
I 

1 

06bEW'1HEHHblt1 "1HCTv1TYT 51.LlEPHblX v1CCJ1E.Ll0BAH"1ltl 
Jlauoparop1rn ~-~cpHhlX npo6:1e\l 

· vi .c. ilHerrpo~CKHil 

1104 

MCCnEDOBAHME PACnADOB 
HEHTPOHOilE¢MUMTHbIX M30TOnOB 

3PEM.H M ronbMM.H 
C noMOlllblO EETA-CnEKTPOMETPA 

C llBOHHOH ¢0KYCi-1POBKOM HA yron 11y'2 

ABTOpecpepaT nHccepT8Ullll Ha COHCK8Hl!e yqeH08 CTerreH!I 
KaHnHnaTa !pll3llKO-MaTeMaT!lqec:rnx HayK 

HayqHhiil pyKoBonHTenb 
qneH-KoppecuoHneHT AH CCCP 

E.C. il:>Kenerros 

• 

ily6Ha 1962 ron 



J-1,C, JlHenpOBCKH/t 

1104 

1-1ccnEA0BAHl-1E .PACnAJJ.0B 
HEHTP0H0AE<Pl-1Ul-1THb!X i-130T0n0B. 

3PEl-1H 1-1 r0/1bMHH 
C n0M0lllbIO EETA-CnEKTP0METPA 

c, 350 
4-s-4 

C JJ.B0HH0H <P0KYCHP0BK0H HA Yron 77'V2 

ABTOpecpepaT LlHCCepT8UHH H8 COHCK8HHe yqeuoa CTeIIeHH 

K8H.!lH.!l8T8 qJH3HKO:..MaTeM8THqecKHX HayK 

HayqHhiii PYKOBO.!lHTeJib 

qneH-KoppecrroH.!leHT AH CCCP 

E.C, Jl:»rnnenoa 

ChC,D.l:HCHHWii HIICTIJTyT 

:J.,';Cfll!IJX HCCnCJl.•UB.:lllNtl 

SM6m10TEKA , ___ ..;:;;.;;..;.;;;;..;..;.~;.._----

JJ.y6Ha 1962 I"O.!l 



Pa3BHTl!e C0Bp0M8HHblX 311BHIIJI O CTPYKType BTOMHOI'O S!.!lpa B 3HB'IHTenbHOJI 

CTeneHH CBSl3BHO C BHIIJ1ll30M cymecTBYIOIUIIX TeopeTll'l0CKIIX npe.i:tCTaaneHHJI (t<0.i:te

ne11•) B cBeTe 9KCnep11M0HTBllbHblX cpaK,:on, nonyqaeMhlX MeTO.!lBMII Sl.!l0PHOJI cneKTpo

CKOIIIIII. ConocTaBneHH0 Teop1111 C 9Kcnep11M8HTOM 1103BOnSieT KPIITll'18CKII OU01111Xb pa3-

pa6aTblBB8Mble T00pllll II onpe.i:tenll'!'b rpBlll!Ubl IIX np11MelleH11H. HaKOllneHl!e 9KCnep11-

M8HTBnbHOI'O MBTep11ana ll BblHBneu11e B HeM 061u11x 3BKOHOMepuocTel! cnoco6cTBY8T' 

.!lBnbHel!weMy pa3BllTIIIO Teop111, H.!lpa. Oco6eHHO IIHTepeCHbJMH C 3TIIX 1103IIUIIR HBnH

IOTCH H.!lpa, cpopMa KOTOpblX OTn11qaeTCH OT ccpep11'1eCKoll. 

JJaHHBH pa60T8 HBnsteTCH 'IBCTblO 11ccne.i:tona11Hl! HeJ!TpOHO.!l8!pllUHTHblX .i:tecpop

MHpOBBHHblX st.!lep H3 06nacT11 ti d -· Pt , npOBO.!lllMbIX no.i:t pyKoBO.!lCTBOM qneua

Koppecno11.i:teHTa AH CCCP 6.C • .Ll>Kenenoaa. 

Hccne.i:tyeMble H.!lpa nony'!Bnl!Cb npH o6ny'lellllll TBHTana npoTOHBMII c ,rneprHell 

660 Man HB CHHXPOUHKnOTpOHe .061,e.ttHH8HHOI'O HHCTHTyTa H.!l8P!'hlX 11ccne.i:tona11HJI B 

peaynbTaTe 11.!lYIUeJI a 9Tllx ycnoa1111x peaKu1111 rny6oKoro OTIUenne1111st. l1cnonb3ona-

1111e xpoMaTorpacp11qecKoro MeTo.i:ta np11 o6pa6oTKe 06ny'le11Holl M11weH11 noaaonstno 

nony'IBTb p8.ctll08KTIIBHbl0 npenapBTbl 6e3 HOCHTenst. 

B .!lBHHOJI pa6oTe H3y'lan11cb pacnB.!lbl Hel!TpOHO.!l8'PHUHTHblX H30TOIIOB ap61111 H 

IIX .!lO<tep1111x npo.!lyKTOB (cppaKUIIH ap61111). CB0.!l0HIIH O KOTOpblX 6un11 CKY.!lHbl Hnll 

OTCyTCTBOBBnH conceM. nep!IO.!l nonypacna.i:ta 3Tl!X ll3QTOIIOB COCTBBnsteT 0,5-3,5 qa

ca. Cne.i:tel!lrn o pacna.i:tax H st.i:tepHbie xapaKTepHCTHKII nony'lan11Cb nyTeM 11ay'leH11ll 

CIICKTPOB KOHBepCHOHHblX aneKTpOHOB II II0311TpOHHblX cneKTpon. KoHBepc110HHbl8 cneKT-

; phl 11a~ep11n11cb .!lO 3Hepr11 ii 1000 Kaa, noaHTpOHHbJe cneKTphl, - .!lO 2500 Kaa. 3Kcne

p11MeHTBnbHble .!laHHble auanHa11poaan11cb n caeT.e npe.i:tcTaaneu111! 11 BblBO.!lOB o6o6meu

uoll MO.!lenH II MO.!len11 ueaKCl!anbHblX ll.!lep, pa3BHB88MOJI A.C • .LlaBbl.!lOBblM C COTpy.!l

HU:KaMH n:, Kort1a B03MO>KH0 1 c~pou:nn:ch c"xeMhI pacna.aon. 

l13Mepemrn Bbmo,rnllnl!Cb Ha 6eTa-cneKTPOMeTpe C .!lBOJIHOJI !pOKYCHpOBKOII Ha 

yron ,,..f2'11• UHnHH.!lp11'18CKH CHMM8TPll'IH00 none cneKTpOMeTpa onpe.i:tengeTCll Bblpa

>K8HH0M 

H(p) = H(p )[1-!,~ + 1-.( P -Po ) 2
-,,,]. 

0 8 
Po Po 

r.i:te p - TeKyIUHll PB.!lHYC, Po -. pB.!lKYC paBH0B8CHOll op6HTbl ( Po •225 MM). 

KoHCTpyKUIIH 6eTa-cneKTpoMeTpa, lla3blBaeMOI'O cornac110 3880.!lCKOMy Wllcppy 

Enn-1, 6blna paapa6oTaHa np11 y'laCTHH BBTOpa' HB aano.i:te, opraHll30B8BWeM 'MenKO

cepHllHoe npOll3B0.!lCTB0. TAKHX np116opdB. KoHKpeTHblll BKnB.!l anTopa B 9TO .i:teno co

CTOHn B aaann:3e sneKTpOHHO-onTn:qecKHX CBOACTB MSrHHT~oro nonH CllOKTpOMOTpa 

HB OCHOBe BbmonHOHHblX l!M Ha aneKTpOHHO-C'l8THOll MaWHHe pacqeTOB 6onee TpexcoT 
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TpaeKTOpHA sneKTpouoa, a TaK>Ke a yqacTHH B pa6oTax no nonyqeHHJO. nong aanauHoro 

pacnpeneneHHR, yqacTHH a Hana.nKe nepaoro onblTHoro o6paaua npH6opa, yttaCTHH BQ 

acex 38B0.UCKHX HCilbIT8HHRX H npoae.neHHH 3KcnnyaT8UHOHHblX HCIIblT8HH8 cneKTpOM0Tpa. 

CneKTpb~ H3MepsinHCb B ,nayx pe)KHMax. COOTB8TCTBYIOIUHX TeneCHbIM yrnaM 

0,6% H 0,45% OT 4rr c panr.:OBKTHBHhJM HCTO~HHKOM H BXO.UHblM OKHOM 0.0.llHBKOBbIX 

paaMepoa - 0,8x20 MM. OT11oc>1TenbHaH rronyw>1p>1Ha n>1HHH K-661,6 pacrra.(la 

a rrepBOM cnyqae COCTBBnHna 0,33 H BO BTOpOM - 0,25%. 

137 
Cs 

MarHHTHOe none aaMepilllOCb npH IlOMOlllR MarHHTOM:eTp~. OCHO-

B8HHor6 HB M8rHHT03Il0KTpHqecKOM B38HMO.O.ellcTBHH nerKoil Kpyrnoa KBTYWKH, qepea 

KOTopyro nponycKa 0TC9 TOK, C H3MepR8MbIM MarHHTHblM noneM
121

• l-1cnonb3058HHe aToro 

npu6opa nenano H3MepeHHH H838BHCHMblMH OT OCT8TOlIHOro MarHeTH3M8 B >Keneae 

aneKTpoMarHHTa 1 6naron.aps 'll:eMy npHo6peTanacb onepaTHBHOCTb, noaaonsuomasi npoao

.0.HTh MHOrOKpBTHble H3MepeliHH pa3HbIX yq~cTKbB Cil9KTpa B 0.0.HOti H TOit )Ke cepHH 

HaMepeHHH. nocne.nHee coaepweHHO neo6xo.nHMO npH HCcne.a.oaaHHH cpaam1TenbHO Ko

pOTKO)i{HBYlllRX H30TOilOB. 

CyMM8 CRCTeMSTIPieCKHX H cnyqaliHblX OUJH60K npH onp~.aeneHHH aHeprHH KOHBep

CHOHHblX sneKTpOHOB c DOMOIUblO MBrHHTOMeTpa COCTaangna 0, 1-0.3%. 

Hccne.a.osaHHe cneKTpa KOHBepc_HOHHbIX sneKTpOHOB npOHCXO,llHnO B cne,ayromeM 

nopst.nKe. Cuaqana 6htno npoae.neHo npe.aaapHTenbHOe HaytteHH:e wec'I'H nepeKpbIBSIOlUHx

cst o6nacTeii, Ha KOT~pble 6bln paa6HT cneKTp, a aaTeM Ka)KnaH us o6nacTeH uccne.a.o

aanacb JJ..eTB.'IbHO., 

Bcero 6b1no ttsyttetto 32 npenapaTa ap6HSI, TPH npenapaTa .nottepttero ronbMHSI, 

Bbiil'7neHHOro H3 cppaKUl:UI ap6Hst, H 0.0.HH npenapaT ct>paKUHH rollbMHSI. B H3ytt8BllIHXCSI 

rrpenapaTax Ha6n10.nanHcb pacnanhr cne.nyrouurx uaoTorroa: 

Er'" 2,4 qac HoJSSm 27 MHH H.J" ? ,.. 
K K 

Dy CTa6; 

E,,u 55 MlfH Ho"' 33 MlfH Dy"' 134 J:lHSI 
Tb~•;a6 ; 

K K K 

E,160 29 qac J60m 4,76 'lac 160 22 MHH 160 
Ho Ho DycTa6; 

K K, 13+ 

Er'" 3,1 qac 
Ho 

161 2,5 'IBC 161 

K K 
DyCTa6; 

Er 
163 75 MHH 163m 0,8 CeK 1u!0MHH>r>20neT l6J 

Ho Ho DyCTa6; 
K 

165 10 'lac 
l!o~6:a6. Er 
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HCX.O.O.HT B :g.npe ' ffo ,. . Me~.ny· H30M8pHblM co·cTOSIHH8h.~ 

'!TO rrepeXOJ:l 67,0 

(crrHH :t) H '.c,~~~~~rb;M -,., . 

. '5+_)_,: ,·. . ' .. 

-- . / 

. ' .· CywecT,;0BBHISe 
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HBSI 3H~pr1di;_ Y,~aaaH~bl0 ~ 
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\ CPaaH?H~eM ~~~ne~H~eHT~n_~?IX oTaow0aa.~ HHT~m'.:Haao!==_Te,A: nHHH.8 nepe":o.o.oa c :,: 

. -reopeTH'leCKHM~ orrpenenena MynbTHIIOllbHOC'!'b nepexonon 98,fl Kaa H. 218, 1 '. Kan, 
T~~H~';HKS ·K!,);OpbIX ~2,' . •. . . ', ' ' , , ' 

\ . . . - . . - -•, , /7/, 
CxeMa .pacnana nnepnbie 6bma npen110>1<ena H8MH n pa6oTe.. , rne ycTanon11e.,. 

1 · .- .. , \ .. '.· '. :-.,. ; , . ,._, 1 • · , ·,_, • ISB~ ''.1,.:,,\_. 
HO Cy1lleCTnon8HHe'nonocb1· npalllaTellbHbIX' yponnel! OCHonnoro _COCTOHHHll ll/:lpa· Dy.~_· . 

l~pO~Hll 9,8,6 K~n n° 316,7· Kan H~ ~~c. l~l. . . . , 
.. ' ; ' " ' 

_ npH :8H~IJH3e' IlOlly'leH~hJX n IIOCIJeJ:tyIOlllHJ( H3MepeHHllX · aKCnepHM~HTSllbHbI x · J:(SH-
' ' . '• ' \ ' , ' .; ,· , ' .. _-, . . . - ' ' :,,, . ' .· ·,.- : 

Hb!X 6blll0'06Hapy>KeHo, 'ITO, aHep,;:HH PHJ:ta,nepexonon n HJ:tpe /, Dy . ·n HHTeHCHn· 
'," • .l ·, •., .~·•: •. . ..,~ , ' ' '.,,• . •,: ti~·. fl2_,·•~,-.:' "\ . 1 • '. • .,,;• 

·HOC TH KOHB0pCHOHHbIX. aneKTpOHOB, corrpoaO>K.0.BIOlllHX -9TH nepexo.obr,· 0nH3KH. no. CBOHM . 
\ • • \ ' , • \ ) ' • '•• , 1 •, ~•• • • , a•,; _ :.:• ,~j • ,, , • •. ;• .• 

aaaqeHHHM K · aaeprHHM · rrepexo.o.os H, RHTeHCHBHOCTHM "KOHB9pcHOHHbIX 'aneKTpOHOa,• lJ:a-

61110n~uim,,cg n cocenneM ,'leTno-~eT~OM H.O.p~ ' •• Dy :r I 1: 1 , ( ;a611~·ua 3). 

•', f. 
_a/ 

pnH3KHe 'no. aneprni,~ nepeXO.llbl n HJ:lp~ •• ~ -Dy::~ '. H U ~y ;;0
• ,:- ': OT 

:. ,.Teri~Hble 
0

HHT8HCHBHOCTH -~o.~5:epc~OHH~X aneKTpOHOB C K.:.o6on'oqie~ •. corrp~~O>K,ll 

•• oy i•o 
" 

• J Sneprnii nepe:- - I 0TH;C~TenbHbl~ II I 
, xonoa n Kan.· 

8HeprHH 'nepe- · 
-xonoa_ n Kan'_; 

-·: 0THOCHT~J'IbHhie; 

~.' 

98,6 

\· 848 

9~9 

-- ,, . ·. 

· 580;i,IOO. 

roo:1:5 

O~6:1:0,3 

.· 2 0:1:Q 4 
:,,,' ' 'C ,_• 
I,0!0;2 
2 ();i,O 4 ' ·- ' -

I 8±6; 4' ',. . ' 
, o·. 25±0' 10 
-'_ I "I J 

.,- " 

' 

865. 
.·• ... ,~ / 
I96,5 

767: 

3To :no~aonsi:no".nyMaT'b, ~To a -cxeMax ypoaHea· 
· .. , --- . --. - ' . --:·· .\'. :' .· '· \ .. ·-
~e~, xapa~TepHCTIIKH;ypOnHel! 11· 

,· -... 2 6=0 4,. 
I,\}•.' ·_ ,_ 

2,I:l:Q,s __ 
',•,,, . ,_ I 

'--~- .. 

./ '.'J·· .. 
nocTpoeHHSH Hli. o6HoBa'H~H~ aTIIX c?o6pa>KeanA ~cxe'Ma P~c~8.D.a -~,H~158~~p~ 1Ja, 

, . ·, ,, . - - . 
. H306pa>KeHa na pu~: ia'. ,ClnH cpasn~HHR' na puc; ·1 6 npunenen q,-p~rMeHT ,,,,·.,-Mb!' pac- · 

H 
160 _ ·,.; i,o /12/ ' · - · · · 

nana o· -..-vy 

Mcnonb3yH .oaHHbte 06 ·oTHocHTeithHhix HiiTe'HcHBHocTHX KoHs'epcn:oHHhlx ·naHHil 
,· • . , . ' ~\ ' : . '' • ' - •· ' ,.1 

H Kosq)(pHUH9HTbl _KOHBepCHH1 BblT8K8IOlllH9 H3 CX9Mbl pacna.noa I Mhl QUeHHnH. HHT0HCHB-
' " ,· \ ', ' . ~ . . . ' ' . . , __ 

HOCTli paaMellleHHblJ!' n cxeMe. nep~xonon H nonnellH 6ananc /:llllI HeKOTOpbIX yponnei!.-

n poTHnope'lHl! n 6a11anc:'e HHT0HCHnnocTel!. npeJ:t1_!01l8raeMOl!· cxeMbl. o6na'py~eHO . ·n~ .. 

- 6b!ll0. Ha6n10iiaeMO€!. J:lllll HeK;TOpbIX yponnell 'npenbll~leHHe. C::YMMapH,;;X HHTeHCH~HOCTei!,'' 
' . ' . . . , ·, . 

yxonSilllHX c·_3THX yPoaHeA n9pexolloa 0TH0cuTenbHO IlpHxo:O.suuax HS ;HHX, MO>KHO . 1'. 
.. 'I ,' ' • I ' • ' ', • , , , 

o6'bSICHHTb cymecTBoaaHHeM He o6H8py>KeH·HhIX nepE!xoi:i'oB. H~·_:BbaMO)KHO, no3e:TpoHHhIM. 
' - • J 

pacnanoM na aTH yponiiu. ··t ;' . '· 

'- 8HeprHli yponnel!·. CX0Mbl H OTHOWeHlill llpHBeJ:(eHHbIX'·nepoHTHOCTel! HeCK~llbKHX, • 
' ; - : . - . - '• . /13/ - . ,- ... 

· nepexo.a.oa cpaBHHBanucb C ,paCCllHT8HHblMH no T0?PHH 8KCH8nbK.WX , H · no T0OPRH HeaK-
·• . ' . I 14/ ' , ' -' . , · '.>- : . · : . ' • • . • • '-. ' :. · , :. -

,'cHa11'bHblX.HJ:tep · KaK n:anlia6aTH'lecKoM, TSK H n Hea5aTH'lecKoM npH611H>1<en11Hx-(Ta6-

:~Hu~1 4 H 5)., .rian;,hle T86!'~ll 4 ~- 5'no3nO~!IIOT •K~HC~~THpOn~;b cornac11e CX~..;~I,' C 

rrPe.a.c·~a~ne~n:~MH ;o~ ~'-\1py;oa-~eo~HH; q;o-··~~'HLJ.;;-enh~;~y~~ 
1
o ~paanllhHoCTH cx9M,~t. 

". - I•., " , . /' . ·,; . :.
0
,. • ·, , .- .' ' .,: ..,.,~: ._' t 

1
. ' •• ' , .·,' ._ , •• 1> , 

' o.o~aKo,· Ka!er?p11t1ecK~ro · np_e.onot.tTe~HSI a nonb3y o.oHofi ~3 TeopK~ .r c~e1:1aTb -~e~b3~; ._ 

-., 
~, > , • ~ ... 

' -Ta·6nwna ,4, 

Cpanirn1!11e. aJ<':rrepliM".HTaJlbHhix. H TeopeTl_l'l8CKHX OTJIOWeHHl! .. 
aeposiTHOCTeii nepexo.ooa'. Me)K.oy apamaT·enbHbIMH. no~ocaMH 
' . ' . '. ':, 1' ,) . ' . ...,., . '', 

! o;Hoirieuust npaae.a.eHHhIX' 
y- · nel'_~HTHOc_:rel!, ·• '. :: \ 

,B (2:/..:-00+): B(~2~-·20+) 
.· ,,·•: ;' , '. -.... +:_.1_' ._,, + . + 
3(32· --20 ): B(32 -40 ) 

..,, ·.,.' 
1,34 

Bt,~2<:~-20+): B (42+~40+) ,, I ,0,11 

. ,, - ',--, ..... ' -. 

qo Ana
:,;151 .. 

ra 

0 70 ' . 
2,5 

~.34 

c nonpan
;Koii Mo,-· 
· Tenhci0Ha·, 1 

Z =0,040 

·' ·- '2 
. 0,66_. 

-L,5 -
- ' 

·_, 0,18, 

-_ I ) UmppbI ·y Haqai:ia -cTpenKli, xapaKiep11ay10T· 

-: • •• "

1 

, yKa3h~B~e; CT-pe

1

n~~; xa~aKTe~npyroT KOHet.tHhiii. 

:.:_- K:,' sA:a~.-- - t.teTHo.c:Th 11 • 

3aat.t0~He;. HCrro·nb3oBaHHoe ,;ng · BbI'IHCneHUR napaMeTpa 

M~~T;llbCOHa',161__ . · . ' -
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4 2 II66_ 
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CpaaHeHHe · sKcnepHM8HTanbHhIX sHa'leHHll SHeprHH yp61faell apamaTeJJbHhIX .nonce a Dy ~11 
· 

, •~ . , _ • • • _ I , - - - • /13/ • • . ' 

-_, 

C TeopeTH'l8CKHMH,. paCC'IHT8HHbIMH no TeOpHH 8KCH8nhHblX ll)l8p H -no TeopHH 
- _ - . . , · 114r· , - ·_,- , · , ,_ 
H88KCH8nbHhtX :llll8P (~Hepi:-Hll,)'K838Ha B Ksa), -; 

Teo_!l_Hll 

AaHa6aTH'<8CK08 , npH6nirn<eHH8 HeahHa6aTH'lecKoe 'np_II6nmKeHiie 

AKcHanhHhle· lIJlpa 
A

1
•t6,43 Kaa_ 

A2_,;t6,~ f5sa 

. · - ,98,~oI' 

828 
-, 

690 

II88-
- ' 

945t) 
1047T), 

II8l 

!350_ 

'HeaKCHanbH,lIJlpa 
--._ '.r-12,13° > , 

;-,- 0 

98 15!)' 
\ ' -

825 < 
672 

II~I-

945t) - , 

/ 1046 

II78 

!34! ,_-

SHeprHll ypo_aHell, H~npn~OBHHHble -B p_aC'leTax; 

' - -

A~~H8llhH.,,.le lIJlpa 
A

1
.;.t6,68 Ksa s

1
-0,043 Kaa_. 

A 2 •t 7,58 Kaa · _-s2 :-:-o, 126. Ksa 

'98 61)' 
- ' -

3_16,_71)·_ 

625 

:973 

946I) 

!0481~ 
LI68I\ , 

HeaK;; ll,g_pa · · 
_ t-12,8° , 
}•9J,27 

,98;61) 

_316, 7I) 

.682 , ' 

1055\ · 

.''_9~5I) _ 
,-.> 

I02I 

-
1
naa 

·125? -

- I 
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. ' ',' , .. ,, ' . ' . . ., 

H~6,;IOA8!1 npll .ll3Y'l811HH -ltoiisepcnoHiibIX cne,c'-rpos q:,pa~~HH 'ap6!HI 'PIIA · llllllHll ·c 
/ ·,., ·.". ',,· ' ,. :· . ' -,, . ' ·,·,· ' .. · .. 
11enaiiec:TllbIM s. To_ speM11 neplldllOM · no11ypacnat:1a ( _T ¼. - =:.. 1. · .. ac), Mbi. nplmHcarin • 

, · . '/3 8/ · · . . , . 
,iix),osoMy_ H30TOIIY SP?HII • • l<aTeropH!'l'.8CKOro·aaKIIIO'l811H!I O ero'_MBCCOBOM ,'IHc-

·118 Ct:1ena11O' 110 6bl~O·, 110 1 HCKIIIO'lllB• PIIA. MBCCOBbIX ',inc:e11, ~bl, <paKT;;'l8CKH, .llOllYCKB:;_, 
. · ', . . . . . . ·: · , /17/ '· ·:' ·' · ·, · , ' ' · . 

1111 ·TollbKO :311aqe11ae A•l59, Kax .1snt:111O H3 pa6oTbI , rt:1e TO'IIIO ycTa11os11e11O- cyme-

•·'cT~o~a~He. • f; ,,. 11 onuca~bl xo11sep~ao11~ble 'ane-~TpOllbI, cosnat:1aIO!llHe c ~lllHMH 

ha61111ua 6), 11'aui'11 -~aK11IO<ie11n11 'a. ~acco~~M•, 'IHClle H30TO!l; 6.:mu npa~Hllbllbl, YcTa11os'-\,:.. .. ' ,, . ,. . . . .. . :• . 

1101111O.e IIBMH a11a'le11ue nepHOAa nonypac~~Aa, aToro 'uaoTona ~ 11 •,(SS;t,5).~1111·. 11s1111-

, 8TC!I 11a116011ee TO'lllbIM, 
\, I 

nmiua Ee •122,7 Kaa, upunuca1111a11 pacnaAy :· Ho"'· 11a6mot:1a,;acb, TOllbKO 

'HSMH, 

•Ta'6•1111ua· 0·. 
y: '-, 

'Ko11sepcuo1111ble an?KTPOljbI pacnaAa · Ho 111 ~:or'".· 

E:: ·Kali 
, HA,811TH<pH-

hv, Kas 
.nn .c~ a'. ,\ ·f"' ' .KBIIH!I 

·1. 
' .. ,' 

>.1229•· · na,9 L" 
-- ~\ 

.128,0 
'2•.-. 125_0 122,7 

,,, 

8. 1255 !28~~ 'K 17'7, 8 _,. 

4~, 1495 16.8,7 L ', 177,8 
'5~' ' ·!90~, 255,8 K 809 6 

,, ' 
·6. 2105· 801,0 L .,SIO,l' 

" 
,'· 

,;:, 

' A • 160 

• • 1 • • fuo. _'. .Huo· 0 tio , 
, Ko11sepCHOIIHb!e'·aneKTpOllbI, U9llO'IKH' r ~ 0, - y . xopomo, 

. . ' . ' ' " '. 
H3Y'l8llbl ,B p!!A8 pa6oT. 8KCll8pHM811T81lbllble yCIIOBH!I' KOTOpblX. 6blllH •lly'lwe HBWHX, ' ·,' . - ,- ,· . ' ... ,._' · .... "· . ' \ ,, ·,· 

., HccneAOBBHHe· pacuaAOB, 8THX · 113OTO!IOB 118 BXOl11111O B '38A8'lll )lBIIHOll pa60Tbl, Ha61110:-
' \ . ' ~ . , . " ' . ' 

. A~Bw~ec11 K~11sepc~OHHbI8 ,8,;8KTp011bI 6b1ll1i' HCllOllb3OB811bI All!! uposepKII 'HCllOllb3OB BH-

HOrb '11a~a. M8TOA~. o~pet:1e11e~a11 aaepr1111 . KOl!Bepc1101111b!X . 8118K.TpOHOB;, 

.. I 
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' ' ( ~ -, ; ··,,,.- ,,, , .. · ., ,., .·', . 
, ueno•n<e · pacnaaoe Er , , - Ho ...:..;.,: Oy . · . M&l. 

•·· ., .. :, ,: ... ~" .,,, ' . '• ~-- ~-. . 
.• . .- nepeoro. aeena ··Er ;"_::.~Ho , · ·, TSK KSK KOHaepcHOHHLle sneKTpoHaI pacnaaa 
• }, ,,,,.•,l·,··v. i,, •.:, ,. ·., ", •. _,, ., :~ • I I• • . < 

Ho .: ~ Dy , . ;copowo nayqen1,1, 
~' '. .. > ·,: '•". 

• I 

. · Cn~KTP K6asepc~OHHblX 'an~~~ponoe; conpoBO>KllSIOWRX pacnaa 

,..~~iepaa1~ na6;Kia~it~" ila.:.n. Caeae,nn,;, no~y;,~~n1,1e '06 's~e()I'U,;,,_ 11 oTnocuTenbHblX '~ . . , '· . . " 
·, HHTeHcne'aoCTHX 9THX an·eKTpoaoB -~ ·noaaonHnH 'ycTaHOBHTb,.

1

cyinecTBOBSHlle · itepeXoJ:1o·a' 
' --/ -"' /31 . · JTi81 !' ·. · · ·. · · · '.· :· -· 

c ,aneprHllMH ,211 ·Kaa,·. ·,H'592 Kaa •' · u ,noaTeep.nHTb:cywecnoaanne nepexoaa. 
, · /3/ . ,- · .- ,: /19/ , . ' . ' . 

.•• · •. s28 Ka.a .. .' o_KOTOP<?~ coo6wanocb·e pa6oTe , :·. 

'3n~'IeHH~ \lynbTH~OnbHOCTH nepexoaa 211 Kaa ~ E3,ual!z{e~Hoe no 
I \ ' • • • • •~ • - ,_' , ,·' ~• • ';. , ~ / • ' '. • lfJ 
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1

+ L 11 1/L:/,, c.euaeTenbCTaoaano o,cywecTaoaau11u·a•g;ope Ho, , 
: · . · . ' ', '·1201' 
· . HOro_. ypoBHH,, ··':{TO °;~.llTB~p~~~Ho · a · · ' _. i. 

: I ~ , • , •. . •.. , r "'- , . 
.llnll ,OnpeaeneHHll MynbTHllOllbHOCTH_'nepexoaa 828,5 ·Kaa HSMepeHHSI KOHBepcuon- .. 

• •• ' •, ', - .-", \ • • • > • I ~. ' < • • ; •' 
i-':'noro 'cneKTpa 6blmi 'aononneHbl 'naMepeHHSIMH raMMa-cne1tTpa HS CllHHTHllllllUHOHHOM· · 

' ' .' .: -- i ', . · . ,' · - · · . ' - . 121 22/ ', , 
, cneKTpoMeTpe, On.a OKaaanac.b lv\ I '. .' i, "' 

, . . C _ ;,- · · · , -· : ' · .. · ,: /22/ 
~OCTpoeHHBH no >H~WHM ,llBHH_~IM cxeMa pacna.aa, K306p.a>Ke~~a~ H~/ pHc.2 '->·' 

. - ... i ' ,' '.-•.. '• • - /23/· 
nonHOll• cxeMoll, oriy6nuKoaanHolt'.f'peH'leM 1t BapcoHoM, , :· ·,'. 
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'.• :t· ' • . . .,, . . . - ' ., - : . - ~-,· -... : ' . ' .. ' . . ' _,.-" . 
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Ta6nnue 7. ,KpoMe KOHB0pcHOHHblX sneKTpOHOB,-_ npHH8,llll8>K8lllHX TpeM 'Bb1WeyK838HHhlM:. 

'. nepexoaaM, Mhl npit~ucLIBaeM, STOMY ,pacnaay KOHBe~u~iiHhl.e sneK;pona1,, c;o:j.B.;;T;,TBY~ ';_ 

.l~lllHe nepeXO,ll8M C -~~~p~i,~J,/'130,5; 31.1; fl07;, 885 H 932 Kaii; Hawii: ll~HHble ~1'7;: :; ; 
'.•· ••.~., ''., .•' '. ., • '\ I .• :• .·• ,: , ·, ,' < • ,· :·_. ",~:,•' 
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Taon11ua 7 

Ko11nepc110HHble aneKTpOHbI pacna.z:,.a Er'"'- Ho
161 

NsNo Hp 
E Kan 

1-1.z:,.eHTllq:lll- hv, Kan 
0THOCnTenbH88: 

un re. CM er K8IUHl HHTeHCHBHOCTb 

I. 968 76,6 K IS0,4 -
2. I245 I2I,7 L, + L. IS0,8 7,0:;;I,5 

8. I250 . I22, 7 L., IS0,6 3,2;1:o,s 

4. 1284 I28,8 M IS0,8 I,5;1:0,4 

5 •. 1804 IS0,8 N IS0,7 0,4;1:0,I 

6. 1427 155,4 K 2II,O 100"'10 

7. I657 20I,6 l,+ l
0 

210,5 70:1:7 

8. 1660 202,15 L , • . 210 ,2 88=4 

9!) - - M 2II,O -
101 - - N 2II,O -
II. 2721 45I,5 K 507 o, ro.1:0, 03 

12. 805I 586,6 ]{ 592,I 01 90;1:0, IS 

IS. 8227 588,0 L 592,4 0,26:l:O,I2 . 
I4. 8928 771,0 I{ 827,0 13;,1 

I5. 4062 809,4 K 865 o,ro±o,c7 

I6. 4088 816,5 L 825,6 2,0±0,25 

I7. 4II7 824,5 1!i 826,0 0,Lf±0,2 

F< ~. 1t302 876,( K 982 0,06±0,02 

19. 4502 S28,J L 988 O,OI0;1;0,G08 

I: 

t) Conna.z:,.aeT c 
1ss ua 

L - 218,l pacna.z:,.a Ho -- Dy • 

13 



I'.' 

f1:1 
!:1· 
i,'' 

11/ 
,11'.; 

;~ 
,I,' ,, 

i 
'[' ;• I: 
1,1· 
:fi; 
\1 

;ti 
,rr: 

1i: 
~i' 

,Z/ 

A C lllli 

Ha6moaam,cb sne!CTp0Hbl O>Ke, conpono>K,!laromae pacnaa Er,., ( T 
11 

= 10 qac). 

Honblx cneaeual! nonyqcuo ue 6blno. 

17 mrnHI! lCOHnepcK0HHblX sneKTpOHOn c nepHOllOM nonypacnaaa 2-4 qaca Mb[ ue 

H/leHTH<jm11eponane. Hx saepru& n Kan: 74,0; 92,3; 93,9; 132,3; 139,2; 145,l; 408; 

510; 565; 594; 671; 784; 841; 845; 9~3; 942; 944. 

HaMH nnepnble aa6nroaancsr nos&TpOHHblll cneKTp ¢paKUHH sp6usr. Ebrno o6uapy

>KeHo Tpll KOMnoaeaTa, cn8lla10mae c nepuollOM nonypacna,aa 2-4 qaca, rpaHH'IHble 

sueprHH lCOTOpblx (650:!:_150) Ksn, (1250:t.150) Ksn H (2000:!:_250) K:a,n. 

PesynbTaTbl ucc~eaonaHHI! llOKna,!lblnanHCb aa Ylll, IX, X, XI e>Keroaahrx cone

maausrx· no sraepaol! cneKTpocKonHH H aa Il, 111, IY conema&Hsrx no ueATpo&olle¢&uHr

HblM HSOTonaM n OHHl-1. 
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