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OBUAH XAPAKTEPHCTHKA PAEO'ill 

AxfflJThHOCTI, T8M!l HCOJielIOBBHWi. BeTa-cneKrporpaq>H lIOilOJII,SymTCJI 
B Ji.lt8PHO! CII8KTpOCKOmm Y'Jl.8 0Blilll8 70 JieT. O;o;HaKo y 3KOIIepHMeHTaTopoB, 
npHM9HJD>II!HX 3TH npHdOpH, B03mntaDT oepI>83HHe SaTp1,ItH8Hlm nplI IIOJIY1f9-
mm TO~HX 3Haqemrtt 3Heprll'.ft II'. EHT9HCHBHOOT9ft 3JI9KTpOHOB BHYTpeHHeft 
KOHBepo:im (3BK), a Taia:e nplil: onpe.ii;eJI9Hlil:H OOOTB9TOTBYJ)lltliIX IIOI'p8IDHOO
T9:I!, qTo OBJISaHO 00 'oJie~ ~aMH • 

I. B deTa-oneKTporpaq,ax B ItaqeoTB8 ,Jt~T8KTOpa 3JI8KTpOHOB HOIIOJII,
syeTOJI Ji,1t8pHaJI q>OT03MYJII,OM, Ha KOTOpott IIOJIY1faDT Cll8KTpOrp8MMY 3BK. 
,lJ,7m IIOJIY1f8IDUI: TO~HlC-KOJ!Hq90TB8HHHX,3H8qeHHft napaM9TpOB OII8KTpa 3BK 
HeodxO.$IMO npOH3B80TH H3Mepemm B OOTH_mc THOJitl Toqex Ha Itallt,ItOft OII8K
Tp0rp8MM8. 

2. CneKTpOrpBMMH 3BK OOOTOJIT, lt8K npaBMO. 11'.3 oneKTpOB OT H80KOJII,
RHX JIY'KJIH.itOB, qTo sarpy;ttHJieT m:: pa~oBKY H MSTeMSTH11eoKY11 odpa
doTKY. MaTeMSTH1100ItaJI odpadoTita oneKTpOB 3BK oaMa no cede JIBJUIBTOJI 
OJIOZHOft sa,ll,Sqeft Hs-sa· H90HMM9~00TH q>OpMH OII8KTpaJII,HOft JIEHHH H 
SaBHOHMOOTH 89 napaM8TpOB OT OBOftOTB npHdopa H Tam xapaKT9:Pl'I0THK 
lil:OTO'IHlmB, lt8K ero TOJill!BHS,BHOOTa H O;o;HOpO;o;HOOTI,, KOTOpHe, KSK npa
BHJIO, TO~O He H3B80THH. EoJm OII8KTpH 3BK HOOJI8,D:,yDTOJI O IlOMOII!bD deTa
oneKTpOrpaq>OB, TO KOJ!Hq90TBO q>aKTOpOB, BJIHJD)II!HX Ha q>OpMY JIHmm BOS
paoraeT. K HX qzoJIY OTHOOJITOJI: paooeJIHHe 3JI9KTpOHOB q>OTOOJI08M, BJIH
JIHll9 3<PI>eKTOB npOJIBJiemm, npoI(eooa q>OTOM9TpHpOB8HM H T.,i: •• Boe 3TH 

np:HlmHH .it8JI8DT sa,ll,Sqy M8T8MBTH11eoxott odpadoTKH oneKTpOB 3BK, IIOJIY1fa
eimx Ha MSI'HHTHHX deTa-CII8KTporpaq,ax, ,JtOCTaTO~O CJiomtOft, qro H onpe
,Jt8JUtJIO I!pHB9pllt8HHOOTI> H8KOTOPHlC HOOJI8,Jt0B8T8JI8ft K lil:X p~ott_ odpadoTKe. 

TaKHM odpa30M, dOJII,maJI HHq>OJl,f8]1ROHH8JI 8MKOCTI> dera-cnexrporpaw, 
odyoJIOBJI8HHaJI HaCHll!8HHOCTI>ll CII8KTpOB JimmJlMR H IIIHpOKmrf ,JtHaIIaSOHOM 
3Hepm, OXB8.THB8.8MYM B O;o;HOM HSMepemm, Tpy;tt!IOCTH B HSBJieqemm lil: 
paommm,oBite IIOJIY1188MHX ,ll,SHHHX, 8 TaDEI BH001t8JI HHT9HCHBHOOTI, HOOJI8-
,JtOB8HHft IIOCTaBMH aKTY13JII,Hym sa,ll,Sqy aBTOM8TH3aI(lil:H odpadoTKH H SHSJIH-
38 6eTa-oneKTporpaMM. 3Ta 38,ll,8118 M'OX8T 6HTI, pemeHa HS OCHOB8 8BTOM8-
TH38I(lm H3M9p0HHR napaMeTpOB q>OTOrpaq>Hqecxoro HSodpasemm npH IIpBMOM' 
HCIIOJII,SOBSHD BH'mOJIHT8.JIJ,HOft TeXHllKH B HSMepeHHJIJC H odpadoTKe 6era-
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Cil8KTpOrp8MM H npID6eHemm CTpororo M8T8MaTHll8CKOro IlO,ltlCO]f,8 IIPH aHa
Jm38 Oil8KTpOB 3BK. 

llem. ;padoTs. PaspadoTRa H cos;u;aHHe oneIJ.HE1JmSHpoBSHHOro yoTpoii
oTBB ~ aBTOMaTHqeoxoro H3Mepemm: napaMeTpOB Cil8KTporpaMM 3BK, pa-
6oTaD!ll8rO RBK nep$pdHoe ycTpOfiOTBO BBO]f.8 H306pallemm: B 3BM. 

PaspadoTRa M8TO]f,8 H 003]f.8HH8 ycTpOttOTB8, Il03BOJISlllll8ro yoxopHTL 
H IlOBHOHTL sqxp8KTlIDHOOTL npe;ttBapHT8JII,HOrO aHaJm3a 6eTa-Cil8KTpOrp8MM 
B imeHTHipmtanmt JmHHft Oll8KTpa, T. 8. onpe;11;eJiemm npHHa~ellHOOTH me K 
OOOTB8TOTBYJ)llt8MY HYKJm.IlY H SHepmRM KOHKp8THHX nepexo;11;0B. 

AHa.1ms norpemHOOTell orrpe;ll;eJiemm: OTHOOHT8JII,HHX HHT8HOHBHOOT8n 
3BK npH odpadoTKe 6eTa-oneKTpOrp8MM H paspa60TR8 M8TO;ll;mffl onpe;11;8JI8-
mm: H OHHll8HRII STHX norp8lllHOOT8ff. 

IlpOB8;11;8HH8 HOOJI8;ll;OBSH1Jff O neJILD OOBepmeHOTBOB8HRII M8TO]f,8 orrpe
;11;8JI8HRII OTHOORT8JII,HHX RHT8HOHBHOOT8ff 3BK. 

Paspa60TR8 1'f8TO;ll;mffl odpadoTKH 6eTa-cneKTpOrp8MM, ncmyqeHHHX Ha 
npOT.fl%8HRR ~ JI8T B JiadopaTopRH $Qt8pHHX npo~eM OIDill, 0 H8JmHeffHoft 
~OpM'Oft xapaKTepHOTHll80KOtt KpRBOff O neJII,Jl orrpe;11;eJI8HRII H8;11;8llHHX 3Ha
q9HHff OTHOOHT8JII,HHX HHT8HOHBHOOT8ll L -, M- JIHIDifl 3BK. 

IlpOB8;11;8HH8 HOOJI8;ll;OB8HHff Oil8KTpOB 3BK pJi)J.8_$Qtep R30TOllOB La, Gd, 
Tb, Dy, Ho, Er, Tm, Yb O neJILD ncmyqemm: TOlJHHX ]f.8HHHX O MYJII,THnOJIL
HOM OOOTaBe onpe;ll;eJieHHHX 1-nepeXO;ll;OB HS aHaJmsa L -. M- rpynn 3BK. 

Hay,mag HOBH3H8 R OOHOBHij9 rrOJicmemm, 3ArnmllBAMH9 B lmQOepTamm. 
I. CqiOp.!YJIHpOB8HH Tp860B8IDU! H BHpadOTaH no,ItXO,t K ll00Tp08HHD 

YOTpOftOTB8 aBTOM8THt180KOro R3Mepemm napaM8TpOB Oll8KTpOrp8MM. 
2. PaspadoTaHO H 003]f.8HO yoTpoftOTBO ~ 8BTOM8TlJq80KOro H3Mepe

mm napaMeTpOB deTa-onexTporpaMM o ma_roBm.m npRBo;u;aw xapeTKH no 
;ttBYJd oo~. KOTopoe MOllt8T HOllOJIL30B8TLOJI B 8BTOHOMHOM p8lm:M8 RJIR RaK 

YCTpoiiCTBO BBO;ll;a H306pallt8ID!Jl Ha npospa~OM HOCHT8JI8 B aRi. 
3.Ilpe~Oll8HH onoood H YOTpOftOTBO ~ Orrp8;11;8JI8IDU! KOsqxpm:tH8HT8 

nponyoxamm: onTHlleoxoro od'I,8KTa Csautm1t eHo BBTopORHM oBH.neTeJII,OTBQ.1: 
Ha nsodpeTeHHe), noSBOJIRJlJltKe HOJ:tm>'IHTL BJmJmHe Ha TolJHoon HSMepe
m H80Ta6wn,HOOTH OB8TOBoro JIOTOKB OOB8THT8Jm H nepe;u;aTOtlHOI xapax

T8pHOTmm ~OTOnpH8:Mm!K8. 
4. PaspadoTaHo H 003]f.8HO yoTpoffOTBO, p88Jmsy1llll88 0 BHOOKOft T01l

HOOTLB) annapaTHHM OJIOOOdOM B-8H8JIOrOBO! ~Opl8 ;a;B8 THn8 npeodpasoBS
mm: H3M8pH8M0ro 0Hl'H8JI8 B Heodxo;ion,me xapaKTepl'l:0Tmm 0JI8KTpa 3BK -
0JIT1Jq8Cleyll l'I: "8JI8KTpOHHYJ)" JIJI0TH00TH. 

?• Ilom,o6H0 pa0CM0TpeHH norpelllH00TH, B03mnt81lllnt8 npz naey-qemm 

l'I: o6pa60Tlt8 68T8-0JI8KTp0rp8MM, H paspa60T8Ha 000TB8T0TByJJl!taJI M8T0;ll;l!-
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Ka ~OTOM8TpHpoBa.HRR:, IT03BOJIJIRll{alI CHlI3HTL rue B8Jili'IlIHY H orrpe;ll;eJIHTL o6:&-
8KTHBH08 3HaqeH!Ie ,ll;PICil8pCHH OIITHqecKoil JIJIOTHOCTH )J,l{H Kalll;ll;OH TO'IKH cneK
Tpa. 

6. V!CCJI8;11;0Baml IIPHtlHIIll B03HHKHOBeHIDI H8JIHH8HHOil !pOpM!l xapaKTepnc
THqecKoii KpHBoi1 y 6eTa-cneKTporpaMM, CBlI3aHIIlle C xapaKT8pHCTHKaMH Wo
T03My-JILCHll H RX IIPOiillJ!eIDieM. Ha OCHOBe rro.rryqeHIIllX ;ll;aHHHX ycoBepmeacTBO
Ba.Ha MeTO.n;PIKa IlpoiillJ!emm !pOTOJIJiacTHHOK, 06ecnet1HB8JCl!trut wm 6eTa-crreK
TporpaMM xapaKTepHCTHll8CKYIO KPHBYD C rrpOTID!t8HHOCTLro JIHHefiHoil 06JiaCTH, 
rrpeBHIII8JCl!t8i1 B 3 + 5 pas rrpeJltHHii p83YJU,TaT. OTO IT03BOJIR:eT ycoBepmeHCTBO
BaTL M8TO.n;PIKY orrpe;ll;eJiemm: OTHOCHTeJll,llllX HHT8HCHBHOCTeii 3BK. 

7. Paspa60TaHa M8TO.n;PIKa orrpe;ll;Memm: SHaqeH!Iii OTHOCHT8JILIIllX HHT8H
CHBHOCTei1 3BK Ha 6eTa-cneKTporpa.MMaX c HeJIHHefiHoil ~OpMoi1 xapaKT8PHCTH
qecKoi1 KpHBOil C TOtlHOCTLID IlOpsmKa 3 +IO% B .n;PiaIIaSOHe OITTR'i8CKIDC 
WIOTHOCTeii D ~ 3. 

8. C IIOMO!llLD COS;ll;aHHOro YCTpOilCTBa aBTOMaTH~ecKoro (pOTOM8Tp:irpoBa
mm: 6eTa-crreKTporpaMM, ycoBepmeHCTBO~aHHOil M8TO.n;PIKH HSBJieqemm: HH!pOp
MainrlI HS IDIX H Ha 0CHOB8 aJII'OpHTMOB H rrporpaMM, paspa60TaHIIllX WIR: RX 
MaT8MaTli'i8CKOi1 o6pa60TKH, rrpoB~;ll;8llll HSMepeHIDI napaMeTpOB crreKTpoB 3BK 
H ITOJIY'I8llll ;ll;aHIIll8 0 MYJILTHITOJILHOCTH 1-rrepexo~oB B JI,lijlax La, Gd, Tb, 

Dy, Ho, Er, Tm, Yb. 

IlpaKTli'ieCKOe SHaqeH!Ie pa60TH COCTOHT B TOM, qTo c ITOMO!llLID COS;!l;BH
HOro YCTpoiiCTBa aBTOMaTHqecKoro (pOTOM8TPHPOBa.HIDI 6eTa-cneKTporpaMM H 
paspa60TaHHHX M8TO,ll;PIK RX o6pa60TKll H aHaJIHSa B T8~8HH8 H8CKOJILKIDC ~9T 
o6pa60TaHH, COTH!I 6eTa-cneKTporpaMM H ITQJIYtleH 60JILillOi1 06'beM HOBOil HH
WoPMBIUm O CBOiiCTBax KOHKp8TllllX H;!l;ep. 

COS;ll;BHHOe YCTp0HCTBO C ycnexoM HCITOJIL3Y8TCH TaKlKe Wiil: (pOTOMeTpH
poBa.HRR: pa3JIH1IHHX (pOTOrpajlli'!eCKllX R .ItIJYl'RX 0IlTHtl8CKHX 06'!,eKTOB Ha 
rrpospatlHOM HOCHTeJie. B qacTHOCTH,o6pa6aTHBaJIHCL WOTOrpaj)mr qepeHKOB
CKoro HSJiyqemm:, aBTopa.zniorpaMM!l, CilYTHHKOB!le CH!IMKH R CH!IMKH xy;11;0-
X8CTB8HHOil ~OTOrpa@m. Ha 6ase YCTpoilCTBa aBTOMaTHtl8CKoro (pOTOM8TpH
poBa.HRR:, ;ll;OITOJIH8HHOro ,ll;1llI 3TOi1 IJ;eJIH CITeIJ;HMLH!lMH 6JIOKaMa, 6WI co6paH 
npn6op .n;,rn npoBe;11;emm: aKcnepID6eHTOB no aHamrsy crreKTpoB Mace Jla.znIOaK
THBIIllX IzyKJilt.ll;OB rrpn IlOHCKe CB8pxWIOTIIllX H;!l;ep. Ilo Hamei1 paspa60TKe 
aHaJIOrHtlHOe ycTpoilCTBO WIR: aBTOMaTli'i8CKoro ~TOM8TPlJp0Ba.HIDI 6WIO H3-
rOTOBJI8HO :s VIHcTHTYTe H;!l;epllllX HCCJie;ll;oBaHHii AH JiaTBCCP (r. CaJiamm.rrc). 

AIIp068IIIDI pa60TH. 0CHOBIIlle pe3YJILTaT!l, H3JIOX8Hllll8 B .n;PICC8PT8Il;lm, 
.noKJia.n;imaJIHcL Ha XXYII, XXXII, XXXIII, xxx:r, XXXYI n XXXYII coBelltaHH-
mc no H;!l;epHoil crreKTPOCKOilHH H CTPJKType aTOMHoro JI,lijla (TamK8HT -

1977 r. , KlieB - 1982 r. , Moc1rna - 1983 r. , JieHHHrpa;11; - 1985 r. , XapL-
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KOB - 1986 r., PRra - 1987 r.); ,I(OKJia.rt!IBaJmCI, Ha cewrnapax no qraanKe 
aTOMHOro SI,IUJa lI M8TO,rortl8CKOM ceMHHape ia6opaTOpllll H,D;8PHHX npo6JieM 
OlliM lI ony6mi:KOBa.HH B Hay,mHX c6opwmax, B Bll,!(8 npenpHHTOB H C006II1e
mtit Olliill. 

Ily6JIHKarmn. Ilo MaTepHaJI8.M ,I(IICcepTai:um ony6JmKOBaHO ,I(8CJITJ, pa-
60./2-lI/ ll nOJIY~8HO aBTOpCKoe CBH,I(8T8Jll,CTBO CCCP Ha Hao6p8T8Hll8 
(li559134)il/. • 

CTpmypa lI o6~eM pa60TH, .lblccePTawm COCTOlIT H3 BB8,I(8HHJI, llJITH 
rJia.B lI 3aKJI10~8HHJI, OHa CO,I(8p!tHT 189 CTpamru;, BKJIB:l~aJI 33 pHCymta H 
14 Ta6.Jnrq, lI 163 6R6JIHorpaiJ!~ecKH0 CCWIKH. 

CO.llEI'lWME PAEOTH 
IIepBaa rJia.Ba ,I(IICC8PTa!Ulll nOCBJIIIl8Ha BonpocaM nocTpoeHR!! OCHOBHWC 

YMOB YCTpo:ilCTB .I{JIJI a.BTOMaTH~ecKoro lI8MepeHHJI napaMeTpoB <]?oTorpaiJ!H
~eCKIDC lI306palltemtit. 

KpaTKO paccMOTpeHH: npH6opH 6eTa-cneKTporpa:pH, c nOMOIIll,IO KOTOIJWC 
nccJie.DYJ)TCJI cneKTpH SBK; xapaKTep qioTorpaiJ!H~ecKoro aao6pallteHHJI cneK
TpOB SBK, nOJIY'Ia8MliX C noMOIIll,IO 6eTa-cneKTporpaiJ/OB, - 6eTa-cneKTporpaMM
Ma,- ee HH<l?oPMaUHOHHHe napa.MeTpH lI 311,I(a~ o6pa60TKH. 

HMaraIOTCJI npHHIUiml nOCTpOeHmI yMa CKaHHpoBaHIDI ycTpo:ilCTB, npe.rc
Ha3Ha~emmx ,ll;JI/I 8.BTOMaTHq8CKIIX H3MepeHHtt napaMeTpOB <]?oTorp~eCKIIX 
lI306p8llteHH:il, lI M8TO.JJ;B lI3MepeHHii: OllTHq8CKIDC xapaKTepHCTHK <]?oTorpaiJ!H~ec
KHX :irno6paJKeHH:il. IlpHBe,I(eHO OllHCaHH0 ?£i'{Ollt0HHOro Ha.MH (no~eHO aB

TOPCK00 CBR,I(0T0JIJ,CTBO Ha lI306peT0HH0 ) OTHOClITeJIJ,HOro M8TO.I(a H3M8-
pemrli: 0llTHq0CKOit-llJIOTHOCTH WIH KO~eHTa nponycKaHIDI qioTorpaiJ!H~ec
KOro lI306pallt8mtJI. 

~p,iymi:pymcJI OCHOBHH0 Tpe6oBaHHJI, npe~eMHe K KOHCTpyKIUlll 
H-xapaKT0plICTHK8.M yMa CKaHHPOBaHHJI lI yMa <]?oTOM0TplipoBaHHJI YCTpott
CTBa ,ll;JI/I a.BTOMa.THq8CKOro H3MepeHHJI llapaM0TPOB 6eTa-cneKTpOrpaMM. 

B YM0 CKaHHpoBaHHJI ycTpOiiC'l'Ba llpe,wIOllt0HO lICllOJII,SOBaTI, -;iX- - KO
Op.I(IIHaTHH:il npHBo.rc pasoMKHYToro THna (6ea o6paTHHX cBJiaett ~epea .rcaT
'IHKH llOJIOllteHd) Ha maroBHX ,I(BHI'aT8JI.lll. TaKOtt Tlill np:imo.rca npH BHCOKOii 
Ha,IJ;8lltHOCTH H npOlI3BO,I(IITMI,HOCTlI HM88T CaMYJO llpoCTYJO KOHCT:pyKIUm lI 
He6~ CTOHMOCTI,. Heo6XO,I(IIMaJI CKOpoCTI, lI TO~OCTI, H3MepeHH:il Koop
,Itillla.T Ha 6eTa-Cll0KTporpaMMa.X ,I(OCTHraeTCJI COOTB8TCTBYJ(lllli!M BH6opoM TlI
na maroBoro .nBHraTMJI, cnoco6oM KOMMYTa!Ulll ero qiasHHX o6MOTOK, a TaK
llte lI3rOTOM0HH8M no BHCOKO?q KJiaccy TO~OCTH napH BHHT-ra:ilKa, C no
MOIIll,IO KoTopott BpanteHHe maroBoro ,I(BHraTeJIJI npeo6pasyeTCJI B nocrynaTMD
Hoe nepeM0IIl8HH8 KapeTKH yMa CKaHHPOBaHHJI, 
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YaeJI qiOTOMeTpllpOBaHIDI npe~Ollt8HO Bl:lIJOJIHJITJ, no O;o;HOJIY'l8BOtt, npsr
MOOTcqeTHott cxeMe co CT86RJIR38I(H0tt pellmMOB llHT8HHSI qioToyMHODTeJIJI n 
OCB0TRT0JISI. 0THOCHT0JIJ,HOCTI, ll3MepeHml: onTnqecxott llJIOTHOCTlI Ha 6eTa
cneKTp0rp8MM8X, n03BOJIIDJl!l8JI npOBO,I(IITI, HX qJOTOM8TpllpOB8Hne OT,I(8JIJ,H!lMit 
qip8Thl'8HT8MH, 8 T8Kll8 BHCOROe 6HCTPO.rcettCTBlI8 npJIMOOTcqaTHHX CHOT8M, 
,I(8JI8IOT M8JIHM BpaMSI llSMapeHHtt lI T8M C8MHM 38M8THO YJIY'illl8IOT 3KOIIJiya
T8I(HOHHH8 xap8RT0plICTHXH Taxnx CllOTeM. 

BTOJ)8JI r.rraBB CO,I(8px!IIT OnHCaHH8 paspa6oTaHHoro aBT0pOM YCTpottCTBa 
8BTOMB~ecxoro qiOTOM8TIJHPOB8HHSI (YM) 6eTa-C,8KTPO!'P,SMNI Ha JIHHllll 0 
SBM C npl!BO;D;aMH xapeTXH OT maroBHX ,I(Blll'8T8JI8tt 2- 5 ,10? 

YA<!/ KOHOTPYRTRBHo BltJI!OqaeT: 

I. 0nTmto-M8X8HWl8CicylD qaoTI,, 003;D;aHHj'IO Ha 6838 npoMHDIJI8HHOro 
MHXpoqiOTOM8Tpa M<!/-2; 

2, SJI8RTPOHHYIO qaoTI,, BltJI!Oqa10IeyIO YCTpO:liCTBO ynp8M8HHJI (YY), 
Y38JI aHaJiorOBOfi o6pa6oTKJi (YAO) OnrHaJI8 qJOTOyMHODT8JISI (B ;D;aJII,Hei1meM
BH,I(800nrHaJI8), 6JIOXH ynp8M8HHSI np:irao;u;aMH (EYII-X H EYII-Y) lI lICTO~lI
XlI mITaHHSI; 

3. IlJiamneTHHit caMonHoen; 
4. AHaJioro-~oBol npeo6paaoBaTeJlI, (AUII); 
5. MaJIYIO SBM (EC-IOIO, CM-4), ROTOpan: lICnOJII,ayeTOJI ~ HaROllJI8-

HHSI ll np8.I(B8pl!T8JIJ,HOI o6pa6oTXH IIHil>OIJMSI(HlI o YA@. 

~KIJ,l[OHaJIJ,HaJI 6JIOR-OX8Ma Y0TPOftCTB8 np:irae,I(eHa Ha PlIOYHR8 I. 

PIIc.L E.ztox-cxeMB YOTPOIOTBa aBTOMSTIIqeoxoro qioTo
MeTIJHPOBaHHSI. 
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3JI9ltTI)Omnta ynpaBJiemm ll Y38JI 8H8JIOrOBOI 06pa60T1t1I BR,IteOCllI'Ham 
ItOHCTpYKTRBHO BmIMH9HH B itpe:lhe CllOT9MH "BeKTOp". 0T;o;9JII,HO BmIMH9H 
O~OBOff 6JIOK O llOTO"Dmlt8Mll IIRT8Hlm ll /pa3HHMll YCRJllIT9JJJ!Mll maroBmC mm
raTMel. 

l{Byxxoop,nHHaTHd npRBo;o; yc-rpoac'TBS BmIMH9H Ha maroBmc mmraTe
JISDC ll II03BOJUr9T Olt8HllpOB8Tl, o6pasnH npBMOyr()Jll,Hm.f paCTpOM pa3M9paMll 
80x400 rm?. Jllloitp9TH00Tb OToqeTOB ItOOp,nHHaT ~ Y-npRBO;D;a OOOT8BJUl9T 
25 MBM, ~ X-npRBO;D;a - I000/240 MRM. IIorpeIIIHOOTb ll3M9p9HM ItOOp,nmiaT 
X-npRBo;o;OM He npeBwaeT IO MRM Ha 6ase nepeMentemm ;o;o IOO MM. 

B ItaqeoTB9 ~OTOnpll9MHlllt8 B yoTpO!CTB9 llOIIOJil,30B8H ~OTOyMHODT8Jll, 
if!SY-92. OH Bltlil)qeH C H9IIOJIHOff ,nl!HO;o;HO! CllCT8MO! (meCTb IIOM9;o;HHX ;o;R
HO;o;OB C09,nl!H9HH C aHo;o;oM), YCT8HOBJI9HO H9BH00lt09 H81Ipml8HH9 IIRT8Hlm 
(800 B), ~OTOitaTO;o; pa60T88T npn 60Jll,lllllX 380B9TK8X, TOK ,nl!HO;o;HOro ;o;e
JllIT8JISI npeBHmaeT MaltCHMaJII,Hliff pa6om TOK 8HO;D;8 (200 MKA) B 200 pas. 
Taitoe BKJI!)qeHne if!3Y o6eone~o ~effHooTl> cBeToBoff xapaxTepncTmm He 

:icyxe I% ll BHOOK08 OTHOmeHHe CllI'H8JI/myM. 
IIpn paspa60Tlt9 npn6opa OIITHMBJII,HO pemeHa TpY;o:08MEBJl: sa;naqa IIO 

n;o;eHTRipmtanm'[ CII8RTpaJII,HHX ~ It OOOTB9TOTBYJllil9MY HYKJIK;DY ll SHeprn
SfM lt0Hltp8THHX nepexo;o;oB Ha 6eT8-CII8ltTpOrp8MMBX • .IfJra STOA ~9JllI pa3pa-
60T8H 3ItOHOMR1lHd ll 6HOTpd OII0006 rpa~eo1toro npe;o;oT8BJI9HHJl: CII9It
Tp0rp8MM B 3JI9ltTpOHHHX llHT9HOllBHOOTJDC (Q) C BHOOKOff TOqHOOTbD. I!JraH
meTHHff rpa~OIIOOTPORT9Jll, Henoope;o;oTB8HHO (Mmcy'Jl: 3ml) no;a;iumqeH It YM 
qepes 8H8JIOrOB08 yc-rpo!CTBO (YAO, pno.I~). Ha BHXO;o;e ltOTOporo ~op,m
pyeTOJl: CnrH8JI, npOIIOpIJ.ROH8JII,HSff OII~8CKOff ( D) llJllI "M8ltTpOHHOff" 
MOTHOCTl'I ( Q ) • IlOM8;o;HJl:ll pacoqnTHB88TCJl: cormcHO BHpalE8HHSfM 

llJllI 

D 
c 

Q = 10 - 1 

Dm 
Q=lnD-D m 

( 1) 

(2) 

'· 

3;o;eob c, D -napaM9TpH, paBHH9 COOTB8TOTB9HHO 6,2 n 4. 
m 

nJIOit-CX9M8 ~OTOM8Tpnqec1toff Oll0T9MH 0 ysnOM 8H8JIOrOBOI o6pa60TltlI 

BR;o;900llI'H8M npne;o;~H8 Ha pRCYHR9 2. 
AnnapaTYPJISJl: norpeIIIHOOTb ll3M8p8Hll:Jl: o~eoxoa MOTHOCTl'I, o6yMOB

JI9HH8Jl: H80T86HJI1,HOOTbD llOTOqHHKOB IIRT8mut if!3Y R OOB8TllT9JISI, myM8M1![ 11 
T8MHOBHM TOKOII if!3Y' COOT8BJUl9T O' 3% ~ D =3 11 ;o;ooTlll'88T 2% np:e: R3M8-
1)8Hllll 0~90KOff IIJIOTHOOTl'I D =0,I. IIorpeIIIHOOTb B ll3M91)9Hllll D 38 oqeT 
B1)8M9HBOI H9CT86RJII,HOOTl'I ll3M91)llT8Jll,HOro TpaltT8 H8 npeBHmaeT I% 38 30 
MmlYT pa6oTH npn6opa. IIorpeIIIHOOTb 8H8JI0ro:Boro paoqeTa D B ;o;R8II830H9 

6 

·, 
' -

) 

r 

06PA3EU .t:..~AqlPAfMA 
K0H.t:..EHC0P 06bEKrnB q>1Y 

CTP06 

PRo. 2. nJIOlt-CXeMa ~OTOM8Tpmecxol Cl'ICT8MH C Y3-
JIOM 8HSJIOrOBOff 06pa60T1t1I BR;o;eoollI'H8m. 

O, 1~ D~ 5 ll B8JmqnHS Q B ;o;RSII830H8 0,04,;; Q.,;; 5,4 He BHm9 3% • .Il.aHH8Jl: 
IIOrpeIIIHOCTl, ll IIOrp8DIHOOTb B onpe;o;eJieHmt D '1'!3-38 He~e!Hocm CB9TOBOI 
xapaKTepnOTmtll if!3Y HM91lT CllOT9M8~9CKRI xapaitTep ll yqnTHBBllTCJl: npn 
IIOOJI8;o;y1Jl1!91 M8T8M8Tm80KOI' o6pa60TK9 CII9ltTpOB Ha 3BM. 

PacCMOTp9HH T81'Cl8 norpemHOCTll ll3Mepemm: onrnqeoxol MOTHOOTl'I, 
o6yMOBJI8HHH9 38pHll!OTOI OTIJYKTYPOI ~Torpaipl'Iqecxoro nso6pallteHrut'CII8lt
Tp8 3BK. Ilolt838HO, qTo 3TB OOOT8BJIJDllllBJl: norpeDIHOOTll D B H8Clt0Jll,lt0 
pas np8BHlll88T SIIIISpaTYPHYJ> IIOrp8DIHOCTb • .IfJra 98 06'1,8ltTRBHOro onpe;o;eJie
HM R O;o;HOBJ)8M8HHOro 0Hllllt8HRJI 6HJIS :pa3pa60TaHa M8TO;o;Rlt8 ~OTOM8Tpllp0-
B8HM OII8ltTI)Orp8MM, llCIIOJil,SYJ)lll8Jl: npmm;mi H8ltOM8HHJl:. ()Ha 3altlll)qSeTOJl: 
B MHOrOitpaTHOM ql0'1'0M8Tplll)OB8Hllll OII8KTpOrp8MM IIO pa3HHM H8Il8p8ltpHB8D
ntm,fCJl: ;o;opOlltltSM. P83YJII,TSTH Italr,l!;Oro ~TOM8Tplll)OB8HllJl: 38llOMllH81lTCJl: B 
IISMJl:TB 3BM ~38T8M_llCIIOJil,3YJ)'l'OJl: AllJI pacqeTa ope;o;Hero 3HaqeHM D ll 
;o;RCil81)0mt Cf D B ItaQOI T01Dt9 OII8ltTpa. 

YnpaBJI8Hll8 YA<b OCYDt9CTBJISI8TOJl: OT 8BTOHOMHoro yc-rpoffoTBa ynp8BJI8-
mm (YY, pno.I.) B l)YqHOM llJllI 8BT~~8CltHX pel!HMBx. IIpe;uycMOTp8HO 
TBDe n JieI'lto ocYDteCTBRMO ynpaBJieHRe YAif! co cTopoHH 3BM. ABToMa~ec
ItHe 1)8DMH II03BOJIJD)T Clt8Hllp0l38Tb odpasnH IIO nporpaMMaM, 38;D;8B88MHM Ha. 
6JI01te peDMOB YY. ITporpaMMB CitaHllpOBBmm: BltJIB)qaeT TllII paoTpa n ero ns-
paMe-rpa, 8 HM8HHO: 6a 3Y II9p9M811!8Hlll IIO X-, Y-1tOO!);o;RH8T8M, qRCJIO CTpOK 

Clt8Hllp0B8HM' npo;o;o.mmT8Jll,HOCTl, OCTSHOBltK npllBO;D;a B KO~e OTP86o'TltlI 
nep0Me111emm:, mar CitaHllpOBBmm:, nopJI;o;OK n noCJie;o;oBBTeJII,HOOTl> pernoTpa
ni:m OitaHllpyeMol HH~OI!lSnm'! B 3BM. CBJrnb YA<b C 3:BM OOYDt80TBM:9TOJl: qe-
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pe3 AIUI, yoT8HOBJl9HHHf!: B eyef!:Te KAMAK, ROTOpuf!: HM99T OOnpR'J!taHlI9 0 
:3BM. 

Ilpmie)t9HH ltp8Trote ormoamm 8JII'OpltTMOB lt nporpaMM, p83p860T8HHllX 
8BTOpOM (wm 8;It!lllTltpOB8HHllX EM lt3 M8TeMaTll1190ROro 06eone1temm :3BM), 
]1,7IJI nplt9Ma~ HaROIIJI9HW! H lI9PBlt1lHOff o6pa6OTKl'I ltHWQp.!'anmI O 6eTa..:Onett
TPOrp8MM. 

TpeTpH rJIBBa )IJ<I008pT8nmI ll00Bm119H8 Bonpooy OOBepmeHOTBOB8Hl!SI Me
TO.ll;liltZ Onpe;lt9Jl9HW! OTHOOltT9Jll,HllX llHT9HOlIBHOOT9ff :3BK HS 6eTa-oneRTPO
rpaMMSX>-J:paOmRP8IDm )IJ<I8lla30Ha OllTll118CltllX IIJIOTHOCT8ff, npltrO;itHOro ]1,7IJI 
8HaJilt38/G/. ' . 

B nepBOf!: 'll8C'l'lt rnaBH ,It88TCH aH8Jllt3 o6ll'IJHO npllM8HH9MOff M8TO)IJ<IlllI 
onp8)t9Jl9HW! OTHOCltT8Jll>HllX ltHT8HOltBHOOT8ff :3BK llO IIJIOTHOOTlt rroqepHeJ. 
HCOJl8Jt,V'8TOH )IJ<I8ll830H OllTlt'll80PlIX IIJIOTHOOTeff lt qiopMS X8p8RT8plt0Tlt'll8CltllX 
ItPllBHX 6eTa-one1tTPOI'p8MM B o~orn D > 3.- HcOJieJtoBSHM nolt83anR, 'ITO 
X8p8ItT8pltOTll'l90ltR9 ltpl1Bll8 (XK) 68T8-Cll8RTPQI'p8MM B O~OTlt D >3 me
DT pe3RO H8JDm81myD qioPMY O T8H)t8Hnlt8ff R H80Hlll8Hm0 OllTll1190ROff IIJIOT
HOOTlt B O~OTlt D~ 4. 

ABTopoM 6llnlt lt00Jl8)t0B8HH nplt'lllHH B03HmtHOB9Hl!SI HenRHeffHOOTlt qiop
Mll XK ifoTa-cneRTPOJ:'!)aMM ll H80Hlll8HW! OllTlt'l90ROff IIJIOTHOOTlt. PaoOMOTP8HH 
OJI8;o;,vDlllli8 BOnpOOH. . 

I. IlpeJteJll,HHe BOSMOl!Hoorn qioT08MyJ1I,Oltlt Tltlla P,(:Enn@H) B nonyqemm 
60Jll,IIIIDC D B OJIY'l88 o6nyqemm me. 3Jl8RTPOH8MH M8nHX 3Hepr:d, o6n8,It8JJIIIR
MR rny6RHaMH npommHOB8Hl!SI B qiOT03MYJII,O:rm MeHLmm.m, 'IBM 88 TOJilltl!H8. 

2. BJiltHHlte THIIa npOJD31IT8D H peDMOB npOSBJiemm (B H8IIO,omJ!tHOM 
paCTBOpe ll llplt 8RTltBHOM nepeMemmiaHltlt) Ha pe3yJ1I,TaTH npOHBJtemm 6eTa
OII8RTPOI'p8MM. 

HCOJI8)tOB8HM llOlt83SJilt: 
I. H,ttepHH8 qiOT08MYJII,Oltlt P(ffiiKffl) o6eone'lllll8DT lIQJJY'l8mte 60Jll,IIIIDC 

OllTlt'l80KlDC IIJIOTI!OOTeff ( D> 5) llp8RTlt'l80KII 11,1IJI Boero )IJ<I8ll830H8 8Hepr:d 
8Jl8RTPQHOB, p81'HOTPllPY8MllX O llOMO!llJ,D 68T8-CII8RTPOrp8qiOB.HORJill'l9mt9 
MOryT OOOTSBDT:E. Jiltl1II, 3Jl8KTPOHH 0118HL mt3ma: imepr:d - ,Ee< 5 K3B. Ilo-
3TOMy nplt'lllHol HaOH!ll8Hl!SI OllTH'l80ROI IIJIOTHOOTlt lt H8JlHH8ffHoro xo,r.a XK 
6eT8-Cll8KTPOrp8MM He Mrul8T 6HT:E. H8~00T8TO'IHSH ROHn8HTp8tnm Mli!IXPOltpltO~ 
TaJ!JlOB I'SJ!OreHHoro. oepe6pa B qiOT03MYJII,OltH. 

2. HeJlHHeffHaH qiop,18 XK 6eT8~ll8RTpOrp8MM H aippeKT HSOH!ll8HM OII
Tll'l80ROI IIJIOTHOOTlt HS HHX BH3B8HH CHD8HH9M ORopocTlt nposm.1Iemm 0 . . 
pOOTOJI 81t0ll08l![nHlt BIIJIOT:E. ;o;o ero llOJIHOro np9Ep8Jit8mtl!, .1![3-38 H8KOIIJI8HM 

l! AO~sattOB A.A.' I'poMOB K.H.' YMSpOB r.H. EeT8..:0ll8RTpOrpaqiH C 
llOOTOJDmm.m Mal'HlITSMH. qiAH, T8llllt8HT, !970. 
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npO.JtYRTOB p88It1(0ll: npOHBJiemm B qiOT00.1!08. 0TM81l8HHH8 oco6eHHOOTlt B no
B9)t8mm: XK o6yOJlOBJ18HH THIIOM HOllOJll,3Y8MOro ]1,7IJI 6eTa-cneRTporpaMM npo
HBHT8D (SMH;D;OJlOBuf!:). 

B BTHX HocneJtoBSmmx dwro ycTaHoBJieHo Taltl[9, 'ITo llplt aitTHBHoff 
Itm!8Tmt8 np0Jm.7I9HM 8~0.llOBuf!: npOJD31IT9Jll, ll03BOJ!H9T IIOJJY'iaT:E. JlltHeffHyxi 
O~CT:E, Ha XK 6eTa-cnettTPOI'p8MM BIIJIOT:E, ;o;o .D =I,5. Ilacommoe np0Jm.7Ie
Hlt8 B H8ll0,103lll!HOM 1)80TB0p8 C0ltp81118.8T .mmefmyxi 06.llaoT:E, Ha HltX JtO YPOB
HH D::::: 0, 7 (pltc.3.). Ilo8TOMy ll0ll0Jll,~OB8HH9 Ylt838HHoro npOJD31IT8D HB

J!HeTOH OIITltMSJII,HNM, 80Jllt lt3 68T8-Cll9RTporpaMM H3BJl8tta8TOH ltHqiopMatnm 
Jiltl1II, B Y3ROM )IJ<I8lla30H8 OllTlt'180KlDC llJlOTHOCTett, He np9BH!ll8!llltlIX 3Ha'lleHRH 

D : I,5. 

or----------~ 
3 

2 ® 
<D 

PHc.3. Xapa1tTep1toTH11ecime JtpHBHe 
qiOTOllnaCTltHOR P(Jnn@H), ll0ny'll8HHH8 
nplt o6pa60TR9 ltX B H8llO,ItBmlCHOM pac
TBope BMH;D;OJlOBOro npomm:TeJIH (!tplt
BaH I) lt llplt SRTltBHOM nepeMemHBSmm 
(!tpHBSH 2). 

.rr.,m pac111Hpe:mm JI1tHeffHoff o6nao
rn Ha XK 6eTa-cnettTPOrpaMM ltX npo
Jm.7IeHlie H906XO;o;Ji!MO B8CTlt·B 1)981tTlt

pax,o6na,r.aDlltlIX Mem,meff no,ro3epseHHooT:E.D x cHneHmO cxopocrn npoJm.7IeHRH 
Ha yq8CTR8X O dOJll,mOI 3RCllOSm:J;lieff, 8 RllH9TltRY npOJtBJiemm ~enan MeHee 
Jnl@iyaHOHHOI 38 0'18T paspymeHM IIOrp8HlI'IHOro OJIOH HS llOB8pxHOCTlt npo
Jm.7IH9MOro qiOTOM8T8plt8na. ABTopoM HOCJl8;D;OB8JlOH ]1,1IJI 3TKX neneff npoHBH
T9Jll, D -I9. :31tcnep1IMeHT8Jll,HO ycTaHoBJieHo, 'ITO llplt npOHBJiemm B HeM tI>o
TollJl80T1IH01t TmIS P{JmKqiH) B 00'18T8Hltlt C M8X8Hlt'l90KllM paspymeHIIeM no
rpamt'IHoro CJ!OH llOJIY"'l89TOH XK C npoTJmeHHO! .mmeffHoff o6naoT:E.D BJIJIOT:E, 
;o;o D =3,5+4. 

0 --~.-,-~,....,..~.-,---,---,-__ ,..... 
5 10 15 

t (UUH) 

IIOJ!Y118HH8H 06mRPH8H JlltHeffHaH O~CT:E, HS XK 6eT8..:0ll91tTPOrp8MM nos
BOJIH8T npe~ODT:E. 60Jiee ynpo11teHHYD nponemy MSTeMSTH'le01tol o6padoTRH 
oneRTpOB :3BK O 0JtffOBP8!18HHHM OYJit8CTB9HHHM llOBHm8Hll8M TO'IHOOTlt onpe;o;e
Jl8HM mITeHommocTeff JlltHltff SBK. HH~opMatnm c 6eTa-cnettTPOI'p8MM B aToM 
cnyqae MOX8T 6HT:E. Ilony'l9H8 npmo lt9 Cll81tTp8, np9JtOT8BJl8HHOro B 8,tmra
nax OII'l'H'l9CROI IIJlOTHOOTlt. 

Bwro T8D8 ll0R898HO, 'ITO sa 0'19T lt8M8H8HM Bp0?18Hlt np0Jm.7I8HM qio
T.OIIJlSOTltHOR B np8;1t9JIBX (3 + I5) MJIHYT MOXHO B mllPOitHX npe~enax pery.:. 
JlltPOBaT:E. H8lt1IOH XK nplt ooxpauemm HS Hmc JlltHeffHoff O~OTH (pH0.4). 
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3TO m11eeT B8l!HOe 3Ha'leIDie rrpn lICCJienoBSmm HCTO'lmlltOB nanyqeHlIJI C 

CJllJII,HO pB3JI!iI11BD!llllMHCJI aRTHBHOCTJIMII, 

o~----------------, 
5 

4 

3 

2 

o 10 

3' 

20 30 40 ,tJ.~, 

PHc.4. XapaitTepHCTll1leCRHe 
xpHBHe ~OTOWIBCTmIOR P(HID®H), 
nOJiyq~HHHe rrpH pa3Hmt 13PeMe
Hax rrpoJIBJieHRJI /I5, 7 R 3 MR
HYTW B rrpomm:TeJie D -I9 rrpH 
aRTRBHOM nepeMeimmamm pBCTBO-

.pa rrpommTeJll[ peSRHOBOtt RHOTl>D, 

B qeTBepTott rJIBBe ]tllccepTal(IDI Ha rrpHMepe odpadom xomcpeTHHX 60-
Ta-cneRTporpaMM C HeJIRHeftHott (pOpMOtt XK paccMaTpHBBDTCJI BOI!pOCH me 
8H8Jm38. IIepBS.11 qacTI, rJIBBH nocBJll!leHa rrpe~)},TeJII,HOMY 8H8Jm3Y 6eTa-
cneRTporpaMM. PacCMOTpeHH CJie.It.YJ)DtHe BOI!pOCH • 

I. BJmmme Ha ~OPMY crreRTpaJII,Hott JIRHRH 3BK rrponecca BSaHMonei!
cTBHJI 3JieltTpOHOB C (pOT03My-JII,CH8tt, I!pOJIBJI8HRJI R ~OTOM8TpRPOB8IDIJI 6eT8-· 
ClleRTpOrpaMM. 

2. lIOJiyqeHRe RH]tllBH.IIYSJII,HlllC XK .Mli 6eTa-cneRTporpaMM. 
3. OnpeneJieHRe ,Mli xair,noi! crreRTpOrpBMMll ]tll8ll830Ha onTR'l8CRRX 

ITJIOTHoc:rett, rrpRrO,rcHOro' .Mli TO.qffOro aHaJIHsa HCXO,Jtll HS HCCJienoBSHlIJI no
JIYIIIRPRH JIHIDift 3BK. 

IIoxasaiio, ~To R CYllleOTB_eHHHM ncxaseHRRM ~opMH JIHHRH ila 6eTa-cnex
TpOrpaMMSx npllllO,JtllT RpaeBHe 8®/eRTH rrpoJIBJieHlIJI, o6ycJIOBJieHHHe rpa]tlleH
TOM ROJmeHTpal(IDI rrpommTeJIJI H. rrpOJIYRTOB pea~ Ha rpa~ax yqBCTROB 
0 CWII,HOft H OJIB6ott 3ROll03:mni:ett, a T8U9 HeTOqff08_ orrpeneJieHHe XK H8 ea 
HeJIRHeftHoM yqacTRe. KpaeBH8 8®/eRTH I!pOJIBJI8HlUI HCRBlEBlDT ~OpMY RBR 
ORJII,HHX Jll!IID!tt, MBRCm.!j'MH HHT8HC:l'IBHOOTett ROTOpHX rrpmconsrro.11 Ha HeJIRHei!
HHft yqBOTOR ·XK, TaR H CJia6HX, 8CJIH OHR paorrOJIOSeHH PJinO~ C CJllJII,HHM}I. 
TaRHe JIHHRH yse 6Y7JYT H8npHrO.rtHH ,Mli TOqffOro aHaJm38 Jll OHR nOJilltHH dHT!, 
BHJIBJI8HH B cneRTpe nepen ero o6pa6oTRott. 

JI.mi llOBH!Il8HJllJI Hanel!HOCTR Jll TOqffOOTJll B onpeneJiemm JllHT8HC:l'IBHOCT8tt 
JIHIDift 3BK 6wx paspa6oTaH MeTon orrpeneJieHRJI RH]tllBH.IIY8JII,HHX. XK .Mli 6eTa
onexTporpaMM. CyutiIOCTJ, M8TO~ 3aRJll)qa8TOJI B TOM, 'lTO B rrpeneJiaX ltOOJI_e
,tV'8MHX cneKTpOrpaMM OT6ltplll)TCJI L -rpymm, My-JII,TJllllQJII,HOCTJll KOTopHX Ha
neimo YOT8HOBJieHH R8K qJllOTHe. HHT8HCRBHOCTR OT06paHHHX L -rpynn nepe
o'q]itTHB8lDTCJI no BHpazemm {I) JllJIH (2) 0 pa3HHMII 3HaqeHUMJit napaM8TpOB 
,C(Dm) , 0nTRMBJII,H08 3Ha'leHJlle napaMeTpa onpeneJIJI8TOJI ml opaBHeHlIJI 3R
Oll8pRM8HTaJII,HHX OTHOmem RHT8HORBHOCT8ft (L1:L2:L3) B OT06paHHHX L 
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rpynnax H T80p8TH1leORll:X (Ta6JIH1mmc) OTHOW8HHtt-Ro~eHTOB BWJTPeH
Heii ROHBepcRlt (KBK). CpaBHeHH8 OCY111eOTBJIJl8TCJI no MeTO,IIY X.2 

RJIR rpacpn
'l8CimM M8TonoM. 

IIpoBeneHHIDi aHaJill:3 nOJIYIIIRPHH cneRTpaJr:&HlllC JmHHtt 3BK Ha 6eTa-crreK
TporpaMMaX noxasaJI, 'ITO nocJie·nepecqeTa cneKTpOB no RH]tllBR,DyaJII,HHM 
XK 38MeTHH8 lICRBl!t8HJllJI cpopMH HM8lOT JilIHlIR C OllTlI'leCRHMlI IIJIOTHOCTJ!MlI 
D > 3,2 B M8KC:HMyMax HOXO.rtHHX cneRTpOB, 3Ta BeJm'lHHa H orrpeneJIJieT :eep
XHRii npeneJI D .Mli HanelltHoro aHaJm~a Ha paccMaTpnaeMmc crrexTporpaM
Max. 

BTopa.11 qacTI> rJiaBH llOCBJll!leHa B9WJOC8M MaTeMaTlI'leOKOtt o6pa60TRll 
Cll8KTPOB 3BK Ha 6eTa-crreKTporpaMMax'81 • 

Ilp:e: o6pa6oTRe oneKTporpaMM ns-sa OJIO.lKHOCTll n MHoroqzoJieHHOOTlI. 
rrponeccoB, OKBSHBalODtHX BJilIJIHHe Ha cp0pMHpOB8Hne Cll8KTpBJr:&H0:11 JmHHR 3BK, 
O'l8Ho Tpy,rcHO rrono6paTI> O.rtHO aHaJmTlI118CK08 BHpal!teHRe, KOTopoe 61,1 nocTa
TOqffO TOqffO OI!lIOHBSJIO (pOpMY JilIHHR·B llllipOROM ]tllarraSOHe 3H8prllli 3JieKTpo
HOB: Ee=(3·+ 3300)xsB. IIosTOMY HaMR 6wxo npewroxeHo lIOIIOJr:&30BaTo .Mli 
o6pa60TKII 6eTa-cneRTporpaMM nporpaMMY UPEAK * c Ta6JmqffWIJ sa.n;aHneM MO
neJII,HOtt JIHHRlt. B ]tllOOepTal(IDI paCCMOTpeHH ~ nomco~: 

I, HcnoJII,30B8Hne B K8'l80TBe MoneJII,HHX rrpenoTaBJieHntt I'RCTOrpBMM 
pea.m,HHX paonpeneJieHRtt OnuHO'IJHHX JIRHntt. crreKTpOB; 

2. Cos.n;aIDie MoneJII,HHX JillHlltt Ha OCHOB8 aHaJilITHlJ80KIIX Bl,lp8l!t8Hnit 
AHaJms 6oJII,moro ROJm'IJ8CTBa 6eTa-crreKTporpaMM, IIOJIYlj'eHHlllC Ha npH-

6opax CII-I, CII-2 H CII-4 H,noxasaJI, lJTO B o6JiaCTH 3Heprntt 3JieKTpOHOB 
Ee< !50 xsB, 6Jiaro.n;ap.11 BHCOROtt paspemaDmett cnoco6HOOTH 6eTa-crreRTpO
rpacpo:e, B K8'18CTB8 MoneJII,H!lX MOryT 6HTI, l1CllOJII,30B8HH L1-•L2-•L3- JIH
mm B o6pa6aTHBaeMott L -rpynne 3BK. Ilpnll'eM .Mli 1-rrepexono:e Tnna EI,E2, 
E3 H M2 3TO, KSK npBBHJIO, L3 -.mmRlt. ,Il.nJI CMemaHHlllC MI+E2, EI+M2 ID11H MO
ryT 6HTI> KSK L3 -mnnm, T8R H L1-JilIHRlt- B o6JiaCTlI 60JII,WHX 3Heprntt 
3JI8KTpOHOB H806XO,Itm,f0 HCI!QJII,30B8TJ, 6JillsJiel!tBIIIYlll R o6pa6aTHB88MOMY 
yqaCT!ey' O~Oqffj'D K-.nmnm. 

AHaJIRs pesyJII,TaTOB, noJiyqaeMHX rrpn o6pa60TK9 6eTa-CII8KTporpa.MM C 

HCIIOJII,30BaIDieM B xaqecTBe M0~8JThHlllC O;a;ITT!OlJHmc mm11tt CII8KTP~,rrpOBO]tllTCJI 
llYTeM cpaBH8Hl1JI 3RCII8pm118HTaJioHIDC Li:L: H TeopeTHlJeCICIDC L1:Li 3Ha
lJ8Hllft OTHOW8Hllft KBK ,Mli rrepexo~OB C lJHCTOtt My-JThTlIIIOJr:&HOCTI,D Tlllla E2. 
TaKne nBHHHe rrpHBeneHH B Ta6JII1ne I. B BOCoMOtt ROJIOHKe Ta6JIRnH I yxasa-. ~2 
HH rrpneneHHHe sHaqeHH.11 X . Ha pncYHKe 5 rrpRBe~eHo paSJIOl!teH11e Ha KOM-
rroHeHTH O,rcHOft 113 paccMOTpeHHmc B Ta6.mme L -rpynnH 3BK. 

JE3'IOK830B B.E. owrn, PI0-!0350, ,Uy6Ha, !976. 
HA6masaxoB A.A. , I'poMoB K.fl. , YMapoB r .fl. EeTa-cneKTporpacpH c 

IIOCTOJIHHHMH MaranTaMH. ~AH. TamxeHT, 1970. 

II 



Ta6mma I. 3KcnepliM8HTaJII,HU8 3HaqeHlIH OTHomeHnn KBK ll me cpaB
H8HRe C TeopeTnqecKHMH 3HaqeHIDrMR (MYJThTRnOJII,HOCTb 
nepexo.noB qncTaH - E2) 

.!· 

Hyrom.n Ey,KsB Ls.Ls Ls.Ls T T T T Mo.nem, Y! 1· 2 1. '1 L1:L2 L1:L3 
154Gd 123, 1 0,342(8) 0,363(8) 0,346 0,360 K174 153Gd 0,8 
152Gd 271,1 1,34(6) 1,85(8) 1,29 1, 79 K271 152Gd 1,4 
152Gd 344,3 1,90(20) 3,20(15) 1,84 '2,81 K433 151 Gd 1,4 
160Dy 86,8 o, 138( 8) 0,129(7) o, 135 o, 131 L 87 160Dy 0,3 3 158ny 98,9 0,18(1} 0,19(1) o, 183 o, 184 L399 158ny 0,5 
156ny 137,8 0,37(2) 0,40(2) 0,36 0,4 L 138 156ny 0,2 
161Dy 175,4 o, 570) o, 70(3) 0,55 o,67 K{75 161Dy 1, 4 
158ny 218,2 0,80(4) 1,05(6) 0,8 1,06 K253 159ny 0,2 
156Dy 266,6 1,11(5) 1, 53(7) 1,09 1,56 K325 155ny 0,2 
161Ho 130,9 0,29(3) 0,33(4) 0,30 0,33 L 131 161 Ho 0,9 
162Er 3 

102,0 0,15(1) o, 16{ 1) o, 14 0,15 L 102 162Er 0,6 
164Er 3 

91,4 0,12(1) 0,12(1) o, 12 o, 12 K140 161Er 0,7 
166Er 80,6 0,090(5) 0,088(5) 0,086 0,084 L380,6 166Er 0,8 
167Tm 116,6 0,19(2) 0,21(2) o, 19 0,20 L 116 167Tm 0,3 
169Tm 3 

118,2 0,20(2) 0,23(2) 0,20 0,22 K197 164Tm 1,2 
169Tm 130,5 0,24(1) 0,27(1) 0;24 0,28 K197 164Tm 0,4 
169Yb 75,04 0,056(3) 0,054(3) 0,057 0,055 L 76 171Yb o,6 3 171Yb 75,9 0,067(6) 0,063(6) 0,058 0,05-7 L 76 171yb 0,1 3 

B T8X CJIYtz8HX, Kor,na qnoJI0 npHI'0)l;Hl:llC ,lVIJr M0.D;8.lI8n 0.D;l!H0~HX JIRHliff 

Cil8KTp8 M8J!0 ll 0Hll pacnOJI0llt8HU Ha 3HaqnT8J!bH0M y.D;8J!8HlilI (>IOO KSB) 
OT o6pa6aTUB88MOro y-qacTita, M0.D;8JThHYJ) .mmmo H806X0.D;l!M0 38,Il;8B8Tb C no
M0ll!hD 8H8JmTH1l80K0ro Bup8llt8Hrui. 

lJ.7IJi 0IDI08HM MO.D;8J!bHl:llC JmHRft H8MH 6UJm BH6paHll .D;B8 cIJYHKWm !E: 
' ~ 

2 2 -(x-a5) /2•a2 a1.(x-a3) -(a3-a5) /2-a2 
Y1 = a4e + a4e • e (J) 

2 -(x-a5) /2-a2 a1•(x-a5) a8-(x-a5) 
Y2 = a4e + [a6.e + afe . ]• 

-(x-a5)2/2•a3 
[1-e ]. 

(4) 

~ Gunther G., et al. Nucl. Phys., 1969, A123, No.2, p.J86. 
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HOMEP KAHAAA 

Pllc. 5. PaSJ!0lltemrn Ha K0MII0HSHTU L -rpymw 3BK nepexo.na 
?5 KsB 169Yb. a/ n:cxo.nmm cneKTp; 6/ cneKTP nocJie 
pa3.1!0llt8HIDI Ha KOMIIOH8HTH /noCTOJIHH!lii ciioH BH"l'.TeH/. 

B ciioIJMYJiax (3) lI (4): x - paCCTomme OT Ma.KCHM,YMa JIIJHRR, aI'. ;9.s
napaMeTpH, now.celltantRe onpe.neJieHHD. IIepBHe cJiaraeMHe B aT:iOC Bllpalltel!llSll 
CJIY)lta.T )VI.I{ onn:camm neHTpam,Hott '!aCTR llRKa, BTOplie - )VI.I{ onn:camm 
"XBOCTOB" • 

Onpe.neJieHRe HensBeCTHHX napaMeTpOB MO.ll;eJI:&HllX WHmutit (3) n (4) 
ocymeCTBJIHeTM C noMOll!hD paapa60TaHHWC )VI.I{ aTOtt UeJilI .nBY'X nporpaMM 
GAUEX1 R GAUEX2. Te RS napaMeTpoB, KOTOpHe SaBRCHT OT Sli8PrRR 3JieK
Tp0HOB, 0illlCHBaIOTCH SaTeM no.nxo~ WHKlUlf!Mil no M8TO'/IY H~8H:&llllU 
KBa,JijlaTOB. 3TO ll03BOJIH8T onpe.neJIHT:& SHa'!eHRH napaMeTpOB 8K )VI.I{ TeX 
SHeprmi s~eKTp0HOB, KOTOpHe COOTB8TCTBYJY1' o6pa6aTHBa8MOMY yqaCTicy'. 
3aT8M corJiaCHO BllpallteHWIM (3) R (4) n: Haii.neHHHM napaMeTpaM 81t CTpOllT
CH M0.ll;eJI:&Hllit nRK, KOTOpwt .na.nee xcnom,ayeTCH nporpammtt UPEAK B BR
.ne Ta6JllIU!l. 

KpoMe YKa.3aHH!lX nporpaMM, Ma.TeMaTR'!ecKoe o6ecne'!eHRe, pa3pa6oTaH
Hoe .rvm 06pa60TK11 6eTa-cneKTporpaMM, BKJllO'!aeT ocHOBHYJO o6pa6aTHBa.xJllYBJ 
nporpaMMY SPGRAF , o6pama.Dizyl)CH K nporpaMMe UPEAK , npoI'PaMMY KALIBR 
)VI.I{ :m.epreTR'!eCKO:ii KaJIR6poBKll CIT8KTpOB no M8TO.IJY Tpex penep0B R pac
'!eTa nOJIY!lilIPRH cneKTpaJI:&HHX JlllHlltt, H nporpa.MMY XKXI2, npe)l;HaSHa'!eHHYIO 
)VI.I{ onpe.n;eJieHIDI napaMeTpoB ·c(D ) xapaKT8pnCTR'leCKRX KpRBHX 6eTa-m . 
cneKTporpaMM. 
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B nsrron r~aBe ,ll;l'ICCepTanmt nplill!eneHH pe3Y.1ThT8TH 3KCnepHM9HT8iII,HHX: 
IlCC~enoBaHHli MYJII,TllITOJII,HOCTell H9KOTopmc 1-nepexonoB pJI,Ita HettTpoHone~
IUITH!llC Il30TOilOB H,I(ep La, Gd, Tb, Dy, Ho, Er, Tm, Yb, Il0.JIY'i8HHH9 8BTO
POM C noMO~IO pa3pa60TBHHoro ycTpottCTBB BBTOMBTHqecRoro ~OTOM9TpnpOB8-
HRll Il,YCOB8plll8HCTBOBBHHOtt M8TO,nmtll o6pa60TltlI R aHa~a 6eTa-cri'eKTpo
rpaMM. AHaJm31IpOB8JllICI, OTHomemm 11-• L2-• L3- Il, B PJJ.n9 c.nyqaeB, Mr, 
M2-, M3- mmnff 3BK Ha !}n8RTporpaMMax c HemmettHo:11 ~opMott xapaKTepncnr
qecRott ltplill!ott. Boero paccMoTpeH 611-nepexo~ B ,ll;l'IanasoHe aHeprntt a~eR
TpoHOB OT 14 ~o 345 R3B. Ilo.nyqeHHH9 pe3YJII,T8TH npencTaMSHH B Ta6mr
I(9 2/9,II/. 

Ha paOCMOTP9HH!llC 6eTa-cneKTpOrpBM!A8X HapJQ]y co CM9mBHHm.m nepexo
,wlMH. 8H8JllI31IpOB8JilICI, T8Rll9 Il nepexo~ TllIT8 E2 (cM. Ta6.mmy l), MYJII,TH
noJII,HOCTI, ROTOpHX cqnT89TOSI H8~9.lltHO YCTBHOMeHH0:11. 1IaCTo 3THX nepexo
~OB SIMSI8TCSI nepexonaMH B nOJioce OCHOBHOro COCTOSIHim qeTHo-qeTHoro H.n
pa' a OCT8JII,HH8 - pOT8!lllOHHHMH nepexonaMH A 1=2 B no~oce OCHOBHoro 
COCTOSIHRH HeqeTHoro srm,a. CoBna~eHlle B npene~x IIO!'p8IllHOOTe:11 Il3Mepe
Hntt 3RcnepmAeHT8JII,Hl,IX Il pacqeTHHX K8K ,Wm qncTHX no MYJII,TllITOJII,HOCTil 
nepexo~oB Tllila E2 nomBel)J!m8eT ~OCTOBepHOCTI, ,wlHHHlC, n~eHHHlC ,Wm 

CM9ill8HHHX nepexonoB R nepexo~OB Jq)yrHX MYJil,TllilOJII,HOCTett. 
· H3 o6mero RoJmqecTBB (33) CMemaHHHX MI+E2 nepexo~oB, npencTaMeH-

Hmc B T86.7IllIJ.e, MOJ!tHO Blin9JllITI, I8 nepexo~oB, ,Wm ROTOpmc nap8M8TpH CMe
lIIKB8HIDi 0

2 
onpe~e~eHH C .nyqmett TOqffOCTolO, qeM liM91DIJtl'I8CSI JllIT8pBTypHH9 ~ 

,wlHHH9. 

.IJ.ng nepexo~oB 177, 21 n 197, 95 R3B 169Tm pacqeTu CMece:11 MYm,Tn
noJII,HOcTett Ilp0B8~9HH T8Rllt9 C yqeTOM ~8RTa np0mraHOB9HllSI B KBK. Pe-
3YJII,T8TH npe~CT8M9HH B Ta6.mn:te 3. 

Ha OCHOBBHllll IDA8IO~CSI JllIT9paTypHHX ,wlHHHX O BP9M9H8X lm3Hll BQ3-
6YJKJt9HHHX COCTOS!Hlltt H.nep 153Tb, 155Tb, 155Dy, 159Dy, 161Dy, 161Er,163Er, 
16

5Er, 
16

7Er, 167Tm, 169Tm, 169Yb, 171Yb. llHT9HCllBHOCTett 1-.nyqett Il 
n~eHHmc 3HaqeHRn MYJII,TllilOJII,Horo COCT8B8 1-nepexo~OB paccqnTaHH 
IlpllB8~8HHH8 BepOSITHOCTil PJI.na nepexo~OB ll if)aRTOPH 38Ilp8TOB :wm 1-H3~
qemm no BattcRonw. 

OCHOBHllE PE3YJThTATH 

l. Co3~HO Ilp9Illl3HOHH08 YCTp0:11CTBO 8BTOM8THqecRoro ~OTOM9Tpllp0-
B8HM C maroBm.m npllBO,wlMH R8p9TRR no o6eHM OCJIM ROOp.JnIH8T, pa6oTSIO
mee Ha .mnnm C 3BM. Pa3pa6oTSHH08 YCTpottcTBo o6ecne~o 8BTOMBTIJ38Illll0 
~OTOM9Tpllp0B8HRSI 6eTa-cneRTporpaMM Il no3BO~O 003,wlTI, ycJIOBilSI ,Wm IlX 

MBCCOBoro ROJlllq8CTB9HHOro 8H8JllI38 (IlpOil3BO,ll;l'IT9JII,HOCTI, Tpy.!Ul no cpaB
Hemm C p~off o6pa60TR0:11 HS npn6opax IlpOMHIII.JI8HHOro Il3rOTOM9HRR: THilS 
M~2 rum M~4 IIOBHilleHa B IOO pa3). 
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Tad.mm.a 2. Onpene~eHHe MYJII,TllilOJit,Hocrn 1-nepexonoB B S!Jq)ax 
La, Gd, Tb, Dy, Ho, Er, Tm, Yb 

.H;i,;po Et,RaB a. a 3. 3 T. T LT.LT MyJII, TllilQJII,H oc To, L1.L2 L1.L3 L1.L2 1. 3 

1 2 3 4 ? 6 7 
1-'-'La 130,80 8,20(34) 11,86(60). M1+4, 9( 6)%E2 
1351a 119, 52 8,73(84) 11,74(175) M1+4, 0( 6)%E2 

149Gd 164, 98 1, 77(4) 2,11(6) M1+46,8{8)%E2 

151Gd 108,12 0,99(2) 1,03(2) L11+41,7(6)%E2 

- 287,35 14,2(7) - 14,1 M1 

T53Tb 80,72 7,26(20) . 13,69(48) M1+1,8(3)%E2 

- 82,45 6,8(3) 3,8(1) 8,8 4,28 M2+<0,4%E3 

- 92,96 8,2(10) 11,5(21) M1+2,6{8)%E2 

- 147 ,50 2,60(11) 3,38(19) M1+26(1)%E2 

- 99,70 9,30) 25,0(20) M1+1, 2(3 )%E2 

155Tb 65, 46 · 6,94(23) 0, 9905 > M1+1,8(5}%E2 

- 90,33 7,17(65) 15,8(29) M1+2, 1(6)%E2 

- 226,92 8,3(13) 8,7(17) 8,1 7,3 E1 

155ny 39,46 1,52(8) 1, 35 (7) M1+5,2(4)%E2 

159ny 56,63 4,2(2) 4,6(2) M1+2,9CJ)%E2 

- 121, 01 4,91(43) 4,39(40) 5,06 4,29 E1 

160n0 59, 94 0,013(2) 0,012(2) 0,012 0,012 E3 

1b1Dy 25,65 1,43(4) 0,960) 1, 46 1,0 E1 

- 77,38 0,38(2) 0,35(1) B2+ 48( 2 )%M1 

161Ho 211,2 0,18(2) 0,25(3) o, 17 0,27 E3 

161Er ~9.49 3,32(14) 3,91(21) M1+3,6(2)%E2 

lbJEr 60, 1 2,92(14) 3,50(18) M1+4, 7CJ)%E2 

- 69,23 3,23(6) .2,60(5) 3,06 2,44 E1+<0,2%M2 

- 83,97 0,230(15 0,228(15) E2+28(2)%M1 

- 104:32 8,8(11) - M1+1,3(8)%E2 

165Er 113, 57 8, 5( 6) 25,0(40) M1+1, 8( 5)%E2 
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Ta6.mma 2 (npo~OJillteHRe) 

1 2 3 4 5 6 7 
1b7Er 57, 1 1,43(4) 1,17(3) M1 + 11 ( 1 )foE2 

,,. 

lo1t:r 207,8 o, 157(6) 0,25(1) o, 149 0,24 EJ 

lo1Tm 37,05 0,700) 0,61(2) M1+9,8(8)%E2 

- 113,6 4, 13(20) 3,65(20) 4,27 3,72 E1 

lo:,Tm' 63, 12 2,94(8) 2, 15(6) 2,73 2, 18 E1+<0, U'oM2 

- 93,61 6,6(4) 11,2(11) M1+3, 1(5)%E2 

- 109,78 7,8703) 18,8(11) M1+2,4(4)%E2 

- 177,21 4,78(15) 8, 60) M1+ 15,3(8)%E2 

- 197,95 7, 1(2) 22,8(15) M1+ 8, 1( 9 )%E2 

101yb 24,63 1,42(6) 1,29(6) M1+2,2O)%E2 

- 29,66 1,42( 10) 0,98(6) 1,38 0,99 E1 

- 33,91 1,45(6) 0,99(5} 1,56 1, 14 E1 

1b9Yb 62,73 0,62(2) 0,61(2) M1+26( 2 )%E2 

- 70,88 2,13(6) 2,91(6) M1+ 9 ( 1 )roE2 

- 87,38 4,67(19) 6,1(2) M1+5,5(10)%E2 

- 144,58 3,7401) 5,95(77) lll1+15(2)%E2 

H1Yb 66,73 0,460) o, 450) M1+35(2)%H2 

Ilpm4eqaHRe: JJ,Jm cMemaHHHX nepexo~oB Tmia M2tE3 R EI+M2 TeopernqecKPie 
OTHOW8Hlra KBK ( L1 :LJ, L1 :Lj ) Yl(838HH ;JtJIJI MYJII,TmIOJil,HOCTH M2 B nep
BOM CJIY"l89 H EI - BO BTOpOM. 

\ 

2. Paspa60TaHO H C03~aHO ycTpofiCTBO, peaJilISYJ(lllee C BHCOKOH Toq-
HOCTbD annapaTHHM crroco6oM B aHaJioroBott wopMe ,nBa Tlliia rrpeo6pasoBaHIDI 
rrapaMeTpOB R3M9pii9MOrO OilTHqecKoro o6~eKTa B xapaKTepHCTHICII.CITeKTpa 
SBK - OITTliqeceyio Wlll "a~eKTPDHHYD" MOTHOCTH. 

3. Ilpe,wro~eH crroco6 NUI asMepeHIDI xo~eHTa rrporrycKa.HIDi CBeTa 
qepes QIITR'Jecm o6~eKT (Santmll9HO aBTOpCKl!M CBH~eT~CTBOM Ha H306pe-

/!/ ' TeHHe) . 
4. IlO.JU)06HO paCCMOTpeHH rrorpell!HOCTH, B03HHKaKlltHe II:pH ITOJJY'I9HHH H 

o6pa6oTKe 6eTa-crreKTporpaMM H paspa6oT8.Hll rrporpaMMHoe o6ecrreqeHHe H 
MeTO,Itillta ;Jt)IJI WQTOM8Tp:1IpOBaHIDI, IT03B0,7lJDlllafl CHH3HTb.H O)tl{OBpeMeHHO pac-. ' . 
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2 
IIapaM8Tl)ll CMellllIB8Hiut MYJThTliITOJThHOCTett O :If sr,nepHll9 na-
paMeTpll npoHmtHOB9HRII A~;JtJIJI MI+E2 nepexo~oB I77,2I 
H I97, 95 KSB 169Tm 

Ef L 1:L~ /\3 ~;2 
KS L 1:L~ Fw(M1) 

L2:L3 H8CTOJ!lll. Jlll:TepaT. 6es npoH C II:pOHIIKH 
pa6oTa ]t8HHH9 

. 
4,?8(I5) ::::rE 

8,8•Ia5 I77,2I 8,6(3) -6,~I0.8 :!f: ?5 O,I8(I) 0,24(8) 
I,8(I) 

7,I(2) =r*,H* 
I97,95 22,8(I5) 

6~A~9~ 7,0•I05 0,09(I) 0,042(II) 3,2(2) IO, 7t3,3 
>.=6:!:53BBR 

~Grabqvski z. et al. - z. Phys., 1962, Bd.169,s.303-314. 
U:Agnihortry A.P. et al. - Phys. Rev., 1972, vol.06, p.321-330. 

JBEJEMeIOCBBpmumtJIR P.H. H ,m>. - B KH.:. TesHCH ~oICJI8~0B W coBe1118HM 
ITO R,Itepuott crreKTpOCltOIDm H CT!)yKType 8TOMHoro SimlS· - Hayxa, 
n., I975, c.I66. 

~Reddy B.S. et al. - Ind. J. Phys., 1982, vol. A56, P• 283-286. 

C'lHTaTb o6~eKTHBHH8 SHaqemm ,ItllCnepcd OITTHq9CKOH MOTHOCTH NU! Kallt
~ott TOqKH cneKTpa. 

5. IlpoBe~eHH HCMe~oBamm ITpHqHH BOSHHKHOBeHRli He~ettHocTH WCP
Mll xapaKT9pHCTR'i9CKHX Iq)HBHX 6eTa-cneKTporpaMM H HaCHill9HIDl OllTllqecKOH 
MOTHOCTR Ha imx,.o6yMoBJieHHHe xapaKTepRCTHKBMH WOTOSf.lYJII,CD n rue 
npOllBJieHHeM. Ha OCHOB8 IlOJJY'I9HHHX ~ ycoBepIIeHCTBOBaHa M8TO,Iti1Ka 
II:pOJlllJI8HIDl 6eTa-crreKTporpaMM, o6ecrre~Balllll8JI ITOJJY'I9HH8 xapaKT8pHCTH
qecKOtt ltpl!BOtt c rrpoTmteHHOCTbD ~ettHott o6MCTH, npeBl:llllamteit B 3 + 5 
pas npeJ1tHee SHaqeHHe, H pacumpeHHe ,It11anas0Ha OITTHqecKWC MOTHOCTeit, 
npHrO)tl{Oro NU! 8HamI3a Ha 6eTa-Cne1tTporpaMMa.X ~O D=4+4, 5. YcoBep
meHCTBOBaHa M9TO,Iti1Ka onpe~M8HIDl OTHOCHTMbHWC HHT8HCHBHOCT8it SBK, KO
TOpaJI IlOSBOJIJI8T llOBHCHTb TOqffOCTH ll CYll!8CTB9HHO yrrpoCTHTb ~8.JJYPY 
ll3BJI8qemm ~aHHHX HS 6eTa-CIT8ltTpOrpaMM. 

6. Paspa60T8Ha M8TO,Itillta aHaJilISa 6eTa-crreKTporpaMM C H8JlllH8HHOit 
WQpMOit xapaKT8pHCTR'i9CKOH Iq)HBOi, o6ecneqHBaJ!lll8JI ITOJJY'I8HH8 SHa'flemul 
OTHOCR1MDHHX l!HT8HCHBHOCT8tt SBK B ,ItilanasoHe oIITnqecltl!X UJIOTHOCTett 
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D ~ 3 C TO'lHOCTLID IlOpH.nKa (3 +IO)%. Bu6prum COOTB8TCTBYJ{lllll8 a.nropnT
M!l n co3.nrum rrporpaMMl:l .wm o6pa6oTKI! n a.HaJll'l3a 6eTa-cneKTporpa.MM. 

7. Co3.rtaHHoe ycTpoftCTBO aBTOMa.Tll'IecKoro WOTOMeTpnpoBa:HWI n pa3pa-
60TaHHaJI M8TO,Itl!Ka o6pa60TKH n aHaJIH3a 6eTa-crreKTporpaMM B llOJlHOM 06'.&

eMe 6wm: npHMeHeHl:l a.BTOpOM K H3Y'!8HIIID M;YJU,THilOJU,HOCTeil PJI,I(a J..::'rrepexo
.ItOB HeilTpOHO.ne~THl:lX H30TOllOB ,iuep La, Gd, Tb, Dy, Ho, Er, Tm, Yb. 
PaccMoTpeH 6I nepexo.n Tlllla EI, E2, E3, MI n cMemamrn:e MI+E2, EI+M2 n 
M2+E3 B .I(l,IaITa30H8 :meprrut 3JI8KTp0HOB OT I4 .no 345 KaB. B I8 CJIY'!aJDC H3 
33 cMemamrux nepexo.noB YTO'IlleHH saa'leimJI napaMeTpoB CMemnBaHIDI.~JILTH
rroJU,HOCTett • .lvIII ~yx MeJiUIOJIOCHHX rrepexo.na I77,2I n 197,95 K3B 16 Tm 
napaMeTpH CM8lllllBaHl!lI MYJILTllilOJILHOCTea IlOJIY'!8Hl:l T8.Kllt8 C Y'!8TOM aHOMalIIIl! 
B KBK, o6yCJIOBJI8HHOil 3(pll8KTOM npOHHKHOBeimJI. PacctmTaIIli npRBe.nemrne 
B8p0.flTHOCTH paCCMOTpeHHllX nepexo.noB B .impax 153Tb, 155Tb, 155Dy, 
159n 161Dy 161~r 16JEr 165Er 167Br 167Tm 169Tm 169yb 171yb 

y' ' .w ' , ' ' ' ' ' • 

8. Pa3pa60TaHHOe ycTpOftCT~O aBTOMaTll'I8CKOro WoTOM8TpHp0Ba:HWI, 
ycoBepmeHCTBOBBHHM M8TO,IU!Ka o6pa60TIGI H aHaJIH3a 6eTa-cneKTporpaMM, 
a TaIOlt9 pa3pa60TaHHll8 aJII'OpHTM!l H nporpaMM!l HCllOJU,3ymTCH ,wilI a.HaJilll3a 
H o6pa60TKH 6eTa-crreKTporpaMM H .!U)yrHX 0IlTll'I8CKHX 06$8KTOB Ha np0TH
X9HHH 6oJiee IO JI9T. B pe'syJILTaTe o6pa60TaIIli COTHH Cil8KTpOB :3.BK H no
JIY'!9H 6oJILmon 06$8M HOBOil ~H3H'l8CKOil HHq!OpMaltlm O CBOHCTBax KOHKpeT
Hl:lX ,iuep, KOTOplltt HailleJI OTpaJKemre B 25 rry6JmKa.IUIBX c Y'!aCTH8M aBTOpa. 
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~559134 OT 2.09.1974. E.IDJL7IeTeHL 0If!IOT3, 1977, ~I9, c.II3. 

2. KOHOH9HKO r.A., IloTeMila M., PeBeHKO A.B., Uymto-CRTHHKOB B.M. 
ABTOMaT.l!'!ecm MHKpoWOTOM9Tp Ha mmIDI C :3.B\1 C maroBHMH npllBO.ItaMH 
nepeMemeHHH KapeTKH no o6el!M OCHM. - B KH.: Te3HCH ,nOKJia.L\OB XXYII 
coBemamm no .imepaoil crreKTpocKollHH H CTpyKType aroMlioro R.Iq>a., 
]., Hayxa, 1977, c. 367. 

3. HCJiaMOB T.A., KoHoHeHKO r.A., PeBeHKo A.B., TaHra6aeB A.A., ~MH
Hl:lX M.H., lzymro-CHTHHKOB B.M. ABTOMaT1tsamm WoTOMeTpnpoBa:HWI 6eTa
cneKTporpaMM Ha 6ase MHKpoWOTOM9Tpa C marOBHMI! npllBO,naMH KapeTKH 
Ha JIIIBl1m c SHd. - Coo6memre OIDfil, PI0-12794, ,I!y6Ha, 1979, I6 c. 

4. A6.u.ypa3aKOB A.A. I fpoMOB K • .ll. I IlCJiaMOB T.A.' KOHOH9HKO r.A.' TaH
ra6aeB A.A., ~MHHWC M.H., XOJIMaTOB A.X., cymco-CRTHHKOB B.M. 
IIorpeWHOCTR onpe.neJieimJI IlJIOTHOCTR no'!epHeHHH WoT03MYJILC11[11[ npn o6-
pa6oTKe 6eTa-cneKTporpaMM. 
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