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noKa3aHa . npHHUHIIHanbHaSI B03MO:>KHOCTb nocTaHOBKH' OIIhiTa" IIO KoMIITOH-scpcpeKTY ripll 

. . . 
9HeprHH 660 M9B c TOtlHOCTbiO .• ""' o;2%!. nocne.ilHe~ rio~T~rae'Tc~ MeTO.llOM .llBOHHoro OT-

HOUleHHSI 1 IIpH KOTOpOM- OllliiOKII 9KCIIepHM9H~8 ./orrp,eneJ1eHIIe 9HeprMH 1 yrnOB II np,/ IIMeiOT. 

MHO>KMTenH MHOI'O MeHbllle enMHMUhl, OnpenenSIIOTCSI ycnOBMSI IIpM KOTOphiX 9TH MHO:>KMTenH MM-

Hli:ManbHhi, Pa3o6paHhi paanHtlHhie 'conyicTsyromMe Melll.!lrouuie 9cpqieKThi M · Mephi 6opb6hi c HIIMII. 

YKaaaHHaSI Bhiine TO'IHOCTb naeT B03MO:>K~~·cT:b 9KcnepHMeHTanbHo rronoifTM K sneMeHTapHofi 

' • -14 
nnHHe "' 3,10 CM, 

B 
-' \ ' 

·. KaK xopolllo M3BecTHo, Bee ·M3MepeHHhie no HacTosrmero epeMeHII 9neKTponnHaMJ,r'le 

CKMe 9cpcpeKThl B rrpenenax TOtlHOCTM '9KCII~pHMeHTa COBIU:t.ll8IOT. C COOTBeTCTByiOUIIIMH,'Teope

TH'IeCKMMM. pacqeTaMM. C npyroif c'l'op.ciHhi, apHd · nH en en yeT coMHeBaTbCSI e ToM, 'ITo B 

orrpeneneHHOii, o6naCTM 9HeprHii H COOTBeTCTBYIOUIMX HM .llliMH MO:>KHO- O:>KM.ll8Tb OTKnoHeHIIH 

oT oohi'IHhiX 9neKTponHHaMil_~ecKMX cpopMyn. 3TH oTKnoHeHMfl MO:>KHo .HcTonKoBhiBaTb KaK 

rrpOSlBneHHe HeK~TOpbix 9cpcpeKTHBHhix pa3MepOB 9neMeHT8pHhiX '18CTHU IIO OTiiOllleHH 10 K 9neK- · 

TpoMa~HMTHOMY B3aiiMO.lleiicTBMro •. K aK BemrKH 9TH ~TKTIOH~HHfl n. B KaKoii o6nacTII 9Heprllif 

·OHM H8'1HyT CK83hiB8TbCSI .llOn:>KeH pelllMTb 1 KOHe_'IH0 1 SKCnepiiMe.HT, 0.llH8KO He niiUlHe IlpO

BeCTH IIpH6nM3HTenbHOe TeopeTH'IeCKOe paCCMOTpeHHe O>KM.ll8eMblX 9cpcpeKTOB, 3neMeHTap

li8Sl nnHHa MO:>KeT 6biTb eeene~.a :B TeopHIO, .HanpHMep, qepe3 M3MeHeHMe·cpyHKUIIH pacrrpo

cTpaHeHMfl clJOTOHa 

Hnii 9neKTpOH8 

i 

' 
rne r II cp - y6hiB£1IOUIUe clJYHKUMM. CBOMX apryMeHTOB 

· :r (0) = cp coJ ==f. 
CooTBeTCTBYIOUIMe 9neMeHTapHbie nnMHhl o603Ha'leHbl ,ly. M 'e e •. OHM; eoo6me roeopsr, He 

CBSl38Hhl Me>K.llY co6oii, B 3~BMCM~iOCTM OT. CIIeUMclJHKl( 9cpqJeK_Ta Ha HeM 6yneT CK83hiB8TbCSI 

rrpemne ecero HanM'IMe e r MnH te· MnM o6eHx 9neMeHTapHhiX .llnl'fH O.llHOBpeMeHHO. BenM'IHHa 



Bbl3biBaeMbiX. HMH OTKliOHeHHti TaK:>Ke MO:>KeT 6b!Tb pa3HOH ,lll!SI pa3Hb!X acpcpeKTOB -/6onee 
1 . --·- ·-

no.upo6HO eM. I. To"'HOCTb, .uoc1-HrHyTaSI npu H3MepeHHH 6onbWHHCTBa aneKTpo.unHaMH"'ecKHX 
- . -13 

9cpcpeKTOB1 TaKOBa, 'ITO He HCKliiO"'aeT Hal!H"'HH, ,lla:>Ke .llliHH "- 10 CM, .nomanyfi, HaH60l!blllHe 

OI"paHH"'eHHH ,lll!H 9l!eMeHTapHbiX ,lll!HH B HaCTOSIIUee BpeMSI BbiTeKaiOT H3 aHal!H3a 9KCnepHMeHTOB 

rocpwTa,llTepa no pacceSimiiO al!eKTpOHOB Ha npOTOHaX .II H3 H3MepeHHOil: Bel!II"'HHbi li9M60BCKOI"O 

c.usnra. Ha6nro.uaeMoe B onhrTax no pacceSIHHIO 3Ha"'eH~e cpe.uHeKsa.upaTU"'Horo pa.uuyca Mo.:.· 

meT 6biTb 3anuc;:_aHo B au.ue 

L. NZ.>. 2. e2 ·' _,) 2 
·c- 14a6.A.. =- ""t >p + 6 

0 
={OJH · 10- c.u.), 

-14 . . 
'ITO orpaHU"'HBaeT -£4 BellH"'HHOfi·"' 3,10 CM, 3Ha"'eHHe m~M60BCKOI"O C,llBHra COI"liBCyeTCH 

C TeOpHeit B npe.uenax 0,2 MI"U. ECliH npHnHCaTb 9TO paCXO>K,lleHHe B1IHSIHHIO 

na H sneKTpOHa, nony"'HM, 'ITO acl:JcpeKT nponopuuonanen ' ~ .Z > Had.A.. II 

pa3Mepos npoTo-

-14 
5.10 CM, er ~ 

Bnpo"'eM1 cne.uyeT OTMeTIITb 1 'ITO npiiB9,ll9HHbie 3aKl!IO"'eHIIH OTHOCIITe1IbHO e4 6a3IIpyiOTCH Ha 

pHne He oqeHb cTporux nonymeHnfi lnanpHMep, cTaTuqecKoe npu6n.H:>KeHne II .up./~ npe.unona

raiOT_ BbmonnennbiM ycnosue F' (0) =- l /qTo MO:>KeT, aoo6me rotwpH1 He HMeTb MecTa/ H no-
, . ·, . . . ·. . . . 

TOMy cKopee yKa3biBalOT nopH.UOK senii"'HH,ile:>Ke1IH .u~IOT .uocToBepHbie UIIcPpbi, He.uas!lo nocTy-
. 2 ' ' . . . ·- .... 

nHliii cae.ueHHSI . I 'ITO }[3 aHal!Haa 9KcnepHM9HTa no pO:>K,lleHHIO nap e I e Ha npoTOHe no.u 

60l!b~HMH yrnaMH nonytieHO 3'Haqe~He aepxlieii rpaHHUbl ee nopH.UKa 677.10-14
cM. O.uHaKo,npH 

- . . • ·,. '-14 . ' 
aTOM npe.unonaranucb 3a.uaHHbiMH, pa3Mepbi npoToHa 7,7 .1 0 eM, nony"'eHHbie H3 aKcnepiiMen-

TOB rocpwTa,llTepa H 1 Cl!9,llOB.9.Tel!bH0 1 B CH1IY BbiWecKa3aHHOr.o, TaKaS! OU9HKa HMeeT He,llOCTa-:

TO"'HyiO CTenenb y6e,llHTel!bHOCTH, Bo BCHKOM cnyqae, npHBe,lleHHbie Bblllle .ll8HHbie CXO,UHTCSI B 

TOM 1 'ITO 91I9MeHTapHbie ,niiHHbl He npeBbllll~IOT 10-l3
cM. H Bn01!He~MOI"yT ne:>K~Tb B o6naCTII 

~t4 .. . . ' . 
-"' 10 CM, nosTOMY KpafiHe :>Kel!aTel!bHO .uanb·Hefiwee yael!II"'9HIIe TO"'HOCTII 9KCnepiiMeHTOB Hl!H 

. ' . . ' 

npO,nBH:>KeHHe no illKal!e 9Hepriiil: ,lll!H BbiSIBl!eHHSI B03MO:>KHOI"O Hal!II"'HH 91IeMeHT8pHbiX .z:iliiiH B 

yKa3aHHOA o6nacTH H Bbi3biBaeMbiX HMH oTK:noHeHIIfi oT Toqeqgofi sner<TponHHaMHKII. B aTofi 
• '( J • 

c BH3H oco6eHHO. npuaneKaTenbHbiMH SIBl!SIIOTCH ""'HCTbie" aner<Tpo.niinaMH"'ecKHe acpcpeKTi.r, T.e. 

TaKHe acpcpeKTbl 1 HHTenpeTaUHSI KOTOpbiX He CBH38Ha C paCCMOTpenHeM HeaJieKTpOMai"HHTHbiX 

B3aHMO,lleil:CTBHfi fMe30HHbiX_ H. T,n./1 "'T0 1 HanpHMep, HMeeT- MeCTO npH ananu3e pacceSIHHSI 

aneKTpOHOB Ha npOTOHaX, 

O.uHHM H3 HaH6onee y.uo6HbiX B aToM OTHoweHHH scpcpeKTOB SIBnHeTcH KoMnToH-scpcpeKT 

Ha sneKTpoHe, KaK Knaccu"'ecKH "'HCTbiA sneKTpoMarimTHbifi npouecc. OueHHM B1IHSIHHe pa3MepoB 

sneKTpoHa Ha a-r:oT acpcpeKT, aao.uSI a~.uoH3MenennyiO cpyHKUHIO pacnpocTpanenust sneKTpoHa, Xo

TSI TaKoro po.ua npoue.uypa snyTpeHHe_ Henocne.uosaTenbHa H o6na.uaeT pH.UOM He.uocTaTKOB, Bee 

:>K e OHa MO:>KeT oKa3aTbCH none3HOH .nnst opueHTHpoBO"'HbiX ouenoK. Ce"'eHHe K OMnTon-acpcpeKTa 
. . x/ . . 

C y"'eTOM pa3MepOB 9119KTpOHa Bbii"liSI,llHT cne,nyiOLUHM o6pa30M : 

dr;= tl cu'
2 dfl.. [Jlt (UJ'+ t.iLSinz&)+ . 

- Z -2 4.>z w . _ m _ 
. + Cf/ ((A)- lAJ'

2

~ 2(})+ ¢, C/1( ~ ~ ~ - i} 5in2@] 
111 

3 
xI AHanorH"'HOe Bbipa:>KeHHe nonyqeHo B. pa6oTe .B paMKax HenoKallbHOH TeopHII, KOTopaSI .s 

.ll aHHOM Clly"'ae. acpcpeKTHBHO npiiBO,llHT K H3MeHeHHIO cpyHKUHH pacnpOCTpaHeHHSI 9l!eKTpOHa, 
B yr<a3aHHOH pa6oTe HMeeTcst pH.ll HeTO"'HOcTefi. /nHWHHti r<oacpcpuuHeHT 0,5 npH HeKoTOpbiX
"'l!eHax, co.nepmamux Sin2B, Hesepnhril: Bhr6op 4J I, KOTOpbre ucnpasneHbi B npuse.uennoA 
HaMH cpopMyne I 1 I. - -
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·-
no cpaaaeHHIO c. oobl'rHbiM Bbrpa:m.eHHeM 

_ '2:o __ ___ _kL _ 1 _ . ~ l •. il [ lA)' . ' ' .. - .. •·]' 
d Go- 2, w:z. d Sl. w + W' Stn Q ·-

. -13 
3Aepb '£'., = 2,8,10 CM 

W -; aHeprHst na.l:(aromero )( - ·xaaHTa 7 

W
1

- SH9pi"HSI pacceSIHHOI"O. 0 - KB8HTa'7 

e- YI"OJI pacceHHSij 

m - SH9pi"HSI- nOKO.SI SJI9KTpOH13, 1 

cf:>, 7~- cPOPMcP8KT~pbi, OTJl~)i{_aro~He BJIHSIHHe p83M9pOB SJI9KTpOHa, 

rh _ ...!.... ( 2 a2 
( p, K 1)) . 

"M·- 4J _ HJIH B CHCTeMe, cP, = cP F20.t m W) 

c:P2. =dJ(za: m w').: 
I"Ae aneKTpo~ 

cP;z. = QJ (- Za2
( p, ~1)) nOK.OHTCSI •' 

P, - 4 -: HMnynbc ~JieKTpoHa nepeA paccestHHeM, 

K,U2 - 4 - HMnynbcbr 

.... , . ' ,-, •" 

0 -: KB8HT8 '.l:(O H nocne pacceSIHHSI\, 

(PU.)- IJ9TbrpexMepHoe cX:anstpHoe npoHaBeAeHHe , 

Q - "paAHYC"' SJI9KT.pOH8j H8 Sl3biK9 npemHHX oooaiJaiJeHHif Q paBHO le 

-~-------:-=-1 __ -_ .. {., ~ ;( i - ~1-) ... l:!L. (1. - ~:t-) + .· .. 
- ~ + __@__ - s~n:te iA) J. LP. , . w• .. :z .. ,.·, .w . w• . . . - . . .· '· 

+ 5 i n 2 g [(,LA) cl>, +·w'¢~) dJm¢1 +- cP,_ cPz- i J} . 
• <'' • ' ' • ' 

12/ 

CIJHTast apryMeHTbi _¢opM-¢aKTopoa MaJibiMH. H yiJHTbiBast, IJTO no onpeAeneHHIO cP (0) = . .(, 
HMeeM 

H t CJ19.l:(OB8T9JlbHO, 

. c:P, = i-2a 2 m w C:P\o). 
·cp:L = I.,.zalm w'_C/J' co>· 

' . : : '· ~.: ' : ~ .- ' ..._ . : 

-r· .•. , 

? =~a;~:!;~?~{- 2(1- ~·) + Stn•e[ cw,;.,utJ':,_ 
w•. 

-i]}. /3/ 

AHaJIH3 aTofi ¢opMyJibi a HHTepaane aaeprHA l.oJ = ·200-:- 600: M sB noxaabrBaeT, IJTo · ~ : 

0 . : 0 0 ' 
paBHo 0 npH 0 ., ObiCTpo aoapacTaeT AO MaKCHMyMa npH yrne _ "' -10 ~ 15 H saT eM nnaaHo 

yobiBaeT .l:(JISI. OOJlbWHX YI"JI0~ 1 COCT8BJISISI B OOJIBCTH 180° COTbi9 .l:(OJIH OT MaKCHM8JlbHOI"O 

3HaiJeHHSI /cM,pHC,l /, 



.- ;z 
~ ·2a1wm 

ftftl' , / 
~ 7>£ -I I I I ·I I 

1.5111 I . -~ -.::..,....-~ I r~-·t-' ~--+,......2--, 

r< I I I (O Ill 1 I ="''L 

DpiD _ 1 .. 1 .. . . . I . . .. . "" "'" - I >I 

0 jiJ 60 . ·-IKJ. 110 B 

PHc, l. 
,· 

· B o6nacTH a a MaKCHMyM~M __ xopomo -anpoKCHMHpyeTcSI 

. cpyHKUHefi (I+. Cos. e_) 
anSI KOTOpbiX ¢

1

(0)* 0~ 

?/.2 atm cu. cjJ'(o) 
l1IHpOKOI'O · Knacca cpopM-cp8KTOpOB 0 

·?. paBHo ?max~ lta2mw cP'(o) 
, 8T·o cnpaeeanHBO anSI 

M aKcHManbHoe · aH~..feHHe 
q, :::. 'e -za."c Ptc) . 8 . . 

no aHanOI'HH C P,860TOfi · r t B3SITb cpOpM-¢aKTOp B ,BHae 

cp' (0) ·. = -1 , H: cneaoBaTenbHO, 
. . ' EcnH 

TO 

~~rna~. j = 4 d.i·mfA) /4/ 

3aBHCHMOCTb ?~ax: 
a . cv = 600 Mae •. 

,, < '" ! : ,·; ,·_ ' '·.. , • 

OT npHBeaeHa Ha PHC; 2, ariSI 9HeprHii 

. KaK SIBcTeyeT H3 pHc.2, anSI Toro1 'lT06br _aaMeTHT~ Bn!fSilme paaMepoe anei<TpoHa no-. 
. ' -14 .• ·.. . .. . . ·. 

pSiaKa HeCKOJlbKHX eaHHHU Ha 10. CM' Heo6xoaHMa TOtiHOCTb SKcnepHMeHTa -B aecSITbie 

aonH npoueHTal 'ITO BO MHOI'O pa3 npeBOCXOaHT TO'IHriC~b, ao CHX nop doCTH~HyTyro npH. 
,. ' ' .. 

H3MepeHHH STOI'O s¢¢eKTa, nocKOJlbKY eenH'IHHa HHTepecyroruero HaC scpcpeKTa B o6riaCTH 

600 Maa Mi:ma,npli conocTaeneHHH TeopHH .c aKcnepHMeHTOM cne~yeT yqec_Tb TaK~~ paalra- .· · 

UHOHHbie rionpaBKH K ¢opMyne /2/ t KOTOpbie B yKa38HHOfi OOJ18CTH aaeprHfi MOI'YT aoCTH-

raTb HecKOJlbKHX npoueHTOB, KpoMe Toro B03HHKaeT ·· 'eonpoc o6 y'leTe TaK:>Ke apyrHx. 

I. 
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I 

Pac. 2. 

MBnbiX nonpaBOK
1 

HanpHMep,_ BnHSIHHSI. B03M02KHOH nonnpH38UHU nepBH'iHOrO ny'iKB t!Jo

TOHOB TOpM03HOrO H3ny'leHHSI HnU at!Jt!JeKT8 CBS13H aneKTpOHOB B 8TOM8X MHWeHH, Ce

'ieHUe KOMnToH-at!Jt!JeKT8 C yqeTOM nonstpH~8UUU nepBH'iHOrO ny'iKB tPOTOHOB paBHO 

. da-n = tf ~:' dn. [ ~· + tJ, -Strffi(i +f... Cos 2<~!], 
/S = · ':it- ':12 - cTeneHb nonstpusauaa, 

~IJ. +~h. 
I jJ.·, 'J;z - UHTeHCHB~OCTH ny'!Ka c nonnpusauaefi B .nnyx nsaHMH? nepneH.nHKynnpHbiX 

.nanpanneHustx I· 
' 



'cf. - .llByrpaHHbiH yrOli M9)K,lly nliOCKOCTbiO Bbili9T8 paCC9HHHOrO cPOTOHa If nliOCKOCTbiO. 

npeHMYlll9CTB9HHOH nonHpH38UHH. • •. 

0THOCHT9libH09 BliHHHH9 nOliHpH38UHH 

J~ dr;,- don 
d6o 

A.. Sirl·e.ccs 2oL. 
W' 6J $ . 2. t:'l t;; + {;)• - . ~.n t1 

(:ne,n:yeT OTM9THTb 1 'ITO 9Cli·H MHW9Hb pacnOliO)K9H8 TO'IHO Ha OCH KOHyca nyqKa cPOTOHOB 
. . . . . ' 

· ScPcP9KT noliSipH38UHH ycpe,n:HSI9TCSI H ero MO)KHO He y'IHTbiB8Tb, ro 9CliH ,ll8)K9 ,n:onycTHTb 

M8KCHM8libHO B03MO)KHYIO CTeneHb nOliHpH38UHH 1 nonyqaeMyiO 06bi'IHO Ha ycKOpHT9liHX, TO 

B ycnoBHSIX sKcnepHMeHTa o6cy)K,n:aeMbiX HH)Ke I (.c) = 200-:- 600 M ~B 1 & = 50°.;. 150° I 
1 r -3 

0 < 10 , T,e. sToT s¢¢eKT Man. YqeT cBH3H sneKTpOHOB B aToMe npHBO.llHT K He-

' ll GJ' 0/ 
6onbWOMY pa3MbiTHIO KOMnTOHOBcKoli liHHim IB HawHx ycnoBHSIX Wt ~ f /O I, 

KOTOpoe T8K)K9 li9)KHT 38 npe.n:eliaMH He06XO,llHMOH TO'IHOCTH SKCnepHM9HTa /CM,HH)Kel, 

O.n:Holi H3 nepBhlX pa6oT no .npoBepKe ¢opMylihl 121 B o6nacTH cpe.n:HHX sHeprHli 

r . 4 
nepBH'IHbiX. · - KBaHT<?B 188 MsB/ SIBHnacb pa6oTa JloycoHa • B sToli pa6oTe 

H3M9pSiliHCb KOScPcPHUH9HTbi IIOrliOIU9HHH cPOTOHOB, a T8K)K9 'IHCliO Sli9KTpOHHO-n03HTpOHHbiX 
. . -

nap, o6pa3oBaHHbiX B MHweHSIX : pa3Holi ·To_liiUHHbi H3 pa3liH'IHbiX BemecTB. l-13 yKa3aHHbiX 

5 
,ll8HHbiX OIIpe,n:eliSiliOCb ceqeHHeKOMnTOH-sci:JtiJeKTa C TO'IHOCTbiO """ 10%, 8Mafi: Ha. 

KaMepe BHlibCOHa npoMepHli ceqeHHe KoMIITPH-s¢¢eKTa B' aniOMHHHH B HHTepBane sHeprHli 

50 - 200 MsB c TO'IHOCTbiO 3,4 ·%. KosHcreH 
6 

· 1 H3M9pSISI .lllicPcP9p9HUH8libHOe C9'19HHe 

paCC9SIHHH npH 250 MsB B .llH8IIa30H9 yrliOB OT 4° .llO 25° If HCIIOnb3YSI M9TO,llHKY COBna-

,ll9HHI paccestHHOrO lJ - KB~HTa H Sli9KTpOHa OT,ll8'1H' ,llOCTHr TO'IHOCTH OKOliO 10%. 

\ 7 
B aHanorH'IHOH pa6oTe KypHocoBoli TO'IHOCTb COCT8BliSili8 15%. 

B 1956 ro.n:y 6bilia ony6nHKOBaHa pa6oTa AHnepcoHa 
8 

no onpe.n: ene-H ",n:p. 

HHIO nomroro ceqeHHH _ KoMnToH-s¢¢exTa npH SHeprHH 319 M sB. B SToll pa6oTe 6bm 

H~IIOlib30BaH M9TO.ll 1 IIpe,n:liO)K 9HHbiJi JloyCOHOM • n OliHOe ceqeHHe 6biliO onpe.n: eneHo 

C TO'IHOCTbiO 10 % . 

. 
·' 
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T aKHM. o6pa3oM, MaKcHManhHali TO'IHOCTh B onpe.z:r.eneHHH ce'leHHli KoMrrToH-9cpcfleKTa 

6hin8 .ll.OCTHI'HyTa 8MaeM, 0.z:r.HaKO 9T8 TO'IHOCTb H8MHOI10. MeHbWe T01i 1 KOTOpaS! Heo6xo.z:r.H

M8 .z:r.nli 06Hapy)!{eHHli OTKnOHeHHli OT cpOpMynhi /2/, 

§ 1, npHHUHII MeTo.z:r.a 

npe.z:r.naraeMali HaMH cxeMa OIIbiTa . .z:r.nli npeuH3HOHHbiX H3MepeHHfr . ceqeHHli K OMIITOH-

9cflcpeKTa 6a3HpyeTCli Ha HCIIOnh30B8HHH 9neKTpOHHKH H CXeM COBIIa.z:r.eHHH, npe.z:r.nonaraeTCli 1 

'ITO .ll.OCTaTO'IHO XOpOWO KonnHMHpOB8HHhifr IIY'IOK r - KB,BHTOB H3 YCKOpHT(jlnli _paCCeHBaeT

Cli B TOHKOH MHweHH H rrpn _9TOM .. :ucrronh3yeTcli To o6cToHTenhCTBo, .qTo ·9HeprHH pacceHH

Hhix b - KB8HTOB 1 KaK 9~0 cne.z:r.yeT. H3 KHHeM8THKH 1 cna6o 38BHCI!;T OT 9HeprHH rra.z:r.aro 

IllHX KBBHTOB B WHpOKOM .ll.H8I1830He yrnoB H 9HeprH1i, 

}J. eiiCTBHTenbH0 1 

I w m [f i 1 W=i+ w. ( i- Ccs 9) i -U>s g f-r*U.-Cos9) . m 
l{ 

. ) 

£J' ~ m ecn:u .l:L ( 1. - Cos G) >> l 
1. -Cos e m 

n pH 38.ll. BHHOH 9HeprHH r - KBaHTa {i) yron.pacceHHHli e. O.ll.H03H8'iHO orrpe.z:r.eJIS!eT 

ycnOBHSI 9KCIIepHMeHTa, 0.z:r.HaKO HCTO'IHHK 0· - KBBHTOB .z:r.aeT~· CIIeKTp B WHpOKOM .ll.lf8I1830He 

9 Hepriifi ·II I109TOMY He06XO.ll.IIMO KaK-TO cflHKCHpOB8Tb 9HeprHIO . nepBH'IHbiX KB8HTOB 1 yqacTByro

IllHX B paCCMaTpHBaeMbiX aKTaX pacC~liHHli, nocne.z:r.Hee .ll.OCTIIraeTCS! TeM, 'ITO rrpH W ~ 

100M 9B H 8>20°-:- 30° 9HeprHli pacceliHHbiX 0 - KBaHTOB H8MHOI'O MeHbWe I18.ll.8IOIJll1X' 

H 1 cne.z:r.oBaTeJibH0 1 IIO'ITH BCH 9J:Iepi'Hli rra.z:r.aromero KBBHTa YHOCHTCli 9J;leKTpOHOM OT.ll.B'IH, Ta-

KHM o6pa30M 1 perHCTpaUHli O.ll.HOBpeMeHHOI'O IIOliBneHHli: y; - KB8HT8 1 pacceHHHOI'O Ua 

.ll.BHHbiH yron
1

H 9neKTpOH8 1 H.Me,romero .ll.BHHYIO 9HeprHI0 1 C yqeTOM B03HHK8IOillHX npH 9TOM 

ManbiX IIOIIpBBOK /cM,HH)!{e/ T8K)!{ e ·onpe.z:r.enliiOT KHHeMaTHKY K8)!{.ll.0I'O 8KTa B38HMO.z:r.eii

CTBHli, PerHCTpaUHli 9neKTpOHOB OT.ll.B'IH o6nerqaeTCSI TeM, '{TO H3 MHWeHH OHH BbiXO.ll.SI~ 

rrpaKTH'IeCKH B Hanpaane,HHH rra.z:r.aromero K~aHTa,· Yron Bhr~eTa 9ne~Tpoua oT~a'IH '-{ can-

3aH C yrnOM pacCeliHHli .e H3BeCTHbiM COOTHOWeHHelM 

~ ~- 1C,~.~ 
···m 

~ t~:~ ~ 'f < H npH W> 100 M9~ H• e >20°· 

VfTaK, BenH'IH~Oll 1 H3MepeHHOH uerrocpe.z:r.CTBeHHO B TaKOM 9KCIIepHMeHTe, liBnS!eTCSI CKO~ 

pOCTb C'leTa COBIIa.z:r.eHHH YL (8) W) KBaHTa,-pacceHHHOI'O Ha yron e' l{ 9neKTpona, HMeromero 

9HeprHIO E = UJ- w'~ 



- !U -

n ( e' w ) = d G; : .N'ar. ~ . I ((A)) d w . ')(: . ~ 5' 

II 2 . 
!'.lle o/lar- 1UICnO 8TOMOB H8 1 QM MIUIIeHH 1 

~(W)- cneKTpanbH8H nnoTHOCTb UOTOK8 d :"" KB8HTOB 1 

X :... nonH J"• - KBaHTOB 1 nonanaJOrunx Ha pa6ottyiO noaepxHOCTb MHWeHH 1 

f - 9cpcpeKTHBHOCTb • f - cneKTpOMeTpa 1 

/5/. 

J ;- scpcpeKTHBHOCTb CtteTttHK8 r - KB8HTOB 1 

d6 -c.etteHne KoMnTOH~scpcpe:K:Ta c y'<ieToM Iii H /3/ MO>KeT 6hiTb aanHcaHo B BHne: 

.. · . Z o
1 

· dJL · [1-
dG'= 2 ·w (i-Cos{j) 

. .rrt 

2- Ccs 1 e + · 2 -Cos
1G i . J /6/ 

i ... f*rJ.-Cos8J · [i+ :ri !1-Cos9~2- [i .,.,.Wtti-CoseJP x · 

X [l-' ~ ( 8, w)]= "{ ~1t!:wse) (i -a,)(i-~) 
rn 

CTaTHCTHttecKaH TOlJHOCTb onpeneneHHH . BenHlJHHbl n ( e 1 W) aaBHCHT OT BpeMeHH 9KCnepH-. 

MeHTa H B npHHUHUe MO>KeT 6hiTb .llOCTaTOlJHO BbiCOKOH, 0.llH8KO .llnH BbiHBneHHH BnHSJHHH 

pa3MepoB sneKTpOH8 npH H3MepeHHH O.llHOH .TOnbKO CKOpOCTH c~eTa Yl(G
1 

li>), npH SHeprHH 

WI H nO.ll yrnoM e, 1 !'.lle 9TO :BnHHHHe· 6nH3KO K MaKCHM8nbHOMY /cpopMyna /3// 1 ' He

o6XO.llHMO 3HaTb, C 6onbWOH TOlJHO.CTblO uenbiH. pH.ll qJH3H'IeCKHX BenHttHH 1 BXO.llHIUHX B cpop 

Myny 16/ 1 ttero nocTHttb otteHb TpynHo, 

\ . 
.[lnH COKp·arueHHH Kpyra H3MepHeMbiX BenHlJHH He06XO.llHMO n09TOMY nepeii:TH K OTHOCH-

. TenbHhiM ·HaMepeHHHM, .[lnH sToro Mo2KHo aocnonbsoaaTbcH · TeM · o6cToHTenbCTBOM 1 ttTo ·a cKo

pocTb ctteTa n ( fh c.J,) ·~ng y~noB pacc~St~HSt Bz I 6nH3KH/C K 180° I T~K~e BXO.llHT MHO!'He 
1 . ' ' 

H3 .BenHlJHH 1 onpenenH!OIUHX rt. ( e, c.Jr) 1 'a .BnHHHHe pa3MepoB sneKTpOH8 CKa3biBaeTCSJ npH 
" ·, • ' . 1 . " . • . ' . . . . .. ; 

9TOMI no Kpaii:Heii Mepl Ha nopH.llOK cna6eel tte~ B n( e,-w, /cM,pHc.ll. nosTOMY BnHH-

HHe pa3MepoB sneKTpOH~ ·~pH ~3~epe~HH OTH~'weHnfi . nee,, w.) OCTaiteTCH npaKTHtteCKH. 
. .. . . n <G:z., Wr) 

TaKHM >Ke 1 KaK H npH H3MepeHHH. yt(f}17 {.U,) 1 a KOnHtteCTBO BenHlJHH 1 nonne>K8IUHX 

onpeneneHH!O 1 npH sTOM yMeHbWHTCH 

. . 

n(e,,w,) 
n, (8;.,W,) 

, 
= d 6 ( e, w , ) _ :. ~. i e ,·,· w u 

d 6 c e2, wrJ .... t c e.t ,t.U:'J 

n O.llCT8BltHH C!O.ll8 Bblpa>Ke HHe /6/ 1 HMeeM 

.. 



np!i 9TOM 

n.< e~. w,) _ 
n. c e2., w I 1 -

- 11 -

d ~ < e, J/( t- Cose,> 
d .n. ( Bt)j ( L -Cos e~) 

1.-a, (e,,t..), · x 
1.-.a, (e.t ,w,) 

f- rz ( e I, W,) • ~ 
1-tzCG:t;W•> --~ 

(GI w:>-. 
<e.z. W1") 

171 

TaKH:M o6pa30M, 113 OTHOUI9HH:Sl .Bbmana r - cneKTp, •mcno aTOMOB /TonutliHa MHUI9HH:/ 

a Bena'IH:Ha X • 3¢cpeKTH:BHOCTh } -cneKTpoMeTpa ~ npH 'BhmonHeHH:H: HeKoTopbiX' yc-

nOBHll TaK:>Ke MO:>KeT . OCT!'lTbCSI H9113M9HHOit. 3neKTpOHbl 1 COOTB9TCTBYIOLUH:e paccestHHIO 
' < - ' • •.- • ' • " • • - ~.- '• -~· -

r - KB8HTOB H8 6onbUIHe H: M8nbie 'yrnhi1 H:M9IOT 1 'x~T~ H: ManyiO n~ BenH~H:H9 1 HO BCe :>Ke 

pa3HYIO. yrnoByiO pacXO,llHMOCTh. n 09TOMY nnst BbinOnHeHHSI JKenaTenbHOI"O nnst Hac ycnOBHSr 

~ (tiJ,, e.) = ~ (Cui; e :z) Heooxon_H~O,. 'ITOO~I a~epTypHblit yro~ } . - cneKTpOMeTpa 6bin 

6onbUI e npen enhHOrO yrna .paCXO,llH:MOCTH ny'IKa B XY.lllli9M cnyqae, IT.e. npa e I I. TaK 
\ .. 

0 / 
KaK nocnenmlil: He npeBhiUiaeT 1 , TO KaK, noKa3hiBaeT :au~nH3, p_aooThi oeTacueKTpoMeTpa, 

9TO Tpe6oBamre ue npoTimope'IHT yci:!O.BHIO nony~eHHSI H900XO,llHMOit TO'IHOCTH: npa H:3MepeHH:H: 

91IeprH:H: aneKTpOHOB /CM,HH:>Ke/. 

· TaKoe doKpauteHH:e 'IHcna H:3MepsteMhiX BenH:'IHH o6nerqaeT nocTaBneHHYIO 3anaqy, HO 
. . 

nnSI ee rionHoro pe.UieHIISI. uy>KHO :nanhHefiUiee BHaoHaMeHeHae .onhiTa c TeM, 'ITOOhi MCKn~<r 

'I~Tb T8K>K e_ ue~ox~_.llHMOCTb H3MepeHHSI TenecHhiX. yrnoa d.Jl ~ ~<iJ<iJeK'l'HBHOCT eit. ~ (e 
1 
(A)~) . 

r-C'I9T'IH:KOB, 3aMeTHM1 'ITO Bbipa,>KeHHe /7 ~. 0'19Hb cna6o 38BHCIIT. OT 9H9pi"HII nepBII'IHOI"O KBaH'-

Ta, TaK KaK B9riii'IIIHhl a, II, .l( l\1Horo M9HbUie_ 9,lliiHIIUhl! a ~ ( e, w'') 38BHCSIT OT 

9H9pi'llll pacceSIHHhiX KB8HTOB 1 KOTOpast 1 _nOBTOp_H9M 1 UO'ITH He H3M9HSI9TCSI npu II3M9H91Illll 

auepruH nanaiOLUH:X KBaHTOB. Vf3MepaB._nono6Hoe ·>Ke OTHoUieHHe npH_ MeHbUieft aueprHH W:~., 
- ~. -· ' ·~ .. . . . . . ' 

,llnSI_. KOTOpOit BniUIHHe pa3MapOB aneKTpOHOB M9Hblli91 '19M B nepB()M cnyqae,. nony'IU:M Bhlpa-

>K euue, auanorH'IHOe /7/ 

n < e~ ,ui:.) _ ({ft ce,)/U- Cos f),) J. ~a.< e,, cui) 
n ( ez, eJ2.)- dst ( 8:zlfU. -Cos ei( i- a, (9-t, C.U~) X 

x J.- ~- ce,, w~J } ·( e1, wl) •· 
·i - ~ CB:t., C.U:d ~ ( G: I l.U3,") • 

/8/ 

npll aTOM 

nocKonhKy 

I~ ( (),' (J%.}/. H: /.~ ( -~3.; w~·-.1~1~.( e. ,.~w~. >I . . 
· ~ c e, 1 _w:)~~ ce.,(V{J .· 

H 

~ ' ( g~ I (A} :I) ~ ~ ( e .Z I W i') J 



TO OTHOWeHHe /7/ H /8/ f5yneT 38BHC9Tb OT yrnoB e, H e, H 9HeprHJi l.Ur H {.Uz TOnbKO 

qepe3 BenH"'HHbl a H. ~. ·• 

rt!Br,w.). t1C8r,W:) 
·. Yl l 9:, CUr) ' rt lfh, W.t) 

i-Q, (g,, Wr) 

~-:Clrl82,Wr) 

x t- 'n e,, {J.),). i- tt c e.:z. , w.:z.> 
1-~(G.t,Wr) i.:..rz l9,,.w,) 

HnH 1 HCnonbGYH ManoCTb 9THX BenH"'HH 

f - a, c e :L , w.2. > 
. 1-a. ( e,, U)'J.,) 

)( 

n ( 9r 2 W r) • yt ( e I 1 (.0~} := 1 -}I ":" ~ + 0 ( Q 
1 
rz) 1 

rt,(fiz,wrJ · rtl 9t; Wt> 1 --

rue 

fl ,· = ci ,( e,, w,)- a i ·£ Qz,' t:J,>.:.. a, l.9~; f!J:~. l +a, l (}:l, W;.) 

H = ~< e,,_w, ) -:- ~} 8 :~. 1 wr)- .7 ( B ,, w:zJ + ~ l 8 t-,Wz) 

0 (a)~)- BenH"'HHbi f5onee Bb!COKOI'O. llOpHIJ.K8 M8nOCTH, 

/9/ 

3IJ. 9Cb cneBa CTOHT Bb!pa:>K eH1t:e 1 . TO"'H,OCTb KOTOpOI'O uenHKOM on pen eng eTCH CT8THC,;:H"'eCKOii 

TO"'HOCTbiO 11 1 cnenoBaTenbHo,··aaBilcHT ·Ton:bKo oT BpeMEmH aKcnepHMeHTa; a cnpaBa ..:. mmefi

HaH KOMoHHauHn t 1 . KoTopan unS! aanaHHbiX aHa"!.eHHii yrno6 11 aHeprHii ~IJ.HOGHa"'HO cBn

aaHa c p'aa,MepaMH aneKTpOHa·, HI :KpoMe TOI'OI i:txmeiiHaH KOMOHHauiHI seriH"'MH a, I KOTOpb!e 
. I 

MoryT obiTb Bbi"'il:cneHbi c HeKoTopoii owHoKoii ·l!l 0 1 1 aaB'ncnweii oT TO"'HOCTM HGMepeHHH 

aHeprMH. DBIJ.8IOWHX KB8HTOB H yrnoB pacceHHHH, 'DpyrHMM cnoBaMH 1 npH aTOM MeTOIJ.e BCe 

own6KH: aKcnepHMeHT~ I:!: ll i.J; t tie H ~p./ CTOHT B npaBoii "18CTM paBeHCTBa /9/ c .COOT

BeTcTBYIOIUMMH MHO:>KHTenHMH MeHbWS 9IJ.HHHUbl 1 Bemt:"'HH8 KOTOpb!X onpenenneTcH Bb!OOpOM 

_aHeprnii c:Jr 1 W2 M yrnoB g, 1 ·_82. .• B nanbHeiiweM6yuyT· onpeneneHbi ycnoBMH 1 npu: 

KOTOpbiX 9TH MHO_:>KHTenH MHHHManbHbl, npoBen,eHHOe Bb!W e ,paCCMOTpeHMe HeCKOnbKO npH- · 

onU:>KSHHO, Bonee aKKypaTHOe paccMOTpeHne _npHBOIJ.HT' K. DOHBneHHIO-B Bblpa:>KeHUK /9/ I 'KpOMe 

..A I I IlPYI'HX nonpaBOK Jl i ·TOI'O me nopHIJ.Ka .. Ma:noc~ii: I. npOUCXO:>KIJ.SHHe KOTOpb!X oyneT 

no·ncHeHo HH:>Ke, Bee aTll non~aBK~ C"'HT~IOTCH c ~O"'HOCT:bro ll Ji£ • C y"'eTOM aTHX owHoOK 

H BBOIJ.H 0003Ha<ieHHe . 

BbipameHKe /9/ 

/{=n.ce,,wl). n.ce,,(J.).iJ ·_ 
. . n. c G.t 1 wd · n ( ez., ~z.} ' 

MO:>KHO nepenMC8Tb B BHIJ.e:. 

I{ = 1 -L. ~ i t: t t1 .Ji i ± L1 ll ~ i: - H , 
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r.lle Z A J!Ji smmteTcH cyMMOll: owii6ox, o6ycnoBJ'JeHHbiX pa·3J'JII'IHbiMII MewaiOWIIMII a¢¢eKTaMI1 

/cM,HII:lKe/ II CTS~IICTII'I9CKIIX OWIIOOK, IrpH onpe.ll9J'J9H~ 'i~Tbipex 3HB'I9Hltit n ({),w) , 
;;;<: /::!!'!. : ., 

Yfa nony'I9HHOI"O paBeHCTBa MO:lKHO nOJ'JY'JIITh KaKyiO-J'JH50 liHcPOpMSUHIO 0 _pa3Mepax 

aneKTPOHa TOJ'JhKO B TOM cny<Jae , · ecnH · E A . .At ... LA j;i .£/H /-V'-'' ;,, 

' .~_ .. 

§ 2, fq~T H9KOTOQhlX nonpaBOK ' 
.:t ·, ~.': :~ 

Bb!W9 1 npli COCTSBil9HIIII .llBOli:HOI"O OTHOW9HIIH /9/ 1 cPOpMa cneKTpa' -Bbmana, TSK 

K aK C'IIITanoch, 'ITO B. 'IIICJ'JHTene- II aHaMeHaTene :c}lopMyn /7 I II /8/ aHa<Jeime f (W) 5epeTcH 

.llmt O.llHoro II Toro :lKe 3Ha'leHIIH · lAJ • O.llHaxo Il3 cxeMbi ax'cnepHMeHTa BII.llHO, 'ITO nocTOHH

Holl: ,llJ'JSI .llBYX CJ'Jy<JaeB pacceSIHIISI KBaHTa Ha' OOJ'J~WK9 II MaJ'Jbl9 YI"J'Jbl SIBJ'J519,TCH cPIIKCMpyeMa51 

5eTacneKTpOM9TpOM. 9H9pi"II51 9J'J9KTpOH8 OT,lla'III 

HH9M w = E + (J I • 

E , c ~·oTopoit · lA) 
) 

CB5138H8 COOTHOW9 -

• j •• :·~··) -rn ~~ 
Tax xaK w1 stBnsteTcst ManoA no 

t ( Ci)) MO:lK9T 5biTh npe,llCTaBJ'J9Ha 

cpaBH9HKIO C W B9J'JII'IIIHOli 1 Cn9KTp8J'JhH851 nJ'JOTHOCTh 
. . 

B BH.ll e · pSI.ll a 

.p(W)= p(·~.)+ aJ ·w'(g)=P(EJ[t+J.. .Q{W'(8)l · 
1 T ()W T J.)~W ··. ~' 

II B .llBOli:HOM OTHOW9HHII BC~ J.rE:)J ~;;t~T51TCSI 1 -~~ B npaBoll: '18C.TH npii 9TOM OCT8HY'fC51 

nonpaBKII a~ BII.lla 

/10/ 

CornacHo c}lopMyne EeTe-reATnepa MHO:lKIITeJ'Jh npii tJ
1 

nopst.llKa j_ II TO'IHOCTh ero II3Mepeniist 
. ~ 

CHJ'JhHO 38BIICIIT OT OTHOW9HIISI UJ ' I".ll9 4), ma.K - M8KCIIM8J'JhHa51-9H9pi"IIH \!"_; cneKTpa, 
G..>ma.K · · 0 · 

O.oHaKO B.[l8J'JH. OT f4JI'I't4« • Ha'iiiHast, npiiMepiio, c VJ = 0,95 w:n(;LX H M9Hhwe,aTOT 

MHO:lKHT9J'Jh Bhl'IIICJ'J519TC51 C TO~HOCThiO 2 ~ 3% H npaKTII'19CKII H9 M9HSI9TC51 npii II3M9H9HIIII 

W mo.x Ha 1,5 7 2%, nocneaHee OnpeaensteT TpeoOB8HHSI K CTa5IIJ'JhHOCTH M8KCIIM8J'JhHOJt 

9H9pi"IIII YCKOp9HHbiX 9J'J9KTpOHOB B yCKOpiiT9J'J9, 0WI15Ka, BHOCIIMaH npH 9TOM 'B .QBOiiHOe 

oTHoweHIIe, ite npeBbiwaeT coibiX .llonell: npoueHTa, 

npH paccMOTpeHIIII .[lBOilHOI"O OTHOW9HHH 5biJ'JH .oonyweHbl .TaK:lKe HeTO'IHOCTH B HanH

caHIIH C9'19HIIH, TaK:lKe KaK H B t(bJ)' B C9'19HII9 BXO.lliiT B9J'JH'IIIHa (,) = E -t- w' ~ E ( i + ~') 
II. noaTOMY C9'19 HII9 d6 ( e J CV) • .QOJ'J:lKHO Ob!Th npe.QOCT8BJ'J9HO' B BII.[l9' · 



Torna B ,llBOitHOM OTHOWeHHH non'maa noRBHTbCSr' nHHeitHaR KOMOHH8UHR nonpaBOK a~ Tima:: 

a - . I ~ ... o( . l . . ) 
3 - i... ~ (i -Cos e) . i + -~ ( 1- Cos e) • /11 I. 

CnenyeT OTMeTHTb npH_. 9TOMI- 'ITO ~onpaBKH. a, 
T ex >K e yrnoa H saeprHit. 

O.t U Q5 O,llHOI"O 3H8K8' .llnSI OllHHX H 

Dmlc nony'leHHR BbiCOKOit CT8THCTH'IeCKOA TO'IHOCTH npH cpaBHHTenbHO Manon Bemi'IHHe 

ce'leHHR K'oMnTOHOBCKOI"O pacceRHHR HeooXO,llHMO opaTb .llOBOnbHO oonbWHe TeneCHbie yrnbi . . ' . ' 

r - C'leT'IHKOB H. WHJX> l{HH n:aana30H saeprHA·I- H3MepReMbiX } - cneKTpoMeTpOM, B 9TOM 

cnyqae_ cKopocTH cqeia a 181 non>KHhi o~ITb ·. 3aifeaeHhi ·.liHTerplinbHbiMH BbipameaHRMH no 

COOTBeTCTBYIOlllHM HHTepaanaM yrnoB H 9Hepi"HH, 0.llH8KO OTHOWeHHe 191 MO>KHO COXpaHHTb 

B npe>KHeM BH,lle1 BOCnonb30B8BWHCh "'Te!)peMOit 'o cpenHeM ".· 

f I 0"(·e,w>d.n.Ju~J>ciVJ==6<8ft,UJ*)t£UJ.~JA.1l: ~w. 
. 4 c.l AJl. • ff' * 
"Cpe.nHMe" 3Ha'leHHR apry.MeHTOB e . I {...) BO' acex qneaax/81 6ynyT pa3Hbie, Pa3nO>KHB 

' * . . n( e*' UJ ) B pS!,ll no apryMeHTaM B OKpecTHOCTH e. ·, (A) ... I cepenHHbl H83B8HHbiX HH-

TepBa~oBI nonytiaeM nonona:aTenbHhl~ nonpa~KH 

nce*,{A)*) :n (e,_wJ[t+ ~ ~ (9*-Q) ... h g;:, <«>*-w>]} 

Bbi'IHCneHHe KOTo'pb!X He BCTpe~aeT cepbe3Hb!X. 3STpynHeiDrit, . 

PacCMOTpHM T9f!9pb oon7e. nonpo6HO B?HSIHHe nonpa~OK. o •. I O:z. H a~ Ha TO'IHOCTb 

sKcnepHMeHTa, Yf3 161 1 1101 H Ill I nonyqaeM: 

/..' 
f,_ · _ 3- eo,:z. e ... T w · · 0 (. i - · ) · 
r~Qi.le,wl-i ... ~ti-Cosg)-r 1+;~U-Cos8) •. 

H eTo'IHOCTb onpenenel;lMR STolt aenH'IMHbi 38 C'I~T owM6oK ni:m H3MepeHHH saeprMi1 M yrnoa 
\ . 

6yneT paaaa cnenyroweMy: 

·. .f 
~ a - :s- Cos1e -t- ~- w _"{..)-[Jil •- . __ u_ + 

t i ... 1!:2. ( 1 ...; Cos e ) Ct) 

+ 

. m 
. . . . " .J-1 

Ccs 1 B- 2 Co9 B +?J+l{J) l. -rCose A 8 
·Sine 1 ... ~ (i- Cos e) 

+0( -)· 

1121 
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YJ a aT oro Bbipam emu1 BHD. uo, · 'ITO' oumoKR s nsoltuoM' oTuowemm;. csn3aHHbie. · c abi'IRcne:... 

nHeM aTHX nonpaaoK, o5-ycnosne.Hbi/rnas~biM o6paaoM;;Bbi5opoM: (}, 'u-~;z.· .·Y:eo~nqeH~Ie. 
g, H ·t.)2 npRso,aHT K yMeHhmeuHro E t:. :At· ,: 'uo ,o,auo'speMeuno yMenhw~eTcH u · H, · ,· 

TaK KaK npH 9TOM c5nHmaiOTC51 3Ha'le~HSI ~( l};7 W,) H ··'( (eljW.t),- ~((},,w,) H ~(e2.;w,); 

..O:nSI yrnos 9, . . .. 0 ..• ' > ,, ••• '· • _,,... .-:. < 
5onhWHX 20 H aueprHH W2. .5onhwe 200' M.aB · 

· ·_ ,~,-~_i_ai ~ w ~-~- .;:~~J?J 
' . ~' ' - ' 

~ ; , . r . 

H, cnenosaTenhuo, 

/13( 

e, H ~2. ,aonmeH Ob!Th OTITHMYM 1 llpH, KOTOpOM OWR.o~a, ,CBSiaan_Ha.R ,p Bbi'IHCneHli9M BCex 

~onpa~oK', coc;aBnSieT. MHHHManbHY-~ .U~nl6' OT_ H~KO~;r~ acpcpeKTa,·. n 0 O~HY CTOpony .OT 9TOt'O 

o nTHMyMa omH6Ka yMeHhwaeTcn, ~o .e~e ,6o~h~e ;MeHhwae;cSI. H ; no ftPYryro cT_opouy 

H ~oapacTaeT, no owli6Ka /np~ n~c~o~na'ii~ a8~'qeuH:'Six ~ciuo:oK ,-~ onpenenenHR y~nos K 
' '" ~ ' ' \ ,. " •''. ~. ·~ :: . ' _,., . . 

anepruH/ soapacTaeT cKopee, · Ananila aTHx' cooiuo'illenHlt noKa3biBaeT, 'ITO onTIIManhHbie 3Ha-:-

q euHn nemaT. a.nn .aneprHH W2. s paltone '·"' 200 M a_~ H -;~SI · yrilos ·B 1 s: pafwue; ·"' 50°. 

Yron e~ BbtOHpaeTCSI H3 KOHCTpyKTHBHbiXO coo6pameuH~ OKOJlO 150°.-..o:n_H a'IIepr;IH w, I KaK 

y me yKa3biBanOCh Bb!We, Bblopauo uY. = 600 Mas. npH 9T_Hx -;:ula,euHSix yrnoB H. aueprHfi 

H TO'IHOCTH HX H3MepeHH~- t:.l~ ~:!: 1 °/o;. /l e ~ ?,01 1 ~tAMapuaSI ?WHOKa :~~H .. Bbi'IHj,lle~I!II 
aTKXnonpasoK Ei-nsoltnoM··oTnoillef!HH cocTaBnSieT MeHhwe necSITolt nonn np?_u·e_r;!a. "' ·~''·' 

~-.11. -4. 
Ldl L· ~- 7;10 ; 

§ 3 •. ConyTcTsyroiiure Mewaromne acbcbeKTbi 

) . 

BbiWe pe'lh wna o perncTpauHH TonhKO KoMnTon-acpcpeKTa.· B neficTBHTenhnocTn me 

napSI,ay c KoMnTou-acpcpeKTOM B MHWOHH MoryT HD.TH H ,apyrne npouec;:cbi; ·KoTopbie TaKme 

. MOt'yT perHCTpHpOBaThCSI annapaTypolt II TeM caMbiM BHOCH'rh uemenaTenhHbie TIOt'peiLuHOCTH, 

HaMH obinH Bbmo~ae~bi Oueno'lu:~H{ pacq~~~~ '~o pSI,ay TaKHX acpti>eK:Tos;' IieKoTopbie, ll3 

.HIIX 11pll80,!J.SITCSI HIIme B 110pSI,aKe IIX 3Ha'IIIMOCTH, 

l. Pom,aenHe nap, s KoTopbiX aneKTpOHbi HMeiOT·'Ty me aueprHIO H · ii:i:mpasneuHe BhmeTa, 
. . ' . ' 

'ITO H KOMilTOHOBCKHe aneKTpOHbi,· a 1103HTpOHbl simeiaroi B H:anpaBneuHH. onuor'o H3 C'ICT-

. q HKOB r - KBaHTOB~ KaK 110K83biBaeT pac'leT, sepOSITHOCTb a'Toro npouecca npH TOM )Ke 
.,·. 



.a.~anaaoae yrnOB .P,aBaa no nopSID.KY J~enH'iHHhi eepoSITHOCTH KoMnToaoecKoro pacceSIHHSI. B 

ItpH.HUHne MOmHO · HCKniOti:HTb :gTOT. npouecc, 38CT8BHB r- C'i9T_'iHKH OTnH'i8Tb aapsnK 9HHhie 

'i8CTHilbi. OT. r - K_BaHTOB, 00bi'iHO. D.nSI .STOI'O, HCIIOnbayeTCSI CHCTeMa, COCTOSIIU8SI H3" D.BYX 
.( \ f~ 

niOMHHecueHTHbiX' C'ieT'iHKOB, paa.a.eneHHbiX ¢HnbTpOM, npH'ieM nepBbiA C'ieT'iHK BKniO'ieH Ha 

~HTHc·oenaiteHHB co. BT~pbiM. O.a.~aKo B Haw eM cny:qae aTOT MeToD.· He MO)!{eT ·ObiTb Hcnonb-
. ' ' '. . 

30BSH, T.K •. a¢¢eKTH_BHOCTb C'J_9T'JHKOB BC,9I'LJ.8 M9HbW e eD.HHHilbi H, cne.a.oBaTenbHO, 'i8CTb aapSI-

)1{ eHHbiX 'iSCTHil oy.a.eT C'lHT8TbCSI imnapaTypoA ·KaK r - KBaHTbi, 'ITO npHBO,llHT K OWHOKaM, 

ne~eKpbiBSIOIUHM Te T~'lHOCTH, KOT~pbie TpeoyiOTCSI npH nocTaHOBKe STOI'O SKCnepHM9HTa, 

..Q nSI oopbOhi c aT~M a¢¢l~KTci·M '.MHw_eHb Mo)l(eT: ObiTb pacnono)!{eHa .a ueHTp~ Mai'HHTHoro_ 

nonSI, HanpSI)!{.eHHOCTb H paaMepbi. KOTOpor'o Bbi6HpaiOTCSI TaK, '{TOO hi Bee aapSI)!{eHHbie qac-.: 

THilbi c aHeprHeA, . COOTBErrCTeyromeA paaHOCT'R Me)!{ny KOHUOM (.' cneKTpa cu.;.../1.K H pa-

OO'iHM HHTepaanoM aaeprHH G) He nonahanH B .c'ie!'iHKH. MarHHTHOe ~one B 15000 apcTe.a.' 

npOTH)!{9HHOCTbiO .25 C~ ~BOD.HT C'J9T T8KHX 'i8CTHU npaKTH'ieCKH K HyniO, 

Cne.a.yiOIUH9 no .3Ha'JHMOCTH a¢¢eKTbi SIBnSIIOTCSI. y)!{e oonee BbiCOKliM ripHonH)!{eHH9M 
:_, c ,-·· ' 

T eOpHH ::a aepOSITHOCTb .TaKHX nJ)OUeCCOB, npHM9pHO, Ha .llBa IiopSI.llKa M9HbW9 •. 

2. Pt:inilauHoHH.oe pomneaHe nap, npw KoTopoM, ;KpoMe .a.eyx aapSI)!{eHHhiX qacTHil po)!{

n aeTCSI , r -. KB8HT ManoA :ijHepi'HH. 

3 • .QaoAHoAKoMnToH-a¢cpeKT, 
'-. 

,·, 
OTH npoueCCbi MOI'YT ObiTb .llOCTaTO'iHO TO'i~O. paCC'iHT8Hbi H COOTBeTCTBYIOIUHe BenH-

'iHHbi Bbi'iTeHbi H3 aKcnepHMeHTanhHbiX aHa'ieH~A ' ri ( G, f.i)). TaK KaK. aTH. nea npouecca co-
. . ~-

CTaB1ISIIOT nHWb H9CKOnbKO npoueHTOB OT HCKOMOI'O a¢¢eKTa, TpeoyeMaSI TO'iHOCTb' pac'ieTa 

He O'ieHb BenHKa, 

CneilytoiUHMH•· no Ba)!{HOCTH SIBnsti6TcSI oonee cno){{Hbie ripoueccbx, npencTaBnSIIOIUHe coooA 

Il 9IIO'IKY. aneMeHTapHbiX 8KTOB, 

rnaBHbi9 H3 HHX cne..oyiOIUHe: 

. 4. Po)!{.a.aeTcSI n:apa, 'aneKTpoH i<oTopoii no-npe)!{HeMy·Mo)!{eT obiTb aaperHcTpHpoBaH 

} -:' .cneKTpOM9TpOM, a aneKTpOH HnH n03HTpOH, IIpOXO.llSI TOniUY, MHW9H.H 1 ,ll8IOT .. TOpM03-. 

HOii . A - K~8HT. 
5~ noaHTpOH TOil )!{e nap:bl MO)!{eT 8HHHi-HnHpOB8Tb H, H8KOHeu, 

' ' 

.. 6, .. KOMIITOHOBCK~fi ane~Tpoai:ropM03SICb B MHWeHH,MO)!{eT TaK~·ErtiaTb r -KBaHT •. 

BoaHHK8IOIUHe B STHX .Tpex ripoueccax, r . ' . ny'iH, IIOII8.ll8SI- B C'ieT'iHKH '( - • KB8HTOB, 

npHBOLJ.SI.T K. nO)!{HOMYKOMnToH-S¢¢eK!Y··. 

Cne.a.yeT oTMeTHTh, 'iTO BepoSITHOCTb ~cex .aTHX npoueccoB nHHefiHo aaBHCHT o'r Ton-

IUHHbi MHWeHH H IIpH COOTBeTCTByiOIUeM BbiOOpe.nocne..oHeii MO)!{eT 6biTb cnenaHa 'nocTa

TO'iHO Manofi •.. n~1'ep10 B. CKOpOCTH C'ie~a Ha-sa yMeHbW9HHSI T0.1IIUHHbi MO)!{HO 'i8CTH'iHO KOM

neHCHpOB8Tb yBenH'ieHHeM HHTeHCHBHOCTH IIOTOKa nepBH'JHbiX r - KB8HTOB, KcTaTH HY)!{HO 

cK·aaaTb, 'iTO ToniUHHa ·MHWeHH ae MO)!{eT ohiTb 6onbwofi TaK)!{e .Ha-aa a¢¢eKTOB pacceSIHHSI 

B Hefi aneKTpOHOB, H r ~ KBaHTOB, 
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TpeHHH, BBHAY Manon aepoHTHOCTH nx perncTpauHn. 
• o ' • I 

KpoMe yKa3aHHbiX Bbrwe conyTcTayromnx a¢¢eKTOB, aaromHx coanaaeHHH B perncTpa

unn aeyx ttacTnu, po*aeHHbiX oT oaHoro naaaromero nepBHttHoro cPOTOHa MoryT perncTpn

p.oaaTbCH TaK:a<:e cnyttaHHbie nO)KHbie COBnaaeHHH 38 ctteT pa3nHttHOI"O cPOHOBOI"O oonytteHHH 

ot5onx ctteTttHKOB. TmaTenbH.oil:, aKpaaHpOBKoil: B npHHUHne. MO)i{HO cymecTBeHHo yMeHbWHTb 
,, 

cPOH OT pacceHHHOI"O 0 - H3nytteHHH, Bceraa.npHCyTCTayiOll(ef::.O·BOnH3H paooTaromero yc-
r•< ;_·: • ·.··Lfi":~.:',"'.Y;::~·::'~):~-··:·~-~-~ .' . 

KopnTenn, Ho··.Henb3H H36e*aTb cPOHa. caMoil: MHweHn. Vfcxoa:si' H3 aToro, paccMoTpHM 5o-

nee noapo6HO TOn~KO cPOHO~yiO 38I"pY3J{,Y CtteTttHKOB, OT MHWe~H. 'Vf3 MHWeHH B f3 cneKTpOMeTp· 

MoryT nonacTb aneKTpOHbi nHwh onpeaeneHHo:A aaeprHH, t5nH3Koil: K MaKcHManhHOil: aHep-. 
I"IIF! r - cneKTpa. TaKHe aneKTpOHbl MOI"YT o6pa30B8TbCSI nHWb B pe3ynbTaTe ABYX npo-

ueccoa: KoMnToHoBcKoro paccestHHH.:H po*.zieiJHR nap: 'ce<ieHH~· KoMnToHoBcKoro paccestHHH, 
• • ' ' ~ ,.- •• ' ' • 1 ·~ ' 

cpnpoao:>Kaaromerocn BbineTOM aneKTpoHa c aHeprHeil:, 6iiH3KOil: K MaKcHManhHOii aHeprHH 

lf - KBaHTOB 1 nonyttaeTCH nyTeM HHTerpHpOBSHHSI AHcPciJepeHU_HanbHOI"O. ce~eHHH no BCeM · 

yrnaM pacceSIHHH 1 KpOMe ManbiX 1 npH KOT?pb!X aneKTpOHY nepeaaeTCH aHeprHH 1 HeAOCTaTott-. . 
Hast ann perncTpaunH ero ) - cneKTporpaciJoM. 3Ta ae~HttHHa, npnMepHo,. Ha nopnaoK MeHb-

.w e cetteHHH po*AeHHH nap c aHepr~eil: a_lleKTpOHOB nopHAKa ~~00 !/1, ~[3 /6e3 ytteTa aKpaHH

poB~HHst/ H noaToMy cP~HoBaH 3arpyaKa ctteTttHKa j - cneK;po~eTpa onpenensteTc~, rnaa_

HbiM ot5pa30M,. nocneaHHM npoueccoM. B TO. )Ke Bpe'M'n' 3arpy3Ka r .- ctteTttHKOB! Bbl3BaH-

. Hast llPYI'HM nepBHtlHblM r -:. KBaHTOM, cnaraeTCH 113 cneayromHx ciJaKTOpoB: 

. 1. PacceHHHb!X r . KBaHTOB 1 HMeBWHX AO pacceHHHH niOobie ~HeprHH OT 0 AO t.J,IAfC. 

2. 3apst)KeHHbiX · 'l8CTHU 1 KOMnOHeHT nap H Me30HOB. ·. 

3. r -KBaHTOB pacnaa~ 11° -Me30HOB • 

. 4 •. npoayKTOB APYI"HX cnO)KHbiX npou~CCOB. 

K aK noKa3biBaiDT pactteTbi ace aTo npHBOAHT K t5onhWHM., 3arpy3KaM '(( CtteTttHKOB 1 

B · pe3ynhTaTe ttero npoueHT perHcTpauHH no)KHbiX· coanaileHHil: TaK*e nonyttaeTcH aoaonbHo 

oonbWHM. 

3apn:meHHbre ttaCTHUhi Manbrx aHeprH:A, KaK Y*e yKa3biBanoCI>, MoryT ObiTb oT¢HnbTpo-: 

BaHhi Mai"HHTHbiM noneM, a BepOHTHOCTb BbineTa 3apH)K9HHbl~ 'ISCTHU 6onbWOil: SH9pl"IUI noa 
' 0 0 . 

yrnoM· 50 I a TeM 6onee 150 · ./ K nepaoHattanbHOMY HanpaaneHHIO KpaAHe Mana. 

3apsr)KeHHhre ]i"t Me30Hhi · pa'cnpe.zieneabr 6onee nsoTponiio. OaHaKo noToK Hx, KaK noKa3braa

eT oueHKa, HeaenHK H npou~HT no*Hhix coanab:.eHHA, ·co3aaaaeMhix HMH, He npeabrwaeT aony-
. . 

CTHMOro· ypOBHH. . r ~ . 3aMeTHbifi. BKnaa A SlOT -. KBaHTbl OT pacnaaa J -MC::30HOB1 HO HX aHeprHH HSMHOI"O 

npeBbrwaeT aHeprHIO pacceHHHbiX KB.aHTOB H noaToMy OHH nerKo noaaaroTcH_ ceneKUHH no· aHep

I'HH. BepOHTHOCTb 6onee CnO~HblX npouecco~ COCTSBriHe~ · CTOnb ManyiO AOniO OT BbiXOAS' nepe

'IHCneH.HbiX BbiWe, 'ITO HX MO:>KHiY He OpHHHMaTb BO BHHMSHHe. 
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I-taHOOllee,CHllbHYIO aarpyaKy coanaiOT pacceRHHbie ·. 0 - KBaHTbi /nepBbiH npouecc/, TaK. 

KaK C yMeHbWeHHeM 9HeprHH pacTeT He TOllbKO ceqeaHe p.acceRHHR, HO H KOliH'IeCTBO na-

n aiOIUHX 0 KBaHTOBi HMe!OIUHX 9Ty.· 9HeprHIO B cneKTpe TOpM03HOf'O. H31IY'IeHHSI ycKOpH-

TenR •. .. ~ / 

EcnH 0003Ha'I'HTb. qepe.3 . (i, • H . G"~{ 'ce'leHHSI COOTBeTCTBYIDIUHX, MeWaiOIUHX npoueccot=.., 

To aarpyal(H ./ H·.r C'leT.'IHKOB. MoryT 'obiTb a'anHCaHbi COOTBeTCTBeHHO B BHne: 

' rr I = (5, Har. ~· ~ X . ! ( w) d E 

'" I'IIQ.Jl '' 

:n~ = l. 0/o.r: ~'·X. dn.f oz rcwJd~~ 
' ' ' '' ' 0' 

H 1 cnenoBaTellbH0 1 OTHOWeHHe 'IHClla·liO>KHbiX ·rt,..· H HCTHHHbiX' yt~ COBnaneaHfi oyneT 

n" 
hu"':" 

' c ~ ;' 

i··. 

· ·.''t.Jm(;.x . '• .... 

2 G'. ?e.-N~r. d E.J · -~ G'z/ C w)d cu.· :£ 
''l,L J 1 

' .--2 ' ' 3.. . . d w ' . ' ' 
z ·ffi:<!-Co~er 

~ ; 

' ·, ~ 

/14/ 

rne · 'L paapeillaiOmee BpeMR CXeM coananeHHSI~ IlocK01IbKY-B5nH3H 'KOHUii r' .cneKTpa 

· dE·~ d .W 9TO OTHOWeHHe He .aaBHCHT OT BbioHpaeMbiX 9HepreTH'IeCKOf'O H yrnoaoro 

nuanaaoHOB, a TaK>Ke OT a¢¢eK"I:HBHOCTeit r H),,' .c:.eT'IHKOB. ,Ce'leHHSI 5, u 62 H~ MOryT 

obiTb .HaMepeHbi HnH Bbi'IHcneHbi c B~ICOKofi TO'IHOCTbiO H noaToMy HeooxonHMo nanbHefiwee 

BHnOH3MeaeaHe ycnoBHH OnbiTa c TeM, 'ITOObi C'leT' T~KHX riOlli:H~IX ~-OBnaneimM: Obiii noaen,eH 

HliH ·no Be1IH'IHHbi1 MeHbWe1i ·0, J %· OT: HCTHHHbiX 1 HliH XOTSI• .Obi no -TaKOf'O ypoBHSI 1 .npH KOTOpOM 

n ocTaToqao rpyobifi,pacqeT aToro a¢¢eKTa naaan obi HY>KHYIOx TO'IHocTh, npocToe yMeah

ui eHHe Jto.r I X HliH HHTeHCHBHOCTH noToKa r - nyqe1i Bne'leT a a. COOOIO nponopuHOHallb

.HOe. yaenHqeaHe BpeMeHH 9KCnepHMeHTa, KOTOpoe He non>KJIO BblXO.tiHTb H3 paMOK paayMHOf'O 
. .. •" ' . . ' . . ~ - . , - . .... -~ ... , ~" ( - . 

/~Ka~eM, 0,5 -:- 1 ron/, 

CnenyeT aaMeTHTb~ 'ITO: a. /14/ .. axonHT MrHoBeHHoe · aHa'leHHe cneKTpanbHofi nnoTHOCTH 
. ' .• ' -

t(W) 1 a Ha BpeMR 9KcnepH~eHT8 Bll~~.eT cp~nHee 3Ha'leHHe 9TOfi BeliH'IHHbl, 8To OOCTORTellb-

CTBO .naeT B03MO>KHOCTb ,nOHH3HTb 'IHCliO. ,nO>KHbiX COBnaneH:U:fi nyTeM npenenbHOf'O yaenHqe- , 

HHSI nliHTellbHOCTH HMriyllbCa 0 - nyqeji B Ka>KnOM UHKlle. ycKopeH~SI /paCTSI>KKa/ npu ae

U3MeHH01i BenU'IUHe cpenHefi CKOpOCTH <;'leTa •. 

Jl anee 1 UOCKOllbKY .dnR C'leTa acj;iclJeKTa' ;HCrionb3YeTCSI .'lllfWb a'epXHSISI qaCTb cneKTpa, a 
liO>KHbie COBnaneHHH OOYC1IOB1IeHbi1 rnaBHbiM oopa30M,: .ero·; Ha'lallbHbiM yqacTKOM 1 UOSIBliReTCSI 

npyr'ast B03MO>KHOCTb yMeHbWeHUSl ,liO>KHblX: cpaoarbiBaHH.fi CXeMbi nyTeM noMemeHHSl M'e>Kny 

_; 
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ycKOpHT91I9M H Mllill9HhiO Cll9UHa1IbHOf'O cpHllbTpa. 

TaKoft cpH1IhTp H3 semecTBa c MSllbiM ~ /HanpHMep, H3 nHTHH/, BbiiiOliHeHHJ>Iit B BH.ne 

BbiTHHyToro B HanpaBneHHH noTOKa nepBH'IHbiX r .. KB/lHTOB .llliHHHOf'O UHliHH.llPil, 
• I ' • 

no 'pa3HOMY MeHHeT xapaKTep cneKTpa B pa31IH'IHbiX ero y'laCTK/lX 1 nO'ITH IIOliHOCThiO O'IHI.UilH 

nOTOK OT r-nyqeft MllllbiX ·aHeprHft H B TO :>Ke BpeMH liHWh He3H8'iHTe1IhHO YMeHbWSH HHTeH

CHBHOCTb ;r -nyqe~ _B01IH3H BepxHeft ~paHHUbl cneKTpa, 

noMHMO STOf'0 1 HllMH OblliH TaK:>KS no.npooHO pllCCMOTpSHbl H llPYf'HS MSTO.llbl OOpbObi 

C ~O:>KHbiMH scpcpeKT/lMH /BBe.llSHHe TpeT&ero C'leT'iHKa .llliH II03HTpOHOB1 BKliiO'IeHHOf'O Hll 8HTH

COBna.neHHH1 KOTOpbiit .ll01I:>KeH pe3KO:yM9HhWHTh 'IHC1IO cpaoaTb!BilHHft ft C'leT'IHKa; B03-

MO:>KHOCTb onpe.i:r.enHTb ·s paoO'iHX YC1IOBHHX B91IH'IHHY 1: C IIOCT;!S.lly!OI.UHM Bbl'll:!T.IlHHSM 1:!3 

n ( e ,W) 'IHC1I8 liO:>KHblX IIpHC'ISTOB H .np,/, 

D 9Til1IbHbift llH/l1IH3 nOK/l3b!Bil9T 1 'ITO HH O.llHO H3 STHX MeponpHHTHfi CllMO no ceoe He 

HBliHeTCst .llOCT/lTO'IHblM .llllSI IIOliHOf'O IIO.llllBliSHHst paCCMaTpHBaeMblX liO:>KHbiX scpcpeKTOB H 'ITO 

npHXO.llHTCSI _KOMOHHHpOB/lTh HX MS:>K.llY C00010 1 HCn01Ib3Yst npH STOM Ka:m.noe H3 HHX B TOft H1IH 

HHOft CTeneHH, npH STHX YC1IOBHSIX MOmHo ·nolly'iHTb yme uenbift PH.ll pa31IH'IHbiX BapHaHTOB CHH.;. 
) . 

:meHHH ypoBHst noMeX HH:>Ke 0,1%, He BbiXO.llst H3 paMOK 9KCII9pHM9HT81IhHblX B03MO:>KHOCTeft 

KaK CllMOf'O YCKOpHT91Ist fHHTeHCHBHOCTh 1 paCTst:>KKa H .np./ 1 TSK H Bcero SKCIIepHMSHTa B 
'\ . . 

U91IOM /speMst SKcnepHMeHTa 1 B91IH'IHH/l f"[; H np.l, 

3 a K n 10 'i e H H e 

B HacTostmee speMst eme He 3aKOH'IeHbi nonHOCTbiO o'leHb Tpy.noeMKHe pac'leTbi pa.nHa

UHOHHOro pom.neHH~ nap, .llBOiiHOf'O KoMnTOH.:_;acpcpeKTa H pst.ll llPYf'HX BOII.pOCOB,. Ho y:>Ke no

ny'leHHbie IIpe.nBapHT91IhHbie .llllHHbi9 f'OBOpHT 0 B03MO?KHOCTH ooecne'le,HHS OIIbiTa H900XO.llH 

MOii TO'IHOCTbiO T8K:>K9 H C TO'IKH 3peHHS TeopeTH'IeCKOf'O OOC'IeTa pa31IH'iHbiX scp¢eKTOB, 

AHa1IH3 Bceft COBOKYIIHOCTH yCliOBHft IIOK/l3biBaeT, 'ITO paayMHO .llOCTH:>KHM/lst cpe.nHe 

· KBil.llp'aTH'IH/lst TO'IHOCTb 9KCIIepHM9HTa 1 IIOlly'iaeMast nyTSM CYMMHpOBSHHS ps.na CT/lTHCTH'ISCKH 

HeaaBHCHMbiX owHooK MO:>KeT obiT& B npe.z:rene .nose.neHa .no 0,2%, 'ITO .cooTBeTcTayeT B03-

M O:>KHOCTH BbiSIBliSHHSI aneMeHTapHoit .llli~Hbi ..... 5 • 10- 1
" CM. TaKHM o6paaoM t KoMIITOH-

scpcpeKT C IIOliHbiM OCHOBilHHSM MO:>KST ObiTh IlOCT8B1I9H B O.llHH pB.ll C llPYf'HMH MeTO.llSMH 

I . /9// 
HllllpHMep, C MeT~.llOM BCTpe'IHbiX SliSKTpOHHbiX IIY'iKOB 1 II01Ib3YBCh KOTOpbiMH MO:>KHO 

oy.neT SKCII9pHM9HT81IbHO .IIO.llOftTH K rpaHHUe IIpHMSHHMOCTH KBSHTOBOA: S1I9KTpO.llHUaMHKH. 

B 3/lKliiO'ISHHe aaTopbi c'IHTaiOT cBOHM .nonroM BbrpaaHTb ,onaro.napHocT& M .A.M apKoay 

3/l Oocy:m.neHHS ps:r.na BO!lpOCOB 1 CBst3aHHbiX C STOft TSMOft H 38 IICX::TOSIHHbift HHTepec K Boa-

MO:mHOCTH ocymecTB1I9HHSI SKCIISpHMSHTa. 
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