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Maorae aana'IH Rnepaoll cpa3HKH peDJaiOTCR c noMOillbiO TpeKOBhiX KaMep nyTeM cpoTorpa

cpapoaaaaR TpeKOB c nocnenyiOmell o6pa6oTKOI! cpoTonneHKH. B aacToRmell cTaT&e onacbrBaeT

CR CfiOC06 H3M9peHHR KOOpJlHHaT Tp9KOB npH aBTOMaTH'I9CKOII o6pa60TK9 cpOTOnneHKH. 

OnaaM aa nepcneKTHBHWx cnoco6oa H3MepeHHR KoopnaaaT TpeKoB npa aaToMaTH'Iec

Koll o6pa6oTKe . cpoTonneaKH RBnHeTC>I TeneaaaaoHHbiii. T eneaaauoaawll pacTp npa 3TOM M0-

)!{9T 6wTb cnenaa cnnomHhiM (KaK B o6bi 'IHOM Teneaaneaaa) Hllll aanporpaMMHpoBaHRhlM. 

3anporpaMMHpOB8HHb!ll paCTp HM99T MHHHManbHOe 'IHCno CTpoK H npH o6pa60TK9 cpoTonneR

KH nony'la9TCR nHDJb R906XOJlHMb!ll MHHHMyM HHcpopMaJlHH (a OTCJOJla - 6onee npOCTaR npor

paMMa o6pa60TKH aa M9KTpoHHOII Bb!'IHCnHT9nbHOI! MaDJHH9), B TO BpeM>I KaK npa cnnoDJ

HOM pacTpe nacpopMana>I nonyqaeTC>I c H36b!TKOM. OnaaKo ycTaHOBKH c aanporpaMMHpoaaa-

Hh!M pacTpoM cno)!{aee ycTaaoBOK co cnnoDJHbiM pacTpoM, a B nenoM p>Ine aana'l ncnon&

aoaaaae aanporpaMMapoaaaaoro pacTpa soo6me oKa3hrBaeTc>I npaKTH'IeCKH aeB03MO)!{HbiM. 

Cnoco6 H3MepeaHJI KOopnaaaT, onacbrBaeMbiii B cTaT&e, npencTaan>IeT co6oll aapaaaT 

c HcnonbaoaaHKeM cnnoruuoro -reneauaaouuoro pacTpa. CymHoCTb ero aaKnJOqaeTCH B cne-

JlYIOUleM. 

OcaoBHh!M aenocTaTKOM acnonb3oaaaa>I Teneaaaaoaaoro pacTpa ( H npe)!{ne acero -

cnnomaoro pacTpa) nn>I H3Mepeaaa KoopnaaaT TpeKoB >IBn>IIOTC>I Tpynao ycTpaaaMwe acKa

)!{9HHR pacTpa (aenaaeiiHOCTb pa3B9pTOK, reoM9TpH'I9CKH9 HCKa)!{eHH>I Ha KpaRX H np.) . 

lln>I HCKniO'I9HH>I BnHRHH>I 3THX HCKa)!{9HHJI npH H3MepeHHH KOOpJlHHaT TpeKOB BJlOnb CTpO'I

HOII paaaepTKH acnon&ayiOT MaCKH B sane penepawx naaall, npoqep'leHHhiX opToroaan&ao 

nBH)!{9HHIO ny'la. OnaaKo npa aaMepeHHH KoopnaaaT anon& Kanpoaoll paaaepTKH JlHCKpeT-

HOCTb Ten9BH3HOHHOrO paCTpa ycnO~HH9T HCnOnb30B8HH9 SHBnOrHqHoA MSCKHt HSllpHMep, 

/9/ 
B CHCT9M9 nlOCHOnb H3MepeHB9 KOOpJlHHaT BJlOnb KaJlpOBOII paaaepTKH ocymeCTBnR9T-

C>I nyTeM C03)laHHR Bb!COKOKa'I9CTB9HHOJI ( C MBHHManbHb!MB HCKa)!{9HHRMH) KanpOBOll pa3-

B9pTKH, KOHTpOn>I 3a YXOJlOM ee napaMeTpoB C JlOMOUlblO MaCKH B BHJl9 penepHb!X nHHHll0 

napannen&Hb!X CTpOKaM paCTpa, H KOppeKTHpOBKH 3TOrO YXOJla C fiOMOUlblO BB9Jl9HHR nonpa-

BOK B aneKTpoHHYIO Bbl'IHCnHTen&HyiO MaDJHHy. 

B naaaoll cTaT&e onHCbiBaeTCR cnoco6 H3Mepeaa>I KoopnaaaT TpeKoB co cnenaanbaon 

CHCT9MOfi penepHb!X naHHfi, Jl03BOnRIOD19ll orpaHH'IHTb BnHRHHe HCKa)!{9HHll paCTpa npH H3-

M9peHHH KOOpJlHHaT He TOnbKO BJlOnb CTpo'IHOII, HO H BJlOnb KaJlpOBOI! pa3B9PTOK. 3TO fi '03-
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BOnQeT CyiUeCTB9HHO yM9HbllJHTb Tp960B8HHR K JlOrryCTBMbiM HCK8>K9HHSIM p8CTp8, C.O.enaTb 

npOCTOII CJ<eMy ero <jlopMHpOBBHHH o 

B CT8The rrpHaeneu pactteT ao3Mo>KHOCTR rrpuMeaeHHR orrHCbiBBeMoA: cxeMbt nns:r H3 -

MepeHHH KOOpUHH8T TpeKOB npH 8BTOM8THqecKOA o6pa60TKe <)JOTOnneHOK C HCKpOBbll< K8Mep. 

§ 1. TeneBH3l!OHHhiil crroco6 H3Mepei!I<H KoopnHHBT TpeKoa 'IBCTIIU rrpH 

8BTOM8TIIqeCKOll o6pa60TKe <)JOTOnneHOK C TpeKOBbll< K8Mep 

CxeMa rrpHaeneHa Ha p Hc. I . C rroMOffibJO aneKTpOHHO - nyqeaotl Tpy6KI< <)JopMHpyeTCH 

caeTo a o A T e neaHaHOHH hiA pacTp. Mao6paJKeHHe caeToaoro nRTHa Tpy6KII rrpoxonHT qepea 

rronyrrpoapa qHoe a e pKano A , <)JOK YCHpyeTCH C IIOMOWbiO <)JoT006oeKTHB8 H8 Kanpe <)Jo -

Torrn e HKH u aaTeM rrorranaeT Ha <jloTo an e KTpOHHhifi yMHOJKHTenh <P3Y 
1 

, <)JopMupyR cHrHan 

'TpeK'. YacTh caeTa , oTpa~eHHast OT nonyrrpoapattHoro aepKana A , rrona.naeT H8 no-

nyrrpoapaqnoe aepKano 6 1 rae erne p8 3 p 8 3JJ.ensteTCSI H8 .0.B8 CB9TOBblX ITOTOK8 1 KOTOpbiS 

<)JoKycHpyJOTCH <jloToo6oeKTIIBBMH Ha nnacTHHax I H 2, rrpencTaBnHIOWHX co6oA MBCKH a BHne 

Ha6opa perrepHhiX nHHHA , H aaTeM norranaJOT Ha <P3Y 2 H <P3Y 3 • flnacTuHa I rrpencTaB

nneT co6oA Ha6op rrpoapaqH hiX u HenpoapaqHbll< perrepHhiX nHHHA, npoqepqeHHhiX a Hanpaa-

neHHH
1

0pTOf"'OH8nhHOM K llBH>K9HH~ CBeTOBOf"'O ITRTHB Tpy6KH . TinaCTHH8 2 HM99T OJlHY penep-

Hy~ nHHM~, .npoqep'teHHY~ flOJl yrnOM ¢ K HanpaaneHU~ .O.BH>KSHHSI CBSTOBOf"'O ITSITH8 

H nepecexa~myJO no nHarouanH aecb pacTp. TipH .O.BH>KSHHH ceeToooro nstTHa cHrP.anbt c 

¢>3Y I H ¢>3Y 
2 

UBIOT OTcqeT KOOpUHH8Tbl TpP.Ka BUOllb CTpOKH: 

x ""' n · 6.x , (I) 

rae 

X - KOOp.O.HH8T8 TpeKa BJlOnb CTpO'tHOA paaaepTKHj 

!J, x - mHpHHa perrepHbiX nH HHII rrnacTHHhi I ( rr pHHHMaeM mHpi< HY npoapa qHhiX H He

rrpoapaqHhiX penepHbll< JlHHHII OUHHBKOBOI! ) i 

n - qHCnO penepHbiX nHHHt\ nnaCTHHbl I, npo'AJlSHHOe CBSTOBbi M ITR T HOM O T H81JBn8 

CTpOKH UO BCTpe'!H C H3o6paJKeHHeM TpeKa HB K8Upe. 

CHrHBllbl C ¢>3Y 
2 

H ¢>3Y 
3 

UBIOT OTCqeT KOOpUIIH8Tbl K8>KUOA CTpoKH pacT p a B Han

paaPeHHH Kanpoaon paaaepTKH: 

rae 

y m • !J.x • tg¢ , 

y - KOOpUHH8T8 CTpOKH BUOllb KBUpOBOi\ pa3BepT KHi 

6.x - umpHHB penepHbtX nHHHn nnacTWHbi 1; 

(2 ) 

m - 1.JHCnO penepHbiX nHHMt:\ nnaCTHHbl 1, npot\ .0.9HHOe CBSTOBbiM ITSlT HOM OT HB'IBna 

CTpOKH UO BCTpe'!H C penepHOi\ llHHHetl lll18CT HHbl 2 ; 

¢ - yron H8KUOH8 perrepHOll llHHHH ll l18CTHHhl 2 1 3 8 U8H. 
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TaKHM o6paaoM, HMeeM cReTe. 

HHe KOOpU11H8T BUOllb CTpo'!HOII H Bl 

reOM9TpH'I9CKQt\ CHCTeMOt\ OTC'I9T8. 

ITpH 3TOM rrpOS1BHTCR nHWb B H9p8BH 

BepTKH; OJlHBKO BnHSIHHe 3TOrO $aK 

mero Bbi6opa (yaenu'!eHuH) '!Hcna c 

HOCTb cymeCTBeHHO CHH3HTb Tpe6oa 

TOll CJ<eMy ero <)JopMRpOB8HHH. 

0CHOBHOII TeJ<HH"'eCKOA cnOlKHC 

uanJ.PtHe Tpex napannenhHbiX onTHt{S• 

2, Pac"!eT B03MOJKHOCTH np> 

KOOpUHH8T TpeKOB npH 8B1 

HCKpOBl: 

I . flpoaeneM aHanua Tpe6oaaHJ 

60TKe <)JoTonneHOK C HCKpOBbll< K8Me 

- H3MepeHHH yrnoa paccestHHSI. 

BbiaeneM <)JopMyny own6KH H31v 

Vf3MepsteMbte co6hiTHH npe ncTa 

ayeMb!X HB K8Upe <jloTOIIJieHKH Ha 6op 

e = f3 
rae 

a - yron BXOJl.B 't6CTHllbi B KaMe ; 

f3 - yrOJI Bb!XOUB '!8CTHUhi, 

nonyqaeM C HeKOTOpoll OWB6KOA, 

'l'enbHO Tp89KTOpHH nponeT8 '18C1 

Paa6poc nonoJKeHHI! HCKp onpene; 

paa6pocoM 3Ha"!eHHH MeJKnyaneKTP 

<jJH3H'!eCKOI! CYWHOCTH cnenyeT pt 

0wH6KH 38 cqeT HeTO'IHOCTH H3MepE 

He38BHCHMbie 1 npe.O.'bHBHB T9M C8Mbi; 

nRHHII nnacTHHhi I ( eM. <)JopMyny ( l 

Tet\ 1 CT8HJJ.8pTH8R OWH6K8 Ji3MepeHm 

rae 
a[O] = V 

a(a) - CT8HU8pTH8H OUIH6~ 

a({3] - CT8HU8pTH8H OUIH6~ 



M ncKa)KeHHSIM pacTpa, caenaTb 

H OflRCbiB89MOA CX9Mbl l:tn.SI H3-

e cPOTOrrrreHOK C HCKpOBbiX K8Mep. 

OBblX K8M8p 

a-rryqeaon Tpy6xH <!>opMHpyeTCH 

rrHTH8 Tpy6KH rrpoXOAHT qepe3 

10 cPOT006oeKTHB8 H8 K8Ape cPO

Tenb <P3Y 
1 

' cPOpMMpyH CHrHBIT 

~pKana A , nonanaeT Ha no-

l llB8 CB8TOBbiX llOTOK8, KOTOpbiS 

::TaBJISIIOIUHX co6ot\ M8CKH B BHll9 

•3Y 
3 

• 11rraCTMH8 1 rrpeaCT8B

:HHHA 1 IIpottepqeHHbiX B H 8IIp8B-

• ITnacTHHB 2 HMeeT OAHY perrep-

) llBH>K8HHSI CB8TOBOrO IISITH8 

CB8TOBOrO IISITH8 CHrl-!8Jlbl C 

pOKH: 

(I) 

<aeM lliHpHHY rrp03p8'IHbiX H He-

·8 CB8TOBbiM llSITliOM OT H8tJ8Jl8 

I K8>KAOA CTpoKH p8CTp8 B Han-

(2) 

)8 CBeTOBblM flRTHOM OT H8"1Bn8 

3anaH . 

TaKHM o6pa3oM, HMeeM CHCTeMy penepHbiX rrHHHll, no3aomnomyiO ocymecTBHTb H3Mepe 

HHe KOOpAHH8T BAOITb CTpO'IHOll H BAOITb K8ApOBOll pa3BepTOK rryTeM Cp8BHeHHH ee C 'IeTKOll 

r90M9TpHq9CKOt\ CHCT8MOA OTC1.J9T8 . BJIHSIHHe HCK8)K9HHA pacTp8 H8 T01.JHOCTb H3MepeHBSI 

rrpH 3 TOM rrpOHBHTCH ITHllib B Hep8BHOMepHOCTH pacnpeaerreHHH CTpOK BAOITb K8ApOBOl! p83 -

B9pTKH f OllH8KO BJIHstHR8 3TOrO ¢aKTOp8 MO)K8T 6biTb orp8HH1.{9HO nyTSM COOTB8TCTBy~-

mero Bbi6opa ( yaerrH'IeHHH) 'IHCrra cTpox pacTpa . B peayrrbTaTe npeacTaBrrHeTcn B03MOJK-

HOCTb CYIU9CTB9HHO CHH3HTb Tpe60B8 HHst K llOIIYCTRMbiM HCK8>K9HHSIM p8CTpa , C!l9Jl8Tb npoc 

TOA cxeMy ero <!>opMHpoaaHHH. 

OcHOBHott T8XHH1.JecKoA cno)f{HOCThiO npH ocymecTaneHHH OIIHC8HHOA cxeMbi SJBJISJSTCSI 

H8nHttHe Tpex napannenbHbiX OIITHtJ9CKRX K8H8JIOB. 

2. PacqeT B03MO)KHOCTH rrpHMSHSHRSI onHcaHHofi cxeMbi .nnSI H3MepeHHSI 

xoopAHHBT T pexoa npH BBTOMBTH'IecxoA o6pa6oTxe <!>oTorrrreaox c 

HCKpOBbiX K8M9p 

1. IlpoaeaeM 8H8ITH3 Tpe60B8HHll K TO'IHOCTH H3MepeHHH KOOpAHH8T TpeKOB rrpH o6pa-

60TKe <!>oTorrrreaoK c HCKpOBbiX xaMep. AaarrHa rrposeaeM Ha paccMOTpeHHH qaCTHoA aaaa'IH 

- H3M8p9HHH yrnoB p8CC9SIHHH . 

BbiBeaeM <!>opMyrry omR6KH H3MepeHHH yrrros pacceHHHll. 

l13MepHeMbie C06biTHH rrpeACTABITHIOT C06oi! TpeKB B BRAe ABYX rrpl!MbiX, XBpBKTepH

ayeMbiX HB xaape <!>oTonrreHKH aa6opoM H306pa>KeanA MCKP (eM. pHc. 2). Yrorr pacceHHHll 

0= {3-a ( 3) 
rae 

a - yron axo.aa qacTHUbi a KaMepy, 

f3 - yrorr BbiXOA8 'IBCTHUbi, 

rrorryqaeM C HeKOTOpol\ OlliH6Kol\, orrpeaerrl!eMOI\ paa6pOCOM ITOITO>KQHHI! HCKp OTHOCH -

T9JlbHO Tp89KTOpHH IIpOJI8T8 qaCTHObi H TQqHQCTblO H3M8peHHSI KOOp.llHH8T HCKp • 

Paa6poc norro>KeHHil HCKP onpeaerrHeTCH aeKOTOpbiM CTBTMCTHqecKHM pa36pOCOM H 

paa6pOCOM 3H8'IeHHH Me>KayarreKTpOAHbiX p83MepoB K8M9pbl, KOTOpbie B CHITY HX 

cPH3H'IeCKOA CYlliHOCTH crreayeT p8CCM8TpHB8Tb K8K HMeiOlliH9 He38BHCHMbiA X8p8KTep. 

0mH6KH 38 C'IeT HeTO'IHOCTH H3MepeHHH KOOpAI<HBT HCKp T8K>Ke 6yaeM p8CCM8Tpi<B8Tb KBK 

H938BHCHMbi8, np8ll'bSIBHB T9M C8MbiM COOTB8TCTBY10WH8 Tpe6oaaHHSI K HaH9C9HHlO penepHbiX 

ITHHHA nrrBCTMHbl 1 ( CM . cPOpMyrry ( 11)) • Ilp!< 3TH X yCITOBHliX, COr naCHO TeOpHH BepOHTHOC-

TeA, CT8HnapTH851 OWH6Ka H3M9p€HHSI yrna paccestHHR pasHa: 

rae 
a[ 0] = y a 2 [a] + a 

2 
[ {3] 

a(a] - CT8HA8pTH8H OlliH6K8 npH H3MepeHHH yrrra a 

a({J) - CT 8HA8pTH8H OlliH6K8 rrpl< H3MepeHHH yrrra {3 

5 
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H ailne M a la] H a[ f3 ] q epe3 pa35poc o n penenliJOlllHX nx na p a M e Tpos. 3anaqell 

n pOBO!lH MOr O 8H8 l1H38 SIBJI SI 8 T C SI yC T8H OBl18 HH e O U e H K H OTHOC HT8 llbHOrO BllHHHHfl OWH6KH 38 

CtteT H eTO"' HOCT H l13MepeHHR KOOpAH H 8 T H 8 BCIO OW H 6 Ky H 3M 8 p 8HHR yrna p8C C eSIHHSI, fl0 3 TO M Y 

3TB aana1..1.a Mo.>KeT pewaThCH npn HeKoTopoM 'iBC THOM c n y 1..1a e . E yne M Cl.fHTBTh n nsr onpe.ne -

neH HOCTH, '-ITO yr o n a H y r on ~ O ni·1Cbi B8JOT C SI KB>K!lbt :t\ O.ll HH8 KOB biM 'lJH CllO M H C Kp, 

Ha n p n Mep, u s y M ll llC Kpa Mn, p acnonolKe HH biMH '!epe3 O!l HY HC K PY ( CM. p n c . 2); B 3 TOM c ny-

l.f ae n porpa MMa o n peaen e HH H yrnoa u H {.J MQ)f{8'r H M8Tb llHlll b O.llHH, C8Mbl l1 npOC Tetl-

l!Hi n . Bll !l: 

(5) 

rne y I 
- pe3yllbT8 T bl H3M8p8 1HISI KOOpJlHH8T -oil H CKpbl ( = 1,2,3,4) 

COOT 08TCT B8HHO BAOllb C TpO 'lJHO A H B!lO llb K8Jl.p0BOH p83BepTOK1 H3 MepH~TCH a nR K8KOrO-HH-

6 y .Ob O rtpeJlf'neHHOrO M e CT8 H C K pbt, HBfTpHMep, ee KOHU8 1 npHne>Ka tnero K OTpHUBTenbHOMY 

3neKTpony KaM e pbt . 

'-iT05hl IIC Kil iO'!HTb DilH!IHH e HH O W H5 Ky H3 Mepe HHll yrna p a cce!IHHll p a 35p OC H 3 HH'I9HH/l 

ll1 Hp11HLI II CKp , cneayeT rtpH H 3 M epeHHH OpH eH TH pOB8 TbCSI HB O Ce B bt e nHHHH H C Kp. n porpaM-

Ma (5 ) onpP'ten e HHll y r n os a H f3 B 3 TOM c n y qae npHM e T BHil : 

l'\ ( X +x")- l'\ (x ' + X 
a = arc tg 

y 2- y 1 
(6) 

f3 
Y, ( x' + x")- l'\(x'_ +x'~) 

= arc tg 

y - y 
4 8 

r .ae x ' - pe3ynhT8T H3MepeHHSI KO OpJlHHB T b l neso J1 rpaHHllbl i -oil HCKpbl B.O.Onb CTpOtt -
1 

Ho A p a 3ae p TKH; x .'' - TO >t<e a nH npaao A rpa HHn b t i Y 
1 

- p e3ynbTHT H 3 Mep eHH ll KOOp/lll -

H8Tbl -oA n ctc pbt a.aonh Ka a poao n p aa a epTKH. PacKpoe M 3 H a t.teHHR x' H " X 
I 

x'1 ('. + {', ' 
0 1 01 t 

(7) 

x" X + f1 + /1 " 
01 01 I 

rne 

6 

x 01 - KOOpilHBHTH OC9BOR 

CHT OT CT8TH CTH'I9CKOrO pa35pOC 

f1
01

- nonyWHpHHH HCKpb1; 

_6~ ~lllH6K8 38 C tteT HeT< 

nesott rpaRHn hr HCKphr; 

6';- TO >Ke nnH rrpaeoA' I 

PacK p oeM 3 Ha'le Hne y I 

r n e 

Y01 - Koopn n Ha Ta -o 

5poca 3 HH 'l9 HHil M 9 lK/l y 3 n e KTp0IlH 

8 - 0WH6K 8 3 8 C 1.f 8 T He'l 
I 

HC K pbl ., 

noncTaBnlleM (7) u (8) a 

HOCTe tl HHXOilHM CTHH/la pTHYIO OW 

cny'!all: 

rne 

u[l:l] 1 

..;2 . !1y 
..; 

1 2 • 
..j + ( ___ ) (u f3 I 

1 + tg 2 fj 

..; + ( tg f3 2 --l 
1 + tg 13 

f1 y -paCCTOliHHe MelK/lY 3J 

U }xJ H U {3 (X ] - CTHH 

5poC ITOilOlK9HHA HCKp, 30 BHC!IT/
6 

HBe K00pll.HH8T 1 H OT yrna Tpa e i 

u 0 (y] - C THH/lHpTHHll OWH5Ka, X B 

Mep os KaMep b ti 

Ou [ X] H a)y] - C T 8 R!l8 p TH 

KOO p.OH H B T CO OTBe T C TDe HHO anon h C 

OnpenenH a 3 H al.!eruut napaM( 

pll Ball ( B HHilH3Hpy!! ) COBM9CT HO 

peTHy~ CXeMy H3MepeHJIH KOOpDH 



IJOliiHX HX nopaMeTpoa. 3aaa '!ell 

CH T8nbHOrO B11HRHHH OWH6KH 38 

MepeHHR yrna paCCe HHHR, n03TOMY 

we. 6yaeM C'IHTaTb a nH onpeae -

,In OD.HHBKOBbiM 1.JHC1l0M HCKp, 

CKpy ( CM. pH C. 2); B 3TOM cny

?Tb 11Hlllb O.U I·H'I 1 C8Mbll"i npoCTe~-

(5 ) 

i -<>ll HCKpbl ( = 1, 2,3,4) 

TOK 7 H3M8pSI~TCSI D. llSI K8KOrO-HH

pH1l8>K8tn8rO K OTpHU8T81lbHOMY 

1a p acceHHHH paa6poca aaa qeHHII 

3. OC8Bbl 9 llH HIHI HCKp. n porpaM-

:HfM8T BH.U: 

(6) 

U bi i -ofi HCKpbt BD.Ollb CTpoq-

- peaynhTBT H3M9p9HH!I KOOpaH -

M 3 HB'-t8HHSI x' II x" 
I 

(7) 

X
01

- KOOpaHBaTa oceaoft IIHBHH 

CHT OT CTBTHCTH'!eCKOrO pa36poca; 

l'l. 
01

- nonywupaaa acxpbl; 

-<>ll HCKpbl BaOIIb C T pO 'IHO l! paaaepTKH, 3 8BH-

l'l.~ -<>WH6Ka 38 C 'leT HeTO'IHOCTH H3MepeHH!I BaOIIh CTpO'IHOl! pa3B9pTKH KOOpai!H8Tbl 

neson: rpaHHUbt HCKphi; 

r ae 

l'l.';- To JKe anH npaaoll rpaHHUbi. 

PacKpoeM a uaqeaae y
1 

y I 
(8) 

Y 01 - xoopaH HaTa -<>ll HCKpbl BaOIIb Kaapoaon pa3B9pTKH; OHB 38BHCHT OT pa3 -

6poca 3H8'19HH fl MeJKay3rreKTpOaHbiX p83Mepoa K aMepbl ; 

0 I - OlU H6K8 38 C l.f 9T H9TO'I.IHOCTH H3M9p9HHSI BD.Ollb K8tlpOBOt\ p83BepTKH K00p.llHH8Tbl 

HCKpbl. 

noaCT8BII!I9M (7) H (8) B (6), 8 38TeM B (4) H B COO T BeT CTBHH C T90pHetl aepO!IT

HOCTel! HBXOaHM CTBHaapTHyJO OllJH6Ky H3 M epeHHH yrna pacce!IHH!I a ll!! paCCM8TpHBaeMOrO 

,/2 ·l'iy 
y ( ) 

2 
(o 

0 I x ] + ~ o 2 
[ x ] ) + 

1 + tg 2a a u 

o[O] 

1 2 o o tga 
Y+ <---) (o f3 [x] + ~ou [x] )+ l<--=---

1 + tg 2 p + tg 2 a 

0 
) + 

(9) 

tg f3 0 2 v+<---) ](o [y] +o [y]) 
1+ tg1J 

0 

rae 

l'l.y - paCCTOS!HHe MeJKay 3rreKTpOaaMH KaMepb!i 

B - C T BHaapTHbl9 OllJH6KH, xapaKTepH3YJOD1H9 CTBTHCTH'IeCKB ll pa3 -

/6/ 
6poc IIOIIOJK9HHft HCKp , 3 0 BHC!IT OT M9CT8 HCKpbt , .ll llSI KOTOpOro npoH3BO.!lHTC51 H3Mepe-

HBe KOOp.llHH8T 1 H OT yrna Tpae KTOpHH ti8CTHUbl j 

0 0 ( Y] - CTaHaapTHBH OllJH6Ka, x a p8KTepH3YJOlll8!1 paa6poc 3H8 '19HHii MelKay 3 1I9K T poaHblX pa3-

MepOB K8M8pblj 

- C T 8 R.0.8pTHble OUIH6KH, X8p8KTepn3yJOW:He HeTQqHQCTb H3MepeHlHI 

KOOp.UHHBT COOTBeTCTBeHHO B.QOllb CTpoqno tf H B.OOllb K8.0pOBOfi p83BepTOK . 

OnpeaenHB a aa«eHIHt napaMeTpoa o a [x] o {3 [x] H o
0 

[y_] H pace ·aT -

pHBaH (aH81JH3HpyH) COBM9CTHO ~OpMyny 0WH6KH H3M9p9HH!I yrna paCC9!111H!I (9) H KOHK 

p eTHYJO CXeMy l13MepeHIHI KOOp.OHHBT , MO)I{HQ YCTBHOBHTb OnTHMBnbHbte ( C yqeTOM BeJIJP·IHHbl 

7 



OWH6KH, Bp9M9HH H3M9p9HHH, CnO>KHOCTH CX9Mbl H T • .ll, . ) Tp960B8HHR K TQqHQCTH H3M9pe-

HHSI KOOp.!Ut:HBT, xap8KT9pH3Y9ML19 napaM9Tp8MH 0 u (X) H au [y] 

OueHKY 3HA 'I9HIIl! rrapaMeTpoB a [ x] 
a , a ,6 [ x ] 

/6/ 
II a 

0 
[y] ABAIIM 88 CTpH-

Mepe p8CCMOTp9HHSI KOHKp9THOrO 8KCTI9pHM9HT8 UO H3M9p9HH~ yrnOB p8CC9RHHR npOTO-

HOB c 3Heprl!el! 25 M s B c ITOMOUt biO HcxpoBol! KaMepbt c TOHKIIMII s neKTponaMH. KaK rroxa

/6/ 
3811 3KCll9pHM9HT , KOHilbl HCKp, rrpH119JK8WH9 K OTpHU8T911hHblM 3119KTpO.ll8M K8M9pb1 1 

MM9lOT M9Hbll1Jt:A CT8THCTHq9CKHt1: p836pOC, qeM KOHilbl, I1pH119}t(8lUH9 K IT0110>KHT911bHbiM :3119K-

TpOllBM; IT03TOMY npHHHM89M KOHilbi HCKp 1 npH119>K8J.UH9 K OTpHU8T911bHbiM 3119 KTp0.0.8M, 38 

M9CTO 1!3M9p9HI!SI KOOpAHHAT I!CKp ( CM . pH C. 2) • llnS! KOHUOB HCKp , CT p 11rr9lK8111HX K OTpHUA

T911bHblM :311 9 KTpO.UBM , 38BHCHMOCTb CT8 H Jl8pTHOA OWH6KH, Xllp8KT9pH3yJOmeA CT8THCTH1.{9CKHA 

/6/ 
pa36poC , OT yrna TpaeKTOpHH q aCTHUbl H3B9CTH8 H npHB9ll,9H8 H8 p H C , 3. nnSI 60J1blllHH-

CTB8 C11Y"t89B yr011 BXOllB qaCTHUbl B K8M9py a == 0 O , fl03TOMy, npHHRB ITpH pacqeTe 

a = 0 ° , HaxoAIIM 113 rpaqmKa Ha pile. 3 a [ x ] = 5 MKMx/. Yron Bbtxona qac -
a 

THU hl li 3 K8M9pbl f3 MolKeT rrpiiHHMBTb nl05bre 3HO'I9HIHI. AHanH 3 HPY" <jlopMyny (9) , 

MO*HO nOK838Tb, "tTO OWH6Ka H3Mep9HHQ yrna pBCC9RHHSI OOCTHraeT M8KCHMYM8 ITpH 

{3 "" 45°; I10 3 TOMy 1 1.JT06bl He 38BblUI 8 Tb H311HWH9 Tpe60B8HHSl K T01..fHOC TH li3M9p9HHH KO-

Opll11118T 1 ITpHHlfM89M ITpH p8C1.f9T9 p ~ 4 5° H H8XOili!M 1!3 rpacpHK8 HB pHC. 3 

a {3[ X J ~ !0 MKM. CTaHnapTHYIO OlllH5Ky a O ( Y ) , xapaKTepH3YIOlliYIO paa5poc 3Ha-

'l91-ntf1 M9*.!lY3119KTpO.!lHbiX pa3M9pOB K8M9pbl 1 I1pHHMM89M COOTB9TCTBYJOllUi.t:f 3%, 1.JTO OTBeqa -

eT yposu~ T e xHonorHH HaroToaneHHH KBMep; B paccMaTpHaaeMoM 3KcnepHMeHTe Me>t<.ny -

3119KTpo.!Uibl9 . p8CCTORHHR K8M9pbl p88Hbl !'!. y - 600 MKM, cnenoBaTerrbHO, 

a 0 [ Y J = 0,03. 600 = ! 6 MKM. 

'-IHcneHHbiA pacqeT rrapaMeTpOB a. [ x] 11 au [ y ] 6yneT npoae.aeH HH>t<e, noc -

ne 8H8rrH38 ( Bb!BOilB paC'I9THblX cpopMyn) OfTI!CBHHOil CX9Mbl 113M9peHHSI K00pll11H8T . 

2. npoBeneM ananH 3 omtcaHHort cxeMbi H3MepeHIIII KoopaHHaT. 

Oum6Ka H3MepeHHR KOOPJlHHBT BJlOllb cTpO'IHoA paaaepTKH orrpenenHeTCH wHpHHoii pe 

rrepHbl:X 11HHJ.tf\ I1118CTHHbl 1 H H9TOttHOCTblO HX HBH9C9HHSI . B COOTB9TCTBHII C TeOpHeA aepo 

SITHOCTef\ CBR3b M9>K.UY HHMH M0}1{9T 6b1Tb rrpeaCT8 8119 H8 Cl19.0.Yl01UHM o5pa30M : 

2 
au [ x] a 

0 
[ x] + n ·a 

0 
[ x ] , 

m P 
( 10) 

rne 

au( x] - C T8Hll8 pTH8SI OWH6K8 1 X8p8KT9pH3YlOlll8R HBTO'IHOCTb H3M9p9HH Sl KOOpllHHBT 

BllOJlb CTpO'IHOfi p83BepTKH j 

a (x] - CT8Hll8pTH8R OlllH6K8 , X8p8KT9pH3YJOIH8R H9T01.{H0CTb H3Mep9HHfl KOOp.£lHH8T 
w 

38 C 1.f9T IJHtpHHbl penepHbiX 11HHHJ1 I1118CTHHbl } ; 

x/ 
Bee paaMepw yKB3bJBBJOTCR a npoeKUHH Ha Kanp ~oTonneHKH pa3MepoM 

18 X 24 MM 
2 

j B 1..f8CTHOCTH 1 H3o6p8>K9HH9 Tp9K8 H8 ifJO TOI1119HK9 C1.JI-IT£19TCR YM8HblU9HHblM B 

15 pa3 . 

8 

I 
~ 

I 
J 

a P (X ) - CTBHUapTHBSI C 

HblX flHHHA rrnBCTHH bi 1; 

n - tntcno penepnbtX nHHJ 

HO-nyqeBOA Tpy5KH OT Haqana CT~ 

EcnH BnHRH He BToporo c nara 

HM MO>KHO npeue6p9\Jb 1 TO OIUHt'i<H 

a Ill (iJ H IIX MOlKHO C'JI!TATb H938E 

a P [ x 

rne n P -1.JHCno penep HbiX 11 1 

38 ctteT nToporo cnara eMoro co c · 

lK9HI!9 ( !! ) MOlKHO rtpHHSITb 3 B 

C ITOMOlllbfO penepHbiX 11HHH-A nnac~ 

0IJIJt:6Ka l13MepeHHH 38 C1.J9T 

pacnpeAeJ19 HHSl, 003TOMY B COOTBE 

rrnacTHHbr I !'!. x MO>K9T 6biTb 

{',.X < 

rne Y I = ! , 2 - K03<j>cplllli!9HT, 

crrpoeuHpoBaHHoro na cj!OTonnenKy, 

qHCJlO penepHbiX 11HHHA IT118C 

rne 18 o3HaqaeT pa3Mep Kaapa B. 

llnR nonyqeHHH M8KCHM811bl 

TOBOrO flSITH8 3119KTpOHHO- nyqeBOi 

IlJ18CTHHbl 1, B .ll11HT911bHOCTb flOCI 

OHO JlOJl>KHO 38TYX8Tb 38 Bp9MSI, 

'!ana Herrpo3p8 4Hol! perrepnort rri!HI 

paqnyiO perrepHyiO rri!HHIO. 3TH YCJ 



·pe60B8HHH K TOt.tHOCTU H3Mepe

ll q u [y 1 

!IB!IHM HB npK-

MepeHH~ yrnoa pacceHHHH rr poTo

TOHKHMH 3n8KTpOU8MH. KaK ITOKB-

·enbHbiM :::meKTpOll8M K8M8pbt, 

Mll9 >K8WH9 K llOllO>KHT8llbH biM :.:meK-

OTpHU8T8llbHbiM 3n8KTpOUBM , 38 

UOB HCKp, npHll8:>K81IlHX K OTpHUB-

X ll p8KTepH3y JOIU8 A CT8THCTH 'q 8CKHA 

HBe n e Ha HB p KC, 3, nrrH 5oiT b !IJHH -

1 Il03TOMY 1 npH1-1HB llpH p ac tteTe 

¥:: 5 MKMx/ . Yron Bbixo.na q ac -

151. AHBITII311pyH rjJopMyrry (9) , 

.llOCTHraeT MBKCHMyMa npH 

OB8H HH K TOt.fHOCTH H3MepeHHSl KO -

lM 113 rparjJKKB HB pKC , 3 

xapa KTep1!3YIOWYIO pa35poc 3H8 -

COOTBB T CTBYlOlllH n 3%, "'TO OTBeqa -

HBBeMOM 3KCnepHM€HTe M€>K.lly -

1KM 1 cne.noaaTen&HO, 

r l 5yneT npoaeneH HHlKe, noc -

:bl H3M€p9HHSI KOOp! U1H8T. 

.oop!lliHBT, 

epTKH OIIpe.nenSi eTCSI WHpHHOH pe 

B COOTBBTCTBHH C TeopueA Be p o -

:rrenyiOWI!M o 5pa3oM: 

( 10) 

!TOt.fHOCTb H3 M €p€HHSl KOOp.llH H 8 T 

!TO"'HOCTb H3Me peHIHI KOOp.OHH8T 

np rjJoT orrrreHKH pa3MepoM 

~HKe ClJH T lleTcH yMeHbJUeHHbiM a 

f , 

I 
l 

q P (X 1 - CTBHUBpTHBH O!IJK5Ka , X8p8KTepK3YIOW8H HeTO'IHOCTb HAHeCeHKH pen<?p 

HblX nMHHA llllBCTHHbi } ; 

D - qncno penepHbiX nHHliff nnaCTRHbl 1, npoAaeHH08 CB8TOBbiM IIHTHOM 3n8KTpOH -

HO-ITy'leBOH Tpy5KII OT HB'IBITB CTpOKK !10 TO'IKK K3 Mep9HHSI, 

EcrrK arrHHHHe BToporo c rraraeMoro a rrpaaol! <racTK ypaaHeHnH ( 10) He3HB'IHTerrbHO " 

RM MO>KHO npeHe6pettb , TO OIU Hfi<:H H3M9p9HHSI u u [x] 5 ynyT onpenerrHTbC~ TOITbKO '1119HOM 

u w [il H HX MO>KHO c qHTBTh He3aBHCHMblMH. HanpHMep, npH Bbmon H eHRH He paaenc Taa: 

UP (X 1 < ( II) 

rne n P _,n1cno penepHbiX nHHHH nnacTHH bl l, n p Hxo .os:uueecH na c TpoKy, nonR onut6 KH 

38 ct.t eT nTo poro cn a r a eMoro coc TaBHT MeHbme 12% eo ncen o uHt 6 Ke U (X] • Bbrpa-

>KBHH€ ( 11 ) MO>KHO rr pMHSlTb 3 8 ycnOBH.9 He38 BH C HM OC T H 0 Uili.60K npH ll 3 M € p9HIUI KOOp.llHH8T 

C flOMOlllblO p e nepH b iX JlHHH t\ ITnBCTHH bt 1. 

0wH6Ka H3Me p eHHH 38 c q eT WHpHHbl p e nepHOR n HHHH HM€9T pa BHOB€ pOHTHbl~ 3 8 KOH 

pacnpeneneHHSI 1 fl0 3 TOMY B COOTB€ T CTBHH C T€0pHe i! aepOHTIIOCTeli WHpHH 8 pe nep!IhiX JllfHdJ1 

nrracTnHbr I !'. x MO)t(€T 5 hiTb H8A:Jl9H8 Jf3 p8C"'9T8 

( 12) 

y I 

rne y 
1 

= 1,2 - Ko 3rjlrjJI!uMe HT, Y'<KTbiBBIOIIIH11 ToT rjJaK T, '< T o pa3Mep H3o5palKeHKSI TpeKa, 

C IIpO€UHp0B8HHOrO H8 cf>oTOITJl€HKY 1 npBKTHl{eCKH npOU€HTOB HB 20 MBHbW € K8llp8 £f>o TOflll€HKH. 

t.htcno pe n epHbiX nHHHA nnacTHHbt 1, npuxo.a.s~rneec.s~ H a CTpoKy: 

n 
p 

18 

!'.x 

rne 18 03H8'1BeT pa3Mep Kaapa B!IOITb CT po'IHOA p83BepTKI! B MM , 

( 13) 

ilrrsr norry'I9HHn M8KCI!M811bHOll rrry5HHbl MO!IYITHUHII Cu r r<arra C ~3Y 2 !IHBMeTp CBe

TOBOrO flSITHB aneK T pOHHO- nyqeaoti Tpy6KH Jl0JI >K9H 6b!Tb MeHbW€ umpHHbl penepHO I"! JlHHH l i 

Illl8CTHHb1 1, a ll.JIHT€JlbHOCTb Il~CJI€CB€"1€HlHt JlJOMHHOcf>opa Tpy6KH Jl0Jl>KH8 6 b!Tb T8KO B 8 1 t{TQ 

OHO ll0Jl)KHQ 38TYX8Tb 38 Bp€MH 1 COOTBBTCTByKHUBE nepeMemeHHJO CBeTOBOrO TISITH8 OT H8 -

qana Henpo3pa1.fHOtf penepHo tf nHHHH nnaCTHHbi 1 no MOMeHTa HB"'ana nepexo.na Ha npo3-

paqHyiO penepHyiO nHHHlO. 3TH ycnOBH H M Of'YT 6bJTb OnJ·I C8Hbi C ll9JlY10IIIHMH H9p88€11CTB8MH: 

t\x 
< ( 14) 

)( y2 

< t\.- y, t d ( 15 ) 
I + y3 

9 



rae 

d -aHaMeTp CBeTOBOrO O!ITHB 30eKTpoHHO-nyqeBOl! Tpy6KH; 

t 0 - epeM!I nocneceeqeuH!I n~MHHO<jlopa Tpy6KH, 

Y 2 • 1,2 - KOacP<jJHUHeHT, Y'IHTbiBB~!llRl! pac<jloKyCHpOBKy CBeTOBOrO D!ITHB H8 Kpa~ 3Kp8HB 

/3/ 
Tpy6KH 

Y 
8 

- KOa<I>¢RUHeHT HeOHHel! HOCTH CTpO'IHOtl p83BepTKH; 

)( O <.1,4- KOa<I>¢HUHeHT 3anaca Haae>KHOCTII, B KOTOpOM DpoCyMMHpoB8Hbl HBY'ITeHHbiB 

BOH!IHH!I BTOpOrO OOp!laKa MBJIOCTH (HeCTB6HObHOCTb <jloKyCHpOBKH, HepOBHOCTb Kpaee penep

/ 4/ 
HbiX nHHHt\: H np.) 1 oneHK B BellH'tJBHbl !l8H8 H8 OCHOBe OJlbiT8 

t 6x - cpenaee Bp9MSI · llpo6eraHHSI CBeTOBblM flSITHOM perrepHOfi RHHHH Jll18CTHHbl ] j 

t d - cpeauee BpeM!I npo6eraHB!I CBBTOBbiM D!ITHOM paCCTO!IHR!I, pa BHOrO CBOe-

MY auaMeTpy. 

0wH6Ka ll3MepeH>I!I Baonb KBapOBOll: pa3aepTKH onpeaen!leTC!I OIUH6KOl! 38 C'!eT H3-

MepeHHSl KOOpJlHHBT C llOMOlUbJO penepHbiX llHHHtl' nnBCTHHbi 1, .UHCKpeTHOCTbiO M9)f{CTpO'tHOrO 

p8CCTOHHHSl H senHqHHOA CMetneHHSI CB9TOBOrO IlHTH8 BAOllb KB.UpOBOtl: p83BepTKH 38 BpeMR. 

np!IMOrO xoaa CTpO'IHOA p a 3BepTKB, 8 COOTBeTCTBHH C TeopHel! eepo!ITHOCTel! nepe'!HcneH

Hbla oum6KH MoryT 6biTh npeacTaeneHbi a cneayromeA CB!I3H Ma>Kay co6ol!: 

u 
2 

[y] = u 
2 

[x] • tg 
2 ¢ 

u u + 

( 16) 

+ [X · Y • (1 + y )( 1 + y ) (1 + y )( t + y ) ]
2 

• (~ ) 
2 

0 I • 6 8 7 3,5 

rae 

U (y] - CTBHaapTH8!1 OWH6Ka H3MepaHH!I KOOpaHHBT BaOJib K&apOBOA p83BepT-
u 

KH; 

~h 

3,5 
BOA pa3eepTKB; 

CTBHa8pTH811 OIUH6Ka 38 C'leT aRCKpaTHOCTH pBCTpa BaOJib Kaapo-

~b - cpeauee 3H8'19HH9 paCCTO!IBBl! Ma>Kay CTpOKBMH paCTpa; 

3,5 - KOa<l>¢ HQBBHT, onpeaen!IBMbll! paBHOBapO!ITHbiM 3BKOHOM pacnpeaene

HHII OWH6KH 38 C'!eT aHCKpaTHOCTB pBCTpa BaOJib KaapoaoA pa3B9pTKH; 

y • - l<Oa<I>¢HQH9HT R911RH9l!HOCTH KaapoBOA p83BepTKR; 

/4/ Y 6 ~ 0,1- l<Oa¢<jlHUReHT reoMeTpH'IBCKHX HCKB>KeHHA p8CTpa HB Kp811X 

·y8 ~ 0,1 - KOa<I>¢HQB9HT, Y'IHTbiBB~lllHA BDHIIHHe HBBOaKH 309KTpH'IeCKOtl ceTH 

(yCT8HOBneH 3KCnepHM9HT8JlbHO); 

Y 7 - KOa<P<!>HUHeHT, XBpBKTepH3Y~lllHA OTHOIUeHHB amnenbHOCTH np!IMOrO 

xoaa CTpo'IHOA pa3aepTKH K nepHoay CTpO'IHbiX CHHXpOIIMnyJihCOB; 

tg¢ ~ IS/ 24 - onpeaen11eTC!I HBKDOHOM penepuoll nHHHH nnacTHHhi 2, nepeceKa~-

2 
well no aHarOH80H paCTp, KOTOpbll! HMeeT OpOOOpUHH Kaapa <jloTonneHKH p83MepOM !8x24 MM , 

to 

.-
i 

'( 

no HaAaeHHOMY 3HB'IeHH~ ~h 

rae 24 03HB'!aeT pa3Mep Kaapa B M' 

Tpe6oeauHe K pa3pewa~weMy I 

HMnynhCbi c <1>3Y 
2 

, onpeaen!leTc~ 

HHH Ill18CTHHbl 1: 

t 
p 

Hail ll!l t 1'1 X 
, MO>KHO onpe.n• 

T t ~. n 

rae o.x.a. 
nnHTellhHOCTb o6paT 

ll0B8HJHI K8!lJlOBbiX CHHXpOHMnynhC OB 

T 
k 

rae t 
O.x.k. 

-anHTeObHOCTb o 6 pa 

PacqeT MHHHMBllhHO .nonycTHMl: 

ll9llbl C T8ThH, ITOCKOllbKY .D.llSI 3TOrO 

CXeMy <jlopMHpOBBHH!I pa3B9pTOK 0 no : 

B8TbC51 H8 H3B9CTHbl9 Tpe60B8HH51 K 

3. YHcneHHbill pac'!eT cxeMbi • 

6binO CKB3BHO, COBMeCTHO <jJOpMyny 

peHHH KOOpaHH8T 1 Tpe60B8HHH K KOT 

pe3ynhTBTbi onuoro eapHaHTa pacqe · 

3neKTpoHHo-nyqeaae Tpy6Ka < 

nocnecaeqeuH!I n~MHHo¢opa t 0 'S_ C 

CTauuapTHhiB ow116KH 38 cqeT 

u u [y l = !7 MKM; npH 3TOM 

H8T COCTBBHT He 60nbwe 30% BO B( 

CTauaapTHB!I owH6Ka H3MepeHI 

<jlopMynoll ( 9), paeua u [ 11] 



nyqeool! Tpy6KH; 

)BKy CBeTOBOrO ITSITH8 H8 Kp8IO 3KpBHB 

paaaepTKH; 

•TO pO M npocyMMHpoB8Hbl Hey'!TeHHbte 

POKYCHPOBKH, HepoBHOCTb Kp8ea penep
/ 4/ 

Ollb!T8 

M n!lTHOM penepHol! nHHHH nn8CTHHbt 1; 

M nRTHOM paccTOHHHH, paaaoro csoe-

H onpeaen!leTCSI OWH6KOl! 38 C'!eT H3-

THH bi 1, .llHCKp9THOCTbJO M9)f{CTpO'lHOro 

3aOnb K8a poaol! p83BepTKH 38 apeMSI 

c TeopHel! a epo!lTHOCTel! n e pe'!Hcnea

CBH3H Me)l{ay C060l! : 

( 16) 

+y 
7 

KOopaHH8T aaonb KaapoBol! p83BepT-

" aHCKpe THOCTH p8CTp8 BaOfib K8apo-

MelKay CTpOK8MH p8CTpa; 

BHOBepoHTHbtM 38KOHOM pacnpe.aene

lBOl! p83BepTKHi 

OBOl! p83BepTKR i 

:Ka)l{eHHl! pBCTp8 HB Kp8SIX/
4

/ 

HHe H8BOJl.KH 8neKTpHqeCKOA C9 TH 

OTHOlli8HHe .llnHT9nbHOCTH IIpSIMOrO 

Mrrynhcoa; 

IOP. nHHHH nnaC THHLI 2, nepeC9KBlO

lllp8 <j>OTOITneHKH p83MepOM 18x24 MM
2

• 

,· 
4,.. 

flo H8 i\aeHHOMY 3H8'!eHHIO 

n 
24 

~ 
( 17) 

rae 24 03H8'!8eT p83Mep K8ap8 B MM BaOnb K aapOBOl! pa3BepTKH . 

Tpe6oB8HHe K p83pew8IOIUeMy apeMeHH nepec'!eTHOA cxeMbt , H8 KOTopyiO nocTyn8IOT 

HMnynbCbl C <1>3Y 
2 

, onpeaen!leTC!l BpeMeHeM npo6er8HH!l CBeTOBbiM fiSITHOM penepHOA nH

HHH II118CTHHbl 1: 

t < . - ~~. 

1 + y 3 ( 18) 

H8 t1UR t ~. 1 
MO >KHO onpenenHTb nepHOll c nellOB8HIHI CTpO'-IHbiX CHHXpOHMITYilhCOB: 

T t ~. 0 
n • + t 

O.x.. o • 
t I'J.x 0 

n 
p 

( 19) 

rae nnHTenbHOCTb o6paTaor o xona cTpoqaon paaaepTKH , a aaTeM - nepHon cne -
o.x..o. 

aoB8HHSI K8apoBbi X CHHXpOHMnynbCOB ( BpeMH o6p860TKH OaHoro K8ap8 ): 

T 
k 

T + 1 o.x.k. ' 
(20) 

rae t 
o.x..k. 

- anHTenb HOCTb o6p8THOrO XOa8 K8apOBOA p83BepTKH . 

P acqeT MHHHManhHO norrycTHMhiX 3Hat.teHHn o.x.o . o. X. k. 
BbiXOllHT 38 npe-

.[1911bt CT8TbH
1 

ITOCKOJlbKY JlllR 3 TOrO Heo6XO.O.HMO p8CCM8TpHB8Tb KOHKpeTHYJO npHHUHOH811biiYJO 

CXeMy <j>opMHpOB8HHSI p83BBpTOK , fi03TOMY npH Bbt6ope HX 3 HO"'eHHA 6yaeM npOCTO OpHeHTH p O 

B8TbCS1 H8 H 3B9CTH bl9 Tpe60B8HHfl K 8 H8110 rHl{HbiM C X9M8M/
4

/ 

3. '4H cneHHbtt\ p8C'I9T C X9M bl cnenyeT B8CTH M8TOllOM B 8pH8UHH 1 8H8nH3Hpys:t, K 8 K y>Ke 

6btfi0 CK838HO, COBMeCTHO <j>OpMyny OWH 6KH H3MepeHHSI yrn a p8CCeSIHl!SI ( 9 ) H C XBMY H3Me

peHHH KoopaHH8T, Tpe6oB8HH!l K KOTopo ll onHCBHbt <!>opMynaMH ( 10) -( 20). H HlKe npHaeneHbt 

pe3yn hT8Tbl OJlHOrO B8pH8 HT8 pac q e Ta. 

3neKTpOHHO -nyqe aa!l Tpy 6 K8 C aHaMeTpOM CBeTOBO r O fiSITHB d ~ 1 8 MKM H BpeMeHeM 

n d'cnecBe"!eHHSI niOMHHo<j>op8 t 0 ~ 0,5.10-
6 

cex . 

CTa n napT HbJe owH 6 KR a a cqeT HeTottHOCTH M3 M epeniHI KoopJl.HHaT: U [x) ~ 10 MKM, 

u u [y 1 = 17 MKMt rrpH 8TOM .ll.Ons:l OlliH6KH 38 cq:eT H8TO 'lfHOCTH H3M9p9HlHI KOOp.D.H-

H8T COC T BBHT He 6onbWe 30% BO BCel! OWH6Ke H3MepeHHSI yrna pacCe!l HHSI. 

CTaHaapTHBSI owH6Ka H3MepeHHst yrna pacceSIHHst a HBHxy.allleM cnyqae, onHCbtaaeMoM 

<!>opMynoA ( 9), p8BHB u [ 61] = 1,1° . 

II 



lliHpHHa penepHbtX IIHHHI! nnacTHHbt I pasHa 6:r = 30 MKM. 

'1Hcrro penepHbtX rrHHHA nnacTHHbt I, npHXOAR!lleecR Ha CT!X'KY, paaHo n • 600. 

CTaHAapTHaR omn6Ka , onpeAerrRJO!llaR TpeooaaHHH K TO'IHOCTH HaHeceRHR penepHbiX rrH-

HHtl nrraCTHHbl !, pasHa UP (X] • 0,2 MKM 0 'ITO COOTBBTCTByeT 0, 7% paCCTORHHR M9JKI1Y 

oceBhiMH nHHHHMH coce.nHHX perrepHbiX nHHH:ti:. npH HeBbiiTOnHeHHH YK838HHOro Tpe6oB8HHSJ. 

CTaHnapTHaR OUIHOKa U (X ] B03paCTeT B COOTBeTCTBIIII C <jlopMyrrotl ( 10), 'ITO IIpll-

eeneT K neKoTopoMy yaerrH'IeHHJO outHOKH H3MepeHHH yrna pacceRHIIR (9). 

KoS<jl<jJHuHeHT nerrHHel1HOCTH CTpO'IHOI! paaaepTKII y 
3 
~ 0,3. 

Ko a¢¢ HUHeHT nenHHetlHOCTH Kanpoeo A paaaepTKH ·Y • ~ 0, 2. 

'1ucno cTpoK pacTpa ~ 2000. 

flepHO/l CII91lOBaHRR CTpO'!HblX CHHXpoHMnynbCOB T o; 7o. 10-3 
flepHOil CII91lOBaHHR KallpOBbiX CIIHXpOIIMflYflbCOB 

( apeMR oopaOOTKR OllHOro KaApa) T k = 1,5 ceK. 

llrrHT9IIbHOCTb OOpaTHOrO XOila CTpo'IHOI! paaaepTKH 
o .. x.o. 

llnHT9IIbHOCTb OOp8THOrO XOAa KallpOBOI! paaaepTKH t 

ce~t:. 

200.10-6 
cex. 

0,1 cex. o.x. k. 
MHHHMaflbHblll rrepHOil crrenoaaHHR HMilYIIbCOB C <1>3Y 2 (orrpenerrHBT TpeOOBBHI!e It pa3-

peiiieHHIO rrepeC'!eTHOtl CX9Mbt, Ha KOTOpyJO 3TH HMflYflbCbt flOCTyflaJOT) t • 0,8.10-6cex. 

0CTaiibHbJe BXOil>llUHe B pBC'IeT rrapaMeTpbJ: 

td = 0,6.10-
6
cex; 6b = II MKM;; 

U ( X ] = 10 MI<M. 
lU 

4. 3 a x n 10 " e H H e 

y7 = 0,78; 

flpH HCflOflb30BaHHH 3rreKTpOHHO-rry'leBOtl TpyOKH C llHaMeTpOM CBeTOBOro IIRTB8 

2 d :s_ 18 MKM (a rrpoeKI!HII Ha K81lp <jJOTOilrreHKH pa3MepOM 18x24 MM ) H BpBMBHBM IlOCIIe-

-6 
CBe'!eHHR fl!OMHHO<jlopa t O ~ 0, 5.10 CeK OIIHC8HH8R CXeMa H3MepeHHR l<OOp/lHH8T MO-

JKeT ObJTb I1pHM9H9H8 rrpH aBTOMaTH'!eC)<Otl OOpaooTrte <jJOTOUIIeHOK C HCKpoBbiX KaMep Jliill 

paCCMOTpeRROro/
6

/ HIIH OIIH3KIIX K paCCMOTp9HHOMy 3KCI19pHMeHTOB. flpH 3TOM oyneT HM9Tb 

M9CTO BapHaHT, IlpH KOTOpOM llOIIR OWHOKH 3a C'I9T H9TO'IBOCTH H3MepeHHR KOOpllHH8T COC

T8BHT He 6orrbwe 30% eo acef1 OIIIHOKe H3MepeHHR yrna pacceHRHR, TpeooaaHHR K nonycTH-

Mb!M HCKalK9HHRM pacTpa ( orrpenenRJOTCR KOsQJ<jl IlllHBRTaMl! yO - y & ) COOTBeTCTBYIOT 

llOCTRlKHMb!M C flOMOillbiO IlpOCTOI! CXeMbl <jlopMHpoBaHRR paCTpa, BpeMR 00p800TKH OllHOrO 

Kanpa COCTaBHT 1,5 CeK. 
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= 30 MKM. 

HB CTpoKy, p8BHO n • BOO. 

oqHOCTH H8H9C9HHH penepHMX nH

,eTCTByeT 0, 7% p8CCTOHHHH M9>Kily 

naeaaa YK83BHHoro Tpe6oaaaan 

'BHH c <j>opMynotl ( 10), qTo npn

paccenaaa ( 9). 

~ 0,3. 

~ 0,2. 

= 1,5 ceK. 

o.x.o. 
t 

o.x. k. 

200.10-B en. 

0,1 CeK, 

2 (orrpeaenneT Tpe6oaaaae K paa

-B 
• • 0,8.10 ceK. 

y 7 = 0, 78; 

lM9TpOM CB9TOBOrO fiRTHS 
2 

18 x 24 MM ) a apeMeaeM nocne-

·xeMa H3Mepeaan KOOPilHHBT Mo

meaoK C HCKpoBbiX K8M9p llnll 

HM9HTOB. npH 9TOM 6yaeT HM9Tb 

:>CTH H3M9p9HHH KOOpllBHBT COC

lCCeRHHR1 Tpe60B8RHH K llOrryCTH-

) COOTB9TCTBYIOT 
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Puc.2. CxeMa pacnono>l<eHUf/ UC!<p, oopa3yiOUJ,UX 
mpeK tJ KaMepe . 
t .- g.nexmpoiJbt xaMep6t i. 2- cneiJ Llacmuu,bt 6 HaMepe; 3-ucKpa ; 
4--Muw.eHb; d.. -IJ20.n tJxoaa L/acmu~bt 8 HaMepy; 
}3- y2on flbt:roiJa L/acmuU,bl; B- y2on pacceRHU'R; 
~ Y- Me>I<OIJMeHmpoiJHoe paccmoRHue i cmpOLIHaf? pa38epmffa 
me.ne6uJuOHHO?O pacmpa coom6emcm8yem ocu X, 
KaiJpo6aR paJ6epmHa - ocu Y 
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