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OnaaM aa cnencTsllll TeopeM&I Jlronepca-Dayna {CPT -TeopeMhl) srBmi&TCB yTBepJ!Ole

aae 0 pas&HCTse S nepBOM nopllnKe no cna6biM B38HMOil8IICTS~liM speM&B *H3HH ~8CTH~bl H 
/I/ 

ee 8HTH~8CTHilbl0 pacna.a:&JODlRXCll 'l8p83 cna6oe B38HMOneiiCTSR8 • DoaTOMy aKcnepHM8B-

T&nbH08 UOilTs8pJ!Ol8HH8 paseHCTs& speMeB lKH3HH r:Ji+ - H t:]i- ·-M830HOS MOlK8T cny*HTb 

nonTaepJ!OleaaeM CPT -aHBapaaBTHOCTH Toll 'I&CTH raMan&Toaaaaa, KOTopaB onacbls&eT cna

6oe B38HMOil&IICTBll9 HyltnOBHOI"O H 

0THOW9HH9 Bp9M9H *B3HH r:Ji+ - H 
/2/ 

nenToaaoro TOKOB a oTBeTCTBeaaa aa pacnan naoaa. 

'Jl-- Meaoaoa 6blno aaa6onee TO'IIJO aaMepeao s I952 

I"OilY s pa6oTe ~yp6HH8 H llP• , rna npH noMODlH CUHHTHnngnHOHHbiX C~eT~BKOB p9I"BCTpB-

poaanoc& ocna6neaBe ny~a naoaoB acnellcTal!e ax pacna.a:a aa neTy B 6blno nony~eao aaa~e-
,..1',.,..+1 2,44 + O,I8 

HH9 ~ • - 0 
~(?t-) 2,65 :!: O,I 9 a ,96 '!: O,IO. B nocne:~yroDleM aKcnepaMeHTan&aoe aaa~eaBe 

~6'r+)-aeOilHOKp8THO yTO'IHHnOCb 0 B TO Bp9Mll K&K BCn91lCTBH9 3H8~BTen&HO 6on&WHX aKc-

nepHM9HT&n&HbiX TpyllROCTell BenH'IRH8 ~~ B nan&aellweM ae H3Mepanac& a onpenensna 

H3B9CTHYIO no H8CTOHDl9I"O Bp9M9HH TO'IHOCTb BenH~HHbl 'r(7r+) - 2,55 '!: 0,02 

'r(:n-) 2,55 + O,I9 
/3/ -

•I,00:!:0,08 • B caBaa c aTaM nen&ro aacTosDXell pa6oT&I 6blno yTo~lfeaae aaaqea•~~: 

-r;Or.+J M&TOilOM peracTpanBH pacnanoa aa neTy ?r+ - • ?1:-- Meaoaoa B aaoTpon-
'l:bi-) 

noll paapanaoll K&Mepe {HPK), aanonaeaaoll renaeM na6o aeoaoM no nasneaaa aT. 

CxeMa aKcnepHM&HT& npaaeneHa aa pac. I. Meaoa&l1 o6pa30B8HH&te aa aayTpe.Haell 

MHweaa ca.HxponaKnoTpoaa OHHH, OTKnoaanac& M&I".IIHTOM MI, npoxonana KonnaMaTop s 
~ -2 

38DlHTHOII CT9H9 H TOpM03HnHCb 6epHnnH9SbiM ..,an&TpOM TOnDlHHOll 25 I"oCM , KOTOp&H 6bl-
-2 

na npaMepao aa I r.cM Mea&we cpenaero 3H&'I9HHB npo6era naoaos c HMnyn&coM 

I78 Mas/c. Ha aenpep.hiBHoro cneKTpa MenneHHhiX naoaos, npowenw11x rj)an&Tp, M&I"HIIT 

M2 oT6apan naoabl c aaepraell I5 Mas B ~ • I2%, KOTOpbte H nonanamr B pa6o~all 
. p 

o6'heM HPK. CnaaTannBnBoBahle c~eT~HKH1 BKnro~eaable B cxeMy coBna.lleaall, 6blmr .HacTpo-

&Hbl aa peracTpanaro nBO.HOB no apeMe.HB nponeTa1 a K&Mepa aanycxanac& caraanaMH cos

naneaall. DoCKOn&Ky K&npbl C nByMH BXOilHDlBMII ~8CTHU8MH OTCYTCTsOs&nH, p8I"HCTpHpy9Mb18 

K&Mepoll Tp9KH COOTB9TCTBOB8nH '18CTHIT8M0 OT06p&HHbiM no Bp9M9HII nponeT&o 

3 



IJepeXOA K H3MepeHBHM C IIHOHSMH Apyroro 3B8K8 38pHA8 npOH3BOAHnCH pesepCOM Mar

HHTHbiX nonell ycxopaTena a o6oax MarBHTOB. Tax xax npa 9TOM reoMeTpH'IBCKBB ycnosaa, 

a6conroTHOe 3H8'19HHe HBIIpH*BBHOCTH MBrHHTBhlX liOnel! H pe*HM pa60Tbl aneKTpOHHOII BII

napaTypbl OCTBBSnBCb HeB3MBBHbJMH, Cpenaee 3BB'IeHHe fi HMnynbCB IIHOHOB, IIOIIBABJOIIUIX 

B KBMBpy, OCTBBBnOCb IIOCTOHHHhlM, B He06XOABMOCTb B onpeneneRHH a6COniOTHbiX a<jJcjleKTKB

HOCTell peracTpaUHH BCKnJO'IBnBCb 6naronapH OTHOCHTenbHOMy MBTOAy H3M9p9HHBo 

0CHOBHbl9 Tpe6oBaHHH K yCnOBBHM 3KCU9pHMeHTa COCTOHT B 

1) TO'IHOM COXpaH&HRH 3Ba'leBHH ii npK H3MeHeBBH 3HBKa aapana IIBOHOB, 

2) aeo6XOAHMOCTH BbJAeneHHH H3 nepSH'IHbiX M930HHbiX IIY'IKOB AOCTBTO'IHO 'IH<:;Tb!X 

ny'IKOB IIHOHOB, 

3) cBeABHHH K MHBKMYMY KonaqeCTBB ·BBru&CTBa BB nyTH BMABnBBHoro ny'IKB MenneHHhlX 

fiHOHOB. 

fnBBHbiM ljJaKTOpOM, onpenenHJOruHM f , HBnSJeTCH OT60p IIBOIIOB MBrHB'J'OM M2. IJoa

TOMy none MaraaTa K3M8pHnOCb MeTOAOM SIIIBpaoro MBTBBTBOro p830HaBCB1 TBK 'ITO OTBo-

- -3 
CHTBnbBaH OWH6Ka B onpeneneBHH ;o 0 CBH3aBBaH C 3THM ljJaKTOpOM, COCTaBnana 1,5.JQ • 

Bnaaaue pacceHHHbiX MaraKTHhlX nonell nopanxa aecKOnbKHX apcTen sa cpenaee aHa'leHKe 

HMnynbCa IIHOBOB0 IIaAaJOruHX B KaMepy0 6Mn0 yTO'IHeHO nyTeM K3MepeHHSI aanpHliC8BHOCTH 

9THX nonell sa paana'lHbiX y'laCTxax TpaexTopuu MenneHHbiX nuoaos. Onpeneneaaaa TaKHM 
- - 7+ 

o6paaoM paaaocT~'> All= 1-1.:.. H • 1,0 + 0,3 apcTan npusonuna x senH'IHHe 
- -3 -)# • ( 2,4 :!: 2,4) .10 • Paanaqae s cnexTpax nepBH'IBbiX 

aamull IPKnbTp, TBK*e MO*eT 6biTb npH'IBHoA cMemeaua jO 
IIHOHOB0 nana10ruHX liB TOpMO

npH B3M8H8BBH 3B8KB 3apHAa 

perHCTpHpy&MhlX IIHOHOBo XapaKTepHCTHKB 3THX CII8KTpOB Ba BhlX0/18 KOnnHMaTOpa B aaruHT

HOII cTeae onpenenHJOTCH aaanuaapyromeA cnoco6aocTbJO pacceaaaoro nona ycxopaTena u 

MaraaTa MI. IloaToMy cpenaae aaa'leBHSJ K nucnepCHK BMnynbCIIhlX pacnpeneneaaA aeaaTop

MO*eBBhlx IIHOBOB OKa3hlBBJOTCH BBCbMa 6nB3KBMH, HBCMOTpH Sa pB3nB'IH8 aaepr&TB'IeCKRX 

CIIBKTpOB IIKOBOB Ba BblXOAe H3 KBMepbl yCKOpHTenHo 3TO o6CTOHTenbCTBO 6hlnO npoKOBTpO

nHpOBBHO aaMepeaaeM pacnpenenesaa npo6eros 'laCTHU o6oux aaaxos (puc. 2). Tax xax 

MarBUT M2 OT6HpaeT IIBOBbl B HBTBpBane HMIIynbCOB0 COOTBeTCTBYJOru8M RBTepBBny npo6e

ros, B 8 paa MeabmeMy nonyruapHHbl pacnpeneneaua npo6eros aeaaTopMOlK&BHbiX nuoaos, 

B03Mo*aoe aecosnaneaue cnexTpoB aTHx nuoaos B npenenax oruu6ox uaMepeaua MOlKeT npu-

- . -3 
BBCTH K OWB6Ke B onpeneneBBH jJ Be 6onee 2.10 • C y'leTOM BC&X yiiOMHRyTblX ljJaKTOpoB 

- -3 
OTHOCHTenbHaH OWH6Ka B 3HB'leHBB jO COCTaBnHna 3,6.JQ • 

IlHOHHblA IIY'IOK, BXOJlHruBII B KaMepy, MOlKeT conep*aTb npHMecb MJOOHOB H anexTpo-

HOB, npH'IeM paaaoe 3Ba'leSHe 9TOII IIpHM&CH B IIy'IKaX nHOHOB H aB"rBIIHOBOB MO*BT 6hlTb 

BCTO'IHHKOM CHCT&MaTH'IBCKOA OWH6KH B onpeneneBHH OTHOWeBHSI Ha 6aae 1M 
~t%-+:J 
~ 

P83HOCTb BpeMBHH nponeTa IIHOHOB H penHTHBHCTCKHX aneKTpOHOB COCTBBnHna 21 HCeK, $ 

IIHOHOB H MJOOHOB - ]0 HCBKo IJpH pa3peruaJOrueM BpeMBBH CXeMbl COBIIaAeHHA 6 BC&K HMeno 
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MeBBTb COCTaB nyqxa. IJonaaH TOnruHBB 

-2 
pRMell'l'9 COCTasnana 0,14 r.cM CH, B 

TaKOTO cnOH 0 BKIIJOHaH C'I9T'IHK C
3

, B HameM 

a$1jJeKThl B3aHMOAeltcTBHH B 3TOM cnoe MOrna npHBO-

-3 
IIBTb It OTBOCHTenbHOMy BKnany B H3MepHeMyJO BBIIH'IHRy , He npeBblWaiOrueMy 10 • 

nna perHCTpaUBH TpeKOB 6Mna RCnOnb30BaRa 

/4/ 
B pa6oTax , c paaMepoM pa6oqero o6'heMa 80 x 

-7 
T8.M5UIO 5 MKC9K H OnpenenHnOCb Manoll ( < ]0 ) 

HPK, npaanun neAcTBl!H xoTopoA onacau 

3 
80 X 30 CM • BpeMH naMHTH KaMepbl COC-

A06aBKOit c Cf4 K OCROBHOMY raay. 

lJOaTOMy Sa cjloTorpaljJHHX npaKTH'IBCKH OTCyTCTBYIOT KaApbl C 6onee '19M OAHBM BXOAHruHM 

TpeKOM. KaMepa noasonana 91jlljJeKTHBRO peracTpaposaTb pacnan naoaos sa pYTH 50 eM 

sayTpB pa6oqero o6'heMa, npa aTOM onus cny'laA pacnaAa npaxonanca B cpenaeM sa 10 xan-
-2 

pOB C Tp&KaMH BXOASIIIUIX IIHOHOBo Cnolt raaa Ha TaKOM paCCTOHHHH HMen TOnWHHY 8 Mr.CM 
-2 

IIpB HaiiOnHBBBH renHBM H 4Q Mr.CM npH HaiiOIIHBHHH HeOHOM 0 TaK 'ITO BKnaA cny'laBB HUBP-

BOro u xynoaoscxoro pacceaaua nuoaoB sa anpax raaa, BMHTHPYJOWHX pacnan, cocTasnan ae 

-4 -3 
6onee 2,6.10 s nepsoM a 1,2.10 so BTopoM cnyq:ae. Oneaxa aTR::t senH'lHB 6Mna cnena-

/5,6/ 
sa Ha OCHOBBBIIH peaynbTBTOB pa60T no ynpyroMy pacceHBHJO MBAneHHblX IIHOHOB Ha 

renRH H yrnepone. CxopocTb nony'IBBHH ljJoTOrpaljJHA B onRcbiBaeMoM aitcnepHMeHTe (0,27 

Itanpa B CBI[ ) onpenenanacb B OCHOBHOM MepTBblM BpeMeHBM ycTaHOBKR ( 3 CBK), TSK KaK 
-1 

BHTeHCHBHOCTb IIROHHOTO ny'lKa COCTaBnHna OT 3 AO 5 CBK • 8 onBCb!BaeMoll cepBR H3MB-

p9BRA 6bliiO nony'leBO HeCKOnbKO ABCHTKOB TblCH'I KaApOB, npH'IBM BO BpeMH 3KCII03BUHH 

3BaK 38pHna perBCTpHpyBMblX IIBOHOB 6hln H3M6HBH ]9 paa. PeaynbTBT H3M9p9HHII, npBBB

neHHblll B naBHOA pa6oTe, nony'leB IIpB npOCMOTpB 14.300 xanpos C nHOHHbiMR Tp9KBMH, Ba 

KOTOphlX 3aperHCTpRpoBaHO 1.300 cnyqaeB pacnana. IJpOCMOTp 1IpOB3BOAHnCH no OAHOII B3 

nsyx cTepeonpoeKIIBA (yron cTBpeonpoexnaa 6wn pasea 90°, a yron MelKAY nnocxocTbiO 

5 
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L 

npOBKDBB B OCb~ nyqxa COCTaBnHn 40°). HCDOnb30BanBOb Cn8~~R8 kpRT8pKH OT6opa: 

1) TpeK, BXO,!UJ1Itllil B JtaMep;r ,Aonl!Mll RM8Tio npoekD~ ;rrna 0TJtnOJl90H 0T OCR II}"Ua B8 

6onee 12°; 2) npoeKnBH yrna pacnSAa AO~a 6HT& aaJtn~•••a a aaTepaane S0-80°1 

3) TOqxa pacnaAa .11on~a 6wT& y.11aneaa oT nepaABail a aaABeil CTeBXH JtaMepw ae Meaee 

qeM H8 10 CM B OT 60KOBMX CT8BOK lt8M8phl Be M8B&e •• M B8 5 CM. CnyqaB DODS.liABBH 

qacTBit Dyq~ta aa CT&HKH K8M8phl C nocneAy~IIXBM BCnyCKAllB&M 38pS!JK8BBhiX qacTJIIJ., BMRTB

py~DUI8 pacna,11 DpB YDOMKByTMX ltpRT&pBJU: OT6opa, AABAnB 81tCll8pRM8BT8n&BO onp&,ll&n&llBMI 

BKnaA Meaee nponeaTa a oJtoaqaTeru.a&Jit peaym.TaT • 6:Yo Y"f'!'8BM npB o6pa6one AaBBhiX. 

0Taomea11e "?: (-z ... ) B&Jqacnanoc& B ljlopMyne 
'tr.t-) 

'Z"(-n ... ) 
t::(".JC) = 

n-
&,{i- N- (!.,1+4i!} 

In [t- ;: (l•l)j 

rAe n:!:: -•acno 3aperacTpBpoBaaawx cnyqaea pacne.11a <:lr~ -Meaoaoa; 

N:r -qacno 3aperRCTpHpOB8HBWX Tp81tOB1 BXOAHIIIBX B JtaMepy; 

1.=~~ 
N,..~ 

-aenaqaaa DpRM&CH MIOOROB B DHOBBOM Dyqxe, paBB8H (7,2 '!: 2,8).10-2, 7'1RTW-

BSIOIIIaH MIOOBW D&pBRqBOrO nyqJta H MIOOBWo B03HRKIDR8 OT paCJia,!Vl DROllOB B8 neTy 118 y'!&CT-

Ke nepe,11 pa6oqaM o6'b&MOM KaMep&q 

A~ -a36&JTOK npHMeca ""- -Meaoaoa a nyqxe :fl"- -Meaoaoa no cpaBB&BBJO co aaaqeaR-

&M STOlt DpHM&CH 8 nyqxe t;Jr'~ -M830HOBo 

Docne ycpe,IIH&BHH DO H838BHCHMOMY DpOCMOTpy Tp&MH na6opsllT8MR R BBe,li8BRK DOD

psBOJt aa ynoMsrHyTM& swme ljlaKTOPM 6wno nonyqeao 3Hs'!eaae "t"(;~t ... ) • 0,98+0,08. Dpa-
'r t,~r-) -

Be.li8HH8H OIDR6Jts BltnJOqseT CTATBCTRq&CKyiO ,IIHCDepcRIO pe3ynbT8Te, OIDR6Jty1 o6yCnOBn8BB1IO 

ae91jJcjleKTHBHOCTbiO npocMoTpe, KpoMe Toro, yqT&Hbl CHCT&MaTaqecJtae oma6KR. TaJtRM o6pa-

3oM, •senaqaaa 't (n+J , H3M8p8HH8H M&TOAOM, Cylli&CTB&HHO OTnHqsJOIIIRMCH OT M8TO.ll8, 
"t(:~t-) /2/ 

Hcnon&aoBSBHoro B pa6oTe , oKs3WBSeTCH .B npe.11enax omaiSoK pasaoit &ARBRDe, qro ae 

npoTHBopeqHT CPT-aasapaaaTaocTR B38HMOAeitcTBRsr, BW3WBSJOIIIero pacnS.ll nuoaoa. 

nocne 3saepmeaaa nepaoro STana aamero aJtcnepRM&BTa, noxaaaamero, ~o onBcas-

HbiM MBTOAOM MOXC.BO DpoB389CTR cpsBB9BR8 G-+ R ~
/7/ 

nRJtOBSBa pa6oTa KonyM6Ritcltoit 

C'leT'IRJtOB OTIIomeaae ~ 'C.n-

rpynn:Y , nony'!Rameit 

- 1,004 : 0,007. 

c TO'IBOCTI>IO {:;; l% 115bUI8. ony6-

DpR DOMODUI cnRBTBn~ROBBhiX 

B 3Aitn~qeaue aaropw .BblpaJKaK>T 6naro.11apaocTr. C.M. BBn&BbKOMy a H.IO. Ko6aapeJSY 

38 BHTepecawe o6cyJKA&HRK, n.M. Copo~ 38 UT&pec It pa60T8 R n.B. Dapclleaoay 38 no

MOIIIb, Olt83aaay~ HAM npa R3MepeBBJU: MArBRTBMX noneil, 8 TaJtJKe T .A. AryARBoil, 

n. HJiony6osrpRHOBOil R H • .n. TRXOMRpoBOil 38 DOMOIIIb npa o6pa60TK8 ljiOTorpaljiRilo 
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Puc. I. 

l 

CxeMa <!>opMHpoBaHH.Il nHo·nnoro ny'IKB H paaMemeaus annapaTyphi. 1-cunxponsxno
Tpou, 2-csunuosas aamuTa, 3-xonnRMaTOp B aautHTaoa cTeae, Ml, M2 - OTKnoas
IOutHe MBI'liHThlo 4-HOIIH3BUHOHliBH KBMepa1 5-TOpM03HutHR <!>HnbTp, 6

1
7,8 - <!>oKyCB

pyiOutHe MBI'RHTHbl9 nHH3hi, cl' C2, ca -cnHHTHnnH!lBOHHble C'I9T'IHKH, 9-BaKyyM
Hbie Tpy6hi nna Meaoaaoro nyqxa, 10- MPK. 

8 

Puc. 2. 

J{,ceK4 

fOOD 

500 

0 
fD 20 

K 

t 

·-
><+ 

JO R1 Z/f!Hz 

lluljl<!>epeanuanbHble KpHBhie npo6era ( B nnexcurnace) M930HHbiX ny'IKoB c HMnynbcoM 
178 Mas/c. MaTepsan, Bb!lleneHHbiR s6nuau cpenaero aaa'leHH!I npo6era nuoaos, co
oTB9TCTBYeT HRTepBBny HMnynbCB llHOHOB1 OT6HpB9MbiX M8I'BHTOM M2. 
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