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B · pH.oe aaaa<i· o6pa6oTKII peaynbTaToB cpiiaiiqecKOf'O aKcnepiiMeHTa 

~osHII~~eT neo6xo~~J.-.wc;i. · B~IBo~a II~o;6pa:>I<~a~B:,.cosnaailoro c rroMDIUb'ro ·;n~KT
p~aaoii Bbi'IIIc~~ienhaoii ~~IUIIa~d 3BivO, na IInn~&:auiionnhiri sKpaa ( HS_) I 1,2/, . , . 
TaKOA aaaaqeJt SIBnHeTCSI 1 narrpnMep, o6pa60TKa KaMepHb!X CHHMKDB 1 ll3Mepew· 

. ' . . ~ . . i . 

.Hf>IX na cKaimpyroumx ycTpoAcTBax, BhiBOLl pesynbTaTOB IIaMepeniiH n o6-. 
.' . ·- · .... 

pa6oTKII Ha aKpaH aaeT B03MO~HOCTb onepaTopy KOHTponnpoBaTb npouecc 
\ • f 

li3MepeHIISI II o6pa60TKII 1 a T8K~e, IIp~ He?6xo.;xnMOCTH! B.~ell!HBaTbCSI B 9TOT 

npouecc, . 

. , Y~·TpOJtCTBO Bb!BOLla li300pa~eHIISI Ha vf3, npe.OH83HaqeHHOe LlnH pa-

6oTb! ~ M8ll!IIHO{ MJ.1HCK-2,. on~caHo B;6/, ·;.npiiiiu~n er~ .oeA·c~~IISI coci~-. 
IIT B .:;oM, ~TO. KO~p~IIH8Tbl '~O'I9K :Bb!B.on~ri~ro. ~socip~~eHHH·; ~OT,Opb!~ xpa- . 

~~TCSI.' B 0~-~paT~B~oA ~-aM~TH, u9'HTp8nbHbiit npo-~e:ccop s·aM~ .. ho','oq~-~eiJ.ii ( . 
. Bbi;aeT ~nH' per~Hepauiiii H3~6pa~eHIISI H~ 9KpaH:e. Opra~H30B.~T~· rrpii; 9TOM .· 
• ' ' • ' ., • • ' ·" ••• : ••• < 

.. 'nponaBOLliiTenbHyro pa6oTy . 3BM cno~Ho, u6o aHa'IIITenbHaH qacTb BpeM:enil 

. ~: ee pa6oTbi II 

opa~eHIISI, 

·. ' 
qaCTb onepaTIIBHDA II8MSITII IICITOnb3YIOTCSI Ha IIOCTpD9HIIe II30-

I ~' ~ • 

B ·~aCTOSilUeA" pa6oTe OllliC8HO ycTpOACTBO Bb!BOLla IIHcpOpMaUHH Ha 

ai<paH. IIH.ziiiKauuoHH'oA s;eKTpOHHo-ny~eBoA Tpy6KII,. B KOTOpOM ncrionbay'eTCSI. 

MarHIITH hiA 6apa6aH (ME) 3BM E3cM..:.4 anH xpaneHIIH Koop.onnilT TD'IeK 

·uao6pa~~nnsi. Pe.renepaunSI nso6pa~eHIISI Ha sKpaHe· rrpoiisB~.OIITCH Herrocpe.o-. 

cTBeH~o · c ME; MII.HYH ·ueHipanbnhiA i:ipoueccop J'4all!nni>i,' YqacToK. ME;, Ha . 

. KOTOpOM xpaHHTCSI ~30opa~eHIIe·, HBnHeTCSI paBHOIIpaBH.Olt qacT:biO BHelliHeA 

· naMHTH E3CM-4; aanncb n •iTeHrie c Hero nponsBOLlsiTCH · oobi'IH.bilviii anH 

E3CM-4 ·'KoMaH.oaMn' o6MeHa~. YcipoltCTBO ll03BOnHeT Bbi,BOJlHTb Ha 9KpaH 

H30opa~eHIIe, COCTOHIU.eA II3 2048 TO'IeK C qacTOTOJt 25 I'll (B 'HaCTOH-

IU9e· apeMH peannsoaaH npocTeArnua aapnaHT 512 TO'IeK, 25 ru), 
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•I .. CpeacTB,OM. o6iueints!_' 'Ieno8eKa c M81IIHHOii S!BnSieTCSI' ·IIepeMeiiiaJOIII8SICSI .. 

. . MeT~a, KOTOp~S! re.~ep~pyeTCSI Ha l!Ha~K8IntO.HHOM 9Kpa~e, \11 ~YHK;.. .'. :• : . ·. · .·1. 
KnaBnaTypao 

CucTeMa nnoaa KoopaHHBT CHHMJFB B 3BM · H BbiCBe'IHBBHHH 

HB 9Kp8H 

.. 
EnoK-CXeMa Cl!CT9Mbl BB0!\8 ·KoopanHaT CHl!MKa B 3BM ll BbiBoaa Ha 

nHanKaun~HHbiii 9KpaH i:IoKa3aHa na pnco 1o l13Mepenne KoopanHaT TpeKoB 

11 ' BBO~ l!X B 3BM ocyiii~CTBn~~TCSI C IIOMOIUb.IO .CKaHnpy!OIU~ro aBTOMaTa H~ 
ane~Tpo~~~-ny'IeBoii Tpy6Ke/3/ o CKannpy10mn~ .aBToMa~ ,3n~ -1 ocyiUecrBnSieT 

.c'beM nn~opMaunn co cnnMKa MeToaoM 6eryiUero ny'Ia, KoanpyeT ee n rrepe:

aaeT KoopannaTbi TpeKoB B: orrepaTnBHYJO rraMSITb 3BMo 3BM E3CM-4 MO

aepHn3npo~ana H o6ecne'Il!BaeT aBycToponnnii o6MeH KoaoM/4/: oT E3CM-4 ·• 

K.' 3nT-l nocTyna~T yrrpaBnSIIoiUHe KOMaHabi: OT 3nT-1 K E3CM-4'- Koop_: 

annaTbl TpeKOB, .a T8K)Ke CBeaeHl!SI 0 COCT.OS!Hl!ll 8BTOM8T8o YrrpaBneHlle C'be-

, MOM nH~opMaunn ocyiUeC~BnSieTCSI no KoMaHaaM oT · 3BMo Hn~opMauuSI oi 
CKaHl!pOB8Hl!SI CHl!MKa B apn~MeTl!'leCKOM yc,TpOiiCTBe Maiiil!Hbl npeo6pa3yeTCSI . . . . - . 
B Tpe6yeMyro anSI BblBOaa, Ha liHaliK8Ul!OHHbifi 9KpaH ~OpMy ll 38Ill!CbiBaeTCSI 

. na'··Ml!rHHTHblll; 6apa6an E3CM -4o. C'!HTbiB8eMbie c M8rlil!THoro 6ap868H8 KOabi 

HerrpepblBHO IIOCTyii810T B norH'IeCKl!H 6nOK BbiBoaa, rae IIpeo6p8SYIOT~SI B OT_; 

KnoHSIJOruee HaiipSI)KeHne n narrpSI)KeHne ypoBHSI rroacBeTa ny'Iao CrreunanbHoii 

cxeMoii ynpaBneHnSI MeTKOii oana 113 BbiBoanMhiX H8 113 TO'leK rroac.Be'lHB8eTcSI 

6onee sipKOo 

Dpn aH8nH3e l!3o6pa)KeHHSI onepaTop MO)KeT Bp8meaneM py'IKH rrpeun3noa..:: 

HOr'? IIepeMeHHOrO COIIpOTHBneHHSI (renl!IIOT8). BbiB9CTH CB9TOBY.IO Me_TKY. B fl!0-

6yJO BbiBoanMy_JO c ME TO'IKY aa 9Kpaneo 

.Bo BpeMSI BhiBOa8 H8 aKp8H n anann38 onep8TopoM n3o6p8*eHnSI E3CM-4 

Mo~eT peiiiaTb "~OHOBYJO' 38a8'IYo H8)1{8THeM KnaBniiin 'Bbi30B 3BM"'. onep8~ · 

TOp IIpepbiB89T C'IeT ·.'~OHOBoii"' 3aaa'Illo _3BM C'IHTbiB~leT KoopanHaTbl TO'IKH, 

Bbi6p8HHbi9 C IIOMOIUb!O CB9TOBOH M9TKH ll 38IIOMHH89T l!X. l.JTo nen8Th :C. IIpH

HHTOH l!HipOpMauneii, 3BM Y3HaeT rryTeM C'IHTbiB8HIUL Koaa ~yHKUliOHanbHOH 

Kn8BHaTyphi. CoBMeCTf{O .. c KoaoM. ~YHKUnoaanbHOii KnaBn~nypbi 3BM n.o.ny'IaeT 

CBeaeHHSI 0 COCTOS!Hl!ll CK8HHpy!OtU~ro ~BTOM8T8o Docne Bb!IIOnHeHIISI IIpiiHSI- · 

TO~.O rrp.l!Ka3a E3CM-4 B0306HOBnSieT rrpepBaHHbiii C'IE!T IIO "~OHOBOii 38!18'19" o 
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. l.JaCTOT8 per(mepaUHH Hso6pa:1K9HHH 25 ru He HaKnBJlbiBaeT,~ OC06biX 

orpaHnqeHHR ·Ha Bbi6op HHJlHKaunoHHoii aneKTpoH!io-nyqe~oii Tpy6Kn:· B ·.f!a':" :_ 

cToHmeii pa6oTe B KaqecTB.e_ ,nHJlHKaTppa ncnonb3yeTCH cTaHnapTHbiR ocunn

norpa!fl Cl-4. B ocunnnorpa!fle Cl~, Bbm~nHeHbl ·He3JiaqnTenbHbl9 nep_enenKn, 

naromne .B03M0:1KHOCTb ynpaBneHHH .o~KnOH9HH9M nyqa no 2';"'M. OCHM ( X,Y). 

IJepeMemtiiOII!BHCH MeTKB. IJpepbiB.BHHe 3BJ\1: 

CBeToBaH MeTKa Ha aKpaHe Ii~nm{a~noHHoii 3nT !flopMnpyeTcH. 6noK~M 
npepbiB8HHH 3BM H ynpaBneHHH M9TKOR. 3Ta . M9TKa BbinO~HSieT !flyHKUHH 

' 
H3B9CTHhlX ycTpOHCTB: 'CB9TOBOrO KapaHnama' H 'TpeKo6onna•, feHepaUHSI 

M.eTKH HJiniOCTpHpyeTCH Bp9M9.HHOH J:marp8MM0ll ( pHC, 3). TiepeC~HT8HHblll 
H8 2 cnrHan. +u 1' M~ 3anyCK89T 0JlHOBH6paTOp1 nnHTenbHOCTb KOToporo MOJK

HO paBHOMepHo HsMeHHTh. ~ npenenax: ·oT .20 no 140 MeeK c rroMOllihiO nepe

MeHHoro npeunsnoaaoro~ corrpoTHBne!inS! .(re.nnnoTa). HMrrynhc no 3anaHHOMY 

!flpt>HTY rr~perrana H8IlpSIJK9HHSI aToro ~~HOBH6paTopa ITOCTyrr~eT Ha 3aiiyCK cne

nyromero OJlHOBH6paT~pa; ;.KOTOpblll !flop~:!HpyeT CHrHan JlnHTenbHOCTb~ '70 MKC9K 

( BopoTa). TaKaH nmiTenhHoc:rb Bbl6paHa ~s Tor~ 6oo6pa~e~HH, qTo MeTKa ne 

nonJKHa npnHanne:1KaTh. nBYM ToqKaM npn nepeMemeHHH ee no aKpaHy.BbiJleneiiHbiH 

aTHMH BopoTaMH ·nMnynhc ;H3 MapKepoB· qncna !flopMHpye'! cllrHan noncBeTa 

MeTKH: TiepecqeT cll:rmiria,. +•1_' ME Ha 2 o6ecn:eqnBa~T "'~nraane" MeTKH 

H8 9Kp8H9 C qaCTOTOii· 12;5 ru~ H B03M0:1KHOCTb rrepeMemeHHSI. BOpOT IIO Bpe

M9HHOMY H~ITepBany 6onee onHoro rrepHona, qTo rrosBonS:teT ·rrepeMemaTb MeTKY 

no BceM ToqKaM Ha aKpaae. TpaeKTOpHSI nepeMemeHHH MeTKH 38BHCHT oT 

nopstnKa 3anncn. To~eK aa ·ME~· B ·ToT· MoMeHT, Korna cBeToBaSI MeTKa cos

MemaeTcst' c Tpe6y~Mon· Toqimii,. IiaJKa~ne~ KHO~~n !flopMnpyeTcSI cnrHan rrpe

pbiBaHHSI. H OJlHOBpeMeHHO 3~Hlp~~aeT.CSI J;IOCTyrrneHHe H~ Bb~XOJlHOfi'' perHCTp . 

KonoB c ME. TaKH~ o6pa3oM, BbiXonHoii -peJ;'HCTp !flai<cnpy~T:.:KoopnliaaTbi no

MeqeHHOii ToqKH, a ··3BM, 8blllll~ 'mi nprieM,; cqHTb;BaeT ax/·H~ ~HHJlHKaUH.OHHOM 
aKpaHe :3TO Bbip8:1K89TCSI~ SipKOii BCllbllliKOH IIepenaB~~MOH -~· 3BM 'TQq~n •. qTO 

' . 

M0:1K9T Cny:1KHTb nononHHTenbHbiM KOHTponeM, 
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t/JyHKUHOHBIIbHBH K'!BBlfBTypa 

<l>yHKUH~>H8J1bHSH KJ18BHSTypa B HSCTOH!II9M ycTpdii:CTBe SIBJ1H9TCH cpen-:

CTBOM o6meJiHH qenoBeKa c MalliHHofi. Ha:MmTHe, KnaBH!IIH OSfla'laeT nepeJ:ta'ly 

B 8BM onpeneneHHOro.' ~pHKasa, KOTOpbiH BbiiTOJ1HH9TCH rryTeM npepbiB8HHSI 

cqeTa "'!floHOBOft"' sana~M. C np~eMOM ~HrHana ~pepbiBBHHSI 8BM· rrepBOHa-
• ,· ' • . . f 

. qanbHo rrpHHHMaeT ·Koopn.HHaThi TO'IKH, Ha KoTopo'fi IIaxonHTcSI .cBeToBaSI MeT-

Ka; a aaTe!-'1 'on~a!IIHBaeT $yH~~lHOHanbHy;ro. /{J18BHaTypy. Kon !flyHKUHOHanbH~fi 
KJ18BHBTypbi orrpenenSieT. Bbi60p UO.QrrporpaMMbl 0 ITO KOTOpoii: BblllOJ1HSI9TCSI 

. nepenaBaeMbifi npHKas. BbmonHeHHe nro6oro npHii:asa 8BM oTpa}!{aeTcSI H:a. . . . . .• -
BbiBOAHMOM H3o6p8}!{9HHH: CTHp8lj:HeM TO'!KH, 6onee 'HpKHM rroJiCB9TOM ee HJ1H 

pHll8 T0'!9K1 yB9J1H'!9HH9M M8C!IITa6a H T,.Q, 

PHc.4 · 

'· 

10 
' 

·/· 

3aKJIIO'I8fLHe 

B aacToHmefi pa6oTe onncaH rrpocTofi c TO'!KH Sf 

peanH38UHH CITOC06 Bb!B0ll8 IIH$opM8UHH C M8P,HHTiiOrO 6 

nii38UlHI IT03BOJ1liJ18 ~OU9HHTb uenecoo6pa3HOCTb HCITOJ1b31 . . . . ·, 
6apa6.ana c ero nocw:;)loBaTenbHo-napannenbnofi cucTeMc 

6ylflepnoro ycTpOHCTBa llJ1SI 38ll0¥HH8HHSI H Bb!BOJl~ II3n6 

Pacc~oTpennaSI cTpyKTypa BhiBOJla o6ecne'!IIBaeT noc 

HUH ·.u3 512 T0'!9K C '!8CTOTOH pere'nepaUHH 25 I'U 1 KOTO 

TO'!HO llJ151 BblBOll8 l!306pa)K9HIHI Kanpa HCKpOBb!X CHllMKC 
• I 

ne60J1blllOI'O T9KCT8 1 xapaKT9pH3y!O!II9I'O COCTOSIHHe CK8HHJ 

HeTpynno. saMeTHTb, 'ITO :nnH aTux uenefi ncrronbsy 

· Ma!IIHHHoro · cnoBa 20· 6nT ( 9- aa. KoopmmaTy X, ! 

na rpanamm . lipKOCTH). BpeMH BbiBOA8 onnoro cnosa ( 45. 6J 
' • ! • • 

ero. BITOJ1H9 Jl0CT8TO'!HO llJ1SI OTKJ10H8HHSI H llO.llCBeTa ny 

KoopnnntlThi KOTOPLIX conepNmT aTo cnoso. CnenoBaTenb 

IIJoe nsMeHenne .B nornKe. p·a6oTbi, ycTpoficTBa rrpn:sonn:T \ 1 

Bb!BOAllMb!X TO'!eic ~.llB08 (1024), 

'. B ·· onncannoM 1iaMII ycTpoficTse ncnonb3YIOTCH ycm 

C '!eTHbiX . Tp8KTOB 1 IIOMIIMO HUX HM8IOTCSI 8H8J10I'H'IHbi8·. 

B8HIIH. HeqeTHbl'X TpaKTOB, 3TH ycHniiTeJI~· C'IHTb!BaiOT · mi$1 

Ta. 0-fi·: '!eTE\~pTu . MarHIITHOI'O 6apa6ana, .. KOTOpaH MO}!{E 

3acriax~~HH3Hpoaana . ( T~K; 'ona · sarrncaHa na o.cit;~M . Mar 

C Bb!BO.llHMOH HH~OpMauuefi C .0-ro TpaKTa 0-fi '.ieTBep1 

· TaKnM .o'6pasoM, 6es H3MeHeHHH cTpyKTYPLI o6MeHa 

n ME u · ycTanosneHHii norronanTeJibHhiX ronosoK n ycnm 

c ME MO)!{Ho spmec;il na n'n¢opMauHoHHLiit aKpan H~·o6pa 
2048 TO'l8K1 'ITO M0)!{8T OK838TbCSI llOCT8TQqHbiM .llJ1SI B8Cbl 

sana'!, 

11 



BH8Typa 

rcTpO!iCTBe SIBliSieTCSI cpeJl":' 

naenmn oa~aqaeT nepeAaqy 

IHHeTCH nyTeM npepb!B8HMSI 

pepbiBaHMSI 3BM nepBOHa

i :fiaXOJlMTCH CBeTOB8SI Me~

aTypy. K9n $yHKunoaanbHoli 

fi~KOTOpOti BblfiOliHHeTCSI 

:Ka3a 3BM oTpa>KaeTCSI Ha 

'~ , SlpKMM ITOJlCBeTOM ee II liM 

',' 

·' 

3 a K n ID q e q rr ~ 

• , B: HacTomueli pa6oTe onnc8H npocToli c TO'IKII 3peHM5I 'Texanqec·Koti: 

pe8nM3aLUIII cnoco6 BbiBp118 IIH<jlopM8UIIM c M8P.HliTHoro 68p868H8. Ero pea-

11H38.UII5I II03BOnii118 OU8HMTb uenecoo6p83HOCTb HCIT011b30B8HIIH MBI"HHT!f.OI"O 

68pa6.8H8 C ero IIOC118):jOB8T811bHO-ri8p81!118llbHOH CllCT8MOH C'Il!TbiB8HllH K8K: 

6ycjlepHOI"O ycTpOHCTB8 /lllH 38IIOMIIH8HHH II .Bb!B0/18 II3n6pa>Kef!IIH~ \ 

PaccMoTpeHHaH cTpyKTyp8 BhiB0/18 o6ecne•mBaeT rrocTpoeHne ·u3o6pa:lKe~ 
' HIIH Ji3 512 TO'I8K C 'I8CTOTOH pereHep8UHH 25 I"U 1 KOTOpOli BITOllHe )10CTa-. 

TO'IHO 11115! BbiB0/18 II306p8)!<8HHH K8/1p8 IICKpOBbiX CHHMKOB1 nn6o H8ITHC8HHH. ., 
ne6onblliOI"O T8KCT8 1 xap8KTepH3yJOU18I"O COCTOHHHe CK8HHpyromero 8BTOM8T8; 

,HeTpy/lH0,38M8THTb1 'ITO pnH 8THX ueneli HCITOllb3yeTCH TOllbKO 'IBCTb 

· M8lliHHHoro · c.~oea 20 · 6nT ( 8- H8. Koop/11IH8TY X, 9 - Ha Y u 2 ;:._ 
na · ~pan~unl! · llpK_qcTII ). BpeMH BbiBoaa o111ioro cnoBa ( 45 · 6ui) paBHo 80 MKCeK,,, • 

ero BITOnHe 110CT8TO,HO llllH OTK1!0H8HHH H ITOJlCB8T8 11Y'I8· B llBYX TO'IK8X1 · 

Koop;:mHaTbi KoTopbrX conep>K8T. sTo cnoBo. CneaoBaTenhHO, T8Koe He6on~::- · 

moe li3M8H8HHe .B liOI'HKe, p'a6oTbl • ycTpOHCTBa ITpl!BOJlllT K yB811ll'I8HIUO 'IHC118. 

BbiBOilHMb!X TOtieic BllBOe ( 1024) • . 

. · B OITHC8HHOM HBMH ycTpOHCTBe HCITOllb3yJOTCH yCH11HT8JIII C'IllTbiB8IH15I 

C qeTHb!X Tp8KTOB 1 f!OMIIMO Ill! X HMeJOTCH 8H8110J::'H'IHbl8: yCllllHTenii C'Il!T.bl-;, 

eauirs He~eTHhrx TpaKToB. STH ycHJIHTenH. ctiHThrBaJOT 'HHQJOplvtahm~ c 1 TpaK.:: : 
" ' ... 

Ta, 0-ii:': 'I8TB~epTll MarHHTHOI"O 6apa6aH8 1 KOTOp8~ MO:lK8T. 6b!Tb 5e3 Tpyna ; 

. 38C~HX~OHll3llpOB8H8 ( T.K; 'oHa 38IIHC8H8 H8 Olli!OM . Ma!'Hl!TIIOM 6apa6ane) 

C Bb!BO.UHMOll HH~OpM8UIIefi C .0-ro TpaKT8 0-H: qeTBepTII. 

T8KIIM o'6p830M, 6e3 H3MeneHIIH cTpyKTYPbi o6MeHa KOJlOB M8:lKllY ·38M··· 

H ME H ycTaHoBneniiS! nononHIITeJibHhiX ronoBoK· n ycnnuTeneii: C'IHThiBBHHH 
.. · - ·, . ., 

c ME MO)!(Ho BbiBecTII H8 IIH<jlopM8uHoHHhiH sKpaH u3'o6pa:lKenne; conep:lK8mee 

2048 TO'I8K1 'ITO MO:lK8T OK838TbCH /10CT8TO'IHbiM llJIH B8ChMa umpoKOI"O KJIBCCa 

3BJlB'Io 

11 
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4. MapTa 1970 rona. 
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