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PA3JIEJ 1
BBeaenue

Vxe Oosee MOTyBeKa YeJIOBEYECTBO TIIETHO JKJET OT (PU3UKOB
pa3paboToK, KOTOpPBIE, HAKOHEI-TO, TIO3BOJIFIIN OBI IIOTYYINUTh OTHO-
CHTEJIBHO JeTIeBHIC, a TaBHOE, YO (PEKTUBHBIC U YKOJIOTHICCKH Oe-
30MacHBIE UCTOUHUKHU YHEPTHH.

PesepB BpemeHU (haKTHUECKH YXKe HCUYepIiaH, HO MPUPOHBIC
3amacel YHEPTOPECYPCOB MPOJOHKAIOT HCTOIIATHCS YCKOPSIOIIH-
MHUCS TEMIIaMH, & CKUTaHUE KOJIOCCAIbHBIX 00bEMOB TOILIMBA I'PO-
3UT TOTAJBHBIM 3arpsA3HEHHEM OKpYXKAromIeld Cpeasl U HeoOpaTH-
MBIMH M3MEHEHUSMU KJIMMAaTa TUTaHEeThI.

B croxuBIIMXCS YCIOBUSIX OYEBUIHBIM KPU3HUC B Pa3BUTUU
(PM3MKH BBIXOJUT 32 PAMKH YHCTO HAyYHBIX UHTEPECOB U JIUCKYC-
CHii, BbI3bIBasi OCCIIOKOHCTBO M 3aMHTEPECOBAHHOE OOCYK/ICHHUE B
CaMBIX IMAPOKHUX CIIOSIX OOIIECTBEHHOCTH.

Kax u B xonne XIX cronerusi, rpaHIn03HOE 31aHUE COBPEMEH-
HOW HayKH Ka)KeTCs BIIOJHE 3aBeplieHHbIM. OcTanoch pa3odparh-
cs1 OyKBaJIbHO C HECKOJIBKUMHU ‘‘BTOPOCTECIICHHBIMH ~ BOTIPOCAMHU. ..

Ho ecnu BHUKHYTH B CYIIECTBO 3THUX ‘‘BTOPOCTENEHHBIX BO-
MIPOCOB, TO CTAHOBUTCSI OUEBHIHBIM, UTO OHH 3aTPAaruBalOT camble
TTyOWHHBIC HEMO3HAHHBIC OCHOBHI TpHuponbl! [IpuxomuT ocosna-
HHUE TOTO, YTO OOUTHCS MpPOTrpecca B TOHUMaHUH TPUPOIBI TOIb-
KO “‘TIepe’KeBhIBAHWEM TIAO0NIOHHBIX TEOPETHUECKHUX TOAXOI0B
WJIH MIOCTPOCHUEM MaTEMaTUYeCKUX a0CTPaKIUN HE TIOTYUUTCS.

Bseoenue 5

[TosTOoMy Ocoboe 3HadeHHE MPUOOPETAET U3YUCHUE “OMBITA U
METO/IOB pabOoThI” OCHOBATENEH COBPEMEHHON HayKH, KOTOPHIE, HE
OTPaHWYMBASICh MaTeMaTudecKuM (HopManau3MOM, BCETHa IbITa-
JUCHh HAWTH (HU3HUYECKUN CMBICT M peajbHBIE MEXaHH3MBbI, JIeXkKa-
M€ B OCHOBE T€X WJIM WHBIX 3aKOHOMEPHOCTEH TTPHUPOIBI.

C atoii Touku 3peHus padotel A. DitHmTeiiHa, P. Delinmana,
JI.MakcBesmia — HacTosIIasi COKPOBUIHUIA Hayku. VX oObenu-
HSIET CTPEMIICHHE K aHaIIU3y TPOOJIEM C CaMbIX Pa3HBIX TOYEK 3pe-
HUS, yMEHUE HaXOIWUTh HATISAHbIE (PU3NIECKUE MOJIENH SIBICHHA,
MoJIBEprasi COMHEHHUIO W OTOpachIBas CIOXKHBIIUECS ‘‘00IIETpU3-
HaHHbIE” CTEPEOTHUIIBI.

Bonee Toro, ux pabotTkl conepxar psj GU3NICSCKUX HJIEH, KO-
TOpbIe OQHUIIMAILHON HAYKOH HMIMPOKO HE 00CYKIAIOTCS, HO KOTO-
pbIe MOTYT M JIOJDKHBI OBITh MOAPOOHO pa3pabOTaHbI.

Taxast MTOTIBITKA, B YACTHOCTH, OBbIJIa TIPEANIPHHSTA B HETaBHO
OIYOJIMKOBAaHHBIX MHOIO KHUTAX, TOCBSAIIEHHBIX JIEKTPOMAarHHUT-
HOW NMpHUpOJIE EMEHTAPHBIX YacTull [1, 2].

3a OCHOBY UCCIICIOBAaHUS ObUIN MIPUHSTHI JIBE UJICH.

1. nest 00 »meKTpOMarHUTHOW MPUPOJIE IEMEHTapHBIX Ya-
CTHUII, BBICKa3aHHAs A. DUHIITCHHOM, KOTOPBIM HEOIHOKPATHO
yKa3bIBaJI HAa OOITHOCTH TIPUPOIBI TIOJIS M BEIIECTBA!

... DIEMEHTapHbBIE YACTHIIBI MaTEPUH 110 CBOSH MPUPOJIE TIPE/I-
CTaBJISFOT COOOI HE YTO MHOE, KaK CT'YIICHHUS MIEKTPOMArHUTHOTO
nojis, ...” (A.DuHmreriH. CoOpanue Hay4HbIX TpynoB. M.: Hayka.
1965. T.1. C.689).

2. BHemrHee 1moste 37eKTpoHa COMEPIKUT B ceOe KaK pacXOIsIi-
ecsl, TaK U CXOJSIINECS BOIHBI, TO €CTh, SBISETCS CTOSYUMHU BOJ-
Hamu. Yuiep u DeliHMaH BBIIBHHYIM 3Ty WJACH0, paccMaTpuBas
B3aUMOJICHCTBUE MEXIy 3apsnamu. [Ipeamonaranock, 4To OHO
OCYIIECTBIISIETCS] HAMOJIOBUHY Yepe3 3ara3/bIBalolne, a Haroo-
BHHY — Y€pe3 OIEPErKaIOIIIe BOIHBI.

“Camoe yOIUBHTEIHHOE, KaK OKa3alloCh, YTO B OOJBITHHCTBE
Cly4aeB BbI HE BHIUTE 3PQeKTa ONepeKaronfx BOJIH, HO OHU Ja-
0T KaK pa3 HYXXHYIO CHIY PaJdalldOHHOTO COIMpPOTUBICHUS .
(P. ®etinman, P. Jleitron, M. Caunz. DeiiHMaHOBCKUE JICKITUH 10
¢uzuke. M.: Mup, 1966. T.6. C.314).

CoennHenue 3TUX JBYX HJEH CTajlo BO3MOXHBIM Omaromaps
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“CTPOUTENBHBIM JiecaM™ JIEKTPOMarHUTHOW TEOPUU — JTUHAMHU-
4yeckoil Moenu Bakyyma MakcBeruia [3]. B utore 6pu1H MOy deHBI
YPaBHEHHUSI, ONMCHIBAIOLINE BPALICHUE OIMHOYHOW 3JIEKTpoMar-
HUTHOM BOJIHBI (COJINTOHA) U BHELIHHE CTOSUYME IPOAOJIbHBIE BOJI-
HBI BOKPYT conuToHa. Takum 00pa3om, Obljia omydeHa MOAeib ca-
MOM 3IIEMEHTapHON YaCTHIIbI BELIECTBA.

[anee, Obu1a ycTaHOBJIEHA CBA3b MEXKIY CBOWCTBAMH 3JIEKTPO-
MarHATHBIX COJIMTOHOB M “‘CTPAHHBIMH~ 3aKOHOMEPHOCTSIMU MH-
KpoMupa (KBAaHTOBOU TEOPHEH). DTOT pPe3yIbTaT Ype3BBITAHO Ba-
KEH Ul TIOMCKA BBIXOAA (PM3MUECKOM TEOPUHU M3 TyNHKa MaTeMa-
THYECKHUX XHMEp, B KOTOPBIX OHa Bce Oosiee yBsi3aeT (B CBS3H C IT-
WM JIOCTaTOYHO BCIIOMHHTH TaK Ha3bIBAEMYIO TEOPHIO CTPYH).

BrIBO/IBI O CTpOCHUY BellecTBa, NOTy4YeHHbIE B padoTax [1, 2],
MMEIOT TPSIMOE OTHOIIEHHE M K TpoOieMe IMOMCKa MCTOYHUKOB
SHEPTuH, TaK KaK U3 3TUX PadOT CTAHOBUTCS COBEPLICHHO OYEBU]I-
HBIM, YTO BCSl CYILECTBYIOILASl PEAJbHOCTh — 3TO Pa3HbIe MPO-
SIBJICHUS DJICKTPOMarHUTHOM SHepruu!

[TosTOoMy B mpemyiaraeMoll BHUMaHHIO YUTATENs] KHUTE PEUb
MOWJET O BO3MOMKHOCTSX TIONYYEHHsI SHEPTUU Ha Pa3IHYHBIX
“YpOBHSIX €€ 3aJIeTaHus .

OO0cyxmatoTcs u “‘ropsurie” TEMBI: 00 HCIIOIb30BaHUH 00pat-
Horo nukia KapHo, 0 HapyIIeHUsIX BTOPOTO 3aKOHA TEPMOJMHAMHU-
KW — BEYHBIX JBUTaTeIIX BTOPOrO poja | T. .

PaccmoTpeHbI B KHUIe U MHOTHE “‘3arajlouHble” ABJICHUS IpU-
pOIbI, 0OYCIIOBICHHBIC OCOOBIMU CBOMCTBAMU TIPOAOIBHBIX DJICK-
TPOMArHUTHBIX BOJIH.

ConepxaHue KHUTM AOCTYIHO IIMPOKOMY KpYTy 4duTarelsiei,
TaK KaKk OHO OCHOBAHO Ha HAIVISIIHBIX (PU3HYECKUX UICSX.

I'maBHasg uenb pabOTBI COCTOMT B TOM, YTOOBI PACIIUPUTDH
CIIEKTP BO3MOXKHBIX HAallPaBJICHUH MOMCKA HAJCKHBIX W DKOJIOTH-
YeCKM YUCTBIX MCTOUYHUKOB DHEPTHH, MOKa3aTh MpobieMy ¢ pas-
HBIX TOYEK 3pCHHMS, a, B KOHEYHOM UTOI'e, CIIOCOOCTBOBATh PacKpe-
MOLICHUIO MBICJIN ¥ aKTUBU3ALMK PabOT MCCIen0BaTeeH.

Pa3Be He yAMBUTENCH 3TOT MapaJoKc: MbI HILEM IHEPruio B
MHpe, COCTOsIIeM U3 JHeprum?!

PA3JIEJ 2

BemecTBO BCTpOEeHO B BaKyyM!

[lono6Ho apxeosoram, (U3MKH MOCTEIIEHHO OCBAaWBalll BCE
Oosiee TTyOMHHBIE “CIIOM 3aJieraHus DHEPTUH . DTH YCHIIUS, TIOMU-
MO YHUCTO HNPAKTUYCCKUX PE3YJIbTATOB, NMPUHOCUIIN BAXXHYIO HH-
(dhopMarnro 00 UCTOPUHN pa3BUTH BceneHHOM.

JelicTBUTENHHO, OTPOMHAS IFIOTHOCTD SHEPTHH, 3aKIIFOYCHHAS
B BEIIECTBE, TOBOPHUT O TOM, YTO €ro 0Opa3oBaHHEe MPOUCXOAMIIO B
“IKCTPEMANIBHBIX YCIOBUAX  KOJOCCAIBHBIX 3HAYCHUN TEMITepaTy-
pBl ¥ JaBieHus. B coueranun ¢ HaOMIOTAIOIIUMCS PaCHIMPEHUEM
BcenenHoit 310 aeT OCHOBaHHUA JJIsl TEOPUM TaK HA3bIBAEMOTO
Bonbioro B3peiBa, ¢ KOTOPOro MHOTO MUJUIMAPIIOB JIET Ha3a]l Ha-
4anochk (OPMHUPOBAHKE BEIIECTBA U pa3BUTHE BceneHHOi.

Tak 4TO k€ 3TO TaKOoe — BEILIECTBO?

OTBeT Ha 3TOT BONPOC, NIOMUMO YUCTO HAYYHOI'0O HMHTEpPECA,
tIpe?,BBI‘I.‘ElI\/IIHO BaXCH JIsA MOUCKAa UCTOYHUKOB SHCPIUU. HOBTOMY,
He TOBTOPSS AeTajiell aHanmm3a, copepikaiierocs B padorax [1, 2],
nepenieM K KpaTkoMy U3JI0KEHHUIO ero pe3yabTaToB.

Okazanoch, 4TO camasl d3JeMEHTapHas YacTHIla BEIIeCTBa
(9EKTPOH) — 3TO BPAIIAIONIASCS OJMHOYHAS AJICKTPOMArHUTHAsS
BonHa. [Ipy 3TOM BHEIIHEE MOJIe NEKTPOHA YPABHOBEILIUBACT BHY-
TPEHHEE Bpalaroleecs MoJie U IT0ATOMY COJICPIKUT B cede Kak To-
CTOSTHHYIO COCTABJIIIONTYIO (3apsm), TaK W TMEPEMEHHYIO COCTa-
BIISIFONIYIO B BHJIE CTOSTYUX TIPOIOIBHBIX AIEKTPOMATHUTHBIX BOJIH.
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Takast CTpyKTypa dJIEKTPOHA, C OIHOM CTOPOHBI, 00ECIIEUNBAET €T0
PaBHOBECHOCTb, a, C IPYTOM CTOPOHBI, JIEJIAeT €ro OTKPBITHIM IS
BHEILIHUX B3aMMOACUCTBUI.

Takum 00pa3oM, TTOATBEPKICHUE HIeH DWHINTEHHA 00 dJIeK-
TPOMArHUTHOW TPUPOJIE SJIEMEHTAPHBIX YacTHUI], 00pa3HO TOBOPS,
MOCTAaBUJIO BCE HA CBOU MECTa. JTa UJesl COBEPILIEHHO OPraHUYHO
COEIMHUJIACH C MPEANIONOKEeHHEM Yuiepa u DeliHMaHa 0 HAINYUU
CTOSAYMX BOJIH BOKPYT 3JIEMCHTAPHBIX YaCTHII.

Becbma HarsaiHOM JIeMOHCTpaledl B3aUMOCBS3U MEXK]y Be-
IIECTBOM, aHTHUBEIIECTBOM W W3JIyYCHHEM SIBIISIETCS TIPOIecC 00-
pa30BaHUs AIEKTPOH-IO3UTPOHHON Hapbl U3 KBAHTA AJIEKTpOMAr-
HUTHOUW HEPTHH, CXEMATUYHO W300pakeHHBIN Ha pucC. 1.

c

—_—
A [ 3
k1451 DLIO! MK 145014513

F v F 3
choron v ,/[E}_”

ANeKTPOH NO3UTPOH

-

snextpon  [ExH] 6) nosurpon; [ExH]

Puc. 1. Cxema 00pa30BaHHs IEKTPOH-TIO3UTPOHHON MapsI (a), HallpaBICHHS
MoJIeH B CTPYKTypax 3JIEKTPOHA U MO3UTPOHA (0).

Bewecmeo ecmpoeno 6 saxyym! 9

Kak cnemyer u3 31Ol cxembl, 0Opa3oBaHUE SIEKTPOH-IIO3U-
TPOHHOM Tapbl MOXHO TPEICTaBUTh ce0e KaK Pe30HAHCHOE HAKO-
TUIGHWE DJIEKTPOMArHUTHOW HHEPIHMH KBAaHTAa OJHOBPEMEHHO B
JIBYX PE30HATOpaxX C MPOTHBOMOJIOKHBIMHI HATPABICHUSIMH TIOJEH
(HarmOMHHAET MOTONMynepruoHoe BeimpsivieHue). [loaTtomy amaek-
TPOH U €r0 AHTHYACTHIA — MO3UTPOH HMEIOT MPOTHBOMOJI0K-
HbI€ YIeKTPHYEeCKHe 3apsiibl U MATHUTHBIE MOMEHTBI.

BricoTa KOJIBIIEBBIX pE30HATOPOB paBHA PE30HAHCHOMY 3HAYe-
HUIO auamerpa (2r, = h/m,c), a OTHOILIEHNE TOJIIHHBI CJIOsI Bpa-
IIAFOIIErocs Mos (Pa3sHOCTh BHEIIHETO ¥ BHYTPEHHETO PaJIyCOB)
K JMaMeTPy OKa3bIBaeTCsl paBHBIM (PyHIaMEHTAIBHOH (hr3uuecKon
KOHCTaHTE — MOCTOSIHHOW TOHKOHM CTPYKTYPBI Q.

EcrecTBeHHO, y uuTarenss BO3HUKAIOT COBEPIICHHO 3aKOHO-
MepHBIC Bompochl. Kakum oOpa3oM obpasyercst Takasi CTPYKTypa,
coneprkamas B ce0e BHYTPEHHIOIO (MBI €€ Ha3BaJIl JUHAMUICCKOM)
001acTh ¢ BpAIAIOIMIMMCS DJIEKTPOMAarHUTHBIM TTOJIEM W BHETITHIOIO
(Ha3BaHHYIO CTaTHYECKOI) 0071acTh, COMEPIKAIIYIO MIOCTOSHHYIO U
MEPEMEHHYIO COCTaBIIsIIONIME MoJsi? YTo mpencTaBisitoT u3 ceds
TpaHuIlbl 3TUX oOnacTei?

31ech MBI OAXOIMM K Ype3BbIYAliHO MHTEPECHOI U I1y0o-
KOH Haee 0 BCTPOEHHBIX APYT B Apyra cpeaax. Moxer ObITh 3TO
KOMY-TO TIOKQXKETCSI CTPAHHBIM, YAUBUTEIHHBIM TN JaKe KYTKO-
BaTbIM, HO MBI CAMU M OKPY’KaIOIIUKA HaC MHUpP “BCTPOEHBI” B Cpe-
Iy, KOTOpasi BOCIPHHUMAETCS] HAMHU KaK MyCTOTa — BakyyM!

Kak 310 niporcxonut? DHEPreTHYECKUe CTPYKTYPhI, 00pa3yro-
aecsa B HepBH‘IHOﬁ Cpeac, HAYUMHAIOT XHUTb CaMOCTOSATEIILHOMI
KHU3HBIO, & UX COBOKYITHOCTh BOCITPHHHUMAETCS YK€ Kak Japyras
cpena, UMeroIasi CBOM COOCTBEHHBIE CBOMCTBA, COBEPIICHHO OT-
JIMYHBIE OT CBOMCTB MEPBUYHOM CPEIBI.

Bot npocroii mpumep. Habimronas qBMkeHUE BOJIBI, MOKHO BH-
JIeTh, KaK MPH OIPEIeJIEHHBIX YCIOBUAX HA €€ TIOBEPXHOCTH 00pa-
3yIOTCSl Bpamaromuecs BOPOHKH. OHU BOCIPUHUMAIOTCS HaMU U
BEIYT ceOsl KaK CaMOCTOSATENbHbIE OOBEKTHI!

Bosee Toro, 3T 00BEKTH HIMEIOT CBOM 0COOBIE CBOWMCTBA, KOTO-
pBl€ BBIXOIAT 32 PAMKH NPOCTHIX (PU3NYECKUX XapaKTEPUCTUK BO-
Jbl. BOpOHKM B3aMMONEHUCTBYIOT JIPYr C JPYI'OM M COBEPILAIOT
OYCHb CJIOXKHBIC ABUXCHUS. B YaCTHOCTH, XapaKTCcp BSaI/IMO):[eﬁ-
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CTBUS IByX BOPOHOK 3aBHCHUT OT TOTO, BPAIAIOTCS JIU OHU B OJHY
U Ty e, WIN B pa3Hble CTOPOHKI (aHajor 3apsiga?). Takum oOpa-
30M, COBOKYITHOCTh BOPOHOK (CBOCOOpa3HBIi ra3) BIOJIHE MOXHO
paccMmarpuBaTh Kak HOBYIO Cpely, HECMOTpPS Ha TO, YTO BCE ITO
MIPOUCXOANT B OOBIYHOH BOJIE (IEPBUYHOM cpejie).

TouHo TakuM ke 00Opa3oMm, BO30YxJCHHUS (PHEPreTUYCCKHE
CTPYKTYpbl) B BaKyyMe BOCIPHHUMAIOTCS HAMHU KaK BEIIECTBO.
[ToaTomy m3yueHmne Bakyyma rmpuodperaer ocoboe 3HaueHHeE.

CoBpeMeHHBIE TIPE/ICTABICHNS O BaKyyMe BeCbMa IPOTHBOpE-
yuBbl. HO TO, 94TO BakyyMm 3TO HE IyCTOTa, a HEKOTOpas 0cooast
cpefa, COBPEeMEHHO HayKOW YK€ He TIOIBEpraeTcsi COMHEHUIO.

Haubosnee ajekBaTHO BaKyyM ONHCBIBACTCSI MOJIEIbIO, pa3pa-
0oranHo MakcsemioM emie B XIX Beke. Peub maer MMEHHO O
MOJEJIMPOBAHUM CBOICTB BAaKyyMa, TaK KaK €ro “mMCTHHHOe
yCTpoiicTBO” ellie 10Jro 0yaeT HaM He JOCTYIHO.

Jxeitmc Kinepk MakcBest He TONBKO CyMeJ IPEIOKUTh OpU-

a) 6)
Puc. 2. JIByXKOMIIOHEHTHAsI MOZIEITb BaKyyMa.

a — JAMHAMUYecKas MOJIeJb BaKyyMa (CTpeIKaMu IT0Ka3aHO HallpaBJICHUE
BpAll[eHUsI BUXpell); 0 — TaHTreHIua bHas 1edopmarys Buxps (aepopma-
1IUs YCJIOBHO I10Ka3aHa YTOJILICHUEM JIMHUY B BEPXHEH yacTu BUXpS, UC-
IBITBHIBAIOIICH J1eOPMAIHIO CKATHUS TPH CMEHICHUH ““KUIKOCTH  dYa-
cTul); 1 — npomexyTouHble YacTUIbl; 2 — BUXpU MakcBeiia.

Bewecmeo ecmpoeno 6 saxyym! 11

TMHAIBHYIO MOZEIb BaKyyma, HO M, YTO OCOOGHHO Ba)KHO, paspa-
60Tas Ha 3TOW OCHOBE CBOM 3HAMEHMTHIC YPABHEHUSI.

DaKTU4ECKU ICKTPOAMHAMUKA 3TO U €CTh IUHAMUKA BAKY-
yma. Bo30yxneHue Bakyyma NposiBISETCS KaK 3JIEKTPOMarHUTHOE
1o0JIe, @ yPaBHEHUS NEKTPOMArHUTHOTO IOJIsI, TAKUM 00pa3oM, siB-
JISIIOTCS OTIMCAHUEM CBOMCTB BaKkyyMa.

MakcBena MpeanoyaokKui, YTO BCe MPOCTPAHCTBO 3AIIOJIHEHO
“MOJIEKYISIPHBIMU BUXPSAMU~ (I KPaTKOCTH OyAeM Ha3bIBaTh MX
IIPOCTO BUXPSIMU). MaJible IPOMEXYTKH MEXIY BUXPSMH 3aII0JIHE-
HBI MEJIKUMH YaCTHLIAMH, KOTOPBIC TIEPEJatoT BpallaTelbHOE JIBU-
JKEHUE OT OJHOTO BHXPA K IPYroMy (IBHXKYTCS TOJBKO OOOIOUKH
Buxpeii!). Takum o6pa3om, mOCPeCTBOM MPOMEKYTOUHBIX YaCTHIL
BUXPU 3aCTaBISIOT JIPYT Apyra BpallaThCs B OAHOM M TOM K€ Ha-
npaBieHuH. BOT, COOCTBEHHO, U BCS MOJIENb BaKyyMa.

Ha puc. 2 cxemarnano n3o0pakeHa 3ta moaenb. CiuemyeT 3a-
METHUTh, YTO B KHUTe MakcBemia [3] BUXpU HU300pakeHbI HE B BH-
JIe OKPY)KHOCTEH, a B BHJE IIECTHYTOJIBHUKOB (pHuC. 3), 4TO He
UMeeT MPUHIUIHAAIBHOTO 3HAYEHHUs, HO, TIOJKaIyH, Oojee Harms-
HO TIepeNiaeT CYIIHOCTh MOJIEIH.

Buxpwu, 3anonHsromme Bce MpOCTPAHCTBO, 00pa3yIoT Kapkac, a

Puc. 3. Mozenb Bakyyma (Bapuant u3 kuuru Makcsema [3]).

Buxpu n300pakeHbl B BUE IECTUYTONBHUKOB (B TPEX U3MEPEHHAX - ITO
MHOTOTPaHHUKH). MoryT mepemeniaThcsi M MojABeprarecs aedopmannu
TOJIBKO 000JIOYKH BUXpEi, a BHYTPEHHUI 00beM BUXPEW HETIOBIIKEH.
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YaCTHUIBI MEXKAYy BUXPSIMU — CBOEOOpa3HYyIO KUAKOCTH. Bpare-
HUE BUXPEH COOTBETCTBYET HAJIMYWIO MAarHUTHOTO TIOJNIS, a UX Jie-
(dhopManus (TaHTeHITHATbHAS K MMOBEPXHOCTH) — HAIWYHUIO DJICK-
TPUYECKOTO TIOJISl B POCTPAHCTRE.

AHanu3 mojenu ObUT MpoBeAeH MaKcBEIUIOM B TpeX Ipo-
CTPaHCTBEHHBIX M3MEPEHHUSIX, a €ro Pe3yIbTaTOM CTald TeHUAJb-
HBIC YpaBHEHUS 3JIEKTPOMATHUTHOTO TTOJISI.

Urto0b1 yOenuThCA B YAMBUTEILHON HATIIATHOCTH U 3(PPEeKTHB-
HOCTH MaKCBEJUTOBCKOM MOJIETH BaKyyMma, Kak WHCTPyMEHTa aHa-
TU3a, IocTapaeMcs €€ MaKCUMAIIbHO YITPOCTHUTD.

Bynem monararh, 4To BUXph 3aHMMAaeT €AMHUYHBIA 00BEM, a
€ro MOBEPXHOCTh MMeeT (GopMmy IHIuHApa. Torma macca BUXpS,
MOJHOCTBIO COCPEIOTOUCHHAs HA €r0 MOBEPXHOCTH, OyAET B TOY-
HOCTH COOTBETCTBOBaTh MAarHUTHOM MPOHHUIIAEMOCTH BaKyyma L, a
CKOPOCTH JBM)KEHUS €r0 TIOBEPXHOCTH H — HaNpsHKEHHOCTH Mar-
HUTHOTO 11o1. TakuM 00pa3om, KHHETHIECKas SHEPTHUS BPAIIeHUs
BHUXpEH SBISETCS aHAIOTOM 3HEPTUH MarHUTHOTO Toist. COOTBET-
CTBCHHO CTEICHb AePOpMaliU BUXpEl [ COOTBETCTBYET BEIUYU-
HE AIIEKTPUIECKOTO CMEIICHHS, BOSHUKAIOIAS [TPU 3TOM criia £ —
HAIPSDKEHHOCTH JIEKTPUYECKOTO IMOJIsl, a KOAPQHUIUEHT yIpyro-
CTH BHXpPEW COOTBETCTBYET BEIWYHHE, OOPAaTHOW AMAIEKTpUYE-
CKOH mpoHHIIaeMocTH Bakyyma (1/¢). DHeprus aegopmannu BUX-
peil SBIeTCs aHAIOTOM SHEPTUH IEKTPUIESCKOTO TTOJIS.

3amevarebHBIM CBOMCTBOM JIByXKOMITOHEHTHOM Mozenu Mak-
CBeJUIa SIBIISIETCS TO, YTO OHA JIOMYCKAEeT «PaccjIOeHHe» BaKyyMa.
Ha puc. 4 ycnoBHO n300pakeH ¢hparMeHT MPOCTPAHCTBA, B KOTO-
POM pacIpOCTpaHIEeTCs dIEKTPOMAarHUTHOE Toje. “PaccioeHue”
BaKyyMa NMPHUBOAUT K TOMY, YTO MOJie CTPYKTYpPUpYeTcs B MPo-
CTPAHCTBE, U [TOTOK IEKTPOMATHUTHOW YHEPTHH KaHAIU3UPYETCS
B HEKOTOPOil oOnactu. Beneacteue 3Toro, HeM30€KHO BO3HUKAIOT
TUHAMUYeCcKas (aKTUBHAs) 0OJACTh (CIIOi), B KOTOPOM JIOKATH3Y-
€TCSl MOTOK AJIEKTPOMArHUTHOW SHEPruu, W BHEIIHss (CTaThde-
CKast) o0acTh, UCIIBITHIBAIOMIAS Ha ceOe BO3ICHCTBIE NTMHAMMYC-
CKOl obnactu. M3-3a Takoro pacciioeHus, Ha TPaHHUIaX aKTUBHOU U
CTaTUYEeCKON 001acTell MPOMEKYTOYHBIE YaCTHUIIbI, TIOMHUMO Bpa-
IICHHS, UMEIOT U TIOCTYIaTeNIbHOE JIBIKeHue. Ha BepxHell rpaHu-
11 OHM «KaTSATCS» HaJIeBO, a HA HWKHEH — Hamnpao. Takoe Harpa-
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BJICHHOE JIBMDKEHHUE CJIOSI «OKUJIKOCTH YaCTHUID COOTBETCTBYET, KaK
nokasaj MakcBeIll, HAIMYHIO JIIEKTPUIECKOTO TOKA.

DTO0 Upe3BBIYaitHO BaXKHBIN pe3ynprat! Bakyym MmoxeT obpaso-
BBIBATh SHEPTETHUYCCKUE CTPYKTYPBI, FPAHUIIBI KOTOPBIX (HOPMHUPY-
FOTCST OCOOBIMH TOKaMH, TIPHUPOJIA KOTOPIX HE CBS3aHA C OOBIYHBIM
ANIEKTPUYECKUM TOKOM, BO3HUKAIOIIMM ITPH JIBUKECHUU U3BECTHBIX
HaM 3apsAKCHHBIX YaCTUII. MpEb1 nmeem JCJIO C OCO6I)IMI/I XapakTepu-

Puc. 4. Monenb 10KaIH3aIiy 3MeKTPOMATHUTHOTO MOJIST B BaKyyMe.

1 — HEMmOABM)KHBIC BHXPH B CTaTHYCCKOW 00JIACTH; 2 — BpallaroIIuecs
BUXPHU B aKTUBHOW oOmactH; D — nuHammuyeckoe cMelleHne B aKTHBHON
o0acTH (YTONIICHUSMH YCIOBHO MMOKa3aHa TAHTCHIUATIbHAS Je(pOopMaIus
BHXpCH, B pe3yJbTaTe KOTOPOU OJJHA U3 CTOPOH UCTIBITHIBACT Je(hOPMALIUIO
cxkatud); D, — cTaruueckoe CMeLIeHHE BHE AaKTHBHOW obnacrtu;
X — HampasJeHHE PacIpOCTPAHEHUs IEKTPOMAarHUTHOTO IOJIS; ITyHKTH-
POM odepueHa BHYTPCHHSISI — aKTHBHAs (IMHAMHYECKAs) 00IaCTh pacipo-
CTPaHEHH 3JEKTPOMAarHUTHOTO MOJIS.
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CTHKaMH TEPBUYHOMN Cpeilbl, KOTOPbIE HE MOTYT OBITh aJICKBATHO
OIICHEHBI UCXO/Is1 U3 CBOMCTB BCTPOCHHOM B Hee Cpeibl (BCIIOMHUM
IpUMEpP ¢ BOPOHKAMH B Boje!).

AHanm3upys MoJiellb, MBI OOHAPYKHBAEM €Ille OAHY HHTEpeC-
HYI0 0COO0EHHOCTh. Peub HIeT 0 IBYX pa3HOBUIHOCTSIX DJICKTpUYEC-
CKOTO CMEIIEHUSI, KOTOPBIC B TEOPUH IEKTPOMArHUTHOTO TIOJIS OT-
JIeNIbHO HE paccMaTpHUBalOTCs, HO CYIIECTBOBaHHE KOTOPBIX JIOTH-
YECKH BBITEKAeT u3 Moaenn Makcsesuia. Jlemo B TOM, 94TO MpUYH-
HEI AedopMaIiiy BUXpEH B TMHAMHYECKON U B CTaTHYECKOM o0a-
CTSX NMPUHIUAIIHAIBHO OTIIMYAIOTCS IPYT OT Apyra. lnHammuyeckoe
CMEIICHNE BO3HUKAET HE B PE3YNIBTaTe CMEIICHHS «OKUAKOCTH Ya-
ctully (IPOJABIMBaHUS €€ B 3a30paX MEX/1y HEIOIBHKHBIMU BUX-
pPSAMH), KaK B Cllydae 3JIEeKTPOCTAaTUYECKOTO MO, a B pe3ynbTare
JIMHAMHYECKOTO BO3/ICHCTBHSI BPAILAIOIIMXCSI BUXPEH JIPYT Ha JPY-
ra (mepegaBaeMoro Uepe3 BpalleHHe MaIbIX JaCTHII).

Teriepp 0 MOTEpEeYHOM XapaKTepe AIEKTPOMArHUTHOTO TTOJIS.
[ToTox anmekTpoMarHUTHOU SHepruu (BekTop YMoBa-IloliHTHHTa),
KaK U3BECTHO, OPTOTOHAJICH KaK K DJIEKTPHUUYECKOMY, TaK M K Mar-
HUTHOMY TIOJISIM, a BEJIMYMHA €r0 BhIpaxxaeTcs (popMyJiou:

D

€

W3 npuBenenHoi Ha puc.4 MOJCIH PACTIPOCTPAHECHHUS DIEKTPO-
MAarHUTHOTO I0JII BHJIHO, YTO BEKTOP YIJIOBOW CKOPOCTH Bpallie-
HUS BUXPEH, COOTBETCTBYIOIIMNA HAITPABICHUIO MATHUTHOTO ITOJIA,
HampaBlieH MEPIEHIUKYIIPHO K IJIOCKOCTH H300pakeHus (Ha
Hac), a cuiia (HapsHKEHHOCTh JIEKTPUYECKOTO TOJs), ¢ KOTOPOU
nehopMUpOBaHHBIC BUXPH JICHCTBYIOT Ha MPOMEKYTOYHBIC YACTH-
1Ibl, HAIpaBJeHa BHU3. B 3TOM ciy4ae MOTOK 3JIEKTPOMAarHUTHOU
SHEPTHH, COTJIACHO MpaBWiIaM BekTopHOTO nponssenenus [E x H],
JIOJDKEH OBITh HAIpaBJICH 10 Och X.

U 5TO MOJIHOCTBIO COOTBETCTBYET Mojenu! Jloctarouno obpa-
TUTh BHUMaHHE HA TO, YTO CHJIA, JICHCTBYIOIIAsl HAa MMOBEPXHOCTh
BUXPs C TIPaBOil CTOPOHBI COBIAAET C HAIPABICHUEM J[BUKCHUS
€ro TOBEPXHOCTH M, TAKUM 00pa3oM, COOOIIAET EMy SHEPTHIO, a C
JICBOW CTOPOHBI CHJIa UMEET MPOTUBOIOI0KHOE CKOPOCTH Harpa-
BJICHHE, TO €CTh, BUXPh IIEPEIACT SHEPIUIO IO LIEIMOYKE JaIbIIC B

N=E-H=—H
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HampaslieHHH X. DTHUM MEXaHU3MOM Iepe/iaud SHEPIUU U 00bsC-
HSETCS TIOTIEPEYHBIN XapaKkTep 3JIEKTPOMArHUTHOTO ToJid (O Mpo-
TTOJTBHBIX KOJIEOAHUSX MTOTOBOPUM UyTh TIO3KE).

IlogBeneM mpoMexyTOYHBIE WTOTH aHann3a moaenu. Hecmo-
TPsl Ha KQXKYIIYIOCS MMPOCTOTY, MOJIENb JIa€T BO3MOXKHOCTh TIOHATH
CBOICTBA BaKyyMa U UCCJIEI0BATh CYIIHOCTh IPOUCXOSIINX B HEM
nporeccoB. B Mozenu Mbl laxke MOXKEM UCTIONB30BaTh Te ke 0003-
HadeHus, 9to u st noist! OveBuaHo, MakcBeuT 0CO3HaBajl yHH-
KaJIbHbIE BO3MOXKHOCTH MOJIENT M, HECMOTPS Ha KPUTHKY TIPOTHB-
HUKOB, HUKOT/Ia OT HEe He 0TKa3bIBAJICS U UCTIONH30BaJl BO MHOTHX
pabotax kak 3(()EeKTUBHBIN U HATJISIIHBIA HHCTPYMEHT aHAJIH3a.

Baxnelinielt 0coOEHHOCTBIO BaKyyMa KaK CpeJibl SIBISIETCS €T0
CIOCOOHOCTH JIOKAIM30BATh B MMPOCTPAHCTBE IMOTOKH JIEKTPOMAr-
HUTHOM DHEPTHH, B pE3yJIETATe Yero B HeM (DOPMHPYIOTCSI CBOCO0-
pasHbBIe SHEPTeTUUYECKHUE CTPYKTYPHI (cM. Takxke pasa. 10). Mmen-
HO 9TO CBOMCTBO Bakyyma 0OecIiednBaeT 00pa3oBaHUE dHEPreTH-
YECKHX CTPYKTYP C BPAIIAIOIIMMHUCS 3JIEKTPOMATHUTHBIMHU TOTO-
KaMH — DJIEMEHTAPHBIX YaCTHII BeliecTna (puc. 1).

ITonpo6HO aHaNMM3MPOBATH MPOIECCH B TUHAMMYECKOW 00a-
CTH 37IeCh HET HEOOXOIMMOCTH, TaK Kak 3To cienano B [1, 2]. Ot-
METHM JIUIIb, YTO B OTON 00JIACTH, HAPSAIY C OOBIYHBIMH (TTIOTIEpEeY-
HBIMH), CYIIECTBYIOT U TPOOIbHBIE KoNebanus. [lorTomy BO3HH-
KaeT CBO€OOPa3HbIi KOMOMHUPOBAHHBIM BApUAHT, B Pe3yJIbTaTe ue-
ro paauaibHble KoieOaHusi UIMEIOT CKOPOCTh PAacIpOCTPaHEHUsI B
Cpe/IHEM Ha J[Ba MOPsAKa MEHBINYI0, YeM CKOPOCTh CBETA.

IToaToMy oOTHOCHTENbHAs TONIIMHA KOJBIA JHHAMHYECKOU
oOmacty (OTHOIIIEHWE PA3HOCTH BHEIIHEr0 M BHYTPEHHETO pajH-
YCOB K JIMaMeTpy (5 -71)/2r, ) AMEET MOPATOK BETMINHBI IIOCTOSH-
HOW TOHKOU CTPYKTYpbl — npubamsutensHo 1/137. Bor rue Haxo-
ASITCS UCTOKHU TOM 3HAMEHUTOH KOHCTAHTHI Q!

[Touemy pazpaboTka uaeH HEKTPOMAarHUTHOM MPUPOJIBI Bellle-
CTBa TaK JIOJITO HE MOIJIa CABUHYTHCS C MepTBOU Touku? Bee nero
B TOM, 4TO ypaBHeHHs MakcBeia, Kak Mbl YOSIMIIUCH, OTHCHIBA-
IOT JIMIIb YaCTHBIA CITydall W3 BCErO MHOT000pa3ns BO3MOXKHBIX
COCTOSIHMI BaKyyMa, a UIMEHHO, IPOIECC MPSMOIMHEHHOTO pac-
npoctpanenus noius. [losToMy HHKakHe YXHIIPEHHS C UCTIONb30-
BaHUEM DTUX ypaBHCHI/Iﬁ HE JaBaJIM BO3MOXHOCTH OTBETUTH Ha BO-
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POC O TOM, KaKUM 00pa3oM IoJie JIOKaJIU3yeTcs: B Ipeaenax ya-
cTHIBI. ENMHCTBEHHBIM BBIXOJIOM M3 3TON CUTYaIlUH OBIJIO UCTIONb-
30BaHUE PA3IMYHOIO POAA MCKYCCTBEHHBIX mpueMoB. Hampumep,
MOXHO NPEIIONIOKHUTh, YTO B MECTE JIOKAJIM3ALMK OIS Iapame-
TPBI CAaMOT'0 BaKyyMa U3MEHSIOTCS U MPUBOST K “3alUPaHUI0” TIO-
7151 B 3TOH oOnacTu (HanomoOue mpesloMIIeHHUs CBETa, MITH ITOJTHOTO
BHYTpEHHero oTpaxkeHus). OJHaKo, UCKYCCTBEHHOE BBEJIEHUE B
TEOPHIO TAaKUX MPHUEMOB MIPOCTO MOAMEHSIET OJJUH BOIIPOC APYTHM,
HE MEHEE CIIOKHBIM.

Ecnu Bocmosb3oBaThCst MoJeNbl0 MakcBeiuia, TO JOIOJIHHU-
TeJbHBIE YXHILPEHNUs COBEpPIIEHHO M3nMuIIHN! CBONCTBa Bakyyma
TaKOBBI, YTO BpallleHHE NIEKTPOMArHUTHOTO TOJs OKa3bIBaeTCs
€CTECTBEHHBIM W CaMbIM PaCIpPOCTPAHCHHBIM CIIOCOOOM CyIIe-
CTBOBaHHS BO3MYIIEHHOTO BaKyyMma.

W eme onuH BaxHbI pe3yabrar. COIUTOH MOXET UMETh JIHO-
0o#t paanyc BpameHus! Hukaknx 0co0O BBIJEIIEHHBIX 3HAYEHUH
paanyca He cymecTByeT. [lo3ToMy Bce okpy:xkalolee Hac Belle-
CTBO c()OPMHPOBAJIOCH B pe3yabTaTe 00MeHa JHeprueil Mexay
COJIMTOHAMH M UX B3aUMHOI CMHXPOHH3ALHH, TO €CTh, MyTeM
YCTaHOBJIEHUS] PABHOBECHSI.

OOparuMcst K BOIPOCY O HPOJOJIBHBIX BOJHAX, OINHCAHHBIX
TeopeTHYecKu B padorax [1, 2].

OOHapyKeHHEe B NPOLECCe aHajlM3a MOJACIH JTUHAMHUYECKHX
CWJI MEXAY BUXPAMH, HalPaBJIEHHbIX NMEPIEHIUKYISIPHO K Hapa-
BICHMIO WX JedopMaliu, CBHJIETENLCTBYET O CYyIIECTBOBAHHUU
0c000ro BUJa HAIPSHKEHHOCTH IeKTprudeckoro nossd. CxoncTso ¢
OOBIYHBIMH HONEPEUHBIMU BOJTHAMHU 3aKJIIOYAETCSl B TOM, YTO 3TH
CHJIBI COBEPIIAIOT padoTy, BO3ACHCTBYS Ha BPALIAIOLIHECs IIOBEPX-
HOCTH, ¥ 00pa3yloT motok »Hepruu. [lo cyTu mena, mpoaosibHbIE
BOJIHBI — 3TO TOXE TMOIEepPEeYHbIE BOJIHBI (C TOUKH 3pEHUS BEKTOP-
HOTO TPOM3BEJCHHS Pa3HBIX BUAOB HANPSKEHHOCTH DJIEKTpUYe-
CKOTO TI0JIS1 © MArHUTHOTO HOJIST), XOTS B 3TOM CJIy4ae HalpaBlieHHE
[IOTOKA 3HEPIHM COBIIAAACT C HANpaBieHUEeM aedopMalii BUXpen
(c HampaBiIeHHEM BEKTOPa AJIEKTPUUECKOTO CMEIICHUS).

[IponosnbHBIE BOMHBI BO BHEIIHEH 00JAcTH COMMTOHA MMEIOT
CKOPOCTB pPacipOCTpaHEHUs], PAaBHYIO CKOPOCTH CBETA, TAK KaK OHU
He SBJISIOTCS KOMOWHWPOBAaHHBIMHU (Kak B JWHAMHYECKOW 00ia-
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CTH). DTO COOTBETCTBYET METOJY TaK Ha3bIBA€MBIX 3alla3bIBaio-
IIMX MOTEHINAJIOB, TP KOTOPOM BpEMSI 3ama3ibIBaHMsI OIpe/Iess-
€TCsI BpEMEHEM PaclpOCTPAHEHUsI CUTHAJIA (CO CKOPOCTBIO CBETA)
OT UCTOYHMKA J0 TOUKU HAOIIONEHHUS.

Camblii HEOXHJAHHBIM pe3yJbTaT, MOJyYCHHBIH B padorax
[1,2], 3akmrouaercs B TOM, UYTO COCTABIISIIOIINE AIICKTPUUYECKOTO
MOJISL OT CKAJSIPHOTO M BEKTOPHOTO MOTEHIINATIOB IMPOTHBOMOI0XK-
HBI TI0 3HAKY W YHHYTOXAIOT APYT Apyra. O4eBHIHO, BOZHUKAET
BOIIPOC O TOM, KaK B CIIy4ae IpOoAOJIbHBIX BOJH (£ = () BO3HUKAeT
OTINYHBINA OT HyJIS POTOP HANPSDKEHHOCTH 3IIEKTPUUECKOTO T0JIs?

Obparumes k monesnn Makcsemia (puc.5). Ilpu Bo3HHKHOBe-
HUU JMHAMAYECKUX HANpsDKEHUH MPOUCXOAWT aCUMMETPUYHOE
BTATHBaHUE (BepHEe ‘‘3aKaThbIBaHHE ) YACTHUI] B IPOMEXKYTKH MEXK-
Iy BuxpsMu. Hampapnenne cokaTusi OmpeAensieTcs] HalpaBieHHneM
JEHCTBYIOIIMX CHJI, KaK MOKa3aHO Ha pucyHke. CxaTHe CTEHKH
BUXpsl (TMOKa3aHO YTOJILEHHEM JIMHWU) BBI3BIBAECT PACTSDKEHHE
CTCHKHU cocenHero Buxpst. OOpaTHoOe packpy4dHBaHHUE 3TOH CBOE0O-
Pa3HON IPYXKUHBI IPOMCXOAUT TAKXKE ACUMMETPUYHO. VIMEHHO
3TOT MPOLIECC CO3[aeT POTOP HATIPSHKEHHOCTH JIEKTPUIECKOTO T0-

Puc. 5. [IponosbHbIe 21€KTPOMarHUTHBIE BOJHBI.

a — HarpasieHue JedopManuu BUXpeil COBMAaeT ¢ HAIPABICHHEM Pacipo-
CTpaHeHHUs BOJHBI X; 6 — nedopmalius BUXpeil, IPUBOIIAS K OAHOCTOPOHHE-
My “3aKaTBIBAHUIO” YacTHILl (2) B MPOMEKYTOK MEXKIY BUXPSMH B 3aBUCHMOCTHU
OT HaIpaBJICHUs IEHCTBUS TMHAMUYECKUX CHII MeKAy BUXpsAMH (1).
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J151, 00ecTieurBas pacrpoCcTpaHeHUE MTPOIOIBHOM BOIHBI IO 1ETI0Y-
K€ B3aUMOJICUCTBYIOIIUX BUXPEH.

DTO HECKOJIFKO HATIOMUHAET MPOIECCHI, TIPOUCXOISIINE B CITY-
Yae IorepeyHbix BoH. Ho mpu Gonee geTaabHOM pacCMOTPEHHUU
BBISIBIISIFOTCSI COBEPIICHHO MTOPa3UTEIbHbIE 0COOCHHOCTHU MPOI0IIb-
HBIX JIEKTPOMArHUTHBIX BOJH.

Bo-miepBbiX, BUXpH JehOPMHUPYIOT Ipyr Apyra Henocpen-
CTBEHHO B MECTE KOHTAKTa, He CO3/[aBast JOTIOIIHUTELHOTO TIOJIS B
OKPY’KaIOIeM TIPOCTPAHCTBE, KaK 3TO MPOHUCXOIUT BO BHEIIHEU
CTaTHYECKON 00IacTH B ciydae MomnepeyHbix BoiH (puc. 4). [los-
TOMY DHEPTHS IPOIOIBHBIX BOJIH JIOKAJIH3YETCSl CTPOTO B MECTE HX
CYIIECTBOBaHUsI, B CHJIy Y€ro OHH OOJIaJaloT OrPOMHOM MPOHU-
Karomiei crmocoOHOCTBIO.

Bo-BTopbIX, MEXaHU3M MTPOIOJIFHBIX BOJIH MPEIoNaraeT nepe-
MEIIEHNEe YaCTHUI] MEXK/Ty BUXPSIMHU B HAIIPABJICHUU PACIIPOCTpaHe-
HUS K MECTaM “‘3aKaThIBaHUs MEXIy Ae(opMUpyEeMBIMHI BUXPSIMH
u obpatHo. ObecneueHre ITOro Mpoiecca BO3MOXKHO TOJIBKO TPU
OTIpE/ICNICHHBIX YCIOBUSX, KOTOPhIC YIOOHO MPOWLIFOCTPHPOBATH
Ha IMPOCTOM TIPUMEPE BYX H3MEPEHHI (puc. 6).

Puc. 6. CxopocTs pacnpocTpaHeHUs: IPOJOJIBHBIX BOJIH BOJIb HanpapiaeHus X
paBHa (a30BO CKOPOCTH BOJIH B HAIIPaBICHUH Y.

HampaBnenune nedopmanuu BUXpeil coBmagaeT ¢ HampaBIeHHEM pacupocTpa-
HEHUSI BOJHEI X; pa3Hble (a3bl KoneOaHuil B MpaBoOM, CPEHEM U JIEBOM STy

BUXpEH 00eCTIenBAIOT JBMKEHNE YacTUll B Hanpasienun X (Hy > Hy > Hy).

Peub wyer o ToM, 4TO KOJIeOaHUS, PACIIPOCTPAHSSACH KaK Obl HE-
3aBHCHMO B HAaIlpaBIeHUH X, B TO K€ BPEMs JOJKHBI OBITH OIpe-
TIeJICHHBIM 00pa3oM CKOPPEIMPOBAHEI 1O (a3e B 3aBUCHUMOCTH OT
KOOpAUHATHL Y. DTO TMPUBOIUT K TOMY, YTO B IEPIICHIUKYISIPHOM
HanpasieHnd (Y), Kak ¥ B HalpaBJICHUH PACIPOCTPAHEHHS BOJIH
(X), BomHOBBIE KO3()(HUIHEHTHI TOTKHBI UIMETh OJJHY U Ty K€ Be-
JIUYMHY, TO €CTh, POJOJIbHBIE KOJIeOaHUs BO3MOXKHBI TOJBKO TPU
cooTHomIeHNA (a3, 00eCIeINBAIONIEM TPOAOIHHBIA MOTOK YaCTHUII
Y COOTBETCTBYIOIIIEE U3MEHEHHE TOKA CMETICHHS.

Bot modemy asumymansroe BpaiieHHE TONS CO CKOPOCTHIO
CBETa B JUHAMHUYECKON 00OJIACTH COJIMTOHA MPUBOJIUT K BO3HUKHO-
BEHHIO pAOUAbHbIX TIPOJONBHBIX CTOSYMX BOJH B OKPY)KaIOLIEM
MIPOCTPAHCTBE.

Buenrane BoTHBI 00€CIIEUHBAIOT B3aUMOICHCTBIEC dIIEMEHTAp-
HBIX YaCTHI], a UX aMIUTUTY/a OMPEeNsIeTcsl IUPUHON JMHAMUYe-
CKOW 00J1aCTH, TO €CTh, IIOCTOSTHHOW TOHKOH CTPYKTYPHI

B 3aximroueHne pasgena OTMETHM, YTO MHPEANPUHATOE HAMHU
KpaTKoe 3HaKOMCTBO CO CBOMCTBAMHU 3JIE€KTPOMArHUTHOTO COJIUTO-
Ha, — CaMOW 2JI€MEHTapHON YaCTHIBl BEIIECTBA, COBEPIICHHO
HEOOXOMMMO JJIs TIOHUMAaHUS TPUHIUIIOB (OpMUPOBaHUS Ooiiee
CIIO’)KHBIX YaCTHUIl U UCCIIEIOBAHUS Pa3HbIX “‘YpOBHEW 3ajeraHus’
SHEPTHH B MPUPO]IE.

B cBsi3M ¢ 3TUM MOXHO TOJIBKO €IIe pa3 BOCXUTHTHCS OJecTsi-
et uneeit Makcsesia, Jaromie BO3SMOXKHOCTD YBUACTH B “TIyCTO-
Te” cTpouTenbHbIN MaTepuan Beenennoii! [loaTomy ¢ momHbeIM oc-
HOBaHHEM MOXKHO TI0Jararh, 9TO MOJEIh Bakyyma MakcBenia U B
Oymymiem OyneT 3 PeKTHBHBIM HHCTPYMEHTOM TIO3HAHUSI.

3aMeTuM TaKke, 4TO YIOMUHABINASCS B Havalle pasjena Teo-
pust bonbmoro B3peiBa, kak Havanga GopmupoBanus BceneHHON,
He TOJIbKO OOBSACHSAET IPOUCXOK/IEHIE OTPOMHOM IIJIOTHOCTH dHEP-
THH, 3aKJIIOYEHHON B BEIIECTBE, HO U MCTOKH MOIIHOW TypOyIeHT-
HOCTH 3JIEKTPOMArHUTHOTO TIOJISA, TIOPOANBIIEH COMTUTOHHBIC BUX-
pu — TPo0Opa3 COBPEMEHHOTO BEIIECTBA.

[lonnmanue TpUPOABI M POIM MPOAOIBHBIX JIEKTPOMATHHT-
HBIX BOJIH B JKUBOM M HEKUBOM MPUPO/IE, HECOMHEHHO, MOCITYKUT
MOIIIHBIM TOJTYKOM K CO3[JaHHIO COOTBETCBYIOIIEH TEXHUKH.
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“3akoHCepBUPOBAHHAA” JHEPIrUs

MpbI HaMepEeHHO He TPUAEP)KUBAEMC UICTOPHUUECKOMN MMOCIIe0-
BaTEJIbHOCTHU B U3JIOKEHUU MPOOJIEMBI TOUCKA SHEPTUH C TEM, UTO-
OBl MOJHOCTBIO COCPEAOTOYUTHCS Ha MPUHIUIHAIBHOW CTOPOHE
HCCIIElyeMOTo BOIpoca.

[ToaToMy yke B caMOM Hawasle HaM yJaJIoCh “JOKOTMaThCs 10
MOIIHENIIEro MIyOMHHOTO YPOBHS — 3JIEKTPOMArHUTHON 3HEp-
TUH, “3aKOHCEPBUPOBAHHON ™ B BELIECTBE B NAJIEKHE BPEMEHA POXK-
nenust Beenennoil. Ero 3amachl MpakTHYECKN HENCUEPIIAEMBI, TaK
KaK BBIPaXaIOTCsl M3BECTHOW (hopMynoll DUHINTEHHA, CBI3bIBAO-
11eit SHepruio ¢ Maccoii Bemectsa: E = mc?.

Kak 310 00b619HO U OBIBACT, caMblii TIyOOKH U O60OTaThIi ypo-
BEHb 3aJIETaHUs OKa3bIBaeTCsl HAUOOJIee TPYHBIM JUIsl OCBOCHHUS.

Jla 1 nocTxum Ju oH B npuHiune? Beaps u3BECTHO, YTO MOJ-
HOE BBICBOOOXKICHHUE JIEKTPOMArHUTHON 3HEPTHH, 3aKIFOYCHHON
B BEILLECTBE, BO3MOXKHO JIMIIb NPU B3aUMOJICHCTBUM €T0 C aHTHBE-
IIECTBOM, TO €CTh, B MPOIIECCE AHHUTHUJIISALINH.

UTo0bI OTBETUTH HA 3TOT BOIIPOC, PACCMOTPHUM TMOAPOOHEE, KaK
YCTPOEHBI 00JIee CIIOKHBIE YaCTULIbI BEILIECTBA.

CxeMbI CTpOEHUSI IPOTOHOB U HEUTPOHOB [1, 2] — cocTaBHBIX
qJacTel sjep aToMOB MPEACTABICHB Ha pUC. 7 (TIOJYBOJHBI COJH-
TOHOB M300paskeHbI OoJiee YCIOBHO, YeM Ha puc. 1).

[IpuBenem HEOOXOMMBIE MOSICHEHUSI.

+1(+3)

0o

-1(-3)

+1 {+1)

Puc. 7. Cxemsl CTpYKTyp IPOTOHA U HEUTPOHA.

JKvpHBIMM TUHMAMH MOKa3aHbl OCHOBHBIE CONUTOHBI. CyMMapHOE Ioje ompe-
JIeJIAETCS. HAJIOKCHUEM I10JIell OCHOBHBIX COJIMTOHOB M CHCTEM MallblX BOJH
(apomaroB). IToka3aHbl HampaBlICHHUS BHYTPCHHUX SJIEKTPUYECKUX M MArHUT-
HBIX TMOJIEH W HANpaBIeHUs BPAILIEHUS] OJUHOYHBIX BOJH CONUTOHOB M apoMa-
TOB. BHemHue mosst (JuIst ynpoIieHust OHH He H300pa)keHbl) UMEIOT HallpaBiie-
HUSL, IPOTHBOTIOJIOXKHBIE BHYTPEHHUM. 3apsAbl 1 MarHUTHBIC MOMEHTHI (B CKOO-
KaX) CHCTEM COJMTOHOB M MajbIX BOJH yKa3aHBI B YCIOBHBIX €ANHHIAX.
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Hcxons m3 Toro, 4to OBUIO CKa3aHO B MpEAbIIYyLIeM pasjele,
JIBa BUJa COJMTOHOB (pHC. 1) C MOJOKUTEIBHBIM U OTPHUIIATENb-
HBIM 3apsJlaMi JOJDKHBI COCTABIIATH BCE CYIIECTBYIOIIHME MaTe-
pHUaNbHBIE OOBEKTHI IPUPOIBL.

Ha mepBeIii B3I 3TO MIPECTABISIETCS COBEPIICHHO HEBO3-
MOXXHBIM. B 3TOM ciiyyae 4acTHIIbI, COCTOAIINE U3 TPEX KBAPKOB -
CONMUTOHOB (OapHOHBI), B TOM YHCJE, IPOTOHBI U HEHTPOHBI JI0JI-
JKHBI B JTTOOOM CITydae HMETh JTHO0 MOJOKHUTEIbHEIH, THO0 OTpHIla-
TebHBIN 3apsinbl. CyliecTBOBaHHE K€ HEUTPOHA C HYJIEBBIM 3apsi-
JIOM TIPEJICTABIACTCS HEOOBSICHIMBIM.

Tem He MeHee, 9TO OKa3bIBAETCS BO3MOXKHBIM OJiaroyiapsi HaBe-
JICHUIO B KBapKaX JIOMOJHHUTEIBHBIX OJMHOYHBIX BOJIH, HMCIOIIUX
3HAYUTEIPHO MCHBIIINE aMIUTUTYIBI MOJIeH, YeM OCHOBHBIC 00pa-
3YIOIINE COJMTOHBI. JTU MaJlbie OJUHOYHBIC BOJHBI (HAIIOMUHAIO-
IIIFI€ THUTTOTETHYECKHUE TITFOOHBI) BOSHUKAOT M3-32 B3aMHOTO BIIHSI-
HUS PACIIOJIOKEHHBIX BIUIOTHYIO JPYT K APYTY OCHOBHBIX COJIHTO-
HOB. He Oynmem 3a0bIBaTh, YTO CONUTOHBI — 3JIEKTPOMArHUTHBIC
CUCTEMBI C TIEPEMEHHBIMU MOJISIMU!

Mansie BoNHBI (Ha3BaHHBIE HAMH apOMAaTOM), €CTECTBEHHO,
HMMEIOT Ty K€ 9acTOTy, UYTO M 00pa3yromnire (OCHOBHBIE) COTUTOHBI,
a, CIle/IoBaTeIbHO, U PAUYCHI X BpallleHUs COBMaaaioT. Bo m3be-
YKaHWe ITyTaHMIIBI Mallbie BOJHBI Ha pUC. 7 U300paKeHbI OTAEIHHO
OT OCHOBHBIX COJTUTOHOB.

Crenyer 3aMETUTh, YTO COBOKYIHOCTh MAallbIX BOJH, MOXET
ObITh, HE COBCEM yJa4yHO Ha3BaHa apoMaTroM. ApoMarhl YacCTHUIL
(kpoMe u 1 d B HYKIIOHAX) OIPEAEISAIOTCS HE TOIHKO COBOKYITHO-
CTBI0 MaJIBIX BOJH B CTPYKTypaxX YacTHIl, HO U O0COOCHHOCTAMHU
B3aUMOJICHCTBUS COJUTOHOB Pa3HBIX yacToT [2]. Bopouem, nocie
BBUSICHCHHS (DH3MYECKOW MPUPOIBI aPOMATOB, CIIOKHUBIIASICS J10-
BOJIbHO HEYIa4Hasi TEPMHUHOJOTHUS, KaK HaM MPEICTaBIsCTCS, B
J000M citydae moTpedyeT yTOUHEHHS.

OcHOBHEBIE (00pa3yIOIINe) COTUTOHBI PACIIONATAIOTCS IPYT OT-
HOCHTEIIFHO Jpyra HauOoyiee BBITOAHBIM (C TOYKH 3pEHUS MUHH-
MyMa SHEpPTHH) CIIOCOO0M — BIIEKTPHUSCKHE 3apsiibl KpallHUX CO-
JIUTOHOB MIPOTUBOMOOKHBI 3apsIIy COTUTOHA, HAXOJSIIETOCS T0-
cepenrHe MEXTy HUMH. HampaBieHuss MarHUTHBIX MOMEHTOB B
9TOH IeTIouKe TaKxke yepeaytoTcsi. CyMMapHOE ToJie B CTPYKTypax
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MIPOTOHA M HEWTpOHA ompenessieTcs HaJoKeHHueM (Cyneprno3uiu-
eif) mosyeit 00pasyIoNTUX COTUTOHOB U MOJICH MaJIbIX BOJIH.

CornacHo o0meMy TPUHITUITY IS 3JICKTPOMarHUTHBIX KoJieOa-
TEBHBIX CHUCTEM (pa3padOTaHHOMY ellle B IMEepPBOH MOMOBHHE XX
Beka akayniemukom JI.M. MaHensImraMom), ot B pe30HaTope npu
HAJIMYUH B HEM BO3MYIIICHUN OPUEHTUPYIOTCSI OTHOCUTEILHO ATHX
BO3MYIICHHUI TaKUM 00pa30M, UTO 4aCcTOTa KOJIeOaHUI MPUHUMACT
IKCTpeMaibHbIe 3HaueHus [4]. Takum 00pa3oM, BOJHBI COJTMTOHOB
JTOTOKHBI OPUEHTHPOBATHCS OTHOCUTEIFHO €CTECTBEHHBIM 00pa3oM
SHEPreTUYECKH BBIJICIIEHHOTO HAITPABIEHUS — BJOJIb IIETTOYKH OC-
HOBHBIX COJUTOHOB. IMEHHO 3TUM CIIOCOOOM CHUMAETCs TaK Ha-
3BIBAEMOC BBIPOXKJICHUE KOJICOAHU, CBS3aHHOE C IWIIMHIpPUYC-
CKOW CHMMETpHeH COIUTOHA (110 a3UMYTaJIbHON KOOpAUHATE), KaK
3TO MOKa3aHo Ha puc. 7.

Kpome Toro, n3-3a oTCyTCTBUS MOTEPH U U3-3a CUIIBLHBIX CBSI3EH
B OTHUX CHUCTEMaX, aMILTUTY/IbI JOTIOIHUTEILHBIX BOJIH OIPE/EIs-
IOTCSI YCJIOBHSIMU OOILIETO SHEPreTHUECKOTo OaaHca BCel coCTaB-
HoM yacTuupl. [lo3TOMy, HECMOTpSI HA HAIMYKE B CTPYKTYPE CII0K-
HOM YaCTHUIIBl MHOYKECTBA BOJIH C PA3HBIMM aMIUTUTYaMH, OOIIHH
3apsi/ 9acTHUIIBl KPAaTeH PAaBHOBECHOH BEIMYMHE — 3apsiiy dIIeK-
TpoHa. [IpuHUMI B3aMMHOCTU B PABHOBECHOM 00MeHe YHepTHu-
el JIeXKUT B OCHOBE YHHBEPCAJIBLHOCTH XapPAKTEPUCTHK BCeEX JJI-
eMeHTAPHbBIX YaCTHII.

Mauible BOJHBI “‘CTpeMsTCs 3aHITh BCe BO3MOXHbBIE MecTa (TO
€CTh, UX KOJTMYCCTBO MAaKCHUMAJIbHOC — I10 MIECTh OJJMHOYHBIX Ma-
JIBIX BOJIH B TIPOTOHE W HEHUTpPOHE). DTUM OOecIieunBaeTCs “puH-
U HAMEHBIIETO JEeHCTBUS MallbIX BOJIH HAa MAacChl OCHOBHBIX
COJIUTOHOB TIPY OJTHOBPEMEHHOM MX COBOKYITHOM BKJIAJIE B DHEPTO-
00MeH, 3KBUBAJICHTHOM OJITHOMY OCHOBHOMY COJHUTOHY. Takum 00-
pa3oM, aMILTUTY/Ia OJTHOM Majiod BOJHBI cocTaBisieT 1/6 oT aMIuiu-
TyAbl OCHOBHOT'O COJMTOHA, & DHEPrusl OJHON Maloi BOJHBI —
Bcero 1/36 ot sHepruu (Macchl) OCHOBHOTO COJTMTOHA.

Boo011e roBopst, cucreMa MalbIX BOJIH B COCTaBHBIX 4aCTHIAX
MOYKET MMETh aCUMMETPHIO, @ UX aMIUTHTYAbl IPUHUMATh 3HAYe-
HUSl, OTJIMYHBIC OT 1/6, HO cymMMa B JIFOOOM cliydyae JIOJKHA 00ec-
MeYnBaTh PABHOBECHOE IEIOUNCIIEHHOE 3HAYeHHE 3apsia.

Crnemyer 0co00 ocTaHOBHUTHCS Ha 3(dekre, KoTopslii 00ycio-
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BJICH BO3JCHCTBUEM MaJIbIX BOJIH M KOTOPBIA BBIPAXKAETCSI B HECOOT-
BETCTBHHU MACCHI YACTHIIBI AMIUTHTY/IaM TOJICH B €€ CTPYKTYpe, a Tak-
K€ Macchl 4aCTHUIIbI YACTOTE BPAILIEHUS BOJIH.

Mexanu3m 310ro 3pQexTa OCHOBaH Ha TOM, UTO IIPU CIOKEHUH
aMIUTUTYJ TIOJIEH COJTMTOHOB M MJIbIX BOJIH PE3YJIBTaT CIOXKEHHS 3a-
BUCHUT OT TOTO, ABMKYTCSI JIM HAKJIaJbIBAIOIIMECS IPYT Ha JIPyra BOJI-
HBI B OTHOM U TOM K€ HallpaBJICHUH, WM OHH BPAIIAIOTCS B MPOTH-
BOIIOJIOXKHBIX HalpaBJIeHUsIX. B 4acTHOCTH, B CTPYKTypax MpOTOHA U
HEHTpOHA, N300pakeHHBIX HA PHC. 7, B KpaifHEM ClleBa KBapKe MaJtast
BOJTHA HAaKJIaJ[bIBAETCS HA BOJIHY 0OPAa3yIOIIEro COIMTOHA U JIBHKET-
Csl C HUM B OJJHOM M TOM K€ HalpaBJieHuH. Eciu npuHsTh 3a euHu-
Iy aMIUTUTYJTy BOJIHBI B OCHOBHOM COJIUTOHE, TO CyMMapHasi aMIUIU-
Tyaa (Kak 3JIeKTPUYEeCcKOro, Tak M MarHuTHOro mosneit) Oyaet (1-1/6).
CoO0TBETCTBEHHO, SHEPTH NOJIst OyJIeT paBHA KBaIpaTy dTOW aMILTU-
Tynel (1-1/3+1/36), ato Ha 1/3 MeHbIIE, YeM B CIydae BCTPEIHOTO
WM Pa3ebHOrO ABMKEHHUS BOJIH.

DneMeHTapHble pacyeThl MOKA3bIBAIOT, YTO B PE3yibTaTe
TaKOTO HAJIOKEHUS BOJIH JIPYT Ha Jpyra BO3SHHUKAET JCPHUIIUT
Macchl MPOTOHOB U HEMTPOHOB, COCTABISAIOMIMN 4yTh Oosee
55 M»B. Do u ecth KonoccalibHasi YHEPTHsl BHYTPCHHEH CBSI3H
KBapKOB B HyKJOHaX. JlOCTaTOYHO CpaBHUTH ATy BEIUYHUHY CO
CpeaHEel BEJIMYMHOM PHEPruM CBSI3U CaMbIX MPOYHBIX SIAEP, KOTO-
past OpUEHTHUPOBOYHO paBHa 8,7 M»>B Ha onuH HykioH. BHyTpeH-
HSIsSl JHEPrusl CBA3HM HYKJIOHOB §oJjiee YeM B 1IeCTh pa3 NMpeBbl-
1IAeT SHEPTHIO CBSI3U MEKAY HyKJIoHAMM!

BrnusiHre MajbIX BOJH CKa3bIBAeTCS M HA MAarHUTHBIX MOMCH-
Tax HYKJIOHOB. J[eJ0 B TOM, YTO paBHOBECHBIH COJIUTOH JOJKEH
UMETh BEJUYNHY MarHUTHOIO MOMEHTA, PaBHYIO TaK Ha3bIBAEMO-
My MarHeToHy, TO €CTb, BBIPaXaTbCsi Yepe3 Maccy COJUTOHA I10-
no0HO MarHeToHy bopa st anekrpona (efi/2m). [loatomy, ecnu
OBI TIPOTOH COCTOSUT TOJIBKO M3 TPEX COJIMTOHOB, TO Macca KaxJ0-
TO U3 HUX ObLIa ObI paBHA OJTHON TPETH MACCHI MPOTOHA, & MATHUT-
HBIE MOMEHT Ka)KIIOTO COJHMTOHA (TI0 aOCOJIOTHOW BEIWYHWHE) U
MIPOTOHA B LEJIOM ObII ObI PaBEH COOTBETCTBEHHO TPEM SICPHBIM
MarHeToHaM, TO €CTb, 34, OmHaKo Ne(UIUT Macchl HyKJIOHOB
MIPUBOIUT, 00Pa3HO TOBOPSI, K 3aBBILICHUIO €r0 3(()EKTUBHON Mac-
ol (mpomnopuuoHansHO# yactote) B 1,059 pas. B pesynbrare s10-
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ro 3¢ (pekTHBHASL Macca KBapKa NpeBbILIAET OHY TPeTh Mac-
cbl HYKJIOHAa M nMpudau3uTenabHo paBHa 332 MaB. CoorBert-
CTBEHHO 4acTOTA HYKJOHOB, COCTABJISIIOIINX OCHOBHYIO Maccy
BeunlecTBa M (pakTUYecKH siBJAAWINAsCA [1aBHOW 4YacTOTOI
Bcenennoii (F'4B), npubausurenabno pasua 1,60-1023 I'n.

OTMmedeHHOe MpeBbILeHIe 3PPEKTUBHON MacChl, B CBOIO Ove-
pellb, IPUBOIUT K TOMY, YTO IPUOIU3UTEIBHO B TAKOM 5K MPOIOp-
UM YMCHBIIAIOTCS PAJIUYChl COTMTOHOB ¥ BETMYNHBI MATHUTHBIX
MoMeHTOB. CienoBareilbHO, CyMMAapHBIH MarHUTHBI MOMEHT
IIPOTOHA C YYETOM BKJIaZa MajbIX aMIUINTY[ AOJDKEH ObITh MpH-
6nusurensHo paseH (3/1,059) w,, = 2,833 p,,, 4TO DOCTATOUYHO
Omm3Ko K (pakTuyeckoit Bemmunne (2,793 ).

YV HEUTpoHa, KaK [I0KAa3aHO HA PUC. 7, MATHUTHBIM MOMEHT Ha
1/3 MeHbllle, YeM Y TIPOTOHA, U UMEET MPOTHBOIOIOKHOE Harpa-
Bienue — (2/3)-2,833 p,, = —1,888 u,,, 4TO TaKxke I1OCTATOUHO
6mm3Ko K (akTuueckomy 3HadeHuto (—1,913 p,,).

PaBHOBecHast mpuposaa 3IEMEHTAPHBIX YACTULl HAXOAUT CBOE
MOATBEPKACHUE B TOM, YTO B3aUMOJCHCTBUE OTBEYACT NPUHLIUITY
B3aMMHOCTH: 00JIbIIEH Macce (JHEPrUr) COOTBETCTBYIOT MeHb-
1IMe MATHUTHBIE MOMEHTHI M pa3Mepsl (00JIbIINE YACTOTHI)
yactul. IIpu 3ToM MX 3apsiibl M CHHHBI BBIPAKAIOTCS 4yepe3
YHUBepcaJibHble KOHCTAHTDI.

KakoBbI jxe IpUHLUMIHATIbHbBIC BHIBOAbI?

DaKkTU4ecKH pedb HIET 0 HOBOM MOHUMAHUH MPUPOIBI CHITb-
HOTO B3aUMOJICHCTBUS U SIIEPHBIX CHIL.

1. HaM He HY)KHO HCKaTh TUIIOTETUYECKHE YaCTHUIIbI, UMEHYe-
MbI€ DJIIOOHAMH, YTOOBI OOBSICHUTH CHJIBHOE B3aUMOJEHCTBHE
MEXIY KBapKaMy. Poib 3THX 9acTHIl BHIIONHAIOT MaJible OJUHOY-
HBIE BOJIHBI B COCTaBe NMpoToHa U HelTpona! bonee Toro, cucrema
MaJIBIX BOJH BMECTE C OCHOBHBIMH COJHMTOHAMH OMNpEACISIET U
AIEKTPUUYECKUM 3apsil, © MATHUTHBII MOMEHT HYKJIOHOB.

2. MakcuMainbsHast YHEpTHs CBA3HM HYKJIOHA B COCTaBe sipa (8,7
Mb5B) cocraBuser 1/108 oT Macchl HYKJIOHA, TO €CTh, UMEET TTOPsI-
JTOK BEITUYMHBI TOCTOSTHHON TOHKOU CTPYKTYpBI (0Kouo 1/137), uto
XapaKTEePHO JJIsl PHEPTUH CBSI3M 3apAJ0B M MarHUTHBIX MOMEHTOB
COJIUTOHOB, HAXOASAIIMXCS BIUIOTHYIO IPYT K APYTY.

B monb3y BTOporo BeIBOJIAa TOBOPHT U TOT (HAKT, YTO U3BECTHAS
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sMnupudeckas GopMysa JUisi pacueTa pajmnyca siipa MOXKET ObITh
WCTOJIKOBaHa KakK MPOTMOPLHUOHAIFHOCTh 00beMa spa YUCIy HY-
KJIOHOB TIPH pa3MelIeHnH UX BITIOTHYIO IPYT K ApyTy [5].

[Tonaras Maccy HyKIJIOHa TIOZIETICHHOM ITOPOBHY MEXKAY KBapKa-
MH, MBI MOXEM OIICHUTh OPHUEHTHPOBOYHBIC BEIIMYMHBI PAJHYCOB
KBapKoB 7, = /i/2myc ~3,3:10716 3 u pasmepsl npotona u HeifTpona
r,~3h/2myc ~ 1:10715 ». Dra BenMuMHA XOPOIIO cOrIacyercs ¢
IKCIIEPUMEHTAJIHBIM 3HAaYEHUEM [5], oTpe/ieTIeHHBIM 110 CPeIHEK-
BaJ[paTHYHOMY PaJNyCy pactpeaeNeHs 3apsaa i MarHUTHOTO MO-
MEHTa B HYKIIOHAX 7, ~ 0,8:10715 .

Takum 00pa3om, B OTJIHYHE OT CHIBHOTO B3aUMOAEHCTBUS
KBAapPKOB B COCTaBe HYKJIOHOB, siI¢pHOEe B3aHMOJeHCTBHE HYy-
KJIOHOB MesKAy €000 AABasieTcs daekTpoMarHuTHBIM! [lormyTHO
3aMEeTHM, YTO HapsAy C CHIIBHBIM B3aUMOZICHCTBHEM MEXy KBap-
KaMHd B COCTaBe HYKJIIOHOB HMMEET MECTO W DIIEKTPOMAarHUTHOE
B3aMIMOJICHCTBHUE, MIPUYEM €T0 SHEPTHUs pa3Has y MPOTOHA W Heu-
TPOHA, TaK KaK KBapKH B MX COCTaBEe MMEIOT Pa3HbIC 3apsiibl.

Teopus sAepHBIX CHUI B CBOEM pa3BUTHUH IpeTepIena cylle-
ctBeHHbIe u3MeHeHud. X. FOkapa B 1934 1. npeaioxkua ME30HHYIO
TEOpHUIO sAAepHBIX cuil. COIIacCHO 3TOM TEOPWH B3aWMOJEHCTBHE
HYKJIOHOB SIBJISIOCH PE3YIBTATOM 0OMEeHa MEeXITy HUMH 3apsDKeH-
HBIMH YaCTHIIAMU, MACChI KOTOPBIX JTOJDKHBI OBITh MPHOIIN3UTETh-
HO B 200 pa3 Gomblire Macchl AekTpoHa. C 3TUMH YacTUIIAMH ObI-
JM OTOXJIECTBIICHBI TT-ME30HBI, OTKPHITHIE HECKOJILKUMH TOIAMH
noxe. OHAKO B MOCIEeTHUE AECATUIICTHS CIIOKUIIACh TaK Ha3bIBa-
emast CrannaptHas Moneib, B KOTOpOil Cpein 4acTHIl, OCYIIeCT-
BIISIIOIINX B3aWMOJICHCTBHS, T-ME30HBI HE 3HAYATCS.

OcTaHOBHUMCS HECKOJIBKO MTOIPOOHEE Ha N3BECTHOM KBapKOBOM
MOZETH HYKJIOHOB. O KaKux apoMarax KBapKoB i 1 d B COCTaBe Ipo-
TOHOB M HEHTPOHOB MOYKET UATH pedb?

OO6parumcst K cxeMaM CTPOEHUs IPOTOHA U HEUTpOHa, n300pa-
YKEHHBIM Ha puc. 7. OueBUIHO, YTO KBAPKH B COCTABE MMPOTOHA NMe-
IOT IIEJIOYUCIICHHBIE 3aps/bl (TaK KaK Majble BOJHBI JAIOT 3apsiibl,
KOMIICHCUPYIOIIUE JPYT IpyTa), a KBAPKH B COCTaBe HEUTPOHA NMe-
IOT JICUCTBUTENBHO JIPOOHBIC 3apsbl, HO He +2/3 u -1/3 (kak 31O
MPUHSATO JJIsl KBapKOB U U d), a cOOTBETCTBEHHO +4/3 1 -2/3. Takum
00pa3oM, CyIIECTBYIOIIEE IPEACTAaBICHHE O KBAapKOBOM COCTaBe
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MIPOTOHOB U HEHUTPOHOB SIBJISIETCS BeCbMa yCIOBHBIM. Kak MbI Buie-
JIU, CTPYKTYPY HYKJIOHA MpaBHIIbHEE ObTO OBI XapaKTEpHU30BaTh de-
TBIPHMSI COCTABIIAIONIMMHA: TPEMsSI OCHOBHBIMH COJUTOHAMH (IBYX
BHJIOB) M CUCTEMOI MaJIbIX OJMHOYHBIX BOJH (apOMAaTOM).

Hanmaue Manbix BOIH B CTPYKTypax MPOTOHOB M HEUTPOHOB SIB-
JSIETCS CIIEACTBUEM OJIM3KOTO PaclofiOKEHHUsI COTMTOHOB APYT K JpY-
Iy 1 00pa30BaHUs B TAKUX YCJIOBHUSIX COBEPIIEHHO HOBOM SHEPreTH-
YEeCKH PaBHOBECHOM CTPYKTYpPbL. OTO COOTBETCTBYET CYIIECTBYIOIIEH
TEOPHH aCHMITOTUYECKON CBOOOIBI KBAPKOB B COCTaBE apOHOB [6].
KocBeHHBIM TIOATBEP)KICHHEM PaBHOBECHOH IPUPOIBI apOMaroB
MOXXKHO CUHTaTh U 0€3yCIENIHOCTh KCIIEPUMEHTOB, HAIPABICHHBIX
Ha TO, YTOOBI MOTYYUTH KBAPKH B CBOOOJHOM cOCTOSTHUU. OUYeBUTHO,
YTO TIONBITKH Pa3bEAMHNATH KBAPKU MIPUBOIIT K PE3KOU TIEPECTPOMKe
BCEI BHYTPEHHEH M BHEIIHEW OpraHu3alliy B3auMOACHUCTBHUI KBap-
KOB 1 BXOJISIIIIMX B HUX apoMaroB. [loaToMy B3anmorneiicTBrie KBapKOB
MEXIy cOOOW OTHOCHTCSI K pa3psily CaMbIX CHJIBHBIX B3aUMOJICH-
cTBUi B ipupose. Haxoasich BILIOTHYIO APYT K APYTY, KBAPKU MOYTH
HE WCTIBITHIBAIOT Ha ceOe BO3IEHCTBUSI CUIT (HAXOISACh B SHEpreTHYe-
CKOM PaBHOBECHH ), OJJHAKO ITPY MaJIECHIIIeM y/IaleHUH BO3HUKAIOT KO-
JIOCCaJTbHBIE CHITBI IPUTSHKEHMSI, YeM COOCTBEHHO M XapaKTepHu3yeTcs
TIOHSTHE aCHMITTOTHYECKON CBOOOIBI.

Tenepb Mbl TOTOBBI OOCY/IUTh CaMBbI JIMCKYCCUOHHBIN ¥ 3ara/I04-
HBIN BOIPOC O TOM, Ky/Ia /IeJI0OCh AHTHUBENIECTBO B Mpolecce 00pa-
3oBaHusi BeesieHHoii 1 Ob110 Ji1 0HO BOOOIIE?

Bot onuH U3 N3BECTHBIX MOIXOMOB K TIpodieMe [6].

VYpaBHenne [lupaka AOMycKaeT PEHIeHHs, COOTBETCTBYIOIINE
OTPUIIATEIBHBIM 3HAUYEHUSIM DHEPTUU CBOOOIHOTO AieKTpoHa. [lo-
ATOMY POXKACHUE ICKTPOH-TTO3UTPOHHOH MaPhI BBITJISIUT, KaK BbI-
OuBaHue (OTOHOM BIIEKTPOHA W3 OeckoHeyHoro “QoHa” cBoOO.-
HBIX 2JIEKTPOHOB C OTpHIIATeNIbHON »HEeprueid. O6pa3oBaBiiasics B
HIDKHEM KOHTHHYYME “IIbIpKa’” BOCIIPUHUMACTCS KaK IMOJI0KHUTEITb-
HO 3apsDKEHHAsl YacTHUIla C TIOJOKUTEIBHOM Maccoil M TOJ0XKH-
TEJIBHOM HEprueil — MO3UTPOH.

[To Takomy e TPUHIUIY (IEKTPOH-MIO3UTPOHHOTO BaKyyMa
— KOHTHHYyMa OTPHIATEIbHBIX YHEPTUil) (POPMATBbHO BBOAMUTCS
BaKyyM JJId BCEX APYIrUuX YacCTHUIl U aHTUYACTHUI], KOTOPBIC TAKKC



28 Paszoen 3

OKa3bIBAIOTCS Pa3/ICICHHBIMU DHEPIeTUYECKOM IIENbI0, COOTBET-
CTBYIOIIIEH YIBOEHHON Macce KaK/I0H U3 ITUX YacCTHIL.

Ecnu cnemoBath Takoit opMaIbHOM CXeMe, TO BEIIECTBO U aH-
THBEMIECTBO BCET/a BBICTYNAIOT KaK aHTHUIIOIbI — OHH HECOBMeE-
CTUMBI (AaHHUTHJIMPYFOT) U BCET/Ia Pa3/IeIeHbl SHEPTeTUIECKOH IIe-
np10. OHAKO, KaK pa3 Ha 9TOM IIPUMEPE B3aUMOCBSI3U MEXIY Be-
IIECTBOM M aHTHBEIICCTBOM IMPOSBISACTCS HETIPUEMIIEMOCTh TaKOU
JIOTHKH, OCHOBAaHHOW Ha 4Ype3MEPHOI (opMain3aiiuu.

JlocTato4HO BCIOMHUTH OCHMJUISAINH, CYIIECTBYIONINE MEKITY
K©-M€e30HOM M €ro aHTUYaCTHIIEH, TPU KOTOPBIX YaCTHIA ¥ AHTH-
YacTHIa TIONIEPEMEHHO TMPeBpaliarTcs Ipyr B apyra. KoHTHHYY-
MBI TIOJIOKHUTEIBHBIX U OTPULIATEIBHBIX YHEPTUHM MPH ITOM JOJ-
JKHBI, BUJIUMO, IIOCTOSSHHO MEHAThCS MecTaMu!?

YacToTa 3TUX OCIWILIALNN, KaK U3BECTHO, OTIPEACISICTCS pas3-
nuurem Mace (mopsaka 4 1076 5B) nByx Me30HOB, 06pasyroIUXCs
B PE3yJIBTATE CyNEPIO3UIUHU BOIHOBHIX (hyHKimii KO-me30Ha u ero
aHTHYACTHIIBI (pHC. §).

C TOYKH 3pEHUS CONUTOHHOTO MPEACTABICHUS O CTPOCHUH dJI-
E€MEHTAPHBIX YACTHUI] BO BCEX ATUX B3aNMOIIPEBPAILICHUIX U CyTIep-
nosuusax KO-Me30Ha M ero aHTMYACTHIEI HET HUYETO YAUBHUTEIb-
HoTO. Takmm oOpa3zoMm BemyT ceOs JT0OBIe CBSI3aHHBIC MEXKIY CO-
00¥ BHJIBI AJIEKTPOMArHUTHBIX PE30HAHCOB C OIM3KIMH 4aCTOTAMHU
(3TOT BOIPOC paccMOTpeH, Harpumep, B [4, 7]).

Bo3Bpammasche k aHanu3y UCTOKOB CTOJIb IMIPOYHOIO COAPYKE-

(en®

D

Puc. 8. Ocmmursiiin KO-Me30Ha 1 ero aHTHYACTHITHL.
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CTBa MEXJY MIPOTOHOM, HEHTPOHOM H AJIEKTPOHOM, CJIEAYET OTMe-
TUTh HEKOTOPOE CXOJICTBO JIEKAIIMX B €r0 OCHOBE MEXaHHU3MOB C
TeM, 9TO MBI roBoprin 0 KO-Me30He m ero antugacTue.

Kak mpoToH, Tak W HEHTPOH MOTYT ITOCPEICTBOM CI1ab0To
B3aMMOJICHCTBUS, TIPEBPAIAThCS IPYT B APYyTra, aHAJIOTUYHO TOMY,
kaK B3aumonpespamarorcs KO-me30d u ero antuuactuna us-3a
CBSI3U JIPYT C APYTOM Yepe3 ME30HbI-cyneprno3unnu. EcrecTBeHHO,
HECMOTPsl Ha HEKOTOPYIO aHAJOTHIO, CBS3b MEXKIy MPOTOHOM H
HEUTPOHOM Uepe3 JEKTPOH (TIO3UTPOH) XapaKTEPU3YETCs TPHUH-
[UTHAIEHBIMA OTJMYUTENIEHBIMA OCOOEHHOCTSAMHU, B YaCTHOCTH,
CYIIIECTBEHHON acuMMeTpueit (puc. 9).

Ho cnauana o cxoactBe. Ecim mocMoTpeTs Ha COJIMTOHHOE
CTpOEHHE MPOTOHA W HEUTpoHa (puc. 7), TO CTAHOBUTCS OUEBUJI-
HBIM, YTO MO COCTABY OCHOBHBIX COJUTOHOB MPOTOH M HEHTPOH,
NefCTBUTEILHO, SBJIAIOTCH AHTHYACTHIIAMH IO OTHOUIEHHIO
APYT K ApYry. B kakoii-To Mepe, 3T0 KOCBEHHO MOATBEPKIACTCS U
MPOTUBOMOIOKHOCTBIO 3HAKOB X MATHUTHBIX MOMEHTOB. OTian4ne
a0COJIOTHBIX BEJIMYMH MarHUTHBIX MOMEHTOB (Ha OZIHY TPETh) H 3a-
psiioBasi aCHMMETPHS HyKIIOHOB BHOCSITCSI TOJIKO MaJIBIMU BOJTHA-
MU — apomaramu. Kpome Toro, pa3HOCTh Macc HEHTPOHA U TIPOTO-
Ha OKa3bIBA€TCS TOTO € TMOPs/IKA, YTO M YaCTHIIA, Yepe3 B3auMo-
JIefiCTBHE C KOTOPOH OHU IPEBPAIAOTCs JAPYT B Apyra — 3Ta pas-
HHIIA C TOYHOCTBIO JI0 OJHOTO IIPOLIEHTA paBHa ABYM C MOJIOBHHON
MaccaMm 2r1ekTpona. Ciaboe B3aMMOACHCTBUE C 9TOH TOYKH 3PEHHS

Puc. 9. B3auMHbIe npeBpaleHns IpoToHa 1 HEUTPOHa B COCTaBE Aapa.
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MOYKHO paccMaTpHUBaTh KaK OCHMJUISAILUIO HYKJIOHOB.

ITocTostHHAs CBA3b, CYHICCTBYIOLIAA MCXKAY TPEMA YaCTULlaMU,
TIPOSIBIISICTCST U B HAONIOMAeMON 3aKOHOMEPHOCTH, CYyTh KOTOPOU
MBI YK€ YIIOMHUHAIIU: PaBHOBECHOE B3aUMOJIECHCTBHE XapaKTEpU3y-
€TCsl pAaBHOBECHBIMH 3apsaMH YacTULl U MarHUTHBIMH MOMEHTa-
MU, BBIPaKAIOIIMMUCS Yepe3 MarHeTOHbI yacTul] (MarHeToH bopa
JUTSL BJIEKTPOHA U SIJIEPHBIM MarHEeTOH JJIS1 HYKJIOHOB).

Uro kacaercs aCHMMETPUM BO B3aUMOJIEHCTBUU IIPOTOHA, HEM-
TPOHA U BJIEKTPOHA, TO OHA YCHJIMBAETCSI 00pa30BaHUEM HEHTPHHO
(aHTMHEHTPHUHO), TMOCTOSHHO COIPOBOXKIAIOLUIMX IPOLECCHl B3a-
UMonpeBpalieHus 3TuxX yactul. Ho 3To B Gonblieii cTeneHu OTHO-
CHUTCSl K OCOOGHHOCTSIM CaMUX JICITOHOB, O KOTOPBIX MOapoOHee
Ob1T0 cKazaHo B padoTtax [1, 2]. Tam e ObUTH IPHUBEICHBI pacyEThI
Macc 3JIEeKTPOHHOTO, MIOOHHOTO ¥ TAOHHOTO HEHTPWHO M coobpa-
JKEHUS B MOJIb3Y HAIMYMSI Y HUX KOHKPETHOM CTPYKTYPBI.

PaccMmoTpeHHbIE TPUHIMIIEI CTPOEHUS H YAUBUTEIBHOE MHOTO-
o0pasue HI0AaHCOB BO B3aMMOIIPEBPALICHUSX YaCTHL MOKA3bIBAIOT
YCJIOBHOCTD OGHIGHPI/IHSITOFO JACJICHUS Ha BCILICCTBO U aHTUBCLIC-
CTBO, KOTOpBIE€ HE TOIBKO MOT'YT IIPEBpAIATLECA APYT B Apyra, HO H,
00pa3HO TOBOpS, “‘COCYIIECTBYIOT APYT C JAPYroM~ B CIIOXKHBIX
aCUMMETPHYHBIX CTPYKTYypaX.

Ho ecnu 310 Tak, TO BO3MOXKHO JIM BBICBOOOXKACHHE IIEKTPO-
MarHuTHOM SHEPTUHU HEMOCPEACTBEHHO U3 BELLECTBA, TO €CTh, BO3-
MOYKHA JIM peaKiusl aHHUTWISAIUN BElIecTBa 0e3 ero B3auMOJICH-
CTBUSA C AaHTUBEIIECTBOM?

OnHO3HAYHOTO OTBETA HA 3TOT BOIIPOC HET, HO MBI IIOIIBITAEMCSI
0003HAUUTD MOAXOBI K PELICHHUIO 3TOH MPOoOIeMBl.

PA3JIEJ 4

AHHUTHJIAINA BellecTBAa

CrryqaifHoe HapylieHne 0apuoOHHON CUMMETpUN BceneHHol B
Havajie e¢ Pa3BHTHS, IO BCEH BEPOATHOCTH, TOBJIEKIO 3a COOOM
BCEOOBEMITIONITNI pOCT 00pa3oBaBIelics 001acTu (JJoMeHa) Bellle-
CTBa, COCTOSIIIIETO U3 OOBIYHBIX POTOHOB, HEUTPOHOB U AJIEKTPO-
HOB, TaK KaK 3TOT HA00P YACTHILl CBSI3aH MeKIYy cO00ii pe3oHAaH-
CHBIM B3aMMO/IeiiCTBHEM.

Uem MOXKHO 000CHOBATh 3TO YTBEp)KICeHNE?

Bo-nepBrIx, nMerommmecs Ha CETOAHANITHAN JeHb JaHHBIE TOBO-
PAT 00 OTCYTCTBHU KakuX Obl TO HUA OBLIO TIPU3HAKOB CYIIIECTBOBA-
HUSL “aHTUMHPOB” B 0003pHUMBIX ITpocTOpax BceneHHoM.

Bo-BTOpBIX, KaK MBI BUJIEIH, TIO COCTABY OCHOBHBIX COJIMTOHOB
MIPOTOHBI U HEHTPOHBI SIBJISIOTCS aHTUYACTULIAMH 10 OTHOIIICHUIO
IpyT k Apyry. [loaToMy ecTh OCHOBaHHWE TOJIaraTh, YTO B IEPBBIC
MTHOBEHUS XHU3HU BceneHHON mpooOpa3 BemiecTBa MOJTHOCTHIO
COCTOSUT M3 PAaBHOTO KOJIMYECTBA COJTMUTOHOB M aHTHCOJIIUTOHOB (CO-
JIUTOHOB C MPOTHBOIOJIOXHBIMU HAIPABICHUSMH TOJIEH B MX
CTPYKTYpax), ¥ TOJBKO B PE3yAbTaTe MATbHEHIIETO Pa3BUTHS TO-
SIBUJTACh HabOMromaeMast 0aproHHAsE ACHMMETPHS.

B »T0# cBsI3U cneayeT ynoMsiHyTh O “ropsiueMm’ BapuaHTE Ha-
YaIlbHOW CTaIuM Pa3BUTHS BceleHHOM, peIokeHHOM eIIle B CO-
POKOBBIX-TIATUACCATHIX TOAaX MPOIIOro Beka B paborax (u3nka
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I'amoBa u ero coaBTOpOB. Pemiaronum 3KCrepuMeHTOM, MOATBEP-
IUBIIAM “‘Topsiaee” Havdano BceneHHOU sSBMIOCH OOHapyKeHHE
TaK Ha3bIBAEMOTO PEIMKTOBOTO HW3Iy4deHHsA (Ha3BaHHE BIIEPBBIC
npemokeHo acrpoduszukom M. C. IlIkmoBCKHM), KOTOpOE OcCTa-
JIOCh ¢ TOW nanekoil snoxu. [Ipenckazanue penuKTOBOrO U3Iyde-
HUs1 OBLIO C/IETIAHO B PaMKaX TEOPUH paciuupsirolieiics Beenennoi
B pabotax A. A. ®punmana.

Oxka3anocs, 4To MepBble MTHOBEHUS pa3BUTHs Bcenennoii Teo-
PETHICCKHA MOKHO OIHCATh C TTIOPA3UTEILHON TOYHOCTHIO [8].

B wactHOCTH, OBLTO paccUWTaHO, YTO TIEPBOHAYAIHLHO KOHIICH-
Tpalysi IPOTOHOB paBHSJIACH KOHIICHTpAIMu HeWTpoHoB. Creno-
BaTEIbHO, OCHOBHBIX COJUTOHOB U aHTUCOJIUTOHOB, KOTOPBIE BXO-
JISIT B COCTaB MPOTOHOB U HEUTPOHOB, B 11€JIOM, OBLIO TIOPOBHY.

JanbHeiiliee pa3Butue BeeneHHoOM pUBeIo K HapyIIEHUIO CO-
OTHOIIIEHUSI MEXTy TPOTOHAMH M HEUTPOHAMH, U YK€ Ha TPETher
MUHYTE BEIIECTBO COCTOsIIO MpuOmm3uTenbHo Ha 70% w3 mporo-
HOB, Ha 30% U3 sA1ep aTOMOB TeIUs U AIEKTPOHOB.

OTO BElIECTBO Ha MOCIEIYIOMINUX CTaJUsAX MOCITYKWIO Mare-
puaioM Il HYKJIEOCHHTE3a B 3Be3/aX. Tak BO3HHUKIM JIpyTrue, B
TOM YHCJIe, TSDKENBIE AJIEMEHTHI, U3 KOTOPBIX COCTOWT, HAIlPUMED,
3emitst. Teopust HykJIeOCHHTE3a 00BSICHIET OCHOBHBIE 3aKOHBI pac-
MIPOCTPAHEHHOCTH 3JIEMEHTOB.

®opMHUpoBaHHEe MATePUHM MPOUCXOAWJIO IOA BJIAUSHHEM
CJIOKHellIero mnepemnjieTeHusi Pa3jidvyHOrO poaa B3auMojeii-
CTBHIA, CYIIeCTBYIOIIUX MEKAY COTUTOHAMH.

Bo-mepBhIX, criibHOE B3aUMOJIEHCTBHE BHYTPU HYKJIOHOB, KaK
MBI BUJIETTH, 00ECTIEYMBAET UX MPOYHOCTH (32 CUET OTPOMHOTO Jie-
¢uuTa Macchl HyKJIOHa, Iopsiika 55 M»aB).

Bo-BTOpBIX, 3JEKTpOMarHUTHOE B3aUMOJEHCTBHUE (CyIe-
CTBYIOIIIEE HapsAy C CHIIBHBIM B3aUMOICHCTBHEM) MEX/Y KBapKa-
MH HYKJIOHOB TPHUBOAWT K BO3HUKHOBEHHIO OTHOCHUTEIHHO HE-
OOJIBIION pa3HUIIBI MAacC HEHTPOHA W MPOTOHA.

B Tperpux, pazHuIla Macc HEHTpPOHA M MPOTOHA TMOPOXKIAET
B3aMMOJICHCTBUE (OCHWILISAIUIO) C y4YaCTHEM 3JIEKTPOHA. DTHUM
TPEXCTOPOHHHUM MPOLIECCOM OMPEIENAETCS pe30HaHCHas MpUpoaa
CJ1ab0Tr0 B3aMMOJIEHCTBHS SJIEKTPOHA C HYKJIOHAMH.

B deTBepThIX, MEKTPOMArHUTHOE B3aWMOJIEHCTBHE PacIoo-
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JKEHHBIX BILIOTHYIO JPYT K JAPYry HYKJIOHOB 00€CIIeYMBACT sijiep-
Hble cuibl (pa3n. 3). KBapku B HyKJIOHaX MMEIOT JHOO TMOJO0XKH-
TETBHBIN, TNO0 OTPHUIIATCIILHEIN 3aps/bl (B MPOTOHE — J11Ba 1m0 +1
W ouH -1, B HeWTpoHe — /1Ba 10 -2/3 u onuH +4/3), moATOMY Hy-
KIIOHBI B SIJJpE PACIIONararoTcsi TaKUM 00pa3oM, 9TO MX KBapKH 3a-
HUMAIOT ITOJIOKEHUSI B Y3JIaX CBOSOOPa3HON KPUCTAIUTMYECKON pe-
MIETKU sA7Ipa C YePEAYIOIIUMUCS TOJIOKUTEIbHBIMU U OTPUIATEITb-
HBIMH 3apsfaMu (Harogoo1ne NOHHOM CBSI3M).

B naThIX, HaKoOIJIEHWE SHEPTHH DJIEKTPOCTATUYECKOTO OTTal-
KMBaHUS 10 MEpe YBEIWYEHHUS YHCIIa MMPOTOHOB B s/Ipax ecTe-
CTBEHHBIM 00pa30M OTPaHUYUBAET MACCY TSKEIBIX aTOMOB.

B mecthix, crnabas cBs3b ¢ HYKJIOHAMHU M Majias Macca JIeK-
TPOHOB 00ECIICUMBACT UM OTHOCHTEIbHYIO CBOOOIY U IOJIBUXK-
HOCTB, Y€MY, B KOHEUHOM HUTOTE, M 00SI3aHBI CBOUM BO3HUKHOBEHU-
€M DJIEKTPOHHBIE 000JIOYKH aTOMOB.

W, nakoHem, HUYEM HE CKOMIICHCUPOBAHHBIE CTOSYHE IIPO-
JTOJIbHBIC 3JICKTPOMArHUTHBIC BOJIHBI, U3JIy4aeMble B LEJIOM AIICK-
TPUYCCKU HEHUTPAILHBIM BEIIECTBOM, O00CCIICUUBAIOT T'PAaBUTAIIH-
OHHO€ B3aUMOJIEHCTBHE BO BCeneHHOM.

Kpatko MOXHO cKa3aTh, 9TO IJIABHBIM HCTOYHHUKOM YCTOIi-
YHUBOCTH 3TOr0 3aMeYaTeIbHOT0 COOPY:KeHUSl CJIYKHUT H3SIII-
Hasl aCHMMeTPHs TPeX 0a30BBIX YaCTHI U Ie(PHIIUT MACChI HY-
KJIOHOB, MPeI0TBPAIA0IINEe UX AHHUTWISIHIO.

[TonyTHO 3aMeTHM, YTO OBICTPOTEKYIIUE, KaTACTPOPUUECKOTO
XapakTepa IpoIIecChl, MPOUCXOAUBIINE BO BeeneHHol, nmopoauin
CYIIIECTBOBaHNE HEPABHOBECHBIX (10 YHEPTHH CBS3H) SIZIEp aTOMOB
BemiecTBa. Pedb MaeT kak O MepBbIX MIHOBEHUSIX pa3BuTHs Bce-
JICHHOM, TaK W O B3pbIBaxX 3Be3/, B HEJPax KOTOPHIX 00pa30BbHIBa-
JIUCH aTOMBI C TSDKENBIMU siipaMu. Tak BO3HHK BTOPOIi 110 ri1y0u-
He 3aJIeTaHusl UICTOYHUK IHePruu. biaromapst 5ToMy MBI UMeeM
BO3MOXXHOCTB TTOJTy9aTh YHEPTHIO KaK IyTeM CHHTE3a JIETKUX sep,
TaK | JISJICHUEM OYEeHb TSDKEIBIX sIep.

BTopoii ypoBeHb 3aneranus 3HEprud MOXKHO CUYUTATh YacTHU-
HO OCBOCHHBIM — JIeNICHUE sfep ucnoiabizyercs B ADC.

Snpa snemeHToB ¢ HOMepamu oT 28 (kpemHuuit) 1o 138 (Gapwuit)
HanOoJiee MPOYHBI, TO €CTh, UX DHEPTHUS CBA3M MaKCHUMallbHA —



34 Paszoen 4

oxosio 8,7 MaB/nykiioH [5]. 3a mpe/esiaMu yKa3aHHOTO JTUarna3oHa
HOMEPOB JICMEHTOB Y/ICJIbHASI SHEPTHUS CBSI3U SJICP YMEHBIIIACTCS
(puc. 10). Hamuame 3TOro MakCuMyMa 1 OTNIPEAEIIIeT BO3MOKHOCTh
TTONTyYeHUS SHEPTHH ITyTeM CHHTE3a JIETKUX SJIep U JIEIeHUs] OYeHb
TsOKEIBIX sifiep. Kpome Toro, B 001acTi MaJlbIX HOMEPOB HMEIOTCS
OTNIEJIbHBIC “NUKH SHEPTUU CBA3U Y SIACP C YETHBIMU YHCIAMU
MIPOTOHOB U HEUTPOHOB U “IIPOBANIBI” — Y AJEP C HEUETHBIM KOJIH-
YECTBOM IIPOTOHOB U HEHTPOHOB.

W3 puc. 10 scHO, YTO peakmuy CHHTE3a JIETKUX SAep 10 CBOCH
3¢ (GEeKTUBHOCTH 3HAYUTENHHO TPEBOCXOAST PEAKIUH JICICHUS.
OjHaKo TPaKTUYECKOE OCYIIECTBICHHE pEaKlUid CUHTe3a HaTall-
KHBAaeTCsS HA W3BECTHBIC TPYIHOCTH, CBS3aHHBIE C HEOOXOIUMO-
CThIO TIPEOJIOJICHHSI TIOTCHIIUATIBHON YHEPTUU OTTAJIKUBAHUS SICP.
Takue peakiuuu MOTYT WJITH IPU TEMIIEPATypax, MPEBbIIIAONIINX
TeMITepaTypy B IEHTPATBHBIX oOnacTsax CoiHIa.

Bompoc o ToM, CyIIeCTBYIOT I APYTHE CIIOCOOBI IMOTyYeHUs
peakiuii CHHTEe3a JIETKUX sJep, MbI 00CYINM IO3XKeE.
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Puc. 10. YnenbHble 3HEpTHU CBS3H aaep [5].
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Ho BepHeMcd k cBOMCTBaM 3JI€EMEHTAPHBIX YACTHLI.

OTaeNnbHO OCTAaHOBUMCS Ha TMPHUPOAC XapaKTEPHBIX BPEMEH
B3aMIMOJICHCTBHH, TaK KaK OHU €CTECTBEHHBIM 00pa3oM OKa3bIBa-
IOTCSl TaK)Ke CBA3aHHBIMH C TTapaMeTpaMy M CBOWCTBAMH Tpex Oa-
30BBIX YaCTHIl — MPOTOHOB, HEUTPOHOB U JEKTPOHOB.

JlelicTBUTEIBHO, MTPEJICTABUM ce0e, YTO HaM YIIaJoCh HEBEPO-
SITHOE U MBI IPOHUKIIA B MUKpomup. Kakyro equnuity s uzmepe-
HUSl BpEMEHU MBI TaM BBIOpaiu ObI?

W3mepenne BpeMeHH ynoOHO TPOU3BOIUTH B €IWHUIAX, KOTO-
pBIe SBISIFOTCSI €CTECTBEHHBIMU IJII MAcIITA00B OIHMCHIBAEMBIX
npoueccoB. Hampumep, B Hailell MOBCEAHEBHOM >KU3HU TaKUMU
€CTECTBECHHBIMU CIIMHHIIAMU SIBIISTFOTCSL CYTKH, TO €CTh, IEPUO]] 00-
palieHys Hallel IIaHeThl BOKPYT CBOEH OCH, WM I'OJl — [EPUOJ
obparmenus 3emu BOkpyr CorHIa.

Bor eme oquH XapakTepHBIH u 0ojee ONM3KUN K HaIIeH TemMe
npumMep. JloOpOTHOCTH PE30HATOPOB, KaK U JIF00O0H KoieOaTenpHON
CHCTEMBI, U3MEPSIOTCS B KOJIMUECTBAX MEPHUOIOB, 32 KOTOPHIC aM-
IUIMTYAa CBOOOJHBIX 3aTyXaloIIMX KOJICOAHWI YMEHBIACTCS B
YCIIOBIIEHHOE YHUCIIO Pa3.

OT1H npaBwia yao0HO IPUMEHHUTH U B MUKpoMmupe. Eciu B3SITh
0001 CIIpaBOYHUK IO (DU3UKE, TO MBI HalJIeM XapaKTepHbIC Bpe-
MeHa CYIIECTBYIOIIUX B MPHPOJE B3aMMOJCHUCTBUIN: CHIBHOE —
10723 ¢, snexrpomarautHoe — 10720 ¢, cna6oe — 10713 ¢ [5].
[IpuBenennble MUQPPH (MMEIOIINUE, B 3HAYUTEIHLHON CTEICHH,
YCJIOBHBIN XapakTep) Ha MePBbIi B3I HUKAK HE BOCIIPUHUMAIOT-
Cd U HE TMOJJAI0TCS OCMBbICIeHUIO. [Toxkanyid, ©X MOMXHO TOJIHKO
CPaBHHUTH MEXIy COOOW MIIM OLIEHWUTH SHEPTHIO B3aUMOICHCTBHUA,
WCXOZsl M3 COOTHOIICHWH HeompenenenHocrel [eizendepra. Ho
€CJIM MBI BCTIOMHUM O PE30HAHCHOW MPUPOAE AIEMEHTApHBIX Ya-
CTHII, TO XapaKTEpHbIC BPEMEHA B3aMMOJICHCTBUI JIOTHYHO OyneT
BBIPA3UTh B MEpUONaxX Kojebanuii (mepuojax BpaIICHUS OIUHOY-
HBIX BOJIH) YaCTHII.

Jlns cuabHOTO B3aMMONEUCTBUA — 3TO MEPHUOJ] KBAPKOB HY-
KIJIOHOB, COOTBETCTBYIOIIHIA TiTaBHOM yacToTe Beenennoit (['UB), a
JUTSL DIIGKTPOMArHUTHOTO B3aUMOJICHCTBHSA (B OCHOBHOM MEXKIY
ANIEKTPOHOM U ()OTOHOM ) — TICPUO]] BPAIIICHUSI OIMHOYHON BOJTHBI
B CTPYKTYpPE DIICKTPOHA.
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I'YB paBna 1,60-1023 I'n, a wacrora ANEKTPOHA, UCXOJS U3 €ro
Macchl, paBHa 2,47-1020 T'u. OGpaTHble YacTOTaM BEITMYMHBI KaK
pas u ecTh uckoMble nepronl 0,625:10723 ¢ u 0,405:10720 ¢ coot-
BETCTBCHHO.

Takum oOpa3zoM, XapaKTepHbIe BpeMeHAa 3IeKTPOMATHUTHO-
ro ¥ CHJILHOI0 B3aUMOJAEHCTBHH, KAK Mbl M O0KHJaJIH, HMEIT
NOPSIA0K BeJIUYUH, COBNAJAIMIUI ¢ NMepuogaMu KoJeOaHuii
COOTBETCTBYIOIIUX 3JIeMEHTAPHBIX YacTuil!

DTa OlIeHKA HE TOJBKO MOATBEPAMIA HAIIN JOTATKUA O IPUPO-
JIe XapaKTEPHBIX BPEMEH B3aWMOJCUCTBHI, HO U €IIe pa3 MmoKasa-
JIa, 9TO B3aUMOJCHCTBHE DJIEMEHTAPHBIX UYACTHUI[ MPOUCXOIUT Ha
BITOJTHE OTIPENIEIICHHBIX, CBOWCTBEHHBIX M YaCTOTaX.

Bonee toro, Mpl yOenumuch, 9To XapakTepHble BpeMeHa CHITb-
HOTO M JJIEKTPOMArHUTHOTO B3aWMOJCUCTBUM, €CIU KaXIOoe M3
HUX paccMaTpUBaTh B €CTECTBEHHBIX MacIITa0axX, HE TaK YK CHIIb-
HO OTJIMYAIOTCS APYT OT Apyra. CoBepIeHHO MO-IpYyroMy J1e0 00-
CTOUT CO cIa0bIM B3aUMOCHCTBHEM.

Uro ke O3HAYaeT XapakTepHOE BpeMs CI1aboro B3auMOJIEH-
ctBus? Haunem ¢ HansaHoW aHanorun. COOCTBEHHBIE JTOOPOTHO-
CTH DJIEMEHTAPHBIX YACTHII, SIBIISIONIUXCS CBOCOOPA3HBIMHU PE30-
HaTOpaMu, paBHBI OeckoHeYHOCTH. [loTepu B HUX OTCYTCTBYIOT, U
Koye0aHusl He 3aTyXxarT. Ho peakiuu B3amMOIIpEBpaIICHHs Ha-
CTHI] BCE-TaKH MOYKHO OXapaKTepPU30BaTh ITAPAMETPOM, CXOTHBIM C
JIOOPOTHOCTHIO.

JelcTBUTENBHO, MOSBICHUE YACTULBI MOXKHO CPaBHUTH C Ha-
MIOJIHCHHUEM PE30HATOPa SHEPTUEH U MOMBITAThCS OLICHUTD, 32 Ka-
KO€ KOJIMYECTBO MEPHOAOB KosiebaHuit 310 mpoucxoaut. [lomyqato-
asicsl B PE3yJIbTaTe BEIMUNHA MOXKET PACCMaTPUBATHCS KaK BHO-
cumasi T0OpOTHOCTh, KOTOPAast 3aBUCHUT OT CTETIEHU CBSI3U PE30HA-
TOpa C BHEITHUMHU 00BEKTaMHU.

OO0paruMcs K KOHKpEeTHOMY TipuMepy. B pesyibrare ciiaboro
B3aUMOJICHCTBUS MIOOH pacHagacTcs U MepeacT CBOIO DHEPTHI0
HapOXIAIOMIMUMCST JaCTHIIAM — JJIEKTPOHY, dJICKTPOHHOMY aHTH-
HEUTPUHO U MIOOHHOMY HEUTpPUHO. B 3TOM peakuuu, mpuHUMas BO
BHHMMaHHE KOHKPETHBIC BEJTMYMHBI TIEpro/Ia KoJIeOaH i AIeKTPOHa
Y BPEMEHH pacraja MIoHa (TopsijiKa 2:10-6 C), POKIICHUE DJICK-
TPOHA TIPOMCXOMUT 32 KOJIOCCAIBHBIN MPOMEXYTOK BpeMeHu. Ha-
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MIOJIHEHUE "AIIEKTPOHHOTO pe3oHaTopa’ dHEprueii MpoUCXOmuT 3a
5-1014 mepronoB! B 06BIYHBIX ke MacIITabaxX POKIEHUE HIEKTPO-
Ha MPOMCXOIUT MOYTH MIHOBEHHO — 3a 2:1070 ¢,

DTO HAIIAJHO IIOKA3bIBAET, HACKOJILKO Cj1aboe B3anMOJIEH-
CTBUE JICHCTBUTENHHO sBIsieTCs crnabbiM. Crabast CBs3b 00ecTedn-
BaeT OTHOCHUTEIIbHYIO CBOOO/Y U TIOJBM>KHOCTb AJICKTPOHOB B ITPH-
pozne. IIposenennas orenka ybexaaer u B apyrom. Ecimm 3a 21076
CeKyHJIbl B MUKPOMHUpE MPOXOJIAT, 00paszHo ToBops, 2-1014 net, To
HE YIUBUTEIHHO, YTO 32 BPEMsI CBOETO CYyIIeCTBOBaHUs Beenennas
HaCTPOUJIACh HA €IUHYIO PE30HAHCHYIO yacToTy — ['UB.

B deM mpudnHa cTOB C1a00i CBSI3U AJIEKTPOHA C HYKJIOHAMHU
Y 4eM, B KOHEUHOM UTOre, OMpeesieTcs: ero Mmacca?

DneMeHTapHbIe PacueThl MOKA3bIBAIOT, YTO YaCTOTA AJIEKTPOHA
MEHBIIIE YaCTOTHI HYKJIOHOB Oomee yem B 600 pa3z. [lostomy am-
TUTATYAA TAPMOHUKH DJIEKTPOHA CO CTONH OOJBIIMM HOMEPOM, Ha
KOTOPOW MOXKET MPOUCXOANTHh B3aHMMOJACHCTBUE, OKa3bIBACTCS
ype3BbluaiiHo Manoi. Ho xapakTtep B3auMOAECHCTBUS HE MOXKET
OTIPENICTATHCSI TOJIKO 3TUM OOCTOSITEIILCTBOM.

Jleno B TOM, 4TO TapMOHHUKHU IPU TaKUX OOJIBIIUX HOMEpax
CIIEMYIOT APYT 3a IPYTOoM OYEeHB IUIOTHO MO OCH Y9acToT. [loaTomy
TPYIHO TIPEACTaBUTH cebe, M0 KaKoMy MPHUHIIMITY OHA M3 COCE]I-
HUX TapMOHHK JIOJDKHA COOTBETCTBOBaTh YACTOTE B3AUMOJCH-
cTBU. “3afaroniuMu’ B 3TOM IPOLIECCE, ECTECTBEHHO, SIBIISIIOTCS
HYKJIOHBI, Macca KOTOPBIX MOYTH B JBE THICSYH pa3 MPEBOCXOIUT
Maccy aiekrpoHa. CiieoBarelibHO, BO3MOKHOCTBIO Oosiee TOUHOM
“HaCTPOMKHU” YaCTOTHI AIIEKTPOHA MOXKET CIY)XKHTh HaJWdue He-
0OJIBIION pa3HMIIBI B Maccax HedTpoHa u mportona (1,2933 MaB),
MOpOYXKTaroTeli OMeHMsI Ha pa3HOCTHOHN 4acToTe. B CBs3U ¢ 3THM,
BPSIJ JIM MOYKHO CUHMTATh CIIYYalHBIM COBIIJICHUEM TOT (DaKT, 4TO
JIBE C MOJIOBUHOM MACCHhI AIEKTPOHA PaBHBI PA3HUIIE MacC HEUTPO-
Ha ¥ TIPOTOHA (TO €CTh, ITH BETUIHHBI CON3MEPUMBI, aHAJTOTUIHO
o01eMy mpaBwiTy ISl 9aCTOT YaCTHII, OTIPEIETISIONIEMY Ps/i Mace
aneMeHTapHbIX YacTtull [1, 2]). [TosTomy cmabocTh CBS3M AIeK-
TPOHA C HYKJIOHAMU OOBSICHIETCS elle U XapaKTepOM TaKOTO OIO-
CPEIOBAaHHOTO B3aUMOACHCTBUS Yepe3 Pa3HOCTHYIO YacTOTY.

Takum 00pa3oM, aHAU3 MPOUCXOK/CHHS XapaKTEPHBIX Bpe-
MEH B3aMMOJIECHCTBUI €llle pa3 MOATBEPKAAET COJUTOHHYIO IPHU-
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pony 3JIEMEHTApPHLBIX YaCTUIl U ACIaCT 6OH€€ IIOHATBIM MEXaHU3M
HEpPa3pbIBHON CBS3HM U B3aMMHOW OOYCIIOBJICHHOCTH CYIIECTBOBA-
HUA TpexX 0a30BBIX YacTHIl BCeneHHOM.

T'oBopst 0 c1abOM B3aMMOJCHCTBUH, HEBO3MOKHO 00OWTH MOJI-
YaHUEM NPOOJEeMy TaK Ha3bIBA€MBIX MPOMEKYTOUHBIX OO30HOB.
W3zBecTHO, 4TO MIes 00 0OMEHHOM XapakTepe cliaboro B3auMoieii-
CTBHsI ObLIIa BBIJIBUHYTA €II¢ B TPUALATHIX rOJIaX MPOILIOro BeKa.
3aBeplIeHHE 3Ta Uies HOoJIyYwIa B paMKax €IMHON TEOPHUH, CBA3bI-
BAIOIIEH 3JIEKTPOMAarHUTHOE U caboe B3aMMOJCHCTBUS, Pa3BUTON
B padorax C. BaitnOepra, A. Canama u L. I'ammoy.

B at10ii Teopuu, KOTOpas Teneps HOCUT Ha3BaHue CTaHaapTHAas
Mopienb, pe/icka3aHo CyIIeCTBOBAHHUE TSHKENBIX 3apsDKEHHBIX 00-
30H08 W, W™ u Heiitpanssoro 6030Ha Z°, 06MeH KOTOPBIMH 00-
ycnaBiuBaeT cinaboe B3aumozeincTsue. llomyueHHble B 3Kcnepu-
MeHTax 0030HBI ¢ MaccaMy, OJIU3KUMH K PACUETHBIM, OBLIN OTOXK-
necteiens ¢ W, W-6ozonamu (81 I'>B) u Z°-6030H0M (93 I'3B).

Teopust BBOIUT Takke 0E3MaccoBOE BEKTOPHOE IOJE, OTOXK-
JIECTBISIEMOE C JIEKTPOMATHUTHBIM TIOJIEM.

Kpome Toro, cuutaercsi, UTo 4acTHIIbI IPHOOPETAIOT MacCy Ye-
pe3 B3auMOJIENCTBHE ¢ TIoeM Xurrca. KBanTaMu mosst cCauTaroTes
0030HBI XHUTTCA C HYJIIEBBIM CIIMHOM M Maccoi Oombire 5 [B.

MoskHo ckazaTb, yto Crangaptaas Mopenb, 00beAMHUB HIICK-
TPOMarHuTHOE U ciaboe B3aMMOJCHCTBUS B €IMHOE DJIEKTPOCIIa-
0oe, ycrpemiieHa Kk Bennkomy OObEIMHEHHIO BCEX B3aUMOJICH-
CTBHI — 3aBETHOH Me4Te BCeX (PH3UKOB.

ITpoBepUTh 3KCIIEPUMEHTAIBHO 3TO CIOKHOE TEOPETHUYECKOE
MOCTPOEHHE HE YIAI0Ch, TaK KaK 0030HBI XUITCa B 1JAOOPaTOPHBIX
YCIIOBUSIX MOKA HE TONTyueHbl. UTo e KacaeTcs MPUHIUIHAATBHON
CTOPOHBI BOITPOCA, TO 3Ta BeCcbMa (popMalin3oBaHHast TEOPHUS OYCHb
HAIIOMHUHAET UCTOPHIO C MMUOHAMHM, KOTOPBIE KOTJ]A-TO paccMaTpH-
BAJIUCh B Kau€CTBE MEPEHOCUUKOB SAEPHBIX cuil. Temepsb 00 3Toi
HCTOPUH BCIIOMUHAIOT BCE PEXKE.

[IpeacrasisieTcst BeCbMa MaJOBEPOSTHBIM CaMOIIPOU3BOIBHOE
MOSIBJICHUE YacTUL (BUPTYaJbHBIX KaJIMOPOBOYHBIX OO30HOB) C
OTPOMHBIMH SHEPTHUSIMH, B COTHIO Pa3 MPEBIIIAIIIUMH MaCChl HY-
KIJIOHOB, HECMOTPSI Ha TO, YTO KaK pPa3 COIMTOHHOE MPE/ICTaBICHHE
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00 2JIEMEHTapHBIX YacTUIAX HE UCKIIIOYaeT BO3MOXKHOCTH Mare-
pHaTH3aIry YacTHI B MHTEP()EPEHIIMOHHBIX TYYHOCTSX MPOIOIb-
HBIX BOJIH, 3aIOJIHAIOIINX BCE IIPOCTPAHCTBO.

Hocwut nu cmtaboe B3auMoielicTBHE CTyNeHUaThIi Xapakrep?

Kak MBI BuzenH, MpoIecchl B3aWMHOM IMEpPEeKauKd SHEPruu
MEXJly 4acTHUI[aMH B IIPOLIECCE MX B3aUMOIPEBpAILEHHUs MO pa3-
HBIM MPHUYUHAM MOTYT OBITH 3aTpyJHCHBI (M3-32 OONBINON pa3HU-
IIbI WJIM HECOBMECTHUMOCTH B YacTOTaX, M3-3a MEXaHM3Ma CIabon
OIIOCPEIOBAHHON CBS3M uepe3 OCLWUIALUY, JIMOO TO M Ipyroe
BMECTE, KaK B CiIydae MPOTOHA, HEWTpOoHa U 371eKTpoHa). OqHaKo B
TaKMX peakUusaX, Hapsay C JUINTEIBbHBIMH MPOLIECCAMH, HEPEIKO
NPUCYTCTBYIOT M Oosee ObICTpble B3aumoneiicTBusi. Hampumep,
IIPYU paclaje HEUTPOHA Ha IPOTOH, JIEKTPOH U aHTUHEHUTPUHO OJ1-
HOBPEMEHHO HJIyT MPOIECCHI C Pa3HBIMUA CKOPOCTSIMH (HEHTPOH U
MIPOTOH CBSI3aHBI APYT C JPYTOM CHUJIbHEE, YEM C IEKTPOHOM).

BenenctBre Takol pa3HHLBI B CKOPOCTSX MPOIECCOB MEPEKay-
KM DHEpPrHM, PEaklU{ B3aWMOIPEBPALEHUS] YacTHL, OYEBHUHO,
MOTYT CONpPOBOXKAATbCS 00pa30BaHUEM MPOMEKYTOUHBIX YaACTHIL
— “BpeMEeHHBIX XpPaHWUJIHIL YHEPTHH .

Ho u3 sTOrO OTHIOND HE CIEMyeT, YTO 0Opa3yIoNuecs: TaKUM
00pa3oM NPOMEKYTOUHbIE YACTHULBI SBISIOTCS IEPEHOCUHMKAMHU
B3aMMOACHCTBHA OOMEHHOTO XapakTepa, XOTs PeakluH MpHU 3TOM
OyayT, IEHCTBUTEIBHO, CTYIICHYATHIMU.

Bo3sBparasice k mpobiemMe aHHUTWISIIIMKA BEIIEeCTBa, CIEIyeT
3aMETUTh, YTO NPUHLUI 00Pa30BaHUS POMEKYTOUHBIX ‘‘UaCTUII-
XPaHWIMIL  MOXKHO HCIOJIb30BaTh IPH IUIAHUPOBAHMU COOTBET-
CTBYIOILUX KCIIEPUMEHTOB.

ChopmynupyeM MpeAnoCbUIKH AJsl YCIEIHOTO OCYIIECTRIIe-
HUS PEAKIMKM aHHUTUIISIUY BEIleCTBa.

1. meroTcs TeopeTHdecKre OCHOBAHMA T0JIaraTh, YTO 3aKOH
COXpaHEHUs] OAPHMOHHOTO YUCJIA HE SABJISIETCS] CTPOTUM, TAKKE KaK
Y yKa3aHHUs Ha BO3MOXKHOCTh HAapyLICHHs TaK HAa3bIBAEMBIX CTPO-
TUX 3aKOHOB cOXpaHeHus kBaHTOBBIX uucen. (Okynp JI.B. Jlento-
HbI 1 KBapku. M.: Hayka, 1981.).

2. Hamuune 4dYacTOTBI, JAOMUHHPYIOUIEH B MHUKPOMHUpPE
(1,60-1023 T'), co3zraeT yca0BUs ISl OCYIIECTBICHUS HHULIMUPY-
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eMBIX STHMHU KOJEeOaHMSMHU PE30HAaHCHBIX IporeccoB. K Takoro
poza TmpolieccaM MOXXHO OTHECTH pacriaj Ha (OTOHBI psia Me30-
HOB, MacChl KOTOPBIX KPaTHBI WM COM3MEpPUMEI ¢ 332 M»aB.

3. Maccel npoTOHOB ¥ HEUTPOHOB Bcero B 1,06 pa3a MeHbIIe
pesonaHcHO# macchl (332 x 3 = 996 M»aB), To ecTh, MacChl COOT-
BETCTBYIOLIEH JOMUHUpYIOIEH B MUKpomupe dacTtore (I'UB).

4. IlpoTOH 1 HEUTPOH, UCXOAS U3 OCHOBHOTO (03 yuyeTa MajbIx
BOJIH — apOMAaroB) COTUTOHHOTO CTPOCHHUS, SIBISAIOTCS aHTHYACTH-
[IaM¥ TI0 OTHOMICHHUIO JIPYT K APYTY M, TAKUM 00pa3oM, IPH OIpe-
JIEJICHHBIX YCIOBUSAX B COBOKYITHOCTH C JIPYTHMH YaCTHUI[AMH MO-
TyT aHHUTWIUPOBATh.

5. IlpomexyTouHble “dacTUIBI-XpAaHWINIIA® MOXKHO paccMa-
TPUBATh B KaU€CTBE MOCPETHUKOB MEX]Ty HCUE3AI0IINMHU YacTHUIIA-
MU ¥ TTOSBIISIONINMHUCS B PE3yJbTaTe B3aNMOACHCTBIS HOBBIMH Ya-
cturamMu. IMEHHO ATOT IPUHITUT JaeT BO3MOKHOCTH CBS3aTh MEXK-
Ity cobolt 1 ipeoOpa3oBaTh, Ka3anoch Obl, HECOBMECTUMBIE CHUCTE-
MBI YaCTHII.

Bo3MOXXHOCTh HapylICHUs] 3aKOHA COXpaHEHHs OapHUOHHOTO
qrciaa 00yCIOBJICHA, B YACTHOCTH, TEM, YTO CHCTEMA HECKOJIBKHX
B3aMO/IEHCTBYIOIIMX MeKAY co00i yacTull sIBJseTCsl, CTPOTro
roBOPS, y’Ke HEKOTOPHIM HOBBIM 00bEKTOM, a He IIPOCTOM CyM-
MO¥i BXOAAIINX B Hero yacTuil. Eciu jxe cymmapHasi Macca Tako-
ro o0beKTa ¢ OOLIMM HYJEBBIM 3apsiioM OKakeTcst kpatHoi [UB,
TO OH MOXET IPeo0pazoBaThCs B aHAJIOT HEUTPAIBHOTO MPOMEXKY-
TOYHOTO 0030HA C Pe30HAHCHON MacCOM, KOTOPBIM HEN30EKHO pac-
najzeTcs Ha OTOHBI, TOAOOHO TOMY, KaK BOSHUKAET BEIHY)K/IEHHOE
M3ITydeHHe B Jiazepax.

[Tomyuenue oO1Iel pe30HAHCHOM MaCcChl CUCTEMBI YACTHII BO3-
MOXHO HECKOJBKUMH cliocobamu. B kadecTBe mpUMEpOB MOKHO
MIPUBECTH CUCTEMBI YACTHII, BKIIOYAIONIUE B ce€Osl MPOTOH, HE-
TPOH, SNEKTPOH M TO-ME30H, WM TPOTOH, HEUTPOH U T -ME30H.
[IpoToH 1 HEUTPOH MOTYT HAXOJUTHCS B COCTaBE SApa aToMa, U To-
ATOMY PE30HAHCHAsS PEAKIIHsI B 3TOM ciydae Oy/eT sSAepHON.

bmmxkaiimmas pe3oHaHCHas Macca A Mapbl MIPOTOH-HEHTPOH
MIPEBBIIIAET PEATBHYIO MAacCy 3TON Mapbl YaCTHI] MPUOIU3UTETHHO
Ha 114 M»aB (332 x 6 - 939,57 - 938,28). YuutsIBas, 4To cymmap-
Hast Macca T-M€30Ha U HIEKTPOHA COCTaBJISAET MPHOIM3UTEIHHO

135,5 MaB (134,96 + 0,511), nony4aeM u30bITOK MacChl CUCTEMBI
BCEX JTHUX YaCTUIl HAJ[ pPE30HAHCHOH, paBHEIN 21,5 M»aB. YacTs
ATOTO M30BITKA OyZIeT M3pacxojoBaHa Ha TIOKPHITHE medekTa mac-
ChbI IPOTOHOB U HEUTPOHOB B COCTABE sIJIPa aTOMa, KOTOPBII AJIs ca-
MBIX TPOYHBIX AP COCTaBIsIET OKoso 8 M»B/HYKIIOH, TO ecTb,
okosio 16 MaB Ha napy nporos-HeiiTpoH. Ocrasiuecs 5,5 M»>B
MOTYT OBITh paccesiHbl U3JIyuYeHHEM HEUTPHUHO U (DOTOHOB.

Pacuernas 3pekTUBHOCTh peakiuy OIpesessieTcss OTHOIIIe-
HHUEM IOJIy4€HHOH SHEpPTuu B pe3ybTare aHHUTWIALUN CUCTEMBI
YacTHUI] K BeJIMUMHE YHEPTUH, 3aTPadeHHON Ha TOCTHKEHHUE PE30-
HAHCHOM Macchl (Hanpumep, Ha nonaydenue tO-me30Ha). Dhdex-
TUBHOCTh PE30HAHCHOW PEaKIUU MOXXHO MPUONMKEHHO OICHUTDH
OTHOILIEHUEM PE30HAHCHOM aHHUTMJIMPYIOUIEH Macchbl K HEMO-
CTAIOIIEeH SHEPTHH JIJIs TTapbl MPOTOH-HEHUTPOH:

332x 6/ 114 =17,47 (pa3).

Heunb3s Taxoke HCKII09aTh BO3MOXKHOCTB JJABUHOOOPa3HOro pa-
3BUTHS PEAKLUH BBUY OOJBILION BBHICBOOOXKAAIOLICHCS SHEPTUH,
BBITIOJIHSIOIIEH POJib CBOCOOpa3Hoi "Hakauku'", u 3pdekTa, cXo/-
HOTO C BBIHYKJCHHBIM H3JIy4€HHEM B Jla3zepax, U3-3a MPUCYTCTBUS
B MUKPOMHPE MOIIHON JOMUHUPYIOLIEH 4acTOThl — IJIABHOM 4a-
ctoTsl Beenennoit 332 MaB.

B 3akimroueHne MOXKHO CKas3aTh, 4TO OOHapyXeHHasl yCJOB-
HOCTD JICJIEHUS Ha BELLECTBO U AHTUBELECTBO U AK€ UX aCUMMe-
TPUYHOE COCYIIECTBOBAaHHE B OKPY’KAIOLIEM MHUpE, 1al0T OCHOBa-
HUS U ONTUMH3Ma. BrioiHe Bo3MoXkHO, uTO rie-HuOyas Bo Bee-
JICHHOM CYILECTBYIOT yCJIOBUS, IPU KOTOPBIX MPOUCXOIST PEAKLIUH
QHHUTWIISIIMY BeuiecTBa. He 00 3TOM JIn CBUAETENBCTBYIOT B3pbI-
BBl KOJIOCCAJIbHOM MOILHOCTH, BpeMsl OT BpeMEHH HaOIroJacMble
acTpOHOMaMHM B JAJIEKUX MPOCTOpax Kocmoca?

Bo3moxxHO 711 B 1a00paTOPHBIX YCIOBUSX MPEOJ0NETh aCUM-
MeTpuio cTpoeHus Matepun? Kaxymasics paHTacTHuecKkoil 3aqaqa
MOJTy4EHUs SHEPTUU HENOCPEICTBEHHO U3 BEIIECTBA MOXKET OKa3a-
TBCSI peaibHO BBIIOJIHUMOM. Bo BesikoM citydae, Hasl 3TUM I'paHIu-
O3HBIM ITPOEKTOM HMEET CMBICII MTOlyMaTh!
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9Heprml N KBAHTOBafA TCOPHUHA

B mpenpiaymiem paszuesne ObUTH pacCMOTPEHBI PHUHITHITHI CTPO-
€HHs BEIECTBA M COOTBETCTBYIOIIHME BO3MOKHOCTH ITONyYEHUS
SHEPI'HH U3 TIEPBBIX JABYX Han0OJIee MOIIHBIX YPOBHEH 3alleraHusl.

Uro kacaeTcsi caMoro riry0OKOTO — IepBOro YPOBHS (aHHUTH-
JISIUSL BEIIECTBA), TO €ro pa3paboTka, pakTHUUYECKH, elle He HadK-
HaJach U, OUYEBUIHO, COTIPSIKEHA C OOJIBIIIMMHU TPYIHOCTSIMH U 3aT-
patamu (MokeT OBITh U Oecrione3usiMu! ). [Ipu Beeit 3amMaHunBOCTH
TaKoTO pojia MPOEKTOB, WX MPUHATO OTHOCUTH K paspsay PHCKO-
BaHHBIX U JIOJIITOCPOYHBIX.

Bropoii ypoBeHb (siiepHBIE PeaKIlMK), KaK YK€ OTMEYajaoch,
MOYKHO CUHUTATh YaCTHYHO OCBOCHHBIM, TaK KaK aTOMHBIC 3JICKTPO-
CTaHIINH, NCTIOIB3YIONIUE PEAKIUU ACTEHIS TSHKEIBIX SAep, BIOI-
He yCIenHo paboTaroT BO MHOTHX cTpaHax mupa. Ho nanbHeiiiee
pa3BUTHE aTOMHOW JHEPTeTHKH CICPKUBACTCS OIMACHOCTHIO pa-
JINOAKTUBHOTO 3apa)KCHUS OKPYKAFOIIEH CPeIbl.

UYepHoObLIbCKas KaTacTpoda U JAPyrue aBapuu ¢ BIOpOcaMu
pajraliii B OKPYKAIOIIYIO CPEY, IEPUOANYCCKU MPOUCXOTUBIIIHIE
Ha ADC B pa3HBIX CTpaHax, MPOOIEMBI ¢ 3aXOPOHEHUEM PaTHOAK-
THUBHBIX OTXOZIOB, YTP03a TEPPOPUCTHUECKHUX aKTOB C OYEBHTHBIMU
y’KacarolUMH TOCIEACTBUSIMA — BCE JTO HAcTpauBaeT oOIe-
CTBEHHOCTH MPOTUB CTPOUTENbCTBA HOBBIX ADC.
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Ha sTom (hoHe cymiecTBeHHBIM TPEUMYIIECTBOM PEaKIHii CHH-
TE3a JICTKUX AA€p ABJIACTCA TO, UTO OHU HC IMPUBOJAT K paMOaK-
THBHOMY 3arpsi3HEHUIO0 OKpykaromed cpeapl. Ja u addekTus-
HOCTh ATHX pEakIuii BO MHOTO pa3 Bhimie. OHAKO MPAKTHYECKOe
OCYIIECTBIIEHUE TPOEKTOB YHEPIreTHUYECKUX YCTAHOBOK SIICPHOTO
CUHTE3a 3aTsSHYI0Ch HA MHOTHUE JISCATHIICTUSI U HATOJIKHYJIOCh Ha
TUTaHTCKUEC TCXHUYCCKUEC TPYAHOCTHU.

IIosTOMy €1MHCTBEHHON peanibHOW BO3MOXKHOCTBIO Ha CErojl-
HAITHAN I€Hb YIOBJIETBOPUTH BCE BO3PACTAIOIINE SHEPTETHUECKIE
MOTPEOHOCTH YEIIOBEUECTBA BCE €Il OCTAeTCs JalibHeHIee wc-
MOJIb30BaHKE TPEThEro YPOBHS 3aJieTaHusl YHEPTHH, B OCHOBE KO-
TOPOTO JISKUT MEPECTPOIKA HEKTPOHHBIX 000JI0YEK aTOMOB, ITPO-
ucxogsaumiadg npyu XUMHYCCKUX PCAKIUAX. dakTHn4yecKu peub UACT
00 yBETMYCHHUH JOOBIYN U COKUTAHMSI TOTLIHBA.

Bripouem, 3TOT caMblif IOCTYIIHBIN ypPOBEHb 3aJIeTaHUs SHEP-
THH SIBIISIETCS] OMHOBPEMEHHO M CaMbIM MaIod(PPEeKTHBHBIM.

Ec/in CTOYHUK IHEPTruu, CBSI3aHHBIN C MEPBHIM YPOBHEM
3ajieraHusl JHePruM (AHHUTWISIHS BeIIeCTBA), MOXKET AaTh
HecKobKo mouicay Mr>B Ha KaxIblil HCMOJIb30BAHHBIM aTOM, a
HCTOYHUK, CBSI3AHHBIN CO BTOPHIM YPOBHeM (siiepHbIE peak-
) — edunuyst M3>B, TO UCTOYHUK SHEPIruH, CBSA3AHHBIN ¢
TPeTbUM YPOBHeM (XMMHMYECKHE peaKlMHu), JaeT BCero Hec-
KOJIBKO eOunuy 7B Ha oIMH aTOM HCIO/Ib30BAHHOIO BelllecTBAa.

DTUM 0OCTOSTEIHLCTBOM OIMPEIACIIIETCS HEOOXOIUMOCTD CHKH-
TraHUA KOJIOCCAJIBHOT'O KOJIMYECTBA TOIUIMBA, YTO IMPUBOAUT K ObI-
CTPOMY HCTOIICHHIO €ro 3aacoB M BO3PACTAIOIIMM TEeMITaM 3a-
TPSI3HEHHS OKPYKAOIIEH CPEeIbl.

Hanpumep, npu c:kuraHum yriisi Ha Ka:KIblil HCTPaYeHHbII
aToM yriiepoaa BeieisieTcss MeHee 4 3B anepruu! [Ipu s3tom u3
arMocQepsl 3abupaercst 6oiee YeM B J1Ba ¢ MOJOBUHOM paza 00ib-
e Kucioposa (1o Becy) U BhIJeNsIeTcs 0ojiee, 4eM B TPH C MOJI0-
BHHOW pa3a 0oJblle YIIIEKHUCIIOTO Ta3a.

AJIbTepHATHBHBIE HCTOYHUKH YHEPTruu (PHEPTUS COITHEYHO-
TO CBETa, BETPa, MOPCKOTO MPHOOS, TEOTEPMAaIbHBIX UCTOYHHUKOB)
BO MHOTHX CJIyd4asiX OKa3bIBaIOTCS BEChMa IIOJIC3HBIMH, HO HE
0071a1a10T HEOOXOAMMONW MOIIHOCTBIO M CTaOMIBHOCTBIO, YTOOBI
3aMCHUTH TPAJTUIIUOHHBIC METOABI ITOJTYYCHUA DHCPIUU.
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['me xe BbIXONM M3 3TOH MapagokcanbHON cutyaruu? Ham He
XBaTaeT YHEPTUU B MUPE, COCTOSIIEM U3 dHEpruu!

[IpoBeneHHbII KpaTKuit 0030p COCTOSHUS MPOOIIEMBI CO BCEH
O4YEeBUIHOCTHIO ITOKA3bIBAET, UTO €€ CIEAYET PeliaTh “He B 100, a B
00Xon1”, TO €CThb, HOMBITATHCSI HAUTH (PU3HUECKUE MEXaHU3MBI, KO-
TOpbIe Obl OTKPBUIM HOBBIE MYTH K HEHCUYEPIAEMBIM KJIaJIOBBIM
sHepruu. [loucky Takux HOBBIX MOJXOMOB OYIyT MOCBSIICHBI 3TOT
Y TIOCIIEAYIOIINE Pa3iebl.

PaccMoTpeB cTpoeHHE JIEMEHTapHBIX YacTHll, CIEJIaeM Clle-
IYIOUIMH MIar ¥ NpoaHanu3upyeM GU3N4ecKue MEXaHU3MBbl, JIe)Ka-
1I1ie B OCHOBE CBOMCTB MHKPOMHpa — KBaHTOBOH Teopuu. Peun
NOJi/ieT 0 BOJTHOBBIX CBOMCTBAX YaCTHI U BePOSITHOCTHOM Xa-
paKTepe UX ABUKEHUS.

“Muctrndeckne” CBOMCTBA MUKPOYACTHI] BEIIECTBA, KaK MTOKa-
3aHO B paborax [1, 2], 0OBACHAIOTCS MOBOILHO TpocTo. [lemo B
TOM, YTO B3aUMOJICHCTBHE IEKTPOMArHUTHBIX KOJIeOaTeIbHbIX CU-
CTEM, KaKOBBIMH SIBJIIOTCS 3JIEMEHTAPHBIE YACTUIIBI, OUEHb HAIO-
MHUHAET TIOBE/ICHHE CBI3aHHBIX MEXKIY COOOH MasTHHKOB.

OTOT MpOCTEHIINH HKCIEPUMEHT 3HAKOM KaXKIOMY e€Ile CO
IIKOJIBHBIX YPOKOB (hM3uKH. [[Ba MasTHUKA C OJM3KUMHU COOCTBEH-
HBIMH 4aCTOTaMH{ (IIOYTH OAMHAKOBOW [UIMHBI) HOABEMIMBAIOT HA
OJTHOW TOPU3OHTAIBHO HATSHYTON HUTH (puc. 11) i HabmomaroT 3a
UX B3aUMOJIEMCTBHEM APYT C APYTOM.

~7
Puc. 11. B3aumoneicTBre TBYX MasiTHUKOB C OJIM3KHUMH COOCTBEHHBIMH
YaCcTOTaMU KoyieOaHuH (HayaabHbIA MOMEHT).
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Ecnu ogyH 13 MasTHUKOB MEPBOHAYAIbHO HEMOJBUKEH, a APY-
roMy cooOIaeTcs HEeKOTOpas HadaldbHas aMIUINTya KoJieOaHWid,
TO TIPH OTIPEEIIEHHONW BEIMYMHE CBSI3M MEXIy MasTHHUKaMH (4e-
pe3 HUTh, Ha KOTOPOI OHM TIOABEIIEHBI) B HEKOTOPBIA MOMEHT Bpe-
MEHHU DHEpPrus KoJeOaHWid BTOPOTO MAasATHHUKA OKAKETCS ITOITHO-
CTBIO TIEpEKaYaHHOW B KojeOaHMs MEPBOTO MasiTHHKA. To ecTb,
BTOPOI MasTHUK TIOJIHOCTBIO OCT@HOBHUTCS, a aMIUIUTY/a KojeOa-
HUH TIepBOTO MasTHUKA JOCTUTHET MaKCHUMyMa.

ITorom mpormecc OymeT MeprHOANYECKH MOBTOPATHCS — JHEP-
TS KoyieOaHuii Oy/IeT MOTHOCTHIO MePEKaYNBaTHLCS TO B OFH, TO B
JIpyroil MasgTHUK MOMEPEMEHHO.

Hanpasnenue nepekadku 3HEPIHH MeX/1y MasTHHKaMU 3aBH-
CHUT OT OTHOCHTEJIbHOM (ha3sl X Koyiebanuii. B cBoro ouepeip, cko-
pPOCTh U3MEHEHHS TOM OTHOCHTENbHOU (ha3bl 3aBUCUT OT Pa3HO-
CTH 4acCTOT MasATHUKOB. [103TOMy HampaBiieHHE MEPEKAUYKH IHEP-
THH MEHSETCS IEPUOTUIECKH (C Pa3HOCTHOM YaCTOTOM), UTO U CO3-
naet 3QQexT “OneHuss” ByX B3aUMOACHUCTBYIOIIUX YaCTOT.

DaKTHUECKH ITO H €CTh MPUHIMI B3aNMOA el CTBUSA YacTHII,
ONMUCHIBAEMbIii KBAHTOBOH MeXaHUKO!

JBmkyniascs yacTriia IMeeT HECKOIBKO OOJBIIYIO SHEPTHIO U
YacTOTY, YEM B HEMOABMKHOM cocTosiHuM [1]. TloaTomMy Bo3HUKaeT
ONHUCAHHBIA TOJIBKO YTO MPOLIECC B3aUMHOM NEPEKayKU SHEPruu
MEXJly IBHXKYILIEHCS U OKPY>KAIOIUMH €€ HEMOBM)KHBIMY YacTH-
namu. Ilponeccom B3amMoaelcTBUs ompeesisieTcsi, B YaCTHO-
CTH, IJIMHA BOJIHBI e bpoiuia nBuKynerocs 3jeKTpoHa (pas-
HOCTBI0 YACTOT B3aUMOACHCTBYIOIIMX JJIEKTPOHOB), a He Xa-
PAKTEPUCTHKAMHM CAMOI0 JIBUKYLIEr0ocs 3JIeKTPOHA BHE B3au-
MOJIeiicTBHS ¢ APYTUMHU JIEKTPOHAMHU.

Ecnu paznenuts CKOpOCTh ABMKEHHS 3JIEKTPOHA HA YKa3aH-
HYI0 Pa3HOCTh YacTOT, TO MOJIYYHUTCS U3BECTHOE BhIpaMKeHHe s
JUTMHBI BOJTHBI e Bpoiias A = h/p, onuckiBatolee 3aBUCHMOCTh
OT UMITYJIbCa JABWKYIIEHCS dacTuilel p (h - mocrostaHas [lnanka).
[ToaTomMy KBaHTOBO-MeXaHWYecKass (YHKIUS ABMDKYIIETOCS DIIEK-
TPOHA OTHCHIBAET IMPOIIECC MEPEKAYKH YHEPTHUU (a, CleaoBaTeih-
HO, Macchl!) 2IeKTpoHa. 3aMETHM, YTO MBI CIIEIIMAIBHO HE 3arpo-
MOXKJIaeM H3JI0KeHue popMmyaaMu (OHU MPUBEACHBI B [2]), 4TOOBI
VAETUTH OOJIbIIe BHUMAHUS (PU3NUECKON CYITHOCTH SIBICHHU.
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Taxum 06pazoM, BOJIHOBbIE CBOIICTBA CBA3AHBI C H3MEHEHHU-
eM ¢a3pl B3aMMHOM NepeKauyKy SJHePTUH MexK1y YacTHIIaMM.

B peanpHOCTH B3anMOEHCTBHE TIPOUCXOANUT HE MEXTY ABYMS
OTJeNbHBIMH YaCTUIIAMH, a CPa3y MEXKIY OTPOMHBIM KOJTHYECTBOM
yactull. [Ipu 3TOM poItk HUTOUEK, Yepe3 KOTOPHIE OCYIIECTRISIETCS
B3alMOJICHCTBUE, BBINOJIHIIOT BHELIHHE INEPEMEHHBbIE IO 4Ya-
CTHI, @ MasiTHUKaMH SIBJISIFOTCSI UX BHYTPEHHHE 3JIEKTPOMArHUT-
HbIe Kosebanus. VIMeHHO Tak B3aMMOAEHCTBYIOT COTUTOHBI, CBOM-
CTBa KOTOPBIX PACCMOTPEHBI B IPEABIAYIIHNX Pa3Ienax.

Hanpumep, npu ABMKEHUH JIEKTPOHA OTHOCUTEIBHO Audpak-
LMOHHBIX PEHICTOK WM KPUCTAJUIOB BO3HHUKAIOT HAIIPABJICHUS, B
KOTOPBIX (ha3bl B3aMMOJCHCTBUSI (IIEPEKAYKU SHEPTHH!) COBMaa-
FOT OJHOBPEMEHHO JJIs1 OOJIBIIIOTO KOJMYECTBA HIEKTPOHOB.

B anekTpoHbI pelieTky B KaKoW-TO MOMEHT OKa3bIBaeTCs Tepe-
Ka4aHHOW (YaCTHYHO WJIA TIOJHOCTBIO) DHEPTHs IABMKYIIETOCS
2JIEKTPOHA. MOYKHO CKa3aTh, YTO 3TH JIEKTPOHBI IEPEXOAT B BO3-
OyxneHHoe (BHyTpeHHee!) COCTOsTHHE.

OnHako T1000# CONMTOH, KaK MbI 3HAEM, CTPEMHUTCS K paBHO-
BECHOU COOCTBEHHOI SHEPTHH, M TTOATOMY BO30OYXKICHHBIC DJICK-
TPOHBI, B CBOIO OYepeab, OCBOOOKIAIOTCS OT M30BITOUHOM dHEP-
T'HH, CTAHOBSICh CBOCOOPA3HBIMHU PETPAHCISTOPAMH.

Yro sxe Oyner nanpme? Tak Kak 3JIEKTPOHBI-PETPAHCIATOPHI
PacroNoKeHbl B YHOPSAAOUYEHHONW CTPYKType, TO Tepensiydaemas
MU SHeprust ChOKyCUpyeTcs U MaTepruaIn3yeTcsi B OTHOM U3 MH-
TephepeHITMOHHBIX MAaKCUMyMOB!

N3-3a mocTossHHO TPOMCXOMAIIET0 OOMEHa SHEpTUel ¢ IpyTh-
MU 3JIEKTPOHAMH CaMO ITOHITHE JABMXKEHUS JIEKTPOHA CTAHOBUTCS
YCIIOBHBIM, TaK KaK OH «IIepeKayrBaeTCs» U3 OAHOTO MecTa B Apy-
roe, U «IOMOTAIOT» EMY B 3TOM OKPYIKalOIINEe IEKTPOHBI.

DTOT mporecc B KBAHTOBOW MEXaHHKE OMHMCHIBACTCS Ha S3BIKE
aMIUTATYZl BEPOSTHOCTEH W HAaIISIIHO PAcCMOTpPEH, Harpumep,
B pabote P. ®eitamana [9].

B ocHoBe uHTEp(epeHIMOHHBIX MPOLIECCOB Ha CaMOM Jelle,
Kak Mbl BUANM, JISKUT B3aUMHasl NepeKauka SHEPIUH MEXKIY BCe-
MU niekTpoHaMu. Kpome Toro, kaxjaas Touka MPOCTPAHCTBA IO-
TEHIIMAITEHO MOXET OBITH PE30HATOPOM, TO €CTh, B HEH MOXKET 00-
Pa30BaThCs AMEKTPOMArHUTHBIA COJIMTOH B 3aBUCHMOCTH OT CKJIa-
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JIBIBAIOIIMXCA YCIIOBUM. B Takom ciydae JBHKYLIUHCA 3JIEKTPOH
MOJTHOCTBIO OT/IA€T CBOIO YHEPTHIO AIIEKTPOHAM-PETPAHCIATOPaM
U TIepEKaunBaACTCSI B COBEPIICHHO Apyroe MecTo (puc. 12).

KBaHTOBas Teopwsi, ONMMCHIBas TBUKEHHE DIIEKTPOHA, YTBEP-
JKIAET, YTO AIIEKTPOH, HAXOMSIIUICS B KAKOW-TO TOUKE, B CIIEIYIO-
Il MOMEHT BPEMEHH MOXKET OKa3aThCsl C OMPEICICHHON BEPOAT-
HOCTBIO B JIFOOOH TOUKE MpocTpaHcTBa. Tenepb HaM CTayo SICHO,
KaKiM 00pa3oM MPOHMCXOMT TEJETIOPTAIHS JIEKTPOHA!

Ho MBI HE OTBeTHIIM Ha MMPUHIMITHATHHO BaKHBIA BOIIPOC: Ka-
KM 00pa3oM 3JIEKTPOH “‘BBIOMpaeT” Cpeau MHOKECTBA MHTEpde-
PEHUMOHHBIX MAKCUMYMOB B KaKOM U3 HUX OH JIOJDKEH ‘‘Marepua-
JIU30BaThCS” B pe3yJibTare Telenoprauuu?

[leno B TOM, YTO MaTepuanHu3anys dIEKTPOHA MOXKET Ha4aThCs
Jlake B HECKOJIBKUX MHTEPPEPEHITMOHHBIX MaKCHMyMaXx OJHOBpE-
MEHHO. PemarommM 00CTOSTETLCTBOM B ATHX YCIIOBHUSX SBISAETCS
CTpeMJIeHHE JTI000TO COJIMTOHA K PaBHOBECHOM sHepruu. [loatomy
B Mpolecce KOHKYPeHINH, B JIOOOM cliydae, MOKeT NMOOeINTh
TOJAbKO OIMH M3 HAPOKIAIOLIMXCHA COJMTOHOB, a KOHKPETHOE
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Puc. 12. Tenenoprauus 31eKTpoHa.

JIBWOKyIHIACS 3JEKTPOH “TiepeKayrBaeTcs” B MEPHOIUYECKYIO CTPYKTYpY U
MaTepHaIN3yeTCsl B OJJHOM M3 HHTEP(PEPESHIIMOHHBIX MAKCHMYMOB.
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MECTO MaTepHau3alK OIpeeNseTCs OIPOMHBIM KOJIMYECTBOM
MTOCTOSTHHO HM3MEHSIOIINXCS BO BPEMEHM BHEIIHUX (DaKTOPOB U
MHOT'OCTYIEHYAThIM [IPOLECCOM MEPEU3ITYUCHHS SJHEPIUU.

BsaumopnetictBue (OoTOHA C ITEKTPOHAMHU MTPOUCXOIMUT aHAJIO-
TMYHBIM 00pa3oM, Tak Kak MPOJOJIbHBIE BOJIHBI 3JEKTPOHOB MpO-
HU3BIBAIOT BCE MPOCTPAHCTBO, 0OECIeunBas repeaady dHEpriuu OT
(hoTOHA K IIEKTPOHAM U €€ JAIbHEUITyI0 peTpancisnuio. [1o3T1o-
My ¥ KBaHTOBO-MEXaHMYECKHE 3aKOHOMEPHOCTH sl (DOTOHA OKa-
3BIBAIOTCSI BO MHOTOM MOXOKHUMU.

YeM ke MOTYT OBITH MOJE3HBI 3TH 3aKOHOMEPHOCTH?

CaMplii Ba)KHBIM BBIBOJ 3aKJIIOUAaeTCs B TOM, YTO BOJIHOBbIE
CBOMCTBA MMKPO4YACTHIl BellleCTBA U BEPOSATHOCTHLIN Xapak-
Tep HUX JABM:KEHHUSI BbI3BaHbI NpoleccaMu Ipeodpa3oBaHHUS
JHEPIHH, MPONCXOASIIIMHA B MUKPOMHpe.

MBI OHSUTN SHEPTeTUYECKUI CMBICII KBAHTOBOW MEXaHUKH!

Oka3zajioch, YTO MOXKHO ‘“pacrakoBaTh’, TPAHCIIOPTHUPOBATH U
BHOBb MaT€pUAIM30BaTh ‘‘3aKOHCEPBUPOBAHHYIO SHEPIUIO BEIlE-
cTBa. B ToM U 3aKkitouaeTcs IEeHHOCTh HOBOTO 3HAHUS, YTO OHO OT-
KpBIBa€T HOBbIE BO3MOKHOCTH JIJISi OCMBICIIEHHOTO ITOMCKA.

PA3JIEJ 6

JHeprus 003e-KOHJAeHcCATA

OHeprus, 3aKiIIOUYeHHast B BEIIECTBE, HEMOCTYIHA IS HEIo-
CPEICTBEHHOTO HCIIOJIb30BaHUs, MO0OHO TOMY, KaK AJIEKTpoMar-
HUTHBIC CUTHAJbl PAJIMOCTAHIINN HE MOTYT OBITH YCIBIIIAHBI Oe3
WX MPEBAPUTEIHLHON 00pabOTKH B PaIUOIIPUEMHUKE.

OrpoMHYy0 4aCTOTY PaJIMOBOJIH HEOOXOIUMO TIOHU3UTH JI0 3BY-
KOBOTO /IMana3oHa, COXPAaHUB TOJIE3HYI0 WH()OPMAIHIO, U TOIBKO
MTOTOM CHUTHAJI MOXET OBITh HAIPaBJIeH B JUHAMHUKHU.

DOra aHaJOTHs BeChMa IOKa3aTeNlbHa, TaK KaK 3JIeKTPOMAarHHUT-
HbIC KOJIeOaHUS MUKPOMHpPA, KaK MBI BHJIEIH, XapaKTCPU3YIOTCS
KOJIOCCAJTbHBIMU yacToTaMu: [ 1aBHas yactota Beenennoit (yacto-
Ta HyKJIOHOB) TIpuMepHO paBHa 1,60-1023 I'1y, a uactora »1eKTpo-
HOB paBHa 2,47-1020 T'u. JlononHuTeIbHAS TPYJAHOCTH COCTOMT B
TOM, YTO DHEPTHUS BEMIECTBA pa3fpoOJieHa MO0 MaJCHBKUM ‘‘TIOp-
UUsAM”, 3aKJIIOYECHHBIM B COIMTOHAX.

CrnenoBareibHO, Hallla 3a7a4a pa30OuBaeTCs Ha JIBE.

Bo-niepBhIX, HEOOXOIUMO MMOHU3UTH YaCTOTY KOJICOAHUH.

Bo-BTOpBIX, 00BEIUHUTH SHEPTUIO COJUTOHOB.

B pemennn 3Tux 3a7a4 HaM Kak pa3 ¥ MPUTOIUTCS TOHUMaHUE
(U3NYECKNX MEXaHU3MOB, JIEXKAIINX B OCHOBE 3aKOHOMEPHOCTEH
Mukpomupa. CHadajIa HAaMEeTUM camble OOIIe KOHTYPHI PeIIeHNs.

[lepBast 3aaya MOKeT OBITH pEIIeHA IyTeM BBIJICICHUS pa3-
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HOCTHOH 4acTOThI, HAIo100ue TOro, KaK 3TO MPOUCXOUT TPU 00-
paszoBaHUU BOJH ¢ bpoiins (cMm. mpeasiaymuii pasaen).

Bropas 3amaqa (110 00beTMHEHNTO YHEPTHUH COTMTOHORB) BeChMa
HAIMOMHUHAET OOBEIMHHUTENBHBIC TPOILECCHI, MPOUCXOAIIUE MPH
00pa3oBaHUU 003e-KOHJCHCATOB. Takhe KOJUICKTHBBI YACTHIL BbI-
CTYIAIOT KaK euHoe 1esoe!

B cBsi3u ¢ 3TUM, KpaTKO HAallOMHUM OCHOBHBIE BEXH HCCIEIO-
BaHUN U NPUHUMIBI (popMupoBaHus 003e-KOHJAEHCATOB, U3JI0-
YKCHHbIE B pabote [2], Ha MpUMepe CaMbIX HHTEPECHBIX POJICTBEH-
HBIX APYT APYTry MakpOCKOIUYECKUX KBAHTOBBIX SIBJICHUU CBepX-
TeKYy4eCTH U CBEpPXIPOBOAUMOCTH. MOXHO CKa3aTh, YTO CBEPX-
MIPOBOJIUMOCTD — 3TO CBEPXTEKYUYECTh HJIEKTPOHOB.

Eme B 1908 1. romnanaen Xeiike Kammepnuur-Onec BriepBbIe
TTOJTYYFIT JKUIKAHA T (4He). OO6pa3zoBanue KUAKOH a3kl Mpo-
M30LUI0 MIPU CBEpXHU3KOU TeMiieparype 4,2K.

Ho ynuBuTenbHble CBOMCTBA reiusi ONPOSBISIIOTCS MPHU Nallb-
Heimem oxnaxaeHnu. B 1938 r. Ilerp Kamuua obnapyxum, 4to
Npy TeMIlepaType HUXKe Tak HazbiBaeMoin JsiMOma-touku (2,17K)
MIPOUCXOANUT (DA30BBIA TIEPEXOA: OOBIUHBIN KUIKUNA TN 4He-1
HauMHAET MPEBPAILAThC B CBEPXTEKYUYUH Treiauil 4He-I1. [Ipu
JTATbHEUIIIeM YMEHBIIICHUU TEMIIepaTyphl 0 CBEpXTEeKy4en da-
3Bl YBEIMYUBACTCS BILIOTH 10 100% rpu abCOMOTHOM HyIIE.

CBoiicTBa CBEpXTEKYUero rejus mopaxaroT Booopakenune. OH
cnocoOeH MPOHUKATh 0e3 TPeHHUsI CKBO3b TOHYANIIINE KATUIUISAPHI 1
menmn. OCTaBlIeHHBINM B COCYIe CBEPXTEKYUIHil TeIUil B BHUIIE TOH-
Yaiieil TIIeHKN MOJHIMAETCS TI0 €T0 CTEHKaM M, TaKUM 00pa3oM,
cam nokugaer cocyn. C Ipyroit CTOpOHBI, €CIIU ITyCTOW COCY/I Ya-
CTUYHO TIOTPY3UTh B CBEPXTEKYYHI T'eJIUW, TO OH JIOBOJIHHO ObI-
CTPO TaKUM e 00pa30M 3aroIHsIETCs YKUIKUM TelTUeM JI0 YPOBHS
KHUJIKOCTH cHapyku. KpoMe Toro, mayke MOIIHBINM TOTOK CBEPXTe-
Ky4ero TeHs He OKa3bIBaeT HUKAKOTO JIaBIICHHS X HE MOXKET Tepe-
BEPHYTh Ja)K€ MOHETY, TIOCTaBJICHHYIO Ha peOpo.

Ho 570 nuie HEekOoTOpble BHEIIHUE MPOSBICHUS YIUBUTEIb-
HBIX CBOMCTB CBEPXTEKYUEH JKUIKOCTH, IEPEUCHb KOTOPBIX MOXKHO
ObUTO ObI MPOJOKUTE. He MeHee 3arajiouHbie W3MEHEHUS POUC-
XOJIAT C TETJIOEMKOCTBIO M TETJIONMPOBOTHOCTHIO JKUIKOTO TEIHS.
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MHoO)ecTBO MHTEPEeCHBIX A(D(EKTOB CBI3aHO C OJHOBPEMEHHBIM
COCYIIIECTBOBAaHUEM B O0BEME JKHIKOCTH KaK OOBIUHOH, TaKk u
CBEpXTeKydel (a3, a Takke ¢ HEBO3MOKHOCTBIO UX Pa3/IeTCHHS.

Yro kacaercst 00JIee JIETKOrO M30TOIa IejInst 3He, B MHJUTHOH
pa3 MeHee pacnpoCTPaHEHHOTO B IPUPOJIE, YEM OCHOBHOM U30TO1,
TO ¢ HUM Bce OBUIO HAMHOTO cliokHee. Ero remneparypa KUIeHust
eme Ha 1K menbie, a cBepxrekyyast gpasza Oblia MOIydeHA TOIBKO
B 1972 . rpynmoii yuensix u3 Koprenasckoro ynusepcurera. ITo-
TO yIajoch MOOUTHCS TONBKO mpu Temreparype ke 0,00265K u
JIABJIICHUU OKoIIo 35 armocdep!

CBepxnpoBoAMMOCTb, KaK yXKE YIIOMHHAIOCh, 00yCIOBIEHA
CBEPXTEKYUYECThIO AJIEKTPOHHOM JkuakocTu. [lpum ymeHblIeHHH
TEMIIEPATYPbl HUKE HEKOTOPOTO KPUTHYECKOTO 3HaueHus T y ps-
Jla METaJUIOB | CIUIABOB IIPOUCXOAUT MIEPEXO B CBEPXITPOBOIAIIIEE
COCTOSIHHE, XapaKTEPU3YIOLIUNCS PE3KUM IaJ€HUEM YIEIbHOIO
COMPOTHUBIICHNUS. TeMIieparypsl repexoia KoJaeOmoTcs B IIUPOKUX
npenenax, nanpumep, 0,155K (BiPt) u 23,2K (Nb3Ge).

[Tpu ¢puxkcupoBaHHON TeMIeparype CBEpXIPOBOJUMOCTh pa3-
pylIaeTcs MarHUTHBIM TOJIEM, B TOM YHCJIE, BO3HUKAIOUIUM TpU
MIPOIMYCKaHNN OOJBIIOTO ANEKTpHUEcKoro Toka. [loatomy mist mo-
JMy4eHUs CUJIBHBIX MAarHUTHBIX IIOJIEM MPUMEHSIOTCS 0cOo0bIe
cBepxnpoBogHUKH I poga — HEKOTOphIE CIJIABBI U TOHKUE IUICH-
Kd. B omiinume oT 0ObIYHBIX, KOTOPBIC BBHITAIKUBAIOT MarHUTHOE
noine (sineHue MeiicHepa), B 3THX CBEPXMPOBOTHUKAX MATHUTHOE
ToJIe TIPOHHUKAET B BEIIECTBO B BUE HUTEH, IPOHU3BIBAIONINX 00-
pasell, 3a CUET YEero CBEPXIPOBOAUMOCTh HE pa3pyLIaceTCs.

Crnemyet ynoMsSHYTh TaK)Ke W H30TOMUIecKui 3hdekT, 3axirto-
YaKOUIMACA B TOM, 4TO Temneparypsl T, 06paTHO mponopuuoHab-
HBI KBaJIpaTHBIM KOPHSIM M3 aTOMHBIX MacC U30TOIMOB OJJHOTO U TO-
TO 7K€ CBEPXITPOBOJIAIIETO MeTallIa.

Ha myTtn mpakTHdeckoro NMpUMEHEHHs CBEPXITPOBOIUMOCTH
JUIMTEJIBHOE BpeMs CYyIIECTBOBaJa HENpPEOoAOIMMas mperpaga —
KpaliHe HU3Kasl TEMIIEpATypa Nepexoia, TO €CTh, KpUTHUECKAs TEM-
neparypa (Tc). 3a 75 net, npoieanmx co BpeMeHH OTKPBITHS Tep-
BOTO cBepxmpoBoaHuKa B 1911 1, 3Ty TeMreparypy yIaaoch Moj-
HATH Juib 10 23,2 K (na nuatepmerammae NbyGe).

Hapsiny ¢ urcTo TEXHUYECKUME TPYIHOCTSMH, HCCIIEIOBAHNUS
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CIEP)KUBAIIMCH TE€M, YTO OOMICNIPU3HAHHBIE TEOPUU CBEPXIPOBO-
mumoctr (BKII — moznens bapnuna, Kynepa u llpuddepa) mno-
pOXKIOaJIM HEBEpUE B BO3MOXKHOCTb IPEOIOJIEHHS] AOCTUTHYTOIO
TEMIIEPaTypHOTO Ipefena, TO €CTh, B BO3MOKHOCTh IHOIYy4EHHS
BBICOKOTeMIIepaTypHoii cBepxnposoaumoctu (BTCII).

W, Bapyr, npounsomio HenpeaBuaeHHoe!

B 1986r. bexnopir u Mrosiep oOHapyKuu ClioCOOHOCTh Kepa-
MUK Ha OCHOBE OKCHJIOB MEJH, JIJaHTaHa W Oapus MepexoauTh B
cBepxmpoBosmiee cocTossare mpu 30K.

Baxxueitmeit 4uepToii 3TOro OTKPHITHS OBLIO TO, YTO CBEPXIIPO-
BOJMMOCTD IPOSIBUIIACH Y OKCUIHOW KEPAMHUKHU, OOBIYHO UMEIOLIEeH
JIURIIEKTPUYECKUE UITH MTOYTIPOBOIHUKOBBIE CBOMCTBA. DTO pa3py-
IIMJIO TICUXOJIOTHYECKHe Oaphephl. B TeueHnn KOpoTKOro BpeMeHH
OBUTH CO3/IaHBI COBEPILEHHBIC METAJUIOKCHIHBIE CBEPXIPOBOIHH-
ku B CLIA, fInonun, Kurae u Poccun.

Pa3paboTka pryThcopepkaiiux ¢a3 gajia BO3MOXKHOCTb I1OJI-
HATh KPUTHUYECKYIO Temreparypy 1o 135K, mpuuem npu BHeIHeM
nasiennu 350 Teicsiu atMocdep Temiieparypa nepexoja Bo3pacTa-
et 1o 164K. Kaxoit Brieqamsironuii pe3yibTaT — OT MeTaJuIhde-
cxoii pryTH (4.2 K) x pryThcomepxanum BTCII (164 K)!

Teopuu cBepXTEKY4YeCTH H CBEPXIPOBOAUMOCTH C CaMOTO
Hayaja OCHOBBIBAJIUCH Ha (hopMasiM3Me KBAaHTOBOW MexaHHKH. Ho
KBaHTOBas TEOPHUS, KaK W3BECTHO, HE MPEANoiiaracT ‘‘HaJIudus
3MIpaBOTO CMBICTA’, @ COOTBETCTBEHHO U pa3pabOTaHHBIC Ha €€ OC-
HOBE TEOPHH CBEPXTEKYUECTH U CBEPXIIPOBOIUMOCTH, MATKO TOBO-
psi, HE OTIIMYAIOTCS HATTISITHOCTHIO.

Eciii TOBOpUTH KOPOTKO, TO CBEPXTEKYYECTh OOBSCHSIETCS
CBOMCTBOM YaCTHII C [IEJIOYHCICHHBIM CITHHOM (0O30HBI) MIPH HU3-
KHX TeMIIepaTypax HaKaIIMBAThCS B OJTHOM M TOM K€ KBAHTOBOM
COCTOSIHUM C MHWHHMAJIbHO BO3MOXKHOW DJHEpPruei (CTaTUCTHKA
boze-DOiinmreiina). Takume dwacTunbel (0o3e-koHAEHCcAT) OymyT
MMETH OOIIYIO0 BOITHOBYIO (DYHKIIHIO, a, CIIEI0BATEIIHHO, U JABUTaTh-
cs1 OyIyT Kak eMHOE 1IEI0e, TO €CTh, TPHOOPETYT CBOHCTBO CBEPX-
Teky4el xunkoctu. He mpasia i, JIOTH4HO?

N3oron renus “He, B omnuue ot 4He, sBIsieTcs: pepMUOHOM
(JacTHIIeH C MOYIICNIBIM CIIMHOM) U TIOAYMHSICTCS npuHIMITYy [lay-
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nu (cratuctuka ®epmu-/Iupaka), 4To HCKIIOYAET HAXOKACHUE IT-
WX YacTUI[ B OJTHOM M TOM JK€ KBaHTOBOM cocTosHuu. [loaTomy
CBEPXTEKYUIECTh 3He o6wACHAETCH CIIOCOGHOCTBIO (hepmMuoHOB
00BeMHATECS B mMaphl. CriapeHHbIe (pepMUOHBI IPHOOPETAIOT IIe-
JIOUMCIJICHHBIE 3HAUYCHUS CTIMHA U 00s13aHbl TIOMYUHATHCS CTATUCTHU-
ke boze-Ditnmreiina, npuodperas, TakuM 00pa3oM, ClIOCOOHOCTH
K CBEpXTeKyuecTH. M 3To Toke BBINISAUT JOTHYHO!

TouHO Taxke OOBACHAETCS CBEPXIPOBOJUMOCTH — CBEPXTE-
Ky4eCTb IEKTPOHOB, ABJIIOLMXCS (pepmuoHamu. [Ipu oueHp HU3-
KHX TeMIlepaTypax 3J1eKTPOHbI OObEIUHSIOTCS B TaK HAa3bIBACMBIC
KyIIEpOBCKHUE Tapbl co cinaldoii cBs3b0. Bripouem, 3:1eKTpoHbl, 00-
pasyrolue napbl, HaXoAsTcs APYTr OT Jpyra Ha pPacCTOSHUSX, BO
MHOTO pa3 MPEBHIIAIONIUX TEPHOJ KPUCTAIIINYECKON PEIIEeTKH.

Ho xak MoryT 00pa30oBBIBaTHCS TaKUE TAphI SIEKTPOHOB?

KBanToBas Teopus 00BICHIET STOT MPOIECC TEKTPOH-POHOH-
HBIM B3auMopencTBreM. CXeMaTHYHO 3TO BBIIIAIUT CJICIYIOLINM
00pa3oM. DIIEKTPOH, ABWXKYIIMKCS B KPHCTaNJe, IEPEBOAUT KpH-
CTAJUIMYECKYIO PElIETKY B BO30yxkIeHHOe cocTostHue. [Ipu mepe-
XOJIE PEIIETKH B OCHOBHOE COCTOSHUE U3JIy4aeTcs KBaHT SHEPTUU
3BYKOBOH 9acTOTHI (()OHOH), KOTOPBIH MOTIIOMIAETCS JPYTUM DIIEK-
TPOHOM. 3a cyeT Takoro ooMeHa (POHOHAMH IIEKTPOHbI IPUTSTHU-
BAaIOTCS APYT K APYTY, IPUUEM 3TO B3aUMOACHCTBHE Hanbosee -
(EeKTHBHO, €CIIM UMITYJIbCHI 3JIEKTPOHOB aHTHUIIAPAJIICIIBHBI.

3aBepiast 3TOT KpaTKUil 0030p, MOXXHO KOHCTaTHPOBATh, YTO
(dopmarbHas JIOTHKAa KBAaHTOBOM TEOPUH, HECOMHEHHO, Jlajia BO3-
MOXXHOCTb BO MHOTOM pa3zo0parbcesi. Ho maxe Teneps, 1o mporue-
CTBUM MHOTHX JECATHJICTHH CO BPEMEHH OTKPBITHS SIBICHUN
CBEPXTEKYYECTU U CBEPXIPOBOAMMOCTH, HEBO3MOKHO OTIENATHCS
OT OIIYIIEHUSI KaKOM-TO OTBJIIEYEHHOCTH U MHOCKA3aTEIbHOCTH UX
TEOPETHUYECKOT0 OMHMCAHHA. DTO OIIyIIEHHE HEYIOBJIETBOPEHHO-
CTH B ITOCIIE/THEE BpeMsI TPHOOpETaET elie OONBIIYI0 OCTPOTY, TaK
KaK BBICOKOTEMIIEPaTypHasi CBEPXIIPOBOAMMOCTD HE YKJIaIbIBACTCS
B PAMKH CIIOKUBILUXCS] TEOPETUYCCKHUX HPEICTABICHUH.

Jeno B TOM, YTO YNOMHUHABIIMICS MEXAaHHU3M Iepexofa B
CBEPXIIPOBOJIAIIEE COCTOSHHUE OCHOBAH Ha MEXK3JIEKTPOHHOM B3au-
MOJEHCTBUM MOCPEICTBOM KPUCTAJIIMYECKON PEIIETKHU, TO €CTbh,
3a cueT oOMeHa (poHOHAMU, HO, KaK TTOKA3bIBAIOT OIECHKH, JJIS Ta-
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KOTO MEXaHM3Ma CBEpPXIPOBOAMMOCTH MaKCHUMaJlbHasi BEJIUYMHA
KPUTHUYECKOW TeMIepaTypsl He MoxeT mpesbimars 40K.

Taxum ob6pazom, st BTCII HeoOXoamMo UCKaTh IPyroi Mexa-
HU3M KOPPEISITNH 31eKTpoHOB. Akagemuk B.JI. ['mH30ypr oTMeda-
eT, yTo 10 cux nop HenousTeHn Mexanusm BTCII. He uckitoueno,
9TO OH sBJIsIeTCs POHOHHBIM. OOCYKIAIOTCS TAKKE CITMHOBBIH, K-
CUTOHHBIN U ApYyTHe 3IeKTPOHHbIE MexaHu3Mbl. Hu ofHa u3 npen-
JIOKCHHBIX MOJIENIEH He JMIIEeHAa HEeIOCTaTKOB M HE TIO3BOJISIET
OOBSICHATD BCIO COBOKYITHOCTH AKCIIEPUMEHTANBHBIX (hakToB. [1o-
stoMy npu onucanud BTCII HEeBO3ZMOXKHO OrpaHUYHUTHCSI KAKUM-
MO0 OJTHUM THUIIOM B3aMMOJICHCTBUSI.

[MocMoTpuM, Kak MpeodpasyeTcs MeXaHU3M CBepPXTeKy4ecTH
U CBEPXIPOBOJIMMOCTH HA OCHOBE COJIMTOHHOIO Mpe/icTaBJe-
HUSA 00 JIeMeHTAPHBIX YacTHIAX.

MoskeT OBITh ATO TIPO3BYUYUT ITAPaAJOKCAIBHO, HO B CBEPXTEKY-
4eM M CBEPXIPOBOISINEM COCTOSHHSIX aTOMBI M 3JEKTPOHBI JOJ-
’KHBI OBITh HenmoABMKHBIMU! Ho 3TO IeMCTBUTEIBHO TaK, U celyac
MBI pazbepemcsi, Kak 9TO TIPOUCXOJIUT.

MexaHu3M SIBJICHUS 3aKJIIOYAETCS B TOM, YTO BHEIIHEE IMpO-
JTOITFHOE AIIEKTPOMArHUTHOE TOJIE COTMTOHOB (KOTOPBIE COCTABIISI-
0T, KaK MBI BHJIEJIM, BCE BEIIECTBO), MIPH HU3KHUX TEMIIEpaTypax
MOXET YHOpPSA0YMBaTh (KOPPEIUPOBATh) MPOCTPAHCTBEHHOE pac-
MOJIOKEHHE aTOMOB M AJIEKTPOHOB. VIMEHHO MpH HU3KHUX TeMIepa-
Typax MHTCHCUBHOCTh MPOJOIBHBIX BOJH OKa3bIBACTCS JIOCTATOU-
HOH, 9TOOBI “3aXBATUTh U PACIIONIOKUATE aTOMBI U (WJIH) DIEKTPO-
HBI B MAKCHMYMaX 3THX KoseOaHwuii (puc. 13).

Kputnueckue temmneparypbl mepexoja B CBEpXTEKyudee U
CBEPXITPOBOJISIICE COCTOSIHUS, KaK IPABHUJIO, OYCHb HU3KHE IO TOU
MIPOCTOM MPUYKMHE, YTO BHEIIHUE MPOJI0TBHBIC BOJIHBI COTUTOHOB B
CpPaBHEHHUU C BHYTPEHHUMH IOJISIMH OY€Hb Mauibl (IOpSIKa I10-
CTOSTHHOU TOHKOHW CTPYKTYPBI, CM. pa3i. 2).

BrusitHue xonebaHuii aTOMOB Ha BO3MOXKHOCTH yYCTaHOBIICHUS
MIPOCTPAHCTBEHHOW KOPpEISIIMA ¥ 00pa30BaHUs CBEPXIIPOBOJIS-
[IETO COCTOSHUSI HAXOOUT MPSIMOE OTPaKCHUE B YK€ yIOMUHAB-
IeMcst M30TONnYecKoM 3ddexre.

YTo MpOUCXOTUT B MOMEHT YCTAHOBIICHHS ITPOCTPAHCTBEHHON

Dnuepeus 6o3e-xondencama 55

KOppCJ'DlHI/H/I? B »TOT MOMEHT moJie IMPOAOJIbHBIX 3JICKTPOMArHuT-
HBbIX BOJIH CTaHOBHUTCA O6HII/IM JJId BCEX CKOPPEIMPOBAHHBIX Ya-
ctutl, GOpMHUPYS COBEPIIICHHO 0COOBIN U 0YeHb Y(PPEKTUBHBIN Ka-
HaJ TIepeIadn SHepPTHuH (a, CIeIoBaTeIbHO, M Macchl!).

Takum 00pa3oM, CBEPXIPOBOAMMOCTh U CBEPXTEKYUYECTh —
3TO TEJIENOPTALHUS TPOCTHIX (IEKTPOHOB) HITU CIIOKHBIX (2TOMOB)
4acCTull IoJIEM MMPOJOJIbHBIX BOJIH. Kcrarn TOBOpsA, UMCHHO KBaH-
TOBasi MEXaHUKa CaMHUM (1)aKTOM OIMMCaHus ABVXKXKYIIUXCS MUKpOYa-
CTHII BEIIECTBA C TIOMOIILI0 BOJIHOBOW (DYHKITHH (aMIUTATYJT BEPO-
SATHOCTH) BIIEPBBIC yKa3alla Ha TaKyl0 BO3MOXKHOCTb, TpaB/ia, HE
PacKpBIB CaMOTO MEXaHU3Ma TeleOPTAIINH.

YeranoByeHne 0011ero pe3oHaHCA MOJISI MPOAOJIbHBIX BOJIH
C OJHOBPEMEHHOI NMPOCTPAHCTBEHHOWH KOppeJAlHed 4acTHIl
(nmpouecc 003e-KOHIEHCAIMH) COMPOBOXKIAETCS COBEPIIEHHO
3aKOHOMEPHBIMU 3 dheKTamu:

AWANAN4

o o 5
A\ 4 A\ 4 A\ 4
P\ o o oS o
A "4 A4 A4 A4 A\ 4
o P..\
A\ 4 A4
/ V.. \ o o P..\
A4 A4 \r A4 \r A 74 \r

Puc. 13. bo3e-koHIeHcaT.

CBepXIIPOBOIHUK, OOOHO PE30HATOPY, 3aKII0UaeT B cebe 00muil pe3oHaHc
MIPOAOJIBHBIX BOJH M MPOCTPAHCTBEHHO CKOPPENUPOBAHHBIE C 3TUM MOJIEM
3JIEKTPOHBI. 3a IpeesIaMHi CBEPXIPOBOJHUKA 110J1€ OBICTPO YMEHbIIACTCS.
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1. Yem OoJibIlie 4acTHUIL “TIOKITIOYASTCS” K 00IIEMY TIOJII0, TEM
yCTOWYNMBEE U CHJIbHEE OHO CTAaHOBHUTCS, YTO, B CBOIO OYepE[b,
YBEIMYUBACT KOJIMYECTBO KOPPEIUPYEMBIX IOJIeM dYacTuil. 1o
€CTh, 003e-KOHJIeH AN cama cedsl yCHIIMBaeT. DTO CBOMCTBO MPO-
SIBIISIETCS, B TOM YHKCIIE, Y (POTOHOB B MPOIIECCE BBIHYKICHHOTO H3-
Jy4eHUsl, JIeKaIEero B OCHOBE paboThI Jazepos. [1pu sTom obpasy-
€TCSI COBEPIIEHHO KOTEPEHTHOE H3IIyueHHEe — CBOEOOpPa3HBIN
003e-KoHIeHCaT (POTOHOB.

2. Ceepxrekydas ¢aza, BKIrodaromas B ce0s1 o01iee mosie mpo-
JTONBHBIX BOJH M B3aUMOJICHCTBYIOIINE C HUM CKOPPEIUPOBaHHBIC
YacTULBI, OYEBHJIHO, UMEET COOTBETCTBYIOIIYIO BHYTPEHHIOIO
SHEPTHUIO (XOTA U HEOOJBIIYI0, SHEPTHUIO CBSI3H).

3. Tak Kak B cBepXxTeKy4e (haze JelCTBYEeT COBEPILIEHHO 0CO-
Ob1i1 2 PEeKTUBHBIN KaHA TIepeladr SHEPTUH, & CAMH YaCTHIIbI He-
TTOJIBMYKHBI, TO TETDIOEMKOCTD 3TOH (ha3bl MPAKTUYECKH paBHA HY-
JIIO TIPH OTPOMHOM BEITMYMHE TETUIOTPOBOAHOCTH.

4. B To BpeMs Kak B OOBIYHOM (ha3e mepepada SHEPIUU U M-
MyJbCa OCYIIECTBIISICTCSI TOCPEACTBOM IEPEMEIEHHsT YacTHIl H
COITPOBOXKAACTCA BO3HUKHOBCHHEM BOJIHOBBIX CBOMCTB B BUJIC
BOJIH e bpoiins, B cBepxTeKyueil da3e 3TH QyHKIIUN TepexosT K
oOmmeit mpoxonpHON BostHe. CIie10BaTeIbHO, IPOCTPAHCTBEHHBIC U
BPEMEHHBIE M3MEHEHUS 3TOTO OOIIEero Mois (TO €CTh, €r0 BOIHO-
BBIC CBOMCTBA) JIOJKHBI KaK Obl MMUTHUPOBATH JBU)KCHUE YACTHIL.
Kcratn TOBOpsA, UMCHHO IO3TOMY IIPU KBAHTOBO-MEXaHUYCCKOM
OIMCAHWN CBEPXTEKYYECTH BO3HHKACT OLIMOOYHOE TMpeicTaBJIe-
HHe O ABUKEHHUM cBepXTeKyueil :kuakocTu. (BomHOByIO0 QyHK-
U0 MOYKHO COTIOCTABHTH C MPOOIHHBIMHI BOJTHAMH, a IPOCTPaH-
CTBEHHOE €€ M3MEHEHHE — C UMIYJIbCOM, HAJIMYKHe KOTOPOTO B
JAHHOM CIJTydae HeJb3s1 OTOXKIECTBISTE C ABHKCHUEM YacTHULY).

5. bonbIias 3peKTUBHOCTh KaHaJla TeJACTIOPTALIUU Yepe3 MPo-
JOJIbHBIC BOJIHBI ITPOABIIACTCA B HeBepOHTHOﬁ (C TOYKH 3PCHUSA U3-
BECTHBIX MEXaHU3MOB) MPOHUKAIOMIEH CIIOCOOHOCTH CBEPXTEKY-
Yel KUAKOCTH Yepe3 MaJleHIre e | IMOPHI (ITOpsIKa aTOMHBIX
pasmepoB). Ilo 3Toil ke mpuuKMHE BO3HUKHOBEHHE B KaKOM-TTHOO
MECTE SHEPreTHUECKU OJIarONPHUATHBIX YCIOBUH (Hanpumep, To0-
IpeB) MPUBOJIUT K MOMEHTAJIBHON MaTepraIn3aliy YacTUIl B 3TOM
MECTEC C OJJHOBPEMCHHBIM BO3HUKHOBCHHUEM O6paTHOI7[ BOJIHBI TEC-
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TUIOBOM 3HEPTUU 3a CUeT OOJIBIION TEIJIONPOBOIHOCTH CBEPXIIPO-
Bomsmed ¢aszbl. IMEHHO STOT MEXaHU3M JISKUT B OCHOBE TaK Ha-
3pIBaeMOT0 A hekTa GOHTAHNPOBAHUS KUIKOTO TEITH.

[Ipomomxare TOT MepedeHh MOXXHO OBLIO OBI M JIajbllle, TaK
KaK pa3IMYHbIX “‘CTPAHHOCTEH’ B MOBENCHUU CBEPXTEKYUEH JKH]I-
KOCTH 04eHb MHOTO. OIHaKO BCE OHM HAXOMST HAMIATHOE 00bsICHE-
HUE B paMKax PacCMOTPEHHON MOEIH.

CaMBIM HHTEPECHBIM ¥ HEOXXUTAHHBIM ITOATBEPKIACHUEM 3TOM
MOJIENIM MOYKET OKa3aThCsl TMOSBHBINEECS HETABHO COOOIIEHHE O
BO3MOXXHOM OOHapy>KEHHH CBEPXTEKYUero COCTOSHUS TBEPOTO
renust “He [10]. dnsa skciepumeHTa OBLIO HCIIOIB30BAHO TOPH-
CTO€ CTEKJIO B BHJIE TUCKA C XaOTHUECKOW CETKOM HaHOIOp, KOTO-
pBI€ MO/ TaBJICHUEM 3aTIOTHSIUCH TefiueM. bblto o0HapykeHOo, 4To
MEPHUOJT KPYTHIBHBIX KOJIEOaHUH TUCKa PE3KO M3MEHSIICS TPHU J10-
CTIXKeHUM Kputudecko temrepatypsl 0,175K. YMmenbiienue mo-
MEHTa WHEPIUH JMCKa CBUICTEIBCTBYET O TIEPeXoJie TBEPAOro Te-
JIUSL B CBEPXTEKYUEE COCTOSTHHE.

Ecnu 5T0T 3 ekt noaATBepAUTCS, TO OH ACHCTBUTENBHO OyIeT
CBUJICTEILCTBOBATh 00 YCTAHOBJICHHUU B 00pa3siie 0OIIei Mpoa0Iib-
HOM BOJHBI, OOCCIICUMBAIONICH CBEpXTEeKyuecTh. Heobxommmoe
yCIIOBHE MeXaHM3Ma 3aKI0YaeTCcsl B TOM, YTOOBI ITOPHI COCIMHS-
JIUCHh MEX]Ty COO0M 1 00eCTIeUnBaIN 3aMKHYTHIN Ty Th IIUPKYIISIITAA
MIPOIOJIBHOTO M0JIs. J{pyrast BO3SMOKHOCTb — 3TO HaJM4YUe IyCTOT
B MOpax JAJisi 00ecreueHHs TeENOPTAIIMN TeIHS.

OTMeTHM, YTO YacCTHUIlbl, NMPUHAIEKAINE CBEpXTEKyued Hu
00BIYHON (hazaMm, MOTYT TIEPEXONUTh U3 OMHOW (pa3wl B ApyTyIO, a
o011ast KapTHHA JIBYX)KHIKOCTHOTO TIOBEJICHHS SIBIISIETCS CTATUCTH-
yeckoil. [losToMy 3TH ABE a3kl HEBOZMOXKHO pa3ieiiuTh — OHU
CTAaTUCTUUECKU HAXOMIATCS OAHA B APYTOil.

Bonp1ioit mHTEpec BBI3BIBAET BOMPOC O TOM, KaK 00pa3yroTcs U
9TO COOO0# TPEeNCTaBIAOT Mapbl GepMUOHOB (IS JIEKTPOHOB
— 3T0 KYIlepOBCKHeE NAaphl), JAIOLINE BOZMOXHOCTb YAaCTHLIAM C
MOJYLEIbIM CIMHOM “‘000iTn” mpunuun [layau m ydacTtBoBaTh B
SIBIICHUSIX CBEPXTEKYUYECTH U CBEPXITPOBOIUMOCTH.

B otiinume ot 6030HOB, hEepMUOHBI BCET/ia UMEIOT MarHUTHBIN
MOMEHT M OTJIMYAIOTCA CYNIECTBEHHOW aCMMMETpPHEH CTPOCHUSI.
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Kpome Toro, 0yin3koe pacroyioKeHUE JIBYX OJMHAKOBBIX ()epMHUO-
HOB C OJIMHAKOBBIM HAINpAaBJICHUEM CIIMHA MPUBOJMT K yBEJHYeE-
HUIO B3aMMHOW 3HEPTUH (K OTTAJIKUBAHUIO) U3-3a HAJIOKECHHS APYT
Ha Jpyra BHEIIHUX TTEPEMEHHBIX ITOJIEH.

Ot1n (aKkTOphl, OYEBUIHO, SBISIOTCS CEPhE3HOUN IMOMEXOH s
nepexoga ()EpMHOHOB B CBEPXTEKydee M CBEPXIIPOBOASAIIECE CO-
CTOSIHUSI, TaK KaK UX MPOCTPAHCTBEHHAs KOPPEISIHS KOJUICKTHB-
HBIM TI0JIEM TIPOJOIBHOMN BOJHBI JOCTUTAETCS TPyAHEE, TEM OoJee,
YTO PHEPTUA MMPOAONBHBIX BOIIH, KaK MBI BHICJH, HE BEJIHKA.

Tem He MeHee, CBePXTEKYUYEeCTh Telus 3He AKCTIEPUMEHTAIEHO
MOJTy4eHa, a 3JICKTPOHHAS CBEPXIPOBOAMMOCTD JOCTHIACTCS AaxKe
NP OTHOCHTEJILHO BBICOKMX TeMmIeparypax. bojee Toro, mosBu-
JUCh MyOJIMKAIMY, CBUICTEILCTBYIONINE O BO3MOKHOCTH TIOTyYe-
HUSI CBEPXTEKYUYEro COCTOSIHUSI BBIPOXKJICHHOTO (epmu-raza [11].

Ha puc. 14 cxemarnmuHo m3o00paskeHa IPOCTPAHCTBEHHAS KOP-
peIALus 3JIEKTPOHOB TI0JIeM 00IIIel TPOI0IHHON BOIHEI ITpH 00pa-
30BaHUU CBEPXITPOBOASALIETO COCTOSHUSL. DJICKTPOHBI “3aXBaThIBa-
10TCs” OOUIMM TOJIEM CTOsIYEH MPOAOIBLHON BOJHBI M pacrojara-
I0TCSl B MakcuMyMax moist. OJMH TPOCTPaHCTBEHHBIN mepuoy L
TIOJISt BKJTFOYAET B ce0s /IBa SIIEKTPOHA C aHTHITAPAIIIEIIbHBIMH CITH-
HamMH. DTO U €CTh TaK Ha3bIBaeMas KyIepoBCKas mapa dJIeKTPOHOB.

Taxoii BEIBOJ] TONTBEPKAACTCS BETHUYUHON PACCTOSHUS MEXKITY
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Puc. 14. IlpocTpaHCcTBeHHAs KOPPEIALHS AIEKTPOHOB MOJIEM
o0rmieit mpoIoabHOM BOJTHBI.

DNEeKTPOHBI “3aXBaTHIBAIOTCSA OOIIUM IIOJIEM CTOSYCH MPOAOIBHOW BOJHBI H
pacrosiaraiorcs B MakcuMmyMax mossi. OIuH OpOCTPaHCTBEHHBIN nepuos L moJs
BKJTIOYAeT B ceOs 1Ba 3JIEKTPOHA C aHTUIIAPAJUICIEHBIMH CITHHAMIL.

SNIEKTPOHAMH Tapbl, ONMpeNessieMOl 0 U3BECTHOU (opmyrne [5]
yepe3 CKOPOCTh AJIEKTPOHAa Ha ypoBHe DepMH Uy U TEMJIOBYIO
SHEPTrulo IIpU TeMmIieparype nepexona. Jleiao B ToM, 4TO 3Ta BelU-
YMHA MMEEeT IOPSIOK [UIMHBI BOJHBI Ae bpoiuis snexkrpoHa, a B
CBEPXIPOBOJSIIIEM COCTOSIHUM (KOTZA BJICKTPOHBI HEMOABHMIKHBI)
OHa XapaKTepHU3yeT MJIUHY BOJHBI OOILIEro MPOAOIBHOTO MOJI.
TouyHO TakuM ke 00pa3oM 00pa3yrTCs Maphl U APYrux GEpPMUOHOB
(TIpu yCTaHOBJICHUH COCTOSIHUSI CBEPXTEKYUECTH).

C y4eToM BCero CKa3aHHOTO, ‘“‘TeUeHUE CBEPXTEKyUeH *KHUIKO-
CTH, IEHCTBUTENBHO, IPOUCXOIUT 0€3 OOBIYHOIO JBMIKECHUS KH-
KOCTH U OCYILIECTBIISIETCS TOCPEACTBOM 3()(HEKTUBHOTO KaHaja Ie-
penady SHEpruu MPOJOIBLHBIMU BOJHAMHU (TeNENOpTaHei).

Bosiee Toro, Mbl MOXkeM Teriepb CHOPMYITUPOBAThH 00IIEE MTpa-
BUJIO: TaM IJie CYIIeCTBYIOT 00IIHMe YNOpsi/ioueHHbIe MPOA0JIhb-
Hble 3J1eKTPOMarHUTHbIE BOJIHbI, 00bEeAHHSIOLHE KOJNIEKTUB
yacTul (COJTUTOHOB), TAM UMeEET MEeCTO CBePXTeKy4eCTh.

W3n0xeHHbIe MPUHIUIBI CBEPXTEKY4ECTH (CBEPXIPOBOIUMO-
CTH) JAfOT BO3MOXKHOCTH ITOJIONTH C COBEPIIEHHO HOBBIX MO3UIINN
K aHaJu3y psjaa MpoOIeMHBIX BOIIPOCOB CTPOSHHS BEIECTBA.

Haunewm c eme onHoro “napajaokca’.

ATOMBI SIBJISIIOTCSI TUNIMYHBIMM CHCTEMAMM ¢ BHYTpeHHeil
CBEPXTEKY4eCThI0 (CBepXIPOBOIMMOCTHIO).

JlelicTBUTEBHO, B JIFOOOM aTOME CYIISCTBYIOT OOIIHUE CTOSYHE
IIPOJIOJIbHBIE BOJIHBI, COIIOCTABIISIEMbIE HAMU C KBAHTOBO-MEXaHHU-
YECKUMHU BOJIHOBBIMU (yHKIHAMH. [103TOMYy 3J1eKTPOHBI B €O-
cTaBe aroMa JOJIKHbI ObITh HPOCTPAHCTBEHHO CKOpPpPeIUpPo-
BAHHBIMH, TO €CTh, J0/LKHBI ObITH HENOABUKHBIMU U 3aHUMATh
HanOoJjee YHEPTeTHYECKH BBITOJHBIE MECTa B PE30HAHCHBIX IMyY-
HOCTSIX CTOSTYMX TPOJIOIBHBIX BOJIH (BOJHOBBIX (DYHKIIUH).

Ho xaxum 00pa3om 31eKTpOHBI MOTYT ‘3aBUCHYTH HAJl SIAPOM
aToOMa, YYHTHIBAs, YTO MEKIY HUMH JCHCTBYET CUIBHOE KYJIOHOB-
ckoe nputsbkeHue? OTBET Ha TOT BOIPOC 3aKIIOYAETCS B MPUPO-
Jle B3aUMHBIX CBA3E€H MEXJy HEHTPOHOM, NMPOTOHOM MU 3JIEKTPO-
HOM, KOTOpBI€ OBIIIM pacCCMOTPEHBI B pa3fl. 4.

Peub umer o NOCTOSHHOM OOMEHE YHEPrHel MEXy HYKIIOHA-
MU H 3JIEKTPOHAMH (TO €CTh, O MOCTOSIHHO JIEHCTBYIOIIEH Ci1aboi
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cBsi3u). IMEHHO B pe3yJibTare Takoro 0OMeHa SHeprueii BO3HUKAET
addext orTankuBanus. Pacuersl, mpuBeacHHbIC B [2], MOKa3bIBa-
0T, YTO MHTEHCHUBHOCTb B3aUMOJICHCTBUSI COOTBETCTBYET Xapak-
TEPHOMY BPEMEHHU pPEeaKIuil IS YacTHUI], NCIIBITBIBAIONINX CJIaboe
B3aMMOJICHCTBHUE (C 00pa30BaHUEM DIIEKTPOHA).

TakuMm 06pa3om, MBI IPUXOAMM K BBIBOIY: c/iaboe B3auMojeii-
CTBHE HYKJIOHOB C 3JIEKTPOHAMU SIBJISIeTCSl TeM MeXaHM3MOM,
KOTOPBIi /1eiiCTBUTEILHO B COCTOSIHMU O0ecnedyuTh “3aBHCa-
HHe” YIEKTPOHOB HAJ sIAPAMH aTOMOB.

Kpome Toro, 31meKTpoHbI aTOMHBIX 000JI09€K, BOTHOBBIE (PYHK-
LMY KOTOPBIX MEHSAIOTCA 10 a3UMYTaJIbHON U MOJSPHOM KOOpIuHA-
TaMm, COBEPILAIOT MEXIy cO00H 0OMEeH SHepruei, MpUBOIAIINN K
BO3HUKHOBEHHMIO IIEHTPOOEKHBIX CHiI. B 3TOM citydae, kak yxe ro-
BOPHUJIOCH, TIPOIOJIEHBIE BOJIHBL, TIEpeaBasi JHEpPTuio, OepyT Ha ce-
Os1 PYHKITHIO MMHATAIAN TBWKEHUS YaCTHII.

3nech cleqyeT OTMETUTh, YTO Mbl UCKYCCTBEHHO JIEJIUM IIPO-
JIOJIbHBIE JIEKTPOMArHUTHBIE BOJIHBI HAa MOCTOSHHYIO U MEPEMEH-
HyI0 cocTaBisomue. Ha camom jene, 3TH COCTaBIAIOLINE HEpas-
PBIBHO CBSI3aHBI JIPYT € IPYTOM U HECyT B cede MoNIHY0 nHpOopMa-
IIMIO O COJIMTOHAX,B TOM 4YHcie, U 0 3apsiye. IlepexaunBas sHep-
THI0 (Maccy) IPoAoJIbHOE I0JIe IEPEeHOCUT U 3apsij.

Takolf TOAX0J COOTBETCTBYET KBAHTOBO-MEXaHUYECKOMY OITU-
CaHUIO CBepXIpoBoauMocTU. BoT uHTEepecHoe 3ameuanue Deitn-
MaHa O CBEpXITPOBOJUMOCTH:

“...ypaBHenue lllpeaunrepa i 3J1eKTPOHHBIX MHap B
CBEPXIIPOBOJAHMKE JaeT HAM YPABHEHMS IABMKCHMS 3JICKTPH-
YeCKH 3apsSKeHHON uaeaJbHoi xuakocru.” [12].

PaccmoTrpennas moaenb aroMa ¢ HEMOABUYKHBIMU AJICKTPOHA-
MU JIaeT BO3MOKHOCTh MPOSICHUTH MHOTHE, Ka3aJI0Ch Obl, Hepa3pe-
HIMMBIE BOTIPOCHI.

B wactHOCTH, ITpH KBAaHTOBO-MEXaHHMYECKOM OIHMCAHWUU aToMa
Bomopoxa [13, 14] BoHOBasT PyHKIHSI JIEKTPOHA B OCHOBHOM CO-
CTOSTHUM (C MUHUMAJIBHOM SHEprueii), Kak U3BECTHO, MOJy4YaeTcs B
BH/JIE SKCIIOHEHIIUAJILHOM 3aBUCHMOCTH OT pajuyca. To ecTh, JJIeK-
TPOH HE UMEET OpOUTaIBHOTO MOMEHTA, & BCTPETUTh €ro BEposIT-
Hee BCEro B IIEHTPE aToMa OKOJIO ITPOTOHA, XOTSA Ha CaMOM JIeJIe Xa-
pakTepHOe paccTOsHHE, Ha KOTOPOM OH OOHapy>XHBaeTcs, COCTa-
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BJISIET OKOJIO OJJHOTO OOpOBCKOTO paauyca. B maHHOM ciydae BoJI-
HOBasA (1)}/HKIH/IH, comnocTaBjiieMasd C MPOJAOJIbHBIMH BOJIHAMU, HE
yauThIiBaeT 3G (HEKT “3aBUCaHUS” ICKTPOHA B pE3yabTaTe cIadoro
B3aUMOJICUCTBHS C SPOM, YTO U TMPHUBOJIUT, B KOHEYHOM UTOTE, K
COBEPIICHHO a0CYpHOMY PEe3yJbTary.

Eme omHo HecoorBeTcTBHE. TpakTOBKAa BOJHOBOW (PYHKIIUU
SJICKTPOHA, KaK aMIIJIUTYJbl BEPOATHOCTU €I0 HAXOXKACHHUA B JIIO-
060M MecTe POCTPAHCTBA, HEM30EKHO MPUBOANUT K BBIBOLY O TOM,
YTO CIEKTP M3IYUYCHHUS aTOMa JIOJDKEH OBbITh YPE3BhIYAHO pa3Mbl-
TBIM, XOTS B JICHCTBUTENLHOCTH CIIEKTP aroMma sIBIISIETCS JTUCKPET-
HBIM JITHEHYaThIM. DTOTO IIPOTUBOPEUHS HET B MOJIEIIH aTOMa C He-
MOJIBMYKHBIMU 3JICKTPOHAMU, 3aHUMAIOIIUMU PABHOBECHBIC IOJIO-
JKCHUS B IYYHOCTSAX MPOAOJIBLHBIX BOJH (BOJHOBBIX (DYHKI[HIA).

Kcraru TOBOpsA, B OTOM CMBICJIE XUMUKHU 6BIJII/I IIpaBbl, KOTa
Haval H300pakaTh MOJIEKYJTy BOJOpPO/ia B BUJIC OYCHB HATIISTHOW
M, KaK OKa3bIBaeTcCs, MpaBuiabHOM 1o cyTu 3amucu H:H ¢ aByms
AIIEKTPOHAMHU CBSI3U MEXK]Ly aTOMaMHU.

BryTpraTtoMHas CBEpXTEKy4eCTh IPU OOBIYHBIX TEMIIEpaTypax
00BSCHSACTCS )KECTKOCTHIO CTPOCHUS aTOMOB. MOJKHO CKa3arhb, YTO
Ha YPOBHE MOTEeHIHAJbHBIX MUHHMYMOB, B KOTOPbIX HAXOAAT-
csl BHYyTPHATOMHbBIE JJIEKTPOHBI, HX TEIJIOBbIE KOJIe0aHUS 0Ka-
3bIBAKOTCSI MaJio3aMeTHbIMU. Takoe “oxiia:kaeHne” u sIBJIsIET-
csl IPUYUHOI YCTAHOBJIEHHS BbHICOKOTEMIIEPATYPHOIi cBepXTe-
Ky4ecTH (CBEPXIMPOBOAUMOCTH) BHYTPH aToMa.

Kakum 00pa3oM MOXXHO pacmpoOCTpPaHWUTh STH yHHKAIbHBIC
CBOMCTBA 3a Opefesbl aToma?

EctectBeHHO, peub JIOIDKHA HITH O TIPOYHBIX MOJICKYJIAX U CO-
equHeHusX. C 3TOH TOUKHU 3pEHUS] COBEPLICHHO 3aKOHOMEPHO TO,
YTO BBICOKOTEMIIEpATypHAsi CBEPXIIPOBOIMMOCTE Oblila OOHApYKE-
Ha Y OKCHIHOW KepaMHKH (Marepuaja >KeCTKOTO M XPYIKOTO),
MMEIONIEH B OOBIYHBIX YCIOBUSAX TUAIEKTPUYECKNE WIIH TTOTYTIPO-
BOJIHUKOBEIE CBOMCTBa. Pa3dymeercs, Oosblioe 3HaueHHE UMEIOT U
OCOOCHHOCTH CTPYKTYPBI 3THX MaTepPHAaJIOB.

3aKOHOMEPEH TaKKe TOT UHTEPEC, KOTOPBIN MPOSBISCTCS K Ha-
HOTEXHOJIOTUSIM, TO €CTh, K CTPYKTYpaM, pa3Mepbl KOTOPBIX U3MeE-
PSIIOTCSI TECSITKAaMHU, COTHSAMH FUIA ThICSTIaMu atoMmoB [15, 16].
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Hanpumep, 3neMeHTapHbIH yIiepos CliocoOeH 00pa30BbIBAThH
CJIO’KHBIE BOTHYTBIE TIOBEPXHOCTH, COCTOSIINE U3 IISATH, IIECTH, Ce-
MH ¥ BOCBMUYTOJILHUKOB, B PE3yJIbTaTe YeT0 MOTYT (DOPMHUPOBATH-
cs1 mI00ble 3aMKHYThIE TTIOBEPXHOCTHBIE CTPYKTYPBI, KOTOPBIE TOb-
KO MOXXHO TIPEJICTaBUTh, C MaccaMi, KpaTHeIMH 20 BecaMm aroma
yraepoaa (cambiii Hu3mui Qymiepes C20, npaBUIbHBIN J0IeKa-
3P, COCTOAIIMN U3 12 MATUYTOIBLHUKOB) U BIUIOTH JIO AECSITKOB U
COTEH TBHICSY YIIIEPOAHBIX €AMHHILI.

HauwHast ¢ BOCBMUAECATHIX TONOB MPOIIIOTO CTOMETHS OBLTH
OTKPHITHI OecuuciieHHbIe (DOPMBI dJIeMEHTapHOTO yriepona: (ys-
JiepeHbl U HaHOTPYOKH, TMraHTcKue (yJUIEpeHbl W JTyKOBHYHBIC
CTPYKTYPBI, TOPOUAATBHBIE U CIHPaIbHBIC (POPMBI YIIIEpOa.

OTH CTPYKTYPhI 0071aJIaI0T 0COOBIMK CBOMCTBaMHU, TaK KaK OHU
(baKTHYECKH SBISIOTCS OTPOMHBIMH MoseKkyiaamu. lIpomoibpHble
BOJIHBI B HUX HE “pachbUIsIOTCS”, a JOCTHIKEHUE MPOCTPAHCTBEH-
HOW KOppEeINsIUK (3axXBaT YaCTHUI[ TPOJOIHHBIM TI0OJIEM) CTaTUCTH-
YECKH MPOUCXOIUT OBICTpEE M3-32 OTPAHMYCHHOCTH YHCIIA YaCTHIL
U UX €CTECTBEHHOU CTPYKTYPHOU YIIOPSIOUEHHOCTH.

[MpucyTcTBHe 001ETO MPOJOIBHOTO OISt BHYTPH 3THX OIPOM-
HBIX MOJEKYN TMpPOSBISAETCA, B YaCTHOCTH, B OCOOCHHOCTSX HX
AIIEKTPOITPOBOHOCTH W TEIUIONPOBOMHOCTH. HaHOTpyOKH maxe
JUTHHOM OKOJIO YETBIPEX MHUJUITUMETPOB OONAar0T OYeHb BBICOKOW
UIEKTPONPOBOAHOCTBIO, MPEBOCXOALIEN 3JIEKTPONPOBOIHOCTD
Mmenu. [1o naHHOMY MOKa3aTeo HAHOTPYOKH (C y4ETOM UX JAJTHHBI)
SIBJISTFOTCST aOCONIIOTHBIMU peKopAcMeHaMu. OTMEYaeTCsl TaKkKe U
HEOOBIYHO BBICOKAS TEIUIOMPOBOJHOCTD ATHX CTPYKTYP.

He mpaBnma nm, Bce 3TO HallOMHHAeT PAaCCMOTPEHHOE paHee
CBEPXTEKy4ee COCTOSHHUE BEIECTBA, B KOTOPOM yCTaHABJIMBACTCS
o0111ee IpooIbHOE M0JIe, KOPPEIUPOBAHHOE € YacTHLAMHU!

3aMeTuM, 4TO MPOIleCcC MPOCTPAHCTBEHHOW KOPPEISAIMH MO
MIPOIOJIBHBIX BOJIH CO CTPYKTYpPOIl HAHOTPYOKM HapyIIaeTcs B Me-
cTax U3ru00B TPYOKH, a B CKPYUYCHHBIX CTPYKTypax (TpyOKH ¢ XH-
PaANBHOCTBIO) MPOIECC KOPPEISAIUHN TAKXKEe NU3MEHSETCS, B CBSI3U C
4eM Takue TPyOKH NpuoOpeTaroT pas3IndHble SJIEKTPUUYECKHE
CBOMCTBa (OT METAJNIMYECKON NMPOBOIAMMOCTH JI0 CBOWCTB MOJY-
MIPOBOTHUKOB C Pa3HOW HIMPUHON 3arperieHHON 30HbI).

Bonbmasi ”HTEHCHBHOCTH OOIIMX IMPOAOJIBHBIX BOJH B HaHO-

TpyOKax MpOSIBISIETCS B MPHUTSHKEHUH CTOPOHHUX aTOMOB U MOJle-
kya (puc. 15). Bonee Toro, MOXXHO HaOJIIOATh 3aMETHBIH P deKT
“thoxycupOBKU” TPOAOIBHBIX BOJIH BIOJIb OCH TPYOOK. Dpdext
TIPOSIBIISIETCS B BHJIE MOIIHBIX KAMMJUTSIPHBIX CHJI U B TIPUTSIKCHUN
OTJICNTbHBIX aTOMOB M MOJICKYJ, HaXOJSIIMXCS Ha OTHOCHTEIHHO
OOJIBIIMX PAaCCTOSHUSIX OT OTKPBITHIX TOPLIOB HAHOTPYOOK!

Cronb MOIIHBIN 3QQEKT BPSJ JIU MOXKHO OOBSICHUTH TOJBKO
JIMCIIEPCUOHHBIMU CUJIaMU NpUTskeHus: Ban nep Baansca. Hano-
TPYOKa C OTKPBITHIMU KOHIIAMM Kak Gu3nyeckuii 00beKT Xxa-
paKTepu3yeTcsl HOBBIMU 0CO0bIMM cBoOiicTBaMH. B cBow oue-
pelb, Marepuabl (HampuMep, MeTalIbl), omaaas BHYTPb TPyOKH,
TaKXe CyLICCTBEHHO MEHSIOT CBOM CBOMCTBA.

Teneps MbI yOeKa€MCS €I1Ie Pa3, HACKOJIBLKO MHOTO(QYHKIHO-
HaJIbHBI IPOJOJIBHBIC SJICKTPOMArHUTHBIC BOJIHBI, UT'PAIOIINUE B MU~
KpOMHpE HE MEHBIIYIO POJib, Y€M B MaKpOMHpE, B MacIiTadax Ko-
TOPOTO OHH BOCIIPUHHUMAIOTCS KaK TPAaBUTAIIMOHHOE TIOJIE.

[TosToMy, KOTZIa TOBOPSAT O YpE3BBIYAMHON MaJOCTH TpaBHUTa-
IMMOHHBIX CHUJI, HeﬁCTBy}OIHHX MCIKAY MUKpOYACTULIaAMU BCIICCTBA,
TO 3TO HE COOTBETCTBYET JIeHCTBUTEIBHOCTH. Hao00poT, B pe3yiib-
TaTC YCPEAHCHU A ITPOAOJJIBHBIX BOJIH OT OOIBIIOTO KOJUYECTBA MU-
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Puc. 15. Tpaekropust JBHXKEHHSI MOJICKYJIbI, BTSTUBAEMOM B HAHOTPYOKY.

Habmonaercs 3ameTHbIi 3¢ dekT “hoKycHpoBKH” MPOJOITHHBIX BOJH BIOJIb OCH
HaHOTPYOKH. HaHOTpyOKa ¢ OTKPBITHIMH KOHIIAMH Kak (pU3HUECKHUil OOBEKT
XapaKTepU3yeTCst HOBBIMH CBOHCTBAMH.
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KPOYacCTHII, COJIEpKAIIXCsS B MAaKpOOObeMax BellecTsa, Moje cTa-
HOBHTCS] OTHOCUTEJIBHO clabee, 4eM Ha MUKPOYPOBHE.

D¢ GhEeKTUBHOCTh TPABUTAIIMOHHOTO IO CBOCH CYTH BO3IEH-
CTBUS MPOJOIBHBIX BOJH HATIISATHO TPOSIBIISIETCS U HA IPYTOM ITPH-
Mepe. Peus uer o nepeMenieHnn HaHOTPYOOK JIa3€PHBIM JTyUOM.
CyTbh METONIMKH, HA3BAHHOU "ONTHUUYECKUM 3aXBaToM', CBOJUTCS K
crenyromemMy. MHTeHCUBHOCTh JIa3€pHOTO Jiyda B LEHTPE MPEBbI-
IaeT €ro MHTCHCUBHOCTD 10 KpasiM, O1arofapsi 4eMy OKa3aBIIHe-
cs1 MOOAM30CTH HEOOJBINNE YACTHUIIBI CTPEMATCSA K HEHTPY JIyda.
DTO MO3BOJISIET MTOIXBATHIBATH MUKPOCKOITMYECKNE CTPYKTYPHI Ja-
3epHBIM JIY4OM U TIepeMeliaTh UX Ha HY)KHOE PacCTOSHUE.

B nmanHOM citydae Jia3epHbBIN JIyd SIBISICTCSI HCTOYHHKOM IIPO-
JOJIbHBIX CTOSIYMX BOJIH, HAIIPABJICHHBIX NEPICHAUKYIAPHO K €TI0
ocu. BzaumopelicTBue 3TUX BOJIH C MUKpPOYACTUIIAMH BEIllECTBa
obecrieunBaeT BOBMOKHOCTD MX “3aXBaTa’ W TPAHCIIOPTHUPOBKH.

[Ipupony rpaBUTaMKM WHOTHA CBA3BIBAIOT C OOpa3OBaHHEM B
BaKyyMe BUPTYaJIbHBIX map 4acTull. CBOICTBA MPOJOIBHBIX BOJH,
PAaCCMOTPCHHLIC B CBA3U C SABJICHUSAMU CBCPXTCKYUCCTU U CBEPX-
IMPOBOAMMOCTH, YKa3bIBalOT HA TO, YTO TCJICIIOPTALIUA U MaT€pHa-
JIM3alus 4acTHUll IEUCTBUTEIBLHO UMEIOT MECTO, HO OCYLIECTBIIS-
FOTCS TOJIBKO B OCOOBIX YCIIOBHSIX M ITPH OOJNBIITNX aMIUIATYAX T10-
ns1. Hampumep, TeueHne CBEPXTEKYUel KUIKOCTH MOYKHO OITHACATh,
KaK IOCJIOWHYI MaTepUaIM3AIMI0 YACTHI], TEICTOPTUPYEMBIX
MIPO/IOJIBHBIMU BOJIHAMH K ITOBEPXHOCTH (KParo JKUIKOCTH).

PaCCMOTpeHHBIe BBIINIE KOJUIEKTHBHBIE CBOMCTBA qacCTHll, KaK
YK€ OTMEYaIIOCh, MOYKHO KPAaTKO Ha3BaTh MPUHSITHIM B (PU3HKE Tep-
MHUHOM — 003e-KoHAeHcanneil. KBaHTOBO-MeXxaHW4YecKoe omuca-
HUE 3TOTO SIBJICHUSI IOBOJIBHO a0CTPAKTHO, M IIO3TOMY €CTh CMBICIT
elre pa3 cxkaro chopMyIHpPOBaTh €ro PUINICCKUI CMBICIL.

- Boze-koHaeHCAT — 3TO YACTHIIBI, CKOPPEIUPOBAHHEIE (B IPO-
cTpaHCTBE U 1Mo (pa3aM) ¢ OOIIUM PE30HAHCHBIM MPOJIOIBHBIM I10-
JIeM. DTH JIBE COCTaBIIAIONHE 003e-KOHIeHcaTa (JaCTHIIBI U TTOJIE)
B3aMMOJICHCTBYIOT APYT C APYTOM, 00pasys €ro YHEPTrHIO CBSI3U.

- [IpomonbHOE AIIEKTPOMArHUTHOE TI0JIe CKJIOHHO K 00pa3oBa-
HUIO CTOSIYMX BOJIH M 3aKJIIOUYEHO B 003e-KOHIEHCATe, KaK B pe3o-
Harope, OBICTPO YMEHbINAsICh 3a ero npenenamu. [losTomy, Hanpu-
Mep, MECTO M3ruba HAaHOTPYOKH, HapyIIalollee MPOCTPAHCTBEH-
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HYIO KOPPEJIAIUIO YaCTUL U T10JIA B 3TOM MECTE, IPOABJIISACTCS KaK
KOHTAKT JIByX OTJENBHBIX 003€-KOHJCHCATOB, PACIOJIAralolnIuXcs
cIlpaBa W CJIeBa OT M3THoa.

- bo3e-xoHmeHcat numeeT 3(pPEKTUBHBIN KaHAT ITepeaad SHep-
THU TTOCPENICTBOM MPOAOJIBHBIX BOJH, B CBSA3U C YeM, NPU HETO-
JBH)KHOM COCTOSIHUHM CaMUX YacTHUI, OH 00JalaeT BBICOKOH TeILIo-
MPOBOHOCTHIO U CBOHCTBOM TEJICHIOPTALHH.

- Temneparypa 603e-koHAeHCaTa PaKTHYECKH PaBHA a0COIOT-
HOMY HYITIO, IIO3TOMY B CBEPXTEKYyUel )KUIAKOCTH HET €IUHON TeM-
neparypbl: B OOBIYHONW KOMITOHEHTE YKUIKOCTH — OHA HAXOJIUTCS
OKOJIO KPUTHYECKON BEJTMUMHBI, @ B CBEPXTEKyUeil — paBHa HYJIO.
CrnenoBareibHO, U3MEPATH TEMIIEpaTypy, HalpuUMep, BHYTPH aTo-
Ma HET HHUKAaKOrO CMBbICTIA.

MBI cTOJB TTOIPOOHO OCTAHOBUIINCH Ha aHATTN3€e CBOMCTB 003e-
KOHJICHCATOB B CBSI3H C TEM, YTO IIOHUMAaHNE TIPUPOJIBI 3TOTO SBJIE-
HUS Ype3BbIYaitHO BaKHO BO MHOTHUX OTHOIICHUSX.

STO Ba>XHO U JIs1 TO3HAHUA HpI/IHHI/IHOB CTpOGHI/IH BeIIcCTBa
(cTanmo oueBHIHBIM, YTO aTOMbl — CHCTEMBI C BHYTPEHHEH CBEpX-
TIPOBOAMMOCTHIO, OOCCIIEUMBAIOIICH HE3aTyXaroliue BHYTPEHHUE
TOKH) W IS TIOHHMaHHWs CBOWCTBAa 003e-KOHIEHCATOB OCYIIECT-
BJISITHh TEJIETIOPTAIHIO.

Crana O4eBHIIHOW M Ta HE3aMECHHMasi POjib, KOTOpYO 003e-
KOHIOCHCATHI MOI‘YT CI)IFpaTI) B pCHICHI/II/I HOCTaBHCHHOﬁ HaMWU B Ha-
qajie paszena 3a1aud O0BEAMHCHUSI YSHEPTUH YaCTHII, COCTABIISIO-
LIUX BEIIECTBO.

KakoBa >xe aHEpTHs, 3aKitoueHHas B 003e-KoH IeHcaTe?

[ToMuMO HEOONBIION SHEPTUU CBS3U MEXKIY YacTUIAMU 003e-
KOHJIEHCaTa W OOIIMM TMPOMOJILHBIM IOJIEM, K OOINeH 3Hepruu
MOXXHO OTHECTU U E)HCpI‘I/IIO CaMHX YacCTHIl, COCTaBJIAIOIINX CIH-
HBIHN KOJIJTICKTHUB, 3Hepr1/110 CBSI3BIBAOIICTO UX ITOJIA.

Ho ocHoBHasi 4yacTh o00Iell JHePruM CKJIAIbLIBAETCS U3
MHOKeCTBA OTHOCHUTEIbHO MAJIBIX 10JIeil — JHEPruM 4acTHll,
00beIMHEHHBbIX B 003e-KOHIeHCcaTe.

[To3aTomMy Ham cienyer moApoOHEe OTOBOPUTH O TOM, YTO JKE
CleAyeT MOHMMATh IO/ JI0JIEM SHEPruu 4YacTULbI, CBSA3aHHOU C
003€e-KOHICHCATOM.
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Ecnu 6o3e-koHaeHcar o0naiaeT CBOMCTBOM TeJeNopTalry da-
CTHII (CBEPXTEKY4eCTh U CBEPXIPOBOIMMOCTH), TO €T0 YHEPIHUs 110-
HCTHHE KOJIOCCAJIbHA, TAK KaK OObeIUHsIET B ceOe BCIO BHYTpPEH-
HIOIO 3Hepruto yactul. Kcraru roBopsi, 371€KTpOHBI B CBEPXIPO-
BOJHMKAX BHOCSAT B OOLIYIO 3HEPTHIO HE TOJBKO YHEPreTHUCCKHUN
9KBUBAJIEHT COOCTBEHHOM MAacCChl, KaK 3TO MOXET I10Ka3aThCs Ha
nepBbii B3, He criemyer 3a0biBaTh O MOCTOSHHOM HPUCYT-
CTBHHU CJIA0OTO B3aMMOJICHCTBHSI DJIEKTPOHOB C HYKJIOHAMH SIJIEP,
00eCreYnBalOIINUX OTPOMHBIN JOIOTHUTENIBHBIN Pe3epB SHEPIHUU.

Bonee Toro, 1r00ble OTKIOHEHUS! HEPIHH COJIUTOHOB OT pPaB-
HOBECHOTO 3HAYEHHsI, KaK Mbl 3HA€M, HEMEUICHHO WHUIMUPYIOT
npolecc ee BOCIIONHEHUs 32 cYeT OOMEHA SHEPrHel ¢ OKpyIKaro-
el cpefoi. DTO CBOWCTBO COJNUTOHOB elie Oojiee pacuiupsieT
JHEPreTHYECKIE BO3BMOKHOCTH TaKMX 003€-KOHJICHCATOB.

OpnHako He Bce 003e-KOHIEHCAThl 00J1alal0T CTOIb OONBIINMHU
pesepBamu 3Heprun. Ecnu obiiee nponoabHOE HOIE, CyIIECTBYIO-
niee B KakoM-mbo obpasie, CBA3aHO HE ¢ BHYTPEHHEH >HEprueu
caMOM 4acTHIlbl, a B3aMMOJICHCTBYET TOJBKO C SHEPrHel BO30ykK-
JICHHOTO COCTOSIHHSI YacCTHII, TO YHEPTHUsl TAKOro 003e-KoHJIeHcaTa
OyIeT BKIIIOYATh B CE0sI TOIBKO ATH BO30YKICHHBIC COCTOSHHUS.

Takoii 0o03e-KOHIEHCAT MOXKHO Ha3BaTh CBEPXTEKYYeCTHIO
BO30Y K/IEeHHBIX JHePreTHYecKux cocrtossHmii. OH Oymer oOma-
JlaTh CBOMCTBOM TeEJICHIOPTALMK BO30YKICHHBIX IHEPreTUYCCKUX
COCTOSIHHM, HO HE YacTHUIl B 1eJIoM!

BosmoxkHo, (usnueckuii mexanu3Mm 3¢ dexra Meccoaysrpa
(sLmepHBIN TaMMa-pe30HAHC) OCHOBAaH MMEHHO HA TaKOM IIPHHIM-
ne. Peus unet o 6e3goHOHHOM (TO €CTh, 0€3 MoTepH YHEPTHH Ha
0TAa4y) M3JIyYCHHH WJIM MOIIOIIEHHH PE30HAHCHBIX TaMMa-KBaH-
TOB SJpaMH aTOMOB, HAXOISIINXCS B KPUCTAIUIMYECKON pelIeTKe.

Wmnynbe u SHEprust OTAa4y MepealoTcsi He OMHOMY SIApY, U3-
nTydaromeMy (WM TOTIONmameMy) ramMmma-QoToH, a BCel KpH-
CTAJUIMYECKON peleTKe B LesioM. Bricokoe sHepreTuueckoe paspe-
LIEHHUE, JOCTUTAEMOE B PE3yJIbTaTe ITOTO, I03BOJISET HE TOJIBKO H3-
MepATh Maible n3MeHeHus sHepruu (mopsaka 10710 5B), Ho u Ha-
OJI0aTh CBEPXTOHKYIO CTPYKTYPY SIACPHBIX YPOBHEH.

PacueTbl OKa3bIBaIOT, YTO AJMHBI BOJIH PE30HAHCHBIX raMMa-
KBaHTOB MMEIOT TOT € MOPSIOK BEIMYUHBI, YTO M MEXaTOMHBIC

paccTosiHHA B KpHUcTaiuiax. B aToM ciryyae oOriee npogoisHOE 1mo-
Jie, KOPPEINPOBAHHOE C KPHUCTAJUIMYECKOM peleTko, Kak pa3 u
MOYKET B3ATh Ha ce0s poJIb MOCPEIHUKA B U3IYUCHUN H TIOTIIOIIE-
HUU TaMMa-KBaHTOB, PACIIPEIENs OTIady 110 BCEMY KPHUCTaLTY.

B 3aximoueHne paszzpena cieqyeT yHOMSHYTh O BO3MOYKHOCTH
MOJTYYEHUs PHEPTUH METOJIOM SIICPHOTO CHHTE3a B 003e-KOHICH Ca-
Te [2]. Mcxons u3 pacCMOTPEHHBIX CBOWCTB MPOJOILHBIX BOJH, Ta-
Kas peaklus NPeICTABISAETCS BIOIHE pPEalbHOM.

KoJioccanbHast 3p(peKTHBHOCTH MeXaHU3MAa TeJleNoPTALUH
yacTul 003e-KOHAEHCATOM MOKeT HHHIMHPOBATH SIICPHYIO pe-
AKIUIO CHHTe3a B MecTe CONMPHKOCHOBEHMSA JBYX CBePXTeKYy-
YHX KHAKOCTeH (MJIM B UX cMecH). JTO siBJieHHe MOKHO HAa3-
BaTh “CBEPXXO0JIOHBIM TEPMOsI0M”.

JlelicTBUTENBHO, KOHTAKT 003€-KOHAEHCATOB JIETKMX aTOMOB
MOXET CIIPOBOLIUPOBATH CHCTEMY K IE€pexofy B Oosiee HU3KOE
SHEPreTUYECKOE COCTOSHUE, MOCKOJIBKY NPU HAJIMYUN MEXaHU3Ma
TEeJICNOPTAIMH IPEOI0IeBATH YHEPTEeTHUECKHI Oapbep B Kiiaccuue-
CKOM CMBICJIE JIJIsl OCYIIECTBICHHS peakiiui HeT HeOOXOJMMOCTH.

Taxast BOBMOXXHOCTB JIOJKHA BCEPHE3 PACCMATPUBATHCS DKCIIE-
PUMEHTAaTOpaMu, B IEPBYIO O4epelb, C TOUKH 3pEHUsI Oe30I1acHO-
CTH MIPOBOJUMBIX OINBITOB MPU MCCIETOBAHNN PA3IMYHBIX cMecel
CBEPXTEKYUMX >KHUIKOCTeH. Peakuus cuUHTE3a MOXKET MPOU30MTH,
HaTpuMep, IpU CTPOTO OIPEIETIEHHOM COOTHOIIEHUH Pa3IMYHBIX
aTOMOB, TaK KaK pE30HAHC IMPOAOJBHBIX BOJIH, KaK MBI BHJIENH,
BECHbMa YYBCTBUTEIICH K IPOCTPAHCTBEHHOM KOPPEIALIUN.

OpHako myraromniasi IepCIeKTUBa HEYNIPABIIEMOTO TEPMOSIED-
HOT'O B3pPbIBa HE MOXKET cO00M 3aCIOHUTH JPYTOil BOZMOXKHOCTH —
MOJTyYeHUsl yIipaBiisieMoil simepHoi peakiuu. [lomada cBepXTeky-
YUX KHUAKOCTEH MOXKET MPOU3BOJIUTHCS B PEAKTOP UPE3BBIYANHO
MaJIBIMHU TIOPIHSIMH, HAIIPUMED, C TTOMOIII0 HAHOTPYOOK.

C nmpyroii CTOpOHBI, HAHOTPYOKH MOIYT BBINOJHHTH POJb
CB0€00PA3HOIo KaTaJIu3aTopa peakuuu cuHre3a. C yueToM 3To-
IO CXeMa IKCIIEPUMEHTa AOJKHA ObITh H3MEHEHA.

Vke ynoMuHaBIIascs GOKyCHPOBKa MPOAOIBHBIX BOJH BIOIb
OCH HaHOTPYOKHU JaeT BO3MOKHOCTh CYIIIECTBEHHO YBEIMYUTH aM-
TUTMTYAY BOJH TIPY pa3MENIeHNH HAaHOTPYOOK “‘€KUKOM .
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B mecrte mepeceueHus: oceil Bcex TPyOOK BOZHUKHET ITOTEH-
[MANTBHBI MUHUMYM, KOTOPBIM Oyaer ocobo “‘mpuTsaraTenbHbIM”
Ul aTOMOB-PEAreHTOB U SIBUTCS JIONIOJHMTEJIBHBIM OJIaronpusr-
HBIM (haKTOpOM JUTsI Havaia peakuu (puc. 16).

00000000 000000
0.0.0.00.0. 00.0.0.900.0.0

Puc. 16. HanoTpyOKH, KaK KaTaau3aTop pPeakiiy sAEpPHOTO CHHTE3a.

VYBenuueHne aMIIUTYbl TPOJONBHBIX BOJTH B MECTE MEepeCcedeHus! 0ceif HaHo-
TpyOOK (pacroyoXeHHBIX B BUJIE “‘@XKNKa’’) CO3/1aeT NOTSHIHAIbHBIH MUHIMYM
JUIS. aTOMOB-PEAreHTOB, HaXOIAIINXCSI BHYTPH TPYOOK.

B sToM ciydae HaHOTPYOKH JOJKHBI OBITH MPEABAPUTETHHO
3all0JIHEHBl aTOMaMHU-peareHTaMu (COCOOHOCTh HAHOTPYOOK K
COpOIUK XOPOIIIO U3BECTHA), @ PEAKITHIO MOYKHO MOMBITATHCS OCY-
[IECTBUTH U MPU OOBIYHOM TeMIeparype.

KpOMe TOTO0, MOUIHBIM CTUMYJIIATOPOM PCAKIHU MOXKET OKasa-
ThCSI JIOTIOJHUTEIBHOE OOTyYCHHE CHCTEMBbI CIICIHATBHO 000~
PaHHBIM JIa3€PHBIM U3IIydeHUEM (0 MEXaHU3ME SIBJICHHSI MBI TIOT0-
BOPUM B CIIEIYIOIIEM pasJiere).

PA3JIE 7

“Xo0J0aHbIE” UCTOYHUKHU IHEPTUH

Bboze-xoHaeHcaThl, Kak Mbl yOeIMIHCh, MPENOCTABISAIOT HAM
YHUKAJIBHYI0 BO3MOXXHOCTh TPHUKOCHYTBHCS K KOJOCCAIBHBIM pe-
3epByapaM BHYTPEHHEH HEPrUH BEIECTBA.

C ux moMouIbio yJ1aeTcsl pelieHne nepBoil 3a1aun, oCTaBIeH-
HOM HaMM B Hayase MpeabIIyIIero pasaesna, — 3a7adi o0beIuHe-
HUS MaJbIX JJOJIe SHEPTUH BEIIECTBA B EAMHOE IIEI0e.

Ho He MeHee 3amedarenbHBIM CBOHCTBOM 003€-KOHICHCATOB
SIBIISIETCS TO, YTO C UX ITOMOIIIBIO MOYKHO PEIIUTh U BTOPYIO 33124y
— IMOHU3UTH YACTOTy KojJeOaHU B CHCTEMax, BKIIIOYAIOINX B Ce-
05 CTOJIBb ““BBICOKOYACTOTHBIE YACTHUIILI BEIIECTBA.

JlocTaTo4HO BCIIOMHHTH ‘‘CTpaHHOE’ SIBIICHHE, KOTOPOE BO3HU-
KaeT MPH yCTAHOBICHWN KOHTaKTa (CTaboil CBS3HM) MEKIY JABYMS
cBepxmnpoBogHrKamMu. Peus unet 06 adpdexre xo3edeona [17],
MOpa3MBILIEM B CBOE BPEMsI BOOOpPaKEHHE YUYEHBIX — HEOOJIbIIAst
PasHOCTb MOTEHIMAJIOB MEXKIY CBEPXIIPOBOAHUKAMH MPHBOIUT K
BO3HUKHOBEHHMIO B IIETIH ITEPEMEHHOTO IEKTPHUECKOr0 TOKa.

HeoObranocTh addexTa 3aKmodaeTcs B TOM, 9TO KBAaHTOBO-Me-
XaHUYECKHE 3aKOHOMEPHOCTH “NMOKUJIAIOT MpeJeiabl MUKpOMHUpa”
U CTaHOBSITCA KBAHTOBBIMHU 3 deKTaMu MaKpoOMuUpa.

KakoB peanbubiii puznveckuii cmpicn 3¢ddexra xozedcona?
OH Maso 4eM OTINYaeTCs OT pACCMOTPEHHOT0 HaMH (pa3a. 4) mpo-
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Hecca B3aMMOJICHCTBUSI IBYX CBS3aHHBIX MAasSTHUKOB C OJM3KHUMH
coOcTBeHHbIMH YacToTamu (puc. 11). Pojib MasiTHUKOB B 3TOM
cjayyae BBINMOJHSIOT Pe30HAHCHI OOIIUX MPOJOJIbHBIX BOJIH B
CBEPXIIPOBOIHUKAX, 2 CBA3b MEKIY HUMH OCYLIECTBJIAETCH B
MecTe KOHTAKTa CBEPXIPOBOIHUKOB.

JleficTBUTENBHO, PA3HOCTH MMOTEHIIUAJIOB, PHIIOKEHHAS MEX-
JIy BYMsI KOHTaKTHPYIOIIUMHU CBEPXIPOBOJHUKAMM, CO3/AET TY
HEOONBIIYI0 Pa3HUIly B YaCTOTaX, KOTOpas MHHUIMHPYET MPOIece
MePEeKaYKH YHEPTHH Yepe3 KOHTaKT. [l0aToMy B anekTprdeckoii 1e-
TN BO3HUKAET TIEPEMEHHBIN 3JIEKTPUIECKUI TOK, 9aCTOTa KOTOPO-
rO NPONOPLHOHAIbHA BEIMUYNHE IIPUII0KEHHOIO TIOCTOSHHOIO Ha-
npspkeHus. Kcratu roBops, KBaHTOBasi MEXaHHKa HE JaeT HUKAKO-
ro 0OBSCHEHHSI OTHOCHTEIBHO TOTO, OTKYJa OepeTcsi SHepTUs s
obecriedeHusT He3aTyXaloIIeTo MEPEMEHHOTO TOKa B IIETIH.

3meck crnenyet 0cob0 MOMYePKHYTh TPHHIUITHAIBHOE OTIHYNE
MIPUPOJIHI BOSHUKAFOIIETO MIEPEMEHHOTO TOKa OT OOBIYHOTO TOKA B
MIPOBOJIHUKAX, UMEIOILIIET0 MECTO MPH HOPMAJBHBIX YCIOBHIX MOJ
BO3/ICHCTBHEM NEPEMEHHOTO HaNpsKEHHUS.

DJeKTpOHBI HE IBMKYTCS Yepe3 JKo3e(hCOHOBCKHI mepexo!

Wx smeprus (Macca) mepekaunBaeTCsl 4epe3 KOHTAKT CBEPX-
MTPOBOTHUKOB, YeM U 00€CIIeYnBaeTCs MPOIIECC TEeIETOPTAIINH.

O1eHNM TTOTOK 3HEPTUH, KOTOPBIN MUPKYIHPYET depe3 JKO3-
e()COHOBCKUI KOHTAKT.

AMITIUTYAHBIE 3HAYeHHs TaK Ha3bIBA€MOTO KPUTUYECKOTO TO-
Ka /pKo3e)COHOBCKOTO mepexoaa nocrurart 1 - 20 MA. To ects,
00pa3HO TOBOPA, 32 OIHY CEKYHAY Yepe3 KOHTAKT MepeKadrnBaeTCs
SHepreTUdecKuii SkBuBajeHT nopsaka 1017 snexrpoHos.

Tak xak macca snekTpoHa coorserctByer 0,511 M»sB, 1O am-
TUTTYAHOE 3HAUYSHHE MOIIHOCTH, TIepeKaunBaeMoii Yepe3 KOHTAKT,
JIOCTUTAET MOPa3UTENbHON BennuuHbl — 10 KnoBart!

CrenoBarenbHO, TAKOM NCTOYHUK KOJIECOAHMM, HECMOTPSI Ha Ka-
KYTIYIOCS cTa00CTh, 00IaaeT OTPOMHOM BHYTPEHHEH dSHEPTHECH.

WHTepecHo, 4To HWCCienoBaHus c1ab0 CBA3aHHBIX O0O0BEMOB
CBEPXTEKYYEro 3He [18] oOHAPYXHITN TIOHYIO aHAJIOTHIO TIOBEIe-
HUS TaKoi cucteMbl ¢ dpdexTom [ko3edcoHa B CBEPXIIPOBOIHH-
Kax. AHaJoroM pPa3HOCTH MOTEHIMAJIOB B 3TOM CIIyyae CIIY)KUT
pa3HOCTh JaBJIEHMH, a aHAJIOrOM TOKa — IOTOK TeIus dYepes
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OTBEPCTHSI B Pa3JICIIUTEIILHON MeMOpaHe.

OKkaz3anoch, YTO aMILTUTYIHBIC 3HAYCHUS IEPEMEHHOTO ITOTOKA
CBEPXTEKyUeH J>KHIKOCTH UYepe3 Majlble OTBEPCTHsI B MeMOpaHe
HMMEIOT NMOPSIA0K BeIMYUHBL 10 HI B CEKYHTy. DHEPreTUUECKUN FK-
BUBAJICHT TaKOTo IoToka cocrtasiisieT okono 1000 kBT, uto emre Ha
JIBa TIOpsiiKa OOJIbIIIe, YeM B ClTydae CBEPXIPOBOAMMOCTH!

[IpenmouTtenne B 3TUX 3KCIIEPUMEHTaX OBLIO OTJAaHO 3He, TaK
KaK ero JUIMHa KOT€PEeHTHOCTU cocTarisieT nopsaka 100 HM, B TO
BpeMs, KaK y 4He — Bcero okoro 0,1 am. UmMeHHO 3TO 0OCTOSTENB-
CTBO 00€CHEeYMIO TEXHOJIOIMYECKYI0 BO3MOKHOCTH H3TOTOBHUTH
nuadparmMbel ¢ OTBEPCTUSMH CBS3H pazmMepoM okono 100 HM.

OTMmeTHM, 4TO JJIMHA KOTePEeHTHOCTH B CBepXTeKYyUel K-
KOCTH SIBJIsieTCA aHAJIOrOM pa3Mepa KYNEpPOBCKOW Mapbl B
CBEPXIPOBOAHUKAX U COOTBETCTBYET JJIMHE BOJHBI MPOL0JIb-
HOI0 3J1eKTPOMATHUTHOIO IOJIs B 00pa3nax.

B cBepxTexyueli daze QpyHKIMS IBUKEHHS TIepeiaeTcs MOJIIo,
KOTOpO€ MMHUTHPYET ABMKEHHE YacTHUIl CO CKOPOCTHIO, COOTBET-
CTBYIOLIEW KpUTHUECKON Temmeparype. I1loatomy JuiMHA BOJHBI
00111eTo MPOIOIEHOTO MOl COOTBETCTBYET JUTMHE BOJHBI e bpoii-
JIS1 4YaCTHUILBI, DHEPTH IBUKECHUS KOTOPOU OIPEIEIIeTCs] KpUTHYE-
CKOi TemmepaTypoil. HarmoMHnM, 4TO B CBEpXNPOBOAHMKE JUIMHA
BOJIHBI MPONOJBHOTO MO (pa3Mep KyNEpOBCKOW Mapbl) TaKKe
UMUTHPYET JIBUKEHHE (B 3TOM Cllyyae — 3JIEKTPOHOB) CO CKOPO-
CTBIO, COOTBETCTBYIOLLEH YPOBHIO DEpMU B CBEPXITPOBOAHUKE.

Ecnu BBl mpoBezieTe OLEHKY BEIWYHWH JJIMH BOJIH Je bpoiins
aromos 4He u SHe IIPH CKOPOCTSIX, COOTBETCTBYIOIUX TEMIIEpATy-
pam niepexoza B cBepxrekyuee cocrosaue (2,17K u 0,00265K), o
yOenuTech, YTO OHM UMEIOT MOPSIKKA BEIMYUH NPUBEICHHBIX BbI-
1€ AKCTIIEPUMEHTAIBHBIX JaHHBIX 10 JUIMHAM KOT€PEHTHOCTH B
paccMaTpUBaeMbIX CBEPXTEKYUHX KHUIKOCTAX.

Wrak, KOHTaKT IByX CBOCOOPA3HBIX PE30HATOPOB C OTPOMHBI-
MU BHYTPCHHHMHU DHEPTUSMHU KoyieOaHHMii — 003e-KOHICHCATOB
JTaeT BO3MOXKHOCTH PEIIUTh 00€ 3a/1auu, KOTOPBIC MbI CTABHIIH Tie-
pen coboil. DHeprus BellecTBa OKa3bIiBaeTCs 00bETUHEHHOM B “00-
il koten” 003e-KOHACHCAaTa, a Pa3HOCTHAS YacToTa KoyeOaHui
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003e- KOHICHCATOB MOHMKEHA JI0 MIPUEMIIEMOTO YPOBHSI. U JIETKO
00pabaThIBaeTCs C TIOMOIILI0 OOBIYHON anmapaTypsbl.

Tenepp MOXXHO CKOHCTPYHUPOBAaTh HCTOYHMK 3HEPIHM, OCHO-
BaHHbII Ha 3¢ dekTe I:k03edcona (puc. 17). CToOpoHHHI HCTOU-
HUK TOCTOSIHHOTO HAaNpsDKEHUsI, HEOOXOAMMBIN U Havajga Mmpo-
Hecca reHepaly MOKET OBITh B IIOCJICACTBUH y/IaJeH, TaK KakK 1o-
CTOSAHHOC HAIIPSAKCHUC 6yIlCT NMOAACPIKUBATHECA aBTOMATUYCCKU
MIpH BBIIPSIMIICHUH KOJIEOaHNUH, KaK 3TO ITOKa3aHO Ha CXEMe.

IIpu coBpeMEHHOM yPOBHE TEXHOJIOTMU Ha OJTHOM IJIaTe MOX-
HO Pa3MECTUTb MHOXKECTBO TakuX cxeM. CoequHsIs UX napaijieib-
HO U MOCJIeIOBAaTEIbHO MEXKAY COO0M, MOXKHO MOITy4aTh HCTOUHH-
KH 2JIEKTPUYECKOW SHEPrUu C JIOOBIMU Hamepes 3aJaHHBIMH Xa-
paKTepUCTHKaMH.

Ho ectp u Bonpocsl! M3BecTHO, UTO uepe3 mx03e(hCOHOBCKUI
KOHTAKT, Hapsiy C MEPEMEHHBIM TOKOM, IIPOTEKACT M MOCTOSHHAS
cocTaBsoLIas — Haroxooue Toka yredku. Kak ona nosnuset?

Hanuuwne storo Toka He OyneT MMETh NPUHIMUIHAIBLHOTO 3HA-
YCHHs, TaK KaK €ro BEJINYMHA IIPONOPIUOHAJIbHA HAIPSXKCHUIO, B
TO BpeMsI Kak aMILTUTY/1a IEPEMEHHOT0 TOKa OT HAIPsDKEHUS He 3a-
BUcHT. [IoaTOMY BIMSIHHE NMOCTOSIHHOM COCTAaBJISIOLICH TOKA CKa-
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Puc. 17. Cxema ucrounuka 3uepruu Ha 3ddexre [xosedcona.

CTopoHHUH MCTOYHMK HampspkeHumst U Tocie Hauana mpolecca TeHepalun
MOXeET ObITh YJlaJIeH, TaK KaK [IOCTOSIHHOE HaIpsDKeHHE OyJeT MOJAep KUBaThCs
ABTOMAaTUYECKH TIPH BBIIPSIMICHUH KoJIeOaHUH.
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JKETCA TOJIBKO Ha BEJIMYMHEC BBIXOAHOI'O HAIIPSKCHUA UICTOYHUKA —
oHa OyJIeT HIDKe, ueM OblTa Obl B €r0 OTCYTCTBHH.

EcTtecTBeHHO, BO3HUKAIOT W JIPyTHE BOIPOCHI MPHHINITHATD-
HOTO (maxe Grrocockoro) xapakrepa. BosMoykeH 11 BoOOIIIe Ta-
KOW MCTOYHHK 3HEpTuu? 3a CYeT 4ero B TaKOM HCTOYHHKE OyneT
BOCIOJIHSTBCS MOTpedsiemMast SHeprus?

3nech MO3BOJIUTENBHO 33/1aTh BCTPEUHBIN Bompoc. Passe Bo3-
MOYKHO C TOYKH 3PEHUs “3PaBOro CMbIC/Ia” MOSBICHNE KOJICOaHUN
B Takoi 1ienu? Ho 3T konebanmsl CymecTBYIOT B XOPOIIIO U3yde-
HBI 9KCIIEPUMEHTABHO!

Bce neno B Tom, uto adderr [xo3zedcona sBisercs Makpo-
CKOITMYECKUM TIPOSIBIICHUEM 3aKOHOMEPHOCTEH MUKpoOMHpa. A B
MHUKPOMHUPE BTOPOH 3aKOH TEPMOJIMHAMHKH, KaK U3BECTHO, HE JICH-
ctByer! BecmomuuM, HanprMep, OpOyHOBCKOE JBIKeHHE. MaseHb-
Kre OpPOYHOBCKHE YaCTHIIBI MOTYT TOTydaTh OT OKPYKAIOIINX MO-
JIEKYJT SHEPTHIO, 3HAYNTEIIBHO MPEBBIIAIOIIYI0 PABHOBECHOE 3Ha-
yerne. [Ipy 3TOM MPOUCXONUT JOKaTbHOE YMCHBIIICHUE YHEPTUU
OKpY’Karolleil cpesibl (YMEHbILIEHHE TEMIIEPATyPhl).

To4HO Takke, BOCIIOJIHEHHE YHEPTHH UCTOYHHKA Ha CBEPXITPO-
BOJHUKAX JIOJDKHO MPOUCXOJIUTh 3a CUET DHEPTrUU OKpYKarolleu
cpensl. Beab CONMMTOHBI BCeT/ia CTPEMATCS K pABHOBECHIO, H ITOTE-
pSHHAs UMM 3HEPTus Oy/eT BOCIONHATHCSA 3a CUET B3aWMOICH-
CTBUS C OKPY)KarOIUM BeriecTBoM. CpadoTaeT Ji 3TOT MEXaHU3M
Ha MPaKTUKE, MOKHO OyJeT cKa3aTh CO BCEW OIMpPEAETICHHOCTHIO
TOJIBKO TIOCTIE DKCIIEPUMEHTAIBHOW TIPOBEPKH (KOTOpas, KCTaTH
cKazarbh, HE TpeAToaraeT OOIbIINX 3aTpar).

Taxoil MexaHW3M HallOMHHAET KPyroBOpOT 3Hepruu Bo Bce-
JICHHOH, KOTOpasi, 10 OOJIBIIIOMY CUETY, SIBJISICTCSI BEYHBIM J[BUTATE-
JIeM BTOpOTO pojia. B Hamem ciryyae co3faercs JTOKaIbHbBINH KpyTo-
BOPOT 3Hepruu. B olHOM MecTe OHa 3a0UpaeTcsi U3 OKpYKaroIien
Cpebl, a B IPyr'oM MecTe — B Hee JKe BO3Bpalaercs 6e3 HapyIie-
HUS 3aKOHA COXpPaHEHUS dHEPTUHU (CM. Takke pasi. 8).

K Bompocy o nokanpHONH HUPKYJISALUN SHEPTHH MBI €IIE BEp-
HEeMcs, a ceifuac MOroBOpHM elie 00 0OJHOH BO3MOKHOCTH TIOJTyde-
HUSI SHEPTHHU, HEe TPEeOYIOIIeH CO3MaHus BBICOKUX TeMIIeparyp.

Kparkwuii ananu3 npobiaeMsl cogepxutes B [2].
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“Xos10aHbBIH TepMOsIA” YK€ MHOTHE TOJBI HE HA€T MOKOS UC-
CJIeZIOBaTeNsAM, TaK KaK YCIEIIHOE PelIeHre 3TON 3a/1auu a0 Obl
MPAKTHYECKNA HEHCUYEepPIaeMblii HCTOYHUK YHEPTHH, CTOJIb HE00X0-
JIUMBIN Y€JI0BEYECTBY BBHUIY OOOCTPEHUS SHEPTETHYECKUX U KO-
JIOTUYECKUX TTPOOIIEM.

TepmosiiepHble peaklMHU CHUHTE3a 10 OMNPEIEIEHHI0 MOTYT
MIPOUCXOANTD TOJIBKO MPHU KOJOCCATIBHBIX TeEMIIepaTypax, JAoIHxX
BO3MOXXHOCTh TIPEOIOJNETh KYJIOHOBCKHE CHIJIBI OTTAJIKUBAHUS
B3aMMOJICHCTBYIONIHNX siiep. MHOTHE ECATHIETHS pelIeHne Tpo-
ONeMBl WIIYT MTyTeM CO3JaHHS BBICOKOTEMITEPATypHOW TIa3MBI B
OTpOMHBIX ycTaHOBKax Tuna ‘“Tokamak”. I[ToatoMy nomydenue pe-
AKIUU CHUHTE3a B OOBIYHBIX YCJIOBHUSX IMOJABJISFOIIAM OOJBIIHH-
CTBOM yUYE€HBIX HE BOCIIPHHMMAETCS BCEPHE3.

DTa yBEepEeHHOCTh CKENTHKOB B KaKOH-TO Mepe ObLIa MoKoe-
OneHa 1moce MoNy4YeHHs] HEOKHUIAHHBIX PE3YIIbTaToOB 10 BBICOKO-
TeMIEePaTypHOH CBEPXIPOBOAMMOCTH, MOOYIUBIIHUX (DH3UKOB
OBITH OCTOPOXHEE C MMPOTHO3AMH.

Kparko nepeuyncianM HEKOTOpbIE COOOIIEHHUSI O MOMBITKaX TO-
JyYEeHUS PeaKIuil “XOIOIHOTO TepMosiaa”.

Cnermmanuctel yauBepcutera FOta, Ctommm [lonc u Maptun
OneiMan, TBHITATACH OCYIIECTBUTH PEAKITUIO SIIEPHOTO CHHTE3a
B TIpOIIeCCe AIIEKTPONIH3a. B TsKery o BOIy ITOMEIaiy SJIeKTPOIbI,
W3TOTOBJICHHBIC U3 MAJIIaAUsI, KOTOPBIH, KaK U3BECTHO, XOPOIIO pa-
CTBOpSET B cebe Bogopon u nedtepuil. [Ipu nmpoxoxkaeHuu 3mex-
TPUUYECKOTO TOKA HMOHBI JeUTepusi OOMOApHPYIOT MOBEPXHOCTD
AIIEKTPOAA W MPOHUKAIOT BHYTPH Majutaausi. KomndaecTBo pacTBo-
PEHHOTO B MaJUIAJNH ASUTEPHs OKa3bIBACTCS HACTOIBKO OOBIITIM,
YTO OHO PKBHBAJIEHTHO KOJIOCCAIBHOMY JaBICHUIO COOTBETCTBYIO-
et razoBoit cpeapl. Ctonnu u OneiiiMan yTBEpKIaau, 4TO UMU
MoJy4eHa peaklusi CHHTe3a ¢ 00pa30BaHHEM TPUTHSI, H30TOTA Te-
TWsS, ¥ BBIAEICHUEM HM30BITOYHOrO Terura. OXHAKO TPOBEIACHHBIC
JIPYTUMH YYEHBIMH KOHTPOIIbHBIE SKCIIEPUMEHTHI HHYETO TI0I00-
HOTO He 3a(pUKCUPOBaJIH.

[Toxoxue 3KCIepUMEHTHI € AIEKTPOIUTUYECKUMU dIIeMEHTaMU
OBUTH TIPOBEJICHBI B YHUBepcuTeTe Imrara MmHoiic. B anekrpo-
JIUT MTOMEIIATHA MEJIKHE TIACTMACCOBBIE OYCHHKH, TTOKPBITHIE TOH-
KHM CIIO€M HUKEINS, KOTOPbIi, TaKkKe KaK ¥ MaIaJnid, MOXeET T0-
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[JIOIATh B OTPOMHOM KOJINYECTBE JIETKHE U TSKEJIble U30TOIBI BO-
Jlopojia. DKCIEPUMEHTAaTOPhl YTBEP)KIAIOT, YTO TAKO€ YCTPOHCTBO
BBIZICIIIECT W30bITouHOE Tetio — 5 Bt Ha 1,5 BT 3arpar. [loareep-
JKACHUM U3 IPYTrUX UCTOYHHUKOB ITOKA HET.

B HIIO “JIyu” (1. IlomonbCK) MpOBOAMIMCH SKCTIEPUMEHTHI 110
XOJIOAHOW HapabOTKe TPUTHS MpH OOMOapIMpPOBKE METAJUIOB HO-
HaMH JieWTepusi B TICIOIIEM d3JeKTpuueckoM paspsae. Coolia-
JIOCh O TIONYYSHHH TOJIOKHUTEILHOTO pe3ynbrata. Ho kakux-mibo
MOATBEPKACHUM OT JPYTUX UCCIeJoBaTelel He MOCIen0Ballo.

Kaknm 06pa3oM MOXKHO TPOKOMMEHTHPOBATh OAOOHOTO poaa
co0OLIeHus], TPaHUYAIE CO CIlyXaMH{, MM HallOMUHAIOIUE JIeT-
KOBECHBIE Ta3€THBIE CEHCALUN?

Kputukn uaeun “xomogHoro TepMmosiaa’”, Kak MPaBUIIO, BBIIBHU-
rafoT B KaU4eCTBE TIIABHOTO apryMeHTa HEBO3MOYKHOCTD (B IIpejia-
raeMbIX YCJIOBHSX) IPEONOJICHHUS MTOTEHIMAIBHOTO Oapbepa dIeK-
TPOCTaTUYECKOTO OTTAJIKUBAHUSA SIAEP U OCYIIECTBICHHS peak-
Ui cuHTe3a. To ecTh, IPUHUMAETCS] BO BHUMAHUE TOJIBKO YITOMS-
HYTBI MEXaHU3M MPEOJI0ICHU TOTEHIMAIBHOTO Oapbepa, 4To Ha-
3bpIBaeTCA “B J100”. B 3TOM cilyyae KMHETHUYECKasl YHEPTHs COyIa-
PSAIOIIMXCS YacTHUI TOJHKHA TPEBOCXOANTH BEIMYHHY Oapbepa Ky-
JIOHOBCKHX CHJI OTTAJIKMBAHUSL.

Ho cymectByet u apyroii mexanusm! B pazn. 5 Obuto nmokasa-
HO, YTO TPU B3aUMOAEHCTBUU C YIOPSAJOYEHHBIMH CTPYKTYpaMu
BO3MOXHa Tenenopranus yactun (Puc. 12). J{ns ocymectBnenus
3TOTO Tpoliecca Kak pa3 He HYKHBI OOJIbIINE CKOPOCTH (BIIPOYEM,
KaK ¥ CIUIIKOM Majbie). [logbopoM mapamMeTpoB meprOgNIeCKON
CTPYKTYPBI U CKOPOCTHU YaCTHIl MOXHO TEJICIIOPTUPOBATh UX B UH-
TepdepeHIMOHHbIE MAaKCUMYMBI PSIIOM C HYXHBIMH YaCTHIIAMHU,
MUHYsI TAKMM 00pa3oM MoTeHIHANbHBINA Oapbep. Bo3amMoxHOCTE pe-
aKIIMU CHHTE3a B 3TOM ciydae Oy/leT ONpeensiThCsl COOTHOILIEHH-
€M KOHEYHOM U UCXOJHOU HEPIUil CUCTEMBI.

CrnenyeTr OTMETUTb, YTO pPeajibHbIE PAacUeThl YCIOBHUH, NPH KO-
TOPBIX HMHTEPHEPEHINOHHBIE MaKCUMYyMbl OyIyT HaXOIUTbCA B
HYXHBIX MeCTaxX, 0e3yCIIOBHO, TOTPEOYIOT CO31aHM CIIeUaTbHBIX
KOMIIBIOTEPHBIX TMporpamm. Jleo B TOM, YTO KOJUYECTBO (aKTo-
POB, KOTOpbIE HEOOXOAUMO OyJeT YUYUTHIBATh, IOCTATOYHO BEITUKO
Y 3aBUCHT OT THIA KPUCTAIUIMYECKON pereTkn 0oMOapaiupyeMbIx
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MaT€puajIoB, BEJIMYMHBI U HAIPAaBJICHUS CKOPOCTH 4YaCTHUI, (1)330-
BBIX COOTHOILIEHUH U T. 1. Kpome TOro, mpu ABUKEHUU YACTUIIBI
MPOMCXOJIUT H3MEHEHNE PACCTOSHHI, &, CIIE0BATEILHO, U H3MEHE-
HUE BEJTMYMHBI KO3 UIHeHTa epeadn 3a OUH MEPUO/.

CKOpOCTh W HampaBlICHUE JBW)KCHUS CaMOW YaCTHIIBI B IPO-
1ecce B3anMOJICHCTBUS TAKXkKe OylIyT MEHATHCS, TaK Kak repenada
OHEPruur BCEraa COIpsKCeHa ¢ USMCHCHUEM UMITYJIbCA.

Cnez[yeT OTMCTUTB, YTO TaKoW MeXaHU3M M3MEHEHUS TPACKTO-
pUH 9acTHUIl (BIUTOTH 10 OTPaKEHHU) HE UMEET HUIETo 00IIero, Ha-
MpUMeEp, C BO3JICHCTBUEM BHYTPUKPHUCTAUTHYCCKHX 3JICKTpHUC-
CKHX ToJiel. MeXaHn3M HM3MEHEHUsS TPACKTOPHH B Pe3yJlibTare 00-
MEHA PHEPruell HaXOIUT CBOE TOATBEPIKICHUEC B M3BECTHBIX HH-
TepPEPEHIIMOHHBIX SIBICHUSIX, HAOJIOMAEMbIX TPU MPOXOKICHUN
(OTOHOB Yepe3 Majible OTBEPCTUS B DKpaHEe, TaK KaK M3MEHEHHE
HaIpaBIlICHUs] PaCPOCTPaHEHUs OTOHOB, B KOHEYHOM HUTOTE, PO-
HCXOJIUT 33 CUET 0OPATHOTO 10 HAMPABJICHHIO UMITYJIbCA, TIOTyYac-
MOTO 3KPaHOM C OTBEPCTHUSIMHU.

Puc. 18. “Xomomuslii Tepmosin”.

CroxeHue AMIUIATY[ BSal/IMO)lef/'ICTBI/Iﬂ OJHOBPEMEHHO OT MHOT'MX OJUHAKOBBIX
JacTuly co3gacT 6HaTOHpH${THLIe yciaoBus MJid pe€aKluu AJ€pHOI0 CUHTE3A.
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HN3-3a Bcex 9TUX clIokHOCTEH Ooiee 3PEeKTHBHBIM Ha ITPAKTHU-
K€ MOXET OKa3aTbCsl HEKOTOPBIA IPOMEXKYTOUHBIM BapUaHT —
MPUOTIHKCHHBIN pacdeT ¢ TOCICAYIOMEeH KOPPEKTUPOBKOH YCII0-
BUI OCYIIECTBICHUS PEAKIUHU IO PE3yJIbTaTaM HKCIEPUMEHTOB.

Heo0OxoquMo yduThIBaTh M JIOTIOJTHHUTEIBHYIO BO3MOXXHOCTH
MPEOI0JICHUs TOTEHIMAIBLHOTO Oapbepa, YBEeIMYHBAIOLIYIO BEPO-
ATHOCTb pEaklHUHU CUHTe3a. boMOapaupoBKa MepUOIUYECKOM
CTPYKTYpPBI, OCYIICCTBISIONIEH TEIeNnopTalnio, OCYIIECTBIAETCS
HE OTACJIbHBIMHU YaCTULAMU, & LEIbIM IOTOKOM yacTul. [loaTomy
CIIOKEHHUE aMIUIUTY]l B3aUMOCHCTBUS IPOUCXOAUT OJJHOBPEMEHHO
OT MHOTHX YacTHIl, YTO MOXET CO3[aTh OOJIBIIOW MaKCUMYM,
BKIIFOYAOIIIUH B ce0sI SHEPTUIO OT MHOTUX yacTwuil (puc. 18).

Taxum o0pa3oM, UCXOZs U3 PACCMOTPEHHOTO MeXaHHU3Ma Ipe-
OJIOJICHUSI TOTEHIIMAIBLHOTO Oaphepa IMyTeM TeNICNOPTAINH, MOKHO
CJIENIaTh BBIBOA O MPUHIIUIUAIBHON BO3MOXHOCTH OCYILECTBICHUS
peakuuil “xononHoro tepmosiga”’. OAHAKO CIOKHOCTH MpakTUYe-
CKOTO OCYILECTBJIEHHS TaKOro Ipoliecca Toxke odeBUAHBL. [1o3To-
My JIOCTH)KEHHE CTaOMJIbHBIX W BBICOKHX ITOKa3aTelNeil 3TUX peax-
Ui morpedyeT OONBIINX YCHUIIMH B N300peTaTeIbHOCTH.

Brionae BO3MOXKHO, YTO MOOOHBIA MEXaHU3M AJIEPHBIX peak-
U UMEN MECTO TIPH AIIEKTPUUECKHUX B3PhIBaX (OJIBT 3 0C000 UH-
CTBIX MaTepPHUAIIOB B BOJIE, COMIPOBOXKIAEMBIX TpaHC(hOpMaIei Xu-
Muyeckux aeMenToB [19] (Ypyuxoes JI.U., Jlukconos B.U., Lu-
HoeB B.I), a Takke B 3KCIepUMEHTaxX MO IMOJYyYEHHUIO peakluit
CHHTE3a TPUTHUS NMPHU aKyCTHUECKOW KaBUTAIMU B “TSKEIIOM arle-
toHe” (Pobeptr Hurmarynun, Py3u Taneitapxan u Pugapy Jleiixn).

Kpatko ynoMmsiHeM eriie 0 IByX SIBJICHHUSX, OTKPBIBAIOIUX HO-
BBIC BO3MOXKHOCTH B (DU3UKE U DHEPIETHUKE.

[M1a3mMeHHBbIe KPUCTAIIBI H3 MAKPOYACTHUII. Takyro Tuia3my
Ha3bIBAIOT a3p0O30JbHOM, NBUIEBOM WM IUIA3MON C KOHJIEHCUPO-
BaHHOU nucriepcHoi (a3oi. Ee 0COOEHHOCTH COCTOUT B TOM, UTO
Onmaromaps OOJBIINM pa3MepaM YacTHII, COACPIKAIIMXCS B TUIa3Me
(10 TecATKOB MKM), UX 3apsif] TOCTHTaeT 102 -10° 3apsJIOB DIIECK-
TpoHa (e). [loaToMy 3Heprusi KyJJOHOBCKOTO B3aHMOAEiCTBHUSA
MEKIy TAKMMH YaCTHIIAMH 3HAYUTEIHHO MPEBHINIAET UX CPe/I-
HIOK0 TEMJIOBYIO YHEPTHUIO.



78 Paszoen 7

“XonooHvle” ucmounuku sHepauu 79

B 3THX ycnoBuSIX 00pa3yeTcsl cBOeoOpa3HbIil aHaor (6o3e-
KOH/IeHCAaTa — NPOCTPAHCTBEHHO YIOPSAJ0YeHHbIEC CTPYKTY-
Pbl, “cKpenJieHHble” 00LMM Pe30HAHCOM NPOAOJIbHBIX BOJIH.

Hauunas ¢ 1995 . 8 HayuHo-ucciaenoBaTesnbckoM IIEHTPE Te-
TUIOGHU3UKH MMITYTbCHBIX BO3JCHCTBHH mMoa pyKoBoacTBoM B.E.
doprosa u A.Il. Hedenora npoBoauianch ucciaeJ0BaHHS YIIOPSIIO-
YeHHBIX CTPYKTYp M3 YacCTHII MHUKPOHHBIX Pa3MepoB B IUIa3Me,
MOJAECP>KUBAEMOM TTOCTOSHHBIM TOKOM. B nanbHelimneM, kKak H3-
BECTHO, OBIJIM NMPOBEIEHBI M KOCMUYECKUE SKCIIEPUMEHTBI Ha OOp-
Ty OpOHUTaIBHOM CTAHLINH.

Amnanornunbie 3QdexTsl UMEIH MECTO B BBICOKOUYACTOTHOM
paspsiie B rase, B KOTOPBI BBOIMJIMCH IbUIEBbIE YacTUIbl. OHHU
proOpeTany oTpuIaTeabHbIi 3apsn okoso 100e n 0o0pa3oBbIBaIN
TaK Ha3bIBA€MBIN IUIA3MEHHBIM KPHUCTAJI, B KOTOPOM I'paBUTAIM-
OHHBIE U JEKTPOCTATUYECKUE CHIIBI B3aMMHO YPaBHOBEIINBAINCH
(uccnenoBanus nposonwiuck B epmannu, CHIA, TaiiBane).

OKCIepUMEHTHI OCYIIECTBISUINCH KaK C OTPULIATENBHO, TaK U C
MOJIOKUTETHFHO 3apsKEHHBIMU YacTHIIaMU. B wacTHOCTH, TS TT0-
JIOKUTEIIbHON 3apsIKH YaCTHUL] HCIIONIB3YeTC TEPMOIMUCCUOHHBIN
MEXaHHM3M U MHTEHCHBHOC YAbTPa(UOIETOBOE U3ITyUCHHUE.

Brionne BO3MOXHO, 4TO TJIA3MEHHBIE KPUCTAIUIBI MOTYT OBITH
HCIOJIb30BAHbI B KAUECTBE HAKOMUTENEH 3HEpruu.

W eme onuH KBaHTOBBIA 3P deKT B pu3uKe MaKpoMupa.

DKCTIIEPUMEHTAIIEHO OOHAPY)KeH HOBBIM KJIACC SIBIICHHM, BO3-
HUKAIOIUX IPH B3aHMMOJEHCTBUM JIA3€PHOTO H3IIyYEHUs, UMEIO-
LIEr0 CHEIUAIbHBIA CHEKTPAIBHBIA COCTaB, ¢ MapaMarHUTHBIMU
razamu [20]. B nepBoii cepun 3KCIEpUMEHTOB B Kaue€CTBE CPE/bl
WCIIOJIB30BAJIUCH MTApaMarHUTHBIE KOMITOHEHTHI BO3/yXa: KHCIIO-
PO, UMEIOIINH HE CKOMIIEHCHPOBAHHBIN CITMH AIEKTPOHHOM 000-
JIOUKH, ¥ a30T, UMEIOIINN HE CKOMIIEHCUPOBAHHBIHN SIJEPHBIA CITHH.

ABTOpPBI OTMEYAIOT, YTO B PE3yJIbTaTe B3auMOACHCTBHS OUrap-
MOHHMYECKOTO JIA3€pHOTO U3IY4YeHHs C yKa3aHHBIMU KOMIIOHEHTa-
MU BO3/lyXa IIPOUCXOUT €ro MpeodpazoBaHKe B HEU3BECTHYIO pa3-
HOBHJIHOCTH 3JIEKTPOMAarHUTHOTO m3nmy4deHus. OHO He obnamaer
IIACTIepCcHeit, a ¢ha3oBas CKOPOCTh paBHA TPYIITIOBOM.

Mounexysnbl ra3a (IIpy KOMHaTHOH TeMIeparype 1 HOpMajbHOM

JlaBJieHnHU!) HAuMHAIOT CONMKATBCS, MPUOOpETasl YCKOPEHHE I10-
panka 100 m/c2, u 06pasyroT MOJEKyYJIAPHBIH KPUCTAILT C TIIOTHO-
CTBIO OKOJIO 9 I/cM3, XapaKTepHOii is TBEpP/BIX Tel.

To ecTh, MPOUCXOIUT CAMOOPTAaHU30BAHHOE CIKATHE ra3a Oolee
YeM Ha YeThIpe MOps/IKa U 00pa3oBaHKe HEM3BECTHOTO KprcTaia!

HaOmonaBiiasicsi KapTHHA CIMHOBBIX BOJH PaccMaTpUBaeTCs
KaKk pe3yJbTaT KOMOMHAIMOHHOTO PAaCCesIHHSI MPOI0JIbHBIX
CBETOBBIX BOJIH HA CIIUHOBBIX BOJIHAX, 00Pa3yIOIINXCS B MOJIe-
KYJSIPHOM KpPHUCTAaJUIE, MOCKOJIbKY CITUHOBBIC BOJHBI ITPH KOMHAT-
HOU TeMITepaType MOTYT CYIIECTBOBATh TOJILKO B TBEPBIX Telax.

3aMeTHM, YTO Pe3yiabTaThl SKCIIEPUMEHTOB KaK C MJIa3MEHHbI-
MU KPHUCTAJJIAMH, TaK U C MOJICKYJIIIPHBIMH KpHUCTaJUIaMu, 00pa-
3YIONUMUCS U3 Ta30BOU CPEIIBI, CBUAETEIBCTBYIOT O TOM, UTO MPO-
AO0JIbHBIE 3JIEKTPOMATHHUTHBIE BOJHBI MOIYT OCYHNIECTBJISATH
B3aNMO/IeliCTBHE HA OTHOCHTEJIbHO OOJIBIINX PACCTOSTHUSAX.

Kpome Toro, upe3BbiuaiiHO BaKHBIM SKCIIEPUMEHTATIBHO IMOJ-
TBEPXKACHHBIM PE3yJIbTaTOM SIBISICTCS YCHJIEHHE MPOAO0JILHBIX
IJIEKTPOMATHUTHBIX BOJIH JIA3ePHBIM HM3JYy4YeHUEeM. DTO TaeT
OCHOBAHUS HAJIEIATHCS HA YCIENIHOE MPUMEHEHHE 3ToTo dddexTa
JUTSL OCYTIIECTBIICHUS PEaKIUil SIEPHOTO CHHTE3a, O KOTOPBIX MBI
TOBOPWJIM B KOHIIE MPEIBIIYIIEro pasena.

Crenyer TakKe OTMETUTh, YTO B IMOJIHOM Mepe 3HaYCHHE IKC-
MEPUMEHTOB 10 00Pa30BaHUIO0 MOJICKYJIIPHBIX KPUCTAJJIOB U3 Ta-
30BOM cpenbl MOJ BO3JECUCTBUEM JIA3€PHOTO HU3JIyYEHHUs €Ille O
KOHIIa HE 0CO3HaHO. BO3MOXKHO, OHM OyIyT HIMETh AaJIEKO WAYIIHe
TIOCIIEACTBHSA JJIsl BCeH (DU3HMKH, B TOM YHCIIE, U ISl HCCIIeIOBAaHUN
MIPUPOIBI MTPOIOJILHOTO AIEKTPOMArHUTHOTO TOJIS.
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Best KM3HD M IEATENBHOCTD Y€JIOBEKA (DAKTHUECKH OCHOBaHA
Ha UCIIOJIb30BaHUM BEYHOTO JBUTATENIsl, KAKOBBIM SIBJISIETCS 110 OT-
HOLICHUIO K HaMm Bcenennas. Mbl npocto “BcTpanBaemcs’” B Oe-
CHPEPBIBHO IHUPKYIUPYIONINE MMOTOKH SHEPrHd. TakoB MpPUHIMII
CYIIECTBOBAaHUS BCEro ’KMBOTO Ha 3emiIe.

Jaxxe atoMHas 1 TepMosiiepHast YHEPTUsl — HE YTO MHOE, KaK
OCTAaTKH 3TOH [1100aIbHOM HUPKYIIALUH, TIOCKOJIBKY B SIAEPHBIX pe-
AKX MCIOIb3YIOTCSI HEPAaBHOBECHBIE SIIpa aTOMOB, OCTABLIMECS
OT KOJIOCCAJIbHBIX SHEPTETHUECKHUX MPOIIECCOB MPOILIOTO.

Ho BO3MOKHO 111 ICKYCCTBEHHO, B IIPUEMIIEMBIX JISl HAC, a HE
B KOCMHUYECKHX MaciTabax, He HapyIas 3aKOH COXPaHEHUs dHep-
I'MH{, CO3/aTh IPUTOAHBIN U1 IPAKTUYECKOIO UCIOIb30BaHUS LIUP-
KYJIUPYIOIIHUHA MOTOK SHEPTUU?

OTUM BOIPOCOM MBI YK€ 3aJaBajluCh MPHU OOCYKICHUU HJICH
reHeparopa, UCIOJIb3YOIEro BHYTPEHHIOI YHEPIHIO BELECTBa U
ocHoBaHHOTO Ha pdekte Jxo3edcona (paszm. 7).

Torma Hama HazmeXma Ha yCIeX OCHOBBIBAJIACh Ha TOM, YTO
CBEPXIIPOBOAMMOCTD SIBJIETCSI MAKPOCKOIIMYECKUM IPOSIBICHUEM
3aKOHOMEPHOCTEH, NEHCTBYIOMINX Ha yPOBHE MHUKPOMHPA, a BTO-
poe Havyaso TePMOAMHAMMKH, KaK U3BECTHO, HA YPOBHE MHUKPOMHU-
pa Kak pa3 He paboTaer.

Cy1ecTByYIOT JIM JIpyTrHe MPeanoChUIKH JUIs CO3/JaHMsI 3aMKHY-
TBIX ITOTOKOB DHEPTUH, KOTOPbIC ObI IO3BOJISUIN TTOJTyYaTh SHEPTHIO
13 OKpY’KAIOIICeH cpeapl?

HaunOonee nogxoasmymMu Ha 3Ty poiib CIEAyeT NPU3HATh MPo-
LECCHI, TPOUCXOJISIINE B CHIIOBBIX TOJISIX.

B xauecTBe KOHKpETHOro NpuMepa MPUBEAEM HICIO TPaBUTA-
LIUOHHO-TEIUIOBOM YCTAHOBKH, MPEUIOKEHHON JOKTOPOM TEXHHU-
YecKkux Hayk, npodeccopom B.B. KymuHbM (HHCTUTYT TeOpeTH-
YeCKOH M AKCIIEPUMEHTAIBHON (PU3UKH).

Peus uger 00 ympasisieMoM mpoiecce 0T0opa TeII0BOH IHep-
TUHM U3 OKpY’Karolllel Cpebl, KOMUPYIOIEM B 3HAUUTEILHON CTe-
MIEHH TO, YTO MPOUCXOAUT B MPUPOJE — B yparaHax MM TOPHAJIO.
HyHo “TONBKO” MOMECTUTH 3TOT OIPOMHBIN BUXPh B BEPTHKAIb-
HYI0 TpyOy COOTBETCTBYIONIUX pa3MepoB (puc. 19).

3a cueT 4ero moiydaeTcs SHePTHsl B TAKOW yCTaHOBKE?
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Puc. 19. I'paBuTanIMOHHO-TETIIIOBas YCTAHOBKA.

B mnopHmMaromeMcsi MOTOKE BIQXXHOTO BO3AyXa IMPOMCXOJUT YMEHBIICHHUE
Temieparypbl. KoHzieHcanusi BOIbI, a 3aTeM O0Opa3oOBaHME CHera M rpajaa
MOJOTPEBAIOT BO3AYX, YBEIMYUBAs “TATY” BBEpPX.
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Temuiblil BnakHbli IOTOK BO3JyXa HampasisieTcs BBepx. IIpu
3TOM TeMIleparypa BO3[yXa YMEHbBINIAETCs, M Biara, cojiepikaria-
jCs B HEM, KOHIEHCHUPYETCs, a 3aTeM, Ha elle Oosblleil BhICOTE,
npeBpaiiaercs B cHer ¥ rpaa. Ho npoueccs! koHaeHcanu u oopa-
30BaHU JIb/1a U CHETa, ECTECTBEHHO, COTPOBOXKIAIOTCS BBIACICHH-
€M 3Hepruu, nojorpenaomiei Bo3ayx! 9To, B CBOIO o4epeib, yCu-
JUBaeT “TATY” BBEPX B 3TOM MOTOKE. Tak HabMpaeT CUly yparas.

Ecnn Bech 3TOT MOTOK BIAXKHOTO BO3AyXa 3aKIIOUYEH B BEPTHU-
KaJbHYI0 TpyOy, @ Ha IIyTH BO3IyXa, BPHIBAIOLIETOCS B HUXKHIOIO
9acTh TPYObl, HOCTAaBUTH TYPOHHBI, BEIPaOaThIBAIOIINE 3JICKTPHYE-
CKUH TOK, TO IOJIyYUTCS MIEKTPOCTAHIUs, KOTOpasi O MOIIHOCTH
CMOXET CONEpPHUYATh C AaTOMHON JIEKTPOCTAHIUEH.

D¢ deKTHBHOCTD MPOIIECCOB, OCHOBAHHBIX Ha (ha30BBIX Tepe-
XO0J1aX BOJIBI, MOXKHO TIPEACTAaBUTH ceOe HAMIAAHO: M0 KOJUYeCTBY
BbIJI /IS0 JHEPTUH BeAP0 BOAbI NPHOJIM3UTEIbHO IKBH-
BAJICHTHO OJHOMY KHJIOTPAMMY CKHIAeMOro0 yIJis.

IToaToMy BO31yX, MOCTYMAIOUINI B TEHEPATOP, MOMKHO JIOTIOJ-
HUTEJIBHO HCKYCCTBEHHO YBJIAXHSTh, YTO OOECHEUHUT OOJIBIIYIO
CTaOMIIBHOCT paboThI B YPHEKTHBHOCTH yCTPOHCTBA.

HecoMHEHHBIM MPEUMYIIIECTBOM TaKOW 3JIEKTPOCTAHIINH, SB-
JIAETCSl OTCYTCTBHE 3arpsi3HEHUs OKpyskatolen cpenbl. Kpome To-
ro, B psZic PETHOHOB 3TH CTAHIIMH, BIIOJHE BO3MOXKHO, MOTJIU OBl
CIOCOOCTBOBATH YKPOLICHUIO HEYNPABISIEMO CTUXUU YParaHoB.

Henocrarku Toe BIOJIHE OYEBHIHBI — TEXHUYECKHE TPYIHO-
CTH BO3BE/ICHHUS CTOJIb MAcCIITaAOHOTO COOPYKEHHS M BO3MOKHOE
BIIMSIHME HA KJIMMAT PETHOHA.

BrnpodeM, TexHHUYECKHE TPYOHOCTH NMPOEKTA HENb3sl CUUTATH
HETPEOAOTUMBIMHA. B 4acTHOCTH, OHM MOTYT OBITH CYILIECTBEHHO
YMEHBILIEHBI, €CIH TPYOy YKiIaJblBaTh Ha CKJIOH TOPbI BBHICOTOH B
HECKOJIBKO KUJIOMETPOB.

Ho nac B 6ombiieil creneHn HHTEPECYIOT HE 3TH MOIPOOHOCTH
MIPOEKTA, a MPUHIUIHNAIBHAS CTOPOHA BOIIPOCA.

Kak yparansl 1 cMepuH, rpaBUTAallMOHHO-TEILUIOBAs YCTaHOBKA,
MUTAsICh SHEPTUEN OKpPYKaIOLIEN cpelpl, B KOHEYHOM HUTOTE, Tyla
K€ €€ U BO3BpalllaeT, 3aBepliasi KpyroBOPOT SHEPTHH.

B03MOXHOCTB CO3/1aHUsI I'PABUTALMOHHO-TEIUIOBOM YCTaHOB-
KM OCHOBaHa, B YaCTHOCTH, Ha TOM, 4YTO TeMIIepaTrypa Bo3ayXa B
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armocdepe 3emin ymenbiuaercs B cpeanem Ha 0,65°C npu ysenu-
YEHUH BBICOTHI Ha Kaxapie 100 MeTpoB.

OOBIYHO, CYIIECTBOBAHHWE TAaKOTO TpagucHTa TEMIIEPaTyphl
OOBSICHSIFOT MTOCTOSTHHO TPOMCXOMISAIINM IPOLECCOM “‘TIepeMeIIH-
BaHHU arMocdepbl — HAJIMYHUEM BOCXOASIINX U HUCXOASIIHX 10-
TOKOB BO31yXa, UCIIBIThHIBAOIUX COOTBETCTBCHHO aIlI/Ia6aTI/ILIeCKOG
pacuIMpeHre 1 cxKaThe n3-3a M3MEHEHHS aTMOC(HEPHOTO JIaBICHHS
TIPH U3MEHEHUHU BBICOTHI (puc. 20).

SIBnsiercs M 3TOT MEXaHW3M €IMHCTBEHHBIM M OCHOBHBIM B
00pa30BaHNU TPAJMEHTA TeMIIepaTypbl arMocdepbl 3emmn?

Jist co3nanust TpaBUTAMIOHHO-TEIUIOBOM yCTaHOBKH PHUYUHBI
rpaav€HTa TEMIICPATYyPbl HC UMCIOT NPUHIUITMAILHOIO 3HAYCHU .
Tem He MeHee, ITOT BOIIPOC caM 1o cebe BakeH u nuTepeceH. [1o-
3TOMY MBI OCTaHOBHMCS Ha HEM HECKOJBKO ToApoOHee.

EcTh ocHOBaHMS Tonararh, 4YT0 HAJIMYUE TPAIHEHTa TeMIIepa-
TYpBl B TPaBUTALMOHHOM IOJIE SIBIISICTCS YHUBEPCAIBLHON 3aKOHO-
MEPHOCTBIO, XapaKTepHON HE TOJIBKO JUIS rasa.

Jeno B ToM, 4TO HAa YpOBHE MUKPOMUPA, KaK Mbl 3HAE€M, IOMU-
HUPYIOT MPOIIECChl PABHOBECHOTO OOMEHA YHEPTUEH MEKTy DIIeK-
TPOMAarHUTHBIMU COJTUTOHAMHM, COCTABIISIONTIMHE BEIIIECTBO.

JaBneHve, MM. pPT. CT.
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Puc. 20. M3menenne arMocepHOro AaBJICHUS OT BBICOTHI

HaJl TOBEPXHOCTHIO 3eMJIH.
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OToT OOMEH SHEprueil OCYMIECTRISICTCS MOCPEJICTBOM IPO-
JTOJIBHBIX AJICKTPOMATrHUTHBIX BOJIH. B KOHIIE IPEIBIIyIIero pase-
JIa TIpu OOCYXKIEHUH Tpoliecca 00pa30BaHUA MOJEKYISPHBIX KPH-
CTaJIOB W3 Ta3a, HHUIIUUPYEMOTO Ja3epHBIM U3Ty4eHHeM, ObLT OT-
MEYEeH HKCTIEPUMEHTAILHO YCTAHOBJICHHBIN (DAKT OTHOCUTEILHOTO
JTATBHOJICHCTBUS MTPOJIOJIBHBIX IEKTPOMATHUTHBIX BOJIH, KOTOPBI-
MU OOMEHHUBAIOTCS COJIUTOHBI.

Ho B mone TATOTEHHUS MMEET MECTO TPaBUTAIMOHHOE CMETIe-
HHUE YaCTOTHI AJIEKTPOMArHuTHOTO m3nydenus! B atom, ckopee Bce-
TO, ¥ KPOETCsl OCHOBHAS IPUYMHA TPATUSHTA TEMIIEPaTYPHI.

Oddexr Meccbayspa, yxe yIIOMHHABIIUICS HAMU, TIO3BOJIHI
Jlaxke B J1a00OpaTOPHBIX YCIOBHSX OOHApPYKUTh TAKOC CMEIICHHE
YaCTOTHI MPU U3MEHEHUH BBICOTHI BCEro Ha 20 M.

HanoMHUM, YTO OIBIT CTABUJICS C ABYMS KPUCTAJUIMYCCKAMU
WCTOYHHNKaMHU ramMMa-nydeii. Korma o6a nctounrka HaXoauiaInch Ha
OJTHOM BBICOTE, IIPOMCXOIUIIO Pe30HaHCHOE ronolieHue. [Ipu mo-
J'beM€ OJIHOTO M3 UCTOYHMKOB Ha 20 M. TIOIJIONICHHE IMpeKpala-
JIOCh M3-3a TPABUTALIMOHHOTO CMEIICHHUS YaCTOTHI.

BoccTraHoBieHME MOMIOIICHHUS HAOMIOAAIOCH TOJBKO MPHU
OTIPEIICIICHHON CKOPOCTH COMMKCHMSI TIPHEMHIKA W HCTOYHHUKA B
pesyneTare nerictBus dddekra Jormrepa.

Temnepartypa, °C
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Puc. 21. V3MeHeHne Temreparypsl U 1aBiaeHus (B ckoOkax) arMmochepsl B
3aBUCHMOCTH OT BBICOTHI HaJl TIOBEPXHOCTHIO BeHepsl.

Ecny npuMeHuTh 3TOT pe3yipTrar K IIPOLECCY YCTaHOBICHUS
pPaBHOBECHOTO OOMEHa SHEPTUEH MEXIy CONUTOHAMHU B TPABUTA-
LIMOHHOM I10JI€, TO OH JIOJDKEH BBIPA3UTHCS B YBEJIMYEHUU HACTOT
COJIMTOHOB (JOCTUTAE€MOI0 YBEIWYEHUEM CKOPOCTH MOJIEKY), Ha-
XOISIIUXCS B O0Jiee HU3KUX CIIOSIX BEIIECTBA, TO €CTh, 3a CUET yBe-
JMYCHHS TEMIIEPATYPhI IPH YMEHBIIEHHH BBICOTHI.

HO:‘)TOMY BpAO JIX MOXHO CUHUTATh NPOCTHIM COBIAJICHUEM TO,
4TO Hapsaay € YIIOMUHABHIMMCA I'PaICHTOM TEMIICPATYPbI B aTMO-
chepe 3emun (m Benepsr, puc. 21), npyrue u3BecTHbIC (DaKTHI TaK-
JKe CICOYIOT YKa3aHHOH 3aKOHOMEPHOCTH.

JleiicTBUTENBHO, €CIM TOCUYUTAaTh SHEPTUIO, KOTOPYIO IPHO-
OpeTeT aToM TpH yCIOBHOM MaIcHUH ¢ ToBepxHOCTH CONHIA K ero
LEHTPY, TO OHa OyJeT paBHA TEIUIOBOW PHEPTUM aTOMOB rasza Mpu
Temneparype B rieaTpe ComHIla — OKoJIo 15 MITH. TpaaycoB.

AHaJIOTHYHBIN pacueT Ui OLIEHKU TeMIIepaTypsl B LIEHTpe 3e-
MJIM TaK)Xe COBIIAIAET 110 MOPSAIKY BEIUYMHBI C U3BECTHBIMU OpH-
E€HTHUPOBOYHBIMU JTaHHBIMU (4 - 5 THICSY IPayCcoB).

Hcknrouenuem u3 3Toro ImpaBuJia sABJISICTCSA OTCYTCTBUEC I'paau-
€HTa TeMIIepaTypbl B BOJIE IPU U3MEHEHUH ITyOUHBI. 37eCh He cpa-
OarpIBacT HU OIUH U3 PACCMOTPCHHBIX MEXaHHU3MOB. Hap;my C
MIPaKTHYCCKH a0COTIOTHOM HECKMMAaeMOCTBIO BOJIBI, B HEH IIO-
CTOSIHHO HPOMCXOANT MUKPOLMPKYISALUS, TPUBOASALIAS K ITepeMe-
HIMBAHUIO KUIKOCTH M HUBEJIHUPOBAHUIO TEMIIEPATYPBI.

Bepuemcs k pa3roBopy 00 SHEPTHH OKpYKAroIIen CpeIbl.

I'paBUTAanINOHHO-TEIIOBAs YCTAHOBKA, OCHOBAHHAS HA UCTIONb-
30BaHUM YHEPTHH OKPYKAIOMIEH CpeJbl, IMEET Jajieko He KOCMH-
YEeCKHE pa3Mephl, HO U HE HACTOJIBKO MAJbIe, YTOOBI MOXKHO OBLIO
JIETKO C HEW IKCIEpPUMEHTHPOBATH.

[MorpoGyem, ucTIoNb3yst aHAIOTUYHBIN MTOIXO/, “‘CKOHCTPYUPO-
BaTh’ 0OJIee MUHUATIOPHOE YCTPOUCTBO.

Ponb TrpaBUTAllMOHHOTO TIOJISI B 3TOM YCTPOMCTBE JOJAKHO
B3STh Ha ce0s HEOIHOPOTHOE IIEKTPHUYECKOE TI0JIEe MEXKITY TBYMS
KOHLIEHTPHYECKUMU eKTpoAaMHu. [Ipu 3ToM Mosekyinsl rasa, mo-
MEIIaeMOro MEXJy 3JIEKTPOJaMH, €CTECTBEHHO, JIOJKHBI 00ia-
JaThb KaK MOKHO 60JII>HII/IM JUITIOJIbHBIM MOMCHTOM, o0OecrieunBaro-
IIMM HUX BTATUBAHUC B 0071aCTh ¢ MTOBBIIIEHHON HAIMpsAKECHHOCTBIO
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ANEKTPUIECKOTO MOJSI, TO €CTh, K BHYTPEHHEMY IIHJIMHIPUICCKOMY
snexTpoxy. IlonspHOCTh MOAKII0YaEMOT0 K IEKTPOIaM HCTOUHH-
Ka HOCTOSIHHOTO JIEKTPUYECKOIO HANpPSDKCHMS, OYEBUIHO, UMEET
3HAUEHME TOJIBKO C TOUKH 3PEHUSI OIyYeHHs HAnOOJIBIIEro Harpsi-
XKeHUs Tpo0ost. MICTOUHUK JOMKEH 00ecieunBarh J0CTaTOYHO BbI-
COKO€ HAIPSHKEHHUE, a €r0 MOITHOCTh MOYKET OBITh MHHUMAJILHOH,
TaK KakK DJICKTPUYECKUH TOK B IIETH JIOJDKEH MPAKTUYECKU paB-
HATBHCS HYIIO (TOJIBKO TOK YTEUKH).

Kpome TOro, ocu 31eKTponoB pacloyioRUM BIOJIb Halpasiie-
HUSI CUJIBI TSDKECTH, TO €CTh, BEPTUKAIBHO (pHUC. 22), TaK KaK TaKkoe
pacrojoxeHue, Kak Mbl YBUIUM, OyJeT criocoOCTBOBATH MOBBIILIE-
HUIO0 3 ()eKTUBHOCTH pabOTHl yCTPOMCTBA.

CoBepIIeHHO aHAIOTUYHO TOMY, KaK 3TO MPOUCXOIUT B aTMO-
chepe 3emin, TUTIOIBHBIE MOJIEKYJIBI Ta3a OyyT HAaXOAUTHCS B CH-
JIOBOM I10JI€ — OHO HAIIPABJICHO K BHYTPEHHEMY JIEKTPOLY.
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Puc. 22. JlunonbHbIe MOJNEKYITBI Ta3a B AIEKTPUUECKOM T0JI€ MPUTATUBAIOTCA K
BHYTPEHHEMY LIWIMHAPUYECKOMY IEKTpoay. Bo3Hukaromwmii rpaiueHT nasie-
HUS U IDTOTHOCTH Ta3a B PaHaIbHOM HANpaBICHUN IPUBOINUT K IUPKYIISIINT
rasa moj Je¥CTBUEM CHJIbI TSKECTH (ITOKa3aHO 3aMKHYTBHIMU JIMHUSIMA).
OHOBPEMEHHO MOSBIISIETCS PaANaNIbHBINA TPAJAUCHT TeMIleparypsl (11ogo0Ho
BEPTHKAIFHOMY T'PaJHEHTy TEMIIEPaTypsl B aTMochepe 3emin).
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IToaToMy 1moJ BO3A€HCTBUEM HEOJHOPOAHOTO 3IEKTPUUYECKOTO
MoJIi B ra3e YCTaHOBUTCS paJvajbHBIA TPAAMEHT JaBICHUS U
I0THOCTH. I ITIOTHOCTH Ta3a B IIeHTpaIbHON YacTH 00beMa MOBBI-
CHUTCS, U TIOJ] IEHCTBUEM CHJIBI TSDKECTH HavyHETCS HUPKYIALNS Ta-
3a: B IIEHTPAJILHOW 4acTH ra3 Oy/leT OIyCKaTbCs, a BIOIb CTCHOK
BHEIIHETO IIIMHAPUYIECKOTO JIEKTpoJia — MOIHUMATHCS, KaK IMo-
Ka3aHO Ha PUCYHKE.

CumnoBoe moJyie B YCTPOHCTBE CO3/AET YCJIOBHS, MOJHOCTHIO
aHaJIOTUIHBIC TOMY, UTO IMPOUCXOAUT B aTMocdepe 3emitn (BKITIO-
yas iepeMeruBanue ra3al). [loaToMy B raze BOSHUKHET pajinaiib-
HBIH TPaZMEHT TeMIIEpaTyphl — TEMIIEpaTypa BHYTPEHHEIO dJIeK-
Tpona OyzneT Oombllie, 4eM TeMIepaTypa BHEIIHETO IEKTPOa.

OneHnM peabHbIe XapaKTepUCTUKH YCTPONCTBA.

JMTOIBpHBII MOMEHT MOJIEKYJT Ta3a prMeM paBHbBIM 2 JleGasm
(mammpumep HF). CymiecTBYIOT MOJICKYIIBI, HMEIOIINE 3HATUTEIHHO
OOJIBIINI TUTONEHBIA MOMEHT, HO MBI HE OyZIeM OpHEHTHPOBATHCS
Ha IpPEJEIbHbIE BETUUNHBL.

TeroBoe ABMKEHHE MPENSATCTBYET BBICTPAWBAHUIO JHUIIONb-
HBIX MOJICKYJI 110 HANpPAaBJICHUIO 3JIEKTPHUECKOTO MO ((PyHKIHS
Jlamxesena [21]), BciencTue gero 3pGeKTUBHOE 3HAYCHHUE DIIEK-
TPUYECKOTO JTUTIONS MOJEKYNI YMEHbIIaeTcs Oojiee 4eM Ha Topsi-
JI0K! DTO 00CTOSITENBCTBO CTAHOBUTCSI CEPHE3HBIM NPEISITCTBUEM
JUTSL TIOJTYYEHUS XOPOILUX IMapaMeTPOB YCTPOHCTBA.

Pa3HOCTb HaNPsSKEHHOCTEN AIEKTPUUYECKOTO IOJISL Y BHYTPEH-
HETO Uy BHEIIHETO 3JIEKTPOIOB MojiokKuM paHoil 3-107 B/m. Ta-
KO TOPSAZ0K BEJMYMH HAMPSKEHHOCTH TIOJISI MOYKET OBITh JOCTHUT-
HyT 0e3 0COOBIX TEXHHYECKUX YXHUIIPEHUN YBEIWYCHHEM JIaBJIe-
HUSl Ta3a BHYTPU YCTpPOWCTBA (HampuMep, B Ta30HAINOJTHEHHBIX
M30IIATOpaxX MPUMEHSOT naBienue 10 - 15 atm.).

Bosbiioe naBneHue rasa B yCTpoicTBe OyeT Takxke crocoO-
CTBOBATh IMOBBIIIECHHUIO €r0 YPPEKTUBHOCTH, TaK KaK YIyYIIHT Te-
TUIONepeaady MEXy SIEKTPOIaMH.

Hcxons u3 NpUHATHIX YCIOBUH, pa3HOCTb SHEPTUI TUIIOIbHBIX
MOJIEKYJT Yy BHEIITHETO U BHYTPEHHETO IIEKTPOIOB (aHAJIOT IMTOTEH-
[MAJBHON HEPTUU B TPABUTAIMOHHOM I10JIe) Oy/IeT OKOJIO 7-10-23
JIx, a cooTBETCTBYIOIIasi PA3HOCTh TeMIIePaTyp BHYTPeHHero u
BHELIHEro JJIEKTPOI0B cocTaBuT nopsinka S°C.
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JlaBneHue U IJIOTHOCTB ra3a y BHYTPEHHEIO JIEKTPOJA OBbI-
CATCSl OPUEHTHPOBOUHO Ha 1,7%, 4TO BBI3OBET yXKe YITOMHHABIIIY-
10CS BBIIIE ITUPKYIAIUIO ra3a, KoTopas Oy/ieT crnocoOCTBOBATh MOA-
JIepKaHUIO TPAJIMEHTa TEMIIepaTyphl U YITyUdIIeHHIO Terionepea-
Y1 MEXKIY AJIEKTPOAAMH.

Eciu nonate HanpshkeHUE Ha BHEITHHUH 3JICKTPOJl, & BHYTPCH-
HUH AJIEKTPOJ] B BUE TPYObI 333 MIIUTh U MPOITYCKaTh Yepe3 Tpyoy
BOJIY, TO OHa OYJIET ITOIOTPEBATHCS 3a CUET 0TOOpA IHEPTUH Y OKPY-
JKaromIen cpeapl 0oJIee XOMOMHBIM BHEITHIM 3JIEKTPOIOM.

EctecTBeHHO, ToONMy4YeHHAsh pa3HOCTh TEMIIEpaTyp He J0cTa-
TOYHA JIJIs pakThdeckux rneneit. [loatomy yerpoiicTBa cliiexyer
MOHTHPOBATH I'PYNIIAMH B YCTAHOBKAX € KACKATHBIM NMPUHIIU-
MOM YBeJUYEHUS] TeMIepaTypbl: TCIUIOHOCUTENb, BBIXOASIIHN
W3 TIPENBIAYIIETo Kackaaa (B IETOYKE YCTPOMCTB) HCIIOIB3YETCS
JUTSI TIOIOTPEBA BHEIITHETO 3JIEKTPOJIa CIEAYIOIET0 YCTPOMCTRA.

B xoHEYHOM 3BeHE MOXHO JIOCTHYb TeMIIepPaTyphl KHUIIEHUS Te-
TUIOHOCHUTENSI M UCTIOJIB30BATh YCTPOWCTBO HE TOJIBKO JIJIsl OTOILIE-
HUS TIOMEIICHHUM, HO U JIsI BEIPAOOTKH AIIEKTPOIHEPTHH.

YuntreiBas IMMPOBCACHHBIC OLCHKHU, MOXKHO 3aK/IIIOYUTb, YTO
YCTPOWCTBO C JUTIONBHBIM T'a30M, HE 00a/iasi CTONb BIIEUYATIISIO-
e MOIHOCTBIO, KaK TPaBUTAIIMOHHO-TEIJIOBAss yCTAHOBKA, TEM
HE MeHee, MOJKET OKa3arhcsl 0ojiee BOCTPeOOBAaHHBIM, TaK KaK OHO
MHOTO(YHKITHOHAIBHO, MOXKET OBITh CMOHTUPOBAHO MTPAKTHYECKU
B JII00OM MecTe, He TpeOyeT OONBIINX 3aTpaT IPHU U3TOTOBJICHUN H
OKCILTyaTallui U HE MOXKET OKa3aTb HCTaTUBHOT'O BOSHeﬁCTBHﬂ Ha
TeMITepaTypPHBIA 0aJaHC OKPYKAIOIICH CPEIBI.

EctecTBeHHO, OKOHUATENHFHBIN OTBET Ha BOTIPOC O BO3MOXKHO-
CTH CO3[aHMs U MPAKTUYECKOTO MCIOIB30BAHUS PACCMOTPEHHBIX
YCTPOMCTB, CO3JAI0UINX HCKYCCTBEHHYI0 LUPKYJSIIHIO JHEp-
U, MOXET OBITh TMOJyYeH TOJILKO IOCIJIE MPOBEICHHSI COOTBET-
CTBYROIIIUX DKCIICPUMCHTOB.

B 3axutouenue paszzaena o6cyauM HEKOTOpBIE APYTHE CIIOCOObI
MOJTyYEHUs SHEPTUHU U3 OKPY>KAIOLIEH Cpeabl.

[pexne Beero, ciienyer 3aMeTUTh, YTO CO31aHUE CHIIOBOIO I10-
7151, IMUTHPYIOIIETO I'PaBUTAIMIO, BO3MOYKHO HE TOJBKO IYTEM HC-
MTOJTF30BAHMS Ta3a C JUIMOJBHBIMU MOJIEKYJIaMH, ITOMENaeMOro B

HEOJHOPO/IHOE NeKTpuueckoe rnoye. O4eBUAHO, YTO HCKYCCTBEH-
Hasi TPaBUTANMS BO3HUKAET U NMPH BpallleHUHU.

T'azeta “AprymenTtsl u (hakThl” BpeMs OT BPEMEHH IedaTaeT
MaTepHallbl O CO3/IaHUH TEIIOTEHEPaTOPOB, KOTOPHIE OTKPHIBAIOT
COBEPIICHHO HOBBIE BO3MOXKHOCTH ITOJTy9EHUS SHEPTHH.

Hanpumep: “3emmto oborpeer Jlyna?” “Aud” NeS, 2006 r.,
“Hac corpeer... BakyyMm.” “Au®d” Ne§, 2006 1.

Peun uaet o reaeparopax B BUIE “YIUTOK , PACKPYUHUBAIOIINX
Bony. KoaddunmeHT 3¢p¢PeKTHBHOCTH yCTAaHOBOK B HACTOSIIESE
Bpems nocturaet 172%. Ho, o yoexnenuto P.U. Mycradaesa, pa-
0OTaroLero Hajl COBEPIICHCTBOBAHUEM MPOEKTa, YeM JIyUIle KOH-
CTPYKIHMS TEIUIOTEHEepaTopa U Hacoca, 3aKpyYHBAaIOIIETO BOAY, TEM
Oonbiie Oynet apdexruBHOCTD. [IporHo3upyercs, 4to B OnvKai-
mve roabl oHa MoxkeT noctudb 400%.

To, 4TO MOTIOMHUTENBHAS DHEPTHS B ATHX TeHeparopax oeper-
Csl U3 OKPYKAIOIIEH Cpeflbl, He BHI3BIBAET HUKAKUX COMHEHUH.

Ho xaxum 00pa3oM 3TO IPOUCXOAUT?

TeopeTrky HOBOH YHEPTreTHKH, JOKTOpa (PH3UKO-MaTeMaTHye-
ckux Hayk Anatonmii AkumoB u ['ernanuii [1IumoB yBepsroT, 4T0
13 Bakyyma, a mpodeccop Hukomait Konmakos n3 XapbpKkoBa cuuta-
€T, 9TO U3 TPABUTAIIMOHHOTO IO 3eMIIH.

DTOT BOTIPOC, B KAKOK-TO Mepe, TIEPEKINKACTCS C TEM, YTO MBI
yke 00CyKIaiin, aHaITU3UPys IPUYUHBI TPaIMCHTa TEMIIEpaTyphl B
armMocdepe 3emin. TaM MbI IPEATIOIOKUIN, YTO, HAPSILY C U3BECT-
HBIM MEXaHU3MOM (HAIMYHE HUCXOSIINX U BOCXOJSIIUX MOTOKOB
BO3/yXa), CYyIIECTBYET U IPYTOil MEXaHU3M, B OCHOBE KOTOPOTO Jie-
JKUT OOMEH SHeprueil Ha ypoBHE MUKPOMUDA.

Bonee Toro, Mbl IPEATIONIOKWIIH, YTO HATUYHE TPAJUCHTA TEM-
nepaTypbl B CHIIOBBIX IOJISIX SIBISIETCS] yHUBEPCAIBHOM 3aKOHOMEP-
HOCTHIO. BBI3BaHO 3TO Te€M, UTO 3JIEKTPOMAarHUTHBIE BOJIHBI B Ta-
KHAX TIOJISAX TPUOOPETAI0T COOTBETCTBYIOIIECE CMEIICHHE YacTOTHI
(B 4acTHOCTH, TPaBUTAIMOHHOE cMelIeHue). Ho Tak Kak 3Jiek-
TPOMATHUTHBIE COJIMTOHBI, COCTABJISIONINE BelIECTBO, HAXO-
AATCS B IOCTOSTHHOM Iponecce 00MeHa YHepPrueil mocpeacTBoM
NMPOAOJbHBIX YIeKTPOMATHUTHBIX BOJIH, TO I'PAJHEHT TeMIle-
paTtyphbl SIBJAsieTCSl pe3yJbTATOM YCTAHOBJIECHHMS JHepreTuve-
CKOI'0 PABHOBECHS € Y4eTOM CMellleHUs YacTOThI.
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IIponosnbHBIE BOJHBIL, Kak y»e HEOJHOKPAaTHO TOBOPUIIOCH,
o0ecreunBaloT BechMa HHTCHCUBHBIN OOMEH SHEpruei Ha ypoBHE
MuKpomupa. [ToaToMy ecTb Bce OCHOBaHMs IOJiararb, 4To TaKou
MEXaHU3M He TOJIBKO MIPUBOANUT K BOSHUKHOBEHUIO TPAJUEHTA TEM-
MepaTypsl B CHJIOBBIX MOJSAX, HO U SIBISIETCA MOIIHBIM “‘KaHAJIOM
CBSI3U” C DHEpIUel OKpyKaroLel cpebl.

Heo0xoquMo oTMeTHTh, 4TO 3¢)(eKThl, aHATOTHYHBIE TeM,
4YTO UMEIT MeCTO B TepMOTeHepaTopax, 3aKpyuYuBaOIINX BO-
Ay, 0OTMEYAI0TCS U NMPH BPallleHHH CTPYH C5KATOr0 BO3AYXa HJIU
NpH ee ABHKEHHH IO ayre. Bo Bcex 3THX Cilydasx BO3HUKAIOT
LEHTPOOEKHBIE CHJIBI, U MOJICKYJIbl BEIECTBAa OKA3bIBAIOTCS IO/
BO37IEHCTBHEM CHIJIOBOTO MOJIS.

Oco00 oCcTaHOBHMMCS Ha BOTIPOCE SKOHOMHHU DJIIEKTPOIHEPTHH,
HCIIOJIB3YEMO JJIs1 OTOIJICHUS! TOMEILIEHU .

Pedb uyer o ToM, 4TO MeXaHH4YeCKasl, PABHO KaK H YJIeKTPHU-
yecKkasi, JHeprus Mo:keT (U JA0/KHA!) NpeBpalIaThCsl B TEILIO-
BYI0 JHePruio ¢ Ko3ppuuneHToM 3¢ GeKTHBHOCTH, 3 HAYNTEIb-
Ho npeBbImamuM 100%.

B sTOM HET HUKAKOTO MapajoKca.

TeroBast HEpTUs B MPUHIMIIE HE MOXKET OBITH TOJHOCTHIO
MpeBpalieHa B MEXaHHYECKYIO (DJIEKTPUYECKYI0) SHEPTHI0 —
YacTh TEIUIOBOM SHEPTUU YHAET B OKPYXKAIOIIYIO CPELY.

3aro oOpaTHBIN MPOIECC MPEBPALICHHUS MEXaHUYECKOH (IeK-
TPUYECKO) SHEPTHH B TEIUIO MOXET MJTH C MPUBJICYCHUEM dHEp-
THU OKPYKAIOIIEH Cpembl, B pe3yibTare 4ero KodpQuimenT mpe-
BpawieHus Oyznet oomnbie 100% — 310 oOparHbIi nuki Kapno.

[NornMaHue IByX KIFOUEBBIX MPOTHUBOIIOIOKHBIX TPOIIECCOB U
UX pasyMHOE MPHUMEHEHNE, HECOMHEHHO, Jallo Obl OTPOMHBIN HKO-
HOMUYCCKUH U KOJIOTUICCKUI 3(PPEKT.

Ecmu cnemoBath pu3ndeckoil JOTUKE, TO HUCIIOIB30BAHKUE TO-
pIOYMX MaTepuasoB (TOILIMBA) HEMOCPEIACTBEHHO JUTSI OTOTUICHHUS
MTOMEIICHHA, a TAKXKE IEKTPOIHEPTHH — B HArpeBaTelsax (OMude-
CKUX 000TrpeBaresix) HeOMyCTUMO, TaK Kak He 3 PEKTUBHO.

TomimBo HeoOX0AMMO NPEBPAATh B YIEKTPOIHEPIHIO C
MakCUMaJIbHO BO3MOXxHbBIM K.I1.J.=((Tp-To)/Tp)-100% 3a cuet mo-
CTI)KCHHSI MaKCUMaJIBHOW TeMIiepaTypsl pabodero tenma (mapa B
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kotie) Tp, To ecTh, map AOJKEH ObITh O/ OONBLIMM AAaBJICHUEM U
UMETh TEMIIepaTypy, Kak MOKHO OoJiee ONM3KYIO K TeMIIeparype
ropeHus TomuBa. [Ipu 3ToM Temmneparypa Ha BbIXOze 0TpaboTaB-
IIero mapa u3 kotia To momkHa OBITh MHHUMAIBHOH. [Ipn co0io-
JCHHUHU ATUX YCIOBHH K.IL.JI. MPeoOpa30BaHusl TEIUIOBOH SHEPTHH B
AIEKTPUUECKYIO MOJKET JOCTUTAaTh MAKCHMAJIbHBIX BEJTMYUH.

Terutora oTpaboTaHHOTO Mapa (4acTh TeIia, KOTopas He Tpe-
BpalieHa B AJICKTPOIHEPTHUIO) HE TOJDKHA “TIPOTanaTh’ W MOXKET
OBITh MCIIOJIB30BaHA ISl OTOIUIEHUS IIOMELIECHUI.

B cBoro ouepenp, momydeHHas HIEKTPUUECKasi SHEPTUsT MOXKET
OBITH IpeoOpa3oBaHa B TEIJIOBYIO SHEPTHIO ¢ K03 durenTom s¢-
¢exruBHOCTH OOpatHOTO nMKiIa Kapuo k.3.=((Tk/(Tk-To) 100%,
KOTOPBI MoxeT ObITh 1 200%, 1 300% B 3aBUCIMOCTH OT COOTHO-
IIEHUA TeMIIeparyp — TeMIIepaTyphl OKpy)Karomel cpenbl (Ha
yauue) To m Temmeparypbl OTONHUTEIBHOTO KOTIa TK, KOTOPYIO
MOXHO HOAJEPKUBATh HE CIMLIKOM BBICOKOH — He OoJiee Temiie-
parypbl KUTICHUS BOABI.

Ecin Obl TeMmieparypsl KOTJIOB (paboyero Tena) B MPSIMOM U
obOpataHoM 1uKIax Obutk Obl opmHaKoBeIME (Tp=TK), TO Mpousse-
nenne ko3(hdunrenToB npeodpa3zoBaHus ITHX NUKIOB B HIeale
ObUTO OBI paBHO equHUIE. HO Tako# “wacanbHBIN’ BapHaHT HHTE-
PECEH TOJIBKO C TOUKH 3PEHHUSI TEOPUH.

Jiist mpakTUueckux nened BakHo, 4ToObl Tp Obuta MHOTO
oosbine ueM Tk. [ToaToMy ueanbHbIN BapraHT Oy/leT BBINISIACTh
NPUOTM3UTENBHO TaK: CHayaya BhIPa0aThIBaeM DIICKTPUYECTBO U3
TOIUIMBA C MAaKCUMAJIbHBIM K.IIJA. (OCTaJbHAs SHEPTUs UAET Cpasy
Ha OTOIUICHHE), a 3aTe€M, TPaTUM 3Ty JIEKTPOSHEPrHUIO Ha MpeBpa-
nieHue B Terio ¢ koadduuuentom oxoao 300%. B pesynsrare, u3
OKpYKaroleH cpenbl OyneT AONONMHUTEIBHO MPHUBICYEHO TOUTH B
JiBa pa3a OoJbIlie YHEPTUH, YEM IIPH IPOCTOM “‘CYKUTaHUH DIICKTPH-
gyecTBa. 10 ecTh, cyMMapHasi 3 (peKTUBHOCTH MCIOJIb30BAHUSA
TOILTHBA JJIsl OTOIJIEHUsI moMelneHuii OyaeT Boime 100%!

B nocnennee BpeMs NpUIIIO 0CO3HAHKWE HEOOXOAUMOCTH HC-
MOJIb30BaHMS TAKUX CXeM JUIsl oTomyieHus. OHU yXe HIMPOKO HC-
noJib3ytoTcs B 3amannoit EBpore. B Mockse Takke pabotaet up-
Ma “Conap-UHBecT”, KOoTOpas y’e MOCTpousa HECKOIBKO DKCIIe-
PUMEHTAIBHBIX JIOMOB, OTONUTENbHBIE CHCTEMBI KOTOPBIX OCHOBA-
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HBI Ha UCIIOJIb30BaHUU 0OpaTHOTo 1uKiIa Kapro. OaHako sTa pabo-
Ta HaXOJIUTCS TOJBKO B CAMOM Havale.

KakuMm o00pa3oM Ha TMpaKTHKE OCYIIECTBISCTCS OOpaTHBIIN
uuki Kapuao?

OTO OYEHb MOXOXKE HA TO, KK €CIIM ObI MBI BBITAILIWIN U3 Pabo-
TAIOMIET0 XOJOAMIbHUKA €r0 CaMyl0 XOJIOIHYIO YacTb — HCIapu-
TeJdb U MoMecTUIH Obl ero 3a Qgoproukoi. B atom ciyuae (ecnu
TeMIieparypa HCIapuTellss HUXKe, YeM TeMIleparypa BO3ayXa Ha
VIUIIE) 9acTh TEIJIOBOM SHEPTUU OyIeT M3bATa U3 OKPYKAIOIIETO
BO3/yXa, a camasl TerrIasi 4acTh XOJOAUIbHIKA — paauaTop Oymer
IpeTh BO3/yX B IIOMEIIEHUH, “BKIIOUUB” B BBLACISAIOUIYIOCS DHEP-
THIO U TO, YTO OBUIO MOyYeHO Ha YJHILIE.

Jist Toro, 4ToOBI ATOT MPUHIIMIT CTal OoJiee MOHATHBIM, pac-
CMOTPHUM YCTPOHCTBO [22], cxemMa KOTOpPOTO MOKa3aHa Ha puc. 23.

Ha HmkHel MpoeKIny 1moka3ad BU COOKY, a Ha BEpXHEH Tpo-
eKIUU — BUJ CHU3Y. LLITpUX MyHKTUPHBIMU JIMHUSIMU BBIJIEIICHA
pPOTOpHAsi MallWHA, KOTOPOW MOXKET OBbITh OCHAIlleHa YCTaHOBKa,
JUTs TpeoOpa3oBaHusl TEIIOBOM SHEPTHU KOTIa B MEXaHHYECKYIO
9HEPTHUIO (ITY YaCTh MBI pacCMaTpUBaTh He OyJeMm).
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Puc. 23. IlopuraeBoe HarpeBaTeIbHOE YCTPOHCTBO € UCTIONB30BAHHEM
obparnoro 1nukia Kapho.
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[Ipoananu3upyem B 00IIEM BHJIC TPUHIIUI PAOOTHI.

IIpu yBennuennn o6beMa ras3a 3a cHeT MepeMelieHns MOPITHS
2 B OZJHOM M3 BHEIIHHX IMIINHAPOB O, MIPOUCXOANUT PEIKOE YMEHb-
[IEHUEe TeMIIepaTypbl HaXOIAIIeTocs B HeM Traza. OJTHOBPEMEHHO ¢
STUM TIepeMEIIeHUe MOBMKHON TEPErOpOIKH 8 BO BHYTPEHHEM
WIMHIPE 7 BBIBOAUT OXJIaKIAIOUIMicAs 0O0beM rasa 3a mpenesibl
kotia 4. CujibHOe 0XJ1a:K/IeHHe BHEelIHero WJINH/PA 6 ¢ Terio-
00MEHHBIM PaJAMaTOPOM 5 JaeT BO3MOXKHOCTH MOJYYHMTH Te-
TUIOBYIO DHEPTHUIO U3 OKpY:Kamomeii cpeabl. [Ipu oOparHoM 1BU-
JKEHHH TTOPITHS 2 MTPOUCXOANT CKATHE TOAOTPETOTO 3a CUET OKpY-
JKaroIIen cpepl raza, M ero TeMieparypa pe3ko Bospactaer. OHo-
BPEMEHHO C 3TUM IepeMellleHne MOBUKHON Meperopoiku 8 BBO-
JIIT pa3orpeBaroluiicst oo0beM raza B mumHap 7 xotia 4. Teruto-
Bas SHEPTUs ra3a yepes INHAP 7 pa3orpesaeT Boay (WK IpyTyio
KHUJIKOCTH) B KOTIIE 4, KOTOPBIH MOXKET OBITh MOJKITIOUEH, HAITPH-
Mep, K OTOMUTENFHOW CUCTEME.

OnexTpudecKkasl SHEPTUs pacXOAyeTCsl sl IPUBEACHUS B IBH-
>KEHUE KOJICHHOTO Basia 16 u mopiHeit 2 (J1eBoro u mpaBoro, coe-
JTIUHEHHBIX BHEITHEW paMmoii 14). Y3en nmapoBoro kotia 4 coepiia-
€T ABMKCHUSA KadaHUSA BMECTC C HUIIMHApaMH, IMOPUIHAMHU U pa-
MoH. TlonBrkHasi neperopojka 8§ mepemerniaeTcs Mojl JI1ecTBUEM
Pa3HOCTH JIaBJICHUH Ta3a clieBa U CIpaBa OT MEPETOPOIKH.

PaccmarpuBaemoe ycTpoHCTBO cCiieyeT pa3MellaTh BHE OTa-
IIMBA€MOTI'O ITOMCIUICHUS, TaK KakK TGHHOO6M€HHI)I€ paauaTopbl 5
JTOJDKHBI 3a0MpaTh SHEPTHIO U3 OKPYKAIOIIEei cpebl.

Koadpdunment sdpdextuBHOCTH MTpeoOpa3oBaHUs dICKTPHUIC-
CKOW DHEPTUHU B TEIUIOBYIO YHEPTHI0 ¥ TAKOTO YCTPOWCTBA 3HAYH-
tenbHO npesbimaeTr 100%.

B 3akmrodenune pasziena MOXKHO C MOJHOW YBEPEHHOCTBIO KOH-
CTaTHPOBaTh, YTO HCIIOJIB30BAHUE SHEPTUU OKPYXKAIOIMIEH Cpesbl
SABIICTCA OOHHUM U3 HanbOoee MEPCICKTUBHBIX HaHpaBHeHI/Iﬁ
MPUHIMIUAILHON TEePEeCTPOUKH SHEPreTUYECKOro XO35UCTBa B
[EJISIX TIOBBIIEHUS ero dQPEKTHBHOCTH K MUHUMHU3AIIH YKOJIOTH-
YecKoro yuiepba oKpyXkKarolien cpeze.
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“Kocmuueckast” 3Heprus

B npupoze cymiecTByeT MHOXKECTBO 3araJO4HbIX SIBICHUH, HE
HaXOSALIMX YIOBJICTBOPUTEIBHOTO OOBSICHEHHS C TOYKH 3PCHHS
“COBpEMEHHBIX HAYYHBIX MPEICTaBICHUN .

Bonee Toro, xonmn4ecTBO COOOIIEHWH O CaMbIX HEBEPOATHBIX
COOBITHSIX M HAOJIIONEHUSIX CTOJIb BEJIMKO, YTO JIIOIH, HE MOTydas
HAyYyHOTO OOBSCHEHUS, BCe OOJNbIIE CKIOHSIOTCA K HPU3HAHUIO
CBEPXBECTECTBEHHOI'0, CKATBIBASACH K ‘‘UEPTOBILUHE .

[Touemy Hayka He pearupyer aJeKBaTHO Ha 3Ty CUTYaIUio?

Ecnu oTBevath npsiMo U 63 JTyKaBCTBa, TO OTBET COBEPIICHHO
OYEBUJICH: COBPEMEHHasl HAyKA elle 0YeHb JaJieKa 0T HCTHHHO-
1o, I’1y00KOro NNOHUMAHMS NPUPOIbI.

B 57101 cutyanuu HeyMecTHO HayBaTh LIEKU U PACCYKAATh “C
TOYKHU 3PEHUSI COBPEMEHHOW HAyKH~ O TOM, KaKue SBJICHHS MOTYT
HMETH MECTO, a Yero ““He MOXKET OLITh HMKOrma”. IMeHHO B Takoe
CMEIITHOE TOJIOKEHNE CTaBAT ce0s MPECTaBUTENN HAyKH, JeNlato-
mue BuA OyATO OHM 3HAIOT UCTUHY B MOCIEIHEH HHCTAHIUH.

[Ipupona, moyemy-To, “He MPUCITYIIUBACTCS K MHEHUSM O(u-
IUaTbHON HayKH M Kak OyATO B HACMEIIKY HaJ aKaJeMHUKaMU BCE
BpeMs “noadpackiBaeT”’ YTO-TO aOCOIIOTHO HEBOOOpasumMoe!

Bort cBexue mpuMepsbl, ¢ KOTOPBIME ObLTa O3HAKOMIIEHA [IMPO-
Kasl ayauToOpusl Teje3purencii. MHorue, HaBepHsAKa, CMOTpPEIN

¢GUIBMBI, OKa3aHHBIC IO TEJICBHICHUIO B OAWH M TOT XK€ JICHb
(BrOopHUK, 31 suBaps 2006 r.):

1. PTP B 23.20 “Taifna Tpex okeaHoB. B morone 3a mpu3spa-
koM.” (C ygacTueM KOMaHIHOTO cocTaBa ¢urota Poccum).

2. OPT B 22.30 “Banra: Ilpencka3zanwue.” JlokyMeHT. (hUIBM.

B mepBom ¢unbMe pacckasbIBaeTCs O COBEPILIEHHO HETOHST-
HBIX SIBJICHUSX, KaK B MOJBOJHBIX, TaK U B HAJIBOJHBIX MPOCTOPAX
OKEaHOB M MOpEH, BBI3BABIINX B3aMMHBIE IMOJIO3PEHUST BOCHHBIX
CTIEIAIMCTOB Pa3HBIX CTPaH.

B yactHOCTH, peub 1A O TaK Ha3bIBAEMBIX ‘‘KBaKepax’, TO
€CTb, O CTPAHHBIX 3ByKaX (HAllOMUHAIOIIUX KBaKaHbE), KOTOpPHIC
(UKCHPOBAINCH TOIBOJHBIMU JIOAKAMHU B TOJNIIE OKeaHa. Mcrou-
HUKH 3THX 3BYKOB TaK 1 He ObLIH HaleHbL. [1o mpuOIM3uTenbHbIM
OIIEHKaM, WX KOJIMYECTBO OKa3aj0Ch HACTOJIBKO OOJIBIINM, YTO
CO3/1aHNe UCKYCCTBEHHOM CETH TaKHX M3JIydaTelieil B okeaHe ObLIo
OBl HE TIOJ] CHITy HU OJTHOW apMHU MHUpA.

A BOT JpyTo€ SIBIEHHE, O KOTOPOM paccKa3blBajl KOMaHAHPBI
BOCHHBIX KOopabiel. Haj moBepXHOCTBIO BOJBI M B €€ TOJIIE Ha-
OJrONATUCh PA3ITMYHOTO POojia CBEUCHHS. B HEKOTOPHIX CiTydasx 3To
0BT cTONIO CBETa, BHIXOMAIIMIA U3 BOABI U YCTPEMIISIONIHICS BEp-
TUKaJbHO BBepX. MlHOTa HaJ TOBEPXHOCTHIO BONBI ObLTA BUIHA
CBeTAIasACs rmoiycdepa, a OrPOMHBIC CBETAIIHECS O0JAaCTH TO-
BEPXHOCTH BOBI BpAIIAINCh B BUJIE “KOJIECA CO CIIULIAMHU .

OTMedasnock, HapuMep, YTO B 30HE CBEUEHHsI 000POTHI IBUTra-
TeJst Kopallid caMONPOU3BOILHO CHU3MIINCH, a TOCIE BBIXOJA U3
ATOM 30HBI — caMu c000# BOCCTaHOBUIINCE. Kpome Toro, ipu mpu-
ONMMHKEHUHU K 30HE CBEUEHHS KUK KOpaOisl MCIBITHIBAT 0€30T-
YEeTHOE YyBCTBO BOJIHEHUS U, Jlaxe, CTpaxa. PerucrpupoBanock
MOBBIIIIEHHOE 3JIEKTPOMArHUTHOE U3Ty4YeHHE MOJ] BOJOM.

Eme Bo BpeMeHa “XO010AHON BOWHBI” B3aUMHBIC TTOIO3PCHUS
JIByX TPOTHBOOOPCTBYIOIINX BOEHHBIX OJIOKOB OBLIM CEPHE3HO
OCJIO’)KHEHBI MHOTOYHCIIEHHBIMH (hakTamu mogsneHust HJ1O, koto-
pBI€ BBUIETAIN U3 IO BOJIBI, IEMOHCTPUPYS HEBEPOSATHYIO MaHe-
BPEHHOCTh U CKOPOCTb.

IIpaBaa, Mo mpoIIecTBMM HEKOTOPOTO BPEMEHU U OfIHA, U APY-
rast CTOPOHBI TIPUIILTH K BBIBOAY, YTO Ha COBPEMEHHOM YPOBHE Hay-
KM U TEXHUKHU CO37aTh MOJOOHBIE JIeTaTeIbHbIC amIaparbl COBEp-
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HIEHHO He peaibHO. Ho M He BepUTh MHOTOUUCIICHHBIM HaOIIo/e-
HUSAM HEOOBIUHBIX SIBJICHWH, O KOTOPBIX COOOIIAIOT KOMaHAHUPHI
[IOJIBO/IHBIX JIOAOK U 3asIBJISIIOT BBICOKOIIOCTABIICHHBIEC IIPEICTABU-
TeJIM KOMaHJ0BaHUs (DI0Ta, TOXKE HET HUKaKUX OCHOBAaHMI.

Bo Bropom ¢unbmMe peds ma o peHomene Banru — u3Bect-
HOW LEIMTENBHULBI U MpopunareabHUnbl. OO0 OMIeTOMIISIOMNX
CIOCOOHOCTSIX ATOM CJIETON JKEHIIMHBI XOPOIIO M3BECTHO. boib-
IIYI0 9aCcTh BpEMEHH OHa OECTIIIaTHO Bejla MPUEM OTPOMHOTO KOJIH-
YecTBa OOJBHBIX, MOMEHTAJIBHO CTaBWJIA IPABUIIBHBINA AMArHO3 U
JlaBajia HeoOXonuMbIe pekoMeHaanru. O Kak10M BHOBb BXOJISIIIEM
YeJIOBEKE OHa Cpasy K€ MOIIa paccKa3aThb MHOTHE (DakThl U3 €ro
JKU3HU U, O0Jiee TOTo, IaTh IpejcKa3aHus Ha Oyaymiee!

Wntepecubiii ¢akt. Banra mnpeamnouynrtana XuTh B TOPHOM
MECTHOCTH, OTIIMYABIICHCS HEOOBIYHBIMU re0(hN3MUECKUMHU CBOM-
CTBaMHU M, JlaXke, KIMMAaTUYeCKUMM aHomanusmu. Kaszanoce, 4To
3Ta MECTHOCTb NMPUIAET €1 CUIIBIL.

Bo Bpems mpuema moceTturenei, B MUHYTHI, KOIJIa 3MOILHO-
HaJIbHBIN OABEM U MICUXOJIOTHYECKOe HanpspkeHue Banru noctu-
rajli MakCUMyMa, MPHCYTCTBOBABIIME (110 UX MPU3HAHUIO) OIILY-
many HeoObsICHIMOE BOJTHEHHE, a BCE BOKPYT Ka3aj0Ch 3apsKeH-
HBIM, KaKOM-TO HEBEPOATHON DHEPTHUECH.

CrnpaBeIMBOCTH pajiy, CIEAYET CKa3aTh, YTO HAYKa, MbITAIaCh
HCCIIeIOBaTh HEOOBIYHBIE CIIOCOOHOCTH JtofieH. U XOTs 00bSICHUTD
HUYETO HE y/IaBajoCh, MOJOKUTEIBHBIM PE3YJIBTaToOM OBLIO TO, YTO
MHOTrH€e HaOnoneHus: ObLIM I'PaMOTHO OIHMCAHBl U COIPOBOXKIA-
JIMCh N3MEPEHUSAMH PA3IMYHBIX (PU3NUECKUX XapaKTEPUCTHK C HC-
M0JIb30BAaHUEM COOTBETCTBYIOLIMX MPHOOPOB.

C 5Tol TOYKM 3peHHs, OONBLION MHTEpeC MPEACTABISIIOT HC-
cieoBanusi HeoObIYHBIX criocobHocTer H.C. Kymarunoii, mpoBo-
nuBmmecs B 60-X rofax MponuIoro Beka MpHu y4acTHH MHOTHX W3-
BecTHBIX yueHBIX (A.H. IlepeBo3umkoB. becema o TemekumHese.
“3nrak Bompoca.” 10/89.). B mocTaHOBKe SKCIEPUMEHTOB MPUHH-
Man ydactue akageMmuk 1O.B. TI'ynses, qupexrop UPD AH CCCP.

Mo pesynsratam pabdotsl ¢ Hunens Kynarunoit 6bu1 qaxe cos-
JIaH JIOKYMEHTAJIBbHBIH (QUIIEM.

H.C. Kynaruna mpoaeMoHCTpHUpOBaJia CIIOCOOHOCTh, HE TPH-

KacasCh K MpeAMeTaM, MepelBUraTh HX (KOPOOOK CIIHYEK,
KOJITIAYOK aBTOPYYKH, JIETKUU (yxkKep), Bpallarh CTPEIKy KoMmIaca
— TaK Ha3pIBaeMoe SBJIeHUE TeleknHe3a. OHa MOTIIa IepeIBUraTh
MPEIMETHI U HE MOJTHOCS PYK, TOJIBKO JBUKEHUEM T'OJIOBBI.

Nccnenosanus pyk H.C. Kynarnnoi nanu nopasurenbHble pe-
3yJBTaThI:

- OHM MBIIyYaJld YABTPa3ByK (B OOBIYHOM JHanazoHe ObLIH
CIIBIIIHBI IETYKH);

- U3JIy4Yajy TEIUIO B TAKUX KOJIMYECTBAX, YTO MOIVIM BBI3BaTh
OKOT y APYTOTo YeJ0BEKa, TOJHOCUBIIETO CBOK PYKY K €€ pyKaM,
IIPU 5TOM Ha KOXK€ PYKH MOSIBIISIINCH KPUCTAJUIUKU COJIN;

- (oTodneKTpoHHBINH YMHOXKUTEND (PDY) pukcuposan B Tem-
HOTE M3JIy4eHUE PYK — H3MEpPEHUs Jalu THICSYEKPAaTHOE MPEBBI-
IIEHHE YPOBHS TEMHOBOTO TOKa;

- HabOiromanach WOHM3AIMS Ta3a, O YeM CBHUETEIhCTBOBAIIO
BO3HUKHOBEHHE 3JICKTPUUECKOTO TOKA MEXAY IBYMsI IIaCTUHAMU,
HaXOJMBIIMMUCS MO Pa3HBIMH IMOTEHLIUATAMH;

- U3JIyYCHHE PYK BBI3BIBAJIO TOMYTHEHHE CBETO(PUIBTPOB;

- BO3/IEWICTBME Ha CTaKaH C BOAON MPHUBOAWIO K M3MEHEHHIO
mokasarens kucimoranoctd pH ¢ 7 1o 3,5.

- 3a()MKCUPOBAHO OTKIIOHEHWE JIa3epHOTO Jy4a IO/ BO3ZICH-
CTBUEM M3IIYUYCHUS PYK.

ITomumo Bcero artoro, Kynarusa c¢ 3aBsg3aHHBIMM IV1a3aMM, Ha-
XOSICh CIIMHOM K JIOCKE, Ha KOTOPOM MHCalIu pas3IMYHbIE YMCIIA,
Mora 6e30mrO0YHO UX YUTaTh. HeKOoTOphIe Y4aCTHUKH SKCIIEpH-
MEHTa, MpaBja, CYUTAINA, YTO OHA HE YMWTAET YMCJIa Ha JOCKE, a
MIPOHUKAET B CO3HAHHUE TOTO, KTO WX IHCAJT, H TAKUM 00pa3oM y3-
HaeT HyXHyto nHpopmanuto. Ho dpakr ocraercs akrom!

Bo MHOrom anHajoru4Hble HCCleNOBaHUS OBLIM MPOBEIEHBI
®donom maparicuxosioruu uM. JI. BacuibeBa (nipesunieHT doHIA
— n.M.H. A. JIn). Hanpumep, n3BeCTHBIN dKcTpaceHc Bamepuit A-
JIeeB U3MEHSUI MOKAa3aHUsl PaAMOMEPOB M OTKJIOHSUI JIy4 Jla3epa.

Bbun mony4yeHsl 1 HEKOTOpbIE HOBBIE pe3ysbTaThl. B yacTHO-
ctH, oOHapyxkeH I(PdeKT “clioKeHUs] dHePruu” HEeCKOJIbKHX
YYACTHHKOB IKCIIEPHMMEHTOB II0 TeJIeKHHe3y — Pe3yJIbTaThl IKC-
MEPUMEHTOB OKa3bIBAIOTCSI OOJiee SIPKO BBHIPAKEHHBIMH, & UX ITOB-
TOPSAEMOCTh HEN3MEPHMO BO3PACTAET.
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Aot 3P PekT HAOIIONAICs B IKCIIEPUMEHTE C BPAIICHUEM Bep-
TYIIKH, yCTaHABIMBAEMOW Ha OCTpHE BEPTHKAJIbHON WINbI (Bep-
TyIIKa BMECTE C WIJIOW IMMOMEIaNach MOJ| CTEKJISTHHBIA KOJITIAK).
OmHOBPEMEHHO HECKOJIBKO YEIOBEK MBICICHHBIM YCHIIUEM 3acTa-
BJISUTA BEPTYIIKY BpallaThCs B HY)KHOM HampasieHud. [loBTOps-
€MOCTb B 3TOM JKcliepuMeHTe npakTuyecku Obiia 100%.

PaccmarpuBaics Takke BOMPOC O BO3MOXKHOM “‘TIPUYACTHO-
ctu” atoro 3¢ddekra K 3aragouHOMYy sIBICHUIO monTepreiicra. OH
HaOIIromaeTcsl B ““HEOJIATOIOYIHBIX CEMbBSIX TPH IPEBBIMICHUN
“KPUTHUYECKOW MaccChl” TMPHUCYTCTBYIOMIUX IJtOoAeH (4eM OoJbIie
moned, TeM cuibHee d(P(EeKT — mpenMeThl HAYUHAKOT TepeMe-
IIaThCs, & B HEKOTOPBIX CIyYasx cOOOMaloch Aaxe 00 MMEBIINX
MECTO BO3TOpaHUSX O€Jbs, KHUT, UKOH U T. 1I.).

3mech HET HEOOXOAMMOCTH TOAPOOHEE OCTAHABIMBATHCS HA
JTABHO M3BECTHBIX MapaHOPMAITBHBIX IICUXO(PU3UICCKIX SBICHUIX
(maparcuxonorus Bo3HuKIIA etle B XIX Beke B AAnoHun). 310 1 K-
CTpaceHCcopHOe BocmpusiTHe (0e3 y4acThsi OpraHOB YyBCTB), U SIC-
HOBHJICHUE, U Teslenartus (mepegada Ha pacCTOSHUU HHPOPMAIHH),
1 JI030MCKaTeNbeTBO. HaBepHoe, ciofia jke cietyeT OTHECTH U XOXK-
JIEHUE TI0 TOPSIYNM YIJISIM (OTHEXOXKAECHNE) — HECTHHAPCTBO.

Ha camom nene, Kpyr pa3iaMdHOTO pojia TAMHCTBEHHBIX SIBIIC-
HUH 4pe3BBIYANHO IIUPOK, U HE BCE ATH SBJICHUS MOTYT OBITH OT-
HECEHBI K Pa3psily pealbHO CYLIECTBYIOLIHX.

B morone 3a ceHcaiuei cpejcTBa MacCoBol MHGOpMAIIUU He-
penko MyOMMKYIOT HerpoBepeHHble AaHHble. C Apyroi CTOPOHBI,
“oueBHIIBI” COOBITHH 3a4acTyi0 CTAHOBSITCS JKEPTBOU OITHYE-
CKHX 0OMaHOB, TAJUTIOIIMHAIIUI ¥ MacCOBOTO THITHO3A.

HMeHHO m03TOMY MBI OTrpaHHUYMMCS JIUITh HEKOTOPBIMHU, OTHO-
CHUTEJBHO TOCTOBEPHBIMHU (haKTaMH.

EcThb 111 BO BecexX ATHX 3araJIouHbIX SIBICHUSIX HEKOTOPOE 00be-
IUHSAOMee Hadamo? MOXKHO T KaKHMM-TO O0pa3oM MOHSTH HX
MIPUPOJY U CUCTEMAaTH3UPOBATH?

CoBeplIeHHO OYEBHIHO, YTO HOBOE ITOHMMAHUE CTPOEHUS U
CBOMCTB BEI[ECTBA, B OCHOBE KOTOPOTO JIeKaT JBa 0COOBIX BHUJA
3JIEKTPOMArHUTHOTO T0JIs1 (BPAILAOLTUICS AIEKTPOMAarHUTHBIH CO-
JIUTOH ¥ TPOJOJbHBIE IEKTPOMAarHUTHBIE BOJIHBI), TaeT MPUHITH-
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MUAJIBHO HOBBIE BO3MO)KHOCTH JJISI TIEPEOCMBICIICHHS BCETO KOM-
TUIEKCa HAaKOTIMBIIUXCST BOTIPOCOB.

Hagnem ¢ “xocmmueckoit” 3Hepruu. KaBbIUKHM 37€Ch MOKHO
OBLTO OBI M HE CTaBUTH, TAK KaK pedb MOUIeT 00 oOMeHe sHeprueit
MEXIY KOCMUYECKUMHU TellaMu [2].

[lonoOHO ABYM DSIEKTpOHAM, IBUXKYIIMMCS OTHOCHTEIBHO
JpyT JIpyra, KOCMAYECKHEe Tejla Takke OyIyT co3aaBaTh HU3KOUa-
CTOTHBIC Pa3HOCTHbBIE KOJeOaHus Jie OpoiIeBCKoi 4acToThl. B Te-
YeHHE OIHOM ITOJIOBUHBI IIEPHOZA BOJIHBI IIepeada SHEPTruu Mpo-
HCXOIUT B OTHOM HAIIPABJICHUH, a B TEUCHUE JPYTOi TOJTOBUHBI —
B [IPOTHBOIIOJIOKHOM HarpasiieHuu (pasz. 5).

Ot0 (u3nUecKoe SBICHHE, BO3MOKHOCTH KOTOPOTO CIEAyeT U3
COJTUTOHHON TPHUPOJBI BEIIECTBA, MOXXHO HAa3BaTh YaCTOTHBIM
B3aUMO/IeliCTBHEM JABHKYIINXCH OTHOCHTEJIbHO JPYyr Apyra
KOCMHMYecKHX Tesl. HecMOTpss Ha pa3MBITOCTh 4acTOT IIPOIOIIb-
HBIX BOJIH (IPaBUTALMOHHOTIO I10JI51) MACCUBHBIX KOCMHUYECKUX TeJl
(M3-3a OTIAMYHON OT HYJSI TEMIIEPATyphl, BpaIleHUs BOKPYT COO-
CTBCHHOW OCH), JOJDKEH HaOIOIAaThCsl HEKOTOPBIA yCpPEIHEHHBIN
3¢ GeKT, TPOSIBISAIONINICT B OUEHUU OJIM3KUX YaCTOT.

Tax Kak 9acTOTHI MPOJOIBHBIX BOJH BEIIECTBA OMPEACIISIOTCS
I'UB (9acToTOl HYKJIOHOB) M YaCTOTOM AIIEKTPOHOB, TO, 3HAS CKO-
POCTb OTHOCHUTEJILHOTO JBMKCHHUS TEJ, MO’)KHO OLICHUTh BEJTMYHHBI
YacTOT Jie OPOMJIEBCKUX HU3KOUACTOTHBIX OneHnii. Bennuuna pas-
HOCTHOI 4acToThl (BosIH Jie bpoiins) [2] Belpaxkaercs yepes3 OTHO-
CUTENIbHYIO0 CKOPOCTD V, CKOPOCTh CBETA C 1 OCHOBHYIO YacTOTY KO-
nebanuii f,: f,, = f,"v¥/2c2.

O1ueHuM 3TH 4acTOThI, UCXOJs, HAIIPUMED, U3 OTHOCUTEIbHOM
CKOPOCTH JBYX IUIAHET, paBHOU 3 KM/CEK.

Tak kak ['UB pasna 1,60-1023 'y, a yacToTa 31€KTpOHA paBHA
2,47-1020 T, To wactoTsl BonH Ae Bpoiins GyayT cOOTBETCTBEHHO
pasubl 0,8:1013 Ty qns nepBoii yacToThl (CyOMHILTMMETPOBBIE
BosHbl) U 1,2-1010 T’y s BTOpO#t 9acTOTHI (CAHTUMETPOBBIE BOJI-
Hbl). EcTecTBEHHO, OTHOCUTEIbHbBIE CKOPOCTH IUIAaHET BCE BpeMs
MEHSIIOTCSl, ¥ YaCTOThI, Ha CaMOM JeJjie, OyayT MIaBaloLIMU.

OJeKTpOMarHuTHeIE KoJeOaHUs B YKa3aHHBIX JHANa3oHax
JUIMH BOJIH HE MOTYT HE BO3/I€HCTBOBaTh Ha MPUPOIY U OPTaHU3M
YeJoBeKa. BrionHe BO3MOXKHO, YTO 9TH BBICOKOYACTOTHBIE KoJieOa-
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HUS, KaK MbI YK€ TOBOPUJIH, 00pa3yIoT cBoeoOpa3Hble 003e-KOH-
JEeHCAThI U cBeTsIuecs: o01acTu, pukcupyembie kak HJIO!

Ho »t1o eme He Bce! M3-3a TOro, 4To 4acToThl SIBISIOTCS ILjIa-
BAIOIIMMH, 1 ONHOBPEMEHHO MEXAY COO0H B3aMMOJEHCTBYET MHO-
KECTBO KOCMHUECKHUX TeJ, OyIeT IMETh MECTO U HEKOTOpas Harpa-
BJIEHHAd Iepesiadya SHEPTHH, IPUBOASAIIAS K HAKOIJICHUIO SHEPTUU
OJTHUMH, U MOTE€pPe — JPYTUMH KOCMHUYECKUMH TEIaMH.

HanonHeHnue maHeTsl W30BITOYHOW SHEPrUCH, WM OTOOp y
HEe SHEPIUu JOJDKHBI CONPOBOXKIATHCS PA3IMYHOIO poja Iepe-
XOJTHBIMU U KOJIeOaTeIbHBIMH TpolieccaMu (KBakepbI?). A o0ycio-
BJIEHHBIE MOCJIEAYIOLUM IIPOLECCOM BOCCTAHOBJIEHUS DHEPreTH-
YECKOTO paBHOBECHSI MEX/1y MJIaHETAMH IOTOKH SHEPTHH, IEPEHO-
CHMO MIPOJOIBHBIMU BOJIHAMH, MOTYT IPUHUMAaTh (JOPMY CBETSI-
ITUXCST CTOJIOOB, YXOMSIIUX BEPTHKAIHHO BBEPX (B KOcMOC!).

EcTtecTBeHHO, BCE 3TH BOMPOCH TPEOYIOT OUEHB THIATEIHLHOM
npopaboTku (comocTaBieHHs HaOMIONAEMbIX SIBICHUN C aCTPOHO-
MHUYECKUMH JaHHBIMH). Jlo MpoBeaeHUs 3TUX UCCICIOBAaHUN HaM
MIPUJIETCS JOBOJIBCTBOBATHCS MPEACKa3aHUSIMH aCTPOJIOTOB.

Bnpodyem, 1 moMHMO acTpOJIOTUH MMEIOTCSI CBUJIETEIHCTBA B
MOJT3y HATMYHA TaKOTO B3aMMHOTO BIIUSHUS.

Hanpumep, Teopusi cBsizu karactpod ¢ B3aMMHBIM pacimo-
JIO)KeHHEeM KOCMHMYeCKHX TeJl, HaJl KOTOPor pabdoTas npogeccop
Cankr-IleTepOypsKCKOro yHUBEPCUTETA a3POKOCMUYECKUX TPUOO-
poB CunsikoB A.H. B Kakoii-To cTENEHN MOXKET paccMaTpuBaThCs
KaK KOCBEHHOE€ IOATBEPKACHUE HHEPreTHYeCcCKON B3aWMOCBS3U
KOCMUYECKHX TeIL.

B wactHocTH, mpodeccop CunsikoB A.H. yka3wsiBan Ha IPSIMYTO
cBs13b KaracTpodbl moaBoaHON MoKy “Kypck” (M MHOTHX IpYyTHX
aBapuii) ¢ ONpeJeIeHHbIM B3aUMHBIM PACIOJIOKEHHUEM IIJIaHET B
MOMEHT aBapuH W MpeJyiarail METOMKH MPOrHO3UPOBaHUs HeOMa-
TONPUATHBIX YCIOBHUHU JUIA MPEOTBPAIIEHUS KaTacTpod.

KpyroBopoT kocMu4eckoil 3HEpruu, OCYyIIECTBISEMbIA MPO-
JIOJIbHBIMU 3JICKTPOMAarHUTHBIMU BOJIHAMHU, SIBJISIETCS. OTPAKCHUEM
BceoO1eit 3akoHoMepHOCTH. CyTh €€ 3aKJII04aeTCs B TOM, 4TO JIF0-
0oe paBHOBEcHE B TPHUPOJC SBISETCS NPUOIU3UTENBLHBIM U Bpe-
MEHHBIM (BCTPOEHHBIM B JPyToOii, O0siee mo0anbHbIH mpouecc).

[IpomonbHbIE AEKTPOMArHUTHBIE BOJHBI 10 CBOEH COBOKYII-
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HOM PHEpPIUH COCTABJISAIOT BECbMa CYIIECTBEHHYIO JIOJIO OT dHEp-
TeTUYECKOTO JKBHMBAJIEHTa MAacchl BCETO BellecTBa (TIOpsiKa Mo-
CTOSTHHOW TOHKOW CTPYKTYPBI, TO €CTh, HECKOJIBKO MEHBIIIE OJTHOTO
nporieHTa). OHM TPOHM3BIBAIOT BCE BEIIECTBO M IPOCTPAHCTBO,
oOecreunBast MpoIecchl YJHEPrOOOMEHAa 1 Ha yPOBHE MUKPOMUPA, U
Ha YPOBHE KOCMHUYECKHX MacIITa0O0B.

A Kaxkoe MeCTO 3aHUMAIOT MPOJIOJIHHBIE BOJIHBI B )KUBBIX Opra-
Hu3Max? MccnenoBaHust MOCIeIHUX HECKOIBKUX JIET YOSAUTEIBEHO
MOKAa3aJIH, YTO NPOAOJIbHBIE 31eKTPOMATHUTHBIE BOJHBI — 3TO
KJII049eBOi ()aKTOp B MHpe KMBOI MPUPOIBI.

OHu, B 4aCTHOCTH, pacCMaTPUBAIOTCS KaK OJIMH U3 OCHOBHBIX
HocuTeneil ouonHpopmanmu. MHorue (akThl yKa3blBalOT Ha TO,
YTO TPOAOJNBHBIE 3JIEKTPOMAarHUTHBIE BOJIHBI WTPAlOT TJIABEH-
CTBYIOILYIO OPraHU3YIOLIYIO0 POJib B (DOPMHUPOBAHHUHU, PA3BUTHH U
(YHKIIMOHMPOBAHUH KUBBIX TKaHEW OpraHu3MoB [23].

Ha sT0ii OcHOBE BO3HHKaeT COBEPIICHHO 3aKOHOMEpPHAasl
NIy0OKasi B3aMMOCBSI3b MEK/Y "KUBOI U He:KMBOM NMPUPOIOH.

KoHkpeTHBI TpUMep TaKko#l CBSI3U — JIO30MCKATENbCTBO [24].

IlepBoe ymomMmHaHHE O JO30MCKAaTEIbCTBE OBLIO HAWICHO Y
npeBHepuUMCcKoro MeicauTes [lmuaus, a B XVI Beke 06 »ToM Me-
Toz€ (B IPUMEHEHHUH K ITOMCKAM PYyZbl) IHCal HEMELKUI yUCHBIH
I'eopruit Arpukosna B xaure “I'opHoe neno”. s MOUCKOB pyzsl
HCIOJIb30BANIACh PAa3BWIIKA BETBM OPELIMHBI, KOTOpas CUMTaIach
Haubosee moaxozsmei. BripoueM, mOTOM OBIJIO YyCTaHOBIEHO, YTO
COPT JepeBa He TaK BAXKEH.

I'opazgo Gonbliee 3HaUCHUE UMEIOT KauecTBa CaMOro 4eJioBe-
Ka, IPOBOJSIIECIO MOUCKU C MCHOJIb30BAaHUEM JEPEBSIHHOM “‘BHJI-
k1”. BecbMa moka3aTenbHBIMU OKa3alUCh SKCIEPUMEHTHl KaHIH-
Jara TexHuueckux Hayk b. TapeeBa u nHxkenepa-ruaporeosora E.
CumonoBa. B wactHOCTH, 1O WX JaHHBIM, U3 CTa YEJIOBEK, IPO-
MIEANTAX TPOBEPKY, “TOTHBIMKA~ OBUTH MPU3HAHBI TOJIHKO TPOE.

DKCHEPUMEHTHI IOKAa3aJI, YTO C IMOMOIIBIO “NaNTO4YKH” MOKHO
00HApYXHUTh TPOJIOKEHHBIN TIe-TO B 3eMJIe JIEKTPUUYECKUN Ka-
0erb WM MECTO, THIe MpocaynBaeTcs TpyHToBast Boga. Korna ore-
parop mpoXOAMII HaJl STUM MECTOM, “BHJIKA” B €0 pyKax, YAepKu-
BaeMmas 3a KOHIIBI Pa3BETBIICHUS, MOAHUMAJa WM OIMycKaja CBO-
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Oo/HBIM KOHEll (B 3aBUCHMOCTH OT HAIPaBICHHs TOKa B KaOele
WK TeueHHWs BoAbl). VMHorna manoyka Jnenaja Jake HECKOJIBKO
ob6opotoB. Ha pesynbsrar He OKa3bIBaIO HUKAKOTO BIHSHUS dKpa-
HUPOBaHHE YEIOBEKa OT KaOellsl WIIM BOJIOTOKA PE3HHOBBIMH U Ke-
JIE3HBIMH JIUCTAMH.

Orta “mepeBsiHHas BWiIKa® 001aJaeT CBEPXUyBCTBHTEIBHO-
CTBIO: W3THOAIOIINIT MOMEHT B MUJUIMOHBI pa3 MPEBOCXOANUT YCH-
JIUs, KOTOpPbIe MPHUBOAST B JBM)KEHUE CTPENKH TajTbBAHOMETPOB.
ITO0 COTHHU M Ja:Ke ThICAYH rpaMMoB Ha caHTuMeTp! Kak 31ech
HE BCIIOMHUTH O CHJIaX, pa3BUBAEMBIX IIPH IONITEpreiicTe?

B anpene 1966 ronga Ha onHOM U3 3aceIaHU MOCKOBCKOM CeK-
muu OMomH(pOpMaNUM HAayYHO-TEXHHYECKOTO OOIIEeCTBA HWMEHH
A.C. TlonioBa ObIT 3aciyliaH AOKIAJ] JICHHHTPAJICKOTO Y4EHOTO,
KaHaunaTa reojoro-muHepanorndecknx Hayk H.H. CoueBanosa.
Peup muta o pesysnpraTax MCCIIEIOBAaHUH, CBA3aHHBIX C JIO30HCKA-
Te’apcTBOM. PaboTra Obliia mpoBeeHa OOJbIIOi TPYIIION T'€0JIOTOB,
reou3uKoB U (PU3MOJIOTOB, C UCIIOIB30BAHUEM KOJIMYECTBEHHBIX
METOZ0B M3MEPEHUM, MAaTEMATUYECKOW CTAaTUCTUKH, C aHAJIN30M
MOBTOPSIEMOCTH U OIMIMOOK SKCIIEPHUMEHTOB.

OTmeuanock, 4TO pyaa JeHcTBOBaja Ha ‘‘BOIMICOHBIN MPyT”’
(ykazarenp) cuibHee, 4yeM Boja. Ecim mpu mepexoze depes peky
yKazaTellb COBEpIIIal JiBa 000poTa, a 4epe3 pydeek — BCEro OJUH,
TO Ha CBHHIOBO-IIHHKOBOM MeCTOPOKICHUH APChI YHCJIO 000-

Puc. 24. “Bonme6Hble MaoYky’” T TOUCKAa aHOMAJIbHBIX 30H (CIIeBa) M UX
MOJICPHU3UPOBAHHBIC BAPUAHTHI U3 CTAJIBLHOM MPOBOJIOKH [24].

POTOB “BOJINIEOHOI MAJTOYKU” JOCTUIrAJ0 BOCEMHAAUATH HA
AecATh MeTPOB NMPOIiIeHHOro myTH!

H. CoueBaHoB HCITONIB30BAIT YK€ HE ACPEBSIHHBIN yKa3aremb, a
CTaJBHOM MPOBOIOUHBIN — B Bue OykBrI 11 (puc. 24). Hoxku Oy-
KBBI BHH3Y OBITM OTOTHYTHI B CTOPOHBI. 3@ 3TH KOHYUKHU OIIEPaToOp
Jepxkan “OykBy” TOPH3OHTAJILHO Ha BBITAHYTHIX pykax. CTojb
MPO3anvYecKl MOJECPHU3UPOBAB ‘‘BOJIIIEOHYIO MajouKy’, JICHUH-
TpajficCKue MCCIIEOBATEIH CYIIECTBEHHO MOBBICHIIM YYBCTBUTEINb-
HOCTb U IIOBTOPSIEMOCTH OIBITOB.

Bort eme HexoTOphie 13 00HAPYKEHHBIX 3(PPEKTOB.

CKOpOCTh NEPENBUKEHUS OIIEpATOPa HE BIIMAJIA HA PE3YIIBTaThI
JI0 TeX Iop, IT0Ka OH nepeaBuraics nemkoM. [lorom oneparopa mno-
CaJuiu B MaluHy. JICHTONPOTSKHBIN MEXaHNW3M CaMOIMCIIA CHH-
XPOHHU30BAJIM C KapJaHHBIM BaJIoM (TpoiaeHHbIM myTeM). Oxasa-
JIOCK, YTO TIPH CKOpOCTH 20 KM/9ac KOTMIECTBO 0OOPOTOB yKa3are-
JIs yIIajo B IOJITOpa - /1Ba pasa, a Mpu ckopoctu 60 KM/4ac erme B
20 pa3 (B cpaBHEHUH C ITOKa3aHUAMH P OoJiee HU3KON CKOPOCTH
— JBaJIAaTh KMJIOMETPOB B Yac). 3HAYUT, MArHUTHOE TI0JIE 3/1eCh
HU TIPH 4€M, TaK Kak 4eM ObIcTpee ABHTrajcs Obl oreparop B Mar-
HUTHOM TIOJIe, TeM OOJbIlIe MATHUTHBIX CHIJIOBBIX JIMHUI TepeceK
ObI, ¥ TeM OBICTpee Bpamasach OBl pamKa.

Omneparopa BO3WJINM U B OTKPBITOM I'DY30BUKE, U B MAIIHWHE C
MOAHATHIM OPE3CHTOBBIM BEPXOM, U B MaJICHHKOM aBTOOyce C Me-
TaJNTMYECKUM Ky30BoM. Hukaxoi pasunuipl He oOHapyxuiu. Crie-
JIOBATEJIbHO, U AIIEKTPUUYECKOE TOJIE MCKIIIOYaeTCsl U3 PaccMoTpe-
HUSI, TaK KaKk MeTa/uIndecKas KOpoOKa Ky30Ba — UJ€albHBIN
9KpaH AJIsl HETo.

Bruia npoBeneHa npoBepKa BIMSHUS MOIIHOTO HOAKOBOOOpa3-
HOTO MarHuTa, pacrojlaraéMoro y 3arbuika oreparopa. ITo mepe
NpUOJIKEHNsT MATHATA K 3aTBUTKY KOJIMYECTBO 0OOPOTOB yKa3are-
JIS CTAJI0 3aMETHO Ma/1aTh, @ HA PACCTOSHNHN OKOJI0 20 CAHTHMETPOB
yKa3aresb B pyKax OIepaTopa HEOKHAAHHO W3MEHWI Halpaslie-
HUE BpalllEHHs HA IPOTUBOIOIOKHOE.

Omneparop — YeJIOBEK, “UyBCTBHTEJILHBIA K BOJILIEOCTBY” —
KacaJjicsl CBOMMH MajbllaMH PyKH Heolleparopa, U yKka3aTeib B py-
Kax TIOCJIeTHEr0 ToKe BAPYT “oxkuBai’. Ho Haxoaumuchs M CTONb
“CUIIbHBIE” HEOTIepaTOpPhl, 9YTO OHU MTPUKOCHOBEHNEM CBOMX PYK K
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pykam oreparopa racuiii 31otT 3gdekt. B To xe Bpemsi, eciau Hec-
KOJILKO OIIEPaTOPOB “‘CKJIAJIBIBAJIMCH”, B3SBIIUCH 32 PYKH, TO (-
(heKT He yCHIMBAJICS — BpalleHHe OBUIO TAKUM JKe, KaK y Hanbo-
Jiee CHIIBHOTO OIeparopa M3 MX YhCIIa.

HawubOosee 3aragounbsiM BO BCEM 3TOM SIBIISIETCS, TIOXKAIYH, cam
(axT BpameHus ykazaTelsl B pyKax Hayliero oneparopa. Yro 3a-
cTaBiisieT ero Bpamarees? Kakas TanHCTBeHHas cuia?

[TopoOyem OTBETHTH HA STOT BOIIPOC.

Bce neno B TOM, 9TO yKa3zaTelb CTPEMHUTCS 3aHATH MOJIOKEHUE
paBHOBecHs (puc. 25), nogoOHO TOMY, KaKk 3TO MPOUCXOJHUT C KOH-
TypOM B MarHUTHOM I0Jie (HampaBlieHHE MarHUTHOTO MOMEHTa
KOHTYpa CTPEMHTCSI COBMACTb C HAIIPABJICHHEM BHEIIIHETO MarHUT-
HoTO TOoJs). [ToaTOMYy KOTma omepaTop ABMXKETCS, yKa3arelhb Cie-

O

T'¢}¢\

DO
IO

> L

*\::E
pai
ik
?

Puc. 25. Bpamenue pamku (yka3sareiis) Ipy JBHKEHUHU OIlepaTopa B HalpasJe-

nun L. [Tonoxkenune ykazarens (MaJeHbKHE CTPEIKH) CTPEMHUTCS COBIIACTh C Ha-

MpaBJIEHNEM MAarHUTHOTO MO CTOsTYel BOMHBI (3aMKHYThIe THHUK). [TosToMy
IIpU ABMKEHUM OIlepaTopa paMKa IOBOPAuUBAETCS.
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JIyeT 3a HalpaBJICHHEM BHEILIHETro IO0JIsl, TO €CTh, 32 U3MEHEHHEM
HaTpaBJIeHNs MaJeHbKUX CTpesodek (mose Ha myTu L).

DT0 OTBET B 00IIeM BHIIE. A Teleph MMOTOBOPUM TOIpoOHEe.

Omneparop — 3TO 4eNOBEK, YyBCTBUTEIbHBIH K IPONOIbHBIM
BoJHAaM. PaKTHYECKH OH BOCHIPUHMMAET M BOCHPOU3BOAMT KaK
NMPOBOJHUK (2, MOKeT ObITh, H KAK PeTPAHCJIAATOP) CTOSAYHE
NMPO0JIbHbIE BOJIHBI, CYIIIECTBYIOIME B MeCTe aHOMAJIMH.

Cam (paxr BparieHust ykazaress Ipy ABMXKEHUH OIleparopa ro-
BOPHT O HATWIUH CTOSINX BOJH, “TIPUBSI3aHHBIX K MECTHOCTH.

Pamka B pykax omepartopa CTAaHOBHUTCS “YKUBOI~ — IOIy4aeT
OT €ro pyK KojeOaHHs TOHM K€ 4acTOTbI, YTO U BHelIHee noue. [lo-
3TOMY paMKa CTPEMHUTCS MONACTh B (pazy ¢ BHEIIHUM CTOSYUM I10-
JIeM aHOMaJINH, MPUOIIIKAsACH K MOJI0KEeHHIO paBHOBecHs. Ho Tak
Kak ()a3a BHEUIHEro IMoJjs NpPH ABUKEHHUH orepaTopa MJIABHO
U3MeHsieTcsl, TO M (pa3a paBHOBecHs! NepeMelaeTcs, YTO NPH-
BOJMT K BpPallleHHI0 yKa3aTeJs.

C 370l TOUKHM 3pEHUs MOKa3aTeIeH 3KCIIEPUMEHT C MarHUTOM,
KOTOPBIN YCTaHABIMBAIM PSAJIOM C 3aTBUIKOM OIleparopa. MarHur-
HOE T0JIe MPUBOJUT K M3MEHEHHIO (Da3bl KoJeOaHHid, TOTydaeMbIX
paMKoO# yKazaTels OT OlepaTopa-peTpaHciIsaTopa, BCIEACTBHE YETO
W3MEHSETCS XapaKTep ABMKCHUS yKa3aTelsl.

A Temepb NPOBEAEM MBICICHHBIH dKcriepuMeHT. [IpencraBum
cebe, 4TO oneparop jAenaer Bce Hao0opoT. OH He UAeT Mo 3eMile, a
CUJIUT B OYCHb JICTKOH TTOJIBUKHOM KOJISICKE M BMECTO TOTO, YTOOBI
CJIEANTH 3a IIOBEIEHUEM PAMKHU, CaM HauYMHAET €€ Bpallarh.

B sTOM cityuae cOBEpILICHHO €CTECTBEHHO OKUIATh, YTO PAMKa
MEPEMECTUTCS caMa M TOTALIHUT 3a COOOH KOJISICKY C OIepaTtopoM,
CTpeMSICh K HOBOMY TTOJIOKECHHUIO PABHOBECHS — K TOMY MECTY, T/Ie
HanpapJieHUE BHEIIHErO MOJs OyleT COOTBETCTBOBAaTh HOBOMY
yriy moBopoTta pamku (puc 25). [Toatomy onepatop Ha KoJsicke Oy-
JIeT IIepEeMEILAThCs 10 TEX MOp, OKa OH OyZIeT BpallaTb PaMKy.

Ho Bexp 310 HE 4TO MHOE, KaK ABUrarTe/ib, OCHOBAHHBINH HA
COBEpPIIEHHO HOBOM NpHHIHIeE!

Bpamas pamKy, MOXXHO IEpeMemarbcsi MO “‘CeTKe CTOSYMX
BOJIH” TaKkXke, Kak 1mo 3emJje. [Ipu 3TOM MOXXHO HCIIONB30BaTh HE
OZIHY PaMKy, a IeTyl0 CHCTEMYy PaMOK C COIVIACOBAaHHBIMH MEXKITy
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coboit ¢dazamu TakuM O0Opa3oM, UYTO NepeMelleHue Oyner
BO3MOXHBIM BO BCEX TPEX M3MEpPEHUsX!

Oco0BIif WHTEPEC, OYEBHUIIHO, MPEACTABISICT BO3MOKHOCTH
BEPTHKAIBHOTO TepeMeIleHns 0e3 BHIMMOH OIOpBI, a TaKke
OeCIIyMHOTO 3aBHCaHUS (aHAJIOT JICBUTAIMH) U TOPH30HTAIBEHOTO
“CKoNbKEHUs” 0e3 TPeHHSI.

IMoyemy MBI TOBOPUM MMEHHO O MPOJAOIbHBIX BOJIHAX?

Bo-1epBbIX, TONBKO MPOAOJIBHBIE 3JIEKTPOMATHUTHBIC BOJHEI
00JIaIal0T CBOMCTBOM TIPOHUKATh JIaXKe CKBO3b METAIUTHYCCKHE
9KpaHbl M TOJIIY I'PYHTa, TOKPBIBAIOILETO PyAy HIH ITOJ3E€MHBIC
MIOTOKH BOJBI (paszi. 2).

Bo-BTOpBIX, MPOAOIBHBIE IMEKTPOMATHUTHBIE BOJIHBI CKIIOHHBI
HE M3Iy4arhbCs, a HAKaIUIMBaTh DHEPTHI0, 00pa30BbIBAsI CTOSYHE
BOJTHBI BHYTPH BEIIECTBa, KaK B pe30oHATOpe, OBICTPO 3aryxas 3a
ero npezaenaMu. [ToatoMy Mbl U HabIIOMaEM HA MECTHOCTH CTOSI-
que KojeOaHus, KOTOpbIe He MMEIOT BUIUMBIX MOTEPb.

Kak pa3 T cBoiicTBa MPOAOIBHBIX BOJIH 00ECIIEUUBAIOT Ka3a-
J0Ch OBl COBEPIICHHO HEOKHJIAHHOE 00pa30BaHUE TUIA3MEHHBIX
KPHCTAJJIOB M3 MaKpOYACTHII (23p030JIbHAS WK TIhUICBAs TIa3Ma,
pasza. 7). KirroueByro pojib B 3TOM TIPOIIECCE UTPAIOT CTOSINE TIPO-
JIOJIBHBIC BOJTHBI, JOPMUPYIONIHE KPUCTAILI.

AHajioruuHasi KapTuHa, KaKk 0TMEYajoch paHee, HaOIogaeTcs
B KpPHCTaJIaX, B KOTOPBIX MeccOaydpOBCKHE sipa 0ObEANHSIIOTCS
MOCPENICTBOM OOIIETO0 PE30HAHCHOTO IOJISI MPOJOIBHBIX BOJTH —
CBEpPXTEKYYeCTh JHEPreTHYeCKNX COCTOSIHMIA.

CyMMUpYs Bce CKa3aHHOE, MbI TIPUXO/IUM K YPE3BBIYANHO BaK-
HoMy BbIBOAY: IlitaHeTa 3emiist OyKBaJIbHO MPOHU3aHA M OKYyTAa-
Ha NMPOAOJIBHBIMH 3J1€eKTPOMATHUTHBIMH BOJTHAMMH!

He siBisieTcst M HaJIM4ME CTOSYMX MPOJOJIBHBIX BOJH B COUe-
TaHUH C PA3IMYHOTO POJia KPUCTAJUTMIECKUMU CTPYKTYPaMH, I~
POKO MPEJICTaBICHHBIMU B ‘3€MHOU TBEPJM, 4, BO3MOXKHO, U B HO-
Hocdepe (TUTa3MEHHbIE KPUCTAJUIBI) HOCHTEIEM CBOE0Opa3HOTO
pasyma — MO3roBOM TKaHH HOOC(epbI?

[lpuanMass BO BHHUMaHHE KOJOCCAlbHBbIE OOBEMBI BEIIECTBa
TUTAHETHI K HOHOC(EPbI, MOYKHO TOJBKO JOTaJIbIBATHCS O HEBEPOSIT-
HOU €MKOCTH MaMSITH U BO3MOXXHOCTSIX TaKOTO KOMITbIoTepa!
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CBepXTeKyueCTh IHEPIeTUYECKUX COCTOSHUN 00ecIieunBaeT u
OBICTpPOJICHCTBYE, M MAJIBIC TIOTEPH, &, 3HAUUT, U KaUeCTBO MaMSITH.

Bo3Mo:kHO 11 MpaKkTHYeCcKoe UCNOIb30BaHUE ITOT0 KOJI0C-
cajabHOro xpanuauma nngopmanuu? Bee Oyner 3aBUCeTh OT TO-
TO, CMOXKEM I MBI TIOAKITIOYUTHCS K 3TOMY XPaHWIHILY W HAUTH
croco0bI 00pabOTKM 3TOTO OTPOMHOTO MACCHBA, YTOOBI “BBIYIUTH”
U3 CyNEepKOMITbIOTEpa HOOC(hEephl HYKHYIO HH(POPMAIIHUIO.

Bnpouem, Takyro BO3MOKHOCTb Mbl UIMEEM YK€ ceiyac, XOTs U
B HECKOJIbKO OTpaHWYeHHOM BHje. Kak MBI BHAEIH, HEKOTOpHIC
JOMM MMEIOT 0coOble KayecTBa, OCHOBaHHBIE Ha CIIOCOOHOCTH
BOCIPUHUMATh W W3JIy4aTh NPOJOJIbHBIC BOJHBI, SBISIOIINECS
YHHKaJbHBIM KaHAJIOM CBSI3U B TIPUPOJIE.

Ho ectb i1 B 3TOM KOMIIBIOTEpe HHpOpManus 0 Oynyuem?

MOIlIHOCTI) €TI0 HaCTOJIBKO BEJIMKA, YTO U BO3SMOXHOCTH MOTYT
OBITH COBEpIIEHHO HEOXXKUJTAaHHBIMHA. Bo BCsKOM ciydae, psi n3-
BECTHBIX MAPaIlCUX0JIOTOB SBUJIH IIPUMEPHI TIOPA3UTEIBHBIX TIPE/I-
CKazaHWH OymymIero.

N3BectHO, uTo A. DUHIITEHH COMHEBaJICA B NMPAaBUIBHOCTH
BEPOATHOCTHBIX METOAOB KBaHTOBOH MexaHuku. OH TOBOpPUJI, YTO
BPS/ JIM TOCTIOAb UTPAeT B KOCTH, onpeneiss Oyaymee. U ¢ atum
HeNb3sl He commacuThes. Hamm mpepcraBieHns o CyIIHOCTH Bpe-
MEHH, O €T0 CBS3U C MPOCTPAHCTBOM, O B3aUMOCBSI3AX IMPOIIIOTO,
HACTOSLIETO U OyAyIIEro BPsI JI1 MOKHO CYMTATh COBEPIICHHBIMH.

Byny1iee — 3To 3aKOHOMEpPHOE CIIEACTBHE MPOIILIOTO.

BaKY}IM, KaK Mbl BUJCIIH, II0 CBOHUM CBOMCTBAM HallOMHHAET
apudmometp. Hu omHO Maneiiee n3MeHEHHE HE IPOXOANT HE yU-
teHHbIM! [l03TOMY B JOTIOJTHEHHE KO BCEMY CKa3aHHOMY MOYHO
KOHCTaTHPOBATh, YTO BAKYYM — ellle (ojiee MOIIHBIH KOMIbIO-
Tep, YeM BellecTBO, 00beIMHEHHOE Pe30HAHCAMHU NMPOJ0IbHBIX
3JIeKTPOMATHUTHBIX BOJIH.

B kaxoii-To Mepe Bce JIIoau 001aJaroT TeIeaTHIeCKUMHU CBOM-
CTBaMM, TaK KaK XKU3HEIEATEIbHOCTh KUBBIX OPTAHU3MOB, & B 0CO-
OeHHOCTH paboTa MO3ra, OCHOBaHa Ha ATOM BH/Ie BOJIH. OIHAKO 3a-
MeTHBIE 3P QPEKThI MPOSBIIAIOTCS Y 0OYEHb MaJIOTO YHCIIA JTIOACH.

OTUM U OOBSACHSETCS TaWHCTBEHHOCTH BCETO, YTO CBS3AHO C
OTPOMHBIM MHPOM IPOAOJIbHBLIX BOJIH, @aKTH‘IeCKI/I CKPBITBIM OT
Hamrero B3niAnga. bomee Toro, myraromiie cBOel HETOHSATHOCTBHIO
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SIBJICHUS] TIPUPOJIBI OTTOJIKHYIIU OT ce0si MHOTUX (PU3UKOB, MPE.IIO-
YUTAIONIUX HE 3aHUMAThCs ‘“‘depToBiIuHON . [losTOMY MpOmOIIE-
HBIE 3JIEKTPOMAarHUTHBIE BOJIHbI IPAKTUYECKH HE MUCCIIECIOBAHbI, a
TEXHUYECKHE CPEJICTBA NCCIEAOBAHU B 3TOM 00acTH He pa3pado-
TaHbBI ¥ BOOOIIIE OTCYTCTBYIOT. B 3TO¥ CBSI3M, MOYKHO CKa3aTh, 4TO
MOKa BCE MCCIIEAOBaHUs “dyaec”’ 0a3upyroTcs HUCKIIOYUTENbHO Ha
BO3MOXHOCTSIX OpraHu3Ma 4eoBeKa.

OpHako CyIIeCTBYIOT YCIOBHS, TPU KOTOPBIX JIaXKe CKPBITHIE
CITOCOOHOCTH JTFOIEH TIPOSBIISIIOTCS BO BCIO CHUTY. B KadecTBe Tako-
0 OYEHb HAIVISIAHOIO MNpPUMEpPa MOKHO MPUBECTH 3HAMEHUTOE
OTHEXOXKAEeHUE (HECTHHAPCTBO), MPAKTUKYEMOE B HAPOAHBIX Tpa-
MULUAX Psiia CTPaH.

B xone crenuanbHOTO pHUTyaja JIOAM BIAJal0T B 0c000€ COo-
CTOSIHUE, TMO3BOJISIONIee UM 0Oe3 MOCIEACTBUN IS 3M0POBBS XO-
JIATH FOJIBIMA HOTaMH IO PACKAJIEHHBIM YIISIM KOCTpa.

OO0OBbsicHeHHEe TOro (peHOMEeHa BIIOJHE 3aKOHOMEPHO U HE BBI-
3bIBaCT OOJIBIIMX 3aTPYJHEHUH, €ClM NPUHATH BO BHUMAaHHE I10-
CIIEJIHUE JJAHHBbIE O TOM KOJIOCCAJIbHOM POJIM, KOTOPYHO UIPAIOT B
KUBOU MPHUPOJIE MPOJOTBHBIE MIEKTPOMArHUTHBIE BOJTHBI.

[Ipu BXOX/IEHNN OpraHu3Ma B 0C000€ COCTOSHUE TIPOUCXOAUT
PE3KOe YCUIIEHHME 3JEKTPOMAarHUTHBIX MPOAOIBHBIX BOJH. B pe-
3yJabTaTe 3TOTO B OPraHW3ME HACTYIAeT, 00pa3HO TOBOps, OOIIHA
PE30HAHC MPOAOJBHBIX MEKTPOMArHUTHBIX BOJIH, (POPMUPYIOIIUI
CBEPXTEKY4eCTb SHEPIreTHYECKUX COCTOSHUH.

[TorToMy BO3meiicTBHEe packajieHHBIX yIJieil mpuooperaet
He JOKAJBHBIH XapakTep (B MecTe KOHTaKTa), a, Gjarogaps
CBEPXTEKYYeCTH IHEPreTH4YeCKUX COCTOSIHMM, pacnpocTpaHs-
eTcsl cpa3y Ha Bechb opranu3m. ClieJoBaTeIbHO, JIOKAJIBHOTO Ie-
perpeBa TKaHell He MPOMCXOAWT, a TEIJI0, MCHOBEHHO paclpee-
JAACH TO BCel Macce Teja, BBI3bIBAET JIMIIL HE3HAYUTENTbHBIN
o0muii HarpeB Ha necsteie monau rpamyca!l CocrostHEE “Tpanca’ B
JTaHHOM CJly4ae BBbIPA)KAETCS B YCWJIEHUU U PE30HAHCE MPOJI0JIb-
HBIX BOJIH.

CTaHOBUTCS TMOHATHBIM CTPEMJICHHE MAapariCUX0JIOTOB K Me-
CTaM C TOBBIIICHHON TeO(QHU3NUECKON aKTHBHOCTHIO — C TOBBI-
HICHHBIM TPUPOAHBIM (POHOM NPOJONBHBIX Tojel (Banra — rop-
Has MECTHOCTh bonrapun, MOHAXW — THOETCKHUE TOPHI).
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Bo3Hnkaer HMHTe/JIEKTyaJdlbHOe M JHepreTHYecKoe eIvH-
CTBO 4eJIOBeKa ¢ MJIAHeTOH U KocMocoM. B 3Toii cBSI3U MOKHO
TOBOPHUTH 0 HOBOM aCIIEKTe NMOHATHSA HOOC(epbl.

Jlronu ¢ 0cOOBIMM BO3MOXHOCTSMH MO3ra MOTYT YCTaHAaBIIHU-
BaTh CBS3b C “II00AIEHBIM KOMITBFOTEPOM ™ UMEIOT JOCTYII K “Ta-
MSITH TJIaHETHI, K 0COOBIM KaHaiaM cBsi3U. Vconb3ys 3TH KaHa-
JIBl CBSI3M, OCHOBAHHBIE Ha MPOJOJBHBIX 3JIEKTPOMArHUTHBIX I10-
JIIX, OHM MMEIOT BO3MOXKHOCTH CBSI3BIBATHCS HETIOCPEICTBEHHO C
MO3IOM JIpYTHUX JIFofeH (TeenaTys, MTHOBEHHbII TUIIHO3).

Bricouaiimasi opraHn3anus U yHUKaJIbHBIE BO3MOXKHOCTH 4Ye-
JIOBEUECKOTO MO3Ta MOPa)XatoT BOOOpaKeHHE. XOPOIIO U3BECTHBI
MpUMEPhl MOMEHTAJIBHBIX BBIYMCICHHM, OCYIIECTBISEMBIX YHH-
KanbHbIMU “‘cueTynkaMu’’ (XKan Muoxu, Mopun darGep u ap.).

CrienmanucTsl MTHOBEHHOTO CYETa MOTYT B CYMTAHHBIEC CEKYH-
JIbl BBIYUCIIUTHL KOpeHb 20 cTenenu u3 42-3Ha4HOro 4Yucia, HO He
MOTYT OTBETHTH Ha BOIIPOC O TOM, KAKMM 00pa3oM OHH 3TO Jelia-
10T. M3BecTHbIN nmaparncuxosor u tenenar B.I. Meccunr rosopui,
YTO HE MOXKET CaM IOHSTh, KAaKUM 00pa3oM K HEMY MOCTYIaeT B
MO3T HyXHasi uHpopmarus [25].

OH numet, 4to ““...KOHEYHBIN pe3yibTaT, UTOT, TTOCIeTHSS IIH-
¢pa, BCOBIXUBAIOT BAPYT B UTOI€ HANPSDKEHHSI BOJIM, IOZOOHO TO-
My, KaK “SICHOBHJSIIEMY OTKPBIBAE€TCS BAPYT KOHEYHBIH (hakT B
OTHOLICHUH KaKOro-JIMOo JInia Ui coObITUs.”

Bot onuH u3 npuBeeHHBIX UM IpuMepoB. O1Ha MOJIo1ast KeH-
HIMHA MpUILIa Ha TIpueM ¢ doTtorpadueit cBoero Opara. [IBa roxa
Ha3aJ OH yexaj B AMEpUKy HCKATh CHACTbhs, U C T€X IIOP HU eIu-
HOro nucbMa. JKUB 11 OH? — XOTena 3HaThb KeHIMHA. CBOM JaJib-
Helmme neiictBus B. MeccrHT OMUChIBaeT CIEAYIONUM 00pa3oM:
“Sl cMOTpIO Ha KapTOuKy OeIHOM KEHIUWHBL... BOT OH onuH H3 ne-
CATKOB U COTEH ThICSIY HECUACTHBIX, COETUHEHHBIX MAllIMHOCTPOU-
TeJIBHBIM 3aBoJoM JleTpoiita nin ckotoboitaeit Yukaro... 1 Bapyr
BIKY €T0, CIIOBHO COLIEIIIETo ¢ KapTouku. UyTh Bpoae Obl moMo-
nozesiero. B xopomewm koctrome. 1 rosopro:

— He Bonnyiitecs, nanu. Bamr Opat >xuB. Y Hero Obun TpyA-
HBIE JHM, ceifuac crajo jerde. Bel momyuuTe OT HEro MUChHMO Ha
TPUHAALATBIN JI€Hb, CUUTAs] CETOJIHAILIHUIM.

...Ha TpuHaauaTteii mpejcka3aHHbIi MHOW J€Hb B 3TOM Me-
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CTeuKe COOpaJIMCh KOPPECIIOHACHThI Yy Th JIM HE BCEX MOJIbCKUX Ta-
3eT (Mpo3HaBIIMX O TperckazaHuu). [Incemo n3 manexoit duma-
Ienb(GUN MPUILIO BEUSPHUM MTOE30M.”

Bonbd Meccunr npuBen erie HeCKOIBKO CITyJaeB.

OnHOMY U3 TIPUCYTCTBOBABIINX B KaOMHETE JKYPHAIHCTOB OH
npezackaszai OoJbIIoe TMOBBILICHHE B JOJDKHOCTH 4Yepe3 mapy He-
nenb (Mexay 20 u 25 ntond). [IBaanaTh BTOPOro YKCIIA Ky PHAIUCT
OBbLI JICHCTBUTENILHO Ha3HAYEH Ha JIOJDKHOCTD TJIABHOTO pellaKkTopa
OJIHOM M3 KpyIHeumux razet. “He Hao crnpammBarb, Kak MHE 3TO
yaanock. Ckaxky 4eCTHO ¥ OTKPOBEHHO: He 3Haf0 caM. TouHO Tak
JKe, KaK He 3HAl0 MEeXaHu3Ma Tejernarnd. Mory cka3aTrb BOT YTO:
00BIYHO, KOTAa MHE 3aJIal0T KOHKPETHBIH BOMPOC O CyabOe TOro
HJIM UHOI'O YCJIOBCKA, O TOM, CIIYYUTCS WX HET TO UJIX NHOC C06I)I-
THUEC, g JOJDKCH YIPAMO AyMarhb, CIIpalinuBaTb ce6;[: CIIYUUTCA WA
He ciyuutcsa? M depe3 HEKOTOpoe BpeMs BO3HHUKACT yOeXkKICH-
HOCTb: J1a, CIIY9UTCS, WIN HET, He CIy4uTCs.” — nucajl MeccuHr.

OnuH maparcuxoJor, HeKTo ['amMap, U3BECTHBIM CBOMM JapoM
“SCHOBUJICHUS, TOMOT HaWTHU APArolieHHOE OXKepebe, YIaBpIiee B
KaHanu3anuoo. /lo 3Toro, crpaxoBas KOMIIAHHUS TIBITATACh CaMo-
CTOATCJIIbHO B HECKOJIBKMX MECTax BCKPBITh KaHaJIM3aI[Uut0, HO CETh
TpyO pa3BeTBISIACH TTO BCEMY TOPOMY, ¥ TIOMCKU OBLIN Oe3HAICK-
HeL. [Ipuas B cocrossHMe KpalHEH COCPENOTOYCHHOCTH WIIH, Kak
roBopsT, “Tpanca”’, ['amap 6e30mmMO0YHO yKa3al TO MECTO MOCTO-
BOM, KOTOpOE CJIeZIOBAJI0 BCKPHITh M IJIe, TIIyOOKO MOJ| 3eMJICH, B
TpyOe, NeiiCTBUTENBHO, OBUIO HAMJIEHO MTOTEPSHHOE OXKEepebe.

Boabd Meccunr dgakTuyecku cheaj emie OIHO YIUBH-
TeJIbHOE NMpeiCKa3aHne — OH NMpeAcKa3al OTKPbITHE MPOA0JIb-
HOTO IEKTPOMATHUTHOTrO moJst! ... /[t MeHst moutu Oe3paznud-
HO, €CTh JIM Y MEHs JINYHBII KOHTAKT C UHJYKTOPOM WJIH HET, T. €.,
JIEpKy 5 €ro 3a pyKy WM HeT. BONbIIMHCTBY ke TeJernaroB Jerde
[IPOHUKHYTH B MBICJIM YEJIOBEKA, €CIIM OHM JAEP’KaT €ro 3a PYKY.
MoskeT 3TOT (aKkT MOMOXKET B OUCKaX UCTUHBI?

Hy, a ecnu okakeTcsi, 4TO 3MEKTPOMarHUTHOE MOJE 3/1€Ch HU
npu ueMm, kak ObTh? [la ouens npocto! Hamo Oyaer HalTH 3TO erie
HEU3BECTHOE T10JIe, KOTOPOE OTBETCTBEHHO 3a TEJENaTHUeCKHE SB-
nennst. Halitu 1 n3yunts ero. OBnajieHne UM MOXKET OTKPBITH HO-
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BbIC COBCPIICHHO YAUBUTCIIbHBIC BO3MOKHOCTHU, HE MCHBIIIKUEC, YCM
OTKPBUIO OBJIAJCHUC OJICKTPOMAIrHUTHBIM II0JIEM. Bcnomaure:
I'enpux I'epit oTkpbUT pagunoBoaHB! B 1886 romy. Y MeHbIe YeM 3a
CTO JIET CTAJI0 BOBMOXKHO PaJINo0, TeJIEBHICHUE, PATHOIOKAITNS, 3a-
KaJIka TOKaMH BBICOKOM 4acTOTHI U T. 1. [louemy e He OXKH[IATh,
YTO HOBOE, HE OTKPBITOE €€ CETrOJHs I0Jie, HE OJapUT HAC eIl
OonpiMu gynecamu?!

Uto 70 32 Tose? Sl, KOHEYHO, HE MOTY OTBETHTH Ha ITOT BO-
npoc. M3pectHbiit coBerckuil yuenbii H.A. KosbipeB Bbickazaiu
MIPEIIOIOKEHNE, YTO 3TO MOTYT OBITH BOJHBI TPABUTAI[IOHHOTO
nonisi. Takoe MHEHUE pa3/IesIioT U HEKOTOPbIE APYTHE YUCHBIE .

Teriepp MBI MOXKEM C JIOCTaTOYHOH YBEPEHHOCTBIO IOJITBEP-
JUTh: IPOAOJIBHBIC SJICKTPOMAIrHUTHBIC BOJIHBI U I'PABUTAIIMOHHOC
MoJIe — 3TO, NEeHUCTBUTEIHLHO, OMHO M TO ke! A ompeneaeHHbII
YACTOTHBIN AUANA30H 3TOr0 MOJIsl, XapAKTEPHBIH sl JKHUBBIX
TKaHeld, 0TBEeTCTBEHEH 3a TeJienaTHu4eckue siBJIeHHsI.

B ¢Bsi3u ¢ 3TUM BCTIOMHUM €111€ OHO MPOSIBICHUE TPOAOTBHBIX
BOoJTH. CTOSTYHE DJIEKTPOMArHUTHBIC BOJTHBI OOJBIIION HHTEHCUBHO-
CTH MOTYT 3aXBaThIBaTh W 3aTPYOHATH NEpEeMEIICHNE HOCHUTENeH
ANIeKTpUUYecKoro Toka. llosToMy ynomuHaBImmiics paHee ¢akT
YMEHbIIIEHHS 000pOTOB JIBUTATEIS TTIOABOIHOM Jionku BOm3u HIIO
TOBOPUT O MPHUYACTHOCTH K ATOMY SIBIICHUIO MPOOIBHBIX BOJIH. [1o
ATOM K€ IPUYMHE BBIXOAUT U3 CTPOS IEKTPOHHOE 000PYIOBaHUE
¥ BO3HUKAET IcUxoTporHoe Bo3aelcTue HJIO Ha mrozeif.

OmacHocts HJIO 3axmrogaeTcs, KpoMe Toro, B OTPOMHO¥ SHEp-
TUM PE30HAHCOB IPOAOJIBHBIX BOJH B COYETAaHWH CO CIIOCOOHO-
CTBHIO HEBEPOSATHO OBICTPOTO MEepeMeIeHUs, OCHOBAHHOTO Ha BO3-
HUKAIOIIEH CBEPXTEKYUECTU SHEPTETUUECCKUX COCTOSHUU.

®dusznyeckas CYMHOCTh MPOMOJIBHBIX JICKTPOMATHUTHBIX
BOJIH, HECOMHEHHO, CTajia ICHEe, a KPYT SIBJICHUIA, CBI3aHHBIX C HU-
MU, BIIOJTHE OMIPEIEITMIICS U 0Ka3aJICsl HHTPUTYIOIIE ITHPOKUM.

Terrlepp HEOOXOAWMO HAy4UTHCS pabOTaTh C TPOJOIHLHBIMHU
AIIEKTPOMATrHUTHBIMHU BOJIHAMH — T'€HEPUPOBATh, U3MEPSTH UX HH-
TEHCUBHOCTHU U 9aCTOTHI, SKCIIEPUMEHTHPOBAThH B Ta00PaTOPHH.
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BMecTo 3aKJI0OYEeHUA

UT0OBI pa3oOpaThes B KAKOW-THOO MTpoOIeMe, HelTb3s 3aMbIKa-
ThCSL TOJIFKO Ha aHaJM3e caMoii 3Toil mpodieMbl. ClieayeT ee yBH-
JIETh KaKk ObI CO CTOPOHBI, B COBOKYITHOCTH CO BCEMH CBSI3aHHBIMH
C HEeH SABJIEHUSAMHU. DTO TeM Oojiee CIpaBeAIMBO, KOIa peub UAeT
0 TaKOM BCEOOBEMITIONIEM MOHATUU KaK SHEPTHsl.

Nzydenue ocHOB MPHUPO/BI TOKA3BIBAET CO BCE OOJBINEH Ode-
BHUHOCTBIO, YTO YAUBHUTEIbHAS B CBOEM MHOTO00pa3sWu KapTHHA
MHpa MOJHOCTBIO “‘COCTaBlIEHA” U3 PHEPIETUUECKUX CTPYKTYP.

I[To GonbIIOMy CUeTy, BCSl OKpYIKaromas JeHCTBUTEIBHOCTD CO-
CTOHMT U3 DHEPTHUH, B CBSI3U C 4eM IpoliiemMa MMoMCKa NCTOYHUKOB
SHEPruu, KOTOPOH HACTOMYMBO 3aHUMAETCS YEJIOBEYECTBO, IIPUO-
OpeTaeT, Ha MEPBLII B3TIIAI, TAPATOKCATBLHBIN XapakTep.

OTtkyna 6epyTcsi CIOKHOCTH B PEIISHUH MPOOIEMbI, KOTOPOIA,
BOOOIIIE TOBOPSI, HE JIOJDKHO OBIJIO OBI CYIIEeCTBOBATH?!

[Ipobnema — B MHOTOYpOBHEBOCTHU ITPUPOALL. MBI HMeeM Jie-
JI0 CO BCTPOEHHBIMHU APYT B JIpyra U BBIPACTAIOIIUMHU JIPYT U3 ApY-
ra cpegamu. [loatomy sHeprusi, oOpasyst CTPYKTypbl 3THX Cpel,
OKa3bIBAETCS Pa3/ICTICHHON 10 COOTBETCTBYIOIINM YPOBHSIM.

CrnieoBareinbHO, JUIsl TOTO, 9TOOBI PEITUTH ITPOOIIEMY yIIpaBIe-
HUS SHEepruei, HeoOX0OUMO IITyOOKO pa3o0paThes B CTOJIb 3aMbl-
CJIOBaTOM YCTpOMCTBE MPHPOJIBI.

Haxonsce B cpenie-HaaCTpoiike (M ABISAACH €€ 4acThio!), HEBO3-
MOYKHO HaIJIATHO U MPOCTO BOCIIPHHUMATH MPOLIECCHI, TPOUCXO/IS-
IIUe B MepBUYHON cpene. (BcrmoMHIM BOPOHKH B BOJIE M KX OCO-
OBle CBOIICTBA, OTHIONH HE TPUBUAIBHO CBSI3aHHBIE CO CBOMCTBaMU
TIEPBUYHON CPEIlbl — BOJIBI).

[TosTomy sHepreTuueckue BO30YKICHUS MEPBUYHON I HAC
Cpebl — BaKyyMa BOCIPUHUMAIOTCS KAK TAMHCTBEHHBIC AIICKTPH-
YeCKHe ¥ MarHUTHBIC MOJIs. IX HEBO3MOXKHO ce0e HAITISAHO Tpe-
CTaBUTh. B (m3uKe OHU paccMaTpUBAIOTCS KaK HEKOTOpHIE al-
CTPaKTHBIE BEKTOPHBIE TTOJSL.

MoxHO chopMyTUpoBaTh 3Ty 0COOEHHOCTh HECKOJIBKO MHAYeE.
CaM (pakT HAIMYUS YKA3aHHBIX a0CTPAKTHBIX MOJIEH cJiemxyeT
paccMaTpUBaTh KaK KOCBEHHOE YKa3aHHe Ha TO, YTO HALIl MUP
“BCTpoeH” B HEKOTOPYIO MEPBUYHYIO CPeNy.

HimeHHO MaKcBemI0BCKas MOJIENTh BaKyyMa Jjajia BOSMOXKHOCTh
HaIJIATHO TIPE/ICTAaBUThH ce0e CBOWCTBA NMEPBUYHON CPEIbl M BBISIC-
HUTb MEXaHU3MBbI 00pa30BaHMs €€ IIEMEHTAPHBIX SHEPreTHUECKUX
B030YXIeHH (COBOKYITHOCTb KOTOPBIX COCTABIISICT HOBYIO CpPEIy
— MarepHajbHbIA MUD, B KOTOPOM MbI JKHBEM).

MaxkcBemm cymen TOHATh ‘‘MEXaHWKY paboThl” Bakyyma M
cthopMyIHpOBaJl €€ B BUE ypaBHEHUH JBIM)KEHHUS 3TOW CBOEOOpas-
HOW cpellbl — YpaBHEHHUU AJIEKTPOAHMHAMUKH.

Bbaaronapsi Monesin Mbl MO:KeM, 00Pa3HO roBOPS, “mepece-
JIMTHCS1” B NEPBUYHYIO Cpey — BaKyyM M UMeTh J1eJI0 He ¢ a0-
CTPAKTHBIMH BEKTOPHBIMHM TOJISIMH, 2 ¢ NPUBBIYHBIMHU JIJIsl
Hac XapakTepHCcTHKaMH-aHajgoramu. Mcxons us sroro, Bce pas-
MEPHOCTH TIOJIyJaloTCsl B €IWHUIAX, XapaKTEPHBIX JUIT OOBIYHBIX
MEXaHUYECKHUX BEJIMYWH, O YeM MBI y)KE TOBOPHIHN B pa3ll. 2.

Tak kak pa3Mep "MOJEKYISIPHOTO BUXPA" (BUXPsI) BaKyyMa I10-
JlaraeTcsi HaMH eMHUYHBIM, TO TPOCTPAHCTBO OKa3bIBaeTcs 3a-
MTOJITHEHHBIM BHUXPSIMHU, ONPEISIISIONTUMH "yIenbHbIe" AHHAMITYe-
CKHE CBOMCTBA BaKyyMa.

DJEeKTpUYEeCcKoe T0JIe HETIOIBUKHOTO 3apsia ¢ ONpeNesieTcs,
MCXOJIsl U3 U3BECTHOU (POPMYIIBIL:

D, = q/4nr2,

TAC 7 - paCcCTOAHUEC OT 3apsdaa.
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HecxxumaemocTh "KUAKOCTH 4acCTHUI", 3aMOIHSIONICH TTpoMe-
KYTKH MEXJy BUXPSIMH, MPOSBISICTCS B TOM, YTO 00bEM CMelIle-
HUs (Ha30BEM €T0 TaK) OMMHAKOB Ha IMTOBEPXHOCTH cephl JTF0O0TO
pamuyca, OKpyXKaromied 3apsii, ¥ paBeH BEIWYHMHE 3apsna
(D3'477:I”2 ). 2KuaxocTs yacTHIl Kak ObI TIPOJIABIIMBAETCSI CKBO3b 3a-
30pBI MEX]y BUXPSIMH, BBI3bIBAsI TAaHTCHIMAIBHYIO Je(QOpMaInio
[IOBEPXHOCTEN BUXPEA.

Tak kak JnedopmManst BUXpst (JMEKTpUIeckoe cMelieHue) "as-
TOMAaTHYECKH'" OKa3bIBAETCS OTHECEHHON K €AMHUYHOMY Pa3Mepy
00acTi, KOTOPYIO OH 3aHUMAET, TO OHA MOXKET pacCMaTpUBaThCs
KaK OTHOCHTEIbHas, Oe3pasMepHas BennduHa. Clie0BaTeNbHO,
ucxozs 3 (hopMyIbl, pa3MEpPHOCTh 3apsija: [g] = M2,

OnwuceiBaeMasi MOJENBI0 BEMUMHA 3apsijia paBHA ILIONIA M
c(epbl, Ha KOTOPO 3TOT 3apsiji CO3AAET YCIOBHYIO SIMHIUYHYIO OT-
HOCUTEIBHYIO AchopManuio (IJICKTPUUECKOe cMereHne). Yem
OoubIie 3aps, TeM OoJbIle TUIOIMAAbh cephl, Ha KOTOPOH OH CMO-
JKET CO3/1aTh TaKylo Ae(OpMAIIHIO.

HanpsikeHHOCTB 3IIEKTPUYECKOTo MOJIsi COOTBETCTBEHHO OIpe-
JieNsieTcsl KaK TaHTeHIMANbHAs CHila, ACUCTBYIOIAS Ha MOBEPX-
HOCTB BUXps: E = D/e.

[Tosromy pasmepHocTh £ — 310 HbI0TOH Ha METpP KBaJipaTHbIN
[E]=H/ M2 =xr/(M- c2), a pa3sMepHOCTb UANIEKTPUUECKON TPOHH-
naemocty Bakyyma: [g] = M2 /H = (M- ¢?)/kr.

Tak kak Macca BUXPS TaKKe OKa3bIBACTCS OTHECCHHOM K €/IH-
HUYHOMY OOBEMY, TO Pa3MEPHOCTh MArHUTHOW MPOHUIIAEMOCTHU
Bakyyma: [1] = kr/m3.

Hcxons n3 momydeHHBIX Pa3MEpPHOCTEM JUAJIEKTPUYECKON U
MarHATHOW MPOHHUIIAEMOCTEH BakyyMa (XapaKTepu3yIoInuX yIpy-
TOCTh ¥ IJIOTHOCTH CPEJIbI B MOJIENH ), PA3MEPHOCTh CKOPOCTH CBE-
Ta (c? = 1/gu), KaK M CIe0BAJIO 0KMIATh, paBHa [c] = M/c.

W3 dopmyiibl, cBsA3BIBaIOIICH MEXIy COOOW HANPSIKCHHOCTh
MarHUTHOTO TIOJIS U JIEKTpUYecKoe cMenienue H = ¢+ D, Takxke 1mo-
JydaeM OKHJAeMbIH pe3yabTaT IJIsl pa3MEepPHOCTH HAINPsHKEHHOCTH
MarHuTHoro mons [H] = m/c. CiemoBaTellbHO, aHAJIOTOM pa3Mep-
HOCTH MarHMTHOW MPOHUIIAEMOCTH B = uH SBISETCS UMIYIBC B
enuHuIe oobema [B] = kr/( M2 ¢).

[Tonyuennsie pazMepHOCTH B ¥ E OATBEPKIAOTCS TIPH MOA-

CTAHOBKE B YpaBHEHUE JBUIKEHUSI BUXPs, COOTBETCTBYIOIIEE Ypa-
BHEHUIO MakcBeiia:

0B/ot = - rotE.

OTO ypaBHEHHE C TOYKHU 3PEHUSI MOAEIH SABJISIETCS MPOCTO BBI-
paxxeHreM BTOporo 3akoHa HeroToHA.

JeiicTBUTENBHO, TaK KaK aHAJIOTOM MarHUTHOW MHAYKIWU B B
MOJIENTN CIYKHUT MUMITYJIbC BpaIaronieics 060moukn BuUxps (H, To
€ro M3MEHEHHE BO BPEMEHH C yYETOM TOTO, YTO BUXPHh 3aHHMAaET
eIMHUYHBIN 00beM, €CTECTBEHHBIM 00Pa30M OKa3bIBACTCS PAaBHBIM
poTopy AEHCTBYIOIIMX Ha HETO CHUIIL.

SIBnsiercs M Ha caMOM JieJie 3JEKTPUUYECKOe T0JIe CIEeCTBUEM
HAKOTUICHHUSI HEKOTOPOW IMOTEHIMAIBHOW SHEepruu "nedopmMarmn
DJIEMEHTOB Bakyyma', a MarHUTHOE I10JIE — COOTBETCTBEHHO pe-
3yJBTaTOM "BHYTPEHHEIO JBUXKEHUS" B BaKyyme?

OMHO3HAUYHO OTBETHTH Ha 3TOT BONPOC, €CTECTBEHHO, HEBO3-
MOXHO, TaK Kak Jito0ast MOJelIb — 3TO BCETro JIUIIb HHCTPYMEHT,
KOTOpBIN, KaK MPaBMJIO, OYEHB JalleK OT pealbHOCTH.

Tem He MeHee, IIMEeKTPUIECKOe T0JIe, IeHCTBUTEIHHO, HATTOMHU-
HaeT 3QGEeKTHI, CBSI3aHHBIC ¢ YIPYTOH nedopmarnuei!, a MarHUTHOE
noJyie — ¢ JBMKeHneM. [loMrMo ye pHUBeJICHHBIX PUMEPOB 00
9TOM K€ TOBOPHUT "cTpeMiIeHHE" IEKTPUUECKOM YHEPTUU CUCTEMbI
K YMEHBIIEHHWIO, 2 MarHUTHON PHEPTUH — K YBEIWYEHHUIO. DTO
MIOJTHOCTBIO COOTBETCTBYET HAIIPABICHUSM CHJI B JUHAMHUYECKHX
cucTeMax "CcTpeMsIuxcs" yMEHBIIUTD MOTEHIIHAIBHYIO HEPTHIO
Y YBEIIMYUTH KHHETUIECKYIO SHEPTHIO.

[IpuBeneHHBIE pa3MEPHOCTH IMEKTPUISCKUX U MATHUTHBIX Xa-
PaKTEPUCTHK MPEACTABIISIOT HECOMHEHHBINH HHTEPEC, TaK KaK peyub
UJET O TOM, KaKUM 00pa3oM 2JIEKTPOIUHAMUKA MOKET OBITh Mpe/-
CTaBJIeHA B TEPMUHAX U BeMYMHAX OOBIYHON MexaHUKH. Bens mc-
MOJTb30BaHHASA TIPY aHAJIM3E JMHAMUKH BaKyyMa Mozieinb MakcBe-
J1a SIBIISIETCS, KaK U3BECTHO, YUCTO MEXaHWYECKON. FIMEHHO 1mo3TO-
My TaKoW aHallu3 BOCIPHHHUMAETCS HE MPOCTO KaK HMHTEPECHOE
WM 1a)Ke 3aHUMAaTeIbHOE YIIPAKHEHHE, HO U KaK M03HABaTeIbHOE,
a BO MHOTHX OTHOIIEHUSIX — MOYYUTENIbHOE ONHUCAaHUE AEKTPOAU-
HaMUKHU C HEOOBIYHON TOYKH 3PEHHUS.
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Opnaxo, 3aBepIias “ImyTeuiecTBhe” B BAKYYM U MEPEX0/is CHO-
Ba B Hally OOBIYHYIO Cpely, Mbl OOHAPYKHBAEM, YTO UCIOIH30Ba-
HHUE MEXaHUYECKHUX aHAJIOTOB NIEKTPOMArHUTHBIX BEJIMUUH OKa3bl-
BaeTcs 04eHb HeynoOHbIM. Heyno0cTBO 3T0 CBSA3aHO C TeM, 4TO Be-
JIMYUHBI, OTHOCSIIUECS K PAa3HBIM CPeAaM, UMEIOT OZHO M TO Ke
Ha3BaHue. bosnee Toro, Mo OTHUM U TEM K€ TEPMUHOM B IIEpBUY-
HOU cpelie U B Cpe/ie-HaJCTPOMKE IOHUMAIOTCSI COBEPILEHHO Pas3-
HBIE 110 (PU3NIECKOMY MEXaHU3MY SIBICHUS.

ITosToMy MoAesIb BaKyyMa HPHUIOJHA TOJbKO JJIs HAIJIS-
HOI'0 TeOPeTHYECKOI'0 AHAIN3Aa JTUHAMMKH BaKyyma.

ITomuMo Bompoca O pa3sMEpPHOCTSX, CYLIECTBYIOT M Jpyrue
‘IpC3BI:I‘IElI>iHO BaXXHBIC W HHTCPCCHBIC CICACTBUA TOIO, 4YTO
OKPY KaIOLMI HaC MUP BCTPOEH B BaKyyM.

JBukeHUe COJIUTOHOB (BellecTBA) NMOAYUHSETCH TEOPHH
OTHOCHTEJBHOCTH, TaK KaK HalpaBJICHHOE JIBUKEHNE COJIMTOHOB
COYETAeTCsl C BpaLIaTeNbHBIM (TIOTNEPEUHBIM) ABHKCHUEM BOJIH B
uX CTpykTypax. [Ipuuem, popMyssl TEOPUH OTHOCUTEIBHOCTH JUIS
JIBUKYIIETOCS BELIECTBA, CKOPEE BCETO, SBIIAIOTCSA MPUOINIKESHHBI-
MM, TaK KaK Cp€AHAA CKOPOCTH BpallaloIUXCs BHYTPU COJIMTOHA
BOJTH OKa3bIBACTCS HECKOJILKO MEHBIIIE CKOPOCTH cBeTa [1].

Macchl OKO0sI YaCTHUI ABJISIOTCH JIEKTPOMATHUTHBIMH, U
MIPUCYIIH TOJIBKO TEM YaCTULIAM, B CTPYKTYpaX KOTOPBIX UMEET Me-
CTO BHYTPEHHEE 3aMKHYTOE JIBUYKEHHE BOJH (BpalllalOLIHecs IeK-
TPOMAarHuTHBIC COJII/ITOHBI).

OO06pa3oBaHNe BCTPOSHHOUW CpeIbl (M3 COMMTOHOB) XapaKTepH-
3yeTcss 0COOBIM MapaMeTpoOM DJIEMEHTApHOTO BO30OYXK/ICHUS BaKy-
yMa — TIOCTOSIHHON TOHKOU CTPYKTYpHL.(¢r). DToi Oe3pa3smMepHon
BEJIMYMHE paBHA OTHOCHTENBHAS TONIIUHA CJIOS BPAaIIaroIIerocs
JIEKTPOMArHUTHOTO TOJSI COIMTOHA. TakoBO MPOUCXOXkAECHUE Ta-
WHCTBEHHOH YHUBEPCATbHON (PU3MUECKON KOHCTAHTHI Q.

CrnenoBarenbHO, (POPMHPOBaHNE B IePBUYHON cpefe (BaKy-
yMe) cpeabl-HaJACTpoiiku (BellecTBa) XapakTepusyercs, BO-
NepBbIX, YHUBEPCAIbHOI KOHCTAHTOH — MOCTOSIHHOMH TOHKOM
CTPYKTYPBI H, BO-BTOPbIX, 0CO0EHHOCTSIMH CBOMCTB IPOCTPaH-
CTBa-BpeMeHH BCTPOEHHON cpelbl, ONMNCHIBAeMBbIMH COOTHO-
IIEHUSAMH TeOPUH OTHOCHTEJHLHOCTH.
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Teneps, BO3BpalIasich K MpoOIeMe SHEPTHH, MBI MOYKEM C T10JI-
HOM YBEPEHHOCTHIO KOHCTaTHPOBaTh, YTO B OCHOBE BCEX BHUJIOB
SHEPTHUH JISKAT dIEKTPUYECKHe U MarHUTHBIE TOJS, TaK KaK OHU
SIBIISTFOTCS JIEMEHTAPHBIMU BO30YKICHUSMHU TIEPBUYHOMN CpeTbl —
BaKyyMa, M3 KOTOPBIX TIOCTPOEHA Cpefla-HaACTPOUKA.

KosoccanbHasi I0THOCTh SHEPTUH, CYIISCTBOBABIIAS B IEp-
BbIe MTHOBCHHMSI (popMHpOBaHUs BceneHHOH, IpruBesia K TOMY, 4TO
OaprMOHHOE BEIIeCTBO (3aKOHCEPBHPOBAHHAS SHEPTHS) TAKKE Xa-
paKTepu3yeTcs Ype3BBIYAHO BBHICOKOH IJIOTHOCTHIO, a BpaIlleHHE
COJIUTOHOB — OrpoMHO#i yactoroii: I'UB pasna 1,60-1023 I'ny, a ua-
CTOTa 3JEKTPOHA, UCXOJISl U3 €r0 MacChl, paBHa 2,47-1020 Ty

3aMeTHM, 4TO OTPOMHBIEC YaCTOTHI COJTMTOHOB BEILIECTBa obec-
MIEYMIIH BBICOKYIO 3(h(DEKTUBHOCTh B3aMMOJICHCTBUS MEXKITy HUMU
(Tak KaK OAHOMY 00OpOTY COJIMTOHA YCIOBHO COOTBETCTBYET OJIMH
aKT B3auMONCUCTBHSI C KOd(DPHUITECHTOM TIepenadn mopsaKa o).

[TosTomy B mporiecce pa3BuTus BeeneHHONW OTHOCHTEBHO OBI-
CTpO OBUIH JOCTUTHYTHI PAaBHOBECHBIE ITapaMeTpPhl COIMTOHOB, a,
CJIEIOBATEIIHO, HAEHTHYHOCTh U MOBTOPSIEMOCTb CBOMCTB 3JI-
eMEHTAPHBIX YaCTHIl U CAMHX aTOMOB BelecTBa. OmHOBpe-
MEHHO YCTAHOBHJIOCH PABHOBeCHOe 3Ha4YeHHE MOCTOSHHOI
IInanka kak XapakTepUCTHKU PABHOBECHOIO COJIMTOHA.

Wrak, sHEprus, cocTaBisAOLIas MACCy BELIECTBA, SABISAETCS ca-
MBIM MOILHBIM, IEPBLIM “ypoBHeM 3ajeranus’ (£ = mc?).

B cBsizu ¢ 9THM crietyeT OTMETHTD, UTO MBI 3/IeCh HE 00CyKaa-
€M THUIIOTETHYECKYIO “‘HEeHCUepraeMylo 3HEpTuio”, SKOOBI 3aKII0-
YCHHYIO B CaMOM BaKyyMe, O KOTOpOH B IOCIEIHEE BpeMs Tak
MHOTO TOBOPAT U NMULIYT CEHCAlMoHHOTrO. Eciin fake Takas sHep-
THsSI U CYIIIECTBYET, TO “A00paThcs’” 0 TaKOTO, ele Oolee rTy0oKo-
ro, “ypoBHs 3ajeraHusi’ SHEPruM OyneT HEH3MEpHUMO CIIOXKHEE,
YeM JI0 SHEPTUH, COCTaBIISIONIEH BELIECTBO.

B03MOXXHOCTH TOJHOTO HWCHOJB30BAHUS DHEPTHU BEIIECTBA,
3aBUCUT OT TOTO, YAACTCSl JIU NPEONOJIETh OApHUOHHYIO acHMMe-
TPHIO, TPENATCTBYIOIIYI0O AaHHUTWISIIMU COJMTOHOB. B mobom
Cllydae peaKkuMsi 0JKHA ObITh Pe30HAHCHOM (CyMMapHas SHep-
THsl BCEX UCXOJHBIX YaCTHI] JIOJDKHA ObITh Onm3Kka K kpatHou [UB
— 332 M>»B), nogo6HO BBIHYXJICHHOMY M3IyYCHHUIO B JIa3epax.
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Ete ogHa BO3MOXKHOCTH “70OpaThes’” 710 TEPBOTO YPOBHS 3a-
KJIIOYaeTcsl B 00beAHHEHUH JHEePrUH YacTHUIl BellecTBa 001IMM
PE30HAHCOM MPOAOJIBHBIX JIEKTPOMATHUTHBIX BOJIH, TO €CTh,
co31aHueM 003e-KOHIEHCATOB, KOHTAKT MEXIY KOTOPBIMH TIpH-
BOJIUT K BO3HUKHOBeHHIO 3(dexra [[xo3edcona.

Hcnonp3oBanue 3HEpruy KojeOaHWH TOKa udepe3 JKo3edco-
HOBCKUI TIEpeX0J1 IOJHKHO COMTPOBOXKIATHCS MOIUTKON 003¢-KOH-
JIEHCATOB 3HEPIUEN OKPYKaOIIEH Cpeibl, OCYLIECTBISIEMON uepes
MIPOIOJIbHBIE AIEKTPOMArHUTHBIE BOIHBI (KPYTOBOPOT SHEPTHH).

CxeMma JIOKAJLHOI'O KPYrOBOPOTa 3Hepruu (perpetuum mo-
bile BrOpoOrO posa) MOXKET OBITH UCIIOIB30BAHA U ITPH TOCTPOCHUU
IPaBUTALMOHHO-TEIUIOBOH YCTAHOBKH, a TAaKKe APYTHX TMOXOKUX
YCTPOUCTB, B OCHOBE pabOoThl KOTOPBIX JICKUT HAPYIICHUE BTOPOTO
Hayajga TePMOIMHAMHUKHI B CHIIOBBIX TOJISX.

Oco0oe 3HaueHHE HMeeT JIHepreTHYecKoe cojepKaHHe
KBAaHTOBBIX 3aKOHOMEPHOCTEH, KOTOPOE OTKPBIBAET BO3MOXK-
HOCTH 0OOJIee MPOCTOr0 PEHICHUs 3a7aud MOJYUYCHUS] SHEPTUU U3
BTOPOTO YPOBHSI 3aJ€TaHUs] — HEPABHOBECHBIX sIJIEP.

Hmeercst B By OCYHIECTBICHUE peakiyid 3a cueT uHTepde-
PEHIIMOHHOTO YBETMYEHHUS aMIUTUTYIbl BEPOSTHOCTH TelernopTa-
MU PEareHTOoB JIJIsl PeaKINH CHHTE3a.

Uro KacaeTcsl TpEThero ypoBH — IHEPTUN XUMUYECKUX peak-
LU, TO 3/1€Ch, MOXKATYH, CTOUT JUIIb YIIOMAHYTH O HEOOXOIMMO-
ctu Oosee 3((PEKTUBHOrO HCIOJIB30BAaHUS TOIUIMBA 33 CYET
TIPHUBIICUEHUS SHEPTHUH OKPY’KaIoIIel cpesl (MpUMEHeHus: oopat-
Horo 1KiIa KapHo).

[Topaxaer BoOOpakeHHE HE TOJIHKO MHOTOYPOBHEBOCTH, HO U
MHOTOJIMKOCTh TIPOSIBIICHUI 3HEPTUU.

Muo:xecTBO “uynec” (B Tom uncie u HJI1O) oka3zanocs cBsi-
3aHHBIM C MPOA0JILHBIMHU IEKTPOMATHUTHBIMH BOJTHAMM.

N3 paccMOTpeHHBIX HaMU SIBJICHHH CIIEIyeT 0CO000 OTMETHUTH
PE30HAHCHI TIPOJOIBHBIX CTOSTYUX IJIEKTPOMATHUTHBIX BOJH, CBSI-
3aHHBIE C BO30YKICHHBIMU 3HEPTETHUECKHUMHU COCTOSHHSIMHA. MBI
Ha3BaJIl UX CBEPXTEKYYeCThI0 BO30YXICHHBIX cocTosiHUM. [lo cy-
TH, TO — 003€-KOHeHCATHI BO30YKIEeHHbIX COCTOSTHMIA.

[IposiBieHnst 3TOro 0c060T0 COCTOSTHHS BEIIECTBA YPE3BBIYAN-

HO MHOTO00pa3Hbl! ITO U MeccOayIpOBCKUE sIIpa U TIa3MOUIbI B
Bunie HJIO u ocoOble KpUCTAIBI U3 MOJICKYII OOBITHOTO BO3AyXa U
a’p0o30JbHBIE (TBUIEBBIE) KPUCTAIIBI. BTOJTHE BO3MOXHO, 9TO U
[IApOBBIE MOJHUM SIBISIFOTCS TUTA3MOHMIaMHU C BHYTPEHHUM DPE30-
HAHCOM TIPOJIONIFHBIX BOJMH. Jle710 B TOM, YTO, KaK MBI YK€ TOBOPH-
JIY, TAKOW pe30HAHC 00J1a/1aeT CBOWCTBOM HAKOITUTEIISI SHEPTHH.

Becbma xapakTepeH paccka3 JIeTUMKA-MCIBITATENs], MPO3BY-
YaBIIIUA HEJABHO B OJHOM M3 TEJIEBU3MOHHBIX Nepeaay. Peub 1ua
0 TOM, YTO BO BpeMsI HCITBITAHUN CaMOJIETa MPSIMO TI0 KYPCY COBEP-
IIIEHHO HEOXXUIaHHO JIETYHK yBUAen nuckoobpasusii HJIO. [1eira-
SICb YUTH OT MPSIMOTO CTOJKHOBEHUS, JICTYMK COBEPILIUI MaHEBD,
OJTHAKO CaMOJIeT BCE-TAaKH 3aJie] KPbUIOM CBETSIIUHACS CTONO, KO-
TopbId Kak Obl ucxonwi u3 HJIO BHHU3 1O HanpaBICHUIO K 3eMIIC.
JleTunk ynapa He MOYyBCTBOBAJ, HO CBETSIIUIICS CTOIO pacchInal-
cs uckpamu B Buge (etiepBepka. CaMoNeT yIaqHo MPH3EMITIIICS.

Yxe Ha 3eMiie OBIJIO 3aMEYEHO YMBUTEIFHOE CBEYCHUE KPhLIa
camoJieTa, KOTOpoe MPOI0JIKaJIOCh HECKOIBKO CYTOK, TOCTENIEHHO
YMCHBIIAACH. Hawm ocrtaeTtcst ToJIbKO MMpEAIOJI0XKUTh, YTO B MOMCHT
koHTakTa ¢ HJIO B marepumane Kpblla MPOU3OILIO HAKOIUICHHE
SHEPTHH CTOSYHMX JIEKTPOMArHUTHBIX BOJH M 0Opa3zoBaHMe 003e-
KOHJIeHCaTa BO30YKJCHHBIX COCTOSHHM, YHEPTHs KOTOPOTO 3aTeM
MEICHHO M3JTy4dalach, IEMOHCTPUPYS OONBITYI0 JOOPOTHOCTH pe-
30HaHca. Takoe MOCTENeHHOE HCUE3HOBCHUE KOHACH CATa BO30YXK-
JICHHBIX COCTOSIHUH, MOXKaIyH, MOXHO XapaKTepH30BaTh CBOCOO-
pa3HBIM aHAJOTOM TEPHOA MOJTypacaia.

B aT0if CBsA3W ciiemyeT YIOMSHYTH O HaOFOMAIOIIEHCs WHTE-
PECHOM CBS3M M B3aMMHOM IIPEBPAIICHUN OOBITHOTO M3IYYCHUS U
MIPOJIOJIEHBIX BOJNH. JTa MpoOiieMa, HECOMHEHHO, MOTpedyeT mo-
JIpoOHOM U TIIaTeNbHON pa3paboTKu.

IIpononbHbIE BOJHBI BBIMOIHAIOT POJbh MEPEHOCUHKA Pa3IUy-
HOTO poJia B3aMMOJEHCTBUH, BKIIIOYAs TPaBUTALIMOHHOE B3aUMO-
neiicrBre. OHU BBITOJHAIOT POJIb CTPYKTYPHUPYIOIIErO M OpraHu-
3yIOIIETO Havyaja B (DOPMHUPOBAHUM KMBOM W HEKHBOH MPHUPOABI,
00ecreunBaloT BO3MOXKHOCTD TeJIEMaTHUECKON CBS3M (B AMAraso-
He, XapaKTepPHOM ISl KUBBIX OPTaHU3MOB).

Bonee Toro, mpomonbHBIE 3IEKTPOMArHUTHBIE BOJHBI OKa3a-
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JIUCh CBSI3YIOILMM 3BEHOM MEXJy KUBOM U HEXXUBOU NPUPOJOH.

CymecTBOBaHHE TaKOW B3aWMOCBS3M M3BECTHO OYEHBb JaBHO.
Hanpumep, nepesn 3emiieTpsceHneM >KMBOTHbIE HAUWHAIOT BECTH
cebst becriokoriHo. Ho, 4T0 0COOCHHO YIUBUTEIEHO, OHoMacca u3
MPOCTHIX JKUBBIX TKaHEH TaKKe OKa3bIBACTCS UyBCTBUTEIBHOHU K
MPUOIKEHUIO TPUPOIHBIX KaTacTpod!

[Mpodeccop Bukrop NHrommH cocTaBuil OnoMaccy u3 u3Mellb-
YEHHOTO TOpPOXa, CEMSH STUMEHS 1 MHOTOTO Jpyroro. OHa crroco0-
Ha BBIJIaBaTh DJIEKTPOCUTHAIBI, KOTA TAe-T100 BHYTPHU TUTAHETHI
HaKOTISITCS KPUTHYECKHE HANPSDKEHUS, MPEIBEIIAIOUEe CTUXUIO
— 3emJieTpsicenusi, TalidyHsl, nyHamu. (“J{uar€os 3emHOMy Ia-
py.” Au®d, Nel4, 2006 r.).

B 6amxkaiinime roanl HamOosee BajKHBIM MPAKTHYECKUM
1IaroM J0JIKHO CTaTh €O3aHHe TeXHHKH MPOI0JbHBIX BOJIH.
BosMokHOCTH TakoW TEXHWKH W TIOCIEACTBUS TSI BceX cdep aes-
TEJILHOCTH YeJIOBEeKa TPYIHO ceOe MPeICTaBUTh B MOJIHON Mepe.

Hanpumep, sHepreTrka MOXKET TOJyYUTh B CBOE pacropsike-
HUE PE30HAHC BaKyyMa — OTPOMHBIH COJIMTOH B Ka4€CTBE HAKOIIH-
Tenst oHepruu. OH ke MOXKEeT OBITh HCITONB30BaH M B BOCHHBIX
[eJSIX B BHJIE AJIEKTPOMArHUTHOTO CHapsi/ia, BKIIFOYasi BOZMOXKHOE
MICUXOTPOMTHOE BO3JIEWCTBUE MPOJOJBHBIX BOJH, COIMPOBOX-
JAIOIIMX COJMTOH. AHAJOTMYHBIMH CBOMCTBAMH MOTYT 00JIaiaTh
HCKYCCTBEHHBIE IIIa3MOUIBI HA OCHOBE PE30HAHCOB IMPOIOJIBHBIX
BoiH (Trra HJIO).

Boree Toro, MoryT OBITH CO3MIaHBI AaHTEHHBI (HAITOTOOME aHTEH-
HBIX (pa3sUPOBAHHBIX YCTPOWCTB) JUIA HANPABICHHOTO H3ITyYEeHUS
MPOJOIBHBIX BOJH C LEJBIO BHIBOAA U3 CTPOS AIEKTPOOOOpyaOBa-
HUS M QJIEKTPOHHBIX CHCTEM BOSHHOTO Ha3HAYCHUSI.

PaznuyHOro popa TeXHHWKA CBSI3W M JIOKALUKM Ha TPOJOIBHBIX
BOJTHAX (B TOM YHCIIE, JUIS TOUCKA TTOJIE3HBIX HCKOTIAEMBIX) MOXKET
MMETh YHUKaJbHBIE BO3SMOKHOCTH — Mautasi TpeOyemasi st pado-
ThI MOIITHOCTB, OOJTbIIIasi IPOHUKAOMIAS CTIOCOOHOCTH.

C uCmonp30BaHUEM MPOJOJIBHBIX 3JIEKTPOMArHUTHBIX BOJH
MOTYT OBITh CO3JaHbI IBUTATEIH HA IPUHINIHAIBLHO HOBOW OCHO-
BE, CIIOCOOHBIE MTEPEMEIATHCS B TPEX MPOCTPAHCTBEHHBIX U3MEpe-
HUSAX, B TOM YHCIE “CKONB3UTH TOPHU3OHTAIBHO M 3aBHCATh HAl
MTOBEPXHOCTHIO 3eMJTH 0€3 3aTpar SHEPTUH.

Teriepp, korja uznyeckas Mpupojia, MPUHIIUIIE TeHEPHPOBaA-
HUS W CBOWCTBA MPOIOJIBHBIX AIEKTPOMATHUTHBIX BOJH CTalld
0oyice TOHSATHBIMH, CO3JAHHUEC DTOU UYyHO-TEXHUKU — JIEJIO
ONVHKANIINX NeCATWICTUI!

W nocnennee 3ameuanue. C TOUKHM 3peHUS TOMCKOB BBIXOJA U3
KpH3Kca B U3HKe, NIaBHBIA BBIBOJI, KOTOPBIN CIIEAYET CJenarh 13
BCETO M3JIOKECHHOTO, MOYKHO C(OPMYIHPOBATH CIEIYIONM 00pa-
30M. TpymHOCTH COBpeMEHHOH (PH3UKH BO3HHUKIHM W3-3a TOTO, UTO
B0300J1a/1aJ10 MHEHHE, OYATO 3JIEKTPOMArHUTHYIO TEOPUIO MOXKHO
cuuTaTh 3aBeplieHHOW. Ha camMoM ke nene BHe Moy 3peHus
OCTaJICS OTPOMHBIN MacCHB JIEKTPOMArHUTHBIX SBICHHUH.

Oxa3anoch, 4To MoJIe MOJKET BpaIaThCsi, 00pasys 3J1eKTpoMar-
HUTHBIE COJIUTOHBI, a HIEKTPOMArHUTHBIE BOJIHBI MOT'YT OBITH IPO-
JOJBHBIMU U 00J1a/1aTh 0COOBIMHU CBOMCTBAMH, B YACTHOCTH, UMETh
CKJIOHHOCTb K OOpa30BaHHUIO CTOSYMX BOJIH — PE30HAHCOB.

MMeHnHO 3TH /1Ba BUAA MOMS AAIOT BO3MOKHOCTh ITOHSTH BaXK-
HEHITYI0 0COOEHHOCTh OKPYKAIOIIEr0 MUPa — OH BCTPOCH B TEp-
BUYHYIO Cpely, KOTOpOil SBISE€TCA BaKyyM. DTHM OOCTOATENb-
CTBOM OTIpE/IEeTIsIeTCsI, B TOM YHCIIe, © METPHUKA MTPOCTPAHCTBA-BPE-
MEHH (3aKOHBI TEOPHUH OTHOCUTEITHBHOCTH).

Ha 37011 e 0CHOBE CTaHOBSITCSI COBEPIICHHO MOHATHBIMHU OCO-
Oble 3aKOHOMEPHOCTH MUKPOMHpA, OIHIChIBAEMble KBAHTOBOH TEO-
pueil. 910 KJIageT npeaeabl (popMaibLHOMY 0e3TyMHOMY HC-
NMOJIb30BAHUIO MJleM KBaHTOBaHUsl Bcero mnoapsia! Ilpenemnst
KBAaHTOBBIX 3aKOHOMEPHOCTEH CTAHOBATCS YETKO OYEPUCHHBIMHU,
ucxons U3 uX (PU3N4YECKOH MPUPOLIBL.

ConutoHHas (EKTPOMArHUTHAS) MOJEIb CTPOCHUS 3JIEMEH-
TapHBIX YaCTHUIl UMEET 0C000e 3HAuCHHE Ui MPEONOJICHUs Oue-
BUIHOTO KpH3HCa B Pa3BUTUU QU3HUKH, TaK KaK PacKpbIBacT (HU3M-
YEeCKYIO TIPUPOY M CTPOCHHE JIEMEHTAPHBIX YaCTHII.

B miyOune mymu, Gu3uku HUKOTIA HE BOCHPUHUMAIN U HE
MOTYT BOCIPHHHMATb BCEPbE3 TOCHOACTBYIOLIEE IO CHX IOp
NPEACTAaBICHUE O TOM, YTO DJIEMEHTAPHbIC YAaCTHUIBI (AJIEKTPOH,
KBapKH M T.J1.), SIBJIAIOTCS TOUCUHBIMU 00bekTaMu. [lonsiTHe TOU-
KM SIBJISIETCA YMCTO MaTeMATHYeCKHM M COBEPIIEHHO YYK/I0
¢usuke. Toueynas gacTuIa He MOXKET 00JIaaTh KOHCIHBIMH Xa-
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PaKTEpUCTUKAMH, TAKUMHU KaK Macca, MarHUTHBIN MOMCHT, 3apina.

Hecmotpst Ha dakTnueckoe JOMUHHUPOBAHHE MAaTEMaTHKOB B
paszpaboTke GU3MUECKUX TCOPHUH MOCICIHUX IECATUICTHH, dake
OHHU NPHUXOIAT K HeoOxoaumMocTu MonepHu3auuu teopun (Cran-
napTHas Mozenb Kak pa3 1 OCHOBaHa Ha KBapKax M JICNITOHAaX B Ka-
YeCTBE TOUCUHBIX YACTHII).

Hampumep, cornacHo Teopuu cTpyH 0a30BBIMHU COCTABIISIOIIN-
MM MaTCpHrU ABIAKOTCA HEC TOUCUHBIC YaCTUIIbI, 4 IPOTAXKECHHBIC O~
HOMEpHBIE CcTpyHBI. CTpyHa MOXKET BHOPHUPOBATH OECKOHCTHBIM
YHCIIOM BUIOB KOJI€OaHNH, KK N3 KOTOPBIX MOXKHO IpeACcTa-
BUTH cebe B BHUJE YacTHLLI. bojee Toro, BBISICHSIETCS, YTO B 3TOH
TeopuH (QYHIAMEHTAIbHYIO POJIb MIPAIOT HOBBIC HPOTSHKEHHBIE
MHOTOMEpHBIE 00BbEKThI — TaK Ha3biBacMble D-OpaHbl.

K COXAJICHHUIO, WU 3Ta TCOpUA ABJIACTCA YUCTO MaTeéMaTu4c-
cKuM, (hopMasbHBIM IOCTpOeHUEM. Jlaxe ee MPUBEPIKEHIIbI 10 CUX
MOP HE 3HAIOT, YTO ONHKCBIBACT TEOPUS CTPYH, U UTO COOOH Ipen-
CTaBISIIOT caMH CTpYyHBL. KpoMe Toro, npenckassiBaeMast 3TOH Teo-
pueil KocMolloTHYecKass KOHCTaHTa OKa3bIBACTCS UYJOBHILHO
OOJIBIIION B CPABHEHUH C PEaTbHOM BETHUMHOM.

[Touemy Hemb3st Tak JOBepsAThCS Maremaruke? Maremaruka
uzaeanbHa, a PeaJbHbIl MUP HE YKJIaIbIBAaeTCsA B HACAIbHBIE CXe-
Mbl. B peasibHOM Mupe (B 0OT/IMYHE OT MATEMATHKH) HET ToYeu-
HBIX YaCTHL, CHHI'YJISIPHOCTeH, pacxoaumocTeii u T. 1. Bce ma-
TEMaTHYECKUE PEICHHMs SBISIOTCS JHMIIbL Oojee WM MeHee yriad-
HBIMHA HpI/I6J]I/I)KeHI/I$IMI/I B OIIMCaHUX HCU3MCPUMO 0osee CI0KHBIX
3aKOHOMEPHOCTEH MHOTOOOPa3HOM TIPUPOIEL.

B sTHX ycnoBusix He0OXOIUMO BOCIIONB30BaThCs ACHOU (hu3u-
YECKOM MOJIEIbI0O MUKPOMHUPA, OCHOBAaHHOM Ha 3JIEKTPOMarHUTHOM
MpeACTaBICHUH 00 31eMeHTapHbIX udacThiax. OCHOBBIBasCh Ha
Joruke (pU3MYECKUX MOJENe, MOXKHO H30aBHTHCS OT XHMEp H
HaWTH J0pory K COCAUHCHUIO MO MaTeMaTUYCCKUX METOIOB C
(u3MUECKUMH HCCIEA0BAHUAMH PEaJIbHOTO MHpa.

®du3nKa JOIKHA yKa3arh 3Ty JOPOI'Y MaTeMaTHKE K Ipeooie-
HUIO KpU3Hca, a He Hao0opoT!
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