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HPEJUCIHOBUE

KBaHTOBas BJEKTPOHUKA ~- MOJIOJasA 00nacTh (UNKH,
OHA cymiecTBYeT HeMHOTHM 6oiiee 15 smer. Hpyr ee mccie-
JAOBaHNUH W IPUAOKEeHUH Ype3phiaiino SHCTPO pacmnpAeTeA
¥ yray6asercs. Havas ¢ co3/aHIA MONEKRYIAAPHEX FeHepa-
TOPOB ¥ HapaMarHATHHX ycWIHTesde#, paboTamomux B pa-
AUO/MAia30He CBePXBEHICOKMX YacTOT (MasepoB), oHa OBICTPO
«3aXBATHIIAY ONTHYECKHN AHAIa30H, ¢O3{a8 MOOIHEE ACTOT-
HOKY KOTePEeHTHOIO ¢CBETA — OITHIeCKNe KBAHTOBHE TeHe-
paropst (OKT) w yenanresn (OKY), aau nasepe. 3aMeua-
TeIbHAE CBOHCTBA Ja3epPHOr0 U3JIYYEeHUS OTKPHIU HOBYIO
30Xy B (msuKe ¥ TeXHOKe. BosHukia u OypHO passu-
BaeTcs HeJuHeIiHAs ONTHKA, HCCIEAYIOHIas OINTHYecKue
cBOiicTBA Ccpelsl B MOIMHBIX CBETOBHIX I0oasAX. JlazepHoe
A3JIydYeHHe YCIeNIHO HCHOJAL3YeTcs B TeXHOJNOTMH, Me/H-
[uHe ¥ Ap. Maseps HalliHM Ba:KHOe IPEMeHeHKEe B KayecTBe
CTAHTAPTOB YACTOTH W KAK CBEDPXUYYBCTBHTENbHBHE YCUIU-
TEJN B PAHOACTPOHOMIY, B KOCMITYeCKOIl CBA3H U JOKAaIMH,

JlocTuKenua KBaHTOBON LJIGKTPOHHKH 3aBOGBAJH el
OIPOMHYI0 IONYJIAPHOCTH, K BAHTOBOU DIEKTPOHNKE IIOCBH-
mena Goablias oTcHecTBeHHAA B 3apybeykuasn AHTeparypa,
KaK CHCHUAJLHAA — HAYYHBIC CTaTbW, MOHOTpapmu u
0030pHl B (DH3MYECKHX M TeXHHYECKHUX ;KypHalax, Tak H
(oMY AAPHASA — KHUTH, OpONIOPLI, sKypPHAIbHEIE U TIazeT-
gele ouepKuH, O[HAKO IPH 3TOM BLINAJIO IPOMEKYTOHHOE
3BEHO — IPAKTHYECKN OTCYTCTBYyeT JHTeparypa, KOTOpas
HO3BOJMJIa OB uHTaTeN0, HE NMeNNIeMy CIenualbHoil
ODOArOTOBKH, ¢ eAUHHIX TO3UNHil YACHATL NPHHNUIN pa-
GOTH KBAHTOBHIX YCTPOHCTB W 0CO0EHHOCTH J1a3€PHOTO
w3iyYeHns riaybike, 4eM 5TO BOBMOFKHO HAa OCHOBE OOHY-
HOTO HOIYJIsPHOTO H3IOKEHMA.

Manenrkasa SHUHKIONennWA «HBaHTOBas BIEKTPOHMKA»
percTaBIAeT OG0 HOMKITKY 3AMOJHATE aToT npofen. Ora
afipecoBaHa INMPOKOMY KpYTY 4mTaTeNeil, WHTepecyio-
IIEXCHA HPOTpeccoM HAYKM M TeXHHWKA: WHKeHepaM U Tex-
HaxaM, He paboraomuM B 2Toil ofJacryi, HO BHAIOIUM
0 TeXHMYECKHX BO3MOKHOCTAX KBAHTOBEIX YCHIHTENEH T
reHepaTopoB U IKeJAoIIM 03HAKOMATHECA ¢ CYThI0 (U3H-
YeCKUX SIBICHUH, JeKalmux B OCHOBe uX paboTH; mpe-
nogaBaTelsM (QUSHKH KON H TeXHUKYMOB, :KeJTaloImM
pacHIgpuTh CBOU Kpyrosop; CTY[EHTAM MAAUINX Kypcon
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NPEINCIIOBUE

B yYamuMCs CTAPHIAX KJIACCOB HMIKOJI U TeXHWYECKAX yuu-
JUIN, A KOTOPHX KBAaHTOBAs 3JeKIPOHNKA OTKPHBAET
yBIeKareJbHEE MEPCHOKTHBH; OKOHOMHICTAM, BpauaM =
OPYTHM CIENMANNCTaM, 3aHHTePeCOBAHHEIM B IPUMEHGHHN
HNOCTIKeHN{I KBAHTOBOH DIEKTPOHWKH.

CrpemieHue cielath U3TaHHe JOCTYIHBIM M MOJE3HBIM
CTOJIF MIHPOKOMY KPYTy uUTaTeself M ¢pasy BBECTH UATA-
TelA B KPYT OCHOBHBIX Mell M HAIPABIeHUH MccIe0BaHM
B KBAHTOBOH 9JeKTPOHHKe MOGYINIO pPeJKOJIIETHIO IIOMe-
CTHTh B HaYajde KHMUIHW OATh 60dpmuX OG30pHBIX crareii:
«HBaATOBAA BAEKTPOHNKAY, «I{BaHTOBHE CTAHAAPTH YacTo-
Tey, «KBaHTOBHI ycuaurtenny, «Jlazepy u «Heannmeiinaa
ontuka». Bropas ke YacTh KHHTH, COTJIacHO TPaJUIHOH-
HOMY JAJA SENAKIONeUYECKMX H3JaHUlli pacHosIoKeHHIO
Marepuana, cogepEuT oxojo 260 crareil B andaBHTHOM
nopsiake. YacTs W3 HIX HOCHT TePMUHOJOTHUECKHH Xapak-
Tep: CTaThd /JaeT pazbsACHeHWE TepMHHA ¥ OTCHIIAeT K
Gosiee KPYOHEIM CcTaThsAM (Hamp., «BeHEY:RAeHHBII Depe-
xony, «l'mraATrcrue mMOyabce» WM Ap.). Jpyrada rpyina
6osiee KPYNHEIX CTaTeil MOCBANEHA ONMUCAHUI PU3MIECKUX
ABJEHNH M 3aKOHOMepHocTell, HeODXOMMMEIX AJiA MOHWMA-
HUs1 0030pHBIX cTatelt (Hamp., «Y poBHE sHepraumy, «HBanTo-
Bl mepexop», «HorepenrtHOCTEHY, «3eeMaHa 3PPer™
v jAp.). B crarbax rpeTbeidl rpynmnsl paccMaTpHBANOTCH
oT/eNbHBe HANpaBleHHs PAasBATHA KBAaHTOBOH 9JeKT-
POHNKH, OINCAHME KOTOPHIX OKa3aloCch HEBO3MOKHBIM
BKJIIOYNTL B 0030pHHEe crareu (Hamp., «['asoBeil nasep»,
«lonympopogaukoBEil Jgaszepy, «HBaHTOBHIT MarHHTO-
MeTp» ®W Ap.). B cratesx 4-fl rpynnsl paccMaTpHBAIOTCS
BOIIPOCH IPAKTHYECKUX OPUMEHeHNAH KBAHTOBHX YCTPOHCTB,
npeskne Bcero B camoil ¢usmke. Hamp., wneciemoBa-
HEe BHICOKOTEMIEDATYPHHX SBJIEHHM ¢ MOMOINBIO Ja3e-
poB («JlazepHOe M3nXyueHHE»), NOTyIeHUE OOGBEMHBIX H30-
OpaeHuil TpPeAMeTOB (TOYHee, UX ONTWYECKUX Konuit) ¢
nomomirio Jasepos («['omorpadusar), cosmaHme regeparopa
cBeTa ¢ IUIABHO MeHsIomeidcsn dwacroroil («Ilapamerpmue-
CKUI TeHepaTOp cBeTay) W Ap. DBoNpocH NpaKTHYeCKHX
TIpUMeHeHW KBAaHTOBOI ONEKTPOEMKM B [p. HayKax M
B TeXHWKEe PACCMOTPEHH B CTaThAX: «JlasepHas obpaborka
MaTepuayoBy, «JlasepHas cBA3p W Jowanma», «Jlasepm B
MenunuHe», «Jlazeps B reomesuwm» m Ap.

Xapaxrep W3IOeHHA KPYOHHX (3 TaKiKe CpeqHux)
crarell TaKoB, UTO KasKjaA W3 HHX ABJAETCA CAMOCTOSA-



APE/(MCIIOBUE 7

TeTbHOH M MOKeT OBITE HOHATA 4nTateneM Oe3 obs3areib-
HOrO O0pamedus K [APYFAM CTAaTbaM. JTO HOBIERJO 3a
cof0ll HEKOTOPOE KOJINECTBO HeM3Be;KHBIX MOBTOpPEHHII,
XOTA PeJaKufs CTPeMUIach HX OTPAHHIHTD.

Crarbu cnabxensl 6ubanorpagueil, Koropas CofeP/KAT
KaKk NONyAApHBEe KHUTH # Gpomirophl, Tak M MOHOTpapum
W CTaThU B HAYYHBIX JKYDHaJax.

Cregyer HOgUepKHEYTH, 10 sHUUKIONeANA «IiBaHTOBAsA
AJIeKTPOHIKAY He MOMKeT CIYKUTL CIenuaJbHEM CIPaBod-
HOKOM JIsI MCClefoBaTe eil, padoraomux B 06/1aCcTH KBaH-
TOBOHl DNEKTPOHWKA. B 3HUMKIOMEAUN CcJesiaHa HOMBITKA
BBECTH 4YHTaresnell B KPyT maeil H mpobieMm sToli HaykwW H
ee OpaKTHYecKuHX npuacKenunit. llepedens 3aTpoHYTHIX
BOITPOCOB HE MOKeT IIPET€HAOBATh HA IOJHOTY, T. K. KBaH-
TOBas SJIEKTPOHUKA H TO cell feHb HAXORZWTCA B CTagNN
OypHOTO DPA3BHUTHUA.

B cosgaHunm KHATH y9acTBOBAN OONBIMON KOJNJIEKTAB
aBTOPOB — COTPYAHUKOB (DM3NYEeCKOTO UHCTHTYTA AKaje-
vun Hayk CCCP mm. II. H. Jle6enesa, UnctuTyTa paguo-
TeXHOKHA U 2JAeKTpoHUKE Axanemun HayR CCCP, Mocros-
CKOro rocymapcreeHHOro yHmBepcurera uM. M. B. Jlomo-
HOCOBA W [P. HAYYHO-HCCAEOBATEILCKHX YUDeskjeHHIt.
Pegroaserus BblpaxkaeT Iay6oKyo 06IarofapHOCTh ara-
pemury H. I'. Bacosy, wneny-xoppecnongesry AH CCCP
B. M. Byay m peiictemrexsnoMy uieny AH BCCP
M. A. Eabsumesndy 3a KpUTHYCCKHE YKAa3aHHA M HOMOIIE.

Pedroaneeus.
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M. T, . BeKTOPHEE BeJINYNHb BbIJEIECHB DOMYHUPHHIM
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KBAHTOBAA 3JEKTPOHUKA

1. Yrto Takoe KBaHTOBasg JIEKTPOHHKA?

Yacto TON STHM TepMHHOM NOHHMAIOT COBOKYLHOCTH paJHOTeXHUY.
W OHTUY. YCTPOWCTR — IeHEPATOPH, YCHAUTeNH, IHpeofpasonarenu
YACTOTH 3JEKTPOMarHUTHEIX BOJH, [eHCTBHE K-PbHIX OCHOBAHO Ha HBIC-
HUY BH HYMIEeHHOTrOo (MHOIYUOUHUPOBAHHOTLO) HW3AY-
9e H U . DBHHEYKIeHHOe N3AyYeEHe BellleCTBA BOSHHKAET B pe3yibTare
COrJIACOBAHHOTO HO 4YaCTOTe M HANpPaBJeHHMIO TOYTH OJHOBPEMeHHOTO
UCHYCKAHUA 2JeKTPOMATHATHLHIX BOJH OTPOMHBIM KOJNYECTBOM aTOMOB
MM MOJEKYJA [Oj JleHCTBHEM BHEIUHETO OSJTeKTPOMATHHTHOTO MOJ.
Brimy:ieEHOe H3ydeHne MOKeT HPOMCXOAUTE B AHaNasOHAX pPajuo-
BOJIH, HHPPAKPACHOrO H3JIYYeHHs, BHAUMOIO CBeTa M yJAbTpaduoiero-
BOr0O M3AYUYEHHs (PuC. HA BKJIelike B koHUe KHurn). [lepedncieHnble ycT-
poifcTBa Ha3., KBa HT O BHE M 1 (KBAHTOBHII YCHINTeNb, KBAHTOBHI
reHepaTop M T. 1.) HOTOMY, YTO B HUX NCIIOJIB3YIOTCA 9JIEKTPOHBI, BXOM -
Iye B COCTAB ATOMOB W MOJEKYd RPUCTAILIOB (CBsA3aHAbE dIEKTPOHHL);
IBIDKEHNE TAKHX 2JIeKTPOHOB (KAaK U aTOMOB) HOMUMHSETCH 3aKOHAM
KBaHTOBOH MexaHHNKH. B oOBHYHMX e IaMIOBEIX reHepa-
TOPAX U YCHANTENAX, U3YUYaeMBIX (KJIACCHUECKOIl» DIEKTPOHHKOI, pabo-
Talor ¢BOOONHEE DJeKTpPOHH, ABHTaomuecs B BaxyyMe. X jBmkenue
€ JOCTATOYHON TOYHOCTHIO ONUCHBAETCS 3aKOHAMHA KJIACCHY. MEXaHWKIH.

KpautoBee ycTpoiicTBa 00mamaloT pPAAOM BayKHBIX ocobemHocTeld,
K-PBIMEH OHU OTAMYAIOTCSi OT CBOMX Hiaacewd. cobpartbeB. Jasm onennu
9THX OCOOEHHOCTEH pAcCMOTPHMM OTHeJBHO IpubOpEH, paboratoiue
B pajmojuanasoHe (JIMHA BOJHH A > 1 mx), W onTHd. ycrpoiicrea
(A <1 mm). B papmonnanazoHe HanGoNBIINI IPAKTHYCCKUN U HAyIHEIH
HHTepeC NPeACTABAAIOT KBAHTOBHE YCTPOHCTBA, Ha3, A TOMHB M U
U MOJNEKYJNAPHHMHN PTeHepPaToOpaMu, aTakike KBAHTO-
BEIMH HapaMAarEWTHBEMA ycuautTedsaMmu WX uEOrIa
O0BeANHAIOT TEPMUHOM M & 3 € P B» {07 mepBX OYKB anra. §pasei
Microwave amplification by stimulated emission of radiation, 4ro osna-
9aeT: yCHIEHNHE MIKDOBOJIH (CAHTHMETPOBEIX BOJH) ¢ MOMOMILIO BHIHY:K-
JeHHOTO W3JIydYeHHA].

OCHOBHOE OCTOMHCTBO aTOMHEIX M MOJEKYJSAPHEIX [€HEPATOPOB —
9PE3BBIYAIHO BBICOKAA CTAOHIABHOCTH YaCTOTH (Iepmofa) W3IydaeMBX
MU BJIeKTPOMATHHTHKX BOJH. ITO CBOHCTBO MCIOAB3YETCS I TOUHOTO
HAMEPEHMS YACTOTH ¥ BPeMenu. STajiOHH U CTAHAAPTH YACTOTH H Bpe-
MeHH Ha OCHOBe ATOMHBIX M MOJEKYJISADHBIX TeHepaTOPOB MO3BOJUIN
co31ath ATOMHEHL @ W MOJEKYJNSAPHEHE Y9ach, CyToYsi
yxoj (u3sMeHeHHe HePHO/ia B TedeHIe CYTOK) K-PHIX BCeTO OIHA CTOMILI-
JINOHHAA JOJNA CeKYH/H (AN ellie MeHbINe). JIyumime cTafmapTh 9acTOTH
¢ K8apyesvinu eenepamopanu (KBaproeBEHEe CTaHJ{ADTH 494-
CTOTH) mMeoT crabmiabEocTh B 10—100 pas mmme (nogpobmee cM.
Keanumogne cmandapmu wacmomu, Keanmoswe vacwm).

HBaHTOBHe IapaMarHUTHBIE YCHJIHTEJIW MOTYT YCHIHBATL Pajuo-
BOJIHHI ¢ JAMHOH BOJHH B Ananasone oT 1 cx go 50 cx (CBY) u orap-
"area OT OOBMHBIX yewmauTelel (JAMIOBHX, MOXYUPOBOTHHKOBBIX)
Ype3BHYANHO BHICOKOH WYBCTBHTENBHOCTBHIO. JTO IH03BOJIAET HCIIONB30-
BaTh WX B DAAHOACTPOHOMHH [Jis IIpmeMa 0YeHb caalBIX CUTHANOB, &
TaK:Ke NPU pajHOJORAnUM WIaHeT (cM. Heanmosuil yeusumeas).



12 KBAMTOBAA SJIIERTPOIINKA

Visnyyenue ONTHYCCKHX KBAHTOBHIX TeHEPaToponB — J1aszepoB (0T
yepBblx Oyks aHrnmiickoit ¢passr: Light amplification by stimulated
emission of radiation, uro o3Hagaer: ycuienue cBeTa € HOMOIIBLIO
BEIHY//IEHHOTO H3J1yYeHHs) OTAWYAETCH CTONbL BHICOKROH MOMOZTPOMAQ-
muunocmbio (T. e. cTaGUIBHOCTHIO YACTOTH), HALPABACHHOCTHIO H MOUI-
HOCTLIO W3IYUenrist, K-pble HeXOCTHMRAMB JNfA OOBMHBIX HCTOYHHKOB
cBeTa (Ta30Da3pAAHBIX JIaMI, TPOKEKTOPOB U AP.).

MoImH#OCTs CBeTOBOr0 MOTOKA WMIYJIBCHOTO DPYOHHOBOIO Hasepa
(B nyue puamerpom 1 ma) jocruraer 1011 em. 10 Gonblle, YeM MOIIHOCTD
KPYIHOH JJeKTPOCTaHOWH (NMpaBga, M3IXyYeHWe TAKOIO Jasepa NIUTCA
04YeHH KOPOTKOe BpeMs — 0KoJo 1071 cer). Ilpu 910M BHICOKHE MOHO-
XPOMaTUIHOCTD I HANPABIEHHOCTh HBIYUEHWA HO3BOJSIOT CHOKYCHpO-
BaTh BJI6KTPOMAarHHTHYI0 BHEPTHIO HA OUYeHb MAJVI0 IUIONIAJKy pasde-
poM ~ 1077 cx2. ITa BO3MOIKHOCTH ONpefelsieT IIpUMeHeHMEe MMIYJIEC-
HEIX Ja3ePOB B TeXHUKe (JisA 00pafoTKU MaTepHaioB), MeIunNHe (HAID.,
Ipy IiasHBX OINepauuax), OHONOIUM W B pAfe BaKHLIX (U3, MCCIENo-
paunil (cM. Jasepuoe usayuenue, Jasep).

Jpyroil THIl 7TasepoB — Ja3epH HeIPepHIBHOTO [eilcCTBHA — HWMeer
CPaBHUTEIBHO HeBOJIBITYI0 MOIHOCTL — OT jloJeil em [0 fec. kem, HO
3aT0 MHOTAA MOHOXPOMATHYHOCTD ¥ HANIPABIEHHOCTL UX N3JIYYeHHS ellle
Gosee BEICOKH. Ha mx ocHOBe MOM{HO CO31aBaTh dPPeKTHBHLIE CHCTEMEL
cgeropoil cBsi3u, Takume cHCTeMHI OTHIHYAITCA OT OOGHYHHX CHCTEM
CBfBM HA PaHOBOJIHAX BO3MOMKHOCTHIO OJHOBPEMEHHON epeatnn OrpoM-
HOTO KOJWdYecTBAa WHPOPMALNH — TejerpaMM, Teie@OHHHX pasToBO-
poB, Tesenepenad | T. f. (cM. Jasepras cessb U A0Kayus).

TepMuHB Jadep M Masep, YKa3hBAIOINHe HA POJb BHHYKAEHHOIO
H3IYUeHHs, He COHepHkar, OJHAKO, YyNOMUHAHUS O pellfaiomell pojm
o6 pamunoit ceazu B paboTe sTHX NpuGOPOB (cM. HMKe). [loABienne KBaH-
TOBHX TeHEpATOPOB W ycuauTejdell paguoBOAH NPUBENO K HPOHNKHOBE-
HUI0 KEAHTOBBIX IIPeACTaBiIeHUil N 3aKOHOB B PajinodA3NKy — HAYNHAs
¢ 50-x IT. pagnouH;KeHepaM TPUILIOCH CPOYHO OCBaUBATHL KBAHTOBYIO
MexaHUKY. ONHOBpeMeHHO HA BOOPYKeHHEe ONTHKOB OBLIM IpPHHATH
BajKHble HOHATHH paimousWRu, Hamp. NOHATHe oOpaTHON CBA3YM,
KOrepeHTHOCTH, MOAYJIAIAN H Ap.

TlosBaeHMe MOIIHEIX JIa3ePOB IPUBENO K POMIEHHIO HOBOI o0macTH
Qusuk — EeaunHeliHOI onTu kU Heanmelinaa onTuxa usy-
gaer onTHY. 3(QerTs, BOSHHKAIOIIMe INPH B3aUMOJleHCTBUHA BellleCTBa
¢ MHTEeHCHBHBEIM CBETOM, CO3AAaBAeMBIM JasepaMu. B oOmuEHX yemoBuax
Ipu mepexofe CBeTOBOTO JydYa M3 ONHON Cpefbl B APYIYI0 H3MEHAETCA
AJIUHA CBETOBOW BOJHH A == vT (T — Depmopx KolebGaHWil CBETOBOM BOJ-
HHl, U — CKOPOCTb €¢ PpaCIPOCTPAHEHNUS B cpefie, T. H. a3oBaA CKOPOCTH),
gacToTa e (v=1/T) ocraercs Hem3aMeHHOl. HensmeHHOCTH Hac-
TOTH CBETA — OUH U3 OCHOBHHIX [PHHIMIOR OOLMHOA N M He H H 0 i
onTMKH (B K-poil pacHpocTpaHeHHWe CBETOBOH BOJHBI ONNCHBALTCH
anmelinsiMu yp-umsamu). [Ipu ofnyueHny Ke BelliecTBA CBETOM llazepa
HAIPAKEHHOCTE 9JeKTPHY. TOJA CBeTOBOH BOMHM £ MOKeT IPeBHINAThH
MUILTHOHEL 6/cxm. [IpH 9TOM HOCTOSHCTBO YACTOTHI MCUe3aeT, M 3aKOHHI,
ONNCHBAIONINE pAaCIpOCTpaHeHWe BOJHBI, CTAHOBATCA HeINHeHBIMIA.
B pesyxbTaTe 5TOTO OPHUBHYHEIC ONTHY. 3aKOHBl CYI{eCTBeHHO H3Me-
gsa0TCA. Hamp., W3BeCTHO, 9TO MOHOXPOMATHY. XYY, IPOXOAs dHepes
NpO3pauHyI0 Cpefy, coOXpaHseT cBoil nBer. Opmaxo KPacHHH 1y4Y py-
GUHOBOTO Jasepa ¢ LINHON BoJnb 0,7 akm, IPOXOMsA Yepesd HeK-phie Mpo-
8pagHBle KPHCTAJJH, YaCTHIHO IPeBPamaeTcss B yIbTPadnoTeTOBHE
(A = 0,35 mrm), T, ¢. DPONCXOAUT YA BOOHHN G TAaCTOTH CBeTa.
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O npupope 9T0r0 gBAEHAA ¥ Bo06IIe 00 H3MEeHEHHN OIITHY. CBOLCTB TBep-
AHX Tell, ;KHAROCTeH W Ta30B MpH OOJYYeHUM KX CBETOM Jasepa CM.
B cT. Heaunelinas onmuka.

Bamuoe npuxaaguoe 3Ha9eHNe HeJRHEHHON ONTHRNM CBS3aHO € HpO-
0aeMOIT cO3JaHNA MOIIHOTO CBETOBOTO Jyva ¢ H3MeHAmelics (e pe -
cTpamBalomeiics) dacroroil. YacTOTE H3AyUeHHA CYIECTBYIO-
X Ja3epoB GHRCHpPOBAHHL, a A PAAA IpHMeHeHHI (B CBeTOBOH CBABH.
CIIEKTPOCKONNH, XHMHHM, OHOJOrHH) HeODXOIHM cBeT C OHpee’eHHON
4acTOTOH, Kar IpPaBmao, He COBMAJAIOINEH ¢ YacToTOU CyNecTBYIOH[HX
nazepos. Hesnnoelinue onTHYIeCKHe CBOHCTBA HEKOTOPHIX KPHCTAINOB,
IIOMAMO yIBOEHHS YAaCTOTLI, MO3BOJAIOT IIPU OlipeflelleHHbIX YCIOBUAX
[JIaBHO W3MEHATH 4acToTy cBeTa (cM. Ilapamempuueckuil eenepamop
ceemay).

Cosgande Ja3epoB, ABJIAIMINXCA HCTOYHHKAMHI COIJIACOBAHHOTO,
MM, KAK TOBOPAT, KOTEePEeHTHOT O, cBeTa (cM. Koeepenm-
HOCmb), a0 TOJYOK PAsBUTHIO cosoepagiuu — IPHHIUNNANLHO HOBOTO
MeTO[a, HO3BOJAIONIEr0 NOJIYIUTH 00BEMHOE, a8 WHOT/IA M I[BEeTHOe W300-
pasKkeHMe NPEeIMeTOB (MX OUNTHYeCKUe KOIHM).

Tenepn MOKHO mOJHEee OTBETHTH HA BOIPOC — YTO TAKOE KBAHTOBAsA
aeKTpoHnKa? 9to — ofnacTh GuaHKE, MCCIeAYIOmMAs B3aUMOJeHCTBHE
3JIeKTPOMArHUTHOTO H3JyYeHHsA ¢ DIeKTPOHAMH, BXOJAIUMH B COCTAaB
aTOMOB, MOJIEKYI, TBeDJBIX TeJ M CO3JAlOMast Ha OCHOBe aTHX HCCIe-
J0BaHU{ KBAHTOBEE ycTpOiicTBA PA3MWYHBIX [MANA30HOB [JIUH BOJH U
PasHBIX HasHa4YeHHH.

Tpammnm K. 5., BosHmKIeli Ha cTHKe pafuoM3MKU W aTOMHOM
ON3NKK, OIPeeNICHE! He OUeHh TOYHO. JTO XaPAKTePHO [JIS BCEX MOJIO-
AbX OBICTPO Ppas3BHBANIIUXCH HANpaBIeHHH QU3WKE, B 0COGEHHOCTH
«rubpuHOToy npoucxoxaernd. Cam repmur «K. 5.» (Hau vacro mpuMe-
HAEMBI OAU3KHI TOPMUH «KBAHTOBAas PaguoQH3MKA») NMOCHE HOSBIEHNS
J1a3epOB 1 HelNHeTHOH ONTHKE CTAX HeCKOJBKO HEIIOCIe0BaTeILHEIM —
Befb B «cheDy BAMAHUAY KIACCHY. 3ICKTPOHUKY U PAAHOPHIUKN ONTHY.
ABJIEHHA PAHDbIIe He BRINYAINCH.

[Ipexne ueM mepeiiTi K ONMMcaHUIO OCHOBHHIX maeil H. 9., paccmorpum
HeK-phte Baskuble gaa H. 5. cBoiicTBa aTOMOB H MOJEKYJI H 3aKOHOMEp-
HOCTHM HX B3AHMOZEHCTBHA C DIEKTPOMATHHTHRIMH BOJHAMM.

2. Usnyvenue M moriouieHHe HIeKTPOMATIHATHBIX
BOJIH BEHIECTBOM

CorylacHO 3aKOHaM KBAHTOBOI MeXaHUKM, 9HepIHA 9JIeKTPOHA, CBH-
3aHHOTO B aTOMe, a CIc0BATEeJbHO, i DHEPTHs aTOMa B 11eJI0M, He TPON3-
BoabHa. OBa MOKeT MMeTh JIMIUL ONpefeleHHEI MpepLIBHBIL ([ucKper-
HHIH) pap sHaYeHui g, 61, <oy Gpy ooy HAB. YPOBHA MU DHE P -
r M. J10r HAGOD «IOBBOJEHHBIXY B3HAYEHUH YHePIHHM HAa3, DHe P -
reTH4YeCKUM CIeKTpoM aromMa. CaMblii HIDRHHUT ypPOBeHD
aHeprun &y (puc. 1), npu K-poM SHepTUS aTOMa — HATIMeHBIIAf, HA3,
OCHOBHHM ypoBHeM OcralbHbe YPOBHH G, Gy ..., On
COOTBETCTBYIOT 00Jlee BEICOKOII 9HEPIMH aTOMa M Ha3. Bo3 6 y K 1 e H -
H B MH. ]

IIpn wmepsxode aTOMHOTO 3JIEKTPOHA € OLHOTO YPOBHS 3HEpruam HA
OPYTOH 2TOM MOKeT u3JIydYaTh WiIH HOTJVIOMATH 3JIeKTPOMArHUTHbLIE
BOJIHBI, 4ACTOTH K-PHIX OIPeellAITCs COOTHOIICHEEM:

an':(@@m"‘éan)/h- ()
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3mect h — Haanka nocmosnuas (pasuas 6,62 .1072 spe - cen), &y —
KOHeuHBIY, &, — HavaJ LEHE ypoBens. UeM Goabme pasHOCTDH SHEPIHil
COCTORHNM, MeRAY K-pBIMHU NPOHCXOINT Hepexoj, TeM Goublle 4acroTa
SNSKTPOMATHHTHON BONHGI, UCIYCKAEMOH W MOrJA0INAaeMON IPH TAKOM
KBAaHTOBOM HDepexofe Pasgocts sHepruii Me;sny ypoBHAMHA
BHETIHUX, BAJEHTHHIX DIIEKTPOHOB ATOMA COOTBETCTBYET 3HEePIHH H3JIy-
deHMA BUJMMOTO CBeTA; Pa3HOCTH IHEePTHMHl MeyAy YPOBHAMH BHYTpPEH-
HEX 2JCKTPOBOB HOJIbille, OHA COOTBETCTBYET PEHTI'CHOBCHOMY H3JIY-
YEHHIO.

CroexTp moTJONenns WM H3JYIeHHs BeMecTBa, T. €. HabOp dacTor
STERTPOMATHITHEIX BOJIH, H3JIYYaeMBIX HIV HOIJIONQeMEIX ero aToMaMH,
TECHO CBsi3aH ¢ DHEPreTHd. CHeRTPOM aToMoB. VIMEHHO RHCHPETHOCTHIO
(IpepBIBHOCTLIO) DHEPreTHd. CHEKTPa OOBACHSETCA JHHeHYaTHl Xapax-
Tep CHEeRTPOB MOTJIOMEHHA HAM H3XYIeHHA 3JIeKTPOMArHHTHBIX BOJH
aToOMaMi.

WNanyuenne m moOrJIomeHRNe JJIEKTPOMATHHTHOH BHEPIUMH aTOMOM
fIPOMCXOMUT OTAEJLHHMI NOPUHAMH 3HePIHMH — KBAa HT a M H, HIH
¢ o0ToO0HaAaMU, BelWIAAA K-PEIX paBHa Av. llpm mornromeHuu QoToHa
BV, PHEPTHS ATOMA YBEIMIHBAETCA — OH NePeXONUT (BBePX) — C HILK-
Hero ypoBHs &' m Ha BePXHAL YPOBeHE &y (6n = &), NpH HAIYICHHR
¢oroma aToM coBepimaer oOparHei mepexom BHE3 (pue, 1). ®-ma (1)

z
W
&y ————
&,

§g — Puc. 1. JHepreruieckue ypOBHH aroMa BOIOPONA;
P YpOBeHb &, C HaNMeHbIICH pHepTueil HA3LIBAETCH
=S AN~ OCHOBHBIM, a OCTaJIbHBle — BO30YIKIEHHBIMN,
2 4 Crowso#t CHeKTp B BepXHeil 9acTu puUc. HaYNHAaeT-
& ca ¢ sEepriu &, = &, -+ 13,5 26 i cooTBETCTBYET

HOUN3KPOBAHHOMY COCTOAHUIO aToMa, T. €. OTPHIBY
BJIeKTPOHA OT ATOMa, DJIEKTPOH, HAXONAWMWIICA HA
ypoBHE &1, MOMKET UIU U3NYSHTh QOTOH C YacToTol

o
3 &-§ :

Vv, =40 1 o
g [l Vyp == — U mepeifTH B OCHOBHOE COCTOSIHHE,
§ “/VWF’ I, HOI‘.TIOTIéiDB Poron ¢  dacTotroh vy, ==
§ =22 T L, nepeiity Ha ypomeHb &,.
&

80__——

BHIDaKaeT 3aKOH COXPAHEeHUSA dHEPTHUN IPH DIEMEHTAPHEIX aKkTaX U3Iy-
YeAUA WIH NOTJ0MeH#sa (OTOHOB aTOMaMW: BHEPTHWA H3IYYSHHOTO WIIH
HOTJIOMeHHOr0 $OTOHA B TOYHOCTH DPABHA PAa3HOCTH DHEPIHH MEXKIY
ypoBHAME atoMa. T. 0., KpacHbi CBeT HEOHOBHIX peRJIaM ¥ HEOHOBHIX
JIa3epoBs ¢ inHOM BosHH A = 0,63 mrm 00bACHAETCA TeM, YTO B dHep-
TeTHY. CHEeKTPE aTOMa HeOHA WMeeTCS [BA YPOBHs, PA3HOCTHL DHEPTHI
EPHX &y — Bm = hvpm = 3,1 1072 sp2 = 1,9 26 (1 26 — oHeprusa,
nproGpeTaeMas 2JeKTPOHOM [PH IPOXOMKIEHHM depes DIERTPHY. HOJe
¢ pasuocThbio noTeunuaidoB B 1 ¢; 1 96 = 1,6 .10712 spe). Tlamua soams A
CBA3aHA C 4acTOTON Vv coOTHOImeHHeM: A = ¢/v (¢ = 3-1010 cu/cer —
CKOPOCTDb cBeTa). B rasopaspsappoil TpyOKe WiM B Jiasepe aTOMH HEOHA
HEIIPePHBHO IIEPeXOJAT C BEDXHETO YPOBHA ¢y, Ha HEUKEAH &, HCOyC-
KadA Ipu »TOM (HOTOHH KPACHOTO CBeTa,




KBAHTOBASI 9JIERTPOHMKA 15

JIMCKPeTHOCTD PHEPreTHY. CHEKTpa c¢BOHCTBeHHA He TOJLKO aTOMAM.
Ona upucyma BooOIe M1000i cucTeMe B3anmMoellCTBYIOMAX APYT © APY-
TOM MHKPOYACTHI[ — MOJeKylle, WOHY, TBepHOMY Tedy (cM. Yposnu
sHepeuu).

Momneryna umeer ropasgo 0ojbpilee 9UCIO YpOBHeI dHepruu, 4eM
aToM, 4TO OTpasKaeT CJOMHOCTE ee cTpoeHnA. OIHN H3 HUX TaKKe CBA-
3aHBl ¢ ABIDKCHUEM 371eKTPOHOB. Pa3HOCTH 9HEePTHH MeKAY STHMH YPOB-
HAMHI, KaK I B aTOMe, BeJHKH, OHM COOTBETCTBYIOT BHAHMOMY U YJIbTpa-
duoIeTOBOMY CBeTYy H PEHTIeHOBCKOMY H3JydUeHHI0. JIpyrue ypomHH
MOJNEKYNE OOYCHOBIeHH KOJNeDAHUAMI COCTABJSIOHIUX e¢ arTOMOB
OKOJIO TMOJOMKEHNI paBHOBecwA. PasHocTH DHepruil MesRAy STUMH ypOB-
BAMU MeHbIUe, OHI COOTBETCTBYIOT HHPARpPacHOMY nanydenun. U, na-
KOHell, eCTh YPOBHY, CBH33HHEIE ¢ BpalledNeM MOJEKYJIB Kak IeJ0TO.
PasmocTn »Heprmil MekAy BpalliaTelbHBIMH YPOBHSAMH ellie MeHbINe,
OHM COOTBETCTBYIOT PaJHOBOJHAM. B TBepIOM Telle 3JIeKTPOHHHIE U KOJe-
faTenbHEIN CIERTPHL ropasfo Gorade, YeM y U30JHPOBAHHBIX ATOMOB MAH
MOXEKYI. 3T0 OGYCHOBJIEHO OCPOMHBIM YHCIOM ATOMOB W MONEKYI,
O0BeAHHEHHBX B KPHCTAJINY. pelleTKe, M WX B3AUMHBIM BIHAHHEM
(moppobuee cM. Keanmoswii nepexod),

IlockonnKky BHYTpeHBAA 9HepTHs aTOMOB U MOJeKYJ MOKeT [pNHH-
MaTh JIAUIb JUCKPETHHH PAJ 3HAYEHUI, TO dHEPrHsA 3JTeKTPOMATHUTHOIO
HOJIST B BeHIeCTBe TaKsKe M3MeHsAeTcA CKadyKaMNi, KBaHtaMu. PaccMoTpu,
KaKNM 06pa3oM IPORCXoxuT 06MeH dHeprueil MKy BeMEeCTBOM U 2JIEKT-
POMarHuTHHM n3iaydeHueM. [Ipm sToMm [1ia onmcaHHs SIeKTPOMATHMAT-
HOTO U3JyyeHHUs OyneM IIOJIb30BATHCHA KAK BOJHOBBIME, TAK M KBAHTO-
BHME ((DOTOHHEIMH) HpepcTaBieuusMu. Hamp., omeprusi sieKTpoMar-
HUTHOTO M3JIYYeHUsA JIMHbL BOJHH A, IPOIOPIHOBAJAbHAS er0 WHTEHCHB~
HOCTHU, ONpefielsieTcss B BOJHOBOH TPAKTOBKe KBAZPAaTOM aMILIKTYHHL
BosHE E% (E — HAOps/KeHHOCTDH JJIeKTPHY. TOJA BOJHE), & IpH KBaH-
TOBOM PpAaCCMOTPEHHH -— 9YUCJIOM (JOTOHOB n.

CoonranHoe W BrHYKAenHnoe uziaydenne. Ecim arom B jmaEmbU
MOMEHT BpeMeHH HAXOAHTCA B OFHOM H3 BO3OYIKIEHHBIX COCTOAHHUN &y,
TO TaKoe COCTOSTHHe aToMa HeyCTOWUHBO, AaiKe eCJH Ha HeTO He BINAKT
ap. dactunsl. Yepes o4eHb KOPOTKOe BpeMA aToM mepeiiier B OfHO W3
COCTOSAHMI ¢ MeHbINell ageprmeil, Haup. ¢;. 1IpH 2TOM aTOM H3JLYYHT
$OTOH hvy; H 9HEPTHA 3JeKTPOMATHUTHOTO HOJA YBEJIMUHUTCS Ha Bedml-
quny hvy (puc. 2, ). Takoli caMONPOHN3BOIXIBHKE (CHOH-
TaHHEH ) Hepexop ¢ 0JHOr0 ypOBHA Ha APYroil W COIpPOBOMKAaiONiee
€ro CIIOHTAHHOE M3JyUeHNe CTOJIb e CIYYaifHbl BO BpeMeHH, KaK paguo-
aKTUBHEI pacHaj sjpa atoma. IIpejgckasaTh TOYHO MOMEHT CHOHTARHHOTO
depexofia MNPUHONOUAJILHO HEBO3MOMKHO — MOJKHO JHIIb TOBOPUTH
O BEPOSATHOCTYU TOr0, UTO Tepexof NPOH30iifeT uepe3 Taroe-TO
BpeMs.

OcHOBHAA XapaKTepPHCTAKA CIOHTAHHEIX 1IePeXOf0B — cpe A He e
BpeMs Af, Yepes K-poe IPOHCXOUT Hepexoj uaum oOpaTHasg eMy Be-
JAYAHA Ay, Ba3. BePOATHOCTDH I CHOHTAHHOTO Mepexoja
&y — &1 (&3 > &). Ecan nMeerca Goapnioe umeno N, Bo36y:RIeHENX
4TOMOB ¢ nHeDIHel &y, T0 B cpegneM B 1 cex Oymer manydathes Nydogy
GOTOHOB K M O N[ H O C T b CIOHTAHHOIO M3JIy4eHus OyJgeT paBHA 4UCIY
H3/Iy4eHHLIX POTOHOB, YMUOKEHHOMY HA UX DHEPruio, T. . Nydy < hvyy.
Tunuunoe spavenne BepOATHOCTH A IS T.H. pa3pemMe HAHMX
(ramboiee BepOATHEIX) e P e X 0 4 0 B ONTHY. [HATIA30HA COCTABJIAET
108 cex 1. 310 03Havaer, UTO BO3DY;KIEHHLIe COCTOXHNSA aTOMA «pacha-
[ATC:H» B cPerHeM 3a BpeMsl AL ~ 1078 cex mum, Kax FOBOPAT, BP € M
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JKHBHH aToMa B BosbymiueHHOM coctoaruu cocrasiaser 1078 cex
(cm. Kearnmosuii nepexod).

Cay4aliHOCTD CHIOHTAHWHHIX NEPeXOAOB HOPUBOLUT K TOMY, 4TO pas-
JMUHEIE ATOMB H3IyYa0T HCOAHOBPEMEHHO ¥ He3aBUCHMO, IIO3TOMY
(a3El ATEKTPOMATHRTHLIX BOJH, HANYYAEMBLX OTHEILHBIMH aTOMAMH, He
€OTNacoBanpl Apyr ¢ mpyrosm. Ciyuailmbii Xapakrep nMeer He TOJBHKO
MOMEHT HCIYCKAHWA aTOMOM (POTOHA, HOM HaHd paBlenne pac-
NpoOCTpaHeHdHXNn HIAYIAEMOrO (POTOHA H er0 noaspusayus (Ha-
TipaBilenne sxeKTpud, nojst E B snexrpoMarsutHOl BoaHe). B pesynn-
TaTe 9TOro CyMMapHOEe CHOHTAHHOe M3/ydeHHe BelecTBa ABIAETCA HeKO-
repeHTHRM (CcM. Hozepenmuocms). Boaee toro, kak Oyger IORasano
HIDKE, M 9acT0Ta (OTOHOB Vv HpPH CHOHTAHHOM HU3IyUeHHN Kojebiercs
B HEK-PHIX Opeierax Av,

6
§ e Omarmsn (! 62-—rm
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Prc. 2, Tpu Turna HRAHTOBHIX I1€PEXO00B MEHIY YDOBHAMH! g — CHOHTAHHBIR

nepexon; 6 -~— BHHYHIEHHBI NEPEeXOon «BHU3», TPH KOTOpOM 4ucao $HoToHOB

yBeInuNBaeTcd Ha 1; 6 — BBHIHVAKICHHRIA [EePexon «BBEPX», UPUA KOTOPOM
opuH QOTOH IOTNOMIAETCH.

Usnyvenne pcex OOHYHEIX HCTOYHUKOB cBera (IaMyl HaraJUBaHHsA,
Ta3opaspsamHBIX JaMO M Ap.) BO3HUKAET 33 CYeT AKTOB CIOHTAHHOTO
ncnycxanus. VIMeRHO BCIeACTBHe CRYYAlHOIO XapakrTepa CIIOHTAHHBIX
TIePEeXOOR M3IYYeHNe TUX NCTOYHNKOB He MOHO X PO MATHU Y HO,
HeHaXpaBieHHO U HENOLAPHUIOBAHHO, T. €. HEKOEPEHTHO.

Ho arom moer nepeiitn ¢ yposusa &, Ba ¢y He CLUOHBTAHEO, a TOA
HeilcTBHEeM SJeKTPOMATHUTHOR BOJIHEL, eCJIH TOMBLKO 4aCTOTa 9TOH BOJIHLL v
JOCTATOYHO OIMBKR K HWacTOle lepexoga atoMa Ve = (&5 — &1)/h-
Taxkasn pe3OHaHCHAA BOJHA KAK Ob (PACKAUUBAET? DIEKT-
POH U YCKOPSeT ero «majeHuwe» HAa YPOBeHb ¢ MeHblleil SHeprueif
{cm. pue, 2, 6). Tlepexojnl, mpoHexogsue Nojx JeficTBEeM BHeUIHeIo
DIEKTPOMATHUTHOIC HOJIf, HA3. BH HY M A e HHENM MU (MIMUHJY -
OUPOBAaHHBEME, CTEHMYJNUPOBAHHEHNM). Bepoardocrs
BHEYAICHHOTO TIePeXofa IIPOoNoPIEOHANbHA HHTEHCUBHOCTY U3y deHus,
BRIBBIBAWOWICIO IEPexo, T.e. KBaApary AaMIAuryiasl Boasn E? nan
ancay Gorouor n., Ilpnm BHEHYKIEHHOM HCIYCKAHMH aTOM OTAAeT SHep-
IHI0 2ICKTPOMATEATHON BOJHE, AMILIATY/A K-poil (wau ymeiao GoToHOB)
BCJIE[CTBIE BTOI0 YBeJHYHBAETCH.

OcoBeHHOCTh BHIEYMICHHOTO MCIYCKAHNH COCTOMT B TOM, YTO H3IY-
yaeMblli TpH BHHY/KIEHHOM Mepexofe (HOBOPOMKIeHHHI doron abco-
JOTHO HEOTANYUM OT BLI3BABIIUX NepeXo] NepPBUYHHIX (OTOHOB: OH
uMeer Te e yacrory u $azy, 10 jKe HaupaBieHHe BHKEHHA H Ty Ke
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noJaApusannly, MMeHHO 9Ta OCOOEHHOCTbL BBIHY/KASHHOTO H3JAYYeHHs
[03BOJIsIeT UCHOJNB30BATL eI'0 AJsA YCHIeHHH 3J1eKTPOMATHUTHBIX BOJH i
JJIA CO3JAHTIA TeHepaTopPOB MOHOXPOMATHIHOTO H HAIpPABJEHHOro (KO-
repeHTIIOr0) M3JIYIeHHH.

Hpose paccMOTpeHHROTO BLHYKICHHOIO NCPEX0fa «BHU3Y, IPH K-pOM
quc10 (OTOHOB yBeJIHUMBaeTcA Ha 1, MOTYT HPOHCXOJHTH M BHIHY/K[IEH-
Hble IIePeXORbl «BBepX», NPMBOJALIME K Pe3OCHAHCHOMY I0-
IOl eHH 0 GoTOHOB. Ecu aTOM HAXOAUTCA HA HIDKHEM YpoBHE &
H 3]eKTPOMaTHUTHOe A3JIyYeHWe, Nafaloliee Ha BelleCTBO, COREPIKUT n
GOTOHOB HACTOTHL Vo, TO MOJKET HPOUBOHTH MepPexop aToMa Ha yPOBeHb
&y, TPH K-POM aTOM TOTJIOMAeT GOTOH, B PesyJbTaTe Yero uiciao Goro-
HOB n yMmeHbIuaercss Ha 1 (pme. 2, 6). T. 0., BHEHYKAeHHLIe HepPexo/bl
«BBEPX» IPUBOAAT K MOMNIOMIEHUIO JEKTPOMATHUTHON HHePTHH BeHlecT-
BOM. BepoATHOCTH BHHYKIEHHBIX HePeXOH0B — (BHI3» H «BBEpX»,
T. €. BePOATHOCTH BBIHYKAEHHOI'O WCIIyCKAaHHs! H TOIrJIOHEHHA B Bellle-
cTBe, OQHHAKOBH (cM. Heanmosuil nepexod).

Urak, cymectByor 3 Tuna IlepexXOf0B MeKAy SHepreTid. COCTOA-
HHSMHE BeilleCTBA, CONPOBOKAAIOMUXCH H3JIyYeHNHeM WIH HOITNOMeHNeM
9J1eRTPOMATHUTHON sHepruu, IIpu CHOHTAaHHLIX Iépexojiax BO BceX Ha-
HpaBJeHUAX H3TYIAIOTCSA HeMOHOXPOMATHY. BOJHBL € Xa0TU4. HOJIADH-
3aineit (puc. 2, ). BHAY/RICHHNE IePeXOHbl «BBEPX» COMPOBOMIAN0TCA
ociabnaenneM (moraomenuem) soaab (puc. 2, ¢). T. o., ¢ Touxu 3pennsn
K. ., Zuillb BEIHYIK/eHHBIe TMEPEXOABI (BHU3», yCHJINBaoINie 6e3 fCKa-
JKeHHs MepPRONATANLHYI0 BOJIHY, NPEACTABIAIT cOGOi mojesHOe ABIe-
Hue (puc. 2, 6). PaceMorpnym Tereps noppobHee XapakTe] CIeKTPA H3IY-
YeHUS U 1IOLJOINEHYA,

CnerTpaibaple JUHAM. B DpuBefcHuBIX  Bole  paccyH{IeHHAN
(1 pue.) TpefIonaraioch, UTo IpR KBAHTOBEIX HePeXOAAX HacTHIA H3Iy-
qaeT WJIH MOTJoINaeT (OTOHH CTPOTO OfHOI M Toff e YacToThl
vy = (&3 — &1)/h (puc. 3, ¢). Eciin OB 3T0 GBIIO Tak, TO CNERTPH HANY-

i S -
!

a 6 8

Puc. 3. PasMeitue oaxeprermueckux yposHelt &, m &, (a, 6) oOycaoBnmusaer
HaGaoJacMy0 OIMpUHY AV CHeRrpanbHOM nunuu (6); I — HTeNCHBHOCTE
M3TydentsT MM [OTVIOMIEHUA BIIEKTPOMAariuTHBIX BOJH.

geHus (I MOTJIOMIGHHA) COCTOsIU 6Bl 13 0ECKOHEYHO TOHKHX cRekm-
paavunz aunuti, HabnogaeMsle Re B JefiCTBUTEILHOCTH CHEKTPAJILHLIE
auENN UMeloT mupnHy (pme. 3, ¢). [lmpuma cnexrpajbHBIX AuHHA Av
CBA3aHA ¢ TeM, YT0 YPOBHU DHEPTHH YaCTHI, B PeaJbHHIX YCAOBHAX He-
CKOJIBKRO PasMHITH (puc. 3, 6) BCJEHCTBHE BIMSHHA Pa3imyHbIX PaKTo-
poB. B rasax, mamp., ypOBHH ATOMOR WJHM MOJIEKRYJ Pa3MBIBAIOTCA H3-3a

2  HKBaHTHIBAI 9JeKTPOHUKA



18 KBAUTOBAA BJAEKTPOHIKA

CTOIKHOBEHNI YacTul pyr ¢ apyioM n co cTeuramu cocyna. Hostomy
B rasax WHPHHA JMIMI AV pacver ¢ yBeaudenneM gapgenast. Kpome
TOTO, A&Ke B PasPe/ReHHEBIX rasax HabiaiojaeMbie JUHMI YIHPAKTCH
nu3-3a Jonaepa afifienma, RHI3BIBAGMOTO TEIUIOBBIM JIBM/HeHHEM YaCTHII.
B TRepreIX Tesax MWPHHA CUEKTPANbHLIX IHHII CRA3RHA C TEILTOBRIMII
ROMeDAHMIMY aTOMOB OKONO WOJOKeHNil pamuoBecus. Ilontomy Av
PacTer ¢ yBeiWdeHUeM TeMI-PHl TeJd. JHePIAd aTOMA 3aBACAT TAWKKE OT
BeANYHHLL JeKTPHY. HOAA, ORPY/HAOIMEro atoM. 1odtToMy pasnmuine
YACTHTE B TBEPAOM Tele MOTYT HMeTh HeCRONLKO OTIANYAIONINECs ¥PORAR
SHEPTHI 1 HabpofacMaa CeRTpATLHAR FANNA (ROTROMENNT HIXHW WaIy-
yepnus) Oymer ymmpesa {(em. Mmapra sfigenm).

Ho oxasniBaercs, 9T0 ke JI7Ts aTOMOB, H30JHPOBARADIX 0T BHETHINY
BUIAHAH, JHHUH CIOHTAHHOTO T3AVICHHS TOMKe AMEOT IHPIRY. B srom
caydae mWHpUHa JOHRH Av OOBACHATCS ONHIM U3 (YHIAMCHTANLELIX
34KOHOB KBAHTOBOH MeXAHHKH. HA3. COOTHOMeHHeEeM HeOI -
penedternuocTeli. CoriacHo NPMIUUTY HEONPEISIEHHOCTH,
ecan A7 — BpeMsA JKE3HH aTOMA B BO3OY/KIeHHOM COCTOAHUN, TO 3HAYE-
He FHePTHH BTOTG COCTOAMIA ¢ XapaKTepHAYCTCA HeOUPeAedeRHOCTHI0
AE ~ hjAt (oapoSmee M. 1. Heonpedeaennoemeii coomuoutenie,
Mupuna cnermpeaornx AUKLUE).

Ilpn morsomienmit M BBIHYKICHOOM R3IYIOHHE DAas3MBITOCTh YPOB-
Hell IPHBOAUT K TOMY, YTO ATOM «OTRIUKAETCAY (NOTJIOMAeT HANW MCITY-
craer) He TOJIBRO Ha GOTOHU ¢ dHeprHell AV == &) — 65, HO U Ta HOTOHB
¢ pHepruell, HeMHOTO OTJINYAWIIelica OF »Toil Bexmunnsi. Ho Beposr-
HOCTU HepPexofioB IIPH ATOM Pa3AMuyHEL. MaKC. BePOATHOCTH COOTRETCT-
BYeT WeATPY CHeKTPaNbHOH IHHEWR v, W yOHBaeT K ee RPAHM.

3. Ksantoroe ycwienue o resepaigus

PacoMoTpnM BelliecTBO, B K-POM IIMEETCsT AOCTATOUOe YHCIO BOR-
OYIIeHHITX aTOMAGB ¢ dueprieli &'y, Uncao Tarnx atoMos N, Ha3. Ha ¢ e -
NeHHOCTL® yvposHSN ¢ EeIl Baceienlocth yposag &,
Golbiile HaceNeMHOCTH N, YPOBHA &, PACHOJOKEHIOro HuMe, T. e,
ecnn N, > Ny, To TaKoe BellecTRO Has. a KT B H B M. Ecauy Ha au-
TUBHOE BEIeCTBO TAAAeT HIEKTPOMATHITHOE H3JyUeniie, acT0Ta R-poro
v = (&, — &)/k, 10 10 Mepe UPOXCKIEWIS DNEKTPOMATHUTHOI BOJIEBI
9epes BellecTBO DyJeT HPONCXOANTL ee yCHJeHHe Daarogaps ToMmy, 4To
KOJHYECTBO BEIHY/ICHIIEX Hepexoaon aToOMOR ¢ YPOBHA ¢, Ha (¢ Oyaer
MPEBOCXORATh TUCAG AKTOD MOTJIOMERHA ¢; — 6. T. 0., KBAHTOBOE
YCHNeHMe TPOHCXOUNT 32 cueT BHyTpewHell pmepruu aromon. Ha asnike
JOTOHOB 8T0 O3HATAET, YTO MPOJNeT GOTOHOB Uepe3d RelecTBO BHI3BIBAET
POMIeHNe HOBEIX TOUHO TRRHX sKe (DOTOHOB, llpoucxomwr NaBuUHHOE
«pasMHOKeHNe» POTOHOR B BEIIECTBE.

flewo, 4ro yeM Gosrbure QOTOHOB COREP/KBTCA B BIEKTPOMATHHTHOM
N3IYYeHNH, NAZANMEM Ha aKTHBHOE BeIIeCTRO, TeM (OAbIlie BEIHY/HICH-
HBIX Nepexof0B «BHH3» MOKeT NPom3oitry. MHEmMM cloBaMmi, B Kampoil
0fJacT NPOCTPAHCTBA, 3ATMONHEHEOH BeleCTBOM, CKOPOCTH HaPACTAHAA
BIEKTPOMATHATHON BHePIMH NPONOPHMOHATLHA caMoOil 2HeprdaM, T, e.
gyneay ¢ororosB B oToil obsactu. Tawas 3aKOHOMEPHOCTH HPHBOIHT
R OHKCHCHOHIWAILEOMY HAPACTARNI IHTEHCUBHOCTH 39JEKTpPOMATHHT-
HOIt BO/JIHLI C PACCTOARNEM z, NPOHTEHHLIM BOJIHON B aKTHBHOM BelleCTBe
{puc. 4n

I = 1%,
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Begyauba o Bas. K02 pPH UM EeHTOM KBaHTOBOILO yCH-
neHWa Bemecrsa (puc. 4). Ha paccroamum z = 1/ nuTeHCHBHOCTH
UBIYYeHUS EO3pacTaeT B e pas; o0 HMeeT pasMepHOCTH car'l,

£

-

127 SIS
7 ai)

78,

[}

z

Puc. 4. «MoOMeNTaJIbHbIl CHUMOK» SJICKTPUYeCKOIo Nojs F BileKTpoMarHuTHOM
BOXHDBI B aKTHBHOM BefgecTse, ¢ OOJBIIOH HaceneHHOCTbIO Ny BOpXHEro ypOBHHA
&5 AMUIIUTYA BOJIHBL HAPACTAET C PACCTOHHUEM z TT0 3aKouy E == E, e "Z, me
@ — KOIQEHUHEHT KBAHTOBOrO yeusmennsa. Ha paccrosuun z = 1/0 aMnjmryga

yoenmuuBaerca B 2,7 pasa. Ha paccrosmun L aMuanTyga BOJHLL  paBHA
B — EQC,OCL,/ZZ

OpHAKO B €CTECTBEHHBIX YCHOBHHX B BEHIECTBE YPOBHU ¢ MeHbIeH
sHepruell HacelleHH 00JbINe, YeM YDPOBHH ¢ Ooabiiedl »mHeprmeil, T. e.
N, << N, (eum. mre). [Ho3roMy OJHORpPeMEHHO ¢ YCHIEHUEM BOJHEL 3a
CYeT BHIHYKIEHHBIX TIePeXO/i0B «BHH3» MPOUCXOIHT IIOJaBJI0IIEe ero
ocnabiienue 33 c4et Pe3OHAHCHBIX IIEPOXONOB «BBepX». B uTore B ecre-
CTBEHHBIX YCJOBUAX BDHEPTHUsI BOJHBL OYIT HE YBEJIMUYHBATHCH, & YMeHb-
warbesi. OTciofna ciaepyer QyHIaMEHTANbHLIT BBIBOJI: €CJIM MBI XOTHM,
9700 BONHA He 0CIalisiiack NPH ee MPOXOMKIASHHE Yeped BELISCTBO,
a, Haobopor, ycUIHBAlIach, TO HEOOXOMUMO M CHKYCCTBEHHO
H3MEeHUTH HaceIeHHOCTH ypoBHEH B BellleCTBe, & HMEHHO VBEJIHYHTH Ha-
CeJIeHHOCTH BePXHETr0 ypOBHA aTOMOB N, H YMEHBLIIHTH HACEIeHHOCTh
HIDKHero yposHA Ny. B pafoueMm BellecTBe KBAHTOBOLG ycuuutedst N,
posswua Obith Oousipmie, dem N;. Taxkoe aKTHBHOE COCTOSHME BelliecTBa
Ha3, COCTOAHUEM ¢ WHBepcueid (oOpamenvueM Hace-
TeHHOCTe .

Peaibpuntil koo(d. youneHus aKTUBHOTO BellleCTBa o 3aBUCUT OT pas-
HOCTU HacejgeHHOCTel ofoux ypoBselt N, — N, mBeposgsTHOCTH
BBIHY/KIEHHBIX 1lepexo[0B Meskay HuMHU. [leiicTBurennro, mycth W —
BEPOATHOCTH BHIHYMKIEHHLIY UCPEXOZ0B ¢ YDOBHA &, HA YPOBEHDL &y
JUTA OfLHOIT WACTHIBI, TOTAA, eCHI Ha YpoBHe ¢&; uMeeTcs N; 4actum, a
HA YPOBHE G MMeeTcs N, TaCTHI, TO Ka#Iyl ceRyHmy WA, dacrtim
O6ynyT mepexOpuTh «BBepPX» M, AHANOIMUHO, WN, €acTui, — «BHH3»
(BePOATHOCTU BHHYICHHEX NEPEXONOB «BBEPX) U «BHI3» pABHH).
T. k. Hpu KaKIOM Hepexose «BBEPX» DIEKT POMATHUTHAA DHePIUA YMEHb-
WAEeTCHA Ha SHEPIHIo OfHOro PoroHa Av = & — 'y, a PN KAKAOM Hepe-
X0fe «BHU3» — YBeJMUYHBACTCA Ha AV, TO CyMMapHas CHOpDOCTH yBeaH-
9eHNA 2JeKTPOMaTHUTHOII sHeprun paBHa hvWAN, rje AN = Ny — N, —
u3bHTOK yYacTHH Ha BepxHeM ypoBHe. Jror msborox AN Has. B K. .
HUCJIOM AaKTHBHBX uyactui  Orcojga ciegyer, urQ
o~ hvIWVAN.

Q=
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Ilonp3ysachk 3aKOHaMU KBAHTOBOM MeXaHHKH, MOXKHO II0OKasaTh, 4TO
BEepOATHOCTb BBIHYKIGHHOTO NepeXofa B IEHTPe CHeRTPAThHOH JIHMHHH
uMpuEsl Av paBHa:

W=z @

B oty ¢-ny, kpome wBagpara aMILIUTYAB BOJHBL E*, IpPO1OpPULO-
HAJIBHOTO DHEPIMH HJIeKTPOMATHWTHOH BOJIHBI, HOCTOSHHON !liauka A
W IIHPHHLL CIEKTPanbHONl JUHWM Iepexoga Av, BXOAUT BeJHuHHA d,
Ha3. MUODOJNhRHBM MOMEHTOM mMepexoga. JAuNOAbEHIT
MOMEHT IepeXOfa 3aBHCHT OT CPEJHEIO PACCTOAHAS MEKNY JTeKTPOHOM
¥ AJpPOM aToMa B COCTOAHMAX, MERAY K-PBIMH COBepIuaeTcst Tepexoj
(cM. Heanmoswii nepexod).

fleno, 4To aRTHBHOC BEILECTBO yCHAMBaeT TeM Jydiie, Yem Goablne
4acToTa v, JMAONbLHLIL MOMEHT MepeXopa d M YMCJIO0 aKTHBHBLIX YaCTHIL
AN, a Takske yeM MeHDBILE JIHPpUHA CHeKRTpalbHol JuEHE Av, C HOMOIHI0
¢-mBt (2) MOKHO HoKasaTh, 970 KO®(E. yCHIeHUR BeHEcTBA olupeie-
asercd -Joi: .

8t v, .
aas e S dEAN. 3)

Wrax, gna toro 4rolBl BelleCTBO YCUJIHBAIO PACHPOCTPAHAIMLYIOCH
B HEM BOJIHY 4acToThl v, Heo0X0auMO0, uT0o0H, BO-ePBHX, 4aCTHIK Belie-
CTBa WMeJH, N0 Kpaiinell Mepe, /1Ba YPOBHA DHePTHU &, U &, pasfielien-
HBIX (PACCTOAHHEMY Gp — ¢y == hV, H, BO-BTOPBIX, YTOOB MHCJIO YACTILL
N,, HAXOAANIAXCH B COCTOSHUM C 0oibluch sHeprieil ¢y, 6bLIO GomXpre
uieaa yacrun, N, Ha ypoBHe 6. 9TH YCIOBHA HeOGXOTUMEL, HO HOJXOCTa-
TOYHBL. B peasibHBIX BeMlecTBAX BCEr[la HMEIOTCSI IIPIYMHEL [{OLOJHIE-
TeJAbHOI0 ociabIeHus BOJIHBI, He CBA3AHHBE C IEPEXONaMH MEKIY P a -
GouuMuU ypoHsMU &y U &;. K 0cnabueHn0 BOJHB, HIM K 1O T e -
P AM BJIeKTPOMAIHUTHOH “HEPIMH, IPHBOLKT, HAIp., €e paccesHHe
B CTOPOHBI HA HEOJHOPONHOCTAX KpUCTaJdnoB. I{poMe T0ro, B BeillecTBe
MOTYT MMeThCst AP. HDaphl yPOBHEH DHePIUH, YAOBIeTBOpSIOUINE YCIO-
BUIO bV = &'y — O p, HO He ofaajapillie HHBEPCHEH HACEeAeHHOCTEH.
Taxkue upnupsbl ociabieBns IPUBOJAT K YMeHBIICHUIO NHTEHCHBHOCTH
pommst B ¢~ B pas, rme f xapakrepusyer JOTMONHHTEILHbE NOTEPH B Be-
IHecTBe, He CBA3aHHbe ¢ JAaHHHIM IlepexofioM. B pesyanrare cymmaprasn
WHTEHCUBHOCTb [ BOJHBI H3MEHAETCA ¢ PACCTOAHHEM 2z IO 33aKOHY:

[ =1, Pz (4)

OTcofia BHTEKAeT TpeTbe YCIOBHe KBAHTOBOIO YCHJEHUS: BBRIHYK-
JAEHHOE U3JyYeHHe aKTUBHBIX aTOMOB HONKHO ¢ H3GHITROM KOMIIGHCHPO-
Bath MOTEPU HJICKTPOMATHUTHON DHEDPIHYU B BelICCTBE, T. €. ¢ JOJKHO
6uiTL GonbIe, YeM P

IpeBpaiienite yewiaurtedss B remepartop. Kar npaweuio, kKoadd. yeu-
JAeHNs BeINeCTBA, K-pblil yaerTcss MOJYYWTL, HeBEJHMK; HAip., B KpH-
crajne pybuna A PaaIOIACTOTHRIX HePeXomoB KOs, yCuleHus
Jayke TpPH OYeHH HUBKHX (TeJMeBBIX) TeMI-Pax COCTABIAET BEJUYIHY
~ 1072 cx7 1, [lauwma wpucrasia L, HeoOXoauMasa 1A yBeIH4eHHA HH-

1g 100
TeHCUBHOCTH H3Jy4eHus, Hanp., B 100 pas: L = 102 1ge = 5 x. Yem-

ANTeNh TAKHX PAa3MepPOB IPAKTHIECKH TPYAHO OCYIIECTBHTS.

Oas yeeawuenns oQderTHBHONM AJIUHK KBAHTOBBIX  ycumauresxeid
OPUMEHAETCA JABHO M3BECTHHII B PajHO(H3MKe HPHHONI [OJIOKITENb-
HOR 00paTHON ¢BA3H: 4aCTh YCH/IGHHOTQ CUTHAJA BOSBpAINAeTCA 06 paTHO
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Ha BXOJ YCHIWTEJsA, Ijle Olla CHOBA ycHmuBaercs, u 7. . Ho eciu ycu-
JieHWe, TOCTHraeMoe ¢ IIOMOHIBI0 OOGpaTHOH CBsA3W, NPEB30MmeT cyMMap-
HEIe TIOTePH YCHIUTENS M Henu o6paTHON CBA3M, TO YCHIMTENL CaMo-
BO3OYUTCA» W HAaUHeT eHePHPOBATH KOJeDAHUs HE3ABUCHMO OT HAJU-
Yy BXOJHOro curHana. T. o, nonoMuTenbHAasg oOpaTHasn
CB s 3 b IHO3BOJsIT He TOJAbKO 3HAYMTEJILHO NOBEICUTHL yCHJieHHe, HO
MOJKeT IIPeBPATUTH YCHIUTeIb B TeHepaTop. XOpoDIO MB3BECTHO, HUTO
IOJIOJRUTeNbHAA OOpaTHAS CBA3L ABJIAETCA HEOOXOMUMBIM HJIEMEHTOM
remepaTropoB aBroxosebanunil (eM. O6pammnasz céa3v).

IlocmoTpuM, kak ocyilecTBasgercs obparHas csash B H. o, B kpan-
TOBHIX TeHepaTopax cBeTa (na3epax) AJisi cosjaHus oOpaTHON CBsSH
pabodee BellecTBO (HANp., Kpucranya pybHMHa miam TPYyGRY ¢ HEOHOM)
MOMEINAIOT MeAY JBYMs HADPAJJEIbHBIMH SepKajdaMH, OTCTOAMIMMHU
Lpyr or ppyra Ha paccrosuuir L. Cser, upoiijisi uepes BellecTBO, yCH-

JuBaercHd B e® pas; 3aTeM, OTPasUBIIUCHL OT 3¢pKaJa, CHOBA NTPOXOJHUT

Yepe3 BeIlleCTBO W YCIJIMBAETCH ellle B P pas u . . Ecau 3epxana
JMOCTATOYHO XOPONIH, T. e. He HOIJOMIAXT CBET, 4 IIOJHOCTHIO €r0 OTpa-
3RAIOT, TO B Pe3yibTaTe MHOIOKPATHOTO ITPoGera BOJHH 4Yepe3 aKTHBHOE
BeIleCTBO YCHJEHHC MORET JIOCTHIHYTL CKOJb YIONHO OOJbLIIMX 3HAYE-
Hul (eM. OmEepumuii pesonamop). TloaToMy, ecan gaKe Ha TaKol ycu-
JquTelb He TMOAAETCs U3BHe HMKAKHX CHTHAJOB, €ro co6CTBEHHOE CHy-
yaitHoe H3dTyYenue (HeusOesKHOE N3-3a CIIOHTAHHHX IEPeXO/0B) yCH-
JIUTCSE 3a CUeT BHIHYMKJIeHHBIX NePeX0/0B, B pe3yabTaTe 4er0 yCUJIHTEIb
npeBpaTUTCA B TeHepaTOp CBeTa.

HoHedHo, MOLIHOCTE HM3Ay4YeHHS He MOMKeT LPU HTOM BO3PaCTaTh
HeOTpaHWYeHHO, Hamplil BHHYKICHHBI HepeXo] «BHU3» YMeHBHIaeT
YUCJA0 aKTHBHBIX aToOMOB. lfepeiiga BHU3, aTOMbI HAYHHAIT MOTJIOIATH
H3JIYYeHHe M, eCJU He BOCCTAHABJIMBATL HEIPEepHIBHO K.-i. CIOCODOM
u30BITOK aTOMOB Ha BepXHeM YpPOBHe, HACTYIUT HA CH I e HHU € —
BHIPABHHBaHHE HACCICHHOCTeHl ypoBHEeIl (PaBeHCTBO NOTIOLIEHHS ¥ BbI-
HYKIeHHOI0 McnyckaHnsa). 11pn HachlllleHUM MHBePCHs HacCeJeHHOCTel,
a 3HAYMT, M yeuieHue ucuesaor. [ToaroMy, 4eM GoJIbllle yCUNeHue, T. e.
MOII{HOCTDL BBLIHYKIEHHOTO W3JIyYeHHsi, TeM 00jee MOIIHBIM JOJI/KeH
OLITH HCTOYHUK, IIOJeD/KABAIONUI HHBEPCHUIO HACEJIeHHOCTeH B pafo-
yeM BeliectBe, T. 0., HeMOCPeACTBEeHHOH TPUYMHONR, OFpaHMYMBAIONMCI
HapacTaHHe dJEeKTPOMAarHUTHOI'O LOJsA MEXKAY 3epKajaMu, T. e. orpa-
HUYHBAIOmeH KO3Pd. YCHIeHAS KBAHTOBOIO YCHIHTENA W aMIUIHTYLY
KoyieGaHmil KBAHTOBOTO TeHepaTopa, ABJIAETCH HacHIleHue (cM. Hacw-
wenus sggerm).

PaccMoTpum Tenephb, KaKOBEL YCJHOBHs BO3OY:KIeHHS KBaHTOBOTO
TeHeparopa. Buie yHOMEHA/ACS BaMKHBIL B34KOH pajuodu3uKn: eCcan
K.-JI. YCTPOUMCTBO yCUIMBAET HJICKTPOMATHUTHBIG KONeGaHs WU BOJHK
B TARO! CTCHCHU, YTO YCUJEHMe IPEBOCXOUT BCe IIOTePH DJIEKTpPOMAr-
HUTHOI pHepPIHH B yCTPOIiCTBe, TO OHO IlpeBpallaeTcs B reHepatop. Mul
yiKe BHIACHIAN, 9eM OOYCJIOBIEHH TIOTEpH B CAMOM AKTUBHOM BeIlleCTBE
KBAHTOBOrO YCHJIHTENsI,  OXaPAaKTePU30BATH HX KOJUYECTBEHHO KO3(-
¢unuenrom mornomenus f. Temepb paccMOTPEM Ha TOM Ke IpHMepe Ja-
3epa, Kakue AONOJHHTENLHEIE TOTepH BHOCHT yCTpoiicTBO o6paTHOH
CBSI3M -— B JAHHOM cJydae 3epKala.

HadecTBo Bepraa xapaxTepusyercs Koadd. orpaskenusi R, paBHbIM
OTHOINEHHI0 MHTeHCHBHOCTH OTPayKeHHOro cBeTa J,yp K HHTEHCHUBHOCTH
nagamero cBera /. Y xopommx 3epkaax R MoKer npeBmats 99%.
HpI/I RaKIOM OTpayKeHUYu NHTeHCHBHOCTL BOJIHRL YMeHbIHACTCA HA BeIH-
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gny [ — lopp = [ (1 — ). MomHO sl UPOCTOTH CUMTATE, WTO 310
yMeHbHIeHUe IPOHCXOUMT e CKAUKOM (B MOMEHT OTpajikeHms), a Hellpe-
PE(BHO B IpPOCTpAHCTBE MekAy seprazavu, T. 0., HOMHMO YBejinuc-
pus I 32 cdeT BHHYKEHHOTO H3JXYYeHUs, MOKHO BBeCTH yMeHblenue /

{—R ]
pa | cxn myTH, pasmoe J — OTcloga caegjyer, Yr0 HHTEHCHBHOCTD

BOJIHBI, Oeramileii or OJHOTO 3epKajda K APYroMy, B CpeldHCM yMeHD-
nlaeTcs ¢ HPOHeHHLIM PACCTOSHUEM 2z II0 3AKOHY:

[(5) =l Paers®, )

re Baeps = (1 — R)/L — 3KBHBaJNeHTHBLI KOo(pd). DOTJIOMEHNA, Yuu-
THIBAIHHIT HEHJ{EeAJTbHOCTH 36PKAX M HOTePH B BellleCTBe.
Lean Terepb y4uecTh TAK/Ke yCHJeHUe BOJHBI PadounM BeIIeCTBOM

o — Boapr)? . .. .
nasepa, 10: I (z) = I4e 3€PRT T g, nyTh, HPOWjIeHALIH BONHOT 3a
BpeMs t, paBeH cf, TO COOTHOIeHMe HpHOOperael BU:

1 (1) = 1% Pacpmd ©)

fycts B MOoMeHt ¢ == 0 NPOHBONIIO CIOHTaHHOE HCOyCKaHUe HOTOHA
B HampapfeHul, MepHeHAHKYAADHOM 3epraiaM. Ecau rosdd. xBamto-
BOro yemiemsisl & > Pgepr, TO MHTEHCHBHOCTH Manydvenns [ Syner me-
HpPephIBHO HAPacTaTh CO BpeMeHeM /10 TeX Mop, DoKa BCiepcToie shderra
HACHUICHMs ¢ He YMEHBIINTCH A0 BeJnuMHHL 0. = Piepk. Ilocae atoro
HHTEHCHBHOCTL HOJSI MEKAY 3epRajiaMu Oy[IerT oCTaBaThCsl HEM3MEHHOT,
Veaorue o > Pyepi + [ obecmeunbaer mpenbmienHe u3aydaeMoil Be-
MeCTBOM MOLHOCTH Hajl MOILIHOCTHIO, TepAeMOil B BelliecTBe [ u npu ov-
PaKeHUAX:
t — R

Q>ﬁsep1:+f’:-—g—* -+ P. N

Hanop., npu R = 99% u L = 100 cu paa posOysieHUs reHepanun
Koo(P. KBAHTOROI'O YCUJIEHHS BenlecTBa JOJyKeH Hpepsnunars 1074 e,
HOas roro urofel MCNONB30BATH HIIH UCCHEROBATh UBIydeHHe Jasepa,
HeoBXOZNMO YacTh cBeta BHBeCTM HAapy:my. B lasepe jIs BEIBO/A dHEp-
ruu OOEYHO [eafoT OJHO U3 3epKRAJ MOJNYUPO3PAUHHM. ITO IPUBOIUT
K JOTOJTHUTEJNLHBIM HOTepsnM sHepPrum Ha majiydentte Pys,. B pesyas-
TaTe YCJAOBHe DeHeparim ¢ YyYeroM BceX [OTeph OPUHUMAET BHJ:

ax 8T8 g g T.0)

lonpaysace sTuM yCIOBHAEM, MOMKHO JIEPKO HOACUATATHL MHHHMAJh-
HOE UHCJI0 AKTHBHHIX dacTul AN, HeobXomumoe AJAA TOTO, YTOOH Jasep
sapaGoran. C oroff menblo mykHO B (-ay (7, @) nopcraButh wosdQ.
yeunenns o u nepenects AN B JeBYIO 4acTh HEePABEHCTBA:

AN > (Lij -+ E’n)/(%%i Kv@ dz)' ®

3necs By = P + Pusa. Orciopa BugHO, YTO TpelyeMoe UHCIO aKTHB-
HBIX dacTull AN TeM 601blie, 94eM XYiKe KaYeCTBO 3epKal u ueM 0oxabIne
noTePU B BeHlecTBe, He CBA3AHHEIE ¢ PabounM MepexonoM, T. e. 1eM 60J1b-
ure . Kpome Toro, Heo6XoqNMOe WHCAO AKTHBHBIX YACTHI] TeM (oJbile,
YeM MeHbIIEe AUNOJNBHHI MOMEHT Ilepexoja 4 i 4eM MeHBIIe 4acToTa v,
a TawKe deM Ooublle IMUpHHA CHeKTPAJbHOU JIHHUN mepexoma Av.
Buimonnenne ycaopus (8) ABisieTcs CHOKHON M TPYAHO paspemiuMoil
3ajiavelf, BO3BUKAWONENl UPH CO3JAHNH KBAHUTOBHIX YCTPOUCTB.
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B KBAHTOBBIX YCHJHTENHAX W TeHepPATOPAX PafNOBOJIH, B YaCTHOCTH
CAHTUMeTPOBEIX BOJH, T/e JiIMHA BOJHB CPaBHHMa ¢ pasMepaMH ak-
THBHOI'O BEIIECTRA, POID 3epKAX, HeOOXOIIMbBIX [T cO3fanns 00paTHoi
CBs3H, BLUOFHATOT 06 BbeMHHNE Pes30HaTops — HOJOCTH
¢ METAJNHY. cTemraMu. EcJu CTeHKH Pe30HATOPA XOPOLUIO OTpPasKaiorT
DJEKTPOMATHUTHLIE BOJHBI, TO BOJHLI OIpPefeJeHHOH YacToThl, TONaB-
DINC M3BHE WU LOABHBITHECS B PE30HATOPe M3HYTPH (Hamp., 3a cyer
CHOHTANHOro mepexoga), 6yAyT B HeM MHOTOKDATHO IHPRYJAUPOBATH.
B sT0M caydae HOTepH, 00YCIOBICHHBIE TOKAMH, HHIYIPYCMBIMEA DIICK-
TPHY. HOJNEM BOJHL Ha BHYTPEHHHX MOBCPXHOCTAX METAJAHY. CTCHOK,
Oy/IyT MaJibl.

B o0beMHOM pe3OHaTOpe MOIYT VCHIMBATBCSI M RO30YIKIaThCA
TOALKO HIERTPOMATHUTHEE BOJHbL OTIPEeTeHHBIX YaCTOT Vy, Ha3. ¢ 0 0 -
CTBEHHBMHA WA PE3OHAHCHHNME YacToOTaMu 00D
eMuoro pesomatopa. OHHM 3aBHCAT 0T (QOPMEL U Pa3MepPOB pPe30HATOpA.
Ilna sTHX 4wactoT ¢-ia (8) coxpamnsgercd, IpwieM BedununHa L xapaxTe-
PUHAYET PaZMeprl pesoHaropa, a R — uoTepn B HeM (mofpofmee cM.
Ofsennuli pesonamop). IBBOJL M BHBOJ M3JIYUeHHA 13 PE30HATOPA OCY-
LEECTBIIAIOTCSA ¢ LIOMOHILIO BOJHOBOLOB, KOAKCHAJDLHBIX JHHMN HJAH JTpP.
yetpoiters, paspalforanunix ust gnavasosa CBU.

Nrax, pacrmorarag BellecTBOM, 00JafaloninM HOCTATOUYHO OOJBITHM
u3bbITKOM AN BO3OY/RIEHHBIX ATOMOB I MOJEKYJN, ITPUHIUIHAJIBHO
MOMKHO COBNATH YCHIUTENL MW TeHepaTop 3IeKTPOMATHUTHHIX BOJH
1060 HLL BOJHKL. JIJMHA RBOJHB OIIpefelsieTes1 PasHOCTHIO SHEPTHu
MeRY YPOBHAMH ATOMOB HJINM MOJEKYJ M, B CBOIO 0Uepejib, OIpefeisieT
THI Pe30HATOPA ¥ BCIO W3MEPHTENLHYI0 TeXHURY (ONTHY. yeTpolicTna
uin Texuuka CBY). BosHuKaer am Ipxm 9TOM yculeHie N eHepaLusd,
NOTHOCTHIO 3aBICHT OT COOTHOIICHISI MeATY UACJIOM AKTHBHEIX aTOMOB
AN 1 moTepsiMyt DEEPTAN B cucTeMe. Eciu WadyyeHne aKTHBHBIX ATOMOB
MeHDIle TI0TepPh, TO DIEKTPOMATHHTHOE W3JjydeHHe IOTJIOMACTCH He-
CcMOTPsI Ha HaJH4YHe oOpaTHON ¢BaA3H. Eciam 1oTepn 9lIeKTpoOMarHuTHOH
9HEPTHH, CBsi3AHHHNE ¢ N3NYUYEHHEM H3 PE3OHATOPA ¥ IOTIONIeHHEM B
€ro CTeHKAX M B AKTHBHOM BeUIeCTBe, MeHDIIe IIPHpoCcTa YHePTHA 32 CUeT
BLIHY;KIEHHOTO M3JIydeHUs AKTHBHHX ATOMOB, TO aMIUIMTyfa Ciaydaii-
HHX Rroie0aHmil B pe3oHATOPe YacTOTH v OyAeT HapacTaTh, HAUHETCH
caMoBO30yaienne WIH TeHeparusa. FECHH DHEPrHA BHHEYKRIEHHOTO
M3JTydeHisl HMpeBHIIaeT BHYTPeHHHAC MOTePU (TOLJIOLieHHe B BellieCTBe
U B CTEHKaX pe30HATOpa), HO MeHbIle MOTHHX TOTePh, BRIAUAIOMUX
NOTCePH HA M3ITYUeHHe HAPYMAKY, TO Temepaljusa He BosHuxaeT. Opmanc
BOJIHA, IO BeleHHAS H3BHE K TAKOMY Pe3OHATOPY B Pe3yibraTe B3amMO-
HelICTBHS ¢ aKTHBHBIM BeIECTBOM, YCWJINTCH M, BBILIA M3 Pe3soHATOPa,
6yneT uMeTs GONBITYIO aMIVIUTYIY.

Pacemorpum Gonee mogpobHO, KaK HaCeNeHBl pas3jnuHble YpOBHH
SHePTUH H KaKAM 00pa30M MOKHO 9TY HACEeNeHHOCTh H3MEHATH.

4. Hacenennoern yposueii. MluBepcroe cocrosamnne
BelIecTRA

Beriire yike YHOMHHAJIO0Ch, 9TO B €CTECTBOHHLIX YCJIOBHNAX IPH paB-
HOBECHII ME/RIY BelllecTBOM U ORpy:Rawomel cpefoil (B yCIOBHAX T e 1 -
JOBOTO pPaBHOBRBECH A) HIKHAe dHePreTHY, YPOBHI HaceJCHL!
6omee miotHo, uyem BepxHue. CymecTByeT (yHAAMEHTAJNLHBIH 3aKOH,
HOKa3BIBATOLIT, RAK MPH PaBHOBeCHH pacIpe/ieeHbl JacTHIH 1O DHEp-
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ruu (puc. 9, a):

N, = Ce Entt )
970 COOTHONIEHNE, HAa3, pacOpefenesneM boasnmmana,
HOKA3LIBAET, ITO UNCJAO UACTHI[, OOJANAOLINX sHepruell &), (T. e. mace-
JIeHHOCTL ypoREss Nyp), saBucnr or alc. TeMI-psl pemectsa (B K) n
OT DHOPTHH YPOBHA ¢ (€ ~— ROHCTAHTA, 3ABACALIAA OT HOJHOIO HHCHR
4acTHIL B eUANIE obLeMa, k — Boabymana nocmosuias).

W3 puc. 5 BHjHO, YTO HACETENHOCTH YPORHEI YMeHBITAIOTCS € BO3-
pactaHmeM oHeprunm ypoBHA. € NOBHILENHEM TeMIT-Pbl NACETeHHOCTH
BCPXHNX ypoBHell pacTyT, HO Bee e OCTANTCA Melbille HACJIEHHOCTeI
HIGRHENX ypoBueil (cM. Doavynana pacnpedeaenue).

& &
1 -&/kr, ! e/
& p—-l‘ %é»x 55“‘\ SEHT
‘/ i \/ 28
. \
& '_'1‘ Ty = Te=T0/2
\ \
&3 —-—\\ 53-—A\
\ . \
ﬁ"’:—-_—_.—:é\ ff:ﬁ\
3 3
80'———"'—'\\ 60 \\
0 N 0 s Wy /N
a 6

Puc. 5. Pacnpepenenne Boabimana: a — juid temn-pel Ty 6 — JUIA TeMiepa-
typsl T, = 1'/2. Ilo BepTUKaZH OTIAMKEHa SHEPTUA YacTHObM & , uMernowel
€ paspemenHnix ypobtefl. o ropusoftalm OTIOIREHA BEPOATHOCTB TOTO, 4TO
YaCTRIIa UMECT SHEpIUI0 é’n, T. €. BepOsATIHOCTb OOHAPYHUTD JaCTHHY Ha KAKOM-

nuGo n3 yposmeit (N — obutee 9ucso tacrui, N, — 9IACHO HaCTHIL Ha YPOBHE
'gn)' CymMMa miiuil BeeX TOpU30NTaibHBIX jiuaiit pasHa 1.

U2 pacupefenerHusi BoabliMaHa CJefyer BasKHBIH BBIBOJL, O K-poM
YHOMHHAJKOCH BBIIE: B DABHOBECHOM COCTOAHME BeIeCTBa HILKHIE YpO-
BHM BCerna HacejeHnl Oosbiie Bepxuux. IloaroMy 0oOB4HOE BelIeCTBO
He yCHIMBaer, a JNUIIb IOIJIONAeT PHEPTHI0 IPOXOJsAmel dYepes Hero
DJeKTpOMAaTHNTHOH BojHbL. UT00H chelaTh BeIIEeCTBO YCHIMBAIOIIHM
(axTHBHAIM), HEOOXOMHMO HADYUIATH €ro TeIIOBOe paBHOBecHe TaK,
4yro0Bl X0TH OBt AJs1 OTHON Hapbl YPOBHeH BepXHUII Obln HACENeH CHJIb-
Hee, YeM HIDKHWI.

OcpoBHass wupo0jieMa, BOSHWKAIONAA NPH CO3JaHMH KBAHTOBHIX
yeuauTedell M reHepaTopoB, COCTONT HMOHHO B OTHICKAHNNN CHIOCOGOB
HapyeHns TelllioBOT0 paBHOBeCHA padodero BeliecTBA TakuM olpasoy,
41006 0GeclednTh H30BITOYHYIO HACEJeHHOCTH BEPXHEI0 YPOBHA Hepe-
X0[a 10 CPaBHEHHI ¢ HILKHUM.

BeposaTeo, MMeRHO TPYHOCTH OCYNIECTBJIEHHSA HHBEPCHOTO COCTO-
AHUA BenleCcTBA SABHJIACH TJIABHON TNPUYWHON CTOXbL IIO3THETO POKjle-
wusa K. 2. Begp ocroBHOC Qu3. ABAeHHe, Je/Kallee B OCHOBe KBAHTOBOIO
VCUJEHUA, — BHHYKACHHOe H3iydeHUe, OplI0 monaTo A. JiimmrelHoM
Gosee 50 ger tomy masan (1917 r.). Texumka ONTHY. CIIEKTPOCKOIHM
(HCcciegoBaHUME ONTHY. CIEKTPOB PABIHYHBIX BelleCTB) TaxKe yike Obniia
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LOCTATOYHO pa3BUTA, W Jasep MOT OB popuThes eme B 20—30-x rr.
IToTeHIHAJBHYI0 BO3MOMKHOCTE KBAHTOBOTO YCHIEHHs CBeTa TOATBEPIK-
JAT0T Pe3yAbTATH HCcAeOBAaHmi, manosxensble B. A. ®abpurarToM B
AuccepTalui, 3allueEdol mM B Myand. macTuTyTe M. II. H. JlefGenena
B 1939 r. ITpasga, Bropoe Bammeiimee A1 K. 3. moHATHEe — 06 paT-
Had CBA3Db — IPOHUKIC B ONTHY. CHEKTPOCKOIHIO JHIIH NOCHe CO3-
pamus B 50-X IT. paj{HOYaCTOTHHIX KBAHTOBBIX YCTPOHCTB.

TpyAHOCTH OCYIIECTBICHIS NHBEPCHH HACEIEHHOCTeH B pasiYHHX
BellieCTBAX B 3HAUHTEIBHOI CTemeHH CBASAHHE ¢ TeM, YTO B CHCTeMe B3a-
UMOeRCTBYIONMX APYT ¢ APVIOM HacTHi( (B Taze, B JKUAKOCTH H B TRED-
7IOM Tele) MOLBITKI HAPYHINTL TeIIOBOe pABHOBeCHWEe BCTPeYAlOT NpO-
tusopeiictBie. TemroBoe JBHKeHWe YacTHI[ M B3aHMOReHCTBUE MeKAY
HUMH BBI3bIBAET KBAHTOBLIE IIEPEXOJEI, K-pble CTPEMATCH BepHYTH CH-
CTeMy B COCTOHHHE TeIlJIOBOI'O PABHOBECHSH, 6CJIH OHO IO K.-1. HPUYIHE
HapyilleHo, T. e. BOCCTAHOBUTH pachpejeneHuHe Boannmana. 9710 sBie-
HUe HA3. perakcayuell.

PaccMoTpuM TpPHPOAY pelakCallil Ha NIpPAMepe MOJeKyJl Trasa.
[TycTh, HAXOJSACh B PABHOBECHH, T'A3 MMeJ TeMI-py T H HaCeJeHHOCTH
ypoBHEH MOJeKYJ MOURHINCH pacHpesieleHNI0 boapnyMana (pnc. 5, a):

N, = Ce Ep/hls . damee TeMu-py pesro moEusmin 10 T,, Hamp., 6BICT-
pHIM pacuIMpeHiieM rasa. PaBHOBecHe IpH 9TOM Hapymiaercs, Ha BO3-
OysieHHBIX YPOBHAX B IIePBHII MOMEHT OKA3BIBAeTCsI 0ONbINe JACTHIL,
geM 3TO COOTBETCTBYeT HOBOIi, Gojee HM3KOH Temu-pe 7T, BeliecTBa
(pme. 5, 6). OpHaxo depes HeK-poe BpeMs, Ha3. BpeMeHeM pe-
JaKCalumn HACCIeHHOCTH HepepacipeflelATcsl TAK, YTOGH BHTOMN-
HAJOCE pachpeneleriie boarnmada faa Temn-po, O0auskoid x T:

N, = Ce G /R .

BosHuKaer BONPOC, KAK (Y3HAWT» DIEKTPOHEl MOJEKYJ, YTO TeMM-Pa
rasa (T. e. YHepIrHsl KWHETHY. ABIDKeHHA Mojery:) nonusunacs? Orassi-
Baercs, YTO 00OMeH MHQODPMalleli» O TeMII-pe MeyKAy BHYTPeHHUMM IBII-
HEHMAMU B MOJIEKYJaX ¥ UX HepeMellleHHeM, KaK 11eJoT0, HPOUCXOAUT
NpH CTONKHOBEGHMAX MoJeKyd. Eclu gBe MOJIeKyNH MNOJOIIIA [0CTa-
TOYHO OJIH3KO [PYT K APYTY, TO BO3MO/KHO IpeBpallieHle YaCTH KUHETHY.
SHEePIU OJHOH MOJEKYAH BO BHYTPEHHIOKW DHEPTHIO APYToil WM B ee
coOCTBEHHYI0 BHYTPEHHIOW DHEpPTHIO, T. €. IPU CTONKHOBEHUH BO3MO-
EH MEePeXO[ HIEKTPOHA BTOPOH MOJEKYJH H3 OCHOBHOTO B BO3OYIKICH-
HOe cocTOsiHMe. MojKeT NpPOHBOHTH, KOHEUHO, M OoOpaTHRII mpouecc —
nepexoyi BJICKTPOHA, YBEIHYNBAIOIIWI KHHETHY. SHEPTHIO CTaKUBAI0-
IIIXCA MOJIeKYJ 32 CUeT UX BHYTpeHHeH sHeprmu. Ecau TeMn-pa rasa
YMEHLITTHIACh, TO CTOJIKHOBEHHS BTOPOTO THIA GYIyT HPOUCXONUTE Yallie
H B DPe3ydbTaTe HACETCHHOCTH BepXHHX ypoBHe#l OyayT yMeHBIIATHCA.
I’'asz 6ymer EarpeBaThest 10 TeX IOp, MOKA He YCTAHOBHUTCH PAaBHOBECHOE
pacupejelieEHe HaceleHHOCTell, COOTBEICTBYIOIHee HOBOH Temu-pe Iy,
Bpemst yeranoBiennst paBHOBecHs (BpeM A pelakcandl) npu
3TOM NPuOGINBUTCIBHO PaBHO CPeHeMY BpeMeHH Me:KAY CTOJIRHOBeHMsA-
Mu t. BeposTEOCTH TOrO, 4TO B pe3yJbTaTe CTOJKHOBEHHII B TedeHie
1 cex mpomsoiineT penarcANMOHHHI WePexof MOJeKRyJAH W3 OJHOTO CO-
CToHmKa B JApyroe ~ 1/t. 9Ta BepOATHOCTH TeM O0JbIIe, 4YeM BHINe
TeMT-pa 1 jaBjienne rasa.

Wrak, perarcanusa B rase obycioBieHa o0MeHOM dHeprueil MeXmy
ABUKEHHAMU OJIEKTPOHOB BHYTPH MOJNERYIB U JBWKEHHEM MOJIEKYIIb
Kak nesoro. Ipu sTom TeMmi-pa 7,, XapaKTepusyoIlas pacupejeleHie
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MOJICRYJ 110 YPOBHsM, It TeMi-pa 'y, OIpeieldA0ILas pacupenelieHue
MOJICKYI TIO CKOPOCTAM, BHPABHHBAIOTCAH.

B TBepioM Tede TeNIOBHe KOJeOAHNSI ar0oMOB OK. NOJOKREHUIl pas-
HOBECHS TaKe ¢ OlipefiesieHHOI BePOATHOCTRIO (TeM foabliieil, YeM Bhlule
TEMII-Pa) H3MeHsI0T OHePIHI0 3JeRTPOHOB I, CIe0BATEIBHO, HACETeH-
HOCTDL pHepreTud. ypoBHeil BemecTBa. IIpoLece yeTanopienns paBHOBec-
HOI'G pacipefelieHusa HACeJeHHOCTEH, O0YCAOBICHHBIT TEHLIOBHME KO-
nefaHUAMHE aTOMOB, U3 K-PHIX ICCTPOEHA KpPUCTAlANd. peljeTka, Has.
CRUH-peuLemouyoli perakcaylel,

OrpunareisHad Temueparypa. Mol yike 3maeM, 49TO OpH TelJIOBOM
paBHOBecun pacilpejiefieHNe HaceIeHHOCTell B BelleCTBe Olpe/ledAeTcs
3ar0HOM DolbIMaHa, COTIACHO K-POMY HACEAEHHOCTh YPOBHA (5 PABHA:
Ny = Ce €T g ypous €2 Ny = Ce™ /A Ornomenne nacemen-
HOCTeHl BepXHero YPOBHA K HIKHEMY:

Ny _ = (E;—E)/RT __ , —hvy/kT
- - H

Ny
rme vy => 0 — gacrtora nepexofa. OTCIOA MOMKHO ONPEfeNRTh TeMI-DyY
P hv, N .
setlecTBa: 1 = j{i‘— In —V—‘ Clle0BaTEILHO, €CJIH BEMmIECTBO HAXOIATCS
¥z

B TE0BOM PaBHOBeCHH, TO OTHOIIeHUe HACEJeHHOCTeH [OBYX ypoBHeil
Mmepexofa MOJTHOCTRIO OTIpe/leslsieTCs TeMI-Poii BertecTBa. 1. . Temmn-pa T
Beerjia 60JbIIe BYJsi, TO B paBHOBecHH N, <C Ny, T. e. BepXHUH ypoBeHb
HAaceJeH MeHbIIe HIKHETro.

Ecau ke paBHOBecHe B CHCTeMe IO K.-JT. HpHYHHE HADPYIIEHO, TO
TO #{e COOTHOINCHME MOMKHO (OpPMAJbHO HANNCATH TaK:

AE e e /BT s

Nl
3necy Ty, He HMeeT HUYero olIero ¢ Temil-poil peumecrsa 7, 3910 —
YCJAOBHAS BENWYHMHA, XapaKTePH3YIOiast JNMIL OTHOIIeHHe HACENeHHO-
creit Np/N,, Ha3. TeMTIepaTypoil mepexo/ya.

IIpH TeImIoBOM PABHOBECHH TEMI-PHl BCeX HePeX0/0B OJUINAKOBE K
COBIIAIAl0T ¢ MCTHHHONE Temm-poil Bemectsa T. Keuanm ke ecTh H30H-
TOK 4TOMOB HAa BepXileM YPOBHe G, T.e. HHBEDCHs HACedeHHOCTeff
N, > N,, 10 TeMn-pa nepexoga T, CTAHOBHTCA OTpHUATENBHOI Beju-
gpnoii: 7Ty << 0. Ecam pepxumil ypoBeHbL He 3aceleH, T.e. N, = 0,
T0 Ty = - 0; ecaim mycr HIGKHUI ypoBeHb, T. e. Ny == 0, 10 Ty, =
= — 0. Orcofa sICHO, YTO DHEPTHA CHUCTEMH, B K-POH I K.-J. Naphl
ypoBHeii Temrn-pa mepexona 'y, << 0, Ooablle SHePTUH TOI e CHCTEMBbL
mpu Ty >0 — T, e. oTpunaTeNbHEle TeMI-pel (B K) <«ropadeii»
TOJIORATEIbHEIX.

T. 0., HOHATUN (HEBEPCHsS HACEIEHHOCTOH» W «OTDPUIATENLHAS TeM-
mepaTypas 9KBHBAJEHTHB, U YCJOBWE KBAHTOBOTO YCHAGHHms o > i
MOJKHO BaMeHHTH yeaoBueM 7T, << 0. MoyKHO cKasarp, 4T0 3aBerHast
Meyra Kakaoro ¢msmka, paboramomero B obixacru K. »., — maiiru sg-
QeRTHBHEII CHOCOO «HATPEeBATHY KBAHTOBHE NepPeXOAH N0 MHHYC — HY-
TeBOW TeMI-PHI.

5. Meroast ocCyiecTBIEHHA WHBEPCHHN
HACCICHHOCTEH
Hecmorps A TpyAHOCTH, U3HKA M300peJn MHOTO ¢Ioco0GoB co3ma-

HU HHBepcHu HACEAEHHOCTEH B Pa3IIHBLIX BellecTBax, Hanboxnmee
UparTHY. LpHMCHeHHE HAULIH 4 MeTO[R. O[J,HHM u3 NepPBLIX UOABHICH
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Merojy, B K-poM padouee BeliecTRO npejctaBaser coboil 0TOK He R3aH-
MOUCHCYBYIOMIX APYT € APVIOM aToOMOB ILTH MOIERYN (MoaeryidapHole
U amoMHBe NYURIL).

CoprHpPOBKA ATOMHBIX M MOJAEKYJAPHBIS NYYKOB R NPOCTPAHCTEE.
ITOT METOJ COCTONT B MPOCTPATICTREHHOM PA3ICHeHITH aTOMOB MJIIT MoJe-
KYJd IMy4Ra, HANOMIINNCA Ha PA3IIMIHBIX DHEpPTeTUY. YPOBHAX, C LIOMO-
MBI HOCTOSMHONO BO BPeMeHH, HO HEOMHOPOXHOTO B IPOCTpaHCcTBe
AUEKTPHY. LA MaTHHTHOTO TOJA. ITOT MeTOR GBI HCTOPHYECKU Tiep-
BBIM, OH GBI MPHMeHeH
B MOJERYISAPHOM TcHe- Copmupyowee 06 )

7 BEMHbLIU
patope. PaBounmm Be- yempoucmao pesonamop
IECTBOM B 5TOM TeHE- Hcmounun nyusa v -
patope ORI IYYOK MO- T fmm—n T l § l
meryn ammuara (NH;), T S ——
NPOMETAIONX  depes kS LréTJ
o0BeMHBIT  pe3oHATOP v |

uc. 6).
(p b n)que MOTeR Y fas  flysok  Heodnopodwoe snexmpu- Buisod ;Hepeuu

4ecHoe none

I aTOMOB, BHITETAl0-
mMUX W3 HCTOUIIHKA, Tpaexmopuu MONEKYN & BepxHemM COCMOANUY
HACEJEEHOCTH PACTIPE- ~ === o ——e HUMHEM
IeneHBl 1O  3AKOMY
Boasmmana. Criern. cop- Puc. 6. COpTHpPOBKa YACTHIL, IO BHEPIHUAM B MOJIEKY-
THpYIOMee YCTPOHCTBO JIAPHOM TeHepaTope.
yAalseT H3 HyJyHa ua-
CTHIB C ?Heprieil ¢; (sHeprus HI/HeT0 YPOBHA nepexopga). Ocrar-
Himecs B TydURe YACTHIE ¢ OHepriefl ¢, WoNamawr B obbeMubiii
pesoHaToOp M BO3DY/RAATOT B HeM DJIGKTPOMATHHTHHE RoJebauns ¢ da-
croroit v = (¢, — &1)/h 3a cUT BHULYMKJCHHHIX MePeXOj[0B (BHU3»
B cOCTOAHMe .

CoprpoBra YacTHI, OCYHIECTBAAETCA ¢ HOMOIIBIO HEOMHOPOIHBIX
HIEKTPHYECKOTO MAM MAaTHUTHOIO Hoxell. [leficTBHe Takoro mous Ha Mo-
JeKYJIy 3aBHCUT 0T ee nHepruu. PacemorpuM sro Goxee nogpobmo nHa
IIpuMepe MOJeKyJ ammuara. llonagas B IMOCTOSHHOe DJIERTPIY. IOJe
E,, Molekyna amMMuaka mIpuoOGpeTael HOMOJIHHTEIHHYID IOTEHIUAND-
BYIO 3HePrul0, TaK 9T0 YPOBHH ee YHePrun cMemaiorcd. Benuunna 1 3Hax

Npy  YBCNHYEHHHM I[IOCTOSHHOINO IEKTPUY. IONA |Ey

nvy SHCPTUA HUKHCTO YPOBHA ¢, YMCHDBIIAETCA, a Bepx-

nero &, — yBeaMUMBACTCA (9acroTa MEePexoma Vg Co-

. OrBeTCTBYeT juiune Bommbl A = 1,24 ecm). B coprupyio-

) nieM ycrpoiictse nosne |E,! pacrer no Mepe yBelnHdYeHus
PacCTCAHNA r OT OCH CHMMETPHN YCTpolicTha.

[ -
N ? Puc. 7. Ddderr Illrapka 0JA MOJEKYJIB aMMHAKa:
Va

0

e £,

3TOF0 CMeIMennsl PasJNyYHBL [ pasHHX yposmeit. Ha pme. 7 msoGpa-
JeHa 3aBHCIMOCTH IIOJOKEHHA JBYX YPOBHEH 9HePTHH MOJEKYJb aM-
MuAKA &y W ¢y OT BeJmdWHEL Modst Eq. [Ipu yBeqmdennn abe. BeXmuman
BIeKTPHY. M0Js K, DHeprys MOJERYJI B COCTOAHHH ¢, YMeHBLITaeTcH,
a B cocroamuu &, yBeamumsaercs (cM. Hlmapka sfderm).
Coprupyiomee yerpoficTBO, H83, KBALPYHOIBHB M KO H-
TeHCAaTOpOM, CO3aeT HeOAHOPOJHOE HIeRTPHT. none E, (puc. 8).
B menrpajibHO HacTy, Ha OCH NyYKa, HOJe PABHO HYJ, a 110 Mepe y/a-



28 KBAHTOBAA DJERTPOHNKA

JeHHmsA 0T OCI Iy¥Ka NJIaRHO Hapactaer (00 alCOMIOTHON BedwuuHe).
[TooroMy pre. 7 oTpaskaeT TAIOKe 3aBHCHMOCTH DIEPTIUL MOJERYT B CO-
crosiaun &'y W &y 0T ee PRCCTOSILS ¥ OT OCH CHMMCTPINT KOHAeHCATopa.
MoOseRyaAH B COCTOAHIIT (5, HMEIOT MUHHMYM aHepru: Upit # = 0, a Mo-
JERYJIE B COCTOAHHU ¢5; 00AamalOT TIPH HTOM MAKCHMYMOM 3HEpPTHIL.
T. K. I0 3aKoHaM MeXaHUKN JI00asi CHCTeMa HCUBITHIBaeT CHIY, Ha-
NPaBJIeHHYI0 B CTOPOHY YMeHLIIeHNA ee IOTeHHWAILHOH sHepruwm,
TO MOJEKYJIBL IIYYKA, K-phle BIeTAIOT B KOHeHCATOP B BePXHEM COCTOS-
auu ¢y, UPHOIGRAIOTC K UCHTPY U GOKYCHPYIOTCA (CIVIOMIHBE JHHIH
ua pue. 8). MoJderynnl ske B HE/AHEM COCTOAHNH ¢, OYAYT YAATATLCA
OT I{eHTpa ITyYKa H He MONafyT B pesoHarop (UIYHKTHD).

N
V~30«e

MonesynapHeid ny4os

Puc. 8. Kpajapyiioabuslit KOHACHCATOD; OCh CHMMCTPHUH HAXOMHTCA TIOCEepenune

MERIY ARYMHA NOJOKUTEALHMI U ABYMA OTPHUATENXHHBMIT THUTHHIPITHECKUMIT

BHERTPOIAMHI U FIO9TOMY BJIeKTpud. rnoJse E, Ha oCl paBHO Wymo. E, Bo3pa-
CT2eT N0 Mepe OpHOHDHeHHA K 9JeRTDOoIaM.

Ecsn MoJeKysia WK aTOM He ABJIACTCA JJIeRTPHY. ANNOIeM, HAmp.
aTOM BOROPOZA, HO 00JagaeT MATHWUTHLIM MOMEHTOM (T. €. ABIAETCH
MaJeHbKHM MarHHTHKOM), TO Jis HX COPTHPOBRU IHPHMeHSAeTCS HEOHO-
POJIHOe MaTHHUTHOe Ioje (HoppoOHee cM. Keanmoswe cmandapmer ua-
cmomu, 4).

OcoBeHHOCTHIO [YYKOBHIX KBAHTOBEIX YCTPOICTB SBIAAETCH OYeHDb
BEHICOKASI MOHOXPOMATHYHOCTh WRJYUeHis, T. K. ATOMBl WIH MONERYJIH
IyIKa TPARTAYeCKH He B3aNMOFEHCTBYIOT APYT € JPYTOM U DA3MBITHe
¢AX ?PHepreTwd. ypoBHeil, 1. . WIHPWHA CHEKTPANbHOI JNHUHM, MIHU-
ManbEO. OHO Onpefensercs JAWIMb BpeMeHeM B3aHMOIEHCTBIA aTOMOB
WM MOJIEKYJ ¢ DJIEKTPOMATHUTHHIM MOJIeM Pe3OHaTopa, T. e. BpeMeHeM
HX TIpoJeTa YepPe3 Pe30HATOP. B COOTBETCTBHU ¢ COOTHOUIGHHEM HEOIpe-
AeJeHHOCTell WHPHAA JHHAU B ITOM ClydHae YHCHEHHO paBHA 06paTHOIl
BeJWUYNHEe BpeMeHU IIpojieta (B cek).

Ho mpn nenoib3oBasHnH aTOMHOTO JIIH MOJIEKYISIPHOTO TTyYKa MOMI-
HOCTS BHHYK/IEHHOTO U3Jy4eHUA, T. . aMIUINTYJa TeHepHPYyeMhIX BOJIH,
Maja, T. K. TPYAHO CO3[aTh NYyIOoK ¢ 6OABINON KOHIEHTpanueidl Mole-
KyJd HAH aTOMOB, H IIO3TOMY UHCJIO YACTHI, €KReCeKYHIHO NONaJaimiux
B pe30HaTtop, HeBeJNKO. JTH JiBe 0COOEHHOCTH, a TAKKe CJAOMKHOCTD H
TPOMOBIKOCTD OUpPeReJHIAN 00IacTh NTPUMEHEHNA MYYKOBBIX KBAHTOBBHIX
YCTPOHCTB — OHH HCIIOJIB3YIOTCS JINIIB B H3MePUTENbHEIX YCTpPOiicTBaX,
ri1. o6p. B KBAHTOBHX CTaHAapTaX UYACTOTH H BpeMeHN.

Meton renoMoratensnoro manydenns (maragarm). CrpemieHIe HOXy-
4aTh GONBIINE MONMOCTH BBIHYKISHHOTO N3AYYeHHS HPHDBea0 K PasBii-
THIO U B pajuo- M B ONUTHY. [AANAa30HAX METOIOB CO3/laHHA HHBepCHA
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pacedengoctell B epegax ¢ Oodibitell ROHUEHTpaldteli padodmx YacTuil,
yeM B ATOMHBIX H MOJEKYJASPHBIX HyYKaX, B YaCTHOCTH B ra3ax, B CH-
cTeMax HPUMEeCHBIX HACTHI[ B KpHCTadde (NpuMecH XpovMa B pyOHHE) W,
HAKOHEI, B MOJAYIPOBOJIHIKAX.

IlepBEeiil M3 9TUX MeTONOB, HA3. MeTO T O0M H A K a4 K U, COCTOUT
B HADYIlleHHU TEIIOBOTO PAaBHOBECHsI ¢ IOMOINBIO {OCTATOYHO MOM[HOTO
BCHOMOTATeJBbHOTO W3JNYYeHUS (HaKAUKM).

ITycts wa BemecTBO jelicTBYeT H3TyUeHWe, WMeIOMiee YacToTy v,
a B RellleCTRe ecTh ABA YPOBHA 6 W @'y, /UIA K-PHX YaCTOTA ePexofa,
paBHas (6’2 — o‘“l)/h, coBIajaer ¢ 4actoToll nanyuennsa v. Taroe peso-
HAHCHOE MATYTeHNIe BEIR0OBET BBHILY/KIeHIBe TTePeXOAb MeyRAY YPOBHAMH,
BCIEJCTBUE Yer0 paBHOBeCHOe pachpejellcHUue HACeJIeHHOCTed Hapy-
maercd. Ecam W — BeposATHOCTH BBEHYKEEHHOr0 Tlepexona B 1 cer
I ORHON YaCTHIR, TO MICTO HepeXomoB «BBepx» B 1 cex pasmo WNy,
a «BHH3» — WN,. Jlo obayuerusa N, Opio Goxpime N,, U HOTOMY Ha
BepXHuIl ypoBeHb NPUXOANT OOJbIIe YACTHIL, Y4eM YXO[HUT, TaK 4TO N,
pacTet 3a cueT N;. 9710 HepepacipeleleHHe YacTHI HPOUCXOANT IO TeX
mop, noxa N, He cTaHeT paBHHM N . PagnocTs HacereHHOCTEH (V; — N,)
TIPH 9TOM YMenhNlaeTcs A0 HYJHs, T. €. HACeJeHHOCTH BHIPABHIBAIOTCH,
# IHCI0 (DOTOHOB, MOTIOMIAaeMHIX B 1 cer, paBHO YHCHY MATyYaeMEIX,
BemiecTBO mepecraeT MOTTOMIATH BOJHBI YACTOTHL v W CTAHOBUTCH TPO-
3PAUHLIM JUIA HTOH yacToThl. T. 0., MBI CHOBa CTAJIKMBaeMCS C H & C Bl -
mMeHNEM Hepexojga, HO HA BTOT PAa3 OPH TOTJIOIEHUH 3JIeKTPO-
MaTHUTHBIX BOJH.

CrosTanHble H pelaKCAllOHHEE IT€PeXONBl CTPEeMATCH HOAIePIKATD
paBHOBeCHOE pacipefesefdlie HACEJEHHOCTeH YpPOBiel, BOMpPeKUM HACH-
MAKIeMy AeHcTBUI0 Haradkd. IlosToMy, 9TOOL TPOH3OIIIO HACHIE-
HAe Hepexopa HoA AelcTBHeM HAKAYKW, BHHYK/CHABE TePexoIbl HOJIHK-
HBL IPOVICXO/IMTL 3HAUUTENbHO dYallle, 4eM CIIOHTAHHBIe H peJaKcard-
OHHBIE.

Hacrimenne mepexoja He NO3BOJIAET CO3/aTh C TOMOIIBI0 HAKAYKM
MHBEPCHH HaceJIeHHOCTell B cHCTeMe ABYX yposmeil. Ho oro orazanocs
BO3SMOZKHEIM JIJIA CHCTEMBI, cOCTOAMIe M3 Tpex u Gojee ypormeii. O6o-
BHAYUM HHePIHH 5TUX YpoBHell B IODPAAKe BO3PACTAHMS DHEPTHH &1,
&y €5 (puc. 9 a). TlyeTh WA HTH TPeXypOBHeBHe HaCTHUH fieficTByeT
AHTEHCHBHOE H3NYUeHHE ¢ 9acToTOl vy == (&3 — &1)/h. Ecanm Bemym-
MeBHEe LEPeXOAH MEKAY YPOBHAMH ¢ U ¢, HPORCXONAT valle, deM

\ \
83 "A hy 83
\ 3 \
\ Penaxcauun
\ g N g
&— HE L3
x
N £ Cuenan £
N
8! \-\ 8|
a 6

Puc. 9. HnBepcuy HacelgeHHOCTell B CHCTEMe TpPEXYPOBHCBHIX HaCTUI| 10T
geiicTBUeM HaKadku, Haceumatomell nepexon &, — &, a — paBHORECHOE pac-
Ipeneneiiine HaceJIeHHoCcTell NpY BHIKITIOUEHHOW HaKadkKe, 0 — HAKadKa YReju-
yuna N, n 4acTHIB! CKOUNNNCh HA YpPOBHE &, 3a CUeT WHTCHCUBHBIX pelaKca-
IIMOHHBIX TIEPeX0a0B &; — &,; 4acTora YCHAMBAEMOrCe CHTHAJA NOJUKHA pas-
HATBCA Vg = (&, — &,)/h; ¢ — HACTHUUB! HAKAIJIUBAIOTCA HA YPOBHAX &; N
&, 3a CUeT HHTEHCHBHBIX PeJIaKCAIMOUHbIX TIepexonon &, — €,; 4acToTa CHrHaJa
JOMHHA PaBHATDBCA Vo,
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pelaKCcal(MOHHBIC 1lePeXo/bl, TO HACEJACITHOCTL TpeThero YpoBAs Ny
Oyler yBeuHYUBATLCA 3a CeT LacedeBHOcTH N, H mepexom &; — &,
Oyner HACHIIATHCA,

Yro mpousoiifer TMpuU ATOM ¢ HACETEHHOCThIO cpejnero yposaa N,?
Jra 3ajada HANOMIHAET 3aja4y O Tpex HaccellHax ¢ BOmoil, wociaenona-
TENBHO COQAMHCHHMX TPyDOaMil: HakauKa CTPCMHTCS CPAaBHATH YPOBHH
B facceiimax 1 m 3, a mponeccH perarcamun CTPEMATCA NOAIEPIKI-
BaTh YPORHN B COOTBOTCTBHM ¢ pacnpefeieHuncM boasnmama. Hacenen-
FOCTL N, Tipu 5ToM OyAeT ONpefedsIThesi COOTHOIIENNeM MeKAY CROPO-
CTSIMA NPHTOKA W OTTOKA BOAH B Oacceltde 2. EclIm penarcannouwnkie
TePexOIE MERILY YPOBHAMIL (5, IT &'y TPOHCXOMAT UATIe, YeM MeRy Y PoR-
HaMu &), u &, To MPH TaroH HaraTre GyIeT NPOWCXOAMTH HAROMIeHTe
4acTilif Ha ypoBHe (. [Ipn otoM N, MomeT mpessicuts N, (prc. 9, 6).
Mepexop &, — &5 ORaKeTCH HHBePTHPOBAHHBIM, M HA YaCTOTE Vi ==
= (& — Sk 6y11y¥ BO3BMOIKHDI yCHIIeHHe W TeHe DAl 32 CTeT BhHY /K-
JeHHBIX TIePexolloB Ge — 6 ;. BosMoyken u #p. cayyail, Korja penakca-
IAs cHJibHee BJIHAET Ha Mepexoy Gy — &5 1Oraa vacTuipl 6yayT Ha-
KAIIHBATLCH He HAa YPOBHE Gy, @ HAa YPOBHAX & H &3 M N, MOKeT npe-
Beicuth N, (puc. 9, ¢). B aroMm cayuae OyayT yCHIHBATHCA HIIH TCHEPH-
pOBaTHCA BOJHBI, YacTOTa K-PBLIX GJAW3KA K Vi,

Meton HaKauKN IMUPOKO TTPUMEHSETCs B TAPAMATHUTHBIX K6QHMOGHE
ycuaumensr CAHTHMETPOBHIX BOMH (pafoume WACTHIEI — MOHKl XpOMa
B pyOumHe) u B TBePAOTEALHHIX sazepazr. OcobeHNOCTDIO METOIa ABIAETCS
TOT (haKT, YTO UaCTOTA HAKATKH NOIIKHA OWITH (OJBIIE YaCTOTHI YCHII-
BaeMOro CMrHaja. JT0 IPENATCTBYeT CO3NAHHI0 KBAHTOBHIX YCWANTE-
Jeit A PagHOBOII € JIJINHOIM BOJHBL A < 2 Mma, T. K. [TOKA TCHEPATOPOB
¢ A <<2 mm #He cymectByer. IlpaBjga, B HOCiHe[Hee BPEMS [eJIatOTCSA
MOTEITRA MPUMEHATH B KAUeCTBe MCTOUHHKOB HAKAUKN JIAPaMATHHTHBIX
yeusauTenell MUIIHMeTpOBOTO AHATIA30HA WMITYJIhCHEIG JIA3EPHI.

VuBepeus HacemxeHHOCTell B razax ¢ MOMONIBIO 3FeKTPHYECKOro pas-
pana. Ecam k kKommaM TpyOKM ¢ pa3pesReNHLIM Ta3oM NPHIOMKHTE
HaNpsDKeHNe JOCTATOYHOH BeJWYMHBL, TO B Hell BOBHHKAET Ta30BHIL
paspaj — JAEKTPOHBI GYIYT YCKOPATHCA IHTEKTPHY. TOJNeM, CTalXKH-
BaThCH C aTOMaMu ¥ MOHNM30RATH MX, BRIBHBAg TOABIEHNE BTOPHIHBIX
BIEKTPOHOB, K-PHe B CBOIO odepefs OVAYT YCROPATHCS, W T, K. Hacth
aTOMOB [IPH CTOJKHOBEHHAX ¢ 3JeKTpoHamu OyleT He HOHH30RATHCS,
a BOo30yMmaTecs — TlepeXOAnTL Ha 60Jee BHICOKHE BO3DYIKICHHbBIe YOB-
mn sueprun. CBedeHHe ra30BOTO paspsaAjga (HaDp., B Ta30CBETHHIX JaM-
11ax) OOBACHACTCS CHOHTAHHBIMH TepexofaMm ¢ STHX BO3DYIKIEHHBIX
YPOBHeIl «BHH3».

Ilpn ompefieneNHHX YCNOBHAX B DIERTPHY. Daspsme HACeJEHHOCTH
HeK-PEIX YPOBHEH MOTYT NPEBLICUTH HACEIEHHOCTH HINReJeKAINIX YPOB-
Heif, T. e. MOKeT BOSHHKHYTL WHBeDPCHWA HacesjeHHocTell, Heofxogunsmoe
YCJI0BHE KRAHTOBOI remepalni. C MOMOHIBIO TAa30BOTO paspsifia yuaioch
TMOTYYUTh TeHepandi0 CReTOBHIX BOJH B GOABIIOM YHCHE PA3IHYHBIX
Ta30B, IpAUeM YacTO WHBepPCHA HACENeHHOCTell 0CYINecTRIAETCS OJHO-
BpeMeHHO Ha HOCK. Ilapax YPoBHel, Tar 4TO OJUH Jla3ep MOKET ONHOBpe~
MEHHO TeHepHpPOBATH HECK. 4acTOT (HAIp., TrelWii-HeOHOBBIE Ja3ephl
MOTYT TeHepPupOBATh HA [JAMHAX BOAH, paBHBX 0.6 mma, 1,1 ama,
3,4 mrx w ap.). IloMuMo restuii-HEOHOBOTO Jasepa, HanGOIBIINA HHETEPec
TIPeICTAaBIAIOT Fa30Bhe Ma3epsl HA aproue (A = 0,5 mxm) M YTAERHCIOM
raze (A = 10 mrmn). OcO0EHHOCTHIO MOCICIHETO ABIAETCS MCMOJIH30BA-
Hile B HeM He DHIEKTPOHHBIX, a KoxefaTenhHBIX YPOBHeIl dHepTHH MoJe-
ryaer CO, (eM. ['asosuii aasep).
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WHBepcHA HACEIEHHOCTH B UoiyupopojHNtax. Illoxymporomnuks
MPUBJIEKAN BHUMAaHHe (IBHKOB pPAJTOM II0Je3HLIX) 0CODEHHOCTeH.
OnHa w3 HiX — (OraTcTBO BHEPIeTHY. CLEKTPa, K-PHIH IO3BOJsET CO3-
JlaBaTh KBAHTOBBle ycrpoficTBa B INHPOKOM AHAaNa30He [UINH BOJH (4a-
cror). JAp. ocofeHHOCTh — Upe3BpYAliHO BHICOKAA ROHIEHTpAlMa dYa-
CTIL, HO3BOJANIMIAA I[I0JYYNTh BBICOKYI) MOINIIOCTH BBHIHYKACHHOTO
n3jydeHust B HeboxpuioM ob6beMe pabouero pemecTBa. Ilpesje dem
mepeliTH K ONUCAHUIO METOTOB OCYIIECTBJIGHUA HHBEPCHU HACETEHHOCTH
B HOJNYIPOBOAHUKAX, ClejyeT KOPOTKO OCTAHOBHTLCH Ha OCODEHHOCTAX
UX DHepreTHd. cIekTpoB (mopgpobHee 00 atoM cMm. cr. Hoaynposodnuku).

Ilo cux mop rosopunoch 00 DHEPTeTHI. YPOBHAX, HX HACENSIHOCTAX
B METO/laX WITBepPCHN HAceJMeHHOCTeH B cMCTeMaX ¢ OTHOCWTeNLHO MaJoii
KOHLEeHTpaumeil yactur. B MOIeRyJIspHOM IIyYKe, B ras3e, B COBOKYII-
HOCTH TPNMECHBIX ATOMOB B KpHCTAJIe CPEHUE PACCTOSHIA MEKIY
paboyuMu yacTHaMi (B aTOMHOM MachrTabe) Besumxu ¥ B3auMmopciicTBIe
9acTUD, IPYT ¢ APYFOM He H3MeHAeT CYILEeCTBEHHO UX AHEePreTHY. CIeKTpa.
Buarogapst 5TOMY CIEKTp TAKOIl CHCTeMBl YaCTHI, MAJO OTIHYAETCH OT
CIIeKTPa OTAEJBHON 4YacTuill M HMeeT [JHCKDPETHLIE XapakTep;, y3Kue
HHTePBAJBl pas3pelleHHbIX 3HAUYEHWI DHEePTHM PpasjeleHbl Hojee mupo-
KUME HHTePBAJIAMH B3aTPeINeHHbIX dHepruil.

B TBepAbIX Tesax, B K-pHX pafounMMp YACTHIAMH SBJIAIOTCA He IIPI-
MecCHLIe HOHBI, 4 OCHOBHbIe HOHBI, aTOMBl HIIHM MOJeKYJILI, 06pasymoiine
KPUCTAJLIHY., CTPYKTYPY DTOTO Tejla, YacTHUBL (WOHBI) PACIOTOMEHBI
cToab 0JM3KO APYT K APYTY, Y4TO TAaKOe BElllecTBO HENb3A PacCMaTPUBATE
HKag cucreMy cjaafo B3aumMOeHCTBYIOMMX dacTui. Bech XpHCTANI HAIO
NPOACTABIATL cebe KAy eJUHYI0O KBAHTOBYIO CHCTEeMY, KAK P M T A H T -
CKY!0 MOJXEKY Y.

B TBePABIX TelaX PACCTOSHUA MEKTY aTOMaMM HMCIOT TOT jKe MOpsi-
IOK, UTO H PasMephl ATOMOB — OHH (KacalTcay IPYT APYra, a BJeKTpoH-
Hele «o6iaKay BHEMIHUX, BAJeHTHHIX JJeKTPOHOB IEPEeKPLIBAIOTCAH.
[ToaTOMY BO3MOYKHBI OYeHB YACTHIEe HEpPexXOmbl DJIEGKTPOHOB OT OFHOTO
aroMa R pyroMy. BasenrHbie 3IeKTPOHE aTOMOB TBEPAOTO Tella «0606-
IHECTBJIEHbBIY, OHII IIPUHAJIEKAT BCEMY KPICTAJIy. JHCPreTHd. CHEKTp
BaJleHTHL X 9JeKTDPOHOB aTOMOB TBePJIOr0 Teja He HOXO0
Ha CIEKTP BaJIGHTHOTO 3JeKTPOHA H30JUPOBAHHOIO aTtoma. BosMok-
HOCTh 0OOMCHA BJEKTPOHAMH UPUBOJUT K TOMY, YTO YPOBHH SHEPIUH
JJEeKTPOHOB  pacCIIMPAIOTCsl, CJANBAACH B DHepPreTHIEC KU E
3 0 H B, IGMPUHA K-PHIX CPABHUMA ¢ PACCTOAHUEM Me;Ky Humu (puc. 10).
B mpepesax «paspenieHHOU» 30HLI SHEPIHIl YPOBHHE PaCIHOIOKEHEI CTONb
TeCHO, YTO 30HY MOKHO CUHTATh Kak OBl HempephiBHOI.

7 3ona

n, u
Pric. 10, OCHOBHBIC X4pAKTEPUCTUKI IOIYIIPOBOLIN- posodumocmu
KOB OIpELeNIAIOTCA CBOMCTBAMII IBYX B0H! BaJICHTHOI, Ec

BCE YPOBHU KOTOPOH 3auATH BIEKTPOHAMU (UpU Hu3- Y Zunpewennan
KUX TeMIIepaTypax), H IpaktHiecKn [Iycroil 30HBL IPO- AE P “‘”
BONHMOCTH. [ 30H &

|

B nonynpopojHuKaX NOKABIA0NEe GONLIMACTBO BAJEHTHLIX DK~
TPOHOB HAXOMUTCA B BaJEeHTHON 30He, abmnkaiimas ® wei
CBepXy 30Ha N POBOJUMOCTH UpaKTHieckH mycra (puc. 10).
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ITox meficTBHCM DIEKTPOMATHUTHOrO H3AYYeHHH DIEKTPOHBL MOLYT, LIO-
raomasn POTOHLL, NePeXOJITh U3 BaJeHTHOH 30HB B 30HY NPOBCIMMOCTIL
[Ipu 5ToM B BaNeHTHOH 30He 0CTaeTCA He BAHATOE BIEKTPOHOM MECTO —
IBIpKA». ITOT MpOIece Ha3d. reHepamiell WApPBl 9JIEKTPOH — JBIPKA.
CrycTs HeK-Poe BPeMs BJIeKTPOH IPOBOJUMOCTH BOIBPAINAETCH B BAJIGHT-
HYI0 30HY, 3alOJHAA JBIPRY; TAKOU iIpouecc Ha3. pexkoMOGuma-
nuen DAEKTPoHA M ALpKH. ITpu peroMOHHALUMU CHOBA MOKET OHITD
uenyimer GotoH. TlepeXogs «BHUB», CONPOBOEAAIONINECS N3IyUYeHHeM
¢orona, MOTyT OHITHL HE TOJHLKO CHOHTAHHBIMH, HO WU BHHYHRICHHBIMI,
flero, 4T0 3MeKTPOHN MU MEMK3GHHEIX MepPeXOomax MOIyT WdAydaTh IIH
NOTJIONIAThH JUNIL QOTOHBL ¢ DHEePTUAMH, GONBIIMMEA, YeM MIMpPHHA «3a-
npenensoin» sorx Ad (pue. 10): Av > AS.

B ecrecTBeHHHIX YCIOBHMAX, TP TEHIOBOM PABHOBCCHI, 30HA ITPO-
BOJUMOCTH NPAKTHYECKU I[ycTa, a B BaJEHTHOI 30He HeT «Iuipoxy. Ha-
CEeJICHHOCTH YpPOBHeHl B TBePAOM Tele B COCTOSHUE PaBHOBOCHS HORYH-
HAIOTCA He paciipelededuid bLoapnMana, a pacupemeiernio PepMmu —
Nupara (cM. Pepuu — Jupara pacnpedeaenue, [Toaynpoeodnuru).

BerrysgienHOe wWadydeHme OymeT WpeodJafiavh HAN PEe30HAHCHHIM
HOTJIOMEH®eM TOJBKO NPU WHOM pacIipefiesieHNU HaceJeHHOCTell, ROTTA
DIEKTPOHK POBOJUMOCTH IUIOTHO 3aMOAHAIT o6iacth BONUM3M «IHA»
30HH TNPOBOAUMOCTH (¢, & AWPKA — BOJH3H «IOTOJKA» BaJeHTHOM
3006 &, Taxoe cOCTOAHME NOXYUPOBOAHHKA HA3. BLI PO e H -
HH M, B oTHX yCJAOBHAX B HOXYHPOBOTHUKAX BO3MOYKHBl YCHIEHOE
WM reHepanus 3JeKTPOMATHUTHOTO U3NydYeHus (CM. [loaynposodnuko-
ewil aasep).

Cozjianne B HOJYNPOBOAHNKE HeOOXONUMOTO ANA YCHIEHUs WY Te-
HepalyMy HepaBHOBECHOTO pacHpefelieHNsl IO SHePIHIM DIEKTPOWOB I
IOBHIPOK ABJAETCA BeCbMa CIOKHOHM 3ajadvelf, pra 3agaua Oblta perneHa
TpeMs MeTOJaMH.

A. Wamexuus (BIPHCKUBAHNE) M3BHE BICKTPOHOB U JHPOR
B DONYIPOBOHAK; DIEKTPOHH (BIPHCKUBAIOTCHY B 30HY NMPOBOAUMOCTH,
JHIPKY — B BaJIGHTHYI0 30HY. DTOT MeTOJ LO3BOJSAET CO3AATH UHBEPCHIO
HACEJICHHOCTEel B TOHKOM HEPeXOHOM CJioe, PACIONOKEHHOM Mermnay
IByMs 00JacTsSMU TOJYIPOBOIHUKOBOIO KpHCTalla — 0DJIACTH ¢ HOBHI-
HIEeHHOH KOHHEHTpauueil 3AeKTPOHOB (R-00JacTb) U ABIPOX (p-061acTh).
Takoil HeOIHOPOAHBIH MDOJSYHPOBOJHHK Ha3. 3 J e KT PO HH O - [ B -
POYHEM mMepexonoM (M. [Hoaynposoduurosul aasep, Saexm-
PORKO-Oupounnil neperod).

B. OnTnaeckas HaKavYkKa OONYMNPOBONHNEA ,
Yacrora maxauyru goJHA OHTHL DOJbIIe YAaCTOTH YCHIMBAEMOTO MK
reHepHpYyeMOTo H3AYYOHHA, & ee MOHIHOCTh KOJGKHA OBITEH Tawoil, 4To0sI,
HECMOTPA HAa HeNpepHiBHRE pelaKcallMONHBe NePexofbl IIeKTpPoHoB
o0paTHO B BAJEHTHYIO 30HY, KOHIEHTDAINA 3JIeKTPOHOB B 30He MPOBO-
TUMOCTH TOLJEPIHHBaiach GH JOCTATOUHO BRICOROM.

BPomOapauposra UOAYUPOBOJAHMUKA HyY-
KOM BJEHTPOHOB € DHepPrnsaAMU B HeCK. THC 98
(Toro e NOpALKA, YTO H B KHHECKOTAX TeJeBH30 POR).JNEKT POHLI HYYKA,
ABUTAfACH CKBO3b KPHCTANNRY. penieTKy, Depegaior Mo NYTH 9acTs
cBOell RNHeTHY. DHEPIMN BaJeHTHHIM BACKTpPOHAM, K-PBle IepexomsT
B 30Hy npomommMmocTH. [Tpm Godnmmoll MHTEHCHBHOCTH NYIKA YHCHO
POTRAGHHLIX HICKRTPOHHO-BIPOYHBIX Map MOKeT OWTH TOCTATOWHWLIM JiNist
BHIIOJITHOHAS YCIOBHSA KBAHTOBOTO YCIIEHLS.

JlocTonucTBa TIONYIPOBOTHRKOBHIX 4a3epoB — Ooanyiag MIOTHOCTH
«paboyux» 9WACTHIl, BHICOKMH RIJ, JNEerKOCTb YTIpaBNeHHA HHTEHCHBHO-
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CTHIO H3JIYUCHIs B COUETAHHN ¢ MPOCTOTON H KOMIAKTHOCTHI) KOHCTPYK-
UM — OpusBeRyT B OMIDKaimeMm OyayileM K ux 6HICTPOMY yCOBepHIeH-
CTBOBAHWIO W ITHPOKOMY HPAKTHY. IpuMeHeHNIO (cM. [Toaynposodniiko-
ewil aasep).

6. 3axaruenme

K. ». ouenb Mononma, ee Bozpact — owxoxo 15 aer. Bricrpoe passm-
THe B ycrexu K. 5. MO/KHO o6BsACHHTEH (110 kpalinell Mepe OTYACTH) ILIO-
IOTBODHBIM O0BefNHEHNeM Hpell, NOmATHH W yCHAAN YUeHBIX Tpex
obacTell mayRu — aTOMHON QUBHKH, pagunoQuayKu M OMTUKM.

Heropus K. 3., Tak jKe Kak H ee TeOpeTHYeCKOe H DKCHEPHMEHTAJIb-
HOE€ (BOOPY:KeHHe», TeCHO CBA3aHA C paduocmekmpockonueti, NCCIEYIO-
mell CBOWCTBA BelllecTBa € HOMONIBI0 M3BGHPATENBHOTO (pPe3OHAHCHOTO)
TOTJIoMenud PagnoBoJH. ONHO U3 OCHOBHHIX HANIPABICHUH pPajHOCIEKT-
POCKONMH — IIYIKOBasg CIEKTPOCKOIMA, H3ydalomas HOIJOMeHHe pa-
NUOBONH Y3KHMH MYYKAMH ATOMOB IJIM MOJeRyJN, BosEmiiIa B 1938 r.
PesyabraroM pasBuTHA STHX HCCIeTOBAHWI SBIseTCA CTAHLAPT YaCTOTLI
Ha IIyd9ke aTtoMmoB Hesusa (1952 r.). [lepsoril KBAHTOBHII reHepaTop — MO-
JIeKYJISPHBIA TeHepaTop Ha aMMmake, cospadusil 8 1954 r. moutu oxgmo-
spemenno H. T, Bacoesim u A. M. Hpoxopossim B CCCP (8 Ousudeckom
uncTuTyTe MM. JlebGemena) u Y. Tayrcom ¢ corp. B CIIA (8 KoanymOuii-
CKOM YHUBepCUTeTe), TARKKe ABIAETCA IO CYMeCTBY paduocnexkmpocKonoM,
KOTOPHI, OUAKO, YCTPOSH TAK, 9T0 MOJIEKYJNB aMMIAaKa He IOTJIOMAIOT,
a MBAYYAlOT PAJUOBONHE (¢ AMHHON BOJHEL A ~ 1 cm). B 1960 r. 6bin
OCTPOeH ehle ONIMH THI IIYYKOBOTO KBAHTOBOTO TeHepaTopa, B K-poM
H3AyYaoT aToMH Bogopona (A = 21 c¢u). M3 TpeX OCHOBHBIX KBRHTOBEIX

H. I'. Bacos, 9, Tayuc u A, M. IIpoxopoB (cupaBa HajIeBO) B OQU3UIECKOM
uHCTHTYTE AKamemuu Hayk CCCP um. II. H. Jl¢feaesa,
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CTaHJapPTOB YaCTOThl — LE3HeBOr0, aMMHAMHOTO H BOJOPOJHOLO — I0-
caepunii obuaagaer HauGoubuiell CrabUILHOCTHIO.

FasoBast pajiioCHeRTPOCKOINAS BOSHHUKIA B cepepuue 40-x ropos Ha
OCHOBC TOXHHKH CAHTIIMETPOBBIX BOJH, CO3JaHHON K TOMY BPEMEHH A5l
HYH PAIIOJTORALHY. ['a30Basd PagBOCIeRTPOCKOLIA HCCHeAyeT peso-
HAHCHOE HOIJIONeHNe PajiloBOJIH BelleCTBOM B ras3000paslioM COCTOATINI
3TO TOTJOIeHHe BBI3BIBAGTCH, Kay IIPaBUIO, BPALIATeJdLHBIM JBILKe-
HUeM MoJiexyJ (cM. Bomire), [IpumepoM DpakTid. JOCTHMEHHH 9STHX
HMCCJIeIOBAHHU ABJIAITCH CTAHAAPTHL 9aCTOTHI ¢ ONTHUECKOH HAKAYKOIL.
Boapmryo poss B paspaboTke MOIeKYISPHOTO TeHEpPATOPa MM ¥C-
CJeAOBAHUA CIIEKTPA aMMHaKa MeToJZaMu Ia30BOI pajiloCHeKT POCKO I,

B 1944—46 rr. 6BUIE TMPOBeeNbl MePBHC YCIOITHEC DRCMIePIMENTH
0 Maenumuomy pesonarcy B TBEpPABIX TeJlaX M MKUIKOCTAX. Pasnurue
TEOPHH H HKCIEePHMEHTANLHOH TeXHUKH 94eKMPOHH020 NADAMAZHUMIO20
pesonanca 110380010 B 1956 r. cozpars, mo mpegioskenuio H. Buombep-
TeHa, NepPBHI KBAHTOBHI IapaMarHUTHEI YCHIHTeJAb Ha pyOmne,

Bekope mocae uosABiIeHUsi MOJTeKYJAAPHBIX TeHEpaTOpoOB M Hapa-
MArHUTHBIX yCUJIUTelell HadaJuch paboTel O OCYIeCTBICHUIO I PUHI[H-
II0B KBAHTOBOTO YCMJEHUS U TreHepalliil bHJAeKTPOMArHUTHBIX BOJH B
ONTHY. JinanasoHe, K-pble mpuseni B 1960 r. K cO3XaHUIO IePBOTO OOTHY.
KBAHTOBOIO IeHepaTopa — Nazepa Ha pyOnHe. Vike B 1961 r. moasunca
easoenli aazep, W €Ile 4Yeped IO — noaynposodrukoswtd aasep. Jlatoit
POIKICHIS Teaunelinol ORMUKL MOMHO TarKe cunTate 1961, worma
Opabken ¢ coTp. HAGIIOIATH YABOGHHE YACTOTH M3AYYeHUs pyOHHOBOTO
Jlasepa — KpACHBIA ¢BeT Nasepa IpPH HPOXO/KIEHUM ero Uepe3 KPUCTaLil
KBapia [peBpaliajics B yALTpadnoneToBsril.

Cospmanue v coBpeMenHoe passutie K. 5. csszamo ¢ pafotamu aay-
pearos Hobexescroit u Jlenunckoil npemuii arajgemuros If. I'. Bacosa,
A. M. TIIpoxoposa, naypearoB Hobenescrkoit mpemmu U. Taymuca,
H. Baombeprena, A. Kactxepa u jnp. yuyeHBIX.

Ceiigac B cotHsX jabopaTtopuit Mupa BegyTcesi PaboThl 110 ycoBepHieH-
CTBOBAHHWIO KBAHTOBBIX CTaHAAPTOB YAaCTOTHI, lIaPAMArHUTHLIX YCHIU-
Texell, JjasepoB, 1O CO3/AHUI0 KBAHTOBHIX NIPHGOPOB HOBEIX THIIOB H
yerpoiicTB, pafoTalomMiX B HOBLIX IHANA30HAX UaCTOT, M UX IPUMeHe-
umo. OcofenHo axkTyajsbHa B HacToslliee BpeMs HpobieMa cosmamis
KBAHTOBBIX TeHepaTopoB cybmmmaumerpoBoro (A ~1--0,1 am)
yiabrpaguoneroBoro (A ~ 0,4 mru) JHATA30HOB U HCTOYHHKOB KOTe-
PEHTHOTO CBeTa C pelyampyeMmoil gacToToH.

Jum.: 1) ®adpurxanTB., HKiaccuka, KBaHTH U KBaUTOBaA NIEKTPOHUKA,
«Hayka u xusub», 1965, Ne 10; 2) s poxoposA. M, HBanTosada alieHTPONHKA,
«YODH», 1965, 7. 85, BBIIL. 4; 3) Bacog H. I'.,, [IonynpoBORHUKOBBIC KRAHTOBbIE
reHeparopkl, TaM ke, 1965, . 85, Boat. 4; 4) Nl a B o B A., COBDCMEHHEIE OHNTH-
YyecKkue reseparopbl, Tam ke, 1963, 7. 81, Bom. 4; 5) T ayunc U., Ilomydenue
KOPepCHTHOTO H3AYUEHUs C IIOMOUIbI0 ATOMOB M MOJEKYN, TaM ke, 1966, r. 88,

Beill, 3; 6) KummoHTOBHY IO JI., Ksaurosble I'CHEPATOPH CBETI M HEJU-
nefras ourura, M., 1966, A. H. Havawro,
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H BpeMOCHLU

1. Namepenie BpeMenu

Touroe N3MepeHHEe BPEMEHH ABJIACTCA IIPEIMETOM Clell. HAYKH —
merpoaorni. Jli06oil mponecc Ha3MepeHHs CBOTUTCA K CPAaBHEHHIO U3-
MepsAeMOil BeJANYIHEL ¢ APYIOil, TPHHATOH B KadecTBe 0 6 pa 3110 B O it
M e p . Camas Jydmras, XOpouio uaydenuas obpastioBas Mepa, ofec-
TeYnBAIIas HANDOIBIYIO HOCTYIHYI0 TOUHOCTL HAMEPEHs, YCToiidm-
pas TMPOTUR BHCMIHUX BO3IeHCTBUI, HeW:MeHHas BO BPeMeHHW, BO3RO-
JATCA B Pafl H T & I O I a.

WHTepecHO NPOCHeNTs 3a HCTOPHeN PasBUTH H3MePUTENbHOH Tex-
HUKH, HATIP. U3MepPeHUusA JUIUHH. llepBoHauadbHO €. JIAUHBL — IIOIM,
$yT, BePIIOK U jip. — OBLIN CBA3AHEL C pazMepaMil Jeqosed. Tesa. G pas-
BHTHEM TeXHUKH PasHo00il B H3MePeHUAX JTHHEeHHEIX Pa3Mepos cTax Top-
MO30M mporpecca. B KadecTBe ef. IJMHBL OB NPUHAT MeTp. XOTA OH
¥ Obll OTpesiesieH KAk OJ[HA COPOKRAMUJIJIHMOHHAS 4aCTh 3eMHOTO MepH-
AUAHAa, ero CBA3b ¢ pasMepaMn 3eMJIH MMeeT BTOpPOCTelleHHOe 3HAYCHUE,
Jranon MeTpa OBLT M3TOTOBIIEH B BHJe CTeyRHs M3 cliei{. cmiaaBa. Tou-
HOCTH TPaJyHPOBKA IO BTANJOHY MepHLIX JIHHeeK W JIp. HPUOOPOB [JiIst
U3MepPenns ANNIH 10 CHX IOpP ¢ M3GEITKOM YHAOBIETBOPsieT BceM ToTpel-
HOCTAM TexHWKH. OJHAKO pa3BuTHe HAYRW MPHBENLO K HeOOXOMHMOCTH
nepeoripesiesieHus ef. JJINHHIL.

B pesyamrate COBEPITEHCTBOBAHUS ONTHY. HiMepeHHI yHaioch
HeNOCPEICTBeHHO COMOCTABUTD JAJNHY HTAJOHHOTO MeTpa ¢ AXWHON che-
TOBOI BOJHE A, COOTBeTCTRBYIOIIEH OHOMH U3 cnekmpaabnus 4urul THePT-
Horo rasa kpmmroHa (Kr), TouHee, ogHOTO W3 ero m3otTomnoB (Krs),
Oxasanock, uro 1 x = 1650763,73 A (Kr®%). Tenepb »>TaToOHOM [IJIIHH,
o CyH{ecTBY, CTalla CBeTOBas BOJHA, W3aydaeMas aromamm Kr8é. Oma
MO;KkeT OHTL BOCIpomMsBeeHa B Jt060it Jaboparopnm,

WaMepeHTe BpeMeHn CYNIeCTBeHHO OTINYAETCA OT M3MePeHNH I NHE.
BpeMsa mHeds3s ocTamoBuThL, 9TOGH ¢ ymOOCTBOM IPOBECTH H3MepeHite,
WM NOBTOPUTL €ro, NJIHHY jKe MOMKHO M3MepsiTh MHOIOKpaTHO. [lase
KUHOITEHKA He TO3BOJIAET MONHOCTHIO IIOBTOPUTH H3MepeHHe BPeMeHI:
Beflb AJA HTOro Heodxonumo ofecteunth abCONTOTHO TOUHOE COBIAJeHIe
CROpOCTeHl CHEeMOYHOTO W TPOSKIMOHHOTO aluapaToB m CTOJDL Ke TOY-
HOe H3MepeHHe 3TUX CKOPOCTeil, a 3TO CHOBA IPHBOANT K 3ajlade H3Mepe-
HOS BPEMeHH.

IlepronaganbpHo HTAIOHOM BPeMeHHM SBIAHOCH CYTOYHOE BpATHeHe
demirn. Ero mepuos onpepiessiiics MO IBYM 1TOCIeI0BATeALHEIM Habiroye-
HOSM TIPOXOMICHNA KaKOTO-HHOYAs HeDeCHOro cBeTHia depes ILIO-
CROCTH Mepijnana Mecta mHabaonenisi. OQHAKO OIpeeleHNe JJTUTel b~
HOCTH CYTOK WMeeT JJisA MONaBAAIONIero GONBINHCTBA AI0fledl BTOpOCTe-
NeHHOe 3HauYenne. Mol HyIaeMcs B maMepeHnu 6ollee KOPOTKUX IIpo-
MeKYTROB BpeMeH# — 4acoB, MuHyT U cexyHi (1 cer = 1/86400 cyror).
K comanenmio, acTpoHOMEL He MOTYT PelliNTh 3aJaYN HEHOCPEJCTBEH-
HOTO H3MepeHHA M a A Bl X WHTEPBAJIOB BpeMeny, 60Jee BayKHHIX B IIOB-
cemHeBHONl smusum. Jlna wx M3MepeHWA cay:RaT Yace. XOH YacoB 0
nocIeHeT0 BpeMeHN TIPORePATCs W PeryInpoBalics UpH ITOMOMIH acTpo-
HOMNY., HaOJIIOmeHuil.

Yixe ppeBHUEe ACTPOHOMHEL YOeAWINCH B TOM, 4TO IUTEILHOCTH WH-
TEPBAJIOB MERAY ABYMS TOCIeNOBATETBLHLIMH IpoXomaeHUsMH CoOJHLA
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qeped TLOCKOCTh MOPIVIHAHA He COBIIAAaeT ¢ JLITCALHOCTLIO H(UJ,()(‘)H()]‘O
DHTCPBAIA JLAs JTOO0I 113 «HelTOABIGREBIX» anesi. CoaHe Y HH ¢
CYTHKN Ha 4 nun 60abiie 3 B e 3 4 H B X, 9T0—CHeicTRBIe JBIGReHIA
Jemau mo ce opdnte (rpamedte 3eMTI BOKPYD 0CH 1T M0 0pGUTe UpoHe-
XOMUT B OHOM HAlipaBieHun). Ilop3oBaThcst 3 Be 3 HB M B D e-
M e H e M HeyroOHO, Bedb BCA HAlla JKU3HL CBA3AHA CO CMeHOH AHA
HOUH, T, e, ¢ COJHEUHHIMEH cyTHaMmu. Ho HemocpecTBeHHOe WaMepenie
COTHEUHBIX CYTOK C GOJBINON TOYHOCTHID — TPYAHas 3ajada. Bo-mep-
BEIX, COJlHOE CAWMIKOM «BeJHRC», BO-BTOPHIX, CONHEUHOe H3IyYeHNe
Harpesaet I AeopMIpyeT TOYHEE HpUGOPH; B-TPETLUX, AAUTEABHOCTH
COMMEYHBIX CYTOR MeHAETCA B TedeHHe Tola N3-33 U3MCHeHHA CKOPOCTI
JIBIKeHIA 3eMiaun Ho opbure. 11o3TOMYy HeNMOCpEICTBEHHOE DIIPEHesienne
uepuora BpalleHus 3eMIN JOJUKHO IIPOH3BOAUTHECH 110 HAOGIIONeHUIO
3Be3/. JLiist MparTHi. jKe IleJieil TPUXOANTCS YUHTHIBATL PABHHUILY MCKAY
3BEBIHBEIMH U COTHEYHBIMH CYTKAMNI M PeryJHpPOBATH Yachi TaX, UTOOBL
OHH CJe[OBAJIN He 3a MCTUWHHRIM BpamleHneM 3eMJIH, a 38 BHAHMEIM Cy-
TOUYHBIM fBIKeHHeM CodHia. Tak BOZHUKIO 11aPaJIOKCANbHOE HOJOKe-
HHe, NPH K-POM MH TIOJB3YeMCA COMXHeYHB M BpPeMeHeM,
ompejlesisAd ero IO 3BesjiaM.

Ifocie Toro kaw lanmieil cosgan Teopwo KavaHWI MaATHUKA, a
Tiofirenc n306pen ppamanmuiict MaATHER — GaJaHCHD, MOABIIHACH
MAATHHROBHEIE Yachl. JIydulime M3 HHX IO3BOIWIHA BCKOPE OOHADPYIRUTH
CHCTeMaTHY. 3aMe[JIeHNe CYTOUHOTO BPAINeHus 3eMiu, BEI3BAHHOe Jeli-
CTBHEM OKEGAHCKHX IIPHJINBOB.

Hlocie n3obpereHws ellle GoJjiec TOUHBIX Ksapyeswir *acos (B K-PHIX
poas KoJebaHUl MaATHHKa UTPAIOT YOPYTHe KOneDamTs KBapIeBhix
IIACTHEOK) B 30-X I''. HAIlero Beka OBLIO YCTAHOBIEHO, YTO H WPH ydere
PeTyJApHOro 3aMe[JeHHA JTHTEILHOCTH CYTOK BCe sKe He TOCTOAHHA.
OBa MOMET M3MEHATHCH B 00e CTOPOHBI HA THICAYHBIE W TajKe COTHE [0
CeKYHIIH.

B cepepwmiie Hawiero Bera CTajoO fACHO, 4YTO TOYHOCTDL JYYOIUX
JaCOB IIPEeB3ONIJIA TOTHOCTH HAllero IIPHPOZHOTO 9TaJToHA BpeMme-
HU —— CYTOK. ACTPOHOMBI IBITAIUCH CIIPABUTHCA ¢ BOHUKIIMMI TPYA-
HOCTAMH, NPHHAB 3a OCHOBY W3MepPeHHs BpeMeHH He CYTOIHOC
Bpanienune SeMIW, a ee Tropasgo Golee craluibHoe TORWIHOE ofpa-
ulene 1o opbute Boxpyr Conuna. HoO BHACHUIOCH, YTO TOUHOCTD,
¢ K-poil yAaeTcsA W3MeDHTH [JAHTEIBHOCTh TOMA, elle MeHbBINe, tHeM
TOYHOCTHL H3MEpeHHUsi CYTOK. DBO3MOMKHOCTH ACTPOHOMOB OKA3ANUCH
ACHEPHAHHBIMHA.

Tpunnunua Ao HOBEe H Gojlee TOUHBe MeTOJE! NPHILAW B eaysdy
BpeMeHn W3 paduocnexmpockonuu (00AacTH (UINKU, WCCHeAyIOMei 1o-
TJIOINeHYe PANORONH PABINTIHBIMA ATOMAME M MOJeKYAaMH) M KéaHmo-
60t aaekmponuru. ORA3AIOCH, YTO KOKIBIH aTOM WIN MOJeKyJaa usbm-
paTelbHO W3AYYAOT WIH HOTJIOMAIOT He TOJIBKO CBET, HO ¥ DAHOBOJIHEL
OTIpee/ieHHON JJIMHBL BOJNHBL A WU YACTOTEL v. ITH [UIMHbL BOJH H 4Ya-
CTOTHI OTAWMAIOTCA HENPeB3OHIeRHEIM HOCTOAHCTBOM, T. K. B3aBHCAT
IIOYTU MCKIIOUYUTENHHO OT CTPCeHHs ATOMOB HIH MOJeKYJ (cM. Yposnu
snepeuu, Heanmoswil nepexod).

WUmenno mostoMy Hallloenue CHeKTPAILHEIX JIHHOI B ONTHY. Ana-
NMa30He MO3BOMIIO CO3IATh ONTHY. BTAMACH IJIMHE, a HAOAOICHNE CIeKT-
PATHHHIX JWHUA B pajiioHanasoHe OTKPBUIO HOBBII IYTh JJIsi TOYHOTO
I3MEpeHMst A CTOTH V, a CIefoBaTeAbHO, W HepHoga I = /v,
T. ¢, BpeéeMeHIH ITOT OyTh H DPHBe] K CO3JAHHIO KBAHTOBHX CTaH-
AApPTOB 4YaCTOTH H BpeMeHH. TepMIH «HBaHTOBLIeY CBPSA3AH € TeM, 9TO
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HOBCACHUE MBAYYAIOUHMX H HOPAOWATOIIIY ATOMOB, MOJERYJ I HOHOB
HOJMHHACTCH 3AaKOHAM KBaHTOBOI MeXawnnigun

C TOYKI BperlA MeTpoaoraw I8, ¢. 4. caefoBano bl HazuiBath 0 6=
Pas3moBHMMI MepaMI BpPeMeHH N HYacTOTSHL
Ha ocnoBe rpynupt Taknx crasgapros B psaje crpau (CCCP, CIIA,
Anraus, llpednapus, Auowus u gp.) cO37aHLI KBAHTOBHEE 5T a-
JOHBE YacTOTH H BpeMeHH OHN ornuuaorcs oT K. c. u.
Innib TeM, YT0 UX HOTPENHoCTH H3yYeHb DoJee 1opobHo, a sRENAyaTa-
mus peraMeHTHPoBaHa Goiee CTPOTO.

Tak moABHAHCH CBePXTOUYHBIE A TOMHB € H MOJTeRYJA p-
HBle Yachbl, XOU K-PMX OOpejledeTest He TNEPHOOM KoJdeGamuit
MAagTHHKA, & TepPHOJOM JJICKTPOMArHHTHAX KOJeGaHmi, XapaKTepHBIX
IJIA BLIGDAHHBIX aTOMOB M MOJeRyJd. XOJ OTHX 4YacoB He 3aBHCHT OT
He0GpaTHMbIX IIPOHECCOB, HeH30eKHBIX B MaKkpocrount, tedax. HeoGpa-
THMBie IIPOLIECCH], BJIMAKINME HA X0J| OOBYHLIX YacoB, NPOSBIASIOTCS
B IOCTEICHHOM HCTHPAHNM ocell I TMOAMUITHAROB, B YMEHBIEHUHE YUPY-
POCTH HPYKUH U CBA3AHLL C [OCTeHeHMbM H3MeHeHHeM IL0BePXHOCTHOMN
B BHYTpeHHell CTPYRTYpBH MaTepHaJ OB, U3 K-pblX CJejaHbl jleTajl
9acoB. YIANeHIe ORHOTO aToMa ¢ II0OBePXHOCTH IIPYKHUHBL WId OCH
MasgTHHKA HUKAK He CRayKeTCs Ha Xoje yacoB. Ho mnocremnennoe HAKOM-
JleHHe TAKHX HIYTORHLIX H3MeHeHH IPUBefeT K TOMY, 4TO 4achl HauuyT
CIellTNTh WINH oTcTaBaTh. [logobHEIe Ipomecchl, 00beiNTIeHHBIC OOIIUM
TePMAHOM — CT a4 P e H I ¢, — Heu3OWKHBL B JIOOKX MeXaHH3MaX I
npubopax, B COCTAB K-PHIX BXOIAT HeBOOOPA3NMO GONBINIe KOIMYECTBA
atoMoB u Modexyi. Crapenue meusOeKHO W B KBapresbix vacdx,

CoBceM HHave BeAYyT Celf MHKPOCHCTEMK — ATOMBL W MOJEKYJIHI,
cocrosine U3 HeDOJBIIOTO MHCIA HICMEHTAPHBIX YACTHI[ — JJIEKTPO-
HOB, IIPOTOHOB H HeHTPOHOB. Yalernne q000H n3 HHX OPWBOJNT K pes-
KOMY HBMEHEHWIO CBOHCTB MUKPOCHCTEMHl I MOKeT OBITH Cpaly saMe-
yeno. Hanp., ynanense OFHOTO HIEHTPOHA W3 DJICKTPOHHON 000J0URI
aroMa npeBpalliaeT ero B HOH. ITO HeMe[IeHHO CKA3HBAGTCA HE TOJIBKO
HA ero HJEKTPHY. CBOMCTBAX, HO H HA CHEKTPAX IOIJIONMICHHA KN H3NY-
YeHUS DIIEKTPOMATHHTHBIX BOJIH, K-Pble [lJisi ATOMA M WOHA CYIIECTBEHHO
pasamunsl. PagmoarTusHEIl pacnaji, COMPOBOMKIAIOINUACS BLUIETOM U3
SApa aroMa K.-JI. YacTHUIIHL, 1IPEBPAIaeT HTOT aTOM B aTOM Jip. X¥M, bie-
MeHTa ¢ KavdecTBEHHO OTAMTHBIM cIMeKTpoM. (rapenine MHKpPOCHCTEMEL
HEBO3MOKHO MMEHHO IIOTOMY, 4TO COCTABISAMIINE e TacTHIbl (HIeKTPO-
HEL M aTOMHOE AADO) He I0[BepsReHBl HefONbLINMNM HaRATLINBAI{HMCS
usMeHeHNAM. J{J1A HWX BO3MOKHE! JHUIIL peskne KBAHTOBHE NpeBpalie-
HUS, COTIPOBOK/IAIOIIHECA CYHIECTBEHHHIM H3MeHeHUeM CBOHcTB. IMen-
HO 3THM 00BACHHIOTCA NCKITOYATENBHOE TIOCTOSHCTBO U TOYHOCTE K. ¢, 1.,
CBSIZAHHBIX ¢ HAOJIO/[eHHEM CNEeKTPAJIbHBIX JIHMHHI.

2. CIIBKTpaJIbHaﬂ JAUHUA — «OTMETRA» Ha HIRajae
qacToT

BakpellInuM CBOHCTBOM KOOI MUKDPOCHCTeMbl — ATOMA HJIH MO-
JERYIBl — ABIAETCS BeJIMYHHA ¢¢e BHYTPpeRHed smeprun &.
Ona me MokerT OMTHL Jd1000#. KBAaHTOBEE 32KOHE OUpeNeNANT AN
Kamg0ll MHKPOCHCTeMB JUCKPeTHHH Ha0Op BOSMOMKHBIX 3HAYeHHil
BHYTDeHHEHl OHEPIrHH — 3HEepPTeTHUYECKHX COCTOSMHNI
MM yposueli snepauu. B N30JIMPOBAHHON OT BHENTHUX BO3JAeACTBUHE MIK-
pocucTeMe CBOUMCTBEHHBLT eil HAGOP BO3IMOIKHEIX DHEpPreTHY. COCTOAHMIL
& ypeey &y, W83, DHEPreTHYECCKIM CHEe KT PO M, BCI/A
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0ocTaeTea HOM3MeHHBIM, CoCTosHUe ¢ HauMedbLilell oHeprieil Ha3, o -
HOBHBEM, OCTAIbHKE — B030 vy eHunuMu Ilepexoust M-
JKLY DTHMII COCTOAHHAMIT COUPOBOKAAIOTCH HAMEHOHNsIMH BHYTpPeHHEI
DHE PTHI MAKPOCHCTEMsl, TIPH ATOM MOTYT THIYIATLC A LLTH HOTIOMATHCA
BIOTHE OIIPefleleHHbie ITTOPIUI — KRAHTH HICKTPOMATHUTHON  HHep-
THE — $ 0 7 0 H bl {eM, Keanmosnti neperod). 3aKOH COXPAHOHIA dHEp-
THH CBSI3BIBAeT HHEPTHIO QOTOHA AV, IOLIOIIEHHOI0 HIK H3IYIeHHOIO
MHEKPOCIICTeMOI, ¢ BeJIWYWHOI CKaYKa ee BHYTpeHHcH SHepTHU:

o o

hvyg = éﬂ - (gx (1)
3nechk b — [aanra nocmosnnas, Vpg — 4acTOTA 13AydaeMoil WaH MOT-
JIOTAEMOIf BOMHKL, 61y H ), — DHEPTHA HAYaTLHOLO 1 ROHEUHOTO COCTOS-

nirii MUgpocuereMsr. Ipn mepexoge U3 COCTOAHUA ¢ Hoibiieil sHeprueil
B COCTOAHHE ¢ MeHbIiell sHeprueil aTOMBI HJINM MOJEKYJISH M3IYYaior,
npn ofpaTHOM Hepexofe -—— moraomatr (puc. 1), @-ga (1) omuceisaer
HAGODP YACTOT, K-Pble MOFKET WaAyYaTh HMIAM HOFJOINATL TAHHBIE aTOM
WIH MOJIeRYJa, T. e. CBOHCTBeHHbIe MM YacTOTH C D e KT Pa i b HH X
a0 Hu A MMenHo sTa ¢-1a BMeCTe ¢ KBAHTOBBIMHE 3aKOHAMIL, Olpefe-
NAOIMMME SHEPTETHI, CHeKTP aTOMOB M MOJIeRYJ, JesKHT B OCHOBe pa-
Gorel H. c. =.

——— g, Puc. {. ATOM nepexogurT M3 HAYAILHOTO COCTOSHUSA

¢ MeHpiielt sHepriiell &, B KoHeUHOE COCTOAHHE C
By NN i i, 1
HK Gonbilteli pieprHeii €}\.‘ IIpun uepexoie TmorJyoniaercsa
—_—, (HOTOH, DHEPITSI KOTOPOro Iy =&y — é’H.
.
.
— &
&

Kasaplit BUA aToMOB IJIW MOJERYJ HMeeT XapPAKTePHBIH [Jd Hero
CHEKTp, T.e. HCOYCKaeT (UOTJOINAeT) JIMHHN ONpeAedeHHLIX YacToT.
VzydeHneM CHeKTPAIbHHX JIHHHI ) BCEM AMATIA30He IEKTPOMACHAT-
HBIX BOJIH -— OT PafAOBOJH 10 TaMMa-Jay4ell — 3aHUMAETCAH cIlel. 061acTh
(H3UKW — CMeKTPOCROMNHA. PafHOCHEeKTPOCKONIMS sBIAETCH Of-
HUM 1§13 ee pasfenoB. Paduocnermpockonm MO3BOJAIT HAOIIOAATH
CleKTpanbHHe JHHUHN B pajMofuanasoHe. B HUX dYepes BelliecTBO, C€O-
JAepsKaniee HCCieyeMble aTOMBI HJIWM MOJEKYJTH, NPOMYCKAaeTCs pajio-
BOJIHA, YacTOTA K-POil TIIaBHO H3MeHserTcst, IpUdeM u3MepseTcs ee
MOTJIONeHKe B 3TOM BeliecTBe, Ecsn wacTora ajleka 0T 3HadeHUH, onpe-
neasieMeIxX ¢-noit (1), To WOTHOIeRWe HEBEJIHOKO U 00YCAOBIEHO mOJ0OY~
HEIME TpnuuHamMi. [To Mepe npuOMWKeHUs: YACTOTHL K OJHOMY M3 3Ha-
yeHNH, COOTBETCTRYIOIMKX (-ie (1), morJouenne pagwoBOIHH HaTHHAET
yBeAMUNBATHCS — CHAYAJa MIAaBHG, a IOTOM BCe 00Jee Pe3RO H HOCTH-
raeT MaKCHMyMa, KOTJa 9acToTa B TOUYHOCTH COOTBETCTBYET DaBEeHCTBY
(1). Jlanee, morjomienne cHajajla Pe3Ko, a 3aTeM ILTABHO yMeHBINAETCA.
T'padur 3aBHCHMOCTH NOTJIONIEHHS OT YacTOTH v n3obpaskaeT (opMmy,
WIN ROHTYP, CHeKTPAILHOH muHMR (pHC. 2).

T. o., mabaogaemMeie CIIeRTPH HE TMOJHOCTHIO OIMCHIBAIOICA ¢-TOk
(1). 970 cBAZAMO ¢ TeM, UTO YPOBHE HHEPTHE He MOI'YT OHITEL H306paskeHH!
0eCKOHEYHO ySKUMH JHHWAMY, KaK ciegosano O u3 puc. 1, a obuagaror
KOHeuHoO#l mupuHoOI [TosroMy cHekTpH usjiydeHUA WIN IO~
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TJOUIeHNS, COOTBETCTBYROLNIC epeXofaM MeIy VPOBHAMM, TaiKe CO-
CTOAT U3 AHHBH Koueunoil mupuust Av. llupura m opma crieXTpaabHEIX
AnHUH 3aBHCAT OT MEOTHX $arTopoB, OfHOHN I3 OCHOBHBIX MPHYHH YIITH-
peHHs yposHell ABaserca B3auMojelicTBUe YACTHL, JIPYT € APYTOM.
Hanp., B rase u3-za CTOJIKHOBEHNMI aTOMOB JPYF € APYIOM IIPOIECCH!
U3TYYeHHA WIH IOTIO0MeHHs 37TeKTPOMATHITHOH aHePrill HapymanTes,
a DHepTeTHY. YPOBHM ATOMOB HECKOJBRO CMeUIalOTCH, IpHYeM y pasmand-
HBIX 4TOMOB TO-PasHOMY. B pesynbrate sHepreTHd. ypOBHH BCeil cOBo-
KYTIHOCTH aTOMOB (pa3MBIThI», & CIeKTPaJbHble JHHHI MMeT HeKO0Io-
pylo ITUPHHY 1 $OpMy, XapaKTepH3YIONIYI0 B3aHMOjeHCTBHE aTOMOB
apyr ¢ gpyrom. Yem Goabine gabiedne rasa, T. e. INIOTHOCTE aTOMOB
AMH MOJIeKyJd, TeM 4Yalle OHH CTaJKHBAITCA W TeM THHpe JHHUA (CM.
Illupuna cnekmpasbnus AUHUL).

Puc. 2. CuexrrpanbHble
annni, uabniaemele c
TOMOUIBIO PANIHOCIERT] 0-
CKOMa, HMEIOT pasiud-
HYI0O [apmay Av o i
dopmy. 11
|-
AY

Bremmne BO3/eiicTBAA, HAND. DJKTDPHU. H MArHOTHLIe HOJsl, TAKKe
MOPyT MBMeHATH 3HAUEHNA BHYTPeHHeIl oHeprud MIKDPOCHCTEMBI U BhI-
3EIBATH BO3BHUKIOBEHHE HOBHIX HHepreTHY. COCTOAHMIA, CYIeCTBOBAHUE
K-DHIX TIPM OTCYTCTBHH BHEIIHEI0 BO3/IeHCTBHA HEBO3MOIKHO. B aTHX
clyvasix B CIEKTPe aToMa WAH MOJeKyJb BO3HHKAaeT BMECTO OJ[HOTO
YpOBHA HECK. PasjHYHEIX HOAYPOBHeH. DBaarogapsa sToMy udacToTa M
GopMa 11ePBOHAYANBHEIX JHHAA MOKeT HU3MEHATBCA (CM. Jeemana agfi-
exm, Hlmapra aspperm).

icTecTBeHHO, UTO HCIOAb30BaHHe CHEOKTPANbHBIX JHHUII B cTangap-
Tax 4acToThl TpedyeT MAKCHMaJiLHO Y3KuX JuHuii. 910 0O3Hadaer, 4To
HeoGXO/MMO YCTPaHHTL MJIH, IO KpaiiHeil Mepe, ocinabuth BaauMmopeil-
CTBIIe MEK/Y YacTULAMI I Bce BHel(Hue Bo3felicTsua ma Hux. Heycrpa-
HNMbIe ke BO3IEHCTBMA MOJKHBL THIATENBHO YYHTHIBATLCSI.

OpHaKo [aasKe MPU UACAIBHON MB0JMAUMM ATOMOB W MOJIEKYJd HUX
CIIeKTPAJNbHBIE JHHUM He MOTYT OhTh GeckoHeuHO yaxuMu. 1IpmumHOf
HeyCTpAaHAMOI €CTeCTBEeHHOU Il 0 pPHHE CISKTPAILHBX
JuHRI OKAa3LIBaeTCA QYHNAMeHTAJbHOe COOTHO M e HU e HOOMDPe-
AedeHHOCTeN MeKIy dHeprueii u BpeMeHeM. OHO BBIpaKaeT
BaskHeinIee CBOICTBO NPHPOAH: B MHKDPOMApDE HEPTHA & He MOMeT
OBITH OTTpefiesieHa CKOJL YIOJHO TOUHO IIPY KOHEYHOM BPEeMEHU H3Mepe-
pus Af. Ho T. K. BpeMs usMepeHus Af Bcerjla KOHeYHO, & 9acToTa v
cBs3ana ¢ aneprueit ¢ coormomenuem (1), TO B H3Me peHIIe 9aCTOTH BCerza
BXOAUT HeK-Pasd HeolpefegeHHOCTE Av. [1pm maMepennn osra Heollpejie-
JIEHHOCTD 4daCTOTHl NWPOABISIETCS KaK HeK-pasg HeycTpaHUMasg HOT -
PeWHOCTE HM3MepeHIH::

Av = 1/As, ©

rge Av — OOrpeliHOCTh YacTOTH B 2y, Af -— AIAUTENbHOCTH MBMEPeHs
B cer. 3arpaTus Ha maMepenue 1 cer, Heub3A TONYINTH PE3yIBLTAT C IO~
I'PENIHOCTRIO MeHbimell, eM ofuH ey. ToNAbKO NpH OCKOHETHO [JINTeNb-
HOM HAOJNIOmeHnu MORHO Obio OB HOTYYHTh HYJIEBYI [OIPELIHOCTH
(cM. Heonpedeaennocmet coomuowenue),
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Bo3MOMKHOCTh YMEHDLIINTL TOIPEIIHOCTE AV 3a cuUeT yBeJAHYeHIsd
BpeMeHH HAOMIONeHHA A? OrpaHnYeHa HeCTaOHJIBHOCTLIO PAguoCIeRT O~
ckonoB (cM. HmKe). Opmaxko B OOJBIIMHCTBE CJIyYaeB CYIIeCTBeHHA HE
alc. morpentHOCTh YacTOTHL Av, a e¢ OTHOCHTEeJNbHA A 11 0-
rpemHOCTH Av/v. ECTecTBeHHBIA IIYyTh YMeHBIIEHHA 37O Beau-
9UHB — Hepexoj K OoJsee BhicORHM wactoTaMm. [lpm v ~ 1010 ey (cam-
THMETPOBLE BOJHb) U mpu BpeMenn Habaiomenus At = 100 cex ecrect-
BeHHAH HIHpHHA JIHHUM INPHBOAHT K OTHOCUTeJLHOH HOTPENIHOCTH MH3-
Mepeana Av/v ~ 10712 (amanormyso, omubka B 1 mx Hegomycruma npm
m3Mepernu paccrosgna B 100 x, HO He HrpaeT POJH NPU H3MEPEHHH
paccrosana ot MockBH mo BmagusocTora).

B peanpHblX YCJAOBUAX LEJHH PAX $U3. MPONECCOB, B TOM 4uCie H
B3aUMO/EiICTBHe YaCTHil, «pasMbiBaeTy HAOIIOAAEMYI0 CHEKTPAIBHYIO
JHHUIO Topasjgo Godbile, 4eM COOTHOUIEHWe HeOLpefeleHHOCTeH. Mx
yCTpaHeHHe CBA3ANO ¢ GONBITMMH TPYIHOCTAMH (CM. HIKe).

CreKTpaibHble JHHAN MOTYT HMeTh He TOJBKO 3aMETHYIO HINDUHY,
HO U ciIokHyI0 opmy (pme. 2). Opmaxo B H. ¢. 4. meramu cTpoeHuns
CUEKTPANbHBIX JIHHUHA, Ba;KHBE NI paduocnekmpockonuy, He UTPAIOT
poas. 3nech CyuleCTBeHHA JHUTH BO3MOMKHOCTL TOYHO (HKCHPOBATH
HEK-pOe 3HAYeHMe YaCTOTH IPH NMOMOMIM JAHHONE CUEKTPAJLHON JUHITH.
3a 970 3HaveHue MPUHEMAIOT JACTOTY V,, COOTBETCTBYIOILYIO BEPITWHE
CHeKTpadbHofl JWHUH., VIMeHHO IIpH 3TOH YaCTOTe Vv, KBAHTOBble Hepe-
xonbl Hauboaee BepoATHH. 1105TOMY ee Ha3. TAKKe pe 30O HAHCHO I
4acTOTOIM

Ho ¢opma peanpHO HabalofaeMbX CIeKTpPaJbHBIX JIHHHH TAKORA,
9TO HENOCPEICTBeHHOE ONIpefelleEHe TOUHOTO TOJOKEHHS ee BepIUHHLI
ABIseTcA He mpocroil samadeil, Ha puc. 3,a usobparmena TeopeTud.
KPUBas, OMMCHBAIOMAA CIEeKTPAJbHEYIO JUHNI0, Ha puc. 3,6 u 3,6 —
Ta JKe CTeKTPANbHASA JINHIA, TOAYUeHHA DRCIIePHMEHTATLHO € IOMOIIELI0
paguociekTpockonia. M3pe3aHnnocTh SKCHePUMEHTAILHBIX JIMHUA BBI3-
BaHA CAYYAUHEIMA IEKTPWY. IIPOIECcaMi, MPOHCXOAAMMUMY B M3MepU-
TeAbHOH anmaparype, — o1 y M a M u. [II'yMBl He MOTyT 6bITH TIOTHOCTHIO
YCTPAHEHH, OJHAKO METOHBl MX YMEHBITeHHA Pa3pabOoTaHHl HOCTATOUHO
xopomo (cM. IHlymw). OTHOUIEHNEe WHTEHCHBHOCTH JINHAH K WHTEHCHB-
HOCTH TUyMa ABIAETCA BasKHelImell XapaKTepUCTUKON 4acTOTHOM3MepH-
TeJBbHOH anmapaTyps. OHO ompepelser caAy4Yaiime e DOTDpe -
H 0 C T ¥, OrpaHHyuBaloie TOYHOCTE, ¢ K-POil M0 HaBIIONEHUIO CIIOKT-
PANBHOH JIHHUM MOKeT OHITH OlIpefelleHO HOJIOKeHWe ee BePIIMHB V.

Topaspo Gosee omacHnMY, 9eM cayyailHbe NOIPEIIHOCTH, SBJISIOTCA
cHCTeMAaTHYeCKUEe THNOTPpeIIHOCTHu, BH3BBAEMHE Je-
derTaMI anmaparypel, JuG0 Hem3yUeHHBIMI BHEHNIHUMU BO3JeHCTBHAMMU.
BeisiBnenne m yCcTpaHeHHe KajK[{or0 HCTOYHWKA CHCTeMAaTHd. MOrpert-
HOCTH ABJIACTCHA CAMOCTOATENLHOH M MHOT/AA BeChbMa CIOIKHOH 3ajadeii,
CucreMaTud, NMOTPEHHOCTH [PU ONpeHeJeHNN Pe30HAHCHON YacTOTH V,
CIOCKTPANBIIO JIWHUH BH3BIBAIOTCS KAK QU3. IpoIeccaMy, MPUBOIATTHMI
K H3MCHEHMIO HHepTeTwd. CHeKTPa MHKDOCUCTEMEI, TaK W BIUSHHSIMI
usMepuTeTbHOTO TparTa., Hamp., CABUT BepmwmHEH JHBMU (pUC. 3,6)
OPOm30IijeT, ecJu H3MepHTeNbHAS alHapaTypa COXepRUT pPe3oHATOPH,
coGCTBeHHbIe YacTOTH K-PHX He COBIafaioT ¢ dactortoii vy,. Ho takoil
JKe CABAT BePHINHBI CIIEKTPATHHON JHHAW MOMKeT BOSHIKHYTH W BCIel-
CTBIe HAJOKEHNIA Ha PAcCMATpPUBACMYIO CHeRTpPAJBHAYI0 JTIHHHIO A0CTa-
TOYHO OJH3KORE COCEeHEI JIMHIII.

N3 upepsimymmero sicHO, 4TO OCHOBOI Kaskporo K. c¢. u. aBaserca
PaAMOCHEKTPOCKON, TIO3BOAAIONMI HAOKIOZATL B30PaHHYI0 CLHEKTpPallb-
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HYIO JIHHOIO B pajfioAHalasoHe H TOYHO H3MepPHTH 4acToTy ee Bep-
LHbB Vo, G TOYRA 3peHUs MeTPoJdora BepliNHa CHeKRTPaILIoH JIWHHN
ABJsleTes YA CTOTHB M pellep oM, HIH «OIMeTKOH Ha IIKajze
q4acToTy.

OOLIMHO PajHOCIEKTPOCKOT COCMITHSIOT € YCTPOUCTBOM, HO3BOJSIO-
NIMM CPABHHBATL YaCTOTHI BHEIUHNX CUTHAJOB C PelepHON YacTOTOM V.
Coderadiie PajHOCTIEKTPOCKOTA ¢ TAKOH JOTOJHITENLHOE ¢XeMOIl ¢paBs-
HeHus upeppaimaer ero B K. ¢, w. Tak Kar 4actora v I Hepuoj Roje-
Ganmit 7 oxmosmadHo cpssansl mesmgy coboit (7 — L/v), 10 K. c. w.
MOAHO TIPeBPATHTL B KBAMTORLIe 1ackl, CHabUIB ero yeTpolicTBoM, upl-
BOJAALINM RO BpallleHlle CTPedRN IAH QOPMUDPYIOUUM K.-Jl. CIHTHAbI
BpemeHn (oM, Keanmosune wacw).

Puc. 3. a — crexTpajbHad JAMHUA, He HC- i

KajkeHHasd ud3MepHTenbnoil annaparypo#; i

6 — vKcmepuMeHTasblasd KpHBas, H3pesau- §

HaAd  yMaM#; ¢ -— BRCICDHMEHTAJbHAsA

KpuBag, (opMa Koropoli HMCKamkeHa B pe-

3ysabTaTe HEMpPABUABHON HACTPOHKM MaMme-
pUTENBHON amIapaTyphl. v

| "

vy

CpaBHEBag € CeRYHHON mepmoj KojedaHuil, COOTBeTCTBYIONIME da-
crote U30PaHHOI CHERTPANLHON JUHAWH, MOKHO HepeBeCTH H3MepeHHe
BpeMeHH HAa KBAHTOBYI0 OCHOBY TaK jKe, KaK 9TO CHENAHO [ H3Mepe-
HIA JJIMHBL B pe3ylLTaTe CpaBHeHNdA MeTpa C AJHEOIl ¢BeTOBOH BOJHLI
Kr8¢, Il o710l medm m30pana ofHAa W3 CHEKTPAJLHBIX JIMHME He3ns
Csl33, mpnueM yeTaHOBIIeHO, uTo 1 cen == 9192631770,0 nepuopos roxeba-
HOI, COOTBETCTBYIOUIMX BePIIMHe B5TOH CIeKTPaibHON JnHHN (CM.
HIKE).

Cymecteyer HecK. THIOB K. ¢. 4. OHn ortanuaorca MerojfaMu Ha-
OuomeHN# CIERTPaJbHLIX JHHAH, T. €. THOAMH PaTIOCHEKTPOCKOTIOB,
Raspprii 13 HAX [M03BOJAeT HAOMIOJATH B PAfHOZHANASOHE CHEKTpPaib-
Hble JTHHIOH MHOTHX aTOMOB ¥ MOJIeKyJ, 4TO, B CBOK OYepeflb, yBeamIn-
BaeT YUCJO pasamdyHbX THIoB K. ¢, d.

3. AroMponyyespie CTAHJAPTH YACTOTHI

YerpoficTsa, HA3. aTOMHOJYYeBHMH CTAHAAapTaMm 4YacTOTHl, ObLLIK
CO3JAHB! ellle [0 TOr0, KAK KBAHTOBAA 3JeKTPOHHKA OQOPMILIACE B
CaMOCTOATENBHYIO 06JIACTL HAYKH. ATOMHOJIY YeBble CTRHAAPYH BO3HHKIM
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B pesynbTarte U3YUeHHs I yCOBePIIEHCTBOBAHWA PAaJ(HOCIIERTPOCKONA,
cxeMa K-poro miofpaskena Ha pme. 4. Pacemorpum pafory Taroro
yeTpoiicTBa, OCHOBAHHOTO Ha HADJIOJEHNH CHeKTpPaIbHBIK JNHWH 17 € -
3 1. CyTh 9TOr0 MeTOa 3aKAI0YaeTesi B TOM, YTO Pe30HAHCHYIO (pPe-
[IePHYI0) 9ACTOTY v, CHeKTpanbHO# amuNm CS OmpeelfAioT, H3Mepsia
uncjgo atomos (s, COBepPIIHBUINX COOTBETCTBYION(HH KBAHTOBOHIH mepe-
X011,
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Puc. 4. Cxema aroMHONyueBOil TpyOKM: 1 — HCTOUHHK NNYUYKa; 2 H 4 — OTHIO-
HAIMIE MAPHKHTD, COBHAIOL{NE HEOTHOPO;\ble MaruuTHele onsd M i1 Hy, 3 —
o0BeMHBI pes3onarop, B KOTOPOM BO3DYKIAITCA HIEKTPOMAalTUTHEIC BOJIDI,
HAXOAMBHCA B TOCTOANIOM 11 OJHOPOIHOM MATHATHOM IOJ¢; § — pacKaleHHas
BombpaMOBasi TIPOBOMOUKA, 6 — KOJJICKTOD; 7 — H3MEDUTENbHLIA mpubop;
8 — ofyacTh TOCTORHHONO ONHOPOAHOTO MATHUTHOTO Hojd M (ITyHKTHD).

Herounnr n npueManR atoMon uesusa. [Iyuor atomop Cs peuterTaer
H3 nerounuka (/), BHIXOHHOE OTBepCTHe K-POTo HMeeT OopMy y3woi
mienu (MHOTHA IMedb 2aMOJIHAI0T MHOMECTBOM TOHKHX KalMMJIApPOB, 4TO
cHocoGCTBYeT JyTiel HANPABIGHHOCTH aTOMHOTO ITydKa, ¢M. Moaekry-
aspuse 4 amommwe nyuru). [Iy90R, BHIeTAOIMWH W3 Ienn B Qopme
MI0CKOH AeHTH, HATIPABIAETCH Ha TPHeMHIK J, PACIOJOKCHHEIT B Mpo-
THROTIONORHOM KOHIe npubopa. OCHOBHON YaCTBI0 HPHEMHHKA ABIAETCSA
TOHK&s pacrajJeHHasa BOJbYPPAMOBAsS IIPOBOJOKA HIM JEHTOYKA, Ha
r-py1o nomajgator aroMul Cs. ITpm ypape atoma Cs 0 moBepXHOCTDL IIPOBO-
JIORT eT0 3IeKRTPONHAS 000JTOURA BXOAUT B TeCHbll ROHTART ¢ DIEKTPOH-
HBIMH Ofogouramu aromMop Bombdpama W. Boandpam Bmilpan mortomy,
UTO DHEePrHs CBsi3W BHemnmero (BaJderTHOro) amewrpoHa (s ¢ moBepx-
BOCTEI0 W ORassiBaercs OONBINeIl, yeM DHEPIHSA CBA3U TOTO HAEKTPOHA
¢ camuMm aromoM Cs. TTonTomy, Honmas Ha pacKaJieHHEYI MoBepxHocTh W,
arom Cs oTjjaeT eMy CBOU BHOIIHUI HJIeKTPOH 1 yleTaeT B BUje HOJOMU-
TEJLHOTO HOHA (IO0OBepPXHOCTHaAsA HoHm3anns). Obpa-
aytomnecsd Monbl C8, YIAJIUBUINCL OT PACKAJeHHOH TPOBOJIOKU, IPUTH-
TUBAIOTCA OTPHUATEIBHO 3aPA:KEHHBIM KOJLJIeKTOPoM 6. B pesymbprarte
BJIeKTPUY. TOK, TEKYINUIl depe3 KOJJIEKTOD, OKA3HBAETCH IIPOIIOPLMO-
HAJHHAM YHCay aroMoB Cs, HONaBIIMx Ha MpHeMHEAK. OXHAKO Hil}Ke MBI
YBHJHM, UTO II0OTACTH HA IMPHEMHUK MOTYT TOJbKO Te aTOMEI, K-pble IO
AyTU OT HCTOYHUKA K IPHEMHNKY NOIJIOTUIW HIM HCIIYCTHAH KBaHT
PaHoOU3TyUYeHHA ONPeMeIeHHON YacTOTl, T. €. M3MEHWIH CBOX DHep-
LHIO. .

Pacmienienne He3aHeporo HyYsa B MarHHTHOM mome. ATtommt Cs,
BBITETAIONE M3 HCTOYHHKA, HAXOJATCS B pPa3NHYHLX 9HEpreTHye-
cRuX coctosHuAX., OHM paciupefeleHbl IO YPOBHAM 3HEPruH B COOT-
BeTcTBUN ¢ Boavymana pacnpedesenuenm. Ilo TyTHm 0T HCTOYHUEA
K OpucMHHRY atoMbl Cs TpoJeTanT MexwAy TOJICaMH O T K I O-
HAOOero MarHEmTa Z, T.e. 4Yepes MargurTHoe [oXe, Ha-
3HAYEHHE KOTOPOro — pacllelHTh HYYOK aTOMOB Ha YacTH, OTIIYAl0-
IHeCA TeM, YTO B PA3JIMYHBIX YACTHX JeTAT aTOMBl, HAXOLAIIHECA B pas-
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JHYHBIX DHepTeTHY. cocTosunusax. MarmurHoe uose H; HOJLKRHO 10-pas-
HOMY OTKJIOHATh aTOMBI, HAXOASHIMECH HA PABJIMYHLIX YPOBHHX DHEp-
ruu. OJHOpPOJHOE MACHUTHOC HOTe MO/RCT PaCHieNuTh YPOBEHL aToMa Ha
MArHMTHBIe IO YPOBHH, HO OHO He MO;ReT H3MEeHUTH IBIDKeHIe HeliTpaib-
HOr0 aToMa (B OJHOPOTHOM II0e CHIBI, [ieHCTBYIONNE HA NOJ0RUTENnL-
HBIL 3apsy sapa U OTPHHATENBHBI 3apsj »JMeKTPOHHOI 060n0vYKH
aToMa, COBEDINEeHHO OJUHAKOBHL 110 BejiHYHHe H NPOTHBOMONOKHEL 110
HAllpaBlIeHH0; HOITOMY OUH B3aHMHO yHuUTORaxtcs). as Bosgeiicr-
BUs Ha /ABILKEHHs HellTpanbHOIO aToMa HeOOXO[uMb H e O JLH O P O 1I-
H bl € MaTHHTHbie IIOJIg, B K-pBIX Pe3yJIbTHPYIOMAs CHJa, HCIBTHBae-
Masl aTOMOM, He paBHA HYJHIO H OTKJIOHMAET €ro OT IIePBOHAYAIBHOTO Ha-
TIpaBJleHUs [BUKEHUS.

Berdopom ¢opMBl MOJNIOCHEIX HAKOHEUHIKOB MOMKIO CO34aTh TAKOe
HEO[HOPOJBOe MATHHTHOE NoJe (PUC. D), B HACTH K-POro (3allTpuXoBaH-
Hasg 007acTh) Ha aTOMb JelicTBYeT MOCTOSHHAS 110 BeJHYHMHE U HATPAB-
JeHUIO ciia, JTa CUid HCKPUBIAET TPAEKTOPUIO HoJeTa aToMa, HOLo6HO
TOMY, KaK CHIQ “a/ReCTH JHeilcTBYeT Ha TPACKTOPUIO IYJLH M CHAPSAA.
JUtst MeIeBHBIX aTOMOB TPAaeKTOpPUsS MCKPHBIseTcs 00Jblie, YeM JLIA
6picTpeIX. Ho, B OTAYNE OT CHJBL TAKECTI, B HOJ¢ K-Poil BCe Teja JBi-
FRYTCH ONHHAKOBO (He3aBUCIIMO OT HX MacCChl), [IBH/KeHHe aTOMOB B Heo/I-
HOPOJHOM MATrHHTHOM TIOJIe BaBHCUT OT WX MATHUTHbLIX CBOMCTB.

Puc. 5. HeojHOpooHoe MalHHTHOE II0Jie OTHIOHHAI-

mero Maruura: I — ofénactk NOCTOAHHBIX 110 BeNm4YuHe

CIII, MeHCTBYIONUX HA ATOMBl, JIETAHINE IepleHIuKy-
JISIPHO  HJIOCKOCTH PUCYHKA.

MarnnTtHble cBoiicTBa HaMarHMYeHHLIX TeJ, HaIlp. CTPeJIRU KoMIaca,
OIHUCHIBAIOTCA MAZHUMHLM MOMenmox., ITa Ke BejINUUHA XapawrTepu-
3yeT MATHWTHBle CBOMCTBA aTOMOB H MOJIekyd. He BCe MUKpouacTuus
06J1aa0T MATHUTHBIMI MOMEHTaMH. ATOMBI M MOJIeKYJIbl, Y K-PblX Mar-
HUTHHI MOMEHT OTJIHYEH OT HYJs, HA3. HapaMAalrHUTHHRMIU
(cM. Hapamaznemusn). AtoM Cs o6i1aaeT MATHUTHBIM MOMCHTOM, K-PHBIid
olipejiesiAeTcss CyMMO MarHWTHOFO MOMEHTA er0 BHENIHeTO OJeKTPOHa
M MarHOTHOTO MOMEHTAa Afapa.

B orcyrcTBuHe MArHUTHOLO HOJA MarHUTHbie MOMEHTHL aTOMOB Ha-
npaBleHsl XaOTHYHO, & BHYTPeHHAA BHePrusA aroMa & wWe saBlUCUT OT
OPUEHTAIIU er0 MarHWTHOTO MOMEHTa B IIPOCTPaHCTBe. JTO O3HAYAET,
YTO HA OFHOM DHEPTETHY, YPOBHE HAX0JATCA (60 H & C e JI H 10 T) aTOMbBL
C Pas)iUYHO HAUPABJCHHBIMH MACHUTHBIMH MoMeHTaMiu., B marmutHOM
1ojie, B COOTBETCTBHM C 3aKOHAMH KBAaHTOBOII MeXaHUKH, MarHATHBe
MOMEHTEL aTOMOB MOTYT MMeTh JHIUb ONpejiecHHbIe OpHeHTALHN, HALD.
«1I0» TIOJMI0 W «IIPOTHBY [oJs. COOTBeTCTBEHHO MOKHO TOBOPUThL I O BO3-
MO;KHBIX OpHEHTALMSX aToMa B HpocTpaHcrse., llpu oTOoM 3HaveHusn
BHYTDeHHeHl oHepruu ¢, COOTBETCTBYHOMIUE pasIEuHEM OPHEeHTANNAM
MArHHTHOIO MOMEHTAa, pas3/uvHbl. VHBIMU CJIOBaMU, DHepPreTH4Y. YPOBHU
aToMa, 00JaJalliero MardUTHBIM MOMEHTOM, B MAarHHTHOM IoOJe pac-
MEIJIAIOTCH Ha HeCK. MATHHUTHE X HOZYDpoOBHeld Mexny
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HAMU MOTUYT TPOMCXOIUTH KBAHTOBHIG Hepexofspl. PasHocTs sHepruu
MeKLYy MATHHTHBIME HOXYPOBHAMH COOTBETCTBYeT pPajMO[HANa3oHy I
pacTeT ¢ yBeJHYeHHeM HaUPAKeHHOCTH MaTHUTHOTO 1ojA (CM. Seemana
apferm, Jaekmponnnti napamaeHumunl pPesoHanc).

Uuepo HOMyCTUMEIX OpHeHTANni MAaTHETHOTO MOMeHTa aToMa B Mar-
HUTHOM TI0Je, T. . YHCJIO MArHUTHHX TOAYypPOBHeN, 3aBHCUT OT Bpamia-
TeALHOTO MOMEINTa aTOMa, K-PHlil sl KPATKOCTH Ha3. IPOCTO MOMEHTOM,
JT1a XapaKTepNCTHKA aTOMA OYeHDL HAOMHHACT BPamlaTeJbHbId MOMEHT,
onpefeaAlomuil MOBejleHWe THPOCKOMOB. ORHAKO, Kak OOJBIUWHCTBO
aHaJOTHIi, DTA AHAJOTHS HENOJHOCTRIO COXpaHseT CBOI0 CUJY IIpUMe-
HUTeNbHO K MHKpocuHcTeMaM. MoMeHT aToma crIagpiBaeTcsi U3 J[BVX
yacTeif. OffHa YaCThb €BA3aHA ¢ BPALATeNhHLIM J[BHKeHHEM JJIEKTPOHOB
BOKpYr sAfpa (opfluTaabHBA MOMeHT), Apyras onpejie-
JdsieTCs BHYTPEHHUMH CROHCTBAMH DICKTPOHOB M sep II He CBsi3apa
HH ¢ KaKUM U3BCCTHHIM B HACTOsIlee BpeMsi ABUWIKeHHEM. JTa 4acth
MOMeHTa ATOMOB Ha3., CHHHOBBEM MOMEHTOM, WIH IPOCTO
CRUHOM .,

PaccMoTpuM paciieniieREde YPOBHA B MAarHHTHOM IIGJle Ha IpocTei-
meM IHpiMepe aToMa BOJOpoma. Y aToMa BOAOPOAA CIMH AJEeKTpOHA |
CIMH $pa HMEIT HAUMEHBIIYI0 BO3MOMKHYIO BeJMYUHY M pPaBHBL 1/,
(8 epuuunax A/2xn). Io 3aKOHAM KBAHTOBOM MeXaHNKN, YACTUIEEL CO CITH-
HOM 1/, B MarmnTHOM IHoJjie MOTYT IPHHHMAThL JUIUL J{Be OpPHeHTAIWH:
CIMH HampaBjieH xufo «mo» nosio, xubo «upotusy moisi. IlosTomy
aToM BOJOPOIa B OCHOBHOM COCTOSHMIL MOJKeT MMeTh /1B& 3HaUeHNH CUHA
0 1 1, B 3aBHCUMOCTIL OT TOTO, OJHHAKOBO WM IIPOTHBOIIOIOMKHO HATIPAB-
JIeHbl CITMHLL ero sijipa ¥ 3JexTpoHa. B liepBoMm caydae 1/, — 1/, = 0,
BO BropoM: 1/, - 1/, == 1. B mepBoM ciyuae vHepPrHA aToMa B MarHuUT-
HOM TI0JIe &, He 3aBUCUT OT ero opuentaumu. Bo BTopoMm caydae pomy-
CTUMEL JIWINL TPM OPHEHTANMM aToMa, IIPH K-PHIX ero CIUH HallpaBjieH
@IO», «HOTePEK» M (TPOTUEY NONs. JHEePIus atoMa ¢4 B 9TUX TPeX CIy-
yaax Oyaer pasauynoil. JT0 03Ha4aeT, YTO YpPOBEeHbH aTOMa BOXOpOjA
&7 co cnmuomM O He paciierLisercs, a ypoBeHb aToMa Bopopoa &¢
¢co ¢iuHOM 1 B MArHUTHOM Ti0jle pacHleliisercd HA TPU TMOAYPOBHA.
SHeprus BepXHELO M3 BTHX TPeX ¢, yBeXmdmBaercs ¢ pocToM mons H,
SHePIHA HH/KHEIO YPOBHS ¢; YMEHLUIAETCs, a8 DHEPTHs YPOBHA &
THOYTH He 3aBIICHT OT BeJXWYHuEb 1ojs (puc. 6). Teneph uepeiimeM & ato-
My Cs.

&,
6;,' &, Puc. 6. ¥Yposeub aromMa BOgOpoIa é?"( co cnuHOM 1 pac-
i [IEIIIAeTCA B MarHuTHOM noji¢ H Ha TPW MaruMTHBIX NOMI-
. yposusa. Ha yposenb €O COMHOM ( MalHUTHOE IOJIC HE
&y }—'———51 RITHSICT.

ol____—_——->/-/

Atom Cs B OCHOBHOM COCTOSHHE MOYKeT MMeTh CIIMH, PaBHHH 3 uin
4, uro omupenesnsiercsa (ojee CIOMHEM cTpoerueM ero axpa. Coorser-
cTBenHo atoM Cs MOKeT mMeTh B NepPBOM ciydae 7 I BO BTOPOM CIy-
qae 9, T. e. Bcero 16 pasamuHblX OpHEHTANUI MaTHUTHOIO MOMeHTa OT-
HOCHTEJbHO BHeUIHeIr0 MaTHHTHOro mwojis H. [1o3ToMy ocHoBHOI ypo-
Benb atroMa (8 paciieliferca B MATHUTHOM 1ojie Ha 16 MarHMTHEX mnop-
yPOBHeil. JHeprua oTHX NOAYPOBHEH PasjU4YHO 3aBHCUT OT HATPAMKEH-
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HOCTH MAarHUTHOTO MoasA. CyHIeCTBEHHO, 4TO JJIA CeMU H3 HUX HHCPTHA
aToMa BO3 pacTaeT C yBelWdeHHeM MATHUTHOTO HOJsA, NI APY-
ruXx ceMa y OB BaeT, a [Id JBYX IOYTH He 3aBHCUT OT BeJIHUMHBL
moJis.

T. K. Bce atombl (s CTpeMATCA UePeHTH B COCTOAHUE ¢ HaUMeHbINei
pHeprueil, a CUIBl, BO3HHKAIOI[He IIPH 3TOM, 3aBHCAT OT DHEPreTHd.
COCTOSHIA aTOMa, TO My4oK aToMoB CS B HEOAHOPOJHOM MAaTHHTHOM HOJie
H, pacmennserca Ha 16 uwacreit. CeMh U3 HHX OTKJIOHAKTCH TYHA,
THe HOJie CHibHee, CeMb OTRIOHAKITCH B HPOTUBOIOJIOMKHYIO CTOPORHY,
a JBe YaCTH JETAT [OYTH He OTKIOHAACL. IlOCMOTPHM, K eMy OTO
OPUBOINAT.

BzanMo;ieiicTBHe aTOMOB IIC3HA € DACKTPOMAarHUTHbIM nojdeM. Ha
puc. 4 wusobpaskennt npa ayva [ m II, orpannumpalonpte LyHOK H
BHIXO/IAIIE W3 MCTOYHUKA T10[, OJHHAKOBHIMM yIJaMil K OCH y¢Ta-
HOBKH. B ITyYOK [epPBOHAYANHHO BXOHAT BCEe ATOMBI, BHUIETAKOIHE N3
HCTOUHWKA B YRa3aHHBIX HallpaBienuaX. llo marmutroe noxe I7,, Bo-
nepBHIX, paciieniisgeT OCHOBHOH ypoBenb Ha 16 MarHHTHBIX HOJypOBHeil,
a, BO-BTOPHIX, T. K. OHO HeOJHODOJAHO, MO-PAa3HOMY [eilcTByeT Ha
aTOMbBI, HAXOJANIHeCss HA pPasHBIX MAaTHUTHBIX IHOAYpPOBHAX. IlooTomy
OY40K HOCTeNeHHO paclumupsercs, HOJOOHO Beepy, YACTb €0 4TOMOB
OTKJIOHAETCA K CeBePHOMY IOJIOCY MaTHHTA (The MoJe CIIIbHEee, puc. 5),
YyacTh — K OMHOMY moxiocy (rge noxe ciaabee), a HeGOTbILAS 4acTh
COXpaHsAeT B MAaTHUTHOM I0Jle IIPAKTUYECKH IIpejKHee HaIIpaBlcHUHe.

YacTHipl, SHePIHA K-PbIX YMEHBIIAETCA C YBeJTHUYeHUEM HallpsKeH-
HOCTH MAarHUTHOTO 1I0Jis, lepBOHAYAJbHO BXOAMBILNE B BepXHIH Kpail
ayuka (I), OTKIOHAIOTCA K CCBEPHOMY TOJIOCY MaTHMTA H «BBIXOMAT U3
urpsy., Omn me Oygyr y4acrsoBaTh B pabore mpubopa. Ocrasrumecs
aTOMbl OTKIAOHAIOTCA K IOFKHOMY HOJNIOCY M II09TOMY H3MEHAIT CBOU
TPAeKTOPHYU, KaK NMOKa3aHO Ha Puc. 4. AHAJOTMYHO BEIXOJAT W3 HIDK-
pero kpad nydka (I1) gacTunpl, sHepTHA K-PBIX YMEHBINAETCH C YMeHb-
meHMeM HANPsKEeHHOCTH MATHHTHOTO IoJis. OHH OTHIOHAIOTCA K K-
HOMY IOJIOCY, & TpaeKTOPMU OCTaBIIMXCS YACTHI ¢3aTHYTCS» B CTOPOHY
CEeBEePHOLO TIoJI0CA,

Ha puc. 4 BEEHO, YTO uHHTepecylollue Hac IIydxku artomos 1 m Il
Janee NPOXOAAT depes HEOJHOPOAHOe moje [, BTOPOro Maruura 4 Toit
we roudurypaunu. [Tome H, genaeT Mydok eiie 60jee pacXoAN{UMCSH
u orGpacuBaer aroMul Cs panexo ot npumemumka 4. T. o., paccoprupo-
BaHHBIE IIO0 SHEPIUsAM aTOMBI, IpoJeTas Yepes 06a MAarHHTHRIX oA H
u H,, Boobie He monanu 6B Ha npueMHHK. Ho TyT «BcTyliaer B uUTpy»
o6beMHHH pe3oOHAaTOp J, HaXomAIuiica MeHAy IBYMSA
OTHIOHAIONIIMI MATHUTAMH; B HeM aToMbl (S HONAafaI0T B DJIEKTPOMATHHT-
HOe 1I0JIe, I4CTOTA KOTOPOro IOgOWpaeTesa Tak, uToOb OHA BOBMOKHO
OmmpKe coBIaaJda ¢ YaCTOTOH HepexXoga Mew[y MABYMS MaTHHTHBLIMU
nogyposHsMu atoMon Cs & U &y, HAND. TAKUMM HOZYPOBIHAMY, UTO
9acTHIEL ¢ DHeprHeli ¢ COAEPIKATCH TONLKO B NyYKe | B OTCYTCTBY-
0T B nyuke [I, a yacTUUEL ¢ oHepruel &, — Haobopor. KBauTH 2ieKT-
POMATHUTHOH 5HeDIMHM TaKOH 4acTOTHl BBI30BYT HepeXomsi atoMoB Cs
¢ yposHA ¢, HA ypOBeHb ¢, W 0GPATHO, T. . Pe30HAHCHOE IIOTJIOINEHHE
¥ BEHYIK/eHHOe HCcIycKaHue. B pesyinbrare B nyuke | moaBaTcs aTomer,
K-prie B mose H, GyayT OTKIOHATBECA B IIPOTHBOLOJOKHYI0 CTOPOHY,
T. e. K npueMHUKY. To :Ke caMoe npomsoliger B myuxe II. T. o., na upu-
@MHUK HOUAAYT TOJNBKO Te YACTHIB, K-DHe COBOPIIAIN KBAHTOBHIA
nepexoy| Moy BAMAHHEM SJIeKTPOMACHATHOrO mous. OHu u OygyT sape-
TUCTPUPOBAHE! NPUEMHHKOM,



46 KBAHTOBDLIE CTAIJIAPTHI WACTOTHI

Bce »To OymeT mMeTh MeCTO, eCid B HOJX0OCTH 08'HeMHOr0 pesoHaropa
3, B K-poil BO36Y:RIA0TCA DJIeKTPOMATHHTHEE BOJTHBL U IJle OHI B3aUMO-
AefCTBYIOT ¢ aTOMAaMH, CYIECTBYET O Jl HO P O /| B 0 ¢ MArHUTHOE I10JI¢
H. Benp TOAbKO B MATHHTHOM T0Jle BOOOUie TOSRIAIOTCA MarHHTHBIS
OOAYPOBHE U BOBMOKHB! IIePeXOlbl MeKIY HUMH.

[lesneBsiii penep wacrornr. Yucmo aToMOB, HCUBITABIWX B3aHMO-
AelCTBIEe ¢ 5JeKTPOMATHHTHOH BOJHON I IT0JTOMY HOMAfAMOINUX eje-
CeKYH/HO Ha NpueMHHK, TeM Ooabiie, uyeM OMIbKe YacTOTA AJIEKTPO-
MarHHTHHX Kole0aHuil, BO3OYALacMHX B 00beMHOM pesonarope 3,
K OfHOH M3 vacTor, onpegeassemblx ¢-aoft (1), Iosromy npu mnzaas-
HOM U3MEHEHWH YACTOTHI HJIGKTPOMATHUTHBIX KOiebaHMil MeHsercs u
TOK B npueMHOKe YUK, 3aBHCHMOCTL TOKA IIPHEMHHKA OT HYacCTOTHI
DIEKTPOMArHATHOTO TOJH B Pe30HATOpe
u300PaykaeT ROHTYD CHCKT PAILHON K-
HiM (puc. 7). MakcuMyM cOOTBeTCTBYET
PesoHAHCHOI 4acToTe v,, T. e. pellepy
YaCTOTSI.

ToyHOCTL OIpefencHus pellepHOI
4acTOTHL V, 3aBHCHT OT IIHPHHE JH-
Huy, B omnceiBaemMoM yeTpOHCTBe -
- v pPHHA JRHAM CYHIECTBEHHO 3aBUMCHT OT

HOCTOAHCTBA M OMHOPOHOCTH MarHmy-
Puc. 7. Clextpanbiag mmmd, na- HOLO 10ds H B obiactu pesoHatopa.
GmonaemMast B aTOMHOJIVICBOM  Fejm DOJie HefOCTaTOMHO OJHOPOAHO,
PaOCHERTPOCROMCE. TO KBAHTOBHE UepeXopsl GyayT npomc-
XOJUTH He TONbKO TOJ KefcTRIIeM OHOT
Pe30HAHCHOH YACTOTHI, oMpejedseMoit ¢-aoit (1), HO u mop peflcTBUeM
OJMIMBKAX YaCTOT, T, e, JUHUM OyleT «pasMuTay, Hean ke mone IT Hemo-
CTATOUHO IOCTOSHHO BO BPEMeHIN, TO »HePrHU MAaTHMTHBIX IIOLYpOBHe
U3MEHAIOTCA BO BpPeMeHM (Be[b OHH 3aBHCAT OT BeJHYHHB MarHHTHOTO
TOJA), a CJeI0BATeNbHO, M3MEHAETCH U HacToTa Iepexoia MeskIy Mar-
HATHEIMK TOJYPOBHAMH B COOTBeTCTBHM ¢ ¢-joif (1). 3To o3Hauaer,
9TO BepIIVMHA CHEeRTPAJbHON JMHHH CO BpeMeHeM CMeINaeTCsA, YTO LIpH-
BOOUT K OMNOKe B OIpefelleHAW YACTOTH.

Ilpy Bgea bHEO OFHOPOZHOM W TWOCTOSHHOM foje /{ MupHHA JITHWK
Av omipefleisieTcs BpeMeHeM I DOJeTa aroMOB depe3 pe3oHa-
top. UeM aro BpeMms Goabplie, T. e. YeM Godblle pasMephl Pe3oHATODA,
TeM Mesbile wippuHa JuHny. Ho dem Ooablie pasMepsl pesoHaTopa,
TeM TPyZHee B HeM CO3[IaTh HACTOIBKO OMHOPOAHOE HOCTOSAHHOEe MAIHUT-
HO@ TI0Jie, 4TOBB cO3TaBaeMoe MM yIUMpeHHe He BBIXOMIO 33 ITPeIeshl
HMPHEEL Av,, OIpelelAeMOil BpeMeHeM IpoJieTa.

Yrobe 060HATH TPYAHOCTH, BOBHKKAIONIYME B CBA3N ¢ HEOOXOUMOCTHIO
HOJTYYeHHsI OFHOPOJHOTO MATHATHOIO IOJS B DoabpinoM ofbeMe, amep.
¢usur H. PoMcu npemsiomin HeCKOJIBKO YCHORHUTH aTOMHOJIYYeBO
PafMiOCTIIEKTPOCKON. B  paguocHexTpocronle PoMcen B3amMogelcTBHe
aTOMOB € DJEKTPOMAUHMTHBIM [0JIeM HPOMCXONNT He BO BeeM o0beMe
pe30HATOPA, & JHUIL B [BYX KOPOTKUX YYacTRAX HX TPAaeKTODHH, KOTHA
aToMBl HpPOJIETAIOT 4epPe3 OTBEPCTHA B pe3oHaTOpe BOIM3H €ro KoH-
noB. [Tocaenuuil mpeacrasisier coGoil OTPe3ok 604no600a, M3OTHYTHIN
B Bufie OykBa [I ¢ KOpPOTRMMH HOMKKaMH W [JIHHHOH MHepexsajiHoi
(puc. 8).

Crommas ¢opMa CHeRTpanbHoH muuuu, HabmogaeMas B TaKOM
pagHoceRTpockome (puc. 9), ABAAETCA pe3ynbTaTOM HaJOKEeHUA JBYX
JAuHUI, 00pasoBAHHBIX NPOJIETOM YACTHI, Yepe3 KK U3 KOHIOB pe-

Al
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godaropa. 1. K. BpeMmda npoJiera 4YacTIHILl Yepes pe3oHATOP MAalo, TO
mWIPWHA KOUKAOI JIHANI BEJMKA. JTa cyMMapHas umpinna obpasyer
mporiil mhepgectan peayapTipytomeil gurmH. [lnprHa e yaxoro
HEHTPAIALHOTO ITHKA, ONpPejlelARINas HCTIHHYI0 TOYHOCTH 3MepeHTf,
3aBHCHT OT IIOJHOTO BpeMeHH IpoJeTa aTOMOB Uepe3 pesoHaTop.
B raroM yerpoiictse A7 YBeAWUEHNS TOUHOCTH OTCUYETa YACTOTH ITYAKHO

R
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| PRy ity

.
] :
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Prc. 8. Aromuoaydenoit pajiocrestpocion Payer ¢ IT-o0pasiibiv pesonaTopoM.

YBCJIUIBATL He BPeMsi B3AUMOMeHCTRIIS aTOMa ¢ N3IYUeHHeM, a 10T e
BpeMs ITpodera dactuu. T. K. DIEKTPOMATHITHBIC BOJHBI COCPEIOTOUEHEL
BHYTPH pe3oHaTopa, T0 TPeGOoBaHIA ONHOPOJHOCTH 1 MOCTOSHCTBA Mar-
HITHOTO 110JIA H OTPAHHYNBAIOTCA JUIML HeGoALUIIME ofJacTAMI H
MOTYT GBITh YAOBIETROPEHEI FOpasio Jelde,

Honomwentie BepuIMHBL HEHTPANLHOTO HIKA CIERTPAJIbHON JIHHAW

Cs, moaydaeMoil B aTOMHOJIYYeRBOM pPajHOCIIERTPOCKoIle (pHC. &), ompe-
Jelsdercs ¢ TOYNOCTHIO [0 ABYX e[NHNI BCHANATOTO 3Haka, Bepurise
BTOH JINHNN TPHIOFCAHO  BHAUEHHE Vv == ]
= 9192 631 770,0 ey. Jaa obccreucrust Ta-
KO TOYHOCTH 3HAYEHIIE HTOI UACTOTHI JIOJ-
JKHO OBITH ONPEeNICHO ¢ TOTPETHOCTLIO Te
Gomee wem 1,8-1072 ey. [last toro urolui |
OLEHHTD BTY TOYHOCTD 110 JIOCTONHCTBY, HE00- /‘
XONIMO YRA3aTh, 9TO ITHPHHA TeHTPaNLIOTO
MHKa CIHeKTpaJLmoil JnHNN Ha pic. 9 co-
crasiasier (B Hambosec PACIPOCTPAHEHHLIX
BapuasTax mupubopa) upamMepHo 200—300 ay. ) v
3HAYNT, HOJO;KeHne BePNTHHGLI CHeKTPadbHOI vy
JHHUA JIOTREO GBITH OHPEACICHO C TOYHOCTHIO Pre. 9. DoDMA CHEKTOALL
B HeCK. CNUHENI, msToro 3Hawa. Tamas Tou- [ - J‘Hjmlmf" Haﬁmon;ewi‘oﬂ
HOCTH BO3MOKHA JHMIb IIPH OUeHL GOJNBIIOM B pajuOCHeKTPOCKOTI® ¢
NPEBITIEHHH CIeRTPANbLHON JHHAN HaJ Iny- If-o0pasubiM pesoHaTopoM.
MaMH anmapaTtypsl. B aTOMHONYYEBHX TpPYO6-
Rax 3TO jlocTHraercs OJarofapsa BHICOKOH YYBCTBHTENBHOCTH ITPHEM-
HOKa. B Her-peIX cay4asgX [AJA AOTOJHATEIBHOI'0 YMEHBINEHHS 0Iy-
MOB MEKAY HHTHIO HPHEMHUKA 1 KOJUJIEKTOPOM BRIIOYAIOT MACCHERT-
pomerp — mpubop, ormensomuii uwousl CS OT NOCTOPOHHHX HOHOB,
BO3HUKAOMNX B TPYOKE HM3-~33a 3arpHA3HEHUN I ABAAOOIMXCH OANUM I3
HCTOYHHKOB HIYMOB.

Jlas mprMeHeHusA ONNCANHON YCTAHOBKHU B KauecTBe 3TajioHa 4a-
CTOTH HEOOXOINMMO 0fecIIeunTh He TOALKO GOJBUIYI TOYHOCTH M3Mepe-
HEf, HO I OTCYTCTBHe CUCTEMATHYeCKHX IIOTPCHIHOCTCH. ITO O3HAYAET,
9T0 IOJOKEHHe BepuimHbB CHOKTPAALHOH JNMHHN He NOJHKHO 3aBHCETh
OT HEKOHTPOJIIPYEMHX NM3MCHEeHMH HapaMerTpoB YCTAHOBKH (HAUP., OT
U3MCHEHIH B dJeMeHTaX paiocxXeM) H OT HEYCTPAHIMBIX BHEHIHUX BO3-
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JelcTsui (Hanp., 0T U3MeHeHHil TeMi-pbl, BAMAIOMEH A pasMepsl peao-
HaTopa,). Ocofenno HesenatTeibibl HAPYIUCHHA CHMMCTDHL PE3OHATOPA
H OHOKY TP ONPEAeNeHTH BeNMUAHbL MATHHTHOTO MOJISL B TeX 4acTsX
pesoHaTopa, 4epes K-phle MPoJdeTaeT aToMusiil myvyox. eneparop sirent-
POMaTHHTHBIX Kojlebaruil, MHTAOMUI pe3oHaTop, MOMIKEH OLITH H0C-
TATOUHO CTA0MIeH O NMETh BCCHMA YHCTHE CIERTp wacToT. OOBYHO
€ AToll TEIni0 NMPHMEHARTSH RBBICOKOKAYECTBEHHLI Keapyesul eceHe-
pamop.

IMepsetit atoMHOMYWeBOH cTaHAAPT 9ACTOTH ¢ mydxoMm artoMmos Cs
ObLit co3al B aurd. HaunoHanbHoll Qrisndecroli madoparopmu JI. Jcce-
HOM 11 B 1955 BRIIOYeH B PeTyIApRYI0 cIy:ROY Bpesmerin. BrnocxegcTBnn
OIf CTAJl OCHOBOM aHTJ. 3TAJOHA BPEMEHH I YAcTOTH. 3a COosjlaHue 11 MpH-
MEHeHIle 3TOTO NPHOopa (M AP. BHIANOHECH HCCHCIOBAINIS) DCCeH
B 1959 0681 ymocroern 3ojgorod Megaanm mMm. A. C. Homosa. B 1967
MergyHapongas KoHQePeHIUSA BeCOB U Mep OPHHsIA 3a GIUHKULY Bpe-
MEHIl aTOMHYIO CeRYHAY, onpefequB ee Kak 9 192 631 770,0 mepuonos
ANEKTPOMATHIITHBIX KoJAe0aHUl, COOTBETCTBYIOMUIX H30paHHOMY KBaH-
TOBOMY Hepexoxy aroma Cs!33 (0 mocide 3anAToil 03HAYaeT, YTO 9TO 3HA-
4eHNe HPHHATO 3a ONpefelleniie N He MOJJNEMRNT AanbHeliTieMy yTodu-
HEHHIO).

B CCCP u CHIA rtamske CyHlecTByIor ATOMHOJYYeBble CTaggaprsl 4a-
CTOTHI, BHIIIyCKRAEMbie B BUAE cepuitnbix npuGopos. OHH cofieprRaT aToM-
HOJLLYUeBYH TPYOKY ¢ my4kom atomMos Cs 1 pajguoycrpoilcta, Aaromiue
Hafop oIeKTPIY. KoJXcbamuil (QHKCHPOBAHHKK YaCTOT, OTHOCUTEILHAA
HOTPEeNTHOCTh K-pitx Av/v He npessimaer 1071, ATOMHOJyueBbIe CTaH-
HAPTHL YACTOTHL COJEPIKAT TaKMke PaZHOCXEMH, IO3BOJAIONIAE OIpee-
JATH ¢ 9TO{ JKe TOYHOCTLI0 YACTOTY BHOIIHWX CHTHAJAOB, H CXCMEHI,
[O3BONATONHE NOXYIUTH CUTHAN ¢ HPOMIBOABHEIM, HO TOUHO W3BECTHBIM
3HAYEHIEM YACTOTHL B TMHPOKOM AMATIA30HE.

KBaHTOBHE pPelleps YaCTOTH, OCHOBJAHHBIE HA HaONIOJCHUN CIEKT-
PANBHEIX JIHHUI, Has. MACCHBHHMU perepasi. Coext-
pajibHag JHHUA B HOX HaOlogacTest B pe3yJbrTaTe BO3JLeHCTBHS BHeII-
HEro DIEKTPOMATHHTHOTO M3XYUeHHS Ha aTOMBL JIH MoJderynsl. Cyme-
CTBENHO, YTO0 B ATOMHOJYUYCBHIX CTAHJADPTAX dacTOTHl CHEKTPAJILHAA
AUHHA OCHAPY/KHBAETCH He YO OCHA0NeHHIO I YCHIEHIIO 3TeKTpPO-
MATHETHOTO H3JIY9eHHA, a [0 OTKIOHEHN!0 aTOMOB OT IIePBOHAYAJbHBIX
tpaexropnil. Buaaropaps »sroMy B 00pasoBaHHN IMHHN YYacTBYIOT
BCE aTOMbl, HAXOMSUIKECS KAk B BEPXHEM, TAK ¥ B HYWKHEM YPOBHAX
KBAHTOBOTO Hepexofa. YWUacTie BceX aToMOB B 00pa3oBaHHM JIHHHU
o0eclieunBaeT BEICOKYI0 YYBCTBHTEIBHOCTh ATOMHOJNYYEBHIX CTAHJApPTOB
9acTOTHL.

4, KsauTosbie remeparopsl

Hapsay ¢ aTOMHOJTYYEBBIMH WACCHBHBIMI pelepaMnm 4YacTOTEL CY-
OICCTRYIOT &a KT H B HB € P el e p bl 9To Npubopl, B K-pHX KBRHTO-
BEIE TIPEXOJIBI MOJIEKYA H aTOMOB HEIOCPEACTBEHHO NPHBOJAT K TeHe-
PAIHI DICKTPOMATHHTHAIX BOJH, YacTOTA K-PHIX caysut penepoM. Ta-
Kile IpHOOPH HA3. KBAHTOBE MU TeHEGPATOpaAMIU

Tepsplil KBAHTOBHIL reHepaTop Ha Oy4YKe MOJEKYN aMMHaKa, Has.
MOTEKYJNSAPHBM TeHEepPaToOD)poOM O3HAMCHOBAA pOIe-
Aie KBaHTOBOH ssextponnku. OH OBLI OHOBPEMEHHO M HE3aBHCHMO
paspaboran B 1954 B (Pusu4. uHcTHTyTe AKafeMun Hayrk B Mockse
H. T. Bacoswy n A. M. [Ipoxoposuy u 8 Komymduiickom yHuBEpcuTeTe
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B Huwo-ITopre Y. Tayscom, ik, Fopporom u X. Ieitrepom. B arom
npudope MOJERYIH aMMUiKa IeéHEDHPYIOT 3ICKTPOMarHUTHHE KoOJe-
Gauust CBY, ofnafaoniie 1pesBhYaiiio BHICOKOT MOHOXPOMaTUIHOCTHIO
1 60JbLIoH ¢TabIIbHOCTHIO YaCTOTHE.

Tenepanus 3ieKTPOMATHHTHHIX Kojebannil B KBAHTOBOM reHepaTope
OCYTIECTBIACTCA 33 CUeT BH H YK ACHHOT O MB3JAYUYeHUSA
HIEKTPOMATHUTHHIX BOJH (M. Keanmoswii nepexod).

ditutrreiin MpegcKas’al CYMECTBOBAHHE BHIY/KRACHHOIO HCIIYCRAHUA
doTonoB Oe3 mpHBiIeveHUA KBAHTOBOU Teopin. OdeHb BamHoOe cBOlCTBO
BBIHY;KIEHHOTO HBJYUYEHIIA COCTONT B TOM, UTO OHO HIIUeM HE OTIHYaETCA
OT BRI HY KA aoOero wusnrydeHus. CoOBIANAIOT BCe Xaparrepu-
CTHKH — 4acToTa, HANpaBlieHue paclpoCTpanennd, uoJAApH3aNa
¢dasa. Buaarogaps 3T0MY BREHY/ERALUIIOC HCHYCRATNe IIPHBOAUT K yCHJe-
HIO BHeltHed 2JeKTpOMATHNTHOH BOJHBL

B 00blunplX yCIOBHAX 4UCHO YacTHIL HA HIGRHCM us Jiodofl napu
yposueil Soapuie, 4eM Ha BepxieM. Taroe paciipejlelenne ccTh Cief-
CTBHE Xa0THY. MPOHECCOB, NMPUBOAAMINX CLUCTEMY, COCTOSILYIO 113 MHO-
FUX B3aUMOLCHCTBYIONUX ACTITI, B COCTOANNE TEAM0OBOLO PaBIIOBECHS
(cM. Boasymana pacnpedeaenue).

Nmerno 113-32 TOro, 4TO0 Ha HIDKHMX YPOBHAX IIPHM TCINIOBOM paB-
HOBECHM HAXOJUTCS 0OJbille WACTHII, YeM HA BEPXHHUX, B €CTeCTBEHHBIX
yelaoBusiX 0O0BYHO HAGMIOZACTCS JHUIb I[OINIONIEHMAe, a e YCHIeHUe
BJIEKTPOMATHUTHEIX BOJH. JIWUIh HEJABHO B HEK-PLIX YAJeHHbIX 0fma-
CTAX KOCMHY. NPOCTPAaHCTBA B CKollewuax (obmakax) papurana OH
G110 o0HapyKeHo Hpeobaajjanie BHHYHKICHHOTO UCIyCRAHHA HAj IHOT-
JOMeHHeM cBeTa. JTo osHadaer, 4yro Moidexkyiasl OH B stnx ofmakax He
HAXOATCA B COCTOSHIH TeINIOBOTO PABHOBECUs M UTO TaM lipeobragarot
MOJIEKYJIbI, HAXOAAUIHECS B COCTOSHUR ¢ OOxbIe# smeprumeit. Takroe
pe3ko HepaBHOBECHOE pAcHpPefiedeHne HACeJeHHOCTH JHEPTETHE. COCTON-
HUT Hag. WHBepcHeH HaceJeHHOCTE®EI. B aroMm crydae
9IeRTPOMATHUTHAA BOJHA, TPOXOASIIAsA dePe3 BEeHIECTBO, YCHIHNBACTCA.
Wneda ucmonb3oBaHwA BHHYKIEGHHON0 HCIYCKAHUA [y TeHepannu
9JIeKTPOMATHUTHLIX BOJH OJHOBpeMeHHO BosHWRJIA Yy Bacosa w [Ipoxo-
poBa B MockBe n y Taynca ¢ corpysunkamu B Hpio-Mopre. Bee onn
ObLTY pagnoPU3NKAMH M 3HANH, YTO YCHIHTeNb SJEKTPHY. KoJeHaHHil
[PY WaBECTHHIX YCIOBUAX MOMKHO NPeBpPATHTh B reHeparop. Jliad aToro
HEOOXO/[MMO CBA3aTh BEIXOX YCHAUTENA ¢ €ro BXojoM. Taras oGpaTHas
6435 IPUBOAHT K TOMY, 9TO KaKAA-TO 4aCTh ROJHBHI (B 3aBUCHMOCTH OT
BETMUNHE 00PATHOH CBA3M) BHOBb 1 BHOBH HPOXOIUT Yepes YCHIHTEdb,
opuobperas B HeM JONOIHUTENLHYIO HHEPTHIO.

Ecan nenabe:kHbie 110Tepu SHEPrHU BHYTPH CAMOTO YCUJAHTENHA H
B cucreMme ofpaTHOH CBABW MeHbIle, 9eM IPUPOCT DHEPIUM IPH HPO-
XOIEHIN YCHINTENSA, TO YCUINTeNbh ¢ 00paTHOIl CBA3BI0 HpEeBPATHTCA
B TeHeparop. JTO 3HAYNT, 4TO JIOGOH CHTHAJ, CHy4aifiHO I[IONABINMI
11a BXOJ, TAKOTO YCUJIHTENs! WM BO3HIKIIUH BHYTPH Hero, [MOABEPTHETCA
JIaBUHOOOPA3HOMY yeuIeHHIO, [Ipolece yeuaeHus MOT 6Bl HPOTOIKATLCS
GecKOHeUHO, eciyu Obl He CYMECTBOBANO T€X WJIH WHHX OTPAHUYEHHIl.
B KBaHTOBHX yCHINTeNAX M FeHepaTOpPax OrpaHUYEHHE CBA3AHO C TeM,
4TO BEPOSATHOCTH NOTIONEHHsA W BHHY/KIEHHOTO HCOYCKAHUA JJIA Ka-
A0l yacTHLS OHHAKOBEL. B pesyiabraTe aroro B Iponecce YCIJIGHIA
HHBepCHA HaceJeHHOCTeH NMOCTeNeHHO YMEHBINAeTCS N, KOIZIA YCHIeHHe
cpaBHAETCA ¢ HOTEPAMN, YCTAHOBHTCA CTAIHOHAPHHIU pPERHM TeHepa-
win. PacemorpuM Gosee rofipo0Ho Mexamu3M paboThl KBAHTOBOTO CeHe-
patopa Ha IpHMeEpe MOJEKYIApHOTO TeHepaTopa.

3 KBaHTOBAs BIEKTPOHUKA
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Moxexyuasipuprii reneparop. B fnepnoM KBAHTOBOM TIeHepaTope pa-
GounM BEMECTHOM CHVKHA MYY0R MOJERYJID aMMuaxa. 9710T BHGOp ne
Opi cayyaiiupiv. B criexrpe aMMniaka pajiloclIeRTpHy. HCCICAOBAHNAMIL
OpiTH OOHApYHKelb Haphl SHEpPreTHY. YPOBHeI, pasHOCTh HHEPrHmn Me-
WAY K-PBIMI COOTBETCTBYeT (WU OJHM3KA) HacTore nepexofa v ==
= 23 870 Mey, T.e. Haxo-

a }% 6 & HATCA B ()6.1{';101'11 CBY, HH-
AN — -  Tepecosapieil PuanKoB. ITi
N §V=255706u YPOBHI XaparTeplisl s MO-

P ‘fl N Z ARy aMMHaKa W Has. H H-
s ' N pepcuoununemMn. Omm

H l /\OH CBABAHLL C HBJICHHCM U I-
: BC P CI U — IEPEXOHOM MO-

H, HCKYIbl MERAY JBYMs CO-

i CTOSIHUAMHE, BO3HHUKAIOL[UMI

i BCJEJICTBHE TOTO, YTO aToM

‘ a30Ta MOMET 3aHHMaTh B
Puc. 10. ¢ — cxemarudecroe 11306;);1){(0}111& mo. MOJERyJIe AMMUAKA ABa
JIEKYIIBI aMMMAaKa, 6 — HiBepCHOHHBIe YpoBHA JHKBHBAJCHTHBIX IMOJQMEHNA
MOJIEKYJbl aMMUAKA. (puc. 10) (em. Hreepcuonnuiil

nepexod).

Moderynbpl aMMHaKa, BHIXO/S 13 HCTOYHMKA depe3 Majioe OTBepcTUe
(kamuirasip), o0pasyoT MOJeRYAAPHEE Tyuok (puc. 11). B nyuke nerar
MOJIGKYJbt, HAaXOAMANNecA Ha pasdUYHBIX YPOBHAX B COOTBETCTBHH
¢ pacapegerenneM Boasumana (cM. Moaseryasprble © amomusie nyuxw).
MonerynsapHslil NyYor OPOXOZUT aJee CKBO3L COPTUP YO M Y B
CHCTEeMY, HazHaueHue K-poil — YAAANTL M3 TyYKa MOJERYIIHL,
HAXOAANHECA B HIAHEM dHePreTHy. COCTOSHIUN &, U3 maphl ((HBePCHOH-
HBIX COCTOAHNL, wabpaH-

éN(ﬂDﬂO)}f@HUE npu uHEEPCUL )

- . a HanyuaeMole
HEIX AAs paGors 1pnio- Copmupyrouas u Sonion
pa. Ilpociemum, Kax »T0 POAYCUDYIOWTR CUCmeMa
OCYIIeCTBIACTCA. Hanunnsp \

Moxexkyan  ammuaKa

~ . ) ‘
00Ia/Iat0T BASKTPHYECKIM )
AAIOIHHBIM MOMEHTOM, R ..

T. €. ¥ HAX (HEHYDP T  \ellols /Y ooorb=mr o
JRECTH»  OTPHIATEILHOTO
3apsia  JJEeRTPOHOB  HE
coBIajiaeT ¢ (HeHTPOM Ts-
JKECTIY  TIOJIOFRHTEJILHBIX K aanyyomy
3apAynos spep. WnBepcu- HaCOCy

OHHEIE YPOBHU COOTBET-
CTBYIOT JBYM HPOTHABONO-
JIOYRHBIM OpHEHTANAM
AUIOJILHOTO MOMEHTA MOJeRyJH aMmMMuaka. Bo BHenmmmeMm smIexTpud.
nolte £ punoibHEle MOMEHTHI, COOTBETCTBYIOIHE BepXHEMY YPOBHIO,
BEICTPOSITCA IPOTHB HANPABIEHHH NOAH, IPH STOM BHEPIUs YPOBHSA
YBEJXHUUTCH MPOHOPUMOHAILHO HANPSHKEHHOCTH MONA. JIeRTpHYCCKUE
OUMOJLHRE MOMEHTH MOJIeKYI, HAXOAAMAXCA B HIGKHEEM THBEPCHOHHOM
COCTOSHHUH, BBICTPOATCH «II0» UOJNI0 M X 3HEPTHH YMEHLIIUTCH TaKKe
NPONOPUNOHANLHO Haupsskegroctd noas (cMm. MImapra  afenm).
Ecan nydoxk MoJeKkyd amMMHaxa OpPOIYCTHTHL 4epe3d HeoZHODPOAHOE
IEKTPIIECKOE TI0JIe, TO OHO COPTAPYET MONERYJBl aMMiaka amajio-
FHYHO TOMY, KaK HEeOoJHOPOJHOe MATHHUTHOC IOJE B aTOMHOJYYEBHIX

Pesonamop l #

Puc. 11. YerpolicrBo MOJIERYIAPHOIO redeparopa.
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TpyORax coprupyer aromnt Cs, o0HalaioIqie MAPHUTHLM — MO-
MeHTOM.

HeofHopopHoe 9IeKTpHY. nojde HeoOXoXnMOH Kompurypaumu cos-
Jaercd IPH IOMONIM ciiell. ajlekTpofos. Hauboubiiee pacmpocTpanenye
DOAYMHAH COPTH P YOI U C CHCTEMB BBHIE #8adpYIoLLHIZO
rondencamopa (puc. 12, a,6) ML CUCTEMBI METAILINY. ROJTEL, K K-PHM
depes OJHO HPUIIOKEHO BEICOKOe HANPAKeHNe IPOTHBOIOJIORHON noasap-
Hoern (piic. 12, 8). B ofeux »THX CHCTEMAX IJEKTPUU. HOJe HA OCH CU-
CTEeMbl PABHO HYJI0 H YBeJIUUHBACTCH IO papiycy.

a flyon 6 {lydor monexyn

Puc. 12, Coprupyiomue cucreMbi: a, § — KRaUP YIIOJbIbI KOHJEHCATOD; § —
KONbIeBasdA CHcreMa.

Jlag Moxenysi Ha BepxHeM YPoBHe yMeHBIIEHUEe DHOPTHI CBA3AHO
¢ ABIGKeHHeM K OCH copripyiomiell cucreMsl. JIIA 0CTalbHLX MOJERYJ
BHITOAHCE JieTeTh K IJIACTHHAM KOHeHcatopa (WIH K KoubiaM). B pe-
3yJbTaTe MOJCKYJLI, HAXOMAN(MECA B BEPXHEM 3HCPreTHd. COCTOSHUM,
cOoGHPAIOTCA y OCH CHCTeMbI, a MOJEKYJBl, HAXONSIMIHeCS HA HIDKHEM
ypOBHEe, PAcCEMBAIOTCH B GTOPOHBL i He yUacTBYIOT B paGore reseparopa.
Jlas toro drofel OHU He CO3HABAIN H3OBITOTHOTO JaBIEHHA BHYTPH
reHeparopa, 5TH MOJERYJABl, KaK I Te, ROTOPHE, Y:Re H3IYUiB, Aepe-
UM B HIIKHeE COCTOSHUE, YAAJAITCA (OTKAYHBAOTCH BAKYYMHEM
HACOCOM).

B pesyabrarte BRIHYIECHHOIO HCHYCKAHUA MOJERYN DJICKTPOMArdNT-
Hasl BOJHA, YaCTOTa K-Poil cooTBeTcTBYeT (-ne (1), BeaumMoelicTByIomas
¢ OTCOPTHPOBAHHBIM IIyYKOM, JOJMKHa ycuawbaTbes. OmHano mns-3a
MAaJoT0 KOJAMYECTBA YaCTHI, HAXOIHBINHWXCA B BO3OYIKIEHHOM COCTOS-
HOW, H U3-3a MaJIOFO BpeMeHH B3aUMOAEHCTBUA MyYKA H BOIHEL 3TO
yenienue wpalime Mano, A HoIXyueHUs [0CTA}0UHOTO YCHIESHUS He-
00XOAMO yBeJIHUITD BpeMsl B3aMMOMNeHCTBHA BONHH ¢ rnydgrkoMm. C aroi
[EJIBI0 MONGRYASAPHBEI TyYoR TPOIYCKaercH CRBO3b 00BEMIBIl pesoHa-
TOP — HOJNOCTh, OIPAHUYEHHYIO METANNHYECKHMH CTeHKaMH. JIeRTpo-
MaTHHTHAS BOJHA, IOIIAB B TAKYW IIOJOCTh, MHOTOKPATHO OTPAKAETCH
OT ee CTeHOK U TO3TOMY A0JTr0 B3aHMOJeficTBYET € WPOXONHIUIUM uepes
Hee ITY4YKOM.

Benomuum  Telepb, 4TO MOJEKYJbl, lipojleTalouie B BUAe [nyu-
Ka CKBO3h 00BeMHLII pesoHAaTOP, Hepes KOPOTKOE BPEMsl BHIAETAOT
qepes HEero 1 3aMeHAIOTCS BHOBH BAeTaiOMNMU. Yactbh U3 HUX BO BpeMs
mpoJieTa ycieBaeT COBEPINNTh AKT BHNYMKIEHHOIO ICIYCKAHMH I 9TAM
VCMIIMBAET JIEKTPOMAaTHHTHOE 1toJle BHYTPH pesonaropa. Clegymome
TMOPIUH  MOJEKYJ B3aUMOMEHCTBYIOT ¢ yiKe YCileHHBIM moseMm. Tak
ocyimecTisiercss o0patHas ©BfA3b — CBA3b IEPBHIX MOJEKYyd Iy4Ka
¢ MOCJHeyIIUMI — 4epes nojge usiyueHus. OOpartHast CBA3L 00hesn-
H51eT MeANY co00ll ARTH HCHYCKAHHA MHOIOUMCICHHBIX MOJEKYJ, Opo-
JEeTAIOUHX CKBO3b PE30HATOP.

3#
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Utar, 00BeMHBI PE3OHATOD, ¢ OJHOH CTOPOHB, YBeIHYNBaeT BpeMA
B3anMOJEHCTBAA MOJIERYI ¢ 2JIEKTPOMATHUTHBIM H3JyYeHueM, BCIeM-
CTRHE "WeTo Bozpactact yemienne. C Apyroif CropOHBI, OH OCYHIECTBIAET
06paTHYIO CBA3L MeXAYy MOINEKyJaaMi lIyura. B pesyibrare Takoe yer-
POLCTBO MOMKCT IeHepPUPOBATh AJEKTPOMATHUTHBIE BOJHBL

OmaKo BBefleHHE Pe30HATOpa HPHBOAMT U K Ap. sperty: yacrora
IeHepalHill yiKe HeNOoJHOCTBIO olipelelieTcs CIeKTpajibHoll JnHuel
amypara. Owa Temeph 3aBUCIT W OT HACTPOHKU pesoHaTopa. Tak Bos-
HHKAeT IJaBHAS MOLPEHTHOCTh YaCTOTH MOJEKYJISApPHOIO IeHeparopa.
H cuacrbo, oHA OTHOCHTEILHO HeBEJHKA 1l HPOHOPIIOHAJILHA OTKIOHO-
HIlIO COOCTBEHROH YacTOTH PE30HATOPA OT BEPIUIHBL CHERTPAILHOMI Jii-
HIH vy JTO OTRIOHCHINC Ha3. paccTpoldxoi OTHOCHTeILHas
IOTPeNHocTh 4acTOTH Av/V, BEI3BIBAEMas pPaccTPOWROHA, ANA TeHeparo-
POB Ha MOJIeKYJaX ammupara ~ 10 1.

Hemnpusitioil 0cofeANOCTHI0 MONEKYASPHOIO eHepaTopa SABIAETCH
CLOMKHOE CTpoeHHEe CHEKTPaNbHBIX JMHMI amMuara. Hakpas H3 HEX
GOCTONT W3 HECK. JHER, PACHONOJREHDHX CT0JL ONNBKO, 4TO pajuo-
CIeKTPOCKOTIB BOCIPHHUMAKT WX KaK CanBuiiecs soeanHo. Ilpu vrom
HOJIOZKCHHE BEPUIHHK Pe3yJbTupylomied JUHWH, a 3HAYAT U 49aCTOTA
TeHePAIINH BaBHCHT OT YCJIOBHII COPTHPOBKH IyYKa MOJEKYJ, B YacT-
HOCTH OT DJIERTPHY. HAMPSMEHHA, IIPUIOMKRCHHOINO K COPTHPYIOMei
cucreme. Madteiifiiiie n3MeHeHIs 3TOTO HANPSAMKEANA (a OHU HeH30eIKHbL)
CMemaT BepIHuHY ARMUY. YCTPRHHTE ITH CMEUIeHHA HAW, 00 KpaliHeil
Mepe, cTabnum3npoBaTh UX 1 ydecTh AeHCTBHe BCeX (AKTOPOB, BIHSIO-
MuX Ha TOJOMKeHUe BepIIHHL CIHeKTPANLHON AUHITH, 04eHb TPpyRHO. OT-
HOCUTENLHEIG HOTPEMHOCTH UYaCTOTH TeHepAlHd, Oo0YCIOBICHHLIE W3-
MEHEHHEM COPTHPYIOMETO HalpsmKeHusd, HeIOCTOSHCTBOM BaKyyMa
u Ap. BHeIIHUMH (AKTOPaMI, COCTABIAIOT BelawunHy Av/v ~10711,

Bogoponnprii reseparop. CymecTBEHEO MEHBIIE TIOTPCITHOCTH MOYKHO
DOJYYNTh TPA MOMOIH KBAHTOBOTO FeHEPATOPA, Paboraoinero Ha mydke
aTOMOB BOAOPOJA. OTO [JOCTHIAETCA IPEKAE BCEro 2a CHYeT IIPOCTOTH
CIICKTPAJbHEIX JIWHHI aTOMOB BOIOPOJA.

BOIopORHEI TreHepaTop HMeeT MHOTO OOIIEero ¢ MOIeKYJIsAPHBIM
regeparopom. Ho mmerores u cymecTBennsie oTanans. CBoGoguni Bo-
JA0pOZA BCIOAY (33 MCRIIOUEHWeM KOCMHUY. MPOCTPAHCTBA) CYLIECTBYeT
B Buge Moderyd H,. TloatoMy B ucrodnuxe ROKHO ObITH yCTpPORCTBO
IJs1 NOJYYeHWS ATOMADHOTO ROJLOPOJA, a HE HPOCTO MPOMERYTOUHBIH
obbeM I HCHAPNTeNb, KAk B ¢JAy4ae MOJEKYJl aMMHAKa T ATOMOB
Cs. Yamge Bcero aTOMapHHE BOJOPOJ, IOIAYIAIOT HPY NOMOIIN HIeRTPUT.
paspsaaa, UPWBOJAINETO K Oduccoyuayuu MONEKYHN BOAOPORa. ATOMBI
BOOPO/la BHIIETAIOT U3 IICTOTHEAKA B COPTUPYIONLYIO cicTemy (puc. 13).

Bropoe cymecTBenHoe OTANYNE OGYCJIOBIEGHO TEM, YTO aTOMB! BOJO-
poda He TONJAITCH COPTHPOBKE B 9JIEKTPUY. NOJAAX, T. K. OHN HE UMCIOT
JUIOJLHEOTO JeRTpHY. MoMeHTa. Oun, noxoduo atomaMm Cs, o6aagaT
MATHIFTHBIM MOMeHTOM. [l0DTOMY B BOMODOJHOM TeHEpPaTope HCHONb-
3y0TeA Uepexoinsl MedTy MaTHRTHBIMA IOSYPOBHAMH atoMa BOJOPOHA,
a [1g COPTHPOBKH aTOMOB IPUMEHHETCA HEOLHOPOAHOS MATHITHOE TOJIe.
Ero cospaer MarHWTHAA cueteMa 2 B BRJE MeECTH- MU BOCHMUTIOMIOCHEIX
smarauToB (pic. 13). OrcoprupoatHne BO36yKICHHBE aTOME BOAOPOA
uonagaT B o0beMHME pesoHaTop 8, r7e oHM BRAUMOACHCTBYIOT ¢ BJIEKT-
POMATHUTHEIMI BOJHAMHA, YCHAMBAsg UX 34 CYCT BHEHYRISHHOTO H3IY-
qeHny.

Onako pHeprus, u3jgydaeMas [Jase caMulM HTEHCHBHBIM OYYKOM
ATOMOB BOJOPOAA, K-phll IPAKTHYECKH MOMHO HOJNYYUTh, O4eHb Maja.
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Wameyenns suepruy upn lepexojax, CBA3AHAHX € [1ePCOpPUEHTALINCH
MarfuTHOTO MOMEHATA aTOMa BOAOPOJAA B MATHUTHOM (0JE, BO MHOFO
Pas MCHLINE, YeM H3MEHEHH: HHeDPrUM npl nepexofe, o0yeIoBIEHHOM
HepeopHeHTaUMell DICKTPUY, MOMEHTA B MOJeKyde aMmpaka. HHostomy
3a TO MaJoe BpeMsd, B Te4eHIE K-POTO aTOMBI HPOJETAIOT CKBO3L Pe3oHa-
TOp, LYHYOK aTOMOB BOJAOPOAA He C110cofeH BOsOYIUTL IeHePallio, JasKe
€CJIL LOTepU B PE30HATOPE OYeHL MAJbL.

Hanyuaemuvie

H 8aKyyMHOMY HACOCY

Puc. {3. Vcerpodictso BOIOPOIUODO Teueparopa: I — WCTOYMMK  IydKa, 2 —
COPTUHPVIOWAA MArHITHAS CUCTEMAa; 3 — pPE30HAaTop; 4 — HAKOMHTenbiasd Konba.

Jlaa remepallui HYH(HO YBEJANIHTL UHCHO U3IYIaTeJbHBIX DEPexo-
JI0B, YeTO MOJKHO JOCTHYD, YBeJHYNB BpeMA IpeOLBAHIA aTOMOB B Pe30-
Harope. [lia ysemyedana 9TOro BPeMely IMPHMEHACTCA HaKoluTeabHas
Konba 4. Ona mpegcravaser co0ol KBapUEBYW Koxly ¢ y3KUM OTBEp-
cTneM, PacnodOReHHYR BHYTPH Pe30HATOpa. ATOMHEIH MYYOK CKBO3b
orBeperne mpogukaer B woudy. [lowaB B kondy, avoMmsl [ITenLrOE
BpeMs He MOU'YT 113 Hee BBIATIL, HAaTAJRKNBasCh BCIOAY Ha ee CTCHKM, N
TOJABKO Yepes HAYUTCALHOE BPeMsl [IOUAAYT B OTBEPCTHE 1l BEIPBYTCA
u3 roxbni. Yem membiie orseperie, tem Goubilie Bpemsi 1peOHBAHNA
aroMoB B RoaOe. UroOH BHYTPEeHHAA SHEPIHA aTOMOB He H3MEHANACH
OpH yAapax o CTeHKH, WockefHue MOKPHTH 3amutHOR miemwofl. [lpu
CTONKHOBCHUN € Hell aToM BoOAOpofa, HOA0GIO YIPYTroMy ILAPHKY,
orJieraer, e m3MeHsst sHe prun. Ecau ILIeHKa celaHa n3 ¢ To p om i a-
cTawmwiTedao0Ha (ocobag maacTMacea), TO aTOM BOAOPOHA MOMKET
ucenbITaTh ¢ Hed ci. 10 TRICAY CTONKHOBEHill, OCTABAsACh B BepXHEM
HepreTHy. COCTOAHNU. B pesyabTaTe KayKAmI aToM MOyKeT BaavwMopeil-
CTBOBATH C 1I0JEM PE30HATOPA B TedeHUe HECK. cex, 38 K-phle ¢ Goiaplieif
BePOATHOCTLIO NPONBOHACT BHIAYMIeHHOe HcHyckanue, PasMephl BXod-
HOro oTBepeTusi KOJNOHE BBHIOHpPAOTCA TaKHMH, YTOOH cpejiHee BpeMA
nmpe0piBadHs aToMa B Kojabe cOBIIAZAaN0O CO CPeUUHM BpemeHeMm, B Tede-
HHEe ®-pOTO aTOM COBEPHINT aKT BRIHYSKAEHHOI'O HCIYCKAaHIls.

Boxpmioe Bpema B3anMoJeHCTBHS aTOMOB BOJOPOAa C 3JIEKTpoMar-
HUTHEIM TOJIEM, BO3HUKAIUM B pesoHaTope, AelaeT MIOrPEHIHOCTs
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4acTOTH CIERTPATLHON JIHHIIA, OLpPENeNaeMy!d COOTHOLIEHeM Heoupe-
pexemnocteill, Bechma Mauoil (puc. 14). Oma cocrasasier Bcero 0,0—
0,3 2y (B MONCRYAAPHOM TeHepaTope Ha aMMUaKe aHaJIOTHYHAA MOIPell-
HOCTH, ollpepeiisievas BpeMeHeM HOpoJiera MOJERYJ CKBO3L De30HATop,
pasEa 3000 2y).

OuHAKO XaoTH4. BIJKEeHHE aTOMOB BOJNOPOAa B HAKOIATENsHOI
Koi(e MOMeT mpusectH K OOXBMOMY YUIFPEHHI CICKTPAAbLHOH JIH-
Bul us-3a s dpderta Jommepa
(maMeHeHME YACTOTHI M3AYYEHUN HCTOU-
HUKA BCJCACTBHE €ro J(BIDKEHISI, CM.
Honaepa apenm). UsBecTHO, UTO B rase,
BCIEJCTRIIE Xa0THY., [BIYKEHHUSA AaToOMOB
BO BCEX HAlTPABJIEBUSAX N C PABIHUAEIMU
cropocramu, dpdext Jonnepa upuso-
AT K CHJABHOMY YHIPEHNIO CIEeKTpalib-
Puc. 14. ®opMa crexrpambioli HHIX Juunii. HabaojaeMsie JuHHH SB-
nuuuy, Habaonaemolt B BONO-  FaioTCH, [0 CYUIECTBY, pPe3YJABTATOM Ha-

POOHOM Teneparope. . o 17

JOKEHAS MHOMKEeCTBa CHNBUINXCA JTUHNIL

IIpn sToM wWwwupuHa JIRHIH CTAHOBATCS

3HauYMTeNbHO (oJbUle €e eCcTeCTBeHHOH INUPHHEL, OUpeneiseMoit co-
oTHOIIeHNeM HeofnpepelesHocrell (pue. 15H).

Momer mokasaTheA, 4T0 yeTpamuTh BaunsHne »sddexra Jlonuepa
MOJKHO, TOJLKO OpeKpaTHB [BWKeHHe aTOMOB, a 9TO, Kak H3BECTHO,
HEBO3MOKHO. Ho, 0ORasmBaeTcs, MOKHO HONaBHTH AelicTene sdderta
Jlominepa, He mOpexpamias, a JHINL OrpaHWYNBAA [BIKeHUE aTOMOB
B IPOCTPAaHCTBE. JTO JOCTUTAET-
¢H COOTBETCTBYIOIIUM BEIOOPOM

pPasMepoB HAKOHUTeNbHOU KoJ- ° dré'qu’
Gri. Ecan paccrosnue Mexuy ee £E N 2

$
CTEeHKAMH MeUbIie [JMHEL 3JIeK-
TPOMaTHUTHOR BOMHK, TO ad-
dexr Jlomuepa ne Momer pas-
BUTHCA B HOJHOH Mepe.
CTONKHOBEHHISI aTOMOB €O
CTEHKAaMW, N3MEHAIONINe HapPaB-

AeHMe [IONJAEPOBCKOTO  CIBHTA ‘
YacTOTH, OflHOBPEMeHHO OTpaHH- ‘
9UBAIOT BpeMs HenpepHBHOrO By

H3MEePeHAA YacTOTH CHIHAJIA.

JT0 03HAYAET, YTO CIEKTPATbHAT

JUHEA WM3IVYeRus ofuHowHOTro YomAY Vo VotAv Vo
aToMa JIOJKHA OHITh OUEHb WIH-
poKOoiL. a 6

B jeHcTBUTEALHOCTH jKe Ha- Puc. 15. o — CMEWEHNe CHeHTPAIbHHX
OJIOIAeTCA HAJNOKeHNe W3ayde- Judni us-sa sdpexra Ionmepa, 6v — cc-
Wil OrpoMIOT Wi atowon, ICPCML UpMa w0 = vy
AHaJOTHYHO TOMY, KaK B aTOMHO- Iomsepa.

Ny4eBHX CTAHAAPTAX HaJLOMKe-

HUE BYX CHTHAJOB HpPHBORUT K QopMe nnHmi, uzolpameHHOH Ha
puc. 9, B BOAOPONHOM feHepaTope HaJOMKeHHe MacChl XaOTHYECKHX
UILPOKONONOCHEIX CHIHAJAOB TakyKe NOPHBOAMT K BO3HUKHOBEHHIO
Y3KOro muKa Ha mupokom meegecrale. T. o., apderr [{omrzepa apecob
NPOSIBJASETCA He B OOKYHOM VIIPeHAU CHEKTPATBHOH JIHHWM, a B
TAKOM MCKAaMKeHHn ee GopMbl, IPM K-POM BepUINHA OCTAeTCH Y3KOH,
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a ciaalple Kpblibd JTHENN HOCKOJIBLKO BO3PAcTaioT, obpasys moj yaroii
BepITHHON HIHPORNI nbefecTan (puc. 14).

XoTa Xa0THY. ABIGKEHUs aTOMOB BOAOPOja BHYTPU KOJAOH He BHI3H-
BaWT YWHPEHHs CIHeKTPAJNLHOH JHHWN, HO BO3HHKAET [p. HCTOYHUK
NOTPENTHOCTH — CMeleHHe BEPINHHBL JUHUYW, BOBHUKAWIICe H3-3a
TOTO, YTO COVAapeHHe aToMOB BOMOPOAA € RallHTHBIM MOKPHITHEM
BHI3BIBACT HeGOJblMe II3MeHeHNst BHYTpeHHeill oHeprum aromos. Ilox-
HOro yerpaneHus sToro feeKTa HH IS RAKHX 3alIHTHBIX TUIGHOK HOC-
THub He yaloch. CyIleCTBEHHOe CyyKeHHe CIIERTDATLHON JUHUH BOJO~
pojla B BOJOPOAHOM TeHepaTOpe 3HAUNTENLHO YMEHLIIAET IO PEIIHOCTh
¥3-338 BO3MOKHOI HETOUHOCTH HACTPOHKU Pe30HaTOpa HA BePINIHY CIIeK-
TPajbHOH JHHHH. ITa LOrPEINHOCTL He MOKeT HPeB30HTH MOJOBHHE
UTMPUHEL CIIeKTPATHHON JHHUE, a UPH TIHATeTLHOH HACTPOHKe COCTaB-
JisieT JULIb HeCKOJIbKO HPOIEHTOB, T. €. COThle JOJU TepIa.

Hecmorpsl Ha To, YTO caMO 3Ha4deHUe YACTOTH, TeHEpPHPYeMoe BOJO-
POAHBIM TEHEPATOPOM, COOTBETCTBYIOHIEe JJIMHE BOJHB A = 21 cm,
npumepHo B 16 pas MeHblIe, YeM Y aMMHAYHOTO MOJEKYJISAPHOIrO rexe-
paropa (A = 1,26 cx), BRIUTPHII B OTHOCHTEIHHOH LOrpemHocTH AV/v,
BCJIEJCTBUE yMeHLINeHUs UIMPUHL AV CHEKTPaJbLbHOH JIHHWH HO CpaB-
HeBHNI0 ¢ NIMPHHOH JHHAN MOJERYJIsPHOIO TeHepaTopa, JoJKeH OblT Gbl
OBITE fOCTATOUHO 60ARMM. OfHAKO OMKHAeMBII BEINT P peaiusyerca
JaJIEKO He MOIHOCTHI0. 9T0 0GYCIOBICHO B OCHOBHOM JABYMSI IIPHUIHAMM.
Bo-1repBaiX, TeM, 4T0 MOINHOCTb BONOPOJLHOTO FeHEPaTOpa B THICATH Pas
MeHbIIIe, 4eM y ammuaunoro. llosroMy Mematomee melicTBUE TENIOBHX
HMIyMOB, HAPYIIAIOMNX DPeryispHocTh KoaefaHuni reHeparopa, OKasH-
paetcs npuMepHo B 100 pas GAabITHM, a CAETOBATEILHO, U HOTPCIIHOCTD
B OUPENENeHNN TOJXOKeHAA BePUIHHLl CHEKTPAILHON JUHHY yBeJIndu-

paercsi B J/100 = 10 pas. Bo-BTopHX, samuTHAA INICHKA KOIOH He
coxpaHseT CBOM CBOHCTBA [OJHOCTLI0 HEM3MCHHBIMH, OHA CTapeer.
A T. K. cBOlicTBa 3aIMUTHOHN ILI€HRU BIMAIOT (XOTA H ca1a00) Ha 4acTOTY
TeHeparopa, T0 HTO CTapeHHe OPUBOAUT K MeLICHHOMY U3MeHEHWIO
(y X 0 i y) remcpupyeMoii 4acToTHl. Kpome Toro, Ha 4acToTy BOOPOJ-
HOT'O TeHepaTopa BIHAIOT M3MeHeHHA BHCIINIX MarHHTHHX LoJell n
PEMII-PHI, 3AIMNTA OT K-pHX TpefyeT NPUMEHEHWS CHell. MAaTHHTHBIX DK-
PaHOB I TEPMOCTATOB.

HecMmoTpa Ha mepeduc/enHbie OCHOMKHEHNA, BOJOPOAHHI reHepaTop
sanumaer B 1969 v. Bropoe Mecto 1o TounocTH cpegu K. ¢. 4. Oukcnpye-
Masg mM 9acTOTa, W3MePEeHHAHd OTHOCHTEABLHO 4acTOTH IEe3HEeBOTO HTA0-
Ha, paBHA:

v, = 1,420 405751, 7860 == 0,0046 oy,

T. €. OTHOCHTEJbHaA MOTPeITHOCTh HTOH BeJIMUMHB! cocTaBager Av/v =
= 3.10712,

006a omumcaHmbIX THNA KBAHTOBHIX I'eHEPATOPOB paspalareiBaluch
€ HENbI0 CO3NAHHUS HCTOUHIKOB CBEPXCTAGHIIBHLIX SJIEKTPOMATHHUTHBIX
rosceGaunii B guanasore CBY. OnEako Rapsiy ¢ 9THM BayKHBIM TeXHuU.
Ha3HAYCHNEM OHHM SBAAIOTCS BBICOKOTYBCTBATEILHEIMA pPa/(HOCIEKTPO-
CKOMAMI, OTIUYASICh OT OOHYHHEIX PAfHOCHEKTPOCKOMOB TeM, dTO B HUX
HabGmofaoTesT CHEeKTPH HCOCHYCKAHNsA, a e CIleKTPH
noraome wu g Clegyer HAMOMHHUTH, YT0 B OHTHKE Takie uccje-
Ayior ofa THIIA CHEKTPOB.

KpaHTOBHNE IeHEpaTOPH YCUEIHO MPAMEHSIOTCA B KAYECTBE Pajmo-
CHEeKTPOCKOIOB, o00Jafalomax dpe3BRUAHHO BLICOKON paspeniaomieit
€noco0H0CThI0. TaKoll PaINOCHeRTPOCKOI 103BOJIAET UCCAEROBATH He
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TOALKO CRERTPH BOAODOAAR, aMMIIAKA H NP, Bellects, Bo il BIIIALNE Ha
BTN CIHEKTPH BHCMIOUX DJCKTPNY. N MArsUTHBIX IIOXeil, a TakiKe BO3-
mgeficTRIIe Ha HIX JAp. aTOMOB W MOJEKYIL. YiKe CYHIeCTBYIOT MOJICKYIAp-
HBIEe TEHEePATOPH HA MOJERyJIaX [eliTepHPOBAHHOTO aMMHAaKa, BOJH,
CHHIJIBHOM KHCHOTHL, (opMajipfeTnia ¥ HeK-palX np. Mojgeryxax. Omn
CAYIRAT IR UCCACHOBAHNA CBOHCTB 9TUX MONEKYH.

Bee onpcapmbie BeIUIE YCTPONCTBA OTAHYAIOTCS I'POMOBJAKOCTLIO 1T
closKBEocTHLI0. QUi IpejHA3HAYEHbBl KA paboTH B CTAIMOHAPHBIX YCIO-
BuaAx., Bo mmornx cayvasx HEOOXOAUMO TMCTh CTaHJAPTBL YaCTOTH,
npurogabie s paboThi B INOABWJKHBIX YCTaHOBKAaX — Ha Kopabasax,
camoJietaxX, B KocMoce, [109TOMY HAPALY € YCOBEPIIEHCTBOBAHAEM aToM-
HOAYYEBHIX CTAH/IaPTOB, MOJIEKYIAPHBX 1 BOJOPOJHBX KBAHTOBH X TeHe-
patopoB (QUBUKN CcOBHaNU eme ofuB THI K. ¢. 4. c onTudecKo i
HaKadyko#, paborawnmuii 6e3 aTOMHOr0 Uy4Ra II HO9TOMY YRoOHbLI
TaMm, rae Tpefywres Manbiil Bec H pasMepsl, 4 TaKie HEUYBCTBITeNb-
HOCTL K suGpannmam.

5. Crampaprel 4aCTOTH € OITHYECKOH HaRaYKOi

Oum tosiBIIINCE B pesyiabTate pasBUTHA dQPeRTHBHOTO MeToJa
PANMOCHEKTPOCKOIAN, Ha3. MEeTONOM JBOUWHOTFrO pes’so-
Ha @ ¢ a. Jror mero, paspadoranmsiii A. Racriaepom n M. Bpoccerom
B 1949 r., ocHOBAH Ha OZHOBPEMEHHOM UCUOAL30BaHNU ABVX KBAHTOBBIX
NIepexoj 0B Me/KAY SHEepretnd. cocTogHAsiMu atoma. CyumlecTBEeHHO, 9T0
9aCTOTH DTUX MEPEeXOA0B CHIBHO DA3IHYaloTCd — YacToTa OJHOTO W3
HIX JISHUT B ONTHY. 06JACTH, a 9acTOTA APYTOro — B pajguoguanasoHe.

é € Puc. 16. Pacupenenenue
f- ) — k] p— yyeaa 4acTHIi N 10 ypOB-
HIM 9HePIun (IINHa Topu-
B0HTAJIBHH X OTPE3KORB);
. Py a— B PABHOBECHOM COCTOA-
62 82 HHH, 6 — IIpu JefictBuu nH-
[ B—— ) TEHCHUBIOTO CBLTA HAKAYKH
N &y — &

S —— 1 ‘————————=¥  couacroroll v= 2 _ "2

)

g ] !

B Meroje ABOHHOrO pesoHAHCA MCIOJNb3YIOTCS 3 YPOBHS DHEPTHU U
2 mepexopa, CBA3AHHEBE MEWAY coGoil TakuM 00DPa3oM, 410 BosjelicTBIe
BHEUTHEro 3AEKTPOMAaTHNTHOTO W3JAYYCHHA Ha O[MH H3 HUX H3MeHFAeT
PasHoCTh HACEJCHHOCTeil MesRLy ypoBaaMmu apyroro (puc. 16). Bospei-
CTBYA HA YaCTHULI, ITMEIOHIHEe BHEPTeTUd. YDPOBHN, H300paskeHNHe Ha
puc. 16 a, gocTarodyHo HHTEHCUBHLIM CBETOM, JACTOTA K-POTO COOTBET-
CTBYeT tepexopy ¢, — &5, MOMKHO HPHBECTH CHCTEMY B TAKOE COCTOS-
HUe, OPH K-POM YUCJIO0 YACTHI| ¢ DHEPTHAMH G, N (3 BHPABHHBACTCA
(pac. 16, 6). Taxoe cocrosHwe Ha3. HackmleHueMm. lIpomece mepesona
YaCTAN ¢ HIDKHEro YPOBHSI Ha BePXHHH moj jeficTBHeM CBeTa HOJYUHI
HA3BaHWe OOTHYECKOM HaKadrd. B pesylbhrate OHTHY. HAKAUKK YHCJIO
4KTOB IIOTJIOMICHUA N aKTOB BBIHYKIEHHOYO HUCHYCKAHHUA CTaHeT Ofj-
HAKOBBIM, 2 FHAYNT HOTJOIIEHME CBETa 4Uepes Hex-Poe BpeMs npubid-
3UTCA R mysilo. BellecTso mepectaer MOTIIOATH CBET, T. K. OHO CTAHO-
BUTCA Mpo3padHsIM (¢M. Hacwigenus s@germ).

Eeny rtemeps nojleiicTBoBaTh Ha CHETeMY PaAHOBOJHAMH, 4acToTa
K-PHX Vv = (§y — &})/h, TO, DOTIOMEAN PAJITOBONHL, HacTHITN GyyT

HEPeXO/NTh ¢ HIPKHETO YPOBHA ¢ A YPOBEHD (s 1 HACCIEHHOCTD YPOB-
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na &, yseanunres. Biaarogaps aToMy BHOBbL BOZIUKHET DABHOCTL Hace-
aenHOCTell yponneil &, 1t &5, YTO DpHBEEeT K YBCAMYCINLIO MOTTOMEHHS
cBeTa, T. €. YMeHbIIEHUIO ITPO3PAYHOCTH.

T. 0., TOTJIOWEHHe PAJUOBOJH BAHACT HA OUTUM., NPO3PAYHOCTh
pemecTa. CleJoBaTeNbHO, N0 I3MEHEHUIO NMPO3PAYHOCTH MOKHO CYyIUTh
06 NHTEHCHBHOCTH HOTJAOUICHUA paguoBosdu. IIpH 9ToM BaydiHO, 4TO HO-
rJIoImenye cera, T. €. [PO3PAYHOCTh, ORABHIBAETCA TPOROPIHOHAILHON
ypeAy YacTHL, HEPeXOosliHX Iof AelicTBHEM DPalHOBOJH M3 COCTOAHHSA
&, B cocromie ¢, Ecan mIaBHo MeHATh YACTOTY V PAANOBOJH, TO 3TO
qUCJO Pe3KO BO3PACTET B MOMEHT Pe3OHAHCA, KOTHA BHLIILOJHAECTCA YCIO0-
BHE hv == (5”2 — @@1. 1lps »roM Kpusas, H300paKAILAA 3aBICIMOCTh
ONTHY. 1IPO3PAUHOCTH OTF YacTOTHl DPa/IlOBOJNH, COOTBCTCTBYeT dopme
HecaelyeMoil CHeRTPalbHO JHITHL.

HaOatogenne CcleKTpadLHOH JANHON, pacHoNoKeHHOH B pajHouma-
pasoHe, 1O H3MEHEHHI0 HOTJOMEHHUs cBeTa o0ecHeuiiBaeT BEICOKYIO
YyBCTBUTENBHOCTE HpuOopa. Bexgs obHapysenue QakTa IOTHOIIEHUS
$OoTOHA PAJMOBOIH OCYIIECTBAACICH MOCPEJCTBOM WHUUKALMH IOTJIO0-
meHus ourud., QOTOHA TOpasgo OodbIell sHepruu. HyBCTBUTETLHOCTD
MeTona TeM Ooxbhie, ueM Golbilie OTHONIeHUE suepruit GoToHOB 0GOMX
AMAla30HOB, T. €. YeM 0oiplne oTHOWCHIE dactoT. lostoMmy B Godee
HU3KOYACTOTHOM [IMANa30HEe PAJHOBOAH UVBCTBUTEJILHOCTH METOA
Goabure.

IIpiMeHeHNe YKA3QHHOTO MCTO[A HO3BOJILIO GOIJATL HECK. TUIOB
K. ¢. 4. ¢ omtud. Hakaukoii, oranvaioniuxcs or up. K. e. v, Maanmn
raGapuramu w secom, HeOOTBILNM BHCProtioTpeliienieM, xopoirei BuG-
POYCTOHYHBOCTLIO H NPOCTOTOH arciyataryi. IepseMil OLIIA paspa-
foTambl CTABAAPTBL C ONTHY. HAKAUKOH W ONTHY, WHANKaIlHedl pajno-
gacToTHOU Jumnu, paboralomue na mapax Rb, Cs u Na. TraBubiMun
qacTAME Takoro Ipubopa sBIsioTcA: Koxba ¢ mapamu pabodero serme-
cTBa 4, NCTOWHUK ¢BeTa /, HCTOYHUK PAJHOBOJH 7, MPHeMHIUK CBeTa 4,
BCHOMOTATEILHBE PajNocXeMbl 1 NCTOHHMKH taramuns (puc. 17).

3 4
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Puc. 17. Cxema craHpaprTa 4acrorhl ¢ OUTHYECKOM uaKaukoH H  ofrudeckKoft

wHInKanmei; 1 — UCTOYHUEK CBeTa (rasoCBeTHAfd JIiaMna), & -— JMH33; 3 —

¢uabTp; 4 — Komba ¢ mapaMu pabodero BCO{ECTRA M CMECBIO HMHEPTHDIX Ta3oB;

5 — (oTOBIIEMCHT IJA perucTpalyu Hponfeniiero cBera; 6 — YCIIHTeIb (oTo-

TOKA M CHCTEMa YIpaBJeNHa YacTOTOH releparopa panuoBoyin; 7 — releparTop
pPaHoOBOLH € M3ITYYaUUM PYLODOM.

Herounnw epera HOJLACH JaBath CTOJL ITHTeRCHBHOEe II MOHOXDOMA-
TUY. H3JHYUCHUE, qro6E 0u0 obecneqnBano Hepexoa aroMoB ¢ yPOBHII
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&, Ha yposeHb &4 (puc. 16) 0 He BHIBHBAIO IEPEXOAGE aTOMOB € YPOBHA

&, ma &5. OGLIYHO NPUMEHSIOTCHA NAMIB, B K-PHIX CBETATCH Mapsl TOTO
JKe DIeMeHTa, CIeKTpasiibHele TUHWH K-poro MpHMeHATCS JJA Hoayde-
HISI cHTHAJIa cTa0uiabHOH 9acToTE. B JaMmme co3jaoTcd YCJOBHA, NPH
K-pPHIX €€ CBCUYCHHE COCPCLOTOYeHO B Y3KUX CICKTPANhHBIX ATHHAX. JTH
JWHWH COBNAJIAIOT CO CNEKTPAILHEIMH JUHMAMI HOTJIONICHIS BellecTRa,
Haxopsmeroes B koube, Cser oT JaMIsl / mpOXoANT YCpes CHeIHalh bl
YBKOOOJOCHBIH QHABTP, OABAAIOUUEA JIUHUIO, COOTBETCTBYIOMYIO
nepexopy &, — &3, I HPONYCKAIIH JUHUI, COOTRETCTBYIOMIYIO Ne-
prouy ¢, — &5 Cser, mpollegmuil uepes PmIbTp §, YACTUUHO HOIHO-
MaeTes mapaMi, HaXo[AmnMucsa B pabodeit Koxde 4, ®-py0 Has. Taiske
Dorsmonfatomeid snueit kol [dua posbymieHnsa mepexonon
MeKIy yposuavu &) u & cayirut remeparop CBYU 7. Ipomeymnii crer
HonajaeT Ha YCTPOICTBO, pErncTpHpylolnee c¢Ber, Hamnp. Ha (oTodie-
MEHT &.

Yenous HaGXOAeHNs CIERTPATBHEIX JHHWHA B CHCTEMAX C OITHY.
HAKAYKOU B Hel-poil cTelleHH [OXOKH HA YCJAOBUS B BOJOPOLHOM reHe-
parope. N B Tom, 1 B ip. ciyuae aroMbl 061afa0OT MATHNTHBIM MOMEHTOM
¥ mabaiofaeMasA CeKTpadbHAA JUHEA SABIAETCA Pe3yIbTaToM llepexoia
MeR[Iy MATHUTHBIMU TOXYPOBHAME, T. €. [epeopHenTamul MaTHATHHIX
MOMEHTOR aToMoB. VI B ToM, I B ip. cayuae paGouce BeI[ECTBO COCTOMT
W3 aTOMOB, Xa0THYECKH ABIKYINXCHA BHYTpA KOJOH. OZHAaKO B caydae
MEeJOYHHX aTOMOB NpUMeHeHHe BAIIUTHBIX HOKPHITHH AJSA 1I0AaBIEHMI
spdexra Jlomaepa crAsano ¢ CoJALIIBMH TPYJHOCTAMM H3-33 TOTO,
4TO DNEKTPOHHBIE 0GOJOYKH HTHX ATOMOB CJOKHEC, YeM IIeKTPOHHas
ofodouKa aroMa BOJOPOJA.

Opguaro H 37eCh yhaercs B CYNIECTBCHHOH Mepe IOJIaBUTH BIANAHUHE
spdenra Jomaepa. [{as sroro B kodly, HAPSAY ¢ ATOMAaMH IMEI0YHOIO
9JIeMEeHTa, lioMeniaercsa HeOOMbITOe KONMYCCTBO WHEPTHOTO rasa. Ora-
3pIBAETCA, YTO IHEAOuHBe aTOMBI MCHCE YYBCTBUTEJIBLHH K CTOJIKHOBE-
HAAM ¢ ATOMaMU FHEPTHLIX Ia30B, YeM K CTOJKHOBEHHAM CO CTeHKaMH
KoaOL. X HewyBCTBUTEIBHOCTh K CTOJIKHOBEHHMAM € ATOMAMIl WHEPT-
HBEIX Ta30B o0BSICHICTCA TeM, YTO MArHUTHBIE JIOJs, ofpasyeMiie 3ammoi-
HEeHHBIMH 3JeRTPOHHKME 000JOYKAME ATOMOB HHEDTHHIX I'a3oB, upes-
BBIIAHO cialbir. MarssTHbe MOMEHTH BCeX 9JeKTPOHOR CHKOMIEHCHPO-
BaHbl, & MATHUTHBIH MOMEHT siIpa N AUAMATHHTHHI 3QQHeKT 3neKTpoH-
ro#t oGomourm (em. Juamaznemusn) odewb Madnl. Takoe caaboe mone
HEe MOJKET CYUeCTBEHHO BAUATH WA SHEpPTNI0 MarHWTHBIX IIOAYpOBHel
aTOMOB INEMOYHOTO Merallia, MesR/AY K-PHIMH IPOHCXOIUT epeXof.

Jlasienile WHEPTHOrO Tasa BHIGHPAIOT TAKHM, YTOOK HA OfuH
aToOM MIEJOYHOTO 3JeMeHTa HPHXONHJIOCh OKONO MHIJINOHA aTOMOB
uHepTHOrO rasa (mpumepuo 0,1 mxu pm. cm.). B 3THX ycooBuAX atroMbl
MENOYHOTO BiIeMeHTa He MOTYT cBofofiHO Jderath Ho Beeii koafe. Oun
II0CTOAHHO HATAJIRHBAIOTCH HA aTOMBl HHEPTHOTO Tasa, HalpaBJeHie
X ABIWKCHAA XaoTNYeCKH MeHAETCH TAK, UTO OHHM KAk OB MedyTcs n3
CTOPOHBL B CTOPOHY, HO JIHINb MEAJEHHO M3MEHAKT CBOE IOJOKEHHe
B cocyne. IIpottece monanmenns sddexta Jlommepa OpH 3TOM IPOHCKO-
JAHT TaK JKC, KAK B BOJOPOLHOM TerepaTope. Afajloriigna 1 ¢opma obpa-
sylonieiica ciextpansnofi juanp. UlupnHa choerTpaibHOil anENHN, no-
aydaeMoli TWPIT BBejeHUN HHEPTHOTO Tasa B IOTIOHIAIINYI Adelky,
TIPH ONTHMANLHEIX YCIOBHAX COCTABISECT BCETO HECK. JeC. 2i.

OpBako WHeATHBNPOBAHHAA KApTHFA, pPACCMOTPENHAfs Bhile, He
BHOOJHE COOTBETCTBYCT AelictenTedbHOCTIr. CTOJKUDOBEHTIA aTOMOB HI0-
JIOYHBIX BIEMCHTOB ¢ aTOMaMu MHePTHBIX 'a30B, HPUBOAAINNE K HMOJaB-
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JIGHHIO JOITIePOBCKOTO YIIMPeHHA CHCKTPAJLHLIX JNHNI, HE UPOXOHAT
cosepnienao Oeccieano. OHHE BCE 7Ke, XOTH W HE OYeHb CHILHO, BO3MY-
MAal0T MaTHHTHBE YPOBHH ATOMoOB H HEMHOTO CMEL{aloT [oa0/KeHne
BEPITHHAE CY;ReHNON cHeRTPadLHON JHHHH [0 CPABHEHNID C BePHIAHON
HCXONHOH JUHML. JTO NPUBOAAT K CHCTeMaTRY. HOrPEHOCTH B 3HAYE-
HITH 9acTOTH, ollpegensdeMoll aToll munnelr, K cuacTtsio, ¢jisir, Bui3sBae-
MBI JIETKIMH HHePTHBIMA Fazami (Hamp., He u Ne) n TssrexsiMA (HaMp.,
Kr n Xe), umeeT npoTuBonoaoKubi 3HaK. [103TOMY, OpPWMeHSA cMecH
DTUX TA30B, MOYKHO CHEIATh Pe3yIbTHPYION CABAT OAUBKUM K HYJLIO.
Ipu 31oM, OXHAKO, HEOOXOANMO ¢ GOJBION TOYHOCTBIO ITO[IJEPIKIBATH
TeMII-py HOTIOMAMINel AveiKu.

VccnejoBatusi MMOKasajiu, YTO dYacToTa, (WKCHpyeMasd pacecMarpu-
BAEMBIM YCTPOIICTBOM, 3aBHCHT OT H3MGHEHHI CHEKTPAThHOIO COCTABa
H OT HHTEHCUBHOCTH CBETA HaKauKH. JTo BH3HBAET HEOOXOHHMOCTEL aB-
TOMATHY. PeryJupoBaHis pesuMa padoTsl CHERTPAJBHOH JIAMIIBL,
Bansimne BHEITHUX MaTHUTHBIX MoJell Tarske o0yCIORIHBAeT CMEIIeHUE
BePINHHBL JUHAH. McciaefoBaHue sTOTO BONpoca OPHBENO K CO3HLAHITIO
K6AHIMOSUE MazHUMOMempog, HO3BOIAIINX N3MepAThH cjadble MAarHUT-
HBIE TI0JIA ¢ §0JABLIOH TOUHOCTHIO. B CTAHAapTaX jKe YACTOTHI AJIS 3aIUTHL
OT BHEITHHX MATHHTHBIX ToJell NOrToulalonad A4eliRa U CIEeKTP2JIbHAA
IaMOa HoMmenaoTes B o0Ini MarHMTHBIH 9KpaH.

CraHgapTsl 4acTOTH € ONTHY. HAKAYKOW ¥ ONTRY. MHAHKAIUEH, Tak
JKe Kar I aTOMHOJY4YeBHe CTAHNGPTH 9acTOTH, ABISIOTCA ITACCHBHBIMU
CTaHjla pTaMu, B K-PBIX HablogaeMast CeRTpaibHas JAUHUSA COYAHT s
YIpaBIEHH 4acTOTOH KBapIeroro refeparopa. B 1965 r. npn nomomu
OHTHY. HAKaYKU yAaJoCh CO34arh M AKTHBHBII CTAaHAAPT 4aCTOTHI ——
HKBAaHTOBHIL TeHepaTop. Ecam mcTOURTK cBera FACT UBIydYeHHe, FACTOTA
K-DPOTO COOTBETCTBYOT HEPEXOAY U3 COCTOHHHA (&; B COCTOSHIE ¢Sy
(a me w3 cocroAmNns &y, KAK B MACCHBHOM CTaHgapTe, puc. 16), To mpu
JOCTATOYHOH WHTEHCHBHOCTH CBeTa MOMRHO HACTOIBKO OHYCTOINHTH
cocToAnBNe (5, UTO ero HaCCACHHOCTL CTAHCT MEHBIIC HACELCHHOCTH
cocroamuns ¢y, Tar, IpyU TOMOIM ONTHY, HAKAYKH AOCTUrACTCHA MHBEPCHS
aceleHHGCTH YPOBHell, K-pasd B OLICAHHBIX BBLIIE KBAHTOBHX TreHepa-
TOpax IMOJy4yaJdach IPOCTPAHCTBEHHOI COPTHPOBKOI MOJERYISAPHBRIX
WIH aTOMHBIX I[YYKOB. O I0JYYeH!IH HHBePCUH HACEJIECHHOCTH METOHOM
HAKAYKH ¢M. TakmKe cT. Heanumoswii ycuaumeasv, Keanmosas aaexmpo-
nura, Jazep.

MougHocTh KBaHTOBOTO reHeparopa, B K-poM paboraior mapw Rb,
3HAYUTENHHO IPEBOCXOAUT MOILHOCTH MOJERYISIDPHOTO reHepaTopa Ha
amMuarke 1 TeM Gojiee MOIHOCTB BOZOPOXHOYO TeHeparopa. Jto obec-
MEYRBAET PEKOPAHYID MOHOXPOMATHUHOCTH €T0 KoJdebaHuii, 4YTO sAB-
JsdeTcst OCHOBHBIM I[IPEHMYHCCTBOM HoBoro npubopa. Ilo ToumocTH,
OIHAKO, OH OJH30K K NACCHBHOMY CTAHAAPTY YACTOTH € ONTHY. Ha-
KauKolf, T. e. He MOMeT COMepHHUYaTH ¢ nap. K. c. 4.

6, [IpnMeneHne KBaHTOBBIX CTAHAAPTOB YaCTOTHI

HBanToBHle CTAHAAPTEL YACTOTHl YIKE BBEHEHEl B CHCTEMY CIYKOBI
BpeMenl, B pe3yiabTaTe 4ero ee TOYHOCTh YBeJWYHIACH 3a IMOCJeHHe
10 mer ge Menee yeM B 100 pas. Hocie gpopmansHOro pH3HAHAA & T O M-
HOM ceXKYHJB B KadecTBe OCHOBB MCUUCJCINS BPeMEITT H3MEHH-
lach poJib acTPOHOMNY. Habmwaenud B ciy:kbe Bpemenn. OHN ciymar
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He [Af OOPeNENeHnd JINTeJIRHOCTH CORVHIbL, & JUNHL A4H NONACPKa-
HUA COOTBETCTBIS ATOMHOIT DIKATB  BPEMCHI ¢ ACTPOHOMNURCKOMH.
OweHs BaRHA poab K. c.u. B H & B U T a 1 U 11 (onpejerediit
TOYHOTO PaCIONOkeHHd Kopaduas 1w camo.aera). Hanbonee copepmen-
HHECHCTeMBI P & A 1 0 H a B I I' a I U Il OCHOBAHH HA OMPeIeIeun
BPCMCHIT pacOpocTpaHenuss PagHoBONH OT HeCK. paflonepeaatolfix
erauniii o ropabag nin caModaera. Beegermne K. c. 9. nas xkowrpoas
JaCTOTH IMEPCiATIIKOB IOABOJIsIET YBEJINUUTh TOYHOCTh ATHX CHCTEM,
jleficTRylomux B jgiofoe BpeMst CYTOR H OPH BCAKOIH Woroje.

Ene Gonnitee sHadenlie MeeT HpuMeneHHe K. ¢. 9. B KOCMHY.
HABUTAIWH JIFA ONPEACTEHIA HONOREHUS H CROPOCTH KOCMIM. ROpPasIs
npn gaabuux moxerax. ITpm Maxoil MODIHOCTH fiepeJaTHilRoB # MaJbX
pasMepax aHTeHH Ha GOPTY KOCMWY. Kopadds AadbHin0 pajlloHABHTA-
U0 H PaUOCBA3b MOMKHO HAJEKHO OCYHIECTBUThH TOJBKO R YpesBHI-
wafiHo Y3KRHX Ramamax, T. €. TpedyercA orpoMuas cTabmAbHOCTL CMr-
HAJ0B  TepejfaTynKa, 9YTo jlocruraercs upu  noMomgt K. c. u. Ha-
3eMHbie 1 0COOCHIO MOPCRHE Teoaesid. [ Kaprorpadni. paboTsl mo
CcyInmecTBy BechMa OMH3KN K 3ajavam uasuraran. pusmeuenue K. ¢. w.
TOBHINACT KAYECTBO I'e0J[e3d, U3MepeHNl I 3HATHTENBNO Yy[CIueBNisAeT
AX BHITOJHEHIE.

Biaarogaps K. c. 4. H3MepeHHC IIPOMEIKYTROB BPEeMeHH if YACTOTH
OePHOAHY. KOJNe0aHni [OCTUITIO TOUTIOCTH, HCJOCTYIHOM AP. BWIaM
uamepenni, TToaTomMy yueHBE I HIKEHEPH CTPEeMATCA CBECTH H3Mepe-
HIIe JP. BeJdWIHH K H3MEPEeHWI0 49acToTel. JlJIs 2ToTO HpUMeHATCH
pasHmYHBe T AT Y H KM, Npeodpasyolie HedICKTPUY. BeIYHIH
(paBleHne, BHAKHOCTH W T. 1.) B 3JEKTPUYI. CHTHANH, a IOCJHeTHHE
B u3MeHeHuUe 9acToTHl cTal0WIBREIX TeHepatopos. M. c. 4. Tocremenno
BCG TIPe BHEAPSOTCS 8 HaydHble HCCJeNOBAHUS, B IPOMBITUIIEHHOCTD,
B ciucTeMy paguosemanus. Crommocts H. ¢. 4. ¢ ONTHY. HaRauROM
Bee Goxee mpulAmKaeTcsi K CTONMOCTH K B a PIeBOT O CTaH-
paprta YacrtorTs. Ofmako KBaETOBEIH wpubop, B OTAVIUC OT
CBOETO KBaplUEBOTO ROHKYPEHTa, HECPaBHEHHO 0ojee BHOPOYCTOHYUB.

HecMmorpa wa To, wro K. ¢. 4. JJOCTHIIH MOUCTHHE H3yMHTEJILHBIX
TOYHOCTE, 9TH TOUHOCTH [i¢ HBJAITCA UpegeanpHsiMi. Hamp., nprve-
mernte tagnnst Tl B aroMHOIyHeBHIX cTamiaprax AOLRHO MO3BONNTE HO-
BBLICATH UX TOUHOCTD B 10—15 paz. J1a BOAMOAHOCTh 0CHOBAHA HA OTIIINA
sueprerud, cuerrpa Tl ot sueprerima. cmexrpa Cs. Opmaro yike ceifuac
SICHBI TPYRHOCTH, BOBHUKAJOHIME Ha 3TOM IyTi. DBoicornii moremuuan
noumzanuu Tl rtpefyer paspafoTRu HOBHIX npleMiuuxos nyuka T1.
Kpome rtoro, Heo0XopuMo yayuuuth kadecrBo Il-oGpasnoro pesoHa-
TOpa WIH cO3JATh PE30HATOP HOBOTO THIA, T. K. CYU[eCTBYIOMAas TeXHO-
Horas He MOo3BoXsier ofecmednth HY/RHOHE TOUHOCTH coBHAjgenus das
DIERTPOMArHWTHHIX Rosefamwit B ofowx romuax IT-oO6pashoro peso-
HATOpA.

CooTHOWCHARE HCOUPEJeTeNHOCTe yraspBaeT Ha npaMoll myTh
yMenbleRis norpermgoct K. ¢, 4. ~— YBCANUEHIIC BPCMCHIL BRaHMO-
neficIBUA 3a cUeT IPHMCHEHHA MeJJIeHHBIX aToMoB gny MoxeRyx. Oj-
HAKO HpsMSle NYTH He Bcerja OBIBAIOT caMeiMu Jerkumi. Hu opxo
Ipefioene 110 IPHMeHeHHI0 Me[JIeHHBIX MOJeKyJl B aMMHATHOM MO-
JAeKYJNAPHOM TeHepaTope eime He peaansopano. Ho padorst B 3ToM
HAIpaBICHAH He clcAyer CUNTATh OeamajesRHpiMu.

Jlanexo me AcHB NPCUENDLHBEC XapakTepHeTHRN KBAHTOBOTO TeHe-
patopa 1a napax pyomanA ¢ ournd. mavavikoi. Jlora Tarie reHeparTopbt
usyuatored jmums B CCCP u 8 CHIA. Ux mepenenrussl secbMa obna-
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AGERNBAIOULY.  Snle e peaJIH30BAHbL TPETIOMEHUA O CO3MAHIT ROM
GunnpoBaHnbX K. ¢. 4., B R-PHX OQHOBpPeMeNHO padOTaloT HECK. KBaH-
TOBBIX MpAdOPOB, OCHOBANHBIX Ha pasiUuHLIX upuHuupax. He peasm-
soBanbl # H. ¢. 1. ontay. anamaszoHa. T. 0., UMEOTCH OCHOBAMILS ONII-
oaTh JladbHelntero yBeJNYeHWs TOYHOCTH U3MepeHIIsl 4acToTLl I Bpe
MeHH. MOMHO ¢ YBEPEHHOCTHIO FOBOPATH M 0 TOM, 4TO B Oiinkaiidiem
OyAyIieM MBl CTAHEM CBIJICTEJAMI OOheIHHEHNs B efnHoM (nany.
Hporecce TajoBa BPeMeHH H 3TAJN0HA JUIHHBEL. JTO BHAYHT, 40 IePHOA
Wa0PAaHHOTO DIEKTPOMATHUTHOTO KOAeDAHIA, TONORAAEMOTO KBAHTOBOMH
crcTeMoil, Oymer CHAYYKHTD OCHOBOU H3MEDPEHHS BpeMeNd, a JJInHA
BOJIIEL 9T0T0 JK€ BICRTPOMATHHTHOTO Rojgefanus OGyAeT Cay:KnTh OCHO-
BOIl H3MepeHNs AIHHH (CM. Onmuxeckue cmaHOapnsl wachons).

Jum.: 1) M a6oruucurnit M. E., Pagyucxasa I1. ., Bpema, no
KOTOPOMY MbI sKueeM, M., 1962; 2) I'pu ro pepann B, B, ‘Ka6Goruu-
cruiiM.E,,30auuB. ‘D, , Reasrronole Cl‘dHI[d}')TBI TaCTOTH, M 1968;3) O p a-

EBCHNIt A H., Moqeuynﬂpnme TeIEParTopsl, , 1964; ’1) 3unre p JIox.
Mazepbni, itep, ¢ dHI‘J‘I M., 1961. M. E. Mabomuichuii,



KBAHTOBLINT YCUJINTEJIH :
cpepxmrHcorRUx vacror (CBY)

1. HpHHIHIII RBAHTOBOI'0 YCHICHIA

YeuIipITeln DIERTPHYCCKUX CHTHANOB. Y CHIUTENM ABIHIOTCH He-
OTBEMACMOI YaCThI0 OONBINNHCTBA PAAMOTEXHUY. YCTPOHCTR, HAavuHAA
OT OOLIIIBIX PAMOBEHIATEIBHLIX HPHEMHHROB U ROHYAS CIOKHEITHMI
CHCTEMAMIT ROCMWY. CBA3H. JHepIHd PAJHOBONH, M3TYIeHHBIX aHTeH-
HOH ¥epegaiolmedl pajnocranmuy, paccemBaercs B GoJbmoM ipocrpan-
crge. B amTeHHY UpHEMHWRA, YAAJEeHHOTO OT HepejlaTyHKa, Molajaer
04CHbL Majgas 9acth 3Tolt oHeprun. IlodTOMY HIERTPHY. CUTHAMN, CO3MA-
BACMBIH [IpHeMHOHN aHTewWHoil, nMeeT Manyo waTencusHocTb. OH Hego-
CTaTONCH JJIA TpHBeJeHHsS B JeficTBUe «HCHONHAIONIXY YCTPOHCTB,
Halp. TPOMKOTOBODATeNell B PaguoBeMAHHYH WM 3JCKTPHY. peie B CH-
cTeMax yopasieHHs mo pafuo. llod1oMy MeEAY amTeHHOH W TPOMKO-
POBOpPHTENieM BRIOUYAKT YCHAATeNb 3IeRTpud, curHakos. [lopobHO
TOMY KaK MHRPOCROI YBeJHYWBAeT H300paKeHMe MENKHX IIPeIMETOB,
coXpaHAA QOpMy ¥ HPOHOPUBN AeTafdeil, YCHINTENH JACKTPHAY. CUIHA-
J0B YBENHYNBAIOT SIACKTPHY. TOK WM HAIpsUKeHWe, ocTaBuss 0Oes
H3MeHeHHA () 0 p M Yy CHUTHa%a, T. €. XapaKTep W3MeHeHWA ToKa WIH
HanpsRCEAA BO BpeMeHN (puc. 1).

1t) Lo (1Y = K155 (£)
Lo e | oy
Bxod Yeunumens Beixod t
Ot
Puc. 1. VcuieHue sieKTpHICCHOro CHIHadad. Im(t) — H3MEHEHRne BO BpeMeHu

YAEKTPHICCKOTO TOKA, B030YKIAEMOro pPaHOBOJIHAMH 6 [PUEMHOW amreine.
10T BAEKTPUYeCKIT CHPHAJ IOCTYIIALT HA BXO;| yeunwrens, I BRx K- 1 Bx(t) —

JAEKTPHICCRI CHrHAN HA BH(XoHe yeunurens; K — woadduiiument yeuIeHHA.

PasBurie pagnoTeXHWKU HePaspPLIBHO CBASAHO € COBEPILEHCTBOBA-
HHEM YCWIHTEeNLUBX ycrpoficrs. B rtedenne mepwoil momosmast 20 B.
OCHOBHBIM YCUMAWBAIOMUM alleMeHTOM Oblia aiextposHas damaa. C mo-
MOWIPIy DJIEKTPOHHLIX JIAMI YIZAeTcs YCIINBATH JICKTPHY. CHTHAJB
B IHPOROM [AHalla3oHe YacTOT M, CJAef0BaTelnHO, PRLUOBOIHHEL BCEX
HMANAa30HOB JIIHH BONH — OT CaMbiX AJAWHHDIX, UBMepPHeMBIX kM, 10
CaMBIX ROPOTKWX, COCTABJAIONMX oM mam. B rochaeHue [ecaTHIETH
DIEKTPOHHbIe naMubl Bee GoJlee BEITCCHAIOTCS §3 yCHINTedeil I o J y-
TPOBOJHMNKOBH MU AWOAAMHA M TPHOAAMH, a B He-
KoTOpHX caywasx — K. y.

OCHOBHOI XapaKTepucTHRON yCHIHTeNs SBJsAeTCA ero K 09 ¢ ¢ u-
KNCHT YyeuadeHnn a K — seanuna, HOKA3WBAKIAA BO CKOJbKO
pas aMIANTYyAa CHTHalA Ha BBEIXOZe YCUINUTEAA ITPeBBLUNACT CUTHAI
Ha ero Bxone (pie. 1). OnHaK0 HEBOBMOJKHO CO3AaTh YCUIUTeAb, K-Phiil
OIMHAKOBO XOPOILO YCUMMBAET CUTHANHL HI00KX 4acToT Vv, T. e. JIIOGHX
AIHE BoJdE A = ¢/v (¢ — cropoers ceerta). Koadhd. yemaenns mioboro
VCIIIWTCAs BCETAA 3ABUCHT OT YacTOTHI YCIAHRAEMOro curmaia (pmue. 2).
Hurepsan wactor, B K-poM RopQQ. YCIIICHUS JOCTATOUHO BEJIHK, HA3,
gonocol uponycuxatius ycuinreid. llojoca nponyckanns
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ofBIYHO ompejiessierca Kak 061acTs 4acToT, B K-poit kBagpaT Koa(d.
yeuneHna A2 ornudaeTcsa oT kBajpata Makc. Koadd. yeunenus K2yaxe.
e Gojlee WeM B gBa pasa.

Puc. 2. 3agucHMOCTb YCUJIEHHA
OT 4acToTel: K — KoahmuueHTt
VCUJICHTIA, AV — mojoca Ipomy-
CHAHIL, VCUNICHHE 1A ee Tpawu-
nax onpeIeasaerca yeIoBUCM: /2/(
;K\ 1
\\ K Mauc./J 2

[Tonoca nponyckaHUA — OYEHDb Ba)KHAA XAPAKTEPUCTHRA YCHINTEA.
Ilepegasa madopManui 1m0 pPajuo OCHOBAHA HA TOM, 4TO rapMOHITIe-
CKHEC BJIeRTPHY. KoJeOaHus BHICOKOH HacCTOTH (e ¢ ymasi 4acT 0-
TA)MOAYJIHUPYOTCA (I0aMIIUTYJAE, YacToTe WIN (aze) HUZKO-
YacTOTHRIM CHIHAJIOM, COEPRAINM lepefaBacMyl0 HHEGOPMANHIO (CHI-
HAJ, COOTBETCTBYOIMMI 3BYRY, H306paskeHNo w 1. 1.). Mogyanposas-
HBIl curHAad yyKe He SIBJISIETCH TapMOHWY. Koxebammem. OOLMHO OH
COMEpPMIT MHOTO T a PM O HHM K HIH, KAK TOBODPAT, HMEET CIOMKHBIIT
CIIEKT] U BAHNMMAET LeJyIo 00sacTh wactor (cM. Modyanyus kosebanuii).
Ecxm uwoioca nponyckaHus YCUIHTeNsA JOCTATOYHO MILPOKa, TO BCe
rapMOHUY. COCTABRJAIOIIHE MOAYJIHPOBAHHOTO CHIHAJA YCHJIHBAIOTCA
ONMHAKOBO M CHIHAI Iepepaercs ycHiuTeleM TouHo. Ecam ke moaoca
He[JOCTATOYHO IINPOKAa, TO HepefaBaeMBlii CHIHAJL HCRayKaeTCH.

Uem OGompiiee KOJMYCCTBO UHPOPMANUI HeCeT PAJMOCHTHAN, TeM
GRICTpEE BO BPEMCHH OH MEHACTCH M TeM O0JblIMil YactoTawl jguama-
B0H OH 3amumaer. Hamp., jiis Toro 4ro0Bl HOJNYYaTh YeTKOe TeleBH-
31I0HHOE u300paenue, HeoOXouuMO ofecmeuuTd GOABUIYI0 CKOPOCTH
W3MEHEeHHA APKOCTH Jy4a B TeJeBH3HOoHHOI Tpybre. Jrto Tpebyer co-
OTBETCTBYIOHIEHl CKOPOCTH H3MEHCHHA CHIHAAa, YNPAaBISIONET0 APRO-
CTBIO JIy4a, & CIeJ0BaTeIbHO, W MCIONb30BaHHE GOALIIOTO YACTOTHOIO
aHamnasona. I109ToMy sl YCUJeHNs TeJeBH3UMOHHOTO CHTHAga Heol-
XOJMMBl YCHIUTRIN ¢ MUPOKOH Momocod nponyckamns ~ 6—10 Mey.

Tperba BaKHeHmas XapaKTePUCTHRA YCUJIUTENST — ero 4 Y B C T-
BUTEJIbHOCTDB, CIOCOGBHOCThL YyCHANBATH OYeHH MAJBIE CHIHAJBL.
Kasasmoch OB, 9TO UYYBCTBHTEJILHOCTh MOYKHO HEOIDAHHYEHHO TOBHI-
miaTh, yBemmunBasd Koadd. yemaenmsa. llpu asToM Bee Gomee m Gouee
caaldbie CHIHAAB MMOCAC YCHICHUA IpeBpatlainch OLl ycuiaureieM B 10-
CTATOYHO WHTeICHBHBIE. B jleficTBUTeIbHOCTH 3TO He TaK. Y yBCTBHTENB-
HOCTh yCHJIUTEIeHl orpanHdeHa OeCHOPAMOYHBIMHU, CIAYYAWHBIME H3Me-
HeHIAMA (b T YR Ty a LM A M 1 ) HAUPAMEHNA U TOKA B eT0 BXOJHKIX
3jieMeHTax. JTu (QIYKTyauwu HOJYINIM HasBaHHIe ul y M ¢ B. I[loxes-
HBIH CHIHAJ, TOAJNC/RAIIAN YCUJIEHNI0, CMelNlBaeTcst Ha BXoJe YCHIIH-
Tenst ¢ ymMoM. Eciu curnad cialee 1yMa, TO HAa BEIXOJE YCHIIUTENA
HalawoiaeTcss B OCHOBHOM yciuieHHBIH nryM. llpm srtom cmrman mepas-
IUYUM Ccpeu mryMa HoJo0HO TOMY, KaK CBeT 3Be3J] HeRUZMM Ha (OHE
maesroro meba (puc. 3).

OO0BIKHOBEHHEIE YCHIAHTEN (JIaMIIOBBlE 11 LIOJYIIPOBOAHNROBLIE)
MOBBONAIT TONYIATh RHATHTEIBHBHT KO3(Qd. yeureama 1 Gorpmyo
TONOCY TPONYCRAHIA, HO HX LIYMBI BeAukl. OHU BBIRLIBAIOTCH Hepag-
HOMEDPHBLIM HCIIYCKAHIIEM 3JeKTPOHOB HAKAJCHIBIM KATOLOM B 9JIEKTPOH-
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HHIX Jdamnax (A podowoil wrys), depasHoMmepmoli auddysuei
9HEeRTPOHOB U JFHPOK B UOJYAPOBOZHAKOBEIX mpubopax (eM. Juew-
M poHHo-0u pouHslil e percd), TOIOBEIM ABIYREHHEM 3JIEKTPOHOB B Me-
TAINAYECKNX DpOBoJHHKAX (TenaoBoli imywm u ap. Qarto-
pamu (eMm. Hyue).

TIpoSacma coslanns «HelUyMAMHXY ycuauTeiedl [1asHO BoJHoBaJa
VMBIl pafuodHsuROB, T. K. TAKUe YCHAWTEXU Jaau Obl BO3MOKHOCTh

/ 00HApYIKIWBATH UYPe3BHYAlHO cladble pajHo-

(t) CUTHAJbI, B YACTHOCTH CHTHAJE OT KOCMUY.
PAIHONCTOYHIKOB.

Yeuexu paduocnesmpockont, NCCIAEHYIO-
mell  1moraolieRne pPagioBOAH  PasAUdHBIMI
atoMaMi M MOJNERYJIAMH, BHISBUJIN BO3MOM-
HOCTh NCMOAL30BATH BTH MUKPOIACTHLM [IJLS
yemilenusi PATUOBOJH. YcHamBaomiee [eii-
CTBHE aTOMOB H MOJERYJ CBA3aHO ¢ N3MeHe-
HIEM DHEePTHH HIPHHAJAJIe:KamuX UM (CBA3AH-
HBIX) DACKTPOHOB. [IBiKeHNe TAKHAX BDIek-
TPOHOB NOMYHHAETCS 3aKUHAM KB AHTO -
Boil Mexanuxru. [lostomy, B oTamnune
OT JNaMIIOBBLIX YCHIWTedleil, B K-PbLIX HCIIONL-
3yl0Tesa CBOOOJHbIE BIEKTPOHBL, HORUITHSAN-
nyrecd 3aKOHAM RJIACCHY. MOXAHUKIL, YCHJII-
Temlt HOBOrO THDA IMOXYYuIn Haszsauue K. y.

K. y. otanyarorcst upesBplUafHO MadbiMi
mymaMi. B BUX OTCYTCTBYIOT IIyMbl, CBARAH-
HBElE ¢ HePaBHOMEPHOCTBIO AIeKTPOHHOILO II0-
tora, nHeusOeymele B pagnogammoax. Kpome
roro, K. y. ofpryno padoralor npm temI-pax,
Puc. 3. IHIYMH yowmwrend  {uu3knx K abc. mymo. [losToMy B HEHX
oot g vaaGaf WIYMBI, CBARAHHBIE C TeINOBLIM JIBUKEHHeM
cUrsas Ha Bxole ycunure- OJEKTPOHOB W aTOMOB, OYeHL MaJibl. ROpO‘Ie
aa I(#); 6 —cmrwan_wa  ropopd, K. y. CHOOCOGHH yCHANBATH OUYeHb

BBIXOMIe YCHJIUTENA, O ~
IIRK)HZICFOyﬁoJJ’IigH?I‘T!IMH 0066‘];[3{';- caabbre pagHoOCUrHAJNLL, HC <(MCIIOPTUBY HX

BEHITBIMI  IIYMAMU IIHyM' mymMmaMmn.
Curgan  Hepasnu4yuM ~ 1a [forpeGHOCTL B MANOUTYMAIMIMX yCHJIIITe-
$hore sTUX WYMOB. JAAX 0coDEHHO BednKa I CAMBIX HODOTKHX

PAJMOBONI, a4 MMEHHO, [AelUMeTPOBHMX, CaH-
TUMETPOBHIX N MIULTHMETPOBbLIX. OHU 00BEAHHAIOTCH TCPMHHOM CBEpX-
sercowue gacrorst (CBY). K. y. 3maunTeJabHO YBEARYUIN HATBHOCTH
NefCTBHS ROCMUY. JIMHUE PajoCBASH ¢ MERILTAHEeTHHIMW CTAaHTHAMI
W BO3MOMKHOCTH 3€MHBIX JHHUI PAJNOCBABH Yepe3 PeTPAHCIALTOHHBIE
cuyrHTkn. OHN OKA3aJNCH He3aMCHUMBIMI B IIPHEMHUKAX 1 J a H e 1-
OHX pajfuoloKaTOpoOoB H pPafHoTedecKomNoB.
ATOMBI i MOJIERYJIBI BMECTO pajuoiamil. Brialomumes HocTHReHHCM
fmsurn B mazane 20 B. GuuN0 co3faHue KBAHTOBOH Teopni, o0bACHNB-
el CTPOeHNe aTOMOB 11 3aKOHB! ABIDKeHHA HPuHHAAIC/KATIHX UM 3JIeR-
TPOHOB. ATOMHBEIH 3JEKTPOH MOMKeT HAXOZHTHCA TOJNLKO BO BIIOJHE
OUpPeIeNIeHHRX COCTOAHNMAX [ABIKeHUd winm, rpyGo roBops, Ha ompe-
feNeHALX «ohOnTaxy. BedelcTBUe BTOTO JHEPIHA HIEKTPOHA, & CHeIo-
BATCHBHO, I BCEIO ATOMa, MOMET NPHHUMAThL He JI00He 3nadeHus,
a4 J{b OUpPeICIeHHbIT TPePHBHLI (NHCKPeTHHH) pPAN 3HAYeHDI
Ey Egenn, mas, yposnsatw aepeun, 1labop aTHX 3HAdenmil Haz. sNeE -
FeTHYEeCKNOM CIHEeRTPOM YpoBerb, COOTBETCTBYIOIMNWH Ha-
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uMeHLITell aHeprmy, #as. oc Ho B HH M. OcraZbHsle ypOBHII Ha3.
BOBOYM/OeHuHD MIL

1o meficTBHEM DJICKTPOMATHUTHOTO W3AYyYeHNA, B YaCTHOCTH CBETA,
BNIEKTPOH MOKET N3MEHNTL SHePTHIO, 7. . nepeliTH ¢ OJHOrO ypPOBHA
sHepriy &, Ha APyroil &, Takoil mepexojl HA3. B Bl B y 3K Jl € H H B M.
YcroBueM BBRIHY/RACHIOIO Mepexoia sABIAHETCH PABCHCTBO:

hv = (’512 - (D@p (1)

rjie vV — uYacTota 3aydeHHA, h — mocroAanHas [lnamra, paBHasd
6,6210 27 ape/cex, a &, u &, — pHEprUM HAUQIBHOTO 1L KOHETHOTO
yposHell. [Tepexof sieKTpoHa B COCTOSHAC ¢ OOIbIICH vHeprueld &,
COTIPOBOKIACTCA MHOTTOMEHAEM HOPUAN (KBAHTA) DHEPLUH B3IEKTPO-
MarHHTHOTO wu3jaydedus. OOGpaTHHII BHHYMIEHHHII Nepexol CBA3AH
¢ WCOYCKAHHEM KBAHTA SHEPIHU B BHUNE 3JIEKTPOMATHUTHOH BOJHBI.
ITpu sroM yactora U asa KoXeGAHNI BOSHHKIICH 3JIEKTPOMAlHATHOH
BOJIHEL B TOYHOCTH COBIAJAIT ¢ 9ACTOTOH W (a30il mepBWYHOHA BOJHEL,
BEI3BaBINe#l mepexoxn. JTO M3IYYeHWE HA3. BB H YK J ¢ H H Bl M, IJIH
HAAYUHPOBaAHEHDGL M. VIMEHHO BBHHYX/ICHHOE H3IAYydYeHHEe LpU-
BOJUT K yBeNMUeHHO aMILTHTY/[Bl IIePRHYHOH BOJHEL, T. €. K ee YCUJICHUIO.

Yenieline BOJHBL OJHHAM aTOMOM, pasyMeeTcs, odeHb Majo. Ho
€C/JH BOJHA paclipocTpamsercs B BelllecTBe, colepskameM Gojbmioe
KOJIHYECTBO OJMHAKOBHIX aTOMOB, H3JIyYalonlux Ha OZHOH H Toil e
4acToTe, TO YCHIeHne MOyKeT OHTh BIOJHE OULYTHMbIM.

Urax, B pesynbrate BEHYHKIEHHOTO HCIYCKAHNA 3I€KTPOMAaLHITHAA
BOJIHA, AeHCTBYIOMAs Ha BO3OY;K/EHHHN aToM, ycmiaupaercs. Ho ecnu
aToM He Bos6y,}c11eH T. ¢. He¢ HAXOAUTCS B COCTOAHUEN ¢ 0o0jiee BEICO-
Kol sHeprueit &, 10 BMECTO YCUTIEHHS BOJIHbL npousoitper ee ociabie-
Hne (nmoriomenue). T. o., cpega Oymer moraomiath HAH YCUIHBATH
BOJHY B :zaBnchocm OT TOTO, KAKHX aTOMOB B Heil Gonbine, HeBO3-
OYHICHHLIX wiau BO3OYIKIEHHBIX, WAH, KaK IOBOPAT, Kakue YpPOBHU
sHepruu Oojee «HacedeHsl artoMami. Ilofl HacedleHHOCTEH IO
ypoBHell ImogpazyMeBaeTcs YUCIO aTOMOB BeNlecTBA, HaXOJAMMXCA Ha
TOM WJIH HHOM ypOBHE.

IIpH oTcyrcTBHH BHEINHHX BO3ACHCTSMII Ha BeNUECTBO YpPOBEHB
¢ MeHbLTIeH pHepruci Beerja 6ojce Haceldel, YeM Yposerh ¢ Ooxpimeil
asHeprueil (cMm. Doavymana pacnpedesenue). TaKoe BellecTBO Bcerja
HOTAOIIACT HICRTPOMALHUTHEIE BOJHBL I Ile MOKeT HX VCHJIMBAThH.
BemmecTBO HaunmHAaeT YCHUIHBATL, CTATIOBITCA a4 KT H B HBL M JHIIL
TOTAQ, KOUZa B pesyibrare K.-JI. BHEIIHETO BO3jefictBus BosOyEmLen-
HBLX ATOMOB CTAHOBUTCA (OJBIIC, YoM HeBo3OyHAenHux, Taroe cocros-
Hue Ha3. mHBepcHci (oOpamenmeM) HacCekeHHOo
creil

Bee crasamnoe orHocuTes He TOALRO R aroMaM. JIoGoe BelecTso,
ofpasoBaHROE KOJJIEKTHBOM OANHAKOBBHIX 4YaCTHI[, ITOJUUHAIONIXCA
3aKOHAM KBAHTOBON MeXaHWKH (ATOMOB, MOJeKyN, woHos), Oymer o0-
JajaTh aHaJOYHYHBIMH KBAaHTOBHIMHI cBolictBamu. B mem Oyayr mabu-
paTelpHO DOTJIONHATHCA HIH YCUINBATHCA TOJNBKO BHOJHE OTpeelieH-
HBle, DPE30HAHCHBIE BOJHBI, 4YaCTOTA K-PHIX OIPEAeNseTCs DHEPreTHY.
CIOEeKTPOM 3THX YacTHI[, T. €. HX BHYTPEHHHM cTpocHueM (cM. Kean-
mosaa asexmponura, Keanmossii nepexod).

Hrax, pas toro 4roful cosmars K. y., HEoOXopuMo pemiuTh Tpu
safiaun. Bo-mepBeIx, HY:KHO nono()pmh HOAXOAsilee pabotee EBemle-
CTBO, colepsRaiiee dacTaip, ofmaajawniue mpon oHepreTIL. y['oRHell

'y W &y, YOOBIETBODPAUINX YCIOBHIO AV == &y — &', e V — Ya-
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¢TOTA PANNOBONH, K-phic Tpefyerca YCHANWRATL. JTY 3a4ady permanT
MeTOAAMII PaiNOCIEeRTPOCKONTH. Bo-BTopplX, Heo0XOANMO liepesectn
BeHIECTBO I3 ero OOBMHOTO, HOTJIOIAIIIET0 COCTOSHUA B BO3OYALeH-
Hoe, YCHIIBAOUIEC COCTOsAEHe, T. €. OCYHEeCTBHTL WHBEPCHIO HaceleH-
Hocreli. M, HaroHeI[, TPeTha 3a7a9a COCTOHT B TOM, YTOOBI HAMYUIINM
o6pasoM CKOHCTPYIDOBATH YCIHJIUTeNb, T. €. CO37laTh YCJOBHS S
Han(oiee 3QQerTHBHOIO YCUIeHTII.

Tperna sajfaua spiasercs He MeHee CYIeCTBeHHOMW, WeM MepBHe JIBC.
OxasbiBaeres, 4T0 ODOHoGpaTh HONXOAAMIHE YPOBHH I OCYIECTBITH
IS HITX HHBEPCHIO HACENEHROCTeH cllle HefoCTaTOUHO [IA CO3JMATNA
yewnureass. KoweuHo, DACKTPOMATHUTHAS BOJHA, IPOXOJA depes aK-
TUBHOE BelIecTBO, Beerda OyHeT BHB3BBATH BHHYKIEHHOE HCIyCKaHye.
Ho gaceTnb aJeRTpoMarBUTHO SHEPTIM TIPI HTOM HeN30e/RHO NOTI0IAeTes
Kak B caMOM akTHBHOM BeNllecTBe, TaK M B MOJBOJAIMIX YCTpoHCTBaX.
PeanbHoe ycilieHne 3aBHCUT OT COOTHOILEHHMS MEKAY BEJIHYMHON 3TUX
OTePh M YHCIOM AKTOB BBIHYMACHHOIO HCITYCKAHWA. YeM McHBIe
noTepu u Gonblile YHCTO BEHYKICHHBIX NTEPEXO0B «BHU3», TeM 0oablie
yenaeHne.

Veunenne K. y. MOMHO HOBBCHTL, €CJHH 3aCTaBUTh BIAEKTPOMAr-
HITHEIE BOJNHB MHOIOKPATHO 1POXOJHTL Yepe3 aKTUBHOE BemecTso,
970 YBEJMIUT YUCIO aRTOB UCIYCKAHWSA, HHAYIHPOBAHHBIX BOJHOIL
s 5TOTO AKTHBHOE BEIECTBO IIOMEIIAIOT B [0JOCTH, OrpaHUYEHHYIO
MeTAJJINY. CTEHRKAMIL, — obvemHuul pesonamop. Boama, monasiuasi B pe-
30HATOP Yepes OTBEPCTHE B €70 CTeHKe (O TBCpPCTHUC CB A3 MY,
MHOTOKPATHO OTPayRaeTcs OT ero CTeHOK H JAJINTeNRHO B3aHMOJeHCT-
BYeT ¢ aKTUBHHIM BermectBoM (pue. 4). OfHaKo 1IpH KajKIOM oTpaske-
HUIL BOJHLL OT CTCHKU € OTBEPCTHEM YACTH ANEKTPOMArHUTHOH 3Beprun
naryvyaercy Hapymy. [lodToMy 4mCHO OTpaskeHHIt BOJHLI OT CTEHOK
pesoHaTopa, a CclAeoBaTedpHo, H KO3, YCUACHHA, YBEIUIHBACTCA
UpH YMeHGLIICHIIT PasMepoB OTBePCTHH CBABLL.

1

Puc. 4. Cxema jlpocrelniero KBaHTOBOI'O VCUIIN-
TenA: 1 — O0BEMEHBIT pe3oHaTop, 3anOJIeHnbit

\
4 V
NANNN
AKTURBHBIM BeuieCTBOM, 2 — OorBepeTHe CRA3U,

?’VVV\/\ 3 — BONHOBOL; 4 — BXOjiMIIAS BOJHA; § — yeu-
[ y JieHras BHIXONAMAA BOJHA.
A\
3 2

Kpanrosslit yemaHTexrs MosKerT HpeBpaTutscsa B remeparop. Ecau
OTBEPCTHE CBASM CHEIATH OUEHb MAABM, TO DJITeKTPOMATHHTHAS BHep-
rusg, TepAeMas BHYTPH pesoHaTopa (HOTHOM[CHUE B aKTHBHOM Benlect-
Be W B CTCHKAX) W UBIyd4aeMas 4epes OTBepCTHe CBABNM, MOJKeT crath
MeHbIIe TpHpalleHud DHEPIHU BOJHB 33 cueT ycmieHus. Ilpn sroM
aMIINTYAa JI0G0TO CAYYaHHO BORHHKIIETO B Pe30HATOPE BACKTPHY. KO-
nebauus Oyjer GHCTPO BO3pACTaTh. Y CHIEUTENDb IIPeBPATHTCA B Te-
HepaTop HIEKTPOMArHUTHHX Kodefammil.

W3 crasauporo scuo, 4toH. y. ¥ KBaHTOBHUX TreHepa-
TO P NPHHLUIHANLHO MAJ0 OTIHYAITCA Apyr ot ppyra. OmHaxo
TpeboBains, NPeRLIBIAEMbe R HHM, CYMECTBeHHO pasaudHs. Hero-
puA pasBUTHA EBANTOBOH HAERTPOHIKH CHOMIIAch TaK, UTO INepBHe
KBaHTOBHe TEHEPATOPHl HA IYUKC MOJICKYA aMMUaKa (Moackyifphile
eenepamopr) OBLIN OCYIECTBIEHE Ha IecR. JeT paubiie, 4eM Ieprue
K. y. Jleso B toM, MTO BeNiECTRO, B K-POM BUEPBHE YAAJd0Ch HOJY-
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YHTh HUBCPCHIO HACACHHOCTEH ABYX YpPoBHEH — Lyu0Rk MOJERYA aM-
MHEaKa, — 0Kasajgoch 0TeHL YAOOHLIM JULA FeHePALIIl BeChbMa cTadIbHRX
ANEKTPOMATHIUTHHX Roxelamuil, 1o Maxo NpUTORHBIM Il youamreseii.
Jada Toro 4TofB DOHATH HPHUUNBL 3TOTO, PACCMOTPIM OCOGCHHOCTH
pHepreTHY. YPOBHEIl atoMOB i MOJEKYII.

B peadbuhix yCIOBHAX TAHHOMY KBAHTOBOMY COCTOSHHIO HACTHUILEL
HEIL3S COMOCTABHTL CTPOTO OMpeNelIeHHYI0 BHEepPIui0. JHeprusd, co-
OTBETCTBYIOIAS BTOMY COCTOSHMIO, HECKOJNBKO «pasMbiTay. OgHA U3
UPHIHH TARKOH «PasMBITOCTHY — B3auMogeicTBHe 4acTHIl APYL € APY-
roM. Hamnp., B rase IIpM CTONKHOBEHHH ABYX 4acTill RasKIas M3 HHUX
HOTAJAeT B 3JeKTPUY. ToJe [ApYyroil. JierTpHY. IMOJIe BEI3BIBAET CIBUF
sHepretud. yposHeidl (cM, Mmapra sfpperm). Bo Bcell coBoORymHOCTH
9aCTHL BTH CAYUIalHble CABIIT BOCTIPHHTMAIOTCA KaK YIIMPEHIe YPOBHA.
Anajoryuno [geficTBYIOT MATHITHHC HOJA CTUTKUBAKMINXCA YACTHI,
(cM. Seemana sffexm) UM BHEIINUE MATHHTHEE W DJEKTPHY. HOJA,
ecjlii OHM HEOAHODOLHLI B [IPOCTPAHCTBE HAN HENIOCTOSHHEL BO BpeMeHH.
Ha wactury, maxosinyiocs BHYTPH TBCPJOCO Teja, HAOp. BHYTPH
KpHcrat1ia, JefcTBYoT B3JeKTpHYeCKHe U MATHUTHBIE OMA COCEHHUX
gacran. CyllectByer MHOTO [p. TPUYHMH, PACIIAPSION(HX SHEPIeTHY.
yposaM (cM. Hlupuna cnexmpaavnoti aunuu).

Wz-3a pasmsITocTU DHEpPTETHY. ypOBHCH pasMeiTa M YacTOTa Iepe-
Xojla Memay Humu. KBaHTOBbl mepexo[ UpHofperact «urmpuuy» Av
B coorBetcTBuU ¢ §-Joil (1). Bor noyemy malnmopaeMbie cHeRTpPAIbLHBE
JIIHAN TakyKe HMelOT MIMPHHY, a YaCToTa AJeKTPOMarHHTHOTO H3JTyue-
HHUA, BRI3BIBAIOUIEr0 BHIHY;KIEHHOE HCOYCKAHNUe, CTAHOBUTCA He BIIOJIHE
onpepededHoit, [[oHTOMY ATOMBI HAN MOJEGKYJE MOTYT YCHIHBATL BOJHEL,
4acTOTA K-PHIX TAKKe JeKMT B HEK-PoM HHTeCPRAJe Av, o0ycioBieH-
HOM THHPUHOH HCXOMHOTO H KOHEYHOrO ypPOBHe KBAHTOBOTO Iepexoja.
ITO 11 ONpeneiadeT MAKCHMAIALHO BOSMOMKHYI) IIHPHHY [OJOCH IIpO-
nycrarnst H. y. (puc. 5).
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Puc. 5. Flonoca npomyCKaHHA KBAHTOBOIO YCHJAWTEAA: a) YCHACHUE BAEKTPO-

MArguTHBIX BOJIB II30JIMPOBAHHDBIMIL ATOMAME I MOJIEKYJAMII, V — 9aCTCTa, Vo —

Pe3oHAHCHAA 4acToTa; 6) B pe3yabTare B3aumMOAefCTRUA ¢ OKD VHKAIILNMU ATO-

MaMy YpOBHHI Siepruul pacmmpsiorcs. KBanTopse nepexoms! CTaHOBATCA BO3-

MOMKNBIMH B HEKOTOPOIil TToJToce YactoT AV, Ha3blRaeMOl WIMPUHON CIIeKTPaibHOW
JIMHWH.

B moseryanpnux w amomuwr nyukar aTOMBL MIH MOJERYNH TOCTa-
TOUHO yHajeHbl APYr oT APyra M I03TOMY cnado B3auMOfeHCTBYIOT
mMexay codofi. Hampmas dacTiia HPaKTHYeCKH 130JHPOBAHR, ITOITOMY
WHPHAA YPOBHe 31ech Mada. 9TO XapakTePHU3YCT caMoe IIGHHOE cBOM-
CTBO aMMHAYHOTO KBAHTOBOI'O r¢HEPATOpPA — BBICOKOE OCTOAHCTBO ero
4acTOTH 1 TOUHOCTD e¢ usMepenus (cM. Heanmoswe cmandapmu wacmo-
mu). YCHIHTeNAN jKe ¢ Takoil ys3koll monocoil mpomycKamnd He Tpef-
CTABIAIOT MPAKTUY. HHTEpeca, IOCKOJLKY € IX IOMOIIBI0 HejlbsA
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VCIUTHBATE OHICTPO MCHSIOULeCs CHIHAALL. TTanp., ads ycuneHis Tene-
BH3HMOHHOLO CHI'HAJNA, Kak yrke YIOMMHAJOCH, HEOOXOMUMBE! YCHIHUTENH
¢ moxnocoli mponyckaHma Av = 6—10 Mey, a mosoca uacror K. y.
Ha OyYKe MOJERYJ aMMiiaka (MOJeKYJAAPHOIO YCHIUTCIA) COCTABIAET
Bcero 10 wey.

Wrag, mias cosfgarus muporomogocHoro K. y. meodxopuMmo Berie-
CTBO, 0OIajiafoniee UIHPCKOMI CHCKTPAJBHBIMIL JUHAAMEI B pajloquana-
30He. llyuru He B3auMOMEilCTBYIOIMUX APYT € APYTOM MOJEKYJ HAM AT0o-
MOB B 3TOM cJaydae He npuropusl. lllupokile cleKTpasbplble JHHMI
BOBHIKAIOT B pPe3yJibTare CIWIBHOTO B3auMojelicTBHA 4acTull B Gojee
OAOTHHIX CPeJaX — JKUAROCTAX U TBepAnx Tesiax. Ho u B »TuxX cpegax
HE¢ Tak Jerko Oburo 110400paTh cucTeMy YpoBHEH, COOTBETCTBYIOIIUX
pafgHoaHaNa’oHy, H OCYWECTBUTDh MHBEPCHI HAaceAcHHOCTEH.

2, NMapaMaranTuelit yewinrenn

Bosmomknocts cozianusa K. y., UPHTOAHOrO IS perieHus IpakTHd.
3a/§aM, IIOABUIACE TOJUBLRO rocae Toro, kak H. BromGepren (CIITA) npen-
JOMENA HCIONbL30BATh NA 9TOH UeNV ANaMArHATHBEe KPHCTAJIIEL ¢ [Ipu-
Mechbl0 MapaMar HUTHB X W0HOB., OHM OKA3aJAHCh HAMAYYIIAM
BemtectBoM i K. y. [lapaMaTHITHEIE HOHH B HEK-PHX KPUCTAIIAX MOTY'T
UMETh 0YeHDb GIMBKO PACIONOMeHHbie YPOBHNU (cM. HIDKe). HacToTh epe-
XOAA MERIY HUMHA COOTBETCTBYIOT YacToTaM pajioBoiH. C JIp. CTOPOHEL,
MUPHHA CHeRTPANHHBIX JIHHAHN, CBA3AHHBX ¢ HePeXofaMu MCKIY ypPOB-
HAMY HapaMarHuTiEbX HOHOB B RPHCTAJAIAX, 4aCTo cocrapiner aec. Mey.
Takas HOJOCA YACTOT BHOJHE AOCTATOYHA JUisi GONBNIMHCTBA HAYYHBIX
¥ OpakTHY. OpuMeHeHHU ycnaureneil. K. y. ¢ mapamMarBWTHHIMEH KpH-
cTaiaMu LOJYyYMJin HasBaHMe KBAHTOBHB X MapaMareHuTIT
HBLX YcUIWTeJdeil.

IfapamaramTable Monsl. X OPOHIO W3BECTHO, YTO KARALIN DIEKTPOH
1IMEeT BIIOJEIHC ONPEJeeHIlyd MacCy m W BJACKTPHY. 3apsan e. Ho aTum
HE HCYEPUHIBAIOTCH Bee CBolicTBa dilexktpona. [Ipn BaawmogeiicTBuil
¢ Jp. TejaMH BJEKTPOH BegeT cebs Kak BPAmalommpics MAUHHTHE,
HAMATHAYEHUEN BA0Ab ocil BpameHuA. HBanroBeic ¢BoficTBA AJICRTPO-
HA JIPOSIBAAIOTCA B TOM, YTO ITO «BPAm[CHAE» HeJb3f HII 3aTOPMOSHTH,
HY YCHOPWTH, TAK jKke Kar HeJb3s ISMeHNTH 3aPsfi H MACcCy 3JICKTPOHA.
MoMmHO L U3MEHNTh HAIPaBIEGHHe OCH «BPAIeHHsa» 5JIeRTPOHA.

JLitA OTIMCAHMA «BPAIATENbHBIX» CROMCTB BIEKTPOHA ynoTpebasercs
¢a0B0 ¢ 1t 11 H. Ecan yiogo6uTh 3IeKTPOH BOJYKY, TO CHITH JIEKTPOHA —
9TO BEKTOD, HATPABJIGHHBIL BLOJB OCU BpalleHHUs BoJYKa. Beawmdmma

CHHHA KaKIOTO BJIERTPOHA paBHA ];
cTHHa, KaK H3BECTHO, o0fJagaer MarHUTHBIMH CROHCTBAME, K-phie
XapaKkTCPH3YOTCSA 66 MATHUTHB M MOMEHTO M. Y DIEKTPOHA
MATHITTHBII MOMEHT HAllpaBJieH AaHTHNAPAIIENBHO €ro CHUHY U PABCH
¢h/2me. TlosToMy, TOBOpA O HANPABJIEHNH MarHHTHOTC MOMeHTA 3JeR-
TPOHA, 1ACTO BMECTO CJIOB «MATHUTHLIH MOMEHT» TOBODAT cruli.

OO0bIYHO TOYTH BCE DICKTPOHBL B aToMe OOBefUHSIOTCS B fapbi,
{MEIe TMONapHO CKOMIEHCHPOBAHHEE, T. €. HPOTHBOLOJNOMKHO Ha-
\(paBieHHbIe, MEXAHHUY. f MATHHTHBIe MOMEHTHL. [ CKIII0UenHe COCTABAAIOT
BHEMIHUE JJIeKTPOHH, o0pasyomue He3a MONHEeHHK e 9 Je K-
TporuEBe 000J09KH

Berymana B XAMEY. CBA3B, aToMbl 1000 «0OMCHNBAIOTCAY BaJleHTHEIMI
anexrpomamn (Hanp., NaCl), mubo opGHTE ABYX 3JE€KTPOHOB OXBAThl-

Bpamalom;aﬂcn 3apsyKeHHas1 4a-
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BAIOT BCTYHAWIIHE B ¢Bs13L atoMbl (maup., H,). Bo seex cayuasnx B upy-
pore HadIOgaeTcs TCHACHOsT K 00PA30BAHII [ap 3JEKTPOHOB €O
CROMIIEHCHPOBAHHBIMI MaIBUTHHMH MoMerTaMil. [1o3ToMy GoJbIunECTB0
BemiecTe AHaMaruautTHuHo (cM. Juanmazremuam), X aroMsl He
00J1a1al0T COOCTBEHHBIMI MATHUTHBIME MoMeHTaMu. Quu Hac Aallee WH-
TepecoBaTh HE OYAYT.

Ho B mepuomny. Tabumne MeHpemeeBa ecTb HeCK. TPYIIL 3IeMCH-
TOB, B 8TOMAaX K-PBIX OCTAIOTCA HEOCTPOCHHBIMHU BHY TPEHIE 3K TPOH-
gele 00ogouKkn (Hanp., rpymnna skexesa Fe). Tarime aToMbl OCYINECTBISIOT
XUM. CBfA3b 38 CYeT BHEIIHMX 3JEKTPOHOB. OJJEKTPOHBl ke, HaX0/s-
muecs Ha BHYTPEHHNX HEJOCTPOEHHBIX 000J0YKAX, MOTYT HMeTh He-
CKOMIIEHCHPOBAHHLIe MATHUTHBIC MOMCHTHI, ATOMBL /Il TIOHBI, WMEIONLE
HOCKOMIICHCTIDOBAHHLI MATHMTHEIL MOMEHT, HAa3. MapaMar HH T-
H B M u, Omn 00MajaI0T MATrHUTHEIM MOMEHTOM, PABHBIM CyMMe MaTHIIT-
HBIX MOMEHTOB HeCHAPEHHBIX 3JekTporoB. Bemecrsa, cofep:ramiyie
HECKOMIICHCHPOBAHHbBIE HJLEMEHTAPHBIC MAalHUTHKIL, Had. ITapamMa r-
HerTHRaMI (eM. Hapanaznemuan).

B oTcyrcTBMII BHCUMHX MAIHHTHBIX 10JeHd CINHBE HCCHapeHHBIX
9JEKTPOHOB W, CAejoBaTeJbH0O, MaTHUTHblE MOMEHTHI MOHOB OpMeHTH-
pOBAHBL XaOTHYECKH, & HUEPTHA HOHA He 3aBHCHT OT ero OpHeHTAIIH
B mpoctpaucTse. 1lo3ToMy 3JIeKTpOHSI, UMEIONILE pPa3JjUdHbe HanpaB-
JEHHA CIHHHOB, MOTYT MMETh OJMHAKOBYIO SHEPIHIO, T. €. HaXO[ATbCHA
Ha OJHOM »HepreTHd. ypoBHe. B sToM ciaydae roBopsT, 4TO YpPOBEHB
HOHA «B BL P O K [ e H».

OJlHAKO ecJH IOMECTHTh MapaMarHUTHLIA WOH B WOCTOSHHOE Mal-
HuTHOe 1oje H, To opueHTANMA MaCHUTHOTO MOMEHTA HECTapeHHOTO
9AeKTPOHA B MATCHHTHOM I[0Jie He MOMKET OCTABAThCsH IPONU3BOALHONM:
MAaTHHTHBII MOMEHT SJIEKTPOHA (eCJU CILUH fAJ[pa PaBeH HYJIIO, TO U {oHA)
MoskeT ObiTh HampaBieH Janbo «moy moimo, subo «apotHsy moaA. Cy-
HICCTREHHO, UYTO HHEPTUS HOHA B BTHX CJAyYadX OyAeT pasgmunoin,
T. €. BHIPOKACHUE YPOBHHA (CHUMAETCS», 1 KaykUBIH YypoBenb HOHA
pacieInisieTcA Ha JBa MarHUTHHRIX ITOAYDOBHA, CMEIIeHHbIX OTHOCH-
TEILHO TICXOAHOrO ypoBHA. PaccTosnme MeAy MarHRTHBIMI I10]-
YPOBHAMIT LPOIOPITHOHANLHEO BeJIMYWHE MTOCTOAHHOTO MATHUTHOTO MOJA
(puc. 6; mompoGHee M. Jeesmana afiienm).

&
&2

Fre. 6. JiByM BO3MOMHBIM OpHEHTa-
MUAM MArHWTHOPO MOMCHTA HOHA «Ii0»
" «IPOTUB» 10aA H COOTBEICTBYIOT pas-
nble ypopmu sHeprum &; u &,. Pas-
HOCTh OHEPTHNM MEmAy HUMHI  DACTeT
NponopuuoHaabio 1omio H. B orcyr-
CYBMH TOJISA BIeprerid. YDPOBHI COBIA- <

JIAToT.

IHepeun 37eKmMpoHs

&

Maenumnoe none H

Ecnn mapaMarAnTHBIE aToOM HWIH HOH COIeP/KUT He OMHH, & HeCK.
HECLAPCHHBIX HIEKTPOHOB (NAN ecAH Yy HeTo CHTIH Afgpa oTianueH ot ),
TO €ro cyMMapHbI MarHUTHBIIT MOMEHT pHoGpeTaet clocodDHOCTL OpHeH-
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THPOBATBCH B MArHUTHOM [IoJe He HO [ABYM HAUPABACHUAM, & 1104
HECK. pPa3nugHBIMII yrhiaamir. Tar, Haup., MarHiiTHRE MOMEHT WOHAa
HuRegs Ni®7, BOZHURAWHEMIL B pesvinTaTe CIO/REHNS MaTHUTHHIX MO-
MEHTOB IBYX HECLAPEHIURIX 3AERTPOMOB, MOKeT ORITh HALPABIEH (II0Y,
«TPOTHB» 1 MePHeHAARYAAPHO MarauTtHomMy monio H. T. o., B 3aBu-
CHMOCTIT OT ROJIecTBA HECHAPCHHBIX BJAERTPOHOB H CIUFA sjpa ma-
paMaanTHmtI IOH MOYKCT MMerh He jiBa, a Iemwif HaGop MaTHATHSIX
1oy poBHeit &y Es..., PACCTOSHNE MLy K-DBIMH ONPeHEJISACTCA Be-
MHOI MATHITHOTO OIS,

IToy peficTBUeM BHELIHETO DIEKTPOMATHITHOTO UBIYYeRNA, HacTora
K-POTO V COOTBETCTBYET PasHOCTAM JHePIuif &y — 61, é‘3 — &y u L.,
MOKET 1pousoiftn BbIHyH\}ICHthII fepexoq MOHA ¢ OJHOTO MaI'HRTHOTO
NORYpOBHA HAa Apyroil. B O()I)IlIHOM COCTOSIHMU  BellleCTRA HWKHNE
MaTHUTHBIE [TOJ{yPOBHI HaceJeHBl 60Jblie, 9eM Bepxaue. I1osToMy Bbi-
NYJKICHHBIE IEePeXoALl IPHBONAT K #30MPATeNLHOMY MOTJIOMIEHUI0
PaJiMOBOIIH OIPCIeTeHHONM YacTOTHl. OTO ARJeNue IHOJXYUHI0 HasBaHUE
SACKMPONILOSO napamael—turrmozo pesoranca.

O,L[Haho ecam K.-i. crnocobom OCYHIECTBHTL BHBCDCHIO HACEJNEHHO-
creii B cHCTeMe MATHHTHHIX NONYPOBHEH MapaMarueTuka, TO NMPH Ipo-
XOMIEHIM DAJMOBOJHB B HeM OypmeT LpeoGJajlath BBIHYRIEHHOE He-
nyckamme. JTO TPHBEJET K YCHNCHEIO pamguoBoiH. OUeHb BaKRO,
4T0, N3MEHHAA HOCTOAHHOE MarHUTHOe Iode H, MOJKHO MEHATDL PACCTOA-
HTE MEMRAY MArHUTHRIMH fonypoBHAMU (puC. 0) 1, CiIegoBaTeNbHO,
MOKHO peryiagposars 4actory K. y. wii, Kak roBOPsIT, «HACTPAUBaTbH»
ero Ha HY/KHYK 4acToTy.

Mbr y:xe sHaeM, 4T0 B K. y. NPUMeHAOTCA JuHaMarHUTHbE KpU-
CTAJIIIBL ¢ HPHMeChI0 HapaMarHATHBIX HoHOB. HKpucrannw, cocrosmue
DOJHOCTLI W3 DapaMardnTHBIX YaCcTHIL WA cofepsKalpe WX B 00Jb-
wioit wommenrtpamun, Henpnroamsl ara K. y., T. K. odeHh cHIBHOe
B3AMMOJIelicTBIe TapaMaTHHTHRIX YaCTUll APYT ¢ APYIOM, Kak ME
VBUAHM HIUKE, HE HO3BOJAET OCYHIECTBHTH HHBEPCHI0 HACEACHHOCTEH.
OurnMalLHBIM OKa3aJiach KOHNEHTPArua (p a 3 B e/l e H W e) mapaMar-
HATHBIX HOHOB B JMAMaTHUTHBIX KpuHcTagkax B npepexax ot 0,01 mo

0,3% (puc. 7).
Puc. 7. B RpUCTAIUYECKOH pellerke 1odo-

FKUTEABIbBE 0 OTPUIATEIBHKE HOHB PaCIIo-
@ @ @ @ JIOMEHB B CTDOrOM HOPHgKe., B KBAHTOBRIX
VCHAUTEAAX NPUMEHAIOTCA KPHCTALIE, CO-

CcTOguie U3 HaMarauTHeX HoHOB. HeEKoTo-

" pHiec OuHAMATHUTHBIE WOHBI 3AMEIIEHH! mmapa-

@ @ @ @ @ MATHHTHBIMI, HMEIOHIIMI HeCKOMIIEHCIID OBaH-
HBI MarHHTHAIT MoMent (OTMedeH CTPENKON).

Hapamarunrasii won B KpueraLimyeckoil penterxke. IlapaMaranTaoii
HOH, BBEICHHBIT B AWAMATHUTHEI KPHCTAJNN, WHCTLITHBAaeT eilcTBe
04YeHb CHIBHOLO HIACKTPIY. 10JH, CO3ZLABAEMOTO COCEIHUMU guamar-
HUTHBIMI HOHAMU. BHEyTpenHee sJIerTpHud. MoJXe OKDYKeHWA CYMMH-
PYeTCS ¢ 3AERTPUI. TOJEeM fApa UOHA, AefiCTBYIONIEro Ha DIIEKTPOHHL,
BCJIEACTRIC UCro OpOITaisHoe JBIGKEITHe HIeRTPOHOB H3MEHACTCH. JT0
NPUBOAKT K CMEMEHUIO (I DACIIEINeHUI0 Ha HeCK. KOMIIOHEHTOB 3Hepre-
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THY. ypoBHEIl BceX 3JeKTPOHOB, IpHHAMLIeKAINX HaPaMaTHHTHOMY HOHY,
B TOM 4YHMCJC IT HCCHAPEHHLIX. PasHOCTh 3HEPTMIT MesKLY PacHleIIeHHBIMI
YPOBHAMHI WJH, KAk I'OBOPAT, BeJHUUYWHA pacuHienjgennsn
3aBHCHT OT BeJANUNHE H KORQHTYPaUWH HIERTPUY. ITONS KpICTaiia
(eMm. Imapka sfifenm).

Jlas GoJLIMIHCTBA YPOBHEH pacHIelieHle, BHIABAHHOE BHYTPEHHIM
[0JIeM KPUCTAJIA, BCAHKO I MEPexolbl Me:RAY pacllellIeHHLIMH yPOB-
HAMH COOTBETCTBYIT OHNTHU. auHanazony (eMm. Jaszep, Py6un). Werimo-
YeHye COCTAB/IIOT YPOBHH HCCIIAPEGHHBIX 1JIEKTPOHOB — MAUHHTHBIO
ypoBHH. OKaspBacercsA, 4TO B BIERTPHY. HoJe KPHCTANIA, RaK H BO
BHEIHEM MATHUTHOM TI0Jle, MATHHTHBH MOMEHT HOHA MoykeT OBITh
OpHEHTHPOBAH TOJhKO B HECK. HAUPABIEHHAX OTHOCUTEJHbHO HAIpaB-
nenna sroro nojia. llocienmnee oAHOBHAYHO CBA3RHO C HAllpaBleHHEM
OCH CHMMETPUN KpHeTaina. PasaudueM «paspelieHHbIM» HAlpaBienu M
MATHATHOTO MOMEHTA OTHOCHTENBHO KPHCTAXAOTpadud. OCH COOTBET-
CTBYIOT pasHble 9HEPTHU, T. €. YHePTeTHY. YPOBEHb HOHA pACIIelIAeTcs
B [0Jl¢ KpHCTadJla Ha HeCK. MATHUTHBIX HDORYPOBHeil.
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Puc. 8. Bo BuYTpeiIHEM 9JCKTPMYCCKOM Nojie Hpucramna pybuua HEKawi
(ocHOBHO) ypoBeHL HOHa Cr paciienasercs Ha JiBa OJM3KO pacriollomediibix
yporHA &’ 1 &', otnvanmuxesa abComTHOM BeanyHHOR 1) 0CKIUH MATHUTHOTO
MOMeI(Ta Ha HaIpaBJeHue JICKTPHUYECKOro [0 Kpucrauia. BHelDHee Marmur-
Hoe 1osie H pacuieiiger Kadgeill U3 5THX ypoBHEH eme na asa, oTindalomuxca
BHAKOM TPOEKIUN MarHUTHOI'O MOMEHTA Ha BJIEKTPUYecKoe I0JIc KPUCTalia.
OKOJI0 KayKJIOTO YPOBHA YKasaHua rpoeKmus Marnuriioro MOMeHTa Ha HampasJje-
HUE BJIEKTPHUUYCCKOrO TMOJiA.

Ha mepselll B3rJIsAj COBCPUICHHO HEMOHATHO, KaK HJIEKTPHU. MHOJe
BEHICTpANBAeT MAarCHHTHEE MOMCHTHI HMOHOB. Bexb oHO He MoKeT, Kak
MarHUTHOE II0Je, HeIlOCPeACTBEHHO BJAHSThL HA MATHHTHHI MOMeHT He-
crapeHHOr0 3fexTpoHa. [Ipuumea 3TOTO TOHKOrO (U3. SBICGHHUA 3a-
KJII0YaeTcss B TOM, UTO 3JeKTPHY. IIoJde BIHAeT Ha opOUTAIBHOE jBH-
JKeHIe BJICKTPOHA, 4 MarHHTHOE II0Je, CO3JaBaeMoe 9THM OpPGUTAIHHBIM
IBIKEeHHEeM HeCIIapeHHODO 3JIeKTPoHa, B CBOK OUepefb BANAET WIH,
Rak TOBOPAT, B3aUMOeficTBYeT ¢ ero MalHITHHM MOMEHTOM M CIITHOM
(cnubmopbHTAaNIbHOE B3aUMOgelcTBue). B pesyrora-
Te H BOSHUKAeT KOCBEMHOC B3aNMOJHCTBIC DACKTPHY. HOJA KpUcTalIa
¢ MATHHTHLIM MOMEHTOM [apaMaTHNTHOrO WoHA. Bemunia 3Toro
B3AUMOeCTBHA MaJa, TOITOMY Majlo B PAacCTOAHWe MeKLY MarHHT-
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HBLIMI [TOXYPOBHAMHI. Hepejiro 3710 paciiemiieHEHe COOTBETCTBYET pajno-
BOJIHAM.

JIIeRTPHY. [I0Jle He BCer[a MOJHOCTHI PACHICIIAET BCC MalHHTHhe
MoRypoBHY, MarHHTHRE DOAYPOBHU NapaMalHHTHHIX HOHOB, MMEROIIIX
HEYETHOE YHCJ0 HECTIaPeHHBIX 2JeKTPpoHoB (manp., Cr %), ocrarores
JIBYXKPAaTHO BBIPOMKACHHBIMI B Ji0GoM aJexrpud. node. CHATH 3To
BHIPOKJGHAE, T. €. PAcHeNNTh N0 KOHIA BCe MaTHUTHBIE HOLYPOBHH,
MOKHO TOJIbRO ¢ HOMOINBI0 BHCLIHEr0 MarHutHoro mois. OHO cmemaer
¥ PACHICIUIACT KarKABIE N3 MATHITHHX MOAYPOBHEH, 00pas0BaHHKX diek-
TpHY. NodeM Kpucranaa (pic. 8). Paccrosuns MemAy MaTHITHBIMU
TMOJYPOBAAMYU 3aBUCAT B HTOM CAYYAC HE TOJBKO OT BeJHUMHB MalHWT-
HOTO MOJA, HO W OT ero HALPaBAeHHS OTHOCHTENHHO OCH KpPHNCTaJula.
910 upesBHMANHO BaMEO AIA pabotht K. y., T. K., U3MeHAS BelUYHHY
U HAIPaBJIeHHe NOCTOAHHOIO MArHUTHOIO HOJA, MOJKHO U3MEHATh pac-
CTOSAHTIE MERAY YPOBHAMH N, CJeI0BATeABHO, HaCTOTY YCHIHBAGMBIX
pazmoBosH. PaceMoTpim ato ofpofHee Ha puMepe KpucTaiia pyOuHa.

Py6un — s10  oxmesr amomuuua Al,Oy (KopyED) ¢ HeGogbmMOI
IPUMEChI0 IAPAMATHUTHRIX HOHOB Xpoma Cr’ ™, saMellalolUX B Kpu-
craimuy. peilerke yacth woHOB Al. Ha BHyTpenHeil HexocTpoemmHoi
o6onoure noga Cr mMeeTca TPW HeCHAPEHHHIX 3ieKTpoHa. Pesyintu-
PYIOIMIHI MATHATHRI MOMeHT HOHA PaBeH YTPOeHHOMY MarHHTHOMY MoO-
MeHTY 9JERTpOHA,

Fnepeusd

Maenumnoe
0 8 none H

Puc. 9. 3asucuMocrh teprid nopa Cr B pyGude o1 BHEUIHero f0CTOAHHOTO

MarHMTHOIO 1MOJA 1UPH TPeX OPMCITAIMAX YTOro TONA OTHOCHTEIABHO OCH Kpiu-

craia. § — YroJ Mewpy HanpaBienueM MaprfuTiHoro oA B Kpuctamiorpapny,

ocpio. CrpearaMi yrasaabt pamboscee ad@eKTuBRble PEHIUMMBL HCIONLIOBATUA
pyOusia 8 KBAHTOBBIX YCWTHTEAAX (UM. HIIKC).

B suerTpid, noje KpueTasga pyOnHa HivRHII (OCHOBHOI) ypoBeHb
nona Cri+" pacmenmsiercss Ha fBa GIN3KO PACIIONOMEHHHIX MATHATHLIX
moxyporusa (puc. 8). OHM oTIMYaIOTCH Pyl OT ApPyra TOJBKO HaIpas-
JedueM, a 3HadnT, abc. BEAMIUHOM ITPOEKIWU Mard. MOMEHTa Ha 0OChb
xpucrasmra. Kamaeli wa 317X ypoBHell ocTaercA ABYKPATHO BHPOMK/IEH-
meM  (221/2; ©=3/2). Buoemrmee MarmmrHOe IoJle H3MeHseT BHEpIuUn
BTUX YPOBReH N pacuiemiIsier RaKJHH N3 HUX Ha ABA IIOJAYPOBHA,
OTMHYAIONINXCSA 3IHAKOM MPOCKIHHY MATHUTHOIO MOMEHTa H4a 0Ch Kph-
crajma. T. 0., B pesyisTaTe OZHOBPEMEHHOTO MAEHCTBHA BIERTPUU.
moas pyGuHa ¥ BHeUIHero MarfuTHOTO MoJs 0GpasyioTea 4 PasinyHbiX
MAYHUTHBIX HOAYyPOBHA. PaccTofHHH MeRAy HEMM, T. €. YacToTa He-
pexonia Vv, MpoLUOPHHGHANBLHL BeNHYNHe MATHATHOTO HoXA (puc. 9, a).
Eenn uvoda #e mapallifentbupl, & COCTABIAWT JAPYr ¢ JIPYyroM yroa ©,
TO 3aBUCHUMOCTL OT MATHMTHOTO mojsi Goliee cioHa (puc. 9, 6, ).
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Bodbisoe pasnoofpasHe AHAMALIHITHBIX KPHCTALIOB 11 MApaMalHUT-
HbIX 1TOHOB, K-ph€ B HUX MOMKHO BBOJITL, & TAKAKe BO2MOMKHOCTD YIIPaB-
JIATH HOJOMREHHeM »HepTeTHY. YpOBHell ¢ IOMOWIRI) BHENITETO Mar-
HOTHOT'O TOJIsi UO3BOAAIOT CO3/laTh AKTHUBHEE BemlectBa s K. y.
Bo BceM juanazome CBY — oT pmenuMeTpoBHX /10 MUJIHMETPOBBIX
paguoposH. [lpaBma, B JaldbHe{leM Mbl YBUANHM, 9TO 3TH BO3MOK-
HOCTH CHJIBHO CY/HAIOTCH H3-3a psaAfa TpeboBaHUII K HOHAM H KpHCTAJ-
JlaM, CBSI3AHITBIX ¢ METOMAMH OCYIeCTBIeHUs HHRePCHH HAaCEeNeHHOCTEl.

Haraura. [locse Toro Kak Mt paceMOTpedy [epBYIO npobiaemy,
BosHHKIYH npit cosparnu K. y., — Beop pafodero Bemectsa, I10-
CMOTPHM, RaKk Oblla pelleHa BTopas mpofiieMa — IpeBpanieHiHe Imapa-
MATHHTHOIO KPHCTAJIa B AKTHBHOE BeILeCTBO, 00JIajiafoniee YCUIIBA-
MMy ¢cBoicTBamil. QA 3TOro HYKHO OCYHIECTBUTH HHBEPCHIO Hace-
NEHHOCTH MAarHUTHBIX TOAYPOBHEH, UTO HABIHCICS TPYKHOU sajadeil.

B 1epBeIX KBaHTOBBIX YCTpOHCTBAX — KBAHTOBBIX TeHeparopax Ha
OyuYRax MOJIEKYJ I aTOMOB — NHBCPCUSA HaceReHHOCTell jocTurarach
IPOCTPAHCTBENHOH COPTHPOBKOH HaCTHIL 1O BHCPIMAM N y/aJeHuneM
HeBO3OYHIEHHBIX YacTHI. Blarojapa 3ToMy B pesoHaTop HoIIafaer
OYYOK, cojlepyKaninii B OCHOBHOM BO30Y)K/leHIbE YacTUIl, T. ¢. aKTHB-
HOE BemecTBO (cM. Heanmoseve cmandapmu wacmomer, Keanmosas aaer-
mponuka). OCYMECTBUTh TaKyH COPTHPOBKY B TBEPAOM Teje HEIb3s.
IlosroMy ¢m3WUKaM MPUILIOCh HCKATL Ap. IYTH CO3TAHOS UHBEPCHU
HaceJeHHocTell. [lepel TeM Kak IepedTH K ONUCAHWI) BO3MOYKHLIX
MeTO0B, CJefyer HoApoGHee PACCMOTPETh, Kak HACENEHBl pasjinvHbE
YPOBHM NaPaMACHUTHBIX HOHOB B OOBIYHOM BelecTBe.

Ipu oTCyTCTBWH BHEHIHHX BO3JAelICTBHH MeRIY COBOKYIIHOCTHIO
MAPAMarHUTHBIX MOHOB M KDHCTAIAUY. pPeEIIeTROW yCTAHABANBAETCS
MOJABWKHOG TEH N OBOE PaBHOBECHe JT0 03HAYAeT, YT0 TOX
melicTBHEM TETIOBHIX KoJeGaHWil 4actwi, 06pasyiomyx KpHCTAJII.
peleTKy, IapaMarHATHbIE HOHH MOI'YT U3MEHSTH CBOK HHEPTHIO,
B HACTHOCTH MEpEeXo/IuTh ¢ OJHOT0 MArHHUTHOTO INOAYPOBHA Ha APYTOH,
T. €. M3MEeHATb OPUEHTALUI0 MATHHTHOTO MOMEHTA B IIPOCTPAHCTBE.
Irn Gesp3rydaTeNbHbe NEPEeXOfbl HA3. peJda Kea i Mo HHB MU
Ecau npn 3ToM MoH HepeXOAHWT Ha MATHATHHI HOXYPOBEHDL ¢ MEHBIINEH
pHeprueil, To YacTh ero SHepTHH IIPeBPAINAETCS B DHEPIUI0 TEHIOBHIX
kodebanuit pemerku. BosMomen H o0parTHHI peJarcallioHEHA Tiepe-
X0, TIPH K-POM HHEPrHd NaPaMaTHUTHOTO HOHA YBEJWYHBAGTCA 3a
cYeT DHEPTUH TENJIOBBIX KOJeOAHWIH pernerky.

B cocToAENN TENIOBOrO PaBHOBECHA CHCTeMB TAPAMATHHTHEIX HOHOB
W KPHCTANIHY. PenteTRH MeMAy MarHUTHHIME OOAYPOBHAMH OCTOSHHO
NPONCXOJAT peJaKCAIHOHHBIe IepexXoibl, IPHYEeM YUCHO TepexooB
«BBepX» pPAaBHO YHCIAY UepexojoB «BHH3». Ho T. K. aiobasg cuerema
CTpeMHUTCA MepeiiTH B COCTOAHHE ¢ MIHHMAJXbHON sHepruel, To B
COCTOAAHNH TeIJIOBOIO DABHOBECHA HIDKHUH ypoBeHb BCerjga OKashi-
BaercA Ooliee HACeJeHHBIM, YeM BePXHiril.

KommdecTBeHHO 3aBHCHMOCTL HACENEHHOCTH K.-J. ypoBHA N oT ero
SHEPIHM ¢ OMNCHBAETCH paclipefesneHineM BoabIMana, COTIACHO K-POMY
HacelleHHOCTH N, a clefoBaTedbHO, H PAs3HOCTH HaceleHHocTell AN
JIBYX ypoBHe# amxeeTo N, H BepxHero Ny IIPH TEIJI0BOM PaBHOBECUN
O/lHO3HAYHO CBf3aHE ¢ TeMI-poif Rpucrania 7. Uem mmme T, rtem
Gonpme paBHOBeCHAaA PAa3HOCTH HaCeNEeHHOCTEN
nas ooboit mapst yposHer AN = Ny — Ny

3 crasamHOTO cnejlyer, UTo JUIsL OCYLIECTBJIEHHsA HHBEPCHH Ha-
CEeJEHHOCTH YpOoBHEH HeoOXOANMO KaKHUM-HHUOYHbL 00pasoM cHAbHO Ha-
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PYIUHTD TellIOBOe PABHOBECHE MEAKAY MaPaMAarHHTHBIME HOHAMH ¥ KpH-
craaany. peme:muﬁ Tar, 4T0fbl YBEAIUNTH YHCHO IlOHOB, HAXOAAMUIXCA
Ha OFHOM I3 GoJiee «BRICOKAX» MALHITTHLIX HOAYPoBHell, H YMEHBINHTHL
YHCJHO WOHOB, 3aHNMMAawmux Oodee «HI3KAHY MalHUTHBIH HOINYPOBEHSH,
Hallp. VBOIHYNTHL YHCJIO HOHOB, MAUHHTHA MOMENT R-PBIX HaIpaBICH
«IfPOTABY MATHOTHOTO HOJA, H YMCHBIIATH UNCHAO HOHOB, MaCHUTHBIH
MOMEHT L-PHIX HANPABACH «I0» IL0JIIO.

Tenaosoe paBHOBecIie Me;KAY HOHAMIL I PEIICTKOM MOMKHO HAPYIIUTH
CHJIBHBIM BHEIIHNM BoO3jeHcTBieM. OGBIYHO It HTOr0 KPHCTANN, Ha-
xoasmmiicst B MATHHTHOM HOJC, 00IY4aI0T BCIIOMOTATENBHHKM JICKTPO-
MACHHTHBIM M3JYYCHHEM, HAa3. HaKaukoil.

3. YcerpoiieTBo mapaMarHuTHBIX yemauTeneit

JIByxypopHeBbIH yemianrens. PaccMorpuM mofpofHee, KaKk HaKadka
CO3/IaeT MHBEPCHI0 HACEGNEHHOCTH IIPW Haagduu ABYX ypoBHeil. Hakau-
Ka IpPeACTaBIAET c0G0il MOINHOe BJIeKTPOMArHUTHOG H3JAYYeHHe, 4acTo-
Ta K-POro COBIAJACT ¢ 9aCTOTOH HHTEPeCYOIero Hac (padouero) nepexo-
ga. T, ®. 0 HaKAYKH HACEIEHHOCTHb HIKHEro yposHsa N, Gouta Gonbibe,
9eM BepXHero Ny, T0 B IepBHIl MOMEHT IIOCjle BKIUYEHHS MONIHOH Ha-
KAuKM TOINIOMEeHUe KBAHTOB HAKAYKH MpeobiafaeT HAJ MX BHIHYMRICH-
HBIM HCITYCRAHEM.

ManMA croBaMHu, BHOY)KACHHBIE Mepexofbl «BBepx» mpeobaagaior
HA/| BHHYKICHHEIMI TCPeX0jlaMi «BHI3», T. €, KPHCTanLA Gyger morio-
MATH 3HEPINI0 HaKauyki. B pesyabTare HACEIeHHOCTH HIDKHEro ypoBHSA
Ny yMeHbIIuTCA, a BepxHero N, Bospacter. EciaH BoBpeMsi mpekpa-
THTh HAKAYKY (CM. HIDKE), TO TIEPeXOj OKayKeTcA HHBEepPTUD O -
Ba HHB M — KOJINICCTBO HOHOE HAa BepXHEM YPOBHE ORAIKETCH
60mpIEM, uyeM Ha HIDKHeM. TakoH («HAKAUEHHBIDY KPHUCTAII MOKET
6biTb HCHOAB3OBAH [IA YCHACHHA 3JIEKTPOMATHUTHBLIX BOJH, 4acTOTa
K-PHX DaBHA 9acToTe WHBCPTMPOBAHHOIO TepPexopa.

OpHaKO B Ipolecce YCHJIEHHH, T. €. IIPH KaKAOM aKTe BBIHY/K/IEH-
HOTO HNCHYCRAHHsI, YOHBI NEPeXoJAT ¢ BepPXHET0 YPOBHA Ha HIDKHUIL
IosToMy co3jfaHHAS HAKAYKOH M HBEepCHAasf pasHOCTH Ha-
ceJdlemHOCTEeH, a BMecTe ¢ Heil M yculieHHe YMEHBIDAOTCA 1 I0O-
CTelleHHO He4e3alor. Jlajee HeoOXOUUM HOBHIL Muwa Harauku. T. o.,
B cHeTeMe, MMelell TONBKO JBa YPOBHA 3HEPI'UN, HeJb3A NOJYINTH
MOCTOARHYI0 BO BpeMeHH HHBEPCHYI0 pPas3HOCTh HACeXeHHOCTeH, a cie-
JIOBATeIbHO, W HOCTOSIHHOE yenileHHe. B Taxkux cHereMax Heo0XoJnMo
YepeloBaTh HAKAURY, NePeBOASHIYI0 HOHE B BO30YIeHIOe COCTOAHNE,
u yemrenne. CoBMeCTUTh BO BpeMeHH 00a Ipolecca Henb3st, T. K. Ha-
KaumBaioluiee H3NyYcHHEe [AOJIKHO HMeThb Ty iKe 9aCTOTy, UTO H YCHIH-
BaeMBIH cHTHaM,

Onncanmblii MexXaHii3aM HaKaukn B [JBYXYPOBHEBOM YyCHUIHTede
B JleACTRUTEIHLHOCTH TOPA3/0 cI0:KHee. Jlejo B TOM, YTO MOHBL HE MOLYT
B3auMOefiCTBOBATh ¢ HaKaukoil Kax CBOGO[HBIE YACTHI(R, K-DHIX Ha-
Kauyka «3abpachiBaeT BBepX», B mapaMarHHTHHX KPHCTANIAX H3OLITOY-
HEle BHHYMKIEHHBE TepeXofsl «BBePX», NPHBOJAANIHE K HHBEDCHH
HaceNeHHOCTell, HCMPEPHBHO ROMIIEHCHPYIOTCA (e3LI3ayIaTeIbHEIMA Pe-~
JAKCAUMOHHKMI [ePeXOMaMi «BHU3» ¥ OOMEHOM 3HEPTHeid MeR[(y ca-
MIMH MOHAMM, JTH IPOIECCH CTPEMATCS BOCCTAHOBHUTH TEILIOBOE PABHO-
BecHe cucrteMsl (cM. [Tapamasnumuas perarcayus). llosTomy, eciu
MOIIHOCTh HAKAURH Maja ¥ HY/KHBE HaM BLIHY/JSHHHEC [Iepexonbl
«BBEPX» MPOHCXOLAT peaxo (B YACTHOCTH, perke, 4eM pelaKCalioHHbe
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mepexofsl), TO HAKAYKa He CMOKET JOCTATOAHG CHJILHO HapyIIHTh
TEIIOBOE paBHOBECHe CHCTeMH if He NPHBELET K HHBEPCUiIl HaceJeHHO-
cTeit.

Toasko OpU A0CTATOYHO MONHON Hakaywe, KOIJAa BBIHY/KACHHDbLE
Mepexobl «BBEPX» HPOUCXOJAT ualle, YCM DelarkCalBiOHHbIe 1Iepexojibl
H 0o0MeH HEPruell MeRAy HOHAMH, MOMKHO CYHTaTh, ITO B TMEPBHIIT
MOMENT UOCIe BHKIIOYEHIA HAKAYKH RKayIbli HOH B3aUMOJCHCTBYCT
¢ HARAYKoIl caM 110 cebe He3aBHCIMO OT pPEHIeTKH H AP. HoHoB. B aTOoM
clydyae [IPAKTHYCCKM Bce HOHLI, HAXOJUBIIMECA HA HIKHEM YpOBHe,
COBEpIIAIOT BRIHY;RIEHHBIH TiepeXoJ «BBCPX». AHAJNOINYHO IIOHRL, HAa-
XOJINBIMIECH HA BepXHEM YPOBHE, COBEPLIAIOT IIPH HTOM IIEPEX O, «BHU3N.
WuBepiupoBalHas pasHOCTh HACCHEHHOCTEH, IojyvyaeMas B pesyJbTaTe
a70r0, OYAET LOYTH paBHa IO BeJiMYpHE W 00paTHA 110 3HARY paBHO-
BeCHOI pasmocTn HaceleHHOocTeH (puc. 10). B nanpHeiimmeMm, ecin mei-
cTBHe HAKAaYKU He IpeKpallaercs, OHA 3acTapiasier KOUKIYI0 4acTHIY
MOCJe/I0BATCABHO HepexXoJHUTh ¢ OJHOI0 YPOBHA Ha JPYrofl u ofparHo.
TlosToMy pasHOCTH HAceleHHOCTEH ypoBHENl MeHseTcd NHepUORMUYecKU,
NPOXOAsT depes HyJb.

Paszrocms Ne—N
- B H
HCCEIeHHOCMe

Haubonwwar ungepcua
ANy=(Ng - Ny)

ANp=(N,—Hy) C—————— e TS T

Puc. 10. ViaMenenue paspoCTH HaceJdeHHOCTH AN IBYX MariuTHHX MONYPOBHEHR
nocjae BHIJOUYEHNS CUJIBHOA HaKadKW, ANp —- Da3HOCTb HACEJIeHHOCTEH TIipu

TEIJIOBOM pAaBHOBECHM. B MoMenT i; IOCTUraeTcsa MHBEpCuad DPAa3sHOCTb HaceseH-
HOCTei AN”. Ecnu B 8TOT MOMEHT BBIKITIOUNTE 1aKA4Ky, TO PasHOCTH HaCeJeH-

Hocrell ocraercA MMBEPTHPOBAHHOH, HO peJIAKCALMONHEIC IPOIecehl TI0CTEHeHHO

JIMKBIAMPYIOT MHBEPCUIO U BEPHYT CUCTEMY K DABHOBECHOMY COCTOSHUIO (IIYHK-

Tup). Ipu AAnTernbHOM NeHCTrBNN HaKauyKd MULBepCHA IepuoRuYecKy BOBHUKAET

¥ ucue3aer, HO pa3HOCTh HacexepHocTell Bce OOJIBLIC CTPEMHTCA K HYIIO —
MPONCXOOUT HACHICHIE,

OpHaro ecaH HPOJOJIKATE HAKAUKRY ANNTENHHO, TO aMILIATYna KOJe-
fanmii pasHOCTH HaceleHHOCTell AN mocremeAHo ywmeHpmmTes fo 0
W3-3a eHCTBHA pPeNaKcalloHEHX OpoueccoB. Ilepuoy kouebammii sa-
BMCHT 0T MOLYHOCTH HAKAUKW, a BPEMA 3aTyXaHuA ONpeAelsercss Bpe-
MeHeM IapaMarHUTHON pelarRcalllii M B3auMOJIeHCTBUCM WMOHOB JAPYT
¢ ApyroM, T. €. KOHIGHTpanuell mapamMarHEATHHIX HOHOB.

Hragr, paunteibHoe neilcTBHE MOMIHON HaKAuRI He JaeT HHBEPCHIL.
OHO DPUBOAMUT JUNIb K BHIPABHUBAHUIO HaceleHHOCTell ypoBHeid Ny =
= Ny WiH, K4K TOBOPAT, K HACHIIEeHUIO Hepexojpa (cM. Hacvwiyenus
aiferm). VI3 Bcero CKAasaHHOTO CJIELYeT, 4TO /I NOJVICHUA HAHOOIR-
HIero ycuJIeHWs cJejyer BHEKINOUYATE HAaKayKy B MOMeHT £, Korja
nEBepeud MakcnManpHa (puc. 10). Taroll KOPOTRUA HMIOYIBC HAKAURN,
MEHSOIINNA pasHOCTh HACENeHHOCTCH YpoBHeH HA o0paTHyo, Ha3.
180°M BMIDYyabcoM HoBBT HHBEPTUDYIOMII HMIYILC MOMKET
GEITh BRJIIOWEH TOJBKO 110CHe TOTO, KAK CHCTEMA UOHOB CHOBA HpPHEET
B COCTOSHHE TeILIOBOTO PABHOBeCHSI C peIeTROH, Ha 4To 'rpebyercA
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BpeMd, IpeBLIINAIONEC BpeMa HapaMarHUTHoU peaancaunn. Ha srtom
3aRaHIUBAETCA TOJHB NuKa padoTsl ABYyxXyposHeBoro yeuauteas. [Ipu
3TOM OKa3bIBAETCH, YTO MPOAOIKUTEIBHOCTL MPOHEecca YCHJIeHUA B Ta-
?OM ycn.)nmene COCTABAAET MAJNYI0 JI0JI0 IOJHOrO LuKJIa ero padorsi
pue. 11},

AN= NN
AN,

Bpema

Paswocme nacesewnocmeu

P
2 2

(o

Puc. 11. MaMencune BO BpPEMEHU PASHOCTH HACENCHHOCTEH MAPHWUTHBIX 1107~

ypobiell 8 paboueM Benjecirse HMIYILCHOTO IBYXYPOBHEBOI'O YCUJWTCHA. I —

neitersie MHBepTHpYOwero 180°-Hore uMOyabca HarKadKH; 2 — IPOHECC yeu-
Jenusa; 3 — BOCCTAHOBJICHNE TEINIOBOTO PABHOBECUS C DEIIETHOMN.

JIBYXypoBHeBHEe YCHIWTeNH He HANWIW INUPOKOTO HPUMEHEeHIA.
IIpi¥uHA — CHOKHOCTD UMIIYJILCHON HAKAYKHA U HCIOCTOAHCTBO KOS,
yeusenus Bo Bpemerm. Jas GONBUIMHCTBA He HpUMeHeHUI HeoGXOMuM
HeTPePHIBHBIH DKM YCHIeHNA.

Tpexyposresbiif yeuaureas. HauGosee sPPeKTHBHHM M yH0OHAM
JUIsi KBAHTOBOTO YCWICHHS OKa3ajJcsl MeTOJ IOJYYeHHS HHBepPCHH
B CIICTEME ¢ TpeMs YPOBHAMY dHepTuu, mpeanoskennnil H. I'. Bacosnim
u A. M. HpoxopossM. Yacraus, o6Iajaoume TpeMs MATHHTHBIMHI
TOAYPOBHAMHE, II0IBEPralOTCA BO3/IEHCTBHIO CHJIDHON HAKAYKH, YaCTOTA
K-POil COOTBETCTBYET Nepexofy MesIy CaMbiM HIDKHUM H3 HUX &,
W caMBIM BepXHUM &5 (puc. 12). Yepes HeR-poe Bpems, 3HAUITENbHO

&3
Puc. 12. B cucreme € TpeMd YpOBHAME SHEPIUY MOMKHO
HOJIYYUTh HUBEPCUIO, HACHILAA HAKAYKON Iepexon Memmay
yposuaMz &; ¥ &,. Ha onpoM n3 nepexopos &; — &, wim
€& &, — &, ofpasyercA MHBEpPCHA HACCJEHHOCTEN.

W

4

mpeBocxojsiliee  BpeMA HapaMarHUTHOR pelaKcaluy, HACEACHHOCTI
yposueit &, m &, cpasmmovea, N = N, HacedemHocTb cpefHero
YpOBHA (5 IPH 3TOM BOBCe He os3ama ObITH pAaBEON HACEICHEOCTN
yposusi N; == N,. BoXee TOro, eCin HaCceIEHHOCTb IPOMENKYTOYHOTO
yposua N, oTmiuHA OT HaceJeHHOCTel ypoBHeil &) H ¢, K-phie 3ace-
NeHb OJMHAKOBO, TO OJITH U3 NEPeXouos &'y — G, n 64 — ¢, obasa-
TeALHO ORaKeTCA NHBEPTHPOBAKHBIM. 1loCMOTDHM, K-Dhiil W3 HEX.
Memay HepexofaMi &y — 69 H (g — 1 HPOHCXOMUT CROETO PO
copepHoBaume. ToOT Mepexol, K-pHIl HAXOJUTCA B JIVYIEM (KOHTAKTe»
¢ pemieTKol, T. e. TJie 4alie IPOUCXORAT DeAAKCANHOHHEE NEePeXOoilbi
U AN K-pOTO MeHbl¢ BpeMs pejiiaKcauui ¢, OYAer uMeTh MeHbIlee
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OTHJIOHEHIHe OT PaBHOBecHOH pasHOCTH HaceldeHHOocTeil. Hupepeis obpa-
3yercs Ha mepexofe ¢ GOABIIIM BpeMeHeM mapaMaTHHTHON peakcallun
U ¢ MeHbIled 4acTOToW Hepexopa (puc. 13).

N
o
g
S
I I~
s 2 g
= Q ~ 3 -;(—T-
&~ -~ N~e
Puc. 13. Pacnpepesieuune HacemenHu- S ~—
crefi B cucreMe ¢ TpeMs ypoBnsmm: = -
a — Tpu TEeIJIOBOM paBHOBECUU CH-
cTeMBl WOHOB € pelueTKoll; 6 — 1pn — - I3
HApYMIEHNM TEIJIOBOTO  DPARHOBECHA & &y &,
HAKa4YKOM: IIepexol MeK Iy YPOBHAMU N
&; 1 &, HACHILEH MOIIHONW HAKa4KOH;
Ha Hepexone €; — &, obpasyercA HH- Mo 2 P
BepCHsa HACENIEHHOCTCH. #usepcun LI~ 3 - r
~I N~e KT
-~
Haraura —~—

” : 3
&€, & 6 Jnepeun ypogred

Parnosecuyio ANp, a CNeOBATENLHO, U UHBEPTHPOBAHHYIO ANy
Pa3sHOCTh HACEJEHHOCTEH MOMKHO yBeJHUYUTH, HOHIKAsS abc. TeMI-py
KpucTrajia. [ToHm:KeHNe TeMI-pbl, KpOMe TOI0, O4eHb CHJALHO YBEIH-
quBaeT BpeMA IaPaMariMTHON DPeJIaKcaI(iy, TeM CaMbIM CHIGKAS MOMI-
HOCTh HAKAUKH, HeoOXOMIMOH Aks HachimeHus nepexopa & — &y
IToaToMy AOCTATOYHYIO AJAA cO3[aHns dOPERTHBHBIX YCIIJIH”IOHQI/I HH-
BEPCHYI0 PasHOCTh HaceldeHHocTeH AN, ymaercA MOJYYHTE TOJABKO NpH
rayGokoM oxnamaennn Rpucrasiza. OOwuro K. y. paboraor npu
TeMm-pax 4,2 — 1,5 K, 1. e. Bpm TeMi-pax KHAROTO rejud. Jumb
Hex-peleé KOHCTPYKIMM MOTYT paGotath npu TeMm-pax 77 K (remn-pa
KUAKOTO a’30oTa) U faske fo 190 K (reMi-pa TBepiolt OKUcH yriaepopa),
HO oHM MeHee 3(QeKTUBHEL.

Jlus napaMaTHATHHX HOHOB, HMeION(UX 0ojiee ueM TPH MaTHATHBIX
MOLYPOBHs, TaK/kKe MOMHO IOIYINTE HHBEPCHIO HaceJeHHOCTEN Ha
OTHOM u3 TMepexof0B, NojaBasd HAKAadKy Ha 4YacToTe [p. Iepexopa.
Ilpn aroM He 00#3aTENbHO JOMKHBL HENOCPENCTBEHHO 3aTpaTUBATBCH
Bce yposuN. Hew-phe ypoBHH 3Heprud MOTYT He yuacTBuBaTh B obpa-
30BAHUN II€PEX0Z0B, Ha K-pHe MOAAercs HaKadKka HIN Ha K-PBIX OCY-
miecTBAgETCH ycuieHne. Ho Bce HacesdeHHBIe YpPOBHO B TOl WIN WHOIH
cTelleHn BINHIOT HA WHBEPCHI0 HACCJIEHHOCTeH, T. K. OHH YYacTBYIOT
B peIaKcalluOHHRX UpPONeccax.

B mepBbIX TPeXypPOBHEBHX YCUIUTEASAX NCIOJIbL3OBAINCH KPHCTAJIIBL
sruancyxbdara naumtaua [La (CHS0,);-9H,0] ¢ wpu-
MechI0 TapaMaTHUTHEIX HOHOB rafOANHAA H IePHsA, a TaK:Ke KPUCTANJIH
rexcanMagna KaJusdg— KobaabTa [I\3C0 (CN)gl ¢ mpumecnio umonos Cr.
BuocaegcrBun ¢rano sicHO, YTO PYOMH KaK aKTHBHOE BeIECTBO A

y. TO BCeM OCHOBEBIM cBolicTBaM HaMHOFO HPeBOCXOJUT 3TH Be-
mecrBa. IMourn Bce cymecrsyomue K. y. jenuMerpoBoro W CaHTH-
MeTpPOBOro [HanasoHa M3rOTOBJEHH ¢ IPUMeHEHHeM PyGHHA.

HauGonee sddexTupHbe peRHMBI HCNOAb30BaHAA pyOmna B K. y.
yRaza®sl Ha puc. 9, 6 u s crpenrami. CUMMeTPUYHOE DPACHOIOKEHWE
MarHOTHEX yposHe#l Cr mpm opHeHTanl MaTHHUTHOTO IIOJA LOJ YIVIOM
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= 54,7° K 0CH KpHUCTANJA [EIACT BO3MOKHBIM HCIIOCPEICTBEHHOG
ucnoabdogaﬁm BCEX YeTEIPeX y popseil. JledcTBHTENBHO, YACTOTHL e~
pexopoB ¢ — &'y u &y — &, COBNANAIOT [(151 BCX 3HAYCHMN DOCTOMH-
HOTO MaTHHTHOTO Noks. Ecan o™i Depexojis HacHmaTh HaKauKoi,
TO OFUHH N3 OCTAMLHEIX YeTHPEX MePeX0fl0B (g — By 81— Ey, 85— é4
wi &, — &, OOHJ&TGJIBHO ORAKETCH HHBePTHPOBAHHBLIM. QOBIYAO 3TO
ObIBAET HEPEXON o — €3

Kpuerana pybuma B MarEuTHOM IoJle, OPHEHTIPOBAHHOM IO
yriom @ = 94,7° K ocH Kpycradda, NIJPoOKO IIpumMeHsdercsa AAsd you-
JeHTs B AHATA30He JUINH BOJIH ~ 3—5 en. [AA BOXH ¢ A>D cm MOIKHO
pafortarh OpH PasHYHLEIX OPHEHTALSX MATHUTHOTO HOJA OTHOCHTEILHO
ocu Kpuctaniga. OcobGeHHO BHIAEIAIOTCS [ABa pekuMa npu @ = 90°
(puc. 9, 6). OpuE w3 HUX peayusyercs B clHadoM MaCHUTHOM [Hofde.
Hpu PTOM HARAUKA HACHINACT IWPAKTIUCCRI COBMAMAIONIIE MEPeXOLH
& — &y n g — &4 YealleHne NpoUCXORHT Ha nepexoue &y — B4

HauGonbuiast WMHBEpCHsI [OCTHrAGTCA HA HEPEX0le 6 — 62, ecau
HaKagka NPOH:BOJNTCA HA UacTOTe HEPexoia &y — &3 man &) — &y
Ho yposun &, u @2 B ciabmX MATHHTHPIX TONAX PACWEINIAIOTCA 0YeHb
ciabo, modtomy mHeoGXopmMEl Gonxbuine MarmuTuble mossa. TpypmocTw,
CBARAHHBIE C 9THM, BCe K€ OKYUAOTCA CYHIECTBEHHBIM YBeIHMYCHUCM
WHBEPCUN HACeNeHHOCTeH N CBABAHHEBIM ¢ 9THM YJyUlleHHeM IrapaMer-
pos H. y.

C yBenmmyeHHeM 9acTOTH (YMEHBLUCHHEM JJAHB BOJHSI) yCHIHBae-
MOT0 CMTHAJa HOPUXOMUTCA YBEJWIWBATH IOCTOsIHHOE MATHHTHOE IOIe
(puc. 9). Bee ske HepocTaToTHO GOJIBITOE PACIIEIICHIE YPOBIEH HoJeM
KpHCTAlIa He MO3BOJAET WPUMEHSTL PYOUH JJA YCUNEHHS BOAH C
A<l em. YiEe HCCHEHOBANO MHOLO IApP. MATepPMaNOB, IIPHIOJHBIX IJIsi
K. y. MuummMeTporsIX BosH, Hamwp. usymMpyn [BesAl, (8iO,)e], pyrma
(TiO,) m BoandpamaTsl MaTHusH, DFHKA T Kapamua (MgWO,, ZnWO,
u CdWO,) ¢ mpumecsaMu TpexXBaJeHTHHX HOHOB XpoMa W jKexesa.

3 BCero OTpoMHEOIO PasHooGpa3us KPUCTAINOB M HapPaMalHUTHBIX
NOIOB JIMITHG HEMHOI'HE COYeTaHmsA OKa3ajuch npurofumMu pxs K. y.
910 06yCHAOBIEHO KECTKAME TPeGOBAHHAMY, HPeTbABIAEMEMH K Kpi-
cramiaam: 1) meoGxogumo, 41066l HOMH HMenu 6oJee YeM JBA MarHUTHBIX
NOAYPOBHA; 2) YHCJIO YPOBHeH He [JOJ/KHO OBITh CIMHIKOM GOILUIHM,
uHAYe HACETeHHOCTH YPOBHeI, Hemocpe/CTBeHHO YUaCTBYIOMMX B o0pa-
30BaHpH pabodero mepexosa, ORAMKYTCH CAMNIKOM MaJBIMA U HE YAACTCS
OONYYUTh [OCTATOYHO OO0NBIION WHBEPCHOM PasHOCTH HACEJeHHOCTeil,
T. ¢. GombmioTO ycmiaeHus; 3) AAPO MAPAMATHHTHOTO HOHA He JOIGKHO
HMETh COBCTBEHHOLO MArHMTHOFO MOMCHTA; B3anMOJelcTBue MarHUT-
HOTO0 MOMEHTA APA HOHA ¢ MATHUTHBIM MOMEHTOM HeCTapeHHOTO BJeK-
TPOHA IPHBOAUT K AOHONHUTEIHHOMY PACINENIEHHI0 MaTHUTHEIX MO~
YpOBHel; 4) He)KeIaTeAbHM TaKA&e CAyYau, KOTAR NOapaMAarHUTHbIE
HOHEL 33HUMAIOT B KPHCTANINWY. penteTke HEOHMHAKOBHE MOJOYKeHUst
W UMET PAa3dIMYHEIC SHePreTHY. CHEKTPHE; D) HapaMarHWTHAs peilaK-
calyA KOJGKHA OPOHCXOANTD TOCTATOMHO MEIJMEHHO, 4T00bl MOKHO GBLIO
OrpPaHNYUBATLCH HEGOJBIION MOIIHOCTHI0 HAKAYKH M, CJEOBATENRHO,
HeGOIBIIUM PACcXO[OM JRHJKOI0 relnf JJIA OXJAACHUA.

Kosdgdunuent yemrenmss napamMaranTanix yvemanrened. Opnopeszo-
paroprbiii yeuwinreas., Jrax, npamnun paborsl . y. CBOIHTCH K TOMY.
4T0 yeuiansaeMad HIAeKTPOMATHUTHAA BOJHA, PACHPOCTPABIACH B aK-
THBHOM [apaMaTHATHOM KPHCTAJie, BHBEBAGT B HeM BEIRY/HIAeHHOE
UCIYCKAHUe KBAHTOB H3JLYYeHIA, LOMHOCTHIO COBIAJAIONIHNX 110 YACTOTe,
dase 4 HAOPABICHHOCTH C KBAHTAMH BHIHY/KIIWHIEr0 H3JIyucHHH.
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JTo u cosgaer yciuleHue HepsBudHoll Boauasl. Ecrecrsenmo, 410 ueM
Goabie pasMephl KPUCTANIa, TeM O0JbINe BLIHYRICHHBIX HepeXop0B
OpOU3OHeT Ha WIYTH BOMHHL, T. €. TeM Ooabiue ycllemste. [Ipu srom
HapactTaHHe aMIIHTY/Bl 9Te KTPOMATHUTHON BOJAHLL £ 1IPI IPOXOMIeHHIN
4epes KPUCTANIT TPOHCXOINT O 3aROHY!

o= e™t . (3)

3inech Ey — aMmanryjga sxogsauieil sBodsn (e = 2,7 — OCHOBamie
HAaTYPAJbHBIX Jorapu@mon), z — IOyTh, W-PHI BOJHA HpoNLIa B KpH-
craine. Beanynpa o, XaparTepU3yOUIas YCUINTEIbHHE CBolicTBa
rpucramia, Haz. Ko»¢$P. KBAHTOBOTO YycuJEHNH:L
UHCASHHO o — BEJAWIITHA, o0PatHas pPACCTOSHMIO, K-poe HEODXOANMO
poitrn Bodme, 4ro0bl ee aMILILTY/IA BHIPOCHA B ¢ pas. [Hooromy roadd.
KBAHTOBOTO YCHWICHIst MMeeT pas3MepHocTh cal. Benmumaa o TteM
Goxbule, yeM GoJblile MHBEPCHAS PasHOCThH HACENEHHOCTEN MalHHTHBIX
Mo ypoBHeil MapaMaTHATHOTO WoHa AN —= N, — N, u 4eMm damie 1po-
HCXO/AAT BEIHYK/@HHBIE [IePeXOAl MerKAY MHBepPTHPOBAHHBIMH NOKYPOB-
HAMH, COOTBETCTBYILNE YaCTOTE YCILITIBAEMOTO CUTHANA. Y CHIEHHe yBe-
JUYUBAETCSA ¢ POCTOM KOUUEHTPALME llapaMalHUTHBIX HOHOB B KpH-
cTajie M ¢ yMeHblIeHIIeM IMAPHHK CcHeKkTpadbHol Juumu Av. Ymaercs
MOJMYYUTL AKTHBHBIE KPHCTAMIL ¢ oo = 310 Z.A~ IIpm aroM yBenude-
Hie aMiatyasr Boausl B 10 pas Tpebyer paccrosuuii ~ 100 A. Hamp.,
st A = 3 exm (pybun) paccrosuns ~ 3 x. OMHAKO KPUCTAIIR TaKHX
pa3MepoB IPAKTHICCKU HeOCyMeCTBHMEL.

Heofxopumete pasMepbl aRTUBHBIX KPUCTANIOB MOIYT OHTH yMEHL-
JeHH BO MHOTO pasd, ecHl K.-I. HOyTeM YJACeTes YBEIW4YuTL BpeMs
B3aHMOAeHCTBHS BOJTHBL ¢ KPHUCTAIIOM. JIJIA 5TOTO HEOOXO/MMO mMoMe-
CTUTH HAPAMATHHTALIC KPUCTALILL B YCTPORCTBO, 3afepsKIBAIONIee W Ha-
Ramiansaioliee 9JICKTPOMAaTHHTIOE H3iyUeHle, HAOp. B oObeMHBIT pe-
30HATOP, O K-POM YK€ YIIOMHHAJO0CL BHEIMe. B pesomartope 3JIeKTpO-
MATHOTHLIC BOJHbI, OTPAYKASCL OT ero CreHoK, o0pasylorT crosure
BOJHH ¥ [JANTEJLHO B3aHMOAEHCTBYIOT € MAPAMATHHTHREIMHI HOHAMH.
AMIIIUTYSA CTOSUMX BOJH B PE30HATOPE PE3KO 3aBUCHT OT YacTOTH
BNEeKTPOMArHUTHEX Kolebaumit. IIpm sToM ¢opMa W pasMepEl peso-
HATOPA OIPEALTHIOT TY YacTOTY BOJHBI, AJsI K-pOH aMIUIHTYAA CTOS-
YHX BOJMH MakCHMAJbLHA WJIH, KaK FOBOPAT, COOCTBEHHYIO YacTOTY
pezomaropa (noapobuee em. O6vemnnii pesonamop).

B mepBLIX yeuanTeasx HCII0AL30BAJICH OAUH PE30HATOP, Bo30yaaaso-
niuiics oMHOBPeMeHHO HA [ABYX YacTOTAX — 4YACTOTE YCHJIMBAGMOTO
CHTHAJNA 1 4YacToTe HaRaukH. llociemHee CyniecTBeHHO, T. K. JeJdaet
Hakaury Gozee »(OEOEKTHBHOM Ui IO3BOJAET YMEHBIIUTH € MOLIHOCTE.
Peszomatop (puc. 14), 3amoiaHeHHLII aKTUBHHIM BeOIECTBOM, TOMEHIEH
B NOCTOSTHHOe MATHATHoe IIoJle, CO3/laBaeMoe IOJIOCAMH MAarHHTa
5. Jlaa oXIayRMeHUs Pe30HATOP ¢ KPHCTAJNIOM HOIpYKeH B RUAKWH
rejaui 7,

YcnamBaeMbiit CHTHAJ 13 aHTEHHH [ IOCTYHAeT B pacHpemeuTeldb-
Hoe ycTpoHeTBo 2, Has. yupkyasmopos. llociaenanii uMeer Tpu BXOHA,
uan o e ¥ a. CuTHAJ, MOCTYNAKUIAN Ha OJieyo [, mepemaercs TOIBKO
B BOJHOBOJA, HOAKAIOUEHHEI K mnedy /I, a curHald, HOCTYUHBINHA
Ha uneuo [1, nepefgaercA Toabko B miiedo [/, AHajorudgHo, CHTHAJ,
nocrynusmuit B maewo [17, mepemaerca Toasko B maeduo I. Ilocty-
UNBHIMH M3 aHTGHHBl CWTHAaJ, [POHAA W3 Mepsoro Iwieda BO BTOpoe,
nomajaeT B pe3oHATOP. YCHJIEHHHI B Pe30HATOPe IIPH MHOTOKPATHOM
HPOXOMIEHNIT 4epes KPICTald CHUVHAJA BO3BPAMAGTCS B HMUPKYIAATOP
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1, npoiijfis N3 Cro BTOPOrO Iicda B TPeThe, HONAJLACT HA BXOA UOCILe
pymonmx vacredl npueMeoro ycrpoiicTBa. T. 0., HUPRYJIATOP CAYMKIT
JIS pa3jcllenus BXoAa W BHIXoga oAHopesoHatopHoro K. y. Tawod
K.y . Ha3. orpamaredIbHHM

Puc. 14. OnpHOpe3oHaATOPNHI  OTpamaTeAbHbIR

yeunnreah: ! — anTenva; 2 — nupryaarop; I,

II, ITT — nmedn HUPKYIATOPR; 3 — pe3onarop,

B KOTOpPOM naxogutca pyOur; 4 -— WCTOYHUH

HAKEYKI, 5§ — MArgnT; 6 — OPUEMHNK YCHIeH-

HBIX CHPHAJIOB; 7 — cocyid wapa ¢ KIIKHM
refieM.

Kax y:xe rosopuioch panee, koddd. yCHIeHHs OTHOPE3OHATOPHOTO
H. y. oupepensiercsi yCHANBAOIMME CBORCTBAMU [1aPAMATHUTHOTO KPH-
cTayjla U IIOTepAMH SICKTPOMATHUTHOH oHEpTHU B pesoHaTOpe, I.
o0p. sa cUeT MBNYYEHUA Uepes OTBEPCTHE CBS3H, COGHHAIIEe Peso-
HATOP ¢ BOXHOBOJOM. IloTepu B CTeHKAX pe30HATOPA M B CAMOM akK-
THBHOM Benjectse B peaibHnix H. y. ¢ u30BITHOM KOMIEHCHDPYIOTCA
yCHUJIeHNEM U He HIpaloT CYNIECTBEHHOH pOJIH. Y CHIHBAEMBII CHI'HAN
nomagaer B pesodarop K. y. gepes orseperme cessu. Hek-poe Bpems
CUTHAJ, HAXOMsCh B pPe30HATOPE, B3amMO[eiiCTBYeT ¢ HapaMaTHUTHEIM
BEOIECTBOM. Pe3ymbhTaToM bTOTO B3aMMOIEHCTBHA ABJIAETCs YCHIEHHE.
Yepes To Ke caMmoe OTBepeTHe CBASK YCUIEHHBIE CHTHaJX BHIXOIIT
u3 pesonaropa. YeM MeHbIle OTBEPCTHE CBSI3H, TEM JOJBIIC B3aHMO-
AefCTBYe CUPHAJNA ¢ BemleCTBOM ¥ TeM Gonbiie Kod(pd. yCHICHUH.

YBenudenire BpeMeHh NpeObBAHAA BOJHB B pe30HATOpE [elaer
HCBO3MOJKHEIM YCHIIEHNe OBICTPO MBMEHSONAXCA CHIHANOB. JTO O3HA-
Yaer, 4T0 ¢ yBeaudeHuem woddd. ycuienus ogHopesoHaTopmoro K. y.
yMeRBIaeTesa ero mosaoca nponycramma. s K. y. ¢ opaEM pes3ona-
TOpPOM coOIIIoIaeTca IPNGIUBUTRIBHOE COOTHONIHITE:

Kov~ 2.2 ¢, (4)
ae Ky — ®oodd. yeulieHns ycHINTeds HA Pe30HAHCHOHR 4Yacrore v,
CHeKTpadbHON auaun, Av — Todoca Opomyckaunms ycunurens. fcro,
1o 4eM Gosibiiie o, TeM Goabiie mpoussefienne Koadd. yemmenus H. y.
Ha ero mojocy mpomyckamus Av. Koadd. kpaHTOBOTO yCuieRHA a AJA
BelecTB, OOBYHO npuMensieMuXx B . y., He MoKeT GHITL CHe/aH MHOIO
Gonbrre 1/100 A. Ipn obwuaoM Koadd. yemnemus K, = 10 momoca
NponycKanna ofuopesonatopHoro H. y. Av we mupeswsnaer 0,2% or
PE3OHAHCHOH YaCTOTH V,, 9TO 3HAUMNTENHHO MEHLIe MIHPWHEL MepeXofa
MEMKIY MATHUTHBIMY MOAYPOBHAMH Av, ompeueisioniell BepXHUI mpe-
jed mupuEsl noaocsl nporyckasng K. y.
T. o., BBesenne pesomaropa B Komcrpyruuio K. y., ¢ ogHoll cro-
pOHBI, yBeamuwBaet Koadd. yeumemss, ¢ ApP. CTOPOHBI, BO CTOJBKO ke
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pas yMeHbHLIAEeT ero HoJOocy HpouyckaHUA. Baaropgaps sroMmy onHope-
soHaTopHele K. y. He NONYMUIH IIIPOKOTO PaclipocTpaucHIIA.
Muoropesonaropupie yemmurema. ORazanoch, YT0 MO;KHO COXPAHUTD
Oonbuoii kod(pd. YCHIEHUS IPH HITPOKOI IONOCE UpoMyeRavus, yBe-
JAUYNB 4YHCH0 pe3oHaTopoB. Cylle-
CTBYST Jjna THIIA MHOTOpe3oHatop-
neix W, y. - yenianTenu orpamka-
TEALHNOTO TiOA (C TIPRYIATOPOM,
pre. 15) 1y yewanTedn nPpox o d-
HOTL O THIa, B K-PHIX BOIHA pac-
OPOCTPAHAETC:H RIOIL eIMOURI Pe3o-
HATOPOB, 3AMOJHCHHBIX &KTHBHBIM
seutecteoM  (pue. 16). B rammom
pesodatope  OpH  3HAYUTENLHOM
I0JI0ce  MPOHyCRaHMs  YCUJeHUe
HEBEJIHKO, HO HOJHOe YCHJIeHHe
MOMLET JICCTHYL WPHeMIeMbIX BeJIH-
YU H. OI{aBaJOCb, YTO0 B J1Halla3oHe Peszonamoper
CAaHTUMETPOBLIX BOJH YiKe [BYX- 2
pe3oHATOPHLIE  OTpasKaT. ycuan-
Teab Ha pyOuue npu K, = 100 ume- Puc. 15. CxeMa TpexpesoHATOPHOrO
eT HOJIOCY HpOlIyCKaHI/IH A\; ~ 40 yCuauTeJasd OTPpaKaTeIbHOro THIia.
Mey, npm mmpnue CHeKTPaJbHO
JHHAA  AVyape == 60 Mey. Jlas [eNHMeTDOBHIX BOJAH [OCTATOYHO
TPeX PesoHaTOPOB, WrofHl Mojoca MPONYCKAHHA TAkKe IPHOIN3HIACH
K INPHHE COCKTPAJBHOW JWHHH.

Puc. 16. Muoropesonatopubllf ycunurenb, 0Opa3OBaHHBIR NCIIOYKOMR pesoHa-
TOPOS ¢ aKTUBHBIM BemectBoM. Pesonaropbl I OTHEIEHH APYr OT Apyra deppu-
TOBBIMH 9JICMEHTAMU 2, (POLYCKAMI(IMY BOJHY TOABKO B OIHOM HAIPABIEHHH.

MuoropezoHaropHsie YCHIRTeAH OTPAKATEIBHOTO THIA HETPO-
mosakn. [lo pasmepaM OHE Majlo OTHHUAIOTCA OT OJHOPE3OHATOPHLIX.
OCHOBHBIM WX HEJIOCTATKOM SIBJSETCA CJIOMKHOCTD NepecTpoKI Ja-
CTOTHI, T. K. HeOOXOAIMO OJHOBPEMEHHO MEHATh HAaCTOTY BO3OYHIeHHA
BOJIBUIOr0 YHCH3 PE3OHATOPOB, YTO HPEACTABIsET TeXHWI. TPYRHOCTIH.

B npoxommbix K. y. pesoHaTopsl COeUHEHH APYT ¢ ApyroM ¢ e p-
PHTOBHMYU HeB3aMMHBMH snemMentamu Ilog
mefficTBHeM NOCTOAHHOTO MAUHHTHOYO WOt (eppuTH npuobperalor
CBOHCTBO HPOMYCKATH MHOYTH fe3 MOTePb BOJHY B OJHOM HalpaBleHHH,
HOTAOINAA BOJHY, PACHPOCTPAHAONIYOCA B 06paTHoM HAOpaBleHHN
(cM. @eppumu). [IpoxoaHEle MEOTOpe3oHATOPHEE K. y. 0Uenb CJIOMKHBL.
Onn cocrost u3 6Goapmioro umesaa jJeraled uw TpedyOT THATENBHOMN
HacTpoiku. KpoMme TOro, OHEM rpOMO3JKE U HYMKAAOTCs B HOXBIOIN
MOUIHOCTY HAKAUKH.

Kpantopsie yeumanrean Gerymeii soanbl. Bpema BsammozeiicTBHA
BOJIHK C BeIeCTBOM MOKHO YBeJIHYHBATH, MPUMEHSH BMeCTO CHCTeME!
PC3OHATOPOB T. H. 3aMeZasAIMuUe CTpyKTY piu. CropocTs
pacipocTpameHyst BOIHBL BOJH TAROI CTPYKTYPH BO MHOIO Pa3 MeHbIIe
CKOpOCTH pacHpOCTPaHeHUA BOJAHH B OOLIYHOM 604n0600e WIM B CBO-

4 KsaHToBaA dJIEKTPOHUKA
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Gopmom rpoctpauctse. COOTBETCTREHHO YBEIUYUBACTCA H BpeMs Bsan-
MOMEHCTBIA BOJNHBL € HapaMalrHITHHM RPUCTALIOM, a ClefoBaTeldLHO,
I ee YCWIEHIE OpPU TPOXORACHIN KOKAOTO ¢ JIMHBL KPUCTaJAJa.
CymecTBeHHO, YTO 3aMeIJALIIAe CTPYKTYPH MHPOKOIOJIOCHH H He
HYJRAQIOTCH B HACTPOIiKe. DTO AaeT BO3MOMKHOCTH TpeCTpamBaTh yYa-
crory K. y. nsmenenmeM BeXnduHL MaranTHOTO mona. K. y. ¢ zames-
AAONMeR CTPYKTYPOH MONYYHIM HasBanwe ycuHaumTedel Ber y-
meil BOXHB.

3aMmeisionine CTPYKTYPH pasaoobpasue. Haudonee gacto B K. y.
npuMendeTcs MeTAaJdJIH Y, I'pedenra, noobe CTOPOHN K-poi
Paclonomenbl napaMaTHHTHRE Kpueraiass (pie. 17). HKouebanus,
BosOysKnaeMibe B KpailHeMm 3y0ile — pesonaTope, HEpeJaiTCH OT CO-
Cefla K COCeJlY BIOJb BeeH TpebeHKH B Bije OeryIHX BOJIH, 3aMe/lJIeHHbIX
B 50—200 pas (cM. Famedasiouue cmpyrmypu).

Puc. 17. CxeMa WRAHTOBOCLG YCHIWTENA
oeryuieli  BOJMHBL: 1 — MeranmgecKan
rpefeHka; 2 — OpYCOK NapuMaruuTHOro
Kpucrajuia; 3 — (eppUTOBHIE smement;
4 — BXOH W BDIXOJ YCHIWTENfA; 5 — Ha-
PY/KHBIT  Meransiudeckuii 4exon (ogui
6pycoK  HapaMaTHHTHOIO KpuCrajia
ynaseu).

Hapy;{ueii OTpayRAIOMNN MeTasjimyd, 4eX0J OrpaHmImBaeT o0ben,
3aHEMAEMBI 9JIeKTPOMATHUTHBIM 110JeM BOJHBI, DACHPOCTpAHAOIICHCS
Bonb rpebGenku. OHOBPEMeHHO OH CJYMKHT BOJNHOBOLOM, IO K-POMY
HaKa4Ka IORROJUTCA K HapaMarduTHoMy BellecTBY. Hpaiimme 3yGust
rpefeHKI CBA3aHB ¢ BOJHOBOJAME, ofpasyouiuMit Bxoj 1 sexox K. y.

Bonsbl, orpasmBIiNeca Ha HeOJHODPOJHOCTAX 3aMeIJHIONIEH CTPyK-
TYPH, B YACTHOCTH HAa ee KOHIE, B3amMOJeHCTBYIOT € BOJIHAMM, pac-
OPOCT paHSIONTUMICSH B IIPAMOM HalDABJIEHUN, ¥ 00pasylOT C TO A4 U e
B O3 HbH. 910 HapymaeT pabory yemnmreis Oerymedi soxuml., Jaus
HOTJIOIEHIA OTPa:KeHHEIX BOJH B 3aMe[JIAIONIell CTPYKType pasme-
maorca aeraan us geppura (3 ma puc. 17). OHE DpoIycKAWT BOJHY,
pacmpocTpaHAOMYIOCs BROJb CTPYKTYPH B HY)KHOM HAlpaBieHRM,
U HOTJIOMAIT OTpasKkeHHRe BOJIHE. (dDeppuroBble HeTallli MOTYT HMeTh
$opMy IIApHKOB U [HCKOB, 3alPeCCOBAHHEIX B MUIICKTPHKe, MM
npencraBaATe coboll Opycku. Kak m akTuBHOEe BellectBo, (GeppuroBEie
HZeTaji pacuonaralorcs BOMN3M ocHoBamuA 3y6noB rpeGeHrH, rae
COCPeIOTOYeHO MATHUTHOE HOJle 3aMe/JIeHHOH 276 KT POMarHITHON BOTHEL.
Beauunna u gopMa napaMarHUTHEIX OPYCKOB u GeppPUTOB MOAOHpAIOTCH
TaK, 4ro0Bl TIOTJIomeHHe OOpPaTHON BOJHH B (eppHTe MPeBHIANO ee
yeurenune. Biarojapa 9T0My YCIIIHBAeTCs TOJBKO BOJNHA, Pacmpocrpa-
HAWAACA 0T BXOAA YCHIHTENSA K ero BRIXOnY (cM. Peppumu).

Tlosoca mnpomycramus Av K. y. Gerymeil soxmsl Beanka. Oma
cBazaHa ¢ €ro Koadd. yeudenusa K 3aBUCHMOCTHIO:

4 3 -
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rjle Av; — JINpHHA CICKTpalbHON JuHEH. [Ipnm OOLYHBIX 3HAYEHHAX
roa(pd. yemumenns K. y. Oerymeit Borust K ~ 100—1000, ero moaoca
MpoINyCKaHWA Bcero B 2—3 pasza MeHbIle ITHPHHLL ClEKTPAILHON
JHHAM I 3HAYUTEJHHO IPEBOCXOAHT NOJOCY HPONyCKAHUA OJHOPE30HA-
ropuoro H. y. (puc. 18).

Meay

< 30
Puc. 18. 3aBHCHMOCTb IOJOCHI TPO- 2
NYCKAaHNA KBAHTOBLIX napaMarnur- 2 N N
HBIX ycuauresnelf pasindHbx THOOB 8 26 X P 3
oT uX Koo@huIMCHTOB yeuneHusa K, § \4\
mnsa h = 21 em: I — gnA  ogHope & -
30HATOPHONO YCMIMICAA, 2 — [N o 10 N \\2_
IRYXPE30HATOPUBIX; 3 — Tpexpeso- § i \
HATOPHBIX; 4 —nuad yeunurens Ge- 5 {

ryuelf BoJHHI. = —

L)

6 2 18 24 101gHg
Hosgppuyuenm yCurexsus

Iopgasaenne croauux Boan QgeppuroM feaaer K. y. Oerymieil Bosnn
Golee CTabUILHBIM II0 CPAaBHEHHI0 € pPE3OHATOPHBIME YCHIIMTeNsMU.
C np. cTopoHBI, pasMepsl I'pebenkn K. y. Goablle pasMepoB pe30HATODA.
TlosTomy pist HEX TpefyIOTCA UapaMarHUTHbie MOHOKDHCTAIAN 6Ob-
mux pasMmepos. CBszaHHOe ¢ 9THM yBeJdudyeHue of’beMa, B K-poM He-
006X0[UMO IIOffleP/RUBATH OJHOPOJHOE MAarHWTHOE IIOJe, BBIHY/KAAeT
yBeJIIYNBATH pa3Mepbl U BeC MarHHTa W pasMepsl kpmocrara. Cosjanne
WHBepCHH HaceJeHHOCTell B 0oabiioM (1o obbemy) Kpucrampie Tpebyer
6opuI0f MOIHOCTH HAKAYKM, 9YTO B CBOI OYepelb
NPHBOJAUT K VBeJHUYEHMIO pPACXOAA IJKUJKOTO TeNHS.
T. o., mpeumyutecrpa H. y. Gerymeit BOJHB 4acTHUHO
CBOAATCS HAa HeT ero HefocraTKaMmu. Bce ke B ycu-
anTenax Oerymell BOJHH yHaercs NMOJYINTL KOIPP.
yeunernns K = 100 mpu He caumrkoM 6o0Jibuiux pazMe-
pax yemmuredst (go 10 ca). Taryw cucreMy MOKHO
0e3 TpyAa pa3MecTHTE B OOBIYHOM I'€JIMEBOM KpPHO-
crarte.

Oxnasxpenne. Oxnamgenne K. y. wmpoussomures
SHUJKUM TelHeM B cuell. JBOHHHIX cocynax MHiapa —
Kpuocratax. OOBIMHO BHYTPEHHIL COCYX © IREARIM puc 49 Hpue
rexueM I OKpymeH pybaurkoil 2, oxuasKgaeMoil JKUA- crar: 1 — Kun-
kum asotoMm (pme. 19). Temm-pa Kumemus reausa nmpm Knff  veawud,
atMocpepHOM jaBiedHuu paBHa 4,2K. BOJbWHICTBO iygmﬁﬁﬁwgﬁf
K. y. paccuuTaHo Ha pa60Ty npu 9TOH  TeMl-pe. ;}\"Humn‘/‘l! a30T.
WNeorpa pasA  yBellueHHs TIOJOCHL HPOMYyCKAHMA M
ko, yemremus K. y. mpuberawor g 0osee rryGOKOMY OXJaKIeHUIO.
ITO FOCTHMTAEeTCs OTKAUKOH HAPOB ledus BakyyMHBIM HacocoM. Tawxum
nyreM HeTpypHO poctudb teMmn-pet 1,5K. Opmarko K. y., paGoratomue
¢ OTKAYKOH, HeYAOOHEI B YKCIIyaTaruu.

TpyaHOCTH, CBA3aHHbE €O CRMKEHHEM, TPAHCIOPTUPOBKOH N Te-
PEIUBKOH JKHJIKOIO TeJyisi M3 TPAHCIOPTHBIX COCYJAOB B KPHOCTATHI,
OTPAHHYKHBAKT BO3MOKHOCTH NpuMereHus K. y. H OCIOKHAKT U yHO-
POXRAIOT UX 9RcHNyaTauno. PaspadoTadsl HeGoJblIMe XOJOAUJIbEble
MAIIMHEL € 3aMKHYTHM WHKJIOM J(BInKeHHs palodyero oxJarKmalomero
BemecTBa. Bec Takoll MamiuBel, paccuuTaHHON Ha oxJaamjediue K. y.

4_:5
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no 40K, cocrapuser 10—20 ke, Mammna, pacCiMTaHHAsi HA [OJYYCHHE
TeMi-pel 4 K, Becur Gomee 200 ke W moTpedisier MOUIHOCTH B HECK.
kem. COBepIIEHCTBOBAHNE XOJOAHIbLHON TeXHHWKH B GyaymieM caenaer
K. y. aBTOHOMHEIM, HPOCTHIM B SKCITyaTal(ii IprGopoM.

MarnuTel. J{5ig cosfaBMA BHeNIHETO MarsmtHOro 1onsa B K. y.
OPHMEHAKTCH KAK [OCTOSHHBE MATHHMTH, TaK H BJIEKTPOMATHHTHL,
IocrosiHuBle MATHUTH, CO3JAKN{Ne MATHHTHBIE HOJNA A0 3—5 THC. 3,
HMeIT CPABHHTeNHhHO HeGoJbHIMe pasMephl M Bec. IIX MOMKHO pasme-
maTh BHYTpH Kpuocrara. Eciau MOCTOSHHBIA MATHUT TOTPYyKeH B Leiuii,
10 Bec 1 rabapursl K. y. ompefenAnTcs B OCHOBHOM He MAaTHUTOM, a
KPHOCTATOM M MCTOUYHNMKOM HAaKaykd. KCIH HOCTOAHHBIN MarmuT pac-
IOJIOKEH CHAPY/KH KPHOCTATa, TO OH [AOJKeH CO3/laBaTh MAFHUTHOO
noile B GonpmoM o0beMe. Bec TakuX MAFHHTOB COCTaBIIAET JeC. M COTHA
k2 W ABJAAETCA ONpPeNelAOIIM,

JNMeKTPOMATHHTEL OOGBIYHO pACHOJAraloTCA B KPHOCTaTe M HMEIOT
0OMOTKH 13 CBePXIPOBOJAMIEH NPOBOJOKH (DJIEKTPHY. CONPOTHBIECHWO
Taroi npoponoku pasuo 0). Taxie MarHuTH He TPeOYIOT NOCTOSHHOTO
OHTAHHSA; MOCJHe BaJIMBKH KUAKOIO TeJMs B KPHOCTAT OOMOTKH Mar-
HHUTA CTAHOBATCA CBepXHpoBoasNmMME. C IOMOMBIO BHEIIHETO HCTOTHIKA
B 00MOTKaX BO30YMIaeTCA TOK HY/KHOH BeIMYHHBI, I10CIe 4ero OHI
3aKOPAvYUBAIOTCA CBEePXIIPOBOJSIIEI IePeMBIYKOM, a BHEINHNHA MCTOYHUK
oTKIKYaoT. ToK B 0OMOTKaX, a CJejoBaTeJLHO, M MAarHHUTHOe IOIe,
OCTAITCs HeM3MEHHBIMU. MarauTEl €O CBepPXIPOBONANMME 00MOTKAMU
HO3BOJIAIOT NONYYaTh OOMNBIIMEe MATHHTHBIE IO0JIs, HEOOXOHHMEE JIs
cospamma K. y. MunimMeTpoBoro u 0ojee KOPOTKOBORHOBOI'O AUANA-
30Ha BOJIH.

4, Baskseiimue XxapakTepHCTHRH KBAHTOBBIX
yeuuTenel

OcnopueiM poctonHcTBOM K. y., ompegenmBmimM ux OypHoe pas-
BUTHE, KaK yiie YKa3hBAJOCH BbIe, ABISAETCA Ype3BhIYANHO HU3KUIL
ypOBeHb HX COGCTBEHHBIX INYMOB M BCIeJCTBHe DTOr0 Heobbluaiino
BEHICOKAA uypBcTBHTENbHOCTh. B K. y. umeno dactun, ydacTBYIOIMUX
B YCHJEHUHM, T. €. YUCI0 HapaMarHATHHIX HOHOB, mocTosuuo. T. o.,
npoboBoil mym orcyrersyer. ockonsxy K. y. paborator npnm Euskux
TeMII-pax, TO ¥ TEIUIOBOIl ITYM B HUX TOjKe O4eHb Maji. Il puBINIHAILHO
HeyCTpaEmMble IyMEl K. y. CBASAHEL CO CROMMAKKBM UsAyterUeM AKTHB-
BOTO BellleCTBa Ha 4acTote pafodero mepexoma. B awxTupHOM Bemecrse,
UOMIMO BHHYKIEHHBIX [eDPEeX0J0B (BHH3», COIPOBOMKIAIOIMXCH Bbl-
HY)KJICHHBIM HCIyCKaHueM (OTOHA, MPOMCXOAAT M CIIOHTAHHHE Iepe-
XO[Bl ¢BHM3», B peayJbTaTe K-DPBIX Takike U3jlydaeTcss (OTOH.

MomuocTs niymMa, BBI3BAHHOTO CHOHTAHHBIM H3JAY4YeHHCM, IPHAXO-
asAmasdcs Ha e, ofbeMa aKTHBHOTO BellecTBa K. y., mponopnuoHaibua
HACeNeHHOCTH N, BepXHero ypoBHA. PaccMOTpuM IIpoctefiuryio Mopess
K. y. B Buje cTepHs M3 AaKTUBHOIO Marepuaja, BIOJAb K-poro pac-
HpOCTpanseTcs ycminBaeMas BoaHa. CHOETaHHOE U3j1yYyeHIe, BO3HIKAIO-
ilee Ha BXO/e YCIINTeNis, PAcIpOCTPAHANCHE BROJIb BCETO AKTHBHOTO
KpucTalija, yeuiupaercs 0ojiplne, dYeM WU3JIy4eHHe, BO3HHKAIOIlee B
nocaepytomux Yactax K. y. [lostomy ocHOBHOU Brilaj B MOHIBOCTE
WYMOB HA BBLIXO/8 YCUJIMTeN sl BHOCAT HIYMHE, BOSHUKAIILNE B HAYANbEOR

i
YACTH CTePIKHs, HMEIOMEro JIMHY ~ —, e & ~ Koo HIHeHT KBaBH-
TOBOIO YCHACHHA, APONOPUHORANLHLIE  pasmocTd  HacedeHHOCTeN
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Ny—N,. B pesynbrare spextTuBHas MOUMHOCTE CHOHTAHHOTO
'y M a, jeilcTyomero Ha Bxome H. y., Ipolopnuosaibha OTHOLIe-

N -
HHIO N—iﬁ— OoorameHHe BepxHero ypoBHA 3a CYeT HIKHero YpoBHs#A
2 4Vy ¢

NPUBOAMT K yMeHDINeHnio cuoHramsoro myma B K. y. Haumenpiue
IIYME! IOCTUIAKTCA, KOTAA BCe YACTHIL HAXOIATCA HA BePXHEM ypoRHe.

Momuocts mymos K. y. yuo6HO u3MepsaTh, CPaBHUBAA ee ¢ MOMI-
HOCTBIO Mena08020 uzayuerus 4epHOTo Teja. CIEKTD TEILIOBOTO H3Iy-
4eHUA BKIYaeT M BUAUMLLL cBer, W pajauoBoxHel. T. 0., MOmHOCTH
[IYMOE MOJKHO BHIPQ)KATh Tepe3 abc. TeMu-py (I yMoBas Te M-
nepartypa). lIlpegensraa temn-pa myMa K. y,, BE3BAHHOTO CHOH-
TAHHBIM H3JAy9eHWeM Jis A ~ 3 cm, cocraBaser 0,5 K. Jaa 6Gous-
IINHCTBA AKTUBHBIX BellleCTB, MCIOJB3YyeMHX B H. y., MOIIHOCTHL HIyMa
KoJebaercs B Hpepiesax oT 1 K no 5 K.

B peanpmpix K. y. ® oTUM HHYTOKHO MajbIM TIyMaMm pobaBiasgercs
ropasjgo Gojlee MOIIHOE TelIOBOe H3JIyYeHWe ILOABOIALIUX 6041080506
M Jp. KOHCTPYKTHBHHEIX jeTaneir K. y. 3HauutelIpHOe TemioBoe M3ny-
YeHMe STHX JeTaseil CBA3aHO ¢ NOIJIOIeHHeM BONHB B MaTepualax,
M3 K-pHIX OHHU CHelaBbi. PeajpHHIA BOJHOBOJ, HAamp,, BCerja IOLJI0-
maer HeK-PYI0 YacTh MepeJaBaeMoil Mo HeMy BOJHE. MOIMHOCTEH IIyMOB,
H3JIy4aeMyl0 STHMH DJIeMeHTaMH YCUJIHNTENs, MOMKHO XapaKTepusoBaTh
peauuuno BT, tne B — xoadd. nmoriomenusa Boawel, a T — ero abc.
temn-pa. Orcioga Bujano, 9ro WyMel K. y. OLpefesisflOTCA TEILIOBHIM
H3JlydeHeM HeOXJaKJeHHHX BXOJHBIX €ro jeTajeli, Ha MHOIO Iipe-
BOCXOJAIEM LIyMbI, H3JIydaeMbile CaMUM AKTHBHEIM BEI{eCTBOM.

JLiist YMeHDIIeHM s HIYMOB TPHEMHOTO YCTPOiicTBa HeO0OXOMMO YMEHb-
marh TOTJIONIeHWE PaJIIIOBOJIH 110 TYTH OT aHTeHHH K K. y. u oxmam-
HaTh BO3MOMKHO OOJbINYI0 YacTh BXOAHBIX Jeraseit. Ho oxaagurhb
BeCh BXOHOH TPAKT [0 TEMI-DPBl JKHEKOTO Teus HeBO3MOKHO. ITe-
u30eKHO «TEeTioNy ocTaHeTcss YacTh BOXHOBOJA, coequmHsafomero H. y.
¢ aHTeHHOH pajuoNpUeMHOro ycrpoilcTBa, Tloaromy oGHYHO He yhaerca
cuusuth myMel K. y. gm0 senuuwmnn Hwe 10 K. 910 mpubiamsutegbHo
p 100 pa3 MeHbIle YPOBHsS INYMOB JYYNIMX YCUINTeNdel, MMEBIIHXCA
no mosiBaenusa K. y.

HNuuamunueckunii quanason. K. y. e MojkeT yCcmIuBaThL CKOJb YTrOJHO
Gospinoli curuaa. Bogbmioit curuas, nogoGHO MOUHOH HaKadKe, IpH-
BOJAMT K Ha C K IN e H 1 10 pafouero mepexoga, T. €. K HCIE3HOBEHUIO
uHBepcun HaceJeHHocTell u yemaenud. Ilocie mpekpamenus aeiicTBuA
TAKOT0 HACHINAIOllero curHasua Koo(¢. ycmiaennss K. y. Boccramasiam-
BaeTcs He Cpasy, a TOJbKO ¥epes BpeMsi, HECKOJILKO (o0jiblilee BpeMeHH
mapaMarHuTHON penakcaumn ¢,. s pyOuna ¢ == 0,1 cex. Huanmason
M3MEHEHUsT BEeJIMUUHBL (Y P O B H 51) CHTHAJA OT CAMOIO MaJloro, cpas-
HOMOIO € COOCTBEHHBIMU INyMaMu YCHJIWTCHHA, A0 CTOAL OOJBINOTO,
YTO OH IPUBOJUT K HACHIEHNIO YOUIRTEIS, HA3. J M HA MUY eC KU M
aAumanasonmonm JlusaMmuyd. guanason 1. y. onpepeisiercs ra. obp.
BpeMeHeM HapPAMATHHTHOH pejakcalyu ¢ Kpucraina. Yem MeHbIne
t;, T. €. 4eM valle UPOHCXOMAT PeJaKCAlMOHHBIE 116PeX0ibl, TeM 00Jib-
M CHTHAJ MOKeT OBITh ycuieH 6e3 HacHieHHA pabouero uepexopa.

NMumamuu. muamazon K. y. MOMKHO pacHIHDUTH, IpuUMeHss KpH-
CTaJuIBl ¢ MaJBlM BpeMeHeM IapaMarHHTHOH pejakcanun ¢, HO 3TO
CBH3aHO ¢ HeoOXOJUMOCTBIO YBeJIHYHBATH MOIHOCTh Hakaukn. [locmen-
Hee, B CBOIO OYepelb, IPHBOANT K yBeIHYeHNK PAacX0[a ;KBJKOTO Tejilif.
Hanp., ups MompocTn Hakayky B | em mcnapsercs Oosee 1 .« renma
B 4ac,
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5. Iipumenenne KBaHTOBBIX yemamrelneil

Mosnsnenne K. y. Gblio HOATOTOBIEHO OyPHBIM pPA3BHTHEM pPajiHO-
cuexrpockonud u TexHuku npuema CBY B 40—50-¢ rr. m gBumaoch
ux caepersueM. OJHAKO [AJeKO He BCAKOe DPajHONPHUEMHOE YCTpoii-
¢TBO Hys®pgaerca B K. y. Takwe BLICOKOUYBCTBHTEIDLHbIE YCHIMTENH
1J1eCO00PABHO MPUMeHATH JHIIb A4 IipHeMa OYeHb CaabhX CHIHaXoB
¥ TOJLKO NPH OTCYTCTBHH CUIBHHX MOMeX, MACKHPYIOIGHX TOJC3HBLT
CHI'HAN, HAUP. B PajfH0acCTPOHOMIUHN, HCCIeAYOLEH pajuo-
u2rydenue vefecHoIX Tel. 3pecl, He BCTPEYATCH CILILHLIE CHIHAJBI,
HO3TOMY HH O KaKOM HACHIIeHHIT He MOyKeT OBITh peul. B nuoame 1-
WOl pajuoloKainu npobieva Hacwimenus I{. y. MOmHBM
HMITYJILCHBIM  IepeflaTYiROM Taxike He CYIeCTBEHHA, T. K. BpeMs
pACIIPOCT patieHuUsi curHasa 1o SamsKailiell IananeTsr — Benepst — usme-
paeTcss MuHYTaMH. 3a 9TO BPEeMs HapaMaTHHTHAS PEJIARCAIUISA ycleer
HOJTHOCTBI0 JIMKBUHPOBATH HACHIEeHHe H BOCCTAHOBHUTHL VCILieHne.

OjHako eccau NPUHEMaeMblH CUFPHAJH [ONafaeT B aHTEHHY B CO-
NPOBOMIeHUN Gojiee MOIHBIX OOMeX, npHMenenme K. y. me mcupasur
onoKeHusi. VeTOYHIIKaMI noMex MOryT ObiTh: 1) pasinusble yerpoii-
€TBa, B K-PHIX YIPOMCXOANT UCKPOBOH WM ayrosofl paspsas; 2) no-
CTOPOHHWE PAJUOCTANIUM H PAJACJIOKATOPH, 3) KOCMHU. Teia, U3Jy-
YawIiye pajlOBONHK B IMUPOKOM JUANa3ole HacToT, 4) HOBEPXHOCTh
Semam 1 arMocdepa.

VHTeHCUBHOCTh WHYCTPHAJIBHBIX IHYMOB pPe3Ko Hajaer ¢ yBean-
YeHmEM 4acToThl. B uanasone AenuMeTpoBHIX ¥ 00Jee KOPOTKUX BOJH,
B/lAJIM OT KPYUHHIX HHAYCTPHANBLHBIX IEHTPOB, UX YPOBEHL OYeHb
HI30K. B nquamasone Bosd pavHHee 1 &, KpoMe HHIYCTPHAJIBHLIX [OMeX,
OPUXOANTCA CYATATHCA C BRICOKHM yPOBHEM KOCMMY. TIYMOB rajakTud,
HPOHCXOoxenna. B qnanasose Boan Kopode 1 cu HAYNHAET CRABKIBATLCA
Temosoe muyjiydenue atMocgepsl. [Hostomy npumemerme K. y, B ma-
3eMHBIX ycTpoiicTBax jaer HaubGoublimil IPQPEeRT B JUanasoHe BONH
or 1 » go 1 ca.

Cregyer 3aMerurhb, YTO B HAllA30HE MIUIINMETPOBRIX BONH eCThb
00IaCTH YACTOT ¢ TIOHIGKEHHBIM IIyMoM arMocdepsl. ITH Y4acTKH pa-
AHO/MaTla30Ha HA3. OKHAMM TNpPOB3BPAYHOCTH afTMo-
¢ $ e p b (mpasuiabsee ObLIO GBI POBOPUTH ¢PAfHONIPO3PATHOCTIN). OHut
Gosee OnaroUpusiTHEL JJ1A PAajMOCBA3M U paboThl pajiMOTEeNeCKONOB
¢ K. y. B rocmu4. mpocTpaHCTBe LIYMBbI, CBS3AHHBIE ¢ IOIJIOIEHWeM
B cpene, orcyrcreylor. Hosromy K. y. mmanmmerposoro m emge Goxee
KOPOTKOBOJHOBOLO JIMAITIA30HOB MOTYT ¢ YCIeXOM HCIlO/Ib30BaTHCS B pa-
OHOLPUEMHBIX YCTPOHCTBAX, YCTAHOBJIEHHBIX HA KOCMUY. almaparax.

Bousiiie HellpUATHOCTH ST Ha3eMHLIX IIPUEMHBIX yeTpolicts ¢ K. y.
Ha BXOfle JIOCTABIsIeT TeILIOBOe H3JydeHUe JeMiu, NOHAJaoilee B aH-
tenny. Jlo mossienmst K. y. KoHCcTpywropst Boofle He 3aboTHIUCH
0 wyMax apreHd. OHH CTPEMILINCH B OCHOBHOM K YBEJMUGHHIO HX
10Te3HOfl IlomaAn U HAlpaBJeHHOCTH HX JeificrBusl, C nosBienueM
H. y. BosHukIa HeOOX0MMOCTL B MAOMWIYMALLAX adTendax. Ilpumaoch
epecMOTPeTb BCe HOBble IPOERTHl AHTEHH, TPEAHA3HAYEHHEIX [
cBepxfasipHed pajMONOKALUH, AadbHell KOCMHY. CBA3M H PagnoacTpo-
somun. Coyeranue K. y. ¢ oObYHOI aHTeHHOI RNO3BOJIAET CHN3UTL
pesyanLTupyomuil mym Bcero yerpoiicrea po 100 K m nmonyunTs BImr-
PHII B YYBCTBATEJBHOCTH JUIUEL B 5—20 pas. llpu copMmelllenun Mmano-
mymamero K. y. co cuenmansuoli MmaTomyMsameid aH?TeH-
H O H MOKHO JOCTUYbL PEKOPAHO HUSKOLO YPOBHH JIYMOB BCelf cu-
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creMr ~ 10—20 K, a BeilUpsln B UYBCIBHTCALHOCTH IPH HTOM MOMKeT
ObiTh ~ 50—200 pas.

OcoGenno Baskuo IpnMenenne K. y. B pagmoacrpoHoMuu. Bosmom-
HOCTH TIOBBIIEHHA YYBCTBHTeILHOCTH PAJHOTENECKOIOB 3a CUeT YBe-
JHYeHNA pPA3MepoB aHTeHH OTPAaHM4YeHHl WPOUHOCTBHIO MAaTepHalloR
¥ BBICOKOH CTOUMOCTBIO Takux coopy:kemmii. K. y. 6e3 yBemuuenns
aHTeHH MOBHIIAIOT TYBCTBHTEILHOCTh IIPHEMHOIO YCTPOINCTBA BO MIIOTO
pas. Ilpn malatopmeEmm caalblX CHrHAJOB HAa ¢oHe MIYMOB BpeMs,
HeOOXOQIMOe [t NOTyTeHNs uHGopManmuu ob 3TOM CHTHale, wpo-
HOPIIONAJbHO KBajipaTy MOIIHOCTH IIYMOB Ha BXOjle IIPHEMHHKA.
puvenerne K. y. sHaumTtedbHO COKpaliaer BpeMms HABIIONeHNsI, 4TO
HHOT/IA ABJsfeTCA pemwrawiinM. Hamp., opm paguoJoRarMOHHEBIX HCCIe-
AoBaHusAX niaHeTsl Meprypwmii, npoBejeHHEX BHepBble B 1962 r.,
nenoib3oBanue K. y. OBIO COBepHIeHHO HeoOXOTUMEIM. Meprypuit
nMeeT Majible pasMepHl W ABWMKETCS OdeHHb OHICTpO. IIpOgoLKHTelND-
HOCTL ero cOJMIDKeHNs ¢ 3eMieil Ha paccrosnne ~ 8- 107 kn orpanu-
yeno Bcero 10—12 guamu. C ypasnenweM Meprypus 0T 3eMiau MO
HOCTH IPUHEMAEMOI0 PAafFHONIOKAIMONHOIO0 CUTHAJIA U3MEeHseTCst 00paTHoO
[POIIOPIHOHATBHO 4-1f CTeHeHH PACCTOSHIA ME/KIY DJAHETAMA. 3a BpeMs
oguOoro cOMmEeHns, naxe ¢ K. y., ynanoch HAKOUATH CHTHAN, JATNG
B HECK. pa3 MpeBHmaiomuil yposenb mymoB. Bes K. y. mpumiocs
661 npomojuTe mabmofeHnst B TedeHme 40—50 cOmmwenmii, Tpomexo-
JAMUX Yepes Kaminle 4 Mecsua, T, e. svo norpebosano s 10—12 ner,
Benepa Goxblue Meprypua u mnopxopur K 3emie 6amxe. Cmrman, mo-
ciaHEM ¢ 3eMyl U OTPaskeHHHH 0T Bemeph, yaananoch BEJeNATH H3
mymog 1 6e3 K. y., Ho bT0 moTpefoBaso MHOTOUACOBLIX HabgIOeumi
(1961 r.). Ilpumenenne K. y. nosBoanio ypenuanTs CKOPOCTH HOJYyde-
aus uHopMarmn 6odee wem B 40 pas. B pesyiabraTe 10 OTpamKeHHIO
PaANOBOIE YAAJOCh NOAPOOHO HCCIeA0BATH LOBEPXHOCTH TIIAHETH,
olpenesuTh HallpaBjedle I CKODOCThH ee BpallleHusi, IPOCHENNTH Tpa:
eKTOPHIO ee ABIDKeHHA Ha OoabmoM yuactxe. C momombio K. y. 6blin
TIpOBejieHtl TaK:ke PaJHONOKAIMOHHEe HecaefoBanns Mapea u I0nnTepa.
Or 3emun jo Omurepa u o6partHo PajHOTOKANUOHABN CUI'HAX IPOXO-
aut TpulJH3HTENBHO 34 Yac. BHpeanTs cuTHAI u3 TIYMOB, HECMOTDs
HA TUTaHTCKHe pasmeph lOmmTepa, ypmamoch TOXbKO focae 20-aco-
BOTO HAKOILISHUS.

CureaJsl, oTpaskeHHBE OT IIJIaHET, UMEIT JOCTATOYHO Y3KHU CHEeKTp
qactor. IloaToMy fJA pajMONOKALKOHUEIX HCCAGNOBAHWH HJaHeT Hc-
noJib30Baanch M. y. ¢ OMHEM HIN [iByMs pe30HATOPAaMH.

H. y. xpalize HeoOXojuMH B PaJnONPHeMHBIX YCTpOHCTBAX HATh-
Heil KocMuY. cBA3W. PajgponpmemHBEe yCTpOMCIBA CHCTEMBI CBSI3H MEK-
Iy yAaleHHBIMI TOUKaM# 3eMJIH depes clleil, C LYy THHU KA CBAB3H
(rmua «Monnmay man «Tenectrapy) rtamme mympawoTes B H. y. 3pecs
HY)KHH IMHpOKONOJNOCEbe K. y. Gerymeil BOAHK HIM MHOTOpPE3OHA-
Topune K. y.

B papmoteneckomax oOBIYHO TakyKe LPHMEHSIOTCA IIHPOKOIIO-
nocueie H. y. BonpmmHCTBO KOCMIY. Tel HCITyCKaeT IIWPOKHI CHEKTD
yacToT. Ilpu IpHeMe TaKHX CHTHAJOB OTHOINEHHE [OJNE3HOIO CHIHANA
K COOCTBEHHOMY DIYMy NPHeMHHKA pacTeT BMecTe ¢ UIHPHHOH MOJIOCH
OpPONYCKAHMA.

C TOYRM 3peHHSA MIHPOKOIOJOCHOCTH KBAaHTOBLI ycHJlTeAb He
ABJIAETCA HAWJIYYIINM cpeau ycuaureneil CBU-gnanasona. 3Haunreds-
HO GOABINYIO HOJOCY YACTOT YCILTHBAIOT DJIEKTPORAKYYMHbAIE J1 a M I Hl
6erymeil BOAHDL HIH UOJIYHPOBOAHHKOBbE L a paMeTp i-
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yecuue yecunanurean (eMm Haeparempuueckoe ycuaenue u ze-
nepayus). Ho 1o gysersureanroeta L. y. He uMeor pasHbIX.

Hpome cHIHANOB ¢ IDHPOKUM CHOCKTPOM, K IaM Ha JeMIW H3 KOC-
MOca IPUXOJAT M CPaBHUTEJLHO Y3KONOJNOCHLle curHaabl. [fepsriM may-
YeHHBIM CHTHAJIOM TAKOro pofa OHJIA CHCKTPAJBHAN JUHNS NOTIO-
HieHMs MesK3Be3I0r0 aToMaproro Bofiopojga Ha Bonre 21 cm. Brocnen-
CTBHHA Oblau OOHADY)ReHH JTHHMH H3Jydeunsa sodexryn OH n Bos-
OympeHHBIX aToMoB Bopopoaa. llnpnaa HabaogaeMblX CHERTPATLHBIX
JHHAN KOCMHY. Tasza KOxedJeTcs B Lpefelax OT HecK. wkey 10 1 Mey.
Muorne ¢pyARaMenTadbHBIe OTKPLITHA B PajilioacT pPOHOMUN, B 9aCTHOCTI
ofHApY/KeANe BO30YMKACHIOIO MEK3BE3IHOTO BOAOPOZA B JAP. Tanak-
THEKaX, Obun cpenanst npu nomomu K.y. DBuaaropaps BbCOKOI yyB-
cTBuTenbEOCTH K. y. GbLIO OTKpBLITO T.H., PEAHKTOBOE P ajMo-
n3JyveHue, obpazopapileecss, HO Bceli BHIUMOCTH, elle J0
BOZHNKHOBeHHs BUANMON ¢ 3emin wactu Bcenenuoii.

Jum.cif)HapnoprH.B. 1 ManenxoB A, A., Kpanrosble yCcuianteyi,
M., 1966; 2) KoTeapnuros B, A, [u gp.}, Yeuexn mmanernofl paguonora-

ouu, «IIpupoga», 1964, N 9; 3) Anpawxcuu J. B., Pawmonorauua naaner,
M., 1966; 4) «Pajmosackrpounxa u ceasb», 1968, N 9, A. B. @panyeccon.
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1. Pagnosoaupt n cper

IpenctaBnTh cee COBpeMeHHYI0O HayKy, TeXHHKY H JawKe OBIT Oe3
pajguoTexumd. NpudopoB TpyaHo. WHade OGCTOHT feio €O CBETOBBIMII
BOJHAMI, K-PHle 10 HeflaBHEr0 BPeMCHH IPUMEHAIHCH IPeHMYIilecT BeHHO
JJIsL OCBEIIEHHs ¥ CHIHANM3AIUH (3peHdHe, KOHEYHO, HTPAET OTPOMHYIO
poJb B Hameil ;RA3HH, OJHAKO 3TO gap HPHPOAH, a He [OCTIUKeHHe
4ej0Bera). Ha mepselil B3TiA[M TPYAHO MOHSTH, HPUYHHY OTOro. Bedh
U paJMOBONHBI, W CBET HMEIOT eAMHYI HPHPOXY — 9TO JIEKTPOMAar-
HHUTHEE BOJHE, pa3anmyamolimecs Jumlb JJIwHOH Boamel A. Y paauo-
BOJH JJITHA BOJIL BEJIMKA, OHA H3MePAeTCH KIJIOMEeTpaMH, MeTpaMiu,
CAaHTHMeTPAMH, MIUIINMeTpaMil. J[JInHa #Ke BOJIHE CBeTa JIeJKHT B IHATIA-
3oHe 8-107%1—4.107% mux (cm. pue. 1 B ¢r. Keanmosaa saekmponura).
OxassiBaercsl, 4TO ME/KAY paHOBOJIHAMI, K-PHle MOJKHO IeHepHPOBAThH
¢ UOMOMBIO DACGKTPOHHKIX YCTPOHCTB, M CBETOM, K-pPhil {0 HemaBHEro
BpeMeHH MOPJIH TOJYYaTh TOJBRO OT HAFpeTHiX TeJ HWJIH Ta30BOTO
paspsaaa, CcymecTByeT pasimdiie B OTHOIIEHMH OJHOrO Bajkueilurero
cBoiicTBa, Ha3. KOTepPEeHTHOCTDIO.

Korepentroers. [Ipexe deM onpefeduTh 3T0 MOHATHE, PACCMOTPHM,
KAaKUMH XapaKTePHCTHKAME 001afaeT sIeKTPOMarHuTHAs BOJTHA. B mpo-
cTefilieM ciydae rapMONTHIYIeCcKOW BOJXHEH  DIeKTPHYECKOE
E u maruuraoe H 1oja M3MeHSOTCA B MPOCTPAHCTBE It BO BpPeMeOH TO
3aKOHY CHEYCA (HIM KOCHHYCA):

s x

E = Eysin [2n (vt — <) + 9], H = H,cos (20 (vt ~7~) + @].
Beandnus By u H, na3. aMIanTyjgaMu BOJMHH, Vv — ee gacTtoroil. [ap-
MOHHY. BOJHA MOHOXpOMAaTHIHA, T. e ofjagaer CTPoro
TMOCTOAHHON 4YacToToOM v M JUIMHOH BOMHE A = ¢/v (¢ — CROPOCTH

epera). Jlo6as HerapMOHWMY. BOJHA MOKeT OHTH HpejCTaBIeHa B BHJIE
CyMMBI FAapMOHWY. BOJIH PA3JIUYHBIX 9acTOT (ra p M O H ¥ K).

/\\J \/ D&

Puc. {. TapMOIHYCCKUC BOIIB OJHHAKOBON aMIUIATYAbl ¥ HACTOTH V
MOTYT UMCTh pa3jiudnsie Qasbl @ U Q.

Jine miocKUe rapMOHHY. BOJHBL OJUHAKOBOH aMOMHTYAK W YaCTOTHI,
paclpocTpaHAsACh B IPOCTpalCTBe B OJHOM Hampasiesuun OX, Moryr
OHITH CBHHYTHL BO BDeMEHH: B MOMeHT BpeMeHH ¢ B jmfoil Touxe X,
ux sierTprudeckoe F u marmutHoe H mosas Oyuyr nMerh pasHble Ben-
ynHH 1 Hanpasieuus (puc. 1). B srom cayuae romopsar, YTo BOJHE!
o6MAAT0T PABMHUNEIME aszaMi ¢, 1 ¢,. Pasmocte ¢a3 A¢ Bo Beex
TOYKAX MPOCTPAHCTBA B J00OII MOMEHT BpeMeHH Oyjel HOCTOAHHA,
ecJd 4acTOThl PaBHbLI.
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HpoMe amuautyibl, “actoTh # (assl, HJIEKTPOMATIIHTHAS BOIHA
XapAKTepPH3YeTCA HallpaBjeHUEM PacHpoOCTPaHEHNHA
1 HOJAPH3aIUeil — opueHTamieil BeKkTopa dACKTpUY. 1o k.
Monapusanmio MIeKTPOMATHUTHON BOJHLL ¢ TeM JKe YCHEXOM MOMKHO
XapaKTe pu3oBaTh HalpaBicHHEM MAarHHTHOTO Noas /I, nepnenpuxy-
agpEEIM E. OpmHaxo jpias oupefieleHHOCTH NPHHATO CUHTAThH UONAPH-
3anieil sJeKTpPOMArHHWTHOW BOJHBE Halipasieuue F. Ecau HalpaBierue
BeKTOpa E mocToAHHO, BOJHA Ha3. AJHHeHHO OOAApUSIoO-
BaBRHOH (cM. Hoaspusayus).

Ecan aMnauTyma, vwacrorta, ¢aza, HampaBIeHHe PACHpOCTpaHeHNs
B OOJApH3ania  DAeKTPOMATHHTHOHR BONHE DOCTOSHHBL BAM  H3Me-
HAIOTCSA, HO H2 XaOTHYECKW, a YNOPAZOYEHHO, 1O OIPeeleHHOMY
3aKOHY, TO TaKasg BoiHA KOTrepeHTHa. C(CIporo MOHOXpOMarTny,
BOJIHA BCerja KOTepeHTHA. B3auMHAs KOTePeHTHOCTH ABYX HEMOHO-
XPOMATHY. BOJH 0O3HAdaer, 4TO OuM 06JajaloT ORHAKOBLIM Habopom
9aCcTOT, 4 PA3HOCTH UX (a3 MOCTOSIHHA BO BPeMeHW.

PagmoBonmni, uanyvaemble HepefaloMEMU  PafilOCTAHIIAMI, KO-
repentHB. VMenso fuarofaps HTOMY HUMII MOKNO YIPaBAATL B IUM-
POKHX mpeelaXx, HepegaBasg ¢ HX HOMOHIBI0 GOJLITOE KOJHMYECTRO
nEQopManun (TeJeBUSHOHHBe HporpaMMel i fp.). Cper e, wuciycka-
eMHil OOHYHLHMH HCTOUBHKAMU, — HAaTPeTHIMIL INIK  JTOMHHECIHTpy-
OMUMI TejaMy WAR Ta30M, CBeTAUHMCA B 3AeRTPHY. paspsje, ke
obnajaer CBOICTROM KOrePeHTHOCTH. ATOMBl HAUPETHIX Tell WM Che-
THIErOCA rasa CaMOTPOU3BOIBLHO HCOYCHAKT CBETOBBIE BONHE Hesa-
BHCHMO ONHH OT JIpyroro. 9to oOYCIOBIMBAET XaOTHY. H3MCHeHIIe
(asnl, YACTOTH, MNOIAPH3AUGH W HANPABICHUS PACIPOCTPAHERHS
CyMMapHO# CBeTOBOIl BOJAHBL, H3JAYyYaeMoll mcrourHroM, Pasnnuse
MEEIY cBeToBOIl BOJHON, senycKaeMoil, HAIp., JAMIOH HaKaJTHBaiuA,
H HeCymeH BOJHOH pajuonepeRaloNiero  yeTpoicTRa, HA K-Pyi0 Ia-
CTPaMBAIOT PAJUHONPHEMENK, TAKaf e, KAk MOILY LWYMOM IOpPOICKOI
YJIMUE ¥ 3BYKOM KaMeprona. (peT maMIOYKuE DON00EH CBETOBOMY
«ymy». OH cocTouT uz Hadopa OGOJBIUIOTO YHCcaa rapMOHHT. Kossebamnil,
UMEIOINMX Pa3JIuuHie YacTOTH, (ashl K-PHX XAOTHIHO H3MEHAIOTCH
B0 BpeMenn (noppobuee cM. Hozepenmmuocmuv).

Jlo mejgasnero npemenn (no nossjenud JI.) MoKHO GBUIO PeHepu-
poBaTh KOTepeHTHbIe pPajHOBOJHBE, HO Helb3sl ObLIO DeHepHpOBaTDH
KOTepeHTHBIT cBer. Moyuo OHNO ycnauBaTh cnabhie pajHOBOIHEL,
cOXpaHsfg BCe HMX cBoiicTha (4TO TaksKe Ba/KHO B TeXHMKe IHepefayn
nrpopManuy), HO He cyplecrBoBasio ycmunteneill cwera. M to, u npyroe
CTai0 BO3MOMKHBIM IT0cdc cosfganus JI.

Jinn gero myken Korepentsiii eser? ITpeAlonomnM, WT0 MK yMeem
10JNyYaTh KOPepeHTHHIH CBeT onpefeneHHOH 4dactorhl. CyJamt am 310
4r0-THG0 HOROE 10 CPABHEHMIO ¢ pPajuoBonHaMu? OxaspBaeIcs, 9ro
KOTEPEHTHHH CBeT OTKPHRaeT Iepejl MCCIefOBaTeNeM H IHKCHEPOM
COBEPIIEHHO HOBble BO3MOJKHOCTH. PaccMOTpPUM HER-pble H3 HUX.

Xopouio u3RecTHO, YTO pajnonepeRatn OOLIYHO BeIYTCS HA BOJHAX
B [UaHa30He OF AAHHHB X BOJXBR (A~ EM)IOYIBTPAKO-
porrux (YKB, A~ meck. a). Jlaa TpaHCHALNA >Ke TeleBH3H-
OHHLIX [pOTpPaMM HCIOAbL3YeTCst Tonbko nuatason YHB. 910 pamnoe
006CTOATEALCTBO CBABAHO € TeM,4T0 [iA HEepelawd PeuH NI MY3LIKH
pocratouen webonbmoll wacrormeift umtepBad (12 -10%y). Tene-
BH3NOHNOe H300pakeHne Recer B cefe sHavnTeabHO Gonwnie mHGOpMa-
ni, veM pevh MR MY3BIKR, [IA ero mepefatdn MyAied 3HAULTENLIO
Gompmud nurepsan wactor ~ 10%y (e, HHoaoca wacmom, Keanmosuii
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yeuaiwmens), (roib WMPOKOMY YaCTOTHOMY HHTEPBALY Herge pasmec-
THTLCH, eC/li MCMOAL30BAThL B KadecTBe He © Yy IL e il pajioBOIHLL
JULHHHOBOJIHOBBIC KoJdebanua. C yROPOUCHWeM JJIHHLL BOJTHM (yBemH-
denmeM HACTOTH KomxebaHTii) 00BeM IMHOOPMATUNI, K-PHi MOKHO pan-
MeCTHTH HA Hecylieil Boime, yBeanunsaercd. YKB — uro ronebamma
¢ TOl MBHMMAJLHOW 4YacTOTOH, HA K-poil MOKHO DasMecTuTh Tede-
BHRNOHHYI0 IpOTpaMMy.

Yacrora reoxedapuil CBeTOBLIX BOJIH B MIITHOHBL pas 0oJblne ya-
ctotel YRB. 910 3ma4nr, 470 Jy4Y KOTepPeHTHOTO CBETA CHOCODEH HeCTit
MHOTITe THICSYH TedeBH3HOHHBIX UPOIrpaMM, He IOBODS ViRe 0 pajuo-
fporpaMMax H TegeOHHLIX pPa3roBopax. I'0BOpaA TEeXHNY. ABLIKOM,
M CBEeTOBOMY KaHAaJXy €Bs3H MOKHO Hepeganath OiHO-
BpeMeHHO MHOU0 $0nbIlile WHPOPMALWI, YeM [0 PaJHOKAHATY.

OcymiecTBileHne CBeTOBOIN cBA3HM W CBEeTOBOIMH Jo-
KaluH HA Jaleride PACCTOAHH: BayKHO U 10 ApP. HPHYNHE: dile-
KTPOMArHUTHBE BOJHB OOJbLIUION JUIHHBL BOJHLL (PajiHOBOIHE) pacxo-
Asarea oT maaydarteas (aHTenHb) mox GomsmmM yrioM. (O pocToM pac-
CTOSHHS OT HU3JydaTeldsl U3-3a YIJIOBOTO DPACXOIKICHAA 1Olepevroe
cevenMe IyYxka pajuoiyuell yReJUwUBaeTCA IPOHOPIHOHAJIBLHO KBaj-
paTy paccTOAHHS M KBajpaTy yria pacxojumocti. [Tooromy ma 60md5-
NIEX pPacCTOStHUAX OT MCTOYHMKA HIeRTPOMATHATHAS SHEPIHs pac-
TeKAeTCHA 110 BCEe BO3PACTAIOHICIT IJIOMAAN W Ha €. TIOIAJE TIPHXO-
JUTCH Bee YMeHBIAIoMAastCsa Aodst 00Ieil nJerTpOMarHuTHON JHepPrHH.
Jlimte meboabimas 9acTh ANERTPOMATHUTHOH OHePIUI HOCTHTAOT HYli-
HOro o0beKTa,

Puc. 2. 3epranbHblil pa-
JMOTCAECKOIl I paguo-
JNOKanuu aner; 3 —
3eprano; H — uziayda-
Teah; d -— WHPUHA 1a-
paJieNbHOrO IIy4HKa pa-
nHosyUeit; @ — yron
PACXOIUMOCTH TIVUKa,
o0ycrnosaenublil udpak-
mueli, S — NoBEPXHOCTDH
miaaHersl; I, — paceTos-
Hue 10 IiaHers; d -+
-+ 2 — ANAMeTP «PaHO-
[ATHA» 1A MOBEPXHOCTH
INIAHECTHI,

Hanp., amremna paguoreneckona B [lymuno (MocroBeras 06.1.)
BBIIIOJIHEHA B BHAe 3ePKANBHON Yamm 8 paaMepoMm 22 x (puc. 2). Tlycrs
B (QoKyce 3epraja YCTaHOBJeH H3jydarteib / pPaguoBOJIH ¢ JAJIIHHOM
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sosast A = 1 s, 3epxano npeobpasyer pacxojamuiics LY1oK 0T To-
4euHOTO WaJyuaTedst B napaniensibil, OaHaro audparuis silexTpo-
MATHUTHBIX BOJIH Ha KpasxX 3ePKajda He I03BOJAseT CO3TaTh HAEAIbHO
napasmiIe]bHBIT mydor amamerpom 22 awxe. PacxomuMocts mydxa 3a
cueT AMQPPAKIME OHpefesiercs YLAoOM ¢ == A/d, Tem OGOJBINIAM, YeM
GoJplite IuutHA BOJAHH nsaydatens. an A = 1 x ¢ = 1/22 pad = 2,6°,
TTostoMy muaMetp <«paguolATHA» Ha obiydaeMoil miamere pasen D
=d -~ 2a, rge a— Ltg ¢ (L — paccrosinne jio wiagetst S). Has Jlynn,
marp., L == 300 000 rx, a D == 30 000 ka, T. e. HAMHOIO IPeBOCXO-
aur puaserp Jlywst; wa JIyHEY Honajaer AHIE HeDOJbILAs O H3-
JydaemMoil ¢ 3eMAN HIEeRTPOMATHUTHON DHePTHH. ITO UPUBOJHT K TOMY,
YTO OPPaKeHHbIH BTOPUYHBIN CHIHAJ HMeeT HIYTORHYIO HHTEHCHBHOCTD,
4TO OrPAHWUHBAET TOUHOCTH M BOIMOMKHOCTH PATHOKOKAITEN JIYHEL.

Hlis cBetoBoil Bommbl ¢ A = 1 mmm 3eprano guamerpom B 10 cn
JaeT yros pacxogumocti ¢ seero Jmnih 107% pad. 810 oszmagaer, 4ro
Ha Jlyde ocBenieHHOe MATHO DyIeT UMeTh AHAMETD BCEro JNIb B 3 kx.
JHepreTHMd, NOTEPH IIPH 9ToM GYRYT MAJbl, & OTPAKeHHHIH CHrHAN —
BO MHOTO pa3 Gosee HMHTeHCHBeH. IlepesmelileHme 3TOTO HATHA HO 110-
BepXHOCTH JIyHSI TO3BOJsTET WCCJIEIOBATL €€ CTPYKRTYpy. MHas Toro
qro0El TOJNYUIMTHL TaKOoe MATHO ¢ METPOBEIMM BOJIHAMHE, HOTPebOBAJIOCH
661 3epraxo auamerpoM B 100 000 x, 4TO HPAKTHIECKH HEOCYHIECTBHMO.
T. 0., HCHOAL30BaHNE KOTepPeHTHOTO CBeTa /s CBASH H JIORALUN CY-
JIUT OTPOMHKIT HHOOPMAIMOHHBIT U DHepreTHd. BHNTPHUI U 3aMaH-
YUBHIE NePCITeRTHREY KAK 113-32 BEICOKOIl YaCTOTHI, TaK H M3-3a BO3MOJK-
HOH BHICOKOIT HAIPABICHHOCTH (NapalIeAbHOCTH) CBETOBEIX MYUKOB.

Bammcit mpobiemMoil SRIAETCA BO3MOKHOCTH POKYCHPOBKN DIEKTPO-
MATHATHBIX BOJH. ITO TWO3BOJNMIO OB HEMOCPEICTBEHHO WMCIONbL30BATH

3JIeKTPOMArHUTHYI0 DHeDPIUIO B TeX-
flapannensieli Hmfe (Hanp., pe3ra MetaJjia, 06-
nyyos ceema paboTKa TBepPABIX MaTepualoB U
t.11.). Onparo Ho saroHam gudpak-
MU HANMEeHBIHH  pasMep chokry-
CHPOBAHHOTO IATHA paBeH [JinHe
RogEbl A. [Tootomy cdoxycuposath
Ny40K pajuojiydeil Ha TJIOMAaaRy
[lupura  OYEHDL MAJIOTO pa3Mepa HEBO3MOIKHO,
namua  CBeTOBYIO sKke BOAHY ¢ A~ 1 mrm
Puc. 3. fAsnecnne xpoMarHieckoil abep- MosgHO  Ghiio  Get - corycuposarn
panuu  npeusrcTsyer  QorycupoBke Ha IJIONAAKRY AHaMeTpoOM B 1 mumn.

HEMOHOXPOMATUYCCKOro cpera. Ho OCYIIEeCTBITL 5T0 € COJTHCYHBIM

CBETOM HEBO3MOMKHO, B 9ACTHOCTH
U3-32 ABJIEHMA X poMaTudeckoil abeppainu— cBoicT-
Ba JNH3BL (ORYCHPOBATH CBeT PAa3HOH [JIMHH BOJHBl B DPA3HBIE TOTKK
(puc. 3). Yrobw chorycupoBaTh cBeT Ha OYeHL MAaJNEHBKYIO INIOIAAKY,
HY;KHO WMeTh MCTOYHIK MOHOXPOMATH4Y. CcBeTa, T. e. CBeTa, WMeEMOIIEro
CTPOTC ONpefeleHHY0 AJNHY BOJHEL.

MonoxpoMaTud. CBeT CHOJILKO-HUOYAL CYIIEeCTBeHHOH WHTEHCHB-
HOCTH HeBO3MOKHO IHOJAYUNTH € MOMOIILI0 OOBIYHEIX HCTOYHUKOB CBeTa.
Paccmorpum mpHYHHY DTOro Ha LpHMepe TeHsroBoro mcroynura. Tera,
Harpersie 10 TeMIi-pui T, WMEIOT MOHIHOCTE Mena08020 usAy4enus B Ma-
IOM WHTEpBaje YacTOT — OT YaCTOTHL V IO 4acToTH v -+ Av, paBHyIO:

2 BT
P= o vAv —T SAQ)
T
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3pech k -— Loavynana nocmodnnas, § — 1010I3Ab HATPeTOTO TeJa,
¢ — TeJeCHMIT yroJ, BHYTPHM K-POI0 pACIpPOCTPausercs H3.aydeHHe
vyactoTel v (Ag coortBercTsyeT Av). Hamp., ¢ »* Coxmua s nurepsaie
qacror Av ~10% ey (A ~1 mrx) HA BCIO HOBepPXHOCTH 3eMJAN Hafaer
Beero 0,01 em. Jlna noxydenna 100 em/ca® B TOM e HHTepBade wac-
TOT WCTOMHHR W3JAYYeHHs J0JUKeH OBITH HArper [0 TeMIepaTypsl
T ® THC. MBANHAPROBR K, HeNOCTIDKUMON B 3eMHEIX yeaosusax., B to
JHe BpeNs CYLIeCTBYIOT I'eHepaTophl MOHOXPOMATUYECKOTO pajJHOM3IY-
e, pawmme 1000 em/cau? m 3mauuTessno Gouwme. Ecan opunm-
CaTh TAROMY WCTOMHHRY TEMIIEPATypy, TO ONa TIPeBOCXOMUT THICIYN
MINLTHAPIOB Tpaj.

TakoBEl HeK-pble NePCIeKTHBH, K-Pble DICOBAJNCL Hepen (H3H-
KaMu, KOTJIa OHH HCKANHM IyTH K CO3[aHHIO MOIIHHX HCTOYHUKOB KO-
repeutHoro cBera,OKasaJoch,9TO cTaphle CIOCOOB TeHEPAlHH pPajHo-
BOJIH «OTKa3LBawTCca paboTarsy B ONTHY, AHaNasoHe. B pajHoTexHUKe
oponsmKende 0T 60jee JIMHHBIX (KHIOMETPOBHIX M METDOBBIX) B 06-
JaCTh XENUMETPOBHX, CAHTHMETPOBLIX H MILIHMeTpoBHX BoxH (CBY)
uHTenucupuo npoucxomuno B 40—50-x rr. Jloaroe BpeMmsi remepanus
U yCulleHHe PafHOBOAH OCYINECTBAATHCH € MOMOIMLIO ODJICKTPOHHEIX
JIaMII, B K-PHIX HCIONB3YIOTCA DIEKTPOHHBle MOTORH. OmHAKO YiKe
HE MOACTYHAX K MUINAMETPOBOMY JAWANA30HY HCHOILIOBAHME DACK-
TPOHHBIX TOTOKOB BCTPETHJIOCH ¢ OOJNBINHMMH TpygHOCTAMU. B oTOl
00JIaCTH YACTOT HAeKTPOHHHI Ny4ok 0e3 cIlell. Pe3OHAIICHOTO YCTpPOi-
CTBa HeAL3A IPUMEHHTDL AJA NOJYUYeHUS 3IeRTPOMATHHTHHX Kojela-
nuil ¢TPOro OIpefleieHHOH YaCTOTH, T. K. 3JIeKTPOHHI, IBIKYIHECH
¢ YyCKOpeHneM, caMi [0 cefe M3JydYaloT NHPOKMI CHERTP YACTOT, CpPaB-
HUMLIX C TEHePHPYEMBIMHA 9acTOoTaMM. s AEIIMeTPOBHIX M CaHTHU-
METPOBHX pafoBOJH 9Ty TPYAHOCTh YRAJIOCH NPEOZOTETh B DIEKTPO-
BaryyMHEIX mpuGopax CBY, npomycras SJIeKTPOHHBIE NMOTOKH depes
pesomaropsi. Hamnbonee d(eKTuBHEIMI OKa3aiMCh METANJIHY. TO-
noCTH — o6beMubie Pe3oHamopb, PA3MepH K-PLIX CPABHUMBL € TIeHe-
pupyeMoil jpiuHONR BoJHEL A. OpHAKO [JTsl OYeHH MAJBIX [JIHH BOJHE!
(A ~ 1 mm) M3TOTOBIENHe TAKIX Pe30HATOPOB HeoOHYaliHO TpyHHO,
a /lIsA CBeTOBLIX BOJIH U3rOTOBUTL 00heMHABIH Pe30HATOP, pasMephl K-POro
CPABHUMH ¢ A, BoOGme HemptcanMmo., KpoMme ToTo, ¢ yMeHbIIeHHeM pas-
MepoB Pe30HATOpa KatacTpoudecKH MAajfaeT M3JIydaeMas B Pe30HATop
MomuOCTs. HOMRITKI NemoNp30BaTh AMEKTPOMHI HYYOK JJIsT OCBOEHIs
OlITAY. JMAafna30Ha JIINH BOJH OCTAHOBIVIMCh MepPe)i HeTpeOOJinMbIM
Gapbepom.

2. Jlazep — UCTOYHHEK KOr€peHTHOTO CBETa

PapnkajbHOe pellleHHe 33Ja4H OCBOGHMS ONTHY. [AMAaHA30HA MPHINIO
u3 Mos1070i o6acTH U3NKK — KBAaHTOBOH paguodusuEK,
HAN KBAHTOBOH 3JeKTPOEHKH, KOTOpas C MOMEHTa UOABJIEHUSA MoO4e-
EYAAPHUT 2EHEPAMOD0O8 W KEAHMOGWI Ycuaumenrell TPOYHO YTBepaU-
Jach KAk HOBOe HalpaBieHue B paguodmamxe. I omrumvyecrme
KBaHTOBHe reHepatopn (ORI, uaum JI., craan HOBHM,
elle G0Jee 3HRAUMTEILHBIM €6 3aBOGRAHUEM.

Wpgen paspuBaduch NpHOIM3HTENBHO TAK: eCIH HEBO3MOKHO CO3-
Aath o0bIYHBIE DE3OHATOPH B ONTHY. [HAlasd0He, TO HeJNb3sdg JH BOC-
TI0b30BATECA PE3OHAHCHBIMI CBOMCTBAME OTAEeNBHBIX aTOMOB MW MO-
JIEKYJ, a TaK/Ke KPHCTAAIOB, K-pble, KaR OBLJIO XOPOIIO H3BeCTHO, MOLYT
H30HpaTeabHO H3JMYYaTh MM MOTJIQINATL CBeT OHpefeeHHOH JIAHH
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BOJHBL. ITH ¢BofictBa K KoHLY H50-X Ii. OBUIM JOCTATOYTIO XOPOWIO U3Y-
4eHHI.

RKax aToMBl, Tar I MOJCKYJbL 1 KPICTAIAL ABISIOTCA CHOMKHBIME
MERPOCMCTEMaAaMUu — 00pa30BaHHAMU, COCTOSIINME I3 sjep
U DIEKTPOHOB. JHEPrusi OTHOCHTENHHOTO JBIGKCHHS YacTHI[, COCTAB-
AAIEX AaTOMBI, (1A OmpefellenHOCTH OyxeM TOBOPUTHL 06 arome),
MOKET HPHHHMATB TOJBKO CTPOTO OIpeflefemHLe 3HAYEHHA. JTH 3HA-
vennst owepruu &y, &y ..., G Ha3, YPOBHAMU DHEDPT HH,
CucreMa pHepreTHd. YpPOBHell cocTaRisdeT sHeprerTHTec KI il

cnerTp atoma. «Hmranin ypo-

o Ex BeHb -—— ¢ MAHHMAaJBHOI HHEprueil —
E Ha3. 0 CHOBHB M, OCTAIbHEE —

(‘.5 Bosbymdenswe B OB OyMICGHHEB MU, OJHepreruy.

" ypo8HU CHEKT] HR0JIHPOBAHHOIO aTOMa 3aBil-

€, CHT OT ero CTPYKTYPH. Hueao aro-

MOR, 00JaRatOHINX AAHNON DHeprueii,

&, Ha3. HACCIEHHOCTLIO YpOBHA

(eM. Yposnu onepeuun).

Ecam aroMy, HaxojsiileMycsi Ha
OCHOBHOM YPOBHe @';, COOGIIWTL
AHEPTHIO, OH MO}KeT HepeiiTH Ha OfHH
u3 BO3OYIK/EHHEIX YpPOBHeH (puc. 4).
HaoGopor, Bo3bymmeHmbiii atoMm Mo-
7KeT CAMOTIPOMBBOJLHO (CTMOHT A H-

Puc. 4. Deprerudeckuit CHCKTD  H 0) TiepeHTH Ha OAWH U3 HLKele-
aroMa. JKAIMUX YPOBHeH, W3JIy4YuB IIPU ITOM
OIIpefelIeHHYI0 NOPLUUI0 »HHepruu B

e xBapgra cBera (QoroHa). KEcim mn3iydeHie cBera ITPOHCXOMLWT
NpM Iepexole aTOMa € YPOBHS BHEPIUH & ,, HA YPOBeHL DHEPTHH &,
TO YACTOTA HCHYCKAEMOTro (MIH TIOTJOIIAEMOTO) KBAHTA CBETA Vi’

[PESU— -
OcHOaHOD ypO8eHs

i .
Vmn = 3, (@Om - ébn)7 (1)

e b — Haaura nocmoannas (M. Keanmosuili neperod).

ViMeHHO TaKme CHOHTAaHHLIE IPOIECCH UBNYYEHWS INPOHCXOIST
B HArpeThiX TeJlaX M CBeTAHIMXCA Traszax: HarpeBaHWe MW DJIEKTPUd.
paspsax HepeBORAT 4ACTL ATOMOB B BO3DYMIEHHOe COCTOAHNE; Mepe-
XO[fi B HIUKHHE COCTOAMNSA, OHH U3JTy4aloT cBeT. 13 mponecce cnoHTaH-
HBIX MePexoloB ATOMBl M3JIYYaIOT CBET HE3aBHCHMO OIMH OT [JpyIoro.
HBanTh cBeTa XaoTHYECKH HCHYCKAIOTCA aToOMaMH B BHje B O JI H O-
BH X 1 yros. llyrm He ¢coriacoBambl» APYr € JAPYLOM BO Bpe-
MeHM, T. €. UMeT PasiudHywl ¢asy. [fosroMy CHOOHTaHHOEe H3Jy4eHIe
HEKOTePeHTHO.

Hapsgy co CIOHTAEHEM H3IYUeHHeM BO3OYMKIEHHOIO aroMa Cy-
MeCTBYeT BHHY M ACeHHOe (MWIMMHIVIHUPORBAHHOE) U 3-
dIydeHHNe aroMbl H3JAYYalT II0f [elicTBHeM BHemHero OBCTpO-
nepeMeHHOTO 3JeKTPOMArHHTHOTO IO, Hamp. cpera. llpuw 3T0M oka-
3BIBAETCA, YTO HOJ[ [eficTBHeM BHelIHedl BJIeKTPOMATHUTHOR BOJHLI
aToM M3Ay4YaeT BTOPHYHYI BOJHY, y K-poit YacTtoTa, MOJAPH3ANUA,
HaIpaBjieHHe DAcHpOCTpamenusa M (asa MOJHOCTHIO COBIAJAIOT C Xa-
paKTepUCTHKAMHI BHellHell BOJHBI, AeficTByIomell ma aToM. flBiemme
BHIHYKZGHHOTO H3JIYYeHHSA faeT BO3MOKHOCTh YIPABIATL H3ITyYeHHEeM
aTOMOB C TIOMOIIBIO BJIERTPOMATHUTHBRIX BOJH W TAKHM IIyTeM YCHIWBATL
W leHePHPOBATh KOTePeHTHHE cBer. UTOOB OCYI(eCTBHTH 310 IIpPaK-
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THYECKH, HYKHO yAOBJICTBOPHUTH OlIpeieseHHBIM yei10BHAM, Bo-nepnmix,
HeoOXOJUM P ¢ 3 0 Ha H ¢ — COBIIaJieAHe YacTOTH Najlalonlero CBeTa
€ OJHOIT H3 YaCTOT Vv, SHepreTHd. crnexTpa aroma. O BHINOJIHEHMH pe-
30HAHCHOTO YCIOBHA W03aboTHIach caMa IPHDPOHA: €CJHH CBeTOROI
$oTOH WCIylieH CHOHTAIHO Ipu Iepexofe aroMa ¢ 0ojee BBICOKOTO
VPOBHSA &4, Ha YPOBCHL @, TO €T0 YACTOTA PABHA V 1y, M GyJIeT COOTBET-
CTBOBATH IEPEX0Jy MEHIY AHATOTMYHLIMH YPOBHIMM JPYTOTO TaKOTO
JKe artoMa, T. K. JHeprerny. CIeRTP OMHAKOBLIX aTOMOB abCONIOTHO
wienTuvenr. B paxbHeiilleM BEIHYMKIEHHOE H3NyUYeHHe BO30YIKACHHBIX
aToMOB TOPOKiIaeT HeTyIo JaBHHY (OTOHOB, BO BCeM 1I00OHEIX NepBHY-
roMy (OTOHY. B pesyibraTe COBOKYUHOCTL aTOMOB HCIIYCTHT HHTCHCHB-
HYI0 KOTePeHTHYIO CBETOBYIO BOJHY, T. e.0y/leT OCyNIecTBIIeHA Terepalus
KOTePeHTHOTO CBeTa. J|p. yCIOBHe CB;3aHO C HACENEHHOCTHIO PaBIwi-
HEIX yposHeil. Hapsjy ¢ BLHY/KAEHHBEIM H3JIyUeHHEM CBeTa aTOMaMII,
HAXOAMUMICA Ha BepXHeM YDOBHE 6 ., IPOMCXOQUT TaKie D e 3 O-
HaHCHOE MOTJOI[C¢HEeEe aroMoB, HACTSIOMUX HIKHUA ypo-
BeHb &,. ATOM, HAXORANMHCSK HA HIGKHEM YPOBHE @, NOrAOMAET
CBETOBOH KBAHT, IIEPEXOs NPH BTOM HA BePXHUil YPOBemb ¢ ,, Peso-
HAHCHOE TOIJIOINeHHe IPeNATCTBYeT BO3HHKHOBEHHMIO HHEDIHM CBeTa.
Byjmer mn B uTOTe CHCTéMa aTOMOB TeHePHPOBATH CBET WJU HeT, 3aBH-
CHT 0T TOTO, KAKMX aTOMOB B BelllecTBe 6ojibmie. JlJIs BO3HUKHOBEHMS
regepannn Heo0X0AUMO, 4T0OB 9HCJIO aTOMOB Ha BepXHeM ypoBHe N,
6biio 60TBIIe YUela aTOMOB HA HIDKHCM YPOBHE N, MeRIy K-PHIMU
npoucxojutr nepexos. KOHCUHO, MOKHO HCIOJNB3OBATH JIMNIL TY Napy
ypoBHell, MeIy K-PHIMI BOSMOJMKEH Ilepexoji, T. K. HE BCe NEPeXOjH
MeR[y JTIOOEMU JIByMA YPOBHAMU paspelieHnl npupojofi (cM. Kean
moswli neperod).

B ecTecTBeHHBIX YCAOBUAX Ha OoNlee BHICOKOM YPOBHe npu Ji060i
TEMII-pe MeHbIile JacTui, ueMm Ha Gosee HH3KOM (cM. Doabymana pac-
npedeaenue). TlosToMy a1060e TeJO, CKOJIBKO YroAmo CHJIBLHO HaTperoe,
He OygeT FeHepUpoOBaTL CBET 34 CYeT BEIHYKJEHHBIX 11ePeXofioB,

His BO3OY:;RjeHHA TeHepaluy KOTEPEHTHOTO CBeTa HeoOXOLHuMO
IIPHHATH CHel. Mepsl, YToOH M3 [OBYX BHODAHHBIX YPOBHeHl BepXHHl
Obi1 BaceneH 0Oojpilie, YeM HIDRHWI. COCTOfHNe BellleCTBa, B K-pOM
4HCIG aTOMOB Ha OJIHOM M3 YPOBHell ¢ 00Jiee BLICOKOI sHeprueit Goabnie
quciaa aTOMOB HAa YPOBHe ¢ MeHbITell sHepruell, Ha3. a KT H B H B M,
WM COCTOSIHHEM ¢ MHBepcueil (obpamenmem) HAaCe
reumumocTeit. T. o, guna Bo3OYKAeHNs TeHepallill KOI'ePEHTHOTO
ceera HeofxojuMa HHBepCHs HaceJCHHOCTeH s TOH mapsl ypoBHeil,
Nepexoy MewIy K-PLIMH COOTBETCTBYeT 4acTOTe I'eHepallyH,

Bropas mnpobGsema, K-pyl0 HeOOXOANMO pemmTh A CO3JaHMHsA
JI., — 210 upobiema obpammoii cessu. J{aA toro 4TOOEL cBer ympab-
JAJ  HM3NYYEHHeM ATOMOB, HeoOXOommMo, 4YTO6H 4YacTh uUaaydaeMoil
CEeTOBOH DHeprum Bce BpeMs OcTaBasiack BHYTpu pabodero BelllecTsna,
BRIBHBAA BHHYJKIeHHOe H3jydeHHe CBeTa Bce HOBBHIMM H HOBBIMH aTo-
MaMH, 9TO OCYHIeCTBIAETCA ¢ MOMOIIBIO 3epKai. B mpocreiiineM caydae
paboyee BeHecTBO HOMEINIAETCSI MMy [BYMs 3epRaJaMH, OMHO H3
K-PHIX HOJYIIpo3padHo (pue. 5). lMcnymeHHas B K.-JI. MecTe B Pe3yib-
TaTe CIOHTAHHOTO Iepexofla aToMa CBeTOBasg BOJHA YCHINBAETCA 32
cuer BHHYIK/IEHHOTO HCIIYCKAHHS IpH PaclpOCTPaHEHHH ee Yepes
patougee Bemectso. Jlo#as O HONLYTPO3PAvHOro 3eprAIa, CBET da-
CTUYHO IPoIifeT Yepes Hero. JTa 9acth CBeTOBOI oHepIHH M3nyiaeTces Ji.
BO BHe H MOJKeT OBITh HCIIOJIL30BAaHA. YacTh Ke cBeTa, OTpasHBIIAACH
0T TOAYLPO3PavTHOTO 3epPKaJa, AacT HadaJ0 HOBOH JaBRHe (OTOHOR.
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dra naspgHa He OygeT OTJNNUATHCH OT HpemplAyllleif B CHJIY CBOHCTB
BHHY;KIEHHOTO WCIYCKaUysi.

Ho BUIONHCHNE HBYX ONHCAHHBIX YCHOBMHIl ellle HEAOCTATOUHO.
g voro urofs BOSHMKIA TeHePalUsA CBeTa, VCIJeHHe B aKTUBHOM
BeNIECTRE NOIKHO OHTH AOCTATOUHO GOmbimM. OHO JOMKHEO HPeBHITIATH
HeR-POe sHAaueHue, Ha3, WO POT O BB M [J{edCTBHTEIBHO, IYCTH
YacTh CBeTOBOI'0 II0TOKA, Najalolero Ha IOJAYyHODO3pavyHOe 3ePKaIo,
oTpasusach Hasajg. YCWileHMe Ha [BOMHOM PACCTOAHNM MEKTY 3epKa-

naMp (OjHH TP O X O

Paba«ee gewscmeo Cenepupyeneq  1OTRHD DLITY, TARUM, YTOOH
N S coem Ha TIOJAYIPO3pavHOe 3epHa-
Tl A AN\ e U0 Bepuydach  cheToBas

l N g JHepruA, Be MEHpad, JeM
Henpoapmmoe Monynpospaswoe B UpepsAyIui pas. Toubko
sepHan0 3e0KAN0 TOTJ@ CRETORAS BOJIHA Ha'-

HeT HAPACTATH 0T IIPOXOAa

Pac. 5. Jdua pO30VHICHUA TEHEPANNH KOre- K npoxojry. Ecau sxe ororo

PCHTHOIO CBETa AKTHBHOE ReMecTBo roMemjaor HET, TO B TeYeHHE BTOPOTO

MCHSIY [\BYMA 3epKagaMIL. MPOXO/ia TONYIPO3PATHOTO

seprasa  JOCTUTHET MeHb-

Tiag bHePTHsi, 4eM B MPeJbIYIONII MOMEHT, B TeUeHUEe TPEThero — eiie

MembmIaA 1 T. i. Iipomecc orjalienns Oyner OPOROIIKATHCA 0 TeX

ep, HOKA CBETOBOI IMOTOK He 3aTYXHeT NOJHOCTHI. FICHO, 9T0 ueM

MeHbIe KOo3(p. OTparkeHNs WONYNPO3PAYHOTO 3epHATa, TeM OONBIIHM
TIOpOT'OBHIM YCHJIEHWEM JIO/KHO ofiafmath palbodee BelleCTRO.

Uraw, cdopMyanpyeM KparTko YCJAOBUS, HeOGXORUMEIC [Uid CO3HA-
HAf HCTOURMKA KorepemTmoro cmera: 1. Hykmo paGouee BemiecTBO
C WHBEPCHOH HACETeHHOCTHI. TONBKO TOTAa MOMKIO NONYUUTL YCH-
Jenue cBeTa 33 CYeT BHIHYIKARHHBEIX IepeXxopon. 2. Pafovee BemiecTBo
clexyeT MOMECTHTh Medy B3epraJaMi, K-pbie OCymiecTBisiorT obpat-
HyI0 ¢BA3b. 3. YcmieHue, faBaemoe pabodnmM BemecTBOM, a 3IHAUNT,
unesio  BO3OY/KASHHHX ATOMOB HAW MOJERYX B pabodeM BelecTse
ZOJDRHO 6RTH 6OabIIe HOPOTOBOrC 3HAYEOHHA, 3aBIACANICTO OT K0P,
OTpasKeHHsA MOJYIPO3pPavdHOTO 3epKana. IIpym BHITIOJHEHNMH 3THX Tpex
YCHOBHH MBI HOJIYIMM CUCTEMY, CIIOCOOHYIO TEHEPUPOBATL KOT@PEHTHHIH
cier, u Ha3, JI., uaM ONTHIECHKHM KBAHTOBBHB M FeHe
patTopom (OHT). CrnoBo «iasep» COCTABIEHO U3 UePBHX OyKB
aura, ¢paser: «Light amplification by stimulated emission of ra-
diation, 9to o3maTaeT: ycmTeHHe CcBera ¢ UOMOMBI BRHYIKICHHOIO
HAJAYYeHHS.

3. TeeproTennunie xazepn

ITepBHIM KBAaHTOBHIM TeHepaTopoM cBera Obli pyOnmoBHil JI., cos-
pauEeid B 1960 r. B pasipmeiinieM NOSBRAOCH MHOTO Ap. Ja3epHLIX
MaTepUaNOB, HO 0CTaeTCs OecCHOpHBIM (Gart, ¥To pyOHH IO CBOMM
$u3. u Mexanmdy. cBoiictBaM Obll M OCTAeTCA ONHHM M3 JYWIHX I a-
3epHLX MaTepHaAaIOB.

Py 6w H — 370 TBepAGE KPUCTANAMYECKOE BelecTBO. OCHOBUIT ero
ABISACTCH KOPYIT — JUAIeKTPUY. KpHeTaul oxuen amoMurms (Al,0,).
PybuHOM 0H CTAaHOBHTCA TOIJA, KOI/a HeOONLMYId Jacibh atomon Al
B STOM RPUCTAJIC 3AMEHATOT uwoHH xporda Crii*.ConepiaHne atoMoB
Cr B wpweraaie Bepernwro (0,05%). B pydume, oOmgHO ynorpebns-
emoM ast JI., Ra RasKIbIH cu® KpHCTALIA HpuxoauTes ok, 10'9 atomos Cr.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































