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Beenenue

B 1962 r. A. Posenrtans npemioxui, a B. Manek u /. JleBuc peanuzoBanu
nepBbiii He-Ne stasep ¢ konblieBbIM pe30HaTopoM (KOJIbIIEBOH J1a3ep), ¢ KOTOPOTro
Ha4aJIOCh Pa3BUTHE JIA3€PHOM TMPOCKOIHMH, TaK KaK Cpa3y K€ NPUBIICKIA BHUMa-
HUE BO3MOXXHOCTh U3MEPEHUS C €ro MOMOIIIbIO0 a0COJIIOTHBIX YTIIOBBIX CKOPOCTEH ¢
BBICOKOM TOYHOCTHIO. [I€pBbIE MONBITKY MPUMEHEHUS KOJIBLIEBBIX JIA3€POB B Kaye-
cTBe J1a3epHbIX rupockonoB (JII') BBIABHIM WX OCHOBHOWM HEIOCTATOK — HAJIMUHE
30HBI 3aXBaTa YaCTOT BCTPEUYHBIX BOJIH, HE MO3BOJIAIOILIECE U3MEPATH MAJIBIE YIJIO-
BbIE CKOPOCTH. Y CUJIUS Psiia KOJJIEKTUBOB, HANIPABJIEHHBIE HA MPEOJOJIEHUE ITOTO
HEJI0CTaTKa, MO3BOJIIWIA CO3JaTh MPUOOPHI, CIIOCOOHBIE KOHKYPHUPOBATH C TPaJIu-
UMOHHBIMU MEXAHUYECKUMHM THUPOCKOIIAMH, a TAKKE CO3/aTh HOBOE IOKOJICHHUE
VHEPLUAJIbHBIX HABUTALIMOHHBIX CUCTEM, KOTOPBIE CElYac MIMUPOKO MPUMEHSIIOTCA
BO BCEM MUDE.

[TpumepHO yepe3 AecsTh JIET Mocie Hayaiaa padoT B 00JaCTH JIa3€pHON THPO-
CKOIIMM HAYaJIMCh MCCIEAOBAHMS U pa3padOTKa BOJIOKOHHO-ONTUYECKUX THPOCKO-
noB (BOT'), mpunnun pabotel KoTopbIX, kKak u JII', ocHoBaH Ha 3¢ dekre CaHbsKa.
Pe3ynbTaToM Takux HCCIEIOBAHUIN SIBUJICS YPE3BBIYAHHO OBICTPBIM Mporpecc
BOTI'. Ecnu B xonue 80-p1x Hanbosee Tounsie BOI' xapakrepuzoBanuchk apeiidom
nopsiika lrpan/gac, To B koHie 90-pix xapakrepuctuku BOI BbIUM Ha ypOBEHb
COTBIX M JaX€ THICSIYHBIX JOJIEW rpagyca B 4ac.

[Io cpaBHEHHIO ¢ TUPOCKONIAMU JIPYTHUX TUIIOB, MPEXKIAE BCETO TPAAUIIMOHHBIMU
MeXaHU4YeCKUMH, ontuueckue rupockorbl (OI') 00anaroT psaoM BaXKHBIX J0CTO-
WHCTB, CPEIH KOTOPBIX HY’KHO OTMETUTD CIEAYIOIIHE:

e  OOJBINONW TUHAMUYECKAN TUATIA30H U3MEPSIEMBIX CKOPOCTEH;
HEYYBCTBUTEIBHOCTb K YCKOPEHUSIM U MEpPErpy3Kam,

Majoe BpeMs TOTOBHOCTH;
Majias norpeossieMas MOIIHOCTb;
OTCYTCTBHUE MEPEKPECTHBIX CBA3EH MPU MOCTPOCHUU TPEXOCHOTO OJIOKA
YYBCTBUTEJIbHBIX 3JIEMEHTOB,;
HU3Kas CTOUMOCTb MPH I0CTATOYHO BBICOKON TOUYHOCTH;
® OTCYTCTBHE BpalalOLIMXCSI MEXAHUYECKUX 3JIEMEHTOB U MOJUIUITHUKOB.

['oBopst 00 o0nacTAX NMpUMEHEHUs] MOXXHO OTMETuTh, 4yTo OI' oxBaThIBaeT
BCce Ooubiiie W OOJBIINE HAMPABICHUS HCIOJIB30BAHMS, BKIIOYAIONIME B ceOs
IPaKJaHCKYIO U BOCHHYIO aBHALIMI0, KOCMUYECKHUE alnaparhbl, PaKeThl pa3InyHbIX
kiaccoB. [lo onenke yueHbix JlpelnepoBCKON 1a0OpaTOpUH, SIBISIOLIEHCS KPYII-
HEHIMUM Hay4dHO-uccienoBareabckuM nHCTuTyTOM CIIIA B 0Gmactu HaBHranuoH-
Hol TexHuku, OI' B HacTosIiee BpeMsl SBISIOTCS HanOoJiee IMIMPOKO HCIOJb3Ye-
MBIMHU THIIAMHU TUPOCKOIIOB (pHc. 1).
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nporuo3 mecta BOI™ u JII" cpeau 1pyrux TUIOB THPOCKOIIOB.



1. PUBNYECKHUE OCHOBBI JIABEPOB

1.1. B3aI/IMOI[el7[CTBI/Ie JJIEKTPOMATHUTHOI'O IMOJIA € BEHIECTBOM

B ocnHoBe pabothl nazepa sexaT 3 (pyHIaMEHTAIbHBIX SIBICHUS, TIPOUCXO-
JSIIUX OPU B3aUMOJICUCTBUU DJIEKTPOMArHUTHBIX BOJH C BEIIECTBOM: MPOIIECCHI
CIIOHTAHHOT'O U BBIHYKJIEHHOTO U3JIYYEHHS U BBIHYXJACHHOTO MOTJIONICHUS

Bynem cuutarh, 4TO BELIECTBO OMHUCHIBACTCS PA3pPEIICHHBIMU COCTOSHUSIMU

(YpOBHSIMH), B KOTOPBIX OHO MOXKET HAaXOAMTHCS, CO 3HAYCHUSMH dHepruu E,,

n=1,2,..., T.e. paCCMOTPUM TaK Ha3bIBAEMYIO KBAaHTOBYIO cucTemy. JlJisi MpOCTOTHI
OyzaeMm paccMaTpuBaTh ABYXYpPOBHEBYIO KBAHTOBYIO CUCTEMY.

CnoHTaHHoe u3Jjy4yeHHMe. B OTCyTCTBME BHEIIHErO 3JEKTPOMAarHUTHOIO
IIOJIsI CYLIECTBYET OIIPEAEIICHHAs: BEPOSTHOCTb CAMOIIPOU3BOJIBLHOIO IIEpexona
aToMa ¢ 0oJiee BHICOKOTO YPOBHSA Ha 00Jiee HUZKUH.

2 o E, 2 e

h(D:Ez—El

> VAV ana

1 E; 1

Puc. 1.1
DTa BEpOSATHOCTh HA3BIBACTCS BEPOSATHOCTHIO CIIOHTAHHOTO Tepexona Ay . Cko-

POCTb UBMCHCHUW A HACCIICHHOCTH YPOBHS 2 COCTaBJISIET

dN»
—= =—-Ay)1No. 1.1
" 21N 2 (1.1)
[Tpu xaxa0M Iepexo/ie UCIyCKaeTCsl KBaHT C dHeprueu o = Eo — Eq. Benuuuny
1
Ty =—— (1.2)
Ao

HA3BIBAIOT BPEMEHEM JKM3HHM YPOBHS 2 MO OTHOIIECHUIO K CIIOHTAHHOMY H3JTyde-
HUIO Ha ypoBeHb 1.

Pemrenue ypaBaenus (1.1)



N, (t)= NJ exp(-t/z,) (1.3)
IMOKa3bIBACT, YTO 3aBUCUMOCTb HACCIICHHOCTU BCPXHCI'O YPOBHA OT BPCMCHU COOT-
BCTCTBYCT 3KCIIOHCHIHUAJIbBHOMY 3dKOHY PAaAWOAKTUBHOI'O paclialiad. HaHpaBJ]eHI/ISI,
B KOTOPBIX M3JIy4aroTcs (POTOHBI, PABHOMEPHO PACIIPEENEHBI BO BCEM IIPOCTPaH-
CTBC, 4 MOMCHTHI IICPCXOJ0B CJIy‘{aI?'IHO pacinpcaciicHbl 110 BpEMCHU. Taxkoe H3J1y-
YCHUC ABJIICTCS IMOJTHOCTbIO HCKOTI'CPCHTHBIM.

NuayuupoBannoe morJiomenue. [IycTs cuctema HaXoauTcsd Ha HUKHEM
HPHEpPreTMYeckoM ypoBHe 1 M Ha Hee mNaJaeT WU3IyYeHUE C YacTOTOU
0= (E2 -E1 )/ 7, pe30HaHCHOE TaHHOMY MEPEXOAY.

E.

W =

O

o

= 1

Puc. 1.2
Torna cymecTByeT KoHeUHast BEpOATHOCTh By, mornomenus nagatoniero GoToHa,

IpY 3TOM CHCTEMa MEePEeXouT Ha BepXHui ypoBeHb 2 (puc. 1.2). CkopocTs mepe-
XOJIOB OIPEJESAETCS BhIPAXKEHUEM

dN
d—tl = —Byop()Ny. (1.4)

BepostHocTs  Torsomenns  ¢otona Wio = Biop(w) mponoprmonansna
IUIOTHOCTH 3JIEKTPOMArHUTHOrO Nojs U Ko3(duuuenty noriaomenus By,. Ypas-

Herus tuna (1.4) Ha3pIBalOTCS CKOPOCTHBIMH YPaBHEHUSMH, T. €. YPAaBHCHHSIMU
JUIsL CKOPOCTEHN IPOLIECCOB.

NupyuupoBanHoe u3iaydeHue. [lycTe KBaHTOBasg cucTeMa HaXOOUTCS Ha
BEPXHEM YPOBHE U Ha HEE BO3ACHCTBYET PE30HAHCHOE BHEIIHEE DJIEKTPOMAarHUT-
HOE MoJie ¢ 4acToTol ®. [Tockonbky 3Heprus majgarouiero (poTroHa COBIAJAET C
DHEPruen Mnepexo1a, MMEeTCsl KOHEYHasi BEpOSITHOCTD IEPEX0/1a CUCTEMBI C YPOBHS

2 HAa YypoBeHb 1 ¢ WU3Iy4YeHHEM [OMOJHHUTEIHHOrO (OTOHA C SHEpruei
ho = E, — E; (puc. 1.3).



Q

E, 2 ?

E, 1

Puc. 3
BeposTHOCTE TIEpexo/1a CHCTEMBI B €IMHHUIYY BPEMEHU paBHA 821p(03), OHa Tpo-

MMoparuoHaJIbHA IINIOTHOCTHU SHCPIUU BHCIONHCTO JJICKTPOMATHUTHOTO ITOJIA p((D) )41

TaK Ha3bIBAeMOMY KO3()(DHUIIMEHTY BBIHYXIECHHOTO (WHIYIIMPOBAHHOTO) H3ITyue-

Hus B, .

I[J’I?I chaM6H$I OJIMHAKOBBIX KBAHTOBBIX YAdCTHIl 4YHCJIO I/IHI[YI_II/IpOBaHHBIX
MEePEX0/I0B B €AMHUIIE 00beMa B €IMHUILY BPEMEHU PaBHO
B21p(0)N3,
a CKOpOCTB N3MCHCHHSA HACCIICHHOCTHU N 2 ypOBHH 2 COCTaBuUT

oH(;I_tZ = —B1p(0)Ny. (1.5)
B pesynbTare uznydaercs (GOTOH, XapaKTEPUCTHKU KOTOPOTO — SHEPTHUS, UMITYJIbC
(B TOM YHCJIC HAIIPpABJICHHUC paCHPOCTpaHCHI/ISI) N COCTOAHUC IIOJIAPU3aAIUN — II0JI-
HOCTBIO COBMAJAIOT C XapaKTepucTHKamu (oToHa BHeHIHero mous. Ecim paccMar-
pHUBaTh IIOTOK C OOJIBIIIUM YHCIIOM q)OTOHOB, TO (1)2138, C-)JIGKTpOMaFHI/ITHOﬁ BOJIHBI B
MOTOKE MHIYIIMPOBAHHOTO M3JIyYEHUs COBIMAAaeT ¢ (pa3oi mois majaronero u3iy-
yeHus. Takum 06pa30M, HHAYIHUPOBAHHOC N3JITYYCHUC ITOJIHOCTBbIO KOI'CPCHTHO IIa-
JAIOIIEMY.

O6’BCI[I/IHI/IB CIIOHTAHHOC M MHAYIOHUPOBAHHOC U3JITYUCHHUC, Mbl MOKEM HaWTH

MOJIHYIO BEPOSITHOCTh UCITYCKaHMsI JOTOHA KBAHTOBOM CHCTEMOM

Wa1 = Ap1 +Boyp(o),

au3 (1.1) u (1.4) — monHyI0 CKOPOCTH M3MEHEHHS HacedeHHOCTH N o

dN
d—t2 = —[Ap1 + Boip(@)|N> (1.6)



JIns ycranoBuBIIETOCS ITpoLecca
B, =By (1.7)
N3 3akona [lnanka cinenyeT cOOTHOLIEHUE MEXAY KO3(PPULIHUEHTaMU CIIOHTAaHHOTO
Y BBIHYKJIEHHOTO U3JTy4YEHHSI

3
2ho
A1 =——3Ba1. (1.8)
nc

Beipakenue (1.8) mokasbpiBaeT, uTO MPH MEPEXOE U3 paauoauana3oHa B ONTHYE-
CKAW W Jajiee B PEHTICHOBCKHUMA PE3KO BO3PACTACT MHTCHCHBHOCTH CIIOHTAHHOTO
u3IydeHus (kak Ky0O 4acTOThI U3JTy4YEHHUs), OOBIYHO MPOSBIISIONIETOCS B BUJC TPH-
MECH IIyMa K MOHOXPOMAaTHYCCKOMY JIa3epHOMY H3JIydeHHt0. Boipaxenwus (1.7),
(1.8) monHOCTBIO OMNpenesaioT 3HaueHus KoddduimenToB DiHmTeiHa. CyIiect-
BOBAaHHE WHIYIIMPOBAHHOTO M3ITYYCHHS U €T0 3aMeUaTeIbHbIC CBOMCTBA U OIPe/Ie-
JIVITA BO3MOKHOCTH CO3/IaHUS JIa3€POB.

1.2 Ycunenue cBeTa B cpeje

PaccMoTpuM mpoliecc yCUJIEHUS WIIM MOTJIONIEHHUS] CBETa B CPEAE, COCTOS-
el U3 AByXYpPOBHEBBIX KBAaHTOBBIX cucTeM. [IycTh Ha cpedy B HalpaBJICHUH OCU
Z MajgacT IoJie B BUC IUIOCKOM 3JIEKTPOMArHUTHOM BOJIHBI ¢ MOIIHOCTRIO Py (puc.
1.4). PaccMOTpHUM Kak MEHSIETCS MOITHOCTh P(Z) pu MPOXO0XKIACHUU Yepe3 CPey.
CeeT OyjaeT MOTJIOIMIAThCA WM YCHIIMBATHCS B 3aBHCHMOCTH OT TOTO, KaKOW W3
MPOIIECCOB OyJET MpeodiiaiaTh — UHAYIIUPOBAHHOE IMOTJIONICHUE WU UHIYIUPO-
BaHHOE M3JIy4YCHHUE.

2

Py
|

0 Z z+dz
Puc. 1.4

CrioHTaHHOE M3IyY€HHE HE 3aBUCHT OT MOIIHOCTH IAJAOLIEro Ha Cpery
CBETA U JAET TOJIBKO (DOHOBYIO 3aCBETKY, KOTOPOM MOKHO IIPEHEOPEYb.

10



BbtenuM TOHKHIA CJIOM TOJIIWHON OZ , B KOTOPOM HMHTCHCHBHOCTH CBETa
MOKHO CUMTATh MOCTOSSHHOM. MHIyIIMpOBAaHHOE M3IyYEHHE NACT CIECAYIOIIEE U3-
MEHEHHE MOIITHOCTH

dPH = sz((D)Bz]_hVSdZ )
rjae S — miomaas ceueHus. [lepBbie TpU COMHOMXKUTENS ONPEEsiin paHee U3MEHe-
HHE YMCJIa YACTHUI[ HA BEPXHEM YPOBHE B €MHHUILY BPEMEHH. Ternepb nociae yMHO-

JKEHHs Ha hv mMeeM H3MeHEeHHE 9HCPIrun B CAWHUIY BPCMCHH, T.C. M3MCHCHHC

P(z)

MOIITHOCTH. BBe/1eM MOBEpXHOCTHYIO TNIOTHOCTh MOITHOCTH P(Z) = S Torga

dpy; = Nop(w)Borhvdz.
AHaNOrMYHO ISl MHIYIIUPOBAHHOTO MOTJIOMICHUS HMEEM
dp;7 =—N1p(w)Bohvdz.
Oor1iee n3aMeHeHune P(z) cocTaBuT
dp(z) = (N2Ba1 — N1By Jp(w)hvdz.
CHeKTpalbHyI0 TUIOTHOCTh DHEPTUH 3JIEKTPOMArHUTHOTO 1oJisi P() MOXKHO BBIpa-

3UTh Yepe3 MOBEPXHOCTHYIO TNIOTHOCTh MOLTHOCTH P = Cp(®). Torma

YA
dp(z) =(N2Bp; — N1Bro) pﬁ ) hvdz

Brenem
p(2) hv
g =(N2B21 —N1Bip) o ~B12(N2 =Ny)-—.
[TosmydeHHOE COOTHOIICHHWE IMOKA3BIBAET, YTO MPU OTPHUIATCILHBIX 3HAYCHUSIX (
MOIIHOCTh CBETa YMEHbIIAeTCs (MPOUCXOMUT MOIIOIICHUE), TTPH MOJIOKHUTEIHHOM
g MOIIHOCTh cBeTa pacTeT (J - Ko PHUIMEHT ycuieHus). Perienne mony4eHHoro
ypaBHEHUS JaeT CIACAYIONINI pe3ynbTatr (M3BeCTHBIN 3aKoH byrepa)

h
p(z)= po exp[Blz(Nz - Nl)% Z} = po exp(gz),

npu g>0 nabmomaercs ycuinenue, a npu <O — mornomieHue uznydenus. Ecmnu
cpella YCUIIMBAET U3ITyYCHHE, €€ OOBIYHO HA3BIBAIOT aKTUBHOW. OUEBHIHO, YTO Ha-
JUYKE YCUJICHUS WJIH TIOTJIONICHHS B CPEJie OMpeessieTCsl 3HAKOM pa3HOCTU Hace-

nenHocredt ypoBHerd N, — Nj.

PaccmoTpum coctosHue cpeabl IMpU TEPMOAMHAMUYECKOM paBHOBecHH. B
ATOM CIIy4ae 3aCeJICHUE YPOBHEU OINPENEISIETC CTaATUCTUKON bonpliMaHa

11



Ny =Ngexp _En

KT
ITpu sTom Bcerna N, —N; <0 u cpena okaspiBaercs noraomatouieil. [lomyunts
cocrostnie N, —N; >0 MOXXHO TOJIBKO B HEpAaBHOBECHOW CUCTEME, TAKOE COCTOS-

HUC HA3bBIBACTCA HHBGpCHCﬁ HACCJICHHOCTEH.

1.3 MeToasbl co31aHUSA UHBEPCHOH HACEJIEHHOCTH

Jlst co3maHus MHBEPCHUM HACENIEHHOCTEW B aKTHUBHBIX Cpelax pa3IMYHbIX
TUIIOB MCHOJB3YIOT CJIEAYIOIIME METO/IbI Mepeau SYHEPTrur Ha BEpXHUM pabouunii
YPOBEHb:
- ONITUYECKasl HaKauKa,
- BO30Yy>KJICHUE JIEKTPOHHBIM YJ1apOM,
- BO30YXI€HHE aTOMOB 3a CUET HEYNPYTrUX COYJapeHUI C aTOMaMu B BO30YKICH-
HOM COCTOSIHUU
- BO30YXI€HHUE 3a CUET BBIJICICHUS YHEPTUU CBS3H MPU JUCCOLMAIIMN MOJIEKYT,
- UTHXKEKIHSI HOCUTEIIEH 3apsiaa,
- iepejiava TEII0BOM SHEPIUH NMpHU aauadaTHuecKoOM paclIMpeHnH rasa,
- HCTIOJIb30BAHUE NOHU3HUPYIOIETO U3y ICHHSI.

OnTuyeckasi HaKauKa — METOJI CO3JaHusl THBEPCUM HACEJIEHHOCEH, UCTOIb-
3YIOIMIUNA TPOIECC BBIHYKJICHHOTO TIOTJIONMIEHUSI CBETa B AaKTUBHOW Cpene:

A+ho—A |, rae A o603HaYaeT HEBO30YKIACHHYIO KBAHTOBYIO cUCcTeMy a A - BO3-

OyXIEHHYI0 KBaHTOBYIO cucteMy. lIpsmas onTuyeckas Hakadka 3aTpyJHEHa
OOBIYHO M3-32 Y30CTU SHEPreTUYECKUX YPOBHEM M MX CPaBHUTENIBHO YacTOI'O pac-
MIOJIOKEHUS 110 IIKaJIe SHEPIHil. B pe3ynbpTare 3TOro npu Hakauke 0ObIYHO MTPOUC-
XOIUT 3aCEJCHUE LEI0ro Habopa IHEPreTHMUECKHUX YPOBHEH, MEXKIY KOTOPBIMU
IIPOUCXOMAT UHTEHCHUBHBIE MEPEXO/bl, U BBIACICHHUE 0 HACEICHHOCTH HY>KHOIO
YpOBHs HE UMeeT MecTa. [103ToMy npH MCIOJIB30BaHUU ONTUYECKOW HAKayKu UC-
NOJIB3YIOT TaK Ha3bIBAEMbIE 3-X YPOBHEBBIC MU 4-X ypoBHEBBIC cxeMbl (puc. 1.5,
1.6). Mcnonp30BaHME TaKUX CXEM 3aKIOYACTCsS B OTHICKAHWUHM TaKHX BEIICCTB, Y
KOTOPBIX COCEACTBYIOT MaJIOKUBYLIIME YPOBHU C JOJTOXKUBYIIIMMH YPOBHSIMHU.

Ha s13p1xe K03QPpuiieHToB DUHIITEHHA TO MOKHO BBIPA3UTh AJIsi CXEMBI, IPUBE-
JneHHou Ha puc. 1.5, cieayronmum oopazom
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E, E;
E, | E
i Hakauka Pacnia
E, — E; JlazepHbIii
ITepexon
Eo m—n Bo b
............. NI Ni
Puc. 5
E E
Es . Haxauka E, Pacman
E; - —3
JlazepHbii
] nepexo
E, = ".A“Pacnaﬂ
5 S, E, ———a ol N
Puc.1.6

A21>> A10 (’C2<<’C1).
B pesynbraTe Hakauku W CIIOHTAHHBIX MEPEXOJIOB, XapaKTEPU3YIOUIUXCS MpHUBE-
JIEHHBIMM COOTHOIICHUSIMH, HaceJIeHHOCTh ypoBHA N; craHoButcsa 6ombiie Ng u
MpU HAIMYUH B AKTUBHOMW CpeJie AJIEKTPOMArHUTHOIO TMOJS C YaCTOTOM V1o IPOUC-
XOJISAT WHIYILMPOBAHHBIE MEPEXOAbl, COMPOBOXKIAIOIIUECS YCUIIEHUEM 3IJIEKTPO-
MarHuTHOro noJjis. [To 3-X ypoBHEBO# cxeme Hakadky paboTaeT pyOHHOBBIH Jiaszep,
3-X ypoBHEBas cxeMa TpedyeT OOJIbIIION MOITHOCTH HaKayKu. bojee s5KOHOMUYHOM
ABIIgeTCs 4-X ypOBHEBasi CXxema, JUIsl peain3alli KOTOPOUM JTOJKHBI BBIMOJIHATHCS
COOTHOILICHUS

A32, A10>> A21 (T2<<’C3,’C1).

Meron co3naHus MHBEPCHOM HACEIEHHOCTH, MCIIOIB3YIOUIUHI Iepeaady Ku-

HETUYECKOUN SHEPrUU JIEKTPOHOB IIPU COYAAPEHUU C aTOMaMH B Ta30BOM pas3psjie

Ha3bIBACTCA B036Y)KI[€HI/IGM QJICKTPOHHBIM YJapOM M OIMCbIBACTCA cXeMou
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A+e—A +e. Bo30yxeHHe 3JIEKTPOHHBIM YIapOM HCHOJIb3YETCs 0OBIYHO B Ia3o-
BBIX CpE/ax IPH CO3/IaHUU B HUX AJIEKTpUUecKoro paspsaa. Ilockonbky B razopas-
PSAAHOM IIIa3Me MIEKTPOHBI MMEIOT MAaKCBEJUIOBCKOE PACIpEENIEHUE IO CKOpO-

ctsm (puc. 1.7),
2
N ~v 2e U0 U= 2T

a HAC MHTEPECYIOT B 3TOM paclpe/eIeHny Hanbolee ObICTPhIE PICKTPOHBI, TO WH-
BEpCHAsI HACEJICHHOCTH IO JIBYXYpPOB-

HEBOM cXeMe 0OBIYHO HE peau3yercs. (Y
Curyaruss cBoautcs (HaKTHUECKH K
TOW K€, 4TO WUMEET MECTO TpPU WC-
MOJIb30BAaHUU ONTHYECKOW HAKAYKU —
JUTSL CO3JITaHUSI MHBEPCHOM HaceleHHO-
CTH HEOOXOJIMMO COYETaHHUE OBICTPO-
pacmasalonmxcs ¥ JAO0JTOXHUBYIIHX

YPOBHEH, T.€. HCTIOJIB30BaHMUE 3-X U 4-

X YPOBHEBBIX CXEM. 0 u

Co3nanue MHBEPCHOW HaCEICH- Puc. 1.7
HOCTM BO3MOXHO TaKX€ METOJIOM
BO30Y>KJIEHHS 32 CUET HEYNIPYTMX CTOJKHOBEHMI aToMOB 1o cxeme A+ B —A +B.
[Tpu cOnmxeHun OBYX aTOMOB pa3HbIX THHOB A M B ¢ Onu3kumM CTpyKTypamu
DHEPreTUYECKUX YPOBHEU (EE’ - ElB ~ EéA‘ - ElA) B TOM CiydYae, KOrja OJMH U3
aTOMOB HaxOJUTCSl Ha BEPXHEM JHEPreTUYECKOM YPOBHE, a APYTrOd Ha HMKHEM,
BO3MOKEH PE30HAHCHBIN MPOLECC NEPeJaul SHEPTUH, IIPU KOTOPOM IIEPBBIM aTOM
MIEPEXOIUT Ha HWKHUW YPOBEHb, a BTOpOW — Ha BepxHuil. [Ipouecc sBusercs pe-
30HAHCHBIM B TOM CMBICJIE, UTO BEPOATHOCTH nepexona Wag MakcuMallbHa IpU

AE =(E25 —EP)-(EL - ElA):O,
Wap= exp (-AE/kT)
Cxema Hakayky 3a CUET HEYNPYTUX COYIapeHHH aTOMOB IPEICTAaBJICHA HA

puc. 1.8. Beibuparorcs n1Ba raza (pabouuii ¥ IPUMECHBIH), KOTOPBIE XapaKTepu3y-
I0TCS1 OIM30CThIO SHEPruid BO30YKACHHBIX YPOBHEU. B pa3psie 31neKkTpoHbl coyaa-

B
psACh € aTOMAaMU ITPUMECHOT'O I'a3a BO36y}KI[aIOT HUX Ha YPOBCHb E2 .
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KonrneHTparus mpuMecHOro ra3a BbeiOupaeTcs 3HaunteabHo oonpmeit (5:1...10:1),
YeM KOHIIEHTpallus paboyvero rasa, Jijis TOro 4ToObl nepeaada SHEPruu Mpu HEeyI-

Heynpyrue
A
. B CTOJ'IKH-OIBCHI/DI E%
2 A
aTOMOB
JlazepHblit
epexo.
CnionTanHble -
MIEPEXO/IbI A
\ 4 El
CrioHTaHHbIE IEPEXObI
u 1uPy3us K CTEHKam
b A
Ep Ep
BcenomorarenpHbII
(mpumecHBIit) ra3
Puc. 1.8

PYIHMX CTOJIKHOBEHHSAX aTOMaM paboyero rasa MpeBajJlMpoBajla Haj Iepenaden
HHEPruy aToMaM IPUMECHOTO rasa.

A
YPOBGHB El JOJIDKCH OBITH MaJIOKUBYIIUM 00 3a cYeT CIIOHTAHHOTO W3-

Jy4eHus, 100 3a CYET COyNapeHUi cO CTeHKaMu TPYOKH (C ATOM Leibio ra3opas-
psAAHbIe TPYOKH B ja3epax OObIYHO MMEIOT Mayblii auametp — 2-3 mm). Ilpu stux

YCIIOBUSIX 00ECTIeUnBACTCS MHBEPCHUSI HACEIECHHOCTEH MEXIy YpPOBHAMH EéA 151

ElA. ITo Taxoii cxeme pabortaer He-Ne nazep.
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1.4. OTKpBITHIE PE30HATOPDI

[TpocTeitimmM 37eKTPOMAarHUTHBIM pe3oHaTopoM (st yactot g0 1-2 MI'n)
sBIsieTcs KonebarenbHbIi KoHTYp (puc. 1.9 a). B CBY obnactu — 00beMHBIH pe-
3oHaTop (puc. 1.9 0), a B ONTHYECKOM JHarna3oHe OTKPBITHIA pe3onatop (puc. 1.9

R,

a §) B

Puc. 1.9.

HOI[ OTKPBITBIM HJIM OIITHYCCKHM PE30HATOPOM MBI IIOHHMMACM CHCTCMY

3epKajl 00pa3yIolUX 3aMKHYTBIM KOHTYp UIsl pacipocTpaHeHus: cBeTa. Pazmepsl
ONTHUYECKOI0 PE30HATOpa HAMHOIO IPEBBIIIAIOT JUIMHY BOJHBL. B mpocreiiniem
clly4ae OTKPBITBI pE30HATOP COCTOUT M3 JABYX MapajulesIbHbIX 3epKall.. Takue pe-
30HATOPHI, Ha3bIBaeMble B onTuke HHTEphepomerpamu Dadpu-Ilepo, ucnonb3o-
BaJIUCh B CIIEKTPOCKOIUHU 33J0JIT0 Ja OTKPBITHA J1a3epoB. B OTKPBITBIX pe30HATO-
pax CylecTBYIOT KOH(DUTypalluK TUIA CTOSTYMX HIIA OETYIIUX 3JIEKTPOMArHUTHBIX
BOJIH, XapaKTePU3YIOIINECS OYEHb MAJIBIMU NOTEPSAMHU. J[JI1 OonmMCcaHUsl TAKUX KOH-
burypanuii BBOAST MOHATHE COOCTBEHHOTO THUIA KOJeOaHUs WM MOJbI pE30HATO-
pa.

Mopoit pe3oHaTtopa Ha3bIBaeTCsl CTAllMOHApHAsh KOH(MUTypauus 3IEKTPO-
MarHUTHOrO TOJIsl, KOTOpas YyIOBJIETBOPSAET KAaK ypaBHEHHSM MakcBeiia, Tak U
IPaHUYHBIM YCJIOBHSAM. YUYUTHIBas MOTEPH, AIEKTPOMATHUTHOE T0JIE€ B MOJIE MOXK-

HO 3aI11ucaTh B BUJIC
E(t,z)=Eq exp(— % )exp[i(mt —kz)],
c
rae Z nNpoCTPaHCTBEHHAs KOOpAHWHATA, COBIIaJarollasd C HaIIpaBJICHHEM paclpo-

21
CTpaHEHHS CBETa, T, - BPeMs JKM3HU (OTOHA B pe3oHaTope, K = 7 — BOJIHOBOE

yuciio. Mosia pe3oHaTopa yJI0BJIETBOPSET YCIOBHIO BOCIIPOU3BEICHUS (pa3bl MOCIIe

o0xoia KOHTypa, T.e. Haber (a3bl H0omKeH ObITh KpaTeH 2m. A@=( 27w, rae ( —

nenoe yucio. [lockonbky Haber (a3bl paBHBIN 27T MPOUCXOANUT Ha KaXKJIOW JIMHE
BOJIHBI, TO IIPUBEJICHHOE YCIOBHUE MOKHO Nepe(opMyInpoBaTh CIEAYIOLIMM 00pa-
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30M: Ha JUTMHE pe3oHaTopa L JOmKHO yKIaabIBaThCS 1€0€ YHCII0 TOTYTHH BOJIH.
. (puc. 1.10 a).

L=qg—
f 2
c/2L
<—>
L Vg  Vgul v
a 0

Puc. 1.10.
[Ipu BBITIOJIHEHUH ATOTO YCJIOBUS TOJIE B PE30HATOPE OOpa3yeT CTOSYYIO BOJHY.
Takoe xonebaHue U sABISETCA COOCTBEHHBIM THUIIOM KOJEOAHMsI pPE30HATOpPA WIIU
ero MoJ1o0i. Mobl pe3oHaTopa 00pa3yroT paBHOMEPHBIH 10 4acTOTe CHEKTp (pHC.
1.10 0).
Lo A C . C
=( > _q2Vq , OTKYyZa Vg —q2L
Jns aHanm3a mpoLeccCOB B PE30HATOPE NMPUMEHSIOT JIBa METOAA, OJWH W3
HUX HCTOJB3YET JIydeBOe MPUOIIKEHHE, a Ipyrol — BoHOBOe. J[Jis aHanm3a Jy-
YEeBBIM METOJIOM BBIOMPAIOT TOUKY B PE30HATOPE, HE JIEKAILYIO Ha €r0 OCH, U MPO-
BOJIAT JIy4 MapajuieibHO ocu pe3oHatopa (cM. puc. 1.11). C moBeaeHueM Jiyda mpu
MHOTOKPAaTHOM OTPaKEHHH €ro OT 3€pKaJl pe30HATOPa CBSA3AHO ITOHATHE yCTONYH-
BOCTH PE30HATOPA.

R]_ RZ

/ )

Y CcTONYUBEIN PE30HATOP HeycroiuunBslii pe3oHaTOP

Puc. 1.11.
Pe3oHatop Ha3bIBaeTCs YCTOWYMBBIM, €CJIM IIPU MHOIOKPATHOM IIPOXOXKIE-
HUM PE30HATOpa JIy4 HE BBIXOAMT 3a Mpeesibl HEKOTOPOTO OTPaHUYEHHOr0 00beMa
pe3onaropa. Eciu e Jiyd B UTOT€ BBIXOAUT B OKPY KAIOLIEe IIPOCTPAHCTBO, TAKON
pPE30HATOpP Ha3bIBAECTCSA HEYCTOWYMBBIM. OOBIYHO HEYCTOMUYMBBIE PE30HATOPHI 00-
JaAa0T OOJIBIIMMHU NOTEPSMHU, YeM yCTOWUYuBbIE. ECi B yCTOMYMBOM pe3oHaToOpe
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Jly4 4epe3 KOHEYHOE YHUCIO IPOXOJ0B IMOBTOPSET CBOK TPACKTOPHUIO, TOTAAa OH
MIPUHAJJICKUT COOCTBEHHOMY CEMEUCTBY JIydel pe3oHaTopa, Uil MOJE pe30HaTO-
pa.

CBolicTBa OTKPBITOTO PE30HATOPA OMPEICTAIOTCS YMCIOM U B3aUMHBIM pac-
MOJIOKEHHE O0pa3yIoIINX €ro OTPa)XKalIINX MOBEpXHOCTEW. Pa3nuyHbie cXembl
PE30HATOPOB MpeacTaBieHbl Ha puc. 1.12. [1o cTpykType 2JIeKTpOMarHuTHOTO TI0-
JIS1 OHM JISJISTCS. Ha PE30HATOPHI CTOSTYEH BOJIHBI — JIMHEWHBIC (a,0,6,2) ¥ PE30HATO-
pBI Oeryiiel BOJIHBI — KOJIbIeBbIe (0,e,0ic). [1o pe3oHaHCHBIM CBOMCTBaM OHH Jie-
JSTCS. Ha OJHOIOJOCTHBIE M MHOrOMOJOCTHBIE (6,2,0¢c). KoJblieBbIE pe30HATOPBI

MOTYT OBITh C IJIOCKUM KOHTYPOM Jy4a U KOHTYPOM, U3JIOMJIEHHBIM B IMPOCTPAH-
CTBE.

Puc. 1.12.
3aryxaHue Mol B pe30HATOPE WIIM KOHEYHOE BpeMs KU3HU (DOTOHA B pe30-
HATOpE OMpEACNIIeTCS MOTEPSIMH pe3oHaTopa. PaccMOTpUM OCHOBHBIC NMPUYMHBI
HAJIWYUS TIOTEPh.
1. TTorepu B pe3oHATOpE 3a CUET MPOITYCKAHMUS W TOTJIOMICHUS 3epKall. 3ep-
KaJla BCET/Ia YaCTUYHO MPOTMYCKAIOT CBET U YACTHYHO €T0 MOTJIOMIA0T:
T+R+S=1,
rae 7, R u S — cooTBeTCTBEHHO KOA((GUIMEHTHI POITyCKaHUsI, OTPAKECHUS U TIO-
TJIOIICHUS 3epKaJia.
3epkaiia MOTYT OBITh OTACIBHBIMHU dJIEMEHTAMHU PE30HATOPA, & B TBEPAOTEIHHBIX U
MIOJIYITPOBOTHUKOBBIX JIa3epax MX POJIb BBIMOJIHSIIOT OTIOJMPOBAHHBIC TOPIIBI aK-
TUBHOTO BelecTBa. B mazepax ¢ manpiM KOAGOUIIMEHTOM YCHIIEHUS aKTUBHOU
Cpellbl UCIOJIB3YIOT 3epKajia ¢ BBICOKMM KOA()(PHUITMCHTOM OTpa)XCHHUs, KOTOpPHIE
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MPEICTABISIIOT COO0M MHOTOCIONHOE TUAIEKTPUUECKOE MOKPHITHE, HAHECEHHOE Ha
MOJIIOKKY M3 TUIABJICHOTO KBapIla WM ONTHYECKOTO cTekia. OOBIYHO HAHOCATCS
17-25 cnoeB cynphuaa nuHKa Uiau (GTOpUa MarHus C TOJIIUHON KaXAOTrO CIOS
M4. 3a cueT MHOTOJIy4eBOH MHTEP(PEPEHIIMU CBETa B CIIOSX KOI(PPHUIMEHT OTpa-
KeHus 3epkan MoxeT cocTaBisaTh 0,999 — 0,99999. B konbleBbIX J1azepax BMECTO
3epKajl HHOT1a UCTIOIB3YIOTCS TIPU3MBI TIOJTHOTO BHYTPEHHETO OTPaXKCHHSI.

2. [lotepu u3-3a nudpakunu. 3epkana UMEIOT KOHEYHBIE pa3MeEpPhl, IOITOMY
HEeOOJIbIIIas OJIT CBETOBOTO MOTOKA UCIIBITHIBACT TU(PPAKITMOHHBIC OTKIOHEHHUS Ha

Kkpasx 3epkain (puc. 1.13).

0=L1go, 0= A
D
__________ )
D J10J1s1 TOTEPSAHHOTO CBETA = D’
===::}:::: 4 5 Ltgo AL
o s D D p?

Puc. 1.13.
EcouD=2cm, L=0,3M, A =0,63MKM,
TO rorepy 3a cyer audpaxiun p 7 = 0,0005.
3. IloTepu n3-3a He MapanIenbHOCTH 3epKai. YUcio oTpakeHuil, mocie Ko-

TOPBIX JIy4 BBIMJET 3a IpPEIeibl 3€pKaja, ONpENessieT COOTHOIIECHHE, CAEAYIOIee
u3 puc. 1.14.

3B 5
‘23\ ﬁL[1+3+....+(2n+1)]:5

</B'
n(n+1
BL u — 2 , n ~ R ,
2 2 BL
L
~~— BI2 rJe N — YKUCJIO MPOXOJA0B JIBOMHOW JJIMHBI
pe3oHaropa.
Puc. 1.14. Bpewms, 3a koTOpOE Jyd BBIMJIET U3 pe30HATOPA
2L 2 |LD
(BpeMmst J)KU3HU B PE30HATOPE), PABHO p=—nN=— ? :
C C
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[loTepn paBHBI OTHOLIEHUIO BPEMEHHU IPOXOJa PE30HATOpPAa K BPEMEHM JKU3HU B

__L _ Bt
MB C’L'B 2D.

IIpu B = 1 yra.c. morepu paBubl npumepHo 0,02. CrnenoBarenbHo 115 obecrieye-

pe3oHaTope

HUS MaJIBIX MIOTEPh M3-32 HEeMapauIeIbHOCTH HE0OX0IuMa I0OCTHPOBKA PE30HATOPA
C TOYHOCTBIO IO €IMHUI] YTIOBBIX CeKYH[. [ CHIKeHus TpeOoBaHUM K mapali-
JETFHOCTH 3€pKajl B pe30HaTope 0OBIYHO MCTOIB3YIOT BMECTO TUIOCKUX 3€pKal BO-
rHyThIe cepuueckue 3epkana ¢ paguycom cdepsl 0,5...5 m. [Ipu 3tom Tpebopa-
HUS K TapajIeIbHOCTH 3€pKall CHIDKAIOTCS Ha 1-2 mopsaka, a moTepu COCTaBJISIO
BenuunHy Menee 0,01.

1.5. Ilpunuun aeiicTBUsA Ja3zepa

[lepeitnem Temeps OT KBAHTOBOTO YCWJIMTENS K KBAHTOBOMY T€HEPATOPY.
Oo6o0menHas QyHKIIMOHATBHAS CXeMa Jlazepa npejacrarieHa Ha puc. 1.15. Kak u3-
BECTHO M3 Kypca PaIMOTEXHHUKH, JIJISI TOTO, YTOOBI YCHIIUTEh MPEBPATUTH B TCHE-
paTop, HE0OXOIUMO €ro BBIXOJHOM CUTHaJ MOJaTh 0OPaTHO Ha BXOJ C MOMOIIBIO
IIEMU TTOJIOKUTEIBPHOW 00paTHOM CBsI3U. B onTudeckom auama3zoHe 3Ty (PYHKITUIO
BBITIOJIHAET OTKPBITBHIA ONTHUYECKUI pe30HATOP.

Kak u B 11000M pe3oHaTope, B ONTUYECKOM PE30HATOPE 0OecreunBa-
€TCsl HAKOIUIEHHWE YHEPTruu 3a CUET MHOTOKPATHOTO MPOXOKIACHMS 3JIEKTpOMar-

HUTHOI'O ITIOJIA BOOJIb ONTUYCCKOMN

OCH pe30HaTopa B MPSIMOM U 00-

paTHOM  HAMPABICHUSX  MEKTY Hakatka

sepkanamu. Koaddumuent orpa- Mo ﬂ Hore
JKEHHsS 3epKayl 00BIYHO BBIOMpAET- usy- AKTHBHAS 3Ty e-
Cs BBICOKUM [UJII TOTO, YTOOBI HCHHA :> cpena HUA

o0ecreynTh Majble MOTEPU U BbI-

COKYIO0 JIOOPOTHOCTH pe€30HATOopa. oMoKITe LA

BBIBO/I M3JTydEHUs OCYIIECTBIISET- 0GpaTHas CBA3b

Cs 32 CYET KOHEYHOIO IPOIyCKa-

HUS 3epKall. Puc.1.15

Kpome oOpaTHOIi cBsI3u B Te€HEpAaTOpEe HEOOXOANUMO 00ECIeUUTh HEMPEPhIB-

HBIN MoABOJA OHCPIrMu M3 BHCUIHCI'O HCTOYHHKA IS KOMIICHCAIUKW BCCX BHUAOB
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noTepb. /[ 3TOro CiiyKUT cucTeMa HaKauKu aKTUBHOM cpelbl, KoTopas obecrie-
YMBAET MEPEBOJI AKTUBHBIX aTOMOB U3 OCHOBHOI'O COCTOSIHUSI HA BEpXHUH pabounii
ypOBeHb 1151 GOPMUPOBAHUS NHBEPCUH HACEICHHOCTEH.

PaccMOTpUM IIPOXOKIE€HUE 3JIEKTPOMATHATHOM BOJHBI BHYTPU PE30HATOPA
nazepa (puc. 1.16) B pexxume TeHepanui HTydeHus. byiem cuuTarh, 4To OT JIeBO-
ro 3epkaja 3; HalpaBO BJOJb ONTUYECKOM OCH Z PE30HATOpAa PacIpOCTPaHSIETCs
CBETOBOI MOTOK C MOIIIHOCTBIO Py, pe30HaHCHBIN pabodyeMy Mepexoy.

AKTUBHasi cpega COCTOUT W3
aHcamo1s IIBYXyPOBHEBBIX 31 32
KBaHTOBBIX CUCTEM U 3aIOJHSET

xioBery jumHON |. Paccrosnme Po
MeXIy 3epKamamu L , BbIYmC- o ‘I
JIEHHOE C Y4YeTOM I0Ka3aTess

<— |

—
30HATOPHBIX 3J3JICMCHTOB, HA3bI- I L /

MPEJIOMIICHUSI BCEX BHYTpHUpe-

BAETCs ONTUYECKOW NIMHOU pe-

3oHaTopa. I[lpu mnpoxoxaeHun

P(2)

AKTUBHOM Cpelbl CBETOBOW IIO-

TOK YCHJIMBACTCA OO 3HAYCHUA Po

Po exp gl, 3aTem 3a cuer ToOTO,

9TO 3epKajgo 32 WMeeT MPOIycC-
Puc. 1.16.
kanne To (To =1-Rj), gactp

DHEPrUM MOTOKA BBIXOAWT M3 PE30HATOpPA U CBETOBOW MOTOK yMEHbIIaeTcs B Ro
pa3, rae Ro— sHeprernueckuil K03pPUIMEHT OoTpakeHUs 3epkana. Jlagee moTok

pacIpocTpaHsIeTcs B OOpaTHYIO CTOPOHY, U TIOCJE OTpakeHUs oT 3epkayia 31 ero

BEITMYMHA MPUOOPETET 3HAUCHUE

2 2
Po(L—pg ) exp(gl)- Ry -exp(gl)-Rp = Po(L—pg ) (L-Ty JL- T2 )Jexp2gl. (1.9)
C IIOMOIIBIO BCJIIMYUHLBI [y 3ACCHh BBOAATCS BCC OCTAJIBHBIC BH/bI IIOTCPb B PEC30-

HaTope, B pacueTe Ha MPOXOJ] Jy4ya B PE30HATOPE B OJHY CTOPOHY (AudpaKInoH-
HbIC, TTOTEPH Ha TOTJIOIIEHUE M OTPaKEHUE B DJIEMEHTAaX, HAXOISIIUXCS BHYTPH
pe3oHaropa u 1p.). VI3MeHeHne MoToKa CBeTa MpU PacHpOCTPaHEHUU BHYTPHU pe-
30HaTOpa MoKa3aHo Ha rpaduke (puc.1.16).

B crammoHapHOM peXuMe T'eHEpaluh W3IY4YCeHUS XapaKTCPHUCTUKU SJICK-
TPOMArHUTHOTO TOJISI B JIFOOOM TOYKE BHYTPU PE30HATOPA JOJDKHBI OCTaBaThCS He-
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u3MeHHbIMH. [losTOMYy mpu mpoxoae u3nmyudeHus: oT 3epkaia 31 mo 3epkana 32 u
00paTHO K 3epkaity 31 1OJKHBI BBIOIHATHCS CIEAYIOUINE YCIOBUS CAMO COTJIAco-
BaHUS OIS
1. AMmuTyaa 3JIeKTpOMarHUTHOM BOJHBI MIPH TIOJTHOM 00X0J€ pe30HaTopa JOJIK-
Ha ObITh paBHA MEPBOHAYATILHOM.
2. ®a3a BOJHBI MOCTIE MOJHOTO 00X0/1a pe30HaTopa JOKHA U3MEHATHCS Ha BEJIH-
YUHY, KPATHYIO 27.
3. CocrosiHue NojispU3alMy mociie 00xoaa pe3oHaTopa TakkKe TO0JKHO BOCIPOU3-
BOJIUTHCA.

[IpuMeHnM mepBOE yCIOBHE CAMO COTJIACOBaHMA. J[JIsl 3TOTO MOJIOKUM 3HA-
yenue (1.9) paBHBIM epBOHAYATLHON BEJIMYMHE TUIOTHOCTH MOTOKA POTOHOB Py

2
Po(l—pg ) (L—Ty XL-T,)exp2gl =Py (1.10)
Coxpatum Py 11 yutem, uyTo B OOJIBIIMHCTBE JIa3epOB, B YACTHOCTH B Ta30BbIX Jla3e-

pax, yCWJIeHHEe U OTepH AOCTaTOYHO Malibl - 21y, 11, T2, 20l <<1. Torxa pasmno-

*uB (1.10) B psii ¢ TOYHOCTBIO JI0 WICHOB MIEPBOTO MOPSIKA MATIOCTH TTOTYYHM

291 - (2ug + T +T9)=0 (1.11)
BBenem cpennue nmotepu Ha OJIMH MPOXOJ U3ITYUYEHUS BJIOJIb PE30HATOPA
T +T
p=pg S
2
u yciosue (1.10) npuBoauTCS K MPOCTOMY BHIY
G=u, (1.12)

O3HAYaroIlleMy, YTO B PEKUME I€HEPALMUA BCETA BBIIIOIHACTCSA YCIOBUE PABEHCT-
Ba MIOJIHOTO YCUJIEHUSI aKTUBHOM CpeJbl ITOJHBIM ITOTEPSIM B PE30HATOPE, OTHECEH-
HBIM K OJJHOMY IIPOXOJY WU3Jy4eHHs B pe3oHarope. Pacuer mpopenan s ciyyas
JOCTATOYHO MAJIOTO 3JIEKTPOMATHUTHOTO TOJIA.

[IpumMeHHM BTOpOE YCJIOBHE CamoO COIJIAaCOBaHMS MOJIA. 37echb Mbl Oyaem
paccMaTpHUBaTh 3JEKTPOMArHUTHOE MOJIE€ BHYTPU PE30HATOPA B MPUOIMKEHUH TaK
Ha3bIBAEMOTO MPOJOJIBHOrO TUIA KOJIEOaHHH, KOr/ia MOoJIe OMUCHIBAECTCS CYNEpIo-
3ULMEN ABYX IUIOCKMX OETYIIMX 3JEKTPOMArHUTHBIX BOJH, KAKIYI0 M3 KOTOPBIX

) 27
MOKHO OITMCATh BBIPAKCHUEM E(z)sm(oot + 72 . I3 Hero cieayer, 4To U3MEHe-

HUIO ¢da3pl Ha 2T COOTBETCTBYET MPOWICHHOE PACCTOSHHUE, PABHOE JIJTMHE BOJIHBI
Kq. 3anummeM mnojiHoe u3MeHeHue ¢a3el Ag B Buae A@=(-2n, g>>1 — mnenoe

quCJI0, KOTOPOC MbI 6y,Z[CM Ha3bIBATh MHJACKCOM IIPOJOJBHOI'O THUIIA KOJICOaHMIA.
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IIpu monHOM 00Xole pe30HATOpa CBET Mpoxoiaut paccrosuue 2L =gAg. Takum

06pa30M, YCIOBHUEC CaMO COIJIaCOBAHMUA ITOJIA NPUBOJHUT K TOMY, YTO B PE30HATOPC
MOI'yT CymeCTBOBATb TOJBKO 3JICKTPOMArHUTHBIC BOJIHBI C I[J'IHHOﬁ BOJIHBI

2L . .
kq = —— M 4aCTOTOH KOJICOaHUN

q
C C
- 1.13
Vg 7‘q q2L (1.13)

Pa3HOCTh 4acTOT JBYX COCEIHUX THUIIOB KOJICOAHUM Avq MBI MOXXEM HAWTH U3

(1.23) npu u3MeHEHUH (| Ha SAMHUILY
c
Avg =Vq41— Vg 21 (1.14)
[Tpu BeimonHenuu yciaosus (1.13) mose B pe3oHaTOpe 00pa3yeT CTOSYYIO
AJIGKTpOMAarHuTHy BoyiHy (puc. 1.17). 3epkana pe3oHaTopa 00JIaJar0T BBICOKOW
AIIEKTPOTPOBOTHOCTHIO HA ONTHYECKHUX 4YacToTaxX. [[03TOMYy ¢ TOYKHM 3peHus MH-
HUMyMa DHEPTUU CHCTEMBI CTOSYas BOJHA BCET/a 3aHMMAeT TaKOe IOJIOKEHUE,

IIPY KOTOPOM Y3JIbI IPUBSI3aHbI K 3epKajiaM, KaK 3To Mmoka3aHo Ha puc.1l.17a.

c/2L
<—
L Vg  Vgrl v
a 0

Puc.1.17.
B onuceiBaeMOM NpUOMMKEHUU CHEKTP KOJEOAHWH ONTHUYECKOTO pPEe30HaTopa
(puc. 1.170) siBAsICTCS SKBUAUCTAHTHBIM.
Tpetse ycroBue caMocCOrJIacOBaHHS IMO3BOJISIET HAMTH COOCTBEHHBIE CO-
CTOSIHUS TIOJIIPU3AIIUU ONITHYECKOTO PE30HATOpA.

1.6. DHepreTnyeckue COOTHOIIEHUSI B Pe30HATOpE

PaccMoTpyuM sHepreTuyeckre XapaKTepUCTUKU M3ITy4YEHUS Jlazepa C TOUKHU
3peHusi (POTOHHOTO MpEeACTaBICHUS ANEKTpOMarHuTHoro noist. IlycTe, kak Ha puc.
1.16, BHYTpHU pe3oHaTOpa Jlazepa pacrpocTpaHsieTcs MOTOK (GOTOHOB C CEUCHHEM

nydyka S W IUIOTHOCThIO F. Bynem cuutath ycuieHue W MOTEpU MalbIMM, Tak
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gyto F ~ const. Paccuntaem moxHOe yncio GOTOHOB B pe3oHaTope. Bpems mpoxo-
7ia (POTOHOB YEPE3 PE3OHATOP OLPEACISICTCS KaK tpy, = L/c. Tonuoe uucio hoto-

HOB, PAaCIPOCTPAHSIOIINXCS BIPaBO OT 3epkana 31, cocrapmsier Fiy,S, u Takoe xe

KOJIMYECTBO (POTOHOB PACIpPOCTPAHSETCS BIIEBO OT 3epKayia 32, TaKuM 00pa3oM
MOJIHOE YHUCIIO (POTOHOB N BHYTPHU PE30HATOPA Y/IBAUBACTCS:
2LS
n=—-=~F.
c
DTOT pe3yiabTaT MO3BOJISIET MO PHEPTrUM OJHOTO (PoTOHA Eq) = hiw paccuuTaTh

MIOJTHYIO DHEPTHUIO, 3aTIACEHHYIO B PE30HATOPE

EC=nE®::EE§th
C

OHeprust, yxonsmas 3a Bpems ty, depes sepkano 31 ¢ mpomyckanuem Ty,

LS
ompenensiercs, kak Egq =T —hoF . 11 HaxoxIeHUs MOIIHOCTH H3Iy4YCHHS
C

4epes 3epKalo MbI JOJDKHBI TO 3HAYCHHE MOACTHTH Ha 1, Py =TiShwF . Ana-

JIOTUYHO MBI ONIPEAEIUM MOIIHOCTb U3yueHus yepes 3epkaio 32: P =ToShoF

¥ MOIIHOCTh, PACCEHBAIOIIYIOCS BHYTPU pe30HATOpA (VI ABYX BCTPEUHBIX MOTO-
KOB QoTOHOB) Py =24 S ZioF . [Tocie 3Toro Mul y’ke MOKeM BBIYHCIHUTH TOJTHYTO
TepsieMyro MomHoCcTh P =P + P> + Py,
P=(Ty+Ty +2uq)ShoF =2uShoF.
OTa MOIIHOCTh COOTBETCTBYET MOJTHOW MOITHOCTH MTOTEPH PE30HATOPA.
BBenem 1006poTHOCTH pe30HAaTOpa TaK, KAk OHA BBOJUTCS B PAIMOTEXHUKE!
yrioBas (KpyroBas) 4acToTa KoJieOaHWH, yMHOKCHHASI HA OTHOIIICHUE 3aITaceHHON

SHEPTUU K MOIIHOCTH MOTEPh (IHEPTUHU TEPSCMOU B CTUHHILY BPEMCHH)

E E
Qeo—Cogp_—¢ O (1.15)

P uE% cu
U

C pocTom 4acTOThl KOJIEOAHUN U JITMHBI pe30HaTOpa T0OPOTHOCTH pacteT. OObIY-

Hble 3HAUEHHUSA DTOU BEJIMYUHLI B OITHYECKOM AWAIa3oHe COCTABJIAIOT IMOpPsAAKaA
107 -108.

PaccMoTpuM auMHaMUKY IOTE€pb YHEPIUU B pe3oHarope. Eciu HeTr mpuroka
OHCPIUHU U3BHC, 3a BPCMA dt IMOTCPH SHCPTHUHU COCTABAT
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Torma
E.(t)= Ecexp| - Mt |= E. exp| - ¢
c\l)=Ecexp = Ec€Xp / , (1.16)
L Tc
Bennunna
L
c cn

HA3bIBACTCS CPEIHUM BPEMEHEM KHU3HU (PoTOHA B pe3oHaTope. OHa CBs3aHa C IIU-
PHHOH IOJIOCHI pe30HaTopa A® COOTHOLIEHUEM HEONpeAeNeHHOCTeN T A =1,

BBITEKAIOIIUM M3 OCHOBHBIX CBOMCTB mpeoOpa3oBanus Pypbe. 3HaUCHUE BEIUYH-

Hbl A®¢
C
A(’DC = _“
L
MOKHO TIOJIyYUTh U U3 JPYTOro U3BECTHOI'O ONpENENeH s T0OPOTHOCTH PE30HATO-
® . o
pa Q= N dopma CIIEKTpaNbHON JIMHUM PE30HATOPA SABIAETCS JIOPEHLEBCKOM,
®
C

YTO COOTBETCTBYET 3aKoHY M3MeHeHus dHepruu (1.16). CrekTpbl Takoro tuma Oy-
YT 00CYXKIaThCSl HUXKE.

1.7. ®opma U IMPUHA JMHUH U3JTYUYeHHs] AKTUBHOM Cpebl

Onnoponnoe ymmupenue. CHayaia pacCMOTPUM JIMHUIO W3JIYyYEHHUS aH-
caMOJ1s1 HeOIBUKHBIX UICHTUYHBIX KBAaHTOBBIX cucTeM. Jjist aHanu3a GpopMsbl Jiu-
HUU W3JIYyYCHHS UCIOJIb3yeM KJIaCCHYEeCKOe MPUOIMKEHHE, B KOTOPOM 3JIEKTPO-
MarHuTHOE T0JIe, U3JIydaeMoe KBaHTOBON CUCTEMOM MpPH CIIOHTAHHOM IEPEXOJe C

t :
ypoBHs 2 Ha 1 3anucsiBaeTcs B Buge E =Eqgexp| — o -sinwgt (3mecp Eg - am-
12

IUIATYda 3JICKTPHUYCCKOTO ITOJIA BHGKTpOMaFHHTHOﬁ BOJIHBI, 4 MHOXXHTCIIb Y, B mo-
Ka3aTCJIC CTCIICHH CBiA3aH C IICPCXOAOM OT MHTCHCHUBHOCTH K aMIINIMTYAC HOJ'I?I).
3aBHUCHUMOCTh AMILIUTY AHOI'O MHOKHUTCIIAA OT BPEMC-
HH COOTBCTCTBYCT OKCIIOHCHIOHWAJIIBHOMY 3dKOHY

pacmajga BepxHero kBaHToBoro cocrosuus (1.3) 3a /\ /\ N A
CYET CIIOHTAHHOrO wu3iydeHus. [lpumepHbId BUI v \/ \/

HN3MCHCHUA HAIPSAKCHHOCTU OJICKTPOMArHUTHOI'O

Puc. 1.18
25



noJis pectasiieH Ha puc. 1.18. 3anumem npeobdpazoBanne Oypre 3TOrO MpoIIECc-
ca:

o0
t i .
E(o)=Eg _[ exp| — —— |-sin gt - exp(iot )dt
279
— 00
Hac HHTCPECYCT CIICKTpaJibHAaA IINIOTHOCTH MOIIHOCTHU H3JIY4YCHHUA, T.C. BCIIMYMHA

E 2((0). U3 npeodpazoBanus Oypre noiryyaem

2 _ 2 1 2’[72 2172
E (co)—Eoz— 5+ >
T 1+(0—-wg)4t2° 1+(w+mg) 41,

PaccmaTpuBas TOJIBKO TIOJOKUTEIIBHBIC YacTOTHI (YMHOXaeM Ha 2) U npeHeOperas
MaJjbiM BTOPBIM WJIEHOM, MOJIy4aeM HOPMHUPOBAHHYIO (DYHKIIMIO pacmpeneieHus
MOILIHOCTH U3TydeHHus 1o yacroram W (oo)

2
W (0)=E ()_2 ‘2 . (1.17)

Eg nl+(0)—0)0)24’l722

3aBHCHMOCTh, onMCchbiBaeMast BeipakenreM (1.17) HaswiBaercs GpyHkuuen JlopeHna
u npejacrarieHa Ha puc. 1.19. Hopmupopka WL((D) BBIOpaHa TakUM 00pa3oM,

o0

YTOOBI J Wi (co)doo =1, a Qu3nUecKuid CMBICT 3TOM BEIMYMHBI 3aKIIOYACTCS B
—00

ToM, uto W|_ (oo) do mpencraBisieT coboi

W (o) BEPOSITHOCTh CIIOHTAHHOTO HW3JIy4YEHUS

/ . .
Ll (GoTOHA ¢ YACTOTOM, Jexamieii B CIEK-

TpaJbHOM Juana3oHe [, o+dw] B Teue-

Aw, HUE WHTEpBaja BPEMEHU UTUTEITLHOCTHIO
«— 3
a1
Ty = A21'

Takum  oOpa3oM  ONHUCHIBAETCSA

o o (bopMa JIJMHUHW CIIOHTAaHHOI'O H3JIYYCHHA

000l KBAHTOBOIM CHUCTEMBI U3 aHCAMO-
JIs, TIO3TOMY 3TOT BHJI YITUPEHUS JIMHUH

Puc. 1.19.
Ha3bIBACTCS OMHOPOAHBIM. [lojHas miu-
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pHUHa JUHUHN A(Oe, B3sTasd Ha YPOBHC ITIOJIOBHHBI OT MAaKCHUMAJIbHOI'O 3HAYCHHA, HA-

3bIBACTCS €CTECTBCHHOM MIMPHHON juHuU u3nydeHus. M3 (1.17) cnenyert, uro oHa

CBA3aHa C BPpCMCHCM JKU3HH YPOBHA 2 10 OTHOIIEHUIO K CIIOHTAHHOMY H3JTYUYCHUIO

-1
Awe =T,

Jlnist THMYHBIX yCitoBUil B akTiBHOM cpeae He-Ne nmasepa (A=0,63 Mxm) omHOpOI-
Has IMUPUHA JTUHUW U3ITydeHHsI cocTaBisgeT okoo 100 MI .

Heonnopoanoe yuupenue. YIUpeHUe JIMHUU JIPYTOro BUA TMPOUCXOINT,
KOTJIa LIEHTPHI JIMHUN H3JTyYEHUS Pa3IMYHbIX KBAHTOBBIX CUCTEM M3 aHCAMOJIs HE
COBIIAIAI0T. B 3TOM ciiyyae TOBOpSAT O HEOIHOPOTHOM yHIMpeHHH JMHUHM. Hanbo-
Jee XapakTepHbIM MPUMEPOM ABIsieTCs TposiBieHue 3¢ dekra omnepa B raszax
(Tax Ha3bIBaeMbIl KMHeMaTHdeckuid 3¢ dekT). PaccmoTpum 310 sBieHue. D dekr
Jloruiepa 3akiro4aeTcss B TOM, YTO MPUEMHUK HU3ITyYCHWUs, JIBHXKYIIUICS OTHOCH-

TCIbHO MCTOYHHKA H3JIYUYCHUA C HpOCKHI/Ief/'I CKOpOCTH VX Ha HaIIpaBJICHHUC pacC-

MMPOCTPAHCHUA IJICKTPOMATHUTHOI'O ITOJIA, BOCIIPUHUMACT U3JIYUCHHUC C U3MCHCH-

HOM 4acTOTOH ®; = mg|1——= |, TIe Wg— 9YaCTOTa M3NydeHHs HCTOYHHMKa. Pac-
C

CMAaTpUBasl B3aWMOJCHUCTBUE M3JIyYECHMUS C JBUKYIIEUCSA KBAHTOBOM CHCTEMOW B
CUCTEME KOOPJIMHAT, CBSI3aHHON C PE30HATOPOM JIa3epa, CIEAYeT CAENaTh BBIBOJ O
TOM, YTO PE30HAHCHAs 4acTOTa ABHMKYLIEHCS KBAHTOBOW CHUCTEMBI OINPENAECIACTCA
3HAYEHUEM IPOEKIMU CKOPOCTH CUCTEMBI HA HAIPABIICHUE PACIIPOCTPAHECHUSI CBE-
Ta
w=—20 :
1-V, /c

B KQ4E€CTBE OCH X 31€Ch BBI6paHa OIITHYCCKaAsA OChb pC30HATOpA. PacnpeneﬂeHHe pe-

(1.18)

30HAHCHBIX YaCTOT CHUCTEM U3 aHCaMOJisg MOBTOPSET paclpeiesieHue KBAHTOBBIX
CUCTEM N0 CKOPOCTAM. M3 M3JI0KEHHOTO CIEAYET, YTO AOIUIEPOBCKOE YLIMPEHUE
JEUCTBUTEIBHO SIBJISIETCS. HEOTHOPOIHBIM.

BcnoMuuM, 4TO B rasze, Haxopsliemcs MpU TemiepaTrype [, BEpOSATHOCTh
P(Vy) Toro, uto Monekyna ¢ Maccoit M UMeeT COCTaBISIONIYI0 CKOPOCTH B UHTEP-

Bauie ot Vy 1o Vy + dV,, maercs pacnpeneneHueM Makcgernia

1
2, MV
27‘CkBT ZkBT

W (Vy )dVy = -dVy, (1.19)
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rie kg — mocrosinnas bonbrimana. M3 Beipaxkenus (1.18) Mb1 Haxoaum

Vo == C(CO—(D()) < C((D—(Do) (1.20)
X ® ®Q

[MoncraBum (1.20) B (1.19) um wdepe3 ycloBHE paBEHCTBA BEPOATHOCTEH
W(VX )dVX =Wp (m)d(o BBeZieM (DYHKIIMIO pacipeesiCHUs] CIIEKTPAIbHOU TJIOTHO-
ctu m3nydenns Wp (o), omuceiBaromeii GopMy THHHE H3ITydeHHs aHCAMOIS TIpH

yIupeHuu 3a cuet dddekra Jlomnepa
1

2

5 Mc B 2

W ()do =S| =M 12yl - (@=00)" | 4, (1.22)
®Q ZTEkBT 2kBT CO(%

JUist yHpoIueH s BBeIeM BOJIHOBOE 4HCiIo K = ®g/C 1 Hanbolsiee BEPOSTHYO CKO-

pocTth MosteKyJI B raze U = /2kgT /M . B 9T0oM ciydae BbIpaKeHHE YIIPOIIAETCS:

1 [ORaly! 2
Wp (o) = exp —( ” ] . (1.22)

KoHTyp HEOOHOPOIHO YIIMPEHHOW JIN-
HUW W3JIy4eHUs IPEACTaBIEH Ha pPHC.

1.20. Jlnga cpaBHEHUsST TaM K€ HU300pa-
A P P W (o) Aw, Wp(w)/Aop

xeH JlopeHuesckuit koHTyp W ((o)

[lluprHa 7TUHWUKA U3IIYYEHUS TI0
ypoBHio 0,5 0T MakcuManbHOTO 3Haye-
HUS ONpEeaeseTcs NapaMmeTpoM

Aop =2+/In2-ku (1.23)

BTopeiM mapamMeTpom SBIIIETCS AOILIE-

POBCKHiT mapameTp KU, ompeaenstonui,
kak cienyer u3 (1.22), momymmpuny

Puc. 1.20.

JuHUU Ha ypoBHe l/e. TumuuHble 3HA-
qenust 3THX mapamerpos wiss He-Ne masepa (A=0,63 mkm) cocrasimsor Ku=27-10°
¢’ 1 Awp=2m"1,7-10° ¢ ™.

B GonpimHCTBE CilydyaeB B aKTUBHOW cpejie MPUCYTCTBYIOT OJJHOBPEMEHHO
OJHOPOJIHBIA U HEOAHOPOIHBIN BUIbI YITUPEHHUS.

OnHopoIHOE yIIUpEeHUEe OOBIYHO MpeodiagacT B TBEPABIX TeNax U >KUIKO-

CTiX, I'I€C MCIKMOJICKYIIAPHOC B33HMO,Z[€I>'ICTBH€ SIBIISICTCSL OYECHb CUJIbHBIM. B pas-
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PEKEHHBIX ra3aX OOBIYHO MPOSBIISACTCS JOIUICPOBCKOE (HEOJHOPOIHOE) YIIUPCHHE
JUHUU u3nydeHus. [[poMexyTOUHbIMU CITy4astMU SIBIISIIOTCS Ta3bl MPU CPEAHUX U
BBICOKHUX JIaBJICHUSX.

1.8. CniexkTp U3JIyuyeHus Jazepa

CrexTp u3IyuyeHUsl Jlazepa ONpeAeNsieTcs COOTHOILIECHUSMH, CIIETYIOIIUMU
U3 DHEPreTHUecKuX U (a3oBbIX yciaoBui reHeparuu (cMm. pasmen 1.5). 13 suepre-
TUYECKUX YCIOBUH CIIEyeT, YTO TeHepalusi BO3MOXKHA TOJIBKO B TOM 00JacTh yac-
TOT, TJie BBIOJHsAETCS yeiaoBue G > p (ycuiienue 6osbine moreps). Ha puc. 1.21a
n300pakeHa JIMHUS YCUJICHUsT akKTUBHOM cpenibl G(m) 1 ypoBeHb MOTEPh B Pe30Ha-
tope L. IlyHKTHpOM BBIZENEeHa 007acTh YacTOT, B KOTOPOH BO3MOXKHO T€HEpalus
(oOmacTh cyriecTBOBaHHUS TCHEPAITUH).

G
u . . a
| @ c/2L @
i i i S —
N A I
5/\ /\i 6
Puc. 1.21.

da30BoO€ YCIOBHUE CYIIECTBOBAHMS I'eHEPAIlUU OMPEICISIIOT COOCTBEHHBIC YaCTOThI
pesonaTopa g (Puc. 1.216). I'enepanus MPOMCXOIUT HA TEX COOCTBEHHBIX Yac-

TOTaX PCE30HATOpPA, KOTOPBIC IIOIIANAIOT B o0nacTh CYIICCTBOBAHUS T'CHCPAIIHUH.
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[Tpu Tex COOTHOIIEHHUSAX MapaMeTPOB, KOTOpbIE MpuBeAeHbl Ha puc. 1.21, B 00-
JacTh CYLIECTBOBAHMS T'€HEpalMM INOMNaJaloT B COOCTBEHHBIE YACTOTHI pE30Ha-
TOpa U COOTBETCTBEHHO I'€HEPALIMsI MPOUCXOIUT Ha JBYX yacToTax. B aToM ciydae
TOBOPSIT, YTO UMEET MECTO JBYXMOJOBas reHepauus. B peanbHbIX yCIOBUSAX IpU
pa3IMYHBIX MapaMeTpoB Ja3epa BO3MOXXHA Kak OJOMOJOBas TeHepauus, Tak U
MHOTOMOJIOBasl T€HEPALUs C JOBOJIBHO OOJIBIIUM KOJIMYECTBOM MOJI.

Cnegyer OTMETHTBH, YTO NPHUBEJACHHOE PACCMOTPEHHUE CIPAaBEUIMBO IS
ciy4asi HEOJHOPOAHOTo yiupeHus. [Ipy ogHOPOIHOM YIIMPEHUH JIMHUU YyCHIIe-
HUSL OOBIUHO peau3yeTcs OJHOMOJIOBasi TeHepalysi, UTO 00YyCIOBIEHO HATUYUEM
KOHKYPEHIIMU MEXAY MOAAMH.

1.9. Bonpocsl u 3a1aun

ITo pa3neny 1.1. BzaumoneiicTBHE 31eKTPOMATHUTHOTO MOJISI C BeLIECTBOM

1. Kakue ocHOBHBIE OTJIMYHS TPEX THIIOB B3aUMOJICUCTBHS CBETOBOTO M3TyUCHHS C BEIIECT-
BOM?

2. YKaXnTe OCHOBHBIC CBOMCTBA BHIHYKICHHOTO H3TyICHHS.

3. Kakoe 3HaueHNe UMEET BBIHYKICHHOE U3ITyUeHHE 171 paboThI Jazepa’?

Ilo pa3neay 1.2 YcuneHue cBeta B cpejie

1. Yro Takoe 3akon byrepa?

2. Uto sABISIETCS OCHOBHBIM YCIIOBUEM YCUIICHUS CBETA BEIIECTBOM?

3. Uro Takoe WHBEPCHs HACENCHHOCTEH?

ITo pasneny 1.3 MeToabl co31aHNusi MHBEPCHOI HACETIEHHOCTH

1. Kakue meTo b1 co3/1anus MHBEPCHOM HACENEHHOCTH Bl 3HaeTe?

2. Yem oTinyaeTcs 3-ypoBHEBas cXeMa HaKauku OT 4-ypoBHEBOM?

3. Jlnst BO30YyKI€HUS KAaKUX CpeJl MCIOIb3yeTCs ONTHYECKas Hakayka?

4. KaxoBbl OCHOBHbBIE OCOOEHHOCTH HAKAauKH BO30YKIEHUEM aTOMOB 3a CUET HEYTPYTHX CO-
yIapeHHUi U B KAKMX CPEIaX OHA MCIOIb3YeTCs ?

ITo pasneny 1.4. OTKpbITbIE Pe30HATOPbI

1. Yro Takoe pe3oHaTOp M KaKue TUIIBI pe30HaTOpoB Brl 3HaeTe?

2. Yto Takoe Mojia pe3oHaropa?

3. Kakue bl onTuyeckux pe3oHatopoB Bel 3Haete?

4. Kakue TUIBI TOTEPHh ONTHYECKAX PE30HATOPOB BBl 3HAETE M UeM OHM ONTEIEIIAIOTCS ?
Ilo pazneny 1.5. [Ipunuun feiicTBus Jazepa

1. Yem ompenenstoTcss 0cOOEHHOCTH pabOTHI Jla3epa Kak reHeparopa?

2. Kakyto poJib B na3epe Urpaet pe3oHarop?
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3. ChopmynupyiiTe ycaoBHsS BOSHUKHOBEHHUS T€HEPAINH B Ja3epe.

ITo pazneay 1. 6. JnepreTuyeckne COOTHOLIEHUS B Pe30HATOpE

1. Yewm ompezemnseTcss MOIIHOCTD U3MyYeHHUS a3epa’?

2. Yto Takoe 10OpPOTHOCTH pe30HaTOpa?

3. UeMm ompenenseTcs MUpHHA TUHUU Pe30HATOpa?

Ilo pa3neay 1.7. @opma 1 IIMPUHA JMHUH U3TY4YeHHs AKTHBHOIi cpe/ibl

1. Yto Taxkoe oHOPOAHOE YIIUPEHHUE TUHUU U3TyUEHUS?

2. Uto Takoe HEOJHOPOTHOE YIIUPEHHE TMHUN U3TyICHHS ?

3. Kak cooTHOCSTCS 0OZHOPOJHOE U HEOJHOPOAHOE YIIMPEHUS TMHUM U3TYyYEHHUs U OT 4ero
3aBUCHUT UX COOTHOIIEHHE?

ITo pazneny 1.8. CnexTp u3jayueHus Jjazepa

1. Kakumu akropamu onpeaensieTcsi CHeKTp U3IydyeHus jgazepa’?

2. Uto HeoOX0 MO 00ECIIeUnTh JIJIs OJHOMOJJOBOTO pekrMa paboTHI Ja3zepa?

1.10. JIutepaTypa

1.ITuxtun A.H.,

2.bypnamies M.H., ®unaros FO. B. OcHOBBI J1a3epHO# TeXHUKHU: Yuebd. mocooue /
CIIoT DTY«JIDTU».- C.I16., 2000.

3.Enenxuii A. B., CmupaoB b. M. ®usnueckue npoIecchl B ra3oBbIX Jazepax. M.:
Atomuspar, 1971.

4.3penro O. [Ipunnumnet tazepos. M.: Mup, 1990.

5.JI>mM6 VY. Teopus ontuyecknx MaszepoB // KBaHTOBas onTHKa M KBaHTOBAas pa-
nnoduszuka. M.: Mup, 1966. C. 282-376.

6.CrenxonpM C. OcHOBBI a3zepHOi criekTpockonuu. M.: Mup, 1987,

7.CnpaBounuk 1o siazepam: B 2 . T. 1 / ITox pen. A. M. IIpoxoposa. M.: Cog.
paauo, 1978.

8.Umenko E. ®@., Kimmkos 0. M. Ontudeckue kBaHTOBBIE TeHepaTopbl. M.. CoB.
paauo, 1968.

9.Bbaitbopoaun 0. B. OcHoBsl 1azepHoit Texauku. Kues.: Brima mkoma, 1981.

1.11. llpeameTHblii yka3zatesb

| akTuBHas cpena — 21 |

BOBby}KILGHI/IC dTOMOB 34 CUCT HCYIIPYTUX COYAApPCHHUH C aTOMaMH B BOBby}KILGH-

HOM COCTOSIHUHU — 14
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| BO30yxneHune 3mexTpoHHBIM yapom — 13|

[Bpemst sxu3HM oToHa B pe3oHaTope — 18 |

JTOOPOTHOCTH pe3oHaropa — 24

[ mHBEpCHUs HaceneHHoCcTen — 12 |

|nHyImpoBanHoe H3mydeHne — 8|

WHIyLUMPOBAHHOE IOTJIOLIEHNE — 8

| kBaHTOBBIM reneparop — 20 |

Moja pe3oHaTopa — 16

| MoIIHOCTD M3iTyueHus — 24 |

| HacesieHHOCTh ypoBHs — 9|

| HeomHOpOAHOE yIIMpeHue — 27|

| 06nacTe cymectBoBanus reneparmu — 29 |

[ omHOpOTHOE ymupenue — 25 |

[ onitnyeckas Hakauka — 12 |

[ oTKpBITEIN pe3onaTop — 16 |

CIIOHTAHHOC U3JTYUCHUC — 7

|HOFJIOH1€HI/IG ceerta— 10 |

[ moTepu B pe3oHaTOpe — 13|

pPa3HOCTh HaceJleHHOocTel ypoBHen — 11

[TpeXypOBHEBas CXeMa HAKa4YKu — 1Z |

| ycunenue ceera — 10|

[ ycioBus camocoriacoBanust nosist — 22 |

[ueTBIpEXypoBHEBas cxeMa Hakadky — 12 |

| IIpHHA ITOJIOCHI PE30HATOpa — 2J |

s dexra Jlommepa — 27
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2. JASEPHBII TMPOCKOII
2.1. Oppexr Canbsika

B 1913 r. ¢paniy3ckuii puzuk M. CaHbsK, TPOBOJIA IKCIIEPUMEHTHI IO 00-

HapY>KEHUIO yBIedeHUs “adupa” Bpallaromencs yCTaHOBKON, OTKPBLT “BUXpEBOU

onTu4ecKuil dPpQPekT”’, MO3BOJISIIOMUNA ONTUYECCKUMU METOJAMU  HU3MEPSATh CKO-

pocth Bpamenus. Cxema onbitTa CaHbsKa UMeEET BUJ, MPUBEICHHBINA Ha puc. 2.1.

CKOJUTMMUPOBAHHBIA U MOJISPU30BAHHBIN IMyYOK CBETa 3aBOJAMJICA B MHTEpPepo-

METpP, B KOTOPOM pa3feiisuiCs Ha JBa IMy4Ka, OOXOIWBIINX HHTEP(EpOMETP BO

Il

N

Puc. 2.1

S

BCTpeUHbIX HampaBieHusix. [locne obxoma mydku
COBMEILIAIMCh U MHTEp(EpPEHIIMOHHAs KapTUHA pe-
TUCTpUpOBaiach Ha (POTOIUIACTUHKE. DKCIIEPUMEH-
Thl NOKA3aJid, YTO NPU BPALICHUH YCTAHOBKU WH-
TeppepeHIIMOHHAs] KapTUHA CJBUTANach, MNpPUYEM
CABHAI OKa3aJICs MNPONOPLUUOHAIBHBIM CKOPOCTH
BpamieHusi. CaBur HHTEp(EPEHUMOHHOM KapTHUHBI
TOBOPUT O TOM, 4YTO IPHU BPAILECHUM ONTHUYECKAs
JUIMHA TyTH WIK BpeMsi o0xona uHTepdepomerpa

CTAaHOBATCA Pa3/IMYHBIMU JJI1 BCTPCUHBIX ITYYKOB.

Paccmotpum pacrnipoctpanenue (puc. 2.2) IByX CBETOBBIX ITyYKOB IO OK-

py’)kHOCTH c paauycoMm R. B HenmoasuxxHoMm uHTepdepomeTpe BpeMsi 00x0/1a KOH-

Typa OAMHAKOBO JJIs1 000UX MMYYKOB U PaBHO

Al

A
Puc.2.2

to =2n R/ C,
r7e ¢ — CKOpocTh cBeTa. [lpu BpareHun 3a BpeMs
00Xxo7a KOHTYypa TOYKa A TEPEMECTUTCS B TOUKY
A’, W3-3a 4Yero YCJIOBUsI PaCIpOCTpaHEHUS IS
BCTPEYHBIX IyYKOB CTAHOBSITCS HEOJIMHAKOBBIMH.
[TyTh, KOTOpPBIH HEOOXOAUMO MPOWUTHU MYUYKY, pac-
IPOCTPAHSIONIEMYCSI B HAIPaBICHUM BpAalllCHUS:
L, =2nR + QRty, roe Q — ckopocTs BpalleHus, a
s gpyroro nmyuka L_ =2nR — QRtg. [loxcrasnsas

3HaueHUE t) M y4UTBIBAs, YTO CKOPOCTb PacIpo-

CTPaHEHHsI IIyYKOB B COOTBETCTBHM C MOCTYJIATOM ODWHIITEHHA, paBHA ¢ JUIS JIIO-

Ooit HHGpHH&HBHOﬁ CUCTEMbI HC3aBHUCHMO OT CKOPOCTH €C IABHWKCHUA, HAXOJAUM

BpemeHa ty =ty + At/2 oOxona KoHTYypa:!
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L, 27R?

ti = = tO * 2 Q,
c Cc
T. €. Pa3HOCTh BpeMeH 00X0/1a IS BCTPEYHBIX ITyIKOB
2
47R
At = Q
C2

MPOTOPIIMOHANIbHA CKOpocTU BparieHus (. M3 pa3HocTu BpeMeH 00Xo/a moyda-
€M Pa3HOCTh ONTHUYECKUX JJIMH IyTEW PaclpOCTPAHEHUS CBETA B MPOTUBOIOIOK-
HBIX HalPaBJICHUSAX:

2
AL =CcAt = 4R~ Q.
c
Hannune pa3HOCTH myTel M MPUBOJUT K CIBUIY MHTEP(EPEHLIMOHHOMN Kap-
TuHbl. Ciaeayer OTMETUTh, YTO BbIpaxkeHue g AL monydeHo s HaOmroparers,
HAXOJSALIErocs B HEMOJBH)KHOW CHUCTEME OTCYETa, U COAEPKUT JAOBOJIBHO MHOIO
nomyuieHuid. B oOmiem ciydae Gu3nueckyro KapTHHY HEOOXOAMMO paccMaTpH-
BaTh B paMKax OOLIEH TEOPUH OTHOCHUTEIBbHOCTH. COIIACHO 3TOM TEOPHH, Yachl,
JBIDKYIIMECS Ha Bpalaroiieics miatdgopme, HE CUHXPOHHBI C YacaMmH, HaXoJs-
IIMMUCS B MHEPLUHUAJIBHON CUCTEME OTCUETa. DTO pazaudue oOyCIOBIMBAET Pa3HOE
BpeMsi 00X0/1a 3aMKHYTOTO KOHTypa BCTPEYHBIMH CBETOBBIMU ITydKaMu. Beipaxe-
Hue 1 At onpenensieTcss MHTErpajoM 1Mo KOHTYPY:
2
TR
c"1-(QR/c)
B nepBom npubmmkenun mo  QR/c  monydaem
At:E%?§R2d@::i§SL
c C
rae S — npoeKkuus Mo, OXBaThIBAEMON 3aMKHYTHIM KOHTYPOM, Ha IJIOCKOCTb,

NEPIEHIUKYJIAPHYIO ocu BpameHus. ClenoBaTeabHo, B 00LIEM CiTydae

AL = EQ
C
B onbite Canpska Q = 212,35 c"l, S = 866 CMZ, torma AL = 0,017 mxwm. [Tpu
mmuHe BoHbl A = 0,43 mkm 310 coctaBisger 0,04 monockl. CMeleHne Mmojaoc pu
W3MEHEHUH HarpaBieHUs BparieHusi okaspiBaeTcsi paBHbIM 0,08 monockl. CaHbsik
nosryarst 0,077 monockl. UyBCTBUTEIIBHOCTh METO/IA OKa3bIBACTCS CPAaBHUTEIIHHO

He OonbiIon. IToBEICHTE YYBCTBHUTCIBHOCTb MOXKHO YBCIMYHBAA pasMCPbl UHTCP-
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dbepomeTpa, yUHTHIBas €€ MPOMOPIIMOHAIBHOCTh IUIONIAAN KOHTYypa. Mcmonb3ys
3TO cBOMCTBO, A. MaiikenbcoHn u X. I'eisib B 1925 r. npoBenu yIuBUTENBHBIN JKC-
IEPHMEHT, B KOTOPOM ILIOMIafb KOHTYpa coctasisuia 0,2 kv, [IpH 9TOM CKOPOCTH
BpalleHus: 3eMiId, KOTopasi U3Mepsijlach B JaHHOM OIIBITE, Jajla CMEIICHHUE, PAaBHOE
0,23 monocel. J{ns mpaktudyeckoro ucrnoiap3oBaHus 3¢ dekra CaHbsika mpu U3Me-
PEHHH CKOPOCTEH BpalleHUs HEOOXOIWMO yBEIWYEHHE YyBCTBHTEIbHOCTH. OJ-
HUM W3 TIyTEeH MOBBIMICHUS YYBCTBUTEIHHOCTH SBIISCTCS MEPEXO] OT (Pa30BbIX U3-
MEpEeHHUH K 9aCTOTHBIM. IMEHHO MO3TOMY Cpa3y MOCIIe CO3/IaHMsI TIEPBBIX JIa3ePOB
MOSIBUJIACH UJIES U3MEPEHUSI YIJIOBBIX MEPEMEIICHUI ¢ MOMOIIIBIO KOJBIIEBBIX Jia-
3epoB, T.C. HJes CO3/IaHus J1azepHoro rupockona (JII).

2.2. KoabueBoii Jiazep

Konbuesoi nasep (KJI) orinuaercs oT JMHEHHOIO TEM, YTO B €I0 PE30HATO-
pe MPOMCXOAUT TeHepanus ABYX BOJIH, PACHPOCTPAHSIOMIUXCH IO 3aMKHYTOMY
KOHTYPY, 00pPa30BaHHOMY TPEMs WM 00Jiee 3epKajJaMu, B IPOTUBOIOIOKHEIX Ha-
npasinenusx (puc. 2.3). IIpu 5TOM reHepUpyeMBble BCTPEUHBIE BOJHBI B IIEPBOM
NpUOIMKEHUH HE3ABUCUMBI IPYT OT Apyra M B OOLIEM Cilydae B PE30HATOpPE HE
CYILECTBYET CTOSYAs BOJHA, IPUBA3AHHAS y3JIaMH K 3epKaiaM. [109ToMy Koblie-
BOJ JIa3ep HA3bIBAIOT MHOI/IA JIA3€pOM Oerylel BOJIHbEL. B3auMHas HE3aBUCUMOCTh
BCTPEYHBIX BOJIH MPEIIOIAraeT U BO3MOKHOCTh MX Pa3M4Ms [0 yactore. JleicT-

BUTENILHO, IOCKOILKY npu Bpamenun KJI
ONTHYECKas [JIMHA pe30HAaTOopa pasjIndHa
ISl BCTPEUHBIX BOJH, Pa3IMYHBIMU OYIAyT U
UX 9aCTOTHI:
C C C
Vg+ :qL_’ Vg+ :qL_’ Vg- :qL_’
+ +

i . rae L — nepumeTp KOJIbLEBOrO pe3oHaTopa.

Ortcrona cienyer

Puc. 23 AV AL
v L
1 Av=ALY Vo B g
L cL AL
1507051 Af =21tAv = ZREQ.
AL
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Taxum oOpazom, BuauM, 4to mpu BpameHnu KJI coOCTBEHHBIE YaCTOThI pe30HATO-
pa Ji1sl BCTPEUHBIX BOJH PACIICIUISIOTCS, TPUYEM UX Pa3HOCTh MPOMOPIIMOHAIIbHA
CKOPOCTH BpalleHus ¢ Ko3((HUIMEHTOM POMOPIUOHATBLHOCTH (MacTaOHBIM KO-
3¢ PUITEECHTOM)

K=", mm K =2n—.
AL

3HauuTeNbHOE yBeNnnueHne dyyBcTBUTenbHOCTH KJI 10 cpaBHEHMIO ¢ HHTEp-
depomerpoMm CaHbsika 00YCIOBIICHO TEM, UTO B Jla3epe u3MeHeHue (Hader) ¢asbl B
pe30HATOpPE, paBHOE 27, MPUBOJUT K U3MEHEHHUIO YaCTOTHI, PABHOMY MEKMOJI0OBO-
My uHTepBaiy (1.14):

CpaBHuM MacmiTabHbie KO3(PHUIIMEHTHI IBYX METOJIOB U3MEPEHUSI CKOPOCTHU
BpamieHus. Macmrabubiii ko3 puuueHt Mmeroga CaHbsika MOKHO ONPEETUTh KaK
KO3 GUIUEHT MPONOPLHOHAIBHOCTH, CBSI3bIBAIOIINNA CKOPOCTh BPALLIEHUS U YUCIIO
M0JIOC, HA KOTOPOE CABUTAETCS MHTEPPEPEHIIMOHHAS KAapTHHA'

A_LZEQ, A_L:quQ_ quzﬁ_
A Ac A AC
Macmrabubiii koadunpent KJI
(45
AL
TOTJ]a OTHOILIIEHHE MAaCIITaOHBIX KOA(P(UIIUEHTOB IBYX METOJIOB
K _c
Kp L

XapakTepHOU 4epTOl BBIPAKEHUS, OTPEIEIAIONEro MaciTabHbI Kodddu-
IIUEHT, SIBJIAETCS TO, YTO BXOJsMIee B Hero orHoumrenne 2S/L Bcerma paBHO pa-

JIMYCY OKPY>KHOCTH, KOTOPYIO MOXHO BIIHCATh B ONTHYECKUH KOHTYp (puc. 2.4)
KJT:

rIe I' — paauyc-BeKTOp TOUeK onTuieckoro koHrypa; dl —snemeHT mmHBI OnTH-
YECKOro KOHTYpA.
Torna BeIpaxkeHue st MacITabHOrO KO3 PUIIMEHTa MOXKHO 3aMUCaTh B BUJIE
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B anaqb
A2
T. €. MacmTaOHbI KOA(h(UIIMEHT paBeH YUCTYy TOJIYAJIUH BOJH T€HEPUPYEMOTO

U3ITyYEHHUs], YKIIQbIBAIOIIMXCS HA JJIMHE OKPY>KHOCTH, BIIUCAHHOW B ONTHUYECKUU
KoHTYp. [lockombky A/2 — paccTosHHE MEXIy y3JIaMH CTOSYEH BOJIHBI, TPHBE-
JCHHBIA BUJ MaclITabHOrO KO-
spdunueHTa 1aeT BO3MOXKHOCTb
UHTEPIPETUPOBATh U3MEPEHUE C
nomompro KJI yrimosou ckopoctu
CIIEIYIOIMM HariasgHbIM  o0pa-
3oM. Crosiuasg BoOdHA, 00pa3zylo-

njasics B PE30HATOPE CyNEpHO3u-
Ueld BCTPEUHBIX BOJIH, COXpaHs-
€T CBOE IOJIOKEHHE OTHOCUTEIb-

HO HHepHHaHBHOﬁ CHUCTCMBbI OT-

cyeTa HE3aBUCHMO OT YIJIOBOTO
NepeMeEILeHHs] Pe30HaTOpa. Puc. 2.4.

B TakoMm ciyuyae HaOmroaTeNb, CBI3aHHBINA C PE30HATOPOM, 3a(DUKCUPYET TIPU yT-
JOBBIX mepeMeneHusax pezonaropa KJI y3ibl win mydHOCTH CTOSIYEN BOJIHBI AJIEK-
TPOMArHUTHOT'O MOJISA, YACIO KOTOPBIX B €AWHUILY BPEMEHHU 1aCT Pa3HOCTHYIO Yac-
ToTy Av. IIpy TakoM pacCMOTPEHUM MOYKHO YCJIOBHO MPOBECTU AHAJIIOTHUIO MEXKIY
KJI (;1a3epHBIM TUPOCKOIIOM) ¥ MEXaHUYECKHM THPOCKOIIOM. B MeXaHHUECKOM Tu-
POCKOIE HUCTIOJIB3YETCS MHEPLHMS Bpalaromieicss macceol, B JII' — uHepuus mokos-
LIEHCS CTOSYEH BOJIHBI QJIEKTPOMArHUTHOT'O TTOJIS.

2.3. AMILTMTY/IbI M YACTOThI BCTPEYHBIX BOJH KOJIbILEBOI0 Jia3epa
B Hnacrosimiee Bpemst Hanbosiee pacnpocTpaneHHbM TuoM KJI siBnsiercs

3- win 4-3epKanbHbIA KOJIbIEeBON pe3oHarop ¢ He-Ne aktuBHoit cpenoit. Ciemyer
OTMETHUTh, UTO MPOBOJSATCS PAObOTHI MO CO3JaHUIO KOJIBIIEBBIX JIa3€POB U UHBIX TH-
noB, Hanpumep aprorosoro KJI, YAG KJI, u psna npyrux, onnako He-Ne KJI oc-
TaeTCsl MOKa HEMPEB30MICHHBIM MO CTAOMIBHOCTH BBIXOJHON XapaKTEPUCTUKHU U
ToyHOCTHBIM mapamerpaM. [lockonbky KJI na He-Ne akTuBHOI cpene siBisieTcs
ra30BbIM JIA3€POM, BOCIIOJIB3YEMCS JJIsl €r0 ONMKMCAHUS PE3yIbTaTaMu MOIYKIacCH-
4eCKON TeopHHu ra3oBoro yasepa (reopuu JIamoa). B 310it Teopun syiekTpoMaruuT-
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HOE I10JI€ pacCMaTPHUBAETCS KIIACCUYECKH, @ AaKTUBHOE BEILECTBO - C TOYKHU 3PEHUS
KBAHTOBOM MexaHMKH. O0Ias JIoruKa pemeHus 3aadud COCTOUT B TOM, YTO DJIEK-
TPOMArHUTHOE I0JIE, CYIIECTBYIOIIEE B PE30HATOPE, PACCMATPUBACTCA B KAUECTBE
VCTOYHHKA NOJIAPU3ALMY aKTUBHOU Cpefibl, KOTOPAsl B CBOIO OUYEPENb SBISETCS HUC-
TOYHUKOM 3JIEKTPOMArHUTHOIO IOJA 33 CYET MPOLECCOB HHAYIUPOBAHHOIO U3IY-
yeHus. TakuM oOpa3oM, pelaeTcsi caMocorjiacoBaHHas 3a/1a4a.

Bocnonbe3yemcs pesynbratamu 3TOW TEOpHUH. B TpeTbeM mopsIKke BO3MyIIe-
HUM TEOpHUsl JIaeT CIICIYIOIINE YPAaBHCHHs JUIi MHTECHCHBHOCTEH |1, W yactor

®1 2 + (12 BCTPEUHBIX BOJIH 0HOMO0BOTO KJI:

(L/c)ly/1y = 0q =Byl — 01215,

‘ 2.1

(L/e)la/12 =ap —Baly —021l3; @1)

o1+ = Ty +o1+p1ly + 11212, -

w2 + ¢ = fp +o2+paly +12111. 22)
Koadduuuents! nepen |, a Takxke oj U Gj HOCAT Ha3BaHHE JIIMOOBCKUX

ko3¢ punmentoB;, fq m fp — KpyroBble coOCTBEHHBIE YAaCTOTBHI PE30HATOPA IS

MOJI BCTPCYHBIX BOJIH. 3I[CCI> Hn JaJjice 6y,ueM HUCIIOJIB30BAThL TPAAUIMOHHBIC IJIA
TCOPUHN JIbmb0a ob6o3HaueHud. a — AJIA BEPXHETO U b - I HAKHETO S9HCPIETUYC-
CKHX ypOBHeﬁ atoMa. OU3NYECKUIl CMBICI OTACJIBbHBIX YJICHOB HPUBCIACHHBIX

YPaBHEHUI MOXHO MPEACTAaBUTH caeayomum oopaszom. Koaddumuentsr aj omnpe-

ACIEIIOT IMPCBLIMIICHUC YCUIICHUA HA IMOTCPAMH C YUCTOM 3aBUCHMOCTHU KO3(1)(1)I/I-

OUCHTA YCUJIICHHUA OT YaCTOTHI TCHCPAIIUN.

(j —@ab)z —u=ul yexp| - (j —(Dab)z _1l
(ku)? (ku)?

3neck Gy = G(wyp ) — KodbdummenT yeunenns B uentpe muany; y, = Go /1

aj =Ggexp| -

— oTHOCHUTEIbHOE BO30yxaeHue. Koadduuuments: Bj:
2
(0j —0ap)
(ku)?

ABISAIOTCA KO3 (ULIMEHTAMH HACBIIICHUS, OMPECNIAIOMUMUA YPOBEHbh WHTCHCHB-

Bi =Gg exp| —

HOCTH TeHepupyeMbIX BonH. Jlist ommoit Bommsl (L/c)lq/l1 = aq —Bqly. Hpu ye-

TaHOBHBIIEMCs pexume reHepanuu (14 =0)
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0,51

\4

bexpl-g?) 2
Puc. 2.5

B nannoii 3aBucumocTtH (puc. 2.5)
MIPE/ICTABIIICT HHTEPEC TOJIBKO €€ HadalbHAS
JacTh, TaK KaK paccMaTpuBacMas TEOPHsI
cripaBeyiMBa il BenmuuuH ¥ — 1 << 1. s
O0OBSICHEHUS (PU3MUECKOTO CMBICTA JIIMOOB-
Oik

NOJIpOOHEE ydacTue aTOMOB AKTUBHOM cpe-

CKUX KO3(h(UIIHEHTOB paccMOTpuUM

Il B TIpoliecce renepaunu. M3-3a HEOOHO-
POJHOTO (JOIMJICPOBCKOI0) YITUPEHUS JTHHUH

(puc. 2.6) ¢ reHeprpyeMOil BOJIHOM MOTYT B3aUMOJICHCTBOBATh TOJBKO T€ aTOMBI,

AJIs1 KOTOPBIX BBIMMOJHAIOTCA YCIIOBUA

N

G(w)

0] = Wgp (1+V%j

no ckopoctu ux apwkenus (Vy —

©j Wap
Puc. 2.6

OPOEKLHs CKOPOCTH  JBMXKEHHUS
H aTOMOB Ha NPOJOJIBHYIO OCh aK-
THUBHOTO DJIEMEHTa), T. €. TOJBKO
aTOMBI C OIPENEJICHHBIMU CKOPO-
, cramu. Ha puc. 2.6 gacrorHas o0-

®

nacth kod(hduIMeHTa yCcuIeHus,
y4acTBYIOIIAasi B T€HEpaIluu, MOKa-
3aHa MTPUXOBKOH. O0IacTh MMEET

KOHCUHYIO INHPHUHY Ojarofaps ecTecTBEHHOMY (OJHOPOIHOMY) VIIMPEHHUIO

A®p =2 . OTO HA3BIBAIOT WHOTIA BBDKUTAHMEM “IBIPKA WA OpOoBaja B KOH-
e ab

Typ€ YCWJIEHUS WM WHBEPCHOM HACENEHHOCTH. JIpIpka” MMEEeT JIOPEHILIEBCKYIO

dbopmy. Ilnomans, 3amTpuxoBaHHass Ha puc. 2.6, MPONoOpHUHUOHATIbHA MOIIHOCTH

reHepauuy Ha JaHHOU Jactore. 1Ipu renepannn AByX BCTPEUYHBIX BOJH 32 CUET UX

ABHIKCHUA B IIPOTUBOIIOJIOKHBIX HAIIPABJICHUAX C HUMHA B3aHMO,HeﬁCTBYIOT Pa3HbIC

IPYIIIBI aTOMOB; B KOHTYPE MHBEPCHOM HACEJIICHHOCTH BBIKUTAIOTCS JIBA MPOBAJIA,
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PAcIIONIOKEHHBIE CUMMETPHYHO OTHOCUTENBHO IeHTpa muHuu (puc. 2.7). Ilpu
ATOM IPOBaJIbl MEPEKPHIBAIOTCS, YTO BEJAET K B3AUMHOMY HACBIILIEHUIO aKTUBHOU
Cpeibl BCTPEYHBIMH BOJHAMHU (MHAa4Ye TOBOPS, K KPOCCHACHIICHUIO). KpoccHack-
IICHHE ONMCBIBAETCSA B AMIUIMTYJHBIX ypaBHEHUAX KodpduuueHramu 017, 001,

KOTOPBIC MOI'YyT OBITH IMPpEACTaBJICHBI B BU/IC

(wk _(Dab)z L((O),

Oik = Gg exp| -
| (ku)?

rie L(ow) — ¢yukums Jlopenma c
Hopmuposkoii L(0) = 1: G

2
Yab
2 2
(w_wab) +Yab

[lepekpriTie MPOBAJIOB BEAET K

L(w) =

KOHKYPCHIIMKM BCTPCHYHLIX  BOJIH,
KOTOpasa IIPOABIIACTCA OCOOCHHO

_———————— e ——

\ 2

CHWJIFHO B LEHTpPE JHHHUU TPU HUX ® O >
MIOJTHOM TEPEKPHITHH.

PEKp Puc. 2.7
JI>mO0BcKkue K03()PHUIMEHTHI

B YACTOTHBIX YPABHEHMSAX UMEIOT cienyromui cmbica. Koapduunentel cj naror
CIIBUT 4aCTOTHI TC€HEPAIIMH OTHOCHTEIFHO COOCTBEHHOH 4acTOTHI pe3oHatopa fi,

00YCJIOBJICHHBIH OTIHYHEM KO3(D(HUIIMCHTa MPEIOMICHUS AKTUBHOW CPEIbl OT
CIMHUIIBI WK TUCTICPCHEl akTUBHOMU cpebl (puc. 2.8):
Wj — Wah ®j — Wap

Gj =2 R e ] exp| —
2L ku ku

B nureparype Hanu4ue Gj 4acTo A
n, —1
HA3BIBAIOT, UCIIOJIB3YS PaANOTEXHUYE- a

CKHE aHaJOruH, ‘‘3aTATMBAaHUEM Yac- (_ Gi)

TOTBl TEHEpALMU K LEHTPY JIMHHM. @

A\

(Q)
HpOH_IC 9TO SBJICHHUE OOBSICHHUTH C TOY- ab
KN 3pCHUA HU3MCHCHMHA ONTUYCCKOMN
JJIMHBI pC30HATOpPA. CobcTBeHHas 4ac-

TOTa MPOJOJBHOW MOJBI PE30HATOPA Puc. 2.8
uc. 2.
OTIpeIeNISIeTCs] ONTUYECKOMN JUTMHON pe-
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30HaTOpa
Vg =1 : =4 X =4 x
| Lonm Zlknk L+1(ng —1) ,
k

rae |, Ny — umHa akTHBHOW cpeabl U ee K03(GHUINESHT NPETOMIICHHS, COOTBETCT-
BEHHO; |l — y4acTkum mepumerpa pe3oHaTropa ¢ KOI(PQPHIMEHTOM IMPETOMICHUS
N . ITockonpky (N5 —1) MEHSET 3HAaK B TOUKE ®j = 2TV = ®gp, TO YACTOTA TE€HE-
patun yxomut ot fj (cOOCTBEHHOM YacTOTHI MyCTOrO pe30HATOpa) BCErna B CTO-
POHY ®gp, IOATOMY I'OBOPST O ‘3aTSATMBAHUU 4YaCTOTHI T€HEPALUU K LEHTPY JIH-

HHUMH.

Koa¢ppunmeHnt p;j ommceiBaeT BIMSHHE WHTCHCUBHOCTH I-ii BOJHBI Ha ee

qacToTy reHeparnuu. OH 1aeT o4eHb Majblid BKJIA]] B YaCTOTY T€HEPALUU U HE TTOJI-
naetcst mpoctoil uznueckoil unrepnperanuu. Kosddpuuuentsl t19, To1 aHalio-

TMYHBl aMIUIMTYAHBIM Ko3(duuuentaMm 0O U ONUCHIBAIOT BIIUSHHUE KPOCCHACHI-
IICHUS Ha 4acTOTy reHepauuu. Bennuuny tjy | Ha3bpIBalOT HEIMHEWHOHN nucnep-
cuell (B OTIIMYME OT JIMHEHHOW Gj), TaK KaK OHA MPONOPIHMOHAIbHA HHTCHCUBHO-

CTH TeHepauuu. HenuHeliHash qucnepcusi oMHMChIBAET M3MEHEHHE Kod(duimeHTa
MPEJIOMIICHUS 3a CUET MPOBAJIOB, BEBKUTAEMBIX B KOHTYPE UHBEPCHOM HACEJIEHHO-
CTH BCTPEYHBIMH BOJIHaMU (CcM. puc. 2.7):

_ Ggc (co_coab)exIO (0 —0ap)°
2L yap (ku)?

Henunelinas nucnepcus oObBIYHO MMEET 3HAK, IMPOTHBOIOJIOXKHBIA Gj, MO-

L(w).

Tik

ATOMY €€ BKJIaJ B 4aCTOTY T'€HEpalUu MPOTHUBOIIOJIOKEH BKIALY JIMHEWHOW IUC-
nepcur. HelnHENHHy0 JUCIEPCUI0 YacTO HA3BIBAIOT ‘‘BHITAJIKMBAHUEM' YaCTOTHI
TeHEepaIUA OT IICHTPA JTUHUH.
PaccMoTpuM MHTEHCHBHOCTH BCTpe4HbIX BOJH |1 u |2 M pa3HOCTH yacToT
Ao =wmy —m + (pz(t)— q)l(t) B cranmonapaom pexume (I; =0). Iockoneky |q u
| > Ou3KM 10 3HAYEHHIO, TO YAOOHEE NPEACTABUTh UX B BUJIE
Al Al

=1+ =120
1 2 2 2

TOT/Ia B CTAIIMOHAPHOM PEXHMME aMILTUTYIHbIC ypaBHEeHUs (2.1) MPUHUMAIOT BU]T
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ag =By +612)1 +(By —912)A|

71
ap = (B2 +021)1 —(B2 —921)%',
OTKYya I1oJIy9acM
| = a1(B2 —021)+ (B ~61p) (2.3)
(By +612XB2 —621)+(BL— 012 B2 +621)
Al =2 a1 (B2 +021)—c2(By +012) (2.4)

(B + 012 XB2 —6021)+ (1 — 612 XB2 +621)

2.4. MacmtadHbIi K03(p(PUIHEHT KOJILIEBOIO Jia3zepa

ITpu Bpamennn KJI 4acToThl BCTPEYHBIX BOJIH PACILEILISIIOTCS:
43S
Af = f2 - fl =2n—Q.

AL
B ciydae cpaBHUTEIBHO HEOOJNBIIMX CKOPOCTEH BpaleHus (MeHee 0JTHOro 000po-
Ta B CEKYH]y) paciieruicHre He npesbimaetT 1 MI', 9Tro 3HAYUTEIHHO MEHBIIE
IIMPUHBI IMHUU YCUJICHHMS, T. €. BBINOJIHACTCS cooTHomeHne Af << ku. Jlns nanb-
®j ~ ®ab

ku

OTHOCHUTEJIbHOM paCCTPOﬁKOﬁ YaCTOThI I¢HCpalli OT HOCHTpaA JIHMHHH. PazHocTth

Helmux npeoOpa3oBaHuil y100HO BBECTH BEIMUYUHY & = , HA3bIBAEMYIO

pPaCCTpPOCK AJisi BCTPCUYHBIX BOJIH ABJISICTCSA MaJiol BEeJIMUMHOMN

02 —®
AE = 227 g,
ku
0 KOTOPOI MOXHO MPOBECTU pa3zioxeHue B psan Teinopa moMO0Bckux kodhdu-

OUCHTOB. HpI/I Pa3JI0KCHUHU MOXHO OTPAHUYUTHCA YWICHAMU IICPBOI'O IMOpAIKa Ma-

JIOCTH
oo A& oo Af
0] =Za+— 2=+
0¢ 2 o0& 2ku (2.5)
oo, A& oo, Af
A Zo0———=0——",

=
0t 2 0 2ku
ra€ o — 3HAYCHHC KOC—)(i)(bI/IHI/ICHTa JJI51 HepaCH_IGHJ'IeHHOﬁ 9aCTOTbI I'CHCpAIIHUH.

AHAJIOTUYHBIC BBIPAKCHHUS MOKHO HAmUCcaTh U Ul Ipyrux ko3dduuuentos. [oxa-
cTaBiisis BeipakeHus (2.5) B (2.3) u (2.4) nonyuum
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l :ﬁ, (2.6)

1 (da_3p,
“p-eolee e

Berunras ypaBHeHus (2.2) 0HO W3 APYroro, MOJIYYHUM BBIpOKECHUE )T Pa3HOCTH
4acTOT T'€HEepallui BCTPEYHBIX BOJIH:
A® = Af +Ac +(Ap+ AT)l +(p —1)Al. (2.7)

[Toxcrasisist B 3Ty (hOpMyITy BRIpaXXEHUE JJI PA3HOCTH MHTEHCUBHOCTEH

(2.6) u npencraBisgs pasHOCTh KOIPPHUIIUCHTOB B
BUJIC

Ac :8—G£, Ap :@g U T. 1.,
o€ ku o€ ku

MOJY4YUM Pa3HOCTh YaCTOT

AmzAf{l+F—G (6_p 6le (a—“—@lﬂ } (2.8)
oc \og oe)  B-6\og o

4S
YuauteiBas, uto Af = ZTEHQ MOJKHO MOJIYYUTh CBSI3b PA3HOCTU YacCTOT CO CKO-

POCTBIO BpALLICHHUS:
Ao = 2n%(l+ K, )Q=K@1+K,)Q,

7€ MHOXKUTEND nepen € npeacTaBisieT co0oil maciutaOHbIi ko3gduuuent KJI, a

e (o) )
kulog \og o¢) p-oloe o

SBJISIETCS] BKJIAJIOM aKTUBHOM CpeJibl B MacIITaOHbIN KOd(PPUIIMEHT, OnpeaenseTcs
B OCHOBHOM IIEPBBIM CJIara€MbIM B KBaJIPAaTHBIX CKOOKaX M MPH 3HAYCHHIX KOA(D-

UIMEHTA YCUICHUS ITOPAIKA 10_3...10_2 COCTAaBJISIET IPUMEPHO 10_4...10_3.
y p pumMep

2.5. CaBur HyJis BbIX0HOI xapakTepuctuku KJI
JIo cuX mOp MBI YYUTBHIBIM PAa3HOCTb MHTEHCUBHOCTEH BCTPEYHBIX BOJIH,
O00YyCIIOBJICHHYIO PAcIIEIUICHHEM COOCTBEHHBIX YacTOT PE30HATOpa M 3aBHCHMO-
CTBIO YCWJICHUS aKTHBHOM CpelIbl OT 4acTOThl reHepaund. OQHAKO BBIPAXKCHUS
(2.4) u (2.6) mis Al moka3bIBaIOT, YTO pa3-
HOCTh MHTEHCHBHOCTEH MOET BO3HHKATh 32 CUET PAa3HOCTH MOTEPh (IOOPOTHO-
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CTeii) pe3oHaTopa s BCTpeYHBIX BOIH. ITycth Q=0 u paciiericHus 4acToT 3a
cueT BpalleHus HeT, Torjaa 1 =Po =P, 00 =0, =0 u
o — o A
Al="27%2 SR
-6 -6

[Toxcrariss moaydeHHOE BhIpaxeHue B (2.7) s A®, MOITyIuM

Awg =(p—1)Al = gAH

npu Af = 0. Pacmerienne Awg =2nAv(, 00yCIOBIEHHOE Pa3HOCTHIO IMOTEPH,
IPUCYTCTBYET Kak J00aBKa K Pa3HOCTU YacCTOT, BI3BAHHOW BpallleHUEM, MPH JI0-
0oM 3HaueHuu (2. B aTom cinydae
Ao = KQ+Awg, Av = KQ + Avg

u 3aBucHUMOCTh AV(QQ) (BbIXOaHAsS
xapakrepuctuka KJI) casuraercs
o ocu abcmuce (puc. 2.9). Ousn-
YeCKH CIBUT HYJS BBIXOJHOW Xa-
PaKTePUCTUKH 3a CYET Pa3sHOCTH

noTeph 00yCIOBJIEH pa3HOU ITyOu-

HOIl MpOBAJOB, BBUDKUIAEMBIX B Pic. 2.9
KOHTYp€ MHBEPCHOU HACEIECHHOCTH
BCTpeuyHbIME BotHaMu (puc. 2.10) U, COOTBETCTBEHHO, Pa3HBIMH 3HAYCHHUSIMHU Ha-
CHIILIEHHs nuctiepcuu (M3MEeHeHHs Kod(hGUIMEHTa MPETOMIICHUS 3a CYET HaChIIIe-
HUs ycwieHus). OCHOBHBIM HCTOYHHKOM pasHocTH moTteps B KJI sBisercs Hamu-
yyue B €ro pPe30HATOpEe aHU30-
TPOIIHBIX AJIEMEHTOB, TAKUX Kak G 1
HEB3aUMHBIN 2JIEMEHT U JIp.

[Ipn Hanuuuum casura Hy-
J BBIXOJHOW XapaKTEPUCTUKH
KJI bgacTto roBopAT O HEB3aWM-
HocTH pe3zoHatopa KJI  ms
BCTPEYHBIX BOJIH. TepMHH “He-

\4

B3aMMHOCTL O3HA4YaeT HEOIU-
HaKOBbIC YCJIOBUA ISl pacmlpo- Puc. 2.10
CTpaHEHHUsI BCTPEUYHBIX BOJIH B

peszonatope KJI. Ilpu sTom ciemyeT uMeTh B BUIy, 4TO Tosie3HbI 3¢ dekt B KJI
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(pacmieruieHre YacTOT BCTPEUYHBIX BOJH 33 CUET BPAIICHHS) TAKXKE SBISICTCS He-
B3aUMHBIM 3P pekToM. Bee octanbHbie POSBICHUST HEB3aUMHOCTH (pa3HOCThH MO-
TEPh W JAPYTHE SBICHU, pacCMaTpUBaeMbIe Jajiee) MPUBOAAT K CIABUTY HYJIS BBI-
XOJHON XapaKTepUCTUKH U siBIsitoTes i KJI uctounnkom ommooxk.

OpHUM U3 Mapa3uTHBIX MPOSBICHUI HEB3AUMHOCTH SBIISIETCS CABUT HYJIS 3a
cueT apeiia akTUBHBIX aTOMOB IpU BO30Y>KJIEHUU pa3psiia B aKTUBHOM AJIEMEHTE

nocrosHHbM@y TOKOM. B
TnetoueM paspsje Habmoma- A L P —O - K
ercs 3¢ ekt JIsHrMropa, 3a- +“>Q 3/@ @ ®\ <—_

Puc. 2.11

KIIIOYAIONIUMCSI B TOM, 4YTO
AIICKTPOHBI 32 CUET OOJIBIIICH
MOJIBM)KHOCTH 3apsDKAIOT CTEHKU TPYOKH OTpHIATeNbHBIM 3apsgoMm (puc. 2.11).
[Ipu 3TOM NOJIOKUTEIBHO 3apPSKEHHBIE UOHBI, YXOJ Ha CTEHKH, OTAAIOT UM Yac-
TUYHO CBOM MMMYJIbC. DTO MPUBOAUT K PA3TUUYHI0 CYMMapHBIX UMITYJIbCOB 3JIEK-
TPOHOB U IOJIOKUTENBHBIX HOHOB. B pe3ynbrare 4acTh UMITyJIbCa JIEKTPOHOB Ie-
penaercst aToMaM. 3a CUeT 3TOr0 CO3JAeTcs Apeiid) aTOMOB BIOJIb CTEHOK IO Ha-
IIPABJICHUIO K aHOAY M YBEJIIMUYEHUE JaBiieHus y aHoja. Co3larommiics rpaJueHT
JTABJICHUSI KOMIICHCUPYETCSl TEYEHUEM aTOMOB IO HAMPABIEHHUIO K KaTOLy B MpH-
oceBoil obnactu TpyOku. I10CKOIBKY 37EKTPOMArHUTHOE MOJIE COCPEOTOYEHO B
Ja3epe B MPUOCEBOM YaCTH aKTUBHOIO AJIEMEHTA, TO BCTPEUHBIE BOJIHBI KOJIbIIEBO-
ro Jjlaepa B3aMMOJCHCTBYIOT B OCHOBHOM C aToMaMu, Jpedyrommmu BIOJb
TPYOKH K KaTomdy.

Hannuue npelidha sKBUBaJIEHTHO CABUTY MAaKCBEJJIOBCKOIO pacIpe/leieHUs
aTOMOB MO CKOPOCTSIM M COOTBETCTBYIOILIEMY JOIIEPOBCKOMY CIBUTY KPUBOM
YCWICHHMSI, IPUYEM [JIs1 BCTPEUYHBIX BOJH CABUI KPUBON YCWJICHHS MPOUCXOIUT B
NPOTHBOIOJIOXKHBIX HarpasieHusx (puc. 2.12). B cOOTBETCTBUM C TAKUM CIBHTOM
BO3HHKAIOT Pa3HOCTh KOX(P(UIUCHTOB TpenoMieHus: (IMHEWHOW TUCICPCHH) aK-

TUBHOU cpenpl ANy M PasHOCTb MHTECHCUBHOCTEH BCTPEYHBIX BOJH, COIPOBOXK-

JAIOIIASICA COOTBETCTBYIOIIEN Pa3HOCTHIO HEJIIMHEMHBIX aucrniepcuid. PopMmansbHoO,
npelid akTHBHBIX aTOMOB M3MEHSET PAacCTPOMKU JUIsl BCTPEUYHBIX BOJH CIIENYIO-
UM 00pa3om:
G800 gy e+ 0,
c ku c ku
rine Vg — ckopocts npeiida atomos. [lo cux nop Ob110
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Af

AE=Ey—E1 =—.
£=C2-¢ K
Tenepsp ke
A§:£+2\&2.
ku c ku

CoOTBETCTBEHHO, eciiH paHbiie 06110 (cM. (2.8))
Ao = ZnEQ 1+ a—6+.... i ,
AL 0, ku

Amzznﬁﬂ 1+ a—G+.... i + 27 a—6+... 2\&2,
AL o0& ku o¢

T. €. Mbl MOJYYUM 4YJI€H, HE 3aBUCSAIIMN OT () U, CIIeIOBATENIbHO, AIOIIUN CIBUT

TO Tenepb

HYJISl BBIXOJHOU XapaKTepUCTUKU. JISHTMIOpOBCKUil Apeid aToMOB MPOMOPIIMOHA-
JIeH TOKy paspsaa. [Ipyu oObIYHBIX MapamMeTpax aKTHBHOTO dJIEMEHTa (IruaMeTp Ka-

Puc. 2.12
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nwuisipa 2...3 MM, JuHHA paspsgHoro npomexyTka 50...100 mm) 3Hagenue V

COCTaBJISIET €AUHULIBI CAHTUMETPOB B CEKYHJYy, 4 3HAUEHUE CABUra HYJIA BBIXOJI-
HOM XapaKTEPUCTUKU COCTABIISAET €IUHUIILI Tepll Ha MUJLTUAMIIED.

Eme onHOW IpUYMHOM, BBI3BIBAIOLICH CIABUI HYJIS BBIXOJHOW XapaKTepu-
CTHKH, SIBJIsieTCA Ou(pakiMs BCTPEYHBIX BOJIH Ha 3JIEMEHTaxX pe30HaTopa, B pe-
3yJbTaTe€ KOTOPOW BO3HUKAET TaK Ha3biBaeMoe AUGPaAKIMOHHOE pacCIICTUICHUE
4acTOT BCTPEYHBIX BOJIH. Teopust TU(PpaKIIMOHHOTO pacCUICIVIEHHs] BECbMa CII0KHA,
MO3TOMY 3/IECH JA€TCsl BEChbMa MPUOJIMKEHHOE TOJIKOBaHHE 3TOTO 3 deKTa.

Jns  mopaBneHUs MONEPEYHBIX

moa B pe3oHarop KJI gacTto BcTpamBa- Zy

ercs auadpparma. Juadpparma npedop- it R B =

MHUPYET I0JI1 BCTPEYHBIX BOJIH, IPUYEM -t ——tmm=mtm =

-—

|
nepopMupyeT HMX IO-pa3HOMY, 4YTO H I _i
1

MoKazaHo ycinoBHO Ha puc. 2.13. 3a R i

~

CYET Pa3HOIr0 PaCIpPECICHUS MO MOoIe- ’ l %Q
PEYHOM KOOPAWHATE IOJISI BCTPEUYHBIX oy
BOJIJH MOTYT MMETh pPa3HbIE pacrpese- o]

oy pe———

JICHWSI B aKTUBHOM CpeJie U, COOTBETCT- | I ||

BEHHO, Pa3HbIM BKJIAJ aKTUBHOM CpEbl } 1

B Pa3HOCTHYIO 4actoTy. Jlaxke B TOM
ciTydae, Koraa KodQGUIHEHT yCHIeH s Puc. 2.13

HE 3aBHUCHT OT IMOINEPEYHOU KOOPIAMHATHI, 32 CUeT 3()(PEKTOB HACHIMICHHS BKJIA]
aKTUBHOW CpPeJIbl Il BCTPEUHBIX BOJIH OyJeT pasHbiM. [(u(ppaKkiMOHHOE pacIiern-
JICHHE UMEET MTPU 3TOM HEJTMHEHHBIN XapakTep B TOM CMBICIIE, YTO OHO 3aBUCUT OT
MHTEHCHBHOCTEM  BCTPEYHBIX

BOJIH. Awof |
OcHOBHOI ~ XapakTepu- <>
CTHKOM Ju(PaKIUOHHOIO pac-

mMCIICHUA  ABJIACTCA  3aBHCH-

Y

|

|

|

|

|

i

MOCTb PAa3HOCTH YacTOT Ay, l
|
|
|
|
|
|
|
|
|

-L/2 /
00yCJIOBIECHHOM HaJU4ueM / A
muadparMpl, OT  B3aUMHOTO !
MPOCTPAHCTBEHHOTO  PAaCIOJIO-
KEHUSI aKTUBHOM CpeJbl U Jua-
¢parmer. Ilycte Z, u Z;, co- Puc. 2.14
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OTBETCTBEHHO, — KOOPAMHATHI PACIIOJIOKEHUS IIEHTPAa aKTHBHOM Cpenpl M Jaua-
¢parms! Broib nepumerpa pesonaropa. Ha puc. 2.14 npencraiieHa 3aBUCHMOCTD
Awg ot (Z, — Zy).

[Ipy CcHMMETPUYHOM pACIIOJOKEHUH AaKTHBHOM cpeasl W auadparmsl

(2, =2y, ‘Z a—Z ﬂ‘ = L/2) nudpakironHoe paciieruieHue OTCyTCTBYET, TaK KakK

B THX TOYKax (cM. puc. 2.13) pacmpeaeneHus moield BCTPEYHbIX BOIH OJMHAKOBBI
M, COOTBETCTBEHHO, BKJaJ aKTUBHOW Cpeabl B YaCTOThl T'€HEpalMM BCTPEUYHBIX
BOJIH Takxke oAuHaKoB. CliecTBUEM MOJ00HON 3aKOHOMEPHOCTH SBIISETCS HE00-
XOJIUMOCTh CUMMETPHUYHOTO PACIOJIOKEHHUSI JIEMEHTOB B pe3oHatope KJI mpu
KOHCTPYHUPOBAHUH JIA3€PHOTO THPOCKOMA.

2.6. CBsi3b BCTPEYHBIX BOJIH

Hanuune ouenb crnaboil mepoXxoBaTOCTH MOBEPXHOCTU OTpakaTesiel KOJb-
IIEBOr0 pe3oHaTopa (Kak MpaBmiIo, ATO 3epKalia, HO MHOT/IA UCIIOJIb3YIOTCS IIPU3MBI
TIOJTHOTO BHYTPEHHETO OTPAXXCHWS) MPUBOIUT K PACCESHUIO YaCTU H3ITyUYCHHS.
Nunukarpuca paccessHusi mokasana Ha puc. 2.15. Kax

BUJIHO W3 PHUCYHKA, HEOOJNbIIasg YacTh H3IyYEHUs roEs

rhEo paccenBaercs B HalpaBJIEHUU PacIPOCTPAHEHUS > <
E2

BCTpe4yHO BouHBl Ej. CinencrBuem paccesHus sBis-

ercst To, uto B KJI mosiBisieTcst cinabasi CBSI3b MEXKIY
BCTPEUYHBIMHU BOJHAMHU. PaccMOTpuM, 4TO NMPOUCXOIUT Y E)

IIpU 3TOM C YaCTOTaMH T'€HEPAIMU BCTPEYHBIX BOJIH.
Hcnons3yem i1t 3TOr0 aHanu3 (pa3oBod TUarpaMmel, Puc. 2.15
B KOTOPOW MPEACTaBUM JJICKTPUUYECKHUE TOJSI BCTPEU-

HBIX BOJIH B KOMILTEKcHOI dopme E; (t) = Eje J®i ®, CpenHss 3a IepUoI Pa3HOCTh

(a3 moJieil BCTPEUHBIX BOJH CBSI3aHA C Pa3HOCTHIO UX YACTOT KaK

(92(t)—r(t)); =w=aft, Z—‘i’zAf. (2.9)

IIpencraBuM BEKTOPBI JIEKTPUUECKUX TOJIEM BCTPEUYHBIX BOJIH B CUCTEME KOOPAU-

HAT, CBA3AHHOW C OJHWUM M3 BEKTOpoB, Hanpumep E, (puc. 2.16). Ilpu Takom

npezcTaBieHnn BekTop E, Bpamaercst B BBIOpaHHOM cHCTEME KOOP/IMHAT CO CKO-

pocteio dy/dt, a y sBiIsETCA MIHOBEHHBIM 3HAYEHUEM YIJIa MEXKIY BEKTOPAMHU
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E, n E,. Paccesnue Bonuel E, B BonHy E; ¢ K03 dHIHECHTOM paccesHus I; 1

(ha30BBIM YIIIOM paccesHus €; IPUBOAUT K TOMY, 4TO BekTop E, obpasyercs cio-
0

’KCHHEM HEBO3MYIICHHOro Bektopa B, u Bextopa IyE,, kak 910 mokasano Ha pu-

CyHKe. 3a cueT BpaueHust Bekropa E, Bektop E; okasbiBaeTcs mpoMonyaupo-

BaHHBIM 10 (hase u 1o amrututyae Ha yactore dy/dt. TTockonbky B KJI hasoBbie

HU3MCHCHUA HPUBOJAT K USMCHCHUAM YaCTOTBI B COOTBCTCTBHU C COOTHOIICHUEM

o Ov 0
——, [JIe 0 — YIoJl MeXy HalpaBlIeHHsAMH BekTopoB E; u E;, To MOxHO

EZC/L

CUUTATh, YTO PACCCAHNUC BOJIHBI E2 BCACT K NIBMCHCHHIO 4aCTOTblI BOJIHBI El Ha

a C
6\/1 =——
2n L
U3 puc. 2.16 umeem R
: rhEos .
sin o, = 22 sin(y +¢€»9). SNl
1 \\\
[ToncTaBisist 5TO BBIpaKEHUE B TIpe- \\\
JBIAYIIME W CYUTas, 4To SiN o = q, E2 \
MOJIyYMM HM3MEHEHHUE YacTOThI BOJI- \\\
HBI £ 3a CUET paccesHus: \ €2
crp E ! £ /\\ . Y
ov1 :—Z—Zsin(\y+82). N N
= 20 AN
- RpE
CrnenoBarenbHO, BMECTO TPHUBUAID- 1 2=2
HOro ypaBHeHHs (2.9) HYXKHO 3armm- Puc. 2.16
caTh
dy i
E:Af — Ao, Sin(y +¢€7), (2.10)
rae
cE
Aoy =Ty = =2, (2.11)
L E;

bonee crporo yder oOpaTHOro paccesHus MPOU3BOJIUTCS TPU BHIBEICHHUH
BOJIHOBOT'O YPaBHEHHUs IS JIEKTPOMArHUTHOTO moiisg B pesoHarope KJI n3 ypas-
HeHni Makcsemna. [Ipu 3TOM B mpaByro 4acTh BOJHOBOI'O YPAaBHEHHsI BBOIUTCS
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JOTIOJHUTEIbHBIN wicH. [lociie pereHust BOTHOBOIO YPAaBHEHHS M TOJTYYEHHUS BbI-
POKCHUN JUIA TIOJIAPU3AlMK AKTHBHON Cpeibl, ypaBHEHHE I pasHOCTH (a3
BCTPEYHBIX BOJH MOYET OBITh MPEACTABICHO B BHJIE, AaHAJIOTHYHOM IMOJYyYCHHOMY
panee ypaBHenuto (2.10):

O('j—‘i’z(u Ka)Af + Aog — Ao, sin(y + @), (2.12)

r7e, Kak u pasbine, Af — pacmieruieHne coOCTBEHHBIX 4acTOT pe30HaTOpa 3a CUeT
BpalleHus; Awg — pacuienieHue, o0ycIOBICHHOE HEB3aUMHBIMM 3(dexkramMu B

KJI; Ao, 1 ¢ — pyHKIIMM TapaMeTpoB paccesiHus Iy, I, €1, €2.
B Hanbonee npoctoMm ciywae, korga | =rp, €1 —€9 =n, E; =E», mnony-

YUM BhIpakKeHHUE, SKBUBaJIeHTHOE (2.11):

Ao, = r%_.

VpaBuenue (2.12) umeet aBa pemienus. OQHO pelIeHNe, CIIPABEIMBOE MIPH

BBIIIOJTHCHUU HCPABCHCTBA Af < AO)3, AacT OTCYTCTBUC PA3HOCTH YAaCTOT BCTPCU-

HBIX BOJIH. A = d%t =0.

Ota 001acTh Ha3bIBAETCSA 00JIACTHIO 3aXBaTa UM O0NACTHIO CUHXPOHU3ALNU
BCTPEUYHBIX BOJIH. B HEWM IMPOMCXOIWUT B3aMMHAsl CUHXPOHHM3ALMs YacTOT BCTPEY-
HBIX BOJIH, OOYCJIOBJIEHHAs paccesHHEM Ha 3JEeMEHTaxX pe3oHaropa. M3mepeHue
YTJIOBBIX MIEPEMEIICHUH, SBIsIoIIeecss OCHOBHOM 3anaueii JII', B 3T0it oOnactu He-
BO3MOYKHO.

Btopoe pemienne nepruoanyeckoe, ClpaBelIviBO IIPY BBIIIOJIHEHUHN YCIIOBHS
Af > Aw,:

Aco:(jj—\::\/[(1+ Ka)AF +Awg [ - Aw? (2.13)
VYpaBHenue (2.13) orpaxaer peais- Ao’

HYI0 BBIXOJHYIO Xapaktepuctuky KJI
BOJIM3K 30HBI 3axBaTa (cM. puc. 2.17).
Ha pucyHke nokasaHbl 30Ha 3axBara,
paBHasg IO 3HAYEHUIO 2A®,, CIBUT

Awy
Hy.TIﬂ BBIXOHHOﬁ XapaKTepI/ICTI/IKI/I

A®q, HEIUHEHHOCTb XapaKTEPUCTH-

\4

< > Af
KN, UMCHOIIIasd BUL FI/IHep6OJ'II/I‘-ICCKOI/I ZAO)S

Puc. 2.17
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3aBUCUMOCTH A® oT Af. Boipakenue (2.13) crnpaBeminBo BOJIM3H 30HBI 3axBaTa.

Bnamu ot Hee, xoraa BeimomnHseTcs ycnoue Af >> r%_ BBIpaXEHUE I A® IpU-
oOperaer BU

2
C r1r2 p—T .

Ao =1+ K;)Af + Aog + ——5-| cos(e] —e9) ———sin(e1 —€-) |.

(1+Ka) 0+ 2 9af (e1-#2) 50 (e1—22)

BuiHO, 9TO ujieH, OOYCJIOBJICHHBIH CBSI3bI0 BCTPEYHBIX BOJIH, MPOMOPIIMOHAJICH
1/Af. D10 cBsa3aHO ¢ TeM, 4To, yeM Ooibiie Af, Tem Gojbllle pacCTOSHHE MEKITY
JUHHUSIMEA PE30HATOPA JJIT BCTPEYHBIX BOJH M, COOTBETCTBEHHO, PACCESIHHBIN CBET
OJIHOM BOJIHBI YK€ HE IOMNajaeT B IEHTP JIMHUK PE30HATOpa BCTPEYHOM BOJIHBI U

HE OKa3bIBaCT TAKOrO JECHUCTBHUS, KaK IPH Mallblx 3HaucHUsAX Af. B 3aBucuMocTs oT

TOrIO, KaKOM 3HaK MMEIOT BEJIMYKUHBI €1 — €2 H , IIOJIY4aCM BBIXOIHYIO XapaK-

TEPUCTHKY, POXOISAIIYIO BBIIIE MM HUXE acCUMITOTHI (puc. 2.18).

JpyruM mMexaHn3MOM, OTBETCTBEHHBIM 3a CBSI3b BCTPEUYHBIX BOJIH U UX CHH-
XPOHU3ALNIO, SBISIOTCA HEOJHOPOIHBIE MOTEPU B pe3oHarope. lIpeamonoxum,
YTO paccesHUE Ha 3epKajiax pe3oHaTopa orcyTcTByeT. IIpencraBum cebe, 4To Mo-
TE€pPU B PE30HATOPE UMEIOT OAHOPOJHOE MPOCTPAHCTBEHHOE PACIPEACICHUE 3a UC-
KJIFOYEHHEM OJIHOW TOYKH, B KOTO-
poil MoTepu TPEACTABISAIOT COOOM
nenpTa-pyHknuio. [Ipu HenmoaBmxk-
HoM KJI cynepno3uiiusi BCTpEUHBIX
BOJIH JaeT CTOsYYyt0 BOJHY. C TOUKH
3peHUs MUHUMYMa SHEPreTHYECKUX

IIOTCPb B CHCTCMC, CTOsAYasA BOJIHA

OyZeT 3aHMMaTh TAKOE€ PacIoyoxkKe-

HHEC, IPU KOTOPOM B TOYKE, I'A€ IIO- Puc. 2.18

TepU paBHBI JeNIbTa-PyHKIUH, Ha-

XoauTcs y3en crosuer BoiHbl. Ilpm Bpamenun KJI 4acToThl BCTPEUYHBIX BOJIH
JIOJDKHBI PACHICIUISATHCS TaK, YTOOBI UX Pa3HOCTh ObLIa MPOMOPIIMOHATIBHA CKOPO-
CTU BpalleHHUs. DTO SKBUBAJICHTHO JBUKEHUIO CTOSYEH BOJIHBI OTHOCUTEIBHO pe-
3oHaropa. [Ipu TakoM JBUKEHHUU Y3JIbl U MTyYHOCTH CTOSYEN BOJHBI OYIyT MPOXO-
JIUTH Yepe3 TOUKY PE30HaTOpa C MOTEPSAMH B BUJE JeNbTa-(QYHKIINHU, B pe3yJIbTaTe
Yero B CUCTEME BO3HHMKHYT JIOMOJHUTEIbHBIE MOTEepU. Takum oOpa3oMm, pexum

PaCIICINICHHUA YaCTOT BCTPCUYHBIX BOJIH OKA3bBIBACTCA MCHCC BBII'OJHBIM C SHCPIC-
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TAYECKOW TOYKH 3pPEHHs], YEM PEKHUM HENOJABWKHOW cTOosYer BOJHBL lloaTOomy
CUCTEMA JIOJDKHA CTPEMUTHCA K COXPAHEHUIO PEXXHMMa CTOSYEH BOJIHBL, T. €. K CO-
XPaHEHUIO CHUHXPOHU3AlMN BCTPEYHBIX BOJH. TeM HE MeHee, NPHU yBEIWYEHUH
CKOPOCTH BpallleHHs COOCTBEHHBIE YaCTOThl PE30HATOpPA PACUICIUIAIOTCA U TEHe-
pUPYEMBIE BCTPEUYHBIE BOJHBI, YACTOTHI KOTOPBIX OCTAIOTCS CUHXPOHU30BAaHHBIMH,
OKa3bIBAOTCS CIABUHYTBIMU OTHOCUTEJIBHO LIEHTPOB COOCTBEHHBIX JIMHUM pe30Ha-
Topa. B pesynbTaTe 3TOr0 TakKe BO3HMKAIOT AOINOJHUTENBbHbIE IOTepHu. [Ipm
JaNbHEHNIIeM YBEIUYEHUH CKOPOCTH BPAICHHS 3TU MOTEPH OyIyT YBEITUUUBATHCS
JI0 TeX II0p, MOKa HE CPABHAIOTCS C MOTEPSIMHU, KOTOPBIE UMEET CUCTEMA C PACILETI-
JIEHHBIMU YacToTamu. [Ipy 3TOM CKOPOCTH cHCcTeEMa OJKHA BBIXOAWTH U3 PEKUMA
CUHXPOHM3ALIMM YaCTOT BCTPEUHBIX BOJH, T. €. KJI BBIXOOUT U3 30HBI 3aXBarta.

AHaJIN3 CHHXPOHU3ALMU YaCTOT BCTPEYHBIX BOJH 34 CUYET HEOJHOPOIHBIX
HIOTEPh MPOBOJUTCS YYETOM MPOBOIUMOCTU G(Z) CTEHOK pe30HATOpa, MMEIOIIEH
IIPOCTPAHCTBEHHYIO HEOJHOPOAHOCTh. B pe3ysbrare Takoro aHaiau3a BMECTO BbI-
paxenus (2.10) monygaem

%’:Af — Ao, sin(y +&5) — A, sin(y +3) ,

L= =N LL 4 H2
rae Ao, =(==+=%) [[o(z)o(z')cos—(z—27")dzdz' |
By Epleollgg M
L

jc(z)sin4;zdz
th:O

L 4r

[o(z)cos— zdz

5 A

®dopManbHO, CBSI3b, OOYCIOBIEHHAsA MPOCTPAHCTBEHHO HEOJHOPOIHBIMHU MOTEPS-
MU, JaeT TaKylo K€ COCTABJIAIOILYIO0 B YPaBHEHHUH JJIsi Pa3HOCTU (a3 BCTPEUHBIX
BOJIH, YTO U CBSI3b, 00YCIIOBJICHHAS paccestHuEM. AHAIN3 OJYYEHHBIX BbIPAKEHUN
IIOKA3bIBACT, YTO 30HA 3aXBaTa ONPENEIAETCA IPOCTPAHCTBEHHBIM PACIIPEICIICHU-
em notepb. Hanbosnbiiasg BenmuyrHa 30HBI 3aXBaTa pealnu3yeTcs B TOM cllydae, Ko-
I'/1a IOTEPU Ha 3epKajie pacupeaesIeHbl 10 TApMOHUYECKOMY 3aKOHY C IIPOCTPAHCT-
BEHHBIM IIEPUOJOM, PABHBIM MEPHOJY CTOSYEH BOJIHBI B IPOEKIMM HA 3€pKajo
KOJIBLIEBOT'O pe30oHaTopa. Takas cuTyalus peam3yercs Ha IIPAKTUKE IIPU YCIOBUU
noiroit padotel KJI B pexxnmMe 3axBara. B 3TOM cityyae my4HOCTH CTOSIYEH BOJHBI
BO3JICMCTBYIOT Ha 3€pKAJI0 U BBDKUIAIOT HA HEM COOTBETCTBYIOILYIO IIPOCTPAHCT-
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BCHHYIO KapTHUHKY, KOTOpas W JlaeT HambOoJjee HeOJIaromnpusiTHOE pacipeneicHue
MOTEPH B PE30OHATOPE.

Kak 6p110 TIOKa3aHO, CBSA3h BCTPEUHBIX BOJH 3a CYET OOPATHOTO PACCESTHUS
MPUBOJUT K CYIIECTBEHHBIM M3MEHEHHUSIM BBIXOAHOUW Xapakrepuctuku KJII: moss-
JSOTCS 00J1aCTh CHHXPOHU3AIMKM U HENMMHEWHOCTh. OHAKO caMO HaJIW4YUe ITHX
SBJICHUA HE SBISJIOCH Obl MCTOYHMKOM MOTPENIHOCTH, €ciu Obl OHO OBLIO CTa-
OmwibHO. OCHOBHYIO MOTPEUIHOCTh BHOCST M3MEHEHHS NTapaMeTpOB CBSI3U BO Bpe-
MEHH.

PaccmoTpum vacth pesonaropa KJI (puc. 2.19). Ilycts B HeM pacmpocTtpa-
HAETCS OJIHa u3 BCTPEYHBIX BOJIH

E1(t) = Egsin(oqt + ¢1), 9acTh xoTOpOW paccenBa- 2

/
A/
€TCs BO BCTPEUHYIO BOJHY Ha Ka)X[I0M 3epKaJie. lrl(Z)El
Ha 3epkaie 1 paccenBaercst BOJIHA

rl(l) El sin(2nv1t +Q1 + S:El)) .
Ha 3epkaite 2 paccenBaeTcs BOJIHA

r1(2) Eqsin(2nvit + @1 + 8}_2) ). M) S

Kaxnoe 3epkaiio xapakTepuszyeTcsi CBOEH aMIUINTY- Puc. 2.19

nou rl(') u (Qazoii S:I(_I)KOBCI)CI)I/ILII/IeHTOB csizu. Haii-
JeM aMIUTATY Ty U Ga3y cyMMapHOTO KoddduimenTa cBs3u:

n Exsin(at+ o1 +¢y) = 1(2) Eqsin(ot + @1 + 8£2)) +
1 : 1 I
+ rl( )Elsln(oolt + @1 + g§ ) + oolE)_

31mech YYTCHO paccTosiHue | MeXy paccenBarOIIMMU IIEHTPAMHU, KOTOPBIMH SIBJISI-

D =@ O 2

10Tcs 3epkaia. [lycTs 3epkaiia OIMHAKOBEI, T.€. =g/, Torza

r Epsin(ogt + @1 +&) = rl(l) E (sin(oqt + @ + SZ(LZ)) "

+sin(oqt + @1 + sil) + coll—)) =
C
I . 1) I
:2r(1)E cos(wy —)sIn(mqt + +s( +m—) =
1 B (120) (o1t + @1 + &7 12C)

= 2r1(1) Eq cos(n%)sin(colt +@ + ail) - n%) :
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OTKyJa n= 2r1(1) Eq COS(nl), € = ail) + nl :
A A

B pesynbrare mojydyeHa 3aBUCUMOCTb aMIUIUTY/bI U (a3bl KodppuuueHTa
CBSI3M OT PACCTOSIHUSI MEXKIy 3€pKajaMH. 3HAYCHUs] aMIUTUTYIbI U (a3sl ko3P du-
IIUEHTOB CBSI3U OMNPEJIEIAIOT 30HY 3aXBaTa U HEJTMHEMHOCTb BBIXOJIHOM XapaKTepu-
CTUKU. Takum 00pa3oM, U3MEHEHHs PACCTOSIHUN MEXIYy 3epKajlaMu, MPOUCXOIs-
IIMe 3a CYET TEIJIOBBIX JAepopMaluil pe3oHaTopa, NPUBOAAT K U3MEHEHUIO YacTO-
Thl BbIXojiHOTO curHana KJI, uto ocoOeHHO cuiabHO cKa3biBaeTrcs Ha pabdore JIIT

1py OONBIINX 3HAYEHUAX KOAD(DUIIMEHTOB CBS3U.
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2.7. BoljiejieHHe CUTHAJIA OMEeHHd BCTPEYHbIX BOJIH

[Mon curnanom Owenuit B mazepHoM rupockorie (JII)) oObryHO MOHMMAIOT
currai Ha Beixoze doromnpuemuuka (PII), perucrpupyromiero nHTepPEepeHIINOH-
HYIO0 KapTHHY, KOTOpas 00pa3zyercs MpH MPOCTPAHCTBEHHOM CJI0KESHHUU BCTPEYHBIX
BoiH KJI Ha ero Beixome. Curnan OMeHui HeceT MH(OpPMAIIHIO O Pa3HOCTH YaCTOT
BCTPEYHBIX BOJH U, COOTBETCTBEHHO, 00 yIJIIOBOM CKOPOCTH O0OBEKTa, HA KOTOPOM
pacnionoxxen JII'. JIns BeigeneHus pa3HOCTH 4acTOT BCTpedHbix BosH KJI HeoOxo-
JIIMO CBECTH B NPOCTPAHCTBE J[BA BBIXOJHBIX JydYa, MPOIMISANINX Yepe3 OJHO W3
3epKajl KOJIbIEeBOTrO pe3oHaropa. [Ipocreiimas cxema cBeneHust (CI0XKEHUs) Tpe-
craBisieT coOoi Habop 3epkan (puc. 2.21). Takas cxema CIOXKCHHUsS IOABEPIKECHA
BIIMSHUIO BUOpAIUif, MOITOMY Ha MPAKTUKE HMCIOIB3YIOT MPHU3MEHHBIC CXEMBI

OI1 <

OIT

Pe3guarop

Puc. 2.21 Puc. 2.22

cinoxenusi. OIUH U3 BApUAHTOB TAaKMX CXEM IpHUBENEH Ha puc. 2.22. PaccMoTpum
oOpaszoBaHue UHTEPHEPEHIIMOHHONW KapTUHBI U BBIICJICHUE B HEM YaCTOThI OMEHUM
BCTpeuHbIX BOJH KIJI. IIIOCKyrO0 3JIEKTpOMarHUTHYXO BOJHY, KOTOPOM MOKHO
MoJb30BaThcsl Npu onucanuu BojaH B KJI, mpu pacnpoctpaneHuun BOOJIb OCH X

MO>KHO TipenicTaBuTh B Buae E(t, X) = Eq cos (2nvt — % X).

B Tom cnyuae, koraa uHTEpeC NPEACTABISIET PACIPEICICHUE OIS BIOJIb OCH KO-
OpIMHAT, HE COBIIAJAIOLICH C HAIPABICHHUEM pac-
MPOCTPAHEHUSI BOJHBI, BhIpaXKeHUE s £ mpuoodpe-

taet Bux E(t,r) = Eqycos (2nvt — 2% r),

rae r=Xsina—2z coSa, oL — yroj MeXay Halpas-

JICHUCM DPACIIPOCTPAHCHUA BOJIHBI (BOJIHOBLIM BCK-

TOPOM) U OCBIO Z.

PaccmoTpum mnazenwe Ha (QOTONPUEMHUK

BCTPEYHBIX BOJH. bymem cumtath, 4TO (hHa3oBbIC Prc. 2.23
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(GpOHTHI MaJAIONIMX BOJH IUIOCKWE U BOJHBI UMEIOT OJUHAKOBYIO MOJSPHU3AIUIO.
[TycTh MmI0CKOCTh (OTONMPHUEMHHKA COBIAAAET ¢ MIOCKOCThIO XY (puc. 2.23). Pac-
npenenenue nouaed E; m Eo B 310 mmockoctu BOOIL OcH X UMEET BUJ

B = ElO COsS (27‘CV1t — 2% Xsin oq + (pl) )

Eo = Epg Cos (ZTEVZt —%XSin oo + (p2) .

@OTONPUEMHHUK pEArupyeT Ha UHTEHCUBHOCTH CBETOBOTO IOJIS, TPONOPLHOHAIIb-
HYIO KBaJpaTy aMIUIMTYAbl CYMMapHOTo noJis £:

| =E? =(Ey +E, )} =Ef + E5 + 2E,E, =E£ + E5 +

+ E19E9q CcOs 2n(v1+v2)t—x[%sina1+i—nsina2 +01+02 [+ (2.14)
1 2

+E10E20 CoSs Zn(vl—vz)t—x(%sinal—i—nsinaz +01 — 02
1 2

Y4uThIBasi OrpaHUYECHHYIO YyBCTBUTEIBHOCTh (DOTONPUEMHHKA 110 YAaCTOTE, HEOO-
XOMMO IPOMHTETPUPOBATH IOJYYEHHOE BBIPAKECHHE HA HWHTEPBAJIE T, KOTOPBIU

yIOBJIETBOPSIET YCIOBHIO
1 1
LT ————
V1,2 V1 —V2
l t+1 ) 1 1 t+1
= | cos®(2nvit+oj)dt ==, = [cos(2n(vy +vo)t+y + ¢, )dt =0.
T i 2 1
Cuwrast, 4TO MOCAEIHUI YiIeH B BeIpaskeHuH (2.14) Maao MEHIETCS Ha HHTEPBAJe T
(gactora (vq—Vp) << ’E_l), IOJIy4aeM CIICIYIOIICEe BhIpAYKCHUE JUISI HHTCHCHBHO-
CTH CBeTa B HHTEP(DEPEHIIMOHHOM KapTHHE:

I ZE(E]_Z +E22)+ E10E20 COS Zn(vl—Vz)t—an Sinoq _Slnaz _
2 -

:%(Elz + E22 )+ ElO E20 COS|:27EAVt —%XSin Ot:l .

[Tpu mostydeHHn 3TOro BhIpaKEHUs MPUHATO: O1 — P2 =0, o1 =—0a9 =a,
7\,1 ;7‘2 =7L, V1 —Vo = Av.

s cayqas Av =0 momydaem
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I =%(E12 + E22)+ E10E20 cos[%xsin (x} =

~ %(Ef + E22)+ E10E20 cos[ZnAvt —%Xa} ,

T. €. Iy ciaydast Av = 0 MeeM B IJI0CKOCTH (POTOKATOIa HETIOABIKHBIE HHTEp(e-
A PECHIIMOHHBIE TOJOCH (puc. 2.24), mmpuHa KO-

I i d i TOPBIX
N _
| | 2sina 20
PaccMoTpum cityuait, koraa 4yactoTsl uHTEpQE-
X > pUPYIOIIUX BOJIH HE paBHBl JApyr Apyry:
Puc. 2.24 Av #0. 3anuineM yclioBUS MAaKCUMyMOB U MU-

HUMYMOB HWHTEP()EPEHIIMOHHON KapTUHBI IS
¢dazwr O:
2nm — max;
(2n+1)m —min,n=0,1, 2,...

W3 nmpuBeeHHOTO BBIpAXKEHUS CIEAYET, YTO UHTep(EepEeHIIMOHHAsI KapTHUHA B CIIy-

()} :2nAvt—%Xsina={

yae HEPaBEHCTBA YaCTOT MHTEP(HEPUPYIOMIUX BOITH MEPEMEIIACTCS OTHOCUTEIIHHO
TUTOCKOCTH (poTOKaTo/a BAoJb X. CKOPOCTh TEpeMelIeHHs TOJ0C HalaeM, Mpo-
muddepennuponas dazy @ o BpeMeHHU:
ZTcAv—%ﬂsinoczO , %:AZ#AV = )L Av .
dt A dt 4nsina 2sina
Takum oOpa3oM, MO HAMPABICHUIO TIEPEMENICHHSI U YaCTOTE CIIEOBAHUS MHTEP-

(I)CpCHHI/IOHHLIX IMOJIOC MOKHO YCTAHOBUTb COOTHOHICHUC YAaCTOT ABYX I/IHTGP(I)G-

pupyromux BosH. Ilycte Eqg =Epg =Eg = \/E , TOIr/1a
4n
I (x,t) = I0{1+ cos (2nAvt —TXOL):I.

PaccMoTpum pesynbTaT perucrpanuu HHTEPPEPEHIIMOHHON KapTHHBI (hOTO-
PUEMHUKOM, TIepe]] KOTOPBIM pAacCIOIOKeHa OTPaHMYUBAIONIASI CBETOBOW TMOTOK
nuadparma npsMoyToJIbHONW (OPMBI C pa3MepaMH a 1o ocu X u b — o ocu y. ®o-
TOTOK (TOK 3JIEKTPOHOB, BHIOMBAaEeMBIX M3 (POTOKATOAA MPHU MAJCHUU Ha Hero (o

oToHOB CcBeta) paseH Ig, =yl , rae v = n%v’ 1 — KBaHTOBBIN BBIXOJ ()OTOKATO/IA
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Ha YacTOTe V; € — 3apsn 3JekTpoHa; h — mocrosHuas [lnanka. Pesynbrupyromnimii
(GOTOTOK HaXOIUM UHTETPUPOBAHUEM I10 OCBEIICHHOM TIIOMAau S (poTokaToma

\]q) = _S[I(de = 'yi [ (X, y,t)dXdy =

a/2 b/2 A
=y [ ] 1 [1+ cos(2nAvt — " Xa)}dxdy =
—-a/2-b/2
. 2T
a/2 A sin(—— aa)
=vb j Iy [1+ cos(2nAvt — — Xa)}dx =vyablg|1+ 5 cos(2nAvt) | .
-a/2 A ; oa

YauThIBast, 4TO MHUPUHA HHTEPPEPESHITMOHHON TOTOCH d = 20 IOy YHM
o

sin(Ea)
Jgp =vablg 1+n—dcos(2nAvt)

—a
d

W3 3TOTO0 BBIpa)KEHUS CIEAYET, YTO (POTOTOK UMEET MOCTOSIHHYIO COCTAaBJISIIOIIYIO,
MPONOPIMOHANIBHYIO TUIOAAN Auadparmel nepes GOoTONPUEMHUKOM, U MEepEMEH-
HYI0 COCTaBJISIIOLLYIO, aMIUIUTYJa KOTOPOH 3aBUCUT

or orHomenus a/d xak ¢Qynkmus Sinx/x (puc. 1
I
2.25). U3 pucyHka ciiefyeT, yTo HauboJiee BBITOI-
HO MMETh HIMPHHY IOJIOCH], MHOTO OOJBIIYIO IIH-
punbl quadparmsl. Eciin 3TOro noOMTHCS MO Ka- .
KHM-TO TIpUIMHAM HEBO3MOXKHO, HYXHO o0ecrie- 1 2 3 ad
9uTh BbIOMHEHHE ycnoBust a/d =1/2+n, tme n — Puc. 2.95
1esoe Yuciio (KeJNaTellbHO N UMETh KaK MOXKHO
I MEHBIIIE).
d/4 Jlnst onpeenieHusl HanpaBJICHHS Bpallle-
I ®II2 AN HUS UCIIONB3YIOT 1Ba ()OTONPHEMHHUKA, CIIBU-
HYTBIX JPYT OTHOCHUTEJBHO JIpyra 1Mo KOOp/H-
Hare X Ha Besmuuny d/4 (puc. 2.26). Tlpu Ta-

Y

d X KOM pPasMCUICHUU q)OTOHpI/ICMHI/IKOB CHHUMac-
MBIC C HHX CHI'HAJIbl paBHOCTHOﬁ H9aCTOThbI

Puc. 2.26 cnBuHyThl 1o ¢aze Ha 90°. Ilpu u3mMeHeHuUM
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HaIlpaBJICHHUA BpalllCHUA BCIMYHNHA Av MeHseT 3HaK, BCJIICACTBHUC YCTO MCHIACTCA U

HaIpaBJIeHUE JIBUKEHUSI UHTepDEepEeHIIMOHHON KapTUHBI. COOTBETCTBEHHO, M3MeE-

D1 o ®

CDHZ 4 KHIOq

®I11

Y

+ PeBepcuBHBIM
— CYETYHK

Puc. 2.27

HSIETCSl ¥ 3HAK PA3HOCTH (pa3 CUTHAJIOB, CHUMAEMBIX € JBYX (poTonpueMHUKoB. Ta-
KUM 00pa3oM, orpejielicHue 3Haka pa3HocTr (a3 ¢pazoBbiM jgerekropoM (DJ]) maer
uHpopManuio o HanpasieHuu Bpamenus KJI. Hanuune nndopmanuu o Hampasie-
HUW BPAILLECHUS ITO3BOJIAET MPOU3BOAUTH PEBEPCHUBHOE CyMMHPOBAHHE IEPHUOIOB
BeIXOAHOTO curHana JII' (T. e. cyMMHUpOBaHHE C y4eTOM 3HaKa HarpaBlieHHs Bpa-
mienust). [Tpu aTom BeixogHO# curaan OJ] ncnonb3yercs s MepeKIIOUeHHs BbI-
xoxHoro curHana JII' ¢ ogHOrO BXOJa PEBEPCUBHOIO CYETYHMKA HA IPYrou (pwc.
2.27). Tlocne pa3jierneHus] CUTHaIa MPOM3BOAMTCS CYET HEPHOIOB PEBEPCUBHBIM
CYETYUKOM, KOTOPBIM CYMMHPYET UX C YYETOM 3HAKa. PeBEpCUBHBIN CUET O3BO-
JSIeT IPaBUJIBHO ONpPEAEIATh YIIIOBOE MepeMelleHne 00beKTa, Ha KOTOPOM pacIio-
noxed JII', mpu ero IBMKEHUH C U3MEHECHUSAMU 3HAKA YTJIOBOM CKOPOCTH.

2.8. 3HakonepeMeHHOe HAYAIbHOE CMelleHHe

Hcnonb3oBanue JII' B HABUTallMOHHBIX cUCTeMaxX TPeOyeT OT HEro BO3MOXK-
HOCTH M3MEPEHUS MAJIBIX CKOPOCTEH BpAIICHHUS, JISKAIINX B TOM YUCIEe U B 00OJac-
TH 30HBI 3axBara. Ha mepBbIx sranax paspabotku JII' ata 3amava pemanach mo-
CPEICTBOM BBEJEHUS MCKYCCTBEHHOTO ‘HAYaJIbHOTO  PACHICIUICHUSI YacTOT
BCTPEUYHBIX BOJH (co3manus “noactaBku’) (puc. 2.28). IIpu 3TOM H3MEpeHHe CKO-
poctu BpamieHus () MPOU3BOIUIOCH C MCIOJB30BAaHUEM OYEBUIHBIX COOTHOIIIE-
1507078

Av=KQ+Avy, QZ%(AV—AVH).

N3 stux BI)Ipa)KGHI/Iﬁ CICAycCT, 4TO IJIA oOecricueHusT MaJIou MMOTrpCIIHOCTU U3MC-

peHuit HeoOX0AMMO TOOUBAThCS CTAOMIILHOCTH BeMUuuHbl Avy, (moacraBku). s

peanu3alyy HavyajJbHOTO CMEIICHMs, B MPUHLUIE, MOXXHO HCIOJIb30BaTh JIOObIE
HeB3auMHbIe 3P dekTsl B pe3oHaTtope KJI. YcrpoiicTBa, peanusyroniue HayaibHOE
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CMCIICHHUEC, HA3bIBAIOTCA HCB3aMMHBIMHU 3JICMCHTaAMU. HpI/I pPa3sBUTHH na3epH0171 TH-

pPOCKOIIMMN I CO3OaHUA HCB3dAUM-

Av 1
HBIX 3neMeHToB (HD) mcmomb3osa-
JUCh Takue sBJICHUS, Kak 3¢ dexT Avy
®u3zo, 3dpdexr Jrarmiopa, rdhdexr
dapanes. Haubonee mupoko wuc-

noJib3oBaMch HD Ha ocHOBe 3(-

dbexra Dapajes, KOTOPbIA COCTOUT B

A\

U3MEHeHUH Kod(pullMeHTa TIpe- Q
JIOMJIEHUSI MarHUTOONTHYECKOM Puc. 2.28
cpenbl (B KayecTBE TaKOW Cpeiibl OOBIYHO HMCIOJIB30BAJIaCh IJIACTUHKA U3 TUIABJIC-
HOT'0 KBapIia) JJIs CBeTa ¢ KPYroBOW MOJIAPU3AIUCH MPU TOMEIICHUH 3TOM Cpeibl B
MIPOJI0JIBHOE MarHUTHOE 1oJjie. BcTpeuHbie BOHBI ¢ OPTOTOHATBHBIMHU KPYTOBBIMU
HoJIApU3aUAMHU (HAIpaBJICHUE BPAIICHUS BEKTOpPA 3JCKTPHUSCKOTO IMOJIS B MPO-
THUBOIIOJIOKHBIX HAIPaBJICHHUIX) MOJYyYalOT Haberu ¢asbl ¢ MPOTHUBOMOIOKHBIMH
3HaKaMu. Ecii cOOCTBEHHBIMU TMOJISIPU3AITUSAMHU KOJIBIIEBOTO PE30HATOpA SBJISIOT-
Csl TMHEWHBIE TOJISIPU3AIMHU, KPYTOBbIE MOJISPU3AIUUA CO3IAIOTCS 3a CUET YCTAHOB-
KA ¢ 00€MX CTOPOH OT MarHUTOONTHYECKOW Cpellbl IIACTHHOK A/4, mpeoOpasyro-
MIUX JTUHEHHYIO TOJIIPU3AIHIO B KPYTOBYIO.

[TocTosiHHOE HavalbHOE CMEIEHUE, co3/laBaemMoe ¢ nomoinbio HD, He mo-
3BOJISIET peanu3oBbiBaTh JII' ¢ BBICOKMMH TOYHOCTHBIMH XapakTepucTukamu. Kak
npaBuiio, HecTabunbHOCTh npeida JII' ¢ HD okaspiBaercs B jdydiiem ciiydyae Ha
ypoBHe 0,1 °/4. [IpuurHaMHU TaKOW HECTAOMIBLHOCTH JApeiida sIBIAIOTCA YyBCTBH-
TeabHOCTh HD K M3MEHEeHHIO TeMIepaTypbl, HECTaOUILHOCTh MAarHUTHOTO TIOJIS,
HETOYHOCTh MPeoOpa3oBaHus MOsIpU3aiui (Pa3oBBIMHU IJIACTUHKAMH U PSI JIPY-
rux 3 PexToB.

B macrosmiee BpeMs, daiie BCETro I YMECHBIICHHSI BIUSHUS CBSI3U BCTPEU-
HBIX BOJH Ha padoty JII', mucronb3yeTcss METoN 3HAKONEPEMEHHOTO HadalbHOTO
cMmernieHus. Maest 3HakormepeMeHHOTO Ha4albHOTO CMEIICHHSI COCTOUT B TOM, UYTO
IpU CMEIICHUH pabouell TOUKM BBIXOAHOU xapakrtepuctuku KJI mo mepuommue-
CKOMY 3aKOHY Jia3ep OOJIBIIYIO0 YacTh BPEMEHH HAXOIUTCS BHE 30HBI 3axBaTa U
YyBCTBYET B 3TO BPEeMsl BXOJIHYIO CKOPOCTh Bparienus (puc. 2.29). U numip Manyio
9JacTh MEepPHoJIa M3MEHEHUS HavyaabHOTO cMmetnenns KJI Haxoaurtcest B 30He 3axBara.
[Ipu 3TOM, O4YEBUAHO, YTO YeM OOJIbIIIE aMILTUTY/1a U3MEHEHHUSI CMEIIEHUS U YeM
osicTpee KJI mpoxomut dyepe3 30HYy 3axBaTa, TEM MEHBIIEC BIMSHUE 30HBI 3aXBaTa
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Ha JI['. OnTUManbpHOM, C 3TOW TOYKU 3pEHUS, SIBIACTCS MPSIMOYTOoJibHAs (opma 3a-

Av KOHa U3MEHEHUs HAYaJIbHOTO CMEIICHUS,

TaK KaK B JAHHOM CJIy4ae BpeMs HaXOX-
NICHUA B 30HE 3aXBaTa PaBHO HYJIIO.

3HaAKOMEepEMEHHOE HavyaJabHOE

CMEIICHUE MOXET OBbITh CO3JaHO JBYMS

nyTssMu. OJHUM U3 HUX SIBIISIETCS CO3/1a-

— o) HUE MEPEMEHHOT0 MAarHUTHOTO TOJIs, Ha-
S KJIaJ{bIBACMOT0 Ha HEB3aMMHBIN DIICMECHT.
— B sToMm cinydyae MoxkeT ObITh peau30BaH
t ar000M 3aKOH HW3MCHEHHUS HA4YallbHOTO

Puc. 2.29 cMmenieHus  (MPSMOYTOJIbHBIA, CHHYCOH-

JanbHbIA 1 1p.). OJHAKO MPU 3TOM COXPAHSIOTCS MHOTHE U3 HEIOCTATKOB, MPH-
cymmx JII' ¢ HD (BiusiHuEe BHENTHET0 MarHUTHOTO 1OJIs U Jip.). Kpome Toro, 3akoH
U3MEHEHHUS! HAa4YaJbHOTO CMEILIEHUs! 00s3aTeIbHO JOJIKEH ObITh CTPOr0 CHUMMET-
PHYHBIM, TaK KaK OTCYTCTBHE CUMMETPHH JaeT HakorwieHus omuoku (apeiid JII).

Bropoii myTh 3aKiIf04aeTcs B pealu3alii MEXaHUYECKUX KPYTHIIBHBIX KO-
nebannii KJI. B satom ciywyae KJI ycranaBnuBaeTcsi Ha ClieHUaIbHYIO0 KOHCTPYK-
IO, COBEPILNAIOIIYI0 BBIHYXKICHHBIC KOJIcOaHMs (C MOMOIIBIO AJIEKTPOMArHUTA
WIN TThE30KEPaMUIECKUX TpeoOpa3oBaTelieiil) Ha cOOCTBEHHON Pe30HAHCHOM vac-
toTe. [IpenmyinecTBa MeXxaHHMUYECKOW 3HAKOIIEPEMEHHOM MOJCTaBKHU ‘‘BUOPOIOA-
CTaBKHU™~ 3aKJIOYaroTCs B OTCyTCTBUM HD B pe3oHaTOope M OTCYTCTBUM ‘‘HAKaILIU-
BaHMS~ TOJICTaBKH, TaK KaK CPEIHSs TOYKa MeXaHH4ecKux konebanuit KJI He mo-
€T CMECTUTBCSI OTHOCUTENBHO OCHOBaHUs npubopa. Hemocratkom naHHoro cro-
coba siBisieTcst HexkecTKoCTh Kperuienus KJI u, ciaenoBaTenbHO, 4yBCTBUTEIBHOCTD
K yJaapam.

3HaKoIlepeMeHHas MojACTaBka TpedyeT 00s3aTeIbHOTO0 PEBEPCUBHOIO CYETA
JUISl €€ UCKIIFOUEHHMS U BBIJIEICHUS MOJIE3HOT0 BXOAHOTO curHaia. [Ipu atom HeoO-
XOMMO CYMTaTh IEPUOJBI Pa3HOCTHOM YacCTOTHI 3a LIEJ0€ YUCIIO NEPUONOB IOA-
cTaBkd. [Ipy OTCYyTCTBMM BXOJHOIO CUTHAjla U CUMMETPUYHOM MOJCTABKU CyMMHU-
poBaHue 3a nepuoa aact Hyab (puc. 2.30, a). [Ipy HanM4YUK CKOPOCTH BpalllCHHS
JIT', xoropyro HeoOxomumo usMepsath (puc. 2.30, 6), cyMMUpOBaHUE 3a MEPHOJ
IIOZICTABKU JAaCT HE HYJIb, a YUCIO UMIIYJIbCOB, XAPAKTEPU3YIOLIEE U3MEPIEMYIO
VIJIOBYIO CKOPOCTh. B ciiyyae BUOPOMOJICTaBKU CIIOXHAs AJIEKTPOHUKA PEBEPCUB-

HOTI'O CYETa MOKET OBITh 3aMEHEHA ONTHYECKOH CXEMOM KOMIICHCAIINHU IIOJCTAaBKH.
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[Ipu »TOM mpHU3Ma CI0KEHHUS U (POTONPHEMHHUK YCTAaHABIMBAIOTCS Ha OCHOBAaHUE
JII" 1 pa3HOCTh (pa3 BCTPEUHBIX BOJIH, CO3/aBacMasi BUOPONOICTaBKOM, KOMIIEHCH-

AV A

r—r‘(

A\ 4

A\ 2

PYCTCA U3MCHCHHCM ONTHYECKOM JJIMHBI XO0J4a OJHOI'O M3 queﬁ KJI B IMpu3Me
CJIOKCHUA.

L

3]
Puc. 2.30

Paccmotpum opmansHo pabdoty JII' ¢ MexaHW4YecKOW 3HAKOIEPEMEHHOMN

A\ 4

nozacraBkoi. [Tycts konebanus KJI mpoucxozst no 3akony 0(t) =0 sin oyt .

Torz:a Pa3HOCTb COOCTBEHHBIX YacTOT PE30HATOpPa AJIA BCTPCUYHBIX BOJIH OIIPCIC-
JICTCA BBIPA)KCHUCM

Af (t) = 27KQ =K % = Aoyy cosorpt,

rne Aoy =2nAvy = 2nK0goyg .
Y100l OnpenenuTs BbhIXOIHYI0 xapakTepucTuky KJI nmpu mcnonp3oBaHum 3HaKo-

NePEMEHHON TOJCTaBKU BepHeMcsi K BhipakeHuto (2.10) ams passHoctu ¢as
BCTpeuHbIX BoJH B KJI ¢ yueTom ux cBS3M 3a CUET pacCesiHUS
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d—w+Am33inw:A(o.

dt
[Tox Aw 31€ech TOHUMAEM pacUIeIUICHHE YaCTOT BCTPEYHBIX BOJIH 32 CUET YTIIOBBIX
nepeMeIeHIH, ToIexaIuX n3MepeHuto (one3nblil 3hdekr), a Takke 3a cueT
HEB3aMMHOCTEH, CO3/IAlONINX CABUT HyJIS. [Ipy 3HaKOIEpEeMEHHOI MMOJICTaBKE B
NpaByIO YacTh YpaBHEHUS HEOOXOIMMO 100aBUTh pacileruieHue, 00yCIOBICHHOE
yrinoBeIMH Konebanusimu KJI:

Z—T+Aw3 siny = Ao + Aoy cos oyt (2.15)

Tounoro pemenust ypaBaeHust (2.15) momyuuts Henb3st. [losToMy i nmoaydeHus
pe3ynbTaTa BOCHOIb3YEMCS CIEAYIOIUM IOAXOJA0M. 3allUIIeM UHTErpajl JaHHOIO
YPaBHEHUS B BUJIE

W) = Aot + 2 sin(ot) + 5(t)
o171

rae O(t) mHTerpanm or Aw,Siny . dnsa nemsBectHoW (yHkmmu O(t) Haiimem cie-

Jytollee ypaBHEHUE:

5(t) = Aw, sin| Aot + 22 sin(opt) +5(t) |-
o171

Pemerre 3TOro ypaBHEHHS MOXKHO TOJIYYUTHh pasliokeHHeM B psag Dypbe 1o
¢yuknusam beccens. CuuTasi, 4TO pacilelUIeHUe 4acToT 3a cueT Bpamienus JII' u
30Ha 3aXxBaTa MHOT'O MEHBIIIE YaCTOTHl BUOPOIIOICTABKH ¥ TIPOBOJIS YCPEIHEHHUE 32
IIEJIOC YHUCIIO TIEPUOJIOB BHOPOIOICTABKH, MPUOIMIKEHHO MOJydaeM JIJIs CpeaHeH
pa3HOCTH (a3 BCTPEYHBIX BOJIH:

%’:Ammgak 200 Isiny, (2.16)

o1
rae Ji — ¢ynkuus beccens k-ro nopsinka. CpaBHuBast ypaBHenue (2.16) ¢ ncxon-

HBIM ypaBHeHHeM s \y (2.10), BUauM, 9TO MPU KCIIOJIL30BAaHUH 3HAKOIIEPEMEH-
HOM IOJCTAaBKM 30HA 3aXBaTa U3MEHSAET CBOIO BENWYMHY. [l onpeneneHus 3Tou
BCIIMYMHBI BBE/ICM TIOHATHE TMHAMUYECKOM 30HBI 3aXBaTa AWM, !

A® ~
Ay = Awg Ik w—r? = Aw,[J (K6)).

3aBUCUMOCTh A®;; OT mapameTpa KOg 1mokasbiBaeT, YTo NpH ONPEIEICHHbIX aM-

IUIMTYaX yriaoBeix koneOanuit KJI nunamuueckas 30Ha 3axBaTa oOpariaercs B
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HyJb. OJJHAKO peaIbHO 3TOTO HE MPOUCXOAUT M3-3a BCET/Ia CYIIECTBYIOMUX (PIIyK-
Tyaluid aMIIMTYAbl KojaeOanui. [loaToMy njis yMEHBIIIEHUS 30HBI 3aXBara CTpe-
MATCSI JOCTUYbh KakK MOXXHO OOJBIIMX 3HAYEHUW aMIUUTyAbl kosneOanuil. [lpu

Ao /o >>1 ans pysakiun beccenst MOXXKHO HCTIONB30BaTh €€ ACHMIITOTUYECKOE

~ 2 ~ 1 T
Ji (KOpg)= [—=—c0s(KOy — —kmt ——), 2.17
k (K8p) */nKeo (K6 > 4) (2.17)

OTKYyHda CJICAYCT, 4YTO IIPH OONBIINX aAMIININTy Aax KoJIeOaHMI JUHaAMHU4YCCKasA 30Ha

BBIPAKEHUE

3axBaTa HC IIPCBbIIACT 3HAYCHUA

2
A®,; S A® -—.
A >\ nK6g

JInsi TUMWYHBIX MapaMeTpoB BUOPOIOACTABKUA JUHAMUYECKas 30HA 3axBaTa B

50...100 pa3 MeHbI11e OOBIYHOM CTATUYECKOM.

HenuHeliHbli XapakTep MOJyYEHHBIX YPABHEHUN NPUBOAUT K TOMY, YTO Ha-
psily ¢ YMEHBIICHUEM 30HbI 3aXBaTa BBEJECHHWE BHOPOIOACTABKH CO3AAET JIOMOJ-
HUTEJIbHBIE 30Hbl HEJIMHEWHOCTH B BBIXOJHOW xapakrtepuctuke KJI. YpaBHeHue

(2.16) umeert creayroIIre pelieHUs A1 CpeAHel pa3HOCTH (a3 BCTPEYHBIX BOJIH:

dy korp  npm Ao — kopp| < ‘A(DSJ K (IZGO)‘

dt koyp £ \/(Aa) — ko )2 - (AO)SJ K (IZOO ))2 npu [Aw — koyy| > ‘A(o:;\] K (KGO)‘ :

[TomydeHnHble pemieHus] HyKHO HHTEPIPETUPOBATH CIEAYIOIUM oOpa3oM. B Tom

cllydae, KOTJla pa3HOCTh YaCTOT BCTPEYHBIX BOJTH A® CTaHOBUTCS OJIM3Ka K IIETTOMY
YUCITy YaCTOT BHOPOMOACTaBKH Kmyy, MPOUCXOAUT UX B3aUMHAs CHHXPOHHU3AIINS,
T.€. B HEKOTOPOH 00JIaCTH CKOpOCTH BpameHus Am = Koyy. Takum obGpaszom, ox-
HOBPEMEHHO C CYIIECTBEHHBIM YMEHBIICHHEM 30HBI 3aXBaTa B BBIXOJHOW Xapak-
TEPUCTUKE MOSBISIOTCS TaK Ha3bIBa€MbIe TOJOYKH — CBOCOOpa3HbIe 30HBI 3aXBaTa,
00yCIIOBJICHHBIE CHHXPOHHM3AIMEH Pa3HOCTH YacTOT BCTPEYHBIX BOJIH YaCTOTON
BHOPOIIO/ICTABKU U €€ TapMOoHuKamu (puc. 2.31).

Henuneitnocts BeixoaHou xapaktepucthku KJI, oOycnoBieHHas Hamuuuem
BUOPOIIOJCTaBKH, MOXXET OBITh CYIIECTBEHHO CHWKEHa J00aBJICHHEM IIyMOBOMU
cocTaBJsitolIei B kojebarensHoe ABmwkenne KJI. PaccmoTpum MexaHusMm Bo3Jei-

CTBHA HIYMOBOﬁ COCT&BJ’IHIOHIGIZ BI/I6pOHOI[CTaBKI/I, HCIIOJIB3YA aCHUMIITOTHYCCKOC

BeIpakeHue it pyHkuuu beccenst (2.17). Ecnm IZGO UMeEeT 3HaYeHUe MOopsIKa

1000, 4TO COOTBETCTBYET aMIUIMTYJE YIJOBBIX KojeOaHui mopsaka 3', To He-
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OoJbIe OECIIOPSIOYHBIC H3MEHEHHS 3TON BEJIMYUHBI OYIyT MPUBOJIUTH K TOMY,
YTO 332 HECKOJIKO MEPHOI0B KOJIe-
Oanmii BeIpakenue (2.17) nacr, B
CpeAHeM, HyJIb. DTO 03HAYAET, YTO
HEJIMHEMHOCTh BBIXOJHOW Xapak-
TepUCTUKH (T. €. “MOJIOUKH”) MOJI-
HOCTBIO HCYE3acT, B TOM YHCJIC

rcue3aeT W HyJeBas ‘moJsiouka’. B

"2 A'oa‘ Af pe3ynbTaTe, AWHAMUYecKas 30Ha
31

3axBara oOpamiaercss B HyJb. Jis

Puc. 2.31 MOJly4YeHUs1 JaHHOTO pe3yJibTaTa

JIOCTAaTOYHO UMETh LIYMOBBIE KosieOaHusl BeIMUMHbI O ¢ amruutynoil menee 1%.

Takum oOpazom, mpW OIIYMJIEHUH BUOPOMOJICTABKHM JOCTUTaeTCsl MPaKTHUUECKU
njieajbHast BeIXOoAHas Xxapakrtepuctuka KJI
v=Aot.

OnHako UCHONB30BaHUE BUOPOMOJCTABKH, U TeM 0oJjiee ¢ ee OUTyMJICHHEM,
MPUBOJUT K HEKOTOPOMY YBEIMYEHUIO CIy4YailHOM COCTAaBIISIIOLIEH MOTPEIIHOCTH
n3MepeHuii. Takoe yBelndeHne 00yCIOBICHO MHOTOKPATHBIMU MPOXOJaMH Yepe3
30HY 3axBaTa, KaXIblil U3 KOTOPBIX COMNPOBOXKAAETCS HEKOTOPHIM H3MEPEHUEM
pasHocTu ¢a3, a TaKKe BBeIeHUEM IIyma B yrioBbie kojebanus KJI. B pesynbra-
TE, Pa3HOCTh \J UMEET CllydaiiHyto (IIyMOBYIO) COCTAaBJISIONIYIO0, OCPEIHEHHE KO-
TOPOM BO BPEMEHU JAaeT OMIMOKY C AUCIEPCUEH, TPOMOPIMOHATLHON BPEMEHU OC-
peqHEeHNs.

HecMmoTps Ha odeBUIHBIE TOCTOMHCTBA BHOPOIOJCTABKU KaK criocoba Ju-
Heapu3alluy BBIXOJAHOW xapakTepucThku JII', MHOTOJIETHUN ONBIT pabOTHI MO3BO-
JIAJI BBISIBUTH U PSIJI CEPHE3HBIX HEOCTATKOB!

® 3HAUUTEJIbHBIC TAHTCHUUAIBHBIE YCKOPECHHS AJIEMEHTOB KOHCTpykKuuu JII',
npuomkaronuecs k 30 g;

e BO30YX/JICHHE COMMyTCTBYIOUIMX MEXaHUYECKUX KOJIEOAHUIH;

® 3HAUUTENBHBIN YpPOBEHb CIy4YyalHOTO Apeiida, HE MO3BOJAIONINN MpUOIH-
3UTHCSA K NMOTEHUHUAIbHON TouyHOCTH JII'.

CrpemiieHre yCTpaHUTh NIEPEUUCTICHHBIE HEIOCTAaTKU MPUBETO K pa3padoT-
K€ MOJIU(UIIMPOBAHHOTO peBepcuBHOrO BpaieHus JII', mpu KOTopoM OH coBepIia-
€T HECKOJIbKO 00OPOTOB C MOCTOSTHHOM YTJIOBOM CKOPOCTHIO B OJIHY CTOPOHY, Ha-
pyUMep TI0 YacOBOH cTpenike, a 3aTeM “‘MrHoBeHHO” (MeHee yem 3a 0,1 ¢) menser
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HAlNpaBJICHUE BpAIllcHUsS HAa MPOTHUBOIOJIOKHOE U JIalee COBEPINACT CTOJNBKO JKE
000pOTOB MPOTUB YacoBoii cTpenku. [1o cymecTBy, BeixoaHas xapakrepuctuka JII
MOJIYJIUPYETCsi OUMOJISIPHON TMOCIIEIOBATEIILHOCTHIO MPSIMOYTONBHBIX HMITYJIbCOB
(Meanap). DOToT MeToj B 3apyOeXKHOH IUTEepaType TONYyYWJ Ha3BaHHE
“Carouselled” nwmn “Rate Bias”. OcHOBHOE NpEeWMYIIECTBO METOJa COCTOUT B
yMeHbIIICHNH BpeMeHH HaxoxaeHus JII' B 30He 3axBata. JleWCTBHTENBHO, €CIHU
0003HaunTh yepe3 N 4uciIo MPOXOJ0B Yepe3 30HY 3aXBara, TO MPH OOBIYHOW BHO-
ponojctaBke Ha yactore 400 'y Benmuunna N 3a 1 4 cocTaBuT:

Npugp =400-2-3600 ~ 3-10°

B 10 e Bpems B pexxume pesepcuBHoro (Carouslled) nemxeHus co ckopocTbio

50°/c 1 nByMs 000pOTaMu B KaXKyI0 CTOPOHY HaiieM Takke 3a 1 4 3HaueHwue

N =29 2600- 250,
720

peB

B pesynbTate, cnydaitHblil apeiid) MoKeT ObITh YMEHBIIIEH 00Jiee YeM Ha MOPSIOK.
Ha ceromns peBepCcUBHBINM METOJT OTHOCHUTCS K 4yncTy Hanbosee 3 HEKTUBHBIX MMy-
Tel NpUOJIMKEHU K MOTeHIMaIbHON TouHOCTH JII' M Mcnoabk3yeTcs nMpu co3JaHuu
HanOosiee TouHbIX (B ocHOBHOM Mopckux) BUHC ¢ kiaccamu tounoctu 10 1 mu-
nu/cyt. [IpaBna, ciemyer OTMETUTh, YTO JaHHBIA METOJ TPeOyeT YBEIHUCHHUs ra-
o6aputo BUHC.
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2.9. Craduau3anusi 4acToThl reHepanuu

OpHuM U3 MapaMeTpoB, CYLIECTBEHHO BIMsONUM Ha paboty JII', sBisercs
yactora reHepanuun KJI, nwiam pacctpoiika 4acTOThl F€HEPALMM OTHOCUTEIIBHO LICH-
Tpa nuHuU. Kak ObLIO0 TOKa3aHo, BbIXOAHAs XapakTepuctuka KJI (MaciiraGHbIit
KOA(PUITUESHT, CABUT HYJIS, HOTMHEWHOCTD) CYIMIECTBEHHO 3aBUCUT OT KO3 dHIm-
€HTa yCWJICHHs] aKTUBHOM Cpelibl U ee AUCIEPCUH. Y CUIICHHE K€ U, COOTBETCTBEH-
HO, IUCTIEPCHUS SABJSIOTCS QYHKIUSIMH PACCTPONKH TeHEPAIii OTHOCUTEILHO IICH-
Tpa JIMHUH.

3HauNUTENhHBIC H3MEHEHUS YaCTOTHI TEHEPAIlMd MOTYT MPUBECTH K M3MEHE-
HHUIO MOJIOBOTO cocTtaBa. [Ipu 3ToM 00acTh reHepanuu (4acToTHas 00J1acTh, B KO-
topoit G > ) moymkHa OBITH OOJIBIIE MEKMOIOBOTO paccTosiHus c/L. Ilepexon ot
OJTHOMOJIOBOTO PEXHMMa TeHEepaIluy K JIBYXMOJIOBOMY CO3/Ia€T BCIJICJICTBUE Pa3HO-
CTH IapaMeTpoB MOJI (ITPEK/E BCETO, Pa3HOCTH PACCTPOCK) Pa3Iudre B BBIXOTHBIX
XapaKTePUCTHUKAX, T. €. HAOJIOAAIOTCS JBE PA3HOCTH YaCTOT BCTPEUHBIX BOJH (pHLC.
2.32). TTockoJIbKy OTJIMYHE PA3HOCTHOM YaCTOTHI OT MJCALHOW BCETJa yMEHBIIIa-
eTcsi ¢ yBenuueHuem (2, TO U Pa3HOCTh PA3HOCTHBIX YAacTOT JBYX MOJ TOXE
ymeHbInaeTcss ¢ poctom Q. Ilpu ompeneneHHBIX 3HaUYeHHUSX (2, KOTaa pa3HOCTH
Pa3HOCTHBIX YAaCTOT CTAHOBUTCS Malia, MPOUCXOIUT CHUHXPOHU3AIUS PA3HOCTHBIX
gacToT. [Ipu 3TOM yacToTa, Ha KOTOPON CUHXPOHUZUPYIOTCS PA3HOCTHBIE YaCTOTHI,
OTIIMYAETCsl OT PA3HOCTHOM YaCTOTHI, COOTBETCTBYIOIIEH OJJTHOMOJOBOMY CIIyYarlo.
BcenencTBue 3Toro mnepexoj U3 0JJHOMOJIOBOTO PEKHUMA B JBYXMOJIOBBIM U JTIFOOBIE
JIPYTUe M3MEHEHHSI MOJIOBOTO COCTaBa BCETJa MPHUBOMAT K PE3KOMY HM3MEHEHUIO
Pa3HOCTHOM YacTOThI, IPUYEM B ITOM CIydae HM3MEHSIOTCS BCE MapaMmeTphbl BbI-

xonHou xapakrepuctuku (K, Avg, Aw,). I3menenus Av, o0ycioBIeHHbIE H3Me-

HEHHMEM MOJOBOIO COCTaBa, BeChbMa
BEJIMKU U OOBIYHO MPEBBIMIAIOT (IIyK-
Tyallid, CO3/laBaE€MbI€ JAPYTUMHU HC-
TOYHUKAMH Torpemnocrer. Tak, Ha-
IpUMEp, OTHOCHUTEIIbHOE W3MEHEHHUE
MacmtabHoro koddguimeHnta mpu
MEPEXoae U3 OJHOMOJOBOTO PEKHUMA

B JIBYXMOJIOBBIN COCTaBIIsIET ~ 10_4
U TIPUBOJUT K CKaYKOOOpa3HOMY W3-
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MEHEHHUIO Pa3HOCTHOM YaCTOTHI.

[lepeuncnennbpie (akToOpbl CBUAETEIBCTBYIOT O TOM, YTO HOPMAaJIbHOE
¢dbyukuonupoBanue JII' HeBO3MOXKHO Oe3 cTaOuIM3auu 4acTOThl reHeparuu. [lo-
CKOJIBKY 4acTOTa TeHepaly ONpeaeseTcs JJIMHOM Pe30HaTopa U COOTBETCTBYIO-
el COOCTBEHHOM 4acTOTOH pe3oHaTopa (BHYTpH JIMHUH yCHIICHHS):

C ovg 8L
Vo= Vg L
Vg

JUISL TIOA/IepaHusl CTAaOMJIBHOM 4YacTOThl T'€HEpalud HEOOXOAMMO KOMIIEHCHUPO-
BaTh U3MCHEHHE L ¢ MOMOIIBIO yIpaBiIsIeMOoro 3j1eMeHTa (CUCTEMY CTaOMITH3aluH
YaCTOTHI TeHEPAIMN YaCTO HA3bIBAIOT CUCTEMOU peryiupoBaHus repumMerpa). Ta-
KUM 3JIEMEHTOM OOBIYHO SIBJISIETCSI NIbE30KEPAaMUUMYECKUI MTpeoOpa3oBaTesb, U3-
MEHSOIINI CBOIO JUIMHY IIPU [OJa4e Ha HEro HampsbkeHus. Ha Hero kpenurcs oji-
HO u3 3epkan pe3onaropa KJI (puc. 2.33), koTopoe, nepemeriascy BMeCTe ¢ mpe-
obpazoBatenem, usmenser L. s crabwmu- ] Q
3allMd  YacTOThl TEHEpalud HEeOoOXOIUMO / ______________
UMETh HEKOTOPBIA pernep, ONOPHYIO JUHUIO,

OTHOCHUTCIBHO KOTOpOﬁ MOJKHO OBLIO OBI OII-

CTEHIIUM PENEPOM, UCIOJIb3YyEMBIM ISl CTa-
Own3aluu NEepUMETpa, SBISETCS BEpLIMHA

3aBUCUMOCTH BBIXOJHOM MOIIHOCTH OT 4ac- \ /
TOTBl TeHepaunu. Ha mnbe3okepamuyeckuit

I
[}
Vol
Vo
! I
! I
Y
Vo
[}
I
[}
penensaTe yxoasl 4acToThl reHepauuu. IIpo- Vo
l}
[}
oF
Mo
‘i
i
H
i
\
i

peoOpa3oBaTeNb MOAAETCsA IEPEMEHHOE Ha- Prc. 2.33
npspbKkeHne Hebonpmon ammutyasl U, cos-

JaroIiee MOMCKOBBIA cuTHAN (puc. 2.34). 3a c4eT MOMCKOBOTO CHUTHAJIA BBIXOJIHAS
momrHocTh KJI nMeeT nepeMeHHy0 COCTaBIIAIONIYIO, (haza KOTOPOH 3aBUCHT OT TO-
r0, ¢ KaKOW CTOPOHBI OT IICHTPA JIMHUW HAXOJWUTCS YacTOTAa TCHEpAIlu, a aMILIH-

Tyda — HACKOJIBKO JAJICKO OHA OT LICHTpPAa JIMHHUH.
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Puc. 2.34

Cucrtema cTaOMIIM3alMK CTPOUTCS MO cieayromieit cxeme (puc. 2.35). Iepe-
MEHHAsI COCTABJIAIONIAs MHTEHCUBHOCTH OJHOTO M3 BBIXOMHBIX Jyueit KJI perucr-

pupyetcs dotonpuemuukom DII, ycunuBaercss B mpeaBapUTEIBLHOM YCHIUTEINE
ITY u nonaetrcs Ha cuHXpOHHBIN aeTekTop CJI.

H@ B
— |
/ \_l__ VIIT 3r

N F»(DH S IV | CA

Puc. 2.35

B kauectBe onopHoro curnana Ha CJ rmojgaercst curaan co 3ByKOBOT'O Te€HEpaTopa
3T, ucnosb3yemMoro B KauecTBe MCTOYHMKA MouckoBoro curHana. CJ[ BeipabaThi-

BAacCT CUTHAJ IIOCTOSIHHOI'O TOKA, 3HAK KOTOPOTO OIPECALCISACTCS COOTHONICHUEM (1)213
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BXOJIHBIX CHUTHAJIOB, 4 3HAYCHUE — AMIUIATYIOM MMEPEMEHHON COCTABIISIIOLIEN CUT-
Hana ®II. Paktuyecku Ha Bbhixojae CJ[ Mbl ©UMeeM CHUTHaJ, TPOHOPIIMOHATBHBIN
npousogHoi dl /dv. Ha Bepmune kontypa mommaoctd dl /dv =0 u cooTBeTCT-
BEHHO 3HAYCHHUE CUTHAJIA, [I0JaBAEMOI0 Yepe3 yCUIIUTEINb TOCTOAIHHOTrO Toka YIIT
Ha Ibe30KepaMHuueckuil mpeodpaszosatens [1K, Takxke paBHO HYIIO.

CremyeT OTMETHTb, YTO CUCTEMAa CTAOMIIN3AINN TTOAIEP>KUBAET TOCTOSTHHON
BenuuuHy nepumetpa L. [Ipu 3ToM cTOpOHBI pe3oHaTOpa MOTYT U3MEHSTHCS MPO-
W3BOJILHBIM 00pa3oM C COOTBETCTBYIOIIMM W3MEHEHHEM aMIUTHTYI M (a3 Kod(h-
¢urrenToB cBsa3u (cM. 2.6.). C 3Toi TOYKH 3pEHHsI OJTHOBPEMEHHO CO CTaOMIHM3a-
el TmepuMeTpa pe3oHaTopa HEOOXOAUMO MPOBOAUTH PEryJIHUPOBKY JIMH €ro
CTOPOH, HaIpaBJICHHYI0 HA MUHUMU3AIMIO CBS3M BCTPEUYHBIX BOJH M 30HBI 3aXBa-
Ta. Takas peryaupoBKa OCYIIECTBISECTCS MOCPEICTBOM YCTAaHOBKH €IIE€ OHOTO
3epKaJia Ha MMbe30KepaMuIecKuii mpeodpazoBaTeins (puc. 2.36). B kauecTBe curHa-
Jla OMUOKHA WCTOIB3YETCs TIIyOMHAa MOAYJISINS WHTCHCUBHOCTH BBIXOJHOTO JIyda
KJI, oOycoBaeHHast CBSI3bI0 BCTPEUHBIX BOJH (cM. puc. 2.16). CucremMa MHHUMH-
3anMM 30HBI 3axBaTa CM33 mojaer MoCTOSIHHbIE HANPSKEHUS Pa3HbIX 3HAKOB Ha
JBa mbe3okepamuueckux npeodpazosarens [IK. [Ipu 3ToM 3epkana nepemeniaroT-
Cs B MPOTHBOTIOJNOKHBIX HAIMPABICHUSAX, COXPAHSS MEPUMETP HEU3MEHHBIM, HO
BapbUpPYysl JUIMHBI CTOPOH pe3oHaTopa. B pesynbTaTe U3MEHSIOTCS PACCTOSHUS Me-
KTy PacCEUBAIONIMMU IIEHTPaMU (3epKaJlaMHu) U KaK CJIEJCTBHE U3MECHSIOTCS CyM-
MapHbI€ paccessHHbIEe BOJIHBI. OJIHOBPEMEHHO C ATUM IPOILIECCOM CHUCTEMa CTaOu-

A 10 11K
[IK

CM33 |

N {—>q>17—>cc17<—3r

oIl

Puc. 2.36

JIN3aluH IICPpUMCTpa CCII OCYHICCTBIIACT CTa6I/IHI/IBaHI/IIO YaCTOThI I'CHCPAIUU.
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2.10. IloTeHMaIbHASI TOYHOCTH JIA3€PHOr0 THPOCKONA

M cTOYHMKM MOTPEnIHOCTEN U3MEPEHUs YriaoBoM ckopoct JII' memarcs Ha
JIB€ TPYNIBbl — TEXHUYECKHE M €CTECTBEHHBIC. TEXHUYECKHE NOTPEIIHOCTU WIIN
¢bnykryaruu napametpoB KJI oOycrioBiensl BuOpanusMu, U3MEHEHHUEM TemIlepa-
Typbl, KoJeOaHUSIMU TOKa pas3psga U JAPYTUMU NPUYMHAMHU KOHCTPYKTHUBHO-
TEXHOJIOTHUECKOTO Xapakrepa. TexHudeckue (DIyKTyallud MOTYT OBITh CHHKEHBI
¥, B IPUHLNIIE, JTUKBUIUPOBAHBI MOJIHOCTHIO. EcTecTBEHHbIE (uIyKTyaluu, ompe-
JEJSIIOIME MPEAETbHO JOCTHKUMYIO TOYHOCTH JII', 00yClIOBI€HbI TPUHIIMITHAIIb-
HO HEYCTPAaHUMBIMH MPUYHMHAMH — KBAHTOBBIM XapaKTEPOM H3Iy4eHHUs (B OCHOB-
HOM CIIOHTaHHOTO H3JIy4CHHUS) M aTOMHOW CTPYKTypOil BellecTBa Pe30HATOPA,
NPUBOJAIIEH K KOJIEOAHUAM JUIMHBI pe30HaTOpa.

PaccmoTpyMm mupuHY JIMHWM BBIXOAHOTO
curHana KJI mian HecTaOMIBHOCTH YacTOTHI Te-
HEpalWU U3-3a €CTECTBEHHBIX (hmykTyaruii. Kak
OTMEUaJIOCh PaHee, 4acTOTa MeHEPALMH Olpese-
JSileTCS 3HAYeHUEM COOCTBEHHOW YacTOTHI Pe30-
HATOpa, JOIJIEPOBCKUM YIIUPEHUEM, €CTECTBEH-
HOM IIMPUHOM JINHUM U3JIy4YEHUs, IIUPUHOM JIU-

HHH PC30HATOPA.

Puc. 2.37.
ITpu oTCYTCTBUHU TeXHUYECKHX (IYKTyalruil (T. €. JIMHUS Pe30HATOpa HEIOBUXK-

HA) IIMpUHA JTUHUH TeHEePAIMH 3aBHCUT B OCHOBHOM OT IIMPUHBI JIMHUU PE30HATO-
pa. IIpu sTOoM B mpoliecce TeHepaluyd MPOUCXOJIUT KaK Obl CaMOCYKEHHUE JIMHUU
U3JIy4YCHUs, TaK Kak HawOoibliee ycwieHue (Hambosee BBITOJIHBIC YCIOBHS JUIS
TeHEpalu) HaOII0IaeTCsl B IIEHTPE JUHUM pe3oHaTtopa. OHAKO TaKoe CYKEHHE
OTPAaHNYEHO HAJWYUEM CIIOHTAHHOTO M3JIyYEHHs, COCTOAIIETO U3 HEKOT€PEHTHBIX
¢dboToHOB co ciyuaitHo#l (a3zoil. Cynepno3uiiys KOrepeHTHOTO BbIHYKIEHHOTO H3-
Jy4EHUS CO CIIOHTAHHBIM H3JIyYEHHEM JaeT YIIMPEHUE CHEKTPAJIbHBIX JIMHHUU
BcTpeuHbIx BoJH KJI, 4To, B CBOIO ouepeib, MposiBIsieTcs: B curnaine ouenuit. [1po-
WLTIOCTpUPYEM 3TOT 3¢ (deKT HarasgHou nuarpammoil. Ecnu mpenctaBuTh oaHy
U3 BCTpEYHOOErymmx BOJH B (opme BekTopa A, TO CIIOHTaHHAas AMUCCUA S,
CKJIQJIbIBAsICh C BEKTOPOM A B MpoM3BOJbHOMN (ase (puc. 2.37), IPUBOIUT K CITy-
YaliHbIM BapuanusaMm (azer Ay.

AHanu3 MoKa3bIBaeT, YTO UIMPUHA JTUHUHU TeHEepaIu Ovy ONpeesieTcsl Bbl-

paXxeHueM

71



ho
6(,00 = 2—;b (AO)C )2 ;

rie Aog — IIUMPHUHA JIMHUM PE30HATOPA, P — MOIIHOCTh I€HEpalnH, Tepsiemas B

pe3oHaTope (B OCHOBHOM 3a CUET IMOTJIOIICHUS U MPOIYCKaHMs 3epKall).

Pa6ota KJI ¢ yueToM ecTecTBEHHBIX (IyKTyalllii MOXKET ObITh OIKMCaHa
BBEJICHUEM COOTBETCTBYIONIUX HCTOYHUKOB (MIYKTyaIluii B ypaBHEHHE [Tl pa3HO-
CTH (pa3 BCTPEUHBIX BOJH

W =KQ+F(t) = Ao+ Fy(t) + F (t) (2.18)
rne Fy(t) u Fp(t) — wmcrounmkm daykryanumii (a3 >JeKTPOMArHUTHBIX ITOJICH

BCTPEUYHBIX BOJIH, OOYCIIOBJICHHBIX CIIOHTAHHBIM H3IydeHHEeM. [10CKOIbKY BpeMs
’KH3HU aTOMOB aKTHBHOHW CpeJbl MHOTO MCHBINIE TMOCTOSTHHON 3aTyXaHWsl MOJIT B
pe30HATOPE, UCTOYHUKHA (DIYKTyalnuid MOKHO CUYHMTATh CTAI[MOHAPHBIMU CIIydaii-
HBIMHU TPOIIECCaMU B BUJI€ OEJI0T0 rayCCOBCKOTO IITyMa ¢ HYJIEBBIM cpenHuM. Kop-
peIAIrOHHAsT (PYHKITHS KaXIOTO U3 ATUX CIYYalHBIX MPOIECCOB SBIISETCS JICbTa-
byHKIHMEH
(Fi(U)F(v))=D &(u-Vv).

3nech < > — 0003HaYCHUE OCPEHCHUS 10 BpeMeHH, | = 1, 2. DieKTpoMarHuTHbIC

HOJISl CTIOHTAHHOTO W3JIYYCHUs B MOJaX BCTPEUHBIX BOJIH SIBJISIOTCS CTATUCTHYE-
CKH HE3aBUCHUMBIMH, ITO3TOMY <Fi (u)Fy (V)> =0, 1 =Kk.

Amnanu3 nokassiBaeT, 4to aucrepcusi D paBHaA ecTECTBEHHOI MIMPUHE JINHUH
m3nydeHus Owg. PazHocTh (a3 BCTpeuHBIX BOJH Haiijgem, mHTerpupys (2.18), B
BUJIC

T
y(t) = Aot + j [FL(t) + Fp (t)]dt.
0
YuuteiBas, uro Fi(t) SBnsIOTCS ClydaiiHEIMM TIPOIIECCAME C HYIEBBIM CPEIHHM,

HallIeM CpPeIHIO BO BPEMEHU Pa3HOCTh (pa3 B BUJE
T
(y(t)) = Aot + j<F1(t') +Fy(t))dt’ = Awt.
0
Torna cpeanumii kBagpat QuyKTyanuidi pasHOCTH (a3 Mpu €e U3MEPEHUN B TCUCHUE
BpeMeHU T HaxoJIuM Kak
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2
Doy (t)=((6w () ) = () - A0t P ) = [Tj[a(t')+ F, (t')]dt'] -

0

T T TT
= <I [FLt) + Fo )]t [[R(t") + F2 (t")]dt"> =2 [ [{F(t)F"))dtdt” =
0 0 00

TT
=2 [ [Da(t'—t")dt'dt” =2DT.
00

31ech YUTEHO, YTO < F ()R (t ”)> = < Fo(t)Fo(t ”)>

<F(t')F(t”)>, a TaKXe HEKOp-
PEITMPOBAHHOCTH <F1 (tYFo(t ")> =0.

[ToryueHHOE BBIpaKEHUE MOKA3BIBACT, UTO AUCTEpCHs (IYKTYalnid pa3Ho-
CTH (a3 MPOMOPIIMOHAIbHA BpeMEHU u3MepeHust 1, T. €. QUIyKTyallud pa3HOCTH
a3, oOyCIOBIICHHbIE HAJIWYHUEM CIOHTAHHOTO W3JyYCHHs, HAKAIUIUBAIOTCS BO
BpEMEHHU. DTa 3aKOHOMEPHOCTh XOPOIIIO M3BECTHA M BCETJa MMEET MECTO, KOTa
MPOUCXOJIUT UHTETpUpOBaHUe “Oesoro myma”. Takoi nmporecc 0ObIYHO Ha3bIBAIOT
muddysuert dhaszwl, win caydaHbiM apeiihoM. OOBIYHO BBOASAT TaK Ha3bIBaCMBIM
kodhunuenT ciayuyaitHoro npeida R, KOTOpbIH ompenensioT depe3 CpeaHeKBaI-
paTUYHOE OTKJIOHEHHME (IIyKTyauuid pazHOCTH ¢a3, MOJACIICHHOE Ha KOpPEeHb W3
BPEMEHU U3MEPCHHUS .

S\ \L/2
Rsy = (<(8\‘3?>) _ ci/STll _ D?\v _J2D .

YuuteiBas, uto aucnepcus D (koaddunment muddys3un (asb) paBHa HMIHPHHE

JUHUH, 00YCIIOBJICHHOU CIIOHTAHHBIM H3JTy4YCHUEM, HAXOIUM

[ho

Koadduuuent cnyqaitnoro apeiida onpenensieT MUHUMAIbHO JOCTHKUMBIE
¢uykTyanuu pasHocTd (a3 BCTPEYHBIX BOJIH (IPU YCTPAHEHHU BCEX TEXHUYCCKUX
UCTOYHUKOB (DIyKTyalmu) W, COOTBETCTBEHHO, mpenenbHyr TodHocTh JII'. Ilo-
CKOJIbKY TOYHOCTH JII' OOBIYHO OIIEHMBAIOT Yepe3 MOrPEUIHOCTh W3MEPEHUs! CKO-
poctu BpamieHus ) win yria moBopota 0, xodpduiment ciydaiHoro aperida
yA0OHO MPECTaBUTh Yepe3 OLIMOKY M3MepeHus yria nopopota 0. Jlnsg storo uc-
xoaHOoe BbIpaxkeHue (2.18) mogenum Ha MmaciTabHbI K0d(duIMeHT K u noJIy-
9UM KO3 (ULKMEHT caydailHoTo Aperida B Bue
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A® /h(n

OneHku y100Hee MPOBOJUTH, UCIIONIb3YsI MOITHOCTh Pyp x Ha BBIXOJIE OJIHO-

TO U3 3epKaJl pe30HaTOpa C U3BECTHBIM MPOITycKaHueM 1,. O0o3Hauas odiue mo-

TEPU B PE30HATOPE YEPE3 LU, CBSHKEM IOJIHYIO TEPSAEMYIO MOUTHOCTh P ¢ Pypy

PBI)D/ :T%
P VA

[TockonpKy HMIMPHHY JIMHHM pe30HaTOpa A®; MOXHO BBIPA3UTh 4epe3 I0OpoT-

HOCTb pe3onaropa Q:
® C
Ao =—= ke :

Q L

o . o pan
HaiieM k03 uImeHT caydaitHoro apeiida | —= | B BUle

Je
1/2
C [ houT, /

Re = =
KL PBBIX

Onenum kodhPuIeHT ciydaitHoro aperda mis cienyronux napamerpos JII: L =

=20 cM; p = 4-10_4; T, :10_4; Parx = 950 MxBrt. TloacraBuB 3TH 3HaueHUs B

BbIpa’keHUE U1 Ry, momydnm:

Rg =6-105 (Paﬂ ﬁ) =0,012 (/ﬁj =0,0002 ( / &j.

Takum O6p330M, JJIsA JI'c IMPUBCACHHBIMHU BLIIIC [TaAPaMCTpaMU CIIOHTAHHOC

U3JTydeHUE MPUBOINT K OIIMOKE U3MEPEHUS yIJIa 3a yac rmopska (2 -10_4)°. st
CpaBHEHMS HAIIOMHUM, 4TO 3eMJIsl 32 yac rnoBopaunBaercs Ha 15° u, cienosarennb-
HO, JI[" ¢ mpeaeTbHBIMU TOYHOCTHBIMH XapaKTEPUCTUKAMH OOCCTICUHBACT YPE3BHI-
YaifHO BBICOKYIO TOYHOCTh HHEPIIUAJIbHBIX U3MEPEHUHN YTJIOB U YTJIOBBIX CKOPO-
CTE.

2.11. Cayvaiinbiii aApeiid 3a cueT MCNOJIbL30BAHNSI BUOPONOACTABKHU

Hcnonp3oBaHue BUOPONOJACTaBKU, U TeEM OoJiee ¢ €€ OLIyMJIEHUEM, IIPUBO-
JUT K HEKOTOPOMY YBEJIWYEHHUIO CIyYalHOW COCTABJIAIOIIEH IOIPEIIHOCTH U3Me-
penuil. Takoe yBenuueHne 00yCIOBIEHO MHOTOKPATHBIMH IIPOXOJaMH YEPE3 30HY
3axBaTa, KaXIblii U3 KOTOPBIX COIPOBOXKAACTCA HEKOTOPBIM H3MEPEHHUEM Pa3HO-
cTH (a3, a TakKe BBeJEHUEM IlIyMa B yrioBbsle kojeOanus KJI. B pesynbrare, pas-
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HOCTh | MMEET CIy4aiHyo (IIyMOBYIO) COCTABIISAIONIYIO, OCPEIHECHHE KOTOPO BO
BPEMEHH JIaeT OMIMOKY C AMCIEPCHEH, MPOMOPIUOHAIBHON BPEMEHH OCPEIHCHHUS.

O0603HaUMM CIydyalHYI0 COCTaBJISIIONIYI0 pasHoctd a3, Kak Oy, T. e.

oy = ‘W - A® t‘ . 13 (2.16) MoxeM BbIpa3uTh O B CICAYIONIEM BUIC
T ~
oy = ‘W— Aw t‘ =|[ Ao, JK (KBp,t)sinydt].
0
OnpenenuM JUCTIEPCUIO BETUIUHBI O\

D5W=<(\|f Aot) > ” A, 2 31 (Ko, t')J ) (KOg,t")sinwi(t') sin wi(t")dt'dt” )
00

OyHKIMSA Jk(IZGO,t) SBJISICTCSL ClydaiHOW ¢yHKIUeH. byneM cuurtath ee

¢uryKTyanuum HEKOPPEIMPOBAHHBIMHE HA BpEMEHaxX, OOJBIIUX IOJIOBUHBI MEPHO/A
BUOPOIIO/ICTABKU. DTO TPEANOIIOKEHUE OCHOBBIBACTCS Ha TOM (pakTe, 4TO, Kak
y’K€ OTMEUaJoCh, B TEUCHHE TIepUOIa BUOPOIOACTABKH MPOUCXOIUT JIBa MPOXOa
yepe3 30Hy 3aXBaTa ¢ COOTBETCTBYIOIIMMH MajbIMHU (PIIyKTyalUsIMH pa3HOCTH (a3.
[TosTOMy BpeMeHHOE YCpeIHEHHE B NPUBEACHHOM BBIPAKEHUH ISl TUCIIEPCHU
Sy MOKHO OTHECTH TOJBKO K MPOU3BENECHUIO ABYX QyHKIUI beccens u momy4nuth
(c yuetom paznoxenus (2.17)) COOTBETCTBYIOINIYIO KOPPEISAIUOHHYIO (PYHKIIUIO:

t'—t"

<Jk(K90,t')Jk(K90,t”)>:RZOI} e I,
IT

re Ty — HepUoJ] BUOPOIOICTaBKH.

[ToxcTaBiisisi IOMYYCHHYIO KOPPEISITMOHHYI0 (YHKIIMIO B BBIPAKCHUE IS
JUCTIEpCUU OV , TOJTydaeM

’ 14

TT - 2
Dgy = (Ao, Y sin? y [[e ™m dt’dt”~MTsin2w.
TEAO)H 00 Aoy

3nauenue Sin>  Ha OOJIBIIMX BPEMEHAx ocpeaHeHus I MOKHO 3aMEHHUTH Ha 1/2,

Torz[a OKOHYATCJIbHO IOJIy4acM

Aw
D (A 3) T wm Oy = \/—

[Tony4yeHHBIH pe3yabTaT TOBOPUT O TOM, YTO BUOPOIIOACTABKA C OLTYMJICHU-

€M, JIMKBU/UPYS 30HY 3axBaTa U HEJIUHEHHOCTD BBIXOI[HOﬁ XapaKTCPUCTUKHU B IIC-
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JIOM, TIPUBOJUT OJTHOBPEMEHHO K MOSIBICHUIO JOMOJHHUTEIHHOTO IIyMa B BBIXOJ-
HoMm curHasie KJI, BocmpunnMaemoro kak ciaydaiiueiii apeid JII'. Koadduruent
CIIy4aifHOTO Jipeiida ompesenseM MO aHaJOTHH C ompejaeneHueM koddduimenrta
cllydaiiHoro japeiida ¢ yuerom criontanHoro usnydenus (cm. 2.10) B Buze

R_GS\V_ A(’OB .

- \/? - 1/AO)H

Ommbky n3mepenus yria moBopota JII' 3a Bpems T Haitinem, nogenus R Ha mac-

mTaOHbINA KO3 (DUIIMEHT:

S0 :%ﬁ= Ro~T - (2.19)
Ouenum 3HadyeHue Ry, 00ycCIOBIEHHOr0 HaIMYMEM BHOPOIOJCTABKU C OLIyMIe-
HueM. Jliist pesoHaropa kBaapaTHoil GopMbl co cTopoHoi opsaka 10 cm K =10°,
TunuyabIMU TTapaMeTpaMyu BUOPOIIOJICTABKU SBIISIIOTCS] 4acTOTa w%ﬂ =400 I'

u amiuntyna 0g mopsaka 3'. Toraa, mOJACTaBUB 3TH 3HAYECHUS B BBIpaKEHHUE IS

Rg , momy4yaem

Ry =0,1 /\/E = 0,002 /&.

Crnenyer OTMETHUTBH, YTO C TOYKH 3PEHHS MPOLENyphl ONPEAEICHUs TOYHOCTHBIX
xapakrepuctuk JII', ciydaiineiii apeiid, oOycloBIeHHBIN BHOPOMOACTaBKOM, HU-
YeM He OTJIMYAeTcs OT CIy4aiHOoro Japeiida 3a cueT KBaHTOBBIX (QUIYKTYyaluil u3iy-
YECHUS.

2.12. TOYHOCTHBbIE XaPAKTEPUCTUKH COBPEMEHHbIX JIa3ePHBIX THPOCKOIOB

Panee noka3aHo, 4To IOTEHIMaIbHasA TOYHOCTH JII' Becbma BbICOKA, OHAKO
peanbHo JII' xapakTepusyercss 3HAUUTEIBHO OOJIBIIMMHU 3HAUEHUSMU IOTPEIIHO-
creil. OnpenenuM OCHOBHbIE UCTOYHUKK TexHUuYeckux (aykryanuii B KJI. B 3Ha-
YUTEJIbHOW CTENEHH YCIOBHO UX MOKHO pa30UTh HA TPU TPYIIIIHL.

1. Ucrounuku QuiyKkTyaluid nepBoM rpymniibl CBSI3aHbl ¢ U3MEHEHUEM TeMIIe-
parypsl kopryca JII' (Ha KOTOpOM KpemnsiTcs 3epKajia pe3oHaTopa) 3a C4eT U3MeHe-
HHUsI TEMIIEpaTyphbl OKPYKAIOLIEH Cpeabl WIM TeMIEepaTypbl akTUBHOU cpenbl. 13-
MeHEeHHe TemrnepaTypsl kopiyca JII' mpuBoauT, kak npaBuio, K aeopmanusim pe-
3oHaropa. Benencrsue atoro B KJI mponcxoasT cnenyromue iBICHHUS.
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W3meHsieTcss IMHA TIEpUMETpa U COOTBETCTBYIOIIUM OOpa30oM HM3MEHSETCS
yacTora reHeparyu. (BiusHrue U3MEHEHHS 9aCTOThI TEHEPAIMU HA XapaKTEePUCTH-
ku KJI paccmarpuBanuch paHee.) BTOpbIM siBI€HHEM, COMPOBOXKAAIONINM Jedop-
MALMI0 PEe30HATOPA, SBIIETCA U3MEHEHUE norepb. [lotepu B pesoHarope B 3HaUU-
TEJIBHOU MEPE ONPENEIAI0T YPOBEHb HHTEHCUBHOCTH I'€HEPALUH, KOTOPAsi, B CBOIO
ouepe/ib, BXOAUT B BhIpAXKEHUS ISl BCEX KOA(PUIMEHTOB BBIXOJHON XapakTepu-
ctuku KJI. Takum o6pazom, gedopmaiiust pe3oHaTopa 4epe3 4aCTOTy TeHEpaIuy U
MOTEPU U3MEHSET BBIXOJHYIO xapaktepuctuky KJI. Tperbum, eaBa n1u HE caMbIM
BaKHBIM SIBJICHUEM, SBJISICTCS BIUSHUE ehopMaIiuu pe3oHaTopa Ha CBSI3b BCTPEU-
HBIX BOJIH 3@ CYET U3MEHEHUS PACCTOSIHUSA MEXIY PacCEHBAIOIIMMM LIEHTPAMH U
COOTBETCTBYIOIIETO M3MEHEHUS 3(PPEKTUBHBIX KOIPPHUIMEHTOB cBsizu (cM. 2.6).
YactuyHo 3TOT 3G (HEKT KOMIIEHCUPYETCS TPU UCIOJIB30BAHUN CUCTEMbI MUHUMH-
3aIlMM 30HBI 3axBaTa. YeTBepThIM (PaKTOPOM, CBSI3aHHBIM C Jeopmaliueit pe3oHa-
TOpa, ABISETCS M3MEHEHHE 3HA4YeHHs AU(PPAKUMOHHOTO PACIIEIJIEHUS 4YacTOT
BCTPEUHBIX BOJIH, YTO OOYCIIOBICHO CMEIICHUEM 3JIEMEHTOB KOHCTPYKLIUU PE30HA-
Topa (nuadparM) OTHOCHUTEIIEHO BCTPEYHBIX CBETOBBIX IYYKOB, PaCHpOCTPaHSIO-
LIUXCS B PE30HATOPE.

2. Bropas rpymma ucTouyHUKOB TexHudeckux (aykryaruii B KJI cBs3ana ¢
HECTAOMJIBHOCTBIO TOKa pa3psijia B aKTUBHOU cpene. DIyKTyaluu TOKa paspsa
BBI3BIBAIOT KOJI€OaHUsI MHTEHCUBHOCTEH BCTPEUHBIX BOJIH, TaK Kak KOA(hUIueHTt
YCUJICHUSI aKTUBHOM CpeJibl 3aBUCHUT OT TOKa paspsiaa. [lockonpky mapamerpsl Bbl-
xoaHOH xapakTepucTuku KJI 3aBUCAT OT MHTEHCHBHOCTU T'€HEpaluu, KoJieOaHus
TOKa paspsaa npuBoAT K norpemHocty JII'. B ToMm ciyyae, korga akTUBHBIN diie-
MEHT BBITNIOJIHEH B BHUJIEC JABYX Pa3psAHBIX MPOMEXYTKOB, B3aUMHO HEKOPPEIUPO-
BaHHbIE KOJIeOaHUS TOKA pa3psia B HUX MPUBOJAT K (PIIyKTyaIusM CIBUTA HYJIS.

PaccmoTpum ocHOBHBIE mapametpsl JII', ompenenstomme ero TOYHOCTHBIE
XapaKTEPUCTUKU U MOJJIekKAIINEe U3MepPeHn0. K 4ncily Takux nmapaMmeTpoB, IPeEx-
Jie Bcero, Hy>kHO oTHecTu Jpeid JII' u ero macimrabubiii K0O3PHUITUEHT.

Hpeiig JII'. DTOT mapameTp onpenenseTcsi CIBUTOM HyJIsI BBIXOJHOM Xapak-
tepucTuku JII', MOCKONBKY CABUT HyJISl MPEACTABISET COOOM 4acTOTY BBIXOJHOIO
curana JII' mpu oTcyTCTBUM BXOAHOU ckOpocTU. CKOPOCTh BpalleHus, MOJTYYEH-

1 .
Hasl NIEPECUETOM M3 3HA4YCHMs CABUra Hyis () :EAVO, IPEICTaBIsIET COOOM
KaxyIrytocs: ckopocTh Bpamienust JII'. Ona aHanorudna apedy MexaHH4ecKOro

TUPOCKOIIA, TO3TOMY €€ U Ha3bIBatoT 00bvHO Apeiidom JII'. B nHOCTpaHHOM nHTE-
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parype 4acTo HCmoJib3yercs TepMuH “bias” (cmerienme), KOTOpBIA IO CBOEMY
CMBICITY TIOJHOCTRIO uaeHTHueH (ams JII') tepmuny “npeiid”.

Bennuuny npeiipa JII' 0ObIYHO ompenensitoT, BHICTABUB H3MEPUTEIHHYIO
och JII' mox onpenenaeHHbIM YIIIOM K ocu BpamieHus 3emiau. Omulka BHICTaBKH B
3HAYUTEIHLHOW Mepe OmpeeisieT TOYHOCTh u3MepeHus apeiida JII'. B Tom cioyuqae,
Korja uMeputenbHas och JII' mpuOIM3UTENbHO OPTOrOHAIbHA OCU BpallCHUS
3emMiH, OmMOKa BHICTaBKH B 1’ aeT morpenHocth onpeaenenus apeida 0,004 ©/.
[Ipu wusmepurensHoit ocu JII', mpuOIM3UTENHEHO TapaJIEIBHOM OCHU BpaIEHUS
3emiu, TpeOOBaHMs K TOYHOCTH BBHICTABKU 3HAUUTEIBHO CHIXKAIOTCS. B aTOM ciy-
yae omuOKa BBICTaBKHM B 1° maer morpemHocts onpeaencHus apeida 0,002 °/u.
Hpeiid JII" onpenensitoT Mo cleayomeMy alropuTMy

6
N 1,296-10
Qy=——"—""—"—"-Q,cos(n-Q,),
0 T 2K 3 ( 3)
T
rae N = o .[Ao) dt — umcno mepronoB BeIxoAHOTO curHana JII', momydeHHOe TipH
T
0

CYMMHPOBAHHH 3a BpeMsl ocpeqHenus 1, €2, - BEKTOp CKOPOCTH BpallleHUs 3eM-

au, N - BekTop uaMepurensHoit ocu JII'. MacmraOusiii kosdduurent K gomken

1,296 -10° y
OBITh M3MEpPEH 3apaHee. MHOXKUTEIb oK MPEACTABIIIET COOOM YIIIOBYIO
T
LIEHYy Ieprojia BbIXOAHOro curHana JII', BelpaxkeHHY0 B YIiIOBBIX CeKyHaax. llo-
CKOJIbKY YIJIOBasl CEKYHJIa B CEKYH]ly paBHa rpaJycCy B 4Hac, Belpaxkas I’ B CEKyHIaxX

a (), B TIpagycax B 4ac, moiydaeM (g B Irpagycax B 4aC WIU B YIVIOBBIX CEKyHIAx
B CEKYH]Y, YTO B INPUHLMIE OAHO U TO k€. Kakyro U3 3TUX eIuHUIL CIIENYyeT BbI-
Opathb, ONPEENAIOT M0 BpeMEHU OCpeAHeHUs 1.

[Tpu u3mepennn aperida JII' 0OBIYHO yCTAHABIMBAIOT CIIEAYIOIIUE €ro Xa-
PaKTEPUCTUKH:

® [IOCTOSIHHYIO COCTaBJISIIOILYIO Jpei(a, onpenensieMyro Kak BeIuuuHy g, mo-
JYYEHHYIO YCPETHEHHEM BCEX Pe3yJbTaTOB U3MEPEHHM, MPOBOAUMBIX OOBIYHO
B TEYEHUE HECKOJIbKUX JHEU UM HEJElb;

® HecTaOWIBHOCTH Apeiipa B TeUeHHE OJHOTO 3aIyckKa, ONpeaesieMyr0 OOBIYHO
KaK CpeJHEKBaJpaTUYHOE OTKJIOHEHUE 3HA4eHHH Jpeiidally, N3MEpEeHHBIX Ha
OIPEJICIICHHBIX BPEMEHHBIX OTpe3Kax (YaIie BCero BHIOMPAIOT OTPE3KH BpeMe-

HU TPOJOJDKUTEIBHOCTRIO 1 9);
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® HECTaOMIBHOCTH Jpeli(a OT BKIFOUCHHUS K BKIIOUEHHUIO, KOTOpas ONPEACIIICTCS
KaK CpeIHEKBAIPAaTHYHOE OTKIOHCHHE CPETHHUX JJIs KaKIOro 3aIllycKa 3Haue-
HUi apeliga Qg;

® BCIMYMHY ClydallHOro npeida, KOTOPYI OmpenensioT 4epe3 KodPhUIIMEHT
ciydaitHoro apeiida R (cm. 2.10, 2.11). 3navenue R onpeaenstoT NOCTpoCHUEM
3aBUCUMOCTH CPEIHEKBAIPATUIHOTO OTKJIOHCHHS ONTUOKW U3MEPEHUS YTIIOBO-

ro nepememmieanss cg(T) ot Bpemenu ocpenuenus 7 (2.19) m mocnemyromeit
aNMpOKCUMAIIMEH 3TOW 3aBUCMOCTH 1apaboJIoil B COOTBETCTBUHU C BBIPAKCHU-
eM g = Rg+/T . Ipyrum Bapuantom omnpeneneHus Ko3p@uureHTa ciydaiHo-

ro apeiida R sBiseTcss moCTpoeHHe CPeTHEKBAAPATUYHOTO OTKIOHEHHS OIINO-
KU M3MEPEHUs YII0BOi CKOpocTH Gq(T) Kak GyHKIUH BpeMEHH OCPETHEHUS

T.

2
11TdW_R

GQ(T):? ?f\ift—? T

0
Y TaKXe MOCIEeAYIONIEH almpoOKCUMaIIMEN 3TOM 3aBUCUMOCTH.

Kpome nepeuncieHHbIX OCHOBHBIX XapAaKTEPUCTHUK MOTYT TaKXe ompeiae-
JSATHCSI CIEAYIOUIME TapaMeTphl: IMepexojHas XapaKTepHCTHKa apeida mocie
BKIroueHusd JII' 10 ero BbIXOoAa HAa CTAalMOHAPHBIM PEKHUM; UYBCTBUTEIBHOCTH
nperida K BHEITHUM BO3ACHCTBHAM (M3MEHEHHE TeMIIEpaTyphbl OKPYIKaloIie cpe-
JIbI, MATHUTHOE TIOJI€, YCKOPEHHUE U T.J.); CTATHCTUYCCKUE XapaKTEPUCTHUKH, KOTO-
pble MOTYT OBITh IPEACTABJICHBI B BUJIC CIICKTPAIbLHOMN MJIOTHOCTH IIIyMaA.

Macmrabubiii ko3¢ uuuent. Jtot napamerp JII' onpenensercs nmocpen-
cTBOM BpaiieHusd JII' ¢ MOCTOSSHHOM CKOPOCTBIO M M3MEPEHUS] YMCJia TEPUOJIOB
BBIXOJTHOTO CHTHaja 3a OJWH 00OPOT MpH BPAIICHUH MOOYEPETHO B MPOTHUBOTIO-
JIOKHBIX HAIPABJICHUSIX !

1, .
27K = (N3 +Nag),

to6
rIe Né—rn = J‘ (AV)J—r dt, t,; — Bpems obopoTa, (Av)i — 4acToTa BBIXOAHOI'O CHUT-

0
Hasa JII' mpu BpamieHWu B IMOJIOKUTEIBHOM WM OTPULATEIIBHOM HAaIPABJICHUMU.
TounocTs ompeneneHuss MacmITabHOrO Kod((UIMEHTa 3aBHCUT B OCHOBHOM OT
TOYHOCTH (PUKCAIMU TPOXOokaeHus yraa 27 pan (ob6opota). [Ipu morpeunrHocTw

¢ukcanuu 1” — oTHOCUTENbHAS MOTPEIIHOCTh U3MEPEHUsT MacIiTabOHOTO KO3 hu-
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nreHtra cocrtasiser ~ 10 -5 Jns macmrabHOro ko3¢ uimeHTa HU3MEpSIOTCS

OOBIYHO T€ K€ XapaKTePUCTHUKH, 4TO U A apeiida JII', HO ¢ oHOM HONMOTHUTEND-

HOM — MacITaOHBIM KOA()PUITMEHTOM KaK (PYyHKIIMH CKOPOCTH BpaIlCHUS.
CoBpemennbie JII' xapakTepHU3yHOTCS OTHOCUTEIBHOW HECTAOMIBHOCTBHIO

macmrtabHoro ko3¢ dunrenta Ha yposue 10 61077

2.13. MHOro4acToTHbI€E JIa3epHble THPOCKOIbI

Vixe B cepenune 60-x rr. 6pu1a chopmynupoBana uaes coznanus JII' ¢ Hy-
JICBOM 30HOW 3axBaTa 3a CYET HCIOJb30BAHUS UYCTHIPEXBOJHOBOTO PEXHMA JJIS
yMEHbIIIEHHs CBsi3U BeTpedyHbiX BoNH. [latent CILA, BeiganHbiii Ha auddepeHim-
anpubiit JII' (Differential Laser Gyro System), 3akpemnui 3a 4eThIPeX4acTOTHBIMU
JI'  oOmeusBecTHyr0  abOpeBHATYPY

+ —_
DILAG. Pa3pabGoTka 0JHOTO M3 TIEPBBIX | A |
obopasnioB DILAG otHocutcst x 1977 r. )))) } }

\AANANS
[TpombIIIIEHHOE  TTPOU3BOJICTBO uquf-ﬂ- dapancesckoe HDY
pexuyactotHbix JII' Hagato ¢pupmoit “Lit-
ton” B 1991 r mocne npuoOpeTeHuUs: €ro OnTuueckn
TexHonoruu cosfganus Takux JII', paspa- AKTHBHbIN
O0O0TaHHOM bupmoit “Rayteon JICMCHT

Corporation”. B ¢upme  “Litton”
yerblpexdacToTHbl( JII' momyuns HaszBa-

uue “Zero Lock Laser Gyro” (ZLG) — JII \—L Axmugioni N\

. . He-Ne anement
c HyJeBo 3o0HOM 3axBara. C 1991 mo
1998 rr. ¢upmoii “Litton” mpousBeneHo Puc. 2.38
6osee 1500 mpoMbIIIJIEHHBIX HABUTAIIMOHHBIX CUCTeM Ha ocHoBe ZLG.

O6oOmenHass  onTuko-pu3MUeckass  cxema  MHOro4yactotHeix  JII
npencTaBieHa Ha puc. 2.38. B miockmii pezonarop JII' BBeACHBI J1Ba DJIEMEHTA!
dapaneeBckas sueiika (HeB3amMHOe ¢a3zoBoe ycrpoiictBo HDY) wu  sueiika
ONTHUYECKH AKTUBHOIO KBapla (B3auMHBIA 3eMeHT). COOCTBEHHBIMH BOJHAMHU
TAKOH CHUCTEMBI SIBJIICTCS I1apa BCTPEYHOOCTYIIUX BOJH, KaXKAas U3 KOTOPBIX
COJICPIKUT JIBE BOJHBI — OHY C JICBOIMPKYJISIPHON U BTOPYIO C TIPABOIUPKYIISIPHOMN
TOJIAPU3AIUSAMU. BOJHBI ¢ pa3sHBIMH IUPKYJISPHBIMU TOJISIPU3ANUASIMHA, MTPOXOJIS
Yyepe3 B3aUMHBIN JIEMEHT, UCTIBITHIBAIOT TPOTUBOTIOJIOKHBIC CIBUTH IO (hase, uTo,
MPHUBOIUT K MX PACHICTUICHHUIO 10 YaCTOTE Ha BEININHY
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ApcC

Av = ,
TCZ|ini
rie A¢ — caBur mo ¢ase MeXKIy BOJHAMHU C JIEBO- M IPABOLUPKYJISAPHON
HOJI}IpI/IBaLII/I}IMI/I; I| nu nl — JJIMHA M I10Ka3aTCJIb HpeJIOMJIeHI/IH i-l"O yllaCTKa

KOJIbIIEBOTO pe3onaropa (puc. 2.38).

Teneps B pezonarope JII' cymiectByer aBe BCcTpeuHoOeryiue BoaHbl (JIb —
aeBoOeryias, [1b — mpaBoOerymias) ¢ JIeBOIUMPKY/IApHON nojsipu3arueit (JI) u nBe
BCTPEYHOOETYIIME BOJIHBI C MPaBOUUPKY/IsipHOH mosipusanueit (I1). Bosnsr ¢ e-
BOLMPKYJIIPHON M NPAaBOLMPKYJSIPHOW IMOJSIPU3ALMEN PAa3HECEHHBI MO 4acTOTE C

| [IOMOIIBIO B3aUMHOI'O 3JIEMEHTA, 4YTO

Kpusas
YCUJIEHU BgaHI{‘\[/IHoe COOTBETCTBYET MOSBICHHUIO B UCXOJIHOM

paciueiuieHne 6
7T < i T KOHTYpE Kak Obl JIByX HE3aBUCUMBIX Jia-
|
| ® 3€pHBIX CYOTHPOCKOIIOB, COOCTBEHHbIC
Hes3anmuoe | HeB3anMHOE BOJHBI KOTOPBIX pa3/eNICHbI IO YaCTOTE
pacllenIeHne acUICIIJICHUE

U COCTOSIHUIO TToispusauuu. Bcerpeu-
HbIE BOJIHBI Ka)XJIOT0 U3 CyOTrHPOCKOIIOB
pa3HEeCeHbl MO YacTOT€ C IOMOIIbIO
H®VY. Pabora xaxaoro m3 IByX BbIjeC-

JIEHHBIX CYOTMpOCKONOB Ha LIMPKYJSp-
Pnc.2.39 HBIX TMOJISIPU3ALUAX CO3JaeT Oyiaronpu-
ATHBIC YCJIOBUS JJIsI YMEHBILEHUS CBA3M BCTPEUYHBIX BOJIH IO cpaBHEHUIO ¢ JII' Ha
BOJIHAX C JIMHEHHBIMU ITOJISIPU3ALUSAMH.

JleficTBUTENBHO, TPU OOpPAaTHOM PACCESIHUM LUPKYJISIPHO-TIOISAPU30BAHHON

BOJIHBI OT 3€pKajia HalpaBJICHHE Bpa-

A‘ LEHHS DJIEKTPUUECKOTO BEKTOPA MEHS-
| | eTcs Ha 00paTHOE U B UJICAIBHOM CIIy-
f | : yae mpsiMas M PacCesiHHAs BOJIHBI HE

JI :” (THB B3alMOJICUCTBYIOT.
1 o0 > OpHako B peajbHBIX YCIOBHUSX
HeBsarMioe pac- Hepsmhtoe pac- BCTPCUHBIC BOIHBI MMEIOT HE CTPOro
meruienue + Q menyenue — () KPYTOBYIO, @ DIUIMINTHYECKYIO MOIAPH-
Puc.2.40 3alHI0 U B OOPATHO PACCESHHOI BOIHE

MPUCYTCTBYET COCTABJISIIOIIAS, COBIIA-
JIAIoIIIasl 1Mo TOJIIpU3aIlid C MPSIMOM BOJHOH. PacmienieHue yactor BcTpedHoOe-
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TYIIUX BOJH ¢ MoMombio HOY nckimroyaeT 0CTaTOuHOE BIUSHUE CBSI3U BCTPEUHBIX
BOJIH B pe3oHarope JII'. IIpu atom HOVY cmemaer 4acToTel reHepaiuu BCTPEYHbBIX
BOJIH B MPOTUBOTIOJNIOXKHBIX HampasieHusx (puc.2.39). B cBoro ovepenp HeB3auM-
HbIN (pa30BBIN CIBUT, BbI3BaHHBIN BpaiieHreM JII', IpUBOAUT K AOMOJHUTEILHOMY
pa3Hocy 4acToT. Ho mpu 3ToM neBOOeTyIIHe BOJTHBI CABUTAIOTCS IO OCH YacTOT B
OJIHy CTOPOHY a MpaBoOeryIlne BOJHBI — B JAPYTyt0. B pe3ynbrare A jgeBomnoss-
PU30BaHHOTO CYOTHPOCKONA PACIICIICHNE YaCTOT 3a CUET BpAIICHHsI JO0aBISETCS
K pacuieruieHuto 3a cuer HDVY, a i npaBomoisipu30BaHHOIO CyOTrHpOCKOIa
paCILECIUIEHME YacTOT 3a CUET BpallleHUs YMEHbIIAECT pacuerieHue 3a cyer HOY
(puc.2.40).

B utore mis kaxmoro m3 cyOrMpOCKOIIOB C OPTOTOHAJIBHBIMU KPYTOBBIMHU
MOJISIPU3ALUSIMH PA3HOCTh YaCTOT BCTPEUYHBIX BOJH COCTABUT:

- U151 CyOTUpOCKOIIa ¢ JICBOIUPKYJISIPHOUN MOIspU3aluei
Avi =Av F + KQ;
- ISl CyOTMpOCKOIIa ¢ TPaBOIUPKYJISIPHON MOJsipU3anyen

Avy =Av F_ KQ,
S
rae AvF - pacuierieHrue yactot 3a cuetr HOY, K = il MacmTabHbIi K03 du-

uueHt JII'.
OxoHyaTeNbHO HaxoauM 3(PQeKT, MPONMOPIUOHAIBHBINA YTIOBOM CKOPOCTH
Bpamenus JII', B popme Avp —Avjy =2KCQ2, 4ro cBUAETENBCTBYET 00 yBenuue-

HUU BIBOE MacmTaOHOTO Kod(QuImeHTa u He3aBUCUMOCTH BBIXOJIHOTO CHUTHAJIA
JIT' ot Bapumanuii 4acToThl (HampuMmep, TEMIEpPaTYPHBIX), BHOCUMBIX (apajees-
ckuMm HOV.

Henocratkom paccmotpenHoi cxemsl JII' sBisieTCsl Hanu4YMe B €ro pe3oHa-
TOpPE ABYX AHU3OTPOINHBIX 3JEMEHTOB, BHOCSIIUX
CYILIECTBEHHbBIEC JOTOJHUTEIIbHBIE IOTEPU U TEM Ca-
MBIM YMEHBIIAOMINX JOOPOTHOCTH PE30HATOPA.
JI7is MCKJTFOUEHUSI OZIHOTO M3 3THUX JJIEMEHTOB (B3a-
UMHOTO 3JIeMEHTa) OblUla MPEII0XKEeHa KOHIICIIIIHS
MHOTO4acTOTHOTrO JII' ¢ HEIIOCKHM pPEe30HATOPOM

(puc. 2.41). B HerutockoM pe3oHaTope (Takke Kak B
pe30HATOPE C B3aUMHBIM 3JICMEHTOM Ha ONTHYCCKH

Puc.2.41.

aKTMBHOM KBapIiie) COOCTBEHHBIMHU THUIIAMH KoJjieOa-
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HUW SIBJISIFOTCSL Pa3HECEHHBIEC MO YaCTOTE BOJIHBI C KPYroBOM monsipu3anueit. Pac-
HIEIJIEHUE YaCTOT BO3HUKAET 3a CUET TOr0, YTO JIEBO- U MPABOLUUPKYJISPHBIE BOJ-
HBI [TOJIY4al0T pa3Hble Haberu (pas3pl MpH OTPaKEHUH OT 3€pKajl B TAKOW T€OMETPUU
pe3oHaropa. B 3aBUCHMOCTH OT yTila M3JIOMa KOHTYpa 0L U3MEHSAETCS pa3HOC 4Yac-
TOT JIEBO- U MPaBOLUPKYJIAPHBIX BOJH. VI3MeHeHue crnekTpa COOCTBEHHBIX YacTOT
Herulockoro pe3oHartopa JII' mpu Bapuanusx yriia o mpeacTaBieHo Ha puc. 2.42.
Takum o6pazom, uzinom koHTypa JII' okazpiBaeTcsi 3(h(PEKTUBHBIM CPEACTBOM O/I-
HOBPEMEHHOI'O JIOCTUKEHUS ABYX LIEJCH:
- opMupoBaHUs yCIOBUM ISl T€HEpAIUH [IUPKYJISIPHO-TIOISIPU30BAHHBIX BOJIH;
- TEOMETPHUUYECKH PETYJIMPYEMOI0 pa3HOCa IO YAaCTOTE BOJIH C JIEBOW U MTPaBOM
KpPYTOBBIMU MOJIApU3ALMAMU 0€3 UCIOJIb30BAaHUS B PE30HATOPE SYEHKU U3 ONTHYE-
CKM aKTHMBHOT'O KBapla.

CoBpemennbie ZLG mocTpoeHbl IMEHHO IO TaKOW CXeMe — HEeIJIOCKHHA pe-
30HATOP C pacnoiokeHHbIM B HeM HOVY. Cnienyer oTMEeTUTD, UTO BaXKHBIM (HaKTO-
poM, 00eCneunBIINM BBICOKYIO TouHOCTh ZLG, sBuiace paspaborka 3¢ dekTus-

HBIX MPOCBETIISIONUX TMOKPBHITUN, OOECTEUMBIIMX YMEHbIIEHHE Kod(duimenrta

OTpakeHMs OT noBepxHocrer HOY no BenuunHbl MeHEe 1074,

m-1 m m+1
o=0° <«— C/L C/L
//,:\\\ //,:\\\ //':\\\ V >
N // : \\|-| _ﬂ// : \\|-| n// : \\|-|
| | |
c/eL|c2L|C/2L |C/2L|C/2L
a=32° <« > < . > <« >
| |
|
\ /' ; ‘\ /I ; \ / ; \\ / >
\\ // I \\ // ! \\ // I \\ // V
\N7/ | \/ ! \/ | \/
agn L Aapn . AN L Agn
| | |
|
— 0 1,06 C/L | 1,05 C/L
=57 o / 1,05 C/L T
| | | >
y
Puc.2.42.

CoBpemennbie ZLG obecrnieunBarOT CICAYIONINE XapaKTEPUCTUKH
e paspernicHue (yriaoBas lieHa Ieproaa BEIXOAHOro curnaia) — 0,75";

e HecTaOMIBHOCTS JApeiida oT BKItoueHus K BkitoueHuio — 0,003 °/u;
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e cayuaitnsiit apeiid — < 0,0015 °/~/u;

® OTHOCHUTEJbHAsI HECTAOMILHOCTh MaciTabHoro ko3 duimenta — 2 -10 -

CymectBenHbIM npenmyinectBoM ZLG nmepen JII' ¢ BUOPOIIOACTaBKOM SBIISCT-
Csl OTCYTCTBUE KAKHUX-JTMOO MEXaHMYECKUX YCTPOMCTB U COOTBETCTBYIOIIEE CHU-
KEHHUE CIy4ailfHOTO Jpeida 3a cueT OTCYTCTBUS MHOTOKPATHOTO MIEPECEUCHUS 30-
HBI 3aXBaTa U OLIyMJIEHUS BUOPOIIO/ICTABKHU.

Konuenmus JII' ¢ HEMIIOCKUM pe30HATOPOM OKa3aJIach BECbMa IIOJOTBOPHOU U
MpuBeJia K CO3/IaHUIO €Ille OJHOr0 psjia MPUOOPOB CO BCTPEUHBIMU BOJHAMU HA
KpYTOBBIX TOJIsipu3anusix. K HUM OTHOCSTCSI 36EMaHOBCKHE JIa3€pHbIE THPOCKOIIBI,
B KOTOPBIX HEB3aMMHOE DPACHICIJICHUE BCTPEUYHBIX BOJIH CO3JAETCSA C MOMOIIBIO
addekra 3eemana. B rakux JII' MarHuTHOE T0JIe HAKJIAABIBACTCSl HEMTOCPEACTBEH-
HO Ha aKTUBHYIO CPEJly, BbI3bIBasl pacIIeIUICHUE JUHUU YCUJICHUSI aKTUBHOM CpeIbl
B MAarHUTHOM I10JI€ Ha JB€ KOMIIOHEHThI C OPTOTOHAIBHBIMU KPYTOBBIMU IOJISIPH-

3allUsIMU COI'JIaCHO COOTHOIICHUIO
v, =20BH /7,

riae g - dakrop Jlannae, B - marneToH bopa, 7 - nocrosinnas [1nanka. Paciienienue
JMHUU YCWJICHUS aKTUBHOM Cpelbl MPUBOAMUT K “‘3aTATMBAHUIO” JIEBO- U IPaBO-
HUPKYJISIPHBIX BOJIH K LIEHTPAaM PaCUICIVIEHHBIX JTUHUM YCUJICHUS U KaK pe3yJbTar

— K pacmermeHmo qacToT BCTpC‘—IHBIX BOJIH Ha BeJ'II/I‘H/IHy
Av3 = (2gBH /h)(Ave / Avp),
rae Ave U Avp - LIMpHUHA JUHUU PE30HATOPA U JOIUIEPOBCKOrO KOHTYpa JIMHUU

YCWJIEHHSI COOTBETCTBEHHO. HecMOTpsl Ha HEKOTOpbIE MPEUMYLIECTBA 3€€MaHOB-
ckue JII' B HacTosfIiee BpeMs XapaKTEPU3YIOTCS HECKOJIbKO XYAIIMMU TOYHOCT-
HBIMU XapaKTePUCTUKAMH 110 cpaBHeHuIo ¢ ZLG.

Jpyrum BapuaHTOM CO3/1aHMsI HEB3aUMHOTO PACHICIUICHHS] YacTOT BCTpEY-
HBIX BOJIH SIBJISIETCS HCIIOJIb30BaHHE BMecTo (apageeBckoro HDY marnutHbix
3epKaJl Ha OCHOBE HEB3aUMHOTO 3KBaTOopuanbHOro 3¢Pdekra Keppa. Makcumanb-
HBIHA 5QPEKT qocTUTaeTCs, KOTJa BEKTOP HANPSXKEHHOCTH MarHUTHOTO TOJIs, TIPH-
JIO’KEHHOTO K 3epKally, MEepHeHANKYJISIPEH MIOCKOCTH MaJIeHUsl BOJIH Ha 3€pKajlo, a
caMH BOJIHBI JJMHEHHO MOJISIPU30BaHbl B IUIOCKOCTH MaJeHHs. MarHUTHOE 3€pKaJlo
BBITIOJIHAETCS B ()OpME MHOTOCIONHOTO JAMAJIEKTPUUYECKOTO MOKPBHITHS C TOHKOU
IUICHKOW (peppOMarHUTHOrO Marepuaina. Mcmoiap3oBaHME MarHUTHBIX 3€pKall Ha
OCHOBE IMPO3payHbIX I'paHaTOB Haubosee F3PPEeKTUBHO B 00JaCTH OOJBIINUX JIJTUH
BOJIH, Hanpumep, B 1,15 mxm. B kauectBe npumepa ykaxem, uro s JII' ¢ nepu-
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meTpom 40 cm Ha niuHe BOJHBI A = 1,15 MKM ObUT JOCTUTHYT HEB3aUMHBIN (ha30-
BBII CIIBUT OKOJIO 2', SKBUBAJICHTHBIN yII0BO# ckopoctu BparieHus 60 °/c. Cooo-
IAJIOCh TakKe 00 MCIOIb30BAaHUM MAarHUTHOTO 3€pKajia B KaueCTBE HEB3aMMHOI'O
AJIEMEHTA B YEThIPEX4aCTOTHBIX JII'.

2.14. Bonpochl ¥ 3a1a4m

ITo pazneay 2.1. dpdpext Canbsika

1.Yto mpencransietr coboit maTepdepomerp Canbska?

2. Yto mpoucxoauT ¢ MHTEPHEPEHIIMOHHON KapTUHOW MpHu BpallleHUH UHTEpde-
pometpa Canbsika?

3.Kak MOXHO mpakTHYecKH UCIONIb30BaTh nHTEpdepomerp Canbsika?

ITo pa3neay 2.2 KoabueBoii Jiazep

1.YeMm KoJBIIEBOH JTa3ep oTiandaeTcs oT uaTepdepomerpa CaHbska?

2.Kak cootHocuTcst Ha0er (pa3bl B KOJIBIIEBOM JIa3epe C U3MEHEHUEM YacTOT reHe-
PUPYEMBIX BOJH?

3.YeM omnpezensercss 4yBCTBUTEIBHOCTh KOJIBLIEBOTO Jia3epa K BPAIIEHUIO?

ITo pa3neny 2.3 AMIUTUTY/IbI K YACTOTHI BCTPEYHBIX BOJIH KOJILIIEBOI0 Jiazepa
1. KakoBbl OCHOBHBIC OTJIMYUTEIBHBIC YEPTHI MOJIyKIAcCHYecKoi Teopuu JIamba?
2.Yrto npeacrapistoT co0oit 1MO0BCKHE KO HUIIUEHTHI?

3.Uto Takoe mpoBajl B MHBEPCHOM HACEJICHHOCTH U K YeMY MPUBOJIUT MEPEKPHITHE
MPOBAJIOB, 00Pa30BaHHBIX PAa3HBIMU BOJTHAMU ?

4.Kakue >QdeKTbl OMUCHIBAIOTCS TEPMUHAMH 3aTATHBAHME W BHITAIKMBAHHUE Yac-
TOT TeHEepaIuu?

Ilo pazneny 2.4. MacmuTaOoHbli K03 (PUIIHEHT KOJIbLEBOT0 Jiazepa

1.Kakue mapameTpsbl CBSA3BIBAET MACIITA0OHbINH KOA(DPUIIUEHT U YeM OH OIpeses-
eTcst?

2.Kakue 3¢ dekTsl 1al0T OCHOBHOW BKJIaJ B U3MEHEHHE MaciITaOHOTO KO3 duim-
eHra?

ITo pazneny 2.5. CaBur HyJs BbIXogHOH xapakTtepuctuku KJI

1.Kakue uCTOYHMKHN BOSHUKHOBEHUS CABUTA HYJIA BBIXOJHOW XapakTepucTuku KJI
Bl 3HaeTe?

2.KakoB MexaHW3M BO3HHUKHOBEHHS CABUTA HYJISI BBIXOJIHOM Xapaktepuctuku KJI
3a CYeT Pa3HOCTU MHTCHCUBHOCTEH BCTPEUYHBIX BOJH?

3.Kakoe 3HaueHue muMeeT CABUT HYJIS BBIXOJIHOM XapaKTEPUCTUKH JJIsl Ja3epHOTO
THpOCKOIa?
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ITo pa3zneny 2.6. CBsI3b BCTPEYHBIX BOJIH

1.Kakue 3¢ dhekTsl TpUBOAIT K BOZHUKHOBEHHUIO CBSI3U BCTPEUYHBIX BOJIH?

2.YUto Takoe 30Ha 3axBaTa U KaK OHa BO3HUKACT?

3.Kakue nmapameTpsl onpeensioT BEIMYUHY 30HbI 3aXBaTa?

ITo pa3neny 2.7. BolieJjieHUe cCUrHaJIa OMeHUii BCTPEYHBbIX BOJIH

1.Kak npou3BoAUTCS ONTUYECKOE CIIOKEHUE BCTPEUHBIX BOJH Ha Bbixoze JI['?
2.YeMm ompenensercs mMUpuHa UHTEPHEPEHIIMOHHONW KapTHHBI?

3.Kak obecnieunBaetcs onpeneneHue HanpasieHus Bpamierus JII'?

ITo pazneny 2.8. 3HakonepeMeHHOe HAYAIbHOE CMellleHNne

1.Kakum MeToaamMu peanu3yercs 3HaKOIEpEMEHHOE HauallbHOE CMEUIEHUE U KaKo-
BO €r0 Ha3HaueHue?

2.YT0 IpOUCXOANT C BBIXOJHOM XapakTepuctukoit JII' mpu ucmoap30BaHUM 3HAKO-
NEPEMEHHOT0 HauaIbHOI'O CMEIICHUS?

3.Kakum 06pa3oM mpon3BOIUTCS TMHEAPU3AIHsI BBIXOTHOW XapakTepucTukon JII'?
4. KakoBbl 0COOEHHOCTH METO/1a 3HAKOIIEPEMEHHOTO0 HA4aJIbHOTO CMEIIECHHUS C pe-
BEPCUBHBIM NU3MEHEHHNEM CKOPOCTH BpAICHHSI 110 3aKOHY MeaHpa?

ITo pazgeay 2.9. Crabuau3zanms 4acToThl reHepanun

1.Yem 00ycoBI€Ha HEOOXOUMOCTh CTAOMITU3AIMK YaCTOTHI TeHepamuu B JII'?
2.KakoBbl OCHOBHBIE OCOOCHHOCTH CXEMbI CTAOMJIM3allMM YacTOThl I'€HEpaluh B
Jr?

3.1 uero Hy)Ha M Kak paboTaeT cxemMa MUHUMHU3AIUHU 30HbI 3aXBaTa?

ITo pazneny 2.10. [loTeHnMaAbHASE TOYHOCTD J1a3€PHOT0 TMPOCKONA

1.Yewm onpenensercs npeaebHas TOYHOCTh JIT™?

2.Yto takoe ciydvaitabiit apeiid JII' u yem onpenensiercst BennunHa koddduimenrta
ciy4aitHoro nperda?

Ilo pa3aeny 2.11. Cny4aiinblii Apeiig 3a cyeT MCNOJIb30BAHMS BUOPOINOICTAB-
KH

1.ITouemy omrymieHre BUOPOMOJCTABKM MPUBOJUT K YBEIMYEHUIO CIy4aillHOTO
npeiida?

ITo pa3aeny 2.12. TouHOCTHBIE XaPAKTEPUCTUKHU COBPEMEHHBIX J1a3ePHBIX I'H-
POCKOIOB

1.Ha3oBuTE OCHOBHBIE HICTOYHHUKH MOrperntHocTy JII'?

2.Kak m3mepsiercs nperid JII' u kakue ero mapameTpbl 0OBIYHO TIOJJIEXKAT OMpe/ie-
JICHUIO?
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3. Kak ompenensiercss BemMYrHa U HECTAOUIBHOCTh MacIITaOHOrO Kod(dduimenrta
Jr?

ITo pa3neay 2.13. MHOro4acToTHbIE Jia3epHbIe THPOCKONbI

1.B yem 3axiroyaeTcsi OCHOBHOM HMPHUHLMII padOThl MHOIOYACTOTHBIX JIA3E€PHBIX
THPOCKOTIOB?

2.YeM oTnuyaercs B3aMMHOE PACLIEIUIEHUE OT HEB3aUMHOI'O PACLIETIICHUS ?

3.Kak 00bpyHO peann3yeTcsi B3aMMHOE pacCIICTJICHHE B MHOTOYACTOTHBIX Jia3ep-
HBIX THPOCKOIIaX?

2.15. Jlutepatypa

1. Bypnames M.H., ®unatos 0. B. OcHoBbI j1a3epHON TeXHUKU: YueO. mocobue /
CIIoI'DTY«JIDTU».- C.I16., 2000.

2. JlykpsinoB 1. I1., ®unatoB FO. B. OcHOBBI KBaHTOBOW TMpPOCKOINHUU: Y4eb. 1o-
cooue / JIDTU. JI., 1987.

3. Aponogui ®. Jlazepusie rupockors // [Ipumenenus nazepos. M.: Mup, 1974,
4. berukoB C. U., JIykesnoB /. I1., bakansp B. H. Ontrueckuii KBaHTOBBII THPO-
ckor. M.: Mammnoctpoenue, 1973.

5. Optical Gyros and their Applications, NATO RTO AGARDograph 339, May
1999, 340pp.

2.16. IlpeaMeTHbIN yKa3aTedb

|ammumtyna u gasa kosddunuenta cssu — 54 |

BHOpomoacTaBka — 61

| BbITaNIKMBaHKe YacTOTHI reHepauun — 41 |

nedopmarms pezonaropa — 76

[IMHaMHUYEeCKasd 30Ha 3axBaTa — 0J |

T paKIIMOHHOE paciiernyieHue — 47

mubdysus pazer — 73

[1pen( akTMBHBIX aTOMOB — 45 |

nperid JII' — 77

[ 3aTsaruBaHue yacToThl reHepanuu — 40 |

| 3eeManOBCKMI a3epHbIA THPOCKoI — 84|
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3HAKOIIEPEMEHHOE HavallbHOEe CMelIeHne — 59

[ 30Ha 3axBara — 50 |

|unepumanbras cucrema — 34 |

uHTep(depeHIMOHHas KapThHa — 33

| unTepdepenonnbIe non0Ck — 57 |

KOJIBIIEBOM J1azep — 35

KOJIBIIEBOM pe3oHatop — 37

Kod(ppureHTs! cBs3u - 50

KO3 GUIIUEHT ciydaitHOTO npeiida — 73

JICBOIUPKYJIIpHAs Mosipu3anus — 82

nuHeHasg aucnepceus — 40

| mMO0BCcKHE KOdDDuIIEnTSHI - 38|

MarHuTHoe 3epkaio — 84

MacITabHbI KodphuiueHt — 37

| MWUHUMM3ALMS 30HbI 3aXBaTa — 69|

[ MHOrO4aCTOTHBIN JIA3CPHBIM THPOCKOIT — AU |

| HauabHOE paciieIIeH e 4acToT — 59 |

[ HEB3aUMHOCTH — 44 |

| HeB3anMHBIH dnemenT — 44

| HETMHENHOCT BBIXOIHOM XapakTepucTuku — 50|

HeJIMHENHas aucriepeus - 41

| HEOTHOPOTHOCTB NOTEPh B pe3oHaTope — 51 |

HETJIOCKUH pe3oHaTop — 82

[ HecTabunbHOCTE peiida — 78|

OlLIIyMJIEHUE BUOPOIOACTaBKU — 64

rmojacraska —59

[ moymouka — 65 |

| monyknaccuueckas Teopust ra3oBoro ngasepa - 37|
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MOTEHIMAIbHASI TOYHOCTb JIA3€pPHOT0 TMpockomna — /1

[ mpaBoLMPKYJIApHAs noaspusanus — o’ |

| ipeBblenne yeunenus Hag norepsamu — 38 |

| npenenbras Tounocts JIT — 71 |

| npu3MenHbIe cXeMbl c10KeHus — 55 |

pa3HOCTh MOTEPH - 43

paccestHhe U3JIyYeHUS - 48

| peBepcHBHOE CyMMMPOBaHHE IEPHOIOB BBIXOJHOTO cUrHana — 59|

| PEBEPCUBHBIN CYETUHK — O |

[ CBsI3b BCTPCUHBIX BOJH — 43 |

| caBur HyI1st BBIXOTHOM XapakTepucTHky - 43 |

| curnan oneHui — 95 |

CUHXPOHU3AIHA 9aCTOT BCTPCUYHLIX BOJIH — 50

ciy4aitHelid 1peitd - 73

CKOPOCTH BparnieHus — 33

| CTAaOMIM3aIMs YaCTOThI FT€HEepaluy — 63|

[ TOUHOCTHBIC XapaKTEPUCTUKH — [/ |

baykTyanuu pasHoctu das — 72

(aykTyanuu Toka paspsna — 77

| mupKyIspHO-NONIspHU30BaHHBIE BOJIHBL — 83 |

4acTOTHI OueHuii — 55

[ ITyMOBOM COCTaBJISIONICH BUOPOTIOCTABKH — OU |

s dext JIsurmiopa — 45

[ 2p@ekT Canbsika — 335 |
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3. 3JIEMEHTbI BOJIOKOHHON U UHTETPAJILHOM OIITUKHU

3.1. PacnpocTpaHeHue cBeTa B BOJIOKHE

B nmaHHOM pasznene M3JI0XKEHBI CBEACHUS, HEOOXOAMMBIE ISl MOHUMAHHS
SBIICHUSI PACIPOCTPAHEHUS CBETA B ONTHYECKUX BOJOKHaX. (OCHOBHBIM
HaTpaBIEHUEM HCIIOJIb30BAHUSA ONTUYECKUX BOJIOKOH SIBJISIOTCS BOJIOKOHHO-
ONTUYECKUE JMHUM CBS3M, BCE LIMPE INPUMEHSEMbIE B HACTOsILEEe BpeMs B
pa3IMYHBIX BUAAX CBS3M U SIBUBIIMECS OJHHUM U3 OCHOBHBIX CPEICTB,
obecrnieunBIINX co3nanue MHTEpHET.

OnTuyeckue cpeacTBa neperavyu MHPOpMalUui UCIOJIb30BAIMCH YEIOBEKOM
Ha TPOTSHKCHUH BCEH UCTOpHUM ero pa3ButTus. C MOsABIECHUEM paauo U TenedoHa
ONTUYECKAsl CBSI3b B 3HAUMTEIHHOW CTENEHU IMOTEpsIa CBOIO aKTyalbHOCTh, HO C
HOSIBJIGHUEM JIa3€pHBIX MCTOYHUKOB C MaJIOM pacXOJUMOCTBIO CBETOBOTO ITyyKa
UHTEpEeC K IMepefadye HWHOOpPMAIMU ONTUYECKUMH METOAaMH BO300HOBHUJICS.
PeanbHo onTHueckyro CBA3b yepe3 aTMochepy MOXKET OCYIIECTBUTH TOJBKO B
UCKJTIOYUTETIFHO OJIArONPUATHBIX KIMMAaTHYECKUX YCIOBHSX WJIM B KOCMOCE.
[TosTomMy OBLTM TPEANPUHATHI MOMBITKH OCYIIECTBICHHS PAaCPOCTPAHEHHUsI CBETa
4yepe3 3aKphIThle KaHabl: HAPUMEP JIMH30BBIA CBETOBOJ. 3/1€Ch MOTEPH MaJbl,
npumepro 0,5 nb/kM, HO Takue CBETOBOJbI OYCHb HEYJOOHBI B HCIIOJIb30BAHHH.
JIOBOJIbHO CKOpPO HajJu4HMe Cepbe3HBIX IMpoljeM nepenauyd uHopmanuu B
CcBOOOHOM MPOCTPAHCTBE BBI3BAIU K KU3HU BOIPOC O PACIPOCTPAHEHHUH CBETA B
cBeToBogax. CBET MOXKHO yJIEp>KMBAaTh B TOHKOM CTEKJISTHHOM BOJIOKHE, KOTOPOE
SIBJIIETCS. OCHOBOM JHMAJIEKTPUUECKOIO CBETOBOJA M HA3bIBAETCA OOBIYHO €ro
cepaueBunoi (puc. 3.1).

Obomouka
-'-_‘_--_

e T e i it

— — — — - ———

CepALleBHHA:

(e m— T

SalHTHLIA cJI0H
(e paspeze) A

Puc. 3.1

Hanpasnennoe pacnopocTpaHeHre CcBeTa OOECIEYMBACTCS 3a CUET SIBJICHUSA
MOJIHOTO BHYTPEHHEr0 OTPaXEHUsS, MMEIOIIET0 MECTO Ha TpaHulle pasnelia
cepaueBrHa-o0oouka. [Ipu 3Tom npeanonaraercs, 4To Moka3aTeib MPeIoMICHUS
000JI0YKH HIKE TOKa3aTelsis MPEJOMIICHUS CEepIIEBUHbI BaKHbIM mapameTpom
CBETOBOJIa SIBJIAIOTCSA MOTEPHU pacrpocTpaHstomierocs B HeM cBera. Jlo 1970 r.
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NOTEpU CBETa B JIyYNIMX COPTaX CTEKJIAa COCTABISUIM COTHHU-THICSYU JB/KM.
Awmepukanckas ¢upma Corning Glass Works mepBoii momyumia CTEKIO ¢
notepsimMu 5 ab/kM. DTO MOCITYKHIIO TOTYKOM K PA3BUTHUIO BOJOKOHHOH ONTHKH.
CoBpeMeHHbIC BOJIOKHA XapaKTepu3yrorcs nmorepsmu Ha ypoae — 0,1 nb/km (A =
1,55 MKM), 4TO COOTBETCTBYET MOTEpPE MOJOBHHBI MHTEHCHBHOCTH CBETa IOCIE
npoxoxaeHus 20 KM BOJIOKHA.

3.1.1. MeTta/LINUeCKHUHA CBETOBO/I

PaccmoTpenune paboOThl ONTHUYECKOIO CBETOBOJA HAYHEM C MHPUOJIMKEHHS
METAJUIMYECKOr0 CBETOBOJA, T.€. PACCMOTPUM OJIHOMEPHYIO 3aJady: CBET
pactmpocTpaHsieTCss MEXIy JByMS OECKOHEYHBIMH IUIOCKUMHU 3€pKaJIbHBIMU
MOBEPXHOCTSAMH C UJCATBLHON POBOIUMOCTbBIO (prc. 3.2).

Paccrosinue MEXKITY

X
MOBEPXHOCTAMU paBHO 2a. B

G lrsrrriiviciceididsves CBETOBOJIE Oyner
pacnpoCcTpaHAThCSA BOJHA, (opma

KOTOpPO# COOTBETCTBYET (hopme
CaMoro CBETOBO/IA.

Paccmorpum IIJIOCKYIO
3JIEKTPOMArHUTHYO BOJIHY,
¥ z PacIpOCTPAHSIOIIYOCS O/
yriaoMm O k ocu Z (0 < 6 < w/2 -
BOCXOJIfIIasi  BOJIHA).  BekTop

BJICKTPUYECKOTO TIOJIA E
napamieneH ocu 0y. Torma
T E A T
- HaIpPSHKEHHOCTh  AJIEKTPUUYECKOTO
OJIs1 MOYKHO MPEJICTABUTH B BUJIE

Puc. 3.2 Ey = Eoei((ot—kzcose—kxsin 0)

[locie mageHMs  SJACKTPOMArHUTHOW  BOJHBI HA  CTEHKY  BOJIHOBOJIA,
PAcCIOJIOKEHHYIO Ha PACCTOSIHUU @ OT IIEHTPAa CUCTEMbI KOOPIUHAT U OTPasKCHUS
OT Hee uMeeM BTOpYy BoiHY (—m/2< O < 0 — oTpakeHHYI0) ¢ KOMIUICKCHOU
amIUMTyfoi yEy (T.e. YYMTBIBAIOTCS BO3MOXKHBIC W3MCHCHHS HE TOIBKO

amruTypl HO W ¢asbl). KospduimeHT oTpakeHuss Yy ompenensercs U3
rpanuyHoro ycnosus Ey =0 mpu X = a (mpu mr060M Z W Tipu Tr0O0M t), T.K. Ha

3epKaHBHOfI IMMOBEPXHOCTHU Mbl HMCEM HUJICAJIIBHYIO ITIPOBOAUMOCTD
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e—lkasm 0 " ye|kaS|n 0 ~0:

y= _e—2ikasin 0

Wutepdepentst aByx BoNH (Majgaromiedl W OTPaKEHHOH) JaeT CyMMapHOe

(mosHOE) TONTE:

i(ot—kzcos0) ,.—ikxsin© ik(x—2asin0
EI’lOJZH. = EOe (© )(e —€ ( ))

IIpy x = a — rpaHUYHOE YCIOBUE U IIOJHOTO MOJISI BBIIOJIHAECTCS, A
BBITMIOJIHEHUS TPAHUYHOTO YCIIOBUS IPU X = —& —JOJKHO COOTIOAATHCA PABEHCTBO
e|kasm 0 e—3|kasm O _o ’

OTKY/1a IOJIy4aeM ghikasin® _q

Jenast mpocTeiiiue npeodpa3oBanus noiydaeMm (pa3zoBoe ycIoBue

4kasin O = n2mx;
i (3.1)
2kasin 6 = nm.

TOFI[a BBIPAKCHUC IOJIA ITOJIHOT'O ITOJIA 6y,Z[€T HUMCTb BU/J

N

o i(ot—kzcos0) ;. "iog X n_ing X
EI’lOJZH. = EOe (e - (_ 1) € )
[TycTth N — geTHOE, T.€. N = 2M, TOoTa

E,., =—2Ege! (®1-kzcos0) sin(%x);

eclii N — HEYETHOE, T.€. N = 2M+1, 1o
E o = 2E0e'(‘”t_kZ c059) og [(% + mn)g].

B pesynbrare Mbl MMeeM BIOJIb ocu Z Oeryimyio (puc. 3.3) IUIOCKYIO BOJIHY C
IIOCTOSIHHOM PacrpOCTPaHCHHSI B CBETOBOJIE
B=kcoso.
Baoms ocu X MBI MMEEM paclpeaciieHne | |
OJIst, MpeJACTaBisAioiee Co00 CTOSUYIO A
o EOCXOARLYUE
BOJIHY (@HajoOr CTPYHBI, 3aKpEIUIEHHOW B !
Toukax x=ta). Ycunosue (3.1) MoOxHO | \ ) : p
sl
i

pacCMaTpuBaTh KaK YCJIOBHC COIIAaCOBAHMA |

T ""I Z
da3 — monHbd (a3oBeiii caBur (HaOer / ( t) \kﬁmmﬁwe

(a3pl) MPU MPOXOIKIACHUU BOJHBI OT OIHOM
CTEHKM CBETOBOJA JO JpPyrod Tyaa H

p=] p=>2 n=3n=4
o0paTHO  JOKeH ObITh KpateH 27n. B

IMPOTUBHOM CJIy4ya€ HCXOAHAas BOJHA Puc. 3.3

Oyner uHrepdepupoBaTh CO BCEMHU

MOCTICAYIOUUMH OTPaKEHHBIMU BOJIHAMHU H B PE3yJbTaTe MHTEP(PEPEHIINN MEKIY
HUMH OBICTPO TacHyTh. 3J€Cb MOXXHO BHAETh aAHAJIOTHIO C ONTHYECKUM
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pPE30HAaTOPOM, W JTO MOHATHO, T.K. K BOJIHOBOAY TMPEIABIBISIOTCA TE K€
TpeOOBaHMsI, YTO U K PE30HATOPY .

Mpsl paccMoTpenu MHTEp(GEpEeHLHIO JIBYX BOJH, HO Ha CaMOM Jele MpH
pacnpoCTpaHEHUU  BJIEKTPOMArHUTHOM BOJHBI B CBETOBOJE  IPOUCXOJIUT
MHoOrosiyueBas uHTepdepenuus u ycioBue (3.1) sBiusercs Oojiee KECTKHM I10
yraam 0.

3.1.2. Moasbl pacipocTpaHeHHsA

ITycTh Ha BXOJ/ie CBETOBO/IA BOJIHA ¢ yacToToi ® = 27f . Hy»xHO ompenenuTs

Mo KaKMMH yTilaMHU 0 BoJIHA 6yI[€T PacipoCTpaHATLCA B CBECTOBOAC.

. n
[Meperumem (3.1) B Buae kS|n9=2—n. [Tycts B mpocteitimeM ciydae N=1,

. Cm
TOIJA YMHOXHUB Ha ¢, IOJy4YUM CkS|n9:2—. BBenem Tak HazbIBaeMylo
a

KPUTHYECKYIO YaCTOTY yp, €€ NEPUOJ Ty M JUTMHY BOJHBI Ay

CT da B
O‘)Kp :Z—a, TKp :7’7\’Kp =4q.
Torna (3.1) MOXKHO 3amKcaTh B BHJIE
®
sind—n—=2-=0 (3.2)
®

OTCIO[]a CIEIYET, YTO MPU ® < @y, PACIPOCTPAHCHHE BOJH BJOJb CBETOBOJA

HEBO3MOMKHO, (y, — KDHTHYECKas YacToTa (HAMMEHbIIAs YacToTa, a A,
COOTBETCTBEHHO HAMOOJbINAS JJIHHA BOJHBI). IIpM KaXIOM 3HAYCHHUH (O MBI
OyaeM UMeTh Habop 0,,, YIOBJIETBOPSIOIINX YCIOBHIO (3.2)

8
w2
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Q)
0, =arcsin(n—=%), (3.3)
Q)

rnien=1,2,..., N. N onpenensercs HepaBeHCTBOM Npr < o < (N+1) O xp-
Kaxnoe Ttakoe pemeHue ypaBHenus (3.3) Has3bIBaeTcs  MOJIOM

pactpocTpaHeHusl. 3aBUCUMOCTH YTIoB O OT 4acTOTHl MpUBEIEHH Ha puc. 3.4.

ITpuuem, npu PUKCUPOBAHHON YACTOTE (® MOKHO HaWTH HabOp Op, W1 KOTOPBIX

BBITIOJTHSAIOTCS (ha30BbIE YCIOBUS U KOTOPHIE OMPEICISIIOT YOI PacipoCTpaHEHUS
AJIEKTPOMArHUTHOTO TIOJISl B JAHHOM MOJIe.

N naobopoT mnpu ¢GuUKCHpOBaHHOM O wuMeeM Ha0Op YacTOT MOJ WM
COOCTBEHHBIX YaCTOT CBETOBOJIA. B mpezerne, Korga o oueHb BEJIMKA, MOTydaeTCs
KBa3uoceBas BoiHa (puc.3.5).

L |
%
--.._________‘__-_--_-'_'
o
Vop — 1 _
)] —
o, 20, 3o, ©

Puc.3.5

@da3oBasg CKOPOCTh 3JEKTPOMArHUTHOTO TOJS B CBETOBOJIE OIPEIEIACTCS
BBIPAKCHUEM

i ¢ yuetom (3.2)

['pymnmoBast CKOPOCTB JIEKTPOMArHUTHOTO IOJIS B CBETOBOJE PaBHA

2
do ®

Vop =——=C 1—n2L§.
dp ®

Kakas moma OyneT pacnpoCTpaHsIThCS B CBETOBOJIEC MPHU 3aaHHON » ? MBI
BUJICIHM, YTO UX MOXKET OBbITh HeckoJibko. OOlee peimieHue OyaeT JWHEWHON
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KOMOMHaIMed STUX MOJ C KodpduuueHTamu, 3aBUCSIIMMH, B OCHOBHOM, OT
YCJIOBUM Ha KOHIIAX CBETOBOJA.

OmauM u3 Hambojiee BaXXHBIX M MHTEPECHBIX PEKHMOB PaCIPOCTPAHCHUS
CBETa B BOJHOBOJE SBISCTCS TaK Ha3bIBAEMbI OJHOMOJIOBBIH  PEXUM
pactipoctpaneHus. M3 puc.3.4 oYeBHIHO, YTO TaKOW PEKUM HUMEET MECTO TPH
BBITTOJTHEHUY HEPABEHCTBA

Oup <O <204 - (3.4)
Miep Aiep
WIH TIepexoAs K JUIMHAM BOJIH >q> . VI3 moiy4eHHOTo BBIpasKECHUS

4
CJIEIyeT, 4TO MOJIyYEHHE OJTHOMOJIOBOTO PEXUMa PACIPOCTPAHEHHS CBETa TpeOyeT
U3TOTOBJIIEHUS CBETOBOJIA IMAMETPOM MEHEE OJIHOIO MUKPOMETpA.

3.1.3. IudjiekTpryeckuii CBETOBO

PaccMoTpum  Temepb  IMANEKTPUYECKUN  CBETOBOJ, 0Oojiee peaibHO
OTpaXKaroIIui  pacCIpOCTpaHEHUWE CBeTa B BOJIOKHE. B BoJoOKkHE cBer
pacripocTpaHsIeTCcs B CEp/IIEBUHE, OKPYKCHHOM JTUAJICKTPUUYCCKON 000109KOH (CM.

puc. 3.1). KosppuuuenTsl mpenomMaeHus CepAUeBUHbl Ny =./g¢; U O0OJOUYKHU
Ny =./€2 IOJDKHBI YIOBIETBOPATH YCIOBUSAM
g2 < g1, N2 <Ny,

TOC € U & — IUDJICKTPUUYECKHUE MPOHUIIAEMOCTH CEPAIEBUHBI M OOOJOYKH,

COOTBETCTBEHHO. B 3TOM ciiydae cBeT, NajarOllnil U3 CEpIALIEBHHBI HA T'PAHUILY
paszena cepAleBUHA-00010YKa, HCIBITHIBAET TOJHOE BHYTPEHHEE OTPAKCHUE

zA | 7 |
| w i _g"!I!
Cpemga 2| S2<§ L !;_,Bil
<
Cpema 1 Hoo *{
B 1L i
. 2y N B
2a — ! e
Y z
¥y
Cpena 2 £0 e B
(puc. 3.6).
Puc.3.6
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Paccmorpum moapoOuee. ITycte B cpeme 1 (ceparieBuHE) IUTOCKash BOJHA

MMeeT KOMIIOHEHTHI BOJIHOBOTO BekTopa K, paBHbie o (o ocu X) u B (mo ocu z).

IIpu sToMm ‘kl‘ =kn;. B cpeme 2 (00oi0uke) mMMeeM KOMIIOHEHTHI BOJHOBOTO

BEKTOpA |22, paBuble B (mo ocu z) u —ly (mo ocu X). Ilpu s3TOM ‘lzz‘zknz.

IIpoekuyy BOITHOBBIX BEKTOPOB HA OCh Z OJIMHAKOBEI, B TO BPEMs KaK IIPOCKIUA Ha
OCb X B 000JOYKE YHUCTO MHHUMAsi NPHU BBINOJIHEHUH YCJIOBHUS IOJHOTO
BHYTPEHHETO OTPAKECHUS IO YTy MMAJECHUS !

] No
P > Qppeos (sin Pupeo = n_) Wi 0 < enpea-
1

B 3TOM ciiydae KOCHHYC yTJia NPeIoMIICHUS \y CTAHOBUTCS MHUMbBIM

n . 2 Ny 2 . n 2
cosy =+ 1—(—15|n(p) = +i (—sm(p) ~1=+i (—1003@) ~1.
n2 n2 n2

Bri6upas 3nak (—) mepex KOpHEM, HAXOAMM MPOCSKIHIO BOJHOBOTO BeKTopa Ko Ha

2
ock x: Knp cosy =—ly, Torma y = knz\/(rr:—; COS 6) —1, a mone B cpexae 2 Oynuer

paBHO
E §2) _E, ol (0t—kF) _ Eoei(wt—kzzz—kzxx) — Egel(@t-BDg-1x

rae B =Kkny siny =kny cosO.

Takum oOpazoM, moxydaeM BOJIHY, OCTYIIYIO BJIOJIb OCH Z, U B TO K€ BpeMsi
SKCIIOHCHIIMAJIbHO 3aTyXaroMIyto BJOJb OCH X I1I0 MEPE IIPOHUKHOBCHUA BO BTOPYIO
cpeny. Mtak, mo o6e CTOPOHBI OT CEPJILIEBUHBI CBETOBOJA JBE SKCIOHEHIIUAIBHO
3aTyXaromiiue BOJHBI. BHYTpH cepiieBHHBI CBETOBOJA (HOPMAIBHO BCE TOYHO TaK
K€ KaK U B METAJNIMUYEeCKOM cBeToBoze. Cyneprno3ulus Najarlle u OTpaXKeHHOU
BOJIH JIaeT OETYIIYO BI0JIb OCH Z BOJIHY M CTOSTYYIO BJ10Jib OcH X (puc. 3.7).

E(l) MCED {cosocx — n=2m
sinax — n=2m+1

OTtnuunpe COCTOWT B JOITIOJIHUTCIBHOM (l)aSOBOM CABHIC, OGYCJ'IOBJ'ICHHOM
MIOJIHBIM BHYTPEHHUM OTpa’KeHUEM. 3amuiieM ycioBue corinacoBanus das. Ilycts
0 - ¢a3oBbIii CIBUT, BO3HHUKAIOIMINUNA TpPU TIOJTHOM BHYTPEHHEM OTPaKEHHUU OT
KaKJI0M rpaHulbl paszaena cpel. [lomupiil Haber ¢a3bl Ipu NPOXOKICHUU BOIHBI

OT CTEHKH JIO0 CTCHKH U 00paTHO JIOJDKEH OBITh KPATeH MEJIOMY YUCTY 27.
4knq sin® + 26 =n2m.
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) A\ \
Hetruas
BOJIHA
¥ -
z
HeuyetHasn
BOJIHA
Puc. 3.7

Haiinem wemy paBen ¢azoBeiii casur o. M3 ¢opmyn @penens ciemyer, yTo
CBETOBas KOMIIOHEHTa C IOJSPU3allMed OPTOrOHAIBHOM IUIOCKOCTH IAJCHUS
IIpPEeTEepIIEBAET NPHU MOJTHOM BHYTPEHHEM OTPaXEHUH CKa4vOK (pa3bl, onpeaenseMblii
CIEAYIOLIMMH BBIPAKEHUEM

N 2
Sinch—Lz]
0 n I . Ny .
tg—= = 1 :mcosw;sln(p:—zsm\u;

2 COS @ N{ COS @ N

o= —2arctg(i MJ wm o =-2arctg(y/a),
Ny COS®

rne o=knysing.

Dror caBur (asel OKBHBAICHTEH OTPAKCHHIO OT METAUIMYECKOM
IIOBEPXHOCTH, PACIIOIOKECHHON Ha HEKOTOPOM PAaCCTOSHUHU 3a TPAHHUICH pasiena
JIBYX CpEJI, T.K. CBETOBBIC MyYKH CMEIIAIOTCS TP OTPAKEHUH OT TPAHUIIBI pa3ieia
IBYX Cpel.

Jliis BekTopoB Ky 1 Ky MOKHO 3amucarhb

ki =k?nf =B +a®; kf=k’nf=p2+y?

Hcnonw3ys 3, moyyaem o’ + y =k? (n1 - n2) :

PaccMOTpUM KPUTHIECKHE YaCTOTY H JUTMHY BOJHEI, (0, U A Kp
|2 2
o +
(D:kC:C—Y, (3.5)

2 2
Ny —n,
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Kpurnyeckas 4acToTa (0, COOTBETCTBYET MaKCHMaJIbHOMY 3HAUCHHIO 0. B atom

cirydae (yroJ HOJHOTO BHYTPEHHETO OTPaXKCHHS)
n2

cosO=—= u y=0.
m
o
Torna Op :ci.
n2 —n2
1 2

nmw
o, ToaydaeM u3 Ga3zoBoro ycioBus 4ao = 21n, old =—, TOrAa
Kp 2

®yp = me , (n=1).

P
[ 2 2
2a ny —n;

2n / A
Orcrona Ao, =——c=4a nz—nz,a:¢.
Kp 1 2 > >
Owp 44N —nj

[Ipy  WBrOTOBJEHHM  BOJOKHA Pa3HOCTh KOA(D(PHUIIMEHTOB  MPEIOMIICHUS
CEpIIIEBUHBI BOJIOKHA W €ro OOOJIOYKH OOBIYHO BHIOMPAIOT MEHEe OJHOTO
npoueHta Ny —Ny =0,01. B sTtoM ciywyae ycinoBue peanu3aluud OJHOMOJOBOIO

pexKrMa pacrpoCTpaHECHUS

A A
P >a> a'd

[~ 2 2 [~2 2

OKa3bIBACTCS CYIIECTBEHHO MEHEE J)KECTKUM, YeM B CIIydae ¢ METALTHUCCKUM
cBeToBOJI0M (cM. BeIpakenue (3.4)).

3.1.4. OcHOBHBIE THINHI ONITHYECKUX BOJIOKOH

OnThueckoe BOJOKHO 0e3 000J0YKH TMPENCTaBIsSIET CO0OM  MPOCTO
CTEKJISIHHYIO HUTh — XPYIKYI0 M HEYJOOHYIO B HUCMOJb30BAaHUU. Takoe BOJIOKHO
XapaKTepHU3yeTcsi OOJBIITUMU MOTEPSIMH, T.K. HA TPAHMIIE CTEKJIO-BO3AYX IOJIC HE
paBHO HYJIO, a TpaHWIla HE coBeplieHHa. YToOBI caenarh Takoe BOJOKHO
OJIHOMOJIOBBIM, HEO0XOJUMO, KaK OTMEYaJIOCh BBIIIE, H3TOTOBUTH €ro ¢
TUaMeTpoM MeHee 1 MKM, MOCKOJIbKY pa3HOCTh KO3 (UIIMEHTOB MpeaoMiieHus AN
SIBJIIETCSL TOBOJIHO OOJIBIIION BETMYMHOM.

[lopToMy Ha MNpaKTUKE HCHOJB3YIOTCS TOJIBKO ONTHYECKHE BOJIOKHA C
obosoukoii. B a3ToM ciyuae cBetoBOj (CepiAlieBHHA) MOKPHIBACTCS TOHKOW

98



CTEKJISTHHOM WJIM KBapleBOo 000J0YKOM ¢ KOd(PPUIIMEHTOM TpesoMIIeHHs, cIabo
OTJIMYAIONUMCS OT Kod(h(HIHeHTa MPeIOMIICHUST CEP/IIIEBUHBI BOJIOKHA. B 3TOM
CiIy4ae JIETKO pealiu3yeTcs OJTHOMOJIOBBIN pexkuM. Takue BOJIOKHA OBIBAIOT JABYX

THUIIOB:
1-p1fi — BOJIOKHO €O CKauyKoOOpa3HbIM H3MEHEeHHeM Koddduimenrta

npenomienus (puc.3.8, a). PacripocTpaneHue cBera 31ech HAET 3a CYET MOJHOTO
BHYTPEHHETO OTPAKEHUS.
2-0 TUN — TpaJUEHTHOE BOJIOKHO. B »3ToM ciydyae xko3dpduument

NPEJIOMJICHUST CEPJAIICBHHBI IUIaBHO W3MeEHseTcs (OOBIYHO YMEHBIAeTCs) OT
IICHTpa Cep/IeBUHBI K nepudepun (puc.3.8, 0):

2
() =n(@) - [10)-n(a] L]

Pacripoctpanenue cBeTa B TAKOM BOJIOKHE HJIET 0€3 CKauKOOOpPa3HBIX OTPAXKEHUMN
U TPAEKTOPHS CBETOBOTO IMy4Ka IJIABHO MEHSETCS.

Anfr) CeprlerHHA A n(r)
_ﬂ_‘_..--"'- T
] 050.]'[0'{1{&‘\\\" &
| ] M . —

T TR T
] Lo o Lo
1 T B L1 L1 -

a b rF a b ¥
a §)
Puc. 3.8

OgHOMOMIOBOE BOJIOKHO 001a7aeT OOBIYHO TMOTEPSIMH MEHBIIUMH, YeM
mHoromosoBoe (~0,2 nb/km mpu mmHe BoaHBI 1,55 MKM). B Takux BoJjOKHax
NPUHIIMITHAIBHO OTCYTCTBYET MOJOBAas JUCIICPCHUS, SBISIIONIAS OJHUM W3
HMCTOYHHUKOB TOSIBICHUS B BOJIOKHe HeB3aumHocTu. (s BOI' st0 KadecTBO
SBIIICTCSI OYCHb BaXXHBIM C TOYKHA 3PEHUS OOCCIEYCHHS BBICOKOH TOYHOCTH
rupockona. TUNUYHBIMH TIapaMeTpaMH OJHOMOJOBOTO BOJIOKHA SIBIISTFOTCS
CIeyIONINe. AUAMETP CEPALICBUHBI 7/ MKM, THaMeTp 000J0UKH 125 MKM, TTOTHBIN
nuametp BomokHa 200 Mkm, mumnHa BostHbI 1,55 wimn 1,3 MM, norepu 0,2 ab/xm.

B nocnenyromux pazgenax OyJeT MmokazaHa BaKHOCTh CTAOMJIBHOCTH €ro
MOJISIPU3AIMOHHBIX XapaKTEPUCTUK I ycremHoro (ynkuuonupoBanus BOI.
OnauM w3 Hamboyiee TEPCIEKTUBHBIX HAMPABICHWW JOCTHIKEHHUS TaKOH
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CTaOMJIBHOCTU sBJSIETCA HcHoyb30BaHMe B BOI' BOJIOKHA, COXPaHSAIOIIETO
MOJISIPU3ALINIO.

B oaHOMOZOBOM BOJIOKHE C KPYTrOBBIM TONEPEYHBIM CEUCHHEM U
0CECHMMETPHUYHBIM paclpejielicHueM MoKaszareis mnpenomiacHus (cMm. puc.3.8)
BJIOJb OCH BOJIOKHa (OCH Z) pacHpoCTpPaHSIOTCS JBE OPTOTOHAIBHO

MOJISAPU30BaHHBIE MOABI [HE11, BIEKTPUYECKUE IMOJs KOTOPBIX OPTOTOHAIBHO

MOJISIPU30BaHbl BIOJH OCed X U Y. (HE1X1 U HEly1 MO/Jibl) Takoe BOJIOKHO HE

MOXKET COXPaHWUThb CTA0WJIbHBIM HampaBiICHUE MOJSApU3ALMU MOl  Ha
OTHOCUTEIBHO OOJBIINX JJIMHAX BOJOKHA. OCHOBHOM NMPUYMHON 3TOr0 CBOMCTBA
OJHOMOJOBOIO  BOJIOKHA  SBIAETCA  €r0  BBIPOXKICHUE II0  CKOPOCTAM
pacnpocTpaHeHusi JBYX  MOJSPU3AUMOHHBIX  MOJ, T.6.  KO3(DPUIUEHTHI

IPEIOMJICHUSI U TIOCTOSTHHBIC PacpOCTpaHeHus 3 s HuX oJuHAKoBbI (By = y).

B stOoM ciydae, nmpu pacnpOCTpaHEHUN AJIEKTPOMAarHUTHOM BOJIHBI Ha OJHOW W3
NOJIAPU3ALMOHHBIX MOJ, 3a CYET HEOAHOPOJHOCTEH MaTepualla BOJOKHA JIETKO
MOXET NPOUCXOAUTH IIEPEKAYMBAHUE DHEPIUU DIIEKTPOMArHUTHOM BOJHBI BO
BTOPYIO MOJSAPHU3aLMOHHYI0 Moay. IIpu 3Tom naxke BecbMma Malsible BO3MYLICHUS
BJIOJIb BOJIOKHA JIETKO «CBA3BIBAIOT» MOJbI. B pe3ysbrare Takou CBSA3HM MEXAY
NOJIIPU3ALIMOHHBIMUA MOJIAMH JIMHEWHO TOJSPU30BaHHAs BOJIHA, BBEJICHHAs B
OJTHOMOJIOBOE (KPYTJIOE) BOJIOKHO, CTAHOBUTCS JJUIHIITUYECKU TTOJIIPU30BAHHBIM,
IPOUJA IOCTATOYHO KOPOTKOE paccTosiHUe. COCTOSIHME MOJSpU3ALMM B TaKOM
BOJIOKHE YYBCTBUTEJIBHO K HW3MEHEHMSIM TEMIIEPATYPbl OKPYKAIOLIEH CpEXB,
JUIMHBI BOJIOKHA K MEXaHUYECKUM HAIPSHKCHUAM U T.JI.

YCTOMYMBOCTh TNOJSIPU3allMM B BOJIOKHE MOXHO PEalIn30BaTh, €CIU
UCIIOJIB30BaTh CEPALECBUHY BOJOKHA IPSAMOYTOJIBHOIO WIH JIIMITUYECKOTO
CEYEHUsT WU CEPALIEBUHY KPYIJIOTO CEYEHUs C OCEHECUMMETPHYHBIM
pacupeneneHueM IOKaszareils IpPeoOMIICHHMs. B TakoM BOJIOKHE CHUMAaercs
BBIPOJKJICHHE OPTOTOHAJIBHO IIOJSPU30BAaHHBIX MOJ, W JBE OPTOTOHAJIBHBIC

KOMIIOHEHTBI 3JICKTPOMArHUTHOW BOJIHBI (HElx1 u HElyl) OylyT UMETh pa3HbIe

NOCTOSIHHBIE PAcIpOCTPaHEHUsl. DTO YMEHBUIAET HYHEPreTUYECKYIO CBSI3b MEXKIY
OPTOTOHAJIBHBIMM IOJISIPU3ALMOHHBIMA MOJAMH M B 3HAUWTEIBHOM CTENEHU
peloTBpallaeT npeodpa3oBaHue MOJISPU3aLUU Ha HEOJHOPOIHOCTSIX BOJOKHA.
[Tonsipu3alluOHHOE BBIPOXKJIECHUE BOJIOKHA MOKHO CHSTH JIMOO BBEIACHHEM
NONEPEYHOMN JUIMIITUYHOCTH CEPALIEBUHBI BOJOKHA JIMOO BBOJSI MHIYIIMPOBAHHOE
JBYJIy4ENIPEJIOMIICHHE MaTepHajla CBETOBOJAa. B mocimegHeM cioydae Ipu
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W3TOTOBJICHUH BOJIOKHA HCHOJIB3YIOT PAa3HOPOJIHBIE MaTEpHabl C Pa3INYHBIMU
TEMIEPATYPHbBIMU  KOX(PPUUUEHTAMH PACHIMPEHUs. OTO IO3BOJSIET BBOAMTH
AHU30TPOIHIO HANPSHKEHUH B BOJIOKHO MOCpPEACTBOM 3(dekta (PoToympyrocty,
YTO MPUBOJIUT K COOTBETCTBYIOLIEMY ABYJIyYEePEIOMICHHIO. BeilencTeue pasHbix
KO3(PUIIMEHTOB TEIJIOBOTO PACHIMPEHUS U  TMOBEPXHOCTHBIX  HATSDKEHUU
II0JIy4aeMO€ BOJIOKHO HMEET LWIMHIPUYECKYI) CEPIALEBHHY, JJIMNTHYECKYIO
BHYTPEHHIOIO 000JIOYKY M LMJIMHIPUYECKOE BHEIIHEE NOKpbITHE. Bo3HMKaromas
aHU30TPOINUSA ONPENEIAECTCS TaK Ha3bIBAEMBIM MOJAJIbHBIM

JIBYJIyYEIPEIOMIICHUEM |

B_Bx—ﬁy
Coomn
Uem Oosbllie MOAAIBHOE JABYJIYYEHPEIOMIICHHE, TEM MEHBIIE CBSI3b MEXKIY
MMOJEIPU3aIMOHHBIMHU MOJaMH. HJ’ISI KOJINUECTBEHHON OLICHKHU BCIINYHMHBI B 06I>II-IHO

UCIIONIB3YIOT TaK Ha3bIBAEMYIO «JUIMHY OueHui» g, paBHYIO

L =2n/[Bx —By|- (3.6)

OueBuHO, qTO Tpebyemoe OomnpImoe 3HAYCHHE MOAAJIBHOTO
IBYJIYYETIPENIOMIICHHS], CYIIECTBEHHO YMEHBINAIOIIEE MOJIIPU3AIMOHHYIO CBS3b,

OIpe/ieNIsieT BeCbMa MaJloe 3Ha4eHHe JUIMHBI OueHnil L, (mmHa OneHmit noimkHa

OBITh MHOT'O MEHBIIE XapaKTEPHOrO TMEpHUOJa BO3MYIIEHUM, NEHCTBYIONIUX Ha
BOJIOKHO). TakuM 00pa3oM, HaWJIYUIIIUM CIIOCOO0M oOecrieueHHs paboThl BOJIOKHA
HA OJIHOM COOCTBEHHOW TOJIAPU3AIIMOHHOW MOJE SBIISIETCS  YBEIIMYEHUE
JBYJYUETIPEIOMJICHUS MEXAY JIByMS COOCTBEHHBIMU MOJISAPU3AIMOHHBIMU

MOJ/IaMH.
3.2. D1eMeHThbl HHTErpaJbHOH ONTUKH

3.2.1. BoaHoBoabl
[Ipu co3gaHnM BOJOKOHHO-ONTHYECKUX THUPOCKOIOB IIMPOKO HCHOJIB3YIOTCA
uaTerpanbubie ontundeckue cxeMol (M1OC), ¢ mOMOIIBIO0 KOTOPHIX CBETOBBIE MYYKU
OT HWCTOYHHMKA CBE€Ta TMOJBOIATCA K BOJIOKHY, IPOU3BOJUTCS [ICJICHUE U
nocieaywIiiee O00beAMHEHNE CBETOBBIX IIy4YKOB, oOecrneunBaeTcs ¢a3oBas
Monynsitusi W T.4. OcHOBHbIMH 3iieMeHTamMu HMOC  SBASIOTCA ONTHYECKHE
BOJIHOBO/IbI, CPEJIM KOTOPBIX YaIlle BCETO MCHOJIB3YIOTCA KAaHAIBHBIE BOJHOBO/IBI.
[Ipy W3roTOBICHUWM KAHAIBHBIX BOJHOBOJOB HEOOXOJAMMO HCHOJb30BATh
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MOJUIOXKKY, Ha KOTOpOM 00pa3oBaH IUIOCKUNA CJIOW ONTHUYECKH MPO3PAYHOTO
MaTepualla, SBIIIOLIUICS yKe M0 CyTH Jela INIOCKUM ONTUYECKUM BOJHOBOOM.
OCHOBHBIMH METOJAMU U3TOTOBJICHHSI INIOCKUX BOJIHOBOJOB SIBJISIFOTCS

® pacHblICHUE AUDIIEKTPUYECKHX IIJIEHOK;

e OomOapaupoBKa HOHAMH (ITPOTOHAMH);

o muddy3us aTOMOB MpUMeECEd;

® DIUTAKCHAIBHOE BBIPALIMBAaHHUE.

[Tocne co3naHusg TMOUIOKKH C IUIOCKMUM ONTHYECKMM BOJHOBOJIOM Ha
IIOBEPXHOCTH IUIACTHHBI MOYKHO OJHOBPEMEHHO 3a1aTh IIONEPEYHBIE pa3MeEpbI
psiia KaHAJIbHBIX BOJHOBOJOB, HCHOJB3ys OOBIYHYIO (POTOIUTOrpaPUUECKYIO
TE€XHUKY, MOJOOHYI TOH, KOTOpas HCIOJIb3YETCS B TEXHOJOTMU H3TOTOBJICHUSA
IIEKTPUUYECKUX MHTErPAbHBIX cxeM. OOBIYHBIA METOJ W3TOTOBJICHHS KaHAJIbHBIX
BOJIHOBOJIOB COCTOMT B HAHECCHUHU

Ha oOpasell C IIOCKUM BOJTHOBOJOM 4

dboTopesucra, oOnydyeHue ero L‘B
yIbTpa-(QUOJIETOBEIM WJIM  PEHTTeE-

HOBCKUM W3JyYEHUEM yepes ?;?g«[ﬂpe- [P S
KOHTAKTHO  HAJIOXKCHHYK)  MackKy, Tomiox-— ~ BOJIHOBOJ]
KoTopasgs M ompenenser Qopmy Ka I

BOJIHOBOJIA npu MPOSIBIICHUH

doTopesucra, TociIe 4YEro  Ha e

NOBEPXHOCTH  OOpa3ua  ocTaercs | ]

KapTUHa TpeOyeMol CTPYKTYphI, Kak

9TO MOKa3aHo Ha puc. 3.9. Puc. 3.9

3.2.2. CBsI3b MeK1y BOJTHOBOJIAMH.

[Tpu moHOM BHYTpEHHEM OTPAKEHUHU SJICKTPOMArHUTHAsI BOJHA MPOHUKAET
yepe3 rpaHuily pasfesia IByX Cpell BO BTOPYIO cpeay U ObICTPO 3aTyXaeT B HEW.
OTO0 co3maeT MPEANOChUIKM AN MpOsiBICHUSA  d(PQexTta ONTHUECKOTO
TYHHEJIUPOBAaHUS, HAa OCHOBE KOTOPOI'O BO3HUKAET CBS3b BOJIHOBOJIOB C
ONTUYECKUM BOJIOKHOM, CBSI3b MEXIy BOJHOBOAaMH U T.A. Vcmonb3oBaHue
SBJIEHUS] OINTUYECKOrO0 TYHHEJIMPOBAaHUS IO3BOJIMJIO CO3/4aTh TaK Ha3bIBacMbIe
HalpaBJeHHbIE OTBETBUTENH, LIUPOKO HCIOIB3YEMbIE B BOJOKOHHO-ONTHUYECHX

JIMHUAX CBA3U U BOJIOKOHHO-OIITHUYCCKHUX THPOCKOIIAX IJIA pasACJICHUSA U CBCACHHA
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ONTHYECKUX IMy4YKOB. PaccMoTpum paOOTy HampaBIEHHOTO  OTBETBUTENS
noapoOHee.

[Ipu pacmpocTpaHeHHHM CBeTa MO JBYM OJU3KO JICKAIIUM IapajuieTbHBIM
KaHaJdbHBIM BoHOBOAaM (puc. 3.10) 3a cyer mepekphITHS 3JICKTPOMArHHTHBIX
ToJIeH MEXIy BOJIHOBOJAMHU 00pa3yeTcsl CBSI3b, KOTOPYIO MOXXHO TPEICTABUTH C
MTOMOIIBI0 CHCTEMBI YPaBHEHUH JIJIS aMILTUTY/T ITOJICH B BOJTHOBOIAX:

% = —iBE, (2) - IXE,(2)
%:—iBEZ(z) - iXEl(Z)’

rae B=Kkcos0; X - koaphuiueHT CBSI3U MEK/Ty BOJTHOBOAMH.

Eciu mpearnonokuTh, 4TO CBET BBOAUTCS B BOJHOBOA 1 B Touke Z=0, TO
rpaHUYHOE yCIIOBUE MOXKHO 3anucath B Buge Eq(0)=1, E»(0)=0.

TTokazaremn  IlocTosHHAsA
IPEIOMIEHHS pacOpoCcTpaHeHHs

Ceetoromm 1 = # B

/ Bun

CBEPXY

\
CeeToBO 2 Fis i > :D
4

Puc. 3.10

Toraa nonydaem penmieHus
E(z) = cos(Xz)e'P?,
E,(z) = —isin(Xz)e'P2.
I[JISI HMHTCHCUBHOCTH CBCTA B BOJIHOBO/JIAX ITOJIydacM
*
| = E{E{ =cos?(Xz),
* . 2
I, = EoEp =sin“(Xz).
Buauaine Bcs OHCPIUA 3JICKTPOMAIrHUTHOI'O IIOJIA COCPCAOTOYCHA B BOJIHOBOAC 1.

[Tocne nmpoxoxkaeHus HEKOTOPOTO MYTH BIOJIb OCH Z, KOTIa BBIMIOJIHAECTCS YCIOBUE
Xz =m/2, Bcst HEPTHS AIEKTPOMArHUTHOTO TIOJIS IEPEXOJUT B BOJIHOBOJ 2 H T.I.
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Paccrosinre, Ha KOTOPOM TMPOMCXOIAUT TEPEXOJl JIHEPTUU TOJS U3 OJHOTO
BOJIHOBOJIA B JIPYTOi, Ha3bIBACTCS JJIMHOM CBSI3U WM JJIMHOM Ouenuit L=m/2X .
D} dexTUBHOCTD CBSA3U OMNpeAenseTcs corjacoBaHueM ¢as, T.e. JOJDKHO
BBITIOJTHATHCS YCIIOBHE
Ap=P1-P2=0.
Ecam 310 ycnoBue BBITIONHSETCS, TO HAOIIOAASTCS IMEPEeXO0] dHEPTUU U3 OJHOTO

BOJIHOBOJIa B JIPYTroli M OOpAaTHO C MPOCTPAHCTBCHHBIM IIEPHOJAOM PABHBIM JJIHHE
271

=
X 1+(AB)
2X

KoapdumuentoM CBA3M MOXKHO YNPaBIATh TOCPEACTBOM H3MEHEHHS

cBsi3u L. B obmem ciygae L=

MOKa3aTelsl  MPeJOMJICHHs OpH  [MOJadye  HANpsHKEHHS  HA  DJIEKTPOJIbI
(anexTpoontuyeckuit apdext (puc.3. 11)).

2 SIeKTPOabl 4

P
SERRRRNANN
DNNNNNNNNNY

- NN
1 AR 3
N

‘rVdp
Puc. 3.11

Paccmotpennbie 3¢(eKThl MHMPOKO HCIONB3YIOTCS B HMHTETPAIbHOW ONTHKE IS
peanu3anuu ONTUYECKUX OTBETBUTEIICH, CMECUTEIIEH, IIEPEKIIIOYATENICH U JIP.

3.3. Bonpocskl u 3agaun
ITo pa3neny 3.1.1. MeTa/uin4ecKuii CBETOBO/

1.Kaxoit ¢puznueckuii cMbICT UMEIOT (Da30BBI€ YCIOBHS IJIsl PACIIPOCTPAHEHUS
CBETOBOI BOJIHBI?

2.Kakyto aHaJ0THI0 MOYXHO MPOBECTH MEXAY ONTHICCKUM PE30HATOPOM H
BOJIHOBOJOM?

ITo pa3neany 3.1.2. Moabl pacnipocTpaHeHUs

1.Yro npencrasusier cod0i MOa pacpOCTpaHEHUsI CBETOBOM BOJIHBI B
BOJIHOBOJE?

2.Yem ompenensercs BEIMUYNHA KPUTHIECKON YaCTOTHI paCIIPOCTPAHCHHUE BOJTH
BJIOJIb CBETOBOA?
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3.Kakue yciioBusl TOJDKHBI BBITIOTHATHCS JIJIS peaTU3aiK OJJHOMOIOBOTO PEKUMA
pactpocTpaHEHUS BOJIH B CBETOBOJIC?

ITo pazneny 3.1.3. ludjieKTpUYECKHUIl CBETOBO/

1.B gyem cnenuduka GpazoBbIX yCIOBUHM B TUIIECKTPUUESCKOM CBETOBO/IE?
2.Kakne 0coOOEHHOCTH OCYIIECTBICHHS OJJTHOMOJIOBOTO PEXHUMa B
JURJIEKTPUUECKOM CBETOBO/IE?

ITo pazneny 3.1.4. OcHOBHBbIE THIIBI ONTHYECKUX BOJIOKOH

1.Kakue TUIBI BOJIOKOH MCTIONB3YIOTCSI B OCHOBHOM Ha MPAKTUKE?

2.Yto npencraBisieT cOO0M BOJIOKHO, COXPAHSIONIEE MOJISIPU3AIHI0?

ITo pazgeny 3.2. JjeMeHTHI HHTEIPAJIbHOI ONTUHKHU

1.Kakue TeXHOJIOTUIECKUE METObI UCTIOIB3YIOTCS JUIsl H3TOTOBJICHUS TITIOCKUX
BOJIHOBOOB?

2.Yrto mpencraBiseT co00W KaHATBHBINA CBETOBO M KaK OH CO3/1a€TCS?

3.Kak paboratoT HanpaBIeHHbIE OTBETBUTEIN?

3.4. JIutepaTypa

1. Xauncnepmxkep P. Unterpanshas ontuka. [lep. ¢ anrin. — M.: Mup, 1985.

2. Kozanne A., ®nepe XK., Metp I'., Pycco M. Ontuka u cBsizb. M.: Mup, 1984.
3. byrycoB M.M., Bepauk C.M., I'anikun C.J1., BOTOKOHHO-ONTUYECKHE CUCTEMBI
nepeaaun. M. Paguo u cBs3b, 1992.

3.5. IlpeaMeTHBIH yKa3aTelb

[ BomHOBOZ — 101 |

[ rpaguenTHOE BOIOKHO — 99 |
[runaa Guenmii — 101 |

[mHa cBsa3u — 104 |
[kananbHEI BoaHOBO — 101
[kpuTHueckast yacrtora — 93|
[Mozb! pactipocTpanenust — 94 |
| HanpaByiennbie oTBeTBUTEMH — 102
[o000uka cBeToBOa — 90 |
lomHOMOOBOE BOTTOKHO — 95|
lonTryeckoe BOJOKHO — Y0 |
[cBeToBOT — 90 |

[cepaueBuna ceeroBoja — 90|
[pa3oBble ycnoBus — 92 |
[dboTopesuct — 102 |
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4. BOJIOKOHHO-ONITUYECKHWIA T'MPOCKOII

Cxema onbiTa CaHbsika, pacCMOTPEHHOTO B paszzeine 2.1, umeer Buj, npuBe-

neHHbld Ha puc. 4.1. HamoMHHM KpaTKO OCHOBHBIE OCOOCHHOCTH IPOBEIEHUS

onbiTa. CKOJUIMMUPOBAaHHBIA M TNOJIAPU30BAHHBIN

IyYOK CBETa 3aBOJWJICS B MHTEPPEPOMETP, B KOTO-

pOM pa3ziensics Ha JBa Iy4ka, OOXOJMBILUX HWH-

TeppepomMeTp BO BCTpEUHbIX HampasiieHusx. Ilocie

00x0/1a My4YK: COBMEIIAIUCH U UHTEp(DEepEHIMOHHAS

OI1 KapTHHA pEerucTpupoBaiach Ha (HOTOIJIACTHHKE.

\ S DKCIIEpUMEHTBI NIOKA3aJIM, YTO IIPU BPAILEHUU yCTa-

HOBKM HHTEp(EepeHIIMOHHAs KapTHHA CIBUIaJach,

Puc. 4.1 MPUYEM CIABHUI OKa3aJICd IIPONOPHUOHAIBHBIM CKO-

poctu BpameHusi. CABUT MHTEP(PEPEHIIMOHHON KapTUHBI TOBOPUT O TOM, YTO MpPH

BpalICHUM ONTHYECKas JIJIMHA IyTH WKW BpeMsl 00Xxoaa mHTepdepoMeTpa CTaHO-
BATCS PA3JIMYHBIMU JUIsI BCTPEYHBIX ITYYKOB.

AL=2 0 (4.1)
C

B omeite Canpsika Q = 212,35 c_l, S = 866 CM2, torma AL = 0,017 MxMm.

[Tpu mmuae BomHbl A = 0,43 MM 310 coctaBiser 0,04 monockl. CMemeHue moiaoc
npu W3MEHEHWHW HaIlpaBJICHUs BpaimleHusi okasbiBaercs paBHbIM 0,08 momocsr.
Canpsik nmomyunn 0,077 monockl. BusiHO, 4TO 4yBCTBUTENIBHOCTh METOJIa OUYEHBb HE
BEJIMKA U MPOIMOPLIHUOHANIbHA IJIOMAAN KOHTYpa. [t mpakTHuecKoro ncnoib30Ba-
Hus dpdexra Canbska Mpu U3MEPEHUHN CKOPOCTEW BpallieHuss He0OXO0AUMO YBEIH-
YeHUE YYBCTBUTENHHOCTH. OJTHUM W3 ITyTEH MOBBIIMICHHUS] 9yYBCTBUTCIIBHOCTH SIBJISI-
eTcsl mepexo oT (a30BbIX U3MEPEHUH K 4aCTOTHBIM. MIMEHHO Mo3TOMY Cpasy Io-
CJie CO3JaHMs TIEPBBIX JIa3epOB MOSBUIIACH WISl U3MEPEHHs YTIIOBHIX MepeMerne-
HUM C TOMOIIIBIO KOJIBIIEBBIX JIA3€POB, T.€. UJIes CO3/JaHus Ja3epHOT0 TUPOCKOTA.

4.1. BoJ10OKOHHO-ONTHYECKUI THPOCKOI
Jlpyrum myTeM yBeTU4YeHHS 9yBCTBUTEIBHOCTH HHTEephepomeTpa CaHbsIKa K
CKOPOCTHU BpAIllEHUS SIBISIETCS MCIOJIB30BaHKME CBETOBOJIOKHA. CaMo 1o cebe uc-
MI0JIb30BaHUE BOJIOKHA HE MOYKET M3MEHHUTh YYBCTBUTEIBHOCTH MHTEPHEPOMETPa,

OJTHAKO, B TOM Cllydae, KOrja BOJOKHO 00pa3yeT MHOIOBUTKOBYIO KaTyIlKy (pHC.
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4.2) gyBcTBUTENHHOCTH yBenmuunBaeTcst B N pa3, rae N 4uciio BUTKOB BOJIOKHA B
KaTyllKe.
Pa3nocTs (ha3 BCcTpeyHbIX BOJIH Ha BbIxoje uHTephepomerpa CaHbsika ompe-

AL
ACIEICTCA PA3HOCTD ONTUYCCKUX TJIIMH @ = 27'57 quTBIBaH, 49TO Pa3sHOCTL OIITU-

YeCKUX JJIUH B uHTEpPepomerpe Canbsika

®I1 AL mpornopuyroHagbHa CKOPOCTH Bpallle-
¥ Hus  (Belpakenue (4.1)),monmydaem s
I
8nS
Hcr = pasHoCcTH (a3 B paguaHax Qg ZKLQ'
C

31ech moa (s MOHMMaeM pasHOCTh a3,
oOycnoBneHnyto ddpdexrom Canbsika Win
BpalieHueM. Eciv 3aMKHYTBIM ~ KOHTYD
obOpasyercs Karymkoi BojiokHa ¢ N -
Puc. 4.2 BUTKaMH, TO A3 PeKTUBHAS TLIOMIAIb
uHTeppepomerpa yBenauuuBaeTcsi B N
pa3. B aToMm ciydae mosrydaem pa3HOCTh (a3 BCTPEUHBIX BOJH IMOCIIE 00X0/1a KOH-
Typa B BUJIE
8nNS 4nRL
— 0=
AC AC

2
rae L — qirHa BOOKHA B ONTHYECKOM KOHTYPE, 3/1eCh YUTEHO, 4To S=nR".

Ps Q, (4.2)

[Tpu ciokeHWM CBETOBBIX IYyYKOB Ha BbIXoJe HMHTepdepomeTpa (cM.puc.
4.2) monyvaercss WHTEp(EPEHIIMOHHAS KapTHHA C HEKOTOPBIM pacHpeieiicHHEeM
MHTEHCUBHOCTHU CBETA IO MPOCTPAHCTBEHHOW KoOpAuHaTte. ECiu CBETOBBIE yUKH
Ha BBIXOJle MHTep(epoMeTpa UAYT MOJ HEKOTOPBIM YIJIOM & JPYr OTHOCUTEIHHO

Apyra, 1mojayd4acM HHTCHCUBHOCTDb CBCTA B BUJIC
2n
| = 2I0{1+ cos(Tocx +¢g) |

Ecnu myuku Ha BbIXoAe UHTEpPEPOMETpa CIOKEHBI UJI€aIbHO, TO HHTEHCUBHOCTD
cBeTa B MHTEP(hEPEHIIMOHHOM KapTUHE pPaBHA

| =21g(1+cosqg).
Takum oOpazom, ¢ ydetoMm (4.2) MOXKHO yTBEpXKIaTh, YTO U3MEHEHUE CKOPOCTH
BpaleHus BeAeT: 1) K M3MEHEHHWI0 MHTCHCHBHOCTH 1o COS (ecmu « = 0); 2).
caBury uHTephepeHnronHon kaptuuku (ecim o # 0). byaem B nanpHewmem s

IIPOCTOTHI CUUTATh X = 0. 3aBUCHMMOCTh MHTEHCUBHOCTH CBETa B 3TOM clydac OT
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CKOpPOCTH BpallleHHs MpecTaBieHa Ha puc. 4.3. Kak BUIHO U3 pUCYHKA, BBIXOIHAS
xapakrepuctuka BOI' (3aBHCHMOCTh WHTEHCHBHOCTU CBETa B MHTEP(PEPCHIIMOH-
HOW KapTHHE OT Pa3HOCTH (pa3 BCTPEUHBIX BOJH HMJIM CKOPOCTH BpallleHUs) oOia-
JIAET CYIECTBEHHON HEIMHENHOCTHIO.

I

p

M f;;’f\{ /\
7 ;
\ / \/ \,// x’r -
-8 Sin &2

0

Puc. 4.3
Kpome Toro, B 06macTi MaibIX CKOPOCTEH BPAIICHUS YYBCTBUTEIBHOCTH K

BpAILlEHUI0O MUHUMAaJIbHA, ITOCKOJIbBKY pabouasi TOYKa B 3TOW 00JacTH HaXOAWUTCS

Ha IUIOCKOW BEpIIMHE KOCHMHYca. MeToasl O0phObI C STUMHU HEIOCTATKAMH U TEX-

HUKa 00paOOTKHM BBIXOJHOTO CUTHaNa OyIyT pacCMOTPEHBI HIXKE.
YyscrButenbHOCTh BOI' K CKOpPOCTH BpaleHusi, BhIpaKEHHAs B €IMHULIAX

Ps 9) HMCCT Pa3MCPHOCTb BPEMCHHU, UBMCPACTCA B CCKYHZIAX U MHOT'ZId BbIPAXKACT-

ca B cnennduueckux eaununax . Ilpu ckopoctu BpamieHus, paBHOU ), pas-
HOCTh (pa3 BCTPEUYHBIX BOJH paBHa 1 MUKpOpaaHaHy, YTO XOPOILIO COOTBETCTBYET
OIIEHKE IIYMOBOTrO Mpejena Win HectaOuibHOCTH caBura Hyds BOI, nexammx
00b1yHO B quanazone ot 0,1 no 10 mxpan.

MoXHO yBEJIMYMBATh WIM YMEHBIIATh YyBCTBUTENIbHOCTH BOI', u3Menss
IUIOLIAAb BOJIOKOHHOM KaTyliku. Takas rHOKOCTh B M3MeHeHUU napameTpo BOI
IyTEM HM3MEHEHHSI €ro N'€OMETPUM SIBISIETCA BAXHBIM MPEUMYIIECTBOM TEXHOJO-
run BOI', mOCKONIBbKY OJTHU U T€ K€ KOMIIOHEHThI U TEXHHKA COOPKU MOTYT OBITh
WCIIOJIB30BaHbl JJI CO3JaHUs TUPOCKOIOB Pa3HON TOYHOCTH 0€3 M3MEHEHHS OCO-
oeHHocTelt koHCTpyKIuu. [lapamerpsl aByx BapuantoB BOI' ¢ BeICOKOM U cpen-

HEH 4yBCTBUTEIBHOCTBIO MpuBeacHbI B Ta0Owuie 4.1 (Q; — CKOpOCTh BpalleHwus,

COOTBETCTBYIOINAsI pa3HOCTH (a3, paBHOU TT):

Tabanma 4.1
UyBcTBHUTEIB- L, D, A A s/ Q, Q,
HOCTb KM CM HM Q °/c °[gac
c
Bricokas 1 10 1550 1,35 133 0,15
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| Cpemmss |02 3 80| 015 | 1220 | 14 |

Kax B m1000i1 maccuBHOM ontuyeckod cucteme, B BOI' Teopernuecku uys-
CTBUTEJIbHOCTh OIpaHU4Y€Ha (DOTOHHBIM JPOOOBBIM LIYMOM, aHAJIU3 KOTOPOTO OC-
HOBBIBACTCSl HAa YTBEPXKIEHUH, YTO cymMmupoBaHHe N HEKOPPETUPOBAHHBIX AMC-
KPETHBIX YacCTHIl, TAKMX KaK (POTOHBI, SBJISETCS CIydyallHBIM MPOLIECCOM CO Cpell-
HUM KBaJPATHYHEIM OTKJIOHEHHEM, paBHbIM W. THIHUYHOE 3HAYEHHE MOIIHOCTH
CBETa, BBILIEAIIETO U3 MHTepdepomerpa, IexuT B auanazone ot 1 go 100 mxBr,
YTO COOTBETCTBYET MOTOKY OT 10% 110 10 dotonoB B cekyHay. Torma CKO pe-
3yJbTaTa CyMMHUPOBAHHUSI COCTaBISET OT 10° 710 10 ($OTOHOB, YTO AAaeT OUIMOKY

-6 -7
m3mepenns dassr mopsiaka ot 10 g0 107 /NI 3a cuer ycpeaHeHus ommoKa us-

-7 -8
mepeHus ga3pl MoxeT ObITh AoBeaeHa a0 10 ...10 -, B To BpeMs kak aOCOIIOT-
HbII HaOer (a3bl IpHU MPOXOXKAECHUU BoJIoKHA JutiHOM oT 100 M 10 1 kM cocTaBiis-

9 10
er ot 10” mo 107" paguan. Takum o6pa3om, mpeen YyBCTBUTEIBHOCTH HAXOAUTCS

Ha 16...18 nmopsakoB HUXKE OOIIEro MyTH MPOXOJUMOTO CBETOM IO BOJIOKHY, B TO

-5
BpeMsl Kak M3MEHEHHWe JUIMHBI 3a cueT Temieparypbl coctasiser 10 /°K. Takas
BBICOKAsi TOUHOCTb MOKeT ObITh AocTturnyta B BOI' 3a cuer ucnonws3oBaHus QpyH-
JAMEHTAJIBHOTO IPUHIMIIA B3AaUMHOCTH IIPY PAaCIPOCTPAHEHUU CBETA B JIMHEWHOU

cpene.
4.2. llpuHUMI B3AUMHOCTH

[IpyHIIMT B3aMMHOCTH TJIACHUT, YTO JJIsS JIt0OOW CBETOBOM BOJIHBI, pacrpo-
CTPaHSIOLIECHCS B JIMHEWHOMN Cpelie, CYLIECTBYET MPOTUBONOJIOKHO HAIIPABICHHAA
BOJIHA, KOTOpasi UMEET TOYHO TaKoi >ke Haler ¢ha3bl U TOUHO TaKoe ke ociadiieHue
aMIUTUTYbl. B CBOOOIHOM TIPOCTpAHCTBE TPYAHO 00ECIIEUUTh MPOCTPAHCTBEHHOE
COBIIAJICHUE BOJIH JUIsl TPOBEPKU ATOTO MpuHIUNA. TeM He MeHee, B 0OJTHOMOJIOBOM
CBETOBOJIE MPOCTPAHCTBEHHOE COBMEIIEHHWE OOECIEYMBAETCS ABTOMATHYECKH U
TpeOyeTCsl TOIBKO JOOUTHCS PABEHCTBA BBOJMMBIX MOIIIHOCTEW BCTPEUHBIX CBETO-
BbIX BOJIH. [IpH BBINOJHEHHH 3TOrO YCIOBUSI BCTPEUHBIE BOJIHBI ABTOMATHYECKU
CTaHOBATCS B3auMHbIMH. HeB3ammubie 3(dekThl (B MepByro odepeab K 3TUM d(h-
bexTam otHOcUTCS U 3ddekt CaHbsKa) HAPYIIAIOT MPUHIKI B3aUMHOCTH U CO3-
JAI0T pa3liuyuvs B YCJIOBHUSIX pacIpOCTpPaHEHUs] BCTPEUHbIX BOJIH. Clienyer oTMme-

TUTh, YTO PE3yJIbTAThl BO3JEHCTBUA HEB3aUMHBIX d(PPEKTOB SBIAIOTCS BEIUUHHA-
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MH TIEpBOTO Mopsiaka Manoctu (o napamerpy DQ/c) mo oTHOIIEHHIO K B3aMMHBIM
HaOeraMm (pa3bl U U3SMEHEHUSIM aMILTUTY 1.

[TepBas skcnepuMenTanbHas geMoHcTpanua BOI, Tem He MeHee, mokaszana
€ro CYIIECTBEHHYIO HEB3aUMHOCTh. IHTEepdEepeHIIMOHHBIE KObIla, HAOTI0JaeMbIe
Ha 000X BBIXOJaX MHTEpPPEPOMETPa, CYIIECTBEHHBIM 00pa30M 3aBUCENIN OT FOC-
TUPOBKU KOHIIOB BOJIOKHA. DTa mpobiemMa MOrjia CTaTh CEPhE3HBIM OIpaHUYEHUEM
P JTOCTHKEHUH BBICOKOW TOYHOCTH, HO BCKOpE OBLIO MOKa3aHO, YTO OHA JIETKO
perraercsi ¢ MOMOIIbIO TaK HA3bIBAEMOW B3aMMHOW WJIM MUHUMAIbHOW KOH(UTY-
pauwu (puc. 4.4), Tae cBeT BBOAUTCS B MHTepdEepoMeTp depe3 0THOMOIOBBIN BOJI-
HOBOJIHBIM (PUIIBTP U TJ€ BBIXOIAIIAsS U3 UHTEp(EpOMETpa CUTHAJIbHAS CBETOBAs
BOJIHA (PMIIBTPYETCS TEM K€ CaMbIM BOJIHOBOJHBIM (PUIBTPOM. DTO oOecreunBaeT
0o0erM BOJHAM, MPOMISAMHNM HHTEepdepoMeTp, OJAMHAKOBYIO 00yl ¢asy, He-
CMOTpPS Ha BO3MOKHBIE T€(PEKTHI CBETOICTUTEIS.

Jenurens HerzauMHBIH
1 Ay P
e )| it h !
: { :*:"“'“;l— '_CD —
IHomspu- v,
1
CBCe]:r(;tqHHK | 34TOP " HMenu- | Karymka
13| IlpueMHHK TeJIb
Puc. 4.4

Pexum B3anuMHOCTH MHTepdepomeTpa He TpeOyeT HENpPEepbIBHOTO OJHOMO-
JIOBOTO pacHpoCTpaHeHusi, a TpeOyeT TOJBKO JHILIb OJHOMOJOBOrO (puiabTpa Ha
o0I1eM BXOJIHOM-BBIXOJJHOM TOPTE, Ha3bIBAEMOM B3aUMHBIM MOpTOM. Takoil ox-
HOMO/JIOBBIN (DPUIIBTP BKIIOYAET B C€0s1 OTHOMOJAOBBIN MPOCTPAHCTBEHHBIA (PUIIBTP,
a TaKKe MOJSAPU3aTOp, MOCKOIbKY OJHOMOJOBOE BOJIOKHO, MCHOJIb3yEMOE B JIaH-
HOM Cllyyae B KayecTBE€ MPOCTPAHCTBEHHOro (hUIbTPa, MPOMYCKaeT IBE OPTOro-
HaJIbHBIC MoJisipu3anuu (MMeeT JBe cOOCTBEHHBIC Toyspu3anuu). Mcmnons3oBanue
coxpamnsitoriero nossipu3anuio (CII) BoJOKHA MOBBIIAET TOYHOCTh YCTPOMCTBA U
NO03BOJIsIET N30eXkKaTh 3aTyXaHUsl CUTHAJA, HO JJaKe B 3TOM CIIydae >KelaTeIbHO HC-
MOJIb30BaTh MOJSPU3ATOP.

CrnenyeT OTMETHTh OAHY OCOOEHHOCTH cxeMbl mnoctpoeHus BOI', Heobxo-
JUMYIO JIJIsl BBITIOJTHEHUS TpeOOBaHMM MPUHIIMIIA B3aUMHOCTH. {151 oOecnieueHus

MPUHIIAIIA B3aUMHOCTH HE0OX0aMMO, YTOOBI Haberu (a3 BCTPEYHBIX BOJH IIPH 00-
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XO07Ie BOJIOKOHHOTO KOHTYpa (IIpH OTCYTCTBHH BpAIICHUs) OBUIA PaBHBI MEXIY CO-
ooii. Tem He MeHee, B mpocTeimem Bapuante (puc. 4.2) BemoaneHuss BOI' ero
KOHUTYpalys He OTBEYACT MPUHIUITY B3aMMHOCTH JIJIsl BOJIH, HAIIPaBJICHHBIX Ha
¢oronpueMuuk. U3 puc. 4.2 BUIHO, YTO BOJIHA, PACTIPOCTPAHSIIOIIASICS 110 YaCOBOI
CTpEJIKE, IPOXOJUT YEpPE3 CBETOJEIUTENb JABAXbl, a BOJIHA, HANPABICHHAs IPO-
TUB 4aCOBOMW CTPEJIKH, OTPAXKAECTCS OT CBETONEIUTEINS JBAXKbl. YUATHIBAs CKAYOK
(a3bl BO3HUKAIOMINUN MPU OTPAKEHUH, TOJTydyaeM pa3HOCTh HaberoB (a3 BcTpeu-
HBIX BOJH, T.€. KOH(purypamus Ha puc. 4.2 o0namaeT HEeB3aUMHOCTBIO. B To ke
BpEMs I BOJIH, IPOUIEAIINX KOHTYP M BBIMIEIIIMX B HAIpPABJICHUH HWCTOYHHMKA
MMEET MECTO BBINOJTHEHUE MPUHIUIIA B3aUMHOCTH. Clie1oBaTeIbHO T0OUTHCS B3a-
MMHOCTH MOKHO MOMEIIEHHEM BTOPOT'O CBETOJEIUTEINS BJIOJIb BXOJHOTO ONTHYE-
ckoro mytu (puc.4.4). B nanHOW B3auMHOW KOH(UTypaiyu 00e BOJIHBI, UAYIIUE HA
(doTonpUEMHHUK, 110 /IBa pa3a MPOXOJAT CBETOJAEIUTENb U O JIBa pa3a OTPaXKaroTCs
OT CBETOJEIUTEIIS.

4.3. O0paboTKa BHIXOJAHOI0 CUTHAJIA

Kak oTmeuanocs Bbile, U3 rpadguka Ha puc. 4.3 BUAHO, YTO MPU MAJBIX yT-
JIOBBIX CKOPOCTSIX MHTEHCUBHOCTb CJIa00 MEHSIETCS MPU U3MEHEHUU CKOPOCTH, I0-
CKOJIBKY U3MEHEHNE MPOUCXOIUT IO BEPIINHE KOCUHYCA, T.€. YyBCTBUTEIBHOCTD K

MaJIbIM YTJIOBBIM CKOPOCTSM Majia. CKOpOCTh BpalleHus mopsjaka 194 coorserct-

ByeT CIBUTY (ha3bl MOPsIKa 10°- 107 pan. B To e Bpemst pu pa3paboTKe TUpPO-
CKOMNOB OOJIbIIIOE BHUMAaHUE YJIENSIeTCS BO3MOXHOCTH U3MEPEHHs] IMEHHO MallbIX
YIJIOBBIX CKOPOCTEM, MOCKOJIBKY IOPOT €r0 YyBCTBUTEJIBHOCTH OINPEAEIAETCS MU-
HHUMaJIbHOU HU3MEPSIEMON CKOPOCTBIO. UyBCTBUTEIIBHOCT PACCMATPUBAEMOIO HH-
TepdepoMeTpa MOXKHO ONPEIEIUTh Yepe3 MPOU3BOAHYI0 MHTEHCUBHOCTU CBETA B
uHTep(HEepeHIIMOHHON KapTUHE Mo pa3HocTu (a3. B aTrom ciiydyae uyBCTBUTENb-
HOCTb paBHA

1 dlg

1o d(0s)

I[aHHOG BBIPAKCHHUC ITIOATBCPKIACT, YTO HYBCTBUTCIIbHOCTh MaJjla ITPHU MAJIbIX CKO-

=2SinQg. (4.3

POCTSIX, TIOCKOJIBKY MPH MAJIBIX CKOPOCTSX SINQs MMEET Maayto BeIWYuHY. YTOOBI
YBEIUYHUTH YyBCTBUTEJIBHOCTh B O0OJIACTH MaJIBIX CKOPOCTENH MOXKHO BBECTU UCKYC-
CTBCHHYIO HEB3aUMHYIO Pa3HOCTh (ha3 BCTPEUYHBIX BOJIH, PABHYIO T/2 ¢ TE€M, YTOOBI

BBINTH Ha HanboJsiee KPYyTOH Y4aCTOK XapaKTEPUCTUKH.
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Hes3anMublii (a3oBelii cABUT HA T/2 MOXKET OBITH CO3[aH C IOMOIIBIO, Ha-
npuMep ucnoib3oBaHusi dpdexra Dapanes, sistomerocs 3hdexToMm HeB3aUM-
HbIM. B 3TOM citydae nony4yaem

I =2lg(1—sinopg).

OnHako, cxeMa ¢ UCKyCCTBEHHOW HEB3aMMHOW Pa3HOCTHIO (ha3 BCTPEUHBIX BOJH
o0nagaeT HeIOCTATKOM, CBSI3aHHBIM C YyBCTBUTEILHOCTBIO AJIEMEHTA, CO3/AI0IIe-
ro HEeB3aMMHBINA ()a30BBIA CIBUT (TaKOW 3JEMEHT OOBIYHO HA3BIBACTCS HEB3aHM-
HBIM ()a30BBIM 3JICMCHTOM), K H3MCHCHHUSIM BHEITHUX yciioBui. K TakuMm m3MeHe-
HUSIM OTHOCSITCSI OOBIYHO M3MEHEHHS BHEIIHErO0 MAarHUTHOTO TIOJISl, TEMIIepaTyphl
OKpyKatomel cpefsl u ap. M3menenus pazHoctu ¢as, 00yCIOBICHHBIE TaKUMU
dakTopaMu, BOCIIPUHUMAIOTCS KaK U3MEHEHHUsSI pa3HOCTH (a3, 3a CUeT U3MEHEHUS
Q. [TorToMy cxema ¢ HeB3aUMHBIM (DA30BBIM JIEMEHTOM HE MCTIOIb3YETCH.

Hanbonee ynaunoit okazangack B3auMHas cxema 00pabOTKH BBIXOIHOTO CHT-
HaJia C B3aMMHBIM (h)a30BBIM MOJYJIATOPOM, PACIIOJIOKEHHBIM Ha OJTHOM M3 KOHIIOB
BOJIOKOHHOM KaTymiku (puc. 4.5). PasHocts a3 A@ momynupyercs ot 7w/2 no —m/2

Ha yactote 1/2tg, rae 19 — Bpems 00X0/1a CBETOM BOJIOKOHHOTO KOHTYPA.

BS&HMH{:II‘TI
AQm= Pl £) - Pralt - 1) ﬁfﬁrﬁnp
‘< - L=
Pl 1)
Puc. 4.5.

BosokoHHas karymika B JaHHOM CITydae UTpaeT Pojih BPEMEHHOM JIMHHUH 3a-

nepkku. Pa3HOCTH a3 BCTpEUHBIX BOJH HA BBIXOJIE HHTEphEpOMETpa paBHa
Apm =om(t) —om(t—T0).

[Tpu yactoTe Momynsuuu, paBHOW 1/2Tg cCBeTOBas BOJIHA, HCIyCKacMmas B
MOMEHT BPEMEHH 1, B HAIpaBJICHUU IO YaCOBOM CTPEIIKE», UCIBITHIBACT 3aJICPK-
Ky 1o ¢aze Ha 90°, OTHOCUTETHFHO CBETOBOM BOJIHBI, PACTIPOCTPAHSIOIIUIICS «IIPO-
THUB YaCOBOM CTPEIIKM» M HE WCIBITHIBAIONICH 3aIePKKH (32 CUET IMOJIOKCHHS MO-

IyJsTOpA).
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B3aumuas dazoBas Momymsius MPUBOAMUT B OOIIEM Ciydae K MOAYJISIIAN
UHTEHCUBHOCTH cBeTa |, majparomero Ha poronpuemuuk (puc. 4.6).

y7 47
_TTokoii Bpamenue

o
—=. Monaymsius
) CMelleHHs
L —  Hym
O

—
o
S

v

Puc. 4.6.

[Ipu oTcyTcTBUU CKOpPOCTH BpamieHHus (2 MMeeM MOCTOSIHHBIH YPOBEHb MH-
TeHCUBHOCTHU. [Ipn Hammuuu () mosrydyaeM MOIYJISIUIO TI0 YacTOTe pabOThl MOJY-
naropa 1/2ty. Beixoanoii curnan gortonpuemnanka i =y (L+C0S¢@g) npu Momyns-
IIH PaBEeH

I=y[1+cos(n/2+¢g)]=ny(d-singg) npu 2ntg <t<(2n+1)1g.

I=y[1+cos(—n/2+¢@g)]=vQ+sineg) mpu(2n+1rtg <t<2(n+1)1g.
Al =y2sin(@g) .

['myOuHa Moaysiuuu ONpenensieTcss BEIMUYMHON (s, T.€. MOJIE3HBIA 3P deKT
MOJKHO OIpEAeNATh Mo IiyOuHe Moaynsuuu. B kadecTBe B3auMHOTO (ha30BOro
MOJIyJIATOPA Yallle BCEro UCHOIB3YIOT IMIUHID, BHIOJTHEHHBIN U3 MTbE30KEPAMHUKU
Ha KOTOpBIM HAMOTAaHO HECKOJBKO BUTKOB BOJIOKHA. [Ipu mojgadye Ha CTEHKH LiU-
JUHAPA HANpPSDKEHUS! €ro AUaMeTp W3MEHUTCS, BCIEICTBHE OOPATHOIO IMbe303(-
(dexra. Moayasaus MOXKET OCYILIECTBISITBCS 0 Pa3IMYHbIM 3akoHaMm. B cimyuae
IOPSIMOYTOJIBHOTO 3aKOHA MOMAYJISIIMH TOJIy4aeMbIil BBIXOJHOW CHUTHAJ MPEACTaB-
JeH Ha puc. 4.6. IIpu cuHyconanbHOM 3aKOHE MOAYJISIUHN BBIXOAHOM cUrHai ¢o-
TOTNPUEMHHUKA UMEET BU/I:

i(t) = Ag[cos(ps + @m cosopt)|=
= Ag[cos @ cos(¢y, COS®mt) —Sin @g sin(Qy, Cosomt)]
Hcnonb3ys paznoskeHue B psix o GyHkiusM beccens, momyynm
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i(t)=Ag cosos [Jo(om) +2J2(pm)COS20pt +...] + (4.4)

+ Ag sin @ [231 (o) sin oyt + 2J3(@r ) sin3om +...)-
[Tpou3Boas AEMOAYIISIMNIO, T.€. BBIAEIASA COCTABIISIONIYIO Ha 1-0if rapMOHHKE Yac-
TOTHl MOJAYJISALIMU B BblpakeHuW (4.4), momydaeMm curHai (MOCTOSHHBIA TOCHE
(GHIBTPAIMK U BBIIPSIMIICHHS), TPOIOPIMOHAIBHBINA CHHYCY CAHBbIKOBCKOTO C/IBH-

ra ¢a3 (g 1 COOTBETCTBEHHO CKOPOCTH BpareHus

S=CJli(pm)sinog.
Curuan S HOHY‘IGHHLIIZ IMOCJIC ACMOAYJIAIUU ABJIACTCA ITOJIC3HBIM CUTHAJIOM
C OUYCHb CTa6I/IJ'IBHBIM HYJ'ICM, HOCKOJ’II)Ky N3MCHCHUA MHTCHCHUBHOCTH CBCTA U aM-
IUTATYABI MOJIYJIALNN JA0T 0 OTHOIICHHIO K U3MepsieMoMy (IT0JI€3HOMY) CHTHAITY
MYJIbTHILTMKATUBHBIA 3 (eKT, T.€. He BHOCAT caBura HyJs (puc. 4.7).

i S
CTabHIbHBIHA

HOJIb \ AT
;I !

¢
¢
HemoaymHupoBaHHBIH CHraan
CHIHA ACKMOOYIHITHH
Puc. 4.7.

Hcnonb3oBaHue B3aMMHOTO MOJIYJISITOpPA SIBJSIETCS OYEHb BAXKHBIM (DaKTO-
POM, TIOCKOJIbKY CpPEIHSs BETUYMHA NEPUOAUYECKU MOIYJIUpyeMoil pazHocTu (a3
TOYHO COOTBETCTBYET HYJO. [Ipy MCMOIB30BAHUM PAaCCMOTPEHHOM CXEMbl Ba)KEH
BBIOOP COOTBETCTBYIOLIEH YacTOThl MOIYJSLUHU JUIsl UCKIIOYEHUS Mapa3UTHBIX
omKO0K, 00YyCIOBIEHHBIX AedeKTaMHu 3aKkoHa Moayisuuu. [lpu ucnonb3zoBaHUU
OpSIMOYTOJIBHOTO 3aKOHa J1e()eKThl MOT'YT BO3HUKATh 3a CUET OCTATOYHON acuM-
METPUH, IPH paboTe C CHHYCOUAATBLHBIM 3aKOHOM MOJYJIALUUA Ae(PEKThl CBS3aHBbI,
IIPEXKJIE BCETO, C HATMYMEM B MOYJIMPYIOLIEM CUTHAJIE HETMHENHBIX UCKAKEHUN.

PaccmoTpennas cxema BOI' ¢ B3auMHON Monyssiiueil ooeceunBaeT OYeHb
XOpOIIYI0 CTAOUIILHOCTD HYJISI 32 CUET COXPaHEHHsI B3aMMHOCTH BOJIOKOHHOTO WH-
tephepomerpa. Tem He meHee, ucnosib3oBanre BOI' B mHepIMaibHbIX cUCTEMax

HaBUI'allMW ITOJBMXKHBIX 00BEKTOB Tpe6yeT BBICOKON TOYHOCTH BO BCEM Auaria3oHe
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YTJIOBBIX CKOPOCTEH, a HE TOJBKO B pailoHe HyJs. B To ke Bpems u3 puc. 4.7 Bua-
HO, YTO JE€MOJYJIMPOBAHHBIN MOJIE3HBIN CUTHAII ABJISIETCSI CUHYCOUJAIbHBIM, B TO
BpeMsl Kak TpeOyeTcs JTMHEHHAas BHIXOAHAS XapaKTePUCTHKA.

ITpo6Giiema obecrieueHus: TMHENHON BBIXOJHON XapaKTEPUCTUKU U pabOTHI B
LIIMPOKOM JMAaNa30HE CKOPOCTEM pEeIIaeTcs MOCPENCTBOM CO3MAaHUs 3aMKHYTBIX
cxeM 00paboTKu curHaia. B aTom ciayyae neMoayIupOBaHHBIN CUTHAT MCIIONb3Y-
€TCSl B KaUeCTBE CUTHAJa OIIMOKHU, MOJAIOIIErocs oOpaTHO B CUCTEMY JjIsl BbIpa-
OOTKM curHajia 0OpaTHOM CBSI3U, BBOJAIIETO Pa3sHOCTh a3 ¢ f, PAaBHYIO pa3HOCTU

¢a3 3a cuer BpameHus (CaHbKOBCKask pa3sHOCTh (a3) (g U MPOTHUBOIOIOXKHYIO el

1o 3HaKy (puc. 4.8).

R |
Curnan odparHoii

'/‘ CBszH (g,
CrabHILHBIH :
HOJTb

N

Puc. 4.8.
B takoii 3aMKHYTOH CXe€Me€ U3MEPSAEMOU BEIWYMHOU CTAHOBUTCS Pa3HOCTH

da3 @ fp. OT0 00ecrieunBacT IMHEHHOCTh BBIXOJHOM XapaKTEPUCTUKU U €€ BBICO-

KYI0 CTaOMJIBHOCTh, MOCKOJBKY TaKOWl CUTHal OOpaTHOM CBSI3U HE 3aBUCHUT OT
MOIIIHOCTH CBeTa Ha POTOAETEKTOpE U KO3(PpuIMeHTa yCcuieHus B enu Goronpu-
E€MHHKA.

B nepBbix Bapuantax peanuzanuu BOI' ¢ 3amkHyTONH cXemoil oOpaboTKu
CUTHAJIa WCTOJIB30BAIMCh aKyCTOONTHYECKHE MOIYJIATOPHI, OOCCIICUMBAIONITNE
CIABUT YaCTOThl CBETOBOW BOJIHBI, OCTYNAOIIECH B KaTyIIKy BOJOKHA. Y IPOILIEH-
Has cxema Takoro BOI' mpuBenena na puc. 4.9. AKyCTOONTHUECKUNA MOIYJISATOP
(AOM) ycraHOBJCH, KaKk U B npeapiayiiei cxeme BOI', 0koi0 0IHOTO U3 KOHIIOB
BOJIOKOHHOM Kartymiku. OJIHa W3 CBETOBBIX BOJIH, MOCTyHaromias OT MCTOYHHKA
cBera ¢ yactoroi fy Ha cBeTomenurens, nagaet Ha AOM, rae caABUraeTcs mo yac-
TOTE Ha BeNUYMHY fj), W MPOXOOUT BONOKOHHYIO KaTymiky c¢ 4actoroil fot+ fj.
BerpedHo pacnpocTpassroniascss BoJHA MIPOXOIUT KaTymIKy ¢ yactoToi fp, a mo-
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cie storo npoxoauT AOM, caBUTAETCs MO YAaCTOTE W MOManaeT Ha (POTOAETEKTOP
(®1). Takum ob6pazom, 00e BoJIHBI MpuXoAST Ha DJ] ¢ 0IMHAKOBOI YacTOTOM, HO C
pa3HbIMU HaberaMu (pa3bl 3a CUET MPOXOKACHHS KATYIIKH C Pa3HBIMA YaCTOTAMH.

Cxema
obpabotru I'VH
Bexon
D J] | I
Hcrounnk h\\J | AOM
CBReTa " ”\:

Karymka
BOJIOKHA

Puc. 4.9.
BosHa, nmpoxoasmias KaTyniky BOJIOKHA [0 YaCOBOM CTPENKE, UCIBITHIBAET JIOIOJ-
HUTEIHHBIA Haber (a3wl 3a cyeT OobInei yacToThl. [lockoabky Haber ¢a3pl paBeH
MHTErpajgy OT YacTOThl 3a BpeMsi HaOIIOJEHUS, TO JOMOJIHUTEIbHBIN HaOer ¢a3bl
STOU BOJIHBI PABEH
2nln

drr =Far to0="Tm -

rZie Tg — BpeMsi 00X0Jja KOHTYpa CBETOBOM BOJIHOM, N — KOADPUIIMEHT npenomiie-

HUs BoJIOKHA. [TOCKOIBKY BTOpast BOJIHA MPOXOJUT KOHTYP ¢ YacToToi fp, pasHocTh
(a3 BCTpEUHBIX BOJIH IMOCJE MPOXOXKICHUSI KOHTYypa MpPHU OTCYTCTBUHU €ro Bpallle-
HUusl paBHa O=¢;,. [lpu Hanmuum BpamieHus pasHocTh a3z OyJeT ompenensIThCs
JIBYMSI COCTaBJISIOIUMHE: HaOeroM ¢asbl 3a CYET MOAYJISIIUNA M CAHbSIKOBCKOW pa3-
HOCTBIO (a3 (mpuueM, Kak yKa3bIBaJOCh paHee, TH COCTABIISAIONINE UMCIOT pa3HbIe
3HAKH)

2nL{ n 2RQ
¢=fmto—@s=—-| v ———
A fo C
W3 nmpuBeIEeHHOTO BBIPAXKEHUS CIEIYET, YTO U3MEHEHHEM YacTOThI, MOJaBaEMOMN
Ha AOM, MOXHO AOOUTHCS CBEEHUS PA3HOCTH (Da3 BCTPEUHBIX BOJIH MOCJE MpPO-
XOXKJEHUsI KOHTYpa K HYJII0, KaK 3TOro TpedyeT 3aMmKHyTas cxema padotel BOI'

(puc. 4.8). PerynupoBka 4acTOTHI IPOU3BOIUTCS 3a CUET U3MECHCHUS HAMPSKCHNU,
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M0/IaBaéMOT0 CO CXeMbl 00paboTku BeIXOAHOTO curHama @DJ[ Ha reHepatop,
ynpasisiemblid HanpspkenueM, ('YH). Jlns oOpaiienust pa3HocTH (a3 ¢ B HOJb
CUTHaJI 0OpaTHOM CBS3U @ fy AOJKEH ObITh paBEH CaHbSIKOBCKON pa3sHocTH ¢a3. B

9TOM CJIy4ae 4acToTa MOIYJISIIUN OKa3bIBACTCS PABHOM

2R

fm =—Q.

AN
WHTEepeCHO OTMETUTh, YTO CBA3b YaCTOTHI MOIYJISIIMHA CO CKOPOCTHIO BpAIllCHUS B
9TOM BBIPOKEHUU TOYHO COBITAJIACT CO CBS3BIO CO CKOPOCTHIO BPAIICHUS PA3HOCTH
YaCTOT BCTPEYHBIX BOJIH KOJIBIIEBOTO Jiazepa (B TOM cily4ae, KOrja OH UMEET OITH-
YECKUH KOHTYp B BHJE OKPYXHOCTH). DTO COBIAJCHHE OOBSICHICTCS TEM, UYTO
npuHIMUN aeictBus oboux mnpudopoB (BOI' u kosblieBOro jasepa) OCHOBaH Ha
s dexte CaHbska.

Takum 00pa3oM, pacCMOTpEHHasl cXeMa IOKa3bIBAET, YTO MCIIOJIb30BaHHE
B3aMMHOT'O aKyCTOONTHYCCKOTO MOJIYJISITOPa HAa OJHOM M3 KOHIIOB BOJIOKOHHOTO
KOHTYpa MO3BOJICT PEaTM30BaTh 3aMKHYTYIO cxeMy pabotel BOI'. Tem He MeHee,
paccMOTpEHHAsT cxeMa 00J1aJlaeT CYIMECTBEHHBIM HEJOCTATKOM, CBSI3aHHBIM C He-
KOTOPBIM HapYIICHUEM MPUHIUIA B3aUMHOCTH 32 CYET MPOXOXKICHUS BCTPEUHBI-
MU BOJIHAMH KOHTYpa Ha pa3HbIX YacTorax. [loaromy HanbombIee pacipocTpaHe-
HHUC TMOJIyYHJIa CXeMa, B KOTOPOW CUTHAJ OOpaTHOW CBS3M BbIpaOATHIBACTCS MPHU

MHJI000pa3HOM MOITYJISAIIUK Pa3HOCTH (a3 BcTpeuHbix BOJH (puc.4.10).

Dor b

4 I Lo : !

Tl e . I
U :r ' { - N
L L - 1P ¢

Puc. 4.10

B aTOM ciiyyae B3aMMHBIH MOIYJIATOP (3TO MOXKET OBITH MOJYJISITOP TOTO XKe
THIIa, YTO U B CXeMe Ha puc. 4.5) co3maeT JTMHEHHO H3MEHSIOIIUIICS BO BpEMEHU

HaOer ¢a3br ¢(t).
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IToCKOJIBKY MOIYJISITOP PACIIOJIOKEH B ONITHYECKOM KOHTYPE HECHMMETPHUY-
do
dt

I7Ie Top BpeMs MPOXOXKJICHUSI CBETOM KaTYLIKH BOJOKHA. JTa pa3HOCTh (pa3 MOKET

HO, BOBHUKACT Ppa3HOCTb (1)8,3 MCXKAY BCTPCUHBIMH BOJIHAMU, PaBHAA @, = 10

MCIIONIb30BATHCS B KAYECTBE CHTHANIA OOPATHOM CBSI3M (Tak e Kak B MPeIbLAyIIeit
cXeMe) JIJIsl KOMIICHCAIIMH CAHbSIKOBCKOM Pa3HOCTH (a3 U BHIXOJIa B HYJIEBYIO TOY-
Ky. Crnegyer OTMETHTb, 4TO NMpU (POPMHUPOBAHUM MUIO0OPA3HOTO CHUTHAJIA BEJIU-
YiHa cKavka (a3bl Qrs MpU €€ 0OHYJIEHUH N0JDKHA OBITh paBHA 27 paauad. Cyie-
CTBEHHOE TOBBIIICHHE KadecTBa paboThl 3aMKkHYTOU cxeMbl BOI™ momyvaercs npu
UCIIOJb30BaHuu ee nudposoit Bepcuu (puc. 4.11). B aToM ciydae curHaia oopar-

HOU CBSA3M (POPMUPYETCS B BUIE CTYNEHEK (s, PABHBIX (., YTO MO3BOJISIET €CTECT-

BEHHBIM 00pa30M 00ECTIeUNTh PABEHCTBO CKAYKOB OOHYJIEHUS (a3bl 27 paguaH.

0! T

0
B,

4 —
-
[~ |
h“‘m N :
—l |

t__l ._J__
li:llll'!ipt]llll[:le I']'lﬂf!{IBI:IE ET}'I'IEII]:HH H t]ﬁll}-‘.l‘lEllHE

| UPSAMOYVEIC IEHAA MOAY. UYL CUBHISA HY.LH

=+

Puc. 4.11

[MudpoBas Momynsius BeleT K MOJHOCTbIO LU(PPOBOM 3aMKHYTOH cXeme
00paboOTKM CUTHaja, KOTOpasi BHYTPeHHE CBOOOJHA OT AJIEKTPOHHBIX UCTOYHHKOB
casura Hyss. Takast sleKTpoHHKa, paboTaromias B nuana3zone yactot oT 0,1 mo 1
MI'1t npu nnuHe BosokHa B Kartymke oT 100 mo 1000 M, cocTouT M3 JmeTeKkTopa,
GbuiabTpOB, aHaNoro-uKudpoBOro mnpeodpazoBaresiss MOAYIHUPOBAHHOIO CHUTHANA,
UPPOBOH cXeMbl 00pabOTKHU (IEMOIYJISIKS, HHTETrpaibHas (QUIbTpaIMs I 3a-
MBIKaHHsI e 0OpaTHOW CBSI3H, TEHEpAIUs MIIO00PAa3HOTO CUTHANIA MOIYJISAINAN
cBHTa HyJIs), HH(PO-aHATIOrOBOTO peoOpa3oBaTelis MOAYIMPYIONIETO CUTHANIA U
YCHITUTEIS.
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4.4. OcHOBHBbIEC HICTOYHUKH MOTPEIIHOCTEH

Teoperndeckn, Kak U B JAPYIMX ONTO-JIEKTPOHHBIX CHCTEMAaX, OCHOBHBIC
OTPaHUYEHUS] TOYHOCTHU OIPENEISAIOTCS OPOOOBBIMU IIyMaMu (DOTONPUEMHUKA.
OnHako B JEHCTBUTENHHOCTU OONBIIYIO POJIb UTPAIOT U Apyrue 3PGeKThl, IPUBO-
JAIIMEe K BOSHUKHOBEHUIO I1APa3UTHON HEB3aUMHOCTH!

PaccmoTpum psil ICTOYHMKOB IOTPEIIHOCTH M HEKOTOPBIE METOABI UX HC-
KIJIFOUECHUS.

4.4.1. Ilomenyuanvras mounocms BOI’

B paznene 2.2 ormedanoch, 4To moTeHIIMaNbHas TouHOCTh BOI' 1po6oBbIM
mymoM oronpuemMHuka. PaccMoTpuM 3TOT Bompoc moapooHee. MOIIHOCTh H3Ty-
YEHUS, MTaJIAF0IIETO Ha (POTONPHUEMHHUK ONPECIIAETCS BIpAKCHHEM

P=2Py(1+cosop),

rae Py — MOIIHOCTb BXOJAIIErO U3Ty4YECHUS.

[Ipu cratnyeckoM (a30BOM CMEILIEHUH B TOUKY pabOyell XapaKTEpUCTUKHU C
HanOoJbIIEH YyBCTBUTEIBHOCTBIO 3TO BBIPAXKEHHE IPUHUMAET BUT

P=2Py(1-sino). (4.5)
Yucao GoToHOB, Magaromux Ha (GOTONPHUEMHHUK, SBISETCS CIIy4aliHON BETHMUUHOM.
MareMatruyeckoe 0KuJIaHKue ATOT0 Yncia 3a BpeMs HaOmtoaeHust 7 paBHO
N =2PyT /hv,

rae h — mocrosinnas [lnanka, v — yactora cBeTa.

Cpennee kBaaparnuHoe otkioHeHue (CKO) ymcna ¢GpoTOHOB OT cpeaHero
JUIS1 IyaCCOHOBCKOT'O PACIPEIEIICHUS PABHO

s=+N.

YuuThIBas JTMHEHHOCTh BBIXOJHON XapaKTePUCTHKU B paioHe HyJs (BbIpaKCHHE
(4.5)), Mmoxem yTBepxkaaTh, uTo (Gaykryaruu (Ha3pl TPOMOPHUOHATLHBI (IIYKTya-
UM MOIITHOCTHU U CJ€I0BATEIbHO Ynciia (POTOHOB

5P oN
o= =28
Py N
Torpa CKO duykryanuii ¢passl BBIXOJHOIO CHTHAIA MOYKHO OIIPEIEIINTE B BHIE
hvAf
Gp= o, (4.6)
2P,
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rae Af - momoca mpomyckaHUsT CHCTEMbl 00pabOTKM curHaiga ((GuiIbTpamun)

Af = Tl [Tycts Pg= 100 MxBT, v = 3'1014Fu. Torma

G
—~3 10_8 L. G(pz3-10_8\/1,
JAF I T

T.€. IpH ToJsioce Tpornyckanust 1 ' mpenen 4yBCTBUTEIHHOCTH 1O (a3e COCTABIIS-
-8
et 510 "pax. [Tomoca nmponyckanus 1 I'i cOOTBETCTBYET BpeMeHU ycpeaHeHus 1

c. Ilpn yBennyeHnn BpeMEHH yCpPeIHCHHS G, Majgaetr. OLeHNM, Kako#i CKOPOCTH

BpallleHUs] COOTBETCTBYET CABUT (has3bl BbIXoJHOTro curHaiza BOI', paBHbIH 5'10'8
pa.
4nRL
AC
npu L =1 kM, R =5 cm macmrabusiii koadgunuent BOT, cBsa3biBaromuii ¢iBur

Ap = Q,

(1)3.31)1 BBIXOAHOI'O CHUI'HAJIa CO CKOpOCTLI-O BpaHleHI/IH K = (p/Q, HUMCCT 3HAUCHUC
HOpH,ZIKa
4r-0,05-10°

K= ~ 2,
1.10793.108

Torma MuHHMManpHas CKOPOCTH BPAIEHUs, KOTOPYK) MOXHO IOYYBCTBOBAaTh HAa

(doHe 1I1yMa BBIXOJHOTO CUTHAJIA

g1 1 3 1
Qpin =3-10 0lc~3-10"
" ﬁ PR

ITpu BpeMeHn ycpenHenus, paBHoM 1 ¢, nomydaeM Qpin = 3.1073 yencl Je, npu

yenclc .

YCPEOHEHHH B TEUEHHUE Yaca IojrydaeM Qmip =5 1107° epao | Nuac . Crnenyer ot-

METHUTh, YTO MOJIyYEHHasl OLEHKA MpeaesbHON uyBcTBUTENBRHOCTH BOI' cooTBeT-
CTBYET BECbMa BBICOKOMY YPOBHIO TOUHOCTH THPOCKOIIA.

4.4.2 Brusinue obpamno2co paccesuus
OOpaTHOe PAJIEeBCKOE pacCEsTHUE SIBISETCS OJHUM M3 OCHOBHBIX MEXaHU3-
MOB TIOT€pPh B BOJIOKHE, a TaKKe SIBISIETCS MCTOUYHHUKOM myma B BOI', orpannyn-
BAaIOIIUM €T0 YYBCTBUTEIHLHOCTb.
Kaxnmast 13 BCTpEUHBIX BOJH pacCceUBAcTCs HA MHUKPOHEOTHOPOIHOCTSX BO-
JIOKHA, B PE3YJIbTATE YEro BOSHUKAET PACCESHHBIC BOJIHBI, PACTIPOCTPAHSIOIINECS B
IIPOTHUBOIIOIOKHBIX M0 OTHOIICHUIO K OCHOBHBIM BOJIHAM HAIPaBJICHHSIX, U WH-
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Tepdepupyrone ¢ OCHOBHBIMU BCTPEUYHBIMU BOJTHamMu. da3a paccesHHON BOJHBI
SBIIIETCS. OOBIYHO CiTy4ailHOM BenuuuHOU. MHTepdepeHiins OCHOBHBIX BCTPEUHBIX
BOJIH C PACCESTHHBIMU BOJTHAMU MPUBOAUT K U3MEHEHUIO PA3HOCTH (pa3 BCTPEUHBIX
BOJIH, B pe3yJibTaTe KOTOPOTrO BO3HUKAIOT (DIYKTyaluu ciaBura (a3 BBIXOJHOTO
curHaia. OUeHUM MOTPEUIHOCTh U3MEPEHUS CKOPOCTH BPAIllCHUS, BOSHUKAIOUTYIO
3a CUET paccesiHus CBETA.

—ocL
[IycTh 3aTyxaHue B BOJIOKHE € S 06yCJ10BHeHO PIIIEEBCKUM PACCEIHUEM.
Tepsiemas sHEpPrusi paBHOMEPHO PaCcCEUBAETCs MO JJIMHE BOJIOKHA. Ha BbIXOA€E BO-

JIOKHA MOCJIe 0OJAHOT0 00X0/a KOHTYpa MOIIIHOCTh CBETOBOM BOJIHBI P1 paBHa

P = Pye %t

rac Og -KOS(b(I)I/IHI/IGHT pacCCsHuA. Torzxa pacCesiHHasd MOIIHOCTD CBE€TOBOM BOJIHBI

paBHa Py =Py(l—e I‘). Bynem cuntaTth, 4TO MHAMKATPUCA PACCESHUS OTMpee-

asiercs o 3akoHy JlamGepra. Torna u3 BeIMYUHBI PACCEIHHOTO CBETa BO BCTPEU-
HYIO BOJIHY ITOIIAJET

2
Pc=F>o(1—e‘°°sL)—“f1 |

(S TCBZ / 4 - TenecHbIN yrod, B — mmockuit yroia. OTHOIIEHHE PacCeTHHON BOJTHBI K
IPOILIEIIIEN C TOYHOCTBIO O YJ€HA MEPBOT0 MOPsIKa MaJOCTH M0 BEJIMYUHE OLg L

MOJIy4yaeM B BUJIE

Pl Poe_“SL

P. Pyl-e %b)np?/4
e _Po )np? )/ z%nBZOLSL.

B »TOM ciryyae MakcumalibHas BEIMUYMHA U3MEHEHMsI CABUTa (a3 BBIXOJHOTO CHUT-
Hasa, 00yCIOBJIEHHOIO pacCcessHUEM, OyIeT ONPENEIATHCS BBIPAXKEHHEM

0(P) max = 2\/Pc/P1 = B\/Tmsl- -

ITpu L = 1 kM, og =107° 1/m, =0,1 pan mosrydaem OICHKY MaKCUMAaJIbHOTO W3-

MCHCHUA CABHUI'A 4)33 BBIXOAHOI'O CUTHAJIAa B BHUJC
5(¢) max =0.1y/7-107™5 103 = 0,017 pax.

Tor):[a HaxoaunM BCIWYHHY MaKCHUMaJbHOU IOrp€IIHOCT MU3MCPCHUA CKOPOCTHU

BpAIICHUSI PABHOU

8
8Qmax = % ~ 0,005 pad/ ¢ = 6 -10° rpan/u = 0,15rpas/c.
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[TomyuenHoe 3HaYeHHE OKa3bIBaeTCs BecbMa OonbliuM. HamomMHuM, 9TO CKOPOCTH
BpamieHus 3emin paBHa 15 rpaj/d, a 3Ta BelWYMHA SBJISACTCS XapaKTEPHOH JUis
OILIEHKH TIOTPEIIHOCTEH THPOCKOMOB (cM. Tabnuity 4.1).

Hanbonee 3¢phekTHBHBIM U TTPOCTHIM CIIOCOOOM CHIKEHHS BIUSIHUSI 00pat-
HOTO PACCESTHHS SBJISETCS MCIOJIb30BAaHNE UCTOYHUKOB CBETA C MIMPOKOU JIMHUEH
U3ITyYEeHUsS] U COOTBETCTBEHHO HM3KOW KOT€PEHTHOCTHIO. B 3TOM citydyae paccesiH-
HBIC BOJHBI, KOTOPBIE MPOXOAST APYTOol MyTh U COOTBETCTBEHHO MUMEIOT APYTOU
HaOer (a3pl HEe UHTEPPEPUPYIOT C OCHOBHBIMU BOJIHAMU U, CIIEIOBATEIbHO, BHO-
CSIT CYIIECTBEHHO MEHBIIIYIO IOTPEIIHOCTb.

4.4.3. Illupokononiochblil UCMOYHUK ceema
[Tpu ucnonb30BaHUU B JIFOOOM UHTEPPEPOMETPE MIMUPOKONOIOCHOTO UCTOU-
HUKa CBETa XOPOIIasi KOHTPACTHOCTh MHTEP(HEPEHIIMOHHOM KapTUHBI Ha0II01aeTCs
IIPY Pa3HOCTHU X0J1a UHTEPPEPUPYIOLIUX BOJIH OJIM3KOM K Hyt0. [Ipu yBennuenun

A

I
ANMHHA KOTCPCHTHOCTH

0 PasHOCTE X0Ja

Puc. 4.12.

Pa3HOCTH X0J1a KOHTPACTHOCTh HAYMHAET CHUXKATHhCS M B TOM ClIydae, KOorjua pas-
HOCTh XOJIa CTAHOBHUTCS OOJIBINE JUTMHBI KOTCPEHTHOCTH MCTOYHUKA CBETAa, KOH-
TPAcTHOCTHh (BUAHOCTB) CTpeMHUTCsA K Hymo (puc.4.12), T.e. uHTepdepeHIIMOHHAS
KapTHHA Pa3MbIBACTCS.

JIIMHA KOTepEeHTHOCTH MCTOYHHMKA CBETa OOPATHO MPOMOPIMOHAIBHA M-
puHe ero cnekrpa. UToObl Jydilie TOHATh ONMUCAHHBIN I(P(HEKT MOXKHO TMpescTa-
BUTH IIMPOKUH CIEKTP B BUJC HAOOpa OTACIbHBIX JIMH BOJH. Kaxknas ayvMHa BOJI-

HBI Aj CO3/Ia€T CBOIO COOCTBEHHYIO MHTEPHEPCHITMOHHYIO KAPTUHY C TIEPHOJIOM Aj
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(puc. 4.13). B okpecTHOCTSIX HYJIEBOW Pa3HOCTH XOJZla BCe MHTEP(EPEHIIMOHHBIC
KapTUHBI coBnaaatoT. [Ipu yBenuueHun pasHOCTU X0Aa MHTEpPEpEeHIIMOHHBIE Kap-
TUHBI HAYMHAIOT CMEUIAThC OTHOCHUTENIBHO APYr ApPYyra 3a CYET Pa3HOCTH UX IIe-
puoanyHocTH. B cpeaneM oOmass MHTEHCUBHOCTh CBETAa HAUMHAET MPUOJIMKATHCA
K IMOCTOSIHHOW BEJIMUMHE W MHTEpPEpeHIIMOHHAas KapTuHa nponaaaeT. [lockonbky
unteppepomerp Canbsika paboTaeT BOIM3U HYJIEBOW PA3HOCTH X0/1a, B HEM MOKHO
UCIIO0Ib30BaTh NIUPOKOMOJIOCHBIN HCTOYHUK CBETA.

% CereTnnas
;i rnoJjoca

- TemHasn
oJIoca

&
— 1

o
o

0 Pasnoc1h xoma
Puc. 4.13.

B BOI' kpoMe IBYX OCHOBHBIX BCTPEUHBIX BOJIH OOBIYHO CYHIECTBYET Dsij
JOTIOJTHUTENBHBIX MApPa3UTHBIX BOJH, OOYCIOBIEHHBIX OOpaTHBIM PacCEesTHUEM Ha
HEOJTHOPOJHOCTSIX BOJIOKHA, OOpaTHBIM OTPaXCHHEM Ha COCTUHEHHSIX SJIEMEHTOB
THPOCKOIA, HECOBEPIIEHCTBOM TMOJISIPU3AIMOHHBIX (PUIBTPOB, IPOITYCKAFOIINX
BOJIHBI C HE OCHOBHBIMH THIIaMHU TMOJIApU3anuu. [Ipyu ncrnonp30BaHnuN y3KOOIOC-
HOTO BBICOKO KOI'€PEHTHOTO0 MCTOYHHMKA CBETA 3TH BOJIHBI MHTEP(EpUpyIOT C OC-
HOBHBIMHU BOJTHAMH (MJTH MEXTy cO00#) ¥, Kak ObUTO MOKA3aHO BHIIIE, JAOT Mapa-
3UTHBIA BKJIAJ B pe3yJibTaT u3MepeHuil. [Ipn mucnosp30BaHuN MIMPOKOIIOJIOCHOIO
UCTOYHHKA CBETA C MaJOW JUTMHON KOTePEHTHOCTH MHTEP(EPEHITNSI MEXKITYy OCHOB-
HBIMH BOJTHAMH Y MMAapPa3UTHBIMHU, 32 CYET PA3HOCTH X0J1a OOJIbIIIEH, YeM JIJTUHA KO-
TePEeHTHOCTH, 00J1a/1aeT MaJIO KOHTPACTHOCTHIO U MPAKTUYECKH HE BIUSET HA pe-
3yJbTaT U3MEPEHUH. DTOT MeToa OoueHb d(PekTuBeH s OOphOBI C OOpaTHBIM
paccessHhEeM, a TaKKe MPH PEIICHUH MTPOOIeMbI MOISPU3AIIMOHHON HEB3aMMHOCTH.
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Huzkas BpeMeHHass KOT€pEHTHOCTh IIMPOKOIOJIOCHBIX HMCTOYHHUKOB CBETa
JIeJIaeT UX OYeHb YAOOHBIMU i ucnoiab3oBanus B BOI'. B To jxe BpeMst HCTOYHUK
CBeTa JOJDKEH OBITh XOPOIIO COTJIACOBAH C OJJHOMOIOBBIM BOJIOKHOM, 4TO TpeOyeT
BBICOKOM TPOCTPAHCTBEHHOW KorepeHTHOcTH. O0a TpebGoBaHus (HU3Kas BpEeMEH-
Hasi KOTEPEHTHOCTh U BBICOKAs MPOCTPAHCTBEHHAS KOTEPEHTHOCTh) HE SIBJISIOTCS
aHTarOHMCTUYHBIMM, OJHAKO JUIsI UX oOecredeHus norpedoBanach pa3paboTka U
ONTHMU3AINS CIEIUATBHBIX UCTOYHUKOB CBETA. TaKWe MCTOYHUKU OCHOBAHBI Ha
MCTIOJB30BAaHUU CYIIEPIIOMHHECIIEHTHBIX BOJIOKOHHBIX YCHIIUTENEH cBeTa ¢ 00JIb-
UM YCUJIEHUEM, ITUPOKO MPUMEHSEMBIX B BOJIOKOHHO-ONTUYECKUX JTUHUSIX CBSI-
3u. Takre UCTOYHUKHU cBeTa Oiarofapsi CHOHTAHHOW SMHCCUU (POTOHOB M3ITyUYaIOT
B LIMPOKOM CIIEKTPE U HEKOTOPHIE U3 HUX, MOMNagas B COOCTBEHHYIO MOy PacIpo-
CTpaHEHUs! BOJIHOBOJIA, YCUJIMBAIOTCS Oiarojaps BBIHYKICHHON smuccuu. biaro-
napst 6oJpIIoMy KO3(PGUIUEHTY YCUJICHHS, yAAaeTCS MOJYyYUTh OOJBIITYI0 MOII-
HOCTh M3JIyYCHHsSI 32 OJUH MPOXOJ, YTO OOECIeUnBaeT M3IIy4YCHUE B OJHOHN IMpPO-
CTPaHCTBEHHOM MOJI€ U BBICOKYIO IPOCTPAHCTBEHHYIO KOI'€pEHTHOCTb.

Takue UCTOUYHWKH TIEPBOHAYAIHEHO 0a3WPOBATUCH HA TMOIYIPOBOJHHUKOBBIX
nazepax, rae peszoHarop Pabpu-llepo momaBmsics MCHOIB30BAaHUEM IPOCBET-
JISIOIIUX TTOKPBITHH. DTH UCTOYHUKHU HM3TYUYCHUS, MOJYYMBIINE Ha3BaHHUE CyIep-
JIOMUHECIICHTHBIX JAHOJ0B, paboTanu Ha jivHe BoJaHBI 850 HM mpH MCHOIB30Ba-
Hun GaAlAs B kauectBe MaTepuania win Ha amuHe BoHbl 1300 aM wmm 1550 HM
npu ucnonb3oBanuu INP. Ux ucnons3oBanue B BOI' obecneunso cyiecTBEeHHOE
yYMEHbIIIEHNE HECTAOMITBHOCTH CIIBUTA HYJIS.

B TO Ke Bpems OHHM XapaKTEpU3YIOTCS BBICOKOW TEMIIEPATYpHOW HECTa-
OUITBPHOCTBIO CHEKTpa W3ITyYEHUs, YTO MPUBOIMIO K BBICOKOW HECTaOMIBHOCTH

MacimTabHoro Kod((uIMeHTa, MOCKOJIbKY YyBCTBUTEIBHOCTH BOI ((P%) 00-

paTHO POMOPITMOHATIbHA JITTUHE BOJIHBI (BeIpakenue (2.1)).

CrneayroomuM maroM B JaHHOM HalpaBJICHUH ObUIO CO3/IaHWE BOJOKOHHBIX
HMCTOYHUKOB CBETa Ha JuIMHE BOJHBI 1550 HM, B KOTOPBIX Ccep/IlleBMHA BOJIOKHA aK-
TUBUPOBAJIACh MOHAMH PEIKO3EMENIbHBIX 3JIEMCHTOB (B JAHHOM Cllydyae HOHAMH
Dpous). s obecrieueHnss HHBEPCHHM HACEICHHOCTH B CEPALICBHHE BOJIOKHA IPO-
M3BOJUTCS €€ HaKayKa JIa3epHbIM JUOJAOM. DHEPreTHuecKas CXxeMa HaKauku U Mo-
Jy4YEHUs1 NHBEPCHOM HACEJIEHHOCTH IMpeACTaBieHa Ha puc. 4.14.
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Takue UCTOUYHUKU N3JTYYCHUS ITOJIYUMNIIN TAKKC HA3BAHHUC B BUJIC a66pCBI/Ia-
typsl ASE ot ciioB Amplified Spontaneous Emission.

Es | T /.\ |
Ey | VY
Hzmyuenne Hakauka
A=1530 mma A=020
Er o A a
Puc. 4.14.
EI'-aKTHBI/IpOBaHHOB
nasep BOJIOKHO
HaKa4YKH

BBIXO/I
e

HJIH BpalwlaTeib

Puc. 4.15.

CxeMa ncronb30BaHus MUPOKONOIOCHOIO BOJIOKOHHOTO UCTOYHMKA CBETA B
BOI npencrasnena Ha puc. 4.15.

4.4.4. Brusnue s¢ghghexma @apades
Oddexrom Dapazes ABISETCS MOBOPOT MIOCKOCTH TOJISAPU3AIMH JTHHEHHO
TIOJIIPU30BAHHON AJIEKTPOMATrHUTHOM BOJIHBI MPH MPOXOKICHUHU BEIIECTBA, ITOME-
IIEHHOTO B OJTHOPOJHOE€ MarHuTHoe moJjie. BemecTsa, oOmagaroniue TakKUMU CBOM-
CTBaMH, HAa3bIBAIOTCS MArHUTOONTHYECCKUMHU. [TOBOPOT IIOCKOCTH TOJISIpU3AITUN

Ha yToJ p 00YCIOBJIEH Pa3HOCThIO KOA(PPUIIUEHTOB MPEITOMIIECHUS 11 KOMIIOHEHT
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C OPTOrOHAaJIbHBIMHU KPYT'OBBIMH IIOJIAPHU3ALIHUAMU n+ U N_, Ha KOTOpPBIC BCErAa

MOYKHO Pa3JIOKUTh JUHEMHO NOJISPU30BAHHYIO BOJIHY

pz%(mr —-n_)=VHd,

rae V — nocrosiaHas Bepne, H — HanpsH»KeHHOCTh BHEIIHETO0 MAarHUTHOTO ToJst, d —
TOJIIIMHA O0pa3ila MarHUTOONTHYEeCKOro Marepuana. Dddext Dapanes sBiseTCS
HEB3aUMHBIM 3 exTom. [IBe BCTpEUHO HAIMPaBICHHBIE SJICKTPOMArHUTHBIE BOJTHBI
C KpPYTrOBBIMHM MOJSPHU3ALMAMH MPU HPOXOXKICHUU Yepe3 MarHUTOONTHUYECKYIO
Cpelly B MArHUTHOM IT0JI€ MPUOOpETaloT pa3Hbie Ha0eru ¢a3. B 3aMKHYyTOM KOHTY-
pe, KOTOPBIA MPEACTaBISIET UHTEpeC Npu paccMoTrpenuu padbotsl BOI', BrnusHue
addexra Dapajges He MPOSBIACTCS, €CIU B BOJIOKHE OTCYTCTBYET NBYJydempe-
JomiieHue. B aTom ciydae HeB3amMHas pa3HOCTH ¢a3, o0ycioBieHHas 3P dpexTom
dapazest, mociae UHTETPUPOBAHUS MO 3aMKHYTOMY BOJIOKOHHOMY KOHTYpPY Oyner
paBHA HYIIIO, MOCKOJIbKY MHTETpal M0 3aMKHYTOMY KOHTYPY TaHT€HIIMAIBHOU CO-
CTaBIIAIOIIEH BHEIIHETO MAarHUTHOTO MOJs paBeH Hyo. HeBzaumuas ¢asza, Hako-
IUICHHAs] B OJIHOM IMOJIOBUHE KOHTYypa OyJeT KOMIIEHCHPOBAThCS HEB3aUMHOM (ha-
30 MPOTHUBOIIOJIOKHOTO 3HAKa, HAKOIUIEHHOW B JPYrod IMOJOBHMHE KOHTYpa, IO-
CKOJIBKY HaIlpaBJIeHHUs] PacHpOCTPAHEHHS] CBETOBBIX BOJH MEHSIOTCS Ha MPOTHUBO-
MIOJIO’KHBIE 10 OTHOILIEHUIO K MarHUTHOMY moito. [Ipu Hanumuuu B BOJIOKOHHOM
KOHTYpE JABYJYYETPEIOMIICHUS COCTOSIHUS TMOJIAPU3AIMM BCTPEUHBIX BOJH H3Me-
HSIOTCSL TIPU MIPOXOXKACHUU KOHTYypa. [loaToMy HeB3amMHBIE pa3HOCTH (a3, HAKO-
IUICHHBIE Ha Pa3HbIX y4acTKaX KOHTYpa, OKa3bIBAIOTCS pa3HBIMHU U, COOTBETCTBEH-
HO, IpH 00X0/1€ KOHTYpa KOMIICHCAIUS YK€ OKa3bIBACTCS HE MOJTHOM.

[Tpu ucnonwszoBanuu B BOI' coxpaHsioliero noiasipu3aiyio BOJIOKHA Teope-
Tudecku BiusgHue s¢pdexra Dapanes He JOHKHO MPOSBISATHCS, TOCKOIBKY B TAKOM
BOJIOKHE PACTIPOCTPAHSIOTCS JTUHEHHO MOJSPU30BAHHBIE AJIEKTPOMATHUTHBIE BOJI-
Hbl. OgHako HecoBepieHCTBO u3roToBieHUs CII BoNOKHA MPHUBOIUT K CIIydaii-
HBIM Pa3BOPOTAM OCEHl €ro JABYJIy4YEeHpeTOMIICHHs], YTO B CBOIO OYEPE/lb BHI3bIBACT
BO3HUKHOBEHUE HEKOTOPOW AJUTUNTHYHOCTH BCTPEUHBIX BOJH. DJUTUITHUYECKH K
MOJIAPU30BAHHAS BOJIHA YK€ MOJBEP)KeHA BIMSHUIO BHEIIHETO MATHUTHOTO TOJIA.
OObr4HO omMOKH, cBsi3aHHBIE ¢ ddexTom Dapanesi, HAKATUIUBAIOTCS C yBeJIH4e-
HUEM JIJIMHBI BOJIOKHA, KaK KOPEHb KBaJApaTHBIN ero JiauHbl. OmMOKU, CBI3aHHbIE
¢ 3TuM 3¢ (HeKToM, JiexkaT 0OBIYHO TSI ciBUTA (a3 BHIXOJAHOTO CUTHAJA B paiioHe 1
Mmkpana Ha ['c (MarauTHOE mosie 3emin coctaBisieT npumepro 0,5 I'c). DddekTus-
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HBIM CTIOCOOOM CHIDKCHHUS JTaHHOW OIMMOKH siBisieTcs: skpanupoBanue BOI' ¢ mo-
MOIIIBIO CIEIUATBHBIX IKPAHOB U3 (hepPOMArHUTHBIX MaTEPUAIIOB.

4.4.5. Brusnue memnepamypuvix epaoueHmos U MeEXAHU4eCKUx HanpsariceHul

[Tpu paccmoTpenuu cxem oOpaboTku curHana BOI Obuto moka3aHo, B3auM-
Hasi MOy (da3bl HA OTPE3Ke BOJIOKHA, PACIIOIO0KEHHOM HECUMMETPUYHO OT-
HOCHUTEIIBHO IIEHTPA KaTYIIKH, MPUBOAUT K HEB3AMMHOW MOIYJISIIUHA CIBUTA HYJIS
xapaktepuctuku BOT'. U3 3Toro MokKHO clienaTh BBIBOJ, JItOObIe Haberu (a3, mpo-
UCXOJISINE HECUMMETPUYHO OTHOCUTEIBHO IIEHTPAa BOJIOKOHHOW METJIM, MOTYT
MPUBOJNUTH K Mapa3UTHBIM HEB3aUMHBIM A (deKTam.

Takoro pojia Bo3aeiicTBUsI Ha BbIXoHOUM curHai BOI™ uMeroT Mecto 3a cyer
HEOJTHOPOJIHBIX TeMIIEpaTYPHBIX M3MCHCHHH B BOJOKOHHOHM KaTyIike (Tak Ha3bl-
BaeMbIi o dekr Lyne) u MexaHndeckux HanpspkeHui. PaccMoTpum 3TH 3G heKThI
o ipoOHee Ha MIPUMEPE BIMSHUS TEMIIEPATYPHBIX I'PATUCHTOB.

Kaxxplii sieMeHT BOJIOKOHHOTO KOHTypa dl BHOCHT mpupaineHue B Haber
daspr do =pdl mis 06enx BCTpeuHO pacIpOCTPAHSIOMIUXCS BOJIH, 3[eCh B — mOo-
CTOSIHHAsI paclpOCTpaHeHus cBeTa B BojokHe (cM. pasnensl 1.1, 1.3). Ecnu Temrre-
parypa T W3MEHSETCS BO BPEMEHH M B 3aBUCHMOCTH OT ToJoxeHus ydactka dl
BJIOJIb BOJIOKHA, TO quddepennnansuoe mpupaiienne (aspl 3a Bpems T B J11000H

TOYKE BOJIOKHA MOXKHO TPHOJIMIKEHHO BBIPA3UTh B BUIIC
dp oT

dot =|—dl +padl | —1 |, 4.7

o7 [ e }( 5t ) (4.7)

r7e o — JUHEeHHbIH Koa(hduUIMeHT TerioBoro pacmupenus. [lepBoe ciaraemoe B
KBaJIpATHBIX CKOOKax COOTBETCTBYET MpHUpalleHuio (a3wpl u3-3a Bapuanuu 3 npu
u3MeHeHun temieparypsl Ha 1°C Ha amune dl. Bropoe ciaraemoe cooTBeTCTBYET
npupaneHuio ¢Gas3sl U3-3a Bapualuu UHHEL dl Tpy M3MEHEHUU TeMIepaTypbl Ha
1°C. MHOXUTENb B KPYIJIBIX CKOOKaX COOTBETCTBYET Iepemnaay TeMreparypsl 3a
Bpemsi T. [IpuBeneHHOE BBIpaXXEHHE CIPABEIMBO JIJII BPEMEHHBIX TPOMEKYTKOB
NOpsAJIKa HECKOJIBKUX MHUKPOCEKYH]I — BPEMsI pACcIpPOCTPAHEHHs CBETa B BOJIOKOH-
HOW Karymke. BCTpedHO pacrpocTpaHsIomuecss BOJHBI mpoxonsaT ydactok dl,
PacIoJIOKEHHBIN Ha paccTOSIHUM | OT 0JTHOrO M3 KOHIIOB BOJIOKOHHOTO KOHTYPA, B
MOMEHTBI BPEMEHH, Pa3/IeICHHbIE HHTEPBAIOM

e E=Dn_ By, (4.8)
C C w

rae L — nnmvuHa BOJIOKHA B KaTylike, N — KO3 GUIIUEHT MPEIOMIICHUS BOJIOKHA.
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YroObl HaWTH HEB3aUMHBIN (ha30BbI cABHUT, OOYCIOBICHHBINH paccMaTpH-
BaeMbIMU 3 dekTamu, Hy>)KHO TIPOUHTETPUPOBATh BhIpaxkeHue (4.7) mo AIuHe BO-
JIOKOHHOTO KOHTYypa C UCHOJIb30BaHueEM (4.8)

L/ dp B ST
= || —+pa |— (2] - L)—dlI. 4.9
or (J)(dT pa |2 211y @9)
CuuTast, 9TO MOCTOSTHHAS PACIIPOCTPAHCHUSI ONIPEACIISETCS B TIEPBYIO O4YepeIb KO-
addurmenToM npenomiieHus 3= (275/ X)n BOJIOKHA M TeMIieparypa JIMHEHHO Me-

HACTCA B TCUCHHUC BPCMCHU H8.6J'IIOI[CHI/I$I Ha BCIIMYUHY AT, Imojy4dacm

nL2nAT (dn j
= +an |.

b7 AC dT

[lepexoa OT MOMYyYEHHOTO BBIpAXKEHUS 4Yepe3 MacHTaOHbIH KOd((UIMEHT K Ka-
KYIIEHWcss CKOPOCTH BpAIiCHUS M OICHKA TPH HCIIONB30BAaHUN THUITUYHBIX 3HAYE-

i BOI' mokaspIBaeT, 4To mojiydeHue cTaOWiabHOCTHA casura Hyist nopsaka 0,01
y y
°/a TpebyeT CTAOMILHOCTH TEMIIEPATYPhI 10 BOJOKOHHOMY KOHTYpPY Ha YPOBHE

0,01°C. VnoBjeTBOpeHre TaKuX TPEOOBaHHIA B YCIOBUAX H3MEHEHHH apaMeTPOB
OKPY’KaIOIIEU CPEBI ABJISAECTCA YPE3BBIYAWUHO CIO0KHOM 3aaUeH.

C npyroit cTOpoHBI BaXHBIM (DaKTOPOM SIBIISIETCSI TO, YTO CUMMETPUYHBIC
OTHOCHUTEJILHO CpeHEN TOUKH BOJIOKOHHOTO KOHTYpa M3MEHEHHUSI TeMIlepaTypbl
KOMITEHCUPYIOT JAPYT JApyra U HE JAr0T Mapa3suTHBIX CABUTOB (pa3. DTO SBUIOCH
OCHOBOM Jis1 pa3pabOTKH MEPCHEKTUBHOIO CIOCO0a peiieHus: TpoOaeMbl ¢ TOMO-
IIbIO CIIEIUATHFHOTO METO/Ia HAMOTKH BOJIOKOHHOM KaTymiku. B aTom meTone Ha-
MOTKa KaTYIIKA HAYMHACTCS C CEPEIUHBI U MPOU3BOIUTCS CUMMETPUYIHO, TaK YTO-
Obl 4YaCTH BOJIOKHA, HaXOSIIMECs HAa PAaBHOM PACCTOSHUH OT CEPEUHBI KOHTYypa
pacrojarajiich psJioM ApPyT ¢ APyroM. ITO NPUBOJUT K TOMY, YTO TeMieparypa 1’
pacrpeensieTcsi CHMMETPUYHO BOKpPYT Toukd | =L/2. B aToM ciyuae uHTErpat

(4.9) cranoBUTCS MPEHEOPEIKMUMO Mal.

4.4.6. Bausinue HenuneliHo20 onmuyecko2o 3gppexma Keppa
Eme oguum HeB3auMHBIM 3()PEKTOM SBISETCS ONTUYECKUN HETUHEHHBIN
apdext Keppa, 3akmtogaromuiics B ”3BMEHEHUU KOA(P(ULMEHTA NPEIOMIIEHUS Cpe-
Jbl IO/ BO3JIEWCTBHEM PACIPOCTPAHSIONIETOCS B HEM 3JEKTPOMArHUTHOIO MOJIA.
Pa30ananc momuocTeil BcTpeunslx BojaH B BOI' maer B pesynbraTe pa3HOCTh Ha-
OeroB (a3 U COOTBETCTBYIOLIUI CABUT HYJIS, TOCKOJIBKY KOI(PPUIIUEHTHI MPEIOM-
JIEHHsI BOJIOKHA /ISl BCTPEUHBIX OKA3bIBAIOTCS TAKXKE pPa3HbIMU. DTU 3P(PEKThI, TEM
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HE MeHee OOYCIOBIIEHBI CII0)KHBIM YETHIPEXBOITHOBBIM B3aUMOJICHCTBHEM MEXIY
BCTPEYHBIMU BOJIHAMH, a HE IIPOCTO BO3/JECHCTBHEM BOJIHBI Ha caMmy ceOs. B Ha-
cTosiiee BpeMs ITOKA3aHO, YTO MCIOJIB30BAHUE MIUPOKOIIOJIOCHOTO UCTOYHHUKA W3-
Jy4E€HUs] YPAaBHUBAET HEIUHEWHOCTH JUISI BCTPEUHBIX BOJIH U IOJIHOCTBIO JINKBU-
JIUPYET Mapa3uTHBINA cABUT (a3.

4.5. OcHoBHBIC TeHAeHINH pa3Butus BOI'
4.5.1. BOI cpednei mounocmu

PaccmoTpeHHbIe TPUHIIUIIBI TOCTPOEHUS JOCTATOYHO JIETKO 00ECIEeYUBAIOT
coznanne BOI' cpenneit Tounoctu. Ilox rupockonamu co cpeqHeld TOYHOCTBIO
0OBIYHO MOHUMAIOT MPUOOPHI, OOECIIEUNBAIONINE HECTAOUIBLHOCTh CIBUTA HYJIS B

nuanasone ot 0,1 10 5 °/u. Takue TUPOCKOIBI MOTYT € YCIEXOM MCIOJIb30BATLCS B
CUCTEMaXxX YIpaBlieHUs TAaKTHUYECKUMHU paKeTaMM, KOCMHYECKHUMU armapaTamu, B
noe3/iax, MOPCKUX THpokommacax u ap. OqHuM U3 HauboJiee yJauyHbIX MPUMEPOB
UCIIOJIb30BaHUsl THPOCKOIIOB CPEIHEN TOUHOCTH SIBIIIETCS] CUCTEMA KypPCOYyKa3aHUs
rpaXJIaHCKUX CaMOJIETOB. B TaHHOM cilydae TMPOCKON OTBETCTBEH TOJBLKO 3a Ofl-
pezelieHne HarpaBJieHUs! JBM)KCHHS M, COOTBETCTBEHHO, TpeOOBaHUS K CTaOMIIb-
HOCTH MacmTaOHOro Kod(QHIMeHTa TOBOJBLHO CKPOMHBIC (MOpsaKa 107%. Aro
JTaeT BO3MOXKHOCTH MCIonb30BaTh BOI ¢ pa3oMkHyTO# cxemoii 00paboTKu CUTHA-
Ja ¥ ¢ MUHUMAaIIbHOW B3auMHOU KoHpuryparnmei (puc. 4.16).

HUcTounmnk
CBETa [Tomstpusarop
el KM
v v
Cxema Cxema 06paboTKH
AEMONYIAIMA [ P CHUTHajIa
i Brixon
Puc. 4.16
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B3auMHBIM MOIYISTOPOM B JAHHOW CXEME SIBIISIETCA NbE30KEPAMUYECKUN
moayastop (ITKM), peann3oBaHHBI HAa OCHOBE IbE30KEPAMHUCCKOTO IMIUHJIPA,
Ha KOTOPBIM HAMOTAHO HECKOJIBKO BUTKOB BOJIOKHA. BBIXOAHOW CHUTHAI mocie
cXeMbl 00pabOTKH MpPEACTaBISIET COOOW CHUTHaj, MPOMOPIUOHAIBHBIA CKOPOCTH
BpamieHus. VccinenoBanus, NpoBeACHHbIE aMEPUKAHCKON KommaHuend “Honey-
well”, BeimyctuBiei B cepeaune 90-x cepuio Takux MpUOOPOB, MOKA3ald, YTO I10-
CJie TIIATEIhHOW OTPAOOTKH TEXHOJIOTHUU CPEIHSSI CTAOMIBHOCTh CIABUTA HYJIS T10

cepun u3 100 npubopos cocrasuina 0,15 °/4. BocnponssBoauMocTs MacTaGHOIo

—4
ko3¢ dummenra (CKO) cocraBuia 4,2:10 *. CieayeT OTMETUTD, YTO TaKHUE PE3YIIb-
TaThl CONMOCTaBUMBI ¢ mapamerpamu BOI' ¢ 3aMKkHYTOH Lienbio 00pabOTKH CUTHAJIA
CpeIHEW TOUYHOCTH.

4.5.2. Bvicokomounwvie BOI'

OCHOBHBIM HAa3HAYEHUEM AaBUALMOHHBIX WHEPLHMAIBHBIX HABUTALMOHHBIX
cucrem (MUHC) sBisieTcst onpeneneHne MECTONOJIOXKECHHUS OObEKTa W HadaiabHas
BbICTaBKa 00BEKTa OTHOCUTENILHO 3€MHOM CUCTEMBI KOOpAUHAT. B TeueHue nmonera
B CHCTEME NPOU3BOAUTCA U3MEPEHUE U MHTETPUPOBAHUE JIMHEUHBIX YCKOPEHUN U

ompeneneHne yrioBbix nepememnieHuid. ['mpockon B atux MHC 00b14HO m0ImKEH
uMeTh ctabuapHOCTh He Xyke 0,006 °/u. Takue sxe TpeGOBaHMS NPEXBIABIAIOTCS K
TUPOCKOINIaM M BO MHOTHMX JIPYTHX HAaBUTAIIMOHHBIX cUcTeMax. TpeboBaHUs K CTa-

-5
OWIBHOCTH MacIITaOHOTO KOA(PUIMEeHTa THPOCKOIA COCTaBIAOT 00biyHO 10 ~ B

nuanaszone ckopocreit 1o 1000 °/c. Takoii ypoBeHb TpeOOBaHUI MPEACTABISIETCS
O0COOEHHO >KECTKHM MpU ydeTe YCIOBUU IKCIUTyaTallMd THPOCKOIIOB: TUAIa30H
TEMITepaTyp OKPYKAIOIIEH Cpelbl, B KOTOPOH THPOCKOMBI TOJDKHBI 00eCIIeYnBaTh

CBOM Xapakrepuctuku, cocrapisger or —50°C 1o +70; cKOpPOCTh M3MEHEHUS TEM-

nepaTypsl MokeT gocturats 1,0 °C/MuH; ypoBeHs BuOpanuii 110 6...9 ¢; BHEIIHKE
marauTHbie noJist 10 10 I'c. Tlpu cozganum BOI', npeaHazHaueHHBIX IS TaKOTO
pojaa MpUMEHEeHUH, HeOOX0IUMO HCIO0JIb30BaTh 3AMKHYTYIO CXeMy paboThl mpudo-
pa, 94TO 0OCOOEHHO BaXKHO IMPHU YUYETe BHICOKUX TPEOOBaHMI K MaciITabOHOMY KO3(-
buuueHTy.

JlpyruM acnekToM, 00ecreunBaroluM yI0BIETBOPEHHE KECTKUM TpeOoBa-
HUSIM, ABIISIETCS UCIOJIb30BaHUE B KaTymike BOI' BoJokHA ¢ cOXpaHEHHUEM MOJs-
puzanuu. Tunuunas cxema takoro BOI' npencrasiena Ha puc. 4.17. @yHKIIMOHU-

pOBaHuE IPEACTABICHHON CXEMBI IIPOMCXOAUT B COOTBETCTBUU C JHArpaMMaMH,
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npuBeneHHbIMUA Ha puc. 4.10 u 4.11. ®a3oBast MOIYIAIUS BCTPEUYHBIX BOJIH IMPO-
U3BOJUTCS C MIOMOUIBIO ABYX IEKTPOONTHYECKUX MOIYJIATOPOB, BXOJSIIHUX B CO-
CTaB 2JIEMEHTOB MHTErpainbHOM ontryeckoit cxembl (MOC). BOI' ¢ CII-BoigokHOM
U CXEMOI MOCTpOEHUs, IPUBEIEHHON Ha puc. 4.17, yOBIETBOPSAIOT IPUBEICHHBIM
paHee TpeOOBaHMSIM BO BCEM AMANa30HE M3MEHEHUS MMapaMETPOB OKPY’KaroIIeH
Cpelbl ¥, COOTBETCTBEHHO, MOTYT MCIIOJIb30BaThCs B aBuamoHHbIx MHC.

B To e BpeMs Npu HMCHOJb30BAaHUM pAJa JOMOJHHUTEIBHBIX METOJOB H
cpenctB noctpoeHuss BOI' ero TOUHOCTHBIE XapaKTEPUCTUKU MOTYT OBITh JOBEJIE-
HBl JI0 YpOBHS TpeOOBaHMI K TMPOCKOIAM, HUCIOJIb3YIOIUMCS B BBICOKOTOUHBIX
WHC s 1OoABOTHBIX JIOAOK M HEKOTOPBIX KOCMHYECKHX ammaparoB. (B stom

clly4yae HeCTaOMJILHOCTH CABMIa HyJIs Ho/nkHa ObITh MeHee 0,001°/4.) K takum me-
TOJAM W CPEJICTBAM IPEKJE BCEro OTHOCUTCS HCIOJIH30BAHWE BOJIOKOHHOTO CY-
HEPITIOMUHECIICHTHOTO MCTOYHUKA m3nydeHus (cm. 4.4.3), obecrieynBaroniero pa-
6oty Ha juyHe BoJHBI 1,55 MkM. UyBCTBHTEIHHOCTD JITMHBI BOJHBI CBETA, UCITYC-
KaeMOT0 BOJIOKHOM, aKTHBUPOBAaHHBIM MOHAMH 3pOHS, K U3MECHEHUSAM TeMIIepaTy-
PBI OKa3bIBACTCS HA OJMH-I[BA TOPSIKA MEHBIIE, YeM Y TIOTYNPOBOTHUKOBBIX HC-
TOYHUKOB CBETa. JTO 00ECIEeUNBAET CYIIECTBEHHO 00JIee BHICOKYIO CTaOUIBLHOCTh
MacirtabHoro kodgdunuenta (Jydiine yem 10_6). Kpome TOoro BOJIOKOHHBIN HC-
TOYHHK CBETa 0OecreunBaeT 00jee BHICOKYIO MOIIHOCTh U3IYyYCHHS, B PE3yIbTaTe
4ero yMeHbIaercs ciydaitabrii nperi BOI (cm. Beipakenue (4.6)).

g —4

NOoC ]
HcTounuk —_t CIl
= }
CBCTa
/iil\ S ( BOJIOKHO
I ‘
®II, npenycu- f \—/ﬁ
Jluneiinas
JUTCIIb C TIOJIAPH3ALHS
¢ Moaynsuus XCMa yII-
CIBUTA HYJIA .I paBlICHHA
AIIIT . T
Hudposas nemosy- %
r ToJ1
L §| Jmsuus uuHTerpupo- |y 1€HEpaTop | —
BaHUE TTUITBI
Puc. 4.17.

Bricokasi MOITHOCTh M3Iy4YEHUS SBISIETCS HEOOXOJIMMBIM, HO HEJOCTATOY-
HBIM YCJIOBHEM JOCTHKEHUSI HU3KOTO YpOBHS ciaydaiiHoro apeiida. Murepdepen-
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OUASI MEXAY HE3aBUCUMBIMHM CHEKTPAIBHBIMA KOMIOHEHTAMU IIUPOKOIIOJIOCHOIO
VMCTOYHHMKA H3JIy4YE€HUs BBI3BIBACT IIYyM, KOTOPBIA CTAaHOBUTCS NPEBAIUPYIOLIUM
IIPY BBICOKHX YPOBHSAX MOIIHOCTH M3JIy4C€HHUS. METOIOM KOMIIEHCALIMU 3TOr0 HC-
TOYHMKA CIIy4ailHOro npeida sBHIOCh UCIOJIb30BAaHUE JOMOJIHUTEIBHOrO (hoTo-
MIPUEMHUKA, PETUCTPUPYIOLIETO IIyM HEMOCPEACTBEHHO HAa BBIXOAE WCTOYHHUKA
W3JIyYEHUS], U BBIYUTAHUE €r0 BBIXOJHOI'O CUTHAJIa U3 BBIXOAHOI'O CUTHAJIA OCHOB-
HOTo (POTONPUEMHUKA.

B HacTosiliee Bpemsi B JaHHOM HANpPaBJICHUM MOJIYYEHBI CIEAYIOIIHE pe-
synbtatel. MccnepoBancs BOI' ¢ nnuHO#M BoslokHA 4 KM, JMAaMETPOM KaTyUIKH
14 cm, c karymko#t CII-BOJOKHA M ¢ BOJIOKOHHBIM MCTOYHUKOM HU3iy4yeHus. Hc-
CJIeIOBaHUS TPOBOAMINCH MPU CTAOMIM3UPOBAHHON TeMIIEpaType OKpYyKaroien
Cpenpbl, YTO JOMYCTUMO JJI paccMaTpUBaeMbIX MpuMeHeHud. CTaOMIbHOCTh C/IBU-

ra Hyas okasanach Ha yposHe 0,0003 °/u, cayuaiineni apeiid npumepno 0,0002

°/\u YkasaHHas cTaGHIBHOCTB CIBHIa HYJISl SKBUBAJICHTHA CKOPOCTH BPaICHUS
nopsika ogHoro odopota 3a 150 net!

CymectBenHbiM HegoctaTkoM BOI' na CII-BOJIOKHE SIBISETCS BBICOKAS
croumocTh CII-BonokHa. IIpu ucnonb3oBanun CII-BojlOKHA KaTylIKa CTAaHOBUTCS
Haubosiee noporocTtosieit cocrapistonieir BOI'. Ocobenno 3to kacaercs BOI ¢
BBICOKMMH TOYHOCTHBIMHM XapaKTEPUCTUKAMHU, MOCKOJbKY B TaKMX THPOCKOIIOB
JUISL TOCTUYKEHUSI HauOOJIbIIEH YyBCTBUTEILHOCTH JIJTMHA BOJIOKHA B KaTYIIIKE, KaK
npaBuwio, npesbimaer 1 km. [loaToMy BecbMa akTyadbHBIMH OKa3ajuCh paOOTH,
HalpaBJICHHbIE Ha Ppa3paboTKy BbICOKOTOUHBIX BOI', ucnosb3yromux 0OBIYHOE
OJIHOMOJIOBOE BOJIOKHO. B 3THX paboTax ObUIH CO37]aHbI TaK Ha3bIBAEMBIE JICTIONS-
puszoBanHbie BOI' — B HUX CBEeT 10 BBEACHUA B KaTYLIKy IMPOXOJUT ACMONSpPU3a-

TOP, TIOCJI€ KOTOPOTO MOJISPU3AIMs CBETOBOM BOJIHBI CTAHOBUTCSI XaOTUYECKOM.
4.5.3. /lenonsapuzoeannwiii BOI'

Jlenonsipuzarop mpeacTaBisieT coOor TUHEHHYI0 (Ha30BYyI0 IUIACTHHY, OCH
JBYJIYUETIPEIIOMIICHHSI KOTOPOW COPUEHTHPOBAaHBI 1O ocsiM X u Y (puc. 4.18).

BHGKTpOMaFHHTHaH BOJIHQ, ITaJgaromiasa Ha ACIIOJIAPHU3aTOpP, UMCCT J'II/IHeI\/JIHYIO I10-

JIIPHU3ALHIO, IIOCKOCTH KOTOPO COPHEHTHPOBAHA 1Mo yIiioM 45° K ocsiM X | Y.

[Tpoeknuu BekTopa E Ha OCH X U Y SBISIOTCS COOCTBEHHBIMHU IOJISpU3a-
IHUSMHU BOJHOBOM IUIACTHHBI, T. €. UX COCTOSHUE HE U3MEHSIETCS, OJIHAKO MEXKIY

HUMH BO3HHMKAET Pa3HOCTh (a3 \y, KOTopas ONpeAemseTcs TONIUHON MIacTuHbI d
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U Pa3HOCTHIO KOA(P(DUIIMEHTOB MPEIOMIICHUS OOBIKHOBEHHOTO W HEOOBIKHOBCH-
HOT'O JIyYEH:

21 21V
\V:T(no —Ng)d :T(no —ne)d.

Ay

\
— |
i d
—w :

\

Puc. 4.18.

—

CocTostHME MONsgpU3aluu BeKTOpa £ mocie NpoXOoXACHUS IIACTUHBI MOXK-
HO OIPENEIUTh BeKTOpoM J[>koHca!
g - ™

1= Eye'V

B 3aBHcHMOCTH OT pa3HOCTH (pa3 Y MOXKHO IOJIYUYUTH JIFOOOE COCTOSHUE MOJSAPU-
3allMM, OJJHAKO OHO OyJIeT eIMHCTBEHHBIM U OmnpeneieHHbIM. M3moxkeHHoe cripa-
BEJUIMBO IS CiIy4as I1aJICHHs Ha IJJACTUHY MOHOXPOMAaTHYECKOW BOJIHBL. [Ipu nc-
M0JIb30BAaHUU IIHPOKOIOJOCHOTO UCTOYHHMKA CBETA Ka)Aasl CIEKTPaIbHAsE KOMIIO-
HEHTa OyJeT UMETh CBOIO Pa3HOCTb (pa3 U MpPU JOCTATOYHOW TOJILIMHE IJIACTHHBI
IPOIIEIINI CBET UMEET JII00ble COCTABJISIONINE MOJSPU3AINH, T. €. CBET CTaHO-
BUTCS JICTIOJISIPU30BaHHBIM. B KauecTBe Aenoispu3aTopoB B JAEHOISIPU30BAHHOM
BOI" 00b19HO ncnionb3ytoresa otpesku ClI-BosiokHa.

Cxema nenonsipuzoBanHoro BOI' mpencrasiena Ha puc. 4.19. 3necs npen-
nosiaraetcs, yto MOC sBasercs uaeanbHbIM MOJSpU3AaTOPOM. Jlenosspu3zaTopsl

(orpesku CII-BosiokHa) coenuHeHbl ¢ aByMs Bbixogamu MOC mox yriamu 45°,
Otpe3ku CII-BosokHa 00s1a1at0T TMHEWHBIM ABYJIydenpeaomieHueM. B pesynbra-
T€ B COOTBETCTBHH C PUHITUIIOM paboThI Aenossipu3atopa (cm. puc. 4.18), cBet Ha
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BBIXOJI€ JICTIOISIPU3ATOPOB UMEET XAOTHUECKYIO MOISIPU3ALMIO U PACHPOCTPAHSCT-
Csi B KaTyIIKe OJJHOMOJOBOTO BOJIOKHA, KOTOPOE MPEI0JIaraeTcsi W30TPOITHBIM.
Cnenyer ormeTuth, 4To cxema Ha puc. 4.19 ornmuyaercs ot cxemsl BOI' ¢ CII-
BOJIOKHOM TOJIBKO KaTYIIKOW M HaJIW4YUEM JETOJIIpU3aTOPOB, B OCTAIHLHOM OTHU
CXEMBbI MOTYT OBITh UACHTUYHBIMHU.

Jenosspusatopsl
NOC
Hcr. cBera —
®I1
IPE Iy CHIUTEIh
l Moy nsus CxeMma Jlenonsipr3oBaHHbBIN
CIBHTA HYJISI YIIPaBJIEH CBCT
AT ! T
Hudposas nemoays- Voo
L | uWsuHHTErpHPOBa- ['enepatop
HHAC THJIBI
Puc. 4.19.

Mexnay BOI na CII-BonokHe u aenonsgpuszoBanibiM BOI cymiecTByeT MHO-
ro o0mero, TeM He MeHee nemnossipu3oBaHHBIE BOIT mmeeT psg ocoOESHHOCTEH.
Paccmotpum ux Gosiee moapo6Ho. Bece oHM CBA3aHBI HEKOTOPBHIM 00pPa30M C KOM-
IUIEKCHBIM XapakTtepoM nosspusanuu. B BOI' Ha CII-BosiokHE cBET pacmnpocTpa-
HSIETCS Yyepe3 BeCh MHTEp(PEepOMETp C OJHUM U TEM K€ COCTOSTHUEM MOJISpU3aLIUH,
ONpeENsIeMbIM COOTBETCTBYIOIIEH TTIABHOM OCBIO BOJIOKHA. HekoTopas yacTh cBe-
Ta TpaHc(OpMUPYETCS B JPYroe COCTOSIHHE MOSPHU3ALMU 33 CUET CBSI3U MEXKIY
Pa3HBIMM COCTOSHMSIMHU NOJISIPU3AallMM HA BOJIOKOHHBIX COCIMHEHUAX WIH H3-3a
OOJIBIIOrO PACCTOSIHUS, MPOXOAMMOTO CBETOM B BOJOKOHHOW Karyllke, HO 3Ta
4acTh CBETa NOJABISACTCA MOJISpHU3aTOpOM. brarogaps 3ToMy OOCTOATENBCTBY
onucanue noseneHus noispuszanuu B BOI' Ha ClI-BonokHE OKa3bIBaeTCs 10CTa-
TOYHO IPOCTHIM.

C apyroil CTOpOHBI, aHAJIU3 MTOBEICHUS MOJPU3ALUU B AENOJISIPU30BAHHOM
BOI' sBnsiercst 6onee CnoXHOM 3ajjauei, Tak KaK COCTOSIHUE MOJSPU3ALMU pac-
IIPOCTPAHSIOLIETOCS CBETA MOKET MEHATHCS MIPU MPOXOKIAEHUHU 110 OJAHOMOIOBOMY
BOJIOKHY B 3aBUCHMOCTH OT HAaBEACHHOTO B BOJIOKHE JIBYJIydenpesoMiIeHHs. [(By-
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JTy4YenpeioMIICHUE UMEET MECTO B KaTYIIKE C OJHOMOJIOBBIM BOJIOKHOM 3a CYUET
nedeKTOB BOJIOKHA, a TAKXKE 33 CUET HABEJICHHBIX B BOJIOKHE HAIPSHKEHUHN MPHU €ro
U3rndax M CKpy4YMBaHUU. XapaKTep W BEJIMUMHA JIBYITYUYCIIPEIOMIICHUS B KaTYIIIKe
OJIHOMOJIOBOT'O BOJIOKHA 3aBHUCST OT YCJIOBUHM OKpy»Karomied cpeisl. Hampumep, B
BOJIOKHE, HAMOTAaHHOM Ha 0aOWHY, IBYTydYeNpPEIOMIICHUE MOKET U3MEHSTHCS MPHU
W3MEHEHUH TEMIIepaTyphbl 3a CUET YBEIWUYCHUS WM YMEHBIICHUS HAIPSKEHUS B
BOJIOKHE. [Ipn 3TOM HYXHO YYHTHIBATH TOT (DaKT, 4TO ABYJTYyYEPEIOMIICHUE MO-
KET MEHATHCSI HACTOJIBKO OBICTPO, UTO 3TO MPUBOJAUT K IMAPA3UTHOU pa3sHOCTH a3
MEXIy BCTPEUHO-PACTIPOCTPAHSIIONIMMUCS BOJIHAMH, T.€. BO3HHKAET (a3oBas He-
B3aMMHOCTbH, U3MEHSIONIAsACS BO BpeMeHH. [Ipo0iemMbl, BO3HUKAIOIINE U3-3a H3Me-
HSIOIIETOCS] BO BPEMEHU JBYJIYYEHPEIOMIICHHS aHAJIOTHYHBI MpodiieMaM, 00y-
cnoBieHHBIM 3 dextom Dapajes, MOCKOIBKY 3TOT 3D(PEKT SBISICTCS HEB3aUM-
HbIM. OTaudmne, Ka3ajaoch ObI, 3aKitodaeTcs B TOM, 4To dddekt Dapages Bo3aCi-
CTBYET TOJILKO Ha CBET C KPYrOBOH MOJIApU3ANKEH, B TO BPeMs KaK ABYJIyderpe-
JIOMJIGHHE MOXET BO3JICHCTBOBATH Ha JIO0YI0 moJspusanuio. OQHaKO 3TO TOJIBKO
KOKYIIeeCs] pa3audue, MOCKOJBKY CBET C MPOM3BOJILHON MOJISIpU3aIlieii Bceraa
COJICPKUT OOJBIIYIO WJIM MEHBIIYI0O KOMIOHEHTY KPYroBOW MOJSpU3AIUH, TOJ-
BEP KEHHOM BIMSIHUIO MarHUTHOTO MOJIs 3a cyeT 3 dexra Dapazes.

B ortinune ot BOI' Ha CII-BosiokHe B nenonsipuzoBaHHOM BOI' otnenbHble
CHEKTpaJIbHBIC COCTABJISAIONINE PACTIPOCTPAHSIONICTOCS MO BOJIOKHY CBETa HCIIBI-
THIBAIOT PA3JIMYHbIE U3MEHEHUS TOJSPU3AINUA TPHU MPOXOXKICHUHU Yepe3 OTPE3KU
BOJIOKHA C JBYJIY4YEHPEIIOMJICHHEM. OTH W3MEHCHHS TOJSPU3ANUNA TPUBOMAT K
Pa3TUYHOMY OCJIa0JICHHUIO OTAETBHBIX CIIEKTPATBHBIX COCTABJISIONIUX MPU MPOXO-
XKICHUH Yepe3 BKIIOYEHHBIM B THPOCKOM IMOJISIPU3ATOP BIUIOTH JIO MOJTHOTO UX TIO-
ramenus. Kak cieacTBue, MpOUCXOIUT U3MEHEHHE HCXOIHOTO CIEKTpa H3Jyde-
HUSA, GOPMUPYEMOT0 MCTOYHUKOM HW3IIYYCHHS. DTO TPUBOIUT K HECKOJIBKUM pe-
3yJbTaTaM: K MOTEPSM CBETA WJIM 3aTyXaHUIO MOJE3HOT0 CUTHala, K HECTaOUIbHO-
CTH JUTMHBI BOJIHBI ¥ K YBEJTUYCHUIO OTHOCUTEILHON MHTEHCUBHOCTH IITyMa HOBOTO

CIIEKTpa.

4.6. Bonpochl 1 3a1a4u

ITo pa3neay 4.1. BoJIOKOHHO-ONITHYECKUH THPOCKOII

1.Kakum 06pa3oM B BOJIOKOHHO-ONITUYECKOM THPOCKOIIE Pealln3yeTcsl yBEIUYCHHUE
YYBCTBUTEIBHOCTH?

2.B ueM cocTout 0COOEHHOCTH BBIXOJHOM XapakTepuctuku BOI'™?

ITo pa3neny 4.2. [IpuHuMN B3aUMHOCTH
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1.B yem cOCTOUT MPUHIIUI B3aUMHOCTH?

2. Yto npencrapnset coboit BOI' MunnManbHoM KOHGUTYpaIiu?

3. IlpuBenute npumepsl HeB3auMHOCTH B BOT'.

ITo pa3neay 4.3. O0padoTKa BHIXOJHOTO CUTHAJIA

1.Kakum oGpa3om pemraetcs mpodiaema Maion yyBcTBuTenbHocT BOI' B 0o6macTu
MaJIbIX CKOPOCTEH BpaleHUs?

2.ITouemy B BOI" He UCIOIB3YIOTCSI HEB3aUMHBIE 3JIEMEHTHI?

3.13 kakux cooOpakeHHil BBIOMpPAETCS YacTOTa MOIYJALMH (Pa3bl BO B3aUMHOM
3JIEMEHTE?

4. ITouemy HOJIb BBIXOJHOM XapaKTEPUCTUKHU MPU UCIOJIb30BAaHUU JAHHOTO METO/a
SBIIIETCS CTAOUIILHBIM?

5. Ilouemy nunooOpaszHoe n3MeHeHue (a3bl IKBUBAIEHTHO U3MEHEHUIO YaCTOTHI C
rmoMoIen AOM?

ITo pa3neny 4.4. OCHOBHBIC HCTOYHMKH MOrPelIHOCTel

1.TTouemy npoOOBOI IITyM OTpeAeIIIeT MOTEHIIMATbHYI0 TOUHOCTH BOI™?

2.3a cuet yero oOpaTHOE paccessHue MPUBOAUT K MOTPEIIHOCTH U3MEPEHUIN?
3.IToyemy ucnosib30BaHUE MIUPOKOTIOIOCHOTO UCTOYHHKA MO3BOJISAET 3P (HEKTUBHO
OOpOThCS ¢ OOPATHBIM paccesTHuEM?

4. Kak paboTaroT UCTOYHHUKHU U3ITyUYEHHs], XapaKTepPU3YyIOIIHUECs MIUPOKOH MoJIocon
U3ITyYEHHUS ?

5.I1pu xakux ycnosusx spdext Papanes Biusier Ha padoty BOI™?

6. B ueM ocobeHHOCTh BiausiHUSA Ha paboTy BOI' TemnepaTypHbIX rpai€HTOB?

Ilo pazneny 4.5. OcHoBHBIE TeHaeHIUM pa3BuTus BOT

1.Kakoe BOJIOKHO M KaKhe MOIYJIATOPHI ucnonb3ytores B BOI cpeaneit Tounoctu?
2.Yem xapakTepu3yeTcsi epexo] K BEICOKOTOYHOM cxeMe nmocTpoenus BOI'™?
3.Kak paboraet nenonspuzarop?

4.B yem ocoOeHHOCTB PaboTHI fenossipuzoBanHoro BOI™?

4.7. JInutepaTypa
1. ®unaros F0.B. BonokonHo-ontuueckuii rupockorn: Yueb. nocooue. CII6.: 13-

Bo CIIOI'DTY «JIDTU», 2003.
2. lllepemetseB A.I". BonokoHnHo-onTuueckuii rupockor. M.: Panuo u cBsi3b,

1987.

3. Xancnepmxkep P. UnrerpansHas ontuka. Ilep. ¢ anrn. — M.: Mup, 1985.
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4. Optical Gyros and their Applications, NATO RTO AGARDograph 339, May
19909.

4.8. IlpenmeTHbIN yKa3aTedb

aKyCTOONTHYECKHI Moaymsitop — 115

B3aUMHBIN Pa3zoBblil MmoysiTop — 112

BOJIOKHO — 106

BOJIOKHO C coOXpaHeHueM mnosspuzanuu — 130

BOJIOKOHHBINM UCTOYHHUK cBeTa — 124

| Bpems 0Oxoz1a KoHTypa — 116 |

IByIy4yenpenomieHue — 126

[ zemoynuposansbii curnan — 115 |

nenonsipuzarop — 132

nenonsipuzoBanHbii BOI' — 133

npo6oBoii mrym — 109

|3amkHyTas cxema — 115

[3aTyxanus curnana — 110 |

WHTErpajbHas onTrdeckas cxema — 131

karymka — 106

| MuarMansHas kouduryparms — 110 |

HeB3auMHOCTH — 110

B3auMHbIN TopT — 110

obpartHoe paccesane — 120

OJTHOMOOBOE BOJIOKHO — 134

| muooOpasHas Moaytsinus pasHoctn pas — 117 |

MMOTEHIIHAIbHASA TOYHOCTH — 119

npyHIMO B3auMHocTy — 109

npocTpaHCcTBeHHbIN GuibTp — 110

paszHocTth ¢a3 — 107
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curHai odpatHo# cBsizu — 115

| crabunbrocTs Hyns — 114 |

CyNEepJIFIOMUHECIIEHTHBIN quoa — 124

gyBcTBUTENHHOCTH BOI™ — 108

|qaCT0Ta Moaysuuan — 112 |

HIMPOKOIOJIOCHBIM HCTOYHUK cBeTa — 122

s dext Keppa — 128
| 5ppext Dapanes — 125 |
apdext yne — 127
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3akioueHue

[Iponomxkaromuecst paboOThl B 00J1aCTH BOJIOKOHHO-ONTUYECKON THPOCKOIIHH
HaIpaBJIeHbl HA JOCTHKEHUE JAIBHEHMILEro Mporpecca TOUHOCTHBIX U IKCILTyaTa-
MoHHBIX xapaktepucTuk BOI'. IIpu sTom Gomblioe BHUMaHUE YIEISETCS 1IEHO-
BBIM M BECOrabapuUTHBIM MapaMeTpaM pa3padaTbIBa€MbIX T'MPOCKOIOB. CpaBHU-
TenpHO AemeBble BOI' ¢ pa3oMKHYTBIM KOHTYPOM IIMPOKO MCIOIB3YIOTCS B KOM-
MepUecKoi aBuanuu. Pe3ynbratel paboT B ATOW 00JacTH AEMOHCTPUPYIOT CYIIIe-
CTBEHHOE yiydlieHue xapakrepuctuk BOI' co Bpemenem. C apyros CTOpOHBI
npojospKaroImascs padpadorka npenuznoHHslx BOIT mpecnenyeT nens co3nanus
NpUOOPOB JIJIs TAKUX MPUMEHEHUH, IJIe HEOOXO0IUMO UMETh CTAOMIIBHOCTH Apeiida

rupockomna Jiyurie 0,0003 %4 u ciydaiinsiii qperi¢ Ha yposae 0,0002 ©/ Ju. Becs-
Ma MPUBIEKATEIbHBIMU BBITJISIAST EPCIIEKTUBBI JATbHEHIIINX pabOT MO CO3aHUIO
nenongpu3zoBaHHbIX BOI', B KOTOpPBIX TOCTUKEHUE BBICOKOW TOYHOCTH COYETACTCS
CO CPaBHUTEIHLHO HU3KOM 1IEHON prOOpOB.
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