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1. BBE.DEHME 
B . rroc~e,IJ;H:He ~ec~Tb ~eT ,II,JIH peH'ITBHOCTpYKTYPHHX 

llCC~e~OBa~ Bee 60.Jibmee Ilp:HM8HBHll8 HaXO~T 8BTOM8'IWI8CIW8 

p8H'IT8HOBCKllB ~l}jp8KTOM8Tphl C ~YM8p~ ~8TBKTOp8Mll.C1,2J. B 
Jia6opaTOpllll BhlCOKllX SHeprna OIDIB (r. )Jy6Ha) COBMBCTHO c 

ID-!CTIITYTDM KpllCT8JLJIOrpa(t)mi AH CCCP B 1980r. 6h!~ C03~8H 

~yMepHH:ct ~8TBKTDP AP.U-1 (3) Ha 6839 IlJIOCKO:ct MHOrorrpoBMO"G:HO:ct 

rrporrop1.ijiIOH8~bHO:ct KaMephl (MilK) BhlCOKOro pa3pemeHl-IB co c~eMOM 

KOOp.n;m-IaTHO:A:_llH(fXJpMal.ijiill C IlOMOmbID 6h!CTpblX ~ 38~epM<Kll 
(JI3). B 1981 r. ll B 1984 r. B LIB:AH, era CKE, ll JIB9 OIDIB Ha . 

OCHOBB STO:ct K8M9phl, ~YKPY>KHOro (µ , w) ll 
ITHTillipY>KHOro (,p,;i:,w,Y,µ) rDHllOM8TpOB ll yrrpaMHlOOJ.8:A: 9BM CM-2 

6h!~ C03~8El,l KDOp.n;m-I8THhl8 ~l}jp8KTOM8Tphl KAP,U-3 C 4J_ ll KAP,U-4 

C 5J. C IlOMOruhID 8T.0X ~l}jp8KTOM8TpOB 6~ IlOJIY•rnElil rro~e · 

H86Dphl llHTerp8.1IbHHX llHTBHCllBHOCTe:ct OT MOHOKpllCT8JLJIOB 6e~OB 

C 6J , BllpYCOB C 7J , HCM8~0B8El,l CTpYKTYPHHB Ilp9Bpame~ - B 
rrM:HMepax (8), lfilWillX KpHCT8JLJI8X [9J, 38 BpeMH B 50-100 pa3 

M8Hbill89, "G:8M B 06hl"G:HHX O~OK8H8JibHHX ~l}jp8KTOM8Tp8X. 

Oco6eHHOCTll KOHCTpYKI..ijiill ~BTBKTOpa AP.U-1 38KJIIDq8~Cb B H8Jllillllli 

IlJIOCKOro ~e:ct(fXJBoro IlpOMBley'TKa MBJ½UW BXO~M OKHOM ll3 

8.1.II!Mffiill3HpOB8HHOro Ma:ctnapa ll rrepBhlM K8TO~OM, "G:TO o6ecrre-rn:sa~o 

Bh!COKYID Sq$,KTllBHOCTb pernCTp81.ijiill ll3~8HllH; B llCilOJib30B8Hllll 

I 61,n,ca:,lit"titilJU HS~ \ 

na'!~EiidK aqc.,eao~auao ( 
swsn1t10TEKA V 
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O,n;mI8KOBOro MBTO,IJ;a C'b8M8 06BllX . Koop,mrnaT ( C K8TO,Il;Hl:lX 

IllIOCKOCTe:£1 C nOMOllU,10 6blCTpHX Jl3) ll B IIpllMBHBIDIB 

6HCTpO,IJ;B:£iCTByme:n (TMB ~. 0) · 3JIBKTpOHllKH pernc-rpamm; 
60JiblllOM lillCJIB 3JIBMBHTOB IlpOCTp8HCTBBHHOro pa3p81l18Hllfl 

? 
(25Dx250) IIpll pa3M~pax BXO,Il,HOro OKHa 32Dx320 MM~. 

TipeHMym.BCTB8 ,D;Hg_ip8KTOMBTpOB C IllIOCK0:0: rrporroprrn:oHaJibH0:'1 

KaMapo:n C JIS - OTHOCllT8JihHbl8 IIpOCTOT8, H8,Il;BlKHOCTh ll 

HBBblCOKaH CTOllMOCTb. HB,IJ;OCT8TOK - yxy,IlJIIBHllB rrpoc-rpaHCTBBHHOrO 

paspame~ Ilpll HaKJIOHHOM· rra,IJ;emrn: ny~OB. B HOB0:'1 Mill{ 
OTHOCllT9JihH8H TOJilllllli8 KOHBepCllOHHOrO CJIOH t/L (r,IJ;e L- pa3M8p 

BXO,Il,H□ro OKHa) COCTaBJIHBT 8/320 BMBCTO 10/320, T.e. Ha 20% 
MBHhlllB • B TOM )K8 OT.HOIIIBIDIB YMBHhIII88TCH p83MblTif8 

pernc-rp:0pyeMoro rry,rna n3-3a HaKJioHHoro na.n.orm.H 11 

COOTBBTCTBBHHO YBBJIWHIB39TCH IIpO,Il;BJibH8H Be.rrwnm:a nepuo.n,a 

perneTKn. KpllCTaJIJia, ,UOCTYI1H8.H ,nJUl llCCJIB,IJ;OB8Hllfl rrpu 
@lliCHpOBaHHOM paspeIIIel:Illli C'bBMKll. oqxl)eKTIIBHOCTh 'pernc-rpamm 

CuKd- -ll3.JIY'18Hllfl (8·K3B) YM~HbIIl88TCH Bcero Ha 5% vI COCTaBJiaeT 
65%. · Heo,D;Hopo,Il,HOCTI?. aqxlleKTIIBHOCTII ,Il;BT8KTOpa · no IllI01118,nvI ITOCJIB · 

BB8,Il;8Hllfl norrpaBKU paBH8 0. 6% •. · 
MD,D;BpHU38lllifl. ,Il;B'reKTOpa . ·APJl-1 IIpOBO,IllUI8Cb B paMK8X 

,IJ;8JihHe:0Inero pa3Bll'TIIB B JIBS owrn MBTO,nvIKll ,Il;BT8KTOpOB 
ll306p8)K8Hllfl [10 + 12). Illar H8MOTKU aHO,Il;Hl:lX IIpOBOJIQqeK B HOBOM 

,IJ;BTBKTope corJiacoBaH c rnaroM ,nucKpemsamm rronepeqHo:n 

KOOp,n;IDiaTbl, 6.Jlaro.napa qeMY· HBO,Il,HOpO,Il,HOCTh IIIHpUHbl K8H8JIOB 
(nOCJIB peryJIHpOBKn qacTOTbl ll BBB,Il;Blillfl rrorrpaBDK) YMBHbIII88TCH ll. 

COCT8BJIBBT (0.5 + 0.7)%. J.iHT8rp8JibH8H HBJIUHB:0IIOCTh nOCJIB 
BBB,Il;B~ norrpaBKU COCT8BJIHBT 0.25 + 0.4MM. B AP,ll-1M 

yrrpaBJI.HElll.8H ,nayxrrpoueccopHaH SBM CM-2 38MBHBH8 H8 IBM 

PC/AT-386 ll 6JIOK rHCTOrp8MMHpYBM0:'1 TI8MHTII (64K 16, -
pa'3pH,Il;Hl:lX CJIOB) , BblTIOJIHBHH0:'1 B CT8H,D;8pTB KAMA}{. Ilpu 8TOM B 1, 3 

pasa YBB.n:wrn:B88TCH rrpe,neJihHOB 6blCTpO,IJ;BfiCTBvIB ,Il;BT8KTOpa, ,Il;O 
330000 C06blm:0: B CBKYH,IJ;Y. IlQJIYTOHOBbl:0: T8JIBBll3llOHHbl:n MOID!TOp C 
aHaJiorciBo:n naMHThlO 38MBHBH ,nvICillIBBM TISBM (256x256 ToqeK, 16 
UBBTOB). Y~BHllB KOHCTpYKTIIBHHX ll CXBMOTBX~BCKUX 
rrapaMBTpOB ,Il;BTBKTOpa AP,ll-1M coqeT88TCH C BBB,Il;BHHBM 
rrporpaMMHblX rrorrpaBOK, rrOJiyqeHHblX rrpn llCI10Jib30B8HllU 
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pBH'ITBHOBCK0:0: -rpy6Kn B rommMBTpB C H8KJIOHOM ll no~opoTOM 

napB~Horo rryqKa. Bee 8TO He TOJihKO n□3BOJIHBT Y.JIY~ 
OCHOBHblB xapaKTBp:0:CTHKll ,Il;8T8KTOpa, HO ll paClllllpllTh 06JiaCTb" 

IlpllMBHB~ KOOp,n;mi8T.HOro ,nug_ipaKTOMBTp8 • 

2. KOHCTPYKUllil ,UETEKTOPA 

MID{ YCT8HOBKU AP,ll-1M rrpe,D;CT8BJ!a8T co6rn1: TpBX3JIBKTpO,Il,HY10 

K8MBpy C .nBYMH IllIOCKllMH .npefiqJOBblMll IIpOMBJKYTK8Mll. 
qyBCTBllT8JihH8H IllIOIUa,IJ;b ,Il;BT8KTOpa - 32Dx32DMM2 • Illar aHO,Il,HHX 

IIpOBQJIQqeK U3 BOJihg_ipaM-pBHllBB0:0: 30JioqaHo:n . IIpOBOJIOKn° -

1,3±0,005 MM, 0 = 15 MKM. lllar K8TO,Il,Hb!X rrpOBOJIOqeK ll3 

30JioqeHDfi BOJib~paMDBO!t IIpOBOJIOKll - 0,5±0,005 MM, 0 = 20 MKM. 

TIOCJIB,Il;HllB 06'b8,n;IDI8Hbl B-rpyilIIbl ("CTpilllbl") no 4 IIpOBOJIOKn C 

rnaroM 2 MM. PacCTOHHllB MBJMY 8HO,Il,H0:0: ll .nBYMH °K8TO,Il,Hb!MH 

I1JIOCKOCTHMll. - no . 3 MM. HarrpH)K8Hll8 Ha 8HO,IJ;8 

+3,2 KB, BBJimllH8 Illl8TO - 200 B. Ilepe,Il,Hll:A: 
COCT8BJIHBT 

.npeitqJOBbl"£t 
IIpOMBJKYTOK TOJilllllHO:n 2 MM o6p830B8H BXO,Il,Hb!M DKHOM ll3 Ma:nJiapa 

TOJIJllllH0:0: 50 MKM, IlDKpblTOro 1 MKM CJIOBM 8.JIIIJ,mmrn, ll rrep:so"tt 

K8TO,Il,HO!t IllIOCKOCTbIO. Ha 3TOT .npefiqJOBbl:0: IIpOMBJKYTOK no,IJ;aeTCH 

HaIIpf!)K8Hll8 (-400)B, '\ITO YBBJimllB88T TOJilll.llHY KOHBBpCllOHHOro 

CJIOH ,Il;O 8 MM. Ha 38,Il;Hlill .npeitqJOBblit IIpOMBlKYTOK TOJIIIUIB0:'1 4 MM, 

o6p830B8HHbl°tt BT□po:n K8TO,Il,H0:'1 IllIOCKOCThlO ll qJOJihI'l!pOB8HHblM 
CTBKJIOTBKCTOJillTOM, n□,IJ;88TCH H8IIpfllKBHll8 +400 B, U OH, 
COOTBBTCTBBHHD, HB yqacTByBT B.KDHBBpCllll KBaHTOB. Ha K8TO,Il,Hb!X 

I1JIOCKOCTHX ycTaHOBJIBHbl 8JI8KTpOM8I'IillTHbl8 JIS C pa6oqe-£t ,I(JlliHOit 

320 MM n rroroHHo:n 3a,D;BplKKDfi ~1,5 HC/MM. ,llBTBKTOp 

Ilp0,IJ;YB88TCH rasoBo:n CMBChIO Xe+ 20% CH4 + 3% C2H50H. 
MllHHM8JihH8H CKOpDCTb IIpO,IJ;YBa - 10 CM3/MllH. 

3. 8JIEI{TPOHHMI PErnCTPfil>YlOIIWI AIIIIAPATYPA 
McnOJih3YBMbl8 3JIBKTpOHHb18 6JIOKU perncTpamrn:, H8KOillIB~ ll 

COIIpfllKB~ C SBM paspa60T8Hbl B JIBS owrn ,n.Jrn C03,IJ;8Hllfl O,Il,HO- U 

.IU3YMBPHHX ,Il;BTBKTOpOB. 8JIBKTpOHH8H anrrapaTYpa ,Il;BTBKTOpa 
AP,ll-1M BblIIOJIHBHa, B CT8H,D;apTB KAMAK ll pa3MBIIIBH8 B O,Il,HOM 
Kpe:nw. Ilpe,D;YCll.JIHTB.JIH p83MBIIl8Hbl HBITDCpB,D;CTBBHHO Ha ,UBTBKTope. 
C'bBM CllrH8.JIOB IIpOU3BO,nvITCH c o6enx IWHUOB JIS, UMBRlll.llX 
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raJibB8HWI0CKYJD CB.fl3b C. . COOTBBTCTBYI!lllW.m: -K8TO,nHHMll . 

IJJIOCKOCT.mffl. YcRJieHHble npe.nyCRJillTBJIBMll ll yCll.lilITBJI.flMU Clil'H8Jili 

nOCTYTI8lOT' Ha ,IJ;HCKpUMllH8TOpl:l TO'IH0:0: BpBMBHH0:'1 IlpUB.fl3KU. 
Co6CTB8HH08 pa3pemeHUe ST0:0: SJIBKTpOHUKU Clffi'IH88HU.fl - - 1 , 4 ,. HC 

( IIIIII1B ) • 
KO,D;HpOB8im0 Bp9M0HHblX llHT0pB8JIOB M0JiUlY. CUI'H8JI8Mll C 

p83Hl:lX , KOHUOB JI3 - IIpOU3BO,Il;HTC.fl BpeM.H::-Umfil)OBl::IMU 

rrpeo6pa3oBaTBJIBM¥ · (BUII-306) , BHnOJIHeHHl::IMll no MeTO.ny 

:mrrepnOJIBUUU nepll0'A8 OCHOBH0:'1 T8KTOB0:0: 'IJ:8CTO_'IH. Ba30Bl:lfl 

reHepaTOp CT86RJIU3llpOB8H KB8J)U8Bl:lM pe30H8TOpOM ll llM88T 
'1!8CTOTY . ·. F = 125 MI'U. KpoMe STOro, BUII llM98T 

nepecTpaUBaeMI:l:0: B rrpe'AeJiax F ±20% reHeparop c· 

nap8M8TpWI8CK0:0: CT86Rllll38Ull8:0:. IlyTBM peryJillpOBKU onopHo:0: 
-qacrow mar .n;HCKpeTll3aium (~ 4Hc) B HanpaBJieHllll, nonepe'l!HOM 

8HO,n;HHM npOBOJIO'l!K8M, YCT8HOBJI9H paBHI::JM TO'l!HO rnary ID( H3MOTKU 

(1,3 MM). B p83YJibT8T8 noJiy'IJ:eHa O,Il;HOpO,Il;HOCTb nmpmru K8H8JIOB 

T8K8.H lK9, K8K B'AOJib 8HO~X IlpOBOJIO'IJ:BK. (no Been IIJIOfil3,Il;H 

'A8T8KTOpa). BJiaI'O'A8P.H H8.JIWrnID B BUII ~yx mITepnOJI.HTOpOB CTAPT 

n'CTOIT, 8 T8KlK9 cxeMl:l CT8TllCTWI9CKOI'O BI::Ip8BHUB8HU.H mupmru 

K8H8JIOB, nepecTpo:0:Ka mITepnOJIBTOpOB nocJie U3MBH9HU.fl onopHo:0: 

-qacroni He Tp860B8JI8Cb. Burr CO'ABPlKITT' T8KlK9 CX8Ml:l oroopa 

nOJI83Hl:lX C06l:lTU:n ll pa3p8BHUB8I!lllYID naM.HTb (3 perncTpa); 

p8I'YJI.HPU3llpYI!lllYID nOTOK C06l:lTU:n nepe'A 38HBC8HU9M IDC B 6y{f:epHYJD 
naM.HTb. Co6cTBeHHoe MepTBoe BpeM.H BUII - 50Hc. ,llaHHble c 

pa3.JilllIHlil Y3JIOB BUII o6pa6aWBaJOTc.H BCTpOBHHblM. 61:lCTpHM 

a~~qN0'lffi9CKllM rrpoueccopoM ll H8 Bl:lXO'A8 6JIOK8 npucyTCTBYBT 

06~ ~o~ KD'A- JlBYMBPH8.H ,IJ;Hg_ip8KUllOHH8.H KapTllHa 
H8K8IJJIUB88TC.H B rncrorpaMMUpyeM:n naM.HTll (BIT64-16) B' B~e 
M8Tplll.ll:l 256 X 256 x,216 'IJ:UCBJI. BpBM.H llHKpBMBHTaunn - -3 MKC. 

,Ullg_ipaKUllOHH8.H K8pTllH8 li3 naM.HTll C'IJ:ll'IHB88TC.H M8CCUBOM no illllHaM 

KAMAK u nepe'ABBTC.H B naM~Tb 9BM_no KaHaJIY np.HMoro 'AOCTYTia 3a 

BpBM.8 0,25 C. 
9JIBKTpOHH8.H 8IIII8p8'.1'YP8 conp.HlKBHU.fl C IBM PC/AT-386 

COCTOllT U3 KOHTpOJLJiepa Kp8:nT8 KAMAI{ ll ·Kap~- 8'A8IIT8pa, 

ycTaHaBJillBaeMo:0: Ha MarncTpaJib 9BM. CKopocTh nepe'Aa'l!ll 'ABHHblX 13 
pelK0Me K8H8JI8 np.HMOI'O 'AOCTYTI8 ~ 4 MKC/i6-pa3p.H.ri;Hoe CJIOBO. 
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OT6op 8HO,Il;Hl:lX CUI'H8JIOB no 8Mil1Ilfl'Y'AB ocymecTBJIBeTC.H rrpu nOMOIIll! 
.n;Htl$,pBHUll8JibHOI'O ,IJ;HCKpUMUHaTOpa, 38~8HU9 BpeMeHU SKCn03llUUU 

BJ:ffiOJIH.flBTC.fl C IlOMO!llhID nporpaMMUpyeMoro Ta:0:Mepa. )J,JIB 

onep8TllBHOI'O BU3Y8JibHOI'O KOHTpOJIB 38 pa6oT0:0: YCT8HOBKU 

llCnOJib3YBTC.H 4-X K8H8JibHI::J:0: 'ABC.HTWIHI:l:'1 C'l!B'J'llliK llMIIYJibCOB C 

illWlli8Ull9:0:. 

4. IIPOI'PAMMHOE OBECIIEtJEirnE 
)J,JIB npoBe~eHU.fl CTpYKTYPHl:lX llCCJIB~OBalilli:t C nDMOfilbID 

~YMBpHOI'O ~8T8KTOpa ll onpe~eJIBHU.fl OCHOBHl:lX ero xap8KT8pllCTllK 

C03~8H KOMIJJIBKC nporpaMM, KOTOpl:l:0: Bl:lIIOJIH.HBT CJI8,IU1I!llII!9 

IDYHKllllll-
1 ) . YnpaBJI0HUe aIIIIapaTYP0:0: KAMAK. 
BJIOKU KAMAK rrporpaMMHo MO>KHO H8CTpOllTb Ha Tpe6yeMyID 

KOHqM['ypaUllID npu noMonrn: COOTBBTCTByme:0: IIpOUB.nypl:l U3 

Ilp8,Iµl8I'89MOI'O CIIllCKa. K T8KllM nporpaMMHo-ynpaBJIBeMl:lM 6JIOK8M 

OTHOC.HTC.H: 6.JIOK rncrorpaMMUpyBM0:0: naM.HTll, C'IJ:B'I'lmK 8HO,IlHl:,IX 

CUI'HaJioB u rrporpaMMUpyeMI:l:0: Ta:0:Mep. KpoMe -roro, ,naHHa.H 

npoue~a 3a~aeT HYlKHl:l:0: pe:K0M pa6ow KOHTpOJLJiepa Kpe:nTa u 
K8H8JI8 KIJ,IUI. 

2) IlQJIY'll8HU9 .n;Hqip8KUllOHH0:0: K8pTllHl:l. 

Ilpoue.nypa BKJIIIJII88T pelK0M H8KOIJJI8HU.fl ~8HHblX B naM.HTll 38 

Bp8M.H Texp (OT CBKYH,IJ;l:l ~o ~8COB). Mo~a _pa6ow (llHKp8M8HT8UIDI) 

BIT64-f6 ll Bp8M.H Texp 38~8IDTC.H rrpe~aplIT8JibHO. 
3) Ilepe~a-qa ,IJ;Hg_ip8KUllOHH0:0: K8pTllHl:l B naM.HTb (03Y) 9BM. 

4)_3allllCb/-qT8Hl'[8 H8KOIJJI8HH0:0: Kap'I'lffiI::l H8/C TBep,Il;cl:0: ,Il;HCK. 

5) BI::JBo~ ~YMBpH0:0: rnCTOI'p8MMl:l (KapTllHl:l) Ha ,Il;HCIJJie:0:. 
Bi::JBO.IVITC.H 256x256 TO'll8K B f6 · UBBT8X, COOTBBTCTBYl(llJ.IlX 

llHT0HCUBHOCT.HM, 3apernCTpllpOB8HHI::JM B K8H8JI8X. . I'llCTOI'p8MMY 

MO>KHO Bl:lBO,Il;HTb B ~yx pe:K0Max: 1)C 38~8HHI::JM HIDKH0M ll BBp:nrnM 

nopOI'OM llHT0HCUBHOC'I'li; 2>c 8BTOM8TWI8CKllM HOpMllpOB8HU9M no 

MUHUMYMY ll M8KCllMYMY llHT0HCUBHOCT8:0: B K8H8JI8X. B 
8BTOM8TWI8CKOM pe:K0Me BpeM.H C'IJ:ll'IHB8Hll.H U3 naM.HTll ll Bl:lBO~a H8 

SKp8H, COCT8BJI.fl8T 7 C. . 

6) Bl:l6op ll npe~CT8BJI0HU8 O,Il;HOMBpHl:lX ce-qeHU:n ~YMBpHo:0: 
rncrorpaMMl:l Jlll6o no HDMepy xaHaJia (Ha ocu x Rlill z), Jlll6o no 
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6pSITOBCROMY yrJIY & • YrOJI HaRJIOHa, ' lllllpIDia H pacIIOJIO)l'.8Hlle 
ceqeHfilt rrpoll3BOJibHH. 

7) CT8lliC'!Wi0CRaH o6pa6oTKa BH6paHilliX ceqeHfilt. 
8) BHBo,n Ha ~CilJie:0: co,nepllillMoro RaHaJIOB (B BM0 MaTpmru 

qnceJI), "UBHTpa THlKeClli" H cyMMapH0:0: IDITeHCllBHOCTll B sa,naHHo:0: 
30He MIIK; pa3Mep 30:HH ,no 15x15 RaHaJIOB. 

5. OCHOBHllE IIAPAME'l'PH Li BBO,U IIOTIPABOK 

5.1. IlpocTpaHCTB0HH00 pasperneHlle 
IIpocTpaHCTBBHHOe pasperneH:He ll3M0pHJill, rrepeMeruaH RaMepy C 

rnaroM 0,2MM rreprre~yJIHpHo HarrpaBJiernno perncTpHpyeMoro 
Y3ROro rryqJta. PasMep rryqRa H8 BXO,Il;HOM ORHe RaMBpH (rrpoeRUllH) 
He rrpeBHlliaJI 0,15 MM (IIIIIIIB). 3aBHCllMOCTh pernCTpHpY0M0:0: 
IDITeHCllBHOCTll B RaHaJie OT BB~ rrepeMerueHHH ,IOIH 
UBHTpaJibH0:0: qacm RaMepH rrpe,ncTaBJI0H8 H8 pHC. 1 H 2. lllllpmi:a 
RaHaJia ITO OCH Z Ha ypoBHB TIOJIOBHHH MaRCllMyMa COCTaBJIHeT 
1,3 MM, Ha ypoBHe 5% MaRcHMyMa ~ 2,2 MM. lllllpmi:a RaHaJia no ocu 
X Ha ypOBHB TIOJIOBHHH M8RCllMyMa COCTaBJIHeT 1,3 MM, Ha ypOBHe 
5% MaRc:HMyMa - 2,4 MM. Ha p'Hc.3 rrpHBe,neHH "KpHBHe 
IIpOCTpaHCTBBHHOrO pa3p9lli0HHH" ITO OCHZ rrp:i,i: HaRJIOHHOM Tia,I{BHllll 
~a, ITepITe~yJIHpHoro OCH x, ITO,n y:rJI□M µ= 20°. lllllpmi:a 
RpllBO:t! Ha ypoBHe ITOJIOBHHH MaRCllMYMa COCTaBJIHBT 2,75 MM, Ha 
ypOBHB 5% MaKCllMyMa - 4,75 MM (3,65 K8H8JI8) BMBCTO 6,0MM ,IOIH 
AP,U-1. TaRllM o6pa30M, Ha Rparo MIIK (d= 20°). y,naJieHHo:t!·Ha 440 
MM OT ueHTpa roH:HoMeTpa, 6y;rryT pas,neJihHO sapernCTpHpOBaHH 
OTp8lK0HllH Ha paCCTOHHllll 5, 2MM ( 4, 0 RaHaJia) • IlpH penmTpaUllll 
OTp8lK0HllH B 4x4 KaHaJiax MaRCllMaJihHH:0: ITepHO,I{ perneTKU 

2 0 

a = RA/(cosd 5.2)= 150 A. max 

.rtJrn ,neT0RTOpa AP,U-1 rrpH perncTpaUllll UHT0HCllBHOCT0:0: B 5x5 
. ' 0 

KaHaJiaX a = 116 A [ 14] . max 
IlpH ITOBepHyT0:0: Ha 20° MIIK H paccTOHHllll KpUCTaJIJI-KaMepa 44DMM 
pasperneHlle c'.beMKll COCT8BJIH0T 2,3 i. 
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rue. 1. KpHBHe rrpocTpaHcTBeHHoro pa3pemeHHH rrpH 
HOpMaJibHOM ITa,I{eHllll Jiyqe:0: ITO OCH z. 
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me. 3. KpllBl:lB IIpOCTp8HCTB9HHOrO paspernelill.H npu 
na~eHUU JIYqe~ no~ yrJioM v= 20° no ocu z. 

5.2. HEO,UHOPO,UHOCTh ~EKTJ,IBHOCTM PEI'MCTPAUIIB no 
ITJIOIUA.m-! Mill{ 

Ilpu na~eHUU peH'ITBHOBCKoro nyqKa H8 noaepXHOCTh ~eTeKTOpa 
perncTpupyeMa.H UHTBHCllBHOCTh U3M9H.H9TC.H B COOTBBTCTBUU C 
.n;mrn:o:A: rrym ~e:A: B pa6oqe:A: rasoao:A: CMecu ( saanc.Hme:A: OT yrJia 

· na~eim.H u TOJIIIllIBl:l pa6o'(rnro oe5'!,eMa B ~aHHo:A: wqKe ) u .n;mrn:oa 
rrym ny~a B BOS~e. onpe~e~eMOM reOMBTpUB:A: C'b8MKU. Ee~ 
nepeMemaTh (CM. puc. 4) peH'!TeHoBc~ rryqoK (pasMepoM 7X:/ 

,KaHaJioB) no ace:A: KaMepe, noaopaquaa.H era c Ma~ rnaroM BOKPyr 
oce:A: µUY, TO pernCTpllpYBMa.H UHTBHCllBHOCTh ~8BHO y61:lB89T OT 
llBHTpa K KP8.HM KaMepl:l. MaKcUMaJibHOB na~eime COCT8~8T 14%. 
3TY' saBUCUMOCTh MOlKHO npe~cTaBUTh B. BMB rJia,IJ,Im:A: 
n□BBpXHOCTU - .I(BYMBpHO:A: qJYHKI-Ulli. KOOp$IB8T X U Z. 
Kos!l$nmeH'IH, xapaKT8pU3YlllIIHB HBO,Il,HOpO,Il,HOCTh, p8BHl:l OTHOlIIBIOOD 
USMepeHHl:lX UHTBHCllBHOCTe:A: K M8KCUMYMY.qJYHKUUU ['.[3). 
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me. 4. cxeMa c'beMirn B KOOp$IliaTHOM 
,IJ,U(ppaKTOMBTpB. 

)tJIB Bl:lqucJielll.H nonpaBO~ ( o6paTHl:lX) KOS~mmeHTOB 61:lJI8 
paspa6oTaHa CJIB,IJ,y]!]lla.H MBTO.IJ,HKa. Ilepe~ HaqaJIOM pa60'Thl CHUMalOT 
Tpll saBUCUMOCTU UHTBHCllBHOCTU OT K00p,D,UH8'IH Z (3 ceqelll.H): 
,IJ,JIB X=30, X='.[28 U X=220, KOTOpl:le UHTepnOJiupyIOT KB8.D,pafflqHl:lMU 
napa60JI8MU. ,UaJiee IIpOBO~T HOpMupOBKY rryTBM ~eJieHH.H. ~cex 
KOS!l$nm9HTOB napa60JI Ha MaKCUMaJibHOB 3Haqeime llBHTpaJibHO:A: 
napa60Jil:l. qepes TpU TOqKU smx napa60JI, UMem,ue Koop,nmraTY z 
TaKyID me, KaK B TO~e. B KOTOpo:A: BBO,IJ,UTC.H nonp~BK8, IIpOBO~T 
KBa.npa~ napa60.JIY. Tor~a nonpaBo~ Koa!l$nmeHT paBeH 
o6paTHOMy3H8'q9lOOD STO:A: napa60Jil:l B TO~e x. IloCJie BBB~Blill.H 
nonpaB□K cpe,D,HeKBa.npafflqlioe oTKJioHeime no Bce:A: KaMepe 
COCTaBUJIO 0,6%. MaKCUMaJibHOB OTKJIOH8Iill9 mrrBHCllBHOCTU IIOCJI8 
BBB~Blill.H rronpaBKU ,IJ,JIB ~a,-usMepeHHoro B03JIB KP8.H .K8M8pl:l, 
COCTaBUJIO HBMHOrUM 60Jiee 1%. BpeM.H pacqeTa nonpaBKU B O,IJ,HO:A: 
TO~e ~ 4x1□-4 c. 
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5.3. HEO,UHOPO,UHOCT:b IIMPWill KAHAJIOB 
I 

(,ml:~EPEHmW!bIWI HFJlliHEWIOCT:b) 
Heo,IUiopO,IUIOCTb nrnpmn,I K8H8JIOB B OCHOBHOM onpe,neJI.H8TC.H 

H8p8BHOM8pHOCTbID JI3, 8 no OCR 2 - T8KlK8 H80,nHOpO,nHOCTbID mara, 
8HO~ mrre« U ero H8COrJI8COB8HHOCTbID C maroM ,nHCKpeIB381JlIB 

BIUI. 
ECJlli oc5.Jiyqwrb MITK T8K, . ~TOC5H :tffiTeHCHBHOCTb ruraBHO 

ll3M8~JI8Cb no ruroma~ K8M8pH, TO no.nyqeHHHe nocJie 

CYMMHPOBa~ ,naHHlil no C'I'pOK8M ll CTOJIC5UaM 38BUCllMOCIB MO>KHO 

omcaTb rJia,IJ;Kmm aHaJill'IWiecKmrn ll>YHKUIDIMU u BH~rnc~h 

KOaqxIM[meirru, paBHble OTHOlli8HliID co.nepl!mMoro K8H8JIOB K 

3H8~8~ STKX ~YHKillnl B COOTBBTCTBYXlil.llX TO~ax. Ilpu T8KOM 

no~o.ne ll3M8p.H8TC.H IIp8Kffll!8CKli ~KO ,IUi~pe:mm:aJibH8.H 
He~e:RHOCTb [f3J. 

TaKym "38CB8TKY" MilK IIpOB0,1.J;itllli, pernC'I'plipY.H ,D;Hipp8KUliOHHYID 

K8PIBHY, B03HliK8llllJ.YID npu OC5Jiy~eHlili CTeM8. Cpe,n;H8KB8~8ffll!H09 
O~OH8Hli8 no OCll 2 COCT8Bli.JIO C =f,5%; no OCll X - C = f,2%. 

Z . X 

IlocJie BBe,ne~ nonpaBOK - c
2

= 0,7%, ex= 0,5%. BpeM.H, 
Tpee5yeMoe ,D;Jrn BBe,ne~ nonpaBoK no Bee« ruroma,IJ;H ,neTeKTopa, 

COCT8~8T 2 C. 

5.4. rEOMETPWIECKA5I (IDITEI'PA./Ib!WI) HFJIIDlillffiOCT:b 
Ilo,n; reOM8'I'pIBI8CKO« H8~8:0HOCTb10 .neTeKTOpa nDHHM8IDT 

O~OHe~·ll3M8peHHHX "U8H'I'p0B T.HlKSCIB" ,IJ;Hipp8KUliOHHHX MTeH 

OT KOOp,nHHaT, pacc~liT8HHlil no yrJiaM v U Y, no.n KOTOpblMli 

H8IIp8M8H ny~oK. reoM8'I'pIBI8CK8.H He~e:RH:ocTb K8M8pb1 B 

OCHOBHOM CB.H38H8 C H80,IUIOpO,n;HOCTbID JI3 U Kp88Bb!Mli 
8~KT8Mli C f5J . 

,ll;Jrn yTO~e~ KOOp,nHHaT peq>JieKCOB paspa60T8H8 M8TO,D;HK8 
BB8,U8~ nonpaBOK. Ilpu · STOM C,U8JI8HO npe~OJIOlK8Hli8 , . ~TO 

reOM8'I'pIBI8CK8.H H8~8:0HOCTb H8 MB~eTC.H co Bp8M8H8M U 
OTCYTCTBY8T B38liMH8.H 38BUCllMOCTb He~e:RH:ocw« no DC.HM XU z. 

3aBUCllMOCTb OT pacCTOHHliH KpUCT8JLJI - ,U8TeKTOp .nonyCK88TC.H. 

~ onpe,n;eJieHHH nonpaBOK npoBo,nrurn: MB.DYKllllle npoue~bl. 
IlepeMema.H ~OK, KOTOpbl« npu HOpM8JlbHOM na,n;eHlili YM8fil8JIC.H B 
KBa,n;paTe 7x7 K8H8JIOB, npu µ=:0 CHHM8.Jlll C8~8Hli8 no X C maroM 
~Y= 1° u rrpu Y=0 - ceqeHHe ITO z c maroM ~µ= 1°. Ec.llll Rx u R

2 

IO 

- paCCTO.HHli8 .no K8M8pbl, Bblp8lKSHH08 B ~CJI8 K8H8JIOB no X ll no 
Z, TO ,IJ;OJI>KHbl Bbln~TbC.H COOTHOlli8Hli.H: 

Xi= X
0

+ Rx.lg(Yi), 

Z.= Z + R .lg(µ,). 
J. 0 Z J. 

(1) 

(2) 

,UJI.H o6omc Ha6opoB 8KCnep1iM8HT8JlbHblX ToqeK I1p0B0~ 

liHTepTIOJI.HllliJD IIp.HMblMll. MaKCllM8JlbH00 OTMOHeHHe no OCll Z - He 
60Jiee. 1 KaHaJia, no ocu x - He 60Jiee 1,4 KaHaJia. 3Haqe:mrn 'B 

TOqKax 20,30,40, ... ,240 (Kpa«Hlle 15 K8H8JIOB IIpll U3MepeHHHX 

06H~HO He pacCM8'I'pllB8IDT) 6bl.Jlll IIpOTa6y~OB8Hbl. IlpUBHqUCJI8Hlili 

U8H'I'p8 T.H~ecm pe~e~ca .no6aM.H8TC.H nonpaBK8, nOJI~8HH8.H 

nyTeM ~e:RH:o:'1 liHTSpn~:r.um TIO ~YM TOqKaM, MeMUzy, KOTOpblMU 
nona.naeT sHaqeHHe Koop,nHHa'Thl z ll.Jlll·X. 

,UJI.H npoBepKU S~KTIIBHOCIB BB8,IJ;8Hli.H nonpaBOK IIpll HOBO« 
YCT8HOBKe K8Mepb1. CHaqaJia onpe.ne~Jili Rx U Rz , pema.H yp8BH8~ 

(1) ll (2) MeTO,IJ;OM liHTepnOJI.HIJlIB IIp.HMblMU. ,U8JI88 npu ITepeMemeHlili 
nyqKa no ,IJ;HaroHa~M K8M8pb1 (M8KCllM8JlbHO "H86Jiaronpn.H~" .IiJI.H 

.ne:'1CTBll.H TIOIIp8BOK Bi3pnaHT) .IiJI.H STUX Rx ll Rz, YlKS C yqeTQM 

paHee no~qeHHl:J:x nonpaBOK, CHOB8 IIpOBO,nrurn: liHTSpn~IlliJD

Cpe,n;HeKBa~amg:Hble o~oHemrn no z npu HHTepnOJIHIUm , .no 

BBe,U8Hli.H nonpaBOK COCT8Bll.llll ~1=0,5, ~2=0,4 
K8H8JI8. COOTBeTCTBeHHO, nocJie BBe,UeHH.H nDIIp8BOK - ~f=0,1, 
~~=0 '2 K8H8JI8. Cpe,n;HeKB8~8TiflHble O~OHemrn no ocu X .no 
BB8,IJ;8Hli.H ITOIIp8BOK COCT8Bll.Jlll ~1=0,4, A2=0,5 K8H8JI8. IlDM8 

BBe.ne~ nonpaBOK - Af=0,3, ~~=0,3 K8H8JI8. BpeM.H BBe.nemrn 
-4 

nonpaBOK B O,n;H0:'1 TOqKe COCT8M.HeT OKOJIO 10 c. 

5. 5. ITOTEP:0: C<IETA ITP:0: OB.1IY9EHillf BCE:0: IIJIOlllA,IUf Mill{. 
IloTBpll cqeTa B UCCJI8.IIY8MOM 

BpeMeHHHMH xap8KT8pllCTilli8Mll JI3. 
,n;eTBKTOpe 

Ilpu nepe,naqe 
onpe,neJI.HIDTC.H 

,U8HHHX ITO 
UHKp8M8HTHOMY K8H8~ noTepll C~8T8 IIp8Kffll!eCKH DTCYTCTBYIDT. 
IlOTepll cqeTa 6(n,T)= (n-u)/n, 06YMOM8HHH8 M8pTBblM Bp9M8H8M 
T, MO~O orrpe,n;eJilITb no qx:ipMyJie r 13) : 

6(n,T)= 1- exp(-nT)/(1+nT). (3) 
3,n;ecb n- liHTSHCllBHOCTb, KOTOpa.H 6blJI8 6bl sapernC'I'pllpOB8H8 693 
ITOT8pb, u- U3M8p8HH8.H liHTBHCHBHOCTb. 3HaqeHHe n onpe,ne~.Jlll no 
8HO,IJ;HOMY CurH8JIY C KOppeKTiipOBKOfi no M8TO.ny "O.nHOfi (fx)Jlhrn". 
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3Ha'tleime T Haxo~. onpe,neJIR.H no MHK MillillMYM IPYHKIDlli 

N 2 
r(T)= ~(6(n. ,T) - (1- u./n. )) , 

{=1 • • • 

r.ne N - "IIBCJIO ll3Mepe:mnt. 
II□.nyg:BHO 3H8't19Im9 T= 1,11 ± 0,01 MKC. OTKJIOHBimB 

8KCnep1™BIIT8JlbHHX TO'tlBK OT 38B:0:CIDdOC'rn · (3) HB Ilp8BHIII8JIO 
onrn60K CT8'rnC'rnK:0: C'tl8T8 BIJJIOTb ,no 3arpy3K:0: 2x10

5 
:0:MIT./C,· 'tl'I'O 

COOTBBTCTBYBT nOTBP..HM,C't18T8 37%. ,Urul ,nso:Cmoro KOMIJJI8KT8 BI.UI 
T=0,56MKC >! noTBp:0: C'tl9T8 ,IJ;JI.H npe,neJibHoa 3arpy3K:0: 33DKI'U 
·COCT8B.HT 30% C15J. 

s.· sAKIImEimE 
OTHOC:wrBJibHO M8JI8.H TOJlllUlli8 KOHB8pC:0:0HHOro CJIO.H~ BHCOKOB 

rrpocTpaHcTBeHHoe pa3pemeime, 60Jlbm·oe "IIBCJIO KaHaJioB (25Dx250) , 

BHCOK:0:8 O,nHOpO,nHOCTb a(JxlaKT:0:BHOC'rn perncTpawm: Ii llilip:0:HH 

----,l,uHn.· 
~)000 ,------..------..------..------..---------. 

8000 1-

7 000 I-

6 000 

f:; 0 0 0 

4000 

3000 

;::.ooo 1-

1.()()() I-

q.., 
,: .. 0 

I 

! .. 
:- ·: { ~:: 

.. :: ~-· 
::.-:· !. 

····•:· . ..... 

:· ~i;~ ~: 
•ii.J :n j\ ;H 

.. ' 
• 1 

'-f*J ..,,,_.Ji~ ;J!; j\ /, • 
• ' a: • : : ' ,_ ~ • ; I·, 1! . • f,A. f'-w °\ \.Jt_ 1'\_4_/"v-.f t An J\. f\j\j'i'\'• ~- . .,"I~,..,...,,,"" 

~lO 40 so 60 

P:0:c. 5. ,llli(J)paKTOrpaMMa Si 3N 4 , nQJIY't18HH8.H np:0: 
pac'tleTB no Bcea IJJioma,IJ;li ,neTBKTOpa. 

12 

. ,, 

70 I 

28,2poa 

K8H8JIOB, reOMBTpWIBCK8.H JI:0:He!lliOCTb, BHCOKOe 61:mTpo,neacTB:0:e, 

IlpOCTOT8 KoppBKT:0:pOBK:0: YK838HHHX napaMBTpOB Ii CKOpOC'rn C'tleTa, 
:0:Cn□Jlb30B8Im8 8BM IBM PC/AT-386 ,neJialOT omcaHHHa ,neTBKTOp 
y,no6HblM ,IJ;JI.H ·pemeH:0:.H caMoro illlipOKoro cneKTpa ·3a,n;a-q 

peH'ITeHOCTpYKTYPHOro aHaJill3a. B Ka-qecTBe npmdepa 

:0:Cn□Jlb30B8Hli.H ,n;eTBKTOpa ,IJ;JI.H :0:CCJI8,I{OB8Hli.H n0Jl:0:Kp:0:CT8JLJIOB Ha 

p:0:c. 5 np:0:Be,neHa ,Il;lilPJl8KTOrpaMMa Si 3N 4 . , · no.nyg:eHHa.H 38 1 · 

M:0:HYTY 8KCn03:0:wm:. 
B Ta6.mrue 1 np:0:Be,neHbl OCHOBHble napaMBTpH ,n;eTBKTOpa. 

Ta<5.mma 1 

OCHOBHI:le napaMBTpl:I lU3YM8pHOro ,ne"reKTOpa APn-1M 

1. 3qxlBKTllBHI:ill o<n,eM ,newKropa , MM3 320x320x8 

2. IIpocTpaHcTBeHHoa pa3peme1me n6 oc.RM x 11 z, MM 1, 3 

3. __ lJRCJIO 8JI8M8HTOB IlpOCTp8HCTB8HHOro pasperuaHlUI 246x246 

4. lJRCJIO K8H8JIOB B rncrorpaMMHo:R naMSl'rn 256x256 

5. 3qxlBKTill3HOCTh penmTpamm ~ CuKd - 1IBJIY118Hlffl, · · % 65 

6. Heo,D;Hopo,D;HOCTh sqxlBKTHBHOC'rn IlOCJIB BBe,neHlUI nonpaBKR, % . 0,6 
7. Heo,D;Hopo,D;HOCTb nrn:pRHI:l K8H8JIOB 

(cpe,D;HBKB8,DJ)8'l'Wlll08 OTKJIOH0Im8) 
,no_BBe,neHlffl nonpaBKR, % 

noCJie BBe,neHlUI nonpaBKR, % 

8. reoM8TpWl8CK8SI H8JIRHe:RliOCTb (cpe,D;H8KB8,DJ)8'l'Wlll00 
' ; • ' :,._, < ;•, ' 

oTKJIOHBima), noCJie BBa,neHlffl nonpaBim:, MM 

no x 1,2 
no z 1,5, 
no x 0,5 
no z 0,7 

no x 0,4 

no z 0,25 

9. IIpe.n;eJililiaSI cxopocTh cqeTa np11 nowpsa: ~ 30%,mm/c 3,3xrn5 

(a·c.nyqae nao:RHoro KOMIIJIBKTa BUil) 

10. 3H8pr8'ffi'q8CK08 pa3p8W8Im8 (CuKd), IIIIlIIB, · % 30 

11. Co<5CTB8Hmnl qoH ,D;0T8K'l"Opa, mm/C 40 

12. Pacxo.n; ra30BO:R CM8CR Xe+ 20% CH4 + 3% C2H60H, CM3/MRH 10 
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