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ScficreRTRBHOCTb HCll0Ab80BaHBH 3BM B sa.n;aqax 8RCllepHM8HTMbHOff 
~H3HRH, RBR H B·~pyrmr o6naCTSIX HayRH H T8XHHRH, BO MHOrOM onpe~e
AJJ.718Cb H onpe~enneTCH aqxfeKTHBHOCTbID cpePCTB oO~eHHRI. qenoBeKa C Ma
mHHOtt~ B·nocne~HHe ro~H B CBH8H C llOCT8HOBKOff HOBHX CAOXHhlX sa.n;aq, 
ROTOpHe H8B08MOllffiO MH HeueiecoodpasHO pewaTb TP8.ll:HUHOHHHMH MeTopa
MH n ROTOpHe Tpe6yDT BRTHBHOro yqacTIDI qenoBeRa c ero OllHTOM H Ha
yqHoil RHTYimPiett Henocpe~CTB8HHO B CaMOM npouecce pemeHHH sa,naqH Ha 
3BM, a TaK~e dnaro~apH ycnexaM B pa3BHTRH 3BM (oco6eHHO B CHCT8MHOM 
nporp~poBaHHH) Bee 6onee w2p0Koe pacnpocTpaHeHHe nonyqaroT ycT
pottcTBa BB3YMbHOro npepCTaBJ!eHIDI HH~OpMauHH HS 3Bi~ Ha 6ase aneR
TpOHHOHyqeBUX Tpy6oR (~ucnnen). 

ilOHBA8HBe ~HcnneeB ll08BOJIHeT 6onee llpaBMbHO pas~enHTb ~YHKIUYH 
Me:&,ny qenoBeROM H 3BM. BJiaro~apH ~HCMeD, qenoBeR, pa6oTaH Ha 3BM, 
MO~eT onepHJ)OBaTb C eCT8CTB6HHh!MH MH Hero llOHHTWIMH PHCYHKOB, cxeM, 
CBMBOAOB H BHllOAHHTb ~ettCTBHH, KOTOpHe Tpe6yDT TBopqecKoro B006pa-, 
~eHrui: H orIHTa, T.e. to, qxo qenoneK ~enaeT., nyqme, uallll1HH. 
C ~pyroR CTOpOHH, Ha 3BM BosnaraJOTCH iYHKUHH, KOTopue no;maDTCH 
iopMMH88UBH B MOryT 6HTb a(fq)eRTHBHO BHllOAHeHH sa cqeT BHqHCAHT8Ab
HHX MomHOCTett MalllBHH. T8R08 paapeneHH8 ~YHKUH:lt npHBeno K CYll!8CTBeH
HOMy pacmHJ)eHHD ~pyra llOAL30BaTene! BHqHCBll?8BLHl:OGl CHCTe:MaUH 
H ocoOeaao nonL30Batenea, He RBBRJllllrutCR cneIUfaBHcTaMM B oOnactH JBU. 

H HacToJmiee BpeMJt 60Jiee 60 sapy6eMHHX ~HPM npepnararoT pasHoo6-
pa3HHtt Ha6op rpa~H118CRHX H 6yRBeH~O-U~POBIDC ~HcnneeB C pasnHqHHMH 
xapaKTepHCTHKaMH H CTOHMOCTb;/1, 21 . B paMRax C08PaHRH ePHHO! cep:ira 
3BM (EX: 3BM) roTOBHTCH K·cepm1HOMY BHnyCKy ~HcnneeB OTeqeCTB8HHaH 
npoMHmneHHOCTb, OCH8Jll8.JJTCH rpawqeCKHMH H 6YKB8HHO-UR~pOBWH ~HCIT
neBMB OTeqeCTBeHHHe MHHH~3BM / • Hap~ C 3THM MHOrHe HayqHO-HCcne
~OBaTeALCKHe opraHH88UHH B TeqeHHe nocnePHHX neT 8aHHMaDTCH CaMOCTO
HTeAbHh!MH naspadOTKaMH B 8TOff odnaCTH. CY1118CTB8HHHJ:i BKAa,n; s~ecb BHeo
AH HHCTHTY;H CHdupcKoro oTpeneH:rui: AH CCCP / 4, 5,s/, KueBCKd ITMHTex-

. /7/ . 
HHqecKHil HHCTHTYT H ~pyrue opraHH38UHH. 
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HeKOTOUHe H3 pa3pa60TaHHliX IlpH 3TOM ,llHCITJieeB npHHRTH npoM!Illl

J18HH6CTblO ,IIJIR cepID!Horo npOH3BO,llCTBa. 

O~HaKO, HSCMOTPH Ha 3HaqHT8J1bHH8 ycnexH B C03,llaHHH pasHoro po
.na ,nHcn.nettHoa annapaTypH H oqeB~HHe npeHMYJUeCTBa, KOTop~e ,naeT ee 
HCilOJ1b30BaHHe, cymecTByeT pSI,I( npnqHH, TOpM03.RIIIHX BHe,npeHHe ,llHCMett
HHX CHCTeM. OCHOBHM H3 HHX - CJ!Ol!l'.HOCTb MaTeMaTnqecKoro ooecneqeHWI 
rpaifi~eCKHX ,llHCITJieeB, KOTOpaH B nepByIO oqepe.nn 06ycJ10MeHa Tpy,n.Ho
CTHMH B onncaHHH B3aHMo~ettCTBM TIOJlb30B8.T8M C 3BM, CJ!O~HOCTblO oopa

OOTKH OOJ!billHX MaCCHBOB rpa/I:~ecKott HH¢0PManHH Hee 3aBHCHMOCTbD OT 
annapaTHOff peaJIH38.I:(HH CllCTSMH, a T8.KlKe HSOOXO,llHMOCTbIO ooecneqnTn 
B03MOJKHOCTb paOOTH C rpa(fHqecKott CHCTeMott Ha HSHKax ,llOCTaToqHo BH
COKOro ypOBHR, TaK KaK B npOTHBHOM c~ae TOJ!bKO OTIHTHH8 CHCTSMHHe 
nporpa.MMHCTH CMoryT TIHCaTb ,llHCMe~He nporpBMMH ~ KOHKPSTHHX TIPH
MeHeHntt • .Il.8llte B yCJIOBMX IDHpOKoro pHHKa rp8.g:'H'i8CKHX ,llHCM88B, KOTO
PHH cymecTByeT Ha 3anane, opramrnann, HCTIOJ1b3YIOllfl'l8 ,llHCMettHHe CH
CTSMH, BHHY~SHhl aaTpaqHBaTb 8Ha"IHT8JlbHHe YCHJ!HR Ha pa3BHTHe H COBep
meHCTBOBaHHe Toro MaTeMaTH"ISCKOro ooecne"leHM, KOTOpoe TIOCTaBMSTCH 

1HPMaMH BMSCTe c ,llHCMettHott annapaTypott. 

Kor.na ,llHCMSHHM CHCT8Ma npe,nHaSHa"leHa ,llJlH pemeHHR TOJlbKO ysKO
ro KJiacca.sana-q, To onp8.B,ll.HBaeT ce6H no.nxo,n, npH KoTopoM paspa6aTH
naeTCH B OCHOBHOM CTI8llHaJ1H8HpOB8HHOe ,llHCMettHoe M8To6ecneqeHH8, MaK
CHMaJ!bHO y-qHTHBaxxnee Tpe6oBaHHH KOHKpeTHOro npHM8H8HM H HCilOJln3ye
MYIO annapaTypy. 3TO Il03BOJlH8T YMSHLmHTL saTpaTH Tpy,na H Bp8M8HH Ha 
peaJIHsan:mo MaTeMaTnqecKoro ooecneqeHHR, c,neJ1aTL ero 60J1ee KOMnaKTHHM · 
H a<f(teKTHBHHM, HO ~mTpy,nHHeT nepeHOC no~eHHoro OilHTa Ha ,npyrHe 
,llHCMeffHHe CHCTSMH. i1MeHHO TaKOff no.nxo.n HCilOJ1L30BaJ1CH H B 00b8,llHH8H

HOM HHCTHTyTe H,nepHHX HCCJ18,ll0Brsntt }OHHH), KOr,na 3,ll8Cb H8"1HH8.IIHCL 
paOOTH TIO ,llHCMettHott TeMaTHRe s-12 • 0,nHaKO c pacmHpeHHSM napKa 
3BM ~ Kpyra ¢H3H"l8CKHX sana-q, r.ne HCilOJ1b80B8HH8 rpaifiHqecKHX ,llHCMeeB 
MOrJIO cymeCTB8HHO TIOBHCHTb fl/W8KTHBHOCTL MX pernemur, npoOJieMa cos.n.a
HWI MaTeMaTn"lecKoro ooecneqeHIDI ,nncMeeB noTpe6oBaJia 60J1ee oomero 
no.nxo,na. 

ABTOP cqeJI ll8Jl8C006pa3HHM paspa6oTaTL ,llOCTaTO"IHO rHOKoe oomee 
MaTeMaTmecKoe o6ecneqeHne rpa¢n-qecKoro ,n.ncMeH, l'!Meemtee mHpoKntt 

Ha6op B03MOllHOCTett H He 3aBHC.Rlll88 OT KOHKpeTHHX npHMeHeHHtt C TeM, 
"ITOOH Ha ero OCHOBe MOXHO OHJIO C03,llaB8Tb MSTO,llHRH H COOTBSTCTBYIOIJIHS 
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,llHCilJ!ettHHe nporpfu\!MH ~ OT,llSJILHliX ~HSH"ISCKHX sanaq, HeoOXO,llHMOCTL 

HCTIOJIL30Ba!IHH ,llHCM88B B 6y,nymeM Ha pa3HOTHTIHHX 3BM TpeOOBaJia npn 
3TOM, "ITOOH np:l!HllHTIH, IlOJ1~8HHH8 B OCHOBY oomero ,llHCMettHoro M8T0-
6ecneqeHM, ,nonyCK8JIH BOSMO:&HOCTL ero ananTar(HH ,llJ!R pa3HIDC 3BM H 

,llHCilJleeB. 

Paooi'u /13-I?/no cos,naHHro oelmer~ MaTeMaTH"lecKoro ooecneqeHHH 

rp8.g:'H'i6CKHX ,llHCilJ166B H KOHKpeTHOtt peaJIH38.I:(HH ero Ha 3BM C.Il.C-I604A 
,llM. paspaClOTaHHOro B OHHH H llO,IUCJIIO"l6HHOro K 3TOff MamHHe ,llHCilJ16R co 
CB8TOBW KapaH,ItamoM,BHTIOJ1H6HHH8 no,n; PYKOBO,D;CTBOM H npH Henocpe,n;
CTB8HHOM yqacTHH aBTopa,H COCTaBHJIH Of:H_O_By ,n;aHHOI! ,lIHCC8pTanHH.B ,D;HC

cepTanHIO BOIDJIH TaKllt6 paOOTH /I9- 211, BHTIOJIH6HHH6 a.BTOPOM CaMOCTOH

T6JILHO H COBM6CTHO C ,npyr~n cnennaJIHCTaMH Ollilli, no C03,llaIIHIO_M8TO
,lIHR H ,llHC11J16llHHX nporpaMM ,!I~R pemeHIDl'. pH,na sanaq pac"leTa !pH3~8CKHX 

ycTaHOBOK H oClpaOOTKH CHHMKOB C nysNpLKOBHX KaMep. 

.Il.HccepTar(IDl COCTOJl!T H3 BB6,ll6HHH, "16Tl,lp6X rJiaB H 3aKJlJOqeHHR, 

B nepBott rJla.Be ,llHCcepTanl'lH .naeTCH oosop OCHOBHHX HaTipaBJ18HHtt 

HCTIOJ1o80BaHWi rpa¢H"l6CKHX ,llHCMeeB B sanaqax THSHRH BHCOKHX SHep
rntt B KpynHettmnx H,nepHHX ueHTpax sa noc~e,nHHe ITHTL J1eT. IloKasaHo, 
"ITO ,lIHCMe«HHe CHCTSMH ycnernHO BH8,llpH~TCR .Ha BC8X aTanax no.n.roTOBKH 
H IlPOB6,ll8HM.~H8H"l6CKHX 3KCnepHM8HTOB, npn o6paClOTK8 3KCITepHM6HTML
HHX ~a!IHHX H M8T8M8TH'i8CKOM aHaJIH36. ABTop C"l6JI ITOJ163HHM paCCMO
TpeTb 3TOT OITHT B BH,lle OT,lI6JILHOtt rJ!aBH, TaK KaK xapaKTep pernaeMHX 
npH 3TOM sa,naq B6CLMa pa3HOOClpaseH (CJIOllHH8 pacqeTH, npOCMOTp H pe
,!IaKTHpOBamm .n:aHHl,IJC, Ha0~IO,n.8HH8 H ynnaBJ16HH6 B peaJibHOM MaCIJ!Ta6e 
Bp8M8HH H ,np.). Ilo,no6Horo po.na 3M8"1H BCTp8"1aIOTCH He TOJILKO B 3KC
nepHM6HTaJlbHOff q:H3HR6, i· yqeT HX oco6eHHOCT8~ IT03BOM8T cos,naTL 
Clo~ee YHHBepcaJILHOe ,nHcllJieiHoe o6ecne"leHHe. 

Bo BTOpoa rJ1aB8 paccMaTpHBaJOTCH H6KOTOpoe BOITpOCH cos,naHHJi 

oelmero MaTe.MaTH"lecKoro ooecneqeHHH rpaq:H"lecKnx czcTeM Ha case ,nHcn
JieeB, OOOCHOBHBaeTCH no,nxo.n K C03.D;aHJl!IO Ta.Koro oClecneqeHHH ,!IM CJIY

"IM <pHsHqecKnx sanaq B BH.ne .nncMettHoff 6H6J1HoTeKJ1I, o6pruiteHHe 
K KOTOpol! B03MOZHO Ha R3wtaX BHCOKoro ypoBHB, H npe,n;aJ1araeTCS KJ!aC

OH~HKanHR ,lIHCTIJ16llHHX no,n;nporpruw. 
C 4lYHKllHOHMLHOff TO"IKH speHH.R: ,llJl!CilJ16HHH8 no.nnporpaMMH pas,neJle

Hli Ha TPH KJ1acca: 
I. A,nMRHHCTpaTHBHHe no,nnporpa.MMH, o6ecneqHB8IOmHe BH,ll6J16HH8 H 

5 



I 

HCnOnb30BaHH8 uaccHBOB IlaMHTH IlOA rpa~HqecKyD HH~OPM8.IUID,a TaKxe BH
nonHHD~He BCRKOro POAa A8ttCTBHH Ha,i_ aneueHTwm H300paxeHHR(A00aBne
llliC,yAaneHHe,aaue~eHHe H T.n.);K 3Touy xe uaccy OTHeceHH H Bcnouora

TeRLHHe no.nrrporpBMMH, ll03BORRIOOIH8 oneHHTb pacrrpe,neR8HHe Il8M!ITK no.n 

rpa~aqecKyio IDI~OpMau:mo, BHilORHHTb BCmtoro po,na ROHTPORbHHe pacneqaT
ItH rpaq:1rqecRotl: MHifOpMaumi, BHYTP8HHHX .Il;HCMe.AHHX ne_peMeHHIDr H yrrpaB
Rmomruc Ta6RHU, 'l:TO B8CbMa IlOR83HO rrpH OTR~e HOBHX .Il;HCMeAHHX no.n
nporpaMM. 

2. Ilo.nrrporpaMMH - reHepaTOpH rpruflI41l:8CR08 KH~OPM8UHH, C IlOMOmbID 
ROTopwr ~OPMHJJY8TC.II H306paJlteHHe RaR rrpocTe.Ammc rpruf'Hll:eCRHX aReMeHTOB, 
TaRHX KBR TO'IBH, BeRTOpa, T8RCT H ,np. (no.nrrporpaMMH - reHepaTOpll 
HH3mero ypoBHR), TaR H.6oRee CROE!He H306paJteHH.II, IlORY1l:88M1,18, HarrpH
Mep, rrpH nocTpoeHHH Koop,nHHaTHHX oce.A, .aKBHnoTeHUHMLHUX RHHIDi, npH 
M8CillTa6HpOB8HHH H T.n. (no.nnporpaMMH-reHepaTOPH 6oRee BHCOKoro ypoB
HR). 

3. YrrpaBRHIDmHe no,nnporpaMMH, o6ecne1l:HBaromHe H838BHCHMO OT BH
IlORH8HWI rrporpaMMH ll0Rb30B8T8M pereHepaumo H306paJK8HWI Ha aKpaHe · 
.Il;HCM8.II H pa6oTy ycTpOHCTB orrepaTHBHOro B38HMO,ne.AcTBIDl 1l:8ROBeKa C 
3BM (cBeTOBOro Rapa~ama, RR8BimTYPH H ,np.), 

Bo BTOpoA rRaBe T8Kll{8 C~OPMYRHJ)OB8HH o6mHe Tpe60B8Hlffl R M8T8Ma
TH1l:8CROMY 06ecrre'l:eHHID CBSTOBOro Kapa~ama, KaR OCHOBHOMY cpe,nCTBY 
B3aHMO,nettCTBHH 1l:8ROBeRa C H306p8.iK8HH8M B ,IJ;HCMettHUX CHCTeMax. 

TpeTb.lI rRaBa IlOCB.fim8Ha OilHCaHHIO MaT8M8TH1l:8CRoro o6ecneqeHHR, 
C03.Il;8HHOro aBTOpOM ,IlR.II ,IlHCMSR co CBSTOBHM KapaH.namoM, paapaOoTall

ro .B Oll.iili H IlOAKnDqeHHOro K 3BM C~C-I604A. 0CHOBHH8 ocoOeHHOCTH 
C03.Il;aHHoro Ma.T06ecrreqeHHg COCTORT B CRe)zylOmeM. 

J(Jm rrporpB.MMHCTa HST Heo6xo.nHMOCTH 1rnen no.npo6Hl,l8 CB8,Il8HHH O 
pa6oTe annapaTypl,l ,IlHCMe.lI, KaHMOB 3BM K cxeM CBH3H. Dee cpe,nCTBa 

,!J;M IlOCTp08HHH H MO,nH~HKBUHH H306piuteHHH, a TaR~e .Il;M pa60Tl,l co CBe
TOBHM KapaH,naJJJOM H ·nimzymeA M8lJlllliROff .Il;OCTYITHH Ha ypOBHe .II3HKa 4iOPTPAH 
H Ha aBTORo.n;e. 

~YHRUHOH?{lbHM H36HT01l:HOCTb ,IlHCMe.AHo.A 6H6RHOT8KH (T.e. B03MO~
HOCTb peMH38UHH O,IlHHX H Tex xe WYHKUHA p83HHMH cpe,ncTBaMH) H He3a
BHCHMOCTb B IlO,naBRHJOmeM 60RbillHHCTB8 ,IlHCM8.liHIDC IlO,nrrporpaMM ,npyr OT 

.n;pyra Il03BOR.IIIDT B Kax,ItOM KOHKP8THOM c~ae BU6paTb OilTHMMbHHR C 
ToqKH apeHHH IlORb30BaTeRH Ha6op .Il;HCMeilHHX no,nnporpaMM. ~HCITRe.AHM 
6H6RHOTeRa Ha 3BM C~C-I604A BKRIDqaeT B H8CTOJllllee BPSMH 60Ree 50 rro.n-
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rrporpaMM (Ta6RHU8 I) H COCTOHT H3 OCHOBHoro H,npa (rpynna I). KOTOpoe 
KCilORb3yeTCH Bcer,na, H 60RI,1IIOro Ha6opa ~OilORHHT8RbHHX no,nrrporpaMM, 

KOTOpHe MOryT HCilORL30BaTbCH BH6opoqHo B 38BHCHMOCTH OT Tpe6oBaHHA 
HCXO,IIHOtt' aa,naqH H KBMH~HRanHH rrporpaMMHCTa. 

'11MeeTCH B03MOJ!HOCTb H.n;8HTK~HRBUHH OT,ll;eRbHHX qacTeff H306p8lteHHR 
(rpa~H'l:eCKHX 061,eKTOB) nyTeM npHCBOeHHH HM nepcoHMLHHX 6YKBeHHo
UHq;POBHX HSSBaHmt. HMH'l:He H83BaHH.II Il03BOR.II8T rrporpaMMHCTY ITpOH3BO
,nHTb C OT,nen~HHM 061,eKTOM pa3RHqHl,l8 ,neffCTBM, TaRHe KaR nepeMemeHHe,. 

y,naJI_eHHe, H3M8HeHHe MacmTa6a H ,np. • yR83HBaH rrpH 8TOM R}!I!Jb H83BaHHe 
HHTepecyromero ero 061,eKTa H napaMeTpl,l rrpeo6paaoBaHHH H He aa6oTRCb 

0 ~H3HqeCKOM pacnonoxeHHH 061,eRTa B IlaM.IITH. 

IlpH pa6oTe co CBeTO~HM KapaH,namOM B peMHMe YK83aHH.II Il0Rb30B8Te
R~ ,IJ;OCTJilHH He TORbKO ROOp,IlHH8Tl,l yR83aHHOtt CB6TOBHM KapaH,namOM TO'l:KH, 

HOH Ha3BaHHe o6'I>8RTa, KOTOPOMY aTa TO'l:Ka rrpHHa,n.,exHT. 3TO B 3HaqH

TeRbHO.A Mepe ynpomaeT rrporpBMMHpoBaHHe rrpone.n;yp B3aHMo~e~cTBHR qeno
BeRa C H306pruiteHH8M H oco6eHHO IlOR83HO IlpH H.n;eHTHq)HK8UHH 061,eRTOB, 
noRoxeHHe RoTopmc Ha aRpaHe aapaHee HeHanecTHO (HanpHMep~ ecRH 06~
eKT .Il;BIDK8TCH). 

IlpH pa6oTe B pexHMe CRe~eHHH rrponecc CRexeHHR 38 CBeTOBHM Ka
pa~amOM C IlOMOWb~ cnenHMbHOro MapKepa ocymeCTBRHeTCR O.Il;HOBpeMeHHO 

C BmIOnHeHHeM nporpaJ.Olll nonb30BaT8Xff H H83aBHCHMO OT Hee.B nDOoa MO
M8HT Bpeue~H nporpalD,18 nonb30BaTena AOCTYllHH KOOp~HHaTH TeKymero no-

.noxeHHR MapxepaHa.3xpaae qepea nepeueHHHe,Blil,ll;BXeHHHe nonnaoBateneM 
npH Bl,l30Be pexHMa CRexeHH.II. ~ 38,naHHR THila CRe~eHHH (6ea pHCOBaHH.II 
H~H c PHCOBaHHeM) OT nporpaMMHCTa Tpe6yeTCH MHHHMYM ycMHA. B CRyqae 
CRexeHHJi C pHCOB8HReM Heo6xo.nHMo yKa38Tb RWilb MHHHMMbHHM mar, C KO
TOpl,TM ~OJl]J!HH ~HKCHpOB8TbCH Koop,nHH8Tll npoMSJKYTOqHHX IlOROXeHHA Map

Kena li1 BH.n anrrpORCHMallHH (RHHeffHHMH OTp83KaMH, IIyHKTHpHHMH RHHHHMH 
H T.n.). Co6CTBeHHO rrponecc ~HKCS.UHH ROOPJJ:HH8T H BHCBeqJIBaHH8 TpaeR
TOPHH ~BIDl8HHH CB8TOBoro Kapa~ama B03ROE8H Ha CRYJ!te6HHe ,IlHCM8ttH1,Ie 
no.nrrporpaMMH. Ilpe.n;yCMOTpeHa TaR~e B03MOXHOCTb rrepeMemeHHR no 8RpaHy 
C IlOMOmb~ MapRepa CRe~eHHR yie cy~aCTByromHX Ha aRpaHe o6~eKTOB. 

OcHOBHHe 8,nMHHHCTpaTHBHHe ~YHKUHH ,IlHCMettlioro o6ecneqeHHJi (BH
.1(8R8HHe IlB.MliTH no.n rpaif;ITTeCKYJO HHif)OpManHIO, yqeT rprufHqecKmc 061,eRTOB 
·H pasHoo6pa3HHe .neacTBH.II Ha,n HHMH H ,np.), a TaIDlte 60RbWHHCTBO· no.n
rrporpaMM no ¢opMHpOBaHHID CROJKHHX H306pa:a:eHHii He 38BHCHT MH-3aBHC.IIT 
B MHHHMMbHO~ CTeneHH OT HCilORb3yeMOff 3BM H arrnapaTypl,l ,IlHCMea. 
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1. 

B rJiaBe llpHBe,lieHll npHMepu rrporpaMM, HaITHCaHHWC Ha HSlilKe ~OPTPAH, 

KOTopue ITOSBOJIBlOT oueHRTb BO3MO~HOCTH, npe,nOCTaB.llf!eMHe IlOJibSOBaTeJID 

,nHR ~OpMHpOBaHHR,H3MeHeHHR H300paxeHHR H B3aHMO,neilCTBHH C HHM,a TaJt
~e ,l[Jlfi pa6OTH co cBeTOBHM KapaH.namoM H nmuymeH ManIHHKO~. 

B qeTBepTOH rJiaBe paccMaTpHBaIOTCH paspa6oTaHHHe aBTOpOM CaMO

CTOHTeJIJ,HO H COBMeCTIIO C ,npyrHMH cneUHMHCTaMH Olllffil MeTo,nBRH H 
,lIHCMeHHlle nporpaMMH ~ sa,naq npoeKTHpoBaHM ¢HSH'leCKHX ycTaHOBOK 

H o6pa6oTKH CHH!vi"KOB c nywpl>KOBHX KaMep. 

]J.JIH pacqeTOB 3JieKTpH'leCKHX H MarHHTHllX IlOJiell, CBHSaHH!lX C peme

!IHeM .nmfxf:epeHTIHaJil,HllX ypaBHeHHll B qaCTHllX npOHSBO,I!HHX 3MHllTH'leCKO

ro THila, KOTOPllMH OXBaTHBaeTCR mHpOKHH Kpyr sa,naq is paSJI1fqHID[ o6-
JlacTel1 HayKH.H TeXHHKH, 6URa cos.naHa nporpaMMa /I9 , o6ecneqHBaromaH 

B03MO-iffocTb onepaTHBHoro pe,naKTHpoBaHKR. HCXO.I!HbO!: ,naHHHX, rpa¢1fqeCKOe 
npe,rrcTaBJieHHe pesyJlbTaTOB pac1<eTa H HX aHMHS C llOMOll1bRJ ,I!HCllJleH. B 
octtoBy 6wra rroJio~eHa nporpaMMa 1231, npe.nHasHatJeHHaH ~ pemeHM 
ypaBHeHHll ~allJlaca H feJlbMI'OJlbUa KOHe'lHo-pasHOCTH~M MeTO,I!OM. PemeHHe 
mueTCR BHYTPH OC'lJlaCTH, orram1qeHHO:i npOCTllMH 3BMKHYTHMH KpHBllMH, KO
TOp~e sa,naRJTCH ,l!Jlfi K8Jl':,ll;Ol1 KpHBOll Ha6opOM KOOp,I!HHaT TO'leK, coe,rrHHeH
HllX npRMllMH JlHHHRMH. VicnoJib3YR .IlHCITJlell co cBeTOBllM KaoaH,namOM B 
ITYJlbTOBYRJ Iliill!JmYRJ MamHHKY, IlOJlbSOBaTeJlb MOMeT BllllOJIHHTb onepauHB 
no H3M8HeHHRJ KOH~HrypauHH pacqeTHOil OOJiaCTH, rpaHH'lHblX YCJIOBJl!tt B 

.na~c THna pernaeMoro ypaBHeHIDI. Ha sTane aHMB3a pesyJibTaTOB pacqe
Ta OH nMeeT BO3MOlltHOCTb onpe.nemiTb 3Ha'leHHe 4,YHKUHH B JIRJ6ott YSJIOBO!t 
TOtU<e BHYTPH O6JlaCTH, IlOJIY'lHTh rpacfJHK qyHKUHH Hee rrpOH3BO,lIHHX B 
ceqeHHJ'!X, napaJIJleJlbHHX OCRM KOOp,I!HHaT, CTOpMHpoBaTb TpexMepHOe rrpe.n
CTaBJieHHe ¢YHKUHH, IlOCTPOHTb ~KBHITOTeHUHa.1bHHe JlHHHH H llOJIY'lHTb yoe
JlH'leHHOe H3O6p8.lleHHe JIRJ6oro yqacTKa o6JiaCTH H .np. Visyqrui pesyJibTaTll 
OT,l!eJlbHOro pacqeTa, IlOJlb3OB8TeJlb B ITOHCKax OTITHMaJibHOro perueHVJl: MO

~eT rrepettTH K HOBOMY pacqeTy IlpH ,npyrHX Ha'laJibHllX ,l!aHHHX, KOTODlle 
OH 88O,l[HT, HCITOJlb3YR CBeTOBOil RapaH.nam H KJlaBHaTypy. ITpe,rrycMOTpeHO 
Benerrne npoTOKOJla padOTll C Bu,naqei\ paSJI!ft!HOro po,na .n:BarHOCTID<H rrpH 
HerrpaBllJlbHllX ,rrel1CTBIDIX llOJlbSOBUTeJIR. PactJeTH pa,na ¢B3H'l8CKIDC YCTaHo
BOK (noJIOCKOBoro pe3OHaTopa, ycTaHOBKH .D:JIR HanuJieHIDI CBepxnpoaonHH

KOB o BaKJyMe H .np.), BHITOJIHeHHHe C MCITOJlb3OBaHHeM ,I!HCl1/leH, IlOKasa
JIH,CTO oueHKaM·crreuHMHCTOB,YCKOpeHHe IlOHCKa OITTHMaJlbHOro BapHaHTa 
B 3 - 4 pa3a no cpaBHeHHRJ c o6HtJHoa MeTo.nm<on. 
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PacqeT a,nresaTopa - ycTaHOBKH ,I!JIR gopMHpOBaHHH 3JieKTpOHHO
HOHHoro cryCTKa npH KOJIJleKTHBHOM ycKopeHHH HOHOB /IS/ - ,npyraa sa

,naqa pacqeTHOro xapaKTepa, r.n:e HCITOJibSOBaHHe P,HCTIJleH IlOSBOJlMO 
YCKOPHTb HaxOJ1UJ:eHHe OKQHqaTeJibHOrO perneHHR B HeCROJlbKO pa3. 3a,naqa 
COCTORJia B no.n:6ope 3JI8KTPH'l8CKHX H reoMeTpH'leCKHX napaMeTpOB CHCTe
llli KaTymex C ~eHoD C03,naHHR llOHR ipeOyeuott KOH~rypa.IU{H.Hcxo,nm1e 
.n:aHHlle (pacnoJIO%eHHe KaTymeK, ID{ reoMeTpH'leCKHe pa3Mepu, BeJIB'lHHbl 

npoTeKaromrur TOKOB H ,np.) onepaTHBIIO H3M8HRJIHCb Ha OCHOBaHHV. rrpoMe
JKYTO'lliHX pesyJibTaTOB. CooTBeTCTBYRllllBfi rro.n:6op MacrnTa6OB npH HSO6pa
%8HHH KPHBott cyMMapHoro TIOJIR H reoMeTpHH CHCTeMH RaTymeK ITOSBO
JIRJI BH8YMoHO KoppeJIHpoBaTb IlOJI0%8HHe OT,neJibHHX KaTymeK C ITOBe~e
HHeM KpHBOtt. CYJ!1eCTBeHHoe COKpameHHe IlOHCKa OITTHMaJibHOro pemeHHR 
B .naHHOM CJiyqae 6URO ,l(OCTHrHYTO 6Jiaro,napa TOMY. 'ITO HaJIH'lHe m1cn
J1eH rrosBOJIMO npHBJie'lb K pa6oTe Ha 3BM cneUHMHCToB-<f,HSHKOB, KOTO
p1,e HeCMOTpR Ha TO, qTo 6WIH COBepmeHHO H83HaKOMll C 3BM H nporpaM
MHpoBaHH8M, OCBOBJIH pa6oTy C ,I!HCTIJle_eM .B Te'leHHe o.n:Horo ceaHca. 

PeaJIHS8UHH B03MO~HOCTH pa60TH C .D:HCllJleeM B rrrorpaMMe pacqeTa 
CBCTeM TpaHCTIOpTHpOBKH nyqKa sapa~eHHllX qaCTHU 12 /T~e ITOSBOJIHJia 

cymeCTBeHHO IlOBblCBTb 3g~eKTHBHOCTb nporpaMMH. EOJibmOe 'lHCJIO HCXO.D:

HHX rrapaMeTpOB He ITOSBOJIReT BHCBe'lHBaTb HX Ha 3KpaHe BCe O,I!HOBpe
MBHHO. 0,nHaKO HMH'lHe COOTBeTCTBYIOlllIDr CBeTOBllX KJiaBIDII IlO3BOJIReT C 

llOMOmJ,RJ CBeTOBOrO KapaH,nama JierKO nepettTH K HSO6pa.JK8HHRJ Tpe6yeMOff 
rpynrru napaMeTpOB H HSMeHHTb Jiro6ott HS HHX B CJiyqae 11eo6XO,lI.HMOCTH. 
PesyJibTaTH pactJeTa rrpe,llcTaBnHRJTCH Ha 3Kpane B BH,n:e orH6aromv.x nyqKa 
BO BSaHMHO nepneH,nHKyJIRpHHX ITJIOCKOCT.IIX. KpoMe Toro, Ha 3KpaHe MO~HO 

Ha6JIIO.D:aTb pacrrpe,neJieHHe ITJlOTHOCTH 'laCTHU Ha KOHile CHCT8Mbl, a TaK~e 
PR.It HaH60Jiee BalltHb'X nepeMeHHHX, xapaKTepH8YIOI!1HX q:oKyCHpOBKY. 

Cos,naHBe nporpB.MMH ,ll.JIR npOCMOTpa H pe,I!aKTl1pOBaHJ,IB pe3iJihTaTOB 
HSMepe111r1f.i CHHMKOB C TIJ3b!pbKOBllX KaMep C ITOMO!llbRJ .rr.HCilJieR 12 / TIO3BO-

JIHeT IIOBHCHTb 3g¢eKTHBHOCTb CHCTeM o6pa6OTK¥. CHHMKOB sa C'leT Y},leHb
meHHH 'lHCJia IlOBTOpH!,!X lr!3Mepemrn Tex CO6llTHfi, KOTOpHe Hs-sa onrn6OK 
onepaTopa, c6oeB arrnapaTypH H ,npyrv.x np.iqnH 11e cMorJin npoaTH 
cTaH.napTHYJO uenoTIBy nporpaMM o6pa6oTKH 1221 H 6uJIH oT6paKOBa11u. 

0TpadOTKa ,llHCTIJieMHOM MeTOJI!IBH H OU8HKa ee 3¢,~eKTHBHOCTH 6URa IlpOBe
.ne11a Ha COOhlTllRX, TIOJiyqen@x c O.D:HOMeTpOBOi1 nysHpbKOBOV. KaMepu J1a-
6op8TOpllH BJJCOKHX 3Heprtti1 OHfili 1JHCJ10 C0Ob!Tllli, HarrpaBJIHeMHX Ha 

IlOBTODHOe H3MepeHlie,cocTaBJIReT OC'lll'lHO IO-~G7o. 0K&3HB88TCR, 'ITO B 
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60-80"fo cny~aeB OT6paKOBaHHHe CO6HTru:! MOXHO "cnacTH" 6e3 me IlOBTOp
Horo H3MepeHIDJ, KOppeKTHPYR 3anncaHHile Ha MarHHTHOH neHTe pe3ynbTa
TH H3MepeHHH C IlOMOmbn ~HCMeR. OnepauHH 3a ,ltHCMefiHHM nynbTOM: o6-
pe3aHRe KpRBIDC TpeKOB, H3MeHeHHe ~eHTH¢RKaTopoB TpeKOB H BepmHH, 
YHHqTo~eHHe OCTaHOBOK, y~aJieHHe BTOpRqHID( 3Be3~ H ~p., - BHilORHmot
CR Ha OCHOBaHim npOTOKOROB pa6OTH nporpatl!M reoMeTpnqecKOH peKOHCT
PYKURH H KHHeMaTnqecKoro aH8JIH3a. 3TH npOTOKMH co~epxaT nepeqeHb 
co6HTH~, THilH omn6oK H ,npyryID }ffi~OPM8UHID, HeO6XO.ItHMYD ~M BHHCHeHIDI 
ueRecoodpa3HOCTH TOH MH HHOH onepaumi pe~aKTHpoBaHIDJ. HcnpaBneHHHe 
codHTIDI sanncuBa~TCH Ha BHXO.ItHYID MarHHTHYD neHTY, ~opMaT KOTopon 
COBTI~aeT C TIOHHHTUM ,nn~ 06HqHOH BXO~HOH neHTH nporpaMMH reOM8TpH
qeCKOH peKOHCTPYKUHH. nocTOBepHOCTb npoue~ peµaKTHpOB8HM Ha ~HCTI
nee 1una nonTBeplK,!LeHa cpaBHeHHeM pesynLTaTOB o6pa6OTKH KOHTpORbHOll 
rpynnu OTODaKOBaHHHX ~ByxnyqeBHX n qeTHpexnyqeBHX co6HTHll (Bcero 
6onee 2GO COOHTd), KOTOpHe, c OµHOfi CTOPOHH, npomnH UHKR IlOBTOpHWC 
H3MepeHH~, a C µpyrott - OHRH HCilpaBneHH Ha ~HCMee. CKopOCTb pe,naK
THPOBaHHR COOHTnn C HCilORL3OBaHHeM ~HCMeH COCTailMa B cpe~HeM OKO
RO 50 COOHTHil/qac.· 

OCHOBHHe pesynbT8TH ,ltaHHOA paOOTH 38.KJil)q8JOTCH B cne~meM: 

I. naH oOsop OCHOBHWC HanpaBneHHR HCilORb30BaHHR rpa~nqecKHX 
,nHcnneeB B 3~aqax (f.H3lll<H BHCOKHX 3Heprml. IloKa3aHO, qTo rpaif,H-
qeCKHe .nacnneH HCTIORb3YIOTCH npaKTHqeCKH Ha Bcex 3Tanax no.nroTOBKH 
n npoBe,neHM ~nsaqecKoro aKcnepHMeHTa, npH o6pa1oTKe nonyqaeMwc 
3KCnepRMBl!T8JII,H!,I)( ,I(8HHHX H MaTeMaTHqecKOM aHa.1rnse. 

~- PaCCMOTperm oco6eH!tOCTH nporpaMMHpOBaHM if,n3nqecKHX 3~aq, 
KOTopue B oomeM cnyqae npeµbHMHIDT CB.MHe pasHoo6pasHue Tpe6oBaHM 
K MaTeMaTnqecKOMY odecneqeH~ID .nncnneHH!lX CHCTeM. IloKasaHO, qTo HaH
oonee a(p'fieKTHBH!:lM no.nxo~oM, cnoco6HUM B sHaqnTenbHOH cTeneHR y,noMe
TBOPRTb ~THM Tpe6OB8HWIM H IlpHHRTHM aBTOPOM, HMJieTCR CO3,ltaHHe pa3-
BHTOro oomero MaTeMaTaqecRoro ooecneqeHHR rpa.cfB1:1ecKoro ,nRcnneR B BH
ne 6HORl'!OTeKR ,llHCMe1HHX no.nnporpaMM, He 3aBRCHlllen OT KOHKpeTHliX. 
npHMeHeHl'!H H .nonycKa10mel\ BHOOp O:1THM8JibHOro Ha6opa B03MOXHOCTel1 HS 
'lHMa UMeromnxcR, ,I ITOCTpoeHHe· Ha ero OCHOBe .nncnnefiHHX MeTO,llHR H 
nporpaMM .llRR OT~eRbHHX ¢H3HqeCKIDC 3a,naq. 

3. PaCCMOTpeHH OCHOBHl,le npooneMh!, BO3HHRaJ<llllHe npH CO3,ltaHHH 06-
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mero MaTeMaTnqecKoro o6ecneqeHM rpaTnqecKl'iX .nucnneeB KaK ycTpol!cTB 
BBO.na-BHBO~a HOBOro TRIIa. Ilpe,nJJOXeHa KnaccnqmKauHR rm,nnpor])aMM ]THCTI
nefiHOH 6H6RROTeKH H ,naH aH8JIR3 HX 3aBHCHMOCTU OT KOHRpeTHOr; pe8.IIU88-
URH rpaft:a1:!eCKOtt Cl1CT8MH. 

4. Coa,naHo MaTeMaTRqecKoe o6ecneqeHne .nM rpafzqecKoro nncnneR 
CO CBeTOBI,JM KapaH,namOM Ha 3BM CnC-1604A, ITO3BORHIOlllee HCTIORb3OBaTb 
3TO ycTpoicTBO B peJmMe ~HaJiora "qenoBeK-SB,vl" Ha R3UKe ~O?IPAH (rum. 
Ha aBTOKo,ne). IlpaBMhHOCTh npUHRTIDC npHHUHTIOB u ,llOCTaToqHaH IlORHOTa 
cpe.ncTB, npe,noCTaBMeMUX IlO.IJb3OBaTeJJn, IlO,ltTBepJK.naeTCR TeM, qTo nepe
HOC OO3,naHHoro ,n::rrnIInefiHoro o6ecJieqeHM Ha ~pyrv.e 3B~ CwCM-6 H ManHe 
SBM) , KOTOplllt npOBO]THTC.f.l B Olliil'l B HaCToruuee BpeMH, OCYJl\eCTB
nHeTCH c coxpaHeHUeM OCHOBHOli ~eonorun H CTPYKTYPH .nncnneffHOli 6B6-
RROTeKR, HeCMOTP.li Ha pa3HOOC'.ipa3He KaH8.IIOB CBR31'! H annapaTyph! ,l!MCnne
eB (rrpocTefimRe .nucnnen, crroco6HHe annapaTHHMI'! cper.cTBaMH BNCBe'lHBaTb 
TORbKO TO~R, YHHBepCaJibHHe .n;ncnneH C r'fYHKUUOHaJ.IbHL'.MI'! reHepaTOpaMll, 
~Hennen Ha saTIOMl!HaJOUIHX Tpy6Kax) • 

5. Pa3pa6oTaHH Bonpocu MaTo6ecneqeHM cBeTOBoro RapaH,nama, 
KaK OCHOBHOro cpe,nCTBa B3aHMo.ne!icTBM qenoBeKa C Jrl3OOp8.lKeHHeM B 
,llHCM8HHUX CRCTeMax. Ha OCHOBamrn c¢OPMYRUPOBaHHl,IX Tpe6oBaHHH npe,n
noxeH Hadop R OilRCaHH anropHTYJi ~RCMeliHHX no,n;nporpaMM, odecneqnBa
lJlllHX acf4eKTHBHYJO pa6oTy cBeToBoro Kapa~ama KaK B peJJtID,1e y-Kasamrn 
.llRH Il,lleHTHqiHK8UHK yxe CYII!eCTBYJ()IIIHX aneMeHTOB H80OpaJKeHM, TaK H B 
pexRMe cnexeHM ,nnH rrocTpoeHHR Ha 3KpaHe .nncnneH HOBHX rpaJ,nqecKHX 
O6'beKTOB Henocpe,nCTBeHHO C IlOMOmbID CBeTOBoro KapaH.nama. 

6. IlpHBe,IIeHhl npm.iepu, MRIDCTPHpYJOlll>le OCHOBHNe B0-3MOl!tHOCTH cos
,Il,aHHOro KOMMeKca ,Il,RCMeffHh!X no,nnporpaMM npH nporpaMMHpOBaHHH Ha 
JI31:lKe ~OPTPAH. 

7. Ha ocHOBaHHH cos,IJ,aHHoro odmero -;rncnneliHoro MaTo6ecneqeHMR 
BnepBue B OTeqecTBeHHOff npaKTRKe pa3pa60Tam1 MeTo,r.:~KH H CO3)JaHH co
OTB8TCTBYJ()IIIRe .nncnnefiHue nporpmlMll, KOTOpHe ycnemHO RCilORb3OB8RHCb 
l! ncnonb3YIDTC.f.1 B HaCTomnee BpeM.F.1 B 06'be,nHHeHHOM HHCTHTyTe R,llepH!.X 
IICCJ18,ltOBaHIDi npH peIDeHHl! CJ!e~IOI!lHX 38,lla'l aKcnepJ.!MeHTa/lhHOi IJH3:l'!JOJ: 

- pacqeTl,I 3JJ8KTJ)HqeCKHX H Marmi:THHX no.wi-l nyTGt.: pemeHHH .nwf:
qiepSHUJlaJJ.z,HIDr ypaBHeHHli B tJaCTHllX npOlrnBO,llHllX an.1nmTnqecKoro THna 
KOHe'!HO-pa3HOCTHHM MeTO,ltOM; 

- pacqeT ycTaHOBKH ,ltM ipopMHPOBaHYiR 8.~eK1'p0HW:>-VJOHHOro cryCTKa 

npH F.OJIJISKTHBHOM ycJ:opemrn HOHOB (a.nre3aTOpa); 
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- paC'tieT no TeopIDI BToporo nop.H.nRa HOHHO-OilTHlleCROB CHCTeMH; 
npe,nHasHa'!emIOH .lVlil TpaHCilOPTHPOBRH nytIBa sapmteHHHX '!'aCTJm. 

IIo cprumeHmo c Tpa.n;mumHHllM cnoco6oM pememm TaKHX sa.n;a11 (MeTo
.noM npo6 H omH6oR ·B yCJioBlitlIX IIaReTHOH o6pa6oTKH nporpBMM Ha SBM) 
BOSMOJKHOCTh ouepaTHBHOro .D:HMora '!'e~oBeKa C SBM B nponecce IlOHCKa 

OilTHMaJILHOro pemeHH.fl IlOSBOJUieT YCKOpHTh IlOJIYt:feHHe OKOH'!aTeJILHOro 
pesy~LTaTa B HeCKOJihKO pas. 

8. BnepB!ie B OTe'!eCTB8HH0£1 IlpaKTHKe paspa6oTaHa MeTo,l(lllta JI cos
.ll:aH!i .nucIIJieffH!ie nporpaMMH, npe.n;HasHa11eHH!ie .lVlil onepaTHBHoro npocMoT
pa a pe,naKTHpOBaHH!f C IlOMOmLID rp~:irqecKoro ,ll;HCIJJieH 33.ImCaHHUX Ha Mar
HHTHOH JieHTe peayJibTaTOB H3MepeHHll CHHMKOB C IlYSHJlhROBIDC RBMep, KOTO
pue 6HnH OT6paKOBaHH Ha STanax reoMeTpK'leCKOff peROHCTpYJmHH H KHHeMB.
THlJ8CKOro aHMHsa. VicnonL30BaHHe ,ll;HCWI8H Il08BOJUI8T IlOBHCHTh sip'fleKTHB
HOCTh CHCTeM o6pa60TKH, TaK RaK HCRJm'l'aeT Heo6xo.n;HMOCTb Tpy,noeMKoro 
nponecca IlOBTOpHoro HSMepeH!lH .n;JJH 3Ha'l'HT8RbHOH '!'aCTH TaKHX co6HTHff. 
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