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Baenean e 

B peai<JlHHX c TH)f(B!IbiMH HOH 8 MH o6paayiOTCH cocT8BHbie nnpa c BbiCOKofl aaeprae ll aoa-

6y)f(JleBBB B C 60!Ib llii!M yriTOBbiM MOMBHTOM, 3aeprHH B03~)f(Jl8HBH CHIIM88TCB B OCHOBHOM rry

TBM HC!I8p8HBB qacTBA, 0CT8 10lllllfiCB liOC!I8 HC!I8pHT8ITbHOrO K8CK8Jl8 yriTOBOfl MOM9HT BJlp8 

caaMaeTcn y -HanyqeaHeM. B TPYilBbiX ycncBHBX pal5cTbi aa aayTpeaaeM rry'IKe AHKnoTpo

aa KapaMBH u np/ I/ ucrronbaoaann rroporoBbte HHJlHKaTopb! JlnB nccnenoaaauH HcrrapHTenb

HbiX ael!Tpoaoa. B aacToHmel! pa6oTe T8K)f(e acrronbayiOTCst rroporoabte HHJlHKBTOpbt, OAH8KO 

rrpBHIIHrr aalllero MeTana cymecTaeuuo oTnH'IaeTcn oT MeToAa KapaMBHa. 0Ka3btaaeTca aoa

MOJKHbiM !IOliY'IHTb H8)l8)f(HYIO IIH<jlOpMBUHIO OTHOCIITB!IbHO 3HepreTH'I9CKOrO H yrnOBOrO pacnpe

A8Jl8RHfl H8flTpOHOB0 !IpHMBHBB HBCKOJlbKO IIHAHKBTOpOB 113 OAHOrO H Tore )1(8 M8T9pH8Jl8, 

I. MeTOA rroporoBbtX HHJliiKBTopoa 

1.1, npiiHAB!I M8TOA8 (HA88!IH3BpOB8HH bl 8 HHJlHK8TOpbi) 

Una o 6nncaeHHB rrpnannrra MeToAa noporoabtX HHAHKaTopoa rrpeAcTaBHM ce6e, 'ITO a aa

llleM p8C!IOpBlK9HHB HM88TCB M8T8pH8ll 0 KOTOpblfl BKTIIBHpyeTCB !IOA JleflCTBHBM HBIITpOHOB 

cTporo onpeneneauoA aaeprnn (ceqeHH9 BKTHBBAHH HM98T <jlopMy o -<jlyHKnaa). Paa-

MBCTHM 0JliiH8KOBbl8 KYCKH T8KOro M8Tt!pB8Jl8 no OKpy)f(HOCTII, B ABHTpe KOTOpOfl HBXOJlHTCH 

MBI119Hb, 0Kpy)f(HOCTb p8Cll0Jl0)f(888 T8K 0 'IT06bl ny'lOK TB)f(8JlbiX IIOHOB !IpOXOJlllll no ee ~1H8-

M8Tpy, Hnen 3Kcrre pHM& HT8 cpaay BbtHCHBeTca na OTBeTa aa aorrpoc : K8KOBa 6yAeT aaeprna 

H8flT pOKOB 0 KOTOpb18 8KTIIBHpyiOT HHAHK8TOpbl , B CHCTeMe ABHTpa M8CC ? 

3aeprHH B na60p8TOpHOII CHCT8 M8 H B CHCT8M8 A8HTp8 MBCC CBSI38 Hbl MB)f(Jly C060 fl 

C001'HOlll9 HB e M: 

( = < n + < 6 ( I) 

< n 3H9prH B H8flTpoH8 B na6op8TOpHOfl C H C T8M8 0 

< 6 KIIH8TBqecK8B aueprHH C QCT8BHOrO S!Jlp 8 0 npHXOAHlll8BCB HB OJlHH HYKJlOH, 

Ou yron BblneTa ueATpoaa oTu o c uTenbHO aarrpa a n euust rryqxa a na6opaTopuoA cucTe-

Me, 

BeMqBHbi 6ea BHAeKca ( < 8 •) OTHOCSITCB K CHCT8M8 Jl8HTp8 M8CC, Ha ( 1) BBI1H0 0 

'liTO DpK ITOC TOBHHOM 3H8'19HHJI ( n = C a , KOropoe 3 8Jl88TCB HHAHK8TOpOM, cym ecTayeT OA-

H03H8'1H09 COOTB8TCTBB8 MB)f(Jly H On , !I p H'I&M pacTeT c yaenn'leaneM 8 
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(eM. pRe, 1). TauM oopasoM, 38BBCBMOCTh BBBeneaaoll ueliTpoaaMB 8KTBBHOCTB BBilHKaTo-

pos y_ OT yrna 0 OTp8lK8eT 9BepreTR'I9CI<Bll cneKTp B9liTpoBOB. 

EciiH see aeliTpoBbl acnycxaiOTCH HnpaMB c o.naoll H Toll JKe sueprHell sosoyJK.cteHBH, TO 
/2/ 

BOpNKpo88HBblll K 8.CIBBBU9 cnei<Tp BM88T BH.CI 

-</T 
(2) 

n (<) ' e 
T'2' 

r.ne T -Hnepurur TeMnepaTypa. B cny'!ae HcnapHTen~ouoro KacKana cnexTp MOJKHO npencTa

/3/ 
BllTh B BBI!e 

n (• ) 

rne T 0 ~9KTHBH8H T9MU9p8Typa, 

K .,. 0,5 • 

K -</ T 0 
' e 

TK+ I l(K + 1) 
• 

(3) 

llrut Bbi'IHCn9BHH 38BHCHMOCTH B8B81!8HHO!I 8KTBBHOCTH y OT £ ( C TO'IHOCThlO 1!0 UOC-
/4/ -

TOIIBHoro MHOJKHTenH) I!OCT8TO'IHO YMBOJKHTh (3) B8 IIKOOH8H a <•. a)/ a c. . 0 )=..J• I ( n n n 
(nepeXOil K naOOp8TOpHOll CHCT9Me), 

norapacj>MB'I8CK8H npOH3BOI!H8H OT Y npB UOCTOHHHOM 'n p8 BHII8TCII: 

d 

de 
[In Y I, =const 

n 

d -
de- [In ( ..j ..:n_ 

k - ./To j 
' e ) , =eonst n 

~ 
To 

(4) . 

nepBhlM 'ln9HOM B np8BOl! '18CTH paBeHCTB8 MO>KHO npeHeope'lh, TOr.cta TeMnepaTypa oyneT 

onpe.neniiThCH H3 SKcnepHMGHTan~oHoro pacnpeneneHHH Y ( 0 n ) no HaKnouy npHMOII In Y (' ) 

COBepmeBBO T9K JKe, K8K 9TO nenaeTCH 1'1 cny'lae CU9KTpOMeTpH'leCKIIX M8TOI!OB ( CM,pHC, 2). 

1;2. YTO'IH8BJIII ( peanhB&t e B H II B K 8 T 0 pb!) 

HsnoJKeaaaH npocTasr KapTBBa ocnoJKaaeTCII neyMH oocTOHTenbCTB8MB. 

I. Ce'leaae a.KTBBBnBB noob!X MaTep&anos ObiCTpbtMH aei!TpoH8MB OXB8Tb1B8&T noson~o

ao 6o1lhllloll HBTepBBJI saeprHI! ueliTpoaoe, aanpaMep, nnH peaKuHH Al
21 

( n, a ) Na 
2

' , xoTO

paH oKasanach uaHoonee nonxo.ctBrnel! nnH npoeeneuBB nauuoro SKcnepHMeBTa , npBMepao OT 

6 .no 28 Mss. O.nuaKo acj>cj>eKTHBHAB <I>YHKllBB eosoylK.lleHHB, T.e. suepreT&'Iect<aH s a sHCHMOCTb 

eepoHTBOCTB nponecca ( n , •a ) , Bb13B8BHOro HM9HHO HCU8pHT9nhBbiMH .Hei!TpoH8MB CO 

cnerrpoM ( 2), npeJJ.cTaBJIBeT co«Sol! cpasBBTem.Bo ysKoe pacnpeneneane ecne.ctcTBK& axcno·-

ae~BanbBoro cnana cnexTpa aeliTpoHoB. nonym&pBHa 6c. COCT8BruteT B B8lliHX ycnOBHKX 

nltll amoMHBB&BbiX BHilHXa'l'OpoB npaMepao 4 Mse, neltTp THJK&CTK • a neli<BT oxono 9 Mse, 
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2, Mbt npeaf!onarann, 'ITO cneKTp Heli TPOHOB He aaan c nT oT yrna 0 • 3To Heaep-
/5 ,6/ 

HOe ll.OflYlll.9HHe; R3B9CTHO 1 'ITO yrJlOBOf:t M OM9HT C OCTB BHOrO Sl.ll,pa B 9£I, 9T K. YCRJ19H RJO 

ncnapeHnn B Hanpaaneannx Bnepea H Haaaa (oTaocnTenb HO ny'IKa ). CornacHo r nnoTeae coc -

Taaaoro napa c y'leTOM aaKoHa coxpaHeann yrnoaoro MOMenTa, yrnoaoe pacnpeaeneHn e B 

CHCTBMe llBHTpa Mace CHMMeTpH'IHO OTHOCHTenbHO 0 = 90° , Teopnn 3pHKCOHa -CTpyTBHC -

KOro npeacKa3biBaeT yaenn'leHne aanaoTponnn c y aennqeaneM aneprnn neliTpona. 3To ane-

'leT 3a C06oll 3aBI!CHMOCTb cjlopMbl CJleKTpa OT yrna 0 , noa yrnaMH 0 

cneKTp 6yaeT >KeCT'Ie, '!eM noa yrnOM 90°. Vf 3Ta 3aBHCHMOCTb aon>KHa 6 b!Tb CHMMeTpi! 'IHa 

OTHOCH T9Jlb HO 

Y'IBTbtBan 3<jxp"KT annaoTpomm, HYN<Ho O>KHaaTb, 'ITO 3KcnepnMenTanbHble TO'IKH 6yayT 

ne>KaTb He Ha npnMOil, JlOKa3aHHOJl Ha pRe, 2, a Ha KpRBOil BHaa nyHKTI!pHOil nHHHH pHC, 2. 

8 cneaytorneM paaaene 6yaeT noKaaaao, 'ITO TeMnepaTypa onpeaenneTcn no HaKnoay Kpnaol! 

B TO'IKe, OTBB'IaiOmell yrny npnMepao 90° . 

1.3. aa n a oTponnn wcnape ann 

nnn onpeaenennn TeMnepaTypbl H3 3KCnepRMeHTanbHOrO pacnpeaeneann Y (0 ) 
0 

KOraa 

yrnOBOfi MOMeHT COCTaBHOrO napa 3aMeTHO BnnneT Ha CneKTp Hei!TpOHOB
0 

He06 XOJll!Ma cjlop

Myna, ananori!'!Han cjlopMyne ( 4), HO c Y'IBTOM a<P<!>eKTa aHB30Tponnn . nnn BbiBOaa noao6-

Horo cooTnoweaHH ncxoaaM na npn6nn)!(eaaoli cjlopMynbi ann yrnoaoro pacnpeaeneann aellTpo

HOB, Koraa napaMeTp If I " 2 
Man

15•61 • 

W(O) 1 + 
I~ t ~ 
48 a 4 

P
2 

(cosO). (5) 

'-lepea W ( 1J) o6oaaaqaeTcH aopMnpoBaHaoe K eannnne ancjl<jlepeHunanbaoe ce'!enne d "/ d!l 

npH aaaaHHOM H - yrnoBOll MOMeHT COCTaBHOrO napa H Op-

5HT8Jlh.IIbiA MOM8HT H9t:\TpOH~ H COOTB9TCTB9HHO HX M8KCHM8JlhHbte 3 H8l:I9HHSI B KJ18CCH1:19CKOM 

npw6na>KeHBn; ann Mbi HM99M : 

(6) 

rae 
2 2 

s = ft /(m r0 ) • 25 Maa ann r 
0 
~ · 1,28£ ; m - MaCC8 HefiTpOHa a 

-MOMBHT HHBpUBH COCTaBHOrO napa. noacTaBnnn ann 3Ha'lenne c¢epnqecKoro 

napa ~ 0 • BbitiHcneaaoe a nH TBepaoro Tena, nony'JHM: 

2 2 6/a T a A __ 
5 (7) 

Y'IHTbiBBn <jlopMynbr (3), ( 5), (6) H ( 7), Mbl Mo>KeM nanncaTb npn6nn>Kenaoe Bbtpa>Keane 

w (< ,IJ ) ann HOpMHpDBaHHOro K eaBHHUe an<l>¢epeHUHaJlbHOro Ce'!eHHn 
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K ~~T• 
e ar 

W(r, 0) = k+l (1 + --::-r- P
2 

(cosO)), 

T * r (K + 1) T • 

(8) 

2 -sh 
a~ 1,3 Im A = 0,2Urot I A , 

2 

1'i I (9) 
u = oot 

2g 0 

06paTBM BHBMHHBe Ha TO, qTo npn6nn*eaaoe pacnpeAeneane (8) npaannbao nepeAaeT aa-

BHCHMOCTb aaepreTnqecKoro cneKTpa OT yrna 0 0 B TO Bp9MR KHK BUHRHH9 yrnoaoro MO-

M9HT8 COCTHBHOrO HApS Ha cpeAHIOIO aueprBIO aellTpOHOB He 0Tp8*9HO. 

florapH<j>MHqeCKHH npOH3BOAHHH OT BbiP8*9RHH 

r -<IT• ar 
Y(r)~..j_n_rK e (1+-- P 2 (cos0)) 

r T; 
npHHHM89T BRA: 

d [In Y ] = oon ••= --- •n 
dr 

+ a d [ T 7-d- rP2(cos0)] * * f f 11 = oon st ( 10) 

npn aTOM Mbl yqBTb!BHUH MHUOCTb napaMeTpa If I u B npeRe6pernn cnaraeMbiM (K - ~)/r . 

Ha (10) BHAHO, qTO TeMnepaTypy cneAyeT onpeAenHTb na norapn<j>MuqecKoA npoH3BOAHoA 

aKcnepnMeaTanbaoro pacnpeAeneanH B Toqxe, oTaeqaiOweA yrny 0 0 1 ,llJIH KOTOpOrO Bbl-

fiOUHH9TCH p8B9HCTBO: 

OTKyAa cneAyeT: 

x 9 Mae u 

d 

dr 
[ r P 

2 
(cos 0 )I • 0 , 

t
11

=oonet 

cos 0 0 
1 l 0 -v-
3 l 

( 11) 

• 0,7 Mae (peHltUHR Cu + 246 Mae Ar ) nonyqa-HanpnMep, AnH 

9TCH 0 0= 95°. Yron 0
0 

yMeHbDIHTCR, ecnn 6onbmoll yrnoaoA MoMenT Bbi3hiBaeT sa-

M9THhiA pOCT cpeAH9A 3HeprRH H9ATpOHOB. 0AH8KO o6p8THM BHHM8HH9 H8 cneAyiODiee 06-

CTOBTenbCTBO. 

Ha aKcnepuMeHTanbH;hiX AHHHhrx, nonyqeHHhiX cneKTpoMeTpnqecKHMB MeToAaMn, aanpn

Mep M&TOAOM apeMeau nponeTa, TeMnepaTypa onpeAenReTcR, K8K npaBHno, 6ea yqeTa 

BnBRHII!I yrnoBOrO MOM9HT8. noaTOMy, qT06bi Cpal3HHB8Tb UOA06Hbl9 A8HHbl9 C HHWHMD, 

ueo6xOAHMO Bbi6paTb 0 0 IIM9HHO cornacao ( II) H cono cTaBHTb c peaynbTaTaMR, nony

qeHHbiMB AU!I yrna B CHCT9M9 !l9HTp8 M8CC 0 - 90° C UOMODibiO CU9KTpoM9TpHqecKHX 

M9TOli,OB. 
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Y c nosue ManocTH napaMeTpa 1£ lu ~ a uamux axcnepaMeBTax ue ecerna co-

6nronaeTCll, TeM Be Meae e 009BKa ( 11) SIBTISl9TCSl AOCTaTO'lHO xopomel!, KaK TIOKa3biB810T 'IBC-

neHHbte pac'lleTbi . 

2, 3 II C n e p B M e B I 

2.1 . B bi 6 o p n o p o r o B bi x u u nux a To p o a 

floporOBb19 BBABKaTOpbl AOTilKBbl ynoBneTBOpS!Tb cnenyiOWHM Tpe60BaHBSI M, 

1. Ce'l9HH9 aKTHBSAHR AOTI*HO 6b!Tb AOCTaTO'lBO B9TIBKO B ero 3aBBCBMOCTh OT 3ReprBR 

uei!TpoHOB xopowo uasecTua. 3uaqe uae '• non*BO ne*aT& B pa llo u e 10 M as. flpB 6onee Bbl-

COKBX 3Ha'l9HBSIX aKTBBallBH 6yneT CTIB WKOM Man a, a npB HB3KBX (a OTHOCRT9nh H8B WB -

pBHa a¢<j>eKTH BBOI\ <jlyBKllHH B036Y*ll9HHJI l'J.i a ;,-a npBBHMaOT CTIRWKOM 60 TihW09 3Ba'l9HH9, 

'ITO BROCBT BCKa*OBBSI B pe3yTI&TaTbl o6pa60TKB 3KCne pRM9RTan&BbiX AaHBbi X no <jlopMyne 

( 10), KpoMe Toro, npH yMeB&meuaa '• yMeBhwaeTcH HRTepecyromaH Hac auuaoTponHll yr-

nosoro pacnpeAeneHRSI, 

2. B nponecce axTasanua non*eu o6paaosaT&CSI y -uany'laTeru. c nonxonsrlllBM ne-

pBOAOM nonypacnana ( H9CKOTihKO 'laCOB ) H C 3Heprael\ KBaRTOB, 069CA9'lBBaiOmel! 

a¢<j>eKTBBHb!l! C'l9T npB BCAOTih30BaHBB TOTICTbiX HHAHKaTOpOB, flonne*amee B3M9p9BHIO 

Hany tteHHe aon>KHO o.naoaaaqHo BhtnensrThCB. 
2 7 2 4 

BceM aTBM Tpe6osaHHHM OTSe'laeT peaxnHH Al (n,a ) Na ( CM, Ta6nHny I), 

2.2. HaMepeHBSI 

3 xcnepaMeHT 6 bm nocTasneu aa 300-caHTHMOTposoM nHxnoTpoae OHHH . TonCTbie MH-

ll!eua ua Ti Cu n Mo o6ny'lanaclo BOHaMH Ar H Ne 
22 

paaHbiX aaeprull (cM,Ta6nu-

ny 2). B xa'leCTse HRABKaTopos c ny>Knnu aniOMBHHeBbie nnacTBHKH paaM~paMB 33x33x8 MM 

Oua npuxpenngnaclo K I<On&ny-nep>KaTenro naaMeTpoM 16 CM, neHTp KOToporo 6bm cMemeB 

OTHOCHTenbHO MHW8HH T8K 1 KBK IIOK838HO H8 pHC • .3. 

3 

06ny'leune nmwoc& oKono nsyx qacos. H a MepeRHH uasene uHoll aKTBBHOCTH nposonanao& 

npB ITOMOIIlB CUBBTHTITI!IllBOHHOrO C"'9T"'HKa B OllHOKaHaOhROrO auanuaaTopa 'l9pe3 ABa qaca 

nocne KOBIIa o6ny'leHHH, CqaTanHCb see HMITyTihCbl, ~TS9'laiOmH9 aue prBSIM B HBT9pBane OT 

0,6 no 3 Mas. 0Kaaanoc&, "'TO s TaKo M pe>KHMe npucyTcTsue <jlouoBbiX aKTHBsrocTel! ( u anpu-
27 27 

Mep, OT peaKIIBB A! (n,p) Mg ) 6 b!IIO H93aMOTHO, 

Ha puc, 4 rroxaaauo onuo aa nonyqeaabiX aKcnepuMeuTan&BbiX pacnpeneneuJII!, KBJt olltll.,. 

nanocb, 3KcnepBM9BTan&Hb19 TO'IXH ne*aT Ha KpBBOlt, AOA06BOII rryBI\TIIpHOlt nJIHBB Ha PBC, 2, 

flony'leHBbie aua'l&BHSI nn11 TeMnepaTypbi npKBeneHbi a Ta6nune 2. Peayn&TaTbi, nony'leBable 

AnH peaxnua Cu + Ar , cosrranaiOT c peayn&TaTaMB KyMn<jla a Ai /
11 

s npenena·x 20%, Dnsr 

p eaKnBB Mo + Ar uawB B3MepeHBII nana TeMnepaTypy HecKo nhKo BH*e yxaaauuoA B pa6oTe
17 I, 
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3, TiapaMeTp llllOTHOCTH YpOBH9A H MOM9BT RH9p!lRR 

Dna nonHoA o6pa6oTKH aKcnepHMeHTan&HbiX naHHbiX neo6xonHMbl n oaon&no rpoM031li<He 

Bbi'IHCneHHH no cnenyromHM npR'IHHaM , Bo-nepabrX, napaMeTp If I a 
2 

npHHRM88T 3H8.'1e-

HHH OT 0 llO 10 H Bb!W e , TI03TOMY H9nh3ll Or'p8HH'IHTbCH BTOpb!M nOnHHOMOM nelK8.Hilp8 B 06-

meA ~OPMYll9 3pHKCOH8-CTpyTHHCKOI'O, Bo-m~Opb!X, I<BI< 9HeprHH B036yJKil9HHB U , TBK R 

yrnoBOA MOM9HT I Hll9p npRHHM8IOT C8Mbl9 pa3nR'IHbl9 3H8'19HRB, C OllHOA CTOpOHbi, npH 06-

ny'19HRR TOnCTOA MHW9HR o6paayiOTCH COCT8BHb19 Bllpa C p 83llH 'IHb!MH u R .c 
npyroA cTopoHbr, a Te'!eHHe npouecca ..:cnapenBll o6e aenH'IHHbr nocTenenno yMeHbmaiOTca. 

TI09TOMY llOilXOilHWHM napaMeTpOM llllH TeopeTR'I9CI<Oro OnHCAHRB RBllR9TCR H& 34BRCH!llRA 

OT 3HeprRH B036yJKileHRH napaMeTp nnoTHOCTR ypoBH&II, KOTOpb!ll CBH3b!Ba9T M9lKilY COOOJI 

Tennoayro '18CTb 3HeprRR B036yJKil9HRH R TeMnepaTypy Rllpa COOTHOW9HR9M 

U - U rot = 
2 

aT 

Dna cpaaneHRll c Teopnell 3pnKcona-CTpyTHHCI<oro 6bln nponaaenen pac'!eT Ha Mama

He ~-20 OlKHil8eMOA BKTRBHOCTR RHilRI<ATOpOB, PaC'I8TH8R ~OpMyna HM88T BRil: 

E 

YM f 0
dE 

I 

(dJ.If d •. dana 
• N · n(f) · W(8). 

E=B E· dE/dxi=O •·n=<> d£ 

3nec& E , E 0 -aneprna uona R ee H8.'1anbHOe ( MBI<CHMan&noe) 3Ha'leHHe, 

B -KynoHoBCKRA 6ap&ep, 

dEidx -HORll38llHOHHble llOT9pH 0 

da I d< 
nC! n 

27 2T 
AI (n,«) Na -nH~epesnnanbHoe ce'leHRe peaxnna 3#eiTRII-

nan TeMnepaTypa T• R napaMeTp K 

JKe cpenHee 'IHCllO HeATpOHOB Ha K8.CI<81l 

/3/ 
ra a npennonoJKeHHH, 'ITO oTnomenne 

, BXOilR!llR9 B n(f) (eM, ~OpMyny (3)), a T8.I<

onpenellBllHCb cornacso TeOpRR ne KyTepa R ns& 

r. : r. = o,1 + 0,2
181

• 

Yrnoaoe pacnpeneneHne W ( 8) npn aanaHHbiX 3Ra'!eRRBX I, T • 

~opMyne: em 3 f 
f df fi Ckj (i.~2) P

2
k(cos8) 

W(v) =f=o k =O 
2
k a 

e 
m df r 

= 0 

(" If e. io '7 

i
2 

k -c~epR'!ecKaR ~ynxnua Beccena 2k -ro nopsnxa, 

ck ( -1) 
k (4k-l)[ (2k)l 2 

(2kkt)2) 

llbl'lllCnRllOClio no 

~HTerpRpOB8RR9 no 

n p H611HJKeHHH, 

H npOR3BOilRTCR llO M8.KCRMBnbHbiX 3H8'19BRII B Kll8.CCR'I9CI<OM 

TeopeTR'IecKne aHa'!eHRH y llOJII'OH.IIIOTCR non 3KCnepHM9HT8.ll&8b19 ll8HHbl9 llOJI!So-
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poM napaM&Tpa a • nony'I&HHblQ 3H8'19H!Hl a rrp11aeneHbi B Ta61Il'!ne 2. B npenenax 

0m1160K OHB COrrracyJOTCll KaK C TeopeTB'IBCKIIMB 3H8'19HKBMB, Bbi'IIICITBHHblMB ITO ITOnySMITH

/9/ 
pu'l&eKoA <!>opMyrre A6ne118Manexa 11 CTaBIIHcxoro , Tax 11 co aaa'leHIIBMB, Bb!TexaJOrnBMII 

113 MOI18nK <!>epMH-r838 083 y'I&Ta CTpyxTypHblX s<i><!>eKTOB, KOTOp8.1! 1188T A /a • 7,6 AIUI 

r 0 • 1,6 f • KaKue-nu6o 3aKrrJO'I&HIIB oTaocuTerrbBo BrrBHBBH o6ono'le'IBOA CTPYITYPW 

H8 OCHOB8HHH H8lliHX K3MepeHHft .c; e rraTb HBITb3ll. 

Ha p11c. 5 H3o6pal!<eHbi Te l!<e 3KcnepKMeaTarrbHble TO'IKH, 'ITO u aa pac. 4 HO B npy

roM rrpencTaaneaxu, ·'IT06hl 6onee neTan~oao noxaaaTb s<l><l>eKT 8HH30TponuR. TeopeTK'IecKBe 

pacrrpenerreHKR Bbi'IICrreHhl Arrll - 0,3; I; 3 B • no11~M yrnoBoro pacnpe-

neneHKK B HanpaaneHKH anepen aa c'leT npliMI>IX pe8KI1BI! He Ha6nK>.c;aeTCll. Bee peayllbT&Thl 

cornacyK>Tcs a npenenax omx6ox c TBepnoTerrbHbiM 3Ha'leHBeM MOMeHTa uuepnuu c<l>epu'lec-

Koro KApa. 

4. To'IBOCTb peayrr&TaToB 

nocJJe y'leTa aeo6X0/111Mh!X nonpaBOK OlliH6Ka .rliTH OT.rl9ITbBOI 1311:CH9pHMeHT8HbBOI! TO'IKil 

COCT8BITli8T 5%, a 111tll TO'IKH, OTB8'1a!Oll!el! MaKCHM8HbHOMY yrny, OKOITO 10%. 06 QTCYTCT

BIIB cyll!BCTB&BHblX CHCTeM8TB'I8CKHX OmB6oK CBBI19T9ITbCTBYK>T CITBI1Y!Oll!H8 3KCH9pBM8HT4nb

HblB <!>aKThi: 1) KpHaaa l'n Y(<) npu6rrlll!<aeTcl! x npl!Mol! np11 yMeBbm&BIIII 3BeprKH ny'IKa, 

T.e. npu yMeH&meBBII cpeAaero yrnoaoro MOMeHTa cocTaBHoro Bnpa; 2) npuMeBeBBe IIH-

11119Bb!X BHI111KaTOpOB naeT Te Jl<e peayrr&T8Tblo 

Cylli&CTBeallwl axnan B omu6KB nnu a 11 BHOCBTCll HeTO'IHOCTb!O T80p8TH'I8CKO-

ro pac'leTa, rrraBHbiM o6paaoM aeTo'IHbiM y'leToM llcnapiiTenbaoro Ka£Itana u npoHHnaeMoc

TII ITOB9pXBOCTII HApa 11ITll BbineTaiOmBX '18CTBJ1. norrHal! Omii6Ka COCTaBrrB&T Anll napaMeTp8 

~I~ 1 + 0,6 
ITHOTHOCTH + 20%, a AITR MOM8HT8 IIHepnBB o = _ 0, 3 

3 a K n 10 'I e B u e 

OneHIIBaH MeToA noporoBblX IIBABKaTopoa B IJenoM, lfYli<HO cKa3aTJo cneny10mee. 0Tao

CHTe n &ao KOl!ll'IBCT Ba IIH<i>opManBB, KOTOpoe MOJI<HO norry'IBTb B BI18MbBblX ycrrOBBl!X 3KCHe

piiMBBTa ( K a'IBCTBO ny'IKa, <!>oH B Toll•) IIHI111K8TOpHb!l! M9TOI1 He MOli<&T COIT&pHH'IaTb CO 

c neKTpOCKOHII'IBCKBMB MQTOAaMII, HanpBMep C MBTOAaMB <i>oTonrraCTBHOK B BpeMeHH nporre

Tilo Onaaxo MeTo/1 o'leHb npocT B aanell<eH B npuMeHBM B Tllli<MbiX <i>oHOBbiX ycnoBBSIX ua 

BHyTpeHHeM ny'lxe nuxrroTpoHa. MeTon ae Tpe6yeT TpynoeMKol! o6pa6oTKII, xax MeTon <!>o

TonnacTIIHoK, 11 cao6oneu oT om116ox, CBli38HHblX c HeTo'IHoCTb!O uaMepe11ua BHTerpana 

TOK8 II C H8TO'IHblM 3HaHKeM 3<P<!>&KTBBHOCTII I19TQKTOpa, yCTaH8BnHB8eMoro H0/1 p83HblMB yr-

naMn. 

9 
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Pea x n JISI 

AI 07 
( n, a ) N a ~ · 

I I 5 tf5 M 
In ( n, n ') ln 

PyxorrHcb rrocTyrrHna s H3aaTenhcxul! oTaen 
10 MapTa 1965 r. 

T a6n11 na 

T l; E .-. 
15 'I 1,37 9 

2, 76 

4,6 'q 0,886 8 

t;., 

4 

3 

npHM9H9HHbl9 rroporoBbi9 ltHilHKSTOpbio E y - aaeprHII y -KBaHTOB, f . II t;., . -1(9HTp 
TH)!(9CTH B nonymHpBHa ~9KTBBHOl! <jlyHKUI!B B036y)!(JleHBII Jl8HHOl! peaKUBH JlnH HCrrapH
T&JlbHbiX Hel!Tpoaos. Bee aaeprHH B Mau. 
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T a61!Kll B 2 

PeaKUH!I z A Eo u rm u T, 8 aKc a Teop 
Mas Mas- 1 

Ti + Ar 

Cu + Ar 

Mo + Ar 

32 

40 

47 

80 

70 

88 

104 

138 

146 

265 

138 

206 

245 

245 

92 48 

114 72 

63 36 

91 65 

107 77 

105 88 

•ot 

30 2,4 8 8 8,7 

46 2,3 10 13 8,8 

9 1,6 15 14 7,0 

29 1,8 13 14 8,0 

40 2,0 13 14 8,0 

34 1,8 19 17 7,2 

0CHOSHbi9 napaMeTpbl H peaynbTBTbl H3M9p9HHll. Z, A -nopRJlKOSOe H M8CCOS09 'IHCIIO 
COCTBSHOrO RJlpB > EO - 3H9prHR llY'IKB )10 !lO!lB)lBHH!I S MHli19HI>, tJ" - 3HeprHR 

S035ylKJl~HHR COCTBSHbiX !l)lep, Sbl'IJICII9Hll8ll ?1o7p9JlH&_!t ( llO rny6HH9 MHli19HH) 3HeprHH 
ny'IKB E H c IIOMOWbiO T86IIHll KaMepoH~ ; I m -MBKCHMBIIbHblll yrnos_pl! MO-
M9HT COCT8 SHblX l1Jl9p, Sbl'IHCII9HH blll Jlii!I E ll K!I8CCK'l9CKOM IIpH6IIH}!(9HilH; U rot 

Cp9JlH!I!I 3HeprH!I Sp8IU9HHR COCTBSHblX !ll!ep, Sbl'IHC!IeHHB!I IIO IjlopMyne ( 9), C liO)lCTBHOS-

KOII anR 1!, 3HB'l9HHR ~ 1!, • Bee 3HeprHH B Mas. T - aKcnepHMeHTBIIbHoe 

3HB't{eHH9 TeMnepa.Typbl COCT88HblX SIJlep; a aKcn. , 8 Teoo.- napa.M9Tp rrnOTHOCTB 

y posHeA, nony qeHHhil! HBMH H Sbi'IHCI!eHRhi ll cornacHo pa6oTe/9/. ITpoaonHnoc~o ycpenae
HHe rro A. 

p lt c. 1. 

3 

Cno>KeHHe cKopocTeA ; ; 0 -cKopoCTb cocTaaaoro R.npa, v ... , v~ -cKopoCTb 
H9l!TpOH8 S CHCT9M9 U9HTpa MBCC lt S na6opaTOpHOl! CHCT&Me, vii = cons! ; 
1-rry'IOK, 2-Mllli19Hl> 0 3-HHJlHKBTOpblo 

II 



p • c. 2, 

p II C, 3. 

eny 

~ 
"' :----.... ~ 

0 4 6 E. 

30" 9o" tso• -.!f (fit) 

.30• tso• -3' (I n) 

nor a pJiojJM H8B9A9HHOl! 8KTIIBHOCTH HHARXSTOpOB fn Y B 3 8 BilCHMOCTH OT yrna 

p83n9T8 8 B CH CT&M9 ll&HTpa MACC ( AJlSI 8Jl lOMIIHJIOBbiX H All fl HHAB9BbiX 

HHAIIXSTOpOB) H COOTBOTCTB&H.HO OT 3HeprHR HOJ!TpOBOB B CHCTOMe U9HTp8 
Macc (cxeMaTH'Ie c xoe • ao6pa"'ea•e). OpaeeAeaa we aaaq eaaR c ooTeeTCTBYnT 

IIPI!Mep ao peaJUlBH Cu + 200 Mae Ar • OyaKTHP - TO "'~ rrpH aam<'IBH 

yrnoBO!l 8BH30TpoDHH, 

{ {{:; y fl.-._-

3 

I 115 -r\\ 1 

a a 

feoMe TpBSI ' 0DbiT8 : 4 - BIIA B H8llp8BJ10BHH K UOHTpy llH!t JlOTpOBB, 6 - BRA B 

aanpa enemu ny'lKa 1 I - ITY'IOK, 2 - Mll lUeHb, 3 - HHABKaTopbl ( anJOMBHliOBbJe 
B/IB BB.!IH9Bbl0 flnBCTHHXH) , 4 - KOJlhilO-.ll0p)I(8TO/lb j 5 - OTBOpCTHSI j 8 - KOJl
neKTOpbl ( AllSI IOCTHpoBKJI ITy'llta). 

12 

p H C, 4. 

p H C , 5. 

., 

J 
" 

'I 
'
;>. 

1 
i' 

l 
j 
~ 

q, . 

"' IZ "' CPiaHR$1 3Hf!l>alf} ~ l., I H16) 

PeaynLTaTw, nonyqeuuwe npu o6nyqeuua MeAa xoaaMa Ar ~ueprHB 245 ~ 
Oo OCR &15CI!HCC 0Tll0)1(9H8 cpeAH.II!l 3HeprHSI HeJITpoaoe .-. B CRCTGMe 

n eHTpa Mace, AKTHBHp:pomux AaRHwA HHAHKaTop, Cnnorna8Sl naHHJI - TeopeT 
qecxoe pacnpeueneHHe nns auaqeuag napaMeTpa nnoTaocTa yposueA a = I 
3xcnepaMeuT~nhuoe H TeopeTHqecxoe pacnpeueneaag uopMaposaaw x 8AHHKa 

npx 8 = 90 . Ha uaxnoaa nyuxTapuoA npRMoA orrpeAenReTcH TeMDepaTypa 
T a 2,0 Mas, 

1. 6 

1,6~ Cu + Jl,. ( 245 1'136) 

s 
f: :----...... 1.4 
>--

1,2. 

..:Jc, o 

Kp11ewe a,I)0 B - OTHorneHBe Teop&TR'leclUix auaqeaxA Y AnSI g I g 
0 

x 0,3 ; 
I ; 3 COOTBeTCTeeaao K SSIB 'I&HRJO Y § = _ AnSI § = - ( B30TpoJlHoe pac

npeneneHHe), KpyJKo'lxa - o TaorneuBe axcnepa MeaTanbJiwx a.aaqeual! Y , 
(Ha PHC, 4) )[ y §= - • KpBBbJe, HOpMBPOBaHilhl9 )[ eAHH.HUe npa . 8 m9Q 



(fl4 

lB UCH MOCTR OT yrns 
H .nna HK.tJ;Jie B biX 

CHCTOM8 Il&HTPll 
BH!I COOTB8TCTBY~ 

)1{8 npa H8l!li'IHH 

5 

)0H8 1 6 - BH.ll. B 

• ! ( 8l!IOMB HII8Bbl8 
pCTH!I; 6 - KOll -

" '\'\ "'\. Cv+llri.,~...J:J -

~ T•<!ollll6 

i ~ ! 
! '\ 
I 1'.. i 

--

I "' I '-t 
~ 

I '~ 
I '\~ : I 

i ! ·"~ i 
I I 

' '\ 
' "' IZ Q ; 

P a c. 4. Peaylll>T8Tb11 nonyqeaable npa o6ny qeaaa Mena xoaaMa Ar :>Hepraa 245 M 3B, 
n o OCR a6cnacC 0Tl!0~8R8 Cp&AR!IH 3HeprB!I aeATpoHOB <

0 
B CRCT&Me 

n eHTpa Mace, aKTRBHPYJOIIUIX ABRHhiA aanaxaTop. Cnnomaaa naRHB - TeopeTa
qecxoe pacnpeneneRRe Al!B aaa'!eHB!I napaMeTpa nnoTaoc Ta ypoaaeA a = lS . 
3KcnepxMeHT~n&aoe x TeopeTaqecxoe pacnpeneneaaa aopMapoaaabl K enaa~e 
npx 0 = 90 • 11a aaxnoaa nyHKTHpaoA npaMoA o np enenaeTca TeMnepaTypa 
T - 2,0 Mas, 

1.8 

{,6 Cu +fir ( 2.45 1'·136) 

s • 
~ 1.4 
~ 

{,2. 

P a c. 5. Kpaable a16 0 B - OTaomeHHe TeopeTH'I&CKHX aaa'!eaaA Y nna ~ /~ 0 - 0,3; 
1; S COOTB&TCTBOHHO K 3H8'10HHIO Y ~ = 

00 
AllH ~ = ( B30TpOUH08 pac-

npeA&l!OHH&), Kpy~oqxa oTaomeaae axcnepuMeaTanhHbiX aaa'!eauA Y 
( xa pwc. 4) K Y ~=.. . KpaBble, aopMapoBBHBble " eARHilile npa . 0 •90° • 


