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B B e 11. e "-~ .IL. 

npomno HeMHOrHM 6onee JJ.eCHTH neT C TeX rrop, K8K ~H3RKH-3KCITepHMeHT8TO-

pb! CTann yJJ.enHTb cepbe3HOe BHHM8HHe SIJJ.epHbiM pe8KUHSIM 0 ITpOH3BO/J,HMb!M MHOro-

38pHJJ.Hb!MH HOH8MH ( M.3.H.). YcxopeHH bie /],0 6 onblliHX 3HeprH11 ( - 10 M3B/ HyKnon) 

THlKenbie HOHbl IT03BOnHIOT 3H8'1R T enbHO pacmHpHTb 3KCrrepi!MeHT8nbHb!e B03MOlKHOC

TH HJJ.epnoA ~113HKH (nayqeane xynoaoscKoro Bo36ylKneHnn, peaxnnn rrepeJJ.a'IH rrpn 

KacaTenbHb!X CTOnKHOBeHIISIX, rronyqeane H30TOITOB C Re/J,OCT8TKOM aeATpOHOB, rrony-

/IQ/ 
qeane TpancypaaoBbiX s neMeHTOB n JJ.p. ) • B nacToSimee speMSI ycKopeane Mnoro-

aapSillHbiX HOHOB /],0 60nblliHX 3HeprHA OCyuteCTBnSieTCSI B OCHOBHOM H8 UHKnOTpOH8X H 

nnnel!HbiX ycxopn TenSix. 

nepBOH8'18nbHO H8 UHKITOTpOH8X MHOr038pSI.[lHb!e HOHbl yCKOpSIITHCb H8 'cy6rap-

Moanxe• c nocneJJ.yJOme.l! o6JJ.HpKoll aa ocTaTO'IHOM raae H JJ.BJibHeilmnM ycxopemfeM 

H8 OCHOBROll '18CTOTe. nocKOITbKy B 3TOM cnyqae MeCTO 38pO:>KlleHHI1 B biCOK038pBJJ. HbiX 

~OROB paccpeJJ.OTO'!eHO ITO BCeMy rryTH YCKOpeRHSI HX, TO H 3HepreTR'!eCKHll cneKTp 

TaKnx nonos mnpox. TaKne rry'!KII nonos neyJJ.o6Hbi JJ.ITSI rrposeJJ.eHHSI 6 onhmHHcTsa <>Kc

rrepnMeHTOB. MoH03HepreTH'!eCKH ll ny'!OK HOHOB B UIIKnOTpoHe MO)!<eT 6biTb nonyqeH 

ITpH o6p830B8HHH yCKOpS!eMb!X HOHOB C He06XO/J,IIM bi M 38pS!llOM HerrocpeJJ.CTBeHHO B HOH-

HOM HCTO'IHHKe. 

llnSI rrony'!eHHSI Tp8HCypaHOBbiX 3ITeMeHTOB H npoBe/J,eHHSI JJ.pyrHX 3KCnepHMeH

TOB, CBSI38RRbiX . C B38HMOJJ.ellCTBHeM MHOr038pSI/J,HblX HOHOB C SIJJ.p8MH, B 06be/J,HHeH

HOM HHCTRTyTe SIJJ.epHblX nccneaosannl! (OlHIH) ITOCTpoeH T pexMeTpOBblll UHKnOTpOH 

Y-300/1],
121

, paCC'IHT8HHblii Ha ycKopenne HOHOB, HMeJOmHX A/7. =3,5-7 (A If Z

-<:OOTBeTCTBeHHO aToMHbiA sec n 3BP"JJ._ nona). TaK, JJ.nSI ycxopeHHSI na 3TOM unK-

noTpone nonoB neona ( A = 20 H 22), xpeMHHSI ( A= 28), cepbt A= 32), xno-

pa ( A z 35 n 37), aproaa ( A = 40) 11.0 aaeprni1: , JJ.OCTaTo'!HbiX, 4T06bi npeoJJ.oneTb 
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KYIIOHOBC!tHI! 6apbep SI.Qpa H3 TSIJKerrol! MHllleHH ( - 6 MsB/KyrroH), aeo6XOilHM O 

aMeTb a a pSIIl aoaa oT 4 ao 8 ~rreKTpoaawx eanHBu. ITpa npoBe.neaaa 6orrblllBHCTBa 

SltC!IepHMeHTOB BeJIH'IHHW He06XO.QHMbiX cpellRBX TOKOB KOBOB H8 KOHe'IHOM p8llllYC e 

llOnlK Hbl KOIIe6aTbCSI OT }leCSITW X JlOrreA MBKpOaMrrepa JlO JleCSITKOB MHKp08~tnep. C 

yqeTOM IIOTepb IIpB y cKopeHHB He06XOJlHMO 6hlJIO paapa6oTaTb HCTO'IHHK, KOTOp biA 

cMor 6bt BbiJlaTb ayx<Rbte uoahl B .noc TaTO'IHbiX KorrB"!ecTBax. TaK , sa K oHe'IHOM 

pa.nHyCe TOKH TaKHX HOHOB KaK C 
4 

+ 1 N 
6 

+, 0 
6 
+, Ne 

4 
+ liOillKH W COCTaBJISITb aec

KOIIbKO Jle CSITKOB M HKpOaMJJe p , a TOKH TaKHX HOHOB KBK S 
7 

+ , Ar 
7 

+, Ar 
8 

+, Ge 
8 

+ 

- aecKorr&K O MHKpoaMrrep. Cpolt crryJK6bi HCTO'IHHK a aorrJKea 6biTb ae Meaee 20-25 qa-

COB. 

B aaCTOSIIUee BpeMSI HHTepeC <jJH3HKO B , 3 8HHM8IOIUHXCSI peaK.QHSIMH C MHOro-

aa pSIAHhiMH HOHaMH, aanpasrrea K eme 6orree TSI>KeJibiM HOHBM, BaXOJlSIIUHMCSI BO 

BTopo A norroBHae Ta61!HUbi MeaneneeBB, BITIIOTb no ypaaa. P eaKnan c TBKRMR aoaa

MH aa10T ooaMOlKHOC Th rrony'leHHSI Slnep c aapnnoM 114 H 126, rne rrpenrronaraeTcn 

HaiiH'IHe OTHOCHTeiibHO norrrO>KHBYIUHX 1130TOITOB. 

llrrll TOrO qT06bi ycKopHTb TBKBe HOHbl HB llHKIIOTp oae JlO aaeprHi! 5-6M as/ayK -

IIOH, He06XOAII M O yBerrH 'IHTb HliH paAHYC MarHHTHblX IIOIIIOCOB R· , BIIH HBIIpSi ll<eH-

HOCTb MBri!:HTHOro IIOJl;T H , BilK aap11n HOII8 Z , T8K K8K 3!1eprHSI '18CTHAbl 

rrporropnaoaarr&aa n2H 2 z 2 . B CBSI3H c 3 TBM npu rrpoeKTHposaaau ycKopuTeneA 

Re06XOliHMO 3 R8Tb B03MO lKHOCTB cymeCTByiOIDHX HCTO'IHHKOB lli!SI IIOliy'leHBII MHOro-

36pSIJlHbiX HOHOB T 8KHX arreMeHTOB KBK Gc Kr , Mo Xe w H np., TBK K6K 
25 

CTOHMOCTb UI!KIIOTpOH HOrO yCKOpHTeiill pacTeT llpHMepHO nporropnHOHarrbHO R ' 

TeMo l! aaaaol! pa6oTbt SIBrr!leTCII accneaosaaae acTo'IHBKoB MHoroaapSIAHbiX 

HOHOB C n errbiO yBeliB'IeHIHI HHTeHCHBHOCTH 6onee nerKHX HOHOB H BbiSICHeRI-111 B03-

MOlKHOCTH nonyqeHHII THJKelibiX FlO HOB ( BTOpaSI nonOBHH6 Ta6nBUbl MeuaerreeBa) • 

npa 11pOeKTHpOB6HHH HCTO 'IHHK8 llliH y CKOpHTenel! MHOrOaapSIUHbiX HOHOB 0J.1 f!J.1 38 

/ 13/ 
ocHosy 6bin npHHHT HCTO'IHHK c rroaorpeBHbiM KBTOAOM , paapa6oTaHHbiii: E.H. MaKo-

BbiM H ap., KBK H8H6onee rrepcrreKTHBHbiH l-13 BCeX H3BeCTHblX K H8'16IIY pa60Tbl. 

B aaccepTanHH aana raiOTCII peayn&T6Thl uccneaosaBHH HCTO'IHBKa rroao6Horo 

TlWB KBK HB CTeane, T8K H H6 UHKliOTpOH6X. Ha OCHOBe IIOliy'leHHbl X li8HHblX H 

xapaKTepHCTHK HCTO'IHHKOB MHOr038p!!AHbiX HOHOB, H3MeHeHHH pe JKBM 8 IIHTBHHII 

FICTO'IHFIKB H HeKOTOpblX KOHCTpyKTHBHbiX H3MeHeHHJ! ero Yli6IIOCb IIOliY'IHTb aa 

UHKliOTpOH3X 6orrbWife HHTeHCHBHOCTH IIY'IKOB p83liH'IHblX HOHOB ( CM. Ta6rr. 3). 

n pa CTeHAOBbiX HCIIb!T6HHHX HCTO'IHHKOB norryqeHhl HHTeHCHBH bte ny'IKH CBepx-

4 

TSI JKerrblX MHOr038pSIJlHbiX HOHOB 0 BeJIH'IHHa KOTOpblX rrpe BOCXOliHT 6011 

JQ pa3 3Ha'leHHe TOKOB0 IIOIIy'leHHblX H3 HCTO'IHHKB C XOliOliHb!MH K8 

(eM. Ta6n. 4). 

~ CKopocT~ _ noaoo6paaosaaaSI a ceqeaaeJ!2 

1. B JlyrOBhiX HOHH blX HCTO'IHHK8X HOHH38UHSI raaa B OCROBHOM 
/ 22/ 

CSI srreKTpoHHbiM yaapoM. CKopocT& aoaaaauua pasaa 

R 
No v N 

4 
p ( i • ) . 

No v N 
rae 

4 
- IIOTOK HefiTp8IIbHblX 'laCTHn qepea CTon6 nyr 

p ( i - cpeliHSISI BepoSITHOCTb HOHH38.QHH, KOTOpag p 8 

p ( i .> 
-j • (71 

1 -ex p v N 

3neCb f -llliHH6 IIYTH HOHH3YIOIUeHCSI '18CTIIUbl B p63pS1ne, v 
N - e 

f 
( t = -v--BpeMII H6XOJKAeHHII 'laCTHAbl 

N 
B paap11ne l; a 1 -ceqeaue uc 

3aBHCIIIUee OT aaeprHH aneKTpOHOBo 

Ha ypasaeHHII ( 2) BHAHO, 'ITO sepo!!THocTb noaaaanuu, a, cneJJ.• 

H CKOpOCTb HOHH3anHH nponopU30H8libH6 TOKY AyrH npa M8libiX BeliH'l 

MHTCH K H8CbilleHHIO llpH O'leHb 6olibWFIX TOK8Xo Oua TBKJKe HBrrHeTC5 

rBH 3lieKTpOH8 H 38BHCHT OT BpeMeHH H8XOJKneHHH HOHH3YIOlleHCH qac 

pHAe. 4BCliO HOHOB 38BHCHT T8KJKe OT Bepo!!THOCTH peKOM6HH6AHH an 

ITocneauHe nponeccbr nerraiOT ysenaqeaae 'IHcna MHoroaapSIAHhiX uoao 

38BHCHMbiM OT KOHileHTp6nHH aeilTp8libHbiX '16CTHU B pa3pHne. 

2. Ha ocaosaaau KnaccaqecKoA TeopHH aoaaaanaH aneKTpoHHhiM 

IIOnyqaeTCII BbtpaJKeaHe lliiSI Ce'leHHII OliHOKp8THOil HOHF138AHH 

(71 
e I 

U u fn 
I 

e 2 U 

U I 

rae e 1 H e 2 - flOCTOIIHHble, u auepran aaneTaiOmero sneKTpo 

rHII CBH3H OTpbiBaeMoro srreKTpoaa. 
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6apbep H.Opa H3 THJKenot1: MHUJeJIB ( - 6 Mae/Kynon) , aeo6xonHMO 

.0 HOH8 OT 4 .0 0 8 ,Sll9 KTpORHbi X 9.0HHBU, npH nposeneiiHH 60llbl!JHHCTB8 

TOB B9llH'IHHW aeo6xonH Mb! X Cp9.0HH X TOKOB KOHOB 88 K OH9'1HOM pannyce 

e6aTbCSI OT ll9CSITWX nonefi MHK p08Mnepa n o ll9CSITKOB MHKpOaMnep , C 

epb npH ycKopeHHH aeo6XO.[lHMO 6b!JJO p83p8 6 0 T8Tb HCTO'IHHK, KOTOpblfi 

~1naTb n yx<l! b le HOHbl B noc T& TO 'IHhi X KonH'IecTaax, TaK , aa Koae '!HOM 

IKH TBKHX aonoa K8K C • +, N 
6 

+, 0 
6 
+, Ne 

4 
+ nonJKIIbl cocTaBnR Tb a ee-

l 
7+ 7+ B+ B+ 

HTKOB M HKp0 8 Mll9p 0 8 TOKH T8KHX HOHOB K8K 5 0 Ar , Ar , Ge 

b MHKpoaMne p . CpoK cnyJK6bi HCTO'IHHKa n onJKea 6biTb ae Meaee 20-25 'IB-

~TOHmee Bp9MH HHTepeC <jJH3HKOB, 3AHHMBIOmHXCSI peBKU H HMK" C MHOI'O-

HOHBMH, aanpae nea K eme 6onee TH JK9llb!M HOH8M0 88XOnHmHMCH BO 

sune Ta6nuubi Meaneneesa, enno Tb no ypaaa. PeaKnaa c T aKHMH uoaa -

3 M O li<HOCTb nonyqeaHH Hnep c 3apsnoM 114 a 126, rne npennonaraeTcH 

HOCHT9llbHO .[lOlll'OlKHBymHX H30TO UOB, 

oro '!T06bi ycKopHTb TAKHe HOHbi a a UHKnoTp oae no aaepr ui! 5-6 Mae/nyK-

nHMO ysena•mT b HnH panayc MarHHTHbiX nomocoe R , una HanpHJKe a -

H T HOI'O H On\'1 H , ana 3apHn aoaa z , TBK K 8K 3H9pl'HSI '18CTHUbl 

8llbH8 R2H2 z2 . B cBH3H c a T aM npa npoeKT Hpo eaHKH ycKopuTenet1: 

3 R8Tb B 03MO JKHOCTH cymecTBy!OmKX KCTO'IHHKOB nng llOllY'19HHH MHOI'O-

O HOB T 8KHX a n e MeHTOB KAK Gc Kr , Mo Xe w H np., T BK KBK 
25 

UIIKllOTpOHHOI'O yCKOpHTeng pacTeT UpHMepao nponopUHOH8llbHO R ' 

U 8H HOfi pa60Tbl HBllSI9TCSI B CCll9.00B8HBe HCTO'IHKKOB MHOI'038pS!.OHbl:X 

b!O yB9llK'I9HKSI H!IT9HCHBHOCTH 6onee nerKHX HOHOB H Bb! HCH9HHSI B03-

0llY'I9HHH TSIJK9llbiX HO HOB ( BTOpaSI UOllOB H HB T 86UHUbl Mea.oeneesa) , 

i>eKTBpOB8HHH HCTO 'I HHK8 .[lJJSI y CKOpHTenell MHOI'038p5IIlHbiX HOHOB 0Hf! H 38 

I / 13 / 
1 npHHSIT ucTO'IHHK c rronorpe BH biM KaTouoM , pa3pa6oTaHHbii! E.H. MaKo-

xax H8H6onee nepcneK THBHbiil H3 BC9X H3B9CTH b!X K H8'18llY pa60Tbl . 

:cepTBUHK K3ll8 !'810TCSI pe3yJJbT8Tbl HCCJJ9UOB8HHH HCTO'IHHK8 llOU06HOI'O 

II8 CTeHne, T8K K H8 UHKll0TpOH8X. Ha OCHOB9 nouyqeHHbl:X U8HHb i :X K 

:THK HCTO'IHIIKOB MHOI'038pS!UHbl X HOHOB , H3M9H9HHSI peJKHM8 UHT8HHSI 

H H9KOT0p b!X KOHCT pyKT HBHbl:X K3 M 9 H 9HHil ero yU8JJOC b ITOlly'IHTb H8 

IX 60JJbillH9 HHTeHCH B HO CTK ITY'IKOB p83 ITH'IHb!X HOHOB ( CM, T86n , 3 ) , 

:>BblX HCI1b !T8HIISIX HCTO'IIIHKOB llOlly'!9Hbl HHT 9HCHBHbl9 ny'IKK C B epX-

4 

T SIJK9ll b!X MHOI'038pHnH blX HOHOB, Bena'IHH8 K OTOPbi X llp9BOCXOnHT 6on ee '19M B 
- /2 1 / 

IQ p83 3H8'19Ha e T OKO B, llOllY'I9HHbi:X H 3 HC T O'I HHKB C XOllOnllhi MK KBTonaMH 

( eM, Ta6n . 4 ). 

~ CKopocT~ _ uoaoo6pa3oeaaas a ceqeaH~ HOHH3auHH 

]. 8 nyrOBblX HOHHbl X H C TO'IHHK8X HOHH38UK SI !'838 B OC HOBHOM o c ymeCTBnHeT
/22 / 

cH a n e KTp OHHbiM y n apo M , CKop o c Tb uoau3 auuu paea a 

R N O vN P ( je )' 
4 

(I) 

N 0 v N 
r n e 

4 
- UO T OK He ihpBllbHbi X 'IBCTa !l qepe3 CTOn6 nyra; 

p ( j - Cp91lHSIH B9poHTHOCTb HOHH3 A UHH, K OTOp8H p 8 BB8 

p ( . ) 
J. 1 - ex p (2) 

3necb f - n nHH8 n y TH HOHK3YIOmeficH 

e 
'18 CTH U bl B pa3 p Hne, v N - ee C KOpOC Tb 

( I = -V--B p9MSI H8 XO JKJl9HHH '18CTHUbl 
N 

B pa3pHne); <7 I -ce '!e HKe KO HH3 8UHH, 

3ABHCHmee OT 9 HeprHK 3 ll9KTp OHQB, 

H 3 ypaeaeHKH (2) BKnao, 'ITO e e poHTHOCTb uoHH38UHK , a , c n e nos aTenbao , 

H C K O p O CTb HOHK3 8UHH llpOUOp U 3 0 H8llb H 8 TOKY nyrH UpH M 8ll b!X B9llH 'IHH8 X H C T p e

M HTCH K a acbime a HIO npn oqeab 6 onb UJHX ToKax . O n a T a K JKe HBnHe T CH ¢yKnue t1: a nep 

ruu 3ll9KTp O H8 H 38BHCHT OT BpeMe HH H8XO JKJl9HHH HOHH3 y!Omei!CSI '18C T HUbl B p a 3 -

p g n e, 4Hcno HOHOB 3 8 BHCHT T 8 K JKe OT s epOHTHOC TH peKOM 6 H H 8UHH H U H n e pe38pH.[lKH, 

nocne.OHH9 n p OU9CC bl .[l9ll810T y B9llH'I9HH9 'IHCll8 M HOI'038pSI UHbiX KOHOB KpHTII'IeCKH 

38B H CHMb!M OT KOHU98Tp8UHK H 9fi:T p8llbHbiX 'I8CTHU B p83pH.[l9, 

/14/ 
2, Ha OCHOB8HKK Kll8CCH'I9CKO I1: TeOp HH KOHH38UHH aneKTp OHHbi M y napOM 

ll0llY 'I8 9TCH B blp8lK9HH9 .[liT H C 9'19HHH O.OHOKp8THO H HOHH38UBK 

(7 = 
I 

c I 
U U fn 

I 

c 2 u 

u 
I 

r u e c I H c 2 - UOCTOHHHbie, u a aeprng a a neTa10mero aneKTpona , 

l'HSI CBSI3H 0Tpb!B8 9MOI'O 3 JJ9KTpOH8 , 

5 
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1 
X oTSI ¢yaKuHSI -

0
- fn u HM99T M aKCR M yM H 

Ofla n pHM9 fiR Ma TOITbKO B o 6 n aCTH qepKHyTb 1 'tTO 

Y n o 6 a a SI 

n ocneay JOmuli cnaa, cnenyeT non 

BbiCOKHx aaepra li 9 IT9KTp OHOB, 

/ 15/ 
a nnpOK CHMaUHSI JliT SI Haqan b HOrO XOOa cPYHKUHH HO HH3a UHH n pen-

C TaB ITSI9T C0 6ol! C OOT HO oJe HH e 

a I =a ( U - U I ) . (4) 

n p u liO)lXO)l9 K MaKCRMyMy H 3a MaKCHMY MOM B Ka'teC T Be npH 6 liH )!{9HH S! MO)!{HO liOlib-

3 0BaTbCSI B bipa)!{e HH9M 

a I a( U - U ) e 
I 

~ 
- b 

B ( 4) H ( 5) B9liH'tHH b l a H b - 3MliH p H 'teCKRe KOHC T a BTbl , 

(5 ) 

lln S! Ce 't9HHSI ROBBaaUHH M HOr o aapSI)lH b ! X H OHO B B6liH3 H n opora HO HH3aU H H XO)l 

/ 16/ 
KpHBO H liOil 'tHH SI9TC SI liOKa3a T e nbHOMy 3 aKOH y 

a = e( U - U )n • ( 6) 

rn.a c -Koa¢¢anaeaT rrporropnaoaanhaocTa, n -cTe n e Hb HOHH3811HH, 

3Kc n e pHM9 HTalibHOMY orrpe n e neHBIO C9't9HH li HOHH38UHH )lliSI o 6pa30B8HR SI M HO -

roaapS!AHbiX HOBOB lipH O)lHOKpllTllOM CTOliK HOB9HHB C 3 HeprH'tH biM a neKTpOHOM B liR 

T epa T yp e rrocag m eHo MHoro pa6oT, Ha orry6 naKoBaHHbi X aa HHbiX cnenyeT, 'tTO M a K

CRM y M Ce 't9HHSI HOBH38liHH COOTB9TCTBY9T a aeprHR aaneTa JOme ro aneKTpoaa B 3-4 

paaa 6 o n b weii , qeM cyMMap aas aaeprHSI casau o Tp biaae MbiX a n eKTpoaoa, no naa

H biM ony6nRKOBaHH blX p a60T liOCTp09Hbi K p HBbi9 38B HCRM OCTR C 9'teHHSI HOHH3a URH B 

MaKc RMyMe nns paanH'tHbiX aapS!JlHOCTe li HeKoTopLIX aneMeHTOB ( e M, pR e , 1). Bee 

KPRBbie npoaopMBpoBaHbi K onao it aenR'tHHe JlliSI o n aoaa pS!IlH hiX Roaoa. Ha pR e . 

BHJlHO, 'tTO npR OJlHOKpaTHO M CTOliKBOBeHBR ceqe aue RO H H3aUHH yM9Hblll a 9TC SI Ha 

liO pS!OOK lipR y B9liH't9HHH aapgna HOH8 aa 9JlRBHII Y AliSI n erKHX a n eMeHTOB H B 

6-7 paa - anSI 6onee TSI)!{e nbiX a neMeaToB, 

0TC JO)la c nenyeT, 'tTO g¢¢eKTHBHOCTb o6 pa3oBaH HSI HOHOB C 3 8 p SI)l OM B 5-10 e )lH

HHll lipH OAHOKp8THOM CTOliKHOBeHHH O'teHb Mana , no-BH A H MOMy, n p eo6 n a )l810lllHM 

npoueCCO M o6pa30Ba HHSI M ROr0 3&p;;!llH b lX HOHOB B JlyrOBOM HOHHOM HCTO'tHIIK e SIB

/)7/ 
liSieTCSI C T ylieH 'taT8 SI HOHR38 U II SI 1 'ITO nonTBep)!{)laeT CSI B p a6oTe , 8 HeKOTOpblX 

6 

onpenen eHflbiX CITy'taSIX HM9eTCSI 6 0ITblllllSI Bepo S!THO C Tb o6pl:l30 Ba f! HSI M 

HbiX HOHOB aa c qeT O)!{e - a<jxpeKTa n pa B bi6RBllHH II aay T peHaero aneKT J: 

120 / 
(eM,, H3 lipHM9p 1 ). 

~c.::_o~~H~roaapSIA H biX H OHOB 

0CHO B H bi9 Tpe6oBaHR SI 1 npe)loSIBITSI9Mbi9 K n apa M e T pa M pa3pll)la 

RCTO 't HH K 9 MHOrOcEl p ;IJlHb l X HOHOB 1 c neJlyJO!llRe: 

a ) HanpSI)I(eHKe paa psrna a o m KHO 6 b i Tb aoc T a Toqao B b iCOKHM ( 400--100 

100-200 a · B cnyqae R CTO 'tHHK8 JliTII nony 't9HRSI ROB OB BOJlO p OJla ), Heo 

B biCOKHX aa n pS!)!{e BRll onp e aen SieTCR 6biCTpbl M pOC T OM liO T CHU Ha na HOH 

Mepe y aenuqe aHSI KpaTaocTR a apsraa aoaa. 

6 ) ToKH paapSIJla JlOIT)!{Hbi HMeTb 6 onbmne nnoTHOCTH, 3 To cBsraaHo c 

BO-nepB biX1 c eqe HH SI HOHH3aUHH MHOr038 p RJlHbl X HOH OB MaiTbi 1 a, B O -B' 

C K OITbKy M HOroaapSI)lB ble H OH bl , liO-BHJlHMOMy , B OCHOBHOM o 6pll3YIOTC 5 

Te CTy neH'taToll HOHH3a UHH1 TO He o 6 XOJlHM0 0 'tT06b! B pa3pS!)l e rrp eo6 n 

C bl, lipHBOJlS!ll!He K liOBbillleHHIO KpaTBOCTH aapS!)la, 

B) 0T6op MHOroaa p S!IlBbiX HOHO I"· A OIT)!{eH n p OH3BOilHTbCR C Tor o MP. C T . 

a aponunHCb, 'tT06br He npouaoli.I.T!O rro aH )!{eHHR a a psaa a peaynb T a T e c · 

C H9 liTpa nbHbiM 8TOMOM llnll C HOHOM MeHbW9H K p aTHOC T H 3 8 P S!Jl8 , 

T pe6o aaHHe nocneaaero rrya K Ta MO)!{eT 6 b iTb B bmonae Ho Bbi6opo 

9 MHCCHOHHOH meiTH B r a aopa3pS!IlHOH KaMep e, TO'tHOl! IOCTHpOBKOll B3B 

liOliO lK9HRSI KaTOAa ITO OTHOilleHHIO K CTeHKe, B KOTOpol! 1Ipope aaaa 3M 

m enb, H TOHKOl! p erynnpoaKo l! rroaaqa p a 6oqero r a a a . 

nepBbl9 naa T pe6oaaHHSI ( liYHKTbl a) H 6)) T p y A HO COBMeCTHTb 

HOM p e)!{HMe paa p gaa, TaK K a K paa orpea KaTona a p eaynbTaTe aoHHo 

pOB KII lipHBOART K B03HBKHOBe HH !O C8MOC T OSIT e nbHOr O pa3pS!Jla, H, cne 

K noaa )!{eHHJO aanpg)!{eaus aa n yre. B HMnynbc aoM pe)!{aMe BbrrronHRT~ 

BaHHSI 3Ha 'ti!TelibHO n e rqe, 

B RCTO'tHHKe nng MHoro a&pS!JlHbiX ROHOB n on>KHa 6 biTb a ano )!{ea.e 

a eaa BHCHMOli p eryn RpOBK H B WHpOKHX npeaen a X TOK a H H8 lip S! )!{e HHSI ! 

CKOpOCTH liOAll 'tH raaa, TaK K a K lip H OliTBMalibHbiX B blXO)laX paanH'tHb : 

napaMe.Tpb! He COBli8 AaJOT ( CM, pRC, 5,6, 7 H 8), 

EonbWHe H8lipS!)!{eBBSI H 60libWH9 TOKH B p a 3 pS!Jle Tpe6yJOT OT K 

HCTO'tHHK8 HHT9 H C RBHOrO TeliliOOTBO.ll8 npH MalibiX reoM eTpRqeCKHX pa.C 

a o p a a pR)lHOl! K 8 Mepb l B lipHMeHeHHSI TepMOCTOHKHX KOHCTpyKTHBBblX H 

HbiX MaTepuanoa. 
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1 
US! -ufn U uMeeT MaXCRMYM u nocnenyJOmRi! cnan, cnenyeT non-

a npBM9HBMa TOflbKO B 06naCTH Bb!COKUX aaeprBi! aneKTpOHOBo 

/ 15/ 
npOKCRMaUBSI !lflSI Ha'lanbHOrO XOilO ~yHKUBH BORH30UB H npell-

COOTHO W9HB 9 

a 
1 

=a ( U - U 
1 

) • (4) 

MaKCHMyMy U 38 MaKCBMYMOM B Ka'leCTBe rrpa6nH>K9RHSI MO>KHO llOflb-

l nueM 

' 

a I 
a(U - U )e 

I 

~ 
- b 

TIU'tHBbl a H - 9MRHpB'l9CKHe KOHCTaRTbl. 

(5) 

HSI HOHH3allUB MHOr03UpS!!lHbiX HOHOB B6nH3H llOpora IIOHH38llBH XOil 

116/ 
!TCSI llOKa3aT9flbHOMY aaKOHy 

a =c(U-U )n • (6) 

auueHT nporropuUOHanbBOCTB, n -cTerreHb BOHH38UHH. 

!RTanbHOMY onpene neHHIO ceqeaul! BOHH3aUUH nnst o6pa30BaHHII MHO-

OB llpH OllHOKpaTHOM CTOIIKBOBeHUll C 9HeprH'lHbiM aneKTpOHOM B nn

!ll9HO MHoro pa6oT. Ha orry6nHKOBaHHbiX naHHbiX cnenyeT, 'lTO MaK

HOHHaauHH COOTB9TCTByeT 9HeprHH HaneTa~mero aneKT poaa B 3-4 

<19M cyMMapBa!l aaeprHH CBSI3H 0Tpb1Ba9Mb!X aneKTpOHOB. Do llBH

IHHbiX pa60T ROCTp09Hbl KpUBbie 38Bl!CHMOCTU Ce'leHHSI HOHH3aUHH B 

paanu'lRbiX aapS!llHOcTell aexoTopurx 3neMCHTOB (eM. pH c. 1). Bee 

!upoBaHbi K onaoll senH'tHBe nnH onaoaapRilHhiX uoaos. Ha puc. 1 

O!lHOKpaTHOM CTOnKHOBeHUH C9'l9HUe HOHH38UHH yM9HbWa9TC!I Ha 

enH'l9HHH aapHna BOlla Ha 9llHHHUY llflSI nerKHX aneMeHTOB H B 

6onee TI!>Kenbrx aneMeBToB. 

1enyeT, 'lTO s<fxl>eKTHBHOCTb o6pa30BaHHSI HOHOB C 3ap!!ll0M B 5-10 enH

aTHOM CTOnKHOB9HHH O'l9Hb Mana. Tio-BH!ll!MOMy, rrpeo6na!l8IOWHM 

)830BaHHSI MHOr03<; pi!llHblX HOHOB B nyrOBOM HOHHOM HCTO'lBIIK9 SIB

/17/ 
aTaH HoHaaauHR , 'lTO rronTBep>K!laeTcH B pa6oTe • B aexoTopbiX 

6 

onpe neneHI!blX Cfly'taSIX HM99TCSI 60nbWaR BepoHTHOC Tb 06pl;l30BaRHSI MHOr038pSI!l 

H blX HOHOB aa cqeT O>Ke-s<fxl>exTa npa Bbi6nsaHHII BByTpeaaero anexTpoH-J aToMa 

120/ 
(eM., H3RpHM9p, ). 

~c.:_o~H~roaapstllHbiX HOHOB 

0CHOBHb19 Tpe6oBaHBSI 0 llpe )l"bRBmleMbl9 K llapaMeTp8M paapSI)la B nyroBOM 

IICTO'tHHKe MHOrO:Jfl piillHbiX BOHOB, Cfl91lYIOlilH9: 

a) H anp!!>K9HH9 paapstna llOmi< HO 6b!Tb llOC TaTO'lHO Bb!COKHM ( 400--1000 B BM9CTO 

100-200 s s cnyqae BCTO'tHHKa nn9 rronyqeBnl! noaoB sonopona ). Heo6xonHMOCTb 

BbiCOKBX HallpR>K9HHH orrpenensteTCSI 6biCTpb1M pOCTOM llOTCHUHana HOHH3a!lBH ITO 

Mepe yBeflH'leHBSI KpaTHOCTR aapstna UOHa. 

6 ) Toxu paapHna non>KHbi nMeTb 6onbwue rrnoTHOCTH. 3To CBHaaao c TeM, 'lTO, 

BO-rrepBbtX, Ce'leHBSI HOl!H3au_HH MHOr038pS!IlHbi X HOHOB M8flbl, a, BO-BTOpbiX, llO

CKOflbKY MROroaapHilHbie BOHbt, llO-BIIIlUMOMy, B OCHOBHO M o6poayroTCSI B peaynbTa

Te cTyrrea<taToll Roauaauuu, TO Heo6xonRMo, 'tT06bi B paapstne rrpeo6nananu rrpouec

Cbi, rrpRBO!lHlilHe K llOBbUIIeHHIO KpaTHOCTH aapHna. 

a) 0T6op MaoroaapHilHbiX uoJ!o p. non>Kea rrpouasonBTbCR c Taro MP.CTa, rne oau 

a apO!lRm!Cb, 'lT06bi He rrpOH30 JUJIO llOHHJKeHUB 3apBila B peaynbTaTe CTOflKROBeHI!SI 

C aei!TpanbBLIM aTOMOM llflll C IIOROM MeHbUJeH KpaTHOCTII 38PS!Il8 . 

Tpe6osaHI!e nocnenHero rrynxTa MO>KeT 6 biTb BbmonHeHo Bbi6opoM rrono>KeHHst 

3MUCCHOHHOH menu B raaopa3pB!lHO i! KaMepe, TO'lHOfi IOCTUpOBKOfi B3aBMHOrO pac

llOnO>KeHBSI KaTO!lB 110 OTHOUI9HBIO K CTeHKe, B KOTOpo l! rtpope3aHa 9MHCCHOHB8SI 

menb, u TOHKOl! perynuposxoi! nonaqu pa6oqero raaa. 

nepBbie !lBa Tpe6oBaHHSI ( IIYHKTbl a) H 6)) Tpy!lHO COBMeC TRTb II pH IIOCTOSIH

HOM peJKuMe paapHna, Tax KaK paaorpeB KaTona s peaynbTaTe uonaoi! 6oM6apnu

poBKII IIplfBO!lUT K B03HUKBOBeHUIO CaMOCTOHTenbHOrO pa3 pS!na, U, cne)lOBaTenbH0 0 

x rroHH>KeHUJO aarrpH>KeHHSI aa nyre. B nMrrynbcBoM pe>KHMe BbiiiOnHRTb 3 TH Tpe6o

BaHHR 3Ba'lRTenbHO n e rqe. 

B HCTO'lHHKe nnst MHOrO.><:OpH!lHbiX HOHOB llOnlKHa 6b!Tb aano>KeHa B03MOlKHOCTb 

He3aBHCHMOil perynHpOBKU B WUpOKUX UpenenaX TOKa H HaiipSI>K9HUSI nyrH, a TaKJKe 

CKOpOCTU IIO!la'lU raaa, TaX KaK rrpu OllTUManbHbiX BbiXO!laX pa3nH'lHbiX HOHOB 3TH 

rrapaMe.Tpbi He cosrranaJOT (eM. puc. 5,6, 7 u 8). 

EonbWUe HallpHJKeHUSI U 6onbWH9 TOKU B pa3pH!l9 Tpe6yJOT OT KOHCTpyKuHU 

HCTO'lHHK8 UHTeHCHBHOrO TellnOOTBOna IIpH Manb!X reOM9TpH'l9CKUX pa3MepaX ra-

30pa3pSIIlHOi! KaMepb! U 1IpUM9H9HUSI T9pMOCTOilKHX KOBCTpyKTRBHbiX U U30nR!lHOH

HbiX MaTepHanoB. 
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XapaKTepHbiMH o 6wHMH qepTaMH Bcex naBecTHhlX ncTO"<IHHK OB MaoroaapHn

HhiX HOHOB n nH yCKOpHTeneij HBnH~TCH: a) nyroBofi p a 3pBA npH HH3KOM n a BneHHH 

-S (10 Top); 6) aanaqae c Hnbaoro MaraHTHoro nona (aecKonbKO KHno a p c Ten), 

canoBbre nHHHH KOToporo napa nnenbHbl ocH paapHna; B) ocymecTBneaae o cnannHUHH 

aneKTpOHOB Bnonb raaopa3pHnaofi KaMepb! C nenb~ yBenH"<I9HHH ~eKTHBHOCTH HOBH-

aaUHH. C TO'IKH 3p9HHH THna UpHM9HHeMblX KaTOnOB HCTO'IHHKH nenHTCH HB nBe 

rpyllllbl: C XOnonHb!MH KaTonaMH H C ropH'IHMH KaTonaMH i nocnenaae, B CBO~ 0"<19-

penb, HMe~TCH npHMoro aaKana a nonorpeBHbre. B naaeAaLrx ycKopaTenHx Mar anT-

aoe none coanaeTcH c n euaanbHbiM MaraHTOM ana coneaonnoM; B uHKnoTpoaax, KaK 

npaBBno, HCTO"<IHBK aaXOJlHTCH B none OCHOBHOrO MarHHTa, JlnH ocymecTBUeHHH 

OCUHITITHUHH 3IT 8 KTpOBOB B KOHCTp yKUHHX HCTO"<IHHKOB npenycMaTpHBaeTCH aanHqHe 

OTpa>KaTenbHOrO aneKTpOJla ('!aCTO aa3 biBaeMoro aaTHKaTOJlOM), Ha KOTOpblff 06bi"<I

HO no)laeTCH TaKOM >K9 nOT9HUHan, KaK aa KaTOJl. 8 H9KOTOpblX cny'IaHX 3TOT 

aneKTpon ocTaeTCH non 'nnaBa~maM' noTeauaanoM,6yny'IH aaonapoBaaabrM oT Bcex 

npyrnx neTanefi . 

8 OCHOBy p aapa6oTaHHblX HCTO'IHHKOB MHoroaapHJlHblX HOHOB 1 npHMeHH9MblX B 

HaCTOHmee BpeMH Ha UHaeffHblX yCKOpHT9ITSIX H UHKUOTpOHaX, nono>KeHbl TpH KOH

CTpyKUHH: a) HCTO'IHHK C aaKaneHHbiM KaTOJlOM (TOITCTaH TaBTanoBaH HUH BOnb¢pa

/18/ 
MOBaH HHTb) H 'nnaBa~mHM' aBTHKaTOJlOM i 6) HCTO'IHHK C XOnOnHblMH KaT0-

/19/ 
naMH

1 
HMe~mHMH OJJ.HH8KOBbifi llOT9HUHan i B) HCTO"<IliHK C nonorpeBHblM KaT0-

/13/ 
JlOM H XOITOJlHblM aHTHKaTonoM, HMe~mHM llOT9HUHan KaTOJJ.a 

K aeJlOCTaTKaM HCTO'IHHKa C KaTOnOM B BHne BaKaneBHOff HHTH cnen y eT OTB9C

TH M a nblfi cpoK cny>K6bl H Manoe aanpH >Keaae aa paapHJJ.e aa-aa paaorpeBa aHTH 

aoaaofi 6oM6apJlHpoBKofi. HeJlOCTaTKOM HCTO"<IBHKa c xononahrMH KaToJlaMH aBnHeTCH 

T0
1 

"<ITO nnH yBenB'!eHHH TOKa paapHna aeo6xonHMO yBenH"<IHBaTb UOJJ.aqy raaa B HC

TO"<IHHK, T,e. CBB3aHHOCTb 3THX JlBYX napaMeTpOB. npeHMymeCTBOM BCTO"<IHHKa C no-

JlOrpeBHb!M KaTOJJ.OM HBITHeTCH aeaaBHCBMaH perynHpOBKa B UlHpoKHX npenenax TOKa 

H aanpH>KeBHH aa pa3pHJJ.9 H CKOpOCTH noJJ.a'IB raaa, a TaK>Ke npH9MU9Mblfi CpOK 

cny>K6bl KaTOJJ.a. 

8 

II . Hccne poBa a ae HCTO"<IHHKa c nonorpe BHbiM K a T onoM H 

cTe ape H UHKnoTpoaax 

KaK yKa3biBanOC b paaee , Up H K OHCT pyHp OBaHJIH HCTO 'IHH Ka MHC 

Jln H y cKo pH T e n eff OH H H aa ocaoBy 6brn n p HBHT BCTO'IHHK n ocneJ:taer 

UHH KOTo por o ynoBn eTBop aeT aan ny'IWBM o 6 paa oM BLrwe n epe '!Hc neHI 

HM K HCTO'IHHKaM MHoroaa panHhlX HOHOB. 8 n p ouecce M HOr o n e T aefi 

H3 Meaeaa CXeMa ITBTaBI!H IICTO'IHHKa ( n pHM e HeH HMnynbCHbl fi pe>KHM 

BBe JJ.eHbl , He K OTOp b!e K OHCT pyKT HBH bie H3 M e aeHHH ( H3 Mea e uo ceqea He 

HOff KaMe p br , n pHBeneH LI B COOT BeTCTBHe pa3Mepb! 3 MHCCHOHHOH me; 

~mero a n e KTp ona aa n yaaTe , c noc o6 KpenneBHH KaTona , BBOJl br B B 

Jl.OB1 M e CTO noJJ, a 'IH r aaa B raaopa3pHnBy~ KaM epy H JJ.p,). 

Ha 

T a K 

CxeMa raa opaapHn aow r o noBKH H 6 noK-cxe Ma n HTaHHH HCTO'IHJ 

I~ 
KHK Ha CT eane pac . 2. Hcc neJJ.oBa HHH HCT O'IHHKOB n p o BonanHcb 

/ 1,3,6,7/ ( 
H 88 UHKITOTpOHaX Ha T p9XM9Tp0BOM H nonyTopaMeTp< 

n onorpeBH b!H BOnb<jlp aMOBbl fi KaTOJl ( 2) paaorpeB89TCH 6 o M 6 8 f 

BaMH, 3 M HTHp OBaHHbiM H H8 KaneHHO fi HHTb~ ( 1); aHTHKaTon ( 4) - ~ 

aaon ( 3 ) ( o a )1( 9 - r aaopa apS!JlHBSI KBM e p a) - MeJlHhrl!, o xna)l(naeMLrl 

m e CTB.Ti eHHH HMnynbCHOrO p e >KHM a p a 6 0Tb! HCTO"<I HHKa CHHXp OHHO C [ 

nonbay~TCH M onynHT opHbre n a Mnbr T arra rM-1A (nBe B rrapannenb). 

H ccn e n o Ba a aa rrp oBOJJ.HnHcb aa c neuaanbHO c o a n a aaoM c T eane , 

M 9HHn CSI n p HHUHn p aanene HHH HOHOB n o 38pHnaM npa noBOp OTe Ha J 

HOM M a raH T HOM none. K poMe a Toro n p HMeaHn c H o n TH'IeCKH fi MeTO~ 

pa3pS!na . n p H HCc n e noBaHH SIX Ha UHKnOTp oaaX n po6HHK BBOJlHnCSI H8 

n a y c ycKopHT enSI, rJle 11 per HcTp Hp oBa n Hcb nonaJla~mae aa KonneKT 

HOHb!, 

Ha CTeane npH IICCU9JlOBaHHH HOHHb!X II CTO'IHHKOB H3Y'I8UOCb I 

m HX ¢ aKTOpOB Ha c n e KTpa nbBbi fi COC T a B HOHOB p a 3 nH'IBblX 3U9M9HTO 

a) MecT a no)la '!H r aaa B raaopaa p S!JlHY~ KaMep y ( peaynbTa T b l 

Ta6n. 1); 

6 ) JlnHHbl raaopa3pS!nHofi KaMepbl ( p e aynbTa T bl llpHB8Jl9Hbl B ~ 

B ) MOmHOCTII B pa3pS!ne ; 

r ) MomaocTH rrono rpe Ba K a Tona ; 

Jl ) pacxo na raaa B enaaany Bp e M e aa ; 
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pHbiMU 0 6WUMU qepTaMU BCeX H3BeCTHWX UCToqHUKOB MBOr03apRA

R yCKOpHTeneii HBIJRIDTCH ! a) AyrOBOii pa3pHA npU BU3KOM AaBneHUU 

) nanuque CUIJbHOrO M arBUTHOrO nonu (aeCKOIJbKO KUIJOSpcTeA), 

KoToporo napannenbHhl ocu pa3pHAa; a) ocymecTBneaue ocnnnnRnUB 

Onb ra3opa3pBAHOii KaMepw C nenbiD yaenuqeaUR ~eKTHBHOCTH UOHH-

H 3peHUR TUna npuMeBHeMWX KaTOAOB HCTOqBUKH AeiJHTCH H8 ABe 

OABb!MH KaTOAaMB U C ropRqUMH KaTOA8MH; n ocneAHUe,B CBOID oqe-

a npRMoro aaKana H noAorpeBBbie. B IJHHeiiHbiX ycKOpHTenRX MarHBT-

aeTCH crreuuanbHbiM MarHHTOM HnH COneBOHAOMi B UHKnOTpOHa X, KaK 

qHHK aaXOAHTCH B none OCHOBHOrO MarHHTa. nnS! ocymecTBneHHS! 

eKTpOHOB B KOHCTpyKUHS!X HCTOqHHKOB npeAyCMaTpHBaeTCS! Hanuqae 

>rO sneKTpOAa ( qaCTO Ha3biBaeMoro aBTBKaTOAOM), Ha KOTOpbiM o6 bJq

TaKO M >Ke noTeauuan, KaK aa KaToA. B aeKOTOpbiX cnyqaHx STOT 

·aeTcH noA •rrnaBaromuM• noTeaunanoM,6yAyqu H3onnpoBaHHhiM OT ecex 

:e ll. 

3Y p a3pa60T8HHbi X HCTOqHHKOB MHOr03apHAHb!X HOHOB, rrpHMeHHeMWX B 

)eMH Ha IJHHeMHbiX ycKOpHTeiJHX H UHKIJOTp OHaX, rronolKeHbl TpH KOH

HCTOqHHK C H8KaneHHb!M KaTOAOM (TOIJCTaH TaHT81JOB8S! HnH BOIJb~pa
/18/ 

H •nnaB8 IDWHM• aHTHKaTOAOM ; 6) HCTOqHHK C XOIJOAHbiMH KaT0-

/19/ 
[HMH OAHH8KOBbill flOTeHUH81J ; B) HCToqaHK C UOAOrpeBHbiM KaT0-

/13/ 
Ib!M aaTBKaTOAOM, HMeiDmHM IJOTeHUHaiJ KaTOAa 

:TaTKaM HCTOqHI!Ka C KaTOAOM B BHAe HaKaneHHOil HHTH cneAyeT OTHeC

OK cnylKI5w u Mance aanpu lKe Hne aa pa3pHAe H3-Ga pa3orpeBa HHTH 

lpAHpOBKoll. HenocTaTKOM ncToqanKa c xonOAHWMH KaToAaMH BBnHeTCH 

yBenuqeauH TOKa pa3pHAa aeo6xOAHMO yBenuqnBaTb rroAaqy ra3a B uc

CBB3aHHOCTb STHX ABYX napaMeTpOBo npenMymeCTBOM HCTOqHUKa C no-

aTOAOM HBnHeTCH He3aBHCHMaH perynBpOBKa B WHpoKHX npeAenaX TOKa 

n aa pa3pHAe H cKopocTH noAaqu ra3a, a TaK>Ke npneMneMbtll cpoK 

A a. 

8 

II . Hccne goaaan e HCToqanKa c nogorpeBBbiM KaTOAOM aa 

CTeage H UHKIJOTpOHaX 

KaK yKa3 biBaiJOCb paaee, npu KOH CTpyHpOBaHHH HCTOqHHKa MHOr038pHAHb!X HOHOB 

AIJH ycKopuTenell OH.HH 3a o caoey 6brn npHHRT ucToqnuK n o c neAHero Tuna , KOHCTpy K

uuu KOTOporo yAOBneTBOpBeT aaunyqWUM o6pa30M Bbi W e n e p e qHc n e HHb iM T pe6oBaHU

BM K UCTOqHHKaM MHOr03apBAHbiX UOHOB. B nponecce MHOrone TBelt SKCnnyaTaUBH 

B3Meaeaa CXeMa nUT8HIIH UCTOqHUKa ( npUMeaeH UMnynbCHbll1 pelKUM), a TaKlKe 

BBeAeHW HeKOTOpbie KOHCTpyKTHBHb~e U3MeHeHUB ( U3MeHe HO c e qGHHe r a 3opa3pBA-

HOlt KaMepb! 0 npHBeAeHbl B COO T BeTCTBHe pa3Mepb! SMHCCHOHHOH menu H OTC8CbJBa 

IDWero sne KTp oAa Ha A yaaTe, cnoco6 KpenneBUR K8 TOAa , BBOAbi B BaKyyM s neKTpo

AOB, MeCTO noAa qu ra3a B ra3opa3 pRAHYID KaMepy H Ap.). 

a a 

TaK 

C x eMa r a3opa3pBA Hoil ronoBKH u 6 noK-cxeMa ITBTaHHB n c ToqaHKa noKa3aHbi 

/ 2 4 56 8 9/ 
puc . 2. HccneAOBaHHH H CToqHHKOB n p oBOAHnHcb KaK aa cTeHAe ' ' ' ' ' , 

/ I,3,6,7/ ( ) 
H 88 UHKnOTpOHaX Ha T peXMeTpOBOM H rronyTopaMeTpOBOM • 

noAorpeBH biii BOIJbtPp aMOBbiM KaTOA ( 2) p830rpeBaeTC H 6oMI5apAHpOBKOli sneKTpO

Ha MH , SMHTHpOBaHHbiMH Ha KaneH HOli HHTbiD (I); 8HTHK8TOA ( 4) - MOIJHOAeHOBbiii ; 

aaOA ( 3 ) ( OH >Ke - ra3opa 3pHJ:lH8H K8 M e pa) - Me}:lHblii, oxna>Kn a e MbiJ!. nn11 OCy

m e CT BIJe HHH H MHy iJbCHOrO p e lKHMa p a OOTb l HCTQqBHKa CHHXpOHHO C UHKIJOTpOHOM HC

HOIJb 3 yiDT CH MOAYIJHTOpHbie naMnbl T u na fM-IA (ABe B napannenb). 

H c cne A OBaHHH n p OBOAHIJHCb Ha cneuHaiJbHO C03A8HHOM CTeHAe, B KOTOpOM npH 

MeHHIJCH npHHUH n p a3n eneHHH HOHOB no 3 8pHAaM npH IJOBOpOTe Ha 180° B OAHOpOA

HOM M a r BHTHOM none. KpoMe sTore rrpnMeauncu onTnqec KHll MeToA nccneAoBaHHH 

p a3pHA8 . n p a HCCne AoBaHHHX Ha UHKnOTpOHa X npOOBHK BBOAHnCR Ha BByTpeHHBll pa

AH YC ycKopuTenu, rAe H p e rHCTpupoBa nucb norraAaromue ua KonneKTop ycKopeHHbte 

HOH bi. 

Ha C1'eHAe n pB HCcneAOBaHHII HOHHbiX HCTOqHHKOB II3yqanOCb BnHHHHe cnenyro

WHX ~aKTOpOB Ha cneKTpanbHbll\ COCTa B HOHOB p a 3 nHqHhlX sneMeHTOB! 

a) MeCTa noAa qH ra3a B ra3opa3pHAH YID KaMepy ( pe3ynbTa T bl npHBeAeHbl B 

Ta6n . I); 

6) AniiHb l ra3 opa3pHAHOH KaMepb l ( pe3ynbTaTbi n p HBe AeH W B Ta6n. 2); 

B) MOWHOCT H B pa3pHAe; 

r) MOWHOC TH n OAOrpe B a K aToAa; 

A ) paCXOAa ra3a B eAHHHU Y BpeMeau; 
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e) onpeoenRnaCb OTHOCHTenbHBR KOHUe HTpaUHR paanH'IHbiX HOHOB H ael!Tpanb

fi biX '!aCTHU BOOnb pa3pRllll e no ceqeHHIO pa3pROa ( KaK "!aCTHU nooasaeMOrO raa a, 

TaK H pacnbineHHbiX MaTepuanOB KaT0 08 H aHTHKaTOOa) ; 

lf<) 6 binO BbiRCHafiO BnHHHHe napaMeTpOB paapROa HB CKOpOCTb pacnbineHHR 

KaTOOB. 

J.1ccne OOBaHH SI HCTO'IHHKOB Ha UHKnOTpOHaX HMeiOT CBOH n p eHMyrneCTBB: 

I) HCTO'IHHK aaxo.nHTCR n pa6oTaeT B peanbHbiX ycnoBHRX; 2) aa UHKnoTpone 

nerKo oToe nRIOTCR HOHbi, HMeiOrnHe 6nH3KHe OTHorneHHR A I Z . K aenocTaTKeM cne-

oyeT OTHeCTH TO, 'ITO HHTe~CHBIIOCTb TOK8 HOHOB Ha KOnneKTOp npo6HHKa aaBHCHT 

He TOnbKO OT pe*HMa pe60T bl HCTO'IHHK6, HO e OT HaCTpOAKH UHKnOTpOHa. 

H a uHKnoTpoHax uayqanocb s nHH HHe napaMeTpOB paa pgoa , paaMepos 3MeCcHOH-

HOii m enH H MeCT8 no.[la'IH raaa B HCTO 'IHHK Ha BbiXOO MHOroaapS!f.IHbiX HOHOB. 

B onbiTax no onpenen eHIIIO cKopocTH pacnbmeHHR KeTo.na Dbino aaAneHo, 'ITO 

OHa nO'IT H He 38BIICH T OT poaa nonasaeMoro B HCTO'IHHK raaa. Ha OCHOBaHHH 3TIIX 

Jl a HH biX ncKa3 aHO , 'ITO paC n binaHHe KaTO.[la 11Jl6T B OCHOBHOM HOHaMH, nonyqeHHbiMH 

H3 qaCTHU M a T epHana KaTOOa, T.e. npOHCXOOHT CaMopaCnbin6HHe • 

0Kaa a nOC b , 'ITO KOnH'IBCTBO pacnbin9HHOrO C KaTona BOnb<jlpaMa MO*HO pac

C"iH T n Tb no 3 MilllpH'laCKOA QlOpMyne: 

:~ ~~ A I U 2 

Q 

roe \ \1 -sec pacnbineaaoro oonb<jlpaMa ( r) ; 1 - TOK oyru (a); 

1; -aa npR*eaue a a oyre ( KB); t -speMsr pa6oTbi ( qac); 

Q -cKBa*HOCTb HMnynbCHOA pa60Tbl HCTO'IHHKa ( OTHOlli6HH6 nepHOOa ·Cne

OOBaHHil HMnynbCOB K OnHTenbHOCTH HMnynbca); 

f = I,5 + 0,3 - KO~HUHaHT nponopUHOHBnhHOCTH. 

OnTH'IeCKHM 1\feToooM obinO onpeoeneao oTHOCHTenbHOe pacnpeoeneaee Koauea

T panuu l!OHOB raaa H MaTepuanoB KaTona H aHTHKaTOOa BOOnb paapHOa (pH C. 3). 

J.1 3 pHCy HKa BHOHO, 'ITO HaH60nbl.ilee KOnH'IeCTBO HOHOB raaa HaXOOHTCH UpHMepHO UO

c e peonae r a aopa3pROHOii KaMepbi , eCnH K03<jl<PHUHeHTbl KaTOOHOrO pacnbineHHH KBT0-

08 ( BOnb<!:>paM ) H BHTHKBTOOa ( MOnH60eH HnH *eneao) paBHbl HnH 6 nH3KH no 3Ha'le-

HHIO • 0KOnO Ka TOOa H aHTHKaTOOB npeo6 naOBIOT HOHbl H3 MBT6pHanOB 3THX 3neKTpO

llOB. npH 3 TOM, qeM 6onbllle KOaQlQlHUHeHT KaTOOHOrO p 6 C11binaHH8 MaTepHana aHTHK8-

TOll8 ( aa n pH M ep , MeOb). , TaM oanbllle UpOJlBHraiOTCSI 3TH HOHH H o a nbme OT Hero CMe-

IUaeTC H MaKCHMY M KOHUeHTpa UHH HOHOB r a aa . 
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T aKoe pacnpeoeneaue oTaocHTenbaoA KoaueaTpauuu oobRCHReTcg 

CO CTOpOH bl K aTOOa H aHTHKaTooa BO BpeMR p a 3pRoa B peaynbTa Te Kl 

( I4 -:3 
paCnbineHHR C030aiOT CR OOnblliHe KOHUeHTpaUHH "!aCTHU - IO CM 

puanos, KOTOpbie H OTTeCHRIOT qac TeUbl ra3a K Cpeoael! qaCTH KaMep 

Ha pee. 4 noKaaaso pacnpeoeneHBe KoanesTpanuu uoaos no ceq 

ro paapROa. Ha OCH KOHUeHTpaUHR HOHOB npHMepHO B OBB paaa Bhlllie 

rpasune nna3Mhl . 

Cnao KoaneaTpauuu HOHOB oT ocu K r pasun e nna aMbi oobsrcasreT• 

HOHOB Ha CTeHKH KaMepbl H yMeHblliaHHeM TeMnepaTypbl 60KOBbiX CTe! 

'ITO npHBOOHT K yMeBblliaHHIO nnOTHOCTH 3ne~TpOBOB BOOnb pa3pROa B 

Ha pHC. 5-7,8 H 9 npeOCTaBneHbl H6KOTOphle XapaKT6pHCTHKH HO 

BHKa no OCHOBHbiM napaMeTpaM oyrosoro paapROa, BnHRIOlllHM aa BhlX 

pROHb!X HOBOB. 

8 TaonHUe N! 3 npHB60aHhl TOKH HaKOTOpb!X HOHOB, nony'I6HHhl6 

uccneoosaamerocR HCTO'IHHKa c nooorpeBHbiM KaToooM sa nonyTopaMe 

TpexMeTpOBOM UHitnoTpoaax OH.RH. 

B Taonune 4 H sa puc. IO npuseoeaL: penH'IHHbi TOKOB, nonyqe11 

oe, pa3nH'IHbiX TSI>Ke nbiX HOHOB npe HaCTpOl!Ke napa MeTpOB HCTO'IHHKB 

BbiXOpa B biCOK03apsrOHbiX HOHOB. nnsr cpaBBBBHQ npeseoeBbl peaynbTaT 

Hbl e H3 H CTO"!HeKB C XOnOOHbiMe KaTO.[laMH, ilpHMe HRBMOrO Ha aMepeKe 

119,2I/ 
Hel!Hb!X yCKOpHTenRX • 

Ha pee. 5 H 6 se.nao, 'ITO B oonbrneHCTBe cnyqaes, 'IBM MeBblllE 

raaa B HOHHbil! HCTO'IBHK (snnOTb .[10 Cpb!BB .nyru), T6M oonbrne nony• 

roaapRl!HbiX HOHOB, npH'IBM TSKaR aaBHCHMOC Tb cenbHee llnR eOBOB C 

a apROOM. 

Ooaa ua npH'IHH ysenH'leHHR HBTeHCHBHOCTH MaoroaapROHbiX nose 

meHHH nooa'IH raaa COCTOHT B TOM, 'ITO UpH nOHH*eHHH KOHUaHTpaUHE 

"!aCTHU llOBbilliaeTCR TeMnepaTypa a neKTpOHOB. 

B o -BTOpbiX, TaKoll xon KpHBbiX, no-BHOHMoMy, o6bRCHReTcR eme 

yMeHblllaHHeM KOHUBHTpaUHH 'IBCTHU B pa3pR06 ysenH'IHB86TCH BpeMH 

A llOCKOnbKy OCHOBHbiMH npoueccaMH oopaaOBBHHQ MHOroaap Hf.IHbiX HOI 

/17/ 
no-BHOHMOMy, CTyneaqaTbie npoueCCbl , TO H606XOOHMO, 'IT06bi Bp( 

HOHOB H C Manol! 3apHOHOCTbiO 6bin0 aenHKO. 
117/ 

KaK yKa3biBanocb B pa6oTe , npu ysenuqeHHH pacxooa raaa 
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nenHnaCb OTHOCHTenbH8 H KOHUeHTpaUHH pa3nB'!HblX BOHOB H ael!Tpanb

BnOnb paapgna n no ceqeHHIO paapHna (KaK qacTHU nona saeMoro raaa , 

n eHHbt X MaTepua noa KaTona B aHTHKaTona ); 

0 B b!HCHeHO BnHSIHHe n a paMeTpOB pa3 pRna Ha CKOpOCTb paCUbtne HHH 

OBaHIHl HCTO'!HHKOB Ha UBKnOTpOHaX HMeiOT CBOH UpGHMyiUeCTBB: 

O'!HHK a a xonHTCH If p a 60TaeT B pea nbHblX ycnOBHHXl 2) H8 UHKilOTpOHe 

~ IOTCH HOHht, HMeiOmBe 6nH3KBe oTaomeaug A I Z . K aenoc T a TKaM cne 

~ TO, 'ITO HHTe HCHBHOCTb TOKa BOHOB Ha KOnneKTOp npo6HBKa 3aBBCHT 

I p e )f(BMa pa6 o ; bt HCTO'IHHKa, ao B oT aacTpo iiKH uaKnoTpoaa. 

!nOTpOHa X H3yqanOCb BnHRHHe napaMeTpOB pa3 pRna, p a 3MepOB 3MBCCHOH-

MeCTa non a'IH r a a a B HCTO'!HHK Ha BbiXOn MHOr03a pH/1HblX HOHOB. 

r a x no onp e neneauiO cKopocTH pacn btneaug KaTona 6btno a a l!neao, 'ITO 

e 38BHCHT OT poaa nonaaaeMoro B HCTO'!HHK r a aa. Ha OCHOBaHBH 3THX 

13 aHO, 'ITO paCUbine HHe KaTona HneT B OCHOBHOM HOHaMH, nonyqeRHbiMH 

Ia T epuana KaTona, T.e. npoucxonuT caMopacnbtneaue. 

ICb , 'ITO KOnH'IeCTBO p a CUbtn9HHOrO C KaTona BOnb<!JpaMa MO)f(BO pac-

3M UHpH'!eCKOH <!JopMyne: 

. ~ M A I U 
2 

Q 

-sec pacnbtneaaoro aonb<!JpaMa ( r) ; I - TOK nyru (a); 

-aa npSI)f(eHHe Ha nyre ( KB); I -apeMR pa60Tbl ('laC); 

-GKBaJKHOCTh HMnynbCHOll pa60Tbl HCTO'IliHKa ( OTHOllieHBe nepuona cne-

IynbCOB K nnHTenbHOCTH iiMUYilbCa); 

+ 0,3 - Koa<!J<PuuueaT nponopnuonan&aocTH. 

•CKHM t.teTonoM 6btnO onpeneneao OTHOCHTenbaoe pacnpeneneaue Koauea

B raaa u MaTepuanoB KaTona H aaTHKaTona snonb paapRna (puc. 3). 

BHn HO, 'ITO Ha H6 0nbWe e KOnH'!eCTBO IIOHO B ra3a HaXOn HTCH UpHMepHO no-

30pa3pHilHOi i KaM e pbt, ecnH K03<P<!JHUHeHTbl KaTOnHOrO p a CU btneHHR KaTO

M) a aHTHKaTona (Monu6nea una JKene ao) paBHht una 6nH3KH no aaa qe-

' KaTOila H a HTHKaTona npeo6 nana iOT HOHbl H3 MSTepHanoB 3THX aneKTpO

OM , '! e M 6 onbme Ko a<!J<PunueHT KaTonaoro p acnbtneHB!I MaTepuana aHTBKa

M ep,Men b). , TeM n anbme nponauraiOTCR 3 TH uoau B nanbm e OT aero c Me

~ IIM yM KOH Ue HTpartBB BOHOB r a a a . 
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TaKoe pacnpeneneHHe OTHOCHTenbHO H KOHUeHTpaUHH 0 6 bHCHHeTCH TeM, 'ITO 

CO CTOpOH bl KaTona H aR1'HKaTona BO BpeMH pa3 pRna B pe3ynbTa Te KaTonaoro 

14 -3 
paCnbtne HHH C03naiOTCH 6onbWHe KOHiteHTpaURH '!aCTHit ( - IQ CM ) HX MaTe-

puanoB, KOTOp bte H OTTeCHHIOT '!aCTHilbl raa a K cpenaeii '!aCTH KaMepbl. 

Ha puc. 4 noKaaaao pacnpeneneHHe KoaueaTpanuu HoHoB no ceqeauiO raaoso

ro p a 3pHna. Ha OCR KOHiteHTpaUHH HOHOB npHMepao B nsa paaa BbiWe, '19M aa 

rpaauue nna3Mbl. 

Cnan KOBiteHTpanRH HOHOB OT OCR K rpaHHne nna3Mbl 06bRCHHeTCH yxonoM 

HOHOB Ha CTeHKH KaMepbl H yMeHb!UeHHeM TeMnepaTypbt 60KOBbiX CTeHOK KaTona, 

'ITO npRBOnRT K yMeHbllieHRIO nnOTHOCTR ane~tTpOHOB Bnonb paapana B aTRX MeCTaX. 

Ha puc. 5-7,8 H 9 npencTaBneHbl HeKOTOpble XapaKTepRCTHKH HOHROrO HCTO'I

HHKa no OCHOBHblM napaMeTpaM nyrosoro pa3pRna, BnRRIOIUHM Ha BblXOn MHOroaa

pHnHbiX HOHOB. 

B Ta6nane NJ 3 npRBeneHbl TOKH HeKOTOpblX HOHOB, nony'IOHHbiO C llOMOIUhlO 

uccnenosaamerocH HCTO'!HHKa c nonorpeaabtM KaTonoM aa nonyTopaMeTpoaoM a 

TpexMeTpOBOM rtHKnOTpoaax OHHH. 

B Ta6nane 4 H aa puc. 10 npusenea~.: ll~!!H'IHHbt ToKoa, nonyqeaHbiX aa cTeH

ne, pa3nH'IHblX TR)f(e nbiX HOHOB npR HaCTpOl!Ke napaMeTpOB HCTO'IHHKa aa OUTHMyM 

BblXOfla BbiCOK03a pHnHbiX ROHOB. llnH cpaBHOHHR npuaeneHbl peaynbTaTbt, nonyqea

Hbte H3 HCTO'IHHKa C XOnonHblMH KaTOnaMH, npHMeHReMoro Ha aMepHKaHCKHX ilH-

/19,21/ 
HeliHbiX yCKOpHTenRX • 

Ha puc. 5 u 6 sunao, 'ITO a 6onbmHacTae cnyqaea, qeM Mea&me nonaeTca 

raaa B HOHHbtli HCTO'!HHK ( BllilOTh no Cpb!BB nyrH), TGM 6onbme nonyqaeTCH MHO

roaapRnHhiX HOHOB, npH'IGM T8KaR 3aBHCHMOCTh CHilhHee nng BOIIOB C Bb!COKHM 

aapanoM. 

Onaa R3 npH'IHU yaenuqeaua BHTeacuaaocTu MHoroaapRnHhtX uoaoa npu yMeHb

meauu nonaqB raaa COCTOBT B TOM, 'ITO llpB nOHBJKeHHB KOHUeHTpaUBB HeliTpanbHblX 

'!aCTBil nOBbtlliaeTCH TeMnepaTypa 3neKTpOHOBo 

Bo-BTOpbtx, TaKoii xon KpBBbiX, no-aunuMoMy, o6bRCHReTCR eme H TeM, 'ITO c 

yMeHbllieHHeM KOHUeHTpaUHH '!aCTBU B pa3pHne yaenH'IHBaeTCH BpeMR JKH3HH HOHa. 

A UOCKOnbKy OCHOBHbiMH npoueccaMH o6pa30BBHHH MHOrOaapHi\HblX HOHOB HBnHIOTCH, 

1171 
UO-BBnBMOMy, CTyneH'!aTbte UpOUGCCbl , TO Heo6xonHMO, '!T06bt BpeMR lKH3HH 

HOHOB H C ManoA 3apRnHOCTblO 6btn0 BenHKO. 

I 17/ 
KaK y Kaa btBanocb a pa6oTe , npu yaenuqeauu p a cxona r a aa y aenuquaaeTcR 
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r-
80HHaR eoeT'lB.'!SI~IIIO!'! H yMeHbWaeTeSI sneKTpOBHaSI eOeT8B.'IR~!IlaR o6mero TOKa 

!lyra . 3TO TaKlK6 npHBO!IHT K yMeHbWeBH~ Bb!XO!Ia MC_Or03apl'I!IHblX 80HOB. 

H3 p8e. 7 a 8 BH!IHO , ~To npu yaena~eaaa H!!npnlKeHHSI ana TOKa ayru e 

H6KOTOpOrO MOM6HTa Ha 'IHHaeTeR eiT8A HHT eBeHBHOe THo npa STOM, '!eM BbJUie 38-

pS!!IHOeTb HOH8, T6M Bb!We aanpmKeHHe H.'IH TOK ayra, eOOTBeTeTBY~lllHe M8KeH

MyMy Bb!XO!Ia aaHHblX HOfiOB. 

0nHOII 83 o eHOBHblX npH~HH enana HHTeHCHBHOeTH noene MBKeHMyMa RBn<IeT

eSI ITOSIBneHH6 B p83pR!le 60.'IbliiOrO KO.'IIl '!eCTBB '!BeT8U MaTepHB.'IOB KaTOil8 H 8H

T8K8TOil8, KOHUeHTp8lllfSI KOTOpblX eT8HOBHTeSI ep8BHBMOH e KOB!XeHTp8UHe i! •IaCTHU 

/4 / 
ITOil8BaeMoro ra3a • Yaen8qeaae KOHueaTpau ua STHX qaeT8U c K a3biaaeTcl'l no-

ao6ao yaena~eaa~ noToKa ra3a a HOHHbiii aeTO'IHBK, a n ocneaaee , KaK 6bmo noKa-

38HO BbiUJe , ITpHBOilHT K yMeHbllleHB~ BblXOil8 MHOr038pll/lHblX HOBOB. npH ITOl'IBITeHHH 

qaeTHU MaTep8a.'IOB KaTO)la H a HT8KaTOJ::ta B pa3pS1/le OITTH~eeKHM MeTOilOM Ha6mo -

/8/ 
ll8.'10Cb ITOH8)KeHHe T eMnepaT yp bl S.'!eKTpOHOB 

H3 pae. 10 B81lHO , 'ITO q e M Tl'! lKen~e a ToM , T eM 6onbllle TOK BbieoK038pl'lll 

HbiX I!OHOB OilHHaKOBOfl KpaTHOeTH 38pllll a B T6M Bbllll6 epe/lHHI! SqxpeKTHBHbll! 38 -

pll/l H3Bne~eHH blX H3 HeTO'IHHKa HOHOB. B~AHO TaK)Ke, 'ITO 8HTeHCH BHOCTb TOKOB 

HOHOB Kr H Xc M8.'10 MeHReTeSI llO BOebMBKp8THOil 3apllllBOeT B. 

3 a K n ~ ~ e a H e 

1. B pe3ynbT8Te nony~eHHbiX aanHbiX u xapa KTepaeTHK aeTo'IHHKa c noao 

rpeaHbiM KaTO/lOM , ITpHMeHeBHR HMITY.'!bCHOrO pelK8Ma pa60T bl HeTO'IHHKa, IT03BO/lHB

Wero BBOilHTb 60.'IbWY~ MOIIIHOeTb B pa3pRil BO apeMSI HMITy.'lbCa, HeKOTO pbl X 

KOHCTPYKTHBHbiX H3Meaeaail ( noa 6 opa cooTaeTcTay~mero ce~enun raaopaapnanoil 

KaMepbl, ITO!l60p8 pa3MepOB SMHeeHOHHO H menH H B38HMHOrO p8CITO/lOlKeHBSI ee e 

OTeaeb!Ba~IIIHM 3.'1eKTpOAOM, onpe!leneHHSI MeeTa TIOAa'!H raaa ) nony'leH bl BHTeH

e HBHb!e ny'IKH MHOroaapSI/lHblX 80HOB nerKHX 3.'1eMeHTOB H3 HCTO'IHHKa ITpH p860Te 

Ha uaKnoTpoaax (eM. Ta 6n . 3) . 

2. np8 eTeHilOBblX HeiTb!TaHHSIX ITO/ly'!eHbl 60/lbUJHe TOKH BbiCOK03apS1/lHblX eaepx

TR >Ke.'lb! X HOHOB ( KpHnT oaa , KeeHoHa , aonbcppaMa). Ebmo o 6aapy)l(eao , 'ITO a T8KOM 

HeTO'IHHKe HHTeHeHBHOeTb ITy'IKOB HOHOB llO 3apSI/la 8+ ena60 IT8/l8eT. ToKH HOHOB 

( z ;:: 4) KpHITTOH8 If KeeHoHa 60/lbWe npHMepHO B 10 pa3 , '!eM TOKB 3TH X )Ke 
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HOHOB, nony'leHHb! e H3 HeTO~HHKa e XO.'IO!I Hbi MH KaTO!IaMH, ITpH Me H!'Ie M 

aMepHKaaeKHX naoei!HbiX y eKopaTe nl'IX. Maoro3a pSI!IH bie HOH bi T aKoro 7 

MenTa KaK BOnbcppaM nony'leHbi anepBbie (eM. Ta6n. 4) . 

K poMe Toro, a pe3ynbTaTe npoaeae HH biX Heenoaoaanall na e T enn 

Tpoaax nony~eHbi eneay~mae naHHbie H xapaKTepaeTHKH pa6oTbJ aeTo'l 

3apl'I!1Hb!X HOHOB. 

3. OnpeaeneH bi 3aaaeaMoeTH Bblxoaa pa3nH~Hb!X aonoa oT MOlllH• 

pl'!ne, a TaKlKe oT TOKa H nanpl'l lKeBHSI ayra . H 3 pe3ynbTa Toa, nony 'leJ 

ne H UHK.'IOTpOHa X, B8!1HO, 'ITO TOKH HOHOB pa3.'1H~HOI! Kp8 T HOeTH HMe~ 

B 3aBHeHMOeTH OT MOlllHOeTH B pa3pSI!Ie ( OT 6 !10 25 KBT) • npa He6o< 

pH~6CKHX pa3Mepax ra3opa3pSI!IHOi! rO.'IOBKH, orp aHH'I6HHbiX UeHTpOM I 

KHe MOIIIHOeTH MOJKHO flO!Ia BaTb B pa3p!i!l TO.'IbKO B HMnynbee. BaeneH} 

r o pelKHMa pa6oTbi ayru no3Bon8no 3Ha'IHTenbHO yaen8~8Tb epeaa8il 

83 ueTo~BHKa. Ha6n~aaeM biii enan 8BTeneuanoeTH n y'!Ka noene MaKeH 

80BHOM MOlKBO 06'b!le BHTb ITOSIB.'I6886M B pa3p!!!le 60.'IbWOro '18en a ~a< 

Ba KaTona H aHT8KaTona. 

4. C yeen8~6H8eM ITOTeHU8ana 80883au8H HOBOB aeo6XO!IHMO YBI 

npSilK688e aa !lyr e , eOOTBeTeTBY~IIIee MaKe8Ma.'lbHOMy Bb!XO!Iy STHX H 

5. Heeneaoaaao B.'18SIBHe MomnoeTH noaorpeaa KaTona (p8e. 9). 

MOeT8 OT MOlllBOeTH TIO!IOrpeBa 8MeeTeSI MaKeHMyM Bb!XO!Ia M :JOr03ap 

lln!i 8080B e 3apSI!IOM 4-5 sneKTpOHHblX 6!1HHHU OH WHpOK8ll, a nnSI f 

a Ar 
8 

+ oa o~e8b Y3KHil ( wapana a a nonyBbieoTe npu aeeneaoaaaag: 

ae 10% OT MOIIIHOCTH B MaKCBMyMe; Ha CTeaae WBp88a ero 3H8~H 1 

me). 

6. Bbi XO!I MnoroaapSI/lBbiX aonoa y aenH'!HaaeTcSI npa yMeabweaa 

3 a no'ITH ao cpbiBa ayru. Haoraa aa6n~aaeTcSI MaKCHMyM aa a To ll K 

TeM, KaK ayra aa~aHaeT c p biBaTbCSI. KpyTH3aa noa'beMa Kpaaoll npa 

ITOTOKa T6M 60HbWe, '16M B b!UI6 aap.SIA 80Ba. 

1. H3MepeHbi aaBHCHMOCTH B biXOJ::ta MHoro3apSIAHbiX )loHoa oT re 

pa3Mepoa ra3opa3pS!ilBOII KaMepbi. YcTaHoaneao, ~To: 

a) !11IHH8 ra3opa3pSIAHOII KaMepbl MallO BHHSI6T Ha B biXOil MBOrO 

HOB, nony'la6Mb!X H3 ra3a, XOTR C yaenH'IeHH6M nnHBbl ra3opa3p SIABO 

HB'IHB86TC9 MOIIIHOCTb B pa3pSIJ::te npH nony 'leBHH T6X lKe aenH~HH HOI 

6) cooToomeoue pa3Mepoa ceqenall r 8 3opa3p S1!1Ho il KaMepbi H r 
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/lBliSIIOlliOSI H yMe HbillaeTCSI 3Ti e1C TpOHHaSJ COCTaBTISIIOlllaSI o6mero TOKa 

8K}!{6 llpHBO.QHT K yMeHbilleHHIO BblXO.Qa MI!_OI'03apS!.QHbiX HOHOB. 

, 7 H 8 BH.QHO, 'ITO npH yBeTIH'IeHHR H1!llpSJ}!{eHHSI HliH TOK8 llYI'If C 

MOMeHT8 Ha 'IHHaeTCSI C IIa .Q HHTeHCHBHOCTH, npH 3TOM, '!eM Bbiille 3a -

a a , 1' eM Bbiille HanpS!}!{eHHe HliH TOK llYI'H, COOTBeTCTByiOIUHe MaKCH

a .QaHHblX HOHOB, 

H3 OCHOBHbiX n p H'IHH Clla.Qa HHTeHCHBIIOC TH nocne M8KCHMYM8 5JD TIS!eT

a e B paa pS!.Qe 6onbiliOI'O KO.'lU 'IeCTBB '!aC THU MaTepuanOB K8TO.Qa H 8H 

tOHUeHTp8l{H SI K OTOpblX CTa HOBHTCSI CpaBHHMOli C KOHUeHTp8UHeil •raC TIIU 

/4 / 
ra3a • YBenuqeaue KOHueaTpauuB 3THX '18CT HU cKa3biBaeTC SI no-

! 'leHHIO IIOTOK8 !"a38 B HOHHhlfi RCTO'IHHK, a IIOCnenHee , KaK 6bin0 IIOKa-

1IpHBO.QHT K yMeHbllleHIIIO Bb!XO.Qa MHOI'03apSI.QHblX I!OHOB, npa llOSIB!!eHIIH 

•epl!aTIOB KaTO.Qa H 8 HTHKaTO.Qa B pa3pH.Qe OIITH'!eCKHM MeTO.QOM Ha6n i0-

/8/ 
nKenue T e MnepaT yp bl aneKTpoaoB 

:c, 10 BI!.QHO, '!TO '!eM TH}!{en~e a TOM, TeM 60Tibllle TOK Bb!COK0 3apHll

O.QHHaKOBOH KpaTI!OC TH 38pH.Qa I! TeM Bb!Ille Cpe.QHHil acjxpeKTI!BHblll 38 -

eHHbiX H3 HCTO'!HHKa HOHOB. B H.QHO TaK}!{eJ '!TO RHTeHCHBHOCTb TOKOB 

H Xc Mano MeHS!eTCSI .QO BOCbMHKpaTHOfi aapS!.QHOC T H , 

3aK TIIO'IeH Re 

peaynbTaTe nony 'leHHbiX .QaHHbiX R xapaKTepHCTHK HCTO'IHHKa C nono-

3TO.QOM, rrpRMeHeHHH HMITynbCHOI'O pe}!{I!Ma pa6oT bl HCTO'!HHKa, ll03BOiiRB

!Tb 6 onblliYIO MOlliHOCTb B pa3pSI.Q BO BpeMH IIMITynb ca, HeKOTO pbiX 

BHblX R3MeHeHH ll ( IIO.Q6opa C OOTBeTCTBYIOllle!"O Ce'!eHHH I'a30p83pSI.QHOl1 

>.Q6opa pa3MepOB 3MIICCROHHOli menR H B3aHMHOI'O paCIIOTIO}!{eHHH ee C 

UHM aneKTpO.QOM , onpe.Qene HHSI MeCTa IIO.Qa'!H raaa) nony'leHbl HHTeH-

.KH MHOI'038pH.QHblX HOHOB n e!"KHX a neMeHTOB H3 HCTO'!HHKa 1IpH pa6 oTe 

OHaX (eM, Ta6n , 3), 

·R CTeH.QOBb!X HCIIb!TaHHSIX IIOTiy'leHbl 60nbiliHe TOKH Bb!COK03apS!JlHbl X CBepx

DHOB ( KpHnToHa , Kceaona, aonbcppaMa). Ebino o6aapy}!{e ao , 'ITO B TaKOM 

HHTeHCHBHOCTb ny'!KOB HOHOB JlO aapSiaa 8+ cna6o nanaeT. ToKH HOHOB 

•HnTona H Kceaona 6onbllle npuMepao B 10 paa, qeM TOKH 3THX "'e 
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HOHOB 0 ITOny'leHHbie H3 HCTO'IHHKa C XOliO.QHbi MB KaTO.QaMB, npHMeHS!eMOI'O Ha 

aMepHKaHCKHX nuHetiHbiX ycKopu T enSix. MHoroaapS!llHbie HOHbi TaKoro TSI"'enoro ane

MeHTa KaK BOnbcppaM nony<JeHbi anepBbie ( CM, Ta6n. 4) . 

KpoMe TOI'0 0 B pe3y1IbTaTe IIpOBe.QeHH biX HCCliG.QOBaHHli Ha CTeane H Ha UHKliO

TpOHaX IIOTiy'leHbl cne.QyiOlliBe .QaHHbie H XapaKTepBCTHKH pa60Tbl HCTO'IHHKa MHOI'0-

3apli.QHbiX HOHOB, 

3, OnpeaeneHbi aaBHCH MOcTB Bhixona pa3nH'IHhiX uoaoa OT MomaocTu B pa3-

pllne, a TaK}!{e OT TOKB H HaUpS!}!{eHHll llY I'H, 113 peaynbTaTOB0 IIOliy'leHHb!X Ha CTeH

.Qe H UHKliOTpOHaX, BH.QH0 0 'ITO TOKH BOHOB p83liH'IHOil KpaTHOCTH HMeiOT MBKCHMYMbl 

B 38BHCHMOCTH OT MOlliHOC TB B pa3pl!.Qe (oT 6 .QO 25 KBT), npH He60liblliHX I'eOMeT

pR'IeCKBX p83Mepax 1"830pa3pli.QHOil I'OliOBKH, OI'paHH'IeHHblX ueHTpOM UHKliOTpOHa, T a -

KHe MOlliHOCTH MO}!{HO IIO.Qa BBTb B pa3pH.Q TOlibKO B HMITynbCe, Bae.QeHHe HMnynbCH0-

1"0 pe}!{HMa pa60Tbl nyrH II03B01IH1IO 3Ha'IHTenbHO y BenH'IHTb cpe.QHH JI TOK HOHOB 

H3 HCTO'IHBK8, Ha6niO.Qa6Mblil CIIB.Q HHTe H CH BHOC TH IIY'IK8 nocne MaKCHMyMa B OC

HOBHOM MO}!{HO o6~SICHHTb llOS!BneHHeM B pa3psne 6onbiliOI'O 'IHCna '18CTHU BernecT

B8 KBTO.Qa H aHTHK8TO.Q8, 

4, C y BeliH'IeHHe M IIOTeHUHBna BOHH38UHH HOHOB Heo6XO.QHMO yBenH'IHB8Tb Ha

IIpl!}!{eHHe Ha nyre, COOTBeTC TBYIOlllee MaKCHM81IbHOMy B b!XO.Qy 3TH X HOHOB ( CM, pHC, 7), 

5, 11ccneaoaaao BnHSIHHe MomaocTH nonorpeaa KaTona (puc. 9). B aaau~u

MOCTH OT MOlliBOCTH IIO.QOrpe Ba HMeeTCSI MaKCHMyM BbiXO.Qa M :wroaapS!.QHblX HOBOB, 

llnH HOBOB C 3apS!.QOM 4-5 aneKTpOBHbiX e.QHHHU OB IliHpOKHtl, a lilTS! HOHOB ru 7+ 

8+ 
H M OB 0'16Hb yaKHfi (I11HpHHa Ha nonyBb!COTe IIpH HCC1Ie.QOB8HHSIX Ha UHKTIOTpO-

He 10% OT MOlliHOCTII B MaKCI!MyMe; Ha CTe H.Qe IliHpi!Ha ero 3Ha'IHTeTibHO 60nb-

rne). 

6. BbiXOJl MHOI'03apHJlH biX uoaoB yBenH'!HBBeTcH npu yMeHbllleHHH pacxoJla ra-

38 IIO'ITH .QO Cp b!B8 JlyrH, 11HOI'Jla Ha6niO.Q8eTCH MaKCHMYM Ha 3 TOtl KpHBOil nepe.Q 

TeM, KaK Jlyra Ha'IHHa eT c p biBaTbCH, KpyTBaHa non~eMa KpHBoll npu yMeHbrneauu 

ITOTOKB TeM 60Tibllle, '!eM Bb!Ille aapl!Jl HOH8, 

7, 11aMepeHbl 3aBHCHMOCTH B b lXOJl8 MHOI'03apli.QHblX !IOHOB OT reoMeTpH'IeCKHX 

pa3MepoB ra3opa3pl!JlHOil KaMepbr, YcTaHoBneno, 'ITo: 

a) .Q1IIIH8 ra3opa3pRJlHOJI K8Mepbl Mano BTIHl!eT Ha B b! XO.Q MHOI'03apl!JlHhiX HO-

HoB, nonyqaeMbiX H3 ra3a, xoTH c yaenu'!eHHeM JlnHHbi r a aopa3p li.QHOfi KaMepbr yBe

nH'IHBaeTcH MOlliHOCTb B pa3pl!.Qe IIpH IIOTiy'!eHHH TeX }!{e BeTIH'IHH HOHHblX TOKOB; 

6) COOTHOilleHBe pa3MepOB Ce'!eHHil ra3opa3pS!JlHOtl K8Mepb1 H rpaHH KaTOJla, 
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o6pameRHOH K pa3pS!Ay, SIBITS!eTCSI Ba)f{Rbi M <j>aKTOpOM, o6yCIT8BITHBaiOIUHM BerrH'IHHbl 

HOHH biX TOKOB, 

8, 06na py)f{eHO, 'ITO C y Berrll'!eHHeM nopS!llKOBOI"'O HOMepa IIOH113yeMOI"'O arre-

MeHT8 OTHOllleUHe TOK8 HOHOB C 3 8 pS!AOM Z + I K TOKy IIOHOB C 38 pS!AO M Z 

y aerrH'IIIBaeTCR, 

9. OcHoBHoll n pH'IHHofi , onpene rrSJIOme l! BpeMH pa6oTbi HCTO'IRHKa, HBrrHeTCH 

paCn bi rreHII e KaTona IIOHHOfi 6 oM6apAHpOBKO fi , 0nb1Tbl noKa3arrH , 'ITO B HCTO'IHHKe C 

MOIUH bi M uyrOBbiM pa3pS!llOM pac nbiiTeHHe KaTOAa B OCHOBHOM HAeT HOHaMH MaTeplla 

arra KBTO!la, T,e, npOHCXO!l lfT CaMOpaCnbiiTeHHe, no3TOMY CKOpOCTb paCnbiiTeHRSI Ka TOA8 

no'!Tif He 3aBHCHT OT pOA8 nOAaBaeMOrO B HCTO'IHHK ra3a, 

IO. noKa3a HO , 'ITO CKOpOCTb pacn birreHHR KaTona nponopuHOHarrbH8 TOKY llyrH 

H KBanpa Ty nanpH)f{eHHSJ na nyre, nono6pana aMnHpH'IecKaH <j>opMyrra nrrH pacqeTa 

paCn bi iTeHHOI"'O C KaTona BOrrb<jlpaMa, 

I I. OnTH'!eCKHM MeTO!lOM M3Mepeao, 'ITO B MccrrenoaaarneMCH HCTO'IHHKe: 

a) PacnpenerreHUe OTHOCHTerrbHOl! nrrOTHOCTI! HMeeT MaKCHMYM BllOITb pa3pH-

ua lliTR HeHTparrbHbiX '!aCTHU II I!OHOB nonaaaeMorO B I!CTO'IHHK !"'a3a, 3TOT MaKCH-

MyM Ha XOllHTCR B6rrii3H cepeAIIHbl r a30pa3pH!lBOH KaMepbi, Y KaTona H aHTI!KaTO!la 

npeo6rranaiOT aTOMbi H I!OHbi MaTepHarroB aTHx aneKTponoB. 

6) H a OCH p a3pR!la KOHUeHTpBUHH BCeX HOHOB 6orrbllle, '!eM Ha rpaHHUe nrra3-

Mbl, npHMepao B naa pa3a. 

P e3yrrbT8 Tbl HCCrrenoBa HHR MCTO '!HHKOB HB CTe Hne H llHKrrOTpOUa X, B T aK)f{e rri!Tepa

TypHble llBHHble r'OBOpHT 0 TOM, '!TO nyrOBOi1 I!CTO'!HHK C nonorpc:BHbJM KBTO!lOM H 

OCllHITITRUHeii 3rr eKTpOHOB BllOITb pa3 pS!!la c noc o6eH BbJ!laBBTb 6onee HHTeHCHBHbie 

n y '!KI! MHOI"'03apH!lHbi X HOHOB, '!eM llpyrHe H3BeCTH ble TMn bl I!OBHbiX HCTO'IHHKOB, 

Eonhllllle TOKH MHOr038pHllRbi X I!OHOB B UHKITOTpOHaX n03BOITIIITH OCymeCTBHTb 

noCTaHOBKy HHTepeCHblX 3KcnepHMeHTOB, B peayrrbTa Te KOTOpblX norryqef!bl HOBbie 

BeCbMB Ba)f{Hble <j>H3H'!eCKHe OTKpblTHSI ( CnOHTaHHOe nerreHHe C H30Mepuoro COCTOSI

HHSI, Tpa ncypa HOBble arreMeH Tbl I04 , I03, I02 H np., HCnycKaHHe npOTOHOB pa!lHO

aKTI!BH bi MH SlllpaMH) II !lpyrHe llBHHbJe 0 B38HMO!lefiCTBHH MHOroaa pHllHblX I!OHOB 

C RllpBMH ( KyrrO HOBCKOe B036y)f{!leHHe C 60ITb lllHM yrrrOBbiM MOMeHTOM, peaKUI!I! 

o6Mena 11 T,n .). 

nony '!eHHble 6orrblllHe TOKH TR)f{eiTbiX HOHOB ( KpHllTOR, KCeHOH, BOrrbcppaM) B 

nepcneKTI!Be MOryT llBTb B03 M0)f{HOCTb npOBOllHTb OnbiTbl no norry'!eHM IO H30TO -

noB B6ITH31! Hnep C 38pS!llOM JJ4 H 126, r ne npennonaraiOTCSI OCTpOBKH OTHOCHTenb-

I4 

A 

II 

~ 

ao il cTe6HrrbHOCTH. HarrH'!He TaKI!x aneprH'IHhiX Hoaoa nacT B03MO)f{HO< 

BH(b H npyrHe BeCbMa HHTepeCHbie 3KCnep11MeBTbl no B38HMO!lel!CTBH~ 

)f{err biX SJnep. 
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HOI1 K pa3pH.Qy, SIBITSieTCSI B8lKHbiM !jlaKTOpOM, o6yCIIBBIIHBaiOIUHM B8IIH'IHHbl 

TOKOB. 

06na pylKeHO, 'ITO C yBeiiH'i8HH8M IIOpH.QKOBOrO HOMepa HOHH3Y8MOrO 3II8 -

THOW8 11He TOKa HOHOB C 38pHAOM Z + J K TOKy HOHOB C 3apHAOM Z 

aaeTCH . 

Ocnoanoli npH'IHHOii , onpe.r:~e rr HIOmeli Bpe MH pa6oTbi HCTO'IHBKa, HBIIHeTCH 

f ane Ka Tona uoaaoii 6oM6ap.c~upoaKoli . OnbiT bi rroKa3arru , 'ITO a ucTO'IHifKe c 

1.! AyroBbiM pa3pS!.QOM paC fl bineHHe Ka TO.Qa B OCHOBHOM H.Q8T HOHaMB MaTepHa 

ro.c~a , T. e. npOifCXOAifT CaMopaCflbiii8HHe. no3TOMY CKOpOCTb paCflbiiieHliH Ka TO.Qa 

;e 3aBliCliT OT po.Qa fiOAaBaeMOrO B l!CTO'IHHK ra3a . 

D. noKa38HO, 'ITO CKOpOCTb paCflbiil8HHH KBTO.Qa npo nopUifOHaflbHtl TOKy AyrB 

oaTy nanpS!lKeHHSI Ha .Qyre. n oA06paH8 3MIIHpH'I8CKa H !jlopMyrra .[liTH paC'!eTa 

eanoro c Ka ToAa BOIIb~paMa. 

l. OrrTH'IeCKHM MeTOAOM li3Mepeao, 'ITO B nccrre.c~oaaarne McH n c TO'IHHKe: 

I Pac npenerreHHe OTHOCHT8IlbHOli fiiiO THOCTH HM eeT MaKCHMYM B.Qoflb pa3pH -

HeH TpaflbHblX '!aCTHU H HOHOB flo.Qaaa eMoro B HCTO'IHHK ra3a. 3 ToT MaKCH 

XO.QH TCSI B6II113H cepe.QHHbl r a3o pa3pHAHOli Ka M epbl . Y KaTO.Qa H a HTHKaTo.Qa 

ma10T a ToMbl H HOHbl MaTepHa lloB 3THX an eKTpo .QOB. 

I Ha oCH pa3pHA8 KOHU8HTp1!UHH BCeX HoHoB 6orrbrn e, '18M Ha rpaHHUe rrrra3 -

HM8pHo B .QBa pa3a . 

3YflbT8Tbl HCCII8.QODa HHSI HCTO'!HHKOB HB CTeH.Q8 If llHKIIOTpOHaX, a TaK>K8 IIHTepa

.QBHHble rOBOpS!T 0 TOM , 'ITO AyrOBOI~l HCTO'!HifK C fiO.QOrp"BHbiM KaTO.QOM H 

~UH8H aneKTpo HOB BAOilb pa3pS!.Qa Cfl0Co6ea Bbi.QaBaTb 6orree HHT8HCHBHbl8 

\<tHOro3apS!AHbiX HOHOB, '18 M Apyrlfe lf3BeCTHble Tlfflbl HOHHblX lfCTO'IHHKOB. 

Oflbllilf8 TOKH MHor038pSIUHbiX lfOHOB B UlfKilo TpoHaX fl03BOillffllf ocymeCTBifTb 

)BKy lfHTepeCHblX 3KCfl8pHM8HToB, B p83 YflbTa Te KOTOpblX fiOIIY'I8Hbl HOBbie 

Ba>KHbl8 <jJH31f'i8CKife oTKpbiTHH ( CfiOHTBHHoe .Q8l!eHH8 C H30M8pHoro COCTOH 

lBHCypaHOBbl8 3IIeM8H Tbl 104, 103, 102 H Ap., HCflyCKaHHe n poTOHOB pa.QRO

•I MH SI.QpaMif) If ApyrHe AaHHbie 0 B38HMO.Q8HCTBifH MHOr038pS!,CIHbiX HOHOB 

MH ( KyrroHOBCKoe Bo36y)l(ll8HHe C 6oflblliHM y r nOBblM MOMeHToM, peaKUHif 

H T • .Q.). 

OfiY'18HHbl8 6oflbU!H8 TOKH TH>K8flblX HOHOB ( KpHIITo H, KC8HO H, Bonb<jlpaM) B 

~ THBe MOryT ABTb B03MO>KHOCTb npoBo.QHTb Onb!Tbl n o f!Ofly'i8HHIO H30To -

nH3H H.Qep C 38pSI.QOM 114 If 126 , rAe npe.Qf!OflaraiOTCH OCTpoBKH OTHOCHT8Ilb-
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J 

~~ 

aoli cTa6HnbHOCTB. Harruque TaKux aaeprH'IHbrx uonoa nacT B03MO>KHOCTb nocTa 

BH(h H Apyrne B8Cb Ma HHTepeCH ble 3KCnepHM8HTbl flO B38HMOA8liCTBHIO CBepXTH-

>KerrbiX H.Qep. 
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T a6nnna 1. 3aeHCHMOCTb BL>tXO.O.a uonoe a3oTa o T MecTa noll8'-I H 

r a3opa3psUtHo!'! xaMepbt ~ M''· HcTO"'HJlK uacTpanaa 

C HM yM B biXOll8 HOHOB ~ 1 ·1 

: Mecro no)J.a\I H : ToK HOHOH 6.30T& ( oTHOCHT.e~ 1 2 : 

: re.3a : . . 
; : 2+ • ; ''• 

: . l+ 3+ : . I . . . 
!B oOnaC Th K6.TO)J.6. 

. : ; 
6 ,9 : II ,o : fi,5 : I 

: : 

;B oOnaCTh KaTo,l.(a ' : : : 

;H B cepe.l1HHY 7,3 9,0 l 5;f : r,o 
: : : 

: 
: : 

.B 0 0.116.CT b K6. T0~8 I : : : : 
!6.HT HKB.TO)J.a M B : 
!cepe.n:HHY 5,7 : 9,9 : 6,6 : 0 ,90 : 

: : 
: 
: . : :B cepe.D.MHY Ifl,O 5,9 : 2 q c,4 ,u : 

I : . : 
: 

T a6nHna 2. 3aBHCH MOCTb BblXOLlB J.tonoa a3oTa o T .nnlHl hi raaopa .2 
HcTo tt HHK ua cTpaHaanc51 B o nTHM811hHbtH" pe}I(HM no B 

n.11HH6. K6.Mepb (~M) 
: ::!ap~ll : 85 : r5o : 
; HOH8 ; : 

ToKH HOHOB BO 2-0M ~aK- 1 I+ f 31,0 
.I 26 ,5 

c~Y¥e ( a <f, K oO n1e~y 
TOKy) I 2+ 29 ,o 33,0 

'l ... 32 ,o 32,0 
4+ 7,3 8,0 
?+ 0,55 0,57 

f~ny.llhCH(R ~omHOCTb B I I 24KBT 3() KBT 
paspR~e ycpel,HeHHan no 
H~CKO .IIbKHU )J.6.HH~) 

17 
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T a6nuna I. 3aaJ.tCHMOC Tb Bbt xona HOHOB aaoT a o T MecTn nona1.fn r n3a . .ll1mna 

r 030pll3[JSlJl HO!'! KBMep bl t.£Kl MM . l1CT01.JllliK H8CT[J8H B8llC~ H8 MBK 

C HM yM BblXOJlB HOHOB :'-J l4 

Mecro noAall H ToK HOHOH 8.30Ta ( oTHOCHT. e~ 1 2 Pa cxo)( r)3a 
ra.3a : 

: 2+ 
: 

: ''+ 
: ( 3 /l.H!H 

l+ 3+ 
I . ~ \ CJ.I . 

~B o6naCTh KB.TOAa 6 ,9 : II ,O . r; ,5 : I ! I,7 . . 
;.a 06Jl8.CTb K8.T0,,8. '. 
?' B C epe.llHHY 7,3 9,0 i 5;f : r,o : I,9 . . 
,B oOJiaCTh Ka To~a, 
!8.HTmtaTOA8. H B 
!cepe.n:HHY 5 ,7 : 9,9 : 6,6 : 0 ,90 : 2 ,0 

: : . : : 
;B cepe,D;HHY Ifl ,O 5,9 : 2 q c,4 2 ,3 . • '-' : : 
I . . 

T a6nuua 2. 3 aenc HMOCTb Bbtxon.a J-toHOB aaoT a o T a m-HILt rllaopaap~nHo n KaMep Lt. 

Jtf CT0 1:J HHK H 8 C T paHB8/lCS1 B O fl T HM811bH bli1 pe>t< II M rJ O BbiXO.llY H OI-lOB N 
4
+ 
" 

lJIHH8. KB.Mep~ (MM) 

TOKH HOHOB BO 2-0U J.i8.K-
CIDIJ'¥e (B % K 06 Jqeyy 
TOKy) 

V~nynbCHCR Yo maocrb B 
pa spH~e ycpe~HeHHan no 
HeCKOHbKHU A8.HH~) 

:!a pHil 

HOH8 

1+ 

2+ 

' l --+ 

4+ 

J+ 

85 I 50 200 

31,0 26,5 I5 ,0 

29 ,o 33,0 34,5 

32 ,o 32,0 40,0 

7 ,3 8,0 9,e 

0,55 0 ,57 0 ,59 

24KBT 30 KBT :36 KBT 

17 



I Y ci<OplleM!le 
' ~OI!H 

~ 
;Cpe,:l.fp!H l'OK 
:HOB \. IIKa) 

•+ 
i Si l8 

MO-: IO 

if a~, no.l naaeMDIM ! 
til WCTO'HI HK j SiF, 

;TO KY. 'I'IOHOR , fi a 
! £.\:J \t.nta) : 

/1( 

"ra6nHua 3. T oK H HeK OTOp biX HOHOB, non y 1.feHHb!X HB UHKnoTpOHax OJ.HB1 

.l-300 
• 7+ 

I s •• 

I 

so • 

Y-150 . 
7+ : Ar ~+ 

: 4+ ... ; •+ •+ T+ •+ 6+ •+ 
A r 40 : Ne :ll • Ne :l 2 Ne 20 Ne 20 c N 0 10 40 

" ta . . 
5 I roo I r,c =£o,or: roo 50 50 

AproH • 
TeXHHlleCK, : 

HeoH 
CecTecTaeHHall cuech) =cH : 4 

5 

:B03~yx: o. 

:I-I 5 :o,5-I : , 

. ., 8 + 
r.e 70 

I 

GeF • 

- . . 
·--------------------------~--------------------~----~------~----------------------~-------L--------~--------~----------

nPVJME4AHV1H: I, TOKH ycKopeHHbtX HOHOB H3MepHnHCb npH nonolKeHHH npo6HHKOB Ha Y-300- R & 100 CM , 

H8 Y-150 - " - 50 CM, 

2 , i10H bt Ge 8 + 
TO 

yCKOpHnHCb H8 3-A rapMOHHKe , 

Ta6nHna 4, ToKH HOHOB Ar , Kr , Xe H w , nony'leHU bJe npH cTeanoBbi X H CfihiTBHHSIX 

HCTO'IHHKOB 

T1m • · i 
I!CTO'I- ·, fuR I U (b) 
HMita : .a 

5+ 9 .. 12 +-

"{ ·'' 900 6 20 37 
0 

112 25 7 1,6 0,4 o,r 
... 

II 32 20 G,03 "' Ko 450 1? ,7 I7 40 47 7 2,5 0,2 
0: 

"' 
,, 600 I3 4 12 31 35 39 35 30 24 5,9 2 0, 4 0,1 :l! 

X 
W U3 "' 500 6,5 - - - 2 3 6 5 2 I,6 0 ,4 0,2 0 ,05 .. 

Po • r' ... 
0 
"{ w 1!3 0 

t:< pacn, 900 5 - - - 3,4 9,2 I0,6 5,4 1,3 () , S2 (),05 - -
K!!TC/1111 

P9oo 0,9 - 4 , .. ,L 2,2 1,7 o,75 0,25 0 ,06 0,015 
:l! 

1500 2 1,5 1,3 I 0,83 0,58 0,38 o,I7 0,07 o,04 0 1012 "'"' "'{"{ 
00 

3tl I500 2 1,9 1,6 !,3 I 0,9 0 ,5 0,45 o,25 o,H 0 ,07 c,c2 o ,OI 
><"' 

nP11MEtJAHJ.1fl: ], BenH'IHHhl TOKOB, npHBeneHf!bi e B Ta6nHne, 03H8 '1810T TOK HOHOB B HM

nynbce (Ma). 

2, jlaHHble unst HCTO'IHHK8 C XOnOUHhlMH K8T~8MH B3SIThl unst At H3 pa-

60Tbl/ ]9/, LinH Kr H Xe - 11:3 pa6oTbl I/, 

: 
: 
: 
: 

: 
: 

: 
: 
: 
: 

: 
: 

1 
: 
. 



YCKOpHTeJI.& 

I Y cKop11ewue •+ 
;,oHH i Si :ii S 

~ 
;Cpe~HHlt )OK 
:HOB ( 11Ka 

HO-: IO 

. 
if a 3, no.R naaeMD!U ! 
:J1 HCTQ't}! HK j SIF , 

:TO KY. I'!OHflll , li i 
! f/t :.! \Mrta): 

/1( 

Y-300 
1+ 

s •• 

I 

so • 

Y-15 
T+ ! Ar ~ + : 4+ .. • + 6+ T+ 4+ •+ •+ 

Ar 40 : Ne :il l Ne :il:il Ne 20 Ne :iiO c N 0 
40 .. " •• • I 

5 I roo I 1,2 =~o,or: roo 50 50 

AproH , 
rexHmecK. : 

HeoH 
(ecrecraeHHall cwec.&) =cH : 4 :B03~yx: o, 

5 =r-r 5 :o,5-I 
: ' 

. .. r. 8+ 
.e 10 

I 

Ge F' • 

·-------------------~--------------~----~----~----------------L-----~----~------~------~ 

nPVJME Lf AH vHI : I, TO KH ycKopeHHbiX uouoa H3 Mepgnuc b npu nonOJKeHHH n po6uuKoB ua Y-300- R K 100 e M, 
H8 Y-150 - R - 50 C M. 

"'( 
0 ... 
"' ..: 

"' :JS 
X ., ., 
p. ... 
0 
"'( 
0 

t:::; 

.. , 
"'"' "'("'( 
0 0 

3 tl 
><<.: 

2. Ho Kbl Ge 8 + y CKOpRnHCb H8 3-A rapMOHHKe . 
TO 

Ta6 nuua 4, ToKH HOHOB Ar , Kr , Xe H w , nony"'eHH hie n p H cTe&.OOBhiX H C U hiTBHHSIX 

" 
K> 

Xo 

N U ) 

"'Fe 

w 113 
pacn. 

j 
:u (b ) 

: a 

900 

450 

600 

500 

900 
l'.li TQ~III 

?900 

1500 

1500 

HCTO"'HHKOB 

I { a ) 
a 

6 

I?,7 

13 

6,5 

5 

0,9 

2 

2 

I+ 

20 37 

II I7 

4 12 

- -

- -

- 4 " 'L 
1,5 1,3 

1,9 1,6 

112 25 

40 47 

31 35 

- 2 

- 3,4 

2,2 1,7 

I 0,83 

!,3 I 

5+ IO+ 12 +-

7 1,6 0,4 0 ,1 

32 20 7 2 ,5 0,2 0 ,03 

39 35 30 24 5,9 2 0, 4 O,I 

3 6 5 2 I,6 0 ,4 0 ,2 0 ,05 

9,2 10,6 5,4 !,3 r), S2 () ,05 - -

o,75 0 , 25 0 ,06 O,OI5 

0,58 0,38 o ,I7 0,07 o,04 0 ,012 

0,9 0 ,5 0,45 c,25 0,14 0 ,07 C,C2 0 ,01 

nP11MEtJAHJ.1H: 1, BenH"'HHhl TOKOB 1 npHBe.oeHHbi e B Ta6nuue, 03H8 "18IOT T OK HOHOB B HM

nynbce (Ma). 

2, paHHbie )lUSI HCTO'IHHK8 C XOUOJ:lHhiMH K8TOA_8MH B3S!Tb l )lUSI Ar H3 pa-

60Tb/19/, )lUSI Kr H Xe - H3 p a 60Tb/
211 , 

: 
: 

: 
: 

: 
: 
: 
: 

: 
: 

1 
: 
. 
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Pac. I. MaKCHManbHbJe ce'!eHHst B OHBaana a nnst HOHOB paanH'IHOil aapstnHOCTH HeKo

TO p blX a T OMOB. B ee KpH BbJe n poa opMB poBaHbl T aK, 'IT O ce'!eHBst HOHHaan as 

OllHOKp8THO aapst>Ke HHbiX B OHOB CBel(eHbl K OUHOH BeiTH 'IHHe. no OCH a6CUBC C 

- 33 pstll HOHa B ::meKT p OH HbiX enH HHU 8X. 

20 

P a c. 2. 

5 
~ 

Ht 

+ 

88 
250a 

4~tG 
2a 

IO~t& 

om&."-
l[ 

fonOBK a HCTO'IHHKa H 6 noK-cXeMa ITHTaHHSI H C TO'IHHK a . 1-Hl 

3-a HOll, 4-aHTHKa TOU, 5-3 MHCCHOHHaSI menb, Yf Y -HMITYrrbCH 

f - MalllHHHb l H rr peo6p a30B8Tenb '18CT0Tb l ( 5-10 Krn) HITH B b 

CT -cTa6 anaaaTop TOK a rronorpeaa K a Tona , H- a a rrpaaneaa·( 

nonH. Ya c na y 6 noKOB c o oTBe T c T ByiOT MaKCBManbHb lM a Ha'l 

>Ke HHSI H TOK8 3THX Y3ITOB. 

21 
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MaKCHMBIIbH bie ce'!eHHSI H OHH38UH H AIIH HOHOB pa3ITH'IHOH 38pHAHOCTH HeKo

TO pblX a T OMOB. B ee KpH Bbie rrp oHOpMH p oaaH bi T BK, 'IT O ce'!eHHH HOHH3aUHH 

O.Q HOKpB THO 3apmKeHHb!X H OHOB CBe.QeHbl K O.QHOH Be iTH'JHHe. no OCH a6CUHCC 

- 33pHA HOHS B a rreKTpOHHb!X e.QH B HOBX . 

20 

PHc. 2. 

88 
I I I 25oa ..!----1:! 

~/ I I --
4K6 
2a 

IO~t& 

~I I _..!.1 o ~ I l7i: 

~ ·tl om&v. 

lf 

" 

f OITOBKB HCT O'IHHKB H 6 rroK-cxe M a ITHTB HHSI HCTO'IHHKS , J -HHTb, 2 - K S T O.Q , 

3 - a HOA , 4 - aHT HKS TO.Q , 5 - 3 MHCCHOHH8SI m e rrb , Yf Y - HMIIYITb C Hb! l'l y cHITH T errb , 

f - M B ll!HHH bll'l rrpeo6pa30 B8Terrb 'IBCTOT bl ( 5 - 10 KrO ) H ITH B b inpSIMHTeiTb 1 

CT-cTa6 H ITH3 aTop TOKa rro.aorpesa KaTo.aa , H- Ha rrpaarreHHe MarHH T Horo 

rrorrSI . Y Hcrra y 6 rro K OB cooTBeTC T B yroT MBKCHMBIIhHbiM 3 H a '!eHHHM Ha rrp H

* eHHH H T OK a a T Hx y3rroa. 
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50 !00 AK X (M.M.) 

.M.a. rn.e p1Aa..Jt Yc.n . oS"o3K.O.'l.~KU"-
aK.mu.~<o.mooa. (Ak) ..Ar- AK 

JYt.o o---o -Cu. o- · -o .... -
Cm ~ (~e.) bo--A A--A 

P a cnpeneneane HHTeHCBBHOCTH cneKTpanbHbtX nHHHR apro aa Bnonh raaoBoro 
paapsna npH pa3H b<X Ma Tepnanax aHTHKaTona ( A K ). KpHBaH , n poBe:O.eaaaH 
no KpecTHKaM (X), - HHTeHcHBHOCTb nHHH ii BOnb¢ pa Ma B3 KaTona . ( K) . 
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Pnc. 4. PacnpeneneHHe HHTeHCHBHOCTH cneKTpAnbH btX nHHHA aeoHa no 
nyroBoro paapnna. T~KH a H 6 Ha ocH y o6oaaa qaroT c Te E 

TOqKH B H r - rpaHHllbl KaTona. 

23 



I, 

t:J"" 
I 
I 

\ 
I 

\ 
1/0 

a A/ 
. I 

\~ 

'\ 
\ 
.\ 

/1: 
I 

'}' I I 

i I 
. I 
I I 

I. I 

' I 
. ·• \ / 

I 

•)(' 4-
a 

·a.. -··y/. 
. ..!·--· .,..., 

...... -I ,....,... 
50 1oo · AK--x (hun.) 

.M.a. m..e p~cwt. Yc.11 . oS"o3H.O.'l. I!KlL6l 
aH.mu.~<a.mooa. (AI<) Jfr- AK 

JYlo o--o -Cu.. ~ · -o ~ · -Cm 3 (~e.) 6--A .a.- -A 

cnpeneneuue HHTeucuauocTH cneKTpanbHbiX nuuuA aproua anonb raaoaoro 
lpsna npu paan brx Ma Tepuanax aHTHKaTona ( AK). Kpuaast, npoaeileuuasr 
KpecTRKaM (X) , - uuTeuc uaaocTb nHHHii aonhQJpaMa ua KaTona . ( K). 
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Puc. 4. Pacnpeneneaue HRTeucuaaocTH cneKTpflnhHbiX nHmrii ueoua no ceqe auJO 

nyroaoro paapstna . T~KH a H 6 aa ocu y o6oa aa qaroT c Te HKH · KaMepbr, 
TO'IKR B H r - rpaHHUbl KaTona. 
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Puc. 5. 3aBHCHMOCTb TOKB HOHOB :'-ie ~; Ar .. : + Ar :: H N 1: + OT pacxo.na 
raaa a eaHHHUY apeMeHK. KpHBhle npouopMupoaa~~bl K e.auuuue a MaK-
cnMyMe TOKB COf' T DeTCTBYJOIUHX HOHOB. 1-fOHbl N 14 yc tc:OpSWHCb HB 

nnKnoTpoHe Y-150, a ooTanbH bie - HB Y-300. 
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Pnc. 13. 3aBRCRMOCTb BbiXO.[l8 ROHOB KpHllTOHa3oT p8CX0ll8 raaa. 

MHpoaaHbi K e.nHHHne npu q = 1 CM /MHH. ToK .nyrn 

npsnKe HHe .nyrH U = 600 a. CTpenKa yKaabrBaeT onTHt 
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3aBH'CH MOCTb TOK B HOHOB ~e ~; , Ar .: + Ar :: H 

raaa a 8ll.HHHUY speMeHH~ KpHB bie npoaopMBpoa~~hl 
CHMYM8 TOK8 C00 T D 8 T C TBYJOIUHX KOHOB. J-fOH hl N 14 

UKKnoTpoHe Y-150, a ooTanhHbte - Ha Y-300. 
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3 aaRCHMOCTb Bbtxoaa HOHOB KpHnToaa3oT pacxona raaa. KpHBhte npoaop-
MHpoaaHbi K eaRHHrre npH q = I eM IMRH. ToK ayrR I ll = 4 ,8a, Ha -
npgmeRRe ayrH U = 600 B. CTpenKa y Ka3biBaeT onTRManbHbt i1 pacxoa 

ll raaa. 
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Puc. 10. Q.,. HOCUTenbHblii: BbiXO.U HOHOB aprOH8 1 KpBITTOH8 H KC9HOH8 ITO 38pRUHOCTH. 

KpHB bte rrpoHopMHpoaaHbi K TOKy onaoaapRllHbtX :noHoa. liH¢phi sa KpHBhtx 

yKa3biB8lOT 38pSill HOHB,. 8 CK06K8X YKB38HO a6conJOTH09 3H8tteHli9 TOK8 B 

HMITynbCe llnSI HOHOB Ar S +, Kr tO+ , Xe 12 + . nyHKTHpHbie KpHBbTe - .ll8HR bl9 

BM9pHKBHCKHX pa60T/19, 21/• 


