
. I LJ (_ 

-~--·----
OB'bE,l(vtHEHHhltt 11HCT11TYT .H,l(EPHbIX 11CCJIE110BAH11f1 

nAEOPATOPIHI HJ.lEPHbIX nPOEflEM 

6 · 3676 

s.r .'lyMHH 

H3Y1IEHJ1E AJib<l>A-PACTIA.n;A H30TOTIOB ~HCTIP03HH, 
'I'EPBHH, rAlIOJIHHHH H XOJIMHH 

C TIOMOlllbID BOJiblliOro MArHMTHOro AJib<I>A- CTIEKTPOrPA<I>A. 

TOHKAH CTPYKTYPA AJib<I>A- CTIEKTPOB 
H30TOTIOB PE~K03EMEJihHMX 3JIEMEHTOB 

(crreu;HaJibHOCTb - 040, 3KCIIepHMeHT8JlbH8H q>l13J1Ka) 

ABTope~epaT aHccepTaUHH Ha COHCK8HHe yq~HOA 

CTerreHH KaHaHaaTa ~H3HKO-MaTeMaTHqeCKHX HayK 

lly6Ha 1968 



.,....,____ 

' 

---.-
..... 

Pa6oTa BbIIIOnaeaa B na6opaTop11u m1epHbIX npo6neM O61>e1111aeaaoro. HHCTHTY­

Ta .ll/lepHb!X HCCnenoBaHHjt 

HaytJHb!il: PYK0~0)lHTenb - CTap1!1Hii . HaytJHbiil: C0TPYllHHK, 

KaH111111aT. qi11a11ico-MaTeMaTHtiecK11x HayK K.H.fpoMOB, . , . . 

Oqi11u11anbHb1e onnoHeHTbI! ll0KTop- <pH3HKo-MaTeMaT11tJecicux HayK A.r.3eneHKoB, 

K6H/l!l)laT .. <pll3HKO-MaTeMaTHtJeCK!IX HayK p .E.HaaHOB, 

BenylllHil: H8ytJH?-HC~nenoaaTenbCKHil: IIHCTHTYT! i1HCTHTYT TeopeTHtieCKOil: H 

8KCil~pHMeHT8nbH0il:. <pll3HKH. 

ABTope¢epaT paaocnaH 1968 .r • 
3am11Ta Jll!CcepT8llllll C0CT0HTC.ll 1968 -r. Ha aace-

11aa11u yq~aoro_ coBeTa na6opaTopuu ·sinepHb1x npo5neM O51,enuaeaaoro HHCTHTyTa 

.1111epHbIX 11ccnenoaaJ'rnil:. T~lly6aa, MocKoBcKoil: o5nacTH, 061,e11uaeaa~1il: HHCTHTYT 

.ll)lepHblX IICCne)lOB8HHii. 
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C llHCcep:rauueil: M0:>KH0 03H8K0MHTbC.ll B -~H5nHoTeKe OIUUf 

yq~Hblil: ceKpeTapb C0BeTa 

K8HllH)l8T <pH3.~MaT.HayK 
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HccneAOBaHHSI paAHOaKTHBHoro pacnana C IlOMOl!lblO pa3nH'IHblX M0TOAOB stAep­

HOtt cneKTpOCKOilHH Il03BOnstlOT ycTaHOBHTb CX0Mbl pacnana H KBaHTOBb!e xapaKTe­

pHCTHKH COCTOSIHHtt aTOMHblX stAep. CpeAH 9THX M0TOAOB WHpOKOe IlpHM0H0HHe Ha.wen 

MarHHTHbitt aaanH3, npH H3Y'I0HHH TOHKOtt CTPYKTYPb! anb<pa-cneKTpOB ocH'oBHb!M 

npH6opoM stBnsteTCst MarilHTHbitt cneKTporpaqi, KOTOpb!tt Il03B01lst0T onpenenstTb KaK 

9HeprHIO anb<pa-'IaCTHU, TSK H OTHOCHTenbHble HHT0HCHBHOCTH anb<pa-rpynn, 

B AHCC0pTSUHH OilHCbIBaJOTCSI IlOCTp00HHbltt aBTOpoM 6onbWOtt MarHHTHbltt anb<pa­

cneKTporpa<p ( 'IaCTb 1) n pe3ynbTaTbI Hccnei:toBaHHst c ero noMOl!lbJO anb<pa-pacna-

i:ta H30TOilOB Ho , Dy , Tb , Gd , En ( '!SC Tb II ) , 

J, MeTO!!H'l8CKBH 'IBCTb 

HaMH IlOCTpoeH MarHHTHbltt anb<pa-cneKTporpaqi C ABOttHott <pOKYCHpOBKOtt nyq-

/1/ n . 
Ka C WHpOKOtt anepTypott , pH ero C03AaHHH ncnonb30Bancst 6oraTbltt OilbIT, Ha-

KonneHHbltt npn coopy>KeHHH aHanorH'IHoro npH6opa a HHCTHTyTe STOMHOtt aHeprHH 

/2/ 
HM, H.B.Kyp'laTOBa - • 06mHtt BHA MarHHTa noKa3aH Ha pHC, 1, BaKyyMHott CHCTe-

Mbl - Ha pHC, 2. Yron <pOKYCHpOBKH- tr~ Pai:tHyC paBHOB0CHOtt op6HTbl - 154 CM, 

MaKCHManbHbitt ienecHbitt yron, KOTopb1tt no3Bonst10T Hcironb30BaTb pa3MepbI aaKy-
-4 0 0 . . 

, YMHOtt KaMep_bI, paBGH 9. 10 OT ,4 tr (-7 S "'· S _ 2,3 , cf,.._= ±. 2 ) • MHHHMSnb­
ll 12 

Hast nonywHpHHa anb<pa-nHHHH Bl ( Ea = 6091 K9B) paBHa ·2,4 K9B npH Hcnonb-

30BaHHH TenecHoro yrna 3,7.10-4 OT 4tr (-rs_¢, S,_ 2,3°, cf,z= ±. 0,83°) H paa-

2 
Mepax HCTO'IIIHKa 1 x 10 MM , npH TOKax B o6MOTKe aneKTpOMarHHTa 160 .. 400 A 

MO>KHO H3y'IaTb anb<pa-pacnai:t, npH KOTOpOM Ea= 2 .. 12 Maa, MarHHTHoe none 

3 
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c T••••c=m • 0,01% miep••Tc• c noMombm •nepaorO Maran=MeTpa. B ••.:•~•• : : I 
AeTeKTOpa 11cnon&ayIOTCS1 c!>oTon'nacTHHKH c smepHol! sMyn&cnell T11na A-2. 3Hep- . ·• ! 
reTH'18CKH~ .QHanaaoH OllHO_BpeMeHHO per11c-rp11pyeMbIX anbc!>a-'!aCTIIU COCTaBnsieT ') _ 

~ 10%~ To'IHOCTb B onpelleneHIIII SHepx:111! an&c!>B-'IBCTIIU 1130TOilOB p81lK03eMenbHbIX slie-

M8HTOB_ COCTaBnSleT < 5 _KS_B. Konn'!eCTBO an&<i>a-_TpeKOB Ha "'xBOCTe."' an&c!>a-nllH~H 

Ha paCCTOSIHHII B 150 KSB OT .E 
amaz 

-6 
COCTaBnSleT - 3. 10 OT KOnll'!8CTBa TpeKoB 

Ha ee MaKCIIMyMe. C'!llT an&c!>a-TpeKOB npoll3BOAIITCH C noMOillbIO MIIKpOCKona MEH-9~ 

PaAIIOBKTIIBHble IICTO'IHIIKII pnsi an&c!>a-cneKTpOCKOilll'leCK~X 11ccne1lOB8Hllll npnro~ 

TaBnlIBBillICb llBYMH cnoco6aM11. TTpn II3y'leHIIII an&c!>a-pacna.Qa II30TOilOB, AnSI KOT_o- . 

pb!X nepl!Oll nonypacnalla 6on&we 20 MIIH, ncnonb30BancH MeTOll B03I'OHKH B8Ill8CTBa_ 

B BaKyyM_e. B STOM. cny'!ae _MIIWeHb, o6ny'l8HH8SI npoTOH.aMH Ha CIIHXPOU:HKnoTpOHe 

OHHH_,_. noABepranacb xn~H'!ecKol! o6pa"6oTKe ( pacTaopeHHIO, oTAeneHHIO peAKbae­

Men&HblX sneMeHTOB OT BemecTBa MHW8HH H APYI'HX sneMeHTOB, o6pa30B8BlllllXCSI . ' 

np11 06ny'le.HnH.) • Paa.QeneHIIE! CaMHX pe.QK038M8IlbHblX sneMeHTOB_ npo113BOAHil0Cb 

xpoMaTorpac!>H'18CKIIM MOTOllOM. llnH pacni:meHHSI pBAHOaKTHBHOI'O BemecTBa Hcnon&-;'. 

aoBanacb cTaHAapTHaSI ycTaHOBKa YBP-2. 

Llirn· aay'leHHSI an&c!>a-pacnalla HaoTonoB, HM8JOillHX nepHoA nonypacnalla MeH&ll!e 

20 MHH1 HCTO'IHIIKII npHI'OTaBnHBanHCb 

4iyam1 peAK03eMenbHblX sneMeHTOB H3 

MeTOAOM, acnolib3YIOillllM.SIBil8HUe TepMOAHc!>-' 

/3/ 
TBHTana • B STOM cny'!ae TaHTanoBaH MH~ 

Ill8Hb, o6ny'IOHH8SI npOTOHBMII, MHHYSI Bee XHMH'!eCKHe onepaua11,· paaorpeBanacb (5 

' 0 
BSKYYM0 AO - 2100 c. 

TTpll STOM aTOMbl pe.QK03eMenbllbIX · sneMeHTOB AH<l>¢YHAHpyIOT H3 TOillllll .TaH- I 

Tana, HcriapHIOTCSI. C ero noBepxHOCTH H KOHlleHCHPYIOTCH Ha CT0KilSIHHOl! Il01lilO>KK80 

-TaKoil cnoco6 Il03BOnSIOT COKpaTHTb BpeMH OT KOHUB o6nyqeHHSI TSHTana'Ao HB'lana 

sKcnoaHUHH Ha anbc!>a-cneKTporpac!>e, llO 24 MHH.· 

II. <l>H3H'l0CKHe HCCne~OB8HHH 

. B o6nacTH pe.QKHX aeMenb MBI'IIIITIIbill aHanH3 an&c!>a-cneKTpOB npoH3BOAHnCH 

npaKTH'leCKH anepBb1e. B Hawax pa6oTax 3Ha'!eHHSI s11epr11l! an&c!>a-'!aCTHU AalOTCH 

C OWH6KaMH ~ 5 KSB. Hcnonb3YH OTIIOCHT8Ilbllbie HIIT01ICHBIIOCTH an&c!>a-nHHHll, 06.,;, 
. . . ' /4/ . 

Hapy>KOHIIbIX B 0):11108 q,paKUHH, H ASHIIbie pa60Tbl EapalIOBCKOI'O H Ap. 0 ce'!ellll-

SIX 06pa:;30BaHHSI HJ:tep ll30TOilOB pellK038MOilbllbIX sneMeHTOB B TBHTane~. o6ny'leH-

HOM npoTOHSMH C . E = 680 M SB, Mb! npOH3BenH pac'!~T 
. ·, p 

napuaan&11oro nepa-

Olla anbq>a-pacna.Qa. EonbWIIO. OWII6KII (no 90%) Bbl3B81lb11 . rnaBHbiM o6pa30M, OWll67 

xaMH B ·onpenene11n11 ce'le1111l!. Koac!>¢11u1Ie11T sanpeTa anbq,a-pacnana F • onpenenHncsi 
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H3 OTIIOWeHHSI sKcnepHMeHTl!IlbllO onpeJ:1ene1111oro napuHanblIOI'O nepHOllB K Bbl'IHCne11-
. /5/ ,. 

110My no cpopMyne Taarenepa-HypMHSI : 

fog T = 1,61 [ __ z_d_ -
. a ~ 

2/., ] _ 28,9 , 
z d 

rile T -napu11anbllbif1 nepHOll ( B · rollax), 
a 

zd-aapSill /lO'lepnero Sillpa, Ea -sHeprnSI 

am4a-'laCTHU (a. MsB) • 

1. <PpaKUIISI llHCilp0311Slo HccnellOBanacb o6nacTb 'anbq>a-cneKTp~ OT Ea= 2680KsB 

llO Ea= 4250 KSB. PeaynbTSTbl CBellOIIbl B Ta6mme 1. YTO'!HeHbl 3Ha'leHHSI sHeprHll 

an&q,a-qacTHU OCHOBHblX nepexo.QOB H30TOilOB C A = 150 .. 154. 0611apy>KeHa HOBBS! 

cna6aSI anbq,a-rpynna, IIHTeHCHBHOCTb KOTOpol! y6bIBana c nepHOAOM nonypaci:ia.Qa 

6 'lo Ha O(?HOBBHHH STOI'O nepHOllB H pa311Hllbl s11eprH8 0611apy>1<e1IHblX anbc!>a-'!SCTHU 

) 
, 153 

'( Ea= 3303 -t., 5 KSB H 'IBCTHU H3 OCHOBII08 anbq>a-rpynnbl Dy IIOBYIO rpyn-

ny Mbl npHill!CbJB88M pacnally Ina Dy Ha ypoBeHb 165 KSB 
149 

Gd • 0 TBKOM YPOBHe 
. IW . 

( 164,5 K3B) coo6maeTCSI B pa6oTe K,BHnbCKOI'O H llp. • OueHeHbl BenH'IHIIbl llOnH 

an&q,a-pacnana H napuaanbHoro nepHoAa an&q,a-pacna.Qa 06Hapy>1<e1IHb1x·an&q,a-nepe­

xo1lOB. 
/7/ 

B pa6oTax ToTa, H PacMycceHa coo6maeTCSI o cymecTBOBSHHH an&c!>a-rpynnb1 

ID4 Dy • HHT8HCHBHOCTb KOTOpol! H3MeHSl0TCSI C nepHOAOM nonypacna.Qa - 13 'I. 

E a= 3,35±,0,05 Maa). Mb! TBKYIO nHHHIO He o6Hapy:>KIInH. 

Kosq,q,nu1ieHTbl aanpeTa an&q>a-pacna1;1a IDI Dy ID3 Dy H 149 Gd B npenenax 
IDO U2 • 

OWH60K COBil8/l8IOT C KOS!p!pHU118IIT8Mll COCelllIHX 'l~THO-'l~THbIX H30TOilOB Dy, Dy 

H lot Dy. OTO 06bl'IHO 03118'188T, '!TO KBSHT0Bbl0 xapaKT0pHCTHKH OCHOBIIblX COCTOSIIIHl! 

MaTepHIICKHX ll llO'leplIHX Hllep OllHH8KOBbl. Tor/la Cilllllbl OCIIOBHblX COCTOS!Hllli !0 
Gd 

IU 14D /8/ 
n Dy, KaK n Cllllll Sm , paBIIbl 7 / 2, lJ ~TIIOCTb OTpHUaTenbHa. TT pennono>KHB, 

147 - . 141 143 146 
'!TO Cllllll OCHOBHOI'O COCTOSIHHH Gd paBell 7 /2 , KBK II y Ce , Nd II Sm, 

HM8IOII1HX TO>Ke 83 11el!Tp0Ha, Mb! C'IHTaeM, '!TO cn1111 OCIIOBIIOI'O COCTOHHHSI 
151

Dy 

paBeH 7 /2-•. OcHOBblBSSICb Ha llBHHblX, HBKOnneHHbiX nplI H3y'l81IHH anbq>a-pacnalla 

TH>K8IlblX Aec!>opMHpOBBIIHblX SI.Qep, MO>KIIO npe.QnonaraTb, '!TO nepBblll B036Y>KlleHIIbll! 

140 
ypoBellb Gd He S!BnsieTCSI ypoBH8M pOTBUIIOIIIIOH nonOCbl OCIIOBIIOI'O (?OCTOSIIIHSI, 

TBK KBK Koac!>q,HUIIeHT aanpeTa anbq>a-pacna.Qa 118 STOT ypoBellb cnHWKOM BenlIK ( 118 

2 nopSl/lKS 6on&we, '!eM. nnsi oc110B110ro nepexolla). 

2. <PpaKUHSI Tep61IS1. Anbq>a-cneKTP H30TOilOB Tep6HH nccnellOBancsi B o6nacTH 

E a = 2780-4020 KaB. PeaynbTUTbl nccne.QOBBHHl! .npe.QCTaBneHbl a Ta6nnue 2. 

YTO'IHeHbl 3118'181IIISI s11eprnll H3B8CTHblX pa11ee anbq>a-nepeXOllOB. Oue11e1Ibl Benll'lllllbl 

5 
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lloneii II napu11anbHbIX nepIIOllOB anb<!ia-pacnaaa. Ha6mollaeTCH pacxo>K1len11e ii Be-
. . .· 151 . . 

nonyqe1111oii ·B pa6oTa~ ToTa, · MaK<fiapnali11a, n11q11ue ll0nII anb<!ia-pacnalla 'Tb , 
/7 9 10/ . ' 

KopMIIUKOI"O II llp, ' ' c 0llH0tt CTopoHbI, 11 B pa6oTax 
. /11,12/ 151 

c. llpyrofi • no llBHHbIM nepBoli rpynnbI ' a Tb 

uaw11x .u rpynnbl <Peuewa -·. 

= (3-6),to-
6

, BTopolt -
-5 . . 

( 2..:.10) .10 • O6Hapy>Kena HOBBS! cna6asi anb<!ia-rpynna, IIHTeHCHBH0CTb KOT0poA 

·IlaMeHsi~acb c nepll0ll0M nonypacnalla 3, 15:!:. 0,20 'I, 3neprnsi anb<!ia--qa'cTnu paBHa 

3492;!:.5 K9B, B COOTBeTCTBHH C nepHOll0M nonypacnalla STY rpynny Mb! npnnncann 
100 102....: .• 

anb<fia-pacnally Tb • Anh<fia-rpynny Tb o6uapy>KIITb n:e yaanocb, llaeTCH Bepx-
. . . 149 -4 

HIIH npeaen aonn anb<fill-pacnaaa Tb 113 H30M9pH0I"0 C0CTOSIHHSI, OH' paBeH 5~10 • 
1(9 ID! 

ITpuBOll!ITCH Bepxnne npeaenbI ll0n11 anb<!ia-pacnaaa ansi a~-rpym'! Tb H Tb. 
· 149 101 

YcTaHoBneno cymecTBOBa1111e 'l'OHKOlt CTpyKTYPbl anbQJa-cneKTPOB Tb ll Tb• 

Anb<fia-pacnaa 
151 

Tb H 
149 

Tb. npOHCXOllHT Ha B036Y>K/l9HHble ypOBHH 229 K9B. 
141 148 . 

Eu ( pnc. 3) ll 331 K9B Eu COOTDeTCTBeHHO. Ha OCHOBal!Hll IIMeJOl!ll!XCSI B 
-149 181 

n11TepaType 11aHHbIX II aenn'IHH Koa<!i<!inuHeHTOB aanpeTa anbipa-pacnaaa • · Tb II Tb 
151 

' BbICK83blB89TCSI npeanono>KeHHe, 'ITO cnuu 0CII0BH0I"0 C0CT0!IIIIISI Tb paBeH_ 3/2, 

a CITIIH nepaoro B036y>Kll911HOI"O C0CT0SIHIISI 
149

Tb paaeu 7 /2. 

ITpu nayqemm K0poTK0>KIIBymux anbljia- pacnall'IIIK0B 6hma o6uapy>Kena rpynna 

anb<!ia-'IBCTIIU ( Ea = 3933;!:.5 K9B, T 1/2 .. 9 MHH)~ np11uaane>Kam11x, BepoSITH0, 
IH H !UH /13/ . 

o 11n11 o 

3, <PpaKUHSI I"8)l0IllIHIISI, Anbqia-cneKTP Il30T0IT0B ranonHIIIISI HCCnell0DancH B 

. 06nacT11 DEa= 2630-3200 KSB, YTo'IHeHbI 3Ha'leHHH aHepruii anb<l>a-q~cT~U 
H• UY 147 

. Gd , Gd II HaK0ITHBWerocsi H3 raaomIHH!I Ea • llaHbl oueHKH ll0ilH 
149 14'1 • 

anb<!ia-pacnana., Ta Gd H Eu • He yaanocb o6Hapy>KHTb -u 
0
-nirnmr 

lllo Gd II a -nHHllll TIT Eu. ITpHBOLlSITCSI llll>KHHe npeaenbl IIX napunanbllblX nepll0ll0B 
l 

anbljia-pacnana, Bee nony'leHHb1e llaHHble cBeaeHbI B Ta6mruy 3, 

PeaynbT8Tbl 11ccnen0Bau11A, D01?ellWI1e B llllCCepTaUHIO, LlOKil81lblB81IllCb Ha 

XVI ll XVII Bcecol03HblX e>KeI"0llHblX KouqiepeHUIIHX no Hllepuoit cneKTp0CK0illlll 
/1,11,14,15/ 

II ony6nHKOBaHbl B pa6oTaX • 

n ll T e p a T y p a 

1. H.A.ronoBKOB, Kf.-.H.fpoMoD, IO.H.lleuucoB, E.C.lllKenenoB, )!(. )l(eneB, c.A.HBBw­

KeBH'I~ B.M.na'IHHOB, E.MaxMy,QoB, B.H.ITp11nHnKo I IO.H.CycoB, B.r.LfyMIIH, 

n.T.llluwnstHHHKoB. ITpenpuHT OH.HH, P13-3340, lly6Ha, 1967 r. 
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Pyxonncb nocTynilna B 113AaTenbCKH!t oTnen 

22 !IHBap11 1968 rona. 
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H30TOIIH D 'V JI 
d..-

Tc< l{OJISl Roa<IxlJ. rpyn- Eor. T I/2 l1RTeHCHB-. !IpHMetiaHHe na K3B HOCTL lE) o( -pacna.,1ta sanpe:ra 
2 3 4 5 : 6 7 8 9 

do 4232.±5 6 7 !Uill 
i 

IO.± 8 MHH 0,75.:t0,60 _ o,8 .± o,6 ___ -- - -----·-·· 
O.o 4067.;1;5 I5 - I7lUIH I I 4,3 .± 3,I q. 0,07.;1;0,05 I,8 .± I,3 -

' 
c1., - - ,3.ro-4, > 170 ,ltHo <3,6.ro-5 - ftl. .. 

-------
3860-4160 K3B 

d.o 3630.;1;5 2,3.:t0,2 .q. I 200,±120. ,ltH • (5.:1:3J.ro-4 2,0 .± I,2 
-

-
l,3.ru-4 --·-· I-? r:J.4 - - > 730 Jie:r < 2,4. 0 - Bc1•3500-36oo K3B 

,2.ro-5 > 103 -8 Ec,1•3150-3500 K3B Jie:r < I,6.IO -
79/ (3,0.:t0,3).I0-5 -·------ i.-.~----· ... -·- .,._,._ ~- ' - ....... •·· .......... 

d.o 3464.;1;5 7,0.:t0,2 q. I 24,4.;1;3,2r. -, 4_,~.:tl,O ---·-;;=4 ,_ _____ --4 --·•- . ----- -- -9 -.. ,,. .... --- -·· . . ·- -...... -·· ... -~-
d.1. 3305.±5 6.;1;I q. (3.;1;2)IO- (8.;1;6).IO- Jie:r (9.;1;6).lO 770.;1;580 -----~ ·------- ,_ ·- ---5--·-

> 7.I05 Jie:r 
·-····. -·-- ·-·-·g·- ·--·· --------. J ·- ·- --- ... . . .... - -.--- ·-. 

cl.a - - ,3.10- < I.IO- : > 12JQI'. Ea•3000-3300 K3B 
·---· -·-- ··-. ··•· . ·----- . --- . ,_,. __ ----- -~---·--·- ---·--- ~----•-·· _, __ -

f 5,4.:t3,4 _,._, ·- ·---- .... _ ;- · __ 
do 2872.±5 - i -- (7,3.;1;4,4).106 

JieT -
·- -·••·-• .. · 

lE) HRreHCHBilOCT!, d., H O..z. yKa3llBae:rcst OTHOCHT8JII,HO ol.o :roro xe nso:rona 
HJ .lvtst o.2 - nepexo,1ta Ha ypoBeH1, 352 K3B r 49 Gd 

liso:ronu TB TaelJim~a · 1;2 

d.- Ec,1 lJHT8HCHB- I l{OJISl ' .itosqxp. 
A rpynna K3B TI/2 HOCTI, 

Toi 
I IIpm.rei:iaHHe 

o1-pacna.,1ta ! sanpe:ra 

I 2 3 4 5 6 7 8 9 
I49m d. > 6 ,ltH. I < 5.IO- > 60 E«•3970-40I5 K3B 
149 d..o 3967.;1;3 I 4, I0.;1;0,05 q. I , i O,I6 8, 7.;1;2,3 

c1-., ! 3644,±5 i 4,I .;1;0,I ti. (3.;1;I).10-4: 9,4.;1;3~7 ro.1tal (5.;1;2).ru-5 170.;1;67 
c:<2 . I - < r.ro-6 >3.IO- JieT ! < I,5.I0-7 I E.,is2780-3IOO K3B 

I < I,5.I0-5 > 230 Jie:r < 2.ro-6 E~•3I00-327U K3B 
i < 2,5.ro-_6 >I.I03 Jie:r < 4.I0-7 

Eo1=3270-3640 K3B . I 

I50 d.o 349,a-5 i 3, I5.;1;0, 20 ti., 94.;1;70 JI8T i (3,9.;1;3,0)IO- 124.;1;92. 

ci. 3409.;1;5 i I8.;t2 q. I ' 34.;1;24 (6, 2.±4, 5)Io~; 9,5.±6, 7 ' I ro,1ta -
°'J. · 3I83.;t5 25.2~ q. I (I,0.;1;~~2). (3,4-f,5) •. (6, 2.±4,5) .ru- I2U.;t90 -

.IO .IO Jie:r .. 
I5I d., 4 -4' 5 9 -8 i Eo1•2780-3IOU K3B - - < I, .IO > 2,3.IU JieT <O, .IO -

<2,o.ro-4 .>I,2.ro5 Jie:r I -8 i EJ=3IOU~3I80 K3B < r,u. u --152 d.o - - - >4.ro5 Jie:r < 6.ro-9 - E.t•2780-3IOO K3B-
i >2.ro5 Jie:r· < r.ru-8 - Bo1•3I00-'.3420 Kan' 

I53 r:J... I> 8,5.IO" -~ ' ~;.278U-3IOU K3B - - - Jie:r <7,5.IO - ' I ' 
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TaCl.znma 3 

Il'30TOn o(-
llitTeHCHB• To< l(OJIR K03<pe rpyn- Eot !IpHlletm1rne na K3B HOCTL o(-pacn~a sanpeTa 

l. ~ ;) q :> b '( e -g 

148 c:1.. 3I83.;t5 .1 84.;t9 JieT l 1,:ao,2 -
d.1. -4 -5 -4 E~•2940-3170 K3B ~ 4.IO ~ 2,2.io 11ei ~ 4.IO -

Gd 
<l.I0-5 > 9.IO JieT < 1.10;..5 - E~•2630-2940 K3B 

149 d.o 30!8.;t;S ! l (5, ~.;t4,0)l0;,JieT ( 4, 3.;t2, 9). 10-:-0 2,6.;tl,8 -
0 cl..J. ~ 2.10-2 5 I -7 

j 

Ec.<•2940-3000 K3B - ~1,5.IO _JieT ~l,7.10 l -
<r.10-2 >7,5.I0511ei -8 i 

E~•2630-2940 K3B < 3,3.10 i -
ISO d.o - - >5,6.10°JieT l I > 11 3· E.,c•2630-2940 K3B I 

147 O..o 2908.;t;S .. ·L (6,:?,;,tS~.IOJJieT ( ~- -:, ', l,l:t0,9 1, 1.10, 8 .10 . -Eu <it - ~s.ro-3 >_7,2.1 · JI8T < 9,5.IO"." - E..c•2630-2900 DB 

_________ _..._,_.,.•....,;';..· ---==;::a.-._,;;=---.;:;;;;:;;~__;;:=-------:-,,-.e-ca;;;.•=.---... z=----=.,.__=:::::::-----

P11c. 1. Marmfr anbqia-crreKTporpacpa, 1- cepaeqa11K; 2 - HHlKHSISI "mnSina"; 
3 - oepXHSISI "mirnna"_;, 4 - o6:\10TKII D036ylKJ:l8Hllll MarHHTa; 5 - nomocHaSI 
HaKnaaKa, 

-- ·- ------------------- -------------
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PHC, 2. CxeMa BaKyyMHOii CHCT0Mbl cneKTporpaq,a. 1 - KaMepa; 2 - Il!OKHi 
3 - cpoToKacceTa; 4 - MaHoMeTpH'IeCKHe naMn1,1; 5 - rrrn6epbl; 6 - run103,,1; 
7 - naT'IHK MarHl!THoro nona; 8 - CTaKaH; 9 - aaKyyMHbiil arperaT BA-5-4; 
10 - 6annaCTHblil cpopBaKyyMllblil 6aK; 11 - cpopnaKyyMHblil nacoc BH-1; 
12 - HCTO'IIIIIKi 13 - nonBHJKHllll mrnq,parMn. 
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