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H3yYBHI1e npouecca neneHI1H HDep non neAcTBI1BM ycxopeHHhlX TH•enwx 

110HOB aaeT BB.HhlB CBBDBH11H KBK 0 CBOICTBBX B036y•aeHHhlX CBBpXTH•e ­

JlblX SIDBp, TBK 11 0 MBX8HH3MB o6pa30B8HI1H H 11HDHBHDYBJ1bHblX CBOICTB8X 

OCKOJlKOB aeneH11H , H3 onbiTOB. no /lBJlaHHJO ypaHa 110H8MH C MBCCOI > 20 cne­

nyeT, YTO npOUBCC DBJ1BHHH, B03M0)!(H0 , CTBHBT ODHI1M 113 nyTei! CI1HTB38 HOBblX 

1130TOnOB B W11pOKOA o6na CTI1 3H8YBHI1A Z l1 A 11,2/. 

B CBH311 c 3TI1M npencTaBnHeT onpeneneHHhiA 11HTepec 11ccnanosaH11e oc­

HOBHWX xapaKTBp11CTI1K llBJ1BHI1Sl - 113MBpBHI1B MBCCOBhlX pacnpB/lBllBHI1A OCKOJl-

KOB, ll11CnepCHI1 npODYKTOB llBJ1BHI1H no MBCCe 11 38pHDY 11 38BHCHMOCTH 8THX 

pacnpeaenCHI1A OT H8Y8J1bHOrO COCTOSIHHH Hnpa (aHeprHH B036Y*DBHI1H, napa­

MBTpa neni1MOCTH Z 
2 I A 11 np . ). 

0DH8KO 113-38 OC06BHHOCTBA HDBpHhlX peaKU11A C TH)!(BJlhlMH HOHBMH XO­

pOWO 113BBC TH blB MBTODbl He MOryT 6b!Tb 11CITOJ1b30B8Hbl DJ1H ITOA06Hb!X H3-

MBpBHIIH, TaK , H8ITp11Mep, 113MBpBHHB MBCCOBblX pacnpeaenen11A no perHCTpa­

U1111 napHhlX 3Hepr11A OCKOJlKOB BBCbMB CJlO)I{HO 11 HB ABBT HBAB*HhlX pe3ynh­

T8TOB H3-3a 6onbworo nepeHOCHoro HMnynhca HBYanhHoro Hapa npH o6ny­

YBHHI1 Y8CT11U8MII C M8C COI'1 A ~ 20. 

KnaccHYB CKHe pa4HOXHMI1YBCKHe MBTOAhl c BhlneneHHeM 113 o6nyYeHHoro 

o6pa3ua OTllBJ1bHhlX 3J1BMBH TOB MBAllBHHhl , TpyDOBMKH 11 11MBIOT HH3KYJO OTHO -

CIITBJlbHYJO TOYHOCTb , 

HII)!(B oni1CWBDBTCH MBTODHK S H3MBpBHHH MBCCOBhlX II 1130TOnHhlX pacnpe-

/lBllCIIII~I npH neneHHH ~IU e p TH)l<enee 
20 9

Bi HollaMn 
1 6 0, 20 N e 11 40 Ar. 

B eutec TDO MHIUCUH cnoeM 500 -1000 MKr/ CM2 , HBHBCBHHOB Ha TOJ1CTYIO 

Af - no nno>KK y , o xna •nae ~vt yiO o o noti , o6nyqanocb nyYKOM TH)!(BJ1biX HOHOB 

Hn 3 00 - r::a iiTH MGTpusoM u.~<KnoTroiiG OHHvl . l1HTeHc HBHOCTb nyYK•a 3 - 7 MKa . 

) 

" 



0CKOI1KH neneHHR, BhlneTeBWHe H3 MHWeHH B HHTepBane yrnoB OT 170 no 

120°, rrorrananH Ha 15 MK amoMHHHeBblti c6opHHK (pH c. 1). nono*eHHe c6opHH­

Ka B 3anHeti rrnoCKOCTH ncKn~qano rrorranaHHe Ha Hero yrrpyro pacceHHHhiX HO­

HOB H OCHOaHOti qaCTH nponyKTOa 06MeHHhlX peaKUHti . Tiocne 5-6-qacOBOT'O 

o6nyqeHHR C60pHHK H3aneKanH H3 peaKUHOHHOti KaMepb! H npoaonHnOCb XHMH­

qeCKOe BhineneHHe rpynrrbi penKo3eMenbHbiX aneMeHToa H HTTpHR/3/ x/. B bi ­

neneHHe aToti rpynrrbi Rnep a naHHOM cnyqae HaH6onee yao6Ho. Bee aneMeHThi 

pe.QK03eMenbHOti rpyllllbl HMe~T OllHHaKOabie XHMHqecKHe CBOtiCTBa H 38HHMa~T1 
DO cyweCTBy, aeCb npaBblti yqacTOK KpHaoti CHMMeTpHqHoro M8CCOBOT'O pac­

rrpeneneHHR / 4/ 1 B TO apeMH KaK H30TOI1bl HTTpHH pacrronO)KeHbl a nesoti qaCTH 

( CMo· pH Co 7a) • TaKHM rryTeM !lOCTHraeTCR Bb!COK851 OTHOCHTenbHaR TOqHOCTb 

a onpeneneHHH abixona H30Torroa a o6nacTH Mace 140 ~ A ~ 180. nono6-

HaR onepaUHR MO)KeT 6b!Tb 11pOH3BeneHa H C npyrHMH rpynrraMH aneMeHTOB, 

HMe~WHX OllHH8KOBbie XHMHqeCKHe CBOtiCTBa, O.QHaKO, 8TO 110Tpe6yeT HHOti XHMH­

qeCKOti MeTO.QHKHo 

BpeMR XHMHqeCKOrO abineneHHR COCTaBnRno ·-30 MHH
1 

qTO 1103BOnHnO 

Hane)KHO perHCTpHpoaaTb HGnyqaTenH c rrepHonoM rronypacrrana T ~ ~ 20 MHH. 

JlnH H.QeHTHQJHKaUHH npoayKTOB peaKUHH 11pOH3aOQHI10Cb H3MepeHHe ClleKTpa 

y -H3nyqeHHR c rroMOUib~ Ge( Li) !.npetiQJoBof'o neTeKTopa c qyBCTBH-

TenbHbiM o6beMoM 8,5 cM3 • EnoK-cxeMa H3MepHTenbHOti arrnapaTyphi rrpen­

cTaaneHa Ha pHc. 2. CHrHanbi c neTeKTopa rrocTyna~T Ha 3apRno-qyBCTBH­

TenbHbiti npenycHm!Tenb, ycHnHBa~TCR nHHeiiHhiM ycHnHTeneM H rrona~TCR Ha 

6noK aMnnHTYnHO-UHQJpoaoro npeo6pa3oaaTenR Ha 4096 KaHanoa/5/. npeo6pa-

30BaTenb HMeeT C06CTBeHHhlti anpeCHhlti perHCTp 1 C KOTOporo HHQJOpM8UHH 

napannenbHhiM uH<jlpoabiM KonoM nepenaeTcR a naMHTb aHanH3aTopa AH-4096. 

J.1cnOnb30aanHCb naa THila npenycHnHTeneti, OnHH H3 KOTOpbiX HMen Ha 

axone crreuHanbHO oTo6paHHbiti 8K3eMrrnHp naotiHoro TpHona/6 / , BTopoti- c llBY-

MR napannenbHO BKn~qeHHbiMH noneBbiMH TpaH3HCTOpaMH ( pHC. 3) C TOKOM 

GaTBopa 5.1o-12a H KpyTH3HOti ~ .. 4,5 Mala. OcHoaHbie rrapaMeTphi rrpeny-

CHnHTenelt: 

x/ B OllbiTBX HCflOflb30B8H t/JTOpHDHblft UHKn BbiP.BnBHHR KBK H8H6onee 3KCll ­

peCCHbiJI If £l BJOUIHtf B b i C OKHti XHMH'IBCKH:Ii Bb!XOIJ.. 

4 

Lf yacTaHTenbHOCTb 

BpeMR HapacTaHHH CHrHana 

BbiXOnHoe corrpoTHaneHHe 

MaKCHMEtllbHaR aMrrnHTyna 

BhlXOnHoro CHT'Hana 11pH 

nHHetiHOCTH He Xy)Ke 0,1% 

illHPHHa nHHHH WVMOB llOH 

R C -<jlopMHpOBaimH 2 MKCeK 

(ru =r3) 

TipenycHnHTe nb 

Ha n a Mrre 

50 MBIM8B 

60 MCeK 

100 OM 

2,2 B 

1,8+0,008 K8B/n<jl 

r 

5C 

1,6+0,( 

Jlns:I rrpoBeaeHHH .QnHTenbHbiX H3MepGHHti ycHnHTeilbHO - IlpeOI 

TpaKT CTa6HnH3HpOBa11CH 11~ llBYM TOqKaM 8MilnHTynHOti xap. 

DOMOWbiD reHepaTopa 8TBnOHHhlX HMilynbCOB/7/. 

0TnHqHTellbHOti oco6eHHOCTb~ CHCTeMhl CT86HnH3BUHH Hal 

K8 8TBnOHHhlX HMDynbCOB K rpaHHU8M nByX CocenHHX 1 3Bp8 H• 

KaHanoB H HCI10nb30aaHHe a KaqeCTBe npeo6pa3oaaTenR CHT'J 

CHrHan KOppeKUHH 3apHno- .pa3pH.QHOrO ycTpOtiCTaa , ablllOnHeHHI 

caTope c wHpOKOti nHHetiHoti o6nacTbro. CHcTeMa cTa6HnH3• 

cneny~IUHM o6pa30Mo feHepaTOp 8TanOHHbiX HMilynbCOB Bblpa6a• 

MeHHO C qaCTOTOti 10-100 T'U .QBB HMrrynbCa C COOTHOWeHHeM 

H rrepenaeT HX Ha axon rrpenycHnHTenH. 11MnynbChi npoxon>.T q 

nHTellbHbiti TpaKT H rrpeo6pa3y~TCH B UHQJpOBOti KOn. J.1MI1YJU 

UHQJpoaoro Kana 11pOXO.QHT qepe3 COOTBeTCTBy~WHii KnanaH,ynpaE 

TOpOM
1

H nanee- qepe3 COOTBeTCTBy~IUY~ CHCTeMy rpaHHU. 

OT Taro, rae HaXO.QHilCH KO.Q 8TallOHHOrO HMilYilbCa - cneBa Hn11 

6paHHOti rpaHHUbl - 6noK 11peo6pa30BaHHH CHrHana OWH6KH Bblp 

Han KOppeKUHH onpeneneHHOti llOnHpHOCTH H aMrrnHTynbi 1 11pC 

pa3HOCTH CKOpOCTH llOCTyrrneHHH HMDynbCOB 110 pa3Hbie CTO 

3TanOHHb!lt HMrrynbC MeHbWeii BMililHTYllbl .CTB6I!nH3HpyeT rrop< 

UHH npeo6pa3oBaTenH, a 6onbweii aMrrnnTynw - sennqnHy nHHei 

pRna KOH.QeHCBTOpa npeo6pa30BBTenH ( "Ko8qJQJHUHeHT y r. Hne HJ; 

CKO ~J'ocTb oTpa 6'JTKH cnrHanoa "HynH" H "ycHneHHH" -

aenbHO llOTI:,.C T I! MOe li3 MeHeHl!e rropora n HCKpHMHH8UHH H K0 3 

neHHH -30% . 
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qyBCTBHT81IbHOCTb 

BpeM~ HapacTaHH~ CHrHana 

BwxonHoe corrpoTHBneHHe 

MaKCHMtllibHa~ aMnnHTyna 

BhlXOJlHOrO CHrH81I8 npH 

liHHel\'HOCTH He Xy)!(e 0,1% 

illHPHHB 1IHHI111 lliVMOB npH 

R C -<jlopMHpoBa~ww 2 MKceK 

(ru =r3) 

TipenycHJH!Tenb 

H8 li8MIIe 

50 MBIMaB 

60 MC8K 

}QQ OM 

2 , 2 B 

I , 8+0,008 K3BI n<jl 

TipenyCHliHT81Ib 

HB IIOli8BbiX 

TPBH311CTOPB X 

50-250 MBIMSB 

70 MC8K 

100oM 

2,5 B 

1 , 6+0 , 05 K3B/n!jl. 

ilnH npOB8Jl8HHSI JlliHT81IbHb!X H3MepeHHH yCHliHT81IbHO - npeo6pa30B8TenbHbiH 

Tp8KT CT86Hlii1311pOB81IC~ no JlByM TOqKaM 8MnliHTYLlHOH X Bp8KT8pi1CTHKI1 C 

nOMOillbiD reHepaTopa 3T81IOHHhlX HMnynbCOB/7/ . 

0TliJ1qHTenbHOH oco6eHHOCTbiD CHCTeMhl CT86Hlii138U1111 ~BnHeTC~ npHB~3-

K8 3T81IOHHhlX HMIIYlibCOB K rpaHHU8M UBYX COCeJlHI1X 1 3BpB Hee Bhl6paHHhl X 1 

K8H81IOB 11 HCn01Ib30B8HHe B KaqecTBe rrpeo6p830BBT81I~ CHrH81I8 Ollli16KH B 

CHrHan KOppeKUHH 38pS!JlO- pa3pS!UHOrO ycTpOl\'CTBB 1 Bb!IIOliH8HHOrO Ha KOHUeH­

CBTOpe C lliHpOKOl\' liHHel\'HoA 061I8CTbiD. CHCTeMa CT86HliH38UHH pa60TB8T 

cnenyrolliHM o6paaoM. feHepaTop aTanoHHbiX HMnynbCOB Bbipa6aTbiBae T nonepe­

MeHHO C qaCTOTOJ:I 10 - 100 ru JlB8 HMnylibCB C COOTHOilleHHeM 3MII1IHTYJl 1 :8 

H rrepenaeT HX Ha Bxon rrpenycnnHTen~ . 11MnynbCbi npoxon£T qepea BeCb ycH ­

nnTenbHhiA T p8KT H rrpeo6paayroTC~ B U HQJpOB OA KOJl . 11MrrylibC KOHUB cepHH 

uw<jlpoBoro Kana npoxonHT q e pea cooTBe T CTByrolllntl KnanaH , ynpaBnHeM biH renepa ­

TopoM1 H nanee - qepe3 COOTB8TCTByiDIUyro CHCTeMy rpaHHU . 8 38BHCHMOCTH 

OT TOr0
1 

rne HBXOUHIICSI KOU 3T81IOHHOrO HMIIY1IbC8 - C1I8BB 111IH cnpaBa OT Bbl -

6paHHOH rpaHHUhl - 6nOK rrp~o6pa30B8HHSI CHrHana OlliH6KH BhlpB68ThlBB8T CHr ­

H 81I KOppeKUHH onpene n e H HOJ:I IIOli S! p H OCTH H BMIIliHT YJlbi 1 rrporropUHOH8r. b HOA 

pa3HOC T H CKOpOCTH IIOCTyrrneHH~ HMIIYlibCOB no pa3Hhle CTOpOHhl rpaHHUhl . 

3T81IOHHhll\' HMIIYIIbC M8Hb llleJ:I 8MIIliHTYUhl ~TB6HliH3HpyeT rropor JlHCKpHMHH8 -

UHH npeo6pa30BBT81ISI 1 a 6onblli8H BMIIniiTYllbl - Benuqmry 1IHH8HHOT'O TOKB paa ­

p~na KOHU8HC B TOpa npeo6pB30BBTen~ ( "K03QJ<jJHUH8HT y r: HneiiiHI") • 

KBH 
CKO~J<OCTb OT!JB6'JTKH cHrHanoB "HynH" 11 "ycHn eHHH " - 5 ceK , npe-

nenbno UOIT:,~THMOE' H3MCl!eHIIC IIOpora UHCKpHMHHBUHH H Koe>¢¢HUI1eHTD Y L H­

neHHSI -30% . 
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.QnH HCKnJO'!eHHH sljJ!jJeKT8 "MepTBOrO BpeMeHH" CIIeKTpOMeTpa II pH HCIIOIIb-

30B8HHH HHTeHCHBHb!X HCTO'!HHKOB H8 BXOa YCHIIHTerrH IIOa8B8IICH CTaHaapT­

Hblli CHrHan , CT8THCTH'!eCKH pacrrpeaeneHHblli BO BpeMeHH, .QnH 3 TOli uenH 

cny~Hn r eHepaTop CTaHaapTHb!X 8MnnHTya C 38IIYCKOM OT HMnYllbCOB no ­

BepXHOCTH0-68pbepHoro Si ( Au ) - ae TeKTopa , perHcTpHpyiOmero a -qac -

THUhl HCTO'!HHK8 
241 Am, YHcno aaperHcTpHpoBaHHhlX HMnynbCOB a -'!8CTHU 

nponopUHOH8IIhHO "aKTHBHOMy" BpeMeHH pa60Thl cnexTpOMeTpa , 

H cnon h 30BB HHe onHcaHHhlX sneMeHTOB no3BOrrHeT nony'!HTb cneayJOIUHe 

napaMeTphl: 

norrHOe 3HepreTH'!eCKOe p83peweHHe 

(wHpHH8 IIHK8 H8 nonyBhlCOTe) 

To'!HOCTh onpeaeneHHH 3HeprHH 

CTa6HnhHOCTh nono~eHHH IIHK a B 

Te'!eUHe arrHTerrhHOrO BpeMeHH 

H3MepeHHH ( = 40 '!BCOB) 

- 5 
(He 3 8BHCHT OT 3HeprHH 

K3B 

y - KB8HTOB) 

:!),Q K8 B 

He xy~e 0,5 KSB 

.QnH yMeHbWeHHH ljJOH8 OT BHeWHHX HCTO'!HHKOB aeTeKTOp C npeayCHIIH ­

Terre M noMeiU8IICH B Tpexc noliHOli 38IUHTe H3 ~eneaa,KaaMHH H CBHHU8 , P83-

MepOM 3Q X 40 X 50 CM, 

THIIH'!Hb!H CIIeKTp y - nyqe li OCKOIIKOB peaK03eMellbHOli rpyiiiibl ll3 peaK -

Ullll 238 U ( 22 Ne, f ) npeacTaaneH Ha pnc . 3. O c HOBHaH qacTb crreKTpa 

38HHM8eT 8HepreTH'!eCKHH HHTepB8ll OT 100 ao 1500 K8B , T,e , o6naCTb, 

rae 31jJijJeKTHBHOCTb KpHCT8llll8 aOCT8TO'!HO Bb!COK8 , 0TMeTHM, '!TO '!YBCTBH ­

TellhHOCTb cneKTpoMeTpa rroaaonHeT nocne 5-6- qacoaoro o6nyqeHHH naae~Ho 

Bb!AellHTb H30TOIIbl CO BpeMeHeM ~ll3Hll 20 MHH ~ r ~ ~ 150 aHeli. 

CneKTP y -KB8HTOB HMeeT CllO~HYIO CTpyKTypy, n03TOMy 3HepreTH'!eC-

xoe pa3peweHHe perHcTpaTopa HrpaeT pewaJOIUYJO ponb . EcTeCTBeHHo, '!TO 

p 83peweHHe - 5 K3B He HBllHeTCH npeaenbHO B03MO~Hb!M 0 oaH8K0 0 y~e IIpll 

8THX aaHHhlX OK838ll0Cb B03MO~HhlM Haae~HO BhlaenHTb 15 -18 H30TOnOB 

p83llH'!HblX 8JleMeHTOB, 

npH o6pa60 TKe aaHHhlX H3 nOllHOrO CIIeKTpa Bhl'!HT8ll0C b HenpephlBHOe 

pacnpeaeneHHe, COOTBeTCTByJOIUee KOMIITOHOBCKOMY p8CCeHHHI0 0 H no llllO­

...:!aaH IIHKOB C yq~TOM BpeMenHOro ljJaKTOpa H aljJ!jJeKTHBHOCTH cneKTpOMeTpa 

o n peaellHll8Cb HHTeHCHBHOCTb y - rrepexoaoB aaHHoli aHeprHH . 

6 

'· 

HaeHTH!jJHKBUHH H30Torra rrpoH3BoaHnacb no sneprnn oanor 

KHX y -nepexoaoB, COOTBeTCTBYIOIUHX pacnaay aaH HOrO Hapa/8 

HOH HHTeHCHBHOCTH Y -llHHHH ll nepHoay nonypacnaaa . norp• 

peaeneHHH Bb!XOaa ll30TOna, no H8WHM OUeHK8M , COCT8BnHeT 

.QallbHeliW8H o6pa6oTK8 pe3yllbT8TOB noapo6Ho onHC8HE 

Ha pnc. 4 B KaqecTBe npnMepa npnaeaeHo Maccoaoe 

OCKOllKOB aeneHHH B pe8KUHH 2 38 U ( 22 N e , f ) H H30~ 
npeaeneHHe Haep Tennypa, nony'!eHHOe B 3TOli ~e peaKUHH, 0 

KOrO OTaeneHHH, HCnOllb3YH aaHHYIO a nnapaTypy, no cneKTpy 

onpeaenHTb He TOllbKO Bb!XOabi H30TOIIOB Tennypa, HCnbiT blB81< 

OCHOBHOrO COCTOHHHH , HO H npaKTH'!eCKH BhlXOahl Bcex H3Bec 

Hb!X COCTOHHHli B 3TOli 06Jl8CTH . 

MeToa HaeHTH!jJHKBUHH npoayKTOB peaKUHH orrHcaH B npnMe. 

K8M aeneHHH, 0aH8KO OH MO~eT 6b!Tb T8K~e ycneWHO npHME 

THnaM peaKUHli, rae perHCTp8UllH Haep CBH38H8 C H3MepeHHeM 

ABTOpb! 6naroaapHbl npo ljJ. f.H.<I>nepoBy 38 opraHH38UHIO 

pa6oToli , a TaK~e B. f.Cy66oTHHy 38 paapa6oTKy nonyrrpoaoaHl! 

TenR . 
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MaeHTH~HK8UHH H30Tona npoH3BOAHnach no saeprHH oaaoro HnH ae c Konh­

KHX y -nepexOAOB0 COOTBeTCTBYIOillHX p8CIT8AY A8HHOrO HAp a /8/, OTHOCHTenh­

HOA HHTeHCHBHOCTH y -nHHHA H nepHOAY nonypacnaaa. ITorpemHOCTh B on­

peaeneHHH Bb!XOA8 H30TOIT8 0 no H81llHM OUeHK8M 0 COCT8BnSieT He 6onee 15%. 

ilanhHeArnaSI o6pa6oTKa pesynhTaToB rroapo6ao orrHcaHa B pa6oTe/9/. 

Ha pHc. 4 B KaqeCTBe rrpHMepa rrpHBeAeHo MaccoBoe pacrrpeaeneHMe 

ocKonKoB aeneHHSI B peaKUHH 2 38 U ( 22 N e , f ) H HSoTorrHoe pac-

rrpeaeneHHe SIAep Tennypa, nonyqeHHoe B sToA *e peaKUHH. IT?cne XHMHqec­

Koro OTAeneHHSI 0 HCITOnhSySI AaHHYIO arrrrapaTypy, no crreKTpy YA8eTCSI 

onpeaenHTb He TOnbKO BbiXOAbl HSOTOITOB Tennypa, HCITb!TbiBaiOlliHX pacrraA HS 

OCHOBHOrO COCTOHHHH 0 HO H rrpaKTHqeCKH BhlXOAhl BCeX HSBeCTHhlX HSOMep-

HhlX COCTOHHHA B 3TOA o6naCTH. 

MeTOA HAeHTH~HK8UHH rrpOAYKTOB peaKUHH OITHCaH B npHMeHeHHH K OCKOn­

K8M aeneHHSio 0AHaKO OH MO*eT 6b!Th TaK*e ycrrelliHO rrpHMeHeH K apyrMM 
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