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nHcapes A.4>. P13 - 12878 
KorepeHTHo-napaMeTpH4eCKH~ npHeM rpaBHTa~HOHH~x 
BOnH 8 onTH4eCKOM AHana30He 

B~nonHeH MaTeMaTH4eCKH~ aHanH3 KorepeHTHo-napaMeTpH-
4ecKoro npeo6pa30BaHHR MOHOXpOMaTH4eCKHX rpaBHTa~HOHH~X 
BOnH 8 CBeTOBOe H3ny4eHHe 8 OnTH4eCKO~ CpeAe. noKa3aHo, 
4TU npH COBMeCTHOM pacnpOCTpaHeHHH rpaBHTa~HOHHO~ BOnH~ 

4aCTOTO~ fl H MOlljHO~ CBeTOBO~ BOnHbl 4aCTOTO~ W 1 8 cpeAe 
3$$eKTHBHO reHepHpyeTCR HOBan CBeTOBaR BOnHa Ha KOM6HHa~HOH 
HO~ 4aCTOTe W2 = 0- W1 • .QenaeTCR BbiBOA 0 B03MO)f(HOCTH 
nocTaHOBKH s HaCTORlJlee speMn nonHero on~Ta no H3ny4eHH~ 

H npHeMy rpaBHTa~HOHH~X BOnH 8 na6opaTOpH~X MaCwTa6ax, 

Pa6oTa BblnOnHeHa 8 na6opaTOPHH RAePHbiX npo6neM OHfiH. 

npenpHHr 05beOHHeHHOro HHCrHryra HOepHblX KCCneOOB8HHA, ny5Ha 1979 

Pisarev A.F. P13 - 12878 
The Coherent Parametrical Transformation 
of Gravitational Waves within the Optical Medium 

The coherent parametrical transformation of homoge
neous gravitational waves into a luminous radiation 
within the optical medium has been analysed mathematically. 
It has been shown that at the simultaneous propagation of 
a n -frequency gravitational wave and of a prowerful w

1
-

frequency 1 ight wave a new 1 ight wave is effectively 
generated in the medium at the combinational frequency 
' ' <!-. G- w1.A conclusion is made that it is presently possible 
to set-up a complete experiment on the radiation and 
on the receiving of -gravitational waves within the 
laboratory scale. 

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

Preprint of the Joint Institute for Nuclear Research. Dubno 1979 
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BBE.QEHHE 

B03MQ)f(HOCTb C03AaHHR HCKYCCTBeHHOrO reHepaTopa MOHOXPOMa
TH4eCKOrO rpaBHTa4HOHHOro H3ny4eHHR - rpa3epa - 8 onTH4eCKOM 
AHana30He 4aCTOT AOCTaT04HO B~COKO~ MOlljHOCTH, noKa3aHHaR 
HeAaBHO B TeopeTH4eCKO~ pa6oTe 1 11

, BbiABHraeT 3aAa4y 3$$eK
THBHOro npHeMa TaKoro H3ny4eHHR c ~enb~ nocTaHOBKH nonHero 
na6opaTopHoro on~Ta no npoeepKe OAHoro H3 4>YHAaMeHTanbHbiX 
cneACTBH~ 06llje~ TeOpHH OTHOCHTenbHOCTH - CylljeCTBOBaHHR 
s npHPOAe rpaBHTa~HOHH~x eonH. HacTORlJlaR pa6oTa e~nonHeHa 
B nnaHe peweHHR HMeHHO 3TO~ 3aAa4H, 3AeCb AaH MaTeMaTH4eCKH~ 
aHanH3 KorepeHTHo-napaMeTpH4ecKoro npeo6pa3oBaHHR s cpeAe 
MOHOXpOMaTH4eCKHX rpaBHTa~HOHHbiX BOnH B CBeTOBOe H3ny4eHHe, 
PaccMaTpHBa~TCR ABa sapHaHTa rpaBHTa~HOHHo-3neKTPOMarHHTHO~ 

TpaHc$opMa~HH 3HeprHH, B nepeoM H3 HHX rpaeHTa~HOHHan eonHa, 
pacnpOCTpaHRRCb B cpeAe, nonnpH30BaHHO~ nOCTORHHbiM 3neKTpH-
4eCKHM noneM, B036y)f(AaeT KBaApynonbHble KOne6aHHR Mace, BXOAR
lljHX B HaBeAeHH~e H noCTORHH~e 3neKTpHUeCKHe AHnOnHt OpHeHTH
poBaHH~e no BHewHeMy non~. B cso~ o4epeAb, Kone6aHHR Mace 
COnpoBO)f(Aa~TCR CHH()la3HbiM KOne6aTenbHbiM ABH)f(eHHeM CBR3aHHbiX 
C MaCCaMH 3neKTpH4eCKHX 3aPRAOB, KOTOp~e CTaHOBRTCR HCTQ4-
HHKOM H3ny4eHHR CBeTOBO~ BOnH~ TO~ )f(e 4aCTOT~, 4TO H rpaBHTa
~HOHHaR BOnHa, Bo BTOpOM BapHaHTe aHanH3HpyeTCR COBMeCTHOe 
pacnpoCTpaHeHHe B CpeAe MOHOXpOMaTH4eCKO~ rpaBHTa~HOHHO~ 
BOnHbl 4aCTOTO~ fl H HHTeHCHBHO~ CBeTOBO~ BOnHbl 4aCTOTO~ uJ1 • 

3TH sonH~, napaMeTpH4eCKH cen3aHHbre e cpeAe APYr c APYroM, 
B036y)f(Aa~T HOBy~ CBeTOBy~ BOnHy Ha KOM6HHa~HOHHO~ 4aCTOTe 
W2 = fl - W 1 npH o6ecne4eHHH npOCTpaHCTBeHHO-BpeMeHHOrO 

CHHXPOHH3Ma Me)f(AY TpeMR BOnHaMH B cpeAe HaCTynaeT 3()l()leKTHB
HaR reHepa~HR KOM6HHa~HOHHO~ eonH~. HeKoTop~e acneKT~ AaH
HO~ 3aAa4H paCCMaTpHBanHCb TaK)f(e 8 pa6oTe / &/ 

2. nPE05PA30BAHHE rPABHTAUHOHHO~ BOnH~ 
B CBETOBOE H3nY4EHHE B 3nEKTPH4ECKH 
nonf!PH30BAHHO~ CPE.QE 

Kone6aHHe Mace, COCTaBnROlljHX nOCTORHHble HnH HaBeAeHH~e 

BHeWHHM noneM 3neKTPH4eCKHe AHnOnH, nOA Ae~CTBHeM rpaBHTa-
3 



4~0HHO~ eonH~ onpeAenReTcR ypaeHeH~eM AnR 3aTyxa~~ero oc-
4~nnRTopa: 

• 2 1 
X + y X + Wo X : m F . /1/ 

rAe m- np~BeAeHHaR Macca oct~~nnRTopa; w 0 - co6cTBeHHaR 
4aCTOTa KOne6aH~~; Y - nOCTORHHaR 3aTyXaH~R OC4~nnRTOpa; 
X - aMnn~TYAa KOne6aH~~; F - c~na, Ae~CTBYIO~aR Ha OC4~n-

nRTOP CO CTOpOH~ rpaB~Ta4~0HHO~ BOnH~, paBHaR 121: 

1 2 -if!t 
F ,., _- mn dh0 e /2/ 

2 

rAe ho- aMnn~TYAa rpae~Ta4~0HHO~ BOnH~; f!- yrnoBaR 4ac-
TOTa, 2 d- 3~~eKT~BHOe paCCTORH~e Me~AY MaccaM~ B 3neKTp~-
4eCK~X A~nonRX, HaXOAR~~XCR BO BHeWHeM nOCTORHHOM 3neKTp~-
4eCKOM none, Ae~CTBYIO~eM no oc~ x. B c~ny CBR3aHHOCT~ 
3neKTp~4eCK~X 3aPRAOB C MaCCaM~ Ben~4~HY 2d B ypaBHeH~~ 
/1/ MO~HO paCCMaTp~BaTb OAHOBpeMeHHO ~ KaK paCCTORH~e Me~AY 
3aPRAaM~ e A~nonRx. C y4eToM /2/ ypaeHeH~e /1/ np~H~MaeT 
B~A: 

• 2 1 2 -in t 
x + y x t w0 x~- 2 n dh0 e /3/ 

CTa4~0HapHbiM peweH~eM AaHHoro ypaeHeH~R RBnReTcR 

n2 dho - i f!t -int 
-"---- e = x e 

2 (w5-0 2 -iny ) - 0 /4/ X = -

np~MeM, 4TO rpaB~Ta4~0HHaR BOnHa pacnpOCTpaHReTCR BAOnb 
OC~ Z, ~ Ha4ano C~CTeMbl KOOPA~HaT COBMe~eHO C rpaH~4e~ 
BXOAa BOnHbl B cpeAY. TorAa BbiCOK04aCTOTHYIO nonRp~3a4~10 
B cpeAe, B03H~KaiO~YIO 3a C4eT CMe~eH~R 3aPRAOB Ha een~4~HYX 
nOA Ae~CTB~eM rpaB~TaL,I~OHHO~ BOnHbl, MO~HO 3an~CaTb Ha oc
HOBaH~~ /4/ B cneAYIO~eM B~Ae: 

1 -i ( f! t- k z ) 
P( z , t )= -Nex 0 e + k .c . , 

2 /51 

rAe k - BOnHOBO~ BeKTOp rpaB~Ta4~0HHO~ BOnH~, paBHbl~ !1 / c, 
c - cKopocTb ceeTa a aaKyyMe, N /eM - 3 I - nnoTHOCTb op~eH
T~poaaHHbiX ~n~ HaBeAeHHbiX A~ none~ e cpeAe, e - 3aPRA 3neKT
poHa . "Eiery~aR" e onT~4ecKo~ cpeAe nonRp~3a4~R P 6yAeT re
Hep~ poeaTb ceeTOBYIO aonHy 

1 - i (cu 1 t - k 1 z) 
E(z , t) = 2 E 0(z )e + k.c. , /6/ 
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w1 n 
rAe k 1 - BOnHOBO~ BeKTOP CBeTOBO~ BOnHbl, paBHbl~ C-1 ; n 1 -

onT~4eCK~~ noKa3aTenb npenoMneH~R cpeAbl Ha 4aCTOTe w 1 =0. 
noACTaB~M Tenepb 3Ha4eH~e p ~3 /5/ ~ E ~3 /6/ B BOnHo

BOe ypaeHeH~e MaKcaenna• 

a2
E 1 a2

E 4 rr a2 P 
a?---~ Tt2 =-cr atr 111 

~ pew~M 3TO ypaBHeH~e e npeAnono~eH~~ 3aAaHHoro nonR rpaa~

Ta4~~ ~ cna6ocT~ ~3MeHeH~R ceeToaoro nonR E c paccTORH~eM 
J! Eo aEo 

z, T.e. Y4TeM, 4TO -a-- « k 1 -a-- nocne HeCnO~H~X Bbi4~Cne-
z 2 z 

H~~ nony4~M Bblpa~eH~e AnR aMnn~TYAbl CBeTOBO~ BOnHbl, reHep~

pyeMO~ rpaa~Ta4~0HHO~ eonHo~ e cpeAe Ha An~ He z ~ L: 

2rrNe w ~ x 0 -i~kL 
E

0
(z=L) =-i ---------(e -1) , /8/ 

k 1 c 2~ k 

rAe .~ k = k- k 1 . lknonb3YR ~OpMyny /8/, Ha~AeM MO~HOCTb 
CBeTOBOrO ~3ny4eH~R! 

n 1c EE * rrN 2 e 2wf i x 0 i
2

L 2 s sin¢ 2 w = ---- s = ---------- -----1-- I . 191 
8rr 2 n 1 c ci> 

l'.kL !1L 
rAe ci> = -

2
-- = ---(n 

1 
-1); s - nonepe4Hoe ce4eH~e ceeToeoro 

2 c 
ny4a, paeHoe ce4eH~IO rpae~Ta4~0HHoro noToKa e cpeAe. Mo~HOCT t 
CBeTOBOrO nOTOKa W np~H~MaeT MaKC~ManbHOe 3Ha4eH~e, KaK B~A-
HO ~3 /9/, np~ ci>=rr / 2, T.e. Ha KorepeHTHO~ An~He 
L - " c 15 - 1 

k - n (n-~=n . Ecn~ AnR Ol.\eHK~ np~HRTb n = 10 pawc ~ 
n 1:: 1 , 5, TO L k:: 2 ·10 - 4 eM. B~A~M, 4TO KorepeHTHaR An~Ha 
ceeT o aoro ~3ny4eH~R e paccMaTp~eaeMOM eap~aHTe 4pe3B~4a~Ho 
Mana. AriR nOBbiWeH~R ~HTeHC~ BHOCT~ W He06XOA~MO n~6o np~
MeHRTb ~CKYCCTBeHHbl~ np~eM KBa3~C~HXpOH~3a4~~ 13 •41 rpaB~Ta-
4~0HHO~ ~ ceeToeo~ eonH c 4enb10 yeen~4eH~R L k . n~6o pa36~
eaTb npOTR~eHHbl ~ ~3ny4aTenb Ha 6onbwoe 4~cno He3aB~C~MbiX 

3neMeHTapHbiX ~3ny4aTene~ An~Ho~ L k. 

04eH~M no nopRAKY een~4~H~ MO~HOCTb caeToeoro ~3ny4eH~R, 
nony4aeMyiO Ha OAHO~ KorepeHTHO~ An~He L k- 2 .1 0 - 4 eM np~ 
cneAYIOL'.\~X npeAnono~eH~Rx: !1.::: w 0 .=.w 1z10l5 paA·c -

1
, y = 

= 10 8 paA·C - l , N = 10 23 CM -3 , S = 1 CM 2 , d = 10 - 8 CM , 
~ MO~HOCTb np~H~MaeMO~ rpaB~Ta4~0HHO~ BOnHbl OT rpa3epa I l l 

:: 10 - 1 3Pr·c- 1. noACTaHOBKa 3T~X AaHH~X B ~OpMyny /4/ ~ 3a
TeM e /9/ AaeT W = 1o-32 3pr·c- 1. Ecn~ yaen~4~Tb KorepeHTHYIO 
An~HY ~3ny4eH~R L k AO 103 CM yKa3aHHbiM B~we MeTOAOM, TO 
MO~HOCTb CBeTOBOro ~3ny4eH~R MO~HO 6yAeT nOAHRTb AO 
1 o- 18 3pr ·c -l. 
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3. nAPAMETPH4EeKOE nPE06PA30BAHHE 
rPABHTAUHOHHO~ BOnHW B eBETOBY~ 

3¢¢eKT~BHOCTb napaMeTp~4eCKO~ CBH3~ rpaB~Ta~~OHHO~ Bon
Hbl 4aCTOTO~ 0 ~ ~HTeHC~BHO~ CBeTOBO~ BOnHbl 4aCTOTO~ W 1 
e cpeAe MO>KeT 6biT b ycTaHoeneHa ~3 ypa BHeH~H I 31, ecn~ K npa
eo~ 4aCT~ ero A06aB~Tb 4neH - ~E 10e-iw1 t , COOTBeTCTBYIO~~~ 
C~ne 3neKTpOMarH~THOrO B3a~MOA~CTB~H CBeTOBO~ BOnHbl C oc-

. ~~nnHTOPOM eA~H~4HO~ MaCCbl, e y4eTOM 3TOrO 3aMe4aH~H ypae
HeH~e 131 3an~weM e cneAYIO~eM B~Ae: 

.. • 2 [ 02ho e 
X+yX+w0 1+ 

2 
cos(Ot+lfr )1x=--E 10cosw1 t. 1101 

2wo H m 

np~ nepeXOAe OT 131 K 1101 npo~3BeAeHa 3aMeHa d _,X. 
YpaeHeH~e 110/ HBnHeTCH T~n~4HbiM napaMeTp~4ecK~M ypaeHeH~eM, 
KOTOpoe AnH cny4aH 0 / 2 =Wo:: w 1 ~ pa3HOCTHO~ 4aCTOTbl w2~!l-w 1 
~MeeT peweH~e: 

x = x 1 sin (•J 1 t + x 2sin ( w 2 t + 1/J 0 ) . I 11 I 

3AeCb np~HATbl 0603Ha4eH~A: 

eE 10 
x1 =-----

ffi(<J 1y (1-,S2) 
x2 = x1{3 ; 1121 

f3=~ w1!l
2 

4 Y wo2 1131 

lfro - nocTOAHHaA ¢a3a, KOTopyiO 6yAeM c4~TaTb Aanee paeHo~ 
HyniO. napaMeTp f3 2<< 1 ~ n03TOMy AaHHYIO een~4~HY B 3HaMe
HaTene Bblpa>KeH~A 1121 B nocneAYIO~eM MO>KHO He Y4~TbiBaTb, 

oyAeM C4~TaTb, 4TO rpaB~Ta~~OHHaA BOnHa ~ ~CXOAHaA cee-
TOBaH BOnHa 4aCTOTO~ W 1 pacnpOCTpaHAIOTCA BAOnb OC~ Z, 

TOrAa B COOTBeTCTB~~ C 1111 ~ /121 Hen~He~HYIO 4aCTb nonAp~-
3a~~~ ee~ecTea MO>KHO 3an~caTb e cneAYIO~e~ ¢opMe: 

ffi 1 -d(!l-w )t-(Jk-kJ)z] 
~(z,t)~Nex 2cosw2 t= 2Ne{3x 1 e 1 +k.c.,l141 

rAe k ~ k 1 - COOTBeTCTBeHHO BOnHOBble BeKTOpbl rpaB~Ta~~OHHO~ 

~ ceeToeo~ eonH. PacnpocTpaHeH~e e cpeAe nonAp~3a~~~ P 
fiyAeT ConpOBO>KAaTbCH ~3ny4eH~eM HOBO~ CBeTOBO~ BOnHbl Ha KOM-
6~Ha~~OHHO~ 4aCTOTe W 2 = {2 -w 1 : 

1 -i(w 2 t-k 2 z) 
E 2(z,t)= 2 E 20 (z)e +k.c., 1151 

rAe k 2- BOnHOBO~ BeKTOp CBeTOBO~ BOnHbl, paBHbl~ 
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noACTaHOBKa Bblpa>KeH~~ 1141 ~ 1151 B BOnHOBOe ypaBHeH~e 171 
~ peweH~e 3Toro ypaeHeH~A e npeAnono>KeH~~ 3aAaHHoro rpae~
Ta~~OHHoro nonA ~ nonA ~CXOAHO~ CBeTOBO~ BOnHbl AaeT aMnn~
TYAY AnA BHOBb reHep~pyeMO~ CBeTOBO~ BOnHbl Ha An~He Z =L; 

2 . 
. 2TTN e w2 {3 X 1 -iL .. kL 

E 2(z=L)=-l----------- (e -1). l 16l 
k 2 c 2 1k 

3AeCb l\k= i k-k' 1-k'2 J. AHanor~4HO TOMy, KaK 6blna nony4eHa 
¢opMyna 191, Ha~AeM MO~HOCTb BHOBb ~3ny4aeMO~ CBeTOBO~ BOn
Hbl Ha 4aCTOTe W 2 : 

2 . 
W(w..,) = -~(N_~@~1_:~2_~ I ~~~ 12 

- 2n 2 c a 1171 

np~ nonHOM npOCTpaHCTBeHHO-BOnHOBOM C~HXpOH~3Me BCeX Tpex 
B3a~MOAe~CTByiO~~X BOnH L'l.k = 0 An~Ha KOrepeHTHOrO napaMeT-
p~4eCKoro npeo6pa3oBaTenA Lk MO>KeT ~MeTb n106y10 npoTH>KeH-
HOCTb, B 3TOM cny4ae een~4~Ha ! sina ,' aJ2 e Bblpa>KeH~~ 1171 
o6pa~aeTCA B eA~H~~y. 

npo~3BeAA nOACTaHOBKy 1121 ~ · 1131 B /171 ~ BblnOnH~B co
OTBeTCTByiO~~e npeo6pa30BaH~A, nony4~M OKOH4aTenbHyiO ¢opMyny 
AnA MO~HOCT~ CBeTOBOro ~3ny4eH~H: 

W(w
2
)= 

32113N 2e 4 0 0 2 w~ L2 W(n)W(w 1 ) 
2 5 4 4 3prlc. 1181 

n 1 n2 mcsyc,'o 

B 3To~ ¢opMyne W(O) ecTb MO~HOCTb np~H~MaeMo~ rpae~Ta~~oH-
HO~ eonHbl l3pc ·c -1 I, Bblpa>KaeMaH 4epe3 aMnn~TYAY ho no 
~3BeCTHO~ ~OpMyne 

c3Q2sh2 w <n) = ------'1... 
32" G 

G - rpae~Ta~~OHHaH nocTOHHHaA HbiOTOHa, W(w
1
)- MO~HOCTb 

nepB~4HO~ ceeToeo~ eonHbl /3pr·c -1/. Bee een~4~Hbl Bblpa>KeH~A 
1181 AaHbl B C~CTeMe eA~H~~ ere. 

O~eH~M Tenepb O>K~AaeMyiO MO~HOCTb ceeToeoro ~3ny4eH~A W(w 2) 
e KOHAeHc~poeaHHO~ onT~4ecKo~ cpeAe np~ cneAYIO~~x napaMeT
pax onbiTa: MO~HOCTb np~H~MaeMo~ rpaB~Ta~~OHHO~ eonHbl W(O)= 
= 1 0 - 1 3pr. C -1 ; MO~HOCT b ~-CXOAHO~ CBeTOBO~ BOnHbl W ( w 1 ) = 
= 3·10 8 BT; !l=1,5·10 15 paA. c- 1 ; L :10 2 eM; s = 1 cM2; 
w 2=0,9 w 1 . Pa6o4aH cpeAa - 6ecnp~MeCHbl~ nonynpoBOAH~ KOBbl~ 
Kp~cTann c w~p~Ho~ 3anpe~eHHO~ 30Hbi~DI 2 np~ TeMnepaType 
>K~AKoro ren~A. B 3TOM cny4ae nnoTHOCTb 3neKTPOHOB e Kp~cTan
ne, y4aCTBYIO~~X B napaMeTp~4eCKOM KOne6aH~~, N = 10 23 cM-3, 
nocTOHHHaA 3aTyxaH~H nonAp~3a~~~ Y ::: 10 7 paA c- 1 ~ n1 .. nz=oJ,4. 

noAcTaHoBKa ecex 3T~x een~4~H e ¢opMyny 118/ AaeT: W(w 2)= 
= 10-3 3pr c - 1. H3 nony4eHHoro pe3ynbTaTa cneAyeT, 4TO 3a 
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BpeMR T~n~4HOH An~TenbHOCT~ rpaB~Ta4~0HHOro noTOKa ~~ rpa-
3epa ~ nepB~4Horo cseTosoro ~sny4eH~R OT nasepa - 10 c 
a napaMeTP~4eCKOM np~eMH~Ke 6yAeT reHep~posaTbCR scnwwKa 
~3 10 2 <!JOTOHOB Ha 4aCTOTe w 2 · 

Ycnoa~R npocTpaHcTBeHHo-sonHosoro c~HXPOH~3Ma 11 =w 1 +w 
2 

~ k•: k 
1 

+ k 
2 

MoryT 6b1Tb cpaBH~TenbHO nerKo YAOBneT-
sopeHbl np~ pacnpocTpaHeH~~ rpaB~Talj~OHHOH BOnHbl ~ nepB~4HOH 

CBeTOBOH BOnHW B nono~~TenbHOM HanpasneH~~ OC~ Z ~ BCTpe4-
HOM AB~~eH~~ - BHOBb reHep~pyeMOH CBeTOBOH BOnHW. B 3TOM 
c~y4ae k ... : k•1 + k 2 ... ~ = w 1n1- w2 n 2,;cu 1 ; w2; 

OTCIOAa HaXOA~M ~ = ....!!,~, 3TOMy COOTHOWeH~IO AOn~HW 
w2 n1 -1 

YAOBneTBOPRTb noKasaTen~ npenoMneH~R n 1 ~ n 2 pa6o4eH cpeAbl, 

4. 3AKnt04EHHE 

BblnOnHe HHbiH aHan~3 np~eMa MOHOXpOMaT~4eCK~X rpaB~Ta4~0H

HbiX BOnH B OnT~4eCKOM A~ana30He 4aCTOT nyT e M KOrepe HTHO
napaMeTp~4e CKO rO npeo6pa3oBaH~R ~ X B CBe TOBOe ~3ny4eH~e 
B CPeAe CB~AeT enbCTByeT 0 BbiCOKOH 3<tx!Je KT~BHOCT~ AaHHOrO 
MeTOAa AeTeKT~posaH~R rpaB~Talj~OHHOH paA~alj~~. np~MeHeH~ e 

rpasepa I 1 ' , OCHOBaHHOrO Ha MOneKynRpHbiX ~n~ nonRp~TOHHbiX 
Kone6aH~R x , a Ka4eCTBe na6opaTopHoro ~sny4aTenR rpas~Talj~oH

HWX sonH ~ ~cnonb3oBaH~e napaMeTp~4ecKoro np eo6pasosaTenR 
a Ka4ecTse ~ x np~eMH~Ka a np~Hl1~n~anbHOM nnaHe AaiOT nonHoe 
peweH~ e saAa4~ no nocTaHOBKe na6opaT opHo ro onwTa AnR ~ c cne 

AOBaH~R npo6n e Mbl rpaB~Talj~OHHbiX BOnH , 

ABTOP 6naroAaP~T H.A.4epH~Kosa, B.6.6par~HcKoro, B.H.H~

KaHoposa, H.C.Wasox~Hy, B.C.ApoHo Ba ~ n.M.CopoKo sa nones
HYIO A~CKycc~IO ~ KP~T~4ecK~e saMe4aH~R no pa6oT e . 
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