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nHcapeB A,¢, P13 - 10214 

nna3MeHHbiH !"'eHepa TOp KOI"'epeHTHOI"'O Pp8BHT8UHOHHOI"'O H3lly'IeHH Sl 

ileT8llbHO rrp08H8l1H3HpOB8H B8pH8HT ITl183MeHHOI"'O HCTO'IHHK8 I"'p8BHT8-

UHOHHOI"'O H3lly'IeHHll B lliHPOKOM llHarra30He qacror. OrrpeneneHbi orrruManbHbie 

YCllOBHll KOI"'epeHTHOI"'O H3lly'IeHHll H ITOK838H01 'ITO llpH pe30H8HCHOM 

B036Y)KJleHHH JJ€Hl"'M!Op0BCKHX KOne68HHil 3lleKTpOHOB B MeT8lllle H8 'I8CTOTe 
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f]penpHHT 06beAHHeHHOro HHCTHTyTa HAepH~X HCCAeAOBaHHK 

,Ll,y6Ha 1976 

Pisarev A.F. Pl3 - 1021~ 
A Plasma Generator of the Coherent Gravitational 

Radiation 

A variant of the plasma source of gravitational radia
tion has been analysed in detail for a wide range of fre
quencies. The optimum conditions for the coherent radiatio~ 
have been determined. It has been shown that at the reso
nance excitation of Langmuir electron oscillations in 
metal at the frequency of 6.10 15 sec-1 the gravitation~l 
radiation power of 1 erg/sec-1 has been obtained for pulse 
duration of 3.10~sec. The emitter effective volume is 
-lo-2 cm 3 and the laser light excitation power is 
-1014 erg/sec-1. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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•, 

Bae0e11ue 

EoJILUIHe ycunux, npe.n.npHHHMaeMLie B nocne.n.uue ro,D,LI 

p.H,D,OM Jia6opaTOpHH no noHCKY rpaBHTaUHOHHOH pa,D,HaUHH 

KOCMHqecKOrO npOHCXo:>K,D,eHHX, He npHBeJIH, O,D,HaKO, K O,D,

H03HaqHOMY OTBeTy Ha npHHUHnHaJILHLIH BOnpoc 0 Cyll.{eCT

BOBaHHH B npHpO,D,e rpaBHTaUHOHHOrO H3JiyqeHHX. 3TO o6-

CTOXTeJILCTBO nopO,D,HJIO y px,D,a <i>H3HKOB onpe,D,eJieHHLIH 

CKenCHC no OTHOUieHHIO KO BCeMy HanpaBJieHHIO HCCJie,D,OBa

HHH, CBX3aHHOMy C HCnOJIL30BaHHeM acTpO$H3HqeCKHX 

Ofi'LeKTOB B J<aqeCTBe O,D,HOH H3 onpe,D,eJIXIOJ.J..{HX KOMnOHeHT 31<

cnepHMeHTa. B CBX3H C 3THM OCTpO BCTaJI BOIIpOC 0 nOHCKaX 

nyTeH nocTaHOBKH IIOJIHOrO nafiopaTOpHoro OnLITa, B KOTO

poM O,D,HOBpeMeHHO HCnOJIL30BaJIHCL fiLl H HCKYCCTBeHHLIH 

H3JiyqaTeJIL rpaBHTauuoHHLIX BOJIH, H ux npueMHHK. Ocuoo

HLie YCHJIHS B 3TOM HanpaBJieHHH CKOHUeHTpHpOBaHLI ceiiqac 

ua pa3pa6oTKe HCToqHHKa H3Jiyqeuux c noporoM MOJ..U

HOCTH - 1 3pZ • CM-2 C-l. 3TO TOT nop.H,D,OK BeJIHqHHLI nOTOKa 

rpaBHTauuouuoii pa.n.uauuu, KOTOPLIH B npuuuune .n.ocTyneu 

H3Mepeuuro coopeMeHHLIMH TexuuqecKHMH cpe.n.cTBaMH. K 
HaCTOSJ.J..{eMy BpeMeHH npe,D,Jio:>KeHO HeCKOJILKO BapuaHTOB 

HCKYCCTBeHHLIX H3JiyqaTeJieH C 3HepreTuqecKHM noporOM, 

npu6JIH)I(aiOJ.J..{HMcs K oenuquue 10·7 :Jpz.cM-2 
c·

1 
/eM., ua

npuMep, o63op I 1 I 1. Ocuoouas qacTL TaKHX npoeKTOB 

6a3HpyeTC11 Ha H,D,ee HCnOJIL30BaHH11 BLICOJ<OqaCTOTHLIX 

Ofi'LeMHLIX MeXHHqeCKHX KOJiefiaHHH B TBOp,D,OM TeJie HJIH 

KOJiefiaHHH 3JieKTpOMarHHTHOrO nons BLICOKOH Hanp.JI)I(eHHO

CTH B pe30HaTopax H BOJIHOBO,D,aX. 0,D,HaKO pa3pLIB Me)I(,D,y 

npHHI.(HnHaJILHO H3MepHMLIM nOTOKOM MOJ..UHOCTH H pacqeTHO 

.n.ocTH)I(HMLIM ypoBHeM H3Jiyqeuus .n.onroe BpeMx ocTaBan

cs qpe3BLiqaiiuo 6oJILWHM. H TOJILKO B caMoe nocne.n.uee 
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speMJI CoKonos c coTpy,nHHKaMH 121 npe,nno:>KHJIH HOBhiH 

BapHaHT H3Jiyqa TeJIJI, OCHOBaHHOrO Ha BbiCOKOl.laCTOTHbiX 

KOJie6aHHJIX CB060,nHbiX 3JieKTpOHOB B ITJia3Me. 0HH HaWJIH
2 

"'TO nJia3MeHHhiH CTOJI6 C nonepel.IHbiM Cel.leHHeM-1 0
2 

CM 

H JIHHeHHbiM pa3MepOM B,nOJib pacnpOCTpaHeHHJI BOJIHbl 

HaKal.IKH - 10
2 

CM , HMeiOJ..QHH nJIOTHOCTb CB060,nHbiX 3JieKT

PO HOB -1 <)!O C.M -~ cnoco6eH npH 60JibWOH aMnJIHTy,ne pac

Ka"'KH 3JieKTpOHOB H3Jiyqa Tb BbiCOKOl.laCTOTHhle rpaBHTa

UHOHHhie BOJIHbl MOJ..QHOCTbi0-10"
13p2.C-l. Ho aBTOpbl UH

THpyeMoro coo6J..QeHHJI He .nanH noJIHoro aHaJIH3a npaK

THl.leCKOH B03MO:>KHOCTH ,noCTH:>KeHHJI B nna3Me BbiCOKO

l.laCTOTHbiX KOrepeHTHbiX KOJiefiaHHH 3JieKTpOHOB C fiOJibWOH 

aMnJIHTy,noii H nonyl.leHHJI yKa3aHHoro BhiCOKoro ypoBHJI 

H3Jiyl.leHHJI. ll03TOMY IJ;eJihiO HaCTOJIIIJ;eH pa60Tbl JIBJIJieTCJI 

,neTaJibHhiH aHaJIH3 H yl.leT scex HaH6onee sa:>KHhiX B nnaHe 

paccMaTpHBaeMOH 3a,nal.IH CBOHCTB nJia3Mhi: BhiCOKOH OT

pa:>KaTeJibHOH cnoco6HOCTH, 6blcTporo 3aTyxaHHJI ynopJI,no

"leHHOH OCUHJIJIJIUHH 3JieKTpOHOB H HaJIH"'HJI JieHrMIOpOBCKHX 

KOJiefiaHHH, - onpe,neJIJIIOJ..QHX, B KOHel.IHOM Cl.leTe, aMnJIH

Ty,ny CHHXpOHHOH pacKal.IKH 3JieKTpOHOB H COOTBeTCTBeHHO 

,nOCTH:>KHMbiH ypOBeHb MOJ..QHOCTH rpaBHTaiJ;HOHHOrO H3Jiyqe

HHJI. 

2. HHmeHCUBHOCIIIb U3Ay~eHu.R zpaeumat~UOHHOU 

BOAHbl KOAe6A101JIUMUCJI 3AeKIIIpOHQMU 

fipHMeM, 'ITO KOJIJieKTHBHOe KOJiefiaHHe 3JieKTpOHOB B 

nJia3Me npOHCXO,nHT B HanpaBJieHHH OCH y no rapMOHH

l.leCKOMY 3aKoHy y =Yo sinwt . Tor.na no H3BeCTHOH 

!l>opMyJie/3 / ,nJIJI rpaBHTaiJ;HOHHOrO H3Jiyl.leHHJI KOJie6JIIOJ..QH

MHCJI MaCCaMH 

.4!_ 
dn 

G 

36rrc5 

1 .• 2 1 .•. . ..•.• 
[ _ ( D {3 n n {3 ) + - D 2{3 - D J) "{3" ] 4 a a 2 a a{J ay y 

/1/ 

ITOCJie HeCJIO:>KHbiX Bbll.IHCJieHHH HaH,neM, "'TO 3JieKTpOHbl 

6y,nyT H3Jiy"laTb C HHTeHCHBHOCTblO 

4 

d I G 2 V 2 -5 2 4 6 . 4e 
- = n c m y w stn , 
dn o o 

/2/ 

r,ne dl/ dQ - cpe,nHJIJI 3a nepHO,n HHTeHCHBHOCTb rpaBHTa

UHOHHOrO H3Jiy"leHHJI B e,nHHHUY TeJieCHOrO yrna, 3p2 C -I , 

G- HblOTOHOBCKaJI rpaBHTaiJ;HOHHaJI nOCTOJIHHaJI, C - CKO

pOCTb CBeTa B BaKyyMe, no - nJIOTHOCTb CB060,nHhiX 

3JieKTpOHOB nna3Me, c.M-3 , V - o6'beM nna3Mhi, yqacT

BYIOIIJ;eH B KOrepeHTHOM pe:>KHMe rpaBHTaiJ;HOHHOrO H3JIY

l.leHHJI, m - 34MileKTHBHaJI Macca 3JieKTpOHOB B nJia3Me, 

Yo - aMnJIHTy,na HX KOJiefiaHHH, 0 - ITOJIJipHbiH yroJI, OT

Cl.IHTbiBaeMbiH OT OCH KOJiefiaHHJI 3JieKTpOHOB y · 
llpH Hepe30HaHCHOM B036y:>K,neHHH 3JieKTpOHOB B nna3-

Me 3JieKTpoMarHHTHhiM non eM HanpJI:>KeHHOCThiO E aM-

nJIHTy,na KOJie6aHHH 

eEo 
-- ' Yo= mw2 

/3/ 

r.ne e - 3apJI,n 3JieKTpoHa. llo,ncTaBJIJIJI 3TO 3Hal.leHHe y0 
B !l>opMyJiy /2/ H paccMaTpHBaJI H3Jiyl.leHHe B 3KBaTO

pHaJibHOH nJIOCKOCTH ( 0= 7T (2), nOJIY'IHM: 

dl 
2 2 4 Gn 0V (eE0 ) /4/ 

dU c5 m2 w 2 

3. KozepeHmHoe zpaeumat~uoHHOe U3Ay~eHue nAa3Mbl 

npu B036yJKOeHUU B HeU KOAe6aHUU 3AeKIIIpOHOB 

3AeKmpoMazHumHoii eoAHOU 

3JieKTpOMarHHTHaJI BOJIHa, na,naJI Ha rpaHHUY nna3Mhl, 

npOHHKaeT B Hee Ha xapaKTepHyiO rnyfiHHY 8 H B03fiy:>K,naeT 

COrJiaCOBaHHble KOJiefiaHHJI 3JieKTpOHOB. ll03TOMY 3~eK-

5 



THBHblH Ofi'beM nna3Mbl, KOTOpbiH MO:lKeT fihiTb HCllOllb30-

BaH ,n;ng rpaBHTai.J,HOHHOrO H3lly'leHHji, paBeH S 0, r,n;e 

S - nonepe'IHOe ce'leHHe nna3Mhi B HanpaaneHHH pacnpo

CTpaHeHHji 3lleKTpOMarHHTHOH BOllHbl. S MO:lKeT fihiTb Oll

pe.n;eneHo Hcxo,n;g H3 aenH'IHHbl 4la3oaoro paccornacoaaHHjl 

KonefiaHHji 3lleKTpOHOB B llllOCKOCTH lPPOHTa BOllHbl B03-

6y:lK,n;eHHg, llpHHHMaeMOH paBHOH 10-l A, r,n;e A - JJ;llHHa 

3neKTpoMarHHTHOH aonHhl a aaKyyMe. B cnyqae C B q
JJ;Hana30Ha 3lleKTpOMarHHTHOrO H3lly'leHHji BellH'IHHa 10-l ,\ 
MO:lKeT fihiTb ofiecne'leHa Ha llllOII.J,aJJ;H S = 104 

CM 2 , B MHK~O ·, 
BOllHOBOM JJ;Halla30He • -102 CM 2 H OllTH'IeCKOM • -1 CM

2 4
•
5

;' 

)l,ng JJ;OCTH:lKeHHg YCllOBHji KOrepeHTHOrO CllO:lKeHHji aM

llllHTYJJ;bl rpaBHTai.J,HOHHOrO H3lly'leHHji OT BCeX 3lleMeH

TapHblX Ofi'beMOB H3lly'laTeng B TO 'IKe Hafimo,n;eHHji Heofi • 

XOJJ;HMO, 'ITOfibl llla30Bag CKOpOCTb pacnpOCTpaHeHHji 3lleKT

poMarHHTHOH BOllHbl B036y:lK,n;eHHji B nna3Me y,n;oaneTBOpg

na ycnoBHIO v ct? c. 3To Tpe6oaaHHe cne.n;yeT H3 npe.n;nono

:lKeHHjl 0 paaebCTBe CKOpOCTeH pacnpOCTpaHeHHji 3lleKTpo

MarHHTHblX H rpaBHTai.J,HOHHblX BOllH B BaKyyMe. fipH Yep '2:. C 

KOrepeHTHOe CllO:lKeHHe aMllllHTYJJ; rpaBHTaU.HOHHOrO H3-

lly'leHHji MO:lKHO HafiniO,n;aTh llOJJ; yrnOM 8 K HanpaaneHHlO 

pacnpOCTpaHeHHji BOllHbl B03fiy:lKJJ;eHHji, y,n;oaneTBOpjilOII.I,HM 

YCllOBHlO COS 8== ~- . 
vcp 

)l,ng onpe,n;eneHHji r nyfiHHbl npOHHKHOBeHHH 1IIeKTpO

MarHHTHOH BOllHbl B nna3MY 0 H HaXO:lKJJ;eHHji JJ;JIH Hee 

lPa30BOH llOCTOjiHHOH (3 BOCll0llh3yeMCji Ofill.I,HM JJ;Hcnep

CHOHHblM ypaBHeHHeM JJ;llH 3lleKTpOMarHHTHOrO llOllH B llJia3-
Me /6,71: 

k 
2 2 

w -, w wo . U.U v . -v( =-v1-----1 ==f3-1a. 
c c w2+v2 w(w2w2) 

/5/ 

Pa3pernag 3TO ypaaHeHHe o~HOCHTenhHO a H (3, 6y.n;eM 

HMeTb 

6 

a2 
2 w2 2 2 ~ 

.L !:!..__ l[(l- _o_)2 + ~ ( ~- )2 2 
2 c2 w2+v2 w2 w2+v 2 

- (1-
w2 

0 
w~)l, 

/6/ 

2 
2 1 w 

2 
wo [ (1 f3 ==- -11- ---+ -

2 c2 w2+v2 

2 
__ w_0:::.....__) 2 

w2+v2 
+ 

2 2 
+~( wo 2~ 

w2 w2 +v 2 ) ] }. 
/7/ 

B Bblpa:lKeHHHX /5/-/7/ npHHj}Tbi cne,n;yiOII.I,He o6o3Ha'le

HHH: k - BOllHOBOe 'IHCllO 3lleKTpOMarHHTHOH BOJIHbl B 

nna3Me, w • yrnoaag qacToTa, (' - KOMnneKcHag JJ;H3-

neKTpH'IeCKaH llOCTOHHHag nna3Mbl C y'leTOM 3aTyxaHHg, 

v - 3cWleKTHBHag 'laCTOTa coy,n;apeHHH 3lleKTpOHOB B nna3-

Me C HOHaMH H HeHTpallbHblMH KOMllOHeHTaMH, w 0 - qac

TOTa neHrMlOpOBCKHX KOnefiaHHH 3lleKTpOHOB B nna3Me, 

(3 - lila30BblB MHO:lKHTellb 3lleKTpOMarHHTHOB BOllHbl H 

a - noKa3aTenh nornmu.eHHH aonHhi B nna3Me. B lllopMyne 

/5/ Mbl llOJIO:lKHllH, 'ITO JJ;H3lleKTpH'IeCKaH llOCTOjiHHag OCTO· 

Ba perneTKH nonynpOBOJJ;HHKa H MeTanna B BblCOKO'IaCTOT· 

HOM H onTH'IeCKOM .n;Hana3oHax pasHa e.n;HHHI.J.e. BenH'IHHa 

wo onpe.n;eJigeTCH COOTHOllieHHeM 

2 
wo 

4rrnoe 2 

m 
/8/ 

XapaKTepHag rny6HHa npoHHKHoaeHHH 3neKTpoMarHHT· 

Horo nong B nna3MY pasHa o == 1 I a. llo3TOMY 1cW!eKTHB· 

HhlB o6'beM nna3Mhl, pa6oTaiOll.I,HB KaK H3ny'laTenh, 6y.n;eT 

V == S. o = S I a • BHOCH 3Ha'leHHe V B Bblpa:lKeHHe I 4/ H 
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BblllOJIH.JUI npOCTbie npeo6pa30BaHHB C y'"leTOM /8/, noJiy'"IHM: 

dl GS 2 wg E ~ 
dn =J:6~2w2~-- · 

/9/ 

PaccMoTpHM Tenepb HaH6oJiee xapaKTepHbie qacTHbie 

CJiyl.J:aH B036y:>K.n;eHHB KOJie6aHHH 3JieKTpOHOB B pa3JIHl.J:HbiX 

'"laCTOTHhlX )J;Hana30HaX B ra30BOH nJia3Me, noJiynpOBO)J;HH

KOBOH nJia3Me H 3JieKTpoHHOH nJia3Me MeTaJIJia. IlpHMeM 

)];JIB 3THX KaTeropHH nJia3M THIIHl.J:Hble nJIOTHOCTH CB060)J;HbiX 

3JieKTpOHOB: n 0 = 10
16cM-3 

)];JIB ra30BOH nJia3Mbl, 1d 9 cM-3 -

)];JIB noJiynpOBO)J;HHKOBOH H 10 22 cM·3 - )];JIB nJia3Mbl B Me

TaJIJie. Co6cTBeHHaB JieHrMropoacKaB qacToTa KOJia6aHHH 

3JieKTpOHOB w 0 , Bhll.J:HCJieHHaB no ~OpMyJie /8/, 6y.n;eT co

OTBeTCTBeHHO pasHa 5,5.1d
2 c-l )];JIB raJa; 1,8.10 14 c .J 

.n;JIB noJiynpoao.n;HHKa HJIH nepexo.n;Horo MeTaJIJia H 6.1 d 5 c·L 
)];JIB MeTaJIJia. liy.n;eM Cl.J:HTaTb _naJiee, '"ITO rpaBHTaJ.J.HOHHble 

H3Jiyl.J:aTeJIH noJiynpOBO)J;HHKOBOrO HJIH MeTaJIJIHl.J:eCKOrO TH

na oxJia:>K.n;eHbi .no TeMnepaTypbi :>KH.n;Koro reJIHB, Kor.na 

BpeMB TenJIOBOH peJiaKCaJ.J.HH 3fleKTpOHOB B HHX CTaHOBHT

CB MaKCHMaJibHbiM. B 3THX npe.nnoJio:>KeHHBX 3~eKTHBHaB 
l.J:aCTOTa coy_napeHHB 3JieKTPOHOB v )];JIB BCeX Tpex THnOB 

nJia3Mbl - ra30BOH, noJiynpOBO)J;HHKOBOH H MeTaJIJIHl.J:eC

KOH - 6y.n;eT HC'"IHCJIBTbC.R aeJIH'"IHHOH o.n;Horo nop.R.n;Ka: 

-10 lOc-I, '"ITO 3Hal.J:HTeJibHO MeHbllle w 0 · 

a. C JI y q a H: w < v < < w 
0 

• Bhl'"IHCJieHHe no ~opMyJie /7/ 
w --

)J.JIB ~a30BOrO MHO:>KHTeJIB )J.aeT f3 = _Q_ V 
2
w-. 0TCIO)J.a Ha-

c v 

XO)J.HM, '"ITO ~a30Ba.R CKOpOCTb pacnpoCTpaHeHH.R 3JieKTpo-

- 6 w kv MarHHTHOH BOJIHbl B03 y:>K,!I.eHH.R B nJia3Me v41 =--=Cv --<<c. 

(3 (L)~ 
CJie.n;oaaTeJibHO, a paccMaTpHaaeMoM .n;HanaJoHe qacToT 

He BblllOJIHBeTCH Heo6XO)J;HMOe yCJIOBHe Vrp >C. IJo 3TOH 

npH'"IHHe _naJibHeHillHH aHaJIH3 3TOrO CJiy'"la.R He npe,!I.CTaB

JIBeT HHTepeca. 

6. CJiyqaH: w-v<<w 0 .I1cnoJih3Y.R Bhlpa:>KeHHe /7/, Hail-

8 

t 

' 

\ 
'J 

.neM f3 = 0,3 ~.u_ 
c 

Il03TOMY V m =C __ v __ <<c H ,!l.aHHbiH CJiy· 
't' 0,3w

0 

qaH: Mbi TaK:>Ke He paccMaTpHaaeM. 

w0v 
B. C JI y q a H: v<·w<w

0 
. Ilo ~opMyJie /7/ HaXO.D.HM {3: --. 

2cw 
2w

2 

CJie)J.OBaTeJibHO, vm = c ---
'±' vwo 

co6JIIO,!I.aTbC.R npH 2w
2 I vw

0 
;:::. 1, 

H YCJIOBHe V riJ~ C 6y)J.eT 

T .e. BblllOJIH.RTbCB B orpa-

HHl.J:eHHOM )J;Hana30He l.J:aCTOT KOJie6aHHH ·I Vt:LJo < w < w . v 2 - 0 

B qacTHOCTH, .D.JIB paccMaTpHaaeMOH nJIOTHOCTH raJoaoH: 

nJia3Mbl _naHHbiH )J.Hana30H COOTBeTCTByeT 3Ha'"leHHIO 

1010 < w < 101 2 c·1 .nJI.R rroJiynpoao,!I.HHKa- 10
10

<w<10
14c-1 

H MeTaJIJia - 1010'< uJ < 1016 C -1.)J;JIB 3THX l.J:aCTOT B036y:>K-

)J.eHH.R noKa3aTeJib 3aTyXaHHB 3JieKTpOMarHHTHOH BOJIHhl 

B IIJia3Me a , Bbll.J:HCJieHHbiH no ~opMyJie /6/, paaeH 

wo ---- '"ITO _naeT xapaKTepHyiO rJiy6HHY npOHHKHOBeHHB 
y2-c 

-2 
nOJIB B ra30BYIO nJia3MY 10 CM, B noJiynpOBO,!I.HHKOByiO -

10-4 CM H B IIJia3MY MeTaJIJia - 10-
6 

CM. IJO)J.CTaBJI.RB HaH,!I.eH

Hble 3Hal.J:eHHB a B ~OpMyJiy /9/ H npHHHMaB B Kal.J:eCTBe 

pa60l.J:HX l.J:aCTOT B036y:>K)J.eHH.R KOJie6aHHH 3JieKTPOHOB 

5.10 11 c -1 a raJoaoH: nJia3Me, 10
13 c·1 

a noJiynpoBO)J.HH

KoaoH: H 1oJ4 C -1 B MeTaJIJIH'"IeCKOH, nOJIY'"IHM HHTeHCHB

HOCTb rpaBHTaU.HOHHOrO H3Jiyl.J:eHHB COOTBeTCTBeHHO 

10"20 3P2 C - 1 )].JIB ra30BOrO H3Jiyl.J:aTeJIB, 10"
24 

3P2 c"
1 

)J.JI.R 

noJiynpOBO,!I.HHKOBOrO H 10·20 3p2 C - 1 
)].JIB MeTaJIJIHl.J:eCKOrO. 

B 3THX pacl.J:eTax 6biJIO npHHBTo, '"ITO aMnJIHTy.na 3JieKTpo

MarHHTHoro nOJI.R B nJia3Me COCTaBJIBeT BeJIHl.J:HHY 10
5 

B CM -1 , a nonepe'"IHOe Ce'"leHHe nJia3Mbl, B COOTBeTCTBHH 

C yKa3aHHbiMH l.J:aCTOTaMH B036y:>K)J.eHHB, paBHO S = 10
4 

CM 
2 

)J.JI.R ra3a, 10 2 cM 2 )].JIB noJiynpoBO,!I.HHKa H 1 CM
2 

)].JIB Me

TaJIJia. cl>aKTH'"IeCKHH BhlXO)J. MOII.\HOCTH rpaBHTaU.HOHHOrO 

H3Jiyl.J:eHH.R, Ol.J:eBH)J.HO, 6y)J.eT HeCKOJibKO HH:>Ke npHBe)J;eHHblX 

BeJIH'"IHH, TaK KaK H3- 3a CHJibHOrO OTpa:>KeHHB 3JieKTpO

MarHHTHOH BOJIHhl OT nJia3Mhl B yKa3aHHhlX )J;Hana3oHaX 

qacTOT aeJIH'"IHHa E 6y.neT MeHbllle npHH.RToro 3Hal.J:eHHB 

10 5B CM-1 • 

9 



r. C n y q a ii w
0 

<w <wpeHT.;w 0>>v. 3.IJ.eCb wpeHT. 03HaqaeT 
HH)I{HIOIO rpaHHUY qacTOTbl peHTreHOBCKOrO J],Hana30Ha. <l>a-

30BbiB MHO)I{HTenb f3, uaii.IJ.eHHbiB no cllopMyne 17 I, paseu 

w w c' qTO )l,aeT Vrp= 73=C; TO eCTb B 3TOM Cnyqae 3neKTpo-

MarHHTHaH sonua B nna3Me pacnpocTpaHHeTCH c Toii )l{e 

CKOpOCTbiO, qTo H B BaKyyMe. BbiqHcneHHe no cilopMyne 

161 K034>ci>HUHeHTa 3aTyXaHHH )l,aeT a= 0 · 3TO 03HaqaeT, 

qTo rny6HHa npOHHKHOBeHHH 3neKTpOMarHHTHOH BOnHbl B 

nna3MY o = 1/ a _."" . B )l.eiicTBHTenbHOCTH .IJ.eno o6cTOHT 

HHaqe: npH w >wo B03HHKaJOT HHTeHCHBHble BHeWHHH H 

BHyTpeHHHH ciloT034>ci>eKTbi, He yqHTbiBaeMble cilopMynoH 161, 
KOTOpbie orpaHHqHBaiOT npoHHKHOBeHHe 3neKTpOMarHHT

uoro nonH B nna3MY .IJ.O rny6HHbi 10- 6c..w B cnyqae Me
Tanna / 8 /, 10-2 CM - nonynpOBO)l,HHKa/

9
/ H 10

2 
CM - ra30BOH 

nna3Mbi II O/. Ilo.IJ.cTaBnH~ 3TH J],aHHble B cllopMyny 191, 
uaH:.IJ.eM: dl /dO = 10- 2 :Jpz.c-1 .IJ.nH ra3a; Io-30 :Jpz.c-l 

.IJ.nH nonynpoBO.IJ.HHKa H 10-38 :Jpz.c-1 .IJ.nH MeTanna. BH.IJ.HM, 

qTo B J],aHHOM .IJ.Hana3oHe qacTOT, KaK H B cnyqae w<w 0 , 

O)I{HJ],aeMaH HHTeHCHBHOCTb rpaBHTaUHOHHOrO H3nyqeHHH OC

TaeTCH qpe3BblqaaHO HH3KOH. 

.IJ.. Cnyqaa w::w0 >>v. 3To HaH6onee HHTepecHbiH 

cnyqaa, KOr.IJ.a B nna3Me Bo36Y)K.IJ.aiOTCH pe3oHaHCHbie Kon

neKTHBHble KOne6aHHH 3neKTpOHOB Ha neHrMIOpOBCKOH qac

TOTe w 
0

. BbiqHcneHHe no cllopMynaM 161 H 17 I K034>ci>HUH-

1 VWO 

eHTa 3aTyXaHHH H cila30BOrO MHO)I{HTenH )l,aeT aa{J.::r -y--; 
-- c 2 
2w 0 

cne)l,OBaTenbHO, Vrp:C v--v->> c. B CHny pe3oHaHCHOrO 

B036y)l{)l,eHHH 3neKTpOHOB B nna3Me aMnnHTy)l.a HX ycTa-

HOBHBWHXCH KOne6aHHH 6y.IJ.eT B ~pa3 
v 

6onbwe, qeM B 

cnyqae OTCYTCTBHH pe30HaHca (3). Il03TOMY npaByiO qaCTb 

Bblpa)l{eHHH 191 cne)l.yeT )l,OMHO)I{HTb Ha aMnnHTY.IJ.HbiB cilaK-

10 

+ 
! 

f 

• 

Top (wol v )
4 

. BbmonUHH 3TY onepauHJO H yqHTbiBaH B 191 
3HaqeHHe a 2 =vw 0 /2c2 , nonyqHM cllopMyny )l,nH HHTeHCHB

HOCTH rpaBHTaUHOHHOrO H3nyqeHHH B )l,Hana30He qaCTOT, 

Henocpe)l,CTBeHHO npHMbiKaiOIUeM K neHrMJOpOBCKOH qac
TOTe KOne6aHHH 3neKTPOHOB: 

2 4 5 
dl GS Eou>o 
dO= 8rrYv5-- 1101 

YToqHHM Tenepb aMnnHTY.IJ.Y 3neKTPOMarHHTHOH sonHbl, 
npoxo.IJ.HweH: B nna3My. Ilo cllopMyne <l>peuenH 

r.IJ.e 
Mbl, 

HbiH 

2 E =--E., 
t n+ 1 I 1111 

E; - aMnnHTY.IJ.a sonHbl, na)l,aroweH: ua rpaHHUY nna3-

E 1 - aMnnHTY.IJ.a npoXO.IJ.HIUeH: BOnHbl H n - KOMnneKc

noKa3aTenb npenoMneHHH sonHbl B nna3Me, paBHbiH 

n =_£_({3-ia). 
w 

Ilo.IJ.cTaBnHH )l,aHHoe 3HaqeuHe n B I 111, nonyqHM 

E :: 2 (1 + i ~ ) E . 
t W C I 

.I1,nH auanH3HpyeMoro cnyqaH a/ w c << 1, no3TOMY E t.:-2E i. 
3To 3HaqeuHe aMnnHTY.IJ.bi nonH H cne.IJ.yeT yqHTbiBaTb B 

cllopMyne 1101. 0.IJ.HaKo 3aMeTHM, qTo sepxHHH npe.IJ.en 

HanpH)I{eHHOCTH nonH B nna3Me, 34>ci>eKTHBHO BnHHIOIUHH Ha 

aMnnHTY.IJ.Y Kone6aHHH 3neKTpOHOB, 6y)l.eT orpaHHqHBaTbCH 

penHTHBHCTCKHM pocToM HX Macchi. B KaqecTBe rpaHHUbl 

)l.nH CKOpOCTH KOne6aTenbHOrO )l,BH)I{eHHH 3neKTpOHOB B 

• e E t lo -I ~ 
pe30HaHce MO)I{HO npHHHTb y = --= 10 CM.C H HaHTH 

mv 
OTCIO.IJ.a npe.IJ.enbHYIO aMnnHTY.IJ.Y nonH E 1 -=. 10 5 B eM -I • 

IlO)l.CTaBnHH B Bblpa)l{eHHe 1101 HaHJ],eHHble qHcnOBble 3Ha
qeHHH napaMeTpos E 1 = 105 B c..w -I; v = 10I0 c -I H cooT

BeTcTseuuo w 0 = 5,5.10 I2c-l H S = 10 2c..w 2 .IJ.nH ra3a; 
1,8.10

14
c-IH 1 c..w 2 )l.nH nonynpOBO)l,HHKa; 6.10 15c-l H 

1 C.M
2 

)l.nH MeTanna, nonyqHM HHTeHCHBHOCTb rpaBHTaUHOH-

dJ -I2 -I 
uoro H3nyqeHHH din = 10 :Jpz c .IJ.nH ra3onna3Meuuoro 
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-8 -I 
H3Jiy'laTeJI.H, 10 3pZ C - ,IJ,JI.H IIOJIYIIPOBO,IJ,HHKOBOrO H 

1 3PZ C -I ,IJ,JI.H H3Jiy'laTeJI.H H3 MeTaJIJia. 

3,IJ,ecb ueo6xo,IJ,HMO c,IJ,eJiaTb o,IJ,HO no.scueuue. B npuae

,IJ,eHHbiX paC'IeTaX BCIO.IJ.Y npe,ll,IIOJiaraJIOCb, 'ITO B TO'IKe 

Ha6mo,IJ,eHH.H aMIIJIHTy,IJ,a rpaBHTaJJ;HOHHOH BOJIHbl, npHXO,ll,.HIJJ;eH 

H3 acero o6beMa H3Jiy'laTen.s, CKJia,IJ,hlBaeTC.H KorepeHTHO 

H co$a3HO. 0,IJ,HaKO ,IJ,JI.H 3TOrO ueo6XO,ll,HMO BblllOJIHHTb 

,IJ,Ba YCJIOBH.H. Ilepaoe H3 HHX Y:lKe YIIOMHHaJIOCb H COCTOHT 
B Bbi6ope uanpaaneuus ua6mo,IJ,enus no .D. yr noM e == arc cos~ v<P 
K HanpaBJieHHIO pacnpOCTpaHeHH.H 3JieKTpOMarHHTHOH BOJIHbl 

B rrna3Me. BTopoe ycnoaue BhlTeKaeT H3 ueo6xo,IJ,HMOCTH 

y'leTa IIpOTH>KeHHOCTH HCTO'IHHKa 83Jiy'leHHH yiS>>A. B 

HanpaBJieHH8 ua6JIIO,IJ,eHHH. 3TO ycJIOB8e CBO,ll,HTCH K Tpe6o

BaH810 o6ecnel.feHH.H CKOpOCTH pacnpOCTpaHeH8.H cP~3hl KO

Jie6aH8.H 3JieKTpOHOB B IIJia3Me B yKa3aHHOM uanpaBJieH8H, 

paauoii c . 0.IJ.8H H3 cnoco6oa BbmonueH8H ,IJ,anuoro Tpe6o

BaH8H COCT08T B IIOBOpOTe $a30BOH IIJIOCKOCT8 BOJIHbl 

B036y>K,IJ,eH8H nepe,ll, BXO,ll,OM B H3Jiy'laTeJib Ha yron 

yi1-C2/v 2 
¢: arctg dJ , r ,IJ,e n - onTH'IeCK8H noKa3a TeJib rrpe-

n 

noMJieH8H cpe,IJ,bi nepe.IJ. 83Jiy'laTeneM. 
06cy,IJ,8M Tenepb orpaH8'1eHH.H 8a MO~HOCTb 3JieKTpo

MarH8THOrO B036y>K,IJ,eHHH ,IIO,ll,BO,ll,HMYIO K 83Jiy'la TeJIIO, HC

XO,ll,H 83 YCJIOB8.H ,IJ,OIIYCTHMOrO ero Harpeaa. Ilp8HHTaH 

l.faCTOTa coy,IJ,apeHHH 3JieKTpOHOB B IIOJiynpOBO,ll,H8Ke 8 Me
TaJIJie v = 10IOc-I 6y,IJ,eT coxpausTbCH .IJ.O Tex nop, noKa 

TeMrrepaTypa H3Jiy'laTen.s a pe3yJibTaTe nornomeuus 3Hep

r8H B036y>K,IJ,eHH)J He IIO,ll,HHMeTCH Ha aeJI8'18HY l\T -5°. Ilp8 

,IJ,aJibHeiimeM pocTe TeMrrepaTyphl npo830H,IJ,eT pe3Koe yae

JIH'IeH8e V H, KaK CJie,IJ,CTBHe, na,IJ,eH8e aMIIJIHTY.IJ.hl KOJie-

6auus 3JieKTpouoa. Ilpu HMIIYJibCHOM pe>K8Me pa6oThl u3-

Jiy'laTeJI.H npu6nn>Kenuoe ypaaueuue Tennoaoro 6anauca 

IIJia3Mhl 6y,IJ,eT 

Pl\tS=Mql\T, 

r,IJ,e P - nornomaeMaH MOIUHOCTb 

B036y>K,IJ,eHH.H, !\ t - apeMH HaKa'IKH, 

12 

/12/ 

3JieKTpoMarHHTHOrO 

S - aKT8BHa.H nno-

t 

t 

~a.IJ.b H3Jiy'laTeJI.H, M - ero Macca u 
113 /12/ cne,IJ,yeT 

q - TeiiJIOeMKOCTb. 

p=_e~ 
at\t /13/ 

r,IJ,e 6hlno npnu.HTo M=Sop u o==1la. B 3T8x Bhlpa>Kenu.sx 

o no- npe>KneMy 03Hal.faeT rny68HY H3Jiy'laiOmero cno.s 8 

p - IIJIOTHOCTb BeiJJ;eCTBa 83Jiy\.faTeJI.H. C ,ll,pyroii CTOpOHbl, 

MO~HOCTb 3JieKTpOMarHHTHOH BOJIHhl, pacnpOCTpaH.HIOIJJ;eii
C.H B IIJia3Me, 

2 v 
2 

E. 
P = _!..2.._ E = -

1 
v 

4 TT t TT rp 
/14/ 

3,IJ,ecb v - ecTb rpynnoaas 
paauas: rp 

CKOpOCTb BOJIHhl B IIJia3Me, 

JkJc2 lf3-iaJ 2 
V =--- =---C . 
rp w w 

1 vwo 
B paccMa~p8aaeMoM cnyqae {3::.a::. c V 2-- II03TOMY 

v 
V = C V- · IlO,IJ,CTaBJIHH B /14/ 3Hal.feH8e V , IIOJIY'IHM: rp w 0 ___ rp 

P=4v~- P., 
W I 

0 
/15/ 

r,IJ,e p. - IIOJIHaH MOIJJ;HOCTb BOJIHbl B036y>K,IJ,eHH.H, IIa,IJ,alO

~eii Ha
1 

nna3My. ,IJ;ns npunsToro 3Hal.feH8H Ei = 1di B CM -I 
BeJI8'1HHa p = 3.10I 4 3pZ CM-

2 c·I. H3 COBMeCTHOrO pe-

. 1 --vwo 
/15/ npu y'leTe a= - V ---

c 2 uaxo,IJ,HM menus /13/ u 

,ll,OIIYCT8MYIO ,lJ,JIHTeJibHOCTb 8MIIYJibCa B036y>K,IJ,eHH.H H 83-
Jiy'leHH.H: 

,\ pqcl\T 
u t.. -

2yi2 v pi 
/16/ 

IlO,IJ,CTaHOBKa B /16/ 'IHCJIOBhlX 3Ha'leHHH napaMeTpOB, 

XapaKTep83YlO~HX paccMaTp8BaeMhlH TBep,ll,OTeJibHhlH IIJia3-
u -3 4 10

7 -I -I MeHHhl8 83Jiy'laTeJib: p::: 5 Z.CM ; q::: . 3pz.zpa0 Z ; 

l\T=5°; v = 10 lOc-I; ~ = 3.10I 4 3pZ.CM -2 c -I , ,IJ,aeT !\ t = 
= 3.10-o c. BH,IJ,HM, 'IT~ l\t>>l/v, 'ITO xopomo Y.IJ.OBJieTBops-
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eT YCJIOBHIO I!JopMHpOBaHHJI B nna3Me YCTaHOBHBWHXCJI pe-

30HaHCHbiX KOne6aHHH 3JieKTpOHOB. llpH 3TOM 6y.n;eM HMeTb, 

KaK 6biJIO ITOKa3aHO BbiWe, MOII.\HOCTb rpaBHTaiJ,HOHHOrO 

H3Jiy'leHHH B HMITYJibCe 1 3P2 c·I .llaCTOTa ITOBTOpeHHH pa-

6oTbl H3Jiy'laTeng 6y.n;eT onpe,n;enBTbCB, ecTeCTBeHHO, HH

TeHCHBHOCTbiO C'beMa C Hero H36biTO'IHOrO Tenna. 

B cnyqae HenpepbiBHoro pe)I(HMa pa6oTbi H3ny'laTenH 

noTpe6yeTCH npuHy.n;uTenbHOe oxna)l(,n;eHue )I(H,D;KHM renueM. 

~OITYCTHMaH MOII.\HOCTb pacceHHHB ITpH YCJIOBHH TeMnepa

TypHoro orpaHH'IeHHB 6y.n;eT 

p = f1/1T 
0 , /17/ 

r.n;e 11- Tennonpoao.n;Hocrh MaTepuana H3ny'laTenH, ~T -
pa3HOCTb TeMnepaTyp Ha oxna)l(.n;aeMoH: noaepxHOCTH H3-

ny'laTenH u ero rny6uHe o. 
H3 coaMeCTHoro peweHHH /15/ u /17/ cne~yeT aenu

'IHHa pi : 

JlWO ~ T p , ____ _ 

i 4vl.-c /18/ 

~JIB npOBO,li;HHKOB H nonynpOBO,D;HHKOB npu TeMnepaTy

pe 1KH.n;Koro renug J1 = 10 t3pz cM· 1 c ·I zpao· 1, no3TOMY 

H3 /18/ cne,n;yeT, 'ITO pi .5 10 9 3p2 CM·2 C -I ,n;ng H3yqa

TeJIH H3 MeTanna u Pi:;: 5.107 3pz cM-2 c -I .n;ng H3nyqa

Teng H3 nonynpOBO,D;HHKa. 0TCIO,D;a HaXO,D;HM ,D;OITYCTHMOe 

3Ha'leHue aMnnuTy.n;hi nong B036y)l(,n;eHHH: E i ----
4rr Pi -I 

= 300 v -c- = 100 B eM .n;nH MeTanna u 40 B cM· 1 

.n;nH nonynpoao.n;HHKa. 

Hcnonb3YH .n;aHHble 3Ha'leHHH E. u I!JopMyny /10/, 
I 

Haii.n;eM MOllJ,HOCTb HenpepbiBHOro rpaBHTaiJ,HOHHOrO H3-

ny'leHHH paaHoH: - 10·7 3p2 c-1 ,n;nH nonynpoao.n;HHKoaoro 

H3ny'laTeng u 1o·II3p2 c ·I ,n;nH MeTannuqecKoro. 

B npuae.n;eHHbiX pac'leTax He y'IHTbiBanocb ocna6ne

HHe 3JieKTpOMarHHTHOH BOJIHbl B nna3Me H3-3a BHeWHero 

H BHyTpeHHero 4JoT03414JeKTOB, TaK KaK llpH w =w O 3TO JIB
neHHe o'leHb cna6o /9,IO/_ 

Mbi He ,n;enanu HHKaKHX KOHKpeTHbiX OrOBOpOK OTHOCH

TeJibHO Knacca ITpOBO,D;BII.\HX MaTepuanOB - npOBO,D;HHKOB 

14 

H CBepxnpOBO,D;HHKOB, T .K. B ,D;Hana30He o6Cy)I(,D;aeMbiX 'laC

TOT OHH Be,n;yT ce6g O,D;HHaKOBbiM o6pa30M. 

H3 awnonHeHHoro aHanu3a au.n;Ho, 'ITO npu pe3oHaac

HOH pacKa'IKe 3neKTPOHOB a nna3Me noBBnBeTcB peanbHaB 

B03MO)I(HOCTb llOJiy'leHHH BbiCOKOH HHTeHCHBHOCTH rpaBH

TaiJ,HOHHOH pa,n;uaiJ,HH, COCTaBJIHIOII.\eH 1 3P2 c·I B HMITYJibC-
· 7 -I 

HOM pe)I(HMe H 10 3p2 C B HenpepbiBHOM pe)I(HMe 

H3Jiy'leHHH. llpaKTH'IeCKaH peanH3aiJ,HH nna3MeHHOrO H3-

ny'laTeng 6y,n;eT conpH)I(eHa, ecTeCTBeHHO, c u.enbiM pg

. .n;oM TeXHH'IeCKHX u HH)I(eHepHbiX TPY.L\HOCTeii. O,n;HaKo 

3TH npo6neMbl He OTHOCHTCB K KaTeropHH npHHIJ,HITHaJibHO 

Hepa3peWHMbiX. llna3MeHHbiH H3ny'laTenb, KaK ceH:qac npe.n;

cTaBnBeTcH, MO)I(eT 6biTb pa3pa6oTaH npaKTH'IeCKH B ni060H 

PH,D;OBOH 4JH3H'IeCKOH na6opaTOPHH. reoMeTpH'IeCKaH Ma

nocb HCTO'IHHKa H ero BbiCOKaH HHTeHCHBHOCTb H3Jiy'leHHH, 

a TaK)I(e cpaBHHTeJibHO HH3KaB MOII.\HOCTb na3epHOH HaKaq

KH BBJIBIOTCH ITO,n;KynaiOIIJ,HMH B ITJiaHe peWeHHJI 3a,n;a'IH ITO 

llOCTaHOBKe llOJIHOrO na6opaTOpHOrO rpaBHTaiJ,HOHHO-BOJIHO

BOrO 3KCITepHMeHTa. 

B 3aKJIIO'IeHHe aBTOp C'IHTaeT CBOHM npHHTHbiM ,L\OJirOM 

no6naro,L\apHTb A.A.CoKonoaa, H.A.llepHHKOBa, B.E.Epa

rHHCKoro, H.C.lliaaoxuHy u ll.A.llyMH'Ieay 3a nnoAOTaop

Hhie 06Cy)I(,L\eHHB npo6neMbl, H3JIO)I(eHHOH B ,L\aHHOH pa6oTe. 
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