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[masa 1

MOo>KHO JI1 TEOPUIO CUYUTATH BPEIHOM

Henb3ga aymarh, 9To dyHIaMEHTAJILHBIE HAy -
Hble 3HAHUA MOTYT OBITH BPEIHBIMH.

OcHoBHasgg 4YacTb paboOT (PUBMKOB-TEOPETUKOB
aJIEKBATHO OTparkaeT (PU3NIECKYI0 PeabHOCTh
1 (hOpPMUPYET OCHOBY HAINMMX 3HAHUI O IPHUPOJE.
Opnako B XX Beke MOABMJIOCH HECKOJBKO (hu-
3UYECKNX TEOPHil, KOTOPhIE He TOATBEP:KIAI0TCA
TaHHBIMI SKCIIepuMeHTOB. [Ipu aToM BIeuaT/ieHne
OT WX MPaBAONOIOOHOCTH, KOTOpas 3aMacKUpOBaHa,
BeCbMa CJIOYKHBIM MaTeMaTHUIEeCKUM allllapaToM,
HACTOJILKO BEJINKO, UTO HEKOTOPHIM M3 HUX JarKe
npucyzkgainch HobeneBckue npemun. OpHAKO
CYTH JieJIa 9TO He MeHseT - PsiJl TeOpUil, CO3TaHHbIX
B XX BeKe U CUUTAIIMXCS OOIMIENPUHATHIMY,
HE TIOJTBEPKJIAIOTCA OIBITOM U IIOTOMY JIOJIZKHBI
ObITH IIPU3HAHDI JIZKEHAYIHBIMU ¥ BPEIHBIMHU.

HBaamareiit Bek 3akonumicd. OH ¢ KaxKJbIM I'0-
JIOM yIaJIdeTcd OT HaC BCe JaJIbIIe U JaJIbIIe. YKe
MO2KHO TIOJIBECTH €ro Hay4dHble uroru. llpormemii
BEK IIPUHEC 3aMevaTe/IbHble HaydHble OTKPBITHA B
obsiacT (PUBKUKMU.

B mauaje XX Beka 3apojiiiach U II0TOM OyPHO pa3-

BUBaJIACh sjepHas dpusuka. OHa sIBUIACh, BUINMO,
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CaMBIM OOJIBIIIIM €r'0 OTKPBITHEM, PAJUKAJILHO M3~
MEHUBIITIM BeCh MaTepuasbHBIN 1 MOpPaJbHBIN 00-
JINK MUPOBOI NUBUJIN3AIINN.

B nagajge XX Beka 3apoauIoCh Pauo, IOCTEIEHHO
TIpUBEIIIee K TeJIEBUIEHIIO, & MTOTOM PaJIMOTeXHH-
Ka TTOPOAWJIa KOMIBIOTEPHI. VX MosgBIeHe MOXKHO
CPaBHUTHL pa3Be UTO C PEBOJIIOINEN, MTPOM30IIIe/I-
1mreit, Korja JIIOJM OCBOWIN OrOHb. Bo3HWKIIa Hay-
Ka O KBaHTaX, [PUBEJINas K IOIBJIEHUIO KBAHTO-
BbIX IIPUOOPOB, CPeJid KOTOPLIX OJIMCTAIOT JIA3€PHhI.
MoxKHO J10JIT0 ITepedrcaaTh OTPac/u (PU3NIECKOTO
3HAHUA, KOTOPbIe J1aJl HaM XX BeK.

1. 9xcnmepuMeHTATOPHI U TEOPETUKNI

BaykHBIM MOMEHTOM CTaJI0 TO, YTO JBaJIIATHII
BEeK TIPUBE K Pas3Ie/IeHNI0 YUeHBIX-(PU3UKOB Ha
SKCIIEPUMEHTATOPOB M TEOPETUKOB. IJTO ObLII ecTe-
CTBEHHBIN IHIPOIECC, BBI3BAHHLIN YCJIOXKHEHUEM Ha-
VUIHBIX IPUOOPOB U MaTeMaTHIeCKUX METOJOB I10-
CTPOEHUS TeOPETUIECKNX MOJIeIelt.

[lorpebHOCTN B HCIIOJIb30BaHUA BaKyyMa, HU3-
KIX TEMIIEPATYP, PaII0-3JeKTPOHHBIX YCUIATE el
U JIPYIUX TOHKUX METOIUK B SKCIIEPUMEHTAJIbHBIX
YCTAHOBKAaX IIPUBEJIO K TOMY, UTO SKCIIEPUMEHTATO-
paMu MOTJIA CTATh JIIOAU, YMEIOIe 9CHO MbBIC/IUTD
1 CII0COOHBIE UTO-TO JeJaTh CBOUMH PYKaMIU.
Haobopot, siroqu 6ojiee CKJIOHHBIE K paboTe ¢ Ma-
TeMATHIECKUM aIlllapaToM, MOIVIM HaJedATbCsd Ha

yCIIeX B IOCTPOEHUHU TEOPETHIECKUX MOJIeseil. DTo
8



IpUBEI0 K (DOPMUPOBAHUIO JIBYX KaCT MJIM JarKe
JIBYX TOPOJ JItoAeil, NHANBUIBI U3 KOTOPBIX TOJIb-
KO B OYEHb PEJIKHUX CJIydasx MOTLJIN yCIeIrHo pabo-
TaTh U Ha SKCIIEPUMEHTAJILHON, I Ha TEOPETUIECKOI
"kyxne" .

CaMBbIM 9PKUM TaKUM YUYEeHBIM OBbLI DHPUKO
PepMu, KOTOPOTO W B SKCIEPUMEHTAJIHLHOM, U B
TEOPEeTUYECKOM coobirecTBax cuntaan couM. OH
BHEC OIPOMHBIII BKJIQJI B Pa3BUTHE KBAHTOBOI
1 CTATUCTUYIECKON MeXaHUKH, sijiepHON (PUBUKH,
busrKM 37eMEeHTapHbIX YacTUIl M B TO K€ BPeMs
CO3/1aJ1 IIEPBLI B MUPE AJIEPHBIN peaKTOp, OTKPHIB-
I IIyTh K UCIOJb30BAHNUIO ATOMHOU SHEPIUN.
OjiHaKO 4Yallle U SKCIEPUMEHTATOPHI, 1 TEOPETUKU
BeCbMa PEBHUBO OTHOCUJIMCH K JIPYT JIPVYTY.
CymecTByeT MHOIO JIEFe€HJ O TOM, KaKHMU
HEyMeKaMU ABJIAIOTCS TeopeTuKu. Tak, mpo HoOe-
JIEBCKOTO JIaypeara - Teoperuka B.Ilaymm cioxxunnm
JIETEHJTY, COIVIAaCHO KOTOPOIl CYIIECTBOBAJI JlazKe

Hekuit "sdpdexr Ilayau" , Koropoiii paspyias
9KCIIEpUMEHTAJIbHbIE YCTAHOBKU JIMIIb IIPU €0
IPUOJIKEHIN.

Opua n3 Hamboee APKUX CJIYyYaeB IIPOsiBIEHUS
5Toro s@deKTa, COIJIACHO JereHJe, IIPOU30IIe
B jaboparopun JIxx.Ppanka B [€rrunrene, rue
BECbMa, CJIOXKHBIM 9SKCIEePUMEHTAJbHBIN IPHUOOP
JIJIsT M3YYeHUd aTOMHBIX SBJIEHHI 110 COBEPIIEHHO
HeOO'bACHUMON IpuynHe BhIIIE u3 cTposd. PpaHkK
HamucaJs o ciayausmieMcd [laynn B Hopux. B orBer



PUIIIO0 TUCHBMO C JATCKOW MapKOi, B KOTOPOM
[Taynn mmcaa, 9To OoH e3ama MpoBedaTh Huibca
Bopa, m BO BpewMms 3araJIouHOTO IIPOUCIIECTBUS
B Jsaboparopun PpaHKa I10€3]], B KOTOPOM €XaJl
[Tayym, Kak pa3 coBepiaJj OCTaHOBKY B [ €TTunrene.

B 10 ke BpeMs, KOHEYHO, TEOPETUKH CTAJIHU 33,12~
BaTb TOH B (pU3MKe, IIOTOMY YTO UMEHHO OHU IIpe-
TEeHJ/IOBaJII Ha IIOHMMAHUU ee IeJIMKOM M Ha COo0-
CTBEHHOI BO3MOXKHOCTH 00bSICHUTH BCE €€ JYaCTHbIE
CIydan.

BbIgaronmMcsa COBETCKAM TEOPETUKOM IMEPBOI I10-
soBuHbI XX Beka ObL1 .M. dpenkens.

OH HammcaJ MHOT'O O4YeHb XOPOIIMX KHHUI' [0 Pas-
JINYHBIM HampaBieHuaMm usuku. [Ipo Hero maxke
XOJUJT AHEKOT, YTO OH MOXKeT 00 bACHUTE Bce. fKo-
OBl OJHAXKIBI €I'0 M3JIOBUJ B KOPUJIOpPE HEKMil SKC-
MEPUMEHTATOP U T0KA3aJ MOJYIeHHYI0 Ha OIIbITE
kpuByto. Ilogymas munyty, Axop Mabua gaa obb-
sicHEHHe Xoda 3Toil KpuBoii. OJHAKO BBISICHUJIOCH,
YTO KpUBag CaydaiiHo ObLIa ImepeBepHyTa BBEPX HO-
raMu. [locye BoJiBopeHNs ee Ha MeCTO, HEMHOTO TI0-
pasMmbIcyinB, fKop Mibud cMor oObACHUTH U ITY
3aBUCUMOCTD.

2. O cnemndpuke padboThl
SKCIIEPUMEHTATOPOB U TEOPETUKOB

OcobeHHOCTH TI0/IX0J1a, TEOPETHKOB U SKCIIEPHU-

MEHTATOPOB K CBOeil paboTe XOPOIIO BUIHBLI IIO
10



pe3yIbTaTaM UX MCCJIeI0BAHIIA.
DT PE3YIbTATHI JJIs HATJISIAHOCTH MbI CHCTEMATH-
supyem B Tabsute (1.1).

C sKClIepUMEHTAJbHBIMUA HCCJIEJ0BAHUAMEI BCE
1pocTo. B sKciepumMenTax u3MepArTCd Pas/iniHble
rapaMerpbl 00pa3loB WU CBOHCTBA (PUBMIECKUX
mporeccoB. Ecim Takue m3MepeHusi He JIOIOJIHA-
FOTCSI TEOPETUYECKUM OIMCAHUEM TeX MEXaHU3MOB,
KOTOpbIE 00YC/IaBIUBAIOT 1101y Y€HHbIE PE3YJIbTATHI,
TAaKOe MCCJIeI0BAHIEe MOXKHO CUMTATh YUCTO DKCIIE-
PUMEHTAJIbHBIM, IOMECTUB B KJIeTOUKY 1 B TabJjiule.

Ecin skcriepuMenTa/IbHOE UCCIed0BaHNe JIOTI0JI-
HSIETCS OIMCAHUEM TOr0 TEOPETUYECKOI'O MEeXaHM3-
Ma, KOTOPBIIl 00bsICHSIET I10JIyUeHHbIE SKCIIEPUMEH-
TaJIbHbIE JIAHHBIE, TO 9TO IIPOCTO Xopoliee (pusu-
yeckoe ucciejopanne. [lomectrm Takume paboThl B
KJIETOUKY 2.

Bo3smorkHa Apyrasg cuTyalys, KOIja TeopeTH-
YecKoe MCCIIeloBaHne pu3ndeckoro 3pdexTa 1in
00beKTa T0BOAUTCA 0 "yunciaa' | KoTopoe cpaBHU-
BAaeTCA C JaHHBIMU H3MEPeHHuil. ITO 10 CYyTU MHC-
cJIeIOBaHIE TOIO »Ke COpPTa, UTO U UCCIeI0BAHUS 2.
OJHaKo, TaK KakK 37eChb JeJaeTcs YIIOp Ha TEeOPHIO
(busnUecKoro ABIEHUS, BBIIEINM 3TUM HUCCIEI0BA-
HUSIM OTIEJIbHYIO KIETOUKY 3.

11



B pesynbraTe Takoit KiaccuduKaium B OCTaBITY-
FOCS KJIETOUKY 4 TOTaIaioT TeopeTuydecKnue MCClie-
JIOBaHWA, KOTOPbIE He TIOATBEPKIEHBI SKCITEPIMEH-
TaJIbHO WU Te, KOTOPhIe He JOBeJEHBI 0 THMCIeH-
HOT'O Pe3yJbTaTa, KOTOPHI MOXKeT ObITh MPOBEpPEH
Ha OTIBITE.

Kax #HI yIUBUTEILHO, TAKUX TEOPETUIECKUX I10-
CTPOEHMIT JOBOJIbLHO MHOTO. Hampuwmep, paccMoTpe-
HUSI CyIlep-siBJICHUI - CBEPXIIPOBOJUMOCTH 1 CBEPX-
rekyuectu (|2]- [4]) - m3obmiytor hopmysamu, oru-
ChIBaIOIIUMU 0000IIIEHHbIE XapAKTEPUCTUKH U CBOII-
CTBa, HO UX OIMCAaHUE HE JIOBOJUTCA JI0 KOHKPET-
Horo "gucia", KoTopoe U3BECTHO 13 U3MEPEHMIT Xar-
PaKTEPHBIX CBOMCTB OT/IE€/IbHBIX CBEPXIIPOBOIHIKOB
WJIN TeJIN.

HecmoTps HA O4eBHIHYIO YMO3PUTE/JIbHOCTH Ta-
KUX TEeOPHil, HEKOTOPbIE€ U3 HUX IOJIYUUIN [IOJHOE
IIpU3HaHUE B PU3NIECKOM COODIIECTBE.

EcrecTBeHHO BO3HMKAET BOIIPOC O TOM, HACKOJIb-
KO BPEJIEH TEOPeTUUECKUI II0JX0/I, MCIIOIb30BaH-
HBIH JIJIs ONMCAHUST TaKUX siBJIEHUI, IIOCKOJIbKY OH
HapYyIIaeT IJIABHBII IOCTYJIaT eCTeCTBEHHBIX HayK.

3. IU1aBHBII OCTYJIAT €CTECTBEHHBIX HAYK

[JiaBHBIII IIOCTYJIAT €CTECTBEHHLIX HayK ObLI
cchbopmysmpoBan 6osiee 400 jeT Hazad YUIbIMOM
['mwnbeprom (1544-1603).

MO2KHO JIyMaTb, 9TO 3Ta U, KAK NOBOPUTCH,

BHTAJIa B BO3AYXe Cpeau 00pa30BaHHbIX JIIOJIEll TOTO
12



1. 2.
KCIIEPUMEHTAIbHOE 9KCIEPUMEHT-+TEOPETHIECKOE 00 bICHEHE
WCCIeTOBAHNE €ro pe3y/bTaToB—QU3NKa
3. 4.
TEOPETUYIECKUN MeXaHU3M-+ TEOPETUYECKOE UCCJIeJOBAHNUE,
+TTOATBEPIK TAIONINE eT0 JAHHbIE N3MEPeHui = TIOKa, He TIO/ITBEPIKICHHOE
= ¢usuka JAQHHBIMH SKCIIEPUMEHTOB

TapiaunA 1.1. Cucrematuka GU3NICCKUX UCCIIETOBAHMI

Bpemenn. Ho Harresn cBoro (hopMyIHMpoOBKY, JIOTIIE-
VIO JI0 HAC, 3TOT MOCTYJIaT Oarogapda V. ['madep-
Ty [1].

OH dopMmyIupyeTcs ITpocTo:

"Bce Teopermdeckne MOCTPOEHUs, MTPETEH]IYIO-
e ObITh HAYYHBIMHU, JOJIPKHBI TPOBEPATHCS DKC-
nepuMeHTaIbHO" |

1o 3TOr0 BpeMeH! JIOXKHBIM MPeACTABIeHIAM He
IIPUXOIUIOCH DOATHCs SKCIIEPUMEHTAJIbHOI IIPOBEp-
K. B 10 Bpemst Mup Mbic/in OblL/I HECPABHEHHO YTOH-
yeHHee 00ObIJIEHHOT'0 U IPyO0oro MaTepuaabHOIO MU-
pa, 1 TOYHOe coBHaJeHue PpuaocoPCcKoil TEOPUN C
IPAMBIM OIIBITOM IIOYTH POHSAJIO €€ JIOCTOMHCTBO
B IJ1a3aX IIOCBSINEHHBIX. PacxoxKiieHne MexKy J10-
I'nJI0EPTOBCKOM Teopuell 1 HaOIIOJEHUSIMUI HUKOI'O
HE CMYIIAJIO.

B xoay 6piBasin coBepineHHO (haHTACTUIECKUE, C
Hallleil TOYKN 3peHud, cyx)jaennsd. Tak, ¥Y.['mnbepr
IUIIET O TOM, YTO OH SKCIIEPUMEHTAJILHO OIIPOBEPT
HOITYJIAPHOE CYKJEHUE O TOM, 4YTO CHJIY MArHUTA

MOzKHO YBEJIMYNUTLH, HATEPEB €I'0 YECHOKOM.
13



Bojee Toro, ogHuM U3 MOMYJIAPHBIX, 00CYXKIAB-
MUXCI Ha  PeJUTH03HO-(UIOCOMDCKUX IUCITYTaX,
ObLI KOJIMYECTBEHHBINI BOIPOC O TOM, CKOJIBKO
AHTEJIOB CMOXKET Pa3sMECTUThCS Ha OCTPUE UTJIBI.

Kupmnit Hemuoro nos:xke Y.[I'minbepra [amnizeo
lamumeit (1564-1642) pa3Bui 5T0T mpuHIUI, chop-
MYJINPOBaB TPU 3Talla TPOBEPKUN TEOPETUUECKIX
IIOJIOYKEHUIA:

(1) nocmyauposams ceobodnoe om A02UNECKUT
npomuBopeyUls NPeonosodicenue 0 npupode seae-
HUA;

(2) ma ocnose smozo nocmysama, UCNOAL3YA
cmandapmmoie Memodvl MAMEMAMUKU, GbLEECTU
30K0MbL ACACHUA,

(3) nocpedecmeom onvima yobedumuvca, caedyem
AU npupoda na  camom dese IMUM  3AKOHAM U
nodmeepotcdaemes Al MaKuM 00paA3OM OCHOBHAA
2unomesa.

[IpuMmenenme 3TOro MeToda TaeT BO3MOXKHOCTD
oTOPOCUTHL HEBEePHBbIE TEOPHUH, €CJIU, KOHETHO, OHU
cchOpPMYTMPOBAHBI TaK, YTO €CTh UTO COIIOCTABJISATH
C OIIBITOM.

14



4. XapaKTepHble CBOIiCTBa ICEBJ0O-TEOPUii
XX Beka

B XX Beke BO3HUKJIO HECKOJBLKO TEOPHil, KOTO-
pble He yAOBJIETBOPSIOT INTABHOMY ITOCTYJIATy Hay-
KI1.

Muore W3 HHUX TPOCTO HE JIOBEIEHBI 0 TOTO,
YTOOBI X PE3yAbTaThl MOYKHO OBLIO ObI CPDABHUTH C
JTAHHBIMI M3MEPEHNit nccaeayeMbix 06bekToB. [o-
9TOMY HEBO3MOXKHO CYJINTb UX HAyIHON 3HATNMO-
CTH.

[Ipr sTOM TICEBIO-TEOPUN BCETHA MWCIOJB3YIOT
CJIOXKHBIN MaTeMaTU4YeCKUl alnapaT, KOTOPbI Kak
Obl 3aMeHsieT UM HeOOXOJNMBIE SKCIIePHIMEHTA b
Hble TIOATBEPIKIEHMS. YIIPOIIEHHO IEMOYKY pac-
CY2KIeHUil, KoTopas (OpPMUPYETCs, HAIPUMED, Y
CTyJeHTa IpU €ero 3HAKOMCTBE C TaKOW Teopuen
nMeeT BUIUMO TaKyIO MOCJIeZ0BATEIbHOCTD!

- TEOpUS, CO3JIaHHAsA aBTOPOM, OUEHb CJIOXKHA;

- 9TO O3HAYAET, ITO aBTOP OYeHb YMeH W MHOTO
3HAET;

- TaKOM YMHBIN U XOPOHIO MOJATOTOBJIEHHBIN TEO-
PETHK HE MOYKET OIMMOAThCH;

- 3HAUNT €Tr0 TeopHs BepHa.

Bce 3BeHbs 3TO# IMEMOYKU PACCYKIEHUIT MOTYT
ObITH TpaBMJILHBIMEI. Kpome mociemnero. Teopusi
BepHA TOJHKO B TOM CJTyvae, eCJIM OHa MOATBEPIKIa-
eTcs JaHHBIMU SKCIIEPUMEHTOB.

15



Cy1ecTBEHHO, 9TO [ICEBJIO-TEOPUA HE JOIMYCKAeT
VIIPOIIEHUS MOJIEIN 1 IIPUOJIMKEHHOI0, HO IIPOCTO-
1o n3JI02KeHnd pu3uky sapjaennd. [ paBuiabHblit 1o-
X0/l K OO'bSICHEHHMIO HCCJIEYEMOIO O00bEKTa MOXKET
ObITH MaTeMaTUIeCK HEIIPOCTBIM, €CJIM OH IIPETeH-
JIyeT Ha, TOYHYIO OIIEHKY CBOHCTB oObekTa. llpnm
9TOM TOT K€ ITOJXOJ, JOJIKEH JIOIYCKATh YIIPOIIe-
HUE JIJIs1 TI0JTY9eHIs] OIEHKH 110 TIOPAIKY BeJIUINHBI.

I pyroit 0co6eHHOCTBIO IICEBI0-TEOPUL SIBJISIETCH
UCIIO/Ib3yeMad UMHU II0JIMEHa SKCIIePUMEHTAIbHBIX
JI0Ka3aTeIbCTB. Bee mncciemyemble 00beKTh PU3H-
YeCKUX TeOPHUil MMEIOT OlpejeeHHble WHIUBHITY-
aJIbHbIE CBOMCTBA, KOTOpPble MOXKHO Ha3BaThb IIep-
BOCTEIIeHHBbIMU. 1t pU3uKY 3B€3/1 9TO WHIUBUTY-
aJIbHbIE JIJIA KaXKI0M 3BE3/Ibl PAJIMYChl, TEMIIEPaTy-
PbI, Macchl. JJIsi CBEpPXIIPOBOJHUKOB - 9TO WHJINBH-
JyaJibHbIE JIJIS KayKJI0r0 U3 HUX KPUTUYECKUE TeM-
TIepaTypbl 1 MarHUTHBIE IIOJIS, JIJIsi CBEPXTEKYYEero
rejIus - TeMIlepaTypa Iepexojia M IJIOTHOCTb aTo-
MOB BOJIM3U Hee.

KBasu-Teopun He CIOCOOHBI IpeacKa3aTb WH-
JIMBUJIyaJIbHBIE CBOMCTBA MCCIEAYEMBIX O00HEKTOB.
OHU TOAMEHSAIOT U3ydeHne PU3MIECKUX MeXaHN3-
MOB (DOPMUPOBAHUA STUX IEPBOCTEIEHHBIX ITapa-
METPOB OIMCAHMEM ODOIINX XapaKTePUCTUK (pusn-
KU sIBJIEHNsT 1 HEKOTOPBIX €ro 00IMuX CBOMCTB. Tak,

16



HaITpUMep, 00bsICHeHe KOHKPETHBIX TEPBOCTEIeH-
HBIX CBOMCTB CBEPXIIPOBOJIHUKOB TEOPHUS CBEPX-
TIPOBOIMMOCTI XX BeKa MOAMEHSIeT MpeICKa3aH!-
eM HabJIIoaloIIeiicss TeMITepaTypHOi 3aBUCUIMOCTHI
KPUTUIECKOTO TIOJIA UM SHEPTeTUIeCKO IIe/In, Xa-
PAKTepPHBIX JJIsI 3TOr0 sABJeHus. B pesynbrare co-
37a€TCA BIIEUAT/IEHIE COTJIACUST TEOPUM C SKCIIEPH-
MEHTOM, XOTsI TIOJOOHBIE O0IIMe XapaKTepUCTUKN
sIBJIEHUS OOBITHO MOXKHO Ha3BaTh TEPMOMHAMUIE-
CKUMU.

PaccMorpuM  HeKOTOpbIE KOHKpETHBIE IICEBJIO-
TEOPUH, CO3/IaHHBIE TEOPETUIECKON (PUBUKON B XX
BEKE,

CBePXIIPOBOJIMMOCTD U CBEPXTEKYUIECTh DTU JBa,
CBepPX-ABJIeHNs ObLIM OTKPBITH B HadaJje 20 Beka u
JIOJITO€ BPEMS OCTAaBAJIUCH CAMBIMU TAMHCTBEHHBIMU
B pU3MKe KOHJAEHCUPOBAHHBIX cpel. PaccMorpenuio
STUX ABJEHUI W Pa3BUTUIO MX TEOPUHU ITOCBAIIEHBI
CJIeAYIONINE Pa3Jieibl 9TOH KHUTH.
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YHactp 2

Pa3Butue nayk o dpusmiecKux
CBePX-BJICHUAX






[nasa 2

BBenenue

CBepXTeKy4JecTh U CBEPXIPOBOANMOCTD, KOTO-
PYI0O MOXKHO pacCMaTpUBaTh KaK CBEPXTEKYYeCTb
9JEKTPOHHOIO Ta3a, ABJISIOTCA POJACTBEHHBIMU sIB-
JIEHUSIMU.

OcHOBHYI0 0COOEHHOCTH ITHUX SIBJIEHUIl MOYKHO
MIpeJICTaBUTL cebe, eCaU TPEANooKUTh, YTO B
CBEPXITPOBOIHUKE, TaKyKe KaK B CBEPXTEKYUeM Te-
Jmn, obpasyeTcd 0coOBIil KOHJIEHCAT, JaCTHIbI KO-
TOPOTO CBA3AHBI MEYKY CO0OI SHEprueil MpUTsIyKe-
HIsI. DTO B3aMMHOE MPUTS>KEHNE He TT03BOJIAET OT-
JeJIbHBIM YJacTUIIaM paccenBaThCcd Ha jJedeKTax u
CTEHKAX, €CJIM SHEPI'Usi 9TOI'0 PACCesHUs MEHbIIIE,
yeM SHeprus LpuTsxkeHus. B pesyibrare orcyT-
CTBUsI PacCedHusi KOHAEHCAT IIprodpeTaeT crocod-
HOCTbB IIepeMeIaThcd 0e3 TPEeHM.

CBepXIIPOBOJIMMOCTD ObLJIa OTKPBITA 00Jiee CTa,
JIET HAa3aJ[, a CBEPXTEKy4deCThb IPUMEPHO HA TPUJI-
1aTh Jer moszxke. OIHAKO HECMOTPA Ha OOJIBIIOE
BHUMAaHUE YUEHbIX K U3YUYEHHUIO TUX siBJICHUI, OHU
B TEOPETUYIECKOM ILJIaHE JI0JIN0€ BPEMsI IIPeICTaBIIsd-
JINCb CAMBIMU TAMHCTBEHHBIME B (DUBUKE KOHJICHCH-
POBAHHOI'O COCTOsiHUA. V] 9Ta TauHCTBEHHOCTD IIPU-
BJIEKAJIa, JIYUIINEe YMbI IIPOILION0 BeKa K UX U3yde-

HUIO.
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TarHCTBEHHOCTD SBJIEHUS CBEPXIIPOBOIMMOCTHI
HavdaJjia PacCeMBaTbhCAd B CEpeJMHE IIPOIILIOr0 BeKa
II0CJIE TOr0, KaK ObL/IO U3YYeHO SBJIEHHEe KBAHTOBa~
HUSI MAarHUTHOT'O IIOTOKA B CBEPXIIPOBOJAIIMX ITH-
JIMHJAPaX. DTO dBJIeHHe ObLIO MPeacKa3aHo OpaTbs-
mu JlorgonaMu elne HaKaHyHe BOMHBI, HO U3Mepe-
HUs1 OBLIM IIPOBE/IEHbI JINIIIL CIIYCTH IIOYTHU IIapy Je-
caruaeTuii. V3 9Tux msmepeHuii crajio gCHO, YTO
OTBETCTBEHHBIMU 38 CBEPXIIPOBOJINMOCTD SBJISAIOTCS
IIapbl JIEKTPOHOB, (hopMUPYIOLIe DO30HBL C HYJIE-
BBIM CYMMAapPHBIM CIIMHOM M MMITYJTECOM.

[IpumepHo B 3T0 2Ke Bpemd OblIa 3aMeveHO,
YTO 3aMeHa OJIHOI'0 HM30TOIIa, CBEPXIIPOBOJISIIETO
9JeMeHTa Ha, JIpyroil IPHUBOAUT K W3MEHEHUIO
KPUTUIECKO  TeMIIepaTypbl  CBEPXIIPOBOJIHUKOB
- TaK Ha3bIBaeMbIl M30TOI-3pdeKT. IDToT -
dbekT OBLI HMHTEPIPETUPOBAH KaK OJHO3HATHOE
yKa3aHue Ha OIPEeesANy0 PoJib (POHOHOB B
opMupoOBaHUE  CBEPXIIPOBOJISIIEIO  COCTOSHUSI.
DOHOHHBINI MeXaHU3M JieI B OCHOBY TeOpHUHU
Bapmuna-IlIpuddepa-Kymepa (BKIII), woropas
IOJIy4IIa Bceobinee Npu3HaHue U (PaKTHIECKU JI0
CUX TIOp CJYXKHUT €IMHCTBEHHOU OOIIenpuHITOMN
Teopuen CBepXIpPOBOJIUMOCTH.

OpHako IpHW 9TOM KakK Obl pa3opBajach THIIO-

TETUYECKAA CBA3b MEXKJy CBEPXIIPOBOJIUMOCTBHIO U
CBEPXTEKYUECTHIO - B YKIUJIKOM I'eJINK HeT (POHOHOB,
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00BbeIMHSAIONINX aTOMBI.

bBonee vem matumecatunernee passutne bKIII
MoKa3aJio, UTO 3Ta TEOPUS YCIIENHO OIUCHIBAET
00IIIMe 3aKOHOMEPHOCTU $BJIEHWS, HO ee Heab3sd
Ha3BaTh TeOpHeil CBepXMPOBOIHMKOB. OHa 00bsIC-
HseT TaKue 3aKOHOMEPHOCTH KaK BO3HMKHOBEHWE
SHEPreTUYEeCKOil Imesn, crennduky TeMiepaTyp-
HOM 3aBUCUMOCTH TEeIJIOEMKOCTH, KBaHTOBaHUE
IIOTOKA U JIP., HO He MOXKeT IIPeJICKa3aTh IJIaBHBIE
IapaMeTpbl OTJEJIbHBIX CBEPXIIPOBOJHUKOB - MX
KPUTUYIECKYIO TeMIIepaTypy U KPUTHUECKOe Mar-
HuTHOe 1oJie. Tounee, popMmyna Jjid KpUTUIECKO
TeMIlepaTypbl cBepxupoBogHUKoB B BKII 1puod-
peTaeT BUJ SKCIOHEHTBI, B IIOKa3aTesle KOTOPOi
CTOAT MHOXKUTEJN, He IIOJJIAONIecss TOYHOMY
U3MEPEHNIO, U IIOTOMY 3Ta (POpMysia He IIPeICTaB-
JIsieT MPaKTUIeCKOro MHTepeca.

Heuro moxoxkee mpomsonio m ¢ Teopuei
cBepxTeKydecTu. Bckope 1ocie ee OTKPBITHs
JI.JI.Jlangay B cBoumx IepBBIX paboTax IIOKa3all,
YTO 9TO sABJIEHNE HY>KHO PacCMaTPUBATL KaK CJIe]-
cTBUe 00pa30BaHWA KOHJEHCATa, COCTOAIINEro Wu3
MAKPOCKOIIMYIECKOI0 YHCJIa aTOMOB, HAXOJISIINXCS
B €JIMHOM KBAHTOBOM COCTOAHHUHU. W IIOJIINHAIOIIE-
rocsi KBAHTOBBIM 3aKOHAM. DTO IIO3BOJIAIO OIIUCATH
OCHOBHBIE XapaKTepPHBIE YePThI 9TOI0 sABJIEHUS -
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TEMIIEPATYPHYIO0 3aBUCUMOCTH IIJIOTHOCTH CBEPX-
TeKyueil ¢asbl, CKOPOCTH 3BYyKa U T.J. - HO IIpU
9TOM He ObLI JIaH OTBET Ha BOIIPOC O TOM, KaKoil
pusmyecknit MexaHu3M MIPUBOJIUT K 00beIMHEHUIO
aTOMOB B CBEpPXTEKYUHil KOHJIEHCAT U KaKoBa
KpUTUYIECKas TeMIIepaTypa 3TOT0 KOHJIeHCcaTa, T.e.
[IOYeMy J1JIsi TesIusi-4 OTHOINeHNe TeMIIepaTyphl IIe-
pexoJa B CBEPXTEKydee COCTOSHUE K TeMIlepaType
KUTEHWsT TIOYTH TOYHO paBHO 1/2 (114 resusi-3 oHo
IPUMEDHO B TBHICATY Pa3 MEHbIIIE).

B mesnom ommcaHndg sBJIEHNIT CBEPXIIPOBOINMO-
CTH U CBEpPXTeKydecTn K Havday X XI Beka ocTaBs-
JIN YyBCTBO HEKOI HEYIOBJIETBOPEHHOCTH, B TIEPBYIO
ovepesIb TeM, 9TO He JOIMTyCcKaJu 00IIero MexaHn3Ma
BO3HUKHOBEHNA.

[lenb HAMMCAHNA JAHHONW KHUTU COCTOUT B TOM,
YTOOBI BOCIIOJTHUTE 3TOT MPOOES U MPEI0KUTh SIC-
HBIIT pU3MIecKuil MeXaHn3M, OObACHAIONINN STU
SIBJICHUSI.
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1. CBepXnpoBOAMMOCTH 1 OOIIIECTBO

CBepXIpPOBOINMOCTD - KpacuBeiiInee 1 YHUKAJIb-
HOe ¢dBJIEHWE TPUPOJLI - OblIa OTKPHITA B Hava-
ne 20 Beka. Ee yHUKaIbHOCTH MPONCXOINT W3 TO-
IO, UTO CBEPXIPOBOIUMOCTH - 9TO PEe3y/abTaT Jeii-
CTBHUS KBAHTOBBIX 3aKOHOB, YIIPABJIAIONIUX MaKpO-
CKOIIMYEeCKMM aHcaMbJjieM JacTHIl KaK eJIMHbIM Iie-
sibiM. OHa IpuBJIeKaeT CBoell HeOOBIMHOCTBIO U Kpa-
COTOM, KOTOpad IOHATHA He TOJbKO KPYI'y YUeHbIX-
1IpodeCcCUOHAJIOB U JIIOJIel, MHTePecyomuxcs u-
3UKOI, HO 1 BceMy 00pasoBaHHOMY COOOIIECTBY.

HeobbikHOBEHHBIIT 0OOIIECTBEHHBINI UHTEpPEC K
9TOI 1IpobJieMe MPOABUIICA B PeaKIn HayIHOT'O CO-
o0I1ecTBa Ha COODIeHNEe 00 OTKPLITUN BBICOKOTEM-
nepaTypHoil cBepxmpoBoguMocTH B 1986 romy. Tor-
IIbl YYEeHBIX JIIOJIell COOMPAaJINCh OCTYIIATh HOBOCTH
u3 jraboparopuit. Ha moeit mamaru He 0bL10 Apyroi
Hay4IHOU IIpobeMbl, KOTOPasi BbI3bIBaJIa Obl TaKOi
MHTEPEC y Y3KUX CIENUaJIUCTOB U IINPOKOM 0KOJIO-
HAYIHON IyOJIMKU.

ODTOT MHTEpPeC OTPA3UJICd U B OOIIECTBEHHOM
IIPU3HAHNN, OJIHIM U3 IPU3HAKOB KOTOPOT'O ABJISIE€T-
ca npucyxaenne Hobenesckux npemuit. IToxkasryii,
HeT Apyroi obiacTu pU3NIECKoil HAyKM, 3a UCCIIe-
JIOBAHUA B KOTOPOH OBLIO OBI IPUCYXKIEHO CTOJIBKO
Hobenesckux npemuii. BoT ux xpoHoJorus:
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Xeiike Kamepannr-Onnec 6b11 yaoctoen Hobe-
JIeBCcKoi mpemuu 1o dusuke B 1913 romy «3a mc-
CJIeIOBaHUS CBOWCTB BEIECTBa MPW HU3KUX TeMITe-
paTypax, KOTOpbIe MPUBEJIN K TIOJTYIEHNIO YKITKOTO
reusiy (T.e. 32 OTKPBITHE CBEPXITPOBOMMOCTH ).

Jlep laBunmoswy Jlargay ObL1 yaoctoern Hobeses-
cKoil mpemun 1o ¢pusuke B 1962 rogy «3a MmmoHep-
CKMe TeOpnHn KOHIEHCUPOBAHHON MaTepuu, B OCO-
OEHHOCTH KUJIKOTO Teusdy (T.e. 3a 00bICHEHNE B-
JIEHWST CBEPXTEKYIECTH ).

[>xon bapmun, Jleon H. Kymep, I:x. Pobept
[HIpuddep pazgemnmm B 1972 roxy HobeneBckyto
IpeMMIO 1T0 (PUBMKE «3a CO3JAHNE TEOPUU CBEPX-
IIPOBOJIUMOCTHU, 00bITHO HasbiBaemoit BKII Teopu-
ey,

Bpaitan /1. I>x03edcon O6b11 yaocroen Hoberes-
CKoil mpeMun 110 pusnke B 1973 roay «3a TeopeTu-
YecKue MpeJICKa3aHnsd CBOMCTE CBEPXIIPOBOISIIETO
TOKa, IPOXOJISINEero 4epe3 TYyHHEJIbHBIN Dapbep, B
YaCTHOCTH SIBJIEHNN, 00IIEN3BECTHRIX HBbIHE IO Ha-
3BaHueM spdexkTon [xKo3edcoras

[Terp Jleonnmopuu Kammma 6w ynocroen Hobe-
JIeBCKOM TipeMun 110 pusnke B 1978 romy «3a PpyH-
TaMeHTaJIbHbIe M300peTeHnsd W OTKPBITUS B 00J1a-
ctu (DUBUKYA HUBKUX TeMIeparyp» (T.e. 32 OTKPBI-
THe CBEPXTEKYIEeCTH ).

['eopr Begnopir n Anexc Mrostep nonyuniau Ho-
beneBcKyto mpemuio 1o dgusuke B 1987 romy «3a
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BayKHBII TIPOPBIB B OTKPBITUN CBEPXITPOBOANMOCTA
B KEpAMUYECKNX MaTepraJIaxs.

Anekceit Anexceeuu Abpukocos, Burammit Jla-
3apepud ['mH30ypr n uToHN JlererT moryuman Ho-
OenreBcKyio mpeMmuio 1o dusuke 3a 2003 romgy «3a
MTNOHEPCKIIT BKJIAJI B TEOPUIO CBEPXIIPOBOTHUKOB 1
CBEPXTEKYUNX JKUIKOCTeH .

OHako KOHEYHO BceoOIlee BHUMAHUE K CBEPX-
TTPOBOAMMOCTH BBI3BAHO HE ee YHUKAJILHOI Hayd-
HOJl TIPUBJIEKATEILHOCTBIO, & TeMU HaJIexKJIaMK Ha
OFPOMHBIII TEXHUYIECKNII MPOrpecc, KOTOPBI ObLI
ObI BO3MOYKEH, ecjiu OBl YJIaJI0Ch CO3/IaTh TEXHOJIO-
TUYIecKre YCI0BUs JIJId ee TITUPOKOro IpUMeHeHHs B
MTPAKTUIECKON JIedTeILbHOCTH YeJI0BETeCKOTO 00IIIe-
CTBA.

MoxkeT moKazaTbcsd, dYTO QyHIaMeHTaJIbHAA
CBEPXIIPOBOIMMOCTb HE CJIUIIKOM HY»KHa - caMble
BayKHbIE OTKPBITHUS B CBEPXITPOBOAUMOCTHI y3Ke BPO-
e OBl CIeslaHbl, XOTd W 0oJiee WU MeHee CJIy-
JaitHbIM o0pasoM. OnnH n3 KPYITHEHINX COBET-
ckux ¢usukop akajgemuk I.K.Kukown, Brecmimit
BECOMBIIT BKJIaJ, B MCCJIEJOBAHUA CBEPXIIPOBOJIM-
MOCTHU eIlle Ha paHHEM HX dTalle’, uMesd B BUJY
CBEPXIIPOBOIMMOCTDb, FOBOPIJI, YTO MHOT'HE BEJIUKIE

"Kukonn B Haugase 30-X TEpPBBIM M3y4YUJI THPOMArHUTHBIA 3(ddeKT B cBepX-
MIPOBOJHUKE, ONPEJIE/INB PUCY NN CBEPXIIPOBOIAIINM HOCUTEIAM I'MPOMArHATHBIHI

dakTop.
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Hay4HbIEe OTKPBITUS JeIaloTcsd MeTojoM Kosrym-
0a, Korma, oOpa3HO T'OBOpsi, OTKpbIBaeTcs 'Ame-
puka'ncciegobaresieM, HalpapidBInMcsa B " VH-
auto". [Togo0HBIM IIyTeM K CBOEMY OTKPBITUIO IIeJI
n Kamepsimar-Onnec, u 1103:K€ Psijl JAPYyTIUX UCCIe-
JoBaTeseil CBepXIIPOBOIUMOCTH.

Haire cerojiusiiiiHee IOHMMAHKIE TOBOPUT O TOM,
YTO CBEPXIIPOBOJMMOCTBL - 3TO ocobeHHasds QuU3N-
yecKasl aucHuiLimHa. B japyrux paszgenax usukn
ecTb MaJible 1 JlaKe O4YeHb MaJible 3HA4YeHHsi, HO
HUI'JIEe HET BeJIMYMH, 0Opalalolnuxcsa B HyJb. Tam
KAKOMY-TO CBOMCTBY MOKeT OBbITb MPHUIIMCAHO HY-
JIEBOE BHAUEHUE B CMBICJIE IIOJTHOI'O OTCYTCTBHS €0
y o0bekTa paccMmoTpennd. Hampumep, MOXKHO ro-
BOPUTDL O HYJIEBOW Macce HEUTPUHO, HYJIEBOM JIEK-
TPUIECKOM 3apsijie HeHTPOHA U T.II., HO B 3TUX Tep-
MUHAX 3aJI02KeH APYroil cMbICa. A B CBEPXIIPOBO/I-
HUKAX 3JIEKTPOCOIPOTHUBJIEHNE TOYHO HYJb! UTo-
Obl mpoBepuTh 310, X. Kamepiumar-OHHec 3aMopo-
311 B CBEPXIIPOBOJISINEM IUINHIDPE IIUPKYIAPYIO-
muit ToK. Ecim conpoTuBieHne Bce-TakK1 €CTh, TO CO
BpEMEHEM 3TOT TOK M CO3/IaBaeMOe UM MarHUTHOE
110JIe JIOJI>KHBI YMEHBIIUTbCs. [lodTn cro Jer Ha-
331 Kamepamar-OHHec Jlazke BO3MJI 9TOT IUJINHIIP
C 3aMOpOKEHHBIM TOKOM 13 JIefigeHa Ha asporiaHe
Ha KOH(MEPEHIINI0 10 CBepXIpoBoauMocT B JIoH-
JIOH, 9TOOBI MPOJAEMOHCTPUPOBATH UYyJIECHOE siBJIe-
HIEe He3aTyXalollero Toka. HUKakoro ymMeHbIIeHMsI
10JId 0OHAPY2KeHo He ObL1o. Ceifyac MOHATHO, UTO
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COIIPOTUBJIEHNE JOKHO OBITH TOUYHO PaBHO HYIIIO.
OTO clemyeT W3 TOTO, UTO TPOTEKaHWe TOKa 10
CBEPXIIPOBOIHUKY - 9TO KBaHTOBHIN 3pdekT. [Tope-
JIeHIe 3JIEKTPOHOB B CBEPXIIPOBOJIHUKE DPEryInupy-
eTcs TeMM »Ke 3aKOHaMM, YTO W B aTOMe, U IINPKY-
JUPYIOMINI IO CBEPXIPOBOAHUKY 3aMKHYTHIT TOK B
9TOM CMBICJIE aHAJOTMYeH IBIXKEHWIO SJI€KTPOHOB
Ha aTOMHBIX OpOUTAaX.

Terepb 0 CBEPXIIPOBOJUMOCTH Mbl 3HAEM IJIaB-
HOE - 9TO KBAaHTOBOE ABJIEHIE B MAKPOCKOITMIECKOM
IPOABJIEHNN, U KaXKETCd, YTO OCHOBHBIM TOPMO30M
Ha IIyTHU ee IpUMeHEHNs Ha IIPAKTUKE CTOSAT He Teo-
peTudecKue 3aJadn ee yryryOJeHHOIO M3ydeHus, a
YUCTO TEXHOJIOTMYIECKUE IPOOJIEMbI: PAOOTHI C XKIJI-
KUM T'eJIieM TaK 1 OCTAIOTCA CJIUIIKOM TPYI0EMKH-
MU W JIOPOTOCTOSIIUME, & TEXHOJIOIMU CBEPXIIPO-
BOJJHUKOB a30THOI'O YPOBHS JIO CUX IIOP HE OCBOEHHI.

1 Bce-takmu riaBHag mpobJieMa JI0 CHUX IIOP CO-
CTOUT B IOHUMAaHUN (PU3UKU CBEPXIIPOBOIMMOCTH.
Koneuno, crupapejusbl ciioBa P.Kupxroda o Tom,
YTO HET HUYEro mpakTu4iHee Xopoireil Teopun. I1o-
9TOMY, HECMOTPA Ha OYEBUIHYIO U HCKJIIOUYUTE b
HYIO BayKHOCTBH BOIIPOCOB, CBA3AHHBIX C IPUKJIAJI-
HBIMI CBOMCTBaMU 1 TEXHOJIOTHUIECKUMHU ITPOOIeMa-
MU CBEPXIIPOBOJHUKOB, HI2KE OHU PacCMaTpPUBATH-
csl He OYIyT.
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CaMoit BaxKHOI 3aj1a4eil Teopun PyHTaMeHTA b
HOUM CBEPXIIPOBOAUMOCTU ABJIAETCA TOHUMAHUE TO-
ro, 3a CYeT KaKuX (PU3NUECKUX MeXaHU3MOB 00-
pa3yeTcd CBEpPXIIPOBOIAIEE COCTOAHNE, HAXOKJIe-
HUE 3aBUCUMOCTENl OCHOBHBLIX TapaMeTpPOB CBEpPX-
MTPOBOTHUKOB OT JAPYIUX (PU3NIECKUX CBOMCTB 1
MIPEOI0JIEHNE TOr0, YTO MOKA TEOPUd CBEPXITPOBO-
JTUMOCTH HE CMOIJIA CIEeJIATh - O0bACHUTHL TOUYEMY
TOT WJIM MHON CBEPXIIPOBOJHUK HMeeT HadJIIoj1a-
eMble KPUTUYECKYIO TeMIlepaTypy U KpUTUYEeCKOoe
110JI€.

IMeHHO 9TO 1 OpeJIe/ a0 I0/IX0, K HAllMCAHUTO
JTaHHOM KHUI'U.

B ee mepBoit wacTtu obpaleHo BHUMaHHUE Ha Te
IIaryu, KOTOPbIE JeJAJIUCh, IYTOObI ITOHATH CyTh $B-
JICHU CBEPXIIPOBOJAUMOCTHI U CBEPXTEKY4eCTU U Ha
T€ TPYJHOCTU C KOTOPBIMU HayKa CTOJIKHYJIaChb Ha
9TOM IIYTHU.

Bo BTOpoil wacTu paccMOTpeH I0JX0jl K 00bsic-
HEHUIO CBEPX-ABJICHUN KaK Pe3yJibTaTy yIopdipove-
HUST HYJIEBBIX KOJIEOAHWI U IIOJIy9YeHbI TeOpeThde-
CKUe [IpeJiCKa3aHnd JJid KPUTUYECKUX [1apaMeTpPOB,
COTVIACYIOIINECA C JIAHHBIMU U3MEPEHUN.
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2. OTKpbITHE CBEPXIIPOBOJIUMOCTHI

"I modu max orce mourno 6¢€ nomom

6 MEOPUAL NOCNACUAY GEEPL THOM. ..
Bece amo 6vino matinot das wodet

U CMaso UM omrpuimo suws nozduet. "

['éTe, «DaycT»

[Teperon H.X0/101KOBCKOTO

B konrie #Hos16ps 1911 rozma B mevaTh MOCTYIINIIA,
cTaThd, HamucaHHasg Xeiike Kamepamur-Onaecom
|16], pyxoBoguTeneM TepBoit B Mupe J1abopaTo-
pUN JIJIsT UCCTASTOBAHUS (DUBNKM HU3KUX TeMIlepa-
Typ, CO3/IaHHOU UM B JIeileHCKOM yHUBEPCUTETE.
B sT0it cTarbe onmcaHo 3amedaTe/IbHOE SBJIEHUE -
II0JTHOE MCYE3HOBEHHE 3JIEKTPUIECKOI'O COIIPOTUB-
JleHns pTyTH, HaszBaHHoe X.Kamepsunr-Onnecom
CBEPXIIPOBOIMIMOCTBIO.

X.Kamepaunr-Onnec 3aK0HOMEPHO IIIeJT K CBOe-
MYy OTKPBITHIO, XOTd, KaK KayKeTCs, U IIPOU3O0IILIO0
OHO MMEHHO B 9TO BpeMs OoJjiee WU MeHee CJIy-
yaitHo. OH ObLI HepBBIM ydueHbIM XX BeKa HOBOI
bopmaruy, MOCTaBUBIIMM MHIYCTPUIO Ha CJIY2K-
oy dusuke. Ero uccienoparesbekas j1abopaTopusd
OaszmpoBajach Ha HACTOAIIEM 3aBOJE XOJIOIA, CO-

OpaHHOM U3 pa3pabOTAHHBIX UM PedPUIKEPATOPOB.
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Puc. 2.1. Xeiike Kamepaunr Omnec

ODTOT TPOMBIILIEHHBI TOAX0A JajJd eMy Ha H0J-
rue 1ojibl (15 sier!) mpemMytecTBa MOJTHON MUPO-
Boil "MoHomosimu" PabOThl ¢ HUBKUMU TeMIIePaTy-
pamu. [UiaBHOE, OH IOJIy4YWJI BO3MOXKHOCTb IIPO-
BOJIUTH TBEPJOTE/IbHbIE MCCJIEJ0BAHNUA BILIOTH JI0
TeMIIEPATyP KUIKOI'O I'eJildsi, KOTOPbI KUIINT IIPU
armoccdepruom jgasiennu npu 4.18 K. On nepsbim
IOJIYy4rJI ero 2KuJkuM B 1908 1. m HayaJr ¢ ero nomo-
b0 ILJIAHOMEPHBIE HCCJIEI0BAHUA JIEKTPUIECKO-
ro conpoTupjieHusd MeTasioB. Torma u3 OoJee paH-
HUX SKCIIEPUMEHTOB ObLIO M3BECTHO, YTO C IIOHMU-
YKEeHHEM TeMIIePaTyPhl 3JEKTPUIECKOe COIPOTUB-
JIEHEe MeTaJsIJIoB yMeHblnaeTcd. [Ipudem ocraTod-

HO€E COIIPOTHUBJIEHHE MX OKa3bIBaJIOCb TEM MEHBIIIE,
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yeM guire MeTasul. [1oaToMy BO3HUKIIA njied u3Me-
PUTDH 3Ty 3aBUCUMOCTD y UUCTOH IJTATUHBI U 30J10-
Ta, HO OYNCTUTh UX B JIOCTATOYHOI Mepe B TO Bpe-
Msi ObLIIO HEBO3MOXKHO M TYT IIPOABUJIACH CJTydaii-
HOCTb. PTyTb Oblila e IMHCTBEHHBIM METAJIJIOM B T€
I'0Jibl, KOTOPBIH JTOMYyCKaJl O9eHb BBICOKYIO CTEIEHb
OYMCTKH ITyTEM MHOTOKPATHON IeperoHKu. JIpyrasd
CJAYYaiHOCTH B TOM, YTO CBEPXIIPOBOIAIINN Iiepe-
XOJl B pTyTH mpoucxoanT npu 4.15K, 9yTb-4yTh
HIDKe TeMIlepaTyphbl KUIEHNA TeJiisd, HO 3TO IyTh-
IyTh CO3/AJI0 BIIOJIHE JIOCTATOYHBIE YCJIOBUSA IS
OTKPBITHSA CBEPXIIPOBOANMOCTH y7Ke B ITEPBOM IKC-
IepUMeHTe, MPOBEJeHHOM YUYeHNKOM KamepamHr-
Omnneca - 'maiaom XojicroM. 9TH U3MeEpPeHUsi I10-
Ka3aJI1, ITO JIEKTPUIECKOe CONIPOTUBIEHNE § PTY-
TH CHa4aJa MOHOTOHHO yMeHbIaeTcsd, a Bomsn 4K
npomagaet noaHocThio. [amgaer mo myma!l (ITo kpait-
meit Mepe 10 1072*Om-cm. JInda cpaBHeHUs, y Me-
TN TIPU 9TOU TeMIIepaType COIPOTUBIEHNE O IKA
107Om-cm). Crieryer 3aMeTHTb, YTO B CBOMX H3Me-
pennsax X.Kamepaunr-OHHec MCIOIB30BaT OTKAd-
Ky TIaPOB TeJINs, & C ITIOMOIIHIO OTKATKI MOYKHO 3Ha-
YATEJILHO TOHU3UTL TeMIIEPaTypy Teaus, JOCTUT-
HyB TemIiepaTypbl okojio 1K. Baromapsa orkatuke
Bckope X.Kamepmur-OHHECOM 1 €ro COTPYIHNKA-
MU OBbLIa OTKPBITa CBEPXIPOBOJINMOCTH B OJIOBE, a
TIOTOM U B APYTHX METAJIaX, IPUIEeM HeobsI3aTe b
HO OYeHb YNCTBIX. CTeleHb YUCTOTHI MAJIO BJIUSIET
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Ha CBEPXITPOBONAIINIT TIepexo. VX oTKpbITHeM ObI-
JIO TaK»Ke CYIIeCTBOBAHUE BJIMSHUS Ha CBEPXIIPO-
BOJIHUKN MarHuTHOro 1mojsd. OHM ompemaenin, Ta-
KM 00pa30M, CYIIEeCTBOBAHUE JBYX IJIABHBIX KPH-
TepreB CBEPXITPOBOJHUKOB - KPUTUUECKYIO TeMITe-
paTypy M KPUTHIECKOE MarHUTHOE ToJIe.”

B nmame Bpema nHagarwie X.Kamepanar-Ouuecom
NCCTIeIOBAHUS 110 (pU3NKe HU3KUX TEMIIEPATyp pas3-
BUBAIOTCA BO MHOI'MX Jiaboparopusax Mwupa. Ho
n cuycrda 100 jer cruiab padoOThl, CO3MAHHbIN
X.Kamepaunr-Onnecom B Jlefiienckoit KpnoreHHoi
JabopaTopuu, Jlaxke Ha MHOI'O IIOBUJIABIINX Ha CBO-
eM BeKy CIIEeIUAJIUCTOB IIPOU3BOJUT OYEHb CUJIbHOE
BIIEYATJIEHUE U 110 HPOJyMAaHHOCTU CBOEN HAy4YHON
IIOJINTUKU, U 110 MOIIHOCTU TEXHUYECKOIT OCHAIIEeH-

HOCTH.

23aMeanean0e ONKCAHUE COOBITHX, CBABAHHBIX C OTKPBITUEM CBEPXITPOBOIH-
MOCTH, TA€T B CBOMX BOCHOMUHAaHUAX Jjiaypear Hobenesckoit nmpemun B.JI.T'uu36ypr.
On obparwyi BHUMaHUE HA OCOOEHHBIM STUYECKUI ACIEKT, CBI3aHHBIA C 9TUM OT-
kpbitueM. [unzbypr numer [17]: "CeepxupoBozsiiuii cka4ok u BoOOLIE CBEPXIIPO-
BOJVWMOCTH B SIBHOM BHJE BIEPBbIE HAOIIONAN TTPOBOIUBIIII U3MEPEHUS COTPOTUR-
nenus pryru [.Xomcr (Gilles Holst). 9to 6but kBamudunuposanubiii dhusux (B
JaJIbHEHIIeM TepBbIi TUPEKTOP UCCIeI0BATEILCKUX Jaboparopuil ¢hupmMblr Ouuric
u npodeccop Jleitnenckoro ynusepcurera). OnHAKO €ro uMs B COOTBETCTBYIOILEH
nybsmkauu Kavepaunr-Ounneca jaxke He ynomunaercs. Kak ykasano B [18], cam
Xouicr, o-BuMMOMY, He cauTas Takoe orHomenne Kamepiunr-Onneca Hectipase/i-
JIUBBIM ¥ HEOOLIYHBIM. MHE cuTyamusi He fICHA, JJId HaIlero BPEMEHU OHa, COBep-
IIIEHHO HEeOoObIYHa; BO3MOXKHO, 90 Jjier Ha3a/ HPaBbI B HAYYHOM COOOIIECTBE ObLIN
coBceM uHbIME."
JeiicTBUTEIBEHO, BEJINKOE OTKPBLITUE, HO "0 tempora, o academica mores!"
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[nasa 3

OcHOBHBIE BEXW B MCCJIEJOBAHUN
CBEPXITPOBOINMOCTH

[lepBeIe 22 TOma mOCHE OTKPBITUA CBEPXIIPOBO-
JIMMOCTH €€ MCCJIeJOBAaHUAMI 3aHUMaJIaCh TOJIHKO
Jleitnenckas jaboparopus X.Kamepaunr-Onneca.
Ho x 30 romam mponmioro Beka OXKU>KUTEIN TeJIs
CTaJIl TOABAATHCSA U B APYIUX MecTax, U K HCCJIe-
JIOBQHUSIM CBEPXIIPOBOAUMOCTU CTaJN TOJAKJIIOYAT-
cs Ipyrue jabopaTopuu. 3HAUNTEIbHON BeXoil Ha
STOM IIYTHU CTAJI0 OTKPBITHE abCOJIIOTHOTO JraMar-
HeTU3Ma CBEPXITPOBOAHIKOB B 1933 1. /1o TOT0 Bpe-
MEeHU CBEPXITPOBOJHUKN pacCMaTPUBAJIMCh KaK MJle-
aJIbHbIE MPOBOJIHUKN. JPPEKT, OTKPBITHI Meiic-
caepom 1 Oxcerderbaom [19], cocTosAn B ToM, |ITO
IIpU OXJIarKJeHle CBEPXITPOBOJHNKA, HUYKE KPUTHe-
CKOIT TeMIiepaTyphl B TIOCTOSIHHOM 1 HE 0UeHb CUJIb-
HOM MarHUTHOM TI0JIe TTIPOUCXOAUT €0 BhITAJIKNBa-
HIe 13 00beMa CBEpXIpOoBOAHMKA. [lose BhITAIKH-
BaeTCd He3aTYXaIoIUMU TOKaMU, KOTOPble TEeKYT

I1O €Tr'0 IIOBEPXHOCTMN. 1

1I/IHTepeCHo, aro Kamepauar-Onuec uckan 31or 3ddeKT u mpoBoIu Hoa00-
HBI 9KCHEPUMEHT OYTU HA JABA/IATH JieT panbiie. Ho Torga u3-3a BbIHY K I€HHOR
9KOHOMUU JKUIKOTO TEJIUsT, KOTOPBIH OXKUIKAJICA C OUEHDL OOJIBITUME TPYIHOCTS-
MU, OH WCIOJIb30BAJI B CBOMX M3MEDPEHUAX TOJIbIi TOHKOCTEHHBIH CBUHIIOBBIN IIIap.
B TakoMm mape mMarHuTHOe moJie Jerko "samopaxkupaerca'" um adpdexr Meiicaepa
MACKUPYETCsI.
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Puc. 3.1. bparea Xaitam u @purg JIoH10HbI

1. Teopua ®@. nu X./IongoHoB

BoJibiioit BKJ1a B pa3BUTUE HAYKU O CBEPXIIPO-
BOAHUKAX BHecau Oparbd Ppurn m Xaitni JIoH1o-
HBI, [IPEIJIOXKUBIINE €€ IIePBYI0 PeHOMEHOIOTnYe-
cKkyto Teoputo. OHU BBEJIM IIPEJCTABJIEHUE O TOM,
YTO SHEPreTHYecKad IeJIb OIPEee/IdeT CBEPXIIPO-
BOJSIIIE CBOMCTBA METAJLJIOB, IIOCTYIUPOBAJIA MaK-
POCKOIIMYECKYI0 KOIM€PEHTHOCTH CBEPXIIPOBOJISIIE-
I'0 COCTOSIHUA JIJIsi OJHOPOJIHBIX CBEPXIIPOBOIHU-
KOB, IIpeJCcKa3a/ill KBaHTOBaHIUE MAarHUTHOI'O IIOTO-
Ka, BBEJIU IIOHSTHUE IVIyOMHBI IIPOHUKHOBEHMS I10JIsI

B CBEPXIIPOBOJHUK U BBIBEJIU JJId HEe ypaBHEHUE.
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Crenyer OTMETUTb, 49TO Wjed W METOJUKa II0JIy-
YeHUsI CBEPXHU3KUX TEMIIEPATYP METOJIOM PacTBO-
pennd He-3 B He-4 npunajyiexkut Takxke XalHILy
Jlongony.

1o oTKpbITHA dBJIeHnA abCOTIOTHOIO AuaMarHe-
TU3Ma CBEPXIPOBOAHUKOB, OHU PAaCCMaTPUBAJINCH
KaK a0COJIIOTHBIE ITPOBOJHUKY WX IIPOCTO METAJLIIbI
C HYJIEBBIM CONPOTHBIeHNEM. Ha TepBBIit B3T/IAN
pPa3HULIBI 0COOEHHOM HET: eC/I Mbl UACAJIbHBIHN IIPO-
BOJAHUK BHeECeM B MarHuUTHOE I10Jie, TO Ha €ro IIo-
BEPXHOCTU WHIYIUPYETCA TOK, KOTOPBIIA BBLITOJIK-
HET 9TO TI0Jie, T.e. MPOABUTCA AuaMarHeTusMm. Ho
ec/IM cHavdaJsia HaMarHUTUTh 0O0pasell, IIOMECTUB ero
B I10JIe, M TOJIbKO 3aTeM OXJaXKIaThb, TO HUKaKO-
ro JuaMarHeTu3Ma IPOABUTHCA He J0JKHO. OIbIT
Meiiccaepa n Oxcendenbaa moKa3aJ, YTO Pe3yib-
TaT He 3aBUCUT OT UCTOPUH. BHYTPH CBEPXITPOBO/I-
HUKa BCErJa PaBHO HYJIIO U COIPOTUBJICHUIE

(1) p =0,
N MaT'HUTHaAd MHIYKIINA:
2) B=0.

Qakrugeckn Teopud Jloumonos [20] mpemcras-
JisieT co0O IOIBITKY HAJIOYKEHUS 9TUX YCJIOBUN Ha,
ypapaennss Makcsesta. IlpencraBuM KpaTKO BBI-

BOJ, ypaBHeHHU! JIOHIOHOB MPUMEPHO TaK, KaK 3TO
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OOBIYHO JIeJIAeTCA B IEPBBIX IJIaBaX OOJIBIIMHCTBA
KyPCOB CBEPXMPOBOINMOCTH, Hampumep [21],[22].

B coorBeTcTBUM ¢ 3akoHOM HbI0TOHA CBOOOTHEBIE
9JEKTPOHBI TTPUOOPETYT YCKOPEHIE

6 a=""

ecJIM Ha HUX I10/IeICTBOBATH JIEKTPUIECKIM I10JIEM
¢ HaIpszKeHHOCTHIO K.

Hampapiennoe jBuzkeHne 3JIeKTPOHOB CO3JIaCT B
ITPOBOTHUKE TOK C ILJIOTHOCTBIO:

(4) j=engv,

371€Ch Mg - IJIOTHOCTL ' CBEPXIIPOBOISIIETO" DJIeK-
TPOHHOT'O Ta3a,
V - CKOPOCTb €r0 HallpaBJIEHHOTO IBUYKEHIS.
[TpomudpdbepennnpoBaB 9T0 ypaBHEHUE 10 Bpe-
MeH! 1 TofcTaBuB (3), JIOHIOHBI Oy IHIH:

d . nge>
(5) —j =ensa=

E.
dt Me

OTO ypaBHEHUE, Ha3bIBa€MO€E II€PBLIM YpaBHEHHEM
JIOHIOHOB, TTOKa3bIBAET, UTO MPHUJIOXKEHNE K CBEPX-
IIPOBOJIHUKY SJIEKTPUYECKOTO HAPAXKEHUA BbI3bI-
BaeT WM3MEeHeHHe 3JeKTPUIecKOro TOKa. B oT/im-
yre OT HOPMaJibHBIX IIPOBOJHUKOB, JIJid IIPOTEKA-
HUS CTAIlMOHAPHBIX TOKOB B CBEPXITPOBOIHUKE TIPU-

KJIaJAbIBaTb HaIIPAXKEHNE HE HY2KHO.
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[Ipumenenne onepaiuu rot K 00eUM JacTsaM STO-
I'0 PaBEHCTBA, UCITOJIL30BAHIE 3aKOHA, DJIEKTPOMAT-
unTHOi nuAyKInm Papages rotkE = —%% TTPUBO-
IUT K COOTHOIMEHNIO MEYKIY TIJIOTHOCTBIO TOKa M
MarHUTHBIM TT0JIEM
nge’

B)=0.

(6) d tj+
— | rot j
dt MeC

OTO COOTHOIIIEHE COBMECTHO ¢ ypaBHeHueM Maxc-

BeJIIa

4
(7) rot B = %Tj

OTIpejiesisieT MArHUTHbIE TMOJIs ¥ IJIOTHOCTH TOKA,
KOTOpBIE MOT'YT CYyIECTBOBATH B WJIEAJHHOM ITPO-
BOJIHIIKE.

Hna ydaera sdpdexra Meiicaepa-Oxcendenbia
JIoHIOHBI BBIOpAIN M3 TOJHOTO HabOpa CTaTHHve-
CKUX pertennii ypapuenusi (6) pernienue:

2

(8) rot j + ey - ()
MeC

OHo HOCHT Ha3BaHuMe BTOPOTO ypasuenusd Jlommo-
1oB. CMBICT 3aMenbl ypaBHenus (6) 6osree XKeCTKIM
ypaBHeHneM JIOHIOHOB 3aK/II09a€TCSd B TOM, HUTO
13 UX YPABHEHUS HEMOCPEICTBEHHO CIEIyeT CYIIe-
creoBaHue apdexTa Meiicaepa. /leficrBuTe/bHO, 13
ypasrenuit (7) u (8) mosyqaem

Arnge?

(9) VB = B

MeC
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CBepX- Ar,107%cm N
npoBOHUK | n3Mepero [23] | no dopmyse Ne Ns/MNe
(11) U3MEPEHO
Tl 9.2 3.3-10°T |1.05-10% | 0.03
In 6.4 6.9 - 10%! 1.2-10% | 0.06
Sn 5.1 1.1-10%2 1.4-10% | 0.07
Hg 4.2 1.6-10%2 | 8.5-10%2 | 0.18
Pb 3.9 1.9 -10%2 1.3-10% | 0.14

TapaunA 3.1. JlonpoHoBckas riiyOouHa U IJIOTHOCTH HOCUTE e

Arn e’

(10) Vi =

MeC
CorsacHO 9TUM ypaBHEHNAM TOKHM U MArHUTHBIE T10-

JId B CBEPXIIPOBOJIHUKAX MOT'YT CYIIECTBOBATH TOJIb-
KO B IIPUIIOBEPXHOCTHOM CJIO€ TOJIIAHOI

(11) AL =

KOTOpas Ha3bIBAETCS JIOHIOHOBCKO# TUIYOMHOIT TTpO-
HUKHOBEHUSI.

JIoHI0HOBCKaA TUIyOMHA TTPOHMKHOBEHWS - OJTHA,
13 M3MEPUMBIX XapPaKTEPUCTUK CBEPXITPOBOIHIKOB,
1 JIJIss MHOI'MX W3 HUX OHA COCTaBJIAET HECKOJIbLKO
coren Anrcrpem [23]. B Tabsune (3.1) usmepentoe
3HAYEHUE A7, [IPUBEIEHO BO BTOPOM CTOJIOIIE.

OHAaKO ILJIOTHOCTH CBEPXIIPOBOJSAIINX HOCKUTE-
neit ng (em. cpenmmit crosber; Tab.(3.1)), paccuan-
TaHHAs B cOOTBeTCTBINU ¢ (bopmystoii (11) ¢ ucrosnb-
30BaAHMEM 3THUX SKCIEPUMEHTAJbHBIX JAHHBIX, I10-

JIYH9a€TCA 3aBBIIIEHHON HA HECKOJIBKO [IOPALKOB.
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JleficTBUTEIbHO, B CBEPXIIPOBOIAIINI KOHAEHCAT
MOXKET BBINACTH JIMIIL MaJiasd J0Jd SJIEKTPOHOB
POBOJUMOCTH U3 TOHKOM II0JIOCKK SHEPreTUYeCcKO-
ro cruexkrpa Boausu Ep. Pacyer ux miorHocru B 3a-
BUCUMOCTU OT BEJIMYMHBI IEJIM IPUBOJAUT K PABEH-
ctBy (90). [TosToMy MOKHO OXKHUJIATH, 9TO KOHIIEH-
Tpalsl CBEPXIIPOBOSIINX HOCUTEIEH Cpeiy Beex
CBODOJIHBIX JIEKTPOHOB MeTaJlla JO0J2KHA OBITH Ha
ypoBHe [* =~ 107 (cm.(87)). B o Bpems Kak 3Ta
KOHILIEHTPALUS, II0JIy4aloIascs B PE3yJbTaTe pac-
geta 110 hopmyste (11) Ha HECKOTBKO MOPsiKA TIPe-
BBIIIAET 9Ty BEJUUUHY (CM. TOCTIETHUET cToJberr
TaOJIUIIbI ).

[Iprunna Takoro pacxoxKaeHus, Io-BUJIUMOMY, B
IPUMEHEHNN HEe3KBUBAJIEHTHOIO IIPeobpasoBaHusl,
MCIIOJIb30BAHHOIO P BBLIBOJE JIOHJIOHOBCKON IUIy-
ounbl. Ha mepBoM sTarme B paBeHCTBE (3) pedb UjeT
O MPAMOJUHENHOM YCKOPEHUU IO/ JIeCTBUEM I10-
CTOAHHOIO 3JIEKTPUIECKOro IoJist. Paccmarpusae-
MBbIii HCXOZIHBIM ypaBHEHUEM (3) TOK He UMeeT Iup-
KYJIALUY, ¥ II03TOMY IIPUMEHEHNEe Ha BTOPOM STalle
orepanuu rot B ypaBHeHUN (6) K 9TOMY CJIyUar0 He
KoppekTHO. OHO BejleT He K ypaBHeHuUIO (8):

rot j

(12) M€ — —17
ec D

a K IIape PaBeHCTB:
rot j =10

(13) LER = ()
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1 HEOIIPpEACJICHHOCTU

rotj 0
(14) o2 - 6
mec B

KoppeKTnpoBka COOTHOIIEHUsST JIOHJOHOBCKOI

TIyOMHBI ¢ IJIOTHOCTBIO CBEPXIIPOBOIAIINX HOCATE-
neit Oynet mama B pasmese (8).
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2. Teopusa I'mu3b6ypra-Jlangay

DeroMeHOJIOTUYIECKAA TEOPHUs CBEPXITPOBOINMO-
cti JIOHIOHOB HEe YUYNTHIBAET KBAHTOBBIE 3(DdeK-
Tel. Teopusa |24|, npegnoxkennas B.JI.I'uu3byprom
u JI.JI.Jlangay B nagaye 50-X T0/I0B MPOIIIOTO Be-
Ka, MCIIOJIb3YeT JJIsd OMMCAHUA CBEPXIIPOBOJIHUKOB
MaTeMaTUIeCKuyl alapar KBAHTOBON MeXaHUKU.
Ho Tem ne menee ona spjsgercs (heHOMEHOJIOTHYe-
CKOI1, T.K. He 3BaHUMAaeTCs UCCIeJ0BaHIEM BOIIPOCa, O
IIPUPOJIe BOSHUKHOBEHUA CBEPXIIPOBOJIUMOCTH, XO-
Tl KQUECTBEHHO M KOJMYIECTBEHHO OIMCHIBAET MHO-
I'leé CTOPOHBI XapaKTEPHBIX JIjid Hee 3(PPEKTOB.

B kBaHTOBOIT MeXaHMKE J1JIs1 ONMCAHNA JIBUXKEHUSI
JACTHUIL UCIOJIb3yeTcsd BosiHoBast yukiusg V(r,t),
XapaKTepu3yIolias I10J0KeHNe YaCTUIIbl B IIPO-
crpaHcTBe u BpeMenu. B ['JI-teopunm mnomobnas
byHKIMS BBOAUTCS 710 OIMCAHUS BCEro aHcaMOJIs
CBEPXIIPOBOAAIINX YACTUIL 1 HOCUT Ha3BaHUE I1apa-
MeTpa IOoPsJiKa, a ee KBaJpaT oIpeesseT KOHIIeH-
TPAIIIO CBEPXIIPOBOJAAIINX YACTHII.

B cBoeit ocaose ['JI-Teopud ucmoab3yer anmapar,
paspaboraHublil Jlangay g onrcaHus epexoJioB
TOPSITOK-0eCIOPsIIOK (TIEPEXo/Ibl BTOPOTO POJIa 110
kiaccudukanuu Jlangay). Corracto Jlarmay, nepe-
XOJ CUCTEMBI B DoJiee YIOpsI0YeHHOe JIOJI?KEH CO-
IIPOBOXKIATHCS YMEHbIIeHeM CBOOOIHOIN SHeprun
Ha BEJIUUINHY:

b
(15) AW = —a -ns + §n2
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37eck a u b - mapaMerpsl Mojiesin. Bocmoab30BaB-
MICh TPUHINIIOM MWHUMYMa CBOOOIHON SHEPrun
CUCTEMBI, HAXOOAIIENCA B YCTONYNBOM COCTOSTHUN,
MOYKHO HANTU COOTHOIIEHNE MEeXKJIY ITUMU [apa-
MeTpaMu:

d(A
(16) %z—cwrb-ns:o.
OTkyma
(17) h= "
=

1 BeJIMYMHA BBIUI'PHIINIA SHEPIUM IIPU IIE€pexojie B

VIIOPAJ0YEHHOE COCTOAHUE:
a

(18) AW = ——ng.
2
OOpaTHBIN TIepexod M3 CBEePXIPOBOSIIEr0 CO-
CTOSTHISA B HOPMAaJIbHOE MPOU30iIeT B MarHUTHOM
moje ¢ KPUTUUIeCcKoit HampsxKeHHocTbio H.. Ilpm

9TOM IIOTpedyeTcs COo34aTh IJIOTHOCTH MarHUTHOM
2

H
sHeprun ¢<. B cooTBETCTBUM € STUM IOJIYYaeTCs

PaBEHCTBO:
H? a
— = —N.
s 2

g Toro uToOBI BRIpasuTh napamMerp ['JI-Teopun a
yepes pu3ndIecKre XapaKTePUCTUKI 00Pa3Iia, BesIu-
YUHY IIJIOTHOCTU ' CBEPXIPOBOISIINX" HOCUTE e

06braHO GepyT n3 ypasnenns Jlomgonos (11). 2

(19)

QCJIeLLy(-ET OTMETHUTD, ITO B CBA3U C TEM, UYTO ypaBHeHME JIOHI0HOB HEKOPPEKTHO
OIIpeiesisieT COOTHOIIEHNE TITyOUHBI MPOHNKHOBEHUS C TIOTHOCTBIO HOCUTEJIEH, /15
HAXOXK/IEHUS @ CJIeJyeT 110JIb30BAThCH yTOYHEHHbIM paBencTsoM (116)
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Bazkaeim marom B ['JI-Teopun siBisieTca mepexo;n
OT KOHIIEHTPAIMK ' CBEPXIIPOBOAAIINX" HOCHTE el
Nns K IIapaMeTpy mopgiaxka W

(20) |¥(2)]* = ns,

IpU KOTOPOM (B OJTHOMEDHOM CJIydae) CTaHIapTHOE
ypasrenne Illpenunrepa npuobperaer Bu;

h b
(21) 5 VU (2)] — al?(x) + 5\114(@ =£.
CHOBa BOCIIOJTB30BABIINCH YCJIOBUEM MUHUMYMa

SHEPrun

d&
T
1I0CJIe HECJIOXKHBIX IIpeoOpa30BaHMil IOJydaeTcd

ypaBHEHNE, KOTOPOMY YAOBJETBOPAET IlapaMeTp
MOpsAKa PAaBHOBECHOIT CUCTEMBI:

(22) 0

, 1/ 2 \’
(23) aV + bV |V|*+ — AV +—A | U =0.
4m, C

OTO ypaBHEHHE HOCUT Ha3BaHUE IIEPBOI'O ypaBHE-
Hus ['masOypra-Jlangay. Ono nenuneitno. I xord
AHAJIMTUYIECKOIO PeIlleHrsl Y Hero He CYIIeCTBYET,
IIPU UCIIOJIb30BAHNE PA3JIOXKEHNN BXOAAIINX B HEI'O
[IapaMeTPOB, yIAaeTcd C ero IIOMOIIbI0 HalTu pe-
[IeHU JIjId MHOTMX 33Jad, CBA3AHHBIX C M3MEHd-
FOIMCS ITapaMeTPOM IIOPsifIKa - ¢ (PU3MKOI TOH-
KIX CBEPXIIPOBOJIANINX ILJICHOK, I'PAHUIIAMU pa3Jie-
JIa CBEPXIIPOBOJHUK-METAJLI, ABJICHUSIM BOJIU3U K

KPUTUYECKOIT TeMIiepaType U T.JI.
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Bapuanua ypasuenus Ilpemunrepa (21) 1o
BEKTOp-TIOTeHIIaJIy A JaeT BTopoe ypaBHenue ['JI-
TEOPUN:

: 2
1) .= T e - wver) - 25
2m€ meC
OTIpeJIENIAIoNIee TIOTHOCTH CBEPXITPOBOJAIIETO TO-
Ka. DTO ypaBHEHME II03BOJISIET IIOJIYUYUTH SICHYIO
KapTUHY BayKHOT0 3ddeKTa CBEepXIPOBOINMOCTH -

KBaHTOBaHUA Mal'HUTHOI'O IIOTOKa.

UA,
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3. DKcruepuMeHTAJbHbIE JTaHHbIE, BaXKHbIE
JJisd TOCTPOEHUdA TEeOpUun
CBEPXNPOBOJIMMOCTH

3.1. Ocobennoctu ¢a3oBoro mepexoja.
Paz30BBIE TTEPEXOABI MOTYT MPOUCXOAUTH CO CKad-
KOM TIEPBBIX MPOU3BOIHBIX TEPMOIUHAMUIIECKOTO
MOTEHITNAIa U CO CKAIKOM BTOPBIX MTPOU3BOIHBIX
IIpU HeITPEPBIBHOM M3MeHeHUN MepBbIX. [lo Tepmu-
nosqorun JI./.JIarmay sTo dasoBwie mepexombl 1-
ro u 2-ro pojon. K dazoBbiM mepexogam 1-ro po-
Ja OTHOCATCA SABJIEHUA C MEePeCTPOUKON KpPUCTaJI-
JINIecKO CTPYKTYPHI BEIIEeCTBA, IEPEXOMbl THUIIA,
TIOPSATOK-0ECIIOPS 0K OTHOCATCS K IIepexoiaM BTO-
pPOTO Po/ia.

I3Mepennsa MOKa3bIBAIOT, ITO TPU CBEPXIIPOBO-
TAIIEeM TIepexo/ie OTCYTCTBYIOT M3MeHeHUsI CTPYK-
TYPBbI, BBIIEJICHUS CKPBITOM TEIJIOTHI K TOMY I10100-
Hble ABJIEHWS, KOTOpPble XapaKTepHbI IJIsd Tepexo-
JI0B TIepBOro poda. Haobopor, TermmoeMKocTh B TOU-
K€ HTOT0 Mepexo/ia TepIuT pas3phiB (cM.HIKe). Bee
9TO OJHO3HAYUHO YKa3bkIBAET Ha TO, UTO CBEPXIIPOBO-
OAIMIH TTepexol, CONMPOBOXKIAECTCA N3MEHEeHeM TI0-
panka. [lomHoe oTcyTcTBIE M3MEHEHNH B CTPYKTY-
pe KPUCTAINYIECKO PEIeTKH, TOKa3aHHOe PEHTTe-
HOBCKUMI M3MEPEHUSIMN, TOBOPUT O TOM, UTO STOT
mepexojl eCTh YCTAHOBJEHUE TOPSA/IKa B CHUCTEME
9JIEKTPOHOB.
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3.2. DHeprerndeckas IMejib 1 TEIJIOEM-
KOCTb CBEPXIPOBO/IHUKA.

3.2.1. Ouepezemumeckads uesv 6 c6EPTNPOGOIHU-
xax. Hapsgmy ¢ peHTTeHOBCKUMHU MUCCIeI0BAHUSAM,
KOTOpbIe He 00HAPYKUBAIOT U3MEHEHUA CTPYKTYPbl
B TOUKE CBEPXIIPOBOJIAIIETO IIEPEXOIA, HUKAKUX 13-
MeHEeHNI He BUJHO TYT U B ONITUYECKOM Jualla30He.
"Ha rnas" smech Humuero xe mpoucxoantT. OHAKO,
OoTparKeHue PaJIMoBOJIH IIpETePIIEBAET 3aMETHOE 13-
MeHeHHe B 9TOM Ilepexofe. /leTaabHble n3Mepennd
[IOKAa3aJI1, UTO CYIIECTBYET pe3Kad I'PaHulla B Jua-
nazone Bon 1 - 1011 + 5. 10! Tepn, pasmag na
Pa3JIMYHbIX CBEPXITPOBOIHUKOB, HUKE KOTOPON 13-
MeHeHNs B OTpaKeHU! pPaJIMOBOJIH €CTh, a BBIIIE
ee - HeT. DTO sBJIEHUE TIPAMO YKa3bIBaeT Ha, CYIIe-
CTBOBaHIE TIOPOr0OBOil SHEPrum, KOTOpasi HeoOX0 I
Ma JIJIs TIepeBOJa CBEPXITPOBOALAIIEI0 HOCUTENS B
HOpPMaJIbHOE COCTOAHUE, T.e. MEXKIY STUMU JIBYM
COCTOAHUAMHU CYIIIECTBYET dHepreTudeckasd IMiesb.

3.2.2. Tenaoemrocmsv  ceeprnposodruka. 3aKo-
Hbl TEPMOJNHAMUKHN TO3BOJIAIOT TOJYUYUTH ITPe-
CTaBJIEHNE O CYIIECTBE ABJIEHUA U3 OOIIIX PacCyK-
nennii. [TokarkeM, 9TO MPOCTOE MPUMeEHEHNE TEPMO-
INHAMIYECKNX COOTHOIIEHNI TO03BOJIAET ceaTh
BBIBOJ, O TOM, YUTO IePeX0]l HOPMaJIbHBINT MeTaJll -
CBEPXTTPOBOJHUK SIBJISIETCS TIEPEXOIO0M BTOPOTO PO-
7a, T.e. OH 00YCJIOBJIEH YIIOPAIOUYEHUEM SJIEKTPOH-
HOIl CUCTEMHBI.
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[lepeBecTn CBEPXIIPOBOJHUK B HOPMAaJIbHOE CO-
CTOAHNE MOXKHO C IIOMOIIbI0 KPUTUYECKOI'O0 Mar-
HuTHOrO moJjs H.. Taxkoii mepexoj o3HadaeT, UTO
pPa3HUILy MEXKJly CBOOOIHON SHEprueil MacCHUBHOIO
obpasma (eauHuIHOr0 00beMa) B HOPMAJBHOM U
B CBEPXIIPOBOJIAIIEM COCTOSHUU JIOMOJIHAET ILJI0T-
HOCTb SHEPIUU KPUTHUIECKOTO MATHUTHOTO TIOJIA:

2

_He

8T
CB000/1HAS SHEPI'Us, 110 OIIPEIEJIEHIIO, €CTh PA3HU-

1a BHyTpeHHeit sHepruu U u TerioBoit sueprun 1S
(S - suTpOIHIA COCTOAHMS):

(26) F=U-TS.

(25) F, — Fs

[TosTomy npuparienue cBoOOIHO SHEPIUN ECTh
(27) OF =0U —ToS — SoT.

CorytacHO TIEPBOMY 3aKOHY TEPMOJNHAMUKN B
TePMOIUHAMIIECKOM TIPOIIecce TTpupalieHne mioT-
HOCTHU TeILI0Boil 3Hepruu () ecTb cyMMa pabOTh
COBEpPIIEHHOI 00pa3IoM Ha/l BHEIIHUME TejiaMu 0 R
U IIpUPAaIIeHusi ero BHyTpeHHel sHepruu U :

(28) 5Q = R+ 6F

Tak Kax 1npu 0OpaTuMOM IIPOLECCe IPUPAINIECHUE
Te110Boi sneprun 0¢Q) = T90S, To

(29) §F = —5R — ST
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N TaKUM o6pa30M OHTPOIINA

OF
(30) s==a7).

B coorBeTcTBUM ¢ 9TUM PA3HOCTD SHTPOIHU{T HOP-
MaJIbHOTO U CBEPXITPOBOJIAIIETO COCTOSTHMT (25) MO-
JKeT ObITh 3aIMCaHa B BUJIE:

_ H. (0H.
CAx \OT ) 5

(31) S, — S,

Tak Kak 1mpu 110001t TemiiepaType KpUTUIECKOe T10-
JIe YMEHbBIIIAETCA C €€ POCTOM:

0H,
oT

(32) < 0,

TO W3 paBeHcTBa (31) ciiemyer, UTO CBEPXIIPOBO-
JISIIee COCTOAHIE SIBJIsIeTCs DoJiee YIIOPSA10UeHHBIM
- ero SHTPOINs MeHbINe. KpoMe TOro, Tak Kakx
nmpu 1T = 0 mpousBojgHAsE OT KPUTHUIECKOIO II0-
JIsl TOXKe paBHA, HYJII0, TO B 9TOH TOYKE SHTPOINN
HOPMAaJILHOT'O 1 CBEPXIIPOBOISIIET0 COCTOTHIHT PaB-
HBI 1 KaK1e-Iu00 CKauKo0OPa3HbIe U3MEHEHU TIep-
BBIX IIPOM3BOJHBIX TEPMOIUHAMUYIECKOTO TOTEHIIN-
aJ1a JOJI>KHBI OTCYTCTBOBATD, T.€. 9TO MEePEXO0 ], THUIIA
TIOPSAT0K-0ECITOPSIIOK.

[Tocko/IBKY TeImIoeMKOCTh 1o oupeaenaernio C' =
T (g—g), TO PaA3HOCTb VAEJbHBIX TEILIOEMKOCTEMN
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Cs

¢, mOoc/mone « K
o~

Cn

o4 O T T A Y O
0 a5 0 T L5 2,0
T, K

Puc. 3.2. HuzkoremneparypHas TeILIOEMKOCTh HOP-
MAaJIBHOTO U CBEPXIPOBOJISIIErO aJioMuHust [25].

CBEPXITPOBOJIAIIETO M HOPMAJIBHOTO COCTOAHUIA:

T | (0H.\* OH,
= — + H,——
47 oT 0712

(33)  C.—C,

Tax xak B KpuTmdeckoit Touke H., = 0, To u3
(33) mpsimo cremyer dhopmysia Pyrtrepca, ompene-
JISTIOIAs BEJIMUMHY CKAuKa TEIJIOEMKOCTU B TOYKE
epexoia:

T (0H.\*
(34) Co=Cr=—- o7 ).
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Teopust TEILIOEMKOCTH CBEPXIIPOBOAHUKOB XOPO-
1110 [IOJTBEPXKIAETCA SKCIIEPUMEHTAILHO. st pu-
Mepa Ha puc.(3.2) mokaszaHa 3aBHCHMOCTH HU3KO-
TeMIIEPATYPHOI TEIIOEMKOCTU AJIIOMUHKA B CBEPX-
IPOBOJLALIEM U HOPMAJIbHOM COCTOAHUSX. Ternio-
eMKOCTb HOPMAaJIbHOI'O AJIOMUHUA I[IPU STOH TeM-
[IepaType OLPee/sseTcss TOJIbKO 3JIeKTPOHAMU U B
COOTBETCTBUU C Teopueir 3omMepdesbiaa JHeTHa
110 Temieparype. TelmoeMKocTh CBepXIIPOBOIHUKA
IPU HUBKOI TeMIleparype 3KCIIOHEHIMAILHO 3aBU-
CAT OT Hee, 4TO TOBOPUT O CYIIECTBOBAHUU JBYX-
YPOBHEBOI CHUCTEMbI B 3HEPreTUYECKOM PacCIpeje-
JIEHUU CBEPXIIPOBOAAIIMX YacTull. Jlanabe namepe-
HUI CKadKa TeILIOEMKOCTH IIpU T, XOPOIIO OIUCHI-
BaeTcs paBeHcTBOM PyTrepca (34).

3.3. KBaHTOBaHME€ MArHUTHOI'O MOTOKAa B
CBEPXIPOBOJIHUKAX. YTBEPXKJEHNE O TOM, HUTO
MAaIHAUTHBIH ITOTOK JIOJI?KEH KBAHTOBATHCA B IIOJIBIX
CBEPXIIPOBOJIAIINX HUJIUMHIPAX, IIEPBBIM BbICKA3aJl
®.Jlongon. OgHAaKO TJIaBHBIN HHTEPEC B 9TOU MIPO-
OJieMe COCTOUT He B CAaMOM sIBJIEHUN KBaHTOBAHUMU,
a B JIeTaJIl - KAKOBa, JIOJI?>KHA, ObITH BeJIMINHA KBaH-
Ta moToka. P./IOHIOH MPU BBIYUC/TIEHNN BETUINHEI
KBaHTa MarHUTHOI'O IIOTOKA €Ille He YUUThIBaJI -
bexTa criapuBaHus CBEPXIIPOBOILIINX HOCUTEIEN 1
TI09TOMY IIpeJICKa3aJI [Jis HEro B JIBa pa3a 00/IbIIYIO

BEJIMYNHY.
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3amuiieM IapaMmeTp HOPAIKa B BUJIE:
(35) U(r) = /n, 0,

TJIe Mg - IJIOTHOCTH CBEPXIIPOBOMSINNUX HOCHTEJIE,
0 - daza mapameTpa IOPIIKA.

V4auTeiBag, YTO B OTCYTCTBAE MATHUTHOTO ITOJISI
IIJIOTHOCTD ITOTOKA JaCTHIL OIMCHIBAETCS ypaBHEHN-
eM:

ih
(36) nsv = — (YVU* — U*VU) .

2Me
¢ ucnosb3oBanueM (35), momyunm AVHO = 2m.vs u
npeobpasyem ypasuenue ['mu30ypra-Jlanmay (24) k

BUJLY:

(37) hVO =2m.v, + 2§A.

Ecnmn paccMaTpuBaTh 3aMOpayKMBaHUE MarHUT-
HOT'O IIOTOKa& B TOJICTOM CBEPXIIPOBOJIAIIEM KOJIbIIE
CO CTEHKOI1, TOJIIIHA KOTOPOil MHOTO OO0JIbIIIe JIOH-
JTOHOBCKO# TTyOWHBI TPOHUKHOBEHUSA A7, TO B ITy-
OnHe Tesa KOJbIa MJIOTHOCTH TOKa j paBHA HYJIIO.
DTO 3HAYUT, 4TO ypaBHenue (37) cBeleTCs K paBeH-

CTBY:

2e
(38) hVO = —A.
c
Ecim oT BeIMInH BXOASIINX B 9TO PABEHCTBO B3ATh

MHTErPaJibl 110 KOHTYPY, IPOXOAdINeMy B IyOuHe
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KOJIbIIa, HUTJIE He TIOAXO0s OJIM3KO K ITOBEePXHOCTH:

(39) ﬁj{ Vélds = %%Ads,

C
TO ITOJIYHINTCA

2e
40 Ods = —o
(40) # vods = o

TaK KaK II0 OIIPEeIe/IEHNI0 MATHITHOTO II0TOKA, Yepe3
JII00YI0 TIETJIIO

(41) o = jf Ads.

Kourypabiit uarerpan ¢ VOds nomken GbiTh Kpa-
TeH 27, 4TOOBI 00ECIeYNTh OJHO3HAYHOCTHL IIapa-
MeTpa IOoPAIKa IPU 00X0e 110 KOHTYpPY. Takum o0-
pa3oM MAarHnuTHBIN MOTOK, 3aXBaYE€HHLIU CBEPXIIPO-
BOJAIINM KOJBIIOM JO/2KeH OBITh KpaTeH KBaHTY
MAIrHATHOI'O ITOTOKA!

2mhe
(42) Dy = :
Qe
YTO TOYHO IIOATBEPXKIAETCSI COOTBETCTBYIOMIIMU
N3MEPEeHUSIMHA.

OTO 0YeHb BaKHBIM pe3yabTaT JJIsd IHOHUMAHUS
bUBHKHI CBEPXIIPOBOIMMOCTH.

Takum obpazoM, TeopeTmdeckKue IpecKa3aHusd,
IIOJITBEPKAAIONINECH U3MEPEHUAMM, TOBOPAT, YTO
CBEPXIIPOBOJIMMOCTD  OCYIIECTBJISIETCS  OJ1arogapsi
TOMY, YTO €e HOCUTEJIM UMEIOT 3apsdjl 2e, T.e. Ipejl-

CTaBJISIOT cODO JIBa CIIAPEHHBIX 3JIEKTPOHA.
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0,622 T T
log Tc"'

0621 [
0,620 [
0619 [
0618

0617 [

0.616 [0

0.615 [

log M|

L L L L L
2.296 2.298 2.300 2.302 2.304 2.306 2.308 2.310

Puc. 3.3. Uzoronmueckuit apdekr B prytu [35], [36].
CmtonmiHast JHHHS OpPOBEIeHa METOJOM HAMMEHBIITHX
KBaJIpaToB. B cooTBeTCcTBHU € 3/1€KTPOH-(POHOHHBIM Me-
XaHU3MOM KO3(DMUIUEHT « JIOIKEeH ObITh paBeH 1/2
(myukTuphast aunus). Kak 910 BUAHO U3 PUCYHKA, 9TOT
ko3 durent st prytu 6amu30K K 1/3.

CiieyeT OTMETUTD, UTO ClIaPUBAHIE 3JIEKTPOHOB
SBJIAETCS HEOOXOIMMBIM YCJIOBHEM CYIIECTBOBAHUSA
CBEPXITPOBOIMMOCTH, OJTHAKO siBJIEHWE CIIapPUBAHUS
9JIEKTPOHOB SKCIIEPUMEHTAJIBHO 00HADYKEHO 1 PN
HOPMaJILHOM COCTOSTHUH JIEKTPOHHOT'O I'a3a MeTaJl-
na. Tax Besmunua KBaHTa (42) XapakTepusyeT Iie-
PUOANTHOCTD BIANSHUA MATHUTHOTO T0JIS HA SJI€K-
Tponublit raz Mg u Al B HOpMaJLHOM COCTOSHUM,
T.e. TIPH TeMIIepaTypax 3HAYUTENHLHO 0OOJiee BBICO-
Knx, deM Kpurudeckue [42[,(43].

3.4. VN3oTonunyeckmnii apdexT. [lo-

BUJIMMOMY CaMYyI BayKHYK POJib, U IPU TOM
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OTPHUIIATE/NbHYIO, B PAa3BUTHU HAyKU O CBEPX-
MIPOBOJMMOCTHU ChIIPaJio OTKpbiTHE B 1950 romy
n3oTonmdeckoro sddexra. OTpUnaTe bHYI0 POJIb,
KOHEYHO CBHIIPAJIO HEe OTKPHITHE 3TOro 3ddeKxTa, a
ero HeBepHasd TpakToBKa. [lepBoHavdaabHO OBLIO
SKCIIEPUMEHTAJILHO 00HAPYKEHO, ITO KPUTUIECKIE
TeMIIEpPaTyphl 00Pa3IoB M3 Pa3JIMIHBIX H30TOIIOB
PTYTU MMEIOT Pa3/JIndHble KPUTUYECKHE TeMIlepa-
Typbl. [lo3ke momobHbII 3hdeKT ObLT 00HAPYKEH
1 B pslie IPYTUX CBEPXIIPOBOIHUKOB.

OKCIIEPIMEHTAJILHO OBLIO  YCTAHOBJIEHO, YTO
KPUTUUIECKasl TeMIIepaTypa CBEPXITPOBOTHUKOB 3a-
BICUT OT Macchl m3otomna M;, 13 KOTOporo OHU CO-
CTOSAT:

1
~ M.OH

[Ipu 5T0M OBLIO YCTAHOBJIEHO, YTO JIJIsi CBEPXIIPO-
Bogaukax I poma - Zn, Sn, In, Hg, Pb - Beauunny
130TOI-3¢hHEKTa MOYKHO OIUCATH PABEHCTBOM (43)
IIPU KOHCTAHTE (@ = %

OToT 3P PeKT HaBe UCCcaeg0BaTe el Ha MbIC/Ib,
4TO CaMO sIBJICHHE CBEPXIIPOBOIMMOCTH CBSI3aHO C
KoJieOaHUSIMU KOHOB B PEIIETKe, T.K. IOJ00HYIO
(43) 3aBECHMOCTD MAaKCHMAJILHON SHEPIUU OT MAaC-
Chbl IMEIOT PACIPOCTPAHAIONINECS B pelieTke (poHo-
HbI.

B naipHeiiniem sTa mpocrad KapTHHA HapyLId-

JIaCh - ObLI M3MEPEH M30TONMYecKuil 3pdeKT s
56



JIPYTUX METAJIOB, JIJId KOTOPBIX OH HMMEJ JIpy-
I'VIO BeJIMYKMHY, & B HEKOTOPBIX BOODIIE OTCYTCTBO-
BaJl. TakoMy pasjnyduio M30TOMMYECKOro 3hdex-
Ta B Pa3HBIX CBEPXIIPOBOJHUKAX HE YIAeTCsS 00b-
SICHUTH €/IMHBIM (DOHOHHBIM MEXaHU3MOM.

CrienyerT OTMETUTh, UTO U B TPAKTOBKE M30TOII-
spdexta B "mpocThix" Merasax CyIIecTBOBAJIO,
I0-BUMMOMY, HEKOe CTpeMJIEHIE BhIJIATh Pe3yJib-
TaThl U3MepeHnit Mol 3pdekT BanusgHug (HPOHOHOB,
mpu KoTopoM « = 1/2. Tak aHaju3 SKCrepuMeH-
TaJbHBIX JaHubX [35], [36] (cm.puc.(3.3)) roBoput
0 TOM, 9TO JIJIsT PTYTH PEaJIbHO STOT TapameTp OJ1u-
xe K 1/3.
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Puc. 3.4. Jxxou Bapaun - gBaxapl jaypear Hobesres-
ckoil pemuu. B 1956 on moaydma mpeMuio 3a u300pe-
TeHrne TpaH3ucTopa u B 1972 BMectTe ¢ JI.Kymepom m
Jx. IIpudepom - 3a Teopuio BKIII.

4. BKIII

Mmne 6vr zomenocw 2de-rubydv 3decv nomecmumo domozpaduro oco-
na Bapduna, becedyrowezo co muoti. Kaxas Ovaa Ove UAAOCTPAUUA NpE-
eMCMBEHHOCTU NoKoAeHul 68 Hayke o ceeprnpogodumocmu! Camoe samena-
MeAbHoe, 4Mo makas gomoepadus dorsicna cyuecmsosams. B xonue 80-x
A Obi Ha Kongepernyuu no ceeprnposodumocmu ¢ Cmendopdckom ynueep-
cumeme. Bempeuaaca ¢ Bapdunsim, Komopwiil moosice npueras na Konpepen-
YUI0, U HeMHO20 ¢ HuM 2060pua. S eudes, wmo odun amepurancruls Gusur
Hac omoepaduposan. H Goin ¢ smum GU3UKOM 3HAKOM, NOTROMY YMO OH
DAHBUWE TPUEZNHCAA 6 MO Aabopamoputo 6 Jybuy snarxomumses ¢ paboma-
mu no BTCI-cxsudam. Hawa aabopamopus mozda npuobpeis Muposyto us-
BECMHOCTNG, NOMOMY 4MO HAM NEPEHM YIaA0CH NPEodosemb eCecmEeHHvill
bapvep, K KOMOPOMY CMPEMUAUCD BCE NOJOGHBIE AAGBOPATNOPUL, - € THOMOULHIO
BTCII-cksuda 6viaa usmepena maenumnas xapouoepamma weaosexal31|. Ho
meneps, wepes 06a0UAMDG € AUWHUM AEM, HE MO2Y BCOMHUMD HU KAk IMO20
AMEPUKAHCKO20 YHUeH020 36aAU, Hu dasce omxyda on. Ilpasda ecmob domo-

epaduu, cdeaannvie 80 epems ezo dybnenckozo suzuma. Tax wmo ewe ecmo
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nadestcda wepe3s aMeEPUKAHCKUL 3HAKOMDIT €20 Pa3vbiCkams, a4 6Mecme ¢ Hum

moorcem 6uims u pomoepaguro /. Bapduna, becedyrowezo co mrod.

[lepBasg mombITKa 0OHAPYKUTH M30TONMIECKIHIT
3pdekT B cBuHIE ObLIa npeanpubdaTa B Jleligene
emle B HavaJie 20-X roJ0B, HO TOI'/a B BUIY MaJIOCTU
s dekTa oH 0OHApYKeH He ObLI. 3aperucTpUpOoBaH
oH 6bL1 B 1950 . mcciiemoBaTeiaMu JIBYX Pa3Jidd-
HBIX J1ab0paTopuil, 1 co3/1aJ0Ch BIeYaTIeHNE, YTO
MTOCKOJIbKY KPUTUYIECKHE TTapaMeTPhl CBEPXITPOBO/I-
HIKa 3aBUCAT OT MAacChl MOHOB, TO 3TO HOJKHO
CIAYKUTh TPAMBIM yKa3aHUeM Ha TO, UTO OTBET-
CTBEHHOCTDH 33 BOSHUKHOBEHNE CBEPXITPOBOIIMOCTH
JTOJI>KHBI HecTr (boHOHBI. B aToM ke roay [ @penux
BIIEPBbBIE yKa3aJl Ha TO, 9TO IPU HUSKUX TEMIIEPATY-
pax B3auMojieiicTBHE ¢ (pOHOHAMK MOXKET IIPUBECTH
K BO3HUKHOBEHWIO CHJI MPUTAXKEHUSI MEXKIY 3JeK-
TPOHAMH HECMOTPS Ha KYJOHOBCKOE OTTAJKNBAHIE,
a erne Jepe3 HeckoJibko JieT JI.Kymep omnmncasa KoH-
KPETHLI MeXaHW3M, MPU KOTOPOM CKOJb YTOJIHO
ciaaboe MPUTsSKEHNe MEXKJy SJIeKTPOHaMH ¢ dep-
MUEBCKOI 3Heprueil JOJ2KHO ITPUBOAUTH K BO3HUK-
HOBEHMIO WX CBA3AHHOTO COCTOSAHUA. Ha 9Toit ocHO-
Be B 1956 romy bapamsabim, Kymepom u Illpude-
poM ObLIa MOCTPOEHA MUKPOCKOIIMIECKass TeOpusd,
ONMpaloIasicd Ha 9JIeKTPOH-(POHOHHOE B3aMMOIei-
CTBHUE KaK MPUINHY BOZHUKHOBEHUIA CHUJI TIPUTSIKe-
HIIS MEXKY SJIEKTPOHAMU.

Cuuraercs, uro Teopus BKII [13] momywmia
CJIEZYIOIIEe OCHOBHBIE PE3YJIBTATHI:
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1. Brarogaps 3/1eKTpoH-(pOHOHHOMY B3auMO/Ieii-
CTBUIO, OOYCJIABJIUBAIOIIEMY TPUTIKEHNIE MKy
JIEKTPOHAMM, BO3HHUKAET 3JHEpreTuveckad IIesb,
KOTOpasi OTAEJsAeT OCHOBHOE COCTOAHNIE 3JIEKTPOH-
HOW CHCTEMBI OT BO30YXKIEHHBIX. Hasmuume 3roit
mean o0bACHAET TOBeIeHne TeTI0eMKOCTI CBEPX-
MTPOBOJHUKOB, ONTUYECKHNE OIBITHI U T.[I.

2. [nybuna mpoHnKHOBEHWs (KAK U JJIMHA KOTe-
PEHTHOCTHN) TIOSIBJIAIOTCS KAK €CTECTBEHHBIE CJIEJI-
CTBHUsI OCHOBHOTO cocTosund Teopuu bKIII. Vpas-
Hennd Jlonmonos n anamaraeTnsM MeficHepa moty-
JaJOTCA €CTECTBEHHBIM TTyTEM.

3. Kpurepnit cymecTBOBaHNA CBEPXITPOBOIIMO-
CTM U KOHEYHON TeMIepaTyphl Iepexojia BKJIIO-
JaeT B ce0d TJIOTHOCTH SJIEKTPOHHBIX COCTOSHUM
wa yposue Pepvu D(Ep) u MOTEHIMA STEKTPOH-
PEIeToIHOro B3anMoeiicTBusd U, KOTOPBIT MOXKeT
OBITH OIlEHEH W3 SJIEKTPUIECKOTO COMPOTUBJICHUS.
s cayaas UD(Er) < 1 reopust BKIII Beipaxkaer
KPUTUIECKYIO TeMTIEPaTyPy CBEPXITPOBOIHUKA Te-
pe3 ero TeMmeparypy Jlebas Op:

1

14) T.=114-0)- B
(44) DS T UD€

4. YuacTue pelieTKH B 3JIEKTPOH-3JIEKTPOHHOM
o0 beauHeHNN 00yCIaBJINBAET BIUAHNE U30TOIIHOIO
3aMeIlleHnsI Ha KPUTUIECKYIO TeMIIepaTypy CBepX-
IpoBOAHUKA. [Ipum 3TOM B CBSI3UM C TeM, 9TO OT

MaCChl M30TOIIOB 3aBUCHUT JebaeBCcKad TeMIIepaTypa
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Puc. 3.5. Temueparyphas 3aBUCUMOCTb BeJUYUHDI IIe-
JIL B 9HEPIeTUYECKOM CIIEKTPE CBEPXIIPOBOIHUKOB, Pac-
CYUTAHHAS 1O ypaBHEHUIO (45).

Op oc M~'/2 1o paBencTBo (44) MPABIILHO OINCHI-
BaeT 3Ty 3aBUCUMOCTD JIJIS 1IEJIOT0 PaJia CBEPXITPO-
BOJIHIKOB.

5. TemmepaTypHyl0 3aBUCHUMOCTL BeJIUIMHBI
SHEPreTUIecKoil meyn A CBepXIPOBOIHIKA, TEOPUS
BKIII omuchiBaeT B HEIBHOM BHJE MHTEIPAJJIOM II0
cnekTpy ¢ononoB ot 0 10 sHeprun Jlebas:

UD(Ep) [P thy/€2+ A2/2kT
(45) 1—M/0 at \22:7:2 |

2
Pesyibrar Bbrauc/ienus 3Toii 3aBUCHMOCTH XOPOIIIO
corviacyeTcs ¢ JanubiMu u3Mepenuii (Puc.(3.5)).

6. Teopua BKIII cornmacyercsa ¢ JaHHBIMEI U3Me-
peHnit BeINYINHBI KBaHTa MAarHUTHOTO MOTOKA, T.K.
ee OCHOBHOE COCTOSHIE COCTaBJIEHO M3 Iap OJIHO-
SJIEKTPOHHDBIX COCTOAHUIN.

O iHako He BCe TaK XOPOIIO C 9TOI Teopuei.
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Bo-1iepBbIX, oHA He JaeT IJIABHOI'O - IOJIb3Y:ACh
eil HeJib3s apriori IOJyYUTb MHAPOPMAIUIO O TOM,
KAKOBBI JIOJIZKHBI ObITh KPUTHYECKHE I1apaMeTpbl
TOIO0 WX MHOI'O KOHKPETHOI'O CBEPXIIPOBOIHUKA.
[TosTomy ona He MOXKeT IIOMOYb B IIOMCKaX CTpa-
TernvecKnX IIyTell pa3BUTUs CBEPXIIPOBOIHUKOB U
TakTHKe uxX ucciaenoBanus. Popmyrta (44) comep-
JKAT JIBa, TPYJHO OIEHMBAaeMBbIX IlapaMeTpa - Be-
JINUUHY 3JeKTPOH-(POHOHHOI'O B3aUMOAEHCTBUS U
IIJIOTHOCTH 3JIEKTPOHHBIX yYPOBHElH BOJIM3KM YPOBHA
DepMmu 1 TOTOMY He MOXKET CJIy?KUTb JIJIst 9TOM 11e-
JIM, & CII0COOHA JaTh TOJILKO KaYeCTBEHHYIO OIIEHKY.

Kpowme Toro, muorue pesyabrarbl bKIL-reopun
MOT'YT OBITH IIOJIYYEHBbI C IIOMOIIbBIO JPYIHUX, OoJee
IIPOCTHIX, HO BIIOJIHE KOPPEKTHBIX METOJIOB.

K o0benmHeHno 371eKTPOHOB B ITapbl IPUBOINAT
HE TOJBKO 3JIEKTPOH-(POHOHHBIN MexaHu3M. JI100oe
IPUTAXKEHNE MEXKIY SJIeKTPOHAMH MOXKET IIpHUBe-
CTU K UX CIIapuBaHuio. s cymmecTBoBaHUs CBEPX-
ITPOBOAMMOCTH HY?KHO C IIOMOIIBIO SHEPIUU CBA3U
00beJUHUTL B €IUHBIN aHcaMOIb Iapbl SJIEKTPO-
HOB, pAacIIoJIarafoluecsd Ha PacCTOSHUAX ITOPSIKa
coTHn MexkKaToMHBIX. B Teopunm BKIIl nmer nuka-
KUX CUJI IPUTSXKEHU MeXKIy MapaMu 1, TeM 0oJiee,
MEXK]Iy CTOJIb VAAJIEHHBIMU TIaPaMHU.

KBaHTOBaHMe TOTOKa XOPOIIO OIMCHIBAETCS B
pamkax Teopun ['ma3bOypra-Jlammay (cm.paszgen
(3.3)), ecam mapaMeTpoM TOPSiKa OIMUCHIBATE
TIJIOTHOCTH CIIAPEHHBIX 9JIEKTPOHOB.
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C IOMOIIBIO JIBYXYPOBHEBO CUCTEMBL C COOTBET-
CTBYIOIIUMU [IapaMeTpaMi HETPYIHO OIUCATH TeM-
[epaTyPHYIO 3aBUCUMOCTb TEILJIOEMKOCTH CBEPX-
IIPOBOJIHUKOB.

[Tosromy ycrexom teopun BKII moxkHO ObI-
JI0 OBl CYMTATHL BHIYKC/IEHIE TeMIIEPATYPHON 3aB-
CUMOCTH SHEPreTUYIeCKON eI CBEPXIIPOBOIHUKOB
(45). OmHAKO 9Ty 3aBUCHMOCTH IMPOIIE U yIA00HEee
OIIMCBIBATDL KaK $BJIEHUE, COIPOBOXKIAIOIIEE IIepe-
X0/l MOPSIIOK-0ECIIOPSIIOK B IBYXYPOBHEBOMH CHCTe-
Me KOHJeHcaTa HyJIeBbIX Kostebanuii. [Ipu srom mo-
X0/ie, KOTOPBII PacCMOTpeH HiKe B pasfeiie (2),
TeMIlepaTypHas 3aBUCHMOCTD IIEIH IIOJIydaeT Ta-
KYI0 YK€ TPAKTOBKY KaK U JPYIUe sIBJIEHUS ITOTO
JKe KJIACCa - A\-IIEPeXO B >KUJIKOM TeJIN, U3MeHe-
HIle CIIOHTAHHON HaMarHUYeHHOCTH heppPOMarteTn-
KOB 1 T.II.

[TosTomy, Kak m panbiie, B H0-e TOMBI TPOIILIO-
IO BEKa PEeMIAONIM OKA3LIBAETCS CYIIEeCTBOBAHUE
n3oTonm4Ieckoro apdexkra. OaHAKO, K HACTOAIIEMY
BpEMEHI HAKOIWINCH 3KCIePUMEHTAIbHBIE (PaKThI
O TOM, YTO 3aMelleHre U30TOIOB IPUBOIUT K W3-
MEHEHHIO apaMeTPOB KPUCTALINIECKON pereTKu
METAJIJIOB 33 CYeT BJIMSHIS MACChl M30TOIA Ha HY-
jeBbie KoJiebanug nouos |[52|. Ilosromy 3amernenne
M30TOIa B PelieTKe MeTaJLIa JO0JKHO IPUBOINTH K
M3MeHeHuIo ero sHeprur PepMu U BJIUITL Ha BCE
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ero 3JIEKTPOHHBIE CBOMCTBA. B cBA3M ¢ 3TUM n3Me-
HeHUEe KPUTUIECKOI TeMIlepaTypbl CBEPXIIPOBO/IHM-
Ka IIpU 3aMeHe U30TOIIa MOXKET ObITh IIPSAMBIM CJIe]I-
cTBUEM u3MeHeHus ero saeprun Pepmu. bes Kakoii-
71100 poJi (POHOHOB.

Bropas gacTb KHUrn OyJ1eT MocBdineHa paccMoT-
PEHUIO POJIU YIOPSI0UYeHUs HYJIEBbIX KOoJebaHuii
9JIEKTPOHOB B MeXaHU3Me 00pas0oBaHUs CBEPXIIPO-
BOJIAIIET0 COCTOSHUSI.
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5. HoBas spa - BTCII

3a croJieTue IOCJIeI0BaBIIee II0CJIe OTKPLITHUS
CBEPXIIPOBOAMMOCTH OHa ObLi1a obOHapyxkeHa y 40
YUCTBIX MeTas1oB. OKa3aloch, 9TO CpeInd HUX Ca-
Mad HU3Kasg KPUTUYECKas TeMIlepaTrypa y MarHus
- okosio 0.001K, a camag BBICOKasg y TeXHENUd -
11.3K.

Tax>Ke CBOMCTBOM CBEPXITPOBOIMMOCTHU IIPU HI3-
KIX TeMmIlepaTypax 00/1aJaeT HeCKOJIbBKO COTEH CO-
equHeHnit n criapoB. Cpean HUX caMasi BBICOKasi
KpUTUYIECKas TeMIlepaTypa y MHTepPMeTa I InIeCKO-
ro coeamnennsi Nb3Ge - 23.2K. Ilns mosydeHnst
CBEPXIIPOBOIAIIEI0 COCTOSHUSI BO BCEX STHUX CO-
eUHEHNAX HeOOX0INMO HCIIOIb30BATh JI0POTOCTOS-
IITYI0 TEXHOJIOTHIO JKIJIKOTO rejins.” TeoperndecKn
KasKeTCsl, 9TO B HEKOTOPBIX CIAYYaAX MOXKHO OBILIO
OBbI MCITOJIb30BATH »KUAKUIT Bojgopo . Ho 9To Tosibko
TEOPETUIECKN - BOJOPO OUeHb B3PBIBOOIIACEH.

MHoro nmecaTuaeTnit yueHble JieJesii MeuTy CO-
371aTh CBEPXIPOBOAHUK, COXPAHAIOININNI CBOU CBOII-
CTBa IIPU TEMIIEPATYpPE BHIIIE TeMIIEePaTypPhl KH-
TIeHNs YKUJIKOTO asora. sZKuakmit a3oT Jeres, J10-
CTyIleH, Oe30maceH Ipu COOJIIOIEHUN OIpeIe/IeHHOM

3Z[n51 CPaBHEHWST MOYKHO CKA3aTh, UYTO JIUTP KUJKOTO TeJINsT CTOUT MPUMEPHO
KakK Oy TBHIJIKA XOPOIIEro KOHbsKY. A Terjiora NCIapeHus ero Tak MaJja, ITo JIJIsi €ro
XpaHeHUsT HYKHbBI JTOPOTOCTOAIIINE KPUOCTATHI, JIa ¥ 3 HAX OH BCE PABHO JOBOJIHHO
OBICTPO UCIAPSAETCH.
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Puc. 3.6. Kapn Anekc Mrwosutep - pomonadaspauk BTCII.

KYJIBTYPbI pabOTHI ¢ HUM (BO BCAKOM CJIyUae COBEp-
MeHHo He B3pbiBoonaceH). Co3maHme TaKOTO CBepX-
TTPOBOTHUKA, CYJINIO PEBOJIIOIMOHHBIN TTPOPHIB BO
MHOTHX 00/IACTAX TEXHUKH.

B 1986 romy Taxkme marepuasbl ObLIN HalIeHBI.
CuauaJjia mBeitniapckue uccienoparenn [.beanopir
u A.MroJiep 00HApPYKIUJIM CBEPXIIPOBOIUMOCTD B
MeJIb-JIJAaHTAaHOBOIM KepaMuKe, TeMIlepaTypa CBepX-
IIPOBOJAIINEr0 Iepexona Obuia 'juiib"Ha ypoBHE
40K, HO cTaj0 FCHO, YTO 3TO HOBBII KJIAaCC CBEPX-
IPOBOJIHUKOB (OHU HAa3BAHBI BBICOKOTEMIIEPATYP-
abivu cBepxiipoBogarkamu win BTCII), u B ux
UCCJIeJIOBAHNE BKJIFOUUIOCH O4YeHb OO0JIbIIOE HTHC-
JIO JtabopaTopuii Bcero mMupa. Y:ke depe3 rop Obl-
Jla OOHApY2KeHa, CBEPXIIPOBOJIUMOCTL B KePaMHUKe
Y — Ba — C'u — O, TeMmIiiepaTrypa Iepexojia B KO-
Ttopoit Boime 90K. ITockonbKy Kuakuit a30T KUIINAT
npu 78K, azoTHblil pybexk ObLT mpojoieH. B masib-

HefineM ObLIM OOHAPY2KEHBI PTYTHBIE KEPAMUKU C
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Temiieparypamu 1epexonoB nopsaiaxka 140K. IToas-
JISUIACH COODIIEeHNsT 00 OTKPBHITUSX CBEPXIIPOBOIHU-
KOB C [IEPEX0JIOM B JHalla30He KOMHATHON TeMIlepa-
TYpbl, HO B JaJIbHEMIeM 3TU JaHHble He II0JTBEp-
JIAJIHCD.
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CBEPXIIPOBOTHIK 1., K H. Oe
Hyg 4.15 41
Pb 7.2 80
Nb 9.25 206
NbTq 9.5-10.5 120.000
Nb3Sn 18.1-18.5| 220.000
Nb3 Al 18.9 300.000
NbsGe 23.2 370.000
MgB> 40 150.000
Y BasCusOr 92.4 600.000
BiySreCasCuzOqg 111 5.000.000
HgBayCasCuzOg 133 >10.000.000

TABINIA 3.2. KpuTtudecknue mapaMeTpbl CBEPXIPOBOIHIKOB

McTopuio MOBBITIIEHUST KPUTHYIECKON TeMIIepaTy-
pPHI  CBEPXITPOBOJIHIKA, WHTEPECHO IPOCIeIUTh TI0
rpacduky (3.7). 3 sroro rpaduka BuHO, ITO ecin
Obl CO3JlaHUE HOBBIX CBEPXIIPOBOJHUKOB IIJIO TEM
ke TemiioM, 4To u J0 oTkpeiTud BTCII, To azor-
HbIfT ypoBeHb ObL1 Obl 1peojiosieH JieT 4depe3 150.
Ho nayka pasBuBaeTcs 110 CBOUM 3aKOHaM, U OT-
kpbiTre BTCII mo3Bosmio pesko MogHATh KPUTH-
YECKYIO TeMIIEPATyPYy.

OJiHAKO K PEBOJIONMOHHOMY IIPOPLIBY B TeX-
HuKe u npombiierHocTn co3ganne BTCII ne
nmpuBeso. KepaMuKm oOKa3aJlMCh CJMIIKOM HETEeX-
HOJIOTUYHBI JIJIS CO3/aHUA TOHKUX CBEPXIIPOBOJIS-
muX MOpoBojioB, a 6e3 Hux npumenHenne BTCII-

CBEPXIIPOBOJIHUKOB ~ BBIHY2KJIEHHO OTI'PaAHUYUJIOCH
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Puc. 3.7. Hctopusa noBeIIeHnss KPUTUIECKON TeMIIepa-
TYPBI CBEPXIIPOBOJIHUKOB. ['Opu30oHTAILHBIE JIMHUHU TTOKA-

3BIBAIOT TEMIIEPATY DBl KUIIeHNUs] KPHOTeHHBIX KUJIKOCTeH
(IpU HOPMAJTBLHOM JIABJICHHUH ).

1IprOOPHOIT c71aD0TOYHON TEXHUKOM, T K OOJILITIM

IPOPBIBAM 5TO TOXKE HE MPUBEJIO (CM.HAIPUMED

131]).

[Tocne cozpanuss BTCII HOBBIX npuHIIMIMAIBHBIX
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OTKPBITHI Takoro MaciTaba caeaaHo He ObLIO.
Bo3MOoKHO TpUYMHON 9TOr0 CTaJo TO, UTO TEO-
pusi cBepxnpoBoguMoctn BKIII, mpunsaras 60J1b-
IMTMTHCTBOM UCCJe0BaTe el Ha CeTOAHANTHNN JTeHb,
He MOXKeT MpeAcKas3aTh MapaMeTpbl CBEPXITPOBOJI-
HIUKOB apriori U He CJY»KUT OIMOpPOil B CTpaTernu n
TaKTHUKe UX MCCIAeIOBAHNSI 1 pa3pabOTKIU.
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[nasa 4

O cBepxTeKkydecTu

[TepBbie mccmemoBanms cBoiicTB Tenus-11 madga-
qmch B Jleigerckoit saboparopun ermie B 1911 roxmy,
B TOM K€ TOJIy KOTJa ObLjIa OTKPhITA CBEPXITPOBO-
IUMOCTL. HecKoJibKo 1mos:Ke OblIa OTKPBITA 0COOEH-
HOCTH B TEIJIOEMKOCTH, Ha3BaHHAA A-TIEPEXOIOM.
OHaKO 10 CBEPXTEKYYeCTH >KUJIKOTO TeJIUs elle
obL1o gasieko. Ona ObLta oTkpbiTa [1.JI. Kanueit B
1938 rony.

Mmnozue cobvimus, céazammnvie ¢ IMUM OMKEDPbL-
muem, CmasuLuM 6aNHCHOU 6eT0U MUPOBOT HAYKU,

YT OPEPVIVIPTFIIVIIINUEY

Y
OTKPbITUE CBEPXTEKYYECTU XUAKOTO rends
M.71. KATIULIA. 1938 r .

i

(Rale s

4
|

2\ 4

POC ROSSIJA -2000 _1 5

LA AssasasasAsasAsasasasasaAAaAaasasasaaaan

Puc. 4.1. Ilerp Jleonngosuu Kanuma
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Puc. 4.2. Ncaak KoucranTunosny Kukonn

WUPOKO U3BECTHDBL, HO 00HG UCMOPUA U3 €20 N0JO-
NAEKU, NO-MOEMY, NUuKo20a He NYbAUKOBANLCY.
A caviwan omy  ucmoputo, KOmMoOpYwo  CHUMAI0
BOMONCHBIM  USAOIHCUMD  30€Ch, 0Mm  aKadeMuKra
. K. Kuxouna 6 cepedure 60-x 20006 npow.no2o ce-
ka. B mo epems A Ovia e2o acnuparmom. On, 6y-
dywu 3amecmumenem H.B.Kypuwamosa no amom-
1ot npobaeme, OvlA NAOMHO 3GHAM UEAbLe OHU 20~
cydapcmeenio sadcnuvimu deaamu. Odnaro sevepa-
MU 0N 4ACMO 3GL00UNA 8 AGOOPAMOPUL K MOUM KOA-
AE2GM U 6 MOI0 AaDOPaAMOPUI0 00CYIUMD HAYWHDLE
nosocmu. B amu nayunvie becedvl wacmo enaema-
AUCH €20 PACCKA3bL HG 0KOAOPUULECKUE MEMDL.
Hcaarvy Koncmanmunosuuy 6  33-em 200y

ucnoanusoct 25, On  moavko 4wmo nocmasun
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3aA0YMAHHDIT UM IKCNEPUMEHM, N0 USMEPEHUIO
2UPOMa2HUMH020 apdexma 6 ceeprnposodHuKaL.
Ilemp Jleonudosuy Ovia 6 xypce amozo. On daorce
dan WAPUK U3 CBEPTUUCO20 CEUHUG OAL IMO20
axcnepumenma, npusesds e2o usz Mondosckot aabo-
pamopuu 6 Kembpudorce, xomopoti o pyxocodu.n 6
mo epema. On peeyaapro npuesocanr ¢ Cosemceru
Co103 nosudamuvca ¢ mamepvio v omdornyms, 044
we20 NEmom 00blHO exas Ha ceoell cobcmaeentol
mawure ¢ cemveti 6 Kpvim. Ioanas panmacmuxa
das Cosemcroti Poccuu mozo epemenu! Ilo nymu
on nocewan dusuveckue aabopamopur Mockewl
u Jlenunepada (menepv onamo  C.Ilemepbypea),
YUMAan Aexyul, becedosan ¢ Modvmu, 3HAKOMUNCA
c mem, ¥mo Kmo 0esaem.

Bom 60 eépema maxozo suzuma 6 1933 200y Kuwko-
uny ydanocv pacckasamov Kanuue o pedysvmamaz
ceour uamepenuti. Tomy Mo ouensv NOHPaBUAOCDH
u on npuesacun M. K. pabomamv ¢ Kembpudoic.
ozo060pusucy, wmo 3a 200 6ce HopmasbHocm
c npuasawenuem u3 Anesunu 6ydym evnosnerbl
U NOCAE CACIYIOWE20 AEMHE20 OMNYCKAL OHU 6
Kembpudoc edym emecme. Ho ne noayuuiocy.
Jlemom 34 20da Kanuua deticmsumenrvho npuexan
6 Poccuio, no xoz2da on 3axomen sviexamsv obpammo
6 Amnenruto, mo emy 6 ewezdnoti susze OvLAO OmM-
xazano. Huxaxue ycuasus ne nomozaru, ece 0vLi0
PEULEHO HA CAMOM BEPLY.

Tecmem Kanuuv, 6va  axademur A.H.Kpwiros,
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gnamenumouil  xopabaecmpoumenv. M som
A.H.Kpviaos emecme co ceoum 0dpyzom arade-
murom U1 ITasnosvim (Hobeaescrum aaypeamom
no pusuosoeul eule JdopesosOLUONH020 GPEMEN)
udym na npuem x Cmasuny. Cmasun ux npuru-
MAem U CNpaULULGae.

-B uem npobaema?

-Ja, som Kanuuy ne swnyckaom.

-Jla, ne evinycrarom. Ilomomy wmo pyccxud cono-
setl doaorcen nemov 6 Poccuu!

lasnros (Pusuonoe): vk, coroset-mo 6 kaemre
ne noem!

- Huwezo. Y nac s3anoem!

Tax, cmpawno 3407 (1e mo caoso) Kanuya oxasan-
CA HaA KOPOMEKOE BDEMSA 3GMECMUMENEM UPEKMOPQ
aenunepadcekozo  Quamezra, KOMOPLIM  PYKOGOJUA

A.D. Hogppe.
Monoduwe doxmopa smozo uncmumyma - Kukoun,
Kypuamos, Aauzxanos, Apuumosuyw - udym «

sam.dupexmopa. Kmo ma nowxaow, a wmo 3na-
Komumocs. Aauranos 6 deepaxr cnpawusaem
6uLL00AULC20 U3 Kaburnema Apuumosua:

-Hy, xax on? 36epv uaru uenrosex?

-Jla, max. Kenmaesp!

Cydsa no ecemy, amo npossuwe x Kanuuye npouro
NPUKNCUAOCD.

Vuenvie cmapuiezo noxosenus max e2o0 HA3vGAAU
dasice decamuiemus cnycma.
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C'manun, 6e3ycarosno, bvia npecmynuurom. B ped-
Kol cembe 6 02pOMHOT, cmpare €20 CMAPGHUAMU
He Ovia  Kmo-nubydv cosepulenno 6e36UuHMO  Pac-
cmperan uau nocastcen 6 mopovmy. Ho 6 ucmopuu
CO COEPTMEKYULCMBIO 0N COL2PAA PONL, KOMOPYIO
MOHCHO CUUMAMY NOAOHCUMENDHOTU.

B Poccuu y Kanuubl 6ce cA0dicunocs.

Ecau umemnv 6 sudy ceeprmerxyuecms.

Yxe uepes napy Jjet JI. .Jlanmay cMor JaTh 3To-
MY dBJICHUIO TeopeTudeckoe obbsacHenue.! Vimenno
9TO OTKPBITHE IIO3BOJIMJIO B3TVIAHYTb Ha rejmii-11
KaK Ha Cpejy, I'Jle 3aKOHbI KBAaHTOBOU (pU3MKHM pa-
boTarT B MaKPOCKOIIMYECKOM MacCIITa0e.

OTO ¢BJIEHWE POJCTBEHHO CBEPXIIPOBOINMOCTH
- CBEPXIIPOBOJMMOCTb MOYKHO PacCMaTpPUBATh Kak
CBEPXTEKYUYeCTb SJIEKTPOHHON KUJIKOCTH. B pe-
3yJIbTATE TOTO POJCTBA MEXK]Y ABJIEHUAMU CYIIe-
CTBYeT MHOI'0 00IIero, Belb 00a dBJICHUS B MaK-
POCKOIINYECKNX ITPOSIBJECHUSIX OINCHIBAIOTCA OJIHH-
MU U TEMH K€ KBaHTOBBIMHU 3aKOHAMHU. ITa OOIII-
HOCTD, CYIIIECTBYIOINIAasl B CaMOIl TIPUPOIE ABJICHUI,
KaK CJeJICTBUE, IPOdABJIdeTcd U B Habope I0700-
HbIX (PU3NIECKUX SBJIEHUI - OIMHAKOBBIX CJIE-
CTBUIl KBAaHTOBBLIX B3aKOHOB, U B MX (PU3NIECKOM
onucannu. Hampumep, maxke Takoe TOHKOe KBAHTO-
BO€ SIBJIEHUE CBEPXIIPOBOJIHUKOB, KaK TYHHEJbHBIM

1Hepe/1 srum Kanwie ¢ moMoIpso BeChbMa PUCKOBAHHBIX YCUJIUN y/IAJI0Ch BbI-
TarmTh JIaHAay U3 CTAIUHCKON TIOPbMBbI 2KUBBIM.
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Puc. 4.3. Jles /laBumosuu Jlargay

s dekT [Ikozedcona, obOHAPYKUBAET ceOsI 1 B CITY-
Jae CBePXTeKY4eCTH.

OJ1HAKO €CTb W Pa3/InIusd.

[Ipu myneBoit TeMiiepaType B CBEPXIIPOBOIHUKAX
CBEPXTEKYUYIO KOMIIOHEHTY 3JEeKTPOHHON KUJIKO-
cTu obpaszyeT TOJIBKO MaJjioe YHUCJI0 OT BCEX SJIEK-
TPOHOB IIPOBOJUMOCTH. KOHIIEHTpaIus 3Tl KOM-
IIOHEHTDI IIPEJICTaB/IseT cODOl BeJUUNHY ITOPSIKa
’fs,—ic ~ 107°, B TO BpeMs KaK B yKIJIKOM I'eJIUU [P

T" = 0 Bca KUJKOCTb CTAHOBUTCHA CBEPXTEKYyHelf,
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T.e. KOHIIEHTPAIINA CBePXTEeKYydeil KOMITOHEHTHI PaB-
Ha 1.

CyIIecTBeHHO TaK»Ke TO, 9TO IS B3aMMO/Ieii-
CTBHUS C OKPY2KEHUEM Y JIEKTPOHOB €CTb 3JIEKTPH-
YeCKUl 3apga U MarouTHBII MOMEHT, B TO BpeMd
KaK JIJIs ITOHUMaHUsA 00pa30BaHUs CBEPXTEKYUEro
KOHJIEHCAaTa B T'€JIMU, Ha IIEPBBII B3IV, HE 38 9TO
"samenurbea" - aToMbl Teus SJIEKTPUIECKN Heli-
TpaJibHbI, He UMEIOT CIIMHA 1 MAarHUTHOI'O MOMEHTA,
a YHUBepCaJIbHAd dJIEKTPpUIeCcKas I0JIAPU3YeMOCTh
yepe3 B3amMmojelicteue Ban-nep-Baaabca B reann
"paboraer" mpu obpaszoBaHnM XKUJIKOM (PA3bl U3 I1a-
POB.

[Ipm m3yuenmm cpoiicTB remus-II paccmoTpe-
HbI, Ka»KeTCd, BCE OCHOBHBIE aCIIEKThl XapaKTepH-
3YIOIINE CBEPXTEKY4ecThb. PaccunTaHbl IJIOTHOCTD
CBEpPXTEKyUell KOMIIOHEHTBbI U €€ 3aBUCHUMOCTH OT
TeMIIePaTypbl, KPUTUIECKIE CKOPOCTU CBEPXTEKY-
Jeil cpeabl U 3BYK B HEll, MOBEJ/IeHNEe CBEPXTEKYYen
PKIJIKOCTU BOJIMBU TBEPJON CTEHKU U BOJIUBU KPU-
TUIECKOI TeMIIepaTyphl U T.JI. DTUM BOIIPOCaM, KaK
1 HEKOTOPBIM JIPYIUM, IOCBAIIEHO 3HAYUTE/IHHOE
KOJITYECTBO OPUIMHAJILHBIX paboT U Ka9eCTBEHHBIX
0630pos |27]-[30]. TlepenucuiBarh wx cojepkamme
371eCh OHM HEeT HUKAKOI HeoOXOIMMOCTH.

OHaKo oCTaeTcsd HEMOHSATHBIM 33 CYET KaKOr'o
9JEKTPOMArHUTHOTO MeXaHU3Ma, B TeIun-4 IepexoI
B CBEPXTEKYyUee COCTOTHNE ITPOUCXOIUT TIPU TeMIIe-
paType mopsaaKa omHoro KenbBruna, a B reJinn-3 mpu
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TeMIlepaType PUMEPHO B ThICAYY pa3 MeHbIeil. A
TO, YTO B KOHEYHOM HUTOT'€ 9TO JIOJ2KEH OBbITh JIeK-
TPOMarHUTHBIN MeXaHU3M OYEBHHO U3 MacIITada
SHEPI'Uu, IIPU KOTOPOI OH IIPOUCXOJINT.
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YHacts 3

CBepxIIpoBOANMOCTD U HYJIEBBIE
KOoJIeOaHu4d



BumecTo snurpada

Hexaa npumua eaacum, 4mo 6 00HOM U3 109CHO-
POCCUlCKUT 20p00K06 6 OBLABIE BPEMENT HACEAEHUE
NPUMEPHO NONOAGM JEAUNOCH MG NPUTONCAN, TPU-
cmuanckotl uepreu u uydelckol cunazo2u. Xpu-
CMUGHCKUT, CBAULEHNUK OBLA Yoice CUABHO YMYIPEN
NCUSHENNBLM ONBIMOM, @ PAGCUN UL BNOAMHE MO-
200 U snepauver. M eom odnastcdv passun npuuien
K NONY 3G COGEMOM.
- Koaneza, - obpamuncs on - y Mens NPonas Ge-
aocuned. f wyscmeyio, wmo €20 cnep Kmo-mo ux
ceoux, no onpedesumsv kmo ne moey. Ilocosemuyii,
Kax nocmynums.
- Jla, das maro2o cayuwas s 3110 00U HayHbL
memod. eticmeyd max. Cobepu 6cex c6OUT 6 CU-
nazoze u npowumati um "Sanosedu Mouceesw.”.
Kozda npoumewn "He yxpadu” , nodnumu 20m06y
U GHUMAMEABHO NOCMOMPU NPAMO 6 24030 CAYULG-
meneti. Kmo omeedem 2aa3a, mom u 6uHoGen.

Hecxonvko dnetl cnycms paseur cHosa NoAGAAL-
emcs yorce ¢ bYmuLakot netcarosry U 1a 8eA0CUNe-
de. Ilon npocum e20 paccrazamsv nodpobro U mom
2060PUM, “WIMO HG NPAKMUKE MEOPUSA CPabOmMara U
senocuned ydanroco natimu. A deao bviao mak:
- Cobpan. Havwan nponosedvsams. owen do sano-
cedu "He npenrobodeticmeyt”. Tym-mo u ecnom-
Hun, 20e 3a0via eesocuned!

Bepno - xopomiasg Teopus o00g93aTeabHO
JTOJI2KHA OBITH ITPAKTUIHOI!



[nasa 5

Konsagencar ynopsa/1049eHHBIX HYJIEBBIX KOJieOaHmi
3JIEKTPOHHOT'O Ta3a

1. MexaHu3M cBepx-sBJIEHU

Bosee cra jieT y»Ke TpomLIo mocje oOHapy»Ke-
HUS CBEPXTTPOBOIUMOCTH, U UCTOPHUSA CBEPXTEKYTe-
CTU TaK>Ke HAaCUUTHIBAET HECKOJBLKO JEeCATUJIETHI,
HO JIO CUX TIOp HET TIOJIHON ACHOCTU ¢ TIOHUMaHUueM
X (PUBKIKH.

[Tepoie mouTtn 50 JeT mocjae OTKPBHITUA CBEPX-
TTPOBOJIMMOCTH 3TO sABJIEHWE BOOOIIE IMpeICTaBIIdA-
JIOCH HEOObACHUMBIM.

Tak, B cBoeii MoHOTpaduu 1Mo GU3NKe METAJIOB
["Bere u A.Sommepdenna mucamm [33]: "Hackosb-
KO BEJUKHU YCIeXW TEeOPUU MpHu O0bACHEHUN HOP-
MaJIbHBIX SBJIEHUI TPOBOJNMOCTH, HACTOJBKO Ke
MaJIO YAAJ0Ch JI0 HACTOAIIETO BPEMEHU CAeaTh B
OTHOINEHUN PeTTeHnsd 3aJa9l O CBEPXITPOBOIIMO-
cru."

A.Bunbcon B m3BecTHOil MoHOrpadWW MDHUIIET
erme Oosee Kareropuuno [34]: "Hecmorpst Ha Bce
JIOCTUYKEHWS TEOPUN MEeTAJIJIOB 3a TMOCTIeTHUE TO-
TIbI, ABJIEHUE CBEPXITPOBOJINMOCTH OCTAETCA TaKUM
JKe 3araJIoUYHbIM, KaK W PaHbIe, W TMO-TPEXKHEMY
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OCTaBJIAeT OE3YCIENTHBIMI BCE MOMBITKN €10 00bsIC-
HeHNs"

B.JI.'nu30ypr B 40-e rogbl MPOIILIOr0 CTOJIETHS
"Havas 3aHUMATHCS M3yUEeHNEM CBEPXIIPOBOIIMO-
CTH TOTOMY, UTO 9TO sIBJIEHUE MPEICTABISIIOCH Ca-
MBIM TaWHCTBEHHBIM B (pU3MKe KOHIEHCUPOBAHHO-
ro cocrosiamst BemectBa' (3 HobemeBckoro mokiia-
na B.JL.T'un36ypra).

[lepBbiit OoJsiblION HmIAI B HOHMMAHUU ABJICHUS
CBEPXIIPOBOAUMOCTY OBLI cuenan OparbiMu Ppu-
1meM u XabiameMm JIomgoHnamu eme mepej BOMHOI.
My ObLIO IIpEJCKAa3aHO sBJICHUE KBaHTOBAaHUS
MarHUTHOI'O II0TOKa B CBepxIlpoBojHukax. Ilocie
TOI'O, KaK YK€ II0CJe BOWHBbI OblLla M3MepeHa Be-
JINYMHA KBAHTa MAarHUTHOI'O IIOTOKA, CTAaJIO Ode-
BUJIHO, 9YTO HOCUTEIAMU CBEPXIIPOBOAUMOCTH SIBJIs-
FOTCSI I1aphl 9JEKTPOHOB, CBA3aHHBIE MEXKJIy cOoDOil
HEKNM B3auMOJICHICTBUEM.

CraJjio NOHATHO, YTO JijId BOBHUKHOBEHUS CBEPX-
IIPOBOJISIIIEIO COCTOSIHUST CBEPXIIPOBOISIIIE HOCHU-
Te/IN JIOJXKHBI IIPUTATUBATBLCA JIPYD K JPYI'y Tak,
gT0OBI 00PA30BaJICA eIUHBIN aHCaMOJIb YacTHIl, KO-
TOPBIE HE MOT'YT PACCErBAThCs Ha JedeKTax peler-
K (1 (POHOHAX), Tepsisd MPH ITOM IHEPTUIO TOPITH-
SIMIA MEHBIINMM, YeM SHEePrus UX B3aUMHOI'O IIPU-
TSIYKEHII.

[IpuMepHO B 5TO Ke BpeMsi B CepeJuHe IIPO-
IIIJIOTO  BeKa ObLI1 OTKPBIT H30TOI-3P(EKT B
cepxmpoBognukax [35], [36], T.e. 3aBucmMoCTB
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KPUTUYIECKO  TeMIepaTypbl  CBEPXIPOBOIHIKOB
OT MacChl M30TOIOB, MX COCTABJIAMOMNX.. Bcko-
pe Tmocjae OTKphITHs wu3oTon-3¢pdekra JI.Kymep
peJIOKIT  (DOHOHHBIM MeXaHU3M ClIapUBaHUA
9JIEKTPOHOB, Ha OCHOBe KoToporo JIxk.bapamnbiM,
JI.Kynepom n JIx.Ilpuddepom ObLia mocrpoena
MUKPOCKOIIMYECKas: TeOpUd CBEPXIIPOBOIMMOCTHU
- teopuss DBKII, npuobpermas Bceobiiee mpu-
sHanue.” Dra Teopud CMOIVIA OOBACHUTH MHOIHE
obmue 3PpdeKThl CBEPXIPOBOAUMOCTH - 00pa3oBa-
HUE SHEePreTUYecKoil IMeJu B CBEPXIIPOBOIHUKAX,
TeMIlepaTypPHble 3aBUCUMOCTH 3TO e U TEILIO-
eMKOCTH CBEPXIIPOBOJHIUKOB, KBAHTOBaHUE IIOTOKA.
OjiHakKo OHa He CMOIJIa CTaTh TeOpHell CBEPXIIPO-
BOJHUKOB, T.K. CTOJIKHYJaCh C HEIPeoOJUMbIMU
TPYJAHOCTSAMU B, IIO-BUAUMOMY, CAaMOM IJIABHOM
- B TpeJCKas’saHud KPUTHYECKUX I1apaMeTpPOB
KOHKPETHBIX CBEPXIIPOBOJIHUKOB. Boobime ropops,
dopmyita, ommchIBaromad KPUTUUECKYIO TeMIIepa-
TYpPy CBEPXIIPOBOJHMKA, ObLIa IOJy4YeHa, HO OHA
onpejendna KPUTUIECKYIO TeMIIepaTypy 3SKCIIO-
HEeHTOI, B MOKas3aTeJb KOTOPON BXOAWJIU TaKue
rmapaMeTpbl MeTaJijia, KOTOPble He IIOMIal0TCA
TOUYHOMY wm3MepeHuto. IloTomy meHHOCTH TaKoe

1Ha HECKOJIbKO JecATujaeTuit panee B Jleiinerne mpeanpuHUMAINChH TOMBIT-
Ku O0HAPYXKUTH 3TOT 3GhdEKT, HO TOrJa 3KCIEPUMEHTATOPAM HE XBATHUJIO
9yBCTBUTEILHOCTH.

[Toro6HOE paccMOTpeHne CBEPXIPOBOIUMOCTH OBIJIO HECKOJIHKO PaHbINE IPO-
Begeno H.H.BoromaoboBbiM, Tak 9TO, MO-BUIAMOMY, OOIee CIIPABEITHBO 3Ty TEO-
puio Ha3bBaTh Teopueit boromobosa-BKIII.
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OIIKMCaHNE CBEPXIIPOBOAHWKOB HE MMEJIO.

K Tomy ke Takoe 00ObsiCHEHHE MeXaHU3Ma
CBEPXIIPOBOJINMOCTI ~ PAa3PbIBAJIO €€ TI'MIIOTeTH-
YECKYI0 CBSI3b C POJCTBEHHBIM $BJIEHUEM - CO
CBEPXTEKYUECTHIO - B YKIUJIKOM I'eJINK HeT (POHOHOB,
O00beIUHAIONINX ATOMBl B €JIWHBI aHCAMOJIb, U
I0JIO0HBIN MeXaH3M He MOXKET IPUBECTU K CBEPX-
TEKYyUeMy COCTOAHHUIO.

Bosee mozanme wnccaegoBaHUA M30TOMUIECKUX
3aMeleHnit ToKa3aJanu, YTO HYyJeBble KoJieOaH!s
MOHOB B pelleTKax MeTaslJIOB aHrapMOHMYHBHI. Kak
CJIeJICTBUE STOTO, M30TOMNYIECKOe 3aMelleHne BJIN-
€T Ha MEYKaTOMHBIE PACCTOSHUS B peIIeTKe, U
TeM CaMbIM, TIpAMO Ha dHepruio Pepmu MeTasIa
152]. TlosTomy cymiecTBOBaBIIEE B CEpEIUHE TTPO-
IMJIOTO BEKa MPEJITOJI0YXKEeHe O TOM, UTO JIEKTPOH-
(boHOHHOE B3AMMOJIEIICTBIE SIBJISETCS €INHCTBEH-
HO BO3MOXKHBIM MEXaHU3MOM CBEPXITPOBOIUMOCTH,
0Ka3aJI0Cch HeBepHbIM. [IpsiMoe Bo3meiicTBUE u30-
TOIIHOI'O 3aMelleHud Ha dHepruto Pepmu 1103BOJIET
paccMaTpUBaTh CBEPXIIPOBOAUMOCTL 0€3 POHOHHO-
I'0 MEXaHU3MA.

Kpome Toro, mnpu OsmkaiilieM paccMOTPEHUN
okasbiBaercd, 9To BKIL omnucbiBaeT MexaHusMm 00-
pa30oBaHuUs 3JIEKTPOHHBIX IIap, HO B Heil HeT Me-
XaHu3Ma 00beJIMHEHUsI 11ap B €IUHBII CBEPXIIPOBO-
it ancaM0Jib. A IMEeHHO 0O0pa3oBaHUe €IIMHOIO
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aHCaMOJI YaCTUIL SIBJISIETCSI HEOOXOINMBIM YCIOBHU-
eM CYIIeCTBOBaHUs CBEPXITpoBOAMOCTH. CIIOHTAH-
HO TaKoe 00beINHEeHMe TMPOU30MTH He MOXKET XOTd
OBI TIOTOMY, UTO Maphl He TOXKJIeCTBEHHDI. VX pasin-
YaIoT APYT OT APYyTa HEKOPPEINPOBaHHbIE HYJIEBhIE
KoJ1eOaHuUS.

[Tpencrapasgercs, uTo oObeIMHEHNE JIEKTPOHOB
B ITapbl MOYKET MPOMUCXOAUTH 3a CUYET MarHUTHO-
I'0 B3aMMOJIEMCTBHUSA SJIEKTPOHHBIX JUIIOJIbHBIX MO-
merTOB (cMm.HmKe). Ho BoOOIIE roBopsi, KOHKpe-
TU3aldd MeXaHu3Ma, OTBEYAIOIIEro 3a ClIapuBaHue
9JIEKTPOHOB - (DOHOHHBLIN WM HE(MOHOHHLIN - HE
IIpeJICTaB/IdeT II€PBOCTEIIEHHOTO 3HadeHus. Heob-
XOJUMO TOJIBKO, YTOOBI TaKOi MexXaHu3M pabora.
BO BCEM MHTEPBaJie TEMIIEPATYPHI, IJIe CYIIEeCTBYET
CBEPXIIPOBOAMMOCTb. Pabora mMexaHnsma crapuBa-
HUsI 9JIEKTPOHOB U IIpeBpallleHns nx B 0030HHbIE I1a-
PBI - HEOOXOIMMOE, HO He JIOCTATOYHOE YCJIOBUE JIJId
CYIIIECTBOBAHUS CBEPXIIPOBOALAIIEIO COCTOSHUSI.

Pusmdyeckoil TPUIMHONE CYIIECTBOBAHUA CBEPX-
IIPOBOAMMOCTHI SIBJIAETCA HaJIM4YKMe SHEPIUU CBA3U
MezK 1y O030HHBIMU ITapaMu, KOTOpas He I03BOJIA-
eT OTJIeJIbHBIM YaCTUIIAM CBEPXIIPOBOJIAIIEIO AH-
caMOJIg paccenBaTbCcd Ha JedeKTax, Tepsds MaJible
TIOPIIUN SHEPTHH. De3 NpuTsarKeHus: MeXKJy Iapa-
MU IIPOIECC OObeIuHEHNs JIEKTPOHOB B Iapbl He
IIPUBOJNT K 00pa30BaHUIO CBEPXIIPOBOIAIIEI0 KOH-
JIeHCATA.
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PaccmarpuBas MexaHM3M, OObeIWHSIONIENH ITa-
pPHI 9JIEKTPOHOB B €IMHBIN aHCaMOJIb, BayKHO I10-
HUMAaTh TO, UYTO B STOT aHCAMOJJIb 00beINHAETCA
BeChbMa MaJIoe KOJIMYECTBO 9JIEKTPOHOB. 13 n3mepe-
HUI JIOHJOHOBCKOM TJIYOMHBI MPOHUKHOBEHUS CJIe-
ayer (cMm. rraBy (8)), 9TO B aHCaM0bJIb CBEPXITPO-
BOJISAIINX HOCHTeIell 00beInHAeTCS TTpIMepHo 1072
YaCTh OT IOJIHOTO YMCJIa KOJIEKTUBU3UPOBAHHBIX
9J1eKTPOoHOB. Takum 00pasoM, HPUTIXKEHNE BO3HU-
KaeT MexK/ly IIapaMu, PAa3HECEHHBIMU Ha IIOYTH CTO
MEXKJ1yy3€e/IbHbIX paccrosgauil. Ilpu sTom jpyrue
9JIEKTPOHBI, PA3/Ie/IAoIe COCEIHNIE ' CBEPXIIPOBO-
Jsitye naphl, CUJI IPUTAXKEHNsT He UCIIBIThIBAIOT 1
HEe MeIIaloT UX KCIBITHIBATD TEM IiapaMm, KOTOpbIe
00 beIUHAIOTCS B CBEPXIIPOBOISAIINI aHCcaMOJIb.

Huxke Oyner mokazaHo, 9TO TaKUM MEXaHI3MOM
00'beIMHEHNsT CBEPXIIPOBOJISIIIX HOCUTEIEN SIBJIsi-
eTCs IIPOIECC YIIOPsiIOUeHHsT X HYJIEBBIX KoJieha-
HU.

DJIEKTPOHHAS I1apa KaK BCAKUI KBAHTOBBIN 00b-
eKT II0JBEPKEeHa HYJIeBbIM KojieOanusaM. [Ipu Hyste-
BBIX OCHMJIIANNAAX 9JIEKTPOHHOM IIapbl OTHOCUTEIb-
HO OJIM3KO PACIIOJIOXKEHHOT'O MOHA BOSHUKAET JJIEK-
TPUUIECKOE I10JIe, XapaKTePHOe /It OCIILINPY OIIe-
I'0 JUIIOJBHOTO MOMEHTA.

Cuibl NPUTSKEHNA MEXKIy IapaMu OTCYTCTBY-
FOT, [I0OKa MX HyJIeBbIe KOJIeDaHUsT HEYIIOPSII0IEHbI.
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B cucreme ynopagoueHHO OCHMJIUPYIONINAX JU-
IIOJIbHBIX MOMEHTOB MOXKET BOSHUKHYTDL IPUTSIZKe-
Hue. Tak, npuTsrkeHne u o0ObeuHeHe B aHCaMOJIb
BO3HUKAET, KO/ IPOTUBOMA3HO KOJIEOIIOIINEC
IIaphl PACIIOJIAraloTCd Ha PACCTOAHUAX, PABHBIX I10-
JIOBUHE JIJTMHBI BOJIHBI CO3/IaBA€MOI'0 UX KoJebaHu-
MU JIEKTPOMATHIUTHOIO ITOJIS.

B pesynbrare ynopdpodennd HyJIeBbIX KoJieba-
HU 9JIEKTPOHHBIX I1aP, IIPU KOTOPOM MEXK]Ty HUMU
BO3HUKAIOT CUJIbI IPUTAXKEHHUHA, JOCTUTIAETCs TIOHM-
>KEHUe SHepruy aHcaMOJisi 1 0Opa30oBaHMe KOHJIEH-
caTa 4acTUIl Ha YPOBHE C MUHUMAJILHO SHEPTUe.

DTOT IOJX0]T OKA3bIBAETCA IJI0JJOTBOPHBIM - PaC-
CMAaTpUBad CBEPX-sBJEHUs KaK CJEJICTBUS YIIOPSI-
JIOUEHNsT HYJIEBBIX KoJeOaHuil, yaaeTcs IOCTPOUTH
TeopeTHIecKNe MEXaHU3MbI, JAIOIIIe BOBMOXKHOCTD
MOJIY9IUTh ONEHKM JIJId KPUTUYECKUX I1apaMeTpPOB
paccMaTPUBAEMbIX CUCTEM, YIOBJIETBOPUTETLHO CO-
TJIACYIONINecs C JaHHBIMU U3MePEeHUit.

Tak, okazbIBaeTCs, 9TO KPUTUIECKast TeMIIepaTy-
pa cBepxnpoBoAHUKOB (I poja) momkHa OBITH paB-
fa mpuMepHo 1079 ot TemmepaTypsr Pepmu cBepx-
TTPOBOISAIIETO MeTaJsljla, UTO BIIOJIHE COTJIACYeTCs C
JAHHBIMI U3MEPEHUI.

B To ke BpeMda OKas3bIBaeTCsd, UTO pa3pyIIeHHUe
CBEPXIIPOBOAMMOCTH MarHUTHBIM ITOJIEM ITPOUCXO-
JIUT TOTJA, KOTJIa 9TO I0Jie pa3pyIllaeT KOTepeHT-
HOCTb HYJIEBBIX KOJI€OAHMI 9JI€KTPOHHBIX ITap, 9TO
TOXKE XOPOIIIO COTJIACYETCA ¢ JaHHBIMU U3MEpPEHMIl.
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DTO O00CTOSTEJIbCTBO IO3BOJIAET IIPeIcKa3aTh
OCHOBHBIE CBOMCTBA, CBEPXIIPOBOJHUKOB, MCXOJS U3
BBIUNCJIEHUIT CBOMCTB KOHEHCATa YIOPSI0UeHHBIX
HYyJIEBBIX KoJsieOanmuit. To coBmageHme, KOTOpoe
0OHAPYKUBALTCS MEYKIY XapaKTepPHBIMU UepPTAMU
TAKOI'0 KOHJIeHcaTa M HaOJIIOMAeMBIMI CBOMCTBAMI
CBEPXIIPOBOIHUKOB,  CIAYXKUT  JIOKA3aTEIHCTBOM
TOTO, UTO SABJIEHIE CBEPXIPOBOIUMOCTU JIEHCTBU-
TEJIbHO €CTb CJIEJICTBUE YIOPSJIOYEHUsI HYJIEBBIX
KoJieOaHUIT 9JIEKTPOHHOI'O I'a3a.

B KuakoMm remm IpM BOSHUKHOBEHUU CBEPX-
TeKy4decTu paboTaeT TaKOW rKe MeXaHu3M. 3ajiada
0 B3aMMOJENCTBUM HYJIEBBIX KOJIeOAHUN SJIEKTPOH-
HBIX 000/I04€eK HeHATpaJbHbIX aTOMOB, HaXOIAIIIIX-
cs B S-cocTodgHmMU, ObLIa pacecmorpena @ .Jlongonom
elle repej; BoitHoM. VM ObLIO 1TOKA3aHO, YTO UMEH-
HO 9TO B3aUMOJIEHICTBUE OTBETCTBEHHO 3a CKUZKe-
HIUe Tensd. bojee BHUMATE/bHBIN aHAIN3 ITPOIEC-
ca YIOpsI0deHns HYJIEBBIX KOJieOaHWI aTOMOB T'e-
JINg MOKa3bIBaeT, YTO CHaYaJa [OpU Temieparype
oKoJi0 4K TpOnCXonuT YIIOpsiIovueHne OIpe e IeH-
HO¥ MOJbI HYJIEBLIX KoJebaHuil. B pesysibrare MexK-
Ty aTOMaMU BO3HHUKAIOT CHJIBI MPUTAXKeHHus. Tak
KaK CHJIbl OTTAJKNBAHUA B ra3e D030HOB OTCYTCTBY-
IOT, TO 9TO NPHUBOJANT K €ro oxkukeHuio. llomamoe
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YyTIOpsI0UeHre HyIeBbIX KoJiebaHnii 060J019€eK aTo-
MOB TeTnA-4 1 JOMOJTHUTEIbHAS SHEPTUA X B3aNM-
HOTO TTPUTSYKEHNA, KOTOphle HEOOXOINMBI JIJIA CO-
3MaHNS €IMHOTO KBAHTOBOTO aHCAMOJIA, BOSHUKAIOT
TIpU BJIBOE MEHBITeH TeMIlepaType, T.e. TPUMeEPHO
npu 2K, 910 cormacyeTrcd ¢ TeMmepaTypoil mepexo-
Jla €r0 B CBepXTeKydee cocTosiHne. B remmm-3 s
00pa30BaHNA CBEPXTEKYUEro KBAHTOBOTO aHCAMOJIS
HEOOXOJIMMO JIOIIOJIHUTEJIbHO, KPOME HYJIEBBIX KO-
JiebaHuil, yIOpsI09UTh MAarHUTHbIE MOMEHThI siJIep,
JIIsi 9ero HeoOXOJMMO IIOHU3UTH TeMIIePaTypy Hu-
ke 0.001K, uTo TakxKe CcOT/IaCyeTCsl ¢ OIBITOM.

Takum 00pazoM, yjaeTcs 110Ka3aTh, YTO B OCHOBE
JIBYX POJICTBEHHBIX sABJICHUI, KAK CBEPXIIPOBOIUMO-
CTH, TaK 1 CBEPXTEKY4eCTH, JIEXKUT eJUHbII prusn-
YeCKHUiIl MEeXaHU3MOM - YIIOPSAI0YEHNEe HYJIEBBIX KO-
J1ebaHuit.

[lepBoHa4uaIbHO POJIb  YIOPAJAOYEHUsT  HYyJie-
BbIX KoJieOaHUl B 00pa30BaHUM CBEPXIIPOBOISIIErO
COCTOSTHUSA ObLTa PACCMOTPEHA B cTaThsx [37] - [39].

2. Kongencar ynops/109eHHBIX HYJIEBBIX
KoJiebaHm’ii 3JIEKTPOHHOT'O Ta3a

Crnenyer OTMETUTH, 4YTO BO3MOXKHYIO CBA3b
CBEPXIIPOBOJMMOCTH U HYJIEBBIX KojeDaHuit (aro-

MOB B DeEIIeTKe MeTajjia) [IPEJIIoaaraa ere
Jlx.Bapaun [41].
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Ocobast posb HYJIEBBIX KOJIEOAHMI CBA3aHA C
TeM, 4TO MPU HU3KUX TEMIEpaTypax B MeTajaax
KpoMe 3TUX KojebaH!ii BBIMEP3aloT BCe OCTaIbHBIE
BUIBI JIBUYKECHUIA.

Obpa3zoBanue CBEPXIIPOBOIAINIEr0 KOHIEHCATA, 34
cUeT B3AMMOJIEHCTBUSA HYJIEBLIX KOJebaHUil B rase
9JIEKTPOHOB MTPOBOJIUMOCTH UMEET TY OCOOEHHOCTD,
qTo Tpedbyer paboTbl JBYX MEXaHU3MOB: CHadaJa
9JIEKTPOHBI JIOJIKHBI 00beJIMHUTCS B OO30HHLIE 11a-
PbI U 3aTeM JIOJKHO HPOU30MTH YIIOPSI0UEeHNEe UX
Hy/1eBbIX Kostebanuit (cum. puc.(5.1)).

3. CnapuBaHue 3JIEKTPOHOB

DHePreTUIeCKN BHIIOJIHOE CIIapUBAHUE 3JIEKTPO-
HOB B 3JIEKTPOHHOM T'a3e JIOJI2KHO IIPOU30UTU 1IpU
TeMIlepaType Bblllle KPUTUYECKOIA.

MexaHnsMoM 71T TaKOTO CIIAPUBAHUS 3JIEK-
TPOHOB MOKET CJYKUThb MX MarHUTHOE JIUIIOJIb-
JINTIOJIbHOE B3anUMO/IeiicTBIE.

g Toro, 9T0OBI 9TO B3aUMOAEHCTBIE IIPU TEM-
nepatype mopdnaka 10K Moryio ynopsaaodunTh CIIH-
Hbl B CUHIVIETHOM COCTOSIHUH, PACCTOSAHUE MEXK]y
YaCTUIIAMHU B 9TOM Iape JOJKHO ObITH JOCTATOTHO
MaJIbIM:

(46) r < (5 /kT)Y? ~ ap,
31€Chb ap = mh—ig - pajuyc Bopa, pp - Marseron

Bopa.

90



T.e. nBa KOJNJIEKTUBU3UPOBAHHBIX SJIEKTPOHA,
JIOJIZKHBI OBITDH JIOKAJIM30BAHLI B 0O0BEME OJIHOIO
MOHHOI'O y3J1a. DTO COIJIacyeTcsd ¢ TeM (paKToOM, 9TO
CBEPXIIPOBOJMMOCTD PeaJIM3yeTCsd TOJIbKO B MeTaJI-
JIaX C IByMsl KOJIJIEKTUBU3UPOBAHHBIMU 3JIEKTPOHA~
MU Ha aTOM, W He HabJ/IIogaeTcsd B OJHOBAJIEHTHBIX
IMIeJIOYHBIX 1 OJIArOPOJIHBIX MeTaJslIax.

Herpyano coobpasuTb, 9TO HaJu4dre MarHATHO-
0 MOMEHTa Y MOHHOI'O y3Jia, B OKPECTHOCTU KOTO-
POT0 JIOKAJIM30BaHbl 00beIMHSATIONINECT SJIEKTPOHBI,
JIOJIZKHO CBOMM MArHUTHBIM IIOJIEM MEIIaTh 3TOMY
00bEeIUHEHNIO. JTO MOATBEPXKIACTCS SKCIEPUMEH-
TaJbHBIM (PAKTOM: CUJIbHbIE MarHETUKH He ObIBa-
IOT CBEPXITPOBOJHUKAMU U JI0OaBJIeHIE, HAIIPUIMED,
JKeJie3a B CBEPXIIPOBOIAIINI CILIAB BCETa BeJleT K
TIOHMYKEHUIO €r0 KPUTUYIECKO TeMIlepaTyphl.

C Jpyrofi CTOPOHBI, TaKOe MAarHUTHOE CIapu-
BaHNE He J0/DKHO Pa3pylaTbCsd IPpU KPUTHIe-
CKOIT TeMmIepaType. DHeprusi B3auMoJAefiCTBIS JIBYX
9JIEKTPOHOB, NPHU UX JIOKAJU3AIUNA BOJIM3KU OJIHOIO
Y3718 PEeIIeTKH, MOXKeT ObITh MHOT'O OOJIBIIEi. DTO
TIO/ITBEPKIAETCS U3MEPEHNUSIMI KBAaHTOBAHUSA Mar-
HUTHOI'O IIOTOKA, KOTOPbIE He 0OHAPY>KIBAIOT HUKA-
KIX U3MEHEHH TIepruoga KBAHTOBAHUS IIPU IIEPEX0-
Jle CBEPXITPOBOIHUKA Uepe3 KPUTUIECKYIO0 TeMIIepa-

Typy [42], [43].
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OTH SKCIIEPUMEHTHI MOXKHO PAaCCMATPUBATL KakK
JI0KA3aTeJIbCTBO TOTO, UTO CYIECTBOBAHUE MeXa-
HU3Ma CIIapUBAHUS 3JEKTPOHOB sBJISETCS HEO0OXO-
JIMMBIM, HO HEJIOCTATOYHBIM YCJIOBHEM JJIsI CYyIIle-
CTBOBaHUS CBEPXIIPOBOTUMOCTH.

[IpenioxkeHHbIil  BBIIE MEXaHU3M  JIATIOJIb-
JIATIOJIBHOTO  CIIAPUBAHUS 3JIEKTPOHOB B Teope-
TUYECKOM ILJTaHe MOXKHO pPacCMaTPUBATh JIUIIb
KaK CXeMy, HYy»KJalollylocsd B 0OoJiee JieTajJbHOM
pPACCMOTPEHUN U JaJibHelel 1opadboTke.

Ternepb HET cMBICTIa YAEAITH 0cODOE BHUMAaHUE
9TOMY BOIIPOCY, MOCKOJbKY IMPUPOJa MEXaHU3Ma,
BBI3BIBAIOIIETO CITAPUBAHNE IJIEKTPOHOB, IPEICTAB-
JIsieTcs HecylnecTBeHHON. BaxkHo, 4ToOBI B nHTEpE-
CYIOIEM HAC TeMIIepaTypPHOM Juala3oHe (a TakKe
B HEKOTOPOI ob1acTu TeMiepatyp Boiie 1,) cytie-
cTBOBaJ JII0OOI MeXaHU3M, IIPEeBPAIAIOIIN IeK-
TPOHHBIN TI'a3 B aHCAMOJIb 3apAKEHHBIX D030HOB CO
CIIMHOM pPaBHBIM HYJTIO.

[Toka TemmepaTypa HeJOCTATOUHO HU3KA, HYyJIE-
Bbl€ KOJIeOAHUA 3JIEKTPOHHBIX T1ap OCTAIOTCs HEYTIO-
psagodeHHbIMU. [Ipm mocTmkenun 1, B3amMoeil-
CTBHE MEYK]Iy UX HYJIEBBIMU KOJEOAHUSME HOJIKHO
BBI3BATH YIIOPSI0UeHNE STUX KOJIeOAHMil, 1 CBEpPX-
ITPOBOJISAIIEE COCTOAHNE SIBUTCS €0 CJIEICTBUEM.
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YpoBeHb aHepruv Pepmun
HeB3auMoAEeNCTBYHOLLMX
9MNeKTPOHOB

MoHWKeHne sHeprum anekTpoHoB
npu nx cnapnBaHuu 3a CHET MarHUTHOroO
AVNONb-ANMNONBHOTO B3auMOAeNCcTBUS

MoHuxeHve BHEeprnn cnapeHHbIX 3fIEKTPOHOB 3a cHeT
ynopaao4yeHnsa nx HyneebIx kone6anuin

Puc. 5.1. Cxemarndeckoe u3o0pazkeHne ypoBHEN 3HED-
I'UU KOJLUTEKTUBH3UPOBAHHBIX 3JIEKTPOHOB B CBEPXIIPOBO-
JISATIEM MeTaJLIe

4. Obpa3oBaHUe KOHJIeHCATa HYJEBBIX
KoJIeOaH!iA

4.1. BzammogeiicTBue HyJIeBbIX KoJeba-
Hng. OCHOBHas NMPUYNHA 00PA30BAHUS CBEPXIIPO-
BOJAIIET0 COCTOSHUSI - BO3HUKHOBEHNE SHEPIUN
HPUTSAZKEHUST ME2KJIY CBEPXIIPOBOAAIINME YaCTUIA-
MU. DTa SHEPIUs NPUTIKEHNs, 00beIMHAIONIAs Ta-
CTUILIbI B €JMHbI aHcaM0J/ib, BO3HUKAET 3a CYeT
9JIEKTPOMArHUTHOI'O B3aMMOIENCTBIUS YIIOPSI IO IeH-
HbIX HYJIEBBIX KOJIeDaHUM CIIAPEHHBIX 3JIEKTPOHOB.
[Ipu 5TOM yIOPSII0IMBAIOTCS AMILIUTY/IbI, YaCTOTHI
1 dasbl ITUX KOJIeOAHUIA.

[IpoucxoxkieHne 3Toro NpUTAXKEHNsE MOZKHO 00b-
SICHUTD CJIEIYIOMMIM 00pa30M.

[Tycte nBa (aByx3apsaHbix) nona A u B pactio-
JIO?KEHBI Ha, OCH Z Ha PAaCCTOAHUM L APyr oT apyra.
B oxpecTHOCTH KarKJI0I'0 U3 HUX CIIAPEHHBbIE KOJI-

JIEKTUBU3UPOBAHHBIC 9JIEKTPOHBI CO3aX0T obJ1aka ¢
93



Puc. 5.2. /Isa mona, pacroJaraplieecs Ha PacCTOSHAN
L, u meHTpHl 3J€KTPOHHBIX 00JIAKOB KOJLIEKTHUBU3HUPO-
BaHHbIX 9JICKTPOHOB.

neaTpaMu B Toukax 1 u 2 (Puc.5.2). Oboznaunwm
71 PaJMyC-BEKTOP IEHTPa MEPBOIO 3JIEKTPOHHOIO
00J1aKa OTHOCUTEIHHO HOHA A U 7'y PajUyC-BEKTOD
BTOPOI'0 OTHOCUTEJbHO MOHa B.

Bocnonipzopapmiick  npubsimkenueM  bopaa-
OrnenreiiMepa, MeJJIEHHO OCIIJITUPYIONIAE UOHBI
OyieM CUUTATH HENOBUKHBIME, TEMIIEPATyPY
TOJIOXKUM J0CTaTOIHO HU3KOM (T — ), Tak 91005
JUisi 9JIEKTPOHOB MOYKHO OBLIO  PaccMaTpPUBAThH
TOJILKO HyJIEBBIE KOJIEOAHUS.

B srom ciyuae raMuIbTOHUAH CUCTEMbBI MOXKEM
3allUCaTh B BUJIE:

H=H,+ H'

47 Hy= -1 (V2 + V) fe? A
" dme ! 2 T 79

7 4e? N 4e?  4e?  4e?

L 12 1B 24

CobcrBenHas (OYHKINA HEBO3MYIIEHHOTO TaMUJIb-
TOHHAHA OIMCHLIBAET JIBA MOHA, OKPY2KEHHBIX 3JIEK-
TPOHHBIMU 00JIAKAMHU, HO HEB3aUMOIEHCTBYIOMINX

IpyT ¢ ApyroM. B cBasm ¢ TeMm, 9TO PacCTOAHUE
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MeXKJy MoHaMy L BEJIMKO 110 CPABHEHUIO C pa3Me-
POM UX 3JIEKTPOHHBLIX 0bJakoB, wied H' & xapax-
TePU3YIONUN B3auUMO/IeMICTBUE MOKHO pacCMaTpu-
BaTh KaK BO3MYILEHUE.

uTepecysicb TOJBKO IVIABHBLIM YJIEHOM B SHEp-
I'UU B3AUMOJERCTBUs 1IpU OOJIbIINX L, pas/ioxKum
H' B psan no crenersam 1/ L u orpaHuanMcs mepBbi-
MU YJIEHAMU:

(48)
H =101
27 -1/2

i [1 i Q(zzL—zl) + (x2—x1)2+(y2£2yl)2+(22—z1)

2\ —1/2 2\ —1/2
-med) - ()

KombuHUpy¢ ciraraeMble B 9TOM BhIPaXKeHUN, 110~

JTyIaeM:
2

(19)  H' ~ % (212 + Y1y — 22120)
OTO BbIparkeHHe OIKChIBAET B3aUMOJECTBIE JIBYX
nunosieit dqp u dy, 00pa30BaHHBIX HEIIOIBUXKHBIMU
MOHAMHE U 3JIEKTPOHHBIMU 0OJIaKaMU C COOTBETCTBY-
FOIIell MI'HOBEHHON KOHQUIypaIuei.

Boienmm Te 3HaYeHHS CMEIIeHMil 3JIeKTPOHOB,
P KOTOPBIX B CUCTEME BO3HUKAET IIPUTSAKEHIE.

Bynem mosiararb, 9TO HyJeBble KojebaHUs -

I[TOJIbHBIX MOMEHTOB, O6paSOBaHHbIX noHaMUn C UX
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9JEKTPOHHBIMU 00JIaKaMI, TPOUCXOAAT ¢ JAaCTOTOM
)y M KaKObIil IUMOJBHBIE MOMEHT MOYKET OBITh
Pa3JIOYKeH Ha TPU OPTOTOHAJIBHBIX MPOEKINH d, =
ex,d, = ey n d, = ez. IIpu sTom Kosiebanua BTO-
poro obJaKa CIBUHYTHI IO ¢ra3e OTHOCUTEIHHO KO-
7ebanuil mepBoro Ha ., Y, U Q..

N3 ypasuenus (49) ciemayer, 4To B3anmMojeii-
CTBHUE Z-KOMIIOHEHT HYJEBLIX KoJieOaHuit Oymer
SHEPreTUIeCKH BbIFOAHBIM IPU cuHMa3HOM KoJjeba-
HUM 00JIaKOB, KOIJIa (0, = 2.

Tak Kak B3auMOJIefiCTBHE KOJIEOJIONIUXCS SJIeK-
TPUYIECKUX JMII0JIEH IIPOUCXOIUT 32 CUET IOPOXK -
eMOI'0 UMM OCHUJLJIUPYIOIIEr0 3JIEKTPUIECKOI'O I10-
Jisl, CABUI Ha 27 O3HAYAET, YTO IPUTAIUBAIOIIUECS
Z-KOMIIOHEHTaMU JIUIIOJIN JIOJI2KHBI OTCTOATH 110 OCH
7z JIpyr OT JApyra Ha paccrodHue L, paBHOE JJINHE
BOJIHBI \:

&
27TQO.

(50) L.=Ay=

Kax cienyer u3z pasenctsa (49), moHmKeHNe SHEP-
rUu  JIATOJIE TIPpU B3aUMOJIEUCTBUU KOMIIOHEHT,
OPMEHTHPOBAHHBIX TI0 OCSIM X W Y, BO3HUKHET, ec-
JIN 3TU KoJiebaHus OyIyT MpOoTUBO(a3HBI, T.€. eC/IN
JIUTIOTA Pa3HeCeHbl M0 3TUM OCAM Ha PaCCTOsTHUE
paBHOE TIOJIOBUHE JITUHBI BOJTHBI:

AO B C
2 A0y’

96

(51) Lx,y -



B sToMm cirydyae mMmeem

T1T2  Y1Y2 2179
+ + 2
L3I

(52) H' = —4e?

[Ipenmonarast, 4To 3eKTPOHHBLIE 00JIaKA COBEPIIa-
IOT M30TPOIIHbIE KOJebaHUd C aMILIUTYION ag II0
KazKJI0il ocu

(53) Tl =T =Y =Yg = 21 = 22 = Qo

[HOJIyYaeM
62
(54) H = 5767%’?93@3.

4.2. AmMnauTtyaa HYJIeBbIX KoJiebaHmii. B
JIEKTPOHHOM Ta3€ C IJIOTHOCTBIO M., 3JIEKTPOH,
UMeroIuit  sHepruo Ep, MOXKHO pacCMaTpPUBAThH
pa3sMeNaoMCcd BHYTPU AUYEUKU C IMHENHBIM pa3-
MEpOM \p

(55) )‘F —

SKOHe‘{HO, 3JIEKTPOHBI ABJISAIOTCHA KBAHTOBBIMH YACTUIAMHA M HEIb3s CJIUIII-
KOM OYKBAJILHO TIOHUMATh PA3MEIIEHNE KOJIEKTHBU3UPOBAHHOTO 3JIEKTPOHA BHYT-
pu onpesiesIeHHON sgdeifku MeTassa. 3-3a meficTBug KyJOHOBCKUX CHJI CO CTOPOHBI
WOHOB, KOJIJIEKTUBU3WPOBAHHBIE IJIEKTPOHBI MMEIOT OOJIBIINYI0 BEPOATHOCTH HAXO-
JUTHCS BO3JI€ HOHOB, SKPAHUPYS UX IO, HO IIPH 3TOM OHH KaK ObI pa3Mas3aHbl 10
Metasty. HeBepHO qymMaTh, YTO HEKHil KOHKPETHBIH 3JIeKTPOH (DUKCHPOBAH BHYTPH
A9eWKHN BO3Jie KOHKPeTHOro noHa., Ho pa3Ma3zaHHOCTD 9/I€KTPOHOB HE UI'PAET IIPUH-
UMNAJIBHOTO 3HAYEHN JJId HAIero JAJbHEHIero paCCMOTPEHNA, TaK KaK B CPe/I-
HEM BO3JI€ JAHHOT'O y3Jia PEIIeTKH B JBYXBAJEHTHOM MeTaJljle B KarKJbIi MOMEHT
BpEMEHU HAaXOAATCS JIBA 3JEKTPOHA, KOTOPhIE MOXKHO PACCMATPUBATH yCPETHEHO
PAacCIONIOXKEHHBIMA BHYTPUA PAacCCMaTPUBAEMON AYelKH.
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COOTBETCTBYIOIIEH ero J1e-0poiiIeBCKOi JIJIITHE BOJI-
HbI:

56 Ap = —.
() g PFr

C yuerom (56) suepruto @epmu 3JEKTPOHHOTO
rasa MOXKHO 3aIlMCATh B BUIE

2 2
(57) Ep = 2L — on?2 0P
2m, A%

CBOOO/IHBII 3JIEKTPOH, COBEPINAIONINN HYJIEBbIE
KoJieOaHUs BHYTPU UMK C JIMHEMHBIM pa3MepPoM
A, B3AUMOJIEMCTBYET ¢ HIOHOM. Ecm cuntarh 11oJ10-
YKUTEIbHBIN (POH NOHOB PABHOMEPHO PasMa3aHHbIM
110 9TOI d49eiike, TO BHYTPU Hee 3JIeKTPOH Oyer 00-
JaJaTh IMOTEHINAJIbHON SHEPIUe:

(58) p o ——.

[Ipr sTOM mOCKOJIbKY HYyJIeBble KoJeOaHUs 3JIeK-
TPOHHOU Tapbl MO OIPEJIeJEHUI0 KBAHTOBAHbI, TO
X 4aCTOTa U aMILIUTYAQ CBA3aHbI COOTHOIIIEHUEM:

(59) 2meaifdy ~ h.

[TosToMy KMHETIYIECKYI0 SHEPTHIO 3JIEKTPOHHOI T1a~
pBI, COBepIIaloleii Hy/IeBble KoeOaHus B OI'DaHU-
YEeHHO# 00J1aCTbIO MPOCTPAHCTBA, MOXKHO IPEJICTa~
BUTH B BUJIE:

h2
(60) g]{; ~ 5

2meag
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B coorBercTBUM ¢ Teopemoit Bupuasia [46|, Ky-
JIOHOBCKas YacTHUIla, CoBepInaonast GUHUTHOE IBU-
YKeHMe J0/IKHA IMeTh OTeHIIHAJIBHY0 SHEPIuio &,
CBABAHHYIO ¢ KMHETUYECKOH &), MPOCTHIM COOTHO-
menneM |E,| = 2&.

B cBs3u ¢ sTuM mostydyaem, 4TO aMILUIATYIa Hy-
JIEBBIX KOJIEOAHWIT SJEKTPOHA B dAUeliKe ¢ yIeTOM
MCITOJIb30BAHHBIX JOMYINEHN paBHA;

(61) ag >~ \/2A\rag.

Orcrofia sHeprugd B3auMOJIeHCTBUS JIUTIO e, KO-
Topad 00beINHAET YaCTUIIHI B YIIOPII0YeHHOM KOH-
JleHcaTe HYJIEBBIX KoJiebaHMii 9JIEKTPOHHOIO ras3a,

2 Y
>\F

(62) Ay = H' = 187%a

_ 1 .
31ECHh (v = 137 ~ IIOCTOAHHAA TOHKOU CTPYKTYPHBI.

CpaBHUBasi SHEPIUIO CBsi3u ¢ sHEprueit Pepmu
(57), mosryaaem

Ay
(63) — =910’ ~1.1-107°,
Er
[Ipenmonarasg, 9To KpUTHdeckad TeMIepaTypa,
HI2KE KOTOPOU BO3MOXKHO CYIIIECTBOBAHNE TaKOI'O
KOHJIEHCaTa, IIPUMEPHO PaBHA

1Ay
T2k
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(ko3pdunmenT mpumepHO paBHbIE 1/2 COOTBET-
CTBYET 3KCIIEPUMEHTAJIBHBIM JaHHBIM, PACCMOTPEH-
HBIM HIKe B pasgeste (6)), moaydaem:

(65) T, ~55-10"°TF.

JlaHAbIe M3MepeHnii OTHOIIEHN TT—; JIJIS CBEPX-

poBoAHUKOB | poja mpusenensr B Tabr.(6.1).
['padpuuecku orHoUIEHUS T% JIJIS CBEPXIIPOBO/I-
HUKOB | poja mokasanbl puc.6.1.
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[nasa 6

Kpurnyeckue nmapaMeTrpbl KOHIEHCATa HYJIEBBIX
KoJiebaHmi1 CBEpXITPOBOANMOCTbD.

1. Kpurtudeckas TeMmieparypa
CBEPXIIPOBOJHUKOB I poaa

g Toro, 9T0OBI CPaBHUTH KPUTUIECKYIO TEM-
nepaTypy KOHJeHCaTa HYJIEBBIX KOJIeOaHMI C M3-
MepsAeMbIMU 3HAUYEHUAMU KPUTUYECKNX TeMIlepa-
TYP CBEPXIIPOBOIHUKOB, OIEHWM 3Heprun Pepmmu
CBEPXITPOBOIHUKOB. /17151 9TOTO BOCTIOJIBL3yeMCs IKC-
TIEPUMEHTAJIBLHBIMI 3HAUYEHUAMUI ITOCTOAHHON 30-

MMepdesbia, KOTopast BhIPasKaeTcs depe3 SHEPIHIo
Depmu [45]:

66 — = ~) me
(66) ; men

AEr 2 h

e

m2kn. 1 (7r>2/3 AR

Tak wro ucxog u3 pasercts (57) u (66), mosydaem:

2 3
_ p%(V) -~ 12 n 2

(67)  Er(y) om. = \i2) \am ) 7

[IpoBeneHHble BBIUNC/IEHUS ITO3BOJIAIOT HAIPs-
MYIO CBA3aTh KPUTUYECKYIO TeMIIepaTypy CBepX-
IIPOBOJIHUKA C SKCIEPUMEHTAJIbHO H3MEPUMbIM
TBEPJAOTEJbHBIM ITapaMeTPOM - €ro 3JIEKTPOHHO

TEILJIOEMKOCTDBIO.
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ceepxmnpoBogauk | 1., K| Tp K g—;
Bq(67)
Cd 0.51[1.81-10°[2.86-107°
Zn 0.853.30 - 10°2.58 - 107
Ga 1.09 |1.65-10°|6.65 - 1076
Tl 2.39 |4.67 - 10° | 5.09 - 107°
In 3.41(7.22-10°4.72-107°
Sn 3.7217.33-10°|5.08- 107
Hg 4.15(1.05-10°|3.96-107°
Pb 7.19 11.85-10°{3.90 - 1076
TapmunA 6.1. Ornomenue 1, /Tr
Yuutsisag (65), nmeeM:
(68> A0 = 6727
31€Chb KOHCTaHTa
2 ;2 3 Ktemb
69) ©~31" || ~665.- 10022
k| km, erg

CpaBHeHne pe3yJbTaTOB  BBIYUCIEHHON  T1a-
paMeTpOB CBEPXIPOBOAHUKOB | pojia ¢ JaHHBIME
m3mepenwii ([22],[32]) mpuseerno B Tab1.(6.1),(6.2)
n #a Puc.(6.1),(7.1).
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log Te
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5.5
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6.5

Puc. 6.1. CpaBuenne KpuTudeckoit temmepatypbl 1,
cBepx1poBoHUKOB [ poja ¢ ux Temueparypoit Pepmu
Tr. lpsivast TUHEST COOTBETCTBYET paBeHCTBY (65), Ko-
TOpOE KaK BUHO OIPEEedeT JIsd CBEPXIIPOBOIHUKOB |
POJia BEPXHIOIO TPAHUILY UX KPUTHUUYECKON TeMIePaTyphl.

superconductors | T.(measur), K | v, —5% | T¢(calc),K ;:C ?(Tf;fs))
Eq.(68)
Cd 0.517 532 0.77 1.49
Zn 0.85 718 1.41 1.65
Ga 1.09 508 0.70 0.65
Tl 2.39 855 1.99 0.84
In 3.41 1062 3.08 0.90
Sn 3.72 1070 3.12 0.84
Hg 4.15 1280 4.48 1.07
Pb 7.19 1699 7.88 1.09

TabnauiiA 6.2. CpaBHeHHe BBIUYUCJIEHHOW KPUTUUIECKON
TeMIeparypbl ¢ JaHHbIMU U3MEPEHui

2. Kpurnyeckue napaMmeTpbl

CBEpPXNPOBOJHUKOB 1 poaa

ZlBiieHne KoHAeHCAIIMM HYJIEBBIX KoJjiebaHuii

3JIEKTPOHHOM ra3e UMeeT XapaKTEPHbIE YePTHI.
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PazpymuTh KOHIEHCAT HYJEBBIX KOJieOaHMil
9JEKTPOHHOT'O T'a3a MOYKHO Pa3HBIMU ITYTIMU.

Bo-mepBBIX €ro MOXKHO UCHApUTh C  TIOMO-
b0 HarpeBa. [Ipm STOM wncmapeHne KOHJIEHCATA
JTOJIPKHO 00J1aJ1aTh CBOMCTBAMM IT€PEX0/Ia, MOPSII0K-
OEeCITOpSIIOK.

Bo-BTOpBIX, M3-3a TOTO, YTO KOJIEOIIONINECS
9JEKTPOHBI HECYT SJEKTPUUYECKU 3apdl, KOHIEeH-
caT MOKeT ObITb paszpylleH IIPUJIOKEHUEM JIOCTa-
TOYHO CUJIbHOI'O MarHUTHOI'O IIOJIA.

[TosTromy Mexky KPUTHYECKOl TeMIilepaTypoi
U KPUTHUYECKUM MAIHUTHBIM II0JIEM KOHJIEHCATa
JIOJI?KHA, CYIIECTBOBATDL B3aUMOCBSI3b.

Ona jJo/pKHA IIPOABUTH cebsd BO B3aWMOCBSA3H
KPUTUIECKOU TeMIIEPaTypPbl ¥ KPUTUIECKOT'O I10JIdA
CBEPXIIPOBOJIHIKOB, €CJIN CBEPXIIPOBOJNMOCTE BO3-
HUKAeT 3a CUeT YIOPsdAJIoYeHUusd HYJIEBBIX KoJjeba-
HU.

[Tycte mpu manuoit Temmneparype (T° < T,) cu-
cTeMa KoJjiebaTe/IbHBIX YPOBHE 9J1eKTPOHHOIO Ta3a
COCTOUT M3 JIBYX YPOBHEH - OCHOBHOI'O, XapaKTe-
PUBYIOIIET0Cs IIPOTUBO@A3HBIM KOJIeOaHUEeM 3JIeK-
TPOHHBIX I1ap, HAXOJSIIUXCS Ha paccTosHum /\g,
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1 BO30YKIEHHOTO, XapaKTepU3YIOIIerocda cruHddas-
HBIM KoJIeOaHMeM coceIHuX map. IlycTh Ha OCHOB-
HOM YpOBHe HaxomuTcs [Ny YacTHll, a B Ha BO30OYXK-
nenroM - V. CuHdasHo KoJ1e0JIIoImecs 3JIeKTPOH-
HbIE TTapbl HA MOTYT oOpa3oBaTh KoHjeHcaT. KoH-
JIeHCAT MOTYT 00Pa30BaTh TOJIBKO YaCTHUIIHI, COCTAB-
JIATOIINE PA3HOCTD 3aceaeHHocTelt ypoHeit Ng— V7.
B OespasmepHOM Bujie 3Ta pa3sHOCTH UMEET CMBICII
[apaMeTpa IopdJKa;

N N,
_N0+N1 No+ Ny

(70) U

B Teopum cBepXIpPOBOIUMOCTH, IO OIIPEIEIEHUIO,
rnapamMeTrp Iopdajka COOTBETCTBYET BeJIUYNHE dHEpP-
reTUYeCKOM I1esin

(71) U = Ar/A.

Beng orcuer sHeprum oT ypoBHA &£, MOIYIaEM
(72)
AT No—Nl - BQAT/kT—l
A B No+ N; e2Ar /KT

— th(2As /KT).

UM T1epexojisi K 0e3pasMepHBIM IIePEMEHHBIM O =

Ar 4 — kT — 24
Ac 7t—kTCH5— 7. MeeM

CEAE!
Ceft 4
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Puc. 6.2. TemneparypHad 3aBECUMOCTDH BeJTUUHHBI TITe-
JIX B SHEPTeTUYIECKOM CIIEKTPe HYJIEBBIX KOJIebaHuii, pac-
cYMTaHHAS 10 ypaBHeHuio (73).

OTO ypaBHEHME OMMCHIBAET 3aBUCUMOCTH BEJINYN-
HbI 9HEPTeTUYIeCKO IeIN B CIEKTPE HYJIEBBIX KO-
nebaHnit oT Temmneparypbl. OHO MO ¢dopMme coBIIa-
JaeT C YPaBHEHUIMH, OMUCHIBAIOIIUME IPYTre u-
3UYECKIEe SBJIEHNS, KOTOPhIE TaKKe XapaKTepu3y-
IOTCSI CYIIIECTBOBAHUEM TEMIIEPATYPHBIX 3aBUCIMO-
creit mapameTpoB Topsnaka |44|,|45|. Hampmwmep,
TaKMX KaK KOHIIEHTPAIIUs CBEPXTEKYyUeil KOMITOHEeH-
ThI B KIJIKOM TeJIUN WU CIIOHTAHHAA HaMarHIIeH-
HOCTb (PepPOMArHETUKOB. DTO ypaBHEHUE ABJISET-
cs1 00IUM JIJI BCeX (Da30BBIX MEPEXOJIOB MOPIIOK-
becopsiiok (mepexomst 11 poma mo knaccudukanmm
Jlarmay).

Permrenne 3Toro ypaBHEHUd, MOJyUEeHHOE METO-

JIOM WTEpaIui, MoKa3aHo Ha puc (6.2).
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D10 pelleHne BecbMa TOYHO COBLAJAET C pe-
IIEHKEM COOTBETCTBYIOIIEr0 MHTErPAJIbLHOIO ypaB-
Henud BKII, nmocrpoenHoro Ha y4dere POHOHHOIO
criekTpa (eM.puc(3.5)), U BIOJHE YJOBIETBOPUTEb-
HO COIIACYeTCs JAHHLIMU M3MEPEHUit.,

YKCIeHHO WMHTErpUpyd IOJIYYEHHYIO 3aBUCU-
MOCTb BEJIMYUHBI IIEJH 110 TEMIIEPATYPE, 1101y daeM
YCPEIHEHHYIO BEJUYUHY LIEJIN:

1
(74) (A) = A / Sdt = 0.852 A\, .
0

Yrobbl TepeBecTr KOHIEHCAT HYJIEBBIX KOJeHa-
HI{I B HOPMAJLHOE COCTOSHUE HYKHO TE€PEBECTH
B BO30YKIEHHOE COCTOSTHUE TOJIOBUHY €r0 JaCTHI
(cormacuo (72) mpu 9TOM YCJIOBUU IMIETH CXJIOTHET-
cst). st aroro ¢ yuerom (74) KOHIEHCATY B €JUHI-
11e 00beMa HY>KHO COOOIIUTH SHEPTHUIO:

3/2
(75)  Ep o~ ln()(Ao} - 0.85 ( Me ) / A8/2,
2 2 \2m2ah?

C apyroif CTOpOHBI, MONYIUTh HOPMAJbHOE CO-
CTOSTHIE MOYKHO, TPIJIOXKUB MarHUTHOE TIOJIe C
TJIOTHOCTHIO SHEPTHUN:

_

- 81

[IpupaBusae smu 1Be SHeprun (OTHECEHHBIE K €/TH-
HUTe 00beMa)

(76) Eu

1 H?
(77) §n0 <A0> = 8_7:‘7
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log Ey

Al

Ga

log E ;

Puc. 6.3. CpaBaenue j0THOCTH KPUTUIECKO SHEPrUn
Er (75) ¢ mrornocTbio MarauTHO sueprueii Ey (76) i
CBEPXIPOBOTHUKOB [ pojia.

TOJTyJaeM YCJIOBUE, CBA3BIBAIONIEE KPUTUUECKYIO
TEMIIEPATYPY C KPUTUUECKUM I0JIeM KOHIEeHCaTa
HYJIEBBIX KOJIeOaHUil 3apsdKeHHBIX 0030HOB. Cpap-
HeHMe TJIOTHOCTeH KpUTudecKnx sHepruit Ep n £y
JIJIST CBePXIPOBOIHUKOB | poja mokasaHbl Ha pUC.
(6.3).

Kak BUIHO M3 3TOr0 PHUCYHKa COTJIACHE MEK-
Iy KPUTHIECKUMI SHepruaMmu Ep n Ep, BHIYUCICH-

apiMu 110 (75) u (76) u JAHHBIMU, [OJTYy9E€HHBIME
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JIJIsl CBEPXIIPOBOJHUKOB | pojia SKCIepUMeHTaJIb-
1o |22[,[32] MOXKHO cUMTATH BIIOJIHE YOBJIETBO-
puresbHbIM. g cBepxmpoBogaukos II poma Ta-
KO€ CpaBHEHUE JIAeT Pe3yJbTaT OTJIMYalomuiica B
HECKOJIbKO pa3. llpuamnabl aj1s sToro OyayT pac-
cmoTpenbl Huzke. OJIHAKO BHOCUTH YTOYHEHUsSI B
9TOT pacdeT, [I0-BUINMOMY, He UMeeT cMblcia. [leb
IIPOBEJIEHNA STUX BLIUYMUCIEHUII COCTOSIa B TOM,
YTOOBI II0Ka3aTh, YTO ONKCAHUE KOHJAEHCAIIMH HY-
JIEBBIX KOJIeDaHNIT 3JIEKTPOHHBIX I1ap BIIOJIHE COTJIa-
CYeTCsl C UMEIONIUMHUCS SKCIIePUMEHTAJIbHBIMU JIAH-
HBIMU JIJId CBEPXIIPOBOIHUKOB. 1 B IpocToM ciydae
CBEPXIIPOBOJIHUKOB | posa 3Ty 1mesib MOXKHO CUNTATh
BIIOJIHE JIOCTUT'HYTOM.

3. HyneBble KojebaHUd 1 KPUTUYIECKOE
MAarHUTHOE II0JIe

[Ipgmoe BIMAHME MArHUTHOTO MOJIA KpPUTHUE-
CKOHl BeJIMIMHBI Ha MArHUTHBIIT MOMEHT 3JIEKTPO-
Ha CJUIIKOM CJa00 dYTOOBI HApPYIIUTH JIATIOJb-
JIATIOTEHOE B3aUMOEeHCTBIE JIBYX CIIAPEHHBIX JJIEK-
TPOHOB:

(78) ,LLBHC < ]CTC.

g Toro 4ToOBI MAIrHUTHBIM IIOJIEM Pa3py-
HIATh CBEPXIPOBOAUMOCTD, JIOCTATOYHO YHUYTO-
YKATDH YIIOPsAI0UE€HHOCTD HYJIEBBIX KOJIeDaHnil dJ1eK-
TPOHOB. JIjiT 9TOro MOCTATOYHO BO3IEUCTBHUS HE

O4YeHb CHUJIbHOI'O MaI'HUTHOI'O IIOJIA.
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- cBepxupoBoaHUKOB Il poja, mycThIME TpeyroJabHuIKa-
MH - cBepxXnpoBomgHUKOB I pona. [lo ocm opmumar - Jio-

I‘apI/I(bM NMpon3BeJeHnd BEJIMIUHBI BBITUCJICHHOTO OCIUJI-
JIMPYIOHIET'O0 MOMEHTa JIEKTPOHa Ha 3Ha4Y€HHe€ KPpUTHUYIe-
CKOro MarsuTHoro mnoJis. Ilo ocu a6CI_[I/ICC - U3MepeHHoe
3Ha4YeHHue BEeJIUYNHLI 1IN,

Wcnonbays pasenctsa (77), (75) u (61), Bemmtau-
HY IEJIH MOYKHO TIPEJCTABUTH TPOU3BEICHUEM OC-
IUJLTUPYOIIEro JUMOJILHOTO MOMEHTa W KPUTHIe-

CKOI'0O MarHUTHOT'O TIOJIA:
1
(79) AR 5 € ao H..
CpoiicTBa HYJIEBBIX KOJIEOAHMWI SJIEKTPOHOB He
JTOJIPKHBI  3aBUCETH OT OCOOEHHOCTEH MeXaHu3Ma
00 beIMHEHNS 1 CYIIIeCTBOBaHUS 3JIEKTPOHHBIX ITap.
[TosTomy cregyer oXKugaTh, UTO 3TO PaBEHCTBO
JTOJIPKHO OBITH CIIPABEIINBBIM KaK JJIsI CBEPXITPO-
BOTHUKOB | poma, Tak M [JId CBEPXITPOBOIHUKOB 11
posia (¢ yIeToMm TOro, 9TO B CJIydae CBEPXIPOBOJI-
HUKOB Il poga B 3TO paBeHCTBO JTOXKHO BXOIUTH
H,, - mepBoe KpUTHIECKOE TOJIE).
O ToM, KaK BBITIOJHIETCS 3TO YCJIOBUE, MOYKHO

cyauTh u3 puc.(6.4).
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4. IIla1oTHOCTH CBEPXIPOBOAANINAX HOCUTEJIE

PaccMmorpum mporiece HarpeBa 3JeKTPOHHOIO T'a-
3a B MeraJsie. [Ipum Harpese Merasiia 3J€KTPOHBI,
3aHUMAaBIINEe YpoBHU BOmM3U ypoBHA Pepmu, 1e-
pexoadT Ha 6ojiee BhIcOKHE. B pesyibraTe ypoBHH,
ommkaiiimume K ypopHio Pepmu, M3 KOTOPLIX IIPU
HU3KOI TemIiepaType (hopMUPOBAINCH O030HBI, CTa-
HOBATCs BaKaHTHBIMHU. Temmepatrypa 1., Ipu KOTO-
PO 3JIEKTPOHLI C YPOBHEN U3 MOJIOCHI SHEPTUl OT
Er — A 1o Ep nepedpacbiBaoTCa Ha 00J1€€ BBICO-
Kue (M IeJib CXJIONBIBAETCH ), SIBJISAeTCA KPUTHUe-
ckoii. [Ipm aTo#t TemmepaType CBEPXITPOBOINMOCTD
pa3pyIIaeTcs MOJTHOCTHIO.

Bcero na 3Tux ypoBHAX HaxoanTcd NA TacTHIL;

&
(80)  Njy=2 /5 | FEDEE.

Bnecy F (&) = j - pyuxnusg Pepmu-/upaxa,
e KT +1

D(E) - aucyo coctostHMit HA €AMHUIHBIN SHEPTETH-
JeCKUIl MHTepBaJl, ABOKaA Iepel] NHTErpajioM BO3-
HUKaeT 1U3-3a TOr'0, 4YTO Ha KaKJIOM YPOBHE HAXO-
JUTCS TI0 1B 3JIEKTPOHA.

Yro0bI BHIUMUCIUTE TIJIOTHOCTE cocTostauit D(E),
HY>KHO Ha'TH Pa3HOCTDb SHEPTUI cUCTeMbl Tpn 1’ =

0 1 KOHeYHOIl TeMeparype:

(81) AE = / T PE)ED(E)E - / gFSD(c‘Z)dS.
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Jlng  BBIYMCIEHHS IIOTHOCTH — SJIEKTPOHHBIX
YPOBHEHl ydTeM, 49TO Ha KAaxKJOM U3 HUX MOZKET
HAXOAUTBCS 110 JBa  3JeKTpoHa. llosTomy wu3s
BhIpaxkenus it sHeprun Pepmu (57) mostydaem

1 dn., 3n. 3
82) D(Ep)=-- —C=""_
(82) (Er) =3 dEp — AEp  2k2m?

37lech 7y - TIocToARAAA 3oMMepdenba (66). 1.

Vcmonb3yst aHAJIOTUYHbBIE PACCYXKICHIS MOYKHO
BBIYHCIATE YUCI0 3JIEKTPOHOB, KOTOPBIE 3aCEIAI0T
ypoBHU B uHTepBaJie oT £ — A 10 Ep. Hna ennnan-
bl 00beMa BerecTBa paBeHCTBO (80) MOYKeT ObITEH
TePENCaHo B BUJE:

(83)  na = 2%kT D(S)/O _dr
o P s (e 1)

YauTeiBas, 9To coracuo (98), %)C = 1.86, B pe-

3yJIbTAaT€ MHTCI'PUPOBAHUA TI0JIYy9a€EM

(84)

0
dx ) .
[y el 122
kT,

c

1Cne/1yeT OTMETHTh, 9TO B CBSA3U C YUYETOM TOrO, UTO HA KAYKIOM YDPOBHE MO-
JKET HAXOJUTHCA JIBA JJIEKTPOHA, BhIPDAKEHUE JIjIsi KOHCTaHThI JoMMepdesbia (66)
COIEPKUT JONOJHUTENbHBIH KO3 dunuenT 1/2 110 cpaBHEHUIO ¢ OOBIYHO NIPUBOIM-
MbIM B Jjiureparype. [45]
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Taknm 0Opa3oM, MJIOTHOCTH 3JIEKTPOHOB, 3a0pa-
ChIBAEMBIX TEIJIOM BbITe ypoBHs Pepmu mpm Ha-
IrpeBe MeTaJlia 0 TemriepaTypbl 1 = T, paBHa,

3
(85) ne(Te.) ~ 2.44 (k27r2> kT...
3/iech mocTosgHHag 3oMmMepderbla Y OTHeCeHa K
eIMHAIe 00beMa MeTaJLIA.
W3 pasencrra (51) caemyer, 9To

AR
(86) Ly~ —
T
1 OTHOIIEHME ILJIOTHOCTH YaCTHUIl KOHJEHcaTa K
IJIOTHOCTU pepMU-Ia3a, U3 KOTOPOI'o OH o0pa3yerT-
Csi:

3
0 A 3 —
(87) — =L~ (7a)’ ~ 107"
n. Lj
lcronb3ys 9T paBeHCTBa, MOXKHO HalTH JIMHEH-
HBIIT pasMep 00J1aCTU JOKAJINZAINHN TIaPhI:
Ag 1
88 Ly=—>~———.
(88) 2 wa(n)l/?

i ¢ yaerom (61) mosydaem COOTHOIIEHHE MeK-
Ty TJIOTHOCTBIO YACTHI] B KOHJIEHCATE U BEJIMUUHOI
IEJTH:

W o3
39 Ny ~ 2m2a—n?!
(89) 0 W@meno
u
1 m 3/2
90 :—:(-J;A) |
(90) T Onza ™
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CiiestyeT OTMETUTD, YTO I10JIyY€HHbIE COOTHOLIE-
HUs JJIsd KOHJEHcaTa HYJIEBbIX KoJjebaHuili 6o3e-
JaCTHI, OTJIMYAITCSI OT COOTBETCTBYIOIIUX BbIPa-
YKEHUH JIJ1si KOHJIeHCaTa YaCTHIl, II0INHSIOMINXCs
CTaTUCTUKe boze-DfiHmTeiiHa, KOTOPbIE TPUBOISIT-
cst BO MHOTTX yueOHuKax (cm. Harpumep [44]). Pas-
JINYAIOTCS OHM KOP@UIMEHTOM (¢ B IIPABOIl YacTu
pasencTBa (89).

Boiparkennble depe3 KOHCTAHTY 30MMepdesibia
3HAYECHUS J1e-OPOILIeBCKOM JIIMHBI BOJIHBI (pepMUEB-
CKOT'O 9JIEKTPOHA!

(91) Ap = 2T
pr(7)
nmpuBegeHbl B Tadmue 6.3.

s cpaBHeHUs B 9TOI TaOJIMIE IIPUBEIEHbI 3HaA~
yeHud J1e-OpoiljIeBCKOI BOJIHBI CBEPXIIPOBOJIAIIEH
Iapbl U OTHOIIEHWE IIJIOTHOCTH CBEPXITPOBOIAIIIX
HOCcHUTe el K IJIOTHOCTH pepMHOHOB. V3 9T0i Tab-
JIUIIBI BUJTHO, YTO OTHOIIEHNE 9TUX IIJIOTHOCTEN 1ei-
CTBHTEJILHO 10 HOPAIKY BEJHIHHBI OJH3KO K 1077
B IIOJTHOM COOTBETCTBUU C IIOJYUEHHBIM PaHee pa-
BeHCTBOM (87).

o
3

Ncxonsas w3 mpomelaHHBIX BBIUNCIEHWN, WHTE-
PECHO CPaBHUTH IJIOTHOCTH CBEPXITPOBOAAIINX HO-
cuteneit ny npu 1 = 0, omuchIBaeMyio paBeH-

ctBoM (90) ¢ MIIOTHOCTHIO HOPMAJIBHBIX HOCHUTEJIEN
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CBEPXIIPOBOIHUK | Ap,Cm Lo,cm Z—gz (?\—z)g
Eq(91) | Eq(51)
Cd 3.1-107%11.18-107%] 1.8-107°
7n 2.3-107810.92-107%| 1.5-107°
Ga 3.2-107%10.81-107%| 6.3-107°
Tl 1.9-107%0.55-107%| 4.3-107°
In 1.5-107%0.46-107%| 3.8-107°
Sn 1.5-107810.44-107%| 4.3-107°
Hg 1.3-107810.42-107%| 2.9.107°
Pb 1.0-1078]0.32-107%| 2.9.107°

TABIUIA 6.3. KoHneHTpanus cBepXIPOBOIAIINX HOCHTE TeH

ne(T.), ncIapeHHbIX Ha YPOBHU BhIle Ep MPU TEM-
nepatype 1T = T, onmcbiBaemoit paBeHCTBOM(85).
OT0 cpaBHeHHE NpuBeAeHO B Tabsuie 6.4 u Ha
puc.6.5. (Heobxomnumbie maHHBIE JJTsT CBEPXIIPOBO/I-

HUKOB B3dThl u3 Tabsmiy |22],|32]).

13 moyvueHHBIX TaHHBIX BUIHO, UTO TTPU Harpe-
Be YCJIOBUE Pa3pPyNIeHNd CBEPXITPOBOJANMOCTU JIJIA
OOJILIIMHCTBA CBEPXIIPOBOAHUKOB | pojia jieiicTBu-
TeJIbHO MOXKHO 3alliCaTh B BUJE PABEHCTBA:

(92)

Ne (TC) = 2’)1()

115




log ng(T)

log 2n

Puc. 6.5. CpaBuenue 4uc/ia cBepXIpPOBOIAIIMX HOCUTE-
Jgeit ipu T' = 0 ¢ YuCJIOM TePMUIECKH aKTHBAPOBAHHBIX
syiekTponoB npu 1 = T..

CBEPXIIPOBOIHUK no ne(Te) | 2ng/n.(T,)
Cd 6.11-1017[1.48 - 10'8 0.83
7n 1.29-10'%]3.28 - 10%® 0.78
Ga 1.85- 10" 12.96 - 10'8 1.25
Al 2.09 - 10" |8.53 - 10'8 0.49
Tl 6.03 - 10'8{1.09 - 10" 1.10
In 1.03-10"11.94 - 10" 1.06
Sn 1.18- 10" |2.14 - 101 1.10
Hg 1.39 - 10" |2.86 - 101 0.97
Pb 3.17-10{6.58 - 101 0.96

TABUIIA 6.4. CpaBHeHue MJIOTHOCTH HOCUTE IEH

5. CkopocTh 3ByKa B KOHJEHCATE HYJIEBBIX
KOoJIeOaHnii.

JInmHa BOJIHBI HYJIEBBIX KoJiebannii Ay, mo mopsi-
Ky BeJMInHBI paBHasg 10~ 0cM, B JanH0i MOmeH AB-
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h
KOTEPEHTHOCTH & = 4%};, 1 OTHOIIEHME 3TUX JJINH C
ydaerom (65) ecTb IPOCTO KOHCTAHTA:

(93) — ~ 107

CuJibl IPUTSXKEHNs, BO3HUKAIOIINE Meﬁ{gy JIAIIO-
JIsIMU, PACIIOJIO?KEHHBIMU Ha PACCTOAHUY ' JIPYT OT
Ipyra 1 KoJeOJIIMUMUCT B IIPOTUBOMdAa3e, IPUBO-
JISIT K BOSHUKHOBEHHIO JABJICHIA B CUCTEME:

dNg  d3
(94) P~ —~
av L

B cBsa3m ¢ 3TuM B 00pa3oBaBIeMcs KOHIEHCATE

3BYK HOJIPKEH PACTIPOCTPAHATHCS CO CKOPOCTDHIO:

1 dP

(95) Cs ~ -
2m. dny

[IpoBejisi COOTBETCTBYIONINE IOACTAHOBKM, CKO-

POCTh 3ByKa B KOHIEHCATe MOKHO BBIPA3UTh dYepe3

ckopocTb PepMu 3JIKTPOHHOTO Tas3a:
(96) cs ~ Vor2advp ~ 10 %up.

[Ipm sTOM KuHeTHYecKas dHEPrud JacTHUIl KOH-
JleHcaTa, ABUKYIIUXCA CO CKOPOCThIO Cg:

(97) 2mech ~ A\.

[TosToMy paspyliieHnsi KOHEHCaTa KOI'ePEHTHbIX
KoJ1e0aHU MOXKHO JIOOMThCS, JIUOO HArpPeB ero [0

KPUTUYIECKON TeMIlepaTypbl U COOOINMHUB €JNHUIIE
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cBepxnpoBogHUK | T, K | Ag,mev IQA—TOC
Cd 0.51] 0.072 |1.64
/n 0.85| 0.13 |1.77
Ga 1.09| 0.169 |1.80
Tl 2.39| 0.369 |1.79
In 3.41 ] 0.541 |1.84
Sn 3.72 1 0.593 |1.85
Hg 4.15] 0.824 12.29
Pb 7191 1.38 |2.22

TAaBIUUA 6.5. Ornomenne Ag/kT,

ero obbema sHepruio £ & nyl, 1160 BO30YIMB TOK
ero 9aCTHUIl CO CKOPOCTHIO, MIPEBBIIIAOIIEH Cg.

6. Ornomenue Ay/kT,
Wcexog m3 cootHotenus (92) ¢ yueToM paBeHCTB
(68),(85) u (90) mostyaaem
Ao
kT,

[Tostyuennyto onenky orrormerust Ag/kT, Mox-
HO CYUTATH yJOBJETBOPHUTE/LHO COIJIACYIOIIeiics ¢
JIAHHBIMI M3MePeHuil, KOTOpble JIJIsi CBEPXIIPOBOJI-
nukos | poza npusegenst B Ta6r.(12.1) [32].2

(98) ~ 1.86.

23aMeTHM, ugro B BKIII coorHomenne ,f?" ~ 1.76.
c
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[nasa 7

JIpyrue cBepXIIpOBOJIHUKN

1. Omenka cBoiicTB cBepXnpoBOJHUKOB 11
poJaa

HeckoabKo cioxKHEe 00CTOUT JeJI0 CO CBEPXIIPO-
BoguukaMu 11 poma. Beramcienuns mocTosHHOR 30-
MMepdenbaa 1Mo dopmysie st CBOOOTHOTO 3JIeK-
TPOHHOI'O Ta3a Jal0T 3HAUeHUd NPUMEpPHO Ha IIo-
PSITOK MEHBINNE HabII0JaeMbIX JIJId OOJIBIIMHCTBA,
STX MeTaJI0B. OCOOEHHOCTh 9TUX METAJLIOB CBSI-
3aHa CO CHeIU@UKON CTPOEHUs UX HMOHOB - 3TO
IIePEXOHbIE MEeTAJLIbl, NMEIOIIe He3aIlI0JIHEHHYIO
BHYTpeHHIOI0 d-000/104uKy (cM. Tabu1.7.1). MoxkHo
110JIaraTh, 9TO yBeJIUIeHHe 3JIeKTPOHHON TeILIoeM-
KOCTH 3TUX METAJLJIOB JIOJZKHO OBITH CBA3AHO C
XapaKTePHBIM B3auMOAEHCTBIEM KOJLIEKTUBUBAPO-
BAHHBIX 3JIEKTPOHOB C 9JIEKTPOHAMU HE3aIIOJIHEH-
HOil d-000J104UKH.

Tak Kak TelI0eMKOCTb HOHHOI PeneTKn MeTaJl-
JIOB IIPU pacCMaTpPUBAEMbIX HU3KUX TeMIlepaTypax
IIpeHeOPEXKNMO MaJia, TEpPMUIECKN aKTUBHOM SBJIs-

€TCA JIEKTPOHHAA IIOJCHUCTEMA.
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superconductors | electron shells
T 3d? 4s*
V 3d° 4s?
zr 4d? 5s°
Nb 4d? 5s?
Mo 4d* 5s?
Tc 4d° 5s?
Ru 4d® 5s?
La 5d! 6
Hf 5d? 6s°
Ta 5d> 6s°
|44 5d* 65
Re 5d° 65>
Os 5d° 6s°
Ir 5d" 652

TABINIIA 7.1. Buenraue 3jieKTpoHHBIE 000JIOYKHU TIEpe-
XOOHbIX METAJIJIOB

[Ipu T' = 0 cBepxmpoOBOAAIITE HOCUTETN 3ace-
nsitoT ypoperb Ep — Ag. Ilpu paspyiiennn cepx-
ITPOBOIMMOCTH 3a CUeT HarpeBa, KarKJblil M3 HOCH-
Tejeil mprobpeTaeT SHEPIUio mopsaaKa Ay, KoTopasi
nJeT Ha yBeJUYeHHe ero KUHEeTUIeCKOU SHEePIuH,
T.e. Ha YBeJUYEHMe TeILJIOBBIX KOJeODaHUil, aMILIH-
TyHOE 3HaUeHNEe CKOPOCTH KOTOPHIX Vp. JTa SHEP-
THST:

2
(99) & = % ~ A,.
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B nepexojHbIX MeTasiiaX Ha yBeJndeHue KIHEeTH-
YECKOIl SHEPIuy 3JIEKTPOHHOI'O I'a3a PacXojlyeTcs
TOJIbKO 9aCTh SHEPI'UH, lIEPeJlaHHON MeTasuty. py-
I'VIO 9aCTh SHEPIMH COCTABUT MArHUTHOE B3aKMO-
JIeficTBHE HAI'PEThIX JIEKTPOHOB.

[Ipn konTakTe ¢ 3eKTpOoHOM d-000JI0YKK DJIEK-
TPOH C TEILIOBOI CKOPOCTBIO Uy CO3/IACT HA HEM Marl-
HUTHOE II0JI€ 110 IIOPSJIKY BEJIUYINHbI PABHOE:

(100) H~-—-t

MaruuTHbIit MOMEHT d-3JIEKTPOHA IPUMEPHO PaBeH
_er _

Maruerony bopa pup = 5, r. = e - KOMITTOHOB-

CKUIT paanyc 3JIeKTpoHa. [losTomMy sHeprus mar-

HUTHOTO B3aUMOJENCTBUSA 3JIEKTPOHA MPOBOINMO-

cTh ¢ d-3JIEKTPOHOM OKaXKeTCsd IPUMEPHO PABHOI:

2
(101) £~ — 1,
2r. C

Dra SHeprus He CBsI3aHa, C MPOIECCOM pa3pylile-
HUA CBEPXITPOBOJIMNMOCTH.

B TO BPpEMA KaK B ME€TaJlJIaX C 3allOJTHEHHBIMU d—
000TI0UKaMU (CBEPXTIPOBOIHIUKAX | pojia) BCsT SHEP-
g Har'p€Ba MWJET Ha ITOBLIIIIEHUE KUHETUYECKOM
OHEPI'NH SJIEKTPOHOB IIPOBOJMMOCTHU, B IIEPEXOAHBIX
M€ETaJlJIaX Ha 39TO PaCXOoUAYy€TCAd TOJIbKO He6OJIbH1aH

€€ 4aCTb:

EL muy ap

g’u—i_gk": hCLBZA—O.
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[TosToMy, B TO BpeMsl KaK B CBEPXIIPOBOJHUKAX
[ pojia 3aBUCUMOCTL BEJIMYKMHBI IIEIH OT TEILIOEM-
KOCTH OIpejiessiercd coorHorerneM (68), B cBepx-
nnpopogHuKax Il poga mpu onpeeneHnn BeJININHbI
e HeoOXOAUMO IPUHUMATL BO BHUMAHKUE COOT-
womrenre (102). B pesymnbrare Takoro ydera mosry-
UM OLEHKY:

5[{: ap 1
103 NAg~O0y? | ——— |~ -=2]=

371ech 1/2 - MOATOHOYHBIT MHOKUTETh.

CpaBHeHue pe3yJIbTaTOB STHX BbIUYUCJIEHUI C
manabiMu u3Mepennit (puc.(7.1)) mokasbiBaeT, 9To
JUId OOJIBIIMHCTBA CBePXIIPoBoaHUKOB I poaa mo-
JIy9E€HHYIO OIeHKY MOXKHO CUUTATh BIIOJIHE YIOBJIE-
TBopI/ITe.HbHOP'I.1

11/13 BCEX M3MEPEHHBIX 0 HACTOSIIEr0 BPEMEHN CBEPXITPOBOIHUKOB CAMYIO HU3-
KyI0 KpUTHYECKYIO TEMIIEPATYPY, KOTOPast 110 TOPsA/IKY BeJndnHbl paBHa 1MK| nve-
er Mg. ATOMBbI Maruusi B METALTHYECKOM COCTOSHUE OTJIAIOT B 3JEKTPOHHBINA ra3
[0 /IBA 9JIEKTPOHA. DTO HOATBEPKIAETCH TEM, YTO CHAPUBAHKUE ITUX IJIEKTPOHOB,
MIPOSTRIISTIONIEECST B M3MEPSIeMOi BeTMUNHE KBaHTa TIOTOKa [43], HabIioaeTcst BIJIOTH
1o Temrnepatypsl nopsaaka 1K. Kazajgocs Okl B pe3yabrare 3/IeKTPOHHON 000I09KOM
MOHHOT'O OCTOBA B PEIIeTKEe MeTaJIMYeCKOro MAarHus JIOJKHA ObITh obosotuka Ne.
[TosToMy KPUTHUIECKYIO TEMITEPATYPY MArHUS JIOTUYHO PACCIUTHIBATH 1O (popmysie
Js cBepxupoBogHuKoB I poma. Ho peanbHO OKa3bIBAeTCsA, 9TO sl TOTO, 9TOODI
[IOJIy4uThb 3Ha4YeHue 1, yIOBJIETBOPUTEJIHBHO COIJIACYIOIIEeCsd C M3MEPEHHOI BeJin-
YUHOMN, KPUTUIECKYIO TEMIIEPATYPY MArHUSA CJIEAYET BBIYUCIATD 10 hopmyste (103),
KOTOpast IPUMEHNMA K OMMCAHUIO METAJLJIOB C He3AITOJIHEHHON BHyTpeHHeH 000J104-
KOif. DTO MOBOPUT O TOM, YTO MOHHBIH OCTOB METAJLTHYECKOrO MATHUS BUIAMO HE
TaK IPOCT, KaK IMOJHOCTHIO 3armoHeHHas obomouka Ne.
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log Tc(calc)

log Tc(measured)

-2 -1 0 1 2

Puc. 7.1. CpaBHeHne BBIYNCJIEHHBIX 3HAYEHUI KPUTH-
YECKUX TEMIIEPATYP CBEPXIPOBOIHUKOB C JTAHHBIMU W3-
MepeHnii. KpyxKoukaMu MMOKa3aHbl 3HAYUEHWS ITapaMeT-
POB JJ1s CBEPXIIPOBOJIHHUKOB | poa, KBaipaTuKaMu| - JI7Is
cepxupoBoguukoB Il pomxa. Ilo ocu abemuce - usmepen-
HOe 3HaUYeHue KPUTHIECKOW TeMIepaTyphbl CBEPXIPOBO/I-
HUKOB, 110 OCH OPJIMHAT - BbIYUCJIEHHAs KPUTHYECKast
TemMueparypa. Boluucaenns KpUTH4eCKO#l TeMIeparTy pbl
JIJISE CBEPXITPOBOAHUKOB | pojia mpoBOAHINCH IO (hOPMYJIe
(68), onenka 17151 cBepxipoBogHUKOB 11 posa - B coorBert-
crBum ¢ paseHcteoMm (103).

2. CnyaBbl 1 BBICOKOTEMIIEPATYPHbBIE
CBEPXIIPOBOITHUKN

Jng moHmMaHms MexXaHH3Ma BBICOKOTEMIIEpa-
TYPHOIl CBEPXIIPOBOJAMMOCTH BaXXHO YCTAHOBUTD
sapigiorcsa u BTClI-coeqmnenns: cBepxXIpoBOHNI-
kamu | mmm 11 poga, miam 910 0cobbIil Ki1ace cBEpX-

IMTPOBOAHNKOB.
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Jlns perieHnsi TOro BOIpoca MOXKHO BOCIIOJIB30-
BaTbCA YCTAaHOBJIEHHOMN CBA3BIO KPUTUIECKUX ITapa-
METPOB C 3JEKTPOHHOI TEIIOEMKOCTbIO U TeM 00-
CTOATEIbCTBOM, YTO TEIJIOEMKOCTH CBEPXIIPOBOJI-
HukoB I u Il pomoB sHaunmTenbHO oTIMYaioTcd. B
CBEPXIIPOBOJIHMKAX | pojia sHeprusi HarpeBa HIeT
Ha yBeJudeHrne KUHETHIeCKOH SHeprum 3J1eKTPOH-
HOT'O T'a3a, a B CBePXIIPOBOAHNKAX 11 poga momosHm-
TeJILHO ellle U Ha IOJIAPU3AINI0 HECIIAPEHHBIX DJIeK-
TPOHOB d-000JIOUKH.

Ha myTu mpoBejieHns COOTBETCTBYIONINX pac-
YeTOB €CTb OlpedeseHHad TPYIHOCTb - JOCTOBEP-
HO HEM3BECTHA ILJIOTHOCTH SJEKTPOHHOIO TIa3a B
BTCII. Ognako To 06CTOATEIHCTBO, UTO ILJIOTHO-
CTH aTOMOB B METaJLUIMYECKUX KPHUCTAJIAX Pa3JIH-
YaIOTCd He CAUIIKOM CHJIbHO, JJIs pPasrpaHUYeHNd
cBepxXIpoBOoIHUKOB I 1 II po10oB MOXKHO BOCIIOIB30-
BaThCst paBeHCTBOM (68). Jlyist cBepXmpoBOIHUKOB |
PO/Ia TO O3BOJIAET IOJYUYHUT BIOJIHE YAOBIETBOPH-
TEJILHYIO OIEHKY KPUTUYIECKON TeMIepaTyphl (Kak
910 ObLTO crmenano Boime (puc.(7.1)). nsg cBepx-
IIpoBOTHUKOB 1] posia Takas oIleHKa JaCT 3aBBIIIEH-
HOe 3HavYeHne B CUJIy TOTO, 9TO MX TEIJIOEMKOCTH
COMEPKUT JIOTIOJTHUTEIBHYIO T00aBKY, CBA3AHHYIO C
nojigpu3aryeiil d-3J1eKTpoHOB.

HeficTBUTENIHHO, TaKOM aHaJJ M3, Pe3YAbTAThl KO-
TOPOTO TMOKa3aHbl Ha puc.(7.2), mMo3BOJIgET pasje-
JINTH BCE CBEPXITPOBOAHUKI Ha, JIBE TPYIIIHI KaK 3TO
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"~ T2223@

log 02

1-2201
@si2212
LaSr),Cu0,

Ilog TC, mleasured

4 . .
-1 0 1 2 3 4

Puc. 7.2. CpaBHeHHe BBIYHCJIEHHOIO 3HAYEHUs Iapa-
MeTpa ©7? CcBepXIPOBOJHUKOB C JAHHBIMH H3MepeHuii
KpuTHdeckoit remueparypsbi. [1o ocu abemuce - namepen-
HOE 3HAYEeHME KPUTHUYECKOU TeMIIepaTypPbl CBEPXIIPOBOI-
HUKOB, IO OCH OPIHHAT - jorapudm mapamerpa Ov2.

BUJIHO W3 PUCYHKa (7.2), T/ie TpeicTaBIeHa 3aBUCH-
MOCTh PACCUUTAHHBIX 110 hopmyse (68) 3HadeHMit
rnmapamMeTrpa @72 OT M3MEPEHHON KPUTUIECKON TeM-
IepaTypbl CBEPXIIPOBOIHIKOB.

Cmnabl NbgSn u V357 MOXKHO CUMTaTh CBEPX-
npopogaukaMu 11 poxa mo ompenenenuio. IlosTo-
My TO, YTO OHH PACIOJIAral0TCsi B COOTBETCTBY-
foreit odbsactu Hajg Nb, mpejcrapiisieTcd BIIOJIHE
HOpMaJIbHBIM. HexoTopoe mpeBbimeHne BhIINCIeH-
HOI'O 3HAYEHUs] KPUTUYIECKON TeMIIepaTypbl HaJl
SKCIIEPUMEHTAJbHO M3MEPEHHBIM JJISI KePaMUKH
TasBasCasCuzOyy MOXKHO CIUCATH HA TO, 9UTO
B M3MEPEHHYI0 BEJIMIHHY TEILTOEMKOCTH, BO3MOXK-
HO, BHOCAT 9JEKTPOHBI APYIUX MIPOBOISIINX, HO
HECBEPXIIPOBOJSIINX JIEMEHTOB (CJI0EB) KepaMu-

ki. He sBisieTca HOBBIM W TO, 9TO 3Ta KepPaMUKa,
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TakxKe Kak u Kepamuka Y BasCuzOz7, orHOCHTCH
K cBepxipoBojHukam Il poma. OjHako KepamMuku
(LaST)sCu0y, Bi—2212 u T1—2201, coriacHo 310-
MY PUCYHKY, CJI€IYET CUUTATh CBEPXIIPOBOJIHUKAMMU
[ poza, 9T0 siBJIg€TCs HECKOJIBKO HEOXKHIAHHBIM.
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[nasa &

CkoppekTupoBaHHas OIEHKA JIOHJIOHOBCKO
TJIyOMHBI ITPOHUKHOBEHUS

1. MaruutHagd 3Heprus JBUKYIIEerocsd
3JIEKTPOHA

"Oueprusi He CO3/MAETCA U HE YHUYTOXKAETCS,
a JIMIIb MEPEXOUT M3 OJHOH (hOpMyIIbI
B JIPyI'YIO B PaBHbIX KOoJindecTBax."

I'U.Konwios "Eezenuti Cmpomvnrun” |
CAM-uzdam, npumepro 1949 2

Yrobbl n3bexkaTh HEKOPPEKTHOCTU IIPU BBHIYKC-
JIEHUM JIOHJOHOBCKO# I JIyOMHBI IIPOHUKHOBEHMUH,
MOXKHO IIPOBECTH paccMOTpeHne OajiaHca MarHUT-
HOI 3HEPIUM B CBEPXIIPOBOJIHUKE B MAarHUTHOM II0-
Jie. DTa MarHuTHas SHEPIUd COCTABIAETCH U3 SHEP-
I'UU IIPOHUKAIOIIEr0 B CBEPXIIPOBOJIHUK BHEIIHErO
[10JIgd U MArHUTHOM SHEPIUU ABUKYIITNUXCA JIEKTPO-
HoB. Vcmosb3yst hopmysibl [47], orleHuM oTHOIIIE-
HUE MAarHUTHON U KUHETUYIECKOU SHEPTUl, KOTOPHI-
MU 00JIaJIaeT JIEKTPOH C 3apsjioM e, Maccoil m, u
JBUKYIUANCA TPAMOJIMHENHO CO MAaJIOW CKOPOCTHIO
v L C.

[1/T0THOCTD UMITYJIbCA JIEKTPOMATrHATHOTO IIOJIS
BbIparkKaeTCd PaBEeHCTBOM:

(104) g — —[EH]



YUauTbIBadg, 9TO ABUKYIIUNCSI CO CKOPOCTBIO V
3apd/i CO37aeT MarHUTHOE I10J1e

1
(105) H = -[Ev],
C
JJTsT TUTOTHOCTH UMITYJThCa 11071 (1pu v <& ¢) TIo-

JIydaeM
(106)
1 1

g = 15(EVE] = — (VE* ~E(v-E))

B pesynbpTaTe MMIYIbC 3JIeKTPOMAarHUTHOTO TIO-
JIA JTBAKYIIErOCA 3JEKTPOHA

(107)

1
G:/ng: 5 V/EQdV—/EEvcosﬁdV
1% dme 1% 1%

31ech MHTErpaJibl 0epyTCcs 0 BCEMY ITPOCTPAHCTBY,
3aHATOMY TIOJIEM YACTUIBI, a U YroJ MeXKIy Ha-
TTpaBJIeHIEM CKOPOCTH YaCTUIIBI 1 PaINyCca-BeKTOPa
TOUYKN HaO/0eHud. [IpU BLIYUCIEHNN TTOC/IEIHETO
MHTErpasa B YCJIOBUIX OCEBO CUMMETPUU OTHOCH-
TeJbHO V BKJIAJhl OT COCTABIAIONINX BeKTOpa K,
HEPIEHUKY/IIPHBIX CKOPOCTHU, B3aUMHO KOMIIEHCH-
PYIOTCS JIJIst BCEX IIap SJEMEHTOB IHPOCTPAHCTBA,
PaCIIOJIOKEHHBIX JIHaMeTPaJIbHO IIPOTHUBOIIOJIONKHO
Ha MarHUTHOI cujoBoil juHuK. IlodTOMYy B ypas-
nernu (107) Bmecto BekTOopa E MOXKHO B3ATH €ro
COCTABJISIONLYIO, KOJJIMHEAPHYIO V U PaBHYIO

E cost - v

()
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C ydeTroMm 3TOro, mepexond K cepuaecKuM Koop-
IUHATaM U BLITIOJHUB WHTErPUpPOBaHUE IO yIJiaM,
TTOJTy UM

A7rc?

OFpaHI/IqI/IBaH MHTETrpupoOBaHUE II0JId KOMIITO-

HOBCKUM PaJINYCOM 3JEKTPOHA T'(r = %, L' ro mpm
(&

v K € HoJIyYaeM:

(109) G=— / E? - dqr? dr.

o0 2
% Ve
(110) G = 2/ E? - dmr® dr = S —.
dmes /..., ceTCo
[Ipu 5TOM 3/€KTPOMArHUTHAN SHEPIUd JBUXKY-
merocst (MeJIJIEHHO) 39JIEKTPOHA [OJTyJIaeTCst PaB-
HOI1:
vG v? e? mev?

111 £ _ L
(111) 2 T 2oue

2. MarauTHas 3HEpPrud u JIOHJIOHOBCKAad
rJIyOmHa

SHepI‘I/IH BHEIITHEr'0 MAarHUTHOI'O HOJISI B o0beMe

dv :

HZ
(112) £ = ——dv.
ST
[Ipr mmoTHOCTH CBEPXIPOBOAAIINX HOCUTENENR T,

B cooTBercTBUM C (111) MX MarHUTHAS SHEPIUS B

1TaKI/Ie 3¢ PeKTHI KaK POXKIEHHE [Iap 3aCTaBILIOT CUATATD PAIAYC "KBAaHTOBO-
ro 3j1eKTpoHa" NPUMEPHO PABHBIM KOMIITOHOBCKOMY pajuycy [48].
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eInHUIE 00beMa:
2 -2
MU Me]
(113) En ~ ang = a—==,
2 2n.e
3/1eChb js = 2eNsVUs - IJIOTHOCTH TOKa CBEPXITPOBO-
NAIINX HOCUTEJIe.

C yuerom ypaBaenus Makcpeia

4
(114) rotH = gjs

MarHATHAS SHEPTUSA ABUXKYIIUXCA HOCUTEJIEeN mpu-
BOJNTCA K BUIY

A2
(115) Ey =~ g(th)Q,

T/Ie BBEIEHO 0003HAUECHIE

(116) A=

B sToM ciydae yacTh CBOGOJIHON SHEPIUN CBEPX-
POBOJIHUKA, CBSI3aHHAS C TPIJIOXKEHNEM MAaTrHWT-
HOTO TIOJIS

1 -
(117) Fr = o (H2 + AQ(’rotH)2) dv.

T Jv

MuanMusnpyst  cBOOOIHYIO  SHEPrUI0,  IIOCJTE
HECJIOYKHBIX 1TpeoOpa30BaHnil ToTydaeM

(118) H + A’rotrotH = 0,

1 TakuM obpazoMm A ecTh ryIyOMHA IPOHUKHOBEHUA

MaIl'HUTHOI'O IIO0JIA B CBEPXIIPOBOJAHUK.
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superconductors| Az,10"%m | A,107%cm
measured [23] | calculated | A/\;
Eq.(116)
Tl 9.2 11.0 1.2
In 6.4 8.4 1.3
Sn 5.1 7.9 1.5
He 4.9 7.9 1.7
Pb 3.9 4.8 1.2

TABIUIIA 8.1. VTouHeHHBbIE 3HAYEHUS JIOHJIOHOBCKOM TTyOMHBI

C yuerom (90) u3 (116) mosyvaem ONEHKY JITst
3HAYEHUH JIOHJTOHOBCKON TUIYOUHDBI TPOHUKHOBEHNS
(em. Tabsumy (8.1)). Cornacue Moy IeHHBIX 3HATE-
HUI C JaHHBIMU U3MEPEHNIT MOXKHO CUYUTATh BIIOJIHE
Y/IOBJIETBOPHUTETLHBIM.
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[nasa 9

Tpwm ciaoBa ’3KcriepuMeHTaTOPaM

WcTopusa MugsH TeMHA, 1 HETOHSATHA.

Vdensie geqdT ee, TeM HE MeHee,

HA TPU HEPUOJA:

1IePBbI, 0 KOTOPOM POBHO HUYEr'0 HEU3BECTHO.
Bropoit,koTopsIit mocIes0Bal 32 MEPBHIM.

W maxower, TpeTnit mepruoga, 0 KOTOPOM

M3BECTHO CTOJBKO K€, CKOJBKO U O TIEPBBIX JBYX.

"Becemupraa ucmopua” A.Asepuenko
6 mpaxmoske f.B5.3eavdosuna.

1. Tlouemy co3ganne KOMHATHBIX
CBEepXIMPOBOJHNKOB BPSAI JIU BO3MOXKHO?

[TonnMmanme MexaHN3MOB BOSHUKHOBEHUS CBEPX-
IIPOBOJAIIETIO0 COCTOAHUA MOJIZKHO OTKPBITH IIYTh K
perieHnio 6ojiee TEXHOJIOIMYIHON 3aJiaum, COCTaB-
JIABIIEH, TeM He MeHee, MeYTy IIOCJIeIHEer0 CTOJIe-
TUA - CO3JaTh JOCTATOYHO YJOOHBIN JIJIsi M3TOTOB-
JeHusi (B CMbICJe KOBKHWIT) CBEPXIIPOBOJHUK C BbI-
COKOW KPUTUIECKOU TeMIIepaTypOil.

Y1o0B!I ABUTATHCS K 9TOM 11€JI1, BO-IIEPBBIX, BarK-
HO IIOHATH MEXaHU3M OT'PaHNUYEHUs CBEPXIIPOBOJII-
MUX CBOMCTB. Kcn 1o CBepXITPOBOHUKY TedeT TOK
¢ OOJIBIIION IJIOTHOCTBIO, TO IPEJe/IbHBIN UMIIYJIbC,
KOTOPBIM MOT'YT 00J1a/1aTh CBEPXITPOBOISIIIE HOCH-

TeJId, OIpeJlesIdeTCd pa3MepoM d4eeK, B KOTOPhIX
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OHH JIOKAJII30BAHbIL:
(119) _ 2mh
De = Ay

[Tosromy ¢ yuaerom pasenctsa (97), mosrydaemM 9To
KPUTUYECKASA CKOPOCTH CBEPXIIPOBOJIAIINX HOCHUTE-
JIeil eCTh CKOPOCTh 3BYKa B KOHJEHCATE:

(120) Ve = Cg

1 IIPUMEPHO B CTO pa3 MeHble ckopoctu Pepmu.

CKOpoCTb 3BYKa B pelleTKe MeTasljla Vs, B CO-
orBeTcTBUHN ¢ cooTHOIeHneM Bowma-Crasepa [49],
UMeeT IMPUMEPHO Ty K€ BeJININHY:

kTp
~ P
~ 5,
MoxkHOo paccmaTrpuBaTh paspyIieHue CBEPXITPOBO-
JTUMOCTH KaK CJEJACTBUE TOTO0, UTO CBEPXITPOBOIS-
e HOCUTEJIN, JIBUTaBIINecd 0e3 TpPeHus IIPU CKO-
POCTAX MEHBIIMX CKOPOCTH 3BYKa, IIOCJIE IIPEOJI0-
JIEHUS 3BYKOBOI'O Dapbepa IpHoOPeTaroT MeXaHI3M
Tpeand. [losToMy MOXKHO JiyMaTb, 9TO €CJIU CKO-
POCTb 3BYyKa B PelieTKe MeTaJjiia OyaeT MeHblle Cg,
TO OHA CO3JIACT OI'PaHMYEHNE Ha IIPeJIeIbHbIN TOK B
CBEPXIIPOBO/IHIKE.

Ecnun sTto Tak, To AJ1d MOJIydeHnsi CBEPXIIPOBO/I-
HUKOB C BBICOKMMU KPUTHYECKHMU I1apaMeTpaMu
cIeayeT CHUHTE3UPOBATH COEJMHEHUA He TOJBKO C
BBICOKOII sHeprueil PepMu 37IeKTPOHHOTO ra3a, HO
1 ¢ DOJIBIION CKOPOCTBIO 3ByKa B PEIIETKE. DTO CO-

riacyercd ¢ TeMm, uyro BT CII-kepamukn, umerormme
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Puc. 9.1. Cxemarudeckoe n3obparkeHue 3aBUCUMOCTH
KPUTUYIECKOH TeMIIepaTyphbl OT CKOPOCTH 3BYyKa B CBEPX-
nposogauke. [lo ocu opaunar oryioKeH Jiorapudm Kpu-
THYECKOI TeMIepaTypbl cBepxnpoBoauukos. Ha ocu abce-
[HCC OTII0KeH JorapudM KBaJpaTa CKOPOCTH 3BYKa (st
Sn u Pb - nomepeunast CKOpoCTh 3ByKa, T.K. OHA MEHb-
me. JIjis uTTpUeBOit KepaMUKU HCIOJIB30BAIOCH 3HAUYE-
HIEe CKOpoCTH 3ByKa B mueHke [50]). TlyakTupom noka-
3aHO 3HAYEHHE TMOMEPEYHON CKOPOCTH 3BYKa B cardupe,
KaK HeKas OIeHKa IpeaebHOro ee 3Hadenud. M3 pu-
CYHKa BHJIHO, YTO TaKasl OIEHKA BeIeT K OrPaHUYCHUIO
Ha KPHTHYECKYIO Temiepatypy B paitone 0°C - mTpux-
OYHKTUPHAST JIMHUSI.

0oJ1ee BBICOKME MOJIYJIM YIIPYT'OCTHU 110 CPABHEHHIO C
MeTaJ/UIaM# U cIlaBaMmu, obJiagatoT 60Jiee BHICOKU-

MJ KPUTHYECKUMU IIapaMeTPaAMU.
Ha puc.(9.1) wumocTpupyercst Takas 3aBUCH-

MOCTb KPUTHYECKOIl TeMmepaTypbl OT KBaJpaTa,
CKOPOCTH 3BYKa. 13 3T0Or0 puicyHKa, KOTOPHIi n3-3a
HEJJOCTATKA HYKHBIX SKCIIEPUMEHTAJIbHbBIX JaHHBIX
MOXKHO PacCMaTPUBATDh JIUIIbL KaK I'PYOyI0O OIEHKY,
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BUJIHO, 9TO JJIA IOJIYYeHUsS KePAMUKHM C KPUTHIe-
CKOIl TemIiepaTypoil O6JIM3Koil K KOMHATHOI, ee Mo-
IIyJIb YIPYTOCTU JIOJI?KEH OBITH OJIM30K K MOJIYJIFO
VIPYToCTU cardupa, UTO MPEeICTaBISIETCS BeChbMa
TPYIHO JOCTHXKUMBIM.

Kpome Toro takasi KepamMuka OyJIeT JINIIeHa, Ipy-
IOro BayKHOI'O KavecTBa - TEXHOJIOTMYIHOCTH. Bejb
JIJIsT TIOJIyUeHUs TPOBOJIOKM HYXKEH IIJIaCTUYHBIM
CBepXIpPOoBOIHUK. [Ipobyiemy Mor OBI pPenuTh Ma-
TepraJsi, 00JAJAIOIMMWI MPUEMJIEMON KPUTUIECKO
TeMIIepaTypoii (BbIle a30THO# ), U UCTIBITHIBAIOIINIL
dazoBoe mpeBpailleHne Ipu 00Jiee BLICOKO TeMIIe-
paType TepmoobpaboTku. BOimsn dhaz3oBwix mepe-
XOJ0B YIPYTHe KOHCTAHTHI OOBIYHO HEBEJIUKMU, I10-
STOMY IIPU TeMIIepaType BOIN3M Iepexoa 13 TaKo-
I'0 CBEPXITPOBOJIHMKA MOYKHO OBLJIO OBl MOIBITATHCA
clleJlaTh TOHKYIO ITPOBOJIOKY U NPOU3BECTU €€ Ha-
MOTKY.

2. O MarHUTHOM CIIAPUBAHUH 3JEKTPOHOB

Pacemorpentblit MexaHu3M 00pa3oBaHusi CBEpPX-
IPOBOJIAIIEIO  COCTOSAHUS — TO3BOJISIET  MOJTYUUTh
OIEHKN KPUTHUYECKUX TTAPAMETPOB CBEPXIIPOBOIHI-
KOB, B GOJIBIIIUHCTBE CJIyYaeB YOBJIECTBOPUTEIHLHO
COTJTACYIOIIUECs C TaHHBIME u3Mepenuit. [l Heko-
TOPBIX CBEPXIIPOBOJHUKOB 9TO COTJIACHe JIydIle, a
i Takux Kak Ir, Al V (em. puc. (7.1)) merecoo6-

pa3Ho IIpOBECTU AOIIOJIHHUTEJIbHBIE TCOPETUYICCKUE
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1 SKCIIEPUMEHTAJIbHbIE NCCJIeI0OBAHUA JIJId BhIICHE-
HUS TIPUYNH, BBI3BIBAIOIINX OTKJIOHEHUS.

SHAYUTEJILHBIN NHTEPEC IPECTaABIIAET IPOosICHe-
HIIE€ BOIIPOCa O MArHUTHOM MEXaHM3Me CIIapUBaHUIA
9JEKTPOHOB. Kak ObLI0 0O0HApY:KEHO paHee B ITH-
JIMHAPaX, N3rOTOBJIEHHBIX 13 HEKOTOPHIX CBEPXITPO-
Bongnx Metasiios (Al[42] u Mg|43]), Boire T, na-
OJIFOTaeTCsl KBAHTOBaHME MAarHUTHOIO ITOTOKA TOY-
HO C TeM >Ke TIepUoAOM, 4TO U HuxKe 1. ABTODHI
STUX PAOOT OOBACHSIIN ITO AEHCTBUEM CIIElNaJIb-
HoTO 3pdexTa. IIpencrapiserca OoJiee ecTeCcTBEH-
HBIM, 9TO TaKOil Meproji KBAHTOBAHUS MOJYYAeTCA
B pe3yJbTaTe TOTO, YTO CIIapUBaHMe SJIEKTPOHOB 3a
cYeT MArHUTHOIO JIUIIOJIb-IUIIOJIHLHOTO B3aMMOIei-
CTBUS ITPOJIOJIYKAET CYNIECTBOBATHL IPU TEMIIEPaTY-
pax MHOTO BbIIe 1., HECMOTPs Ha MCUE3HOBEHUE
CBEPXTIPOBOIAIINX CBOMCTB. [Ipm aToft TemmepaTy-
pe paspylraeTcs KOrepeHTHOCTh HYJIEBBIX KoJjeba-
HUIT, & BMECTe C Hell U CBEePXITPOBOJIUMOCTD.

CrnapupBaHus 3a CYET JIUIOJIb-JIUI0JLHOTO B3a-
MMOJEACTBUS He JOJYKHO ObITH B OJHOBAJIEHTHBIX
MeTaJjIax. B HUX 9J1eKTPOHBI IPOBOAMMOCTH JIOKA-
JINBYIOTCS Ha y3J1aX PeIleTKU Ha CJUIIKOM O0JIbIINX
PACCTOSAHUSX JIPYT OT JIpyra.
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[losTomy mnpejncraBisiercss HHTEPECHBIM CPaB-
HUTDH [IePHOJI KBAHTOBaHU B JIBYX caydadax. B ToH-
KOM [IJIMHJIPE U3rOTOBJIEHHOM M3 CBEPXIIPOBOJIHM-
Ka, HampuMmep u3 Mg, Bbime 1, 1mepmoji KBAHTOBA-
HUSI paBeH 27;—26 B rtakom ke nmmnjpe u3 OJia-
IOPOJIHOIO MeTaJljla, HAIlpUMEP U3 30J10Ta, IIEPUO/I

KBAaHTOBaHUA JIOJKEH OBITH B JBa Pa3a OOoJIbIIIE.

3. O BJIuUgHNU M30TOIIHOIO 3aMelieHnud Ha
KOH/IeHCAT HYJIEBBIX KOJeOaHmit

Kpome Toro xoresock Obl IpUBIEYbL BHIUMAHUE
SKCITEPUMEHTATOPOB K HM30TOMNYECKOMY 3PDeEKTY
B CBEPXIIPOBOJIHUKAX, IMOCTYKUBIIIEMY OTIIPABHBIM
MoMeHTOM s mocTpoerus Teopun BKIIL. B 50-
e ToJIbl OBLIO SKCIEePUMEHTAJIBLHO YCTAHOBIEHO, UTO
CYIIIECTBYET 3aBUCUMOCTHL KPUTUIECKOIT TeMIiepary-
Pbl CBEPXIIPOBOJIHMKOB OT MacChl m3oToma. Kaza-
JIOCh OBbI, MOCKOJIbKY 3PdEKT 3aBUCAT OT MaCChI
HMOHOB, TO 3TO MOXKHO CUHUTATh IPAMbIM YKa3aHU-
eM Ha TO, 9YTO B €r0 OCHOBE JIEXKUT KoJjiebaTe/IbHbIi
(boHOHHBIIT) TIPOIIECC.

B  panme cBepxmpoBogHuMKOB I poma -
Zn,Sn,In, Hg, Pb - wu3oromn-3dpdexT MOKHO
OICATh COOTHOIIEHUEM:

(122) v M/T. = const,

M, - macca m3otona, 1. - KpuTHUIecKas TeMIlepa-
Typa. B Apyrux cBepXImpoBoJHUKAX OH MJIM OIUCHI-
BaeTCsd JAPYIoil 3aBUCUMOCTBIO, U BOOOIIE OTCYT-

CTBYET.
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OpgHako B IOCJEIHUE JeCATUIeTHs SPQEKTHI,
CBSI3aHHBIE C 3aMeIleHNeM H30TOIOB B peIeTKax
METaJIJIOB, ObLIN M3y4ueHbl AeTajbHo. OKazaJioch,
YTO BO MHOTUX MeTaJlaX HyJeBbie KOJIeOaHus
MOHOB B penieTke aHrapMOHUYHBIL. [ToaToMy n30TO-
TTUYECKOe 3aMellleHne BANAeT HeoCpeICTBEHHO Ha
mapaMeTphbl PEeIeTKN, U B CUIY SJIeKTPOHEeHTpasIb-
HOCTU MeTaJlja, Ha TJIOTHOCTH 3JIEKTPOHHOTO Ta3a
B MeTaJiIe, Ha ero sHepruio Pepmu u Jpyrue 3JeK-
TPOHHBIE CBOIICTBA.

[IpaMBIX M3MepeHuil BNSHHSA H30TOIHOIO 3a-
MEIIEeHNsT Ha IIapaMeTPhl PEIIeTOK CBEPXIIPOBOJIs-
MUX METAJJIOB He IIPOBOIWIOCH. Pesynbrarbl ms-
MepeHuil, nposeseHubix Ha Ge, Si, ajMmasze u Jjer-
Kux Merasuiax, nanpumep Li [51]) [52] (umccire-
JOBATENIN IIPEANOIUTAIT KPUCTAJLIBI, IJIe M30TOII-
5pdEKTH BEeJIUMKU U Jierde IIPOBOJIUTHL COOTBET-
CTBYIOIINE M3MEPEHsI ), TOKA3BIBAIOT, ITO MOy IeH-
Hasl 3aBHCHUMOCTD CHJIOBBIX IIOCTOSIHHBIX OT MACCHI
M30TOIIA, YIOBJIETBOPUTEILHO COIVIACYETCsI C PAaBeH-
crBoM (122). Takast ke 3aBUCHMOCTD CUJIOBBIX KOH-
CTAHT OT MAacCChl M30TOIa ODHAPYKEeHa W B OJIO-
Be [53]. K coxkasmeHmo, mpsaMbIX SKCIEPUMEHTOB
10 U3YYEeHNIO BIUSHUS M30TOIIHOI'O 3aMEIeHUs Ha
9JIEKTPOHHBIE CBOMCTBA, TAaKNHe KaK JJIeKTPOHHASI
TEILJIOEMKOCTh 1 3Heprusg PepMu, HHTEPECYIOINX
HAC METAJIIOB JI0 CHUX IIOP IIPOBEIEHO He OBLIO.
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PaccmoTrpuMm mogpobree, vero cieayer oyKuIaTh
TIPU TAKUX M3MEPEHUsIX. Y I00HBIM CBEPXITPOBOIHN-
KOM JIJIA 9TOTO SBJIAETCS PTYTh, ¥ HEe MHOTO M30-
TOTIOB 1 M30TON-3(hPEKT TIIATETHLHO U3MEPEH ellle
B H0-X rojax MpoIILIOro BeKa.

Y:xe Torma ObLIO 00HAPYXKEHO, YTO M30TOIMIYe-
cKuit 93pPeKT TOJBKO B HECKOJIBKIX CBEPXITPOBO/I-
HUKaxX OIMUChIBaeTcs paBeHcTBoM (122). B apyrmx
OH MMeeT JPYI'YIO BeJUYUHbI, U 1I09TOMY €ro B 00-
€M BHJIE MOXKHO OIIMCATh, BBEJId lIapaMerp .

(123) MT,. = Const.
VunutsiBag (63), MoxKeM 3amucaTh

(124) T, ~ Ep ~ n*3

e .

[Tapamerp [, xapakTepu3yOIuii HOHHYIO PeIleT-
Ky, IIPY U30TOITHOM 3aMeIeHNN IPUOOPeTaeT MMPH-
pamenne Al:

Al a AM,;
(125 — =0 =

[ 2 M,
31echk M; u AM; - Macca U30TOIa U ee TTpUPaIleHHe
TP U30TOITHOM 3aMeIeHNN.

[IpuagaTo cumTaThb, YTO AJI PTYTU B COOTBET-
CTBUU C YCJOBUSIMMU, CJEIYIONIUMHU U3 (POHOHHOTO
MeXaHI3Ma, TTapaMeTp @ & %

OnHAKO aHaAJIN3 SKCIePUMEHTAJIbHBIX JAHHBIX
135], [36] (cMm.puc.(3.3)) roBopuT 0 TOM, UTO peaib-
HO 9TOT mapamerp Ommke k 1/3. B coorBercTBum
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C 9TUM JIJId PTYTHU CAEAYEeT OXKUAATH COOTHOIIECHUA
ImapaMeTpPOB:

(7) 1
(126) —
AM; §
M;
TaknM 00pa3oM, OXKUIAEMOEe M3MeHEHNe TapaMeT-
POB pemeTKN TOJIyYaeTcd He CAUITKOM MaJIbIM W,

TI0-BUJINMOMY, MOYKET OBITH 3aMeYeHO C MOMOIIIBIO
CTAHIAPTHON M3MEPUTEJTHHON TeXHUKU.
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Yacts 4

CBepXxTeKy4decTh KaK CJeICTBUE
yIIOpsA04eHnsl HYyJIeBbIX KoJieOaHmil






[nmasa 10

Hynespie konebanusa aromoB He m cBepxTekydyecTh

OcHOBHBIE YepThl sIBJIEHHUS CBEPXTEKYYeCTH B
JKIJIKOM TeJIMM CTaJi IOHSTHBI yrKe HEeCKOJIBKO
necarunernit nazazn [26]. JI.J.Jlammay ysumen B
CBEPXTEKYUECTU KBAHTOBBII 3(PPEKT B MaKPOCKO-
MTUIECKOM TPOSIBJIEHUH, YTO CO3JAJ0 OCHOBY JIJIsi
MOHNMAHISA XapaKTePHBIX UepT 3TOr0 sIBJIEHUA 1
JasbHeiero mporpecca B ero u3ytdenun [27],[30].

CoBpeMeHHasI TeOPHUsI CBEPXTEKYUECTH J1aeT 00b-
SICHEHHe ODIINM XapaKTePUCTHKAM STOTO SIBJICHUS:
SHEPTETUIECKOMY CIEKTPY BO30YXKICHUIl, TepMO-
JTMHAMIKE CBEPXTEKYUEro TeJINsl, er0 TeII0eMKOCTH
u T.JI.

OJiHaKO IIpeJICTaB/IAeTCd BaXKHBIM, YTOOBI Teo-
pusi cMOrjia 00bsSICHUTb KOJMYECTBEHHO T€ XapakK-
TEepPHbIE IIADAMETPBI, KOTOPbIe HAOIIOMAI0OTC Y JaH-
HOM cpefibl [55]. B mepByto odepeib Teopust J0JK-
Ha OObSICHUTH 3a CYET KAKOI'0 MEXaHH3Ma M I10Ye-
My IIEPEeXOjl B CBEPXTeKyuee COCTOSHHE B Iesuu-4
IIPOUCXOAUT 0K0JI0 2K, T.e. 1pu TemiiepaType nodTu
TOYHO B JIBa Pa3a MEeHbIIeH TeMIIepaTypbl KAIIEHNs
T

Thoitin 4.215K
127 I — ~ 1.94.
(127) T 212K




[Tpu sTom jy1a Tema-3, gapa KOTOPOTO 00J1a/1a-
IOT MarHUTHBIMA MOMEHTaMHU, OTHOIIIEHNE TeMIIepa-
TYPHI IEPEX0JIa B CBEPXTEKYytIee COCTOAHNE K TeMITe-
paType KUTeHnsa Ha HeCKOJIbKO TTOPAIKOB MeHBITIE.

OcobeHHOCTH Tenng-4 B TOM, UYTO OH HE UMeeT
HII CYMMapHOTO 3apsifa, HA JIUTOJHHBIX MOMEHTOB.
Tem He MeHee 3a ¢a30BbIe IPEBPAIEHNUS B er0 KOH-
JIEHCUPOBAHHOM COCTOSTHUN JOJIXKeH OBITH OTBET-
CTBEHEH HEKUil 9JIEKTPOMATHUTHBIH MeXaHU3M (Kak
1 3a 110JI00Hble ABJIEHUsA C TEM 2Ke MacCIITaboM H3-
MeHEHUs SHEPIUH B JIPYTUX KOHJIEHCUPOBAHHbBIX Be-
MEeCTBAX ).

B 30-x romax mpomuioro Beka P.JIoHmoH IOKa-
3a1 [54], 9TO MeX/y aToMaMmu, HAXOIAIIUMUCA B
OCHOBHOM COCTOSHUU, CYIIECTBYET B3auMo/ieficTBIE
tuna cui Ban-gep-Baasibca, mMeroniee KBAHTOBYIO
pupo/ry. AToMbl B ocHOBHOM cocrostun (1ipu T=0)
coBepIIaloT HyJieBble Kojebanud. P.JIonmon pac-
CMaTpUBaJI KOJIEOJIONecs aTOMbl KaK TpexMep-
Hble OCHUJIJIUPYIONINE JUIIONH, CBA3AHHBIE MEXKTY
co00i1 JIEKTPOMArHUTHBIM B3aUMOJIEHCTBIEM 1 Ha-
3BaJl 9TO B3AMMOJIEICTBHE aTOMOB, HaXOJSIIUXCS B
OCHOBHOM COCTOSIHUM, JUCIIEPCUOHHBIM.
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[nasa 11

JucnepcuonHsblii 3¢ppekT BO B3amMoaeicTBumn
aTOMOB TeJjiisd, HAXOJAIINXCI B OCHOBHOM
COCTOSTHUM.

Cremys @.Jlonmony [54], pacemorpum jBa cde-
pUYECKN CUMMETPUYHBIX aToMa 06e3 OTJIMYHBIX OT
HYJId YCPEIHEHHLIX [AUIOJbHBIX MOMEHTOB, KarK-
JIBI ¢ TOIAPU3YEMOCTBIO a. [lycThb B HEKOTOPHIit
MOMEHT BPEMEHH 3apsi/Ibl STUX aTOMOB (PJIYKTYaIlH-
OHHO CMeEIIeHbl U3 IOJ0XKEHNII paBHOBECUA Ha pac-
CTOAHUSL:

ry = ($1,y1721>

ro = (96'2, Y2, 2’2)

Ec/m aToMbl pacIioJIozKeHbl BJIOJIb OCH Z Ha pac-
crodauu L Apyr or Jpyra, HUX IOTEHIHAJIbHYIO
SHEPTUIO MOXKEM 3aIncarh B Buje |54]:

(128)
1Y =

2.2 2.2 62

“h 20 + —(z129 + — 22129)
oa oa e 102 T Y1Y2 1 21-

\ . g
TV TV

elastic dipoles energy elastic dipoles interaction

147



JmaronanusupyemM TraMUJIBTOHUAH dYepe3 HOP-
MaJibHblE€ KOOPJUHATHI CUMMETPUYHBIX U aHTUCUM-

METPUYIHbBIX CMGH.LGHHfII

CL’?L — yg +22§) —

(2, = %(azl + )
rs =9 Ys = %(yﬁryz)
| 2= %(zl + 29)
1 ) 1
La = E(m — )
o =4 Ya Z%(yl—yz)
| %= %(Zl — 29)
OTKyma mosrydaem
Ty = %(azs + x,)
Y1 = %(ys -+ ya)
2] = %(zs + 24)
N 1
Xy = ﬁ(xs - xa)
y2 = 5(Ys — Ya)
9 = %(25 - Za)
B pesysibraTe 3aMeHbI IepeMEHHBIX [10JIyYHM:
2 2
e e
22
H = Za(r + 73+ 2L3(az +yl —

e2

2a
(129)

(1—2ﬁ
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Taxkum o6pa30M HaCTOThI 9TUX OCHUJIJIATOPOB 3aBU-
CAT OT UX B3aUMHOM OpUEHTallu 1 OIIPEHCJIAIOTCA
YPaBHEHUAMUN:

(130) 6 = $26, = o 1iﬁz
2
a a
~Q 1+ —— —=+
! L3 8IS
"
s 2a
(131) b= Q015 5 ~
~ 0 a CL2
3J1€Ch
2
(132) Qp = 2

- coOCTBEHHasl 4acToTa KoJeDaHMI 3JIeKTPOHHOI
obosroukn aroma (pu L — 00).
ODHePrus HyJeBbIX KoJieOaHUil paBHa

1
(133) € = SR+ Q).
Herpynao Bumerb, 9TO B3aWMOIeliCTBUE Heli-
TPaJIbHBIX aTOMOB HE COAEePKUT YJI€HOB, TIPOIIOPIIN-
1

OHaJIBHDBIX 13 " XapaKTEPHBIX JJIA BBaI/IMOrZ[eIU/ICTBI/IH

HYJIeBbIX KoJieOaHuit B 3jekTpoHHOM Taze (52),
KOTOPBIE OTBETCTBEHHBI 33 BO3SHUKHOBEHHE CBEPX-

npoBoguMocTr. Bo B3aumopeiicTBun HeRTpaIbHBIX
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ATOMOB Ce0s TPOSIBJIAIOT YJIEHBI, TPOIOPINOHAIb-
1

HbIE 7.

[Tpn 3TOM BayKHO, UTO SHEPTUN B3AMMOIEHCTRUA
Pa3IMYHBIX KOMIIOHEHT HYJIEBBIX OCHWJIIAINI pas-
JINYIAI0TCT MeXKIy coboit. Tak B3amMmoeiicTBIE HY-
JIEBBIX KOJIEOAHW, OPUEHTHPOBAHHBIX BIOJbL Ha-
MIpaBJIeHNs, COeTUHAIOIIEr0 aTOMBI, TTPUBOJANT K UX
[IPUTAKEHUTIO C SHEPIrUei:

2

(134) £ = —%hﬂo%,
B TO BpeMd KaK CyMMapHasd dHEPrus IPUTIAKEHUI
OCLHMJIIAIIUN B IIePIEeHIUKYJIIPHBIX HallpaBJIEHUAX
X Uy B JIBa pa3a MeHbIIIE:

CL2

JiG
(3HAKOM MWHYC 3JI€Cb YITEHO TO, YTO IIPH TAKOM

PaCIOJIOKEHNUN HEPreTUYeCKU BbIIO/[HA BCTPeYHad
HAIIPaBJIEHHOCTH B3aUMO/IEMCTBYIOMINX mmo.neﬂ).

1
(135) 8$+y — _Zhﬂo
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[nasa 12

OneHKa OCHOBHBIX XapaKTEePUCTUYIECKUX
MapaMeTpPOB HYJIEBBIX KOJIeOaHWII aTOMOB
B CBEPXTeKyd4eM rejun-4.

1. OcHoBHBIE TTapaMeTPhI

B raze nefirpajbHbBIX 0030HOB OTCYTCTBYET OT-
TaJKBaHUE MeXKJy dYacTurmaMu. [lodTomy HUKe
TeMIIEPaTy PhbI

2
1 TOZ —_ — z
(136) boil Bkg

13-33, BOBHUKIIErO MPUTAXKEHUT MEXKJy aTOMaMHU,
JIOJI>KHO IIPOUB0MTH CXJIOIbIBaHME aHCAMOJIsSI 1 00-
pasoBaHue >KUJKOCTH.

[Tpu BABOE OOJIEE HUBKOIT TeMIepaType

2
— 3_]€ T4y
BCe HyJIeBbIE KOJiebaHUs YIIOPA0UNBAIOTC, 38 CUET
Yero IMosgBIAeTCd JOMOJIHUTEIbHOe IPUTSAXKEeHIe U
obpazoBaHue eJIMHOIN0 KBAaHTOBOI'O aHCAMOJIS.

OrpanudeHneM ILIOTHOCTH obpasyiomerocs 60-
30HHOI'0 KOHJIEHCATa CJIyKaT HYyJIeBble KOJieOaHud
aToMoB. [Ipu cBoemM obpazoBaHNN KOHJIEHCAT MOXKET
C2KIMATbCs JI0 TeX II0P, IOKA PACCTOTHUS MEXKTY

aTOMaMU He CTaHYyT IIPUMEPHO PABHBIMU aMILIUTY-

Jle UX HYJIEBBIX KOJIeOaHUil.
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cxons w3 3TOro, MOXKHO BBIYNC/IUTE OCHOBHBIE
cBoiicTBa aHcaMbJ/g aTOMOB C YIHIOPAIOUYEHHBIMU
HYJIEBBIMU KOJIEOAHUAMU ¥ CPABHUTb UX C JAHHBI-
MU U3MEPEHUI CBOMCTB CBEPXTEKYYero Iresimd.

DyneMm mojiarathb, 9TO pPajiyc aTOMOB paBeH
OOPOBCKOMY PaJiiyCcy ap, KakK 3TO CJeJIyeT Hu3
KBAHTOBO-MEXQHUYECKUX PAacCYeTOB aTOMa TeJnd.
[TosToMy BenmUYIUHY SHEPIUU 3JIEKTPOHOB HA S-
000JI0UKE aToMa MOXKHO CUNTATh PAaBHOI:

4 2
(138) 9 —
ap

B ¢Basu ¢ Tem, 9TO HOIAPU3YEMOCTb aTOMA, IIPU-
MEPHO paBHa ero oobemy 56|

(139) A~ a,

HOTEHIUAJLHYIO SHEPIUI0 JIUCIEPCUOHHOIO B3au-
moieficTBust (135), BBI3BIBAIOILYIO YIOPSIOUIEHIE
HYyJIEBbIX KoJjiebaHMiI B aHcaMOJie aTOMOB, MOXKEM
PEJCTABUTDL PABEHCTBOM:

o2
(140) Evty = —ga%n?

3/1ech IIOTHOCTH aTOMOB

(141) n=—



2. CkopocTh HYJIEBBIX KOJiebaHMii aTOMOB

EcTecTBenno mpeamnoaraTh, 9TO KBAHTOBAHHBIE
HYyJIEBbIE KOJIeOAHUS aTOMOB TapMOHUYHBI W JIJIdA
HUX XapaKTepHO PaBeHCTBO KUHETUYECKON U TTOTEH-
IMUAJILHON SHEPIUN:

(142) — —a%n* =0,

3iech My - Macca aToMa rejus, Uy - CPeHssl CKO-
POCTHb ATOMOB IIPU I'APMOHUYECKUX KOJIeOAHUAX.

Otrcrofia 1mocjie HeCJIOXKHBIX IIPeodpa30BaHmil 11o-
JIy4aeM:

(143) e
no

IJIe BBEIEHO 0003HAUEHNIE

2 M
(144) ng = -y —.
ap V 2me

[Ipu paBeHCcTBe enuHUIE BbipakKeHusi B GUryp-
HOIl cKOOKe:

(145) — =1
nMeeM

(146) 0y = ca’ = 116.5 m/s.
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3. IlmoTHOCTH KHMJIKOTO Tejingd

Yenosue (145) MOYXKHO paccMaTpuBaTh Kak OTpe-
JleJIeHIe ILJIOTHOCTH ATOMOB eI B CBEPXTEKYUYEM
COCTOSAHUM:

(147)
2
0% M4 ~
n=ny=—1/— =2.172-10* atom/cm®.

— 3
ap \ 2me

CoriacHO 3TOMY OIIPEJIESIEHNIO INIOTHOCTD 2KUJIKOT'O
rejins-4 1moJydaercs paBHOIM

(148) vy =nM,; =2 0.144 g/em®.

YTO XOPOIIO COIJIaCyeTCs ¢ U3MEPEHHO IILJIOTHO-
CTBIO »KUIKOro resust pasuoit 0.145 g/cm® npu
T ~ T/\.

Anajiornunble BBIYKC/IEHUS Mg 2Kujgkoro He-3
JaroT 1I0THOCTEL paghyto 0.094 g/cm?, 9To MoXKHO
CUNTATh COTJIACYIOIIUMCH C UMEIOIUMUCA JaHHBIMUI
0 ero myioTHocTH paHOit 0.082¢g/cm? BO6MMBYE TeM-
nepaTypbl KUIIEHUS.

4. JImdnaekTpudeckas NPOHUIAEMOCTD
KUJKOTO reJins

st OIeHKM HUAJIEKTPUIECKON IIPOHUIAEMO-
CTH TeIus MOYKHO BOCIIOJIB30BATHCA YpPaBHEHHEM
Kaysuyca-Moccortu [56]:
e—1 Arm
e+2 3
31ech A - HOISIpU3yeMOCTb.
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Otkyma, npuanMas Bo Bunmanue (139); moryva-
eM

(150) e ~ 1.040,

9TO HECKOJIBKO OTJIMYAETCH OT BEJUYUHBI JIHIJIEK-
TPUYECKOI POHUIIAEMOCTH KUJIKOTO TeJIUs, H3Me-
permoit BOm3n A-touku [58]:

(151) e ~ 1.057.

5. Temmeparypa A-miepexona.

[Tpu Temmeparype A-Tiepexoia CBEPXTEKYYECTb
pa3pyIraeTcs, IOTOMY 4YTO SHEPIrHd TEeIJIOBOIO
NIBUKEHIS CpPAaBHUBAETCS C SHeprueil BaH-Jep-
BaaJIbCOBOI CBSA3M aTOMOB B CBEPXTEKYdeM KOHIeH-
care:

3 e? 6 9

Otciona ¢ yaerom (147)
1 Myate?

- 3km. ap

(153) T\
NJIN I10CJIE COOTBETCTBYIOIINX ITOACTaHOBOK!

B 1 Myc?a®
3k

YTO 0YEHb XOPOIIIO COITIACYETCA C M3MEPEHHBIM 3Ha-
venneM 1) = 2.172K.

(154) T\ — 2.177K,
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6. Temneparypa KnneHus >KuJKOro rejiid.

CpasuuBasi paBercTBa (134)-(135), nmeem
(155) Tyon = 2T\ = 4.35K

OTO CIYKUT OCHOBOH JJIsi IIPEIIOJIOMKEHNA O
TOM, YTO OKMKEHUE reJind IIPOUCXOJNT 38 CHET CUJI
NPUTAKEHUSA MEXKJy aTOMaMU, YIOPAJ0YNBIINMU
KOMIIOHEHTBI CBOMX KOJieDaHUi, OpHeHTUPOBAaHHBIE
BJI0JIb HAIIPABJIEHUI, NX COETUHSAIONINX.

7. CKOpoCTh TIepBOTro 3BYKa B KIMJIKOM
reJimn

M3 Teopun rapMOHHYECKOIO OCIIJIIATOPA W3-
BECTHO, 9TO aMILIUTYHOE (MAKCHMAJTbHOE) 3HA-
deHne CKOPOCTH TAKOTO OCIIJIIATOPA B JBa pasa
boJibIlie ero cpejHell cKOpocTu. B cBA3m ¢ 9THM,
IIpeJInoJiarasg, 9ITo CKOPOCTb IEPBOTO 3BYKA Cs
OIPAHUYUBACTCA ITON MAKCUMAJILHON CKOPOCTHLIO
OCITUJIISITOPA, TOJTyTaeM

(156) Cs1 = 209 =~ 233 m/s,

YTO BIIOJIHE COTJIACYEeTCs C M3MePEeHHbIM 3HaUeHneM
CKOPOCTH TE€PBOI0 3ByKa B TIeJIMU, KOTOpagd IIpH
T — 0 umeer MakCUMaJIbHYIO Besmanny 238.3 m /s

1 IOHMKAETCST ¢ POCTOM TEMIIEPATYPhI JI0 IPUMED-
1o 220 m/s mpu T' = T).
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M3MEepeHHOe

3BYKa B 2KUJKOM
resnu, m/s

OTIPENIESISIIONIAS | BEIYUCTIEHHOE
mapaMerp
dopmyia 3HAUEHUE BHAUEHWE
CpeIHsdad CKOPOCTH
HYJIEBBIX KOJeOaHMit 0y = ca’ 116.5
aTOMAa TeJnsT m/s
ILnoTHOCTE aToMoOB
HKHITKOTO n=\/ges | 2172107
resus atom/cm?
ILnoTHOCTB
KUJIKOTO rejud-4 v = Myn 144.3 1457~7,
g/l
HmanekTpudeckad 1.0487~4.0
MIPOHUTIAEMOCTH :_—5 = 4?“042 2]\/177;1@ 1.040
KUJKOTO rejng-4 1.057r~1,
Temmeparypa
Ty o Mac?a® 2.177 2.172
A-trepexona, K
Temmepatypa
KUTIEHNSA Tooir = 21 4.35 4.21
remna-4,K
CKOPOCTB IIEPBOIO
cs1 = 209 233 238.3710

TapmuiiA 12.1. CpaBuenune BBIYUC/ICHHBIX 3HAYCHUIM

TapaMeTpoB XKUJIKOTO rejinsd-4 ¢ JaHHBIMU U3MepeHuii

[lomydennele B 9TOM pasjese OIeHKH JJId Ha-

T THOCTH cBefieHbl B Ta6.(12.1).

JlaHHBIEe U3MepeHuil B 3TOi Tabaulle B OCHOBHOM
mUTUpYIoTCs 1o (57| u [58].
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[nasa 13

Onenka csoiictB He-3

[IpoBens aHajoruyaHble BEIMUCTEHWS [T TeJTHs-
3, cBesieM nx B Tabsmie (13.1).

OTIPEJIENIAIONIAS | BLIYUC/ICHHOE || H3MEPEHHOE
mapamerp
dopmysia 3HAYEHNE 3HAYECHIE
CpeHssa CKOPOCTh
HYJIEBBIX KOJIeOaHMi 0y = ca’ 116.5
aToOMa TeJIns m/s
IlnoTHOCTE aromon
KUIKOTO ng = 21\7{135 % 1.88-10%2
resus atom/cm?
ILnorHOCTE
KHUJTKOTO v = Msns 93.7 82.3
remms-3, g/1
JmamekTprudecKast
[IPOHUIIAEMOCTE ;—é = 43”a2\ / 2%’; 1.035
KUJIKOTO IejIusd-3
Temmepatypa
KATICHAS Tooil =~ %gzk“‘ 3.27 3.19
reand-3,K
CKOPOCTD 3BYKA
B KHMJIKOM cs = 200 233
rejiun-3 m/s

TapauiiA 13.1. CpaBHeHue BBIYUCIEHHBIX 3HAYEHUIA

TapaMeTpoB KUJIKOTO Tens-3 ¢ JAaHHBIMU U3MepeHuii
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Hro Kacaercd nepexoa He-3 B cBepxTeKkydee co-
CTOAHHUE, TO 3/7eCh UMEETCAd KOPEHHOe OT/IMYNEe OT
He-4, cocrosiiee B TOM, YTO, KPOMeE YIOPAIOTE-
HUSI HYJIEBBIX KOJIeDaHUil, 3JIEKTPOMAaIrHUTHOE B3a-
NMOJIENICTBHE JIOJIZKHO B 9TOM CJIydae YIOPAI0UNTh
MaruuTHble MOMeHTHl djgep He-3. Ounenum Temiie-
paTypy, Ipu KOTOPOU IIPOU30NIET TAKOE YIOPAIO-
JeHIe.

B cBa3m ¢ TeM, UTO Bce XapaKTepHbIEe pa3MepPHI B
JNIAaHHOI 3aJiaue - aMILUIMTYIA HYJIEBBIX KOJeDaHMI,
pasMep aToMa, PACCTOSTHIE MEYKIY aTOMaMU B 2KHT-
KOM TeJIAN - 110 TTOPSJIKY BEJTNIIMHBI pABHBI PaInyCy
bopa ap, MOYXKHO OIEHUTH MOPSIOK BETUINHBI OC-
IUIJIIPYIOMIET0 MarHUTHOIO I10JIs, KOTOPOe KOJ1e0-
JIIOINASICA SJIEKTPOHHAsT 000JI09Ka CO31aCT Ha ' CBO-
em' sizpe :

e aplly _ pp

157 Ho ~ ~
(157) ¢ ay As

3JIeChb 4B = 2;12 - - Marueron Bopa, A3z - nosapusy-

eMOCTh aToOMa IeJInsd-3.
[Ipu sTOM ynopsimodeHne B cucTeMe MarHUTHBIX
MOMEHTOB sjep He-3, BenduHa KOTOPBIX IPUMEP-
__eh
HO paBHa dJAepHOMY MarHeTOHY bopa Hnp = G
JIOJIZKHO HAaCTYHUTb HUKe KPUTUYECKOIT TeMIlepa-

TYPbI

o H
(158) T, ~ “B—kﬁ ~ 107°K.
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To, 9T0 s1epHbIE MOMEHTHI MOTYT OBITH YIIOPSIIO-
YeHbI MapajlielbHO WIN aHTUMapaJIebHO JIPYT
JIPYTY COTJIACYeTCs ¢ HAJIMYIMEeM COOTBETCTBYIOIINX
a3 ceepxTekyuero reams-3.

Taknm obOpas3oM, paccMOTpeHWe SBIEHNsST CBEpX-
TeKY4YeCTH KaK CJIeJICTBUA YIIOPAIOYEHUA HYJIEBbIX
KoJIeOaHMI aTOMOB TTPUBOJUT K OIIEHKaM TeMIlepa-
TYPbl A-IIEPEXOJIOB U JIPYIUX [TapaMeTPOB »KIIKOIO
reJjing, YI0BJIETBOPUTEJBHO COIVIACYIOMUMCA C pe-
3yJbTaTaMI U3MEPEHNIA.
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Yactpb 5

BriBoabl



1. Csepx-sgBjeHus

1o HacTOMAIIIero BpeMeH! OBbLIIO OOIEIIPUHSITO Y-
MaTb, YTO HAJIUYME KM30TOINMYECKOTro 3PdeKTa B
CBEPXIIPOBOJHUKAX OCTABJISIET TOJILKO OJUH IIyTh
ISt O0'bsICHEHUST SBJIEHUSI CBEPXIIPOBOAUMOCTH -
TOT, KOTOPBII Oasupyercs Ha (POHOHHOM MeXaHU3-
Me.

Onaako 6oJiee UYeM ISTHIECITIICTHee PA3BUTUE
Teopun, basupyroleiics Ha (POHOHHOM MeXaHU3Me,
He [IPUBEJIO K YCIIEXY - 00bICHUTD IIOUeMY KOHKPET-
HBIil CBEPXITPOBOTHUK UMEET OIpEeIeIeHHYI0 KPUTH-
JeCKYI0 TeMIepaTypy (1 KpPUTUIECKOE MarHUTHOE
T10JIe) TaK U HE YIaJ0Ch.

OTa mpobiema emie 6Oojiee ycyrybmiach ¢ OT-
KPBITHEM BBICOKOTEMIIEPATYPHBIX CBEPXITPOBOIHI-
KOB. Kak MOYKHO JBUTaTbCA BIIEPE/ B UX N3YUEHNN,
eCJIM HeTIIOHATEH MEeXaHW3M, OIPeIeIaIONINi KPUTH-
YeCKYI0 TeMIIEpaTypy B 3JIEMEHTaPHBIX CBEPXIIPO-
BOJHIKAX !

B mocnmennne mecaTmiieTus SKCIEPUMEHTATOPHI
TIOKa3aJI, YTO M30TOITHOE 3aMeEIeHNe B METaJIIax
BeJIeT K M3MEHEHUIO TTapaMeTPOB UX KPUCTAJIIAde-
CKOIl pemreTkum M TeM CaMbIM BJIAAET Ha SHEPIUIo
Depmu Metasuta. [lockosbKy M30TOIMHOE 3aMelrie-
HIE TIPSIMO BJINAET Ha 3JIEKTPOHHYIO CUCTEMY, TO B
OCHOBE CBEPXITPOBOIMMOCTH MOXKET JiexKaTh Hedo-
HOHHBINT MEeXaHU3M.



[TpeioxkenHas  BalleMy BHUMAHHIO —TeOPUs
CBEPXIIPOBOJMMOCTH IIPEJIIIoIaraeT, 9To crernudu-
Ka MeXaHu3Ma 00beIMHEeHNs 9JIEKTPOHOB B IIaPhI HE
uMeeT IPUHINIINAJILHOTO 3HaYeHnsd. BaxkHO, 4TOObI
TaKO MeXaHU3M ObLI paboTOCIOCOOHBIM BO BCEM
paccMaTpuBaeMOM Jiralia3one remieparyp. [Ipupo-
Jla MeXaHU3Ma He UI'PaeT POJI IIOTOMY, YTO 00b-
eMHEHNEe SJIEKTPOHOB B IIapbl sABJISETCSI HEOOXOIH-
MBIM, HO HEJIOCTATOYHBIM YCJIOBHEM O0OpPas3oBaHUs
CBEPXIIPOBOJIAIINEr0 KOHJIEHCAaTa, IOCKOJIbKY IIOC/Ie
00beIMHEHNs JIEKTPOHOB B OO30HHLIE IIapbl, OHU
HE CTAaHOBSATCS TOXKJIECTBEHHBIMU YaCTHUIIAMH, CIIO-
COOHBIMHU 00Pa30BaTh CBEPXIPOBOAMIIINN KOHICH-
car. Ecii Temrneparypa HEJIOCTATOYHO HU3KA, dJIEK-
TPOHHBIE TIapbl COBEPIIAIOT HEKOPPEeJIUPOBAaHHBIE
HyJIeBbIe KoJiebannd. ToJIbKO Iocye yIops10ueHnn
HYJIEBBIX KOJIeOaHUIT SJEKTPOHHBIX IIap, KOTOPOE
IIPOMCXOJIUT 38 CUET UX SJIEKTPOMArHUTHOI'O B3aM-
MOJIEMICTBUA, MOXKET OBITH JOCTUTHYTO ITOHUKEHNE
SHEPIUN CUCTEMbI M JTOJXKHO IIPOU30HTH 0Opa3oBa-
HIe KOHJIeHCaTa Ha YPOBHE ¢ MUHMMAJILHOI SHEp-
ruei.

Takoil moaxon: JaeT BO3MOYXKHOCTHL PacCMaTpH-
BaTh KOHJIEHCAIINIO HYJIEBBIX KOJIeOAHUIl B crCTEME
KOJJIEKTHBU3UPOBAHHBIX 3JIEKTPOHOB KaK IPUINHY
BO3HUKHOBEHIA CBEPXIIPOBOAMMOCTH KakK I, Tak mn
II poma. Ilpm 3TOM MIOTHOCTH CBEPXIPOBOIAIINX
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HOCUTEJIE N KPUTUYECKad TeMIlepaTypa CBEPXITPO-
BOOHUKA OMpeendaoTcsa sHeprueit Pepmu meTa-
Jla, a BEJIMYNHA KPUTUYECKOTO MATrHUTHOTO TI0JIA
CBEPXIIPOBOIHUKA 3a/1aeTCA MEXaHU3MOM pa3pyIie-
HUsI KOT€PEHTHOCTHU HYJIEBBIX KOJIeOaHUI.

Takum obpazom, MCXOjisi U3 PACCMOTPEHUA KOH-
JIeHCAIUN HYJIEBBIX KOJIeDaHUil, y1aeTcs IOCTPOUTD
TEOPUIO CBEPXITPOBOINMOCTH, XapaKTepPHOI 0COOEeH-
HOCTBIO KOTOPO# ABJISAETCA BO3MOXKHOCTD [OJIYYUTH
OIIEHKU JIJId KPUTUIECKUX ITapaMeTPOB 3JeMeHTap-
HBIX CBEPXIIPOBOHUKOB, YIOBJIETBOPUTEJIBHO CO-
[JIACYIOIUEeCd C JaHHBIMU U3MEpPeHUil.

PaccMmoTpeHHbBII 1T0X0/1 T03BOJII HAalTH 00bsic-
HEeHMe MeXaHU3MY BO3SHUKHOBEHUS CBEPXTEKY4eCTU
B KUJIKOM TeJIHU. DHEPIui0 B3aUMOAEHCTBUS HY-
JIEBBIX KOJIEOAHMI 9JIEKTPOHHBIX 000JI0YEK aTOMOB
B S-COCTOAHMHM MOXKHO PacCMaTpPUBATh KaK ITPOsIB-
JIeHUEe [eCTBUA TaK Ha3bIBAEMbIX IUCIEPCUOHHBIX
cu1 Ban-nep-Baanbca. TakuM myTeMm ynaeTcd moJry-
YUTH COBIIQJIAIOIINE C U3MEPEHUAMU KOJIUICCTBEH-
Hble OIEHKN KPUTUYECKUX TeMIIePaTyPHBIX TOYEK
KaK OXKIKEHUd IeJiig, TaK U ero Imepexoaa B CBepX-
TeKy4dee COCTOAHUE.

[TpencrapigeTcd BaXXKHBIM TO, UTO B Pe3yJbTa-
T€ OKa3bIBAECTCdA, YTO B OCHOBE JBYX POIACTBEHHDLIX
ABJIEHU, KaK CBEPXIIPOBOAUMOCTHU, TaK U CBEPXTe-
KY4eCTH, JIEXKUT eIUHbII (PU3NIEeCKN MEeXaHU3MOM
- VIIOPAA0YeHe HYJIEBbIX KOJIEOAHMIl.
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2. Eime o mceBao-Teopusax

Ecm BepHYTBHCSI K BOIIPOCY O TOM, Io4YeMy B XX
BeKe TI0SIBIJIOCH U Cefidac MPOJI0JIXKAeT CYIIEeCTBO-
BaTh MHOTO TICEBIO-TEOPUI, HAPYIITAIOIUX [JIABHBIN
IPUHIIAII €CTEeCTBEHHBIX HaykK ['mibepra-lammmes,
TO BUHOBATHI B 3TOM, IIO-BUJINMOMY B YaCTHOCTH,
pPeJIaKINN HAYUYHBIX (PU3NIECKUX YKypHaI0B. Ecre-
CTBEHHO, YTO OOJBIIMHCTBO PEIEH3eHTOB B STUX
J)KypHaJIaxX dABJsgioTcd TeopeTukamu. OJIHAKO MHO-
I'ie U3 HUX BHIPAOOTAJIM CBON KPUTEPHUil IMpaBUIb-
HOCTU TOIl mam nHOi paborbl. OHU yBepoBaJU B
coOCTBEHHbIE TEOPUN U HE JIOMYCKAIT K ITyOJInKa-
1IN CTaTell, KOTOPbIe BBIXOIAT 38 PAMKU 9THUX TEO-
puii, Jaxke ecJi OYEBUJIHO, YTO pacCMaTpUBaeMble
B 9TUX paboTax MOJENN COTJIACYIOTCA C JAHHBIMU
n3Mepennii. [lo-BuauMoMy, pegakiusaM 3TUX XKYP-
HAJIOB HY>KHO OTMedaTh CIeInUIECKN XapaKTep
TEOPETUIECKUX ITOCTPOEHU, HAPYIIAIOIMIIX ITPIH-
mun ['unbepra-lanuiies. BepodaTHo, nMeeT cMBICT B
CHeIMAJIbHBIX »KYpPHaJaX OTKPHITh PYOPUKHU, MMe-
[OII[e Ha3BaHWE TUMa | UIOTEeTUYECKNE MCCIIEIO0-
BaHWSA, KOTOpble Ha JAHHON CTaJuu TOKa eIre He
VIOBJETBOPAIOT TJIABHOMY MPUHIIUIY HayKhd' , 1
myOIMKOBAThH HA CTPAHUIIAX STUX PYOPUK Pe3yabTa-
ThI NCCJIEJIOBAHN, KOTOPHIE IT0 HAIIE CUCTEMATUKE
pazmernaiorcs B Kietouke 4 Tadsmier (1.1). B sTom
caydae gutareaaMm n HobeneBckoMy KoMHUTETY OY-
JIeT Jierde BBIpabOTATh OCTOPOYKHOE OTHOTIEHWE K
STUM TEOPHUSIM.
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bopuc BacnabeBnu Bacuibesn
http:/ /bv-vasiliev.narod.ru/

N3 Who is Who in the World

B.B.Bacunbes pomuics B 1937 roay B r. Exarepunbypre.

B.B. oxoruni @u3.-tex. HakygabTeT ¥ pasbCKOr0 MOJIUTEXHUIECKOTO WHCTUTY TA
u acupantypy UAD nm. Kypuarosa.

Hayuqnyio pabory na nporsikennn 35 jer Ben B r./lyOHe, rie mpormes myTh OT
MHKEHEePA-UCCIIEOBATEIS 0 JUPEKTOPA HAY IHO-UCCJIEIOBATEIHCKOIO HHCTUTYTA.

Hoxkrop dusz.-mar. nayk (1984).

OcHOBHBIE HAYYHBIE HHTEPECHI - (DU3MKA, KOHIEHCHPOBAHHOTO COCTOSTHU S, CBEPX-
MIPOBOIMMOCTD U CBEPXTEKYUIECTh, aCTPOMU3NKA.

Astop 605ee 100 Hay4IHBIX PABOT, OMYOIUKOBAHHBIX B POCCUUCKUX U 3apyOeK-
HBIX XKypHaJax, cpegau KoTopbix crarbu B Y PH, ZKOQT®, IIpupoze u ap., u MOHO-
rpaduun.

OCHOBHBIE TOCTHIKEHUS:

- Teopus CBEpXIIPOBOIUMOCTH U CBEPXTEKYIECTH KAK CJIEACTBUIN YIIOPSTOICHUST
HYJIEBBIX KOTeOAHMHA.

- Teopus rOpsiumx 3Be3x, TMOCTPOEHHAS C yYETOM T['PABUTAIMOHHO-
UHAYLIUPOBAHHON 3JIEKTPUYECKON MONAPU3aALUUA BHY TPU3BE31HON 1171a3Mbl.

- OTKpBITHE W UCCIIEIOBAHNE TEPMO-MATHUTHOTO 3 deKTa B METALIAX.

- Teopusi BY-CKBUIOB.

-  OKCIEPUMEHTAIHLHOE ONPEESeHNe BEPXHEH T'PAHUIBI CYNIECTBOBAHUS
9JIEKTPUYECKOTO JIWMOJBHOTO MOMEHTA 3JeKTpona, Hapymatmero CP- u T-
WHBAPUAHTHOCTD (pe3yJbTaT W3MEpeHuil BOmIe B CIPABOYHUK IO CBOMCTBAM 3JIe-

MEHTAPHBIX YACTHIL).

CBepXnpoBOANMOCTH U CBEPXTEKYY€ECTh

(c¢) B.B.Bacuibes, 2013
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