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OT ABTOPA

Wpnes sTofi KHMUTM NpHHANJIEKUT mokoiHOMYy HMropio
BacunbeBuuy KypuaToBy. OH NpeioXua aBTOPY H3JO-
XKHUTh OCHOBBI (DH3UKH NAa3Mbl Ge3 JIHIMIHEH MaTeMaTHKH, HO
C JOCTaTOYHOH MNOJHOTOH. DTO 0Kasa/joCh HEJEerkod 3aja-
yed. YToObl OODBACHHTL (GH3HYECKYI0 KAPTHHY siBJICHHH
B mj1a3Me, He mpuberas K TPOMO3AKHM (opMyJiaM, HYXKHO
ObLIO TIIATeNbHO NpOAyMaThb ee. KHura He sacrana B XKH-
BBIX CBOEr0 BJOXHOBHTE/S, KOTOPOMY aBTOP MOXKET TOJNLKO
BBIDA3UTh CBOIO 3aNO3/AJ]yI0, HO CaMyl0 IrMy60Kylo NMpH3HA-
TEJIbHOCTb.

3ajnaya KHUTH — CHOCOGCTBOBATH O3HAKOMJEHHIO HaUH-
HaIOIero 4urare/s ¢ HaykKol o niasme. HemocpencTBeHHO
KHHTa MME€eT B BHAY HMHXeHepa M TexHHKa. Ho Ml crapa-
JUCh CAeAaTh ee NOCTYNHOH M MeHee NOATOTOBJIEHHOMY UH-
TaTenI0, CO 3HAHHAMH Ha YpOBHe cpefHeil mIKoasl. Dosee
TPyAHBIE MeCTa B KHMIe BBbIJEJEHB IETHTOM. B OCHOBHOM
TEKCTe HCIOJb3yeMass MaTeMaTHKa He BHIXOJAHT 3a paMKH
3/eMeHTapHON anare6psl. 1y MOHMMAaHUST KHUTH TpebyloTcs
TakKXke 3JIEMEHTADHble IIPeACTaBJEHUS 06 3JEKTPHUeCTBe
W MarHeTH3Me, OCHOBaX 3JeKTDOTeXHHKH H paJHOTEeXHH-
KH — BCe€ 3TO BXOJUT B COBDPEMEHHble NMpPOTpaMMbl CpegHel
IIKOJIBL.

Kuaura He npenHasHaueHa AJist Jerkoro ureHus. Mul pac-
CUMTbIBAEM Ha YMTaTeNd, I/l KOTOPOro 3HaKOMCTBO C IJIas-
MOH He HOJKHO GbITH MHMOJeTHbIM., Hameemcs, uTo OH 3a-
XO0UeT MPOROJIKHUTb M YTAYOUTb ero, o6paTUBIIACh K GoJiee
cnenuanbHol auteparype. IlosaTomy MBI He u3Geraium He
TOJNIbKO NPOCTBIX (GOPMYJ, HO M BaXKHEMIMX CIelHaJbHBbIX
TE€PMHHOB.

Kaxpnaa HayyHas AHCHUIIMHA uMeeT CBOM A3bIK. OT-
IpaBJssACh B TYPHETCKYIO MOE3/KY, Mbl JO/IKHBI XOTh HEMHO-
IO NO3HAKOMHUTBCS He TOJNbKO ¢ reorpacduei, HO U C SI3LIKOM
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TOH cTpaHHl, Kyaa eneM. M He meHee yBiekaTe/nbHOe myTe-
LIeCTBHE B HOBYIO 00JIaCTh 3HAHUI TaKxe TpedyeT XOTb He-
KOTODOrO 3HAKOMCTBA C ee CIelHaJbHbIM fA3bIKoM. KoHeuHo,
K2/l HOBBI TEPMHH TYT XKe IOSICHAETCH M BbIIENseTcs
KYPCHBHBIM IIPH(PTOM.

Bo Bcell xHure npHUMeHseTCs rayccoBa CHMMETpPHYHAs
cUCTeMa eIMHHL, B KOTOPOH 3JeKTpHYeCKHe BeJHYHHBI BhI-
paxaitotcess B enuHunax CI'CO, marHUTHbIE — B €IHHHIAX
CI'CM cucremsl CI'C. [TusnexkTpuueckass U MarHuTHas Ipo-
HHIIAeMOCTH MYCTOTO NPOCTPAHCTBA CUYHMTAIOTCS PaBHBIMU
eLHHHLE.

Hayka o mia3Me GypHO pa3BHBAaeTCs CHIAMM OOIIHDHOM
apmun yuenbix. O6beM 9T0H KHUIH He I03BOJIM/I BO3J1aTh UM
BCeM JOJXKHOe, YIOMSIHYB Ke JIMIIb HEKOTOPBIX, MOXKHO
6bl10 06uAeTh OCTasbHbIX. [109TOMY MBI DELIMIM He NaBaTb
CCBLIOK HA MMEHa, 338 UCKJIOUEHHUEM TeX CJydyaeB, KOT[a OHH
B HayYHOH TEPMHHOJIOTHH NPEBPATHJIHCh B HapHIATE/bHBIE.

Monogas Hayka o mja3Me Bo3OyXKpaeT cefyac XKHBOH
HHTepeC B IIMPOKMX KPyrax C CaMbiM Pa3jHYHbIM YPOBHEM
MOArOoTOBKH. MBI HajeeMcsl, YTO CpPeiH HHUX Halla KHHra
Ha#1eT CBOEro YHTaTeNs.

ABtop BBIpaxaer Tray6oKylo 6JaroJapHoCTb CBOMM
npysbsM u ToBapumam no pa6ore: C. W. Bparuncxkomy,
A." A. Benmenoy, E. Il. BeauxoBy, B. II. [lemunosy,
E. K. 3asoiickomy, B. B. Kapomueny, M. A. Kosany,
B. M. Koramy, M. A. Jleontouuy, b. M. Ilarpymesy,
JI. Y. Pynaxosy, B. II. Pycanoy, P. 3. Cargeesy
u B. JI. lladppanoBy, NOCTOSHHOMY OOUIEHAIO H MHOTO-
KpaTHBIM IUCKYCCHAM C KOTOPBIMH OH 005i3aH BCEMH CBOUMH
nosHanusiMu B ¢usuke miaasmel. T. JI. Kysneunosa okasaga
HeOLEHNMYIO TOMOLIb B MJIJIIOCTPHPOBAHUH.



NJIABMA — YETBEPTOE COCTOSIHUE BEIIECTBA

Co WKOJBHBIX BpeMeH BCE MBI IPUBBIKAU CYMTATh, UTO
BEIIeCTBO OBIBAET B TPEX COCTOSIHHMSAX: TBEPAOM, XKHAKOM
H rasoo6pasHoM. Ho B mocnexuue rognl Bce Goablile BHUMA-
HUsl NMDHBJIEKAIOT CBOHCTBA BelllecTBa B YETBEPTOM, CBOE-
00pasHOM COCTOSIHHH, KOTOpOe HasBajd miaasmoil. UeM Bhl-
lre TemMneparypa, TeM cBo6ojfHee ceGsi UyBCTBYIOT YaCTHLIbI
BelllecTBa. B TBepioM Tesle aTOMBl U MOJIEKYJBl MOAYHHEHBI
KECTKO! NUCIHIIMHE, CTOSAT B YETKOM CTPON. B XKHUAKOCTH
OHM MOTYT [BHTaThCs, HO CBOOOZA HX OrpaHHuYeHa. B rase
MOJIEKYJIbl MJIM Ja)e aTOMbl NepeMellalTcsi cBOoGOJHO, HO
BHYTPH aTOMOB 3JIEKTPOHHl COBEpPINAIOT rapMOHUYHBIA Ta-
Hell 0 CBOMM OpO6HTaM, NpelNHCAaHHBIM 3aKOHAMH KBaHTO-
BOM MexaHmkH. M, HakoHen, B miaasMe yxe W 3JEKTPOHHI
OTOPBAJIMCh OT ATOMOB M IPHOGPENH TMOJHYIO CBOOOLY IBH-
xeHud. IlorepsB yacTb CBOMX 3JIEKTPOHOB, aTOMBI M MOJe-
KYJIbl [OJAYYalOT TONO0XKHUTEJNbHBIH 3JEKTPpUUECKHH 3apsl;
1I0CJIe 3TOTO OHM Ha3blBaloTcsl MoHaMu. [laasma — 3TO ras,
COCTOSAIIMHA M3 MOJNOXKUTENbHO U OTPUIATEIbHO 3apsKEHHBIX
YacTHIl B TaKUX MpPOMOPUHUAX, YTO OOUIMA 3apsij paBeH
Hya10. CBOGOLHO ABMIXKYIIHECS 3JeKTPOHBI MOTLYT HEpEHO-
CHThb 3JekTpuueckufi Tok. [losToMy wHHaue roBopAT, UTO
nnasmMa — 3TO NPOBOASIUIUE ras.

Jlo cux mop B 3JEKTPOTEXHHKE MCIOJIb30BaJUCh B Ka-
4ecTBe IIPOBOJZHUKOB 3JIEKTPUUECTBA TBEpJble BelecTBa —
MeTanabl. B meranse ToXe ecTh CBOGOJHBIE 3JIEKTPOHHI.
OHH OTOpBaHH CHJIAMH, TOPOXKIEHHHIMH BBICOKON NJIOTHO-
cThi0. B MeTase aToMbl HaCTOMBKO CHABJEHBI, YTO HX dJIEK-
TPOHHBIE O0OOJOUKH <«JIOMAaIOTCSI». B masme 3J/1eKTPOHB
OTOPBaHbl IPYTMMHU CHJIAMHU, BHI3BAHHBIMH OBICTPHIM ABHXKE-
HHEM TOPSYMX YACTHIL, NEeHCTBHEM CBETa HJHU 3JEeKTPHYECKO-
ro paspsina. HoBbie yAuBUTENbHBIE CBOHCTBA [JIa3MBl
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N03BOJISAIOT HAJEsIThCs 11a LMIHPOKOE UCMOJb30BAHUE €€ B TeX-
HHMKe KaK IIPOBOJIHUKA 3JIEKTPUYECTBA U KaK CPelbl C BBICO-
Kol TemmepaTypoil. B ajexkTpoTexHHKe MjasmMa HMECT YXe
TO OYEBHIHOE NPEUMYIIECTBO Hepej MeTajJlaMH, YTO OHa
B THICAYH, €C/JIHM He B MHJIJIMOHEL, pPa3s Jerye.

O nnasme U3UKK CTAMH TOBOPUTH HenaBHo. Ho Kax bl
U3 Hac BUJeJ maasMy. B BeJHueCTBEHHBIX KapTHHAX MOJI-
HHM M CEBEPHOT0 CHUSIHHS NeHCTBYIOUIUM JIMLOM SIBJSIETCA
UMEHHO 1nJa3Mma. Besxuit, KT0O HMeJa <«YILOBOJbCTBHEY
YCTPOHTDb B 3JIEKTPUUECKOH CETH KOPOTKOE 3aMbIKaHUE, TOXKE
BcTpeuascss ¢ njasmofi. Mckpa, KoTopasi NpOCKakKHBaer
MEXJAY NpPOBOAAMH, COCTOUT H3 IJa3Mbl 3JEKTPUYECKOTO
paspsiia B Bosxyxe. I'yisis Beuepom mno yJauunam GOJbLIOTG
ropoxa, Mbl Jio6yeMCsl CBeTOBHIMHM peKjJamMaMH, He ayMmast
0 TOM, YTO B HMX CBETUTCS HEOHOBAs WM aproHoBas mJjas-
Mma. JIio6oe BelecTBO, HArperoe A0 OOCTATOYHO BBHICOKOH
TeMIepaTyphl, IepPeXOAUT B COCTOSIHHE Ia3Mbl. Jlerye Bcero
3TO MPOMCXOMUT C MapaMH IIeJCYHBIX METAJJIOB, TAKUX, KaK
HaTpHiH, KaJufl u ocOOEHHO CaMblil TSXKeJNblH U3 HHUX — Le-
3uil. O6bIYHOE MIaMs 06/1a1aeT HEeKOTOPOH 3JEeKTPONPOBOL:
HOCTbIO; OHO, XOTSl U B C1a6Go#l CTemeHY, HOHM30BAHO, T. €
ABasgercs njasMo#. l[lpuumHa 3TO¥ TPOBOAMMOCTH — HHU-
TOXKHAsl NPUMech HaTpH$, KOTOPHIE MOXKHO pacCno3HaTh 0
JKEJTOMY CBeueHH1o. [l MMOJHOH HOHM3aUUHU rasa HYKHB
TeMIepaTyphl B JeCATKH THICSY rpaaycoB.

B mamux 3eMHBIX YC/IOBHAX IJa3MEHHOE COCTOSIHHE Be-
mecTBa MAOBOJbHCG penko M Heo6wuHo. Ho Bo Bcenennoi
B II€JIOM PEIKHUM HCKJIOUEHHEM SBJSIOTCS, HA060POT, XOJOM-
Hble TBepabie Tesa, Bpome Hamell 3emsaun. OcHoBHAs Mmacca
BellecTBa BcesneHHON HOHM30BaHa, T. e. HAXOAUTCS B CO-
CTOSIHMHM IJIa3Mbl. B 3Be3fax MOHH3alLusl BbI3bIBAETCS BLICO-
KO TeMIlepaTypoH, B pas3peKeHHbIX TYMAaHHOCTAX H MeX-
3BE3IHOM rase — yJ1bTPa(UONETOBBIM H3JIYUEHHEM 3Be3[l.

B conHeuHoll cHCcTeMe H3 IJ1a3Mbl I[OJHOCTbIO COCTOMT
CoJaHue, macca KOTOPOro B TPHCTa TPUALATH ThICAY pas
6osbiie Macchl 3emJjd. Bepxuue ciou 3eMHON atmocdephl
HOHM30BaHbl HaaydenueM CosHUA, T. €. TOXE COCTOAT H3
n7a3Mbl. DTy BepXHIOIO aTMochepy Ha3bplBalOT HOHOCHEPOIl;
OT Hee 3aBHCHT BO3MOXHOCTb [ajbHeHd paJHOCBS3H.

B npeBHOCTH cuMTajH, 4TO MHD COCTOMT M3 YeThlpex
9JIEMEHTOB, MJIH CTHXMH: 3eMJIH, BOJBl, BO3JyXa H OFHA.
3emJe, BoJe M BO3JAYXy OTBEYAlOT HAIlM TBEPROE, KHUAKOE
1 razoobpasHoe COCTOSIHHs BellecTBa. [lnasma cooTBeTcT-
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ByeT 4HeTBEPTOM CTHXHH, KOTOpas B KOCMHUECKHX Maclird-
6ax fBAsieTCs I1aBHOH,— OTHIO.

Mexnay mna3moil M rasom Her peskodr rpauiusl. I[lrasma
NOAUHMHSETCA Ta30BbIM 3aKOHAM M BO MHOTHX OTHOLIEHHSX
BelleT ce0s Kkak ras. [Touemy ke Toraa Mbl rOBOPHM O IJ1a3-
M€ KakK HOBOM, YE€TBEPTOM COCTOSIHMHM Beliectsa? Hostle,
HeOObIUHbIe CBOHCTBA MJIa3Mbl NPOSIBJAAIOTCS TOrAa, KOTAa
Ha Hee JEHCTBYeT CUJIbHOE MarHuTHoe mose. Takywo miasmy
Ha3blBAlOT 3aMarHyYeHHOH.

MbI TOBOPH.TH, YTO BHYTPH aTOMA 3JEKTPOHBI COBEPIIAIOT
rapMOHHUHBIH Ta&HEH, a B NJa3Me OHH pe3BsTcs 6e3 BCSIKOTO
Mmopsiika, Kak MoJeKyJael B rase. Ho camoe BaxHOe CBOH-
CTBO IIa3Mbl — TC, UTO JABMKEHHE YACTHUI B Heli MOXHO
yHOpAZOoUHTb. MOXKHO 3aCTaBUTh YACTHIbI ABHraThCs Pery-
JSpHBIM cTpoeM. KTo 2Ke TOT KOMaHAHp, KOTOPHIi 3aCTABHT
CBOEBOJIbHbIE 3JIEKTPOHBI MOLYMHHUTBCS KECTKOH MUCIHIIH-
He? DTO MarHUTHOE noJje. B aTome 3/eKTPOHB U sifpa M-
YT MaJeHbKHMM TIpynnmaMu. B TBepmom Kpucrajiie OHH
NpHBSi3aHbl K ONpEeLeJeHHbIM MecTaM. B 3amarHuueHHoO#H
nJasMe OHM MapLIMPYIOT, KaK OQHH CTPOHHBIA KOJIJIEKTHB.

JBuxkenne dyacTul OOBIYHOrO rasa OrpaHHYUBAETCHA
TOJIbKO CTOJIKHOBEHHAMH MexXJy co6Gof HJIM CO CTEHKOH.
JIBu3KeHHe HacCTHL IJa3Mbl MOXKeT ObIThb OTpaHHYEHO Mar-
HUTHBIM mosieM. [lasmMy MOKHO CHepKHMBAaThb MAarHUTHOH
CTEHKOH, TOJIKaThb MAarHUTHBIM MOPIIHEM, 3amepeTb B Mar-
HHTHOH JIOByLIKe. B CHJIbHOM MarHHUTHOM IIOJ€ YaCTHLbI
MJIa3MBbl KPYTATCA BOKPYT MarHUTHBIX CHJIOBBIX JJHHHH. Broab
MarHMTHOTO NOJS 4acTuia ABHxercs cBobopno. OT couera-
HHUSI CBOOGAHOTO [BMIXKEHHS BJOJb CUJIOBOH JHHHMHM H Bpa-
IIeHUs] BOKPYr Hee IOJYy4YaeTcs BHHTOOOpa3HOe ABHKEHHE.
Ecnu 3acraBuTh 0/1a3My [ABHraThCsl MONEPeK MArHHTHOTO
[OJIsl, OHA «IMOTAIMT» 3a Co6GO¥l CHJIOBble JIMHHH. ['OBOPAT,
YTO YACTHIBI IL1A3MBl KaK OBl «IPUKJIEEHBI» K CHJIOBBIM JH-
HHSIM WJIM MaTHUTHOE T10JIe KBMOPOXKeHO» B maasmy. Ho stor
3aKOH BMOPOXKEHHOCTH [efCTBYeT TOJIbKO B Topsiued mJjas-
Me. [leno B TOM, YTO B ropsiuefl mjaszme yacTHLbI OBICTPO
IPOHOCSITCA ONHA MHMO [pYyroH, He ycrneBas <«3aLENHUTbCA»
opyr 3a npyra. Takag mna3ma MOUTH He OKa3bIBaeT CONMPO-
TUBJIEHHS] 3JIEKTPUUECKOMY TOKY; NPOBOIMMOCTb €€ OuYeHb
BeJuka. B xosonHOH miasmMe € HHU3KOH IPOBOAHMMOCTBHIO
B3aUMOJEHCTBUS MEXJAY YacTHIAMHU TPH CTOJKHOBEHHSX
[O3BOJNFIOT MAarHUTHOMY TMOJI0 Kak Obl  NpoCauynBaThCs
CKBO3b IJIa3My.



Korfta mbl roBopum «xodofmas» miasMa, Hafo YuUWTbi-
BaTh, 4TO MacwTa® TeMIlepaTyphbl AJA IJIa3Mbl COBCEM He
TaKoH, K KaKOMY Mbl NPHUBHIKAH. 3a €IHHHLY TeMIepaTyphl
3lleCb CUMTaeTcsl 3JeKTpoHBosbT, paBHBI 11 600° C. Ilpo
nJ1a3My C TeMIepaTypoil AecaTb HJIH CTO TBHICSAY CPayCcOB
¢usuk cxaxer: «Bcero neckosbKO 3JEKTPONBOJBLT — ITO
X0J0JHasA Na3Max». ¥ ropsuell mjasMbl TemmepaTtypa LOJXK-
Ha M3MepATbCS IO MeHblIell Mepe COTHSIMH 3JIEKTPOHBOJIBT,
T. €. MUJAJMOHAMHU rpajycoB. Ecin Obl ras He Iepexomus
B COCTOsIHHE IIJIa3Mbl, €ro HeJjbp3si Obljio Obl Harperb J0
TaKHX TeMIlepaTyp, IOTOMY UYTO ero HeueM Obl OblIO CHEp-
XuBaTh. Hukakas TBepmasi CTeHKa He yCTOUT IPOTUB TaKO-
ro kapa, W raz pasjerurcda. Ho ropsauywo nnasmy MO:KHO
yaepXaTb MarHUTHBIM noseM. YacTuna niasMbel KPYTHTCS
BUHTOOOpPAa3HO BOKPYI CHJIOBOH JIMHHHM M He JOJXKHa COHTH
CO CBOEro IyTH, MOKA HE CTOJKHETCs C APYyrofl yacTuueil.
B ropsiuefl nnasMe CTONKHOBEHHsI PelKH, KaK Ha KeJe3HOH
jopore, Trjie XOpOLIO OpraHM3oBada 6e30MacHOCTb [IBH-
xeHusi. Iloka He NPOM30ANET <«KpYLIEHHE», YaCTHULA He
JOoJ’KHA YHTH Ha crenky. Ha stom ocnoBannl pasHooGpas-
#ble MPOEKTbl MAarHHUTHBIX JOBYUIEK /sl yAePKaHUs Trops-
yel MaasMbl.

K coxaseHunio, 0Ka3ajoch, UTO He TOJBKO CTOJKHOBEHHS
cO6UBAIOT YACTHIIBI C CHJIOBBIX JUHHUE. ECcTh M Apyrasi mpuyu-
fda, Hapymawollas NpaBHJbHOE HBHXKEHHe YacTull, — 3TO
KOoJJIEKTHBHOE HX B3aumopneclfictsue. IlpencraBbre cebe iuoc-
ce, MO KOTOPOMY J[ABHJKETCA B CTPOIO 0o0Jjbllas KOJOHHA
aBToMamuH. J{OCTaTOUHO ONHOM MAallMHEe HAPYWHUTh IOpPS-
JOK ABHIKEHMs, KaK Ha4YHETCs BCe BO3pacTraroluil 6ecnops-
jJoK. 3agHue OYOyT Hae3KaTh Ha IepefHNe, OCTAHOBKA Ile-
peNHUX HAPYIIUT OBMKeHHe 3afHuX. HauaBumiuch B omgHOMN
TOUKe, 3TOT OeCHOpANOK IMOCTENEeHHO pacnpoCTpaHUTCS Ha
BCIO KOJIOHHY. Takoe fBJeHHe, KOTZa MaJjoe BO3MYILEHHE
BBI3bIBAET BCeOONIHIT O€CNOpSALOK, Ha3bBaeTcss HeycToMuH-
BOCThIO. B mjiasaMe oHa BCTpeuaeTcss OUeHb YacTo.

OpHa W3 ypJeKaTeJbHeHLIMX U TpyHHeHmHX 3ajau
COBpEMEHHOH (DH3HKH — IOJIyUeHHe W yaeprkKaHHe ropauel
naasmbl. Peub Hner o HarpeBaHHM BelleCTBa [0 TAKUX TEM-
nepaTtyp, TpH KOTOPLIX HMKaKas TBepHas CTeHKa He Mpoaep-
JKHUTCA JaXxe KpPaTKUH MHUr. YIepXKaTb TrOpsAuyl MJaasMy
MOXEeT TOJbKO MarHuTHoe nose. OHO HOMKHO HempoOHH-
HaeMbiM 6apbepoM OTHENUTh YAaCTHLHl IJIAa3MBI OT CTEHKH,
He [aTh MM YATH Ha CTeHKY MJH NepelaTh €ff CBOIO 3Hep-
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rui0. [laBHBIM NMpenATCTBHEM Ha TOM NyTH KaK pa3 M OKa-
3bIBAETCsl HEYCTOMUMBOCTh. Ecin 6bl He 6blIO HEycTOHNUHBO-
CTH, 3afayy yJAepKaHWs MJa3Mbl HETPYAHO ObLIO Obl pe-
WIHTh, U AAXKe He OJHUM crnoco6om.

[IpeacraBum ceGe TpyGy, HanonHenHyo miaas3moir. Hamo-
TaB Ha 3Ty TPyOy IPOBOJIOKY, MOJYyYMM KaTyIIKy. IIpomy-
CTUM yepes Hee TOK. KaTylika mpeBparturcsi B 3JeKTpOMar-
HUT W CO3MACT BHYTPH TPYyObl MarHiuTHoe mnoJe. CHJIIOBbIE
JIMIIMY HanpaB/eHbl BAOAb TPyOwul. Ecau Bce yacTHubl ABH-
JKYTCA B CTPOIO, TO HAa CTEHKH HX He MYCTHT MaTHUTHOE MO-
Je. Ho Bposb TpyGbl OHH JIeTST CBOGOAHO M MOTYT Bbljie-
TeTb Yepe3 KOHUBL. YUTOGBl He JONYCTHTL 3TOr0, €CTh ABa
crnoco6a. MoxkHO cOrayTh Tpy6y B Koablo. [Tosyunures Teso
Bpofe Oy6nuKa, U3BECTHOE B TEOMETPHHM IMOJ Ha3BaHHEM
«TOp». OTO TOpOHMJa/JbHAs MarHuTHas JjoBywmka. Jpyroi
crnoco6 — co3faTh Ha KOHIAX TPYyGel GoJiee CHJbHbIE Mar-
HHTHEIe noJil. OHM He BBINYCKAIOT IJasmMy M3 TpyObl, IO-
3TOMY MX Ha3bIBAalIOT MATHUTHBIMH Npo6GKamu. LHaue MOXKHO
CKa3aTh, YTO YACTHLEBl MJa3Mbl OTpaxkawTtcs OT obsaactefl
CHJIBHOTO MO0JIs1, KOTOPhie HO3TOMY M 11a3bIBAIOT MAarHHTHBI-
MH 3epKaJiaMHu.

B rtopoupanpHOil n0BywiKe yno6iio HarpesaTh IJ1a3My.
JloByumIKy 1aNOJHSAIOT ra3oM W CO3MAIOT B 3TOM rase CHJb-
HbIl 3J1IeKTPHYECKH# TOK. ['a3 HarpeBaeTcs TEKYILHM IO He-
MY TOKOM TaK e, KaK CIHpaJ/jb JeKTPOIJHUTKH HJIH HHTb
3JIeKTpUUeCKOH snamnouku. Taxkum obpasom MOXKIIO nepese-
CTH ras B COCTOSIHHE MJa3Mbl M COOOILllTL el HayaJbHbIH
tiarpeB. Ho ¢ noBbillleHHeM TeMIepaTypbl pe3ko najaer
3JIEKTPHYECKOE CONPOTHBJEHHE NJa3Mbl H OHa IepecTaer
rpetbesl. Il mMoJsiyueHUsi BLICOKMX TeMOepaTyp Mpeio-
JKeHbl Hpyrue, 6ojiee COBepIIEHHble CHOCOOB HarpeBa — C
IpHUMeHelieM BbICOKOUACTOTHBIX Pa3psifoB HJH ObICTPOro
CKaTHs MAarHUTHBIM NOpLIHeM. B JIOBYHIKYy ¢ MarHHUTHBIMHU
npobkamu ynoGHee BIPHICKMBATh OBICTpPLIE -MOHBI, 3apaHec
pasoTHAHHBIE 3JEKTPHUECKHMH ToJsiMH. Takum o6pasom,
cpasy mosiyuaercst ropsiuasi miaasma. Ho Bce 3TH cHOCOGHI
HArpeBa TOAHBI TOJIbKO NPU HEeNpPeMEeHHOM YCJOBMH, a HMEH-
HO: MJia3Ma He [MOJKHA COHNPHKACATbCSl C TBEPABLIMHM CTEH-
Kamu. Harperb miasmy B KOHTaKTe CO CTEHKOH TaK xKe He-
BO3MOXKHO, KaK BCKHUOSITUTb BOAY B COCYyHe M3 JbJa.

st Toro uTo6Ll YaCTHIL! J1a3Mbl He yAapsAaHCh O CTEH-
KH, HYXHO 3aCTaBHTb HMX [BHMaTbCs DEry/sPHBIM COMKHY-
THIM CTPOGM, YTO M JOJKHA CJle/laThb MArHHTHAs JIOBYIUKA.
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Ho B 3toM eil memaer neycrofiunBocTs. Kak pacmasnpiine-
Cs JIeTH Ha INepeMeHe, HOHBI M 3JEKTPONbl pasberarorcs
B pasHble CTOPOHHI, ¢ pasfery ynapsiloTcs O CTeHKH, 6Gecro-
JIE3HO pacTpauyuBasi CBOIO SHEPIHUIO.

Ynapdiomuecss o CTeHKY YaCTHIBI 1JIa3Mbl BEIGHBAIOT U3
CTCHKH aTOMBl Te€X BeLIeCTB, M3 KOTOPbIX OHa COCTOMT.
TakuMm 06pasoM, HeyCTONYMBOCTh MPUBOLUT K 3arps3HeHHIO
n/1a3Mbl IOCTODOHHHMHU TNpHuMecsiMH. Tskesbie aTOMbl IPH-
Mecel HM3JydyaloT elle O6oJbllie 3SHEPrud B BHIE CBeTa
1 yAbTPa(UOJIETOBBIX JIydell, U MOTePH SHEPIUH IPOTrPeCcCUB-
HO BO3pacTraioT. BmecTo ropsueill nia3Msl JOBYIIKa HaMOJI-
HSETCS XOJONHBIMH NPOAYKTaMH HCIAPEHHS CTEHOK.

Ecau 6l KosoccanibHash KOJIOHHA YACTHIL J1a3Mbl BCETAa
MapuypoBana «B HOTY», oHa Obl OLMHAKOBO XOpOLIO y/ep-
JKMBaJach KaK B TOPOHIAJbHOI JOBYIIKe, TAK U B JIOBYILIKE
C MAarsuTHBIMM npo6kamu. B meficTBUTE/NbHOCTH — YBHI! —
NJa3MeHHbI CTPOIl JioMaeTcs, T. €. BO3HHUKAeT HeyCTOWYH-
BocThb. Llenass apmusi ¢$M3UMKOB BhIJIA B MOXOJ Ha Gopbly
C HEYCTOHYMBOCTBIO IJIA3MBL. «YCMADEHHE» IIJIa3Mbl CYJHT
rpaHIHO3HBIe NePCIEeKTHUBLI.

B mexpax CosHua cxkaras mjiasma MMeeT TeMIepatypy
ceoimie 10 000 000° K. Ilpu aroii TemnepaType aTOMHBIC
A1pa CTaJKHBAIOTCA C TAKOH CHJIOH, UTO COCIUHSAIOTCA MeX-
ny co6oii. TlpoucxonaT TepMosiiepHble peaKLUHH, NPHBOALA-
IiMe K NpeBpalleHdi0 BOLOPONA B IeJHH U BBIAEJEHUIO IPO-
MaJHOro KoJuyecTBa 3HepruH. VIMeHHO 3Ta 3Heprus, U3ady-
yaeman CouHieM, u GblIa J0 Cero BpeMeHH [Js Hac HCTOU-
HHKOM Bcex Ojar. MoxeM /M Mbl «IIDUPYYUTB» TEPMOSILep-
HBble PeaKUHH M 3aCTaBUTb MX CJAYXHTb HaM IO Hallefl BoJe
3nech, Ha 3emae? OObIUHBIE BOJAOPOJ Laxe NpPU CaMOi BHI-
COKOH TeMIepaType BBILeJseT SHEPTHIO OYeHb Me[IJIEeHHO.
Jlumb KosoccanbHast macca ero B CosHIE M CHJbHeflee
CXKAaTHe CHJIOH TAMKECTH AEJAIOT COJHEUHHIH BOLOPOX TAKHM
MOUIHBIM HMCTOYHHMKOM 3Hepruu. Ho Tsxesble H30TONBl BO-
Jopofia — HedTepuil U TPUTUH — BBIAENAIOT SHEPrHIO JOCTa-
TOYHO OwicTpo. Ecim ymacTcs ycTOHYMBO yAepKHMBaTh HX
B MarduTHOH JIOBYLIKe NPH TeMIepaTypax B AeCSITKH MHJI-
JIHOHOB TpajiycoB, mpofjeMa TepMOsLEepHOHA 3Hepruu OyaeT
pemeHa. [ns 3Toro HYXHO COOGCTBEHHO TOJbKO OJHO —
CIIPAaBUTLCSA C HEYCTOHYMBOCTbIO N1asMmbl. Bcero onHa Tpya-
HOCTb... HO OH4 0OKa3aJjachb CTOJb CePbe3HOH, YTO HHUKTO He
Gepercsi cKaszath, G6JU3KO JIM ee pelleHHe H Ha KaKoM NyTH
OHO JIeKHT.
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Tepmosinepnass mpoGiema — camas 3aMaHuMBas H3 3a-
na4y Haykd o maasMme. IllMpokoe u3yueHKe CBOHCTB MJIa3Mbl
HayaJoCch MMeHHO H3-3a Hee. Ho, kak Bcerpa, pasButue
HAaYKH NIPUHECIO HEOXKHJaHHble I1onsl. Koaym6 oTnpaBHics
uckath nyts B Mupmio, a nawmen Awmepuky. B wucropuu
HayKd YacTo ObIBaeT MMEHHO Tak. [Ipu u3yuyeHUH CBOHCTB
MJIa3Mbl BBISICHMJIOCH, YTO €€ MOXKHO TOJKATh MarHHTHBIM
noseM. Bblla mocrpoeHa nsasMeHHass mMymika, W3 KOTOPOH
VIOXKHO BBICTPE/JHBATb CIYCTKH IIJIA3MBl CO CKOPOCTBIO M0
100 xkm/cex. DT0 B cTO pa3 ObICTpee MyJH H B HECATh pas
OpicTpee Kocmitueckoil pakersl. CHauasia MYMIKYy MOCTPOHMJIH
I/ TOrO, YTOOBI BIOPBICKMBATH MJa3My B MarHUTHYIO JO-
BymKy. Ho moTom noHsiu, 4To U3 Hee MOXKHO CHeJaTh NJaas-
VIEHHBI}I BUTATEb.

[lnasmeHHbIll JBUTATENb NO NPHUHUUIY AeHCTBUS OYeHb
0/IM30K K 3J1€KTPOMOTOPY, TOJIbKO MPOBOLHHKOM 3JEKTpHYe-
CTBa y HEro CJYXHT He MeTaJ/l1, a miaasMa. Ho saekrtpo-
MOTOD NPOCTBIM Mepek/JIoUeHHeM MOXKHO NPEeBPaTHTb B IH-
wamMoMalnHy. EcTecTBeHHO, UTO BO3HHK/IA HIes MNJIa3MeH-
HOH IUHaMOMalIuHbL. B Hell TOpMOXKeHHUe NIa3MeHHOH CTPYH
B MAarHHTHOM moJse Bo3Gy:Kpmaer sjekrpuueckuii Tok. He
caenyeT JW OXHIATh, UTO BCS JEKTPOTEXHHKA MEPEKJIOUNT-
e C TAXKEJNOTo, HeYKJIOXKEero MeTala Ha JIerKylo MOABHUK-
HYIO J1a3MYy?

[loxka eme Ma/0 H3yYeHb MEPCHEKTHBBLI NPUMEHEHUS
n1a3Mbl B pafuoTexHuke. [1nasmMa B MaruuTHOM MoJie UMeeT
VIHOTO PasJIMuUHBIX THIOB Kosieb6anuil. OHa ucmyckaeTr pajaHo-
BosHBEl. [loka wuaGmofanuch GecrnopsaoyHble KoJaeOaHus,
TaKk HasplBaeMble IIyMbEL. Ho TeopHs TOBOPHT, UTO MOXKHO
OCTPOHTh  IJIa3MEHHBIE PEe30HATOPhl M  BOJHOBOJBI —
ycTpoficTBa, KoseGJoluecs ¢ BIOJHE ONpeAeJeHHBIMH Ya-
CTOTAMH.

MHOro ecTb HeOGLIYHOrO B MOBEIEHHH 3aMarHHYENHOM
mJIasMbl. DJEeKTpUUECKHE CHJbI BBI3BIBAIOT B HEH MaccoBoe
nBHKeHHe (Tak HasbiBaeMblHl npeiid), a cu/bl He 3JeKTpHU-
YeCKOH NpUPOAbl B030YxKnaloT ToK. CKOpPOCTb NBHXKEHHS
¥ TOK HalpaBJeHhl He BLOJb AEHCTBYIOILEH CMJHI, & Mole-
pek Hee. Cuna coobuiaer njasMe He yCKOpeHHE, a MOCTOSAH-
HYIO Npei(hoBYyI0 CKOPOCTb. Bce 3TM HeoGbIuHBIE CBOHCTBA
TJa3MBl ¥KIYT ellle CBOEro MCMOJb30BaHHs JJ/1a GJara ueso-
BeuectBa. M Kak 3HaTh, OBITh MOXKET, fa)Ke caMa 3JI0Bpel-
Has HeyCTOMYMBOCTb B OyAyllleM HaHmeT NoJe3Hoe Ipume-
HelHe KaK CpeldCcTBO BO30YXKAEHHsS KOJeGaHHH M/1a3Mbl.
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MHorHe n1a3MeHHbIE SIBJIEHUST pa3BepThIBAIOTCS B KOJIOC-
calbHBIX MacumTabax B KocMHyeckoM mnpoctpascTBe. Tak,
COJIHEUHbI® BCHBIIIKH, BHAMMO, NPOHCXOAAT OT OBICTPOTO
CXKaTHA MJIa3Mbl MarHUTHBIMH TOJIAMH. [Ipy 3TH BCHBIIIKAX
H3BepraroTcs B IPOCTPAHCTBO MJa3MelHble NOTOKH. Maruur-
Hble 10J5, CYLIeCTBYIOIIMe B KOCMMUECKOM IPOCTPaHCTBE,
3aXBaThIBAIOT BhIOpoweHHYo CoJHIEM M1a3My B pasjiMyHO-
ro pofa MarHUTHbIE JIOBYIIKH. Takue JIOBYIIKH, HAHOJHEH-
Hble M/1a3MOH, HaxXoAATCA y caMmoil 3eMJH: 3TO H3BeCTHHIE
pajiMaunMOHHBIE [05ica, CO3JalollMe ONacHOCTb OOJYyYeHHS
I KocMOHaBTOB. Ha 3emJse nocse conHedHOH BCHBIILKH
Ha6JIIONAIOTCS NOJNSAPHbIE CHUSIHUS, HapyLIeHHUs pagHoCBA3H,
MarHuTHole Oypu. Bce 3T0 — Bo3MylIeHHss 1s1a3Mmel, obpa-
3youlefl BepxHIOI0 aTMochepy 3eMad NJAa3MEHHBIMHU IOTO-
KaMHM HJHM YOAPHBIMH BOJHAMH, PaCHPOCTPaHSIIOIMMHUCH IO
MeXKIJIaHeTHOH TJsasMe. PacrnpocTpaHeHe yLapHOH BOJIHBL
[0 NOYTH NYCTOMY MeXINJaHeTHOMY MPOCTPAaHCTBY — TOXKE
OJHO M3 YyIHBHTEJbHbIX CBOHUCTB 3aMarHIYEHHON N/a3MbL.
Kocmuueckue pakeThl M HCKYCCTBEHHBble CHYTHHKH BCe 6OJIb-
e MOATBEPXKAAIOT POJib, KOTOPYIO HIrpaeTr mjiasMa B MHPO-
BOM IIPOCTPaAHCTBeE.

Ha mammx rsiasax yesoBeuecTBO BCTyNMaeT B KOCMHUe-
CKHH BeK, U 3TOT BEK B 3HAUHTENbHOH CTENeHH OKa3LiBAeTCst
nna3MeHHbBIM BexoM. HoBBIf 3Tanm B Pa3BUTHH HAYKH U TeX-
HUMKH IpeIbsBISgeT Bce Bo3pacTaloline Tpe6oBaHHs K caMoi
MOJIO0H oTpacau (HU3UKH — HayKe O IJIasMe.

KAK MOJIYYAETCSA MJIA3MA

Yr10o6Bl mepeBecT ra3 B COCTOSIHHE MJa3Mbl, Hy>KHO OTO-
pBaTh XOTs OBl UaCTh 3JEKTPOHOB OT aTOMOB, IPEBPATHUB 3TH
aTOMbl B HOHBL. TaKO# OTPHIB 3JIEKTPOHOB OT aTOMOB Ha3HI-
BalOT uoHusayued. JleranbHbll MeXaHH3M HMOHH3AIMH Ha
aTOMHO-MOJIEKYJISIPHOM YPOBHE Mbl PACCMOTPHUM HHUKeE, 31eCh
JKe orpaHuyuMcs ofllell XapaKTepUCTHKOH 3TOro mpoluecca.

B npupone u TexHHKe HMOHH3ALMS MOMKET NMPOU3BOLHUTHCS
pa3JIMUYHBIMHE NyTAMH. BakHefiine W3 HHUX: a) MOHH3aLMA
TenjoM; 6) MOHH3ALUNSA H3JYUEHHEM; B) HOHHU3AUMS JIEKTDPH-
YeCKUM pPaspALoM.

BcsiKoe BeleCTBO CTAHOBUTCS HOHH30BAHHBIM, €CJH €ro
HarpeTh 10 JOCTATOYHO BHICOKOI TeMIepaTyphsl. DTo TakK Ha-
sbiBaeMasi Tepmuueckas uonusayus. Heobxonumas nis Hee
TeMIlepaTypa TeM HUKe, ueM c/jabee CBsS3aHbI 3JEKTPOHHI,
T. €. YeM MEHbIIe JHepeus UOHU3AYUL ATOMA WK MOJEKYJbL.
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OHeprus MOHM3AUUM aTOMa XMMHYECKOTO 3JIE€MeHTa 3aBHCHT
OT noJoxkeHust ero B Ttabauue Menpeneea. Cinabee BCero
CBfI3aHBl 2JEKTPOHBl B aTOMax OJHOBAJIEHTHBIX IIEJOYHBIX
MeTaJ/0B (IUTHUSA, HATPHUS, KaJus, pyoumus, uesus). B Ta-
KOM aTOMe OIMH BHEILIHHH (BaJIeHTHbI{I) 3JEKTPOH HaXOJHT-
¢ Ha JxanbHe#l op6uTe, M ero Jerko oropBaTh. [Ipounee
BCEro CBsI3aHBl 3JIEKTPOHBl B aTOMAaX HHEPTHBIX ras3oB (re-
JIMsi, HEOHa, aproHa, KPHUNTOHA, KCeHOHA). ¥ HHX BCe 3JeK-
TPOHBI 00pasyioT 3aMKHYTble O0OOJIOUKH, KOTOpble TPYIHO
paspywuth. B KaxpoM HaHHOM cToJbie Tadauusl Mennae-
JleeBa JHEPTHsl HOHI3ALMH TeM MeHbLIe, UeM TsaKesee aTOM
(B TsKesOM aToOMe MHOTO BHYTDEHHHX 3JEKTPOHOB, 3Kpa-
HUpyIOmUX moJe siapa). [TosToMy U3 Bcex 3/1€MEHTOB Jerue
BCErc HMOHM3YeTCS caMblil TsKeJblil IIeJOYHOH MeTajl—
neau#l. Ero 0X0THO NPHMEHAIOT B Ja60paTOpUAX H B TEXHH-
Ke JLJIS1 TTOJIy4eHUs] TePMHUeCKOH MJasMsl.

B npucyrcTBuM mapoB Le10YHBIX METaJI10B 3JEKTPONpO-
BONHOCTh Ta3a MOXKHO 3aMmMeTHTh yxke npu 2000—3000° C.
Ho 4rto6bl mosmyuuth TEPMHUUECKHM NyTeM [OJHYIO HOHH3A-
IIMI0 NJ1a3MBbl, HYXKHB!l yXe TeMIIepaTypbl B NECATKH ThICAY
rpajiycos.

B npupome u3 TepMHUeCKOH IJIa3Mbl COCTOSIT 3Be3JHI.
Cina6o VOHH30BAHHYIO IJ1a3My C BBICOKOH IJIOTHOCTHIO
Y1 CPaBHHUTEJNbHO HHU3KOH TeMIEepaTypoil MOKHO INOJYYHTh
TepMUUYECKUM MyTeM C 0053aTeNbHbIM NpPUMEHEHHEeM JIerko
HOHM3YIOIUXC H00aBOK. DJIEKTPONPOBOAHOCTb MJIAMEHH
CBsI3aHA NpeEXJAEe BCEro C HaJUMYeM B HeM INpUMeced uie-
JIOUHBIX MeTaJlJIoB (HATpHH, OKpalIMBAIOUIMI NJ1aMs B XKeJ-
THIf 1[BET).

VoHusanus uajyueHHeM HMeeT 3HaueHHe TOJBKO B OYeHb
pa3peXeHHBIX rasax, TaK KakK DU CKOJIbKO-HUOYAb 3aMer-
HOU MJIOTHOCTH CTOJKHOBEHHMS MeEXKIy YaCTHUAMH Topasio
CyLleCTBEHHee, YeM NEeHCTBHE H3JydeHHUs. DTOT NyTh HOHH-
3aUMd Ba)KeH A/ acTpodU3MKH, NOTOMY YTO yJabTpaduoJe-
TOBOE H3JyUeHHe TOPSAYMX 3Be3] BbI3bIBA€T HOHM3ALHIO B
OKPY2KaIOLIUX HX ra30oBbIX TYMAaHHOCTAX M 00JacTAX MexK-
3Be3/HOro rasa (Tak HasblBaeMble 06JIaCTH OLHO3aPSAJHOrO
wona Bomopona * HII). Uanyuenne CosHma HIpPOM3BOAUT
HOHM3ALMIO BEPXHUX cJoeB atmocheps 3emuH. IlombiTku
NPUMEHHUTh HOHM3ALMIO M3JyUeHHEM B TeXHHKe enBa JH Oy-

* B CHeKTPOCKONMH MPHHSATA Cjeaylomas cucreMa OG03HauYeHMH:
JLisi HeHTpaJbHOrO aToOMa — €ro XHMHUYECKHH CUMBOJ M pHMCKas Lu(-
pa I, nast onnosapsignoro nona — mudpa II n . 1.
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IyT YCHEUIHBIMH, TaK KakK Npu TpeOyeMbIX 3MeCh MJOTHO-
CTAX JAOCTATOYHO ObICTPO HAET 06paTHHIN mpouecc pekombu-
Hayuu 3JEKTPOHOB C HOHAMH, KOTOPBIH NPHUBOIUT K COCTOS-
HHUIO DABHOBECHSI.

Haun6onee mupoko npuMeHsior B 1aG0paTOPHIX U TEXHU-
Ke Croco0 MoJIyyenusl 1a3Mbl B 31eKTPHUECKOM Ta30BOM pas-
page. B npupose npuMepoM 3TOrO SIBJEHHS CJAYKHUT MOJIHMS,
B TEXHHKe — BCsKas
3jIeKTpUUecKass  HCKpa,
BOJIBTOBA Jiyra, BCIBIII-
KH Ta30CBETHHIX JaMIl
¥ MHOXKECTBO Jpyruxra-
30pa3pslHbIX MPUOOPOB.
MexaHU3M HOHHM3aLUH B
paspsie 3aKJIYaercs B
00pa3oBaHUUu 3AEKTPOH-
wold aasunbl  (puc. 1).
P10 nporecc TOTO
JKe pona, YTo U IenHas
peakluss B XHMHUH HJIH
pa3sMHOXKEHHE  MHKPO-
60B npu snugemuu. Has
Pa3BUTHSl JIABUHBI HYX-
HO, 4TOObI IPUJI0KEHHOE
K Trasy 3JeKTpuueckoe

noje CcoobIaso 3JeK-
Puc. 1. DuexTpoHHas naBHHaA (KpyXK-
KW — aTOMBI,  uepHble TOUKH — sqek- L[POHY Ha JUIMHE  CBO-

TPOHEL). 6onunoro mnpobera 60Jb-

e SHEpPruy, UcM HYRK-

HO [Js1 BbIOMBAHUS M3 aToMa e€lle OJHOr0 3JIEKTPOHA.
Torma pocraTouHo 3aBecTHChb B rase OT JIOGBIX IIO-
OOYHBIX NPUYHUH XOTsL Obl HeGOJBIIOMY KOJHMYECTBY CBO-
6OIHBIX 3JEKTPOHOB, 4TOOBI MMOCJAe pa3roHa IOJEM BHIOH-
BaJ/JHCh HOBBIE 3/J€KTPOHBI M, TaKUM 006pa30M, pasMHOXKEHHE
9JIEKTPOHOB TNPOHUCXOAMJIO B TEOMETPUUYECKOH INPOTPECCHH.
Kak HHUTOKHOE KOJHYECTBO UYMHHIX MHKPOGOB MOKET BhI-
3BaTh IPOMAJHYIO 3MHIEMHUIO, TAK U CTOJb Ke MaJjioe YHUCJIO
3JIEKTPOHOB, BO3HUKIMIUX XOTA OBl OT KOCMUUECKHX JydeH
UJIM UCHIYUIEHHBIX METAJIUYECKUMH MOBEPXHOCTSIMH, MOKET
BbI3BATb HOHURAIMIO BCErO I'a3a W MPEBPATUTh €r0 B [J1a3My.

KpoMe 3TuX OCHOBHBIX CIOCOOOB CO3LaHHS NJIA3MBI, CY-
IIeCTBYeT elle psf crnoco6oB, uMeroLiux 6osee y3Koe 3HaUe-
Hue. Tak, B MoHcKax NyTell NOJYyYeHHS TepMOSiLepHO# mJas-
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MBI H3yYaeTcs MeTo0 uHIKeKyuly: pa3oTHAHIbIE B yCKOpUTeIe
0 TPOMAaHBIX CKOPOCTEH ra3oBble HOHBI BIPBICKMBAIOTCS
B MarTHUTHYIO JIOBYUIKY; IPUTATHUBAS K ceGe M3 OKpYyXKalollel
Cpenbl 3JICKTPOHBI, OHU 00pa3yioT cpasy ropsuyio njaasmy.
CBoeo6pasHbIM IyTeM OTPBIBA 3JEKTPOHOB OT aTOMOB
ABJAsETCA UOHU3ayus dasgaeruem. T1pu oueHb GOJBIION NIOT-
HOCTH BCAAKOE BEIIeCTBO NEPEXOIHT B 8bLpOsOEeHHOE COCTOA-
Hie, B KOTOPOM 3JIEKTPOHBl «BbIXKHMAIOTCS» Ha BbICIIHE
SHepreTHYecKue ypoBHH. Ecau smeprusi stux ypoBHel (Tak
HaspiBaemast sHeprusg Pepmu) NpeBLICUT IHEPTHIO HOHU3AE-
LHH, TO 3JeKTPOHHbIE OOO0JNOUKH «CJIOMAIOTCS» U 3JEKTPOHLI
OTOPBYTCS OT aTOMOB Takoe siBjieHHe, MOKeT GbITb, IPOMC-
XOJHUT B CBEPXIJIOTHBLIX 3Be3nax — OeJblX KapJauKax U BHYT-
pu 60/bIIMX BOAOPOHBIX IJIAHET, a 110 HEKOTOPBIM THUIOTE-
3aM [axe 4 B Ape 3eMJsH. B onbiTax mo cxxaTHIO BeUlecTBa
CXOASUIMMUCA yLApHBIMH BOJIHAMH yJaBajoch HabJIORATh
BO3HHKHOBEHHE 3J/IEKTPONPOBOINHOCTH, KOTOpasi MOXKeT 00b-
SICHUTbCSl HOHH3aLMell naBaeHueM. Ho HeoOGxomumble s
3TOT0 MJIOTHOCTH CTOJb BEJIHMKH, UTO BEIECTBO CTAHOBUTCS
NOXOXHUM CKOpee Ha MeTaJjlj, YeM Ha Mia3Mmy, Tak 4TO 3TO
sIBJIEHHE e[Ba JIH CJAeJyeT OTHOCHTb K (pH3MKe MJ1a3MBlL.

JHUATHOCTHKA MJIA3MbI

WHxkeHep uan uccnenoBatesb, paGoTaouini ¢ 06bIYHBIM
rasoM, He HCHBIThIBaeT TPYAHOCTeH NpH ONpe/e/ieHHH €ro
(hH3MYeCKHX CBOMCTB M cocTaBa. JI00of TepMOMeTp WM NH-
poMeTp NOKaxkeT eMy TeMIepaTypy rasa, MaHOMETpP — ero
JlaBJieHHe, PacXOHOMephl Pa3JMUHBIX CHCTEM — CKOPOCTh
II0TOKA H, HaKOHell, TIAaTeJbHO pa3paboTaHHble XHMHUECKHE
H (DH3HKO-XMMHYECKHEe METOAbl [a30BOr0 aHaJ/u3a IO03BOJAT
onpeneJuTb XMMHUYeCKH# cocTaB. MHoe nemo naasma. 31ech
KaXXJl0e M3MepeHHe npespaliaercs B npobiaemy. HssectHo
HeMaJo cjyyaeB, KOT1a, H3Mepssl pasHbIMU COCO6aMH TEM-
lepaTypy OZHOH H TOH 2Ke N/1asMbl, NoJyyaaud 3HAUYCHHS,
pacxopsdiuecs B AeCATKH pas, U JajeKo He BCAKHH M3 IKC-
IepUMEeHTAaTOPOB, paboTaloIuX C MJAa3MOH, 3HaeT TOYHO
Jla’ke TaKylo OCHOBHYIO BeJHUHHY, KaK KOHLEHTpalus 3apsi-
KEHHBIX YaCTHUI B Hefl.

HimeHHO no 3TOH npuyuHe HaxoXKAeHHe (DHU3MYECKHX Xa-
PaKTepUCTHK IJIa3Mbl, B OTJAHYHE OT OOBLIYHOrO Trasa, He
CBOAMTCS MNPOCTO K H3MepuTeabHOH Texuuke. Croco6bl
onpeneseHUsl TeMIepaTypbl, KOHIEHTPAIIMH ¥ COCTaBa NJas-
MBIl SIBJAIOTCS NPEAMETOM BaXHCHIIEro pasjgena 3KCIepu-

15



MEHTaJbHOH (U3HUKH IJa3Mbl, KOTOPHIN MOJYUUJI Ha3BaHUE
OuaenocTuKu. BblHECTH CyXXIeHHe O COCTOSIHHH MJIa3Mbl 110
IOKa3aHUsAM M3MEpPUTEJNbHBIX NPUOOPOB TaK XKe TPYAHO, Kak
fIOCTABUTb JHATHO3 3260JIeBAHUS 110 JaHHBIM 00C/IeI0BaHHUSA
donbHOro. Eciin 06BIUHBIHA ra3 0XOTHO OTBEUAeT Ha BONPOCHI
«Bpaya», TO IJa3Mad CKOpee MbIUUT, KaK OeCCI0BECHOE XKHU-
BOTHOE, TaK YTO HCCJELOBATe/]S MJAa3Mbl CJELYET, MOXKaIYH,
CPaBHHUTb C BeTEPUHAPOM.

Lenslit psan GU3NYECKUX SBJCHUH, TPOUCXONSILUX B [1J1a3-
Me, MOXKeT ObITb HCIO0JIb30BaH C LeJbI0 AHATHOCTHKH. Ml
fyneM BCTpeuaTbCsl C STUMH AMATHOCTUUECKUMH IPUJIOKE-
HUSIMH Ha BCEM NPOTSKEHHU Halileldl KHUTH. 3Lech Ke TaauM
MUIb O6UMH 0630p METONOB AHATHOCTUKH, (HU3HUECKHE OC-
HOBBI KOTOPBIX OYAVYT OO'BSCHEHB! NIOPOOHEE B AajbHEHNIEM,

bBes mMarnuTHOrO mosA 3JeKTPOHHAS KOHUEHTpAIHs |
Temneparypa nJjasMbl MOTYT OBITb ONpeNeseHbl OIHOBpE-
MEHHO METOIOM 23/2eKTpu4eckux (A3HeMIOPOBCKUX) 30HO08.
2TOT METOA OCHOBAH Ha SIBJEHHU MOJSIPU3ALHUH MJIA3MBb.
B nsasmy nomemarmT Merassinueckuii 30HA (puc. 2) H u3-
MepsIIOT 3aBHCHMOCTb CHJIBL TOKa OT IONAHHOTO Ha 30HA
noTeHUHalna (B0AbT-GMNEPHAA  XAPAKTEPUCTUKA, PHUC. 3).
B MeTone 30HI0B SIPKO MpPOSIBJISIETCS BaXKHOE CBOHCTBO MJ1as-
MBI OHa He mopuuHsercs 3akony Owma. Cuna Toka ompene-
JIeTCsl IPOCTO BEJIMUYMHON 3apsiia, KOTOPBLIN INepPeHOCHTCS
N0I0KHUTEJbHLIX MOTEHUHAJMAX TOK CTPEMHUTCH K IpelesbHO-
My 3HayeHHIO, He 3aBUCALIEMY OT [OTeHIHasa. DTOT Tpe-
IeNbHBI TOK Ha3blBalOT TOKOM Hacviuyenus. OH ompene-
JgeTcst MpPoCTO BEJAUUMHOH 3apana, KOTOPBIH HEPEHOCHUTCS
3JeKTPOHAMH, yAapAIOUIMMHCS O MOBEPXHOCTb 30HIA MNpH
CBOEM TeIJIOBOM OBHKeHUH. EcyiM u3BecTHa TenjaoBas CKO-
pOCTb 3JIEKTPOHCB, TO M3 TOKa HACBHIUIEHMsT MOXKHO HaiTH
X KOHLEHTpauui. TemaoBYIO ke CKOPOCTb BBIUHCISIOT U3
TeMIepaTypbl 3JEKTPOHOB, KOTOPYIO HAXOAAT IO HAKJOHY

TON € BOJILT-aMIIePHOH XapaKTepPUCTHUKH.
Tox HacblleHls

iy = Se’le—‘vey
rne S — naomanb 30H1a; € — 32paAN 3JICKTPOHA; N, — KOHUEHTpalusd

3JeKTPOHOB; U, — CPENHAS CKOPCCTh 3JEKTDOHCB B OJHOM HalipaB-
nenuu. [Mocreguas cpasana ¢ aneKTpoHHOH Temneparypo#i 7, cooT-
HOLIeHdeM *

_ T,
Ve = omm ?
Tie m— Macca 3J1eKTPOHa.

* Temnepatypa — B SHEPTeTHUECKIX €/HHHIAX.
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DNeKTPOHHYI0O TEMMEpPATypPy MOMKHO ONpENeNHTb [0 XOAY BOJIBT-
aMIepHOH XapakTepHCTHKH B 06JacTH, rje 30HA [0 OTHOIUEHHIO K IJ1a3-
Me HMeeT OTpHIlaTeJbHBIH MoTeHuHaJd. B 3Tofi o6jacTH 30HA OTTAJKHUBA-
€T 3JIEKTPOHB, H JOCTHTHYTb IIOBEPXHOCTH 30HJA MOTYT TOJBKO Te
3MEKTPOHBI, KOTOphle B OGOJbIMAHOBCKOM pAacHpeNe/eHdH HMEIOT 3Hep-

A K

&

ef

Puc 2. Cxema unaMepeHuss 3JeKTPUYECKHM 3OHAOM KOH-
LEHTPalUH U TeMIePaTypbl 3J€KTPOHOB B ra3oBOM pas3psife.

A n K — 37eKTpoABbl (aHOA ¥ KaTOA) PaspsAfHOil TPYGKM, BO3-

Oyxaamwluue Ta3oBBLII paspaf; 3 — JJIEKTPUUYECKMII 30HL;

V u A — BOIBTMETP M aMIepMerTp, Aaloliye BOJLT-aMIEePHYIo

XapaKTepUCTUKY. BHM3Y — MCTOYHMK HaNpPAMKEHUs, IMoAaBae-

MOro Ha 30HJ, U IIOTEHIIMOMETpP, MO3BOJAMIMNIA U3MEHUTL 3TO
HanpsKeHue.

THIO, JOCTATOYHYIO JJsI MPeoJOJIeHHs pasHocTH noTenuuanos V — Vo,
rie V — notennuan soupa, Vo— norennman miasmbol. OTciofa

e
Ini = N V + const.

OryioknB Ha rpadike jgorapudm CHJIBI TOKA [ Kak (QYHKUHMIO OT NMOTCH-
udana V, moayyaioT B IIMDOKOM HHTEpBaje HpAMyio (puc. 4), HAKJIOH
KOTOPOIl JlaeT BO3MOXKIOCTb ONMpPEeNeNHTh TemrepaTypy Ie.

Mertoj 2/eKTPHUECKMX 30HJOB HAILIGJ HIHPOKOE HpUMe-
HeHHe B KJjaccHueckKoli (¢uauKe rasoBoro paspsiga. B mar-
HHTHOM TMOJIe JIBHzZKEHHe YacTHI BIOJb IOJsI MMEeT COBEp-
IIEHHO MHOH XapakTep, ueM monepek Hero. [losToMy B IpH-
CYTCTBHH MATHHUTHOTO NOJSI 3JE€KTPHUECKHI 30HA CTAHOBHT-

2 IO. A <Ppanxk-KaMeHeUKui 17
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VG 40 30 20 70

Puc. 3 BoJabT-amMmepHasi XapaxkTepHCTHKA 3JEKTPH-
YecKOro 30HAA:

1 — TOK Ha 30HA: V — IOTEeHUMAal I10 OTHOLIEHMIO K aHO-
ny. YuacTtok BD — TOK HacCbIUleHUdA.

i

K
N

A

/-2 -1 0 +1 +2
Puc. 4. BoabT-amnepnas xapakTePHCTIKA 3JEKTPHUCCKOTO
30HIa B Jlorapucpmuqecxom Macmrate.




¢§1 HelPUroAHbIM AJIst aBconmoTHbIX usMepennit *. Io ero 16-
Ka3aHWsM MOXHO TOJBbKO CJIeIUTb 32 H3MEHEHHEM KOHIIEH-
Tpaluy 3JeKTPOHOB, €CJU IIPelBAPUTEIbHO NPOKaIUGPOBATh
30HJ MO KakoMmy-nu6o abconoTHOMYy Mertony. st miasMbl
B MarHMTHOM [OJie KOHUEHTPALHIO 3apsiKEHHbIX YaCTHI
ONpPeeNAT MUKPOBOAHOBbIMY MmeTodamy. YUToObl MOHATh
CYLIHOCTb 3THX METOLOB, HEOOXOAUMO 03HAKOMHTBCS C pac-
npocrpanenuen paduososr B IJIa3Me, UTO Mbl U ClelaeM
B COOTBETCTBYIOLIEM MeCTe.

Ouenb mHpoOKOoe NpHMEHEHHEe B AHATHOCTHKe MJa3Mbl
WMEIT ontudeckue merodol. VIHTEHCHBHOCTb H CIEKTpalb-
HDIH COCTaB HCIYyCKAaeMOro IMVIa3MOH H3JydyeHHs 3aBHCAT OT
TEMIIePATYpPHl ¥ B MEHbUIEH CTENEHH OT MJIOTHOCTH IJIa3MBL.
Ouenb nuoTHAs M1a3Ma HCHYCKAeT OGBIYHOE TEIIOBOE H3JY-
uyeHue, ¥ TeMempaTypy €€ MOXHO ONpefeJHTbh METOJLAMH
ontuyeckod nupomerpuy. MHOTO IEeHHBIX CBELEeHHH O TeMIle-
parype, coctaBe M KOHLEHTDALMH IJIa3Mbl LAOT CHEKTPO-
cKonuuecKue merodot. st uccjae0BaHUsT MJIa3Mbl ee H3JYy-
YeHWe HYXHO pasjoxuTb B crnekrp. CHoekTp I1a3Mbl
CJIOXKHee CIeKTPOB rasa uau TBepporo tena. CrnekTp rasa
COCTOHT H3 OTHe/bHBIX, WM, KAK 'OBOPAT, NAUCKPETHHIX, JIH-
Huii. CHexTp TBepmoro Teja HempepeiBeH. Ilmasma Xe
HCIyCKaeT NUCKDEeTHbIE JIMHUH, HaJoXKeHible HA OoJiee cia-
Obll HempepbIBHBIN CIIEKTP.

Ecau B nia3me, KpoMe aTOMOB, OCTa/JHCh ellie W Hepac-
HIeNUBIIMeCsT MOJIEKyJ/bl, TO B CMeKTpe, TOMUMO Yy3KHX JH-
HUH, Ha6/II0NAI0TCs elle IHPOKHE MOAEKYAAPHbLIE MOAOCDL.
Tunnuneift BUA cnekTpa maa3Mel nokasad Ha puc. 5. [1o pac-
NOJIOKEHHIO XapaKTePHBIX, OTMEUEHHBIX HA DHCYHKe JHHHUI
MOXHO CyIHTb O Ka4eCTBEHHOM XHMHYECKOM COCTaBe I1a3-
Mbl. Tax, Npu CONPHKOCHOBEHHM ropsiuefl IIa3Mhbl CO CTEH-
KOH B CHEKTpe HeMEeLJEHHO IOABJSIOTCS JHHUH, XapaKrep-
Hble [JI aTOMOB TeX BEILIECTB, U3 KOTOPbIX COCTOUT CTEHKA.

C noBbllleHNeM TeMIepaTyphl Bce GoJibllie  3/71€KTPOHOB
NEePeXofHT Ha JasibHHe OpOHUTH. [lo COOTHOLIEHMIO MEXIY

* Buusiiue MACHATHOTO TOJs Ha 3JEKTPHYECKH#l 30H[ MOXKHO GbLIO
6Ll ycTpaHHTb, ecH Gbl YAAJOCh CHedaTh Pa3Mepbl 30HAA MeHbLIE LHK-
JIOTPOHHOTO paguyca. Hasi 30HKa, KOTOPHIL JIOBUT 3JEKTPOHH, 3TO
TPAKTHYECKH He YHAeTCsl H3-3a MAJIOCTH 3JIEKTPOHHOTO LHKJIOTPOHHOrO
paauyca. MoHHbilt xe paguyc B Teicsiud pa3 Gosbiue. [TosToMy BO3MOXK-
Hbl  aOCOMIOTHblE H3MEPEHHUS], 3JEKTPUYECKUM 30HJAOM B MAarHUTHOM
NoJie, €C/IH HUCMOJb30BATh HE 3JIEKTPOHHBIH, a WOHHHIH TOK, T. €. HOHHYIO
yacTb 30HO0BOH XapakTEPHCTHKH, MAWOIULYI0O NMpH GOJBUIUX OTPHULATE/b-
HDLIX TTOTENUNANAX HOHIIBIE TOK HACHIL(EHHS.
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HHTEHCUBHOCTAMH  JIUHHH,
HCIIyCKaeMbIX ¢ PasHBIX
YPOBHEl 3HEpPruH, MOIKHO
CYAMTb O TeMIepaType
niasmel.  IIpu  BbICOKHX
TeMIepaTypax OT CJIOMKHBIX
aTOMOB OTpBIBAaeTCsl 10 He-
CKOJIbKY 3JIEKTPOHOB H IIO-
JIyUaIoTCsl  MHO0203apA0HbLE
ILOHb!, KOTODBHIE  MOYHO
y3HaTh IO HOBBIM JIMHHUSM
B cnekrpe. IlosBnenue Ju-
HUH MHOro3apsiHbix HOHOB
CBUJIETENICTBYET O BBICO-
KOH TeMIepaType TJIasMbl
U JaeT BO3MOXKHOCTb IpH-
OMMXKEHHOH ee  OIEHKH.
Hlupuna CIEKTPaJIbHLIX
JUHUHA B ropsiueil paspe-
JKEeHHOH mnJjasMe 3aBHCUT
OT TeMIepaTyphl, B XOJOI-
HOH NJOTHOI — OT  KOH-
LEHTPaluu  3apsAXKeHHBIX
yacrul *, MHTeHCUBHOCTh
HENPEePBIBHOI'O CIEKTPa 3a-
BUCHT OT XOHIEHTpaUUH
CHJIbHee, YeM OT TeMiepa-
TYpHl, W IIPU H3BECTHOH
TeMIepaType MOXKET OBITh
HCIOJb30BaHa [ OIpe-

* B ropsiyei  paspexeHHOH
n7a3Me IIMpPHHA JHHME onpefe-
ndercs  ponmaep-sddexkToM, B
XOJIOAHOM MJIOTHO — B3aHMO-
neficTBMEM YacTHI[ IpPH HX cOJH-
JKEHHH H CTOJIKHOBeHuSIX (yZnap-
HOe HJH INTapKOBCKOE YIIHpe-
Hue).

Puc. 5. TunuuHbId CcHeKTp njas-
MBEI.

JIuHNUN: H — aroma BOAOpPOAA;

OII — OZHO3apsARZHOrO0 MOHa KUCIIO-

poza; CH — pagurana CH IIud-

PBI — AJAMHBLI BOJH B aHrCTpe-

Max (A)



JleIeHHS 2JEeKTPOHHOH KOHLeHTpauuH. Bee croco6bl onpeje-
JIEHHS] TeMIepaTypbl FOAATCS JHUIIb IPH YCIOBHH, UTO MJIa3-
Ma HaxXOOHUTCS B TEPMHUUECKOM paBHOBecHH. B oueHb paspe-
JKEHHOH mjiasMe, TJe TaKOro paBHOBeECHS HET, caMoO IOHsI-
THE «TeMIlepaTypa» CTAHOBUTCS HeonpeneleHHBIM. Tax,
JHIIb B KaKOM-JHGO YCJIOBHOM CMbICJAE MOXKHO TOBOPUTB
0 «TeMIlepaType» MEXIJIAHETHOrO MPOCTPAaHCTBA, NMpUYeM
3HaueHHe TeMIepaTypsl OyIeT 3aBHCETb OT TOro, Kakol
CMBICJI BK/1abIBA€TCS B 3TO NOHSTHE.

MaruuTtHOe 1moJsie TaK TeCHO CBSI3aHO C IJa3MOH, YTO €ro
HANPSXKEHHOCTh CJENyeT BKJIOYHTb B YHCJI0 (HU3UUECKHX
BEJIMUHMH, XapaKTepU3yUUX miasmy. MaMmepeHue Maruur-
HBIX TOJiell — BajKHAsl 3ajada JHArHOCTHKH miaasMbl. s
STOH LeNM HCIOJIb3YIOT MACHUTHOIL 30HO — IPOBONOUHYIO
MeTy0, BBOAUMYIO B fj1asmy (puc. 6). [lepeMenHoe martur-
HOe mnosie BO30Y)KJIaeT B NeTJe KPYroBOH TOK, KOTODLIH
perucTpupyercs ocuuiorpadom. 3Has pacrnpegeseHuce Mar-
HHTHBLIX TTOJIeH, MOXKHO 1O 3aKOHaM 3JIEKTPOJHHAMHKU pac-
CUMTaATh paclpejieseHye TOKOB B myna3me. UToObl HEmocpen-
CTBEHHO {3MepHUTh NJOTHOCTh TOKa, HCIOJAb3YIOT 1OAC
Poeosckoeo (puc. 7), B KOTOPOM TOK BO30yXKIaeT BOKPYT
ce0Gsi BUXpeBOe MAarHuTIIOE T0Je, a 3TO MoJie B HaMOTaHHOM
BOKPYT Hero KaTylke — ONSTb TOK,

Hanpsi:keHHOCTh MarHUTHOTO TOJIST MOXKHO H3MEpPSTb U
CIIEKTPOCKONHYECKHM METOOM — IO BbI3LIBAEMOMY 3THM II0-
JIEM 3CeMAHOBCKOMY pPACUENACHUI0 CIHEKTPAJbHBIX JHHHH.
[lpuMenenne storo meroma K mjasMe 3aTPYHHSETCS TeM,
YTO DaCIIMpPEHUE CIIEKTPaJibHBIX JHHHHA 13-3a JBHUXKEHHS H
B3ayMOJEHCTBUs YaCTUL CMa3biBaeT paclieljieHde MarHuT-
HeIM nogeM. [losTomMy B Js1aGOpaTOPHBIX ONBITAX CIEKTPO-
CKOIMHUECKHH Ccrnoco6 U3MepeHusi MAarHuTHBIX MoJiedl He
IpHMCHsIETCA. 3aTO 3THM CIOCOOOM MOJyUYeHb BCe HAIUH
CBEJICHHSI 0 MAarHUTHBIX MOJSIX B NJasMe, M3 KOTOpPO#H co-
crosatT CoJiHIle W JAPYTHe 3Be3fhl.

Inst maMepennst c1aGblx MarHUTHHIX nosefl Ha CosHile MOJB3YIOTCST
TEM, YTO CBET, MCNyCKaeMbli B MAarHMTHOM [OJle, MOJSIPU3OBaH H IPH-
TOM pa3JjHYHBIM 00pa30M B PasHBIX COCTABJSIONIMX, HA KOTOpBIiE pac-
LEMJISeTCs] CMeKTPaJbHast JHHHAS.

Uepes Bpalmaiouiuiics MOJSIPH3aTOp, NPONYCKAIOWHHA CBET TO C
ONHUM, TO C APYTHM HalpaBJeHHEeM INOJsgpH3alyud, HaGMIOAAIT B Mar-
HATHOM MOJIe KOJEGAHHS HHTEHCHBIIOCTH Y KpaeB CNEKTPA/bHBIX JIHHHIIL.
OTH KoJeGaHHsl CBLAETEJBCTBYIOT O TOM, YTO JHHHMSI paculeluiach Ha
COCTABJSIIOIINE C Pas3HBIMH HaNpaBJeHHSIMH [OJisIpH3allii, HO 5TO pac-
LIeT/IeHHe «CMa3aHO» pacluMpeHHeM juHuil. Pasmax KoseGaHuil HHTEH-
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CHBHOCTH CBeTa MpH BpallleHHH M0JspH3aTOpa ectb Mepa HampsikeH-
HOCTH MAarHHTHOTO MOJA B NJaasMe. Ha 3TOM HpHHIHIE NOCTPOEH 3ame-
yaTeJbHLI 1IPHOOD — COMHEYHBH MarHurorpad, Ipu MOMOLLH KOTOPOro
u3MepeHbl cjalble NepeMeHHble MarHUTHble NOJst Ha moBepxHocTH CouH-

H
/
/w)é/
<“/
Puc. 6. Maruutusiil Puc. 7. TTossc Porosckoro.

30HA.

na. s na6opaTopHbIX W3MEpeHMH HaHNBLIH Croco6 He NOJXOLHT, TaK
KaKk TaM CJIMIIKOM MaJj CBeTSILLIHCS 06DbeM I CAMIIKOM GBICTPO MeHsiet-
Csi COCTOSIHUE ILJIa3MBbl.

KBASUHENTPAJBHOCTb ¥ PASJEJIEHHE
SAPALOB

[Inasma — 3TO cMeCb TMOJIOXKHUTEJNBHO M OTPHIATENBHO
3apsPKEHHBIX YaCTUI — HOHOB M 3JIEKTPOHOB, B KOTOPOH OT-
pHLlATebHBIH 3apsifl 3JEeKTPOHOB NOYTH TOYHO HEHTpaNU3yeT
MOJIOXKHUTEJNbHBIH 3apsil HOHOB. Takyio cMech Ha3BBAIOT K6A-
3uHedrpanrvHod, T. e, mOYTH HefTpasbHOH. UTo 3HAUMT
B NaHHOM CJyyae «IOYTH», MHl cefiyac u pasbepem.

Bcsikoe paspesneHue 3apsifoB NPHUBOAMT K BO3HHKHOBE-
HHIO 3JIEKTPUYECKHX MoJIeil, IpHUeM B CKOJBKO-HHUOYAb IJIOT-
HOIl MJ1a3Me 3TH MOJsT OKa3blBAIOTCS HEMOMEPHO GOJbIIUMH.
CorJiacHo 3akoliaM 3/JeKTPOCTATHKH, €ClU Ha JJMHE X HMe-
ercsli 00beMHBIH 3apsJ MJOTHOCTHIO ¢, TO OH CO3[aeT 3JEK-
Tpuueckoe mosie E = 4ngx B aOCOJIOTHBIX €IMHHLAX CH-
creMbl CI'CO. Ecan ke u3MepaTh noJe B IPaKTHUECKHX
eIMHUIaX — BOJbTAX HA CAHTHUMETP, TO OHO BBIPA3HUTCS
gucioM, B 300 pas 66abmuM. Ilycts B 1 cmd umeercs An
«JUIUHHAX 3J1€KTPOHOB» CBEPX TE€X, KOTOPbIE TOYHO HEATpaJu-
3YIOT 3apsa HOoHOB. Torma mioTHOCTb 0ObEMHOr0 3apsiaa

=eln,
rie e = 4,8+ 101 — zapsan saekrpona B enuunuax CIC.
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OTClO,T_Ia 9J1€KTpH‘-I€CKO€ rnoJie, BO3IIUKIIEE OT pa311e.nem4ﬂ
3apsiioB, paBilo
E=18.10"6Anx g/cs.

BosbMeMm nsisi mpuMepa Iyia3My C TaKoH Ke KOHLEHTpa-
el yacTul, Kak atMoceplblil BO3AYX Y NOBEPXHOCTH 3eM-
au,— 2,5« 10! monexyn, niau 5-10'° arom/cm®. TlpencraBum
cefe, YTO MBI Il€peBesyd 3TOT BO3AYX B COCTOSIHHE MJIas-
MBI, TaK YTO OT KaxKJAOT0 aToMa OTLIeNH/JIOCh MO OJHOMY
9JeKTPOHY. DTO CcaMblfi pacHpOCTPaHEHHBIH BHA NJIa3Mbl —
niasma, Comepialias TONbKO OfHO3apsigHble HOHHL. Toraa
KOHIEHTpalLHs 3JeKTPOHOB OyAeT

n=2>5-1019 auexmpon/cm®.

[IpencraBum cebe, uTo Ha AJuHe | cM KOHIEHTpaLHsl 3JeK-
TpoHoB H3Menuaach Ha 19%. Torna An=>5-10'7 aaexrpon/cmu,
x =1 cm 1 or TaKkoro pasjiesieHuss 3apA10B BO3HIKAET 3JEK-
TpUUeCKOe MoJe

E =9.101 g/cum.

W3 sToro mpumepa fiCHO, 4TO B IJIOTHOHN TJia3Me pasfe-
JIeHHe 3apsIIoB MOXKET ObITh TOIbKO HEBOOGPA3UMO HHUTOXK-
HBIM *. L7 TOro: 4To0Bl B PACCMOTPEHHOM IIpUMepe 3JeK-
TpPHYECKOe I10J1e He IPEBhICHIO KaKOH-HUOyAb MBICIUMOH Be-
auunHel, ckaxem 900 s/cm, pasmeneHue 3apAmOB LOJKHO
CoCTaBJsATb He GoJsee Musnapanoit goau mnpouenra (!1).
W3 210l oleHKH sicHA BaKHeHuiass 0coOeHHOCTE KBa3HHEH-
TpanbHOCTH. KOHIEHTpalUUX TNOJOXHUTEJNbHBIX U OTpHLA-
TeJIbHBIX YACTHI[ YIOBJETBOPSIOT YCIOBHIO KBA3HHEHUTPANb-
HOCTH C BeJuuyadmiell TOUuHOCTbIO. Ho Kak 6b HUYTOXKHBI HU
OblIM HAapYyIIEHHsT KBa3HHEHUTpaJbHOCTH, 3JIeKTpUYECKHE HO-
Jis, BOSHUKAIOLIHE OT 3TMX HapylleHui#, MOTyT ObITh OYeHb
H OUeHb BEJIMKH.

B npumepe ™Mbl B35l OYeHb [JAOTHYIO maasmy. Ho
yalle OPUXOJUTCA HMeTb JeJO C paspexeHuo# TaAa3MoH,
rie pasjejeHue 3apsfoB NPUBOAUT K ropasfo MeHBIIMM
3JIEKTpHUecKuM monaM. s MHOrux jabopaTOpHBIX ONBITOB
TUIHYHON MOXKHO CUMTATh IJA3My C KOHIeHTpauued
10'2 anexrpor/cm®, B KoTopoit 1Y paspesneHus: 3apsioB Ha

* Beﬂ,b AJst co3panusg TakKoro CHJLIOTO MoJas HyzZKHa TrpoMajaHas
JHEPrud, o0 4eMm peub 6y11e‘r HATH [aJbine.
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nivHe 1 cm pact snaekrpuueckoe moJie «Bcero» 18 000 g/cm.
Mzl BUANM, UTO [aXKe AJs TAKOH JOCTATOYHO pasperkeHHOH
m1asMbl Ha JJaHHe | ¢m ycJoBHe KBasHHEHTDPaJbHOCTH
cobnofaercss € AOCTaTOYHON TOuHOCThblO. IHo Ha a/uHax
MHKDOCKONHYECKHX MaclITaboB pasfeseHue 3apsfoB MOXKeT
CTaTh yXKe 3aMeTHbIM. T0 »Xe OTHOCUTCS U K MaJblM IIpo-
MeXyTKaM BpeMmeHH. Takum o6pa3oM, KBa3UHEHTPaJbHOCTb
03HAYaeT 3JIeKTPHUYECKYI0 HeHTpa/JbHOCTb B CPeLHEM — Ii0
JIOCTATOYHO OOJIBHIMM [JHMHAM HJU NPOMEXYTKaM BPEMEHH.

BecbMa BaxkHyi0 poJib B QU3HKe TIJa3Mbl UTPaeT APO-
cTpancTsennoll macwTab pazderenusn 3apados. 1o Ta AJIH-
Ha, HUXKE KOTOPOH (110 MOPSIAKY BEJNHUMHBLI) pasneseHHe
3apsAJ0B MOMKET yXKe CTaTh 3aMeTHbIM. Mpbl BHAesH, UTO
yeMm GoJibllie AJIMHA, Ha KOTOPOH HIPOMU3OILJIO pasieseHue,
TEM CHJIbHEe BO3HUKAIOIEe 3JeKTpUUecKoe mose. A 1js co-
3laHHA 3NEKTPHUECKOro MOJsi Hy:KHA SHeprHs. Ecam sJek-
TPOHBI CMELIAIOTCA HA PACCTOSAHUE X W JEKTPHUECKOe IoJie
drgx,

2
IIpu oTCyTCTBHM BHENIHHMX BO3JAEHCTBHH 3Ta SHEPrHs BO3HH-
KaeT TOJbKO U3 TelJIoBO#H sHepruu. Pasnesnenne 3apanos
MOXKET CaMOIIPOM3BOJIbHO IPOM30HTH Ha AJIHMHE X, €CJIH JIeK-
TPOCTaTHYeCKasl 31EPTUsl He IpeBbllIaeT TenJOBOMH:

ecTb 47gx, TO KaKABIA 3JeKTPOH IOJNYUYHT SHEPIHI0 e.

4ngx? mut
5 ¢ < 5

rae v — CpefHsis CKOPOCTh TEeIJIOBOTO IBHMKEHHUS 3JEeKTpo-
wes. Orciona

l/ — 4m]

[IpaBast yacte 3TOro HepaBeHCTBA U €CTb IPOCTPAHCT-
BeHHBIH Macurtab paspgenenus 3apsanos. s moJHOro pas-
JeJIEeHUs] 3apsifioB HYXKHO, YTOObLI CMECTHJIHCh BCE 3JIEKTpO-
Hbl, Torga An=n, g=en. OTcl0fa A NPOCTPAHCTBEHHOTO
maciitaba pasjeseHust 3apsigoB, KOTODPHIl Mbl 6yneM 060-
3HayaTh A (He myTaTh c TocrosiHHOI [lnankal), moJayuum
BBIpaXKeHHe

v
h = -
4drne?

nm

24



Bpems, 3a Kotopoe uacrtuia, mBMKylasicsi co cpemHed
TEIJIOBOH CKOPOCTBIO, NPOHIET 3TO PacCTOSIHUS, €CTb 6pe-
MmenHot macwurab pasdesenus 3apados:

h

v

=

3a BpeMs, MeHblee 3TOro Macimraba, KBasuHeHTPabHOCTD
MOXKET HapyIIaTbCsl, YTO HPHBOLUT K OBICTPBIM KOJeOaHHAM
IJIOTHOCTU 3apsifa. DTH KoJebGaHHs HACTOJbKO XapaKTepHHI
IJIS1 TIJIa3Mbl, YTO UX TaK M Ha3blBAIOT NAA3MEHHbIMU KOAe-
banuamy (XOTSl y MJIas3Mbl, BO3MOXHO, MHOTO ¥ APYTHX TH-
NoB KosieGaHuil), a HX YaCTOTy — NAQ3MEHHOU 4aCTOTOU.
Tak Kak 3a BpeMs ORHOro mjaa3MeHHOro KosjeOaHHS KBasu-
HeATpaJbHOCTh HapyllaeTcs, TO YacToTa IJIa3MeHHBIX KoJe-
6aHui nonxHa ObITh mopsinka 1/¢, rae { — BpeMeHHOH Mmac-
wrtab pasjesneHus 3apsnoB. Kak Mbl yBUIMM [aJjblie B MO-
Jedu IBYX JKHUIKOCTEH, pacueT MoKasbiBaeT, YTo obpaTHas
BeJHUHHA BpPeMEHHOro Macimitab6a paBHA TOYHO KDPYroBO#
4acToTe MAa3MeHHbIX KoJjeOaHHui:

©n — l/ 4nne?
(U m

O6biunag JguHCHHAasg yacToTa
® —
fo=55-=28960V n,

rae Jo — uucao KosieGaHH B CEKyHIY; © — UHCJO 3JEKTPO-
HoB B 1 cm3. Tlnasmenubie KoseOaHus HHAye Ha3bIBAIOT
JAEKTpOCTATURECKUMU *.

Mpl paccMaTpuBadM MaclitaGbl pasfeneHust 3apsfoB
IS 3JIEKTPOHOB. DJIEKTPOHBl KaK CaMble MOJBUXKHBIE Ua-
CTULbI Yallleé BCEro OKa3bIBAIOTCST OTBETCTBEHHBIMH 3a pas-
nenende 3apsanoB. Ho TOUHO TakuM Xe 06pasoM MOXKHO
paccMaTpuBaTh M pasfie/ieHHe 3apANO0B, BbI3BaHHOE CMelle-
HHEeM HOHOB.

IMrasma MOXET COCTOSTh M3 YACTHI, PA3HBIX POJOB, KOTOPDbIE Mbl
6yzem o6osHavaTh uHpekcoM k. Kaxcawfi pom uacTuIl XapaKTepi-
3yeTca Maccoit My, ¥ 3apsifOBbIM yucaOM Zp, TaK 4TO 3apal Kax 10
yacTHUB paBeH Zpe, TEE ¢ — 3apsal 3JeKTpoHa. Bo BCAKOH Tiasme

* BriepBble 3TOT THI KOJeGauuil paccMOTpe] OCHOBATeIb (QHIHKH
niasMbl JISHIMIOp, B UeCTb KOTOPOTO HX HHOTZA HA3bLIBAIOT JIPHTMIOPOB-
CKHMH.
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OfHIM H3 PONOB YacTHll SBJAIOTCH 3JIEKTPOHBI, ¥ KOTOPHIX M=m
u Z =1, OcraibHble YaCTHLI — HOHBl, KOTOPble Mb Gymem 0603Ha-
YaThb HHIAEKCOM i, OHH IIMeloT Maccel M; u 3apsn Z;. YcaoBue KBa-
3MHEHTPAJBHOCTH MOMKHO 3aMHCATh B BHJE

2 Zpng =0
k
Hiu

2, Zl'?i = I;;
i

3nech n— KOHUEHTPAIHA COOTBETCTBYIOLIMX YaCTHI, T. €. YHCIA
uacTHI, B eluHHLe oO6beMma; ¥ O3HAaYaeT CYMMHPOBaHUE, a uYepTa
CBEPXY — YCpeJHeHHe IO BPeMEeHH MJH IPOCTPAHCTBY.

Kaxnbi#f pon wacTuuy umeeT CBOIO Miaa3MmMeHHyw uactoty. Kpyro-
Basg IJa3MeHHash 4YacTOTa ©, HAXOMUTCS NAS 4YACTHI[ C 3apPAAOBHIM
yucioM Z ¥ Maccoit M 3 BHIpaMeHHS

o 4nnZe?”
Co="T -
Bpemenudit Macmta6 paspeneHus 3apAioB ANAS UACTHL HAaHHOTO pPOAA
ecth 1/w,, MpocTpalcTBEHHBIT MaciuTa6

v
®,

h = .

UeM Goasblile NAOTHOCTb MJ1a3Mbl, TEM BhILIE MJa3MeHHas
4acTOTa M TeM MeHbIle MacmTabbl pasfesneHus 3apsaoB Kak
BO BPeMeHH, TaK U B npocrpaHcTse. [11oTHAS niasma npak-
THYECKH BCerja 2JeKTpoHelitpanabHa. JIBUXKeHHe YacTHIL
B Hell MPOMCXOAHT TakKuM 00pasoM, UYTO HOHbl HE MOTYT
OTOPBATbCS OT 3JIEKTPOHOB: 3TO ABMXKEHHE KOAACKTUBHOE.
B paspexeHHON nJjasMe, HAPOTUB, IPOCTPAHCTBEHHBIA Mac-
wrab pasgeseHus 3apsioB MOXKeT cTaTh 60Jblle pa3sMepoB
caMoro mjiasMeHHoro o6beMa. B 3ToM ciydyae 4aCTHLBI ABH-
JKYTCsl CaMOCTOSITENbHO, HE3ABUCHUMO ADPYT OT Apyra. ¥cio-
BHE KBa3HHEHTPaAJbHOCTH He COOJIOfAETCS, H TAKYIO CHCTe-
My HeT CMbIC/Ja Ha3bBaTh mua3Moil. Takum o6pa3oM, MOXK-
HO [1aTh CJAefyloliiee oOnpeneseHHe Maa3Mbl: IJ1a3Ma ecTh
CHCTeMa 3apsIXKEHHBIX YACTHI] C NMOJHBIM 3apfJ0M, PaBHLIM
HYJIO, y KOTOPO# NMpOCTPAHCTBEHHBIA MaciuTad pasie/eHus
3apsA0B ropaso MeHbIIe ee pa3MepoB.

NMOJNSIPU3ALMA NMJIA3MbI

Besikas cuna, nefictByourass pasiuuHbIM - 06pasoM Ha
3JIEKTPOHBI M Ha HOHBI, BbI3bIBAET B NJasme Tok. Ho mocro-
SHHBIA (MM, KaK TOBOPSIT, CTAYUOHAPHLLE) TOK B TasMe
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BO3MOXKEH TOJIbKO B IBYX CAydasix: €ecjJd OH 3aMblKaeTcs
BHYTDH [J1a3Mbl (3QMKHYTbLL, HATIPUMED KPYroBOH TOK) HJIH
ecaM OH CBsI3aH C BHEIIHHMH NPOBOLHUKaMH (d2eKTpoda-
Mu), HAXOASIIMMHUCST B KOHTaKTe ¢ maasMmoit. Ecau ke TOK
He yIOBJETBOPSET 3THM YCJIOBUSIM, TO OH IPHBOJAMT K pas-
NeJEHHIO 3apsioB H, CJAeJ0BaTeNbHO, K BO3HMKHOBEHHIO
9JIEKTPUYECKOTO TOJIS, T. €. K noaspusayuu niasmol. Takum
06pa3oM, BHYTPEHHee 3JeKTpHuYecKoe moJie, JefCTBYyollee
B IJIa3Me, MOXET BeChbMa CHJIbHO OTJHYAThCST OT MPHIOXKEH-
HOTO M3BHE BHENIHETO MoJjisi. B 3ToM KopeHb LeJOro psaa
napagoKcoB, XapaKTepHbIX AJs Haa3Mmbl. [Ipu OTCyTCTBHH
BHEIIHNX MPOBOAHUKOB, 3aMKHYTHIX TOKOB M HecTalHOHAp-
HBIX KOJie6aTeJbHBIX NPOLECCOB 3JEKTpHYecKoe Moje MoJsi-
pPU3ALUUH JOJXKHO IOJHOCTBIO TIOTACHTh TOK.

[Ipomte Bcero oOCTOHUT HAeN0, €C/HH MOJsipH3anysa HOJIXK-
Ha IIOTACHUTh TOK BAOJb MAarHHTHOTO IIOJISI MJIM €CJJH MarHuT-
HOro moJsisi Boobuie HeT. B maHHOM ciyuae MOXHO CUMTATh,
4TO TOK IIEPEHOCUTCH TOJbKO 3JeKTPOHAMH, TaK KakK OHH
ropasjo Jerde M, ClIeI0BATeNbHO, IOABHKHee HOHOB. IlpH
5TOM JBMXKYIIeH 3JEKTDOHBI CHJIOH, KpOMe 3JEeKTPHUECKOTO
NOJISl, SABJASETCS TOJbKO CHJIA 3JIEKTPOHHOrO [ aBJEHHS.
B nsnasMe, HeoNHOPOAHOH MO MJOTHOCTH HJIHM TeMIIEpaType,
HeDAaBHOMEPHOCTb 3JEKTPOHHOTO NAaBJIEHHUS NPH OTCYTCTBHH
3aMKHYTBIX TOKOB H BHEUIHHX IIPOBOIHHUKOB MHOJ2KHA BBHI-
3BAaTh 3JEKTPUUYECKOe TMOJIe, HANpaBJEHHOE OT MECT, TIe
9JIGKTPOHHOE [aBJeHMe MeHblle, K MeCcTaMm, Iie 0HO GoJblle.
OTH ABJIEHUS TIONOGHBI 3JIEKTPHUECKUM ABJIEHHSIM B Me-
TaJJax.

Bo BcsikoM MmeTassie ecTh CBOGOIHBIE 3JIEKTPOHBI C ONpe-
JeJICHHBIM 3JICKTPOHHBIM MaBjeHHeM. Eciu coeguHHuTb 1Ba
pasHbIX MeTaJjia, BHYTPH KOTODBIX 3JEKTPOHHbIE NABJEHUA
PasJMyYHBl, TO Ha TPaHMIle BO3HHUKHET 3JIEKTPHUECKOE I0Je
MOJISIPU3ALIMY, CO3LAIOLIEe KOHTAKHYIO pPA3HOCTL NOTEHYyua-
4206. Ho B MeTaJ/ie 3/1eKTPOHHOE N aBJIeHHe 3aBUCHT OT 3JI€K-
TPOHIION NJOTHOCTH U NPAKTHUYECKH He 3aBHCHT OT TEMIepa-
TypHl *. B miasme xe nosipu3anisi BOSHHKAET OT BCIKOH He-
OJHOPOJHOCTH 3JIeKTPOHHOT'O JaBJEHHs, NPUUHHON KOTOPOH
MOXeT ObITh U HepAaBHOMEPHOCTb 3JIEKTPOHHOH TeMIIeparty-
pbl. Bes MarHUTHOTO NOJIA 3JEKTPHUYECKHE MOJSA MOJsIpU3a-
uun MajgosaMeTHol. OHM He BO30yXJAalOT TOKAa, 4 TOJBKO
racsiT Bcé BO3MOXKHBIE TOKH. He BHI3bIBasi HUKaKUX IPYTHX

* Tepmoanempaqecxne ABJICHUA, CYILECTBYyIOIlHE KaK B MeTaJule,
TaK ¥ B IAa3Me, CBs3aHH YXe c mpoueccamMd nepeHoca.
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NOC/IeJCTBUI, 3JeKTPHUeCKHe MO0J/s1 NOJSpU3aLHU HEe MpHU-
BJEKalT K cefe BHUMaHHUsA, XOTs, HallpUMep B 3Be3[aX, OHU
JIOJI2KHBI GLITh JOBOJIbHO BEJIHKH.

Bonee cymecrBeHHoe 3HaueHue mpHobGperaer MossipH3a-
L4a IPH HAJIHYUH MArHUTHOTO HOJS. 3[ECh 3JMEKTPHUECKOE
noJe, HalpaBJeHHOE IONepeK MArHUTHOTO, BBI3BIBAET JBU-
JKEHMe NJa3Mbl — TaK HasbiBaeMbll Apeld, 0O KOTOPOM peyb
6yner paJgpiie. B MarHuTHOM IoJie BCe BHYTPEHHHe MOJS,
CBfI3aHHBIE C [IOJSIpU3alMel, CTAHOBATCS 3aMeTHBIMH. A TakK
KaK BCAKOe JBHXXEHMe N/1a3Mbl IONepeK MarHUTHOro MoJd,
B CBOIO ouepefb, BO30yxKIaeT B Hell TOKM, TO NMOJNSpU3ALUSA
HTPaeT BAXKHYIO POJb B NUHAMHKE IJIa3Mbl, HaXO4AUIeACS
B MarHUTHOM IIOJIE.

IMonspusanusi 3acraBiaseT HAC, KOIa Mbl HMEEM 1M€o
C NJ/1a3MOH, CYILECTBEHHO U3MEHHTb [PUBLIYHbLIE NIPEACTaBJIe-
HUSL O NPUYUHHBIX COOTHOUEHUSX MEXKY Pa3HBIMU SBJIECHHUS-
MH. B 3jexTpoTexHHKe MBI NPHUBBIKJN CUUTATh 3JEKTpHUe-
cKoe roJsie (WJIM HanpsikeHue) NPHUMHOMN, TOK — €ro CJAeLCT-
BUeM. DBesnunHa ToKa HaxXOmuTCs 110 3afaHHOMY H3BHE
9JeKTPUYECKOMY IIOJII0 YMHOXEHHEM €ro Ha IPOBOLHMMOCThb
(3axon Oma). B cBow ouepenb, TOK paccMaTpuUBaeTcs Kak
IIpUYHHA, CO3[AI0Masd MarHWTHBIE 10Js1 (Hanpumep, B 3JekK-
TpoMarHute). B ¢usnke mia3Mbl Bce OKasblBaeTcs Hao06o0-
poT. Yaile BCero NPUXOAUTCS CYUTATb IPUYMHON MarHUTHOE
oJIe, OT HEro 3aBHCAT CKOPOCTb IBHIKEHHsl H 3/1eKTPHUECKHE
TOKH, U y2XKe CJIeICTBHEM BCEro 3TOro 0KashlBaeTcs pacipe-
JeseHue 3jeKTpudueckux nojefl. IlostoMy u ypaBHeHwus,
OMNKCHIBAIOIIHE DPaBHOBECHE WJIH JBHIKEHKE IJa3Mbl, y106HO
npeo6pasoBaTh Tak, 4TOGH HCKJIOUHTD JEKTPHYECcKoe IoJe.
Tax penaercs, B YaCTHOCTH, 8 MARHUTHOL eudpodunHamuxe.
3akon OMa TmpHMeHsieTcs He CTOJIbKO AJs TOro, UTOGH
HafTH TOK MO 33JaHHOMY 3JEKTPHYECKOMY HOJIO, CKOJIbKO
IJIS TOTO, YTOOBI 110 U3BECTHOMY TOKY ONPEAEJHUTL 3JIeKTPHU-
yeckoe MoJie, €cad 3TO HYXKHO. IIpoBOXHMOCTb ILJIa3Mbi
onpesessieT He TOJbKO BeJMUYHMHY NPOTEKaIOIUX B HeH
TOKOB: OT Hee 3aBUCHT paccesiHde, HIH, KaK TOBOPST, AHCCHU-
nauusl 3HEPTUH B IJIasMe, T. €. Hepexoi YHIOpsAH0YEHHOrOo
IBUXXEHHSI B TEIJIOBOE.

FA30BbIN PA3PSL

Korna NpUJI0KEHHbIE H3BHE 3JEKTPHUYECKHE IO/ HOHH-
3YyIOT ras u BO36y}Klla}OT B l'lOJIy‘-IQHHOﬁ njasMme 3JeKTpuue-
CKHE TOKH, TO 3TH sIBJIEHHSI HA3bIBAKT ra3oBbIM Da3psifoM.
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B xaaccuueckom easzosom paszpsade TOK TeueT MexAy MPOBO-
JAUIMMA MeTad/IMYecKUMHU 3JeKTponaMu. B mocienHee Bpe-
Ml Bce GoJsiee IIHAPOKOE 3HAUeHHE NMPHOGPETAIOT PassHyuHble
BHJIBI BBICOKOYACTOTHOTO 0e3394eKTPO0H020 pa3psada, B KOTO-
pOM HHAYKUMOHHBIE TOKH BO30YyXKAAIOTC IepeMEHHBIMU
MarHuTHHIMM NOJSIMH. B Ge3snekTponHoM paspsiie TEKyT
3aMKHYThie TOKH, HE CBfI3aHHBle C MOJsipu3anueil NJasmsl.
ITox rasoBeIM pas3psnoM MBI 37ech GyAeM IOHHMATb TOJbKO
KJIaCCHYECKHH 3JIEKTPOAHBIH paspsii.

DJIEKTPOJBI CO3JAIOT B MJIa3Me 3JeKTpuueckoe moJje. Bul-
3pIBA€MO€ 3THM TIOJIEM pasjelieHHe 3apsfioB NPUBOJMT K I10-
JAApH3aluu IasMbl. s npoTekanusi yepes3 mjiasMy cTa-
IMOHADHOIO TOKa HEoOXOZMMO, UYTOGH  BO3HHKAIOUIMH
B IJia3Me 00beMHBI 3apsi] KOMICHCHPOBAJCS 3/1EKTPOHAMH,
NPHXOASALIUMH H3BHE.

Tak kak oTpuuaTejbHblE 3JMEKTPOHBl TOPa3fo MOABHK-
Hee, yeM MOJIOXKHTENbHBIe HOHBI, TO NP HPUJIOKEHHU INOJIA
3JIEKTPOHBl YXOAAT Ha MOJOKHUTEJNbHBIH 3/1eKTpolx (aHOX)
U cTos6 NJIa3Mbl MeXY 3JEKTPOJaMH 3apsiKaeTcs MOJOXKH-
tesnbHO. [locie 3TOTO /i1 MPOTEKaHHUs] TOKA HYKHO, YTOORI
OTpHUIATEJbHBIH 3JeKTpPol (KaTom) Hucmyckas B IJIa3My
3JeKTpOHH. VcnycKaHue 3JeKTPOHOB TBEDIBIM TeJOM Ha3bl-
BaloT amuccued. UTo6el MOJYYUTL paspsit MpH HHU3KOM Ha-
IPSIKEHUH, IPUXOAUTCS TNpHuGeraTb K CHenHalbHBIM Cpej-
CTBaM JJIf BO3OYKAEHUSI SMUCCHM KaToJda: €r0 MOXKHO OCBe-
11aTh CBETOM C AOCTATOYHO KOPOTKOH MJMHOH BOJHBI, CIO-
COGHBIM BBIGHBATH 3JEKTPOHHI U3 MeTasia (poroappexr),
WJIM HAarpeBaTh 3a CUeT BHEWIHEro TemJsa 40 HOCTATOYHO Bhi-
CoKoll Temmepatypnl (Tepmoamuccus). Tako#t paspsan, nox-
JIepXKBaeMblil BHEIIHHMH CpPENCTBAMH, HOCHT HasBaHHe
HecamocToaTesbHo20. Eciu Hanpsi)KeHHe MeXLY 3JEKTPO-
IaMH IOCTaTOYHO BEJHUKO, TO caM paspsn 6e3 BCAKUX BCIO-
MOraTeJbHbIX CPEACTB 00ecneynBaeT 3JEKTPOHHYIO IMHUCCHIO
¢ Katola. DTOT BHUI pa3psiia HA3BIBAIOT CAMOCTOATEAbHOIM.
MexaHu3M SMHCCHY B HEM MOXKeT GBITb pasiUyHBIM. B miot-
HOM rase IpH OYeHb BBICOKMX HANpPSIKEHUAX KaTOJ MPOCTO
pasorpeBaercst yAapsOMIMMUCST O HEro ra3oBbIMH HOHAMH.
B stom ciyuae smuccus TepMuieckasi, Kak ¥ B HeECaAMOCTOsI-
TeJIbHOM paspsifie ¢ TOpsiuuM KatonoM. Takoil paspsii Hasbl-
BaloT Oyeosuim (BOJbTOBA Ayra). B paspexeHHOM rase fpH
He OueHb BBICOKHX HaMNpsIXKeHUSAX BO3MOXHBEI Ppas/HYHbIE
(hOpMBl XOJIOLHOTO, MM TAeiOwe2o, paspsaina. 3A4eCh KaTox
MCIyCKaeT 3JEKTPOHB N0 MEeXaHH3MY GBTOIAEKTPOHHOL
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AMUCCUU: 3JIEKTPUYECKOE [10JIe Y NOBEPXHOCTH KaTola Hemo-
CPELCTBEHHO BBITATHBAET 3JEKTPOHBI M3 Merajjna. Kpome
TOTO, HEKOTOPYIO POJIb MOXKET HIrPaTh H BTOPUHHAS IAEKT-
porHaa amuccus (BeIOMBaHHE SJEKTPOHOB M3 MeTasja CTy-
KaIOIMMHUCS O €r0 MOBEPXHOCTb Ta30BBIMH HOHAMHU). ToMBKO
IIpH HEOTpaHUUYEHHOH MHTEHCUBHOCTH SMHCCHHU MOJSIPU3ALHUS
M1a3Mbl NMOJHOCTBHIO CHUMaJjach Gbl MPUXOASIIMM C KaTona
3JEKTPOHHBIM TOKOM. B camocTosiTeIbHOM paspsifie MHTEH-
CHBHOCTb IMHUCCHH OTpPaHHUEHA, U MOITOMY CTOJIO MJIa3Mbl
BIAJH OT KaTOla COXPAaHsET MOJOXKHUTEJNbHBIA 3apam; OH TaK
M Ha3bIBAETCS NOAOMCUTEAbHbIM CTOAGOM. [IpUIOKeHHOE HAa-
Npsi>KeHHe B OCHOBHOM INPHUXOJAHUTCS Ha 06sacTh 6JIM3 KaTo-
Ia, Tie OHO 00ecneunBaeT 3JeKTPOHHYIO IMHUCCHIO,— 3TO 006-
JacTb KATOOHO020 naderus NOTEHLHAaJa.

TEPMOJHHAMHKA NJIA3MbI

TepMopuHaMUKOH Ha3bIBalOT HayKy O CBOMCTBax U MOBe-
LEeHHH TeJs, HaXOISUIUXCS B COCTOSHUM TenA08020 pasHose-
cus. B nIoTHO# cpeme CTONKHOBEHHS MEXIY YacCTHILAMH
NpUBOJSAT K OBICTPOMY YCTAHOBJIEHHIO pPaBHOBECHOTO CO-
crosinus. HampoTus, B pa3pekeHHOH NJa3Me, The CTOJKHO-
BEHHs pEeIKH, MOTYT JJUTEJIbHOE BpeMsi CYIIECTBOBAThH CO-
CTOSIHUSI, BeCbMa JaJjeKue OT paBHOBecHOro. Kak Mhl yBH-
IMM HHXe, B IIOJHOCTbIO HMOHM30BAHHOH IJa3Me BepoOsAT-
HOCTb CTOJIKHOBEHMH MeXJy dYacTHLaMu OblCTpo najgaer
c noBelleHHeM TeMnepatypbl. [103TOMy MOXKHO cKas3athb, UTO
IJIOTHAst XOJIOAHAs M, B YAaCTHOCTH, cjabo HOHM30BaHHAf
m1asMa HaxXOQHUTCs, KakK NPaBUJIO, B COCTOSIHHU TepMHUe-
ckoro paBHOBecusi. CBoficTBa TaKOH MJIasMbl MOryT OBITh
OmyMcaHbl IPH IOMOIIM TepMoauHaMuKH. Hanporus, paspe-
JKeHHasi, IOJHOCTHIO HOHH30BAHHAS ropsyas Ijasma MOKeT
IJIUTEeJbHOE BPeMsl HAXOAUTbCSI B HEPAaBHOBECHOM COCTOS-
Hud. B atux caydasx TepMOnMHaMuuecKoe OmMcaHuhe Cco-
CTOSIHHUS MJIa3MBl YK€ HeIPUTOLHO.

OCHOBHBIM MOHSITHEM TEPMOAHHAMUKH sBJIACTCA Temmne-
partypa — BeJWUKMHA, XapaKTepHuaylollas pacnpefeneHue
SHEPTHU MEeXJy 4acTUIaM{ BelllecTBa (B CJyyae MJIa3Mbl
MeXIy 3J1eKTPOHaMH M MoHaMH). B cocTOsiHMH TepMHYeCKO-
ro paBHOBECHS paclpefiejieHHe 3HEPTHH BLIPAXKaeTcs ompe-
IeJqeHHOH miaBHOHM (yHKUHEH, BUIL KOTOPOH BIepBbe ycTa-
HoBHJ MakcBesn. Takoe pacnpefesneHne Ha3biBalOT MAKC-
geanogckum (puc. 8). OHO moKaswBaeT, Kakas J0Js o0Lie-
ro 4rcjaa yacTHl obiajaer SHeprueil, jJexalled B TOM HJIH
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utom wuntepBasie. Temmeparypa BXOZUT B 3Ty (DYHKIHIO
B KauecTBe mapamerpa, T. e. onpepenser (GopMy KpHBOLL.
Yem BhlLIe TeMIepaTypa, TeM GoJiblle J0Js YACTHIL C BbICO-
KOi1 sneprueli. B uactHOCTH, TeMmepaTypo#l olpejnessercs
cpednee 3nauerue TENIOBOH SHEPTHH, NPUXOASAIIEHCS HA OfL-
Hy CTeneHb CBOGOABI NBUXKEHMs YacTHUB. Eciu u3MepsTh
TeMIepaTypy B OOBIYHBIX eIMHHIAX — rpajycax abCcoJioT-
HOH TeMIeparypHoH
wkaael Keabsuna (°K), 7
TO CpemHsiss 3HEprusd,
npuxonsuasics Ha OLHY /\
crenedb cBOGOMLI, PaBHA g N
1/okT, rope k— nocrosid-
Hasg DBosapumana (ynu-
BepcaJsbHasi rasosas Io-
CTOSIHHAf, NeJeHHas Ha
ducao ABoranpo). \
s nmpocThix  ua-
CTHII, HE UMEIOUUX BHYT- 2\ ;
PEeHHUX cTeneHell cBOGO-
Ibl, BCS TemsioBasi sHep- Puc. 8 Maxcpeanosckoe pacnpene-
rus CBsidaHa ¢ mocryna- JIeHHe.
TeJIbHBIM ABHXEHHEM H
y KaXJIoH 4acTHIbl €cTh TPH CTENeHH CBOOOABI (ABHKEHHE
Mo TpeM HalpaBJeHHAM npocrpaHctsa). CpenHsss sHeprus
TaKo¥ YacTHLB! paBHa 3/sRT. B MONHOCTBIO MOHHM30BAHHOH
mJasMe 3/JeKTPOHBl M HOHbl MOTYT COBEpHIATh TOJbKO [10-
CTynaTe/JbHOE [BHXEHUEe (BHYTPEHHHX cTerneHedl CBOGOHI
y HuX Her). Ilostomy TemnoBas 3SHEpPrusi MOJHOCTHIO
HOHH30BAHHOH paBHOBECHOH IJa3Mbl BbIpaXkaeTcsl OUYEHb
IpoCTO:

3
E-——-TkT

(3mecb E — sHeprus Ha OfHY YaCTHIY).

Ecnn sueprus B3aUMONEHACTBHS MEXy 4acTHLLAMH MaJsa
N0 CPaBHEHMIO C TEIJIOBOH 3Hepruell, To njaasma BemeT cefs
B TEPMOJMHAMHUYECKOM OTHOLIEHHHU KakK udeasvroll ead. [1pu
9TOM I0JIHASL SHEPTHs NJa3Mbl IPAKTHUECKU COBIIAJAaeT C ee
TEIVIOBOH 3HepTHel, a JaBJeHHEe HAXOAMTCS IO ypaBHEHHIO
COCTOAIHMSA HJeaJbHOrO rasa

P=(n,+ n,)kT,
TI€ fle ¥ N; — KOHLEHTPALUH 5JeKTPOHOB U HOHOB.
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B artomHOll du3KMKe 33 eAHHHIY HEPIHH NPHHAT HJAeK-
TPOHBOJILT (96). DTO 3SHEPrusi, KOTOpyw HaGupaeTr 3JeK-
TPOH HA DAa3HOCTH NOTeHUHaJoB B | 8. UnucieHHO OHA O4eHb
mana: 1 a6 = 1,6.10712 gpe. Uncso xe 3/M€KTPOHOB B HU3-
MEePHMOM KOJIMYeCTBE Bell[eCTBa OUYeHb Besunko. Ecinm kamw-
JIOMYy aTOMy B OJHOI rpaMM-MoJjiekyJje (#04b) BellecTBa
COOOIIHUTL | 98 3HEPruUH, TO B TEMJIOBLIX eIHHHLIAX 3Ta
rpaMm-MoJeKkyaa noaydut 23050 xanopuil sHepruu.

Temnepartypy Toxe yno6HO U3MepSATb B SHEPTETHUECKHX
efuHMnax. Ilpy 3TomM nox TemmepatypoH NMOHHMAIOT BeJiH-
uypHy RT, XapaxTepH3YIOUIYI0 SHEPTHI0 TEIJIOBOTO ABUXKE-
HHUA aTOMOB ¥ MoJekya *. Ilpm mosb3oBaHUM TeMmIepary-
poll B 3HEPreTHYeCKHX eIUHHIAX (OpPMYJbl TEPMOIMHAMH-
KH yIpoulawTcd: nocrosHHas DosbuMana ¥3 HHUX BhIIaja-
eT. JHeprus NOCTYNaTelbHOTO ABHIKEHHS Ha OAHY YaCTHIY
IPH 3TOM BHIpaxkaercsi MNpocTo Kak 3/p T, a TemIoeMKoCTh
CTaHOBUTCA Ge3pasMepHHIM yucjaoM. OOGBIYHO 3a IHEpPreTH-
YECKYIO €JMHHUIy TeMIepaTypbl NPHHUMAIOT 3JEKTPOH-
BoJbT. s mepeBoma B rpaiyChl CJAYKHT COOTHOLICHHE
1 58 = 11 600° K.

Temnepatypnl, TpeGyeMble aJisl OCYIIECTBJIEHHSI TEPMO-
SIIePHBIX PeakLHMi, CTOJb BBICOKH, YTO MJIsi HUX MOIXOIHUT
€[HHULIA B THICAYYy pa3 O606abllas — KUI03JEKTPOIOBOJLT
(xa8) : 1 xag = 1,16 - 107° K.

JlaBnenre nna3mMbl HAXOAUTCA M3 COOTHOIIEHHS

p=16-1002(n, + n,)) 7T,

rane T — temneparypa (98); fe U N;— KOHIIEHTPALMHU 3Ji€K-
TPOHOB M HOHOB, BbIpa)KaeMble YHCJIOM dYacTHL B 1 cu?,
a JasneHde p—B epumHunax cucrembl CI'C — Gapax
(ape/cm®). UToOBl mepefiTH K NPaKTHUECKHM eIMHHIAM 1aB-
JeHus — aTMocepaM HJAM MHJIJIHMETpaM PTYTHOTO cTosba
(mMm. pT. CT.),— HY’KHO BOCII0JIb30BaThCsl MEPEBOIHBIMH
MHOKHTEJISIMHU:

1 amm =106 spz/cnd,
1 mm pm. cm.=~1/760 amm~1,3.103 apz/cnud.
Otciona
p=16-10"%(n,+n)T amn=
~1,22.10-Y%(n,+n,)T um pm. cm.

* Ecau TOBOPUTb TOYHO, TO 3TO €CTb 3HEPTHs, NPUXOAAULAACA Ha
JIBe CTeneHd cBOOOABI NBHMKEHHSI YaCTHIbLI BEUIECTBA.
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Hopmanbuast xomHatuas temrneparypa 300° K~ 1/40 6.
I1pu >1oit Temmeparype

p=23110"(n, 4+ n,) mm pm. cm.

PaccMoTpuM ycnoBUS NPUJIOXKHUMOCTH BBIBELEHHBIX IIPO-
cteix ¢Gopmya. Ilpu oueHb HH3KHX IJIOTHOCTSX IJ1a3Ma HeE
HAXOOUTCA B TePMHUYECKOM PaBHOBECHH M CaMO NOHATHE
TeMIepaTypsl CTAHOBUTCS HEMPHMEHMMbIM. B Takux ycJo-
BHSIX, ['OBOPsI O TeMIepaType MJasMbl, JIETKO OLIHMOUTHCS.
[Toyuurenpuplii npuMep MOXKHO B3STh H3 HCTOPHH TEPMO-
ANepHBIX HccaenoBanui. IHeckonbko Jger Hasajg B AHIIHH
Obla [OCTpOeHa [/ HAarpeBauus M YyAepXKaHus MJIa3Mbl
ycranoBka ZETA (Zero Energy Thermonuclear Appara-
tus), B KOTOpO#l, KakK IpeJmoJiarajd IepBOHAayaJabHO, IO-
CTHUTAJIMCh BBICOKHE TeMmepaTrypel. [ljis H3MepeHHs TeMIle-
paTypnl HCIOJIb30BaJH paCIIMPEHHe CHEKTpaJ/bHbIX JHHME,
KOTOpBble HCHYCKAJUCh TSAXKEJIbIMH HOHAMH, IPHUCYTCTBYIO-
IIMMH B NJa3Me B KauecTBe MaJblx npumeceil. Ho korpa
CTaJH IPOBOJIUTh H3MEPEHHs! Ha JIMHHSX Pa3JHUHBIX HOHOB,
TO NOJyyaeMble «TEMIEPATYPH» B ONHOH M TOH Ke IjIazMe
0Kas3aJuchb TeM Bbllle, YeM OoJjbmie 3apsy Hona. OueBum-
HO, YTO pacCIlIMpeHHe JIMHHH NPOMCXOAMJIO OT JBHXKEHHS
HOHOB, BBI3BAHHOTO YCKODEHHEM B 3JEKTPOMAarHUTHBIX I0-
JaAX. DHeprus, npuobperaemMas HpH TAaKOM J[BHIKEHHH, IPO-
nopLHOHAJMbHA 3apALy uoHa. [linasma He HaxoguTCsl B Tell-
JIOBOM DaBHOBECHH, pasJiMYHble YACTHIL JBUKYTCH B Hel
C pasHbIMH SHEPTUSAIMH, H TOBOPHUTb 00 OmpeieJeHHOH TeM-
nepaType TaKOH IJIa3Mbl 6eCCMBICTEHHO.

[Ipu Gosee BBICOKMX MJIOTHOCTSIX BO3MOXKHO COCTOSTHHE
4QCTUUHO20 Tepmuueckoeo pasHogecus. Tak, y miasmbl, Ha-
Xojsllelicds B MAarHUTHOM II0Jie, CKOPOCTH JBMKEHHS BIOJb
U Tomepek Iosast MOTYT OBITb pachpefefeHbl M0 PasHbIM
3aKO0HAM, HO JIg KaXJOro M3 3THX HalpaBJeHHH pacrpe-
JeJeHue MOXeT ObIThb GJH3KO K PaBHOBECHOMY MaKCBeJ-
JIOBCKOMY. B mojgo6HBIX ciyyasix roBopsiT, 4TO y IJa3Mbl
€CTh [Be TeMIIepaTyphl: OjJHAa, OTBeyalouiasd JIBHUKEHHIO
BOJIb II0JISl,— NPOOOAbHAS TeMnepaTypa w JApyras, OTBe-
4alulas ABUIKEHUIO MONEepPeK MOoJs,— HONepeuHas Temne-
parypa. TlogoGubie siBJeHHs, KOrja CBOHCTBA BEINECTBAa B
pasyblX HANpAaBJEHUSX PAa3JHUHbI, HOCAT Ha3BaHHE QHU30-
rponuy. Ilpuuaro o6o3HauaTh HampaBjeHHe BIOJb Mar-
HHTHOTO MOJIsI MHIEKCOM ||, momepex moJsi — HHAeKcom L.
B coorBercTBHM ¢ 9THM IPOOJBHYIO TemmepaTypy 0GO3Ha-
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yalor Ty, nonepeunyto T,. Kaxmoit u3 s1Hx temnepatyp
OTBeuaeT JAaBJeHHE B TOM 2Ke HanpaBjeHuu: p, #*=p,. Ta-
KUM 00pa3oM, paspexeHHas IasMma, [IOMelleHHas B Mar-
HHTHOE T0Jie, OGHAPYXHBAeT QHUBOTPONUO OaBAEHUS.
C Bo3pacTraHueM IJIOTHOCTH obJeryaercs oOMeH 3HepTHel
MEXIy pa3qHUHBIMU CTEleHAMH CBOOOABI W AHU3OTPONHS
TeMIIepaTyp H AaBJEHHH CrJaXHBaeTcs.

Tpyznuee Bcero mpoucxogut oOMeH 3Hepruell MexXAy
3JIEKTPOHAMH U HOHAMH, YTO 0oObACHIETC GOMBIIOH pa3HU-
el B Maccax. DJIeKTpPOH, yaapsouuiici o6 HOH, OTCKaKH-
BaeT OT Hero Kak TEHHHUCHBIH MAY OT TAXKEJIOr0 TpPy30BHKA,
NOYTH He NepejpaBas cBoell sHepruu. [TostomMy B HOBOJBHO
IIAPOKOHl 06/1acTH TeMIlepaTypa 3JeKTPOHOB B mjaasme T
oTJIMYaeTcsl OT temmepatypsl woHoB T;. Ilmasma ¢ pasaunu-
HBIMH 3JI€KTPOHHOH M MOHHOH TeMIepaTypaMHu IIpeAcTaBJs-
eT elle ONWH TIpPUMEp YAaCTUUYHOTO TEPMOJMHAMUYECKOTO
paBHoBecusi. Ee MOXHO paccMaTpuBaTh KakK CMeChb JBYX
ra3oB: 3JIEKTPOHHOTO W HOHHOTO. Kaxkniplli M3 HUX B OT-
JIENTBHOCTH HAXONUTCS B TEPMHYECKOM paBHOBecHH (pac-
[pelejeHye CKOPOCTEH KaK BHYTPH 3JEKTPOHHOTO, TaK H
BHYTPH HMOHHOTO rasa— MakKCBEJJIOBCKOE), HO MEeXIy CO-
60il 3TH [Ba rasa He HAXOAATCS B PABHOBECHH.

Ilpu mOCTAaTOYHO BBHICOKOH IJIOTHOCTH BCsiKas IJ1a3Ma
JOJKHa OBICTPO HPHUXOAHUTH B COCTOSIHHE MOAHO20 Tepmo-
JuHamuueckoeo pasHosecus, B KOTOPOM 3JIEKTPOHHAS U
HOHHAsl TeMIepaTypbl paBHbl. BpeMs ycTaHOBJeHHUs paB-
HOBECHS eCTb TaK Ha3blBaeMOe BpeMsl pesakcayuu, o Ko-
TOpOM pasroBop Oyxer HikKe (TepMOAUHAMHMKA paccMmart-
PHBAET TOJIBKO COCTOSIHHS, a He MPOLEeCCH UX YCTaHOBJe-
uusa). Ho npu pasnpHefiieM NOBBIUEHHH IJIOTHOCTH
BO3MOXXHO H3MeHeHye  TepMOJUHAMHUYECKHX CBOHCTB
nJasMbl — [IJ1a3Ma I[lepecTaeT BeCcTH ceGs KakK Hjealb-
HBIA ras.

OTH OTCTYIUIEHHUS OT 3aKOHOB MIA€aJbHBLIX Ta30B CBs3a-
Hbl C ABYMsI HOBBIMH SIBJI€HHSIMH, CYUIECTBEHHBIMH TOJBKO
npu G0/bIIKX MJIOTHOCTSX,— 3JIEKTPOCTATHYECKHM B3aHMO-
IeHACTBUEM M BBIPOMKIEHHEM.

[Tpy GosbLIONH NIOTHOCTH SHEPTHS IJa3Mbl ONpesess-
eTcsl He TOJIbKO TeIJIOBOH SHEeprHedl ABHKEHUS YacCTHI[, HO
U NOTEHLHMANbHON 3HepTHell HX B3auMoelcTBUs. B maasme
KaxJas 3apsiKeHHasi 4acTHIa OKDykKeHa «aTMochepoii» ¢
M30BITKOM 4YaCTHI[ NMPOTHBOIOJOXKHOTO 3HAKa, 3KpaHHUPYIO-
Ied 3JeKTPUYeCKOe MoJjie YacTHUB. PaccrosHue, HAa KOTO-
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pOM MPOHCXOAHT 3KPaHHPOBAaHHE,— MOPsSiAKa MNpPOCTpPaH-
CTBEHHOro Macmraba pasjieseHust 3apsifoB.

B nnasme, cocrosmeil U3 YacTHI| C Pa3JHYHBIMH 3apsAaMH, IJIHHA
3KpaHupOBaHUA A (HMHaue ee Ha3bBaT ne6aeBCKOM wiau moJspu3a-
UHOHHOR JAJMHOH) HaXomuTcs M3 MacwTaGoB pasne’seHHss 3apAL0B
cloxeHHeM COpaTHBHIX KBAaAPATOB:

1 2 1

= == ‘_-2_' N
h? P hy

rae hjp,— Macwrab pasnelieHus:
v Vg
hlz = T.;' = T———Q——2
Y, 47\:Zkﬂke
]/ Mp

B repmuyeckoil minasme 3a CKOPOCTh v HYXHO NPUHATH CPENHION
CKOPOCTb TENJOBOI'O ABHXEHUS 4aCTHIL

VAR r
vy Y S b= =y .
k My Tk ovg 4nZie2nk

3nmech np— KOHUEHTPauus Yacrui ¢ 3apanoM Zp; T — Temnepatypa
B sHepreTudyeckux efuHunax. Orcio1a B paBHOBECHOR Mia3Mme

- VT
2 l/;e ‘/2 nkZ?e
k

CyMMHpOBaHHe NPpOMU3BOAUTCA 1O BCEM YaCcTHIAM, BKNIOYAasd KAK HUOHBI

TdK M 3JEKTPOHbI, KOTOPHIM NpunuchiBaerca Z = — 1. MoxHO BBeCTH
BEJIHUUHY

= 2mZ:

Zm—p

TI€ N = ne + n; — NOJHAas KOHUEHTPAUUS BCEX YaCTHIL

C yueroM yciOBHS KBAa3HHEHTDAXBHOCTH Z GAM3KO K CPEXHEMY
3apANOBOMY uHCay MOHOB. [locie 3TOro BhlpaxeHue AJHHBI SKPAHU-
POBaHH MOXHO 3aNHCaTh TaK:

— 1 T
e ———= —.

2y we VZ

JIruna sxpaHupOBaHus TeM GoJble, ueM BLIIE TeMIEpaTypa
M YeM HHXE NJOTHOCTh NJaasMbl. Ecau BHPaxaTh TEMIEPaTypy
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B IPAKTHYECKH YAOOHBIX EJHHHIAX — 3JEKTPOHBOJNbTAX, KOHUEHTPA-
UHI0 — YHCAOM YacTul B 1 ¢#% u NJMHY 3KDAHUPOBAHHS — B CAHTH-
MeTpax, To

— 1500 T

h~—F— —.
VZ n

B nuortHo# mnaasMe pJiMHA SKDAHHDOBAHHS Jaxe H [IPH BBICOKHX
TeMneparypax kpaiine mana. IIpu aTOM 3HEDPrus MAa3Mbl YMEHbIIAETCS
33 CYeT B3aUMHOIO MNPHTSKEHHS KaXJOH dacTHuwl U OKpYwalouei
ee «atmocdepsl» ¢ H3OBITKOM NPOTHBOMOMOXKHBIX 3apsiHoOB. Eciau BH-
paxaTh 3HEPTHI0 HAa OJHY YaCTHIY, TO OHa YMEHbIIAeTCS HA BeJH-
YUHY

AE = — V' me3 (Z)32 ]/? .

J1y BeIHUYHHY Ha3HBAWT JAeKmMpocmamuyeckoli snepeueli. Ona
OTPHIZTENbHA, KAK H BCSIKAs SHEPTHs IPHTANKEHMS. DIEKTPOCTATH-
yecKasl SHEPrusi TAKOBA, KAK €CJAH Obl BCE Pa3HOMMEHHO 3apSKEHHBIE
YACTHUB MJIa3Mbl TNPHUTATHBAJHCH Ha DPACCTOSHWUHM, DPAaBHOM HIJuHe
9KpaHupOBaHHs. B Tex ke eIMHHWI|aX, UTO ¥ BbILIE,

_ n
AE = 1,0-10—10 (Z)3/2 VT 26,
a OTHOLIEHHE BJIEKTPOCTATHYECKOH SHECPIHU K TEIJIOBOH

AE _( Z \%
Tzﬁl,0~10—‘°/n (T) .

IMnasma Bemer cebs B TEPpMOIHWHAMUYECKOM OTHOIIEHHH Kak
UIeanbHBIH ras n0 Tex nop, NOKa aTa BEJIHYHHA MaJja:

AE
- <1,

T. €. IPH AOCTATOYHO HHU3KHX NJIOTHOCTAX MJIM BBHICOKHX TeMIEpaTy-
pax. HazoBeM «mpenesbHOii» MIOTHOCTDH, BhIle KOTOpPOH NONpaBKa
Ha 3JEKTpOCTaTHueckylo aHepruio 6osee 19%. Jas sTolf maoTHOCTH

HoJNyuaeM
T \3
n = 10% (:) .
Z

[TpenenbHas MIOTHOCTh MPONOPUMOHA/JbHA KyGy, a COOTBETCTBYIO-
Hee el JaBjeHHe — YeTBEPTOH cTeneHH Temmepatypbl. Tak, ecau Z ~ 1
(BOmOpoAHasl mia3Ma), To NpH TeMmmepartype 1 98 3/€KTPOCTATHYECKHM
B3aHMOJIeHCTBHEM MOXKHO [peHeGpeyb, KOrja ILIOTHOCTh ILIa3Mbl He
npesbliiaer 10'6 wactuy/cm3, a ee maBJieHHE — COTHIX HOJEH aTMOCHEpHL
Tlpu temneparype 10 38 3T0 OymeT AOMYCTHMO YkKe [0 IJIOTHOCTEH
nopsinka 10" wacruyf/cm3, 1. e. mo nasjenuit nopsinka 30 arm. XoJon-
Hasl IJIOTHAsl Ta3Ma pe3KO OTCTYMaeT OT 3aKOHOB HJ€aJsbHOro rasa,
IpHYeM MOJ «XOJOZHOH» 3/eCh NMOApa3ymMeBaeTcsl IJasma ¢ TeMIepary-
po#i, He mpessimaomeit 10000° K,
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YMeHblueHUe SHEPTHH NaasMbl CONMPOBOXKAAETCA YMEHb-
WeHHeM ee¢ JaBJEeHHsl, KOTOpOe MOXKeET OBbITh MOACYUTAHO 11O
q)opMy.naM TEPMOJAHHAMHUKH. IToka 3JIEKTpOCTaTHuecKasnd
9Heprusg MaJga B CPABHEHHHU C TEINJJOBOH, NaBJeHHE YMEHDb-
IaeTCsA Ha, BEJIUUUHY

Ap=-—AE-n.

Bce npuBenenuble GOpMYJAB AJS1 3JEKTPOCTATHYECKOTO
B3aMMOJeHCTBUsl BuiBefeHnl W3 Teopuu Jle6as. [lostomy
IJMHY 3KpPaHUPOBaHUA A HashBalOT neGaeBCKOH NJNMHOH, a
chepy pamuycom h — geGaeBckoll cthepoit. MoxHO CcKa-
3aTh, 4TO B 0O0beMe neGaeBCKOil cdepbl BOKPYr KaKJIOH
YaCTHIBI YYBCTBYIOTCH 3JieKTpudeckue cuabl. Teopus Hebas
nMeeT NPUOJIUKEHHBIH CTATHUCTHUUECKHH xapakTep, U I0Jb-
30BaThCSl €0 MOXKHO JIMIUb NPHU YCJOBUH, UTO YHCJIO YACTHLL
B mebGaeBckoil cdepe Benuko. Ho nmpu momollu NpHBeNEH-
HBIX BbliIIe GOPMYJs Jerko y6eOuThesl, UTO YUCJAO YaCTHIL B
nebaeBckoil cepe 06pATHO MPOMOPIHOHANBHO OTHOINEHHIO
3JIEKTPOCTATHUECKON HEPTUU K TEIJIOBOMH:

4 = 1 T
'—3—'75/13’1 = —6" "A_E‘ .

Taxum o6pasom, Bce mpuBeneHHble QOpMYJaB A1 I0-
NpaBOK K 3HepPruu H [aBJEHHIO 3a CueT 3JeKTpocTaTHye-
CKOTO B3aUMOIEICTBUS TONSITCH JHWIIb AT TOTO, YTOOH
UPOBEPUTh, N0 KAKUX IJIOTHOCTEH K IJa3Me NPHMEHHUMa
TepMOIMHAMUKA HAeanbHOro rasa. Ilepefimsa 3Ty rpanuny,
MbI nonazaem B 06J1aCTh, TIe IJaaMa BefeT cebs Kak cxKa-
TbIl Ta3 WJIH XKUAKOCTb, HArpeTas BhIllle KPUTHUECKOH TeM-
nepatypbol. HukakuMu NpOCTHIMM 3aKOHAMH TEepMOAHHAMH-
YeCcKHe CBONCTBA NIJa3Mbl B 3TOH 06sacTH He OMNMCHIBAIOT-
ca. Onu BoOOLIe NMpakTHYECKH He H3yyeHbl, TaK KakK pac-
4eT KOJIJIEKTHMBHOTO B3aMMOJEHCTBHS MHOTHX YacCTHL, MeX-
oy coboit — oueHb TpynHoe Hejno. Ho Jerko ykasaTtb npe-
desbHble 3aKOHbL TEPMOJMHAMHUKH IIJ1a3Mbl IpH elle GoJjee
BBICOKHX MJIOTHOCTSX. DTH 3aKOHBI OTHOCATCH K 00J1acTH,
TJle 9HepTHUs IJIa3Mbl U €€ JaBJEeHHE ONPEeNesdIoTcs yKe He
3JeKTPOCTaTHYECKUM B3auUMOneHCTBHEM, a ApPYyTUM (usH-
4eCKHM SIBJECHUEM — 8bLPONCOCHUEM.

BolpoxieHHe 2JIEKTDOHHOIO rasa SIBJseTCs [PSMbIM  CJIEACTBHEM
OJHOT'O U3 OCHOBHBIX NPHHUIMIIOB KBAHTOBOH (pusuxu — npunyuna Ilayau.
CoriacHo 3TOMY INpPHHLHNY, B KaXXI0OM KBAaHTOBOM COCTOSIHHH MOXKeT
HaxoQuTbcsl He Gosiee OJHOTO 3JeKTpoHa. UToGE! NPUMEHHTbH ITOT NPHH-
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IUI K rady, YAOGHO BOCIOJIb30BATBCS WECTUMEPHbIM (Pa308biMm NPOCT-
pancT8om, 06beM KOTOPOTO eCTh MPOHM3BefeHHE OOBIYHOTO KOODIHHATHOTO
o6vema AV = Ax-Ay-Az ua o6beM B  IOPOCTPAHCTBE  HMIYJbCOB
Apx, Apy, Ap,. 3mecb p— uMOyJbc YaCTHIH, T. €. IPOH3BeleHHE Mac-
cbl Ha CKOpocTb. Kaxkloe KBaHTOBOE COCTOSIHHE 3aHHMaeT B (ha30BOM
NPOCTPAHCTBE JAeMeHTapHYy0 fdeliky ob6bemom h3, rpe h — mocrosHHAs
Ilnanka. B aroit syeifike MOXKeT NMOMeCTHTbCS He Gojee JABYX 3JEKTPO-
HOB, OTJIMYAIOUIMXCS HANpaB/ieHHeM CIHHA (COGCTBEHHOrO BpalleHHS).

Ecau nrorHocTs Mana, To Mecrta B $a30BOM IPOCTpAlICTBe XBa-
TaeT ¢ M36LITKOM Ui BCeX 3JMeKTpOHOB M mpuHnun Ilayau He cka-
3pIBaeTcs Ha cBOHCTBaX muasmbl. Ho eciu mirasmy cxuMaTh, TO MOXKHO
ee JIOBeCTH 1O COCTOsSHuS, KOrna Bce saueliku 6yAyT 3aHaTe. [Ipu
ZalpHelileM CXATHH SJEKTPOHBI «BBIXKHMAIOTCA» B TNPOCTPaHCTBE
MMIYJAbCOB B Auefiku ¢ Gosee BHICOKOI sHeprueil. IIpu oueHb cuabHOM
CH(ATHH 3HEPrHsl U JaBJeHHE DJIEKTPOHHOI'O I'a3a BO3PAaCTAalOT Heda-
BUCEMO OT €ro TeMmepatypbl. TepMOIMHAMHYECKHE COOTHOIMIEHHMS
IS TIPENeNbHOro CAyuas NOAHO20 8bLpOXNCOCHUST TOMYYAIOTCS OUEHb
npocTo. B 3TOM coOCTOSHHM 3aHATH Bce sYeiikH BIONOTb 1O MAaKCH-
MaJbHOTO HMNYJAbCA Pyaxc. ECAM MA23Ma 3aHMMaeT B OGBIYHOM NpO-
crpanctee c6vem V, 10 06beM B $a3oBOM npocTpaHcTBe OyneT
4/3npmecV (4/3np?,’wakc—— 06'beM «Iapa» B IPOCTPAHCTBE MMIYJIbCOB).

Unucno aneMeHTapHbX sueek B aTOM 06beMe

3
_4_ Praxe v
3" R 7

Kaxnas guefixa MOXKeT coOnepxaTh 1Ba 3JEKTPOHAa C NPOTHBO-
MONOXHBIMA criuHaMu. OTCIOZ2 NOJHOE YHCAO 3JMEKTPOHOB, KOTOPHIE
MOTyT NOMeCTHTbcs B (pa3oBoM o6beMe C MMIYIbCAMH, He NpeBHI-
WAIHUMH Pyagc:
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C paBHomepHoﬁ NJIOTHOCTBIO «IIAP» B NPOCTPAHCTBE MMNOYJbCOB, TO
CpenHaa dHeprus Ha OJNUH 3JEKTPOH
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, COI'IACHO 3aKOHAM TepMOJAMHAMHKH, JaBlieHie
2. — 1 h? 3 \23
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P 3 En = 5 m (811:) e

DT0O u ecTb npeneibHble (GOPMYJHB TePMONWHAMHUKH [1a3Mbl MpH
OueHb GONbWIHX MHAOTHOCTAX. DHEPrHi0 Ey,e Ha3bIBalOT dlepruef
BBIDOXIEHHS MaM 3Heprueit Pepmu. Ecaum ona Benruka B CpaBHEHUH
C TEMJIOBOH M 3MEKTPOCTATHUECKOH sHepruei, sHeprust W JaBICHHE
nna3Mbl 6YyAYT ONpenefaTbCs SHEPrueit W naBAeHHEM BHIDOXIEHHOTO
3JEKTPOHHOTO ra3a. VIHTepecHO, 4TO [aBJleHHe IIPH 3TOM NMPOHOPIHO-
HAaNbHO MJIOTHOCTH B CTENEHW B3, TAK K€ KaK Ipu cxkaTiin OObIu-
HOTO MJIeanbHOro rasa no aguabarnyeckoMy 3akouy. llo oT Temme-
paTypbl 3Heprus M jaBjieHHe B 06JACTH IOJHOTO BHIPOMIEHHA HE

3aBUCAT COBCEM,

AJEMEHTAPHDBIE NPOLLECCHI

Ilepexon rasa B cocTosiHHMe MMJIa3Mbl CBSI3aH C PasJfuy-
HBIMM IIPOLECCAMH B3aUMOAEHCTBUSI MEXAY YaCTHIAMH.
OTH npouecchl MPOUCXOJSAT HPH CTOJKHOBEHHSX UYACTHIL
Mexny co6ofl MM mpu B3aUMOJEHCTBUH HX C H3JyUEHHEM.
Ha nepBom MmecTe MBI [OJIXKHBI MOCTABHUTh IIPOLECC UOHU-
3ayuu, T. €. OTPHIB 3JEKTPOHA OT aTOMa MJIM MOJIEKYJBI.
Bes nonnsauuu nenb3s mosyuuTh miaasmy. Monusanus mpo-
HUCXOJUT B OCHOBHOM [BYMSl IYTAMH: B IJIOTHOH IMjaa3Me —
3JIEKTPOHHBIM YIapoM, B OUeHb pa3peKeHHOI — JeficTBHEM
U3/yyenus: (cBera, YJAbTPA(HOJETOBBIX HJIM PEHTTEHOBBIX
aydeil). B npuHuMne Bo3MOX<HA W MOHH3AUMS NPH CTOJKHO-
BEHMSIX aTOMOB ADYr C APYLOM HJH ¢ MOHAMH, HO AJS 3TO-
ro TpebyeTcss 3HAYUTEAbHO 0OO0Jiee BBHICOKAst SHEPTHS.

[lponece, o6paTHBIl HOHH3AlWH, HA3BIBAIOT PEKOMOUHA-
yuerl (coelVHEHHE HOHA M 3JEKTPOHa ¢ 06pasoBaHHEM Hell-
TPaJbHOTO aTtoMa WJIH MoJekyabl). HMouuzauus — mpoiecce
nopo2osslLl: SHEPTUS CTANKUBAIOIIUXCS YaCTHL MJIM CBETO-
BOrO KBaHTa [J0JI:)KHA ObITh BBIIlIe MOpOTa, 3aBUCANIET0 OT
[OPOYHOCTH aToMa. DTOT NOPOr HOCHT Ha3BaHHUE JHepaull
uonusayuu. JIna pekoMOUHAUMHM HeOOGXOAMMO BBIIOJHEHHE
06paTHOTO YCJIOBHA: 06pa3oBaBIuUiicss aToM HOJXKeH u3ba-
BUTbCA OT U3OLITOYHOH IHEPrHH, MHAuYe OH pas3BaJjiUTCH He-
Mepiento. Ilo Tomy, Kyna aeBaercss M3GhITOUHAA SHEPTHA,
HYXKHO pasjyuaTh [Ba COBEpLIEHHO pasHBIX Npolecca pe-
KOMOHHAIMK: OAUH M3 HHX — 3TO PeKOMOUHAYUS ¢ U3AY-
4eHuem, APYrod — peKOMOMHALUSA NPH TPOUHbLLY CTOAKHO-
genusx. B mocnenHeM ciydae ¢ HOHOM JOJIKHBI OJHOBpe-
MEHHO CTOJIKHYTbCS [ABa 3JEKTPOHA: OQUH TPHCOEIHHAETCS
K HMOHY, IPYrodl YHOCHT H36BITOUHYIO 3HeprHio. B paspe-
JKEHHOH IIJIa3Me OCHOBHOE 3HaueHHe MMeeT peKoMOMHaIHUA
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¢ nanyuenneM. Ho BepoOATHOCTb HCIYCKAHUS CBETOBOI'O
KBAHTa MPH CTOJKHOBEHHH HEBeJHKa: B OOJbIIMHCTBE CIY-
yaeB CTOJNKHYBHIHMECS UYACTHLLI PasJ/eraioTcsl, 0OMEHsBIIUCD
TOJILKO CBoell 3Hepruell. Takoe CTOJNKHOBEHHE HAa3bIBAIOT
ynpyeum. B niotHod niazMe peKOMOHHALUS MPOUCXOAUT B
OCHOBHOM TIPH TDPOMHBIX CTOJKHOBEHHSX.

HMonnzauuyu MOTYT HOJBEPraThCsl Kak aToOMbl, Tak H MO-
gekynabl. [Ipn uHoOHH3aUMM MOJIEKYJ MOJNYUYaIOTCST MOAEKY-
ASPHbLE UOHbL, KOTODBIE 3aTeM pPa3BaJMBAIOTCH (JUCCOLUH-
PYIOT) Ha aTOMHble MOHBl M HEHTpaJbHblE YACTHIHI.

W3 ppyrux sjeMeHTapHBIX HPOIECCOB OCOOEHHO BaiKHOE
3HaueHHe B (DU3UKE MIa3Mbl UHMeET nepe3apsoka, NpU KO-
TOpPOI MOH, CTaJKHBascCh C aTOMOM, OTOMPAeT y Hero 3JekK-
tTpon. Ilpu sToM wuoH mpeBpaliaercas B aTOM, a aToOM — B
non (cm. puc. 40). Ilepesapsimka — OCHOBHOI KaHaj IIO-
Tepb JHEPrHH 3apSKEHHBIX YACTHI 32 CUET NpeBpalleHHs
foraThlx 3Heprueill HOHOB B HeHTpaJbHble aTOMBL. B maoT-
HOMH, HENOJIHOCTbIO MOHM30BAHHOH 1JadMe BO3MOXKHBI
ellle W JApyrue, MeHee BaXXHble 3JEeMEHTapHbIE INPOIECCHI.
Tax, HEKOTOpBle aTOMbI CHOCOGHBI 3aXBaThIBaTh JIMIITHHUH
3JIEKTPOH M TNpEeBpaulaThCsl B OTpuyaressvrvie uousl. Gco-
OeHHO 6OJIBIIOE CPOACTBO K 3JEKTPOHY HMEET aTOM KHCJO-
pona. OG6pa3oBaHHe OTPHULATENBHBIX HOHOB KHCJIOPOJa
HMeeT 3HaueHMe JAJ1 (GHU3MKH BepxHell armocdepbl. 3aech
3aXBaT 3JEKTPOHOB aTOMaMH KHCJIOPOJA BJEUeT 3a coOOH
yMeHbilleHHEe 3JeKTPONPOBOJHOCTH MJa3Mbl, U3 KOTOPOH CO-
CTOUT HOHOC(Depa.

Mbl He OyZeM OCTaHABJAMBATLCS HA XHUMHYECKHX [PO-
meccax, TaKUX, KaK JHCCOLMALMUS MOJeKyJ Ha aTomel OT-
METHUM TOJIBKO, 4TO OGBIBAIOT XMMHMUECKHE IPOLECCHl, Xapak-
TepHble UMEHHO /4 m1asmbl. Tak, MHOrHe BOJLOPOACOepIKa-
e MOJIEKYJBbl CIOCOGHBI HPHCOENUHATH K cefe HOH BO-
nopona (mportoH). IlonyuaroTcsi MoJEeKYJIsIpHbIE HOHBI, KO-
TOpPble MOTYT CYUIECTBOBATH TOJbKO B 3apsXKEHHOM COCTOS-
HHMH: TDU OTHATHH 3aPSAa OHH HEMEJIEHHO pPa3BaJuBaIOTCH.
Tak, mMosekysa BoAOposa MOXKeT naTh HoH Hts, Mosekyia
merana — CH+s u 1. 1. Ho monoGuble mpouecchl TpeGyioT
60/bLION KOHLEHTPALMH HEeHTpasJbHbIX YaCTHI, H HX elBa
JIH CJAefyeT OTHOCHTb K (H3MKE IiJIa3MBbl.

NMJIASMA U U3JYYEHHE

CeBepHoe CHSIHHE, MOJIHHWH, NN€peJIMBbI CBETOBBIX peKJaM
Ha yJaupax 60JIBILIOTC ropoga — BC€ 3TO CBHAETEJNbCTBO TO-
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ro, yTo nJaasMa CBETUTCH, T. e. U3ayuaeT. KpoMe BHIHMBIX
CBETOBLIX Jlyuel, njasMa crnocobHa HCHycKaTb H HEBHIHU-
Mble YJAbTpa(HUOJETOBbIE, a ropsyas nJjasmMa — Takxe U
PEHTreHOBLl Jyud. Bce aTu M3JyYeHHsS] HMEIOT OJHHAKOBYIO
IPUPOLY, OTJHYAsCh APYT OT APYra JHIlb 4acToTo# (Hax
pauHoit BosHb). [lo MexaHu3mMy ucmyckaHus pas3iauyaiorT
duckperroe, peKOMOUHAUUOHHOE W TOPMO3HOE H3IYUEHHS.
Kaxzapli M3 3TUX BHIOB H3JYUYEHHSI MOXKET HCIyCKaThbCs
B DAa3HbIX CHEKTPaJbHBIX 00/1acTSX.

JIMcKpeTHOe H3JydeHHe — 3TO  H3JIyueHHe OTAeJbHBIX
cnekTpadbHeIX JaUHMH. Kaxkmas u3 HMX BO3HHKAaeT B pe-
3yJbTaTe Mepexofa 3JeKTPOHAa B aToMe C OJHOTO Hepre-
THYECKOTO YpOBHS Ha Apyroii. OcrajibHbie BHABI H3JYyUeHHUs
UMEIOT Henpepbierolil cnekrtp. PekoMOGHHALMOHHOE H3JyYe-
HHe HCIycKaeTcd TpPH 3axBaTe CBOGOJHOTO 3JEKTPOHA
HOHOM, HUMEIOWUM 3apsf Z, ¢ o0pa3oBaHHeM HOHA C MEHb-
MM 3apsifioM WX HeATpasbHOTO atroMa. TopMo3HOe H3JY-
YeHHe HCIycKaeTcsa npu 6ojee ciaboM B3aHMOJEHCTBUH
CcBOGOIHOTO 3JIEKTPOHA C MOHOM, KOT/Ia 3JEKTPOH He 3aXBa-
THIBA€TCA, a TOJbLKO TOPMO3UTCH.

ITpu Huskux TeMmepaTypax B cina6o HOHM30BAHHOM
njasMe OCHOBHYIO POJIb HUTpaeT QHCKpeTHoe u3jyueHue. He-
JUCCOLUMPOBAHHBIE MOJIEKYJIbl, OCTaBIUMecss B MJa3Me Hus-
3a OUEHb HU3KOU TeMIepaTyphl, HCIYCKAIOT BMECTO JIUHHUH
HIUPOKUE MOACKYAAPHble noaocol. C TNOBHIIIEHHEM TeMIle-
parypsl BO3pacTdeT pOJb HENPEPBIBHOTO CIIEKTPa — PEKOM-
6MHALMOHHOTO, a IpPHU elle Gosiee BLICOKUX TeMIepaTypax —
TOPMO3HOTO u3JyueHud. Eciu ynaercs 1ocTiub HOJHON HOHU-
3allUH C OTPLIBOM BCEX 3JIEKTPOHOB OT KaxKAOTO atoma (3TO
Npollle BCErO0 MOXKHO CAeNaTh B BONOPOMHOH MJa3Me, TAe Y
Ka)KJIOTO aToMa €CTh TOJNbKO [0 OJHOMY 3JIEKTPOHY), TO
JUCKpETHble JHHHH BooOule ucuesaror. OJHaKO eClH B
IJjlasMe €CTb TsKeJble aTOMbI, TO Ja)Ke H IPH BbICOKHX
TeMIeparypax OCTalOTCS MHOTO3apsigHble HOHBI, COXPAHUB-
lIMe CBOM BHYTPEHHHE 3JIeKTPOHHble 06GOJIOUKH, KOTOpbIE
M3JIyualoT OYeHb MHOTO 3HEPruu B JKECTKHX yJabTpacduose-
TOBBIX JIMHHAX. FIMEHHO NM0O3TOMY KOHTAaKT ropsuel maas3Msl
CO CTCHKOH NPUBOJAUT K KATACTPO(PHUECKHM MOCJIEACTBUSIM.
[Ipy ucnapenun MaTepuaia CTEHKH B IIa3My NOMafaioT
TsXKeJble aTOMbI, H3/Jydalollye MHOTO 3Heprud. DTa 3IHep-
rHs BHI3BIBAeT [JaJsibHeMllee HCIapeHHe CTEHKH, H, B KOHIE
KOHIIOB, NJia3Ma He TOJIbKO OXJaXKAaeTcsi, HO M HachllaeT-
csl mpumecAMH. PexoMOGHHAIMOHHOE W TOPMO3HOe H3Jyue-
HHs1 pe3KO BO3PacCTaloT ¢ yBeJHuYeHHeM 3apsijga woHa. Ilpu-
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CYTCTBUE B IJia3Me MHOTr03apsiIHbIX HOHOB MOBHILIAET MOTe-
pY SHEPTHH M C 3TUMH BHpaMu usnyuenus, CJjenoBaTenb-
HO, HAarpeB MJa3Mbl 10 BBHICOKHX TeMmmepaTyp (TpebOyeMbIX,
HalpuMep, [Js TepMOSJEpPHBIX peakKLUuil) NpakTHUECKH
OCYLLeCTBUM JIMIIb B TOM CJayuae, ecJqH IJIa3Ma COLEPXKHUT
TOJNBKO CaMble JerKHe aTOMBl (C MaJblM 3apsiioM fjapa),
Jyullle BCEro BOAOPON WJH €ro H30TONbl— JeiTepuil ¥
TPUTHUH.

OcHoBHONl 3aKOH TEOPHH H3JYUYEHHS] TJIACHT: BCAKOE
TeJO TeM CHJIbHee IIOTJIOIIAeT U3JyYeHHe, YeM B OoJiblluel
CTENEHH OHO CMOCOOHO K HMCHYCKAHMUIO TAKOTO e H3Jyue-
nust. [TosToMy B f0CTaTOYHO TOJICTOM CJ0e TJIa3Ma Hempo-
3payHa /i1 BCeX H3JYyUeHHil, KOTOphle OHA crmoco6Ha Hc-
nyckath. Kaxaomy npoueccy ucnyckauusi oTBedaeT o6part-
HbIH eMy mpouecc norsouieHusi. JlJisi QUCKPETHOrO HCHyC-
KaHus OOpPaTHbIM SBJSETCS AUCKPETHOE IOTJIOIeHHe JHHHH.
[Tpouecc, o6paTHEI pekOMOUHALUY, €CTh MOTJIOLIEHHE CBe-
Ta B Pe3ysibTaTe NPOM3BOAUMON UM HOHH3ALUH  AaTOMOB.
OroT mpouecc HocuT Haspamue (oroshderra, umu GoTo-
norsoulenus. Haxonen, TopMO3HOMY HCIYCKaHHIO COOTBET-
CTBYeT 0OpaTHLIIl MPOLecc TOPMO3HOTO IOTJIOU[EHHS.

Tlyyok cpeta, TPOX0As Yepes MOrIOMA0MYIO Cpeny, Ocaabasercs
B reomeTpuyeckoil nporpeccuu. MarteMaTuueckn ocnabieHHe HHTEH-
CHBHOCTH NyYKa J BHIPaMaeTcs 3aKOHOM

J
In = = kx,

TA€ X —TOMUMHA cqod, npoitnentuoro nyukoM. Kosdduuuenr k Ha-
3bIBAIOT  KOIPHUYUCHTOM NO2A0UeHUS, a ero 0oGpaTHYIO BeJINYHHY —
npobezos no2AOL4eHUA.

[Toriomenne wusnyyeHus B maasme He 6e3B0O3BPaTHO.
OTO H3JyYeHHe OTAAET CBOWO IHCPLHIO 3JIEKTPOHAM, KOTO-
pble CIOCOGHBI BHOBb H3Jy4aTh €€, HO yxe B IPYroM Ha-
npasnenun. Takoe morsiomenne ¢ NOCAeAYIONEM HCIYCKa-
HHEM (IlepensnyuyeHue) SKBHUBAJEHTHO pACCESHHIO U HPHBO-
IUT K Ouppysuu usryuenus. Tak xak IPH 3TOM H3JyueHHe
NIEPEHOCUT 3SHEPTHIO, TO AM(DPY3UIO HM3JAYUEHHUS HA3BIBAIOT
HHAYE AY4UUCTOL TenAonposoduoctero. Ouddysus wusnyue-
HHUS TIPOMCXOJUT TEM MeJJieHHee, UueM Gosblie Ko3(dHIH-
eHT mornomenusa. Ho Takyio xe posb, Kak ¥ MOMVIOLIEHHE
C TOCJENYIOUMM HCNYCKAHWEM, MOXET HTpaTb U UCTUHHOE
paccestue ceeTa 3/eKTPOHAMH (€r0 HA3BIBAIOT KOMATOHOS-
CKUM WA TOMCOHOBCKUM paccesinueM). [lorsouienne cpe-
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T4 OYeHb CHJAbHO 3aBHCUT OT €ro 4acrtoThl, 3JjdeKTpPoHHOR
paccesiHHe NPaKTHUYECKH He 3aBHCHUT.

CyMmmapHblfl  KO3bOHUHEHT, XapakTepH3YyIOLUH Kak
yCpeLHEHHOe IO BCeM 4YacToTaM INOIJOlleHHe, TaK U pac-
CesiHWe, Ha3BIBAIOT HenpodpaurocTsto mnasmbl. Juddysud
H3JYYEeHUs, HJIH JYUUCTass TENJIONPOBOMHOCTL IJ1a3Mbl, 3a-
BHCUT TOJIbKO OT ee HelNpO3pauyHOCTH. ¥ MHOMXKEeHHEeM Helpo-
3payHOCTH Ha TOJIIMHY CJOSl IJIa3Mbl Mojydalor Oe3pas-
MEpHYIO BeJHYHHY, KOTOPYIO Ha3blBAIOT ONTUYECKOL TOA-
wurod. Caofi muasMbl ¢ GOJIbINON ONTHYECKOH TOJILIHHOH
Hempo3paueH Aisl u3JyyeHud. M3nqyueHdne BBIXOTUT H3 3TO-
ro CJ0s JUllb B CUJIY MEIJIEHHOrO IpOlecca MHOIOKpAaTHO-
ro nepeussydyeHusi M paccesauus. Takoe wuajyyeHue Hasbl-
BawT 3aneproim. OHO HAXOLUTCS B TepPMHUYECKOM paBHOBe-
cuu ¢ BeulecTBoM. Ilpu 3TOM, Kak Mbl YBUIMM, H B caMoi
miasme coOJI0faercs ycaosue O0eTasbrHo20 pasHosecus ™
M NOoAJepKHBaeTCs TEepMHUYECKHM paBHOBECHAs HOHHU3aHs.
Hanpotus, cjofi maasMbl ¢ MaJjioH ONTHYECKOH TOJILHHOMN
npo3paued Aas1 H3aydeHus. K3 Takoro ciiosl u3siydeHHe
BBIXOAUT CBOGOMHO, MOHATHA Iubdy3un u3ayueHUs H Jay-
YUCTOl TemJMONPOBOJHOCTH [JiSI HEro TepsioT CMbIca. Tep-
MUYECKOTO paBHOBeCHS HET HHM MeXJy H3JyueHueM H Be-
L1eCTBOM, HH MeX/AYy HOHaMH, 3JeKTPOHAMU U HeHTpaJbHbI-
MU aTOMaMu.

Uem GoJiblle HJIOTHOCTD IJIa3MBI, TeM OOJbIIE W HEIpO-
3payHocTb. B MJIOTHO! niasMe pae TOHKHH CJOI «ONTH-
YEeCKH TOJCT», B Pa3pexkeHHON —aake TOJICTBIA CJOH «OIl-
THUeCKH TOHOK». [loaToMy mnsoTHas mjaasMa NpaKTUUECKH
BCerJa HaXOAUTCA B TEPMHYECKOM paBHOBECHH, a paspe-
JKeHHasl — OueHb YacTO OKAa3blBaeTcsl HepaBHOBECHOH.

[Ton meficTBHeM MAarHHTHOTO MOJIs ropsiyas mjaa3ma McC-
IIYCKAEeT elle MASHUTHOE WIH MASHUTHO-TOPMO3HOE HU3TIY-
uyeHye. B MarHuTHOM ToJie TENJIOBOE [BHMIXKEHHE UACTHLL
M1a3Mbl NpPEACTaBJAAET COUeTAHHE CBOOOAHOTO [BHIKEHHS
BJIOJTb CHJIOBBIX JIMHUH U YUKAOTPOHHO20 8pAUieHuss BOKPYI
Hux. BpalieHnne 3/€KTPOHOB BOKPYT CHJIOBBIX JHMHHH Mar-
HUTHOTO TOJISI U NPUBOAUT K MAaTHUTHOMY H3JY4YeHHIO. DTOT
BUJ H3JYueHHs] CYLIECTBEH TOJNbKO [JIl OueHb Tropsyed
I71a3Mbl, B KOTODOH €CTb PeAATUBUCTCKUE 3AeKTPOHbL, T. €.
9JIEKTPOHBI, CKOPOCTb ABHIKEHHS KOTODPHIX HeNb3sl CUHTATh
npeHebpexkuMO MaJjiofl B CpaBHEHHH CO CKOPOCTbIO CBeTa.

* YcioBue [eTasbHOrO PaBHOBECHS 3akKJ/OYaeTcs B TOM, YTO TNps-
MOH u o6paTHbIl Nmpouecchl MAYT OLHHM H TeM e NyTeM.
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Pengarusucrckie 5JeKTPOHbl pa3roHAIOTCA He B LHUKAOTPU-
He, a B IPYTOM YCKOpHUTeJe -— cuHXpOoTpoHe. [TosTOoMy Mmar-
HUTHO-TOPMO3HOE H3JIyueHHEe pPEeJATUBHUCTCKUX 3JEKTPOHOB
Ha3HIBAIOT MHAue CUHXPOTPOHHBIM U3AYHEHUuem. IDTOT BUJ
H3/YYeHHs IJ1asMbl MMeeT GOJibLlIoe 3lladyeHHe B acTpodu-
3uke. PaauoTeneckonsl YyaaBAMBAIOT PagUGBOJHBI, NPUXO-
Iside K HaM Ha 3eMJI0 U3 KOCMHUECKOrC MPOCTPaHCTBA.
OIHHMM H3 TJIaBHBIX HCTOYHHKOB 3TOTO KOCMUUECKO2O pa-
Juousdayuenus SBJASETCS CHHXPOTPOHHOE H3JYyueHHE Tra3o-
BBIX TyMaHHOCTeHd. XOpOLIO HW3YYeHHBIH HCTOYHUK CHHXPO-
TPOHHOTO H3Jy4YeHUs — 3HameHuTas KpaboBugHas TyMmMaH-
HOCTb, OCTaBINAsCA MOCJe B3pbiBa 3Be3[bl, 3aPErUCTPUPO-
BaHHOTO KHTalckUMH acTpoHoMamu B 1054 r. Korzga uccie-
JOBaTeJd TEPMOSJEpHBbIX [pPOILeccOB HayuaTcsl IOJydYaThb
MOJIHOCTbIO MOHM3CBAHHYIO rOpPsYyl0 IaasMy, He comepiKa-
I1yI0 MHOrO3apsiiHbIX HOHOB, U, TakuM o6pasom, ycTpa-
HAATb BCE MpOYHMe MOTEPH Ha H3JYUeHHE, TO BO3MOXKHOCTb
[aJIbHEHIIero MOBBIIICHUST TeMIepaTypbl MJasMbel Oyner
OrpaHuyeHa TOJNbKO MATHUTHBIM H3JyuYeHHEeM.

PABHOBECHE W CTALLMOHAPHOE COCTOSIHHE
HOHHU3ALUH

Ecau He MOJHOCTHIO WOHM30BAaHHAs MJa3Ma MOIAEPXKH-
BaeTcA B NOCTOAHHBIX BHEIIHHUX YCJOBHUAX, TO OJHOBPEMEH-
HOe IpOTeKaHHe MpOLleCCOB HOHU3AUUM U peKOMOUHALUH
NPUBOJAUT, B KOHile KOHLIOB, K YCTaHOBHUBILIEMYCS COCTOf-
HHUIO, B KOTOPOM CKOPOCTb MOHM3aLMU paBHA CKOPOCTH pe-
KoMOuHanuu. [Tocae 9TOro KoHIEHTPALUU HOHOB U 3JEKTpPO-
HOB He GYAYT yKe OoJibllie MeHATbCS. Takoe cOCTOsHHMe Ha-
3bIBAIOT CTAYUOHAPHBLM.

Bo MHOrumx BaXHBIX cAydYasX CTallUOHAPHOE COCTOSIHHE
COBNAjaeT C COCTOSIHHEM TepMOOUHAMUYECKO20 pasHOBe-
cus. PaBHOBecue yCTaHaBJUBAETCA, €CJAU NPAMOH U o6paT-
HBIM TPOLECCHl HAYT OOHUM H TeM xe NmyTeM (ycaosue Oe-
TaAbH020 pasrosgecusa). Ecny MOHKH3alLKMs BhI3bIBAETCS 3JIEK-
TPOHHBIM yIapoM, TO 06paTHBI Npolecc pekoMOUHAIHH
LOJIKEeH NPOMCXOIUTh NPH TPOHHBIX CTOJKHOBeHHSX. Eciam
’Ke HOHHM3alMs BO3HMKAET MOJ HefiCTBHEM CBETOBBIX KBaH-
TOB, TO IIPH PEKOMOMHALMU [TOJXKHBI MCIYCKATbCA TaKHe
e KBaHTHI.

YcaoBue [eTalbHOTO DaBHOBECHS BCerjga BLIIOJIHAETCS
B 3aKpoulToll cucTeme, He OOMEHHMBAIOUIEHCS C OKpYKatoulei
cpenofi. B rtakoit cucreme ussnyueHue HaXOAUTCA B PaBHO-
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BecHM C BeUIeCTBOM, B pe3yJibTaTe Yero CTalHoHapHoe cO-
CTOSIHME HWOHH3aUMu 0053aHO COBNAafaTh C PaBHOBECHBIM.

B orkpeirold cucTeme CTalOHAapHOE COCTOSIHME COBIA-
IaeT ¢ paBHOBECHBIM, TOJMbKO €CJAH IIJIOTHOCTb NJIa3Mbl J0-
CTaTOYHO BeJHKAa. B nloTHOH Nasme Kak HOHM3ALMA, TaK
U pexoMOUHAUHUS UIYT B OCIOBHOM TIO OLHOMY H TOMY XK€
MyTH: HOHI3aLUsl —TIPH 3JEKTPOHHOM yjape, peKoMOuHa-
LUl — OPY TPOHHBIX 'CTONKHOBEHHUsIX. B paspexeHHOH IJias-
He MOXeT ObITb M He Tak. Ilpu maJsoll mioTHOCTH TPOHHBIE
CTOJIKHOBEHHs MaJoBeposiTHBI. PexomMOuHALHMS NPOUCXOAMT
31echb ¢ UCIyCKaHueM uanydeHus. Ho u torma, xorga usiy-
YyeHye CBOOOJHO BHIXOJUT M3 CHCTEMbl, OCHOBHBIM IPOIEC-
COM MOHM3allMU OCTaeTCs 3JEKTPOHHBII ymap. B tako# or-
KDBITOM CHCTEMe YCJHOBHE VIeTaJlbHOIO pABHOBECHS He
BbIIOJIHsETCs. 314ech CTallHOHAPHOE COCTOSIHHE HOHH3alUK
HE COBHANaeT C TepMOAMHAMHYECKHM paBHOBecHeM. Ecua
Obl MBI OKpY2Ka/H I/J1a3My HelpOHHLAeMOHN [Js H3JIYyueHHT
000JI0YKOH, TO M3JyUueHHE HaKaNJAuWBaJoCch Obl B CHCTEME
BIJIOTb [0 YCTAHOBJIGHHS TOJHOIO TepMOAMHAMHYECKOTO
pasuosecusi. Ho nmsisa ropsauyeli paspe:keHHOH MJa3Mbl OHO
MOXeT 0Ka3aTbCs IPAaKTHYeCKH HEIOCTHKHMBIM.

Ko/MuecTBeHHO COCTOSIHME MOHH3alnUH XapaKTephsyercd
CTeNnenvr UOHU3AYUU o, T. €. JoNeldl MOHM30BAHHBIX YaCTHI
[0 OTHOLIEHHIO K HauyaJbHOMY UYHCAY HX. B IOJHOCTHIO
HOHM30BAHHOH IJIa3Me CTelleHb MOHHM3allMH CTPEMHTC K
elvHune, B caabo MOHU30BAHHOM — BhIpAXKaeTcs MaJoH
apo6pio. IIpu TepMOAMHAMMUECKOM pABHOBECHH CTeNeHb
HOHM3aUUKM 3aBUCHT TOJAbKO OT TeMIepaTyphl W MJAOTHOCTH
naasmbl. B paspekenHnoil nsiasme, rie CcramHoHapHOe CO-
CTOsIHME HMOHH3ALHM MOXKET HE COBIafaTh C PaBHOBECHHIM,
CTereHb HOHHM3alUM 3aBHUCHUT €Ule ¥ OT TOTO, HACKOJbKO CBO-
60JHO BBIXOAUT U3JIYyUEHHE U3 CHCTEMBI.

st ‘BCAKOH I1a3MBl, KPOMe UHCTO BOXOPOAHOH, HOHH-
3auusa saBasercst crymeHuaToil. CHawajia OT atomMa OTUIEN-
nserca HanGosee cnaGo CBS3AHHBIN SJ€KTPOH, 3aTeM Clle-
LyOWUA U T. 1.

YcloBHe TEPMOLWHAMHYECKOLO paBHOBECHS AAs Kaxjpoi CTy-
NeHn MOHW3aNHuM BhIpaxcaetcs dopmyJaoit Caxa

Mo 26 L gr L —ur
ni—y Gi— o > )
e e

3nech n; — KOHUEHTPAUUS HOHOB C GOJBIIHM, a4 Nj—; — C MEHbLIUM

~
3apANOM (MM HelrpalbHBIX aTOMOB); 1, — CpelHee YHCJIO 3JIeKT-
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poHOB B anemenTapHOfi suelike $pa3oBoro npocrpancrsa; / — sueprud
HOHH3AaIUU HOHA * ¢ MeHbUIMM 3apsnoM; T — Temmepatypa B sHepre-
ThYeCKuX envHunax. O6buno / u T NpUHATO BBHIPAXaTh B 3JEKTPOH-
BOJIbTaX; TOrLAd SHEPrHs HOHM3auuu / YHCIEHHO PaBHA NOTEHIHATY
nonusanuu. MHoxutenu G; u (G;—, — TaK Ha3blBaeMble CTATHCTHYE-
CKHE Beca COOTBETCTBYIOULIX HOHOB (MaHM atomMa M uoHa). C yuetom
BO36YXIEHHEX YDOBHEH CTATHCTHYECKHH BeC BblPAWAETCS TAK:

G=go+gie  BIT + ...

Bricimme 4iaeHbl 3TOr0 psina OGbIYHO HECYIECTBEHHBI. 31eCh g4, &y oo —
NOCTOSIHHBIE CTATHCTHYECKHe Beca HYJeBOTO, IEPBOTO W T. N. dHEpre-
THUYECKHX COCTOSHMH aTOMa miu HoHa; E — sHepruu (MM HOTEHIHAJBI)
Bo30yxnenus. CraTHCTHYeCKunii BeC COCTOSHHS C KBAHTOBBIMH YHCJa-
M S ang couHa ¥ L jus OpGHTAJbHOTO MOMEHTa

g=02S+1)@2L + 1)

2G,;
MHoX.1TENb Gt OO6bIYHO NOPSIAKA eNHHHIBI, ¥ AJS HPHGIMKEHHOI
-1

OIIEHKH MOXHO er0o He YUHTBIBaTh, KaR MH M O6yneM IelnaTh B Haldb-
HefmeM.

Jns nepBofi cTyneHZ MOHM3ALUH POJAb HOHA C MEHbIIHM 32DPALOM
BBLIIOJHAT HefirpaibHblil atoMm, u opMmyna Caxi mpumer BUI

ny 1 _
~—-e 1T,
ng ~
ne

Irae ng— KOHIEHTpaUus aTOMOB; fn; — KOHUEHTPAUHUd OJQHO3apPSANHBIX
HOHOB; [/ — moTeHLUHAaJl WOHH3AaLMK ATOMA.

CpexHee 4HCIO 3JEKTPOHOB B 3JeMEHTapHOH sueiike (asoBoro
MPOCTPAHCTBA MOMHO BBIPABHUTH KAK

~
Ne = neh?,

rgpe ne—06blllﬁaﬂ KOHIEHTpanus aJIeKTpOHOB; )\——-RBaHTOBOMexaHPl-
YyeCKas MOJUHA BOJHBI 3JEKTPOHA:

\ 3 n
mv V¥ 2emT °

31ech ;—Cpellﬂﬂﬁ CKOPOCTb TEILJIOBOro ABHXEHMSA 3JEKTPOHOB B O1-

HOM HaTpaBIEHHH:
— V T
v= onm

* Ecin aTOM HMeeT HECKOJbKO 3JEeKTPOHOB, TO MPH OTpLIBe IIepBO-
ro M3 HHUX MOJYYaercss HOH, OT KOTOPOTO MOXKHO ele OTOpBaTh clie-
nywuiuit anektpor. TpeGyemasi /s 3TOrO SHeprusi H  eCTh  3HEpPrus
HOHU3allUH HOHA.
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T —T1eMnepaTypa B 3HCPreTHYECKHX eJAMHMIAX a6COJIOTHOH cucre-
Mol CI'C (ape).

~
Boipasus n, wepes n, MoxHo samucatb ¢popmyny Caxé B BuIe

n[ (73
nyg—,

L .—nr
~yTe .

Otcona BuiHO, uto (opmyna Caxia npencrasiser coGof uyacTHbIf
BHJ 3a8KOHAa XMMHYECKOIO PaBHOBecHsl. Ona noJyuaeTcs H3 OGHIUHOTO
3aKOHA NeHCTBYIOIMX MAacCC, €CJAH PACCMAaTPUBATh MOHBI M 3JE€KTPOHH
KaK XHMMMYECKHE BEIIeCTBA, 3 HOHHU3ALKI0O — KaK CO6paTHMYI0O XMMH-
4eCKYI0 peakKuuio.

M3 ¢opmynn Caxa nerko oneHuTs 06aacth TeMnepatyp, Tpebdye-
MYI0 Aas KaX1O0# CTyneHn noHudanuu. OGosnauum T'yjp TEMAEPATYPY
NOJNOBHHHON MOHM3ALMU IJIS NAHHOH CTyneHw, T. €. TEMIEPATYPY, IpU
KOTOpOIii

Nij—y = ny.

Torma u3 dopmyas Caxa

~
ne

ITo npunuuny Ilayau 4rcno sieKTPOHOB B 3aeMeHTapHOI sueiike
Bcerna He O6oJabile enMHVLB *. [losTOMy crosmuii B 3HaMeHaTene
norapudm noaoxuteneH. Ecau n, npubauxkaerca K enuuuue, T0O BO3-
HHKaeT BbIpoxJeHue M Qopmyina Caxid CTaHOBUTCH HEMPHIOKHMOHR.
B 0GBIYHOl, HEBBIPOXKIEHHOH MNJa3Me 1, TOPa3fo MeHbIIe eIHHHIBI
u Ty B HECKONBKO a3 MeHbue /.

B npusenennoM Buze dopmyrna Caxd yro6Ha nrs MHOr03apsii-
HBIX HOHOB, NPHCYTCTBYIOIIMX B IasMe B KauecTBe npumecu. OnuH
U3 METOAOB [HATHOCTKKH TNJa3MBl 32KIl0YaeTcs B HabJIONEHHU
COEKTPANbHBIX JHHMH, HCIyCKAaeMbIX 3T¥Mu noHamu. Habatonza noss-
JeHHe B CIEKTpe JHHUH MHOrO3apsifHOrO HOHA, MOXHO IO GopMmyie
Caxd OLEHHTh TeMIepaTypy, €CHH, KOHEYHO, BLILGOJHEHO YCJIOBHE
I eTantbHOro paBHOBeCHS. KOHIEHTpaIMIo 3eKTPOHOB IPH 3TOM MOXKHO
CYWTaTh 3aJaHHON, TAK KaKk OHA oOnpenejsieTcs WOHu3auKeR OCHOB-
HOrO KOMIIOHEHTa NJIa3Mbl, 2 He 3THX Ma’abiX npumeceil.

IOns pacuera KOHIEHTPALUHM 3JMEeKTPOHOB B miaame Gopmyny
Caxd ynoGHee 3amucaTh B HECKOJbKO HHOM Bujze. Eciu B niasme
NPUCYTCTBYIOT TOJBKO OIHO32aPSIHblE HOHBI, TO O yCJIOBHIO KBa3H-
HeHTPaNbHOCTH KOHIEHTDAIMS MOHOB DPaBHA KOHIEHTPAaLHUH dJIEKTPO-
HOB

ny=rne =n.

* Uueso 3MeKTPOHOB B 9JCMEHTApHOR suefike MOMKET OLITh PaBHO
an6o enunnuue, an6o Hymo. CpejHee YMC/IO HX, ClefOBAaTeNbHO, HE 60Jb-
we eIHHUIbL
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IMocae atoro dopmyna Caxd nmpuHUMaeT BHJ

Y4 _ypr
n= )\3/2 e ! .

BoipajeHue 1l TeMIIepaTyphl OJOBUHHOH HOHH3AIMK OCTaHeTCH
TAKUM €, KaK M B IperliecTBylomeM cayyae. B atom Bume dop-
myia Caxd npuMeHHMa K BOZODOXHOH miasMe, a Takxke K J1060ii
mIasMe B HAayaJsbHOH CTaIMH HOHM3AIHH, NOKA CTEHEHb HOHW3ALHMHU
Majaa. B mocienneM ciyuae MOXHO CUMTaTh, YTO KOHIEHTPALHs aTo-
MOB HE OTIMYAETCS OT HayaJbHOH, U GOpPMyNy 3aIMCLIBAIOT TaK:

1 I
~—— g —1I2T,
o ,/-na)\a e

Ecau cranvonapHoe COCTOSIHME MOHU3ALUN HE COBNANAET
C PABHOBECHBIM, TO JIJIsT HaXOXKIEHHs CTEHeHH HOHHU3ALUHU
IPHUXOIUTCS TOJIb30BATHCS yXkKe He TepMOJUHAMHUKOM, a NpU-
paBHUBATh CKODOCTH [MpPOLECCOB HOHH3AIHUH H pPeKOM-
6uHAaLMH.

MJIA3BMA KAK NMPOBOASAWASA XUIAKOCTDb

OcHoBHast 0COGeHHOCTb MJ1a3MBl 3aKJIIOYaeTcsi B TOM,
YTO 3TO TeKyuas cpea, Cnoco6HAas MPOBOAUTb JeKTpUUe-
ckuil Tok. ITostoMy mpocreiiias Momesab IJIa3MbBl €eCTb
modesv npogodaweil scudkocru. B maHHON Momend He pac-
CMaTpHUBAIOT [BHXKEHHE OTAeJNbHBIX YaCTHI: TMJasMa Cuu-
TaeTcd CIJIOUIHON cpemol, mogo06HO TOMY KaK 3TO JesaeTcs
B OOblUHOU ruppopuHamuke. B npocrefimieM npubinXKeHHH
MOXKHO He JIesNaTh TaKXKe W Pasjuuds MeXAY XHIKOCTbIO
U rasoM. B oTcyTcTBHe MOHM3aUMM PasHHLA MEXAY 3THMY
COCTOSIHMSIMH BelllecTBa 3aKJ0Ya/jach B CKHMAaeMOCTH, KO-
TOpas y rasos 'BecbMa BeJHKa, a y KUIKOCTell nmpeHeGpe-
KuMO MaJga. Ho cxkuMaeMoCTb TpOSIBJSIETCS TIPH TEYEHHH,
eCJIH CKODOCTb ero mpubJuxaercs K ckopocTu 3Byka. [lo-
3TOMY OObIYHAs TUJIPOAMHAMHKA €CTh HAyKa O [BHKEHHU
He TOJIbKO XKHAKOCTEH, HO U Ta30B CO CKOPOCTAMM, MaJBIMHU
B CPaBHEHHH CO 3BYKOBOM.

[Tnasma, T. e. mpoBoAsALIHi ras, oTJAUYAETCsT OT NPOBO-
HsIIed XKHIKOCTH HE TOJbKO CKHMAEeMOCTBbIO, HO U IPYTHUMH
CTeNeHsIMH CBOGOMbL, CBI3AHHEIMH C pasfesjeHHeM 3apsimoB.
[TosToMy rumpomuHamMuyeckasi MOmeJb MMeeT 3lech GoJiee
Y3Ky10 06J1aCTh NPUIOKHMOCTH: HE CJAHUIIKOM BENHKH J10JK-
Hbl OBITH HE TOJIbKO 'CKODOCTH TEUEHHS, HO ¥ YaCTOTHl BCeX

48



paccmaTpuBaeMbix KoseGanuil. Ho mocratouHo MelJ/eHHbIE
MPOIECCHl B IJ1a3Me MOXKIIO OMHCHIBATH MOJEJbIO MPOBOA-
mell KUAKocTH. B 3Tofl Momend He 00f3aTesNbHO [eNaTh
pas3JMuhsl MEXAY NJAa3MOH M XKHUAKMM METajjioM, TakuM,
HanpuMep, KaK PTYTb WJH DaCNJaBJeHHbIH HaTpuil. B Ka-
yecTBe JajibHEHIIero YHOpPOUIEeHHs MOXHO paccMaTpHUBATh
npefeNbHbIl cayuall udearbroti nposoOUMOCTU, T. €. TIOJHO-
CTbIO MpeHe6Gpeub 3IEKTPUUECKUM COHPOTHBJIEHHEM MJIA3MHI,
HJIM, MHBIMH CIOBAMH, YCTPEMHTb IIPOBOAHUMOCTb K OecKo-
HeudocTH. B 9TOM mpenmesbHOM ciaydae Haubojee pe3Ko
MIPOSIBJISIOTCS. UEPThHI, OTVIMYAIOUIHE [IPOBOAAIIYIO0 KUAKOCTD
oT o0ObruHOll. Bce 3aKOHOMEPHOCTH TPHHHMAIOT 31eCh 0CO-
GeHHO mpocTOil BHJ. ¥YJOOHO HAUYMHATH DAcCMOTpEHHE CO
cayuasi MJeasbHON INPOBOJHMOCTH, a 3aTeM BBOLHTb IO-
IIPaBKHU K HEMY.

JBrkeHne npoBoAsLlel XUIKOCTH OTIHYAETCH TeM, 4TO
Ha HEro MOXKEeT BJMATb MarHuTHoe noJje. [lostoMy Hayka
O IBHXKEHWHU NMPOBOMAAILMX XKHUIKOCTeH HOCHT Ha3BaHHE Mar-
HHUTHOHU THAPOJLUHAMUKH.

Meton MarHuTHON THAPOAMHAMUKH 3aK/II0YaeTcs B COB-
MECTHOM peLIeHHW YpaBHEHHH THIPOJUHAMHKH M 3JEKTPO-
IUHaMuKH. Mel He OyneM 3[4eCb TPHBOLUTH 3Ty LOBOJBLHO
LJAVHHYIO CHCTEMY ypPaBHEHUH, a H3JI0XKHM HeNOCPeACTBeHHO
KOHeUHBbIe pe3yabTaThl. VX MOXKHO CyMMUDPOBaTb B BHIE
CJIEAYIOMHUX TPeX OCHOBHBIX 3aKOHOB MAarHUTHOH THAPOLH-
HaMHUKHU:

a) 3aKOH BMOPOXKEHHOTO MarHUTHOTO I0JIf;

6) 3aKOH MaTHUTHOTO N aBJIEeHHUS;

B) 3akoH AH((Y3NH MArHUTHOTO MOJIs.

[lepBble 1Ba 32aKOHA OTHOCATCS K MpenesbHOMY CJydalo
ujeaJbHOH TIPOBOLUMOCTH, TPETHI — yCTaHABJUBAET Trpa-
HHULB! €70 NPUJI0KHMOCTH.

3aKoH BMOpPOXKEHHOTO MATIUTHONO TIOJIS ABJAETCS He-
IIOCPEICTBEHHBIM C/IEJACTBHEM 3aKOHA 3JIEKTPOMArHHTHOM
HHIYKUMH AJs UACaNbHOro fpoBoiHuKa. COrslacHO 3aKOHY
MHIYKLHY, €CJH TIPOBOJHHK NpPU CBOEM JIBHXKEHHH fepece-
KaeT MarHATHbIE CUJOBBIE JIMHHH, TO B HEM HHAYIHPYETCS
3JIEeKTPOABHKYIIasa cuna. Ho B upeasbHOM NPOBOJHUKE,
T. €. Npu OeCKOHeYHOH MPOBOAUMOCTH, CKOJIb YTOAHO MaJsasl
3JIEKTPOABHKYILAA CHNA JOJKHA Oblima Obl BhI3BATb 0Oec-
KOHEYHO OOJIbLIOA TOK, 4TO HeBO3MOxkHO. CiefoBaTesbHO,
IBHKEHHE HJIeaJbHOIO NPOBOJHHMKA [OJKHO MPOUCXOIUTH
TaK, 4TOOBl OH He MHepeceKasj MATHUTHBIX CHJIOBBIX JTHHHUH.
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Ecnu 3actaBUTh HjeasbHBIN IIPOBOIHHUK IBUTATHCS MONEPEK
MAarHuTHOro moJis, TO 'OH HOJIK€H YBJE€KaTb 34 coboi cuJo-
BbI€ JIMHHHU.

Eciu Ha mpoBOmHHK [AeHCTBYeT 3JeKTPHYECKOe IoJie, KOTOpPOe MOT-
Jo Obl BHI3BAaTh TOK, TO HIeasbHbIH NPOBOAHHK JOJ/IKEH NMPUATH B JBU-
JKeHue TNOMepeK MarHUTHOTO NOJs C TakoH CKOpPOCTbIO, YTOGH! 3JEKTpPO-
IBHXKYIIAS CH/Ia HHAYKUMH IIOrachia 3JeKTpHyYeckoe InoJe. Takoe [BH-
JKeHHe HasbBaloT dpelighosbim, a ero cKopocTb — Opeliho80il cKOpPOCTH .
Tpu ppeiihOoBOM ABHIKEHHH MACHUTHBIE CHUJIOBBIE JIMHHHM NBHXKYTCS BMe-
cTe ¢ NMPOBOJHHKOM. Takum 06pasoM, 3aKOH BMODOMKEHHOrO MOJST COB-
nagaer ¢ 3akoHOM Apelidgosoro nBueHHs. IlonpoGuee Mbl GymeMm ro-
BOPUTb 0 ApefihOBOM ABUKEHHHM OTAENbHBIX YaCTUL[ I1a3Mbl B MOMEJH
He3aBHCHUMBIX 4acTHIL. TaM Mbl YBHAHM, KaK H OT Yero 3aBHCHT Apeli-
¢doBas CKOpOCTh.

Jo cux mop MBI rOBOpPHJU O JHHeHHOM mpoBoxHuKe. Ho,
uMesl (€10 C JKUAKOCTbIO, MBI MOXEM BBIAEIUTb B Hel
KHUIKYIO JITHHIO», CBI3aHHYIO C OIpe[eNeHHBIMH YacTHIA-
MH BeliecTBa. 3aKOH BMODOXEHHOCTH TOBOPHT, YTO B CIy-
yae KJeasJbHOH NPOBOAMMOCTH IIDH IBHIKEHHH XKHAKOH JU-
HMH [IONepeK MarHUTHOTO IIOJI OHa He MOXKeT mepeceKaTb
CHJIOBBIC JIMHMU. DTO 3HAUUT, YTO T0OJ€ JOJNKHO «IBUTATh-
cfl» BMECTE C JKMJIKOCTbIO, B KOTODYIO OHO KaK Obl «BMO-
poxeHo». MHaue MOXHO CKa3aTh, UTO MarHUTHBIE CHJIO-
Bble JIMHMH <«IDUKJECHBI» K YacTHIAM BeulectBa. Ecau pefi-
CTBYeT 3aKOH BMODOJKEHHOCTH, TO ABHIXEHHE KHUIAKOCTH NPO-
HUCXOQUT B KaXKIOoH TOYKe ¢ ApeidOBOH CKOPOCTBIO.

C 3aKOHOM BMOPOXKEHHOCTH TECHO CBSI3aH BTOPOIl OCHOB-
HOIl 3aKOH MaTHHTHOH IMIPOAMHAMUKHM — 3aKOH MaTHUTHOTO
Jpasaenus. I[lo 3akoHaM 3/€KTPOAHHAMUKHY, eCJIH HANPsIKeH-
HOCTb MArHUTHOTO TOJSl MEHsIeTCs B HanpaBJeHHH nonepex
CHJIOBBIX JIMHHUH, TO NEPHNEHIUKYJIApHO K 060MM 3THUM Ha-
NpaB/IeHAsIM JOJXKeH Teub 3JeKTpuieckuil Tok. Ho mposon-
HUK C TOKOM, TeKYIUHUM IIONepeK MAarHUTHOro I0Jf, HCIHI-
ThIBA€T €O CTOPOHBI 3TOTO HOJA CHJY, KOTOPYIO HasbIBAIOT
nondepomotoprol. Ecnu u3BecTHa MJIOTHOCTb TOKA, TO Be-
JUYHHY 3TOH CHJIBI JIerKo BhIYHCAUTH. OHA MPONMOPLUUHOHA/b-
Ha NPOU3BENEHHIO HAIDPAXKEHHOCTH MarHUTHOTO mosst H Ha
IUVIOTHOCTh TOKA j . TEKyUIero Homnepex moJs (B rayccoBoOi
cuCTeMe eNHHUI):

1 .
= ——Jif.
[Tpsimble cKOGKM 03HAUYAIOT, UTO TAK HAXOMUTCH TOJBKO Be-
JIMYHHA CHJIbI, HO He ee HalpaBJeHHue,
50



Ho ecin BelpasuTb TOK uepes MATHATHOE lioJie, TO, «3d-
GBIB» O TOKE, Ty K€ CaMyI0 CHJIy MOMKHO paccMaTpHBaTh He
KaK T[IOHJEPOMOTOPHYIO CHJIY, a KakK CUlYy MAGHUTHO20
oasaenus.

o 3aKOHaM 2/MeKTPOAYHAMUKK €CIM MAaTHHTHOE MOJE HANDPABIEHO
BIOJb OCH 2, a BAOJb OCH X TeYeT TOK ILIOTHOCTBI j, TO B Hampas-
JEHHH y HaNpAXEHHOCTh MACHHTHOTO IIOJS [OJXKHA MEHSThCS IO
3aKOHY

dH 4

dy ¢

Bxonamuit B 3Ty dopMyny TOK ecTb cyMMa OGBIYHOTO TOKAa NpO-
BOIMMOCTH M BBOIMMOIO B 3JEKTpPONMHaMHKe Toka cMenieHus. Ho
€CJIY OTBJEYbCH OT OBICTPHIX KOneGaHUH, TO TOKOM CMELIEHHS MOX-
HO TnpeHe6peyb M CYHTATh, YTO j €CTh MJOTHOCTh TOK2a HPOBOMLHU-
MOCTH. 3anucaB €e yepe3 MPOM3BONHYI OT MArHHUTHOI'O INOJSH INOI-
CTaBUB B BHIPAXEHHE IIOHIEPOMOTODHOH CHUJBI, HOJYUUM

WPl aH __d (H
NWFl==H gy =2y &)

Ecau HHTEDECOBATHCA HE TOJIBKO BEJUYHHON CHJIBl, HO M €€ Hanpas-
JeHHeM, TO 3TH GOPMYJBl Halo TMHCaTh B BEKTODHOM BHIE:

|
F =—[jH];

4
rotli==—7§—L
OTKYna
2

1 1 H
F='ﬂ'[rotH~H]= Zn (Hyy H—y 8 "

Ecau MAarHuTHoe I1noJe MEHIEeTCd TOJbKO NnomepeK CBOEro HanpaJe-
HHS, TO
He
F=—y .
8n

3Hak y o6osHavaer 2paduenm, T. €. NIPOH3BOAHYIO IO HANPABJAEHUIO.

Briuucienue TIOKa3bIBaeT, 4TO TMOHJIEPOMOTOPHASA CHJIAa
HallpaBJ/ieHa BCerga B CTOPDOHY YMEHbIIEHHUS MAarHuTHOTO
noJid. Bblpa)KaeTCﬂ OHa 'HOIIO6HO CUJie NaBJI€HUs, €CJIH CUH-
TaTb, YTO POJb AaBJEHHUSA urpaeTt BEJHUYHHA

H?
pM='8_1:'

Yno6Ho paccMaTpuBaYh 3Ty BEJIHUMHY KaK MA2HUTHOe 0as-
/eHue, a TOHAEPOMOTORHYIO CHJY — KaK CUJIY MarHUTHOTO
IaBJIeHs.
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OtHolneHHe Ta3oBOTO AaBJEHUs K MArHHTHOMY TpepctabJjsier coboil
BaXHYIO YHC/JEHHYI0 XapaKTEPHCTHKY NJIa3Mbl. D10 Ge3pa3MepHOe UHC/IO
npuHaTo 0603HAyaTh rpeveckoit 6yksoH P

p 8nnT
b= Pu = H?% -

[Tosb3oBaHue MOUATHAMHI [OHAEPOMOTOPHON CHJIBI UM Mar-
HUTHOTO JaBJEHUS — JiBA CIOCO0A BHIPAXKEHHs ONHUX H Tex
Ke usnyeckux sakoHomepHocred. O6a OHM OJZHHAKOBO 3a-
KOHHBI ¥ NPHUBOAAT K TOXKAECTBEHHBIM pe3yJbTaTaM.

K 3sToMy ke BONpOCYy MOMKHO HOJZOHTH U C APYro# TOU-
ku 3peHus. M3 s/eKTpoaUHaMUKM H3BECTHO, YTO MAarHHUTHOE
[0JIe CO3[aeT B TIPOCTPAHCTBE AABJICHHE, PABHOE IJIOTHOCTH
MarHMTHOH 3Hepruy, T. €. MPONOPLUOHANbIOe KBAAPATy Ha-
Nps2KEeHHOCTH TOJS:

H2
Pu= —8_,-(55 .

Ecnu nanpsokesnoctes H BbipaxkeHa B spcrenax (HaH pas-
Has el B MyCTOM MpPOCTPaHCTBe HMHAyKUHsI B B rayccax),
TO AaBjeHue nosayuurca B egunuuax CI'C (ape/cmd), T. e
NPAaKTHUECKH B MUJIJIMOHHBIX RoJsX atMmocheprl. Ho Ha He-
NpoBOAsllee TeJNO 3TO LaBjJeHUe He NeHCTBYeT, NO3TOMY
B 0ObIYHOH THADPOJHHAMMKE €r0 He YUHThIBAIOT. B camom
JeJe, B HENPOBOJsIIEE TeJO MarHUTHOE IIoJie IIPOHHKaeT
cBOGONHO. A pnaBleHHE MOXKET MefiCTBOBATb TOJNBKO Ha
HEeImpoHMIaeMyo nperpaiy. 3 3akoHa BMOpOKeHHOCTH
CJe/yeT, YTO B MJeaJ/bHBEIl TPOBOJHUK B HaNpaBJeHHU, TIep-
NeHAMKY/JIAPHOM K CHJIOBBIM JIMHHAM, MarHUTHOE IOJIe TIpO-
HHKHYTb He MOXeT. A 3TO 3HAYUT, YTO B JaHHOM HampasJe-
HUM Ha MJeaJbHBbI NPOBOLHHK J[OJXKHA IOJNHOCTbIO HeH-
CTBOBATh CHJId MAarHUTHOIO (1aBJEHHUS.

PaccmaTpuBas ABHXKEHHE HIea/bHO TIPOBOASILIEH KUJ-
KOCTH MJIM rasa (mjiasMbl) Hapsiiy ¢ OOGbIUHBIM MaBJEHHEM
BeIeCTBA, HEOOXOAUMO YUYUTHIBATD U MArHUTHOE NABJEHHUE.
[Tpu sToM, ofHaKo, clelyer NPUHUMATbH BO BHHMAHHE J1Ba
YCJAOKHSIOUMX O6CTOATEAbCTBA. Bo-mepBblX, Mar{uTHOe
NaBJjieHHe NefCTByeT TOJNBKO B IaNpaBJeHHH [ONepeK Mar-
HHUTHBIX CHJIOBBIX JIMHUH, T. €. OHO QHU30TponHo. Bo-BTO-
PBIX, MarHuTHOE JaBJcHHe B TOJHOH Mepe NefCTByeT TOJb-
KO B TIpe/IeJIbHOM CJlyyae uaeanbHOH NpoBogumocTH. B ciy-
yae KOHEYHOH TPOBOIMMOCTH 3aKOH BMODOXKEHHOCTH Hapy-
[IaeTcs, U MarHuTHOE MOJie MOCTEHeHHO <«NPOCAUHBAETCS»
4yepes TOBEpPXHOCTh Tesa. Teso CmocofHO «OoLIyIaTh» Mar-
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HUTHOE #AaBJeHHe TOJbKO 3a BpeMs, MaJjoe B CpaBHEHRH
C BpeMeHeM TaKOro <«IpOCAauMBaHHSA», HJH, KAaK TOBOPST,
aupdysnn margutHoro noas. [Ipu Gosee AAMTENBHOM BO3-
JefCTBUM MarHMTHOE [aBJIeHHME BBHIDABHUBAETCS M IlepecTa-
€T JeHCTBOBATh, MOJOOHO TOMY KaK NaBJjIeHHE BO3JyXa He
HefCTBYeT Ha TIOJEByl0 3aHaBecky. Hackosabko OBICTPO
MPOHCXOJUT «MpOCAUHBAIIMe» MAaTIUTHOrO MOJisi, ONpefess-
€T TPeTHH 3aKOH, KOTOpbIH Ha3BIBAIOT 3aKOHOM mUDy3uu
maruutHoro moada. OH woJsyyaercs, ecqu ypaBHEHHs Mar-
HUTHOH THADPOAMHAMUKH PEIIAIOTCS 'COBMECTHO C OOBIUHBIM
3akonoM Owma, cOriacHo KOTOPOMY IJIOTHOCTb 3JIEKTpHUe-
CKOTO TOKa j NPONOPUHOHAJNbHA HAMPSIKEHHOCTH 3JEKTPH-
Jeckoro mnoJs E:

J=cdFE.

Kos¢pduunenT mponopuHOHAJIbHOCTH G HA3bIBAIOT Npo-
godunocroto. OTciofa IJIs «NpOCAYMBAHHS» MATHHUTIIOTO IO-
Js1  TOJNyYyaloT YpaBHEHHE, TOXKIECTBEHHOE C OGBIYHBIM
ypaBHenneM auddysun. Koapdbuument nuddysnn Maruur-
dgoro nons Dy okasbiBaeTcs 00paTHO IMPONOPLHOHANBHBIV
NPOBOJAMMOCTH O; Y HIEaJbHOrO IIPOBOJHHKA O — 00,
a Dy —0. Y100HO T0/Ib30BATBCS CUMMETPHYHOM, WJIH rayc-
COBOH, CHCTeMOH €HHHI, B KOTOPOH 3JIeKTpUUECKHE BeJIHUH-
HBI BhIpaxatoTea B eguaunax CI'CO, a MmarHuTHBIE — B €1H-
sunax CI'CM. B 3Toil cucreme mpoBOAUMOCTh G HMEET pas-
MepHOCTb o6paTHOro BpeMeHu (T. e. yacToThl). Koaddu-
uueHT AubGysuy MarHUTHOTO IOJA [PH 3TOM BhIpa)aer-
¢ Kax

C2
Du = Ins’
rae ¢ — ckopocTh cBeta. OHa BxoauT B GopMyJibl KaK OTHO-
[IEHHEe 37MeKTPOCTATHUECKUX eIMHHUIl K 3JSKTPOMATHUTHBIM.
Kospdpunnent nuddysun, Kkak u Bcerga, HMeer DasMep-
HOCTh cm2/cek.

Jubbdysus MaraiuTHOro moJisi NOJUHHAECTCS OOBIUYHBIM 3a-
XOHaM CJyyalHBIX NIPOLECCOB, O KOTOPBIX PasroBop Oyner
najbuie. [1y6uHa NPOHUKHOBEHHs 3a BpeMs { MOpsSAKA

= T
tNVDMtNCVL‘—m'.

3a MaJjoe BpeMsl { MAarHUTHOE MOJIe, 4 CJIEI0BATENbHO, U TOK
yCNeBalOT NPOHHKHYTb TOJbKO B TOHKHH IIOBEPXHOCTHBIN
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¢J0o# mposomuuka fosfituno#t [ — Tak Ha3blBaeMbIfl CKUH-
caoii (or aHramiickoro skin — xoxa). COOTBETCTBEHHO Ha
3ananHywo ray6uny L mosie M TOK IPOHMKAIOT 32 BPeMs [O-
psaxa

L? __ 4mol?

=~ —
Dy c?

KOTOpOE Ha3bIBAIOT CKUHOBLIM spemerem. [lepemenHblil TOK
TNPOHUKAeT B MPOBOJHHMK TOJbKO B TEUEHHE MOJyNepHOAa.
[TosTOMYy BBICOKOYACTOTHBII TOK TEYeT JIHIIb B TOHKOM
CKHH-CJIO€ y IIOBEpXHOCTH MpoBoaHuKa. ToJmuHa sToro cra-
LIMOHAPHOTO CKHH-CJIOSI TOJYYUTCS, ©CAM BMECTO ¢ MOACTa-
BUTb BEJHYMHY MOpsiiKa 0OpaTHOH YacTOThl (IPUHATO MOA-

CTaBIATh f=~——, TIe ® — KpyroBas 4YacroTa).

AH®®Y3UA NOJSA H AHePY3UA NJIASMbI

CkuHOBOe BpeMsl eCTb BpeMs, 32 KOTODPO€ MAarHHTHOE
noje NPOHHKaeT B HEMOABMXKHBIH NpoBOAHHK. Ecam xe
niasMa yJaepxKuBaercs [aBjeHHeM MarHUTHOTO IoJs, TO
IH(pGdysnus MarHUTHOIO NOJs B MJa3My HapyllaeT paBHOBe-
cHe JaBJEeHUH, 4TO TMPUBOAUT n/a3My B paBuxeHue. Ilpu
5TOM MpaBH/JbHEE TOBOPUTH He 0 AH(GPY3MM MAarHUTHOTO
noJs B mJaasMy, a o AM(QQy3ud maasMbl B MATHUTHOE IIOJIE.

Ecau oTHoUIeHHe Ta30BOTO AaBJEHHUS K MarHuTHOMY [3 = —1-7-‘
M

MaJjo, TO MaJja M pasHOCTb MaPHUTHBIX MAAaBJEHUNl BHE U
BHYTpPH mJa3Mbl. Bpemsa auddysuu mois B niaasmy paBHO
CKMHOBOMY BpEMEHHM M OIpefeaseTcs 3TOi MaJjlofl pasHo-
ctbio. Ho mosiHoe paBHOBecwe gocTHraercsi TOJbKO 34 IO-
pasno 6oJlee MJHUTEJbHOE BpeMmsi, HyXKHOe AJS TOro, YTOOHI
nJasMa paBHOMEpPHO pacmpejenusnach no Bcell o6aacT, rae
ee MepBOHAYAJIBbHO He OblI0. DTO 8pemsa Oupdysuu naasmol
OTIpeLeNIAeTCA yXKe He MaJsiofl pasHOCTBbIO [laBJeHHH, a {oJ-
HbIM MAaTHHTHBIM HaBJeHHeM: OHO B l/B pa3 GoJblie CKH-
HOBOro BpeMeHHU. COOTBETCTBEHHO MOXHO CUMTATh, YTO KO-
spduurent aupdysuu maazMbl BO CTOJIBKO XK€ pa3 MeHb-
me kosdpouuuenta AUDGy3UU MATHUTHOTO MOJS.

3axkoH Jud¢y3uun MarHUTHOTO [MOJS YCTaHABJAHBAeT
00/1aCTh, T/l€ MOXKHO TOJb30BATbCS NPUOJMNKEHHEM HJe-
aJbHOTO NpoBORHHKA. [l 3TOro HyXHO, YTOOB pa3Mephl
CHCTeMbl OBbLJIK BEJHMKH B CPAaBHEHHU C TOJIIUHON CKHH-CJIOA,
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a BpeMsi— MaJlo B CPaBHEHHHM CO CKHHOBHIM BpeMEHeM.
Macmtabsl Tex W APYTHX CBA3aHBl C TIPOBOAMMOCThIO, HO
OIHO 3HAYEHHe TPOBOAHMOCTH e€lle He pelaeT BOmpoca.
Kakyio mpoBOOMMOCTb CUHTATh «BOJbLIOH» H KaKylo «Ma-
Jof», 3aBHCHUT OT XapaKTepHbIX MacwTaboB MJIHHBI H
BpEMEHH.

NPUMEHEHHUA MOJLEJIH
MPOBOASIILEN )KHIKOCTH

Kocmuueckne macumra®bl AJUHBL CTOJIb BEIHKH, UTO AJS
He CJIUIIKOM MeNJIEHHBIX IPOLIECCOB OHHM OKa3bIBAIOTCA 3Ha-
YATeNbHO 0O0JblIe TOJUIMHBE CKHH-cJ0s. [Tostomy B KocMu-
yeckux Mmacltabax BcAKas Ta3Ma MOXKeT CYMTAThbCs He-
aJbHBIM TIDOBOJHHMKOM, M 3aKOHBI BMOPOXKEHHOTO MOJIA H
MaPHHTHOTO LABJIEHUS HMEIOT 3[1eCh [IUPOKYIO0 00/1aCTh NPH-
Joxumoctu. IIpH nmoMOILM 3THX 32KOHOB JIETKO pellaercd
psan 3amau Kocmuuecko#l ¢usuxu. Tak, us CosHuna Bei6pa-
CBHIBAIOTCS TIJIa3MEHHBIE NOTOKH, OKAa3blBAIOUIHE CYIICCTBEH-
HOe BJIMsHME Ha BepxHIO0 atMocdepy 3emuu. Taxkoll NOTOK
He ¥MeeT MAarTHUTHOTO moJjs. 1o 3aKoHy BMOpPOXKEHHOCTH
MOCTOPDOHHEE MATHHTHOE IIOJIe He MOXKeT B Hero IPOHHK-
HyTb. B co/HeuHO#l cucTeMe HMMeTCs GecrnopsiiouHble MeX-
IJIaHEeTHble MAaTHUTHBIC Toad. Buixonsumue uz Conuna nias-
MeHHble fIOTOKHM BHITAJKHBAIOT 5TH TIOCTOPOHHHE MarHHT-
Hble noJas. MoXKHO CKa3aTbh, UTO «[IJIa3MEHHAsA METJa» <BhI-
MeTaeT» MeXIJIaHeTHble MarHHUTHbIE MOJs U3 OKPeCTHOCTEH
Connna. Boxpyr Cojrua o6pasyercss MAeHUTHAS NOAOCTY,
B KOTODOH MarHuTHble NOJS ropasgo ciaabee, yeM B OKpY-
XKawlleM npoctpancTBe. MaruuTHasi moJocTh 0O8Jeruaer
npuxon Ha 3em/ai0 HcnyckaeMmbiX CoJIHIEM TIOTOKOB OBI-
CTPBIX 3apsAXKEHHBIX YaCTHL, (KOPNYCKYJAspPHbIX NOTOKOB).
C npyroit CTOPOHBI, KOT/A IJIA3MEHHBIH OTOK BCTPeYaercst
C MECTHBhIM MaPHMTHBIM HOJieM 3eMJH, OH [0 3aKOHY BMO-
pOKeHHOCTH O0TeKaeT ero, KaK JKHAKOCTh 0OTEKaeT TBep-
noe teno. Bokpyr 3eman obGpasyercss MacHUTHAS KasepHa,
BHYTPH KOTOPOH, Hao60pOT, COOpPaHO MArHHTHOE IOJe, HO
KyJlla He NMPOHMKAIOT TJa3MeHHble NoTokd. Ha moBepxHoCTH
MarHHUTHON KaBepHbl COOMpPAeTCs MHOTO 3apsiKeHHBIX da-
CTHI, KOTOpbIE, MO-BUAUMOMY, H OOHADYKMBAIOTCS CITyTHH-
KaMH Y pakeTaMM Kak BHewHruld paduayuonnoi nosc. Ana-
JIOTHA MeXKIy o6TeKaHueM MJIasMOfl MarHHTHON KaBEpHBI H
KUIKOCTBIO — TBEPAOTO TeJa He TOJbKQ KauecTBeHHAad, HO
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¥ MaTeMaThueckas: 00a SIBJIEHHSI MOTYT OBITh ONMCAllbi
OJMHAKOBBIMH ypaBHEHHUAMH, TOJNBKO B Cjydae TJasMbl, Kpo-
Me JaBJIeHHsl BellecTBa, HAfO ydyecTb M JaBJieHHe MarHur-
HOTO TOJIf.

Wcxonss U3 MOJeNH TIPOBOASAIICH XKHMIKOCTH, MOXHO f0-
HSTh M OCHOBHYIO HJEI0 yAePKaHHS NAA3Mbl MarHUTHBIM 10~
jgeM. s TepMosimepHBIX peaKUHi HEOOXOAMMBLI TeMIlepa-
TYpBI CTOJIb BBICOKHE, UTO HHMKaKas CTeHKa HX He BBIJep-
xut. Ho m1asMa MOXKeT HaXONWThCST B DaBHOBeCHH M 0e3
CTEHOK, eCJIH ee ra3oBOe JaB/JeHHEe YPaBHOBEIIMBAETCA NaB-
JIGHHEeM BHEIIHero MarHHTHOTO M10JIs:

H2
nT = o
rae #-—4YHCJ0 YacTHI[ TJIasMbl B efuHHHLE obbeMa;
T — remmeparypa B 9HEpTeTHUECKHX @IMHHLAX. Ecau npH
5TOM B35ITb OOBLIUHYIO B ATOMHOHN (DU3HUKE EIHHHMLIY 3HED-
MU — 3JeKTpoHBoABLT (1 38 = 1,6 - 1012 ape = 11 600° K),
TO YCJIOBHE yIepXKaHUs MPUMeT BUJ,

H =6,34.10-%) nT,

rae T — TemmepaTtypa TaK:XKe B FHEPTETHUECKHUX €IUHUIAX.
Ins ynpaBasieMOH TepMOANEPHOH peakuuu pasyMHBIMU
npencrasisiorcs 3uadenus n=10'¢ gsacruy/cm® u T=10%2s.
IIpu 3THX yCJaOBHAX [Jsd yIAepXKaHUA mJaas3Mbl Tpebyercs
Mar{uTHoe moJie okoJso 60 k2 (Kujao3pcren), UTO TEXHHYE-
CKM BIIOJIHE NOCTHXKHMO.

Yiep:KuUBalIllee MAarHUTHOE TIOJIE MOXKET CO34aBaThCs
aubo BHewlHuMY TOKAMHM B METaJJNYeCKUX IPOBOIHHUKAX,
OKpY2KAIOUWIUX NJa3My, JUB0 GHYTPeHHuUMU TOKAMU B caMoi
miaasMe. COOTBETCTBEHHO Pa3JNUUAIOT YAeDKAHUE BHEULHUM
U COOCT8EHHbIM MATHUTHBIM IIOJIEM.

[Ipocrefiuit BUA BHEIIHEro imoJisi — MPOAOJNbHOE MOJIE,
CO3JaBaeMoe KaTyIIKOH (COJNEHOMAOM), OKpy:KalolleH naas-
My (cm. puc. 9 u 15). Ilpocreitunit Bux coGCTBEHHOrO ToO-
Jisl — KpYyroBoe IoJie, Co3naBaeMoe TPONOJbHEIM TOKOM, Te-
KymuM 1o miaasme (cM. puc. 25). M3 3akoHa MarguTHOTO
N aBJIeHHsT CJIENYeT, UTO MPOJOJNbHBIN TOK, TEKYIIUI MO T1a3-
Me, JOJIKEH TIPOU3BOJUTb CBOMM KPYrOBBIM MAarHUTHBIM MO-
JEM CXKATHE MJIa3Mbl B TOHKHH LMJIMHIDUYECKHH IIHYP
C OCbIO B HaNpaBJIeHUH TOKA.
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Takolt muasmennbiii HIHYP YacTO HA3BIBAIOT aHTJAMHCKHM  CJIOBOM
«MUHY» (oT rJaarosa to pinch — cxate, ywunayrs) *. Camo sABJeHHE
CXKaTHst Mua3Mpl COOCTBEHHBIM MOJEM TeKYLIero Mo Heif ToKa HOCHT Ha-
3BaHle «mHHY-3ddeKTa».

Taxum o6pasoM, yxe camas rpybas Molenb [Ja3Mbl
[T03BOJISIET [ATh OLEHKY YCJOBHH MATHUTHOTO YIepXKaHHf.
Ho nas yrouneHus oTHX yCJOBUH M pacCMOTpeHUS KOH-
KpPETHBIX METONOB YHAEp:KaHUS HEeo0X0QMMO TepeHTH K 60-
Jlee COBeplIeHHBIM MOZeJasM mJaasMbl. Ilpexnae Bcero pac-
CMOTpEHHOE YycJoBHe ofecrneydBaer Yyaep:KaHHe TJIa3Mbl
TOJILKO O TexX I[IOp, N0Ka MAarHUTHOE ToJe He <«IIpOCOuH-
JIOCb» BHYTPb NJIa3Mbl, T. €. 32 BpeMs, MeHblIee CKHHOBOIO
BpeMeHH. [isi omeHKH Ke CKHHOBOTO BpEMEHH HYMXKHO
3HAThb IIPOBOJUMOCTD IJIA3MbI, UTO TpeOyeT yxe ©oJjee MOA-
pOBHOTO ee OMHCAHHS.

TOPOUJAJIbHBIE MATHUTHDIE JIOBYIIKH

MaruutHoe mose yuepxuBaeT miasMy oT yxoma Ha 0o-
KOBbI€ 'CTeHKH, HO He C TOpLOB TpyOml. Ilpocrefiuuit cnocod
NOJYYUTb MAarHUTHYIO JIOBYWIKY — CHeJaTh TPyOy, COBCEM
HE MMEIOULYI0 KOHIOB. 1y 9TOTO NOCTATOYHO CBEPHYTb TPY-
06y B KoOJbLO, Kak mokasaHo Ha puc. 9. Teno, momoGHOE
OyOaMKYy WM Kajady, MMeeT B TEOMETPUH CIenHaJbHOE
Ha3BaHde Top. MarHuUTHy©O JOBYWIKY Takod (OopMbl Hasbl-
BalOT TOpOudanbrod. BHemHAs KaTyliKa (COJEHOHA) CO-
3laeT BAOJNb TPyObl MarHUTHOE IoJe. DTO MoJie YIepKHU-
BaeT IJIa3My OT yXoj4a B IIONEpPeYHOM HaNpaBJIeHHH Ha
CTeHKy. Bponp moJss miaasma ABHKeTCS CBOBGOJHO, HO 3TO
He MPUBOJHUT K yXOA4y ee U3 JoBymKH. CHUIOBbIE JIUHUU Mar-
HUTHOIO [10JIs1 3aMbIKAIOTCH 10 KOJbLY H H3 JIOBYIIKH He
BhIXoAAT. OHaKo ynep:KaHHe IJIa3MBl B TOPOUAAJNbHOH JI0-

* B mocrennee BpeMsi B JIHTEpPaType pPaclpOCTPAHMIOCH MpHMeEle-
HHe Ha3BaHHS IHHY» KO BCSKOMY IUIa3MEHHOMY 06GpasoBaHHIO, CKHMae-
MOMY MAarsuTHbIM noJem. IIpy 3TOM B 3aBHCHMOCTH OT HalpaBJeHUS
9JIEKTPUYECKOTO TOKAa pas3HyaloT JHHeHHBIH 2-MMHY, B KOTOPOM TOK
TeYeT Mo OcH UHJAHHAPa (OoCh 2), a CKHMaloUlee MardHUTHOE INOJE KpY-
rOBOE, ¥ HHAYKUHOHHBbIH O-MHHY (T3Ta-NMHHY), rle KPYroBOH TOK Teyer
10 asuMyTy (a3HMYT B aHIHHCKOH JuTepatype o6osHauaioT 0), a CKu-
Maloliee MarHMTHOE MOJe MpojoJbHOoe. B O-muHue TOK Momer BO3OYK-
AaThCs TOJBKO HHIAYKLUHeH, TaKk 4YTO (DaKTHYECKH CiKAaTHe IPOH3BOAUTCS
MarH¥THBIM [0JIEM, CO3JaHHBIM TOKaMH, KOTOpbie TEeKyT BO BHELIHHX
npoBoanukax. HanmpoTHe, 2z-MHHY cO34aeTCsi TyTeM NPOMYyCKaHHsS TOKA
MeXIy 3J/eKTPOJLaMH, BBeNEHHHIMH B MiasmMy. Korma roopsaT IpocTo
«MHHY», TO UMEIOT B BUAY KJAACCHUYECKHH 2-THHY.
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ByliKe OCJNOXKHSETCS TeM, UTO MAarHHTHOe 110Jle B Hel HE
MOKET OBITb OJHOPOLHBIM.

O0HOpoOHbLM HA3BIBAIOT TIOJIE, CHIOBBIE JHHHH KOTOPOTO
IpsAMblE ¥ DaclloNOXKeHH Be3Je OJHHAKOBO rycro. B Topo-
UJlaJbHOH JIOBYIIKE CHUJIOBBIE JIMHHH, BO-IEPBBIX, 0653aTelb-
HO KpHBBIE H, BO-BTOPHIX, CI'YLIAIOTCA K BHYTPEHHeH cToO-
pone Topa. I'ycToTON CHJIOBBEIX JIMHMH ONpele/seTcs Hanps-
JKEHHOCTb MArCHUTHOTO IOJIS H, 'CJeN0BaTeJbHO, MarHHTHOE
nasnexue. Pas cuaoBble JHHHH
CTyILAlOTC K BHYTDeHHeH CTo-
poHe Topa, 3HAYUT, MAarHUTHOE
JaBjieHHe ¢ BHYTPEHHEH CTOpo-
HBl 0o/blile, 4eM C HapyXKHOM.
drta pasHuua, UM, Kak roBopAr,
epaduenT MArHHTHOTO AaBJIeHHUs,
BLIXKMMaeT IJasMy K BHEIIHeH
cropoHe Topa. Takum o6pasow,
y¥Xe mpocrefiliasg MOZeab IJaas-
Mbl [03BOJIIET XOTs OBl B TPY-
ObIX yepTax MOHAThb, KaKue
Prc. 9. Topoupaiasbuasg Mmar- TPYAHOCTH BO3HHKAIOT MPHU yIep-

HHTHas JIOBYIIKA. JKAHWM IJIa3Mbl B TOPOUIAbHOH
agosymke. Ilogpo6Hee 3TOT BO-
Ipoc MOXKeT ObIThb PaCCMOTPEH B MOJENH HEe3aBUCHMbIX Ya-
CTHL, YTO MBI CleJaeM JHaJjblie. YXOJX IJa3Mbl Ha CTEHKY
cBfA3aH C Opetihosoim Osusiceruesm 4YacTHL, B HEOLHODPOJ-
HOM MarsuTHoM mnoJe. Ilpu 3TOM Hapsiiy ¢ rpajauHeHTOM
[OJiT MrpaeT poJib TakKe M LeHTPoOGeXHas cujaa OT JBH-
JKEHHs1 YacTHL, BAOJb UCKPUBJIEHHBIX CHJOBBIX JHUHUH, Heil-
CTByIOLAsl B TOM XK€ HalpaBJEeHHH.

Jasi ymepkaHus Nmiaasmbl B Tope HeoGxonuma 6oJee
cnoxHasi ¢opMa MarHuTHoro moJsi. Bce mpepsnaraemmie
IJis1 3TOTO CHOCOOBI CBOIATCS K CO3MAHUIO BUHTOBbLX Mae-
HUTHbLX nosed. I1polle BCero 3To DOCTHUraercs B JIOBYLIKAX,
Tle BJOJb MarHWTHOIO TMOJS IO IJIasMe TeueT CHJIbHBIMA
3/JeKTpuYeckuil Tok. Tok B maa3me Bo3GyKmaercs HHIYK-
LHOHHBIM CIIOCOGOM: IIa3Ma HTpaeT POJb BTOPHYHOH 06-
MOTKH TpaHc(hopMaropa; MepBHYHOH OOGMOTKOH  CJOYKHUT
KONMbLEBOH TIPOBOJHMK, TIO KOTOPOMY TIPONYyCKAeTCsi nepe-
MeHHbIH TOK. Tekymu#l no niasme ToK CO31aeT BOKPYT cebs
KOJIbIEBOE MAarHUTHOE II0JIe, KOTOpOE, CKJIafnBasiCh C
BHEITHHM TPOMOJIbHEIM, 00pa3yetr BHHTOBOe 1oJe. Ecau
COGCTBEHHOE I0JI€ CHJbHEE BHEIIHEr0, TO OHO CIKHMAeT
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[JIa3MEHHBIH IUHYpP U OTPBHIBAET €ro OT CTEHOK: 3T0 TOpo-
udasvroli nunvy. Ho BO3MOXKHBI M JIOBYIIKH, B KOTODBIX
I1a3My He MyCKaeT Ha CTEHKY CUJbHOE BHeUTHee MPOJOJib-
HOe 1oJie, a coGCTBEHHOE II0JIe UrpaeT TOJbKO BCIlOMOra-
TeJBHYI0 poJib. Ho BCe JIOBYIIKH C TOKOM, TEKYUIMM BJOJb
MarHUTHOTO TOJsl, MOJBEP:KEeHbl PasJUYHBIM BHAAM THADO-
MAarHuTHOH M KHHETHYECKOH HEeyCTOHYUBOCTH, O KOTOPBIX
peub Oymer unatu Huxe. [loaTroMy oueHsb. BaxKHO, 4TO yna-
JOChb OPUAYMAaTh JIOBYIIKY, B KOTOPOH BHHTOBOE TOJE CO-
371aeTCSl TOKaMH, TEKyIIMMU BO BHELIHMX MPOBOAHHMKAX: 3TO
crearaparop *. B mepBoHauasbHOIl KOHCTPYKIHUH cTessapa-
TOpa caM TOp 3aKpyuHBajcs B BHAE BOCbMepKU. B panb-
HefllleM HayuYWJIHCh CO3[1aBaThb BHHTOBOE II0JIe, HE Hapy-
was (GopMy TOpa, MOCPEACTBOM HECKOJbKHX AOMOJNHHUTEb-
HBIX O6MOTOK C IPOTHBOMNOJIOAKHBIMH HANpaBJeHUSIMH TOKa.

B TopoupanbHbIX MarHUTHBIX JOBYIIKAX MOXKHO Harpe-
BaTh MJa3My. MarsuTHoe noje TMpPENsITCTBYeT HE TOJbKO
YXOLYy UYacTHll, HO ¥ YXOLY 3SHEPrUM Ha CTEHKY, CHHXKad,
KaK MBI YBUIHUM [aJibllie, [ONEPEYHYI0 TEMJOMPOBOAHOCTh
miasmel. Eciy B mJiasMe HET MHOTO3apsAAHBIX HOHOB, TO
U H3Jly4eHHe YHOCHT MaJo sHepruu. Tormza oOTKpbiBaercs
NPUHIMNKAIbHAS BO3MOXKHOCTb HAarpeBa IJIa3MBl OO OYeHb
BLICOKHX TeMIlepaTyp, HNpPH KOTODPBIX JOJKHBl TIPOTEKaThb
TepMosiiepHble peakuuu. IIpakTuueckoe pemeHne 3afadu
HarpeBa IJasMbl B MarHMTHOH JIOByIIKe HaTaJKHBaercsd,
OmnHaKo, Ha psjA TpyaHocredl. [1pome Bcero marpeBaTh mias-
My TOKOM, TeKYUIUM BJOJb MarHuTHOro mnoJjs. Ho okassl-
Baercs, 4TO TOK «pacKauWBaeT» mJjasMy, AeJaer ee He-
ycroiunsoi. TIpuxogurcss uckaTh Apyrie Ccnocobbl HAaTpeBa,
B KOTODHIX TOKHM TEKYT TONepeKk MarHuTHoro moJjst. Jas
9TO LeaM MNpejaraercs UCNOJAb30BATh SBJEHHs Pe30HAHCA
IpU, B3AUMOJEHCTBHH TIIAa3Mbl C 3JIEKTPOMAaTHHTHRIMH KoJle-
OaHMAMH BBICOKOH 4aCTOTHI, B YACTHOCTH WHKJIOTPOHHBIH H
MariuTHO-3BYKOBOH Pe30HaHCHI.

SJNEKTPOMATHUTHBIE HACOCHI
H YCKOPEHHE NJIA3MBbI

ITomumo YIAEDXKAaHUuA NJja3Mbl, MATHUTHOE HaBJIEHUE MO-
XKeT OBITh HCHOJIb30BAHO TaKkKe U IJIsl pa3roHa €e 10 60J1b-

* Haspanue «cres1apaTop» MPOMCXOAUT OT CJOBA «CTEJIA» — 3BE3-
za. Tax HasBanu STy JOBYLWIKY NOTOMY, YTO B Hefil Ha[elOTCs AOCTHYDL
TEMIEPATYp TAKOro e NOPANKA, KaK BO BHYTDEHHMX 30HaX 3Be3l, TLe
TNPOTEKAIOT TePMOSepHLIe pPeaKLHH.
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mux ckopocrefl. CymiectByer psin crnoco60B BblGpachlBaHUs
OT/EJbHBIX NJ1a3MEHHBIX CTYCTKOB HJIM HENPEepPhIBHBIX MJa3-
MeHHBIX CTPYA H3 COmJa CHJIaMH MAarHUTHOI'O [aBJIEHHS.
Tak Ke, KaK ¥ TIPU YIepXKAHHMU, MarHAUTHbIe IOJS MOTYT
CO3/1aBaThC TOKAMH, TEKYIIHMH J1GO0 BO BHEUIHUX NMPOBOJ-
HUKaX, J100 B caMOH IiasMe.

CyIHOCTb MPOLIECCOB YCKOPEHHS IJIAa3Mbl MOXHO IO-
HSITh, HCXOMAS M3 MOJEJH TPOBOXALIEH KUAKOCTH. M meficT-
BUTEJBHO, T€ e NPUHLUMBl TTPUMEHSIIOTCA U B 3JeKTpoMar-
HUTHBIX Hacocax, CJy:KalluxX A/ [MepekKadykd DaclJaBJeH-
HBIX MeTaJnoB. [lpocrefimiuM nmpu6OpOM 3TOTO pPoza fBJSET-
Csl KOHOYKYUOHHBLL 9AEKTPO-
maeHurHoll Hacoc (puc. 10).
B HeM KaHasn ¢ npoBOAsILeH
KHIKOCTbIO TOMEIIEH MEeXIy
nojgocaMu N u S MarHura.
[lonepex HampaB/ieHHl KaHa-
Ja ¥ MarHUTHOTO MOJA uYepes
AKHIKOCTb TIPONYCKAIOT TOK /.
Bosnukaomasi Iopu B3auMO-
JeNCTBUHM B3aUMHONEPTEHIH-
Puc. 10. KouaykuuonHmeii snek- KyJSPHBIX TOKAa W  MarHur-

TPOMArHHTHEIH Hacoc. HOTO TIOJSI MOHZEPOMOTOpPHAs
cuma 3acTaBjasieT  IOTOK
KHJIKOCTH Q Teyb B HANPABJIEHHH, YKA3aHHOM CTpeJ-
kamu. TlocToaHHBII TOK BO30GYXKIaeTCs BHEHMIHMM 3J€K-
TPUYECKHM II0JIEM M MOABOAMTCA K JKHUAKOCTH 4Yepes
3JIEKTPOAL. IDTO eCTh TOK MPOBOAUMOCTH, WJIH, KAaK HHA-
4e roBOPAT. KOHAYKLUMH, NOYeMy HACOC ¥ HAa3BIBAIOT KOH-
LYKUMOHHBIM. CyIecTBYIOT 3J€KTPOMArHHTHBIE HaCOCHI,
B KOTOPHIX TOK He MOABOAMTCS Yepe3 3JeKTPOIbI, a BO36YK-
naercsi (MHAYHHPYETCS1) NEepeMeHHBIMH MAaTHHTHBIMH TOJS-
mu. Taxume Hacochl HOCAT Ha3BaHHe HUHAYKUHMOHHBIX. [1pu-
MEpOM MOXKET CJYXHUTh TPHOOP, B KOTOPOM TPOBOASIIAS
cpena yBJjekaeTcs OeryuuM MarHuTHeIM moseM. Cxema ero
noxasaHa Ha puc. 37. Eciu 3Ty cXeMy TPUMEHSIOT AJIS Ile-
peKauKu XKHIKOIO Merasjia, TO NPHGOp 'HA3BIBAIOT HHAYK-
LMOHHBIM 3JIEKTPOMATHUTHHIM HacocoM. B mpumenenuu K
YCKODEHHIO IJIa3MBbl 3TO OYAET ACUHXPOHHbLEL NAQ3MEHHbLE
Osuearesp. CxeMy KOHAYKUHMOHHOTO HAacoca B TPHMEHEHHH
K yCKODEHHUIO MMJIa3Mbl HA3bIBAIOT YCKOPEHUem 8 CKpeujer-
HbLX NOAAX.
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B npubopax n/s yCKOpeHHs MJasMbl 3JieKTpHuecKas
SHEPTHst MpeBpalllaeTcss B MeXaHHYeckyio. PaboTaioT OHH
AHAJIOTHYHO 3JIEKTPOMOTOPY. Y CKOpPEHHE B CKpEIeHHbIX
IOJIAX TPOMCXOAUT MO INPHUHUHUIY MOTOpPa MOCTOSIHHOI'O TO-
Ka, ycKopeHne OGerymiuM IN0oJieM — M0 MPUHIUNY aCHHXPOH-
Horo Moropa. Ho u3BecTHo, 4TO 3JI€KTPUYECKHUE IBUTATENb
NPOCTBIM MepeK/JIiUeHHeM MOXKHO NPEBPaTHUTb B JAHHAMO-
mauudy. To e MOXKHO CIeJaTh U € IJa3MEeHHBIM JBHraTe-
JieM, €CJIM ero 3acTaBUTb He YCKOpsATb, & TOPMO3WTh MJas-
My. Torna xunHernueckasr sHeprusi MIa3MEeHHOro MoTtoka GOy-
HeT 1peo0pasoBLIBATbCA B 3JEKTPHUECKYIO. I'Ionquca
nias3MeHHass AIMHaMOMallMHa, WJH, KaK €€ Ha3biBaloT, Mae-
Huro2udpodurnamudeckuil eeneparop.

Puc. 11. TlnasmeHHast myilKa, BIPLICKMBAIOWAS IJIa3My
CO BCTPEYHBIMH IIOJISIMH.

Cxembl, 0 KOTOPHIX MBI [0 CHX TIOD TOBODHJIH, HMEKOT
MarHMTHbBIE MOJISl, CO3LaBaeMble TOKAMU B CllelHajJbHbIX 00-
MoTKax. [Ho m3BeCTHBI M TaKue CXeMbl, I[é MaTHUTHOE TOoJe
CO3MAeTCsi TOKaMM, TEKYILHMH depe3 maasmy. Takue cxeMmbl
Ha3bIBAIOT pesbcosvimu. Haspanue momiao ot mpocrefinelt
CX€MBI, Te IJadMa yCKOPSeTCA MeXAy OByMs napaJdJefb-
HbIMH TNPAMBIMH METaJJHYECKUMM NPOBOLHHUKAMHU («DeJb-
CaMM»), MO KOTOPBIM TEKYT TOKH, 3aMbIKAaIOI[Hecs depes
miasmy. B cuMMeTpuuyHON cHcTeMe cOOCTBEHHOE MarHHMTHOE
IoJie TOJIBKO CXKHMaeT TOKOBLIE 1HYp. Ho B pesabcoBoit
CXeMe II0JIe TIOATIEPTO ¢ OJHOH CTOPOHBI MeTa/JIHUeCKUMHU
IIPOBOJHUKAMHM H CBOOOJHO «BBITEKAeT» B JAPyrywo, Talla
3a coboii mna3my.
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Jnsi BOPHICKABAHUS TJIA3MEHHBIX CTPYH B MAarHUTHBIE
JIOBYIIKH CKOHCTPYUPOBAHBl MAA3MeHHble RYWKU, OCHO-
BaHHBIE HA TOM e IIpUHUMIE. 31ech yroOHA KOoaKcuaib-
HAA KOHCTPYKLHS, B KOTOPOH KaHAJOM CJYKHT KOJblieBast
ImeJgb MEXAY @IBYMs HapaJjeJbHbIMH LuJAUHApamu. [Ha
puc. 11 nokasaHa KoaKcuajpHas ImjuasMeHHas nymka. Ona
COCTOMT M3 ABYX LUMJHHIPOB c obuiell ockio. [1nasma nopa-
eTCsl B KOJIbIIEBOH NPOMEXKYTOK MeXAy HUIMHIpaMU Obl-
cTpofeficTBYIOIUM  KaamaHnoMm  (csepxy). HazoxenHoe
MeXAy UMJIHHApaMU pajuajbHOE 3JeKTPHYeCKoe IOoJe BHl-
3piBaeT B IJladMe pafHagbHBIHl TOK, KOTODHIH, B3auMojel-
CTBYsl CO CBOMM COOCTBEHHBIM MAaTHHTHBIM TIOJI€M, BBITAJ-
KHBaeT T/1asMy M3 Mywkd. [lymka BIpbICKMBaeT MIasMy
B JIOBYIIKY CO BCTPEUYHBIMH TOJISIMH, IIPEIJIOXKEHHYIO A
60opb0bl C MEepecTaHOBOYHOH HJIH KeJOOKOBOH HeyCTOHYH-
BOCTbIO, 0 YeM peub GyLeT HUKe,

MATHHTOTrHAPOAUHAMHYECKHE TEYEHHUA

Teuenune m1asmMbel B MAaCHUTHOM I0JIE, TIOJ0GHO TeUeHHIO
BCAKOH XWIKOCTH WM Tasa, MOXeT ObITh JUGO AamMuxap-
HbLM, T. €. CTpYHYaThIM, JHUOO TYpOYAEHTHLLM, T. €. BHXpeE-
BbiM. B Oo/BLIMHCTBe CIyuaeB MarHUTHOE MOJie, HalpaBJeH-
HOe BJOJIb TEUeHHs, TPEHATCTBYET BO3HUKHOBEHHIO TypOy-
JIQITHOCTH, HMJIH, KaK FOBOPSIT, CTAOMJIU3UPYET JaMHHADHOE
asikenne. Crabunusupyiouiee peficTBHe MArHUTHOTO MOJS
CHJIbHEE BCEro NpOSIBJASETCHA B CJyuae BbICOKOH MPOBOIHMO-
CTH, KOTZa AeHCTBYeT 3aKOH BMOpOKeHHoCTH. [lpu 3TOM
TypOyJNEeHTHOE [BHXKEHUE TIDUBONUT K 3aNYTHIBAHHIO Mar-
HHUTHBIX CHJIOBBIX JIHHHII, B pe3yJbTaTe Yero KHHeTHUYecKas
9HeprHs ABHXKEHUS npeoOpasyeTcs B MarHUTHYIO 3HEPTHIO.
B caabonpoBopsmeli mnasmMe MarHUTHOe IOJIe TOXe 3a-
TPYIAHsET pa3BUTHE TYpOYJEHTHOCTH, HO MEXaHH3M CTa-
Ounnsanuu Tam cobceM Apyroi. OH cBsi3aH € TeM, YTO MpH
JIBHXEHHH NPOBOAALIEH cpefbl B MArHUTHOM mTOJe BO30y-
KIAI0TCA 3JIEKTPHUYECKUE TOKM, KOTOpBHIE TIPH KOHEUYHOMH
NPOBOAMMOCTH NPHUBOAAT K Ouccunayuu sHepeuu, T. e. K
IpeBpalleHHI0 KMHETHYECKOH 3HEPTHU JBUIKEHHS B TeIIo-
BYIO 3HEpPTHio (IXKOYJeBO TemJao). AHaJOTHUHBIN TIpolece
JUCCHNIAlMM TIDOMCXOAUT B HENPOBOASLIEH cpele 3a CueT
BA3KOCTH. McxoAsi M3 3TOH aHaJOruH, BeJUUUHY c2/4mo
(ko3 dunueHT 1uddysun MarHUTHOTO TIOJS) MHOrAA Ha3bl-
BaIOT MA2HUTHOU 8A3KOCTbIO.
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Xapakrép TeueHns HenpOBOfsteH XKUAKOCTH HAU Trasa onpezpensi-
eTcsi Ge3pasMepHBIM uHca0M PeiiHosbaca

vl
Re =——,
rie U — CKOpOCTb TOKa; L — nuHeHHBIH pasMep; v — KuHeMaTHyeCKas
BsI3KOCTb. [Ipu MaJsibix uucjaax PefiHOJbACA ABHIKEHHE JaMHHADPHOE, IPH
6osbinX — TypOyJeHTHOE. B MarHHTHOM THAPOJMHAMHKE XapaKTep ABH-
JKEHHsl 3aBHCHT y>Ke HE TOJMbKO OT OJHOro Ge3pasmepHoro uucia. Ecin
B uucje PefiHonbaca 3aMeHHTb KHHEMATHYECKYIO BSI3KOCTb MATHHTHOM
¢2 /410, TO MOJAYUHTCS MASHUTHOE 4ucao Pelnoavdca:
4nuls

c?

Rey = .
Ecnun MarHutHoe uucno PefiHOMbAca BeJHKO, TO TEKYYyio CpemLy
MOXKHO CYHTAThb HAEaJbHO NPOBOASALIEH, eC/H OHO MaJjo — IUIOXO Ipo-
BOASLIEH.
B mpepenbHOM cryyae OOJIbIIHX 3HaueHHB Rey XapakTep ABHKEHHS
onpenessiercss OTHOLIEHHEM MAarHUTHOrO JAaBJjeHusi H2/87% K CKOPOCTHOMY

2 .
Hanopy Qu?/2: e
4mpo® *

Ipu Gosbluux 3HAYeHHSIX unciaa A (IpakTHUecKH OKasbIBaercs 10-
CTATOYHBIM, YTOOBI OHO OblL10 Gousbine 0,1) MarHuTHOe MOJie MOJHOCTLIO
cTabuau3upyeT JaMHHApHOe TeUeHHe XOpOIIO NpPOBOASLIEH NJa3Mbl He-
3aBHCHMO OT uHCjaa PefiHoJbaca.

B npenmenpHOM ciyyae Masbix 3HaueHHH Rey Xapaxrep [BHXKeHHMS
onpenessiercss Ge3pa3mepHbiM 4ducsom Crroapra

H2sL
S = ARey = oy

A=

Ecau 3nayenue atoro uucsa npesnmaer 0,1, To samuHapHoe TeueHHe
ycTOHYHBO IpH JI0OHX uHciaax PeliHosbica.

Bce npHBeneHHble KPHTEDHH OTHOCHJIHCh K TEYEHHIO BAOJb MArCHUT-
Horo mnossl. XapakTep TEUEHHS! IIONepeK MATCHMTHOrO IOJs [0 KaHaJy
wHpuHel L onpepensiercss 3HadeHHeM GeapasmepHoro uucaa aprmana

_— HL V s
M=y SRe = —; Pt

Ipu manbix 3HaueHusix yucia ['apTMaHa ABHXKeHHe NMPOHCXOIHT TaK
JKe, KaK U B OTCYTCTBHE MArHUTHOro noss. Ilpu GosbliuX 3HAYEHHSIX
M BSIBKOCTb CKa3blBaeTCsl TOJBKO B TOHKOM cJjoe mopsinka L /M, He-
NOCPEACTBEHHO INpHJEramlieM XK CTeilkaM KaHasaa. Bo BceM ocCTaJbHOM
CEeYEHHH JBHXKEHHE IPOHCXOAHT C IOCTOSHHOM CKOPOCTbIO, HE 3aBHCS-
mefl oT paccTosiHuss [0 cTeHKH. CONpPOTHBJIEHHE [BHIKEHHIO INPH 3TOM
He 3aBHCHT OT BSI3KOCTH H LIEJHKOM OIpEfe/sieTcsl 3/1eKTPOMArHUTHBIMH
CHJIaMH.

MOJEJIb IBYX XHIAKOCTEH

B npuGnukeHHH TNPOBOASAIIEH JKUAKOCTH IIOTHOCTb
TOKa HaxoAAT M3 3akoHa OMma, KOTOpBIl 1/ MIa3Mbl OT-
HIOAb He fAABJAETCS TOYHHIM. DBosee mnoppoGHoe onucanue
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SAEKTPUYECKOro TOK4A B IJIazMe JaeT MOJeNb OBYX KHIAKO-
cTell — 3J1eKTPOHHOH M MOHHOHA. [IBHXKEHHe KaxK[ooH W3 HHX
TIIO-TIPEKIIEMY OfIMCLIBAETCS YPABHEHUSMII TINa ypaBHEHHH
THAPOLMHAMHUKY, BCJAENCTBUE UEro 3TOT METOJL paccMoTpe-
HHUSI U Ha3bIBAOT eudpodunHamuueckum npubaudsceruem, B
oTauyHe oT 0ojiee TOYHOrO METONA (PuU3UUecKol KUHETUKLU.

Mopeab IByX XUIKOCTEH M0O3BOJSET NOJAYyYaTb MHOTO pe-
3yJbTAaTOB, B TOM YHCJ€ U JOBOJbHO CJHOXKHBIX, IpHUEM H3-
332 HETOUHOCTH THAPOAMHAMUUECKOTO NPUOJIHIKEHHsS He BCe
M3 HMX NPaBHJbHbL. Mbl OTPAHHYHMCS TOJBKO CaMbIMH MpO-
CTBIMH ¥ HaJeKHBbIMH.

B Mopesnn ABYX XKUAKOCTEN MPUHUMAETCSH, UTO B KaXKI0H
TOYKE BCE 3JIEKTPOHBI ABHUXKYTCS C OLMHAKOBOH CKOPOCTBIO
Ue, @ BCE MOHBI — C OJHHAKOBOH CKOpPOCTbIO U; (peub UOET
00 ynmopsi0UueHHbIX CKOPOCTSX; TEIJIOBOE JBUKEHHe TpebyeT
yXe MeTONOB (U3HUeCKOH KHHETHKH). YHoOHee mnepelTH
K MACCOBOU CKOpOCTU

Mu; + mu, __

V= M+ m = vU;

L

U OTHOCUTEAbHOL CKOpOCTU

UV —V,=V—7

e’
¢ KOTOpOﬁ CBsi3aHa NAOTHOCTb TOKQ
j=Zen;, — en,v,,

rae Ze — 3apsi MOHA; € — 3aps] 3JeKTPOHA.

Pasnuna Mexny cyMMapHBIMU 3apsiiaMi HOHOB H 3JeK-
TPOHOB MOJKeT ObITb TOJBLKO OYeHb MaJIofl, HHAYe MPOCTPaH-
CTBEHHBIE 3apsAAbl BHI3BATH Obl KOJOCCAJBHBIE 3JEKTPHUE-
ckue nosas. OTClofa BBITEKAET Yca08uUe INeKTPOHeUTPALb-
HOCTU

Zn,~n,=n,

I0CJI€ Yero MJOTHOCTh TOKa OKAa3bIBAETCS] MPOMOPIHOHAJb-
HOIl OTHOCHTEeNBHOH CKODOCTH

j=ne(v,—mw,).

Ilns maccoBofl CKOPOCTH MOeJdb ABYX »XHMIKOCTell He
naer Huyero Hooro. IlosTomy MBI paccMoTpuMm cpasy pe-
3yJIBTATHI, KACAIOIMECS OTHOCHTENBHOH CKODOCTH, T. €. TOKA.

Camplfi poOCTOH pe3ysnbTaT MONydYaeTcsi, ecJad CUHUTATS,
YTO BCE CKOPOCTU IOCTOSIHHBI BO BPEMEHH (CTaLMOHAPHbBIH
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clyyadl) M 4TO MarTHUTHOE LoJe OTCyTcTByer. B stom cay-
gae MOJeJb OBYX XKHAKOCTeH NPHUBOLUT K Pe3yJbTaTy, TOXK-
JecTBeHHOMY ¢ 3akoHoM OMa, 4To mo3BoJsieT pacmudpo-
BaTb 3HAaUeHUE NPOBOJUMOCTH 0. B oTCyTCTBHE MarHMTHOrO
II0JISL MOHBI 3aBEJOMO [IBMXKYTCs ropasno MelJeHHee 3JieK-
TPOHOB, TaK 4TO TOK II€PEHOCHUTCS NPAKTHIECKU TOJNBKO 3JIeK-
TPOHaM4, KOTOpbIe YCKOPSAIOTCA 3JIEKTPUUECKHM IOJeM, a
TOPMO3SITCSL B pe3ysbTaTe CTOJNKHOBEHHH C HOHAMH. B cra-
LHOHAPHOM cJlyuae YCKODEHHE DPABHO HYJIO, T. €. HMIYJbC,
NoJ1y4aeMblil 9JeKTPOHOM OT 3JIEKTPHUECKOTO INOJIsA, LOJIKEH
PaBHATbCA MMIYJAbCY, OTHaBaeMOMYy NpH CTOJKHOBEHHSX
¢ uoHaMu. MMmysbc, nonyuaeMelit 34eKTpoHOM OT noas E
3a eIMHHUIY BpeMeHH, ecTb—eE. MMnyabc, oTHaBaeMblil
1oHaM, yno6HO 3anucaTh Tak:

m
T ('Ue - ‘vi)’

rlle T — CpefHee BpeMs MeXAY cToJkHOoBeHusmu *. [lpupas-
HUBAsl 3TU BEJHUMHBI, TOJNyYaeM

et
v, —V=——FE,

OTKyJaa IJIOTHOCTb TOKa

‘I=_ﬂ—1_ TE.

DTOT pesyabTaT copmajgaer ¢ 3akoHom Owma, mpuueMm s
IPOBOIUMOCTH ¢ OJYyUaeTCa 3HayeHue
__ne*t
m

.

3Havenne T Mbl pacuudpyeM npH pacCMOTPEHHH CTOJKHO-
BEHHH MeXIY YaCTHUIIaMH MJIa3MBbl.

Baxuo ormeruth, uTo 3akoH OMa mpuMeHMM K IJiazMe
TOJIBKO B OTCYTCTBHE YCKOpPEeHHS W MarHutHoro noss. Ile-
pefimeM Temeph K HeCTalLMOHAPHBIM Ipoleccam, T. €. K KO-
JebaHusIM NJIasMbl — [polieccaM, Trfe CyIIeCTBEHHO YCKO-
peHue,

* Toynee TOBODSI, TOPMOKEHHE 3JIEKTPOHOB MNPOUCXOAUT HE TOJbKO
NpH CTOJKHOBEHUSIX, HO H IIPH HENDPEPBIBHOM B3aHMOJEHCTBUM C HOHA-
MM Ha nOaJleKHX pPacCTOAHHAX. B JnaJjbliefiniem, paccmartpuBag cnyqaﬁﬂme
mpoueccnl, Mbl YBHUIAUM, KaKHM 06pa30M TaKoe HeNpepbiBHOE B3aHMO-
neHcTBHe HpHéJ]H}KeHHO ONMCBhIBAETCA KaK KYAOHOBCLKUE CTOAKHOBEHUS.
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DBes BHemHero noCTOSIHHOrO MAaTHHTHOTO [0/ BO3HHU-
KaeT TOJIbKO NPOCTEHIIMH THI KoJeGaHUi MJa3Mbl — YHCTO
2JIEKTPOCTaTHYECKUE KoJieOaHHsl, CBA3aHHbIE C Pa3LeseHUeM
3apsafoB. MX NpHHATO HA3BIBATH NAA3MEHHbLIMI KOAe0a-
HUAMU.

[Ipocrefimyio HarJasgHyl0 MOJenb MJa3MeHHBIX KoJeba-
HUH MOXHO NOJYYHTb, €CJIHM NPEACTABUTh, UTO B CJIOE IJIAa3-
MBI IJIOIAJBI0 S, TOMUIMHOHA X 8ce nSx 3JeKTPOHOB CMECTH-
JIUCb Ha OAHY M3 OrpaHHMUYMBAIOIIMX 3TOT CJOH IMOBEPXHO-
crefl. B pesy/ibTate BO3HHK IIJIOCKHH KOHAEHCATOP C 3aPAL0M

Q=neSx.
E S
MKOCTb 3TOTO KOHJI€HCaTOpa paBHA m H, cjenpoBa-
T€JIbHO, PAa3HOCTb MNOTEHUHNAJOB Mex(ny <<06KJlaILKaMPI>>
47 x!
Ap= SQ =4rnnex?.

DJeKTpHUeCcKOoe 1oJie B TAKOM KOHZAeHcaTope Oyaer

A
E= —xiéhmex.

BosHukiee B pesysnbraTe pasjesneHusl 3apsAoB NoJe JeHCcT-
BYET Ha 3JEKTPOHBI C CHJION

= —¢F = —4rnne?x.

3HaK MHHyC O3HayaeT, 4YTO 3Ta CHJA BO3Bpallalollascs.
3nech, Nof06HO MasATHHKY HJM IpPYXKHHE, BO3Bpalomascs
cuna F oxasbiBaeTcs IPONOPLMOHANbHOH OTK/JIOHEHHIO OT
NOJIOXEHUsI PAaBHOBECHS X.

B cnyuyae npyuHB Bo3Bpallamomias cuna F= —Rx Bbls
3bIBaeT KoseOaHHusa ¢ KPYrOBOH 4acCTOTOH

o-VE
=V -
rge m—macca rpysa, NOJBeIIeHHOTO K IpYyXKHHE.

B cayuae niasmbl BMecTo Ko3((HIMEHTA yIPyroctu R
CTOUT BeJMYMHA 4mne?, a posb «rpy3a» HrpaeT 3JEKTPOH
¢ maccoit m. CienoBaTesnbHO, NpH HapYIUIEHHMH KBa3HHeH-

Tpaanoﬁ [JIa3Mbl BbIBEICHHBIE M3 COCTOSIHHSI pPaBHOBECUSA

SJIEKTPOHB  JOJUKHBI HauaTbh KosJeGaHHS ¢ KpPyroBod da-
CTOTOH

T,

V4 ne?
(00-——— .
m
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O6piynas yactora (uucao KoseGaHUH B ceKyHAy) OyHAer
Jo= 5> =8960n,

TIe 1 — YHCJIO 3JeKTPOHOB B | cmd. DTy wacToTy, KaK yxke
TOBOPMJIOCH BHIIIE, HA3BIBAIOT NAG3MEHHOU, UAL JISHTMIO-
POBCKOI.

[InasMenHass yacToTa — OCHOBHAasg KoJMuecTBeHHas Xa-
pakrepuctuka maasMbl. OHa nOpomopuxOHaJbHA KOPHIO
KBAaJIpPaTHOMY U3 3JEKTPOHHOH NMJOTHOCTH. MHOXHUTENb NPO-~
NOPLUUOHAJNBHOCTH COLEPXKUT TOJNbKO YHHBEpCaJbHblE KOH-
crauThl. s rpy6ofl OLEHKH MOJIEe3HO 3alMOMHUTb NpHOJIH-
’KEHHO€ COOTHOLIEHHE

Jfo=28960V n=~10t} n.

[Ipu pocTmkuMOH 1/l COBPEMEHHOM METOZMKH TOYHOCTH
onpejeneHus KOHLEHTpalMi NaasMbsl GoJiee TOYHOE 3HAUEs
HHe Ko3((uuyeHTa He HMeeT IPaKTHUeCKOTO 3HAuyeHHS.

Jlaxum ouleHKy 3HAaUeHHH MJa3MEHHOH 4acTOTH B peajib-
HBIX YCJIOBMSIX B NpUpOAEe M TexHuke. Ilpuxonsuiee K HaM
OT COJIHEUHOH KOPOHBI pajJMOH3JyyeHHe HCIyCKaeTcs IJas-
MO# ¢ KoHIeHTpauueil n okoso 108 wacruy/cmd. CoorBercT-
BylOLas MJa3MeHHas yacTora — mopsigka 100 Mey (mera-
repu), T. e. JIeXHT B AuanasoHe MerTpoBmix BoaH (YKB).
Eule Hecko/bKO MeHbuie 3HAUEHHsl KOHLUEHTPAUWH U NJa3-
MEHHOH YacTOTHl A/ TeX CJ0eB HOoHOCc(hepbl, KOTOpHIE He-
JIAIOT BO3MOXHOH KODOTKOBOJIHOBYIO CBsi3b Ha OOJbIIMX
paccroanuax. Texuuueckas mJjasma 3HauuTeNbHO Gosee
KOHIEHTpHpoBaHa. B ycnoBHsAX 0OBIYHOrO Ta30BOrO pasps-
Ja MPUXOJUTCsI UMETb AeJO C MIa3MoH, Y KOTOpPOH KOHIeH-
Tpauus nopszaka 10?2 wactuy/cm® W cOOTBETCTBEHHO mJass
MeHHas yacrora nopsaka 100 2y, T. e, jexur B AuanasoHe
CAaHTUMETPOBBLIX BOJH. 11 KOHTPOMUPYEMOil TepMOsiAepHOH
peakuuu TpebyeTcss KoHLeHTpaluus nopsiaka 1018 wacruy/cmd,
4eMy OTBeyaeT IJ1a3MeHHas uactoTa 1012 ey, gexamias yxe
B fManasoHe cyOMMJIJIMMETPOBLIX BOJH. BHyTpu 3Be3x MJIOT-
HOCTH IJIa3MBI elle Ha MHOTO NOPALKOB OoJibllie U NJIa3MeH-
HbIE YaCTOTBI YXOAAT B HH(pakpacHyio 06/acTb.

Eciu cuutarh 3/1€KTPOHBI HEMOABH:KHBIMH, TO HOHBI MO=
TYT KosMeGaThCsl OTHOCHTEJIbHO HHX C UOHHOU NAA3MEHHOU
4acrororl. OHA BbIpa)XaeTcs TakK Ke, KaK 3JeKTPOHHAs, TONbs
KO BMECTO Macchl 3JIEKTPOHA M W 3apsja e Hajo HOoACTas
BUTb Maccy noHa M u 3apsan Ze. Jlas BOLOPOAHOH IJIa3MBI

o* &7



MOHHAsl IJ1a3MeHnas yactora B 40 pas MeHbIe 3J€KTPOH-
HOH; BO BCeX OCTaJbHBIX C/AydYasx pasHHLa eule GOoJblue.
Honnple nnasmenHble KoneGaHust MOXKHO HaG/101aTh, KOrAa
HOHBI FOPa3flo XOJOIHEE JIEKTPOHOB.

MHuorue BeJqMUHHBI, XapaKTE€PU3YIOIME IJA3My, MOTYT
ObITh BhIPA’KEHBl Yepe3 NJIa3MeHHYI0 YacToTy. B yacTtHocTH,
MPOBOAMMOCTb MJIa3Mbl CBfI3aHA C IJIA3MEHHOH YacTOTOH
COOTHOLIEHHEM

%

0 =—
4n T

ITpy HaJaMyYMM MAarHUTHOTO MOJISL B MOJEJIH JABYX XKHIKO-
cTefl HeOGXOAUMO PAacCCMATPUBATh ABHIKEHHE H 3JEKTPOHOB
H HOHOB, TaK KakK He/b3sl 3apaHee CKa3aTb, KAKUE YaCTUIHI
OyayT aBurathcs GeicTpee. I1pu aTom y miasMbl nosiBJsieTCs
MHOT'O HOBBIX CTemeHe#d CBOGOJHI.

MPOBOOUMOCTD IMJIA3MbI
B MATHUTHOM NOJIE

Ecayn nnasma HaxoquTcss B MarHHUTHOM I10JI€, TO MOAE/b
JByX KMIKOCTEHl CHJIBHO ycjoxHAeTcs. ToK, TeKyuiui
B0JIb MarHUTHOTO IOJISI, NO-TIPEXKHEMY IOAUMHSAETCS 3aKOo-
Hy OMa c TeM ke 3HaueHHEM IPOBOAMMOCTH. [/ miasmbl,
Haxogjauwelcd B MarHUTHOM [OJe, 9Ta HOpMajbHas NpPOBO-
JUMOCTb sBJsieTcs npodosbnod. [lonepeynas npoBOAUMOCTD
Hoj AeHCTBHEM MAaTHMTHOTO IOJsL JOJKHA YMEHbINAThC.
Ecsn 6bl monepeyHslil TOK NMEPEeHOCUJICS TOJbKO 3JEKTPOHA-
MM, IBHXKYUIMMHUCS NOJ A€HCTBHEM IPHJIOXKEHHOIO U3BHE
3JIeKTPUUECKOr0 NoJsl, TO naa3ma obJjajnana 6bl aHH30TPON-
HOH NPOBOAMMOCTBIO. 3aKOHbl aHH30TPONHON IPOBOAUMOCTH
CJNeLyIOUINE: BO-NEPBBIX, NPOBOAMMOCTb IOMNEpPEK MOJs
JOJKHA YMEHbIIAaTbhCcsi 00pPATHO NPONOPIMOHAJIBHO KBajapa-
Ty HaIpsKEHHOCTH MArHHTHOro IOJsl; BO-BTOPBIX, TOK JOJ-
JKEH TeYb He TOJBKO BLOJb NPHJGXKEHHOrO 3JIEKTPHYECKOTO
nosis, Ho U momnepek Hero (3¢¢ekr Xoana). [lnasmy, B Ko-
TOPOH 3JIEKTPOH 32 BpeMsi MeXAY ABYMS CTOJKHOBEHHUSIMU
ycneeT COBEPLIMTb MHOTO IUKJIOTPOHHBIX 000POTOB, Ha3HI-
BalOT 3amaetudenrod. Yrtobbl maasmMa 3aMarHUuMBajach,
OHAa JOJXKHa ObITb HE CJHHMLIKOM IUIOTHON M HaXONUTbCA B
CHJIbHOM MarHMTHOM noJie. Ecau 66l aHM30TPOIHS NPOBOAHU-
MOCTH NpOSBJAJACH B NOJHOH Mepe, TO B 3aMaTHHYEHHOH
nJaasMe IonepeyHas IpoBOANMOCTb Obla Obl rOpasfo MeHb-
e NpPOJQJIbHOM, a TOK MONepeK JeKTPUYecKoro moas (TOK
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XoJ1a) — 3HAUUTENbHO CUJbHEE, YeM TOK BJOJb 3JEKTpHye-
cKoro noJsst. OfHAKO B XOPOIIO MOHH30BAHHOH NJ1a3sMe aHH-
30TpPONUSl NMPOBOAMMOCTH PEANbHO HE MPOSBJSETCS IOJHO-
CTbIO IO CJAEAYIOUIMM TpeM NpHuMHaM. Bo-mepBHX, momepex
NOJIST MOXET O0Ka3aTbCsl CYUIECTBEHHBIM MEPEHOC TOKa He
3JIEKTPOHAMH, a HOHaMH. Bo-BTOpBIX, TOKHM, TeKylde Inole-
PEK MarHUTHOTO IOJsl, MOTYT BBI3BIBATHCS HE TOJDBKO 3J€K-
TPHYECKHUM I10JIEM, HO U CHJIaMH HE3JEKTPUUECKOH NPUPOJIBI
(Hanpumep, mepenazoMm nasgeHuil). Hakonen, pasjenenue
3apsAN0B MPUBOAUT K MOJNSAPHU3ALHNU NJIa3MBbl, T. €. K BO3HHK-
HOBEHHIO B Hell BHYTPEHHHX 3JjeKkTpuueckux mouseil. ITocae
3TOro TOK OyieT OonpeiefsTbcsi HE TOJNbKO NPHUJIOXKEHHBIM
H3BHE 3JEKTPUUECKHM II0JIEM, HO M TOJIeM, BO3HHKAIOILIHM
13-32 NOJISIpU3AlLUH.

UeMm Gosbiie HeHTpaJdbHBIX YacTHIl B IJja3Me, TeM CHJb-
Hee MpOsBJASETCSs aHU30TPONHUSl NPOBOAUMOCTH. B 10JHO«
CTbIO HOHH30BAHHOH IiazMe Koa(ouuuent nuddysuu Mmar-
HHUTHOTO 1OJIsi U BPEMsSI €ro 3aTyxXaHusi (CKHHOBOE BpeMs)
ONpeNesiioTCss BCErja HOPMaJbHOH NPOBOAUMOCTBIO (T. €.
TeM JXe 3HaueHHeM INPOBOAMMOCTH, YTO U 6e3 MAaTHUTHOTO
noJsi). B yacTHuHO HOHM3OBaHHOH Mia3Me, Iie MHOTO HeH-
TpPaJbHBIX YaCTHL, CKHHOBOE BpeMsl yMeHbIIaeTcss H3-3a
CHYKEHHUSI IONEPEYHOol NPOBOAUMOCTH B MarHHTHOM IoJje *.

Kpome anmsoTponmuu ABHXKEHHS YacCTUL, HA IPOBOAHMO-
CTH B MACHUTHOM IOJI€ CKa3blBAeTCH ellle M QHUBOTPONUS
CTOAKHOBEHUL], XapaKTepHasi [Js1 XOpOLIO HOHM30BAHHOH
niasmel, Kak Mbl yBUOHUM paJblie, ueM ObICTpee yacTHIa
IBHXKETCS, TEM peXe OHa CTAJKHUBAETCs C OPYTHMH YacTHs
uaMu (npu cBOGOMHOM [ABUKEHHH BJOJb MATHUTHOTO NOJIA).
Ilpn nBHKeHWM momepex moJs, Kak Obl OBICTPO HH [BHTra-
Jlach YacTHUa, OHa OyJeT BpamaThCs BOKPYT CHJIOBOH JiH-
HMU [0 Tex MOp, MOKa He CToJKHeTcs. BeaengcTsue anuso-
TPONHUH CTOJKHOBEHHI NPOBOAHMOCTb I[ONEPEK CHJIBHOTO
MarsHuTHOTO MOJISE B MOJIHOCTBbIO MOHU30BAHHOH NJla3Me OKa-
3bIBaeTcsl IPUMEPHO B ABa pa3a MeHblIe IPONOJbHON MpPO+
BoAUMOCTH. CTOJKHOBEHHSI 3JEKTPOHOB C HeHATPasIbHBIMU
YacTUIAMH MaJO 3aBHCSAT OT CKODOCTH, TaK 4TO B c/1aGo
HOHHM30BAHHOH MJIa3Me aHU3OTPONHS CTOJKHOBEHHH He CKas

* Ecnu JaBjeHHe Ta3Mbl MaJ6 B CPaBHEHHM € MarHMTHBIM JAaB-
JIeHneM, 10 KO3 duuyeHT AubdysHd MIasMbl paBHsieTcs KO3QGHUIHEHTY
aubdysuy MarHuTHOTO IOJS,, YMHOXKEHHOMY Ha OTHOLIeHHe 3THX JaB-
aeHu#i B. CoorsercTBeHHO Bpems Auddysma nnasmsl 6yser B 1/f pas
Gosiblie CKHHOBOTO BpeMeHu. Ilpu arom muddysus niuasmbl (a He Mmar-
HHTHOTO IOJs) Bcerga ONpefesseTcss HOPMAaJbHOM NPOBOAHMOCTBIO.
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spiBaeTca. Ho Tam B mosHO# Mepe HposB/seTcss TOpasmo
Gosiee CHIbHOE BJUSIHME MATHUTHOTO IOJIS Ha [IONEPEYHOe
IBUXEHHE YACTHII, IEPEHOCSINX TOK.

MJIASBMA KAK CHCTEMA HE3ABUCHMBIX YACTHL

[IpAMYyI0 UPOTHBONONOXKHOCTL MOJENH HENpPepPEIBHON
cpelbl (MPOBOASAILEH XUMAKOCTH) MpPEACTaBJSET MOAENb He-
3aBHCHUMBIX YaCTHI, B KOTOPOH HPH PacCMOTPEHHMH IBHXKe-
HUS OTAENbHBIX 3apSKEHHBIX YaCTUL[ IJ1a3Mbl NOJHOCTBIO
npeHe6peraloT B3auMOJeHCTBHEM MexXAy HUMH. EcrecTBeH-
HO, UTO MOJ€Jb HE3aBHCHUMBIX YacTul 6osee MOAXOTUT MJA
ONHCAHUs Da3pekeHHON MmaasMbl, a MOJeJb NpPOBOAALLEH
JKUIAKOCTH — [ IJoTHON nnasMmbl. Ho 3Hauenue mojenu
He3aBHCHMBIX YAaCTHUL HE HCUEPNBIBAETCS CHJBHO paspexkeH-
HOH NJ1a3MOH, Tak KaK 3Ta MOJeNb IIOMOTaeT IOHSTb HEKO-
TOophle O0lIye CBOHCTBA NMJIAa3MBl.

Ha sapsixeHnyio uactuny c 3apsgom Ze u maccoit M,
IBUXKYIIYIOCS CO CKOPOCTBIO U, B MArHUTHOM HOJI€ JefiCTBYeT
MIOHEPOMOTOPHAS UJIH A0PEHY08Q CUAQ, HATIpABJEHHAS Tep-
NEeHAUKYNPHO KaK K HanpaBJIEHHIO NOJS, TaK H K CKOPOCTH
yactuiel. [lox nmeficTBuem 3Toil CH/IbI YacCTHIA AOJKHA Bpa-
I[aThCA BOKPYT CHJIOBOH JIMHHMH C KPYrOBOH 4acTOTOH

ZeH
Mc *°

wt‘
C rakoil Ke 4acTOTOH BpallaeTCs YacCTHLA B LUKIHUECKOM
ycKopuTtesne — uukjaoTpode. I[losToMy YacToTy Has3BIBAIOT
YuKkaoTporKod. ViHorga ee HaspIBAlOT TaKKe T'MPOMArHHT-
HOH UNH AapmoposcKod. JIs MnasMel, B KOTOPOil HMEIOTCS
3/JIEKTPOHBl U HOHBI, XaPAKTEPHB! [[B€ LHUKJOTPOHHBIE YaCTO-

. eH ZeH
TbL: SACKTPOHHAA Oy, == —r— M HOHHAS Op;= . Has

KpaTKOCTH 6yneM [MHCaTh MPOCTO We H M;.

Bpamenne yacTuuel B MJIOCKOCTH, NepPlEHAHKYASPHOM
K MarHHTHOMY I0JI10, IPOMCXOAHT MO OKpYxKHOCTH. Takyio
OpOHTY NPHHATO Ha3bIBATh HUHUKJIOTPOHHBIM KPYIKKOM, a ee
panuyc r.— UMKJIOTPOHHBIM -pajuycoM. MHaue UMKIOTPOH-
Hble OPOMTHI HA3bIBAIOT TAKXKE JapMOPOBCKHMHU. Ecau Mar-
HHUTHOE M0JIe HalPaBJIeHO K HaM, TO YaCTHIbl C IIOJ0KHTE/bs
HBIM 3apsIOM BPALIAIOTCs 0 YaCOBOM CTPEJKe, a YACTUIBL
C OTPHULATENbHBIM 3aDPAAOM — IIPOTHB YACOBOH CTPEJKH.
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Yacrora BpaljeHusi 10 UMKAOTPOHHOH opGHTE 3aBHCHT
TOJIKO OT HamNpsKEHHOCTH MAaTHUTHOrO TOJS U 3apsaga H
Macchl yacTuubl. Bce uacTuusl ogHOTO THma B OmpeneseH-
HOM II0J1€ BpallaloTCs C OAMHAaKOBOH #acrorod. CKOpOCTH
K€ BpaleHHs MOryT OblTb KaKUMH YTOAHO M 3aBHCAT OT
10r0, ¢ KakKo# CKODOCTBIO YacTHLA BJjeTeJa B MarHUTHOE
noJe.

Tax, ecnm m1asma HaXoZMTCS B TEPMHUECKOM DaBHOBECHH, TO CKO-
POCTH UHKJOTPOHHOIO BpaLleHHsI paclpelelieHbl Mo 3aKoHy MakcBesa.
B paspexenHofl mJa3me TePMHUECKOE paBHOBECHe YCTaHABJIHBAETCS
MEJJIEHHO, ¥ paclpafieleHHe CKOPOCTell MOMET HMEeTb [POH3BOJIBHBIH
BHJ, 3aBHCSAIIHH OT HauaJbHBIX YCJIOBHEL

Paauyc muKIOTPOHHON OKPYXKHOCTH f, 3aBHCHT OT CKO-
POCTH BpaleHus

Onr
T =7
rae T — nepHon BpalleHHs:
y
v c
Or1crona
v
r,= _‘—‘;c—

WJIA TI0CJ/I€ NMOACTAHOBKH 3HAUECHUSA .

ro— MCYJ[
i7" ZeH
JJId UOHaA U
mev,
Te=—H

JUIsT 3JIEKTpOHA.
Takum o6pasom, IpH OAMHAKOBOH CKOPOCTH LIMKJIOTPOHs

HbIH pajMyc HOHA B ———pa3 (T. €. B THICAUM pas) GoJblie

LlPIK.TIOTpOHHOFO pampuyca 3JIEKTPOHA. ECJIPI JjasMa HaXo-
JUTCA B TEPMHUYECKOM. paBHOBECHH, TO OJUHAKOBLI HE CKO»
pocty, a SHepT‘I/IH HOHOB U 3JICKTPOHOB!:
Mv% . mvi
2 2
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B stom cayuae I[HKJIOTpOHHbIH paanyc HoHa TOJbKO B 7
pas 6oJiblile OHKJOTPOHHOIQ paniyca 3JIEKTpOHA.
B]lOJIb CBOEIro HamnpasJICHUS MAarHuTHoOEe I0Ji€ HUKaK He
JelicTByeT Ha JBH)KEHHe YacTHIbl. [109TOMYy B OJHODOIHOM
mojie U B OTCYTCTBHC

Ym'xﬂ\’ APYTHX CHJ JBHKEHHe

4 A AN YacTHLBI cJjaraercs U3

U U U U U U LIUKJIOTPOHHOTO Bpalle-

HHA W PaBHOMEPHOrO

Puc. 12. BuHTOBOH NyTb YacTHUH B npamo.m/meﬂﬁoro JIBHU-

MAarHuTHOM IOJIE. SKeHUud o PIHepI_lPIH

BJOJIb CHJIOBOH JIMHUH *.

TpaexTopus yacTHIBI NMOJ [AEHCTBHEM OJHOH TOJBKO MOH-

IEepOMOTOPHON CHJIBI  NpeAcTaBisieTr co60l0 BUHTOBYIO

JuHHIO (puc. 12), mpoexknus KOTOPOH Ha TMJIOCKOCTh, Mep-

MEeHIHKYAAPHYI0 K MardHMTHOMY MOJIIO, €CTb IHKJOTPOHHBIH
KPYKOK.

JPEU®OBCGE NBH)XEHHUE

JiBrKeHHe yacTHLB! IPU HAIHYMU APYTUX CHJ HJIH B He-
OIHOPOLHOM mHoJie ycaoxKHsercsi, C OXHOH CTOPOHBI, NBHXKeE-
HHE BJOJIb CHJIOBOH JIMHKHM CTaHOBHTCA ycKopeHHBIM. C apy-
rofl CTOPOHB! (M 3TO caMmas 3aMeyaTesNbHas OCOGEHHOCTh
IBUXKEHHS 3apSKEHHBIX YACTHL B MAarHUTHOM IOJie), CHJA,
OLeficTByIolas MOnepeK MOoJsl, Bh3blBaeT ABHKEHUE YaCTHIbI
B HaNpaBJEHUH, NEPNEHAUKY/ISPHOM K 3TOH CHJE, a TaKxKe
H K MarHMTHOMY noJiro. ITO [ABH)KEHHE HOCHT Has3BaHHe
npeiga **. JIpelihoBoe NBUKEHHE OTJIMYAETCST OT CBOGOM-
HOTO TeM, UTO IOJ AeACTBUEM NOCTOAHHOMN CHJIBI OHO IIPOHC-
XOJUT HE C NOCTOAHMHbIM YCKOPEHUCM, & C NOCTOAHHOL CKO-
pOCTOHIO.

B mopenu npoBoAsiiell XXKUAKOCTH MBI YK€ BCTPeYasuch
C Apel(OBLIM [BHXKEHHMEM; OHO NpEACTAaBJASAET CO6OH COBO-
KyIIHOCTb APEH(OBLIX IBHIKEHHH OTHEJbLHBIX YAaCTHIL

“ OnHOpOAHBEIM TOEM HAa3bIBAIOT TaKOe I0OJE, y KOTOPOTO HAmps-
KEHHOCTh MOCTOSIHHA IO BEeJHYHHE H HAaNpaBJ/eHHIO, a CJef0BaTelblo,
CHJIOBBIE JIHHHH TSIMBIE.

“* Hnoraa rosopar «apefih momepek mosisi», HaswBam «apeiidhom»
TaKKe 1 HePHIIOHHOe JABW)KEHHe BJOJb MOJs.
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Harnspno npouncxoxkaedue npeiioBOro HBIKEHUS MOXK-
HO YsICHUTb cebe caefyiomum o6pasom (puc. 13). Cuna F |,
JeficTByOLlasi B MJIOCKOCTH LHKJIOTPOHHOIO KPYKKa, B Teye-
HYe OIHOI MOJIOBUHbBI NIepH-
oJla JaeT yCKopeHHe IO Ha- —f
IpaBJeHHIO, a B TeUeHHue
IPYro#l — NPOTHB HaNpas- N
JeHHs1 BpaumieHus.. B pe-
3yJbTaTe  COCTABJAKLIAN
CKOpPOCTY BpallleHUs, Nep-
NeHAHKyAapHas K cunie, 6y- |, % y
geT 6oJibllie, KOrja 4acTu-
Ila ABHMXETCH B OJHOM Ha- - _—11'
npaBjeHuu (Ha pHCYHKe —
BHH3), YeM B Jpyrom (Ha ~___~
pHCYHKE — BBepX). B wuro-
re geno Oymer OOCTOSATh £
Tak, Kak ecau Obl Bech
HUKJIOTPOHHBINl KPYXKOK 3a
060pOT CMeCcTHJICS B CBOEH
NJIOCKOCTH B HanpaBJ/IeHHH,
nepHeHuKy/asspHoM K cuiae F; (Ha pucyHke — BHH3). Be-
JMYHHY CMEIIeHHs MOKHO JIerKo oueHuTh. Yacruua macchl M

Puc. 13 Cxema npOHCXOXIEHHS
ApeiihoBOro  ABHKEHHS.

F .
noj jAefcTBHEM CHJbI F | HCHBITHIBaET yCKopeHne—/‘—j—— . Heii-
CTBYsl B TeUeHHe OJHOTO NepHOIa, 3TO YCKODeHHe CO3/AaeT
Pa3HOCTb CKOPOCTEH «BBEPX» H «BHH3»:

F
Ay~ -+

Mo,

CMelenune LMKJOTPOHHOTO KPY2KKa 3a nepuoa nopsaiaka

NA'U — F_L
e NMcoT

3a eIMHHIY Ke BPEMEHH KDYXKOK CMECTHTCS Ha paccros-
HHe TopsaKa
F
~ ~_ L
[valf\.lchMmc .

CMelleHne KpyKKa 3a €IHHHIY BPEMEHH — 3TO M €CTh
npeiiosasa ckOpocTb. Mbl BUAMM, UTO OHA MePIEHAUKYISP-
114 K HanpaBJIeHusM Kak cuJbl F |, Tak 1 MarHuTHOrO noJs f.
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PackpbiBass 3HaueHHEe LUKJIOTPOHHOH YaCTOTH ¢, NOJY-
yaeM OKOHYaTejlbHOE BHIpaXKeHHe ApelipoBOA CKOPOCTH

B BHIE

F
L

1ol=c7zp-

IIpsiMble CKOOKM 03HaYaloT, YTO 5TO BbIpakKeHHe MHaer

TOJIbKO BeJIMYHUHY CKOPOCTH, HO HE€ YKa3blBaeT €€ HaIllpaBJie-
Hue.

YroOrl 3HaTh, B KaKkyi0 CTOPOHY HaMpaBieHa [peidoBas CKOPOCTS,
HaJ0 3amucath 3TOT pe3y/bTaT B BEKTOPHOH dopMe:

[FH]
VD= ¢ Zphe

DNIEKTPOHY NpPH 3TOM IpPHMHCHIBAIOT Z = —I1. D10 3HAYHT, UTO €C/H
MarHutHoe nose H HampaBneHo X HaM, a cuia Fj BBepx, TO NOJIOXKHU-
TeJbHO 3apsaKeHHble YacTHUB JpefidyloT HanpaBo, a OTPHIATENbHO
3apAKeHHbIe — Ha/leBo. [[pelihosbll TOK, MepPeHOCHMBIH KaK TeMH, Tak
H JPYTUMH YacTHUAMH, TeYeT HampaBo. XOTSl Hall BHIBOJ IO CMEICIY
Obls1 MPUOJIHKEHHBIM, HO pe3y/bTar CAyYafiHO OKasaJCcsl TOYHBIM: OT-
GpowlenHbie NPH BHIBOAE Oe3pa3MepHble MHOXKUTENH NOPSIKa €XUHHIIbI
JeACTBHTE/NbHO B Pe3Y/IbTAT He BXOAAT, M 3HAK HPH BEKTOPHOM MPOU3-
BeIEHHH, O KOTOPDOM Mbl He 3a60TW/IHCh, [AEHCTBHTENBHO IIOJIOKH-
TeJIbHBIH.

Ynobua (B ocofenHoctd [Jis 3amoOMHHaHUs1) (OpMYJa, BHIPaxaio-

mas He JpeHdOBYI0 CKOPOCTb, a dpelihosbiil TOK, MEPEHOCHMBIH YaCTH-
LUaMH JaHHOrO pofa:

Fi
|/p| =nZevp = e
HJIA B BEKTOPHOH (opme
. [FH]
Ip=c¢n—pz .

B cnydae asmektponoB Z = —1 u HanpasjeHHe TOKa 06paTiO HaNpas-
JIEHHIO CKOPOCTH.

QJNEKTPHYECKHUN NPEN®

PaccmoTpuM B KauecTBe mepBOTO IpHUMepa NpPOCTEHIINH
cayvafi, xorga cuia F ecTb cuia 3JeKTPUUECKOTO IIOJA:

F_L=Z€E_|_.
OTtcrozna
E
|ve] = c—ﬁl .
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£ ecTp cocraBisionias 3J€KTPUUIECKOTO MOJS, NepHeHx-
KyJIsipHasd K MAaCHUTHOMY T0J10. DJIEKTPOH HMeeT OTpHIIATeNb-
Huifl 3apag Z=—1. Obuiee BbIpakeHHe Hpeii(poBONl CKOPO-
CTH COJepxKaJso B 3HaMeHartese 3apsigZ. Ilostomy ecau cura
F | delicreyer  o0unaxoso
HQ 3AeKTPOHbL U UOHLL, TO
nod ee OeiicTguem OHU
Opeligpyror 8 nporusono-
AOJCHOLX ~ HANPABACHUSAX.
Ho snexrtpuueckoe moJe
OKa3blBaeT NPOTHBONONOXK-
Hoe JeHCTBHE Ha 3JEeKTPO-
HBl W HOHBI! CHJIA TOJSA
cama NPONOPIHOHA/bHA
3apany Z. Ilostomy B BLI-
paxkelin HApeioBO#i CKO-
poOCTH [Js 3JE€KTPHUYECKOro
nonst 3apsj COKpaTHJCH.
Hpefid moxm  meficTBueM
3JIEeKTPUUECKOTO [0Js Ha-
3BIBAIOT dqekTpuseckum Opedgom. CKOpoCcTb 3JEKTpHUE-
CKOro ppeiipa M/ 3JIeKTPOHOB M HOHOB OJHMHAaKOBa KakK
0 BeJIMYMHE, TaK U 110 HampasJjeHuio. B BekropHOi dopme
OHa BhIpaxaercsl Kak

Puc. 14. dnexrpuueckuil npefid.

Vp=C55 .

Ecaun marauTHOEe IONe HAmpaB/aeHO K HaM, a 3JeKTpuue-
CKOe — BBEpX, TO BCe 4aCTUIBl Apei(yioT BnpaBo (puc. 14).
DnekTpUuyecKuil Apeiid IPUBOIUT TOJIBKO K ABHKEHHIO BCEH
I/1a3Mbl, T. €. K MacCOBOMY JBIXKEHHIO, HO He BO30yXJaer
TOKa. DTO TO caMoe ApeiipoBoe IBHXKEHHE, 0 KOTOPOM MBI IO-
BOpUM, 0GCYykIasi MOJAeJb MPOBOAsIel xuakocTu. Hampo-
THB, TaKHe CHJIbI, KaK CHJa TSXKECTH, LeHTpoOekHas CHIA,
KOTOpble B OTCYTCTBHE MATHHUTHOTO MOJIA JEHCTBYIOT OJHHA-
KOBO Ha BCe YaCTHUIBI HE3aBHCHUMO OT WX 3apsja, 3acras-
JIAIOT 3JIEKTPOHbl ¥ HOHBI ApefoBaTh B MPOTUBOIOJONKHbBIX
HanpaBJeHUsIX. B aTHX caydasx Hapsiiy ¢ ApeH(dOBHIM [IBH-
JKEHHEM BO30YXKAAlOTC M Apei(oBble TOKH.

Mur BumuM, uto npeiioBoe ABMkKeHUWe objazaer napa-
QOKCa/NbHBIMH CBOHCTBAMH: CHJIBI 3JEKTPUUECKOTrO H HedJIeK-
TPUYECKOr0 Xapakrepa 3[ech KaK Obl MEHSITCH MeCTaMH.
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SJIeKTpH‘-IECKI/Ie CHJIBI BBISBIBAIOT TOJIBKO MacCCOBO€ JABHIKe-
HUe, HGSJleKTpH‘-IeCKHe—-BOBﬁy)KILaEOT TOK.

Ina ornenenus npeHdOBOro IBIXKEHHS OT UHKJIOTPOH-
HOTO BpalleHHUs HYKHO JOCTaTOYHO CHJIbHOE MarHHTHOE IOo-
Jie, 4T0OBl 3a OXMH 00GOPOT LMKJIOTPOHHOE BpallleHHe MaJjo
HCKaXaJioCh 3a CYeT APYTUX CHJ WJIH HEOTHOPOJHOCTEH Mar-
HATHOTO MmOJist. DTO 3HAYMT, YTO NEPHON H PaLUyC UMKJIO-
TPOHHOTO BpauleHHs HOJKHbl ObITb MaJbl B CpaBHEHHH
C XapakKTepHbIMM BpeMeHeM f{ W NJHHOH L H3MeHeHHd BCex
ApYTux BeJudYHuH. J[BHXKeHHe, yAOBJETBOPSIOLIEE ITHM yCJIO-
BHAM, Ha3bIBAIOT ajgHadaTHyecKuM *.

Koauuectenno ycaoBus annabaTHUHOCTH MOryT GHITh 3aNIHCaHBI
B BUJIE

1
mc>>7;

reL L.
Ecan F ecTh Kakas-1u60 BEJIHYHHA, BAUAILIAS HA ABHIKEHHE, TO

1 dhF_
-

Beipaxceune nns npeiihoBoi CKOPOCTH MOXHO INOJYYATH W3 TOU-
HOrO ypaBHEHHs JBMMEHHMS YaCTUNBl B MAarHHTHOM IOJe€

dv

Ze
M a7 =—0[vH]+F.

3nech cuia F BKaOuaeT TaKime M CHAY dJeKTpHyeckoro moas ZeE.
PacnumeM 3TO ypaBHeHHe B npoeknusx. Hampasum ocb 2 no mMar-
uutHOMY moJto . Torna

dv ZeH F F

it = Me YT T = ey T h
duy ZeH Fy Fy
@t T T TMe UxTTA T T eets T

* TepMmuH «annabaTHYHOCTb» ynoTpeb/sieTcss 3lech HE B TOM CMbIC-
Jie, KaK B TepMOLMHaMuKe, a B 0ojiee IUIMPOKOM (KaK B MeXaHHKe):
apnabaTHU9eCKUM HasblBaeTcs Ipoliecc, NPOTeKalomuit 0e3 H3MEHeHHS
(WM TOJIBKO MPH MENJIEHIIOM HW3MEHEHWH) BHEIUHHX YCJIOBHIL
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Yno6no 3anmucaTh NAHHYIO CHCTEMY B KOMILIEKCHOM BHIE:

d . X . (Fy+ iFy)
'Ez-(vx‘l‘lvy)—_“"“"c (ve + ivy) + M :

Pemenue 3TOro HEONHOPOIZHOTO YPABHEHHS MOXKHO HalTH KaK CyMMY
13 o6Iero peureH:ss OJHOPOJIHOrO YPAaBHEHHS

— (ot
vy + ivy = Ce (e +%),

NpencTaBISIEr0 IHKIOTPOHHOE BpalleHue, H YaCTHOrO pEUIeHHsd U
HeopHopoaHoro ypasuexus. Ecau cuna F He 3aBucur OT BpeMmeHH,
TO YaCTHOE pEUIeHHe JerKO NOJYYHTh, NPHPABHAB JeBYi0 HacThb HY-
110, OTKYIa

Fy |
Uy = — ch )
F)’
Uy = Ml-l)c ’
HIH
[FH]

V=Vp=C"7 F?

B COrJIaCHH C Pe3yaAbTaTOM, KOTOPBIf MBI NOJNYYWIHM BbiLle HATJAI-
HeIM myTeM. [1pu mocrosHHOM cuie 3TOT peayabtat TOuHHL. Ecan
cuna F MenneHHO MenseTcsi CO BpeMeHeM, TO OH GyneT NpHOGIHKCH-
HO mpaBufieH ¢ TeM Goabumweil TOYHOCTBIO, YeM Jyulle BBINOIHSETCSH
ycnoBue annabaTHYHOCTH.

Ecnu ycrnoBue annaGaTHYHOCTH BHINOJHEHO, TO IBHXKe-
HHMe YaCTHUIBl MOXKET paccMaTpPHBAThC KAk coueTaHHe TpeX
HEe3aBHCHMBIX JBUKEHHH: CBOGOMHOTO NBUXKEHHS BJAOJb CH-
JIOBOH JIMHUM, UHMKJIOTPOHHOI'O BpalleHWsi BOKPYr Hee H
Iped(oBoOro ABUKEHHUS NONepeK MarHUTHOro noJst. [Ipu He-
BBIIOJIHEHUH YCJAOBUS anuabaTHUYHOCTH JBa IOCJEIHHUX
JABHXKEHHUSl NePenyThIBAIOTCS M BO3HHKAET CJO0XKHAs KapTu-
Ha, TpyIOHas MJs aHa/u3a.

COXPAHEHHE MATHHTHOIO MOMEHTA

[TpubnukeHHbIH METON ONHCAHHMS NBHXKEHHS 3apsiKeH-
HBIX YaCTHI B MarHUTHOM IOJie KaK COYeTaHHsl IIMKJIOTPOH-
HOTO BpauleHHs H Apef(OBOro NBHXKEHHsT HOCUT Ha3BaHHe
anrabaTHyecKoro uan Opetighosozo npubauxcerusn. B aguaba-
THUYECKOM NPHOJIHKEHUH MOXHO CUMTATh COXPaHSIOUIMMHCS
HEKOTOpble  BEJMYMHBI, HasbiBaeMbie aduabaTuuecKumu
unsapuanramu. IIpocTeHmuii H3 HUX — 3TO MOMEHT KO-
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JMUecTBa JBHXKEHHS, WM, KOpoue, BpalljaTeJbHbIH MOMeHT

Muor. BpamarteAbHbIHI MOMEHT HUKJIOTPOHHOTO BpalleHUs II0-

JYUHTCSl, €CIM B KauecTBe 7 B3fTb JIADMOPOBCKHH paiHyc
Mv? M2o?

M‘vrc————%—=-cZe——H.

Takum 06pa30M, OJid UUKJOTPOHHOI'O BpalleHHdA 3aKOH CO-
XpaHeHHusd BpamaTe/JbHOTO MOMEHTA 3KBUBAJECHTEH NOCTOAH-
CTBY BE€JHNYHHBI

v? t
T =-COonst.

[Ipu mocTosIHCTBE BHEIIHHX YCJHOBHH 3TO COOTHOLIEHHE OY-
JIeT TOUHBIM, NPU MaJOM U3MEeHEHHH UX 3a OJHH 060POT
(apnabaTHYHOCTb) — MPUOMUKEHHBIM.

Y106HO YMHOXHTb INOJyYeHHOE COOTHOLIEHHe Ha IIO-
CTOSIHHBIH MHOXKMTeNb M/2 W mpunaTh eMy HarVIAHBIH BHJI:

Mu?
SH = const
HJH
E
= const,

rie £, — KkuHeTHyeckasi SHeprusi BpauleHUsT B IJIOCKOCTH,
nepreHHKyAsPHON K MATHUTHOMY noJio. [l KpaTkocTu ee
Ha3bIBAIOT <«nonepeqnoll anepeuetd». Mbl BHAMM, YTO MHpH
anMabaTHyeCKOM JBHXKEHHH YaCTHIbI MONepeyHas 3SHeprHs
MEHseTCs] IPONOPIUOHANbHO MArHHTHOMY moJ0. KM3BecTHo,
YTO MAaTHUTHBI MOMEHT | B MaTHUTHOM noJe /1 npuoGpera-
€T HEepTHUIo

E, =pH,

NIpONOPUHOHAJNDbHYI0 HaNpPsIXKEHHOCTH MAarHUTHOTO MOJid.

Yno6Ho paccMarpuBaTte otHowenue E/H Kak maeHurHoLil
MOMEHT OpOUTHL:

E
T

3aKoH COXDaHEHHs 3TO! BeJMUHHBI Ha3hHBawOT aduabaruye-
CKOLl UHBAPUAHTHOCTLIO MO2HUTHORO MOMEHTA: p=const.
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OueBuIHO, UYTO ONpelesNeHHbI!I TaKHM 06pa3oM MarHuT-
HBbIl MOMEHT NpUHAIJIEKHUT He yacTuie *, a ee opbure, T. €.
IHMKJICTPOHHOMY KDYXKYy, O KOTOPOMY OHa Bpallaercs.
[Tonb3ysich onpeneneHneM MarHUTHOTO MOMEHTA, Mbl TeM Ca-
MBIM [EPEXOJUM K TaK HA3bIBAEMOMY KPYHKOBOMY NPUbAt-
J%Cenuro, B KOTOPOM pacCMaTpuBaeM [IBIXKEHHE He CaMHX Ya-
CTHI, 4 LEHTPOB ONHUCHLIBAEMBIX MMM IIMKJOTPOHHHEIX KPyX-
KOB (8edyuux yenTpos). YCaoBHs NPUMEHUMOCTH KPYKKO-
BOTO NPUOJHKEHUST Te XKe, UYTO U A5 aguabaTHUeCcKOro Hau
AperidoBoro npuOAHKEHHS:

(”ct>>1,

rape o — UUKJIOTPOHHAA 4YacToTa, a t—xapaKTepHoe BpeMsd
H3MEHCHHUS BHEIIHHUX yCJIOBPIﬁ.

TuratenbHblfl MaTeMaTHYECKHH aHAJH3 IOKa3biBaeT, YTO OTCTYILIE-
HHSl OT MHBAapHaHTHOCTH MaTHHTHOIO MOMEHTa SKCIOHEHIHAaJbHO MaJlbl,
T. €. MONpaBOYHbE YJIEHBb MOpsaka exp (—w.f). Taxum o6pa3oM, NpH
GObIINX 3HAYEHHAX IHUKAOTPOHHOH YACTOTHI IIOCTOSTHCTBO MAarHHTHOI'O
MOMEHTa OPOGHTH BHIAEPXKHUBAETCS C OUeHb GOJILLION TOYHOCTBIO.

AJHABATHYECKHE JIOBYUWIKH

HMHBapuaHTHOCT MAaTHUTHOTO MOMeHTa HMeeT OueHb
GoJsibllIoe 3HAUEHHE B TEOPHUM MATHUTHOTO yAep:KaHUS IJIas3-
Mbl: OHa YKashlBaeT HAa MNPHHIMIMAJIbHYIO BO3MOXKHOCTDb
yAepXUBATh YACTHIB OT yXoAa 80046 MASHUTHO20 NOAA.
[Ipeanaraemoe A1 3TOTO YCTPOWCTBO HaswiBaloT aduaba-
TU4eCKol maeHuTHOl sosywikoti. TlpuHuunuaabHas cxema
TaKOH JIOBYIIKM NOKasaHa Ha puc. 15.

JloBymka mnpezncraBisieT co6ofl UMJIMHADP, B KOTOPOM
BHENIHSAsS KaTyIIKa CO3[aeT NPOJO0JbHOEe MarHuTHOe moJe Ho.
Y KOHLOB IUJIMHIpPA NOCPEACTBOM 6oJee 4acTofi HAMOTKH
(uny Gosee CHIILHOTO TOKA) CO34AIOTCS 06JaCTH GoJee CHIb-
HOTO 10JIsl, KOTOPhIe HA3bIBAIOT MASHUTHOIMU NPOOKAMI WIIH
MaeHUTHbIMU 3epKasamu. B 3THX o6aacTsx 1MoJie HMeerT 3Ha-
yenne RH, KosdpduuueHt R Has3bBAIOT 3epKAAbHLIM HIK
npobourvim oTHoweruem (R>1).

Ecnn sapsxenHass wactuna B 06/acTH OCHOBHOTO Mar-
HUTHOTO moas Hy Bpamanach 1o {UKJIOTPOHHOM OpOHUTE C MO-
TNepevyHod CKOPOCThIO U M TNPH [IBHKEHHH LEHTpa 3TOH Op-

* Xora ero HHOTZAA HENpaBH/IbHO Ha3bIBAIOT «MArHUTHHIM MOMEHTOM
YacCTHIbI». HpaBnanee TOBOPUTb O MACHUTHOM MOMEHTe 0p6UTbl.
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6UTHl BIOJIb CHJIOBOM JIMHWH momaJja B 06J1aCTh YCHJIEHHOTQ
noas RHy, To mo 3aKoHy cOXpaHeHWs MarHMUTHOTO MOMEHTa

CKOpOCTB Bpailenus go/kHa sospactu B)/ R pas. Ho, xpo-
M€ 3aKOHa COXpaHeHHs] MOMEHTa, ﬂeﬁCTByeT ele u 3aKOoH
COXpaHeHHusI 3HEPTUH
2 2
M (0% + o) = const,

rae vy, — OpojoJbHas CKOPOCTb IBIXKEHUS BelyLlero LEeH-
Tpa BROJIb CHJIOBOMH JuHuu. [To 3aKOHY COXpaHEHHs SHepTuH

0% G-

=
T

Puc. 15. Anuabatuyeckasi MarHuTHasi JIOBYIIKA:

a — cxemMa OOMOTKM; 6 — cxeMa CMIIOBBIX JIMHMIT
Mar"HMTHOIO IIOJIA.

yBeJIHUeHHe NONepeyHoll CKOPOCTH AOJKHO BECTH K YMeHb-
nieHuo npoxoJsbpHoit *. Ecau oTMeTHTh IITPUXAMM 3HAUCHHUS
cKopocTe#l B 06/JIaCTH YCHJIEHHOTO MOJIS,, TO MOXKHO HalHCcaTh

, _
v, =V Ruvy,
2} 2 9 )
V) Uy =v1L+ Uy,
OTKYyla
12 2 2
vy =y —vy (R—1).

Jist yacTun ¢ LOCTaTOYHO GOJIBLIOH MONepeuHoil CKOPOCTbIO
MPOAOJbHAS CKOPOCTh B 0GJACTH YCHJIEHHOTO moJsi obpa-

* YMeHbllleHHe IIPOJOJBHON CKOPOCTH MPOHCXOAHT TOUNO TaK, Kak

€CJHM CYHTATb, YTO Ha MAaCHHTHLIH MOMeHT OpOHTHI | meHicTByeT cuja
F=—vyH
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THTCH B HyJb. llpMpaBHHBaHUEM BHIpaxKeHUs 0| HYJIO
MOJIyYaloT A/ 3TOTO yCJIOBUE
Yy

V) = —F— .
T VR

Yacruupsl, nomnepeyHass CKOPOCTb KOTOPHIX MPEBHILIAET 3TO
KDHTHYECKOe 3HayeHue, OYILYT OTPaxKaThCs OT 0GJACTH yCH-
JIeHHOTO noJsig (OTCio/la Ha3BaHME «3epKajo»). MHBIMU CJ0-
BaMH, 3Ta o6sjacTb He OyJeT BHINYCKATh HMX H3 JOBYIUKH
(oTcroa HaszBaHHe «IPOOKa»).

Tor Xe BbHIBOL MOXHO BBIPa3HTb Ha PEOMETPHUECKOM $3BIKE Tak:
NpY JABHMXKEHHM YacTHHB! 1O BMHTOBO# JIHHHH BEKTOP €e CKOPOCTH Bpa-
1aercst (IpeilecCHpPyeT) BOKPYr HanpaBJeHHs CUJIOBOM JIMHHM MariuT-
HOTO TO0JIA [OJ NOCTOSIHHBIM YrsioM O, KOTOpHIE ompefessieTcst YC/IOBHEM

v
0=—.
'8 il

Kax Bummo, apnaGarhyeckasi JIOBYWIKa YAEpPIKHBAeT BCE YACTHLbL, AJs
KOTOPBIX

1

tg > ————r
gh= y R—1

.

Ho JIOBYIIKA HE MOXKeT Y[epxKHBAaTb YaCTHUb!, Yy KOTOPbIX HallpasJe-
HHSI CKOPOCTH JieXKaT BHYTPYU KOHYCA, OINpene/sieMoro YC/JOBHEM

1
tg B Iy
8ISy R=1

DTO U eCThb Tak Has3biBaeMbiil onacuobili Konyc. OH TeM Yke, yeM Goublie
npo6oyHoe (3epKanbHoe) oTHOweHHe R. Ecau Gbl BHYTPH JIOBYIIKH 4a-
CTHLBI HE CTAJKHBAJHCh, TO W3 Hee yuuid Gbl BCe YAaCTHLBI C Hampas-
JIEHHSIMH CKOPOCTH, JIeXKalUHMH BHYTDH ONAaCHOTO KOHYCa, HO YaCTHILI
C APYTHMH HanpaBJeHHsIMH OCTaJuCh Obl. B  HelCTBHUTENBHOCTH ke
CTOJIKHOBEHHsI MeXAY YaCTHIAMH, MeHssl HallpaBJIeHHe CKODOCTH, Ilepe-
BONST BCE HOBLIE YacTHUBI B OnacHbll KoHyc. CyiefCTBHEM 3TOTO SIBJS-
eTCSl HeNpephiBHAs YTeYKa YacTHI[ M3 JIOBYLIKH; CKOPOCTb YTEYKH OIpe-
JleJIsIeTCs] 4acTOTOl CTOJKHOBEHHH.

Kak Bupno n3 cka3aHHOTO, MarHHTHas JIOByHIKa YAep-
KHBAET TOJbKO YACTHIBI C JOCTATOYHO GOJBUIMMH IOIepey-
HBIMH CKODOCTSIMH, T. €. OHa TONHUTCSl TOJIBKO HJIs 2opadels
mnasmMel. HarpeBaTh mia3My BHYTPH JIOBYHIKH HellesJeco-
0o0pa3Ho: B MpOIecCe HarpeBa BO3HUKAJa Gbl CHJbHAS yTey-
ka. [losToMy J/ist HAmoJHEHHUsl JIOBYIUKH IIa3MOil NpHMe-

6 IO. A, ®paux-KaMeHelKuit 81



HSAIOT MET00 UHXCeKyul: U3 OTAEJbHOr0 HOHHOTO HCTOYHHMKA
(cM. HM2Ke) B JIOBYLIKY BIPBICKMBAIOT ObICTphle HOHEL Ilpu
9TOM BO3HHKAET DS TPYAHOCTEH.

Bo-nepsbix, A/ co3jaHus KBa3HHeHTPAMbHON IasMbl HEOGXOZMMa
KOMNercayusa TPOCTPAHCTBEHHOrO 3apsifa HOHOB 3JIEKTPOHAMH, NPHXOIS-
IUMH H3BHE. JIBHIKyIas 3/1eKTPOHBE! CHJla NPOUCXOLHT OT CO3aBaeMOro
NPOCTPAHCTBEHHBIM 3apsiAoM 3JeKkTpuueckoro noas. Ho npu 6osbumux
pa3mepax JOBYWKH Tpe6ylorcst GoJbllHe 3JMeKTPOHHBIE TOKH, KOTOpHIE
HEJIETKO TMOJYYHTE.

Bo-BTOpbIX, €C/H MarHHTHOE IMOJie He BBHITYCKAaeT YaCTHIbl H3 JIO-
BYUIKH, TO OHO H He BOycKaeT WX Tyfa. I/ HHKEKIHH IPHXOLHTCS
MOCPEACTBOM DacHOJOKEHHBIX COOTBETCTBYIOUMM 00pa3oM KOMIEHCHDY-
olMX OGMOTOK CO37aBaTh MOZHUTHOLL KGHAA, JIMIIEHHBIH MOJS, Yepes
KOTOpBIfi H NMPOUCXOLUT HHKEKIHS.

B-TpeTbux, Mo 3akoHAM MeXaHHKH TpH afunabaTHYECKOM NBHIKEHHH
yacTHUa JOMKHa, ONHCAB 3aMKHYTYIO TPAeKTOPHIO, BEPHYTLCS B KOHIE
KOHIOB K HCXOJHON TOYKe M YAapHTbcH 06 HHKEKTOpP, YTO HPHBEIeT K
yXony ee H3 soBywkH. UYrtoObl H30exaTb 3TOro, HeOOXOAHMO B XOfe
HHXKEKLHH CJefaTh ABHXKeHHe YaCTHI B KaKOH-TO CTeneHH HeaguabaTH-
yecKHM. MOXKHO B Ipolecce HHXKEKIUH OLICTPO HapalluBaTh MarHHTHOE
nosie JIOBYWIKH, HO CKODOCTb HapacTaHus NO/KHA GOblTh TaKoH, 4TOGH
noJe 3aMETHO MEHSJIOCh 3a BPeMsi OJHOTO IMKJIOTPOHHOro o6opoTa, 4To
TeXHHYECKH MOBOJPHO 3aTpyAHHTENbHO. Dosee ymoOHBIH HpaKTHUECKH
MeTOJ 3aKJIOUaeTcs B TOM, YTO BIPBLICKMBAIOTCS MOJIEKYJSIPHbE HOHBI
Dyt, KoTOpBle YiKe BHYTPH JIOBYWIKH TIDH CTOJKHOBEHHSX IHMCCOLUHDY-
I0T Ha aTOMHBlE HOHBl H HeHTpasjbHEle aTOMbL IIpolecc CTOJKHOBEHHS
CYyLIeCTBEHHO HeaAuaOaTHUYeH; Y aTOMHOTO HOHa UHKJIOTPOHHBIA pajguyc
BIBOE MeEHbLe, YeM y MOJeKy/spHoro. IlosTomy mocje JAuCCOUHAINH
HacTHIa yXe He BO3BDaTHTCS Ha HHXKekTop. KMeHHO 3TOT Meroj HH-
KEKIHH MOJIEKY/SPHBIX HOHOB NIpHMEHEeH B COBETCKOH ycraHoBke «Orpa»
1 amepukancko#t JICX.

JAPEVM® B HEOAHOPOJHOM MOJIE

[Tocrapaemcs MOHATH, KakK NPOUCXOJAMT ABMXKEHHE da-
CTHIbl B HEOLHOPOLHOM MAarHUTHOM IIOJIE.

HeonHoponHOCTh MAarHHTHOIO NOJS MOXKeT OBITbH ABOS-
KOr0 pojia: BAOJb M Ionepek ero HanpasjeHuda. [lonepeu-
Hasi HEOJHOPOIHOCTb 3aKJAI0YaeTCs B CIYUIEHHH M pa3pexe-
HUM CHJIOBBHIX JIUHUEA (pHc. 16), NpomoJbHAs — B HX HCKPHUB-
Jgenuu (puc. 17). Ecau 3aMeHHTb YACTHIY LUKJIOTPOHHBIM
KPY>XKOM, ABHXYUIUMCS BIOJb CHJIOBOH JHHUH (npefidoBoe
npuGIuKEeHue), TO B pe3yabTaTe NPOJOJbHOH HEOLHOPOX-
HOCTH YacTHla, JBHUIasch BAOJb CHJIOBOHN JIMHHH, OyHeT uc-
IBITBIBATH IIEHTPOOEKHYIO CHY, KOTOpast BHI3bIBAET YEHTPO-
6escrolil Opedd.

[lTonepeuHasi HEOMHOPOAHOCTb NPHBOAUT K TOMY, UTO
pazuyc op6HUTH B 006/1aCTH CHJABHOTO 1OJS CTAaHOBUTCHA
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Puc. 16. T'papuentHsuil npefid.

MarHuTHOe IIoJle HalnpaBJIEHO K HaM J BO3pacTaer

BBepX. IIONOKUTENbHBIE HYacTUIBI APeii@yIoT Ble-

BO, oOTpuIaTeJbHble — BOPaBo. [peitdOBBIT TOK
HamnpaBlleH BJIEBO.

Puc. 17. llenTpoGexuniii npeiid.

MaruutHoe I10Jle HaIpaBlIeHO K HaM, BBINYKJIO

BBepX. IToNOKuUTENbHbIE HaCTULBI ApeidyloT BIpa-

BO, oTpumaTeJbHble BIeBO. [peiioBBII TOK Ha-
npaslleH BIpaBo.



MeHbllle, 4eM B o6JacTu cjaaboro. DTO 3HAYHUT, YTO IHKJIO-
TPOHHBIH KPYKOK JOJI)KEH KaK Obl BBITAJIKHBATBHCSI IONEPEK
HOJSL C CUJIOH, NMPONOPIHOHANBHON epadueHTy MarHUTHOTO
noJs (T. €. U3MEHEHHIO HANpPSKEHHOCTH IOJS Ha €IUHHIY
IJIMHBL). DTa cujia BhI3bIBaeT epaduenTHoll Opelig.

Ecan R ecTb panuyC KpHUBH3HBI CHIOBCH JHHHM, TO, [BUraach
BIOJb 3TOfl JHMHHH CO CKOPOCTBIO Uy, YACTHIA HCOBITHIBAET ILEHTPO-
6GexHy10 cuIy

Mv2”
Fo=—p

B HanpaBJeHHH PafHyca KPHBHU3HBIL. DTa CHJIA BHI3HBAET NeEHTpOGex-
HBIiT Apedid co ckopocThio

NIU‘Z“

Ve=¢ ZeHR
B HANpPaBJeHNH, NEPNEHAUKYJISIDHCM KakK K camoii cusoBCH JUHUH,
TaK W K €e paauyCy KDPHBHU3HBI. Ecau MarauTHoe roJe MeHsieTCs

nomepexk CBOEro HAaNpaBJeHUsi HA €JIWHHLIE JJHHBI Ha BEJIUYHHY

dH
~dx_ = VsH (o7y Beauunny HashBawT rpajHeHTOM MATHHTHOTO IO-

nd), TO Ha MarHuUTHBii MoMeHT . peficTByeT MKTHBHAs cHJa
FH = P'VxH:

BBLIBHBAIOMAA TpajHEeHTHHH npelid co ckopocthio

1)
vH = 7o Vil

NepHeHA UKYAIPHO KaK K HAIpPABJIEHHIO NOJS, TAK U K HaIpaBIEHHUIO
ero uaMeHeHus. [IpunuceIBas IOUKJAOTPOHHON OpO6UTE MATHHTHBIH MO-
MeHT

2
pvy
‘j, == - QH ’
noJyuyaeM IJs CKOPOCTH IpaiieHTHOTO apelida

M-vﬁ_
YJHSC QZeHg VXH'
3HaK MHHYC B BBHIDaXeHUH Fp TOKa3blBaeT, YTO CHJIA IeHCTBYyeT

B HANpPaBJE€HHH yMEHbINeHNUS MarHUTHCTO moxs. Eciu MHTEpPecoBaTh-
c He TOJbKO BeJuYHHOH npefipoBoit ckopocTH, HO M ee HampaBJje-
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HHMEM, TO TpHBeleHHbIe QOPMYJIBl ClefyeT 3anHCHBATh B BeKTOPHOM
dbopme:
2

Mv”
Ve=2¢ ZeHPRE [RH];

M'uﬁ_
Vi = ¢ 57 s [HyH].

ToabKO mOCJE 3TOrO B HHX HMEET CMbBICJ YYHTHIBATH 3HAK.

Bee Bripawenus nas npeHdoBHIX ckopocTeii npuUMeHMMBl KaK K
HOHAaM, TaK H K 2JeKTDPOHAM, KOTODHIM mpunuchiBaercas Z = —1.
CienoBaTenbHO, CKOPOCTH LEHTPOGEIKHOrO M rpajiHeHTHOro. Apeidos
AJSl 3MEKTPOHOB BHIPA3ATCH KakK

mv?"
Vo= —2¢C 2R [RH],

mv?l_
Vi =—¢ 5, [HyH].

3HaK MHHYC O3HAa¥aeT, YTO 2MEKTPOHBl M HOHBI IBHIKYTCS B IPOTHBO-
HONOXHBIX HamnpasieHusax. HeoxHoponHoe MaruuTHOe Imote AefiCTByeT
Ha NJasMy Kak HesleKTpHYecKasd CHJa U BHI3bIBaeT B Hell NmepneHIu-
KyJsapHble K HamnpaBieHuio mnoas Opeligosoie morxu. Jlpeidonbiil
e TOK, NepeHOCUMBIH yacTHILAMH C 3apsigoM Ze U Maccod M, pa-
BeH j = nZewv, oTKy1a

. nM*uIQl
lel=c—gR -
s nedaTpobexnoro apefida u
nMv?L

linl=c¢ gz vl

AJs rpagrveHTHOro.

[Toxubl#t TOK MONYYHTCS CYMMHDOBAHHEM 3THX BhIpaXKeHHH 1O BCEM
yactunam. Beipaxenus nas ppefidoBBIX TOKOB MOMXHO NPHBECTH K
yROGHOMY BHAY, €CIM BBeCTd HPOMOIbHOE p, ¥ TONEpeuHoe P,

IaBJIEHUS MJIasMbl. B NpONOJNBHOM HANpABJIEHHH YaCTHIA MMeeT OJHY
cTeneHb cBOOONB, OTKYHA
py=nTy = nMv2”.

B nonepewiiom HanmpaBieHHH HaCTUIA MMEET JBe CTEIEHH CBOGOIHI,
OTKy1a

MvQ_L
py=nl =n—g—*



Ortcrona apefidoBble TOKM MOKHO 3aNMUCATh TaK:

. Py 1
lel=¢—fg— %>
Vnl=¢ g~ = ¢ FL

H dx
rie L= -V—xﬁ = 7 In [ — X3DPAKTEpHAsl NMMHA H3MEHEHHS MAarHUT-

HOro mnoJs.

[peiid B HEONHOPOAHOM NOJE 3aTpyAHsET ylepiKaHHe
IJ1asMbl B TOpoMJanbHON JoBymke. Ecau npeacraButh cebe
TOp JIeXKAUIUM TOPHU30HTAJ/bHO,
TO KaK LeHTpoOeXHBIH, TaK H
rpafgveHTHBIH Apei(bl BbHI3LIBA-
IOT BepTHKaJbHBIE Jpei(oBbie
TOKM, IIDOH3BOJSIINE pasjesne-
HUe 3apsnoB (puc. 18). Bosuu-
KaeT MoJiApU3auys IJ1asMbl, T. €.
BEPTUKAJbHOE 3JEKTPUUECKOE
nose, a 3JeKTpHUYECKUH HApeid
B 3TOM II0JIe 3acTaBJjseT yXKe
BCIO IJIa3My JABMraTbCi K Ha-
PYXKHOH CTEHKe.

Puc. 18. Opeiip u nosstpusa- B  wmogmenu npoBOASIIEH
s MAasMbl B TOPOMAAMBHOR — KHAKOCTH MBI TNOJYYMJIH Kade-
AOBYILIKE. CTBEHHO TOT JK€ pe3yJ/bTarT:
naasMa JAOJKHA [BUTATbCs Ha-
pyxy. Ho ananus npu nomouyn apefioBbIX ABHXKEHHH TOU-
Hee M yKasbplBaeT, KpoMe TOTO, HYThb K IPEONOJNEHHI0 3THUX
TpyAHocTe#l. Ecan cpesnaTp noJie BUHTOBHIM, TO pasieseHHe
3aps0B CHUMAETCS TOKAMH, TEKYILUMH BIOJb CHJIOBBIX JIH-
HHH, TaK Kak OJHa M Ta Xe CHJOBas JHHHS Tenepb NpoXo-
JUT TO CBEpXY, TO CHU3Y.

NOJIAPH3AUMOHHBIN APEN®

MEr paccMOTpesiM TP OCHOBHBIX BHAA ApeddoBOro ABHU-
KEHHS: 9JIeKTPUYECKHH, LEHTPOOEXKHBbII M TpajueHTHLIA
Agpeiidbl. MMH [OJIHOCTBIO ONMCHIBAETCS ABHXKEHHE YaCTHIL
B IIOCTOSIHHBIX BO BPeMEHH U MeIJEHHO MEHSIOUUXCs B MpO-
CTpPaHCTBe 3JEeKTPUUYECKHX U MarHUTHHIX nojsx. Kpowme Toro,
BO3MOXKHB!I pei(bl, BbI3bIBA€Mble IOCTOPOHHUMH He3JEeKTpHU-
YeCKMMHM CHJIaMH, HalNpuMep CHJOH TsxKecTH. Bce oHm BO3-
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OyxpatotT npefihoBbie TOKH. EC/IM e YaCTUIbI UCTBITHIBAIOT
NOCTOAIHHOE HJIH Me[JIEHHO MeHsIolleecsl yCKOpeHHe, TO ABH-
JKeHHe IPOMCXOMUT TakK, KaK ecju Obl Ha HUX NeHCTBOBaJja
CUAQ UHepyuu, paBHAs IPOM3BEIEHUIO MacChl HA YCKOPEHHE.
dta cuja BBI3BIBAET UHEPYUOHHbLL Opeligh, TPOSIBISIOUIMACS
B COOTBeTCTByomeM apefihoBoM ToKe. OcoOGeHHO BaxKeH
caydai, KOTAa yCKOpeHHe NIPOUCXOLUT OT U3MEeHEeHHs1 CKOpPO-
CTH 3JEKTpPUUeCKOTo Apefida, BBHI3LIBAEMOr0 IIepeMEHHBIM
3JEKTPUUECKUM MoJieM. DTOT YaCTHBIH Caydyall HHepPIHOHHO-
ro apeiida ecTb TaK Ha3hIBAEMbIH noALpudayuornbLll Opetip.
Haspanue mmeer TOT CMBICJ, YTO NMPUYUHOH YCKODEHHS $IB-
JAIOTCA 31eChb IlepeMeHHble 3JEeKTpUUeCKHe I10Jis1 BHYTPH
0/1a3MBl, IPOHCXOASNIHE OOBLIYHO HE CTOJBKO OT BHEIUHErO
10Ji, CKOJIbKO OT IIOJISIPM3alMM CaMOH NJaas3Mbl IIPH paspe-
JIEHUH 3apAN0B B Hell.

[NonsipusauuonHbIl  JApefid oTaMYaeTCsa ClAELYIOUIMMA
cBoeo6pasHeIMU cBoficTBaMH. IlycTh asekTpuueckoe moJe
HanpaBJeHo monepek MarHuTHoro. OHO BhI3bIBaer Apendo-
BOe [IBHXKeHHe BCEX YaCTHL, HE3aBHCHMO OT 3HaKa MX 3a-
psiza, B OJHOM HanpaBJ/eHHH, NepPIeHIUKYJISPHOM KakK
K 3JIeKTPHYECKOMY, TaK U K MarHUTHOMY noJio. Ecau snek-
TpPUYECKOE IIoJie IIepeMEeHHO, TO BO3HHKaeT HHEePLHOHHAs
cusa, meficTBylomas He3aBHCHMO OT 3HakKa 3apsfja B TOM
ke HanpasJseHuu. Ilo sakoHam npefipa 3Ta cujaa 3acras-
JIfieT 3JIeKTPOHBI M HOHb! JIBUTaTbCs HaBCTpeuy APYT APYTY
NepHeHJUKYNSIPHO K HHEPIMOHHONH CHJIe M K MarHUTHOMY
HOJIIO, T. €. mapaJ/ljienbHO 3JeKTPHUECKOMY mnoJio. TakuMm
o6pasom, MOJNSIpU3ALMOHHBIA J[pefid BHI3BIBAET TOK BJOJb
3JeKTPUYECKOTO II0Jisl, €CJH OHO HalpaBJeHO IOoNepek Mar-
HUTHOro. DTOT ApeiipOBHIll TOK HaKJaAbIBAETCs HA Molepey-
HYIO NPOBOAMMOCTD IIJIa3Mbl M OU€Hb YaCTO MEepPEKpHIBaET ee.

Ecau cxopocTh U3MEHEHHS JJIEKTDHYECKOTO mojs ecTb E, TO
3JeKTpUuecKHuil npefip GyneT NpOUCXOUUTH C YCKOpEHHEM

. E
lvg | =c—

KOTOPOMY OTBE€Ya€T HMHEPUHOHHASA CHJIA

E
F=MCT-

OTa cuia BHI3BIBACT HOMSIPU3ALMOHHBIA apefid co CKOpOCTBIO

Mc? .
]V,;I-—-Z’HTE.
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Jis 31E€KTPOHOB, B CHIY MaJOCTH HX MacChl m, HHEDIHOHHAS CHAA
B THICAYM DPa3 MEHbIIC, BCAENCTBHE YEro IPH PACCMOTPEHHH NOJSIPH-
3alMOHHOTO npefida pBMIKEHHEM 3JEKTPOHOB MOXKHO npeHeGpeub.
JipeitboBrifi TOK, NepeHOCHMBI HOHAMH, DaBEeH

. Mnjc? . pc? .
lipl=niZe|vp| =—pgz—E =—4z5 E,

rae p = Mn; — NIOTHOCTh NJAa3Mbl.

[T1oTHOCTD TOKA OKa3bIB2€TCSl MNPONOPIHOHANBHOH CKOPOCTH
M3MeHeHHd 3JEKTPHYECKOro mnoJjfd. IDTO 3HAYUT, YTO TOK, CBSA3aHHBIH
C NONAPH3ALMOHHBLIM npelidoM, oGramaer TeMH Ke CBOHCTBAMH, YTO
U mOK cMeujenuss, KOTOPHIH BO3HHKAET NPH NOJAPU33UUU IHDJIEKT-
PUKOB. DTHM ele pPa3 ONpaBIHBAeTCH Ha3BaHKe «NOJAPH3ANMOHHBIH
apeitg». CorracHo anekTPOAHHAMKKE B Cpele C IHIEeKTPHUECKOM
NPOHIIAEMOCTBIO € TOK CMeLleHHs BHIpaxmaercs Kak

1.
|/ | == <E.

Cﬂeﬂ,OBaTe.ﬂbHO, B IIEPEMEHHOM 3JEKTpUYecKoM InoJe, HANpaBJIEHHOM
Nonepex MArHHuTHOro, IJaa3My MOXHO paccMaTpuBaTbh KaK cpeny
c nuanempnqecxoﬁ NpOHHIlaEMOCThIO

4mpc?
L= THT

Orciona COOTBeTCTBleU.lI/Iﬁ noKa3aTtenb IPEIOMICHUA

— ¢Vim
nL=VEL=T’

DTOT pe3yabTaT CIpAaBEeIJHB, TOJNBKO €CJAH YacTOTAa HM3MEHEHHS IOJs
MaJa B CDABHEHHH C HOHHOH UHMKJOTDOHHOH uYacTOTOH, HHaUe Heab3d
nob30BaThcd ApeHdoBbM npubavkeHueM. B o6aacTH HHKIOTPOHHBIX
yactoT Habuionaercs Oucnepcuss OudfeKmpuueckol — npoxuyae-
Mocmu, T. €. 3HAUEHHE € 3ABHCHT OT YaCTOTHI.

Korna mbl Oynem roBopHTb O KoseOaHHSX IUIa3Mbl B MarHHTHOM
floJle, TO YBHIMM, YTO NOJIYuYeHHOe ceHuac 3HAUeHHe IOKasaTelst Hpe-
JIOMJIEHHSI OTBEYAaeT DAaCIpPOCTPAHEHHI0 BOJHBI C QAb(DBEHOBCKOL CKOpPO-
cTot0. VIMEHHO Tax pacHpoCTPaHAIOTCS B IJIa3Meé HH3KOYaCTOTHBIE BOJIHBI
C 3JEKTPHYECKHM II0JIeM MONepeKk MarHuTHOro. EciM Ke 3JeKTpHYecKoe
IoJle HaNpaBJeHO BAOJBb MArHHUTHOTO, 3HaueHHe MHIJIEKTPHUECKOH II0CTO-
AHHOM Oymer coBceM APYrHM. DTO 3HAUNHT, YTO IIa3Ma B MarHUTHOM

floJie eCTb QHUBOTPONHAs cpeda, a ee [UIJIEKTPHYeCKasi MOCTOSIHHAS —
TeH30p.

BPALIAIOIIASICS MJIASMA

[lnasma, Haxopsmiascs B CKPEIEHHBIX MarHUTHOM H
3JIEKTPUUECKOM IOJSAX, IPHXOAUT B JABHXKEHHe B HampabJe-
HUH, MEepPIeHINKYAsIPpHOM K 060HM 3TUM NojsaM. PaccMoTpum
{HTEPECHBIH C¢ayyald, Koroa MarHHTHOe IoJe HampaBJeHO
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BIOJMb OCH MJa3MeHHOro HMJIMHApA, a 3JeKTpuuecKoe — I0
ero paauycy. B atom ciaydae cKOpocTh ABHXKeHHS IJIa3Mbl
OyneT HampaBJeHa HO OKPYXKHOCTH (MJa3MeHHbIH LUJIHHID
[OJIXKEH NPHATH BO BpalieHuUe).

Jlnst co3paHust paJHanbHOrO 3JeKTPUYECKOro NOJS MOXK-
HO TOMECTUTb Ha OCH LHMJHHJPA NPOBOXHHK U HPUTOXKHThb
MeXJy HHM H CTeHKdMH LMJHHIpPa Pa3HOCTb IOTEHUHAaJOB.
BmecTo oceBoro npoBOJHHKA MOXKHO BBHICTpEJNHBATb M3 IJ1a3-
MEHHOH MNYIIKM BJAOJb OCH HUHJIHHAPA TOHKHH NJa3MEHHBIH
IWHYP.

Bpamalomasca nsnasma npeicTaBiaseT HHTepeC C pas-
JUYHBIX TOuYeK 3peHHd. Tak, pacueThl NOKa3bBAIOT, UTO
BpallleHHe IJIa3Mbl MOXKET CIIOCOOCTBOBATH €€ YCTOHYMBOMY
yIepXaHHIO MarHUTHBIM nojeM. Ha 3ToM OcHOBaHBI Mar-
HUTHBIE JIOBYIUKH C Bpamlarmoueics Naa3Mol, NOJyYHBIIHE
Ha3BaHHE UKCHOH» H «TOMOIIOJSPS.

[Ipn OTCYyTCTBUM THADPOJMHAMHUUYECKHX CONPOTHBJIEHUN
OKpYKHAasl CKOPOCTb BpallleHHs MJa3Mbl CTPEMHUTCH K CKO-
pOCTH 3JeKTpHueckoro apefida. [1pu stom B BHIe KHHETHUE-
CKOH 9Hepruu BpalleHHsi MoxeT ObiTh 3amaceHo BecbMa
3HAYUTENbHOE KOJIHIECTBO IHEPTHH.

IlnasMeHHBI LHJAHHAD C pajHaJbHBIM 3JEKTPHUUECKUM
NOJIEM MOXKHO pacCMaTpHBaTh KakK NMJIWHAPHUYECKHH KOH-
JgeHcatop. Mbl Bupenu, YTo 0/1a3Me MOXKHO INpHIHCHIBAThH
60JIBIIYI0  AM3JAEKTPHYECKYI0 IPOHHUIAEMOCTh. OJHEpTHUS
9JIEKTPUUECKOT'0 IIOJIS B KOHJEHCATOpe NpONOPLHOHANbHA
NPOHUIIAEMOCTH Cpelbl. DHEPrui0 MAa3MeHHOTO LHJIHMHIPA
MOXKHO C OJMHAKOBBIM YCHEXOM paccMaTpuBaTh H Kak
3JIEKTPUYECKYIO0 SHEPTHUIO N1a3MEHHOTr0 KOHJAeHCaTopa, U KakK
KHHETHUECKYIO SHEPTHI0 Bpaulaioilefica maasmbl. IIpocToit
pacyeT MOKa3blBaeT, 4TO UHCJEHHOE 3HAaYeHHEe 3SHepruu
¢ ofeux TOYeK 3pEHUS OKAa3bIBaeTCsl TOUHO OJUHAKOBBLIM.

TOK HAMATHHYUBAHUSA

B samarHuyeHHO# N/Ja3Me TeNJOBOe MBHKEHHE UYaACTHL
[onepek MaTHUTHOIO IIOJISl 3aKJ/JI0uaeTcss B LUKJIOTPOHHOM
Bpallennyu. Kaxpas Bpamawoouiascs 3apspkeHHas dacTHIla
ob6pasyer KpyroBoil TOK B IIJIOCKOCTH, LepIEHAMKYJSPHOH
K MarHMTHOMY IIOJI0. DTOT KPYroBoil TOK o6JaafaeT, KaK Mbl
yKe BHIeJH, MAarHHTHBIM MOMEHTOM, OYeMy OH M Hasbl-
BaeTcs TOKOM HamaeHuuusanus. Vinaue ero Ha3blBAIOT YUK-
AOTPOHHbIM WM JaPMOPOBCKUM TOKOM. MOHBI ¥ 3/IE€KTPOHBI
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Bpalalo1ics B IPOTHBOMOJOMKHLIX HaANpaBJAEHHUAX, HO TOKH,
IepeHoCcuMbie HMH, CKJIaAbIBAIOTCA. Benb HamnpasJIEeHHE TOKa
NPHHATO CUYHTATH MO HANPABJACHHIO ABHXKEHHUSA IIOJOXKHUTEJb-
HOTO 3apdna.

Tok wamarinuuBaHusl BO36YKIAETCSl BHEIUHMM MAaTHUTHBIM IOJEM,
HO cam BO030Gy:kpaer Hojie o6paTHOrO HampaBJieHHs, KOTopoe ocjaabiser
BHeIlIHee ToJie. 1103TOMY MpH OTCYTCTBHH [APYTHX TOKOB IJa3Ma Befer
cebs1 Kak OuamaeHuTHas cpeda. MHOrna TOK HaMarHMYMBaHHS Tak H
Ha3blBAIOT AMaMarHuTHeIM TOKOM. Ho Kpome 3TOoro Toka, B IJIa3Me MO-
IyT Teyb TaKkke JpeitpoBEle TOKM M TOK INPOBOJHMOCTH, MAarHHTHbE
nonst KOTOpbix Beayt cebs uHbIM ob6pasom. Tak, TOK MPOBOJMMOCTH B
HEKOTOPHIX C/yyasX H3-3a aHU3OTPOIHH CTOJNKHOBEHHH MOXKeT co3naBaTh
MarHuTHOE II0JIe, HANpaBJjeHHOe B Ty 2Ke CTOPOHY, YTO H BHEIUHee.
B Takux cayyasix MOXKHO YCJOBHO FOBODHTb O MapaMarHeTH3Me IJIa3Mbl.

B oxHoponHO# Nia3Me TOK HAMAarHMYMBAHHA HU B YEM,
KpOMe MarHATHOTO MOMEHTa, He mposiBasercs. [Ipuunna sto-
ro sicia u3 puc. 19, a. Ha
Ka)kJioe JaHHOEe MeCcTO
7  pomagamoT «BEpXHHE»
4aCTH OJHMX LUKJIOTPOH-
HBIX KPYKKOB U <«HHXK-
HHe»  YacTh  JpYrux,
a HanpaBJeHHs TOKa B
BepXHell W HHUXKHeH# da-
§  CTAX KpyXKa I[pOTUBO-
noJoxHel. CyMmmapHBIf
TOK HaMaTHHYHBAHHUS B
Puc. 19. TIpoucxoxnenue ToKa HaMar-  oqHOPOLHON IJa3Me pa-
HUHHBARH: BeH Hymo. Muas xapru-

a —opHOpomHas u 6 — HeogHOpoxHaA
nnasma. Ha OyIer, ecjaM NJOT-
HOCTb KPYKKOB HJH pa-
JUyC MX pacnpejefieH HepaBHOMEDHO B IIPOCTPAHCTBE
(puc. 19,6). Torma B KaKJ10M JaHHOM MeCTe TOKH, TEKYIIHe
IO «BEPXHUM» M «HUKHHUM» YacCTAM LHMKJIOTPOHHBIX KpPYy¥K-
KOB, He OyIyT paBHBI APYT APYTY, U PA3HOCTb HX AACT CyM-
MapHbIl TOK HaMarHM4uMBaHUA. [LIOTHOCTD KPYKKOB ecThb
[JIOTHOCTH ILIAa3Mbl, PajiMyC HX 3aBHCHT OT TeMIepaTyphl
IJ1a3Mbl U HaIPAKEHHOCTH MarHuTHoro noJs. Eciu 3tu Be-
JUYUHBL (Mad mo6asi U3 HUX) MEHSIOTCS B HamnpaBJ/eHUH,
NepreHInKyasiPHOM K MarHUTHOMY IIOJIIO, TO B IJ1a3Me OyxeT
TeUb TOK HaMarHMYMBaHUs, NEPHEHIUKYASIPHLIH KaK K Mar-
HUTHOMY IIOJIIO, TAK M K HAIpaBJIEHUIO, B KOTOPOM MEHSIOTCS
cpoiicTBa nnasmbl. Hencuesaroniuil cymmapHbIil TOK Hamar-
HUYMBAHMS — XapaKTePHOe CBOHCTBO HEOOHOPOOHOU MJIa3MBl.
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Ecan NMOACYHTATh TOKH, TEKyllHe II0 BEPXHHM H HHXHMM 0OJO-
BUHKaM IHKJOTPOHHBIX KPY¥KOB, TO IJA CyMMapHOﬁ TJIOTHOCTH TOKa
HaMarHuYMBaHUs IOJYYUTCSA

d
sl = e,

T4€ 7 — IJIOTHOCTb YaCTHI; W — MaTHUTHBIE MOMeHT OpOHTHI; X — pac-
CTOSIHHE TMepIeHJHKYJASpHOe K TIIOMI0, BIOJb KOTOPOIO MEHSeTCs
Bequuuda n. Tok HaMarHHYMBaHHsA TIEPNEHIHKYJSPEH KaK K Hanpas-
JIEHUIO MAarHMTHOTO TIOJI, TaK M K HANpPABJIEHHIO X. B BeKTODHOH
dopme

jym = —crot ny,

TIe |\ — BEeKTOP MAarHUTHOTO MOMEHTa, HaNpaBJeHHBIH IO OCH IHKJIO-
TPOHHOrO KpyxKa. Taxum o06pasoM, BeJHuYHMHa TOKAa HaMarHHYMBaHHS
OnpeJessieTCsi CKOPOCTbIO H3MEHEHHS B TIPOCTPAHCTBE BEJIHYUHBL 7.
To, uro mbl ceffyac 3amucand, OblI TOK HaMarHMYHBaHHs, Iepelo-
CHMBIHl YacTHIIAMH OJHOrO pOAa C OINpele/eHHbIM 3HaueHHeM MarHaT-
HOro MOMeHTa OpOUTE. UTOOB HONYy4YHTh NOJNHBIH TOK HaMarHWyMBa-
HHf, HYXHO IIPOCYMMHMPOBATb TOKH, I€PEHOCHMBle YacTHLaM# BCeX
ponos, Ho ecinm moxcraBuTh 3HaueHHe

Mvi
b=gH

A CUYHTaTh IIa3My Haxogsueiicas B TEePMHYECKOM paBHOBECHH, TaK
4To

2
Mv_L r
2 =41,
TO
nT_L Py

w="g T°H:

[laBnenns, BhI3bIBaGMble HACTHUAMH PasHoOro poAd, CKAAABIBAIOTCS
Takum oépasom IJsL TepMHUECKOH HEeOAHOPOAHOH IIa3MBbl IOJHBIH
TOK HAMATHUYMBAHHUS DPABEH

d Py
Jul=c¢c dx (H)

I B BeKTOpHOH dopme
H
jm =—crot IJ_}, .

Py

ECJIH MAarHvuTHOE IIoJie HaHpaBJIEHO K HAM HW BEJHYHHA "ﬁ‘

(M np) BO3pacTaeT BBEDX, TO TOK HAMAIHHYMBAHUS HANPABJIEH BIEBO
d

d (p 1
(cM. puc. 19). TIpn ORMHAKOBBIX 3HAKAX BeIMYMH ——— W 7= \"F
TOK OT TIpajdeHTHOro napefida M TOK HAMATHMYMBAHMS HANlPABJEHBI
B QIHY CTOPOHY,
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KBASUTHAPOOHUHAMHYECKOE NPUBJIH)XEHHE

B Mopenn mpoBoAsnedl XHUAKOCTH K YHCJIY CHJ, JeHCT-
BYIOIIUMX Ha IJa3My, OTHOCHJACh Cujia AaBjeHus. B oOnu-
HOM rase U3 HeATpaJbHBIX YACTHIl Ieperaya JIaBJeHHs Npo-
HCXOJHUT TOJIBKO NOCPEJCTBOM CTOJKHOBEHHH M cuUJa daBile-
HUS AeACTBYET TOJBKO IIpU AOCTATOYHO GOJBILOH IJIOTHOCTH,
KOrja CTOJKHOBeHus yacthl. I1pubamkeHHb cnocob omnuca-
HYMS PAaBHOBECHS M JBHXKEHMS Ta30B NPH MOMOLIY CHJB TaB-
NeHHs HOCUT Ha3BaHue 2udpoduramuueckoeo npubauiCerus.
K njiotHo#l ma3Me THAPOAMHAMHYECKOE NPUOIHKEHNE MPH-
MEHHMO, KaK H KO BCAKOMY IJOTHOMY rasy. Ho oxasbiBaer-
¢, YTO U pa3pelkeHHas 1Ja3Ma, Iie CTOJKHOBEHHS He Urpa-
10T poJi, BeJleT ce6s Tak, KakK ecau Obl Ha KaXXAyI0 YacTUIY
MornepeKk MarHUTHOTO NOJsi AeficTBoBa/ja CHJA JaBJeHHS.
Tonbko ¢uanueckHii MexaHH3M Iepefadd JaBJeHUS 31ech
COBEpIIEHHO MAPYrofi: OH CBfA3aH ¢ JApeH(dOBHIM TOKOM H
TOKOM HaMarHUYMBaHHUs.

Onucanye MOBENEHUST Pa3peKeHHON NJa3Mbl NIPH HOMO-
(M CHJIBI J@BJIEHHS HOCHUT Ha3BaHHe K8asuaudpoounamute-
cK020 npubausicenus. YCIOBUsS TNPUJIONKHMOCTH €ro Takue
Ke, Kak ApeiipoBoro uax aauabaTHYECKOTO NpHOJIHKEeHHS.

TTosicHUM KONUYECTBEHHO MEXaHH3M nepenaynd naBJlEHUA B paape-
JKeHHOH mina3Me. HYCTB nonepeyHoe naBJeHne IJaa3Mbl p.L H Hanpg-

YEHHOCTb MATHUTHOTO HoJas [ MEHSIOTCA B HANPABAEHHH X, NEPIEeH-
IuKynaspHOM K mouto H. Torja NepneHmHKyJspHO K OGOMM Hamlpas-
nseauam H v x Gyner Teub TOK, NPEACTABIsAKIIHHA cOO60i cymmy TOKa
oT rpajueHTHoro apefiga M TOKAa HaMAaTrHMYMBAHHUA:

L p, dd d (p,
lil=lin+iml=c|—gz 3x + ax \"H .
[ocse mpocToro npeoGpas3oBaHUS 3TO BLIPAKEHHE NPUBOAUTCA K BHIY
. 4 dpJ_
VUl ="F" Zx
Ho ecau Bcmomuuth 06uyro dpopmyny naas apeidosoro roka
) Fy
1ipl = en—5,
TO BUAHO, UTO TMOJHBIH NomepeuHblli TOK BHIPAXKAETCd TOYHO TAK Ke,

kak npeldoBbili TOK MONL AEHCTBHEM CHJBL
1 dp,

Fy=—"0 "Tdx:
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TakuM 06pasoM, MOXHO BMeCTO TIpajveHTHOro npefipa M TOka
HAMarHMYHBAHHA BBECTH CHIY IONEPEYHOrO [AAaBJEHUs, BHIPANAIO-
myiocs TaK ke, KaK ¥ B TUAPOJMHAMuKe. Ecau HHTEpECOBaTbCH
HAampaB/JEHHEM TOKa, TO HY)XHO 3aMHUCHBATbL €ro B BEKTOPHOH dopme:

. c
j=— gz [vrH].

YcnoBue MarHMTOCTAaTHYECKOTO PABHOBECHS IJa3Mbl IONEPEK Mar-
HHUTHOTO NOJS Tenepb MOXHO BHBECTH M3 ypaBHeHus Makcsenia 6es
yueTa TOKa CMelleHHs:

dH 4
=—j.

T dx c

Mocae HNONCTAHOBKH 3TOrO BBIPAXKEHMA AJd TOKA NOJNYUYUM
dH 4z dp,

“dx T H ' dx

UTO O3HA4YaeT NOCTOAHCTBO CYMMBl MAarHMUTHOI'O M ra3oBOro nNaBJieHnit

H2
e + p = const.

B HeomHOpOAHON mJaa3Me IONepeK MaTrHUTHOTO IOJA
JoJkKeH Teub TOK. ITo cymiecTBy 3TOT TOK HPOHCXOAMT KakK
oT apefida B HEOLHOPOLHOM IIOJIE, TAK U OT HEOJHOPOAHOIO
HUKJIOTPOHHOTO BpauleHus (Toxk Hamaruuuyupauus). Ho ecau
MarHuTHOE II0JI€ MEHSIeTCS TOJbKO IIOTepeK CBOEro Halpas-
JIeHHUs, TO TPajMEHTHbIA Apeld U TOK HaMarHHYUBAHUS
MOXKHO OOBEIHHHTH BMECTE M CUHUTaTh, YTO IIOJHBIH TOK
IPOUCXOAUT OT Apelda, BEI3BAHHOTO CHJIOH maBjaeHus. s
NJ1asMpl, HaXOJAIIEHCA B CHJIBHOM MariHUTHOM I[OJIE, UMEH-
HO 3TOT TOK OKa3blBaeTCsi YacTO CaMbIM CYUIECTBEHHBIM.
MBI NpUBBIKIH CYUTATh, YTO 3JEKTPUUECKHE MOJisi BBI3HI-
BAalOT TOKH, a CHJbl [aBJEeHHS — MAaccOoBble JBHKEHUs.
B nnasme Bce okasbiBaeTcsi Ha060poT. Mbl yxke BHAENH,
KaK 3JIeKTPHUECKHE MOJIT MOTYT BBI3HIBATh ApeidoBHe IBH-
KeHusl MJasMbl Kak Lesoro. Tenmepp Okaszasoch, 4TO CHJIA
IaBJIeHUsT MOXeT B0o36yXJaTh B IJasMe Apei¢oBble TOKH.

THAPOMATHHUTHASL HEYCTOMYHUBOCTb NJA3MbDI

Yem nanbuie NpoOABUTaeTCs HCCIENOBaHHE TJa3Mbl, TEM
ICHee CTAHOBHTCSl, HACKOJIbKO IUMPOKOEe 3HAUeHHe HMEIOT
17191 Hee SBJEHHS HeyCTOHYMBOCTH. B oueHb MHOrHX ciayyadx
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paBHOBeCHe MJIa3Mbl CTAllMOHAPHO *, T. €. MPH OTCYTCTBHH
BO3MYUIEHUST OHO MOIJIO Obl CyIECTBOBATh HEOTPAaHUYEHHOE
BpeMsi, HO HEyCTOHUMBO, T. €. MOJ AeACTBUEM CKOJb yrOAHO
MaJIoTO BO3MYUIEHHUsI paspylaercs.

Jlaia TOro yTOGLI MOHSTh NPHPOLY NPOCTEHIIEero BUa He-
YCTOMUMBOCTH, MOXKHO MOSICHHTD €€ Ha NPUMepe CUCTeMbl 60-
Jiee TMPOCTOH M INIPHUBLIUHOM, UeM
nnasma. MoxHO chenaTbh TaKo#
onbiT. B mpoGupky ¢ He6OJb-
UM KOJHYECTBOM BOJBI OCTO-
POXKXHO HA/JUTh HEMHOTO Xpel-
Ko# cepHoit xucjaotel. Ecau cre-
JaTh 3TO OYeHb aKKypaTHO, TO
ymacTtcss MHOJYYHTb B TIpoGHD-
Ke JIBYXCJOHHYIO CHCTEMY
(puc. 20,a): caoft  TaxKenoH
JKHUIKOCTH, HAJIUTOH Ha Jerkyio.
dra cucreMa HAXOAMTCA B paB-
HoBecud. Cuna TAXKeCTH, KOTO-
Puc. 20. ﬂByXCJ]OﬁHaH CHSTe- pas TAHET BerHHﬁ CJIOH TsXKe-
ma (@) BgCT:e(G;‘eycm"“"' JIOfl JKUIAKOCTH BHH3, ypaBHOBE-

' HIMBAETCSl JaBJEHUEM HHIXKHEro
cost Jerkoit kuakoctd. OnHako
NaHHOE PaBHOBECHOE COCTOSIHME He SBJISETCS SHePTeTHYeCKH
CaMbiM BBITOAHBIM. Ecin 6Bl KHIKOCTH NOMEHSINCh MecTa-
MM M CepHas KHCJOTa OKa3aJjach BHM3Yy, a BOJa HaBEpXY,
NOoTeHUMAa bHasl SHEPrHs BCefl CHCTeMbl yMEHbIUHJIach Obl.
OcBoGoxkpamwniasics NPy 3TOM SHEPLUsS MOXKET MepelTH
B KMHETHUeCKYyI0 M ObITb HCIIOJb30BaHa AJS 0OMeHa XUAKO-
cTell MectaMu. Taxoll mpouecc SHepTeTHUYeCKH BLITOJEH, HO
NpAMOro JNEeACTBUS CHJI, ONpefesIOUMX COCTOsIHHE DaBHO-
BeCHS, JLJIsT HEer0 HeJl0CTaTOYHO.

Cuna TAXKeCTH MOXKeT BbI3bIBATb TOJbKO BEPTHKAJbHBIE
JABUXKEHHs, a A o6MeHa MeCTaMH TSKeJOH U JIerkKoH Kuj-
KOCTeHl HYXHO, 4TOObl HMKHUI CJIOH OCBOOOIHI MECTO ISt
BEpXHEro, T. €. HYXHBI elle U KaKue-TO TOPHU30HTaJjbHbIE
neuxenus. [losToMy MBI M TOBOPHUM, UTO CJIOH TSXKeJOH
KHUJAKOCTH, HAJUTOH Ha JErKyio, HaXONUTCS B PABHOBECHH,
HO 3TO pPaBHOBeCHEe HEYCTOHUMBO IO OTHOLIEHHIO K MaJIbIM
BO3MYIeHHsIM. [{0CTaTOYHO XOTh KalesdbKe TIKeN0H KUIKO-

\_/

a

* CTaU.HOHaprIM HaspIBAalOT COCTOAHHE, KOTOPOE He H3MEHSeTCq €O
BpEMEHEM, €C/JH HeT HEKaKux BOSMyU_leHHP"I. [Tousitue CTAlHOHAPHOCTH
HeJib3d CMELIHBATh C MOHATHEM CTaOW/JILHOCTH, T. €. yCTOI‘;l'-II/IBOCTl/L
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CTH CJlydalHO ONYCTUTHCS BHH3 (9TO M HasblBaeTcs BO3-
MylLIeHHEM), KaK OCBOOOJAMBILIEECS MECTO B BEpPXHEM CJIOe
3afiMeT JierKasi XKHJKOCTb; T€M CAMBIM OHA OCBOGOIHUT BHHU3Y
MeCcTO IJs AajbHeHIero ONYCKAHHSA TSXKEJOH KUAKOCTH
¥ T. I. (puc. 20,0). Bo3HuKalomee IOCJe ITOrO ABHIKEHHE
3aKJ/JI0YaeTcss B TOM, UYTO KMAKOCTH IBHXKYTCS HaBCTpeuy
npyr apyry. Ho oHM He MOTyT B ONHOM M TOM Ke MeCTe
ABHraThcsl HaBcTpedy. [losToMy ABHXKeHWe TMpUHUMAET LUP-
KyJSUMOHHBI XapakTep. B omuumx Mecrax TsKenas
#KHJAKOCTb ABHXKETCS BHHU3, B APYIMX — JierKasi BBepX. Takoe
ABH:KEHMe Has3blBalOT KOHBeKyuedl. JIBUXKeHHE HE MOTIJO
HayaTbcs 6e3 BO3MYILEHHS, TaK KaK B PaBHOBECHU BCe MeCTa
pPaBHONPABHB], U HENOHATHO ObIIO, B KAKOM MeCTe IOJIKHO
HauaThCsl ABHXKEHUE BHH3 M B KaKOM — BBepX. Bribop 3THX
MECT OIpeeJserTcss HauaJbHbIM, CKOJb YIOJAHO MaJblM BO3-
mymeHnueMm. [TpocTefilinM NpUMepPOM HEYCTOMYHBOIO paBHO-
BECHsl MOXeT CUHTATbCSl SHAMEHHUTHIl OceJ, NpHIyMaHHBIH
CpelHeBeKOBHIM cxosacToM DypumaHoM B cmope o cBoGojne
BoJHd. Ha paBHBIX pacCTOAHUSX OT MOPJALI 3TOTO HecyacT-
HOTO KHBOTHOTO IIpeJJarajoch IOMECTHTb JBe TOYHO OJH-
HaKOBbIe OXaNKH ceHa. Beannlil ocen, no MHenuio Bypunana,
[OJKE€H OBl NMOHOXHYThb C TOJOAY, HE 3HAs, KaKylOo OXallKy
npeanoyectb. OmubKka paccyxkaenuss Bypunana B TOM, 4TO
OH He IIOHMMaJ 3HayeHHs MaJjblXx Bo3Mmyilenuft. Ocen nei-
CTBUTE/NIbHO HAXOAMJCS B DAaBHOBECHM, He 3Has, 4TO €My
BoiOpath. Ho mocrarouno xors Obl CayyafHOTO ABHIKEHHS
BO3/lyXa, MAOHECIIero A0 HEro apoMar CeHa, AONYCTHM, Ipa-
BOIl OXanKH, YTOOB! BEIOOP OblJ CHeNaH.

B ombiTe ¢ cepHO# KHCJIOTOH M BOHOH MBI MOXKeM Ha-
fnogaTh TONBKO Hayasno KoHBekuuu. [lepeMernnBanue
JKHJIKOCTeH NPHUBOJAUT 3[€Chb K PACTBOPEHMIO CEPHOH KHCJIO-
Tkl B BOJe, CONPOBOXKAAIOUIEMYCA NOOOUHBIM SIBJIEHHEM
pasorpeBa; faJbHelllee Hac yxKe He HHTepecyeT. Ecau 6wl
MBI B3§lJd ABe HeCMeLUMBAIOLIHECs XKHUAKOCTH, HampHMep,
[ONBITANUCh HAJUTh PTYTh Ha BOAY (3TO OUeHb TPYHAHO
#3-32 GOJbLION pasHUIBl B YAEJbHBIX Becax), TO KOHBEK-
I BCe paBHO OBICTPO 3aKOHUYUJach Gbl NOCJAe TOrO, Kak
JKHIKOCTH IOJHOCTBIO HOMeHsJiHCh MectaMu. Ho MOXKHO
MOJIYYUTh CTAYUOHAPHOE KOHBEKTUsHoe Ogudcerue. las sTo-
ro JIOCTAaTOYHO HAarpeBaTh CJOH ra3a HJU XUJIKOCTH CHH3Y.
Ws-3a TensoBoro pacuiMpeHHs BHH3y IIOJNYUYHTCS JIETKHH
col, KOTOphifi OyJeT CTPEMHUTbCS K OOMeHy MeCTaMH
C BEDXHUM TSXKeJNbIM TakK Ke, KaK B IpeilIecTBYIOUIEM MPH-
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Mepe. Eciu cnofi cHH3y momorpeBaercs, a CBEpXy OXJaxk-
JaeTcs, TO LUHUPKYJASLHOHHOE KOHBEKTHBHOE [IBHXKEHHe OyaeT
HelpepbiBHO IIE€PEHOCHTb TeMNJOBOH NOTOK. Takyio cranuo-
HAPHYIO TENJIOBYIO KOHBEKIMIO OYeHb YH0OHO HabJ/10AaTh.
Mereoposiory HabJMIOAAIOT €e, HapHMeD, HajA NyCTbHeH
Caxapol, rie Jy4YucToe COJHEYHOoe TenJ/o CBOOOLHO NpPOXO-
IUT yepe3 NPO3pauHbBIll BO3AYX M HarpeBaeT MOBEPXHOCTb
nmecka, a I[eCOK yxe rpeeT BO3Jyx cHusy. Mmuorma rtaxoi
npouecc HasbiBaloT Caxapa-sddekroM. Ero Jerko mopnenu-
poBath u B JaGopatopul. OxaspiBaercsi, YTo NpU yMEpeH-
HBIX CKOPOCTSIX CJIOH pa3buBa-
eTC Ha NpaBHJbHBlE IIECTH-
3 i ; ! yrojbHble sdefiku (puc. 21),
B KOTODBIX MONEPEMEHHO TO
TOPSIYMH  BO3AYX  JABHIKETCHA
BBEPX, TO XOJIOZHBHIH — BHHUS.
IT0 ynopsgoueHHas], UK, KaK
TOBOPAT, AAMUHAPHASL KOHBEK-
nua. C yBeJHUeHHEM Ke Tell-
JIOBOTO IIOTOKA H CKOpocTef
UMPKYJIANUY JBHUXKEHHE MNpU-
HUMaeT HeperyJspHbBH WJIH
TypbysenTHblL Xapakrep.

B cnyuae niasmel uin Bo-
oble NPOBOASAIIEH KHUIKOCTH
CTAHOBHTCSI BO3MOXKHBIM HO-
Bblii BHJI KOHBEKTHBHOH HEYCTOHUMBOCTH, KOTODHIH Hashl-
BAIOT MA2HUTO02UOPOOUHAMUYECKOU WU 2UOPOMASHUTHOU
HeycTouuBOCTb10. Slpue BCero 3Ta HEyCTOMUYMBOCTL MPOSIB-
JISeTCs, KOrja XOpOIIO NPOBOAALLAS IJa3Ma, BHYTPH KOTO-
DOHl HEeT MAarHuTHOTO IOJif, TPAHMUYHUT C IPOCTPAHCTBOM,
B KOTOPOM €CTb MarHuTHOe IoJie. B TOHKOM cJ/loe y moBepx-
HOCTH IJIa3Mbl MATHMTHOE II0Jie PE3KO MEHseTCsl OT HyJs
0 3HaueHHs BO BHellHeM mpocTpaHcTBe. CJief0BaTeNbHO,
B 3TOM CJIO€ NOJKEH Teub HOB8epXHOCTHbl TOK. Kak MBI
y2Ke TOBOPHUJIH, TAKOH NOBEPXHOCTHHIH TOKOBBIH CJIOH HAa3bi-
BAlOT CKMH-CJIOEM, a IJIa3My, MM OIDaHHYEHHYIO,— CKHHH-
poeaHHOA. Ecsium BHYTpHM mJasMbl COBCEM HeT MarHUTHOTO
moJig, TO 3T0 OyAeT caydafi HOAHO20 CKUHUPOBAHUA,
1 IJ1a3My M BHeIIHee MarHUTHOe II0JIe MOXKHO paccMaTpH-
BaTh KaK [Be HeCMeEIIWBAIOIIHECAd KHUAKOCTH. Ecam Hx
B3aMMHOE PpAaCHoJIOKeHUe SHEPTeTHYECKH HEBBITOIHO, TO
MOKeT BO3HHKHYTb KOHBEKTHBHAsl HeyCTOHYMBOCTb. CHJIOH,
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BbI3bIBaIONIe KOHBEKTHBHOE ABUXKEHHEe, 31eCh 6y11€T yxe
He CHJa TAXKeCTH, a YACTO MAarHuTHas CHUJa — HaTsXKEHHE
MarduTHBIX CHJIOBHIX Juuui. Cuaosas JIMHUS, noxo6Ho CTpy-
He, CTPDEMHUTCA COKPATUThCA, T. €. 3aHATH MOJOXKEHHE, B KO-
TOpOM MOJIHHA €€ MHHHMAaJIbHA. HyCTb IOJMHOCTBIO CKHUHHPO-
BaHHAag IjiadMa OTAe€J/Je€Ha OT MAarHuTHOTO IIOJIdA BbIHyKJIOﬁ

a
Puc. 22. Brnykaas
rpaHuila NJIasMbl. 5
INOBEPXHOCTbIO pasaena
(puc. 22). HMnaue roso- Puc. 23. BosMmyuieHHe, BHITIHYTOE
pPAT, 4TO UEHTP KPHUBHU3- NOTIEPEK  CHJIOBBIX JIMHHIL:
- 0 — KOHIBLI CMJIOBLIX JMHMITI cBoGOA-
HbI HOBerHOC;I‘I/] (H ae HBI; 6 — KOHILI CMJIOBBIX JIMHMIA BMO-
XKalux Ha HeH MAarHurT- POJKEHBL

HBIX CHJIOBBIX JIMHHII)

JEXHUT BHYTPpU naa3mol. Takas KoHbHUTypaluus dHepreTnye-
CKH HEBBITOIHA, TaK KakK CHJOBbIe JHHHM pacTsaHyTH. Jlo-
OyCTHUM Telepb, YTO MArHUTHOE IOJie U maa3Ma MOMEHSIHCh
mMecraMu. CHJIOBble JIMHHM COKPATHJINCh, 3HEPrUsi MOJIS
YMeHbIINIACh, a JHEPrus MJAasMbl ocrasach npexHe#. Ho-
BO€ COCTOSIHHE 3HepreTHYecKH BuirofHee. ClienoBaTesbHO,
NOJHOCTBIO CKMHHPOBAaHHAs IJa3Ma C BBIYKJOH TOBEpX-
HOCTbIO 6€3 BMODOXEHHOTO BHYTPb MarHHTHOTO TIOJISI He-
yCTOHUYMBA. DTa HEYCTOMUHBOCTbL KOHBEKTUBHAS, OHA TaKo-

TO K€ XapakTepa, KaK HEeYCTONUYMBOCTh TAXKEJIOH XKHAKOCTH,
HAJHUTOH Ha JIETKYIO.

To xe sABNeHHe MOMXHO ONHCHIBATD M B HECKOJBKO APYTMX TEpPMH-
Hax. MoxXHO cKkasaTh, 4TO IIasMa, BHYTPM KOTOpOH HET MAarHHTHOTO
noJs, NMaMarHHTHA, T. €. CTPEMHTCS ABHMaThCsl B CTOPOHY YMeHBLIEHHS
HaNpPAXKEHHOCTH BHEIIHErO MOJsA. A eciH CHIOBHE JIHHAM BBHIUTYKJIbl Ha-
PYXY, TO IJIOTHOCTb HX, T. €. HaNpPSXKEHHOCTb MAarHHUTHOTO NOJIA, YMEHb-
lwaercs B TOM e HanpaBjeHud. MoXHO cKasaTbh, YTO NOJHOCTBIO CKH-
HUPOBaHHble KOH(UIYpauuu, y KOTOPHIX MarHuTHOE MoJje ociabeBaeTc
yhafleHneM OT I1asMbl, HeyCTOHYMBEL

Bbille MBI paccMaTpHBamM HeYCTOHYHBOCTH C TOUKH 3PEHHS dHepze-
TU4eCKO20 NpUXyuUna, KOTODHIH TJIACHT, YTO CHCTEMa CTPEMHTCS NepelTu
B COCTOfIHME C HAaWMeHbIeH BO3MOXKHOH sHeprumell. MoxHO MOJOATH K
TOMY 3Ke BONpPOCY MeToGoM 803Myujenuil, pPaccunTbiBasl, KaKHe JBHIKe-

7 I. A. Ppank-KaMeHenKuit o7



HHR BOBHHKHYT B CHCTeMe TOA JAeHCTBHEM pa3/HUHBIX BO3MOMKHBIX
BoaMyuenu#l. OxasbiBaercsi, yTO B udeaspHOl naasme, B KOTOPOH OTCYT-
CTBYIOT MpOUECCH JAHCCHNALMH, BCSKOE BO3MYlleHue B 06/dacTH YCTOM-
YHBOCTH I[PHBOAHT K TIPOCTHIM TapMOHHYCCKHM KOJIEGaHMSIM [1OBEPXHO-
CTH TN1a3Mbl, KOTGpble NOJOOHBI BOJHAM Ha Bode. Koueunas nposomu-
MOCTb, BSI3KOCTb U ApYrue
JTHCCHITATHBHBIE npoieccht
nenaloT  KoJeOaHMA  3aTy-
XawiuMH. B o6mactn  xe
HEYCTOHUMBOCTH Xapakrep
JIBHXKEHHs 3aBUCHT OT ¢op-
Mbl HauaJbHOTO BO3MYILEHHS.
Puc. 24. Boamyuiekue, BEITAHYTO® BAOAL  Ecnn  BO3MyWleHHE BbITSIHY-
CHJIOBLIX JIHHUH, TO IONEepeK CHJIOBHIX JHHWH

(puc. 23), TO OHO NPHUBOAMT

K T4KMM K€ IOBEDXHOCTHBIM KO/MeGaHHSM, KaK M B 06JacTH yCTOHYH-
BoctH. Ecsam ke Bo3MylleHue BHITAHYTO BHOJb CHJIOBBIX JIHHHH
(puc. 24), TOo OHO pas3mBUraeT CHJIOBbIE JHMHHH H HEOTPAHHUEHHO ale-
puomuyeckd HapactaeT. CKOpPOCTb HapacCTaHHsi BO3MYUIeHHs TeM O6oJb-
ule, 4eM MeHbLIe JAJHHA BOJHLI, H KODOTKOBOJHOBBIE BO3MYLIEHHS («MeJl-
Kasg psi6b» Ha MOBEPXHOCTH IJ1a3Mbl) HApacTalOT HEOrpaHHYeHHO Obl-
ctpo. JI/1 KOPOTKOBOJIHOBBHIX BO3MYLIEHHH CKOPOCTb HapacTaHHs BO Bpe-
MeHH 06paTHO NPOMOPLHOHAJIbHA KOPHIO KBaJAPaTHOMY H3 JJIMHBI BOJIHBL

HEYCTOMYHBOCTb MHHYA

ITpocrefimuii u Haubosiee H3YUEHHBIi NpUMep THIPO-
MarHuTHOM HeyCTOHYMBOCTH OBl OOHapyXKeH NPU H3yYCHHH
NoBeJleHHs J1a3MEHHOTO IIHypa (MHHYA), CXKUMaeMoro cob-
CTBEHHbIM MarHHTHBIM [OJIEM TEKYILIero no Hemy Toka. He-
yCTOHYMBOCTb MJIAa3MEHHOr0 NHHYA HMeeT Ty e INpPHPOLY,
4TO U HEyCTOHYHBOCTb BCAKOTO TMOKOTO IPOBOJHHKA, BAOJb
KOTOPOTO TeueT TOK. BoKpyr mpsiMoro npoBOAHHKA HMeEETCs
KPYrOBO€ MarHHTHOe IoJie, HaNpPSXKeHHOCTb KOTOPOTO cla-
gaet 06paTHO MPONOPLUHOHAIBHO PACCTOAHHIO OT ocH. Cuio-
Bble JIMHHM 3TOTO MOJISI Be3Je BHIIYKJABI HapyXy, HX LEHTP
KPHBM3HBI JIEXUT Ha OCH, T. €. BHyTpH maasMbl. Otcrona, us
o0Ilero 3HepreTHYecKoro MNpPHHUMIA, Cpasy BbITeKaeT, 4TO
€CJM BHYTPH IJIa3Mbl HeT MaTHHTHOrO MOJs (IIOJIHOE CKH-
HUPOBaHME), TO IMHY LOJKEH OblTb HEYCTOHYMB IO OTHO-
IIEHUI0 K KOHBEKTHBHBIM [ABHXKEHUSIM. B naHHOM cayyae
9Ty HEYCTOHUHBOCTb MOXKHO OOBSCHHThL elle HarJsjiHee.

[TpencraBuMm ceGe MaJjoe BO3MyLIeHHE, COCTOALIEE B TOM,
YTO MIHYp M30THYJICS. Bo BnaguHe CUJIOBbIE€ JIHHUH CTYCTSAT-
csi, ¢ NMPOTHBONOJOXKHOH CTOPOHBI — paspensarcs (puc. 25).
B pesy/ibTaTe HANpsKEHHOCTh MaTHUTHOTO IIOJIf, a C HEIO
M MAarHuTHOe fAaBJjeune OYAYyT BHYTPH BIAJHHBI BO3pacTaTh
¥ TeM cambiM u3rufaTb IWHYp ewle cuabHee. [TogpoOHbIi
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pacueT NoOKasblBaeT, YTO BO3HHKAIOT JedopMaluy pasHbIX
tanoB. s xJaccuduxkauuu 3THX Aedopmanuit  yAoOHO
BOCIIOJ/Ib30BATbCA a3UMYTAJbHBIM YHCJOM 7, IIOKa3blBalo-

1
J

]
//
Puc. 25. f

OObsicHeHHe

HeyCTOHYHBO- 1 o

CTH IIMHYA C

YUETOM Mar- Puc. 26. HeycroitunBocTu

HHTHOTO Aap~ THNa  «wedkn» (a) U
JIeHHS. «3meliku» (6).

UM, CKObKO pa3 HamnpasJenue gedopmannu MeHsieT 3HaK
mpi o6xone OKpy:KHOCTH NuH4a. Yueay m = 0 oTBeyaror
nebopmauuu THOA <WEHKH», 711 = | —TUNA «3MEHKH»>
U T. 1. (puc. 26).

CTABHJIU3AL U BMOPO)KEHHBIM
MATHHUTHBIM MOJIEM

Eciu BHyTpn nuasmbl umeercsi BMOpOXKEHHOE MATHMUT-
HOe 10JIe, TO OHO MOXKeT CTabWJIH3HpOBaTh MJa3My, T. €.
YCTPaHATb Te MM MHBIE€ BHAbI HeyCTONuuBOCTH. OIHAKO A
CTaOMJIN3UPYIONWIEr0 AeHCTBHS HEOOX0MUMO, YTOGbI CHJIOBHIE
JIUHUA MarHUTHOTO MNOJIST He 3aMbIKaJHCh BIYTPH IJIa3Mbl,
a ObuIM TepenyTaHbl HJIH «IPUKDENieHbl» K TBEPAbIM Me-
Ta/VIMYeCKKM MNPOBOAHHKAM. B ciayuae supefiHOro mnuHYa
pOJIb TaKHX NMPOBOJLHHUKOB HIPaIOT 3JCKTPOMIbI, NPOBOJISIIHE
B IJ1a3My TOK.

MexanusM CTaGUIN3aLNU 1a3Mbl BMOPOXKEHHBIM Mar-
HUTHBIM IIOJIEM BecbMa MpocT. Ecin nose BMopomxeHo, TO
BCAKOE [BH)KEHUE IJIa3Mbl NONEPEK CHUJIOBHIX JHUHHMH CBs3a-
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HO ¢ ux u3ru6anueMm (cm. puc. 23). A usruGanue CHIOBBIX
JMHUHA B CBOIO Oouepelb CBS3aHO C HX DACTSI)KeHHeM, KOTO-
pOMY IPENATCTBYeT «YNPYyrocTb» CHUJOBHIX JHUHUI (HX pac-
TsKeHHe TpeOyeT 3aTpaThl S5Hepruu). Ecin KOHIBI CHIOBHIX
JIMHHHA 3aKpellJieHbl Ha TBEPJbIX NPOBOJASAIINX HOBEPXHOCTHX,
TO MX YNPYTOCTb INPENsITCTByeT JAedOopMalMH, a CHJIOBBIE
JMHHH CIEpXKHUBAIOT NpPUKJIEEHHYI0O K HUM ILIa3my. MoxHO
CKa3aTh, YTO CHJIOBble JHMHMM COOOLIAIOT CBOIO INPOYHOCTH
nnasMe, Kak eJje3Has apMaTtypa Kejne3cOeToHy.

Heo6xonuMo mofuepKHYTh, YTO BHYTpPEHHee MarHHUTHOE
nojie CTabUIM3MPYET IJIa3My TOJBKO TOTZa, KOTZA 3TO I0Je
BMODOXEHO, T. €. IIPOBOAMMOCTb IJIa3MBl JOCTATOUHO BHI-
coxa. B cna6o MOHNM30BaHHO! NJa3Me HHU3KOH NMPOBOXUMO-
CTH BO3MOXEH o0paTHblfl 3(p¢eKT: MarHUTHOE IOJie MOXKeT
BLI3LIBATh HEYCTOMYMBOCTb TOKAa, TEKYIIEro BHAOJbL 3TOTO
nonss B maasMme. Takass HEYCTOHYMBOCTb BBI3BIBAETCS IOH-
JAEpPOMOTODHON CHJIOH, KOoTOpast AeHCTBYeT Ha BCAKHi U3THUO
TOKa MPH HaApyWEHHH ero HnapajJeJbHOCTH NOJI0 H CTpe-
MHTCS IIOBEPHYTH 3TOT U3TUO B IOJIOXKEHHE, HepIeH Ky Isp-
HOe K MarHMTHOMY IOJI0. B COOTBETCTBHM C 3TUM B caabo
HOHM30BAHHOH IJIa3Me C IPOJAOJbHBIM TOKOM HabJofaercs
KPUTHYECKOe MAarHUTHOE II0Jie», BBHIIIe KOTOPOTO BO3HHKAeT
aHoMaJbHasg I1M(OY3ua N1a3Mbl IONepeK MAaTHUTHOTO IOJS.

Ho u B uaeanbHO NpoBOAsILefl MJasMe BMOPOXKEHHOE
MarHHTHOE II0JIe He JaeT NOJHOH CTa0HJAM3aluM IO OTHO-
IIeHUIO KO BCEM BO3MOXKHBIM BO3MYyLIeHHAM. B cayuae Ju-
HeHOTrO INIMHYAa Hauayyliasg crabuausaunus MoJydaercs
TOTZa, KOTJa BHYTPH IJa3Mbl €CTh TOJbKO IPOJOJbHOE IO-
Je U TOK TedyeT IO ee MOBepXHOCTH. MHBIMM c/I0BaMmH, npo-
IOJbHOE II0JIe COCPeNOTOYEHO BHYTPHM IIa3Mbl, a KpYro-
BOe — BHE ee: 3TH II0JIf NPOCTPAHCTBEHHO pasiesens. [lpu
TaKOM pasjieNleHuH Iosefl cTabHAN3alusi NHHYA IO OTHO-
IIEHHI0O KO BCEM BO3MYLIEHHSIM C a3HMYTaJbHBIMH YHCJIa-
MU m, He DaBHBIMH €JHHHIE, MOXKeT ObTb obecrneyeHa npo-
NOJIbHBIM BMOPOXKEHHBIM MAaTHHUTHBIM IIOJIEM, AOCTAaTOYHO
CHJIBHBIM IO OTHOHICHMIO K BHEIIHEMY KPyTrOoBOMY HOJIO c06-
CTBeHHOTO TOKa. [/1s1 cTabuiansanyu IO OTHOUIEHHIO K BO3-
MylLIeHHIO THna «meek» (m = 0) mocraToyHo, 4TOOB Ha-
MPS)KEHHOCTh BHYTPEHHEro IMO0JA COCTaBJfAJa MO KpaiHel

Mepe —ra= = 0,707 HampsKeHHOCTH BHELIHEro KpyroBOTO

nosnd. Bosmymenus ¢ a3sEMyTaJbHBIMH UHCJAAMH M = 2
U OGOJbIIMMH NP pa3fefeHHbX MOJfX CTaOUAU3HPYIOTCH
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emle jerde. Ho Bosmymienus Tuma «3meek» (m = 1) BMopo-
JKEHHOE MAarHuTHOE MO0Je MOXKEeT CTaOHJIM3UPOBAaThb TOJBKO
IJis1 KOPOTKUX AJAMH BoJH. CTabuausanus nuHYa MO OTHO-
LIEHHIO K JJHHHOBOJHOBBIM 3MelikaM TpefyeT NpPHMEHEHHS
APYroro MeToja: IOMEIEHUs] NMUHYA B JOCTATOUHO TECHBIA
NPOBOAALIMH KOXYX. Ecau nmpoBoguMocTs KaK MJaa3Mbl, TakK
M KOXyXa JOCTAaTOYHO BeJHKa, TO MArHUTHOe IoJie He MO-
’XKeT IIPOHHKHYTb HHM B OJHY M3 3THX cpell W o0pasyeT Kak
6bl YOpPYryio NOAYIIKY, NPENATCTBYIOUIYIO HX COJIHKEHHIO.

Takum o6pasoM, coueTaHHe BMOPOXKEHHOTO HPOMOJIb-
HOTO 110JI BHYTDU M NPOBOASINEr0 KOXKyXa CHapyXKH IJas-
Mbl II03BOJISIET B INpUHUMIE CTAaOMJIH3HPOBATH [0 OTHOLIE-
HHIO KO BCeM THUAPOMArHHUTHBIM BO3MYIUIEHHSM HACAJNbHO
IPOBOAALIMHI C pasfeneHHbIME nojsiMu nuHdy. Ho TpeGyemoe
IJIS 3TOTO YCJIOBHE IIOJHOTO pasjiefieHusl NpPOJLOJBHOrOC H
KDYTOBOTO [OJIell MOXeT ObITb OCYIIECTBJEHO TOJNbKO B Te-
YeHHe BPEMEHH, MaJjloro B CpPaBHEHHH CO CKHHOBBbIM. Ecian
TOK TeYeT He TOJbKO IO IIOBEPXHOCTH, HO paclpejeneH
BHYTPH I1a3Mbl, TO pa3fefeHus nosei yxe He 6yner. Iuo-
(Gysus MarHUTHOrO TOJA 32 CYeT KOHEYHOH INPOBOAMMOCTH
NPUBOAUT K IepeMeIUUBaHHUIO IOJell, U BMECTO IPOJOJbHO-
ro u Kpyrosoro o6pasyercsi BUHTOBOe moJge. [lpu Haauyuu
JKe BHHTOBOTO I10JISI BHHTOBBIE BO3MYIIEHHS C TakuM xKe
11aroM BHHTA, KaK y MOJIs, HE MOTLYT ObITh CTaOHIM3UpOBa-
Hbl NPOCTHIM IOBBIIEHHEM HaNpsXKeHHOCTH moJd. [lasa cra-
O6MJH3aLMA [Ja3Mbl 10 OTHOLIEHHIO K TAKUM BO3MYILEHHIM
HeoOX0OUMO KaK-HUOYIb «3alyTaTb» MATHUTHBIE CHJIOBhIE
JHUHHUH TaK, YTOOBl HX YIOPYTrOCTh COHPOTHBJANACH BCAKOMY
BoaMyuleHuto. J/1 NUHYa 3TOr0 MOXKHO OblIO OB JAOCTHYb
Ha/JOXeHHeM BHEIIHero I0J/s, HampaBJjeHue KOTOpOro mpo-
THBONOJIOXXKHO BHYTpPeHHEMY. 3HauuTeJbHO GoJjiee IMIHPOKHE
BO3MOXHOCTH cTaGH/IM3aLUN IPEACTABJASET ClelHaibHas
KoH(Urypaluuss BHHTOBOTO IIOJs, HA KOTOPOH OCHOBaH
CTeJl1apaTop.

NEPECTAHOBOYHAS, HWJH )XEJOBKOBAM,
HEYCTOMYHUBOCTb

[Tpocrefimias pasHOBHAHOCTb THAPOMATHUTHOH HEYCTOIi-
YUBOCTH BO3HHMKA€T TOTAA, KOTAa I1a3Ma, BHYTPH KOTOPOH
HeT MarHUTHOTO I[0J5, CONPHKACaeTCsl ¢ MAaTHUTHBIM IOJIEM
B cBoGOLHOM TpocTpaHcTBe. EciM HaNpsXKeHHOCTh MAarHHT-
HOTO II0JIS yMEHblIaeTCs NPH yAaJeHUH OT TPaHHUIlbI IJIa3Mbl
(a mng 3TOro CUJIOBBIE JIMHHM AOJDKHBI ObITb BBIIYKJIbI Ha-
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PYXKY), TO IJ1a3Me SHepPreTHYeCKH BHITOAHO NOMEHSITbCS Me-
CTaMu C MarHUTHBIM noJeM. Takyio HeyCTOHUYHMBOCTb Ha3bl-
BalOT 1epecTano8o4rol, NOTOMY 4TO BO3HHKAlOIlee [BHXKe-
HHUe MOXHO ONHMCHIBATh KaK IIEPECTAaHOBKY B IIPOCTPAHCTBE
cuoBeIX JuHUH. I1pu 3TOM cuiIoBas JIMHHS mepeMeliaeTcs
KakK IleJoe, coxpaHsisg cBoio ¢opMy M HanpabJeHue. Bosmy-
IeHHsI NTOBEPXHOCTH UMEIOT

F##ﬁf##z’\ BHJ KeJIOGKOB, HalpaBJeH-
- q

HBIX BJOJIb CHJIOBBIX JIHHHH.
ITosTromy wuHauye 3Ty He-
yCTOHYHBOCTh Ha3bIBAIOT
HenobK080L. Harasguo
MOXKHO TIpPEACTaBUTh cele,
4TO IJIasMa KakK Obl pas-
JIBHraeT CHJIOBBblE JIMHHH
MarHHTHOTO IOJST U Ipoca-
YUBAETCH B TPOMENKYTKH
MeXIy HUMH,

Jlerko moHAThL ABa mpo-
Puc. 27. Crabunusauus naasMbl ABY=  orefmux crnocoa cTaGuii-
Ms B3aMMHO NepNeHIUKYJSPHBIMU

monaMu (a) u HapyweHwe ycrofiyp- OAallMH IJIASMBI IO OTHO-
BOCTH NpH TepeMemmnBaHunm no- LIEHHIO K XKeJoOGKOBO# He-
neit (6). yCTORYHBOCTH. Bo-mepBhIX,
3TOT BUA HEYCTOHYHMBOCTH
TpebyeT, 4TOObl CH/IOBBIE JMHUH MOTJIM CBOGOAHO TepeMe-
IaThCs B MPOCTPAHCTBE. ECaM KOHLBI CHJIOBHIX JHHHA BMO-
pOXKEHbl B TBEpJble NPOBOAHHKH, TO IepecTaHOBOUYHAS He-
YCTOHUMBOCTL HeBO3MOXHA. Ho 115 3TOTO m1asma Ho/kHA
HENMOCPEACTBEHHO CONPHKACAThCSl C METaJJIHYECKUMH CTEH-
KaM{ HJIM 3JeKTpoiaMH. Bropoii cnoco6 6opbbel ¢ xeno6-
KOBOH HeyCTONYHBOCTBIO 3aKJIOUAeTcsi B TOM, YTOGHl CO-
37laTh BHYTPH IJIa3Mbl CTaOMJH3UpPYyIOLlee MATHHUTHOE HOJIE,
HanpaBJieHHOe IOJ YIJIOM K BHEIIHeMy (Npole BCero —
NeprneHHKyJ/ASPHO K HeMy). Y NOBEpXHOCTH pa3fena Torna
o6pasyercsa HeYyTO BpOJe NJeTeHOi ceTku (puc. 27,a). Dra
«KOP3HHKa» He JaeT mja3Me IPOCaylBaThCH.

e,/

[Tpu paccmoTpeHuu KeJ0GKOBOH HEYyCTOHUYHBOCTH IpPH-
HMMAJIOCh, YTO CYUIECTBYeT pe3Kas IpaHuLa MeXJy MJjas-
MOH M TYyCTHIM INIPDOCTPAHCTBOM. TakKas pe3kas TIpaHKna
MOXKeT CyIIeCTBOBAaTb CTALMOHADHO TOJBKO [HJS HAeajJbHO
npoBojAllell nmaasmbl. Ecnu yuecTb KOHEUHYIO I1POBOJH-
MOCTb, TO OKa3blBaeTCsl, YTO TPAHHIly MOXHO CUMTaTh pe3-
KOJ TOJbKO 3a BpeMs,, Majgoe B CpaBHEHUH CO CKMHOBEIM.
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B nanpHemmeM anddysus MarHuTHOrO Mojf MPHUBOJIHUT
K DasMbITMIO TpaHHUbl IJNa3Mbl. BAWsSIHMe TaKOTO pas3Mbl-
THSI Ha HEYCTOMYHMBOCTb MOXKET CJIYXHUTb IOYUUTENbHBEIM
IPUMEPOM TOTO, HACKOJbKO CJOMXKHBINA M JeJMKATHBIA Xapak-
Tep HOCAT KPUTEPUH YCTOHUHUBOCTH IJIa3MBI.

Eciu BHYTpH N/1a3Mbl HeT CTaGU/IH3UPYIONIETO TOJS, TO
IepecTaHoBKa MeCTaMH IJIa3Mbl M MAarHUTHBIX CHJIOBBIX
JIMHUH TeM BBITOJHEe 3HEepreTHYEeCKH, 4eM pe3ye IpaHHIa.
B stom ciyyae pasMbITHe I'paHMUBI CTaGHJIM3HpyeT IJas-
my. Ho npu manuuyuu B mja3Me cTaGUAH3MpYIOLIEro IOJA,
nepneHuKy/JASpHOTO K BHEIIHEMY, pa3MbITHE TPaHHIbI OKa-
3bIBaeT IPOTUBOMOJIOKHOe AelicTBue. B arom cayuae aud-
Gysus MarHHUTHOTO TOJSL TNPUBOAUT K NEPeMeuusanuio
B3aMMHO NepHeHAUKYAAPHBIX NoNeil. B 30He pa3MbITHA BMe-
CTO «CeTKHM» NOJyyaeTcss BHHTOBoe mose (puc. 27,6).
Mexy BHHTOBBIMH CHJIOBBIMH JIMHHSIMM IJia3Ma MOXKeT
npocayuBatbcd. Ilosyualomuecs Bo3MyIleHUsT UMEIOT, ecTe-
CTBEHHO, BHJ BHMHTOBBIX >K€JOOKOB, HampaB/eHHbIX BHIOJAb
BUHTOBBIX CHJ/IOBbIX JuHHHA. Takum o6GpasoM, ecad MAJsd
ciyvasi, KOrja BHYTPH IJ1a3Mbl HET MArHMUTHOTO IIOJf, pas-
MbITHE TDAHHLbI NOBBILIAET YCTOHYUBOCTh, TO IS IJIa3MBI,
CTabHIN3HPOBAHHON MAarHUTHBIM IIOJIEM, pa3MEITHE, Hampo-
TUB, IPUBOIUT K HEYCTOHYMBOCTH *. JlaHHBII mpumep Y4HT
HAC, HACKOJbKO OCTODOXKHBIM CJenyer ObITb NpH aHajiuse
BJIHMSHHS PasJMYHBIX (AKTOPOB Ha THAPOMATHUTHYIO He-
YCTOMYHBOCTh IJIa3Mbl. DTO BJHSHME KapauHAJbHBIM 06pa-
30M 3aBHCHT OT KOHKPETHBIX YCJOBHII.

JKeno6KoBast HEyCTOMYHBOCTD MPENSATCTBYET YAEPXKAHHUIO
nJasMbl B afinaGaTHYECKUX JIOBYIIKAX C MaTrHUTHBIMH po0-
KaMu (3epkanaMu). B obsactu mepexoga OT TOCTOSIHHOTO
OCHOBHOro K 6oJiee CHJIBHOMY NpPOOOUHOMY IOJIO CHJIOBHIE
JIMHUM HeM3Ge:KHO BBINYKJBI Hapyxky (cm. puc. 15). B sToi
06/1aCTH SA3BIKH IJIa3Mbl JOJ/DKHBI NPOCAUMBATBCS MEXIY
)XeJobKaMy, pacTAHYTBIMH BHOJb CHJIOBBIX JIMHUH, YTO
npUBefleT K yXO4y NJaa3Mbl Ha cTeHKy. ONBIT MOKa3biBaerT,
4TO, NEHCTBHUTENbHO, NJa3Ma B aauabaTHUecKOil JOBYIIKe
JOBOJILHO OBICTPO pacnajaercs. IDTO MOXKHO OODBACHHTD
&KeJoOKoBofl HeycToHYMBOCTbIO. [l GopbOBl C Helo mIpen-
JaraeTcsl «IpUMOpa)KUBaTh» KOHIBI CHJAOBLIX JHHHH K Me-
Ta/JVIMUeCKUM NPOBOAHHMKAM (KakK Ha pHc. 23,0).

* Tounee TOBOpPs, pasMbITHE TpAHHIB CHHXAaeT TO KPUTHYECKOe
3HayeHde ﬁ (OTHOU.IEHI/XE ra3oBOro JaBJleHHs1 K MarHUTHOMY), BbIIIe KO-
TOPOro BO3HHKaeT Heyc’I‘Oﬁ‘{HBOCTb.
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EcTb n npyroe npennoxeHue — 3aMeHHUTb anuabaThye-
CKYIO JIOBYIIKY B M3BECTHOM CMbICJIE IPOTHBOIOJOXKHOH CH-
CTEMOM — 208YWKOL ¢ BCTPeUHbIMI NOAAMU. 3[eCb B JIBYX
KaTylKax TOKH TeKyT B IIPOTUBOIOJIOXHBIX HalpaBJ/eHHsX,
co3jlaBasd pacHOJIOKEeHHe MarHUTHBIX IIoJIeH, NOoKasaHHOoe
B npapo# yactu puc. 11. OHo moxo6HO MarHUTHOMY IIOJIO
YeTLIPEXNONIOCHUKA (K8adpynoas), BCAELCTBHe UYero Jo-
BYIIKY C BCTPEYHBIMH HOJISIMH Ha3bIBAIOT MHOTAA K8adpy-
noavrol. 31ech MarHUTHOe IOJie Be3Je BOTHYTO, TaK UTO
Ke/JJ0OKOBO HeyCTOHYMBOETH ObITb He JOJIKHO. 3aTO 3Ta
JIOBYIIKA HMeeT TPH «IBIPKH»: ABe Ha «IOJIOCAX» U OAHY
KOJIBLIEBYIO — BJOJIb «dKBaTOpas. Ilpensaraercs BbICTpeJH-
BaTb B JIOBYWIKY CTYCTOK IJa3Mbl ¢ OOJBIIOH yHOpsALOYeH-
HOH cKopocThio. JlJg 3TOH IeM MOXKHO NpPUMEHATb IJias-
MeHHyI0 nymky (cMm. puc. 11). Ilocne Toro kaxk sHeprus
yIOPSIJOYEHHOT0 JBHXKEHHS NepefijeT B TEMJOBYIO M NJjasMa
B JIOBYLIKe pPaCIIMPUTCH, CKOPOCTH YaCTHUL[ CTAHYT HeJXO-
CTAaTOYHBIMH [JI1 OBICTPOTO BBEITEKAHHUS yepe3 HBIPKH.

JUPPY3HUS NPOTHBOINOJOXHBIX NOJIEM

[Tpu Bo3meHCTBHMM HA NJIa3My IepEeMEHHbIX MarHHTHBIX
noJefl MOXKeT BOSHHKHYTb IOJIO)KeHHe, KOrja BHYTpH I1as3-
MBI BMOPOXE€HO MarHHTHOE II0JIeé OLHOTO 3HaKa, a BHEIIHee
nose nepemMeHuso 3Hak. [logoOHBIN NpsAMo#i KOHTaKT o6Jja-
CTell C IPOTHBOIOJOXKHBIMH IOJSAMH MOXeT BO3HUKHYThb
M 10 JApPyruM [pHYMHAM, Hanpumep INpH OeCHOpsZOYHBIX
JIBHKEHHSIX MaTHUTHBIX ob6sacteii B aTtMmochepe CouHua.
Hakonen, yMbllIJIEHHOE CO3/laHHE BHELIHEro MO0Js, IPOTHBO-
TIOJIOXKHOT'O BHYTpEeHHeMY, Npefaranoch Kak MEeTOH IOJHOH
cTabuaM3anuy NuHYa.

Bo Bcex ciayuasix CONPUKOCHOBEHHSI MarHUTHBIX IOJIEH
TIPOTHBOIOJIOKHOTO HAalpaBJeHUsl B3auMHas Iudbdysus sTux
moJiedl HNPUBOAUT K cBOeoOpasHbIM sABJeHUSIM. Ecau mepe-
MellliBaHHE B3aMMHO INepHeHAMKYJSDHBIX IOJeH, paccMOT-
pEHHOe Bblllle, MPUBOJUT K BHHTOBOMY IIOJIIO, TO IIPH B3aH-
MOIIDOHHKHOBEHHH IIPOTHBOIOJOXHBIX IOJel OHH MPOCTO
noramamTrcs. PaccMorpum HauGoJee HarJdsgHbIE chayuat,
KOTJa HAaNpsDKEHHOCTH IoJedl OJHHAKOBBH IO BEJHYMHE U
IPOTHBONOJIOXKHBI 110 3HaKy. B 3Tom ciayuae mx Bsaumuas
nuddy3us NPUBOAUT K 0OpPA30BAHMIO HEUTPAAbHO20 CAOS,
rae HeT MarHutHoro moJas (puc. 28). B meiirpanbuom cioe
MarHuTHOE NaBJeHHe PaBHO HYJIO, B TO BpeMs KaK ¢ o0eux
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CTOPOH Ha HEro AEHCTBYIOT CHJIBI MaTHUTHOTO JaBJIEHHS,
3acrapJslonige cJaoi cxumartbes. CpobojpHoe OT NOJS Be-
IIECTBO HEHTPaAJbHOTO CJI0S CONPOTUBJACTCS CKATHIO TOJb-
KO KakK oObluHBII ra3. [Ipy cxkaTuu 3TOro BelllecTBa B HEM
JIOCTHTAIOTCSl BBICOKHME IJIOTHOCTH M TemmepaTypsl. Ecau
nuddysus nosaeil IpOMCXOAUT JOCTATOUHO OGHICTPO, TO CXKa-
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Puc. 28. Juddysust npoTHBOMONIOKHLIX NMOMell OJHHAKOBOH CH-
Jbl ¢ 06pa3oBaHHeM HEATPaJbHOTO CJIOf.

THe MOXKET NPUBECTU K (bOpMPIpOBaHI/IEO yaAapHBIX BOJIH, CXO-
ISUXCs ¢ o6eux CTOPOH CJ0d M CTaJKMBAIOWHUXCA B €ro
cepenune. OTpa}KeHHbIe T0CJIe€ CTOJIKHOBEHUSI BOJIHBI MOTYT
BbI3BIBATH KoJeOaHus IJ1a3Mbl.

Kax u Bcerpa, cxatue HeMTPasJbHOTO CJOST MOXKHO OIHCHIBATh B
TEePMHHAaX MarHUTHOTO [NaBJIEHHS, KaK Mbl 3TO cefiyac CueJaJjH, a MOXKHO
C TaKHM Ke YCNeXOM MOJb30BaTbCSl OMHCAHHEM B TepMHHAX NOHAEPOMO-
TopHOH cuabl. Torga Mbl ckasanu Obl, YTO NpH B3aHMHOM [OTAIUEHHU
NOJIeH BO3HHKAeT KPYTOH TpaJMeHT MarHuTHOTO IOJS B IOMNEPEeYHOM K
HeMy HalpaBJIeHHH, YTO MO 32KOHaM 3JIEKTPOJLHHAMHKH BBI3BIBACT CHJIb-
HBI{ TOK, TIEpIeHAUKYISAPHBIA KaK K IOJI0, TaK H K TpafieHTy. B3aumo-
AefCTBHe 3TOro TOKAa C MACHHTHBLIM M0JIeM CO3JaeT HOHAEDPOMOTOPHYIO
CHJIy, CXKHMAIOLLYIO HefATpasibHBIA CJIOH.
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Ecau nosist HeOAMHAKOBB! N0 BeJHUHMHE, TO MOJIKHB Ha-
OJII0LaThCs MOLOOHBIE XKe SIBJAEHHS, TOJbKO C MeHbllell cH-
aoi. Iloass mpu 3tom 6yayr moramaTthCsi HEMOJHOCTBIO.
Bmecro HeHTpPaJbHOTO C/IOS MOJNYUHTCH CJHOH C YaCTHYHO
HeATpa/N30BAHHBIMU TNOJSAMHU, [AE HANPSIKEHHOCTh TIOJIA
6yAeT ropasno MeHblle, yeM B MPHJETAOMHAX K HEMY C
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Puc. 29. Qug¢y3us npoTHBONOJOKHBIX NoJell pasHoit chibl ¢ obpa-
30BaHHEM YaCTHYHO HeHTPaNH30BAHHOrO CJIOS.

o6eux cropon obmactsix (puc. 29). Cxkartue storo cmuos 6y-
JeT MMeTb TaKOH ke XapakTep, Kak M B ciaydyae HeHTpafb-
HOTO CJIOSI, HO TOJbKO OCTAHOBHTCS paHblie U INpUBeReT
K He CTOJIb BBICOKHM KOHEUHBIM TeMIepaTypaMm M IJIOTHO-
craM. SIBJIeHMsT CXKaTHs HEHTPATbHOrO CJOS TJIa3Mbl NpPHU
B3auMHOK Au(GY3UH TPOTHBOMOJNOKHBIX IOJEH HMEIOT
BaKHble CJIEJCTBUSl KaK B IPHPOJeE, TaK U B J1adOpaTOpHil.
Hausbiciise [QoCTUTHYTble B J1a60pAaTOPHHM TeMIepaTyphl
IJIa3MBl TOJNyUYeHbl MMEHHO TaKMM HyTeM. IDTO OLIIO Cle-
JaHO B OMbITAX C TaK HasbiBaeMbIM 0-munuem, T. e. mias-
MEHHBIM IIHYpPOM, KOTOpBIH CXXHMAaeTcs HapacTaloLUIHM
TNPOJOJbHBIM MaTHUTHBIM HOJIEM.
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MarautHoe TmoJie NpPaKTHYeCKH yao6HO CHenaTh He
OJIHOKPATHO HapacTalolluM, a nepeMeHHuIM. [Ipu nepeMene
3HaKa BHEIUHEro MO/ BO3HHKAET TOJNBKO YTO PAaCCMOTpEH-
Hasi KapTHHA IepeMelINBaHHsA INPOTHBOMNOJIOXKHBIX IOJeH
U cXaTus HeATpaJbHOro ciaosi. FIMeHHO B 3TOH cTajguM Ipo-
Hecca 3KCNePUMEHTATOpPhl  3aperHCTPUPOBaJH  BecbMa
BHICOKHE TeMIepaTypel (MO HEKOTOPhIM oueHkam | Kas,
T. e. nmopsaxxa 10 mMaH. rpasycoB *) W HchmyckaHue HefTpo-
HOB, KOTOpBle, BecbMa
BEpOSITHO, HMEIH TepMO-
slepHOE  TPOHCXOXKJAe-
nue. be3 comHuenus, Ha-
rpes TIJaa3Mbl B 3THX
ONEITaX TNPOHMCXOIHUA 32
cueT CxKaTud HeHTpa.b-

Horo cnos. IloxTBepx-

JE€HHEM MOZKET CJAYXKHTb

ocUMJJOTpaMMa  IOJS

BHYTPH NJ1a3MBbl, NpHBe-

nennast Ha pHuC. 30 (KpH-  Puc. 30. OcumorpaMma mHoAs BHYTPH
Basg a). [as CpaBHEHHs naasMel B @-muHue.
KpuBag 6 [OKa3bIBaeT

XOJ BHEIIHEro I0Jsi CO BpeMeHeM. B MoMeHT, KOrZa BHeII-
Hee ToJjie MeHsieT 3HaK, HapacTaHue BHYTPEHHEro MOJs pes-
KO 3amennsierca. DT0 OODBACHAETCH pacCUIUpEHHeM I1J1a3Mbl
BMECTE C BMOPOXKEHHHIM B Hee IIOJIeM, KOT[Ja OHa CXKHUMaeT
HeiTpasbHbll cjofi. B KoHIe cxkaTHs cijos o6pasyercs
MOIIHAA yhaapHas BOJHa, KOTOpas OLICTPO CXKHMAaeT BHYT-
peHHHH CcTOJG nmasMbl. DTO BHAHO HA OCUMJJIOTPAMME IO
Pe3KOMY HapacCTaHHIO BMODOXKEHHOTro nojs. B manbHeiiiem
OTpaxkeHHe yAapHBIX BOJIH NPUBOJUT K NYJbCAHAM IJa3-
MeHHOro ctonfa, KOTOpble BHAHEI Ha OCHHJJIOTpAMME Kak
IyJbCANHU JABJIEHHS.

CoBepuleHHO aHA/JOrMYHbIE SIBJEHUS B TPaHAMO3HOM
Macwitabe Ha6G/aI0ZAIOT B BHJAE BCHOBIUEK HA MOBEPXHOCTH
Connna (Tak HasbiBaemble xpomocgepnvie scnowuku). Tou-
Hbl€ M3MepEeHHsl NpH MOMOIIM BeCbMa COBEpLIEHHOTO MpH-
6opa — CO/AHE4HO20 MQ2HUTO2PApAa — TNOKA3LIBAIOT, YTO
BCIIBIIIKH BCerja IMPOUCXOAAT Ha TpaHUle JBYX MAarHUTO-

* Korga TOBOPAT O TNOpPSIAKE BENHYMHB, TO XapakKTepH3YIOT ee
TOJIBKO YHMCJOM AECATHUHBIX 3HAaKOB. [I0o3TOMY, XOTsl TOYHO | K38 paBeH
11,6 MuH. rpagycos, Mbl FOBOPHM, UTO 3Ta BeJHUMHAa NOpsAka 10 MJH.
rpanycoB.
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aKTUBHBIX o6JacTeli ¢ IPOTHUBONOJIOMKHOH MOJISIPHOCTBIO
(T. €. HalpaBJeHNEM MAaTHUTHOTO MOJIS).

[Tponcxoxpenne BCHOBILIEK MOXKHO [peACTaBuTh cebe
tak. I'my6oxo mopx mnosepxuocthio CosHIA B pe3yabTaTe
KOHBEKTHBHBIX JIBUKEHHH 3apO0XKHaloTCs MarHMTHBIE CHJIO-
Bble TPYOKH. [loBbllIeHHOE MArHUTHOE AaBJEHHe PacTaJKH-
BaeT BeIIeCTBO TPYOKH; HM3-3a 3TOr0 IJIOTHOCTb B TpyOKe
Jenaercss MeHblle W TpyOKa BCIJIBIBAeT Ha MOBEPXHOCTh
CoJanua, cosmaBas TaMm 06JacTh MarHUTHOrO moJjs. Ecau
IBe TPYOKH C MPOTHBOMOJNOKHBIMU IOJSIPHOCTSMH OKa-
KyTCsl PALOM, TO BO3HUMKAeT ONMCAHHAs Bbllle KapTHHA
CMELIeHUsI MPOTHBONOJOKHBIX MOJEH H CXKaTHf HEHTpalb-
HOro cJjiog ¢ of6pas3oBaHWeM CXOMSAIIMXCA YAAPHBIX BOJIH.
HarpeB cxumaromerocsi cjosi CONPOBOXJAaeTcd ycKope-
HMEM YacTd BellleCTBA. YCKODEHHE IPOU3BOAUTCH KaK BBI-
XONAIIMMH B Cpely NOHHXKAIOIIeHCA IJIOTHOCTH BOJIHAMH,
TaK M 3JE€KTPOMATHUTHBIMH MOJAMH. DTH IPOLECCH OTBET-
CTBEHHB! 34 BCE MNPOSBJEHHS BCHBILKHM: CBEYEHHE M HCIY-
CKaHKe KOPRYCKYASIPHbLX NOTOKOB8 (T. €. MOTOKOB OBLICTPHIX
yactun). Ilociennune, goxomss A0 3eMJsH, BBI3BIBAIOT B €€
atMocepe moJspHBIE CUAHHA, MarHUTHble OYpH, Hapylue-
HUe DAaJUOCBA3M H BCIIECK HMHTEHCHBHOCTH KOCMHMUECKHX
ayded. EcTp ocHOBaHust mosaraTh, YTO 4acTb 3THX 3 dek-
TOB BBI3bIBAETCH [a)Ke He YacTHIlaMH, a MarHUTOCHAPO-
IVHAMHYECKMMH YAApHBIMH BOJHaMHM, AOXOAALIMMH [0
3eMsl yepe3 pas3peXEHHYI0 IJIa3My MeXNJIaHETHOro Mpo-
CTPAHCTBA, Hecyllylo B ce6e MarHuTHoe IHoOJe.

KOJIEBAHUSA K BOJIHbB! B MJIA3BME

B nnasme moryt Bo36yXKAaTbCsl KoJeOGaHUS Pa3HBIX TH-
nog. MHaue MOXKHO cKa3aTh, YTO y IJIa3Mbl OYE€Hb MHOIO
KoJieGaTeIbHBIX cTeneHed cBoGoabpl. Kak mpasuio, koJeba-
TeJbHBIH IIpolecc, HauaBLIMCh B KakKOM-IM60 MecTe, pac-
npocTpaHseTcd OTTyAa B NpPOCTpaHCTBe. Takue pacmpo-
cTpaHsiouiuecs koseGaHUS HOCAT Ha3BaHHe 804x. Kouae-
faTeabHBINl TPONECC XapaKTepU3yeTcsd TpeMs OCHOBHBIMH
BeMIMUUHAMU: aMNAUTYOOU, T. €. pasMaxoM KoJeOaHu#l, wa-
CTOTOH, T. €. UUCJOM IUKJIOB KojeGaHU 3a €IUHHIY Bpe-
MEHH, U (pa3od, T. e. MOMEHTOM NPOXOXKIEHUS UHKJIA dUe-
pes XapakKTepHYI0 TOYKY (MakCHUMyM, MHHHUMYM H T. IL).
AMIINTYa H 4acToTa — A6COAOTHbIE BEJUYUHBI: OHH Xa-
PAKTEDH3YIOT KaxKAbll MHaHHbIH KojJebaTeslbHBIE Mpolece
KaK TAKOBOH, a HE MO CPABHEHMIO C JPYTUMH MPOIECCAMH.
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®a3za — Besnunna oTHOcuTeAbHas, cama 1o cebe OHA npo-
HU3BOJIbHA, HO onpe,ue.neHHbed CMbICJT HMe€ET pPAa3HOCTb lf)dS
MeXIOy AByMs KoJsie0aTeIbHBIMH nponeccamu.

Kone6artenpHble mpoueccsl B Iia3Me CB3aHbl C OJHO-
BDEMEHHbBIM H3MEHEHHEM LIeJOro psjfa BeJHUHH, KOTOpbIE
3aBMCAT Apyr oT gpyra. OQHM H3 HHUX — NepBUYHbIE, APY-
rue — BTopuuHble. Ecim B miasMe KojieGaIOTCH HampsKeH-
HOCTH 2JIEKTPUYECKOTO M MAaTHUTHOTO MoJefl, TO OHH BO3-
OyXIaloT Mepuomguueckue TOKH. ToK, B3aUMOIEHCTBYA
C MATHUTHBIM [OJieM, BBI3bIBAaeT JIOPEHIOBY (MOHIEPOMO-
TOPHYIO) CHJy, KOTOpas NPHUBOAUT I1a3My B JABHKEHHe.
IlosTomy, Kak IHpaBMJIO, KaXKJAbIH KoyeGaTesbHBIH Npouecc
B IJla3Me CONpPOBOXJAeTCs MNEepHOJUUYECKH MeHALIeHCc
CKOpPOCTBIO [BHZKEHHS CaMOH IJa3Mbl, YTO B CBOIO ouyepefb
INPUBOJAUT K Kosje6aHusAM AaBjaeHusi. Ecau roBoputb TOYHO,
TO, 32 HCKJIOUEHHEeM OCOOLIX YACTHBIX CJyuaeB, KojeOGaHHs
ma3Mbl SIBJAAIOTCA OLHOBPEMEHHO 3JIEKTPOMAarHUTHBIMH H
rHAPOJMHAMUHUECKUMH. HO B OTHeNbHBIX ciyuyasXx OCHOBHOE
3HaYeHHe MOTyT UMeTb H3MEHEHHS TEeX HJM HHbIX BeJHUHH,
M I03TOMY XOTSl Obl IPUOJHIKEHHO MOXKHO TOBOpPUTb 00
3JIEKTPOCTATHUECKUX, 3JEKTPOMAarHUTHBIX, MAarHUTOTHIPO-
JHHAMHUUECKHNX, 3BYKOBBIX M JPYTHX KoJeGaHUSAX M/1a3MBHl.
OnHako HYXXHO MMeTb B BHAY, UTO TAKOe pasjejieHHe He
yHUBepcanbHO. B paje cayuyaeB passiuuHble THUIB Kojeba-
HUH NepenyThBalOTCs, H BO3HUKAET INpOIECC, B KOTOPOM
OJIMHAKOBO CYLIECTBEHHbl M3MEHEHMs BCEX BeJUUMH, Xapak-
TEePU3YIOLIUX TIa3MYy.

CpofictBa KoJIe6aHME pPE3KO ympollarTcs, KOrga am-
NJUTyna uxX MaJja. Takue KojaeOaHUs Ha3bIBAIOT AUHELHbL-
MU, TaK Kax OHH OIMCHIBAIOTCH JIMHEHHBIMU ypaBHEHHSMH,
IOCKOJIbKY YJIEHaMH, COJepXalluM{ KBaJpaThl, IpPOH3Be-
JEeHHs1 W BBHICIIME CTEeNeHH aMIIMTYJ, MOXKHO HpeHeOpeub.
OcHoBHOE CBOHCTBO JIMHEHHBIX KOJeGaHHH 3aK/II04aeTcs
B TOM, UTO MX YacToTa He 3aBHUCUT OT aMmauTynsl. CBoii-
CTBa HeJMHEHHBIX KoJeOaHHH Tropasfo CJOXKHee, U OCHOB-
Hble HAll¥ 3HAHHUA O KOJEeGaHHUAX IJa3Mbl OTHOCATCS HMEH-
HO K JUHEHHOH 00J1acTH.

Bosmyiuenne, Bbi3BaBlliee kose6anue B ONHOM MECTe,
pacmpocTpaHsieTcss CO CKOPOCTHIO, KOTOpas HOCHT Ha3BaHHe
CKOpPOCTU pacnpocTpaxenus 604xd. B mpocrelmux cayyasx
3Ta CKOPOCTb He 3aBHCUT OT 4actoTel. Ho B ¢usuke mnnas-
Mbl OY€Hb YacTO NPUXOAHTCS BCTpeyaThbCsl C 3aBHCHUMOCTBIO
CKODOCTH pacnpocTpaHeHusi OT uYacToThl. Takas 3aBHCHU-
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MOCTb HOCHT Ha3Bauue Oucnepcuu. [lpu wanuuuu mucnep-
CHM IIPUXOIUTCS pasyuuaTh (Hasosyro CKOPOCTe W epynno-
8YI0 CKOpOCTb pacnpocTpareHuss Boall. Pa3oBO# HA3EIBAIOT
CKODOCTb, C KOTOPOH IepeMellaeTcss B NMPOCTPAHCTBE OIpe-
Jenennas (asa, Hanpumep rpebeHb BOJNHBL. [[BUrasick BMe-
CTe C BOJIHOH, ¢ ee (a3soBOH CKOPOCTBIO, Bce KOseGJiomue-
Cl BEJHYMHBl (CKOpPOCTb, HAMpPAXKEHHOCTH MOJEH U T. [1.)
OyAyT coXpaHsTb NOCTOSIHHOE 3HaueHHe. lI3MeHeHHEe HX BO
BpeMeHu OyJeT KOMHEHCHPOBATbCA IepeMellleHHeM B Mpo-
crpancTBe. I'pynmnoBasi e CKOPOCTb eCTh HMCTHHHAas CKO-
pocTh pacmpocTpaHeHHs BOJHBL. Tak Kak (asoBas CcKo-
pOCTb HE COOTBETCTBYET CKOPOCTH PEaJbHOTO (PHIUUECKOTO
pacnpocTpaHeHus Kakod Obl TO HU OBLIO BEJTUUKHBI, HA Hee
Ile PacnpoCTpaHAIOTCs OTPaHUYEHHUs, Hajaraemsule Teopueil
OTHOCHTE/TLHOCTH: ()a30Basi CKOPOCTb MOXKET GuiTh GOBIIE
cKopocTH cBeTa. [limHa BoJiBl paBHA (a30BOH CKOPOCTH,
IOMHOXKEHHOH Ha TepucX, T. €. HeJeHHOH Ha YacToTy
KosebaHus.

Y106HO OMHCHIBATD BOJIHY IIpH TOMOLIH B804H0B8020 B2KTOpQ, Ha-
nmpas/J€HHE KOTOPOTO cOBHNanaer ¢ HalpaBJeHHEM pacnpoCTpaHEHHus,
a JJIMHa paBHA B0/AHOBOMY UUCAY:

o2n
-
rae A — aauna Boaubl. Torna ($aszoBas cKOPOCTh
)
Up=Af= s
a TpynnoBas
dow
U, = R

rjie ® —Kpyropas u f — OGbIUHAs YaCTOTHI
© = 2nf,

B orTcyTcTBHE pHCHEPCHH
Uy = U = const,
TaK KaK NIPH CKOPOCTH, He 3aBUcAImelt OT 4acTOTHI,
de )
dk — kR
OTHOIIEHHEe CKOPOCTH CBeTa B IycToTe K (a3oBofl ckopocTu
BOJIHBL €CThb NOKQA3AMeNb NPeAOMACHUS

¢ _ ke
n=U,p=u)

.
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B HeorpaHHUYeHHOM NpOCTpaHCTBe BCSIKOE BO3MYIIEHHE
Bo30OyxXnaeT Oeceyujue B04HbL, (hasa KOTOPHIX MeHAETCS
B NIPOCTPAHCTBE B COOTBETCTBUU C (pa30BO#i CKOPOCTbIO pac-
npocTpaHeHus. B orpanuueHHOH mjiasmMe MHOTOKPAaTHOE OT-
pPaxkeHwe BOJH OT TpPaHUUB IIa3MBl MOKET IIPHBECTH
K YCTAHOBJIEHHIO CTOA4ell B80AHbL ¢ OJMHAKOBOI Bedne da-
3oit. I storo Heo6xomuMoO, yToGH MexAay ¢a3oBOH CKO-
pPOCTBIO W pa3MepaMH o00beMa, 3aK/JII0UaolIero IJasMy,
BLINOJTHAMHCh ONPEICTEHHbIE PE30HAHCHbIE COOTHOULeHUA.
Takoit 06bem HaA3LIBAIOT PE30HATOPOM, a KoJjeDaHUA THIA
CTOSTYMX BOJIH — COOCTBEHHbIMU KOAOQHUAMU DPE30HaTopa.
YacToTe: 3THX KOJieGaHUN eCThb COOCTEeHHble 4ACTOTbL pe-
3oHaTopa. HaumeHbilyio ¥3 COGCTBEHHBIX YaCTOT Ha3Hl-
BAIOT OCHOBHOL, KOoJeGaHus ¢ BHICIUMMM YacTOTaMH — obep-
ronamu. Heuro cpepnee mexny Gerymumu BOJHAMH B CBO-
60HOM TpPOCTPAHCTBE U CTOAYMMHU BOJIHAMH B pe30HATOpE
NpPeNCTaB/AIOT BOJHBL, PACHpOCTpaHsIONIHECT BIOJb KaHa-
Ja (Tpy6bl), OTPAaHHYEHHOTO CTeHKaMH ¢ GOKOB. 31ech
BOJIHBI GeryT BIOJb OCH KaHajla M CTOST MO €ro CeYCHHIO;
TaKo# KaHaJ Ha3bIBAIOT 804AHO8000M.

Ecnu packauars MasTHHK U LaTh eMy CBOGOTHO KoOJe-
6aThcs, He NOATAJKHBAs, TO KojeOGaHusl IOCTelNeHHO 3aTy-
XaloT BCJAEJCTBHE TDEHUA H HEPrUsl KoJeOaHUN NepexoiuT
B TenJo. DTO sBJIEHHE Ha3BIBAIOT paccefAxueM, WIH Ouccu-
nayueti, anepeuu. KoneGanus miasmel Takke 3aTyXawoT 3a
CYeT pa3JIMYHBIX NYCCHIATUBHBIX MIpoileccoB. [IpocTeHmUM
MEXaHU3MOM MAUCCHIAIWM B IJladMe SIBJSAIOTCA CTOJIKHOBE-
HUsI MEXIAY YacTHLAMHM, TepeBOAslHe 3HEePrHi0 YyIopsano-
YEeHHBbIX KoJeOaHHll B TeNJaO, T. €. B OecnopsiouyHOe IBUKE-
Hue uactuu. Ecau B miasMe TeueT 3JeKTPHUECKHH TOK, TO
3a CYET 3JIEKTPHUUYECKOTO CONPOTUBJEHHS, T. €. KOHEUHOH
IPOBOAMMOCTH TJa3Mbl, YacTh JHEPTHM TOKa MpeBpalaer-
cda B Temjo. Takoe Temjio, BbiJeJsieMOe TOKOM, Ha3bIBaloT,
KakK u Bcerna, 0xcoyaesoim teniom. JKoyaeBa QUCCHIANHUSA
€CThb YAaCTHBIH cJay4Yyall OUCCHNIALMM 34 CUeT CTOJKHOBEHHH,
TaK Kak 3JeKTpPHYeCKoe CONPOTUBJIEHHE IJ1a3Mbl NPOHCXO-
IUT OT CTOJIKHOBEHHH MeXKAY YacTHIaMM, HECYIIUMH TOK,
W ADYTHMH dYacTHIAMHU Iaa3Mbl. Eciu mmasma IBHXKETCS
KaK Ilesoe, TO CTOJKHOBEHHA OYIZYT TNPOABJIATLCA Kak
BHYTPEeHHee TpeHue, — 3TO €CTb 8A3Kas oduccunayus.
B nnoTHO# msiasMe 3TH MeXaHU3MBbl QUCCUNMALUHA SBJASIOTCS
OCHOBHBIMH. 3aMeuaTeJbHO CBOHCTBO pa3pelKeHHOI mnJas-
MHBl — 3aTyXaHue KoJeOGaHHH HE3aBHCHMO -OT CTOJKHOBEHHI.
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dra anomarvraf, WIM cheyuduueckas, duccunayus CBs-
3aHa C Nepexoj0M 3Heprud KojeGaHUs He B Temjo, a B

JpyrHe THUNBI KojeOGaHHH HJad BOOOIIE MAacCOBBIX [BH-
KeHHUH.

3JEKTPOCTATHYECKHE MNJA3ZMEHHBIE
KOJIEBAHHUS

B oTcyTcTBHe MarHMTHOrO HOJSI, KpOMe OOBIYHBIX 3BY-
KOBHIX Kosie6aHWil, BO3HHKAeT TOJbKO OIMH HOBBHIH, Xapak-
TepHBI MMEHHO AJd IJa3Mbl, TUN KosjebGaHHH. DTo KoJebHa-
HHsI, NPOMCXOAfILMe OT pasjeneHus 3apsanoB. Koria Mbl
FOBOPHJIM O KBa3HHEHTPAJbHOCTH, TO YK€ OTMedaJH, 4TO
BCAKOE CMelleHHe 3apsioB OIHOTO 3HAKa B IJla3Me IpPUBO-
OUT K KonebGauusaM. Kak yxke TroBOpPH/IOCH BHIINE, TaKue
Kojie6aHusl Ha3bIBAIOT IAEKTPOCTATUHECKUMU, WU AIH2MIO-
POSCKUMY, UIN TPOCTO NAA3MEHHbIMU, TaK KaK 3TO CaMbli
OoOIMH Tun KoseGaHuil, CIOCOGHOCTb K KOTOPOMY MOIKHO
OBJIO MPHHATH 32 OIpefeseHHe Ia3Mbl. B mMaruutHOM mo-
Je Tako# THN KoJeGaHHl B UHCTOM BHAe MOXKeT HabJIo-
aTbCsl, €CJM HalpaBJEHHE 3JIEKTPUUYECKOTO0 mOJsi M JABU-
KEHHS 4YacTull HapajjefbHO MarHHTHOMY mogio. B sToM
cayyae MarHMTHOE II0JIe HHKAaK He JeHCTBYeT Ha JBHIKEHHE
4acTHL.

B ofbluHOM rase BCAKOe CMeLIeHHe YacTHI[ NPHBOIHUT
K BO3MYUIEHHIO NaBJEHHS, KOTOpPO€ pacHpoCTpaHseTcs co
CKOPOCTbIO 3ByKa. B miasMe TO ke mNpOU3OHIET, TOJBKO
€CJIH CMeCTATCA OJHOBPEMEHHO YacTHUB 000MX 3HAKOB.
Ecau e gacTHUB! OJHOTO 3HAKA CMECTSATCA MO OTHOLICHHIO
K YacTHLaM JpYyroro 3Haka, TO OJHOBPEMEHHO C BO3MYIle-
HHEM JlaBJieHH BO3HHMKHET H IIPOCTDPAHCTBEHHBIA 3apif,
BBI3LIBAIOLUH 3NEKTPHUECKOR TOJIe.

ITox coBMecTHBIM fefiCTBHEM CHJ JHaBJECHHA U 3JIEKTPH-
YeCKOro TOJIsT BO3HHKaeT BOJIHOBOe [BHxKeHHMe. Ecin Gwl
nasMa Obljia X0J0AHOH U HEHCTBOBAJNH TOJNbKO CHJBI 3J€K-
TPHYECKOTO NOJfA, TO YacTora KosaebGaHUH 3aBucesa Obl
TOJIBKO OT KOHIEHTPAUHUM IJIa3Mbl. DTy XapakKTepHYIO IJs
NJ1a3Mbl YaCTOTY TaK M HAa3bIBAIOT NAA3MEHHOU. Mbl yxke
¥UMeJIM C HeH JeJo, KOrja TOBODHJIH O KBa3HHEHTpaJsibHO-
CTH M BpeMeHHOM MacmTabe pasjesneHus 3apsanos. Ecau
y4ecTb TeIJIOBOE AaBJ€HHe, TO BO3HHKAET AMCIepCHs, U 4Ya-
CTOTa IMJIa3MEHHBIX KoJeOaHHH HaXOJHMTCA H3 YpaBHeHHs

0% = @) 4 kU3,
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rae k= %E—BOHHOBoe ypcno (A — AJAMHA BOJHBI); © —
KpyroBsasi 4yacToTa KosebGaHusl; wo— KpyroBasl NJasMeHHas
vyactoTa; Us;— cxopocTb 3ByKa. YpaBHEHHe TaKoro BHIA,
Jarollee 3aBHCHMOCTb 4acCTOThl OT BOJIHOBOTO YMCJa, HA3bi-
BAaIOT OUCNEepPCUOHHbIM YpasHeHuem. 31ech MOJ CKOPOCTbIO
3ByKa IIOAPa3yMeBaeTcsd CKOPOCTb pPACIpPOCTpaHEHHst BO3-
MYILIEHUA [aBJeHHsI, BHI3BAHHOTO CMELIEHHEM TOJbKO TeX
4acTHll, KOTOpble NPOU3BOJAAT pasfesenue 3apsnoB. OObu-
HO NPHUXOOUTCH HMETh AENO C 3IAeKTPOHHOIMU NAAZMEHHbL-
MU KOAeOQHUAMU, B KOTOPBIX CMEUIAIOTCSi TOJNBKO 3JEKTPO-
upl. Torma U GymeT CKOpocTb 94ekTporuo2o 38yka. Oua
HAxXOJUTCA 1O TaKOH ke (opMyJe, KaK U CKOPOCTb OGbIY-
HOTO 3BYKa, HO B 3Ty (OpPMYyJNy MNOACTABJIAIOTCA TeMIepa-
Typa U IJIOTHOCTb 3JIEKTPOHOB.

M3 pucrnepCHOHHOTO ypaBHEHHS Jerko HaiTH (a3oBylo

CKOpPOCTb
2
o) W,
Up=z = l/k—ﬂL Us.

Ho ansi pauu BosMH, MEHBIIHMX JJIHHB SKpaHMpoOBaHusd h,
pacmpocTpaHeHHE CTAHOBUTCS HeBO3MOXKHBIM. Paszopas
CKOpPOCTb 3JIeKTPOHHBIX Kojeb6auuil Bcerga GoJblile 3BYKO-
BOi. B mpenesne npu oueHb AJMHHBIX BOJHAX 4YacToTa CTpe-
MHTCSl K IJIa3MEHHOH, a (as3oBasfg CKOpPOCTb — K O€CKOHeu-
HOCTH. DTO 3HAYMUT, YTO BeCcb 06BbEM MJIa3Mbl KoJjebJercs
C IOCTOSIHHON NJIa3MeHHOHN 4acToTOoH.

Hanpasiienne pacupocTpaHeHusi IJia3MeHHbIX BOJH COB-
najaerT ¢ HalpaBJeHHeM HeHCTBYIOUIETO 3JEKTPHUECKOro
NoJsl W C HampaB/leHHEeM [BHXKEHHS yacTul (Tak »Ke, Kak
B 3Byke). Takue KojeGaHUA HA3LIBAIOT NPOJOALHBIMU
B IIDOTHBONOJIOKHOCTb  1ONEPEe4HbIM  3JIEKTPOMATHUTHBIM
BOJIHAM, Tle HalpaBJ/JeHUS 3JEKTPUUECKOT0 M MATHHTHOTO
nojieli Jiexkat B IJOCKOCTH, IEpIEeHAMKYJISPHOH K Hanpas-
JIEHHIO PaCIpOCTpaHeHHs.

Ilpn OGosabmiMx MIOTHOCTAX IJIa3MeHHBIE Koje6aHus
oueHb OBICTPO 3aTyXalOT H3-3a CTOJKHOBeHHuil. Ho mnuias-
MeHHble Kose6aHHMs BO3MOXKHBI B pa3pekeHHOU MJa3sMe,
rie, Hao60poT, HE MOXKET PACIPOCTPAHATLCS 3BYK H3-3a OT-
CYTCTBHSl MeXaHH3Ma Ilepefayd [aBJjeHus. B paspexeH-
HOH I/1asMe poJib CKOPOCTH 3BYKa HrpaeT BeJUUYHMHA
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OTJIMYAIOLIasACs OT CKOPOCTH 3JIEKTPOHHOIO 3BYKa TOJbKO
TeM, YTO MOKasaTelb ajnuabaThl HYXXHO IPHUHATb PaBHBIM
TpeM (3TO OTBeyaeT NBHIKEHHWIO B ONHOM HANpaBJEHUH).

3aMeuaTesbHO, YTO B CKOJIb YrOJHO pasperkeHHOH Ijias-
Me, HE3aBYCHMO OT CTOJKHOBEHHH, TeNJ0BOe [BHKEHHE
IOPUBOAUT K 3aTYXaHUIO MJa3MeHHBIX KojeGaHuil. DTO 3a-
Tyxanue Jlanday — npuMep cneyuguuecko2o 3aTyXanHus
Koje6aHu#i B MNJasMe, O KOTOpOM MBI OyneM TOBOPHTh
HIXKe.

IIpoctefimyuM ® BaxHeAmMHM CcHoco60M BO36YXKACHHSA
nJa3MeHHbIX KosMe6GaHHil ABJAeTcs BO3OYXKACHHE JEKTPOH-
HeIM nyYkoM. [1y4ox OBICTPBIX 3JEKTPOHOB, NPOXCHASIIUH
yepe3 IJIa3My, BBI3bIBAeT CMeIeHHe 3JEeKTPOHOB IJIa3Mbl
H packayuBaeT MNJa3MeHHble KoseOanus. Ecian B pe3yib-
TaTe KakuX-Au60 MPOUECCOB B IJa3Me BO3HUKAIOT GHICTPHIC
3JIEKTPOHBI, OHH B030yXIalOT INJa3MeHHble KoJebGaHus.
dro onmHa u3 (opM KojeOaTeNbHOH HEYCTOHYMBOCTH, TaK
Ha3blBaeMasi ny4K08as HeyCTONUHUBOCTb.

3JIEKTPOCTATHYECKHE KOJIEBAHHS
C YYACTHEM HOHOB

O6bluHO, TOBOpSA 06 3/MEKTPOCTATHUECKHX KoJeOaHHAX
n71a3Mbl, HMEIT B BHIY BBICOKOUACTOTHBIE KoJeOaHusd,
B KOTODBHIX [BHXKEHHEM HOHOB MOXKHO IpeHeOpedb. ITH
3JeKTPOHHBIE KOJIeGaHUsl M Ha3bIBAIOT Nia3MeHHbIMH. Eciu
yuecTb [BMIKEHHE HOHOB, TO OKa3blBaeTcd, YTO B MJa3Me
0e3 MAarHUTHOTO MOJISS BO3MOXHBI JBe BETBH KoJjebGauui,
CBSI3aHHBIX C pasfenenneM 3apsanoB. OfHAa H3 HHX, BHICO-
KO4acTOTHAsl, — 3TO TOJNBKO YTO PacCMOTpPEHHbIE 3JEKTPOH-
Hble NyasMeHHble KoseGanus. HacToTH HX, KaK Mbl BHACJH,
HAaYMHAIOTCA OT 3JEeKTPOHHOH NJIa3MEHHON YacTOTH M MpO-
CTUpAIOTCS BBepx OT Hee. B XoJoAHO! miasMe OHH CTpe-
MATCS K 3JIGKTDOHHOH IJJa3MEHHOH yacToTe. YueT IBHXKe-
HHSl HOHOB CKa3blBaeTCsl Ha 3JIEKTPOHHOH BeTBH OUeHb CJla-
60. TouHoe BripaxkeHue [J51 3JEKTPOHHON IMJ1a3MEHHON
YaCTOTBl C YYETOM [BMIKEHHS HOHOB HMeeT BHJ

2 4nne’( Z_m)
Gy = 1+ )

m

Beupy mMasocTu Macchl 3JeKTpoHa M1 B CpPaBHEHHH
¢ mMaccoil uona M mompaBko#l Ha JBHXKSHHE HOHOB 3[€eChb
BCeTJa MOXHO IpeHeGpeun. JlHCHNepcHOHHOe YpaBHEHUE
VIS 3JIEKTDOHHOH BeTBM NPH TOYHOM YueTe [ABHMKEHHS
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HOHOB BMECTO KBajpaTa CKODPOCTH 3BYKa COAEPKHT CyMMY
KBa[paToB 3JEKTPOHHOH M HOHHOIN ckopocTefi 3Byka. Ho
MOHHASl CKOPOCTb 3BYKa BCErfa 3HAUMTEbHO MEHbIIE 3JIEK-
TPOHHOH, TaK 4TO IIONMpaBKa Ha JBUXKEHHE HOHOB ONATH
0Ka3bIBAeTCs HECYUIeCTBEHHOH.

3ato BTOpas, HH3KOYaCTOTHA$, BeTBb KOJIeGaHHil TJias-
Mbl 6€3 MargHTHOTrO MOJISI BO3HHKAET TOJILKO 3a CYET JIBH-
XKeHus MOHOB. JlHCnepcHOHHOE ypaBHEHHEe Al 3TOH BETBH
HMeeT BUJ

z .
O el 4 U 4 U2 U

= o+ k(U2 UY) '

Ecau moacTaBHUTh 3HAUYEHHA CKOpOCTeﬁ 3BYKa

2 T -2 Ty
U‘ —_— €. . i
e Te m ? Ut Ti —1‘!/1 s

rage Te H Ti——SJIeKTpOHHaH ¥ HOHHAas TeMIlepaTyphbl B 3HEp-
FETUYECKHX €IHMHHLAX, Ye U Y; — COOTBETCTBYIOIIME MOKa3a-
TeJU a;maﬁa’rbl, TO AUCIEPCHOHHOE ypaBHEHHE MJISA HOHHOH
BETBHU NIDUMET BUJ

ZYeTe + 11Ty
R S

B
ell “mM

7y

0?2 = 7
w§+k*(7e—,,7‘"+117

Bynem cHauasa MeHsiTh BOJHOBOE YHCJIO NPH MOCTOSHHBIX
TeMIlepaTypax HOHOB M 3JekTpoHOB. Torma B 060oMX IIpe-
JEIbHBIX CJydYasx MaJjblx U OOJBIIMX BOJHOBBIX YHCeN
HM3KOYaCTOTHAsl BETBb [JaeT WUOHHbLI 38YK C HECKOJBKO
pPa3/MYHbIMU AMCIECPCHOHHBIMH YDPAaBHEHUIMHU:

a) A7 NJMHHBIX BoJH (kB — 0)

02 ~ 2 ( ZxelTe+ 1T N,
~ A )i

6) mast KOPOTKUX BOJIH (kB — o0)
Py

HOCJlelIHPIﬁ THII BOJIH, BIIpOYEM, 6bICTpO 3aTyxaeTr I10
NpHYHHaM, KOTOpBIE 6y,£LyT paccMOTpEeHbl HHXKE. Pasnuua
MeXXAY MJAWHHBIMH M KODPOTKHMH BOJIHAMH B TOM, YTO
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B cJyyae JJHHHBIX BOJH B PaclpOCTpaHeHHH HOHHOTO 3BY-
Ka Y4YacTBYIOT W 3JIEKTPOHBI, HO [ABHXKYTCA OHHM TakK, Kak
ecad Obl KaXXAbI U3 HUX HMeJ maccy M/Z.

OueHb HHTEpECHBI!l pe3yJbTAT NMOJNYUYUTCS, €CIH B JIHC-
IIePCHOHHOM YPaBHEHHH [/ HOHHOM BEeTBH YCTPEMHTh
K HYJIIO TeMRepaTypy UOHO8 NPU TOCTOSHHBIX BOJHOBOM
ypcjae ¥ TeMIepaType 3J]eKTPOHOB. B aToM mpepesnbHOM
clyyae QUCIEPCHOHHOE YDaBHEHHE CTPEMHUTCS [Ji KOpOT-
KHX BOJIH K

9o,._mZ 2
W= e @

Takum 06pasoM, BMECTO HOHHOTO 3BYKa IMOJYy4YaloTCA 4YHC-

TO 9AeKTpocrarudecKue Kosrebanus uonos. Yacrora ux

VmZ 2_ dnneZe® / 4drn; Z e?
M - M

€CTb UOHHAA NAA3MEHHAS 4QCTOTA. DTO yYacToTa 3JIEKTPO-
CTAaTUYECKHX KOJIG63HHI>1, BO3HHKAIOUWIUX B pe€3yJbTaTe CMe-
uieHuss ©oHoB. OHA 3aBHCUT OT 3apsja U MacChl HOHA Tak
Ke, KaK 3JIEKTpOHHAsA IMJa3MEHHass YacToTa OT 3apdjga Hu
Macchl 3JI€KTPOHA.

B peanbHOfl maa3Me ¢ KOHEUHOH TeMIepaTypoil MOHOB
9/JeKTPOCTAaTHUUEeCKHe HOHHbIe KOJeGaHHsI BO3MOMKHBEI IIpH
OJHOBPEMEHHOM BBIIIOJTHEHUH /:LByx yCJIOBHH:

k=T2 k2T 7z
Say; — L GE 0

OTH yCJIOBUS COBMECTHMBI APYT C APYTOM, €CJH
T, L27T,.

Taxkum o6pasoM, TpH LOCTATOYHO XOJOAHBIX HJIM MHO-
ro3apsagHbX HOHAX, HO TOPAYHX 3JEKTPOHAX B ILINPOKOM
HHTepBaJe [JIMH BOJH HOHHAs BeTBb HMEET UMCTO 3JEKTPO-
CTaTHUeCKMH xapakrep. B 3TOoM HHTepBaje HOHB KoOJe6-
JIOTCS C IOCTOSIHHOH 3JeKTpocTaTHuyeckKol dactoTod. Ho
NpU BHIXOJE M3 HEro Kak B CTOPOHY MJIHHHBIX, TaK H B CTO-
pPOHY KOpPOTKMX BOJIH 3JIEKTPOCTaTHUeCKHe KoJjebaHHUs
HOHOB IIepPeXO0/sAT B HOHHBIH 3BYK.

Yacrora 3/1€KTPOCTATHYECKUX KoJeOaHUH XOJIOJHBIX
HOHOB TAaKOBa, KaK ecau Obl CMelLleHHe HOHOB NPOUCXOIHU-
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JIO TIpM HENOJABHUXKHBIX 3JEKTpPOHaX. B 1eAcCTBUTEJNbHOCTH
3JeKTPOHBI BCerjga HaMHOTO INOJBHMXKHEE HOHOB, HO €CJH
3JIEKTPOHBI TOpAYHE, TO TEMJIOBOE JBHXKEHHE <«pa3Ma3bl-
BaeT» KOHLICHTPAUHIO 3JEKTPOHOB paBHOMEPHO IO IIPO-
CTPpaHCTBY. B sTom cjaydyae HOHHbIE KoJie6aHHuA NpOUCXOJAT
Ha OAHOPOJHOM 3JIEKTPOHHOM Cl)OHe.

KOJIEBAHHS MJIA3Mbl B MATHUTHOM MOJIE

B nnasme, maxopsiieiics B MarHUTHOM II0Jie, BO3MOXK-
HO MHOTO pasJHYHBIX BHJIOB KojebGauuil. IIpocTefiumMu H3
HHUX SIBJIAIOTCA KOJeOGaHHs, pacHpocTpaHsioulvecs napad-
JIeIbHO M TIePNeHAUKYJISPHO MAarHuTHOMY moJaioo. B aTux
ABYX NPOCTEHINNX CJayyasx KoueOaHWs, Yy KOTOPHIX 3JeK-
TPUUYECKOe [0JIe HAINpaBJjeHo BAOJb MarHHTHOTO, OTIIENJIf-
IOTCA, T. €. OPeACTaBAAT c000I0 He3aBHUCHMBblE THUIIBI KO-
nebanui. Jis pacnopoCTpaHeHHs NapajyieibHO MO0 —
3TO IPOXOJIbHbIE 3JEKTPOCTATHUECKHE NJAa3MeHHBIE KOJe-
Oanus, A/ pacnpoCTPaHEHUS MNEPIEHAUKYISPHO MO0 —
nonepeyHas 3JeKTpOMAarHuUTHasi BoJHA. MarauthHoe I[oJe
He JeficTByeT Ha TOK, HAaIpaBJEHHBIH BAOJb HETO; [IOITOMY
Ha 3TH THNOB KoJebGauuii oHOo He Bausier *. OTcroga, B ua-
CTHOCTH, CJI€LYEeT BO3MOXKHOCTb 30HAMPOBAHUS IJ1a3Mbl
3JIEKTPOMArHMTHOH  BOJIHOH, pacmnpocTpausiomefics Io-
Iepek MAarHUTHOTO MO0/, HO IOJNSPU30BAHHOH BHOJb €ro
HaIpaBJeHHUs.

OTOT MeToJ 30HAMPOBAHHUS UIKPOKO  HCIIOJIb3YETCs
B IMarHOCTHKe I1a3Mbl. Takas BoJiHA NPOHWKAET B MJa3My
TOJIbKO IpPH YCJAOBHH, €CJH €e YacToTa Bhillle MJa3MeHHOH
(KaK ¥ B OTCYTCTBHE MAarHHTHOI'O IIOJISE).

Ecnu HanpaBieHHe pacnpocTpaHeHHs! MapasiebHo HIIH
NepPHeHUKYJAAPHO MarHUTHOMY IIOJIIO, TO BOJIHY C IPOHU3-
BOJIbHBIM HallpaBJIeHHEM 3JIEKTPUUECKOTO MOJisT MOXKHO pas-
JIOXKHMTb Ha JABe: ONHY, O KOTOPOH MBI TOJBKO YTO TOBOpPH-
JIM, C 3JIEKTPUUECKHM TIIOJIEM BJOJb MArCHHTHOTO U BTO-
pYI0O —C 3JIEKTpHYECKUM [OJeM T[ONepeK MAarCHHTHOTO.
VIMeHHO BOJIHBI C 3/IEKTPHUECKHM IOJIEM, TepHeHAHKYJIsp-
HBIM K MAarHUTHOMY, M NIPeJCTaBJSIIOT HOBble BHABI KoJseba-
HHH, XapakrepHsie LIS IJa3Mbl, HaXONSIIeHCA B MarCHMT-
HOM MoJie.

* Ecli yyecTb TeNJOBOE JBHMKEHHE, TO BOJH3H HHKJIOTPOHHBIX Ya-
CTOT ¥ HX O6EPTOHOB BO3HHKAIOT HEKOTOPbIE 0COGEHHOCTH.
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Ecau uyacrora Mana B CpaBHEHHH C HHUKJOTPOHHBIMH
yactoTaMu (T. €. ¢ MCHbIIEH W3 HUX -—— HOHHOMH), TO MJjas-
Ma BeJlleT cefs IPOCTO KaK NPOBORAMIAS KHAKOCTb, H TO-
BeJleHNe ee ONMCHIBAeTC YpPaBHEHUSIMM MAarHHTHOHW THAPO-
JMHaMHKH. B 3Tofl obyiacT 4acTOT mapaJijieibHO MAarHHT-
HOMY IIOJIIO PpaclpOCTPAHSIOTCA Ma2HUTO2UOPOOUHAMUYE-
cKue, uan ajb(BEHOBCKHE, a NEPNEHAUKYASIPHO K HeMYy —
MA2HUTHO-38YKOBble 604HbL. DHU3HUECKYIO NPUPOAY o6oux
3THX THIOB KOJieOAaHHE MOXHO HArVISIIHO NPEACTaBUTh, BOC-
[10/1b30BABLIKCh NOHSAATHEM BMOPOXXEHHOTO MAarHUTHOTO MOJS.
B obGoux cnyyasix MarHUTHbIE CHJIOBBIE JIMHUH JBHXKYTCS
BME€CTe C BelleCTBOM. B MariuTHO-3BYKOBOI BOJiHE Belue-
CTBO MNepeMellaeTcs BAOJb HaDpaBJeHHA pacHpocTpaxe-
HUA. MexaHu3M fIBJEeHWs aHasiorTHYeH OOBIUHOMY 3BYKY H
3aKJIouaeTcss B CKATHH M DACHIMpPEHHH BelIeCTBA BMeCTe
C BMODOXE¢HHBIM B Hero MarfuTHeIM noJseM. CKopocTh pac-
IIPOCTPAHEHHsT MOkeT OHTb HafijeHa u3 OObIYHOI GopMy-
Jbl JJisi CKODOCTH 3BYKa, eC/JH TOJbKO HapsAy C Tra3oBhIM
NaB/JeHHEM p BBECTH MAarHuTHOe jaBjeHne H?/8x. Torma
CKOPOCTh pacHpocTpaHeHHst MarHUTHO-3BYKOBOH BOJIHH Hali-
JeTCsl U3 COOTHOLLIEHHS

H!
U= Y"f— + TMGrp
rae p = n;M —IJOTHOCT IJIA3MBI;, y U Yy — I0Ka3aTenu
aguabaTtel 1jsi OGBIYHOTO M MAaTHUTHOrO AaBjeHui. [Toxa-
3aTenb aguMabarbl AU MAarHUTHOI'O HABJEHHS yy = 2. DTO
MOXKHO BBIBECTH KaK M3 MHKDPOCKONHUECKHX, TaK M U3 Ma-
KpocKonuyeckux coobpaxeHufi. C MHKPOCKONHYECKOH TOY-
K{ 3DeHHs, MarHUTHOE MoJie JeACTBYeT TOJIbKO HA MONeped-
HO€ [BHXEeHHe YaCTHIBI, T. €. B IJIOCKOCTH, HEPIEHIUKY-
JAPHOH K 3ToMy moJio. [lomepeuHoe ABUIKEHHe HUMeeT IBE
cTeneHu CBOOOIBI, a [JisI [BUKEHHA C JBYMS CTelNeHSIMHU
cBo6O/b MOKasaTeNb afuabaTthl paBeH 2. C MakpocKOmu-
YEeCKOH TOUKH 3PEHHd INoKasaTelb afuabaThl oOmpejesier-
Csl COOTHOULIEHHEM

p~pr.
[Tpu BMOpOKeHHOM mOJIe MJIOTHOCTE P ~ H W MarmutHoe
LaBjlieHue py ~ H? ~p? OTKy#na Takxke BHITEKAeT, 4YTO
vu = 2. [loncraBisia 3HaueHHe yy, NOJYYaeM IS CKOPOCTH
3BYKa IONepeK MarHHTHOTO M0JIsI
H2
4np

H?2

2 72 |
U:}ﬁ— U0 + e 4y M’

= U
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rae Uy — oGbluHasi CKOPOCTb 3BYKa, CBSI3aHHOTO C Ta30BBHIM
IaBJIeHHEM:

e p _ T
UO""T ° =7 M
BBepem oTHOlIEHHe ra30BOro NaB/JeHHs K MarHUTHOMY

8nnT
B= HY

rie n—cCcyMMapHas KOHLeNTpauus BCeX YacTHI[ IJa3MBL.
Torna

Vi—gg(1+ 55,8 ).

[Tpy B—0 cxopocTb 3ByKa, pacmpoCTpaHSIOLIErcCs II0-
nepeK MaTHUTHOTO 1I0JISl, CTPEMHTCS K

UA=“’I—1=.

4mp

210 CKOpPOCTh UYHUCTO MATHUTHOTO 3BYyKa B XOJIOHOM
nJjasMme.

[Ipn Hanuuum MarHUTHOTO MO/ MOHSITHE XOJIOLHOM
[J1a3Mbl IpHOOpeTaeT BNOJIHE ONpefeseHHBIH cMbICI. Xo-
JIONHOH HasbiBaeTcsl IIa3Ma, y KOTOpO#i rasoBoe naBJjeHHe
Mano B CPaBHeHHW C MACHUTHBIM JaBjeHHeM, T. e. B 1.
[Ipu BRIMONHEHHH 3TOrO YCIOBUS MOXKHO NOC/TeHOBATENbHO
npenedperaTb TENJOBBIM JBHKEHHEM.

Mexanuam KoseGaHuil, PACHPOCTPAHAIOIHUXCA BIOJb
MarHuTHOTO 1MO0JSI, 3aKJIIOYaeTcs B H3ruGaHWy MaTHHTHBIX
CUJIOBBIX JIMHMH BMeCTe C «IpPHUKJEEHHOH» K HHUM IJIa3MOH.
CKOpOCTb JIBMIKEHHSI BEleCTBA 3/1eCh NepHeHAHKYJ/sSIpHa
K HalpaBJIeHWIO PacnpoCTPaHeHUsl. DTH MAarHUTOTHIPOAM-
HaMHYeCKue, WM a/lb(pBEHOBCKHE, BOJHBI MOXKHO CPaBHHUTh
¢ KoJie6aHuAMHU CTPYHBl. B MexaHuke OOBIYHOH KUIKOCTH
WIH Trasa OHH He MMeIOT HHMKaKOH aHaJoTHH. TOJbKO
B TBEpJOM TeJie BO3MOXKHBl aHAJOTHYHBIE YIPYyrue KoJjeba-
Hus. MoXHO cKasaTb, UTO MarHHTHOE II0Jie CO06LIaeT
nJjasMe ynpyrocth GopMbl, Jenas ee JO HEKOTOPO# CTeme-
HU TOJI0OHOH TBEPAOMY TeJqy.

3ameyaTenbHO, YTO INIPH HH3KHX YacTOTaX CKOPOCTh
pacnpocTpaHeHuss MarHMTOTHAPOIUHAMHUYECKHX BOJH BHOJb
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0oJist B TOYHOCTH paBHA CKOPOCTH MarHUTHOTO 3BYKa B XO-
JIOHOH mJa3Me, HECMOTPS HA pPa3/IUUHBIA MEXaHU3M fIBJe-
HUA. DTy ckopocTh U, Ha3BBAIOT aAbgh8eH08CKOL CKO-
pocroto.

OTtMetM BO Hu36exaHHe HENOpPa3yMEHHH HEKOTOPYIO
NYTaHUIY B HauUMeHOBaHMAX. B Teopuu ympyroctu u rup-
pOIMHAMHKE npodOAbHbIMU HA3HIBAIOT KoOJeGaHHs, Y KOTO-
pPBIX ABHXKEHHE BellecTBa HANpPAaB/J€HO BAOJb PaclpocTpa-
HEHHsl, a nonepeunsbimy — Koae6aHus, y KOTOPHX BEUIECTBO
IOBHXKETCs NEPIeHAUKYASPHO K HalpaBJeHHIO paclpocTpa-
HeHUsl. B NaHHOM MeXaHMYeCKOM CMEICJIE MaTHUTHO-3BYKO-
Bble KOoJeOaHusl SBJASIOTCS NDPOJOJbHBIMH, a aJjb(pBEHOB-
CKHe — nonepeyHbIMH. Ilpu 3TOM OKasblBaeTcs, 4YTO MpoO-
JOoJbHble KOJeGaHHs pacnpoCTPaHAIOTCA MOMepeK MarHuT-
HOTO M0Js, a Tonepeydblie — BAOJAb NoJasA. Ho sjektpomar-
HUTHBIE BOJIHBl HA3bIBAIOT NONEPEUYHBIMHU, IOTOMY YTO B HHX
3JIEKTPUUECKHE II0JIsT JIeXXaT B IIJIOCKOCTH, NepIeHIUKYJISp-
HOH K HanpaBJ/EeHHIO PACIPOCTPAHEHHA, a 3JEKTPOCTaTHye-
CKkMe KoJe6aHHs NJIa3Mbl — INPOAOJBHEIMH, MOTOMY 4TO
B HHUX 3JIEKTPHYECKOe II0Jie HAalpaBJIeHO BJOJb HampasJe-
HHS pacnpocTpaHeHHsa. B 2TOM 3/1eKTpPORMHAMHUECKOM
cMbicsie alb(QBEeHOBCKME BOJHBI OCTAIOTCS IONEPEUHbIMH,
HO W MAarHMTHO-3BYKOBbIe KOJIeOaHUSl IPU HU3KHX YacTOTax
OKa3bIBAIOTCA B IIepBOM IIPHOJIHXKEHHH TONEPEUYHBIMH.,

HUCHEPCHA BJIU3 HHUKJIOTPOHHBIX YACTOT

[Toka uactora KosneGaHuil Maja B CPAaBHEHHH C LHUKJO-
TPOHHBIMH YaCTOTAMH, CKOPOCTb pacHpOCTpaHEHHS He 3a-
BHCHT OT 4YacCTOTBl, T. €. AHCIEpPCHS OTCYTCTByeT. B aTo#
o6nactn (asoBass M TPyNnoBas CKOPOCTH pPaclpoCTpaHe-
HUS BOJIH coBmnafarmT. [ 9acToOT Ke, CPaBHHMBIX C LHK-
JIOTPOHHBIMH, BO3HHKaIOT SBJIEHHMS IUCIEPCHH, T. €. CKO-
pOCTb pacCHpOCTpPaHEHUS] CTAHOBUTCS 3aBUCAIIEH OT 4acTo-
Tol. B 3T0#i o06sacTu daszoBas CKOPOCTb OTJNHUAETCS OT
rpyInoBoOH.

Oco6enHo cunbHasi AHcHepcdsi HaGJaofaeTcss BOIH3H
ABYX XapakTepPHHIX YacTOT, NPH KOTOPBIX HUKasaTejb IIpe-
JIOMJIEHHsI TJ1a3Mbl o6paniaercd B GECKOHEUHOCTh, T. €. (ha-
30Basi CKOPOCTb — B HyJb. [lomo6HOoe sBJeHHE B ONTHKe
HOCHT Ha3BaHHe QHOMAAbHOL ducnepcuul.

s kone6GaHuil, pacHpoCTpaHSIIOMHNXCA BAOJIb MaTHHT-
HOTO I0JIsi, YaCTOTaMH aHOMAJbHOH NMCHIEPCHH SIBJISIOTCS
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3JIEKTPOHHAS W HMOHHAs WUHKJIOTPOHHBIE YacTOTH. B o6na-
CTH 3THUX YacTOT ONpeJes]eHHble CKOPOCTH paclpocTpaHeHHs
UMEIOT BOJIHBI He C ONpEeJeJeHHBIM HalmpaBJieHHEeM 3JEeKTpH-
4eCKOro I0Jsl, a BOJIHBI, Y KOTODHIX HampaBJjeHHe 3JIEeKTPH-
YeCKOr0 noJisi Bpamiaercs. Takue BOJHBI Ha3bIBAIOT BOJIHA-
MU ¢ Kpyeosol noaspusdayuet. CKOPOCTb pacupocTpaHeHHUs
BOJIHBL 3aBHCHUT OT TOrO, BpalllaeTcsi JH 3JEKTPUUYECKOE
noje MmO 4YacoBOH CTpeske MM HpoTuB. Cpenbl C TAKUMH
CBOMCTBAMHU HAa3bIBAKOT 2UPOTponnbimu. B obnacTu LHUKJIO-
TPOHHBIX YaCTOT InJa3Ma BefeT cebsd Kak THPOTPONHAsA
cperna.

BoJsiHy, pacnpocTpaHSIOIYIOCS BIOJb MACHUTHOTO IO-
Jisl, MOXKHO TNpEJACTABHTb KaK CYMMY JABYX BOJIH, NOJSAPHU-
30BaHHBIX 10 Kpyry. OnHy M3 3TUX BOJH, Y KOTOPOH 3J€K-
TPHYECKOE I0oJIe BpallaeTcst B TOM K€ HalpaBJeHHH, UTO
H TIOJNIOXKHUTEJbHBIH HOH B MAar{HUTHOM II0JI€, HAa3bIBAIOT
obbikro6ennold  804r0l. OHa MOXKET paclHpOCTPaHATHCH
B II1a3Me NIPY 4acTOTax, He NpPEBbIIIAIOLIUX HOHHOH LHKJO-
TPOHHOH YacToThl. [Ipu MOHHOM LMKIOTpOHHOH uactoTe (a-
30Basi CKOPOCTb OOLIKHOBEHHOH BOJIHBI 00palaercs B HYJb:
3Ta yacToTa sIBJAsfeTcd IJ51 OOBIKHOBEHHON BOJIHBI 4acCTOTOH
aHOMaJIbHOH Aucnepcud. BTopylo BosHy, y KOTOpOH 3JeK-
TPHUECKOE [OJie BpallaeTcss B TOM K€ HampaBJeHHH, UYTO
U B5JeKTPOH B MATrHUTHOM IIOJIe, HAa3biBAIOT HEOOLIKHOBEH-
Hotl goanod. Ilnsg Hee 4acTOTO# aHOMAJbHOH IUCTIEPCHH
ABJISIETCS. 3JIE€KTPOHHAS LHUKJIOTPOHHAs YacToTa.

HeoOblkHOBEHHAsA BOJHA MOXKET pPAacHpOCTPaHATHCH
B MJa3Me NpHM BCeX 4acTOTaX A0 3JEKTPOHHOH HHUKJIOTPOH-
HOH. B o6JacTu MeX1y MOHHOH U 3JIEKTPOHHOH IHUKJIOTPOH-
HBIMHM YaCTOTAMH CKODOCTb €€ pacIpOCTpaHeHHS IIPOXOJMT
yepes MakCMMyM. MakcHMajbHOe 3HayeHHe CKOpOCTH pac-
IPOCTPAHEHHsI DaBHO INOJIOBHHE JAEKTPOHHOL aAbgheeros-
CKOU cKOpoCTU:

U 1 _H

MakeT ——
2 vy mnm

ITpn uyacroTax ropasgo HHKEe HOHHOH UMKJIOTPOHHON Ya-
CTOThl OOLIKHOBEHHAsi W HEOOBIKHOBEHHAsi BOJHBI pacnpo-
CTPAHAIOTC ¢ OAHHAKOBOH a/b(BEHOBCKOH CKOPOCThbIO, H
M3 HMX MOJKHO COCTaBUTh IJIOCKO MOJISIPU30BaHHBIE BOJIHBI
C TOCTOSIHHBIM  HanpaBJ/JeHHeM  3JeKTPHUECKOro  IOJs.
B sToili 0o6aacT# THPOTPONMHbIE CBOHCTBA MJIa3Mbl He MpO-
SIBJSIOTCS.
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Bosanel, pacnpocTpaHsiompecs: IOMepex MarHHTHOTO
NONsl, TaKXKe HMeIOT JBe YacCTOThl aHOMAaJIbHON IHMCIEpCHH,
KOTOpble, OZHAKO, HE COBNAJAalOT, BooOLie [OBOPS, C IHK-
JIOTDOHHBIMHM YaCTOTAMH. ODTHU 4YacTOTH aHOMAaJbHOH JHC-
[epCUH Ha3bBAIOT eubpudroimu dacToTaMu. TONBKO B OUeHb
paspexeHHOH IMJa3Me, y KOTODOH IJIa3MeHHast YacToTa
ropasfo MeHbllle 3JeKTPOHHO! LHUKJIOTPOHHOH, THOGpHAHBIE
YacTOTHl COBMNANAIOT C LHUKJIOTPOHHHIMH. [lpu yBennuenuu
IVIOTHOCTH IIJIa3MBbl, T. €. IJIa3MEHHOH YacTOThl, TMOPHIHbIE
YacTOTBl BO3pPACTAIOT COMVIACHO (popMynam:

a) BepxHsAfA THOpHAHAS YacToTa
2 2
©% = + o}

6) HuXKHAS THOpHAHAS yacToTa

9 u)%—l—miwe
0% = 0,0, —5——5" .

vy + o,

Kak BupHo u3 3THX (opMy.s, B IJIOTHOH IJa3Me BepXHsA
rubpujHasi yacToTa CTPeMHTCS K IIJIa3MEHHOH, a HHXK-

HASl — K CpelHell TeoOMeTPHUYeCKOH H3 3JeKTPOHHOH H HOH-
HOJ LMKJIOTPOHHBIX 4aCTOT.

TouHO momepek MarHUTHOIO MOJA KosneGaHHA B IJa3Me
MOTYT pacnpoCTpaHATbCA JHOO HUKe HHKHeH rubpHupHOH,
au6o BOGIM3M U Bblllle BepXHeH rHOpuiHOi yacToThl *. B nu-
TepBaje MeXJYy 3THMH 4YaCTOTaMH JeXHT o06JaacTb, Tle
pacnpocTpaHeHHe TOYHO NOHepeK moJs HeBo3MoxkHo. OnHa-
KO yKe TOJ BecbMa MaJjblM YIVIOM K IIOTepeyHOMY Hanpas-
JIEHHIO pacIpoCTpaHEHHe CTAHOBUTCA BO3MOIKHBIM.

Kone6anusi, pacnpocTpaHsolyecs NoNepeK mojas ¢ ua-
CTOTaMH HHXXe HHXHell THOPHAHOH, NpefCTaBJSIOT Cco6OH
maenutHoui 38yx. Ilpu yacToTax 3HAYMTEJNbHO HHXKE HOH-
HO¥ UMKJIOTPOHHOH CKOPOCTb €ro pacnpoCTpaHEeHHs CTpe-
MHTCSl K MOCTOSIHHOMY 3HAY€HMIO, PABHOMY a/Jb()BEHOBCKOH
CKOpOCTH. B aTOli MaenuroaxycTuueckol ob6aacTyu MarHuT-
HBIA 3BYK BeleT cebsl aHaJOTHYHO OOGBLIYHOMY 3BYKY, TOJIb-
KO He C Fa30BHIM, a C MarHHTHBIM AaBJeHHeM. DJeKTpuye-
CKOE€ 10Jie ¥ TOK B MarHHTOaKyCTHUeCKoH o6/jacTy mepreH-

* 3pech npenpmnoJsaraerca, 4YTo IlJIaaME€HHass dYacToTa MAOCTaTOYHO
BeJHKa B CPaBHEHHH C SﬂeKTPOHHOﬁ I.lP[K.}'IOTpOHHOl’I.
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IUKYJNADHBl KaK K HalpaBjeHHI0 MAaTHUTHOrO II0Jis, TaK H
K HanpasJeHHI0O pacnpocrpaHenus. Ilpu npuOIHKEHHH
K HH2KHell THO6DHAHON yacToTe (pasoBasd CKOpPOCTb MATHHT-
HOTO 3ByKa CTPEMHUTCSl K HYJIO. DJEKTPHYeCKoe MoJie U TOK
B TaKOH{ BOJIHE XOTS M JeXKaT B IJIOCKOCTH, NMEePIeHIHKY-
JIDHOH K MAarHuTHOMY IIOJIIO, HO IpHOGpeTaloT BechbMa
3HAYUTeJbHbIC COCTABJSIONIME BLOJb HANpPAaBJEHHST pacnpo-
crpanenus. C 3JeKTPOJHHAMUYECKOH TOUYKH 3peHHMs, TakKue
KOJeOaHust He sABJSIOTCA HH NONEPEYHbIMM, HH NMPOJOJbHbI-
MH: OHH HMeIOT JAAUNTUHECKYIO NOAAPUSAYUIO.

[Ipu yacrorax BhILIEe BepXHOA THOPUAHON NOIepeKk Mar-
HHTHOTO II0JIs1 PaclpOCTPaHSAIOTCH BBICOKOYACTOTHBIE KOJIe-
6aHusd, B KOTOPBIX HMrpaeT DOJNb TOJNBKO [BHXKEHHE 3JeK-
TPOHOB.

KOCBIE BOJIHbl U OBLIAS KJIACCHPHUKALLHUSA
KOJIEBAHHUH

Mpl paccmorpesnu npocTefiline cjyyad BOJIH, paclpo-
CTpPAHAIOUIMXCA BAOJb M Ionepek nosas. B obGoux ciayuasx
3JEKTPUUECKOe [IoJie MOIJI0 Jub0 JexaTb B HJOCKOCTH,
NepnesAuKyJSPHONl K MardHiTHOMY, JHM60 ObITh HampaBJeH-
HbIM BJOJIb Hero. DTH ABa THIA KoJjieGaHui OBLIM He3aBH-
CHMBI JApYyT OT zApyra. B o6mem ciayuae KOCHIX BOJIH 3J€K-
TPHUYECKOe IHoJie 0043aTelbHO MMEET COCTaB/AIHE Kax
BJIOJIb, TAK M NONEPEK MArHUTHOTO MOJISl, ¥ CBOMCTBa KoJie-
6aHul PE3KO YCI0XKHAIOTCS.

B xosogHO#l mmasMe, y KOTOpO#l ra30BHIM JI&aBJIE€HHEM
MOXHO TIIpeHeOpeub B CpPaBHEHWM C MATHUTHBIM, CYIIECT-
ByeT ABa THMA BOJH. DTH BOJIHBI IIPUHATO Ha3blBaTh OOBIK-
HOBEHHBIMH M HeoObIKHOBEHHBIMH. [Ipu pacrmpocTpaHeHHK
BJOJb MAarHUTHOTO IMOJI OOBLIKHOBEHHAsl M HEOOBIKHOBEH-
11ag BOJHBl ObLIM MAarHUTOTHADPOJHHAMHYECKUMH BOJHAMH
C Pa3HLIMK HaNpaBJEHHUSAMU KPYroBo# mosasipusanud. HMuor-
a MaTrHUTOTMIPOJAHHAMHYECKHMH, HJH  a/b(BEHOBCKUMH,
Ha3bIBAIOT TONbKO BOJHB C HH3KHMH YacTOTaMH, Y KOTO-
pBIX HET AHCNEPCHH, @ OOGBIKHOBEHHYIO M HEOOHKHOBEHHYIO
BOJIHBI CYHTAOT 3J€KTPOMarHuTHeIMH. OpuHako cjaemyer
HMETb B BHIY, YTO 3TH BOJIHBl HENPEPEIBHO MEPEXOAAT APYT
B Jpyra.

[Ipu pacnmpocTpanennu Morneper mnoas HeOOBLIKHOBEHTNOM
BOJINOH $IBJIIeTCS] MarHUTHBIN 3BYK, OGBLIKHOBEHHOH — 3JIeK-
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TPOMAarHUTHasi BOJIHA C 3JEKTPHUYECKUM MOJeM, HalpaBJeH-
HbIM BJOJb MarHuTHOrO *.

Eciu yuecTb ra3oBoe [aBJIEHHE, TO YHCJIO BO3MOXKHBIX
THIIOB BOJIH BO3pacTaeT U CBOHCTBA HX YCIOXKHAIOTCH.
MarsutHelfl 3BYyK IIpeBpauiaeTcs B YCKOPEHHYIO 38YKO8YIO
604HY, U OUpaHHUYEHHe HMXKHEH TMOPUIHOM YacTOTOH CHHU-
maercs. Ilnasmenneie KosneGaHHsi, KOTOPBIE B XOJOZHOH
IiasMe BO3MOXHBl Ha OJHOH ONpefesJeHHOH NJaa3MeHHOf]
YacToTe, IIPEBPAUIAIOTCS B HAQ3MEHHble B0AHbLL, HUMEIOIIHNe
KOHEUHYI0 (a30ByI0 CKOpPOCTb pacHpoCTpaHEHHs, 3aBHCH-
ulyio ot 4actoThl. Kpome TOro, CTaHOBATCA BO3MOXKHBIMH
3amediennble 38YyKOBble BOAHbL, TEPEXOASUIME B OTCYT-
CTBHE MAaTHHUTHOTO moJsis B MOHHBIH 3BYyK. Hakonen, Temio-
BOe [BHIKEHHE BBHI3BIBAeT fBJCHHA creuuduueckoro 3sa-
TyXaHHs, a HHOTLA M PacKauku KojsebGaHHH, O uyeM peub
OyneTr HUXKe.

NPOXO)XAEHHUE PAJHUOBOJIH YEPE3 MJA3MY

B orcyrcTBHE MATHHTHOTO TOJS 3JEKTPOMArHUTHBIE
BOJIHBI MOTYT PaclpPOCTPaHSTBHCS B IJ1a3Me, TOJIbKO eCHH HX
YyacToTa Bbillle MJa3MEeHHOH YacTOThl. BOJHBI ¢ dYacToTO#
HHJKe IJa3MEHHOH OTpaXKaloTcs OT IpaHuue! miaasMel. OHH
MOTYT NpPOHUKATb TONBKO B TOHKHI CJIOH, TOJIIMHA KOTO-
poro mopsifika CKOPOCTH CBeTa, [NEeJeHHOH Ha IJa3MeHHYIO
gyacTory. [lpM HaNWUYMM MAarHUTHOTO TMOJISI AaHAJOTHUHBIM
o6paszom BedyT ceOsa BOJHBI, NOJSIPH3OBAHHBIE Tak, 4TO
3JIEKTPUUECKOE TI0JI€ BOJIHBl HaNlpaBjeHO BJOJb MOCTOSHHO-
ro BHEIHero MaTHUTHOro moss. Ha Takyio BosHy mMaraurt-
HOe IoJie He JAeficTBYeT **: Belp YaCTULbI MJ1a3Mbl IBHXKYT-
csl BJIOJIb 3JIEKTPHYECKOTO I0JISl, @ MarHUTHOeE I0JIe, napaJ-
JeJbHOE IBHXKEHHIO, He AeHCTBYeT Ha Hero.

Mpl BuJesd, 9TO MJasMeHHAs 4YacTOTa TeM BHIIIE, YeMm
foJibllle KOHIEHTpPAlMs 3JEKTPOHOB B miasme. [lostomy
B INUIOTHYIO IJIa3My MOTYT IIPOHHKATb TOJBKO BOJHBI
BBICOKOH 4YacToThl. [lasfi nsiasmMbpl AAHHOH KOHLEHTpAIUH
CYIIECTBYeT INOPOTOBas YacCTOTa 3JE€KTPOMAaTHHTHBIX BOJIH,
paBHas MJa3MEHHON yacToTe:

fo=28960Vn.

* Csenyer OTMETHTb, YTO DAacHpOCTPAHEHHe TOYHO IONEpeK IO
npencraBaser cob6oif ocoOblii cayyail. YxKe NpH MajoM OTKJIOHEHHH OT
CTPOro NepNeHAHKYJNAPHOIO HalpaBJeHHs DPaclpoCTpaHeHHs chenudule-
CcKHe OCOGEHHOCTH 3TOrO cayyas HCYe3aloT,

** CM. cHocky Ha crp. 117.
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ONeKTPOMAaTHUTHBIE KOJeGaHHs, Y KOTOPbIX YaCTOTa MEHb-
mwe (T. e. JJMHA BOJHBI GOJbIIE) TpeiebHON, HE MOTYT IpO-
HMKaTb B IJIa3My, H, Ha060pOT, AJs BOJH AAHHOH YacTOTHI
CYUIECTBYET npedevHas KOHYeHTPAyus 3JEKTPOHOB B Ias-
Me. JTa KOHIIeHTPalLHsa TaKoBa, YTO [/ Hee JaHHAs 4acTOTa
KaK pa3 paBHa I/a3MeHHOH. Ecin KoHumeHTpaiusi maa3Mbl
HHXKe NpejesbHON, TO BOJHA CBOGOLHO MPOXOIHUT Uepe3 Hee.
Ot nnasMbl ¢ KOHUEHTPAIIHEH Bhlle MpefeabHoll BoJHA 0Tpa

Puc. 31. 3ongupoBaHue MIa3Mbl MHKPOBOJIHA-
MH B BOJIHOBOH 30He.

Curean or reHepatopa I' yepe3 BOJHOBOX M DYy-

nop P; HampaBjJdeTca Ha IuiasMy. IIpomlemuimit 0

Yepes INIasMy CUTHAJI IPUHMMaeTcad BTOPBLIM

pynopom P, u depe3 peteKrop [ mopaercsa Ha
ocauaorpad O.

xaercs. Ha 3ToM ocHOBaH BechbMa BajKHBIA MeTOJ AHATHO-
CTHKH IJIa3Mbl — MUKPOBOAHOB0E 30HOuposanue (puc. 31).
[Inasmy npocBeynBaroT HanpaBJeHHBIM YYKOM 3J1€KTpOMAar-
HATHBIX BOJIH. Ecay Bo/HA npoXomuT uepe3 miasmy U oOHa-
PYXUBAETCSl IPHEMHUKOM, IIOMEIIEHHBIM C JPYroil CTOPOHHI,
TO KOHIEHTPalMs IJ1a3Mbl HHXKE NpefeNbHOH. «3anupaHues
5JIEKTPOMArHMTHOIO CHTHaJa O3HayaeT, 4TO KOHIEHTPaIHs
JIa3Mbl Bblllle MpefebHOM.

Hng uwacto ynorpe6/sieMblXx BOJH c QJIMHOH 3 cM Iipe-
HelbHasl KOHUeHTpauus cocTaBaser 102 asexTpou/cmd.
Ecnu niasma HaxoauTcs B MarHUTHOM IOJ€, TO IJsi 30H-
ILUPOBAHUSI TNPUMEHSIOT BOJHBI C 3JEKTPHUECKHUM IOJEM,
HanpaBJIeHHBIM BJOJIb MarHMTHOTO.

Pacnpocrpanenne BOJH MOXHO HaGa0AaTh TOJBKO NPH
JOCTAaTOYHOM yAaJIeHHH OT M3JydaTens, B TaK HasbplBaeMoil
60410801 30He. T103TOMY SIBJIEHHS NpenenbHOM KOHLEHTpa-
UMM ¥ 3alHpaHHs CHrHasJa OOHApYKWUBAIOTCS JIMIUb HPH yC-
JIOBMH, UTO DACCTOSIHME MEXIY H3JyyaTejieM W NMPUEMHHKOM
3HauuTeJbHO Oosblle AMUHBI BOJHBL CyIlecTByeT ApPYyroi
MeTOJ, BBLICOKOUACTOTHOTO 30HAMPOBAHUS IJ1a3Mbl, Iie 3TO
paccrosinde, Ha000POT, MaJo B CPABHEHUH C AJHUHON BOJHBL
(puc. 32). B nnasmy BBOAAT Nepefalolidil 1 NPUEeMHBIH 30H-
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Jbl Ha paccTossHMM 1—2 cm Apyr OT npyra, a yactoty Ge-
pyT B nuanasone YKB (merpoBbie BOJHEI).

Ha masbix paccTOsIHUAX OT H3ayuaress (8 K8a3ucrayuo-
HapHOU 30H€) MAKCHMaJbHBIH CHTHAJ NPOXOAMT, KOrja ya-
CTOTa €ro paBHa NJasMeHHOU (puc. 33). DTOT MeTOX TOAUT-

lnasxa

Jo1d-nepedamyux Fon@-npuemnnuk

e
aﬂepe~ 7\ N\ Npuenm-
amyux 3 HUK
_/ 2 _/
Kowmpona S Dunsmp
Hacmpadru
Hemoyrug
} wonusayuu

Puc. 32. 3oHnnpoBaHMe nIasMbl MHKPOBOJHAMH B KBasH-
CTalHOHAapHOH 30He.

Cs TOJBKO JUJISI OYeHb MaJbIX KOHIEHTpauui (mopsaka
10% asexrpor/cm®), kKakue MOJNYYAIOTCH B YCHOBHAX MaJjo-
MOIIHOTO Ta30Boro paspsiia. Ilpu NoBHIIEHHE KOHUEHTpA-
UMM TJa3MEHHasl 4acToTa CMECTHTCS B CTOPOHY KOPOTKHX

BOJIH K TPYyAHO 6y116T pasMeCTHTh 30HABI Ha PAaCCTOSIHHUH
MEHbIIE NJMUHBI BOJJHBI.
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[lpenenpHast ~ KOHIIEH-
Tpalys OueHb BaxKHa MAJs
pPafHOCBSI3U Ha KOPOTKHX
posnnax. CoJiHeyHOe H3JIY-
yeHHe C03JaeT B BepxHell
atMochepe 3eMaH  CJIOH
HOHHM30BAHHOTO  BO3]yXa,
T. €. MJaas3Mbl. DTOT CJOH
Ha3BIBAIOT HoHochepoi.
Houbso woHM3aumuss 1pe-
Kpauiaercs M KOHIEHTpa-
U NJ1a3Mbl MajfaeT M3-3a
peKkoMOuHaIHH, JIHEM —
BO3pacTaer ONsATh NOJA Hek-
CTBHEM COJIHEUHBIX JIyUeH.
ITnotHas («ZHEBHasI»)
nnasMa orpaxaer 6GoJgee
KODOTKMEe BOJIHBI, YEM pas-
pexeHHast («HOUHAA») .
ITosTroMy nHeM BO3MOXKHA
cBsI3b Ha 6oJjiee KODPOTKHX
BoJIHaX. Houbio 3TH BOJHEL
IPOHHKAIOT TAy0OKO B
noHochepy W TaMm MOTJO-
IAI0TCS.

Pacnpocrpanenne B
miasMe  9JeKTPOMAaTHUT-

]:
w.ﬁma f"\

[ Ip=5,5nKq
30 £ \
AN
2|4 E\\

a

@\

NI AN
I T\

To=T, K §

0 50 700 1750 200 Ip,Ka

Puc. 33. PesysibTaThl MHKPOBOJHO-
BOrO 30HJHPOBaHHS B KBa3HCTaIlHO-
HapHOI 30He.

IIo rOPM3OHTATLHOI OCH OTJIOMEH TOK
paspafa, OT KOTOPOro 3aBUCUT KOH-
LEeHTpaluAa INIa3Mbl II0 BEpPTUKANbL-
HOJ — curHajg 30HAa. Tpu KpuUBLIE
CHSATBI B OJAMHAKOBBIX YCJIOBMUAX. HO
IIPY PasHBIX MOIMHOCTAX 3O0HAUPYIO-
ulero reHeparopa. CurHan oGHapv-
JKMBaeT MAaKCUMMyM IIpu OIpeaelieH-
HOJi KOHNIEHTpauuy IIasMBbl, KOrja
IIa3MeHHass 4YacroTa paBHa B0HAU-
pyoeit.

HBIX BOJIH C YaCTOTOH BBIIIE MNJIa3MEHHON CONPOBOXKIAETCS

nucnepcrei. ®asoBasi ckopocTb BosiHbl Ug 6oublie CKOpO-

CTH CBeTa B NycToTe, rpymnnosas Up-— MeHblle; NpU 3TOM
Uq,- U[\ = (2,

Up—c. Ilpu cTpemiieHHn e YacTOTH K IIa3MeHHOM f— 0,
Ilpu uacrorax ropasfo Gosblie T/IasMeHHOH n—1, T. e.
Ug—-c. Ilpu cTpeMiieHnH ke YacTOTH K miasMeHHol n—-0;

T. €. Ud,—>oo.

MaremMaTHyeCKH 3TH COOTHOIIEHHUSA BBIDAWKAIOTCSA JUCHEPCHOHHBIM

ypaBHEHHEM

0? = wg + k2%c8,

ke
OTKYA3 L7S MOKasaTess MPEJOMACHUS n = ——— TOJIyYaercs

nt=1—

2
9y

w? ”

127



dazoBas CKOPOCTh

['pynmosas ckopocTb

Ha pucnepcun 37eKTpOMarHUTHBIX BOJIH B MJa3Me OCHO-
BaH JPYyrofl BaXKHLIH METOJ AMATHOCTHKH IMJIa3Mbl — METOO
MUKposoanogoeo unrepgepomerpa (puc. 34). Hampabmen-
HBIAl paJiHOCHTHAJ C YacTOTOH BhIIe NJAA3MEHHOH IeJHTCS

Puc. 34. Cxema HcClIeflOBaHHSI METOJOM MHKPOBOJHOBOTO HH-
Tepdepomerpa.

CurHan ot reHeparopa I' gemurcsa Ha [ABa curHaina. OAuH depes

pynop P; mojaerca Ha IJIazaMy M IPUHMMAaeTcsa BTOPLIM DPyIIo-

poM P, [pyroit mpomyckaerca depesd dazoBpaumiarels P. VI3 cMme-

cutenss Cm cyMMma oOOMX CUTHAJIOB depesd AeTeKTop X mopaercs
Ha ocnuanorpad O.

Ha zgBa aydya. OfuH NponyckaeTcs yepe3 Maasmy, APYrod —
yepes cpely C mokasarte/jeM NpeJoMJaeHHs n = | (mycroTa,
BO3Ayx). Ms-3a pasnuuus B (a30BbIX CKOPOCTSAX y Jyueld
BO3HMKAaeT pasHuua B pa3ax, KOTODYIO H3MEpPSIOT HHTepde-
poOMeTpPoM. IJTHM METOLOM OIpeleNdioT (GaKTHUecKH (aso-
BYIO CKOPOCTb 3/IeKTPOMAarHUTHOH BOJIHBI B IJIa3Me, KOTOpas
B CHJIy NMCIEPCHH 3aBHCHT OT KOHLEHTpAaIHUH.

Meron uHTepdepomMeTpa CoBeplIeHHEe, YeM METOJ 30HH-
posanusd. Ilpu nanHOi yacToTe 30HAMPOBAHHE HAET TOJBKO
OAHY TOYKY No KoHUeHTpauuu. MHTepdepoMerp ke momyc-
KaeT HelpepbiBHOe H3MepeHue KOHUEHTPAIUH MpPHU yCJIOBHH,
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UTO IJ1a3MeHHas yacToTa oCTaeTcs HUKe pabouefi uacTOThI
U He CJIMIUKOM JaJjieka OT Hee (NPH oueHb GOJBIIHX YacTo-
Tax (hasoBast CKOPOCTb NPAKTHYECKH MEPECTAET 3ABHCETh OT
KOHIleHTpauuu). Ecau nnasMa HaxoauTcss B MarHUTHOM MO-
Jie, TO BCe CKa3aHHOe OTHOCHUTCH K BOJHAM, Ha KOTOpBIE
MarHuTHOE II0Jie He BJHseT. Y HHUX 3JeKTpHUecKHe KoJseba-
HHSI UAYT B HaNpasJeHHH BJOJb MATHUTHOTO moJjs. Takue
BOJIHBI [IPOHUKAIOT B MJa3My, TOJbKO €CJAH HX YacToTa Bbl-
LIC TMJIa3MEeHHOH 4acCTOTHI.

Ho B npucyTcTBHM MATHHTHOTO MOJST B IJIa3My MOTYT
NPOHUKATh M HH3KOUACTOTHbIE BOJIHBI, KOTOpHle Ge3 MMOJsl OT-
paxanuch Obl OT TPAHHLBI MJ1a3Mbl. ¥ 3THX BOJIH 3JIeKTpHUe-
CKO€ MMoJie JOJIKHO MMeTh COCTAaBJIAIOUIYIO MOMepeK MAarHHT-
HOro, MHaue MarHHTHOe IoJe Ha HUX He MeHCTBOBaJO Obl .
Ecau niasMeHnHasi 4acToTa BHIIIE 3JIEKTPOHHOH UHKJIOTPOH-
HOH, TO 32 CYeT MATHHTHOIO IIOJISI B MJa3My MOTYT NPOHH-
KaTh TOJLKO BOJIHBI C YACTOTAMH HHKe 3JEKTPOHHOMN LHUKJIO-
TPOHHOH; B IIPOMeXyTKe MeXAY HHMH JIEXKHT 06JacTb He-
NpONyCKaHUs.

Ilpocrefiunit u BaXKHEHIMH BHJA HH3KOUACTOTHHIX BOJIH,
NPOHUKAIOUWKX B NJIa3My H3-32 MarHUTHOrO I0JIf, IPEICTaB-
JIIeT BOJIHA C KPYroBO# MOJsipu3anueli, pacnpocTpaHsiomas-
cd BJOJIb MAarHUTHOTO noJs. Takast BosiHa NPOHHKAET B IJ1a3-
MY IIpH JIO6BIX YaCTOTaX HHXKe 571eKTPOHHON IUKJIOTPOHHOM.
C yMmeHbllIeHHEM YaCTOThl OHA MEPEXOAUT B MArHUTOIHAPO-
LMHaMHYecKyio (anb(BeHOBCcKyI0) BoJsiHy. Ho ecam nuxe
HOHHOH UHKJOTPOHHOH 4YacCTOTbl MAarHUTOTHAPOAHHAMHYeE-
CKHe BOJIHbI MOTYT UMeTb Ji000e HampaBJeHHe MOJspH3a-
IIMHM, TO B 06JaCTH MeXAYy HOHHOH H 3JIEeKTPOHHOH LHMKJO-
TPOHHBIMH YaCTOTAMH MOXKET PacHpoCTPaHATbCS TOJBKO OJ-
Ha U3 BOJIH C KpyroBol noJspusauuei **, Ilpu pacnpocrpa-
HEHHH TOYHO BJOJIb I10JI 3Ty BOJIHY IPHHSTO Ha3blBaTb He-
06b6IKHOBEHHOU, UTO yXKe OoTMeyasoch Ha crp. 121. Kax na-
3bIBaThb KOChble BOJIHBI — Y4€HBI€ JO Cero BpeMeHH elle He
JIOTOBOPHJIHUCH.

Bosnbl ¢ Kpyrosoil noaspusanueli, pacnpocTpaHsaroliue-
csl B HOHOC(epe BAOJb CHJIOBBLIX JIMHHH 3€MHOIO MAarHMTHO-
ro moJs, HabGJIOLAaTCa B BHAE HHU3KOYACTOTHBIX PaJHoIo-
MeXx. Takue pamHoCHrHaJbl BOSHHKAIOT OT I'PO30BBIX pasps-
OB B aTMoc(epe: 3TO TaK HasblBaeMble CBUCTAUjUE ATMOC-
epuru, WIM TPOCTO C6UCTbL. BHObL CHIOBOH JIHHH OHH

* CM. cHocky Ha crp. 117.
** To xe Ha crp. 122.

9 & A ®pank-Kamenemruit 129



MOryT NpoHTH Ha GoJbLIOE pAacCTOSIHHE OT MecTa BO3GyK-
nenus. HyxHO TonbKO, 4TOGBI Ha BCEM NYTH 3JEKTPOHHAS
IUKJIOTPOHHAS YaCTOTa B 3€eMHOM MAaTrHHUTHOM IIoJie He CTa-
HOBMJIACh HUXKE€ YaCTOTHl BOJIHBI.

Huorpa BosHY c KpyroBoil mossipusauuell, pacmpocrpa-
HAOILYIOCA BAOJAb MAarHUTHOrO MOJSA NPU YaCTOTax HHXKE
3JICKTPOHHOH LMKJOHHOH, TaK W Ha3bIBAIOT 802HOU Tund
caucTau,eeo armocgpepura.

Ecay nnasMa HaXOZUTCS B CHJIBHOM MAarHHUTHOM I0JI€, TO
3JISKTPOHHAST LMKJIOTPOHHAS YaCTOTa OKa3blBaeTCs B Auana-
30He MHKPOBOJIH, U BOJHBI
C KpYroBoil mnoJsipusapueit
MOTYyT HabJI0AThCS B CaH-
THMETPOBOM  JAMaNa3oHe.
Henasno Obl npepsoxen
elle OAHMH METOJL MHUKpO-
BOJIHOBOH NHArHOCTHKH IO-
CpeLCTBOM HabJone U
pacmpocTpaHeHUsT  TaKHX
CHTHan0B B maasme. [as
3TOrO BJOJIb OCH 3aMarHu-
YEeHHOT'0 MJ1a3MEHHOTO
IIHYpa YCTaHaBJUBAIOT Iie-
pelnarwLIyio ¥ MPUEeMHYI0 MHKDPOBOJHOBBIE aHTEHHHI IIOJ Npsi-
MbIMH YrJiaMu Kak K OCH. Tak M APYyr X xpyry (puc. 35).
[Tpy TakoM pacrnoJoKeHHH aHTEHH YJIaBJIUBAETCH TOJNBKO
CHMTHAJ C KPYyTOBO# Nossipusanueis.

Puc. 35. 3oHmupOBaHHe ILIa3Mbl
BOJIHAMH C KPYTOBOH NOJIsIpU3ailHel.

NJIASMEHHBIE PE3OHATOPBI U BOJIHOBO/J bl

Ecny 3akmounTs ni1asmy B 06beM C XOPOIIO TPOBOAALIU-
MH CTEHKaMHM, TO B HEM MOTYT GBITb OCYILECTBJEHBI CTALHO-
HapHble KoJieOaHHs — CTOsiyhe BOJHBL. s 3Toro HeoHxo-
AUMO COGJIIOCTH YCAOBUE PE30HAHCA: BPEMsi PaCIpOCTpaHe-
HUSI BOJIHBI JIOJI?KHO OBITb LeJNBbIM KPaTHbIM HEepHOAa KoJe-
Gannsi. 3aMKHYTHIl CO BCEX CTOPOH COCYHN, B KOTOPOM MO
BCEM HANpaB/ieHusiM COOJIOJEHO YCJIOBHE pE30HAaHCa, Ha-
3bIBAIOT. Pe30HATOpOM. ECnd y NJIMHHOTO pe3oHaTOpa OT-
KPBITh TOPIBI, OIl MPEBPATHTCS B TPYOY MM KaHaJ, IO KO-
TOPOMY MOXKET PacnpoCTPaHsiThbCs BOJHA, Geryiiasi BIOJb,
HO crosiiias nonepek kanana. Tako#l KamaJa HOCHT Ha3BaHHe
BOJIHOBGJA. B HeMm yc/oBHe pesoHaHCa COBJIOLEHO TOJbKO B
NIONepeyHoM HarpaBJ/ieHHH.
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DiexTpocTaTHyecKue KoJe6GaHus M1a3Mbl H HOHHBIA 3BYK
HEIPUrOJHLl AJIf Pe30HaTCpa, TaK KaK OHM HE OTPaXkKaloTCA
OT CTEHOK.

Hnst Toro uTo6Bl BOJHA OTpaxaJlacb OT XOpOWIO NPOBOAAIIUX CTe-
HOK, 3JIEKTpHUUYECKOe IIoJie BOJIHBI JOJI2KHO ObITh MEePNeHIUKYJJAAPHO K Ha-
NIpaBJAeHUIO PaCnpPOCTPaHEHUs, TaK Kak BOJIHA HOJXKHA ObITh nonepeqﬂoﬂ
B JIEKTPOAHWHAMUUYECKOM CMBbICJIE. Yenosue pe3oHaHca anasg TakoH BOJI-
HBI CBOLHUTCS K TOMY, 4yTo6H Ha TIOBEPXHOCTH XOpOLIO ]'IpOBO,I[HI.Ilel’I
CTEHKH KacaTejbHass K 3TOH CTEHKE (COCTaBJsioUas TIEPEMEHHOr0 3JIeK-
TPHYECKOTO MO0JsI BOJIHbI O6paﬂlaJIaCb B HYJIb. Ilo 3aKOHY 3JIGKTpoMar-
HUTHOMI HHIYKUMM OTCIO4a CJAeNyeT, YTO MOJHBIA NOTOK IepeMeHHoro
MariHTHOTO TI10JIS1 BOJIHBI Yepe3 BCE CeYeHHe pe3oHaropa IOJKeH GBITD
PaBeH HYJIO, T. €. aMILIUTyda INEePEeMEHHOro MAarHuTHOrO IOJs BHYTPH
pe3onaTopa noJi:kHa MEHSTb 3HaK.

B BHICOKOYACTOTHBIX MJIa3MEHHBIX pe3oHaTopax U BOJIHO-
BOAax HCIOJB3YIOT 3JE€KTPOMATrHUTHBEIE BOJIHBI. HpI/I JacTo-
Tax BBILIE NJ1a3MeHHOH Ql)aSOBaH CKOpPOCTb 3THX BOJIH CTpE€-
MHTCSI K CKODOCTH CBeTa. MoxHo HahTH pe30HaHCHYIO Ya-
CTOTy CHadYaJsa IyCTOrO pe3oHaTopa, a 3aTeM ONPENE/UTb,
KaK OHa H3MEHHTCSl, €CJH pPEe30HATOP HaNOJHUTh nJaasMmoi.
ITo usmenenuo pGSOHaHCHOﬁ 4aCTOThl, HJIH, KaK rOBOPAT, IO
pacm*podxe pe3oHaropa, MO2KHO ONPENeJUTh KOHLEHTP Al UIO
nJasMel. IT0 OJIUH 13 CaMbIX TOYHBIX METOJOB AHATHOCTHKH
nJ1a3Mabl,

BosmoxkHaa 067acTh PE30HAHCOB pe3KO PpaCIIMPHTCS,
€CJIH NIOMECTHTh Pe30HATOD HJIM BOJIHOBOJ B MarHHTHOE IO-
ne. EcrecTBeHHass cUMMeTpHS MATHUTHOTO MOJS — LHJIHHI-
pHYecKasi, Tak UTO IJIa3MEHHLIH DPe30HATOp HJIU BOJHOBOX B
MarHuTHOM MoJie yno6HO JdenaTh B BUIe UuauuHApa. Kpome
BBICOKOYACTOTHBIX, B MACHUTHOM I0JIe BO3MOXKHBI Takxke H
HHU3KOUYaCTOTHblE MAaTHUTOTHADPOLHHAMUYECKHE M MAaTHHUTHO-
3BYKOBbI€ IJIa3MeHHble PE30HATOPhl M BOJHOBOIAH. Ecau 6e3
MArHUTHOTO MOJIsI Pe30HAHC NPAKTHUECKH OCYIIECTBHM TOJIb-
Ko B nuanasone CBY, To MarHuTHO-3BYKOBOI pe3oHAaHC
JIETKO noJyyaercs B nHanaszoHe YKB. MaruuTHo-3ByKOBOH
pe30HaHC MoXkeT ObITb NPUMEHEH He TOJIbKO AJs H3yUeHHS
IJIa3Mbl, HO M JJIfl €e HarpeBa, a TaKxke [Jjs TeHepauuH
pagMoBOJIH U JAPYTUX PALHOTEXHHUECKHUX Lejefl.

Ha puc. 36 moxkasana cxema kxosje6anuii B MarHHTHO-
3BYKOBOM De30HATOpe NPH HHU3KUX 4acTOTaX B MarHUTOAKYy-
cTHYecKol obsactu. IlepeMeHHOe MarsuTHOE noJe Hampas-
JIEHO BJIOJIb OCH LIMJIMHJPA, MACcCOBAs CKOPOCTh — TI0 PagHy-
Cy, 9JIEKTPUUECKOE I0JIe U TQK — N0 QKpYyKHOCTH. Takoll Buj
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IMeeT KOH(pHUrypauus mnoJei, ecayd dactora ropasjo Huxke
HOHHOH UHKJAOTPOHHO!H. C MOBBIIIEHHEM YaCTOThl BO3HHKAIOT
3JeKTPHUECKOe NoJie U TOK B paguabHOM HanpassaeHHu. Ko-
JgebaHusl C YMCTO pajua/bHbIM HanpaBJeHHEM pacrnpocTpa-
HEHHsI BO3MOXKHBI TOJBKO NpPH 4acCTOTaxX HHUXKE HHXKHel rH-
6punHoii. [Ipu Gosee BHICOKHX YACTOTAaX HaXe B CKOJb YTOA-
HO AJIMHHOM IUJIHHIpE BO30YXKIAAWTCSA KOChle BOJIHLI, HMEIO-
uipe 3JeKTpUueCKoe TmoJe U TOK
Takxke U BAOJb OCH LMJAUHAPA.

Pe3oHaHCHBIE 4YaCTOTHI XO0JO1-
HOH NJa3Mbl OTBevYaloT NATH pas-
JUYHBIM THHOaM KoJje6aHuii. Tpu u3
HUX OTHOCSITCS K BBICOKOUACTOT-
HBIM KoJeOaHHsIM, B KOTOPHIX OC-
HOBHYIO pOJIb HIpaeT JABHKEHHE
3JIEKTPOHOB, a JBe — K HH3KOYa-
CTOTHBIM  MarHUTHO-3BYKOBBIM H
MArHUTOTUAPOAMHAMHUYECKUM KO-
Prc. 36, Cxema KogeSammit JgebGaHuAM. [nsa Kaxkporo Tuma Ko-
B MaTHATHO-SBYKOBOM Jnebanuit 06beM 3aJaHHBIX pasme-
m7asMeHHOM pesoHatope. POB H (DOpMbI MMeeT GeCKOHeUHbIH

pPAl pEe30HAHCHBIX WIH COOCTBEH-
HbLX YaCTOT.

Ilpn ymeHblIeHHH paszMepoB o6bemMa HJIM MJIOTHOCTH
naasMbi HopMaJbHas ¢a3oBasi CKOPOCTh KoseGaHHi CTaHO-
BUTCSI CJIMIIKOM O0JbIIOH, YTOGH yI0BJAETBOPUTb PE30HAHC-
HOMY ycsoBHIO. [Tpu 3TOM pe3oHAHCHbBIE YACTOTH CTPEMSTCH
K UacTOTaM aHoOMaJbHOI AUCIepcuH, 67113 KOTOphIX dasopad
CKOPOCTb pe€3KO yMeHbllaercsl. XapaKTep Pe30HaHCHBIX SIB-
JIeHWH IJIsT MarHUTHO-3BYKOBBIX COJIH onpefessiercsd Ge3pas-
MEPHBIM UHCJOM, KOTOPO€ Ha3LIBAIOT MO20HHLIM YUCAOM
NEKTPOHO8:

:Q\(/‘
Maccobas

CKOPOCMbL

I — R — e?

me?®

DTO ecTh YKMCAO 3JEKTPOHOB Ha JJIHHE UMJHHIpPA, PaBHOH
KJIaCCHUeCKOMY paanycy 37aekTpoHoB. OHO 10 MOPSIIKY Be-
w
0
JMUHHBL XaPaKTePH3yeT OTHOUIeHHe 5 . [lpu masmom mo-
TOHHOM YHCJIe 2JIEKTPOHOB PE30HAHCHAsh YaCTOTA MarHHTHO-
3BYKOBBIX KOJieGaHUil CTPEMUTCS K HUMKHEH THOPUIHON ua-
CTOTe, KOTOpasd /sl 3THX KojeGaHuil ABJIsSETCH uacTOTOH
anoMaJgblioil aucnepcuu. [Ipu GoabIOM TIOTOHHOM 4HCJHe
3JIEKTPOHOB MaTHUTHO-3BYKOBOR PE30HAHC CABUTAETCST K HHU3-
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KMM 4YacToTaM, B MarHHTOAaKycTHueckyilo o6Jjacte. B 3To#
06J1acum pe3oHaHCHAsl YyacToTa BbIpaxKaercs Mpoctoit ¢op-
MYJION:

. H

R Yy

rie o — 6e3pasMepHOe UHCJIO, 3aBHCsIIEe OT TPaHHYHBIX
YCJOBUH,

B npocrefimeM ciyuae 3HaueHHs o SBJAAIOTCS KOPHAMH
¢bynkuun Beccenss mepBoro mopsinka. AMninTyna nmepeMeH-
HOTO MarHMTHOIO IOJIS paclpejieneHa Mo pajuycy Kak QyHK-
uusi Beccenst Hy/sieBoro mopsiika, aMIuIMTyna 3J1€KTPHIECKOTO
noist — Kak QyHxuus Beccenss nepBoro nmopsinka. SIeKTpH-
yeckoe MoJe Ha Kpawo UUJAHHApA obpaigaercs B HyJdb, a
NnepeMeHHOoe MAarHuTHOE IoJie BHYTPH UUJIHHApPA MEHSeT
3HAaK, TaK 4TO IOJHBIH NepeMeHHbBIH MarHUTHBIN IIOTOK 4epes
BCe CeueHHe LUIMHApa paBeH HYJIO.

M3 371eKTpOIMHAMHUKY CJAENYET, YTO aHOMAaJbHAs TUCIep-
CHsl I0JI)KHA CONPOBOXK/AATHCS MMOTJIOIIEHHEM SHEPrHHU, Mexa-
HH3M KOTODOTO Mbl PAaCCMOTDHM HHKe. HacToThl aHOMaJb-
HOH OMCHEeDCHH YacTO HAa3bIBAIOT PE30HAHCHBIMU YaCTOTAMH
N1a3Mbl. DTH Pe30HAHCHL NO2AOWEHUA He 3aBLUCAT OT pas3Me-
poB ¥ (GOPMBI [Ia3MEHHOrO 06beMa; OHH €CTh M y Heorpa-
iIn4eHHOH mas3Mbl. OT HUX HYXKHO OT/IMYATh PE30HAHCOLL PaC-
Ka4Ki, TOROOHBIE TOJbKO UYTO PACCMOTPEHHOMY MAarHHTHO-
3BYKOBOMY pe3oHaHCy. TONIbKO MpPH MajioM IOrOHHOM YHCJE
3/JIEKTPOHOB PE30HAHC PACKAUKU COBMEIIAeTCsl ¢ PE30HAHCOM
TNOTJIOLIEHHUSI.

Ecau Bo36y:kaath KoneGaHust MiIa3MECHHOIO pe30HATOpa,
[npuKaanbiBas ONpelNe/]eHHOEe BHelllHee NepeMeHHOe Hampsi-
JKeHHe, TO PH Pe30HAHCe packauyku 3Hepris OyHeT mepeka-
YHBATHLCSA B NJ1a3My, a IPH pe3oHaHce MOTJIOUIeHHsl — MOrJ10-
maTbes B Hed. Ha s3blKe 9/JeKTPOTEXHHKI MOMKHO CKa3arh,
4TO PEe30HaHC MOIVIOIIeHHS OTBeYaeT MAKCHMyMY aKTHBHOTO
CONPOTHBJICHHS I71a3Mbl, @ PE30HAHC DAaCKauKH — MHHHUMY-
MY PeaKTHBHOIO CONPOTHUBJICHHUSA.

oW =

3ATYXAHHUE H PACKAYKA KOJIEBAHHH

Bce Tunsl KoseGaHHl NIa3MBl  MOTYT MOILEPIKUBATHCS
B pesysbTaTe NpPUTOKAa 3HEePTUU H3BHe. Ec/ TaKOTro NpUTOKA
HEeT, TO B PaBHOBECHOH NJaa3sMe KoJeGaHUSA NOJKHBl 3aTy-
XaTh 3a CYCT pa3/JMYHLIX INPOIECCOB paccesdHus (JUCCHIa-

133



uuu) 3Hepruu. Ho peanbHas nia3ma ovyeHb 4acTo He HAXO-
IMTCS B IIOJHOM TeDPMOJHHAMHUECKOM paBHOBecHH. B Takoit
HepaBHOBECHOH NJa3Me BO3MOXKHO He TONbKO 3aTyXaHHE, HO U
caMoBo30yxkeHHe (packauka) kosneGanu#l. Ecau B miaasme,
HaxoJfllelCsa B MeXaHHUeCKOM (HO He TePMOAMHAMHYECKOM)
paBHOBeCHH, caMU co6oi Bo30y:KAAIOTCA KoJjeOaHHSA, TO 3TO
3HAYUT, 4TO COCTOSIHME DaBHOBeCHS ObIIO HEYCTOHYHBLIM.
Takum o6pasoM, packauka KojeOGaHWIl €CTb OJHH U3 BHAOB
HEyCTOHUMBOCTH, KOTOPHIH CJedyeT Ha3kEBaThb K0.4e6aTenb-
Hot HeycToddugocToro *. 113 06ILHMX 3aKOHOB TEPMOLHHAMHU-
KU CJe[yeT, UTO COCTOSIHHE IIOJIHOTO TePMOILMHAMHUECKOTO
paBHOBeCHSI He MOXKeT ObITh HEYCTOHUYMBBIM. Takum obpa-
30M, Kose6aTe/bHO HEYCTOMUUBBIMU MOTYT OBITh TOJBKO CO-
CTOSIHHSAI, paBHOBECHble B MEXaHHURCKOM, HO HE B TEPMOJH-
HaMHYeCKOM cMbic/Ie. Packauka KojeGaHIHA Bcerga siBljser-
C OJHUM M3 3BEHbEB B IIeNU NpeBpalleHHH pasHbIX BULOB
3HEpPTHUHU.

3aTtyxaHue KoJeGaHHH MOXKeT NPOUCXOAUTh JHOO H3-3a
CTOJIKHOBEHHMH, 1160 U3-3a TIPOLECCOB QHOMAAbLHOU, UAU Cre-
yuguueckod, nuccunauyu. 3aTyxaHue, BBI3BAaHHOE CTOJKHO-
BEHMsIMH, HMeeT B NPHHLMIE TOT K€ XapakTep, 4TO M Y
o6pruHoro raza. OHO NMPOMCXOAMT OT OJNMIKHHX B3aHNMOAECH-
CTBUI MEXKAY YacTHUaMH. AHOMasbHAs OUCCHNAIMSA CIEIH-
¢buyHa HMEHHO AJs TJa3MbBl ¥ NIPOUCXOAMT B pe3y/bTaTe
NaJbHUX B3aUMOLEHCTBUH UYacTULl C BO30GYXKIEHHbIMU HMH
HOJISIMH.

3aryxaHue U3-32 CTOJKHOBEHHH NPOMCXORMT IOJ AeHCT-
BHEM BSI3KOCTH, JJKOYJieBa TelJ/a U Hepe3apsfoYHbIX CTOJK-
HOBeHHi. B X0pomIo HOHH30BaHHOH nias3me AJS KoseOaHHH,
B KOTOPHIX CYIIECTBEHHB! 3JEKTPHUCCKHE TOKH, BaxKHeHLIHe
H3 [POIECCOB CTOJKHOBEHHH — 3TO CTOJKHOBEHHS MEXAY
3JIeKTPOHAMH WU HOHAMH, NpPOABJAAIOUIMECT B BUAe HXKOYJe-
Ba TeIlJa.

B 1mo/siHOCTRIO MOHM30BAHHOH ropsiuefl mjasme CTOJNKHO-
BeHUS] pPe3KU U 3aTyxaHHe ONpele/]sercad aHOMaJbHOH IHC-
cunanueit. st mpocrefiuiero Buaa KosJeOGaHHH — 3J€KTPO-
CTATHYECKUX TJIA3MEHHBIX BOJIH — 3TOT IIPOLECC HU3BECTEeH
Kak saryxouue Jlanday. OH OCHOBAH Ha SIBJEHHH (ha308020
pesonarca yacTuUpl ¢ BoaHOH. OOpallleHueM 3TOro npouec-
ca CJyXKUT packayka konebaunu#i 3a cuer (asoBara peso-
HaHca.

* B nurtepaType HHOTRA 3TOT BHA HEYCTOHYHMBOCTH [ORQJBHQ He-
YAaUHQ MMEHYIOT «CBEPXYCTOMUHBACTRIQN.
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Cymuocts ($a30BOro pe3oHdHca MOXKHO MOSCHHTb Ha
BAXCHOM [JIs1 TEeXHHKH IPHMEPE ACUHXPOHHO20 NAABMEHHO2O
dsuearess W Taxo#l ke AuHamomamuHbl (puc. 37). Ilycrtp
Tpy6a, copepxalmas IJasMy, OKpy:KeHa 3JeKTDPOMAarHHTa-
MH, Yepe3 KOTOpble NPONYCKAlOT TOKH, CABHHYTHe IO (hase
N0 OTHOILEHHIO NPYT K Apyry. MoxHo nmogo6path ¢assl Tak,
yTOGB MAaTHHTHOE NoJe Gexajo mo Tpybe ¢ ompefeseHHOH
¢basoBoit ckopocTbio. Eciu miasma HenmoiBMKHA, TO IO 3a-
KOHY BMOPOXKEHHOCTH Oerylllee noJje GyneT TallUTb ee 3a

Puc 37. ACHHXDOHHBHI WJa3MEHHBIH ABHraTe]b WJIH [JHHA-
MOMallluHa.

Kpusele nojx KaMAoi KaTYIIKOJM NOKa3bIBalOT (asy IepeMeH-
HOFO MAarHMTHOTO ITOJIs.

cobofi. To xe mpousofiger, ecjau IaasMa BTeKaer B TPYyOy
CO CKOpPOCTbIO, MeHblIeH (a3oBoil ckopoctu moJgs. [Tome 6y-
JeT MOJATOHAThL MJa3My, CTPeMSCh JOBECTH €€ CKOPOCTb IO
basosoit. [TomyuuTcst nmIasMeHHbIH ABUraTeab, B KOTOPOM
3JieKTpuyYecKas 3Heprus npeobpasyercssi B KHHETHUECKYIO
SHEPrui0 NJa3MEHHOTO MOTOKa.

ITocmorpum Temepb, utTo Gymer, ecaun B TpyOy BTeKaeT
OBICTPBIH I1a3MEHHBIN IIOTOK CO CKOPOCThbIO, Gosbluel da-
30BOHl CKOpPOCTH mosd. B 3ToM ciyuae Geryiee noJjie HayHeT
TOPMO3WUTbH IJ1a3My, CTPEMACh TOBECTH CKOPOCTh MOTOKA [0
cBoell (asoBoit ckopoctu. [Ipu TOpMOXKeHHH MJa3Mbl B Hel
OyayT BO30YKIAThCA TOKH, KOTOpPble, B3aHMOAEHCTBY
C BHEIIHMM MAarHMTHBIM MOJieM, BO3GyAST 3JEeKTPOIBHKY-
LIYI0 CHJY BO BHEIIHHX KaTyllKax. MexaHuueckas SHeprus,
0CBOGOXKHalOUIasACcsl INPH TOPMOXKEHHHM IJ1a3Mbl, IpeBpa-
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ulaeTcss B SJMEKTPHUECKYIO: Mbl NMOJYYUM MJIa3MeHHBIH rele-
paTop (ZHHaMOMAILUHHY).

[Iponecc B aCHHXPOHHOM IJIa3MEHHOM JBHTATeJiC aHaJso-
THUeH aHOMaJ/IbHOMY 3aTyXaHHIO, a IPCLECC B aCHHXPOHHOM
refeparope — packauke Koje6aHu#i B miaasme. [lycts no
IasMe pacnpocTpaHsieTcss BOJHA ¢ ONpelesNeHHON M0 BeJIH-
yHHe W 1HanpasjeHulo (a3oBo# eKopocThio. JlomycTHM:
B NJa3Me eCcThb YacTHIbl, ABHXKYILHECS C TaKOH CKOPOCTBIO,
YTO MPOEKLHs ee HA HANpaBJeHUe PaclpOCTPaHCHUS BOJHbI
paBHa ($a30BOH CKOPOCTH BOJHBL. DTH YaCTHUBI HaXOIATCS
B ()a30BCM pe30HAHCe C BOJHOH: NoJe BOJMHBI AEHCTBYeT Ha
HHX Bce BpeMs B ORHOH W To# ke ¢ase. Henonpuxxnasa ya-
CTHIA He 0OMeHUBAeTCHd 3Hepruedl ¢ BOJHOH, TaK KakK BOJHA
IelCTBYeT Ha Hee TO B OJIHY, TO B APYyryio cTtopony. HacTu-
Ipl, OJIM3Kde K ()a30BOMY De30HAHCY, TeCHee BCero B3aliMo-
IeHCTBYIOT ¢ BoJIHOH. Ecsin yactuna ABHXKETCS HEMHOTO MeJ-
JIEeHHEee, YyeM BOJiHa, TO OHA OTOMpAaeT SHEPTHI0 0T BOJHH
(xaK B MJ1a3MEHHOM JBHUTaTeNe), U 3TO NMPUBOLUT K 3aTyXxa-
HUIO BONHBL. Ecin Ke yacTuua OBHXKETCST HEMHOrO OBICTpee,
yeM BOJIHA, OHa OT/AeT BOJIHE CBOIO 3HEPrHio (Kak B IJia3MeH-
HOM TeHepaTope), U 3TO MPHUBOJAUT K pacKauke KoJeGaHuM.

AHaJsornuHoe siBjeHHe HAOJIOfAeTCa NP JIBHMKEHUH OT-
NeJbHBIX 3apsXKeHHbIX 4acTHIl B Cpellax, Te CKOPOCTh CBETa
MeHblIle, YeM B NycToTe (3HaMEHUTHIH agpgexr Basurosa —
Yepenxosa). Ecan yactuna JIETUT CO CKOPOCThIO, OoJbIIeH
CKOpOCTH CBeTa B Cpcfie, OHA BO3OY:KAaeT CBETOBYIO BOJIHY
(uepeHkoBCKOe H3ayueHue). Ecau cKOpoCTh 4acTHIlbl MeHbIIIE,
uyeM CKOpOCTb CBeTa B cpele, OHa NOIJIOL[aeT CBET (4YepeH-
KOBCKOe morJyioleHne). AHoMa/bHOE 3aTyXaHue M packauka
KoseGaHull B mja3Me MOT'YT pacCMaTPUBAThCS KaK MposiBJie-
Husl s¢pdexra Bapunosa — Yeperkosa.

PeannHno B miasme ectb 4acTULBL C JI0OBIMH CKOPOCTSIMH,
o6pasyloline HelnpepbiBHOE pacnpeneneHue. B stom pacmpe-
LeNeHUH HMEIOTCS W YacCTHIIB], BLI3bIBAIOIIHE 3aTyXaHHe, H
YyacTUIlbl, BhI3biBaloLlHe packauky. Ecan nepBrix GoJblie, TO
Koje0aHUus 34TyXaloT, eCJd BTOPBIX GoJibllie — KoJe6aHust
pPACKauHBaITCS.

Maremaryueckd pachpefeleHHe YacTHI, 10 CKOPOCTH OIHCHIBAeTCs
pynkyuell pacnpedesenus f(v), NoKasblBalollel, Kakas MOJAA 4aACTHI[
MMeeT CKOpoCTb, Omu3kylo K v. Ecin npu v= Uy oyukuus f(v) BO3-
pacraer ¢ u, TO KoJebGaHHS pacKayHBalOTCs, ecad yGbIBaeT — TO 3a-
TYXaloT. YCI0BHE 3aTyXaHUsl HMeeT BUL

<%>z’: ']¢< 0
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H yeJOBHE pacKa«axu

(%>0=U¢> 0.

[pi 3ToM moa v nmoapasyMeBaeTcst He MOJHAS CKOPOCTb, a MPOEKLHS
ee Ha HanpasaeHHe Ugp. B COCTOSIHMM TepMOJHHAMHYECKOTO PaBHO-
Becusl (DYHKIMS pacnpeflesieHHst BCerfa y6bipaeT ¢ BeaHyuHOll U, T. e.
BO3MOXKHO TOJLKO 3aTyXaHHue.

Bnna yactor aHoManpHON gucmepcuu dasoBas CKOPOCTh
BOJIH OueHb MaJsa. Torga maxe B X0JOMHON MJa3Me HAHAYT-
Csl 4aCTHUBI, CKOPOCTb KOTOPBIX GJu3ka K (asoBofl ckopo-
cti. Ilostomy aHomaJsbHas
IHUCHEPCHsl  CONPOBOXKAAETCs
aHOMAaJIbHBIM 3aTyXaHHeM Ha-

e W B XOJOLHOH 1mJasMme.
Bpaan or uwactor aHoMmasb-
IOH pucnepcuu (Has3cBBIE CKO-

pPOCTH KOJeGaHUN BENHKH H I3
SBJIEHUSA, CBI3aHHble ¢ ($aso- Puc. 38. «Top6> Ha (yHKIHH
BbIM DE30HAHCOM, BO3MOXKHBI pacnpeseseHus.

JUIIb 32  CYET  GBICTPHIX

yacTull. Jng aHOMa/JbHOro 3aTyXaHHs JOCTATOYHO NOSIBJIe-
HHUs1 GBICTPBIX YACTHL B pe3yJbTaTe TEMJIOBOrO ABHXKEHHUS TPH
Harpese masMbl. Packauka xe Kosne6GaHui 3a cuer $pasoso-
TO pe30HaHCa IPOHCXOMAMT, eCJIH H3 ofliero pacnpele/eHHs
CKOpOCTe# BbIJAeJsAeTCS TPyNna ObICTPHIX YACTHIL («TOpH» HA
byHxuun pacrnpenenenus, Kak Ha puc. 38). [IpumepoM Mo-
XKET CJIYKHUTb pPackayka IJIa3MeHHBIX KoJieGaHUH 3JIeKTPOIl-
HBIM nyuykoM. ITydox 3mech mpeacrasisieT coboft rpynny Obi-
CTPBIX YaCTHIl, PaCKaYMBAOIMIUX miaa3My. [TofoOHYI0 Ke poJib
MOTYT UTPaTh 3JeKTPOHBI, yCKOPEHHbIE BHYTPH CAaMOH M1a3Mbl
LeHicTBHeM 3JeKTpuuecKux noJeit. Ouy NOsSBJSAIOTCS BCETAA,
KOrJa B Mjas3Me TeKYT TOKH BLOJb MAarHuTHOro noJs. Tak Kak
TOPMOXeEHHe 3JeKTPOHA 3a CYeT CTOJIKHOBeHU# ocaabasercs
C MOBBLILICHHEM €ro CKOPOCTH, TO 3JEKTPOHbI, BbIpBaBLIHecH
BNepes, MOryT AOHTH A0 6oabiinx cxkopocteil. Takue npo-
AEeTHble, WK «yOeraiolines, 3JeKTPOHbl MOTYT pacKauyuBaTb
nnasMy. [lono6HOro pojaa ABJACHHA HEYCTOAUIIBOCTH HE MOTYT
ObITh MOHSITHI B MOJENH cIOWHON cpeasl. Oin CBA3aHbI
C pacmpejesieHHUEeM CKOpOCTeHl MexKJ1y uYacTHIlaMH, KOTOpoe
ONUCLIBAETCS YypPaBHEHHAMH (U3MUECKON KHHETHKH. ITO
V)Ke He TMAPOMACHHTHAf, a KUHETU4eckas HeyCTOHUHBOCTD,

137



qaCTHBIM CJyd4aeM KOTOPOH sIBJseTCs MyYyKoBas HeyCTOHYH-
BOCTb.

Packauka xose6aHHi MOXKeT HNPOH30ATH OT PasTHUHBIX
HapylIeHHH TepMOAMHAMHYECKOTO paBHOBecusi. [1pu KuHeTH-
JeCKOH HeyCTOHUMBOCTH TaKoe HapylleHHe KacaeTcs pacrpe-
[eNeHUsl YacTHI, N0 cKOpocTam. MOXHO OXKHUZATh pacKauKu
d M3-32 HEPABHOBECHOIO paclpeje/ieHUs B IPOCTPAHCTBE, Ha-
MpUMep U3-3a HEPABHOMEPHOH TeMIepaTyphl, HO 3TOT BOIPOC
MOJPOOHO ellke He HCCJIENOBaH.

YIAPHBIE BOJIHbI B NJTA3ME

B nenposogsule#l cpefie NpH CBEPX3BYKOBOM TeUEHHH MO-
I'yT BO3HUKATb U PACNIPOCTPAHATCSA YOQPHbLE BOAHDLL (CKAYKH
YIUIOTHEHHA), T. €. IOBEPXHOCTH, Ha KOTODPHIX JlaBJIEHHUE,
IJIOTHOCTb M CKODOCTh [IOTOKA Pe3KO MEHSIIOTCS Ha MaJofl
anuHe. DTa IJHHA, T. €. WUPUHA (PPOHTA YyLapHON BOJHBI,
ONpefessieTcss AUCCUNATHBHLIMH NIPOLECCAMU: B3KOCTBIO U
TeMJIONPOBOAHOCTBIO; B Ta3e OHa NOPAAKA IJUHB CBOGOXHO-
ro npobera.

B nsasme BO3MOXKHBI ellle © MarHUTOTHAPOJHHAMHUYECKHE
ylapHble BOJIHBEL, B KOTOPbIX MOMUMO I'a30BOr0 yyacTBYeT H
MarHuTHOe JaBJjeHue. PoJb CKOPOCTH 3ByKa MPH 3TOM MO-
JKeT UIpaTh a/jb(BEHOBCKAash CKOPOCTb, & POJIb AJHHBI CBO-
6onHOro mpobera — LUKJIOTPOHHBIA paauyc uau nebaeBckas
IJIHHA.

CrpyxTypa (poHTa yAaPHOH BOJIHBI B 1J1a3Me YCIOXKHSIET-
cag u npuobperaer KosebartenbHbIl xapakrtep. Be3 maruHurt-
HOTO NO0JISt — 3TO 3JEKTpoCTaTHueckhe KoseOaHus, POHCXO-
Isllpe OT pasfeseHHsl 3apsAf0B. B MarHUTOTHAPOLMHAMUYE-
CKHX yAapHBIX BOJIHAxX Iepuojuyeckas CTPyKTypa (poHTa
cBsi3aHa ¢ KoJleGaHUAMY I1a3Mbl B MarsHuTHoM noJe. Ho sto
yKe He JHHeHHble Kosie6aHus, 0 KOTOPBIX TOBOPHJIOCE BHIIIIE,
a xoseb6aHust GONBIIOH aMIJIUTYIHL.

CyulecTBOBaHHE YLAPHOH BOJHBI BO3MOXKHO JHIOb NPH
ycjaoBuH, 4ToObl B ee (POHTE NPOHCXOAMIN HeoOpaTHUMbIe
npouecchl AuccHnanuu (paccesiHusi) 3Hepruu. B rase us Hefi-
Tpa/bHBIX YACTHL AUCCHNAIHS MOXKET MPOUCXOAUTb TOJbKO
13-33 CTOJIKHOBEHHH, U MOTOMY IIHPUHA (DPOHTA BOJNHBI LOJ-
J)KHa OBITb mopsjKka cBobogHoro npobera. B paspexeHHom
rase, rjie A/JMHa cBoGogHOTO Npobera BesuKa, yAapHas BOJ-
Ha «paclibiBaerc». B mniasMe CTaHOBATCS BO3MOKHBIMH
npouecchl AMCCHNALUM 3Hepruu 6e3 CTONKHOBeHHH. Bceoen-
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CTBHe 5TOro mpuHa GpoHTa BOMHBL B MAazMe Moxker GuiTh
ropaszio MeHblie JJIHHBI CBOGOJHOro Npodera 1 onpefeasThcs
NPYTHMH XapaKTePHBIMH AJs NJ1a3Mbl JIHHaMU: neGaeBcKoil
IJIMHOM, eCcIM HeT MarHHTHOTO IO0JIs, M UHKJIOTPOHHBIM pa-
AUYCOM IIPH ero HaJIHYMH.

ITpoueccnl auccumanuu Ge3 CTONKHOBEHHH [enalOT BO3-
MOXKHBIM pacOpoCTpaHeHue yoapHou 80AHbL 6€3 CTOAKHOBE-
HUli B BecbMa pa3pexKeHHOH IJIagMe MeXIJIaHEeTHOTO MpPo-
crpancTBa. ColHeyHble BCOBIIIKK BO36GYK/IAI0T B MEKIIAHET-
HOH maasMe yAapHble BOJIHBI, KOTOpPbIe, NPUXOAs Ha 3eMJIio,
BHIBIBAIOT MASHUTHbLE OYPU C BHE3ANHBIM HOYAAOM.

CJAYYAVHDBIE NMPOLLECCHI

o cux mop MBI roBOPWJIH 06 YNOPSAOYEHHBIX 3aKOHO-
MEpPHBIX JBHXXEHHAX, KOrJa BCe YaCTHLbI MJIa3Mbl JBHKYTCH
B YETKOM CTpPOIO, KaK COJIaThl Ha mapafe. TakoBa KapTHHA
JNBUXKEHUSA B XO/J0QHOH mua3Mme. TenioBoe IBHKeHHE HapY-
mwaeT 3Ty YHIOPAAOYEHHYIO KapTuHy. B ropsuefl miasme
yacTunsl Geralor B Gecrnopsiike, Kak LIKOJbHMKK Ha MepeMe-
He. TensoBoe aBH:KeHHe Xao0THUHO. OHO MOAUHHSAETCST TOJIHKO
3aKOHaM cJydas, KOTOpble Ha MaTeMAaTHYECKOM Si3bIKe BBI-
paxaroTcs TeopHell BepOsSTHOCTEH.

BaxHOo nofuepKHyTh 3/€Cb, YTO MATHUTHOE MOJI€ yIOPsi-
JNOYHBAeT NBMXKEHHE YACTHLl U NMOTYUHSIET HX CTPOTOH IHcC-
UMIVIAHEe. B NpUcyTCTBHH MarHUTHOTO MOJISi MOHATHE XOJIOL-
HOH MJIa3Mbl MOJYy4YaeT BIIOJNHE ONpefeseHHbIH ¥ DPeabHbIH
cmbic/1.  XOJOAHOH Ha3blBAIOT IJIadMy, y KOTOPOH ra3oBoe
nasjaenue p = nl Majo B CPaBHEHHH C MArHUTHHIM JaBJie-
HUEM py = H?/8m. OTHOWIeHHEe 3THX NaBJNEHHH €CTh BaXKHEH-
mwas XapaKTepUCTHKA IJa3MBbl:

p__p__ 8xnT
T P H® *

[Tpu Manbix 3HAUYeHHS P MIa3My MOXKHO CUHTAThb XOJIOA-
HOH; poJib TENJIOBOT'O ABUKEHHSI B TAKOH mJjasMme fpeHe6pe-
JKUMO MaJa.

VlnTepecHo comocTaBuTh ONpejeseHuss XOJNOAHOH M 3aMarHiyeHHoM
naa3Mbl. 3aMarHHYeHHON Ha3bIBAIOT MJIa3My, Y KOTOPOH LHKJOTPOHHBIA
pajguyc MaJj B CPaBHEHHH C Pa3MEpOM CHCTEMB *:

re v viMc 1
R ~w,R ~ZeHRS I
* Wuu mouuoit csoGomHoro npoGera.
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3uech 6epetcs TOT M3 UMKJAOTPOUNBX pPAalUyCcOB, KOTOpPs Goabiue,
a MMEHHO UMKJIOTPOHHbIA paauyc HOHOB. Bo3Benst ycaosue 3amaruu-
YEeHHOCTH B KBaApaT, 3alulleM ero B Buje
Mfu%Mc2 T, Mc?
Z2e2H2R? = Z2¢2H2R? <1,
rie R— paiuyc mMIa3MeHHoro o06beMa, KOTOPHH Mbl IpuMeM 3a Iu-
- . ~ M2
JMHAD, BBITAHYTHE BROAb moas; T;, = Mvj— remneparypa, oTse-
yapuasa NONepeyHoMy ABHKEHHIO HOHOB.
YMHOXHB YuCHHTENb W 3HAMEHATENb Ha KOHUEHTPALHUIO HOHOB 1y,
MOXHO NPHBECTH yCIOBHE 3aMAarHHYEHHOCTH X (opmMe
Ty, Mec?
H? ° Z2ean2 <<1

HIH
Z2 2

e
B < gz neRE

B npaBoﬁ YacCTH 3TOrO HEPABEHCTBA CTOWUT BEJAWYHHE, KOTOPYIO HA3bI-
BAIOT MOTOHHBIM WYHCJIOM HOHOB., JTO €CTh NOJHOE YHCAO HOHOB

Ha  JJdHE [UJIHHADPA, paBHOH KJIACCHYECKOMY paAMyCcy HOHa:
Z2e?
et Ecay noroHHoe uwucao HMOHOB BEJHMKO, TO XOJMCAH&A HJaa3Ma

3apes oMo 6yneT 3aMarHudeHHOMH.

Baxuefiiine NposIBNEHAST TEMJIOBOTO ABHAKEHHSA — 3TO
npoyeccol nepexoca BellleCTBa, TeMsa U KONHUECTBA ABUXKe-
HuA (uMmnyabca). IlepeHoc BemecTBa TeNJIOBHIM JIBHKEHHEM
ecTb Jugysus, nepeHoc Temia — TeNAONPOBOOHOCTb, KOJHU-
4ecTBa ABUXEHHUS — BA3KOCTb. B myiasMe ¢ TEJIOBBIM JABH-
JKeHHeM CBf3aH elle M [polecc TmMepeHoca 3apsijia, T. e.
3/MIEKTPHYECKHH TOK, TaK 4YTO K YHCIY KO3(h(DHIHEHTOB me-
peHoca MOXHO OTHECTH H NPOBOAMMOCTb mJasMbl. Ho oua
1le HMeeT CTO/Ib NPOCTOr0 CMbIC/Ia, KaK KoapdHiHenTs nud-
(y3uy, TEMJONPOBOMHOCTH H BSI3KOCTH.

OCHOBHBIM 32KOHOM BCEX CJyYafHbIX MPOLECCOB sBJSET-
cd 3aKOoH Oucnepcut. PaccMOTPUM CIydYafiHYIO BeJHYMHY,
XapaKTepH3yIOLLylo, HalpHMep, NOAOKEHHE HJIH CKOPOCTh
YacTHIBl, COBeplIaolledl GecHOpsiIOUHOE TEMJOBOE JBHIKE-
uve. OGo3nauuM, nmoka He yTouuss, 3Ty Beanuuny f. Ona
MOXKET M3MEHSTbCA COBeplLieHHO caydafino. ITonoxum cHa-
yaja JJs1 NPOCTOThH, UTO BEJUYHHA [ MEHSeTCs cKaykaMu H
YTO NPHU KaXKAOM CKauke oHa MeHsieTcs Ha Af, mpuuem Af c
OJTHHAKOBC{i BEPOSATHOCTBIO MOJKET ObiTh KaK INOJOKHTENb-
HBIM, TaK H OTpHUIATeJbHBIM. TOrfa cymMma BCeX 3THX H3Me-
HeHu#

EAf =0,
140



Tak 4to ¢pepnee snavenue f ne mMensierca. Ho kpaapaTht BCEX
H3MEHEHHH NOJOXKUTEJNbHBI, TAK UTO CyMMa KBajpaToB

Z(Af)?>0

BO3pacTaeT IPONOPUHOHANBHO BPEMEHH. DTy CyMMY U Ha3bl-
BatoT ducnepcuei. OHa CJay:KHT Mepofi TOro HHTEpBaja, B
KOTOPOM «pa3MasaHa» BeJHYHHA [ BOKDPYr IOCTOSHHOIO
cpennero 3Havenns. To, 4To Aucnepcus Bo3pacTaeT MpPOMOP-
LHONIaNLIIo BPeMeHlH, MOXKHO 3amucaTbh B BuAC (OPMYJIbI

T (Af)? = Dt.

MHOXHTeIb NPONOPUUHOHANBHOCTH [ HA3BIBAIOT KO3GhPuyu-
enTom Oughdysuu.

3aKoH JUCHEPCHH MOXKHO 00606IuTh Ha caydall, Koraa
3HayeHUe [ onpenesieHO He TOJIbKO M0 BEJIHUHHE, HO U MO Ha-
IpaBJIEHHUIO, T. €. SIBJASETCS BeKTOopoM. I1pu 3TOM 3aKOH AHC-
IIepCUN TIEPEXOAUT B 3AKOH CAy4atinolx Oayscoanud. Taxkue
O6MyXKHaHUS YacTHIL B OGBIYHOM TIPOCTPAHCTBE NMPUBOAAT
K IpolleccaM mepelioca, B MPOCTPAHCTBE e CKOPOCTeH BbI-
3bIBAIOT OOMEH JSHEPruell MEeXAy pasiuYHbIMH CTeleHsMH
CBOOOJBI M yCTAHOBJIEHHE TEMJIOBOIO PaBHOBECHS.

NMPOT'YJIKA «IIbSAHHXLbI»

3akoH cayuyaiHbIx 61yKIaHUH B OGBIYHOM IPOCTPAHCTBE
MaTeMaTHKH JI00AT NOACHATh Ha TAKOM HArJsAHOM NMpUMepe
(puc. 39). IlycTb npsAHBIA,
HHYEro He cOoo0paXKaIIHA

4eJIOBEK HJAeT MO JIecy. Q_ {:;?
Kaxnpii pas, HaTblKasAcCh /

Ha JlepeBO, OH IOBOPAUH- \

BaeT B COBEpPIIEHHO CJy-

yafHOM HanpasJjeHuu. Ero Q Q
NyTh IPOXOAMT IO MJoula- —
IH, yBeJIMUuBalollelics npo- Q

[TpubankenHo ee MOXKHO

CYATATh 3a KPYT, IEeHTp KO-

TOPOTO OCTaeTCss Ha MecCTe,

a pajMyc BO3pacTaeT Kak {P

KOpDeHb  KBaJpaTHHH U3

BpEMEHH. Puc. 39. TlporyJka «nObsHHIBLY.

‘TIOpUHOHAJIBHO BpEMEHH. Q
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[Tnowane, sausras GayxaanusiMu (nJ0MaAb MATPALIUE),
BBIpaXKaeTcs Tak:

S = Dt.

Muoxurenp nponopuyuoHanbHocTH D ects  Ko3ddunueHt
muboysun. Eciau KaxXAblfl pa3 N0 NepeMeHbl HalpaBJeHHst
IbSIHBIH 4esIOBEK NPOXOAMT MO NPSAMOH NyTb [, TO

§ =Xl

Orcrona xosdduunent auddysun

12
D~ —

T

rae tv-— BpeMsl MeXAy JABYMsi CTOJKHOBeHHAMH. [Hauna [
B 3ajlaue O NPOrYJKe MNbSHOIO YeJOBeKa ecTh MPOCTO pac-
CTOsIHME MeXJy COCEeAHMMHU JAepeBbAMU. B obmiefi 3apmaue
0 cJAyyalHBIX OMYyXAAHUAX — 3TO CMELIEHHEe YacTHIBE [ocTae
KaXXJ0T0 CTOJKHOBEHUS, HJIH, KaK roBopsT, npobea. B 3anaye
0 NPOTYJKe IbSHUIEI OJYXKIaHUA NPOUCXOAMJIHN Ha MJIOCKO-
cri. Ho u npu 6ayxpanun B oObeMme, Kak 1 B 00paTHOM
caydae, KOrja IBUKEHHMe OrDaHMYeHO JNUHMEH, Bcerpa Ael-
CTBYET 3aKOH JMCIEpPCHH, T. €. KBaApaT JHHelHOro pasmepa
o6sacTy OJMyXKAaHHUs BO3pacTaeT MPONOPUHOHAJLHO Bpe-
MEHH:

L2~ Dt¢.

Orciofa clenyloT OCHOBHBEIE COOTHOLIEHHS IJs Bcex aubhy-
3MOHHBIX [POLECCOB: IMy6HHA MPOHHKHOBEHUS 3a 3afaHHOE
BpeMs [

L=~V D¢

U BpeMs INPOHUKHOBEHUS Ha 3afaHHYIO MMyouHy L

e

f~—,

D
Beanunna L2 uMeeT pasMepHOCTb NJIOUIAJAH, U €€ HA3bIBAIOT
NJIOIA/bI0 MHTpAllMK TaKXKe M TOrA4, KOrxa 3Ta IVIOIafb
He HMeeT IpPsSMOro reOMeTPUYECKOro cMbicja. Muoxurenb
nponopuyoHaabHoctd D Bcerna HasbiBaeTcsi Kos(pguuueH-
TOM AUG(Y3uu U N0 NOPSALKY BeJUUMHBI paBeH Npou3Bele-
HUIO npofera Ha CKOPOCTh.
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NPOBEI U CEYEHHE CTOJIKHOBEHHUS

B cnyyae HesapsiKeHHBIX 4acTHI, HampaBJeHHe IBHKe-
HHSI MEHSIETCS TOJNBKO TIPH CTOJKHOBEHHSIX. MeX1y CTONKHO-
BEHMSMH YacTHIa [BUKETCS MO MPSIMOH JMHHM C MOCTOSIH-
HOH CKOPOCTBIO ¥ U mpober paBed

l =r,

rie v-—BpeMa MeXJAy CTOJNKHOBeHusAMH. [Ipu s3ToM K03 du-
uueHT AMGdy3un MOXKHO 3alHCaTh B BUJE

D =lv.

Ecau npencrapasite cefe cTalKUBaIOIIMecs YaCTHILI B BUIE
XKECTKHX TeJ C INONepeyHblM ceueHueM Q, TO yacTulla, IBH-
JKYLIAACs cO CKOPOCTbIO ¥ B Cpelle ¢ KOHIeHTpalueld n yac-
Tul B eAuHULle 06beMa, HCNBITaeT nuQ CTOJKHOBEHH 3a
eIVHNIlY BpeMeHH. BpeMs MeXay mByMs CTOJKHOBEHHSIMH
ecTb obpaTHasi BeJMYHHA:

1

T =
nvQ °*

OTKyZa npober paBeH

Yem nsnoTHee cpena, TeM MeHbIe MpoGer.

Ecnn B nnasme ecTh yacTHIB pa3HbIX COPTOB, TO CKaa-
IBIBAIOTCS UHCJAA CTOJKHOBEHHH, T. €. o6paTHblEe BeJHUHHbBL
BpEMeH CTOJKHOBeHUH uau npoberos. Tak, B yaCTUYHO HOHH-
30BaHHOH NJ1a3Me

1 1
= T =, + kTS =r0(’zaQa + 7,Q)),
rae ng 1 Qg — KOHIEHTPAUS U CeueHHe s HeHTPaJbHBIX
yacTun, a ni u Q; — Ajs uoHoB. IIpOBOAUMOCTH YaCTHUYHO
MOHH30BAHHO} IJIa3MBbl

ez
c=n—ez‘t= 7
m 1 1>
% T
OTKY 2
1 1 1
T =S, T

143



rie

o — ne*  ne?
aT m e mungQ4
net ne®

gy =—=

CTONKHOBEHHS C HEUTPAJIbHbIMH
YACTHLAMH

HefiTpasbHble yacTHIBI MOXKHO B Pa3yMHOM NpUOJIHKe-
HHH CUUTATb HMEIOLMMH OINpe/lesieHHOe IeOMEeTpuUYecKoe ce-
yeHue. HacTuubl He SBJSIOT-

Cfl JKECTKMMH, T. €. ceueHHe

“@ BCErJa 3daBHCUT OT CKODOCTH,

- HO [Jisi HeHTDPaJbHBbIX YaCTHIL

5Ta 3aBHCHMOCTb OIpefienseT-

@ ® @ csl KOHKDETHBIMH CBOHCTBAMH
1 &)) wactuup u me wmoxer 6mth
Puc. 40. Ilepesapsnxa. yKasana B obwem  Buue.

CrosikHOBeHHSI GBIBAIOT Yynpy-

eumu u  Heynpyeumu. Ilpu
yIPYroM CTOJIKHOBEHHH NPOUCXOAMUT TOJBKO OGMEH KHIIETH-
YeCKOll 3HeprHel, NpU HeYyIpPyroM — MpeBpalleHne KHHETH-
YeCKOH SHEPTHU CTaJKHUBAIOUIUXCS YACTHIL B Apyrue (GopMbl
SHeprud. OTO NpeBpalleHUe SHEPrHH MOMKET 3aKJI0UaThCs
B 8030yxcldenuu, uoxnudayuu wnn nepesapsdke. Ilpu BO3-
OyXJIeHHH KHHETHYecKas SHeprus TPAaTHUTCs Ha I[epPeBOX
3JIEKTPOHA OJHOTO H3 aTOMOB HJM MOJIEKYJ, Y4aCTBYIOUIHX
B CTOJIKHOBEHHH, Ha 6ojiee BHICOKYIO OPOUTY. 3aTeM HEpTHs
BO30Y2KIeHUsl H3Jyuaercst B BUje cBeTa. Ecan KuHeTHueckas
3Heprus JOCTaTOYHAa MAJS IOJIHOTO OTPbIBA 3JIEKTpPOHA OT
aToMa WJH MOJIEKYJ/bl, TO CTAHOBHTCSI BO3MOXKHON HOHH3a-
uusa. Hakoneu, ecam aToMm crajkHBaercs CO CBOUM c00-
CTBEHHBIM HOHOM, TO C OYeHb OOJBIIOH BEPOSATHOCTBIO NPO-
HCXOJNT HMEIOIIMI OYeHb BaXKHOe 3HaueHHe B (H3HKe
m1asmel Inpouecc uepesdapsanku. Hon orbupaer y aroMa
3J1eKTPOH, IPHYEM aTOM IpEBpallaeTcs B HOH, a HOH B aTOM
(puc. 40). Kaszasnoce Gbl, HUUEr0 He H3MeHWJOCh., Bcromu-
HaeTcs HMCTOpMs, pacckazanHas Kosbmoit IIpyTKoBBIM
o toHkepax IlImuxare u Ilyabue, KOToprle oOnasgbiBaNH H3
OTIMyCKa U pPEelIuau cOuTh HauaascrBo ¢ Toaky. UInuar Ha-
spanca IHyapnes, a Hlyabn — Hivuaron. Ho s noasve
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NMONOGHBIH «0OMEeH UMeHaMH» (T. €. 0OMEeH 3apsiIoM) OKashl-
BaeTCsl BeCbMa BasKHBIM COOBITHEM,

B camom gese, HOH MOXKeT YCKOPSITBCS 3JIEKTPHUECKHMH
M yAEPKHUBATbCAd MArHUTHBIMH MOJIsAMU. Eciu Ke GLICTpBIH
Hol oTOGepeT y aToMa 3JEKTPOH, OH NMPeBPATHTCS B GLICTPHIHA
aToM, 1la KOTOpLIM MarHuTHoe ToJie He aeficTByer. ATOM HH-
KaKas MarHHTHas JIOBYIIKa He yjAEpiKIiT, U OH YHJIeT Ha CTEeH-
Ky, yHOC ¢ cO00H KHHETHUECKYIO SHEeprulo, KOTOpyw coob-
UIHJI0 eMy 3JeKTPHuecKoe Tosie. A MosyuuBIIMHCS NpPH Ie-
pesapsiike HOH — MeNJIeHHBIH; ero Haa0 ONnsTh YCKOPATh.
BoT mouemy npouecc nepesapsiiki OKasblBaercs OJAHHM H3
[JIABHBIX HCTOUHMKOB TPYIHOCTEH INpH MOJyYEHHH Tropsuefl
NJ1a3MBl.

[Tpoueccsl BO3GYXKAEHHST W HOHU3ALUH — HOPOLOBULE.
Ina HuX 3HepTHs CTOJNKHOBEHHsi NOJKHA OBbITh He HHXKE
ompejenendHoro nopora. Ilpomecc nepesapsaku HiieeT Hau-
GOJbIIYI0 BEPOSITHOCTb, €CIAH OH Pe3OHAHCHbLY, T. €. eCti
HOH OTOHDAeT 3JEKTPOH y CBOEro ke artoma. Takas peso-
HaHCHasl Tnepesapajgka HNPOMCXOAUT C BecbMa OOJBIIOH Be-
POSITHOCTBIO NP KaKHX YTOAHO MaJjblX SHEPrHSX.

BeposiTHOCTH pa3/IHYHBIX MPOLECCOB CTONKHOBEHHS NpHU-
HSITO XapaKTepH30BaTh COOTBETCTBYIOIIUMU 3 (DeKTHBHBIMH
CEUeHMsIMHU: CeyeHHeM BO30yKAeHus Qp, ceueHueM HOHH3a-
IMH Qy, CeueHHeM nepesapsiikiu Qy.

OTH CeUYeHHS ONpPEeAEeNsIOTCS Tak, YTO YacTHIA, JBHKY-
Iascs co CKOPOCThIO U B Cpefle ¢ KOHLEHTpalue# 7, npo-
M3BOJHUT 3a eJHHMIY BpeMeHH vQr COOTBETCTBYIOUIMX IIpO-
ueccoB. CymMMa 3THX TPeX CeUeHMil eCTb IOJIHOE CceueHHe He-
YIPYTHX NPOLECCOB:

Q":‘ QB + Qn + Qn'

Ceuennsi BO30OyKJeHUS M HMOHHM3AUMH HHXKe MOPOrOBOH
SHEPrud paBHBl HyJ/0. Bellme nopora ouu GbICTPO BO3pa-
CTAlOT C 3JHEeprhed, MPOXOAAT Yepes MakKCHMyM Y 3aTeM
ObicTpo y6hiBatOT. CeueHue nepe3apsiiku MeIJIEHHO yObIBaEeT
C Bo3pacTaHueM 3Hepruu. MaxcumaJjbHOe 3HaueHHE Cceye-
HHf MOHH3AaUHMU pPABHO INPHMepHO ma?, rAe o — pamguyc
3JIEKTPOHHON op6HUTH aToMma. Ceuelive pe3oHaHCHOI nepesa-
PAINKH Topa3fo Oovibllle IeOMETPHYECKHX PasMepoB aToMa,
TaK Kak JUIsl TOro, 4To0bl OTHATH 3JEKTPOH, HOHY He obs3a-
TeJbHO BCTyNaTh B TeCHOe CONPUKOCHOBEHHE C aTOMOM
(cM. puc. 40).

DKCMepHMeTaTopbl JI06AT TOJB0OBATLCH BMECTO Ceue-
HHd (Q TaK Ha3bIBAEMOH «BEPOATHOCTBIO» CTOJKIOBeHUs P.

10 IO A. ®Ppank-KaMeHeuxui 145



DT0 eCcTb UHCJO CTOJKHOBEHHH NaHHOTO poja Ha | cm myTH
u Ha | mm pT. cT. HayaJbHOrO [ABJEHHs (MPUBEIEHHOTO

K HOpMaJIbHOH TeMmnepatype). BeposiTHocTh U ceueHue cBsi-
3aHbl COOTHOLIEHHEM

L
P =25 Q =3,5357-1010.Q,

rae L —uyucno Jlommunra, T. e. yucao yactul B 1 ¢u® rasa
IpH HOPMaJbHBIX yc/ao0BHAX. Ha puc. 41 nmokasana BeposiT-
HOCTb HOHU3aLHH, a HA PHUC. 42 — BEPOSATHOCTh PE30HAHCHOH

p
12 (\
8 N

Wew/
4 B~

\
resud
1

0 300 600 900 1200 E, 36

Puc. 41. BeposATHOCTb HOHH3ALHH AJIS TeJHS H apro-
Ha B 3aBHCHMOCTH OT 3HEPrHH 3JEKTPOHA.

mepe3apsiiKu [JIsl TeIHs U aproHa B 3aBHCHMOCTH OT 3HEp-
THH CTAJKUBAIOMIMXES YacTHL. Tak KakK BepOSITHOCTb KaxK-
JOTO Tpolecca NPONOPUMOHAJNbHA CEUEHMIO, TO BCE KPHBBIE
IJIS CeUeHUH uMMenu Obl TaKOH K€ BUMA, OTJAMYAACH TOJBKO
macmTaboM MO BepTHKanbHO# ocu. CedeHHe HOHM3AILMH
y aproHa OoJblle, yeM Y rejusi, M3-3a 6OJbIIETO pajuyca
BHeIIHEeH 3JeKTpOHHON 060sm0ukH. CeueHUs pE30HAHCHOH Te-
pesapsiiKu pa3 B HecATb Oosblie MAKCHMaJbHBIX CeUeHHH
HoHu3auuu. Ecau nepecunTaTh BEPOSITHOCTH HA CEUEHHUS, TO
Gymner BHAHO, YTO CeYeHHsT HOHU3ALUU — nopsinka 10-16 cu?,
a ceyeHus nepesapsaku — nopsaka 10-15 cu2 BepositHocrs-
MH Ipolle MOJb30BAThCS NOTOMY, 4YTO OHH BbIpa)kaloTcs
6osiee yIOOGHBIMH UHCIaMH — OT €IHHHUIL 10 COTHH.
Yrupyrue CTOJNKHOBEHHS NMPHUBOISAT K PACCESHHIO YaCTHI]
U K o6MeHy sHeprueil. OHM BayKHBI A5 JEKTPONPOBOLHO-
CTM M asa mnpoleccoB nepeHoca. CeueHus ynpyroro
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CTOAKHOBEHHSt — OGBIYHO TMOPSLKA reOMeTpHuecKHX pasme-
poB atomMa HUJAU MOJICKYJIHI. AHoMasbHO MaJibl CeUeHHs yupy-
roro pacceqgnusi MENJEHHBIX 3JEKTPOHOB Ha aTOMax HHEpPT-
HBIX ra3oB: aproHa, KpUOTOHA U KCEHOHA. 311er 6J1aro;1ap;1
KBAaHTOBOME€XAaHUYECKOMY SBJICHHIO ,E[HCI)paKL[I/IH 3JIEKTDOH
IIOYTH HE paccenBaeTcd Ha aTOMax M IPOXOJHUT yepe3 ras

P
120 \\
Veay
80 ~——_T_
40 =~ reaud
\__.
0 10 20 30 VE,36

Puc. 42. BeposatHocTh mnepesapsixu LS re-
Jusi U aproHa B 3aBHCHMOCTH OT 3HEpruu
CTOJIKHOBEHHSI.

IOYTH KaK yepe3 MYCTOTY. DTO siBJEeHHEe HOCHT Ha3BaHHE
apexra Pamsayspa. Ono wnabaogaercss NPH IHEPTHAX
3JIeKTPOHA 3HAYHTEJbHO HMXKE I[OPOroB BCeX HEYNPYTHX
IIPOLECCOB.

KYJOHOBCKHE CTOJIKHOBEHHS

3apsiiKeHHble YACTHIB B3aHMOLEHCTBYIOT MeXAy co6oi
no 3akoHy KyJoHa, corsiacHo KOTOpPOMY B3aHMOJeHCTBHE
JHIIb MeJJIeHHO ocjabeBaer ¢ paccrosiHueM. 3apsKeHHas
yacTHIa, ABHrasch B IJa3Me, BCe BPeMsl B3aHMOJEHCTBYeT
C APYTHMH 3apsiKEHHbIMH YacTHIAMH, H TyTb ee uM3obpa-
JKaercs He JOMaHOH, KaK NPH B3aUMOJEHCTBUH C HEATpaJ/b-
HbIMH YacTHIAMHM, a KpuBoOil JuHHe#d (puc. 43). Onpnako
NOAPOGHBIA aHAJIH3 [OKa3bIBaeT, YTO U B 3TOM CJydyae MOXK-
HO ONMCHIBaTh TEIJIOBOE [OBMXKEHHE M IIPOLECCHl IepeHoca
B TEPMHHAX TEODHU CTOJIKHOBEHHH, BBOAS YCJIOBHOE MOHSATHE
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KiYAOHOBCKO20 CTOAKHOBEHUS. DTO 3HAUNT, UTO HCTHHHBIN
KPHBOJIMHEAHbIA yTh YACTHIB! Mbl NPHOJIHKEHHO 3aMeHsIEM
JoMaHoOH nuHuell (mwrpux Ha puc. 43). Kaxanii pas, korpa
B pe3yJbTaTe HENpPEephIBHOTO B3aUMOIEHCTBUSA HanpaB/ieHHe
JBHKEHHUSI YACTHIIBI IOBEPHETCS IPUMEPHO Ha MPSMO yroJ,
Mbl OyIeM rOBOPHUTb, UTO YaCTHIA NpeTeprenaa KyJIOHOBCKO®
CTOJIKHOBeHlle, KOTOPOMY OTB€YaeT M3J0M HalleH IITPHXO-
BOU JjioMaHo# auHIu. UTo6hl KOJUUECTBEHHO ONUCATh TENJIO-
BO€ J(BHXKEHHE B Ija3Me
OpU TNOMOWIM  TEOpPHH
CTOJIKHOBEHHH, Ham
0CTaJI0Ch TOJbKO Ompe-
IeauTb 3¢ ¢deKTHBHOE ce-
yeHHe KYJIOHOBCKOTO
CTOJIKHOBEHHS, HJIH, KaK
TOBOPAT JJIsi KPaTKOCTH,
KYAOHOBCKOE — ceueHue.
OHO cocTOHT U3 ABYX
MHOXKHUTeJEH, YUHTHI-
BAWOWIHNX OAUNCHIE U
dasvrue s8aaumooedi-
cTBUA.

Puc. 43 CxeMa KyJIOHOBCKHX CTOJIK- O 6JHXHEM B3aUMO-

HOBEHHiL. JEHCTBHH MBI TOBOPHM B

. TeX  cJayuasix, Korjia

OJlII0 B3aUMOJEHCTBHE MEXy IBYMS YaCTHLAMH CPas3y NpH-

BOAHT K KDPYyTOMY MOBOPOTY. [I/1s1 3TOro HY»KHO, YTOGH! I0-

TEHIHaJbHas 3HEPTHUS KyJOHOBCKOTO B3aUMOJEHCTBUS CTaja

TOrO Ke MOPs/iKa, UTO U KHHeTHUeCKasi SHEPrUs CTANKHBAIO-
IMXCS YACTHIL:

Z,Zye?

- Mo?
-

(MuoXkHTENb 1/2 1 takoil ouenks He Baxen). OTciona
paccrosinHe GJHKHEro B3aUMOLeHCTBHS

o Z1Zye*
b~k

33M€TI/IM, UTO AJis1 CTOJIKHOBEHHS UI'Paer pOJib TOJIBKO KIIHEe-
THYECKaa SHEePTHS OTHOCUTEJAbHOrO ABHKEHU A YacTHl; O03TO-
MY U €eCTb OTHOCUTEJIbHA CKOpOCTh, a M— [IpuBegeHHas
Macca. I[JIFI B3aHMOMIEHCTBHS MEXIY 3JEeKTPOHOM H HOHOM
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fIpUBEJEHNAasT Macca paBHa Macce 3JeKTpoHa, I paccTOAHHE

GJIMKHETO B3aUMOIEeNCTBHS
2

b= s,
mou
rIe m — Macca 3JeKTpoHa W Z — 3apsij] HOHA.

DddekTuBHOE ceueHHe OJHKHETO B3aMMOJIEHCTBHS €CThb
miouans Kpyra paguyca b, 1. e. mb2.

Onnako, KpoMe KpPYThIX NOBOPOTOB, HampaBJieHHe ABII-
JKEHHSl YaCTHIIBI M3MEHSIEeTCs elle M 3a cueT AaJbHUX B3au-
MOJeHCTBUI, NPHUBOASIIUX K IOCTENEHHOMY HCKDUBJICHHUIO
nytd. Pacuer nokasblBaer, 4TO IOJIHOE KYJOHOBCKOE cede-
HHUE [OJNyyaeTcsi YMHOMKEHHeM CeueHHsi GJHIKHEro B3aHMO-
NENCTBHS HA KYAOHOBCKUL A02apUpM:

Q=rb1nA.

Kynouosckuil sorapudm B oGBIUHBIX AJs [J1a3MBI yCJIO-
BUsAX MoxKeT ObiThb nopsaaxka 10; Takum o6pasom, LajnbHHE
B3aUMOJEHCTBHSI OKa3bIBAIOTCA BaxKHee OJIMMXKHHX.

Panuyc 6amxuero B3aumoneficTBus b o6paTHO Hponop-
[MOHAJ/JeH KHHETHYeCKOH JHEPrHH YacTull. B TepMHYeCKOH
miasMe oH 00paTHO NPONOPLHOHAJEH. TeMIleparype, H, cie-
JI0BaTeJbHO, ceueHue OJHKHEro B3aHMOMEHCTBUS C NOBbINIe-
HHeM TeMIepaTypbl yMeHbLIaeTcs Kak ee obpaTHHIH KBaf-
par. Kysnowosckuit Jorapudm mno csofictBaM Jorapudma
JHIIb ¢1a60 3aBUCHT OT CKOPOCTH Wi 3Hepruu yactum. Or-
Clofla cjefyeT OCHOBHOE CBOKCTBO KYJIOHOBCKOTO CEYEHHS:
OHO PEe3KO yMeHbINaeTcs C YBEeJTHUEHHEM CKOpPOCTH YAaCTHIL.
B Tepmuueckoii niasme KyJOHOBCKOE ceueHHe NpUMEpHO 00-
pPaTHO NMpPONOPIMOHANBHO KBaApaTy TeMmepartypbl. Eciu xe
rpynna 34eKTPOHOB MOJ NEHCTBHEM 3J1EKTPHYECKOro MOJs
OTOPBETCSI OT OCHOBHOH Macchl U npuoGpereT GoJblIMe CKO-
POCTH, TO AJSI 3THX 3JIEKTPOHOB KYJIOHOBCKOE CeUeHIe PE3KO
yhnajier, yTo NpUBeJET K ellle 6OJbIIEMy YCKOPEHHIO H NPO-
rPecCUBHOMY HaeHHIO0 ceyeHUsl. Takue TMpOJETHbIE, HIH
«y6eralomunes, 3JeKTPOHbLI B KOHIe KOHIIOB MOTYT YCKODSATh-
cq B masMme, Kak B BakyyMe. JIJ1s1 9TOr0, KOHEYHO, HEOOXO-
JUMO, 4TOOBl 3JIeKTpHUEeCcKOe moJje ObljIo HalpaB/JeHO BAOJb
MarHHTHOTO, T. €. YTOGHI Gbljl TOK BAOJb CHJOBHX JHHHUIL

Bennuyuna A, crofilas [0J 3HAKOM KYJOHOBCKOro Jorapugma,

eCTb OTHOWIeHHe HauGOoJbIIero ¥ HAWMEHbLIEro pacCTOSHHI B3anMO-
IeACTBUS:

Fmaxke

A =—

.
T'vun
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Hauboabiiee paccrosinue B3anMoieficTBHs — LOpsiiAKd OebaeBekol AJH-
Hbl (IJIMHBI 5KPAHUPOBAHUs)

Pyake = k.

Ha paccroanusx Goablle 3TOH JJMMHBI KYJOHOBCKHH IHOTeHILHas] GBICTPO
CHajaer K HyJIO H B3aUMOAEHCTBHE TPeKpallaeTcs.

Haumenbiliee paccTostHHe B3aUMOAEHCTBHS MOXKET B 3aBHCHMOCTH
OT OTHOCHT@JLHOH CKODOCTH YaCTHL HMeTb J160 KJIaccHyecKylo, Ju6o
KBAHTOBYIO MNpupoAy. IIpu Majblx CKOPOCTAX KBaHTOBble SIBJEHHS He
CKa3bIBalOTCS (3TOT «cayyall Has3bIBAIOT KBA3UKAGCCUYECKUM), W 3a HaH-
MeHbllee DacCTOSHHE B3aWMOJEHCTBUS IMOXKHO TPUHSTh Daguyc OJIXK-
Hero B3auMOJleHCTBHS

Faun = b.

Jlns anexTpoHa
Ze?

~ "
Tyun = 002

Ho 310 paccTodaHie AOJKHO OBITh OOJIblIE KBAHTOBOMEXAHHYECKOH MIJIH-
Hbl BOJIHbI:

Fyun 2>

mou °
B npoTuBHOM ciyyae BCTYHAIOT B CHJYy KBAHTOBblE $IBJIEHHdA, U 34

HauMeHbUICEe PACCTOAHUE B3anMoOJedCTBUS HYXKHO IPHHATbL 3Ty OJUHY
BOJIHBIL:

N —

Pynn = 7,07

KBaHTOBBIE SIBMEHHSI MOTYT HMETb peajlbHOe 3HAaueHHe TOJMbKO AJIs

5/1eKTPoHOB. [103TOMY IJIMHY BOJIHBI Mbl NHIIEM HMEHHO MJISI 3JEKTPO-

Ha. TakuM o6pa3oM, 3a HauMeHbllee PaCcCTOSHHE B3aHMOMEHCTBHS M5

3/MeKTPOHOB Oepercst OOJIblIasi M3 JBYX BEJIHYHH: DACCTOSIHHS OJIHXK-
h

HEero B3aUMOJeHCTBUS b u AJIMHBI BOJIHBI 3JIEKTPOHA mu * HaumeHsb-

miee paccTOsiHHEe B3aUMOJEHCTBHs NpHOGperaeT YHCTO KBAHTOBYIO MpH-
POAY, €C/IH BBUIOJHEHO YCJIOBHE

4YTO CBOOHUTCA K

DTO YyCIOBHE TOXKAECTBEHHO € YCJOBHEM IPUMEHHMOCTH GOpPHOBCKOTO
NpUGJIHKEHUsT B KBAHTOBON MexaHHKe. KBaHTOBBIH, uaH GOpPHOBCKUH,
ciayyali [IJsi BBIYHC/IEHHS] KYJOHOBCKOTO Jorapudma OCyLIeCTBJISIETCS
npu GOJIBIIMX CKOPOCTSIX AJEKTPOHOB. B TepMuueckofl miasMe gns 3To-
ro TeMmmepatypa HOJKHA OblThb 3HayuTedbHo Bbille 400000°K, T. e.
npuMepHo 40 as.

Kaaccuueckudi paduyc dacTuubl ecTb paccTosiHUe GJIHK-
Hero B3aMMOJAEHCTBUS NPH KHHETHYECKOH SHEpruH, paBHOH
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suepruu nokosi. CorJacHO TEOPHH OTHOCHTEJLHOCTH, SHE-
THsi [IOKOSI PaBHA Macce, YMHOXKEHHOH Ha KBajgpaT CKOPOCTH
ceta: Eq = Mc? Orciofa KiaccHYecKuil pamguyc
Z2e?
Mc?
Paccrosinne 6/iMxHero B3auMoLeHCTBUS

E

b=rof

ro=

W KYJIOHOBCKO® CeueHHe
~ of Eq)\2
Q=m=rg ?) InA.

151 snexTpoHa

Ceuenne paccesiHMs cBeTa YacTHUEeH (TOMCOHOBCKOE ce-
yeHue)
8 2
Qo = 3 ™o
Kynonosckoe ceueHne BHIpAXKaeTCsi Yepes HEro Kak

~ 3 E,\2
d=5Q (%) A
3nech E — KuHernyeckasi SHepPTUsl UaCTHUILHL.

YCTAHOBJIEHHE TEPMHYECKOIro PABHOBECHS

B paspexxkeHHO#l mJjasMe CKOPOCTH M 3SHEPrHHM YacCTHI]
MOTYT B TeYeHHEe 3aMETHOro BPeMeHH OBITh paclpejeJeHbl
HepaBHOBecHO. Oco06eHHO [OJIT0 COXpaHseTcss pasanyue
MeXAy CpPeIHUMHU SHEPTHsIMH HOHOB U 3JIEKTPOHOB, TaK 4TO
4acTO NMPUXOMUTCS NPHUINUCHIBATH ONHOH M TOH XKe MIasMe
ABe TeMmnepaTypbl: HOHHYIO T; U 3jeKTpoHHyto .. YCTaHOB-
JIGHHE TEPMHUYECKOr0 PABHOBECHS B KajXKJOH JaHHOH TOYKe
IIPOCTPAHCTBA NPOHCXONUT B pe3yJbTaTe CAyYyaHHBIX HU3Me-
HEeHHH cKopocTell. BpeMsl ycTaHOBJIeHUSI paBHOBeCHsT Ha3bl-
BAIOT @pemenem pesaxcayuu. Heobxonumo pasnuyatb TPH
BpeMeHH penakcauuu. breictpee Bcero ycranap/iuBaercs pas-
HOBECHO€ pacnpefeseHHe CKOPOCTEH MeXAy 3JeKTPOHAMH.
Bpems ero ycranoBieHus o6o3HauMM T.. Bo MHOro pas
GoJbIlie BpeMeHH HeOOXOAUMO ISl YCTAHOBJIEHUsT paBHOBEC-
HOTO pacnpefeieHdst CKOPOCTEH MEXJy HOHaMH. DTO BpeMs
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Mbl 0603HauuM t;. W ewe GoJibliie BpeMeHH HYKHO IJS TO-
ro, uto6bl 3aBepuiuiacsd 06MeH JHeprueil 3JEKTPOHOB C HO-
HaMHM M yDPaBHSJHMCh WOHHAS U 2JEKTPOHHAs TeMIepaTypbl.
TpedyeMoe a/s1 3TOrO BpeMs HAa30BEM Te;. 11PH OLHHAKOBLIX
KOHEYHBbIX TeMHepaTypax 3TH BpeMeHa OTHOCSTCS Ipyr
K Ipyry TakK:

Te _ g4 /_m-. 11*1]/71—

ET ] M’ Tmy ZEV M

Ecan nnasma TpHIOTOBNIeHA HepaBHOBECHBIM 06pasoM,

TO 32 BpeMsl MeHble T, MOHATHE TeMMepaTyphl NJIs Hee BO-
oflle He HMeeT cMbicia. Eciu npoulio BpeMs GoJblle Te,
HO MEHbILIE T;, TO MOKHO FOBOPUTb O TeMIepaType 3JeKTpo-
HOB, HO He O TeMIepatype HOHOB. Yepe3 BpeMms 6GoJjbiue T;,
HO MEHbIIe T,; HMEIOT CMbICJ [Be pPas3J/udIHble TeMIEpPaTyphl:
3JIEKTPOHHAsA M HOHHAfA, U IO NPOLIECTBUHU BPEMEHH O60Jb-
1€ T,; [IJ1a3Ma UMeeT OfHy ONpeleJeHHYIo TeMIepaTypy.

3HayeHUsl BpeMeH pejaKcallMd MOXHO OLUeHHTh u3 (op-
MYJIBl 4JIS1 BpEMEHH CTOJKHOBEHHUS

1

= nvQ’

eCcJH BMECTO Q [IGACTaBUTb KYJIOHOBCKOE CeUeHHE, a BMECTO
U — CPEIHIOI0 KBAIDATUUYHYIO CKODOCTh TEIJIOBOI'O IBUKECIIHSI:

0=V37T4—,

rie I —Temmnepatypa B 3HEpPreTHYeCKMX eJUHHIAX. 3Haye-
11Me CKOpPOCTH v GepeTcs AJisi PABHOBECHOTO COCTOSIHHS HO-
TOMY, UTO 3TO COCTOSIHHE SIBJIsIeTCSl KOHEUHBIM MJisl Mpolecca
pesnakcanuu. Tounblil pacuer faeT 3HAUEHHE BpPEMEHH pe-
JJAKCalliu B BOCEMb pa3 MeHbllee, YeM IPHBEJEHHAs OLEHKA

1
B 8xnuriin A’

OTKY 14
v m (3T,

T, = e
e 8nnetln A’

o VM@
L7 8mnZ%*In A
[Ipu CTOJIKHOBEHMH MEXIY 3JeKTPOHOM H HOHOM H3-34

60/1bILOTO pasjqndHsa B Maccax nepenaercss OT OOHOro K Apy-
FOMY JHWDL MaJjaast [oJis1 SHEePryuH NnopanKa OTIOUIeHHST Mace
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m/M. TlostoMy Bpemsa yCTaHOBAEHHS T€PMHUECKOr0 paBllo-
CHST MEXKAY 3/JEKTpOHAMH H HOHAMH BbIpakKaeTcsd Kak

. M Y m 3T
‘ei™ "m 8znZ%e*ln A°

Ecnu B nanasye NPHCYTCTBYIOT TOJbKO OAHO3apsAAHBIE 1OHBI,

/
TO T; B l/ M/m pa3 6oJibllle T, H Te; BO CTOJbKO iKe
6oJibllie T;.

NPOLLECCbI MEPEHOCA B MArHUTHOM IOJIE

B MarHuTHOM moJe Bce IpOLecChl MepeHoca CTaHOBATCS
QHUBOTPONHBIMU, T. €. IPOTEKAIOT Pa3/JHUHbLIM 06pa3oM B pas-
HbIX HanpaBJeHUsX. BLOJb MATHUTHOTO MOJsT YACTHUIB! ABH-
KyTcsa cBOOOJAHO, TaK Xe KaK M B ero oTcyTcTBHe. [1pu aToM
CMeLleHHe YaCTHIBI MOCJAe KaxKJOro CTOJKHOBEHHS PaBHO
npobery

==
1 Ko puuuent nuddysuu
[2
D|| ::-T—xl‘v.
B npepenbHOM ciydae CHJIbHOTO MarHHTHOTO IOJIsI TIOTEPEK
MOJIST YaCTHLBL HE ABHXKYTCs cBOGOIHO, a BpaulaloTcs MO LH-
KJIOTPOHHBIM KpYKKaM. B pesy/brarte cTONKHOBEHHST YaCTH-
118 MOXKET TOJNbKO NEPECKOUHTb C OJHOrO KPyKKa Ha APYroH.
CMelenye yacTHIBI [OCJAEe KayKAOrO CTOJKHOBEHHsS 3J]eCh

NopsiiKa UHKJAOTPOHHOrO paauyca
v
r, — —

L
4

1 KoapbunuedT n1udQy3uu nomnepex moJst

OrHolIeHHe NOMEepPeYHOro M NPOJOJBHOTO K03()(DHIMEHTOB
A1 dy3nu B CHAbHOM MaTHHTHOM IIOJie DPaBHO

Dy __v _ _1

2 2. 2
D“ ol w.T
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Takum o6pasom, MJis ABYX NpPENeNbHBIX CJAYUaes:
a) B OTCYTCTBHE I0JIsI

Dy =Dy,
6) B OUEeHb CHJIBHOM HOJIE
Dy
DJ_= wit? *
O6a 3Tu cayyas MOXKHO OOBbEeIUHUTh OXHOH HOPMYJIOH:
D
I
D, = s
1+ ot

[1nasmy, y KOTOpoOil NepHoa UHUKJIOTPOHHOrO BpalleHHS
3HAYUTENbHO MEHble, YeM BpeM§ MEXAY CTOJKHOBEHHSIMH,
Ha3blBAIOT 3aMa2HU4eHHOU. YCIOBHEe 3aMarHMYeHHOCTH, KaK
Mbl BUIEJIH, HMEET BUJL

o > 1L

B 3amarHuueHHO! MiasMe B IOJHOH Mepe NPOsiBJIseTC aHH-
30TpoOmHs MpoueccoB nepenoca. IIpu sTomM KosdpduimeHTt
aupdysud nomepek mMosas H0JKeH ObITb 06paTHO MPOIOP-
IIMOHAJIeH KBaJpaTy HHUKJIOTPOHHOH YacCTOTHI, T. €. KBaApaTy
HaNpsXeHHOCTH MarHutHoro mnoas. To ke orHocuTCst
H K OCTaJbHHIM KO03((HINeHTaM NepeHoca, B YaCTHOCTH
K TEIJIONPOBOLHOCTH U K 3JIEKTPOIPOBOJHOCTH.

PeanbHO aHM30TPONHS MpPOLECCOB MEPEHOCA B 3aMarHu-
YEHHOH MJasMe He NpOfBJAETCS B MOJHONH Mepe H3-3a psfa
OCJIOXKHSAIOMUX 00CTOATENbCTB. DJIEKTPHUECKUH TOK B I1J1a3-
Me MOXKET BbI3bIBATbCS HE TOJBKO 3JCKTPUUECKHUM MOJIEM, HO
¥ CMJIaMH HHEPUMH H LaBJEHMS, UYTO CHUMAET B OUEHb MHO-
THX CJydasiXx aHM30TPONHIo nposoguMocTH. Juddysuonnse
K€ NpOIeCCH MOMepeK IO/ OCHOXKHAITCH AHOMAAbHOU
OJuggysued, cBA3aHHON C HEYCTONYMBOCTBIO MAa3Mbl. OTCIO-
la BO3HUKAIOT HeNpeJBUACHHBle TPYAHOCTH IIpH yaepiKa-
HHH MJIa3Mbl B MArHUTHBIX JIOBYIIKAX.

AMBHUINIONSIPHAS OH®PY3HA

B snekTpuueckn u30MMpOBAHHON MJ1a3Me HOHBI H 3JEKT-
poHbI He MOryT NHGPYHAHPOBATL HE3ABUCHMO APYT OT APY-
ra: 3TUM Hapyluuaach Obl KBa3HHEATPAJbHOCTb. YiKe camoe
HHUTOXKHOE OTKJIOHEHHEe OT KBa3HHEATPaJbHOCTH BhI3bIBAET
CHJIbHEHIIMe 3JIeKTPHUeCKHE I10JIsl, MPENATCTBYIOUINE NaJb-
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HefillleMy pasfie/eHHIO 3apsioB. B pesynabrare «oTCTaBIINES
YacTHIbl TOPMO3AT ABHXKEHHE YaCTHIl, BhHIpBAaBIIMXCS BIle-
pel. Ilonyuaerca To ke, 4TO ObIBA€T B TYPHUCTCKOM INOXOJeE,
KOrja BCS TpyNIa [OJKHA PaBHATbCS Ha CaMbix CaabbIX.
KoHeuHo, 1 oTCTaBIINE HEMHOrO MOATATHBAIOTCS 34 Mepeno-
BbIMHM, HO B MeHbLIEH CTeNeHH, UeM MepeaoBble TOPMO3ATCH.
B npocrefimem cayuae, ecau Kospouument nuddysuu s
YacTUIl OJHOro 3HaKa BO MHOro pas 0oJblie, YeM AJs ApY-
roro, obuuit KoaduuuentT nuddy3un okasblBaeTcs: BIBOE
Gosbllle MeHbIIET0 M3 HHX. Takyio coBMmectHywo auodysHio
IPOTHUBOIOJIOXKHO 3aPSKEHHBIX UaCTUI HA3BIBAIOT AMOUNO-
Aaproll.

Bes maruutHOro mosist MM BIOJIb HEro 3JEKTPOHBI AHD-
GyuaupyoT ropasgo ObICTpee HOHOB, TaK KakK OHH Jerde
1 6onee moaBuKHbBL. [Ipu 3TOM Ko3dduuuent amGunossp-
HOH Auddy3un paBeH YABOEHHOMY Koadduuuenty auddy-
3ud uoHOB. O6GpaTHblE COOTHOHIEHHS MOJMyYaroTcs s Oud-
(bysuu nonepex CHIBLHOrO MarHUTHOro noJjs. Torna xosddu-
uueHT nuddy3un HOHOB ropasno Gofblie (H3-3a 6OJBLIOTO
IIMKJOTPOHHOTO pajauyca) M Kodpduuuent amGHIONTPHON
nuddysuy paBeH YABOEGHHOMY Koadduuuenty auddyaun
3JeKTPOHOB.

OnHako BO3MOXKHBI YCJOBHS, B KOTOPHIX AH(dy3us mo-
Hepex MarHUTHOTO IOJIST MOXKET U He ObITh aMOUIOJSPHOH.
OTO OTHOCHTCST K CJydasiM, KOrga pasjejieHde 3apsifioB
CHHMAeTCsl TOKAMHM, TEKyLUIMMM BIOJb MArHUTHOTO I[OJA.
BospMem Kak mpuMep IIasMy B UHJIMHIPHUYECKOH TpyGe
C MarHMTHeIM IoJeM BHOJb TpyOwe (puc. 44). UYacruum
miasmel JMGOYHAMPYIOT K CTEHKaM IMOmepek MarHUTHOTO
nossi. OKasbiBaeTcs, 4TO CKOPOCTb AUGQY3UHM CYLIECTBEHHO
3aBHCHT OT TOTO, 4eM 3aKPBITHl TOPIbI muauuapa. Ecan Ha
TOPIAX CTOAT H30JMPYIOUIHe 3aIVIYIIKH, TO BO3HHMKAIOIIHE
B IJ1a3Me 3apAjbl HUYeM He HefiTpanusyiorcs. [Ipu sTom
A y3ns naasMe! foMKHA OBITh aMOunospHoit. CKOpocTb
ee Oyner BaBoe 0oJblile, 4eM CKOpPOCTh AH(QY3HuH 3JeKTpo-
HOB, H Tropasjo MeHblle, 4yeM CKopocTb nuddy3uud HOHOB
nonepek noJss. Ho nocTaToyHo 3aMeHUTh H30JHPYIOLLUE 32~
TIYUIKY 3a3eMJCHHBIMH METaJJIM4ecKUMHU, YTOOb XapaKTep
nudysun pesko usmenuacs *. Temepp Houbl Moryt mud-
(GyHaupoBaTh CO CBOHCTBEHHON WM GOJBLUION CKOPOCTBIO,
a TO, YTO 3JIEKTPOHBl OTCTAIOT,— He OGena. a3GbiTouHbIE

* B nonHo#t mepe 3T0T 3G(exT NPOABJAETCA, €AY M CTEHKH LH-
fMuApa cAellabl U3 NPOBOAALIETQ MaTepHana.
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3JIEKTPOHBl MOTYT CBOGORHO YXOAHTb BAOJbL MArHHTHOTO
NoJIst Ha MeTaJ/IMYecKHe 3araylIKH U Yepes HUX B 3eMJI0.
ITO 3HAUUT, YTO BO3HHKAIOUIME B MJIA3Me 3apsiabl KOMIIEH-
CHpPYIOTCS TOKaMH, TeKYyIUMHU BIOJb MarHuTHOTO moJs. [1pu
3ToM auddysus mnepecraer GbTb aMOUIONAPHOH, H CKO-

I I D

a
o 10° 0400 he éooooo§o° A )
8 S
JE T B T N
J

Puc. 44. AmGunonsipHasi (a) u cailiMOHOBcKas (6) nudy3HH.

POCTb ee ompefenseTcad TeM H3 Ko3h(UIMEHTOB, KOTOPBIH
Gonblie (caimonosckas Ougpysus).

PaccMoTpeHHBII NpuMep NOYUYHTEJNEH: M3 HEro BHIHO,
Kak Koshpuuuent nucd@ysur, KOTOPLIH AJs APYTUX COCTOS-
HMH BellecTBAa Mbl IIPUBBLIKJIH CUMTATh (hU3UUECKOH KOHCTAH-
TOH, AJA IJIa3Mbl OKa3blBAeTCsl 3aBHUCSAIIMM OT BHELIHHX
ycaosufl. To ke IPOHCXOAUT 4aCTO U C APYTrUMHU PpHIHUECKH-
MU BeJMYMHAMH, HAaNpUMep ¢ NPOBOAMMOCTBIO. MMes meno
C NJ1a3MOH, PUCKOBAHHO I10JIb30BAThCA CIPaBOYHHKOM (H3H-
YeCcKHX KOHCTAHT, TaK KaK NOBeJeHHMEe BEUIeCTBa B COCTOA-
HUM [J1a3Mbl CJOXKHEe, YeM B JAPyrux (usHYecKux CO-
CTOAHHAKX,

COBPEMEHHBIM MJIASMEHHbI 9KCNNEPHUMEHT

Kasanoch Gbl ecTecTBeHHBIM 3aKOHUHTb KHHUTY, H3/1arat-
UyI0 OCHOBBl (H3UKHM IMJIa3Mbl, 0630pDOM €€ TIPHMEHeHHI.
Onunako asis1 510r0 Bpemsa elle 1ie Nnpuiiio. Muoro naTepec-
HbIX TEXHHYECKMX BO3MOXKHOCTefl MBI yixKe ob6CyxXKnaniu, pac-
CMaTpHBas OTJeAbHhle (PH3uueckue sompochl. Ho Baxued-
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1iMe TeXHUUeCKHe MPHUA0KEHHST (DU3UKM MJ1a3Mbl HE BBIILIU
elle M3 cTaguu JabopaTopHo#l paspaborku. ITostomy BMe-
CTO 0030pa NPHJIOXKEHUN Mbl 3aKOHUHM HAIy KHUT'Y ONHUCA-
HHEM OJIHOTO0 NpHMepa THUIHWYHOrO IVIa3MEHHOTO JKCIepH-
MeHTa.

B knaccuyeckoit ¢u3uKe rasoBoro paspsija IjiasMa cos-
faBajach NPsAMBIM TOKOM MEXKAY METaJJIHYeCKHMH 3JIEKTpPO-
namu. Crenenb HoHM3auHMH Oblja oueHb Hu3ko#. CHJABHBIE
MarHuTHBIE [0JI He IpHMeHsauchb. Ha xonx mpoieccos B pas-
psifle BaXXHOe BO3JEHCTBME OKasbiBaau GHU3MKO-XUMHUECKHE
CBOCTBAa MaTepHasa 3JeKTPOLOB U SIBJEHHS] y HX IOBepX-
HOCTH.

Hanporus, 1151 coBpeMeHHO# OCTaHOBKY SKCIEPHMEHTA
TUIIUYHO CTpeMJIEHHe II0Jy4aTh KOHIEHTPHPOBAHHYIO MJ1a3-
My B 6€33/1eKTPOJHOM HHAYKIMOHHOM paspsine H BO3JAeH-
CTBOBATb HAa Hee MOILHBIMH MarHUTHBIMH IIOJIIMH, HCIIOJIb-
3ysi CBOHCTBA BMODOXKEHHOCTH W MarHUTHOTO AaBJenust. s
HoMy4eHus: OOMNBUION HANPSXKEHHOCTH 110/ ¥ KOHIEHTPalHH
SHEPTUM NpUOEraloT K UMRYALCHOIM NPOYECCAM, TPOLOJ-
JKAIOIIMMCS] ThICSYHBIE MJIM JaXKe MUJIJIHOHHBIE TOJH CEKyH-
OBl (MMJJIMCeKYHJBl MM MHKpOCeKyHIbl). TpeGyemasi Aisi
UMIIyJbCa 3JEKTpPHUECKas 3JHEprusi samacaercs B Oartapee
KOHJIGHCATOpOB. Perucrpauus NpPOUCXOASIHX B MJIasMe
ipOIeCcCOB BeeTCd IPH MOMOLIM ocuuasiorpadoB ¥ MeToxa-
MM BBICOKOCKOPOCTHOH ¢ororpacdun. YTob6sl MONYyYHTb BBI-
COKYIO CTeleHb MOHHM3aLHUH, IPUXOAUTCSI paboTaTh NpPH Ma-
JIOH MJOTHOCTH rasa: HauaJbHOE [aBJeHHe OO6bIYHO H3Me-
psieTcsl COTHIMHM MJIH TBICAUHBIMHM NOJSIMH MHJJIHMETpPa PTYT-
HOTO cToJsba.

OkcnepuMeHT (puc. 45) 3akjiouaercsa B CKATHM IJ1a3-
MEHHOTO IIHypa OBICTPO HapacTalOLI¥M IMPOLOJbHBIM Mar-
AUTHBIM noJeM (8-nuHu). Buimpsimutens 3apsikaeT KOHIEH-
catopHyio Garapero. ['as, HaxoAMHUHACA B KBaplUeBoH TpyOGKe,
[ofBepraercss INpelBapPHUTEJbHON MOHH3AIHH BBICOKOUAC-
TOTHBIM DPa3psifioM OT MaJIOMOILHOI'0 MOHH3HPYIOIEro rexe-
patopa uepe3 BCIOMOTaTeJbHBIH KOHTYp. [1o HCTeueHUH 3a-
NAITHOTO MaJIoro BPeMeHH MOCJ/C BKJIIOUEHHS] HOHU3UpYIOLLe-
ro redepatopa OJIOK 3amycka 3aMblKaeT uepes paspsIHHK
KOH/le:ICaTOPHYI0 0aTapelo Ha IIHPOKHI BUTOK, CO3AAIOIIH#
MOIIHOe OBICTPO HapacTalollee MarHuTHOe mnojie. MarHut-
HO€ 110JIe BHYTPH I/Ia3Mbl H3MEPSIOT MAarHUTHBIM 30HIOM.
OcunnorpaMmy 37010 NOJst MBI yXKe npuBofuan Ha puc. 30.
CxropoctHoe ¢ororpaduposanue BefyT Kak c TOpLa, Tak
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u c60Ky yepes meab B BuTKe. C TOpIA CHAMAIOT B peXUMEe
kadposoil paseepTKi.— depe3 paBHbIE IPOMEXKYTKH BpeMe-
HU MOJIy4aroTcs OTAeJbHble Kaapbl. Cepust Takux Kaapos
nokasana Ha puc. 46. C6oky ¢ororpacduposanne BexyT
B DEXHME Henpepolexoll pa3sepTKu Ha BpPaUIAIOUIYIOCS
naedky (puc. 47). ConocraBienne (GOTOperucTpamuil ¥ oc-
LMJJIOrPAaMMbl MarHUTHOTO 30HJA 03BOJIsIET paciindpoBath
KapTHHY NOBeJeHHs NJIa3MeHHOr0 MIHypa.

Hanpabrenue gomocsemru

K Hacocy

K ocquinozpagy Jat

Harpabrerue GomocsemMku

Puc. 45. CxeMa sKcnepHMeHTaJbLHOHM yCTaHOBKH:

1 — BEINIPAMUTEND; 2 — KOHAeHcaTopHaa ©Oatapesa; 3 — KBapueBad

TpyORa; 4 — 1Ienbs B BUTKE; 5 — IIMPOKMUI BUTOK; 6 — BermoMorareib-

HBIA KOHTYP; 7 — MarHuMTHBI# B0HJ; 8 — MOHMBUPYVIOUIMII T'eHEepPaTop;
9 — GJOoK 3aIycka.

Paspsn xoHneHcaTopoB uMeeT KosebaTeJbHBIH xapakrep
(cM. puc. 30,6). B mepsom noaynepuHoje Hapacralolee
BHEIlHee I0JIe CKHMaeT IJa3MeHHbIA HIHYp BMeCTe C BMO-
POXKEHHBIM B HETO IIOJIEM TOrO Ke 3Haka. Bo Bropom mouay-
lepHoje BHElIHee NOJIe MEHSeT 3HaK M BO3HMKaeT Ipolecc
nubGy3un MPOTHBONONOKHBIX NOJel ¢ a6pa3oBaHneM HeHT-
pajbHOTrO CJ10s, O KOTOPOM Mbl roBOpRAM Buiue. K sTomy
IOJYNEPHOAY OTHOCHICA MNpaBasi 4acTh OCLHJIOrPaMMH,
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nokasanuofi ua puc. 30. Bosuukawoumue npu ¢KaTtuu HeHT-
paJbHOTO CJg0sA ymapHbl€ BOJHBI PACKAUYHBAIOT MJIa3MeHHbBIA
HIHYDp U BbI3BIBAIOT CBO6OIIHbIe MariauTHO-3BYKOBBIE KoJeba-
Husd. MIMeHHO npu cXKXaTHM HEHTPa/JbHOTO CJOS MPOTHBOIO-
JIO2KHBIMHU TIOJIIMU B 3KCIEDUMEHTAX TAKOro THUIla (C GoJnee

Puc. 46. ®oropeructpauns O-nuHua ¢ TOpHa B peRHME
KaZipOBOH Da3BepTKH.

OBICTPHIM C2KaTHeM) ObLIM 3aperUCTPUPOBAHBE HAaMBBICUINE,
Korga-nu6o moJyuyaBlIHecss B J1aGOpaTophu, TeMIepaTyphl
(mo rpyObIM OLl€HKAaM, MOpSAaKa NECHTH MUJJIMOHOB Ipany-
coB). B nanpuefimeM GhICTpBIE yCKOpEHHbIEe IBHXKEHHS IJ1a3-

Puc. 47. ®oroperucrpauust 0-nuHua c6oKy B pexHMe
HeIpepLIBHOH pa3BepPTKH.

MbI IPUBOJSAT K HEYCTOHUMBOCTH IIHYpa: BAOJb MaTHUTHBIX
CUJIOBBIX JIMHUH BBIXKMMAIOTCS JIJIMHHBIE NPONOJbHbIE 53BIKH,
KaK BHIHO M3 CONOCTaBJEHHMS CHHUMKOB C TOpLa U COOKY.
Kak u 06bIYHO, «KH3Hb» IJa3Mbl OOpBIBAETCS HEYCTOHYHU-
BOCTbIO. DTa «60/1€3Hby» CTOJb XK€ CTpallHa MAJs IJ1a3Mbl,
KaK AJs 4YesJoBeKa pak Wiau HHPapKT, 1 Gopbba C HEWO —
BaXKHeHllas 3ajfaya AajbHeHIIero pas3BUTUs IJa3MEHHOH
HayKH.
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