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1. BBEllEHltlE 

CTon~~ ~3 MHor~x cnoeB ~AepHO~ ~oT03Mynbc~~ 6e3 nOAnomK~ 

W~pOKO ~ cnons 3YIOT B «a-rec.rae M~weH~-AeTeKTopa CO-BMeCTHO C 
r~6p~AHbIM~ cnexrpoaerpaaa npa ~3Y4eH~V1 npoueccoe pacnana KO
pOTI<Om~BYll'~X 3neMeHTapHblX 4aCT~~, 06pa3YIOIll~XCfI B ny-ncax He~
Tp~HO BbICOK~X 3Hepr~~ OT ycxopn r ena . QT06bl nOBblCIIlTb 3~~eKT~B

HOCTb nO~CKa ~ ,AOCTOBepHOCTb ~HTepnpeTaL4l11~ C06bITI4M, npoacxo
Afllll~X B M~weHflX-AeTeI<TOpaX 06beMOM OKono 100 n~TpOB, 6wn~ 

aseneau nononaarensuue KOtHPOIlbHble nnac T~í;bl ./ 1/ . 3TO - C3HA
B~4, B KOTOpOM L4eHTpanbHafl nnaCT~Ha, ~3rOTOBneHHafl ~3 OpraH~

K~ Tonlll~HO~ 1 MM, no~pMTa C ABY~ CTOpOH CnO~MI4 HAepHO~ ~OTO

3Mynbc~~ Ton~~HO~ - lQ~ MKM. KOHTponbH~e nnaCTI4HW YCTaHaBn~~ 

BalOT MemAY MI4WeHblO-AeTeKTOpOM 143 CnOeB f1AepHO~ ~OT03MYfibC~~ 

6e3 nOAnOmK~ ~ C~CTeMO~ ueneYKa3aHI4~. BTOp~4HWe 3apflmeHHWe 
4aCT~L4W, BWXOAfllll~e ~3 M~WeH~~AeTeKTopa, npOH~3WBaIOT KOHTpOnb
HYIO nnaCTI4HY B HanpaBneH~~, nepneHA~KynflpHoM eeo nnOCKOCT~, ~ 

06pa3YIOT B cnoax f1AepHoi1 ~oT03Mym)C~14 cneau 4ac T~L4., koropue 
Ha3WBalOT BepT~KanbHWM~, TaK KaK OHM ~AYT BAOnb OnT~4eCKO~ OC~ 

TpaA~L4~OHHOrO M~KpOC1<Ona. TaKO~' cneÁ H~KOrAa He B~.AeH Ha BCIO 
caoo An~HY. 4T06bl 06Hapym~Tb BepT~KanbHbli:1 crien 4'aCT~~bl, Ha
õruonarens nOCíOflHHO ap auiae r M~'KpOB~HT HaBOAK-l-l ~30,?pameH~f1 Ha 

~OKYC. HaBWK OIllYllleH~f1 B npOCTpaHCTBe BepT~KanbHOrO CneAa 4aC
T~L4 6WCTPO Bwpa6a~~BaeTCfI Y OnepaTOpa. OAHaKO nO~CK BepTI4Kanb
HblX CneAOB 4aCT~L4 BeAYT no nnouiaaa , ~ n03ToMY CKOpOCTb npoc
MGTpa nonY4aeTcfI 04eHb H~3KO~, Bc~ro OKono 1 CM2 3a pa60414~ 
AeHb. 

Ha nYT~ K aBTOMaT~3aL4~J.1 onepauaa nOI4CKa aep rnkans aux cne
AOB npl4 nOMOIll~ KOMnbÍOTepa B03H~KaIOT TPYAHOCT~, oõycnoaneauae 
oc06eHHocTflM~ npOL4eCca pacn03HaBaH~f1 BepT~KanbHWX cneAOB 4ac
T~~ no cOBoKynHoCT~ 4aCT~4HbIX cooxycupoaaaaux ~306pa}l(eHI4~, 

KOTopwe He OTn~4aIOTCfI OT ~306pameH~~ cnY4a~Hwx CI<OnneH~~ 3e
peu cepe6pa, pa aõpoca-n-ux no BceMY cnoo flAepHo~ et>oT03MynbCI4~. 

4T06w 06Hapym~Tb BepT~KanbHb~ cneA 4aCT~UW, CHa4ana He06xoA~
MO BB~CT~ ~ naMflTb KOMnblOTepa Tp~ ~n~ 4eT~pe coceAH~X 4aCT~4

HblX ~306pa>KeH~fI, a 3aTeM nOABeprHYTh '3TY ~H~OpMaL4~1O 06paÕOT'Ke 

C L4eI1biO noncxa npOCTpaHCTseHHblX xopperiauafi B -HanpaBfieHIi'fV1, 
napanI1enbHOM onT~4eCKO~ OCI4 M~KpOCKOr:ta .. B cnoe RAepHOv. $OTO

~ Dóõtã.h~.":t':~~i-;;~::~Y'j I	 1
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3Mynbc~~ cO,Qepm~TCR OKono 20 4acT~4H~X ~306pameH~~. Ha KOHT

ponbHo~ nnaCT~HKe nno~a,Qb~ 40x80 CM 2 YMe~aeTCR 3.105 none~ 
3peH~R ,Q~aMeTpOM 1 MM ~n~ 6.106 4aCT~4H~X ~306pameH~~. TaK 

KaK 3neMeHT pa3peweH~R B onT~4eCKOM M~KpOCKone paBeH 1 MKM 2 , 

TO Ha O,QHO~ 'KOHTpOnbHO~ nnac rauxe B ABYX CnORX R,QepHO~ <llOTO

3Mynbc~~ cO,Qepm~TCR 1,2.10 13 3neMeHTOB ~306pameH~R. ~CHO, 4TO 

nO~CK npocTpaHcTBeHH~x KoppenR~~~, RBnR~~~xcR np~3HaKaM~ Bep

T~KanbHb'X cneno s 4acT~~, B 3T~X ycno saax npenc r aanae r BeCbMa 

cnomHY~ np06neMY. 

B ,QaHHo~ pa60Te nOKa3aHo, 4Tb np~ nOMCX1.l~ Me300nT~4eCKoro 

M~KpOCKOna /4/ C BbICOK~M npOCTpaHCTBeHHblM pa3peWeHVleM MomHO 

Ha6n~,QaTb BepTVlKanbHbl~ cnen 4aCT~~bl Ha ~C~ TOJl.l.4~HY CnOR R,Qep

HO~ $OT03MynbcVI~ 6e3 onepa~VIVI nepe<lloKYC~POBK~ no rny6V1He. CKa

HVlpOBa-HVle KOHTponbHO~ nnaCT~HK~ Be,QYT rons xo snons X- VI y

KooPA~HaT. CKaHVlpOBaHVle snoru, Koop,Q~HaTbl z OTCYTCTByeT. B CVlC

TeMe /5/ 6bICTpO,Qe~cTBlIle noeuureuo ,QononH~TenbHO finar-oriapn TOMY, 

4TO CKaH~pOBaHVle KOHTponbHO~ nnaCT~HK~ Be,QYT O,QHOBpeMeHHO Ha 
210 nno~a,QKa~. 4T06~ YMeHbwVlTb ~HTeHC~BHOCTb 60KOB~X neneCT

KOB, Me3oonl~4ecKV1~ MVlKpocKon BblnonHRIÓT B, BVI,Qe KOHcf)()KanbHoro 
MVlKpocKona 11/. B Me300nTVl4ecKo~ CVlCTeMe /16/ nOVlCK eep rwxans
H~X cne,QOB 4aCTVI~ VI Vl3MepeHVle VlX Koop,Q~HaT Be,QYT npVl nOMO~VI 

Me300nT~4eCKoro KOH,QeHcopa, KOTOP~~ ~opM~PyeT 06naCTb OCBe~e


H~R B BVI,Qe yaxoro "aaôooa'", 'KOTOPbl~ npOCTVlpaeTCR B HanpaBne


H~~, -rrepneunukynapaor- onTVl4eCKO~ OCVI C~C TeMbl, XOTR caM COAep


m~T onTVl4eéKY~ OCb B CBoew nnOCKOCT~. AnropVlTM Vl3MepeHVlR KOOP


,QVlHaT BepT~KanbH~X cne,QOB 4aCTVI~, KOTOP~~ MomHO Vlcnonb30BaTb
 

B Me300nT~4eCKO~ C~CTeMe /m/, OCHoaaH Ha nDVlH~Vlnax peKOHCTpYK


T~BHO~ TOMotpa$~VI/~/. 60nbwVlHCTBO ~3 on~caHH~X Me300nTVl4eCKVlX
 

MVlKpocKbnOB MorYT ~~Tb npVlcnoc06neH~ ,QnR O,QHOBpeMeHHoro npoc-'
 

MOTpa ,QBYX cnoen R,QepHO~ $OT03MynbcVI~, nonn rux C npo ruaononox

H~X CTOpOH KOHTponbHO~ nnaCT~H~. nOKasaHO, 4TO 6~CTpO,Qe~CTB~e 

onHcaHH~X MesoonTVl4eCKVlX CIIlCTeM, npe,QHasHa4eHH~X ,QnR Ha6n~,Qe

H~R BepTVlKanbH~X cne,QOB 4aCT~4 B KOHTponbH~X nnaCTVlHax, B 

10 2+104 pas B~we, 4eM B Tpa,Q~~VloHH~X onT~4eCKVlX C~CTeMax. 

2-.	 nOCTAHOBKA 3A,llAlIl-1 

06beKT Ha6n~,QeHVlR - cneA penRT~BVlCTCKoro npOTOHa - ~MeeT 

B~A ~en04K~ sepeH cepeBpa, opVleHT~poBaHHo~ nepneH,Q~KynRpHo 

nnOCKOCT~ R,QepHo~ <lloT03Mynb~~~, C nVlHe~Ho~ nnÓTHOCTb~ 75 se

peH cepe6pa Ha 100 MKM ,QnVlH~ cne,Qa 4aCT~~~. 3TO B 3 pasa 60nb

we, 4eM'y rop~SOHTanbH~X cne,QOB 4act~4, TaK KaK nocne <llOTOX~

MVl4eCKO~ 06pa60TKVI Ton~~Ha cnOR R,QepHo~ $OT03MynbcVI~ YMeHbwa

eTCR B 3 pasa. 06~4HO ,QnR Ha6n~,QeHVlR BepT~KanbH~X cne,QOB 4ac

.... 

T~4 Vltnonb3Y~T Tpa,QVl4~oHH~~ onT~4eCKVI~ MVlKpOCKon c 06beKTVlBOM 

X90 VI 4V1cno.Bo~ anep r ypoa 1,3. rny6l-1Ha pe-SKOC T~ TaKO~ CVlCTeMbl 

paeua 3 MKM, VI n03ToMY C$OKyc~pOB'aHHbIM~ OKaSblBaJOTCR acer-o 5+7 

aepeu cepe6pa. 4T06bl y6e~~TbcR B TOM, 4TO Ha6n~,QaeMble aepua 
cepeõpa ,Qe~cTB~TenbHo np~Ha,QnemaT Bepn1KanbHOMY cneny 4acTVl4bl, 

a He RBnRIQTCR C:flY4a~HbIM cxonneuaex aepeu cepe6pa, HaBO,QKY H9 
$OKYC nOCTOR~HO MeHR~T. Bce onepa~VI~ Be,QYT BPY4HY~, VI n03TOMY 

CKOpOCTb npOCMOTpa R,QepHoH $OTo~Mynhc~VI npVl nO~CKe BepTVlKanb

H~X cne,QOB 4aCT~~ 04eHb H~s~a ~ OKono 1 CM2 sa pa604V1~ ,QeHb. 

4T06bl nOBbIC~Tb c r eneus Ha,QelKHOCTVI Taxoro npOCMOTpa, er'o nOBTO
pR~T HeCKonbKO pa3. \ 

.CKOpOCTb npOCMOTpa R,QepHo~ $oT03MynbcVIVI npa nOVlCKe BepTVI

Kanb.Hblx cneaoa 4aCTVl4 M-omHO nOBbICVlTb, ecru- BMeCTO YHVlBepcanb

Horo Tpa,QVI~VlOHHoro MWKpOCi<Ona .Vlcnonb3ÜBaTb cneuaanaswpoaaauue 
MesoonTH4eCK-Y1e YCTpo~cTBa, B KOTOpblX BepT~KanbHblH cnen 4aCT14

4bl BVlAeH Ha 13C~ TO:n~io1HY CIlOR RAepHo~ 4JoTo3MynbCJ;1J;1 c BblCOKVlM 

npOCTpaHCTBeHHblM oaapeureaaea . 

3.	 ME300nn'1YECKHl1 MI1KPOCKOnf\nfl BEPTHKAIlbHblX cnrnos
 
4ACTHU
 

Ha pVlC. 1 AaHa cxeMa onT~4eCKoro a~C~KOHa, KOTOP~~ RBnAeT

CR npooõpe so« MeSOOnT144eCKOro MVlKpOCKona ,QnR aep nocans aux 

cne,QOB 4acTVl4/4/ . Kam~aR T04Ka 06beKTa, pacnonomeHHaR Ha on
TVl4ecKo~ OCVI Ha paCCTORH14V1 fI nepe,Q aKC14KOHOM~ npe06pasyeTcR 

B o rpeaox npRMoi1 n"'HVlH AnVl~o~ L , 4eHTp xo ropor-o oacnonoxea 
Ha paCCTORHVIVI '2 3a aKCVlKOHOM. EcnM T04e4H~~ ~6beKT C,QB~HYTb 

B,Qonb onTVl4eCKO~ OCVI Ha Many~ eenVl4V1HY ~il« f 2 , TO MesoonTVI

4eCKoe Vls06pa~eHio1e AnVlHo~ L CMeCTVlTCR Ha Ben~4V1HY 

2	 .
.1P2 CO" - M - 1.\r 1 .	 /1/ 

r,Qe M= f 2 / f 1 - K03$$Vl4V1BHT nVlHe~Horo YBenVl4eH~~ ~KC~KOHa. Ha 

pnc . 2 rip~Be,QeHbl p acnpenerteua a VlHTeHCVlBHOCiVl CBeTa snons oca 
z B MeSOOnT-Vl4eCKOM Vls06pameHldl-1 TOl.l €4HOrO 06beKTa IA/ ~ OTpes

xa npRMo~ n~H~VI ,QnVlHoi1 h « fI /6/ ,QnR -M = 1 B npeHe6pemeH~~ 

3$$eKTaMVI ,QVI$paK4V1V1 CBeTa. BVI,QHO, 4TO MVlHio1ManbHoe sHa4eHVle L , 
,QOCTaTo4Hoe ,QnR nonY4eHVlR O,QHopO,QHor-o 3$$eKTa npoj\onbHbH Me

SOOnT-Y1~HOCTj.1 Ha rny6V1He h , paBHO Lrnin = h • np", L > Lmin TOT 

me 3$$eKT 6Y,QeT ,QOCTHrHYT 4eHo~ HeonpaB,QaHHo~ nOTepl-1 ~HTeHCVlB

HOCTVI CBeTa. TaKVlM onpa30M, Mj.1H~ManbHaR rny6~Ha pe3KOCT~ -aKCVI

KOHa {)aBHa TOIi~If1He cnOR R,QepHo~ !l>oT03MynbCk11f1 VlnVl B 06tlleM cny

4ae 

M 2. h.L min	 /2/ 

3 2 



PHe. I. CxeMa nHH30Boro aKCHKO

Ha: I - To~e~Hbill HCTO~HHK cBeTa, 
2 - nHH3q-aKCHKOH, 3 - QeHTpanh

HaH lliTopKa, 4 - Me30onTH~eCKoe 

H306p~eHHe To~e~Horo HCTO~HHKa 

CBeTa. 

np~H~~n~anbHaR cxeMa npOCMOT
pa cnOR RAepHo~ $oT03Mynbc~~ 

np~ nOM~~ aKC~KOHa AnR nO~CKa 

BepTI1KanbHblX cnenos 4aCT~Lt AaHa 
Ha p~c. 3. Cno~ RAepHo~ ~OTO

3Mynbc~~ dCBe~aeTCR paBHOMepHO 
Ha BC~ lny6~HY, a Ha6n~A~H~e 

BeAYT np~ nOMO~~ Me30ünT~4eCKO

ro M~KpüCKona, ~ KOTOpOM TpaA~
.. ~~OHHbli1 06beKT~ B- 3aMeHeH H-a Me
300nT~4eCK~.i1 aKC~KOH c r ny6~Hot:1 

pe3KocT~ h. $oTonp~eMH~K c 1'0
4e4H~M OTBepCT~eM pacnonomeH Ha 
6nT~4ecKoi1 oc~ C~CTeM~. B npo
~ecce cKaH~poBaH~R RAepHaR $01'0
3Mynbc~R nepeMe~aeTcR nocneAo
BaTenb~O BAonb oc~ x c warOM 
snons oca Y , paBHblM npoc rpa-r
cTBeHHoMY pa3peweH~~ C~CTeM~. 

1

l.JT06bl nononuarensuo yaerur
4~Tb CKOpOCTb npocMoTpa RAepHoi1 

0 (Z ) $oT03Mynbc~~, BMeCTO ogHoro aK" 
C~KOHa ~·cnonb3Y~T MaTp~~y aKC~

L ~	 KOHOB B B~Ae pacTpa A~$paK~~oH
H~X n~H3, aHanor~4Horo pacTPY 
~306pama~~~x A~~pa~~~oHH~X@ n~H3 /2/ Ip~c. ú/, a BMeCTO O.~HO
ro $OTonpHMeH~Ka - COOTBeTCTBY
~~Y~ MaTpH~Y ~OToop~eMH~KOB. 

o	 z J{.3K OrMe4eHO B /2/ , rrpoc rp a-rc r 
BeHHoe pa3peWeH~e A~$paK~~OHHO~ 

PHC. 2.. Pacrrpeaenemre HHTeH-cHB

HOCTH CB'eTa B Me30onTH-q'e"cKHX 

Jf30.ÕpaJKeHHHX TOqe~HOrO 06'heK'l'H

a a I AI H nHHetmoro 06'heKTa ,IJ.JlH

o	 HOM h <<: E1 IBI. 

4 

l Iz ) 

L-h 

z 

PHC. 3. CxeMa nporMOTpa Hp,epHoM 

<poTo3MynbcHH npH nOMO~H aKCHKO

Ha: 1 - HCTO~HHK cBeTa, 2 
Hp,epHaH <POT03M~IbCHH, 3 - aKCH

KOH, 4 - TO~eqHbIH <poTonpHMeHHK, 

5 - BHnKa, 6 - rrpHBop, BHnKM 

Bp,onb OCM x, 7 - npHBOp, BllITKH 

Bp,onh OCH y. 

000 
000

h 

000 
PHC. 4. PacTp H306paJKaW~HX ~ 

P,Hl~paKQHoHHbIX nHH3 /2/ . , 000 
n~H3bl 6n~3Ko K A~$paK~~oHHoMy npeneny . ÀKC~Kà~ MÓ}\{HO .aanonau r s 
TaKme' 8 B~Ae KBap~eB~ro ~KC~KOHa /a/, A~$paK~~OHHa~ 3$~eK~IttB
HOCTb KOToporo B +1 nopRAKe A~$paK~~~ 6nltt3Ka K 8G%. 

3$$eKT MHor~~ ,KaHanoB npOCMOTpa MO}\{eT 6~Tb AotT~rHy1 np~ 

nOMOL!4lÍ1 C~CTeMbl! 5; Ip~c. 51, B KOTOPOi1 ~cnonb3YIOTCR 06ul~i1 AnR 
Bcex KaHanOB wapoBoi1 Me300nTItt4ecK~i1 06beKT~~ /6,7! , IttMMepCIttOH
Hblt:1 pac rp ~ urropka co CKB03HbIM~ OTBepCTIttRM~ nepea $OTonp~eM·· 

H~KOM. AnR Ha6nlOAeHlttR BepTIttKanbH~X cneg0B 4aCTItt~ Tpe6yeTcR 
MHorOKaHanbHaR Me300nT~4eCKaR C~CTeMa, npltt nOMQ~1tt KOTOPOi1 06b
eKT paCCMaTp~BaeTCR B napannenbH~X nY4ax CBeTa, KaK 31'0 IttMe
eT MeCTO B paCTpe 1tt3 aKCIttKOHOB. M~}\{AY TeM wapoBoi1 Me300nT~4ec
K~i1 06beKT~B $opM~pyeT ~eHTpanbHYIO npoe-KI..I~IO 3neMeHTOB TpeXMep
Hora 06beKTa. npltt nOMO~~ IttMMepC~OHHoro paCTpa nY41tt CBeTa ~eHT

panbHoro npOeKTlttpOBaH~R npe06pa3Y~TCR B cOBoKynHoCTb napan
nenbH~X nY4ei1 CBeTa. KMMepCIttOHH~t:1 paCTp COAép}\{~T N2np~3M c 

5 



PHC. 5. CHCTeMa HaõrrIDAeHHH Bep

THKarrbHblX cneno s tIaCTH~ rrpa 

rrOMOmM illapOBoro Me300rrTHtIeCKoL&J
j~ I ro .oÕ'beKTHBa: I - HCl'OtIHH-K -CBe

.~ )í\ / ~ Ta, 2 - tuap onoã Me300rrTHtIeCKHI1 

OÕ'beKTHB, 3 - HMMep.cHoHHLIH 
/ paCTp, 4 - illTopKa c TOtIetIHbWH 

/	 oTBepcTHHMH, 5 - $OTOrrpHeMHHK, 

6 - AHcrrrreH, 7 - CHCTeMa rrepe

MemeHHH HAepH0H ~oT03MyrrbCHH. 

KBaApaTH~M~' OCHOBaH~RM~, rAe 

J	 
,.,@ 

® 

N - He4eTHoe 4~cno, He MeHbwe 
rpex , a pa3Mepbl «aaap ar-ror-o 
OCHOBaH~R Ka>KAoi1 np~-3Mb1 euõpa
Hbl paBHblM~ 

a 
a = 2h tg-- .	 /3/2h 

rAe a - yrnoBaR anepTypa wapof 
Boro MeaoonT~4eCKoro o6DeKT~Ba. 

HapymHaR rpaHb KamAO~ np~aM~ 

06pa3yeT c OnT~4eCKO~ OCb~ C~CTeMbl yron 900 - Y , rne Y YAOB-
neTBOpRe-T ypaBHeHIt!~ 

a j m 2 ~ m2 
x ysín [are sin.( n siny ) - y j /4/

! 2 2 2 2 
V a (m +- rn ) + Hx y 

n - noxe aarens ~pe:llOMf1eH~R MaT.ep~ana np~3Mbl, H - oacc roaaue 
OT RAepHo~ l1>oT03MynbC~11 AO l..4eHTpa wapoBoro MeaoonT~4eCt<oro 

o6beKT~Ba, a mx ~ rn y - ~H,QeKcbl HYMe~al..4~~ o rnensuux np~aM '~M
Mepc~OHHoro pac rp a BAonb ocea x ~ y • 

B TOHKO~ wTopKe I1Me~TCR CKBoaH~e oTBepcT~R, KOTop~e pacno
nO}!{eH~ B T04Kax c KooPA~HaTaM~ 

Lam yx Lam~ {m,') -_ __ x TJ (m y )
H ' H	 /5/ 

a L - paCCTORHl1e OT l..4eHTpa wapOBoro MeaoonT~4eCKoro 06beKT~Ba 

AO nnOCKOCT~ WTOpK~. a~aMe~p d CKBoaH~X oTBepCT~~ B TOHKO~ 

wTopKe~B~6paH ~3 ycnoa~R 

Ld <, -b	 /6/
z, -H • 

rAe .b - 3et>et>eKT~BHbl~ n0l1epe4Hbn~ AY1aMeTp M~H~aTlOpHOr{) l..4~n~H-Apa,
 

BHYTPH -rco ropor-o HaXOA~T.cR BepT~KanbHbl~ cnen 4acT~Ltbl / b :::: 2 MKM/.
 
Ha puc . 6 noxaaauó Baa~MHoe p acnonoxeune T04e4HblX oTBepcnn~
 

B TbKKO~ WTopKe, wapoBord MeadonT~yecKoro OÔDeKT~Ba H np~aM
 

~MMepcytOHHoro pacrpa . 'Cl-1CTeMa B .uertoa 'f1BnReTCR CKaH~p~~e~,
 

a He 1t1-306Pa>KalOute~. I1pl-1 3TOM ()nepaLtt.1~ C-KaHklpOaal:tl-1R aeAyT Tonb

KO B npeAenax nnb~aAKI-1, aaHI-1MaeMol:1 OAHeM npl-13Mo!lí HMMepCI-10HHO

ro nacrpa , KOOPAl'1HaTbl aep raxarts aoro cnerta 4aCT~Ltbl onpeaenaor-


PHC. Ú. B3aHMHOe pacnonO~eHH€y'
l' ' npH3M HMMepCHOHHoro paçTpa,o 

~ 
/;: illapOBoro Me300nTHtIeCKOrO 06~eK

C>o d o THBa H illTOpKH c TOtIetIHb~H 01'~ J, o I
 

lo BepCTHHMH.

I 

o-t· 
"'7 

~<' 
I 

Cf! KOOPAI-1HaTaMI-1 nOnO>KeH~R B~n7 .~ 
KI-1, B 'KOTOPO~ yxpenneua 'K{)HT
pons aaa nJla,CT~HKa, a TaK}f(e I-1H
AeKcaM~ CKB03Horo OTBepCTI-1R B(2} l TOHKO~ wTDpKe, 4epea KOTopoe 

-t , \ 

npOWJlH nY4~ caeTa Me300nT~4ec
.;, l<oro l-1a06,pa>KeHI-1R BepTI-1KanbHOro 

cnena 4aCTt.14bl. npl-1 -cKaH14pOBa-,.~y(~~ .... HI-11t1nnq~aAK~ pa3MepOM a 2 et>aK/'.~.,t./ /
.. TH4eCK14 s~nonHAeTCA CKaHl-1pOaa

.. IH<..~/1x>.~ ~ Hl-1e Y4aCTKa KOHTponbHOH nnac
m~"'-l T~tibl nnourans o N 2a 2 . .QJ1f1 N = 9'~ . ~ <,

A CKOpOCTb npOCMOTpa B 81 ~aa ' 
óonbille, 4eM ,B OAHOl<aHanb.Ho~ 

C~CTeMe. OnI-1CaHHbl'~ f-t.ie3ÀóB·017f;· anrOpl-1TM npocaorpa AAepHo~ <1>01-0
3MynbcI-11-1 Tpe6yeT nepeMe~eHI-1R Bl-1nK~ s ~a}!{Aoe HOBoe nOnO>KeHl-1e 
C warOM Na. O}!{I-1+\aeMoe 6blcTpoA'e~cTBll1e CI-1CTeMbl/ 5/ a )1)2 paa 
60nbwe, 4eM B OAHOKaHanbHO~ MeaoonT~4eCKO~ C~CTeMe 6e3 CKaHI-1
pO-RaHI-1R no rJ1y6I-1He, 1-1 B 10 3 pas fionsure , 4eM B TpaA~LtI-10H'HOM 
OnTI-14eCKOM MI-1KpOCKOne c nepe<l>oKYCI-1POBKO~ no rny6l-1He. 

ffiy=-2 / X 

4. 60KOHblE nEnECTKI4 l1>YHKu~n1 PA3MblT14R T04«:14 B AKCI4KOHE 

~aBeCTHO, 4TO l1>YHKLtI-1R paaMblTI-1R T04K~ OnTI-14eCKO~ l-1a06pa>KalO

~e~ tI-1CTeM~ c KOnbLtéBO~ anepTYPo~ P2BH2
 

" 

li'{(r) = ]9 (1).	 /7/ 

7 
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lo· 

rAe r - 6e3pa3MepHaR paA~anbHaR KOOPA~HaTa - paCCTORH~e MemAY PHC. 8. Me300ITTHl.JeCKRH MHKPO
T04KO~ Ha6n~AeH~R ~ onTH4eCKO~ OCb~ CHCTeM~, a J o - $YHK~~R CKorr c ~a30BoH rrnacTHHoH: I 
Beccens arnca . oõnanae rHyneBoro nop TaK~M me CBOi:íCTBOM onruuec- CHCTeMa oCBe~eHHH, 2 - H,D;epHaH
K~~ aKC~KOH/4/ . 4T06bl OCJla6~Tb I-1HTeHC~BHOCTb 60KOBblX nenecr 

~oTo3MynbcHH, 3 - ,D;BOHHOH aKCH
KOB $YHK~~~ pa3M~T~fI T04K0 ~ TeM caM~M YBen~4~Tb AonYCTHMY~ KOH, 4 - ~a30BaH rrnacTHHa, 5 
nnOTHOCTb CJleAOB B flAePHo0 $OTo3Mynbc~~, ~cnonb3Y~T ABO~HO~ TOqel.JHhn) ~OTOI1pHeMHHK. 
aKC~KOH c ABYMfI pa3n~4HblM 0 KOH~4eCK~M~ nOBepxHocTflM~ ~ ABYMR

/ 81 Konb~eB~M~ B~p~3aM~ B WTOpKe /p~c. 7/. ~Ba Konb~eB~X ~KC~VO
KanbH~X cneAOB 4aCT~~, COCTOR

Ha $OpMHPY~T B 06naCT~ $OKyca oonHOBoe none, aMnJlKTYAa KOTO
~~X H3 150 3epeH cepe6pã. YKa

poro paBHa r. 
3aHH~~ HeAOCTaTOK MomHO TeM He 
MeHee YCTpaH~Tb H nOJlY4HTb 

h 2 (r ) Jo (r) + Jo (y r) • /8/ 
paBHOMepHY~ OCBe~eHHOCTb no 
rny6~He, eCRH ~cnOJlbA~BaTb $a

rAe y < 1. ECJl~, Hanp~Mep, y = 0,7, TO ~HTeHC~BHOCTb 60KOB~X 30BY~ nnaCTHHY-AHCK 9 /p~c.8/, 
neneCTKOB B $YHK~H~ pa'3Mb/1V1f1 T04KVJ. TaKO~ C~CTeMbl YMeHbwaeTCfI KDTopafl COCTOHT H3 HeCKonbK~X 

BABa pa3a no cpa8HeH~~ c OA~H04H~M aKC~KOHOM. np~ 3TOM or~6a
paBH~X ceKTopOB. CAB~r $a3~ 

~~afl $YHK~.~V . CBeTOBO~ BOJlH~ s KamAOM ceK~O
2 3600 

pe paaeu -N-( k - 1), r ae N I 2( r) /h 2 ( r ) 1 
/9/ 

nonHoe 4~CJlO ceKTopOB, a k 
cnaAaeT c r 6~cTpee, 4eM l/r. 3TO nopflAKoBbl~ HOMep cexropa . Pa3
np~BOA~T K nOB~weH~~ A~HaM~4eCKO 1 Mep $a30Bo~ nnaCT~Hbl TaKOB, 
ro A~ana30Ha C~CTeMbl. 4T06bl C03 ~ 4TO nY4~ cseTa, ~Ay~~e or BHew
AaTb KorepeHTHoe HanomeH~e no Hero aKc~KOHa, ee He nepeceKa
ne~ OT ABYX ronb~eBblx aKC~KOHOB ~T. TaK~1M MeTOAoM paBHOMepHaR MOAynflLt~fI HHTeHC~SHOCT~ CBeTa 
~ C~CTeMe k , AOCTaT04HO B~non no rnyõ~He B Me30onTH4ecKo~ ~306pa~a~~e~ C~CTeMe, CocTofl~e~ 
HHTb npOCT~e reOMeTp~4eCK~e COOT K3 ABYX aKC~KOHOB, nonHOCTb~ YCTpaHfleTCR. 
HoweH~fI MemAY yrnaM~ a 1 , a 2' a 3' 4T06bl AOnOJlH~TenbHO ocnaõur b HHTeH01BHOCTb 60KOBfilX nenecr
a 4 ' paA~ycaM~ R l' R2 , fl' r 2, KOB $YHKLtH~ pa3MblT~fI T04K~ B OÕJ1aCT~ $oKyca, Heo6xoA~MO yõpa r e 
a r axxe paCCTOflH~F1M~ H ~ L. peaxae oõpuau ua KpaRX anepr ypu KamAoro aK01KOHa. tlnfl aroro 

HeAocTaToK CHCTeM~ ~/ COCTO~T BBOART e~e 0A~H, TpeTH~, aKCHKOH ~ nepeA c~cTeMoi1- eKC~KOHOB 
... " . 110/B ~OM, 4TO np~ HanomeH~H AB~X YCTaHaBn~Ba~T He~TpanbH~~ $~nbTp c TpeMfI KOJlbLteB~MK 30HaMH' 

BOnHOBl;JlX noneü B ofinac ru $o~y~a fp~c.9/. ~3MeHeH~e K03$$HLt~eH
B03H~KaeT npOAonbHafl MOAYJlflLt~fI Ta nponyc~aH~fI CBeTa no Konb~e
~HTeHC~BHOCT~ cBeTa BAonb oc~ z. 
3TO He flBnfleTCfI cy~ecTBeHH~M npe
nflTCTB~eM Anfl Ha6n~AeH~fI BepT~

PH~. 9. Me300I1THtIeCKHH MllKpO- • 

CKorr c TPOHHb~ aKCHKOHOM H CHC

TeMOH KOnblI,eBOH anO,D;H3al1,HH: I 
h Pac . 7. Me300rrTHl.JeCKl-u) MHKpOCKorr' CHCTeMa oCBe~eHHH, 2 - H,o;~pHaH 

c ,D;BOHHhIM 'aKcHKoHOM: I - CHCTeMa $oT03MynbcHH, 3 - TlwHHoH aKCH

oCBe~eHHH, 2 - H,D;epHaH ~oT03Mynb

'~ 
KOH, 4 - CHCTeMa KOnblI,eBOã ano

CHH, 3 - ,D;BOHHOH aKCHKOH, 4 - TO ,D;H3alI,HH, 5 - TOtIetIHbm ~oTorrpH

l.Jel.JHbm ~bTorrpHeMHHK. eMHHK. 
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B~M 30HaM COOTBeTcTByeT A~CKpeTHO~ BepC~~ $YHK~~~ raycCa c ~YHK~~~ ~a3M~T~~ T04K~ KOH~oKanbHoro MHKpOCKona HaCTonbKO 
MaKC~MYMOM Ha ~eHTpanbHO~ 30He. np~ nOMO~~ TaKO~ KOnb~eBO~ cna6~, 4TO HanomeH~e MHorVlX 4aCT~4H~~ M306pameH~~ c pa3H~M~ 
anOA~3a~~~ nOnY4a~T oAHoBpeMeHKo ABa nonom~TenbHblx 3~$eKTa: z MomHO npO~3BOA~Tb 8 npo~ecce aKc~ahbH~ro CKaH~p08aH~R. 

1/ or~6a~~a~ 60KOB~X neneCTKOB 6~cTpee cOBnaAaeT c paA~y B' Me300nT~4eCKOM KOHepOKanb HOM M~KpOCKone /15/ a Kc~anbHoe 
COM ~ 

CKaH~p08aH~e 8Aonb OC~ z nonHOCTb~ YCTpaHeHO /p~c. 11/. Kam~ 
2/ ocna6nHeTc~ KOHTpaCT MOAyn~U~~ ~HTeHC~BHOCT~ CBeTa Abl~ ~3 A8YX o6beKT~BoB C~CTeMbl /15/ conepxa r TpaAVI~VlOHHY~ n~H

BAonb z -KooPA~HaT~, B~38aHH~~ MHoronY4e8~M pacnpOCTpaHeH~eM 3Y-Konm1MaTOp ~ CVlCTeMY ~3 HeCKonbKVlX, Han pVlMep. Tpex" aKC~KOH
C8eTa. HblX m1H3. CV1CTeMa 115/ ~MeeT 60nbWY~ rI1y6~HY pe3KOCT~ ~ AOCTa

C~cTeMa np~o6peTaeT 8~COK~~ A~HaM~4ecK~~ A~ana30H. T04HO cnaõsre 60KOBble nenecrx« 8 ~YHK~~VI pa3MbIT~~ T04K~. 4To6blJ
 
coxpaH~Tb Tononor~~ xOAa nY4e~ c8eTa, xapaKTepHY~ AI1~ KOH<P0-" 
KanbHóro M~KpOCKonà, Heo6xoA~MO 8~nonHVlTb YCI108~e KOH~oKanb

5. ME300nT~4ECK~~ KOH~OKAnbH~~ M~KPOCKon 
HOCT~: nY4~ cBeTa, 8~xoAR~~e ~3 KamAoro aKc~koHa, ~onmH~ 6~Tb 

83a~MHO napannenbH~MVI 8 nnOCKOCTVI 4epTema /tM. p~C. 11/.
u u u /11-14/

TpaA~~~OHHbl~ onn1l4eCK~VI KOH$OKanbHbl~ M~KpOCKon CO- Iln~ Toro, 4To6bl 8H"YTPIc1 cnoa ~AepHO~ $OTo3Mynbc~VI Ton~~Ho~ 
Ae~~KT A8a 06beKTVl8a: OC8e~a~~~~ ~ Vl306pama~~~~, a TaK~e TO h He 803HVlKana MOAynR~~~ OT MHoronY4eBoro ~acnpocTpaHeHVlR 
4e4H~~ ~OTonpVleMH~K /pVlC. 10/. AKc~anbHoe CKaH~p08aH~e BAonb caer a , r eoe-e rpaueciore pa3Mepbl Me300nTV1I..leCKVlX n~H3 AonmHbl 6blTb 

OCVI z 8eAYT Ha ynbTpa3BYK08~X AOCTaT04HO 60nbW~.M~, q w~pVlHa Konb~a oTAenbHoro Konb~eBoro 
4aCTOTax, a CKaH~p08aH~e 8Aonb 

aKC~~OHa AOCTaT04HO Mano~. Ha p~c. 12 nOKa3aH XOA nY4e~ C8eTa, 
ocea x VI y - MexaH~4eCKl-1M nepe• CD 8bIXOA~~~X ~3 T04KV1, r ne conpu
Me~eH~eM 06beKTa 8 nnOCKOCT~, 

Kaca~TCR A8a coceAH~X Konb~e8~X 
nepneHA~Kyn~pHo~ OCVI KOH~OKanb

aKC~KOHa. CY~HOCTb npoue c.coa " 
Horo MVlKpOCKona. ~306pameH~e

ko'r opue 3AeCb n POI:1CXOA~T, MomHO 
npoeK~~~ TpeXMepHoro 06beKTa, C8eCTVI K ABYM neMMaM. 
Hanp~Mep "HennOCKoro Kp~na Ha neMMa 1. nY4V1 CBeTa FO ~ -ao ,
ceKOMoro, ~OPM~PY~T Ha 3KpaHe 

V1AY~V1e ~3 ~eHTpOB OTpe3K08 AS 
Tene8~3~OHHoro MOHVlTopa. 

VI BC K ~eHTpy' OTpe3Ka EIl, H8nR
$YHK~VlR pa3M~T~~ T04K~ 8 KOH IDTCH TaYToxpOHH~M~. 3TO cneAyeT

~OKanbHOM M~KpOCKone pa8Ha npo Vl3 Toro $aKTa, 4TO 8 T04Ke O 
VI~BeAeHVI~ ~YHK~~~ pa3M~T~R T04

~HTep~epeH~VlOHHa~ KapT~Ha ~MeeT 
K~ Kam~oro ~3 ABYX 06beKTVI MaKCHMYM, a onT~4eCKaH pa3HOCTb
BOB 1.12 • n03TOMY nonepevaae VI 

xOAa MemAY YKa3aHH~M~ nY4aM~ 
nponons aae 60KOBble nenec rxa C8eTa paaaa uyruo , 

PHC. 10. CxeMa TpaAH~HOHHoro PHC. 11. CxeMa Me300nTHqeCKOrO 

KOH~oKanbHoro OnTHqeCKOrO MHKpO KOH~oKanbHoro MHKpocKona: i 
CKona c TpexMepHb~ CKaHHpOBaHH T04eqHhID HCTOqHHK cBeTa, 2 
eM: I - TOqeqHbID HCTOqHHK cBeTa, oCBe~aID~h Me300nTHqeCKHH 06beK

2 - oCBe~aID~HH o6beKTHB, 3  THB, 3 - Hp;epHaH ~oTo3MynbcHH, 

TpexMepHblH oõsex-r , 4 - H306paJKa 4 - H306paJKaID~H Me300nTHqeCKHH 

ID~H o6beKTHB, 5 - TOqeqHbrn ~o fI' o6beKTHB, 5 - TOqeqHblH ~oTonpH

TorrpHeMHHK, 6 - CHCTeMa aKCHanb eMHHK, 6 - CHCTeMa ne~eMe~eHHH 

Horo cKaHHpoBaHHH, 7 - CHCTeMa HAepHoH ~oTo3MynbcHH Bp;onb oceH 

nOrrepeqHOrO CKaHHpOBaHHH, 8  x H Y /CKaHHpOBaHHe Bp;onb OCHJ
 
TeneBH3HDHHhlH MOHHTOp. Z OTCYTCTByeT/. 

10 
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6. ME300nT~4ECK~~ KOHnEHCOPPHC. 12. Xog nyqeH CBeTa, BWXO

AH~HX M9 o6naCTH conpliKocHo~e
3$$eKT~BHOCTb Ha6n~AeHIIIR BepT~KanbHWX cneAOB 4aCT~U B RAepHHR ABYX cocegHHX Korrb~eBb~ 

HO~ $OTo3Mynbc~~ MO>KHO AononH~TenbHO nOBbrC~Tb, ecn~ YCTpaH~Tb
8KCHKOHOÉ. 

nepeMe~eH~e RAepHo~ $OTo3Mynbc~~ BAonb OAHoro ~3 H~npaBneH~~, 

Hanp~Mep BAonb oc~ Y. nnR 3Toro B onT~4eCKIII~ MIIIKpOCKon AOC
neMMa 2. T04K~ F e.1 G nexar I ~ 

TaT04HO BBeCT~ Me300nT~4eCK~~ KOHAeHcop/lli/ Ip~c. ~3/. 0CHOB
Ha o6~e~ C$ep~4eCKoM BonHOBOM HblM ero 3neMeHTOM RBnReTCR u~n~HAP~4eCKaR n~H3a c HanpaBnR~~e~ 

$pO~Te. 3T~ cneAyeT ~3 Toro \ B B~Ae MHoroyronbHIIIKa. 3TO - oAHoMepHw~ aHanor aKC~KOHHO~ nlllH
~aKTa, 4TO C$epH4eCK~~ BonHO t, 

3W co MHor~M~ KOH~4eCK~M~ nOBepXHOCTRM~ ICM. p~c. 11/~ 
BO~ $POKT npeACT3BnfleT c06o~
 
TaYToxpOHHY~ nOBepXHOCTb, a
 PHC. 13. CxeMa Me300nTHQeCKOro

fê'\ ~ T04K~ F ~ G ~Bfi~~TC~ B3aHMHO KOHgeHcopa: ] - KOITITHMHpOBaH~r- I 
TaYToxpOHHbIMH. HhIH nYQOK CBeTa, 2 - uen'rp an s-: 

Pa3Mepbl o6pa3YIO~l-1x ABYX I HaH illTopKa, 3 - Me~oonTH~ecKaH 
çMe>KH~X aKc~KOHOB AB ~ BC,pac ~HnHHgp~QeCKaH ITHH3a, 4 - HM
nO,flQ)t<eHHblx nOA yrnoM a/Z K on MepCHOHHaH BaHHa, R.~.3. 
T~4ecKo~ OCM CKCTeMW, paBHw: HgepHaH ~OT03MYITbCHH, 5 - 06~eK

THB, 6 - OKYITHp.
AB ~ BC ~ h 'sin ~ . /to/ I I.,y,-,:, I .. !:.: .,1 Lh 

2 
4T06w nORCHIIITb np~Hu~n Ae~

B o6nacT~ cno~ RA~PHO~ ~9T03Mynbc~~ EO TOfi~~HO~ h ABa BonHQ CTB~R Me30onT~4ecKoro KOHAeH
'BblX l!JpOHTa, I4AY~e. OT aKc~KoHOB AB ~ BC, nepeceKa~Tc~ nOA yrnoM copa, KOTOPW~ ~opM~pyeT Y3KY~T ClllnbHO oCBe~eHHY~ o6nacTb Ha 

;" nW~",n I" w %>...\~ BCIO rny6~HY RAepHo~ ~oTo3Mynb

c~~, paccMoTp~M CHa4ana TpaA~
2 /111h'sin~ 

'AB  UIIIOHHYIO 6e3a6eppa~~oHHYIO u~n~HAo = ~ = 
p~4ecKY~ n~H3Y. Paso6beM ~qBepxBDJ3D HOCTb BonHOBoro ~poHTa Ha BW
xOAe TaKo~ n~H3W Ha c~cTeMY 

3 
.nn~ h = ,0,2 MM, .sin -T-:::: 0,5, BD= 100 MM, 5 ::;1-0- p.aAlllaH. War Y3K~X B3a~MHO napanneri6Hwx no


nocoK, nonapHo pacnOnO>KeHHWX no o6e CTOpOHW OT nnOCKOCTIII C~M

~HTep$epeHUIIIOHHO~ KapTHHbl B o6nacT~ nonHoro nepece4eHIIIR pac MeTp1ll1ll 4~n~HAP~4ecKo~ n~H3bl. B o6nacT~ nepece4eH~R ABYX Y3K~X
 

cMaTplllBaeM~x BonHoBwX $POHTOB paBeH nnOCK~X nY4KoB CBeTa B03H~KHeT ~HTep~epeH4~oHHaR KapTK~a,
 

Y4acTKH c MaKc~ManbHo~ ~HTeHC~BHOCTb~ CBeTa B KOTOPO~ o6pa3Y

~T 3KB~A~cTaHTH~e nnOCKOCT~ c warOM
 

À 0,63 M<M /121
6ID MKM. Àa 
a 10-3- d =- /14/e ' 

3TO 3Ha4111T, 4TO nepMoA KapTIIIHbl MOAynRU~~ OT MHoronY4eBoru pac
li 

rAe e - yron Me>KAY YKa3aHHwM~ ABYMR Y3K~MIII nnoCK~~~ nY4KaM~ 

npocTpaHeH~R CBeTa B 3T~X ycnOB~~x npeawwaeT Ton~~HY ~AepHo~ !
" 

I CBeTa. Ka>KAaR napa nnocK~~ nY4KoB cBeTa o6pa3yeT CBO~ c~cTeMY 

$OTo3rynbcIIIIII. TDe6oBaH~e Ha Benlll4111HY BD B o6~eM cnY4ae CBOA~T-
I 

~HTep$epeHUllloHH~X KapTHH ~o CBO~M war9M, oAHaKo ueHTpanbHwe 
nnOCKOCT~ 8cex ~HTep$epeHu~oHHWX~apT~H cOBnaAa~T, o6pa3YR

C~ K HepaBeHcTBY
 
RPKO oCBe~eHHY~ n~H~~.
 

2 
/131
 

BD . À > h sin ~ .
 
2 
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~Ha~e 06CTO~T Aeno B Me300nT~4eCKOM KORAeHCOpe. 3AeCb Kam
Abli1 nnoct<~i1 -nY40l< CBeTa ,~MelO~~i1 MaKpOCKOn~4eCKYIO W~pl-1HY, Ka
caerc a 1l~n~HAP~4ecKoro BOnHOBOrO opo-rra 6e3a6eppallllloHH0i1 uu
n~HAP~4êCK0i1 n~H3~. Ecn~ 8~COTa Ka~AOro 3neMeHTapHOrO nnOCKO
r~.nY4Ka CBeTa ~ Ha paCCTOflH~~ x OT nnOCKOCT~ C~MMeTp~~ Me30
OnT~4eCKOrÓ KOHAeHCOpa paBHa 

h /15/ 
~ = xL" 
r,qe h - Ton~~Ha cnOfl flAePHoi1 ~OTo3Mynbc~~, a L - paCCTOflH~e 
OT flAepHoi1 et>OT03MYflb-C~~ AO Me300nT~'-IeCKOrO KOHAeHcopa, TO no
nepe4Hbli:1 pa3Mep c~nbHO OCBe~eHHoi1 oõnac rv , IilMelOll\ei1 B~A napan
nanenanena 1"3a6opa" /, paaeu no nopnnxy B€I1~4~Hbl À/a 3<P ' r ne 
tl 3<P - 3$et>eKT~13Ha.fl aneprypa Me300nT~4eCKoro KOHA€HCOpa /p~c. 14/ . 
OlleH~M Ben~4~HY a * Afifl C~CTeM~ co ~neAYIO~~M~ ~apaKTep~cT~Ka

3 
M~: w~plllHa Me300nT~4eCKoro KOHAeHCopa 60 MM, et>OKYCHoe pa~CTOfl

H~e 100 MM, nonHafl anepTypa a t = 0,58 paA~aH. npOcTpaHcTBeHHoe
 
paapeuieane TpaA~ll~oHHO;1 1l~I1~HAP~4eC}(oi1 n~H3bl c TaK~M~ reOMeT-


p~4eCK~M~ napaMeTpaM~: 

'0,63 MKMÀ ::: 1 MKM, /161
~XTpaA 

..at 0,58 

a rny6~Ha pe3KocT~ 

_ À /17/!1z~paA = 2 --2- =4 MKM. 
a 

t 
50 pa3Me~AY TeM Tpe6yeMafl rny6~Ha p'e3KocTlIl L = h = 200 MKM B 
B Tpaõorisuie ~ Z rpan- 4T06bl nonY4~Tb r ny6~HY peskoc r« 200 MKM 
YMeHbA~ll~o~HOi1 4~n~HAP~4ecKoi1 fl~H3e, ee anepTypy Heo6xoA~MO 

w~Tb AO 

/18/- ./~ = O,~ paAMaH.a I - v h 

3TO np~BeAeT K YXYAweH~~ npoCTpaHc~BeHHoro pa3pewe~~fl TpaAIIl-, 

q~OHHOi1 1l~n~HAP~4ecKoi1 n~H3~ AO 
·l· ... 

.'\ x 0,63 MKM 8 119/ 
L.l 1 = = MKM. 

0;08 
nOKa>f<eM, 4TO 3et>et>eKT~8Hafl anepTypa Me300nT~4ecKoro KOHAeH

copa paBHa a~ = 0,33 paA~aHa, a npOCTpaHCT~eHHoe pa3peweH~e 
~x~ = 2 Ml<M. Pa31l~4~e Mé>+<AY a t ~ a34> B .Me30qnT~4ec~oM KOHR.~H

cope Bbl3BaHO TeM, 4TO CBeT, WAy~~i1 OT Kpai1Hero nnocKoro nY4~a 
caet â , et>OKyc~pyeTcfl Ha' TOfltqlilHe 200 MKM, a He 4 'MKM, KaK a' r pa
A~l\-~ÓHHOi1 ~~n~HAPl-14ecKoi1 n~H3e'. 3TO np~BoÀ~T 1< He3$$eKTHBHOMY 
~cnonb30BaH~1O cBeTa Ha Kpai1H~x Y4aCTKax Me300nT~4eCKoro KOH-

AeHcopa. 

,14 

Fac. 14~ BMA HpKO oCBe~eHHoB 

06JI<lCTI1, <P0pMH-pyeMOH Me300rrTH

~ecKI1M KOHAeHcopoM~ 

'l,. 
. <, 

1· I . 
I\ I 

~. 
I 
I 

I 
J 
I 
I

PI1C. IS. 3aBl1Cl1MOCTb K09<P<PI1UI1- ~ 
I 

eHTa I1CrrOJIb30BaHHH CBeTa ry B , I 
Me300rrTl1Qe0KOM KOHgeHCOpe B I 
3aBHCl1MOCTH OT arrepTYp~. I 

,O~ I 

Ha p~c. 15 np~BeAeHa 3aB~ O -;j1 ex,.. o( 

C~MOCTb K03et>$~llHeHTa ~cnonb30

BaHl-1R CBeTa "1 B Me300nT~4eCKOM
 

KOH~eHcope c o6pa3YlOll\e~ B $opMe MHoroyronbH~Ka OT anepTYPbl a .
 

B VlHTepBane O < a < al = O, tH3 pah\~aH YKa3aHHafl 3<1>et>eKT~BHoCTb nplii

HflTa aa eA~H~llY, a npl.1 a = a r = O,-58 paA~aH ry = 4 M'KM/:?'OO MKM
 
= 1/50. n03TOMY 3et>et>eKT~B~a~ anepTypa Me300nT~yeCKOrO KOHAeH

copa
 

Cl - a 1O 0,08 t 0,58 - 0,08
"31J -~ a 1- -, 0,33 paAH axa , /20/

1 2 2 

a npOCTpaHCTBeHHoe pa3peweH~e Me30onT~4eCKoro KOHAeHcopa c 
o6pa3YIO~~i1 B et>opMe MHoroyrGnbH~Ka 

À 0,63 
::: 2 MKM. /21/AX3<f:l -= u3t> 

0,33 

Korna BepT~KanbHbli1 cnen 4aCT~llbl nonanae r B c~nbHO OCBe~eH'

HY~ o6nacTb cKaH~poBaH~fl W~P~HOi1 2 MKM, qH OCBe~aeTCfl paBHO
MepHO Ha BCIO An~HY, paBHYIO Ton~~He cnOR flAepHoi1 et>OT03MY~bC~~. 

PacceflHHbli1 CBeT cofiapaer c a co aceü TOnll\~HbI flAepHoi1 et>oTo3Mynb
c~~, ecn~ anepTypa M~KpOCKona pa~Ha ~n~ MeHbwe a 1 ~3 ypaBHeI 
H~R /18/. HecMoTpfl Ha TO, 4TO pa3peweH~e 06beKT~Ba c TaKoi1

I anepTypoi1 paBHO ~D~ 60nbwe 5 MKM, 3et>et>eKT~BHafl pa3pewalO~afl.. 
cn-oco6HOCTb Bcei1 C~CTeMbI, B uenoa onpenenae r c a !1x 3 <p ~3 ypaaI 
HeH~fl /21/. 4T06bl oueua r s KOOPA~HaTY eep rvacans.aor-o cnena -rac
T~llbl BAOJ:lb -flpKO oCBe~eHHoi1 oõnac ru , ee ~3q6pa>f<eH~e, tl>opM~pye

Moe ~~KpOCKonOM, CKaHl-1pYIOT np~ nOMOll\~ oAHoMepHoro $OTOnp~eM
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HIt1Ka, Hanplt1Mep ffi1HeIl1KIt1 nplt160pa c 3aPRAoBot':1 CB.FI3blO /n3C/ c 
41t1CnOM 3neMeHTOB N ~ 250. norpewHocTb B 04eHKe YKa3aHH0ll1 KOOP
AIt1HaTbl COCTaBIt1T oxono 5 MKM. , 

Ol.leHKY KOOPAI4HaT X, Y aep nucam.noro cneaa 4aCTIt14bl MomHO 
CAenaTb TaKme nplt1 nOMO~1t1 anrOplt1TMa, 3alt1MCTBOBaHHoro 1t13 peKOH
CTPYKTIt1BHOIl1 TOMorpa$1t11t1 1u/ . C 3T0ll1 4enblO CKaHlt1pOBaHlt1e .FIAepHO~ I' 
$OT03MynbCIt1!1 np» nOMOl!\1t1 Me300nTItI4eCKOro xoarieucopa BeAYT 
ABamAbl, 06a paaa snons OCIt1 x , HO npn pa3nlt14HblX nonoxe-u- ax .FIp , 

KO oCBe~eHHOIl1 06naCTIt1 OTHOCIt1TenbHO HanpaBneHIt1.F1 CKaHlt1pOBaHIt1.F1 
\ 

I 

/OCIt1 x /' Ecru- YI:<a3aHHble yr rta paBHbl +45 0 npn nepBOM CKaHVlpo
BaHlt11t1 lt1 -450 nplt1 BTOpOM, TO KOOPAIt1KaT~ BepTIt1KanbHOrO CneAa 
4aCTIt1I.l~ X lt1 Y onpeAen.FIIOT 1t13 COOTHOWeHIt1~ 

2x Xl + X2• 
/22/


2y Xl x 2 •
 

rAe	 Xl lt1 X2 - KOOpAIt1HaTbl nOnO>t<eHIt1.F1 .FIAepHOIl1 $OT03MynbCIt1It1 B MO
MeHT~ BpeMeHIt1, KOrAa BepTVlKanbH~~ CneA 4aCT1t14~ nonan B CIt1J1bHO 
aCBe~eHHYIO 06naCTb. Ecnu S- none 3peHIt1.F1 CIt1CTeMbl qAHoBpeMeHHO 
nonanaor HeCKonbKO BepTIt1KaJ1bHbIX cnenos -rac'rnu , Hanplt1Mep N > 2, 
TO	 41t1CnO pa3J11t14Hb1X oplt1eHTa41t1~ cuns ao OCBelAeHHOIl1 06J'':,ãCTIt1 He06
XOAIt1MO YBenVi41t1T,b C 2 AO 2 N nuõo COOTBeTCTBYIOLl\It1M 06pa30M 
YMeHbWIt1Tb Al4aMeTp nona s-r--eHIt1.F1 CIt1CTeMbl, paBHbl1l1 Wlt1plt1He nonocu 

CKaHlt1pOBaHIt1.F1~ 

Ol.leHIt1M O>t<It1AaeMOe 6blcTpoAei1cTBlt1e CIt1CTeMbl, pa60TalOUlell1 no TO
Morpa$1t14eCKoMY anrOplt1TMY. KarAa BepTIt1KanbH~~ cneA 4aCT1t14~ no
naAaeT ~ .FIpKO OCBeUleHHYIO 06nacTb, B $oTOnplt1eMHIt1Ke B03HIt1KaeT 
It1Mnynbc $oToToKa Anlt1TenbHOcTblO 

2 MKM 
r =	 --- , /23/ 

V 

rAe	 V - CKOPOCTb CKaHlt1pOBaHIt1.F1. Ecnlt1 nOCTOHHHYIO BpeMeHIt1 RC 4e
n04KIt1 Ha BblXOAe OAHOKaHanbHoro $OTOnplt1eMHIt1Ka cornaCOBaTb C 
TaKTO~OIl1 4aCTOT0ll1 C4It1T~BaHIt1.F1 AaHH~X v : 

1
v I«f = 0.5 ,MHZ •	 /24/ 

TO	 npeAenb~~.F1 CKOpOCTb 6e30CTaHOB04HOrO nepeMe~eHIt1.F1 .FIAepHOIl1
npe A	 ( 

$OT03MynbCIt1It1 COCTaBIt1T v = 10 3 MM/C. B peanbHOM YCTpOIl1CTBe l 

CKOPO~Tb V Mo>t<eT 6~rb CAen~Ha B 10+20 pa3 MeHbwe, Hanplt1Mep I
I 

V = 50~MM/C. n03TOMY O>t<It1AaeMa.FI CKOPOCTb npOCMOTpa .FIAepHOW $0 !
T03MynbClt11t1 C l.lenblO nOIt1CKa BepTIt1KanbHb~X cneAOB 4aCTIt14 lt1 1t13Mepe
HIt1.F1 It1X KOOPAIt1HaT COCTaBIt1T 50 MM 2/C nplt1 Wlt1plt1He 06naCTIt1 CKaHlt1pO i 
BaHIt1.F1 D = 2 MM C Y4eTOM ABYXKpaTHoro npOXO>t<AeHIt1.F1 Ka>t<Aoro Y4ac

;,. 

TKà .FIAepHOIl1 $OT03MynbCIt1It1. 3TO B 1,4'10 4 pa3 60nbwe CKOpOCTIt1 
PY4Horo npOCMOTpa, He npeBblWalOUlell1 3,5,10-3 MM 2/C• 
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CopOKO n.M. Pl3-87-576 
Me3oonTHqecKHe MHKpOCKOnbi AJI.H Ha6mop;eHH.H 
BepTHKa.ribHbiX CJiep;OB <IaOO'HI~ B .Hp;epHOH !jJOT03MYJibCHH 

lf3JIO)KeHbJ KOHCTpyK~.H H npHH~Hn p;e:HCTBH.H Me300UTH<IeCKHX 
MHKPOCKOUOB, npep;Ha3HaqeHHbiX AJIH Ha6mop;eHHH BepTHKa.ribHbiX 
cnep;oB qacTH~ B Hp;epHo:H !jJoT03MYJibCHH. ConocTaBneHbi 3IPIPeK
THBHOCTH Tpap;H~HOHHOrO OUTH<IeCKOrO MHKpOCKOna, Tpap;H~HOH

HOrO KOHlPOKa.ribHOrO MHKpOCKOna, Me300UTHqecKoro KOH!jJOKa.n:b
HOrO MHKpOCKona, a TaK)Ke Me300UTH<IeCKOrO KOH,D;eHCOpa npH 
UOHCKe H Onpep;eJieHHH KOOp,!J;HHaT BepTHKa.ribHbiX CJiep;OB qacTH~ 
B .Hp;epHOH !jJOT03MYJibCHH. lloKa3aHo, <ITO Me300UTHqecKHe CHC
TeMbi 06Jiap;aiOT 6bJCTpop;e:HCTBHeM, KOTOpoe Ha HeCKOJibKO nop.Hp;
KOB BeJIHqHH BbiJIIe, qeM y Tpap;H~HOHHbiX OUTHqeCKHX CHCTeM. 

Pa6oTa BbiDOJIHeHa B lla6opaTOPHH .Hp;epHbiX npo6JieM mum. 

Coo6uteHHe 06'be.o;HHeHHoro HHCTHTyTa .FI,ll;epHbiX HCCJie,D;OBaHHH. )J;y6Ha 1987 

llepeBop; aBTopa 

Soroko L.M. Pl3-87-576 
Mesooptical Microscopes for Observation of the 
Vertical Particle Tracks in Nuclear Emulsion 

The design and the operation principle of the mesoopti
cal microscopes intended for observation of the vertical 
particle tracks in nuclear emulsion are described. Effici
encies of a traditional optical microscope, a traditional 
confocal microscope, a mesooptical confocal microscope as 
well as of a mesooptical condenser in finding and estima
ting coordinates of vertical particle tracks in nuclear 
emulsion are compared. The mesooptical systems are shown 
to be several orders of magnitude faster than the traditi
onal optical systems. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1987 


