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B ll0Cll8AHD8 roAbl, 6narouapg AOCTDrJIYTblM ycnexaM B R3rOTOBll8HRD Ge -D8T8KTO-

poB P - I - ll CTpy:,tTypw,. WDpo1toe pacupoCTpaB8BD8 nony'IDDD nonynpoBODHDKOBbl8 y -

Cll8ltTpOMOTpb1, 

HecMoTpB aa ro, 'ITO Ge -A8T8KTOpb1 DM8IOT M8HbWYIO a¢cj,eKTRBBOCTb perDCTPBIIBH 

Y -D3ny'18HDSI no cpaBH8HDIO C ltpDCTBllllBMH NaJ(Tf) , STD A8T8KTOpb1 HBXODSIT mn-

poKoe npDM8B8HH8 npD DCCll8AOBaBHH y· -Cll8ltTpOB H8CTa6RllbHblX D30TonoB, 'ITO o6ycnoB-

neao 3H8'1DT8llbHO 6onee Bb!COKHM saepreTD'l8CltDM pa3pemeBD8M DX no cpaBH8HDIO C !tpDCTan-

DaMD Na J( Tf) • 3To o6cTOSIT8llbCTBO AenaeT nonynpoBODHRKOBblil Y -Cn8KTpOM8Tp OCHOB-

Bb!M HHCTpyMeHTOM npH K3Y'f8HDD y -Cll8KTpOB no'ITD BO BCOX ¢D3K'l8CKRX Da6opaTopRBX 

no DCCD8AOBBDHIO CTpy1tTypb1 H CB08CTD CDO>KHOro S!Apa. 

JlaHHaSI pa60Ta nocBBlll8Ha KpaTJtOMY OllDCaBDlO y -cneKTpOMOTpa C repMaHR8BblM 

p - I - ll A8T8KTOPOM H HCCD8DOB8HRSIM CX8M pacnaua IG 
1
Gd .. 

181
Eu '

148
Gd ..1°Eu RUT Tu1

87
Er, 

BblllODH8BHblM C llOMOlllblO SToro npD6opa, 

Ha pnc. 1 npDB8A8Ha 6no11:-cxeMa Y -cneKTpOM8Tpa, COCTOS!lll8ro D3 A8T8KTOpHoro 

ycTpo8CTBa1 npeAycanHT8DB1 nD11e8aoro ycnDHTem1, MHoroxaaam.aoro aMnnnTyAaoro aaaDD3a -

TOpa, CBCT8Mbl CTa6DnH38DHH K ycTpOi!CTB 

JleTeKTopaoe. ycTpoffcTDO COCTODT B3 

ADS! BbIBOAB DH¢opManDn. 

x/ 
Ge -AOT8KTopa , KOTOpb18 B cnenDanhnoff on-

p8Blt8 Kp811HTCSI K xnaAOllpOBOAY, npDKpenneHHOMy K rH03AY BHyTpeaaero cocyAa M8TBDDD

'18CKOro AbIOapa 8MKOCTblO 16 DKTpOB. 

K BH8WH8My COCYAY Abl08pa, llpOTDB rH83Aa, K KOTOpoMy npDKpenrui:eTCll XIIBDOllPOBOD, 

DpDDBllHa Tpy6a C ¢DaaneM; K llOCllOAHOMy '18p83 ¢TopoDDaCTOBOe YllllOTH8HD8 Kp8DKTCR ABO 

H3 8lllOMDBK8B08 ¢ollbrD TOlllllHBoit 0,6 MM, BblllODBlllOlll88 poni. pa6o'{ero 011:Ha Anll o6Dy'le

HRll A8T81tTOpa. Tpy6a caa6JKeaa npol(OllHblM D30llllTOPOM ADS! BblBOAa CDraana OT D8T8KTOpa. 

-5 
BaxyyM B CDCT8M8 nocne OTKB'IKR B03DYXB D 38DDBKK lKRAKOro 830TB COCTBBDSID 10 MM pT.CT. 

0AH08 38DHBKD 830TB B TaKoil CDCT8M8 XBaTaOT ADS! pa6oTbl B TO'IOBDe 8 cyTOK. Ilp8AYCD-

DDTellb '18p83 pa3'bOM DOAKDIO'IBOTCR B8ll0Cp8ACTB8HHO K Bb!BOAY DpOXOAHoro D30llRTOpa. 

xffepMaBD8Bblff p -1 - ll 

Hoff 'IYBCTBHTeDbBOro CDOSI 2,6 

3 
AOTOltTOp C 'fYBCTBDT8DbHblM 06bOMOM 014 CM D TODlllD-

MM nony'IOH H3 q8XOCDOBBKDD, 

3 



II_J)__e_n_y cu nu Ten & 

B aapllllO'!YBCTBBTellbHOM npenycnnnTene npnMeHeHa mnpoxo pacnpocTpaneHHall KaCKOll-
/1/ 

Hall cxeMa C llHHaMnqecxoA aHOllHOA HarpyaxoA (pnc. 2). Koaq,¢nIUieHT ycnneHHll nepnoA 

ceKUHH 6ea o6paTHOli .CBll3H paneH 500. CyMMapHall BXOllHa·ll eMKOCTb neTeKTopa H yc1mnTe-· 

:m cocTaBnlleT 30 n¢, TaKHM o6paaoM, rnyfiHHa o6paTH08 CBR3H paBHa 500/30 - 16, T.Ko 

eMKOCTb o6paTHOli CBll3H Co ,. 1 n¢. Hcnonb3yll npyrne cxeMbl aapll/lO!lyBCTBHTenhHblX ycn-
/2 3/ , I 

nnTeneli ' , MOlKIIO nonyqnTb 6on&wee ycnneHne H 6on&wy10 rnyfiHHy o6paTaoli CBllaH, on-

HaKo B 8THX cxeMax TpynHee o6ecneqHTb ycTOJiqHBOCTb, T.K. B HHX o6paTHOli CBR3bl0 OXBa

TblBaeTCll HeCKOllbKO HHTerpHpyIO!IlHX 3BeHbeB0 

Bb16op CXeMbl B OCHOBHOM o.npenenlleTCll TpefioBll.llHlIMll K CTa6Hn&HOCTH ycnnnrem1, 

wyMOBble lite CBOlicTBa onpenen!IIOTCSI rnaBHblM o6paaoM BXOJlHOA naMnoli. MeTOJlBKa OT6opa 
/1/ 

naMil H Bblfiop BX P8lltHMa OIIHCaHbl B pafioTe • Jlnll cneKTpoMeTpnqecxnx ycHnnTeneli H3 

oTeqecTOOHHhlX naMn Han6onee IIOJlXOJlHT naMna 6)1(811, nMe10masi 6on&wyro xpyTH3Hy H OTHo

CHTen&Ho Many10 BXO/l!IYIO 8MKOCTb. CornaCHO npennollteHHOA MeTOJlHKe, OT6op Hannyqwero 

3K38Mlln>Ipa naMnbl npoH3BOJlHllCll HenocpenCTB8HHO B aapsinoqyBCTBHTen&HOM npenycHnHTene 

npn HCilOllb30BaHBH BOllbTMeTpa THna B3-18 co cpenHeKBallpaTHqHoli wxanoli. Ecnn 3TOT 

BOilbTMeTp BKnroqeH Ha DblXOll8 OCHOBHoro YCIInHTenR (nocne ¢opMBpyromux nenen), TO ero 

noxaaamu1 nponopn110Han&Hbl ypoBHIO myMoB , np11ne)leHHOMy KO BXo.ny yc11n11Tensr, T.K. o6paT-

Hall CBll3b nepBOli ceKilHH yCTpaHlleT BlllilIBHe H3MeBeBBll napaMeTpOB naMllbl CBX ·, S H 

Ap. :3Ta M8TOAHKa BepHa B HeKOTOpblX npe.nenax, onpe.nenlleMblX rnyfiBHOli o6paTHOli CBll3H. 

0T6op BXOJlHOA naMllbl npOB3BO.tlHIICll no MHHJIManbHOMY noxaaaHHIO BOllbTM8Tpa npu aHOA

HOM TOKe 6-8 Ma. Kax H3B8CTHO, nyqwee OTHOWeHHe KPYTH3Hbl K C8TOqHoMy TOKy naMllbl 

nonyqaeTCll n palioHe oxono 'nnana10mero• noTe!Illnana Ha c.eTxe, noaroMy nnn oT6opa ne

necoo6paaHo naMDbl nxnroqaTh co 'cno6o.nHoli ceTKoli'. llp~ STOM B naMne anToMaTuqecxu 

ycTaHaBnnnaeTCll pelKIIM, 6nB3KHli K OllTBMallbHOMy, B ycTpaHlleTCll DIIBlIHHe conpoTBMeHBll 

Y'.l'.eqxu. llocne Bb16opa naMnbl npunaunaeTCll conpoTBBneHHe yTeqxu B ycTaRaBnnnaeTcll 

npe~ee aHaqeRne aRo.nRoro Toxa nyTeM non6opa xaronRoro conpoTnnneHBll. 

Kax npan11no, naJKe c 6on&WBMH conpoTnnneRHBMH yTeqxu wyM 6on&we, qeM npn 

'nnanaromeM' IlOT8RUBane, no-BHJlHMOMY, aa cqeT napa3BTROli 8MKOCTH caMoro COilpOTBBIIe

HHll. Hcxom1 na aToro, Ra.no Bb16npaT& conpoTBBneRHll Manora6apHTHbre. KpoMe Toro, 601I&

wy10 napaaHTRYIO 8MKOCTb HM8IOT nepexoJlBble KOIIJl8HCaTOpb1, Il03TOMY He cne.nyeT ynne

KaTbCll MallblMH paaMepaMB npenycHIIBTenR, H31IHWHeli SKpaHHpOBKOli BXOJlHOro xacxana. Jlm1 

yMeR&WeHHll BXOJlHOli eMKOCTB C08.tlBH8HH8 M8llt/lY ycBnHTeneM H KaMepoff-JlbIOapoM ocymecT

BnlleTCll Her.ocpe.ncTBeRRo qepea paa~eM. 

MOlKHO pafioTaTb H 6e3 conpOTHBIIeHHll yTeqKH BIIH npn oqeBb 6on&mnx conpoTHM8BB

lIX (noplIJlKa .neclITKOB foM), OllBaxo npn STOM B03HHKaroT cne.nyromne TPYJlHOCTH: 

4 

1. B MOMOHT IIO,[laqu Bl!- .neTeJCTOp OTpHilaTen&Boro BallpSillteBHa naMna 38Kpb1BaeTCSI 

H B HeKOTOpblX cny'UUlX HaXOll][TCSI B aanepTOM COCTOSl.llllll oqeHb Jlonro. 

2. PelltHM naMnbl co 'cno6o.nBoli' ceTKoll Meaee c;ra6nneH, T.K. WlllpBllteBHe cMemeBHll 

IlpH STOM onpe.nen:HeTCSI pa3HOCTblO JlBYX KOMIIOHeHT ceTO'l'.Horo TOKa lt MOllteT H3M8HllTbCSI 

IlpH H3MeHeHHH n~oll H3 8TltX KOMilOHeHT. 

B )laHBOM ycnnnTene IlpHMeHllnHCb conpoTHMeHHll yTeqxn OT 1 .no 5 foM. 

B KaqecTB8 OCHOBHOro ydirnn-rena HCllOllb30BallCll YHC-2 C He6on&WHM II3M8HeBlteM. 

B YCHnHTene npenycMoTpeHO .tlBa Tnila ¢opMHpOBaHHll: 

1) 0/lHOKpaTHoe RC -HBTerpnpoBaHBe II OABOKpaTHOO RC- llH#epeun11poBaHHe. 

2) OJlHOKpaTHOe RC -HHTerpHpOBaHHe H /lByKpaTHoe AH¢¢epe111tHpOBaBlte Ha lllIHHH aa-

Jl8PlltKB C 2T ,. 5 MKC8K. 
aa.n. 

BropoA THn ¢opMnponaBHll naeT xynwee paapeweHne npn Manoi! cxopocTn cqeTa, BO 

D03BOlllleT pafioTaTb npn Bb!COKHX aarpyaxax. T.K. BblXO.tlBOll HMnynbC HMeeT fiHDOIIlIPBYIO 

¢opMy. lllyM yCHnHTellll npn BB8IDHe8 8MKOCTH 18 n¢, paBHOA 8MKOCTH Jl8T8KTOpa H KaMepbl, 

H npn RC' H - Rell = I. MKCeK paB8B 2, 7 KSB, npn BTOpOM THne ¢opMHpOBKH - OKOIIO 3,2Kan. 

C BblXOAa nnBeliRoro ycnnnTen:ll HMnyn&cbl no.na10TCH Ha MHoroxaHan&Hblli aHannaaTOp 

AH-256-I. HecMOTpSI Ha Hanuqne neneA OTpHilaTellbBblX o6paTHblX CBll3eli, KOa#Hl.H8HT ycn

neHHll H nopor JlHCKpHMHH8IIHH 3aMeTHO aaBHClIT OT Kone6aHHli T8MllepaTypb1, RallpSl:>K8HHSI 

ceTn, OT aarpyaz:n n npyrnx ¢axropoB •. BcneJlCTBne aToro Heo6xonnMa cTa6nnuaannn Bcero 

TpaKTa. 

lln¢poBruI CHCT8MS CTa6nnnaanHH aneKTpoHROro TpaKTa y -cneKTpoMeTpa 

CncTeMa cTafinnnaannn ocymecTMlleT cTa6nnnaannro z:oajlq,nnneHTa ycnneHHH1 TpaKT_a, 

qro TaKllte npHBO/lHT K TOMy, qTQ MHSIRHe H3MeHeHHll nopora JlHCKpHMHHannn yMeHbWaeTCH.Jlnll 

Hllll!OCTpaIUill STOro llOllOllt8HBll Ha pnc. 8 npnne.11eHbl cneKTpb1
208

Hg + 187 
Cs + 22

·Na(KpHBble 1,2) 

6ea CTafinnuaannn C H3MeHeHH8M nopora JlHCKpHMHHSilRH;xpHBaSI 3 npencTaBnSleT TOT :>Ke 

cnez:Tp co cTa6nnnaanneli 1toaq>ljlnnneHTa ycnneBHSI no ¢oTonnz:y E .. 511 z:an np11 Tex :>Ke 

H3MeHeRH9X nopora .tlHCKpHMHHaJXHH B nponecce CHSITHSI CI18KTpa. 

B Kaq8CTBe onopRblX HMnyllbCOB MOlKIIO HCilOllb30BaTb HMIIYllhCbl OT reHepaTopa CTa-

6Hn&Holi aMilnHTYJlbl HIIH lite HMlly'm,Cbl OAHOro H3 ¢oTOIIHKOB y -cnez:Tpa nccne.nyeMoro 

npenapaTa. B nepBOM cnyqae CHCTeMa CTa6nnn3allHH He yqHTblBaeT HeCTafinn&HOCTb, o6yc

lIOBll8HHyIO .neT8KTOpOM. HaMH Ha6monanoc1,, qTQ CTa6HllbHOCTb, nonyqaeMall C IIOMO!Ilb!O 

OIIOpHblX HMllYIIbCOB OT ¢QTOIIHltOB y -cnez:Tpa, nyqwe, qeM OT reHepaTopHoro HMnyn&ca. 

5 



ITpn a1tcrrnyaTannH y -cnexTpoMeTpa reHepaTOp rrpa1tTH'l&cU He npnMeHnncn:, T.X. BCerna 

BM8118Cb B03MOJKHOCTb HCIIOllb30B8BBSI B K8'18CTBe orropHblX - HMnyllbCOB cj,oronnxoB nccnenye-

MhlX rrperrapaTOB. 

PacCMOTpllM pa6oTy nncppOBOII CllCTeMbl CT86llllll381Illll. 

a) Bnox-cxeMa nncppoBoll cncTeMbl cTa6nnnaannn (cM.pnc. 4) 

HMIIyll&Cbl C /l8TeXTOpa 'lepe3 rrpenycnnnTen& IIOCTyIIaIOT Ha BXO/l llllHel!Horo YCBIIHTe-· 

nn, xoacpcpnnneHT ycnnee:nn ·ltOTOporo MOJKHO M0HHTb, HarrpnMep C IIOMOIIIbIO TepMOCOIIpOTHB

neHHSI, BKIIIO'l0HHOro B aHO/lllYIO nen& 118MIIhl. CnrHSllbl C IIHH011Horo ycBIIHT8lISI, npeo6paayIOT

cn 6noKOM aMIIIIBTYl:tHOro npeo6pa30B8T011H B ltO/l 'IHCna, COOTB8TCTBy10mero 8MlllIHTy/le nc

cnenyeMoro nMnyn&ca, qncno B aaKonnpoBaHHOM BB/le nocTynaeT Ha nemncppaTopbl aanoMn-

! e:aromero ycTpo.llCTBa, II03BOlllllOIIIll0 Bb16paTb COOTB0TCTBYIOIIIYIO 'lllClIOBYIO m1e:ellxy. 

HMrryn&Cbl C /l0lllR<ppaTOpOB IIOCTyIISJ?T na BXOl:tbl anpeCB:blX KIII0'10ll, KOTOpble IIpOB3B0-

1:tHT Bb160plty 'll1Cll8 COOTB8TCTBy10mel! nne:elll!:H II rrocne yB01lll'10llllB 'lllCl!a e:a 1 -38llHCb B 

rrpeJKHIOIO llllB011Ky. 

ITpenrronoJKHM, '!TO B crrexTpe nccnenyeMoro rrperrapaTa (nanpnMep, 
208

Hg y -

KBSllTbI, COOTB0TCTBYIOIIIH0 ae:eprHH 279 K9B ,perncTpnpyIOTCH crrexTpOM8TpoM B 100 K8Hane. 

HeTpynno y6e1:tBTbCH B TOM, 'ITO IIOHBnenne TSKHX y -xBaHTOB rrpRBOIIBT It 0/lHOBpeMeHHO-

MY B03llHKHOB0HllIO cnrnanoB Ba 6 mune nemHcpparopa CTaplllHX paapn/lOB HHS 3 lllHHe ne

ll!Hcpparopa MlISl:tlllHX pa3pS!l:tOB, ITonanHM HMrryll&Cbl C ll!IIH nemHcppaTopa, KaK 9TO IIOKaaano 

na puc, 4, 'lepea SMHTTepnbie rroBTopuTellH aa· BXOl:thI Kn10'leli K 1; K 2; K
3

• ITpn SToM rrosiB

neHHe llMIIyllbCOB na Bb1XOl:t8 KlII0'18 K3 6yneT COOTB8TCTBOBaTb perHCTpannn HMIIYllbCOB B 

Kananax 1017103; na Bbixone K1110'1a K 2 - perncTpannH B 100 Kanane H na Bhlxone KIIIO'la 

K
1 

- perHcTpannH B Kaaanax 97+99, HMrryn&Cbl c Bhlxona KIIIO'lel! K 1,. K 2 ; K
3 

rrocne cpop

MHpoaann.11 IIO aMIIIIHTyne H 1:tllHT0llbH~CTH rrocTyrra10T na COOTBeTCTBYIOIIIHe BXOl:tbl TpnrrepoB 

T 
1 

n T 
2

• ITpH aToM, eclIH HMrtynbCbI rrocTyrra10T B 100 Kanan, Tpurrep T 
1 

ycTaHaBIIHBaeTCB 

B IIOIIOlK0HH0 1, TpHrrep T 2 - B IIOIIOlK0Hlle 0, xax 9TO IIOKaaano na BpeMennoll 1:tHarpaMMe 

pa6oTbl y -CII8KTpoMeTpa C CHCT8MOli CTa6HIIH3aUHH (pHC, 5). 

HarrpmKeHHH, CHHM88Mble C IIl18'1 o6onx TpHrrepoB, IIO/laIOTCSI 'lepe3 9MllTTepnhle IIOB-

TOpHT811H na BXOl:t yCHIIHTelISI MOIIIHOCTH, KOTOpblli Bbl.[188T TOK I HOM B o6MOTKY rronorpe-

Ba TepMOCOIIpOTHB118HllSI, ycTaHaBIIHBSSI TeMrrepaTypy xoprryca TepMOCOIIpOTHBll0HllH, paBHYIO 

T
0 

ITony'leHnol! IIpH 9TOM B8l1H'IBH0 corrpOTHBII8HHB R COOTB8TCTByeT HOMHnan&-
noM; ROM 

e:oe 3Ha'lenue K09cpcpBIIB0HTa ycnneann TpaKTa Ke:oM' 

EcnH llMIIyn&Cbl crrexTpa, COOTB0TCTBYIOIIIH0 y -KBaHTaM c aaeprHeil 279 KaB, Ha-

'IHHaIOT peracTpllpOB8TbCSI B 98 Kanane, TO 0'10BH/lHO, B anrrapaType IIpOH30IDIIH ll3M0H0HHB 

( uanpnMep, YM0HblllHIICSI K09cpcpHUH0HT ycuneaHH TpSKTa) 1 'ITO BaeceT COOTBeTCTBYIOIIIH8 HCKa-

6 

I ' 

i 
.j 

lK0HHB rrp11 per11cTpannn BCero cnexTpa. PacCMoTpRM pa6oTy CllCTeMbl CTa61fl!ll38llllR B 8TOM 

cnyqae. CooTBeTCTBy10m11e 98, Jrallany nMnyn&Cbl C nemncpparopa Bb130BYT IIOS!Bll0Hll8 llMIIyn&

COB Ha BhlX01:te 11:lIIO'IS K 1 H ycTaHonBT TpHrrepbl T 1 n T 2 B. rronoJKenHe 0, 'ITO coOTBeTCT-

nyeT TOKY lmin B 06M0'1'1te rronorpeBA TepMocoIIpoTnBneBBn. ITpH STOM TeMrrepaTYPa 

11:opnyca TepMoconpOTBBll0HllH IIOHllM80TCH ll nenll'IHHa ero conpoTHBl!8HllB YB81IH'll1Ba0TCB, 

'ITO npllBOABT ' X YBellll'10BBIO o6mero KOSlp<pKitll0BTa ~11110HBSI Bcero Tp8KT8, OxnaJK.[18Hlle 

COJipOTHBll0HHB 6yneT IIp01:tO~lK8TbCH no TeX nop, noxa Tpnrrepbl Tl II T 2. ne ycTaHOBSITCB p 

BCXOl:tBOe COCTOHHBe, xax 6blll0 orrncaHo Bblme, T.e. llMnyn&Chl, COOTBeTCTByromne ae:eprun 

y - KBSBTOB 279 lt9B, 6yJ:(yT IIOCTYII8Tb OIIBTb B 100 KaHan. Am1norll'1Hbl8 paccyJKAennn 

MOJKHO rrpoBeCTB ll l:tllll CIIY'J8ll ynel!B'18HllH lt081plpHilB0HTa ycnnenun TpaKTa, B cnyqanx, 

xorna onopnble HMnynLchl perncTpu:py10TCB ne 6onee '10M B 2-3 xae:anax, rrpencTaBlllleTCsi 1t!)11eco-

06pa3Hb!M ycTaHaBIIHBSTb 3ll8'18HH8 TO!ta I HOM paBHblM 0/lHOMY ll3 3ll8'10HHll TOltOB I min Billi I max 

ITpn STOM 11c1tn10'1aeTcn: aoe:a ne'lyBCTBHTeJILe:ocTH CHCT8Mbl0 paBna11 ruupiine onnoro 1taHana. B npy

rux cJiy'ISSIX 9Ta Mepa, IIO-BH/lllMOMy, ne nacT Clt0n&KO-Hll6ynb 38M0Tllb!X rrpeuuymecT~. Ha B03-

MOlKllblX HCIIOJillllT0n&HblX 9JI0M0llTOB, CIIOC06llbIX 8BTOMaTll'10CKH ll3M0llSITb K081plpHI(H0llT ycnneHHSI 

Tp8KT8 (aanpHMep:aKTBBII08 conpoTBBneime, B8JIH'IHH8 KOToporo MeHl!eTCn: M0Xallll'18CKHM nyTeM; 

KOHll0HC8TOphl, l!3M8llSIIOllIH0 8MltOCTb npu H3M8!I0l1Hll nanpmKenun: ua nux; YCTpollcTBa, npeo6paay-

10mne aanpHlK8HH8 paccornacoBanrur B nanpHJKenne cMemellBH ira ceTKe Kaxol!-nn6o naMnbI ycnlIH

TenH; TepMHCTepbI H np.) Bb16op 6bln ocTallOMeH ira TepMHCTepax - nepeM8HHhIX rronynpoBOJ:(

HHKOBblX conpoTHBll0HllHX 6e3 CltOJib3HllI0rO KOHTaltTa, - 3lla'18.Hll0 conpOTHBll01IHSI KOTOpbIX 

MOlK0T M0HSITbCSI C llOMOIIIbIO ltOCB0HIIOrO rronorpeBa, 

Hcc11enoBaHBSI npoBO.IUmHCb Ha conpoTHBll0HllHX THna MM T -1, KM T -4 C HOMHIIallbHbIMH 

3!I8'10HHSIMH OT 1 no 30 KOM, Ha pHC, 8 IIpHBeneaa 3aBHCHMOCTb R - f (,T O 
) lllIH corr-

poTHBll0HllSI MMT-1-5,1 KOM, B xa'leCTBe o6MoTxn rronorpeBa ucrronb3oBancn: npoBon 

IT31IIOK-O, 1 C o6mnM conpoTHBJI0HH0M 100 OM. 06MoTxa rronorpeBa H30l!HpOBaHa OT Koprry

ca TepMHCTepa CT0Kl!SIHHOII ll8!ITOII, 

ITpn M8KCHM8IIb!IOM pa60'10M TOKe nonorpeBa 100 Ma T0MII0paTypa 1toprryca TepMHCTe

pa COCT8BJISl0T 120°c. Ha pHC, 6 npnBeAena 38BHCHMOCTb R - f(ln). Pa6o'!lle' 3H8'101IHB 

Toxa nonorpeBa Bbl6Hpa11nc& B rrpenenax 20 - 80 Ma. 

Ilpu Bb160pe M&cTa YCTSB:OBKH TepMHCTepa B uerrH,TpSKTa cne1tTpOM8Tpa npHXOllHJIOCb 

pyitoBOllCTBOBaTbCSI cnenyromHMH IIOl!OlK0HHBMH, BbISICH01IHbIMH B peaynbTaTe HCCJI0/lOB8RHil: 

H0Jlb3SI ycTanaBl!HBaTb conpoTHBJI0BB0 B nepBbIX xacKanax TpaKTa, T,K, TepMHCTep .IIPHBOAHT 

I( 3H8'1llTeJibHO 6on&meMy ypOBHIO myMOB, aeJKeJIH llOCTOBHHbl0 conpoTHBll0RHB THIIa MT, 

MnT u · T.ll,; 11euenecoo6paaaa ycTauoBXa TepMHCTepa B rrocnenaux xacxanax TpaKTa, rne 

MOllIHOCTb, Bbl/:t0l!Sl0MaH aa corrpoTHBll0HHH npH rrepenaqe BbIXO/:tHblX curaanoB, 3Ha'IHT0n&Ha 

H MOlK0T Bl!HS!Tb JIB ero TeMnepaTypHblll p0lKHM, Bbl3bIBaH T0M CaMbIM aeaylKHOe H3M0ll0HH0 

KoacpcpuuuenTa ycaneanH TpaxTa, 
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B K8'!8CTB8 OllTRMam.Boro M8CT8 nna yCTSBOBKH TepMoconpOTHBII8BHB OWIO Bblopano 

conpoTRBn8IIJl8 R Tl C BOMHH811bHblM 3H8'18HH8M 910 OM B CX8M8 lil!'.Heilnoro yCHIIHTelIB TH

na YHC-2 • .tlns A81IhH8ilmero yM8Hbffl8HHH BIIHBHHB yK838HBblX Bhlme q>aKTOpOB TepMHCTep C 

HOMHBSllbBblM. 3H8'18HH8M B XOIIOAHOM COCTOBHHB - 5, I KOM ObllI BXII10'18H napannem,no C 

conpoTHBneHHeM MT-1,2 xoM. Belil!'.quaa nocTosnnoil BpeMeRl[ paBHHII8Cb 8 cex. 

Ha puc. 7 npnBenen rpaq,nx uaMenenus xoaq,q,mi:uenTa ycunenus TpaxTa npu uaiieaennu 

TOK8 IlOAOrpeBa OT 20 AO 80 MS. HaMepeRHB npoBOAlllIHCb na npenapaTe 
208 

Hg nocpen-

cTBOM aaMepa nonOJK8Rl[H q>oTonuKa, COOTB8TcTnyromero aneprua y -XBSRTOB 279 xaB. 

Jlira onp8A81I8HHB IIHHeilBOCTH Tp8KT8 Obtnll CHBTbl Cil8XTpbl npenapSTOB 
208

Hg, 
22 

Na, tBT Gs 

npu paanH'IBblX TOKSX IlOAOrpena (pnc. 9). 

B peaynhT8T8 nponenenaoro pBC'l8T8 npenenoB yCTOil'IHBOil paoOTbl CHCTeMbl CTSOBIIH

aamrn, Aanahle KoToporo xopomo cornacyroTCB c npaxTH'l8CKHMH, obln!I onpenenenbl ycn0Bm1, 

npu KOTOpblX CHCT8M8 OOII8A80T AOCTSTO'IBOil ycTOil'IUBOCTbto: 

I. 'iaCTOTa onopllb!X BMllYIIhCOB AOIIlKHa Ob!Tb ae Meaee 0,3 rn. 

2. IlpenellbBo AOnycTHMaB cxopocTb naMenenus xoaq,q,nnneaTa ycnneBBB nnu nopora 

ABCKPBMHBanun TpaKTa ne A01IlKB8 npeBblIIISTb I Kaaana/cex. Ilpu 3TOM ,repea BBTepnanbl 

20 cex AonycKaroTCB MrBOBeBBbie naMeBeBHH Be oonee '18M Ba :_ 3 xaBana. 

3. IlpeAem,no nonycTHMble naMeBennst xoaq>q,unneBTa ymtneHHB unu nopora AUcKpHMH-

Banuu aa Bech nepnoA BenpepblBBoil paooThl 

+ 15%. 

)' -cneKTpOMeTpa ne nonlKHbl np0Bb1IIl8Tb 

6) Onucanue llpHHilllilll81IbHOll CX8Mbl nuq,ponoll CHCT8Mbl CT80H1Ill3 a

nun 

IlpuanunuanhH8B CX8M8 CHCT8Mbl CT80H1Ill38Illlll npHBeAena na pac. 8. HMnyllbCbf, on

peAenBtollllle HOM8p Kaaana, CHHM810TCB C 3MHTT8PHbIX conpOTHBII0HHil 8AP8CBblX KII10'18ll 

anannaaTOpa AH-256 -I (nMnynbChl uMeIOT cneAytollllle napaMeTphl: U = 0,4 Bi 

r - 3,5 MitceK) ll llOCTYfl810T na BXOA CIIO>KHb!X KIIIO'lell, coopaHHblX Ba TpllOASX IlTl ~ 

TITS THna Il I 6. Ilpn 3TOM aa nxoA TpHoAOB IlTI 4- IlT7 noCTynaroT uMnynhChl Mnanrnnx 

paapBAOB KoAa 'IHcna. Ha BXOA Tpuona TITS no rnuae A nocTynaIOT HMHynbChl co cTap

mux paapB.!lOB xona 'IHCIIS. IlonoJKelllle mHHbl A MO>K8T H3M0HstTbCB B npenenax OT O no 

15, '10M llOCTHr88TCSI B03MOlKHOCTb rpyooll nacTpOllKII ( 'lepea 18 K8B81IOB) CHCT0.Mbl cTa

Oll1Ill38llllll K n1060My yqacTKy cnexTpa. 

Bb!XOllbl KIIIO'lell 001>8llllB0Hbl B 3 rpynnbI, COOTB0TCTBY1011lll8 HOMHBSIIbHOMY ll Kpall

HHM 3Il8'18HHSIM B03MOlKHblX llOIIOJK8HHil onopHblX HMUYIIbCOBe Tpa xacxana, co6pa!IBbl8 na 

Tpuonax IlT9 ..- IlTl I Tnna Il403, q,opMnpyroT BbIXonBhle HMHylibCbl no aMnnnTyne u nnn-

8 

TellbHOCTII no aBa'lenul!, nocTaTO'IHhlX nnst nane>KHoro aanycxa Tpnrrepon T 
1 

u T 
2

• Tpur

repbI T 1 u T 2, coopanehle na Tpnonax IlT12 + ITI'15 Tnna Ill6E, ooecneqnnaroT Bop-

Ma1IbBy10 paooTy npn 'ISCTOTe cnenonaBHB aanycxaromnx llMllYIIbCOB ~ I 00 Km. C IlOMOlllblO 

' A01IHTelleil nanpB>KeHHi! BS COllpOTHBII8BHBX R29 : R41 II Ras I R ,o llOCTnraeTCB B03-

MOlKHOCTb no~a'lll narrpSIJK8llHil C llll0'1 TpHrrepon 'l0pea 3MHTT8pBb18 llOBTOpHTenu, co6paB

Bbl8 Ba Tpnonax IlT18..-IlT18, Ba nxon ycunnTenst Mom11ocTn, Bblnonneneoro Ha Tpnone 

IlT19 THna Il4.[l. Ilpu aTOM, c noMOlllbIO rrOTeHI!HOMeTpon, naxonamnxcs .B nensrx nennTeneil, 

aanaeTCst neooxonHMbli! pelKHM paoOTbl TepMoconpoTHBII0HllB. IlOT0IlllllOM8TpOM R" aaAa-

eTcs MHHHManbnoe anaqenne TOKa nonorpena (npn aToM ooa Tpnrrepa ycTanannnnaroTCH B 

llOIIOl!C8BH8 0); llOT8HilllOM0TpOM Ro - HOMilRanbHOe 3H8'10Bll8 ToKa nonorpena· ( Tpnrrep 

T 1 ycTanannunaeTcst B nono>Kenne I, Tpnrrep T 
2 

- n nonoJKel!ue 0) II noTennnoMeTpoM R
40

-

MaxcnManbnoe 3Ba'18Hll8 TOKa nonorpeBS (Tpurrep Tl llpll STOM BSXOAHTCSI B llOIIOl!C8IlllH o, 
TpHrrep T 

2 
- B IlOIIO>K8IlHH I)• 

Ilepexnro'laTeneM Ill ooecne'IHBaeTca nepexon OT peJKHMa oea cTaonnnaannu x pe>KnMy 

co CTa6unnaan1Ieil. Ilpu nepirneM rronoJKenun rrepexnro'laTensr Ill TOK n ooMoTxe nonorpena 

aanaeTCH TpHOAOM TIT 19. ConpOTHBII8HHst R 48 Ru 06ecne'lnna10T B nen1I oannacTnoro 

corrpoTHB1I8HHB Ro TOK, pannblfi: BbiopannoMy noMHnam,noMy anaqen1I10 TOKa nonorpena. 

Ilpu STQM B81IH'IHila conpoTBBII8IlHH R,e nononpaeTcB pannofi: conpoTBBII8Hll10 OOMOTKH no-
/ 

norpena. Jlannoe ll01IO>K0HH8 nepeKII10'18T81IB Il I COOTB8'i'CTBy8T peJKllMY pa60TbI Cil8KTpo-

MOTpa co cTa61Inn:aannell. IlplI HIIlKH8M rronoJKeHHn: nepeKn10'laTenst Ill B nenn ooMoTKII 

rronorpeBa Te'leT nocTostJIHblfi: TOK, paBHbiil noMnnam,noMy anaqennro, 06ycnon11ennb1i! conpo-

TIIBneHIIBMH R43 ; R" • a TOK CT80IIIIH381lHII C TpHona IlT19 T8'18T '18pea oannacTnoe 

conpoTnanenne R46 Ilpu STOM, 8CT8CTBenno, OTCYTCTByeT CTaonnnaannst TpaxTa. Ilepexnro-

'IST81Ib Il2 ll03BOIIBeT H3MepSITb TOKH B ooenx I10ll!IX, ne Hapyrnasr HX TOKOBblX pe>KHMOB, 'ITO 

nocTHraeTcs nonoopoM conpoTIIBnenns Ro , paBHblM corrpoTHBII8HH10 II3MepnTenbHoro 

npnoopa. 

Kax yxaablBSIIOCb Bb!IIIe, rpyoast HSCTpoilita CIICTeMbl CT801I1Ill38111III no Bb!OpaHHOMY 

q,oronnxy rrpOII3B0AllTCB C llOMOlllblO H3M8H8HH!I ll01IO>K8HHst IllllHbl A. TTnannas nacTpofi:xa C 

TO'IHOCTblO no xanana o6ecrre'IHB88TCB lllISBHblM ll3M8H8HIIeM conpoT~BII8Bllfi: R43 Ru 
R,o , R, 1 , 'ITO npHBOlllIT K COOTB8TCTBYIOlllllM CMemeHIIBM paooqefi: TO'IKB T8pMoconpoTIIB

nenust nocpencTBOM naMenenlist paoo'IIIX TOKOB no11orpena. 

Jlns lllIIIIOCTpanHII aq>q,eKTBBHOCTH OllHCSHHOli CIICT8Mbl CT80HIIH381lHll )' -
169 

Cil8KTPOM8Tpa na pHc. IO npnneneHbl cneKTpbl Yb • II3M8p0BBb18 B OAIIIlaKOBblX ycnOBHSIX 

B T8'18HH8 1 qaca C rrp1IM8HenneM CTaOBIIII38IllIH II oea CT801IIIB3811HH. Kax BllAHO H3 p1Icyn

xa, rrpn:Menenne CIICT8Mbl CTaOIIIIII38llHII 3Ha'IHT81IbHO YIIY'IIII88T pa3pernenne cneKTpOMeTpa. 

Ma paoOT no CT80llllll3aIIHH cneKTpOM8TplI'l0CKHX sneKTpOHilblX TpaKTOB cne11yeT yxa-

38Tb CHCTeMy CTllOHIIH38Illlll aMitnHT:ynHoro KOAHPOBlllHKa na 4096 xananon, Bb!IlOIIH8l!Hy10 B 
/12/ 

JIH<t> • 3Ta cn:cTeMa ooecne'l'.HBaeT cTa61Iaann10 nopora AHCKplIMnnannn II xoaq>q,1InnenTa 

ycunenns no 2 perrepHb!M HMnynbCSM. Y'IHTbIBSst cpaBHHTenbHO OOIIbIIIyro CIIOlKHOCTb 3TOli 
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cHcTeMbl, ne npencTaB1Innoc& nenecooopaaHbIM Hcnon&aoaanHe ee nnn CTaOHnnaanHH TpaitTa 

c 'IHCllOM KananoB, paBHbIM 266. 

Ilepen na'lanoM H3Mepeanl! nyreM MHOroKpaTnoro CHHTHH cneKTPOB npenapaTa 
203

Hg 

Oblna nonyqena aaBHCHMOCTb 3HepreTB'l0CKOro paapemeHBH OT nanpH>K8HBH CMeweaHH Ha 

nereKTope. 

Ha pHc. 1 l cnnomnol! nnaHel! noKaaana aaBHCHMOCTb R - f ( U O ) • nony'leaaan nocne 
~08 

oopa6oTKH cneKTpOB Hg ' nyHKTHpHOl! nHHHel! noKaaaaa aaBHCHMOCTb ypOBHSI myMOB Ha 

Bbtxone nuael!aoro ycnnHTenn, H3Mepenaoro c noMOIIlblO KaTonaoro BOnbTMeTpa co cpenae

K;8anpaTH'IHOl! WKanol!. Ooe KpHBbl0 RM810T aaanorH'IHYIO aaBHCHMOCTb, OT u. Il08TOMY B 

nan&Hel!meM B nponecce SKcnnyaTannn y - cneKTpoMeTpa onTHMan&aoe aanpn>KeHHe 

cMeweauH aa nereKTope npoBepsmocb no ypoBHIO myMOB Ha BbtXone nnHel!Horo ycHnnTenH. 

nnn onpeneneHRH 3aBHCHMOCTR 8ql<peKTRBHOCTH perHCTpanBH 
169 

Y -H3lly'10HHH Ge (LI) 

neT0KTOPOM OT aaeprRH y -nyqel! Oblll CHHT cneKTp Yb Ilo H3B8CTHblM HHT0HCHBHOC-
169 

TSIM y -ny'lel! Yb Ohlna paCC'IHTaHa aaBHCHMOCTb u = I (E) npHBenea-

aan aa pHc. 13. 

HH>Ke npHBOilSITCH peayn&TaTbI HcCnenoBaaHl!, npoBeneaablx na onHcanaoM y -cneK

TpoMeTpe. HeooxonHMO OTM0THTb, 'ITO npH BblnonaeHHH 8THX HCCll~AOBallHl! Bcerna HCilOllb30-

Banacb cHcTeMa cTaoHnHaanHR. BpeMn aenpephlBnoro naoopa cTaTHCTHKH Koneoanoc& OT 3 

no 40 'laCOB. 

181 
HccnenoBaaHe pacnana Gd 

I&! 
nnn HCCnenoBaHHH y -cnexTpa Gd Mbl Rcnon&aoaanR npenapaT ranonn1mn, no-

ny-qeaabll! cneny10111HM oopa3oM. Ha npenapaTa TB, Bhlne11eaaoro H3 TaHTanoBofi Mn:meaH, 

oony-qeaaol! npoToaaMH c aaeprnel! 860 MsB, Obin Bbtnenea ranonnanl!, oopaaoBaBmHilcn npH 

/3 -pacnane R30TOilOB TepOHH. Tax xax Bp0MH Me>Kny oony'IeHReM R nepBOHH'IMbllblM 

BblileneaReM Tepom1 R Bb1neneaneM no-qepnero ranonRHRH ObIJIO oonee nonyrona, B nony-qea-

HOM TaKRM oopaaoM npenapaTe ranonRHHH conep>KB.nRcb Ton&xo 181 Gd R 
188 

Gd • faMMa-

cnexTp aToro npenapaTa noxaaaa aa pn:c. 14 H 15. faMMa-cnexTp 
188

Gd H3Y'I8H B paoo-
/4/ 

Te , H 8TO Il03Bonn:no aaM Bbl/l81!HTb y -nHHHR, npnaanne>Kawne 
181 

Gd • 

/8/ 
B Taonnne l npoBeneno cpaBaeaRe namHx peayn&TaTOB c naHHbIMH paooT , Bhlnon-

nennbIX paaee. • 

Kax BH/!HO ll:3 TaonHllbI, naon10naeTCH xopomee cornacn:e nna OOllbWHHCTBa HllTeHCHB-

HOCTeil 

196 KSB• 

y -nyqel!. Pacxo>Knenn:e naon10naeTcH nnn cnaoblx nepexonoB c saeprReil 360 n: 

10 

T a o n H n a 1 

0THOCRTenbHbl8 RHTeHCHBHOCTH Y. -nyqel! npR pacnane 
UI 

Gd 

3nepNIH 
nepexona 
E (xsB} . -

163,7 

176 

196 

243,8 

260 

287 

308 

330 

31:ll 

nnH anannaa IlOny'leHHblX 

pa 11:0HBepcROHHblX SJ18KTpOHOB 

B HacTHTyTe TeopeTH'l0CKOl! 

HHT8HCHBHOCTL , 

ly 
(naanan paooTa) 

2300 

1000 

15 

1840 

20 

31 

360 

28 

36 

HHT0HCHBHOCTb, 
ly /6/ 

paooTa ) 

1800 

1000 

96 

1820 

390 

98 

ll_aHHblX Mb! HCil01Ib30BBnH peayn&TaTbl RCcnenoBBHRH cnexT-
181 

Gd ' nony'10llHb10 o.r:urau H3 aBTOpOB - B.B. KyaHet:iOBblM-

¢R3HKR HM. HRn&ca Bopa B KoneHrarene. B STHX Hccneno-
u1 

BaHHHX Obin RCllOllb30BBH MOHOR30TOilHbll! HCTO'IIIHK Gd ~ O'IRIIl8Hllbll1 Ha Macc-cenapaTope. 

nnn H3Y'I0HHH cnexTpa KOHB8pCROHHblX snexTpOHOB Rcnonb30BBH mecTR3aaopHbli! oeTa-cnex

TpoMeTp TRna "anen&cRH" (paapemelllle - 0,5%, cBeTocnna - 1%). Peayn&TaTbl STRX He-

cneAOBaHHl! npencTaBnellbl B Taonnne 2. CpaBHHBaH HHT8HCRBHOCTH 

CROHHblX snexTpOHOB n npHHHMan, 'ITO nepexon c sneprHel! 176 KSB 

y -ny-qel! H KOHBep
/6/ 

THna M2 , Mb! 

IlOl!C'IHTBIIH 3ll8'I8HRH KO~HilH8HTOB BHyTpeaael! KOHBepcHH a )lllH pnna y -nepexo-

/!OB. CpaBHeHn:e RX C TeopeTR'I0CKHMH 3Ha'I0HRHMR xosq,¢RHH0HTOB BHyTpeanel! KOHBepCRR 

noaBonRno onpenenHTL Myn&TRnon&aocTb STHX nepexonoB (Taonnna 3). 

TaitHM oopaaoM, B STHX RccnenoBaHRHX ooaapy>KeHbl HOBble y -nepexonhl c saeprn.n-

MR 102,6;· 280; 287: 330 KSB, Bll8pBb10 onpeneneHbl Myn&TllllOllbllOCTH Y -nepeXOAOB c 

SHeprRHMH 260 ( M 1 ) n: 287 XSB (E2 ) , (M 1). OnpeneneHHbie B 8Tol! paooTe MynbTR

nonbHOCTH nepexonoB 163,7; 243,8 H 308 XSB COBilall.aIOT C peayn&TaTaMR oonee paHHRX 
,, /6,8/ 

pauOT • 

/6,8/ 
Ha ocnoBaHHR ananRaa peayn&TaTOB aamnx RccnenoBaHRl! n: paooT npennaraeTCH 

181 U 1 
cxeMa pacnana Gd ... Eu (pRc. 18). HaMH BBOARTCH ypOB8llb c aneprRel! 308 KSB, 

a nepexon C aneprRel! 330 KSB pa3Mewen M8>KilY ypOBHeM 361 KSB (9/2~) H YPOBH8M 

22 KSB (7/2+). 
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T a 6 n n n a 2 

0rHOCRT01IbHble RHT&HCRBH0CTR lt0HB&pCH0HHblX nRHHA npn pacna)le 
181

Gd 

Saeprnn 
·nepexoJXa 
E (KaB). 

21,7 

102,5 
106 

153,7 

175 

243,8 

260 

287 

308 

KoaBepcnouaaH 

nBBHH 

L 
M 
N 

K 
K 
K 
L 
M 

K 
L 
M 

K 
L+K287 

K 

L ---
L 

M 

K 
L 
M 

---
Ta6nnrra 3 

HBTeHCHBBOCTb 
K0BB8pcH0HHb!X 
aneKTp0B0B 

lk --
3200 
2030 
665 

17,4 
24,6 
568 
69,2 
21, I 

1000 
188 
82 

20,3 
4,30 

1,0 
0,20 

0,50 
0,25 

10,9 
0,50 
0,25 

CpaBH8HH8 8KCnepHM8HTalibHblX H T80p8TH'I&CKHX xoa<p¢HIIH8BTOB K0HB8pCHH Hon-

peneneHJie Myn&THnon&aocTH nepexonoa B 1s1Eu 

Sueprnn 
a Teop. 

KoaB. 
lk ly El MynhTHDOIIbH. a Ml nepexona nna. 

( 8KCn.) E2 M2 E3 
E (KaB) 

153, 7 K 588 2300 0,53 0,075 0,48 0,34 2,9 1,3 M1+E2 
175 K 1000 1000 2,3 0,050 0,32 0,23 2,3 0,90 M2 
243,8 K 20,3 1840 0,022 0,02 0,14 0,09 0,61 0,3 El 
260 K 0,97 20 0,12 0,018 O, I 0,07 0,4 0,2 (Ml); 
287 L 0,49 31 o,os0 0,0017 0,019 0,014 0,007 0,1 (Ml) (E2) 
308 K 10,9 350 0,090 0,012 0,078 0,039 0,3 0,11 Ml ·-------

12 
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141 
HccneJX0Bam1n Eacnana Gd 

141 /8 9/ 
Pacrra.i:t Gd nayqancH B pHne pa.6oT • • 6blno ycTaHoBneHo, 'ITO rrpn pacrra.i:te 

148 • /8/ 
Gd B03HHK88T TpH HllT8HCHBHblX y -nopexona C aaeprHHMJI 114, 75; 1 15,57 H 154, 70K8B 

H B03M0)KH0 H8CK0IIbK0 0'I8Hb cnaob!X y -nepexonoa. Bee Tpn yitaaaHHblX y -nepexona 

xopomo C0BDSJXSIOT Melf(l(y ·co6oll, T.e. HSX0IUITCR B Jtacxa)le. OJXHSKO nocnenoBaTen&H0CTb, 

B lt0Topoa :B<)311l[Jt8IOT 8TH y -nep8X0)lbl ne o&ma ycTaH0Bnena. CBe)leHHH O TOM, B Ka-

1to8 nocnenoBaT&IIbHOCTR 0HH RllYT, M0rYT 0b!Tb nony'I8Hbl npn H3Mepennn OTHO 

/8/ 
CHT&n&Hb!X HHTeHCHBHOCTeA ylt838HHblX Y -nepexonoB. ABOTHHa H np. Bblll0nHHnH 

TWaTelibHble H3MepeHRH cnexTpa lt0HBepCHOHHblX anexTp0H0B 
148

Gd H noxaaann, 'ITO Bee 

TpH y -nepexona nMaIOT MylibTHD0nbH0CTR Ml. -TOT :,ice peaym.TaT Obin nony'IeH paaee B 
/9/ 

pa6o:tq XpHHK8BH'Ia H JXp. npn nay'IeHHH yrnoBblX y - Y -Koppennnna. ABOTHHa H 
/8/ 

lXP• no1taaann, 'ITO HHT8HCHBH0CTH K -K0HBepCH0HHblX nnana nepexoJX0B 114,75 H 

115,57 lt8B B npenenax 8Kdn8pRM8HTam,HblX omnooK paBHbl. 3TO 3H8qHT, 'ITO Ha 0CH0BaHHH 

JXSHHblX 06 HHT8HCHBH0CTHX 8TRX nepexon0B H8nh3H CKa3aTb, B ltSK0ll nocnenoBST&IIbH0CTH 

OHR B03HHK8IOT. Ilpe)lCTSBIIH&T HHT0pec nony'IHTb JXSHHb18 06 0TH0CBT8nbHblX HHT8HCHBH0C

THX nepexona 154, 7 K8B H nepeX0JX0B 114, 75 H l 15,57 lt8B. C 8T08 rrenbIO Mb! B3Mepsmn 

Y -Cll8KTP 
148

Gd C ll0M0WbIO nonynpoB0)lHHKOBoro 

(pnc. 17). Ilony'I&HHbl8 naBBble 06 HBT0BCHBH0CTHX 

nnrre 4. 

Ge ( LI ) - y -CII8KTp0M8Tpa 

y -nepexonoB npencTaBneBbl B Tao-

Hcnonoayn Teop8TH'I8CXH8 3H8'I8HHH Koa<p¢HIIH8BTOB BHYTP8HHe8 K0HBepcnn nnH nepe-
1 

X0ll0B Tnna Ml, Mb! ll0)lC'IHTann 0TH0CHT8nbHbl8 HHT8HCHBH0CTH y -nepexonoB 114,75; 

115,57 JI 1541 70 lt8Bo 

Ta6nnna 4 
146 

OTHOCHT8nbH8H HHT8HCHBH0CTb y -nepexonoB npn pacnane Eu 

Sueprnst OrnocnTen&aast 
(Ml) 

HBT8BCHBHOCTb HBT8BCHBBOCTH 
nyqell HHT8BCHBB0CTb nHBHll BHYTp8B- y -nepexo-
(KaB) y -nyqea ak Bell K0BB8pCHH )l0B 

114,75} 115 

115,57 
100 1, 1 130 115 

154,70 40 + 5 0,47 23 63 + 8 

/8/ 
Onn paBHbl 115: 115·: (83 :!: 8) C00TB8TCTB8BB0. Ilpn 8TOM npHBHT0, cornacuo ' 'ITO HH-

T8HCHBB0CTH rrepeX0)l0B 114, 75 H 115,57 K8B paBBbl. TaKHM o6pa30M, ll8C0MB8HH0, 'ITO 
148 

nepexon 154,70 K8B ne:>KHT B cxeMe ypoBaell 
/8/ 

Ilocxon&Ky ABoTnaa n np. o6aapy:>KHnn cna6b1ll 

Eu BbIW8 nepexonoB 114, 75 n 115,57 K9B. 

y -nepexon c aneprnell 269,5 KaB, 

aneprnst K0Toporo To'Illo paBHa cyMMe aaeprRll nepexonoB 114, 75 n 154, 70 KaB, M0)KH0 

13 



npen!1onolKBTb, '1TB p8ccM8TpBB8eMble nepexonbl unyT B cneny10mea nocneno'BaTenbHoCTu: 

154,70; 114,75 u 116,67 KSB (puc. 18). 

Uf 
CneK.!l?, l'.....:::.!l!ell Tu 

/11/ 
B paoore oblnu 38Me'leHbl cn86ble nepexonu c saepruea 287 u 326 xsa. H8MB 

18f 
6un I3Mepea cneKTp y -ny'lell Tu B Te'leaue 24 'l8COB (puc. 19,20). Yxa3a.ll.llue 

nepexonu ae oblnB oonapyJKeHbl. HaTeacuaaocTu nepexanoa c saepruea 208 KSB u 632 xsa 
/10, 11/ 

cornacy10TCS1 c naaab!MB paaee onyonHKoBa.ll.llhIX paooT (cM, T86n,· 6), 

0THOCHTenbH8H BHTeHCHB.llOCTb 

Saepruu 
y-ny'lell 

208 
632 

T86nun8 5 

Y - ny'lell npu pacnMe 
167

Tu 

OTaocBTenbH8H 
.ll.llT0HCBBHOCTb 

2320 + 90 
100 

B 3a11:n10'1ealie 8BTopb1 Bb!p8lKaJOT 6n8ronapaocTb .H,.H, . Yp68aen, E, fynuoaol! 3a ueam,10 

COB8Tbl B llOMOntb B KOHCTpynpOB8HBB neTeKTopaoro ycTpollCTB8, H.A. ne6eneay 38 npBroTOB

neaue npen8p8TOB, A,H, CHH8eBy 38 noneaable nncxyccan no cncTeMe CT86HnH38UHH, 8 T8K

JKe B,E, C4aaay, A,E, Baanq>8TOBY, E.T. KoanpaTy 38 MOHT8JK n noMomb a H8CTpol!xe 811-

napaTypbI, 

n n T e p a T y p 8 

l. A.H. Kanuami, B.n. Illel!Ko, HeKOTOpble BOllpOCbl KOHCTpyapoaaann M8nomyMHmnx ycnnn
Tenel! nnH f3 - y -cneKTpoMeTpoB c 11ony11poaonaaKoBbIMH neTeKTOp8MH, IlpenpaHT 
OH.HH,2367, nyoa8, 1966. 

2, G. Hahn, K.Q. Mayer. IRE Tkons on Nucl, Sciens, V.NS--9, N-4, p,20 (1962), 

3. A,I,Tavendale, IEE Trans on Nucl. Sciens 42, Nov. (1964), 

4, G,T,Evan and A,J,Tavendale, Can, Journ, of Phys, 42, Nov, (1964), 

6. H.A. AHToabeaa, A.A, Bamnnos, B,C, nJKenenoa n B,K, Ilpeo6p4JKeacKBll. · H3B, AH CCCP, 
cep.<j,u3,, 22, 135 ( 1958), 

6, E,Steichele and P.Kienle. Zeit. of Phys. !Z2., 405-415 (1963 ). 

7. B,C. nJKenenoB, n.K. IleKep, B.O. Cepreea. CxeMbl p8Cil8ll8 p8llH08KTHBHbIX Sl/lep, 
Mocxaa -neanHl'p8n ,. 1963, 

14 

8, M.II. AaoTHa8, E.II, fpuropbeB, A,B. 3onoT8BHH, H.A. neoenea, B,O, Ceprees, 
B.E. Tep-Hepcecsmn. IlpenpHHT OH.HM, 2273, nyoaa, 1965. 

9, XpHHKHBBH'I'. H np. AKT8 q>H3HK8 nonoHHK8, ~ , 3 (1963). 

10, K • .H, fpoMoB, E,C. ,U:acenenoB, B, 3aonbcxa, H, 3aonhcKBl!, H.A. neoenea, .H, Yp68-
aen, Haa, AH CCCP ( cep.<j,113, ), 28 , 10 llf ( 1 982). 

11, L.Funke, H,Graber, K.H,Kaunn,H.Sodan and L,Wemer. Nucl. Phys.,,M, N =3 (1965), 

12. B.H~" IlpHXO.(lbK01 B.r. Tumua. AMnnHTYllHbli! KOllHpOBntHK aa 4,096 KaJianoB. IlpenpHHT 
OH.HH12492, .U_y6aa, 1985. 

Pyxonacb nocTynnna B H3ll8TenbcKnll oTnen 
28 4npenS1 1966 r. 

15 



... 
-..J 

faer. 

r.u. 

Uoem 

---------
YJAC-2 

CucleMQ 
CTOOlflll/3. .._ ________ -ITfQ.(T~ 

-1 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

'------- ____________ J 

W0-4 

.•. 
9flfl-09M/ 

·-r.J 
Pnc. t. BnoK-CXeMa 8MilJraTYAHOI'O 

ACTCKTopoM. 
y -cneKTpOMCTpa C nonynpOBOAHHKOBhlM Ge(Ll)-

+ 20,0 0,01 

II 

Pnc. 2. TTpnannnnanbaan cxeMa sapnnaoro npenycnnHTenn. 

c:::, 
Q 

100 

6H6n ,, 



tr 

1. 

:1 

l 

ii 
! 

111a' 

~ .... 
'-

t <I; ' ~j :t ::t 

s-,a3l 

l' . 
l,.10 

.ud' 

3 
2·10 

,a" 

-.., -
t~ ~, 
::t~ 

5.Ji 

4.,rJ.' 11..-3 

,ft. 
\ 

\ \ 

,, 

,.If 

l
.i 

.I 
_) 

. U''~AHAAD& 
E1•66D '

3t.s _V ll?' 

' ·· .... _ 

C= 2.B iJaS/4iJu.lUI 
(l,2] 

c .. 2.6 lla6/,.,RuRn 
(3) 

1 
. 

5•10 j 
3 1,.,a2 ' /I' 

3.1!. ,,)l.: .... 
.1. -

a 
200 f-/Rff//HA/111 ' \ao3 ,bo 

fy•2~~<\;'r I 1'[2 
.... , . I 
'-'-'- - ! . - _.., . 

2, 
4.,0· 

t 
J·l0 

~ ... , f\~2 ,h. .. ;- ··-

Er:. 
~a6 
bOO 

500 

400 

.300 

250 

--·· 1.-:·· ·····-
0 --- - O 

f50 200 /li!!f /IAIIAJI.A 

Puc. 3. 

so 100 

20a 1n n 
raMMa-cneKTp Hg .Cs B Na • 1 B 2 -ClleKTpbi, llOII)"teHHble npll pa3-
nBqHblX 3aaqeHBHX nopora UBCKpBMBHSUBB; 3-cneKTp, nonyqeHabln C npBM8HeHB8M 
CBCTeMbl CT86BIIB38llBB u·uaMeHeHB0M nopora llBCKpBMBH8UBB B Tex )Ke npenenax, 

qTo B nnu cneKTpa 1. B Kaqe~TB0 onopHbIX BMllYIIbCOB npu CTa6BnB38HHB BCllOIIb-
3OBMCH <pOTOllHK npenapaTa Na C aaepruen E - 511 KSB. 

18 

I 

l 
I 
t 
1 ;., 

l I 

·11 

<\I 

•l 

il 
..!, 

~ 

·, 
rl ~ 

I, 
~ 

I 

C :j 

>:. " e t- • 
i.! -~ C:, 

-;. i: 
le 9-

- - .....-0.. ~ --------+ •t 
' ·-'· 

1..: 

J :~~ 
19 

,J 
~ 
O> 
l 
0 a. 
(-, 
~ 

~
y 
;... 

= ; 
l'l =· <: 
= IO 
<U 
(-, 
u 
:a 
l 
O> 
(-, 
u 
= u 
,is: 

g 
8. 
~ = 

<U 
l 
(I) 

>< y 
~ 

g 
~ 

.; 
0 
= a. 



Onopu1>1 
urrn1111bf., 

Bbtxog 1
1 

//lll{J~?H 

fl. 

II. 

{

r, 
(ocm. 
rpuz. 

. T2 

Toi.! nog, 
Im 
luo 
Im 

t·c rep. 
cTepo t 

t 
t,,,, 

Conpom 
repMUC 

llo3rp 
',/CUii. 
rpa1<T, 

Puc. 5. BpeMeaable .nnarp.aMMhl P,a6oThl 
cncTeMbl CTa6nnnaau1rn. 

20 

-

y --CU8KTPOM8Tpa C UpHM8R8HH8M uu~poBOfi 

R{t;~ 
RHOH. I 

q9 

~g 

0,1 

o,, 

O,f 

o,~ 

0, 3 

D,2 

q, 

0 

2 

-

~ 

" \ \ 
r\. 

i 
, 

/ 

, 

~ 
/ 

' 
JO eo 3o Ito 

- . . 
€0 

' 

J 

\ ~ 
/ 

i'\_ ,, 
'/ 

~ 
r, 

~ 

~~ 

a'- r--...... 
C. , 
,; 

(iO ,a 10 eo 90 

8 s, 

--..... r--.. ,__ 
/00 /10 120 

0 

In~ 
tMOJ 

r-c 

Pnc. 6. 3aBHCHMOCTh conpoTHBneanR T8pMHCTepa OT TeMnepaTypbl H TOKa no.11orpeBa. 

21 



I\
) 

I\
) 

W
, 

'1J
 =
 

p ~
 

w
 

~
 

;:;:;
 

a,
 

~
 

... 
~
 

%
 

f'I
Sl

W
ll/

./l
lfl

A
 

a,
 

... 
=

 
0 

C
> 

0 =
 

(>
 

t 0 0 ➔
 

0 
II'

 .: 0 

"' 
(j

) ,e
-

C
l 

,e
- =
 

J:I
 

(A
i 

=
 

C
, 

(I
) =
 

➔
 

a,
 

-g-
'<

 
0 =

 
~
 

:,
 

(I
) "' =
 

"' 
"' 

➔
 

0 
'O

 
a,

 .: 
ct

 
➔
 

a,
 

0 ➔
 

O
o 

➔
 

C
) 

0 .: a,
 

C
Q

 

::I
 

0 
0 I:

, 0 '"
j 

'-
i 

'O
 

(I
) 

::
) 

a,
 

~ 
a,

 

➔
 

(I
) 

~
 

'O
 t =
 

0 ➔
 

(I
) 

'O
 !" 

• 
-

-
-

-
-
-
-
-
-
-

-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-

-
-
-
-
-
-

n,
 

-
7 I I J.

 
I I I I I I I I I I I 

,, 
. " 

r
-
-
-
-
-
-
-
-
-

-
-

-
"'"

""
~ .

...
. .,

,.,
,, 

-
--

--
, I I 

L
 __

 -
-
--

--
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

--
--

-
--

:-
--

--
--

-
_

J
 

P
n

c.
 8

. 
IT

pn
nn

nr
rn

an
hn

an
 

cx
eM

a 
6n

oK
a 

cT
a6

un
us

an
nu

 
y 

-c
rr

eK
T

po
M

eT
pa

. 

-
-
-
-
-
-
O

l
 

I I I I I I I I I 
-

-
I 



·---

PHc. 9. 

sl~ 
~ 

''r Er· 660 c...s _,, _,, _,,-

1,..QD 

,,. 22Ai ~.,=O;/Om/l 
"t~s11 ,.,a 

h, Ii 
' \ . ,__ I 
<~t-'•,,____ ,\. 1.,sa.•11 

011 '>•--- -- --•' 
0

"~--p - ---••• ••---, 1 -· . , ,bo ,so · 200 

Oi r .. t __ >--------A. 1·~~~t . _ 
A · -b- 1 \ . 200 

_______ _! .Jl I,.•60mA l\ 
·--- - - ---· n.--

~

\;1 
\ D /~ 

'' . ..,, . 
6DOt 

1 

- • , 1so I\. L ;;40mll i\ 
, 100, I~• -··~~ 

I i ',,_ ,\ , -- ---- ,i,f -~ ~.~~~•1 A. 

-- -
2iJO 

I,.-=SOm.11 /\ 
.----- - - __ ... ··--

' :•. •-- 'a-- H • \ 

0 /0 ' • - --,-- •• ·. '------- •·· r--- 200 

1 fl L ,,io /I l •20m/l /i I ,_ . --o.o-,, , . H - _.,. ··.-
,, • I ,_ ·~ --- ' 

'

' ' 

A - -------· · --- - 200 . 
11 '',.J ·. __ 7 

, . ,So [ I.•IOmll_J__ 
o I. , •• , -- -- ---.----~.····--- - -,ba • 

J I,,,_ ;\__ . 150 ., ],.:Om (\ _ 
o -- · · ,do , ! _ _ ___ -·• -~ -

-- - -- .•• ·• .. --
' 

Et"a& 

100 

60D 

500 

#JO 

300 

200 

/DO 150 200 N:l,lf/UAIIA 

20a 22 ia, 
y -cneKTpbI npenapaTOB Hg, Na, Gs npH paannqabIX Toxax nonorpe-

Ba TepMoconpoTHBneHHH. 

24 

t"~ 
!, 

,~ 

~ 

~ 
~ ,._! •. 
~ . 

! 1to••t11 
;\ / 
, I~ 

·r I 1 . 
-,- J I 

I '/ 

)

•~$_ 

J45' 

/ 

~ lr \ ' 
45 /,., ) •rr ,..__, I 11 '" 

" #!! IIIIHIU\P. •. 

PHc. JO. y - cneKTP 
169

Yb , HaMepeHHhill B Te'leRHe I 'laca;O-cneKTp, H3Mepeaab1l! 6ea 
CTa61mH381lHH TpaKTa, /1,. -cneKTp, H3Mepem,bll! C npHM0H0HH8M CTa6Hn:I381lHH. 

25 



II
.)

 
CD

 

II
.)

 
--

J 

10
 

9 8 7 6 4 3 z 
0 

D
 

U
c(

IJ
 

-'
--

-+
--

--
+

--
--

+
--

--
--

--
--

--
-+

--
--

-+
--

--
-+

--
--

0 
10

0 
2

0
0

 
.5

00
 

40
0 

5
0

0
 

60
0 

70
0 

P
n

c
. 

I I
. 

3
a

B
H

C
H

M
O

C
T

b
 

p
a

a
p

e
m

e
H

H
S

I 
,1

:1
e

T
e

K
T

O
p

a
 

H
 

y
p

o
B

H
'l
 

m
y
M

o
B

 
O

T
 

H
a

n
p

S
IJ

K
8

H
H

S
I 

c
M

e
m

e
H

H
S

I.
 

~
 

"O
 

l!I
 ? - !" ;, ~
 
~
 "' ~ =
 

(1
) 

~
 

'cl
 

.. 
'O

 .. ., -< tr
 

-·
 " ij 

,. IS
 

. 
c:i

 
•
,a

 
. 

$
~

 
.r-

::, -~ 
·,l' 

-~
 

c
·
-



I\
) 

00
 

~
 

'U
 

:,:
 ri ;"
 

(!
) 

,e
-

,e
-

CD
 
~
 
➔
 

:,:
 

C
, :,,
 

0 0 ➔
 

b
' 

'O
 

CD
 .., :,:
 

0 ➔
 

'O
 

/l
) 

):
, :,:
 

:,:
 

):
, CD
 ~ ~ ➔ 0 'O
 

/l
) 

C
, 

C
i) 

/l
) 

C
, :,:
 

0 :,:
 

il:: 0 0 ➔
 

:,:
 

0 ➔
 ~ CD
 

'O
 .., :,:
 !'I ,., ,I
 

,I
 

,I
 

.... 
0 0 "' 

<5
 ... 

.....
, ~
I'l

l 
<:

 .....
 

i5
3G

d 
,_._

__ 
9

7
 

I 
10

3 
15

3 Gd
 

f\ 
1 

I 

,_,
__

__
 

iV
\ 

0 
i5,,

., 
C\

. 
.....

.. 
(j

) -s
 -s
 

ro
 

:...
 

~
 

O
<

>
 

:t:
 

0 I"
 

~
 

""
-'

 

-~
 

. 
--~

---
.,

-,
._

g:
 

-
~

 
'<

> 

.,,,.
 

" 
I 

' 
I 

7
3

 
84

 
\ 

15
4 

,-•
·j\

.J
J.

""
" 

I 
A

 
;;~

 

.:
 

I \ .
.. 

\~
 ::

 ... 
. 

. 
·· ..

....
....

.. ·
.:

 

Jd
i:

--
D

--
--

--
-,

.,
..

D
--

--
--

-,
.l

fl
fl

c-
--

--
-,

..
.-

--
--

a
,.

IS
O

.-
--

--
--

--
-,

--
--

~
--

--
.,

~
-,

:;
O

,-
..

 
N

 l
iR

ll
ll

n
A

 

· 
P

n
c
. 

14
. 

fa
M

M
a

-c
n

e
K

T
P

 
a 

1 G
d.

 



'tl
 

IS
i ? ? ()
 

)4
 

CD
 ~ "' 

c,
, 

C
, 

-
0 ~
 

C
, 

J:
, 

C
, 

.. .. _, "-
· 

~
 .. t-!
" " 

, .. 

Q
,.

~
 

~
~
 

C
l\ 

-
"' 
~ r;,
 

Q
I 

Q
) 

f5
4 I I j 

. ....
.....

.....
.... .

. 

so
 f7

5 I 

M
2

 
17

S
 

E
l 

24
3.

8 

24
3 I 

G
d 

1s
1·

 

IS
O

 

P
n

c.
 

15
. 

IH
 

fa
M

M
a

-c
n

e
K

T
p

 
G

d
. 

~
 
~
 

* 
~
 

~
 

I 
+

 
I 35

/ 

.3
JO

 

M
J-

,.
£2

 
l5

J.
7 

30
8 

28
7 

10
6 

19
1 

~
 

u
, 

'-
I 

~
 

(f
t 

~
 
~
 

;I:
 

u
o

 
f'l

",
/1

/1
1/

Jn
ll 

lu [' Q
:i " """
 
~
 



"' I\J "' "' 

'1
l 

Is
l p .... ?'
 .. 

c-
,"

' 

"" 

,,, to
• 

/1
5,

6 
M

l 

1
0

0
"

 

~
 t 

15
5'

 

1 
0 

0 
20

0 
N

! 
NI

IH
/1.

11
11

 

P
H

C
, 

17
, 

ra
M

M
a

-
C

D
8

K
T

p
 

1
4

8 G
d

. 

-I 
-
-
·-

-
-
-
-
-
-

11
4.

7 
M

l 

l0
0

~
 



c;., 
en 

" I 
~ 
1: 

0 

,ti 

,I 

Tm 117 

208 
I 

~ , ........ _ I ~ ... .. 
... 
~ J ,_ ... 

. •·:,.,,;, .. ,:-·-.:-.·..,.,-·• ......... -....... -... :. ,.-, 

1 
\ 
\ . . ..... . 
K.....:..,•···••t•. . . ..· . 

,d0);----+-----,50:--~-----,ao----,----ISfl_+--___ __,______,_ __ ,.._ _ __.__:.,., _ _,.,,,.SI 
N IIAUAIIA 

2ps 

l6 

Puc. 19, faM·Ma-cneKTP 
187 

Tu 

Tu 167 

- /Ill 

Pnc. 20, faMMa-cneKTp 
18Td • 

450 (Tu 168
) 

I 

532 
I 


