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KPID3H3HOMEP·Hr-22 

JI.A.CauypoB 

(rocy,I(apCTBE?HHUll OnruqecKHtl l!HCTHTYT CCCP) 

Ecmr KpMB!13Ua CJIC,TI,0B l!aCTLU(, crIJ0T0I'pW!HfIJ0BaHHLIX B Ka-

1.rnpax Dv!JihCOHa nemrna, TO O!IU n:rnepReTC.fl OOHl!HW:1 Koop,nHHaT

HHM 1.f8T0.I(0.M C IT0l.fO!l\b!O M31,!epl1T8JlbH0I'0 Mm-;:pochona. O,I(HctK0 

nor cnocod H3Mepem1SI rpy,1toeuoK, a )I.JUI cne.1toB c dom,mv.M pa,I(Hycou 

KPHBM3Hl,l OKa3llBae T CSI Be CJ,Ma He TO tlHW.r • 

Yim H3?.repeHHSI CJI8)t0B Manon KPHBH3Hbt, aHrJIHl1CKHtl !pH3HK 

EnexeTT I) eQe B I936 ro~y npe)I,JIOlltHJI HOB&ll M8TO)I,, KOTOpun 

3ltatlll!8Jll,HO npeBOCXO,ItHn npexmHn Ka.K no CKOpOCTH, TaK H no 

T0tJHOCTH. 

3aue qeao, qro aeBoopyxeHHNM r Jia301.1 Moxao OJ.lemrnar1, npm.ronu

nettaocr1, JIHHH~ c · C5on1,mon roqnocnJO, ecJIH paccMa.Tp1rnan 3TH 

JIHHHM B)t0JII, HX )I,JIMHbl no~ ManI,IM yrJI0M. H3B8CTHO, TaKxe, tiTO 

onruqecKHe KJIMHI,SI HnH npH3MU o6Jia~aJOT CBoncTB0M MCKPHBnRTI, 

npm.rue nmmH (Hanpm.!ep, uso6paxeaue IIteJIH B cne;rporpaqiax) 11 

Bcne,ItCTBMe o6paTHM0CTH B oC5paTHOll X0,I(e nytien -BllIIpnMJIHTI, KPHBNe 

nHHHH. 

KpHBH3Ha H306paxemrn nHHHH noJiyqaeM0l1 B !pOKaJI~HOlt nnocK0CTlf 

06'DeKTHBa C qJOKYCHI:nl pa.cCT0SIHH8M 7 )tJin npH3MLI, HaXO)tJll!t811CSI. 

\ 

• 
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B MHHHMyue OTKJIOH8HHR, xopomo onpe;,r,eJIH8TCR ~OpMynon EpaBe: 
\ ' 

r;,r,e 

· 1 -2 n'--J.. ~-··- ~ 
- - --· ""1 :r ' R, n f .J -1. ~ n'- &:,,,,J.f& , 

.t 

h, - K03<Ixl>HitH8HT npeJIOMJI8HHR uarepHana npH3Ml:l, 

t:A.. - npeJIOMJIRD11tH« yron npH3MH. 

EJieKeTT HCilOJI1,30BaJI YKa3aHHH8 CBOllCTBa npH3M H rJia3a ;,r,nn 

H3MepeHHR KPHBH3HU. OH npe;,r,nonJI on?HqecKH npoeKTHpOBaTI, 

cnerµtaJil>HID! 06'o8KTHBOM C HcnpaBJI8HHOtt )1.HCTOpcHett ~ororpa~HD 

cne;,r,a c yBeJIHqemrn_:w aa 6eniirtt 3Kpa.H, noMecT11:s nocne od1,eKTnna 

axpo1re.rHqecKHtt KJIHH. Bpa11t8HH8 KJIHHa BOKpyr OCH o6'o8KTHBa 6y;,r,er 

BbI31:lBaTl, KOMil8HCHPYI>Dt88 ;,r,ettCTBHe H KpHBOll CJie;,r, Ha 3KpaHe, npH 

HeKoropoM onpe;,r,eneanou yrne 6l Me~y rnaBHW ceqeHH8ll 

KJIHHa H HanpaBJI8HH8l! CJie;,r,a, npeBpaTHTCR B npRMYJ:) JIHHHD., 

RpHBH3Ha ' npH6JIHJ:8HHO· oneHHBaeTCSI no yrJIY M8Jt)1.Y KJIHHOM H 

HanpaBJI8HH8U CJie~a H3 COOTHOm8HHR 

J.. =-Co· !Jin & 
It 

r;,r,e Co - nOCTORHHaR B8JIHqHHa C pa3M8PHOCTl,D 

3aBHCR11taR OT napauerpOB CHCT8MU. 

-I 
M ' 

CnpoeKTHpOBaHHH~ Ha 3KpaH CJI8)1. Ha6JID;,r,aeTCR no;,r, H860JI1,mHM 

yrnoM"c nJIOCKOCTl,D 3KpaHa B BH;,r,e cmrott no BHCOT8 np08KitHH, 

qro B coqeraHHH co cnoco6ou KouneacanHH xpHBH3HU Bpa11taD11tHucn 

KJIHHOM, )1.aeT TOHKHtt H qyBCTBHT8JibHUtt M8TO)I. H3M8p8HHR Manon 

KPHBH3HH. 
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TTpH6op, nocrpoeHHHt BJieKeTTOhl, n03BO~HJI H3uepHTL KPHBH3UY 

a" rrpe,I{eJiax OTO ,no '.3M-IC aepOHTHO~ Oll!H6Kott H3Me;,eHHR o,OI6 u.;.r. 

AHanorHt.JHl,!J1 no npmruHny ,net-lcrmrn npn6op, Ho OTJIH1.Ja10mHV.ca n 

pememrnx KOHKpernux Y3JIOB, 6blJI pa3pa6oraH B rocy,napcraeHHOU 

OnTHtreCKOU HHCTUTyTe H B I95'.3 ro}I.y ClUJIO l'lOCTpOeHO )tBa o6pa3Ita 

npH6opa ur22 .lJ,JIH <PH3Ht.Jecrwro HHCTHTyTa Aim.rr.e:i.mH HayK CCCP. 

CxeMa onTHKH KpHBH3HOMepa 1tr22 

Ha pHc.I npe,ncTaBJieHa 0ITTHtrecKaSI cxeua KPHBH3HOMepa. 

OcBeTHTeJIL1lasr t.Jacn npH6opa C0CTOHT H3 HCT0lJHHKa cnera I H 

rpeXJIHH30BOro KOH,neHcopa 2. CBeTmrteecn TeJio .naMITbI CI{62 H306pa,ra

eTCSI KOH,neHcOpOM C HeKOTOpm,1 yneJIHt.JemteM Ha 3Jk1.l!Ke npoeKTHPY!OIJtero 

oc51>eKTHBa '.3. 

l13J.-!epHTeJILHh!M ycrpoitcTDOM SIBJIHeTCH CJIOXHhill KOJ,mencarop 4, 

COCTOHl!lHtt H3 JtBYX axpouaTU3HPOBaHHb!X KJIHHLen Bpa.lI{a!OII(HXCSI iraBCTpe

qy O}I.HH .rr,pyroMy raK, t.JTO cyM1.rapHoe H nepeuemroe no c:nne .ne!:fcTBHe 

oc5omc KJIHHLen npo11Bnnerc11 ncer,I(a n O.I(HOM uep~,nHane, aor,i.io.JH,HOJ.f 

K Hanpa.BJiemrn cJie,na. l{poMe Toro, B l_\emrx yneJIJitJeHlrn .iumna3oHa 

KPHBH31IU oxnaTUBaeuon H3MepeHHeM, HMeeTC.fI ,ll;OrtOJIHHTeJII>HUll 

CMeHHUl! KJIHH 5, KOTOputt MOJ!CeT ~UT!, BKJIIOt.JeH B XO.It nyqetf cirnre:i.tbl 

TaK, 1.JTO ero rJiaBHOe cet.JeHHe 6y.ner opHeHTHPOBaIIO B TOtl lite ITJIOC

KOCTH, B KOTOpoit .1te!1CTByeT :rJiaBHOe cet.JeHHe OCHOBHoro KOMneHcaropa. 

JI.nn Ha6mo.nemrn 11poeu11pyeMoro cne,na cJiylltHT :rnpaH 6, npe,ncraBJin-. 

IOl!lHll co6010 TOJicryn nnacrmry opraHH1.Jec1toro cre1rna, HH:iHRH 

noBepxHOCTL KOTOpon HMeer 6eJioe .n;mpq>y3HO 0TJ)allta!Oll{ee rIOKpUTHe 

\ 
\ 
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\ 
H CHad:llteHa tiepHl,!MH, napaJIJieJI.&Hm.rn: Mel!t.ztY codoJO WTpHxaMH, nanµlBJieHHH-

MH B,ItOJil, JIHHHH HadJIIO,JL8HHSI. 8TH mTpHXH CJiylmT ,ItJIH npaDUJil>HO!LopneHTH

pOBKH H30dpaxeHHH CJI8,ll;OB Ha 3Kpa.He. TOJIIJtHHa 3KpaHa KPHBH3HOMepa depe'l 

CSI . TaKOtl :m:e, . KaIWt-l d1rna TOJIIJtHHa cppOHTaJil>HLIX CTeKOJI .B Kauepax 

BtfJil>COHa, tfTO Heodxo,n;HMO ,ll;JIJI KOJ.meHcau1rn KaMepHon ,n;HCTopcmi, 

HeH3de:lltHO B03HHKaIOttetl npH q>OTOrpaqmpoBamrn ·qepes TOJICTble CT8KJISIH-
. . . . . . ' 

Hble rrnacTmm. Tiepe,ItHHtt Kpatt 3Kpa.Ha, C npH3M8HHOtl HaKJia,JJ;KOtl, 
' ( 

HMeeT HaKJIOHHYIO nOJIHPOBaHHj'll rpa.Hl>, Ha KOTOpon npOHCXO,ll;HT nOJIHOe 

BHyTpeHHee OTpaxe1rne Jiytien, pacceSIHHUX TIJIOCKOCTl>IO 3K];ll.Ha ~ H,ll;YlltHX 

BHYTPH ero no,n; MammH yrna.1.m n 2/3°, B To BpeMH KaK Hanpa.BneHHe 

BH3HpOBaHHSI, ,n;mr Y.ztOdCTDa aadJIIO,IteHmr, COCTaBJISieT yroJI 60° C 

ropH30llTOM. TionepetiHliltl paspe3 3KpaHa ,n;aH Ha PHC.2. 

OnTHKa npHdopa pacctiHTaHa .ztJISI npoeKrtHH Kpyrnoro Ka.ztpa 

,ItH8.l{eTpOM 24 MM c nJieHKH 8, (npmr1,ura~uon BHpa.BmrnaIOIJtHM CTeKJIOM 

7) Ha artpaH c .IlBYMJt MacmTadaMH Hsodpal!temrn: 8,JJ H I2,5x .ztJISI 

Kal!C,ItOrO H3 .ItBYX CMeHHHX npoeKTHPYIO~HX Od'b8KTHBOB. 3TH Od'I>eKTHBU 
, . ' 

"reJIHOC 42" :I = 27 MM, I : 2,8 III "30HHap" ::f = 50, 

I:I,5 B3.flTH O,ItHOTHTIHHMH C od'I>eKTHBaMH, KOTOpb!MH npOl!3BO,ItHTCJt 

C'I>eMKa KaMep BHncona,H npoeKUHJt Ha 3Kpa.H BH.n;ep:EHBaeTCSI B Tex 

~e MacmTaCSax' KaKHe db!JIH npH C'be?.rKe' ,ll;JISI TO ro' tfTO dH 

HCKJIDtfHTl> BJIHSIHHe ,IlHCTOpCHH HMerometlcSI y od'I>eKTHBOB. 
' " ' 

OnTHKa npHdopa pa~cqHTaHa B.H.RHH.&KOBOtl no,n; PYKOBO,ll;CTBOM . ' . . 
npocp.r.r.CnIOcapeBa. 

-c,c=OC"==-'--.,-_~-- _ ___.,.- • •-----~,-~- .---~.-.. =----ru~'-~~~---- .-P-~ ----------
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!(oHcTPYKgHR rtpHc1opa 

. 061:!HV. BH)l rtpHc1opa H30c1pajfte!I Ha pnc .J. B. JII1TOe OCHOBUHHC l 

BMOHnrpOBUHh! :rnpaH H rtOHHl!ta!Ol!tHti TpaHC<pOpMaTop )lJIR rtHTaHHR 

l-l:CTOlJHHKa CBera. Ha KOJIOHKe 2, ;ecTKO CBn3aHHOJ1 C OCHOBaHHeM' 

rroMemaercn H31repHreJI1:>HHti c5nox J. )!.JUI ycTaHOBKH 11y,moro Macmrada 

l130c1paJICeHHR H3UepnreJII:>Hh!ff c1JIOK MOl!C8T rtepeMel!{aTI:>BR rtO KOJIOHKe 

BBepx HJIH BHH3 C rtOMOl!{l>lO PYKORTKH 4. MacmTac1 H_30c1paxe1mR 

OTClJHTUDaeTCR no mrpHXaM, HaHeceHHUM Ha KOJIOHKe npoTHB COOTBeT-: 

cTBYJOII!HX yxasaTenen .nnR, .ztBYX cueHHHX oif~eKTHBOD "remrnc '~2" H 

"30HHap" , KOTopue KpemrTCR B qJOKYCHPYXll!l8M rHes.ne Ha OattoHeTHOM 

sa1.rn:e. 

OCHOBaHHe npHOopa 

B BepxHefl tJaCTH H3UepHT8JII>HOro OJIOI<a_, sa OTKH,l{HUM KOlltYXOM 

6, rtOMel!laeTCR OCBeTHTeJil,HOe ycrpoJfCTBO. 

Ka.,npOB oe OKHO 7 npe.ncraBJIReT co c1CIO . or.n;eJII:>HO BllHHMaDII!HilCJJ 

H3 npuOopa y3eJI C,KaHaJIOM .D:JIR npoxo.n:a llJieHKH, npHl!CHMHb!M ycTpon

CTBOM H .D:BYMR c1o0HHKa!.U1 no.n: rtJieHKy. 

Ra.nponoe OKHO BLIHHMaeTCR H3 rtpHOOpa TOJI1:>KO•rtpH,3apR.ztKe 

nneHKH ; .nnn nepeMememrn xe ee .B cpHJII:>MOBOM xaaane .nocrarotmo 

rtOBOpOTOM puqara npHllO.D:HRTl> npHXHMHOe CT8KJIO H Bpal!{aTI:> o,nHy 

H3 OoOHHOK. 

\ 
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PHe3)io, Ky,Ita BCTaBJISieTCSI Ka,ItpOB oe OKHO, )I.JUI 0pHeH:;'HPOB KH 

CJie,Ita B)tOJII, BCilOMOraTeJILHblX mTpHXOB Ha 3KpaHe, a TaKxe .ItJISI 

npaBHJILHoro pacnono:m:emrn tteHTpa KpHBH3Hbl H3MepsrnMoro cne.zta, 

HMeeT KpyrOBO!t IlOBOpOT, OCYIJt8CTBJISieMblt1 .ItBYMSI ~BHJB:8HHSitrn:: Ha 

60JILmHe yrJibl 3TOT Il0BOpOT npOH3BO)tHTC.H Bpyt11ty10, a TOHKOe 

,ItBH*eHHe ocy1.1teCTBJISI8TCSI C Il0MOlltLIO BHHTa.· 

OnTHtJ8CKHe KJIHHLSI KOMneHCaTOpa Bpa1.1talOTCSI B np0THB0ilOJIOJ!CHblX 

HanpaB1I8HHSJX OT PYK0SITKH 8, CHMMeTpHtJHO OTHOCHTeJibHO MepH,ItHaua 

HOpMaJILHoro_ K HanpaBJI_eHHkl llITPHXOB 3Kpaea. YrJibl IlOB0pOTa 

KOMll8HCaTopa OTCtJHTblBaIOTCSI TIO"JIHM6y 9, a ,l{OJIH rpa,llyca B MHHyTax 
. . . . . 

no 6apa6aHy 8. Ha6JID)t8HHe 3KpaHa npOH3B0.ItHTCSI tJepe3 CMOTJ)OBYIO 

1.1teJIL IO, OTKpUTHe H 3aKpUTHe KOT0pon ynpaDJISI8TCSJ PYK0SITK0tl I[. 

· EcJIH Tpe·6feTcn 1ta6JI10.IteHHe . 3KpaHa 6es 6on1,moro ero nepcneK

THBHoro. HCKa:temrn (Hanp., iinn npotJTeHHSI 11opn.ztKOBoro · H0Mepa Ka.ztpa), 

3TO MOJ:HO C,IteJian, HCrtOJIL3YSI 3acTeKJieHHhlM OTKp!,IBaJOntHt-1c.i:i JIIOK I2, 

pacnonoxeHHbltt Bblme OCH0BHOtl CMOTp0BOM 1Jt81IH. 

l1:sr0TOBJI8HHUtl npH6op 6blJI ncmirTaH H nOKa3aJI TOtJHOCTb H3Me-

peHHSI = 0,029 M-I H c ,It06aBOtJHblM KJIHHOM )tJISI o6JiaCTH_ 6onimon 

KPHBH3Hbl = O,III M-I • Tia,IteHne TOtJHOCTH 1,rnuepeHHSI _BO BTOpou 

cnyqae 06'bSICHSieTCSI HBJUttJHeU 60JILIDHX a66epartttti, BH0CHMUX 

T0JICTUMH KJIHHLSIMH KOMne1tcaTopa,·pa60Tall1.1tero B CX0.ItJillteMCJI nyqKe 

CBeTa •. 

MeT0!_ H3r0T0BJI8HHSI HCllUTaTeJILHUX nJiaCTHH0K 

)T,JISI rpa.ztyHp0BKH rtpH6opa Tpe6oBaJIHCL HCilbl'.raTeJILHUe nJiaCTHHKH 

c Ha6opoM KPHBUX JIHHHll 6on1,moro pa){Hyca, H3Mepsre:uoro Be1mq1rna:uH 

1 
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OT .n;oJien .Me:rpa, ..no MHOrHX MeTpOB' rtpH .n;mrne KPHBOr-t He c5onee 

24 MM. 

Hcm~:ra:reJihHLIM KJ)HBhlM rtpe)t'oSIBJISUJTCSI Bl,ICOKHe Tpedoaaumr KaK 

K Ka'lJeCTBY ca1.mx JIHHHtl, TaK H ~ TO'lJHOMY 3HaHHPJ tpa.KTHll8CKOU 

B8JIHllHHU a:roro pa.I(Hyca. BcJie,l(CTBUe qpe3BUl!altHOt! MaJIOCTH 

CTpeJIKH rtpornCia, rtOC ne.n;yIOIItHll rtOC Jie H3rOTOBJI8HHSI 1ccrn:rpoJII, HJIH 

H3Mepemrn pa.n;Hyca ,KpHBH3Hli C xopomev. TOl!HOCTI,IO, IlpaKTutJeCKH 

HGB03MO:KHbl , I103TOMY TOttHOCTl> 3Hamrn 3a.n;aHHoro pa.ztnyca ItpHBH3-

HU onp~.n;enneTcSI.TOJihKO TOtJHOCThIO. cauoro rexnonorHttecKoro 

nportecca H3rOTOBJI8HHSI HCilllTaTeJil>Hl,IX .nJiaCTHHOK. Haun Ciun npe.n;

JIOXeH cpo:rorpacpHttecKHtl MeTo.n;. HX H3rOTOBJI8HHSI • Ecmt Ha BOrHyTott 

rtOJIHJ)OBaHHOit rtOBepxHOCTH JIHH3ll C c5oJII,lllHM H TOttHO H3B8CTHb!M 

pa.n;HYCOM KPHBH3HhI /l., (pHC .4) rrpoBeCTH mTpHX ttepe3 ee 

cepe.ztHHy H 3aTe1.ir ccpoTorpaqmpoBau 3TOT m:rpHx B onpe.n;eneHHOM 

Macmrac5e Iv( , ycraHOBHB KaMepy CTporo HOpUaJI!,HO ( a( = 90°) 

K OCH JIHH3bl, ttepe3 rwropyro npoBe.n;eH m:rpHX, TO He3aBHCH1AO OT 

BeJJHtJHHbl Ro ' Ha_ cnm.rKe c5y.n;eT IlOJiytteHa rtpsrMaSI C. Pa.ItHYCO.M 

KpHBH3Hbl pa.BH!U.{ 6eCKOH8'lJHOCTH • 

EcJIH c5bl y.n;aJIOCl> rtpOH3B8CTH cpo:rorpa.cpHpOBaHHe mTpHxa npH 

o{ =. 0 ' TO. MU nonytJHJIH c5bl ttHCT.oe cettenne JIUH3U C pa..ztHYCOM 

KPHBH3Hll Ro , HO H3M8H8HHOe uacm:radOM · B /vf pa3;. 

Bo. Bcex rtpOl!eJICYTO'lJHLIX rtOJIOl!CeHHSIX KaMe p!iI rtpH: ee nonopo:rax 

BOKpyr BeplllHHU JIHH3U B IIJIOCKOCTH rreprteH)tHKYJISIJ)HOlt Hartl)clBJte1U1IO. 

mrpHxa, c5y.n;eu IIOJiytJaTl> rtpOM8l!tYTO'lJHUe 3HatJeHHSJ pa..n;HycaKpHBH3H!,J, 

JieJB:antHe. B npe.n;enax OT flo .n;o oa , .n;nR Macmrac5a H306paxe

HHSI I: I. 

\ 

\ 
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OclntaH .3aB,HCHMOCTl, pa.,nHyca KpHBH~lUil fl . . HCllb!TaTeJI:E,HOtl 
. \ .. 

nJiaCTHHKH B 3aBHCHMOCTH OT R,o yrJia o(, H Macmrac5a 

H30clpa.i:eHHH /vi , BllpaxaeTCSI rtpHc5JIH:m:eHHOft !pOpUyJJotf: 

fl =- c.c.s fl; M. 

Crporo roBOJ;)H, BMeCTO ~yrH OKPYXHOCTH Ha npoeKttHH B IlJJOCKOCTH 

CHHMKa c5y~eT nonytfaUCH .l{yra 3n1mnca, HO rtpH Bb!clpaHHllX napaMeTpax 

CHCTeMbl ( /:to = 3000 1.ru, . d JIHH3U =- 400 MM, /1 = 0,06), 

OTCTynnemrn<.l{yrH :rnnnnca OT OKPYl!CHOCTH cly,l{yT HCl!e3aI011te Manu. 

nnSI nonyqeHHSI Haclopa HCilblTaTeJJLHllX KpHBblX C TOtfHOCTLIO 

){O .± 0,5 % , Tpecloaanac1, ycraHOBKa yrJia o(_ C TOtfHOCTLIO 

OT .tI' ~o ,tI0'. 

BUBOiY,U 

Pa.spadoraH H nocrpoeH npn6op ,l{JISI H3MepeHHH KPHBH3HU CJie,l{OB 

tJaCTHI.t Cq>OTOrpaq>HpOBaHHllX B KaMepax BHJILCOHa, CO. CJie~YDlltHMH 

OCHOBHlilMH ~aHmn.m: 

Pasuep npoeKTHpyeuoro Ka,Itpa 

MacmTacl·Hsoc5pa'1teHHH Ha 3Kpa.He 

I!pe.l{eJIU H3MepeHHJt KPHBH3Hbl 
,- ., . . 

TOtJHOCTL~H3MepeHHJt: 

. )J,JIJt Ocl'I>eKTHBOB. "30HHap" w "I'eJIHOC 42" 
c5e3 ~o6aBOtfHOro KJIHHa 

nnn Ocl'I>eKTHBa "I'eJIHOC 42" 
C ){000.BOQHUM KJIHHOM 

--~,.,-~-~~-. --,e~ ~~•-. ~-e--r~•/" •----~-•-• 
70-,..~- - - -- . ~---· __ _.,-,.c.. --~~"" --

·xpyr 0 24 MU 

OT 8,JJX~o r2,5X 

OT I,74M-I ~o 0,025M-I 

,t0,029 M-I 

.t0,III M-I 
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Pe3KOe cmrxemte roqitQCTH H3llepeHHJi' npH BKJIJJqemrn .ItOOOBO'llHOro 
" , 

x.mrna, IlpH H3Mepemm dOJil,DJOlt KpMDM3Hll CJie.n;yeT 06-r,,nc,HHT:b 60Jil,llllU.G1'. 

a6eppanHRMH, DHOCHMID!H B CHCTeMy CHJII,HHMH H TOJICTHMH OilTHqeCKHMH 

~~HHI,RMH KOMilencaTopa, CTORmero B CXO.ItRmeucR nyqKe. 

,IlJIH rpa,I(yHpOBKH npKdopa npuMeHHJIHCI, cnenHaJIJ,HO irnroTOBJie_HHHe 

q,o:rorpa<pHtl8CKHM MeTO,ItOM HCTIUTaTeJII,HUe TIJiaCTHHKH c Ha6opou: 

KPHBHX pa.3m1qnon KpHBH3HH, ,I(JIR qero 6mm. pa3padoTaHa ocoCSaSI 

MeTO,ItHKa. 

B Hacromnee Bpe1rn rocy.n;apcTBe1rnutt coDsHu~ 3aBo,n paspaCSar1rnaeT 
. . 

no pacqery roH HOBYD ynyqmeHHYD KOitCTPYKUHD KPHBH3HOMepa C 

HOBUUH napa.MeTpa.MH CHCT8Mlil H B !958 ro.ny dy.n;eT 1rnroTOBJieHa 

cepHR 3THX npHdopoB. 

n n T e p a T y p a 

Blackett P.M.s. Proceedings of the Royal Society of London 

I9J7, vol. 159, I-I8. 
0 ," 

\ 
\ 

• 
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Ilic. 2. ITonepetiHhli! pa3pe3 :ncpaua. 

• 

\ 
I 
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• 

Puc.3. Od~un BH~ KPHBH3HOUepa. 

,., 

~ 
0-' 
(·,-

., -

j 
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I R=~M I 

PHc .4. Cxeua nonyqemrn pa3JIHquon. KPHBH3Hhl ucmnaTeJI:&HblX 
nJiaCTHHOK. 

'.,tJl,lrneuHH!-1 llHU;. !. 

cfiHMX !iCC~lCJl(l!:laim;~. 

6f16JU10TEHA l . 

\ 
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JT,_ncKyccnn 

filIPrEP 

TioqeMy B arou npndope nonyqanrcn roqHocrn xy:e, qeu B 1~3-

nannou Bauw aurnnflcitou npndope? B qeu ryr ,neno? 

r .r .cm:cAP:cn 
. Tipuqnnu roqno ne H3Becrnu. Mozer C!ur1, naroroBneuue 

xyRe. ;fa n roqnocn, noKaaannaR BneKeTTou, He npoBepena, ona 

onpe,nenena nu carnrn. Cm.1ypoB npe)(rtonaraer, qro npuqrrna 

saICmoqaercsr B ro:u, qro 3)J,ec1, npimeneuu C!onee c11n1,1rne rtpH3Mu, 

qeu B cncreue BneKeTTa. 3ro rtO)J,TBepz)(aercn reu, qro rtpPI6aBnemrn 

nocromrnotl npnm.m yxy,nmaeT KaqecrBo nso6paxenHsr H yxy,}lmaer 

B HeCKOJil>KO pa.3 TOt.lHOCTl>. 

Usodpaxemrn xy::ire, no~ouy l!TO KJIHH padoTaeT B CXO)J,Rl!IHXCR 

nyqKBx. Kor.n;a KJitrn padoraer B na.pannen1>Hblx !lyqKax, oH He 

.n;aer adeppa.nnn, Kpoue Kpnnnanu, HO xor.na on padora.er B cxo.n;a

l!lHXCsr nyq,mx, uec1.rnrpst Ha ro, ttro cxo.n;m.1ocn uedon1>maR, (artep

ry1n He npenumaer I/20 - I/JO) nyqKH nepeCTBIOT dUTl> rOMOit8HTpH

ttecKm.m. OHH npHXO)(fll' CIO)(a C acntrMBTH31.fOM, C KOJ.rofl, H ICal!CCTBO 

nao6pa.:m:eHHfI na.n;aer. 

o.~Ha H3 npUl!HH yxy)(memrn TBKl!e MOilteT 3BKJIIOllBTl>Cfl :a TOM, 

ttro Hannl!He .n;Byx rtpnaM coa.naer HeKoTopoe ycnoirnemrn B Mexamwue 

H vn.meTCfl JIHlliHflSI rtpnt.nrna )J,Jltr omH60K, a HM8HHO JIDqJl', KOToputi 

C03)J,88TCfI llpH BPBl!l8HHH OTHX ,n;Byx npH3M. Mo:;cer 6uu, 3TO npHB8JIO K 118• 

KOTOpouy yxy.n;memuo, HO aaro :3TO rtpHBO)J,HT K donee y.n;odHOMY uadJIJO)(e

HHIO. 
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mrPrEP 
Y Hae npoBepRJIH KatrecxBo cne.n;oB 0 H rroJiytrHJIH npaClnu:rnreJII,Ho 

ro 1..e cai.roe, trTo yKa3aHo y CauypoBa. 

r.r.cJIDr.APEB 
ll3Mepemrn Cauyp0BL!M ,neJiaJIHCI, C rI0M0II{l,Y.l 11.neHKH, Ha I\0T0PY}J 

Cl1:rnH Hanecem,1 OKpyxnocrn caMuu Totrm,m cnocoe5ou, ra1mu otJpa3O1.i 

ero H3Mepemrn .I{0JI~HbI ClbITI> T04Hl,!J,{U • A K8.:EC .n;e.naJIHCI> M3I,:epemrn 

oJieKeTT0M, naM He U3BeCTH0. 

BOTIPOC 
]!eJiaJI0CI, mt lJT0-HMCly)tl>, 4T0Cl1,! yBemrtrnTI> ny T0tlH0Cl'I>? 

r.r.CJIIOCAPEB 
)Ia, cefltrac pa3paClaTt.rnaeTcSI noBaSI cHcre:ua n rou. 

Pacl!eT .n;eiraeTCSI rou, a M3r0T0BJieHHe llp0H3B0)tHTCJ! Ha o,nn:au 

H3 3aB0~0B • Ynyqmemrn Cly.n;eT ll0JiytJaTI>CSI llOT0MY tlT0 dy;r.yr 11p1rne-

HRTl,CSJ Clo nee CJiaClue 11plr3Mbl, 

Cly.ire T nyqme. 

cne.n;onareJII>HO, KattecTno H3oe5paxemrn 

Kpoue roro, Cm,iypon npe)'(nonaraer nnecTH nerwTopue ycoBepm1.m

CTBOBamrn B 3KpaHe • OH_ Cly.n;eT CloJiee RpKHU H ecn ua.n;ei.t.n;a, tlTO 

H3OClpaxe1rne e5y.n;eT Jiyt1me. 

BOIIPOC 

IfOBI,Jt1 rtpHe50p C5y,n;eT Bb!rtYCKaTI>CSI cepnf:!Ho? 

r.r.CJIDCAPEB 
]a, Cly.n;eT B!,frIYCKa.TI>CSI cepM~HO. 

• 
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\, 

CTEPEOKOMITAPATOP JIJm PAEOTa C KAMEPOrt 

BifJI1COHA 

_A .r .HOBHKOB' C .A .CJiaBaTHHCKHil, D.A.CMOpO)(HH 

(<I>H3HtJecKHtt HHcxHryx AH cccP) 

Pa6oraIOlltHM C KaMepauH BHJILCOHa H3BeCTHhl rpy)(HOCTH, CBSI3aHHhl8 

C H3MepeHHSIMH KPI1BI13Hh!CJie,1(0B, HX )(JIHH H yrJIOB M8l!C)tY HHMH Ha CTepeo

!pO!OCHHMICaX; 3a~HKCHpoBaBIIIll~ co6UTHSI B KaMepax. 

BhlnycKa.eMirn Hai.llell npOMhllUJieHHOCTLIO CTepe01rn1v1naparoph! -c TMllOB 

AI(-15, CI{-2 I1 Cl{-3 H ,n;p.) ney.n;oOHhl ,ItJIR o6pa0oTKI1 KaI,repm,rx CHMMI<OB, 

xaK 1<aK npvrcnoco6JieHhl ,IJ,JIR 1-tsMepeHI1SI napaJIJiaKcoB. Hoop.ztmraThl :HCe 

rnyonm,I B npocxpaHcTBe npnxo.n;11TcSI onpe.n;eJIRTl> MeTo,JJ;OM nepec1-10ra, 

na qro 3arpaqirnaeTcR MHoro BpeMe1m. Ormcamrn no)~xo,n;ml(ero 

crepeoKm.maparopa Ha.M He y.n;anoc:o uaHTH 11 B HHocrpaHHOi! muepaType. 

B Jia6opaxop1rn KOCMHtJSCKHX JiyqeU ~H3Httecrtoro :HHCTHTyra 

AH CCCP 6b!JI CMOHTHpoBaH H :H3rOTOBJieH Oilhll'Hhlil o6pa3eQ cneQHaJIL

uoro crepeoK01maparopa no.It :uapxon "CK-<l>-I". Ha· nou npH6ope 

MOllCHO nOJIYtJHTL np:H :H3UepeJ!IUl !pOTOCHHMKOB KaMep~ KOOp.n;1rnaru 

cne.n;oB rro TpeM OCSIM C Henocpe,ItCTB8HHUM OTCtteTOM JIHH8llHOfi· BeJIHtJHHI,I. 

Ham np:116op, B TettenHe H8CKOJILKH~ M8CSIQ8B HCilOJIL30BaJICSI 

npH o6pa60TKe KaM8pHUX nJieHOK H TaKIU.{ o6pa30M BUSIBJI8Hll ero . 
xapaKTepHCTHKH. ITpH60p "CK-<l>-I" eme He SIBJISieTCSI TeM 

----·----, ·~·-·· --
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coBepmenmm npm:SopoM, Kol'opult du w xoreJIH HMen, Ho Ka.K Ha.M 
. ' KaxeTcSI, 011 yxe H renepI> H:u:eeT HeKOTopue npewuyiqectBa nepe)t 

panee ua:w H3B8CTHID.m npHC:Sopaim, EOTOplie Taue npHll8HJJDTCJt )t1!Si . 

oC:SpadOTKH CTepeO~OTOCHffllKOB CO~HTH~ B Kruiepax BHJII,COHa. · 

Pa.,n;H KpaTKOCTH HB.IIIero COOdnt8HIU! KH 0Cl'8HOBHMCII TOJII>KO Ha 

ocHOBHHX oooCSeauocrax namero npuCSopa. 

OnrHqecKas cxeua (c:u:.pHc.I). 

B OCHOBe Hawero npHdopa "CK-<I>-I" Jl82itHTH,D;8Jl npoer(HpoBami:a 

uapu, nepeMentaeuon B npocrpaHcrBe (B KaM:epe) B rpex xoop,1tHHaTax 

( X , ~ H l. ) Ha crepeo~otocHHWtH (nJieHicy)x). MapKa npoe

UHpyerca Ha nneuicy reMH Ee oCS~eKTHBaMH, C KOTOPH~ ~llJIH noJiyqeuH 

WOTOCHHMKH, qro odecneQHBaeT O)tHHaKOBHe YCJIOBHJl KaK npH ~OTOrpaq>H-. 

poBaHlm COdlUHR B Ka.Mepe, TaK H nplit npoer(HpOBaHlUi l4apKH Ha. <pOTO

CHHMKH npH H3MepeHHRX na·nJieHKe. 
I 

B uenax coxpaHeHHH rex xe YCJIOBHM, QTO H npH <pOTOrpa.q>HpoBaHHH 

KaM8PH,M8X.ItY Mapxon H oCS~eKTHBaMH ycTaHaBJIHBaeTCJl OllTHQ8C~aa nna

CTJ.rna Ta.KaJI xe KaK H nepe,D;Hee CT8KJIO Ka.Mepli BHiII>COHa: 

B npa6ope "CK-<.P"'."I" KaK :a·B qio:roannapate (c noYo~I>D KOToporo 

rpoxorpacpHpyerca Kairnpa) mreaKa cpHKc:apyexc11 nyxe.M npmim,a ee ,3KYJil>

cHoHHoil CTopoaoit K TOHKO" OllTH1rnCKOi! n_JiaCTHHe. Pa3HHAa COCtOHT TOJII>XO 
. ~ ' -

B TOM, QTO B qJOTOannapaTe nJiaCTHHa OllTHtleCKH npospaqaa., a B npadope 

"CK-4?-I" Olla CJiado 3&!:aTOBaHa Ha llJIOCKOCTH 

x/ 
M,Itea sxoro np.1160:Q~ 6HJia npe.1tnoxe1Ja BnepB!ie rpomeBuM, .Uo6po-
TllHllM, PpaHKOM, .uAH CCCP ?, 287 t 1936). . - ·· 

\ 
\ . 

) 

• 
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06pa11teHHOtt K n~e~xe. 3ro HeCKOJILKO ynyqma.er. paBHOUepHOCTL 

OCB81lt8HHJI Ka.,n:pa. 3a nJieHKOtt, B CTOpOHyonepaTopa, pa3Ke11taeTCJI na6JID-
. - ~. .... - ' - . . ' 

)taTeJILHaJI OilTHlf8CKa.JI. CHCTe:a.ca., KOTOpaSI c.OCl'OHT H3 2-x poLt6Hlf8CKHX 
,\ ' , ' . . . 

rrpH3U (no o.n:Hof! .Ha Ka.x.ztun rnas), c._rrqMOIJtLIO KOTopux 6asa Mex,Ity 
. ,, , - ' ' --

O61>8KTHBalffl (11poe1tHPYDlllHMH MapKy Ha mremcy)·cBO.D:llTCSI K 6a3e . 
,•. . 

r]{a.3 onepaxopa H 2-x O6'b8KTHBOB, KOTOpue o6opallHBaIOT nonoxeHHe. 

O61>exTa Ha nnemte H HanpaBJISIDl' ero H3odpa.xemrn B yBeJIH'llennou 

Macmra6e B oxynsrp. 

H3 onura pa6OTU Ha npH6ope "CK-4i..;I" BUJIBJieHo, lfTO npu 

o6uepe cJie.n:oB Ha. mremte, pa36poc noxasamJtt orcqeroB npH rpoexpar

HOM IlOBTOpeHHH )tJISI cniioUIHoro CJie)ta He npeBumaeT no OCH 1 ( r11y-

c5mie) • ;t0,5 uu, no OCH X H y (ropH30HTaJIH H BepTHKa.JIH) 

- ;t0,3 uM. · 

ITpH O6MepHBaHHH OT,n:enDHUX KaneJIL CJie.n;a, IlOKa3aBHe TOlfHOCTH 

OTClfeTa ynyqmaeTCH B nonropa pasa. 

3aMeqeao, lfTO TIO~Hoe Heo6xo.n;HMOe BpeMH .D:JIJI H3MepeHHJI 

CJie.n;oB H onpe.n;eJieHHJI yrna Mex,ny JtBYliJI CJie.n;aMH pa.BHO I2-I5 MHH. 

)J,JIJI .Cpa.BHe HHJI npHBe.n;eM Ta6JIHitY (CM. COilOC·TaBHT8JILHyD 

Ta61IHitY ) • 

Rpa.TKOe. KOHCTPYKTHBHOe onHCaHHe npH6O'ffi . 

"Q&2..-J.: 
. ITpH6Op COCTOHT H3 CJie.n;y:rolltHX OCHOBHUX. Y3JIOB(CM.WOTO): 

a) CTaHHHa C HanpaBJIJIIOlltHMH no OCH l.; 
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6) 3Kpa.H · c· cm::Teuott ero ocBe11temrn H Koop,n:HHaTm,tim :uexaHH3Ma:t.m 

,ItJIJJ nepeMellteHlUI MapKH no OCSIM x H y c 'oTCt18THIDlH ycTpOttCTBa:t.m , 

. B) xapeTKa ,I(JISI nepeMe11teHHSI 3KpaHa no OCH Z' C CHCTeuon · 

.oTctieTa BeJIHtlHHU nepeue11temrn; 

r) OilTHtl8CKHU 6JIOK c nJieHOtlHUM KaHaJIOM •. 

HauueHoBaHHe 
onepal{Htt 

AR-I5 

I. BeJIHQHHa pas6poca 
IIOKa3aHHtt ·ua . . 
OTCtleTHh!X mKa.Jia.X 
npu6opa no ocau 

a) . X H Y ±,0,2 

6) 

2. Heo6xo.ztHJ.roe 
Bpeua B YHH. 
,I(JISI: 

.. a) IlpOB8)t8HHSI 
usuepemrn · 25+35 

6)no,n:ct1eTa yrnoB no 
pe3yJu,TaTau H3-
MepeHHtt 2-x 
C1l8)tOB 60 + 90 

THn CTepeoxounaffiTOpa 

±,5 

s· +IO 

3+5 

Jtna cnnomHoro 
., cJie,n:a c xopomen 

pe3~OCTLIO CJie
,I(OB 

)lJISI CK-2 Heo6-
. ' ·xo,n:HMO 1.ITOC>h! 
B+ IO ·emu.urn: cTepeonap11 

·· · - C5LIJIII· c,neJiaHH 
Ha OT,IteJI:&Hb!X 

· nneHxax 

3+5 

\ 
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H3 ,naHHOtt Ta6imnu BH,ItHO, QTO npeHMYllt8CTBO OCTaercJI sa npHCIO

poM Cl{-4:..I. K 3,TOMY CJie,nye.r ,no6aBHU, QTO CK-4-I e11te TOJII,ItO 
',, 

nepBun onaxHutt ~6pasen. 

CraHHHa. npe,ncraBJIJI8T co6on Jlt8CTKYD,--pe6j)uc'ryio npnuoyrOJII>HYD 

KOpoC!xy C HanpaBJIJIDIJIH:MH ,ItJIJI nepeM81lt8HHJI Kap8TKH-nO 

ocH · l (r.ny6Hae). 

3KpaH 

Ha nepe,naen qacTH craHHHH nueercn nnaro ,ItJIJI ycraHOBKH 
. - . . . . 

onrntteCKOro CSJIOKa. 'B KOJ)06Ke nJIB.TO CMOHTHpOBaHa 

onopa xo,nonoro BHHra ,It1!JI nepeJ..e11teHHJI KaperKH no ocH 2.· 

- creK1!JIHHan naHe111, c Maronon nonepxHocrI>D, ocne11taeuon 

c3a.ztu ·1mwn1ecne11rHm.ui. 11aJ.maYH. IIo · csoitau -3KpaHa ycrpoeau 

.uexaHH3Mll )I.JI.II nepeMe11teHHJI uapKH, no llJIOCKOCTff 3KpaHa 

.no ocnM X H 'j 

Ka.perm npe.itcran11ner coCSon nocraueHr no.it sKpaH. OHa nepe11emaer

c1I no HanpaBJISIDlltHM Cl'a_HHHhl Ha mapHKOnO,ItDIHnHHitax XO,ItO

Bl:iM BHHT~M nyreu ero Bpa11t8HHJI B raRKe, CMOHTHPOBaHHOff 

Ha nepe~Heff naHeJIH. 

0nTHQ8CKHff 'CSJIOK BKJIDttaer B ceCSJI OilTHQ8CKHe ,neraJIH ,ItJIJI npoennpo

. : _ B8.HHJI H30CSpaxeHHJI MapKH, Ha n1!8HKY, n.11eHOttHUff 

'' KaHaJI, ,neraim aaCIJID,ItaT8JII,HOH onTHKH sa noJIO)f(8HHeM Ma.PKH. 
Ha Ka,Itpax nneHKH. OnrHqecKHlt CSJIOit :uoxer nonopattHBancn 

OTHOCHT8JII,HO nepTHKaJIH 3Kpaaa Ha H8ItOTOpun yroJI • 
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Jipe,zcycMoTpeHo 3aTeMnemrn npouexyTKa uex,ny 3Kpanou 

H OTITHtrnCKHM dJIOKOM C r~eJII,10 ycTpaHeHH.fI l10!.!8X OT ,npyrnx 

HCTOtIHHKOB cBeTa. 

B OTCtteTHUX MeXaHH3MaX iureeTC.fI BO3MOlltHOCTI, npOH3BO,I(HTI, 

H3?.repeHH.fI OT HYJIR, a nocJie,zcnne llOKa3amrn JIHH8tfHhIX 

:S8JIHttlm CtIHTa.Tl> OKOHttaTeJII>HID.m. 

He,gocTaTKH nepBoU uo.n;emi: npRdopa 

I. Heodxo.zcHMOCT.b ycmHaBJIHBan B npoe~upylDntYJO cv.:cTeMy 

Te xe .od'IieKTI1Bhl 11: APYrLte OilTl1tI8CKl1e ,!\eTaJm CHHl!taeT ymrnep

caJil>HOCTI, B rtpHMeHeHRH npn6opa. 

2. B onTMtJGCKOU dJIOKe He npe.n;ycMOTpeHO 0.I(HOBpeMeHHOe. 

·cMemeHMe oaeux npM3U npM HUCTpOUKe da3LI MBJK.D;Y OKYJIJIJ)UMM no rJia3aM 

Hadmo,nareJIR • 

.3. CHCT8Mll OTCtI8TOB BeJIRtIHH no BCeM TpeM OC.!U.{ KOO!).I(HHaT 

neo.zcnHaKoBu no mrneilH!lM uacmra6aM, qTo ney.zco 6no ,n;JIR Be;o;emrn 

H3Mepemitt. 

4. lliKaJII,H!le ;o;eJieHRSI B CllCTeMe OTCtJ~TOB MaJI!l no Macmra6y, 

tITO 3aTpy,I(HSI8T qrenne DOKa.3annn OTcqeTOB. 

5. JipH60p HMeer .I(OCTaTOtIHO 60JII>WHe ra6apHThI, a mrypBaJIH, 

KOTophIMH :uapKa nepe1.rnmaercsi no :ncpaHy B nanpaBJien11:u oce11 ;x: H . ~> 

HHor.zca 61.rnallT y.zcanem,r OT aa61Ill.zta:reim H na61rn;o;aren:i:, raKHM oQpaso.M . 

ne Mo:icer HenpepHBHO cJie,nHn sa .rrepeMe111eHHeM Mapmt. 
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Bo3MOXHOCTH ynyqm0HHH npH60pa 

rrocn0 roro, xax onp0.zt0JmJIHCD ~ono:imteJIDH~e H orpH1taT8JID

Hli8 CTOpOHli B npH6Op8 "CK-'P-r~ B nocne.n:Yl)lll8U MO)t8JIH raxoro 

npHdopa. OTMeqeHHlie H8)tOCTaTKH 6y.ztyr ycrpaHHTDCH.-OcHOBHaH 

TPY.ztHOCTD' B ycrpaHeHHH H8,ItOCTaTKOB B npH60p8 3aKnvqaeTCff B 

OTKa3e npH npoeQHpOBaHHH MaPKH Ha IlJI8HKY OT Toro %8 KOMnnexra 

OilTHqeCKHX .zteTanen, C KOTopmm npOH3BO)tHTCff q>OTOrpaquipoBaHH8. 

xaM0pu •. 

P0meHHe 3Toro nonpoca ocnozanerca T8M 811!8, qTo q>oTorpa<I>n

ponaaHe CiOJIDllIHX xaMep B uarHHTHOM none c CioJIDmon rny6nHon 

ocBellleHHOtt 30HH B xaMepe, BHHy,r,I(aer np:m.reann ,n;na non r.temr 

q>OTOperHcrparopu co MHOrHMH o6~8KTHBaMH. C~eCTBYIDlllH8 npndopu 

npoMumnemroro THna .n:nn o CipadoTKH Kauepaux CHHMKOB raxx0 ne 

HCKJIDqaDT 3TOtt TPY.ztHOCTH, IlO3TOMY 3a,n;aqa OO3,ItaHHn 

doJiee y,n;odHoro np11:dopa ,n;JIR arnx 1te-11ett ocTaerca aKryaJI:oHoi1. 

..u·HcKyccHR 

BOITPOC 
I<aKona duna 6a.3a <I>ororpaq>Hponamrn'? 

A.r.HonHxoi3 

80 MM. 

BOITPOC 
A KO3cpq>Hr.tHeHT yBenuqeHHSI? 
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A.r.HOBRKOB 
B npe.IJ:eJiax OT IO ~o I4. 

'TOtIHOCTl> OKa3aJiac:r:, He3aBHCJI!l{Sti OT K03qilHU~HeHTa YBSJIMtieHHR. 

qTO xacaeTCR Toqex, OTHOCHTeJILHO KOTopux LW ~OJI~HU ycTaHaDJIH

BaTL nJieHKY, HX He 6uno. Y Hae B KaMepe 6una HHTh, OTHOCHTeJII:,HO 

KOTOpon MU H3MepRJIH napaJIJiaKCaJII:,HYD BeJIHqHHy. 

roPEYIIOB. 
fl uory .ztonoJIHHTh cne~ynmee: n paccMaTpHBaJI xauepy c noMOII{LD 

sToro npHdopa cnycTn yxe .ztOBOJihHO don:r:,moe BpeMn nocJie toro, KaK 

dUJIO npOH3Be,ll;eHo <pOTOrpaqm:pOBaHHe H npORBJiemrn nJieHKH, H Mory 

CKa3aT1>, qTo paCCTORHHe uex,ll;y penep&m, KOTOpue HMeJIHCI:, B KaMepe, 

OTJIHqaJIOCI:, OT H3MepeHHUX Ha 3%, HOR He Mory CKa3aT:r:,, yca,ItKa 

3TO HJIH .zte<peKT npHdOpa , noTOMY tJTO CJIHmKOM MHOro Bpe1.reHH npomJio 

C MOMeHTa lpOTOrpacpnpoBaHHR. 

C MECTA 

Mae KaEeTCR, tITO TOT npn6op, KOTOpun B ,ItaHHOM CJiyqae 6un'ncnoJII:,-

30BaH ,ll;JIR o6pa.60TKH CTepeo¢ororpa¢nn, HHtieM He OTJIHtraeTCR OT 

penpoeKTOpa B CMUCJie TOqHOCTH. EcJIH BU HMeeTe ,ll;aHHYD dasy !pOTO

rpa¢HpOBamrn' ,ItaHeoe pacCTORHHe OT npe,ItMeTa, KOTOpUit BU cpoTorpa

¢HpyeTe, TO TOtIHOCTI:, 3,Itec:r:, O,ll;HHaKOBa. He B 3TOM npeHMymecTBO 

npHdopa. ITpeHMymecTBO saxJIDqaeTCR B TOM, tITO 3TOT npHdOp nosno-· 

JIReT O,ll;HOBpeMeHHO npH H3MepeHHH KOOp~HnaT TOtieK CJie,Ita B Ka.Mepe 

Ha6JID,ItaTI:, cxepeOCKOnHqecKyio KapTHHy. 3TO RBJIReTCR HeKOTOPUM 

npenuyll{eCTBOM no cpaBHeHHD C ueTO,ItOM penpoeK~H, KOr.zta KapTHlla 

npoe~Hpyercn Ha sxpane. 

\ 
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PETIP0EmUIOHIIAH TEXIDIKA Jf3UEPEmtlt, HCTI0JI13YEMAH 

JI)ISI 0EPAE0Tfili CTEPE~0T0rPAPU!1 

A. T. Bac1rnemrn, M.C.Koso,n;aeB, P.M.Cyn.HeB, 

A.H.~HJIHnnoB, D.R.~epdaKOB 

(Od'be,n;trnemmtt HHCTHTyT SI,ItepH!,!X HCCJI0,ItOBaHHft) 

] HaCTOSIIItee BpeMSI flOJiytmJm nmpoxoe pacnpOCTpaHeHHe ,ll;Hqi<py3HOH• 

1me H nysup1>KOB1,Ie Kal,rnpu, KOTOpue Il03BOJISIIOT IlOJiyqaTI, 3a cpaBHH

T0Jil>HO HedoJII,mHe npoMeJB:yTKH BpeMeHH 3HatrHT0JII,HOe KOJIHtr0CTBO 

qlOTOrpaqmrt aK'.l'OB B3am,ro,n;etlCTBHJI 3JieMeHTapHb!X l.laC'.l'HJ:l C HYKJIOHaMH 

H SI,n;paim. 3TO CTaBHT nepe,n; 3KCilepHM0HTaTOpaMH 3a,Ital.ly no Budopy 

HaHdOJiee ::iqxpeKTHBH.b!X M0TO,ItOB odpadOTKH CTepeocpororpaqmtt • 

OdbitrHO no nony1.1eHHOMY crepeOCHHMKY Heodxo.n;HMO HalfTH KPHBH3Hl,! 

CJie,n;OB · qacTMJ:l, npocrpaHCTB0HH.b!e yr JIU :uex,n;y Hmm, KOOp,n;1rnaT1,I · 

H0KOTopux TO'l.leK, Km.m.nanapHOCTI, CJie,n;oB H T .,n; • .nnn TaKOlt o6pa-

dOTKH MOryT 61,1TI, HCilOJII,30BaHI,r KaK MeTO,n;~, OCHOBaHHUe Ha 

H3MepeHHH KOOP,ItHHaT c,nocne.n;yroDtHM aaaJIHTHtreCKHM oape,n;eJieHH0M 

HHTepecyIOl!IHX rrapaMeTpOB, TaK H Mero,n;u, ll03BOJIRJ01!1H0 B0CTH 

Henocpe,n;cTB0HHOe H3MepeHHe Heodxo.n;HMllX B0JIHI.IHH. f{aK npaBHJIO, 

BO BTOpou CJiytrae H3MepeHHe npOH3B.O,ItHTCJI 6ucxpee, a B HeKOTOpux 

CJiyl.laJIX H_TOl.lHee, treM B cny1.1ae npHM0HeHHH KOOp,n;MHaTHOro Mero,n;a. 

IIp1fMeHeHHe• npHHJ:lHila penpoeKJ:lHH crepeocmrnxa qepes xy :m:e 

onTHtreCKYJO CHCTeMy, KOTOpaR HC.IlOJII,30BaJiaCI,.IlpH C'b0MKe; no~BOJIH9T 

'H3de:m:an OilTHl.leCKHX HCKalltemdt M ,n;aex B03MOJB:HOCTI, OTKa3al'I,CJI 

\ 
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OT TIItaTeJil,HOit KOppeKTHPOBKH Oc5'E>eKTHBOB • TaKHM oc5pa30M B 3TOM CJiytme . 

MOryT 6UT:b HCnOJI1,30BaHU c5oJiee ,ItemeBue H· ,ItOCTynmi1e cepHitHUe Oc5'E>eK-

- THIHiI. 

Ha HCnOJI1,30BaHHH npHH~Hna penpoeK~HH H30c5palltemu1 Ha nO,ItBHJIC

HOit 3KpaH OCHOBaH nocTpoeHHUit B llHCTHTyTe penpoeKTOp. Ha PHO.I 

npHBe,IteHa KHHeMaTHlleCKaJI cxeMa npHc5ppa. ITpoeKTHpOBaHHe H30c5pa

JIC8HHJI npOH3BO,ItHTCJI qepe3 ~OToannapaT I, 3aKpenJieHHUit Ha KPOH

ruT-eflHe-4. iliHKCaQHJI nJieHKH B <pOTOannapaTe OCYIIt8CTBJIJieTCSI C noMOIItl>IO 

'CT8KJIJIHHOit. npHlltHMHOit nJiaCTHHU 2. )lJIJI OCB81It8HHJI KaJ!t,ItOro Ka,Itpa 

HCilOJil>3Y8TCJI OCB8THT8Jll, C Jia.MnOit HaKaJIHBaHHJI MOIItijOCTl,IO 50 BaTT, 

. CBeT OT KOTopoit q>OKYCHpyeTCJI .ItBYXiIHH30BUM KOH,ItencaTopoM 3. 

qroc5u H36eJita.Tl, HarpeBa nJieHKH, OCB8THT9Jll, CHac5llCeH llCH,ItKOCTHUM 

T8nJIOBIDJ q>HJil>TPOM. Kopnyc OCB9THT8JIJI OXJiallt,ItaeTCJI npOTOllHOfl 

BO,Itoit. ITepe,It oc5'E>eKTHBaMH <pOTOannapaTa noMeIIteHU Tyc5ycu 7 c BJIOllteH

BUMH B HHX CTeKJiaMH, Ha3HalleHHe KOTOpux - KOMneHCHPOBaTl> onTHlle

CKHe H~KaX8HHJI, CBJI3aHHUe C Te:u, llTO tpOTOrpaq>upoBaHHe· npOH3BO,It~ 

JIOCL qepe3 CT8KJIJIHHUe.OKHa Ka.Mepu. 0CB8THT8JIH C npHlltHMHUM 

C?eKJIOM .• ycTaHOBJI8HU Ha KpOHmTeltae · 8, mapmtpHO CBJI3aHHOM C 

KapeTKOlt 9, llTO Il03B_OJIJI8l' c5acrpo OTBO,ItHTl, ero OT q>OTOannapaTa 

npH 38.MeHe nJieHKH • KpoHmTeJlH MOJteT q>HKCHpOBaTl>CR B OTBe,IteHHOM 

COCTOJIHHH. 

KsMepenue l -KoOp,ItHHaru ocyIIteCTBJIJieTcJI nyreu nepeueme-· 

HHJI q>OTOannapa.Ta BBepx H BHH3 no Bepl'HICa.Jil,HOit Tpyc5e 5, KOTOpa.JI 

cnyxur aanpa.BJIJI1>1Itelt .ItJIJI mpeTK~. 9. llepeuemenHe mperu 9 B 

l 
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npe,ll;eJiax 900 w ocyll{eCTDJIH8TCH c TIOlfOlltLll peBepCHBHOrO 

3JI8KTpOMOTOpa IO MOII{HOCTLJO O,I KBT, npHt!8M CKOpOCTLBJ)8.Ilt8HHSI 

MOTOpa peryJIHpyeTCH HOJB:Hb!M peocTaTOM C BUKJIJOttaTeJieM. JierKOCTL 

H TIJiaBHOCTL XO)ta ;KapeTKH ,ll;OCT¥rraeTCSI; npm.reHeHH8M HanpaBJIHIOIItHX. 

C TJ)8HH8M Kattemrn, a TaKJlte 6aJiaHCHPOBKOJ:t ee Beca. TottHOCTE, 

OTCtleTa :C-KOOJ),ll;HHaTU COCTaBJisreT !. O,I mt •. ~3o6paxeHHe TOt!KH 

(HJIH H8CKOJILKHX TOtteK) cqHTaercsr COBM811t8HHb!M B TOM CJiyqae, 8CJIH 

ee npoeK~HH H3 o60HX 06'I>8KTHBOB <poroanrrapaTa COBTia)taIIT Ha 3KpaHe · 

6. TOtIHOCTL COBM81l{8HHH npoeK~Htf npoBepsrercsr rameHHeM H 3aJB:Hra:.. 

HH8M Jiaunu O,ll;HOro H3 OCB8THTeJieJ:t. ECJIH OTCYTCTByeT KOJie6aHH8 

H306paxeHHH CJie)ta, TO COBM81l{8HH8 npOH3B8,ll;8HO npaBHJILHO. 

H3o6paJICeHHe CJI8,ll;OB qacTH~ npoeKTHpyercsr Ha TIO,ll;BHJB:HUJ:t 

3KpaH 6 ,ItHaMeTpOM 360 }JM, HM8J011tHU C8M1, cxeneaen CB060,ll;ll, HCTIOJI1,-

3ysr KOTOplle MOJB:HO TIPOH3BO,ll;HT1, He06XO,ll;HMll8 )tJIH H3MepeHHJ:t npocrpaH

CTB8HHU8 nepeMell{eHHH. 3KpaH Bb!TIOJIHeH B BH,Ite CT8KJIHHHoro ,ll;HCKa 

TIOKpli!TOro MaTOBUM CJIOeM 6eJiott KpaCKH. OH HMeer B03MOJICHOCT1,. 

Bpall{aTLCSI B onpaBe OTHOCHT8JILHO OCH, nepneH)tHKYJIHJ)HOJ:t Kero 

TIJIOCKOCTH. Bpa11teHHe 3KpaHa npOH3BO,ll;HTCH C OOMOI!{!,Il )tByxCKOPOCTHoro 

BepHLepHoro uexaHH3Ma. )IJIH o6ecnetteHHH B03MOlltHOCTH yrJIOBUX 

H3MepeHHt1 Ha mtpaHe ttepes. ~eHTp ero npoBe,IteHu ,ll;Be Bsam.mo nepnea

.ItHKYJIHpHue OTCt18THU8 PHCKH. TOt!HOCTL orcqera yrJIOBOrO nepeMemeHHH 

3KpaHa COCTaBJIH8T IO' , OnpaBKa, B KOTOpoJ:t Bpamae·xcsr 3KpaH .·, 

MOJB:eT, B CBOID ot1epe.zt1,, TIOBOpattHBaTLCH BOKpyr OCH a-a, JI8lltaiqeJ:t 

B TIJIOCKOCTH 3KpaHa, t!TO ,ll;aer B03MOJICHOCT1, HaKJIOHSITL 3KpaH B npe,I1;8JiaX 

!. 75°. TottHOCTL OTCtteTa TIOBOpOTa BOKpyr OCH a-a COCTaBJIH8T I 0 • 

\ 

• 
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CJiyqan B3aHMO,nerrcTBHR c pa3JieTOM qacTHU no.n yrJIOM 75° K ropH-

30HTanI,HOt! TTJIOCKOCTH .noml!:Hll H3MepRTl:,CR KOOp)tHHaTHllM :ueTO)tOM. 

Oc:r, a-a Moxer 6!:ln Ha1rnoHeHa K ropH30HTY B npe,1tenax + rs0 nyreM 
. -

nepeimTbIBaHHR BHJIKH II, B K0Topoti · 3aKpenJieHa 0CI, . a-a H 3KpaH. 

TiepeKaTllBaime BHJIKH 0Cyll{eCTBJIR8TC.fI C n0M0I!{I,IQ qepBnqHoro Mexa

HH3Ma I2. ToqHQCTI, orcqera yrna HaKJI0Ha,0CH a-a K ropH30HTY 

cocraBmrer r0• JIJon:r,Ka D, B Koropot! nepeKaT!:lBaercn BHJIKa c sKpaHc 

3aKpenJieHa Ha TI0B0p0TH0t! nJI0I!{a,1tKe, Bpall{aIOII{8HC.fI B0Kpyr OCH% 

B npe,nenax or O .no 360°. ToqHocr:r, orcqera sroro nonopora r0• 

BpanteHHe BHJIKH C 3KpaH0M B0Kpyr OCH 'l· .naer B03M0JlCH0CTI, 

0pHeHTHP0BaTI, 3KpaH B JIIOdot! IlJI0CK0CTH H, CJie,noBaTeJII,H0, B ·JIJD60tt 

IlJI0CK0CTH B8CTH H3MepeHHR. 

Ben na0 cHcTeMa 3aKpenneHa Ha KaperK~ I4, nepe1.rnll{aIOmeitcR 

B ropH30HTaJII,H0itilJI0CK0CTH Bnpe,nenax ;t,IBO MM. Hanll3.BJIRIOll{He 

rs srott mperKH, B cBoIO oqepe,n:r,, 3aKpenneH!:l Ha ,npyrott KaperKe 

I6, K0T0paR M0JlCeT nepeMell{aTI,CSI nepneH,nHKYJIRpH0 K HanpaBJI8H:IUJ 

nepeM81l{8HH.fI nepnott KapeTKH, B npe,neJiax ;t,IBO MM. JierK0CTI, 

H nJiaBH0CTI, xo.na KapeT0K o6ecneqnBaIOTC.fI npHM8H8HH8M HanpaBJIRIOll{HX 

Ha mapHKax H ,nByxCKOpOCTHOro nepH:r,epHoro MexaHH3Ma I7. ToqHQCTI, 

orcqera nepeMeIIteHHlt no X H y cocraBJiner ;t,O, I MM •. HanpaBJISIIO

IItaSI !HHxHett KapeTKHHMeeT nonopor·BoKpyr OCH l ·. TaKHM o6pa30M, 

C Il0MQI!{I,10 BepxHeit H HHJICHelt KapeT0K ueHTp 3KpaHa M0JlC~T 6!:lTI, 

C0BMell{eH c JII060lt :roqKott B npe,neJiax IlJIOll{8.)tH 36Ox36O Ml,{. 
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IlpH60p no3BOJI.IJ8T H31Jep.11n ICOO~,n;1maru -/,;./:J H ,/;- Jii:l6ot1 
TOtfKH CJie,n;a, tfTO .n;aer B03MOll!:H0CTl, pacctmraTE, · KPHBH3HY, yr JIIl 

MeJlt,Il;y cne,n;aMH H r • .n;. Onepauu.11 cHRTH.11 Koop.n;nuar rotreJC cJie,n;a 

'.IJBJI.IJ8TC.IJ MeHee YTOMHT8JIE>Hott, treM raxas xe,onepaqH.11, npoBO,Il;H

Ma.11 Ha crepeoJCoMnaparope. 

On11caHHa.11 KOHCTPYKUH.11 31CpaHa n03BOJI.118T cymecrBeHHO ynpocTHTl, 

H YCKOpHTE> pa.n; onepa~Hll no onpe,n;eJiemrn KPHBH3H; yrJIOBWJB:,n;y 

CJie.n;aMH H ,n;pyrHX napaMerpoB B3am.ro.n;ellcTBHH H. OTICa3ar:&CJJ OT. 

rpOM03,Il;KHX_ uareMaTHtf8CKHX BHtfHCJI8HHft. YroJI Mex,n;y HatraJIE>HilM 

CJI8,D;OM H CJI8,Il;OM BTOpHttHOU tracrHqil YOJB:8T 6HTE, H3MepeH Henocpe.n;

CTB8HHO. iJI.11 3TOro, B CJiyqae npHMH~ CJie,n;oB, 'rotrKa B3aHMO,n;et1CTBHJJ 

coBuemaercs c nepeKpecr~eu Ha 3Kpaae, a HatraJILHHll cJie.n; coBMema

ercsr C OCE,IO a-a. Bpa.masr 3KpaH BOKpyr OCH a-a,, Mli H.M88.M B0_3.MOJ!tHOC'.l:E, 

nerxo HallrH nJiocKocn paccesrmrn. 3ra onepauirn o,n;HoBpeMeaao 

.n;aer CBe,n;eHHJI o KOMllJiaHapHOCTH co6HTHJI. YroJI uex.n;y cJie,n;OM 

HatraJI~HOll :traCTHI.lH H CJie;itairn: Bll!OPHtfHilX traCTHI.l onpe.n;e~sre'rcJI Bpa1J.t8HH8M 

3Kpaaa B onj)aBe • IlpH ll3MepeHHH yrJIOB M8Jit.ItY npocrpaHCTBeH~m.m 

KpHBHMH aeo6xo,n;HMO nOJI1,30BaTE>CJI .n;oitOJIHHT8JIE,HlilMH npH"cnoco611e

HHJIMH. HsMepeHHe pa.n;Hyca KPHBH3Hlil cne,n;oB ocy11teCTBJIJI8TCH nyreM 

COBM81J.t8HHJI HX C OKpyll!:HOCTHMH H3B8CTHOro pa.n;Hyca Ha cneuHaJIE>HO 

H3rOTOBJI8HH¥X,,Il;JIJI aron I.l81IH ma6JIOHax. KpoMe Toro npH60p Il03BOJIJI8T 

npOH3i30,D;HTE, 6ucrpoe H3MepeHH8 KpHBH3HH CJie,n;a no rpeM TOtfKaM •. 

nnsr 3Toro KOop.n;HHaTHaJI cHcreua noBopaqn~aercs raKHM o6pa3oM, 

qro6u xop.zta cne.n;a pacnoJiaraJiac1, B,n;oJI1, o.n;aon H3 ocelt. Tor;D;a 

no .ztpyroft ocH noJiyttaeu 3Hatreaue crpeJI1i1 nporn6a H Mozao, 

saasr ;D;JIHHY xop.n;1i1 H crpeim npornc5a, onpe.;D;eJIHTJ, pa;D;HYC KpHBH3Hil 

cJie,n;a. 

\ 
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Ha pHc.2 H pHc.3 npHBe,n;eHu o61ltl1U BH,IJ; penpoex-

Topa H llOBOpOTHwl 3KpaH B 6oJiee KPYllHOU ua.cmra6e. 3TH woro

rpaq>HH AaDT B03MOXHOCTI, cy~HTI, 0 KOHCTPYKTHBHOM BblllOJIHeHHH 

OT,IJ;eJILHl:lX Y3JIOB npu6opa H HX KOWlaHOBKe. IlpH60p CMOHTHpOBaH 

Ha 06nteU llJIHTe I9 /c:u:.puc.I/, CHa62teHH~lil DCTHpo:aoqHIDAH 60JI

TaMH 20. OnepanHH BKJIDqeHHJI H BmtJinqeHHJI OCBeTHTeJielit, H3Me

neHHH HanpaBJieHHH BpanteHHH MOTOpa H BK)IJ)~8HHJI OCBenteHHJI 

mKaJI npu6opa BllllOJIHJIDTCJI c HeOOJILIIIOro nyJILTa 18, saxpem1eH

HOrO no.n; 3KpaHOM co CTOpOHll pacnOJIOXeHHJI onepaTopa. Bo H36e

X8.HHe noJioMRH np.u6opa nepeuentem1e xapeTKH c qioToannapatou 

orpaHHtmBaeTCJI KOHUeBmni BmtJIDqareJIJIMH, ·llPH cpa6aTuBaHHH KO

,Topmc BmtJIDtJaeTCJI MOTOp H .n;aeTCJI CHrHaJI 06 3TOM. 

EuJia npoHsBe,IJ;eHa oueHKa norpemaocTet:t H3MepeHHil /6/, 

B03HHKaDntHX npH pa6oTe C penpoeKTOpou, BCJie,IJ;CTBHe BJIHJIHHJI 

pasJiuqHmc qaxTopon. B nponecce xuwqecxott o6pa6orxn, cymKH 

H nocJie.nymntero xpaueHHJI ¢oronJieHKa ycwcaeT, npuqeu ,IJ;JIJI ~oro

nJieHKH rana "naaxpou X" BeJIHqnua yca,IJ;KH .n;oxo,IJ;HT ,IJ;O 0,7% 

/ cnycta ~ 3 Mecaua nocJie nposrBJieHHJI /. 3ro npHBO,IJ;HT K yBeJIH-
\ . . . . . 

qenHm 3HaqeHHS . Z -xoop,IJ;HHaTU ,IJ;O IO%. IfaMeHeHHe ';t - KOOp;tH-

Haru H XY - KOOp~HHaT ~CJI8,IJ;CTBHe yca,IJ;KH nJieHKH npOHCXO,IJ;HT 

HeO,IJ;HHaKOBO, QTO npHBO~HT K HCKalteHHD yrJIOB, llJIOCKOCTI, KOTO

pmc HaKJIOHeHa K ropHSOHTaJII,HOt:t. Tax n~H yrJie HaKJIOHa ~ 60° 

norpemHOCTI, B H3MepeHHH yrJia COCTaBJisre:r rv 1°, a npH HaRJIOHe 

0 • IOO 3:ra BeJIH'tlMHa HaXO,Il;HTCS B npe,11;eJiaX roqeoc:rH o:rcqeTHOfO . . 

ycrpot:tctna penpoexropa. lisMeHeaue t -xoop,11;1rnaTu H3-3a yca.n;-

ItH rIJieHKH npHBO,Il;HT It H3M8H8HHD K03qxpliUHeHTa yBeJIHqemrn cpOTO

annapaTa H, cne,11;0BaTeJIDHO, lC YB8JIHQ8HHD ua.cmxa6a BOCllpOH3Be

,IJ;eHHH 061,eRra, qro·ueo6XO,Il;HKO YQHTHBaTL npH npoBe,Il;eHHH 

i 
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H3MepeHHll ua penpoeKTope. 3xo TaKxe uoxer npHBeCTH K rouy, 

qro nJIOCKOCTD H306paxeHHSl Bll.t!AeT sa npe,1teJill rny6HHU pes

KOCTH qioToannapa.Ta, B pesynuaTe ~ero usoc5pa:litemre cTaHoBHTCH 

Hepe3KHM, CJie,ltU paswTmm:. Ilo0rouy·Heo6xo,1tHMO BUc5HpaTb 

HYJiCHYIO rJiyc5nay_pe3KOCTH q>eToannapaTa, yqHTUBaSl TaKJiCe H 3TO" 

Oc5CTOHT8JIDCTBO. ITorpemHOCTH BU3UBaeuue yca,1tKOU nJieHKH uoryT 

6UTD CBe.iteHU K MHHHMYMY B cny-crae npHMeHeHHSl nJieHOK Ha a~e

raruott ocaoBe. 

IlpoBe,lteJIHOe H3ylleHHe norpelllliOCTei1 H3-:-3_a H8TOllHOCTH 

B ycTaHOBKe KO!meaca~HOHHUX CTeKOJI noKasaJJo, llTO HaKJIOH CTeK

Jia aa yron I,5° npHBO.ltHT K H3MeHeHHIO z ~Koop,JJ;HHatu aa. 

0,3%, nosrouy MOJll:HO cqHraTD, llTO npH HaKJIOHe oceR KOMlleH

ca~HOHHUX CTeKOJJ ,1tpyr OTHOCJiTeJIDHO . .ltPJra Ha!O He BHOCHT 

saMeTHO.t! omH6KH B H3MepeHHR. IlpH cy~eCTBYIO~en·<pllKCar(l!H 

nJieHKH B qioroannapare norpemuoc:rH, B03HHKaJO~He BCJie,itcTBHe 
... 

nepexoca nJieHKH H C,ItBHra ee OTHOCHT8JibHO HOpJJaJIDHOro llOJIO-

xeHHSl B Ka.ItPOBOM OKHe H83HallHT8JibHU; 3TH norpelllHOCTH · 

B H3YepeHHH '2.< -KOOp,JJ;HHaTU COOTBeTCTBeHHO COCTaBJIHDT 

~ 0,2% H 0,3%. 

TOllHOCTD oc5pa60TKH CJiyqaeB B3aHMO,ItettcTBHSl 3aBHCHT .. 

Ta.KXe OT roqHOCTH onpe,lteJieHHSl. IlJIOCKOCTH B3aHMO.iten~ 

CTBHJI. IlpH c50JIDlllHX HaKJIOHaX IlJIOC.KOCTH B3aHJ.a:O,ltettcrBHR K ropH-

30Htanaott COBMe11teHHe ee C 11JIOCKOCTDIO 3RpaHa npOH3BO,ltKTCSl 

roqHee, . .ltO Tex nop IIOKa He Halll:nt~eT CTaHOBHT.&CSI CYllt8CTB8H

HUY ymHpeHHe cJie,Jta. TOQHOCTD COBU81Jt8HH.!i llJlOC.ItOCTH 3Kpaua C 

nJIOCKOCTDD B3aill.!O,ltel!C:rBll.!i xapaKTepH3J8TCJl CJI8.ltYDDtHWI · AAHHJ:llm: 

npH ,JJ;JIHJl8 CJie.ita OT,ltaq1i 3 M},! TOllHOCT.& conue111eHHJl B IIJIOCltOCTHX 



.. 
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6JIH3KHX K ropH30HTaJILHWl cocraBJiaer ! a0 H B nJIOCKOCTJIX 

H8.KJIOH8HHIDC fiO)t yrJIOM ,.., 70° It rOpl!30HTY - ± JO; ,ItJIS. CJle,Ita 

.lt~HHOH IO MM COOTB8TC?B8HHO !.5<> H ± 0,5°. 

He,ltOCTaTKOM penpoeKTOpa SIBJIS18l'C8 TO, 'ITO OH He nos-

. B0Jl88T Ha6JID,Ita?L. crepeOCKOfiH'l8CKYD KapTHHY • 3?0T He,ItOCTaTOK 

6y.iteT Y<?TpaHeH . c nouo·IltLD c:repeotpy6H, ucno.11Lsyeuoa · coB11ecTuo 

c penpoeETopou~Ctepeorpy6a·nosBOJIHT aa6JID.itatL c:repeouso6-

pazeuHe tte·pes xyny · (pHc.4). 

IlpHMeHeHHe CTepeorpy6H ll03BOJIHT npoeKTHpOBatL Ha IIJI8HKY 

IIJIOCKOCTL o6pa30BaHHYD nepeKpecTHe11· Ha 3KpaHe H IIPOH3BO)Ui?L 

Te ze caJWe Henocpe,ItCTB8HHH8 H3MepeHHa npu O)tHOBpeMeHHOII 

ua6JID,It8HHH CTepeoKapTHHH. 

B Jiadoparopm-i: raxxe cnpoexrupc;>BaH KoMIIaparop, usroToBJie

aue xoroporo saxaHtiHB~erca. IlpHHqHII .1te~crBHa KoMIIapatopa ocuo

BaH Ha npoexrHpoBaHHH nepeMe~aDme~ca B npocrpaHcTBe MaPKH Ha 
. . 

nJieuxy. _ IIpoex:mpoBaHHe .u:apxH ocymecTBJisierca npH roil JB:e onrH-

qecxo~ CHCTe.u:e, KOTopaa HCIIOJIL30BaJiaCL npH ~ororpacpupoBaHHH. 

RHae.uarHtJecxaa cxe:ua. npH6opa npuBe.zteHa ua puc.5. 

3KpaH C :r.ra.pKOH, OCB81l(a8Jml JlallIIalOl,IIO OCH X HY nepe,11;-. 

BHrae:rca peBepcHBHI:llffl 3nexrpo:uotopam1, no ocH ~~Bpy1my1>, 

pyxoauol 2. 3xpaH 6aJiaHcHponaa.·llJia o6nertieHHa xo.ita 

11anpaBJIJll)J1tHe Bl:,IIJOJIHeHH c :rpeume11 xatieHHa. wotoannapat co· 

cr_epeonynost 11oxe:r noBopaqHBaTLca B npe;a;eJiax + 45°. IloBopor . . -. ·-
c,-eJiaH lltJla toro, qto6s coKpa.THTL B aexotopwc CJIYtillSIX auaxz-

~uq_ec11::al pacqer. 

Ja... 
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ITpll odpadOTKe .n;allH!:.!X, nonyqeHHHX cnysupbKOBHMHKaMepa~ 

MH, n;e.irecoodpa3HO Ma.PKY llOMeCTHTb B cocy.n; C EH,ll;KOCTLKl, 

llM8Dlllei1 TOT JKe 1rn:,qxfiiU-1HeHT npeJIOMJieHll.H, tITO H cpe.n;a B KaMepe. 

3TO ll03DOJIHT 1136e,;a.n nonpaBOK Ha It03cp!pllUHeHT npeJIOMJieHIUI 

cpe).(hl' BBe.n;emrn KOTop1,1x aHaJIUTHqecKHM MeTO)tOM )tOBOJII,HO rpo-

1.1:03,ll;KO,- · Ilpm.muemrn TaKoro npHdopa Il03BOJIReT Ha Hal!I B3rJIR.1t 

ynpOCTllTb :,Ty onepan;HD. 

B .n;aJI!iHeiimeM npe,n;nonara~TCR nepeMell.leHHe :,KpaHa CBR3aTb 

C nepqiopan;HOHHUM ycTpOtiCTBOM, tITO IlO3BOJIHT JierKo npOH3BO,ll;llTb 

samICI, KOop.n;HHaT, a npll npHMeHemm KO.n;HpoBaHHOit sanHCH-Heno

cpe,n;cTBeHHO nepe.n;aBaTb AaHHHe B 3Jl0KTPOHHYID c~~THYD Mal!IllHy. 

C Mecra 

Bam penpoeKTOp COBepmeHHO He .n;aeT B03MOliCHOCTll 

yttHTHBaTb K03qxpllII;HeHT npeJIOMJI8Hllfl ~ll,ll;KOCTll. 

A.Il.cI>HJillililOB 

B TOM BH.n;e, KaK BHilOJIHeH penpoeKTOp OB He .n;aeT 

BO3MO~HOCTH aBTOMa.TlltieCKH ytIHTHBaTb KO3<pqlllII;lleHT npeJIOM

Jie HR.fl liCH,ll;KO C TI1 • 

Bonpoc 

Tor.n;?, R He noanMaro nuro,n;h! npHMeHemrn TaEoro penpoeKTopa • 

.A• .ti• IPllJillllllO B 

On llCilOJib3OBaJICfl )l;JI.H I13MepeHH.H qJOTOrpaqiHtt,nonytteHHRX 

aa ,n;mpqiysnoHHOit 1tau:epe • .Una H3Mepeaun qioTorpaqinn, nonyqeu-· 

aux Ha nysupbKOBon Kauepe, cy,n;.a: no TeM cne.n;eHHJIM, KOTopue 

y MeHn eCTb, OH HCllOJib3OBaJicn, HO nonpaBKa. Ha KO3qiqJHUI1eHT 

npeJIOMJieHH.H cpe,n;u BBO,ll;llJiaCb aHaJIHTlitieCKH. 
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·ocaoBaoe uasaaqeaue penpoexxopa - axo aenocpe;itctBeHHHe 
\ . 

HSMepeHHS. Bot B qeM npeHMy~eCTBO npH6opa. 

· Bonpoc 

Bu roBopHJIH OTHOCHTeJILHO CJIOXHOM 

CTepeocxomiqeczcoll C.HCteMH ;ltJUI. Ha6JIJ>;lt8H.Hs. Tau CEOJILKO KOJI8H? 

A.M.iHJIHnnoB 

3TO He CJIO:EHas CHCTeMa. 3TJ! KOJieHa c~eJiaHU )tJIS toro, 

qxocsu onepaTop Mor uaxo~HTLCH OKOJIO 3RpaHa H_CB060,JUIO HM 

onep11poBaT1>. 

Bonpoc 

QKOJIDXO BpeMeHH ayxuo ~Jia HSMepeHHS O'AHOro npOCTpaHCT

BeHHOro yr1!8.? 

A.H.iHJIHllllOB 

B saBHCHMOC?H OT tpy~HOCTH CJiyqag HSMepeHHe O,ltHoro. 

npoctpaHCTBeHHOrO yrJia samum.et 5-!5 MHHyT. 

KJia;itHHURaSI 

Ha penpoexxope, 0 XOTOpOM pacCita3HBaJI TOB.WHJIMnnoB, 

lW npoBO)tHJIK oCSpado:rxy q>OTorpaq>HM, noJiytzeHHWC B 

JIB.JI8HLKOH nponaHOBOI nysupLXOBOI xauepe. Ilo COOTBeTCtByD~en 

WOPLIYJI8 MO:EHO BH8CTH HeOdXO.JtH]We nonpa.BXHe £ cqHTaD, tJ?O 

c nouo~LD axoro penpo&xTopa. uepHTL ropas~o 6ucrpee, qeu c 

nouomLD imxpocxona YKM-2!, xor;ita usuepaDTca xoopJtHHatH ot;itenL~ 

HUX Toqex H npOBO;ltHTCS ;ltJIBteJILHHe BuqacJieHHH xoop~HHaT H yrJIOB. 
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13onpoc 

CxonLKO BpeMeHtt BH Tl)aTHJW Ha o6pa6otKy? 

3xo 3aBHCHT OT KaqecTBa CHHMKa. 06pa60TRa yrna 
samuro.ex wmyx I5-20. 
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METOJIDitA. OEPAEOTKJ1 CTEP~OTOI'PA~lffi,IlOJIYtI.EHHHX IlPli 
HCCJIElOBAHIDI B3AHMO,IJ.EllCTBHfl Il-ME30HOB C fl.ICPAMH 

METO.llOM KAMEPH BHJILCOHA 

B.r.UBaHoB, H • .H.IlexpoB, B.A.Pycaxon 

( OCS'I>e,ItHHeHHHll HHCTHTYT SI,ItepHHX HCCJie,ItOBaHidi) 

IlpH oc!pacloxKe aKcnepHMeHtan:&Horo ua.Tepuana, nonyt1eaaoro 

C n0M0DtLD KaMepli BHR:&C0Ha, nouenteHH0ll B ny'tl0K sapnxeHHHX Il-Me-

30H0B c 3Hepruea 200-250 MaB,onpe,IteRSIJIHCL Il0RHH8 H',ItHqxpepeHUH

anLHH~ cetteHHH ynpyroro H aeynpyroro paccenHHH, aaep~eTH'tleCKHe 

pacnpe,JteJieHHSI Heynpyro pacceSIHHHX Il-Me30HOB H npoTOHOB 01',JJ;atJH, 

a raK~e nonuoe cet1eHHe Bcex _npoueccon ueynpyroro B3aHMo.zteRcr-

Bee:& npouecc oclpaclor.&H no,1tpa3,1teJI.11Jic.it Ha rpH :nana: 

I) IlpOCMOTp ~OTOCHHMKOB, B XO)te KOTOporo qpOH3BO)tHJIHCL: 

a) perHctpauHa cJiyttaeB s,1tepaoro B3aHK0.zteacrnua; 

cl) onpe.zteneHHe nonaoro tJHCJia Me3oHoB, npome.ztmHx 
t1epa3 MHmeHL H3 uccne.ztyeuoro nemecTBa (nouenteHHYD 
B pad0'tlHll 0cl'I>eM xa.uepu). 

2) H3MepeHHe cnyqaeB B3aHMO,JJ;e~CTBHH. 

3) Onpe.zteneaue nonHax cetteaua H yrnoBHX pacnpe,JJ;eneaua, 
BKJIDqaa BBe,JteHHe aeoCSxo,1tH:MHX nonpanoK. 

I. ITPOCMOTP 

IlpocMOTp ~OTOCHHMKOB npOH3BO,ItHnca.HeCKOJILKHMH Hac!JID,Ita

T8JIHMH He3aBHCHMO ,1tpyr or ~pyra C llOMODtLD crepeoJiynu H 

penpoexxopa~ IlpH atoM Hac!JID,Itaewe cnyqaH a.ztepuoro B3aHM0.Itell-

CTBHn KJiaCCH~HUHponanHCL CJI8.ItYllDtHK oc!pa3011: \ 

• 
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I. PacceaHHa (ynpyrne H Heynpyrne). \ . . 
0l',11;8Jll>HO 

ytlHTUBaJIHCl> HeynpyrHe pacceaHHa, conp0B0X)I.aeKUe BSJI8T0M o,n;-

H0ro HJIH H8CK0JILKHX np0T0H0B, ,n;na onpe)I.eneHHa-npH ,ll;aJI~-

Hettmett o6pa6oTKe")I.onH Tex KBasuynpyrHx pacceaHun, )I.JIH Koropux 

H Il-Me30H, H npoT0H 0T)I.aqH BUJieTaDr H3 H)I.pa CSes nocne,n;yDIIIHX co

y,ll;apeHHt!. 

2. norno111eHHH Il-M830H0B, CBH3aHuue C BUJI8T0M BT0pHqHux . . 

qacTm:t. 3,n;ecL 0T,11;8JILH0 ytlHTUBMHCl> cnyqaH norno11teHHR Il-M830H0B, 

CBH3aHHU8 C -~UJIST0M .ltBYX npoT0H0B )tJU! BJlHCH8HHR npH )I.8TaJILHJlX 

H3MepeHHRX ionH rex cnyqaeB, B KOTop11x norno11teHHe oC!yc"i1onneHo 

npOTOH-Het!TpOHHOlt napon. 

3. OctaBOBKH M830H0B B MHme_H~ (<Sea BH,n;mrux nyqett BT0pHq

HUX qacTHJ~) •. 

4. Heoape,n;eJI8HHU8 cnyqaH B3aHM0,n;ettCTBHH. 

YtoqHeHHe H.n;eHtH<pHKanHH (n qactHoctH, pasm1qem1e ynpyroro 

11 aeynpyroro pacceauHa) npOH3BO)I.HJIOCL npH 11suepemrn cnyqaen 

a,n;epuoro B3aHMo,n;eltcTBHa. 

C nen:on yYeH:omeuHa omH60K npH no,n;cqete nonHoro noroKa 

II-M830H0B qepe3 MHmeHL Il:PH np0CM0Tpe 0TCSHpaJIHCL l'0JILK0 iporo

CHHMKH . C tlHCJI0M na)I.al>IIIHX qacTHU He 601Iee 20. IlpH 3T0M Ha 0T0-

CSpaHHUX CHIDA'.K8.X cqHTaJIHCL naxa1>11tH8 CJie.l(U, y~0BJI8TBOpRDlltH8 cne

AYDIIIHM rpeC!oBaHHaM otCSopa: 

I •. Cne.zt IDLeet_ )tOCTaTOQHYJ) ·apKOC?L .ItJIJI Ha6JID)I.8H~a H o6pa-

60TKH Ha pe~poettrope H 1to11napa-rope z·aaxo.ztHTCa or ,ttpyrHX cJie

)I.OB Ha pacCT0RHHH He M8H88 3 wa:. 

< - ... ~, __ ...____ _...,.,_ ~-~ ~ .. , ... 
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2. Cne.it nepece&aeT nnacTHHKY-MHme~a Ha paccTORHHH ne ueHee 
' IO MM OT ee KpaeB. 

J. Cne.it na~aer Ha nnacTHHKY no.it yrnou 9o0 ±ro0 (npH 3TOM 

yBe.1rnqenHe nyrH npOXO,Il;HMOro qacTHnet! B MHDJSHH no cpaBHeHHIO co 

cnyqaeM nopMaJILHoro na.iteHHR ae npeBumaeT I,5%). 

II. H3MEPEHIUI cJiyqAEB HJtEPHoro B3AHM0JIE:t!CTBUH 

Jl]IR H3Mepe.mttf HCilOJib30BaJIHCb ,Il;Ba npH6opa: CTepeOKO!.mapa

rop THna MSP-20, H3rOTOBJieHHUM B rocy,I1;apcTB8HHOM onTHqecitOM 

HHCTHTyTeB KOMI1Jie1treco crepeo~oroxauepon, .H penpoeKTOp. C no

M0~LD cTepe0K0MnapaTopa H3M8pHJIHCb It00p,Il;HHaTU CJI8,Il;0B, a 3aTeM 

aHaJIHTHqecKH onpe,I1;8JIHJIHCb Bee xapaKTepHCTHKH R,I1;8pH0ro·B3aHM0~ 

)t8itCTBHSI • . 

O,Il;HaK0 3TO!(Y M8T0,Il;Y CB0ltCTB8HHU d0JibDJHe He,IJ;0CTaTKH, 3aKJI!)

qaD~H8CSI B d0Jibmon 0DJHdKe H3MepeHHSI KpH~H3HH CJI8,Il;0B (Hacne.ite 

,IJ;JIHH0ll r2..:15 CM KpHBH3Ha nopSI,Il;Ka ~ ~ O,OI M-I lI3M8pSieTCR C 

T0qH0CTbD 8-10%) H neodX0AHM0CTH 3aTparu dOJiamoro K0JIHqecrBa 

BpeMeHII Ha aenocpe,Il;CTB8HHHe H3MepeHHSI K00p,Il;HHaT CJI8,Il;0B H nocne

.ItYD~He pacqeru. 

IT03T0MY 0CH0BHWL npHd0p0M ,Il;JISI odpad0TKH SIBHJICSI penpoeKT0p • 
.. 

B penpoe1tTope B xatrecne npoe1tnHOHnoro ycrpoitcTBa HcnOJib3OBanaca 

Ta xe ~0T0itaMepa, K0T0paSI npID!8HSIJiaCb npH ~ororpa~Hp0BaHHH cne

,Il;OB. 3Kpau penpoe1tropa HMeJI BO3Bparao-nocrynareJI&HHe nepeue~e

HHSI B Bepr:mtaJiaHOM HanpaBnemrn, neP.eMe~emrn B ropH30HTaJibnon 

IlJI0CK0CTH H Bpa~eHHe B0Kpyr OCH, pacnonoxeuuon B ropH30HTaJib

non IlJI0CK0CTH. 

\ 
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Mex~y ~OTOitaMepott H 3KpaH0M llOMenta,JI0Ch T0JICToe CTeitJI0, qepe3 

. KOT0poe npOH3BO~HJI0CD ¢oTorpa¢Hp0BaHHe CJie)tOB B KaMepe BHJib

COHa. OTcqeTHUe mKaJIU npH6opa Il03BOJIHJIH np0H3B0~HTh H3MepeHHe 
' ' 

BepTHKaJihH0ro nepe:ue111emrn (xoop~HHaTH 2. ) C T0tJH0CTblO ,11;0 

O,I CM H yrna Il0B0p0Ta 3Kpaua C TOtJH0CThlO 1°. 
C noM0ll!bIO penpoexropa uenocpe,1tCTBenuo (6es pactJeToB) 

H3MepaJIHCh: 

I. Pa,11;Hyc KPHBH3HH nepB~tJHoro H BTOpHtJaoro cne~oB R,H ~-

2. IlpoeitUHH yrna pacceaHHS (HJIH BHJieTa) Ha ropH30HTaJib

HYD llJI0CK0CTb -'\)V • 

3. IlpoeKUHH yrJia paccesHHH' (HJIH BUJieTa) Ha BepTHKaJIDHYIO 

llJIOCKOCTh (npoxo~SlllYIO qepe3 H3Mepse:r.wa.cne.1t) - Ta.lt Ha3UBae:r.wa 

rny6HHHUU yroJI o{, • 

4. Koop,1tHHaTll T0tJitH B3aHM0~eUCTBHS: .t -paCCTOSHHe OT 

Itpas nnacTHHitH-:r.mmeu~, Hs:uepse:uoe no uopMaJIH It nonepxuocTH 

nnaCTHHitHj h, -paCCT0SHHe TOqKH B3aHM0,B;et1CTBHH (no BllCOTe) 

o:r ue1toropot1 qiHKcHponaanoa T0tJitH B 1tauepe - penepa. 

5. PaCCT0SBHe OT q>HXCffP0BaBH0U T0tJKH (penepa) .lt0 qioro-

annapara. 

H3MepeHHe KPHBH3HH H yrJI0B uex,11;y CJie~aMH np0H3B0)tHJIHCb 

c ll0M0ll!bD _ cneuHaJihH0 H.3r0?0BJI8HHWC ma6JI0H0B, Ha K0T0PWC 6UJIH 
.. -

aaaeceJU,1 ,B;yrH .0KpylCR0C?H c pa,11;HyCaMH B npe,1teJiax 0? I CM ,11;0 5:w~ 

Hsia:epeHHe ymsaHBWC BeJIHqHH )t0CTaT0tJH0 )tJIS onpe.1teJieHHS 

ncex xapa1ttepHC?mt s,11;epnoro nsaHMo.itettcTBHa: 

a) yrna paccesaHsi (HJIH nu11e:ra) - 0· ·• Ta.1t KaK na.1tallntHe 

cJie.itu Jiexat 6JIH3K0 It ropH30'H?aJI:&H0U llJI0CK0CUI ( C0C?aBJISll C 
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Heil yroJI ~e doJiee 2-3°), TO des dom,mon omHdEH yroJI pac

ceSIHHSI MOXHO_ aaxo.n;HTb no ~OpMyJie: 

(AJ;S 0 = C-o,\ v,. £!.4'-S ~. 

d) asma:yTaJibHOro yrJia - (f no qiopMyJie: 

~<P=- ~~; 
B) HMnyJibCa qacTHUH p no q>OpMyJie: 

P~ - 3a0Hn,, 
\., - ~d, ! 

(s.n:ecb H-aanpSil!teHHOCTb MarHHTHoro llOJISI). 

C noMomLro .n;aHHHX,llOJiyqeHHl:,!X Ha penpoeKTOp~MO%HO 

BBeCTH nonpaBKH Ha H3MeHeHHe pa,n:Hyca KpHBH3HI:,! 38. Cl!eT 

yca.n:KH nJieHKH l1 na H3MeHeHHe H!mym~ca l!aCTHUbl sa CtJeT HOHH

saunonaoro xopMoxeHHSI B 1mmeHH, a taKxe onpe.n:eJIHTb nonoxe-

HHe TOtJKH DSaHuo.n:e.0:CTBHSI OTHOCHTeJlbHO 1tpaeD ocnemeHH0iii odJiaCTH. 

~CTb HSMepeHHSI pa8l!YCOB KpHBH3HI:,! H yrJio~ 

C llOM0.lllb!O madJI0HOB na CJie,n;e ,ll;JIHH0il I2-I5 CM KpHBH3Ha 

pa.n;HyC0B I00-120 CM H 70-80 CM H3MepSIJiaCb c T0tJH0CTbID 4-5% 

ll 3%, COOTBCTCTBSHHO. OmHdKa B onpe,n;eJieHHH pa,n:Hyca KpHBll3HU, 
' 

CBSI3aHHaSI C HamiqHeM HedoJI1,mon· neo.n;aopo.n;H0CTH MarHHTH0ro 

llOJISI, He npeBhlmaJia 2%. Pa.n;uyc 11 JI0JJCHOM" KPHBH3HI:,! CJie,ItOB, ody

CJiaBJIHBae1rntl .ItBHl!teHHeM rasa B 1tauepe, MHoro:&paTH!,IM pacceSI-
/ 

HHeM H 0llTHt.JeCKHMH HCKaXeHHSIMH,Henocpe.n;cTBeHH0 H3MepeHHHtl 

.ItJISI CJie,n;on Cq>0T0rpa~HponaHHHX des ,MarHHTHOro ll0JISI COCTaBJISieT 

25 MeTpOB. 

CyMMapHaSI OWHdlta B HSMepeHHH KpHBH3HI:,! CJI8.It0B, E3SITaSI · 

Kalt cpeAHe KBa.n;paTHl!HaSI HS nepetJHCJieHHHX Bb!IIIe omHdoK, paBHa 

7~. COOTBeTCTBYE).lllaSI OWHdKa D H3MepeHHH 3HeprHH Me30HOB 230 MsB 

paBHa ± IO%, x.e. ±23 Msn. 

\ 



• 

- 50 -

" \ 

IlpHBe,IJ;eHHaSI ToqaoCTh H3MepeHHSl 3HeprHH onpe,I1;811Sl1la 

rpaanuu pas,Ite11enHR c11yqaeB ynpyroro H Heynpyroro paccea~na: 

ecin c6poc 3HeprHH npn pacceaHHH 6H11 < 45 MsB, pacceaHHe 

cqnTa1lOCh ynpyrnu; eC11H cdpoc 3HeprHH 6HJI 6011hme 3TOil B911H-

l,IllHbl, pacceHH.He C1,IHTa1lOCh HeynpyrHM •. 

ToqHOCTh H3MepeHHH ropH30HTaJihHOH npoeKUHK yr11a 

pa~ceSIHHfi COCTaB11H1la 1~2° BO BCell 0611aCTH yr110B OTO .ItO 

iso0 H I-3° ,It11H r11y6HHHOro yr11a. Iloc11e.ItHHSl omH6Ka B03pacTaeT 

c yBe1111qeuHeM r11y6HRHoro yrJia. 

YqeT ZQMKH nneHKH 

rr·neHKa "naaxpou" - IOOO, npm.!easieJJafi Ha:MH .It11H qioxorpacpnpo

BaHHH, H3roToBnHeTcH Ba IlO,ItJIOXKe, KOTOpafi 00.ItBepxeaa ycane. 

no ,ItaHHUM HamHX H3MepeHHH MaKCHMa.1lhHaSI B911Ht,IHRa ycanH nneHKH 

COCTaD11Sl9T 0,5%. 0,ItHOBpeMeHHO nyTeMH3MepeHHSl ,Il;HaMeTpOB cne

UHa1lhHO Cq>OTOrpaqiHpOBaHHUX KpyroB H KO119U 6u110 BblSlCHeHo, 1,ITO 

HeT pa3HHUbl B yca,ItKe nneHKH B npO,It01lhHOM H nonepeqHQM HanpaB-

1leHHh. IlpH aamHX yc110BHSlX qioTorpaqiHpOBaHHSl ycana nneHKH Be

]lHqHHOll 0,5% npHBO,ItH1la K yBeJIHt,IeRHD 'paCCTOSlHllfi Me~.ItY nJieHKOH 

H 11so6paJE:eHHeM npH penpoeuHpoBamm ( no cpaBHemm c paccto

RHHeM MeX,Ity nJieHKOH n Od'IieKTO.M npH qJOTOrpacpnpoBaHJm) Ha 8%. 

B TaKOH xe nponopuHH yne11HqHBa1lCSl pa3Mep H3O6paxeHHR. 

COOTDSTCTBeHHO 3TOMY BBe,IteHHe nonpaBKH Ra yca,ItKy 

nJieRKH COCTOil11O B y1moxemm H3MepeHHb!X pa,ItHyCOB Ha BeJIHt,IHHY 

OTROmeHHSl HCTHHHOro paCCTOSlHHSl OT nneHKH ,ItO O6'.EieKTa K pac

CTOHHHD MeX,Ity nneHKOM H H3O6Pa~eHHeM O6'.EieKTa npH penpoe-

UHPOBamm. 
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BBH.ItY paBHOMepHOil yca;iurn:. nJieHKH H3.M8H8HHii' 

yrJIOB MSX.ItY CJie,ItaMH, ecteCTBeHHO, He ,ItOJIJlCHO dLITL. ll ,IteitCTBH

teJILH~ Ha.MM He HadJIIOAaJiacL(B npe,IteJiax omHdOK)pa3HHUaMeX.ItY 

pesynLtaraMH HsuepeuHn yrnoB cpasy nocne npoaBneHHR nneHKH 

H cnycu O.IUIH 1um .ItBa :ro.1ta n.ocne nepBLIX H3MepeHHil. 

YroqHeHHe H.IteHTHffiHKaUHH cnyqaeB agepHor.Q_ 

B3aHMO.;Qtl:CTBHSI 

B ycJIOBHRX Hawer,o om,1ra npOTOHl,l OT l4830HOB, BOOdnte 

roBopa, OTJIHqa10rca BH3yaJILHO no TOJintHHe CJI8.It~ H nJIOTHOCTH 

noqepHSHHa •. )leilCTBH:reJn,ao, npOTOH c HMnynLcoy OKOJIO 30,0 M:rn/c 

HMeeT ./.!J ~o,3, ,ItJUl M830HOB .3Toro xe HMnyJILCa 1o~o,9, H 

Il03TOMY pa3HHUa B Be~HqHaax HOHH3a~H, npOH3BO.ItHMOM 3THMH 

qacxunaMH,BeJIHKa H ,ItocxynHa ,Itna BHsyanLuoro odHapyxeHHa. 

B Tex xe cnyqaax, KOr,Ita no TOJintHHe CJIS,JJ;OB H llJIOTHOCTH 

noqepHeHHR HeJIL3a dLiJIO onpe,IteJIHTL PO.It qacTHULI (aanpHMep, B 

cnyqae oqeaL 6L1ctporo npotoHa,H.Itymero Ha rpaaHne ocBenteHHO~ 

odnactHh nouorano HsuepeHHe pa,ItHyca KpHBH3HLI cne.1ta. EcnH 

H3MepeHHLlil pa,ItHyc KpHBH3HLI CJie,Ita dOJILme pa.ItHyca KPHBH3Hl,l 

CJie,Ita uesoua, TO ecteCTB8HHO CJie.It Mor dLITL TOJILKO npOTOHOU 

( HJIH ,JJ;pyroil TSlli!eJIOit tiaCTlU~elt). 

III. BBE,IlEHHE IIOIIPABOK IIPH OITPE@EI:ll:Ul: AECOJIDTHHX 
3HA qEIIBfl CEqEIIlill 

I• IIonpaBKa Ha npH1!8CL B nyqxe na.llaIOMX 'f -Me30HOB 
~- MS30HOB H 3JI8KTpOHOB 

O:mocH:rem:,aaa .ItOJUI jtl-M830HOB H 3JI8KTpOHOB B nyqKe 

onpe,IteJIRJiaCL OdLitIHLIM MetO,ItOM no KpHBOtl: nornonteHHa na,ItaIOntHX 
\ 

qacTHl\ B M8,JJ;H. 
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0T,IJ;0JU,HO npHM0Cl> :3JI0KTpOHOB. onpe~eJUrnac:& no tft1CJIY JIHBHeli, 
\ 

ua6JID.D;ae.Mb1X ripH npOXOJB:,IteHHH nytrn:a. na,n;alOIIlHX ttaCTHU ttepes CBHH-

UOBYIO nJiaCTHHKY, nocTaBJieHHyID B KaMepe BMeCTO MHmeHH. 

2~ UonpaBKa Ha sqxpeKTHBHOCTI, Ha6JII0!0HHfi 

3qxpeKTHBHOCTl> Ha6JID,ll;0HHSl pa3JilitJHii!X CJiyttaeB Sl,Il;epaoro 

B~aHMO,IJ;encTBHSl MeHI>me e,IJ;HHHqH H 3aBHCliT OT rJiy6HHbl OCBemea

aon o6JiaCTH H TOJIIIlHHU nJiaCTHHKH. 'Cfu.CTI, CJiyqaeB B3aHMO,n;eJtcTBHSl 

nponycKaeTCSl H3-3a Toro, tJTO BTOpHtJHHe CJI8,Il;H BI,IXO,Il;RT H3 oc- . 

nemeHHOJt 06JiaCTH eme BHYTPH nJiaCTHHKH; a ,n;pyran ttaCTI, - H3-3a 

pa3JIHtlHOJ1 "Ha6JIIO,IJ;ae:MOCTH 11 B3aHMO,IJ;eitCTBHJ1 c BM,Il;HMblMH BTOpHtlHWW 

CJie,IJ;aMH. HanpHMep, "Ha6JIID,IJ;aeMOCTb 11 paccenHHll B nJIOCKOCTH 

KaMepu ropas,n;o 60JI1>me "aa6JI11,n;aeuoctH" paccenHHil ·nnepx H BHH3 

( no OTHOmeHHD K 3TOil llJIOCKOC~H). 

KonHtJeCTBO nponycKOB o6ycJiaBJIHBaeMoe nepBOR npHqHHOil 

JierKo BHtJHCJISleTCSl no rny6HHe OCB01Il0HHOil o6nacTH H TOJIIIlHHe _ 

nJiaCTHHKH; KOJIHtteCTBO J!Ce nponycKOB no BTOpoll nplltJHHe MOJJteT 

6b1T~ onpe,n;eJieHO TOJil>KO 3KCnepHMeHTaJibHO. 

Ilpnuep ynpyroro paccenHHR 

Ha pHc.I npHBe,n;eao pacnpe,n;eJieHHe ynpyroro paccenHHR no 
• . • I 

a3HJ.IYTaJII>HOMY yrny lf. 3To pacnpe,n;eJieHHe _He H30Tponeo H. 

HMeeT npoBaJIH B pailoHe yrJIOB lf = 90° H lf = 270°. 3TOT 

npoBaJI 06'I>SlCHSl8TCSl. COBOKYilHbtM ,n;ellCTBHeM ABYX paCCMOTpeHHNX 

Bmlle npHtrnH. To, tJTO 3,Il;8Cb ,n;eRCTByeT H nepBast npHtlHHa, noxa-

3HBaeT TO OdCTOSlT8JibCTBO, tJTO ,Il;JISl CJiyttaeB pacceaHHSl na,n;aDIIlHX 

Il-Me30HOB, pacnOJIOJJteHHHX B Bepxaen IlOJIOBHHe OCBemeBHOil odJiaCTH, 

,. 
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Ciom,me npe.ztcTaBJ1eH11 yrm,1 lf n pa.tone 90°, tteM B pa!ione 2!70?'; 

a ~J1il criyqaen pacceSimrn na.ztalOl!lHX i1-Me3oHoB, pacnoJio:&eHHhlX 

D HH.iCH0.11 Il0JI0BHHe 0CBemeHH0.W OdJiaCTH, HaCiJIJO)LaeTCSI o6pa.THaSI 

KapTl1HO.. To, tIT0 .l{eficTnyeT 11 BT0paR npHtIHHa, CJie)J.yeT J.13 Toro, 

tIT0 pacctttnaHHO..fl nonp~Bim HD, BJ:,JX0,It CJle,It0B H3 0C_BelL(eHH0H od.'laCTH 
,. 

DHYTPH IIJI8.CTJ.1HKH C0CTaBJISieT IO-I2% H ire odoSICHSIOT ncero Iiad-

JIIO,Itaeuoro nponana. OqeBH.ItHo, 4T0 cy1n.m.p11a.fl nonpanKa uo~eT . -

dun noJiytieHa 113 Hail.IteHHoro pacnpe.zteJieHHn nyTeM np}rne.D;eHHR 

ero It H30TpOIIHOMY ," KO.K 3 TO IlOKa3aHO Ha pncynKe • 3aKOHHOCTI, 

~Toii onepaJ.tHH (He 'roBopn oCi owHdKax, uorymHx npoH30tiTH H3-sa 

. He,ItOCTUTOtIHOCTH CTO.THCTHKH) He B~3LIDaeT COMIIeHH~, TaK KaK He 

BH,ItHO mnmKHX cpH3HtJeCKHX np11q11n, ICOTOpbie MOrJm dbl Od'oSICHliTI, 

naeiJIJO,ItaeMIJit npoBaJI npH yKasaHHhlX a3HMyTaJII>Hh!X yrnax. 

B Ta6JIHLte I npliBO.ItOHLI BOJIH4HHhl GcpqleKTHBHOCTH na6JIIO.D;eHH.fl, 

paCCtIH.XaHHI:Je )J.JISI OCBemeHHOH OOJiaCTJ.1 rJiy6HH011 40 MM npH pa3H01i 

TOJll!lHHe nJiaCTHHKH-MHWOHH. 

Tac5JIHUa l . 

5 MM IO MM 25 MM 

0-30° I,00 0,99 0,94 

30-60° 0,90 0,83 0,67 

60-90° 0,54 0,43 0,24 
---

OT.It~JII>HHe onpe.n;enemrn 3TOli nonpaBirn neo6xo.ztmm .ItJIII 

HaXO)iC.l{OIUi~ KOJIHtieCTBa "MHH1mx" H HCTHHHl:,IX OCTaHOBOK. 

\ 
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Pttc. 2 

Hna3Mynpyroe pacceneee 

. "~- ··~~~ 
• • n 

7rt--MB30Hu. 

.. 

\ 
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noduu nomro.tua'rt 1:mosen--1-.:1· a1melnorr JOJJ 

\ 



- 57 -

PMc. 4 

8Be3na C BHnBTOM rrpoTOHa 



,,.. 

• 

\ 

Ynpyroe pacceaane 
Ha3a,I{ npol'oHa, 
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Tue. 5 

ft--M830Ha. 3B83,I{a C Bb!Jl8l'OM 

j 
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Puc.6 

PerrpoeKTOp ~RR 06pa60TKH CTepeOWOTorpawnn, 
rronyqeHHhlX Ha KaMepe BHRbCOHa. 
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OB H3MEPEHHRX HMTIYnWA tJACTHU KOCMHt!ECRKX mnIEn, 
\ 

r~m>YDQX ME30Ira . llPlLBOJlI,tm!X ... ;3HEPrIDIX 

B.B.ryceBa, B.M.MaKCHU8HKO, c.A.CJiaBaTHHCKHU 

(tH3HqeCKHff HHCTHTYT AH CCCP) 

IlpH HCCJI8~0BaHHH s~epHWC .B3aHMO~ettCTBHU, BH3UBae~HX 

KOCJIHqecKm.m .nyqrum, oqeHL Baxa,on H HHTepecHott xapaKtepHCTHKOtt 

RBJIReTcn HMnyJILC qacnu, BH3UBaID~HX 3TH B3aHMO~effcTBHR. 

Me~y TeM, B odaqaax KaMepax BHJILCOHa MoryT dUTL H3Mepeaa· 

HMny111ica, He npeBOCXO~R~He H8CKOJI~KHX _Dec/ /c , a KOCB8HHHe 

M8TO~a. onpe~eJieHHS 3HeprHH nepBHqHax ttaCTHU, HanpHMep, no yrJIOBUM 

pacnpe~eJI8HHRM BTOpHqffHX qacTHU B CHJIY pn~a npHtlHH RBJIRDTCR 

H8Y~OBJI8TBOPHT8JILHWH. IT03TOUY npe~cTaBJiseT HHTepec pa3padOTKa 

M8TO~OB npsuoro.onpe~ene~HS HMDYJILCOB qacTHU KOCMHtf8CKOro H31IY

tf8HHR, BH3anaD~Hx s~epaae nsaHMo~encrBHR B HHTepBa11e IO - roof!J.dJ/e 

TaitaR ycTaHOBKa, KOTopas n03BOJIRJia H3M8PRTL HMny111,ca · 

nepBHtfHHX qacTHU B YKa3aHHOM HHTepnane· H O~HOBP8M8HHO H3M8PRTL 

HMnyJILCH BTOpHqawc qacTHU H pa3JIHqHH8 npocTpaHCTB8HHH8 H·yrJIOBae 

xa~KT8pHCTHKH R~epHHX npoueccon, dana C03~aHa Ha ITalmpCKOJ:t 

BliCOROropuoH aayquon craHUHH ~H3HQ8CKOro HHCTHTyTa AH CCCP. Cxeua 

yctaHOBKH npiBe~eHa Ha pHc.I. 
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B ycTaH0BKe HMeJIHCl> ,n;Be qH.1JHH.D;pHqecRH8 -KaJ.leplil BHBl>COHa 

.iumuerpoM 30 cu c rny6mloii ocBemeaaon o6nacxff 8 cM, pacnoJioxeuaHe. 

o,n;Ha Ha,n; ,n;pyrott Ha paccT0SIHHH I02 CM. B HHJltH8tl Ka.Mepe 61rna noMe-

nteHa ~eplVIJIHeBaSI rtJiaCTHHa l'O,JllltHHOll 9,8· r/cu2.' HHllCHSIJl RaJd8pa 

H 6om,maSI tlaCU npO!.!eJltYTKa 'uex,zty Ka.Mepa:MH. HaXO.D;HJIHCl, Me:m:.n;y 
.. 

non10ca1,m 3JI8KTpouarHHTa CIT-29,_ co3.n;a10ntero none B IIQ00 3pcTe.n;. 

Ka.Mepu cpororpacpHpoBa1111:c1, .• cTepeoqmToannapaTaMH. KoJIHqecTB0 B81!18CTBa 

Ha,n; ycTaH0BK0ll He npeBI:1mano 20 r/cM2 fil!,. Il03l'0MY a.n;epuo-aKTHBHli8 

qacuu~u, perHCTpHpyeuue· -YCTaH0BK0U 6li!JIH, B 0CH0BH0M, np0T0HaMH~ 

H3uepeHHe HX HMrtYJILCa onpe.n;eJISIJIO CJI8,It0BBT8Jll>H0 H 3Heprtrn. ID.myJii,Clil 

Bl'0puqaux -qacTHU, -re He pHp0BaHHU~ B MHWeHH, M0r JIH 6HTI> onpe.n;eJieHH 

o6uqHmt cnooo6ou no KpHBH3He HX CJI8.D;0B B HHJICHell ICa.Mepe. ID.tnyJil>C 

nepBHqmnc qacTHI.l Mor 6un H3:U8p8H II0 yrJiy II0B0p0Ta qaCl'HI.lht ·B II0JI8 . 

H. 110 Be]IJtqHHe OTKJIOH8HHJl qacTHUht 0l' npm.rniIHH8ltHOlt- l'pa~KTOPHHx) • 

MH HCrt0JI1>30BaJIH BT0pott cnoco6, TaK KaK· TQqHQCTL '.H3MepeHHJl. yrJIOB 

HaKJI0Ha cne.n;a B6./IH3H UHW8HH 61:iIJia He,It0Cl'Bl'0llH0 BhtC0K0lt H3-3a MaJI0lt .. ' . ' ' : ' . •. . 

,ItJIHHht CJie,It0B. 3T0T cnoco6 H3UepeHHt! HMilYJil>Ca noTpe6oBaJI 60Jil>mon 
• - 0 • ·•• ·, .• a' •• 

' . 
TQqHQCTH lOCTHPOBKH o6eHx Ka.Hep .n;pyr ·. 0TH0CHTeJILH0_ .n;pyra. DCTHP0B-

Ka 6bIJia:ItP0H3BeieHa no cpoTorpacpHJIM T0HKHX Kaltp0H0BIDC HHTett, 

npoxo.n;s!l!lHX qepe3.pa6oque 061>eMll o6eHx.itauep. 9?0To:rpacpHpoBaHHe 

Kauep c5mro CTepeocKonuqecKH~-: ITJieHKa C q>OTorpa.q,HSIMH CJI8,ItOB 

x) MeTo,n; .D;B)?C .Ka.Mep BHJil,C0Ha "6un, paaee HCil0Jil,30BaH B pa60T8 (I) 
· ,ItJISI onpe,n;eJieHHSI Crt8KTpa HMIIYJU,COB fa -M830HOB • MaICciUJa.JILHO 

H3MepHMHtt HAmyJILC B 3TOM pa.<1oTe 6htJI -paBeH !()Q ~ • 
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tJac:rn:n _oCSpa6a?uBaJiac1, Ha_ wrnpocxone Ylitr~2I. Roop.D;1rnaxu - ~. Y 

Ka.Il8Jil, CJI8.D;0B B IlJI0CK0CTH nepeneH.D;HKYJIRpaon HanpaBJI8HHD cpororpa-
. . 

cpHpOBamrn onp8,lt8JIRJIHCL c 0IIIH6K0ff +O,I MM •. OmH6Ka B onpe.D;enemm - . 

K00P.D;HHaTU l (n~· H~l'!paBJI8HHI) cpOTOrpacpHpOBaHHR) C0CTaBJIRJia 

+ 0,3 MM H + I WA )tJIR Bepxae.ll H HHJ.ICH8lt KaMep C00TB8TCTB8HH0. - - . . 

I!0Jil>3YRCL M8T0.D;0M ·HaHM8HLllmX KBa.D;paT0B no H3B8CT'HU:M K00P.ItH

HaTaM xanen1, cne.D;a MU onpe.D;eJIRJIH npnM0JIHHeffHyD Tpa.eKT0pHD tJaCTH!lll 

B B8pXHett KaMepe H np0.D;0JIJm~ ee .D;0 BX0,lta- ~ MHm8Hl>. Pa3H0CTl, 

Me~y K00P.D;HHaTaMH T0tJeK nepecetJeHH0ro CJI8.D;a qa'cTH!lU H np0.D;0JI

JIC8HH8M npmlOJIHHeltHoro ytJaCTlta :noro cne,Ita C MHm8HLD B nJipCK0CTH 

nepneH,ItHKYJIRPH0U HanpaBJI8HHD cpororpacpHp0BaHHR onpe.D;8JIRJia B8JIHtJHHY 

0TKJI0HeHlrn d - tJaCTH!lll MarHHTHU:M noJieM • .AHaJI0rHtJHaR pa:3H0CTl> 

uh-~, B3RTaR B HanpaBJI8HHH cpororpacpHpOBaHHR, T.e. B.D;0JIL HanpaBne~ 

HHR nonn, Il03B0JIRJia.0,ltH03HatJH0 CY.D;HTL, npHHa,ItJiellCaT JIH HCCJie.D;yeMue 

CJI8.D;ll 0.D;H0lt H T0lt :ate -tJaCTHne·. 
. . . 

CBR3l> Me~y ·BeJIHtJHH0lt 0TKJI0H8HHR tJaCTH!lll MarHHTHUM noneu 

d H ee HMny111>~0M 61rna HaR.D;eHa aHaJIHTHtf8CKH nyTeM HHTerpHp9-

BaHHH ypaBH8HHH .D;BHX8HHH tJaCTH!lli npH 38,AaHHllX HatJaJil>HHX YCJI0BHRX. 

~JIH qacTH!l c HMITYJILC0M, 60Jil>llmM 3 b3B/C H·HM8DutHM yron HaKJI0Ha 

K ilepTHKaJIH, ueH1>nmlt 20°, 6una Haff)teHa c11e,1tyioutan saBHCHMOCTh: 

pe=:fJ (~ r,ne pe ,naHo B BsB H d- B w. 

OCH0BHUM B0llp0C0M M8l'O)tHtl8CKOtt pac50Tli HBJIHJI0CL onpe,nenemi:e . . . 

T0tJH0CTH H3MepeHH.ll HMny11Lca. C 3TOtt neJil>D Mli ccpororpacpupoBaJIH 

CJI8)tll H8CK01ll>KHX )t8CHTKOB j1A _-U830H0B, np0X0,ItHBllmX tJepes· oc5e 
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Ka.Mepu. rpynna ctteTttHlCOB, ynpaBJIRBmaR pac5OTOtl KaMep, perHCTpHpOBaJia 

Me3oHbl c npoc5eroM, c5om,mm.{ 60 cM cmrnua. 

IIo Ka.E:.I\Ott <pOTOrpacpHH CJI0)4OB Me3OHOB c5umt onpe.14eJieHu 

BeJrnqHHbl d H h . liaMepeHHR rtoKasanH, ttTo B BeJIHttHHe h,,, m,ieeTcR 

Hec5om,woi1 paac5poc BOKpyr ayneBoro sHattemm. K noRBJieHHIO sToro 

pa36poca npHBO)\HJrn )\Be OCHOBHHe npHtIHHU - KYJIOHOBCKOe paccenmte 

ttacrnu B cTeHKaX Km.mp (rnaBHUM oc5pasoM B cTeHKax nepxHett KaMepu) 

• H norpemaocTH H3Mepemrtf npn onpe.n;eneHHH nonoxemrn cne.n;oB B oc5"I>eue 

KaJ.tep. HcKa✓.cemrn cJie.14OB KOHB8KUHOHHEUAH TOKaMH B rase KaMep He 

MOrJIH BU3BaT:& 3Toro pasc5poca, TaK Ka.K, Bo-nepBUX, HCKaXeHHR 

c5UJIH HeBeJIUKH (pa.14Hyc JIO:ICHOlt KpHBH3Hl,l paBHRJICR I4 u), H, BO-BTOPhIX, 

rtpH annpOKCHMHPOBaHHH CJIS)ta rtpSIMOJIHHSt!HO.tl TpaeKTOpHetl ee nanpaBJie

HHe He MOrJIO saMeTHO OTJIHttaTDCR OT HanpaBJieHH_SI )J;BHE:9HH,R ttaCTHUU. 

BeJI111.JHHa cpe.n;He-KBa,1tpaTHttHoro pasc5poca B h duJia paBHa 

4 ,5 MM. ,ll;m _,J'1 -M93OHOB, 3aperHCTPHPOBaHHUX B OTCYTCTBHe :uarHHT

HOrO 'llOJISI, pasc5poc B BemttJHHe d ' TaKxe OKa3aJICR paBHID{ 4,5 MM. 

3TO COBna.n;eHHe yKa3UBaJio Ha TO, ttTO OCHOBHOtt npHttHHOtt pasdpoca SIB

JISI0TCSI KYJIOHOBCKOe pacceRH~e ttaCTHU. 

)lJISI Toro, qTo6u onpe.n;eJinn Be.im:ttHHY omndKn B d u h , cBJI

saHHoti TOJI:&KO' C norpemHOCTSIMU H31A:epennn, c5UJIH oc5padoTami !pOTOrpa-

~HH cne.n;OB .JlA -M03OHOB, OTKJIOHeHHllX MarHHTHUM noJieM. BenuqnHa 

HMilYJI:&Ca M03OHOB onpe.n;eJISIJiaC:& no <pOpMyJie (I) H ne3aBHCHMO-H3 

H3Mepennn KPHBH3HU nx cJie.itoB no.n; 1.mmen:&10 B nmimen KaMepe. ConocTa

BHTL oda MeTo.n;a H3MepeHHt! OKa3aJIOC:& BO3l!OltHl:lM JIHW:& )J;JISI HaHc5oJiee 

"Me.n;JieHHUX" M83OHOB ( pc, <.J.f!>J8 ) , TaK Ka.K npe,IteJI:&HO H3MepHMlltl 

HMllYJI:&c,onpe.n;eJieHHllt! no KPHBH3He cne.n;oB, 6UJI paB8H 4 E~B • 
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ConocTaBJieHHe no~yqeHH&X 3HaqeaHU HMnyJILCOB Jl-1-Me30HOB noKa3aJio, 

qro o6a uero.zta B npe.ztenax 01IIH60K H3MepeaHn .ztaJm. O.ItHHaKOB&ll pe3yJIL

rar. 

]J,JISI M830HOB c 60JILmHMH HMnyJILCaMH ( pe:S. 2. E:rn) 6&JI 

onpe.zteJieH pa36poc B8JIHqHHH- h., • 3KcnepHM8HTaJILHHe ,ItaHHHe O 

BeJmq~rnax d H h.- __l!J)_H~_~.zteHu B ra6n.I 

~ I G>(.. 

I,6 • .'.3,9 

ID.myJILC 
B n3B/C 

2,. 5 

Ta6.1m1ta I. 

Ben11qHaa cpe.ztae-KBa.ztpar. pa3- . MaKCHuaJILHo 
6poca·B I,, B MM H3M8pHMHll 
3xcnepH- PacceSI- rrorpel!IH .H3- ~~n7Y.gLc B 
M8HT. HHe MepeHHSI B 

.'.3,2 2,8 I,8 4.'.3 

BeJiijqHHa.cpe.ztHe-KBa.ztparHqHoro pa36poca, o6ycnoB~eHHoro 

pacceSIHHeM, npHBe.zteHHaSI B ra6n.I, 6una B&qHcJieHa no 3HaqeHHSIM 

HMnyJILCOB .M830HOB H TOJI~HHU Be~eCTBa, B KOTOpOM npOHCXO,ItHJIO 

pacceSIHHe. BeJmqHHa pa36poca, CBSI3aHHOro C norpeDIHOCTSIMH H3Ue

peHHU, 6una Ha~eaa KaK KOpeHL ·KBa,n;paTHHU H3 pa3HOCTH KBa,n;paTOB 

B8JIHqHH "3KCnepHM8HTaJILHOrO pa36poca" H pa36poca, BH3BaHHOro 

pacceHHHeM. HaKOHeI.t, 3HaqeHH8 MaKCHMaJI~HO H3MepHMoro HMnyJILCa 

nonyqeao no BeJmqHae pa36poca B 

qro pa36poc B neJIHqHaax d 
Ii, • IIpH 3TOM npe.ztnonaraJIOCL , 

H /v , o6ycJIOBJieHHHll TOJILKO 

norpemHOCTSIMH H3MepeHHll, O,ItHHaKOB • B ,1teUCTBHT8JILHOCTH, O,ItHaKO, 

roqHQCTL B onpe,IteJieHHH nonoxeHHSI CJie,Ita B nJIOCKOCTH KaMep 

npH6JIH3HT8JILHO B .'.3 JR3a B&me, qeu roqHQCTL B onpe,IteJieHHH nonoxeHHSI 

.J 
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no rJiy6HHe Ka.Yep&. IIo:noMy ecTeCTBeHHO OD,I(aT.1>, QTO _·BeJIHQJfHa 

cpe.I(He-KBa,I(paTHqHoro pas6poca B. d TaKJiCe npH6JIH3HTeJI:&HO 

BJ pasa MeH:&me, qeM .I(JIJI /tt; , T.e. paBHa 0,6 MM. TaKaJJ 

BeJIHQHHa pas6poca COOTBeTcwyeT MaKCHMaJI:&HO H3Mepm.rnuy HMitYJil>

cy, pa.BHOMY IJO E:rn/c • IIonyqemre 3KCrte'pm.reHTaJI:&HhlX .I(aHHilX 0 

pas6poce B d .I(JIJJ Me30HOD co CTOJI:& 60JI1,111HMH HurtyJI1>crum . 

3aTPY.ItHHTeJil>HO, TaK Ka!( ItOTpe6oBaJIO 61:l 60JI1>moro KOJIHQeCTBa 

BpeMeHU. 

IToJiyqeHHHe HaMH 3HaQeHHJl·MaKCHMaJI:&HO-H3MepHMOro HMitYJI:&Ca 

6JIH3KH K TeM, IWTopue ItOJiyqem,r B pa6QTe (I), npoBe.I(eHHOtt 

MeTO.I(OM .ItBYX KaMep BHJil>COHa. OHR ItOQTH Ha nopn.I(OK BeJIHqHHl:l 

npeBumaJOT npe.I(eJI:&Ho l1'.3Mepm.me HMeyJIDCil, H3MepHe1me 96Iiiqao 

c ItOMOl!{l>D o.n;aon KaMepu BHn:&COHa B MarHHTHOM ItOJie~ H TeM 6oJiee, 

onpe)(enneuue uero.n;oM ~orosuyn:&cHtt. 

,l(aJI:&Henwee pa3BHTH8 3TOlt MeTO.I(HKH C uem,ll _ItOBL!meHHJI 

roqaocTH H3Mepeann HMityJI:&Ca B03MOXHO nyreu HCitOJil>30BaHHH 

KaMep C 60JI:&IIIHMH pa3MepauH. ITpHMeHeHHe TaKHX KaMep It03BOJIHT 

YB8JIHQH1':& . .n;JIHHY Ha6JIK>,I(aeuux cne.n;oB, a, cne.n;oBaTeJil>HO, H TOQHOCTH 

H3MepeHHtt HX nono:r.eHMH B 06'I>eMe Ka1rep • 

Cyll{eCTB8HHl,ll.{ ue.n;ocraTKOM Hamett ycTaHOBKH JIBJISIJiact 

ae6oJI:&man "cBerocHJia" K perHcrpaumr npoTOHOB OOJI:&mott :me prim. 

3cMeKTHBHOCT:& perucTpaitHH TaKHX npOTOHOB .n;nyMJJ KaMepaMH 61:lJia 

rroqrH B IO pa3 HHxe, qeu o,11;Hoi-t ammen Ka.Me poll. JipoBe.n;eHHaJJ 

pa6ora ItOKa3hlBaer, qro M8TO,ll; .n;Byx Kauep BHJI:&COHa MOXeT 6HTL 

npHMeaea B HCCJie,n;oBamrnx JJ.Itepm,rx npoue.ccoB 6oJI:&mofit :rneprHH, 
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BU3UBaeMUX, KOclqlqecKHliH nyqrum. KnJIDcTpa~uen npHM8H8HH8 3TOro 
\ . 

\ . . . 
"M8TO~a HBnaeTca aHanH3 H8CKOnLKHX cnyqaeB reH8panffH M830HOB 

npOTOHaMH, OnHCaHHUU Hrum B padOT8 (2). 

X H Tep a T x·p a 

I. D.A.Claser, B.Hamermesh and G.Safonov 

Phys. Rev., ao, 625, I950. 

2. H.r.BHprep, B.B.ryceBa, K.A.KoTenLHHKoB, B.M.MaKcHMeHKo, 

C.B.Pa6HKOB, C.A.CnaBaTHHCKHn, r.M.CTamKOB. 13N, TOM 3I, 

Bun.6 (I2), cTp.982, I95.6. 
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KaMepa BHJibcoua; ¢. a. - cj,oroannapar 
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p ToqHQCTH H3MEPEHHv1 HMITYTI1CA qACTHU B HEBon1mon 

BEPTHKATI1HOv! HAMEPE BHTI1COHA 

n.T.Ea.pa~3en, D.A.Cuopo~HH, M.B.COJIOBDeB, B.B.TonxaqeB, 
3.M.TynHHOBa 

(~H3HqecKHil HHCTHTYT AH CCCP) 

JJ. 
. 1 

JIR onpe~eJieHHR HMnyJIDCa qacTHQht onpe~eJIR8TCR y - KPHBH3Ha 

TpaeKTOPHH B H3BeCTHOM MarHHTHOM none. 

Ha pHc.I. npHBe~eHa KOH!pHrypa~HR noJIDCHhtX HaKOHeqHHKOB H 

, pacnpe~eJieHHe MarHHTHOro nOJIR B 3a3ope 3JI8KTPOMarHHTa, r~e nouemaJiaCD 

Q~JIHH~pHqecKaR KaMepa ~HaMeTpOM 20 CM H rnydHHOll 6 CM. Heo~HOpO~HOCTD 

nonn B 061>eMe xa1.repu He npeBumana 3%. MarHHTonpoBo~ Haxo~HJICR B o6nac

TH HacumeHHR, H KOJie6aHHR.nOJI~ BO BpeM8HH He npeBumaJIH 0,8 %. 
IT03TOMY TOqHOCTD H3M8peHHR HMTIYJIDCa oripe~eJIRJiaCD ToqaoCTDD H3M8p8HHR 

KPHBH3Hht TpaeKTOPHH qacTHQht no !pOTOrpa<pHH cne~a B xauepe. 

CymecTB8HHO pa3JIHqHht no CB08MY npOHCXOJJCA8HHID ~~a OCHOBHhtX BH~a 

norpemnocren. 

I) nH<WiyaHOHHaR norpemHOCTD' o6ycnoBJI8HHaR xaoTHqecxm.t: 

CMememi:eM Q8HTpOB npORBJI8HHhtX 3epeH cne~a OT TpaeKTOpHH qacTHQht. 

ITpaKTHqecKH OCHOBHW.t:H npHqHHaMH TaKoro cuemeHHfi RBJIRDTCR: 

a) ~H<pqJYSHfi HOHOB ~o o6:pa.30BaHHfi Ha HHX KaneJID; · 

6). KOHeqaun pasMep 3epeH. !pOT03MYJIDCHH ; . 

B) omH6KH B H3M8p8HHH KOOp~HHaT Q8HTpOB H306paJJteHHll xaneJID •.. 

\ 

• 

•. 
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' \ 
2. Typ6yneHTHan norpemHOCTD, CBR3aHHan co CMemeuHeM yqacTKOB 

C1Ie,I(a OT nonoxeHHSl TpaeKTOPHH qacTm:tu ,I(BHJlteHHSllfH rasa B Ka.Mepe. 

B Hal!mx omuax Ka.Mepa HanonannacD cMeCDIO aproua (50%) H remrn 

(50%) )tO ,ItaBiieHHR 2 aTM~ BpeMR ,ll;HC!J<PY3HH HOHOB( re )COCTaBRR1IO 0, 005 m. 

nnn J71JeHDlll8HHR 3HaQeHHR .I(Hqxpy3HOHHOtf norpemHOCTH KPHBH3HaTpaeK

TOPHH cne,I(a H3Mepn1IaCD no KOOp.I(HHaTaM 601IDmoro qHcRa TOQeK. TipH 3TOM 

KpHBH3Ha paccqHTUBa1IaCD no ~op1.ryne: 

:f. - {;<"J..y-i½) t-tX (xl-i<- x!l 
7-f" - 2 i' - xz-2. ' 

(2) r,Ite 

qneH C K03ql(pHr.ureHTOM o(. YQHTUBaeT HeToqaoCTD ycTaHOBKH cne,Ita. 

I 
Hatl,Iteaaoe saaqeaHe 7-i m.reeT uam,teHDmee suaqeaHe ,I(HcnepcHH 

(I): 
,.) J. - _L [ ;1._ iP. - 3-- ] 
lJ d - 11,-.3 . x11 .:.x.1.'- 41?..,. 

(3) 

BenHqHHa ,I(HcnepCHH CBSI3aHa co cpe,ItHe-:rrna,ItpaTHtIHUM pacCTOSIHHeM 

Toqe1( OT TpaeKTOpHH C1Ie,Ita cf, - COOTHOmemrnM: 

8! ~ n~: · [ xtxi,.] (4) 

Onpe.zteneauoe no sToU ~opMyne ol )(RSI cne.ztoB, saperHcTpH-. 
poBaHHUX C ,ItaHHOtf Kattepot:t, 0Ka.3a1IOCD paBHID.t 0,04 MM, QTO 3HatIHTe1IDH0 

M8Hbfil8 cpe,ItH8-KBa.ztpaTHqnoro CMe~eHHR HOHOB BC1Ie,I(CTBH8 ,ItHqxpy3HH(0,2 MM) . 
3TO pa.31IHQHe CBH.zteT81IDCTByeT O TOM, qTo B Hanrnx ycnoBirnx 

~OTOrpa~HPOBaHHSI npORB1IeHHUe sepua He npe.ztCTaB1ISIIOT co6ott HS06paj[eHHSl 

Kane1ID, BUpOCl!IHX Ha OT)te1IbHUX HOHax. 

j 
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IIp1rneHJieMbie BbICOKO-qyBCTBHTeJIJ,Hh!e 3MYJIJ.,CHH ll-I0-800 " 

"naHxpoM Bh!Cmet:t qyBCTBHTeJIJ,HOCTH11 HMemi: pas:M'ep 38pHa _ B HamHX 

yCJIOBHRX 3KCil03HUHH H npORBJieHHR KOHTpaCTHW npoRBHTeJieM 

OKOJIO 20-30 MHKpoH·, l!TO npHBO~HT K CMe11teHHRM Ha nJieHKe ~eHTpOB 

Cq>OTOrpaqmpoBaHH.bIX KaneJII:, Ha 5 - IO .f OT ~ettcT~HTeJil,HOro 

~OTOrpa~HqecKoro H306paxeHHR HX. 3TO CMemeaHe )(aeT 3aMeTHbIU 

BKJia)( B BeJIHlIHHY cpe)(He-KBa)(paTHqHoro CMemeHHR d H o6~RCHR8T 

CJia6yD 3aBHCHMOCTl, d OT BpeMeHH )(Hqxpy3ml HOHOB .- (IIpH H3MeHe-

HHH ct, OT 5 )(0 I5 MHJIJIHCeKyH)( d H3MeHR8 TCsi OT .0, 040.:!:,0, 002 

)(0 0,047.:!:,0,003). 

3aBHCHMOCTJ, d OT )(liaM8Tpa H3o6paxeHHtf KaneJIJ., IlOKa3bIBaeT, 

qTo HaHMeIIee CM8JJteHHWH OKa3aJIHCJ., H3o6paxeHHR Kail8JIJ, C )(HaMeTpOM 

Ha nJieHKe OT 40 )(0 60 MHKPOH. 

IIpaKTHqecKH, Ha CJI8)(8 )(JIHHOll OKOJIO I6 CM H3MepRJIHCJ, KOOp)(H

HaTH npHM.8pHO 20 TOqeK, qro npHBO)(HJIO K B8JIHqHH8 6d.=0,0I3 M-I. 

PactJeT Il0Ka3bIBaeT, ·qTo eCJIH 3HatJeHHe II JIOJCHOJ:f" KpHBH3HH 

CJie)(OB B Ka.Mepe onpe)(eJIReTCR )(Hql(pY3HOHHOt:1 norpemHOCTl,I) H norpem

HOCTJ,D BCJie)(CTBHe pacceRHHR, TO 3TO 3HatJ8HH8 )(JIR CJI8.I(OB npOHHKal>lltHX 

tJaCTH~ C HJ.my JIJ,COM IQg :rn/c, perHCTpHpyeMhtX B Hamett KaMepe, COC

TaBJIReT OKOJIO 0,0I M-I~ 

3KcnepHMeHTaJIJ,HO onpe)(eJieHH08 3HaqeHH8 KpHBH3HH CJI8.I(OB 

npOHHKaDlllHX tJaCTHq 683 MarHHTHOrO IlOJIR Ilp8BOCXO)(HT 3.TO 3HatJ8HH8, 

tJTO yKa3HBa8T Ha TO, tJTO B HameM c11yqae 3HalIH?8JIJ.,HYll POJIJ., Hrpa~T 

11 Typ6yJI8HTHaR norpemHOCTJ, 11
, CBR3aHKaR co CM8llt8HH8M yqacTKOB CJI8.I(a 

OT IlOJIOl!C8HHR rpaeKTOPllJ:H qacTHIU,t . )(BHJl:8HH8M rasa B KaMepe • 
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\ 
Ha pHC .2. npHBe.n:eH cxeuaTHtI8CKHli pa.spes Kru.repH C -pe3HHOBOI! 

.n:HaqiparMoli (KOHCTPYK~Ha HH:llt8Hepa ~KAH-HOBHKOBa A.r.), npHM8HfiB

mertca B Hamen na6oparopHH .n:na Hccne.n:oBaHHa aneKrpoHHo-a.n:epHHX 

JIHBHeM. O.n:Hopo.n:HOCTL .IJ;BH:llt8HHfi ,IJ;Haq>parMH ocy11tecrBJianacL no.n:6opoM 

cetreHHli OTBepcrHU nnacrHHH, Ha Koropyn na.zi;ana .n:Haqiparua npH 

pacnmpemm. lIOJIHOe Bpe1,m pacnm:pemrn Ka.Me pH COCTaBHJIO 5-6- MHJIJIH

ceKyH.n:, Bpe1.m Ila,lt8HHfi .n:HaqiparMH-3-4 MHJinHC8KYH.n:H; OCIU{JIJIOrpruma no

Ka3HBaer .n:BHX8HHe (pHc.3) pa3JIHtIHHX ytraCTKOB .n:Haq>parMH. Bpeua 

"saTHXKH" BCnHmKH CB8Ta HMnyJILCHOI! KC8HOHOBOI! Jia.MilH (¾)= 60 MJICeK. 

IlpOM8leyTOK BpeMeHH Mex,Jty .n:Byiia nocne.n:oBaTBJILHHMH pac

mHp8HHfiMH KaMepu BHJILCOHa COCTaBJifiJI B cpe.n:HeM 75 ceK. 

Euno aan.n:eHo, trro ocaoBHHe HCKa:llteHua cne.n:oB npoHcxo.n:ar sa Bpeua 

.n:o 3aBepme~1rn pacmHp8HHfi KaMepu, tJTO MO:lltHO BH.n:en H"3 CJie.n:y1011teli Ta6JIH

~H, r.n:e npHBe.n:eHO 3HatreHHe "JIOZHOU KPHBH3HH" .n:nil cne.n:oB ~ -M830HOB, 

nonytreHHHX B pa3nHtIHHX YCJIOBHHX. 

Tax KaK .n:anLHelimee yueHLmeHHe BpeueHH pacnm:peaHa npe.n:craBnano 

4 IT m 

'l,=0,022 ceK 
..-
=t-1 = 0,005 ceK <T,c 0,005 CeK 

't=0,070 ceK cc;,= 0,070 ceit '4:= 0,035 Ce.IC 

{J[ 
.P 

0,087.:.0,008 0,06Iz.0,005 0,052+0,005 
.· -

3HatIHT8JILHH8 Tpy,n:HOCTH, TO CSHJIO oCSpa111eao CS011Lmoe BHHMaHH8 

Ha YJ,!8HLmeHHe CitOpocren ItOHBBK~HOHHHX ,n:BHXBHHti rasa B Ea.Mepe 

nyreM craCSHnH3a~HH reMneparyps. 
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Ha pHc. 4 IlPHBe.n;eHa cxeMa repMOCTaTHpOBaHHSI annapaTypu. 

B Hanrnx OTIHTax, :rneKTPOMarHHT' B uexnOJIIDCHOM npocTpaHCTBe 

KOToporo IlOM81JlaJrac1, KaMepa, HM6JI CUCT8MY Jm,IJ;KOCTHOro OXJial!t.n;8HHSI. 

Km.rnpa 6HJia H3OJIHpoBaHa OT BJIHSIHHSI TeMTieparyphI Hapy,rnoro BO3,IJ;Y 

xa KOJB:YXOM c MaJIOU TeTIJIOilpOBO,IJ;HOCThlO. OxoHqaTeJihHaSI CTa6HJIH3a[(USI 

TeM11eparypH Ka.M8pI,I .n;ocTHraJiaCh npoKaqKott BO,IJ;H H3 TepMOCTaTa no 

KaHaJiaM B MeTaJIJI11:qecKHX qacTSIX KaMephl. TepMOCTaT no.n;.n;ep:m:HBaJI 

T8Mneparypy BO,IJ;I,I IlOCTOSIHHOtt c. :roqHQCThlD ,n;o o,r.0 • UHPKYJIHPYIDlllaSI 

BO.n;a H3 TepMOCTa:ra CTa6HJIH3HpOBa.,a TeMTiepaTypy. J!CeJie3a B MeCTe co-

I1PHKOCHOB6HHSI KaMepu C 3a,D;HHM 6amMaKOM, a TaK:m:e TeMnepaxypy 

qacxHqHo nouema10merocn B KOlltyxe Kru.tepH nepe.n;Hero 6a111Maxa, qepes 

OTBepCTHe B KOTOpOM npOH3BO,Il;HJIOC1, ©ororpa©npoBaHne. 

:0'CTII,ITamrn Ta.Kott CHCT6W TIOKa3aJIH, q:ro H3M8H8HHSI reweparypu 

Bos.n;yxa, OKpyxa.JDntero KaMepy, Ha 2-3° npaKrnqecKu He yBeJIHqHBaJIH 

3HaqeHHSI "JIOJltHOtt" KpHBli3HLI • C .n;pyrott CTOpOHll, .H3M8H8HHSI 

reuneparypu BO,IJ;I,I B repMOCTaTe Ha 0,3-0,5° npHBO,IJ;HJIH K TIOSIBJI8HHIO 

3aMeTHLIX HCKa)[8HHl1, .KOTOpb!e HcqesaJIH TOJILKO nocJie I ,5-2 qacoB 

pa60TI:l. 

CJie.n;yer saueTHTL, q:ro B nporcecce pa6o:ru B Koxyxe xauepu 

no nep:ru·xa1rn: ycraHanmrna.rrcn noJIOJIHTeJI1>HL1U rpa.n;ueHT reMnepa:ryp 

(B Hameu cJiyqae pasHnrta reuneparyp B Ko:m:yxe Henocpe,n;cTBeHHO 

aa.n; xauepott H no.n; aen cocTaBJISIJia OKOJIO r0), qro .n;eJiaJio 

paBHOB8CHe rasa B KaMepe 6oJiee ycTottqHBhlM. 

Ha puc.5 npHBe.n;eHO pacnpe.n;eJieHHe 11 JIOXHUX 11 KpHBH3H 

KOHTPOJil>HHX cne.n;oB npoHHKa!Oll!HX qacTmt, saperHCTPHPOBaHHHX 
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B Kru.tepe 6e3 MarHHTHoro nonn BO BpeMH noneroB cauonera. 3ro 

pacnpe,1teneHHe uo~ao annpoKCHMHpoBaTL· pacnpe,1teneHHeM raycca co 

3Half8HHeM ,ltHcnepCHH Ji"~ 0,029 M-I. IlpH Y}J8HLmeHHH ,ltRHHll cne,1ta 

,ltO 7 CM 3Ha'l.fe~He J BO3pacra.er ,ltO 0,054 1r1 H IlORHOCTDIO 

o6~HCHH8TCH YB8RHlf8HH8~ ,ltHqxpy3HOHHOll norpemHOCTH npH yuea1,meHHH 

,ltmiHll. 

· EcRH onpe,1teJIHTD MaKCHJJa]I1,HO-H3Mepin.11i1n HMITYJILC p'T"Ollt, , 
Ka.K TaKO~ HUnyn1,c, ,lt]IH KOTOporo MarHHTHaH KPHBH3Ha pa.Baa~ 

B8pOHXHon OmH6Ke B H3MepeHHH KPHBH3Hll, TO B Hamett Ka.Mepe 

B8nHlfHHa 0TOro HMnynLca COCTaBHRa ,.,12.ro9 3B/C. 

I 

I 
j 
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PHc.I. a) KOH~Hrypa~a sasopa sneKTpomrHHTa 

6) pacnpe~eneHHe HanpsxeHHOCTH mrHHTHoro nona 
B·sasope sneKTpouarHuTa. 

. . 
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2) 

3) 6cwMOKU t:i. T••ls' 

® T€PMOCTOTUP~~~a~ 111uoKOCTb t;. T • • O,l' 

PHc.3. OcnMnnorprurua ~BHXeHHn ~Ha~parMH KaMepu 

Haqaho BH6poca COOTBeTCTByeT OTPHBY. ~Ha~parw 
OT ~meTKH Ka.Mepu, KOHen - y~apy oij orpaHHqMBaD~YD 
nnacTMHy. BBepxy - RanM6paUHOHHHe M8TKM. 

T =2.ro-3 ceK. 
PHc.4. cxeua CHCT8MH TepMOCTaTHpOBaHHR RaMepH. 

• 
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H3MEPEHHE HOHH3AUHR ·trACTlIU METOJtOM · 
OTHOCHTEJihHOro qiQTOM;ETPIIPOBAiillfl 4)QTOrPA4iHil cJIE.nOB 

B.II.BOJIOJltYK, B.B.Ky3H8r(OB, P.M.CyJI.11eB, A.lI.4iHJmnnoB 

H D.A.11tep6a1toB 

(06~e.n;HH8BHUM HHCTHTYT .11.n;epHUX HCCJI8.D;OBaHH.tt) 

B B e .n; e H H e 

B Koa.n;eHCal:lHOHHHX KaMepax, B KoTopux u.n;esr ca:u:o.tt perucTpa

r(HH CJie.n;oB _qacTHil OCHOBaHa Ha aac5JID.D;8HHH KOJIOHltH HOHOB, 

o6pa3yeuux Ha C_B08M nyTH HOBH3HPYD11telt tJaCTHrcen, ·Bcer.n;a 

u:u:eeTCJI npHHilHmmJI_I,HaSI B03MOJB:HOCTL onpe.n;eJieHHsr HOHH3a~H 

nyTeM H3MepeHHSl rex HJIH HHSX xapaKTepHCTHK ~OTOrpa~HH CJie.n;a, 
" SlBJISIDJltHXCsr IPYHKilH8.tt HOHH3ar(HH • H Il03T0MY HMeercsr .D;OllOJI

HHTeJIDHa.11 B03MOXHOCTD llOJiytJeHH.fl HHWOpMar(HH O CKOpOCTH 

qacTHrt. 

Cyll{eCTBY8T H8CKOJIDK0 cnoco6oB onpe.:ii;eJieHHSl HOHH3ar(HH_: 

ctJeT a600J1DTHoro qncJia mneJieit, onpe.n;eJieHHe cpe.n;Heit .n;JIHHH 

npOCB8TOB H cpe.n;Hero 'IJHCJia npOCB8TOB uez.n;y crycrm:am K8.ll8JID, 

H3MepeHue DIHPHHU cJie.n;a H, Haitonerc, ~orouerpHpoBaHHe ~oror:p&

$Hlt cne.n;oB. Ilocne.n;HHit cnoco6 .11nnaerc.11, nomnyit, o.n;HHM ua 

\ 
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HaH6onee o6~eKTHBHHX H y,1to6~mc. 0.itHaKo CJie,JtyeT 3aMeTHTL, 

qTo onpe,1teJieHHe HOHH3aitHH no a6cOJIJJTHOMY HHrerpaJILHOMY noqepHe

HHD, nonyqaeMOMY B pesyJIL?are ~O?OMerpHpOBaHHH, CBH3aHO c aeo6-

XO,JtHMOC?LD yqera saaqHreJILHoro qHcna pa3nHqHux qiaxropoB, qro 

ae Bcer.ita ORa3HBaerca B03MOXHW. rronoxeuHe CHJILHO ynpontaerca, 
' Kor~ uapH.JtY co CJI8,Jt0:U qacTHitll H8H3Becruon HOHH38,ItHH Ha ry xe 

Ca.MYD nneHKY npH .rex xe ycJIOBHHX ocBemeHHH qiororpaq>Hpyerca 

CJie,1t.qacTHitll, HOHH3a~a KO?Opon H3B8CTHa. OrHomeHHe HHTerpaJILHHX 

noqepaeHHn qiororpaq>Hff 3THX cne.itoB c xopomen roqHocrLD 6y,1ter 

~YHKnff8ff TOJILKO HOHH3artHH nepBon qaCTHitllo B~ 3l'Off 3aBHCHMOCTH 

MO:Eer 6HTL Ha1t,Jt8H nyreu COOT.B8TCTBYDDt81t rpa.itYHPOBKH • TaxHe 

ycJIOBHH peanH3YJ>TCH npH pa60T8 xauep B ,JtOCTaroquo MOHOXPO:Ma.THq

HHX nyqxax qacTHit, nonyqae1.n,1x C IlO:U:OJl!l,I) yCKOPHTeJielt •. If3 JIHrepa.Typu 

(ELepaepy,1tcJ>; EyTrepBopr, Ka.Jl,IlBeJI H ,1tp., te.itopoB) raxxe H3BecTHH 

nonHTKH H3MepeHHR HOHH3aqHH qacr:KI~ M8TO,JtOM Ol'HOCHT8JlLHOro 'qioro

uerpHpOBaHHH B KOCJ.mqecux Jiyttax, r.ite ,JtJIH cpaBH8HHH HCilOJIL30BaJIOCL 

noqepHeHHe CJie,Jta npoHHKaDnten peJIHTHBHC?CKOff qacTHI{ll. 

HHxe OfiHCHBaerca M8TO,JtHKa H3M8p8HHJI HOHH3aitHH qacTHit 

nyre:u oruocHrenLuoro ~orouerpHpoBaHHH q>ororpaq>Hff cne.itoB, nonyqeu

HHX B .itH4>'PY3HOHHOff xauepe, pa6oraDnteff B nyqKax qac1'Hit OT CHHXpo

~KJIOrpoua. 

r •. Annaparypa 

~JIJI q>OTOM8TpHpOB8.HHR npHM8HHJICH cneU»1aJILHO cnpoeKTHpOBaHHllff 

npH6op c IlO,JtBHXHOff Dt8JILD H perHcrpartHen npH nOMOlltH q>Ol'OYMHOZH1'8JIH 

f3Y-I9. BnocJI8,JtCTBHH ,JtJIH 3TOff It8JIH HCilOJIL30BaJICH lm:Kpoqioro:uerp 

M~-4 c aBTO:Ma.THqecxon sanHCLD q>OTOrprum. 
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.ltl::n.rnpemrn not.iepHemrn: qioTorpaqnui: cJie.I(a MOl!CeT npoH3BO.ZCHTI>CR 

.I(BYMR cnocodaMH: ,IJ;Hqxpepeun11am,m,w H HHTerpaJI:bHl:lM. _B nepBou cnyt.iae 

,I(JIR WOTOMeTpHpOBaHHSI HCilOJI:b3yeTCR ysKaR nteJI:r,; BO BTOPOM CJiyqae 

- llIHPOKaSI ll\8Jib. .ltlHTerpaJibHOe not.iepae1me npH ·padoTe C Y3ICOt1 meJiblO 

onpe,I(eJISieTCSI nnoma.I(LIO q>OTorpaMMl:l; np11.pa60Te C WHpOKOH meJiblO 
J 

noqepue1111e onpe.I(eJisreTcSI uenocpe.I(CTBenHo aMnJIHTy,n;o}t 

cpoTorpaMMU H Il03TOMY o6pa60TKa qlOTOrpaMM H8CKOJ1bKO npome. 

C 3TOU TOl.IKH speHHSI, KasaJioc:r, 6u, y.I(06Hee IlOJ1b30BaTbCSI HHTerpaJib

HW cnoco6ou. 0.I(HaKO B YCJIOBHSIX 3HaqHT8J11,HOro KaneJII,HOro cpoua, 

KOTOpun MMeeT M8CTO. B .I(HqxpysHOHHUX Ka.Mepax, npH pa6oTe c mHpo"

KOfi llt8J11,JO B03HHKalOT 3HaqHT8J1J,HUe CTaTHCTHtI8CKHe norpemHOCTH 

"B onpe.I(8J18HHH cpe,ll;Hero YPOBHR qlOHa. TaK, npH WHPHH8 meiH I,4 MM 

. cpe.I(H8KBa.I(paTHtIHaSI OWH6Ka B onpe.I(eJieHHH aMrtJIHTy;i;u: cpororpamm, 

CBSI3aHHaSI C q>JIIOKTYanmn,m ·cpoHa COCTaBJI!l8T OKOJIO IO%. rrepexo,ll; 

K ysKott memt yireH:r,maer ny oWH6Ky B 2-3 pasa. 

· IIpH ;i;mixPepeu~aJibHOM cnocode onpe,IteJiemrn noqepHeIIHSI ;Ii,JISI 

YMea:r,meHHSI ymsaaaon norpemuocrn, a raKxe .I(JIR yJiyqmeHHR roquocrH 

BOCllPOH3B8.I(8lutSI cpororpru.n..ru xeJiaTeJibHO HM8TI, HaHMeH:bllIYIO lliHPHHY 

nteJIH. IIpe,I(eJI YJ.{eH:r,memrn WHPHHU IIt8J1H B03HHKa8T B CBR3H C saMeTHOii 

poJt:r,JO .I(HqxppaKnHH Ha Kpaax meJIH, B CHJIY ttero noKasamrn: npH6opa 

BUXO,ll;SIT H3 mrnenuon OdJiaCTH xapaKTepHCTHKH npHdopa. IIpHHHl!aR 

BO BHHMaHHe 3TH Oc5CTOSIT8J11,CTBa, WHp1rna me.ml 6uJia BU6paHa_ paBHOll 

O,I MM npH I2-KpaTHOM YB8JIHqeHHH H30c5paxemrn. 

\ 
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nnnHa menn Bblc5Hpanac:& no B03MOJJCHOCTH c5on:&men. O~uaxo, B cHny 

llOMex, C03~aBaeMUX_cne~aMH ~OHOBUX qacTHQ H qacTHQ H3 nyqKa, npHXO

AHROCb orpauHqHBal':&CR ~RHHOU 4-10 MM. 

ill. i'p~yHpOBKa 

B oc5meM . cnyqae Ol'HOlllemre noqepH8HHll SIBRR8TCR HeKoropott 'PYHKQHeit . . 

Ol'H0ill8HHR HOHH3aQHll. BH~ 3TOll ~YHKQHH MOJJCHO ycraHOBHT:& nyTeM H3Mepe

HHll noqepH8HHSI 01' qacrH~ H3B8Cl'HOn HOHH3a~HH. B KaqecrBe raKHX qac

l'HQ ncnon:&30Ban11c1, nporonu, BI,rneTaIOmHe npH ynpyroM p~ccenHHH 1,' -Me-

30HOB (E.:r='.33.0 M:rn) H nporoaoB (EP= 660 M3B) aa n_poxoaax. IlpH noM 

Ol'dHpanHCb Te cnyqaH, nnocKOCl'H pacceSIHHSI KOTOpwc 6unH c5RH3KHM""~ 

K ropH30HTanJ,HUM. CpaBH8HHe Benoc:& co cneAa.MH qacTHU H3 · nepBH'llHOro 

ny'llKa. I{aK npam,rno, MOJKHO 6uno nom,30BaTI>c.fI cJie)\Oll qacTli!.tbl, n:perep

neBffieM pacceSIHHe. rpa,n;yHpOBO'llHaR KpHBaSI npHBeAeHa Ha pnc.I. B oonaCTH 

HOHH3aQHH ox I ~o 3 (B e~HHH~ax MHHHMan:&aon HOHH3a~HH) 3KcnepHMeH

ran1,aue :roqKH xopomo anpOKCHMHPYIDTCR npSIMOll C yrnOBHM K03tpqlH~H8HTOM 

n = I. HaqnaaR c rpexKparaon H<>mrna~nn, xp:irnaa n~er BBepx H crpeMHT

cn K.HacumeHHID. OrcrynneHHe OT RHHellHOCTH B 3l'Oll o6nacrH o6~HCHH8TCJI· 

npexAe Bcero nepeKpLITHeM H30cipaJJienntt Ranenex, 3rMiexr, or xoropux Bo3-

pacrae:r C pOCl'OM HOHH3alUUI. 

IY. 0mH6Y.H H3MepeHHH 

ITpeAnonaraa, qxo omHOKa B H3MepeHHH noqepaeHHH nponopiuroaan:&ua 

Kopmo KBa,JJ.paTHOMY H3 IIO'llepaeHHSI H yqHTI,IBaSI, qro rt·= I )\RR o'c5nacrH 

HOHH3a~HH AO rpexKpaTHOH, MOJJCHO llOKa3aT:& cnpaB~ARHBOCl':& CR8AYIDmero 

COOl'HOlll8HHH: 
Jj= ST:c~8t Vt+ i 

3~ec:& 8J- OlllHc5Ka B H3MepeHHH HOHH3a1UiH, 

oT- OillHC>Ka D. H3Mepemm Ol'HOlllemrn noqepHeHHi!, 

T- OTHOill8HH8 noqepnem1n, 

Jt - R03qJ(.PHQH8HT nponop[tllOHan:&HOCTH. 

(I) 
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Onm6xa B H3MepeHHH oruomeHHSJ noqepueuzH sranoHuoro cne,Jta 

BM8CTe C K034XPHqHeHTOK I(. . 6una Kalt,JteHa 3KcnepmreHTaJI1,HO • 

]JISI 3TOll qeJIH 6UJIH HCROJIL30BaHU pesyJILTaTH OKOJIO IOO H3Mep8HHlt 

OTHomeHHH noqepH8HHll CJI8,l(OB aaqaJILHUX qacrHq .npyr K .npyry. 

KpHBaa pacnpe,neneuna own6oK noKasaua Ha pnc.2. as uee BH.JtHO, qro 

,l(JIR qacrMq c MOHMSaqMett 6JIH3Kon K MHHMMaJihHOU, Oll!H6KM B.H3MepeHHH 

HOHH3aq;m coc.raBJIRIOT npHMepHo IS%. OmH6KH,C KOTopmm 3KCnepmleH

ram,mi1e roqKH HaHeceHU Ha PHC .I, BlltlHCJI8HU .H!:1 OCHOBamm noro 

pesyJILTaTa H COOTHomeHHR (I). 

OnHCaHHasr M8TO,l(Hita H3MepeHHSI HOHH3aqHH ycnemuo npHM8HSIJia.CL 

HaMH B reqeaHe pa,l(a JieT np}t H,Jt8~TH~HKaqHH pa.3JIHqHUX cnyqaeB 

B3am.a:o,ne ltCTBHR y,x -Me30HOB H npOTOHOB C R,l(pa.MH reJIHR. 

l H C K y C C H R 

D.A.CMOPO.IIK~ 

KaKOBa ,l(JIHHa lpOTOM8TpHpyeuoro yqacrtta cne.na H, B CBR3H C 3THK, 

KaKYJ) POJIL Hrpana CTaTHCTJJqecKaSJ OIIIH6Ka? 

P.M.CYIDIEB 

lJIHHa ~OTOMeTpHpyeuoro yqaCTKa CJI8,l(a COCTaBJIRJia '.3-IO m< • 
CTaTHCTHqecxaa OIUH6xa, CBR3aHuaa C 'PJIYKTyaqHsn.m nepBHtfHOH HOHHSaqHH, 

,l(JISI peJISJTHBHCTCKHX qacTHq COCTaBJI.S:Jia 5~. 

"' 
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D.A.CMOPo.mm 

RaK H3Meanexcn noqepaeuue D 38DHCHMOCTH OT BHCOTH,.Ha KOTOpott 
npoXO)UIT qaCTH~a? 

P.M.CYJIREB 

Cne~u qacTHU B cepe~HHe qyBCTBHTenDHOro CJIOn B 06.nacxu, BHCOTOD 

OKOJIO 3 CM, ~avx npH6JIH3HT8JIDH0 O~HHaKOBOe noqepueHHe. YMeHDW8HHe 

noqepuennsr Ha Kpanx, neponruo,cBnsauo c ycJioBHHMH ocBel!leHHsr. ' 
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H3MEPEHI1E 1WH113All}Ul METO,llOM cf>OTOME'f PHPOBAmm 

PslC>HKOB C .B. 

(PH3HqecKHtt HHCTHTYT AH CCCP) 

0,n:HOBpeMeHHOe H3MepeHHe HOHH3a~H H HMilYJIDCa HaTaJIKH

naeTCR Ha cymecTBeHHoe saxpy.n;He1rne, cnsrna1rnoe c reM, tlTO 

H3Mepemrn HOHHsawm Tpeayer ,1U{lpg)Y3HH HOHOB Ha ,l(OCl'aToqHo 

aom,nrne paccxosmm1, ,!(JUI xo,ro tITOC5Ll H30C5paxrnHHSI Kan~JI:& Ha 

nneHKe Ha.Ae~Ho paspemaJIHc:&. 3ro .n:enaer nenosMOJB:HUM TOtIHOe 

HSMepeHue HMnyn:&ca. 

~OTOMeTpHtieCKHil M8TO,I( IT03BOJISiel' paspeWHTD 3TO npOTHDO

peque, TaK KaK OH fl03BOJISieT H3UepSITD_HOHH3alUfID CJie,n:oB, co

CTOSIII{HX H3 HepaspeweHHUX Ha nJieHKe H300pallteHH~ KaneJI:&. Cyll{

HOCT:& 3TOro Mero.n:a OCHOBaHa Ha TOM, qro noqepHeHHe 'f H306pa-

JB:emrn CJie,l(a Ha nJieHKe O,l(H03HatIHO CBSI3aHo C ero HOHH3a~eR. 

Ha.MM auna npone,I(eHa ueTo,l(HtiecKaa paaoxa, neJIDD Koropon. 

SIBJISIJIOCI> H3MepeHHe HOHHsaiurn cpOTOMeTpHtleCKHM Mel'O,l(OM C HC

noJI:&30BaHHeM _oreqecTBeHHOro MHKpOcpOTOMeTpa H KHHOnJieHKH. 

JlJISI H3MepelIHSI noqepHeHHtt HCnOJI:&30BaJICJI perHCTPHPYIDntHM 

MHKpO~OTOMeTp M1-4, H3MepeHHJI Ha KOTOpOM Ol'JIHqaroTCJI npocro

~on H y.n:oOCTDOM. 

Hm1te npHBe,n:eHU reXHHtlec1me ,l(aHHiile ycxaHOBKH, Ha KOl'Opon 6UJIH 

nonytleHH cpororpacpHH,06pa6arL1Baroll{Heca B .n:an:&ne~meM aa MHKpocporoMerpe. 

\ 
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I) .llHaMeTp · 300 UM 

2) rnydHHa IOO MM 

TI. 0d'b8KTHB 

"remrnc - 42" 

I) 20RYCH08 paccTO~HHe 

2) Paspewa1011ta.11 cnocod
Hocn 

. lll. KHHOllJI8HRa 

I. qyBCTBHT8JlhHOCTh 

2. Paspewa1011tan cnocod-
HOCrh 

IY. HanoJIH8H~e 

Y. Ko~eHCHPYI011taJ1 
CM8Ch · 

27 MM 

75l!ill! 
MM 

A3pofoTo naaxpoM 
, P:-aoo 

rroo e~.rocT 

65 .:!!ill! MM 

Aproa. Ilonnoe ~aBneHHe 
2 aTM. 

c2 H50H + H20 B 

OTHOW8HHM 3 : I 

H3M8p8HH.ll B8JIHCh B 2-x HanpaBJI8HHJIX: 

I) CpaBHOHHe q>OTOM8TpHqecKoro M8TO~a C M8TO~OM cqe:ra 

Kane,u, H 11:syqeaHe BJIH.llHHSI uacw:rada 1po:rorpaqmponamrn B TOM H 

~pyroM cnyqae. 

2) Onpe~eJI8HH8 uaccu 'laCTH~ C HCOOJih30BaHH8M q>OTOMe~pH'l8CKOro 

M8TO~a onpe~eJieHH.11 HOHH3a~HH. 
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MeTo.r,; no.r,;ctteTa Kane11b Ha e.nmml.{e . .r,;1111a1,1 c11e,JJ;a nosno11aeT 

H3Mep.f!Tb KaK adcOJIIOTHYIO TaK I1 OTHOCHT8JII>HYIO HOHH3aQHH. 

lencTBHT8JlbHO, adCOJl!OTHYIO HOHH3aQHIO MOl!CHO onpe.r,;eJIHTb H3 COOTHO

lll8HHR 

r.r,;e 'J adc. HOHH3al.{l1J'I 

E - sqxpeKTHBHOCTb KOH,ll;SHCaUHH 

BeJIHttmm f MOl!teT 1rn;teHSITbCR OT pacll!HpeHH.H K pacnrnpemrn, 

'ITO CBSI3aHO C yTetIKOU rasa .l13 padoqero Od'beMa KaMep1,1, C H3MeHe

HI18l,1 COCTaBa · KOH,Il;8HCI1py10meil CM8CI1 (B OCHOBHOM - .n;miiqiySHSI cnHpTa), 

HecTadHJibHOCTblO TeM11epaTypH. ECJIH HeT Ha,JJ;elKHoro KOHTPOJI.fI sa 

peJKHMOM padOTI,1 KaMepH, QeJlecoodpa3H88·H3M8pSITb OTHOCHT8JlbHYIO 

Ho1msau1110 

11 B TOM I1 B ,npyroM CJiyqae Ml,! HM88M JIHHei1uy10 saBHCHMOCTb \'t OT J • 

13 c11yqae uepaspellleHHHX Ha IlJlSHKe H30C>palt8HI1i1 OT,ll;8JII:,Hl,IX 

KaneJib, Kor.n;a npl1M8HJ'I8TCSI qJOTOMeTpnqecKHtt MSTO,JJ;,. saBHCH.MOCTb. 

M8l!C,Il;Y noqepHeHHSM H HOHH3al.{He}t HOCHT doJiee CJIOl!CHl,lli xapaKTep 

H, KaK Y)lte ynOMI1HaJlOCb, HM88T BH)J; 

) 
( _t_ .)"-=V = 

·] · fmi"' l m,.,_ 

r,IJ;e K onpe.r,;eJISISTCSI H3 rpa,I1;yI1pODOl.lHOi1 KpHDOH • 

.UnSI BN<lopa. MaClllTada_ qJOTOrpa.qJHpoBamrn H MSTO,IJ;a H3MepeHH.!I 

HOHH3al.{HH.dl:ln npoBe.n;eH p.fI,Il; H3MepeHHil C nepeueHHNM MaCllITacJOM 

qioTorpacI,HpOBaHH.fI. 0,IJ;HH I1 TOT :lite cne.r,; pen.fITHBI1CTCKOtt qacTI1QJ,J 

• 
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(npaKnttieCKH no ClI:.IJIH _JJ -Me30Hil) fPOTorpaqmpoBaJICSI O,I(HOBpeMeH

HO .2 cpoToannapa.TaMH. Macmxael cieMRH o.n;noro cpoxoannapaxa Clm1 

IlOCTO.fIHHb!M H paBHSIJICSI ·14 'y .n;pyroro q>OToannapaTa OH I13Me

HSIJICSI ox+ .n;o ¼-. Kal!i.n;I:.IU cJie.n; oClpaClaTh!BaJICSI H q>OTOMeTpH

qeCKH H MeTO)(OM cqe~a Kanem, • .I(JIH_Ha CJie.n;a B KaMepe Cl.Ima ~ 20 CM. 

B OClOHX MeTo.n;ax npH H3MepeHim HCI1OJlI,3OBaJiaCI> IlOJIHa.fI )(JIHHa 

cne.n;a. B Mero.zte cqera KaneJII> ctIHranocI> KOJIHtiec_;Bo xaneJII> 

no Bceu ,n;JIHHe cne.n;a H sareM onpe,n;eJISIJiocI> n. ~~ • B cpoxo-

MeTpHtieCKOM Mero.n;e H3MepeHHSI BeJIHqI, no BCeM )tJIHHe cJie.n;a, 

np11qeM ,IJ;JIHHa meJIH MHKpOq>OTOMerpa YKJia,IJ;bIBaJiaCb 9-12 pas Ha 

,n;JIHHe cJie.n;a. TaKHM oClpasoM cpe.ztHee 3HatieHHe noqepHemrn H30Cl-,, 
paJ1Cemrn cJie,n:a onpe,n:eJISIJIOCI> H3 9-12 3a.MepoB noqepHeHHJI. 

Pe3yJibTaThl, npe,I(cTaBJieHHbie Ha pHc.l H pHc.2 Il03BOJIJIIDT 
' . - ' 

YTBepl!C,n:aTI>, tITo:l) HMeeT MeCTO CHJII>Ha.fl 3aBHCI1MOCTb llHCJia KaneJibn, 

CtIHTaeMHX Ha nnenxe, o_T Macwraela (jlororpaq>HpoBamrn, qro cBJI3auo 

C yxy,n:meHHeM pa3pemeHHSI OT)teJII,HbIX KaneJII, B CBSI3H C yMeHI>me

HHeM Macwraela_ c~eMRH; 3aBHCHMOCTI, noqepHCHHSI OT uacwrada 

c~eMR.H CJiaClo Bbipa:nceHa B qJOTOMeTpHtieCKOM Mel'0,Ite. 3TO . 
oClcTOSITeJII>CTDO CJie,n;yer ytIHTI,!DaTI, npH BHClope ·cne.n;oB cpaBHeHHSI 

(rpeCloBaHHe K noKaJIHsaqHH no rJiyClHHe B Mero,n:e cqera KaneJII> 

doJiee xecTKoe) ; 2) 0TH0CHTeJII>HaJI 0mt:ClKa B rpOTOMeTpHtieCKOM 

Mero,n;e H3MepeHHSI HOHH3aqHM ocraeTCJI noCTOJIHHOM npH H3MeHe

HHH Macmxaela qioror~awnpoBaHHJI or + ,n:o 1if .H paBHa 
KaK . . · · . 

8 - IO%, TOr,n;a B MeTo,n;e CtI8Ta KaneJII> OTHOCHTeJII,HaSI 0llrnClKa 

pe3KO B03pacraeT,. Kali Mb! 'BkztHM,. C · yueHI>meHif8M Macmraela q>0T0-

rpaqmpoBamia, yBe~~q1rnaSICI> c 3-5% )(JIJI M =--j- ,zto 60% 

J 
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.ItJISI M=+. ITpH KaX.Il;OM q,HKCHpOBaHHOM suaqeHHH :Ma.CmTa6a 

c~eMKH qJOTOrpa~HpOBaJIOCh 9 - IO CJI8.ItOB, no ~HM HaXO.Il;HJIOCh 

cpe.Il;Hee :rnaqemrn n, H ;f, 

6poc BOKpyr cpe.Il;Hero An H A7 , nocne qero 11 onpe.I1;ens-

nach OTHOCHTeJihHaSI omHc5Ka ~ H 47 . rr, :r • 

0.Il;HaKo; 3TH H3:MepeHHSl He "saKpb!Bal)T 11 MeTO.Il; cqeTa 

KaneJih .ItJISI MaJiblX Ma.CmTac50B H HMeDTCSl B03MOJltHOCTH .Il;JISI ero 

pa3BHTHSI npH cpe.Il;HHX MacmTa6ax q,0Tor·p~q1HpoBaHHSI-~ ~ .:. -h,· 
Henocpe.ItCTBeHHOMy H3~epeHHD BeJIHqHHbl HOHH3aUHH 

npe,ltmeCTBYDT 2 onepau11H: a) Bblc50p CJie,ltOB cpaBHeHHSl H 

6) nocTpoeHHe rpa.ItYHPOBO"IJHOit KpHB011. 

DaXHO BblHCHHTh KaK Bb16HpaTh CJie,lt cpaBHeHHSl (cJie.Il; 

c MHHHMaJihHOil HOHHsauuei1) • HaHc50Jiee y,1to6HO B Ka)iecTBe noqep

HeHHSl cne.1ta cpaBHeHHSI B_:rnn cpe,ItHee saaqeuHe notJepneuusi, 

onpe;i;eJieHHOe no llHOrHM CJie,ItaM cpa3JIHqHUX Ka,ItpOB, HO 3TO 

B03UOXH~ JIHWh B TOM CJiftJae, ecJIH peZHM pa60T~ Kauepu, OCBe~ 

llleHHe, npo.HBJieHHe m1eHKH, uecTo npoxox~eHlrn tJaCTHI\lil B 

o6~eue Kauepli cna6o BJIHSIDT Ha BeJIH"IJHHY noqepHeHHSI. ECJIH 

3TO He TaK, TO TOr,lta TaKoe ycpe,ItHeHHe notJepeHHSl MOEeT 

BHecTH 6onhmyD omH6Ky H uenecoo6pasuee-HMen cJie.lt cpaBHeHH.H 

Ha TOM xe K~p.e H B TOM Jlte 06JiaCTH, qTo H H3ytJae1imtt CJie,It. Tpy,It

HOCTh B 3TOK cnyqae 3aKJIDtJaeTCSl B TOM, tJTO He Bcer,Ita TaKHe CJie,Itlil 

HUeDTCSI. l{HKJI H3MepeHHll npoBe,IteHHNn Ha 4I CJie,1te, noKa3aJI, tJTO 

npH TeX YCJIOBHHX, B KOTOpbIX 6b!JIH noJiytJeHli Hanm CHHMY.H CJI8,ltOB, 
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xeJIM:eJII,HO H:MeTL "cBot!"( cJie~ cpa.BHemrn, a He "cpe.itHHi!". 

·.UJIR rpa.~yHpOBKH c5.btJIO BHc5pa.HO 25 CJI8~OB tzac:ruu, HJ:(8BTHcpH

UHPOBaHHHX KaK npOTOHH. CJie~.bt cpa.BH8HHR BHc5HpaJIHCL C Toro 

xe Ka~pa. HJIH C coce~HHX, B TOM xe Oc5JiaCTH tzTO H npoTOHH. 

BHJia noctpoeaa saBHCH.Mocu .lg (J,,,;, .. ) - 1# ~ 

TotzKH C xopomHM npHc5JIHX8HH8.M JierJIH Ha npa:u.yD JIHHHD. 

IlpRMaR npOBO~HJia.CI, M8TO~O.M HaH.M8HLmHX KBa~paTOB, npHtzeM 

c5.btJIO noJiytzeBO K = l,54 ±. 0,08. 

C~e,ItyeT OT.M8THTL, tzl'O K - B8JIHtzHBa He yHHBepcaJILHaR 

H ~Mee:r CWCJI JIHmL ~JIR onpe~eJieHHOro UHKJia. H3MepeHHg, KOr~a 

pa.3Mepu meJIH .MHKpO<pOTOMeTpa ~eDT nocTORHHYD B8JIHtzHHy,cne~H 

H3ytzaewx tzaCTHU noJiytzeHH Ha O~Hoil H TOM xe KaMepe H <pOl'O

rpa.cpHpyDTCR ua nneHEy o~Horo H. Toro xe THna. 

B Katzec:rae npHMepa HCDOJIL3OBaHHR cpOTOMeTpHtzecxoro 

MeTo~a 6.btJIH H8MepeHH HOHH3aUHR H H'MllyJILC.bt H8CKOJILRHX tzaCTHU, 

tzTO IlO3BOJIHJIO onpe~eJIHTI, HX Ma.CC.bl. Pe3YJILTaT.bt H3MepeHHi! 

npe~craBneHH B tac5nuue l. 
Tac5JIHUa I. 

JM~ omHc5Ka tiM omuc5xa· 6M 
'J /;Jmi .. pc (CV) f\11 npH y-gete npH ytze:re· 

'mt) d1/ 4V c.c. A(Pt:) 

l. 3,80±. 0,90(23,5%) 3 8 -0, 7 108 
' +2, 3 · • 1740 ±. 430 .:t 580 

2. 3,54.:t 0,57(16%) 5 4 -l, 3 108 
' +l,9 • 2100 .:t 340 ±. 460 

3. l,60.:t 0,27(17%) 4 9 -l,O 108 
' +l,9 • !010 .:t 170 ±· 260 

4. 2,33±, 0,40(17%) 6 6 -l,8 108 1930 .:t 280 + 510 
' +3,8 • - 830 
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Ms Ta6J1HU.bl I BH.IUIO, QTO ?OtJHOCTD B onpe,IteJleHHH Ma.CC.bl cy~ec?

BeHHO yxy,ItmaeTCSI QmH6RaMH B onpe,1teJ1eHHH HMfIYJIDCa, O,ItHaKo, 

nonyqeBH.ble saaqeBHSI mcc cornacyJOTC~ B I, 2, 4 cnyt1ae c 

mccon nporoaa, B 3 cnyt1ae - c mccon K-uesoaa. CnyqanaNe 

( CTaTHCTHtJeCKHe) omH6KH npH HSMepeHHH notJepaeaHn , CBSI3aH.bl -

C qJJIDRTyal,lHSIMH noqepHeHHSI B,It0JID CJle,Ita: OHH 06yCJ10BJl8HU CTaTH

CTHQ8CKHMH qJJIJOKTyau1rnMH B B8JIHtJHHe H0HH3aUH0HH.blX noTepD H 

cpJ1JOKtyauuen B noqepHeHHH cpoaa Kauep.bl. ~na Hamero nHxna usuepe

HHM 6.blno noJ1ytJeH01 tJTO OWH6RH, CBSI3aHH.bl8 C 3?HMH qJJIJOKTyaI.tHHMH, 
21./ tJt e paBH.bl ve '°' r.Ite - ,1tmrna. cne,Ita B xauepe • B c:u:. 

CHC?eMaTHQeCRHe omHdKH CBHSaH.bl C TeM, QTO HCCJle,ItyeM.blH 

CJle,It H CJ18,It cpaBH8HHSI HaXO,ItHTCH He B O,ItHHaKOB.blX ycnOBHSIX. 

0mH6Ky B B8J1HtJHHe H3MepeHHOA HOHHSaUHH MOXHO oneHHTb 

HS COOTHomeHHSI 

dV - .fn_.i.. dK + K. (d:f. + d:l-m~J y - <f 7 :f ;rrni.>t 

Oueaxa, nonyqeaaaa npu noMo~H 3Toro cooTaomeaua, noKasuaex, 

Q?O ,ItJISI ) .. (l + 5}Jmiri npHHI{ImHaJIDHO ,ItOCTHJB:H.MaSI TOtJHOCTD 

,ItJIH Hamen cepHH HSMepeHHU COCTaBJ1fi8T 16~. 
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OEPAEOTKA CTEPEO\POTOrPA~IDl-cJIEnoB HOIIB3HPYDI!{HX 
1.l.ACTID.l, ITOJIYtIEHHilX B HEEOR1lliOR ITPOIIAHOBOM 

KA.MEPE 

M.IT.EanaH~HH, B.A.MottceeHKO 

(O6~e~uHeHnun HHCTHTyT JI~epnux Hccne~oBaHHll) 

B nacTOH11tee BpeMJI '.B JI~epaott q)H3HKe HapJI~Y C ~Hq>q>Y3HOHHHlffl 

KaMepaMH H KaMepaMH BHJibCOHa Bee c50Jibmee rrpHMeHeHHe naxo~JIT 

_rry3UpbKOB!re KaMepu. Oc5pac50TKa CT~peoq>oTorpaq>Htt cne~OB qacTHQ 

B ITY3HpbKOBUX K~Mepax CJIOJ!CHee, qeu oc5pa-

c50TKa cxepeoq>OTOrpacpun cne~OB qacTHQ B ~llq)q)Y3HOHHHX KB:Mepa:x: 

H Kauepax BHnbcona, Bcne~cTBHe xoro qxo B KaqecTBe pac5oqHx 

JltH~Kocren 8 rry3HpbKOBHX KaMepax HCTIOJib3YIOTCJI BeIIteCTBa C K03q)q)H-

QHeHTOM rrpenoMJI8HHJI c50JibWHM e~HHHQU, HO M8HbWHM K03qxpHQH8HTa 

rrpenOMJI8HHJI·BO~H. 

~ni rronnoro.ycxpaneHHJI Bcex HCKaxeanij Koop~HHaT xoqeK B 

ny3HpLKOBon KaMepe rrpH oc5pac5oTKe crepeo<pororpaq>Htt uexo~ou 

penpoeKQHH aeoc5xo~HMO B roqHOCTH BOCilpOH3B8CTH YCJIOBHJI, rrpH 

KOTOpux npOH3BO~HJIOCb cpoTorpaq>HpOBaHHe, TO-eCTb BeCTH perrpoeKQHIO 

B cpe~y C ~03q)q)HQHeHTOM npeJIQMJieHHJI, paBHUM K03q)(pHQH8HTY 

npeJIOMJieHHJI pac5~qett XH~KOCTH rry3UpbKOBOtt KaMepu. rro~oc5paTb 

XH~KOCTb C K03qxpHQHeHTOM rrpeJIOMJieHHJI, JieEaIItHM B npe~enax uex~y 

r,r + I,25 oqenb rpy~no. 

j 
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B Tex cJiyqaax, xor,n;a MaxcHJ.re.JI1>H&it yroJI uex,nyorrTHqecxon 

oc1,10 o6'I>eKTHBa qioToanrrapaTa H Jiyqoy, npoxo,n;nmHu qepe3 qioTorpa

qiHpyeuy10 Toq:rty, ae npeBilmaeT aexoToporo: onpe,1teJie_aaoro SHaqeHHH 

npH H3MepeHHH yrJIOB MeJt,Ity CJie,n;aMH qacTH~, oTna,n;aeT aeo6xo,n;HMOCT1>, 

B ToqaoM BOCilpOH3B8,D;8Hl1H ycJIOBHJ:t <pOTOrpaq>HpOBaHHSl. 

B HaCTOHl!l8M COO6l!l8HHH npe,ItJiaraeTCSl rrpH6JIHllt8HH&it M8TO,n; onpe

,It8JI8HHH yrJioB _ Mex,n;y cJie,n;aw qacTHU · · B ae6on1,mon nys&p1>K0Boit 

:rtaMepe 6es ua.raHTHoro noJIH npH o6pa6oixe cTepeocpoTorpaqiirtt 

M8TO,IJ;OM penpoeKUHH B BOs,n;yx. 

ITpe.I(rrOJIOXHM, qToonTHqecKaa oc1, o6'!ieKTHBa cTepeoqioTo

annapaTa COBna,n;aer C OCJ,JO >! npJIMoyrOJIJ,HOlt CHCTe1.m KOOp,n;HHaT 

)(,!J ,~. 
. . 

IIpH- qioTorpaq>HpOBamfo pa6oqero od'I>eMa nysup:&:r<oBolt KaMep& 

npOH3Otf,n;eT COKpal!lemi:e JIHH8t1HllX pa3M8pOB no OCH ~ , T .e • pa.CCTOH-

HH8 rro OCH ~ Mex,n;y ,IJ;BYMH. JID6m.m Toqxaw B Ka.Mepe COKpaTHUCH 
d 

B Jl,o pa3 • 

B ocaoBe npe,n;Jiarae~roro MeTO,l\a onpe,n;eJiemrn yrJioB Mex,n;y cne,Ita

MH qacTHU B ny:3!itpUOBOit Kauepe'JI8ltHT npe,ItnOJIOJit8HHe O TOM, qTO 

'K03!plpHUHeHT COKpalll8HHH JIHH8J:fHllX pa.3M8pOB no OCH ~ ,,n/' OCTaeT-

CJi nocTOHHHLIM no Been Kal(epe (saKOHHOCTl, Ta:rtoro npe,n;nOJIOJlt8~HSI 

o6cyJr,Ita8TCJI HHl!C8.) · 

Yron,·pacrroJIOX8HHllit B KaMepe B IlJIOCKOCTH ~;/ , npoe:rtTHpyeTCH 

Ha 3KpaH penpoeKTOpa. B HaTypaJI:&HylO B8JIHqH_HY • 
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Yr;m, ·~e Jiexa11tHe B nJIOCKOCTH .. XY , HCKamIOTCSI npH 

penpoeK[(HH, npHtrnM MaKCHMaJil,HI>Ie HCKaJlteHHSI nperepneBaJOT yrJI!:l, 

pacTI0JIO:E:eHH!,Ie B IIJIOCKOCTH, IlpOXO,!l;SIIlleil qepe3 OCI, Z, • 

PaCCMOTplU.! CJiyqatt' KOr,n;a na,n;a!OlqaSI qacrm:i;a BXO.D;HT B KaMepy 

no ocH X • Paccem~maSICJI t1acr1ni;a o6pasyer· c na,n:a1011tett yroJifi , 

npHtleM IIJIOCKOCTI, "na,n;a101I1aSI.; pacceSIBmaac.a" qacTHI.tLI COCTaBJISieT 

c nJiocKocn10 X y . yroJI (/._ • Mo:llmo noKasan, 1.1ro B 3TOM cJiyllae 

yroJI ft . Mo:m:er 6er1, BI:ilt!HcJieH no cpopMyJie 

11 .fa~ Vflf- (:Of-\c' {h/--1)· 'ffl~; 

(I) 

r,n;e fh - K03cpq>HqHeHT coKpa11teHHSI JIHHe.ttH1,Ix pasMepo:s no ocH % ; 

o/..1 
- yroJI ue:m:,n;y nJIOCKOCTLIO Xf H nJIOCKOCTbIO "na,n;a1011taSI -

pacceaBwaSicR" t1acrHIJ;bt~ H3MepSieM!iitt Ha penpoeKrope; 
I . 

.fa - yroJI ue:m:,n;y ttacTHI.taMH, HsMepSieM!iitt aa·penpoeR:rope. 

.', B TOM CJiyqae, Kor,n;a BXO,!l;SIIllaSI (na,n;a1011taSI) tlaCTH[(a· He JI8lKHT 

B IIJIOCKO CTH X:t , yro"JI Mellt)IV tiaCTHqaMH onpe,n;eJISI8TCSI CJI8,!l;YJ)IllHM 

o6pa3oM: 

I. Haxo,n;HTCSI 'nJIOCKOCTb "na,n;a1011taSI-pacceSIBl!IaSICSI" qacTH[(Iil. 

2. Onpe,n;eJISieTcJI yroJI Me:m:,n;y na,1ta1011tet! qa;crHrtet! H Bcnouora.reJib-

Hott IJP!IMOt!, 1!8lml!J8.ff ~ non, IIJIOCKOCTH H nepneli,n;mcyiISipHot! OIITH-

qecR:Ott OCH o6~eKTHBa (OCH~ ). 

3.Onpe,n;eJISierca. yroJI Mellt,ity·paccenBmet!cSI qacTHrtett H 3TOtt :m:e 

BCnOMoraTe JibHOtl npSIMOtl. ,· 

4. I{az,n;ett HS noJiyqeaHHX yrJIOB HCrtpaBJISI8TCSI IIO cpopMyJie (I). 

5 • BI:ilqHCJIJI8TCSI HC.KO!,Wlt yron, 
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Pacc:uoTpm.{ _601ree no,zcpoc5Ho K03(pq)HttHeHT coKpal!leHH.II JIHHettuiirx 

pa3MepOB no OCH Z II tt,~ • Mo,icuo noKasan, llTO K03qJqJMttMeHT. 

~0Kpa11temrn mrnenuux pasMepoB no ocM Z ~ ti/ 

cneH no <popMyne · 
,v ✓ rz4 - -w,iLt 

Yllo -· ~ y 

MOJ!CeT 6UTI, BUllM-

'· 

(2) 

r,zce YI,,- K03(pq)HQHeHT npeJIOMJieHH.II pac5oqetf J!CH,I(KOCTH B nysup~KO-
. BO ti KaMepe' 

(- yron Mex,zcy onTHt1ecK6n oc1,10 oc5oeKTHBa w nyt10M Ha <poTorpa
<pMpyeMyro TO_llKY B KaMe_pe. 

ECJIH npe,zcnOJIOJ!!:HTl>, llTO MaKCHMaJibHOe 3HatI_eHlie yrna ef He 

npeBiiimaeT rs0 H K03(pq)HQHeHT npeJIOMJiemrn pa6oqetf JtH,I(KOCTH B KaMepe 

Yl.,f' =I, 2, TO npH H3MeHeHHH yr Jia r OT OO ,ItO I50 K03(pq)HttHeHT 

COKpa11temur JIHHellHUX pa:3MepOB no OCH :l H3MeHHTC.II OT T,20 .zc"o 

I,2I, T.e. MeH1,me, t1eM Ha I%. 

Ko0<pqll-U{HeHT COKpa11temrn 1IHHetiHUX pa3MepoB no OCH 25 ., n,;• 

MOXeT (51,lTI, BUllHCJieH no qJOpMyJie (2.) ;_ TOr,Ita ,ItJI.II ero paclleTa He06XO

,ItHMO 3HaTI, BeJIHllMHY K03qJ<plittHeHTa npeJIOMJieHM.II pa.6oqetf lltH,ItKOCTH,. 

era saBHCHMOCTb OT Te:i.meparypiiI M T .,It. 

Eonee pa3YMHO onpe,zceJI.IITl, K03<pq>HqHeHT ,. n." 3KcnepHMeHTaJibHO • 

nn.lI 3TOrO Ha,ItO noMeCTHTl, B KaMepy ,!(Be MapKH Ha onpe,zceneHHOM 

paCCTO.IIHHH /,o ,zcpyr OT ,n;pyra(no OCH . i ). H:3Mepn:B 3aTeM COKpa11teH, 

Hoe paCCTO.!IHHe ..e~ Mex,n;y MapKaMH Ha penpoeKTOpe' MOXHO no_JIYllHT.h 

./!,o 
fl,, "'-;;,. 

<,11. 

\ 
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06cyx~eHHe omH60K B onpe~eneHHH yrna Megy cne~aMH 

qacrHy-

Ha 0111H6Ky B onpexeneHHH yrna /3 
BJIHJirL iPH <pa.Kropa: 

MeJ!t,lty cnexa1.m qacrmi 6yxyr 

I• HeroqHocrL B 3KCitepHMeHTaJILHOM onpexeneHHH II n,." H H3Me
HeHHe ~~~ no ,IJ;JIHHe Ita.Mepu. 

2. He;oqHQCTL B onpexeneHHH yrna :ueir,IJ;y TIJI0CK0CTLIO Xf H · 
TIJI0CK0CTLD "BXO,IJ;Hntasr-pac·cesrBwasrcsr" qacTH~U . J.1

, ~ 

3. HeroqHocTL B ·onpexeneHHH yrna fa' • 

KaK YKa3HBaJIOCL BUme, H3M8H8HHe K03(p(pH~euTa COKpanteHHSI 

nHHettHux pasuepoB no ocH :l II no" no ,IJ;JIHHe KaMepu ue npeBumaer 

I%, qro npHB0,IJ;HT K omH6Ite B · onpe.iteneHHH yr na fl> : , tifa,~ ff'.' 

Heroqaocn B 3Kcnep1u1earaJILH0M onpexenemm Koa(p(pH~HeHra 

COKpanteHHSI nHHettHUX pa3MepoB no OCH ·Z • n,;• BH0CHr omH6Ky B 

on~e,IteJieHHe yrJia J!): 11.fli '==' 15'~ 

Toqaocr-I:i B onpe.iteJieHHH yrna <:J.. saBHCHT _or BennqHHH yrnafl,, 

EcJIH cqHrarL, qro npH fa ,.., (30-90°) nnocKocrL "naxaipntaSI- pacces

BmascSI" qacrH!lll onpexensercSI c roqaocnn ae xyi:e .;t4°, a npH 

ueHLIIIHX 3HaqeaHSIX yrna Jb roqeocrL yxy,ItmaercSI, Ho ae npenumaer 

± (6 - I0°), TO OmH6Ka B oripe,IteJieHHH yrna fa H3-3a HeroqHoro 
. I 

onpexenemrn yrna d..- 6y.iter cocraBJIJITL Af>1 ~ ,o .. 

TaK KaK yron p B o6nt~M- cny1.1ae npe.itcraBJISier co6ott anr_e6prui

qecKy1> cyiwy xnyx yrnon, ro omH6Ka · B onpe.iteneHHH yrna . .fa• Mellt)ty 

_...,J 
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qacTm~aux-r, B03HHKaIOI!lasr. H3-sa Toro, q;ro K03qJqJm:~neHT npeJIOMJiemrn 

pac:5oqett JltHAitOCTH B ny3hlpbKOBOtl Kru.rnpe C50JI:bllle eAHHH~bl, He C5yAeT . 

npeBbllllaTb I' 5° • 

0 =I,5 
RBJISieTcsr uaKCH1,!'.aJibHO B03MOllCHOt! • B C50JII,lllHHCTBe CJiyqaeB oua He 

C5yAeT npeDhllllaTb r0• 

Ha OCHOBaHH~ q>OPMYJihl (I) COCTaBJieHhl Tac:5JIH~bl, KOTOpble 3HatrH

TeJibHO oc:5nerqa10T oc:5pac:5oTKY 3KcnepHM8HTaJibHHX AaHHHX. 

• 



R 

)( 

-oor -

• 
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OEPAEOTKA PE3YJI:bTATOB, IIOJIYT!EHH!:lX IIPM OEJIYT!EHID!

. IIY3HP1KOBOii IIPOIIAHOB011 KAMEPU 1IHAMETPOM IIO MM 

B 'JL'" -ME30HHOM nm CillIXPOIDIJ{JIOTPOHA 

OB'bEJUUIEHHOrO 11HCTMTYTA .HJIEPHHX MCCJIEJIOBAH11ll 

Baa raa-tiaH, Baa Uy-~3eH, .UHH )la-~ao, Kna.nm1~KaJI E.H., 
CoJIOBI>eB M.H. 

(Od~e,D;HH8HHliH HHCTHTYT JI,D;epHblX HCCJie,D;OBaHHH) 

IlpHBO,D;JITCJI MeTO,D;li odpadOTKH pe3yJII>TaTOB peaKIUIH npH 

Ji+_ p H T,-+-- c B38JUdO,D;et!cTBHSIX. OdJiaCTl> :meprHM nepBHtIHOro 

nytIKa 250-270 Me v • 

I. IlpOCMOTp nJieHKH 

IIpOCMOTP noJiytieHHliX <pOT~rpa<pHlt npOH3BO,D;HJICJI Ha CTepeo

CKone. IIpH npocMOTpe nJieHKH c n0Mom1>ro cTepeocKona npe~,D;e Bcero 

Ha,D;O OTJIH'l!aTI> r,-+ - Me30Hli OT npoTOHOB. 3To ,D;eJiaJIOCl> nyreM 

cpaBHeHHSl OTHOCHTeJII>HliX nJIOTHOCTeM. IlJIOTHOCTI, nysHpbKOB B 

CJie,D;aX JTT -Me30HOB- 7-9 Ha I CM. I!JIOTHOCTI> ny3Hpl>KOB B CJie

,D;aX npoTOHOB-16-18 Ha I CM. 

BHAeJISIJIHCI, Bee CJiyqaij B3aHMO,D;8HCTBHSl r,~ -M830HOB C BO,D;O

po,D;OM H yr~epo,D;OM. PaccMaTpHBaJIHCl> TOJII,KO B3aHMO,D;eHCTBHJI, 

Bbl3BaHHbl8 'j,-+- -M830H&m, npome,D;l!IRMH qepe3 TOHKYID tiaCTl> 

CT8HKH Ka.Mepbl H OTKJIOH8HHHMH OT HanpaBJieHHS nyqKa aa yroJI 

MeHee 10°. Bee CJiytiaH B3aHMO,D;8HCTBHJI dblJIH pa3,D;eJieHbl Ha J fPYD
llbl: O,D;HOJiytieBble 3Be,3,D;bl, ,D;By;nytieBble 3D03,Iibl · H 3D83,D;bl C 'l!HCJIOM 

nyqeM, don1,me 2 (MHoronyqe~ble sBe3,D;H). 



• 
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O~HoJiyqeBHe 3B83~li 

IlpH B3aHMO)t8HCTBHH r,-+ M830~0B C BO.ItOPO.ItOM H yrnepo,ltOM 

B03MO~Hl,I cJie)tyDmHe peaK~HH, HMeDmHe BH)t,O)tHOJiyqeBO" 3B83)tli. 

Ji+ Ji I +<n.J - i•+n (I) 

Jr-t- +- p ~ J,• + p (2) 

f+ ... C -Ji ... +- C (3) 

1,..- + ( n) p +- JjO (4) 

Jj+-t- cnn)--+ pn (5) 
/ 

IlpH yrne 0 MeX.ItY HanpaBJieHHSIMH .ItBHXeHHtt nep~HqHott H BTOpHq-

Hoit qacTH~ MeH1>we I5° Bee. BHmenami:canm,1e peaK~HH He OTJIHqm,m. IlpH 

0 > i5° peaK~SI (2) BblrJISI)tHT B nponaHOBOtt Ka.Mepe KaK .ltBYXJiyqeBaSI 

3B83)ta. 

IlpH 0 > 700 dOJil>WOtt BKJI~ B 0,ltHOJiyqeBHe 3B83,ltli BHOCHT 

peaK~HSI (I). PeaKLtHSI (3) BlirJISI)tHT KaK O,ltHOJiyqeBaSI 3B83,lta, TaK 

KaK CJI8)t SIAPa OT)taqu C npH BblWeyKa3aHHHX 3HeprHSIX r,~ -M830HOB 

B nponaHe He BH.IteH. 

ECJIH 0 > 75°, TO HMeeT MeCTO peaKLtHSI (5), TaK Kll.K B 3TOM 

CJiyqae peaK~HSI (4) ,BbirJISI)tHT KaK ,OCTaHOBKa. 

Ec1m 0 < 75°' TO HYXHO :3Han npoeler npOTOHa, qTQ(l!,[ C)teJiaTI> 

BHdop M8Jlt){Y peaK~HHMH (4) H (5). (no npodery npoTOHa onpe)t8JIH8TCSI 

ero aneprHH H .1tanee no KHHeMaTHqecKouy pacqeTy .1tenaeTcSI BHdop 

peaK~HH). 

........al 
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JByXJiyqeBble 3Be3~bl 

II n ]/~( + PH B3aHMO.i:te~cTBHRX -M~30H~B-C BO.J:tOPO.J:tOM 11 yrJiepO,l:tOM 

B03MOJICHbl CJie):tyIOrqHe peaR[IHH, l1M6!0Iql1e Bll):t .l:tBYXJiyqeimx 3B83):t 

(6) 

(7) 

(8) 

Jr+ + C --+- ):tB8 3apRllC8HHble qacTH[lbl (9) 

nJia pa3):t6JI8HHR pea.K[IHM (6) H(7) HCil0Jlb30BaJICR KHHeMaTHqecKHM 

pacqeT H ycJIOBHe KOMnnauapHOCTH, HeoelXO):tHMOe ):tJIR peaR~HH (6). 

PeaK[IHR ( 8) JierKO onpe):t8JIR8TCSI no BH8!J1H8MY BH.J:tY • 

MHoroizyqeBJ,re 3Bes,1ui1 

' OClpa3oBaHHe Bcex MHoroJiyqeBblX 3B83):t MOJ!CeT npOHCXO):tHTb no 

CJI6.J:tY!OlltHM .i:tBYM THilaM pea.K[lllll: 

(IO) 

(II) 

Pea.K[IHH ( IO) H ( II) TPY.l:tHO pa3):t8Jll1l'b, T • R. BTOpHqm,re Ji _ -M830-

Hli B (IO) c :meprirntt < 60 Man HMeIOT TaKYID J1Ce HOHH3a~HID C-9 I go~ 2) 

KaK H npoTOHbl :rnepr110l1 < 300 M3B. 
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KpoMe OTdopa cnyqaeB B3aHMO,It9itCTBHit, CQHTaJIOCl:, QHCJIO 'Ji+ -Me-
,, , 

30HOB, BOW9,ItWHX B KaMepy qepe3 TOHKYIO qacTl:i CT9HKH H HM9DlllHX PTKJIO-

Hemre ox HanpaBneHHJI riytixa He donee 10°. 

II. MeTO.I(l,l H3lol9p8HHil H odcqel' 

I. Onpe,IteJieHHe yrJI0B BHJieTa Bl'0pHQHHX qacTHI.t C noM0IIll:iD 

MHKP0CKona YUM-2I. 

Ha MHKpocKone H3M9pJIJIHCl:, KOOP.ItHHaTH ,, x" H .f' H9CKOJil:iKHX 

l'OQ8K H30dpazeHHit HHTepeCYIOIIlero Hae B3aHMO,Itellcl'BHJI, noJiyQeHHHX Ha, 

cxepeoxa.itpax,_ a TaKxe xoop.ztHHarH ,,x" H .,f' penepHoit T0tiKH. ,llJIJI 

0,Il;HOJiyQeBHX 3B83,It H3M8PJIJIHCl:i KOOP.ItHHarH 3-x l'OQeK H30dpaxeHHi1 Ha 

neBoM H npaB0M cxepeoxa.itpax. O.ztaa roqKa dpanac1:i Ha nepBHQHoM cne.zte, 

Bl'OpaJI - ?OQKa B3aHMO,It8ilC?BHJI H Tpel'l:iJI l'OQKa BlldHpaJiac1:, Ha CJie,Ite. 

BropHtlHOR qac?HI.tll. IIJieHRa ycraHaBJIHBaJiaCl:i TaK, tlTOdhl ,,~"-~6/e Kopp

,Il;HHaTH TOtlKH B3aHMO,IteitCTBHJI Ha JI8BOM H npaBOM Ka,ltpaX dUJIH O,ItHHaKOBH. 

B 3l'OM CJiyqae ,, f gb(2 Koop,ItHHaTH .ItPY~ BHdpaHHHX TOQ8K Ha JI9BOM 

H npaBoM Ka.ztpax l'aKJICe coBna.ztyr • .Uanee onpe,n;eJIJIJIHCl:i xoop.ztHHaThl x u y 
H30dpa~eHHJI B CHCT8M8 KOOP,ItHHar, HaqaJIOM KOTopott JIBJIJiercJI oniHqeCKHit 

I.t8HTP JieBoro od~eKTHBa. 

x "".x'.,(, -xs ...... a 

lJ = ~of- -~S.t -t- ~-

X.t u. ~.t - K00p,ItHHaTbl ?OQKH Ha JI8B0M Ka,ltpe • 

XS.i ff ~S.t- R00p,D;HHal'H penepH0it !0QKH Ha JI8B0M Ka,Itpe. 

au/) - KOOP.ItHHaTH penepHott, TOQKH B BHdpaHHOit BHme CHCreMe 
xoop.ztHHaT. 

3HaJI K00p,ItHHal'H X ' H y ' paCCl'0JIHHe OT 0ilTHQ8CKoro tteH'.l:pa 

,It0 nJieHKH 1f H napaJIJiaKc p=X.t-X n ' MOXH0 Ha£1rH R00p,ItHHaTH 

l'0QKH B npocxpaHCTBe .( X, -~' ~ ) • 
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BhlttHCJI€HHe yrJIOB B€.I(€TCR no CJI8.I(YIDlllHM qiopMyJiaM: 

(I) 0CHOBHhl€ ~OPMYJihl .I(JIR onpe,JJ;eJieHHR KOOP.I(HHaT B npocrpaHCTBe 

no KOOP.I(HHaTaM COOTB€TOTBYIDlllHX TOtteK H306pa:m:eHH~ Ha crepeo~OTO

Kapr.11~e. 

IIpe,JJ;noJiaraeM, l[_TO B npocrpaHCTBe HM88TC.fl TOUKO 8.I(HHCTB8HHa.fI 

cpe.I(a, HanpHMep, B03.I(YX, K03!pc,pHI~HeHT npeJIOMJ18HH.fI KoToporo paDeH 

8.I(HHH~e. 

I I 

SSo, S So - onrnqecmre ocn o6'neKTHBoB, 1eorop1:,1e nepneH,1J;HKYJIRpH1:,1 

IlJIOCKOCTH n ' paccTORHHe M€:l!t.I(Y HHMH SS'=.R> (pv1c.I). s,s' 
- OilTHtteCK.118 ~eHTp!:,! 06'o€KTHBOB. lf - pacCTORHHe OT OilTHttecxoro 

~eHTpa 06'oeKTHBa ,JJ;O IlJieHKH 

IIyCTb H306prurceHHRMH TOttKH M Ha Ka)J;pax 6YAYT TOtIKH m (Ha 

Jl€BOM) H m' (iia npaBOM) C KOOp,JJ;vIHaTaMH Ha IlJIOCKOCTH Ka)J;pOB .x, ~ H 

x', f . B npocrpaHci'ne roqxa M HMeer Koop.I(HHaxu X ,Y, Z (Hatta

JIO KOop.nmmT B TOttKe s ) 

'l, =S5' C-OScim. CoSci'm = .P., 
· Sin (c;;l, m - cl m' ) 

(I) 

o6o3HattHM p = ::X:-X' 

X=l'fjdrn =Z : =.f.> ~ (2) 

!! = Z tg lJm sec elm= Z t = 13 i (3) 

HaKOHe~ MU noJiytIHJIH WOPMYJihl )J;JIR onpe,JJ;eJieHHH KOOPAHHaT TOttKH 

B npocrpaHCTBe H3 ABYX CTepeoKapTHH: 

X=~X. Z=Jv (I) 
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( 2) Onpe.I(eJiemrn ,Koop,l(IIHal' q>HKl'HBHhtX l'OtreK M I H M
2 

• 

\ 

EcJIH CMOl'pel'b Ha l'OtIKY M , HaXO,l(Sill!YIOCSI B nponaae no,!( Cl'8KJIOM, 

Q l •• •eBoro oOMKTHBa, xci oHa KaXexc• uaxo~llllt•Hcn B xosxe M, , a ecn• 

· ~ CMOl'pen Ha M H3 npaBoro OCl'b9Kl'HBa, OHa Ka:m:el'CSI HaXO,l(SI!lleilc.a B M2.. 

' 

ToqKH M, H M 2 MbI Cly~eM Ha3h1BaTh q>HKTHBHUMH TOtrKaMH. 

ToqKa rn,(X,~) (JieBHll Ka,l(p) (pHc.2) COOl'Bel'Cl'ByeT H306pa:m:e

HHIO TOtrKH M , . , l'OtrKa m~ ( x', ~') (npaBHit Ka.I(p) cooTBeTCTByeT nso

Cl palKeHHID TOtJKH M .2 • HyJ1mo HaitTH KOOP.IlHHaTh1 l'OqKH YYl..z,, ' COOTBeT

CTBYIDl1!8H H30ClpaxeHHID M 2 Ha JieBOM Ka,l(pe H KOOp,l(HHaTl:l TOtIKH rn: , 
cooTBeTcTBYIDll!eit H3oelpaJJCeHHID M1 Ha npaBoM Ka,l(pe. 

Hc3: IIJIOCKOCTH 9 ( mo SSo ·MM, ) m.z cooTBeTCTByeT TOtrKe M.i. 

Ha JieDOM Ka,l(pe (pHc.3) 

a _· 'lf- .:1 V , .:11! _ _q_ _ 1f - Alf ( ~ ~--:;:, '° s ......e-'>l 
6 - ii:,- .:1?: A 'l: - 8 - l, - !),. r. \ 

Alf_ lf A :r. - ¥ + !),. _r ) 
l!ll,- l: J Ll1f - lf 

I ~ L,---

Llj'=t~)[; (I- 6lf )=f tJ."i =J"l\l 
1f lf "l,-Af:. ~Z 

~ 

"l, = i• lf , • lz = ~ V f e,u. pue. 2 > 

tJ. t = l - l = lf l _& - _& ) · .Al = R, r' -1 · 
I 2 r f' I . l-,2. Rz r J 

IlOJIOlKeHHe m2 OT OilTHtreCKOil OCH Ha JieBOM Ka,Ilpe 

A r ) \, - _& VX'z 'J'z' . r+ AJ = ( I + ],_ d - R2 + J 

R r----. X - X . R, == vx2. .,.y2.' 2.=~ '7.Z ... 'P. Y. -11 ·, 

'l - x.' 
If --q; ) + l\ J = Vx2

( f Y+ ~,t'; · 
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CJie,n;oBaTeJihHO, Koop,n;HHaTH ToqKM rrl2 , COOTBeTCTBYJO~ett qJMKTHB~ 
/ ·· ... \, ' , 

HOH 'ioqKe M 2 Ha neBoM Ka,n;pe,-x f H -IJ' , • :TaKMM xe nyTeM MOJR:Ho 

M 6 e .m',. nonytrnn .Ha npaBOl! KaAP8 ,Il;JISI Toqmi ' !; 113.() p~~HH C KOOp,nH-

HaTaMH ~\+ H .. f,, : ,-,,,, 

B_epeM ;TOqKy, 5 ' KaK 'naqaJibHYID 1TOtllcy: Koop,n;HHaTHOit CHCT8MU, 

xor,n;a Koop.n,HHaThl q>HKTHBHbIX roqeK M, H Mt'.i'B:•npocxpaHCTBe onpe

.. ,n;eJISIJOTCSI. no· qiopMyJia:tF(I);: r.ne 

(IT) 

(.'.3) Onpe,n;ene1rne Koop,n;HHaT roqKH M , Haxo,n;SI~eitcSI B. ny3HphKOBott 

J(JISI onpe,n;eJieHH~ -~~op,n;MHaT roqKH M ,n;ocraroqHo 3HaHHSI KOOp,n;MHaT 

JIH60,\··~t\/(n:~do::;M,/B;(3ci'.~~6UJ~ciTH 0~" ~dt~i;1
;\'. ;~~~'oit\ H:f OilTHqecKHX 

ocet:t -- '•JI~B_Q~ ,11:_J!H _npia:i;iott Mb! C_BSI3HBam,i CBOJO CHCTeMy Koop,n;1rnaT • Mb! -

Bbic5paJiirJ{ib~~y\ ~b\)i,Il;~H~~· c ijeIITpOM B roqKe'. i, · (JI:e1a.SI OilTHqecKaSI 

O_Gh) • 

,. 
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a) TOtIHLie <PDPMYJILI Ha IlJlOCKOCl'H cp (puc. ~) 

R = Ho 11 '-f, + d fs lf rt- h -l:ff, = l, lg lf, , 

a {h'+Ho +d)= l, (5) 

r,ne d - l'OJlll(Hiia cl'eKJia; 

HJlH 

h- rJiydHHa l'OqKH M no,n noBepxHOCl'hID xn,niocl'H; 

h' - r_Jiyd1rna cf>HKl'HBHOil l'OtiKH M, , no,n noBepxaocuro 

. llCH,ItKOCl'H; 

Ho- pacCl'ORHHe Ol' Oill'HqecKoro ~8Hl'pa od~eKl'HBa ,no Cl'8KJia; 

~ - yroJI na,neHHR Ha CT8KJlO; 

12. - yron. npeJlOMJl8HHR B Cl'8KJle; 

4- yroJl npeJlOMJieHHR B nponaHe; 

h'-t-Ho +d =Ho -t-d. t;g fz +h.i:i.& 
~ f, f9, f, J 

w + d ( , - . z,~2 
) = h M 

'if lg f, 

h = h' ...1.u.._, + d ( M.!_ - kk . i!J.A ) 
lxj f ~ ~ fJ i9 I~ ~ f, 

• 
LAf f 2{ 2 e Sin if ~ = Vn/·+ < nz-i)~ J · ~ n= Sin f, fg f 

h = h' Vn; •<nf-1)/j'(; + d. VnJ,rnf-tJfj'f,' (/-Vn,•, ,n/-o Ir/' r:) 

l~f-lo +d+h 

h'==l,-(Ho+d) 

z = 1-1 0 -1-d +h' Vnt+<nf- nq/1, + 

f . ) . 
+ d VnJ~(n.:-nq1,· ( 1- vnf-t:tm-1.Jn; 2f, 

j 
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n,- IlOKasaxenb npeROMRSHHH BO3~yxa 

nz- noKa3aT9Rb npeROMRSHHH CTSKRa 

n
3
- noKasaxenb npeno:r,.memrn nponaHa 

HaKoHeq MU IlORyqHRH ¢opMyRU ~RH onpe~eneHHH nono~eHKH xoqKHM 

¥ npocxpaHCTBe no KOOp~HHaTa.M H3OOpa~eHHn Ha OO8MX Ka~pax 
/X,~/; ./x~';J'/ 

(ill) 

EcJIH 1, u f.z oqeHb Man:I:.l ~if, ~ fr/ft L:.0:: 1 TO. 

t,. 'l: -o i= ~ } 
( n:-1 )~2{, LL n 2. 

(7) 

~OPMYRH (ill) ynpo~aroTCH.~ npHHHMaror cne~yro~Hn BM~ 

X= ~ X P=- x-x' (IY) 

• 



• 
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(4) OnpeAeJieHHe aanpaBJieHHH npaMoil, yrna M8:l!t'AY ABYMJI npaMHMH 

H onpeAeJieHHe KoMnJiaHapHocrH. 

a) HanpaBJieHHe npaMoil H yron Mellt'AY npaWiIMH. 

IlonyqHB KOOPAHHaru JIIDdblX 'ABYX roqex Ha OAHOM npaMoM, 

onpe,n;eJIHrD HanpaBJieHHe sron npRMOil no CJI8AYID~HM,4lOPMYJia.M: 

X a8 g YaB r- Z a8 cos cl = £-;;J; , CO ij = i a,B GOS - ct:. o.£ · 

Xal>=Xa,-XB Yo.1, =Y0--g8 ZcJ;=Za-Z!J 
' ta1, - · paccroJIHHe MeJitAy a H 8 • 

MO:l!teM 

ECJIH H3B8CTHO 'HanpaBJieHHe 'ABYX npRMblX, TO yron M8llt'AY HHMH 

dy,n;er 

C.OS 0 = COScJ., CIJSd..,' -1- C-0-S}COSJ' +~Sf CO~l[ 1 (8) 

d) KoHrpOJID KOMnJia.HapHOCTH. 

ECJIH TPH npJIMble I, 2, 3 Jiel!ta~ Ha O,ll;HOil flJIOCKOCTH, ro AOJilltHO 

BblnOJIHJirDCJI CJI8'AYID~ee YCJIOBHe: 

co1 d, ~ ol.2 C(}j ot., 

6 = 1 ·cog;, C(JJJ p :z w-s ft., I ::::. 0 
(9) 

C05 (' (J},5 µ cM f'., 
M3-3a OlllHdOK H3Mepemrn H annaparypbl 'AWite npH KOMIIJiaHapHOCTH 

sro ycJIOBHe ae codnro.n;aerca. Ilosrouy donee no.n;xoAJI~HM MeroAOM RBJIJI

erca Mero){ cpaBHeHHJI yr non MeXAY ropHsoaraJII>HOM. nnocxocnJJ H H 

nJIOCKOCT.!Um, Ha KOTOpl,IX nexar ABe npJIMHe H3 rpex, CKaxeu,"I, 2; 
rr ·u " -,,) f 2,3 (HJIH 3,~. ECJIH pa3HH~a 3THX yrJIOB ~ He dOJIDWe OWHdKH, 

onpeAenaeMott H3MepeHHeM H annaparypoa, ro Moxao cqHrarD, qro I,2,3 

KOMIIJiaaapm,r. 

B CJiyqae Hawero 3KCnepHM8HTa KOHTPOJID KOMnJiauapHOCTH rpedyerca 

.... 
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)lJISI Toro, qTo6ll BllSICHHTb, eCTb JIH B COCTaBe BTOpHqffllX ~aCTHU 

peaKUHH HeBH.JlHMI,le qacT~uu. 

EcJIH IlJIOCKOCTb, B KOTOPOH )lBHJ!t8TCSI nepBHqHaSI qacTHUa, COBna

)laeT C ropH30HTaJibHOH ( x_,g ), TO yroJI M8X)ly E8IO H IlJIOCKOCThlO 

BTOpHqffoH qacTHUH 0Il£8)l8JIHTCSI CJie)lyIOnten npOCTOU ¢opMyJIOH 

(IO) 

r,n;e e - yron M8llt.JlY ao H of; (puc.5) 

ECJIH xe IlJIOCKOCTh, B KOTopon )lBHJ!t8TCSI nepBHqHaSI 

HaKJIOHeHa Ha yroJI 6 ( -h]o = ;:: ) , TO BpantaSI KOOp)lHHaTHYD CHCT8MY 

BOKpyr OCH X Ha yro:n cf , nonytm:M )lJISI tf cJie)lyDntYIO 41opuyny 

5. ,V _ -Yo!> Si·no + l o-'1 Co!o 
in 1 - ~e{; Sin G (II) 

ECJIH O-+ 0 ' TO (II) ynpo~aeTcSI, H noJiyq1rn (IO) •. 

IlpH onpe,n;eJieHHH KOOP)lHHaT ToqeK B nponaHOBOH Kauepe no.Koop,n;H

HaTaM HX H300paxeHHM Ha CTepeoKa)lpax MU IlOJih30BaJIHCh npH6JIHX8HHHMH 

(pOpMyJiai.m (IY). 

A6COJIIOTHaSI ournoKa )lJISI X li Y npH 3TOM OKOJIO I mi, a )lJISI 

Z - 2 MM. 

IlpH BuqucJieHHH yrJIOB oepeTCSI pa3HOCTh KOOp)lHHaT, IlO3TOMY . 
omHdKa Mana (MeHbllle ourndoK H3Mepeaun). 

Ilo11yqem1aS1 ourndKa onpe)leJieHHSI yrna 0 oKono 1°, a yrJia 

lf' - OKOJIO 30 • 
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IlpH Bh!BO,ll;e cpopMyJI Mhl IlOJI:E,30BaJIHCI> padoTon 2) 

2. Onpe,n;eJieHHe yrJIOB BI:rneTa BTOpHqnJ:ix traCTHU c IlOMOll{l,B) 

penpoeKTopa 

I I 

Ha penpoeKTope nenocpe,ICCTB8HHO MOJB:HO H3M8pHTI> yrmi f) H lf 
a TaK~e ,ll;JIHHY CJie.n;a, 8CJIH IlOCJ18,ll;HHM KQHqaeTCSI B Ka.Mepe, HO STO 

He HaCTOSil!{H8 3HatreHHSI. IIonpaBKa Ha nponan BBO,ll;H·TCSI no CJie,ny:KJl!{HM 

qiop:uyJiaM ( c1.>-!. 5°); 

½if= n~lf' 
(I2) 

Sin. g = V J-,. (rtC1)Sin1'f'' 
u:>i~e 6l'+(n2-l)Sin2 tf' J 

(IJ) 

r.n;e lf' H 0. - HCTHHHHe yrJIH (pirn.6)' 

n, - ·noKa3aTeJI1> npeJioMJieHHSI nponaaa, Mb! B3SIJIH n = I, 233. 

PenpoeKTHPOBaHHe npOH3BO,ll;HJIOCI, qepe3 CTSKJIO TaKOM JB:8 TOJil!{HHH, 

trTO H cpoTorpacpHpoBaHHe, Il03TOMY nonpaBKy Ha CTeKJIO BBO,ll;HTI> He Hy~Ho. 

~OPMYJibl ,ll;JISI tf H Q nonyqeHhl npH npe.n;noJIOJB:8HHH, trTO 

HanpaBJI8HHe ,ll;BHJB:8HHSI _r,+-M830HOB COBna.n;aeT C nanpaBJISHHeM.nyqKa 
,r,-•3HaqeHHSI co mTpHXOU OTHOCSITCSI K B03.n;yxy, 6e3 WTpHxa 

I( nponaHy ( pHc. 6), , 
· hi - ·rJiy6HHa no.n; IlOBepXHOCTl>IO CTeKJia 

hi= n h: ritm& a Ii = h'2. - h', = Ji 8 

6 h = h2. -h, = :fiC =n c lt:i-rl, >=rt tih.=n:fi/3 

2) A.A.IIyrHH "Tpy.n;u rocyiapCTB8HHOro rH.n;poJiorHtrecKoro HHCTH
Tyra", Blm.OI8, CTp.36~ 1953 r. 

.--.ill 
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J,, if-::::.. JIC = n ;nfj = n.J.n t.f' . a .:flO 110 a 

of>= l' Sin 0' oh' =.ft13 = L' Sin 0~ Sin lf' 

Si'.n 0 = oc 
C'J) 

Sin:L e I +(n1-l)Sin101 Sin~tf' -
1. +tn2.-1)5in18'5in 2lf' -

1-t- c n2- 1> Sin.2 Lf' 

PenpoeKTOp no3BOJISI0T onpe,l(eJISITb yroJI 0 C TOtlHOCTbJO ,l(O 5', 

a yroJI t.f - c TQqHQCTb!O ,l(O 1° • 

B cpe)(HeM BpeMsr, saTpaqHBaeMoe Ha onpe.I(eJieHHe O.I(Horo yrna tf 

H COOTB0TCTBYJOmero yrJia Q Ha penpoeKTOpe JiadopaTOPHH SI.I(epHWC npo-

6JieM1), B ,!(Ba pasa M0Hblll0, qeM Ha MHKpOCKOne Y.ft1M~2I. 

3aaqeHHe yrna 6) , onpe,l(eJieHHOe c IlOMOJ.qblO penpoeKTOpa, COB

na,l(aeT co saaqeHHeM Toro ~e yrJia, onpe.I(e~eHaoro c nOMom1>10 MHKpocKona, 

B npe.I(eJiax MeHee O.I(~oro rpa,l(yca. 

lll. CTaTHCTHKa pesyJibTaTOB 

CocTaBJISISTCSI TaClJIHUa, B KOTOpon odosaaqeHo tlHCJIO TSX HJIH .I(pyrHX 

peaKunn. 3Hasr nonHoe qncJio 3,+ , BOllle,l(urnx B KaMepy, H qncno peaKuttn, 

I) A. T.Bacn11eaKo~ M.C.Ko3o,l(aeB, P.M.CynsreB, A • .ft1.1.)mmnnoB·, D.A.IUepc:5"a
KOB (J151II 01t1Hll; "PenpoeKUHOHHaSI T0XHHKa H3MepeHHi1, HCilOJibSyeMaSI 
npH o6na6oTKe cxep~o~oxorpaq>H~" - coodmeHHe Ha coBemaHHH no Ka
MepaM BHJU,COHa, ,l(Hqzjly3HOHHliM H nysupl>KOBliM KaMepaM. 



i 

'' 
' ! i 

/; 

• 

\ 

\ 

- II4 -

MO~HO .ztnSI Ka.JK,I{Ott H3 HHX onpe,n;enHTh 
~=..i.. ne 

rt - QHCno aTOMa B O,Il;HOM CM3• 
22; 

inn nponaHa ne = I.77.• IO CM~, 

Af .;. llHCRO .Ji-r 

f, - t1Hcno ·peaK~Hfl . 

e = Jle 
:R 

t - a4XPeKTHBH8.Sl ,ItnHHa KaMepu. 

cet1emrn. 

d =0,43 r/cM~ nP=8/3•l•77•I0220Lt 

CTpoHTcsi pacnpe,n;eneHHe no l/ H 0 B CUM. · 

B 3aKnDtl8Hije aBTOpli npHHOCRT Clnaro,n;apHOCTh COTpy,n;HHKaM nado-
~ ~ 

paTopHH R.ztepaux npo6neM P.M.CynsieBy, A.H.4>HnHnnoBy,. D.A.IUepciaxoBy 

sa JIDClesao npe,n;ocTaBneHHHe B HX pacnopRJJCeHHe cTepeoqioToannapaT, cre

peocKon H penpoeKTOP, a TaKJlte T.A.XapiKoBott, BliilOJIHHBWett ClonhWYD 

qacTh H3MepeHHtt. 
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OE 113111:EPEHHM ROOP,UMIIAT H YI'JIOB B IIY31:lP1KOBOll KAMEPE 

JI.II.I{Ol'8HKo, ·E.Il.Ky3aenoB, A.B.Ca.MOHJlOB, <l>.M.CepreeB 

(~H3HqecKHll HHCTHl'YT AH CCCP) 

1
}!}IJI Ham1onee nonaoro HCll0JlL30BaHHSI llY3UpLlC0B0ll lCaMepbl lCalC 

~H3HqecKoro npHdopa, Heodxo~HM0 YMeTL c ~ocraroqaon creneHLD 

roqHQCTK onpe~enRTL K00p~HHaTU roqeK B KaMepe, H3MepnTL npoderH 

qacrun, npocrpaHCTB8HHUe yrJlbl HT.~~ 

CnoXH0CTL 3aKJlnqaeTCH B TOM, qro H3MepHeMue o6~8KTbl Haxo~HT

CH B CHJlLH0 npeJl0MJlHDmen cpe~e· H oduqrina 3a~aqa B0CCTaH0BJl8HHH 

H306paxeH'Hn B lCa:P.!epax BHJlLCOHa ~0ll0JlHR8TCSI BonpocoM 06 yqere 

HCJCaxeaHll 3a cqer npenouneHHR. 

B od~eM CJlyqae sa~aqy M0XH0 pemHTL npHM8HRH cne~nmHe CHCTeMbl, 

CHadxeHHHe BblqHCJlHT8JlLHbIMH annapaTaMH HJlH ~PH~8HHH CHCT8MY penpo

eKTHP0BaHHR, yqHTUBaDiqYJJ aanHqHe npenoMnnromen cpe~u. 

Mu nocraBHJlH nepe~ codon 6onee CKP0MHYJO 38.)taqy - paccMorperr, 

YCJl0BHR, npH lC0Topux C ToqH0CTLD, ~0CTaToqHoH ~nn pemeHHR H8K0T0pux 

B0npocoB, M0XH0 B8CTH H3MepeHHH K00P~HHaT H yrnoB B ny3upLK0Bon 
r 

KaMepe' He npHderan K penpoeKTHPYDII!HM ycTaH0BlCaM H cne~R~IM 

CHCTeMaM. 

I. Onpel8Jl8HH8 K00p.ItHHaT roqJCH B nysupLK0B0ll KaMepe 

a) OnrnqecKHe ocH od~eKTHB0B ~oroannapara napannenLHH,. 

OTCYTCTBH8 npeJl0MJlHDmen cpe~u 

• 
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IlpH cpoTorpacpHpoBaHHH arinapaTOM C .ltBYMR od~eKTHBaMH, onTH

qeCKHe OCH KOTOpllx nepneH,ItHKynRpHll nepe,1tH8MY CTeKny KaMepu (cauoe 

npOCTOe KOHCTPYKTHBHOe pemeHHe), HaHdonee CJ[OJEHllM RBJ[R8TCR onpe,1te

J[8HHe rnydHHll TOqKH (pHC. I). 

HeTpy,ItHO noKa3aTD, qTo B 3TOM cnyqae ,ltJ[R onpe~eneHHR rny6HHU 

TOqKH 8 

r.1te: 

HMeeT M8CTO cne,1tyD~ee COOTHOW8HHe 

..A.. _ JL . e +8 - r 
Am.- & -l -+-}r -1" 1 (I.I) 

1 - rnydHHa H3Mepaeuon TOqKH OTHOCHT8JlDH0 BHyTpeH

Hell noBepXHOCTH nepe,ItHero CTeKna C Me:rKoll 'Fa/ 

(:ro,ma A); 

e - rnydHHa KaMepu; 

t- paCCTORHHe o:r nneHKH ,ltO BHyTpeHHell noBepXHOCTH 

nepe,1.tHero cxexna; 

. 7 - rnaBuoe cpoxycuoe pacc!oRHHe o6~eKTHBoBi 

\ 

~ - pa3HOCTD paCCTORHHll Mel[,Ity ,Itauuon Toqxon H nepe,1.tHett 

ueTKoll ua cpoTorpacpHRX H3 npaBoro H neBoro o6ieKTH-

BOB ( .JI~ B" - JI, B, ) ; 

Am- pa3HOCTD pacCTORHHll :u:ex,i,;y nepeJ,tHeH H 3a)tHell 

ueTKaKH ua cpoTorpacpHRX H3 npaBoro H nesoro od~eKTH-

DOB. 

6) OCH od~eKTHBOB He napannenDHll. Ha npaKTHK8 qacTo od~eK:rHBU 

cpoToannapaTa noBepuyxu no.2t uexo:ropuM yrno:u: K nepe,1tHe:u:y·cTeKny xauepu, 

B 3TOM cnyqae HMeeT MeCTO COOTHomeuHe: 

.1 y ,e-r.eoJ,J. +-8 
-ir;;; =. T . t - Y,CQI~ + !-

1
(2.I) 

~T!IoJ.t ue:rxol no,1tpasyMeiiae:rca nepTHKanDHaR nHHHR Ha BHYTpeauen 
noBepXHOCTH nepeJ,tHero H 3a,ItHero CT8KOJ[. 
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3.zte CI> ol - yron MeJ!t)Cy onT11qecKott ocLro · od'!:ieKT11Ba n nepnen.ztHKY JIR-• 

poM K nepe.ztHSMY CTSKJiy. 

ECJili qlOTOannapaT pacnOJIOJ!tSH ,It~CTaToqHo ,ItaJISKO OT Ka.Mepu, 

TaK 'tlTO t >> ..7co:to<.-' I ·, TO ')tJIR onpe,IteJISH11:SI rJiydlllHU ToqKli 

noJiyq11M npocToe COOTHOWSHHS: 

A_ = 1, 
~m 6 (3. I) 

KOTopoe BHnOJIHRSTCR TSM TOtIHee' tzeM doJII>me .e. • . 
B) IIpeJIOMJIRBJD{aR cpe,ya 

RHHellHOCTI, B (3.I) BUilOJIHReTCR c·doJII>mon CTeneHI>IO TO'tlHOCTli 

l1 B ny3UPI>KOBO1t KaMepe np11 BHilOJIHSRHli YCJIOBHR 

3TO dmro npoBepeHO Ha nponaHOBOit KaMepe [1] · o rnydHHOll 70 MM 

H pacCTORHHe.M t = 350 MM. IIponopu11OHaJII>HOCT1, MeX,lty t1 . lit i.' 
COXPaHRJiaCI> Ha Been WHpHHe KaMepu. Ha PHC. 2 npe,ItCTaBJiena 3aBHCl1-

MOCTI, ·~ O! Ll n·p11 da3e M = I40 MM. lliTpHXOBaR JIHHHR - Bupaxemrn 

(2. I). HenpepHBHaR npsIMaR, COBila,ItaBJIItaR c (3. I) - :3KCnepHMSHTaJII>HaSI 

3aBHCl1MOCTI> MSJ!t.ItY !f H Ll • 

Bnaro.ztapSI npeJIOMJIRIO~eMY ,IteitCTBl1IO cpe.ztu . .zteUCTBHTSJII,HUe 

paCCTOSIHHSI MeJIC)ty TOIJKaMH B ny3UpLKOBO:tt KaMepe ·HCKaxeau. 

,Itmr BH).tHMOtt,noJiyqeanon no cpopMyn'e (J. I)' H HCTHHHOU rnydHHU 

TOtIKl1 HMSeT M0CTO COOTHOWSHHe (p11c. 3): 

r.zte: J"-t- 11c1taxenHaSI rnydHHa H31,rnpSieMott xoqKu, 

y_.- HCTl1HHaR rnydHHa, 

G - HCTHHHaSI TOJI!Itl1Ha nepe.ztHero CTeKJia, 

\ 
\ 

. ( 4. I) 

• 

i 
I. 



• 

;' 
! ' 

- I22 -

n.,~ - Ko::;(fJqn11rv1CHT npeJIOMJie1nrn paOotrett :i1m.n;KoCTH B Kauepe) 

n,,_ - Ko::;1Ix1im\v1eHT , npeJioMJiemrn nepe,n;Hero cTe1rna J 

d - yroJI M6JP:JtY nepneH,n;MKyJISipOM It CTeKJIY KaMepL! VI 
' I 

HanpaBJiemteM Ha H3MepReMyIO TOtJKY • 

IIpH f = 0 (L}I) ,n;aeT otreBH)tHUtt pesyJII>TaT: '/ft«t· +I.;,_ ~,t,-,. -~ · 

Ecmt paccTomrne OT ¢oToannapara ,n;o Ka1rnpu MHoro Oom,we ee 

nonepetrnHX pasMepoB, TO yrOJI Q MaJI no BCeft )J;JIHHe KaMepu H Bblpa'.l1Cem,1e 

(4I) npMHHMaeT Bl-1,n;: 

~"" + c = (t-¾ r')(J~ +~). 
(5.I) 

Ha npaKTMKe HeoOxo.n;HMO 3HaTb paCCTORHHe no rhy0HH0 Mex.n;y )J;BYMR 

TOqKaMH . 4}/ "4" • IlpH MaJILIX d H H000JlbWHX paCCTORHHRX Me:llt)J;y TO'l!Km.rn, 

IlOJib3YRCb (5.I), noJiyqaeM: 

/J y u.er = tJ Y '"I: n, (6.I) 

)!JIR nonepeqnux pasMepoB 11crwzemrn y'l!HTbIBaeTC.fl cpopMyJiott 

(pHc.4): 

X c~ _ -t + eos 'r ,ti 
X-ua- ;5i~f-N' - -t, 

(7.I) 

3.n;ecb .,V=:~ +...LI 
rr,., ti.,i. 

X '"'1 - HCimJP:eHHblft BH,D;HMblft nonepeqJmtt pas.uep' OTCtJHTHBaeMLltt OT 

nepneH.n;HitYJIRpa, BOCC_TaHOBJieHHoro Vl3 neHTpa OC!'IieKTHBa K nepe,n;HeMy 

CTeKJIY KaMepu. 
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· "'1-lef - HCTHHHUI nonepeqm,11 pa3'uep, oTcqHTimaeMhll oT Toi' xe ocn. 

·- IIonepeqr10~ paccToRHHe Mex.iiy ,1tBy1.rn TOtIKa.Mtt: 

J!JIS(He6oJII,IUHX OTpe3KOB 

t1 Ke~ ~ ~~~c{ 
. (9.I) 

'll3 qiopMyJI (5.I) H (8. I) BH,ItH0, · ttT0 .nmr yMeHr,meH11R HCIW.J!:eHHti 

Dblr0,ItH0 yMel!!,IIIHT!, yroJI '{' , . T. e·. (I>oT·orpaqni:poBairne npOU3BO,ItHTL 

C HaH6OJI!,Wero pacCTORHHR H npO1-l3BO).tltT.I:. H3Mepemrn B. 6JIHJJCatt11111n K 113-.. 

1.fepHeMOMY OTpe3iy oel'I>eKTHB. 

' TaKHM odpa3oM; nonr,3y.Hcr, rn.opMyJiaMH (5.1), (6.I) H (7.I), 
(9.I).''MO~HO onpeAeJIRT!, c Toqaocr,n~ 3BBricnmel OT'TOquoCTG'H3Mepe~ 

mm' K00p,ItHHaTU T0tJeK B KnMepe H pacCT0SIHHR :Me~y ).t6.H~mrn TOtIImMn. 

)lJIH npoBeprrn c!J!il}MyJI CluJI pacc11orpen CJiyttatt 'ynpyroro paccemurn 

~-t-- Me3oHa mi npoToHe. · ~.,.- - MEb'crn n nporoH · ouairn ocrauonHJIHcr, 

B I\ru,repe. YroJI pacceamrn 9,1-..:uesoaa, ~\mrnneHm,z'tt H3 KHHe:uaTHKH npo

uecca ii .9npe,1teneHm,1tt usMepemrnM Koop.ztimar xapaKiepuux TotteK no 

cpopMyJiaM (6. I). H (9. I): COB.na1n ·c roqHQCTI,I(} \i.' IIJIOTHOCU paccesrmrn 

HaKJIOHeHa K nJIOCKOCTH nepe,Ituero CTeKna TIO).t yr~~M i10°. 

Ha pnc. 5 npHBe,IteHaBH,ItHMBll H3_06'l'>eKTHBa,pucnonolCeHHOro 

aanpoTHB ToqKn ._.A, _cJiopMa -K~Mep~: \10E;P~eH~e · (nH~HH. c }Otr~a1.m) · c,1tem1-
, ' '.; ;., ~· ; ,; .. 

Ho no T0ttimM na BHyrpeaaen cropoHe nepe,1tHer.o H 3a,1tH9ro creKJia ( no 

q,opMyJiaM (6. I) H (9. I). OTKJIOHeHMe TOttKn 8 o:r BepTHKanu nponcxo,ItHT 

~a cqer KOHHtIH0CTH npoeKUHH. 
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Ta.K Ka.K BCe H3MepeHHH B9JIHCD B 6JIHXaMmeM K .n;aHHOMY od1>eKTHBY 
. . . ' ,.. " ·- . ' ,. ' 

noJIOBl1He, TO omHdKa_ B, M3MepeHHH paCCTOHHHH Me:l[,lty . .D;BYMH TqtrnaMH 

ueJI!iIKOM onpe.n;eJIHJiaCD TOqHQCTDD H3MepeHHM. 

· IT. J1Q_1m:m:emm npoeKUHll yrnoB 

PemeHHe MHOrHx ~H3HqeCEHX~~.n;aq MOXHO ynp~CTHTb, paCCMa;pH

BaH npoeKUHH yrJIOB Ha llJIOCKOC~b, nepneH.n;HKYJIHPHYIO HanpaBJieHHIO 

Hadnx,,iiemrn, B1{8CTO ripocTpaHCTl3eHHblX yrJIOB. 

, B :no'll CJ3H3H lfHTepeCHO BI,UICHHTD, Kare OTJIHqaeTCH ueHTpaJibHaSI 

npoeKUHH yrna,nonyqaro1qasrcsr B .pesynuaTe ~ororpaqmpoBaHHH, ox opxo-
- . . ' . . .. ., . . 

rouani,Jioll. :IIPO eKUHH Ha _nno crco Cl'b .. napanneJIDllYJO_ nno CKO CTH nnemrn,, c . . . . 

yqeTou Toro, qTo yron Haxo.n;HTCH B npenoMJia101qell cpe.n;e. • . 
,. . . ,' 

', Ha ·puc.6 . H306pa:m:em,r Il03Hl'HBH_ble nenrpaJIDHlil~ npoeKI{HlI 

H·eKoTop6ro. npocxpa1~cx13enuoro yrna A.l{C H ero .. opToroHaJibHOM: npoeK~HH 

ABC ( COOTBeTC_TBeHHO .ll''lJ'C} H .1/'B'C' . 

. P -.nJIOCKOCTD nJieHKH. 

) • lIJIOCl\OCU. 

SO= fl - paCCTOHHHe 01' Oc5'1>8KTHBa .n;o nJiOCKOCTH oproroHaJI:E,HOli . . ~ " -
npoeKUHH a ( 5 O . coBna.n;ae:r c HanpaBnenvreu . 

. > o,cH 061>8:rtl'HB~ 

S O!.T~ (po&y CHo·e pacc:ronHHe' ~61>eKTHBa, 
£3f),..rh- npe_~u~emrn. . . . .· .. · . 

e-;.LJIBC · op:rorouaJIDHaH npoeKUHH yrJia ..ll~c·"· 
. · I I " I , ·.• .. ·, • · • • · ·. • :, , . ·· ;· . 

XeL .fl DC ·.· neurpa1u,uaSI ttpoe&u1rn·yrna · '1\DC · 

HeCJIOXHUll. pacqer .lt~8T CB83L ytnoil' (9 . H x. : 
-

, f'_;/n ~=,.,In.ft. + g.7-h . +n "Y" 
-"qa, ...,?2.·-·H•a ."<fa~· '(I. 2) 



- 125 -

r.n;e 7i - yron Mel!r,n:y oc1>!0 od'.&eK·nrna 11 nanpaBne1meu 1m Bep;umiy 

1131.rnpner.rnro yrna; 

a - da3a rri0Torpaq111poaamrn. 

Snare .:t cooTBeT.CTByer 3naKy npem,nuemrn ·· - Iv • 

ITOJIOlnITeJII,HI,Jll 3HaK B c)opMyJie COOTBeTCTByeT np1rno.n;mJOMY !Hi qeprexe 

cnyqaJO. 

Jfa rJiopMynu (L 2) BUTeKURJT nee rpedoBamrn K reouerp:r,rn Lpororpa

~nponan11R HK onTHKe Od'.&eKTHBOB, 3HaKOMHe no Mero.n;HKe KaMep BMJILCO

Ha H .n;miicpysHOHHUX ImMep B CMhlCJie MMtttu.taJII,HOro HCimxemrn npoeKQHll 

yrJIOB, 

Or1rnq11e nyshlpbKOBOll Kmrnpu OT :3Tl1X Kauep 31:1.KJIKJqaeTCR B TOM, 

L L 1
' qro B (I. 2) BMeCTO npeBbllJleHHR rt, cne.n;yer no.n;cTaB11TI:, f'l/ ~ CM. 6. I): 

Ii'=~-. n., 

r.e. padotiaR lltM.n;Kocn ImK du qacrnqno npoer-crnpyer yron na nnocKocr1, 

{), H TeM YM0ll!,l!IUeT HCY.aE:eH1-1JI, 

Ifa tiiopMyJIU (I.2) BM,ll;HO, qro npl1 HedOJI!,l!Il1X '{i. ,11c1ca.xe1rne, 

npa .n;anm,rx !T 11 H , onpe.n;enaercR ornomemteM /-,,'/a , Koropoe 

xapar\rep1rnyer Bem1:q11ny yrna AJ{C. 

AnammHpya (I. 2)_ MOJltltO )l;JIR Im]t.n;Ot-1 KOHI~peTHO!i 3a,11;aq11 onpe,n:e

JIMTI, odnacrvi yrnoB X l1 0 , npn Koropux B03M011ma 3aMena yrna 

Gl yrnoM X C sa.n;amwn CTeneHI,IO TOtIHOCTM. 

B tiaCTHOCTM, eCJIM qacrnua )l;BHJlteTCR npn0JIH3l1T8JII,HO B DJIOCKOCTM 

nepne1t.n;HKymrpnon OCH Od'.b8KTHBa (!JOToannapara,_ncrJLiTh!BaR OTKJIOHe'IUUI Ha 

uedoJII>IIIMe yrm,r - MHoroi,_paraoe pacceamrn, To roqaocn saueHLI yrna 

e yrJIOM X .n;ocTaTOtIHO B8Jil1Ka. 

• 



• 
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IlaMH H3M8pRJIOCI, 1.rnoroxpaTHOe pacceRHHe ~+ H /1"- -M83OHOB 

• B ny31.,1p1,KOBon KaMepe / 1./ • Cpe.ztHee paccTORHHe H = 350 Mu, 

j: = 50 MM. IlpH H3Mepem11,1 pacceRHHH B OC5JiaCTH 45 M:rn, O111HC5Im B 

saMeHe yrna e yrnoM X ne npeBmrraeT 0,5%. 

,llJIR BbIRCHeintH BeJIHl!HHLI HCKaJ!teHHH npoeKQHn yrJIOB B npormHe. 

n ny31,1p1,KoBYD xaMepy npH pae5otJen TeMnepaType C5UJIH noMe~enu creK

JIHHnue nnacTHHKH c narpaBHpoBaHHLIMH yr nm.rn. Cxe1,ra onuTa nOKasam1 

na prrn. 7 •. 

Pe3yJII>TaTlil H3Mepe1rnn npHBe.ztenu B TadJIHQe I, H3 KOTOpon 

BH,ltHO, l!TO HCKaJJtemrn npoeKI{Hit yrJIOB B npe.zte;rax TOl!HOCTH H3Mepemrn 

(IO) ·neT. 

i H T e p a T y p a 

I •. JI. II. KoTeHKO' D. c. IIonoB' E. II. I{yaHel(OB. 
IlpHC50pbI H TeXHHKa 3KCnepHM0HTa, ~ I (I957) •. 
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PacnoJioxemrn UcnrnHoe -nJiaCTHHI,I C 3itaqeaHe JieBlxtt Od'beKTHB npaBiiiil Od'beKTHB 
yrJia.MH yrJia 

de3 nponaHa ~e3 nponaHa Ti, c nponaHoM. J'1 c nponaHoM ------
IIJiaCTHHKa ~ I 39° 
BepTHKaJI:&HO' BeNTHKaJI:&- 80 00 Hix yron 37 38 37 36 

-36° 
ropH30H-
TaJI:&HlilH 
yroJI " 37 38 " 38 39 

·---~ 
IIJiaCTJIHKa 1f- g 40Q 

I 
IIO.It yrJIOM 45 Be RTmcaJI:&-

" 5I 50 " 47 48 Hix yrfill H 
I\.:; 

360 -..J 

ropH30H.,. 
TaJI:&HH~ yron II 27 26 " 28 28 I 

- -IIJiaCTHHRa Jr. ill 370 
BepTHKaJI:&HO BeRTHKaJI:&- 00 1 36 37 B° 37 38 Hl:,I yroJI -370 • . 

ropH30H- . 
Tam,Hblit yron II 38 38 " 37 39 

ITJiaCTHHKa Jf. IY 370 
no.it yrJioM 450 BepTHKaJU,HLU1 

" 48 48 II 47 48 yroJI_ 
350 
ropn3oH-
TaJI:&Hh!H yroJI II 28 28 II 28 28 

.. 
f •-•· · ... ---•- ··- ........... .,..................... ..,-c--;,_ ............................. _._ 
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C~eMa cfJoTorpaqm:poBanua 2-wr oe5ieKnrnaMH (rotJKH 
OrH 02), 0ilTHtJec1rne OCH K0T0PiilX nepneH~HKYJI.!IpHU 

- nepe;tHeMy creKJiy .Imuepu. 
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K BUBO,l!;Y COOl'Howemm. M8X,JJ;Y HCl'HHHhll!H H BH,l!;HMblllrn nonepeq
HHMH pa3MepaMH B ny3HPDKOBOtt KaMepe. 
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UeHTpanLHaJI R opToronanLHaR npoeK~RR npoR3BOnLHOrO 
npocTpaHCTBeHHoro yrna. 

, I 
I 
! 
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CxeMa ¢0Torpaw11poBaHHR CT8KRRHHLIX nnacTHHOK C BHrpa
DHPOBaHH:wm Ha HHX yrnrum ){RR onpe.iteReHHR HCKWB:eHHH 
yrnoB B nponaue • 
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0 B03MORHOCTHX ABTOMATH3Al.UIB OTEOPA CIDIMKOB 

M.M. PyCHHOB 

(IleHHHrpa,ItCKHH HHCTHTYT TOqHon. MeXaHHKH H onTHKH) 

0,ItHH~ H3 3JieMeHTOB npo~ecca odpadOTKH CHHMKOB C. 

H30dpaxeHHSIMH CJie,ItOB HCCJie,ItyeMWC qacTH~ 

SIBJISleTCSI OTdop Tex CHHMKOB, Ha KOTOpI,IX HadJID,ItaeTCSI TO HJIH 

HHOe COdHTHe, HHTepecylDmee HCdJie,ItOBaTeJISI • 

. ·B CBS13H C Bb!COKon npOH3BO,ItHTem,HOCTl,ID C'I>eMoqHoti anna

patypH BOSHHKaet Bonpoc od ycKopeHHM otdopa cHH~oB, no,ItJie

JEall{HX ,ItaJIDHenmett, donee .zteTaJIDHott,odpadOTKe H COOTBeTCTBeH

HID! HSMepeHHSM, TaKHM odpa30M.B03HHKaeT sa,Itaqa aBTOMa.THsa~HH. 

OTdopa CHHMKOB. 

Cor JiaCHO TpedoBaHHSIM, npe,It'I>SIBJI.IIeMl,IM HCCJie,ItOBaTeJI.IIMH, 

OCHOBHI:ll4H COdl:llHSl:MH, no EOTOpm.t ,ItOJIJlteH ocyll{eCT;BJIJlUCJl otdop, 

SIBJISIDTCJl odpHB TpeKa, "BHJIKa" H "sBe3,Ita". 

Baxuo, qtodbl npH TaKOM aBTOMaTHqeCKOM OTdope dHJia du 

HCKJIDqeHa BOSMOJltHOCTD omudoqHoro cpadaTHBaHHJl npnqopa, 

uanpHMep, B cnyqae nepeceqeuua Hsodpa.xeHHH .ItBYX uenepeceKa

lD!l{HXca B npOCTpaHCTBe (c1tpe11lHBaID11lHXCJl) TpeKOB, KOTOp1,1e Ha 

OT,IteJIDHOM CHHMKe 

.Una ycxpauemta TaEoro omudoqaoro cpadaTbIBaHHa :u:oJtHO 

npHderHyTL K HCDOJID30BaHHD O,ItHOro HS CBOllCTB HeHCKaJlteHHOti 

CTepeonapb! Hsodpal!teHHH npocTpaHCTBeHHOro Od'I>eKl'a - OTCYl'CT

BHD TaK aasuBaeuoro BepTHKaJIDHoro napaJIJiaKca. 
• 
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.l!eicrBHTeJil>HO, ~Ba H306pa:m:eHHSI o~uon H TOM xe TOtlKH npocrpaH

CTBa~nonyqaeMHe Ha ~nyx cHHMKax crepeo~oroycraH?BKH,np.H napaJI

nen1:,aocrH HX ocen ncer,11;a dy,ll;yr nezar1:, D nnocxocrH, npoxoll,n~eM 
qepes cam,raeuyJJ TOtiity H da:mc ycraHOBICH H, HaXOl].SICI:, Ha JIHHllH 

nepecetieHHSI :non IlJIOCKOCTH c IlJIOCKOCTI:,I) OdOMX CHHMKOB) 6yl].yT. 

pacnonarancn Ha paBHOM- paccrosIHmI, OT JIHH.HH dasHca Ha caimx 

cuHMKax. 3ro H uasuBaDr orcyTCTBHeM nepTHKaJILHoro napannaKca. 

IlosTo:r.iy, npo~BHran Ol].HH H TOT xe ~aTtiHK HJIH l].Ba l].arqHKa, 

pacnoJIOXeHHb!X Ha JIHHHH, napaJIJieJil>HOM JIHHHH 003Hca, MR l].OJIXHI.! 

aenpeueuuo BcrperHrl> Ka.K nepBoe, raK_H BTopoe usodpaxeaue ua

men roqKH cuHuaeuoro npocTpaucrna. 

OTCD~a Herpyll,HO npHll,TH It Bl.!BOll.Y, tlTO KPHTepHeM OT60pa 

l].OJIXHO fiBHTl>CSI IlOBTOpeHHe cpaoorunaHHSI npaBoro H xenoro l].aT'ClH

KOB npH npoXOXl].eHHH HUH Ol].HOll H roil xe CTpOtlKH Ha npaBOM H 

nenou·caHMKax. 

Ilepelll].eMx paccuoTpeHHD ycrponcrna caw,:x l].aTtiHKOB. 

IIpocteiimHM l].8T'Cll1KOM MOXHO 61.!JIO 61.! npell,CTaBHT:& cede 

ll,aTtiHit, cpadaxunaDIIUill npH npoxol].e qepes rpex; ero cxem 

uo:m:ex dun npe,11;c-ran11eua B BHAe · ornepcTHa, nponyc.1ta1nqero · cnexo

non HMIIYJil>C Ha ~OTO3JI8MeHT. 

.l!aT'UIKH, pema1>111He doJiee CJIOXHUe sal].attH, ,ll;OJilEHU ,otzeBHl].HO., 

Huer1:, H donee cno:araue cxeuu. 

TaK, uanpHMep, l].atqHK, cpa6atHB8DIIIHvi npH npOXOJltl].8HHH rpe

xa uoxer 6ur1:, ocymecrnneH no cxeMe nonyxon1:,~a, 0Kpymro111ero 

ornepctHe, c raKm.t pacqe:roM, qro6H sawma.HHe 111e11H JJ;aT'<l~ 

npOHCXO,ll;HJIO du B ror MOMeHt, KOrl].a.B O?BepC?HH npOXO,ll;H? H306-
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paxeuHe rpeKa, a B nonyKOJihqe, oKpyxaromeM ornepcrHe, 

H306paxeHHe Tpexa OTCYTCTByer~ 

TaKH:M o6pasoM,OTBepcTHe B cxeMe .n;aTqHKa 6y.n;eT SIBJISIT:&CSI 

3JI8MeHTOM, sawmaDlllHM qenD .n;aTqHKa,_a IlOJIYKOJID~O, OKPYlltaID-

111ee Ol'Bepcxue - sJieMeato:u pa:nwKaDiqHM noc:rosmao sawrny:i:yD 

~enD. 

pearHpona:rD npH npoxoz.n;eHHH 

ero qepes BHJIKY, MOXel' 6HTD ocymecrBJieH B BH,1te xpex conpH

KacaDll(HXCSI OTBepc:rHit, us xo:ropux .ItBa Kpattaue pa6o:raD:r Ha sa

wmaaHe, a ~pe.n;aee - Ha pa3Mli1KaHHe qenH. 

TaKott ,Ita:rqHK CMOJCe:r. cpa.6aTirnan JIHfilD B TOT MO:U:eH:r' Ror,Ita 

OH 6y,1teT nepexo,ItHU qepes .ItBeJIHHHH, pa.cc:i:oaaue MeJE,Ity Ko:ropmm 

onpe,1teJIHl'CSI ORHOM pa.3Mli!K8.DDtero .n;a:rtzHRa, :r.e. :ror.ita, KOr.ita 

CTpORa 6y,1teT nO,ltXO,ItHTD K :roqxe nepeceqeHHSI .ItBYX :rpeRoB. 

~aTqHK, pearupyro111HH Ha :ry HJIH HHYD 3Bes.n;y MOZHO npe,lt-

c:raBHTb B BH,1te ornepctHSI, pa6oraro111ero ua sa!.WEa-

HHe, 'H KOJibUa HS Toro HnH HHOro qHcJia qepe,ItYDlllHXCSI 

3aMmtaDDtHX H pa~LWEaDlltHX OTBepc:rutt. 

Tiepett,lte:U: K paCCMOTpeHHD 3JI8KTpHqecxott CXeM!it npH6opa. 

3nex:rpHqecKHe HWIYJIDCH or aneueHTOB npanoro H Jienoro 

.n;arq1rnoB, coo:rBeTCTBeHHHM o6paso:u ycHJieaaue, npH · cpa6anIBaHHH 

saMmta10r caatzaJia ~enD o.n;aoro, 3a:reM ~~em, .n;pyroro .n;a.:rtzHRa. 

Kax.n;asi H3 3THX .ltBYX' ~enelt B CBOD O11epe,1tD, BO3,1teHcTByeT 

Ha 3aMb!RaHHe :rpeuei:t~enH, xoropasi 6y.n;e:r sawcayTa.JIHmD Tor.n;a, 

Kor.n;a aa o.n;aott H Tott xe c:rpoKe cpado:ramr xax npanutt, rax H 

JieBHtt ,lta.TtzHKH. B 3TOM CJiyqae TpeTDSI uenD .n;aeT CHrHaJI or6opa •. 

\ 

• 
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Herpy.n;no BH.n;eTh, qro paccMoTpennan: cxeMa: padOTH .n;o

nycKaeT COBMeCTHOe pa3Mell!eHlie HeCKOJihKHX nap pa3JIHtIHhlX .n;aT

tIHKOB, p~6oTa1DmHX Ha O,ll;Hoa u·xott xe HJIH Ha pa3HhlX CTpOKa,X 

H306paICeHHH · H l1MelDntHX CBOH, . COBepmeHHO caMOCTOJIT8JlhHhle ~enH. 

IlocJie npoxox.n;eHHH Ka~.n;on CTpOKH BCe ItenH npHHY.ztHTeJibHO 

pa3MhlKaJOTCH • · 

Jiepett.n;eM I~ paCCMOTpeHlU) H3MepH_TeJihHIDC B03MOJiCHOCT8H 

yc:rpoi!cxna. 

. IlJIOCKHe KOOp.ztHHaTH :ron HJIH HHOk! TOtIKH JierKO MoryT 

6un onpe.n;eneHu no npoxo.n;HMOM crpoKe .H no npo.n;BH>Iemm o.n;Horo 

H3 .n;a:rqHKOBB HaripaBJieHHH da3HCa; TpeTb.a KOOp,ll;HHaTa MOXeT 

dun onpe.n;eJieHa no pasnocTH MOMeHTOB BKJir.>1Je1prn rtene.tt npa.Boro 

H JieBoro .n;aTttHKOB, KOTOpa.a, dy.n;e:r BHpa~aTb co6on 

BeJIHtIHHY ropHsonraJihnoro napannaKca. 

HcnOJihsy.a .n;a:rqHK-cqe:rqHK Ha BXO,ll;HOH H BUXO,ll;HOH CTpOKax 

Ka.ztpa, MOXHO ocynteCTBHTb no.n;cqer BOme,llllIHX H Bl:Jllle,ll;WHX 113 

xa.n;pa tiacTHit. 

B JleHHHrpa.rtCKOM HHCTHTyTe TOtIHOH MeXaHHK:H H OnTHKH B 

nacro.antee BpeM.a cos.n;an Ma.Ket .n;aTtIHKa, cpadaTHBaJDntero na nepe

cetieHHe ,ItBYX JIHHHtt. 

KOHCTPYKTHBHO 3TOT .n;aTtIHK ocynteCTBJieH B BH~e MHKpO-

od~eKTHBa c 20 x yBeJIHqeuHeM H aneprypoil 0,65, B nJIOCKOCTH 

H30dpazemrn KOTOporo pa3MenteHii! TpH OKHa )tJISI qJOTOConpOTHBJieHHM , 

c ,ItHaMeTpOM OTBepcTHM B 6 MU., tITO o6ecnetIHBaeT cpadaTHBa

HHe .n;aTqHEa npH pacCTOSIHHH JIHHHil B 0,3 MM. 

POTOConpoTHBJieHHSI C npocrmm ycHJIHTeJibHUMH ycrpoilCTBaMH 

H 3JieKTpoua.rHHTHhIMH pene co3.ztaror saKonqeunyro Itenb o.n;noro or

.n;enoaoro .n;aTtIHxa; B nacroR~ee BpeMSI BeAeTcSI padora no 

0 

p, 

p: 
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OCHallleHHI0 .ItBYM:Jl no~oc5mwu ~aTI.IUKaMM 0(5l,ltIHoro CTepe0it0Mna

paTopa .nna oiton~aTeJibHon npoBepKH ncen cxeu~ c pe3yn1TH

pyxm1en ( Bhl,ItalDl!lei1 cnrnan oTdopa) ~em,10. 

\ 

I 

I 
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I.IETO.Il ABTOMATIIt-IECKOro IIPOCMOTPA TPEKOB 

_c IIOll!Otll,}) I[JEJIEJ3pro YCIP6nc1nA 

C.M.KopeHtI8HKO 

(O6~e,ltHH8HHb!U HHCTHTYT R,!tepHb!X HCCJie,ltOBaHHil) 

Uaunrna .itJIR npocuoTpa H o6Mepa TpeKoB - no B neKoTopo:u 

CMl,ICJie MaTeManrqecKasr MaWHHa. U::3BeCTHO, t:ITO MaTeMaTHt:18CKHe 

Manmm-1 .ztennTcn na uanrnHbl aenpepb!nnoro ct:1eTa, nocTpoeHHble no 

npHH~Mny 3JieKTpMt:19CKMX aaanorHtt ( analogy computer ) 

11 HaWHHbl ,nMcKpeTnoro ctJera ( digital computer ). Peryn11py10-

DtHe 11 ynpaBJISl!OlltH9 ycTpottCTBa Mam~rn )tJISI npocMOTpa TpeKOB no 

npHH~Imy ~ettcTBHSI MOlltHO 0TH9CTH K TO:UY IIJIH HH0MY 1311.ItY MaTe

:MaTHtJ9CKHX Manrnu. YnpaBJI8HH8 ,ItBHJ!t9HHe?A H9K0TOporo qJ0T0tIYBCTBH

T8JibHOro ycTponcTBa D,It0Jib TPeKa M0ilteT 6b!Tb OCYDt8CTBJI8H0 pa3JIHt:l-
'-1 

HHMH nyTm.m. O.ztHa B03M0'1CHOCU - qJOTOt:IYBCTBMT9JibHOe ycTpOitCTB0 

(.ztaTtJHK) aenpepb!BHO ,ItBMllt9TCR no TpeKy, HenpepHBHO BUAaBan 

CHrHaJI omH6KH ,- CB.fISannon°neJilltlHHOtt OTKJIOH8HH.fl ,ItaTtnma OT HCTMH

Horo nono~emrn rpeim. I1peo6pasoBaHnc1n cMrHaJI - owM6KH ynpaBnneT 

)tBHilt8HHE!M ,ItaTtIHKa, CKOpOCTb H TOtIHOCTb npOCM0Tpa onpe.zteJISIIOTCR ,,...,.., 

3,It8Cb ycJIOBM.fIUH ycTOtttIHBOro perymipoBaHHR, TaKan CHCTeMa pery

JIHpOBaHlUI onHcaHa B ,ItOKJia)te C .JI .HHKHTHHa. Mne KailteTC.fI' tll'O 

na CHCl'eMa no CBOe:uy ycl'pOtiCl'BY 6JIH3Ka K MamHHaM Henpepb!B

Horo -ct1el'a. · 

.IlBHllt9HHe qJ0T0tIYBCl'BHT8JibHOro ycl'pOMCl'Ba H ynpaBJI8HHe 

ero )tBHJ!t8HH9M MOXHO ocyuiecTBHl'b He0KOJibKO HHW cnocodoM. Ilycn 
) 
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m,reeTCJI qJOTOttYBCTBHTeJII>l-l~SI l!leJII>, COCTOSIIl!aSI H3 Tpex ttac:ren (p~c .I). 

HaJIHttHe OT,ZJ;eJII>H1'.fX ttacTe.M IlO3BOJIJJeT pa3JIHttaTI> .ItBHJlteHHe Bnepe,11; 

I 
I 

I 

H Ha3a)t H IlOBOJ)OT BnpaBO - BJI8BO. OtteBH)tHO, ttTO 

KOr,Ita · Ille }II, pacnOJIOllteHa B,Il;OJII> rpeKa, OCB811teHHOCTI> 

xa?t,D;O!! ee ttacTH Maxc1maJI:r,Ha (npe,D;IIOJiaraercsr, 

· ttTo rpeK · 6eJiblt! 'na ttepnoM <poHe). Il!eJI:r, .n;Bnraercsr 
,. , ,, . 

,Il;HCKpeTHO, . OT~8JII>HID.m marru.m B onpe.n;eJieHHOM · 
. . 

sa.n;amrou pHrue (pa6ottasr ttacroxa). BeJIHttHHa mara 
,, ; . ~ 

COOTBeTCTByer Tpe6ye1.roi1 TOttHOCTH HSMepemrn. )lBH-

~OTOttyBCTBHTeJII>- xeHHe 1It8JIH CKJia,D;b!BaeTCSI H3 BepTHKaJII>Hb!X H ropH
Ha.lI ll!eJII> 

soHTaJII>lib!X maroB, cOBepmae1.mx noc Jie.n;oBareJII>Ho. 

ITOMHMO ,ll;BHX8HH.II no BepTHKaJIH H.ropH3OHTaJIH 

ll!8JIJ:, MOJlteT noBopattHBaTI>C.II OTHOCRT8JII>HO CBoeror.teHTpa. Bu6op 

·BH~a ,ZJ;BHJB:8HH.II (nocJie.n;oBaTe.fr&HOCTI> maroB) npOHCXO,ll;HT B COOTB8TCTBHH 

C YrJIOM noBopoTa IIt8JIH. JIBHJB:8HH8 npOHCXO.ItHT ,ll;O Tex nop,· noxa 

OCBell!eIIHOCT:J:, meJIH ocraeTC.II noc_TOSIHHOit B onpe.n;eJieHHblX. npe.n;eJiaX. 

Kor.I(a ocBel!leHHocr:r, na.n;aer mnre onpe.n;eJielinoro ypoBH.II .ItBHJ!teHHe 

npe~pantaeTCSI H HattmmeTCJI onepa~H.II nOHCKa TaKoro noJioxeHHSI 

l!teJIH, np11 KOTOpOM BOCCTaHaBJIHBaeTCSI npexHSISI OCB81It8HHOCTI>. 

ITpH 3TOM llt8JII, npOH3B_O)tHT IlOBOpOTbl . B pa3JIHttHbie CTOpOHbl H 

,lJ;BUJJteHHe no ropH3OHTaJIIi: H BepTHKaJI.H •. 3a. KaJit,D;blt! TaKT ,D;8JiaeTC1I 

o,11;na- onpe,D;eJienaasr onepau11.11 noncKa. ~CJIH B pesyJiuare KaKoi1-

JI116O onepar.tHH TTOHCKa BOCCTaHaBJIHBaeTCSI npexHSISI OCB8nt8HHOCTI>, 

TO ,ItaJIJ:,Hettmee )tBHJ!teRHe meJIH npOHCXO,ll;HT B COOTBeTCTBHH C ee 

H-OBblM IlOJIOJlteHHeM. ECJIH OCBellteHHO_CTI> He _BOCCTaHaBJIHBaercsr, TO 



# 

\ 

\ 
- 142 -

CHCTeMa aBTO?.raTI-!1WCKH npHcnoca6mrnaeTC.R K HOBOU OCBell{eHHOCUf 

H npo,n;ommex ,n;mrn:erme no xpeKy B cooxBexcxmrn: co cxapblM nono

,icemreM men~. TaKHM o6pa30M, B ·oitHCaHHOtf CliCTeMe CJie,n;yromatt mar . 

,n;BHllteHHSI ,n;enaeTCR JIHmo nocne Toro KaK'npoH3Be.n;ena or.teHKa pe3yJioTa

TOB npe,n;1:,l).(yll{ero. TaKaR cMcTeMa 6JIH3Ka no npupo.ite r< MaTeMaTHtrecKHM 

uannrnau .J(HCKpexuoro ctrexa. Bueoxo rrpo6neMbl ycxotltrHBocTH peryJIH

poBaumr s.n;eco BO3HHKaex rrpo6neMa rrpaBHJibHoil nor1rnH. Ha puc .2 

npHBe.J(eua oc:1.uta.R 6JioK-cxeMa cHcTe1.m yrrpaBJieHHR. HasnatreHHe H 

nocJie,n;oBaTeJibHOCU pa6OTbl OT,IteJibHUX 6JIOKOB: 

I. nJIOK rpy6ot-1 ycTaHOBKH Ha TpeK I 

r.tHH cpaKTa npoxOJrc,n;e_mrn rqeJIH trepes xpeK. 

CJIYJ!CH_T ,n;nR pe rucrpa-

2. ITpoue,icyrotrnoe ycrpoiicTBO 2 , ueo6xo.n;mrne rrpu pa6ore 

c oneparopoM, rronytra.R-cHrnan ox 6JIOKa I , 3a,Itep~HBaeT )tBH-

i.\eirne nteJIH c rotfi ~eJib!O , qro6u orrepaxoi 1meJI Bpe1.m penmu nyxuo 

JIH rrpocuaxp1rnan .itammit TpeK. 

3. nJIOK_ TOtJHOi1 ycTaHOBKH :Ha TpeK · 3 HatJHHaeT pa6oTaTD . 

rro cnrnany, · .n;airnouy orrepaxopou tiepe3 rrptnrexyxotiHoe ycrpottcTBO. 

3_TOT 6JIOK pa6oraeT cornacno CHrHaJiaM, 'rrocrynaioll{HM OT cpOTOtJYBCTBH

TeJibHOro CJie,n;.Ril!ero ycTpOtlCTBa. 3,n;ecb rtpOHCXOAH~ Or.teHKa OCBerrteH- · 

HOCTH ll{eJIH H B!:,1pa6aTblBA.IOTC.R ynpaBJI.RIOIItHe CHrHaJII,r )tJISI ,n;BHllteHH.R 
::.·•- _ .. f 

no rpeKy HJIH Ha onepa~HH rroHcRa. 
. 

4. nJIOK Bbl6Opa BH,n;a ,n;BHl!teHH.R 4 pa6oxaeT B COOTBeTCTBHH 

c yrnoM rroBopora menH. l!epes axox 6noK ocymecTBJisreTc.R nenocpe.n;

crBemra.R no.natia HyJ!tHUX CHrHaJIOB (,n;iml!tenne HJIH IIOHCK). Ha ,Il;BHlltY!!lee 

ycrpotfCTBO • 

! 

l 
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dJOT04!/BL'TB_HTEnbHOE 
YCTPDHCTBO 

• 
OOEPATOP 

.s 3 l 2 

Sb IX 011 1-l A PA3- T04HMI !JCTAHOB· nPOME}4\~T04H~-E ~ rP':lfiA'il 
BHB/11:HHE H . i-- HA HATPEI< H 

I YCT-POHCTBO i--
IJCTAHOBKA noB0POT Y.llFP/KAH~E. HA TPfHf HA T PEH 

~ 

" 
Bbl50P 
BHAA . .., 

ilBHJlf E HHi:J 

• l ; .v--· 

ABHrATE/\H I 
t 

PHHCTPAl.lH~ PEfHCTPAUH~ 
i-J<OOPAHHAT noaaPOTA 

' 3AODl\1HHAI-OL1JHE ~CT PO ~Ir TBA 

Pac .2. 



\ 

\ 
I 

- I44 -

5. :SJIOK 5 BblXO.Ita Ha pa3BeTBJieHHe TpeKa M .!10BOPOTa 

Ha pa3B8TBJiemm CJIYllCMT .nmr BpeMeHHoro y11paBJiemrn .ItBHllC8HHeM 

lll8JIH rrpn B_blXO.zte ee Ha pasBeTBJieHtte rpeKa (s,~~s.n;a) • :SJIOK 

nattmraer pac5oran no cnrua.rry or , c5JioKa : 3,,' n saKaHtt:trnaer padory 
. -- ,. 

KaK TOJIJ,KO O.ItHH ',H3 KOH~OB 1!{8JUT nona.n;aeT -Ha KaKOti-JIMClO Jiytt 

3B83.Itbl. Bo Bpe1.m pac50Tbl c:5JIOKa 5 ,, 6JIOK . 3 He OCY!ll8CTBJISI8T 

ynpaBJI8HM.!Io 

.c _ ~eJIJ,10 npl!Mepuotl o~eHKH KOJIHtJec~Ba pac50Tbl ·na H3rOTOBJI8HHe 

no,noc5Hotf annaparypu KaJIC,11;1,rit 6JIOK cMcre1.m c5blJI paspac:5oraH .zto crenem1 1 

Kor.zta OH Mor-6uu-npe,ncTaBJieH B DH.n;e pene, rpnrrepoB, 11epectteToB, ·, 

BO POT M T .n •, T .e • B BH,Ite H3B8CT!lblX 3JI8KTPOHHb!X ycrpoi!CTB • Oc51Ilee , 

norpe6Hoe KOJIHtt8CTBO Jiaun npHMepHO IOO ,ltBOt!HI,JX TPH.O,l{OB. B03MOllt

HO, ttTO norpe6yeTC.!I 3HattHT8JIJ,HO c50JIJ,mee KOJIHtteCTBO JiaMn, o.n;HaKO 

ttacn H3 HHX MOllC8T (5I,JTJ, saueHeHa .ItHO,ItaMH. 

Heoc5xo.n;nuo oco6o ocraHoBnnca Ha :r.rexamrne cncTeMbl, T .e .• Ha 

rou, KaK ocyll{ecTBJIRerca nepeMelllenne memt · n perucrpnpyrorc_a c 

nyxHott Tottnocr:r,10 iwop.n1rnar1,1. EcJin. yttecu nporpecc KaMepnott 
. . 

TeXHHKH, TO sa,natta, npm.rnpHo, CJI8.ItYIOIIla.!I_- HYJIHO H3M8p.!Ir:& 

.itJIHHLI nopa.n;Ka I Merpa c TOttHocnIO .no~O,I MM. T.e. nyxna 

T8JIJ,Ha.!I TOttHOCTI, H3Mepemm KOOP.ltMHaTbr ~ Io-4.· Cos,na1me 

0TH0CH

MeXaHH-

tI8CKHX CHCTeM, o(5ecnettnBa!OlllHX IIIMpOKHe npe,neJibl .ItBHJB:8HH.!I C TaK0it 

T0ttH0CTI,IO sarpy.ztHHT8JIJ,HO • .naJiee, uexaHHtt80Kidt .D;BHraT8JIJ, 

.nncKperHoro rnna (nanpm,rep, pene) .Elp.!I.n; JIH cMoxer pa6oran 

co CKOpOCTl,10 60JI1,me IOO m.myJI:&COB/CeK. Moxer 611n, npHM8lf.fI.!I -

. 0C06b1M o6pa30J.t cepBOMOTOPbl, MOlltHO 
I 

c5blJIO 6bl YB8JIHttHT:& ttHCJIO 

maroB B ceKyH.n;y .n;o 200, HO no, 110-BH.D;HMOMY, npe.n;eJI. TaKHM 

od 
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o6pa3oM, MaKCHMaJILHaH,CKOpOCTI, npOCMOTp'a c noMOIJtI,ID MexaHHqecKoro 

,nBHllt8HHH B ,naHHOM MeTo,ne COCTaBJIHeT~ I-2 cu/ceK. 3TO B H8CKOJILKO 

pa3 ·ue,nJieHHee no cpaBH8HHD C CHCTeMoil HenpepUBHOro CJiexeHHSI •. 

B CBSI3H -0 3THM npHMeHJITI, ,nHCKpeTHyro CHCTeMy peryJIHPOBaHHSI Mexa

miqecKOil CHCTeMlil, IlO-BH,nHMOMY, He HMeeT CMlilCJia. QqeijH,nHo, q7O 

uexaHHKY Ha.no nonHTaTLCJI 3aMeHHTL 3JI8KTpomucoll, a HMeHHO, 

3JieKTPOHHO- JiyqeBoil Tpy6Koii. Co3,nan Ha 3KpaHe Tpy61m 11teJieo6pa3HI,If.t 

OCBSTHTSJII, He npe,ItCTaBJIJieT oco6oil Tpy,nHOCTH. Pas,IteJieHHe 11teJIH 

Ha qacTH B npocTpaHCTBe saMeHSISTCSI pa3,IteJieHHeM BO BpeMeHH. 

3HaqHT8JihHO TPY.ItH88 nonyqHTI, Tpe6yeMyro ToqnocTI>, O)tHaKO ara 

3a,na~a, no-BH~HMOMY, MOllt8T 6HTI, pemena. Ilpe,nnOJIODM, qro ,ItHaMeTp 

CBeTSII!l8rOCH IlHTHa Ha Tpy6K8 d ~ 0,5 A£ ; r,ne C. e - Tpe6y-

eMaH TOqHOCTI, H3MepeHH11~ .llJIJI uaqaJia 6I.IJIO 6bI BilOJIHe ,nocTaToqno 

Ha Tpy6Ke ,ItHaMeTpOM I'.3 CM HMe·TI, nesipK08 IlJITHO ,nHaMeTpOl! ,.., O,OI1.m. 

Ilo-BH,ItHMOMY, 3TO B npe,nenax B03MOXHOCTH COBpeM8HHOil T8XHHKH. Tor.na 

)tOCTaToqao roqHoe .ItBHXeHH8 IlHTHa npH KaX)tOM ware H COOTBeTCTBeHHO 

H3Mepemie KOOp,ItH!IaTlil no q:irnny c,nenaHHLIX waroB MOllteT 6h!T:& OCYl!leCT

BJieHO CJie.ztYIOlltMM o6pa3OM. 

Ha nyTH nyqKa, H.ItYIIlero Ha OCBe1Jt8HHe nJieHKH, nocJie JIHH3LI 

ycTaHaBJIHBaercn nonynpospaqaoe nnocKoe s~pKaJio M qacTL nyqKa 

OTKJIOHH8TCJI. B IlJIOCKOCTH npoeK~HH CB8TOBOro IlHTHa ycTaHaBJIHBaeTCJI 

peweTKa H3 HenpospaqHhIX IlOJIOC THna )tOBOJILHO rpy6oil ,nH<p<ppaK~HOHHOil 

pemeTKH. (PHC .3). PaCCTOHHHe M8'!t)tY IlOJIOCaMH paBHO BSJIHqnHe He-

. o6XO)tHMO!l TQqHQCTH H3MepeHHSI • 111Hp1rna Kax,nott IlOJIOCbI npnuepHO . . . . 
paBHa ,ItHaMeTpy CB8TOBOro IlSITHa. Ha PHC • 4 npHBe,IteHa npm.repHaH 

\ 
' 
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.. _nsmHo . .. · 11enpoJpallHbtt. 
11.0ROC.bl. 

~-

cpopMa 9t.(tpe(JllHII.Upo8aHHO'lO UMfl.YA6Ca 
11a 6hlx.oge cp3y ,v,u g6u-w:.enuu 

. h.simHa.. 

,Puc.. 3. 

ynpo11t8HHaSI c51IOK-cxeua CHCT8Mll ·nepe,nBH'1t8HHSI Jiytta. CHrRaJI,. no·cxy

na10iqidt Ha TpHrrep OT ynpaBJISiillltBlt CMCT8MU, rieptrnopattMBaeT . ero 
. '.: 

B llOJIOllt8HH8 noKa3aHHOe Ha ·pMc:.-4 (BepXHSISI ttaCT!, npoBO,nMT). ITpH 3TOM 

OTKpUBaeTCSI COOTB8TCTByI011{88 ycTpOtlCTBo; 3apSilltailllt88 OTKJIORSI!OII{Me· 

nJiaCTMHl,I . , 
cu-iuon o,;; ynpOII/IJIHIU4ttU 
~me""., Ha enet1t1iDU4u4 

C.UO't. • 

. t1a3af!,Jlg .. ~ • I 
lt/lOtTUJI - ' 

'"'"✓ 
rpuii,p T 

cut.Han om 
Q:131J npu nD,.S11euuu 

Ha eio 6blx.o9e ompuc.camen6HOto 
U.IH/'tlJ.116c.a. 

PHc.4 

· 0mr<noH9WU( ue. 
nnacm.uHbl 

TP!JOKU. 
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H ' TeM caMhIM, rrnpe,n;BHraromee l'UITHO nonepeit llOJIOC. B HMJJCHen 1.laCTM 

pllc.3 noKa3aH ·npm.rnpm,rit BM.Ii .n;mW>epem:i11poBaHHoro Hunym,ca c BHxo,n;a 

§3Y npM .ICBME:eHMM rtSITHa nonepeK l'IOJIOC. OTptu:(aTeJIJ,Hblit MMllYJil>C, cqiop..:. 

}.mpoBaHHHit COOTBeTCTBYl'OlllMM o6pa3oM, no,n;aeTCSI Ha TpMrrep, nepe"".' . 
. . ' 

6pacb!BaeT ~ro H rtpeKpamaeT ,n;aJI1>Heitmee ,n;BnxenHe Jiytia. TaKoro TMna 

CTa6MJIM3aUH.!I ,ItOJIJJCHa 6bITJ, c,n;eJiaHa OT,n;eJIJ,HO ,ItJISI BepTHKaJIJ,HOro H. 

ropM30HTBJIJ,HOro rtepe,ItBMJKeHMSI • rro..:BII.ICMMOMY, B COCTOSIHHH llOKOSI 

rtSITHa (Kor.i(a Bepxmrn qacT1> TpHrrepa He npoBO,ItMT) doJiee npe.zcno1.ITM

TeJI1>HHM 6y,IteT He llOJIHOe 3KpaHMPOBaHMe.llSITHa llOJIOCOff, a llOJIOJJCeHHe, 

noKa3aHHOe Ha pHc.3 nyHKTMpOM. TaKOe rtOJIO~eHMe ll03BOJISieT Jierqe 

ocymecTBMTJ, KOMrtencauHro Me)tJieHHOrO' CllOJI3aHHSI Jiyqa BO BpeMeHM. 

EcTeCTBeHHO llOllUTaTl>CSI XOTJ, B KaKoit-JIM60 CTelleHM cpaBHHTJ, 

OllHCaHHYD 11,I(MCKpeTHyro" CIICTeMy C CMCTeMot-t Henpepb!BH6ro CJieJICeHiUI • 

B cnyqae np11MeHe~11sr 3JieKTpoHHHX Tpy6oK cKopocT1> npocuoTpa 6y.zteT 

onpe,IteJISITl>CSI B OCHOBHOM yJKe He CKOpOCTl>IO .ICBMJ!teHMSI meJIM, a CKOpOCTJ,IC 

cpa6aThrnaHMSI Jior111.IeCKHX H pemarom11x 3JieMeHTOB. TaK KaK HaBpSI.zt JIH 

CMCTeMa Hen'pepb!BHOro CJielitemrn o6ott.zceTCSI 6e3 JIOrMKM, CKOPOCTM · 

rtpOCMOTpa CTaHOBSITCSI rtpM6JIM3HTeJIJ,HO paBHb!MM. JIO-BM.ICMMOMY,,MO:l!CHO 

,ItOCTM1.lJ, ~KOpOCTeit llPOCMOTpa nopsr,n;Ka ro6 
maroB _B ceKyH,n;y. 

JIOMM}40 CKOpocur npOCMOTpa BaJitHOtf xapaKTepMCTHKOtl CHCTeMbl· 

SIBJISieTCSI CJIOJR:HOCTJ, pemaeMb!X ero. 3a,Ita1.l, ee ycTOtitIMBOCTJ, K q>OHY • 

CHCTeMa .ICMCKpeTHOro CJie:m:eHHSI B CHJIY CBOero pO,ItCTBa MaTeMaTH

qecKMM MalIIMHaM ,ItMCKpeTHOrO ctieTa, ll0,IC06HO MM, Jiyqme, ecTeCTBeHHee 

no.n.naeTCJI JIOrH3artMH. 31'.0, no-BH,ll;MMOMY, 6y,1.1;eT BaJKHhl'M 06CTOSITeJIL.CT.BOM 

. rtpM rrepexo,n;e K llOJIHOli aBTOMaT1'!3aUMM' llpOCMOTpa, 6e3 yqacTHSI, 

qeJioBeKa. 
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