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I. C~eCTBJ'K)T npeKpaCHhl9 3KCnepHMeHTN: TOHOM;Ypbl /I/' KOTore 
KaK <5y,D,TO ,IJ,OK8.3hiBBlOT c~ecTBOBaHK9 sqxfleKTa AapOHOBa - BoMB. 12 • oTOT 
~aKT 0yn nOCTaB~eH no,D, COMH9HK9 B pa6oTe/3/. (HeRBHH9 HaMaKK H8 no­
,11,00~ soaMo~ocTb scTpetr~KCb K paHbme / 4•5{. YHoroq~<~:~eHHhle Oece,D,H 

C 3KCnepKM9HTaTOp8MH ~BlOT HaC K3~0-KTb MaTepKan 3TOR pa60Tbl B 
Oo~ee ~K3KtrecKoR K noHRTHOR ~opMe, onycTKB Hec~ecTBaHHhle MaTeMaTH­
qecKHe ,D,eT~H K C,ll,9~aB ynop Ha 3KCnepHM9HTanbHbiX ~e,D,CTBHftX. 

2. llepexo.nHM K oOc~eHKJO ynOMHHYTHX 3KCnepHM9HTOB. Ha HenpOHH­

~aeMOM TopoH,D,~bHOM co~eHoH,D,e, oKpyxeaaoM TopoM { D - ~,\ ) t-+ t_"L-::. K.L. 
(pKC. I),pacceHBBlOTCH 3~9KTpOHhl. YaCTb H3 HHX npOXO,II,KT trepe3 QTBep-

CTK9 Topa \ '4/~.,.) , tracTb - BHe ero \ Va Ld: ) • C \(~"' H \{ o td:-
B3aHMO,D,eRcTBYK>T TaK Ha:3b1BaeMYe penepHhle 3~9KTpOHHhl8 BO~Hhl \tf~1 ) H 
\(~~) • B pesy~bTaTe B o!S~acTH sa co~eHOH,II,OM B03HKKaeT HHTe~epeH-
~OHHM KapTHHa. oKcnepKM9HT fiOK8.3b1BaeT, tf~O B OO~aCTH il (r,D,e tV-d;) 
HHTe~epHpyeT C 3~9KTpOHHOR BO~HOR, He npome,D,meR qepe3 OTBepCTHe TO­
pa) HHTe~epeH~OHHM KapTKHa OCTaeTCH O,II,HOR K TOR •e npH nDOOM 3Ha-
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PHc. I. 

CxeMaTHtrecKoe 
H300paE9HK9 3KCne-

pHM9HTa ToHOM;Yphl. 

'l \) 
traHKH MarHKTHoro noToKa Q) BHYTPK co~eHoH,D,a. B oO~acTH I (r,D,e "ti1Lf 
HHT9~9pKpyeT C 3~9KTpOHHOA BO~HOR, npowe,D,meR trepes OTBepCTWS TOpa) 
KHT9~9peH~OHHM KapTHHa C,II,BHI'a8TCH npH H3MeHeHHH \fJ • oTa 3KCne­
pHM9HTanbHM CKTY~ MO.eT 0b1Tb OnKCaHa C llOMOmh~ KaK MHOI'03Ha~X, 

TaK K O,IJ,H03Ha~ BO~HOBHX ~~R (B.~.) 

3. B paMKax MHoroaHa~ B.~. peay~bTaThl oOc~aeMYX sKcnepK­
ueHTOB uoryT OhiTb oO~cHeHY c~e,D,YK>~ o!SpasoM. By,D,eM Cq~<~:TaTb, trTO B 
OTCyTCTBKe MarHKTHOI'O no~H ¥..:-. K 't~'-<t" MOI'YT 0HTb C XOPOmeR 'l'O'If-

. ,, gt~..:T! ';" \ '""""' ~.... . I 
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HOCTbiO annpOKCHMM:pOBa.HH DJIOCKHNH BOJIHSMH: \(~ .:. \(0~,-\. ·:.Q~C~\i\C.c). 
IlyCTb penepHI:i8 3JI8KTpOHHI:i8 BOJIHI:i 0~81)'1' 00,11. YI'JIOM dv. K OCH CIOt­
M8TpHH COJI8HOH,D.a t : lV~·r): t~\') [ Ll(._\:lLS(h<kttt.~)d..)j. B OTCYTCTBHe war-

HHTHOI'O DOJIIJ HM88M B OCSJiacTJDC .!_ , i_\ : ~: ~')(t>\1\Lt)+~{.lj-t 
1\tfo\L t {lt-4.i\LV,x~ .... ck-¥-tli-tcscJ.)]j

1 
I . BDJIOCKOCTHt:::u.,t 

(rp;e KaK paa H npOH3BO,D.MHCb H3MepeHH11 B 
1 ) MaKCHMYJolhl \ \{0 \ 1.. pac-

noJioJKelibt npHX:~LlQ,t~tl)\l'+t"-t [1-\.0Scl-\]/to.~rL • HanHtme DOTORa(\) 

Mai'HHTHOI'O DOJIK B~TpH C~JI8HOH,D.~yqTeM C DOMf~biO ,D.HpaKOBCKOI'O ~8.30-
BOI'O MHOJIU1T8JI11: ~~~ L~:: ~ll-l.:. QXr( l ~·t- )Q::X.~ (: ~ ~. q~J~). HeCMOTp.fl Ha O,D.HY 

"' -.::P ~ 
H Ty ll'\8 ~YHKL\HOHMbHYIO ~OpM;Y, 3TOT MHOli'\HT8Jlb OTJIHqeH ,D.JIH \if.· H 

( ~ L"' 
~occt , nocKOJibKY CSepeTC.fl npH pa3JIH't~HYX 3HaqeHH.fiX l.\HJIHH,D.pH-

qecKol1 nepeMeHHol1 J . l13-3a CSblcTporo y6b1BaHH.fl J/1 ("" 7-:> 161 
sepxHHI1 npe.u.en HHTerpHpOBaHH.fl MOli'\~T CSb1Tb 3aMeHeH Ha + CO ~e Ha 

paCCTO.fiHH.fiX ,D.OJI8!1 C8HTHM8Tpa ~H paayepax COJISHOH,D.a T8X lltS, 'tiTO H 
B OllbiTSX TOHOM;Ypbl ( ,J:;:, 4 . IO CM, R. ~ ro-4cM ) • ilOCKOJibKY 

"::,"" ~ 1 (\ t: :: <? , ecnH ocb HHTerpHpOBaHH.fl npoxo,11,HT BHYTPH ;riJX-_.,., 
pbl COJISHOH,D.a,H 0 B npOTHBHOM cnyqae, TO : '41~.,.: Q.).(>(ii<'&)J;;1tl'(l'o), 
'+ ~t..t:. t ')(\)(\It '1:) ' Q:. up I ~c. . B pe3yJibTaTe B o6nacTH n HM88M 
TY llt8 HHTe~pSHL\HO~ RapTHHY 1 'tiTO H B OTCYTCTBKe Mai'HKTHOI'O DOJI.fl, 

a B I : 14 j <I' \ l. ·: 1 L i-t GoS L v. X S ikd.- \<l li- C¢ 1 d. ) - (( J ) . 
MaKCKyYW \'tf1•\ pacnonolltelibt npK X!!:'¥:.~ -+ o /t<S/hof.-. , T.e. 

BKJIIOqeHK8 Mai'HKTHOI'O DOJI.fl C,D.BKI'aeT HX Ha B8JIHtmHY [l = ~ /K S1i..ol. • )is 
(\) 'l,.. 

nepHO,D.HliHOCTH \ 4!}- \ OTHOCHT8JibHO l( cne,li,YeT, qoro .u.ocTaToq-
HO OI'paHH'tiHTbC.fl 3HaqeHH.fiMM: 1( B HHT8pBM8 0 ~ o ! i(, i • Ma.KCJOtaJib-

iibtl1 c,t!,BHI' HHT8~8p8Hl.\HOHHOR I!CapTHHI:i HM88T MeCTO npH l( = ~. oTO 
,s.aeT : L1 ~ fl I KSH1 <L. oHeprHM 3JI8KTpOHOB, TOit lite. qTQ H B 

OilbiTax ToHOyYpbl ~ £. : I') 0 1q t v-~ 1.. ·\ 01 0o-i '), cooTBeTCTByeT ll '::G. I 0-' 0c.A.4 , 
qTo ropaa.u.o M8Hbrue HaCSJIIl,D.~Moro ( -::::. I0-5cM ) • oTo OTJIHtme MOlltHO 

npHDKCaTb C~SCTB8HHOMY HCK8a8HKD DJIOCKOR BOJIHY 3a CQ8T CSJIH30CTM 

HenpoHH~aeworo Topa. Pe3yJibTaTY pa6oT 13,?/ no,li,TBepm.u.aoT 3TO. B 
HTore nonyqaew no MeHbrueR Mepe KaqecTBeHHoe onHcaHMe aKcnepMMeH­

TOB TOHOM;Ypbl B T8pMM:Hax MHOI'03HaliHbiX B.tlJ. fipH 3TOM Ha6JbJ,JJ,aeMYR Ha 

OOHTe C,D.BHI' HHT8~8peHL\HOHHOR KapTMHY npMnHCYBaeTCH H3M8HBHMD ~a3Y 

BOJIHOBO~ tlJYHK~M. 

4. Pe3yJibT&Tbl o6c~aeMYX 3KcnepKMSHTOB woryT CSYTb onMcaHY Tax­

lite nocpe,D.CTBOM O,D.H03Ha'tiHYX B.~. OxaswsaeTcs, B.tlJ. qpe3BYQaAHo wano 

OTJIHqaeTCH OT DJIOCK~ BOJIHY npM Jl 7 ch + jt (TO 8CTb B OCSJiaCTK ll) • 
PacqeTbl DOKa3YB&oT 3/, 'tiTO ,D.06aBKa K DJIOCKOR BOJIHe HM88T nop~OK 
10-3• il03TO~ HHT8~epeH~OHHa.fl xapTHHa B OCSJI&CTH il H8~BCTBMT8JlbH& 
K B8JIMQKH8 Mai'HMTHOI'O DOTOK& ql BHYTPM COJI8HOM,D.& (nOCKOJibKY KMeH-
HO ynOIIUIHY'l'a.fl ,D.06aBK& H8C8T KHitOpM~ 0 <fl ) • C .u.pyroR C'!'Op8H11 1 
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npH J" .: . \- !.2 BOJIHOBM ~YHKL\H.fl cy~eCTB8HHO OTJIHqaeTC.fl OT DJIOCKOR 

BOJIHY. il03TOM;Y MHTB~peHL\HOHHa.fl KapTMHa B oCSnacTM 1 B8CbMa ~BCTBH­

TeJibHa K :r 1 'tiTO H Ha6JIIO,D.aeTCH Ha 3KCD8pKM8HT8 • )Vi.fl KOHI!tpeTHbiX ~ac­
qeTOB TpeCSYIQTCH (KpOMe .fiBHbiX Bb1p8llt8HHR ,D.JI.fl B.~., npHB8,11.8HHbiX B ,?1 
7/.'7?'10~8 nap8M8Tpbl 3KCnepHMeHTOB, KOTOpbiS OTCYTCTBYIQT B HX OnHCaHMH 

!) paCCTO.fiHMe OT TOpOM,D.aJibHOI'O COJI8HOH,D.a ,11.0 M8CTa pei'HCTp~H 

qacTH~; 

2) awnJIHTy,ll,a H yron n~eHH.fl penepHOR BOJIHY. l1T8K 1 C TO'tiKM 3pe­

HH.fl O,D.H03Ha'tllibtX B.~., Ha6JII),IJ,aeMYR C,D.BHI' HHTe~epeH~OHHOR KapTMHI:i 

nO,D.TBepM,D.aeT c~eCTBOBaHHe AB-3~8KTa. 

5. BBH,li,Y DO,D.06HOR ,li,BORCTB8HHOCTM B HHTepnpeT~M,06C~aeMY8 
3KcnepMMeHTbl He .fiBJI.fiiOTC.fl O,D.H03Ha'tllibtM RpMTepMeM c~ecTBOBaHMH AB­

s~RTa. MY npe,D.Jiaraew cne~R 3KcnepHMSHT, OC~8CTBJI8HM8 KOTO­

poro noaBOJIKT H~elltHo ycTaHOBHTb c~ecTBOBaHHe AB-s~KTa H, TaKHM 

oCSpa30M 1 peWHTb BOnpoc 0 B03MOlltHOCTK NHOI'03HaliHbiX B.~. B MHOI'OCB113-

HbiX npOCTpaHCTBax (HeiTpHe~eMOCTh MHOI'03HaliHbiX B.~. B O,D.HOCBH3HbiX 
npocTpaHCTBax CSb!na oOocHOBaHa B. ilaynM). )VIn 3TOro Heo6xo,D.HMO K3-

MepHTb ,D.H~ep8Hl.\HaJibHOe ceqeHHe pacce.fiHMH 3JieKTpOHOB Ha TipOH,D.aJib­

HOM COJI6HO.B,Il;6 (CSe3 HCDOJib30BaHH.fl penepHbiX 3Jl8KTpOHHbiX BOJIH). f'paMOT­

HOe HCDOJib3CBX·Uf.€ ~U1Ur.J3Hal1Hblx B.~. (TO SCTb HaxOJK,l),SHH8 pemeHHR 

ypaBH8HH.fl illpe,D.HHI'epa C TeM llt8 napaMeTpOM HefA"03Ha'tiHOCTH, 'tiTO H B 
n. 3 ) npHBO,D.HT K OTcyTCTBMIO AB-a~eRTa/8 • 9 • ilpKMeHHTen&Ho K pac­

cMaTpHsaeyo~ cnyqaiO 3TO 03Haqae~. qoro ceqeHH.fl pacce.fiHHH 3JieRTpo­

HOB Ha TOpOH,D.aJibHOM COJI8HOH,D.e ,D.OJilltHY He 3aBHCeTb OT DOTOKa ~ B~T­
pH COJI8HOH,D.a ( H CSbiTb paB!ibtMH ceqeHM.fiM npH q_ .:: Q ) • C ,D.pyroR 

CTOpOHY 1 HCDOJib30BaHH8 O,D.H03H&'tllibtX B.~. npHBO,D.HT K TaKKM CJI8,li,CT­

BH.fiM. EcnH .u.eTeKTOp He HaxO,D.HTCH B np.fiMOM nyqKe, TO AJI.f1 yrnoB pac­
ce.fiHM, nellt~X BHe liJ:!lpbl coneHoH,D.a (TO eCTb npH ~•~-> () "i'>l dt-12.) I D 
(yqorew, qTo J.. = 4 · IQ-4 CM, f<._ = 10-4 CM B 3KCnepKM8HT~ /!1 ), 
~pal<IUlOHHWI KapTHHa KaK cWHKL\H.fl yrna e npe,D.C!..,.aBJI.fleT coCSo~ 
HMOllteHHe ,D.Byx nepHO,D.HqecRHX CTPYKTYP c nepMO,IJJUO! ~~r<. H \1 I~ d • 
ilpM BKJimqeHKH Mai'HMTHOI'O DOJIH HX MaKCKMaJibHQe CMe~eHHe paBHOII/il~~ 
M t1 )'l.,li.. ~ cooTBeTCTBeHHo. oRcnepKMeHTaTop.r yTBepM,D.aoT, qTo paape-

WMTb STY TOHI!CYIQ YI'JIOBYIO CTpyKTypy ,D.OBOJibHO 3aTpy~HHT8JibHe, H8CMOT­
p11 Ha CSOJibiiiHe 3HaqeHH.fl ceqeHHR pacCe.fiHMH ( ro- - ro-3 CM2). Cne­

,li,YBT HM8Tb B BH,li,Y CJI8,11,YD~ee OCJIOlltH8HM8. Ha onpe,D.eJISHHbiX paccTO.fiHHJ!X 
OT paCC8HBaTeJIH YI'JIOBY8 3aBHCHMOCTH C8Q8HHR paCC8.fiHH.fl 0Ka3YBaiOTC.fl 

O,D.HHaKOBbiMH npH o : lj H '6 : l( . B 3TOM cnyqae HeoCSxo,D.MMO cnerKa 

C~BHHYTb ~eTeKTOP B p~HaJibHOM HanpaBJieHHH, 'tiTOCSN BOCCTaHOBHTb MaR~ 
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CKMaJibHYR CABKr ynOMHHYTNX A~epeH~aJibHNX CTpyKTyp (AeTanK MO~HO 
HlUtTK B /3,7/ ) . )VUI yrJIOB , JI8llt&qKX BHYTPK AHPY TOpa ~ s,..,~ 1- <J.!!-), 

J' 

TeopeTKqecKKe ceqeHKH BYPB.llt810TCH nocpeACTBOM cllYHK~R JloMMeJI.If, no ... Bi1- . , .· 
ARMOMY, KsMepeHKe KHT8HCHBHOCTK c noMO~bD cpoTonnacTKHKK (HJIK c no-
MO~bm KHTepcpeporpaMMW KaK B /I/, HO 6e3 KCTIOJib30B8HKH penepHYX BOJIH) 

RBJIR8TCR HaH6onee 8A9KB8THYM cpeACTBOM B 3TOR 06JiaCTK yrJIOB. AJibTep­
HaTKBOR 3TOMY RBJIReTCR H3MepeKHe KHT9HCKBHOCTK 9AOJib OCH CHMM8TpKH 

coJieHOKAa• THnHtlHM TeopeTHqeCKM KpHBM npeACTaBJieHa Ha pHC. 2. MY 
BRAHM, tlTO MaKCKMYMY \4f \1.- A0CT8TOtlHO pa3H9C9HY npH ~' ~ 0 H 

(\> t 0 . 8To 6naronpMTcTByeT nocTaHOBKe 3KcnepHMeHTa. Cne,DYJJ114Ke 
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PHc. 2. 

HHTeHCHBHOCTb 

pacceRHKR 3JI8K­
pOHOB Ha TOpOH­

AaJibHOM COJI9HO­

KA8 BAOJib ero 
OCH CHMMeTpHH 

npH '6 = 0 
(KpHBM I) H 

~ =-t (KpHBM 
2). 

AeTanH,Kac~ecR o6c~eHHa 3KcnepHMeHTa, B03MOlltHo, np8ACTaBJiamT 

KHTepec. Bo-nepBYX, BHYTPH AYPH Topa HHTeHcHBHOCTb, KaK cllYHK~R yrna 
G, npeTepneaaeT 3-5 oc~JIHQHR (npH Tex lite napaMeTpax coneHoKAa, 

qTo H a onyTax TowoMYpy). qTo6y Hs6elltaTb HX ycpeAHeHKR,PSAHaJibHYe 
pasMepy AeTeKTopa AOJilltHY 6wTb MHHHMaJibHYMH. Bo-aTopwx, paccTOaHHe 

1 OT AeTeKTopa AO pacceKBaTeJIR H~ AOJilltHO 6YTb CJIHWKOM MaJIYM 
(qTo6y 6YJIO CnpaB8AXHBO ~eHeJieBCKOe npH6JI~8HKe, B paMKax KOTOpOrO 

B.cp. 6YJia TIOJiyqeHa B / 3 ) • oTO yCJIOBHe BYrJIHAKT CJieAYIOil\KM o6pa30M! 

S 0 
\{ ( cA-\ ~ \ '> {Z t ~ ( llapaMeTp ~ HMeeT nopHAOK I0-2 npH 'l. = I0 CM 

H w-4 
npH 1-:: 1M • c APYrOR CTOpOHY' 3TO paCCTORHHe He AOJilltHO 6blTb 

CJIKlliKOM 60JiblliHM. fipHqKHOR 3TOro RBJIReTCH crJIB.lltKBaHKe OC~JI.fi~R 

BAOJib OCK t Ha 60JiblliKX pacCTOaHKHX. fiO-BHAKMOMY, pacCTORHHe OT HeC­
KOJibKKX caHTHMeTpoa AO I-2 M RBJIReTcR npHeWieMHM. 
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6. HTaK, nono~HTeJibHHe pesyJibTaTY o6c~aeMoro 3KCnepHMeHTa 

nosBOJIRDT OAH03Hat~Ho TIOATB9PAHTb c~ecTBOBaHHe AB acpcpeKTa K CAeJiaTb 

He3aKOHHYM HCnOJib30BaHHe MHOr03HaqHYX B.cp. B MHOrOCBR3HblX npOCTpaH­

~TBi• ~H3HqeCKM 3HaqHMOCTb 3TKX BOnpOCOB 06C~aJiaCb HeAaBHO B 
/IO . 
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