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PA3PABOTKA CPEJICTB BU3VAJIU3AIIN ITPOTPAMMHOTI'O
OBECIIEYEHU A ITAPAJUJIEJIBHBIX BBIYNCJIEHUAN.
OIITMUSAIINA ITAPAJIJIEJIBHBIX ITPOTPAMM

B. JI. Asepbyx, A. 0. Baitnanun
(UMM VYpO PAH)

Pa6ora comepkuT 0630p COCTOSHES A€/ B BU3yalU3anuy IPOrPaMMHOrO obecnedeHns na-
paJITebHBIX BRIYHCIEHUE W ONMCAaHHe pa3paboTOK aBTOPOB B OOJIACTH CO3JAHHS CPEACTB
BH3yaJIbHOM OTNankd 3PGdEKTHBHOCTH [ OTE€YECTBEHHOU CHCTEMBI NapaJljelbHOrO Ipo-

rpamMMupoBanusg DVM.

Bsenenue

B npeamiaymeit cratse [1] paccMorpers: mpobire-
MBI, BO3HHMKAIOIIME NpPH pPa3pabOTKe BH3yaJbHBIX
Cpell TpPOEKTHPOBAHWS X OTJIALKA HPABHILHOCTH
napaJiIeIbHBIX IPOrPaMM.

Cl0XHOCTH MapaJIEIbHOTO NPOTPaMMUPOBAHASA
¥ OTJIAJKYW MapalijieIbHBIX IPOrpaMM IPHBOIMUT K
TOMY, 94TO GONBITUHCTBO MapajjebHbIX OTJIANJH-
KOB MCIOJIb3yeT BU3YAIU3AIAIO I IPeACTaBIeHN
mHdopMmanuu. K HacTodAlleMy BpEMEHH B Pa3HBIX
CTpaHax MEpa pa3paboTaHBl NECATKH HHTEPECHBIX
CHCTEM BU3YaJIU3aIUH [APAJIIEIbHBIX BBIYUCIEHUN
Pa3IMYHOTO Ha3HAYSHHS, BKIIOYas Pa3HOOOpa3HbIe
CHACTEMBI OTJIAIKA 3PDHEKTUBHOCTH.

CymecrByer aBa acuekTa pa3pabOTKH CHCTEM OT-
JIAKA TPOU3BOAUTEIBHOCTH: B CBA3X C mpobie-
MaM{ HHXKEHEPHH IpOrpaMMHOro obecmedeHHs H
COOCTBEHHO C BHU3yaJbHBIMH 3amadamu. C mep-
BBIM aCIEKTOM CBS3aHBI BOIPOCHI O METOZAX pea-
JIM3aOWKM CHCTEMBI COOpa [NAaHHBIX, PACCTAHOBKH B
Tejle u3y9aeMo¥ IpOorpaMMbl KOHTDOJNBHBIX TOYEK,
OYEHb CJIOXKHBIE METONUKH, IIO3BOJIAIOIINE PeaIH30-
BaTh on-line oTnagky u T. . Bropoit acmekT kacaer-
Cs TOTO, KaK, B KAKOM BHJIE€ IPEJICTABIATE JAHHBIE O
npoussoguTenbHOCTH. Ilo cyTn BTOpO# acnekT (Ko-
TOPOMY YAEIIeTCS MaJji0o BEAMAHUSA IIO CPDaBHEHHIO
C DEepBHIM) OKA3bIBAETCs OYEHb INIyOOKHM K CBA3HI-
BaeTCs C BOOPOCOM O TOM, KaKHe CYUIHOCTH IapaJ-
JIEJILHOTO IIPOrPaMMHUPOBAHAS HEOOXOUMBI IJId OT-
JIaJKU IIPOU3BOAMUTEIHLHOCTH. Y2Ke IIOCje OTBeTa Ha
3TOT BOIPOC MOXKHO LyMaTh O MeTadopax BE3yaJIHd-
3alUd ¥ BHOAX OTOOparkeHus.

Otnanka 3 deKTUBHOCTH

Cucremp! oTnaaxu 3PDEKTABHOCTA CIYKAT AJIS
TOrO, YTO6HI IPEeACKa3bIBaTh, HAXOLUTH U H3beraTh
BO3MOXHO Hea(hPEKTHBEOCTH HCIOIHEHHS IapaJ-
JenbHLIX nporpaMM. Hecmorps Ha 6Gosbimoe Kouu-
YeCTBO MHCTPYMEHTAIBHEIX CPEICTB, ONMCAHHBIX B
JIuTepaType, JHIIb HEMHOTHE H3 HHX DeajbHO MC-
nonb3ytorcsa. s Toro 9Tobsl pa3paboTaTh XOpo-
A WHCTPYMEHT, IOMOTralolIH# IPOrpPaMMHUCTY OT-
JIa’KWBaTh U NOBBIIATH 3P dEKTUBHOCTD CBOEl mMpo-
rpaMMbl, HEOOXOAMMO PaCCMOTPETh BO3HHMKAIOIIHE
OmHOKY X U3YyYHTH HX IPHAPOLY.

Wmeer MecTo kiaccudukamusa mnpobieM OTIag-
kn u HacTpoiiku sddekrusnocru [2]. Ilpm sTom
MOXKHO BBIJEIHTH ClieAyoume (aKkTOpHI, 3aTPYA-
HAIOIIZE IOKCK OITHOOK:

1) pa3psiB MeXAy OPHYHHON M ClIEJICTBHEM;
2) HeTOYHBIE HECTDYMEHTAJIbHBIE CPEJICTBA;
3) HeBepHOe IpEeANOIOXEHHE HJIH MOJENb;
4) HeCTPYKTypPHPOBAaHHAas IPOTrPaMMa.

YacTo nposiBlIeEAE OIIAOKH IPOrDaMMBI JAJIEKO
OT ee NpHYHHBL. TpPYAHO HNOHATBH, B 9eM JeJ0, KO-
raa ommOKy HENb3s CBSI3aTh C MCXOLHBIM TEKCTOM
nporpammbl. K 3TO# KaTeropus OTHOCATCH OMING-
KH, KOTOpble HMEIOT MHOro "crememeit cBoGomer",
T. €. ABIAIOTCS HEJACTHIMH, HEYCTOUINBLIMY, HECO-
IIaCOBAaHHBIMH. JHAHHE O TOM, 49TO 3(deKTHs-
HOCTb JOCTHTAeTCH ONTHMAJIbHOCTHIO, HE CBA33aHO
€O 3HaHHEM TOrO, KaKyIo 9acTh KOZa HaJO ONTHMH-
3UpOBaTh. XOTHA JOCTATOYHO IPOCTO ONPENENHTh
Opu3HAKK Hed(P(EKTUBHOCTH, JACTO O9EHb TPYAHO
HaliTH, TOe JOoKalnu3yeTcs ee npryuHa. [Ipeomorne-
HHE 3TOr0 Pa3phiBa, KaK NMPABHJIO, HAYMHAETCA CO
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Paspaborka cpefcTB BH3yaan3anqud IPOrPaMMHOrO 0becedeHus HapaJlaebHbIX BEITHCICHHH. ..

cbopa ZaHHBIX IO TPACCHPOBKE IPOrPAMMbI, 00beM
KOTOPHIX MOXET ObITh OueHb GonpummMm (0coGEHHO
B CIydae Macc-IapaJulelbHeIX mporpamm). Como-
CTaBHTb JAaHHBIE TDACCHPOBKH CYETA IPOrPAMMBI Ha,
HH3KOM ypOBHe TpyAaHOo. Hampmmep, oTnagguk mo-
Ka3bIBaeT, YTO BpeMs NOTPAdYeHO, HO HE SCHO, TIe
HMEHHO, TaK KaK IIOKa3bIBAE€TCH CyMMAapHOE BpeMs
JJIE BCEX MPOIECCOPOB.

CymecTByroT ommnbKH, KOTOpblE HCY€3a0T (WIH
HOABJIAIOTCS), KOTAA BKJIOYEHHI CPENCTBA OTIAJ-
KH — gBJICHHE, H3BECTHOE KakK addexm 3onda. Bos-
MOXKHBI TaKXe agexmo. pa3pyuenus MIPaBAILHO-
IO BHINOJIHEHHS NMapaJljIeIbHONW IPOrPaMMBI 3a CIET
BHEJPEHHS OTJIANOYHOIO M BH3yaIN3aUOHHOTO HH-
CTPYMEHTApHEB.

Mognens, obbsacHsaomas paboTy onepanum Ipo-
rpaMMHOro obecHmedeHHsI CHCTEMBl HJIA AalNapat-
HOrO KOMIIOHEHTa, MOXKET 3HAYATEJbHO COKPATHTH
0611aCTh MOMCKA IPHYMHEI OIIMOKH, HO TaKKe B PaB-
HOM CTENeHHM MOXKET BCE YCJIOXKHHTH, €CJIH MOZEIb
HEBEPHA.

Wrorma oTnazaTh 9yXKyo NPOrpaMMy CIOXKHO
H3-33 I'POMO3IKOCTH KOZAA, €r0 3aCOPEHHOCTH.

BonsmmucTBO cHCTEM oTnaaku 3dpdexTuBHOCTH
HCHOJB3YIOT OTOOparkeHne METPHK IPOU3BOIATED-
HOCTH. MeTpuka — 3aBHCsALas OT BpeMeHH (PYHK-
[¥sl, XapaKTe€PHU3YyIOolas HEKOTOPHIE aCIEKTHI IPOU3-
BOOHTEIHbHOCTH NapPAJJIEIbHOM IPOrPaMMBl, HAIIPH-
Mep HarpysKa OEHTPaJIbHOrO IPOIECCOPa, MCIOIb-
30BaHME NaMATH, YHCIO ONepandii C IUIaBalomel
3anaroit. Jlyis BH3yaNbHOrO HpPEACTABIEHHS MeET-
PHUK IPHMEHSAIOTCA BHABI OTOOParKeHNsl, KaK IPaBH-
JI0, 3AaMMCTBOBAHHbIE U3 CTATACTHIECKOH TpadHuKH.

VimenHO Ha MeTOZaX CTATHCTHYECKOH rpadHuKu B
OCHOBHOM 06a3upyioTcsi BUABI OTOGpa’KeHMsS CHCTe-
me1 ParaGraph [3], craBmeit reobunumansabiM cran-
AapTOM CHCTEMBI OTJIAAKHA 3P PEKTUBHOCTH B cepe-
nuue 90-x ronos. ParaGraph mogzmepsxmpaer Gomee
25 BEZI0B O0TOGpasKEHUsl, CPEM KOTOPHIX — KaK XO-
POIIO E3BECTHBIE CTONOYATHIE X KPYTOBBIE JHATPAM-
MEI # rPa@HKH Pa3IHYHbIX THIOB, TAK U MEHEe IPH-
BBIYHBIEC, HaIDEMED AWAarpaMmMmbl ['amTTa mnm gma-
rpaMMel Kuerara.

Pabora nesoro pszxa cucrem ortnanku s¢pdexTHs-
HOCTH, pa3paboTaHHEIX B nepsoii mososuEe 90-x ro-
HAOB, 3aKjI049aercs B cOOpe ZaHHBIX O NPOH3BOIH-
TEeJIbHOCTH NapaJuUleJIbHOH OpOrpaMMEbl IS TOCHe-
Ayoule# nepefadd BH3YAJIH3HDYIOMEH JYacTH CH-
crembl ParaGraph. B apyrmx cmcremax ormazn-
kn 3¢dexrusroctr (cm. [4], PIE [5], RP3 [6],
PEP [7]) comepxxuTca npumeprO TOT e HabOp BE-
3yaJIbHBIX CPEJCTB, KOTOPHIH OPEACTaBIEH B CHCTE-
me ParaGraph. 13 6onee mosgumx (cepemmua 90-x

roZIoB) pa3paboTOK, CIEAYIONHX B 9TOM HAIpaBIIe-
HEH, paccMoTpuM cucrembl Paradyn, P3T, AIMS
4 O4YeHb MHTEPECHYIO cucTeMy Avatar, OCHOBaHHYIO
Ha HMCIOONH30BAHHA BUPTYAJbHON PEAIBLHOCTH IS
HY2KJ, 0TIagKu 3(hPEeKTUBHOCTH, a TaKXKe CHCTEMBI
Kanoko u Chiron.

Paradyn [8] aBisercs maCTpyMeHTOM H3MepeRTs
IPOU3BOJUTENBHOCTHA O4Y€Hb OOMABIIMX Napaslielb-
HBIX IPOTPAMM H CPEAH APYLHX BKJIIOYAET B Ce-
6a monyns Kowcyavmanm sgdexmuerocmu, KOTo-
pHIit onpenensieT "y3kue MecTa" MPOU3BOAUTENLHO-
CTH IyTeM aBTOMATHYECKOrO NOUCKA B mHpOpManu-
OHHOM IIPOCTPAHCTBE, ONPEAEIEHHOM MOIENbIO HO-
HCKa IO TPeM OCaM: nouemy, 20e u xozda. (Ilo-
“wemy NaHHAS IPUKIANHAS NPOTPAMMa HMEET HH3-
KYIO IIPOM3BOJUTENLHOCTH? ['de pacmosoxkeno ys-
Koe MecTo mpom3BozmuTensHOCTH? Kozda npossm-
JIOCh BO3JEHCTBHE JAHHOI'O Y3KOIO MECTa Ha IPOU3-
BOZUTEABHOCTH IPOrPAMMBI? )

Korga Paradyn moxcoemmusiercs k mpuKiIamHOM
IIporpaMme, HOACHCTEMA YIPABJIEHHAS CPEICTBaMHK
H3MEpEeHHs OIpeNeseT BCe MOTEHNUAIbHBIE IIO3H-
OUH BBOJA CPEICTB M3MEPEHHs IyTEM CKAHUPOBA-
HHS JBOMYHOTO KOZA MPUKJIALHON nporpaMMsl. Ilo-
CJIe 3TOrO MOACHCTEMA YIIPABJIEHHAS CPEACTBAMH W3-
MepeHHsd co3aeT Hebomblie (pparMeHTH Iporpam-
MBI (trampolines). OTH 3arOTOBKH BCTAaBISIOTCS
B ABOMYHBIA TEKCT NPHUKJIANHON mporpamMmsel. Mc-
nons3ysa cpegcrsa OC UNIX, noacucrema ynpasite-
HHUS HHCTPYMEHTAJIbLHBIME CPEJICTBAMH ObecnednBa-
eT PYHKIIMOHNPOBAHKE STUX 3arOTOBOK B TeJIe IpH-
KJIaJHOH MPOrpaMMBl.

Wroit moaxox x ornanke 3¢ddEKTHBHOCTH peaJrn-
soBan B cucreme P3T [9], mpennasmagenno#t ans
OLEHKH M ONTHMH3AIWH NPOU3BOAUTEIHHOCTH IIa-
paJlNIeNIbHBIX OporpaMM. Ecim B mpenpiaymmx pa-
6oTax paccMaTpuBaiach OTIajKa 3hdEeKTHBHOCTH
Ha, ypOBHE OIlepaluil MOCHIIKA COODLIEeH I, TO 31eCh
IPOBOAMTCS ONTHMH3AIHS CAMOrO KOJA IPOrpam-
Mbl IOpH ee pacmapajutenuBasmnm. Cumcrema P3T
BBIYHCIAET HabOp IapaMeTpoB mapaJjuleIbHOR mpo-
rpaMMEI, KaXKIbI B3 KOTODPBHIX OTPaXkaeT pa3ind-
Hbl€ aCleKTH OPOH3BOAHTENbHOCTH. C mOMOIIBIO
P3T MoXHO OTBEeTHTH Ha TPH OCHOBHBIX BOIPOCA,
KacalomuXcs OTIaIKH 3P PEKTABHOCTH Napallieb-
HOH IpPOrPaMMBEI:

1) Kakol U3 aCmeKTOB IPOU3BOJUTEILHOCTH HEOH-
XOZMMO YJIy4IIATD;

2) rze HaXOASTCS YaCTH NPOTPaMMBI, Tpebyomue
yBeJIM9eHAs IPOU3BOAUTENBHOCTH;

3) 9TO HOMKHO 6HITH CHeNaHO, YTOOB YBEIHIATH
NPOA3BOAUTENBHOCTb.
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KumoueBoit mpobsiemoit mpu pa3paboTke crcTeM
OLIEHKH NPOU3BONUTENHHOCTH SIBJISETCA JOBEIEHHE
BaXHOH MH(MOPMALUK O NOBEJEHUH BBHIIOIHSIEMON
IPOrpaMMBI KaK JO IPOIPaMMHCTA, TaK H JO KOM-
NAIATOPa. JTO MO3BOJISIET OPraHA30BATH HACTPOR-
Ky s¢dexTuBEOCTH nporpamm. B cucreme peainn-
30BaH HabOp WHTEPAaKTHBHBIX MHCTPYMEHTOB, CIIy-
XKamyx I8 HAaCTPOHKM 3¢ PeKTHBHOCTH U BH3ya-
JIM3aIUH JaHHBIX O IPOHM3BOAUTENbHOCTH IPUKJIA-
Hoit mporpammel. OTobparkaroTcs mapaMeTpsl Ha-
PJIENIbHOM IPOrpaMMBl, a HX U3MEHEHHEe IIOJIb30-
BaTesieM obecrednBaeT BHIGOD ONTHMAJBLHBIX CTpa-
Terui IPOrpaMMHPOBaHMS, CBA3aHHBIX C PACIapaJI-
JenuBanneM. Busyanusanusa mpou3sBOZHTEILHOCTH
OCYLIECTBJIIETCA JJI €OWHUYHOTO BHIpaKeHHsA. B
OKHE BU3YaJU3aIUH B BHJAE LBETHBIX MOJOC BBIZA-
IOTCA MapaMeTphl NapajljiesibHOR mporpaMMmbl. Mx
3HAYEeHHs CPABHUBAIOTCHA CO 3HAYEHHUAMH IapaMeT-
POB BBINOJNHEHHs!, MOKA3aBLUIETO HAMXYIIIYH IPO-
H3BOAMTENBHOCTD, BHIBEJEHHBIME B HUXKHEH 9aCTH
OKHA.

[Tomp3oBaTens mMeeT BO3MOXKHOCTH BHIOPATH
CTPATETHIO PACHpEAETIeHHs 110 IPOLEeCCOPaM CTPYK-
TYP [JaHHBIX (HaIpEMEp MACCHBOB) M pPaCIapaJiie-
JINBAEMEIX NMPOrPaMMHBIX KOHCTPYKIMH, TaKAX KaK
IAKJIBI.

Cucrema AIMS [10] sBnserca uHCTPyMeRTApHEM
JUUIs HACTPOUKHM M IIPeACKa3aHusA POU3BOIUTETHHO-
CTH NIPOrpaMM, OCHOBAHHBIX HA IOCBLIKE COODIIe-
Hu#t (paboTAOmAUX Kax B CETH, TAK M B PAMKAX Ia-
paitensHoro spramcanTens). AIMS comepxur Ha-
Oop mozcucTeM, CIyXKammX NS H3MEpEHHS U aHA-
JIA3a IPOH3BOAUTENLHOCTH.

Wsmepenns, nposenennrie B xofe BHINOJHEHHS
OpOrpaMMBl AJid CO3maHMsA aiiia TPacCHPOBKH,
HapyIIAlOT ¥ KOMMYHHKAIZOHHBIE, W BpPEMEHHBIE
XapaKTePHUCTHKY COOBITHI, 3anmCaHHBIX B (aiire.
Ansa croa’xuBaHUsS MOCHEZCTBHA STHX HeKeTaTe b-
HBIX 3 PEKTOB CIY>KUT CHENAATLHEIH MOIYIb KOM-
OEeHCAIUM, MCHONb3YIOMMUE COOTBETCTBYIOMIEE MO-
AEJIH OI€HKH B3aMMOJEHCTBHI IJIA JaHHOHR BBIYHC-
JUTETPHOK apxXHTeKTyphl. Kommencarop BEempe-
HUSA HCOPaBIsAET Paiy TPaCCHPOBKH, KOTODPEIH MO-
XeT 3aTeM CIYXHUTb BXOZHBIM dailioM anas pas-
HOOOPa3HBIX CPEJICTB OIEHKH IPOU3BOAATELHOCTH,
ONpEeAENSIONNX XaPaKTEePHCTAKHA IPOU3BOLHTENb-
HOCTH Ha OCHOBAaHHH NOCMEPMHHLT TAHHBIX.

Busyanusanus npoussoguTca ¢ mcmonb3oBanmeM
AHAMAaIMOHHBIX BUAOB OTOODa’KEHUA. OTH BHIBI
OTOOpaKeHns NPEeICTaBIAT MHGMDODMAIHIO, yKa-
3bIBasd, KOTZa BEIIOJHSAIOTCS OTAEIbHbIE IIPOTPAMM-
Hble KOHCTPYKIUH, KOT/Ia IIOCHIIAIOTCH COOBIeHns,
KaK JIOAr0 COOOIIEHWS CTOST B O4epenm mepen o6-

paboTKo#t, KOrja IPOCTAHBAIOT OTAETBHEIE IPOLEC-
copnsl. Hekoropsie Buasl oTobparkeEHs moKa3bIBa-
10T (bparMeHTH HCTOPHH HPOTPaMMbl, HeEIpephIB-
HO IPOKpydYMBas H300pakeHwe, Apyrue, OOHOBIIAS
OpeJBIAylee COCTOSHHE, CO3JAI0T aHMMAIHOHHYIO
IIOCJIEIOBATEIBHOCTE 00Pa30B.

Busyambmaa cpema Avatar [11], cosmammas B
paMkax mpoekTa Pablo, 6asmpyerca ma mcmomszo-
BaHWU CPEJCTB BEPTYalIbHOH PEabHOCTH H IPEIHA-
3Ha9€Ha JJIF IIPEeCTaBIEHHS OYeHb OOIBIINX 0Ob-
€MOB JaHHBIX O IPOH3BOAHTEILHOCTH Mapallielb-
HBIX CHCTEM, KOTODhle OHa IIOIydJaeT Hemocpes-
CTBEHHO B xozie mx paborer. Avatar Taxxe obec-
[eYUBAET aJAaNTHBHOE YNDPAaBJIEHHE NPUKJIATHBIMA
IporpaMMaMH B PEAIbHOM BDEMEHH.

OcHoBHOM  Bm3yanbHO# MeTadopoii  cucre-
Mbl  Avatar sBusercs  Scattercube-mampuya.
Scattercube-marpuna npeacrasaser coboit Tpex-
MepHOe 0000IeHNEe HCIONB3YEMEIX B CTATHCTHYE-
CKo#t rpaduxe orobpaxkemms scatterplot, memoda
MHOIHCECTNEENHO20 6bi600a darumz ® scatterplot-
mampuys. IIpu pabore ¢ crcremoi mons3osaTens,
OPAMEHSAIOIHAA CPeJCTBa BHDTYAIBHOH DpEAIbLHO-
cTH, KaK Obl OKa3hIBaeTCs BEYTDH TPEXMEPHOIO
HOMEILIEHHA, B KOTOPDOM Ha BHYTDEHHHX TIpaHAX
[IOKa3aHB! OCH, a Ha IPaHAX Kyba — mOJIy M CTeHax
IOMENIEHAsT — BBIBOASTCH KDHBBIE, ONHCHIBAIOIIHTE
HOBeJEHWE NapajIelbHOR mporpammsel.  Habop
enuHIYHEBIX scattercube’os mamommmEaeTr creknsH-
Hblif HebocKpeb, KaXXjas H3 KOMHAT KOTOPOTO
COIEpP>KUT TPEXMEDHBIH BHIBOZL, ONHCHIBAIOIMIMIL
pa3yMyHEE aCHeKTEl NOBENEHHs NapajLlebHOM
nporpammsl. "Ilyremecrsre mo meGockpeby" maer
BO3MOXKHOCTb IIOJIHOTO HCCIEJOBAHHSA MNAHHBIX O
[IPOXU3BOJUTETHHOCTH IPHKIAAHON IPOTPaMMBI.

ITonv3oBarens "morpyxer" B BEpTyambHYIO pe-
aJIbHOCTD, ONMHCHIBAIOILYIO IIOBELEHHE NapaJiieib-
Hoil mporpammel. OH ocymecTBiser ympasienne
BBIBOZIOM MH(OPMAIHH, a TAKXKE aJalTHBHBIN KOH-
TPOIb paboTEI CaMO#f HPHKIAAHONR IIPOrPaMMEI.
CymecTByer HeCKONBKO KOHMHIypamuii CHCTEMEI
Avatar sa 6a3e paboueit crarnun, CHabKEHHOH MO-
HATOPOM, PYYHOTO MAaHHIYJIATOPa C HIECTHIO CTe-
IeHsIMH CBOGOAEI, JIeMa C BCTPOEHHBIM 3KPAHOM B
meampa eupmyasvrol peaavrocmu CAVE.

Coena Tearpa CAVE mepsorawansHO mpexcra-
BiIseT cobo# Ky6 pa3sMepoM C KOMHATY, rje Ha rpa-
HE (CTEHBI) IPOENPYETCA BHACON306parKeHHE C BEI-
COKOH paspemaromei cnocobrocThio. Avatar mc-
OONB3YET 3BYK JJiA NOAKpemIeHus 3 peKTHBEOCTH
BBIBOJA HE(OPMAIAH U yBeJIHYEHAs IHUCIA pa3Mep-
HOCT€# BHIBOAMMBIX JAHHBIX 33 CYET HEBH3YaJIbHO-
IO IpPEICTaBIEeHNS 3HAYEHHN IONyYE€HHBIX OINEHOK.
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Kpome Toro, 3Byx HCHomb3yeTcs B LENsSX mEpeMe-
IIeHNUs, ODHEHTHPOBKH M B3aMMOJEHCTBHUS B BUPTY-
aJIbBHOM IpOCTpaHcTBe. [Ipm momomm xapakTepu-
CTHK 3By4YaHHUsI (HAIpAMED BBICOTHI 3BYKa) OIMHCHI-
BAIOTCH CTATHCTHYECKHE XaDAKTEPHCTHKH MOJyY€H-
HBIX oneHOK. Ilo MHEHHIO pa3pabOTYHKOB, CHCTEMA
obecre4nBaeT 9eTKOe BH3YAJbHOE PA3JIAYUE MEXK-
oy 3bdexTuBHOE B HeapdekTHBHON KOHDHUTYypa-
IUAMH MPUKJIAJZHON IPOrPAMMEI IIPU IPAMEHEHHOM
Buge orobpaxkemms. Hakomnen Gompmioff omeiT B
00/1aCTH WHTEPAKTHBHONW HHTEPHOPETAIlMH JAaHHBIX,
OPHEHTAIlHH ¥ HHTEPAKTHBHOI'O yIPABJIEHHS IIe€pe-
MeIeEHeM B BEPTYAJbHOM IPOCTPAHCTBE.

B ammmanmonno# cucreme Kanoko [12] mpenia-
raercd MeTOJ aHWMAaIdd, OTOOparKalouuil 3Hade-
HHAS COCTOSHHS IIPOTPAMMEBI, B3SIThIE U3 €€ TPACCHI,
B HabOp COCTOSIHWHA AMHAMHYECKOH MOIENH CHCTe-
MBI. 3aTeM BOCHPOHM3BOAUTCA PaboTa mapajlienb-
HOIt IporpaMmel (MOJENUPYeTCs JAHAMAYECKAS CH-
cTeMa), a Pe3yJIbTAThl MOAETHPOBAHAS BU3YaJIH3H-
pytorcs (a Takxke coHmbHIUpyoTcs). AHMManus
IOpeICTaBlIgeT H3MEHEeHnd B Oajlance MEeX Ay BBIYHC-
JIEHNsIMK B OOMeHaMH KaK OOBI9HBIE JBUKEHHS He-
KOTOpOit ruHaMuIeckoi cucremsl. (Takum oGpasom,
HMeeT MeCTO NOHATHAad AJId IOoIb30BaTels MeTado-
pa.) B wactrHOCTH, OmpenensioTcs mMcmomb3yeMas
JUHAMUYeCKas CHCTeMa W OTOOpajKeHHue 3J1eMEHTOB
H CoCTosHMH mapanensHo# 9BM Ha Tena m cm-
JIbl JUHAMHU4YeCKO# cucreMbl. Mopenuposanue ma-
pannensHOit 9BM Besercsa Ha OCHOBE TONOJIOTHH €€
(dusmueckoit) cern. Tak, Ay MaPaIIEILHOTO KOM-
OBIOTE€Pa BBIYHCIUTENbHBIE MOIYJIA U IIPOU3BOIH-
Mble Ha HAX BBIYACIIEHAs], KOMMYHHKAIIMOHHAA CETh
H KOJIMIeCTBO OOMEHOB MOT'YT OTOGParXKaThCa COOT-
BETCTBEHHO Ha TeJIa B UX MACCY, IPY>KHUHBI, CBA3bI-
BaOIIYeE TeJIa, H CHJIBI IPUTIXKEHHS MEXK Ty TETaMH.

Busyanpras cucrema ornagku 3¢pdeKTHBHOCTH
napautenbHEex nporpamm Chiron [13] orobpaxkaer
3 deKkTHBHOCT, pabOTHI IPOrpPaMM MHOTOIPOIEC-
CODHBIX MalIMH ¢ oOmiel DaMAThI0. 3JeCh HCIOMIb-
3yeTcd TpexMepHas rpaduKa, 9TO HO3BOIAET MMOKa-
3nIBaTh OosbmIoe KonmugecTBo uugopmanuu. Chiron
pa3paboTaH JJIs pelleHns TaKuX TpobieM, KaK ILIo-
XO€ MCHOJIB30BAHHE K3IIa, HEYAAYHOE pa3MellcHHe
JAHHLIX B IAMSTH, pa3zeieHne paboThl MeX Iy Ipo-
neccopaMu, He3DOEKTHEBHOCTS CHEXPOHH3AIHAH.

IIpoekt Chiron mommepxmBaeTr TpE BHIA OTO-
OparkeHHs NAHHBIX, KaXXAbll B3 KOTODHIX NpeICTa-
BJIIETCS OTAEIbHBIM OOBEKTOM B TPEXMEDHOM IPO-
CTPAHCTBE H MOXKET YIPABISTHCS B HHTEDAKTHBHOM
pexnMe (BpallleHHEM, NEPEKTIOYeHAEeM YPOBHS Je-
TaJIM3aIMHA, H3MEHEHHeM MacmTaba):

1. I'robanvroiti, TpeaCcTaBIAAOMIAA KPATKHR 06-
30p MHTEPECYIOLIEro MOJIb30BATENsS MMOKA3aTe-
I I BCeX OObEKTOB, KJIACCOB WMJIM BBIpaKe-
Hu# nporpaMMel. CHcTeMa MOLIEPKHUBAET B,
IOKa3aTelNd: CTOEMOCTh OOpaleHus K NaMATH
M CTOMMOCTD CHHXPOHH3aIUK (BKJIIO9As BpeMs
oxuganus). [706anbHBEIH BHA OTOOpaKeHHS
IpeJCTaBisfeT coDOM TPEXMEPHBIA CBEPHYTHIN
rpad. O6BLEKTHI COPTUPYIOTCS COTIACHO HEKO-
TOPOMY KDHTEDHIO (IOKAa3aTeN0), 3aTe€M OHH
MIOMEIIAIOTCS MOCTIEA0BATENBHO BAOIb IHATO-
HaJlefi KBaJDATHOM CETKH, B PE3yJILTATE YEro
IIOJIy9a€TCH IOBEPXHOCTS.

2. Omobpasicenue xKoppeaayut, NONE3HOE AJIS IIO-
HEMAaHHUS TOTO, KAK HEKOTODHIE CBOMXCTBA BCErO
Habopa 0OBEKTOB COOTHOCATCS CO CBOMCTBaMH
OIIPEJIENIEHHOr0 O00bEeKTa, WIM HOAMHOMKECTBA
00beKTOB, MK y4acTKa nmporpammsel. Otobpa-
’KEeHHe KOppeNdluy BKJIIYIAET MPOEIHPOBAHNE
JOIOTHUTENBHOTO IPELCTABIISIONIET0 HHTEPEC
OOKa3aTesld Ha INOBEPXHOCTH CBEPHYTOrO I'pa-
da (T. e. moeepx robGaspHOrO BHAA) MO0 C
IOMOIIBIO PACHBETKHA TEKCTYPHI HA IIOBEPXHO-
cTH, b0 nobaBIeHnEM JONOIHUTEIHHOIO IIO-
Ka3aTejd KaK MaJjioro BO3MYIEHHUs OCHOBHOMR
IIOBEPXHOCTH.

3. Bpemennoe omobpasicenue. ObecnednBaercs
HECKOJIbKO THIIOB BDEMEHHBIX OTOODasKeHUi:

— pa3MellleHusl KIIIa — IOKA3bIBAET, KakK
00beKThl M OJIOKH K3IIa MIPOCTPAHCTBA
BHPTYaJIbHOM aJpecamud IepeMemIaoTCs
U3 PAa3JIMYHBIX K3IIeH;

— aKTHBHOCTH IPOLECCOPA — IOKA3LIBAET,
C KaKUM ODBEKTOM KaKde IPOIECCOPBI
06palIaTCa B JAHHOE BPEMS;

— TeMIEepaTypbl 00bEKTa — MPHOIU3HTEINb-
HO COOTBETCTBYET IIPOM3BOLHON OTOOpa-
JKEHUs K3IIA.

Cucrema Chiron B 0CHOBHOM IO3BOISET HCCIEHO-
BaTh BJIHsSHHE PabOThl OJHOrO K3 IPONECCOPOB Ha
OOLIYI0 IPOM3BOAUTENHHOCTh NAPAJLIENBHOTO BBI-
gucuTens. (OTMeTEM Takke, 4TO, KaK H B CH-
creme Kanoko, B He#l HCIOIB3YIOTCS HOBHIE HHTe-
pecHble MeTadOphl BH3yaIH3anud (memnepamypa
obsexma, JuHAMUYECKAR cucmema) I IPeACTaB-
JIEHHS W aHAJIH3a JAaHHBIX O MPOU3BOAHMTEIHLHOCTH
IPOIECCOPOB.

Pazpaborkn memenkoit ¢dupmer Pallas Vampir
Analyzer u GuideView [14] npexmasmagenn ans
aHaJIH3a OPOM3BOAUTEIBPHOCTH IIaPaJLIeIbHBIX IPO-
rpamMm.
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V3raganpso Vampir Analyzer nmpuMeHaACd A4
aHAJIW3a OPOrpaMM, HAIMCAHHBIX C HCIOIb30BAHH-
em MPI. C6op BpeMeHHBIX XapaKTEPUCTHK OCyIIe-
CTBJISIETCS KAK I[yTeM MHCTPYMEHTHPOBAHUS H3Y4a-
eMoit IporpaMMBl 3a CIeT BHEAPEeHNS JONOIHATEb-
HOTO CJI0S MeXJy IPOrpaMMOi ¥ KOMMYHUKAIMOH-
HOH OmOIMOTEKOH, TaK W C HCIOIb30BAHWEM KOM-
mnexca Hardware Perfomance Analysis. Hakomnen-
Hasl CTATHCTHKA [PEACTaBIAETCS KaK B TEKCTOBOM,
TaK ¥ B rpaduYecKOM BHJe: KPYrOBbl€ AUArPAMMBL,
mmarpaMMbl [aHTTA, KapThl OOMEHOB H Ap.

GuideView — mnporpaMMHOE CpPEICTBO, WH3Ha-
qaJbHO pa3BHBaBlIeecss camMo 1o cebe, HO C
HEKOTOPOro MOMeHTa oObeiuHeHHOE C Vampir
Analyzer. GuideView npexnassadeno jus cGo-
pa B aHanM3a mapajlenbHO# Tpaccel. C6op maB-
HBIX MPOH3BOAXTCA 33 CYeT HHCTPYMEHTHPOBa-
HHS IpPOrpaMMbl B oOpalieHns (BO BpeMs BBINOI-
HeHMs) K CIeNqualIn3HpOBaHHON Gubimorexe mOX-
nepxkn. OTau9uTeNbHOE OCOGEHHOCTHIO CHCTEMBI
VGV (Vampir/GuideView) sBngeTcs nepCIeKTHBA
IPOMEBIILJIEHHOTO HCIIOJIb30BAHUA.

B macrosimee BpeMs KOMIIEKC — Vampir
Analyzer/GuideView  mo3Boisier — aHAJIM3UPO-
BaTb KaX IPOrDaMMbl, OCHOBAaHHbIE Ha HapajurMe
Hepejjadm COOOIIEHNI, TaK B IPOrpaMMbl Ha OCHOBE
o6mieit mamaTu (OpenMP).

B 80-e rompl CHCTEMBI BE3yaJIH3aIdd Oapalliellb-
HBIX BBIYHCIeHH# 6a3MpOBajHCh Ha MOCMEPTHOR
BH3yaJH3alun COOPAHHBIX JAHHBIX O pabore ma-
pautenbHO# mporpammbl. B 90-e roxsr peannsy-
JOTCS HHTEPAKTUBHbIE BH3yaJlbHbIE OTJIAQNINKH Ia-
paJLIeNbHBIX OPOrPaMM JUIS OTJIAJKH KaK HX Ipa-
BHJIBHOCTH, TaK u 3ddexTuHocTH. IlpmMepamu
NOCJIENHUX MOTYT CILy>KHTh CHENHAJbHBIA MOAYIb
KOMIIEHCAIUH, peaju3oBaHHbit B cucreme AIMS
o co3garud 3(pdeKTa HHTEPAKTHBHOR OTIAAKH,
unm trampolines cucremsr Paradyn. Opnako ciaeny-
€T OTMEeTHTb HEKOTOPYIO HCKYCCTBEHHOCTb M HECO-
MHEHHYIO TPYJOEMKOCTh B IPOMO3JKOCTD CIOCOGOB
co3nanus 3ddeKTa 2#cu60li BA3YaTH3ANAN.

IIpo6iema pa3paGoTKH BHOOB OTOOpakeHHs CBS-
3aHa C JpYrol HepemeHHOH mpobGiemoit — addex-
THBHOH TOJb30BATENBCKOM HHTEpIpeTanueil OTia-
MOYHBIX JAHHBIX. lIpm 3TO# MHTEpHpETaluu Clre-
LyeT ommpaThCs JubO Ha IPHBBLIYHEIE B anpobHpo-
BaHHBE (POPMEI IIPEICTABIEHHS JaHHBIX, TAOO HA
MeTadopbl, CO3ZAHHBIE HA OCHOBE OIBITA MOJIB30-
BaTeJlell ¥ YyIUTHIBAIOIIZE OCOOEHHOCTH H3yIaeMbIX
IpOrpaMMHBIX 00BEKTOB.

3aEMCTBOBOBaHHE H3 CTATHCTHYECKO# rpadu-
KHE BHIOB oTobOpakeHmss Ha 6a3e mmarpamm [ant-
Ta, KuBuaTa, CTONOYATBIX B KPYTOBBIX JHArPaMM,

rpaduKOB, TECTOrPAMM H HX TPEXMEPHBIX MOAH-
¢ukanuii NO3BOJNAET HCHONb30BATH HaAKOTLJIEHHBIN
OmBIT TIpejcTaBieHHs JaHHbIX. OxHaKo, HCIOMB-
3ys 9TH METOAHMKH, CJIOXKHO HOJNYYHTh MHTETpPalb-
HOe NpeJICTaBJIeHHE O IPOM3BOAUTENIBHOCTH MacC-
napaJjijelIbHOW CHCTEMBI.

HecMmorps Ha mpuMmeHeHEe B cucTeMe Avatar 1o-
CTATOYHO SK30THYECKAX METONUK, OCHOBAHHBIX Ha
BHPTYaJIbHOH DeaJbHOCTH, CaM pemepTyap BHJOB
oTOOparkeHus, MCHOIb3YEMBIX IPH BH3YaIU3alluH,
OrpaHHYeH TE€MH 2Ke rpaduKaMu, IPeACTaBIAIONIA-
ME METPHKH IPOH3BOAMTENIbHOCTH. boree Toro,
110 MHEHHIO aBTOPOB, MOJB30BATENb MOXKET HCIBI-
THIBATh 3aTPYIHEHAs KaK IPH HHTEPIPETaluy Je-
CSTKOB ¥ COT€H rpaduKOB, TaK ¥ IPH HABUTAIlWU B
paMKaxX BEDPTYaJbHON PEabHOCTH C HCIOMb30BaHA-
€M HeCOBEepIIeHHBIX METOAOB B3aMMOIEUCTBHASA.

Heonso3Ea4HO MOrYT OIEHHBATHCHA M IONBITKH
pa3paboTku BUAOB OTOOpaxkemmss Ha 6a3e HOBBIX
meradop. VIckyccTenHbIe B/ mn ciygaiinsie cOmn-
JKeHHs MOTYT [aTh HHTEDECHble, HO HE CIHIIKOM
JIECKO ¥ OZHO3HAYHO MHTEPIOpPETHpPYyEMble KapTHH-
ku. (O HOBBIX MeTadopax B OTJI3JKE TPOHU3BOAU-
TEeILHOCTH CM. HHEXKE.)

B 3T0# CBS3¥ MOXET HOMOYb KOMIJIEKCHBIN HOX-
XOZ, K pa3paboTKe CHCTeM NMapaJjUIeENbHOTO IPOrpam-
MHPOBaHHsl, KOIZla IOMHONEHHO H B €UHOM KJIIO1e
peau30BaHbl CPEJCTBA ONHCAHUA MapaJlIelIbHBIX
IpOrpaMM H HX OTJIAJKH IPAaBAIBHOCTH H MPOU3BO-
nuTensHOCTH. Torja, ONHPasCh HA aHAJIU3 OCHOB-
HBIX NPOTPAMMEBIX CYIIHOCTEH CHCTEMBI, MOXHO
CIIPOEKTHPOBAThH CIENHATH3HPOBAHHBIE BHIBI OTO-
fpaxkerus Kak Juis coenudUKanuu IPOrPaMM, Tak
¥ 15 IPEACTABJIEHAS OTIaJOYHbIX JaHHBIX. VImen-
HO TaKO# HOIXOJ Pean30BaH IPH NPOEKTHPOBAHAU
cucremsr DVM.

BusyanpHBIE CpEJCTBA aHAIN3A
sa¢dpdexTusnocTn B cucreme VProjDVM

Cucrema DVM [15] crabkeHa Pa3BETBIME CpeJ-
cTBaMu cbopa oTnamoIHOM HEpOpPMANUH, BKIIOIAA
aHaJIH3aTOp 3P HEKTUBHOCTH U IPEICKA3ATEND IPO-
HA3BOAHUTENLHOCTH.

Enuenneit ortagoynoit mEPOpPMAnuA IJis CHCTe-
Mbl DVM sgBnsierca mETEpBas — GpParMeHT KOAa,
BbIIEJICHHBIH CHCTEMOM HMIIM 3aJaHHBIA IOJIB30BaA-
TeJIleM, BHIIOMHAEMBIA Ha KOHKDETHOM IPOLECCOpe.
CrenyeT OTMETUTH, 9TO HHTEPBAJ — CYIIHOCTb JH-
HaMmdeckas. K mpuMepy, CECTeMa IO3BOJISAET pac-
CMaTpHBATh KAK MHTEPBAJ OTAEIbHYIO HTEPaIlUIio
IEKJa, BHI30B (yHKOuE Wil jobolt npyro# 610k
oepaTopoB. BpeMeHHBIE XapaKTEPUCTHKM HHTED-
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Pa3zpaboTka cpeicTB BH3yaaH3aliid IPOrPaMMHOrO obecredeHHns NapalyleIbHBIX BIIHCIEHHH. ..

BaJia BKJIIOYAIOT B Ce0S HE TOIBLKO O0LIEee BpeMS BBI-
IIOJIHEHN S, HO ¥ TaKWe BaXXHBIE €0 COCTABIAIONINE,
KaK BpeMsl BBIYHCJIEHWH, BpeMs, IOTpPadeHHOE Ha
omepanuu OOMeHa HAHHBIME, BPEMs IPOCTOS IpPO-
meccopa. C6op ormamounoil mEHGOPMAIHEA MOXKET
OCYLIECTBIATHCA AJIsI KAXKJIOTO W3 IPOLECCOPOB H
NPOM3BOAUTCH 3a CYeT BHEADEHHS CpPeACTB cbopa
uH(opManuy (IPOrPAMMHBIX 3aKJIAJOK) B HCIOIb-
3yeMele mporpamMmoii 6ubimoTekn NOAIep:KKHI Bpe-
MEHH BBHIIIOJTHEHHS.

BonpmuECTBO BHAOB 0TOOparKE€HUR HCIOIB3YeET-
csl ISl MIPEACTABIEHAS IPOCTHIX IO CBOEH IPHPO-
Je IaHHBIX, HampuMep HaboOpa CKAJIIPHBIX BEJIH-
gnH. OCHOBHAsI CJIOXKHOCTH MX NPHMEHEHHS s
BHE3yaJpHOM omiagku DVM 3akimiogaercs B TOM,
9TO XapaKTEPUCTHKH, cOOMpaeMble MONCUCTEMONR 1
HCIONb3yEeMBIE JJIsi OTHAANKA 3(PpPEKTHBHOCTH, AB-
JISIOTCHA KOMILIEKCHBIMH, COCTOSIIWMHE, BO3MOXKHO,
TaK>Ke U3 KOMIUIEKCHBIX KOMIOHEHTOB. OTobpaxke-
HF€ Ka’XXJ0r0 U3 KOMIIOHEHTOB B OTAEJIBLHOCTH b0
moTpebyeT OT MONL30BATENS BECHMa HAIPSIKEHHOM
paboThI MBICIH 110 CO3AAHUIO U YIOEPIKAHUIO B TOJIO-
Be CBf3€il MeXJy BCEMH STHMH BEIXYNHAMH, JHOO
OpHUBENET K HENOJMHOW ¥ /WM HCKAXKEHHOH WHTEp-
npetanuu. Ilpw 3TOM HY>KHO NMOMHHTBH €LIE U TO,
aro DVM aBnsercs cucreMoit mapajlieIbHOTO POo-
TPaMMHDOBaHHA U OTJIaNOYHAA HHPOpMAaIHs cobu-
PaeTcs AJis HECKOIBKUX (OT eUHHI, IO COTEH) IpO-
meccopoB. TpagunuoHHO B BHU3yasIbHBIX OTJIAJ4YH-
Kax Jub0 HCHOIB3YIOTCS ODLIEM3BECTHBIE MPOCTHIE
BHABI OTOOpAXKEHM, IPUCYIIAE CTAHIAPTHOMY TEK-
CTOBOMY OTJIAZYEKY, 1u00 pa3pabaThIBalOTCS CBOU
cobGCTBEHHEIE.

B mocnenseM ciiy4ae OCHOBHYIO CJIOXKHOCTH MO-
2KeT HPeACTaBIATh CaMO B3aUMOIEHCTBHE IOJIB30-
BaTeNd CO CPEICTBAMM OTJIAAKH, HAIIPUMED IO TOH
IpHYMHE, 9YTO ¥ HET'O MOT'YT OBITH BHYTPEHHHE IPE-
CTaBJIeHHS IPOrPAMMHBIX O0bEKTOB, OTIXYAIOIINE-
ca oT mpexynaraeMbix. Jlna co3mamus addexTus-
HOro H yno6HOro B paboTe BH3yaILHOTO OTJIAJ4u-
Ka TpebyeTcs He mPOCTO CO3JaBaTh BHIHI 0TOGpa-
JKeHHi#, Ee0OX0AMO H3y9IUTH CTPYKTYDPY BH3yallH-
3upyemoii mEDOpPMANWH H OPH Pa3paboTKe HOBBHIX
CHOeNUATbHBIX BHIOB OTOOpDa’XEHHH OTTAJIKHBATH-
CA OT BHYTDEHHErO YCTPOMCTBA, B3aMMOJEHUCTBHS
” (PYHKOHOHHDOBAHHS BH3YAIH3IHDYEMBIX CYIIHO-
creit. IIpm 3TOM KpaiiHe XelaTeIbHO HCIOIL30BATh
He TOJBHKO OIBIT, HAKOIIEHHEIH OIDH Pa3paboTKe BH-
3yaJIbHBIX OTJIAJ9HKOB, HO H MIONL30BATHCS CpPEl-
cTBaM¥ HH(POPMANHOHHOH BH3YAIH3ANAH, KOTODHIE
TO3BOJSAIOT IPEACTABISTE B BOCHIPHHEMAEMOM JJIs
9eJIOBeKa BHJE BeCbMa CIOXHBIE HH(MOPMAIHOHHEIE
CTPYKTYPBHI.

B ciygae DVM cTpykTypa BH3yaJHM3HPYEMBIX
JaHHBIX W METONUKa paboThHl C HUMH y IIOJIH30Ba-
Teins yxxe cdopmupoBansl. [losTomy mis obecnede-
HHUs yao6cTBa paboThl 6BLIO0 IPUHATO pELIeHUe pas-
pabaTrBaTh BHABI OTOOpaKEHHsA, HCXOAS U3 CIIO-
JKUBIIEHCS METONUKH: AHAJIW3a JUCIEHHBIX XapaK-
TepUCTHK (C OJHON MM HECKONBKAX CTOPOH) H IO-
CJIEZIYIOLIErO IEPEXOa K MOpoAuBIIeMy uX (OXapak-
TE€PH30BAHHOMY HUMH) (PPArMEHTy TEeKCTa.

YrobBl aHAJIU3UPOBATH YUCIECHHBIE JaHHbIE, OBLI
CO3JaH pAA BHIOB OTOOpa’keHHS [JIsi HpEeACTaB-
snenus xapakrepuctuk DVM-mporpamm. Ha 6aze
IHarpaMMBbl MHTEPBAJIA, IPELCTABIAIONIEH e JUHAIY
CTATHCTUKH, CTPOATCS Oojee CIIOXKHBIE BHIBI OTO-
OpaxeHUS:

— CMEHAa NPOoYyeccopos — IJid IPpEeACTaBJICHUA Xa-
PaKTEPUCTHK STOr0 MHTEPBaJia Ha MHOXKECTBE
TIPOLECCOPOB;

— paduaavHaes duazpamma — IJid aHaIM3a cOa-
JIAHCUPOBAHHOCTH 3arPy3KH NPOLECCOPOB IPH
BLITIOJIHEHUH HHTEPBAJIA.

Kak yxe oTMedanoch, WHTEPBAJIBl MOTYT OBITH
(u sBasoTcs) BaoxenHbIME. [l orobparkeHus
CTPYKTYPHI BJIOXKEHHOCTH MHTEPBAJIOB U obecmede-
HUS HABUTAIME IO HMCXOJHOMY TEKCTYy ObLIH CO-
3maHbl cnucox [duazpamm] ummepeanos m depeso
[Quazpamm] unmepsasos. dru BEAB 0OTOOpaAXKEHUS
IIPECTABJISAIOT CXEMY BJIOXKEHHOCTH HHTEPBAJIOB CO-
OTBETCTBEHHO B BHJE JEPEBA M HEPAPXUIECKOTO
CIOMCKa, B KOTOPOM INOAYMHEHHBIE (BJIOXKEHHEIE)
VIEMEHTHI U300ParXKaIOTCA C OTCTYIIOM OTHOCHTEIb-
HO riaBeHcTBylomero. JlepeBo u cmmcok obiama-
IOT MHTEPAKTUBHOCTHIO U MOryT (IO BO3ZEHCTBHIO
HOJIB30BATENsA) Pa3BOPAYMBATH/CBOPAYUBATEL CIIH-
COK CBOHX IIOABIHTEPBAJIOB.

Kpome xapaKTepuCTHK BHIIOJIHEHHS HHTEPBaJa
[0 NPOLECCOPAM, ONIPENENISIOTCH XAPAKTEPHACTHKH
HHTEpBaja B IejoM — obmme (CpexHHe) W Cpas-
HUTeJNbHblE (HauboNblni, HAUMEHbIIN). DTH HH-
TepBaJIbHblE XAPAKTEPUCTHKH NPEACTABJISAIOTCA HA
JuarpaMMax HHTEDBAJIOB, Pa3MeEIIaeMbIX B y3Jax
JlepeBa WJIM CIOHUCKA.

Jns HaBUranwm B HCXOZHOM TEKCTE€ H CTPYKTY-
D€ HHTEPBAJIOB OBUIM PEaM30BaHLl CICAYIOIITE pe-
IIeHAS N0 B3aUMOAEHCTBHIO NOIb30BaTelNs ¢ obmei
A@arpaMMmoii EHTepBasia (H3 COHCKa WA JEPEBa),
obecnegnBaromue:

— mepexof K HCXOAHOMY TEKCTY IyTeM HOACBEYH-
BaHASA NEPBOH CTPOKH HHTEPBAJIA B OKHE De-
JAaKTHPOBAHHS HCXOLHOTO TEKCTA;

— BbI30B (IOKa3) OKHA CO CTEHO# IpPOLECCOPOB
HUIHA DaJdaJIbHON OUarpaMMou;
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— BBI30B (1I0Ka3) OKHa C TabHne# HCXOAHBIX IUC-
JIEHHBIX XapaKTEPHCTHK.

BrI130B OKHa OpEJCTABIEHHS XaPDAKTEPUCTHUK IIO
IPOIIECCOPaM WA OKHA TabIHIBI MOXKeT GBITH OCy-
IEeCTBJIEH [AJIs KaXKJOr0 HHTEPBaJa MPOrPaMMBI.

B pesynbraTe B3amMOAEHCTBHA C IOIB30BATENA-
Mz UMM VYpO PAH 6bl1u co3naHbl JOMOTHATEND-
HBIE BAIBI IPEJCTABIEHHs, He CBsi3aHHBIE (HE 00Y-
CJIOBJIHHEIE), HA IEPBHI B3IJIA], C 0CODEHHOCTAMH
DVM-cTaTucTuku.

Jlna amanmsa ocobeHHOCTER paGOTHI mporpam-
MBI Ha Pa3JIMYIHBIX IPOLNECCOPHBIX KOHMUIypanusax
(DVM-Tononorusix) 6611 pa3paboTaH CHeNHaJA3H-
POBaHHBIA BHJ TPEACTABICHUS — NYUOK depesves,
NOKa3bIBAIONINH B ONHOM MacmTabe MIX B IPOIOD-
IMOHAJILHOM BHIE HaOOpP [epeBhEB MHTEPBAJIOB.

-B nmomonHeHHE K MydYKYy HepeBbeB s U3YdIeHHH
3aBUCAMOCTH (P PEKTHBHOCTH TaKKe CO3JaHBI
CpeACTBa NOCTPOEHHS TI'PadUKOB XaPaKTEPHCTHK
ITyCKOB B I[eJIOM OZHOMU IIPOTPAMMEI U e OT/IeIbHBIX
FHTEPBAJIOB HAa DAa3JHYHOM WYHCJIE NIPOIECCOPOB.
BexyTcst paboThl IO H3Y9YEHHIO BO3MOXKHOCTH aBTO-
MaTH3aINK TOMCKa HaWiIyduied KOHMUIypauu.

B pesymsrare paspaborku mpoekra VProjDVM
6bLIa TOMydYeHa CHCTEMa BHLOB OTOOparkKeHAs [JaH-
HBIX O IPOM3BOJAWTENLHOCTH. B pamkax 3TO# CH-
cTeMbl 0DeCIIe9eH0 B3aUMOLeHCTBHE MEXK /1y BUAAMHE
oTobparkeHusi, HABUrANXsd IO CTPYKTYP€e AAHHBIX H
IPOCMOTP NMEPBUYHEIX IHCIOBLIX 3HaderHui. CBsa3b
BHIOB OTOOparkKeHus C HCXOTHBIM TEKCTOM O3B0~
€T TIOJIH30BaTENIO OBICTPO BHIABIATEH y3KHE MECTa B
mapaJurensHo# mporpamme (puc. 1—7).

Puc. 1. Obumit Bua BH3yan3aTopa IpH pPa3BepPHYTHIX

OKHaX BCEX OCHOBHBIX CPEACTB NpPEACTaBJICHAA
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Puc. 2. Iloxceerxa CTPOKH MHTEDBaJa, BHIODAHHOTO B
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Puc. 7. Paguansras mmarpamma

Paszpaborka HOBbIX MeTacdop
BU3yaJIN3adu

[Ipexnoxennsie B npegsiaymeit pabore [16] aB-
TOPCKHE MOAXOAbl K OIPENEJECHUI0 HOHATHA Me-
TaOpH BU3yaJIM3aNAH MO3BONAIOT H3GABHTHCH OT
HEOOXOMMOCTH CKPYIIYJIE3HOTO CJAEHOBAHAS 3a9a-
CTyIO CIYy9YaHHBIM COJIMIKEHHSM CyLMIHOCTEH, |TO
OPOHUCXOMAT IPH TPAJUNHUOHHOM HOHIMAHHH METa-
doprl. B To ke BpeMs mopxox, mpeaycMaTphBa-
Iommit BEI6GOp MeTadop M A3BIKOB, AJEKBATHBIX B
BH3yaJIA3aIuy, OObEeNWHSET TPaIWIUOHHOE ITOHH-
MaH#e MeTadOphl YeJ0BEKO-MAIIHHOTO HHTEpdeii-
Ca W ADyTHWEe CIydYaW HCIONbL30BAHHWS AHAJOTHH U
CONMXeHnit MeXIy CYIIHOCTAME IIPM BH3yaJd3a-
oud. YKaXkeM Ha IEpeHOC MeTachop H BHIOB OTO-
Opaxenns u3 MHPOPMANMOHHON BH3YaIH3ALUH B
CHCTEMbl BH3YaJHM3aIlH¥ IPOIPAMMHOTO obecmede-
Hus. O6paTuM BHUMaHHE, 9TO, B CBOIO O9€pelb, CH-
cTeMbl ”HPOPMAMOHHON BA3yaJH3aIUd 3aHMCTBO-
BaJIM STH BHJbI U3 CTATHCTHIECKON IpaduKy.

Meradopa mopoxzaer mekoTopoe Meradopuge-
CKO€ IPOCTPAHCTBO 3a CYET TOrO, 9TO OOBLEKTAM
meneBoil 0OJIACTH CTABATCA B COOTBETCTBHE O6bEK-
THI B3 0DJIACTH MCTOYHMKA. A TOYHee, CTPyKTypaM
H/HIH CBOHCTBaM OOGBEKTOB M3 ILeIEBOH O6IACTH
CTaBATCS B COOTBETCTBHE CTPYKTYDHI H XapaKTEPH-
cruKu 06beKTOB U3 obmacTu mcTogHHKa. Merado-
Pa BU3yalH3alUd fABJIAETCH OTOOparkeHHeM (TOd-
Hee OIepaTopoM) Ha HEKOTODHI MMD BH3yasd3a-
nuy, rae 6e366pasEbie OObEKTH MOy YalOT CBOE BU-
3yanpHOe mpexacrasienue. llens meradopusamum
COCTOUT B yBEJIMYEHHH BBIPASHTENHLHOCTH H3ydae-
MbIX 06bekToB. Ilpu Meradopuzanuu BEIGEparOTCS
OO'BEKTHI IEIEBOTO MHOXKECTBA C HabOPOM CTPyK-
TYP, CBOACTB H Ip., KOTOPHIE JXEJIaTEJIbHO PaCCMO-
TPETh C HOBBIIIEHHOH BEIPA3HTENbHOCTHIO. [Ipmaem
BrI6mpalOTCH He BCe OOBEKTHI (M JaXke HE BCE HX
CBOMCTBA WJIA 3JIEMEHTHI CTPYKTYpPHI), a JIHIOb Te,
KOTOpHBle HHTEpecyIoT Gombmie Bcero. OTUM 06b-
€KTaM HIyTCH aHAJOTH (B IUIaHE CTPYKTYp, Kade-
CTBEHHBIX CBOHCTB H Ip.) B HCXOZHOM MHOXKECTBE.
Hanee umeer MecTo ciienyromas onepanus. O6bexT
[EJI€BOT0 MHOXKECTBA BMECTe C OOBEKTOM H3 HCXOZ-
HOrO MHOXEeCTBa HmOMemaeTcs B MeTadopHieckoe
OPOCTPAHCTBO, TOYHEE, TEM CaMBIM IOPOXKJAETCH
MeTadOpHIecKoe MPOCTPAHCTBO. B 3ToM mpocrpan-
CTBe Temeps HAaYAHAET (YHKIOUOHHPOBATHL H3ydae-
Meli 06vexT. (MoxHO camTaTh, 9TO 3TO yxKe HoO-
BBl 06BEKT HOBOTO IPOCTpaHCTBa.) Meradopmae-
CKO€ IPOCTPAHCTBO IPHAOOPETAET aBTOHOMHOCTH OT
nopoamBmIMX ero obmacreit. Muorue cBoiicTBa ero
0OBEKTOB JIAIND ONMOCPELOBAHHO CBS3AHHI (€CIAH BO-
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obIe CBA3aHbBI) CO CBOMCTBAMH OO'bEKTOB HCXOIQHO-
ro MHOKecTBa. IlogBiisieTca CBOd JIOTHKA Pa3BUTHA
MeTadopHuIecKOro TpocTpaHcTBa. B Meradope Bu-
3yasu3anuyu MeTadOopUdIecKoe IPOCTPAHCTBO HMEET
pu3yasbHYI0 npupoxy. Oxmaxo mpH U3ydYeHHH BH-
3yaJIM3alHy 339aCTYIO0 IPUXOAUTCS CTAIKUBATBCA C
O4eHb CJIOXKHBIME M abCTpPakTHHIME MeTadOpaMHu,
B KOTODBIX, HA IEPBHIA B3INIAM, OYEHb TPYJAHO BBHI-
SABATH MeTa(OPUIECKYIO CYITHOCTE.

Ilpy NOpPOEKTHPOBAHHWH Yy¥Ke YIOMHHABIIAXCH
CpeiCcTB BHU3yaJn3alMM JAaHHBIX O IMPOH3BOAH-
TenpHOCTH cucTemMbl DVM Oblim aJanTHpPOBAHBI
HECKOJIBKO BHIOB OTOGpakeHHs (M COOTBETCTBEH-
HO MeTtadop) mEGOPMANHOHHOK BH3yajlH3aluH, B
oM gncie nadopManuonHas crera [17]. B pesyms-
TaTe MOJydYeH OAWH W3 BHIOB OTOOpaXKeHWs CHCTe-
MBI — cmena unmepsasoé (IpaBuiIbHEe 3a60p MH-
TepBajoB). ViMena MecTo MOPOXKJEHHAs pealbHO-
CTBIO MCXOMHOTO MHOXKECTBA HJes NPOHAKHOBEHUS
B HHTepBaJ, 9TOObI MOJYIATH HAOCTYI K ero "BHY-
TperrOCTH" (KOLY), HO 3Ta M€ OKa3ajlach HEHYX-
HOH, TaX KaK OpH yKa3aHHU Ha HHTEPBaJ TEKCT KO-
713 BHIBOAMTCS B CIEI[HATBLHOM OKHE.

Brime yxxe ynoMmHaJIach MeTadopa KOMHAMYL,
KOTOPYIO HEOZHOKDATHO IBITAlNCh HCIOIb30BATH
Kak MeTadopy 9eI0BEeKO-KOMIbIOTEPHOTO B3aUMO-
neficreus. C GonpmmEM ycmexoM 3Ta MeTado-
pa 6biTa HesBHO NpHMEHEHa B CHcTeMe Avatar
IIS TPEJCTABJIEHAS NAHHBIX O IPOU3BOAUTEIHHO-
cru Gombuioi mapasiensHO# mporpammel. (B cm-
creme Avatar mpuMenserca meragopa scattercube,
HO KaxX[Obllt Ky IO CyTH SBJIeTca KOMHATOH, Ha
CTeHaX KOTOpO# BHIBOAATCS METDPHKH IPOH3BOIH-
rexpHOCTH.) B paborax [18—20] ommcamsr mpo-
TOTHIIHBIE CHCTEMBI M IOPHMEPH! BU3YyalU3alud, B
KOTOPBIX MeTad0opa KOMHATHI HCIOIb30BAIACH IS
CO3aHHA TPEXMEPHBIX CPEJCTB BU3yaJIbHOTO IIPO-
IrpaMMHApOBaHHS, KOTZa Ha CTe€HaX KOMHATHl pa3-
MEILIAIOTCA MKOHBI (OMKTOrPaMMBI). OTH HKOHBI
IPEeACTABJIAIOT YIPaBIAIOMUe KORCTPYKIHA B JaH-
gble mporpammuoll dysknun. Cpasm MexIy KOH-
CTPYKIHUAMHE IOK3a3bIBAIOTCA B IPOCTPAHCTBE, 2 He
Ha IUIOCKOCTH, KaK B TPAJUIHOHHBIX JABYMEDPHBIX
IHArpPaMMATHYECKAX ¥ HKOHMYECKHX CHCTEMaX BH-
3yaJbHOrO IPOrPaMMHPOBAHHS.

B pamxax cmCTeMBl aHAJIH3a OPOH3BOAUTENBHO-
cru 6onpmmx nporpamMM VTune, paspaborarHoi#l B
dupme Intel, bonpioe BEUMAHAE YAEIAETCA BA3Ya-
nu3anuu rpacda Bbi3oBoB Gyrkumi (call graph), mc-
HONIBb3YEeMOr0 JJis HACTPOMKM IPOH3BOAUTENBHOCTH
CJIOKHBIX NPOrPAMMHBIX KOMIIJIEKCOB, B TOM YHC-
Jle pacupefie/leHHBIX H HOapaJlleJbHBIX IPOrpamM.
B cucreme VTune mcmonb3yercss JByMEDHOE Hpen-

crasienne rpada Be30BoB. [Ipn amammse 60mbuI0H
1o 06beMy H CIIOXKHOH IO CTPYKTYPe IPOrPaMMBl C
GOJBIION TIyOHMHON BJIOXKEHHOCTH BBI30BOB (DYHK-
Uit ¥ GONBIIAM KOJIMIECTBOM IIOJIb30BATENBCKUX
dyHKIHIt BOSHAKAIOT CIOXKHOCTH B IBYMEPHOM OTO-
6parkeHnH IPOTAXKEHHOH CTPYKTYPhl Ha 9KPaHe MO-
HHATOpA H B aHAJA3€ IOIb30BATEIEM KOHEIHOIO H30-
Opa>XeHu4.

Jljs TPEeXMEPHOro NpEeCTaBJIEHHSA ITOR CYIIHO-
CTH CHejIaHa MOMBITKA HCIOIb30BAHHS HECKOIBKHX
meTadop.

IIpexnae Bcero mpuMeHeHa MeTadOpa KOMHATHI.
I'pad BHIZ0BOB IPEACTaBIEH KaK HAOOD CBA3AHHBIX
Mexny coboit momemienmit. Kaxnas xomHaTa —
BH3yaJIbHOE TpencTaBieHne GyHKmumu. Kpome To-
ro, 3a ¢ymknuoo "orBedaer" M NHEKTOrpaMMa Ha
CTeHe KOMHATHl (PyHKIHHA-POAXTENA B rpacde BhI30-
BOB. Pebpa rpada ecrecTBeHHBIM 00pa30M IEpPeHO-
caTca Ha m300pakeHWe — OHM CJIEAYIOT OT IHKTO-
rpaMMbl (DYHKIOEH Ha CTE€HE POAMTENH K KOMHATe-
ky6y namHoi#t pyHknmu. Hambomeuryro peammcrud-
HOCTb H300parkKeHus JaeT BEZ OTOOparkeHus "U3Hy-
Tpu" KOMHATHl B COYETAHHH C BO3MOXKHOCTBIO 7Y-
mewecmeus BEyTpH "3maHng" MeXIQy KOMHATAMH.
Buecte ¢ TeMm MeTacdopa KOMHATH He SBJIA€TCS yHH-
BepCaNbHOH IpH BH3yanmsanuu. Kpome Toro, He
penrera mpobiema pa3MelleHns Ha SKpaHe 6oabuIo-
r0 KOJIA9eCTBa KOMHAT, COOTBETCTBYIOIIMX CEphe3-
HO# IIporpaMme.

Cireayromuit BApHAHT NIPe/CTaBIeHns rpada Bbl-
30B0B (PYHKIMH OCHOBBHIBA€TCH Ha MeTradope 6.40-
OHCEHHBLT ULAPOB, KAXKIBIA U3 KOTOPBIX NPEACTaBIIfA-
eT GYHKIHUIO, HCIOIB3YyEMYIO B IPOrpaMMe, KaK CH-
CTeMHYIO, Tak H moib3oBaTenbckyo. Ha skpame
HOCTOSHHO 0TOOpaXkaeTCs JIUIIb OJUH YPOBEHD BJIO-
JXEHHOCTH — T€ Ipounenypbl ¥ GyHKIHH, KOTODhIE
BHI3BIBAIOTCS U3 TeKymed. TakuM obpa3oM ynaercs
m36exaTh TpobiieMbl CaMOIepeCcedeHH X HEXBATKH
SKpaHHOTO IpOCTpPaHCTBa. Ilepexon or dyHKnuH
K (QYHKOEE OCyLIECTBIAETCS MPOCTHIM HaXKaTHEM
KJIABHIIF MBIIIM HA TOM IIapHWKe, KOTOPBIA mpen:
CTaBjIsIeT HEOOXOAEMYIO IOJB30BATENI0 (YHKIHIO.
KaprurKka aHEMEPOBaHA H HHTEPAaKTHBHA, 9TO IO-
3BOJISET IOJIb30BATENIO JIydllle MOHATh B IPOaHaJIH-
3MpOBaTh MOIyYeHHOE rpaduIeckoe oTobpaKeHne.

Kpowme Toro, ais npejcraBienns rpada BI30BOE
Gbua TpessIoxkKeHa MeTadopa Moaexyav. B aTol
MeTadope CTPYKTypa MOJEKYJbl OTPaXKaeT CTPYK
Typy mcxomHoro rpada. Mexnay aromamu, OTO
6paxatomumu GyHKIOEE — BEpIIMEBI rpada, BBe
IIeHO JBa THIa B3aMMOJeHCTBHA: ympyroe — Mex
[y CBA3aHHBIMHA U 3JIEKTPOCTATHYIECKOE — MEX
BCEMH BEPUIMHAMHU-ATOMAMH. JIEKTPOCTATHIECKO!
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Pa3paboTka cpeACcTB BH3yanH3amuu MpOrPaMMHOTO O6eCHeqeH s napaJiIeJIbHbIX BEIYHCIICHHH. ..

B3aMMOJIEHCTBHE OTPaXKaeT BPEMEHHbIE XaPaKTePH-
CTHKH BBI30BOB (PYHKIHH, TOrZa KaK ympyroe —
Konu4ecTBO BbI30BOB. (Takoif momxon HECKONBKO
HaIlOMHHAET unew, manoxeHusle B [12].) Cozma-
Hbl METOAB! OTOOpa’KeHWs PEKyPCHBHOTO BBI30BA
bysknun. B mporpammEoi#i peanuzamum merado-
PBI yAanock NOOHTBCS pa3MELIEHHs Ha KpaHe Co-
TeH 06bekToB, "aToMoB Monekymn". Ilomywens:
HHTEpeCHbIE IPAMEPHI 0TOOpaXkeHHs rpad OB BHI30-
BOB, BKJIOYas ODPEICTaBJIEHHE CaMO# MPOTrpaMMEI
Bu3yanu3anuu. IIpm 3TOM HapymeHHs onTHMAJIb-
HOHM NPOH3BOAMTEIFHOCTH MOTYT OTPAaXKaThCS B BH-
Jle HapPYIIEHWUsS] Y€TKOCTH CTPYKTYDPbl MOJIEKYJIEL.

Amanm3 BO3MOXHOCTE# 3TO# MeTacdopsl MOKa-
3aJ1 ee IPAMEHUMOCTD He TOJBKO AJist OTOOpasKeHus
rpacda BEI30BOB, HO H JJIs IIPEJCTABJIEHAS CTPYKTYP
Gonbmux cucrem. IIpumedarensHo, YTO IpH H3yde-
HHH CTPYKTYPBI JaHHBIX IONBb30BATENIO, B 00mEM,
He Ba’KHO, KAKYIO U3 OPraHHYECKUX MOJIEKYJ HaIlo-
MHHAET CJIOXKHBIH TpPeXMepHbI# rpad.

Ormernm, uTo BesKmit pas MeTadopsl BH3yaIH-
3allM¥ MOSBIIAIOTCA B Pe3yJIbTaTe AJIHTEILHOTO IIO-
ucka uiau "osapemns" (insight), Ho He B pesymbTa-
Te (HOPMANBHOTO MOPOXKAEHAA. IIpH TpOeKTHpO-
BaHMH MeTadop BOBCe HEe ODA3aTENHHO 3aHMCTBO-
BaTh HAEH COMMIKEHHS TONBKO JILIb U3 MOBCELHEB-
HOI'O ONbITa MPOEKTHPOBINHKA. ONBIT peanum3amuu
CP€JCTB BU3YaJM3alUH AJIS CACTEMBI apajlIeIbHO-
ro nporpammuposarus DVM mokasan, uro mepe-
paboTka MeTon0B HHPOPMANMOHHOH BH3yaIH3aIAN
HJaeT xopownit 3¢deKT B cucreMax BU3yaJH3aLUA
JaHHBIX O IPOM3BOJUTENHHOCTH MAPAJIICIbHBIX CH-
crem. Ilouck mogxonsmed A1 moIb30BaTENS METa-
$Oopbl MOXKeT IOTPe6OBATh 3HAYMTENLHBIX YCHIAN
OT BCEX CTOPOH, y4acTByoUwx B pa3paborke. Oco-
GEHHO CJIOXKHO HAaHTH MeTabOpy BH3yaIH3ALHA H
COOTBETCTBYIOIIYIO CHCTEMY BHIOB OTOOpaKeHHS B
TeX CIyYasX, KOrjJa JJjis JaHHOK NPHUKJIaIHOMK 06ra-
CTH He yaeTCs NogobpaTh eCTECTBEHHYIO HJIH MIPH-
BBIYHYIO 06pa3HOCTh, TeM Gomee, KOraa oHa BooOIe
OTCYTCTBYET.

PaBora srmonrena npm moxaepxke Poccuiicko-
ro ¢orAa GYHAAMEHTATIBHBIX HCCIEI0BARTH (KO
npoekTa 01-07-90210, 01-07-90215).
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