHW3MOB, BKJIFOYAs U YEIOBEKA, COCTOST U3 JICTKUX SJIEMEHTAPHBIX YaCTHI] — JICBUOHOB,
B3aMMO/ICHCTBYIOIINX MEXIY COOOH Kak 3JIEKTPOMATHUTHBIMU CHJIAMH, TaK U CHJIAMH HEdIEKTPO-
MarHATHOTO TIPOUCXOXKACHHUS (CM. puc. 1), KOTOpEIE CBS3aHBI C CYIIECTBOBAHHUEM psla HEIIEKTPO-
MarHUTHBIX TojieH. [IpuHIMIINATBHON 0COOCHHOCTHIO JICBUOHHBIX TEJ JKUBBIX OPTaHU3MOB SIBJIS-
€TCs TO, YTO JICBUOHBI, OOBEANHSSICH B €AUHYIO CTPYKTYpPY, 00pa3yroT T. H. KBAHTOBBIC 003¢- MJIU
(hepMH-KOH/IEHCATHI, CBEPXTEKYy4He CTPYKTYPhl. DTO aHAJIOTUYHO OOpPa30BaHUIO MPH HU3KUX TEM-
TepaTypax CBEpPXTEKyUHX XKHAKOCTEH, cocToamux u3 atoMos “He mmm *He. Ho neBHOHHbBIE CTPYK-
Typbl CTAHOBSITCS CBEPXTCKYYHUMH TMPU BBICOKHMX TeMIIEpaTypax, KpUTHUYECKas TeMIepaTypa
T.>2000 K, B oTnuume OT KHUAKOTO TEIIHS 2He, st kotoporo T.=5 K wumm 3He, JUIST KOTOPOTO
T.=0,0026 K. Bricokue TemnepaTypsl niepexojia JIEBHOHHBIX CTPYKTYp B CBEPXTEKydee COCTOSHUE
OOBSACHSIIOTCSI TEM, YTO MACCHI JICBUOHOB B THICSYM M MUJITHOHBI Pa3 MEHBIIIE MACC aTOMOB TeJIHs
[6], cooTBeTCTBEHHO W BEINIE TEMIIEpaTypa IMepexoja B CBEpXTeKyuee cocTosuue. [TosTomy mpu
OOBIYHOH TeMIepaType CyliecTBOBaHHUS KUBBIX opraHm3mMoB 1~300 K neBHOHHBIE CTPYKTYpHI a0-
COIIFOTHO CTAaOWIIBHBI U 00J1a/1al0T MAaKPOCKOITMYECKHMMU KBAaHTOBBIMU CBOMcTBamu. VIMEHHO ¢ mX
CYIIIECTBOBAaHMEM CBSI3aHBI pa3inuHble ()EHOMEHBI ICUXHWKH W CO3HAHUS, BKIIIOYash aHOMAJbHEIE
CBOMCTBA M TPAHCIIEPCOHAILHBIC ACIIEKThI, 00HAPY)KEHHBIC Pa3IMYHBIMU UCClieAoBaTe sMu [8, 11—
14, 18, 19, 21]. D10 OOBICHSIET M KBAHTOBbIE CBONCTBA IICHXHYECKOIO, TAK)KE OTMEUYABIIHECS
MHOKECTBOM HCCIIEIOBATEIeH — OT IICHXOJIOTOB JI0 MATEMATHKOB M (DU3HUKOB [4].

OcTaHOBUMCSI Ha TIpOIlecce KOHJCHCAIMK JICBHOHOB KaK (epMU-4acTHIl B (hepPMHOHHBIH
KOHJICHCAT CO CBEPXTEKYyUYHMMH CBOWCTBaMU. J[JIs1 IOHUMAaHMS 3TOrO MPOIecca 00PaTUMCS K KHJI-
KoMy reiuro. Eciu paccmartpuBath He, To OH COCTOMT M3 aTOMOB, KOTOPHIE COIEPIKAT YETHOE
YuCIIO (pepMU-YaCTHI] — MPOTOHOB M HEHTPOHOB U TMO3TOMY 00Ja/aeT IEIIOYUCICHHBIM CITHHOM.
CBoiicTBa )KHIKOCTH, COCTOSLIEH U3 TAKUX aTOMOB, ONUCHIBAIOTCS CTaTUCTUKON bo3e-DiHiTeiina.
Takast KUAKOCTH SBIISCTCS CBEPXTEKYUeH U comepKuT 003e-koHaeHcaT (10 7% ot obmiei Macchl).
B cBOO 04epenb, aTOMBI “He coepkar HedeTHOe YnCIo (hepMH-UaCTHIL C MONYILEIbIM CIIMHOM U
MO3TOMY CaMH SIBJISIOTCS HEe 0030HaMHu, a PepMUOHAMU C HEIENbIM CITUHOM U IOJTYUHSFOTCS CTa-
tuctuke Oepmu-/{upaka. Mexanu3m o0pa3oBaHUs CBEPXTEKYYECTH B TaKOW KUIKOCTU aHAIOTH-
YeH MEXaHU3MY CBEPXIPOBOAMMOCTH, KOTOpas BO3HHKACT M3-3a CYIIECTBOBAHMS B KPHCTaJINYE-
CKOH pellleTKe MeTajla WM CIUTaBa CJIa0BbIX CHJI MEKIIEKTPOHHOIO — (DOHOHHOIO B3aMMOJICH-
CTBUSL.
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Kaxxnpiii u3 BUIOB (DEPMHOHOB SIBJISICTCSI HOCHTEIEM KaK MUHHUMYM JIBYX 3apsiioB. Tak,
HANPUMED, SIEKTPOH ABIIAETCA HOCUTENEM BIIEKTPUYEcKOro 3apsaa Q, =€ u 3apsua Qg , BhICTY-
mast 11 pepmuona f * ananorom siipa B arome. @HOHHBIN 3apsay Q, MOXKET HEMOCPEACTBEHHO HE
MMPOABIIATECA B JJICKTPUYCCKUX WU BJICKTPOCTATHYCCKUX BSaHMOHeﬁCTBHHX H3-3a 3KPAaHUPOBKHU
¢uonamu c 3apsmamu Q; 3apsina snextpona Q, . TakuM 00pa3oM BO3HHMKAeT HepapXusi aTOMOIIO-
JOOHBIX 00pa30BaHMil, CBSI3bIBAIOIINX (EPMHOHBI Ha BCEX YPOBHsX. [IpH 3TOM Ha KaXIOM ypOBHE
CYILIECTBYET CBOSI LICJIOCTHASI OpPraHU3alusi, KOTOPYIO MOKHO Ha3BaTh «Teiom». [lojeBbie CTpyKTy-
pBI O6.HallaIOT CBOMCTBAMU CBEPXTCKYUYECCTH U KBAHTOBBIMU CBOMCTBAaMH KaK C€INHOC 1IEJIOC B OTIU-
que oT Ha6_HIOJIaeMI)IX MOJIEKYJIAIPHBIX CTPYKTYP (bI/ISI/IT-IeCKOFO TCJIa, HAXOAAIECTOCA IO MX KOH-
TpOJIeM W ympaBieHueM. Hanumume Takux CTpyKTyp OOBSICHSET mapajJoKcalbHbIC, HEJOKaJIbHbIC B
KBAaHTOBOM CMBICIIC CBOMCTBA INCHXHYECKOTO, a TAK)KE MHbIE aHOMAaJbHbIC ()EHOMEHBI, TaK Kak
KaXKIO0H CTPYKTYpE COOTBETCTBYET CBOM CrielU(UUISCKUI YPOBEHb IMCUXHUUECKOIO WJIM CO3HAHUS.
HOSTOMY JKUBOH OopraHusM, €10 ICUXHWKAa U CO3HAHHUE MOTYT IIPOABIIATH HEJIOKAJIbHBIC KBAHTOBBIC

CBOIiCTBA.

Puc. 1. Cxema B3anMoOeiCTBHSI PA3JIMYHBIX YPOBHEH OPraHU3aMH )KMBOH MaTepHH.
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OTH CUIBl OOBEIUHSIOT AIIEKTPOHBI B Maphl (T. H. KYNIEPOBCKHE TAPHI), U B pe3yibTaTe B
SHEPTeTHYECKOM CIIEKTpe OOpasyeTcs mienb. lakas 3JIeKTPOHHAs KHUAKOCTh, COCTOSINAS U3 Ky-
MIEPOBCKHX TAp, CTAHOBUTCS CBEPXTEKYUYCH U JIBUKETCS Yepe3 KPUCTAUIMICCKYIO PEIICTKY, HE UC-
MIBITHIBAS COMPOTHBIICHUS. Takol TOK 0e3 3aTyXaHUs MOKET CYIIECTBOBATh CKOJIb YTOAHO aoyro. 1
B JKUIKOM “He Takke MMEIOTCS CHIIbI MEKATOMHOTO B3aMMOICHCTBHS — AICKTPUICCKUE CHITBI
Ban-zep-Baansca. JT0 odenb c1abbie B3anMozeiicTBis. X CHia mpomopuoHanbHa I, rae F —
paccrosiHue Mex Iy yactuiamu. OJHAKO 3TOTO JOCTATOYHO, YTOOBI IIPU CBEPXHU3KUX TEMIIEpaTy-
pax, T.=0,0026 K, Takoe npuTsyKeHHE MPUBEIIO K CBI3BIBAHUIO ATOMOB YKHJIKOTO I'eJTHS *He s napeol,
aHAJIOTHYHBIE AJIEKTPOHHBIM ITapaM B CBEPXITPOBOJHUKE. AHAIOTHYHO KUAKOMY TEJIHIO *He, se-
BHOHHBIC (DEPMHOHBI, KaK YaCTHIIBI C HEIENBIM CIUHOM, IOMYHHSIOTCS cTaTucTuke Depmu-
Hupaka. Yxe npu Beicokux, 1.>2000 K, oHM mepexoisT B COCTOSHHUE HUIKOCTH, 00Jamaromeit
KBaHTOBBIMH CBOMCTBAaMH, T. €. CBOWCTBAMU CBEPXTEKYUYECTH (M COAEPIKAIICH KOHICHCAT, KOTOPBIH
MOJKET OBITh OTBETCTBEHEH 3a crenupuyueckue cBOWCTBA). B cuily TOrO, YTO MEXIy JIEBHOHAMHU
OJTHOTO COpTa CYIIECTBYIOT JJIEKTPOMATHUTHBIE W HE3JIEKTPOMArHWTHBIE B3aUMOJEHCTBHS (CM.
puc. 1), oHu Taxke cnabo NPUTATHBAOTCS APYT K APYry, o0Opa3ys, Kak U aTOMBI *He wm 3JIEKTPO-
HBI, aHAJIOTMYHBIC Mapbl. B CBOIO ouepe/h, 3TO MPUBOAMT K MOSBJICHUIO CBEPXTEKy4eH JICBUOHHOM
JKUAKOCTH C €€ MaKpOCKOITMYECKHMMH KBAaHTOBBEIMH CBOWCTBAMHU. Buxpu B cBepxTekydein GpepMu-
OHHOM KHUIKOCTH 00pa3yIOT YCTOHYMBEIE CTPYKTYPHI, KOTOPBIE B COBOKYITHOCTH MOXXHO Ha3BaTh
KBaHTOBBIM TEJIOM C ONIPEAEICHHON TMHAMUYECKOW OpraHu3aluei.

2. KeaHTOBbI€e Terna u BO3HUKHOBEHUE MOJIEKYJISPHbIX OMONOrM4YecKux CTPYKTyp

O6pa3zoBaHne TUHAMUYECKHUX BUXPEBBIX CTPYKTYP C MOCTOSHHBIM TOKOM CBEPXTEKy4deH
JKUJIKOCTH, KOTOPbIE MOXHO OTOXJECTBUTH C «OpraHaMm» KBaHTOBOTO Teja, JJIsl CBEPXTEKydel
(hepMHU-KHIKOCTH YHEPTeTHIEeCKH 00Jiee BBITOHO, YeM CTATHYECKOe HEMOBMKHOE COCTOSHUE [6,
15]. Ananorom s>TOMy siBiseTcsi (QOPMHUPOBaHWE CTPYKTYpP B HEPaBHOBECHBIX CHHEPTETUYECKHX
nporieccax. B cBor odepens, CTPYKTYPbl KBAHTOBBIX Tell, KQKI0€ U3 KOTOPBIX COCTOUT M3 OJJHOTO
(uu ABYX) COPTOB JICBHOHOB, MOTYT HHIYIIUPOBATh (QOPMUPOBAHUE TIOJOOHBIX CTPYKTYp y Ooee
TSDKEINBIX JIEBUOHOB 32 CUET MOCTENEHHOT0 3aXBaTa TSDKENBIX JIEBUOHOB BUXPSAMH 0oJiee JETKHUX
yactuil. Jlanee chopmupoBaHHas uepapxus KBaHTOBBIX TEJI MOXKET BO3JIEHCTBOBATH Ha (HOPMHUPO-
BaHKE MOJICKYJIIPHOTO Tela, TO eCTh Ha 00pa3oBaHUE OHOJIOTHYECKOTO MOJEKYJSPHOTO OpraHU3-
Ma. Takoil KBaHTOBBINA IOAXOJ K ONMCAHMIO SIBJICHUM XU3HU U CO3HAHMS ITO3BOJISIET PELIUTh IIPO-
0JieMy TIOSIBIIEHUS TIEPBBIX CaMOOPTaHU3YIOIINXCS OMOJIOTHYECKAX MOJICKYN U CTPYKTyp. Kak m3-
BECTHO, BEPOSITHOCTh BO3HHUKHOBEHHS MHUHHMaJbHOW komupyromed mermu IHK wnm aktuBHOTO
Oenka (menTuaa) METOAaMH CTAHIAPTHONH TEPMOJWHAMUKHU OLEHHBAETCS Ype3BBIYAliHO MaJyiol Be-
maanHoit: P<107°% [22]. Bee MOMBITKE pelnnTh 3Ty mpoblieMy yeIexa He MMEIH, T. K. Ha mepeGop
BCEX BO3MOXKHBIX BapHAHTOB MPUPOAE MOHAIOOMIOCH OBl BpeMsl, HAMHOTO TIPEBBIMIAIOIIEE BPEMS
CyllecTBOBaHUs BceeneHHou.

UroObl MOHATH, KAK B paMKaX KOHIIEIIIMM CYIISCTBOBAHHMS KBAHTOBBIX TEJ pElIaeTCs dTa
npobjeMa, pacCMOTPUM TPOCTYIO, HO ONM3KYI0 3ajady, onucanHyto JIx. Hukonmcom, ans xorto-
POii OH He cMOT HalWTH yaoBieTBopuTenbHOro pemenus [20]. CyTh 3a1a4u COCTOUT B CIIELYIOLIEM.
B aucrieruepckoil koMHaTE a’ponopTa cUIUT U padotaet 20 qucneTdepoB; B yac mpuxoauT S50 3a-
IIPOCOB OT camoleToB Ha mocazky. Jhk. Huxomuc cumtaer, uto cymectsyer 220 °=2"° papuanros
OTBETa, ¥ MOATOMY HE HaXOJHT YAOBJIETBOPUTEIBHOTO pelieHus], kak 20 aucreTdyepoB oOpadaThl-
BAIOT TAKOE PHTAHTCKOE YMCII0 BapuanTtoB, kKak 2'°° BapuanTos B uac. Cormacuo Hukomnucy, Hero-
HSTHO, KAKUM 00pa3oM MO3T MOKET 00pabaThIBaTh TAKOE UyIOBHIIHOE KOJMYECTBO BApUAHTOB —
9T0 Tirybokas 3arazgka [20]. OxHako HUKaKOH MHCTHKH 3[€Ch HET, a HEMPABOMEPEH CaM TOAXO K
PEIICHHIO 3a]auu. DIIeMEHTApHbBIH 3/IpaBblil CMBICH ITO3BOJISIET 3aKIFOYHUTh, YTO Ha OJIHOTO JIHCIIET-
yepa npuxoautcs N=50/20=2,5 3anpoca B yac. [loaToMy aucneTyep B COCTOSHUM yIEIUTh 00pa-
0O0TKE OJHOTO 3ampoca M pemeHuro mpodiemMbl B cpenHeM t=60 mun/2,5 3anpoca=24 muH. fcHo,
YTO HHUKAKOI'0 YYJOBMIIHOI'O OBICTPOACHCTBHUS IS 00paboTKu uH(popMmaluu He Tpedyercsa. ToH-
KOCTb 37IECh B JIDYTOM: JieiicTBUS BceX 20-TH AUCIIETYEPOB B3aMMHO KOPPEITUPOBAHHEI, a CUTHAJ Ha
00paboTKy momajaer TOJIBKO K cBOOOAHOMY aucnerdepy. Ho 3Ta KOppenupoBaHHOCTb AEHCTBUI
JUCTIETYEPOB HUKAK HE YUUTHIBAETCS CTAHAAPTHBIM KOMOMHATOPHBIM MOJIX0A0M. TakuMm o0paszom,
JCTIeTdepeKas mpeAcTaBisier coboit cucremy ¢ 20-10 B3aMMHO-KOPPEITHPOBAHBIMU 00pabaThIBa-
IONIMMH HHOOPMAIIHIO CTPYKTYPaMHU.
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OueBuAHO, YTO €CNIM BMECTO JHUCIIETUYEPCKON Mbl PACCMOTPUM HEKOE YHCIIO B3aWMHO KOp-
PEIUPOBAHHBIX MPOLIECCOB (HAIPUMEp BHUXPEHl B CBEPXTEKy4eH JKUAKOCTH), TO Mbl OOHAPYKHUM,
YTO B TAKOM CHCTEMe HeT HeoOXOAMMOCTH MocieaoBaTebHo nepedupars 2'°° Bapuantos. Takas
3ajjaya pemaeTcs MHbIM croco6oM. KBaHTOBO-KOppeIupoBaHHast cUCTeMa B CBOel paboTe SKBUBa-
JIEHTHA II0 KOJIMYECTBY omnepanuii nocienosarensHomy kommdectBy B NIi Ng~ N! B ciyuae 3a-
POXKICHHUS JKU3HH 3a1a4a He pemaercst mepeGopom 107000710002 6000:30000 oy yapro. KBanToBas
JIEBHOHHAsI CTPYKTYpa, MPOU3BOAAIIAs OTOOP OMOIOTMYECKH aKTUBHBIX KOMIOHEHT MOJIEKYJ, MO-
JKET COCTOATh M3 HECKOJIBKUX KBaHTOBO-KOPPEIMPOBAHHBIX MojcucTeM. Tak, s popMUpOBaHUS
renu u3 600 HyKIeoTHIOB (KaK y BHpyca TabDa4HOI MO3aMKH) BEPOATHOCTH COOPKH B OMOJIOTHYE-
CKH aKTHBHOE coctosHme cocTapmser P~107°°. Ho mis AByX KOPpETHPOBAHHBIX MOACHCTEM
HeoOxoxumo mposectd Beero auiib N;=2000/2=1000 oneparmii oTOOpa MOAXOSIIMX HYKICOTH-
JIOB, T. K. HeoOxonumas «uH(OpMalMss» YK€ CyHIeCTBYeT B BUAE TPaHUYHBIX YCIOBHM, KOTOpHIC
3aJaHbl CBEPXTEKYyYMMH JIEBUOHHBIMU CTPYKTypamu. Bpems 3toro otbopa omnpeznensiercs cpeaqHuM
BpPEMEHEM OAHOM OMOXMMHUUYECKON ONepaluy U YaCTOTOM BCTPEYaeMOCTH HyKJIEOTHIA MM aMUHO-
KHCJIOTHOTO OCTaTKa B OMOXMMHYECKOM pacTBOpE.

Taxum 00pa3zom, axke MPH HEBBICOKOW KOHIEHTPALWH HYKJICOTHIOB (POPMHPOBAHHE TIEp-
BuuHOU permuuupyrowerica PHK nnun IHK nopx ynpaeineHueM J1€BUOHHOM CTPYKTYpPBI MOIJIO MPO-
M30WUTH OYEHBb OBICTPO I10 TE€OJIOTMYECKUM MEpKaM — B TEUCHHE HECKOJIBKHX AECSITKOB JeT. anee
nporcxoaut cuHte3 Oenka o Matpune PHK nimm JIHK, ycnoxxunenune u oTOOp monydmBLIeics cH-
crembl. [Ipu 3TOM cOOpka TOJA BO3JEHCTBHEM CBEPXTEKYYEro JICBHOHHOTO cyOcTpara sBISIETCS
MPOLIECCOM, YCHIIMBAIOIIUM BEPOSTHOCTD MOSIBICHHUS HEO0X0AMMOT0 HYKJI€OTH A B HY’KHOM MecTe
PHK (JAHK)-mociemoBaTensHOCTH, HO HE JKECTKO AETEPMUHHPOBAHHBIM MEXaHHYECKHM ITPOIIEC-
COM. DTO CBSI3aHO CO CIA0OCTHIO B3aUMOICHCTBUM JIEBUOHHBIX M MOJIEKYIISIPHBIX CTPYKTYD.

B3auMopeiicTBuE U BO3JAEHCTBUE JIEBUOHHBIX CTPYKTYp SIBISETCS 3HAYMMBIM B HEPABHO-
BECHBIX yCJIOBUSX, KOI/Ia PE3KO BO3PACTaeT YyBCTBUTEIbHOCT OMOXMMUYECKOM CHCTEMBI B TOUKAX
oudypkamun. TakuM 00pa3oM CBEpXTEKy4He JEBHOHHBIC CTPYKTYPHI JIETKO PEMIAloT MpoodieMy
IMEPBUYHOI0 CUHTE3a U ONITHUMAJILHOI'O 0T60pa, a TaKKC MoaAcCpKaHud IEPBUYHBIX q)OpM KHUBOIoO
BEIIECTBA BHE 3aBUCHMOCTH OT TOTO, TZI€ BIEPBBIC MPOMCXOAMI ITOT Mpolecc — Ha 3emiie, Ha
Mapce min Ha MHBIX IUTaHETax MHBIX 3BE3IHBIX cucTeM. bomee Toro, 0fHOBpEMEHHO pa3peraeTcs
npobjeMa BO3HUKHOBEHHS M MOANCPKaHUS XMPAJIbHOCTH MJIM JUCCHUMMETPHH JKUBOTO, HEpaspe-
IMMas 10 HAaCTOAUIero BpeMeHH [ /]. OueBUIHO, YTO CBEPXTEKYUYHE JEBHOHHBIE CTPYKTYpPhl HHIY-
OUPYIOT U MMOAACPKUBAIOT XUPAJITbHOCTDH GI/IOJ'IOI‘I/IT-IGCKI/IX MOJICKYJI B )KMBbIX OpraHnu3Max, T. K. 3Ta
JUCCUMMETPHSI 00YCIIOBIIMBAETCSl HAPYLICHHEM CUMMETPUN B CaMuX JIEBUOHHBIX CTPYKTypax. B
CBOIO 0Y€pEb, XUPATBHOCTh CBEPXTEKYUUX KUIKOCTEH MOXKET ObITh CBS3aHA CO CTPYKTYpOH Ba-
KyyMa, SHEpTusi KOTOporo coctasisieT 75% HaOmogaemoit sHepruu Bceenennoii [2]. B cBs3u ¢
3TUM MbI MOXXEM CKa3aThb, 4TO (beHOMeH JKMU3HU CBA3aH MMEHHO C CYIIECTBOBAHUCM CBEPXTCKYUUX
JIEBUOHHBIX CTPYKTYpP, UX HEpapXuH. A MOJEKyJsipHas ¢opma XKHU3HU SBISIETCS TOJBKO YaCTHBIM
CllydaeM, TOYHEee, MOJIEKYJIIPHOI MOJICUCTEMON O0LIel cHCTEeMbI JKU3HEHHBIX IpoleccoB. B cuiny
9TOTrO MOJIEKYJIsIipHasi (opMa KM3HHU HEOJNTOBEYHA B OTIIMYHE OT CTAOWMIILHBIX CBEPXTEKYYHX Jie-
BUOHHBIX q)OpM, 60.]'[]3111351 YaCTb KOTOPLIX, ABJIAACH CBEPXJICTKMMU KBAHTOBBIMU TCJIaMH, MOTYT
CYLIECTBOBATh OT HECKOJIBKUX THICSY 10 MIJUIMOHOB U AK€ MUJIJIMAPJIOB JIET.

Taxum 06pa3oM, KBaHTOBBIE JIEBUOHHBIE Tesla 00pa3yIoT MEPBUYHYIO MOJIEBYIO CTPYKTYPY,
B CHUJIOBBIX JIMHUAX KOTOpOﬁ JABWIKYTCA OPraHU4YC€CKHUE MOJICKYJIbI, TIOCTCIICHHO COCANHAACH B MO-
JEKYJSIPHYIO CTPYKTYpy, HawOojiee ONTHMAIBHO YJOBJICTBOPSIONIYIO JHHAMHKY W CTPYKTYPY
KBaHTOBOT'O JIEBHOHHOT'O TeJla, KOTOPOE (PAKTUYECKU SIBJISETCS HEKOTOPOW AMHAMHYECKON «IIOJIe-
BOW MaTpulei», MOJOOHO CHJIOBBIM JIMHUSM MAarHUTHOTO TOJIS, OPUEHTUPYIOLIETO >KEJIE3HbIE
ONMWJIKK. Pa3HHIIA COCTOUT JIUIIL B TOM, YTO JICBHOHHOE BO3JIeiicTBUE Ooliee criaboe B CHITy Majloi
Macchl JIEBHOHOB, M TPOIIECCHI JUISATCS Ha TOPSJKH MEIUIeHHee, a ero JIMHAMHKA OIpeJelisieTcs
TEMIIEPaTypol ¥ COOTBETCTBYIOIIMMH (PIyKTyauusiMu cpefpl. OTCIoa aBTOMAaTHUECKH CIEeayeT U
MOHATHE MOp(OreHeTHUeCKoro noJsi, BBegeHHoro A. I'. ['ypBuuem ans o0bsicHenus GopMupoBa-
HUS ¥ pocTa opranu3MoB [9]. Takoe mose sBIsieTcs: MPOU3BOHON OT JIEBUOHHOTO (3pHUpHOTO M
acTpallIbHOT0) KBaHTOBOTO Tena. Ho 3To mporecchl yxe He /sl 3apOsKAeHUS )KU3HU U BOSHUKHOBE-
HUSI TIEPBBIX OMOMOJIEKYJI, @ AJISI CIIOKUBIINXCS U MPO3BOTIOLMOHUPOBABIINX OPraHu3MoB. Takum
00pa3oM, JIeBUOHHBIE CBEPXTEKYUYHE TeJa YIPABISIOT U (OPMHUPOBAHHEM OHOIOTHYECKUX MOJICKYJT
1 OMOJIOTUYECKUM MOJIEKYJISIPHBIM OPTaHM3MOM B IIEJTIOM KaK CBOEH MOJCHCTEMO.

Ne 1, 2010 75



Mesncoynapooutit uncmumym coyuoHuUKuU

Wrak, mpomecc BO3HUKHOBEHHS MOJEKYISPHON OHOJIOTHYECKONH CTPYKTYPBHI BBITIISIAHT
CIIETyFOIINM 00pa3oM:
KOH/IEHCAIUsl B HEPAPXUYECKOil M0C/1eJ0BATEILHOCTH J€BHOHHBIX CBEPXTEKYYHX TeJI —
— cOOpKa 10 MOJIeBOI CBepXTeKyYell MaTprue —
— camopemuuupyrwmasca PHK (IHK) —
— DeaxoBas coopka nmo matpune PHK (IHK).

3. AuctaHTHbIe 3pPeKTbl IEBUOHHBLIX KBAHTOBLIX Tef

CTaHOBUTCS NMOHATHBIM, YTO KBAaHTOBBIE CTPYKTYPhI OPraHU3Ma U OMOJIOTHYECKOrO BHJA B
LIEJIOM KaK COBOKYITHOCTH TaKMX OPIaHW3MOB MOTYT pPearupoBaTh HA yCIIOBHs BHELIHEHN cpenbl U
¢dopMupoBaTh MOTU(HKALINY ITpOrpaMM MopdoreHesa U pa3BUTHS OpraHU3Ma — BHadaje Ha (e-
HOTHIINYECKOM YpPOBHE, a 3aT€M M Ha YPOBHE T€HETHYECKOM. B 3TOM cilydae MOXHO TOBOPHTB O
MYTallMOHHBIX M3MEHEHMAX, CBSI3aHHBIX C azanTauuei Bupa. Cpean (pEHOTUNHMUYECKHX HEOOBsIC-
HEHHBIX U3MEHEHUH MOXHO BBIJICJIUTH T. H. «()eHOMEH cBepxcMepTHocTH»: B 40-e roasl XX Beka,
Korja muia Bropas MupoBas BoiHa M OrHOaM MPeXKAe BCEro MYKUMHBI KaK COJAThI, BO BCEX
0e3 HMCKIIIOYEHHUs] CTpaHaX MHUPA, — BOCBABIIMX W HEBOCBABILMX, ObLIA TOBBILICHHAs MY>KCKas
CMEPTHOCTB.

Jpyro#i Xopomio u3BeCcTHBIH (PEHOMEH — KOTJa Nepea BOWHOW poKaaeTcst OOJbIIe Majlb-
YHUKOB, YeM AeBouek. OTKy/a MOMyJALus 3HAaeT, 4YTO OyJeT BOWHA M YacTh MYXKYWH MOTUOHET Ha
¢ponte? OgHAKO Ha YpPOBHE KBAaHTOBBIX CTPYKTYP M COOTBETCTBYIOIIMX BOJIHOBBIX (DYHKLHMI 3Ta
«uHbOpManus» B BUAE COBUra HEKOTOPOW (pa3bl KBAaHTOBOTO NpOLECCa MOCTYNACT Ha YPOBHE
KBaHTOBBIX KOPpENALUH, BIHS YK€ Ha MOJIEKYJISIpHOM ypoBHEe. HamoMHKM, 9TO B KBaHTOBOH Me-
XaHMKe, KaK U3BECTHO, HapyIllaloTcs MpUYNHHbIE HepaBeHCTBa bemta, uTo BhIpaxkaeTcs B U3BECT-
HOM napanokce DiHmTeHa-Ilogonsckoro-Po3eHa u Koppensiquu KBaHTOBBIX CUCTEM. B pesyinb-
TaTe CUCTEMA uYepe3 M3MEHEHue (a3 pearupyer olepexaromM o0pa3oM BHa4aje Ha JEBUOHHOM
MaKpOKBaHTOBOM, a 3aT€M M Ha MOJIEKYJISIPHBIX YPOBHSX, U3MEHsSI COCTAB UEJIOBEYECKON MOMyJIsi-
UK. AHAJIOTHYHBIM 00pa30M pearupyroT ¥ )KHBOTHBIE WIIM PACTEHHS Ha OyAyllne U3MEHEHUs T10-
TOJbl, KIMMAT, HABOJHEHHS U T. A., IPUYEM 3aJ0Ir0 10 HACTYIUICHHWs PEAbHOro IMporecca, —
OIIATH-TAKMU 3a cueT u3MeHeHus (aspl. K onbiTam ¢ TpaHcmsanuel nHpopManuy yepes3 B3auMoaeii-
CTBUSI KBAaHTOBBIX TE€JI U MX COBOKYMHOCTH MOXXHO OTHECTH M XOPOIIO M3BECTHHIE IKCIIEPUMEHTBI
P. lennpetika [24]. OH oOHapyXuJ1 JOCTOBEPHOE YJIyYIICEHHWE pPACIO3HABAHMS HE3HAKOMBIX C
CHUMBOJIbHOW MH(OpManueil JI0AbMH, €CJIM 3TH CHMBOJIBI MOKa3bIBAIM 110 TEJIEBU30PY B APYTHX
CTpaHax WM paiioHax; yBEIMYEHHE CKOPOCTH 00Yy4aeMOCTH XHBOTHBIX, €CIM UX POACTBEHHHUKOB
00y4HITN KaKUM-TH00 ornepanusM. PesoHaHcHOe noyueHre HHPOPMAIIUH CBEPXTEKYIUMH TEIaMu
0OBSICHSIET M XOPOILIO N3BECTHBIH U MCIIONb3yeMbIl Ha MpakThuke 3 dekt duonokanun. Hamomunm,
YTO OIEPATOP MOXKET OOHAPYKUBATh UCKOMBIE OOBEKTHI HE TOJIBKO HA MECTHOCTH, HO M IUCTAHIIHU-
OHHO, HCITOJIB3YS KapThl U T. II.

PaccmoTpum Temeps HekoTOpbie JApyrue (EHOMEHBI, CBSI3aHHBIE C CYIIECTBOBAHHUEM H
(YHKIIMOHUPOBAHNEM KBAaHTOBBIX CBEPXTEKY4HX Tel. M3BECTHO, YTO CYIIECTBYIOT METOJIUKH, TT03-
BOJISIIOIIME 00ydYaTh HE3PAUMX JIFOAEH BHIECTH IPEIAMETH U OPUEHTHPOBATHCA B IIPOCTPAHCTBE Oe3
MTOMOIIIM MOJIEKYJIAPHBIX OpraHoB 3peHHs. CuuTaercs, 4TO 3TO YMEHHE JOCTYIHO HMOCPENCTBOM
TPEHUPOBKHU «TOHKHUX TeJ YeloBeKa». B kauecTBe mpuMepa MOKHO yKa3aTh U3BECTHYIO METOJTUKY
B. M. BponnukoBa [16]. BeposiTHO, Takue MpakTHKA MOXKHO CBSI3aTh C Pa3BUTHUEM OIPECICHHBIX
CHOCOOHOCTEH JIEBUOHHBIX Tell. M3BecTHBI Takke GpeHomeHsl Po3bl KynemoBoii u apyrux omapes-
HBIX JTMYHOCTEH, KOTOPBIE MOTJIM BOCIIPUHUMATh MH(OpMALKI0 0€3 MOMOIIY M3BECTHBIX MOJIEKY-
JSIPHBIX OpraHoB 4yBCTB [12]. OTmenbHOr0 BHUMaHHs 3aCTyKHBAaeT BCECTOPOHHEE IKCIIEPUMEH-
TanbHO HccienoBanublii penomen H. Kynarumnoit [12], ymeBieii Bo3/ieiicTBOBAaTh AUCTAHIIMOHHO
Ha (QU3MYECKHE MPEIMETHI, CO3JaBaTh AJIEKTPOMArHUTHBIE IIOJIS, NepenBurath npeamersl. Ode-
BUIHO, YTO 3TO MOXXET OBITH ONMCAHO KaK SHepreTHueckue (eHOMEHBI BO3ACUCTBHS JICBHOHHBIX
T€J Ha MOJIEKYJISIPHOM M TMOJIEBOM ypoBHEe. PEeHOMEHBI KBAHTOBBIX TMCTAHTHBIX KOPPENALUN HITH
BO3JICHCTBHI ITIOJICH-0NIepaTOpoB Ha (pu3HyYecKre OOBEKTHI, YIAICHHbIE HA THICSYH KWJIOMETPOB
HEOAHOKpaTHO HaOmomanuck B okcrepumentax — X. [lyrrodda, P.Tapra, P. Ixana,
I'. H. AynbueBa, B. I1. KasnaueeBa u A. B. TpodumoBa u MHOTUX Ipyrux uccieposarenei [8, 11—
14,18, 19, 21].

76 Ne 1, 2010



COL(MOHMKCI, MEHmOoJ102Uus U ncCUuxoi0cus j1iudHocmu

PaccmoTpum teneps apyrue ¢eHomensl. CBOMCTBO CBEPXTEKY4YECTH O3HAYAeT, YTO KBaH-
TOBOE TEJIO MOXET BBITATUBATHCS B 3alaHHOM CO3HAHUEM HAIIPABICHUH, YTO OCYILECTBIISIETCA 1O-
cpeAcTBOM (DOHOHHBIX U POTOHHBIX BO30YXKIEHHH B CBepXTekyueM cyoOcrpare. [lomoOHbIe deno-
MEHBI OITUCaHbI B dKcniepuMenTax P. Monpo, I'. JlropBuis u apyrux apropos [13, 18]. Panee namu
ObLIO MOKa3aHo [6], 9TO [UIMHA «MEHTAIFHOTO» TeJa YeJI0BEKa, BBITSHYTOTO TOJIIUHON B SJIEMEH-
TapHBIN aTOM BBITSHYTOTO TE€Ja, paBHA paanycy Habmonaemon Beenernoit mimu paanycy Xab0ma:

I=R=10"M.

CriocoOHOCTh KBAaHTOBBIX TeJI IIOJHOCTBIO MJIM YACTUYHO BBITSATHUBATHCS IO BO3ACHCTBHEM
NICUXUYECKUX 0ECCO3HATENBHBIX WM CO3HATENIBHBIX UMITYJIbCOB MPUBOAUT K TOMY, YTO HOJ BIMSI-
HUEM HEKOTOPOH OpraHM3yIOLeH UAEH — PETUTHO3HON, MMOJIUTUYECKON U JIp. — KBaHTOBBIE TeJa
JIo/iel YaCTUYHO B3aMMOJICHCTBYIOT MEXKAY cO00# U Jake MOTYT YaCTUYHO OOBETUHSATHCS Yepes
BBITSIHYTBIE CBEPXTEKydHe HUTH. DTH HATH MOTYT OOBEIUHATHCS MEXKIY cOO0H M 00pa3oBHIBAThH
HEKYIO0 KBa3WXHUBYIO LIEJIOCTHOCTb. 110-BHAMMOMY, HIMEHHO 3TO M Ha3bIBarOT 3rperopoM. Co3naH-
HBIH 3Tperop W caM HauyMHAEeT BIMSTH Ha JIIOJCH, MOANCPKUBAIOMINX ero. TakuM o0pa3oM BO3HH-
KalOT PEJIMTHO3HBIC WIH COLUAILHO-TIONUTHYECKUE 3TPETOPhI: 00IIECTBEHHBIX 00bETUHEHUH, ap-
THH, TOCYIapcTB U T. A. Ecnu mroneil, CBSI3aHHBIX C 3TPEropoM, yKe He CYIIECTBYET, OH MOCTEIEH-
HO MPEKpAAET CBOE CYIIECTBOBAHNE U PACILIBIBACTCA.

4. HoBbIN Nogxopn K onMcaHuio npouecca KBaHTOBOro N3MepeHus

PaccMotpum Teneps mapasoKchl mpoliecca KBaHTOBOTO n3MepeHust. CuuTaercs, 4YTo Co3Ha-
HUEC TPOUZBOJUT PEIYKIUIO BOJHOBON (yHKIMU [23]. AHamusupys MOpouecc H3MEpeHus,
M. b. MeHckuii ipuien K BIBOAY, YTO MPOIECC U3MEPEHHsI B KBAHTOBOM MeXaHHWKE HEOOXOAUMO
paccMaTpuBaTh B paMKax KBaHTOBOM MHOTOMHpPOBOW KoHIenmuu JBeperra [26, 27]. CormacHo
9TOW KOHIEHIINH, PEAYKIUSA BOJHOBOW (PYHKIIMH OTCYTCTBYET, a CYIIECTBYET OCCKOHEYHOE MHO-
JKCCTBO Pa3BCTBIIAIOIIUXCA CO6I)ITHI>1 " MHPOB. B sToM cMmEBIcne peaAyKIYA BOTHOBOI'O IMMaKe€Ta — 3TO
WITEO3US (B TO K€ BpeMsI JIETKO MOKa3aTh, YTO MPOLIECC U3MEPEHUs TO3BOJISIET IPUIMCATh MHUMYIO
sHepruro it cozHaHus [17]). C Touku 3peHus MPeIOKeHHON KBaHTOBOW KOHIEIIIMH JKA3HHU H
CO3HaHUS TOCIIEIHEE BO3HUKAET B PE3yJbTaTe CYLIECTBOBAHUS CBEPXTEKYYMX KBAaHTOBBIX CTPYK-
Typ. BuxpeBoe cBepxTeKky4yee ABUKeHHMe 00yCJOBJIMBAET CyleCTBOBaHHe caMOro ¢geHoMeHa
CO3HAHUSI, 2 MePapPXusl JIEBUOHHBIX TeJl 00yCJI0BJIUBACT HEPAPXHUI0 YPOBHeil co3HaHus. MH-
(opMaLMOHHBIN KBAaHTOBBII CUTHAI B3aUMOJICHICTBYET C KBAHTOBBIM CBEPXTEKYUHM TEJIOM, HO MPH
9TOM PEAYKIMU BOJTHOBOW (DYHKIIUHM HE MPOUCXOJUT: UMEET MECTO MHTep(hEpEHINS B KBAHTOBOM
cyOctpare. Pesynbratom 3T0#l HHTEpEepeHIn, KoTopas (paKTUIECKH SIBISETCS MPOLIECCOM KBaH-
TOBOI 00pabOTKM MH(GOPMALMK, BBIPAKEHHON depe3 ()OHOHHBIE WM POTOHHBIE BO30YXKACHUS B
CBEPXTEKyYeM TeJjie, SBJSIETCSl BO3JeHCTBHE Ha OMOXMMHYECKHE PEaKLUH, HEPBHBIE WUMIIYJIbCHI,
MBIIIEYHAs peakiys WM MbICIb YenoBeka. OJHako Bce HHTepdepupyronre aJbTepHATHBEI CyIIe-
CTBYIOT B KBaHTOBOM CyOCTpaTe — CBEPXTEKydYeM HOCHUTENIE CO3HaHHWsA. [103TOMy HET HHKaKOi
HEOOXOMMOCTH B CYIIECTBOBAaHUH MYJIbTHBEpCYMa DBeperTa. Bech 3TOT MynbTHBEPCYM OKa3bIBa-
ercs Metadopoll KBAaHTOBOI'O CO3HAHHUS, BOZHHMKAIOLIETO B CBEPXTEKydeM cyOcTpaTe, KOTOPBII
OIMCHIBACTCS EAMHON BOJHOBOHM (pyHKIIKEH.

Taxum 00pa3oM, KBaHTOBBIH MPOIECC M3MEPEHHS KaK HAYMHAETCS, TaK W 3aKaH4YMBACTCS
KBaHTOBBIM IPOLIECCOM, TO €CTh MHTep(EPEHIMEN B CBEPXTEKYUeH KUIKOCTH C U3MEHEHHEM pac-
npezneneHrs: GOHOHOB U POTOHOB B HEHl.

5. Pe3ynbTathl U BbIBOAbI

CyrmecTBOBaHHE KBAHTOBBIX CBEPXTEKYUHX TEJ JKHBBIX OPTaHU3MOB OOBICHIET (EHOMEHBI
CYILISCTBOBAHUS CO3HAHMS M €r0 aHOMAJIbHBIX CBOMCTB, TUCTAHTHOE BOCIIPHUATHE WH(MOPMAIUU M
PSA CBOHCTB JKMBBIX OPraHW3MOB, PAJHKAILHO OTIMYAMOIINX HX OT HEXUBBIX 00BEKTOB. boiee
TOTO, pa3pelaeTcs CTAaTUCTUYECKUNA U TEPMOJAMHAMUYECKUHN apaJoKe HEBO3MOKHOCTH BO3HUKHO-
BEHUS CIIOKHBIX PEIUIUILIUPYIOIIUXCS OMOJIOTMYSCKUX MOJIEKY)I — OHHU (POPMHUPYIOTCS IO BO3/ICH-
CTBHEM CWJIOBBIX JIMHWW KBAaHTOBBIX T€J. Ba)KHBIM acCTIEKTOM CYIIECTBOBAHHS HEPAPXHH KBAHTO-
BBIX TEJ SIBJISETCSA MX JOITOBEYHOCTH B CHIIY TOTO, YTO TEMIIEPATYpPhl, KOTOPHIE MOTYT pa3pyIIUTh
CBEPXTEKyY€€ COCTOSIHUE KBAaHTOBBIX TEJ, HAaXOUATCS B JAHANa30HE 10310 K. D10 o3Hauaer
MPaKTUYIECKYI0 HEPa3pyIIMMOCTh HanOOJIee JIETKMX KBAHTOBBIX TEJ, CYIIECTBOBAHHWE M CBOWCTBA
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KOTOPBIX OOBSICHSIOT MHOTHE 3arajJKi 1 aHOMAaJIbHBIC CBOMCTBA YEIOBEUCCKOM NCUXUKHU U KHUBBIX
OpraHu3MOB, U3BECTHBIC Ha MPOTAXKCHUN BCcel HUCTOpHH YE€JIIOBCUCCTBA.
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