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0nHCSHB8 M8TOna 8ETO!@TJq8CKOrO KSM8Q8BJ! 
penepBHX xpecTo:e E CH 

B CBHSH C 'reM, 'qTO o6uiee 'qHCJIO li3M8.PJ18MiiX penepma ItpecTOB 
E CH OCiutmo Be npe:Bl:llll8eT 4-x, MODO EB8CTK E annapaTypy 4 ca
MOCTOST8XbBHX wooro~T1lBRa • npoxa:eo~b HSMepeBHH xoop~aor 
KpeCTOE npaKTK1ieCKH OAROEpeueBBO. Taxol M8TO~ C HCll0XbSOE8BK8M 
llleJie:eol v -oeipasaol aneporyps, opxeaupo:eaBBol :e BBnpaBJieBD 
"nxeq" xpecor~peaxxso:eaa :e aaaxorK1lBHX HSMepHTeXbBBX CHCT~~ 
H UOK838X ~OCTSTO'qBO EBCOKyD ~eRTKEHOCTb OCiBapyxeRBH penepBHX 
RpeCTOE npH OCipaCioTKe KaMepBHX CBHMKOJ!. 

Ha pRe. I oCi'l.ll:cH.B:eTc.a ~ammiri MeTo~ WBRcamm xoop,IUIB8T xpeo
TOE, a H8 pRC. 2 npHEe~eBa EpeMeBBaa: .J1.)larpaMMa Elf.l{80CBI'B8X8 l! 
OTcqeTHOI CRCTeMe CiJIORa. OCimHi Elf.lt R pacnOJIOZ8BHe CT8KJIOBOJIOROB
HHX woTo~aTqRRoE Cixoxa AHR, paapaCioTaHHoro .rtJJJI CH, noKaaaa Ha 
pRe. 3. Pa3M81118HR8 3THX ~ST'qJ!ROl! onpe~eJllleTCJI ROHRpeTHHM 3RCne
pHMeHTOM, E 38EHCHMOCTR OT H8H8CeHHH penepHHX RpeCTOB Ha CT8RJI8 
RaMep!l. 
~ E!l'liRCJieHRa xoop~aT ueaTpa penepaoro xpecTa zsuepz

TeJibHlli CTOJI C 3~KKCHpOE8HHBM E ~KHbMOEOM K8H8Jie Ka~pOM co
EepmaeT HeCKOJibKO (2-4) EOSEpaTHD-llOCTynaTeJibHHX ~BKE8HHB l! so
He pacnoxoaeHEH xpecTa, npx aTOM HsoopaxeaHe nxeq x~oro HS 
HSMepaeMHX xpecTOE ~oJIEHo no xpaiHel Mepe ~a~ nepeceqb coo~ 
:eeTCTEYDJIYilllleJieEYJ) v -oeipaSHYD anepTypy woTo~aT'IiBRa. TaRHM 
oCipasoM, Ha xa~oM nxe'lie xpecTa WKKCHPYJ>TCH He ueHee ~yx Toqex, 
llO KOTOpHM E llOCJie~eM H Ell'liHC~TCJ! KOOp~8T!l U8BTp8 RpeCT8. 

llHSKaH KOHTpaCTBOCTb HSOCipazeHHH RpeCTOE H BSXH'qHe ~ORa 
noTpeCiOESJIH EEe~eHHH 8l!TOM8TH'Ii8CROI peryJIHpOEKH ycHJieHBH (APY) 
E EB.ll.eOKaBSJie AHR. ~ aororo Ci!lJia Rcnox7sraBS paaee paapaeioTaa
Haa: cxeua APY ~ OTC'IieTBoro xaHaxa CH 3 . Kpowe Taro, BOS
Moxea nepeKOC ~pa npH ~HKC6UHH era B ~HJibKOBOM KaHaJie H3KepH
T8JlbHOrO CTOJia P., KaK CJI8~CTBH8 3TOro, H3M8H8HHe ~JIHT8JlbHOCTP. 

~pOHTa BH~eOCHrHaJia. ~JIH llOBHlli8HHH TOqHOCTH ~P.KCaUHH KOOp~HHaT 
ToqKH nepeceqeHHH HsoOpazeHHH KpecTa H v -oOpaaaoR anepTypH 
B STHX cJiyqaax 01W paspaOoTaH OnoK ~opwEpoBaTenel! BH,D;eocmrHaJIOB, 
oO~aa cxewa KOToporo noxasaaa Ha pHc. 4. 
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PHc. I. Cxeua pacnoxoxeBHB V -oeip83BHX ~T'IiKKOE. 

B 1'1~8 OCHrHan 

BHX0,1( 
ilJOpMI'IpOB8T8JIH 

BepXHHtf 
perHCTp 

CHrHaJI 
npepHBSHHH 

OB c6poca 
Bepx.perHcorpa 

CHrHaJI 
c6poca 

Cpe.1(Hl'IM 
perHcTp 

Tx 

T1 <T, <T.oc~ 

Pxc. 2. BpeueBHaa: ~rpaMMa peXHMB HSMepeBBH xpecToE. 
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PHc. J. Od~A B~ H pacnonoxeHHe CTeKnoBonoKOHHHX woTo~aTqHKOB 
dnoxa AJlK. 
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ExoK WOPMBpOES~e
xel E~eOCBrRSXOE 

E 6xox 
AHK 

~ 

PB:c. 4. JiorH'IecKSJl cxeMB o6pa6oTKIII E~eoc~~~raaJia. 
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B CEHSK C TeM, q'l'O HSMe]eHKH npOKSBOAaTCS na]a~eBDHO ~ 
Bcex xpecToB, E~eocmraaxa co Bcex V-o6paaHHX anepTyp MOrYT 
EOSHKRB'l'D noqTH O~OBpeMeHHO. ilOSTOMY ~ corxaCOEBHBK EO Epe
MeHK OTcqeTa KOOp~aT xa.nOMY ~OTO~B~HKY E~exeH C06CJB~ 
BXO~ B MYBDTKnnexcope nporpaMMHoro npepHEaHHH (Mllll) CH 4 • 3To 
nOSBOBHeT, C yqeTOM npHOpHT6TOB B 00CByxHB8HHH 3aHBOK, 06ecrre
~D ~6SBYD ~HXca~ Toqex aa nxeqax xpecTOB ~ze E CByqae 
QnHOBpeMeaaoro nocTynneHHR cmraaxoE npepHEaHKH oT Ecex ~oTo~aT
qHKoB* 

On&caHHe cTpyxTypaoi cxeMB 6noxa AHK 

CTpyxTypaaa cxeMa 6noxa AHK (~ o~oro xpecTa) npe~cTaEne
aa Ha PKC. 5. CxeMa CO~epDI'l' ,ItEa OCHOEHHX periiiCTpa - HllJitlU'Ii III 
EepXHJI1i. llepBHI CBYDJ:T ~ '1'8CTOEO~ npoEepRIII pa60TOCnOC06HOCTH 
ECero 6xoxa, ETOpoi - ~ ~OpMIIIpOEBHHR HMITYBDCOE npepHESHHH KBR 
Herrocpe~CTEeBHO 0'1' EXO~HX E~eOCHrHSBOE, TBK 111 np111 TSCTOEOM 
pe&HMe. Paap.a:.zu,t C 0 no 3 Jll!JIJmrCJi KOMB~HMH H MflraT ~ yn
paBBeHKH pa6oToi Bcero 6xoxa, a paap.a:.zu,~ c 4 no II HcnoxDSy.DTCJi 
~ MaCRHpOESHEX CHrHSBOB npepHE8HEH 0'1' COOTES'l'C'l'EfDmHX KpeCTOE 
(Ta6n.I). B annapaType npe~CMOTpeHa EOSMOEHOCTD 6xOKII1pOEKII1 npe
pHEaJUlll Ecero 6xoxa AHK o~oEpeMeaao ( OpaapH,JJ, = 0). CocTOJmHe 
I-ro paapH,JJ,a HKEHero perHCTpa noSEO~eT cqHTHESTD E CYMMSTOp 
aBM pas~ c 4 no II HH&Hero HBH Eepxaero perHcTpOE ~ noCBe
.JlYDQe~ npoEepKH. B Ta6JUm;e 2 npne~eHH KOMBH.Jni ynpaExeHKH 6Bo
KOM. 

nna npoEepKH pa60TH ECero 6xoxa ARK III onpe~exeHHH npaERnD
HOCTIII ~OpMHpOE8HBK KO~OE a~peCOE E MITll (Ta6n.J) E annapaType 
npe~CMOTpeHa EOSMOZHOCTD HMHTSQHIII E~eOCHrHBBOE ~OTO~a~HKOE H 
CHrH8BOE npepHEaHHH ~RH KS~oro KpecTa. nna 3TOrO COOTEeTCTEY
~ EH6paHHOMY nxeqy xpecTa paapH,JJ, HK&Hero perHcTpa ycTaHaExH
EaeTCJi E "I" H aanycxaeTCJi HMHTaTop E~eocmraaxa. 

nna O'l'B8~ III HSCTpoiKH annapaTypH 6uxa paapa60T8HS cne
q&aBDHaH TeCTOEaH nporpaMMa (6nox-cxeMa ee noxaaaaa Ha pzc. 6), 
xoTopaa HcnoxDayeT ~zcnxei OC CH. TeeT noaEOXHeT npoEepHTD pa6o
TY o6oux perzcTpoE. HHxHHi perHCTP npoEepHeTc.a: aenocpe~cTEeBHo 
3aiTHCbD H cqHTHBaHHeM KO~a 1113 3BM, 111 np111 H8COOTE8TCTEIIIH KO~OE 
aa ~cnxei E~aeTCH ~araocTHKa, yxaaHBaDman rrpe~rronaraeMyv omH6-
xy. llpH 3TOM rrporpauua rrepeBO~HTCH B ~HKR rrpoBepKH ~RR OTHCK8HHR 
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Ta6x~a I 
topuaT aTaTycuoro (HKKHero) perHcTpa penepusx xpeaToB 

AC(}:I - Bbl 

CtrHTaT:& B AC 

"'------v---'~~"----v
KpeaT I KpecT 2 KpeoT 3 KpeaT 4 

Ta6mtzta 2 
Kouau~bl ynpaBxeHHH 

65II - sanHaan - "0" (AC4+II = 0) 
6512 - -"- - "I" (AC4dl = I) 
65II H AC2=0 
6514 H ACI=O 
65I4 1'1 ACI=I 
65I2 H AC3=I 

c6poa Bepxuero perHaTpa 
- OliHTaT:& HHZHHM perHOTp (o6paTHHM RO~) 

-"- BepxuHA -"- (npuuoa RO~) 
- pa3pemBT:& npepb1B8HH6 0'1' B06X RpeDTOB 

65I2 H AC(}:I Bblpa6aTHBaeTcH I HKnyX:&c cHruaxa nxetra H 
ecxH AC4tii CO~epli!HT "I", TO Bblpa6aTb1BaeTQH OOOTB6TOTBYIIUUII 
Hunyx:&c npepblBaHHH no ~auuouy nxetry ~aHuoro RpeaTa. 

Ta6xH~a 3 

A~peca B pe3H~eHTe uyX:&THnxeRcopa nporpaMMHoro npepHBaHHH 

13II - nnetro I } xpecT I 1301 - nnetro I } RpeoT 3 13I2 - nxetro 2 1302 - mretro 2 
I3I3 - n;neqo I } RpecT 2 1303 - nnetro ! } RpeoT 4 13I4 - nnetro 2 13CJll. - nxetro 2 
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Pxc. 6a (npo~o~HHe) 

06eny.EHB8HHe npepHBSHHR OT 060HX nneq Beex KpeeTOB 

BH.z~an Ha .z~Hen 
) ··- ~ •-I ne~ eoo6m. 4 

UHKn npo:BepKH 

Ta6nHua 4 

Ta6nHua ;n;HarHocTHKH TeeToBo~ nporpaMMH "AIIIK" 

Coo61l!eHI'!R 

0 - CTapTo:Boe eoo61l!eHHe 
I - 3amtei>/et~HTH:BaHHe "I" :B HHlltHH~ p-p H;n;eT He BepHo AC=XXXX 
2 - TeeT Haxo;n;HTeR ll HHllteHepHOM UHKne. ITpo:BepHTI> aanHei>/etiHT~ll. 

3 - 3anHei>/etiHTblll8HHe 11 011 ll HHlltHHl1 p-p H;ZJ;eT He :BepHO AC=XXXX 
4 - TpHrrep :BepxHero perHeTpa He e6paehlBaeTcR no a.z~pecy nnnn 
5 - TpHrrep :BepXHero perHcTpa etiHT~:BaeTcH He :BepHo no a.z~peey 

6 - He H;ZJ;eT HMIIYHI>C rrpepHllaHHH no a;n;peey nnnn 
7 - TeeT Haxo;D;HTeR ll HHllteHepHOM UHKne. ITpo:BepHTI> .z~aHHH~ a.z~pee 

8 - He H;n;eT HMnyni>e npepbiBaHHR oT aa;n;Hero wpoHTa OB no a.z~peey 

9 - HHlltHH~ perHeTp pa6oTaeT :BepHo 
IO - BepxHH~ p-p pa6oTaeT :BepHo. Bee eHrHanhl rrpephi:BaHHl1 

BhleTaBnR~TCR npa:BHni>HO 

X X X X- eo;n;eplltHMoe eyMMaTopa, yKa3bi:Ba~mee HeHenpa:BHhltl paapa.z~ 

nnnn- a;n;pee peaH;n;eHTa MIIIT 
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H8HCnpaBHOCTH.lna npOB8pKH BepxHero perHCTpa(r.K. OH H8 fD~aB~·-
HS SBM) ycranaE~aerag Tpzrrep ~HHoro nneqa ~aHBoro xpec~a 
HJIDIHero perHCTpa E "I" H C UOilO~Il Hld!Taropa COOTBeTCTBYJ)JIPI rpxr
rep sepxHero perHcrpa raxze ycraaaBnHBaerca B •I•. 3are• aanyc
xaeTCll O.IlHOEH6paTOp (T = !,5 MKC), KOTOpd H EB.JtBeT mmyJU.C npe
pHEaHWI. llpH OTCYTCTEHH CHI'll8X8 npepHE8Bllli TeCT 'faDe nepe:BOJt]il'l'
Cll E ~ npOEepRB ~ OTHCXBBBR HeHCllpSBHOCTH DO yxBS8HHOMY H8 
.lUICrrnee a.npecy E pesueare Mini, coonerCTEYDJieMY ~HHOMY xpecTY • 
.lLrui E:WXOM HS IUKJ18 npoEepXH He06XO,IUOIO HBZBTI> MBBHIIIY •c" H8 
nyJII>re .lUICDJitm, no xoTopol ynpaB.Ileue nepe~ae'l'CH B Haqa.no Teo
TOBal nporpSMMH • 

B TS6JIJ!lle 4 npoe~eHH cooOO!eBBR, EimSBaeMBe H8 axpan ncn
.neH EO EpeMK pa6oTH MHHOi TeCTOEOI nporpaMMH. 

0nHC8HHe 0~ nporpBMM ynp8E.J18HRK H KOHTpOXR pa60'l'Oi 6.no
xa AHK, EXO.lt~Illtl~X B 6H6JIHorexy onepSlUtoHHol cKCTeMB CH, 6y~e'l' 

npHEe~eHO E O'l'~eJII>HOI pa6ore. 

PesyJII>TBTH HOnBTBHHi 

Paspa6oraHBHi 6noK AHK H ero nporpaMMHoe o6ecneqeHJte 6HJIH 
HCDHT8HH npH H3MepeHHH penepHHX RpecTOB H8 CHKMKBX O.IlHOMe'l'pOEOI 
EO~oponol xauepu KBS OHHH. OcnoEHaa ~eJII> npoBe~eHHHX HCOJI~o
EaHBI 88R.J1Dq8JI8CI> E OllTHMHS8nBH napaMeTpOB pe3KMS H yYeHLBeHBH 
o~ero Epeueu HSMepeHHR penepHHX KpecTOE ~o EeJIJtqHBH, cpBEHB
MOi C EpeMeHeM cnHp8ni>HOrO CRBHHpOBBHBR. EcTeCTBeHHO, q'l'O npx 
aTOM ne ~oJIKHa yxy~aTI>Cll Toqaocri> zauepeBBa (~eHB orcqera xo
op~ar cocraBXHeT 2 MKM), a EepOHTHOCTI> o6H8pyzeaaa penepaoro 
Rpecra H8 K~OI npoe~ He ~OJIKH8 6HTI> xyse 0,9, TOrM ~OMe
pH OT~eJII>HHX KpeCTOB E pyqHOM peXHUe He 6y~ npHEO.!UITI> K 3&
MeTHOMY YEexmqeRHD o6mero EpeMeHH o6pa6oTKK co6HTBX. 

B YCJIOEBXX KOHKperHOR CKaHHpymmel CHCTeMH CH pemeHHe STOI 
sa,naqH CEO.lUITCH,~BKTmqecKH,K EH60py OllTHMBJll>HHX COOTHOmeBBI 
Me~ CROpOCTI>D, aMnJIHTY~O~ H Ro;rmqecTEOM E03Ep8TBQ-llOCTyna
TeJII>BliX ~HXeHEA HSMepHTeJII>BOro CTOJI8 E SORe pacnOJIOZGHBX 
v -oOpa3HOH !ljenesoa aneprypH. B ~aHHOil cnyqae orpaHHtieBBe cxo
pocrH 38EHCHT He TOXI>RO OT nepeXO~ xapaKTepHCTHR CTOX8, HO 
H OT EpeMeBH peaKUHH ~cneTqepa onepa~OHHOI CHCTeMH CH no o6-
CJIYXHE8HHD CHrBBJIOE npepHEaHHH • .lLrui ~aHHOrO pezBMS, e yqeTOil 
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KOHKpeTHOA BeXH'IHHH sarpySKH np~eccopa ynpa~el 3BM, 8~0 

EpeMH COCTSEnger npHMepHO 0,3 MC S/. 
AMnXHTy~ H xonuqecTBO KO~e6aBHI HSMepHTex&HOrO CTOXS OD

pe~enHDTCR TOq)IOCT:&m OCTSHOBB ~a E ~~onpo~OM ycTpOIC~ 
Be CH (.lUUl CIUDIROE OAHOIIeTpOBOI BO~OpO,llBOI R8JiepH JIB3 'l'Oq)IOC~:& 

OCT8HOE8 paBBSeTCS npBUepHO 2 MM E ITXOCKOCTB ~eHKa). KpOMe To
ro, SSMeTHOe EJIHSJlKe HB BeJllABlly 8JI[IJ[]I'ey',1Uil OK8SUBaeT T&De pas
xaqae E topMe penepHHX xpecTOE ua pasBBX npoeKQKSX ciUDIRa. 

c yqexou Bameyxa3aHHHX 3aBHCHMocxeA B peayxhraxe npoBe~eu
HHX HCCX~OESHBi Y~SXOC:& ~OBeCTH O~ee BpeMH H3MepeUBR penepBHX 
KpeCTOl! ~0 l!exaqBBB T = 6 c. llpB &TOM CKOpOCT:& ~HER CTOX8 

V = 15 W/C, 8MnJIJI'l'Y~ KOJie6aBHI A = 7 MM, 8 IJHCXO ItOXe6aBlll 
K = 4. 

3aKJim"qeHHe 

llpOEe~eHHHi E npoqecce OTJ18~ KOHTpOJ!b B ITJIOCKOC'l'H CHHMKB 
38 'l'OIJHOCT:&m HSMepeBHI ROOp~T penepHHX RpeCTOB ITOK838X, IJTO 
,lUUl CHHMKOB OJtHOMeTpOBOI BO~OpO,llBOI ItBMep& KYeeTCH HeCitOXDKO 
KOM6HHamdi H3 4-X penepHI:IX ItpeCTOE, ITOETOp.s:eMOCT:r. pesyJ!b'l'8TOB 
K3MepeHHH KOOp~aT ROTOpBX E 8'1'0M peKBMe HBXO~TCS B npe~e
Jl8X ~eBB MJI~ pasp~OE OTC'le'l'HOI CKCTeMHo B&6op ItOHRpeTHOI 
KOM6KHS~KK TpedyeT ~a~Helmax HCCJie~OE8Hii ITO 'l'OIJHOC'l'H BX B8-
MepeHHa C yqeTOM l!OCCTSHOEXeHHH npOCTp8HC'l'E6HH~ R8pTHHH C06&
'l'HH E nporpaMMax reoMeTpK'lecxol pexoacTp~ 71. O~xo :e ca
MOH He6JiaronpHHTHOI CKTya~ ~OMep penepHOrO KpeCTS HB O,llBOI HS 
3-X npoeKtJ;Bil C06HTHH E pYIJHOM pellUIMe, a STO EXO~ E o61Jtd SJl
ropKTM o6pa6oTKK co6&THH Ha CH, nos:eonseT cBST:r. x srx orpaHK'le
HHa, YJ!8JlKIJHB TO~xo Ha 7-IO% o6mee EPeMS: o6Mepa co6&Tlm. 

KpoMe Toro, E ~JI:r.HeftmeM npe~oJiaraerca peaJIKSOEaT:r. no
JIYa.BTOMatH'IeCKHll peJKHM ,l(OMepOB penepHHX KpeCTOB C HCrrOJih30BaHHe)( 
nepHcxona CR ,l(JIH uecxHoro CKaHHpOBaHKH o6JiaCtH pacnoJiozeHHH xpe~ 
Ta. OTO He TOJI:&KO 06JieriJKT ~OMepH, HO H ITOSEOJIKT ~OMep.s:'l':& E 
~ae aeo6xo~ocTK ~onoJIHHTeJI:r.HHe penepHHe xpecTs npx KSMepe
HKH C06HTKI CJ!OXHOI 'l'OITOJIOrKH. 

B 3aKJIDqeHKe aBTops E&pazaDT npK3HaTeJI:r.aocr:r. A.C.EiPoEy 
K B.A.EypOBY 38 ITOM~ B HSCTpoiKe K OTJI~e ySJIOB 6JIOKa AHK. 
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