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HayqeaHe neneaHg aa TPH ocKonKa cpaBHHMOft Maccw npencTaBnHeT onpeneneH-

Hbl !i HHTepec llpH HCC1IeAOB8HHH MeX8HH3M8 nenenHg TglKe1IblX gnep B61U13H rpaHHllbl 

uw ycToli'IHBOCTH, TeopeTu'IeCKOe onucaaue Tpo!iaoro neneHHfi csnaaao c 6onb-
11 2 / 

lllHMH TPYAHOCT£MH , noa TOMY pa60Tbt, nocsiDUeHHbte aTOMY sonpocy ' , naiOT 

seCbMa ycnosaoe npencTasneaae o cymaocTa aToro npouecca. 

f1onbtTKH aKcnepHMeHTanbaoro aa6moneHH£ TpoAaoro neneHH£ npennpuaaMa-

0 235 /3-7/ 
1IHCb B OCHOBHOM npH H3y~eHHH A61I6HH£ T6U1IOBhlMH BeATpOB8MH • 

T8K K8K BeCbM8 HH3KOe ce~eaae 3TOI'O nponecca Tpe6yeT BhlCOKOJl ~yBCTBHT61IbHQ­

CTH M&TOA8 peracTp8UHH. K CO>KaneHHIO, B p831IH~Bb!X pa60T8X 6bt1IH nony~eHbl 

6 
/8 ,9 / 

npOTHBOpe~fiBbl9 A8HHb!e, B pa OTe 6bt1IO UOK838HO, ~TO OTHOCHTe1IbHbiH BK1I8A 

Tpoflaoro neneaag npa neneaaH U235 
TennOBblMH HefiTpOH8MH H CUOHT8HHOM 

neneaaa - I -10- 8 • COCT8BH1I ~pe3Bbi'I8HHO M81IYIO Be1IH~HHY a 
3 

F" a 
0 

F" -

OnaaKo B nanbHelillleM panaoxHMR~ecKae onhtTbt no aaMepeHHIO Bhtxona nerKax 

- / 10,11 / 
OCK01IKOB, B03HHK8101lli!X npH TpOHHOM neneHHH , A81II! 1II!lllb BepXHIOIO rpaHH-

-10 -8 
uy a¢¢eKTa, n elKamyiO aaaqaTenbHO HHlKe a 

3 
F" I a 2 F" < 10 - 10 . 

fJoucKI! Tpoliaoro neneaa n npa BbiCOKoli aaepraa soa6y>KneHHSI aa~anbaoro 

gnpa 6hi1IH npennpaH£Tht aenasao 11 2 1 npa o6ny~eaua U 
238 

aoaaMH He 
3 

e: 

He 
4 

c aaepraeli oT 20 no 40 Mas. PanuoxHMH~ecKoli MeTOAHKOli Ohi1IH 1!3Mepe­

Hht BhiXOAhi aaoTonos Mg 
28 

H S 
38 

s aanaaaoM HHTepsane aaeprHll. K colKaneaaro, ua 

:3TH X Jl8HHhiX TPYJJHO CJJe1I8Tb Bh!BOA, ~TO eJJHHCTBeHHbiM nyTeM o6paaosdHHg :3THX 
241-242 

ueoTonos gsngeTcg neneaae gnep Pu H8 TpH OCK01IK8, 

U
ue 

Tpoilaoe neneaue npOToaaMH c aaeprueli 18 f as Hayqanocb c no-

MO!llb!O AeTeKTOpOB H3 C1IIOAhl, rne H861IIOA81IHCb 'Tpexny~eBble 3Be3Abl ', COOTBeT-
/ 13 / 

CTBYIOWHe TpeM TSI>Ke1Ib!M ¢parMeHT8M , 0AH8KO npH CT01II, Bh!COKHX aaepraSIX 

npOTeK810T BeCbM8 C1IO>KHble npHMhie npoueCCbi, npH KOTOp h!X He HCK1IIO'IeHO o6pa-

30B8HHe TH>Kenoro ¢parMeHTa c nocnenyiOliJHM neneaHeM soa6y>Kneaaoro fl.llpa. 
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C aTOll TO'IKII 3peHHS! onpeaeneHHhl9 npeHMYlll9CTB8 HM910T Y CK Op9HHh!e T51lKe­

llhl9 IIOHhl. 0CHOBHbiM M9xaHH3MOM Hpll B38HMOAel!CTBIIH TlllKenolt 'I8CTHllbl C 8 1!9pl'll­

el! annoTb .tto 10 Maa/s:y:s:n. c MPOM MHlllGHH SIBnSieTCSI cnu nane naep c o6paaoaa­

aneM B030Y)K)l9HHO!'O COCTSBHOI'O smpa. 3TO OOCTOS!T91lbCTBO ri03BOllSI9T OIJH03H8'IHO 

onpeaenaTb cocTOSJHHe smpa ao a eneHHn. 

/ 14/ 
8 pa6oTe H3Y'I8110Cb Jl9l!9HIIe 118 Tpii OCK011K8 ripH o6ny'IeHIIH 

Th 232 
H 

238 40 
U IIOHSMH Ar c a aepraelt 10 MaaiHy Kn. B Ka'IeCTBe .ueTeKTopa ocKon-

•l 
KOB HCri01lb30B811IICb ClllOJliDihle ll118CTHHKII, COA9plK8ll!IIe M8'!'9pHan Mlllll9HII. Heo)I(II-

A SHHO C9'I9HHe TpOltHOI'O )l91!9HIIll OK838110Cb Bb!COKHM, )lOCTHraSI B pSIA9 c nyqaeB 

B911H'IHHhl 6onee 3% OT C9'I9HHSI Jl9119HRS! HB JlBB OCK011K8. 

8 HSCTOSUUel! pa60Te C UOM Oll(blO ncmynpOBOAHHKOBhiX noaapXHOCTHo-6apbepHb!X 

neTeKTopoa IIccnenoaan ocb aenemre Ha TPH ocKonKa npH o6ny 'IeHIIII Au 197 , B!20 9 

238 22 40 
H U HOHSMII Ne II Ar • B onhiTax npOII3BOAII1IOCb H3MepeHIIe aHepriiii 

1(8)1(,001'0 OCK011K8. 

8 K C IT e p H M e H T 

3KcnepHM9HT81lbH8ll yCT8HOBK8 CX9M8TH'I9CKH npe.ttCTRaneHa HS pHC. 1. 

llHa<\JparMHpOBSHHbili ny'IOK HOHOB Jlii8M9Tp0M 4 MM UOU8A811 ll8 Ml!m9llb, pac-

TI0110lK9HIJ:Y10 B n:eHTpe KSMephl . MaKCIIM81lbH8SI aaepri!S! ny'IKS IIOHOB Ne 
22 

COCTSB-

40 
nMa 185 M<~B, Ar - 320 M 9B. l1aMeHeHIIe aaepriiii npoii3BOAIIJJOCb c noMOmbJO 

AI -nornoTHTenei!., pacnonoJKeHHhiX aa axoae KaMephi. M11mean np!IrOTaBniiaaniicb 

p8Cllhi119HII9M B BSKyyMe M9T8llllii'I9CKOI'O 30110T8, BHCMyTa II U F 
4 

118 HIIK9119Bbl9 

2 2 
TIOill! OlKKH TOlllUIIHOH 40 MKI'/CM • Tonmi!HS MHWeHel! COCT8B11S!118 200-300 MKrfCM • 

llnSI perHCTp8UHH OCK011KOB TpOl!HOI'O Jl9119HIISI II H3M9p9HIISI H X 9H9pi'HII HC­

TI01lb30B8111!Cb Tpii HOBepXHOCTHQ-08pb9pHbiX nonynpOBOJlHHKOBhiX ileT9KTOp8 'I}'B-

2 
CTBIIT9llbHOl! nnoma.Ab!O 1 CM , npiii'OTOB119HHb19 113 KpeMHHS! D -THT/8 C Yll91lbHb!M 

C0 11pOTHB119 11119 M p =25()() OM .CM. 

np11 H8UpSI)K9HHII CMemeHHH Ha .A9T9KTOpax 80 B r1IyOHH8 'I}'BCTBKT9JlbHOro 

cnon 6btna OKono 200 MK. TaKSSI rny6HH8 'I}'BCTBHTellbHOrO C1IOSI COOTB9TCTByeT 

22 40 
Ne II Ar c MBKCIIMallbaoli 9HeprHelt. lleTeKTopu TI011HOMY nornomeRHJO IIOHOB 

pacnonaranHCb HS p8CCTOSIHHII 5 CM OT MHmeRH B nnOCKOCTH, nepU9HJliiKyngpHOH 

nyqKy. A3H M yT81lbHh!H yron M9lKAY C'I9T'IHK8MH COCT8Bllllll 120°, B TIOllSipHb!l! yron 

A9T9KTOpOB OTHOCHT91lbHO H8Up8B119HIISI riy'IKB Obl11 p83l!H'I9H B 38BHCl!MOCTH OT 
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KOM6HH8UHH MHIII9Hb-"l8.CTHU8.. TibnRpHbill: yron Bbi6apanCSI TBKHM o6p830M, 'ITO 

BCeraa COOTB9TCTBOB8fl y.rny 90° B CHCT9Me U9HTpa M8CC AflSI OCKOflKOB ABOli:HOr'O 

aeneHHSI. Paanaqae · B aaepraR ocKonKOB aaoli:Horo H Tpoll:aoro t:teneHHSI ae Rrpano 

B 9TOM cnyqae cymeCTB9HBOll: pona B CBSI3B CO 3H8'1HTenbBbiMH yrnOBblMH p83Me­

p8MH AeTeKTOpOB (" 14°). 
2 

TiepeA A9T9KT0p8MH ll0M9lll8fl8Cb TOHK8SI HHK9fl9B8SI ~Onbr'B (150 MKrfcM ) 

AflSI YM9Hblli9HHSI 38r'p~KH C'19T'IHKOB B MS!r'KO!I: '18CTH Cll9KTp8. 

HapHAY C 9THM B K8Mepy llOM9lll8flCH '19TBepTbill: A9T9KTOp, HBXOAHBIIIH!I:CH 

TO'IHO B T8KHX JKe ycnOBHHX, 'ITO H OCT8flbHbi9, C TO'IKH 3peHBH 3fl9KTpH'I9CKHX 

noMex. HMnynbChi c Hero not:taaanach aa cxeMy aHTHCOBnat:teHHll: AflH acKnroqeaRH 

HMBTBUBH 8KTOB TpOli:HOr'O aeneHHH BbiCOKO'I8CTOTHblMH H8BOAK8MB. 

BnoK-cxeMa aneKTpoaaoll: annapaTyphi npet:tcTaaneaa Ha pac. 2. 

HMnynbCbi c aeTeKTOpoa ycanRaanacb aapS!AOBO'IYBCTBHTenbHhiMB TpaaaacTop-

HblMB npeayCHflHTenHMB B WBpOKOITOflOCHblMH YCHflBT9flHMH 110 8MllflHTyA OT 3 110 lOa. 

TiepeAHHll: ~pORT HMnynhCOB H8 Bb!XOA9 yCHflHTenell: COCT8BflHfl 200 HCeK. 

J1 MnyflbCbl C KBJKAOr'O H3 TpeX YCHflHTenell: llOA8B8flHCb H8 ~OpMHpyromHe 

ycTpOlicTBB, Bblpa68Tb!B8JOIIIH9 CT8HA8pTHbl9 HMIIynhCbl AflHT9flbHOCTbJO 50 HC9K, 

KOTOpbie ITOCTynanH H8 6biCTpyJO CXeMy Tpoli:Hb!X COBll8119HHfl C pa3p9lli8IOIIIHM Bpe­

M9HeM 50 HCeK. B CBOJO 0'19p9Ab HMITynbCbl C Bb!X0/18 CX9Mbl TpOf!HblX COBIT8119HHil 

a '!eTBepToro (~oHoaoro) KaHana rwcTynana Ha cxeMy aHTacoanaaeHal!:. 

MeaneHHBSI CX9M8 '19TB9pHblX COBll8A9HHl!:, H8 BX0/1 KOTOpOA llOA8B8IIHCb BM-

nynhCbi c yclwaTenell qepea ~opMapoaaTenH c nepeMeHHhiM noporoM H HMnynbc 

co cxeMbi aaTacoanaaeHaA, paapewana peracTpauaro cneKTpOMeTpaqecKax carHanoa. 

AMlliiHTYAHb!H 8H8IIH3 OCyllleCTBIISWCSI C IIOMOlllbJO TpexMepHOr'O 16QQQ K8H8nb-

Horo aHanaaaTopa. 

TipHBeA9HH8SI CXeMa OT6opa TpOliHbiX COBll8A9HHH Il03BOflHfl8 IIOflY'IHTb xopo­

we e paapewaromee Bp9MSI CX9Mbl *'50 HCeK IlpH JQQ% 3~~KTHBHOCTB peracTp8UHH 

B WHpOKOM AH811830He 8MlliiHTYA 693 HCII0flb30B8HBH 6biCTpbiX yCHflHTenel!:, 06fl8A8-

IOIIIHX, K8K npaBHIIO, IIIIOXRMI! Cll9KTpOM9TpH'19CKBMH CBOlicTB8MB. 

naHeliHOCTb CII9KTpOMeTpH'19CKOr'O Tp8KT8 I! CT86BnhHOCTb ycaneHBH B Te'le­

HHe AIIHT9nhHOH pa60Tbl 6binl! He xyJKe 1%. 

To'!HOCTb H3MepeaaSI aHepraa OCKOIIKOB aeneHHH c yqeTOM acex anagromax ~aK­

Topoa (He TO'IHOCTb K81IB6pOBKH, 3arpy3K8 A9T9KTOpOB {3- H y -HanyqeHHSIMH, 
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illYMbl AeTeKTOpa H sneKTpOHHKH, SHepreTH"!eCKHe noTe pH OCKOnKOB B MHllJeHH H T.ll.) 

no H8!!lHM OUeHK8M 6b!l!8 He Xy)!{e 5%. 3HepreTH'leCK8!I K8l!H6pOBK8 cneKTpe>-

MeTpH'leCKHX Tp8KTOB OCymeCTBl!!In8Cb no SHep!"'HH OCKOl!KOB ABOliHOrO aeneHHH, 

o6paayromHXC!I a aayqaeMbiX peaKUHHX H no a -qaCTHUaM Am 
241 

( 6onee aeT anbHO 

115/ 
STO npeACTaBl!eHO B pa6oTe ). 3Hep!"'Hll OCKOl!KOB ABOifHOI"'O Ael!GHBB paCC"'HT~-

nanaCb corn acHo (16) . 

BaKAY Tore, "'TO o6nyqeaae paal!H"'HbiX MHrneneli npoH3BOAHliOCb nyqKaMH HOHOB 

Ne 
22 

H Ar 
40 

paanH"'HOll s HeprHH, ycnoaHH onbrTa a KB)!(AOM c nyqae 6 bil!H paanH"!HbiMH • 

.llnll M8KCHM8l!bHOlf SHeprHH "'BCTHU OCHOBH8!I 38Ppy3K8 aeTeKTOpOB 6b!ll8 o6ycl!OB-

neHa p e!"'HCTp8UHeif OCKOl!KOB aeneHH!I. EAHHCTBeHHb!M HCTO'IHBKOM ~OH8 B 3THX 

yCl!OBH!IX MO!"'l!H 6biTb l!HWb CliY'l8HHble TpOlfHb!e COBnaneHHSI OCKOl!KOB, .Qng OUeHKB 

"'HC1!8 Cl!y'laifHb!X TpOi!Hb!X COBn8AeHHif H3 BCeX 3aperHCTPHP OB8HHb!X C06biT HH 6b!l!8 

ue 22 /15/ 
npoBeAeHa CepH!I Onb!TOB Al!!I KOM6HH8UBH U + Ne , OnBC8HH8!I p8Hee 

E bll!O IIOK838HO, 'ITO BK1!8A cnyqalfHbiX TpOliHbiX COBnaAeHBA He IIpeBbl!!l89T 20% OT 

Ha6niOA8eMOI"'O 3~~eKT8 H MO)!{eT 6biTb l!el"'KO OTAel!eH IIO CyMM8pHOif 3 Hep!"'BB rpex 

OCKOl!KOB. 

npn yMeHbWeHHH 3HeprHH 6oM6apanpyiO!!lHX HOHOB p93KO B03p8CTaeT BK1!8A 

ynpyroro pacce!IHH!I, KOTOpOe IIpHBOAHT K AOIIOl!HHTel!bHOH 3arpy3Ke AeTeKTOpOB, 

0AH8KO cnyqaifHble TpOlfHbl9 COBII8AeHH!I C y'l8CTHeM paCCe!IHHb!X BOHOB YA8B81!0Cb 

l!e!"'KO BbiAenHTb, T8K K8K 3Hepl"'Hll HOHOB 6b!l!8 3H8'lHTenbHO BbillJe 3Hepl"'HH OCKOl!KOB. 

Ha6nronaeMbre a orrbiTe TpoliHbre 38KOHOMepHbie coananean!I MO)!(HO 6bil!O na­

TepnpeTapoaaTb cnenyromnM o6paaoM. 

1. CoarraneHHe ABYX OCKOl!KOB ABOliHO!"'O Ael!GHH!I H !IAP8 OTA8"1H, B03HHK!!lel"'O 

IIpH pacCe!IHHH OAHOI"'O H3 OCKOl!KOB H8 !IApe ,MHWeHH, 

2. CoarraaeHne 6oM6apaapyromeli qacTBUbi , rrpeTepnearnel! Heyrrpyroe coynape-

HHe C !IApOM MHWeHH H ABYX OCKOl!KOB Ael!eHH!I 3TOI"'O !IAP8 IIOCl!e Heyrrpyroro 

rrpouecca. 

3. PerncTp8UH!I 8KTOB Ael!eHH!I B036y)!{AeHHOI"'O COCT8BHoro !IApa Ha TpH OC-

KOl!K8. 

PaccMOTpnM 9TH cny"'aB. 

CyMM8pH8!I KHHeTnqeCK8!I SHeprH!I Tpex ~parMeHTOB IIpH paCC G!IHHH OAHOrO 

H3 OCKOl!KOB H8 !IApe MH!!leHH .He A0l!)!{f!8 rrpeBb!!!l8Tb CYMM8pHyiO KHHeTH"!eCKYIO 

3Hep!"'HIO OCKOl!KOB ABOJ!.HOrO Ael!eHBH. 
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OueHKII c y'leTOM ceqeHI!f! paccef!HIIfl ocKoiiKOB noKa3anH, 'ITO anff aht6paHHoi1 

-6 
reoMeTpllll OllbiTa 3TOT 3!jJ!jleKT MOlKeT CKa3biBaTbCf! Ha ypoaHe a 

3 
F I a 

2 
F' 10 . 

"'IIC1IO TpOHHblX COB!l8AeHI!H7 Ha6moaaeMblX B Ollb iTax, !!pi!MepHO B 100 pa3 601IbUie 

3 TOM Benii'II!Hbi, a CYMM8pHafl 3Heprl!f! Tpex OCK01IKOB OK83biBaeTCf! 38MeTHO BbiUie 

TOro, 'ITO Ha6moaaeTCf! !!pH ABOHHOM Ae i!eHHH (p!!C. 3). 

Ecn11 !!MeeT MeCTo TpoAHoe coanaaeHHe c perHCTpauHeA f!Apa-nponyKTa MHoro­

HYKIIOHHOil nepena'lH, TO He06XOAHMO, !!0 HaUIHM OUeHKaM, 'lT06bt f!ApO HeOHa B npo-

uecce Hey'npyroro CTOmtHOBeHI!f! l!OTepf!1IO MHHHMYM 40 M3B CBOeM KHHeTH'leCKOM 

3 H epr1!1! II llOAXBaTHnO 6onee 25 HYKIIOHOB 113 f!Apa MHUieHH, a B cnyqae aproHa 

AOIIlKHa npOH30MTH noTepf! 160- 170 M3B KHHeTwmcKoA saeprHH 11 nonxsaT 6onee 

15 HYKIIOHOB. 

TaKHe HeynpyrHe npf!Mhte npoueccbt a peaKUHf!X 

3HeprHeil no 8 M3sleyKIIOH aonlKHbi HMeTb ceqeu11e, ue 

c HOHaMH Ne 
22 

11 Ar 
40 

c 

-29 2 /1 7 I 
npeBbiUiaJOUiee 10 CM 

'ITO HenocTaTO'IHO nnSI o6bf!CHeHHf! Ha6nronaeMoro 3!jJ!jleKT a . T aKIIM o6pa3oM, RB6nro-

naeMbie TpOHHble COBllaneHHf! MOlKHO HHTepnpeTHpOBaTb TOnbKO KaK aKTbl neneHHSl 

lrll TpH OCK01IKa B036YlKAeHHb!X Tf!lKe n biX KOMllayHA-f!Aep. 

TpoliHhte coananeHIIf! cnenosanH c qacToToll OT 0,5 no 2 HMn/qac B 3aBHCII-

MOCTI! OT KOM6HHaUHH MIIWeHb-'laCTHU a . 

22 
npH o6ny'leHHH 30nOTa HOHaMII Ne !!pH MaKCHManbHOfi 3HeprHH Ha61IIOAa-

I!HCb TOnbKO CI!y'!aMHbte TpOMHbte COB!laneHHfi, !!OSTOMY A1If! naHHOfi peaKUHH MOlKeT 

6btTb naHa I!HUib BepXHf!fl rpaHHUa Ce'leHHM neneHHf! Ha TpH OCK01IKa. 

0THOCHTei!bHb!H XOA Ce'leHHil neneHllf! Ha TpH OCKOnKa B 3aBUCHMOCTH OT KOM-

6HHaUHH MHWeHb-'laCTHUa MOlKeT 6h!Tb nerKO l!Ony'leH HenocpenCTBeHHO H3 Ollb!TOB, 

T aK 1<8K see Ollb!Tbl UpOBOAH1IBCb B OAHIIX II TeX lKe reoMeTpH'leCKIIX ycnOBHSIX. npa 

Heo6xonBMbi onpeneneHHhte cseneaHH 

0 npOCTpaHCTBeHHOH KOppeii HUIIII OCKOI!KOB np11 AeiieHHII Ha TpH OCKOI!Ka. 

B CBOIO O'!epenb, paC'leT llpOCTpaHCTBeHHOM K0ppe1ISIUBB MOlKeT 6b!Tb cnenaH 

nHWb s TOM cnyqae, xorna B3BecTea MexaHB3M nponecca aeneHHf! aa TpH OCKOIIKa. 

Pac qeT aenH'IHHhi a 
3 

F' I a 
2 

F a nsyx KpaAHHX npeanonolKeHHSIX o npocTpaH­

CTBeHHOA KOppei!SIUHH OCK01IKOB TpOHHOrO aeneHHSI: 

a) H30TponHoe pacnpeneneHHe, 

6) c TporaSI Kopp enf!uHSI, aHaiiorH'lHaH ABOMHOMY ,~:~eneHHIO, Aana senH'lHHbt, 

OT1IH'!a!OUllleCH B 20 pa3 ( 15) • 
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no3TOMY 6hinH ucnonbaoaaHbi naaabte, nony'leHHhie EpaunTOM, nepenbtruabiM 

H Jlp., KOTOpbie llOBTOpHnH HBUIH Ollb!Tbl no Ha6moneHHIO TpOHHbiX COBnaneHHH OCKOn-
238 2 2 

KOB B peaKUHH U + Ne MeTOAHKOli CniOJlHHbiX AeTeKTOpOB, K0f'A8 perHCTpH-

posanucb ace cnyqau neneHHH aa TPH ocKonKa. 

OnHpasrcb aa aTy TO'IKy
1 

Mbl p acC'IHT an.u aHa'ieHHH a 
3 

F' I a 
2 

F' , KOTOpbie 

np enc T asneHbt B Ta6nHue 1. 

06cy~AeHHe pe3ynbT8TOB 

Ha 3KcnepuMef\Tan~o,HbiX naHHbiX, nony'leHHbiX B HaCTOS!IIleli pa6oTe, cnenyeT, 
238 40 2 

'ITO npH o6ny'IeHHH U HOHBMH Ar (nenSIUieecH srnpo z I A =43,5) OTHOCH-

T e nbHbtli BKna)l Ce'leHHH neneHHH HB TpH OCKOnKa pe3KO yaenH'IHB8eTCH C pOCTOM 

3Hepruu aoa6ylKAeHHH cocTasaoro Hnpa. HanpOTHB, nnsr HAPB c z 
2 I A~ 40,5, KOTo-

ne 22 209 4 
poe 6binO nonyqeno ABYMH nyTSIMH U ( Ne · 3 F ) H Bi ( Ar 0

, 3 F) , ceqenue 

neneHHSI H8 T pH OCKOnKa BnnOTb JlO 3Hepr~IH 120 MaB Cna6o MeHSieTCSI OT 3HeprHH 

no:::~6ylKJleHHH naqanbnoro nnpa. 

3TO o6CTOHTellbCTBO TpyJlHO 06bHC HHTb MeXBHH3MOM TpOHHOf'O neneHBH, KOf'A8 

IJO::J6y>K)leHnOe HJlPO cpaay )lenHTCH na TpH OCKOnKa , 

n . / 1,2 / 6 • 
eHCTBHTenhnO, cornaCHO a pbep TpOHHOf'O neneHHH AOnlKeH yMeHbUI8TbCH 

c pocTOM z 
2 I A • OnHaKo ni06bte npennonolKeHHH o6 a6coniOTRoll senH'IHHe 6apbepa 

TpOHHOf'O neneHHH )lOn:lKHbl UpHBOJlHTb nu6o K 0JlHH8KOBOli 38BHCHMOCTH Ce'ieHHH OT 
3F' 

3HeprHH B036ylKJleHHSI ( ecnH E B << 1': 503 ) , nu60 K 6onee pe3KOli 38BHCHMOCTH C 

2 3 F' 
:)ll e prHcl1 nnn MeRbUiero aaa'IeRHH z I A= 40,5 . ( ecnu E 

8 
~ 1': 503 ) • 

HaM npencTaansreTcH, 'ITO B naaHOM cnyqae uMeeT MeCTO coaepUieHHO uaol1 

THU o6p830B8HHH Tpex OCKOnKOB, KOTOpbili 6bJn npeJlnO:>KeH H8MH paae e K8K MeXa­

/15/ 
Ml! ::l M K8CK8JlH0f'O JleneHHH 

CyTb HBIIHeHH5! 38KniOqaeTC51 B TOM , 'ITO B036y:>KJleHHOe COCT8BHOe SlJlpO HCllbi-

T bmae T a onpeneneaaol\ none cnyqaea aecuMMeTpH'IHOe neneaue, BKnan KOToporo 

6btCTpo aoapacTaeT c yaenuqeaueM aaepruu soa6ylKne aun. Ecnu anepru11 aoa6y:>K-

)leHHH TH:>Ke noro OCKOnKB BbiUie erO 6apbepa )leneHHH, TO OH MOlKeT, B CBOIO O'le­

p e)lb, paanenHTbCH eUie aa nsa ocKonKa. TaKoll npouecc Mbr ycnosao H83hiBaeM 

6
K 8C K8AHb! M neneHHeM" . 

Ceqeaue KBCKanaoro nen eau11 aaaucuT OT Maccosoro pacnpeneneHHH (Bhtxon 

TH>KellbiX M8CC) H8 nepBOM CT8UHH UelleHH5! H Be pOHTHOCTH JlCIJe HHH T5llKCIJOf'O OCKOIIK8, 

8 
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BepO.!!THOCTb neneHH.!I HS TpH OCKOIIKS MOlKeT 6b!Tb npeUCTaaneaa B BHUe : 

rne P! (A) W! - BbiXOU H aepO.!!THOCTb neneHHSI MaCChi m nocne acaM-
m 

MeTpaqaoro naoAaoro neneaa.11 Hnpa. 

PacqeTbl u 
3 

F I u 2 F nnH peaxnaA 

tf'e(Ar 
40,3F)(z2IA=43,5) H Pbm (Ar 40 ,3F)(z2 I A=40,5) 

npencTaaneHbi aa pac. 4 cnnoiiiHhiMH KpiiBbiMII. 

3KcnepaMeHTanbHb!e TO'IKH, npaaeneHHbre HS 9TOM paCyHK e , BKn!O'IS!OT TaK>Ke 

/14/ 
naaabre onbrToB , rne ucnonbaoaanacb ny'IKH aoaoa Ar 40 c aaeprueA 414 Maa. 

23e 40 
.lln.11 peaKUIIII U (Ar 3F) OllbiTHbie naHHbie XOpOWO 06'bl!CHSIIOTCSI M9X8-

H113MOM xacxanaoro neneaa.11. 3To a paaaoa cTeneHH OTHOCl!TC.!I K peaKUHH 
208 40 

Pb ( Ar , 3 F) npl! MaKCHManbHOA aaeprau 

COCTaBn.!I!OT nae TO'IKII 0
238 

(tJe 
22

, 3F) !! 

aoa6ylKneHHH 200 Maa. 11cxmo'IeHIIe 

Bi
209 

( Ar 
40 

, 3 F), rne B036yJKneHHbie 
2 

l!Apa HMeiOT 6nu3KHe 3Ha'IeHII.!I z I A a nn.11 KOTOphlx ceqeaae neneHHll aa Tpl! 

ocKOJIKa oxa3anocb 3SMeTao Bbiiiie1 'l:eM aTo cnenyeT H3 KaCKanaoro neneaaH. 

3TO pa3nH'IHe, UO-BHAHMOMy, MO)KeT 6b!Tb o6ycnoaneao l!CT.IIHHbiM TpOJ!HbiM 

neneaaeM aaqanbHoro llnpa (neneaae cpaay aa TPH ocxonKa 6e3 npoMemyTO'IHOA 

CTynena), KOTopoe npoHBanocb npa OTHOCHTen~oao ManoA aaepra.11 ao36y)!{JleHHll, 

rne BKnan KaCKBUHOrO neneHHSI pe3KO yMeHbmaeTC.!I. 

YIMel! neno c nBYMll MexaH113MBMH neneHHH aa TPH ocKonKa, neo6xon11Mo nailTH xapaK­

TepacTHKH !IBneHH.!I, KOTOpbie 6bJnll 6b! MBKCHMBnbHO 'IYBCTBHT9nbHbl K TOMY 11n11 

IIHOMy MeXaHH3MY. K CO)KaneHH!O, TBKHe ABHHhie KaK SHepreTH'IeCKHe cneKTpbl II 

Maccoaoe pacnpeneneaHe ocKonKoB Mano npHronHbi nn.11 STHX uenel!, TaK KSK nn.11 

CSMOrO MeX8HH3M8 HCTIIHHOrO TpOJ!HOro neneHH.!I npiiXOAHTC.!I nenaTb B9CbM8 rpy-

6hre npennono)KeHH!I. Eonee onpenenenabre caeneHHl'l MO)KHO 6brno nony'IHTb 113 npo­

cTpaacTaeaaoA Koppen!IUHH Tpex ocKonKoa, onaaKo ce'l:eaHe Tpol!aoro neneRH!I 

HSCTOnbKO Mano, 'ITO H3Mepeaae npOCTp8HCTB9HHOft KOppen!IU.II.II npencTaBn!leT B 

HSCTO!Illiee BpeMSI 60nbllil!e 3KCnep.IIM9HT8nbHbie TpynROCTH. floaTOMY HaH6onee 

'I9TKHM apryMeHTOM UOKa OCTaeTC!I 3aBHCHMOCTb Ce'I9HH.!I neneHI!.!I Ha Tp.ll OC-

KOnKa OT aaepra11 aoa6y)KneHH!I a 38BHCH~'OCTL OT z 2 I A 

raa ao36y>Kneaa!l. 

np.11 OllHH8KOBOA 9Hep-

Ha pile. 5 npencTaaneaa 3BBHCHMOCTb ce'l:eHHl'l Tpoftaoro neneHH.!I OT z 21A 

nnSI .!!Jlep, nony'l:eHHhiX .113 peaKUHH Au 
1

g
7 

(Ne 
22 

3F) Bi 209 
( Ar 40 , 3 F ) 

0238 (Ar22, 3F). , U2Je (Ar4o, 3F). 
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3aeprRH B036Y*A9RRH HASP nnH BCeX Bhl6p8RRhlX TO~eK npaKTH~eCKH OAHH8Ko-
U8 40 

sa; nnn U ( Ar , 3 F) 3RB'<IeRKe u 3 F I u 2 F BBsn'o IlJlH MHHRMam.-HoA ~epl'HH 

ao36y)l(neaBSI H MO)I(eT Cny)I(RTb namb aepxsel! rpaaBnel! acTaaaoro Tpoltaoro neneRHH 

npa z 
2 
I A= 43,5. 

TiyRKTHpH8SI KPHB8H UOX83biB8eT OTHOC.I!T9nbHbil! XOA 38BHC.I!MOCTI! OT z 2 I A 

AnSI K8CK8AHOTO neneRHH IlJlH TOM *6 3S:8"'19il.l!.l! 9HeprHH B036y)KA6HHSI Ha~anbltbiX 

HAep. 

TaKHM o6pa3oM, .113 nony'!eRHbiX naHHbiX cnenyeT, '!TO np.11 o6ny'le-HBI! TSI*el!t.tx 

Hnep ace 6onee TSI*enhiMH ~aCT.IDlBMH ce'leRHe neneruur aa TPH OCll:onKa tSb!c-rpo 

paCTeT. 

Ocaoaaol! BKnan neneHBSI na TPB ocKonKa nng z 
2 I A > 40 o6'bSICHSWTCH Mexa­

HH3MOM nocnenoBBTem.Horo BnH KacKanaoro neneHHH, aKnan KOToporo 6biCTpo pac­

TeT c yBena~eHU:eM sHepraa ao36y)l(neHBH HAPB B :r 2 I A 

Ce~eaBe BCTBHS:oro Tpol!aoro neneRKn T8K)I(e paCTeT c Yll&nR'IelllleM z 
1 I A, 

-4 
cocTasnnH1 onaaKo, neaaa~aTem.ayiO noniO \ a 10 ) OT naoAaoro neneHHH annOTb no 

3Ha'!eHI!li z 
2 I A = 44. 

Mb! 6naronapHbi IO.TI. XapaToaoBy a B.~. KymrurpYJty a4 a3rOToaneHHe ne'l'eK­

Topoa ocKonKoB neneHHH, A.r. TIHnhKOBY 3a H3rOTOaneaae neTanel! peaknaoHaot 

KaMepbi, IO.A. My3hl~e R B.Vi. TiyCThlnl>HRKy 3a -rpynoeMKRe TeopeTa~eCKRe pac­

~eThi ce~eHBH KBCKanaoro neneHHn, B.A. 3a:repy R M.A. lllenaeay 38 6om.mol! Tpyn 

no nony~eHHIO BhiBeneaaoro n~a HOROB aproHa. 

HaM npHHTS:O no6nara:napHTb npoclJ. B.M. CTpyTHHCKoro .11 IO.A. Timt-Tia'laJta 

3 8 HHTepeCRhie none3Hhle AHCKYCCHH. 

Oco6y10 6naronapaocTb asTOpbi Bb!pa*SIOT npoclJ. r.H. ~nepoay 3a nocTaaosKy 

38A8'1H H UOCTOHHHhlll RRTepeC K pa60Te. 

10 
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Ta 6 nHu a I 

3HaqeHBe ceqe nM ii npouecca JleneHB SI HB Tpa OCKOnKa a pa3nHttHhiX peaKUJHix . 

x) aaHHhie H3 pa60Tbi / 14 / 

Peat~u9 
9HePcu9 

ze;A G3f / 6'cf UOHoQ 
(H38) 

A t97 N 2.2 u + e 185 36 < T w- 6 

-----·-- - --·- -·- ·- - -- -· ----- 1-
2.38 Nec2 4o (70± 1.5)·10-5 u + 185 

209 40 
41 ( 1. o.± o.~rw-~ Bi + Ar 310 

---

Pb + Ar4o 414 4o. ~ (5± 2)·10-3 

-

238 Ar4o 43,4 {2:!:1) ·10- 4 u + 270 

238 Ar-~.;o 43.4 ( 1. 3 ~ 0,3) . 10-3 u + 310 
--------- --

232 
Th + A~o 4 1~ 43,5 3,3 ·10- 2 

-

12 

t) 

•) 



\, 
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I 
I 

0 

Puc. 2. 6noK-CXeMa paaaosneKTpOHHoi\ arrrrapaTypbi, I, lleTeKTOp, 2. flpeaaapaTenbHhill 
ycunnTenb, 3 , Y canaTenb, 4. HacbtllleHHbiH yCJWHTenb, 5, 6biCTpbtll <jlopMapoaaTenh 
c nepeMeHHbiM noporoM. 6. <PopMapoaaTenb c nepeMeHHblM noporoM. 7. 6biCTpaH 
cxeMa Tpoi\nbtx coanaaenRli . 8. Cxe.Ma anTKcoanaaeHHH, 13. Meanennan cxeMa 
'leTeepHb!X coanaaeaali. 10. 3MHTTepHbtli rroaTopaTenh, II. JlaHeliHbill <jlaaoaaaepTop. 
12. JlaHeliaaH cxeMa aopOT. 13. flepec'IeTaan cxeMa, 14. TpexMepHbill aMnnBTyllHblll 

8H8nH38TOp, 

:/auHOt..~HbiU cne/cmp 

} Uz3s + Ne22 

l I 
l 

C5:iNI'1QPHbll~ 
cne/Cmp 

I /1\ 
I I I \ 

;-

I I 

100 200 

Puc, 3. C neKTpbt oCKOnKo!l TpollHoro aeneiiHH a peaKUH >!X 
npa 9HeprtUJ '{8CTHU s,p Msa/ayKnOH, 

300 

! u238 +R4~ 

\ 
\ 

\ 

\ 
\ T 

\"i 
1' 'i J 

I 
!.too 

2 38 40 
a U + Ar 



10 -.----------,---------,---------~ 

--..... 
~ 0 

'--
~ 
~ 
~ 

0.1~----------~----~--~--------~ 

'! I ¥ I I I O,O/ j i I I 
B8 Ito 

U +Ar 

U238 tNe a 

Pb + ArltD I 

Q001~------+-~~--------~------~ 

0, 0001 
0 100 200 3()() 

e ( N""> 
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AenmuerocH HApa. 
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PH c . 5. 3aB HCBMOCTb ceqeaBSI Tpol!Horo AeneaBSI OT napa MeTpa z 2 I A 
soa6yJKAe aa SI Aen~nueroc SI SIApa 11 0. Mas. 
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