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Baep;eH&e 

Y!aoTon Pr !&'! c T tja • 120 ±_ 5 MHH 6wn o6aapy)f(eH CTOBep/1 / KBK npop;yKT 

peaKuHH Ce te> (p, 3n Pr 
1111 

• MeTOAOM nornomeHH!I 6blno noKaaaHo, 'ITO npH pacnap; e 

Pr 1
&'! a oa HaxaeT {3+- aany'feH&e c Er- 1,4 MasH Y -ny'fH c a HeprKell 160,500 

H 1300 KaB, 

XaKp;nel H OncoH121 
nop;aeprana 6oM6app;HpOBKe npoTOHBMH c 3HeprHeA 9,5 Mas 

MHWeHH, 060rBIUBHHble Ce I&'! • npH 3 TOM HB6mop;anaC b B KTHBHOC Tb, npHnKC8HH8H pac-

nap;y PrIM C T 1!1 • 2,0 'l y - ny'lH C aHepM!!!MH 300, 800 K 1050 K 3B , MeHee HH-

TeHCHBHblB y -nyqH C aaeprHIIMH 1400 H 1700 K3B 0 8 T~K)f( 8 X -nyqn H BHHJ.tT HIUI UHOH-

HOB H3Uy'leHHe. Obtna onpeneneHa rpaHH'lHBII 3HeprH!I noaHTpOHOB E r· - ( 1,4 !.. 0,1) ,\ 'I :'lB . 

npHMOe MBcc - c neKTpOMeTpH'leCK Oe nonTaep)f(p;eHHe c y iUBCTBOBBHHII K30TOtl8 Pr 
138 

6blnO npoaep;eHO n a H6H H np/
31

• Ha GUHHTKnnHUHOHHOM y -cnBKTpOMe Tp e Ha6mona -

nHC b HHTBHCHBHhie y -ny'lH : hv 300 ±_ 10, 800 ±_ 10, 1040 ±_ 10 K a B H MeHee HHTeH-

CHBHble av - 160, 1295 ±. 15, 1590 ±. 20 K 3 B. Ha MBrHKTHOM f3 - c n eKTpo M e Tpe 6btnH 

06Hapy>KeHbt KOHBepCHOHHblB nHHHH nepeX080 B C 9 HeprHIIMH 300 ±_ 5, 800 !_ 7 H 160±_2 KaB. 

0THOCHTenbHbi9 HHTeHCHBHOC TH K -nHHHII COOTB e T CTBy JOIUHX nepexonoa COC TBBnHJOT 100 , 

3-5, 3-5, COOTB e TCTBBHHO. YICX08H H3 OTH OWBHHl! KHTe HCHBHOCTBII KOHBepCH OHHbtX nHHHl! 

nepexona 300 Ka B K / ( L + M ) ~ 2,2 ±. 0,1, 6&tno B &tc KaaaHo npennonO)f(BKKe, 'ITO 

aTOT nepexon TH na E 3. Onpeneneao TBK>K e OTHoweHK e A k I A {3 + • 4,5 !.. 1,2. 

/~/ lSI 1M 
Mopoaoe H n p. a peayn&TBTe pea KuHH La (p ,2n ) Ce aoa6 ynunu uao -

tM 

MepHbll! ypOBBHb C e C a HeprHell 2140 KaB, KOT Opbtll p8Cli 8888TCII C HC tlYCKBHHBM 

y -nyqell 300 ±. 10, 800 ±. 10 H 1040 ±. 10 K a a. BpeMH >K H3HH aaoMe pHoro ypoBHII oKa­

aanoc & paBHbiM ( 9,2 ±. 0,5) M ee K. 

MOCKBTH /
5 / H3Y'l8fi COBnap;eHR!I BHHHrKfiiiUHOHHblX K88HTOB C y -ny'lB MK Pr t38 

Y!30TOII Pr tM 6wn nony'feH no peaKUHH ( y, 3n ) H8 Pr ut • Y!HTe pnpeTHpyH aK-

/ 5 / 
cnepHMeHTB11bHbi9 ,ll8HHbl9, 8BTOp .o.enaeT 38K/U0 '{9HH e 0 B 03MO>KHOCTH fl + -pacnana a a 

ypoaea& 1,86 Mas. f3 + ~ 17%, ~ , 83% ) . 

16 / 
I> p a60T 8 n>Kenenoaa H np, MO)f(HO H BITH YK838HHe HB Cy iUeC TB OB ll HK e B T Op OI 

B9T8H 
+ 1 38 

{3 -pacnap;a Pr c E r - 3300 Kaa. 

K Ha qany HaweA pa60Tbl M O>K HO 6&tno C 'fHT8 Tb TBepno yCT8HOBf.leHHbiM, 'ITO: 1. npK 

Pr 
138

-+ Ce
130

HMeeT M BCTO K8CK88 nepeX080B 300-1040-800 KaB (HnH 1040 -300-pacn ap;e 

800 KaB) . 

3 



2. Cpe.ua ypoaueA Ce 
118 

cymecTByeT H30MepuYA ypoaeab c aueprxeA 2140 xaa H 

Bp&MQBQM >KH3HH 9,2 MHTinHC81tYHllbl, 

+ 
3. Hatimo.uaeTCSI f3 -pacna.u 

tas 
Pr aa ypOBBH 

188 
Ce 

HacTOSIIUBSI patioTa ('iyna npe.unpaHKTa c uenbJO 6onee nonaoro accneaoaaaa!l y 

CllQKTpa Pr 188 , onpe.aeneHHH OTHOCHT91lhHbiX BHT9HCHBHOCTeA Y -naaaA, axcnepaMea-

T8nbHOro onpe.ueneHHSI K03<P<PRUH8HTOB BeyTp&HB&A XOHB8pCHH a k-nepeXOllOB C 3HepraeA 

300 H 800 K3B, H3Y"l8HHIJ ( Y -· Y )-H ({3+ -·Y) -coBU8ll8HRA, 

3xcnepKM8HT8naB8H ,aCTb 

J.nonyqeaae HCTO"lllHKa a annapaTypa 

Pr 
118 

nonyqanc11 xax npo.uyxT peaxuax pacmenneHHH Ta npx o6ny"l&HHH npoTOHBMII 

c auepraeA 660 Maa. 06nyqea11e MHWSHII H3 Ta aecoM 4 r npo.uon>Kanocb 2 'l&ca, nocne 

qero nyTeM xpoMaTorpacpaqecxoro paa.ueneHHH pe.uxax 3&Menb BblllSnHnacb cppaltURII Pr. 

3&T9M UpOH3BOllHTI8Cb UOBTOpH8H O"lHCTKB, 'IT06bl H36e>K8Tb npHMeceA Nd , npa6-

TIH3HTenbHO "l8p83 4 "lBCB nocne KOBUS o6ny"l&RHH npenapaT UOCTyU&n HB H3M&p8HHH, 

6blnH Up088ll9Hhl OllhiThl, rae B K8'19CTB8 MRWeHel HCUOnb30B8TIRCb Er H Tb. 

Oueaox BbiXOllOB Pr 
118 

npu o6ny'I&HHH MHmeaeA H3 Ta , &r , Tb HQ UpOH3BOllH-

1l0Cb. 

npa H3M8p9HHH Y -cnexTpOB H Cll8KTpOB ( Y -•}') -coBU&ll8HHI UpHM8HllnHCb CUHHTHII"" 

TIHUHOHHble Cll8KTpOM8Tpb1 C KpHCTBTITIBMH Nai(TI) p83M8p8MH 4Qx4Q MM H 80x80 MM 

B coqeT&HHH c MHOroxaaa.nbHhiM &KanaaaTopoM THna AYI-100, AaanaaaTop AYI-100 aMen 

C'tl9T'tHK ">KHBoro"' BpeMeHH H BbiBO.O. .aaHHbiX na caMonHcen. HanHqHe cqeTl:J:HKa ">KHBoro' 

epeMeau noaaonHno acnonb30B8Tb auanuaaTop .onH H3MepeHHH nepao.uoe y -nauaA. 

KpacTann Na I ( T 1) paaMepoM 40x40 MM c cpoToyMHO>KHTeneM <leY-13 aMen paapeweuae 
137 

aa naaaa Cs '1 = 9,7%, .KsMepeKHSI npoaaeoaanKcb npa pa3HbiX paccTOSIHHSIX Me>K.uy 

KpHCTannoM R HCTO'IHHKOM h s 2,5; 90 H 160 MM, KpHCT&nn HCUOTib30B8TICSI 6e3 norno-

THT8TIH MSirKHX }' -ny'lel! • KpHCTBTIU 80 X 8Q MM C !pOTOy!v!>!O>KKTeneM •<f>3Y-24 RMQTI 
187 

paapeweuue ua nHHHH Cs 'I -15,5 %, H3MBpeHRH npouaeo.uunacb npa h -5 MM co 

CBHHUOBbiM <:j:lHUbTpOM TOTIIUHKOA 3 MM, B YCT8HOBKB ({3 + -•Y) -coena.a.eHH!l B K8"l8CTB8 

f3 -a&T'IHKB HCllOUb30B8nCH KpHCTSnn 8HTpBU8H8 p83M8p0M J0 X 2Q MM C <:j:JOTOYMHO>KH-

TeneM <P3Y-13, 8 B K8'18CTB8 Y -cneKTpOMeTp8 KpHCTann Nal(Tl) p83MepoM 4Qx40 MM 

C <:j:lOTOyMKO>KHTeneM <f>3Y-13, 

YcTaHOBKH ( f3 + -•Y) -H ( Y -}') -co8U8ll8KHJ! 6blnH C06p8Kbl UO CT8Kll8pTHOl! cxe-

MB 6blcTpo-MeaneHHbiX coenaaeHKJI, Paapewa10wee epeMSI 6blcTpoll cxeMbl coana.ueaaA 

6blno He xy>Ke 10 acex. 

4 

J.13y"leKHB y -cnexTpa 

Pr 138 , co.aep>Kana B aaMeTH.bl; 

CTBYBT HHTQHCHBHbiA 8HKHrHTISIUH 

CHT91lbHbiMH HHT9HCRBHOCTHMH 1( 

138 
y-cnexTp Pr 

PeaynbTBTbl uayqeKHSI Y 

puc. 1,2 , 

3aeprHH H OTHOCH 

E y (ua) ]I 

303 + 1 x) 81 

789 ~ 3x) 

1047 ::!:.. 15 94 

1350 ::!:.. 20 

1610 :!:.. 20 

1830 :!:.. 20 

2070 :!:_50 

2540 -t_50 

x) 
3aeprHSI UBpBbiX llBYX 

BCpCHOKHbiX 3U8KTpOHOB ( CM. 1 

J.1 KTBKCHBHOCTH Y -naa 

TpOB C nocneayJOU.UIM y'ISTOM 

YIKTQKCHBHOCTH TIHHKll 1350 H 

TOflHK.H OK8381lHCb C110>KHbiMH, 

HHSI 1830 K3B, XOTH no nepHOll 

T8TOM COBll8ll8HHJI B C8MOM KJ 

llpH H3M9HeHHH reOM9TpHH Ollb 

y -7811. To >Ke npe.unonol 

!350 K3B (KbCKBll 3Q3-JQ47 K 

KeeTH x pacn a.uy Pr'M H~ 

H<lnH'IKeM aarpH3HeluiA B nper 



•poaeab c aaepraeA 2140 K3B a 11ayqeaae y - cnaKTpa Pr 
188 

ocno>Kaanocb TaN, 'ITO cppaKUHH Pr , KpoM e 

Pr 138 
, COJlap>Kana a aaMaTHblX KOilB'IeCTBrut Pr 

119 
8 Y - cneKTp e 

189 
Pr n pacyor-

Ce 138 CTByaT HHT8HCHBHbill a HHHPHilHUHOHHblft naK H Y -nHHRH hv • 1350 R 1610 K3B C O'rHQ­

CHTell bHbiMR RHT9HCRBHOCTSIMH 100 : 2, 7 : 1,6, COOTB9TCTB9HH0/
7 

/ • 
e n onaor o acc neaoaaaag y 

) CTeA Y - naaaA, aKcnepaNea-

~HH a k - nepexoaoa c a aepraeA 

>HBA. 

< a p a T y p a 

Ta npx o6ny 'laBHH npoToHaMB 

• npOJlOn>Kanocb 2 '!aca , noc ne 

enb Bb!Jlangnacb ¢paKnHH Pr. 

6e>KaTb npHMeceA Nd • 0pa6-

• nocTynan HB H3MapeHBH, 

:c nonb3oaanacb Er H Tb. 

. &, , Tb He npoHaBOJlH-

BUBJl9HBA UpKM9HHilHCb CUHHTHn-

laMa 40x40 MM H 80 X 80 MM 

)0. AaanaaaTo p Al1-100 HMan 

iH nepHOJlOB y - llHHHA, 

meM <teY-13 HMen p aapeweau e 

pa3 Hb1X p8CC TOSIHHSIX Me>Kay 

•nn acnonb3oaanc SI 6ea norno-

M.-to>KHTeneM •¢3Y-24 HMen 

13BOJlHilHCb 11pH h • 5 MM CO 

•Y) - coaUBJl9HHl! B Ka'leC TB e 

M 10 X 20 MM C (j:>OTOYMHO>KH-

n Nal(TJ) pa3 MepOM 40x4Q MM 

C06paHbl 110 CTa HJla pTHOI c xe­

JbiC TpOlt c xaMbl c oarr aaeuaA 

138 
y - cne KTP Pr 

PeaynbTBTbl aayqeaaa 

puc. 1,2 • 

P e a y n b T a T bl 

t 88 
Pr npaJlCTaaneabl a Ta6naue 1 H aa 

Ta6na ua 

1 38 
3aeprHB H OTHOCHT91lhHbl8 HHT&HCHBHOCTR y - UHHBA Pr 

E y (K3B) J/Jo% T ~ (MHH) npxRaJln<UKHOCTb 
y -nKHHH 

303 + 1 x) 81 ±. 10 140 ±.20 Pr 
U! 

~a"' Pr 
ta8 

789 100 120 ±.10 

Pr 
138 

1047 ±. 15 94 ±.8 120 ±. 10 

1350 ±. 20 120 ±.20 H 4 "· 30 MHH 
p 138 

r • Pr 
tat 

Pr 
138 Pr tat 

1610 ±. 20 120 ±.20 H 4 '1, 20 MHH 

1830 ±. 20 120 ±. 10 
Pr 1 38 

2070 ±.50 - 70 

2540 t,.50 ~ 30 

x) 
3aeprHH nep&b!X JlBYX llHHBI OCR OBaRa a a p eayllbTBTaX H3M8peHHA aaeprHH KOH -

aepCHOHHbiX 31l8 KTpOHOB (eM. Ta 6nauy 2). 

11 HT9HCHBHOCTH Y -nHHHA 6blllH aaAaeHbl rpacpH'I9CKHM p aano>KBHH eM 

Tpoa c rrocn e ayJO !UHM y'leTOM acpcpeKTilBHOC TH pen<c Tpauaa y -nyqe ll p aa HbiX aueprall. 

11 HT8HCHBHOC TH llH HHll 1350 H ltJlQ K3B He Ollp8Jl91lSIIlHC b, TaK KaK COOTB eTCTBY JO !UH9 cpo ­

T OflHK.H OK 838nH C b Cn O>KHbiMH , OTH OC SILUHMH C SI K p acn a .o,y 

HHH 1830 K3B , XOTSI no nepHOJly H COOTB8 TCTBye T Pr 
138 

KaK Pr 
IM 

, TBK H 
Pr 189 lla-

T 9TOM Co&n9Jl8 HHA B CBMOM KpHCTBillle KBCKaJlHbiX Y -ny'lel 789 H 1047 K3B, TaK KBK 

npH H3 MeHeHHK r eoM e TpHH OfibiT8 MeHSieTC SI HHTeHCHBH OC Tb 3 T Or O fiHK8 no OTHOllleHHIO K 

Y -78~J. To >K8 np8Jll101lO>KBHH e M O>K HO BblCKB3aTb H no OTHOW8 HHIO K Y -ny'IBM 

!350 K3B ( KSCKaJl 303-!04 7 K3B) , Y - ny'll! 2070 H 2 540 K3B H8 1lb3SI C yaepaKKOCTbiO OT-

HecTH K pac n aay Pr 1 38 HllH Pr 189 He HCKillO lfe H o , l.{TO HX npu c yTcTBH e C BH 38HO c 

HnnH -JH e M aarpH 3 11 6 HHA a n pe napaT e Pr 



AaanH3 H3 MepeHHQ HHTeHCKBHOCTH BHHHrHnKUHOHHOro DBKB BO BpeMBHH CBHlleTenb-

CTBYBT 0 TOM, ~TO OCHOBHBR f3 +:- aKTBBHOCTb KCTO'IHBKa o6ycnoaneHa pacnaaoM Pr ISO, 

( Y- ·Y) - C 0 B ri a ll e H H Sl 

VlaMepeHHQ npoHaaoaHnHCb c aayMQ napaMH xpHcTannoa NaJ (T!) 40x40 + 40x40 MM 

H 40x40 + 80 X 80 MM, 3¢¢eKTHBHOCTb perHCTpaUHH COBDallBHHA llHCTHrana }00 % npH 

100 K3B, J.13M9pKnHCb COBDallBHHSI Y -naHMA 303, 789 H !0'1 7 K38 co se eM y -cnex-

TpOM, 

Co a naae HHSI ( Y 303 K38 ) ( y) 

Y -ny'IH h V : 303 K3B pacnono>KeHbl B Y -cnBXTpB Ha KOMDTOHOBCKOM pacnpeae-

nBHHH OT a HHHrKnRUHOHHOrO llHKa, no3TOMY CDBXTp COBDallBBBA 6bln ll3MepBH llBB>Kllbl: 

CRaqana ( Y 303) ( Y ) , 38TBM ( Y 511) ( Y ) , nocne HOpMHpOBKB npOH3BOllHnH Bbi'IH­

TBHHe 8xnaaa oT( y 511) 8 coanaaeHKKX ( y 303) ( y ), y -ny'IH c bv m303 K3B aa­

toT HHTBHCH8Hbl8 COBD allBHHSI C Y - ny'laMH 789 H 1047 K3B - pHC, 3, 0THOWBHH9 HHTQH-

CHBHOCTell y -nepexoao8 8 cnexTpe coanaaeaaA 

J ( y 303) ( y 1047) 

J ( y 303) ( y 789 ) 

C o 8 n a a e H K K ( y 789 x 3 8 ) ( y) 

0,92 ±. 0,10 • 

Ha6ntoaatoTCSI HHTBHCH8Hble C08n aaeHHSI Y 789 K38 C Y -ny'laMH 303 H 1047 K38-

pH C. 4, VIMeiOTCK coanaaeHHSl 8 palloae 350 7 650 K3B, Co8naaeHHK 8 paAoae 800 K3B 

MO>KHO 06bSICHHTb COBnaaeHHSIMH KBaHTOB KOMDOTOH08CKOrO pacnpeaeneHHSI OT y -nyqeA 

1047 K3B C y -ny'laMH 789 K38, 

( y 789) ( y 1047) 

J ( y 789 ) ( y 303 ) 

C 0 B n a ll e H H Sl ( y 104 7 K 3 B ) ( Y ) 

- 0,94 ±. 0,10 • 

Ha6ntoaanacb HHTeHCHBHble cosnaaeHHSI c y -303 H y -789 K3B H cna6ble a paAo-

ae 350-500 K3B H 1120 K38 (pHC, 5), nocneaHHe MO>KHO 06bSlCHHTb CyMMHpOBBHHBM 8 

KpHCTBDDB y 303 H y 789 K3B 

J ( y 1047) (y 303) 

m J,06 ±. 0,10, 
J ( y 1047) ( y 789) 

6 

( (3 + - ·y) - c o B n a ll e H H 

6b1Dll H3y'leHbl ({3+-y) 

B bineT8 KOTOpbiX COCT8BnSinH yr• 

ueaa H NaJ(T!) 6btn0 9 CM 

npoaenaao 3 cepHH H3 MepeHaA : 

cnyqal!Hble cosnaaeHHK; 2) cny 

38,Uep>KKH B O.O.HH H3 K8H8nOB; 

ueaa ( (3 + -qacTHUbl nornowanM 

B ODbiTSX He 6blno o6aap; 

300 K38 C y -ny'IBMH 789 H 

noaaTpOHbl Pr 
+ 

IIIII 

c E 

Tax xax (3 -pacnaa 
Pr ISO H 

CneKTP xoHeep c a oH 

B cnexTpe xoaaepcHOHHbi: 

303 K38 (pH c. 6) H K -nHHHS 

Jlnn nepexoaa 303 K38 ~ 

Teop e THqec KKM 3 Ha qeHH e M. He 

L -nHHHIO OT M -nKHKK npH> 

3 xcnepHMeHTanbHO n ony'l 

THnonbHOCTK E3 H M4. 

E 

)laHHble OTHC 

(K3B) 

263,0 ±. 1,0 

298,1 ±. 1,0 

748,6 !_3,0 

J/. 

100 

40,7 

3,0 

Onp eaene KH e 

)lnK onpeaeneHHK a 
k 

CUHHTHnllQUH OHHOrO Y - cn e KTpO 

80'IHbiX HCTO'IHHKOB, B peayn~ 

cy e TCR C Teop e THqec KHM 3K8~ 



> DRKa 80 BpeMBHH C8RJleTBJib­

a o6ycnoeneua pacnanoM Pr 188
• 

JlJl08 NaJ (TJ) 40x40 + 4 0x40 MM 

lllBHHJI llHCTHI"8Jl8 100% DpH 

I 104 7 K38 CO 8CBM 

pe Ha KOMUTOHOIICKOM pacnpene­

llBHHJI 6b!Jl H3MepeH llii8>KJ:lbl: 

! HOpMHpOBKH DpOH3BOJ:(HJlH Bbi'IH­

), Y -nyqH c bv =303 K3B na­

IB - pHC, 3, 0THOWBHHB HHTeH-

0,92 :!.. 0,10 • 

' c Y -ny'IBMH 303 H J047 K38-

3 8, CoenaneHHH 8 paAoHe 800 K38 

o pacnpeneneHHH OT y -nyqeJI 

,94 :!.. 0,10 • 

Y - 789 K3B H cna6ble 11 paAo­

OObHCHHTb cyMMHpoeauHBM 8 

)6 :!.. 0,10. 

( f3 + -y) - c o 8 n a ll e H H " 

5 biJlH H3Y'IBHbl (/3 +_y) -C08fl8llBHH!1 f3 + -q8CTHU H y -KB 8 HTOB, Ha np; lBJlBHHSI 

BbiJlBT8 KOTOpbiX COCT8BJl!1JlH yi"OJl 90°, Pa.C:CTOSIHHB OT HCTO'IHHK8 ,[(0 KpH CTUJlJlOB 8 HTpa ­

UBH8 H NaJ ( Ti) 6&1Jl0 9 CM. npoeeneuo HBCKOJlbKO OflbiTOB. B K8>KJ:(OM OllhiTe 6biJl0 

nponenauo 3 cepHH H3MepeHHJI: I) I{CTHH:i bl.,, ·r.e, (/3 + - •y)- H ( y - y ) - COBflB,[l e HHH + 

CJlyqaJIHbie C08fl8,[(8HHH; 2) CJlyqaJ!HbiB COBfl 8 llBHHH, KOTOpbie H3MepHJlH npH BBBllBHHH 

38J:(ep>KKH B OJ:(HH H3 K8H8JlOB; 3) C08fl8llBHHSI Y C Y -cpoHOM H8 KpHCT8 JlJl e 8HTpa -

ueHa ( f3 t -qaCTHUhl flOI"JlOll!8JlHCb 8-MHJlJlHMeTpOBbiM <:pHJlbTpOM H3 DJleKCHrnaca) , 

B onhlTBX He 6blno o6Hapy>Keuo coenaneuHA nn11 f3 

300 K38 C y -ny'IBMH 789 H 1047 K3B, 

ISO 

+ 
-qacTHU c 3 He prueA 6on&we 

noai!TpOHbl Pr 
+ 

c E r = 1,09 Mas He HCK8>K810T K8pTHHbl 
189 

( f3 + - -y)-cosnaneuHl!, 

TBK KBK f3 -pacnan Pr 109 H.lleT B OC :-tQBHOe COCTOSIHHe Ce 

CneKTp KOHBepci!OHHblx ::> ne KTpouoe Pr 
138 

B cneKTpe KOHBepcuOHHbtX a neKTpo uoe ua6n10nanHC h K - H L - JlHHHH nepexona 

303 K38 (pHC, 6) H K -nHHHH nepexona 789 K38 ( T86JIHU 8 2), 

lln11 nepexona 303 K3B MO>KHO onpenenHTh OTHoweuHe K / L H c paBHHTb ero c 

T eopeTI!'IeCKHM 3HB'IBHHeM. Heo6xonHMbiB senH'IHHbl npKseneHbl s Ta6nHu e 3. 13Knan 8 

L -nHHH !O OT M -nHHHH npHHHT pasHbl M 25%. 

3KcnepHMeHT8JlbHO nonyqeuuaH senH'IHHa K/ L 

THUOJlbHOCTH E3 H M4. 

6nH3K8 K TeOpeTH'IeCK Ol! llJlH Myn&-

Ta6nHua 2 

llaHHbiB OTHOCKTeJlbHO KOH8BpCHOHHhlX 3 JlBKTpOHOB 
138 

Pr 

E (K3B) J/Jn% J/Jo% no /3/ T1 / 2(MHH) . 
.ll8HHbiM 

.,263,0 :!.. 1,0 100 100 123 :!.. 5 

298,1 :!.. 1 ,0 40,7 :!.. 4,0 45,5 123 .t_5 

748,6 !_3,0 3,0 :!.. 0,7 3~5 124 :!.. 10 

0 n p e n e n e u H e a k 

VlneHTH-

<iJHK8UH!1 

K- 303 

L + M-303 

K- 7 8 9 

n.'IR onpeneneHHR ak 6b!JlH npoBellBHbl H3 MepeHH!1 a6COJl!OTHblX 3<tJ<:peKTKBHOCTel! 

CUKHTHJlJlRUKOHHOI"O Y -cne KTpOMB Tpa H JlHH30BOrO {3 -cneKTpOMeTpa C UOMOlllblO K8JlH6po -

80'1HbiX HC T O'IHHK08, B peaynhTBTe nonyqeuo a K 
303 

= 0,14 -:!.. 0,02, 'fTO xopowo corna­

cye T CH c T eop e TH'IBCKH M a uaqeuHeM nn11 MyJlhTHDOJlhHOCTH E3 ( Ta6nHu a 3), uo nnoxo 

7 



c ornacyeTCH c MynhTHD OllbHOCTbJO M4. C pa8H&HKR c T&Op&TK'I&CKRMH aHa'I&HKRMK ooxa.ay­

BBJOT, 'ITO .uoitH MynbTKnonbHOCTH M 4 8 c MecH E3 + M 4 He npe& biUJBeT 0,75%. 

C pas He HHe aKc nepHMeHTanbHO Ha Me peHHoro 8peMe HH ~HaHH y poBHR 21 40 K38 c Teo­

peTH'!ec KHMH OU9HK8MH flO ~aiC KOncpy/8/ (c y'I&TOM fl ODpaBKK Hd KOH89pCKJO) TdK~e ro­

BOpHT s n onb3y MynbTHnonhHOCTH E 3 .unH nepexo.ua c aHeprHel 303 K3B. 

Ta6 n H ua 3 

K o3<j:>cpHuHeHT KOHBepCHH .un11 nepexo.ua c 3HeprHel 303 K3B 

E l E 2 E3 E4 Ml M2 M3 

ak 0,0108 0 ,0385 0,1300 0,4000 0,04 90 0,2000 0,7000 

:1: aL l 0,001 4 0,0074 0,0470 0,2800 0,0068 0,0340 0, !BOO 

a k / :EaL
1 

7, 5 5 ,2:..! 2 ,77 1,4 3 7 ,2 5, 9 4,37 

T ~ 
-2 

1.10 ceK 
-7 

10 CeK 

M 4 
3Kcnep. 
3H8'19HKe 

2,6300 0,14±_0,02 

0,7500 

3 ,5 1 3,3±_0,4 

5 )41 10 c eK ( 9,2+0,5 x 
-'3 

x!O ceK 

- 3 
.[lnH nepex o.ua 7 89 K3B a k n onyqaeTcR paBHhiM 3,4.10 • C p88HeHH e c TeopeTK-

'!eCKHMH a HaqeHHHMH ( Ta6nHua 4) yK aabls aeT Ha B03MO>K HOCTb MynhTIIDOnbHOC TH E 2 HnK 

M 1 HflH CM9CH E2 + MI. 

T a 6nHua 4 

K oacj)(jJH!lH9 HT KOHsepCHH .unH n epex o.ua c aueprHeA 789 K3B 

Ey 
( K3B) 

789 

a 
3 K CI1 . 

0,003 •1 

E l 

0,00l2 

4
k Teop. 

E2 E3 Ml M2 

0,0029 0,0065 0,0041 0,0110 

3 a K n JO , e H!le 

M3 

0,0250 

P acc MoTpHM nony qe HHbJe peaynhTBTbJ c TO'IKH apeHHR cx eMbJ pacna.ua Pr t as , npe.u-
/o/ 

no>K e HHOI 8 pa6oTe • E c nH y 'leCTb Kousepc HJO ua K- , L- H N\-o6 on o 'I KBX , TO Mo~-

HO HBITH, 'ITO HHTe HCHBHOC TH KBCKll.llHhiX nepeXO.llOB 30 3, 104 7 H 789 K3B OTHOC<I TCH , KdK 

( 101 :t. 10) : ( 94 ±. 8) : 100. 3 To cooTHOweHH e CBHll&TenbC TeyeT o nocnenoe aTenbHOM pac­

n ane C B036y>K Jl9HH OrO y pOBHH 21 40 K3B II OTCYTCTBIIH 38M9THOr O 'IHCDll p aCH<IJlOB 

( ":_ ,10 %) H8 ypOBHH 1840 H 789 K3Bo 

8 

l 

' 

HHlt 

rra.ua 

A KanHa ( y _ ,y) - cosna.ueE 

y 78fl) ( y 350 - 650 ) H 

p I M 
r B .U9I CT8HT9DbHOC 

nepeXO.ll C 3Hepr Hel ( 78! 

ypo8HH 8 Ce 
1 38 

.[leliCT8HTenbJ 

- 800 K3B npH f3 _,_pacn a.ue 

T88llS19T - 1000 K38 H HHKBKHX 

eTc H. C n e.nos aTenhHO, y pos e Hb 

COCTOH HHA q e TH o - qe THoro s.npa 

COCTORHKA .lln SI lf9TH Q- q9TH hiX R 

T a KHM o6paaoM, ypoBHJO 789 KS 

M 9 HTan bH b19 .ll 8 HH b19 06 
a k 789 

Ha6nJO.ueHKe uaoMepHoro 

HOBll9 HHbll B H8CTO!I lll9 ll pa60TE 

.uenHJOT nono>K eHHe 2-ro soa6y: 

BOa6y >K .ll9 HHOr O ypOBHH K 3H&pr 

C H C T P M b l KO n e 6 BT 9 n b H bi X ypOBHE 

c ny'-l .t9 K8 8HT0B bl 9 x a p a xTe p H C TJ 

KY ne pex o.u h v a 303 K3B c : 

HOC Tb E3 , TO .ll fl SI ypOBHR 21 40 

5- , 7-. P accMoTpHM 3TR eoaMo 

E cnK x ap aKTepKCTHK8 y p01 

9C Tb, COOTB 9 T C TB 9 HH O 3 , T O ll. 

8 OC HOBH08 COCTORHHe Ce 
1 
•s 

/ 8 / 
c Kony , n oason sr JOT c .n enaTb ~ 

KpalKell Mepe , ua qe Tblpe nop 11, 

e c neKTpe y -ny'!e A TBKoA nepe 

.llfl!l ypOBHR 184 0 K3B ( H COOTI 

AHan orH 'I HOe paccy>K.ueuH 

HR ! 840 K38 R 5 .llDR yp08 HSI 

B c ornac HK c aKc u epHMCf 

HOCTb: yp089 Hb 1840 Y. 2 B HM991 

HR 21 40 K3B Onpen enR9TCH KdK 

1047 H 789 K3B ll O.llT89p>K.U89T 

llpOHCXOJlHT C ypOBHH 
138 

Pr 

P e ay nhTBThl ( (3 + -Y ) - co 



TK'I9C KH MH 3H8~9HHHNB ROIA3w-

Ke np&Bb1W89T 0, 75% . 

~H3HH y pOBHR 21 4 0 KSB C Teo­

BKII H8 KOHB9pc11IO) T8K>Ke ro­

)rHel 303 KSB, 

Hell 303 K38 

M2 M3 M4 
3 Kc nep. 

3 H 8 '18HH9 

000 0,7000 2,6300 0,14:t_0,02 

340 0,1600 0,7500 

4 ,37 3,5 1 3,3:t_0,4 

·7 
10

5
c eK )41 ceK (9 ,2:!;_(),5 X 

..;.3 
x10 C&K 

- 3 
. 10 • C pasHe HH e C TBOpeTH-

CTb MynbTHnon bHOC TH E 2 HnH 

<B it 789 KSB 

M2 M3 

0,0110 0,0250 

c x eMbi pacna.aa Pr 
138 

, npe.a-

)4 7 K 78 9 K3B 0THOC51 TCSI, KdK 

sy eT o nocne.nos aTeJt bHOM pac -

e THor o l.fHCn a p acn a.a.oa 

l 
I 

HHl\ 

na.aa 

A HanH3 ( y - ,y) - c osn a.a eHHll Ta K>K B n o.aTsep >K.aaeT STOT BbiBo.a . HanH'IHB cosna.aB­

y 789) ( y 350- 6 50 ) H ( y 104 7) ( y 350-500 ) yKa3b1BaeT Ha TO, 'ITO CXeMa p ac-

Pr 1118 8 .aeJICTBI!Ten bHOC TII Cn O>K Hee , 'IBM Ha pHC. 7 . 

nepBXO.O C s HeprHell ( 7 89 :t_ 3 ) KSB onpe.aenlle T nono>KeHKe n epBOrO 8 036y>K.09 HH OI'O 

ypOBHll B Ce 
1118 

JlBliCTBKTBnbHO, rno s Bp H B aTT 
191 

H86mo.aanll y -nyqH c s HeprK e A 
_ , La 1118 1 38 138 

- 80 0 K38 n pH f3 -pacna.aB • nonHa ll SHBpr Kll p acn a.a a La • Ce CTa6. coc-

TaBnliBT - 1000 KSB H HHKBKHX .apyrHX y -ny 'IBll, KpOMB h v • 800 KSB , He Haelmo.aa-

eTC!! , C n B.aos a TBnbHO, y p os e Hb c SHBpriiBI 7 89 liBnliBT Cll HH>K HHM c pB.aK B0 3 6y >K.OBHHbiX 
188 

COC TO!I HHJI 'le THO-'IBTHOro li.Opa Ce , £.1 :::1 CKCTBMa THK H nepBbiX B036y>K.OBHHbi X 

+ 
COC T O!IHHJI ,anSI 'IBTHO-qQTHbi X li.Oep c n e.ay e T, 'ITO ypOBQHb 7 89 KSB .aOn >KeH 6b1 T b 2 , 

+ 
T a KHM oc>pa3oM , ypo BHIO 789 KSB cne.ay BT npHnHcaTb x a p a KT epHCTHKy 2 • H a wK 3 Kc nepK-

-3 
M9 HTanbHbl9 .aaHHbJQ 06 ak 

789 
- · 3 , 4 , 10 He npOTHB Op 9 '1 8 T STOMy npasHny , 

H a eimo.aeHHe H30Me pHor o y p oBH!I c s HeprHe l 21 4 0 KSB s p a6oT e
141

, a Ta K>Ke y c Ta­

Ho sneHHhll s KBCToRweA p a6oTe (j:laKT , •·-ro n e p ex o.a c s He p r KBi! 303 KSB THn a E3 , onpe­

.aemuo T nono>KB HKe 2-ro B03 6y>K.09HHOI'O ypOBHSI 1840 KSB, 0 THOW9HKQ SHe p r HH BTOpor o 

s o36 y >K.ae KH or o ypoBHSI K s HeprHH n Bpsoro p asHa 2,3. T aKoe OTHoweHHe x a p a KTe pH O 111\ H 

c llc Te Mbi Ko n e6 aTenbHbiX ypoBHBll B 'IBTHO-'IBTHbiX ue.aeq:>op MKpos a HHbiX SI.ap ax . B aTOM 

Clly4:•e KBai!TOBbi B X8 p 8 KTe pKCTKKH ypOBHSI 1840 K38 Mory T 6b1 T b 0+, 2+ Hn H 4 + . n oc KOllb­

KY n BpBx o.a h v = 303 KSB c ypoBHll 21 40 K3B Ha yposeH b 18 40 KSB HMBBT MYll~TKnonb­

HOC Tb E3, TO ,anSI ypOBHSI 21 4 0 KSB MO>K HO O>K H.OaTb, COOTBBTCTBQHHO, XBp ll KTBpK CTK K 3 , 

5 - , 7-. P accM oTpHM 3TH B03M O>K HOC TH. 

E cnH x a p a KTe pKCTHK a y p OBHSI 1840 K3B BCTb 0+, a xap a KTBpHCTH K8 ypo BHSI 2 140 K3 B 

9CTb, COOTBBT CTB 9 HHO 3 0 TO .aon >KBH IIMBTb MBC TO n e p ex o.a THila £ 3 C y p OBH ll :l 140 K3B 

" OC HOBHOe c oc T OSIHKe Ce 
138 

• OueHKH spe M e H lK H3 HK .an SI Ta KHX nB pBx oaos, n o tl a l< ­

CKOJiy /
8

/ , 0 03BOnli iOT c .a enBTb 3B KniO'I9 HHe , 'ITO HHTBRCHBHOCT b STOI'O n e pe x ona 6 y .aeT, n o 

Kp aluel Me p e , n a '19 Tblp e n o pR.a Ka BbiWB, 'IBM HHTeHCII BH OCT b nepBx o.a a 303 KSB. OnHaKo 
+ 

1!1 c n e KTpB y - nyqe JI Ta Koll n Bp exo.a He Ha6mo.aa eTc SI. C n e.aosaTBnbHO, x a p aKTe pKCTHKY 0 

.anll ypOBH!I 18q 0 KSB ( II C00TB9 TCTBBKHO, 3 - .an SI y p OBHSI 21 4 0 KSB) Ha.ao OTBeprHyTb, 

+ 
A Han orK 'I HOe p accy >K.aeHH e 3BC Ta BnSieT OTKa3aT bCll OT x a p a KTe pKCTHKH 2 .an SI ypos -

Hll 1840 KSB II 5 - ,an R y p OBHSI 21 4 0 KSB, 

B corna c HH c 3Kc n e pHMC HT d nhH hi M H naHHb iMH OK8:1l rB de Tc ~ T OnbKO Oll.HO soa MO>K-

+ 
HOCTb: ypOB9Hb 1840 >: ,0 8 KM99T X8p 8 KT9 p11 CTHKy 4 , .'\ XOp :JKT e p HCTKKB H3 0M 9 p Horo y p os -

HSI 21 "1 0 K3 B on pe .aenHe TCH Ka K 7- . H a6mo n e HH e IIHTe HCKBHor o K£;C Ka.aa c s HeprH 'l l! 303 , 

104 7 II 7 89 KSB ll0.0TII9p)!( .0 89T np e,lln On O>I<Q HHe /
6

/ 0 TOM , 'iTO 3 BCe 119 1il!e ypOB HSI 2 14 0 K3 B 

llpOHCXOllKT C ypDBHll Pr 
138 

, o6nan a10wero Bhi COKiofM Cll KKOM. 

P e3ynbT8Tbl ( {3 + - y )- cosn an e KKA ros o p SIT o6 o Tc yTCTBHK 3 aMe THoro qncna 

9 



pacn a.uoe ua ypoeeHb 1840 K3B. 06uapy>Keuue TBKHX coena.ueuul! B pa6oTe
151 

no ( Y- ·y ) -

COBn a .aeHHSIM, B 03MO}I( H0, CBH38HO C T eM, "'TO H e yqHTbiBBnCH BKnB.ll OT KOMnOTOHOBCKHX 

pacnpe.ueneuul! y -789 K y -1047 K9B no.u nuuuel! 511 K9B, KOTOpbl e 6y.uyT .uae aTb KCTKH­

Hbi e coena.aeHHSI c y 789 u y 1047 K9B. 

138 
f3 + -pacna.u Pr 

138 
ua ypoeeub 4 + 1840 K9B B Ce .uon>KeH 6b1Tb, no Kpa l!uel! Mepe, 

TpH>K.llbl 3BUp9lll9K npH KBBHTOBbiX xapaKTepHCTHKBX ( 1 + ) H ( 7-, 8-) OCHOBHOrO H H30-

M9pHOrO COC TO!tHHl! Pr IM 

TaKHM o6pa30M, nonyqeHHbie 9KcnepHMBHTanbHble .UBKKb!e no.aTBep>K.UBIOT cxeMy, 

npe.UnO>K BHHYIO B pa6oTe /
6/, H n03BOfiSIIOT C.ll 9 fiBTb 3BKfii0'19HH9 0 KBBHTOBb!X xapBKT9pHc­

TH KBX ypOBHe l! 789, !840 H 2!40 K3B. 
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9.0eHHil s pa6oT/
51 

no ( Y- y ) -

ITCH BKnaa OT KOMfiOTOHOBCKHX 

KOTOpble 6y.oyT .ll888Tb HCTHH-

uon>KeH 6b1Tb, no Kp allue A Mepe, 

H (7-, 8-} OCHOBHOrO H Hao-

KHhie no.n.Tsep>K.UBJOT cxeMy, 

l eHH e 0 KBBHTOB biX X8p8KTepac -

s., 3~ 1487 ( 1958) . 

~ 973 ( 1960). 

•.oa p8.0H08KTH8Hb!X !I.Oep, !963, 

I CCCP, T. XXVU , NQII, 
1408 ( 1963 }. 

lepHOit cneKTpOCKOnHH, 

KnB B H3.D.8TenbCKHA OTa en 

q:,esp an11 !965 r. 

50 

2,5 

a 

5!/xaS 

i 

iO 70 30 50 60 N! KQHG./10 

PHc . I. Cne KTp Y -HanyqeHH!I cpp llKUIIH P, ( 1~KcTann NaJ(TI ; <JOx<IO MM) 
aaw TpHxosaKa y -nHKHSI 303 K3B Pr • 
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N, 
x!O J 

7 j 

/J50K?V 

61 IL 
- ~ I ,,_5 I 

f041KS8 
51 l 

It 

:; 

f830K3, 

' 2 

20 30 40 so 60 70 N~ 1(0!-IQ fiO 

PH c. 2. CneKTP Y -HanyqeHH!I <tJp8KUHH Pr ( KpHcTann N aJ(TI )80x80 MM J. 

J2 

. 

#coRn 
•!OJ 

3 

St!u8 

l 
I ~ 

2 

I 

\ 
'\" 
" 

10 20 

PHc. 3. 0 -cosn alleHH : 

HOpMHpOB8HHbiE 

KOMnTOHOBCKOe 

303 K3B ( KpHC1 



.Hco8n 

2 

I 

PHc. 3. 

70 /'-{;J(QIIQ/10 

·Tann N a)(T1 )80x80 MM I. 

ID 20 30 50 60 N~ KOH0/10 

0 -cosnaneHH!I ( Y 303) ( Y ), x -coenaneHHR ( Y 511) ( Y ), 
HOpMHpOBBHHblB 110 BpBMBHH H BKilBlly, KOTOpbrA COCT8BilRBT 

KOMilTOHOBCKOe p8CilpBllBilBHHB OT Y -5J1 K8B llOll Y -nHHH e A 

303 K8B (KpHCTBilllbl NaJ(TJ) 40x40 MM + 80x80 MM). 
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PKc. 5, CoanaA9HHH ( Y 104 7) ( Y) ( ICpHcTannhl NaJ(Tl) 40x40 MM + 80x80 MM). 

N aJ(Tl) 4Qx 40 MM + 4Qx40 MM), 
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138 
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