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IIpoBenén aHanu3 NPOCTPAHCTBEHHOW CEJIEKTUBHOCTH BBIPOXKJIEHHOTO YETHIPEXBOIHOBOTO
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Beeoenue

[pubnmxeHre MIOCKUX MOHOXPOMATHYCCKUX BOJH
HAKa4KH, B PaMKax KOTOPOTO, KaK MPaBUIIO, pacCMaTpu-
BAeTCSl UYCTHIPEXBOJIHOBOE B3aMMOJCHCTBHE, XOPOILO
OIMKCHIBACT JHEPrETHYCCKHE XAPAKTCPUCTUKU YETBIPEX-
BOJIHOBOT'O IipeoOpaszoBaTeis (KodQ(OUIMEHT OTpasKeHuUS,
JU(PAKIHOHHYIO 3(PPEKTUBHOCTD), BIMSHHE Ha 3TH Xa-
PaKTEepUCTUKU TMapaMEeTPOB HEIMHEHHON cpensl, BOJH
Hakauku [1-2].

OnHako TpH W3yYEHWH KadecTBa MPeoOpa3oBaHUS
W3IY9YCHUS TPU YETHIPEXBOITHOBOM B3aNMOJICHCTBHH, T.€.
OMpPENCIICHUH, HACKOJIBKO MPOCTPAHCTBCHHBIA CIICKTP
(ammumuTyma) OOBEKTHON BOJIHBI COOTBETCTBYET KOM-
TUICKCHO COMPSDKEHHOMY INPOCTPAHCTBECHHOMY CICKTPY
(ammuTMTYIE) CUTHANBHON BOJIHBI, YYET MPOCTPAHCTBEH-
HOW CTPYKTYpBI BOJH HAKAYKH SBISCTCA HEOOXOIMMBIM
ycrnoBueM. Tak, TpPOCTPaHCTBEHHAs CTPYKTypa BOJH
HAKauKH TIOJTHOCTHIO OMpEHENseT Pa3pemarolyio CIo-
COOHOCTh YETHIPEXBOJIHOBBIX IMpeoOpa3oBaTenieil ¢ Kep-
POBCKOM, pe30HAHCHOM HenuHenHocTamu [3—4]. s ge-
THIPEXBOJHOBBIX MpeoOpa3oBaTeNiell Ha TEIUIOBON HEIH-
HEMHOCTH Yy4€T MPOCTPAHCTBEHHOM CTPYKTYPHI BOJIH
HAKauKW TPHUBOIAUT K JOIOIHHUTEIBHOMY YXYIIICHHIO
KayecTBa npeobpasoBanus u3odpaxeHus [5].

B mocnenHue roabl MPOBOIATCS aKTUBHBIC HCCIIEHO-
BaHUs YETBIPEXBOJHOBBIX B3aUMOJCHCTBUII B MHOTOKOM-
MOHEHTHBIX, B YaCTHOCTH, IIPO3pavHbIX cpenax [6—14].B
OPUOJMKCHUH TUIOCKUX BOJIH HAKAYKH YETHIPEXBOJHO-
BBIE ITPeoOpa3oBaTeNd HA TaKUX HEIMHEHHBIX cpeiax 3a
CUET SIBIICHHS DIIEKTPOCTPUKIINH OCYIIECTBIITIOT (DIIIB-
TPALHUIO BBICOKUX ITPOCTPAHCTBEHHbBIX YacToT [15—16].

[IpencraBnseT NpakTUYECKUN HHTEPEC MCCICIOBAHUC
MPOCTPAHCTBCHHON CEJICKTUBHOCTH YETHIPEXBOJIHOBOTO
npeoOpa3oBaTels H3IyYeHUs B IIPO3PAYHON JABYXKOMIIO-
HEHTHOHM cpele ¢ y4éTOM MOBOpPOTa M PacCXOIMMOCTH
BOJIH HaKa4YKH.

1. Ilpocmpancmeennwtii cnekmp
4emulpEX601H08020 npeodpazosamens uiyueHus

PaccmoTpuM BBIpOXKIEHHOE YETHIPEXBOJIHOBOE B3a-
UMOJEHUCTBUE O+ ®—®M=® B IJIOCKOM CJIO€ MPO3pPayHOU
HEJIMHEHHOH cpeabl (KUAKOCTh, B KOTOPOW HAXOIATCS
HAHOYACTHIIBI), PACIOIOKEHHON MEXIy IUIOCKOCTAMHU
z=0 u z=¢. B cpene HaBcTpedy APYyr APYry pacipo-
CTPaHSIOTCS JIBE BOJIHBI HAaKayKM C KOMIUIEKCHBIMH
aMmmutynamMu A; m A2 M CUTHalbHas BOJHA C KOM-
MIeKCHOW aMIumTynoii As. ByneMm yduTeIBaTh WHTEp-
(epeHInI0 TepBOH BOJHBI HAKAYKH M CUTHAJIbHOU
BOJIHBI. JJIEKTPOCTPUKLIHMOHHAS CHJIA, MPOINOPLHUO-
HaJbHAs TPAANCHTY WHTCHCHBHOCTH, MPUBOIUT K BO3-
HUKHOBEHHIO MIOTOKAa HAHOYACTHI, KOTOPBIH H3-3a 3(-
dexra Jrodypa usmenser remneparypy (8T), a 3Ha4HT,
¥ T0Kasartesn npenomienus cpeast On = (dn/ dT)d T. B

cpejie HaBOAWTCS [UHamuueckas (asoBas peuiérka.
[Ipu gudpaknuu BTOPOH BOJIHBI HAKAYKH Ha PEIIETKE
IoKazareisl MPEJIOMIICHHS TEeHEepUpyeTcst OObeKTHas
BOJIHA C KOMIUIEKCHOH aMIuMTynoi A4, pacmpocrpa-
HSIOLIAsICSl HABCTPEYY CUTHAIBHOW BOJIHE.

Kak nokasano B pabote [15], B mpubnmkeHnu 3aaaH-
HOT'O MOJIsI MO TUIOCKHUM BOJIHAM HAKAYKH C CIUHHYHBIMHU
aMIUTMTYJaMH TIPH YCIIOBUH, 9TO KOY(DOUIIMEHT OTpake-
nus HeOonpmoi (|A4<<|A3|), mpocTpaHCTBEHHBIE CIIEK-

TPBI OOBEKTHOU (At) Y CUTHAJILHOU (Ag) BOJIH Ha TIie-
peImHe TpaHu HEIMHEHHOTO CJI0SI CBS3aHBI COOTHOLIICHUEM
Buga (1). 3mece K, = |'K'1 - 'K'3| , D11, D22, D12 11 ¥ — k03 -
¢ummenTsl  TerutonpoBogHocTH, Auddysuu, Trodypa u
BIIEKTPOCTPUKLIMN COOTBETCTBEHHO, K; (K wo K jy) u ky —
moriepeyHasl ¥ TPOJIONIbHAS COCTABIIIOIIAC BOJHOBOTO

BEKTOpa IZJ. , j=1-4, k:‘Rj‘:(orb/c, K, =|Kj|, No — mo-
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kazarens npenomiienus, A= kitKo—ks—kKi; — npoexums
BOJIHOBOI#i paccTpoiiku Ha och Z. Beipaxenue (1) 3ammcaHo
IIPU YCIIOBHH, 4TO HaberoM (a3l m3-3a caMOBO3IEHCTBUS
BOJTH HAKaYK{ MOKHO ITPpeHeOpeyb.

PP . kyD, dn
K, Ky, Ky)=—I——2——
AA( v 2) n0D11D22 dT

x 2S—;le({exp[—i (ks —ks,) /]~ exp(K )} x

. exp{[KT =i (ky, - kAZ)}z} -1,

Ky =i (K, = Ky,) "
+{exp[ i (k,, —ks,) 0] - ex{k )} x
§ exp{—[KT +i(K,, —k4z)]g} -1

Ky +i (kzz - k4z)

A (R )

_ exp(-iAl) -1
— |

Eciu BOJHBI HaKa4Ky HE IUIOCKHE, MPOCTPAHCTBEH-
HBIA CIIEKTp OOBEKTHON BOJHBI HA TIEpeIHEH TpaHd He-
JIMHEIHOI'O CJI0SI MOKHO MPEJICTABUTh B BHUJE KOIEPEHT-
HOM «CYMMBI» IPOCTPAHCTBEHHBIX CIIEKTPOB [3]

LA ()

3nech A(Rl) u A (RZ) — IPOCTPAaHCTBEHHBIE CHEKTPBI

BOJIH HaKauKy Ha MepeaHeil W 3aiHed rpaHsX HeTuHeH-
HOTO CJIOSI COOTBETCTBEHHO.

2. Yuém noeopoma 6éonn nakauku
PaccMOTpHUM CHUTHANIBHYIO BOJIHY, UCXOASIUIYIO OT TO-
YEYHOT0 MCTOYHHUKA, PACIIOJI0KEHHOTO Ha Mepe/IHe rpa-

HYM HEJIMHEMHOro CIos (% (R3) :1) . B mapaxcnansHom

NPUOIMKEHUN TIPH PACHPOCTPAHEHHM IIEPBOM BOJIHBI
HaKa4YKH CTPOTO BIOJb OcH Z (Rl = O) , @ BTOPOW BOJIHBI

HAaKauyK{ HOJ YIVIOM K ocu Z (Kz 7 O) BBIPA)KEHUE IS

NPOCTPAHCTBEHHOIO CIIEKTPa OOBEKTHOM BOJIHBI Ha Iie-
pelHell rpaHy HEJTHHENHOTO Ccltost ipuMeT Buj (3).

Ha puc. 1 mpuBenén xapakTepHblii rpaguk HOPMHUPO-
BAHHOTO MOJYJIS MPOCTPAHCTBEHHOTO CIIEKTpa OOBEKT-

HOI BOJIHBI AT(RMRZ): _ |A4(K4’K2)|
|A4(K4 =0,1k k, =0

YEHHBIH C HCIIONb30BaHUEM BhIpaskeHus (3).
IToBOPOT BOJIHBI HAKAa4KH, OKa3blBas CYLIECTBEHHOE
BIIMSHME Ha NPOCTPAHCTBEHHYIO CEIEKTHBHOCTH YETHIPE-
XBOJIHOBOTO NPeo0Opa3oBaTes B INIOCKOCTH BOJH HaKay-

| , Tomy-

K1 ((R4R2) = KK 2), HE BIHMAET HA TPOCTPAHCTBEHHYIO
CEIIEKTHUBHOCTh B IUIOCKOCTHU, HEPHNEHIUKYISIPHOH BOJI-
HaM HaKayKH ((R4R2) = 0) .

A (v = )—_i_ KyD, dn
A4(K4, K2) | nODllDZZ de
- - \2
x —*1 _ exp —i—(K“_KZ) )=
2shjk, =K,| ¢ 2k

~exp(-[R, k.| ]} x

K> —K:

2k
X > > +
Ky —Kj

2k

expi||R, —R,| =i

Ky —K,| =i
+{exp —imf —exr(|R -K |£) x
2k 4 2

2 2

I
expl - |K4—K2|+I# lr=1
* K2—K3
R, —K,| +i el
3)
R, (R, -k
exp| i : 2k 4)£ -1
—ik
Kz(Kz_K4)
IJ‘;
Al x’é"
1,00 =
R
X QAR @“
RN
EEXARIRN
0,50 R
TR
TR
TRORNE
\\\ K4y/k
0l 0,02
0,04

0,02 _
(K4X—K gx)/ k 0' 04

Puc. 1. Mooyns npocmpancmeennozo cnekmpa 06vekmuoul
sonnwl npu K= 5-10%, k2y= 0, xox/ k= 2:10?
B miockocTH BOJMH HaKa4yKu MOBOPOT BTOPOM BOJIHBI
HaKa4yK{d CMEINAET II0JIOCY IPOCTPAaHCTBEHHBIX YacCTOT

(R 4), BEIPE3aeMBIX UYCTHIPEXBOIHOBEIM Ipeodpa3oBare-

JIeM, Ha BEJIMYMHY IIOBOPOTAa M CYXKaeT HPOCTPAaHCTBEH-
HBI CTIEKTP 0OBEKTHOM BOJHEI (pHC. 2).

Hanuuue HeHyneBoil mpoekuuu BOJIHOBOM paccTpoii-
KM, BXOZSIIEH B IBHOM BHUJE B MOCIEIHEE CIATaeMO€E BbI-
paxenus (1), PUBOIUT K TOMY, YTO YETHIPEXBOIHOBOI
npeoOpa3oBaTeib C MOBEPHYTOH BTOPOH BOJHOW Hakay-
K, Hapsioy ¢ QUIIbTpanyei BHICOKUX MPOCTPAHCTBEHHBIX
JaCTOT, OCYHIECTBISCT (GMIBTPALNI0 M HHU3KHX IpO-
CTPAHCTBEHHBIX YacTOT.

20

KommnblotepHas ontuka, 2016,rom 40, Nel



Braustane IIOBOPOTA U paCXOJUMOCTH BOJIH HAKAYKHU Ha IPOCTPAHCTBEHHYIO CEJICKTUBHOCTD. ..

UBaxuuk B.B., Casenses M.B.

I ,

N N \ N \ —~
A ! L\ N/
a N / Y |V \;./V/\/‘ AN
-0,10 -0,05 0 0,05 (xg4—Ko)k

Puc. 2. Mooynu npocmpancmeenuvlx cnekmpog 00beKmHou
goanbl 6 naockocmu 60 nakauxu npu kf =510% x2y= 0,
Kkay= 0, x2x/ k=0 (1), 2:10? (2), 5102 (3)

AHAJIOTUYHBIA XapaKTep M3MEHCHHS BHIA MOJIYJI
MPOCTPAHCTBEHHOTO CIIEKTpa C POCTOM BOJIHOBOW pac-
CTPOWKHM HAOII0JAaeTCs AJ KBa3HBBIPOXKICHHOTO YCThHI-
PEXBOTHOBOTO TMpeoOpa3oBarenss B TPO3pPAvYHON ABYX-
KOMITOHEHTHOH cpene [17].

®da3a MpoCTPaHCTBEHHOTO CIIEKTpa 0OBEKTHOW BOJIHBI
(¢) Menstercst o nUHENHHOMY 3aKOHY. CKOPOCTh H3MEHE-
HUS (pa3sl IPOITOPIIOHATEHA IOBOPOTY BOJHBI HAKAYKH.

Jns xapakTepUCTUKU TPOCTPAHCTBEHHON CEJIEKTHUB-
HOCTH 4YETHIPEXBOJHOBOTO MPeoOpa3oBareist B ILIOCKO-
CTH BOJIH HAKauyKH BBEAEM IIMPUHY IOJIOCH Hambolee
3¢ (dexTHBHO MpeoOpa3yeMbIX MPOCTPAHCTBEHHBIX YaCTOT
(Ax), koTopast onpeaensieTCs U3 YCIOBUS

3,H€CI) K41x,42 > Kox — MPOCTPAHCTBCHHLIC YaCTOThHI, 3HA4YC-
HUSL KOTOPBIX HAXOAATCA U3 PCUICHUS YPAaBHCHUSA

‘AA(KM =K41x,42<’ K4y:0)‘=%A4ma>d (5)

rae A= ‘ A4(K k" Knae K g = 0)‘ — HanboJIbIIEE 3HA-

YeHHE MOAYJISI TPOCTPAHCTBEHHOTO CIEKTPA, Kmax — HPO-
CTPAaHCTBEHHAsl 4acTOTa, Ha KOTOPOH MOAYJb MPOCTpaH-
CTBEHHOT'O CIIEKTPA JOCTUIaeT HAUOOJIbIIEr0 3HAYCHHSI.

Vpasuenue (5) UMeeT Mo IBa KOPHSA IS Kaix U Kazy,
cpenr KOTOPBIX OyaeM BEIOMpaTh OONbIINE 3HAUCHHS.

[upuna Mos0CH MPOCTPAHCTBEHHBIX YaCTOT, HANOO-
nee 3PPEKTUBHO MPEeoOPa3yeMbIX MPH YETHIPEXBOIHO-
BOM B3aHMOJICHCTBHM, OOPATHO MPOIOPIMOHATIbHA KaK
TOJII[MHE HEJIUHEWHON Cpeibl, TAK M TOBOPOTY BOJIHBI
Hakauku AK~1/(K, .

3. Yuém pacxooumocmu 60,1n HAKaAUKU

[TycTh ofHa W3 BOJH HAKAYKH, HAIPUMEp, BTOpasd, MO-
MIPEXKHEMY SIBIISIETCS IJIOCKOM, @ MPOCTPAHCTBEHHBIHN CIIEKTP
TIEPBOI1 BOJIHBI HAKAYKHA MEHSIETCS 110 TayCCOBY 3aKOHY

A(k,) =exp —% , (6)

rae Ko — Mapamerp, XapaKTepH3YHIIUA pacxoJUMOCTb
BOJIHBI HAKAYKH.

IMoxactaue B (2) Boipakenus (1) u (6) mist curHasb-
HO¥l BOJIHBI, paCIPOCTPAHSIOLICHCS OT TOYEYHOTO HCTOY-
HHKa, MOJYYMM BBIPAKEHHE ISl MPOCTPAHCTBECHHOTO

AK =Ky =K - (4) | cmexrpa 06BEKTHOI BONHEI BUAA

A ([ :_-T“(ngDlzﬂ 1 i (R4_R2)2 _(R4_R2)2sz€2 _ e —w
A(R.) InODnD22 dT | 2sHk ,—K ¢ R BT 4K ex{-[R =Kol 1) ¢

k-] o K-k (R, -R,)" (R, —R,) K22
% |K4‘Kz|"% exp, |K4—K2|li—|%lé —-1/+< ex —1( 42k2) ,—( 4 4&2 0

2_ 27" 2 _ 2 ()
- LK =K o, L Ki-K
—exp(|K4—K2|£)} |K4—K2|+I% ex —|K4—K2|£—|%£ -1-
— — — 2 — — — — — — —

-— \/?_[k exp| - E(K4__ 2) erf |K4_K2|Koz f(K4__K2) +erf IKf(K4__K2) ’

Ky —K,|K, [k, —K K, 2k K, = K|, K, —K,|K,

rae erf(x) = % J- exp(—t2 )dt — GyHKIHSA OMHGOK.
0

Ha puc. 3 npuBenén xapakrepHblii rpadguk HOpMHUPO-
BAHHOT'O MOJYJIsl NPOCTPAHCTBEHHOT'O CHEKTpa OOBEKT-
HOW BOJHBI IPU YCIOBUH PACIPOCTPAHEHUSI BTOPOIl BOJI-

HBI HAKAYKH CTPOTO BIOJIb OcH Z ('K'2 = 0) .

Y4ér pacXoOMMOCTH BOJHBI HaKauKW, HE MEHSS BUI
MPOCTPAHCTBEHHOTO CIEKTPa Ha HU3KUX MPOCTPAHCTBEH-
HBIX YaCcTOTaX, YMEHbIIAET 3PPEKTUBHOCTH Mpeodpas3o-
BaHUS BEICOKHX MTPOCTPAHCTBEHHBIX YaCTOT.

J1st cpaBHEHHS Ha 3TOM K€ PUCYHKE TPUBEAEH MOYIIb
MPOCTPAHCTBCHHOTO CHEKTpa OOBEKTHOW BOJHBI YETHIPE-

XBOJIHOBOTO IpeoOpa3oBatesisi Ha KePPOBCKON HETMHEHHO-
CTH, PACCYUTAHHBIN C HCTIOIb30BAHHEM BbIpaxkeHus [3]

N KK,
A, (k,) =iGerf [TKJ : (8)

3nece G — mapamerp, onpenensonui 3hHeKTUBHOCTD
YeTBIPEXBOJTHOBOTO ITpeoOpazoBares.

ITpn mocTpoeHuu rpaukoB COBMEIIANUCH 3HAYCHUS
MOAyJell IPOCTPAHCTBEHHBIX CIIEKTPOB OOBEKTHBIX BOJH
JIBYX 4YeTBHIPEXBONIHOBBIX TMpeoOpa3oBareiel Ha Tpo-

CTPaHCTBEHHOM 4YacToTe K, = |R 4| =5K,. Bunno, uro Ha

BBICOKHUX IIPOCTPAHCTBECHHBIX YaCTOTax IPOCTPAaHCTBCH-
Has CCJICKTHUBHOCTb '-IeTLIpéXBOJ'IHOBLIX npeo6pasoBaTe-
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Jiel KaK B MPO3pavyHoOil JBYXKOMIIOHEHTHOM cpese, TaK U
B Cpejie C KEPPOBCKOM HEMMHEHHOCTHIO COBIAIAET.
Al

N

) K4x/k

-0,04 0,02 0 0,02 0,04
Puc. 3.IIpocmparncmeennvie cnekmpbl 00beKMHOU B0JIHbL

6 npospaunoil dgyxxkomnonenmuou cpede (1), 6 cpede
¢ kepposckoti nenunetinocmoio (2) npu kf =510, kay= 0,

K, =0, ko/k= 5102

C yBEeNMYCHHEM pPACXOJAWMOCTH BOJIHBI HAKA4KH
HAOJIO1aeTCsl YMEHBIICHUE KAK IIMPUHBI MOJIOCHI HAN0O0-
nee 3¢pdekTuBHO mMpeodpa3yeMbIXx MNPOCTPAHCTBEHHBIX
yacToT (puc. 4, kpuBast 1), Tak ¥ BEJUYUHBI MPOCTPAH-
CTBCHHOM 4aCTOTBI, HA KOTOPOW MOJAYJIb MPOCTPAHCTBEH-
HOT'O CIIEKTpa JOCTHraeT Hanbobiero 3HaueHue (puc. 4,
KpuBas 2). 3aBUCHMOCTD IIHUPUHBI TI0JIOCHI Haubojee G-
(eKTHBHO TIpPeoOpa3yeMbIX IMPOCTPAHCTBEHHBIX YacTOT
OT PacXoJAMMOCTH BOJIHBI HAKAYKH XOPOIIO OMUCHIBACTCS
BBIPOKCHUEM BHUJIA

-1
B _a(ke) Ko | +p(ke). )
K Kk
Ax/k Kmax/k
0,101 0,010
0,05+ r 0,005
0 20 10 60 80 (eo/k)!

Puc. 4.3asucumocms wiuputsvlt HOI0CHL NPOCMPAHCIMBEHHBIX
uacmom (1) u nonodicenus maxcumyma npocmpancmeenHo2o
cnexmpa (2) om pacxooumocmu 80HbL HAKAYKU

npu kf=510 K, =0

3n1eck o ¥ B — mapaMeTphl, 3aBUCSIIUE OT MPOU3BEACHUSL
BOJIHOBOTO YHCJIa Ha TOJILIMHY HeJMUHeiHoro cios. Tak,
npu 3Havenuax kf=1,510% 510° 1,510 napamerps,
BXojsiue B Bbipaxkenue (9), NPUHUMAIOT 3HAYCHUS
a=2,410%, 7,210% 2,410% p= 5103, 2103, 5104
®aza NpoCTPaHCTBEHHOI'O CIIEKTPa B 3aBUCUMOCTH OT
BEJIMYMHBI TIOTIEPEYHON COCTABIISIONIEH BOJTHOBOTO BEK-

TOpa OOBEKTHOI BOJHBI B MPEAEIax MIUPHHBI TOJIOCH AK
MEHSETCS. He3HAYUTEIIBHO.

IToBOpoT BTOpO¥ BOJIHBI HAKAYKW MPUBOAUT B IJIOCKO-
CTH BOJIH HaKayKH HE TOJIBKO K CMEIICHUIO IIPOCTPAHCTBEH-
HOM YacTOThl, HA KOTOPOW 3HAYEHHE MOMAYJIA MPOCTpaH-
CTBEHHOTO CIIEKTpa OOBEKTHOH BOJHBI MUHUMAJIHHO, Ha Be-
JIMYHHY, PABHYIO TIOBOPOTY BOJIHBI Hakauku (puc. 5a), HO n
K JOTIOJIHUTEIIEHOMY yMEHBIIEHNIO 3(p()EKTHBHOCTH TIpe-
00pa3oBaHUsl Ha BBICOKHX IPOCTPAHCTBEHHBIX YAaCTOTAX.
Ilpu (UKCUPOBAHHOW BENUYMHE PACXOAUMOCTH IICPBOU
BOJIHBI HAKAYKH C YBEJIMYCHHEM YIJIa TOBOPOTA BTOPOU
BOJIHBI HAKAYKH BHUJl POCTPAHCTBEHHOTO CIICKTPa OOBEKT-
HOM BOJTHBI CTPEMUTCS K BHJY IPOCTPAHCTBEHHOTO CIICKTPa
IPY TUIOCKHUX BOJIHAX HAaKadKu. B obnmactu mpocTpaHCTBEH-
HBIX YacTOT, B KOTOPOH COCPENOTOYEHa OCHOBHAS OIS
SHEPTrur OOBEKTHOW BOJIHBI, (ha3a BOJHBI MEHSETCS 10 3a-
KOHY, OJIM3KOMY K JIMHEHHOMY (prc. 50).

4
1,0+

Q) -002  -001

6) 0,02 -0,01 0 0,01 (s—i2)/k
Puc. 5. Mooynu (a) u ¢paswet (6) npocmparncmeennvlx cnekmpos
06veKkmHoll 6011l 6 NI0CKOCMU 607H Haxauku npu KE= 5103,
xolk=5-10?, x2y= 0, xay= 0, xax/k= 0 (1), 210% (2), 210* (3)

Ha puc. 6 mpezcraBieHbl 3aBUCHMOCTH HAauOOJBILIETO
3HAYEHHS  MOJMYJIS IPOCTPAHCTBEHHOTO  CIIEKTPA

A= A4ma)/| A4(K .=0,1kK = O)| (puc. 6a) ¥ MIMPUHEI

oJIockl Harbosee Y3PPEeKTUBHO MpeodpazyeMbIX MPOCTPAH-
CTBEHHBIX YACTOT B TUIOCKOCTH BOJNH Hakauku (puc. 60) or
yrila TIOBOPOTAa BTOPOM BOJHBI HAKAYKU MpH (PUKCHPOBaH-
HOM 3HAYCHUH PACXOIUMOCTH IICPBOY BOJIHBI HAKAYKH.

C poctoMm 3HaueHHs K> HAOJHOMACTCS MOHOTOHHOE
YMEHBIIICHUEC KaK HAUOOJIBIIETO 3HAYCHUS MOJIYJS TMPO-
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CTPAHCTBCHHOI'O CIICKTpA, TaK W HIMPUHBI ITOJIOCHI IPO-
CTPAaHCTBCHHBIX YaCTOT.

n
4 max

],0'\

0.6 : : :
a) 0 0.05 0,10 015  xu/k
Ax/k
0,081 3
\\.
0,06 "
» T \‘
\
0,041 \
A\
0,021 | \
_\\
6 0 0,05 0.1 015 ok

Puc. 6.3asucumocmu Hauboavuie2o 3HaveHus MOOYs
npocmpancmeento2o cnekmpa (@) U WUpuHbl HOIOCHL
npocmpancmeennulx yacmom (6) om nO8OPOMA G0IHbL HAKAYKU
npu kt =510, ko/lk=5-102 (1), 1:102 (2), nrockue ornvt (3)

IIpu K2<Ko 3aBUCHMOCTH HaHWOOJBIIETO 3HAYCHUSI U
IIAPYHBI TTOJOCHI MPOCTPAHCTBEHHBIX YaCTOT OT OBOPO-
Ta BTOPOH BOJIHBI HAKAYKH XOPOLIO AlMPOKCUMUPYIOTCS

TrayCCOBbIM 3aKOHOM
2

K
Allmax = A4Oexp _ak_g 1
(10)

2

AK = AK, exp —b%

3neck Az 1 Ako — 3HaueHUS Asmax ¥ AK B OTCYTCTBHE TI0-
BOpOTA BTOPOU BOJIHBI HAKAa4KH, & U b — kosdduitnenTs!,
3aBHCAIINE OT BEIWYHHBI PACXOANMOCTH TEPBOI BOJHEI
Hakauku. [Ipy pacxonMMocTH MEepBOW BOJIHBI HaKayKu
ko/k=1:10%2 u 510? ko>)PULIHEHTEH COOTBETCTBEHHO
npuHUMaroT 3Hadenns a= 3:10°u 1,210, b=50wu 10.
Ipu «2> 2Ko U3MEHEHHE MUPHHBI TTOJIOCHI IIPOCTPAH-
CTBEHHBIX YacToT, Hambosiee 3¢ ¢hekTuBHO Mpeobdpasye-
MBIX TPU YETHIPEXBOJIHOBOM B3aMMOJCHCTBHH, B 3aBU-
CUMOCTH OT ITOBOPOTA BTOPOIl BOJHBI HAKAYKH COBIIAIACT
C aHAJIOTUYHOW 3aBUCHMOCTBIO JUIS YCTHIPEXBOJIHOBOTO
npeoOpa3oBaTels ¢ INIOCKUME BOJIHAMY HAKAYKH.

3aknwouenue

HOHY‘{CHH AHAJIMTUYCCKHUC BBIPAXKCHUA, ONHNCHIBAIO-
e nmpoCTpaHCTBEHHYHO CCJICKTUBHOCTDL LICTI)IpéXBOJ'IHO-

BOro TpeoOpa3oBarens M3JIy4eHUs B IPO3pPaYHOM JABYX-
KOMITOHEHTHOH cpefe ¢ Y4€TOM YIJIOBOI'O HOBOpOTa
pPacxoIMMOCTH BOJIH Hakauku. [TokazaHo, 4TO W pacxo-
JIMMOCTB, ¥ YTJIOBOW IOBOPOT BOJIH HAKAYKU MPUBOJST K
YMEHBIICHUIO 3()PEKTUBHOCTH TIPeoOpa3oBaHus BOJIH Ha
BBICOKHX MPOCTPAaHCTBEHHBIX YaCTOTAX.

B otcyTcTBHE MOBOpOTA C YBEIUUCHHEM PAaCXOIUMO-
CTH BOJIHBI HAKAYKH IIHPHHA TIOJIOCHI IPOCTPAHCTBEHHBIX
4acTot, Hanbosee FPPEKTUBHO MPeOOpa3yeMbIX NpU Ye-
TBIPEXBOJIHOBOM B3aMMOJICHCTBHH, yMEHbIIAETCS 110 3a-
KOHY, 00paTHO NPONOPIHMOHAIEHOMY PAaCXOJUMOCTH.

B ciyuae miIoCKMX BOJH HAKa4KU YTIOBOH MOBOPOT
OJTHOH M3 HUX, HE MEHSIsSI BUJia IPOCTPAHCTBEHHOTO CIICK-
Tpa B IUIOCKOCTH MEPHEHAMKYJISIPHOW IJIOCKOCTH BOJIH
HAaKa4yK, B IUIOCKOCTH BOJIH HAaKayKd CMEIIAeT MOJIoCy
«BBIPE3aHHBIX» YETHIPEXBOIHOBBIM MpeoOpazoBaTeneM
MPOCTPAaHCTBEHHBIX YAaCTOT HAa BEJIMYHMHY MOBOPOTA M
YMEHBIIIACT IHUPUHY TMOJOCK Haubonee 3PQPEKTHBHO
peoOpa3yeMbIX 4acTOT IO 3aKOHY, 0OpaTHO MPOTOPITH-
OHAJILHOMY TIOBOPOTY.

[Ipu ycioBum, 9TO BETUYMHA MOBOPOTA MEHBIIE pac-
XOJMMOCTY BOJHBI HAKAYKH, TOJYYCHBI MPUOIMKEHHBIC
BBIP@)KCHUS], CBS3BIBAIONINE HauOoJbllIee 3HAYCHUE MO-
IyJisl TPOCTPAHCTBCHHOTO CIEKTPAa W IIMPHHY IOJOCHI
Hanbonee 3 PEeKTHBHO Npeodpa3yeMbIX IIPOCTPAHCTBEH-
HBIX YaCTOT C YTJIOBBIM [I0OBOPOTOM BOJIHBI HAKAYKH.
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INFLUENCE OF THE PUMP WAVE ROTATION AND DIVERGENCE
ON THE SPATIAL SELECTIVITY OF A FOUR-WAVE RADIATION CONVERTER
IN A TRANSPARENT TWO-COMPONENT MEDIUM

V.V. Ilvakhnik, M.V. Savelyev
Samara State Aerospace University, Samara, Russia

Abstract

The spatial selectivity of the degenerate four-waaeiation converter in a transparent two-
component medium based on the electrostrictionCaridur effect has been analyzed as a function of
the rotation and divergence of pump waves. Expassionnecting most efficiently the converted spa-
tial frequency bandwidth with the rotation angle aivergence of pump waves has been obtained.

Keywords:spatial selectivity, four-wave radiation converteansparent two-component medium.
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