
r"' 
I l 
: ~· " ;, .., 
r:.!--' 

-- I 

051>E.m1HEHHblvl 11HCTJ1TYT 51.QEPHblX 11CCJ1E.QOBAHJ1vl 

C 344./ j 
9°-53\/) 

nABOPATOPl-1fl fl}lEPHblX DPOBnEM 

A.H. <PHlIHilil0B 
1766 

Hcnonb30BAHI1E )lHct><PY3I10HHblX KAMEP 
Jln.H HCCnEJlOBAHHH 

HA CHHXPOUHKnOTPOHE 011.HH 

ABTOpecpepaT aHccepT8UHH Ha C0HCK8HHe yqeHoa CTeneHH 
KaHaHaaTa qJH3HKo-MaTeMaTHqecKHX HayK 

HayqHbiil pyK0B0aHT9llb -
KBHaHaaT ¢H3HKO-M8T9M8THqecKHX 

H a y K 

P.M.CymteB 

Jly5Ha 1964 



32. Bl)~-· 
rroB;A.:0:~-. 
&~soaam1e·-~·--· 
s.RQHHblX:, Ita- -
O Bamiif -- Ha/ 
.~ucrtt -· ·' 1 

tlV '. UXJ.Jirl-;·:..~···~. 

________ .,:,.,•__,;;_____l. 

" 
~:•·' 

J . 

I 

.I -, 

·1 

l 

' ~ ' ~ ., \-. 

~ 
-~·

t:><:) 

~ 

~-,----

-· 

A.H. <PHnHnnos 1766 

11cnonb30BAHl-1E. ,nH<t><l>Y3110HHblX KAMEP 
.nmI 1-1ccnEAOBAHl-1½ 

HA CvfHXPOUMKnOTPOHE 01-1.Hl-1 

AsTopeqiepaT .D,HccepT8UHH H8 COHCK8HHe yqeHoA CTeneHH 

K8H.D.H.D,8T8 qlH3HKo-MaTeM8THqeCKHX HayK 

C,3'/l/,J 

~-S'3Y 

HayqHbIA pyKOBO.t!HTenb -

K8H.D,H.D,8T qlH3HKo-MaTeMaTH<iecKHX 

H a y K 

1,-~~- .,,.,..~ ~~1,·1.,.1\ ... .., -- ---- ,.-
V:.:,v .~-. ..:4,;a-..,.t ....... .;;;;.)..,~ ...,,..._ - _:., ..,' , 

!!JJ.">;t!!!:ll. !1~;!~;!,~~_;,.; t 
l ,-, .... c 1111""-.-"· .. : 
J ..,,. ~lp ~1'.10 J ~i-\,,~..'~•--1 

Jly6Ha !964 

P.M.Cymiee 

~ 

•J.· 



/.' ·'~ ... ', 

·~;-· 

j 
I 

.j 

, I 

I 

c'-

BaeJ:IeHHe 

CpeJ:IH npH6opoB, lICil01Ib3yeMblX J:111!1 perHCTpauHH BKT0B B38HM0J:IelicTBHH npH npoae

J:IeHHH HccneJ:10B8HHli Ha yCK0pHTengx, J:l0B01IbH0 llIHp0K0e pacnpocTpaHeHHe rrony,mnH llHcjJ

cpya_HOHHbie KBMepbl. Omr, a ·,rnBeCTHOli Mepe 6naroJ:Iapg rrpocT0Te K0HCTpyKUHH II nerK0CT!I 

B 8KCIInyaT8UlIH, 0K8381IHCb 6onee acjJcjJeKT!IBllblMH, 'ieM K8Mepa tlH1IbC0Ha. Jj nepayro oqe

peJ:Ib 8T0 0TH0C!ITC!I K J:l!Icpcpy3HOHHbIM KBMepaM BbIC0K0ro J:18B1IeHH!I (20 - 30 aTM), npeJ:I

H83ll8'ieHHblM J:111!1 pa60Tbl C nerKHMlt raaaMH, TBKHMH, KBK B0ll0p0J:l H renHli. TTpaaJ:Ia, B 

rrocneJ:IHHe r0J:lbl J:IHcpcjJyaHOHHbre KaMepbl BblTeCH!IIOTC!I H3 rrpaKTHKlt cjJH3Hqet:Koro 8KCnepe

MeHT8 C qacTHUBMH BblC0KHX 8Hepreli nyahlpbK0BblMH K8MepaM1t. OJ:IH8KO J:111!1 peweHH!I p!i

J:18 38J:18q J:lHcjlcjlyaH0HHbre KaMepbl npHMeH!IIOTC!I lI 6yJ:IyT rrpHMeH!ITbC!I B J:lMbHel!weM, TBK 

KBK 0HH MoryT 0K838TbC!I eJ:IHHCTBeHHblM H1IH HaH6onee acpcjleKTHBHblM npe6opoM, Il03B01ISJIO

WHM Bb!Il01IHHTb HBMe'ieHHblli 8KcnepHMeHT. TaK, HaIIpHMep, J:lHcpcjlyaHOHHag KBMepa J:IaeT 

B03M0:lKH0CTb npoH3B0J:lHTb perHcTpauero aap!i:lKeHHblX 'iaCTHU 0'ieHb HH3K!IX 8Heprali, 'iT0 

38TpyllHHTe1IbHO CJ:IenaTb C Il0M0IUbIO llpyrex rrpe6opoB. 

8 nepBblX Tpex rnaaax J:lHCcepTBUHH CoJ:Iep:iKHTC!I 0illICBHHe KOHCTpyKriHli HCII01Ib30-

B8BWltXC!I KBMep, a T8K:lKe o6cy:iKJ:laIOTC!I HeK0Topble Bonp0Chl, CB!l38HHb!e C HX pa6oToli. 

PacCM0TpeHbl npo6neM:>1, B03HHK8IOIUHe B CB!l3H C npHMeHeHHeM renHH-3 J:111!1 HarronHeHH!I 

KaMepbI, H nyTH ltX pewemrn. OrrHcaHa TeXH01I0rH!I lI arrnapaTypa J:111!1 O'iHCTKH He8 OT 

rrpeMeCH TpHTH!I J:10 BblC0K0li CTerreHH 'ilICT0Tbl (H
3
/He

8 < 10-16
) TTpHBeJ:IeHbl 

HaH6onee BB:lKHble xapaKTepHCTHKH BCII0MoraTe1IbH0li annapaTy~hl· 

B cneJ:IyIOWHX rnaaax 0IIHC8Hbl K0HCTPYKUHH rrpe6opoa, C03J:18HHblX J:11IH o6pa6oTKH CTe

peocjloTorpacjJHli. l-13110:lKeHbl coo6pa:lKeHHH, K0T0pble 0bl1IH rrpHH!ITbl aa 0CH0BY npe HX paapa· 

0OTKe. O6cy:lKJ:18IOTC!I ~eK0T0pble aonp0Cbl, CB!l38HHble C o6pa6oTKOli 8KcrrepaMeHT81IbHblX 

J:18HHblX. 

8 38K1IIO'ieHHe npHBeJ:IeHhl KPBTK!Ie caeJ:IeHH!I 0 H8Hoonee HHTepeCHblX peaynbT8T8X 

8KCIIepHMeHT0B, Bb!Il01IHeHHblX C Il0M0illbIO 0IIHCBHH0li arrnapaTypbl Ha ClIHXp0UHK1I0Tp0He 

Ol-1fll-1. 
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g11cp_ct,y3ll0_11_Hbl<:! _ _l(_BMepbl BbICOKOI'O naaneHHSI 

JlnSI npoaeneHHSI cep1111 9KCnep11MeHTOB no ll3y'leHHIO B3BHMonellCTBIISI M930HOB' 11 npo

TOHOB C S1npaMH nerKIIX aneMeHTOB {aonopon, ren1111) oblnll Co3nBHbl Tpll n11cprpy3HOHHblX 

KaMepbl, Bee OHII paCC'lHTBHbl Ha pa6oTy npH naaneHHII ra3a 20 - 25 BTM, npH Bb16ope 

pa3Mepa KaMep ObinO npHHSITO KOMnpoMHCCHOe peweHHe, Bb1TeKa10wee H3 :>KenaHHSI HMeTb,c 

onHoi! CTOpOHbl, nocTaTO'lHO 6onbWYIO KaMepy, 'lTOObl o6ecneqHTb Ha6op Heo6xon11Moi! CTa

TIICTIIKH 38 KOpOTKoe BpeMSI, H , C npyroll CTOpOHbl, - cpaBHHTenbHO nerKyIO II 9KOHOMH'l

HYIO ycTaHOBKy, 

Jl11q,q,y3110HHaS1 KaMepa JlK -1 npencTaBnSleT co6oll caapHyIO KOHCTPYKUIIIO 113 Hep:>Ka

ae10well CTanH C nayMSI napaMH OKOH nnSI q,ororpacpHpoaaHHSI II ocaeweHHSI, KoHCTPYKUIISI 

BblnonHeHa TBKIIM o6pa30M, '!TO repMeTH'lHOCTb OKOH n·ocT11raeTCSI 3a C'leT caMoynnOTHeHHSI 

non nei!CTBHeM naaneHHSI ra3a 113HyTp11 K8Mepbl, Pa6oq11Jt nHaMeTp KBMepbl 27'.0 MM. !!Ho 

K8Mepbl HenocpencTBeHHO oxna:>Knanocb CM8Cbl0 cyxoro nbna C 9TllnOBblM cnHpTOM no TeM· 

nepaTypb1 - 65°C, TeMnepaTypHoe pacnpeneneH11e B 061>eMe KBMepbl 3anaaanocb nneKcarna

coBblM 1111nHHnpoM TOnWHHOlt 8 MM, IIOM8W8HHbIM BHYTPII KBMepbl Me:>Kny nHOM H :>Keno6oM 

C MeTHnOBblM cnHpTOM, cny:>KHBWIIM IICTO'lHIIKOM napa. 

KoHCTPYKUHSI K8M8pb1 !!K-2 B cywecTBOHHOlt Mepe onpenenS1n8Cb TOM, '!TO OH8 npen

Ha3H8'18nacb nnR 11cnonb30BaHHS1 s none MarHHTa-coneH011na MC-4. KaMepa BblnonHeHa 

T8KIIM o6pa30M, '!TO OH8 Morna cso6onHo nOM8W8TbCSI B OTBepcTHe M8I'HIIT8 083 pa36opKII 

nocnenHero. Pa 6oq11Jt pa3Mep K8Mepb1 300 MM, Oxna:>KneH11e ee npo113son11nocb nyTeM npo

Ka'lKH npensapHTenbHO oxna:>KneHHoro B Tennoo6MeHHIIK8 (CM8Cbl0 cyxoro nbna co cn11p

TOM) xnanoHOCHTOnSI no $M88B11Ky, npHnBSIHHOMY KO nHy K8Mepb1, Jj KB'leCTBO OCBOTH~enb

HblX OKOH ynoTpe6nS1llllCb nonyu11nHHnp11qecK11e CTeKna 113 nneKCHrnaca p83M8pOM 

2 
300 x50 MM TOn~HHOlt 25 MM, YCT8HOBneHHbie Ha npoKnanKax 113 B8KYYMHoll,pe3HHbl, OHII 

ynnoTHSlllllCb rnaBHblM o6p830M 38 C'l8T BHyTpeHHero nasneHHSI, TaK8SI KOHCTPYKUHSI ynnoT

HOHHSI OCBOTHTenbHblX OKOH Il03BOnS1na Ha116onee acpcpeKTIIBHO 11cnonb30B.8Tb pa60'llllt 061,eM 

M8I'HHT8 H npeKp8CHO ce6S1 38p8KOMeHnosana B pa6oTe, T~MnepaTypHoe pacnpeneneHHe T8K 

:>Ke, K8K II B JlK-1, 3anasanocb C IlOMOWbIO nneKcHrnacosoro UllllHHnpa. 

Jln51 113Y'l8HIISI 38XB8Ta OTPIIIIBTenbHbIX MIOOHOB H IlllOHOB B ren1111-3 Heo6xon11MO oblno 

IIM8Tb n11q,cpy3110HHy10 K8Mepy, KOTOp8S1 Il03BOnSlna Obi aq,q,eKTIIBHO 11cnonb3oBaTb orpaHH'leH• 

Hoe KOnH'lOCTBO aToro nopororo II penKoro ra3a II coxpaHHTh ero oT noTep& s npouecce 

nn11T8llbHblX 9KCn'!p11M8HTOB, TaKaSI ICBMepa Oblna co3naH8 nyTeM peKOHCTpyKUIIH JlK-2, Ka• 

caawellcsi B OCHOBHOM ee BHyTpeHHHX aneMeHTOB. HneSI 113M8H8Hlli! 38KnIOqanacb B TOM, 

'!TO BHyTpb Hecywel! c11nosy10 Harpy3KY o6onO'lKII JlK-2 oblna noMeweHa nerKaSI repMeTH'l" 

H8SI KaMepa, paCC'lllT8HH8SI Ha He6onbWoll nepenan nasneHHSI ( .. 1 8TM). B STOil KBMepe 
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TeMnepaTypHoe pacnpeneneime 3anasanocb c noMOWbIO CTeKnSIHHoro u11n11Hnpa, 113roTosneH

Horo 113 6ecKan11esoro CTeKna. UHnHHnp npH:>KHMancSI KO LlHY KaMepbl u11n11Hnpll'l8CKHMII npy

:>KHH8MH, 'lT·o o6ecneq,rnano H8L18:>KHOCTb ynnoTH8HHll. np11 Hll3KOil TeMnepaType H cnoco6cTBO

Bano 6onee pasHoMepHoMy pacnpeL1eneH1110 HarpyaKH no u11nHHL1py. B11emHS1S1 o6onoqKa KBMe-· 

Obi JlK-2 3anonHS1nacb BOLIOPOLIOM noL1 LIBBneHHeM H8CK011bKO OOllbWIIM, 'leM. L1asneH11e B. 

KaMepe ( .. • 0,25 aTM), 3a C'leT qero C03L1asanocb L1ononH.11Ten&Hoe caMoynnoTHeH11e KaMepb1
1 

B Ka'lec-rse IICTO'lHHKa napa cny:>KHnH cpHTHn11, onyw~HHbie B yrny6neHHS1 HB LIHe KBMepi,1; no 

q:JIITKnSIM M8THnOBblll CnHpT no,r!HHMancSI noL1 Ll8HCTBHeM Kan11nnS1pHbIX CH/I BBepx 11 3aTeM, 

11cnapS1SIC.b, Llll,P,PyHL1Hposan B 00b8M KBMepbl, KaMepa TaKoll. KOHCTPYKUIIII MO:>KeT H8XOLl11Tb" 

CS! B nepllOLlll'leCKOll 11nH HenpepbIBHOll SKCnnyaTau1111 Heorp8Hll'l8HHO.LIOnroe BpOMSI, T8K K8K 
-7 . . ' -

OH8 He HY:>KLl88TCSI 'B nononHOHHII CnHpTOM IICTO'lHHK8 napa II KOHCTpyKTIIBHble sneMeHTbl ee 

He pa3pywa10TCSI co apeMeHeM noL1 LIOilCTBIIOM cpeL1bl, a T8K:>Ke OTCJTCTBJIOT n0Tep11 raaa 
3 

H3-3a YT8'18K, npH pa6oTe C He L1nHT8nbHOCTb H8KOTOpb1X HenpepblBHblX 3KCn03H.Ullll L10-

XOL1Hna LIO M8CSIIIB, 4yncTBHT8/lbHblll 00b8M COCTaBUSl/l .. 45% 0.T acero OobeMa KaMepbl, 

lio BC8X K8Mepax H80oXOLIHMbl8 TOMnepaTypHble pacnpeL1eneHH>l 3aL1aBBUIICb II IlOLIJl8p• 

:>KHBMllCb C nOMOWbIO sneKTpH'l8CKIIX HarpeBBTenell. Jln51 KOHTpOnSI 3a T~MnepaTypoll iiua 

KaMepbl, HCTO'lHHK8 napa II T,LI, HCnOnbf30BMHCb TepMonapu (MeL1&-KOHCTaHTaH), lienll'l11H8 

O'lHWa10wero 'aneKTpH'l8CKOI'O noniI OObl'lHO COCTBBnSl/18 1000 B. ts Kil 'l8CTBe pa6oqeJ! :>KIILI" 

KOCTH llpHMOHSlnCSI M8Tllll0Bblit ·(i;HpT, npH TeMirepaType LIH8 KaMepbl -:C65 ':' 70) 0 c, IICTO~

HIIK8 napa +(IO f 15)°C rpaL111eHT•TeMnepaTyphl a 'lYBCTBHTen&Holl 06nacT11 cocTasnRn 

7 f a°C/cM; BblC~Ta cnoSI OObl'lHO 6una 6 -::- 7 CM, 

B LIHCCepT8UHH c;oo6waeTCSI 06 HccneL10BaHHS1X: no H3J'l8HHIO OCHOBHblX xap8KT8pHCTHK 

K8M8pbl, PeaynbT8Tbl 113MepeHHJi HaXOLISITCSI B cornac11H C TeopeTll'l8CKHMH oueHK8MH MH

HHManbHOI'O rp£iL1H8HT8 TOMnepaTyp, H800XOLIIIMOI'O L1n>1 C03LlaHH>l 'lYBCTBHTenbHoli o6naCTH. 

noL1TB8p:>KL188TC>l B03M0)KHOCTb MOL1enHpoBaHH>l B KaMepe, HanonHeHHOli. B03LIYXOM. npH .BT-. 
. . 

Moccj:,epHOM L1aB/l8HIIII, TeMnepa:YPH~IX ycnOBHJl, HMeIOWHX M8CTO npH BblCOKOM L1aan·eHHII. 

nerKKX ra3os. noK83BHO, '!TO B peayn&T8Te ,Pa3BHTHSI nosep~HOCTII 11cnapeHIISI :>KIILIKOCTII. 

BpeMSI BOCCTaHOBneHHSI ~aMepbl nocne MOWHOI'O KpBTKOBp8M8HHOI'O IIMnynbCa 09ny'l8HlllL3B

M8THO COKpaw aeTCSI. 06cy>KL1aeTCSI sonpoc O BnllSIHHII H83ap>t>K8HHblX ueirrpoB KOHLleHCBUIIII 

Ha pa6oTy KBMepbl, 06pawaeTC>l BHHMaHHe Ha TOT q:JBKT, '!TO IICTO'lHIIKBMll H83BpSl>K8HHblX 

U8HTpOB MOI'JT OblTb HeKOTOpble BeW0CTB80 BHOCllMbie B KBMepy C I'B30M, paooqeJt >KHLI -

KOCTbIO Hnll HCnOnb3yeMble B KB'leCTBe KOHCTpyKUIIOHHbIX MaTep1rnnos, 
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J:.1cnonb3oaam1e ren11H-3 anH .HanonHeHHH a11q,q,y3110HH0li KaMepbl 

3 J:.1MeBWHliCH B HaweM pacnopst)KeHHII He coaep)Kan .. 0,1% np11Mec11 TPIITllll, B TO 
Bp8MH K8K ,llllH H0pManbH0li pa6oTbl ,llllqJcj:Jy3H0HH0li KaMepbl STa npHM8Cb H8 a·on)KHa npe-. -15 
Bb!W8Tb 10 • O'!11CTK8 ra3a OT np11MeC11 TPIITllll npoB0,llHnacb M8T0,ll0M K0H,ll8HC8.UIIII C 
nocneay10w11M 11cnapeH11eM He 

3 
np11 T8MnepaType .. 1,2°K. ll11Kn 0'IHCTKH noaTopancH 

qeTblpe pa3a, npH'!eM nepe,ll l{aqanoM Q)Kll)KeHHH, H8'!11Hall co BT0poro UIIKna, B O'IIIW88-
Mbll! ra3 ,ll06aamtn0Cb He60nbWOe K0lll!'!eCTB0 B0,ll0pQJlB (,.0,005%}, npHHIIMBOIICb Mepbl 
npe,ll0CT0p0)KH0CTII ,llllH Toro, 'IT06bl l!CKnlO'll!Tb B03M0)KHQCTb 3arpH3lleHHH 0'IHWeHHoro 
ra3a Tp11TH8M, On11caHa TeXH0norHH 0'!IICTKII II MeT0,ll K0HTp0nH 'IIICTOTbl ra3a, Coaep)Ka-

-15 HIie TpHTIIH B ra3e nocne npoBe,lleHHH 0'IIICTKII 6bmo 10 • PeweHa .TBK)Ke 3a,llaqa 0 BbI,lle-
neHHII He 

3 
113 CMeCH ere C B0,ll0p0,ll0M. 

B ,llllCCepTBUIIII npHBe,lleHO on11ca1111e ycTaHOBKll JlllH HanonHeHIIH KBMepbl renHeM-3 
ao aaaneHHH 20 aTM II ere saaKyau1111. Oco6oe BHHMBHHe o6pawanocb Ha co3aaH11e ycno-
a 11li, IICKlll0'18IOWIIX' noTepl! ra3a, np11 K8)K,ll0li SKcno311u1111 n0Tep11 raaa He npeBb1Wan11 
o, 1 %. !J.nH HBr11eTeHIIH raaa B KBMepy 11cnonb30B8llCH cneu11anbH0 CK0HCTpyllp0BBHHblli 
repMeTl!'!Hblli K0Mnpeccop Kf'n np0ll3B0JlllTenbH0CTblO 210 n/'IBC, npoBe,lleHa repMeT113a
UIIH o6bl'!Horo cpopaaKyyMHoro Hacoca, '!TO noaaon11no 11cnonb30BaTb ero anH nepeK8'!KII He

3 

Co3,ll8HH8H ycTBHOBKa, a TBK)Ke ee 0TJlenbHbie y3nbl .c ycnexoM MoryT 6b1Tb np11Me
HeHb! np11 npoaeJleHIIH Jlpyr11x pa6oT C 'IHCTblMH, pe,llKHMII HOH H,ll0BIITblMII ra3aMH, 

BcnoMoraTenbHaH anna~a 

KaMepbl !].K-2 11 IJ.K-2M n0Mewan11cb np11 npoaeaeH1111 HeKoTopbrx sxcnep11MeHT0B 
B MBrHIITH0e none M8rHIITa-coneH0ll,ll8 MC-4. 3TOT MBrHIIT pa3pa60TBH B 1956 roay 
no naweMy 3aaaH1110 c y'!eToM onb1Ta SKcnnyaTau1111 nocTpoeHHblx paHee MarHIITOB MC-I 
11 ·Mc-2, OH npeJlH83HB'IMCH JlnH pa60Thl. KaK B Henpepb!BH0M, TaK II ii HMnynbCH0M pe)K11-
Max, MarHIIT cua6)KeH JlllH yao6cTB8 9KCnnyaTan1111 IOCTllp0B0'!Hb!MII ycTp0JICTBBMII, J:.1ccne
,llOBMHCb pa60'!He xapaKTepHCTIIKH MBrHHTB, np11 HanpH)KeHHOCTII MarHHTHoro nonH 
" 12 000 spcTea HeoaHopoaHocTb nomr no aceMy pa6o'!eMy 061,eMy He npeabrWana :!:_4%. 

!].11¢cpy3110HHaH KaMepa He MO)KeT pa6oTBTb a ycnoa11Hx 6onhwoli II0HHoll Harpy3KH, 
nosTOMy np11 9KCn0311UIIHX KBMep CHHXp0UIIKll0TpOH pa6oTa/I B IIMnynbCH0M pe)KHMe YCK0-
peHIIH, J:.1HTepB8llbl BpeMeH11 Me>Kt;tY H3llY'leHHHMII 'IBCTIIU ycK0pHTeneM onpeaenHllllCb Bpe
M8H8M B0CCTBH0BneHIIH 'IYBCTBHTenbH0CTII KaMepbl II C0CTBBnHnll OT 6 ,'.lO 20 C8K B 38B11-
CIIM0CTII OT IIOHHOli Harpy3KII II q:JOHOBblX ycn0BHli, CHHxpoHHOe ynpaaneH11e pa60TOli YCK0p11-
T8llH II 11cnonHHT8llbHblX ycTpOJICTB KBMepbl no 3a,ll8HH0MY UIIKnY ocywecTBllHllOCb cneu11anb
H0JI sneKTP0HHoli annapaTypoll, 
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. 0 OcaeweHHe pa6o'!ero 061,eMa KaMep npo113B0JlHnocb noa yrnoM 90 K HanpaaneHHIO 
q:JOTOrpaqrnpOBBHIIH, J:.1cnonb30BanHCb 0CB8TIIT8llll C HMnynbCHb!MII naMnaM11 J:.1q:,n-500, 
cna6)K8HHb18 K0H,ll8HC0p0M 113 JlBYX UllllllH,llpH'!eCKIIX llllH3. Pacc!',WTpeHbl IICT0'IHIIKII 

H8)KenaienbHblX 38CBeT0K B KBMepe II Mepbl no IIX ycTpaHeHIIIO, 

"<t>oTorpa¢11poaaH11e cneaoa ~acT11u a KaMepax npo113aoa11nocb CTepeoq:>oToannapaTaMH 
C 6a3oli }20 MM HB 35-MHllllHMeTpOBYIO nneHKy •naHxpoM-10', np11B8,lleHbl YCllOBHH

0 

q:JOTOrpaq:>HpOBBHHH ,llllH acex K3!1.lep. 

np116opbl ,llllH o6pa6oTKll CTepeoq:>OTOrpa_g:JHli 

O6bl'!HO o6pa6oTKa sKcnep11MeHT8llbHblX ,llBHHb!X, nony'!eHHb!X C noM0ll.{blO ,llllqJq:>y3HOH
H0li KBMepbl, CB0,llllTCH K cneayJOWIIM onepauHHM: I} npoCM0Tpy CT8peoq:>0Torpa¢11a ,llllH 

HBX0>K,lleHHH IIHTepecy10w11x 9KC118pHM8HT8T0pa cny'laea B38llMO,llelicTBHH; 2} 113M8p8HIIIO 
KIIH8M8Tll'!eCKIIX xapaKT8pllCTIIK B38HM0,llelicTBYIOWIIX 'IBCTHU (Kp11B113H8 cneaoa, np0CTpaH
CTBeHHb!8 yrnbl Me>K.ny HIIMH, npo6er 'IBCTHII II T,Jl,}; 3} MaTeMBTll'!ecxoll oGpa6oTKS 
peaynbTaT0B ll3MepeHHl! II BHeCeHIIIO Heo6xO,llllMblX nonpaaoK, 

npoCMOTp <P0Torpa¢11ll o6b!'IHO np0113B0.llllllCH '!epea CTepeonyny. TaKoll MeT0.ll npo-·. 
CM0Tpa no3B0lllleT Ha6nJO,ll8Tb npOCTp8HCTB8HH08 pacnono>KeH11e Cll8,ll0B II nerKo IICKnJO
'IBTb cny'lal!Hble Hano>KeHHH cne.noa p83Hb!X 'IBCTIIU, 

!J.nH npoae.neHHH 'IBCTlf KOOp,llllHBTHhIX 113MepeH11li cne.noa HCIIOllb30BMIICb cepm!Hbll! 
cTepeoKoMnapaTop II MHKpocKon YHM-21, 3TH np116opb1 np11MeHHnHCb Ha paHHel! cTa.n1111 
pa0OTbl1 a T8K>K8 npll npoae.neHIIII HeK0T0pb!X MeT0.llll'!eCKIIX IIC:Cll8.UOBBHIII!, 

MeTO,ll penpoeKTIIP0BBHIIH no3B0llH8T Jl06HTbCH 6onbWOI! CK0P0CTII o6pa60TKII CTepeo
q:JOTOrpaq:>111!, a TBK>Ke cywecTBeHH0 C0KpBTIITb aaanllTll'l8CKll8 pac'!eTbl pe3ynbT8T0B 113Me

peHHI!. KpoMe Toro, OH .naeT B03M0>KH0CTb 8BT_OM8Tll'!8CKII K0MneHCIIP0BBTb 6onbWYIO 
'IBCTb 0IITll'!8CKIIX HCK8>K8Hllli, B03HIIKBIOWIIX np11 cp0Torpa¢11poaaa1111, !J.nH o6pa60T!'JI. 
CTepeoq:>0Torpacp11li 6bm pa3pa60TaH penpoeKTop, 06na.na10w111! 6o·nbwel! yH11aepcanbH0CTbIO 

no_ cpaaHeHIIIO C ll3BeCTHblMII, YH11aepcanbHOCTb np116opa .llOCTllr"HyTa 6naroaapH MH0rllM 
.CT';'neHHM cao6o,llbl nepeMeWeHIIH sKpaHa d 360 MM B npocTpaHCTBe II He3BBIICIIM0,MY ·. ' 
,llBll>KeHIIIO npoeKTllpyroweli ron0BKII 0THOCIITenbH0 9KpaHa B npeaenax OT 300 .no 1000 .MM,·' 
noMeweHlle, 9KpaHa Ha B38HMH0-nepneH,llllKYllHpHb!e no.nBll>KHb!e ·KapeTKII n03B0llH8T npoao
,llllTb TaK>Ke K00p,ll11HaTHb!e 113MepeHIIH cne,lloB C TO'!H0CTbIO :!:P,I MM, 8 ,llllCCepTBUIIII np11-
ae.neHbl T8XHll'l8CKHe xapaKTepllCTIIKII penpoeKT0pa; 06cy>K.U8IOTCH B03M0>KH0CTII B_b!II0nHe:
HIIH Henocpe,llCTB8HHbIX 113M8p8Hlll! H8K0T0pb!X KIIH8MaTll'!eCKIIX xapaKTepllCTIIK. B3811M.O.neli
CTBIIH, a TaK>Ke coo6waeTCH 0 pe3:i,'nbTBT8X 11ccne.noBaHIIH norpewH0CTeli, B03Hll!CBIOWIIX 
npn ll3MepeHHHX, Onb!T 3KCIInyaTBUIIH penpoeKT0pa 11 113Y'l8Hll8 norpeWHOCTel! 113MepeHIIJ! 
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noxaaanH,· 'ITO OH MO>KeT C ycnexoM npHMeH.IITbC.11 nn.11 6b!CTpoil o6pa60TKH cnyqaea B3aHMO

nellcTBHff c· xopowell TO'IHOCTb~. B 6onbwell qacTH rtpoaeneHHhIX Hawell rpynnoll axcnepH

MeHTOB HaMepeHH.11 Bb!IlOnHeHbl Ha T8KOM penpoeKTOpa. . . ~ . 

.!ln.11 06pa60TKH CTepeoq,oTorpagmll KOOPJlHHaTHblM MeTOJlOM 6bm paapa6oTaH nonyaaTo

MaTH'leCKHll CTepeOKOMnapaTop. npHHUHn neilcTBHH. KOMnapaTopa aaKnIO'IBeTC.11 B TOM, 'ITO 

H3MepHTenbHa.11 Mapxa npoeKTHpyeTC.11 'lepea Ty >Ke onTH'lecKy!O CHCTeMy, KOTOpa.11 HCnonb-

30Banacb np11 ¢0Torpaq,apoaaH11H, Ha nneHKy c H306pa>KeHHeM cnenoa II paccr,H\TpHaaeTc.11 

'lepea CTepeonyny. n~H, 3TOM .. aaT_OMaTll'18CKll KOMneHCHpy!OTC.11 OllTl!qeCKHe HCKa>KeHH.11 cne

JlOB. 3xpaH C noMeWeHHOll Ha HeM Mapxoll MO>KeT nepeMelllaTbCSI B npocTpaHCTBe anon& 

ocell x H y a npenenax ::!:. 180 MM, a anon& ocH z - a npenenax ::!:_75 MM. KoopnHHa-

ThI KaKoll-nH6o TO'IKH cnena onpenen.1110TC.l1 no nono>KeHHIO Mapxu B npOCTpaHCTBe 061,exTa 

nocne coaMemeHH.11 ee Hao6pa>KeH11.11 Ha nneHxe c TO'IKOil · cnena. npH6op noaaonSieT H3Me

p.11Tb OJlHOBpeMeHHO TpH KOOpJlHHaTbl ( ,x , ,Y H Z ), aBTOMaTH'leCKH aanHCb!Ba'Tb !IX Ha 

nepcponeHTY. 11 Ha6n10.naT& e npouecce o6pa6oTKH npocTpaHcTlieHHyro xapTIIHY pacnono>KeH11.11 

cnenoe. nepeMemeHHE! axpaHa. C ·Ha~epHTenbHOii MapKoll npOH3BOJlHTC.11 anexTpOMOTOpa~m. 

OTC'leT KOopn1rnaT - peeepcHBHbIMK aneKTpOHHb!MH C'leT'IHKaMH. CpenneKnanpaTH'IHa.11 

OWH6Ka llpH .CH.IITHK x- H .Y -xoopn11HaT COCTaen.11eT ::!:.0,1 MM H z - KOClpJlHHaTbl -t_0,3MM. 

06cy>KnaeTC.11 eonpoc 06 aeTOM8TH'leCKOii KOMneHCBUHH npen0Mn.1110wero neilcTBII.11 cpe,[lbI 

B cnyqae Hcnon&aOBaHH.11 TaKoro npH6opa nn.11 o6pa6oTKH q,oTorpaq,Hil C nyabipbKOBb!X xa

Mep. OTMe'laeTC.11 3H8'1HTenhHoe COKpaweHl!e epeMeHH MaTeMaTK'lecxoll o6pa6oTKH HH4)0pMa

llHH, nony'leHHOll C noMOl.llbIO Taxoro ~pH6opa, ~o cpaeHeHKIO C TeM apeMeHeM, KOTopoe 

Tp.e6yeTc.11, 'ITOflbI o6pa6oTaTb HHcpopMauHro, nony'leHHYIO npH IICnon&aoBaHIIK aeToMaTH'le

CKHX H nonyaeToMaTH'leCKKX np116opoe. 

HeKOTOpb1e C aonpoCbl, CB.113 aHHb!e C o6pa6oTKOil axcnepHMeHTanhHb!X naHHblX 

·1-1neHT1!4lKKB1lH.II BTOpH'IHblX 'laCTHll. np11 aHanHae cnyqaee B3aHMO.lleilcTBH.11 CHnbHO 

ynpowaeTc.11 a TOM. cny'lae, ecnH 11aee>cTHa 11x y nenhHa.11 110HHaau11.11. .!ln.11 11aMepen11.11 HOHH

aau11H np11MeH.11ncsr MeTO.ll OTHOCKTen&uoro ct,OTOMeTpHpoaaHH.11, CYTb KOTOporo ·aaxnro'lanac& 

e cpaeHeH1r11 ctioTorpaMM cnenoa 'lacTl!ll HaaecTHOll H 11cx0Moll KOH11aauHK. ':'poxon.11w11e 

'1epe3 KaMepy 'IBCTll!lbl 6panl1Cb B Ka'leCTBe 3TBn0!1HbIX. <POTOMeTpllpOBaHHe npOBO.llHi!OCb 

a cpaeHIITenhHo He6onhwoll 06nacT11, rne ycnoa11.11 06paaoaaHa.11 cnenoe H HX· ocaeweH11e 

MO>KHO 6bmo C'IHTaTb 11neHTll'IHb!MK. To'IHClCTb. HaMepeHH.11 HOHll3allHH TaKHM ·MeTOJlOM nn.11 

'laCTllll C HOHHaauaell, ·6nH3KOl! K MH~HMBnbHOl!, COCT'7Bn.11na ±_15%. 

.. 06cy>KnaeTc.11 aonpoc o an11.11HH11 ycanxu nneHKH Ha TO'IHOCT& 11aMepen11i1, a TaK>Ke 

paccMaTpHBa!OTC.11 cnoco6bI y'leTa norpeWH:OCTell, B03HHKa!OWHX no 3TOil npH'IHHe. 

He6on&Wa.11 nnoTHOCTb raaa B .llHct,q,yaaoHHOll KaMepe noaeon.11eT perHCTpHpoaaTb 
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B Hell 'IBCTH!lbl, aHepra.11 KOTOpbIX Heaen11xa. H aTOM cnyqae oco6oe anaqenae npHo6peTaeT 

aoaMO>KHOCTb npeuHaaonnoro HaMepenn.11 ripo6eroa qacTH!l. Onnaxo ~npeneneHHe npo.6era 

CB.1138HO C p.11.llOM Tpy .llHOCTell, o6ycn'oen eHHblX npe)Kne ecero TeM, 'ITO HCTHHHbiil KOH en 

cnena He coenanaeT C BHJlHMbIM KOHIIOM, nnOTHOCTb B KaMepe H3MeH.11eTC.l1 no BhICOTe 

'IYBCTBl!Ten&noro cnosr H, HaKOHeu, TeM, 'ITO cymecTeyeT Heo6xO.llllMOCTb y'leTa CHCTeMaTH

'leCKIIX OWH60K. npeononemrn 3TIIX TPY.llHOCTell noaaonHno nony'll!Tb TO'IHOe COOTHOWeHHe. 

npo6er-aHeprHsr = Tpl!TH.11 a rena11 B • o6nacTH aHoprHll 0, 19 i- 2 Mae, 'ITO 6bmo acnon&ao

aaHo nn.11 oueHKH M8CCbl HellTpanhHOil qacTHllhI, Bb!lleTa1oweil npll aaxBaTe OTpHuaTen&noro 

Mroona He 8
• 

PaccMaTpneaeTc.11 eonpoc 06 onpeneneHHH aq,ct,eKTHBHOCTH per11cTpauHH co6b1Tnil c 

y'leTOM cneuaq,H'leCKHX oco6eHHOCTell n11ct,q,yanoHHOll KaMepbl. npKBO.llHTC.11 cxeMa pacqeTa, 

Bb!IlOnHeHHOro MeTO.llOM cnyqal!Hb!X HCnb1TaHKll. 

3aKn!O'leHHe 

OnacaHHblll KOMnnexc annapaTypb1 coanaeanc.11 a. 11cnon&aoeanc.11 nn.11 npoaeneHH.11 axcne

p11MeHTOB Ha CHHXpOUHKnOTPOHe OMSIJ.1 a nepHO.ll c 195::1 no 1963 ron. 3a a.To apeM.11 6binH 

Bb!IlonHeHbI HccnenoaaHH.11 no H3y'leHHIO BaaHMO.llellCTBH.11 OTpHuaTenbHblX naoHOB C SI.llpaMH 

aonopona H renal!, a TaK>Ke nono>KHTenhHbIX nHoHOB (E~300 Maa) II npoTOHOB (E~630 Maa) c re

naeM, BoaMO>KHOCTb perHCTpauHH B nact,cpyaHOHHOil KaM'lpe Me.oneHHblX 'laCTHll noaaonana npo• 

aecTH neTanhHOO HayqeHHe ynpyroro pacce.11HH.l1 nHOHOB B o6nacTH MBnbIX yrnoa pacce.lIHHll. B pe

ayn&TaTe aToro oxaaanocb B03MO>KHb!M Ha6n10naTb HHTepcpepeHUIIIO KynOHOBCKoro H ll.llepHoro 

B3aHMO.llellCTBHll, 'ITO noaaonHno cnenaTb onpeneneHHbie BblBOJlbl O aHaxe H aenH'IHHe neii

CTBHTenbHOll qacTH onTH'leCKOro noTeHuHana. May'leHne MenneHHblX nponyKTOB peaKUnll B 

npoueccax Heynpyroro B38HMO.llellcTBHll nHOHOB H npoTOHOB C renHeM nano B03MO>KHOCTb 

no-HOBOMY nonollTH K pacCMOTpeHHIO aonpoca 06 HMnynbCHOM pacnpeneneHHH HyKnOHOB 

B ll.llpe nyTeM H3y'leHHll ocTaTO'IHblX gnep ( •na6n10naTenell'). 

H nacpq,yaaonHoll xaMepe .!lK-2M, 11anonHeHHoll He
3 

a noMewOnHoil a MarnHTHoe 

none, BnOpBbie Ha6n10nanHCb H 6binH KOnH'leCTBeHHO HCCneJlOBaHbI npoueCCbl aaxaaTa 
. 8 3 

OTpnuaTenhHbIX MIOOHOB H nHOHOB B renaa-::1. 6hlna H.lleHTH4'H1IHpoaana peaK!lHll µ-+·He -+H+i, 

H. onpenenena ee BOpOllTHOCTb C 10%-HOil TO'IHOCTb!O, KpoMe 3TOI'O, 6bmH onpeneneHbI 

nonHall BOpOllTHOCTb aaxaaTa µ - -Meaonos B He 
3 

H cyMMapHall aepol!THOCTb peaKUHll C paa

BBnOM ll.llpa. H 3 B KOHe'IHOM COCTOllHIIH. nonyqeHHbie naHHblO xopowo cornacyroTCll co 

3H8'10HHSIMH aepollTHOCTeil, paCC'IHTBHHbIMH Ha OCHOBe TeopHH YHHBepcanhHoro cna6oro 

B3aHMOJleilcTBHll. J.1cnonb3oBaHHe B03MO>KHOCTH HaMepeHH.11 ManbIX npo6eroa .11nep Tp~THll 

noaaonano BbI.llenHTb peaxuaro nepeaapH.llKH MeaoHa Ha cno>KHOM .11npe a onpenenHTb oTHo

'luenHe aepo.11THocTel! peaKIIHll 11- + He 3 .. H 8 + ,;o H rr -+He 
8

-+ H
8
+y (oTHoweHae -nanocpcxoro). 
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Pa6oT·a BbIIIOJIHeHa aBTOpOM a /Ia6opaTOpHH l!LtepHbIX 11po6neM O6aeLlHHeHHOro IIH-

CTHTyTa l!aepHbIX accnet:toaaHHil a 11epHOLl c 1953 110 1960 roa coaMeCTH0 c M.C.Koao

t:taeawM, M.M.KymoKIIHWM, P.M.Cym1eawM II lO.A.lllep6aKoBwM, a a 11ocnea11ae r0LlbI 

( 1960-63 r.r.), KpoMe Toro, C0BMeCTHO c O.A.3ai!MHLlOporoil, B.noHTeKopao, 11.B.<Pa

JlOMKHHbIM H B.M.Uy11Ko-CHTHHKOBbIM. B qacTH pa6oT 11p11HIIMBJIH TBK>Ke yqacTHe 

r.M.AneKcaHap~a, A.T.BacnneHKo, B.11.BonoIUyK, B.B.KyaHeuoa H B.n.newKoB. 

BbIBOLlbl 

1. Coaaa11 K0MIIJleKC amjlcpyaHOHHblX KaMep BbICOKoro LlBBJieHHl! II BCUOMoraTeJibHOi! 

a11napaTypb! LlJll! 11poaeaeHHH HCCJleLlOBBHHil Ha CIIHXpOUHKJlOTpt>He O11Hl1. B TOM q11cne 

KBMepa LlJlll pa60Tbl C He 3 
• 

2. npoaeaeHo 11ayqeHHe BJlHHHHII paanaqHbIX cpaKT0pOB Ha pa6oTy KaMepb!. 

3. Paapa6oTaHa TexHonorllH H a11epabxe npoaeaeHa oqHCTKa re111111-3 OT npHMecH 
. 0 

TpHTHII MeTOLlOM K0HLleHcBUHH c IIOCJieayIOIUHM HCllapeHHeM llpH TeM11epaType 1,2 K Ll0 

BbICOKOi! CTelleHH qacTOTbl ( H
8 
/lie 

3
<10-

15
}. 

4. CoaLtaHa ycTaHoaKa LlJll! HBIIOJIHeHHII KaMepbl He 8 Ll0 Ll8BJieHHl! 20 BTM H ero 

9BaKyau,m. KaK caMa yCT8HOBK8, TBK H Pl!Ll ee yanoa (repMeTHqHwll K0Mllpeccop H T.a.}, 

MoryT 6bITb HCIIOJlb30BaHbl LlJll! npoaeaeHHl! _pa6oT C peLtKHMH, qHCTbIMH HJIH l!Ll0BHTbIMH 

raaaMn. 

5. ,llnl! 0bICTpoi! H TOqHoi! o6pa6oTKH CTepeocpoTorpacjJHll paapa6oTaH YHHBepcanb

HblK pe11poeKT0p, 11onyqaawHi! WHpo1coe pac11pocTpaHeHHe. 

6. CoaaaH 11onyaaToMBTHqecKHi! cTepeoKoM11apaTop anl! o6pa6oTKH CTepeocjJoTorpa

cjJHil K00pLlHHaTHbIM MeT0Ll0M C KOMlleHCBUH~l! HCKB>KeHHil, BH0CHMblX OIITHqecKol! CHCTe

M0i!. npa6op 1103BOUl!eT llp0H3B0LlHTb aBTOMBTHqecKH 3811HCb H3MepeHHblX K00pLlHHaT Ha 

11epcponeHTy. 

7. PacCMOTpeHbI HeKoT0pbxe MeT0LlHqecKHe aonpocw, KBCaIOIUHeCl! o6pa6oTKH 

9KCUepHMeHTanbllb!X MBTepaanoa, H LlBHbl npaKTHqecKHe peK0MeHaaUIIH uo H3MepeHIIIO IIOHH-

38UIIH II npo6era, yqeTy BJlHl!HHl! ycaaKII nneHKH Ha ToqHOCTb H3MepeHHil, OllpeaeneHIIIO ' 

scjJcjJeKTHBHOCTH per11cTpaua11 co6b!THll B KaMepe.· 

8. JlaHHblll KOMrtneKC annapaTypbl HCil0Jlb30BanCl! Llfll! 11poaeaeHHl! HCCne,noaanHl! no 
/1-6/ HayqeHHIO B38HMOLtellcTBlll! Me30HOB II 11p0T0H0B C l!LtpaMH BOLlOPOLla H renHl! , a TaK-

>Ke aaxaaTa 0TPHUBTeUbHblX Me30H0B l!LlPBMH He a
11

-
13

: BoaMO>KHOCTb per11cTpauH11 II 

H3MepeHHl! npo6eroa BT0p~qHbIX qacTHU Manqil 9HeprHII B 9THX 9KcnepHMeHTax o6ecneqana 

nonyqeHHe Pl!Lla ueHHblX peaynhTBT0B. 

9. OcHOBHOe coaep>KBHHe LlHCCepTaUHH 011y6nHKOBaHO B pa6oTax
11

• 12• 14- 181• 
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