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BBenen11e 

PeaynbTOTbl anan11aa pacceSIHIISI nyKnonoB nyKnonaMII rrpn aneprn11x 

600-660 MaB rroKa3biBaiOT1 'ITO pS!A rrapaMeTpoB, narrp111.·:ep D R , C kp 

If T,):l, 1 Hy)!(JlaeTCSI B CyUleCTBei!HOM yTO'IHeH!flf lfnll Tpe5yeT UCCneAOBOHIIH 

B 5onee umpoKoM nnarraaone yrnoB/ 1-3/, Pe'Ib IIAeT o neo5xonnMoCTlf no

BbiX lf3Mepei!IIH 9TlfX rrapaMeTpOB C TO'IHOCTbiO 0,04-0,07, 3TO rrpe):l'bS!BnHeT 

rroBbllllilHHbie Tpe5oBaHIISI K Bbi5opy MeTona 113Mepennti 11 o5SI3biBaeT 5onee 

TUlaTenbHO 113Y'IIITb BCe atjl<jleKTbl 1 CBSI38HIIble C B03HIIKHOBeHI!eM flO)KHblX 

aCIIMMeTpiiH, 

B nacTollmeti pa6oTe Bb!flonneHbl 113Mepemm napaMeTpa D B o5nacTn 

yrnoB 28°-117° c,u,M, nn11 pp - pacceSIHIISI c anepr11eti 635:!:_9 Maa, ilocTIIr-

HyTOSI TO'IIIOCTb B UeCKOflbKO pa3 rrpeBbllllOeT TO'IUOCTII1 rrony'IeHHble panee 

rrp11 113MepeHIISIX 9TOrO rrapaMeTpa/4/ 1 II YAOBneTBOpHeT Tpe5oB.91111HM COBpe-

Mennor<> anan11aa pp - paccenHIIH. 

2. MeTon 113Mepenllfi 

MeTOA 113MepeHIIH OCUOBOH na cnenyiOUleM paCCMOTpeH!IIIo XdpOIIlO 113-

BeCTHo/5/ 1 'ITO BeKTOp flOflS!p1130UIIII <a 1 > ):IBO)!(Jlbl pacCeHHliOrO HerronS!pll-

30BOHHOH Mlllllellb!O Uy'IKO UyKnOHOB B 05!1leM cnyqae MOlliHO pa3nOllillTb flO 

TpeM narrpaanemmM: 
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<C:r > • ([P2 +DP
1 

(n
1
n2 )]n 2 +[AP

1 
(n

1
k ... 2 )+R~n1 [n ... } 2J]s

2
+ 

1+ PIP2iii2 

+[A'P(nk )+R'P [nk]n]k'l, I I 2 • I 2 2 I 2 

(1) 

rne opTorona;rbHbte opTbl cocTanneHbl cnenyromnM · o6paaoM na ennHH'IHhiX 

neKTopon n nanpannennn nanaromero k 
con ~ na6opaTopnoii cncTeMe KoopnnnaT: 

H paCCCSIHHOI'O k' nMnynb-

k2 xk; 
I I12 X'k;l 

ii2 s 2 = ii 2 x k 2 , 1; . ( 2) 

B BbtpaJKeHllll ( 1 ). D R R I • A ll A' - napaMeTpbt Tpoii-

noro pacceSIHHSI Bonb~enmTeiina, p 2 - nonS!pH38UHS1 0 B03HHK8IO!U8SI npn 

pacCeSIHHH nenonS!pH30B8HHOI'O ny'IK8 HyKnOHOD Ha HenonS!pll30B8HHOii MH!Uenn, 

p I -. nonS!pll38UHSl ny'IK8 B nepD.OM paccellHillle 

TIOCKOnbKY npOCTp8HCTBeHH8SI 'leTHOCTb COXp8HileTCSI C AOCT8TO'IHO 

xopomeii TO'IHOCTbro, TO npn nnyKpaTHOM pacceSIHHH n napannenbHbiX nnoc

KoCTSIX BeKTOp nonS!pli38Uilll MOJKeT HMeTb TOnbKO HOpManbHyiO COCTaBnSIIO!UYIO 
... 

<ar >n 113 .( 1) DHAHO, 'ITO ABYM B38HMHO npOTHBOflOnOJKHbiM HanpanneHH-
... ""- -+. -+ ± 

SIM BeKTOpa II 2 - OTHOCHTenbHO II t OTDe'laiOT AB8 3H8'1eHHSI <a r > n • 

CooTBeTCTBeHHO B OflbiTe no TpOiiHOMy pacCeS!HiliO H8 MII!UeHH C 8H8nH3Hpyro-... 
p 3 B03HHKHYT ABe 8CHMMeTpllll: e =<a-+ > + · JY · 3+ r n 3 

meii cnoco6nocTbiO 

H 9a- =<ifr .>n Pa 
neHHSI D 

• 3naHHe nro6oii H3 HHX yJKe AOCT8TO'IHO AnSI BOCCT8HOB-

e 
3+ 

p2 +D PI 
----

1+ pIp 2 
p.a ' a 

4 

e 
a-

-P2 +DP, 

1-P
1 

P
2 

Pa ; (3) 

,_..~ 

B naiUeM cny'lae naMepsmncb o6e acuMMeTpnn ea± , a KO~HUHCHT neno-

nSipnaaunn D onpenenSincSI na DhtpaJKennSI 

D 
e3+ (1+PI p 2 )+e3_(1-P I p2) 

(4) 
2 P

1 
P

3 

TaKoMy cnoco6y naMepennii D npncyma 6onbiUaSI naneJKHOCTb peaynb-

T8TOD0 T8K K8K D ( 4) nOJKHbiC 8CHMM9Tpllll TpOHHOI'O p8CC9SIHHSI DXOASIT 

C npOTIIDOfiOnOJKHbiMH 3H8K8MH H npaKTII'ICCKH He A8IOT DKnana D DCnH'IllHY 

D • 3To yTnepJKnenne cnpanennuno, ecnu o6a naMepenuSI e 3 ± 

B OAHH8KOBOH reoMeTpHH. 

npOBOASITCSI 

3. CxeMa onbtTa 

CxeMa onhtTa n pacnonoJKeHHSI annapaTypht n sKcnepnMenTanbHOM aane 

npunenena na puc. 1. 11aMepeHHSl e 
3 
+ n e 

3 
_ nenncb onnonpeMenno. 

C STOH uenbiO IICfiOnb30DanHCb ABe He3aDHCIIMbie II IIAeHTH'IIIbie SKCnepHM9H

T8nbHbl9 YCT8HODKll 0 pacnonoJKeHHbiC CHMMeTpll'IIIO no o6e CTOpOHbl OT OCll 

nanaromero nonllpHaonaHHoro riy'IKa H perHcTpuponaniUne npoTO!Iht, pacceSIH

Hhte nonoponoconepJKameii MHIUeHbiO na yrnht :!:. El 2 • 

Cny'lan pacceSIHIISI na nonopone BhtnenHimch TenecKonaMH, cocToSI!UHMn 

ll3 C'leT'IIlKOB C1 C 2C 3 ·npu pacce!lnun c ii 1n 2=+1 n C6 c 7 c s 
-+ -+ nnSI cny'laSI nl n2 s-1 , BKnro'leHHbiMil na connanenue c TenecKonaMn 

npOTOJIOB 0Tll8'1H ll3 C4 C 5 n Cg Cto 

Ananna nonS!pnaauHH npoHcxonHn npH pacceSIHHH na 11npax yrnepona 

C nocnenyromeii pei'HCTpauneii pacceSIHHbiX npOTOHOB TeneCKOfi8MII C t C2 

H C
6

C 7 COOTBeTCTBeHHO AnSI n-+ 1• n-+2.-+1 II -1. B Ka'leCTBe 8H8nH-

38TOpOB non11pnaauim ncnonb3onanncb rpa~nTOBbte 6noKH nnnnoro £ =. 100 MM 

npu pa6oTe na yrnax El 2 < 90° 11 40 MM na yrnax El 2 > 90° c~u.M.Yr-

nbt ananHaHpyromero pacces:mtSI Bbt6npamiCb paBHbiMII 
0 0 

9 a = 8 :!:_1,5 AnSI 
0 0 0 

8 2 < 90 II 8 a= 11 :!:_1,5 fipll pa6oTe B o6naCTH 
0 

82>90. 
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flyYOK nonRpujo6aHHatx 
npomoHo6 -~-- -

M'JI I \ \ \ I ~')'.l..___ 0mKnOHRIOf4UU 
l'fOi!HUm 

MuweHu(CHz,C) 

PacceufJamenu 
uJ yMepoda 

C, Cz C, Ct Cs } CquHmunnllqUOHHI'" 
Cs c1 c, c, ct(l Ctlem'IUI(U 

Pnc. I 

6 

HaTepecyromiiMII aac cnyqaHMII Tpofiaoro paccena11n cqiiTanllcb TaKIIe 

co6h1TIIH1 Koraa nMnynbChl n cqi!TqiiKax C 1 -C 
5 

( C
6 

-C 
10

) nonnmm11cb 

oaaonpeMeaao. C11raanw c STIIX rpynn cqi!TqiiKOB noaanan11cb aa ane 5-Ka-

aanbHble cxeMbl connaaea11fi Tllna/6/ c 2 r = 5 aceK, coeAIIHeHHble 

C 6biCTpO.ctefiCTBYIDWIIMII nepec:<reTHbiMII yCTpOfiCTB8MIIo 

HaMepsmllcb 4 nenllqiiHbl: N + + N +-
KOM611H8UIIII KOTOpbiX onpenemiiDT 8CIIMME!Tpllll 

e 
3+ 

N++ -N +-

N ++ +N +-
II e 

3-

N 

N -N -+ 

N +N 
-+ 

II N -+ • 

( 5) 

3necb N ±±. - cKopocTn cqeTa aa Bhlxone cxeM connanea11fi ann paaHbiX 

reoMeTpllfi pacC:ena11n ( aa BhJqeToM ljJoaa)~ nepBhifi IIHlleKc oTHOCIITCH K pac-

cenaHro c aanpannea11eM aopMann .. 
n2 , BTopofi - c aanpanneaHeM aopMa-.. 

nH n 3 OTHOCIITenbHO BeKTOpa if I 

B KaqecTBe MOHIITOpa IICROnb30BaniiCb IIOHII38UIIOHH8H KaMepa II Tene

CKOIT II3 CUIIHTIInnRUIIOHHbiX cqi)TqiiKOB. 

4. Aaann3 11 II3MepeHIIe ljJoaa 

H3MepeHIIR noKa3anH, qTo aenllqHHa cqi!Ta cxeMbl connaaea11fi 6e3 

nToporo pacceHnaTenn ( CH2 11n1I C ) 6btna HIIqTolKHO Manon. B TO JKe 

BpeM!l cqeT 6e3 auanii311PYIOWero pacceHBaTenn COCTaBn!ln 15-20% OT COOT

BeTCTByromefi aenHqiiHhi c pacceiiBaTeneM. SToT cqi!T Bbi3hiB~cn cneayro

WIIMII ljlaKTOpaMIIo 

1 ) Pa3nllqHb!MII KOM611H8UII!IMII IICTIIHHb!X II cnyqafiHb!X COBITalleHHfi. 

Hanp11Mep1 cnyqa11 KBa311ynpyroro pacceRHIIH npoTOHOB aa uyKnouax naep 

Mornn aaTb IICTIIHHbte connaaeHH!l n cqeTqiiKax C 2 C 
3 

(; 4 C 5 - 11n1I 

C I C
2 

C 4 C 5 • TJpll COBRal!eHIIII STIIX C06biTIIfi CO cnyqafiHBIMII IIMRynbC8MII 

B cqeTqiiK8X C I Hnll C 3 nonnnnncn cqeT cxeMbt" connaaeaHfi. Bo3-

MOlKHbl T8KJKe cnyqafiHbie COBR8lleHII!l IIMnynbCOB OT qacTIIU 1 nponeTeBWIIX 
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qepe3 ClJeTlJIIKH C 3C.4 C5 , C <j>OHOBOii lJ8CTHUeii1 nponeTeBmeii 'Iepe3 ClJeT-

lJIIKH C 1C2 n T.LI.. 

2) Paccel!HHeM .rrpOTOHOB H8 KpHCTanne li CTeHKaX ClJeTlJHK8 C 
3 

( C 
8 

), 

pacnonoJKeHHoro a6nn3n 8H8nH3Hpyromero p8ccenaaTenll. 

YrrOMliHYTbie 3lleCb IICTOlJHHKH <j>oHa CBH38Hbl .c HanlllJHeM BTOporo 

p8ccenaaTenH.I! He 38BI!Cl!T B 6onhmi!HCTBe cnyqaea oT npncyTCTBHH TpeTbero 

paccensaTenH. llpyrne HCTO'IHHKH <j>oH8 -cnyqaiiHbie coanaaeHHH a HecKonhKHX 

clJeTlJHKax, cny'IaiiHbie coBrr8aeHHH MeJKay TenecKonaMn C 
1 

C 
2 

C 
3 

11 C 
4 

C 
5 

K Top~o3HOii cnoco6aocTn yrnepoaaoro 8H8nH38TOp8. 3HOWOY C'IHT8n8cb 

H8iiaeaaoii, ecnn 8CHMMeTpllll H8 cBHHue He npeBbiiD8n8 0,01 am1 p86o'!ero 

yrn8 8°. K8K IlOK838nH OUeHKH 1 OCHOB8HHbie H8 3KCrrepnMeHT8nbHbiX 113Mepe

HIIl!X 8H8nli3Hpy!OIDeii Cll0C06HOCTH CBHHU8 llnll p83HbiX 3HeprHii 1 YK838HH8ll 

norpeiDHOCTb Ilpl!BOlllfn8 B p860lJHX ycnOBI!liX K nbJKHOii aCHMMeTpllll He 6onee 

0 1002-0,0031 KOTOp8ll 6bin8 MeHbllle CT8THCTI!lJeCKOii OIDH6KH H3MepeHHii. 

ll8Bann MeHbiDHii BKnaa. 6. Kann6poBKa 8Hann3npyromnx MHIDeHeii 

l13MepeHne K8JKllOii 113 aceB03MOJKHbiX KOM6HHaunii cny'!aiiHbiX coanaaeanii 

Tpe6yeT 3HalJHTenhHbiX 3aTpaT apeMeHn. OaaaKo sKcnepnMenTanbao anH 

HeCKOnhKHX 3H8lJeHllii ®2 6binO H8iilleH0 1 'ITO CKOpOCTb ClJeTa OT BCeX 

KOM6HH8Ullii cny'IaiiHbiX COBil8lleHI!ii C llOCT8TOlJHO BbiCOKOii TOlJHOCTbiO flnli3K8 

K CKOpOCTII ClJeTa 6e3 Ml!llleHH 8H8nll38TOp8. YfCXOllH ll3 3TOro·~· 38 <j>oH B, ll8H

HOM Ollb!Te IlpliHIIM8nCll ClJeT Ill!TI!KpaTHbiX COBil8lleHIIH B Ilpl!CyTCTBIIII BTOpO

ro paccenBaTenll 1 HO C y6p8HHb!M 8H8nli38TOpOM. 'tJT06bi He MeHHTb s<j><j>eK

TIIBHbiH rropor perncTpaunn TenecKona npn li3MepeHnn <!>oHa, rtepea nocnea

HIIM ClJeTlJIIKOM B 3TOM cnyqae CTaBnncll <j>nnbTp 1 IlO TOpM03HOii Cll0C06HOCTII 

3KBHBaneHTHblH aHanii3aTopy • 

5. Onpeneneane s<l><J>eKTHBHoii ayneaoii OTMeTKH mKanbi 

oTclJeTa yrnoa ( 3HOWOY) aaann3npyromero paccel!HHll 

0co5oe BHIIMaHIIe B p86oTe yaenllnOCb H8XOJKileHIIIO 3H0lli0Y TpeTbero 

p8CCel!HiiH. np8BllnbHO HaiineHirbiH Hynb IDKanhi OTClJeT8 IICKnJOlJ8eT B03MOJK

HOCTb TIOHBneHl!H nOJKHOii 8CIIMMeTpiiii II3-38 HeCIIMMeTpii'IHOrO IlpO<j>Hml .llB8lK

Ilbl p8ccel!HHoro rry'IK8 II '18CTII'IHO II3-38.H8nii'IIIll MarRIITHoro nonll, IICK8-

lK8JOIIlero Tp8eKTOpiiii paccel!HHbiX lJaCTIIUo nn~ Toro, lJT06bi aaiiTII nonoJKeHIIe 

3HOWOY TpeTbero p8ccel!HIIH, npnMeHllncll cnoco6, OllllCBHHbifi a p85oTe/7 I 

II OCHOB8HHbifi H8 MHOrOKp8THOM p8CCeliHIIII IlOnl!pii30B8HHbiX IIpOTOHOB 118 

TliJKenbiX H.Qpax. B. KalJeCTBe KOHTponhnoro 8Hann3aTop8 B aameM cny'I8e 

IICIIOnb30B8nCll CBI!Heu, TOpM03H8ll CllOC06HOCTb KOTOporo Bb!5Hp8nacb 6nl!3KOii 

8 

llnll onpeaenennH 8H8nH3Hpyromeii cnoco6HOCTH paccenB8Teneii P 3 

B cneunanbHOM K8n1!6pOBO'IHOM OllbiTe 113Meplln8Cb 8CIIMMeTpllll e
3 

=P
1 

P
3 

C sToii uenbJO aH8nli38Top noMemancll B npl!Moii ny'IOK rrpoTOHOB c nonllpll38-

u11eii P 1 = 0,425,:!:.0,0 13/8/ II saeprneii, "paaaoii s11epr1III npoTOHOB Bo BTopoM 

paccel!IIIIII 11a IIccneayeMoM yrne. C6poc sHeprnn ocymecTBnllnCll c noMOIIlbJO 

nonnsTnneHOBbiX nornoTIITeneii, KOTOpbie noMemaniicb nepea noaopoTHbiM Mar-

HIITOM. 

npii. II3MepeHHII KanH6pOBOlJHOii aCHMMeTpHI1 1 T8K JKe K8K II Ilpll li3MepeHHH 

aCIIMMeTpllii e , 
3± 

38 aenHlJIIHy <j>oH8 npniiiiM8nacb senn'!nHa cKopocTn 

clJeT8 cxeMbi coananemui: rrpii y6paHHOM 8H8nH38Tope, ao. c nononHIIT~nhHbiM 

<J>nnbTpOM 1 KOTOpb!H CT8BllnCll rrepen rrocnerrHIIM ClJeTlJIIKOM. TopM03HaH CllO

C05HOCTb 3Toro <j>HnbTp8 Bbi6l!pan8Cb p8BHOH TOpM03HOii CllOC05HOCTH aHanH3ll

pyromeii: Mnmean. 

AcHMMeTpiill B Kanii5poBolJHOM onbiTe H8xonnnach H3 BbipaJKeHnll 

(N -N<l> ) -(N -N<l> e = __ c_~___:+ ___ c _ ___:__.;:.-__ 
3 

(N -N .t. ) '+(N -N .t. ) 
0 ~ + 0 . ~ 

( 6) 

B KOTOpOM Nc ClJeT B Ilpl!CyTCTBIIII 8HanH38TOp8 c I N <!> - clJeT 

5e3 aero. nonyqeaHbJe 3Ha'!eHIIll 8CIIMMeTpnii e 3 npn p83HbiX sneprnllx 

Il81l8JOIIlHX 118 8Hann3aTop npoTOHOB npencT8BneHbi B T85n. 1. TaM JKe nnll 

cpasneHIIH npnnorrl!TCll 8H8nli311PYJOIIllle cnoco6aocTn yrnepon81 nony'IeHHbie 

.opyrnMII 8BTOp8MH B pa6oTax/9,10/. 3<j><j>eKTHBHbie no porn TenecK~rroB yK8-

38Hbi B T85n. 1 • 
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7. noJKHbie acHMMeTpllll 

11aMepeHHbie aa onbiTe aHa'leHIISI e 3 
x/ 

II e 3 ± )lOnlKHbl 6biTb IIC-

npaaneHbi c y'leTOM aeKoTopbiX noJKHbiX acnMMeTpnli l:l1 • HnJKe, B Ta6n. 2, 

paCCMOTpeHbl BCe B03MOlKHbie B H8WIIX ycnOBIISIX nOlKHble aCIIMMeTpllll II npn-

·aOJlSITCSI IIX OUeHKIIo 

113 Ta6n. 2 Bl!JlHO, 'ITO Haii60nhWYIO ponh nrpa!OT s<j><jleKTbl0 OTMe'leH

Hbie a nyHKTax 1-3. Aaanorn'IHbie nonpaBKII B Kann6poBO'IHbiX naMepeanSix 

6binll CyiUeCTBeHHO MeHbiUe. 

HeTO'IHOCTII B IOCTIIpOBKe II ycTaHOBKe C'leT'IIIKOB0 KOTOpbie paBHS!niiCb 

B aaweM cnyqae :!:.. 0,2 MM, aann'lne HepaBHOMepHoli nnOTHOCTII npOTOHOB 

no npo<jlnnro ny'IKOB 11 BniiSIHIIe cna6oro pacceSIHHoro Mara~Taoro nonS! ycKo

piiTenSI He 6binO Heo6XOJliiMOCTII -Y'IIITbiB8Tb OT)lenbHO. 3TH s<j><jleKTbl IICnpaB

nRnHCb non6opoM 8HOllJOY ( CM. n.3 
1 
Ta6n. 2) • 

BoaMOJKHaSI cyMMapHaSI CHCTeMaTH'IeCKaSI own6Ka 113MepeHIISI D( e) 

npHBe)leHa B Ta6n. 2 II S!BnS!eTCSI He6onhWOli Jl06aBKOli K CT8THCTnqeCKOli 

norpewaocTn, KOTopaSI aaxonnnacb no <jlopMyne nonaoro nn<jl<jlepeaunana. 

8. 11aMepeHIISI napaMeTpa D Ha yrne 12° n.c. 

11aBeCTHo, 'ITO nepexon B o6nacTh ManbiX yrnoB conpoBmKnaeTCSI pea

KIIM na)leHIIeM SHepriiH npOTOHOB OTJl8'1ll II perHCTp8UIISI IIX TeneCKOnOM H3 

aeCKOnhKIIX C'leT'IHKOB CTaHOBHTCSI 3aTpyJlHIITenbHOli. npaBJl8 0 IICnOITh30B8HIIe 

nnR aToll uenn TonbKO onaoro C'leT'IHKa Morno 6hi o6nerqHTb npoBeneane 

SKCnepHMeHTa, HO B TaKOM B8pllaHTe pe3KO B03pacTaiOT <jJOHOBbie OTC!leTbl0 

CBSI38HHhle C aarpyaKOli STO~O OJlHHO'IHOrO C'leT'IHKa. 

B aawnx 113MepeHHSIX B Ka'leCTBe neTeKTopa rrpoTOHOB OTJl8'111 ncrronh-

30BanCSI OJlHHO'IHbili C'liiT'IHK ·C 4 0 HO OTMe'leHHbie .BbiWe 38TpyJlHeHHSI 

6hmll npeononeHbi aaeneaneM B ero Kanan nncKpiiMnaaunn aMnnnTyn nMnynh

cos.· Bo3MOlKHOCTb BBe)leHHSI JlllCKpiiMIIHaUllll aMnniiTYJlbl OCHOBbiBanaCh .Ha 

TOM <jlaKTe, 'ITO ynenbHbie noTepn sneprnn aa ennanuy nnnHhi rryTn y npo-

xl 
B §2 OTMeqanOCb 0 'ITO B CyMMY e 3+ ( 1 + p 1P 2 ) + e 3 _ ( 1-P 1 P2 ) 

noJKHble acnMMeTpnn l:l 1 BXOJlSIT c BeCOBbiM MHOJKHTeneM P1 P 2. B. aaumx 

ycnoBHSIX P 1 P:F 0 4 0,2. 
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TO HOB OTAB'lH nenHKH II. MHOro 6onbllle1 '!eM AllSI lj>OHOBbiX '18CTHU ( y -KSBH-
+ 

Thi, e - , aellTponbi), noaToMy nneneane aMrrnnTynnoll nncKpiiMHHaunn 

OK838ll0Cb BeCbMB alf>!f>eKTHBHOll Mepoll IIOAaBneHHSI aarpy3KH OAHHO'lHOrO C'l~1 

'lHKa, CHI!meHHeM HanpnmeHIISI IIHT8HHSI aTOT C'l~T'lHK CT8BHllCSI B pe*UM1 

6nH3KHH K lli!HellHOMY 1 I!pll KOTOpOM C'l~T OT IIOCTOpOHHero H3lly'leHHSI IIOABB

llSillCSI rrpnMepno n ThiCSJ'ly paa rro cpanneamo c o6b!"'!HhiM pemnMoM. Ebmo 

Bb!6paao narrpnmeane rrnTaHHS!1 panaoe 1250 n. B Ka'lecTne nncKpnMnna-

Topa aMIInHTYA HMIIynhCOB IICI!Ollb30Bancg lj>opMHpOBBTellh1 OIIIICBHHb!H B pa-

6oTe/6/, c Toll nlllllb paanuuell, 'ITO nnnTenbHOCTb nMnynbca 6bma ynennqena 

IlpHMepi!O B AB8 paaa AnSI ycTpaHeHHSI 38BilCHMOCTH alf>lj>eKTIIBHOCTH perHCTpa-

UHII OT npeMeHH rrponeTa IlpOTOHOB OTA8'1H, 

nponepKa 38BIICIIMOCTH 8MIIniiTYAbl HMIIYllbCB C'l~T'li!K8 C4 OT aHeprll 

'lBCTHU npononnnacb cneny!OIUHM o6paaoM. 11MrrynbCbi c Bhixona C 4 rronana 

nncb ua axon aMrrmiTynaoro aaamiaaTopa AJ1-4096, KOTOpblll aarrycKancn 

COBrraneHIISIMII C,C 2C3C4. J1aMepgnCSI CIJeKTp BMI!n!ITYA IlpOTOHOB OTAB'lH C 

C rrornOTHTeneM H3 MeAn (0,4 MM) rrepen C'l~T'lHKOM C4 II 6ea aero, 

B nepnoM cnyqae cpennSISJ aueprnn npoToaon, nananl!lnx na cunaTnnnnTop 

C'l~T'lHKB C 4 , 6bma OKono 25 Man, no nTopoM - 30 Man, 06napy-

menace n • aToM cnyqae cMemeune cneKTpa aMrrnnTyn ( CM, p11c, 2) 

ynonneTBOpS!nO paC'l~THOMY anSI IIpOTOHOB, BbJneTeBl!IHX Il3 MHl!leHH ffi 2 • 

O';mcanHbiM Bbil!le. cnoco6oM npononnmich H3MepeHI!SI 

HB OAHOM yrne + 12° n,c, 

9. PeaynhTBTbi n o6cymnennn 

ea+ TOnbKO 

PeaynhTBTbi II3MepenHil1 nonyqenHhie n nannoM orrhiTe, npencTanneHbi 

n Ta6n, 3 n nnniOCTpnpy!OTCSI pnc, 3, llnn cpanaennn aa TOM me pncynKe 

npnnene!lbl 3HB'leHHSI D HB aneprHSIX 310171, 435/12/,635/4/, 600113/ 

II 660/14/ Man, 11aMepennn napaMeTpa D Ha nonnpnaonanaoll MllllleHII 

na aneprnn 600 Man {yron 66,70°) oTnnqaeTCH oT nal!lero Ha 3,5 cTaTHc

Tn'leCKOil omii6Kn. B. aaanuae MaK-rperopa/1/ aTo naMepenne cqnTaeTcn 

Oill!I60'lHhlM1 TBK KBK OHO ITnOXO YAOBneTBOpSieT Bcell OCT8llbHOfi COBOKyrr-

HOCTII aKCrrepllMeHTBnb!IbiX ABHHb!X ( BKnan aTOll TO'lKII B X 2 pane a 

13 



! i 
I! 

I 

I ' 
i 

I 
.I I 

f 

I I 

1,0 

t 

t 

r 
t 

"'30M.38 

1 
~ f t 

? 
. t 
Hf 
f f 

~ 

f 
-251'138 

I 

~-oe3 noznorurenp 

t- c noenorureneM 

f 

t ~ 

' ~ 1 
! ! 2 

! 

HoMep KaHana 

PHc. 2 

14 

) 
i 

. gO gO 
e3+ r ..de3+ . n.c.; u.M. I 

) 

I 12 i 27,6 I O,I7Iz.0,020 
j 

15 I 34,4 O,I95z.0,009 

·18 41,2 0,218z.O,OI1 

\I' 121 47,8 0,235z.O, 005 

II 121 I 60,8 I 0,227z.O,OIO 

tl 
132 ! 7!,8 1 O, J92z.0.,014 

41 I 90 I ·o,I54.tO,OI2 

:II j 49 I I06 1 -o, 033z.O, 022 

55 I II7 I -0,07~0,024 

l 
( 
,I 

~ 
15 

TaOJIHI{a ~ 

--., 
. l e;.- x- ~ t1- i 

-0,05D.tO,OII 

-0,067z.O,OI(# 

-0,043z.0,006 

0,006±,0,0!0 

O,OI2.z.0,023 

O,I5Iz.O,OI2 

0,299_;t0,020 

0,200z.0,024 



; 

0 

~5 

t 

\ 

~ 

t 

.,30 M.38 

l 
~ f i 

~ 
. t 
H f 
f t 

~ 

t 
-25MJB 

I 
i 

! 
~ 

! 

P11c. 2 

14 

~-oe3 noznorurenfl 

! - c noenorureneM 

§ ~ 
! ! 2 

! 

HoMep KaHana 

\ 

l I 
\I 

I 

TaOJUII\a 3 

) 

nO nO -
· ., " 1 e + LJe e 1 

Q\ JI.c.; 1\.M. 3+ - 3-t- eJ>- -:!:: ~ 3- ! r;N =!:"' 4.:;() 
I 

I 12 27,6 I 0,171±,0,020 I - I 1,1q0.:!;.0,240 I 

I 15 I 34,4 I 0,195.t,0,009 -0,050±,0,0II 0,940.:!;.0,079 

·18 I 41,2 I 0,218±,0,0I:t -0,067±,0,0!4 0,890±,0,078 

21 I 47,8 I 0,235.t,O, 005 -0,043±,0,006 0,872±,0;030 

27 I 60,8 I 0,227±,0,010 o, 006.:!;,0,010 0,913.:!;,0,050 

32 i 7!,8 1 · 0, J92±,0.,014 0,012z.0,023 0,708z.0,080 
I 

41 1 
90 I ·0,154.:!;.0,012 . ' 0,151.t,0,012 I 0,697.t,0,040 

• 

49 I 1o6 I -o,033.t,0,022 ' 0,299.t,0,020 I O, 707.t,O, 070 ' 

55 I II7 I -0, 070.t,O, 024 0,200z.0,024 I 0' 48Qt0, 090 

15 



D 

0, 

0,6 

0,4 

~r? 

0,2~ f Ep = 635 1'136 _ {,;a em. paooma) j f £ p = 660 1u& {I~} 
f Ep = 635 M36 [ * 1 f pet.JJ. 1{2 qJa3. aHanliJa [ 

2 1 

D 

0,4 

f 
~2 

30 1,0 50 60 70 80 90 100 110 120 

f 

30 

t p I 
f Ep=310 M35 [ 7 1 

f Ep=~t3o ft13o l tz 1 

40 50 60 70 

I 
f 

80 90 

Puc. 3 

16 

82tfM. 

f + 

e;t~-,., ___.___ 

100 110 120 

" I 

. Ill 
11,8 e,~:~). noSISHSlliHeCSI 1103,[1Hee CSe):leHHSI 0 llapaMeTpe D llpl! aHe. 

660 Masl 141. IIOny'IeHHble Ha IIOnS!pll30SaHHOii MHllleHn na6opaTopnn S!Aep 

HhiX 11po6neM OHHH, y,~:~osneTsopnTenhHO cornacyJOTCSI c Hallii!MH peaynhT< 

TaMn ll aHannaoM MaK-fperopa. 

3HepreTn'IecKaSI aasnci!MOCTh napaMeTpa D s o6cy~aeMoM HHTe 

ne aHeprllli Han6onee peaKo npoSisnSieTCSI s o6nacTn yrnos 27°-60° c.u.M, 

r,~:~e D .. I llpl! 635 Mas n 6nnaoK K 110nosnHe Ha aneprnSix 310 of 435 M 

3TOT «jlaKT 03Ha'IaeT1 'I't'O C pOCTOM aHeprnu llpOTOHbl AenonSipii3YIOTCSI lip 

pacceSIHnn cna6ee. 

1151 Hcnc;:>nhaosaHne llpe,~:~sapnTenhHhiX peaynhTaTos Hallleli pa6oTbi s ¢ 

aosoM aHannae MaK-fperopa n Ap. npn aHeprun {l35 Mas, KaK yKa3hiSBI< 

CBMH aSTOpbl pa60Tbll 1 I 1 CyllleCTSeHHO yMeHblllaeT Ollln6Kn «jla30SbiX CASni 

K co)KaneHnJO, . Hallin ABHHbie He 1103SOnliiOT1 IIO-SI!,[IliMOMy1 COKpaTnTh 

qncno nMe!Ollii!XCSI Ha6opos «jlaaOSbiX CASni'OSo 

npeACTaSnHeT nHTepec cpaSHHTb Hallin peaynhTBThl C llpe,I:ICKaaaHnSIM 

Teopnfi, OCHOSBHHblX Ha paann'IHOI'O po,l:la Cl!MMeTpnSIX
0 

TaK 1 s pa6oTel 161 Ha ocnose cxeMhi M(12) ycTaHosneHo cneAyiOlll 

COOTHOllleHne Me~y llapaMeTpOM D( 8) II Koa#nuneHTOM C n n (8): 

[D(8)+D( 17- S)l-[ l+C (8)] =~ .. o. 
nn 

.UnSI yrna 8 =17 I 2 aHanorn'IHoe cooTHollleHne cne,~:~yeT TaK)Ke na Mo, 

SU(12) f AnSI pacceSIHnst 6apnoHosl171. PeaynhTaTbi cpasneHnli (7) c ·SKI 

pllMeHTanhHhiMll ABHHbiMn Ha 9HeprnSIX 635, 430 n 310 Mas IIOK83BHbl S T< 

Ha Ta6nnUhl SllAH01 'ITO 'Sbi'IncneHHbie 110 «jlopMyne (7) 3Ha'IeHl!SI ~ aKCIIo I 

paSHhi HynJO. OnHaKo aTo oTnnqne HesennKo n s o6nacTl!. 400+640 Mas 

S CpeAHeM He npeSbilllaeT ASYX CTBHAapTHblX OTKnOHeHnli. 

AsTopw rny6oKO 6naro,~:~apHbl 11po¢eccopaM B.n • .n)Kenellosy, n.H.nalll! 

nycy n IO.M.KaaapnHosy aa o6cy)KAeHne 11po6neM1 csSiaaHHhiX c naHHoli pa 

Toli. 
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11,8 en). noSIBHBmnecSI noanaee caeneanSI o napaMeTpe D npn aaeprnn 

660 Maal 141, nony'leHHbte aa nonSipnaoaaaaoii MHmean na6opaTopnn SIAep

HbiX npo6neM OH.HH, ynoaneTaopnTenhao cornacyroTcSI c aamnMH pesynhTa

TaMH n aaannaoM MaK-fperopa. 

8aepreTnqecKaSI aaBHCHMOCTh napaMeTpa D B o6cy~aeMoM HHTepaa-

ne aaeprnii aan6onee pesKo npoSIBnSieTcSI B o6nacTH yrnoa 27°-60° c.u.M., 

rae D "" 1 npn 635 .Maa n 6nnaoK K nonoanae aa aaeprHSIX 310 4 435 Maa. 

8TOT lPBKT 03H8'18eT, '140 C pOCTOM SHeprHH llpOTOHbl aenonllpii3YIOTCSI llpll 

pacceSIHIIII cna6ee. 

1151 
Hcnonhsoaaalle npenaapnTenhHbiX pesynhTaToB Hameii pa6oTbi B 4Ja-

soBoM aHannae MaK-fperopa 11 np. npn aaeprnn 635 Maa, KaK yKa3biBaroT 

caMH aBTOpbi pa6oTbtl 1 I, cymecTaeaHo yMeHbmae~ omn6Kn 4JaaoBbiX cn_BIIroa. 

K coJKaneHnro, . H8IUH Jl8HHb!e He 1103BOmtiOT1 IIO-BIIIli!MOMy1 COKpaTI!Tb 

'IHCnO HMeiOIUIIXCSI Ha6opOB lP830Bb!X CllBHrOB. 

npeACTBBnlleT HHTepec cpaBHHTb H8IUII pesynhT8Thl C npeACK838HHSIMII 

Teopnii, OCHOB8HHb!X Ha paanH'IHOrO poaa CIIMMeTpHSIX. 

TaK 1 B pa6oTel161 aa ocaoae cxeMbi 1\1(12) ycTaHoaneHo cnenyromee 

COOTHOIUeHIIe Me~y napaMeTpOM D( (3) II KOS~IIUHeHTOM C n n (8): 

[D( (3) + D ( 17- (3)] - [ 1 + C n n ( (3)] "'~ a 0 • (7) 

Llnll yrna 8 "'"I 2 aHanorn'IHoe cooTHomeane cnenyeT TaKJKe as Monenn 

SU(12) ~ anSI paccel!HIISI 6apnoHoBI 17 I. PeaynhTBTbi cpaaaeanii ( 7) c -aKcne

pnMeHTanhHbiMI! Jl8HHblMH H8 SHepriiSIX 635, 430 H 310 M SB IIOK838Hbl B Ta6n.4. 

Ha Ta6nHUbi BHAHo, 'ITO "Bbi'IIIcneHHbte no 4JopMyne (7) aHa'lelll!SI ~ aKcn. He 

paBHbi Hynro. OnaaKo aTo oTnnqne aesennKo n B o6nacTn 4004640 Mas 

B cpenaeM ae npeBbtmaeT nsyx cTaanapTHbiX OTKnoaeanii. 

ABTOpb! rny60KO 6naronapHbl npo4JeccopaM B.n.LlJKenenosy, n.H.nann

nycy 11 IO.M.Kaaapnaosy aa o6cyJKneane npo6neM, CBSI3aHHbiX c naaaoll pa6o-

Toll. 
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