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2. nPE~MY~ECTBA ronorPA~~4ECKOrO . CbEMA ~H~OPMAU~~ 
C nY3~PbKOB~X ~ CTP~MEPH~X KAMEP 

0CHOBHa~ npo6neMa npH HCnonb30BaHHH KnaCCH4eCKHX nys~pbKOB~X 
H CTpHMepH~X KaMep An~ nOHCKa HOB~X KOpOTKO*HBY~HX 4aCTH~ co
CTOHT B HeB03MO*HOCTH OAHOBpeMeHHOro yeenH4eHH~ paspeweHH~ 
H rny6HH~ pe3KOCTH, TaK KaK C yeenH4eHHeM paspeweHH~ fAn~ nOHCKa 
04apoeaHH~X 4aCTH~ HY*HO paspeweHHe 8x -10 MKM/ yMeHbWaeTC~ 
rny6HHa pe3KOCTH H3o6pa*aeMoro npOCTpaHCTBa. npH perHCTpa~HH 
OnTH4eCKOI:i HeOAHOPOAHOCTH AHaMeTpOM d a 1 0 MKM · H OCBe~eHHH 
KaMepHoro 06DeMa HeKorepeHTH~M CBeTOM C A= 0,5 MKM B COOTBeT
CTBHH C ~OpMynol:i 

Bi .., 0,81 yAr' /1/ 

rny6HHa pe3KOCTH r' COCTaBn~eT TOnbKO -500 MKM. ~OpMyna /1/ 

. Af 1 22A 
nony4eHa Ha OCHOBaHHH ~OpMyn 8x = 1,22- = --''--

. D 2n sinO 
, 8x 

' r ~± --. s.in8 

rAe A - AnHHa BOnH~, r - ~OKYCHOe paccTO~HHe o6DeKTHBa, D- ero 
anepTypa, n - noKasaTenb npenoMneHH~ onTH4ecKol:i cpeA~, 8 -
nonoeHHa yrna ny4a, BXOA~~ero e nepe~l:i onTH4eCKHI:i 3neMeHT 
o6DeKTHea, 8x - paspeweHHe; e HaweM cny4ae 8x .. d. 

CoeceM HHa4e o6cTOHT Aeno c npHMeHeHHeM ronorpaQHH: npH 
OCBe~eHHH KaMepHOrO o6DeMa nys~pbKOBOH HnH CTPHMepHOH KaMep~ 

H M ny4K ~ no neAy~el:i perHCTpa ~ Hel:i ronorpaMM~ TOeKoa 
B KaMepe rny6HHa pe3KOCTH onpeAen~eTC~ AnHHOI:i KOrepeHTHOCTH 
HcnonbsyeMoro nasepa : 

LKor. d 2 
r' = --(-) 

12 A /2/ 

npH TOH *e AnHHe BOnH~, HO C nasepH~M H3ny4eHHeM C AnHHOI:i KOre
peHTHOCTH LKor=5 CM H An~ o6DeKTa c TaKHM *e AHaMeTpoM rny6HHa 
pe3KOCTH COCTaBn~eT 1,67 M; T.e. BCe nys~pbKH H CTpHMep~ 
C AHaMeTpOM 10 MKM no6oro TpeKa AnHHOH AO 1,67 M 6YAYT perHcT
PHPOBaTbC~ ronorpaMMOI:i. npH BOCCTaHOBneHHH H3o6pa*eHH~ KaMep
HOro o6DeMa C 3TOI:i ronorpaMM~ MO*HO 6yAeT pasnH4HTb H3o6pa*e
HHe Ka*Aoro nys~pbKa HnH cTpHMepa. 

ronorpa~H4eCKHH MeTOA CDeMa HH~OpMa~HH CO CTpHMepHOI:i KaMep~ 

He TonbKO yeenH4HeaeT ee npocTpaHCTBeHHoe paspeweHHe KaK Tpe-
KOBOrO AeTeKTOpa, HO H yny4waeT ee 4YBCTBHTenbHOCTb, T.e. ,, 
yeenH4HBaeTC~ OTHOWeHHe 4HCna saperHCTpHpOBaHH~X CTPHMepOB K no-

·TOKY 4aCTH~, npH 3TOM pa3Mep~ CTPHMepoe ropa3AO MeHbWe, 4eM npH 
~oToperHcTpa~HH. Yny4weHHe 4YBCTBHTenbHOCTH ce~saHo c TeM, 4TO 
B rCK perHCTpa~H~ o6ycnoeneHa He CBeTHMOCTb~ CTPHMepa1 KaK B 
KnaccH4ecKHX CK,a pacce~HHeM nasepHoro ceeTa Ha onTH4eCKHX He
OAHOPOAHOCT~x B CTPHMepH~X KaHanax B MeCTax npOXO*AeHH~ 4aCTH-
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~~. TaKHM o6paaoM, ronorpaMMa perHcTpHpyeT OAHHaKos~M o6paaoM 
~pKHe H He~pKHe cTpHMep~, a TO speM~ KaK a KnaccH4eCKHX CK, 
nOCKOnbKY perHCTpa~H~ BeAeTc~ Ha ~OTOnneHKe B~COKOH 4YBCTBH
TenbHOCTH, Ha-aa 6onbworo paaMepa 3MynbcHOHHoro aepHa nneHKa 
06beAHH~eT 8 OAHO H306pameHHe B~CBe4HBaHHe HeCKOnbKHX, 6nH3KO 
pacnonomeHH~x CTpHMepos. 

npeHMy~eCTBa fCK CTaHOB~TC~ 6eccnopH~MH npH pa6oTe C TaKHMH 
ra3aMH, KaK BOAOPOA H AeHTepHH: CTpHMepH~H pa3P~A 8 3THX raaax 
B~CBe4HBaeTC~ 8 ynbTpa~HoneTOBOH o6naCTH, 4TO CHHMaeT Heo6xo
AHMOCTb npHMeHeHH~ 30n H B~COK04YBCTBHTenbHOH nneHKH. 

4yBCTBHTenbHOCTb fCK onpeAen~eTc~: 
- cocTasoM H AasneHHeM HcnonbayeMoro pa6o4ero raaa HnH raaosoH 

CMeCH, 
- napaMeTpaMH BbiCOKOBOnbTHOrO HMnynbCa, npHKnaA~BaeMoro K 

3neKTPOAaM KaMep~, H KOHCTPYK~HeH KaMep~, 
- AnHHOH BOnHbl, AnHTenbHOCTb~ HMnynbca H AnHHOH KOrepeHTHOCTH 

HcnonbayeMoro naaepHoro Hany4eHH~, 
- napaMeTpaMH HcnonbayeMoH An~ perHcTpa~HH ronorpaMM~ ~oTo-

3MynbcHH. 
fnK H fCK MOryT pa6oTaTb 8 HHTeHCHBH~X ny4KaX 4aCTH~, 8 TO 

speM~ KaK KnaCCH4eCKHe nK H Cl< 8 TaKHX ny4Kax ~Bn~~TC~ nepe
rpymeHH~MH H3-3a HanomeHH~ H306pameHHH TpeKOB, 

B pa6oTe 191 noAC4HTaHa 3$)leKTHBHa~ eMKOCTb ronorpaMMbl ny-
3~PbKOBOH KaMep~ H nOKa3aHa 803MOmHOCTb ysenH4eHHR 3arpy3KH 
ny3blpbKOBOH KaMep~ TpeKaMH 6onee 4eM a 1 0 4 pa3 no cpasHeHH~ 

He06XOAHMO Y4HT~BaTb BnH~HHe Typ6yneHTHOCTH Ha-aa noB~WeHHOro 
TennoB~AeneHHR 8 mHAKOCTH npH 6onbWOH 3arpy3Ke TpeKaMH H B~co
KOH 4aCTOTe cpa6aT~BaHHR, 4TO npHBOAHT K yMeHbWeHH~ OTHOWeHHR 
CHrHan/WyM 8 BOCCTaHOBneHHOM C ronorpaMM~ H306pameHHH/l2l. 

3. nPHHUHnHAnbHA~ CXEMA rnK H fCK ~ TPE60BAHH~ 

K HX 3nEMEHTAM 

npHH~HnHanbHa~ CXeMa fnK /fCK/ noKa3aHa Ha PHC, 1a. nocKOnb
KY nK ~Bn~eTCR Heynpasn~eM~M TpeKOB~M AeTeKTOPOM, TO speMeHHaR 
CTPYKTypa ny4Ka 4aCTH~ H3 YCKOpHTen~ /HMnynbC 1/ ~opMHpyeTC~ 
8 COOTBeTCTBHH C ~HKnOM cpa6aT~BaHHR KaMep~ /KpHBa~ 2/. MoMeHT 
noAa4H naaepHoro HMnynbca /HMnynbc 3/ onpeAenReTcR speMeHeM 
nponeTa 4aCTH~ 4epea KaMepy /HMnynbc 1/ c aaAepmKoH 
-10 +100 MKC /pHC,16/, 

TaK KaK CTPHMepHa~ KaMepa ~BnReTc~ ynpasn~eM~M npH6opoM, 
3AeCb MOMeHT~ nOAa4H B~COKOBOnbTHOrO HMnynbCa C reHepaTopa HM
nynbCOB HanpRmeHHH fi-1H /HMnynbC 2/ H naaepHOrO HMnynbca /HM
nynbC 3/ onpeAenR~Tc~ speMeHeM npoxomAeHHR 4aCTH~ 4epea KaMe
PY /HMnynbC 1/- pHC,1B. AnR AOCTHmeHH~ B~COKOrO npOCTpaHCT
seHHOro paapeweHHR 8 fCK 3aAeP*Ka naaepHoro HMnynbca OTHOCH-

.. 

a/ 
4~ 

' 

~fL. 
6/ a/ 

PHc.l. a/ llpHH~nHanhHan cxeMa 
ycTaHOBKH c ronorpa¢HqecKoA ny
s~phKOBoA/cTpHMepaoA/ KaMepofi, 
I - HMnynhc~ nasep /A = 290+ 
+690 HM/, 2- ODTHqecKan CHCTeMa 
¢QpMHpOBaHHH nyqKa, 3 - KaMepa 
/nys~phKOBan HnH CTpHMepaan/, 
4 - nyqoK qacTH~, 5 - geTeKTOp~ 

qacTH~ H CHCTeMa wopMHposaHHn 
TpHrrepa, 6 - WoTOKaMepa, 7 -
CHCTeMa ynpaBneHHH H CHHXpOHHSa
~HH, 8 - reHepaTOp HMnynhCOB 
aanpn~eHHfi /gnn CTpHMepHOH Ka
Mep~/. 6/ BpeMeaaan gHarpaMMa 
ronorpaW8qecKoA perHCTpa~ HH
wopM~HH C nys~phKOBOfi KaMep~. 
I - BpeMH npoxo~eHHn nyqKa qac
TH~, 2 - KpHBaH paCmHpeHHH KaMe

p~, 3 - nasepHbrn HMnynhc. B/ BpeMeaaan gHarpaMMa ronorpa¢Hqec
KoA perHCTpa~H HHWOpMa~HH co CTpHMepaoA KaMep~. I - HMnynhc 
CHCTeMW AeTeKTHpOBaHHH qaCTH~, 2 - B~COKOBOnhT~ HMDYnhC reae
paTopa HMnynhCOB nanp~eHHn, 3 nasep~ HMnynhc. 

TenbHO BbiCOKOBOnbTHOrO onpeAen~eTC~ MOMeHTOM OTp~Ba ~POHTa 
''"~nun~ DnnULt nT rTniA~Aonun~n v~u~n~ - a ~TnT ~nu~UT n~~M~n 
.,,-,-r-··-· --····-· -. -. r-··· ·-r··-·- ··- --·- -· 

ronorpa~H4ecKoro Hso6pameHHR KamAoro cTpHMepa MaKCHManeH; An~ 

pa3H~X fCK 3TO speM~ HaXOAHTC~ 8 npeAenax 50 + 300 HC, 
HcxoA~ H3 ycnoBHH pa6oT~ Ha ycKopHTen~x K ronorpa~H4eCKOH 

4aCTH nK H CK npeAbRBn~~TC~ cneAY~~He Tpe6osaHH~: 

a/ na3ep 
na3ep AOnmeH YAOBneTBOP~Tb cneAY~~HM Tpe6osaHH~M: 
- AnHHa BOnH~ H3ny4eHH~ - 460+690 HM 80 H36emaHHe npHMeHeHHR 

KBap~eBOH OnTHKH H CTeKon; 
- senH4HHa B~XOAHOH 3HeprHH - OKano 10-800 MHnnHAmoyn~ npH 

AnHTenbHOCTH na3epHoro HMnynbca ·5-30 HaHOCeKYHA; 
- 4aCTOTa cpa6aT~BaHHR-AO 50 f~,KOPOTKOe BpeMR HaKa4KH, Ma

neHbKHH A*HTTep, 6onbWaR nosTop~eMOCTb no 3HeprHH s~XOAHOro 
HMnynbca; 

- 60nbWOe BpeM~ *H3HH HCnOnb3yeMOH aKTHBHOH cpeA~ KaK HC
T04HHKa naaepHoro H3ny4eHH~; 

- TepMo,-sH6po- H MeXaHOYCT0~4HBOCTb 8 COOTBeTCTBHH C ycno
BH~MH pa6oT~ B 3anax YCKOpHTenbH~X KOMnneKCOB. 

Cy~eCTByeT HeCKOnbKO BHAOB naaepos, OTBe4a~HX B~WeyKa3aHH~M 
Tpe6osaHH~M: 

- naaep Ha KpacHTene, HaKa4HsaeM~H nH6o aaoTH~M, nH6o 3KcH
MepH~M naaepoM, nH6o naMnoH; a peaoHaTope naaepa Ha KpacHTene 
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MOmeT 6~Tb pa3Me~eH 3TanOH $a6pH-nepo AnR yeenH4eHHR AnHH~ KO
repeHTHOCTH; 

- py6HHOB~A na3ep, HO C yny4WeHH~MH BpeMeHaMH HaKa4KH, 

6/ CxeMa ronorpa$HpoeaHHR 

B pa3pa6oTaHH~X Ha ceA AeHb rnK H rcK perHCTpa~HR TpeKOB ee
AeTCR B cxeMe in-line /ra6opoecKoA/ ronorpa$HH, AnR yMeHbWeHHR 
BnHRHHR Typ6yneHTHOCTH ronorpa$HPOBaHHe HaAO BeCTH no B03MOmHO -
CTH Ha CaMOM 6nH3KOM paCCTORHHH OT KaMepbi.Xopowee peWeHHe B 3TOM 
HanpaeneHHH HaAAeHo s 1131 , rAe npHMeHeHa cne~HanbHaR onTH4ecKaR 
CHCTeMa, $OPMHpy~~aR H306pameHHe KaMepHoro 06DeMa BHe ycTaHOBKH. 

B pa6oTe 1141 npHBeAeHa cxeMa perHcTpa~HH TpeKOB e MaKeTe Me
TOAOM ronorpa$HH C$DKYCHPOBaHH~X H306pameHHA /pHc,2/. 0CHOBHble 
npeHMy~eCTBa 3TOA CXeMbl CBOARTCR K: 

- B~COKOMY pa3peweHH~ B BOCCTaHOBneHH~X H306~ameHHRX npH 
He6onbwHx pa3Mepax ronorpaMM; 

- B03MOmHOCTH yeenH4eHHR paCCTORHHR OT KaMep~ AD $OTOnneHKH; 
- OTCyTCTBH~ nepeKpeCTH~X H306pameHHA; 
- He3aBHCHMOCTH Ka4eCTBa BOCCTaHOBneHHR H306pameHHA OT 

yCaAKH $OT03MynbCHH nocne o6pa60TKH; 
- B03MOmHOCTH BeCTH BOCCTaHOBneHHe B HeKOrepeHTHOM CBeTe, 

coxpaHRR e~coKoe npocTpaHCTBeHHoe pa3peweHHe. 
B pa3pa6oTaHH~X rcK KPOMe ronorpa$HH npHMeHReTCR TaKme MeTOA 

na3epH~X TeHerpaMM: TeHerpaMM~ TpeKOB 4aCTH~ perHCTpHpy~TCR 
06DeKTHBOM Ha $OTOnneHKe B yMeHbWeHHOM MaCWTa6e nH60 C HCnonb-
~nR.::Ii~IAPt.A nnf"\t.A,::aw,,T,...,.IJunr-1""\ ""'oun""\ll""" /16/ D ... ,....,.. ... ,.,.. ............ ---····-- ""~---t=- -·· 

1 - •.. ., - ···-·- -··r--··_. • - ,,....,._,,_,...,,._,., --'IJ-.U¥ '+'.....,1\J\JVU..._.f, 

THB HaBeAeH Ha pe3KOCTb B nnOCKOCTH npOMemyT04HOrO 3KpaHa, rAe 
na3epHbiM ny4KOM c!jlopMHpoeaHbl TeHH cTpHMepoe. AnR AanbHeAweA o6-
pa6oTKH HH$DpMa~HH c TeHerpaM H onpeAeneHHR pacnonomeHHR TpeKa 
no rny6HHe KaMep~ OHH perHCTpHpy~TCR nH60 OAHHM na3epH~M H3ny-
4eHHeM, pac~enneHH~M Ha ABa B3aHMHO nepneHAHKynnpHo nonRPH3o
BaHH~x ny4Ka, nH6o ABYMR na3epaMH c pa3H~MH AnHHaMH eonH 
/cTepeoTeHerpa$HR/. 

B HeAaBHO npoBeAeHH~X 3KcnepHMeHTax c 6onbWHMH nK 6~no noKa-
3aH0,4TO npHMeHeHHe ronorpa¢HH /no AByxny4eeoA cxeMe/ no3eonReT 
yny4WHTb HX npOCTpaHCTBeHHOe pa3peweHHe AD -40 MKM, T,e, Ha 
nopRAOK, 
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Pnc.2. CxeMa perncTpa~HH TpeKOB 
B BepmHHHOM AeTeKTOpe MeTOAOM 
ronorpaQHH C~OKYCHpoBaHHb~ H306-
paJKeHHJ1 1141• I - HMnynhCHhlfl na-
3ep, 2 - KOHAeHcop, 3 - OObeM 
KaMepbi /llK HnH CK/, 4 - nHH3a, 
5 - OllTHqecKHfi AenHTenb, 
6 - KOnnHMaTop, 7 - QoTOnneHKa, 

B/ <!>OT03MynbCHR 
B 3aBHCHMOCTH oT HCnonb3yeMoA cxeMbl ronorpa¢HpoeaHHR - ra6o

poecKoA HnH ABYXny4eBoA - pa3pewa~~aR cnoco6HOCTb $OT03MynbCHH 
ADnmHa HaXOAHTbCR B npeAenax OT 300 AD 5000 nHH/MM. ~13 3apy6em
H~X MOmHo Hcnonb3DBaTb cne~HanbHO pa3pa6oTaHH~e AnR ~eneA ro
norpa¢HH $OT03MynbCHH ¢HpM "Ar¢a", 11 KDAaK 11

, a H3 OTe4eCTBeH
HbiX - n2, rnB-2, r0~, "MHKpaT-300", "MHKpaT-900", "MHKpaT-BP", 
''~3onaHxpoM-18''. CneKTpanbHaR 4yBCTBHTenbHOCTb 3MynbCHH ADnmHa 
COOTBeTCTBOBaTb AnHHe BOnH~ na3epHoro H3ny4eHHR, 

0co6oe 3Ha4eHHe HMeeT BHA H Ka4eCTBO nDAnDmKH, HCnOnb3yeMoA 
AnR HaHeCeHHR $OT03MynbCHH, nepswe na6opaTOpH~e HCnWTaHHR npH
MeHeHHR ronorpacPHH B ny3blpbKOBbiX KaMepax npOBOAHnHCb C nOMO~biO 
$OTOnnaCTHHOK, HO 6onbWaR 4aCTOTa cpa6aTWBaHHR KaMepW B ycno
BHRX peanbHOrO 3KCnepHMeHTa HCKn~4aeT HX npHMeHeHHe, XOTR C HC
nOnb30BaHHeM ¢oTonneHKH YXYAWaeTCR pa3peweHHe. no3TOMY oco6o 
BamHWM CTaHOBHTCR CnOC06 npHmHMa H nepeMOTKH $OTOnneHKH, o6ec
ne4HBa~~HA ee pasHoe nepeTRrHBaHHe. Bo3MOmHwe cnoco6w npHmHMa 
H nepeMOTKH OnHCaHbl B /16/. 

4. PE3Ynl:iTATbl, AOCTI1rHYTbiE HA AEVICTBYI1E\~X rnK lt1 rCK 

B Ta6n. 1 npHBeAeHw 3Ha4eHHR senH4HH pa3peweHHR H rny6HH 
pe3KOCTH AeAcTByiO~Hx Manora6apHTHwx c swcoKoA 4acToToA cpa6a
TbiBaHHfl /f.:: 5 r~/ rnK H rcK. AnR cpaBHeHHR TaM me npHBeAeHbl 
uooa;ovo .o-onooc 1-\dnnooc 1-\J IH KdMt:IJ C KnaCCH4eCKHM CDeMOM HH$OpMa~HH, 

KaK 6~no yKa3aHO, nepBaR rnK /~ 11 CM, h = 5,5 CM/ perHCTp~
posana ronorpaMMbl B3aHMOAeACTBHA y -KBaHTOB OT CHHXPOTpOHa 
n~~¢ c ¢peoHOM a cseTe py6HHosoro na3epa a AByxny4eso~ cxeMe 
C pa3peWeHHeM -30 MKM no BOCCTaHOBneHHOMy H306pameHHI0/3/. 

Ha PHC.3 noKa3aHO BOCCTaHOBneHHOe C ronorpaMM~ H306pameHHe 
TpeKa C06biTHR Heynpyroro B3aHMOAeACTBHR BbiCOK03HepreTH4HOrO 
rr- -Me30Ha C ¢peOHOM 141 , 3aperHCTpHpoaaHHOrO B ny3WPbKOBOA 
KaMepe BIBC /~ 6,5 CM, h = 3,5 CM/. npH rny6HHe pe3KOCTH 
~ 9 CM ronorpaMMa, 3aperHCTPHPOBaHHaR py6HHOB~M na3epOM, BOC

CTaHaBnHaaeT H306pameHHR ny3~PbKOB AHaMeTpOM 6 MKM. 
Ha co3AaHHoA s L\EPile ¢peoHoaoA KaMepe HOBC/11x5x6 cM3/ Ha 

ny4Ke CHHxpoTpoHa SPS 6wno nony4eHo 40 T~CR4 ronorpaMM c Hcnonb-
30BaHHeM na3epa Ha KpaCHTene KyMapHH-307, HaKa4HBaeMOrO 3KCH
MepHbiM na3epoM ' 121. L\enbiO 3Toro nepsoro nonHoMacwTa6Ho-rono
rpa¢H4ecKoro 3KCnepHMeHTa RBnReTCR H3y4eHHe 3HepreTH4eCKOA 
3aBHCHMOCTH Ce4eHHA o6pa30BaHHR 04apoaaHHbiX 4aCTH~ BbiCOK0-
3HepreTH4H~MH aApOHaMH. 

B renHeao-MeTaHoaoA cTpHMepHoA KaMepe /oTHoweHHe He:CH = 

70:30/, pa6oTaiO~eA B pemHMe CaMOWYHTHPOBaHHR npH aTMOC¢e~HOM 
AaBneHHH,6WnO 3aperHCTPHPOBaHO 6onee 2 T~CR4 na3epH~X TeHerpaMM 
B3aHMOAeAcTBHA npOTOHOB C 3HeprHeA 1 r38 OT YCKOPHTenR.n~~<!> 
/ycTaHoaKa CKAnAP ' 21.';. 
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PHc. 3. BoccTaHOBJieHHOe c ronorpaMMbi Hso6paJKeHHe 
C06b!THH Heynpyroro B3aHMO,IJ;eHCTBHH BbiCOK03HepreTH'!eCKOrO 
71'--MeSOHa C tiJpeOHOM /4/, saperHCTpHpOBaHHOrO B nySb!pbKO
BOH KaMepe BIBC. PasMep nyshlpbKa 8 MKM. 

Ta6JIHu;a I 

BH.o; KaMephl Pa6o'!aH cpe.o;a HeTo.o; c'beMa 
HHcPOPMai.J;HH 

Pa3pe
meHHe 
/MKM/ H 
rny6HHa 
pe3KOCTH 
/MM/ 

CchlJIKa 

Ily3b!pbKOBaH 

8 

}!Uf.o;KHH H 2 CTepeo<!>oTo-
p = 0,06 r/cM 3 rpatiJHH 

ll>peoH C3 F 8 
p = I , 2 r I cM 3 

He:CH4 (7/3)1 aTM 
D2+0,l%CH4+ 
+0,05%H20 5 aTM 
He 5 aTM 
He: CH4 (2/ I) 3 ,5aT!1 
He:Ne(l/9)40 aTM 
He:Ne(3/7)20 aTM 

CTepeotlloTo
rpatiJHH 
ronorpatiJHH 
ronorpa«);>HH 
ronorpatiJHH 
ronorpatiJHH 
nas.TeHerpaM. 

nas.TeHerpaM. 
nas.TeHerpaMM 
ronorpac!>HH 
cTepeotiJ. c 30Il 
CTepeotlJ. c 30Il 

20; 

30; 

6· , 
30; 

< 60· - , 
12; 

380, 

~100; 
s 100; 
- 60; 

50; 
$70; 

2 

5 

>90 
55 

>40 
60 
30 

15 
IS 
23 
4,5 
23 

12 

17 

4 
3 

18 
12 
21 

9 
10 
II 
19 
20 

J 

PHc.4. TeHerpaMMa TpeKa 
3JieKTpOHa OT pa,IJ;HOaKTHB
HOrO HCTO'!HHKa 90 Sr B 
.o;eH:TepHeBOH fCK npH .o;aB
JieHHH 5 aTM /npHMeCH: 

/9/ 0, I% CH 4 , 0,05% H20/ • 
UnHHa TpeKa-3 CM, 

' i 
! 

I 

.. ·-· . 
i i 
t 
I 

Ha p~c.4 noKa3aHa TeHerpaMMa TpeK08 3neKTPOH08 8 AeHTep~e80H 
rcK np~ Aa8neH~~ 5 aTM I A06a8K~: 0, 1% CH 4• 0, 05% H 20/ 191

• B HeH 
6~n0 AOCT~rHyTO pa3peweH~e -100 MKM no OTAenbHOMy CTp~Mepy, 
Per~cTpa~~H eenacb C8eTOM na3epa Ha Kpac~Tene POAaM~H-6m c An~
HOH KOrepeHTHOCT~ -70 MKM, HaKa4~BaeMOrO ~MnynbCH~M na3epOM 
Ha a3oTe 122~ KaMepa pa6oTana 8 pem~Me caMOWYHT~poeaH~H. 

5. 06PA60TKA ronorPAMM C rnK H fCK 

nocKonbKY caMa ronorpaMMa HBnHeTcH onT~4ecK~M ~ cneKTpanbHbiM 
3neMeHTOM, oHa o6naAaeT onT~4eCKOH ~ cneKTpanbHOH pa3pewa~~eH 
cnoco6HOCTb~ /p.c./ /23/: 

AZ 1 
nonepe4HaH p.c. 8x 154-, ~ 

jJ 

l>z 1 AZt Zt 
npOAOnbHaH p.c. ---=-- =----

tv. LKOI'. NLKOI'. 

cneKTpanbHaH p.c. 

rAe z 1 - paccTOHH~e oT o6oeKTa AO ronorpaMM~, D - pa3Mep rono
rpaMM~, ~ ~ LKor~ cneKTpanbHaH nonoca ~3ny4eH~H ~ An~Ha Kore
peHTHOCT~ ~cnonb3yeMoro AnH per~cTpa~~~ na3epa, N - pa3pewa~aH 
cnoco6HoCTb ~cnonb3yeMOH ~OT03Mynbc~~. HaAO nOA4epKHYTb, 4TO 
pa3pewa~~aH cnoco6HOCTb ronorpaMMbl 3aAaeTCH eo 8peMH per~cTpa-

4~~ ~ 3a8~c~T oT napaMeTpoe ~cnonb3yeMoro na3epa, pa3pewa~~eH 

cnoco6HOCT~ ~ APYr~x xapaKTep~cT~K ~OT03Mynbc~~. 8~Aa ~ Ka-
4eCTBa nOAnOmK~, npo~ecca ~OTOX~M~4€CKOH o6pa60TK~. 

no3TOMY AnH nonHero CbeMa ~H~OpMa~~~ c ronorpaMM K c~cTeMaM 
~X o6pa60TK~ npeAbH8nH~TCH 8~COK~e Tpe6oeaH~H. no~CK ~HTepeCH~X 

co6~T~H ~ ~X ~3MepeH~H B€AYTCH no BOCCTaHOBneHHOMY C ronorpaMM 
A€HCTB~TenbHOMY TpexMepHOMY ~3o6pameH~~. ~ no3TOMY np~6opbl 

AnH npOCMOTpa ~ ~3MepeH~H AOnmH~ 6~Tb TpexKOOPA~HaTH~M~. np~ 
3TOM Tpe6yeTCH c~nbHoe yeen~4eH~e ~3o6pameH~H, 4TO HanoM~HaeT 
cny4aH o6pa6oTK~ ~H~OpMa~~~ c HAepHbiX ~OT03Mynbc~i1 c noMo~biO 
M~KpocKona. KaK ~ TaM, ~3o6pameH~e o6pa6aTbteaeTCH ''nocnoi1Ho'', 
C He6onbWOH rny6~HOH pe3KOCT~. 

9 



nepaoe ycTpO~CTBO, C03AaHHOe Ha OCHOBe MHKpOCKOna YHM-21 
c raaoa~M naaepoM AnB ocae~eHHB ronorpaMM, onHcaHo a pa6oTe 1241 . 
BoccTaHoaneHHoe H3o6pa~eHHe KaMepbl npoeKTHpyeTcB Ha He6onbwo~ 
noABH~Hbl~ MaTOBbl~ 3KpaH. BcB o6pa6oTKa aenacb BH3yanbHbiM cnoco-
6oM. 

B HaCTOB~ee apeMR a CBR3~ c BBOAOM a 3KcnnyaTa4H~ a UEPHe 
H nHH$e /18/ npe4H3HOHH~X ronorpa$H4eCKHX nya~pbKOB~X H CTpHMep
H~X KaMep TaM ~e, a TaK~e B COTPYAHH4a~~HX C HHMH na6opaTOpHRX 
aKTHBHO paapaGaT~aa~TCR npH6op~ AnR o6pa6oTKH ronorpaMM c Hc
nonbaoaaHHeM TeneBH3HOHHO~ TeXHHKH, 4TO yCTpaHReT HeAOCTaTKH 
BH3yanbHO~ o6pa60TKH: HC4e3aeT cneKn acneACTBHe ycpeAHeHHR 
no apeMeHH, 4BeT H306pa~eHHR Ha AHCnnee MO~eT fi~Tb nOAOfipaH no 
~enaH~~ onepaTopa, a B~COKaR 4YBCTBHTenbHOCTb nepeAa~~e~ Tpy6KH 
/BHAHKOHa/ no3BOnReT orpaHH4HTbCR naaepOM MO~HOCTb~ BCero B 
HecKonbKO MBT. KpoMe Taro, TeneBH3HOHHaR TeXHHKa AaeT AOnonHH
TenbHble B03MO~HOCTH yaenH4eHHR H30fipa~eHHB H Aa~e npHMeHeHHB 
pa3H~X yaenH4eHH~ B ABYX B3aHMHO nepneHAHKynRpH~X HanpaaneHHRX 
/aHaMop$H3M/. B cBR3H c TeM, 4TO AnR noHCKa co6~TH~ YA06Ho 
BHAeTb 4enHKOM BeCb 06beM KaMep~, B C03AaBaeM~X CHCTeMaX o6pa-
60TKH ronorpaMM npeAYCMaTpHBa~TCR ABa pa3H~X ysen~4eHHR: OAHO 
AnR o6~ero npocMoTpa H no~cKa co6~TH~, sTopoe AnR no~cKa pacna
ADB KOPOTKO~~By~HX ll"': ~~·:_; toJbn~3H sepWHHbl nepBH4HOrO B3a~MOAe~
CTB~R. t~n~ ~C HCnOnb3yeTCR OfibeKT~B C nepeMeHHbiM $OKyCHbiM pac
CTORH~eM /''zoom" I, noasonR~~H~ nnasHo MeHRTb ysen~4eHHe. nneHKa 
C ronorpaMMO~ pa3Me~aeTCR, KaK npaBHno, Ha ABYXKOOPAHHaTHOM 
lt13MePlt1Teilb HOM c Ton~~tKP LA w!"PniATC ~ ~ ~~:,·:,·~~: :::~~ :::~;:: 7 .::;.ic.;, a.-.Jivl ~~~vlmVJM

H~M CTeKnOM. 3Ta 4aCTb npHfiopa 3a~MCTByeTCR Y ~3Mep~TenbH~X 
np~6opOB AnR o6pa60TK~ o6~4H~X CTepeOCH~MKOB C ny3~PbKOB~X ~ CTp~

MepH~X KaMep. "3MepeHHe TpeTbe~ KOOPAHHaT~ /rny6HH~/ peanH3yeT
CR no-pa3HOMy: a/Ha OCHOBHOM ABYXKOOPAHHaTHOM H3Mep~renbHOM 
CTOn~Ke CTaBHTCR ADnOnH~TenbHaR C~CTeMa AnR BepTHKanbHOrO ne
peAB~~eHHR nneHK~, 6/ Bbl6op rny6~HHoro cnoR ronorpaMMbl nposoA~T 
CR nyTeM nepeMe~eHHR CaMero B~A~KOHa, B/ BBOAHTCR aepKano, KOro
poe npoeKTHpyeT H306pa~eHHe Ha $OTOKaTOA BHAHKOHa /pHc.5/. np~ 

ronorpa$~posaH~H no cxeMe ra6opa nPDADnbHOe paapeweH~e no rny6H
He KaMepbl 3Ha4HTenbHO xy~e, 4eM nonepe4Hoe, 4TO CH~~aeT Tpe6o
saHHR K T04HOCT~ C~CTeM~ ~3MepeHHR Z -KOOPA~HaT~. 

Ha p~c.5 noKa3aHa onTH4eCKaR cxeMa DAHoro ~3 Ae~cTsy~~~x 
np~6opos HOLMES /l~EPH/ 1251. np~6op HOLMES, KaK ~ APYr~e npH6opbl 
AnR o6pa6orK~ ronorpaMM, nOAKn~4eH K ynpasnR~~e~ 38M H nocne 
py4Horo HaBeAeHHR Ha rpeK cnoco6eH asroMaT~4eCK~ nepeMe~aTbCB 
BADnb Hero s TpexMepHOM npocrpaHcrse c 4enb~ ~3MepeH~R xapaKre
p~cr~K TpeKa ~ nOHCKa ~3nOMOB, KOTOp~e MOryT fi~Tb npORBneH~eM 

pacnaAa KOPOTKO~HBY~HX 4aCT~4· 
CpeAH HAe~, B~AB~raeM~x s cBR3H c o6pa6oTKO~ ronorpaMM oT 

TpeKOB~X np~60pOB, CTO~T ynOMRHYTb ~cnonb30BaH~e rpeX4BeTHOrO 
TeneBH3~0HHOrO MOH~TOpa 1261

. K Ka~AOMy 4BeTHOMy KaHany MOHHTO
pa noAcoeA~HeHa 4epHo-6enaR renes~a~oHHaR KaMepa, nepeAa~~aR 
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PHc.6. CHcTeMa o6pa6oTKH ro
norpaMM c npHMeHeHHeM Tpex
~BeTHoro TeneBH3HOHHOrO MQ
HHTOpa1261 I - nasep, 2 -
TeneBH3HOHHaH KaMepa KpacHoro 
KaHana, 3 - TeneBH3HOHHaH 
KaMepa caHero KaHana, 4 -
TeneBH3HOHHaH KaMepa seneHoro 
KaHana, 5 - ronorpaMMa 126~ 

PHc.S. OnTHqecKaH cxeMa npH6opa 
AnH o6pa6oTKH ronorpaMM 
HOLMES 1261. I - aproHOBbiH nas ep, 
2 - CHCTeMa ~OpMHpOBaHHH CBeTo
BOrO nyqKa, 3 - sepKana, 4 -
H3MepHTenbHblfi CTOnHK "X, Y ", 
5 - ronorpaMMa, 6 - AenHTenH 
nyqKa, 7 - aHaMop~HaH TeneBH-
3HOHHaH KaMepa, 8 - CTaHAapT-
Hble TeneBH3HOHHble KaMepbl, 
9 - H3MepHTenbHbll'i CTOnHK "Z,. 

~ao6pa~eH~e OTAenbHoro cnoR ronorpa$~4ecKoro H3o6pa~eHHR Ka
MepHoro o6beMa - PHC. 6. TaKaR Ca-tCTeMa' ooec:nP.ULAR::lR n!"'LAPI-IT.:>I\IA"' 

nepeMe~eHHR no rny6HHe, o6ner4aeT npocMoTp ronorpaMM. 
KpoMe TOrO, OTMe4anaCb B03MO~HOCTb o6pa60TKH ronorpa$H4eCKO~ 

HH$OpMa4~H 6e3 BOCCTaHOBneHa-tR H306pa~eHa-tR, HO 3TOT nOAXDA, 
04eB~AHO, Tpe6yeT cno~H~X anropa-tTMOB H 3BM C 04eHb 6onbWO~ na-

MRTb~. • 
nocKOnbKY B rCK noKa per~cTpHpy~TCR TOnbKO TeHerpaMMbl, KOTO

Pble He 04eHb OTna-t4aiOTCR OT Ofibi4HbiX CTepeocl>OTOCHI-1MKOB, TO HX 
MO~HO o6pa6aTb1BaTb Ha cy~eCTBYIO~a-tX CTaH~apTHbiX ABYXKOOPAHHaT
H~X H3Mepa-tTenbHbiX npa-t6opax. B pa6oTe 116 npa-teeAeHbl $opMynbl, 
onpeAenRIO~a-te npOCTpaHCTBeHHOe nono~eHHe TpeKa B rCK B 3aBa-tCI-1MOC
T~ OT KOOPAa-tHaT ero TeHeBbiX npoeK4H~ H reoMeTpH4eCKI-1X napaMeT
poB ca-tcreMbl ocee~eH~R 1-1 $OTorpa$HpoaaHHR c a-tcnonbaosaHHeM npoMe
~YT04Horo 3KpaHa. 

6. 3AKn104EHI1E 

nocneAHHe OTKpbiT~R B $1-13HKe BbiCOKI-1X 3Hepra-t~, a HMeHHO, Ha-
6niOAeHa-te ceMe~CTBa KOPOTKO~a-tBy~a-tX 3neMeHTapHbiX 4aCTH4, o6naAa~
~HX HOBbiM KBaHTOBbiM 4HCnOM- wapMOM /o4apoBaHa-teM/, a TaK~e 
TeopeTH4eCKHe H 3KCnepa-tMeHTanbHble yKa3aHHR Ha Cy~eCTBOBaHHe KO
poTKO~~BY~HX 4aCTH4 APYrHX BHAOB, Bb13BanH HHTepec K pa3BHTHIO 
AeTeKTopoa c BbiCOKHM npocTpaHCTBeHHbiM paapeweHHeM. BpeMR ~H3HH 
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HOB~X 4aCTH~ -10-18 -10-12 C, 4TO COOTBeTCT&yeT npo6eraM B npe
Aenax 30-300 MKM IAnR HepenRTHBHCTCKHX 3HeprHH/, a ce4eHHR Hx 
reHepa~HH Man~ - Ha YPOBHe MHKpo6apH HnH AeCRTKOB MHKpo6apH, 
AHanH3 TaKHX cnomH~x co6~THH Tpe6yeT npHMeHeHHR TpeKoa~x AeTeK
Topoa C B~COKHM npocTpaHCTaeHH~M pa3peweHHeM: -10 MKM HnH Aame 
ny4we. 3THM Tpe6oaaHHRM OTBe4a~T 6~CTpO~HKnHpy~He ny3~pbKOa~e 
KaMep~ C ronorpa$H4eCKHM CDeMOM HH$OpMa~HH. B ny3~pbKOaOH Ka
Mepe perHCTpHpyeTCR T04Ka a3aHMOAeHCTaHR, 4TO AaeT a03MOmHOCTb 
AeTanbHOrO OCMOTpa 6nHmaHWeH OKpeCTHOCTH aepWHH~ H a~RBneHHR 
pacnaAoa KopoTKomHay~Hx 4aCTH~. PacnonomeHH~H 3a aepwHHH~M 
AeTeKTopoM cneKTpoMeTp no3aonReT HAeHTH$H~HpoaaTb aTopH4H~e 
4aCTH~~ /a TOM 4HCne H npOAYKT~ pacnaAa KOPOTKOmHay~HX 4aCTH~/ 
H H3MepRTb HX HMnynbC~. npHMeHeHHe ronorpa$H4eCKOro CDeMa HH
$OpMa~HH pewaeT 3AeCb 3aAa4y nony4eHHR Tpe6yeMoro npocTpaHcT
aeHHoro pa3peweHHR /Ha ypoaHe 510 MKM/ a nonHoM o6DeMe aepwHH
Horo AeTeKTOpa /a cny4ae npHMeHeHHR KnaCCH4eCKOH $OTOperHCTpa
~HH npeAenbHOe pa3peweHHR -20 MKM, MOmHO nony4HTb TOnbKO a TOH
KOM Cnoe 2 MM, 4TO CHnbHO CHHmaeT 3$$eKTHBHOCTb aepWHHHOrO Ae
TeKTOpa/. 

npHMeHeHHe a Ka4eCTae aepWHHH~X AeTeKTOpOa ny3~PbKOB~X Ka
Mep C ronorpa$H4eCKHM CDeMOM HH$OpMa~HH H a~COKOH 4aCTOTOH 
cpa6aT~aaHHR 6yAeT, HeCOMHeHHO, nPOAOnmaTbCR H pa3aHaaTbCR. 

ronorpa$H4eCKHH CDeM HH$OpMa~HH B03MOmeH TaKme H a KaMepax 
cpeAHero H 6onbworo o6DeMa. B 6onbwHx KaMepax, no-aHAHMOMy, 
ronorpa~HpoaaHHe OYAeT npoBOAHTbCR no Aayxny4eaoH cxeMe nHoo 
c noM~b~ aorHyToro 3epKana, pacnonomeHHoro BHYTPH KaMep~. 

npeAYCMaTpHBaeTCR HCnOnb30aaHHe TaKHX KaMep a aAPOHH~X, $OTQH
H~X H HeHTPHHH~X ny4Kax127/. 

CTpHMepH~e KaMep~ RanR~T~ ynpaanReM~MH AeTeKTOpaMH, H XOTR 
OHH YCTyna~T ny3~pbKOa~M KaMepaM no pa3peweHH~, eCTb a03MOm
HOCTH era yny4weHHR. YaenH4eHHe npocTpaHcTaeHHoro pa3peweHHR Mo
meT 6~Tb AOCTHrHyTO noa~WeHHeM AaaneHHR a KaMepe H na3epH~M 
ocee~eHHeM ee o6DeMa c nocneAy~eH perHcTpa~HeH ronorpaMM cne
AOa 4aCTH~. npH noa~weHHH AaaneHHR pacTeT nnoTHOCTb 4Hcna nep
BH4H~X HOHOa, yMeHbWaeTCR AH$$Y3HR 3neKTPOHOa, o6pa3y~~Hx
CR no cneAY npoxoAR~eH 4aCTH~~. a pe3ynbTaTe 4ero 
yMeHbWaeTCR WHPHHa cneAa 4aCTH~~ H cpeAHeKaaApaTH4HOe OTKnOHe
HHe ~eHTPOB H3o6pameHHR CTpHMepOB OT KpHaOH, annpOKCHMHpy~eH 

2D P. 
TpeK 4aCTH~~ U = V~t, rAe u - cpeAHeKaaApaTH4HOe OTKnoHeHHe, 

D0 - K03$$H~HeHT AH$$Y3HH 3neKTpoHoa a ra3e npH aTMOc$epHoM Aaa
neHHH~, t - apeMR AH$$Y3HH, P- pa6o4ee AaeneHHe. 

0 npeHMy~eCTaax ronorpa~H4eCKOrO CDeMa HH$OpMa~HH CO CTPHMep
H~X KaMep MOmHO CYAHTb no Ta6n. 2/21/: 
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Ta6JIH~a 2 

IIpOTOHbl pa3Mep CTPHMepa cpegHe- TO'l:HOCTb IIJIOT-

c 3Hepn:leii /MM/ KBagpaT. JIOKaJIH3a- HOCTb 

I rsB BgOJib rrorrepeK OTKJIOHeH. ~H CTPHMe-

IIOJifl IIOJifl /MM/ poe 

<lJOTO 1,53~0,04 6,2~0,4 0,240 0,021 2,5~0,5 

Jiasep 0,38~0,01 2,5~0, I o, 195 0,011 8,2_:!:0,6 

Ha nyTH pa3aHTHR ronorpa$H4eCKOH ny3~PbKOaoH H cTpHMepHoH Ka
Mepbl K HaCTOR~eMy MOMeHTY peweHbl cneAY~U\He npo6neMbl: C03AaHbl 
na3epbl C Heo6XOAHMbiMH napaMeTpaMH H $OT03MynbCHH C HymHOH noA
nomKO~ H pa3peweHHeM, HaKonneH 6onbWOH 3KcnepHMeHTanbH~H onbiT, 
HanameHbl nepable cTonbl AnR o6pa6oTKH HH$OpMa~HH c ronorpaMM 
TaKHX KaMep H T.A. 06pa60TKa ronorpa$H4eCKOH HH$OpMa~HH Tpe6yeT 
HOaOH TeXHHKH, H COOTaeTCTBY~~He npH60pbl pa3pa6aTblaaiOTCR BO 
MHOrHX na6opaTOpHRX. 

TaKHM o6paaoM, npHMeHeHHe ronorpa$HH a ny3~PbKOa~x H cTpH
MepH~X KaMepaX npHaOAHT K: 

- yaenH4eHHIO paapeweHHR no eoccTaHaanHaaeMOMY c ronorpaMM 
H306pameHHIO ny3blpbKa H CTpHMepa AO aenH4HHbl, onpeAenReMOH 
KPHTepHeM A66e-PeneR, 

- \lr"''ot":lloniAII""III"I"" ,- ,.,,,ht.tl Itt .... ,..,., ,,,...,....,.., .. ..,.,...,.. ........ ...,., ,,...,.. .,..,..., oo ,,..._...,.. ,.,......,&::,...,. _,,,,..., ,, • .,.. 
J __ .. ,., ·-· oOoO .... I ... ,., ..... ,,, ... , ,... .... _ ............. I •o _.., ........ I.._.., .................. II 1-1 ............. ..., .............. ,1\ ..... 1 1,.111 

KaMep~ AO HeCKOnbKHX MeTpOB, 
- COKpall\eHHIO apeMeHH Ha6opa MaCCHBOa CTaTHCTH4eCKHX AaHH~X 

0 aaaHMOAeHCTaHRX 3neMeHTapH~X 4aCTH~, 
- YAeweaneHHIO 3Kcnep~t~MeHToa, 
- ao3MOmHOCTH HCCneAOBaHHR a3aHMOAeHCTaHH C Man~MH Ce4e-

HHRMH. 
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