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A H H o T a u H R 

np H o6pa60 TKe 1500 Cny'lae8 yn p yrorO pacceRHHSI n - Me30H08 npOTOH8M H 

npH 3Hepr HSJ X 12 8 K 162 M 38 , nony'leHH biX 8 8o.nopo.nH OH LlKtPtPY3 KOHH Of.l KaMepe , 

He 6bJnO H8 A.OeH O HH O.Q HOT"'O cny'l8 51 1 HM eJOwero paCXO>K.QeH He C K HH OM8THKOI\ 60nb~ 

0 
I..LJe , '!eM 3 • Ha ocH088 HKK 3To r o pe3ynbT8Ta nony'leH 8epxHKA n p e.aen .nnw ceqe-

- -29 2 
H HR TOpM03HOT"'O H3ny'leHKR n - Me30H08 H8 SJ .nepHbiX CHnax 5•1 0 C M • 
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Oll b~ 

'le-

l.BBe JJ.eH H e 

TopM03HOe H31Iy~eH •e Me30HOB B KYIIOHOBCKOM none HJJ.p8 6hlliO Bhl~HCII9HO 

B pa6oTe ( l ) t H JJ.IIH 9H9pPHH M930HOB 160 ~98 Ce~eHHe 9TOPO npoaecca no no-

-32 2 
pRJJ.KY senH~HHhl paano 10 eM • BcneJJ.cTaHe C HlibHOPo RJJ.epHOPO B38HMOJJ.eAcTBKR 

n-M930HOB C HYKIIOH8MK H31IY~9HH9 JJ.Oli>KHO OnpeJJ.eliRTbCH Pli8BHbiM 06p830M HJJ.ep

HhlMH CHli8M K o T opM03H Oe H31JyqeHH9 B none HJJ.epHhlX CHII 6hlliO p8CCMOTpeHo B Teo

peTH~eCKHX pa6oTax ( 
2

' 
3

} • B qacTHOCTH, a pa6oTe ConOBbeBa ( 3 ) npoaeJJ.eHo 

BbJqHcneHH9 H31JyqeHHH n - M930HOB npH ynpyPOM p8CCeRHHH npOTOH8M H JJ.nsl KHHeTI\• 

qeCKOA 9H9pr'HH n & JJ.8IOLU9PO n- M930H8 E , 6nHaKoA K Macce noKOH Meaona . P a co 
qeT Bhl ll 01IH9H B Tp9Tb 9M nopHJJ.K9 TeOpHH B03MYW9HHA B HepenHTHB HCTCKOM npx6nx-

>K9HHH JJ.IIH HyKliOHOB. 6bln0 noK838HO , qTo JJ.MI 9HeprHH ~ - KB8HT8 E r ~Eo 
CBH38H O C ce~eHK9M 

ynpyf'OPO pacceHHHR n - Me30HOB cl U ynp CIIeJJ.yJOLUHM COOT HO W eHH9M 

d Gb' 11 I 

PJJ.e cf.._ - IJOCTOHHH8SI TOHKOA CTpyKTypbl, H - CKOpOCTH n-Me30H8 

JJ. o H uocne pacceSIH H SI a n . c. , ;t 
- 9JJ.HHHq HblA BeKTOp B H8np8Bli9 HHH HMnynbC8 

~ -KB8HTa . B 9TOM Bblpa>KeHJIH qneH , CTOHW HA nepeJJ. dG'~"P , cP8KTHqeCKH 

eCTb B9pOHTH (OCTbt 3rryqaHHt. JJ. H)Il01ISI , K011961IJOW9T'OCSI BJJ.OIIb OC R , COBn8JJ.810LU9A C 

BeKTOpOM 1_ ~~ - 1_ i{;t • nonHoe ceqeHHe rrpoaecca, BbJq Hc 

II9HH09 HHTerpHposanHeM Bbipa>KeHHR I I I no seeM 9HepPHHM H HarrpasneRHHM 

0 -K88HT8 H KOH9qHbiM CKOpOCTSIM n-Me30H8 0 HMeeT B91IH qHHy IIOpSIJJ.K8 

l0-
28

cM
2

• Vf3 cPOPMYIIbl I I I BhlT9K8IOT CII9JJ.YIOW H9 CII9JJ.CTBHH: 

y --~~---1 / 9HepreTH'IeCKOe pacnpeJJ.9119H H e u - KB8HTOB HM99T BHJJ. E r 
2 / YPIIOB09 pacrrpeJJ.eneH He ~ -KB8HTOB T8K OBO , 'ITO llpH H ep91ISITKB RCTC-

KKX 9H9pr'KSI X M930HOB 60IIbW HH CTBO ~ -KB8HTOB KCnycxaeTCSI uepneH.llHKynsp-

HO It H81lp8BIIeHHIO II8JJ.8JOW9T'O M930H8, 8 C pOCTOM 9H9pPHH M8KCIIM YM HHTe HCHB

HOCTH CMewaeTCSI B 06118CTb M81IbJX YT'110Bo 

PacqeT npou ecca n + p ... n + p + (f a pa5oTe Conoabeaa c.aenaH a 
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KB83HKfl8CCH'leCKOM npH6nH>;.-eH H I1 1 T8K K8K OH Y'lHTbi68E'T .'IHWb n<'pAt.!ft 4'1! ~ 11 f'l/1 ~1-

noX<eH H st senH'l HHbJ n Hcl•c:PepenuHa1lbHOro ce•1eHHfl nv ::lH<!prHilM Q -K8£l11Tfl, ll 

He npennonaraeT K8KO!i-nHOO MOJlef!H 8:38111\!0flCt\CTBlfll n -l\te30H8 C H,YK .flO H0\11 . 

lloy ( 
4 ) 61>1.110 t10Kti38H0 1 4TO B OUlllE'!vl BHLtC :v!O>I<HO TO'II I O Bbi'IHC.'lliTb I! C TOJtu-

KO nep8bl~ 4'!E'H pl.l3fl01hC!U1Sl, HO H BTopoli, 8 KOTOpblH 6y,neT OXO!l HTb npOH3HO.llH8fl 

110 3HeprtHJJvl 11 vr.rtnrvt OT aMn.rniTy!Lhl ynpyroro pncce51HH51 6e3 H3.rty•JetHtl1 , B pafio-

( G 6 ) 
Ta '-' .K aTKOCKOrO 

1 
paCC:Vt OTp01111e TOpM03HOrO H3.'1YYCH HSI nponenCIIO ll,.n51 

... n -r-.!0~~01108 I1pl1 3HCf'lJ'IHtX, Q.'lH3KHX K 200 JV\:;~B, 1!8 OCHOBe MOLJ,e.fllf t\l liKCHp008 HIIO-

I'O HyKJIOHll . npH\teHst~ npon~nypy !loy , KaTKOCKHH noKa3a11 , 'ITO yrnCJBhiC li 3 HE'p-

r·eTH4eCKJole xapaKTE'JH!CTiiKH 1!3.'1Y'ICHHSI CVUli"CTI:lE'HHO OT.'IHY8JOTC51 OT TOrO, 'l ro .U<lCT 

Kl:l..l3HKnacCI.P1ecKoP. np1{51lHA> enHe . B •I acTnocTu, pA<'IIPC'l"'·leHfie no :'IHPPI'IH!\t 

0 - KBaHTOB B€'11 H411H hi s , OHpe, teilSleMoii Bbip8>t<enHeM 

cf... S dE Q dG' = -· . ~ d 6 ~ E~ r, 
/2/ 

-<fiH KBll3HKII8CCH'IeCKOrO npHUJIH >Id''HH~I S!Df!SJE'TCSI H30Tp OT!HbfM R <' . U.H ., D TO opeMH 

+ 
KdK :~TO pacnpe.i-l.f'!H~HIH' 1 Bbi'IHCllCHHOe B paf3oTe KATKOCKOrO /.nnsi fl- Mf'."'lOHOB/ , 

80.:lpllC1'f10'f C y:-.t~"lthlllf'IIHP~I E ~ , 3TO o:~H8'19eT , YTO HHTCHCHBHOCTb H:lfly't('HIHI 

r -KB8HTOB 60JlbJJJ0A '·'Hepl" IHI , pllCC' I IITll HHll~ T8KHM 00p830M , Mf'HbLlle paCC'lHT811HOi-\ 

110 K883 BK~18CCI14 PCKO:o. t y llJHI6JHI ,:, ell H Ill , 3KCt10pHMCHT8fi b H O TOpM 0~'11100 H3f!Y'lf' II He 

n - Me30HOB 113Y48!10Cb .'IHLLb npH raccellHHH HX H8 C.TJO>i\HblX Sl.TlpllX B O ! lHOI\ paf30T<' 

/ flo:-t8HOB H np. ( 
7 ) ! , B 3TOi\ pa6oTe 6blfl0 liCCJlCLlOAflHO H3ny•JeHHf' n+- MC3o

HOB B IHITCpBa/le 3Hepr H II 80- :100 N\ 3B nplf 83-'lH\110 ::tetiCTBIHI C ~.UpAMH Vr.'lCf'lOJtll , 

cpTOpa If xnopa B cppeOHOBOfi ny3t-lpbKOBOH J{8MepP. . ilo HaiineHHbiM 25 Cll)'48~M Obl-

110 onpeneneHO ce•JeH HE' npoueCC'8 HA OllHO 511\pO cflTOpa , KOTOpOC' COCT8BJIS1E"T OKO.!'JO 

-27 2 7 •1 0 C~1 , 'ITO 118XO J1 IITCSI B y .JOBTJP fBOpHTf"JlbHOM COr .,ll C IIH C TCOpPTif'II'CKH:O.t II 

oueHK8MK. 

B HacToll :tJ E'tt pn6oT<> c'Tena na nonbtTKa oneHHTb ce'leHH•~ TOpl.{o3uoro u3ny-

4CHHil npu ynpyroM pncceHHHH OTPHllATE'flbHhlX n - Me30HOB npOTOHAMII B EIOLJ.OJ)O.ll-

HOii / lllcj:J tt• y::JIIOHIIOH K8ME'pl' , 
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2. M e T o.a H peaynhT8Tbi 

B Haw eR pa6oTe ( 
8 } H3y~anocb ynpyroe pacceHH H e n - Me30HOB npOTORa-

MH B .O HcPcPY3HOHHOA K8Mepe, pa60T810West C .08BIIeHHeM BO.OOp0.08 23 8TM B Mar

HHTHOM none 9000 spcTe.a . H a 90000 cTepeo¢oTorpa¢HA 6btno HaA.aea o 385 H 

11 36 Cily~aeB ynpyroro pacceHHHH npH SHeprHHX n - Me30HOB 128 ~ 8 H 

162 _: 10 Msa, COOTBeTCTBe HHO . nocKOilbKY ce~eHHe TOpM03HOrO H3 ily '-Ie HRH COCTaB-

nHeT "' 1% OT Ce'-IeH HH ynpyroro pacceHHHH, TO npH H8WeM CT8THCT H'-IeCKOM Ma-

TepHane M bl .OOil>K Hbl O>K H.08Tb OK OiiO 10 Clly'-Iaea pacceHHHH C H31ly'leHBeM. Boa

MO >K HbiM MeTO.QOM H861l iO.OeHKH T8KHX cny'-Iaea B H8WeM S K CnepHM e HTe M O>KeT 

Ob!Tb cne.ayiOLU HA. npH ynpyroM pacceHHHH n - Me30H8 H8 npOTOHe Me>K.ay yrna-

M H p83ileT8 '-18CTKU H HX HMnyilbC8M H B na60p8TOpHOA C HCT'eMe K OO p.OHH8T cywe-

CTBYIOT C T pOrHe KHHeM8TH'-19CKH9 • COOTHOWeHHH • .QnH npouecca Tc:"'+ p .. Si'+p+( B 

OO IU9M Cily'-Iae STH COOTHOWeHH H He BbinOIIHHIOTCH, T . e . no.a .08HHbiM yrnoM 9,.-
ep HIIH HM eeTCH cneKTp HMnyilbCOB , pacceHHHbiA n -M e -

' 
Hi!H 

30H H npOTOH OT.08'-IH He ne>KaT B O.O HOA lliiOCKOCTH C ll8.0810WHM n - M e30HO M 

/yro11 H9KOMnii8H8pHOCTH H9 paBe H 0 / , H, H8K OH e u, p83HOCTb M e>t<.ay H3Mep9HHbiM 

e H3M 
yrllOM npOTOH8 OT.08'-I H p H yrnOM npOTOH8, COOTBeTCTByiOWHM no K HHe -

n e Pp8C'-I I e .... H3M
1 M8THK e ynpyroro p8CCeHHHH H3MepeHHOMy yrny - Me30H 8 1 ,., I 

He pasHa 0. B cBH3H c TeM, '-ITO 6onbwHHCTBo 

nyiO SHeprHIO , HeB03MO>KHO HCnOilb30B8Tb nepBble .QB8 yCi!OBHH .OiiH nO HCKOB STOrO 

npouecca , T8K K8K TO'-IHOCTb B H3MepeHHH HMnyilbCOB H y r nOB HeKOMnii8H8pHOCTH 

TOrO >Ke nopH.OK8, 'ITO H O>KHLl89M ble OTKiiOHeHKH I KCKiliO<teHHe COCT8Bi!HIOT i!HWb 

Cily'-I8H , r.ae K MllYilbC npOT O H 8 H3MepHeTCH no npo6er y, T8K K8K npH OW HOK9 B H3 -

MepeHHH npo6era }0% TO'IHOCTb H3MepeHHH KMnyilbC8 COCT8Bi!HeT 2 ,5% I . nosTO

My .anH no HCK OB cnyqaea TOpM03HOro Hany'-IeH HH Ohli!H Hcnonb30B8HW H3MepeHHH 

/3 / 

VIa o6wero '-IKCna cny'-Iaea pacceHHKH npH .aayx sHeprKHX 6biii H 'oTo5paHbi 

Cily'-I8H, y.OOBi19TBOp HIOWHe C1l9.0YIOW HM KpHT9pHHM: 
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1 / yron lf Me)f(.ay rTilOCKOCTbiO pacceRHHH H rOpH30HT81lbHOH rTllOCKOCTbiO 

0 
.LlOll)f(eH 6biT b MeHbWe 60 $ 

2/ .Ll11HH8 npoeKUHH H8 rOp H30HT81lbHYIO rTllOCKOCTb K8)f(.Ll0f'O H3 Tpex TpeKOB 

.a on)f(Ha 6biTb 6onbwe 2 eM. B cny'laHx , r.ae HMeeTcR npo6er npoTo Ha, .anKHS npo-

6era n on)f(Ha 6biTb He MeHee 5 MM• 

3/ nanaiOLUHH. n - Me30H He non )f(eH OTKllOHRTbCR OT OCHOBHOrO H8rtp8Bile-

O 
H HR ny'IKa 6one e, 'I eM Ha 5 ; 

4 / TO'IK8 B38HMOneitCTBHR H e nOn)f(HS 118XOnHTbCR B H9'1yBCTBHTellbHOA o6-

118CTH H He .Ll Oll >I< Ha 6bJTb 38TeMHeH a CKOnlleHHeM Kanen b; 

5/ T0'4K8 B38HMO.LleH.CTBHR .LlOil>I<Ha H.SXOnHTbCSI B o6naCTH, OTCTORWeA OT 

CTeHOK K8M epbl 6onee, 'I eM H8 3 CM; 

6/ He Y'4HTbJB81lHCb CliY'48H H8 Kanpax, HM910lllHX K8KHe-nH60 necpeKTbJ 1 H H8 

K8npax C 60ilbWOH HHT9HCHBHOCTbiO n - M930HOB, 

YKa38HHbJM KpHTepHRM oT6opa y .aoeneTeopRno 844 cnyqaR . B aTHX cnyqaSJx 

H8 penpoeKTOpe K3\19pR11KCb OnHOBp9M9HHO y r llbl fip H e'l" , npH'IeM K3M9pe-

HHR npOK3BOnHllHCb ecer.aa B onHOA 83HMyT81lbHOA rTllOCKOCTH, COOTB9TCTBYIOWeA 

onaoepeMeHHOMY H8Klly'Iu.;eMy coena n eHKIO npoeKuKA cnenoe pacceRHHoro n -Me

aoHa H npoToHa Ha aKpaHe penpoeKTopa. H a pRe. 1 e BKne rKcTorpaMM bl npKeene

HO cyM Mapaoe nnR E = 128 Mae HE "" 162 Mae pacnpe neneHHe scex K3Me-

o o ~e 
peHHblX CllY'489B ynpyroro paCC9RH HR no BellK'IHHe , 3H8K BellK'IKHbl l1$ 
cnenyeT H3 onpe.aeneHHR /3/. nocKOllhKY 

B K3\1 e peHIH! yrllOB ep , e~ , ~ 
~e X8p8KTepH3yeT JOrpeWHOCTH 

, a T8K)f(9 paa6poc H8'18llbHOA aHeprHH 

n - Me30HOe, pacnpeneneHHe aTOH eellH'IHHbl non)KHO non'4HHRTbCR 38KOHy , 611H3-

KOMY K HOpMallbHOMy. H a ::!TOM )f(e pHCYHKe 

A ex p [- (f~): J 
rT ! I8BH8R KpHB8SJ rtpl'l!lCT8Bjlstei HOp -

CO CT8HnapTOM 8 = 0 ,7°, M SllbHO e pacn pen eneH Ke 

K aK BHnHo H3 pHc . 1, He 6brno HaflneHo HH onHoro cny'laR ynpyroro pacceRH Hst , 

J1Me iOLUero 68 > 3°. 

Ha pHc. 2 s sHne rHCT orpaMM npencTaeneHw pncnpeneneHH SI no 

KMrTyllbC8M npOTOHOB B C.U.H . nnst TeX Cll y 'laee, rne ::!TOT HMrTYil b C MOr 6b!Tb HaA

!l9H no H3MepeHHOMY npo6ery npoTOHa /o6wee 'I HCilO TaK H X cnyY:a ee npH nayx 

aHeprKSIX- 112/ . U HQ'lpbi oKono c T penoK yKa3 bJeaiOT HMnynbC npoTO H a nnR ynpyro

ro n - p-pacceHHHSI npH naHHOA aHeprHH Me30HOe. 3TH pacnpe.neneH H SI TSK)f(e 
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yK83bi88JOT H8 OTCyTCTBHe CTiy'iaea TOpM03HOf'O H 3 TI Y'I e HHS!, T8K K 8K 38 npe.neTiaMH 

OWH60K H3MepeHHH He 6bJTIO H8H.Ue HO CTiy'iaea C MeHbUJHMH HM fiYTi bC8MH /HanpHMep, 

.OTIS! 

.aoTI,KeH HM t!Tb 3Ha'ieH HS! oT 201 no 170 Mae/c .OTIS! E
0 

= 162 Mae H OT 176 .ao 

14 3 IV\ sale .ll TIS! E = 128 Mae/. 
0 

Kpo M e OW H60K H3MepeHHS!, KOTOpble MOf'yT .U8B8Tb OTKTIOHe HHS! BeTIH'iHHbl L\9 
OT 0 B CTIY'i8S!X ynpyroro pacceS!HHS!, HE.'06XO.£l HMO p8CCMOTpeTb CT19.£lYIOW He KOHKy-

p Hpy 10 u~ He npoueccbJ: 

1 I Kea 3 Hynpyroe n - p - pacceS!HHe H8 CTJO >I<HblX S!,apax MeTHTIOBOf'O CnHpTa , 

np li M 9Cb K OTOpblX COCT8BTJS!eT ~ 0,3% O T '~HCJ18 S!.£l9p BO.UOPO.U8. Vf3 o6wero 'iHCT18 

3Be3.n OT u eynpyrHx npoueccoe aa cno>KHbJX R.npax , paeaoro 115, 6b1no Hafi.aeHo 

TJHWb 3 Cny'i8SI C Bb!T19TOM TOTibKO O.UHOf'O npOTOH8 H O.UHOf'O n-Me30H8, y.noene 

TBOJJS!BUJ HX OOCT8BT19HHbiM KpHTepHS!M O T 60p8 , 0 .£l H8KO 3 TH C TJ Y 'i8H He MOr y T 6bJTb 

OTHeceHbl K npoueccy n + p -+ n + p + ~ t T8K K8K B .U BYX CT1y 'i8SIX npo-

TOH OT!l8'1 H BbiTJeTSeT H838 .£l fi 0.£l Yf'TI8M H 108° R 120° , 'iTO 38npe w e HO KHH9 M8THKO A 

TOpM03HOf'O H3 TJY'i€HHSI, a B Tp9TbeM CTiy'iae no H3MepeHHbiM HMO YT1bC8M BT Op H'IH biX 

'i8CT H U HeB03MO>KHo Y t lOBneTeopHTb 6anaHcy a H eprHH-HMn ynbc , .aa>Ke npe.anonaraS! 

M8 K CHM8TibHO ii03MO/KHYIO 3H9pf'HIO 5 -K B8HT8 125 M 38 , B OC T8TJbHbiX 803-

MO t K H biX CTIY'if!SIX KB83Hynpy f' O f'O pacc e srHHS! 8 TO'IKC B38 HM O.£lei\CTBHS! HMeeTCSl BH,aH

Mblfi c Ti en OTtta'IH R.n pa . 

2/ pa36pOC no BeTIH'i HH 9 /j, e 
no 3 H9pf'HSIM , 0TKTIOH9HH9 flB > 3° 

Bc • • e.LJ.CTBH9 pa36pOC8 IIY'iK8 n -Me30HOB 

Mo n<eT 6bJTb TJHLUb .nnsr E .0::: 50 Mae. Bepo
o 

S!THOCTb 1186TJ JO!l9HHSI OllHOf'O TaKOf'O CTJY'I8S! no H8 WHM 0UCHK8M .C::. 10% 

~/ K YTIOHOB C K Oe pacceSIHHe ,...- -Me30HOB H 3T19KTpOHOB, CYMM8pH8SI npH-

'.JeCb K OTOpblX B ny'!Ke n -M e30HOB COCT8BTISI9T 16%. T aKoe paccestH R e lf8H6onee 

aepOS!THO H8 M8Tible Yf'Tibl H MO>KeT .08B8Tb KHHeMaTHKy , OTTII'I'~HYIO O T KHH9M8THKR 

ynpy r oro n -p-pacce S!HHSI, O .ntJaK O 3TO pa3TJK'iKe M8TJO . HanpHM ep, .UTIR y rna pac-

ceSIHHS! r--Me30H8 HTIK 3TieKTpOH 8 , paBHOf'O 20° B TI 8 60p8TOpHOH C HC T e Me K OOp-

LlKH8T , p8CXO >K.aeHHe B BeTIH'IHHe ~ e = 0,1 ° LlTISI r - M930H8 H 

68 0, 3°- LlTISI aneKTpOH8 . 
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3. O ueHKa sepxHeA rpaHHUhl ce~eHH~ npouecca 

n -+ P -.. n-+ P + 6 

.Lln~ Toro , ~To5bJ oueHHTb sepXHJdi npenen ce~eHHSI npouecca n - + p -+n - + p + (f, 

Heo6xonHMO nnSI scero cneKTpa ~ -KB8HTOB 3H8Tb .fl lfqHp9peHUH8.11bH09 pacnpc-

aeJ19HH9 C J1Y~89B TOpM03HOf'O H3Jly~9HHSI no 8 9 J1H'IHH9 .11 e , no KOTOpOMy MO)f{HO 

BbiYHCJlHTb OTHOCHT9JlbHY~ B 9pOS! THOCTb flOSIBJ19H H SI cny~aes C B9.11KYHH Ofi .11e > 3°. 

.LlnR LlSHHOil 3H9pf'HH ~ - KB8HTOB B9JlH~RH8 ~9 B Jl . C . M0)f{9T 6bJTb Bblpa-

>1<9 H8 KHH9M8TH~9CKOA cPYH K U KeA yrnoB B C . U .H. H 9H9pr HH H8'-18JlbHOrO n-Me:JoHa : 

L\e = D.S ( 9, oL, ~, Eo), 14 1 

rne 9 -yron pacco~HHSI n - M 930H8 B C . U .H. : cJ... - yron Me* rtY Hanpaan e -

HH~MH HMnynbCOB p8CC9SIHHOf'O n-M930H8 R ~ -KB8HT8 B C . U . H.; ~ - a3K-

MyTSJlbHbJil yron ~ -KB8HT8 OTH OC HT9JlbHO CYMM8pHOrO HMnynbC8 pacce~HHOf'O 

n-M930H8 H ~ -KB8HT8 B c . u.H • .LlnR aaHHOA 9H9pf'HH n - M eooHoa E n H<:P
o 

¢epeHuHanbH09 pacnpeneneHHe no sen H'lHH e £::,.(;} MO)f{ OT 6b1T b 38nHC8HO B BHL19! 

~,(Ae) = Jf~' (L\8, e,o~-) d (69J 
ec:~. 

rae ~I - npOH3BO.l:.lH8SI 

H OA 4JyH KUHH 14 I H dW"' 
OijJ 

OT cPYHKUHH 

dW.9 

dWt dWe dWoL d9 dd.. 
d~ de d~ ' 151 

l}' = tt'J. ~e, 9, ,,(.) 1 SIBJ1SI~lU9ACSI o6paT-

t ddt - LHt ci:Jc:PepeHuHaJJbl!ble pacnpe-

neneHHSI no ~ e H 
d6 

d. • Pacnpe n eneH He no f} 6panOC b B BRae 

( 0 -+ e, ~e -1' C ~19) Si rt.9 C K 09<PcPH IIHOHT8Mii Q 1 ~ H C 1 nonyqeu-

H bl~ K a Haw eA pa6oTe (S} • TaK KaK HanpasneHHe cyMMapHoro nM nynbca 

Horo 

c a 

; l 11R 

pacceSIH-

n-M 930H8 H ~ -KB8HT8 np8 K TH'l9CKH COBI18Ll89T C HanpaBTJ9HHOM HM nynb-

-
paCC9SIHHOf'O 

~ -KB8HT8 

n - M930Ha, TO Yf'Jlbl d.. H 'l' onpeJl9Jl SI ~T TenecHbJA yron 

dQ~ 
npOCTOThl npH BhlYHCJ19 HHH 

O THOC HT9JlbHO HanpaB'19HHS1 paCCO SIHHOf'O n -M OOOHa . 

~}fe) pacnpene.neHHe ~ -KBaHTOtl no dQa-
a c . u .H. npe n nonaranocb wJoTponHbJM, T . e . dW..,"' ""Mt H dWo~- """ Sin.ol 

~ VY (id. • 
1111T 9 f'pHpO BUHH9 no yrn8M e npH L18HHOM cA npOH3BOLl K J10Cb B npeaenax OT 

15° 

npo 1 

n-w. 
5yn 

ne , 

Ia c 

npe;: 

KHH91 

ElS 
TO I! 

c 

rne 

KOTO 

HHSI I 

n pen 

HH9 

rpacj 

JlH'l.H 

pacn1 

noKa: 
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15 .uo 180 , a no 

~ -Ke8HTOe H .UnR O.U HOR aHeprHR 

n-Me30HOB 162 Mae /npe.unonaranoeb , 'ITO .UIIR Eo = 128 Mae paenpe.ueneHHe 

6y oeT no.uo6Hb1M I . .D.nB npHM epa Ha pRe . 3 npe.aeTaeneHa ebi'IHeneHHaH no ¢opMy-

119 / 5/ .£lHcPcPepeHUH8nbH8R eepOHTHOeTb eenH'IHHbl f18 .UIIR E lf = 20 Mae 

/e e .u.H / , Ha pRe , 4 npHee.aeH rp8cPHK, H8 KOTOpOM e 38eHeHMOeTH OT aHeprHH 

~ - KeaHT8 

a (fa) = 

OTIIO)f<eHa eenH'IHH8 
A9,.,oll 

J dW d(68) 
A9 =>~0 d(t.G) 161 

npe.aeTaenRJOlU8R eo6oR OTHOeHTellbHOe 'iHCIIO Cny'laee, HMeiOLUHX p8CX0)f<.QeHHe C 

> 3°, lA A. KHH8M8THKOR ynpyroro pacCeSIHBH YJ3 rpa'+'HK8 eK.UHO, 'ITO .UIISI 

EIS = 10 M 9e .uonR eny'laee e .18 > 3° eocTaenneT eeero nRwb oKono 20%, e 

To epeMsr KaK .UIISJ E~= 125 Mae OHa 6nH3Ka K 1. 0THOCHTellbHYJO .aon10 cny'laee 

e ~e > 3° .UnH BCero eneKTpa lf -KeaHTOe MO)f<HQ H8ATH no cPOpMylle: 
E.~"'IUC 

j w(E~)a(Ect) dElf 
E.r•IO I'h& 

K. = 171 
Er mi),X 

J 
Eb· 10 M,S. 

r.oe w(E~)- aHepreTH'IeeKHA eneKTp ~ -KBaHTOe e c.u . H • .UIIB E = 162Mae, 

KOTOpb!.A 6 bill e3 SIT K3 TeopeTH'I eeKoA pa60Tbl ( 6) • H H *HRR npe.o en H:Terpupoea-

HHR no E ~ 6bm ebi6paH paeHbiM 10 Mae, T.K . eepoRTHOCTb perHcTpauuH 

~ -KeaHT8 C E~ < 10 Mae e Hall . .lfX ycnoeuRx Mana. Ha puc. 5 KpueaR 

npe.aeTaen ReT eo6oR aHepreTH'ieeKHll cneKTp W ( EOJ) , a KpH easr 2 - npou3ee.ue-

HHe cPYHKUHA w (Er) a (Er) , T,e , a¢¢eKTHBHbiR aHepreTH'I8CKHA cneKTp. 

rpa¢K'l9eKHM KHTerpRp088H H8M aTHX KpHBbiX HaA.aeHo , 'iTO K = 0,6. B aTy ee

IIH'lHHy K .U01l*H8 6b1Tb BKnJO'ieHa nonpaeKa, y'IHTbiBaiOwas .uu¢¢epeHnuanbHoe 

pacnpe.aeneHu e ~ -KeaHToe no dQ lf , .uaooeMoe Bbtpa>KeHHeM /1 /, Pac-...eT 

liOK83biB89T, 'ITO 9T8 nonp8BK8 eOCT 8BnHeT B Cpe.oHeM no BC8My cneKTpy (f -KBaH-



TOB o K o n o 20"' . 0KOH'lt~TenbHO a nst eenH'HIH bt K nony•1euo oua'leH He 0 ,5 . Bbtpa>Ke-

HH e n nst aepxuero npe.:tena ce'leHHst T opMo3 u o r o H311y'leH Hst c E a->1 0 ;V\as MO>KHO 

38ll HC8Tb B BH,.Je: 

G~ ~~ N 
c /8/ 

K 

rae G -ce•leHHO ynpy r oro pacce stHHSI rrpH aueprHH n -M e30H01) 154 M ::ls, 
ynp 

fiB.'IstlOW.el\cst cpea uet-1 s3eeu..euuoti n o YHcny cny'laes .ann Ka>K noi-i <~ H <'! rruH, 
C - rronpaBKa K ' IHCJly N N -nonuoe 'lliCJtO C JJ Y'HiE'B ynpyroro pacce stHHst, 

Y'~HTbiBalolu ast sxnan KynouoecKoro H 11HTeprr•epeuul110 Kynou o s c K oro H n rtcpuoro 

paccestHHst . B epXH flfl rpau Hua nonHero ce'leH Hfl TopMo3uoro H311Y'I9111Hl, Bhi'IHCJIOHHa st 

-29 2 
no ,,,OpMyne /8/ , p8BH8 5• ~0 CM • nony•IeHHYlO B9J1H'!JIIHY MO>I<HO Cp8BH HTb C 

ll011HbiM ce4eHH9M , paCC'IHT8BHbiM no ~OpMyne KB83HKJ18CCH'IeCKOT'O 11pH6.n H >KeH HJ9J: 

G~ = cJ.. .ert E.., ( 1. tn. ~ 
gr Ell' "'in ~~ 1 - f>• 

+ 
i i + f>' Lt ) r: 
~· en i- P' - v Y"f' /9 / 

E0 ,..;~ 10 !'v\ as; 
I 

~ -cpeaHstSI CK OpOCT b n -:-.~ eoouoa nocne paccestuHst , 
rne 

G' ynp 

G'~ , 

- ce•leBHe ynpyroro paccestHHfl • .!J.nst aueprHH Meoouos E = 154 M aB , 
-28 2 ° 

1'8t\JlCHH00 no ~OpMy119 /9/> paBHO 2,:1 •1 0 CM • 0 ' rt!aKO , 3H8'19 1!He cc -

<leH H51 , p8CC q" HT8HIIIH:! T8KHM o5pa:IOM, S!B.rt51eTCSl 38Bb!UJf!t!HbiM 

TO 'IH biM 11 pOC 'I OTI):'-1 11 , BblllOJt H e HH biM H e pa6oTax KaTK OC Koro 

H HO a u epreTH'ICCKOrO cneKTpa ~ -K B8 HTOB , nony•IeHHOT'O 

+ 
T OpM03HOT'0 H3J1Y'I P.HIIfl n - Me30HOB, aaeT !lllfl OTHOllieH HH 

HY npH:vtepHO B t, .5-J,8 paoa MeHbllJYIO , •t eM Bbl "l HC.'I eHH8fl 110 

no cpaaneHHIO c 6onect 

( 5 •6 ) • VlnTerpHposa

B pa0oTe (a) !lllfl 

()~I (J FIC'.n H"l H-
ynp 

/9/ /OTHOUJCH H9 

()~ I cr nnfl n : M 030HOB H(? LJ.OJl)i< HO cyw.cc T BeHHO OT11 H 48TbCSI OT 3TOrO 
ynp 

+ n - Me30HOBf . C npyrofi CTOp0H bl 0 3KCnt>pHMCHT8.'1bll00 :) H8"1 CH HC 
OTHOW eH Hfl ;'"lllfl 

.QJ1SI (5~ uaiiaeHO T8K>Ke B HeKOT OpblX npe .anOJlO>KeH HSIX , 119 SIBJlSIIOIIIHXCfl a6co-

J1 10THO CTpOrHM H. 
T aK H:-.1 o6pa3oM, nony~eHH8fl H8MH sepxHstfl rpauRua ce~PHHst 

TOp'-103HOrO H3J1Y'IOHHSI 

x l 

- 29 2 5 .1 0 C M • no- BHilHMOMy , H e npoTHBOpe~HT TROpCTH4ec-

K HM oueHK8M 

x/ B CA'..toe nocncni!Of! epe-...SI uaM cTan H H3sec T Hbl peoynbT8TJ,t parioTbl Ll Hn£ 

H ap . , ony6n HK OB811HOi1 e MaTepHanax 10 Po'!._ecTepcKolt KOH~epeHuH H 1960r· . 13 "lTO il 

paooTe llpH HOy<leHHII ynpyrOrO paCC9S!HHfl n - Me30HOB C SHeprW,:)H 225 J'll\ 38 tipOTOII8MH 

C nO\.tOIUb'O "H.UKOBOL.lOpO . .:t HOH ny3b!pbKOBOH KaMepbl 3aperncTpHp01HHIO 5 CJ1)"18CB TC>P • 

:vto3uoro H3J1V'I'lHH~T c E{"·c·/>50 :V\<~s, •1-ro cooTB~!TcToyeT Cf>'Ie HHIO 5 .J o-
2

9cM2 . 
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