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[IpenmeToM kypca ¢u3uku 6 ceMecTpa SBISETCS KBaHTOBas Makpopu3uka —
KBAHTOBBIE SIBJIEHUS B MHOIOYACTHYHBIX CHCTEMaX. B OCHOBHOM peub MOHAET O
ABJICHUAX,  OTHOCALIMXCA K  00macTd  (U3MKM, Ha3blBaeMoOW  (hU3UKOM
KOHJECHCUPOBAHHOIO COCTOSHHMS Wid (Gu3MKod TBepaoro tena. Ilens sToi
HEOOJIBIIIONW BBOJHOM 3aMETKU — I0OKa3aTh, YTO MHTEPECHOIO €CTh B ATOM 00JacTu
GU3MKK, Kakue KOHIENIUU OOBEAMHSIOT H3y4YaeMmble SIBICHHS, M TOYEMY ITO
HUHTEPECHO.

JIeHCTBUTEILHO, MOXKET IPEICTaBIATHCS, YTO (yHIaMCHTAJIbHBIC 3aKOHBI (DU3UKH
JexaT MO0 B KOCMOJIOTHYECKOW 00sacTu, MO0 B 00JacTu (PU3UKH AIIEMEHTAPHBIX
(Bc€ Oonee m Oosee >MEMEHTApPHBIX) YAacTHIl. A TOCIE dTOTO MOXHO CKa3aTh, Kak
HpUnuckBaeTcs Jupaxy, «BcE 0CTaAILHOE — XUMUS».

OnHako MpupoAa OKa3bIBAETCSl yCTPOEHA UHTEPECHEE U MPU 00BETMHEHUHN OOJIBILIOTO
KOJIMYECTBAa 3JEMEHTAPHBIX 4YacCTHUI] BMECTE BO3HUKAIOT SBJIECHHUS, KOTOpbIE HE
CBOIATCS K CBOWCTBAM COCTaBIsAOIMX dYacTul. Ilo 3HaMEHHTBIM cioBam
I1.B.Anzepcona’: «More Is Different». ApryMeHTsl AHIEPCOHA M3JI0KEHBI B CTAThe
B Science [1] B cxkarolt, spkoil W HAmISIAHOW (opMe, U UX TEepecka3d OTHUMET Y
CIIyIIaTelNs SCTETUUECKOE YIOBOJIBCTBUE OT 3HAKOMCTBA ¢ 3ToW paboToit. 3a 40 ner,
IPOLIEANINX C MOMEHTA 3TOM MyOJNIMKALMK 3TU apryMeHThl He ycrapenu. [IpuBeném
JUIIb OJIMH M3 HUX: PSJ €CTECTBEHHBIX HAyK MOXET OBbITh YCIOBHO BBICTPOEH B
JIECTHUILLY «aTOMHas U siiepHas (pu3nka — (QU3MKa KOHJIEHCUPOBAHHOTO COCTOSTHUS
— xumusi — Ouonoruss — ....». B 3Toil mocrIenoBaTeNbHOCTH MpPEAMET
«IPEABIAYIIEH HAyKU» SBIAETCS «JIEMEHTAPHON YacTUuLen» Ui nociaenyromen. Ho
OpyU OSTOM Ha KaXJOW HOBOM «CTYNEHM» BO3HUKAIOT HOBBIE Kau€CTBEHHbIC
3aKOHOMEPHOCTH.

@u3nKa KOHAECHCUPOBAHHOIO COCTOSIHUS SIBISIETCS MEPBOM U3 «HE AJIEMEHTAPHBIX»
HayK B 3TOW MOCIEAOBaTelbHOCTU. [l03TOMy H3ydeHUE OTKPBIBAIOIIMXCS HOBBIX
3aKOHOMEPHOCTEW B 3TOM (MHOIJA) eli€ MPOCTOil HAyKe UMEET U B KAKOM-TO CMBICIIE
o0meunocoPpckyo MEHHOCTh, KaK NPUMEpP BO3HUKHOBEHHSI HOBBIX SIBICHHHA B
CUCTEMAaX MPOCTHIX U MOHATHBIX YacTUILl. Y 3TOT mpumep mo3BOISET B UEM-TO JyUIlIe
MOHUMATh U (POPMUPOBAHUE HAYK HA CIAEAYIOUIUX CTYIEHbKAX 3TOU JIECTHUIIBI.

O KakMX K€ SIBJICHUSIX TOUJET peun?

Bo-miepBbIX, 93TO OCHOBHBIE COCTOSIHMS ~CHUCTeM MHOrux 4vactuu. [lpwm
B3aMMOJICHCTBUM MAKpPOCKOIMMYECKH OOJIBILIOTO YMCIIA YACTHI] YaCTO BO3HUKAET TaK
HA3bIBAEMOE CIIOHTAHHOE HApyILIEHUWE CHUMMETPUHU: BO3HUKAIOT Pa3HOIO pona
YIOPSIAOYEHHBIE COCTOSIHUSA. OTHUMHU YIOPSAOYEHHBIMUA COCTOSHUSIMU SIBIIIFOTCSA U
INPUBBIYHBIE (POPMBI KPUCTAJUIMYECKOTO TMOpsiiKAa B TBEPABIX Telax, U MEHee
IPUBBIYHBIE HAaM BHJAbl MAarHUTHOTO YIOPSAOYEHUS B KPUCTAIJIAX, U COBCEM
IK30TMUECKHE (OpPMBI HApyLIEHMs] CHUMMETPUM CHUCTEMBbl MHOTHUX TeJl THUIIA
CBEPXTEKYYECTH UJIU CBEPXIIPOBOAUMOCTH.

1 B anmios3sraHOl TepMuHoiorun “condensed matter physics”
2 “the rest is chemistry” B aHIVIOS3BIYHON JUTEpaType
3 I1.B. Augepcon (P.W.Anderson) — HOOeneBckuii aypear no ¢usuke 1977 rona
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Bo-BTOpBIX, 3TO BOIPOCH TEPMOAUHAMUKHA CUCTEM MHOTHX Tejl. Kak TonbKO HalIeHO
OCHOBHOE€ COCTOSIHME CHCTEMBI, COOTBETCTByloUlee €€ ycrpoucTtBy npu 7'=0 ,
BO3HUKAET BOIMPOC O moBeAeHun cucteMsl pu  T'#0 . [Ipu 3toMm, eciin OCHOBHOE
COCTOSIHHE XAPAKTEPU3YETCA CIOHTAHHO HAPYLICHHONM CMMMETPHUEH, 3TO HAPYILICHUE
CUMMETpHUM OyeT ucue3aTb C POCTOM TEMIIepaTypbl — YTO COOTBETCTBYET
Pa3IUYHOrO pojia (Ha30BbIM MEPEX0IaM MEXKIY COCTOSHUSIMU.

Kpome ToOro, okaspIBaeTCs, 4YTO TP HE CIWIIKOM BBICOKHX TeMIIepaTrypax
OTKJIOHCHUE COCTOSTHUS CIIOKHON CUCTEMBI MAaKPOCKOITUYECKH OOJIBIIIOTO KOINYECTBA
B3aMMOJICUCTBYIOIIUX YAaCTUI[ OT OCHOBHOTO MO)XKHO OIMCHIBaTh Ha JOCTAaTOYHO
YHUBEPCAJIBHOM  $I3bIKE  KBa3MYacCTUI[ —  DJEMEHTapHBIX  BO30YXICHHIA,
pPaCIpOCTPAHSIONINXCSA HAJ «BaKyyMOM» OCHOBHOTO cOCTOsiHUS. Pa3zHooOpasue
CHEKTPATbHBIX CBOWCTB BO30YXICHUH B PA3JIUYHBIX CHUCTEMax W BO3MOXKHOCTh
KOHTPOJIMPOBATh TapaMeTPhl JTHX CIEKTPOB BHEITHUMU BO3JACUCTBUSMU WA
moI0OPOM MaTepuajia IMO3BOJSET M3ydaTh pPa3HOOOpa3HbIE KBA3WYACTHIBI HHOTIA
dbopmanbHO aHalOrM4Hbie (a WHOrIa, HAOOOPOT, HE MMEIOIINE aHAJIOrOB)
«HOPMAJIBHBIMY» YaCTHUIIAM (PU3UKH DJIEMEHTAPHBIX YACTHII.

Hakoner, emé OmHONW WHTEPECHOW BO3MOXKHOCTHIO (PM3UKH KOHJIEHCHPOBAHHOTO
COCTOSIHUSL SIBJIIETCSL BO3MOXKHOCTHb IOJy4YaTh CHUCTEMbI C MPOCTPAHCTBEHHOMU
Pa3MEPHOCTBIO MEHbIIIE TPEX: JBYMEpPHbIE U OJHOMEpPHbIE CHUCTEMbI. Takas
BO3MOXHOCTb JJISl «OOBIUYHBIX» YaCTUIl OTCYTCTBYET B MPHUHIMIE, YTO 4YacCTO
3aCTaBISJI0 HAc B Kypce siIepHOM (DU3UKU OTrPAaHUYMBATHCA MPUOIMKEHHBIMU
pe3ysibTaTaMi OJHOMEPHOW MOJENU JIsi OLEHKH Kakoro-to sddexra. B dusuke
KOHJCHCUPOBAHHOTO COCTOSIHUS JIByMEpPHBIE M OJHOMEPHBIE CHCTEMBI — 3TO
pPEaNbHOCTh, JOCTYITHASI HE TOJBKO TEOPETHUKY, HO U DKCIIEPUMEHTATOPY.

[Ipu sTom ¢u3mka ocTaércss eNMHOM HAyKOW — METOJbI M WJEH, Pa3BUBAIOIIUECS
CHauaja B (u3MKe TBEPIOrO Tela HAYMHAIOT HCMOJIb30BaThCs B  (U3HKE
AIIEMEHTAPHBIX YACTHUI] WA KOCMOJOTHUM, WM, HA0OOpPOT, TEOPETUKO-IOJIEBBIC
MOIXOMbl ~ AKTUBHO TMPUMEHSIOTCS TpPU  ONHCAHWUU  SIBICHWA B  (U3UKe
KOHJICHCUPOBAaHHOIO COCTOSIHUS. KOHLENuus CIIOHTaHHOTO HapyLIEHUs CUMMETpPUN
BO3HUKJIA U3HAYAJIBHO KaK 4acTh Teopuu Jlangay (pa3zoBbIX mepexomoB BTOPOro poaa,
a TMO3/JHEE CTaja MCIOJb30BaThCA JUISl OMMCAHUS pasieneHus (yHAaMEHTaIbHBIX
B3aUMOJICCTBUM Ha paHHMX OJTanax pa3utusa Bcemennoit. B cratbe [2],
MOCBAILIEHHON OTKpbITHIO 0030Ha Xwurrca, B.A.PyGakoB mnumer: «2¢dexTuBHas
TEeOpUsl CBEPXIPOBOAUMOCTH ['mH30ypra-Jlangay upes3BbIUaiiHO MOX0OXka Ha TEOPHUIO
Ournepa-bpayra-Xurrca (Tounee, Hao6opoT: Teopus ['mur3Oypra-Jlangay Ha 14 ner
crapme)». Cpeaum  KBa3M4YacTHIl,  ONKCHIBAIOIIMX  CBOMCTBA  HEKOTOPBIX
TBEPAOTEIBHBIX CUCTEM, €CTh Takue (CM., Harpumep, [3]), B3aUMOACUCTBUE MEKITY
KOTOPBIMU PACTET C YBEITUYECHUEM PACCTOSHHS MEXy HUMU — B [TOJIHOM aHAJIOTHU C
B3aMMOJIeHCTBUEM (KOH(AHMEHTOM) KBApKOB B MHpE 3JE€MEHTAapHBIX dYacTHll. B
4éM-TO (pr3mKa-TBEPAOTO Tea OKa3bIBACTCS Jake Ooraye Ha BOBMOXKHOCTH, YEM MHP
NieMeHTapHbIX vactull. Lutupys Tty e crarbto B.A.PybakoBa [2]: «Camoe
YIUBUTEIIbHOE <...>: ~ME€XaHu3M OHniepa-bpayra-Xurrca — OTHIOAb HE
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eIMHCTBEHHBIH BO3MOXKHBIM MEXaHM3M HapylIeHUS CHUMMETpUU B  (Pu3uKe
MUKPOMHUpPA W TE€HEpaluy MacC IEMEHTAPHBIX 4YacThl, <..>. DTOMY Hac y4HT B
YaCTHOCTH (PU3MKa KOHJACHCUPOBAHHBIX cpell. B Hell nMeeTcss MHOXKECTBO MPUMEPOB
CIIOHTAHHOTO HApyUIEHUs] CHMMETPHUM U pa3HOOOpa3Me MEXaHU3MOB 3TOrO
HapyuieHus. 11 B OOJNBIIMHCTBE Clly4aeB HUYErO MOXOXKEro Ha 0030H XUITca B 3TUX
npuUMepax HET». 32 OJIUH U3 MPUMEPOB TAKOTO HEOOBIYHOTO HAPYLIEHUS CUMMETPUU
(TOMOJIOTUYECKUI TMOPSIIOK B OAHOMEPHBIX M JBYMEPHBIX CHUCTEMax) Oblia
npucyxaeHa HoOenesckas npemuss no ¢usuke 2016 roma. Ilpu stom cpenu
KBa3u4acTul (U3MKK TBEPAOrO TeNa MPUCYTCTBYET, HANpUMEp, MOHOIOJIb,
peanu3yoLMICs B TaK HA3bIBAEMOM «CIIMHOBOM JIbAE» [4].

[IoMMMO 3TOro €AMHCTBA TEOPETUYECKUX METOAOB U IIPEACTABICHUN, HE MEHee
Ba)KHBIM SIBJISIETCSI M B3aUMONPOHUKHOBEHHE SKCIIEPUMEHTAIBHBIX MeTO0B. PaboTa
MHOTUX TpUOOpPOB, JETEKTOPOB H3IyYCHH OCHOBaHAa Ha SBICHUAX (DU3UKHU
KOHJICHCUPDOBAaHHOIO  COCTOSIHMSI (HE TOBOpsT O TOM, YTO BCS  Hama
MOJyIIPOBOTHUKOBAs 3JEKTPOHUKA padOTaeT Ha MPUHLUMNAX (PU3UU TBEPIOTO TENA).
CBepXIpoBOASIINE MAarHUTHl HMCMOIB3YIOTCSA M B MEIUUMHCKHX ToMorpadax, u B
YCKOpUTEISIX YacTUll. Y B TO K€ BpeMsl METONBI U TEXHOJOTHH APYIHX PA3AEIIOB
(UMK CTAHOBATCS WHCTPYMEHTOM (DU3UKM KOHIEHCUPOBAHHOIO COCTOSIHMS:
YCKOPUTENM  MNPEeNbIAYLIUMX TMOKOJIEHUH mnepenpo@uiupyrorcss B UCTOYHUKU
CUHXPOTPOHHOIO M3JIy4YEHMs, MIOOHHBIE IIYYKH HCIOIB3YIOTCA KaK HMHCTPYMEHT
30HIMPOBAHUs, MCCIEIOBATEIbCKUE PEAKTOPbl JAIOT HWHTECHCHUBHBIE IIOTOKU
HEUTPOHOB, IIPUMEHSEMBIX Ul M3YYEHUs CTPYKTypbl KPHUCTAUIOB WU CIIEKTPOB
3JIEMEHTApHBIX BO30YKIECHUH.

Takum oOpa3oM, (u3MKa KOHIEHCHUPOBAHHBIX CpEI MPOAODKAET OCTaBaThCA
JTMHAMHUYHO Pa3BUBAIOIICHCS, COBPEMEHHON 0071acThi0 (DM3WKU M W3yYEHHUE ITOTO
pasnena GU3MKH JIOTHYHO 3aBeplIaeT UK Kypca oomen Gpuznkun MOTHU.

CrpykTypa Kypca MpPUMEpPHO CIEAYIoIlas: CcHadajga Mbl II03HAKOMUMCA CO
CBOMCTBaMHU KpHUCTAIOB (3TO HEOOXOAMMO JJii O3HAKOMJICHHS C SI3BIKOM U
HEKOTOPBIMU ~ METOJUYECKUMHU OCOOCHHOCTSIMU  (DM3UKH  KOHJCHCHPOBAHHOTO
COCTOSIHUA), AaJIe€ PACCMOTPUM OCOOCHHOCTH JBHUKEHHUS YacTHIL] B KpHUCTaslIe, C
KOTOPBIMHU CBSI3aHbl METAJUIMUECKUE WIIA TOJYIPOBOJIHUKOBBIE CBOMCTBA Marepuaa,
a MoCJe 3TOr0 PaCCMOTPUM HECKOIBKO aKTyaJIbHBIX BOIPOCOB COBPEMEHHON (PU3BHKHU
KOHJICHCUPOBAaHHOT'O COCTOSIHUSI — HU3KOpa3MEpHbIE CUCTEMbI, CBEPXIPOBOIUMOCTb,
MarHUTHbIE CBOMCTBA MHOTOYACTUYHBIX CUCTEM.

UYrenne kypca Hadaro B 2014-2015 yuyebnom rogy. Kypc moaroroBiieH aBTOPCKHUM
koyiekTuBoM B coctaBe: B.H.I'masko (MUDII um. I1.JI.Kanuusr PAH), 2.B./leBaros
(UDOTT PAH), A.B.®omunoB (UTD um. JI.[I.Jlangay PAH), A.}O.Kynnesuu (PMMAH
uM. I1.JI.JIeGeneBa). ABTopsl npusHarenbHbl M.B.@eilirensmany (UT® um. Jlannay
PAH) u H.A.Anexcanapory (M®THU) 3a uHUIMALIMIO ITOTO MPOEKTa, JIeKaHATY
OOII® u pykoBoactBy kadenpsl oOmei ¢uznku MOTU (A.B.Makcumbiyuesy,
A.B.KyObIliKMHY) 3a TOCTOSIHHBIH WHTEPEC, TMOMJIECPKKY M TOMOIIb B PEIICHUU
OpraHM3allMOHHBIX BOIPOCOB. ABTOPHI OjarogapsaT Bcex INpernoaaBareneil kadeapbl
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obmeit ¢uzuku MDTU, yuacTBOBaBIIMX B OOCYXICHHH Kypca 3a UX HHTEpPEC U
MHOTOYHMCJIEHHBIE T0JIE3HbIE KpUTHYeckue 3amedanusi. IlogroroBka xypca B 2014-
2015 romy OpuTa YaCTMYHO NOAEp)KaHAa B paMmMkax nporpammbl «5 tom 100» u
noanepxana pounom «duzuka» (physicsfoundation.org).

[To BompocaM 3aMEUE€HHBIX HETOYHOCTEH, OTMEYaToK, OMMUOOK U YTOUYHEHHUS KAKUX-TO
neraneid MoxxkHO oOpamarbess k B.H.ImaskoBy vglazkov@yandex.ru. B kypce
ianupyercs 14 ydeOHbIX JIEKIUH, 110 BCEM JISKIUSM OyIyT JOCTYIHBI JICKTPOHHbBIC
KOHCIIEKTHI M Mpe3eHTannu (Ha caiite kadenpsl oodmen ¢uzukun MOTU u Ha nuuHON
ctpanuiie B.H.I'maskoBa www.kapitza.ras.ru/people/glazkov), mo HeKOTOpbIM TeMaMm
Kypca COCTABUTEJISIMU TOJTOTOBJICHBI JIOMOJHUTEIbHBIE METOAMYECKUE MOCOOus,
JIOCTYTIHBIE Ha caiiTe Kadeaphl U JIMYHOM CTpaHUIIE aBTOPA.
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