DJIEKTPOHHBIN ITapaMaruuTHbii pe3onanc (10.0 6aamoB) MaruuThbiii Mo-
MEHT

YcioBue

Bagada 3. DieKTpoHHBII TapaMarHuTHbI pe3oHanc (10.0 6aios)

Maruurupiii MOMeHT

MaruuTHBII MOMEHT 17 ILJIOCKOI'O KOHTYPa ¢ TOKOM — 3TO BEKTOPHAs BEJIMIHHA, OlpeesseMast
KaK MTPOM3BeJeHIe CIJIBI TOKa [, TIOMa i KOHTypa S W eIMHITHOIO BEKTOpa HOPMAJIN 11, TT€PIIeH-
JUKYJISTPHOTO TIJIOCKOCTH KOHTYPA:

m=15n.

HaHpaBHeHI/Ie BEKTOpa MaIr'HUTHOI'O MOMEHTa YCTaHaBJIMBaCTCA 110 ITPpABUJLY 6ypanI/1Ka: €CJIn Bpa-
aThb PY4YKY 6ypanHKa B HallpaBJICHUU TOKa B KOHTYDPe€, TO IIOCTYIIaTE/IbHOE JBU2KEHUE 6ypanI/IKa
IIOKa2KeT HallpaBJICHHE T11.

3.1 Ilo kpyroBomy BUTKY pajinyca R IpoTekaeT JIEKTPUUIECKHUI TOK, IIPH 9TOM BUTOK 00J1aJaeT
MarHUTHBIM MOMeHTOM m. Haiianre mHIyKIINIO MarHUTHOTO 110Js1 By B IIleHTpe BUTKA.

3.2 Tot ke BUTOK ITOMEIIAETCS BO BHEITHEE OHOPOHOE MATHUTHOE T10JIe ¢ UHJIyKIneir B Tak, 4To
BEKTOP MarHUTHOI'O MOMEHTa COCTAaBJSET YroJl (o ¢ HampasjaeHueM B. Haiigure mMojysib MexaHu-
JecKoro MomeHnTa cusi M, neficTBYIONero Ha BUTOK CO CTOPOHBI BHEITHET'O MarHUTHOIO TTOJIS.

3.3 BI/ITOK MeIJIEHHO IIOBOPpAYIMBa€TCA BO BHEHIITHEM OJHOPO/JHOM MaIl'HHTHOM IIOJIE B TaK, 9TO Ha-
IpaBJIeHIe ero MarHuTHOI'O MOMEHTa 170 U3MEHseTCsl OT HOJIOYKeHH, KOTJIa 171 HallPaBJ/IeH 110 M0JII0
(m 11 B), 10 1noJioXKeHus, Korjia m HanpasjieH npotus nojs (m 1| B). Haiijiure Mexanndeckyio
paboTy A CHJI cO CTOPOHBI MArHUTHOTO HOJIS IIPH TAKOM IIOBOPOTE.

DJIeKTPOHHBIN MapaMarHUTHBIN PEe30HAHC

Ecnm 3apskernas qacTuIa BpamiaeTcsd Win IBUKETCS 110 3aMKHYTON TPAeKTOPUU, TO Y HEE NMeeTC s
MeXaHUIeCKUil MOMEHT, & BMeCTe ¢ HUM BO3HUKAET M MarHUTHBIN MoMeHT. [Ipu sToM BhITIOTHSIET-
¢ YHEBEpCAJIbHOE I'HPOMATIHUTHOE OTHOIIEHHE, KOTOPOe IOKAa3hIBAET, KaK CBA3aHBI MEXKIY COOOIt
MaTrHUTHBIN 1 MeXaHUYECKUN MOMEHT YaCTHUIIHI.

[IycTh 371€KTPOH B aTOMe JIBUKETCS 110 KPYTOBO# OpOUTE TakK, YTO ero opOUTaIbHBbIII MOMEHT UM-
myJIbca OTHOCUTEILHO IeHTpa paBen L. Takoe nBukenne MOKHO pacCMaTpPUBATh KaK SKBUBAJIEHT
KPYTOBOT'O 3JIEKTPUIECKOI'O TOKa, KOTOPBIH 00J/Ia/laeT MArHUTHBIM MOMEHTOM 112, MexKy MarHuT-
HBIM MOMEHTOM W MOMEHTOM MMITYJILCA BBITIOJTHAETCS TUPOMArHUTHOE COOTHOIIEHHE
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rje € — SJEeMEHTapHBIA 3apsijl, M, — Macca 3JEKTPOHA, & (¢;, — TaK Ha3bIBAEMBII MHOKUTEb
Jlamms.

3.4 Haityiure muoxkuTe b JIanms gy, J/iss KpyroBoro opoUTAILHOIO JIBUKEHUS SJICKTPOHA.

DJIeKTPOHHBII mapaMarHuTHBI pe3onanc (DIIP) — 570 sBieHne, Ipu KOTOPOM BEIIECTBO € HECTIa-
PEHHBIMU 3JIEKTPOHAMU HOTJIONAaeT SJIeKTpoMaranTHoe usiydenue (o6prano CBY-nnamazona), ec-
JIN OHO HAXOJIUTCS B TOCTOSHHOM MATrHUTHOM T0Jie. Takoe MOTJIOIeHne MPOUCXOUT He BCeria, a
TOJIBKO DU CTPOTO OIPEEJIEHHOI YacTOTe, IIO3TOMY €0 HAa3bIBAIOT PE30HAHCHDBIM.

[IpeacraBuM, 9YTO aTOM COJEPXKUT BO BHEITHEH 000JI0UKe OJIMH HECTIAPEHHBIH 9JIEKTPOH C HYJIEBBIM
opOUTAILHBIM MOMEHTOM. Y TAKOr'o 3JIEKTPOHA €CTh COOCTBEHHBIN MOMEHT BpalleHus — ciuH. Ko-
rj1a obpaser] ¢ BEIeCTBOM ITOMEINAETCsS B IMOCTOSTHHOE MAarHUTHOE II0JI€ COJIEHOMIA C WHIYKITHei
B, 10 oTHOCHTEILHO HErO CIIMH MOXKET OPHEHTUPOBATHCS ABYMS CIIOCOOAMU: BJIOJIb HAITPABJICHUS
MATrHUTHOT'O TI0JIsl C TIPOEKIIHell MOMEHTa UMITYJIbca +H/2, Win MpoTUB HEro ¢ Ipoeknueir —h/2.
OTH JBa IOJIOXKEHHUsI 00JIaIal0T pa3HOil SHEpPrueil, M03TOMY MeXKIy HUMHI BO3MOXKEH Iepexond. B
JIaJIbHEHIeM cauTaiite, 9To MHOXKHUTEIb JIaH 9 JIUid crinHa gg B JiBa pa3a 60Jblie, YeM Jijisi opOu-
TaJBLHOTO JIBUKEHN dj1eKTpoHa. Obpaszer 001y 9aioT 9/ 1eKTPOMArHUTHON BOTHOMN ¢ (DUKCHPOBAHHOM
KPYTOBO# 9acTOTON w, KOTOPas MOXKET 3aCTaBUTh 3JIEKTPOH IEPEXOIUTh MEXKIY JBYMS COCTOSTHH-
AMHU C Pa3HbIMU IIPDOEKIUAMU CIIMHa, a 3aTeM MEIJICHHO MEHAIOT BEJIMYMHY HMHAYKIOWKW BHEOIHEI'O
MaTrHUTHOI'O IIOJIA, CI)I/IKCI/IpyH U3MEHCHNE NHTCHCUBHOCTHU IIOTJVIOIIECHUSA SJIECKTPOMAIl'HUTHBIX BOJIH.

3.5 HameTe JaCTOTY BHEIIHEr'o 3JICKTPOMAI'HUTHOI'O U3JIydYCeHUA W U paCC‘{I/ITaﬁTe €€ 4YMCJICHHOE
3Ha4YeHue, €eCJid MaKCUMYM IIOIVIOIIEHU A ITPUIIEJICA Ha MHAYKIIUIO MalrHUTHOI'O I10JIA BO = 350 mTu1.

Terteps aToMBI TOrO »Ke THIIA BHEJIPEHBI B HEM3BECTHOE BEIECTBO, U3 KOTOPOI'O M3TOTOBJIEH Cep-
OEe9IHUK JJIA COJEHOUIA.

3.6 YKazanHOe B IPEJbIIYIIEM IIYHKTE MarHUTHOE I10JI€ JJOCTUTAJIOCh IIPU CUJIe TOKAa B OOMOTKE
coenonga Iy = 1,50 A. Onpenennre HOBOe 3HaUYeHHE CHJIBI TOKa I B OOMOTKE COJIEHOWJIA, JIJIst
PE30HAHCHOTO TOTJIONIEHNSI, €CJIM MarHUTHAS MPOHUIAEMOCTh HEM3BECTHOI'O BEIECTBa PaBHA (i =
1,25.

TepMO,H,I/IHaMI/I'-IeCKOG paBHOBecCcuHue

HYCTB CEPACIHUK, HOMeH_[eHHbIIU/I B TOXK€ CaMO€ MalrHUTHOE I110Jie, HaXOAUTCA B COCTOAHUU TEPMO-
JIMTHAMUYIECKOr0 paBHOBecusd mipu Temneparype 1° = 50 K, a mojiHoe 4mcyio BHEJIPEHHBIX aTOMOB
coctasasger N = 1,00 - 10%. O6o3naumm gepes 1y PasHOCTD ME¥KIy KOIMIECTBOM aTOMOB, HAXOIs-
muxcs Ha HzKHeM N 1 BepxHeM Ny 9HepPreTHdecKuX ypPOBHSIX.

3.7 Paccuuraiite ng npu 3aJaHHBIX yCJIOBUAX.
[Ipu B3anMOJIEHCTBUN 9JIEKTPOMATHUTHOTO TOJIsI ¢ BEIIECTBOM IIPOUCXOJIAT TPU IIPOTIECCA:

1) Ioryomenne — arom ¢ 6oJjiee HU3KOTO SHEPTETUIECKOrO YPOBHsA [ mepexoaut Ha 6ojiee BBICO-
KUl YpOBEeHb Fy ¢ morjomenneM (GpOoTOHA, IIPU STOM KOJUYECTBO IEPEX0JIOB C HUYKHErO YPOBHS B
eJIMHUILY BPEMEHU OIIPEJIE/ISIETCSI BhIParKeHIEM:

dN,
dt

rae p — IJIOTHOCTD JIEKTPOMAIrHUTHOI'O U3JIYyYE€HUL;

= _BI2PN17
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2) BoiayxkjieHnoe U3JjIydeHue — ol JIeficTBUeM BHEIIHEro (DOTOHA aTOM ¢ 60Jiee BBICOKOIO SHEpre-
TUYECKOTO YPOBHSA Fy TIepexouT Ha 0oJiee HU3KUIT YPOBEHb Fj ¢ m31ydeHueM Jpyroro (poToHa, npu
9TOM KOJITYECTBO TIEPEXOJIOB ¢ BEPXHEI'O YPOBHS B €JIMHUILY BPEMEHH OIPEJIE/ISIeTCs BhIPayKCHUEM:

—= = —DB91pNy;

dt ’
3) CHOHTaHHBIN ITepexXo/i — CaMOIIPOM3BOIBHBIN ITEPEX0/I ATOMa C BEPXHEro Ha HUXKHUI YPOBEHb C
uciyckanueM (OTOHA, IIPU 9TOM KOJIMUECTBO IEPEXOJI0B C BEPXHErO YPOBHS B €JIMHUILY BPEMEHH
OIPEeJeIAETC S BbIPAYKEHUEM:

AN,
2 AN,
dt 214V2

Koncranrer Bia, Ba, Ay HasbiBatoTcst Koaddurnmenramu Jditaimreiina. [liank mokasan, 94ro B co-
CTOSTHUU T€PMOIUHAMUYIECKOTO PABHOBECHUS IIJIOTHOCTD SHEPTUH PABHOBECHOTI'O 3JIEKTPOMATHUTHOT'O
U3JIy9IeHUs] OIUCHIBACTCA (POPMYJION:

2R3 1

- .
€ exp (—%) -1

p:

3.8 [lokazkure, ut0o Bis = Bay.

Hasmyune BHemIHero nmcroyHuka MHUKPOBOJIHOBOT'O IIOJIA

B navaJibHBIIT MOMEHT BpPEeMEHH CHUCTEeMa HAXOJIMTCs B TEPMOJIMHAMUYIECKOM PABHOBECHH IIPU yKa-
3aHHON BBINIE TeMmIleparype. 3aTeM BKJII0YAeTCs MCTOYHUK MUKPOBOJTHOBOTO WM3JTYIEHUS TAKHM
00pa3oM, 9ToObI IIJIOTHOCTH 3JIEKTPOMATHUTHOI'O U3JIYIEHHUS p B 00pasiie 0cTaBa/ach MOCTOAHHOMN
BO BPEMEHH, a ee BeJIMINHA TAKOBa, YTO CIIOHTAHHBIMU IIePEXO/IaMH B CHCTEME MOYKHO ITpeHeOpedb.

3.9 Haiinnre aHAJIUTHYIECKYIO 3aBUCHMOCTD PA3HOCTH N(t) MEXK/LYy KOJMIECTBOM ATOMOB, HAXO/Id-
MUXCA Ha HUZKHEM M BEPXHEM JSHEPreTUYECKNX YPOBHAX, B 3aBUCUMOCTU OT BPEMEHU f, CUUTAad,
qto k = Biap.

3.10 UsBecTHO, 9TO Pa3HOCTH MEXK/Iy KOJUYECTBOM aTOMOB, HAXOAIINXCI HA HUYKHEM U BEPXHEM
SHEPreTUYeCKUX YPOBHAX, yepe3 BpeMda 7 = 1,00 ¢ mocJie BKJII0YeHns UCTOYHUKA U3MEHNIACh POBHO
B 2 paza. PaccunraiiTe 1npu JIaHHBIX YCJIOBUAX MOIIHOCTH MUKPOBOJTHOBOTO MCTOYHUKA U3JTyI€HUS
B HAQYAJILHBI MOMEHT BPEMEHU.

B neficTBUTEIBHOCTH TIOTJIOIIEHUE U BBIHYKJICHHOE M3/IyUYeHUe He ABJISIOTCA eIUHCTBEHHBIME IPO-
1IeCCaMu, B Pe3yJIbTaTe KOTOPBIX 9JEKTPOH, HAXOAIINNCSI Ha BEPXHEM yPOBHE, T€PSET CBOIO N30bI-
TOYHYIO SHEPIruio. BoJIbIy0 poJib UrPaloT MIPOIECChl PEJIAKCAIINT, B PE3Y/IbTaTe KOTOPHIX N30BITOK
SHEPIUU TEPEJIACTCI OKPYKAIOIIEMY BeIeCTBY, Be/Ib MMEHHO OJ1arojapsi UM OCYIIECTBIISETCS PaB-
HOBECHOE pacIipejieIeHne 110 SHEPTeTUIECKNM YPOBHSIM.

[Iporecc penakcanum Jig ypoBHSA 1 BBITVIAINT KaK HEIPEPBIBHBIE TTEPEXO/bl ¢ YPOoBHA 1 HaA ypo-
BEHb 2 U 0OpaTHO, TOXKE caMoe CIIPaBeInBO it ypoBHst 2. [Ipm 9ToM WjieHbI, OIUCHIBAIONIINE
peJlakcaIuio Jijid ypoBHs 1, 3aIIMCHIBAIOTCS Yepe3 KOHCTAHTBI (v U (vg CJIEIYIONIUM 0Opa3oM
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XXII Mexaynapoguasi 2Kautykosckasi Onumnuana/ Teoperudeckuii Typ c. 8/8

dN,
— = —a1 N; + aaNy,

dt
a, CJIeJIOBaTE/IbHO, aHAJJOTUIHOE COOTHOIIEHNEe MOYKHO 3alliCATh U JIJI YPOBHS 2.

3.11 IlycThb 1 maHHOTO BemecTBa oy + g = 0,670 - 1072 ¢~!. PaccunTaiiTe Ipu JAHHBIX yCJIO-
BHUAX MOIIHOCTH MHUKPOBOJHOBOIO MCTOYHHMKA W3JIyUEHUsI B YCTAHOBUBIIEMCS PEXKUME U3MEPEHUS
CIIEKTPa METOJIOM 3JIEKTPOHHOT'O IapaMarHUTHOIO PE30HAHCA.

Mamemamuueckas nodckasxa oas 3adan meopemu1ecrKoz2o mypa

zn+1
n+1

Bam MoxkeT oHa 100U ThCS 3HAHUE CJIEYIOIIIX (PDOPMY.T: f x"dx =
— MMPOU3BOJIbHAS MTOCTOTHHAS;

+C, e n # —1 — koncranta, C'

[ % =1In|z| + C, rae C — nponsBoJbHAs IOCTOAHHAS;

dx _ T . _ .
i e = BT + C, e a — xoHcTanTa, C' — IPOU3BOJIbHAST TOCTOSTHHAA

v(y—1)

5 2%, nna |z) < 1 1 mobbix v;

(14+2z)" =~ 1+~yz+
tanz & sinx ~ x, na || < 1;

In(l+42) ~z, g |z| < 1.

Cnucokx gusuueckur KoHcmarm

VYekopenue cpobojnoro najenns g = 9,80 m/c?;

YuusepcasbHast razoBas mnocrosanas R = 8,31 JIxx/(moub - K);
CxopocThb cBeta B Bakyyme ¢ = 3,00 - 108 m/c;

IIpusenennas nocrognuad [Lranka A = 1,05 - 1073* JIx - c;
[Tocrostnnas Bosbnmana kg = 1,38 - 1072 [Tk /K;

MarnuTnas nocrogunast fig = 4 - 1077 T/

DJieKTpuUecKas MOCTosIHHaA €9 = 8,85 - 10712 @ /n;

[Tocrostnnas Credana-Bonbimana o = 5,67 - 1078 Br/ (M2 : K4);
DemenTapublii 3apsr e = 1,60 - 1071 Ko;

Macca snaekTpona m, = 9,11 - 1073 xr.
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