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The probability f inrreasing f' the F>fficiency of 

transformation of ligh.,. into the UHF range D means of a 

non-linear crystal partially filing the transverse cross 

section of the waveguide is investigated. By varying the 

partial filling one can achieve the condition of phase 

synchronism and a corresponding increase in the coherence 

length. The experimental results for different crystals placed 

in waveguides with cross sections 3.4x7.2mm
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, 1.7x~.4mm2 , etc., 

are presented. The obtained experimenta1 data are compared with 

the theoretical ones. 
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IlpenpHHT :Emll-I232( I8)-90 

Y,UK 62I .375.8: 62I . 3 .028.6 

3.M.JIA31EB, A.C.IMKoro::mr 

8MEK'lliBHOE IIPEOEPA3JBAH!1E YKl1 CBE'rA B CB'll 

mwIA30H B BOJJHOBO.llE , '1ACTI11IHO 3AIIOJIHEHHOM ~. 

KH1CTAJLJIOM 

llcc.Jle'AOB8Ha BOSMOlKHOCTb yBeJUPleHHR ~KTHBHOCTH npeo6pa­

SO:eaHKll OllTH'i0CKOrO H~lleHWi B CBq ;ltl'JBII830H C llOMOlllDD He~­

HelHOI'O KPHCTaJLJIB., '18CTH'IHO 88llOJ1HliDJ10ro nonepe'IHOe celleIDie 

B~OBOM. CTenem.1> 'laCTH'IHoro sanoJllieHHR ·MolltHo 'A06HTl>CSI yc.Jlo­

BHfl (basoBoro c:mucpoHRSMa H COOTB0TCTBYDJ10rO yBeAH'leHHR: ,Il,1lRHll 

xorepeHTHOCTH. IlpHBO~TCSI axcnepRMeHT8Jll>HHe pesyJLDTSTli ,nJ1R: 

paSJlR'lliHX KPHCTaJIJIOB , llOM01118eMHX .B BOJIHOBO~ Ce'l:eHWiMH 

3 , 4 x 7,2 MM2 , I, 7 x 3,4 MM2 K ~. Ilo.ny'leHHI:le axcnepHMeHTaJLD­

HHe ,MHlille COllOCTSBJllll)TCSI c peclleTHHMK. 

• 

EpeBaHCIGrlt ~3K'leCKKlt KHCTHTYT 

EpeBaH 1990 

EpeB8HCRHlt rocy,JJ,BpcTBeHHYI YHl'm8pcHT8T 

CoBpeMeHHlie MeTOroil noJtylleHIDi yJt1>TpaxopoTKY!X RMnyJlhcor (YKM) 

tasepHoro H3JIY'l:0HKJI IT03BOASIDT nepeKpliB8Tl> ,IJ;HanasoR l{8CTC ~ OT 

3Y~ 'AO ;na.i11>Hero HK, r:ne tiaCTOTH CMliKBDTCSI c cy6MHJLJrnMe1poBHM H 

'ill'IJIJIBMeTpoB!:lM ~nasoHaMH cBq. reHeparum T8KHX Y.Kll CBU .n;:.mnaso­

Ha HMeeT BaJ!tHOe 3HalleIDie ;nM pa3BHTM 6HCTpo;neitCTBYl<lleH 3JteKTPO· 

HHKY!, CHCTeM nepe;na'IR H o6pa60TKH HHiflapMar.um . 

3a nocJte~ee ;neCRTliJJ.0THe pa3BHTH 'i0THpe coBepUiFHRO pa3HHX 

M0TO,JJ,8 IlOJIY'i0HRSI YJll> TpaKOpOTKY!X RMfiYJlhCOB MHKpOBOJJ{QBOrO H3JIY'!0-

HHSI. 

ITepBHit MeTO'A, HCllOJll>Syf(JJlliit ,Il,J!toseQ)cOHOBCrurlt nepexo;n, HMeeT 

BpeMeHHoe paspemeIDie 4 ncex, HO Hs-sa mrs:r:oTeM' P.paTypH!lx ycJlo­

BHit pa.6oTll era npaKTH'!ecxoe npHMeHeHHe orpaaw-reRo [I ] • 

BTopol MeTO'A - wopMHpOBaHHe 3Jl0KTPK<r0CKHX YKK c IlOMOlllDI> IlO· 

JIYllpOBO'AHYIKOBblX OilT03Jl0KTpOHHHX rrepeKJtD<raTe .eH c BpeMeRH!lM pas­

pemeHHeM HIDKe 2 nceK ll ;nY!HaMH'l:0CKY!M ;nH8 IT83 I !OM ro7 
[ 2]. 

TpeTlitt M0TO;n OCHOB8H H8 ~KTe lLOf\.dJ! ,, :a c BpeMeHHI:IM pas 

neHHeM ,_,50 ncex. 

l!eTBepT!i:ll: M0'1'0, !l; - H8J .. !Helllioe OITT.! 

cBeTa B CBl! ~rras iH , lIC»I,JJ11>3Y Kll\e e He. 

cneKTpa.JI:b.HHX KOMilOH0H1' Ji .. 1 CBeTa B er 

J peoopa s o:saHHe Y 

:ll:Yoe B3aHMo;nettcTB 

KB8;npa THllHO:ll: H8Jlh 



I 
HOCTJ.10 [3 - 6]. 

UOCJle,nffill MeTO,It KCilO.Jll>SyeTCH, B qacTHOCTK, ,nJVI C03.ll;8HIDI 

BH< JKOCKOpOCTH!iX ,IteTeKTOPOB K CM9CKTeJlett OllTH'IeCKOro ,ItHBIISSO­

Hf;, Tpa1UllU{OHHO npHMeHHeM!:le B OllT.l!'lecimx CKCTeMax CBH3H ,D;eTeK­

'.,'1 .Pl:i .I! CM9CKT9Jlll Ha OCHOBe IlOJ.IYilPOBO,JtHHKOB (Ha.tipuMep, ,I(HO.zt c 

,api,epoM IIIOTTKH) HMeur IIOJIOCY IOO rru:. OrpaHH'IeHHOCTL HX 6!:iC­

Tpo.ztelc.TBHH, CBH3a.HHaH c PHJJ:OM qJaKTOPQB (.ztH(lxpyazett HOCKTeJlett' 

nepexO,ItHOI 0MKOCTLIO, BpeMeHeM IIPOXO,Ita HCIIO.Jll>SyeMoro CJlQ.li~ yc­

TpaHHeTCH KCil0.Jll>30BaHl'leM B KaqecTBe lIIHpoKOIIOJlOCHl:iX .zteTeKTOPQB 

HeJIKHettHl:ix MaTepHaJlOB. B HHX BHCOKoqacTOTHHe KOMilOH0HTl:i OIITH­

qecKoro za~yxeHHH .zteTeKTKPYnTCH 6HeHHeM, a reHepzpyeMoe KSJIY-

1.J:eHHe paaHoCTH!iX qacToT (KP'!) CB'! ,ItHanaaoHa B .zta.Jll>He!ineM IIOB-

TOPHO JlerKo .zteTeKTKpyeTcH reTepO.IJ;l!HHllM MeTo.ztoM [7-9]. ITpK 

o6ecneqeHHH ~KTHBHoro npeo6paSOBaHIDI 'iaCTOTH BM0CTO reTepo­

.ztHHHOtt TeXHHKH,Yil.POntaH II.PK 3TOM HSMepeHHH, MOJltHO HCilO.Jll>SOBaTL 

CB'! .zteTeKTopu (6,9). 

ITpou:ecc HeJIHHe~oro IIpeo6paaoBaHHH qacTOTl:i npoKcxo,ItHT HaH-

6oJlee ~KTHBHO, ecJIK ,nJVI B3aHMO,ItettcTBYl!llU'IX B~ BliIIOJIWlllTCH 

0,ItHOBpeMeHHo SaKOH!i coxpaHeHHH 3HeprKK H KMIJyJlLca: 

h(.<)1 :t heila= 1ic.:>3. ' (I) 

iii<, :t t-.K', = tii<3 . ( 2) 

ITp:e: Bl:iIIomemm: YCJIOBHH (2) H OTCYTCTBHH ,ItHcnepcKK cpe.ztH 

BO.Jlli8 HeJI.HHe~ott n~p:e:sarum H BO~ HP'! COBIIB,I(al>T no ~ae B 

n:i6ott TO'IKe IIpocTpaHcT:ea. B peaJILHott .ztHCIIeprnpyD11el cpe.zte ye-
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JlOBKe (2) coxpaHJl0TCH JIIDll]) Ha paCCTOSIHHH, He IIpeB!:imai<lJleM ,IT.1IHHli 

KOrepeHTHOCT.lf.(5] • 

J- 1-1 P4 7 

./ _ ~-n(~HP4)1 o(.K - 2 In (Aonr)-.1\onr <lAom 
(3) 

r.ne .A.1APy=).1-.A2, a .A, K .i\ 2 - ,I(.1lllHll Bom B cneRTpe .nasepHoro 

HSJJYqeHHH, n(.Aonm) H n(.i\HP4)- IIOKa38TeJ!H IIPeJIOMJleHHH Bom COOT­

B0TCTB9HHO B OIIT.lfq9CKOM H CB'! ,IJ;KaIIaSOHaX. 

IlocKOJl:&KY 60.Jll>WKHCTBO HeJI.HHelHHX KpHCTaJIJ.tOB B CB'! ,ItHanaao­

He o6Jia,ItaIOT 60.Jll>WOtt ,ItHM0KTpH'l:ecKKI npoHKnaeMOCTLIO (cM.Ta6Jl.I) 

H CJia6ott ,I(HcnepcKel ( Bl:iIIle o6JiacTel m.esopeaoHaHCOB) , J. K , KaK 

CJle.nyeT HS Ta6Jl.I, MeH:&me J..HP4/2. 

HanpHMep, ,ItJLfI K.PHCT8JI.1la .f(NB03 ' .zzy.cnepcxett IlOKaSaTeJlH 

npMOMJleHHH KOTOpQI'O MOlltHO npeHe6peqL1 B 06JI.aCTH I07-Io13ITI:4[I0J 

B CJIY'lae KOJIHHeapHoro BaaHMo.nelcTBHH TKIIa ee- e , £.. K ( :i\ HP4 = 
= 3 , 2 CM) = 5 , 2 MM , .f K ( J. 1-1 PY = 2 MM ) = 0 , 3 MM. CJle,I(OBa TeJl:&­

HO' ,nJVI caHTHMeTpoBoro K Mlt1LJIKM~TpOBOro ,ItH8II830Ha rf.K < 5 MM • 

YBeJUrqeHHe £K Ha H0CKOJl1>KO IIJpii,ItKOB BOSMOJ!tHO npK nOMellle­

HHH KpKCTaJJJI8 B BOmOBO,It TaK, qTQOl:i OH sanOJIHJiJl Jimll1> qacT:& ero 

nonepe'll!oro ceqeHKH. IlpH aTOM cTerreH:&IO qacTH'l:Horo sanoJIHeHKH 

MOl!UiO ,I(06HTLCH BHIIOmeHHH ycJlOBHSI CIDDCpQHKSMa H 06ecueqBT]) 

II.PK .IT,aHHOI ,nJIKHe KPHCTaJIJia a<PIJeKTKBHOe npeo6paao:saHHe OilT.l!'leC­

KOrO HSJJYqeH:WJ B CB'! 'A.lfBIIasoH. 

CHHXpoHHoe B38KMO,ItelcTBUe TIDI8 ee - e, KaK CJle.nyeT HS 

(3), KMeeT M0CTO TOJlLKO ,ItJ.liI HYJ10BOI qacTOTH, TaK KaK ,nJVI oc-

T8Jl:&Hl:iX 'iaCTOT VqJ(.A01p4) < Vip( .Aom.) • EcJ1H KpHcTaJlJl IIomocT:&IO 
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Ta6.rum,a l 

ilOKa3aTeJllil npenoMJieHRR' HeJIKHett.HHX KPHCTaJJJIOB 

Kp.acTaJIJl 
no ne n°(.).11P4) n° (.i\11p4) K.nacc K ,llJlIDl8 

BOJIHl:i 
( MKM) 

JiNM3 
r- · 
' 2,237 2,1567 6,7823 5,2915 3m 

l,06 
NH4H2P04 l,50835 l,46895 6 3,74165 42m 

I,06 

KH2P04 1,49535 1,46041 5,82237 4,47213 42m 

1;06 -
sw~ 1,53514 1,54392 2,14 2,0664 32 

1,06 

J,j_ Ta03 2,I75 2,IB 7,I4I4 6,5574 3m 

I, 2 

lnTe 2,92 3,2 43m 

0,6943 

Ga fls 3,455 3,3912 43m 

I,I27 

aanOJIHlreT nonepe"llloe ceqeHKe BOJIHOBo.na, BO~ MP1I aaMe~eTCR 

B m = AoP· = C/Vqi{A11p4) pas, IIPH 9TOM C - Be.llH'mHa IlOCTOSIH-

HaR, a qB30BaH CKOpOCTb V~(~HP4) MeHbme qB30BOtt CKOPOCTH 

p?cnpocTpaHeHIDI BOJlHhl HeJllilHei1HOil: IlOMpH381.J;HK. KaK yge OTMeqa­

ROC; Plime , o6ecneq:KTb ycnOBHe tfla30BOro CKHXpoHK3M8 HJIH paBeHCT­

Ba ~30BliX CKOpoCTett MP'I H Jia3epHoro H3.nyqeHRH B KpHCT8JLJle BOS.-

f; 

MO'l!.HO, ecJllil BOJIHOBO'A qacTK'iHO aanOJIHeH xp.acTaJIJloM. ITp.a aToM 

BeJUNlUiy m MOllHO zsMeHHTb B npe'AeJ!aX 0 < m < ft' • BY6paB cTe­

!WHb 3aIIOJIHeHKR t KPP!CT8JLJIOM BOJIHOBO'A8, MOlKHO IlO'A06paTb Ta­

KOe aHaqeHHe m , npz KOTopoM qiaaoBWI cxopoCTh MP'I 6y'AeT paB­

Ha qB90BOi1 CKOPOCTH BOJlHli He.mm:ettHoil: IIOJlfIPH98UKH [9] • 

3Ta MeTO,l(HKa oco6eHHO npHMeHHMa K KpHCT8JIJlaM, y KOTOPliX 

~ BliIIOJIHeRHH qa3oBoro c:wocpoHH3Ma ,n;By.nyqenpe~oMJieHHe Hence 

TaToqHO HJIH OTCYTCTByeT. Hanp~v!ep, ~ KpHCT8JIJla ln Te ( <l'14 = 

= 365·I0-8 CGSE ' ~ cpaBHeHKR ~33 (J:tNB03 )= I73·IO-O CGSE ) ' 

HeCMOTp!I Ha nocTaTO"lllO 60J.t:bWOe 3HaqeHHe HeJUIHettHott BOCIIpkIHM"llt­

BOCTH, KOJlJlltHeaplllfl!: tfla30Blii1 cmucpoHHSM HeBOSMO'l!.eH, TaK KaK OH -

- KpHCT8JIJ1 xy6.aqecKOi1 CHMMeTpmt. CnenoBBTeJll>HO, B 9TOM CJIYqae 

aqxpeRTHBHOe npeo6paSOBaHHe B03MOlKHO 38 cqeT yBe~eHHH OTHOCH­

TeJIDHOlt ,nJlHHH xorepeHTHOCTH K~eapHoro B38HMOnettcTBHJI. 

B cBo6o,n;HoM oT ~BJlexTpmta BOJIHOBone qasoBaa cxopocTb MP'I 

6om.me CKOPOCTH cBeTa, a IIPH IlOJIHOM - MeHDme ( VCfl ( .A...,p4 ) = 

= c/.Jc11p4-0/Jt.p)'°<< JeonT I TaK KaK n(.A11p~) > n(.l\.onrn) • B c.nyqae 

-qacT.aqHor9 sanoJ1HeHKR Vcp ( .A11P'I) onpeneMeTca ~ 'AaHHott J\ 11P4 

q.acneHHO, HS H3B0CTHOro ~cnepcHOHHOrO ypaBHeHHH [II] . 

)lJJR KOJlJlltHeapHoro BSaHMonettcTBHH BOJIH THIIS ee - e' 

oe - e B KPHCTaJIJlax 5i.02 , clt Ngo3 , J'iTa03 , KHz P01+ 

NH4HiP04 6HJllil paccq.aTaIW xoaj$IUHeHTH saMe,ItJleHIDI m xax 

· ~ H0CHMMeTpH"Uioro, T8K K ,ItJlH ueHTpa.n:&HO-CHMMeTpH"UiOro pacno-

4ogeIDJR llJ.l.aCTKIW B Ilp!IMOyroJ.t:bHOM BOJIHOBO'A0 (p.ac.I). B nporpaM­

MY BB~Cb COOTB0TCTBy~e SHaqeHHR: e0 (.ll.11P4), f,e(J\ 01 p4) , 

npHBe'AeHHHe Ta6n.I. PexoMeH,IIYeMl:ie sHaqeRHH TOJllltHH xpHCTaJJJioE 

npH ue~Tpam.HO-CHMMeTpH'iHOM pacnoAO•eHHH, KOr,ml BOnliOBO'A c 
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KPHCTaJIJlOM 0.ItHOBpeMeHHo .IIBJliieTCH H HeJIHHetl.HHM npeo6pa~OBaTe.lleM 
ti:aCTOTl:l, H 3aM0MJIIOOlett CHCTeMott .ItM o6ecrre'!eHHR aqrpeKTHBHott 
reHeparzym .11?!, npne~eHl:l B Tacl.11. 2. 

Ha pHc.2 npe~cTaBJieHa cxeMa aKcnepHMeHTaJll>Hott ycTaHoBiw: .ztJlSi 

HCCJie~OBaHHR reHeparunr .11Pq. B YCTSHOBI<e HCII0Jll>30B8JICH Ha6op 

CMeHHl:lX BOJ1HOBO~OB ce'!e.HH.RMH 3,4 x I,7 MM2 • 7,2 x 3,4 MM2 • 

II x 5,5 MM
2 

• I6 x 8 M~, I9 x 9,5 MM2, 23 x IO MM2 c COOT­

:BeTCTBytaqHM sanoJIHeim:eM, )1,Jm lIIH.POKOIIOJIOCHOro cor.11acoBaHHR HC­

nom,ayeMl:le KPHCTaJ!Jll:l HMeJIH KJIHHoo6paaHl:ltt Bl:lXO.ztHO~ cpea. l1cCJie­

;roBar!Wl IIPOBo.n:wmc:c c KPHCTaJIJJaMH pa3JllftfHo:ti TOJllllliHl:l H .z:tmmott 
n 8 ~o 22 MM, 

Tmnrti:Hl:le ocrurJIJlorpaMMl:l eyroB VJ.Pq, 11oa6yJK.naeMl:lx 11 IIJiaCTHHe 

Y'~f .11aaepa Ha CTeKJie c HeO~OM IlPH ee - e B38HMO~ettcTmm, 
npne~eHl:l Ha PHC,3 H 4. CHI'Ha.11 .11Pq B BOJIHOBO.ItaX Ce'ieIDLIIMH 

3,4 x 7,2 MM
2 

H 9,5 x 19 MM2 perHCT.PHPOBaJICH c IIOMOl!U>D npe~­
BaPHTe.ll:DHO OTKaJIH6poBaHHl:lX ~eTeKTOPHl:lX H CMeCHTeJLCHl:lX ~O~OB 
J\606 H .U608, 2AIOI COOTBeTCTBeHHo. 

3aBHCHMOCTh MOII!HOCTH .11pq OT IlO.llO~eHHR KPHCTaJIJJa no illHPOKOA 

C'l'GHKe BOJIHOBO,Ita Ce'!eHHeM 23 x II MM2 npne~eHa Ha pHc.5. 

8 

KpHCT8J1Jl 

I 

(YI -:0 

-
Cl J( ~ 

2 

23xII 

-"-
I9x9,5 

-"-
I6x8 

-"-
II,5,5 

-"-
7,2x3,4 

It 

3,6xl,8 

-"-
23xII 

II9x9,5 

I6x8 

IIx5,5 

7,3x3,4 

3,6xI,6 

23xII 
II 

-"-
19x9,5 

fl - -

KA/a 

3 

0,03 

0,0275 

0,30 

0,0275 

0,03 

0,025 

0,03 

0,0275 

0,03 

0,0275 

0,03 

0,0275 

0,0275 

-"-
-"-
-"-
-"-
-"-
0,193 

O,I 

0,025 

0,193 

0,1 

9 

Ta6~ 2 

K2=a/'ll 
'J.. (MM) t (MM) Tun 1138· 

HMO~e~-
CTBRH 

4 5 6 7 

0,40 57,5 0,69 oe ._ o 

0,45 52,2 0,63 -"-
0,40 47,5 0,57 -"-
0,45 42,2 0,52 -"-
0,40 40,0 0,48 -"-
0,45 35,7 0,44 -"-
0,40 27,5 0,33 -"-
0,45 24,4 0,33 -"-
0,40 IB,O 0,20 -"-
0,45 16,0 0,20 -"-
0,40 9 o,ro _ .. _ 

0,45 8 o,ro -"-

0,45 52,2 0,62 -"-
-"- 42,2 0,52 .... "-
-"- 35,7 0,44 -II 

It 24,4 0,30 -' -
-"- 16,0 0, 2C 

,, 
-

-"- 6,0 O,IJ -"-
0,75 30,6 4,4C• _11_ 

I,4 16,4 ? •. 30 -"-
5,5 4,4 0 ,56 -"-

0,75 25,3 3, '?C -"-

I,4 13,51 r fl 

.J.. '"I - -



UPO,noJDKeHHe 'l'a6Jnw,Ji " 

2 [ 3 ! 4 j 5 I 6 I ? 
I9x9,5 0,025 5,5 3,b ' 0,4Boe - a 

:po.n;oJI!teime 'l'a6JIRml 2 

I6x6 0,193 0,75 2I.3 3,IO -"- [ I 
2 : 3 4 5 6 7 

-"- o,r 1,4 II,4 I I,60 -"-
-"- 0,025 5,5 I 

2,9 0,40 -"-I 

IIx5,5 I 0,193 0,75 I4,6 2,I -"-
-"- I 

0,I l,40 8,0 I,IO -"-_ .. _ 
0,025 I 5,50 2,0 0,28 -"-

7 ,2x3,4 I 0,I93 0,75 9,6 I I,40 -"-
-"- I 

O,I I,40 5,I C,70 _,,_ 

-"- 0,025 I 5,50 I,3 0,I7 -"-

IIx5,5 0,04 0,70 15,7 0,44 ee- e 

-"- 0,025 0,95 II,5 0,28 " 
7,2x3,4 0,04 0,70 I0,2 0,29 -"-
-"- 0,025 CJ,95 7,5 0,I6 -''-

3,6xI,6 0,04 0,'70 5,I 0,14 -"-
" 0,025 0,95 3,7 O,IO -"• 

I 

3,6xI,8 / 0,!93 

I 
C,75 4,8 I 0,70 -"-

-"- 0,I I,40 2,6 0,36 -"-
0,025 I 5,50 0,65 0,09 I -"-

i Tct03 I 23xII I 0,025 0,60 38,3 0,58 -"-
OC.5 I9x9,5 -"- -"- 3I,6 0,48 -"-

I6xti -"- -"- 26,6 0,40 -"-
'·"'x5,b -"- -"- I8,3 0,28 -"-

-, ,4 I " -"- I2,C C,I7 _ .. _ 
f,O 0,09 -"-

~1503 .. Jx: I 
(1 I u,7U 33,C· 0,9:? I ee - e 
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rro.urrncH K PHCYHKAM 

PHo. I BoJIHoBo.n o .IU18J1eKTpH11eo1tott IIJJ.aOT'!HO.i: npR d2= dI 
ueHTp0.JII>HO-OKMMeTpK'IHOe paon0J1ogeHHe. 

PRo.2 CxeMa aKcnepKMeHTaJU.Hott yoTaHoBKH, I- IOO % sepKaJIO B 

KOHT8KTe 0 XIOBeTott KpaOHTeJIJJ 3955 B HHTpo6eH30Jle TOJilltll­

HOtt 200 MRM; 2- TeJleOKOII 0 YBeJIH<IeHHeM 2:I; 3- .nzacppar­

Ma ¢= 2 MM ,D;JlfI IIO,D;aBJl6HIDI BliOlIIHX nonepe'IHHX MO,D;; 

4- aKTHBH!ltt a.JieM6HT, TOpil,l:l KOTOporo ope3aHH no.n yrJIOM 

EpIOCTepa; 5- 50 % 3epKaJIO Ha KJIHHOB!tW{Oit IIO,MOUe; 

6- ,D;9JIHTeJl1:> IIY'IRBI; 7- HeJIHHettH!ltt KPHOTSJIJI B BOJIHOBO,ne; 

8- clJzJ!bTep CBq; 9- KPHCTaJIJIH'IeoKIDi ,neTeKTOp; IO- cpoTO­

III>HeMimK i;J)K:-9; II- OOUHJIJ!Orpacp C7-I5; I2- YOHJIHTeJID 

Y3-33; I3- OOUHJIJ!Orpacp C7-IOE. 

PRc.3 Oo~orpaMMii uyroB MK(a) H HPI(6) npH HeOZMMeTpH'JHOM 

( dI= O) pacnoJIOJK6HHH Kp.llCTaJIJla B BOJIHOBO,D;e oe~eHHeM 

7,2x3,4 MM2 (pa3BepTKa IO HO/MM). 

PRc.4 To JKe npH ueHTpaJ11:>Ho-oKMMeTplf'IHOM paon0J1ogemm (pasBepT­

Ka 46 - 5 HO/MM). 

PHo.5 To JKe np.11 ueHTpaJIDHO-CKMMeTplf'IHOM pacn0J1ogeHHH KDHOTaJIJia 
2 

B BOJIHOBo.ne ce~eHKeM I9x9,5 MM ( pasBepTKa IO He/MM). 

P.llc. 6 3aB.llCHMOCTl> MOll1HOOTH 11pq OT IlOJIOJK0HIDi ( d I) I<PHOTaJIJIB B 

BOJIHOBO,ne ce~eH.lleM 23xIO MM2 rrp.11 t =I MM, 2 MM, 4 MM. 
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