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© YiHCTHTYT cpH3HKH Bb!COKHX 3HeprHll:, 1985 

OBillAH XAPAKTEPYICTI1KA PABOTbl 

AKTyanbHOCTb TeMhI. PerHcTpaUHH sneKTpOHOB H cj>oToHoB BbICO­

KOH 3HeprHH 3aHHMaeT 0.tlHO H3 lleHTpanbHblX MeCT B MeTOJlHKe 3KO­

nepHM8HTOB IIO cpH3HK8 BbICOKHX 3HeprHll:. .LlnH 8TOH llenH B HaCTOH­

wee speMSI umpoKo Hcrronb3yioTCSI crreKTpoMeTpbI rronHoro rrornomeHHSI 

( CCTTI). 0HH Il03BOnSIIOT H3MCpHTb C BbICOKOil: TQqHQCTblO 3HeprHH H 

KoopJlHHaTbI sneKTpoHoB ( cpoToHoB) , paa.uenSITb c BbICoKoll: s<M>eKTHB­

HOCTbIO aopOHbl H sneKTpOHbl. EonblllHHCTBO CTITI HMeIOT BblCOKOe 

BpeMeHHOe paapellleHHe, qTo ll03BOnSieT HCIIOnb30BaTb HHcpopMaUHIO, 

nonyqaeMyIO c HX rroMOlllbIO, llllH opraHHaamrn TpHrrepa. 

B pSI.Ue cnyqaes 3TH )Ke uenH Moryr 6bITb .uocTHI"HY'fbl npH noMo­

lllH 6onee npocToro H .ueUieaoro nHBHesoro .ueTeKTopa, rrpHHUHn pa6o­

Tbl KOToporo OCHOBaH Ha H3MepeHHH qHcna qaCTHl.l HnH HX 3HeprOBbl­

.ueneHHH B o6naCTH MaKCHMyMa sneKTpoMarHHTHoro KaCKa.ua. B .Uanb­

Heil:UieM anH cneKTpoMeTpa, pa60'I'a10mero no 3TOMY npHHUHIIy, 6y.ueT 

HCIIOnb3oBaHo Ha3BaHHe 11TOHKHll:" cneKTpOMeTp aneKTpOHOB H cj>oTo­

HOB. DpHMeHeHHe "TOHKoro" cneKTpoMeTpa npe.ucTaBnSieTCH oco6eHHo 

nepcneKTHBHbIM B o6naCTH BhICOKHX sHeprliH ( E ,:}' 1 TaB). 

Uenb JlHccepTaUHoHHOil: pa6oTbl aaKn10qanacb B sKcrrepHMeHTanh­

HOM H TeopeTHqecKOM HCCne.UOBaHHH OCHOBHblX xapaKTepHCTHK 11TOH­

Koro" crreKTpoMeTpa, TaKHX KaK sHepreTHqecKoe H KoopJlHHaTHoe paa­

peUieHHSI H a<M>eKTHBHOCTb paa.ueneHH£ 9neKTpOHOB H a.upoHOB. 

HaT1HaS1 HOBH3Ha Hccne.uosaHHSI onpe.uenS1eTCS1 cne.UyIOlllHM: 

1. BnepBbie .ueTanbHO H CHCTeMaTHqecKH rrpose.ueHo sKcrrepHMeH­

TanbHoe HCCne.uoBaHHe xapaKTepHCTHK 11TOHKoro" cneKTPOMeTpa 

c HCnonb30BaHHeM CUHHTHnnSIUHOHHblX cqeTqHKOB H HOHH3a-

llHOHHblX Tpy6oK; llOKa3aHo, qTo npH IlOMOlllH HOHH3aUHOHHblX 

Tpy6oK, 3arronHeHHblX aproHOM HnH KceHOHOM .tlO BblCOKoro .tlaB­

neHHSI, MO)KHO perHCTpHpOBaTb MHHHMl:tnbHO HOHH3HPyIOlllHe qao­

TH l.lbl c scpcpeKTHBHOCTbIO, 6nH3KOll: K 100%, npHqeM llJ'IHHa Tpy6-

KH M0)!{8T .tlOCTHI"aTb :::! 10 Mi 

2. Coa.uaHa YHHBepcanbHaSI rrporpaMMa pacqeTa aneKTpoMarHHTHbIX 

nHBHell: MeTO.tlOM MOHTe-Kapno, 6onee IIOJIHO yqHTblBaIOlllaSI 
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oco6eHHOCTl1 pa3Bl1Tl15I mt:BHeH no cpaBHeHl1!0 c 113BeCTHblMl1 

nporpaMMaM11; conoCTaBneH11e nonY'leHHb!X 9Kcnep11MeHTanbHb!X 

pe3ynbTaTOB 11 TeopeT11qeCKl1X pacqeTOB no C03AaHHOH nporpaM­

Me n03BOnHnO npeACKa3aTb xapaKTep11CTl1K11 "TOHKl1X" cneKTpo­

MeTpOB B o6naCTl1 9Hepr11li BnnOTb AO 1 TsB. 

flpaKT11qecKaSI lleHHOCTb nonY'leHHblX pe3ynbTaTOB COCTOl1T B TOM, 

qTo "TOHK!ili" cneKTpoMeTp, SIBnSISICb npOCTblM 11 AerueBhlM np116opoM, 

He ycTyrraeT no pSIAY xapaKTep11CT11K ropa3AO 6onee cno:>KHhIM 11 Ao­

por11M CflTI. "ToHKl1e" cneKTpOMeTpb! HeCOMHeHHO HaHAyT np11MeHe­

Hl1e B 9 KCIIep11MeHTanbHb!X ycTaHOBKax Ha ycKopHTenSIX HOBOf'O noKo-

n e mrn. TipeACTaBnSieT TaK:>Ke 11HTepec B03MO:>KHOCTb 11crronb30BaHl1SI 

" TOHKl1X" cneKTpOMeTpOB B 11ccneAOB8Hl1l1 KOCM11qecKl1X nY'leH CBepx­

Bb!COK11X 9Hepr11li. 

Co3AaHHaSI yH11BepcanbH a SI nporpaMMa MOAenHpoBaHHSI aneKTpoiv.:ar­

H11THbIX mt:BHeti: MeTOAOM MoHTe-Kapno HecoMHeHHO 6yAeT none3HOH 

np11 npoBeAeHl111 pacqeTOB xapaKTepl1CTl1K n11BHeBbIX AeTeKTOPOB 

a neKTpOHOB 11 ¢0TOHOB c uenbIO 11X OIITl1Ml138UHl1. 

JfoqHblH BKnaA aBTOP8 COCTOHT: 

1) B pa3pa6oTKe 11 C03A8HHH annapaTypbI; 

2) B nonY'leHl111, o6pa60TKe 11 aHanH3e 9KCnep11MeHTanbHblX AaH­

HbIX np11 9HeprHSIX aneKTpOHOB OT 6 ,6 AO 40 raB 11 a.apoHOB 

C 11MnynbCOM 40 faB/c; 

3) B C03AaHHH yH11BepcanbHoli nporpaMMbI pacqeTa aneKTpoMar­

H11THbIX nHBHei!: MeTOAOM MoHTe-Kapno; 

4) B conoCTaBneHl111 11 aHanl13e 9KCnep11MeHTanbHbIX AaHHbIX 11 AaH­

Hb!X pacqeToB no MeToAy MoHTe-Kapno. 

Anpo6aIIHSI pa60TbI • OcHOBHbie pe3ynhTaTbI AHccepTaIIHOHHol1 pa-

6oThI AOKnaAbIBanl1Cb Ha pa6oq11x COBell!aHl15IX no ycKOPHT8 JlbHO-HaKO­

n11TenbHOMY KOMnneKcy Y!ct>B3 B 1882 H 1883 rr.' Ila Hay qHbIX ceMl1-

Hapax B Y!ct>B3 11 Epct>Y!, 11 ony6n11KoBaHbI B Hny '-!HbIX ny6n11Kamrnx, 

yK83aHHbIX B 6116n11orpa¢1111. 

C TpyKTypa AHCcepTaUH11 . .LlHc cepTdUl15I COC'f011T 113 BBeAeHl15I, qe­

T blpex rnaa, 3aKnIQqeH11SI, np11no:>KeH1rn 11 cn11cKa n11TepaTypb1 ( 105 Ha-

11MeH0BaH11li}. 06umli o6'beM AH CcepTallHH 140 CTpaHl1U, BKn10qa51 33 
p11cyHKa 11 15 Ta6nHU. 

COllEP)l(AHY!E PABOTbl 

Bo BBeAeHHl1 o6ocHoBaHa aKTyanbHOCTb TeMhI, c¢opMyn11poBaHa 

uenb AHCCepTallHOHHOH pa60Tbl 11 AaHO KpaTKoe COAep:>KaH11e rnaB. 

Tie pBaSI rnasa ITOCBSIUieHa KpaTKOMY o63opy aneKTpOMBrHHTHblX 

c rre KTpoMeTpOB nonHoro nornomeH11SI 11 ¢aKTopoB, onpeAen5IIOUIHX 11x 

2 

OCHOBHble ¢11311qecK11e xapaKTepHCT11K11 - 9HepreT11qecKoe 11 KOOpAH­

H8THOe pa3pe1lleHHSI 11 acjxpeKTl1BHOCTb pa3AeneHl15I aneKTPOHOB 11 aA­

poHOB, flpoBeAeH cpaBHl1T8I1bHblH aHanH3 pa3nHqHbIX Tl1nOB cneKTpo­

MeTpOB rronHoro nornomeHl1SI - roMoreHHbIX ( NaJ, BGO, SCG, ce11H­

uoaoe CTeKno) H reTeporeHHbIX. 

Bo BTopoli rnaee 113no:>KeHhI pe3ynbTaThI aKcnep11MeHTanbHoro 11c­

cneA0Bamrn xapaKTep11CT11K 11TOHKOro" cneKTpOM8Tpa. 

flp11HIIH11 pa60Tbl TOHKoro cneKTpOMeTpa OCHOBaH Ha H3MepeHl111 

q11cna qacT11U 11n11 HX 9HeprOBbIAeneHl1Sl .e o6naCTl1 MaKCl1MyMa aneKT­

poMarHHTHOro KacKaAa. CornacHo KacKaAHoi!: Teop1111 (np116nH:>KeH11e 

"B ", Hyneaoe o6pe3aHl1e no aHepr1111 BTop11qHbIX qacT11U) q11cno aneKT· 

pOHOB B M8KC11MyMe nHBHSI 11 ero nono:>KeH11e ( B paAHaUHOHHblX eAH­

Hl1 ciaX An11llbl) onpeAenSIIOTCSI ¢opMynaMl1 

E 0 Eo -1/2 
Nmax = 0,31--( fn -- - 0,37·k) , 

t max 

E E 

Eo 
= lOl(fn---k) 

' E ' 

rAe E 
0 

- aHepr11SI nepa11qHoli '!aCT11ilb1; e - Kp11T11qecKaSI aHepr11SI; 

k paBHO 1 AnSI nepB11'!Horo aneKTpoHa Ii 0,5 AnSI nepB11'!Horo ¢oTo­

Ha. Yi3 np11BeAeHHblX cpopMyn cneAyeT, qTo B o6naCTl1 Bb!COKl1X 9Hep­

rm1 (E
0

>> e ): 
1) q11cno q a CTl1U B MaKCHMYll.fe nHBHSI np11MepHo nponopUHoHanbHO 

E ( oTKnoHeH11e OT mt:Heii:Holi 3ae11c11MOCTH 11MeeT xapaKTep 

(f;Eo)-112), 
2) nono:>KeH11e MaKCHMyMa n11BHSI cna6o ( KaK f n E ) 3aa11c11T OT 

0 

aHepr1111, 

3) N H t rrp11MepHo oAHHaKOBhI AnSI nepa11qHbIX aneKTpo-
. max max 
HOB Ii ¢oTOHOB, 

4) 'lHCJlO 'laCTHU B M a KCliMyMe JlHBHSI o6paTHO nponopUHoHaJlbHO E 

flepe'!HCJ18HHbl8 CBOHCTBa aneKTpoMarHl1THbIX JlHBHeli no3BOJ1SI'IOT 

CAenaTb Bb!BOA, 'ITO npH noMOllll1 A8T8KTopa, pacnono:>KeHHoro 38 KOH 

BepTopoM TOJ1Ull1HOH ~ tmax ' MO:>KHO 113MepSITb aHeprHIO aneKTPOHOB 

11 ¢OTOHOB B AOCT8TO'lHO Wl1pOKOM HHTepBane. Pa3peweHl1e TIO 9Hep­

rHH 6yAeT TeM nyqwe, 'leM MeHbwe e • KoopAHHaTa aneKTpOHOB MO­

)KeT 6b!Tb BOCCT8HOBneHa, HarrpHMep, no ueHTpy TSI)KeCTl1 pacnpeAene· 

Hl15I nonepeqHOr'O 9HeprOBbIAenemrn, H3MepeHHOr'O npH noMOIDH rono­

CKOn11qeCKOr'O neTeKTOpa. 

V'3--3a OTHOCHTenhHO Manoli TOnUI11Hbl "TOHKHH" cneKTpOMeTp 6yAe'. 

o6nanaTb AOCT8TO'!HO BblCOKOH aqi¢eKTl1BHOCTb!O pa3i:teneHl1Sl aneKTpo­

HOB 11 aApoHoB, XapaKTep11CT11K11 "ToHK11x" c neKTpoMeTpoa paHee Ae­

TanhHO He 113Y'l8nHCb, 

Y!ccneAOBaHHSI npOBOAHnHCb 

pRTenSI 11¢ B3 B nY'lKBX 

13,3; 26,6 H 40 r a B/c H 

Ha KaHane 

aneKT pOHOB c 

aApOHOB C 

qaCT11U N2 2 ycKo­

HMnynhCOM 6,65; 
HMnynbCOM 40 faB/ 
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"ToHKHH:" crreKTpOMeTp aneKTPOHOB COCTOsm H3 CBHHUOBoro HnH CTanb­
uoro KOHBepTopa 11 pacrronmKeHHOf'O 3a HHM CilHHTHnmU.lHOHHOf'O HnH 

HOHH33UllOHHOro JleTeKTopa. 

B Ka•1eCTBe CUHHTHnmnopa HCTIOnb3oBanHCb rrnacTHHbl H3 o6b!'IH0-

['0 nnaCTH'!eCKOf'O CllHHTHnnsrTopa Ha OCHOBe rronHCTHpona pa3MepoM 

8x 12 cM2 H TOnIUHHOH 2, 8' 16 HnH 20 MM. c •.aiHTHnnS!llHOHHble rrnac­

T lillbl yCTaHaBmrnanHCb HerrocpellCTBeHHO ( 6e3 OITTH'!eCKOf'O KOHTaK­

Tll) Ha clioToKaToll qi.a.y. THrra ct>3Y-110. B .upyroli cepHH H3MepeHHH 

lJ.eTeKTOP aneKTPOHOB rrpellCTaBnsrn co6oii: CllHHTHnnsrUHOHHbIH rolJ.o­

CKOIT , COCTOS!IUHH H3 8 nanoqeK umpHHOH 10 MM, TOnIUHHOH no rryqKy 

15 MM H lJ.nHHOH: 12 CM. Ka)l{lJ.asr rrano'iKa rrpocMaTpHBanacb 'ct>3Y-85 

qepe3 cBeTOBOll MHHoli 20 CM. CHrHanb1 c qi.a.y. qepe3 apeMeHHbie 

"sopoTa" lJ.mnenbHOCTbJO 70 HC rrocTyrranH Ha 1024-KaHanbHbie rrpe­

o6pa3oBaTenH aMITnHTylJ.a-KOlJ.. l1HcliopMal.IHSI c aMITnHTYlJ.HbIX npeo6pa-

30BaTeneli nepelJ.aBanacb B 3BM HP-2100 lJ.nSl 3anHCH Ha MarHHTHYJO 

neHTy H "on-line " o6pa6oTKH. 

l1oHH3aUHOHHblH lJ.eTeKTO'.) COCTOS!n H3 21 HOHH38LaiOHHOH Tpy6KH, 

pacrrono*eHHbIX B lJ.Ba psrllEJ. Tpy6KH 6bmH cJJ,enaHbI H3 Hep*ase10mei1: 

CTanH. Vlx BHelllHHH lJ.HaMeTp 10 MM, TOnIUHHa CTeHKH 0,5 MM, MHHa 

36 CM. 
AHO)J.Hb!e npoBono'iKH HMenH JJ,HaMeTp 0, 1 MM H 6bmH C)J.eJiaHbl H3 

6ep1mn11esoii: 6poH3hI. Tpy6KH 6binH paCC"IHTaHbI Ha lJ.aBneHHe llO 

150 aTM. 0HH HanonHS!nHCb aproHOM HnH KGeHOHOM Bb!COKOH 'iHCTOTbl. 

AHOllbl BCCX Tpy6oK npHCOelJ.HHS!nHCb K O)J.HOMY 3apS!llO'iyBCTBHTenbH0-

My rrpelJ.ycHm1Ten10 c noneBb!M TpaH3HCTOpOM 2N4861A Ha BXOlJ.e. 

KoHBepTOP Ha611pancsr H3 rrnaCTHH pa3MepoM 8x10 cM
2 

H TOnIUH­

HOH 4,6 MM ( CBl'IHeU) H 9,5 MM ( CTanb). 3KcrrepHMeHTanbH3Sl npo­

.1..l.elJ.ypa 3aKnJO'ianacb B l13MepeHHH aMITnHTYllHb!X crreKTpOB CHrHanoB 

c lJ.eTeKTopa MS! pa3mi'!Hb!X TOnll!HH CBHHllOBOf'O Hnl1 CTanbHoro KOH­

BepTopa. 
VlccnelloBaHHSI rroKa3anH, '!TO a11ep1'eT11'!ecKoe paspellleHHe ulE 

KOOplJ.HH8THoe paspellleHHe O'x 11 acMJeKT11BHOCTb pa3JJ,eneHl1Sl aneKTpo­

HOB 11 a.upoHOB KaK cPYHKl.IHl1 TOnll!HHbl KOHBepTopa 11/vle!OT lJ.OBOnbHO 

lllHpoKH:il: MHHHMYM B o6naCTH MaKC11MyMa nHBHSI ( p11c. 1-3). Ar-mrm­

TYlJ.a CHrHana B MaKCHMyMe nHBHS! npaKT11'ieCK11 nHHe:il:HO 33Bl1Cl1T OT 

aHepr11H aneKTpoHoB. 3aBHCl1MOCTb MHHHManbHbIX 3Ha'ieHHi1: a IE OT 

9Hepr11H aneKTpOHOB MO)l{eT 6b!Tb npelJ.CTaBneHa B BH)J.e 

a - K ·E-0,45 'E - i , 
(1) 

rile K 1""'0,7 Msr CBHHUOBoro, Ki~ 0,8 Msr cTanbHoro KOHBepTopoa, 

E - aHeprHsr aneKTPOHa B raB ( pHC. 4). 

Dp11 lllHPHHe Sl'ieHKH CUHHTHnnsrUHOHHoro rolJ.OCKona 10 MM npocT­

paHCTBeHHoe pa3pellleHHe cneKTpOMeTpa COCTaBnsreT 
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-0 45 
ax = K2• E • I ( 2) 

rlJ.e K2~8 MM MS! CBl1HUOBoro 11 K2 ~ 8,5 MM Msr cTanbHoro KOH­

aepTopoB (CM. pHc. 4). CTpH onpelleneH1111 ax cJJ.enaHa norrpaBKa Ha 

pa3Mep (2 MM) C'ieT'iHKa, orrpellem110mero rry'ioK. CTpoCTpaHCTBeHHoe 

pa3pellleH11e crreKTpoMeTpa yxyjJ,lllaeTcsr He3Ha'i11TenbHO npH rrepexolJ.e 

OT 10-MM srqe:il:KH rolJ.ocKona K 20-MM H onpelJ.ensreTC51 ctin10KTyarurn­

MH nonepe'iHOf'O pa3Bl1Tl151 nHBH51. 

l13MepeHbI cpelJ.HHe norrepe'iHbie rrpoqi11n11 aneKTpoMarHl1THbIX nHB­

He:il:, o6pa30BaHHblX aneKTpOHaMH C 9Hepr11ei1: 13,3; 26,6 Ii 37 ,7 faB 

Ha pa3n11'iHbIX rny6HHax CBl1HUOBoro 11 cranbHoro rrornOT11TeneH:.CpelJ.­

HHe norrepe'!Hb!e npocti11nH ylJ.OBneTBOPl1TenbHO OITHCb!BalOTCSI 38BHCH­

MOCTblO,..., exp (- I X:I I B( t ) ) , rlJ.e x - paccroSIH11e OT ocH nHBHSI, a 

rrapaMeTp B( t ) o'ieHb cna6o yMeHblllaeTCSI c pocToM aHepr1111 H npu­

MepHo nHHe.il:HO paCTeT c yaenH'ieH11eM TOnll!HHbl KOHBepTopa. 

"ToHKHH:" cneKTpoMeTp MO)l{HO aclxPeKTHBHO HCTIOnb3oBaTb MSI paa­

JJ.eneHH51 aneKTpOHOB H a.opoHoB. Lurn orrpelJ.eneHHSI aclxPeKTHBHOCTH 6b1-

n11 11aMepeHb1 aMrmHTYllHbie crreKTpbI rrpH o6nyqeHHH eccnelJ.yeMoro 

crreKTPOMeTpa c KOHBepTopaMH pa3HOH TOnll!HHbl rryqKOM OTPHllBTenb­

Hb!X a.upoHOB c HMTiynbCOM 40 raBlc H Hai1:JJ.eHbl Bepo51THOCTH R rro-

51BneHH51 a.upoHHoro cnrHana c aMIInHTyllo.il: B rrpellenax .:!:_2 a OT cpell­

Hefi aMrrnHTYJlbl aneKTpOHHOro IIHKa, H3MepeHHOf'O npu TOH )i{e TOnll!H­

He KOHBepTopa (CM. puc. 3). CT pH aHeprHH aneKTpOHOB 40 raB R mi: 
~ 4·10-3 lJ.nSl CBHHUOBOro KOHBepTopa H npHMepHo BTpoe 6onh!lle MS! 

cranbHoro KoHBepTopa. 

OTKnHK JJ,eTeKTopa 51BnSieTCSI, Boo6me roBopSI, Hen11Hei1:Ho:il: cPyHKUH­

eil: Ha'ianbHOH aHeprHH. l13MepeHHSI ITOKa3b!BaJOT, '!TO HenHHe:il:HOCTb 

OTKn11Ka crreKTpoMeTpa B .QHarra3oHe aHeprHi!: E IE . ~ 3 He npe-
ma x min 

BbllllaeT HeCKOnbK11X npolieHTOB. 

Ebm11 11ccnelJ.0BaHbl TaK)l{e xapaKTep11CTHK11 "ToHKoro" cneKTpoMeT­

pa, B KOTOpOM B Ka'ieCTBe lJ.eTeKTopa nHBHeBb!X qaCTHU 11cnonb30Ba-

nHCb HOHl13aUHOHHb!e Tpy6K11, aanonHeHHb!e aproHOM 11n11 KCeHOHOM 

TIO)J. Bb!COK11M lJ.aBneHHeM. l1crronb3oBaHHe 110HH3aUHOHHb!X Tpy6oK 11Me-

eT TaK11e npeHMYllJeCTBa, KaK npocTOTa H3rOTOBneHH51, llellleBH3Ha, 

npocTOTa KanH6poBKl1 11 B03MO)l{HOCTb pa60Tbl B CHnbHb!X MarHHTHb!X 

non51X. Ll.eTeKTOpb! H3 110HH3aUHOHHblX Tpy6oK MOf'YT 6b!Tb CllenaHbl 

npaKTH'ieCKl1 HeorpaHH'ieHHb!X paaMepoB c cox.paHeHHeM Bb!COKO:il: Oll­

HOPOlJ.HOCTH xapaKTepHCT11K. HelJ.OCTaTKOM HOHH3allHOHHblX Tpy6oK SIB­

n51eTCSI XyjJ,lllee no cpaaHeHHIO co CllHHTl1nnSIUHOHHb!M JleTeKTopoM Bpe­

MeHHoe paapellleHHe H Heo6xo.QHMOCTb 11crronb30BaHl1SI ManOlllYM51lllHX 

yc11n11Teneii:. 

l13MepeHHSI Ha nyqKe aneKTpOHOB C HMnynbCOM 26,6 faB IlOKa3a­

n11, '!TO aHepreTH'ieCKOe pa3pellleHHe a1E KaK cjlyHKUH51 TOnIUHHbl 

CBl1HUOBoro KOHBepTopa 11MeeT w11poK11H: MHH11MYM B o6naCTl1 MaKCH­

MyMa n11BHSI. HaHnyqlllee aHepreT11'ieCKoe pa3pellleHHe al E ~ 15,5 % 
llOCTl1rHyTo np11 TOnllll1He CB11HllOBOro KOHBepTopa ~ 41 MM 11 JJ,aBne­

H1111 aproHa ~20 aTM, '!TO cornacyeTcsr c pe3ynbTaTaMH H3Mepemn!: 
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co cUHHTHn115lUHOHHbIM lleTeKTOpoM. PaaperueHHe lleTeKTopa yxyllUiaeT­

CSl rrpH JlaBneHHH aproHa <:'. 10 aTM, 'ITO CBSl3aHo, ITO-BHAHMOMy, c 

wyMaMH :=ineKTpOHHKH. 

l!lccnellOBanacb B03MO.lKHOCTb pa6oThI "TOHKoro" crreKTpoMeTpa c 

HOliH3allliOHHb!MH Tpy6KaMH B CHnbHblX MarHHTHblX nonHX. 0Kaaanocb, 

'ITO aMIInHTYlla CHrHana c Tpy6oK 3aBHCHT OT BenH'lHHbl (HO He Ha­

npaBneHHSl) MarHHTHoro rronSl: oHa paCTeT IIO'ITH nHHeiiHO llO HarrpSl­

>KeHHOCTH rronH :::: 1 Tn, a aaTeM BbIXOllHT Ha rrnaTo. 3To CBSl3aHo, 

IIO-BHllHMOMy, c "aaKpy'!HBaHHeM" MSlrKHX nHBHeBblX :=ineKTpOHOB B 

MarHHTHOM rrone, 'ITO rrpHBOllHT K ysenH'lE.HHIO cyMMapHoii Jlllli:ibl Tpe­

KOB. PaapeweHHe crreKTpoMeTpa c pocToM MarHHTHoro rronH cnerKa 

yxylllllaeTcH. 

l!lccnellOBanach B03MO>KHOCTb perHCTpaLUrn MHHHManbHO HOHH3Hpyio­

UIHX qaCTHU rrpH IJOMOUIH HOHH3allliOHHblX Tpy6oK, aanonHeHHblX KCeHO­

HOM llO 60 aTM HnH a.prOHOM llO 140 aTM. l13MepeHHSl npoBOllHnHCb 

B rryqKe oTpHuaTenbHhlX a.apoHOB c HMrrynbCOM 40 f:=iB/c. B cnyqae 

aproHOBoro HarronHeHHSl JlllSl ysenH'leHHSl OTHOllieHHSl CHrHan/rnyM HC­

nonb3oBanocb napannenbHoe BKnIO'leHHe Tpex rroneBb!X TpaHaHCTopoB 

TH Ila 2N 486 lA Ha BXOlle rrpeaycHnHTenSl. B Ka'leCTBe OCHOBHoro ycH­

nHTenSl ucrronb3oBancH CTaHllapTHhIH crreKTpoMeTp11qecKHii yc11nHTenb 

THrra RC-CR c rroCToHHHbIMH HHTerpHpoBaHHSl H AHctxPepemmpoBaHHSl 

r i = rd :><2 MKC. 

TipH 3TOM 3 KBHBaneHTHbIB ypoBeHb lliyMa JlllSl aproHOBoro aanon­

HeHHSl COCTaBnSln 3,2·1o3 :=ineKTpOHOB. 0Kaaanocb, 'ITO 3l\xtleKTHBHOCTb 

perHCTpall.lrn MHHHManbHO HOHH3HPYIOUieii qaCTHUbI COCTaBnSlna ~100 %, 
rrpH'leM llnHHa Tpy6KH, OT KOTOpoii 3aBHCHT eMKOCTb lleTeKTopa, a 

cnellOBaTenbHO, H OTHOWeHHe CHrHan/rnyM, MO>KeT llOCTHraTb =' 10 M. 

B TpeTbeH rnaBe rrpHBOllSlTCSl OCHOBHbJe anropHTMbl M01len11p0Ba­

HHS1 H ceqeHHSl :=ineKTPOllHHaMH'leCKHX npoueccoB, HCITOITb30BaHHb!X B 

nporpaMMe Mo1len11poBaHHSl :=ineKTpoMarHHTHbIX nHBHeii ELSS-1. 
B HaCTOHUiee BpeMSl B CBS13H c wupoKuM rrpuMeHeHHeM nHBHeBblX 

lleTeKTOpOB JlllSl perHCTpamrn :=ineKTPOHOB H ¢oTOHOB BblCOKOH ::;iHeprHH 

B 3KCrrepHMeHTaX, rrpOBOllHMblX Ha ycKOPHTenSlX H B KOCMH'leCKHX ny­
qax, '!aCTO B03HHKaeT Heo6XOllHMOCTb B OileHO'lHblX pacqeTaX rrpH rrpo­

eKTUpOBaHHH :=iTHX lleTeKTopoB. Ha116onee alleKBaTHhIH rrollXOll K pewe­

HHIO 3alla'l, BCTpeqaIOUIHXCSl Ha rrpaKTHKe, aaKnIO'!aeTCSl B aHanoroBOM 

Mo1len11poBaH11H KacKallHoro rrpouecca MeTOllOM MoHTe-Kapno. MeTOll 

IJ03BOnSleT: 
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1 ) cpaBHHTenbHO rrpOCTO H c MHHHManbHblMH yrrpoUieHHSlMH yqeCTb 

Bee OCHOBHble rrpoueCCbl H ::iclxPeKTbl B3aHMOlle:ii:CTBHSl nHBHeBb!X 

qacTHll c cpelloii; 

2) H3Y'lHTb TpeXMepHoe pa3BHTH8 nHBHeii B HeOllHOPOllHblX rrorno­

THTenHX rrpOH3BOITbHOH reoMeTpHH; 

3) 0 UE!HHTb ¢nIOKTyaUHH B mlBHSlX. 

} 

HeaocTaToK MeTo.ua 3aKnIO'-IaeTCSl B ueo6xom1MOCTH rrpoBe,'le1111Sl 

6onbrnoro o6he!V!a Bb1'!11cneH11ii. OaHaKo AJISl coBpeMeHHbIX 3BM 3Ta 

3a.uaqa He rrpeacTaBnSleT oco6oii CJIO}!(HOCTH. 

Eonbwoe pa3Hoo6pa311e B KOHCTPYKU1111, rrpHHUHrre pa6oThI, 06nac­

TH 113MepSleMblX 3HeprHH Jil1BH8BblX .ll8T8KTOPOB 3JieKTPOHOB 11 ¢oTO­

HOB o6ycJIOBJIHBaeT He06XO.lll1MOCTb C03.Qalll1Sl ymrnepcanbHOH rrporpaM­

Mbl, II03BOJISllOIU8H MOA8Jil1poBaTb 3JI8KTPOMarHHTbl8 Jil1BHl1 38A8HHO.il 

8Hepr1111, soo6me rosopll, B Heo.uHopo.UHbIX nornoTHT8JIS1X rrpo113sonb­

HOH reoMeTpH11. 

HaMH 6bma co3.uaHa YHHBepcanbHaH rrporpaMMa Mo.uen11posaH11SI 

:=ineKTpoMarHHTHhIX nHBHeii ELSS-1 , B KOTopoii o6o6meH H paaBHT 

OilblT aHanor11qHblX pa60T' BblIJOJIH8HHblX paHee. 

~ M::iccen, 

Kpay¢opa 1 n 

TopM03HOe H3nyqeHKe + 

Po>K.ue1rne nap + 

a) 3¢cjieKT flaH.uay-TioMepaH-

'!YKa + ! 
5) 3cp:jleKT IIJIOTHOCTH Cpe.llbl + 
B) 3KpaHKpOB8Hl18 ITOJISl Sl.ll-

pa aTOMHblMH aneKTPOHa-

MK + 

MHoroKpaTHoe pacceHHue + 

l1oHK3aUl10HHble IIOTepK 

3HeprHK + 
a) 3<jxpeKT IIJIOTHOCTH ¢epMl1 ..:!:. 
6) ¢;IIOKTyaUHH IJOTepb -
PaaKaUROHHbie rroTepli 3Heprirn + 
¢n10KTyauRK rrOTepb I + 

3neKTPOH-3JieKTPOHHOe pac-

ceSIHHe I + ! 
Tio3HTPOH-::ineKTpoHHoe pac-

ceSIHRe 

KOMITTOH ::$PeKT 

¢oTo3¢<PeKT (Ha K o6onoqKe) 

AHHKrHJISIUHSI e + s .usa cf>o­

TOHa 

+! 

+ 

+ 

.:t 

EGS-3 SIMEX1 

+ + 

+ + 

- +! -- -

+ + 

+ + 

+ + 
+ ..:!:. 
- + 

+ + 

+! + 

+! + 

+ + 

+. + 

+ + 

Ta6nHua 

ELSS-1 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

06o3Ha'!eHHSI: + rrpouecc yqTeH, :!::._ yqTeH rrpR6nm1<eHHo; ! KMe­

eTcSI onrn6Ka s anropHTMe MOllenRpOBaHKSii - rrpouecc He yqTeH 
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B Ta6mme npuseneHbI npoueccbr H a<lxjJeKTbI, yqTeHHbie B npor·paM-

Me ELSS-1. Bonpocy MonenupoBBHHSI 9neKTpoMar'HHTHbIX mrnHei'r 

noCBSiu.;eHO MHOI'O pa6oT. B Ta6n11ue .onSI cpaBHeHllSl )'Ka3llHG! TillOKe 
npoueccbr ·u a<lxjJeKTbr, yqTeHHbJe B nporpaMMax M8ccem }; Kpayljlop­

na, B nporpaMMe EGS-3 - <l>opna u HeJibCOHa n B nporpaMMe 
SIMEXl, co3naHHOH E.E.WTepHoM, KOTOpbie Bbrnen>IJOTCH 6onee ne­

TaJibHbIM yqeTOM OCHOBHblX 8neMeHTapHb!X npoueccos. 
B nporpaMMe M9ccena 11 Kpayqmpna Ha116onee nonHo H ToqHo 

yqTeHbl see OCHOBHb!e npouecCbI, OllHaKO OHa He HBmieTCSl ymmep­
canbHOH H o6menocTynHoll:. C ee noMOlllbJO 6binH C03llaHbI o6urnpHbre 
Ta6nHllbl xapaKTepHCTHK nHBHeH ( TaK Ha3bIBaeMa.H 11KHJlTa nHBHefr") 

B HeCKOnbKHX nornOTHTen.HX If rrpH Hlf3KlfX 3Heprm1x (B OCHOBHOM 

<. 10 f9B). XoTSI caMa no ce6e HHcpopMaUHSI, conep)l(alllaSicSI B 8TllX 
Ta6nuuax, SIBnSieTCSI noqTH ucqepnbIBa10mell:, OHa He scerna MO)l(eT 

6b!Tb HCnOnb30BaHa Ha npaKTHKe. 
TiporpaMMa EGS-3 srsn>IeTcSI yttHBepcanbHOH H yno6Hofr B o6pa­

meHHH, onHaKO n11arra30H 8Heprull:, MonenupyeMbIX nHBHell: orpaHH'IeH 
8HeprHHM:lf rropSI.QKa 100 raB. B HaCTOSilllee BpeMSI B 8KCrrep11MeHT8X 

B KOCMifqeCKHX nyqax If Ha ycKopHTenSIX cpyHKUHOHHPYJOT If npoeKTH­

PYJOTCSl nHBHeBbie neTeKTOpbI n= peruCTpaUHH 8neKTpOHOB H cjJOToHoB 
c 3HeprHHM:H B HeCKOJJbKO TaB H Bbl!ue. ilJrn MonenupoBaHHSI nHBHell: 

B 8TOH o6nacTH aHeprull: Heo6xonHMO y'IHTbIBaTb acjJcjieKT flaHnay-Tio­
Me paHqyKa, KOTOpb!H npHBO.llHT K KaqeCTBeHHb!M H3MeHeHllHM B npo­
uecce pa3BHTHSI nHBHSI. B nporpaMMe S !MEX 1 8<jlcjJeKT flaHnay-Tio­

MepaH'JYKa yqTeH rrpHonH~HHO. 

B qeTBeprofr rnase rrpHBeneHbI OCHOBHbie xapaKTepHCTllKH npo­

rpaMMbI ELSS-1 11 pe3ynhTBTbI pacqeTOB, nposeneHHbIX c ee no­
MOlUbJO. OcHOBHbre xapaKTepHCTHKH nporpaMMbI ELSS-1 cneny10ru11e: 
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1. Tun H3BneKaeMoll: HHcpopMawm: 8HeproBhI.UeneHHe B 3anaHHoM 
o6beMe; qlfcno nHBHeBbIX qaCTHU llaHHOro THna, rrepeceKaJOIUHX 
38llaHHYJO IlOBepxHOCTbi llX 8HepreTifqe cKoe, KoopnHHaTHoe, yf'­

nOBOe pacrrpene neHHSI H T .JJ.. 

2. TiornOTHTenb MO)l(eT HMeTb rrpOH3BOnbHYJO reoMeTpH!O lf3 n10-

6oro KonuqeCTBa KYCO'IHO-OllHOPOllHbIX o6naCTeH ( B TOM •rncne 

If BaKYYMa) If COCTOSITb 113 neCSITH Hnll MeHbillero KOnHqeCTBa 
illOObIX serueCTB, Ka)KJloe H3 KOTOpbIX, B CBOIO oqepeJJ.b, MO)KeT 

OhITb cMeCbJO JJ.O 10 aneMeHTOB. 
3. 3HeprH5I HaqanbHOH qacTHUbI. TeopeTuqecKoro orpam1qemrn 

CBepxy Ha Ha'IanbHYJO 8Heprmo HeT, TaK KaK TO'IHO Y'ITeHbl 

8cjJ¢eKTbI BnHSIHH5I cpe}J.b! Ha Ce'!eHHH TOpM03HOro H3ny'-IeHH5I II 
po)KJleHHSI rraphr npH BbICOKHx 8HeprHSIX. Ha rrpaKTHKe orpaHH­

'IeHHe o6ycnosneHo ObICTponell:c1'BHeM 3BM, TaK KaK BpeMSI 
MOJJ.enHpOB8Hlf51 OllHO!'O nHBHSl nHHeHHO pacTeT c yaenuqeHHeM 

Ha'IanbHOM 3HeprHH. 

,, 

4. 3HeprHSI o6pe38H1151 wrn cpOTOHOB He JJ.On)KHa 6hITb cyrueCTBeH­

HO Hll}KG allepru11 K-KpaSI nornorueHHSI, a JJ.nSI aneKTpOHOB He 
peKoMeHJJ.yeTCSI 6paTb &Hepru10 06pe3aHHSI MeHb!lle z 1-1,5 MaB 

( ITOnHaSI 3He prHSI). 'ITO CB5138HO c rrpHMeHHMOCTb!O TeopHll 

Monbep JJ.nH MHoroKpaTHoro pacceSIHHSI. 
5. EbrcTponeikTBHe r - Ma!llHHHoe speMSI, Heo6xonHMoe JJ.nSI MO-

JJ.enuposaHllSI OJJ.Horo nllBHSI, onpenenSieTCSl B OCHOBHOM OTHO!lle­

HHeM Ha'IanbHOH 3HeprHll K 3HeprHH o6pe38HHSI JJ.n>I 8JJ€KTPOHOB 

R = E/Emin• HO 38BllCHT TaK)Ke OT KpllTH'IecKoH 8HeprHH E 

Bel!leCTBa, B KOTOpoM MOJJ.enupyeTCH nHBeHb, H OT reoMeTpH­
'IeCKOH cnO)KHOCTH rrornoTHTenSI. TipH R ~ 104 B 38BHCllMOCTH 

OT 3THX JJ.OnOnHHTenbHblX cpaKTOpoB, Benlf'IHHa r He rrpeBblilla­
eT oohI'IHO 17-5 c/co6 (3BM ICI.r1906). 

TiporpaMMa ELSS-1 HarrucaHa Ha <l>OPf PAHE (::::: 2000 onepaTo­

poB), o6beM nporpaMMbI 75 KoafrT. TiporpaMMa rronHocTblb noKyMeH­

THpoBaHa If M0)K€T OHTb 6e3 6onb!ll0['0 TpyJJ.a IlOCTaBneHa Ha pa3nlf'I­
Hb!X THrrax 3BM. 

ilAA rrposepKH rrpaBllnbHOCTll nporpaMMbI ELSS-1 6hmo nposeJJ.e­

HO cpaBHeHHe pe3ynbT8TOB pac'!eTa no MeTOJJ.Y MOHTe-Kapno c HeKo­

TOpb!MH 8Kcrrep11MeHTanbHbIMll JJ.aHHbIMll, nonyqeHHbIMH KaK npyrllMH 
aBTOpaMH1 TaK H B Ha!llHX aKcrrepHMeHTax. Cornacue Me)KJly pe3ynh­
TaTaMH pacqeTa H 8KcrrepHMeHTa B 6onblllHHCTBe cnyqaes He xy­
)Ke ~ 10%. 

ilnSI HM!OCTpaIIBH B03M0)1(}{0CTeH nporpaMMbl rrpoBeJJ.eHbl pac'!eTbl 
nponoJibHhix 11 rronepe'IHhIX pacrrpeJJ.eneHHH 8HeproBhIJJ.eneHHSI B nHB­

HSIX, o6pa30B8HHb!X aneKTp<>HaMll C 3HeprueJ OT 6,6 JJ.O 1000 faB B 
CBHHUe If CTanH. 

riposeaeHhI pac'IeThI 8HepreTH'!ecKoro paspemeHHSI "ToHKoro" 
cneKTpOMeTpa, COCT05Illlero 113 CBHHUOBO['O KOHBepropa If CUllHTllnnSl­

UHOHHOrO C'IeT'!HKa TOn!UHHOH 8 MM JJ.n.H 3HeprHH 8neKTpC>HOB 6,65; 
13,3; 26,6; 40; 100; 3)0 H 1000 raB. TioKa3aHO, 'ITO 8HepreTH'Iec­
KOe pa3pemeH11e 11TOHKOro" crreKTpoMeTpa onpeJJ.enSieTCSl B OCHOBHOM 

cpnJOKTY8UllHM:ll JJllBI-151 B MaKCllMyMe pa3BliTll51 H npOJJ.OJDKaeT ynyq­
waTbCSl c POCTOM 8Hepr1rn B xoporneM CurnaCHH c saBHCllMOCTb!O (1 ) 
no Kpai%1-1ell: Mepe srrnoTb JJ.O 8HeprHH 1 TaB. 

B rrpuno)KeHHH rrpuseneHo KpaTKOe PYKOBOJJ.CTBO rro rronb30B8HH10 

rrporpaMMOH ELSS-1 . 

3aKn10qe1rne. OcHOBHhie pesynhT8ThI .lllfccepTauHOHHOH paoOTbI co­

CTOSIT B cneJJ.YIOIUeM: 

I. Y!ccnenosaHHSI - 3Kcrre pllMeHTanbHhie H TeopeTH'IeCKHe - xapaK 

TepHCTHK 11TOHKOro" cneKTpoMeTpa aneKTpC>HOB ff raMM8-KB8HTOB Bbl· 
COKOH 3HeprHH IlOKa3anH, 'ITO 

1) 3HepreT11qecKoe pasperneHHe crreKTpoMeTpa cocTaBnSieT o IE = 

K 1 E - o.
4 5 , rne K1 ::::.-0,7 nn.H cneKTpOMeTpa co CBHHUOBbIM 
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KOHBepropoM H K1 ::::: 0,8 Alli! crreKTpoMeTpa co CTanbHhlM KOH­

BepropoM ( E - 3Hepnrn aneKTPOHOB B raB); 

2) Kooprurn:aTHOe pa3perneHHe crreKTpoMeTpa COCT8Bllil9T 

ax= K
2 
E- 0,4 5 , rAe K2~8 MM Alli! crreKTpoMeTpa co CBIDIUO­

Bh!M KOHBepropoM H K 
2 

::!8,5 MM B cnyqae cTanbuoro KOH­

Bepropa, rrpH lliHPHHe 5It!9HKH CUHHTHnn5IIUIOHHOro f'OAOCKOIIa, 

pacrronO)K9HHOro B o6naCTH MaKCHMyMa nHBHSI 10 MM; 

3) crreKTpOMeTp II03BOn5IeT :a<jxpeKTHBHO pa3Aen51Tb aneKTpOHhl H 

aApOHhlj 

4) crreKTpOMeTp c HOHH38UHOHHbIMH Tpy6KaMH, 38IIOJllieHHhlMH ap­

rOHOM HnH KCeHOHOM IIOA BhICOKHM A8BJ19HH9M, MO)l(eT pa6o­

T8Tb B CHnhHhlX M8f'HHTHhlX IIOJ151Xj 

5) rrpH IIO~OIUH HOHH38UHOHHhlX Tpy6oK, 38IIOnH9HHblX aprOHOM IIDA 

aaBneHHeM 140 8TM HnH KCeHOHOM IIOA AaBneHHeM 60 8TM, 

MO)l(HO pe.rHCTpHpOB8Tb MHHHMaJlbHO HOHH3HPY!OIUHe qaCTHUhl 

c a<jxpeKTHBHOCTb!O, 6nH3KOH K 100%, IIpHqeM AnHHa Tpy6KH 

MO)l{eT )lOCTHraTb :!! lJ M. 

IL Co3AaHa yuHoopcanbHaSI rrporpaMMa ELSS-1 AnH MOAenHpoBa­

HHSI MeTOAOM MoHTe-Kapno aneKTpoMarHHTHbIX nHBHefi BhlCOKofi auep­

rHH, B H90AHOPOAHhlX rrornOTHTenSIX rrpoH3BOnbHOH reoMeTpHH. B rrpo­

rpaMMe ELSS-1 rronHee H KoppeKTHee rro cpaBHeHH!O c pauee C03AaH­

HhIMH auanorHqHhIMH rrporpaMMaMH, yqTeHhl OCHOBHbie cpH3HqeCKHe 

rrpouecCbl H acpcpeKThl B38HMO)l9HCTBH5I aneKTPOHOB H <f>oTOHOB c Be­

meCTBOM. B qacTHOCTH, ToqHo yqTeH 3<jl<f>eKT flauAay-rloMepaH'!yKa, 

qTQ II03BOnHT rrpaBffnhHO MOAenHpoB8Tb aneKTpOMarHHTHble nHBHH 

CBepxBblCOKHX 3HeprHfi. rlpoBeA9HO cpaBHeHHe pe3yJlbT8TOB MOAenHpO­

B8HH5I c 3KCIIepHM9HT8nbHhlMH A8HHblMH H H8HA9HO YAOBJieTBOpHTenb­

HOe cornac1m. 
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t. P8A· e.11. 

Pnc. 1. 3aBKCKMOCTb cpe,QJiell ru.mnKTYllhI K aMnnKTyJllloro paapeweHK>I OT TOJIIUKHbI CTanb­

HOro KOHB9PTOP8 nn>I 3Heprull aneKTpDHOB 13,3 <+); 26,6 <9> H 37,7 raB ( * ). 
KpHBhie npoaell9Hbl OT pyKH, 
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Puc. 2. 3aDHCHMOCTb npocTpaHCTBe1111oro paspeweHrui OT TOilWHHbl CT8nbHO!'O ( + , + ) H 

CBHHUOBO!'O (.+ . * ) KOH Be PTOJ'.lOB .Ullll aneKT)'.lOHOB c 3Hepr11ell 13,3; 26,6 H 

37,7 r:.B. PaSMep siqel\KH ro.uocKona - to MM ( + .... ), 20 MM ( 9. 4 ). CTpen­
K8MR noK838HbI nonomeHHSI MaKCHMYMOB aneKTPOMarHHTHbIX nHBHeA B CBHHU9 

(npaaasi CTpenKa) 11 CTanH (neaasi CTpenKa). 

12 

~ t 16 
0 -- t 0 . 

• t ~ Q: 
12 

+ 4 + • ~ 

+ • + 
8 + 

+ + f 
4 l q + + 

+ + • • ~ . . ~ 
I t a • ~ t t+ I al I I 

20 30 40 50 60 
t ..... Pb 

P11c. 3. 3<!xl>eKTllBHOCTb pas.aeneHHSI :.neKTponoB ' · a.upoHOB KaK <j>ym<UH>I TOlllllHHbl cBHHUO­

aoro KOHBePTOpa nepe.u CUllHTHIUIBUHOl!llbIM cqeT'IHKOM. HMnyllbC a.upoHHoro nyq­

Ka - 40 raB/c, 311eprHS1 aneKTpDHOB - 40 f3B ( + .• ), 26,6 f3B ( ~ ) 

H 13,3 faB (+ ), TOnll!HHa CUHllTl< ; UISITOpa - 8 MM ( t ) H 20 MM ( +, + , •. ). 
3<1>'JleKTHDHOCTb perHCTpaUllll 3nf'KT)'.lOH8 - 95%. 

6 o; A'R I I I I I I I a •. Mr.i 

6 

5 

4 

3 

2 

I ~T~ ~ 
7 

5 - so 70 s 1 10 15 20 30 

E, r3B 

P11c. 4. 3aBHCHMOCTh MttHHManbHbIX 3Ha'-leHHA aMnnHTy.DJJoro - "IA H KoopAKH8THoro - crx 

paspewe1111ll OT 311epr111t, ,Ul1ll CBHHUOBO!'O ( + . 4 ) H CTanbHO!'O ( + ) KOHBePTOJ'.lOB. 

Pa31v1ep siqel\KH ro.uocKona - 10 MM. npsiMb!e nHHHH - 39BHCHMOCTH (1) H (2). 
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