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BBenenue

B nHacrosmiee BpemMs 0OYeHb aKTyallbHa pa3padoTka
MOOMIBHBIX TpwioxkeHnit. [lo wmccnemoBanmsM Ha
Bropoit  kBaptan 2015 roma, BBINOJIHEHHBIX
amepukaHckoi kommanued IDC (International Data
Corporation), OBUIM YCTaHOBJICHBI TpU JIy4llIHe
MobuibHble Tardopmel: Android, i0S u Windows
Phone. 3a Heckonbko ner Android cram ogHuUM U3
YCIIEIIHBIX MNPOEKTOB AJsl MOOMIIBHBIX Tele()OHOB B
kommanuu Google Inc. I'maBmas upes IT-ruranta
COCTOMT B TOM, YTO OHa IMpeIIaraeT OTKPBITHIN
JIOCTYI UCXOJHOTO Koa st cBoeit OC [1].

Lenpto manHO# paboTHI sBiseTCS pa3paboTka H
peamm3anuu npuinoxkeHns «CrnpaBogHHK 1o CH+»
JUISL MOOMJIBHBIX YCTPOWCTB Ha rmatdopme Android.
IIpunoxeHue sBisieTcs albTEPHATUBOM KapMaHHOIO
CIpaBOYHHKA MO S3BIKY IporpammupoBanus C++,
KOTOpOE TIO3BOJIUT MOJB30BaTEIsIM pPaboTaTh Co
CIPAaBOYHBIM MaTepHaJioOM, TMpPEJCTaBICHHBIM IO
BBIOODY Ha JIBYX SI3bIKaX: PYCCKOM U aHTJIMHCKOM.

Cpena a5 pa3paGoTKy IPOrpaMMHOI0
ob0ecneyeHust

st pa3paboTKu MPOrpaMMHOTO 00eCTICUeHHS OBLTH
BBIOpAHbI CIIC/IYIOIINE HHCTPYMEHTAIIbHBIC CPE/ICTBA!

1.  S3pIk mporpamMmMupoBaHHs —Java,

2.  CpenaPaspaborku —AndroidStudiol DE,

3. DOwmymsaropAndroid — GenyMotion,

4. Pa3paboTka MakeTa  TNPIWIOKCHHA  —
MockingBot.

BbI0Op yKa3aHHBIX MHCTPYMEHTAJIbHBIX CPE/ICTB
00OCHOBaH WX HaWOONBIICH MNOMYJSPHOCTHIO IS
pa3paboTKi MOOHITBHBIX TpUIOXeHUH [2, 3].

Paspabdorka unTepdeiica

Ilepen nHawanom pa3paOoTKu HHTepdeiica ObuI
MPOTUCaH MIOJIb30BaTEIbCKUH creHapuit -
TpeboBaHMS K  JIu3aiiHy  HWHTepdeiica oA
coBpemeHHbIit ctuie Material Design. Ilo 3amymke
nu3aitepoB kommannu Google, B MpHIOKEHHH HE
JIOJDKHBI ~ COIEPIKATBCSI  OCTPBIE  YIIIbI, KapTOYKH
JIOJDKHBI TIEPEKITIOYaThCs MEXIY CO0O0H IUIaBHO H
npakTHYecKn He3ameTHo. Ha cnenyroriem arare
OCYIIECTBIIIIOCHCOOCTBEHHO MPOEKTUPOBAHHE
uHTEepdeiica npmioxkeHns. Breibop Ob1 cpenmaH B
nosis3y cepBuca MockingBot— ownnaitn-miatdopma,
MI03BOJISIOIIAst T10JIb30BATEISM co3JaBarb
MHTEPAKTHBHBIE MAaKEThl M IMPOTOTUIBI MOOWIIBHBIX
MPUIT0XKEHUI.

IIpoexkTHpOBaHNE NPUJIOKEHUS

BuemwHuii BuA NOpUIOKEHUS JOIDKEH TaKkKe
COYETAThCS C IPYTUMH 3JIEMEHTaMd O(opMIICHHUS
MOJIF30BATENIbCKOTO  WHTEpdeiica. B wactHOCTH,
JU3aiiH MOOWJIBHOTO MpHIoKeHusT «CIPaBOYHUK IO
C++» JIOJDKEH ~ CJIeJIOBaTh  yCTAHOBJIEHHBIM
TpeOOBaHUSAM W HOpMaM IatopM JaepkaTenas OT
kommaanuGoogle.

Wutepdeiic mpuioxeHUsi COCTOUT U3 CIETYOIIIX
OCHOBHBIX KOMITOHEHTOB, MPEJICTaBICHHBIX Ha puC. 1:

TAABHOE

MEHIO
1

BoiGop AsbIka|
[
Cnncok Cnucok Cnmcok o
nporpamme
Qlist_activity [About_aciivity

1
MeHio Bap
T 1

Boixoa
Exit_activity]

1

KypCOB NROTRAMM BOMPOCOB
Tlist_activity Plist_acfivity] setings activin
AKKOPAEOH Mpocmorp AKKOPAEOH
MEHIO nporpamwvibl MEHIO
Apgoraecn oot P_activity] gctivity
TMpocmorp:
Kypca

Puc. 1. CtpykTypa npuioxeHus

ITpu 3amycke NpUIOKEHUS] OTOOpaXxaeTcs IIIaBHOE
MEHIO TPOTPaMMBI, TJe Ha JKpaHE pacHojaraercs
JOTOTUN  TPWIOKEHUS,  HIDKE  MPEACTaBICHO
NPUBETCTBHE  IIOJIb30BaTENsl Ha  PYCCKOM W
AHIINICKOM SI3bIKaX M PACIIOJIOKEHBI ABE KHOIIKH JUIs
TOTO, 9YTOOBI CTYAEHT MOT BBIOPATh S3BIK MPOTPAMMBbI

(puc. 2)

Welcome | [lo6po noxanosaTe

Welcome to the C++ Programming app!

Ploase Choose The Language

HAobpo noxanosars 8 Cnpasouni C++

MOMANYWCTa BaBepUTE AIBIK
Puc. 2. 'maBHBIN dKpaH MPUIIOKEHHSI C BHIOOPOM
SI3BIKA
Crnenyromee OKHO OTKPBIBAaeT MeHI0 «O0ydeHue»,

menio «[Iporpammer» u wmeHio «Bompocs». B
MPWIOKEHUH peaTn3alus MEepeKIIOUeHUs MEXIy
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OKHAMHM MPOU3BOUTCS B OJTHO KacaHue (puc. 3).

- e v wil 75 3 = (R

C++ Programming

CnpaBoyHuK no C++

ObYHEHWE NPOIPAMMBI TUTORIAL PROGRAMS

1. Baegenne 1. Introduction
2. Npumep C++ nporpammbl 2. An example of C++ Program

3. NepemenKble n onepaTops! 3. Vanables & Operators

4. Tunol famKbIX 4. Compound types

5. BBoA v BuiBOA 5. Input & Ouput

6. MoToxu ynpasneHms 6. Flow of Control

7. DyHKUMn 7. Functions

8.00Nn 8, Object Oriented Approach

9. PaAns! 9. Files

10. NpeABapHTENbHbIE NOHATHA 10. Advance Concepts

Puc. 3. Mento ObyueHne B AByX A3bIKaxX

Marepuan B NPWIOKEHUH CHEIUAIBHO PasfeiicH
TIO TJ1aBaM, I'JIe KaXK/1asl TJ1aBa COCTONUT U3 HECKOJIBKUX
pas3zenoB, TOCBSMICHHBIX  KIIOUEBBIM  IOHITHIM
sa3pika  CH+.QyHKIMOHAN PEaM30BaH C ITOMOIIBIO
3JIEMEHTa yIpaBieHus «BepTukanpHOoe MEHIO» B
CTHIIE «AKKOPICOHY.

UYtoOsI [IOMOYb 10JIb30BATEII0
CKOHLIEHTPUPOBAThCA HAa BaXKHBIX acleKkTax B
mporiecce M3Y4eHHs Kypca, MMEETCs BO3MOXKHOCTh
NOJAEINThCS MarepuayioM soboro pazzena. C ee
MOMOIIBI0  MOXKHO — Pa3MeCTUTh  Marepuaibl B
JFOOBIXTOCTYITHBIX COLIMATIBHBIX CeTsX.
[IpencrasBnennast GyHKIUS — OHA U3 HE3AMEHUMBIX U
YIOOHBIX B COBPEMEHHBIX MOOMIBHBIXIIPHIIOKEHUSIX,

T.K. o0ecreynBaeT CBOEBPEMEHHOE CBOOOAHOE
NOJIy4eHHE  HYXHOTO  CHPABOYHOIO  MaTepuaia
(puc.4).

@ WhatsApp

B BKonTakTe

! BKoHTakTe

Puc. 4. ®ykuus «[loxenutbes»

Co3nanue n peaju3anus KJIaccoB
Pa3paboTaHHBI MPOEKT COCTOMT M3 HECKOJIBKUX
nmarnok u Jpyrux QainoB. OCHOBHBIE M3 HHUX
CIeIyIoUIHe:
e gen — coaepkarcst (aitybl, CreHepupoBaHHBIC
camoiiJava;

® SIC — TpejACTaBIeH HWCXOAHBIH Koj Ha Java.
31ech HaXOJUTCSl OCHOBHOH (haiiin 11 paboThl. 31ech
e OyIyT HaXOJUThCs HOBBICKIIACCHI;

e res — xpaniaTca Qaiinsl pecypcoB. OH B CBOIO
o4epenb COEPIKUT HECKOJIBKOIIOIKATAIOTOB:

1. res/drawable-dpi — B aTHX mamnkax comepKarcs
pecypcsl, npenHa3HaYeHHbIe TSt Pa3HBIX
pacIMpeHuil dKpaHa.

2. res/layout — B manHO# manke comepskarcs xml-
(aiinel, OMUCHIBAIONIME BHEWIHHA BuUA (GOpM U
pasnuuHbIX 9neMeHToB (opm. Ilocnme cozmanus
NPOEKTa TaM yke UMeroTcs Qaiinel activity main.xml
u fragment main.xml.

3.res/menu  — 30echb  HAXOMATCS  PECYPCHI
IUISIMEHIO.
4. res/values —pacroararoTcs Kakue-mbo

CTPOKOBEBIE PECYPCHI, PECYPCHI IBETOB, TEM, CTHIICH H
H3MEPEHUH, KOTOPBIE HCTIOIB3YIOTCS B IPOEKTE.
B mpomecce paspaGoTkM OBUTH  CO3MAHBl W
peann30BaHbl MHOXKECTBO KJIACCOB, OJJHH M3 HUX:
—SocialSharing - wmacc gns  GyHKUMH
«Ilomenutbcsy;
—NavigationParams— kiracc 111 HaBUraIuy,
—ContentMain— kiacc a1 KOHTEHT MEHIO;
—ContentView— kmacc ajs mpocMOTpa KOHTEHT
MEHIO.

3akaouenue
B pe3yibTare paspaboraHo MOOUIBHOE
NPUIIOKEHUE Ui onepaimoHHoi cuctembr Android.
Temoii pa3pabOTKH MOOWIIBHOTO IMPUIIOKEHHUS CTAJIO
aJIbTEPHATHUBHOE CO3/IaHME KAPMAaHHOTO CITPaBOYHHKA
0 A3BIKY MporpammupoBanusi C++ s CTYIEHTOB ¢
MaJIbIM OIBITOM IPOTPAMMHMPOBAHUSI MM BOBCe 0€3

Hero. llpunoxxeHHWe  MOMOXKET  TOJb30BATENSM
CKOHIIEHTPUPOBAThCA HAa BaXHBIX AacCEeKTax B
npouecce  o0yueHHs, CBOOOJHO  IOJIb30BATHCS

CIPaBOYHBIM MaTE€pHAJIOM B JII000€ ynO0OHOE BpeMms,
MPaKTHYECKH HPUMEHSITh CBOM 3HAHMS IO KaXIOU
TJIaBe, WCIOJIb3YysS, BCTPOEHHbBIE IPHMEPHl KOIOB
MPOTPaMM.

Ha Texymee BpemMs NpOBOAUTCS OMNBITHAs
9KCIUTyaTaIis IPUIOKEHHUS B peabHBIX YCIOBHIX. B
JaIbHEHIIeM IUTAaHUPYeTCS  CO3JaHue  (PyHKITUH
peXnMa TECTHPOBAHMS CIPABOYHOTO MaTepuana Hu
0a3pl MaHHBIX, B KOTOPOHl OYyIyT XpaHUTBCS BCe
PpEe3yNbTATHI MOJIB30BATENS.

CHnHCOK HCII0/Ib30BAHHBIX HCTOYHUKOB
1. Jlyymme  omepanMOHHBIE  CHUCTEMBI  JUIA

cMapTdonoB B 2015 roxy [DmekTpoHHEIN pecype]. —
URL:https://tjournal.ru/p/android-ios-domination
(mara obpamenus 06.10.2016).

2. Pa3paboTka TpHIOXKEHHH 1  MOOMIBHBIX
YCTPOMUCTB. [OnexTponHsIit pecypc]. -
URL:https://ru.wikipedia.org/wiki/PazpaboTka npuio
KCHUH JUI1 MOOWIIBHBIX YCTpOMcTB(maTa
obpamenus 01.06.2016).
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3. Pero M. Android 2. IIporpammupoBanue
NPWIOKSHUH U1 IUIAHIIETHBIX KOMIIBIOTEPOB H
cMapTdoHOB. — M.: Dxemo, 2011 —672 c.
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PABPABOTKA AJITOPUTMA JUCHHETYEPU3AIIUU B MOBUJIBHOM
BBIYNCJ/IMTEJIBHOM KJIACTEPE

CkonueHko0A., ®ponosC.I.
Hayunsiii pykoBonutens boreirun 1. A.
ToMckuil MONUTEXHUUECKUI YHUBEPCUTET
aas83@tpu.ru

Beenenne

Ha CETOIHSIIHUI JIE€Hb CYLLECTBYET
HEOOXOTMMOCTb B paclapajlieInBaHNUH BEIYUCIICHHH.

OmHAM W3 TONXOMOB IS paclapauieIABaHUL
BBITIOJTHEHHS BBIYUCIUTENBHO-EMKHX 33434 SBISIOTCS
GRID-cucremsr [1]. To ectp, pemeHneM MpoOIeMBI ¢
pacmapajuieInBaHueM MOYKET SBISITHCS TIOJKITFOUCHIE
HECKOJBKHX KOMIIBIOTEpPOB B OAHY ceTb. CeTb u3
HECKOJIbKMX KOMIIBIOTEPOB, B JalibHEHIIeM, Oyaem
Ha3bIBaTh MOOWJILHBIM BBIYHMCIUTEIBHBIM KIIACTEPOM
(MBK), neHTpanbHblii KOMIBIOTEp 0003HAYUM Kak
JcIieTdep, a KOMIIBIOTep M3 KiIacTepa — areHt. Jlaxe
coOpaB kiactep, MbI HE pelaeM Ipooiemy
pacmapajuleiBaHus, TaK Kak paboTaTe MOIYIH
OyAyT KaK YyroJHO, HO HE TaK KakK HYXHO.

Kax BApUAHT GRID-cuctema,
CKOH(UTYpHpPOBaHHAas Ha OCHOBE IIEPCOHAIBHHBIX
KOMIIBIOTEPOB, SIBIIACTCS YOOOHBIM ¥ TIPOCTHIM
HHCTPYMEHTOM AN peUIeHus TakuxX  3aj1ad.
ITockonbky Bpems oOmeHa Mexnay y3mamun MBK
JIOCTaTOYHO OO0JIbIIOE (HET BBICOKOCKOPOCTHBIX IIUH
oOMeHa TaHHBIMH), TO OyeM paccMaTpUBaTh 3a/a4H,
He TpeOyromire 00paboTKU B pealIbHOM BPEMEHHU.

Kak W3BECTHO, Ui MIOJTHOTO
pacrapaseMBaHus HYXKHO TIPUIEPKUBATHCS
npaBmia «l1 sapo = 1 morok (Moxyms)». KonedHo,
naxe pu padote Ha MBK ¢ omauM simpom (B oOmiem
ciydae 1 [IK) TexHmuecku Mbl MoxeM co3xats 100 u
Ooyee mapaJUICNEHBIX MOTOKOB, HO B TaKOM CiIydae
pacmapauieMBaHueM Oyzmer YIpaBIATh
OTIepallMOHHAs CHUCTEMa, 3allycKas IOTOKH Ha sSapax
1K, nmepenaBas ympasieHHE TO OJHOMY, TO IPYTOMY
MOTOKY. XOpOIo, €ciH nMeercs TMoJ pPyKOH
CyIepKOMIBIOTEP, B MH(PpacTpykType Kotoporo 100
u Oouee snep. B aTom ciydae moxkHo 3amycTuth 100,
200 um Oomee TMOTOKOB TMapajUleIbHO, HO, K
COJKaJIEHHIO, HE Y BCEX TaKOH CyNepKOMIIBIOTEDP €CTh
nox  pykoil. OpHako, B  pealbHOM  JKU3HHU
chopmupoBanHsii MBK Brito4aeT orpaHudeHHOE
YUCIO SJIEP, MEHbIIEE, YeM YHCIO BO3MOXKHBIX
napajulefIbHBIX ~ MOTOKOB.  [lo3TOMY  BO3HMKaeT
npobieMa pacTpeneneHnuss MOAyJIel MEeXIy sapaMu
MBK. OnHo#l W3 BaXXHBIX 3a7ad B 3TOH mpobieme
SABISIETCA ~ OOeclieyeHHe  MPaBWIBHOTO  MOPSAKA
BBITIOJTHEHYSI BBIYUCIUTENBHBIX MOAYJEH (B OIHUX
y31ax JaHHBIE OT TMPEIBIAYLIETO y37la HYXXHBI, B
JIPYTHX HET), a TaKXKe oOecreueHne CHHXPOHU3AIINU 1
B3aUMOJICHCTBUSL  MEXIy MOAYJSIMH, OCOOCHHO
BBINIOJHSIOIMXCS Ha pa3Hbix [TK.

AJIrOpI/ITM aucneT4Yepusanuu
HyCTI), BbIYUCIIUTCIIbHAA CXeMa, pcajindyemMas

Ha MBK IIpeACTaBIcHA
OpHEHTHPOBAHHEIM TpadoM (puc. 1).

¥ h 4
: q °
'

v )4

> -
> I —

Puc. 1. CxeMa BbIYHCIEHNHA

W3 maHHO# CXEMBI MOXHO MOIYYIHTH CIIEIYIOITYIO
HHPOPMALHIO:

MIPUOPUTET B BHITTOITHECHUH MOYJICH;

3aBHCUMOCTH MEX]Ty MOYJISIMH,

KaKue MOJyJIH MOTYT paboTaTh MapauiebHo.

CxeMy BBIYHCIUTEIBHOIO MHpoIiecca MPEACTaBUM
B BUAEC MOIU(PUIMPOBAHHONW MATPHIIGI CMEKHOCTU
(Tabnuna).

CITEIYFOLIAM

Tabnuua. Busyanuzanus CXEMBI
BBIYHCIIUTEILHOTO MpoIiecca

1123[4|5|6]/7[8]9]10]11]12
0j0ojoj0o|0O|j0]|O|j0O|OJO]O]O]1
1]0/0{0|/0|0O|l0O|OjO]O|]O]O]2
1]0/0[0|l0|0O|l0O|OJO]O|O]O0]3
0j1/{0f/0|0|0|0O|JO|OJO]|O]| O] 4
0j1/{0/0|0fj0|0O|JO|OJO]|]O]O0O]|S5
0/1|/0/0|0|0|0O|O|OJ O] O] 0|6
0j0j1f0{0j0|0Ofj0O|OjJ]O]O]O]|7Y
0j0j1/0{0|0|0O|JO|OJO]| O] O] 8
0j0j1f0{0j0|Ofj0O|OJO]O]O]Y9
0j0j0f0|1|0|1|0|0OJO] O] O]10
0j0|0f1|0|0]|0O|l0O|OJO]O] 0|1
0jojofoOf1|1]21|1|1|1]0]0]12

W3 nanHO# TabIMIBI MOXKHO MOJTYYHTh:

[Mopsmox BBITIOJTHCHUS BBIYHCITHTEIBHBIX

MOJIyJICH W MMOTOKH JaHHBIX MEX Ty HuMU. Hampumep,
MEePBEIA MOIYb (IO TOPU3OHTAIH) HE 3aBUCHT HH OT
KaKHX MOJYJICH M JTOJDKCH BBIMOJIHUTHCS MEPBBIM, a,
HampuMep, JAEBSTBIM MOAYNb (IO TOPH30HTAIM)
3aBUCUT OT TPEThero wMomysisa (10 BEPTHKAIN).
COOTBETCTBEHHO, OH MOXET BBITIOJIHUTHCS TOJIBKO
MOCJIE TOTO, KaK 0TPadOTAET TPETHH MOIYJIb.
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Kakue MoOaynu MOTYT BBIMONHHUTHCS paHBIIIE.
Hanpumep, Tak Kak mepBbIii MOJYJIb HUKOTO HE JKAET
OH MOXET OBITh BEITIOIHEH CPa3y, a BTOPOH M TPETHH
MOJTyJIb, TOKAABIIICH BBITIOJTHEHHUS TIEPBOTO MOIYIIS
MOTYT BBITIOJHATHCS apaJIeIBHO.

Jucretuep, mnoixyunB u 00paboTaB MaHHYIO
TaOJIHITY, CMOJKET TTOHSAThH, KaK OH JIOJDKEH padoTaTh
chopMHUpOBaTh TMaKeTHl KOMAaHI JJs OTHpPaBKH Ha
JIPYTHE arcHTHI.

3ameTumM, 4TO IS [TOJIHOLIEHHOT'O
pacnapajuleIMBaHus AUCIICTYEPY HE XBATAaeT JAHHBIX.
TaOnuna He SIBJISCTCS MOJHBIM PEIICHHEM TPOOIEMBI,
TaK KaK Jaxe ¢ MMCIONIMMUCS NAaHHBIMH IHCIICTYCD
HC WMEET MPEICTAaBICHHS O IOCTYIHBIX arcHTax,
KOJIMYECTBE sep y areHToB u ap. IlosTomMy mocie
3aBepIICHIS BBIIIOJTHEHUS KaXkI[0T'0
BBEIYUCITUTEIIFHOTO MOAYJS AWCIETYep OIpAaIINBacT
MOJKITFOUEHHBIX K HEMY arcHTOB Ha MPEIMET:

JIOCTYITHOCTH (CBOOOJICH JIM JAHHBINA areHT);

BEIYUCITUTEIIFHON MOIIMHOCTH (CKOJIBKO TOCTYITHO
(hu3nIeCKuX saep).

[Tocme  momyuyeHuss  AaHHOM — MH(pOpPManUu
JcrieTdep 3aHOCHT ee B (pailnl KoHHrypanuu u B
JanbHelmeM OyaeT pabdoTaTh ¢ Hel, MepUOIUIEeCKH
OOHOBIISIT UHPOPMAIIUIO MYyTEM MOBTOPHOIO OMpOCca
areHTa Ha M3McHeHus. JlaHHBIC B (Qaiijie XpaHATCS B
ciaenytomem Buzae: «1;192.168.0.4;0;4», rne 1 —
nneHTHQuKannoHHE HoMep(id) arenta; 192.168.0.4
— IP-agpec arenra; 0 — areHt cBobonen (1 — areHr

3aHAT); 4 — KOJNMYECTBO JOCTYIHBIX (PH3UUECKUX
sep.

[TonydyeHHbie BbIIE  JaHHBIE O00ECMEYHBAIOT
BBITTOJTHEHNE BBIYHCIIUTEIBHBIX MOJIyJeH Ha

OTpaHUUYEHHOM YHCIIE SITEP.

CuHXpOHHM3allMs ¥  B3aWMOJEHCTBHE  MEXIY
areHTaMd W BBHIMOJHIEMBIMA Ha HHUX MOIYJISIMH
obecrieurBaeTcss  «OOBEKTAaMH  3aHATOCTH», B
CTPYKTYpe KOTOpPBHIX IUCIIETYEp 3aliChIBacT: Ha
KaKOl KOMITBIOTEp H KakKoe 3aJaHhe OTIPABIICHO.
3anMch UMeeT cleAylouuil Bua, Hampumep, «1;3»,

rnie 1 — osro id areHra; 3 — wMsS MoOAyJdsd Ha
BBINOJIHEHUE.
Jlucrietuep, OTHOpaBUB 3aJaHWE areHTy Ha

BBITMIOJTHEHUE MOAYJIA U IOJTYYHWB OTBET OT arcHra o
IIPUHATUH, BHOBb ONPAIOIWBACT ar€HTa U OTMEYACT Yy
cebs, 9TO JaHHBIN areHT 3aHiT (M3MenseT ¢uiar ¢ 0 Ha
1 B ¢aiine xorpurypanuu). To xe camoe nucmerdep
IMMOBTOPACT C APYrUMH arcHTamMu, KOTOPBIC MOTYT
BBITIOJTHATBCS COTTIACHO MATPUIIE CMEKHOCTH.

JlononHuTensHo, JcrieTyep HOCTOSIHHO
NPOBOJUT OINPOC areHTOB Ha IpeIMeT HaJudue
coenuHenus. Ecnm B TeyeHnme HEKOTOpOro Iepuoza
BPEMEHH OT areHTa He TIIOCTyNaeT OTBET, TO
JICIIETYep CUUTAET, YTO Y areHTa MpOou30mLIen cOOM.
D10 aucmerdep OTMedaeT B Jor-ailie m mepemaeT
3a/laHie ATOTO areHTa IPyroMy CBOOOIHOMY areHTy.

JucrnieTdep 3akaHYMBaeT pabOTy IPH HCUCPIIAHUN
BBITTOJTHSAEMBIX MOTyJICH B MaTPHUIIE CMEKHOCTH.

AnropuTt™M paboTHI JUCTIeTYEpa BKIIOYAeT B ceOs
CIIEIYIOIINE OCHOBHBIE IIIaTH:

1. OcymecTtBigercss  MOPOCMOTP  MaTpHIIBI
CMEXHOCTH BBIYUCIIMTEIIHONH CXEMBl Ha HpeaMeT
OIlpeNieNieHUsT HayalbHbIX MOZYJCH BBINOJIHCHUS
(TIOMCK HYNEBBIX CTPOK B MaTPHUIIE CMEKHOCTH).

2. AHaIM3UpYIOTCSA MOIKIIOYCHHBIC areHTHl Ha

opeaqMeT  OOCTYHHOCTH M BBIYHCIHTENBHOM
MOIITHOCTH.
3. [omyyennass wHpOpPMamUs OT areHTOB

3aHOCHTCS B (aiia KoHUrypaumu.

4. 3amyck Ha4YaJbHBIX MOJYJEH Ha JOCTYITHBIX
areHTax ¥ W3MEHEHHE COOTBETCTBYIOLICH 3alvcH B
(aiine KOHPHUTYpaIHH.

5. Ompoc areHTOB Ha IpeAMET HaIW4UA
COCIMHEHUS.
6. Ilpm moTepe coenMHEHWS C  areHTOM

OCYIIIECTBIICTCS BO3BPAT Ha 1uar 4.

7. ITocne BBHIMONHEHUS TEKYLIETO MOIYJIS
U3MEHSCTCS 3aIKCh B (ailiie KOHPUTYpaLUH.

8. OcymecTBIsIeTCS aHAIN3 MaTPHLBI CMEKHOCTH
Ha MpEAMET ONMpEACNICHUs] MOIYJIeH, KOTOpPbIe MOTYT
OBITH BBIITOIHEHBI CJICAYIOIIUMHU.

9. Ecim Ttakux Mojayied HeT, TO JAUCIeTdep
3aKaHYMBaeT padoTy.

10. 3amyck Momynsi Ha IOCTYIHBIX areHrax u
W3MEHEHHE COOTBETCTBYIOIIEH 3amucu B (ailie

KOH(HUTypanuu.

11. Ompoc areHToB Ha NpeaMET HaIu4dus
COCMHEHUSI.

12. Ilpu mnoTepe COEOUHEHHS C AareHTOM

OCYIIIECTBIIICTCS BO3BpAT Ha 1uar §.

Hucrnietaep paspaboran B cpene IntelliJ IDEA na
s3bIke Java [2 - 4]. OnHuM 13 pemaromux (GakTopos B
Hoyb3y sA3bIKa Java sBIAETCS €ro IIaTgopMHas
HE3aBHCUMOCTb.

3aki0ueHue

Paspaboran AITOPUTM, [I03BOJIAIOIIN N
JIICTIETYNPOBATh BBITIOJTHEHHE TIPOU3BOJILHOM
BBIYHCITUTEIHHOM CXEMBI Ha MOOUIEHOM
BBIUHCIUTEIFHOM  KJIaCTepe € NPOU3BOJIEHOU
HHPPACTPYKTYPOIL.
CrnMCOK HCTO0Ib30BAHHBIX HCTOYHUKOB

1. Grid-rexnosorust  [DnekTpoHHBI  pecypc]
//Linux. Kiacrep. — URL: http://cluster.linux-

ekb.info/grid.php (zara obpamenus: 15.10.2016).
2.Java 8. [IlomHoe pykoBoacTtBo [JleBsrToe
n3nanue/ [epbepr unnr., 2015. — 1376 c.

3. O630p Java.util.concurrent[ DnexTpOHHBIH
pecypc] Bior Habrahabr - URL:
https://habrahabr.ru/company/luxoft/blog/157273/

4. MHOTOIIOTOYHOCT B Java [DneKTpOHHBII
pecypc] Habrahabr - URL:
https://habrahabr.ru/post/164487/ (mara oOpamieHus:
21.10.2016).
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METO/IUKA MIEPEHOCA BECOB HEHPOHHOM CETH U3 IPOI'PAMMHOM B
AIIITAPATHYIO PEAJIN3AIINIO
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Hayunsiii pykoBonutens: MansuykoBA.H.
HauuonaneHeli uccnenosarenbckuii TOMCKMA NOTUTEXHUUECKUNA YHUBEPCUTET

apb3@tpu.ru

BBenenue

B  Hacrosmee BpemMs  JIOBONBHO  OypHO
pa3BHBAIOTCS HCCIIeOBaHUs B cdepe TIyOMHHOTO
oOyuenus Hediponueix cereit (HC), B wactHOCTH
cBepTouHbIX HelpoHHbIX cereit (CHC). B nmannoi
cratbe paccmarpuBaercss CHC, pacnosHaromas
00BeKThl Ha  u3o0paxkeHusx. CyuecTByromue
IpOoTpaMMHBIE pealu3alil HMEIOT CBOH mpenen
CKOPOCTH PabOThI, KOTOPBIH YIHPAETCs B KOJTHIECTBO
HEOOXOTUMBIX BBIYHCIICHUN [1]. YT00BI
ONTUMU3UPOBATh CKOpocTh padoTrsl CHC B0O3MOKHO
CO3JJaHUE annapaTHOH peanuzanun Ha
MPOTPAaMMHUPYEMBIX  JIOTHYECKHX  HMHTETPAIbHBIX
cxemax (ITJIMC) [2]. Peanmuzosate CHC na IIJIMC
BO3MOJKHO, OJIHAKO peasi3anys 00yueHHs: TaKoi ceTn
JIOBOJIbHO CJIOKHA, a NOJyYeHHass KOH(HIyparus
cucteMbl OyneT 3aHUMaTh OOJBIIOE KOJHUYECTBO
joruyeckux sdeek. Ilpoie MCronb30BaTh TOTOBYIO
nporpamMmMuyio peanuzanuo CHC, o6yuuts e€, 3atem
W3BJIEYh Beca M3 MOJEIM M IIEPEHECTH Ha
annapaTHy0 peanu3anuio. B wurTore, mporpamMMHO
obyuennass CHC Oygmer paboraTh Ha ammapaTHOU
peanuzanuy.

Br10op nporpaMMHoii niaTgopmbl 115
NPOrpaMMHOIi peaau3anun

CymectByet JIOCTaTOYHOE KOJINYECTBO
(dpeiimBopkoB s co3ganus nporpammHoi CHC.
HeoOxonumo BbIOpaTh Takol, B KOTOPOM ObUIO OBl
yno6Ho onucath Monens CHC, oOyuuts e€, a 3atem
U3BJIEYb Beca.

CorylacHO CpaBHHUTENBHOH XapaKTEPUCTHKE U3
crareii [3-4] opeiimBopku Caffe, H20, MXNet
Deeplearning4j  mo3BoisAOT  onmcath  MOJCNb
HEWPOHHOW CETH Ha BBICOKOM YpOBHE aOCTpaKLIHWH.
Hpyrue, nanpumep, Tensorfolw, CNTK, Theano
TpeOyIOT U3y4eHHs UX IPOTrPaMMHOTO MHTepderica u
Ooiee METaIbHOTO ONUCAHHMS CAMOM MOIENH, YTO
MO3BOJISIET ~ ONTUMH3MPOBATh  BBIYMCICHUS  Ha
MPOTPaMMHOM yPOBHE.

Jis Hammx 1enedt Oblla BBIOpaHa IporpamMMHAs
miatdopma Caffe, Tak kak OHa HE TOJBKO MO3BOJISIET
ormcath CHC Ha BBICOKOM ypOBHE aOCTpakILiH, HO U
MpeIoCTaBIIsieT BO3MOXKHOCTh JUIS HPE/IBApUTEIbHON
00paboTKN BXOJHBIX JaHHBIX, YTO HEMaJOBAXHO. A
TaKOKe IO3BOJISIET COXPAHATh Beca.

Onucanune Moaeau
UroObl co3xath Mojaenb, wucnonbdys Caffe,
HEOOX0/MMO OIMCATh apXUTEKTYpPy HEHPOHHOW ceTh
B «prototxty ¢ainax. B arom daiine omnmceiBaeTcs
CTpYKTypa CeTH, MpeJCTaBICHHas B BHIE CIIOEB

(layers) m wWx mapameTpos,
Momenu w gpyrme 3Hauenums [5]. Jma CHC
XapaKTepHO MHCIOJIb30BAHUE CBEPTOUHBIX CJIOEB,
CJI0€B IYJMHIA, CJIOU MOJHOCBA3HOW CETH HEHPOHOB,
TaKKe CJIOU ¢ (YHKIMSIMHU aKTUBALUK M OIHCAHUC
BBIXOZIOB HEPOHHOM CETH.

DopManbHO KaXKIbIH clIol uMeeT UM (hame), THI

HCIIOJIB3YIOIIUXCS B

(type), mapamerpsl top u bottom, B KOTOpPBIX
3aJ]al0TCS MMEHA BEPXHEr0 W HIKHEr0 CJIOCB
COOTBETCTBEHHO.  Takke  BO3MOXKHO  yKa3aHHE

JONOJIHUTCIIbHBIX TapaMETPOB, TAKUX KaK pasMep
sapa (kernel size) mIs CBEpTOYHBIX CJOEB WM
KOJINYECTBO BBIXOJIOB (num_output) InIE:
IIOJIHOCBA3HBIX CJIOCB.
ITpumep OIMCaHus
MPEACTABJICH HUXKE:
layer {
name: "convl"
type: "Convolution"
bottom: "data"
top: "convl"
convolution_param {
num_output: 6
kernel_size: 7
stride: 1}

CBEPTOYHOTO CJ104

}

Taxxke HEoOXOJMMO 3aJaTh BXOJHBIC JIAHHBIC,
kortopeie juisi Caffe mMoryr ObITh mpejcTaBlieHbl B
Buae wu3oOpaxenuit (tunm ImageData), HDF5
BXoziHOro (aiina, miu Level DB oaiina.

s Toro 4toObl OOYYHMTH CO3MaHHYIO MOJIENb
HEHPOHHOM CEeTH CO34aeTCs €lle OJUH «prototxty»
¢daitn, B KOTOpOM 3amaeTcs «prototxty aiin
ONKCAaHWEM  MOJEIH,  KOJHYECTBO  HTeparui
00y4YeHHS, HHTEPBAJIBI JJIs1 TECTUPOBAHUS HEHPOHHOU
CeTH, pa3IMYHbIC IapaMeTphl, BIMSAIONINE Ha
CKOpPOCTh OOYYEHHUS U JpYyTHUE.

ITocne oOy4ueHus co3maHHON HEHPOHHOHW ceTH Ha
obyuaromerr BeiOOpke Caffe coszmaer «caffemodel»
(aiin, B KOTOPOM COXpaHsIeT HaCTPOEHHbIE Beca. DTOT
¢daiin m HeoOXomuM I TEpeHOCa BECOB C
MIPOTPAaMMHOM pean3anyi B anmapaTHYIO.

TpebGyemoe npenacrasiieHue ¢popmMara BecoB

B ammapartHoif peanmusamum ans 6osiee ObICTpoit
paboThl UCHONB3YIOTCS IPYTroe HPEICTABICHHE YHCEIL.
A wumeHHO, 14 pa3psamHBIA BapuaHT dYHCIA C
IUIaBalOLle  TOYKOM  IOJIOBUHHOW  TOYHOCTH.
CrtpykTypa Takoro opmara mpencraBieHa Ha puc. 1.

Jannbiit  ¢dopmar  orinmuaercs ot 16-TH
paspsAHOrO 4YHCiIa TEM, 4YTO JBa MIAANIMX OWTa
MaHTHCCHI YHCIIa OTCEKAIOTCSI.
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HeABHbIA BUT

3Hak ’_f
Skeno- MaHTHCcCa
HEeHTa
o[o[o[o]o[o[e]0]0]e]0]0]e]0
13 7 0
Puc.l. 14 pa3psaoeeiii  ¢opmar dUmcaa C

IUIABAIOIIEN TOUKOM MMOJIOBUHHOM TOYHOCTH

Heob6xoanmo BBINIOJTHUTH eme OJTHO
npeoOpa3oBaHKe, TaK Kak allapaTHas peanu3arus
paspabatbeiBacTcs B cpene Modelsim dupmbr Altera.
Beca B anmapatHOW peanu3anuu XpaHsaTcs B OJokax
MaMsITH, KOTOpBIE HHUIHUATU3UPYIOTCS c
HCIIOJIb30BAaHKMEM CIIEIHATIbHBIX (aiiioB Hexadecimal
File (*.mem). Yucna B Takux ¢aiinax XpaHsTcs B
IECTHaALATEPUIHOM ¢dopmare. [Mpumep
BHYTPEHHETO  TPEACTaBJICHHS  JaHHOrO  (ailma
MPE/ICTABIICH HIXKE.

@0 26¢cc 0738 0957 0908 0851 2a5a 2a69 096f

@8 09b0 0766 0a9c Oabe 29b5 2aa6 2835 088d

@10 07e4 Obla Ob2d 095c 2a74 2986 09e4 278d

@18 0a84 0b81 0a68 28d8 29ec 0671 2a2b 274e

Meroauka nepeHoca BecoB HeiipOHHOM ceTH

Jlo mepeHoca BecoB, HY)KHO NPHUBECTH K €ANHOMY
(opmary TpeACTABICHUS TOJYYCHHBIX BECOB W
HCIIONB3YEMBIX B ammapatHod peanmsanuu. B Caffe
ucrone3yercss 32 OHTHOE TMpPEICTaBICHHE YHCEIN.
Onnaxo, HaM HEOO0XO0JUMO 14 OuTHOE
npezacTaBieHue. s 3Toro HeoOXOAMMO IEepeBecTH
n3 32-X pa3psIHOTO IpeACTaBIeHUS B 16 paspsmHoe,
3aTeM 16 paspsgHoe mepeBecTH B 14 paspsiiHOe
MpeCTaBJICHHUE.

Cam mporiecc mepeHoca BecOB MOKHO OIHCATh B
TpH 3Tamna:

1. Homyuyemme HDF5 (aiima c¢ Becamm u3
BHYTPEHHETO TpezacTaBieHus (peiimBopka Caffe u3
¢aiina caffemodel;

2. IlpuBenenue umcen u3 HDF5 [6] odaiina x
TpeGyemomMy opmary;

3. 3amuch mpeoOpa30BaHHBIX YHCEN B TpeOyeMblit
dbopmar .mem daiina.

s mepBOro sTama HMCHONB3YeTCs CKPHNT U3
¢peiimopka Mocha [7], KOTOpBI KOMOIIHpPYETCS
BMmecTe ¢ Caffe.

Ha Bropom orame u3 HDF5 (aiina Beca
HEeo0X0MMOo NpeoOpa3oBaTh K BULY, UCIIOIL3yEMOMY
B anmapaTHON peaau3aliH.

Bropoil u Tpermit 3Tan peanu3oBaH B BHUIE
ckpunra Ha s3bike Python. JlaHHBINM ckpunT Oeper Ha
Bxon HDF5-daitn ¢ Becamu o0ydeHHOW HEHpOHHOM
CEeTH, KOTOPBIM OBII MOJyYeH B pe3yibTaTe MEpBOTO
sTama. 3aTeM, MPOUCXOTUT TpeoOpa3oBaHUE YHCEN,
COTJIACHO OIMCAHHIO, IPUBEICHHOMY BBIILIE.

Beixomom  siBisiroTest  paisiel, B KOTOPBIX
3alHCBIBAIOTC ~ YHCIa B I[IECTHAAUATCPUIHOM

dopmare, coxepkamme B cebe OOydeHHBIC Beca.
Jannbie  (ailibl  SBIAIOTCS  COBMECTHMBIMH  CO
cpenamu pa3pabOoTKH alMapaTHRIX pealn3aliii, TAKUX
kak Quartus u Modelsim.

3aki0ueHue

JlanHas paboTa sBISETCS BAXHBIM  3TalloOM
CO3/1aHMs amlMapaTHBIX HEHPOHHBIX CETeH, MOCKONbKY
HeoOy4YeHHBbIC HEWpOHHBIE CETH HE HeCyT Ha cebe
HUKaKOW (yHKIIMOHAJIHHON HATPY3KH.

[IpencraBneHHbIi  METOA  HE  3aBUCUT  OT
ctpyktypel CHC w® MOXeT TpHUMEHSATBCS VIS
pa3UYIHBIX KOHPUTYpannii MOAETH HEHPOHHON CEeTH.

Bo3sMoxxna HeOonbmas MOTUPUKAINA TaHHOH
METOJUKH C LIEJIBIO 3arPy3KH PA3HOTO PO/a AaHHBIX B
anmapaTHyl0  peajH3allHuIo. Hanpumep, Ui
TCCTUPOBAHHUA MOXKCT TOABUTHCA HeO6XO}II/IMOCTI>
3arpy3uTh TECTOBbIE M300paKEHHsI, KOTOPBIE JTOJKHBI
OBITH TIPE/ICTABIICHBI B TAKOM K€ (hopMaTe JaHHbIX.

B kadecTBe manmbHEHIIMX IUIAHOB  PaboOTHI,
MpolLecC MepeHoca BECOB MOXKET ObITh YIPOILIEH JUIs
MIOJTb30BATEIS MOCPE/ICTBOM erme OoubIneit
aBTOMATH3alMM 4Yepe3 Co3JaHhe Oojee CIO0KHBIX
CKPHITOB.
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BBenenue

[IporpammupyeMble JIOTHYECKHE WHTErPalbHbIC
CXeMBl C KaXAbIM JHEM BCE OOJIBIIE BHI3BIBAIOT
UHTEpeC Yy pPa3pabOTYMKOB B CBSA3UM C TEM, 4TO, B
OTIMYUM OT MHUKPOKOHTPOJJICPOB, HE MEHSETCS CYTh
oAX0Ja IpoeKkTupoBaHus ycrpoiicte Ha HDL u
6510KM TpoeKTa paboTalOT HE3aBUCHMO APYT OT JIpyra
[1].

Ilepen KaKIbIM YEJI0BEKOM, KOTOPBII
nporpammupyet Ha [TJIMC, BcTaer Bompoc o BEIOOpe
cpenbl mporpamMmmupoBaHus. CymecTByeT HECKOJIBKO
BapMAHTOB  NPOTPAMMHpPOBAHHUS: C  MOMOIMIBIO
rpadudeckoit cpensl mporpamMupoBanus LabView u
C TIIOMOUIBIO  S3BIKOM  ONHCAaHWSA  anmaparypsl
VHDL/Verilog.

Ilepexox ¢ oAHOTO S3bIKA OMHUCAHUS ANIapaTypsl
Ha Jpyrol MpUBOAUT K IUIOXOM ONTUMHU3ALUU
(yHKIMOHAJBHBIX ~ OCOOEHHOCTeH  Oyioka,  4TO
MIPHUBOJUT K NMOTEPE JIOTHUECKUX SUEEK U YBEITHICHHIO
CJIOKHOCTH TOHMUMaHus mpoekra. OOmenpuHsTon
onenkoir jormyeckoit emkoctu IIJIMC saBisroTces

JKBUBAJICHTHBIC JIOTMYECKUE BEHTHIH, KOTOPbIC
conepxarcs Ha tuiate NI Elvis 11

JanHas  miarta  SBISETCS — YHHBEPCAIbHBIM
pelieHeM, MOCKOJIbKY Ha HEM MOKHO

MPOEKTHPOBATh II(POBEIC, aHAIOTOBBIE YCTPOICTBa
U JIOTIOJIHUTETIFHYIO OOBSI3KY 3a CUET MMEIOIINXCS Ha
HEe  MakKeTHbIX  IJaT.  YCTPOMCTBO  MOXKET
HCTIOJIB30BATHCA paspaboTunkamu rQpoBbIX
yctpoiicte Ha IIJIMC, a Takke CTyAeHTaMH Ha
nabopaToOpHBIX paboTtax o JUCITUTUTMHAM
«[IporpammupoBaHue  Ha  A3BIKAX  OIMCAHUSA
anmnaparypb», «JJIEKTPOHHMKAa W CXEMOTEXHHKa» H
«Cxemorexnuka 9BM» [1].

Onucanue sapa XilinxSpartan 3E

[IJIMC - nomynpoBOAHUKOBOE  YCTPOWCTBO,
KOH(UTypanuio KOTOPOro MOKHO W3MEHSTh B JF000H
MOMEHT BPEMEHH TPH IKCIIIyaTalliy M UCTIONb3yeMOe
JUTA CO3aHMs IUPPOBBIX MHTETPANBHBIX CXeM. B oT-
JYUe OT OOBIYHBIX HHU(POBBIX MHUKPOCXEM, PabOTHI
IUVINC B cwry ee apXWUTEKTYphl 3amaéTcsi MOCpen-
CTBOM IIPOTPaMMHUpPOBaHUs (IPOEeKTUpOBaHusA). s
IPOrpaMMUPOBAHMS HCIOJIB3YIOTCA IPOrpaMMarop
(CPLD wnnu MHUKPOKOHTPOJUIEP) U OTJIa04uHAas Cpefa,
MO3BOJISIIOIIUE [OJIB30BATENI0 BHOCUTh U3MEHEHHS B
JOoruKy  paboThl B BHIE ~ NporpamMMm  Ha
CHELMANBHBIX SI3bIKaX OMNMCAHUS  ammaparypsl: -
AHDL, VHDL, SystemVerilog [1,4].

OgHAM W3 TJIaBHBIX KOMIIOHEHTOB 1u1aTel NI
Digital Electronics FPGA Board smnsercs ITJINC

Xilinx Spartan-3E, KOTOPYIO MOYHO
3aIporpaMMHUpOBaTE B CIICLMAJBHOW  cpene
paspadorkn Xilinx ISE, a Takke cpencTBamu
rpaduieckoro IIPOrpaMMUPOBAHUS LabView.

OCHOBHO# ynop B JJaHHOH cTaThe OyneT oOpalleH Ha
Xilinx ISE.

Bremnunii  Bujg
IpeCTaBJIeH Ha puc. 1.

Xilinx

quIia

Spartan  3E

Puc. 1. Yun XilinxSpartan 3E
Yun XilinxSpartan 3E comepxur:
¢ 500 000 crcteMHBIX (YHKIMN
¢ 10,476 5KBUBaJICHTHBIX JIOTHYECKUX STUEEK
e 73 000 pacrupeneneHHBIX OHTOB MaMATH
(MaccHuBBI CTaTHYECKOW MaMsTH, XpaHsIINe
TaOIUIIBI HICTUHHOCTH)
¢ 360 000 6;TOYHBIX OWTOB MAMSTH
¢ 20 BBIAETICHHBIX MYJIbTHUILICKCOPOB
® 4 Gy10Ka TaKTOBOM YaCTOTHI
e |58 MakCUMaJIbHO HCIONB3yeMbIX 1/O
(BXOIOB/BBIXO/IOB)
® 65 makcumanbho quddepernupyromux 1/0
nap
JlaHHOE AP0 aKTHBHO MCIOJIB3YETCS MPH
pa3paboTKe BBHY BHICOKMX TEXHUUECKHX
XapaKTEepUCTUK M OTHOCHTEILHO HEBBICOKOH
CTOMMOCTH, a TaKxe Oyaronaps MoAepKKe MOYTH
Bcex Bepcuit cpensl paspabotku XilinxISE, o
KOTOPBIX OyZeT paccka3aHo 9yTh mo3xe [3,4].

Onucanne naarsl NI Digital Electronics FPGA
(Elvis 11)

HoBas ntara siBisieTcs pe3ysnbTaToM COBMECTHOTO
corpynundectBa  kommanumii NI wm Xilinx,
SBJSIOUIMXCS  KPYNHEHIIMMH B MHpPE HpPOU3BO-
JUTENIIMH  TIPOTPAaMMHOTO ~ OOecrieueHus: HM3Mepu-
TEJIbHBIX CHUCTEM W NPOTPAMMHUPYEMBIX JIOTHYECKUX
naTerpanbHbix cxem (ITJIUC).

Buemnnit Buny mnater NI Digital Electronics
FPGA mnpencrasnen Ha puc. 2.

NI Digital Electronics FPGA Board cozepxwur
IIECTh KaHAJIOB JUIi BBOJA AHAJIOTOBBIX BXOJIHBIX
curnanoB Al0 — AlS, a takxe 32 un¢poBble BXOIAHbIC
(BBIXOAHBIC) JIMHUK 001Iero nojibp3oanus — GP1O31.
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Puc. 2. Buemmmii Bux mmater NI Digital
Electronics FPGA Board: 1- pa3bem nutanus (15B) ;
2—MakKeTHOH IUIAThl JJII BO3MOKHOCTH CO3LaHHUS
JIOIIOJIHUTENIFHOM OOBSI3KH; 3— OJIOK MAKETHOM IIJIATHI
BB2; 4— BeIkiroyaTens OUTAHUS, 5— OJIOK MaKETHOM
mwiatel BB3; 6— kHOmKa cOpoca; 7— ceMHUCETMEHTHBIE
unaukatopsl; 8— USB-coemunurens; 9- LD-G-
ceeronuon; 10— ceerommonmr; 11— FPGA  Xilinx
Spartan 3E; 12— nepexmrouatens mnpouruBku TTIJIMC
gepe3 ROM/JTAG ; 13— nmaTuuk yria moBopoTa ¢
KHOTIKOW; 14— KHOIIKH; 15— JIBUKKOBBIE
nepekirodaTenu; 16— 6 koHHekTOopoB TMma PMOD
(2x6); 17— 6ok makerHod IiaTel BB1; 18— 6ok
MakeTHoii miatel BB4; 19— (NI ELVIS)-
coenuHUTEND; 20— OJIOK MakeTHOM I1aTel BBS; 21 —
nporpaMMarop; 22— kBapueBblii reneparop SOMIw;
23— 3ammTa mwIaTel OT CTATHYECKOTO 3JICKTPUYECTBA.

OnucaHue CUTHAJIOB, MT01aBa€MbIX Ha CUTHAJIbHBIC
30HBI MAKETUPOBAHUS:

BB1 — 30Ha MakeTUpOBaHUS Jis TOJAKIIOUYEHUS K
AITI, ATII, KHOIIKaM, JIBUKKOBBIM
MEPEeKTIoYaTeNsiM, BHEITHEMY CHHXPOCUTHAIY H
JmHASM oOmero HasHayenus [TJINC.

BB2 - 30Ha MakeTHpOBaHHA [UIS MTOJIKIFOUYCHUS K
JuHUsAM oOmero HaszHadyenus ITJIMC u ucTouHMKAM
[MATaHHUS.

BB3 - 30Ha MaxkeTMpOBaHHs /sl YIpPaBICHHS
CEMHUCErMEHTHBIM MHAMKATOPOM Ha JIBa 3HAKOMECTA,
CBETOJMONAMH,  TOJAKIIOYCHUS K  HCTOYHHKAM
MTUTAHHUS

BB4 - 30Ha MakeTUpOBaHUS IS TOJKIIOYCHUS K
curnaiam NI ELVIS, Bkarouast aHaa0TOBbIE BXOJHBIE
CHUTHAJIBI, aHaJIOTOBBIC BBIXOJIHBIC CUTHAJIBI,
(byHKIIMOHATEHBIC TEHEPATOPHI, UICTOYHUKH TTUTAHHUS,
IU(PPOBBIC BXOTHBIE/BBIXOTHBIC CUTHAJIBI.

BBS5 — 30Ha MakeTUpoBaHUS AJISl NOJIKIIOYEHUS K
curnanam NI ELVIS, Bkmouas peryaupyemsie
WCTOYHUKY NUTaHUs, NU(PPOBBIC BXOIHBIC/BHIXOIHBIC
CUTHAJIBI, BBIXOJHBIC CHTHAJBI CYETYHUKOB, OOIIHE
TOYKH cHTHAIIOB [1,2].

IImatra NI Digital Electronics FPGA Board
MOJIIEP)KUBAET JIBA PEKUMa PabOTHI:

ABToHOMHBIH (0Opamenue ¢ momompio ITIK k
nospasaery ABTOHOMHBIN PEeXKUM);

Pexxum NI Elvis — nnara ucnonb3yercsi B KauecTBe
JIOTIOJTHUTENPHOM MaKeTHOM TulaTel K  paboueit
craanuu NI Elvis (pexxum NI Elvis) [2].

Cpencrsa paspadorku LabView u XilinxISE

[MpyHOMnManeHOE OTIMYME [JAaHHBIX CPEICTB
pa3paboTku 3akirodaercss B ToM, d9to LabView
HCTIONB3YeT rpa)MuecKyIo Cpemy MporpaMMHPOBAHHUS
(co3maHne cXeMbl Ha JIOTHYECKHX JJIEMEHTaxX), a B
Xilinx ISE MMOMHUMO CXEMBbI MO>KHO
3anporpaMMHUpPOBATh Ha  fA3bIKax OITUCaHUs
anmnapatypsl VHDL /SystemVerilog /AHDL.

[TpenmMymiecTBO NMPOrpaMMHUPOBAaHHS C MOMOLIBIO
S3BIKOB  OINMCAHUS amlmaparypbl OIIyTUMO, KOIJa
IIJNIUC umeer okomo 10000 noruyeckux s4eexk u
MpOTrpaMMHpPOBaHUE B TpadUUecKoil cpene HpocTo
BBI3BIBAET HEYJOOCTBO BBHUAY CIIOKHOCTH CXEMBI.
Kpome sToro, mpu GonbIoM 4nciie omubOK ropasao
IpoIIe UX 0OHAPYKHUTh B KOJIE, HEXKEITH B CXEME.

Xots npu padote ¢ [INIUC xaxapiit BEIOUpaeT Ty
cpeny pa3pabOTKH, KOTOpas MaKCHMaJIBHO €My
ynoOHee, KaXAbIH M3 3THX Cpel COJECPKUT CBOM
NMpeuMyHIieCTBa M HCAOCTATKU W JJId Pa3HbIX 3aJda4d
WCIIONIB3YIOTCS Pa3HbIe Cpeasl [S].

3akiai0ueHue

s mpoektoB Ha IIJIMC  oxomo 10000
JIOTHYECKUX SYeeK TOpasno yao0Hee HCIOIb30BaTh
TPOTPaMMHEIH CITOCO0, HeXenn TpadUUecKuii BBUILY
TOTO, YTO TIPOIE JIOKAIH30BaTh W HCIPABUTH
ommOku. B pabote mpencTaBieHO OMMCAHWE IUIATHI
NI Digital Electronics FPGA Board ¢ omnucannem
CUTHAJIBHBIX 30H MAaKETHPOBaHHsA C CHTHAJIAMH,
MOJaBaeMbIX Ha HHX. Takke OBUIM  ONHCAHBI
xapaktepuctukd umna tatel  XilinxSpartan  3E.
Kpome Bcero mpouero, ObUIH yCTAaHOBJIEHBI OCHOBHBIE
ormmuuns cpen paspaborku LabViewn XilinxISE.
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[DnexTponHBI pecypc]. - URL:
https://www.sparkfun.com/products/retired/11657
(Hata obpamenus 03.06.2016)

4. Multiple Domain-Optimized Platforms Spartan-
3 Generation // Xilinx. [OnexTponHsIil pecypc]. —

URL: http://www.xilinx.com/products/silicon-
devices/fpga/spartan-3.html (Jdara  oOpamenus
04.06.2016)

5. Cpena pa3paboTKu TIPUITOKCHHH
LabVIEW.[DnexTpoHHBIN pecypc]. —-URL:
http://russia.ni.com/labview (Mlata obOparnieHus

05.06.2016)

25


http://marsohod.org/index.php/ourblog/11-blog/265-fpga
http://marsohod.org/index.php/ourblog/11-blog/265-fpga

XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

MPOEKTUPOBAHUE CUCTEMBI JJI51 U3MEPEHUSI IAPAMETPOB
JIEKTPOJ/IOB

AnnpeeBC.A.
Kum B.JIL

ToMcKMil NOTUTEXHUUYECKUN YHUBEPCUTET
saal@tpu.ru

BBeaenue
PaspaboTka HOBBIX HMHTEJUIEKTyaJIbHbIX
MOIYJIbHBIX MPHOOPOB C  BO3MOXKHOCTBIO  HX

MOCJAEAYIOLEH HHTErpaluy B €OUHBIA alnapaTHo-
IIPOrPaMMHBIM  KOMIUIEKC, MNpPEAHA3HAUYEHHBIA I
pemieHust 3amad  W3MEpPEHMs OMOCHIHAJIOB, Ha
CETOIHAIIHUKA /IEHb SIBIIACTCS ONHON M3 aKTyaJIbHBIX
3ama4. Bo3MOXHOCTM 1O pa3BUTHIO B JaHHOU
o0nacTH, Mpexae BCEro, CBA3aHBl C MOSBICHUEM
IMIMPOKOH  HOMEHKJIATYPhl  BBICOKOKa4eCTBEHHBIX
KOMITOHEHTOB aHaJIOTOBO U IIM(POBOI ANEKTPOHUKH.
Ilepeunciaum xapakTepHble OCOOCHHOCTHU amapaTHO-
IIPOrPaMMHOTO KOMILIEKCa (AIIK)
9KCIIEPUMEHTAIBHBIX (HAayYHBIX) HCCICIOBAHUNA B
MEIUINHE:

a)  KOMIUIEKCHI
COBOKYIIHOCTh  aNIAapaTHBIX,
ITOPUTMHUYECKHX CPECTB;

0) OCHOBHOI 3ajgadell KOMIUIEKCOB SIBIISIETCS
MOJy4eHue MaKkCUMyMa 9KCIEPUMEHTAILHOM
nH(OpMaLUK NP 33JaHHBIX OTPAaHUYEHHUSIX;

B)  BbICOKas HaA&KHOCTh KOMILIEKCA;

I) HU3KHE 3aTpaThl Ha OJKCIUIyaTalio |
WCIIONIb30BaHUE YHU(DUITUPOBAHHBIX OJIOKOB.

AHanu3 Hay4HO-WH()OPMAIMOHHBIX HCTOYHHKOB,
MOKa3bIBACT, YTO pa3paboTka TpUOOpHOW Oasbl s
MOBEPKH  MEOUIMHCKOrO  o0OpyZoBaHMS ~ Ha
COBPEMCHHOM YpPOBHE IIpEAroJiaraeT INpHUMEHEHHE
MepeIOBBIX TEXHOJIOTHI MPOEKTUPOBAHUS
HMHTEJUICKTYaJ bHBIX YCTPOHCTB cOopa W 00paboTKH
JAHHBIX C BBICOKOYYBCTBUTEJIBHBIX  3JIEKTPOJIOB,
BBICOKOCKOPOCTHBIX HHTEP(ENCOB U T.II.

MIPEICTABISIIOT coboii
MPOTPAMMHBIX |

Cnoco0bl n3MepeHHs MApaMeTPOB JJ1eKTPOI0B

Paccmotpum HEKOTOpbIE CYLIECTBYIOIUE
CIOCcOObl  M3MEpEHHs  OTHENbHBIX  IapaMeTpoB
ANIEKTPOAOB. AHAIM3 JUTEPATYPHBIX M TATEHTHBIX
HCTOYHHUKOB IIOKA3bIBACT, qTO mapamMeTpbl u
XapaKTEePUCTUKU DIIEKTPOJIOB  ONPEeISIoTCs  Kak
MOAJIEMEHTHO, TaKk M KoMIUIeKcHO. Haubosee mosHO
TpeboBanuss kK AIIK m creHmam ans TPOBEPKH H
HUCIIBITAHUI MCINIOUHCKUX JJICKTPOAOB OIIMCAHBI B
T'OCT 25995-83 [1]. B oToM HOpMaTUBHOM
JOKyMEHTE  yKa3blBaeTcs, YTO Yy  DJEKTPOJOB
HEOOX0IMMO M3MEPSTh:

—  Pa3HOCTb NEKTPOJHBIX TOTEHIINANIOB;

—  Jpeiid pasHocTH 3JIEKTPOIHBIX
MOTEHIMAJIOB;

—  HamnpspKeHHUE IIyMa;

—  DJIEKTPOMEXaHUYECKHH IIyM;

—  TOJHOE CONPOTHUBIICHUE JIEKTPOJIOB;

—  HamnpspKeHHUE MOJISIPH3ALUH.

Jns  u3MepeHUs CONPOTUBIIEHUS 3JIEKTPOAOB
OJHOBPEMEHHO C IOJIE3HBIM CHTHAJIOM HCIIOJB3YIOT
YCTPOMCTBO ISl CHIDKEHHUS IIyMa W OOHApyXEHUS

ommooK IEKTPOJIOB B MEIULIHCKOM
obopynoBanuu [2]. CyTe MeToma 3aKiIO4YaeTcs B
U3MEPEHHH  CONPOTHBICHHS IIyTeM JOOaBJICHUS

JIOTIOTHUTENBHOTO JIEKTPOA K TEITy YEIOBEKa, Yepes3
KOTOpBIM IPOXOJUT CHUTHA C HECYLed 4acTOTOH.
Ponb  MH(GOpPMAaMOHHOTO  CUTHajla  HMCHOJIHSET
CUNTHIBaeMbIi OnocurHan. OUIBTP HIXKHUX YacTOT
OTJENAeT CUTHaJl HeCyIleld 4acTOThl OT aKTUBHOTO
CUTHaJa. 3HaueHue CONPOTHUBIICHUS Ui
YyBCTBUTEIBHOTO  3JIEKTPOJa  ONpenensercs Ha
OCHOBE CHTHajla Hecymied uvacTH. Brsruamciennoe
3HaYCHHE COIPOTHBIICHHS CpaBHHUBACTCA c
W3BECTHBIM 3HAYCHHEM, JUTSt OTIpEeTICHUS
MPEBBIICHNS JOITyCTHMOTO 3HAYCHHS
COIIPOTHUBJICHHS 3JIEKTPO/A.

OmnpezneneHue 3ICKTPUYECKOH HEMPEPBIBHOCTH
COEMHEHUS MEXAY HU3MEpPUTEIBHBIM YCTPOWCTBOM U
NIEKTPOAOM IPOU3BOJIAT C IOMOIIBIO CHCTEMBI IS
TECTHUPOBAHUS HEIPEPHIBHOCTH COETMHEHUS
MEUIIMHCKUX JJIeKTpoaoB. B manHoM monxone [3]
oTmpenensIeTcs JNeKTpHYeCcKast HETPEPHIBHOCTH
COEIMHEHUSI MEXy U3MEPHUTEIIbHBIM yCTPOWCTBOM U
NEKTPOZAOM 33 CUET IIMIIOBY»  CIICIHAIbHON
KOHCTPYKIIMHM,  KOTOpbIE  IOJCOECOHHSIOTCA K
NIEKTpOoAy. Mest COCTOMT B TOM, YTO OMNperessieTcs
3aMKHYTOCTb ~ KOHTypa IPOXOXICHHUS  CHTHala.
JlaHHOE€ YCTpOMCTBO COEAMHEHO C YCTPOWCTBOM
u3MepeHusi, Hanpumep, SHuedanorpadom, Ha
UEKTPOA  TojaeTcs HampspkeHue. UYepes  3To
COEMHEHHE CYHUTHIBAETCS CHUTHAJ, €CIM OH Oyaer
MOJIy4€H, TO CBs3b MEXAy OHIedanorpagoMm u
ANEKTPOAOM €CTh, CHCTeMa paboTaeT HOPMAaIBHO,
€CJIU 5K€ €T0 HET, TO B LIENU IPUCYTCTBYET PA3PHhIB.

CymecTByeT cucTeMa i U3MEpEeHUsl UMIIEAaHca
JNEKTPOAOB OJHOBPEMEHHO C TOJE3HBIM CHTHAJIOM.
[Tarent omnuceiBaeT cmoco® AN ONpenesICHHs
COTIPOTHUBJIEHUSI AJIEKTPOAOB B PEAIbHOM BPEMEHU Ha
JManasoHax —4YacToT, OTIMYHBIX OT JHanasoHa
O6uonorndecknx 4acToT [4]. OcoOEHHOCTBIO CITYKHT
TO, YTO TOK, HEOOXOAWMBIH IS H3MEpEHHS
COTIPOTHBIICHUS, MOJIAeTCd HE MTHOBEHHO C ITOJTHOU
aMIUTUTYAOM, a HapacTaeT MOCTETIeHHO. JTa CUCTeMa
ABJIETCS NIOPTaTUBHOM, c ABTOMAaTHYECKOU
KaJTHOPOBKOHM, AaBTOMATHYECKHM pacCIO3HaBaHHEM
Ka4yecTBa BXOJHOI'0O CUTHaJIa, yAaJeHHUeM apTe(haKToB.

ABTOMaTHU3UpOBAaHHAsl YCTAaHOBKA JUI HPOBEPKH

XJIOP-CePEOPSHBIX 9JIEKTPOOB YIID-2
MpeJHa3HaYeHa Ui IPOBEPKH  JJIEKTPOJOB U
MO3BOJSICT ~ M3MEPSITh ~ OCHOBHBIC  MapaMeTPhI
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JJIEKTPO/JIOB, COTJIaCHO rocT 25995-83,
MEepPEYUCIICHHbIE paHee.

YcTaHOBKA BBIITOJHEHA HA OCHOBE TIEPCOHATIHLHOTO
KOMIIBIOTEpa H HM3MEPUTEIBHOTO MOIyns cbopa
nmaHHbIX. CoOcTBeHHBIE IIymMBl YIID-2 cOCTaBIAIOT
+5 MxB aMmiouTygHOro 3HaueHuss B AUamna3oHE
yacToT oT 2 'y mo 10 kI'u. Takoil ypoBeHb IIYMOB HE
[T03BOJISIET H3MEPSTh ITYMBI COBpPEMEHHBIX
3JIEKTPOIOB aNMapaTHBIMU CPEIACTBAMH.

W3 mpoBeieHHOT0 BhIIIe 0030pa BUIHA TCHICHIIUS
WU3MEPEHUS MapaMETPOB JJIEKTPOJOB B pPealbHOM
BPEMECHH, T.€. BO BpeMs U3MepeHuit Ouocurnanos. C
JIPYTOl  CTOPOHBI, TMPH TAaKOM TOJXOAE HET
BO3MOXKHOCTH U3MEpEeHUs BCEX TpeOyeMBbIX
mapaMeTpoB W XapaKTEPUCTHK  DIIEKTPOJOB C
TpeOyeMoll TOYHOCTBIO M HaIeXKHOCThI. Kpome
9TOT0, MEIUIIUHCKHIE AIICKTPOABI JOJDKHBI IPOXOIUTh
MPOBEPKY Tepe BBEACHUEM B SKCIUTyaTalHWIo, a TaK
JKe TIEPHOINICCKYIO TIOBEPKY.

IIpoexTupoBaHUEe CHUCTEMBI Ui
apaMeTPOB IEKTPOAOB

Jisa pemeHus 3aaddl CO3MAHUSA COBPEMEHHOMH
CEpUU  BBICOKONPOU3BOAUTENIBHON, MPEIU3UOHHOMN
9JIEKTPOHHOHU amnmnapaTypbl Tt UCIBITAHUI
MEIUINHCKAX keI (51547 c YIy4IIEeHHBIMH
XapaKTEePUCTHKAMHU HEoOX0aUMO MIPOBEJCHHUE
HCCIIEIOBaHMH IO CIICTYIOIINM HAIPaBICHHUIM:

a) Paspabotka apxurektyper AIIK Ha ocHOBe
NPUMEHEHUSI DJICKTPOHHBIX KOMIIOHEHT BBICOKOH
CTENIEHW HHTETPallM: MpoLeccopoB  IudppoBoi
00paboTKN CUTHANIOB, MUKPOKOHTpoIepos, ITJINC.

6) Pa3Burie HHTEPEUCHBIX CPEINCTB  UIs
B3aUMOJICHICTBHSA CO CMEXHBIMH CHCTEMaMH U
yAAJeHHBIMU yCTpOICTBaMHU ympaBieHHs, cOopa
JTAaHHBIX U ITPeoOpa30BaHUs CUTHAJIOB.

B mensx oOocHOBaHMS BBIOOpAa ONTHMAIBHOTO
BapmaHTa  cTpyktypel  AIIK  chopmymmpyem
OCHOBHBIC TIPHHIMIBI €ro mocTpoeHus. [IpuHIMIIBI
OTIPEZIEIAIOTCS. HA TOM OCHOBAaHWH, YTOOBI OXBATHUTH
COBPEMCHHBIC TEHACHIIMM Pa3BUTHA HPUOOPHBIX
CHCTEM, a TaKXe, YTOOBI YYecTb CIEIHAIbHYIO
HanpaBineHHocTh AIIK  Ha 3amaum  wm3MepeHus
IIEKTPUIECKUX XapaKTePUCTHK MEIUITHCKIX
AIIEKTPOIOB. BrIAeIM crieayromye IpUHITHITEL:

a) I'mbkocte, BOCTPEOOBAHHOCTH, pPBIHOYHAS
MPUBJIEKATEIBHOCTh, KOHKYPEHTOCIOCOOHOCTS.

6) UWcnmonHenwme ®  pas3MelieHWe  MOAYyJei
00paboTKN JaHHBIX M MOJyJed npeoOpa3oBaHUs U
HnepeAayd CUTHANIOB B OHOM KOHCTPYKTHUBE.

HU3MEpEHus

B) OTCYTCTBI/IC KCCTKHUX KOHCTPYKTHUBHBIX
OFpaHI/I‘ICHI/Iﬁ Ha HCIIOJIHCHUC (l)yHKIII/IOHaJ'ILHLIX
MOHyJ’IGﬁ C BO3MOXHOCTBIO I/IH(l)OpMaIII/IOHHOFO

MNOJKJIIFOUYCHUA MO,HyJ'ICﬁ, BBIIIOJIHCHHBIX B CBO60,HHOM

dbopMaTe ¥ pacmpeneieHHBIX B  IPOCTPAHCTBE
o0bekTa, K Jpyr Jpyry Ha OCHOBE €JWHBIX
crienupUKaInim.

r) VYuer Oymymux oTpeOHOCTEH
pa3pabaThIBaeMBIX MIPOEKTOB B obnactu

MEAMIUHCKUX HUCCIEeI0BaHUH,

pUOOPHOTO MPOU3BOJICTBA.
Ucxons w3 mepeuncieHHbIXx npuHIUIOB, AITK

MOXET 0a3MpoBaThCS Ha APXUTEKTYpE MOCTPOCHHS

a TaKXC IIJIaHOB

Crena g0 ucnbITauni
IKCTICPAMCHTATLHEIX
HBDAINOR HAHOCEHCODOER

Puc. CrpyktypHas cxema AIIK

KOMIUIEKCa B BHAE AaHAJOrOBOM U HU(ppPOBOU
MOIYITHHOH  CHCTeMBI  (pHC.),  BBINOJIHEHHOU
cpencTBaMu aHaJIOrOBOM u udpoBon
CXeMOTEeXHHUKH [5].
3BM
LSB

r—————E ————— 7

| USB |

| |

| nnc |

I Ko I

| [ |

| |

[ [

o] 7 |

| hat A |

I AIIC I

| |

[ [

| [

| [

AHanoroBass MOJcCHUCTeMa IIPEAHA3HAYCHA IS
YCWIEHHS CHTHaJa C OJIEKTpoaa, (WIbTpaunuy,
(dbopMupoBaHus HanpspKeHNH " TOKOB,

BO3JICHCTBYIOIINX Ha 3JIEKTPOJ TPH HU3MEPCHHUHU €ro
napameTpoB. [ludposas moxcucrema onudpoBsIBacT
AHAJOTOBBIC CUTHAJIBI, IOJyYCHHBIE C AaHAJIOTOBOM
MOJZICUCTEMBI, a TaKKe T'€HEPUpPYeT YIPaBISOLIHe
curHaiel Ui Hee. OOMeH wuHdopmanueit ¢ OBM
BepxHero ypoBHA mpousBoauT no USB unTepdeiicy.

3akiaoueHue
[IpoBeneHHBIN aHANWM3 METOJOB M  CPEICTB
MIOCTPOCHHUS AIIK IS HUCHBITAHUHN
AKCIIEPUMEHTAIBHBIX 00pasmos ANEKTPOIIOB

MO3BOJMJI  OTPEJEIUTh BO3MOXHBIE HAIIPABICHUS
uccnenoBanuit o coznanuio AIIK, a takke BbIOpaTh
ONTUMAJIbHBIN BAPUAHT CTPYKTYPBL.
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Beenenne

B mpomnecce pa3zpaboTKH M HM3TOTOBJICHHS HOBBIX
Jetaneil HeoOXOOMMO TPOBECTH HX HCIBITAHHE U
TecTUpoBaHHe. llepBOHAYANBHBIM  3TAaloOM  IIPH
omrcaHud J1e(hOPMAIIMOHHOTO COCTOSIHHSA OOBEKTa
ABISIETCS ~ ONpE/CNICHHE  BEKTOPOB  CMEIICHUH
(onTHYecKWii TOTOK) KIIOYEBBIX TOYEK HA CEpHHU
MOCJIEIOBATENBHBIX ~ M300pa)KEeHH  IOBEPXHOCTH
MaTepuanoB. OOpaTHBII KOMIIO3UIIHOHHBIN aIrOPUTM
l'aycca-Hprorona (IC-GN) Obul  mepBOHAYaIBHO
npemioxked balikepom m Mateiocom B 2001-M roxy
Kak 3¢ G eKTUBHBIH MeTOJI crabunuzanuu
m3obpaxenuss [1]. 3arem, Ilan wu gp. [2]
UCTIONB30BAJIM 3TOT alTrOPUTM, CKOMOHHHPOBaB C
ZNSSD xpurepreMm, Kak CyONHKCENBHBIH METOX
HaXxOXJCHUS  ONTHYECKOrOo  MOTOKa.  JlaHHBIHA
ITOPUTM TIO3BOJIIET C BBICOKOH TOYHOCTBIO HAWTH
ONTHYECKUH II0TOK, HO 00JagaeT CyIIECTBEHHBIM
HEIOCTaTKOM B IUIaHE CKOPOCTH paboThl. B maHHOMN
paboTe onucaH criocod MHOTOTIIOTOYHOI pean3auH.

Onucanye 0THOMOTOYHOT0 ATTOPUTMA

IC-GN paccMaTpuBaeT MPSMOYTOJBHYIO 00JacTh
Ha TIepBOM (MCXOJIHOE) HW300paKEHHMM W HAXOJHUT
COOTBETCTBYIOIIYIO €l 007acTh Ha BTOPOM (IIE€IEeBOE)
N300paKeHNHN TIOCIIeIOBATENLHOCTH. [yl TOro 4T00BI
HaWTH ONTHYECKUH TIOTOK, H300paxkeHne pa3onBaeTcs
Ha CeTKy HeOoJbImMX obnacTeill B mpenenax KOTOPhIX
CMelleHNe NMPUHUMAETCS OJMHAKOBBIM. [l KaxIou
u3 obnacteit [C-GN npuMeHsieTcs: He3aBHCHAMO.

DOopMaNIbHO aITOPUTM COCTOUT U3 JIBYX 3TAIOB:

1. IIETI0YKCIIEHHOE CMEILIEHHE;

2. cyOTIMKCETHHOM CMEIlIEHHE.

Ha nepBoM aTane npumeHseTcs cBepTka
Reference u Target obmacreii ¢
UCIIOJIb30BaHUEM OBICTPOTO Mpeodpa3zoBaHus
®ypoe (BIID) ¢ HOpMupoBaHHOM cymMOl
pasHocTH kBaspatoB (ZNCC).

_ X RiT;

- ey

e i — HoMep muKcens B o6nactu, R; = R; — Ry,
a T,=T,-T,, R, u T, CcpeiHee 3HAUEHHE
SPKOCTH MHUKCeNed B OONacTIX Ha H300paKCHUU.
Hanee, cmemenne Haxoaurcs: kKak MakcumyM ZNCC.

Ha BTOpOM »JTame MENOYHCIEHHOE CMEIICHUE
yTouHsieTcss. Ha »3ToM 3rane MUHHMH3HAPYETCS
omu0Ka KpUTEepHsi HOPMUPOBAHHOW CyMMBI Pa3HOCTH.
Tak Kak BBIMUCIACTCS CyOIMUKCETHbHOE CMEICHHE, TO
HAa  JaHHOM  JTame  SAPKOCTh  THKCEJIeH ¢
BEIIECTBEHHBIMU KOOPIWHATAMH HUHTEPIIOJUPYETCS C

Czncc

WCTOJIb30BaHUEM OMKyOWYeckoil mHTepnoysinuu [3].
Bexropa mapameTpoB nedopMamuu U €ro BEKTOp
ONIMOKH COOTBETCTBEHHO:

T
p= [u,ux,uy,v, vx,vy] ,

T
Ap = [Au, Aux,Auy,Av,Avx,Avy] .
Bexktop ommOku 0OHOBISAETCS C UCTIOIB30BAHUEM:

ap = H' S {|vR@ + O | [T Tlw +
WPl - R@ + 9]} )

WTepaTHBHO IIPOIIECC AITOPHTMA ONMCHIBAETCSA B
YeTBIpE IIara:

noCTpouTh 1eneBylo obmacts T + W(E,p)],
UCIIONB3Yys MHTEPIIONIALHNIO;

BBIYUCIIUTh

WY [Ry +

Ze{[7R@ + O T [ v + W& p)] -
Ry +¢ )]} u3 BeIpakeHus (1) ¢ TeKymnM 3HaUYeHHEM
p;

BBIYHCIIUTh ~ WHKPEMEHTHBIH
ucmonb3ys BeipakeHue (1);

obuoBuTh Qynkuuo W (&, p).

OTH YeTblpe Iara MOBTOPSIIOTCS HWTEPAaTHBHO,
MOKa OJHO M3 CJEIYIOIIUX YCJIOBUH He Oyner
BBIITOJHEHO:

|4p| = /(Au)? + (4v)? < 0.000001;

JOCTUTHYTO MaKCUMAJIbHOC KOJIMYECTBO I/ITepaHI/Iﬁ

[1].

BEKTOP Ap,

OnucaHne MHOTONMOTOYHOI0 AJITOPUTMA

VY3K0e MeCTO ajJropuTMa COCTOMT B TOM, YTO Ha
KaXIOH WTepalMd HEO0OXOIUMO  CyOIHMKCENbHO
MHTEPIONINPOBaTh  BTOpoe  n3oOpaxeHwe.  Jlis
peammzanun Ha GPU  ncmons3yercs  GuOnmorexa
OpenCL. Peanuzamust COCTOMT U3  BEIYILIErO
npwitoxkeHust u coBokynHoctH siaep (kernel). Kepuen
HpeJCTaBIseT coboii Habop HMHCTPYKIIHH,
HamucaHHBIX Ha s3bike OpenCL, KOTopble BO3MOKHO
UCTIONHATh Ha PA3JIMYHBIX yCTPOHCTBAxX, TaKUX Kak
HEHTPAIBHBIN MpoIeccop U TpaduecKHil mpoueccop.
Tak Kkak TpapuyecKHii MPOIECCOp COCTOUT U3
0OJBIIIOTO YHCIa HUCIOTHUTEIBHBIX YCTPOHCTB (Work-

item), TO sApa MOXKHO 3allyCTUTh Ha HUX
napajIenbHo.
006001eHHO ITOPUTM BBITIOJTHEHHS

MHOTONOTOYHBIX MPOrpaMM COCTOUT M3 CIEAYIOLIUX
JTaroB:

Wunnmanusanuys — Bexymas nporpaMMa nojay4act
WHPOPMALIMIO O ammapaTHOM OOCCIICYCHUH, Ha
KOTOpPOM OHa ObUTa 3amyIIeHa M CO3JaeT KOHTEKCT
WCTIONTHEHUS, OCHOBBIBASICh HA TEKyIIeH Iuatdopme.
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Ha »toM otame
UCTIOJTHEHUS SIEp;

IlepeHoc OOBEKTOB C OCHOBHOH TaMATH Ha
MaMATh UCIIOHUTEIIFHBIX YCTPONCTB;

Co3naHue Anep W WX 3allyCK Ha HCIOJIHEHHWE —
CO3JAf0TCs KOTINH aaep TSt KaXJJ0T0
UCTIOTHUTENPHOTO  yCTPOWCTBA, KOTOPHIE  3aTEM
BBITIOJTHAIOTCS MApalIeNIbHO;

Oxuyanue 3aBEpLICHUS HCIIOJTHEHUS
NapajuleIb-HOTO  KoJa M IIEPEHOC  Pe3yJbTaToB
BBIYMCIICHUH C MaMATH WCIIOJHHUTENIBHBIX YCTPOMCTB
Ha OCHOBHYIO TIaMSITh;

OcB0OOK/IeHHE PECypCOB U 3aBeplleHHE paboThI
nporpaMMsl [4].

JononxaurensHOTO YBEIHMYCHUS CKOPOCTH
00paboTKH MOXHO JOCTHYb 4epe3 MNapayjieIbHOEe

TaK K€ CO3JacTCcsa OYcpeib

WHuumanmsauma
KOHTEeKCTa;
MNepeHoc
1306parkeHNi U3

Ecnu 3apana
Macka u obnactb i
NPUHaANEXUT
macke

¢

_—

WCIIOJTHEHHE KOMaHJ[ IOMHMO pacrapaielnBaHus
00paboTKM NaHHBIX BO3MOXKHA. TeM caMbIM, OyayT
3a7eHCTBOBAHBl HEHUCIIOIb3YEMbIC HCIIOIHUTEIbHBIC
YCTpOMCTBA. Uro JIOJIKHO MIPUBECTH K
JIOTIOTHUTEBHOMY YBEITHICHHUIO CKOPOCTH
00pabOTKN JaHHBIX.

Tak kak i BII® yxe CylmecTBYIOT T'OTOBBIE
peamm3anmu  [5], TO HEOOXOOWUMO peann3oBaTh
napaJulesIbHBII BapUaHT BTOPOW YaCcTH alrOpUTMA.

B memnoM, MHOromorouHas BepcHsl aNrOpUTMa

OTIMYaeTCs  OT  OJHOMOTOYHOM  TeMm,  dTO
HCTIOJIB3YIOTCS napaJuiesbHbIe METOJIBI
00paboTtku. Hinke MpeJICTaBICHA OJI0K-cXxeMa

pa3paboTaHHOW MHOTONIOTOYHOH BEPCHHU all'OPUTMA.

onepaTMBHON NamMATH
© namry KOORAHEY Lpe
rpaduyeckoro H
npoLeccopa; obnactu (psi)
e CospgaHue bydepos i
NamAaTv Ha
rpaguyeckom I ! 4 Bbluncnaem sextop A p
npoleccope
Bbluncnaem
Bbluncnsem YacTHble Bbluncnsem bydep ¢
MHTEPMONALMOHHbBIE
npoussogHble dx, dy KO3GOULMEHTI 3HayeHnamm R l
¥ T
Lmkn IC-GN e O6HoBAAeM MaTpuLy W
i<M ¥ MHTEPNOMPYEMYIO
Bblucnsiem maTpuuy obnacte T ¢
Hessian MCMoNb30BaHNEM
* dyHKUMNM W
Bbluncnsem obpaTHyto Bbluncnsem 6ydep ¢ B Iter > maxiter uam ™
matpuuy Hessian 3HaueHuamu T |Ap| <0.000001
v Y
v
Bbluncnaem
Py apobb Rn/Tn
v
Lmkn IC-GN CoxpaHeHue
izi+1 noJiy4MeHHoro nons
BEKTOpPOB T

brok-cxema MHOTOIIOTOYHOTO ajropurMa

3aki0ueHne

Pa3paboTannas MHOTOIOTOYHASI Bepcust
JIropyuTMa UMEET NPEUMYIIECTBO B CKOPOCTH 32 CUET
MHOTOTIOTOYHBIX BbIYHUCICHUH. OJHAKO, HETATUBHBIM
(hakTopoM mpHM MHOTOmOTOYHOH pabore Ha GPU
SIBIIIETCS. MEIIJICHHAsi CKOPOCTh TMepeHoca OydepoB ¢
OCHOBHOM IaMSTH Ha NaMsTh YCTPOMICTBA.

B kauectBe paibHENIIMX MEPCIEKTHUB BO3MOXKHO
yITydIIeHne CYIIECTBYIOMIETO ITOpHUTMa,
ONTUMM3ALMS KOJIA M BHEIPEHHE HOBBIX U3MEHEHUH.

CHmcok ucrnoJb30BaHHBIX HCTOYHUKOB
1. Jiang Z, Kemao Q, Miao H, Yang J, Tang L.
Path-independent digital image correlation with high
accuracy, speed and robustness. Opt Laser Eng
2015;65: C. 93 — 102.

2. BakerS.,Matthews |.Equivalence and efficiency
of image alignment algo- rithms. In:Proceedings of
the IEEE Conferenceon Computer Vision and Pattern
Recognition,vol.56;2001. C. 1090-97

3. «Cubic interpolation» [DnekTpoHHBIH pecypc].
(1.06.16) Pexum
http://www.paulinternet.nl/?page=bicubic

4.L. Zhang et al. High accuracy digital image
correlation powered by GPU-based parallel
computing. Optics and Lasers in Engineering 69
(2015) C. 7-12

5. «OpenCL™ Optimization Case Study Fast
Fourier Transform» [Dnekrponnsiiipecypc]. (1.06.16)
Pexum
http://developer.amd.com/resources/articles-

JIOCTYTIA:

J0CTyma:

30


http://www.paulinternet.nl/?page=bicubic

XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI
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«MOIIO,Hé)KI) 1 COBPEMCHHBIC I/IH(l)OpMaIII/IOHHLIC TCXHOJIOITUN»

PEAJIMBAIIAA MOAYJISA OBPABOTKHU TLP ITAKETOB B HUHTEP®ENCE PCIE 2.0 X8
HosoxwunosU.B., Pyouosl.H.

Hayuns1it pykoBoautens: MansuykoBA.H.
ToMckuil MONUTEXHUYECKUN YHUBEPCUTET
e-mail: ilya2371@yandex.ru, jgs@tpu.ru

BBeaenue

PCI Express sBiseTcs CTaHAApTOM Iepeaadn
nmaHHelx  Mexay CPU, cucTeMHOH TaMAThio |
ammapatHeiMu  yckoputensmu  (GPU, IIJIMC) B
3ama4ax  BBICOKOTIPOM3BOAWUTEIHFHBIX  BBIYHCICHUH
(High  Performance  Computing).Becs  Tpaduk
JaHHOTO MHTep(derica ohopMileH B BHIC MAKETOB, U3
KOTOPBIX  MPHKIAJHOW HMHTEPEC  IMPEACTABIISIOT
nakeThl ypoBHs Tpanzakiuidi — TLP [1,2].B manHoit
paboTe paccMOTpeHa peanu3aliys MOy 00paboTKH
TLPmakeroB B cocTaBe KOHTposuiepa uHTepderica
PCI-E (ogHOCTOpOHHSSI TOTOKOBAS Mepeiaya).

Tunbi TLP nakeros
CymiecTByloT pasziuuHbie BuAbl TLP makeTos:
readrequest, writerequest, completion u apyrue. s
peanu3aly 0JHOCTOPOHHEH Neperauu JaHHBIX ObLIH
HCIIONB30BaHbl TONMbKO fBa: readrequest (Puc. 1) u
completion (Puc. 2).

I I020BITIG62423 22N 20 I1B1TI6151413 121110 9 8 7 6 6§ 4 3 2 1 0

pwo [ffim| e [T B[R] L
R ter 1D T LastBE | 1stBE
DW 1 e o[
DW 2 pbenbsite 5
Puc. 1. Read Request TLP
MID202B2T262524232221 20101817 16151413121110 89 8 7 6 5 4 3 2 1 0
pwo frm] e T E RIS e
B
DW 1 Completr Souslil e Coun
r T r
DW 2 Reauestr s[5 over paress
D DwW
DW 3 0;:‘233456708

Puc. 2. CompletionTLP
Read request TLP npuxoaut oT XOCTa U SBISIETCS
HavaioM mepefadu qaHHeix. CompletionTLP — oTer
Ha [PUIICANIMNA 3ampOC, COJAEPXKAIIUN JIaHHbIC
TpebyeMoro oobema.

Ctpykrypa moay:as o6padorku TLPmakeros

O06paboTunk TLP MaKEeTOB SIBJISIETCS
BCTPaMBaeMbIM MOJYJIEM B COCTaBe KOHTPOJIEpa
unrep¢eiica PCI-E. B ocHoBe koHTpoiulepa JEKHUT
sapo  PCI-E[3], oOMen ngaHHBIMH C KOTOPBIM
OCYILECTBIISIETCS € MOMoOINbI0 HuHTepdeiica AXI4-

Stream[4] (128 6wt mis 8-MH JIHHHIA), KOTOPBIMA
mo3BoJsieT nepenasath o 4 TLP cioBa 3a TakT.

JUist  TIOCTPOCHHST HMEepapXWd  TPOEKTa  ObLI
[IPUMEHEH  OJIOYHO-OPMEHTUPOBAHHBIM  moaxoxa[5].

CtpykTypHas cxema wMoxyns o6paborku TLP
nakeToBuMeeT cienyromuii Bua (Puc. 3).

Bce  npumenmmume  3ampocsl  Ha  YTEHHE
noMemarorcss B odepens RX (95 06wur), 3arem
U3BJICKAIOTCS MOJTyJIeM pcie_packer JUTS
(opMHpOBaHUS  3arOJIOBKOB ~ OTBETHOTO  IIaKeTa.

JanHble UIsi Tepefayd W3BJCKAIOTCA W3 OYepeau
EXT (128 Our) u mocrymaior B pcie packer.
Ouepens TX xpaHuT 00paOOTaHHBIC MAKETHI IS X
otnpaBku B sapo PCI-E.

Moayne pcie _packer BkmoyaeT B ceOs 2
aBToMaTa: rx u tx.IlepBelii mpoBepseT HaIU4He
JAHHBIX W 3alpoca, CUYUTHIBACT MX, yCTaHABIMBACT
¢mar 3amsTocTH. Bo3Bpar B HauyalbHOE COCTOSIHHE
IPOMCXONT IpHU cOpoce (uiara 3aHITOCTH aBTOMATOM
tx.

ABTOMAaT tX HauMHAaeT CBOIO paboTy mpu
ycTaHoBKe ¢uiara 3anarocTu. Ha mepBom Takte (tx0)
(dbopmupyercs curHan rd s o6HOBIeHUs AaHHBIX DO
B ouepenu EXT, T.x. Ha clieayromeM TaKTe OHU OYAYT
OTITPABIICHBI BMECTE C 3ar0JIOBKaMHU.

we || e || wo
A

DO 2 1 0

o |

Ei> D3 D2 D1 Do

Puc. 4. TIpumep bopmuposanus DWO
Cocrostane  tx1  (Puc. 4) wucmomp3yercss s
¢dbopmupoBanus 3aronoskoB (HO, H1, H2) Ha ocHoBe
MOJTY4EHHOTO 3a1poca.

EXT_O
d || EXT_1 |F— dout—»|
> full— PCIE
o g PACKER
<—full EXT_2 r
EXT_3

DI €t tm_ne—
(€—empty—  RX
— wr— [ tm_rx_back)]
PCIE
CORE
e T tm_tx—]
—— wr—| i
l€— afull € tm_tx_back
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Puc. 3. CtpykTypHas cxema MOAyNs
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Cnogo (D0, H2, H1, HO) otnipaBnsiercst B ouepens
TX, orkyna otopasasercs K xocty. Ilpu 3toMm
OCYINECTBIIICTCSL  COBMT  yKasarenmss pointer Ha
CIEAYIOIMK pa3zen. YKa3zaTelnb IIOKa3blBaeT Ha
pazgen ouepenu EXT, B  KOTOpoM XpaHUTCS
clenyroIas MOpLUUs JaHHBIX.

Ilepexon B crnenyrouiee COCTOSHHUE 3aBUCUT OT
o0bema 3anparnuBaeMbix gaHHbix (HO - Length). IIpu
3anoysHeHUH ouepenu TX — mepexox B COCTOSHUE
oxuganust tx w. I[lpn HeoOXoAMMOCTH OTIpPaBKH
Oonee yeThIpex MOPLUHUI NaHHBIX — tX2, MEHeeUeThIpeX
— tx3. Ecin TpeboBanock OTHPaBUTh TOJIBKO OJHY
MOPLMIO  JIaHHBIX, THPOUCXOAMT cOpoc  ¢uara
3aHATOCTH M mnepexon B tx4. Ilpu mnepexome B
COCTOSIHHE tX2 OOHOBIISIOTCS BCe 4 CJI0Ba BO BXOIHBIX

ouepensaxEXT.

E{> D3 D2 D1 D4

Puc. 5. TIpumep popmuposanus DW1
Cocrosinne tx2 (Puc. 5) wucnoaedyercs uis
(hopMHpOBaHUs CIIOBAa U3 YETHIPEX MOPIMH AaHHBIX
(D4, D3, D2, D1). Cnoeo DW1 dopmupyercs ¢
pasfena, Ha KOTOPOM OCTaHOBWICS yKa3aTelb.
[lepexon B cienyromiee COCTOSHHE MPOUCXOAUT IO

TOMY K€ aJITOPUTMY, YTO ¥ B cOCcTOsTHUH tX1.

=

E:> D7 D6 D5 D8

4+

Puc. 6. Tlpumep bopmuposanus DW2

B cocrosuuun tx3 (Puc. 6) dopmupyercs
nocnennuit ¢pparment TLP makera (1-3 DataDW).
[Momumo  mammeix  (127:0) B ouepenp TX
3anmceiBaeTcst (aar nocnenHero TLP criosa (128) u
ctpod (132:129) s o0003HAUCHUS BAIUAHOCTH
naHHbIX. Drar 3aHATOCTH COPACHIBAETCS, TPOUCXOIUT
nepexon B tx4.

B tx4 cOpaceBaloTCS CHTHaNbl 3allcH |
OOHOBIICHHMSI IAHHBIX, IPOUCXOIUT niepexo B tX0.

IIpu obGpaboTke cnemytomero 3ampoca (Puc. 7)
YUYHUTBIBACTCS IIOJOXKEHHE yKaszarens pointer. Taxum
00pa3oM JOCTHIraeTcsi BHICOKAs IPOM3BOJUTEIHHOCTD
MOJYJIS TIPH 00pabOTKe JaHHBIX.

HO

H2 H1
D7 H H

2 1 HO

>

Ei> D7 D10 D9 D8

4+

Puc. 7. IIpumep dpopmupoBanus DWO
ClIeIyIOIIeronaKeTa
Jnist TecTupoBaHus pa3pabOoTaHHOTO MOIYJIS ObLIH
noarotosieHsl TLP makeTsl ¢ 3ampocaMu Ha YTEHHE
JaHHBIX paszHoro oovema (1, 2, 5 m 15 32-OMTHBIX

cinoB). CuuThIBacMble TaHHBIE T'€HEPHPOBAIHCH
ciy4aiiHbIM 00pa3oM. B pesynbrate paboThl Momyis
ObLTH c(hOpMHUPOBAHBI TLP OTBETHI c
3ampanmBaeMbiM 00bEMOM JaHHBIX. 3aroJIOBKU BCEX
MaKeTOB  WMENH  MNPaBUIBHYIO  CTPYKTYpy H
COOTBETCTBOBAJIH 3aIIpOCaM.

Jna  peammsanuM  TOJMHOTO  KOHTpoJuIepa

TpebyeTcsi 100aBUTh CUCTEMY YIPABJICHHA Nepenadcii
JAHHBIX (KOMaHIBl THIIA: T1ay3a, BO30OHOBIICHHE
nepeaayn), yrnpasieHue kaHaitom DMA.

3akinloueHue

B nanHoit pabore paccmoTpeHacTpykTtypa TPL
MaKeTOB,CTPYKTypa o0paboTunka
TLPmakeros.Pazpaboran OBICTPOICHCTBY IO
MOIynh 00paboTKMTLP makeroB ¢ mnpuMeHeHHEM
OJI0OYHO-OPHEHTHPOBAHHOTO  TMOJAXOJa M S3bIKA
ommcanus ammaparypel  VHDL.IIo pesymeratam
TECTUPOBAHMsI YCTAHOBJIEHO, 4YTO pa3paboTaHHOE
ycrpoiictBo mnpu yactore 250 MI'm wucnpaBHO
cuutbiBaeT TLP 3anpock! u nanusie, Gpopmupyer TLP
OTBET ¢ TpeOyeMbIM 00bEMOM JaHHBIX U OTIPaBJISIET
ero Ha siipo PCI-E no unrepdeiicy AXI14-Stream.
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CHUCTEMA ®UKCAIIUU PE3YJIbTATOB COPEBHOBAHMI 11O
JIEJOJIAZAHUIO

Mupros C.II.
Hayuwnstit pykoBoautens: ®aneeBA.C., 3aB. kap. AUKC UK TITY
ToMCKUH NOAUTEXHUYECKUI YHUBEPCUTET
mirtov-sb@mail.ru

BBeaenue
OmHoli W3 caMbIX B@XHBIX  3adad  TPH
OpraHmM3alid CyJeHWCTBa B COpPEBHOBAHUSAX IO

JIeIONIa3aHAUI0 SIBIIICTCS 3a/a4a W3MEPEHHUs BPEMEHH
MIPOXOKICHHUS TPACCHI C TOYHOCTHIO O MUKPOCEKYHI.
HMeHHO BpeMs SBISCTCS KPUTHIECKHM (DaKTOPOM
ompeneneHus moOeauTens  copeBHOBaHWU. s
WCKIIIOUEHHs] BIMSHHS YelloBe4ecKoro (axropa B
JHUIEe CyIbU COPEBHOBAaHMM Ha IIpollecc 3aMepa
BPEMEHN TMPOXOXKIEHHUS TUCTAHIIUKA CIHOPTCMEHOM
ObLTH pa3paboTaHbl Pa3IMYHbIC ABTOMATH3HPOBAHHBIE
CHCTEMBI XPOHOMETpaXka.

OCO0OEHHOCTBIO TIpe/IaraeMbIX Ha PBIHKE CHCTEM
CIIOPTUBHOTO XPOHOMETpa)ka SBIACTCS  BBICOKAs
CTOMMOCTh HH3Kasi TOYHOCTh U3MEPEHHH, CI0KHOCTh
MOHTaXa " IKCILTyaTaIuH, a TaKKe
pacCHHXpaHU3AIIHS BpPEMCHU, CBsI3aHHAS c
TEPMOYYBCTBUTEILHOCTRIO KBApIIEBEIX T'€HEPATOPOB
[1].

B Hacrosmee BpeMmMs CyIIECTBYeT BBICOKas
BOCTPeOOBAHHOCTh B TOJOOHBIX CHCTEMax, MHOTHE

CIOPTHBHBIE  OpraHM3allMl  HMMEIOT  OCTPYIO
HEO0OX0IMMOCTh B CXOKUX cucTemMax
ABTOMAaTHYECKON bukcanun U 00paboTku

pe3yjibTaTOB, HO HC MOTI'YT cebe IMO3BOJUTL TOTO B
CBSI3HM C OYCHDb BEICOKOH CTOMMOCTBIO Ha PBIHKE.

3agauu cHCTEM XPOHOMETpaXkKa

YuuteiBas HAOUPAOIITYIO MOMYJISIPHOCTh

OTHOCUTEIIbHO HOBBIX BHJOB CIIOpPTa, TaKHUX Kak

Jiefona3atne, CKajaojga3aHue W alblIUHU3M B IIEJIOM

BBICOKYIO AKTYallbHOCTh uMmeeTr  pa3paboTka

BBICOKOTOYHBIX CHCTEM XPOHOMETpaKa, HMEIOIIUX

CTOUMOCTB, B HECKOJIBKO pa3 HIDKE CYIIECTBYOIIUX

aHAJIOTOB, a TaKXKe O0JIAaroIuX Ha00poM (YHKIHN

YOPOIIAMOIINX TPOLECC MPOBEIACHHUS COPEBHOBAHUMH,

M OTJIMYAIOIIMX €r0 OT CYIIECTBYIOIIUX aHAJIO0roB, a

HMMEHHO:

® BO3MOKHOCTh (PUKCAI[MH PE3yJIbTATOB JIBYX TPACcC
OJIHOBPEMEHHO;

® BO3MOKHOCTh CHHXPOHH3AI[MK TAKTOBON YacCTOTHI
C AaTOMHBIMH dYacaMHd YCTAHOBJICHHBIMHA Ha
CIyTHHUKAX;

® BO3MOXKHOCTh PabOTHI CUCTEMBI MPU KPUTHUCCKU
HU3KHX TemriepaTypax (o -40 °C);

®  ABTOMATHYECKOE BEJICHHE MPOTOKOJIOB;

e oroOpakeHHWE pPe3yabTaTOB Ha TabJI0 B peKUME
peabHOTO BPEMCHHU.

Cneunduxanus cucTeMbl XpPOHOMETPaKa
Jlts peanu3anuu TEXHUYECKOU qacTHU
pa3pabaThiBacMOll CHCTEMBI XPOHOMETpaxka OBLIH

BEIOpAHBI CleyIoMIIe 6a30BbIe KOMIIOHCHTHI:

e  MuKpOKOHTPOIIIEP stm32f103c8t6,
OCYIIECTBIIIONINNA CYET BpEeMEHH, (PHUKCaIUio
MOMEHTOB CTapTa M ()MHHINA, BHIBOA JAHHBIX Ha
Tabi0 U Ha cepBep. BrIOOP MHUKPOKOHTpOJUIEpa
cepum  STM32cBsi3aHn Cc  ero  BBICOKOH
MMPOU3BOAUTCIIBHOCTBIO, OOJIBIIUM KOJIMYECTBOM
annapaTHbIX TaiiMepoB, a TaKKe
rHOKOHACTPAaUBAaEMbIX BEKTOPOB 00PaOOTYMKOB

NpEepbIBaHUH, W  OTHOCHTENBFHO  HEBBICOKOW
CTOMMOCTBIO B CpPaBHEHHHM C IONMYJSIPHBIMU
KOHTposuiepamu Atmega328.

e GPS wmomynes  gps-neo-6m,  MO3BOJISIOIIUN
CHHXPOHH3HPOBATh BPEMsI U TAKTOBYIO YacTOTY CO
CIyTHUKaMH rI100aTbHOM HaBUT'ALIMOHHOM
CHCTEMBI.

e [Ilonessie N-kaHaIbHBIE TPaH3UCTOPHI,
HEOOXOMUMBIE  JUI1  YIPABICHHUS  BBICOKUMHU

Harpy3KaMH IpH IIOMOIIM MHKPOKOHTPOJIIEpa.

e DnemeHT IlenbThe, I MOAACPKKH HOCTOSHHON
TeMIIepaTypbl KBapIIeBOI'O TeHepaTopa.

e AKTUBHBIC CHPCHBI, MpeJHAa3HAYCHHBIC IS
3BYKOBOW MHIUKAIIMHA COCTOSHUS TPACCHI.

o KoHIeBble  TepeKIOUaTEeNd,  BBITOJHSIONINE
(GYHKIOUIO ONpEHeNICHUsS COCTOSHHSA CTapTra W
¢uHMIIA.

e CperonuogHble  MOAyJlbHbIe  Marpuisl P10
HeoOxouMbIe i pa3paboTKu TadIio.

o Apnantep UART — USB, npenHazHadyeHHBIN a5
MOJKITIOUEHHS KOHTPOJUIEpa K CepBepy.

O0ecnevyeHue BbICOKOH TOYHOCTH

st obecrieueHus BBICOKOW TOYHOCTH (DUKCALIUH
MOMEHTOB BpeMeHH ucnoib3ytorcss GPS-monynu gps-
neo-6m. B JlaHHBIE MOZYyJIN BCTPOEHBI
CTaOMIIM3aTOPbI HaNpsKEHUs, a TaKkKe
TEPMOCTATUPOBAHHBIE  KBaplEBbIE  I'E€HEPATOPHI,
yopaBJisieMble HampspbkeHueM, u  BcTpoen IIM/I-
peryasTop, BCE 3TO IO3BOJISIET CHHXPOHU3UPOBATH
TaKTOBYI0  YacTOTy  MOXyNIsi, a  TaKk  XKe
CHHXPOHM3MPOBATh (PPOHTBI MeaHApa BBIXOTHOTO
CHTHaJla C aTOMHBIMHM YacaMH, YCTAHOBJICHHBIMH Ha
cnytaukax GPS. Kowmmanuss U-blox Bbimyckaer
nporpaMMHOe oOecrieueHust ISl KOH(QUTYpaluu Hu
TOHKOM HacTpoiiku Moxynet GPS cemelictBa NEO
[7], uTo MO3BONAET HACTPOUTh TAKTOBYIO YAaCTOTY
BbIXoJHOrO curHana moxyns GPS B npenenax ot 1 I'n
Jo 200 xI'm. Hacrpoiika TakTOBOH YacTOTHI
BBIXOJJHOTO CHTHajla MMEET BBICOKOE 3HAU€HHUe IJis
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MOCTPOCHUS CHCTEM CYeTa BPEMEHH TaK Kak JJis
JIOCTIDKCHUSI  BBICOKOM ~ TOYHOCTH  HEOOXOAUMO
chopMHpOBaTh CUTHAJI, C YACTOTOU, KPATHOM JECATH.
Heo6xomuMoCcTh KpaTHOCTH YacTOTHI OO0YCJIOBICHA
JIECATUYHON CHUCTEMOM CHUHCIICHHS, HCTIOIB3yEeMOU
IpH CcYeTe BPEMEHH Ha COpPEBHOBAaHUAX. Tak ke
JaHHOE TIPOTpaMMHOE OOeCIeYeHHe ITO3BOJISET
HACTPOUTH (hopMaTHpOBaHHBIH BEIBOJT B
MONYIAYIUIGKCHOM  PeKUME  JUii  OOINeHUs ¢
MUKPOKOHTPOJUIEPOM 4epe3 MOCIEA0BATENbHBIN MOPT
UART. Hcnonp3oBanue wmoayieir GPS  0Ge3
CUHXpPOHM3AIIMKM  CO  CIYTHUKaMHU  TO3BOJIUJIO
nobutbes ToyHOCTH 10 10-6 cek., a B pexume
CHHXPOHM3AllMM BIUIOTh 10 10-8 cek., a Takke
n30eKaTh  PACCHHXPOHHU3AIIMM  BPEMEHH  H3-32
TEPMOUYBCTBUTEILHOCTH KBapIIEBOTO TeHEPaTOpa.

®ukcanus ¥ BEIBOJ BpEMEHH Ha Tabio

Beixognoit curnan GPS Monayns mepemaercss Ha
IIBA TIOpTa BBOJAa MHUKPOKOHTPOJIIEpA, KOTOPHIC, B
CBOIO OdYepenb, 3aBElCHBI Ha JiBa HE3aBUCHMBIX
taitmepa cuetunka TIM1 u TIM2, nist yMeHbLIeHUS
yycjla IEepeXBATOB IPEPbIBAHUS IIEPBBIM TalMmep
HACTPOCH HA CYET [0 HapacTaluEeMy (QpPOHTY,

BTOpO#i 1o crazatomemy ¢GpoHTy. BeixogHol curnan
HacTpoeH Ha dactory | «klu. Ilpeanenurenu
TallMEpOB HACTPOECHBI HA CYET KaXXIOrO JECATOrO

¢dpoHTa, 9TO obecrieunBaeT JIOCTaTOYHBIH
MPOMEXKYTOK  BPEMEHH Ul OCYILICCTBIICHHS
¢opmarHoro (ctpoku Tuma 00:00:000) BvIBOgA
CTPOKH BpEeMeHHU Ha JBa HE3aBHCUMBIX

HOCIICIOBATENBHEIX OPTa MPH IHOMOIIM MOMIYJII
npsiMoro nocrymna k namsatu (Direct Memory Access)

KOHTpOJLIIepa.

BriBoa ocymiectBisiercs: ¢ yactoroit 100 Ty mast
oTo0OpakeHHs COTBIX nonei CEKYH/]I. K
CBETOJMOJHBIM  MaTpullaM  TakkKe [MOJAKIIOYEHBI
KOHTPOJLIEPHI stm32f103c8t6, KOTOpbIE

obecrieunBaOT (GOPMHUPOBAHUE MACCHBA COCTOSTHHMA
CBETOAMONOB IS BbIBOoga Ha Tabmo. Bcee
BBINICTICPEUNCIICHHOE TIO3BOJISET TepeaaBaTh JTaHHbIC
Ha Tablo B peXHME pEAIbHOTO BpPEMEHH, YTO
YBEIMUYHBACT 3PESIUITHOCTS COPEBHOBaHUH. B MOMEHT
¢uauma npu oMoy DMA CUYUTHIBAIOTCS JaHHBIC
W3 CUETHOTO PETUCTpa MpEeANeuTeNs] TakMEpOB, YTO
o0eclieurBaeT TOYHOCTh BBIBOJA JaHHBIX 10 10-3.
Kondurypanus TtaiiMmepa NpencTaBlicHa Ha PUCYHKE

PervcTp
nepencnHeHWA
A
CwrHan ot v
GPS mogyna
OeTtexkTop BxogHoi KomnapaTop Mpepnenvrens CueTHLIA
—_— ]
NONAPHOCTKH @UNLTP CHrHanoe 4acTOThl CUrHANA pervcTp
YeenuqeHune
— NEepeMeHHoId CoThIX |+ 1 pe;:g;pH eaﬂa:w:BHaTai
A0Ned CexKyHa
OTtnpaeka 8 KoHTponnep npAMoro MocTpoeHWE CTPOKK (€ I 2 perucTp aral
nocnefoBaTensHbli[€-  AO0CTYNA K NaMATH > thopmarta -+ nepeMeHHoN ceryHn | CpaBHEHHa:H:BH
nopt UART (Direct Memory Acces) 00:00:000 |, Ky
v
YeenuueHue 3 perwcTp 3axsaTal
NepeMeHHON MUHYT | CpaBHEHWA

Puc. CtpykrypHast cxema KOH(pHTYypauy anmapaTHOTo TaitMepa KoHTpoiuiepa stm32£103c8t6,
HAaCTPOEHHOTO Ha BHEIIHEE TAKTHPOBAHHE

CHnHCOK TuTepaTypsl
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36


https://www.u-blox.com/en

XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

PA3BBEPTBIBAHUE OBJJAYHOT'O XPAHUJINIIA OWNCLOUD HA BA3E
FREEBSD U RASPBERRY PI

Kypman I.A., Xuonuau P.I'., @anees A.C.
Hayuwnstit pykoBonutens ®anee A.C., 3aBenyromuii kapeapoit AUKC UK TITY
Tomckuii momMTeXHUYECKUH YHUBEpCUTET, MHCTUTYT KHOEpHETHKI

daz18@tpu.ru

Beenenne

C pasButHeM WH(POPMAITMOHHBIX TEXHOJIOTUH ¥y
MHOTUX NpEANpPUATHH BO3HUKJIA HEOOXOANMOCTB
CO3JaHUSI CBOEro (PaHIOBOTO XpaHWIHING, NPHIEM
JaHHOE XpaHWIUILE JIOJDKHO TI03BOJISATH
OCYILECTBIIAITh NOCTYM K (haiimam kak wepe3 Opaysep,
TaK M JIOKaJbHO, HMETh BO3MOXXHOCTH JOCTYIa
omHOBpeMeHHO ¢ pasHeix OC u  COBMECTHO
penakTupoBath (aitisl. Mcrnoap30BaTh ykKe TOTOBBIC
perrennsi, kak Dropbox wmm SkyDrive, He Bcerma
pa3dyMHO, TaK KaK y HUX CYIICCTBYIOT OTpaHUYCHUA
MO0 CKOPOCTH JOCTyIa, a B (hailyloBoe XpaHHIHIIE,
KOTOpO€  MOJKIIOYEHO K  JIOKaJbHOW  CEeTH,
NpakTHYECKH BCE 3alpochl  IOCTYHAIOT — depe3
BBICOKOCKOPOCTHBIE coeanHeHus. Ocoboe 3HadYeHHe
UMEIOT TpeOOBaHMA K 3aIlUTe KOMMEpPYECKOH
uHpOpMaIMK, UTO  JIETKO  JOCTHXXHMO  IIpH
OpPTaHM3allid CBOEr0 COOCTBEHHOTO JIOKAJIBHOTO
cepBepa, HO HE MOXET OBITh TapaHTUPOBAHHO
MOJIHOCThIO TIpH paboTe ¢ cepBepaMH CTOPOHHHUX
OopraHuzanui.

Jlisa pemeHust 3T0# npoOIeMbl OBUTO HPEATIOKEHO
ycTaHOBUTh o06maunoe xpanmmume OwnCloud na

RaspberryPi, koTopsiii Oymer ympaBisSITBCS €
MOMOIIBI0  omepanuoHHoi cuctembl FreeBSD. K
IUIFOCaM ~ JAHHOM  CHUCTEMBI  MOXHO  OTHECTH:

JCLICBH3HY OTHOCHTENBHO JIFOOBIX JPYTrHX O00JaYHBIX
xpanwnuiy; 3ammra oT DDoS-arak, Ttak kak 3Ta
(GYHKUMST ~ MHTErpHpOBaHa B SAPO  CHCTEMBI
OwnCloud; noctynm K 00Ma4HOMY XPAaHUITHUIILY
npaktuuecku Bcex OC, Bitouas mobmnbHbie (10S,
Android).
Annapatnas miardopmaRaspberryPi

s Toro 4ToOBI AepkaTh OONMAYHBIA cepBep, OT
KOMITbIOTEpa HE Tpebyercs OrpoMHast
MPOU3BOJIUTENBHOCT, KOTOpasi BIeYeT 3a CoOOH
HEMaJTyIo LIEHy U pa3Mephl, T03TOMY, JUIS 3TOH 3a1auu
OblT BBIOpAaH ONHOIUIATHBIH KoMIbIOTEp Rasberry
Pi.OToT HeOOobIION KOMIBIOTEP OUEHb
pacnpocTpaHeH B Hacrosiiee Bpems. B cpaBHeHHH C
JPYTMMH OJHOIUIATHBIMH KOMIIBIOTEpAMH OH HMEET
HEIUIOXYI0 ~ MpPOM3BOAUTENBHOCTH W HHU3KYIO
CTOMMOCTb, & TaKXe OYeHb MpUMeYarelibHa ero
crabmibHas paboTa W HaAeXKHOCTh. Kpome Toro, oH
o4deHb 3D PEeKTUBEH A JTOATOCPOUYHOTO BBITIOITHEHUS
MaJio3aJaqHbIX MPOLECCOB, a TaKKe HMEeT OYeHb
HHU3KOE JHEprornoTrpedsieHne, MOITOMY OH OTIHYHO
MOZOILEI AJIsl TOTO, YTOOBI HECTH Ha cebe 00JIauHbIi
cepeep. TecTupoBanue cepsepa Ha 6ase RaspberryPis
TEUYCHHE JBYX HEAENb HEIPEphIBHOW  pabOTHI
MOKa3aJIo, YTO cepBep padoTaeT HOPMaIbHO, HUKAKHX
cO0OeB HE OTMEYEHO, YTO TaKXKe IIOATBEPXKAACT

NPaBHJIBHOCTh  CHENAHHOTO  BBIOOpPA B MOJB3Y
RasberryPi.
Omnepannonnas cucrema FreeBSD
FreeBSD — arto coBpemennas Unix-momo0OHast

oTepanroHHas cucTeMa st cepBepoB. dannas OC
oOnamaeTr BBICOKAM ypOBHEM 0€30MaCHOCTH U
CTaOWIILHOCTH, NPEOCTaBIISACT COBPEMCHHBIC
CeTeBble BO3MOXXHOCTH M OOECIIEUHMBAET BBICOKYIO
MPOU3BOIUTEIbHOCT. FreeBSD obnamaer Oonbiimm
Ha0OpPOM pa3IMYHBIX YTHIUT K YHCIy KOTOPBIX H
orrocutcss OwnCloud. CymiecTByeT 1Ba pa3iHIHBIX
croco0a YCTaHOBKM CTOPOHHEr0 MpPOTrpPaMMHOTO
obecrieuenns Ha gaHHyro OC: depe3 KOJUIEKLHUIO
HOPTOB (YCTAHOBKA NPOHMCXOJMUT U3 MCXOIHBIX KOIOB
OPWIOKEHUS) W 4Yepe3  NakeThl  (yCTaHOBKa
NPOUCXOTUT W3 OTKOMIMJIMPOBAHHBIX JBOMYHBIX
¢aitnoB). Kaxnmeli W3 MEpEYHCICHHBIX CIIOCOOOB,
XOTh HMX TEXHOJOTHMH OYEHb NOXOXH, UMEIOT CBOH
NperMYIIEeCTBa.

IIpeumyuiecmea nakemos

1. Tar-apxuB maxera OOBIYHO MeHbIIe, ueMm far-
apXMB TIOpTa.

2. [Ipu ycTaHOBKE TaKeTa I0JIb30BATEINI0 HE HYXKHO
yYMeTb OHUMATh Iponecc koMmuriuu [10.

3. [TakeTsl ycTaHaBIMBAIOTCS OBICTpEE MOPTOB, Tak
KaK OTCYTCTBYIOT HEOOXOJUMOCTb B X KOMIMJISIIIUH.
ITpn yctaHoBKe OONBIIMX TPHIOKEHHH, 3TO MOXKET
OBITH KPUTHYHO TIpH paboTe Ha caaboil cucTeme.

Ilpeumywecmea nopmoe

1. Hekotopoe MpOrpaMMHOE obecrieueHne
3alpelieH0 paclpocTpaHsITh B JBOMYHOM BHJIE,
MO3TOMY OHO PAaCIpOCTPAHSETCS B BUJE HCXOIHOTO
KOJIa JUIsl KOMITHJISILIMK CAMOM TIOJIb30BATENIEM.

2. [TakeTsl OOBIYHO CO3AIOTCSI C PAcUyeTOM Ha TO,
4ToOBl paboOTaTh Ha MAaKCUMaJIbHOM KOJIMYECTBE
CHCTEM, a IpPU YCTAHOBKE IPHJIOXKEHHS M3 IOpTa
CYIIECTBYET  BO3MOXKHOCTb ~ W3MEHEHMs  OIIMH
KOMITHJISILIMH.

3. HekoTopoe mporpaMmHoe oOecreyeHne HMeeT
OMIMHM BPEMEHH KOMIMJISINHK, KOTOPBIC MO3BOJISIOT
OIpeIeIATh HE0OXO0TUMBbIE (yHKITMOHATILHBIE
BO3MOXKHOCTH.

Hacrpoiika cepBepa

Jlist Toro, 4To0BI co31aTh 00JIaYHOE XPAHWIIHIILE,
NpexJe BCero HeoO0XOAUMO ObLJIO YCTaHOBUTH H
HACTPOMTh  BeO-cepBep,  KOTOPBI  IO3BOJUT
opranu3oBath noctyn Kk ¢aiimam OwnCloud. B
KauecTBe BeO-cepBepa OBUIO TPHHATO pELICHHE
ucnons3zoBatbApacheHTTP-cepBep, Tak Kak OH
SIBISIETCS  KPOCCIIAT(OPMEHHBIM U TTOJIEPKUBACT
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ycranopneHnyto OCFreeBSD, o0namaer BBICOKO#
HAJIC)KHOCTBIO U THOKOCTHIO KOHQUTYpAIUH, TAKKE
OH o0ecreynBaeT MOAKIIOYCHHE BHEUIHHX MOJIyJeh
JUTSL TPETOCTABIICHUS TaHHBIX. Y cTaHoBKa Apache, He
notpedoBajia W3MCHEHHS  OMNIMHA  KOMITHIISLUH,
MOATOMY YCTaHOBKa ObLIa MPOM3BEICHA Yepe3 MaKeT
“php56” B cocTaB KOTOPOTO BXOAHUT MMOMHMO CaMOTO
cepeepa Apache, Tak ke u wuuTepmperarop php.
Ycranoska nakeroB B OC FreeBSD ocymectBisercs
yepe3 komannmy ‘“‘pkginstall”. B nmanHOM ciydae
NOTpeOOBAIOCHh BBECTU KOMAH/Y:

pkginstallphp56 mod_php56 php56-extensions

[ocne ycTaHoBKM ObUT M3MEHEH (haill HACTPOCK
cepBepa, KOTOpBIH pacrojaraercs IO  aapecy
/usr/local/etc/apache24/httpd.conf.  OTkpwITH  ero
MOXHO d4epe3 JI00Oi M3 yKe MPeayCTaHOBICHHBIX
TEKCTOBBIX PENaKkTOpoB €€ miuVi. B nanHO# pabote
ObLT UCTIONIL30BAH PEIAKTOP €€ B BHIY MPOCTOTHI €r0
naTepdeiica. B konen ¢aina koHbUTyparuu ObLIH
J00aBJIECHBl CTPOKH, KOTOPBIC OBUIM BBIBEJCHBI Ha
9KpaH MOCJIE YCTAHOBKH naketa “php56”:
<FilesMatch "\.php$**>
SetHandler application/x-httpd-php
</FilesMatch>
<FilesMatch ""\.phps$''>
SetHandler application/x-httpd-php-source
</FilesMatch>

Taroke ObLIH HACTPOCHBI napameTpsbl
ServerNamewn ycraHosieno 3HaueHwe 127.0.0.1:80,
YTO TO3BOJHJIO  OOpaiiathcs K  CepBepy U3
MPUIIOKECHUH, 3aIyCKaeMBbIX Ha camom
cepBepe.3MeHsbI 3HAYEHHMS napameTpa
Directorylndexna Index index.html index.php,stot
napaMeTp OmpeseNsieT BO3BPAIlaeMyI0 CTPaHHMIy IO
YMOJIYaHHIO, B TOM CIIy4e, €ClIi B KauecTBE 3arpoca
yKa3aH TOJNBKO TyThb K JupekTopuu. Ilocine
BBIIIOJIHEHUSI JTHX HACTPOCK CEpBEp apache6bm
3amyIieH KOMaHIaMHu:
# echo 'apache24_enable=""YES"' >> /etc/rc.conf
# service apache24 start

IIpu stoM mepBas KomaHaa jgobaBuia B Qaiin
cereBoil  koudurypanum  fetc/rc.conf  crpoky,
3aIlyCKaIOIyl0 CepBep aBTOMATHYECKH MPU KaXKIOM
repe3anycke ornepanroHHOM cucrtembl. [IpoBeputh
paboTOCTIOCOOHOCTh cepBepa MOXKHO HaOpaB Ha
JIpYroM KOMIIBIOTEpPE B CTpOKe Opaysepa ip-ampecc,
KOTOpBIE COOTBETCTBYET aapecy ceprepa Rasberry Pi.
B pesynprare Ha 9KpaHe JOJDKHA BO3HUKHYTb
HA/IIKCh BeO-CTPaHUIIBI 10 yMOoT4aHuio «It’Sworks!».

Tak kak OwnCloud — a3t0 He TpagUNUOHHAS
cucrema st OC FreeBSD, To He Bce TpeOyemble Juts
ee pabOTHI MakeThl HOPMAIbHO YCTAHOBWIHCH C
MEpBOTO pas3a, MOATOMY OBUIO TNPHHATO pEIICHHE
JAHHOEC TPOTPaMMHOE OO0ECIeUYCHUE YCTaHABIUBAThH
yepe3 mopTel. Jlust 3TOro ObUIa TONydeHAa U
pacnakoBana Komexkuusa IloproB, mpu nomomu
KOMaH]I:
# portsnap fetch
# portsnap extract

Crnenyromum 3TanoM OBLI
cepeepOwnCloud u3 nopToB:
cd /usr/ports/www/owncloud
make all install clean

YCTaHOBJICH

B (haiin KOH(pHUTypaIuu BeO-cepBepa
Apache/usr/local/etc/apache24/httpd.conf ObLIA
100aBIIEHBI CTPOKH, MO3BOJISIOIINC

TiepeaipecoBBIBaTh 3ampockl kK cepepy OwnCloud:
Alias /owncloud /usr/local/www/owncloud

AcceptPathInfo On

<Directory /usr/local/www/owncloud>
AllowOverride All
Require all granted

</Directory>

[Mocne nepe3arpy3ku cepBepa Komanoi # service
apache24 restart, MoHO 3aliTH Ha CO3IaHHOE
o0JauHOe XpaHWIWIIE, TAKXKe BBEIsS B aJPECHOU
cTpoke Opaysepaip-ampec, U elle MPUITHUCAB B KOHIIE
«/owncloud».

IMpu nepBoM 3axojie Ha OOJAYHOE XPAHMIHIIE,
cepeep OwnCloud motpeGoBan co3maTh aKKayHT
aJIMUHUCTPATOPa, BBES CBOU JIOTUH M MapoJib, MOCIE
4yero ObUIO HEOOXOAMMO BBIOpaTh 0a3y HaHHBIX. B
JaHHOH pabore wcmonb3oBanuSQLite, Tak kak oHa
0oJiee KOMITAKTHA MO CPABHEHUIO C OCTAIbHBIMHU.

3aki04eHue

Takum o0Opa3om, OBUIO CO3aHO IIONHOLEHHOE
obJyrauHOe XpaHWIHNILE, pa3MelieHHoe Ha
KOMITaKTHOM, HEZOpOTOM M 3Heprod(dexkTHBHOM
MHKPOKOMITBIOTEPE, KOTOPOE CHOCOOHO 00ecneduTh
HYXIbl Pa3IMYHbIX NOpPEANpPUSITHH, yHoOHOe B
JKCIUTyaTallud M oO0Jajaoliee psioM Cepbe3HbIX
NperMYILIECTB 110 CPAaBHEHHMIO C aHaloramu. B
JTaJIbHeHIeM BO3MOKHO no0aBieHne
JIOTIOJIHUTEIBHOTO HMCTOYHUKA OJIEKTPOIMUTAHUS K
Rasberry Pi wu mnoakimoueHwe KECTKOro JHUCKa
Oonpmoro o0bemMa, MU YBENWUEHUS 00BeMa
obnayHOrO XpaHwiuma. biaromapss mpusTHOMY H
ynobHoMy uHTepdeiicy pecypca owncloud u Bcex
npounx npeumyinects Rasberryn Apache, momoGubie
XpaHWINIIA MOTYT OBITh OYEHb  aKTyaJbHBl W
BOCTpeOOBAHBI B HAIIIE BPEMSI.

CHnucok ucnoJib30BaHHBIX HCTOYHUKOB

1. CnpaBounnk 1o FreeBSD. [DnexTpoHHbIH
pecype].-URL:https://www.freebsd.org/ (nata
obmenus 15.10.2016).

2. CnpaBounuk mno Rasberry Pi. [DnekrpoHHbIi
pecypc].-URL:https://www.raspberrypi.org (nara
obmenus 13.10.2016).

3. CrpaBoyHHK 10 00sauHOMY cepBepy owncloud.

[OnexTponHsIi pecypc].-
URL:https://owncloud.com/ (zaTa o01eHns
10.10.2016).

4. CnpaBounuk 1o ApacheHTTP -  server
[OnexTponHsIi pecypc].-URL:
www.puzzleweb.ru/other/apache.php

5. (mara oOmeHMs 12.10.2016).
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MNPUMEHEHUE MOAYJbHOM APXUTEKTYPBI IPOTPAMMHOI'O
OBECHEYEHMS B CACTEMAX CBOPA 1 OBPABOTKHA
I'mMAPOMETEOPOJIOI'HTYECKOU NTHOOPMALIUU

ITonomapeBaA.B.
ITamun A.A.

ToMCKUI TONUTEXHUYECKUNA YHUBEPCUTET
avp35@tpu.ru

BBenenue
B o0mem cnyyae Hu30Bas ceTb cOopa W
00paboTKu THUIPOMETCOPOJIOTHUCCKUX ~ JIaHHBIX

BKJIFOYAET B ce0sl ClieyIolIe KOMIIOHEHTBI: JaTYHKH,
npeJHa3HaYCHHbIE Ui cOopa HWHPOpPMALUIO O
TeMmIepaType, JaBJICHUM BIQKHOCTH U JPYTHX
napaMeTpax OKpYKalollled cpeabl; cpeacTBa cOopa
uH(pOpMALIUK C JATYUKOB UITH BBOJIA €€ ONEPATOPOM U
nepexadn cobpaHHO WH(popMamuu B IEHTp cOopa
manabix  (LCH); permonamsnbie IICH, «kyna
CTEKAIOTCS JaHHble C HAOJMIOJATeNbHOH CceTH —

METEOCTAHINHA, THIPO- M METEO-TIOCTOB JaHHOTO
peruoHa.
WuTennexryanbHbie MHKPOIPOIIECCOPHEBIE

tepmuHasel (MIIT) oTHOcsaTCS K cpencTBam cbopa
undopmanuu n nepepaun e€ B L{CJI.

TurnoBble (QyHKIMU MPOrPaMMHOTO OOECIIeYeHUs
MIIT: nonydenue uHGOPMALMH C JAaTYUKOB U OT
oreparopa; npeoOpa3oBaHue HOJyYEHHOU
nHpopManMK B TelerpamMMmy, 3aKOJUPOBAaHHYIO B
KOJIe, TIPHHATOM B METEOpOJIOTHH (Hampumep, Koje
KH-01); nepenada copMHpoBaHHOH TelerpaMMbl B
OcCA.

Onna u3 ocoOeHHOCTeH IIPOrpaMMHOTO
obecrieuenns (I10) MIIT cocrout B ToM, uto 310 I1O
JIOJDKHO TTOJIIEP KUBATh MHOXKECTBO THUIIOB JATYHKOB,
nogkmoyaembeix k- MIIT.  KonmuectBo — THIOB
JaTYUKOB,  HCIOJIB3YEMBIX B  METEOPOJIOTHH,
ucuucisgeTcst COTHAMH. IIpOTOKOINBI, HMCTIONB3yeMbIe
3TMMH  JAaTYUKaMH  9acTO  HECTAaHAApPTHBI U
HECOBMECTUMBI MEXIy coboil. B To e Bpems, Ha
KaXI0M OTAEIbHON METEOCTAaHIUH, YUCIIO JAaTYHKOB,
MOJKIFOUeHHBIX K ogHOMy MIIT 00bryHO He Oonee
JIECSITH.

Hcxons wn3 3toro, MOXHO cdopMynnpoBarth
HekoToprle TpeboBanus k I[1O0 MIIT: TIO nmomxHO
OBITH HACTPanBaeMbIM noJ KOHKPETHYIO
KoHpuUTypanuio aatdukoB; [1O J0MKHO TO3BOJATH
Jno0aBiieHHE TOJIEP’KKA HOBBIX THIIOB JaT4nkoB; [10
JIOJKHO PallMOHAJIBHO UCIN0JIb30BaTh pecypcesl MITT.

JauaasiM TpeboBanusm otrBeuaeT [10 ¢ MomynbHOM
apXUTEKTypOH, KOTOpasi OIKcaHa, Hanpumep, B [1].

MoayabHast apxurexrypa [1O

BBenem  moHsTHE ~— NPOTPaMMHOTO  MOJIYJIS.
[Iporpammublii  MoAyns (nasee — MOAYJIb) 3TO
OTZEeJbHAs MporpaMma Wi 0ubinoTeka, padoraromas
HE3aBUCHMO  OT  OCTaJbHBIX, HO  HMMeIoIas
uHTepgeiicel Ui oOMEeHa JaHHBIMH C  APYTHMMH
MPOrpaMMHBIMU MOAYJISIMU [2]. COBOKYITHOCTh TaKHX
Momyneil  oOpa3yeT  NpOTPaMMHYIO  CHCTEMY.

CymiecTByeT JBa OCHOBHBIX KPHUTEpHUsS, MO KOTOPHIM
oIpeienseTcsl KaueCcTBO NMPOrpaMMHOro o0ecrnedeHus,
MIOCTPOEHHOTO TI0 MOAYJILHOMY NPUHIIUITY:

® CBS3HOCTh (WJIM TPOYHOCTH) MOAYIS — Mepa
CUJIBI  B3aUMOCBSI3aHHOCTH  JJIEMEHTOB  BHYTPH
MOJyJsi, crocod M CTENeHb, B KOTOPOH 3ajaud,
BBITIOJTHSEMbIE HEKOTOPBIM MPOTPAMMHBIM MOJYJIEM,
CBs3aHbl APYT ¢ Apyrom [3];

e crieryicHHE (WJIM CONpSDKCHHE) — CImocod U
CTETICHb B3aMMO3aBHCHMOCTH MEXIY MPOTPAMMHBIMA
MOIYJISIMH, CHJIa B3aUMOCBS3CH MEXIYy MOIYIISIMH,
Mepa TOro, HAaCKOJIFKO B3aMMO3aBHUCHMEI pa3HBIC
MOIPOrpaMMBbl WM MoIymH [3].

KayecTBO mpOrpaMMHOr0 OOECICUCHHS C TOYKH
3peHusT MOJAYJIBHON apXUTEKTyphl OMNpeaensieTcs, B
YaCTHOCTH, 10 3TUM JBYM MapaMmeTpaM. B wuneane
Moyib T0JKEH UMETh CUJIBHYIO CBSI3HOCTh U cllaboe
CIETJICHHE C IPYTUMHU MOIYJIIMHU.

JlamHBII TOAXOX K pa3paboTKe MPOrpaMMHOTO
o0ecTieueHHsT UMEeT PSIJ] MPCHMYTIECTB.

Bo-nepsbix, KasKIbIi MOJYJIb MOJXKET
pa3pabatbIBaTbCs OTJIENBHO, HE3aBUCUMBIMH
pa3paboTYMKaMu WIH UX TpymIamMu. B Hamem ciydae
3TO Ba)KHO, TaK KaK MPOU3BOAUTENICH NAaTINKOB IS
METEOPOJIOTHH MHOKECTBO.

Bo-BTOophIX, ecim  MOAYNH HMEIT  Maioe
CICIUICHHE, TO MOIUPHUIMPYEMOCTh MPOrPAMMBbI
BO3PACTaeT, TO €CTh J00aBICHNE HOBBIX MOIyNeil HiIn
yAaJeHHE YXKe CYMIECTBYIOIIMX HE NPEeACTaBisIeT
TpyAa, K TOMY K€ BO3MOXHO JHHAMHYECKOE
MOJKIFOUEHHEe MOAyJNed B  mporecce  paboThHI
nporpamMMbl. VTHBIMHU cIOBaMH, BO3pacTaeT THOKOCTh
MPOTPAMMHOTO 00ECTICUCHHSI.

B-Tpethux, JIOCTUTaeTcst TpeboBaHne
palMOHANIBHOTO  MCIOJB30BaHUsA pecypcoB MIIT,
MOCKOJIBKY HEHCIIONb3yeMble MOJIYIH MPOCTO He
3arpy’KaloTCs B TMaMsITh W HE PACXOAYIOT IIEHHBIC
pecypcsl O3V U mpoIeCCOPHOTO BPEMEHH.

B-ueTBepThIX, MOMAYyNBbHAsE apXUTEKTypa Oonee
HaAEKHA, TaK KaK HEUCTPABHOCTh OJHOTO WU
HECKOJIbKUX MOJyJIe-IporpaMM HE MOXET CTaTh
MPUYMHOM HEUCHPABHOCTU LEJNOM mporpaMMHON
CUCTEMBI. 3aMEeTHUM, 4YTO 3TO HE OTHOCHUTCA K
MOy ISIM-OHOIHOTEKaM. [IporpaMmHBIE  MOIYyJH
BKITIOYAOT (DYHKIIMM MOHHTOpPHHTa PabOTHI APYTHX
MPOrpaMMHBIX MOJAYJIEH, YTO MO3BOJSIET MPOBOJIUTH

NEepeKpECTHBIE  MOHUTOPUHI  pabOTOCIOCOOHOCTH
MIPOTPAMMHON CHCTEMBI.
IO MIIT cucremsl cOopa u 00padoTku

THAPOMeTeopoIoruieckoi nugopmanun
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Crpyxkrypa I10, paspaborannoro mus MIIT BUII-
MK, npencrasiieHa Ha puc. 1.

Mozyan
ofipaborki

LCD-1 il AL MYKC
2x40 cumBOI0B = commanch-"

=
Knasnarypa PS/2
Modyae unmeptheirca Jucneriep
nanpsosameis (Ul KAHAI0B CBA3H

Hooxmouaemme

Moayae
ynpasienns bJ1

modyan Ul (*50)

Puc. 1. CrpykTypa mporpamMmHOro oOecneyeHus
Uit cOopa U 0OpabOTKH THIPOMETCOPOJOTHUYSCKON
nHdopmanuu

Pa36uenne I10 Ha MOAynM OCYIIECTBICHO MO HX
(yHKIMOHAJIBHOMY  Ha3HAu€HHIO, T.e.  KaXJbId
MOJyJdb OTBEYaeT 3a BBHINOJHEHHE KaKOH-INO0
OTpeZieTIeHHOH (PyHKINH 1 PEOCTABISIET HHTEPQEHc
JUTSL B3aUMOJICHCTBHS C APYTHMH MOIYJISMH.

PaccMoTrpuM KpaTko Ha3zHadeHWE M (QYHKIHUH
nporpaMMHbIX Moayieit MIIT BUIT-MK.

B kauecTBe yCTpOHCTB BBOAZ ¥  BHIBOJA
ucnone3ytorcss LCD-mucmeid n kmaBuarypa PS/2
COOTBETCTBEHHO. CTOHT OTMETHThH, YTO KOJIHUYECTBO
uHpopmanum, BeiBonuMoi Ha skpan MIIT BUIT-MK
OTPaHMYEHO pa3MepPOM [HUCIUIES M COCTaBiseT 2
ctpoku mo 40 cumBonoB. J[laHHylo cnennpuky
CleyeT y4YUTHIBaTh TIPH  pa3paboTKe MOy
MOJIb30BATENILCKOTO  MHTepdeiica. ITOT  MOAYIb
JOJDKEH IIPEAOCTABIISATh IOJIb30BATENI0 OCHOBHBIC
dhyHKIIH TUTS paboTsI c ¢dbopmaTamu
METEOPOJIOTHYECKUX TEJIETPAMM B COOTBETCTBHU C
UCTIONb3YyeMbIM ~ KoJoM. B maHHOM  ciydae
ucnonszoBaics kogq KH-01 [4]. [Tpu HeoOxoaumocTH,
KOJMPOBKA TEJIErpaMM MOXKET OBITh HM3MEHEHa INpH
MOMOIIM  3aMEHBl  COOTBETCTBYIOLIETO  MOJYJIS
00paboTKN JaHHBIX.

O6men ganabiME B [1IO mocTpoeH Takum oOpa3om,
9YTO BCE JaHHBIE OT JAaTYHUKOB, OIepaTopa WIN
COOOIIeHNs, TPUHATBIE W3  KAaHAJIOB  CBS3U
MOMEIIAIOTCSl B COOTBETCTBYIOIIME TaONUIBI Oa3bl
naaubix (BJ), a 3arem 3TH IaHHBIE HCIIOJIB3YIOTCS
IpyruMu  MopyisimMu.  Takoit moxxox  ynoOeH,
MOCKOJIBKY IO3BOJISIET UCIOJIB30BaTh OJHY M Ty XK€
3anuch B bBJ] HECKONBKUMH JAPYTHMH MOJYJISIMH.
Kpome Ttoro, B ciyuae OTKIIOYEHUS MUTAHUA
HeoOpaboTaHHBIE JaHHBIE HE WCYE3alT, WU HX
00paboTka  MPOW3BOAMTCA  TOCIHE  BKIIOUSHUS
npubopa.

B peaimzoannom I10 wucnmonesyercss CYBJ
SQLite. ITpu HEO00XOTUMOCTH BO3MOYHO
ucnons3zoBanue apyrux CYBJI, nanpumep, Postgers
wm MySql. Tlpu 3TOM MeHsSeTcsl TOJIBKO MOAYJb
ynpaBneHuss BJl, a ocTanmbHble MOIYIH OCTAIOTCS

HEM3MEHHbIMH. Moaynu ynpaBieHUs BHEIIHUMH
ycTpoicTBaMu MO3BOJISIOT OCYILECTBIISATh
B3auMoOJeiicTBUe € APYTMMH  yCTpOMCTBaMu,

HaIpUMep, ¢ JaTINKaMU.

Mopnynmu ynpasnenus: kaHanamu cssizu (MYKC)
OCYILECTBJIIET NpPHEM U Mepelady JaHHBIX MEXIy
MIIT u HCH. Kaxzaeiit MYKC ympasnser oOMeHOM
JIAaHHBIMH 110 OJTHOMY KaHaIIy CBS3H.

Jnst B3aMMOZEHCTBUS € MOJYJIEM YIPABICHUS
6a30i1 MaHHBIX WCIONB3YETCS IUCTIETYep KaHaJIoB
cBsi3d. DYHKIUM 53TOr0 MOAyNd — TPUHATHE
pellleHre MO0 KaKOMY M3 KaHaJOB OTHPABIIATh T€ WIN
WHBIC JIaHHBIC, a TakXke 00paboTKa CcOOOmCHHUH U
3aIlpOCOB, IPUHSTHIX 10 KaHAJIaM CBA3H.

Monynu MOJIb30BATENbCKOTO uHTepdeiica
pearn30BaHbl B BUJIC MOJyNei-0n0INoTeK,
npexactasiaeHHbix B OC Linux daiinamu, nMeronmMu
pacimpenue .so. B 3aBucuMocty oT KoHpuUrypauuu
koHkpeTHoro MIIT BUII-MK, B namsTh 3arpyskarorcs
TOJNBKO  HEOOXOoAWMMBIE  MOIynum  HHTepdeiica
MOJIb30BATENS.

3akiai0ueHue

MonynbHbIH MOAX0] K pa3paboTKe MPOrpaMMHOTO
obecrieyeHus TIO3BOJIHII pemuTh npobiemy
KoH(puUrypupyemoctn u Macmradbupyemoctu I10 mms
palMOHAIBHOTO  HWCIIONB30BAaHMS  HCIHOJB30BAHUS
pecypcos MIIT BUIT-MK.

Kpome TOro, MOIyJIBbHBIH TOAXOX IO3BOJISIET
YaCTHYHO pEmHTh Mpobiemy nepeHocumoctu [10
MEXAY pa3nuuHbMK Tatdopmamu. Hampumep, npu
pa3paboTke HOBBIX MOKOJIEHHH MHUKPOIPOLECCOPHBIX
TCPMUHAJIOB HU3MCHAIOTCA HNapaMEeTpbl OHUCIUIECB,
MOXET OBbITh TOJKIIOYEHA JApyras KiIaBHaTypa WU
JOIIOJTHUTCIIBHBIC CpeacTBa BBOJa u BBIBOJIA
nHpopManuu. MoOynbHas apXUTEKTypa IIO3BOJISET
6e3 m3meHeHmst anroputMma padotel I1O, 3ameHHTH
MOJynb HWHTepdelca I0JIb30BaTENs, IOTHOCTHIO
COXpaHMB YK€ pa3pabOTaHHBIE W  OTJIaKCHHBIC
MPOTPaMMHBIE MOJTYJIH.

CHHMCOK UCHO0Jb30BAHHLIX HCTOYHUKOB
1. Len Bass, Paul Clements, Rick Kazman.

Software Architecture in Practice (3rd Edition) // SEI
Series in Software Engineering. — 3d edition
(October 5, 2012). — 2012. — 640 pp.

2. Maiiepc I'. HagexHocTh HpOrpaMMHOTO
obecrieuenns. — M.: Mup, 1980. — 359 c.\

3. Tumorn bann. OOBEKTHO-OPUEHTHPOBAHHOE
nporpammupoBanue B aerictBun — CII0.: «Ilutepy,
1997. — 464 c.

4. 3abonotHukoB ['.B. VYuebHoe mnocobue 1o
paboTe ¢ KOgaMu METeopOJIOTHYecKol HH(OpMaIu
KH-01. — C.-I1.: PTTMY, 2010. — 42c.
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ATIITAPATHASA PEAJIN3ALIAA MOIYJEN IHAPAJUIEJIBHOI'O A
HOCJIEAOBATEJBHOI'O IOJACYETA KOHTPOJIbHOU CYMMBI /UISI TPEX
32-BUTHBIX CJIOB

Py6nos U.H., HoBoxxmiios 1.B.
Hayunslit pyxoBogutens: A.H. ManbuykoB
ToMCKUH MOIUTEXHUUYECKU YHUBEPCUTET
E-mail: inr2@tpu.ru

BBenenue
J71st mpoBepKHU 1IEIOCTHOCTH AAHHBIX CYLIECTBYIOT
pa3IUyYHbIE METOJBI MOJACUYETa KOHTPOJIBHON CYMMBI

CRC. Kiaccuueckuit  (IMOOMTOBBI)  anropuT™M
peanu3yercss €  IOMOINBIO  IOCJIEAOBATEIHLHOTO
UTEPalIOHHOTO CJBUra JaHHBIX B PErucTpe C

00paTHOU CBsI3bI0 Ha oxuH OuT. Hemocratkom 3TOrO
MeToJla  SBJISICTCA  HU3Kas  CKOPOCTh  pabOTHI.
Oco0eHHOCTBIO TAOIMYHOTO alrOpUTMa SIBJISIETCS TO,
YTO IIPU pacyeTe KOHTPOJIBHOH CyMMBI HCIIOIb3YETCS
Tabnua ¢ TPEIBBIYMCICHHBIMH 3HA4YCHMAMH Ha
OCHOBE o0pasyroriero TIOJIMHOMa. Ipn
HCTIOJIB30BaHUM  JAHHOTO METOJa HCIOJb3yeTcs
Gonpmioif 00BEM MaMATH, T.K. TpeOyeTcss XpaHUTh
MPEBBIYUCICHHBIE JaHHBIC. MaTpUUHBIA aJroOpUTM
paboTaer Tak ke, KaKk U TaOJUYHbIHA, 38 HCKIII0YEHHEM
TOTO, YTO BMECTO TaOJMIBI MCIOJB3YETCs ONepanus
YMHO)KEHHUS BBIIBHHYTOI'O BEKTOpa Ha MAaTpHIly IO
moxymo 2. IlogpoOHoe ommcaHue W aHaJIu3 METO/IOB
npencraBieHsl B pabore [3]. OcHOBBIBasch Ha
aHamu3e anroputMoB BbucieHus CRC, BwIOpaH
MaTpPUYHBINA aJTOPHUTM.

Hanee  mpuBeneHo
ITOPUTMA!

[ar 1. CnoxxeHue Mo MOIYJIO 2 BXOJHOTO CJIOBa
u cAasuroBoro perucrpa. Ha mnepBoil wurepanuu
KaX/IbIif OUT CABUTOBOT'O PETUCTPA CONEPKHT «1»;

[Ilar 2. Pe3ympTaT CHOXEHUS YMHOXAeTCs Ha
00pa3yronyro MaTpHily;

IMar 3. IlomyueHHBIN BEKTOp 3alHCHIBAECTCS B
C/ABUTOBBI PETHCTP M  SBISIETCS  KOHTPOJILHOM
CYMMOM;

IMar 4. [ns HaKOIUIEHUsS KOHTPOJBHOH CyMMBI
BBINOJIHAIOTCSL IYHKTBl 1-3 (IOKa HE 3aKOHYaTCs
BXOJIHBIE JTAHHBIE).

3agaua

3amadeit SBISETCS peanu3aliisl MOAYJIS Ha SI3BIKE
Verilog/VHDL, BBIUUCIISIIOUIETO  KOHTPOJIBHYIO
CyMMy Iuia TpeX 32-OWTHBIX cJOB Ha dacTtoTe 250
MTI'.

Hcxoms w3 53TOro, CymecTBYIOT JBa IIyTH
BO3MOXKHOTO PEIICHHs JAaHHOW 3a/Jaud: HAaKOIUICHUE
KOHTPOJIbHOM CyMMY OT KaXXAOro CioBa, Jn0o
00paboTka 0JHOTO 96-0MTHOTO CIIOBA.

OIIMCaHueC MaTpHuIHOIO

Peanuzauus MoayJisi noacyeTra KOHTPOJIbLHOM

cymmbl CRC32 (¢ HakonieHnem)

Jannsii monyne (Puc. 1) obpabarpiBaeT N 32-
OWTHBIX  CJIOB, TOCJIENOBATENFHO  HAKaIUIABas
KOHTpPOJIbHYI0 cymMMy.Moayns Input reg BeimosnHser
pOIb BXOJHOTO PETHUCTpPa, KOTOPHIH 3alMCHIBACT

BXOZHBIC NaHHbIe To curHamy Valid data = «1» u
yCTaHaBJIMBaeT CHrHaibl busy = «1» u valid = «1».
IMpn Valid data = «0» curnan valid u busy
copaceiBatotcss B «0». Curnan valid moka3biBaer
WUCTUHHOCTh  3allMCaHHBIX  JaHHBIX, busy —
CBUJIETENBCTBYET O Hadaje oOpabOTKM [IaHHBIX.
Mopyns Crc32 — acMHXpOHHas KOMOWHAIMOHHAs
cxema. B maHHOM Mozyne MPOMCXOAWT HAKOIUICHHE
KOHTPOJILHOM CyMMBI. ISl peanu3aiy 3TOro MOIyJIs
npumensiercs noauHoM 0x04C11DB7.0utput reg
SBISTFOTCSL BBIXOJHBIM PETHCTPOM [UIl JAHHBIX |

curHana valid crc  (BadMIHOCTP  KOHTPOJIEHOW
CYMMBI).
— data[31..0 Crc32 |e;
—data[31..0]»
Input reg I
— i 'y
valid_data crc_out[31..0]
<«— busy——
Crc[31..0]
valid

Output reg [Crc_out[31..0]

— valid_crc—»

Puc. 1. CtpykTypHas cxema MOIys MojcueTa
CRC32 MaTpUyHBIM METOJIOM C HAaKOIUIEHUEM
Ecnu xonndecTBo 00pabOTaHHBIX CIIOB MEHBIIE YeM
3aJJaHHbINA napamerp, KOHTPOJbHas cymma
nepenaercst  obparHo B Omox  Crc32.Ilocne
HAaKOMJEHUS CYMMBl MTOTOBas KOHTPOJbHas CyMMa
MHBEpTUpYyeTCs W oTmpasisiercs aanbuie(Cre out).
Valid_crc yka3piBaeT Ha aKTyaJbHOCTh 3aIIICAHHON B

pETUCTpe KOHTPOJIBEHON CYMMBI.

Peanuzanus MoayJisi MoACYeTa KOHTPOJIbLHOI

cymmbl CRC32 (6e3 HakonJieHus)

B nannO# peanmmzanmm OBUIO TPUHSATO pPEIICHUE
1o 00BEAMHEHUIO TpeX 32-pa3psiiHBIX CJIIOB B OJHO
96-pazpsimnoe  (Puc. 3). Takum o0OpazomM MOXKHO
3aMEHUTH OINEPALMI0 CIOXKCHUS TI0 MOAyIIo 2
perucTpa U BXOAHBIX JAHHBIX Ha MHBEPCHUIO CTAPLINX
32-yx OuroB BXOAHOTO cioBa. Takoi moxxon
MO3BOJIUT CYyILIECTBEHHO YBEIHIHUTh
MPOU3BOIUTENBHOCTh, HO M YBEINYHUT OOPa3yIOUIyIO
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MaTpuily B 3 pasa, 4TO MOBIWSCT Ha KOJUYECTBO
UCIIOJIb3yEMBIX PECYPCOB.

MeToauka TeCTUPOBAHMSA U Pe3yJabTAThI PpA00ThI

Juis  TecTupoBaHMA MOAYJ  HCIOJNB30Banach
nporpamMa Ha s3bike C++. JlaHHas mporpamma
reaepupyer 2 (aiima. B mepBoM comepKUTCA
YKa3aHHOE  YHCJIO  TECTOBBIX  CJIIOB  (ClOBa
CreHEepHpOBaHbl CIy4allHbIM 00pa3oM), a BO BTOPOM
COOTBETCTBYIOIINE UM KOHTPOJbHBIE CyMMBI. [laiee
ObUT HamWcaH TeCT, KOTOPBIA 4YMTaeT Qaiibl ¢
JTAaHHBIMM ¥ KOHTPOJIbHBIMU CYMMaMU.

— data[95..0» Crc32
— data[95..0]»
Input reg
— valid_data¥|
crc[31..0]——

<— busy——

valid ~ crc[31..0»

Output reg
— valid_crc»

Puc. 2. CtpykTypHasi cxema MOyJIsl [ToIcUeTa
CRC32 MaTpuuHbIM METOJIOM 0€3 HaKOTIJICHHS
TecToBBIC CJIOBa MMOJAIOTCS HA BXOA MOMAYJSA, a
MOJIYYCHHBIC KOHTPOJBbHBIC CYMMbBI CPAaBHUBAIOTCS C
TECTOBBIMU. Pe3ynbTaT CpaBHCHHS BBIBOAUTCS B
koHcoub.Kak BumHO Ha Puc. 3., oOpaboTka omHOTO
TECTOBOTO  CJIOBa  IMPOUCXOMUT 3a |  TakT.
TectupoBaHnue TMOATBEPIWIO PabOTOCIIOCOOHOCTH
Moxyneil Ha Tpebyemoit dactote (250 MI'm) u Ha

3aBbIlIeHHOM YacTote (400 MI'm).

3akaouenue

B pesynbraTe paboThI OBUIM pealU30BaHbBI JBa
MOAYJSL 7Sl TIoJicyeTa KOHTpodbHOU cymmbl CRC32.
96-0uTHBII MOITyTh 00pabaTHIBaeT TPOITHOE CIIOBO 3a
OIWH TakT, a 32-OMTHBIM 3a 3 Takra. 96-OMTHBII
MOJIIyJTh HCTIONB3YeT Oonbmiee KOJIMYECTBO
BBEIYHCIUTENBHBIX ~ PECypcoB, 3a  CUET  HYero
JIOCTUTAeTCs Ooiee BBICOKAs TPON3BOAUTEIFHOCTb.

. 32-6utHbril Momyns - 138 LUT, 102 FF;

. 96-6utHbIit Moayns - 206 LUT, 131 FF.

(FF — D-tpurrep, LUT — Tabauia moucka).

OpnHako, 32-OUTHBIA MOAYJIb SBJSIETCS OOJiee THOKUM,
T.K. nMeeT BO3MOXKHOCTh MOJICYUTHIBATH
KOHTPOJBHYI0 CYMMY OT JIFO0OrO  3aJIaHHOTO
KoynmuecTBa 32-OMTHBIX CIIOB. B TO Bpems kak 96-
OUTHBIA MOIYJb TOJIBKO OT 96-OUTHOTO CIIOBa.

Cnmcok Jaurepatypsl
B. B., Manmsuykoe A. H. O

MPUMEHEHAU OJOYHO-OPUEHTHPOBAHHOIO MOJIX0Ma K
pa3pabotke ycrpoiicte Ha I[IJIMC [DnekTpoHHSBIH
pecype]  // Cubupu. Cepus:
WNudopmanmoHHble  TEXHOJIOTHHM U CHCTEMBI
ynpasienus. — 2011 — Ne. 1 — C. 379-381. — Pexxum
noctyna:http:/sjs.tpu.ru/journal/issue/view/2/showTo
c/sect/4, cBoboHbIil (1aTa obpatenus: 7.07.2016).

2. Memxo E. A., ManpuykoB A. H. UccrenoBanue

1. Epemun

BectHuk  Hayku

MPOTPaMMHBIX pean3aluii aIrOPUTMOB BBIYUCIICHHUS
CRC cosmecthbix ¢ PKZIP, WINRAR, ETHERNET
// W3sectus  Tomckoro HOJIUTEXHUYECKOTO
yauBepcurera. — 2013 — T. 322 — Ne. 5. — C. 170-175
3. Meiko E. A., ManbuykoB A. H. OcobenHocTH
MPOTrPaMMHON peanuzarun
KoHTposnbHOM cymmbl CRC32 na npumepe PKZIP,
WINZIP, ETHERNET [Dnexrtponnsiii pecypc] //
Bectauk Hayku Cubupu. Cepust: MHpOpMannoHHEIe
TEXHOJIOTHH H CUCTEMBI yripaBieHus. — 2011 — Ne. 1 —
C. 279-282. — Pexnum JocTyna:
http://sjs.tpu.ru/journal/issue/view/2/showToc/sect/4,
7.07.2016).

BBIYHMCJICHUA

CBOOOIHBIN (mara oOparieHus:

Jtb_are32/ck

Jtb_crc32ji_data
_cre32fi_valid

ftb_crc32/o_busy
_CT _Crc

Jtb_are32/o_valid

Puc. 4. TecmpOBaHHe 32-GUTHOTO MOJTYJIs
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SJEKTPOHHBINA CUTYATUBHBIA TPEHAJKEP JIJISI CTYJIEHTOB
IOPUINYECKUX BY30B

CnasuaC.B.
Hayunsiii pykoBonutens boreirun 1. A.
ToMcKMil NOTUTEXHUUYECKUN YHUBEPCUTET
svs22@tpu.ru

Beegenne

B HacTosimmee BpemsI akTUBHO pa3palaThIBAIOTCS
KOMITBIOTEPHBIE HHCTPYMCHTAJIBHBIE CPEACTBA JUIS
BeZieHHs y4eOHbIX KypcoB [1-4]. Ilpaktmdecku mo
BCEM HAalNpaBJICHUSIM y4eOHBIX AUCIHMIUINH CO3MAI0TCS
3JIEKTPOHHBIE YUEOHUKH, TECTHPYIOMINE CPENCTBA, a
TaKoKe HpOTpaMMHBIE KOMIUTEKCHI TSt
CaMOCTOSATEIHLHOTO 00Y4EHHS.

BaxupiIM MOMEHTOM B O6y‘~IeHI/II/I npu 1nomMoumu
QJICKTPOHHBIX O6p330BaTeJ'H>HI>IX PECYPCOB ABJISACTCA
aJIcKBaTHAs U I0JIHAs IPOBEPKA IOJIYyYCHHBIX 3HAHUH.

Takoll  NpoOBEpKOHM  3aHUMAIOTCS  CIIELUAIBHO
pa3paboTaHHbIE DIIEKTPOHHBIE TECTUPYIOLIUE
cpeactBa. B Hacrosmeid paboTe  ommChIBaeTCs

pa3paboTKa CHUTYyaTHBHOTO 3JEKTPOHHOTO TpEHAXKepa
JUIL CTYINCHTOB IOPHAMYECKUX BBICHIMX YUEOHBIX
3aBEACHHUH C TOMOIIBIO COBPEMEHHBIX CPEJICTB.

3agaum ucciieqoBaHUs

Jns  JOCTHOKEHHMS TIOCTaBJACHHOW IIeiM  OBLIN
pELICHBI CIEAYIOINE 3aaum:

. U3yYCHUE CYLIECTBYIOIIUX Haunbosee
MOMYJISIPHBIX METOIOJIOTHI COCTABJICHHUS TECTOB;

. UCCJIEJOBAaHUE JIOCTOMHCTB M HEJOCTATKOB
METOIOJIOTUH TeCTUPOBAHNS;

. HCCIICIOBAaHUE  YTOJOBHO-TIPOIECCYaThHOTO
KOJIeKca, pa3padoTKa CIEHApHUs TECTHPOBAaHUS U €ro
MocJeyromas TEKOMITO3UIIHS Ha aKTHI;

*  pa3paboTKa DIEKTPOHHOTO CHUTYaTHBHOTO
TpeHakepa M CTYJCHTOB C BO3MOXKHOCTBIO «HA
JEeTy»  OCYIIECTBJIATh  (QYHKIMH  MOAWU(PHUKALUH
creHapus ¢ momomnisro CRUD-oneparmii (create, read,
update, delete).

Tpenaxep SBIISICTCS MIPOAOIDKEHUEM u
pacimpeHreM TeMBl DSJeKTPOHHBIX TECTHUPYIOIINX
CPEICTB u MpeCTaBIseT coboii

Y3KOCHICIUAIM3UPOBAHHOE T[IPOTrpaMMHOC CPEACTBO
JJI TECTUPOBAHMS, OCHOBAHHOI'O Ha HeﬁCTBHﬂX.

ApXHUTEKTYpa U OCHOBHbIE KOHIENIUH
NPUJI0KEHUsI
Bemomaenne  CRUD-omepanuu  MPOWCXOAUT
MOCPEJCTBOM  MMOJb30BaHus crenupukanuu  JPA,

Mo3BOJISIIOIIEH  OTOOpakaTh 00BekThI B SQL m
NoSQL 6a3b1 1aHHBIX.
ITocTpoeHHast  apxuTekTypa 0aza  JaHHBIX

MO3BOJISIET MPOCTO PEIlaTh 3aJadd, KOTOPbIE BCTArOT
mepesl 4YeNIOBEKOM, KOTOpPBIH BBOJAMT TecT B 0a3
nanubiX. [Ipn nannoit crpykrype BJI, MokHO ruOKO
yYCTaHaBIMBaTh MOCJIEJOBATENBHOCTh  BO3MOMKHBIX
BapUaHTOB OTBETOB, BBIOMpAaTh M3 JABYX THIIOB
COOBITHH, KOTOpBIE OYAYT ITPOUCXOIUTH NPU HAXKATHU

KHOIIKM, @ TaK)X€ W3MEHSATb Ha3BaHHMs KHOIKH, UX
omucaHue M MHoroe apyroe. Camoe BaKHOE, dYTO
JAHHYIO CTPYKTYPY MOXHO IIpH HEOOXOIMMOCTH

paclMpuTh W JONOJHUTH, HE  pa3pymas
CYIIECTBYIOLIYIO.

CrpyKkTypa CIpOeKTHPOBAHHOW 0a3bl TaHHBIX IS
3NIEKTPOHHOTO CHTYaTHBHOTO TpeHaXxepa

MpeJcTaBjiIeHa Ha pucyHKe 1.

L] N G - tgative v

e 120

RRECTANSWER INT 1)
»

D G20
NLMEERINVERSTIGATIVEINTI1 1)

) ivestigativeclement ¥
10 BT 20
CTYPE VARCHAR 31}
DESCRPTICN TEXT

D EIGINT20)
[ EVIDENCEDESCRIFTICN VARCHAR 255 ]
NAVERLE VARGHARI2SS)
>
o o o

Puc. 1. Cxema otHomenuii bJ|

IIpakTHyeckne pe3ybTaThl

[Tpu 3amycke NpUIIOKEHUS MOSIBISIETCSI OKHO, T/Ie
MOXXHO BBHIOpaTh creHapuil nena. [locie Haxkatus
KHONIKH «HavaTh» NPOHCXOIMT 3arpy3ka CLECHApHs
BBIOPaHHOTO nena. 3atem TIOJIB30BATEITIO
NpeCTaBIsIeTCs OKHO C BEIOOPOM BapHaHTa JICHCTBUS
JUIsL OIPEJCTICHHOTO BELIECTBEHHOTO JIOKA3aTEeIbCTBA
win curyauuu. IlpuMep OKHa TIpeACTaBlIeH Ha
pUCYHKE 2.

[£] Tpenaskep cneactsenmui geiieranii - o x

foatyna: 14 anpens 2015 roga & 13 00 u. Mo aEpecy r. GapHay, yn. Nlenia 17- 34 Ha KyxHe BLIN 0GHaPYKeH TPy XEHLHE CO cne
[namn HacHAbCTBEHHOI cmeprh|

BepHO. 0 oumbKn 0

Onpoc cocenelt OCMOTD KyXHH OcmoTp npmxoxelt

Ocwiorp 3ana [Lonpoc cocepei TIPHTIACHTE NOHATBIX

Puc. 2. OkHO Tipu cTapTe BRIOPAHHOTO Aeia

Ha c¢opme npucyTcTByeT CUeTYMKH OIIMOOK H
NPaBWIBHBIX OTBETOB. OTpHUATENBHBI  CUYETYHK
YBEJIMYMBAETCS, €CIU CTYIEHT Jal OTBET, KOTOPBIH
HEBO3MOXKEH Ha JaHHOM OJTame CJEJCTBEHHOIO
JieificTBUs, KOTAa HapyIIaeT MpoLecCyanbHbIi KOJEKC,
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mb0, Korja HapyllaeT ONTHUMAaJbHbIE KPHTEPUH
BEJICHHSI IPE/IBAPUTEIIHHOTO CIIEACTBHS. B ocTansHbIX
CITy4asx OTBET CYUTAETCS MPABUIBHBIM.

B mpomecce TecTHpOBaHMS CTYAEHTY MOTYT
nonajgatecsi ynaukw. Hampumep, nmpu HaxaTHu Ha
neiicreue  «OcMoTp  3amay, OymeT  pesynbTart,
MIpeICTaBICHHbIA Ha pUCyHKe 3. Tak e H3MEHMUTCA
COCTOSIHAE OKHAa, Ha KOTOpOM OblTa IpeicTaBlcHA
(¢abyna pnema. B ngaHHOM oOkHe Temeph Oyner

NPEJICTABICH PE3yJIbTAT BBIMOIHEHHOTO JEHCTBUSL.
Tak Oyger ¢ KaXIbIM JEHCTBHEM, SBIISIOIIAMCS
BEIOOpa

npaswibHbIM.  Ilocne

Iponajaer.

JICHCTBUS, OHO

A uegwo 1 oo o

Ocwor xyxwm Ocwor apuxome

Baowone maiew macaopt!

Jompoc cocopsi TipwrmacaT, nossrLox

Puc. 3. [leiicTBre, conepxaliee yiIuKy

Taxxe ecTb  AEHCTBHA, KOTOpbIE  MPOCTO
OTpakaloT BBINOJHEHHBIH pe3ynbTaT. Kpome artoro
CYLIECTBYIOT CHUTYaIlMH, MpPU HAXKaTHM Ha KOTOPHIE
OTKPBIBAETCSI JOKYMEHT, IIOCJIE HYero €ero MOKHO
penakTupoBaTh. Takue AeHCTBHS HEOOXOAMMBI ISt
TOro, 4YTOOBI  MPOBEPATH YMEHHE  CTYACHTOB
COCTaBIIATh MPOTOKOJIBHBIE JOKyMEHTHI. Ilocie Toro,
KakK JOKyMEHT Oy/eT 3aKpBIT, IPEToJaBaTeNlb CMOKET
OTKPBITh U MIPOBEPHUTH €r0, KaK 3TO yXKE ONHChIBAIOCH
BBIIIIE.

Cpeau aeicTBUiA, KOTOPbIE HENMPABUIIbHBIE HYKHO
pasnuyath T€, 4YTO HE AOCTYIHBI U T€, YTO HAPYIIAKOT

OIITUMMH3alMA npeaABapUTCILHOTO CIICACTBHA.
JII/IaHOFOBOC OKHO, cozepIKaliee OITMCAHHUEC
MOCJIETHETO  JCUCTBUSI HE H3MeHseTcs. Takue

CUTYyallu{ IpeACTaBIeHb! Ha PUCYHKax 4 U 5.

Bepwo 1 ownten 1

CraTei 70 OIK ySaCTHO RONRTMX B COTICTRSHHMX ROACTINR Pen—

Veuorpesio cnepoeaTens,

k1 OBPAIOH B LBNNOM CITT<8E BPNEIIECHNE BONRTLX RERAETN BCHICKIAL

B e TLiX 8 flHNON ST W
[fox

7 Tonpec coceash Nipwenaca, owariax

Puc. 4 CoObITne npu HapymIeHUH ONTHMH3ALUH
BEJICHUS TIPEABAPUTENBHOIO CIECTBUSA

ITocne TOTO, KaK BC€ TIPaBUJIIBHBIC OTBCTHI
KOHYHMIINCH, POUCXOOUT TMCPEKITIOUYCHNE Ha
cienyromnyto ¢GopMmy, TA€ TakK XKe MOTYT OBITh
MPE/ICTABJICHBI PA3JINYHbIC CUTYAILINH.

Koraa crymeHT mpolmesn TeCTHPOBAHUE, MOXKHO
3alTH B MPOrpaMMy Kak «IIpermojaBaTelby H
MPOCMOTPETh CTATUCTUKY IO TECTY, a TAKKE OTKPHITh
JIOKYMEHT JJIsl IPOBEPKH.

[Ha komone, HaxonALIEMCR & 3ane WMEITCA CRedbl B3n0Na. 18ePKa OTKDHITa, BHYTDH HINNETO HE OOHaPYXEHO. PUTERs 3aka MorHyT
Ha [IBePKe 1 CTEHKE KOMOfIA MMEITCA CReflal BINOMa B BWAE LBPAMHH it BMATUH. B IKAQY 0GHAPyKeH W USLAT NACcropT Ha WA
lpaaaHki PP Anekceesoil AJl. 1986 r.p. Ypoxenki r. GapHayna

yxasaunoro aeiicraun

lonpoc cocepeit TPHINACHTE NOKATHIX

Pucynox 5 - CoObITHE IpH HapyIICHHN
MIPOLIECCYaIBHOTO KOJeKca

3aki0ueHue

B xonme BhImonHEHWS NaHHOH paboTHl s
CO3/IaHUS DIIEKTPOHHOH CHUTYaTHBHOHN IPOTpPaMMEI-
TpeHakepa IUI1 CTYACHTOB-KPUMHHAIKNCTOB, ObLIa
W3ydeHa TMpenMeTHas Tema npenMeTra «Taktuka
CIIC/ICTBEHHBIX JeHcTBUit», crneuudukanus JPA u
GbpeliMBOpKH, MMO3BOJSIOIIKE OTOOpaxkath Java
00BEKTHI B PEISILMOHHYIO 0a3y JaHHBIX.

Kpome Toro, 6puta co3nana mporpamma, KOTopas
TECTUPYCT CTYACHTOB IOPUINYCCKUX BY30B HAa 3HAHUEC
IIPOIIECCyaIbHOTO KO/IEKCa, COCTABICHHS IPOTOKOJIOB
pa3IMIHON  CIOXKHOCTH, a Takke IpOBEpseT
MMOHUMAaHHE JIOTHKU TPOBEACHUS IPEIBAPUTEIHEHOTO
pacciemoBaHus. B mporecce TpOXOXKACHUS TaKOTO
TECTa, Y CTYJCHTA MPHOOPETACTCS OIBIT, KOTOPHIH OH
CMOXeET B JNANbHEHIIEM IMPOEIMPOBaTh HA peallbHBIC
JKU3HCHHBIE CHTYalldd TIpH padoTe CleJoBaTeleM.
Takum 00pa3oMm, CTYJEHT CMOXET OBICTpee BOUTH B
paboumnii TemMn u ObITh Oosnee  APPEKTUBHBIM
COTPYAHUKOM.

CnMcoK HCNOJIB30BAHHBIX HCTOYHHKOB
1. Catyauna A.E. DOnekrpoHHOE

IUTIOCBI M MUHYCHI [DnekTpoHHBIH pecypc] — URL:
http://www.scienceeducation.ru/ru/article/view?id=10
3 (mata o6pamenus 25.05.2016)

2. Erceea HKO.M. CoBpeMEHHOE COCTOSIHHUE W
ctepst oOyugaromiero o
[Onexrponnslit pecypc] — URL: http://www.science-
education.ru/ru/article/view?id=103 (nara obGpameHus
08.05.2016).

3. Meroauka cocTaBlIeHUs U MPOBEICHHS TECTOB /

obOydeHue:

MOTPEOHOCTH

®dectuBanb  menarorudeckux  wuaed  «OTKPBITHIHA
YPOK». [DnexTpoHHBIH pecypc] URL:
http://festival. I september.ru/articles/629527/  (nmata
obpamenus 28.05.16).

4. TlomoB B.A. TectupoBaHue Kak METOJ

KOHTpPOJISI KadecTBa 3HaHMW cTyaeHToB / Tpynsl

Canxr-IlerepOyprckoro rOCY/apCTBEHHOTO
YHHUBEPCUTETAa KYJIBTYphl M HCKyccTBa. — CaHKT —
[TerepOypr, 2013. - 57 c.
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PA3PABOTKA AIIMAPATHOM HEMPOCETH JJI51 PEAJIN3ALIANA
KOMIIBIOTEPHOI'O 3PEHUMS HA IIVIMC

3oeB U.B., PeixoBa C. E., bepecueBA.Il.
Hayunslii pykoBonutens: MansuykoBA.H.
ToMCKkuil NONUTEXHUYECKUNA YHUBEPCUTET
zoev.ivan@yandex.ru

BBenenue
Hauboiee MOMYJSPHOI peanuzanuei
KOMIIBIOTEPHOTO  3PEHUS  SABIAIOTCA  CBEPTOUHBIC

HCHPOHHBIC CETH, KOTOPBIC IMOKA3bIBAIOT OOIBIION
MPOIICHT paco3HABaHUS 00BEKTOB Ha N300paKCHHH.

OpmHako B CHIy OOJNBIIMX OOBEMOB BBIYHCICHUI
JAHHBIA QJITOPUTM IUIOXO MOIAXOTUT s pabOTHI ¢
00paboTKO¥M JdaHHBIX B peajbHOM BpeMeHu. Ha
CETONHSIIHWN  NI€Hh  CYMIECTBYIOT  MHOECTBO
anroputmoB nporpammuoi ontumuszanuun CHC. Ho,
HECMOTpPSl Ha 3TO BbluHcAUTENbHBIE cucTteMbl CHC
OCTaIOTCSI TPOMO3IKUMHE U HE YHEProdPPeKTHBHBIMU.

Annaparnas peanuzauusa CHC

OnHUM M3 CHOCOOOB pEUICHUs BhILICyKa3aHHBIX
mpobiaeM  ABISETCA  ONTHUMM3alUs  BBIYHCICHUN
IIPOUCXOAIINNA B HEHPOCETH Ha allllapaTHOM YPOBHE.

Jis  pemieHus JaHHOW 3agadd  HEOOXOIHUMO
CHayaja pelnTh CIeAYIONIHe IPOOIeMBbI:

1. BeiGop mpencTaBieHUs YHUCEN U pealln3aius

oriepanuii HaJl HUMH.

2. Peanm3anust XpaHEeHUS M CUUTHIBAHHS ITaHHBIX

MPOMEKYTOYHBIX PE3yIbTATOB.

3. Peanmmzanus ocHoBHBIX pyHKIME CHC

4. Obecrieuenne B3aMOJIEHCTBUSA

¢hyaxuronanbHEIX y3moB CHC.

BCEX

XpaHeHue JaHHBIX

Ecnmu mpoGiiema BbIOOpa MpencTaBiIeHUs TaHHBIX
BMECTe C peaju3alell BbIYMCIUTENeH yxKe Obun
npejcTaBieHbl crathe [1], To mpoOseMa XpaHeHHUs
JIaHHBIX oOcTaercs He ocBewEHHOU. Ilockonbky
OCHOBHBIC p€aIN3alluu ABJIAKOTCA MPOTrpaMMHBIMH, TO
UM HE TIPEICTaBIET Tpyda paboTaTh ¢ MaTPUIIAMU
JnaHHbIX. OJIHaKo, B allllapaTHOM YPOBHE JOCTYH K
NaMsITU SBJISETCS OJHOMEPHBIM. [l MpaBUIBLHOTO
YTCHHs JAHHBIX HEOOXOJMMO 3TO Y4YeCThb IMpH
CO3/IaHMM KOHTPOJUICpAa MAaMSTH, KOTOPBIA Oyder
MPOU3BOIUTH MOA0OUE IBYXMEPHOTO JIOCTYyTIA.

Tak e C eI DKOHOMHH OJOKOB ITaMATH H
HEBO3MOXKHOCTBIO pacTlapajieIMBaHus BbIUYUCICHUMA
Inpyu omnepanvuu CBEPTKH C MHOXCCTBOM BXOI0B
HE00XOIMMO pean30BaTh NEPEKITIOUCHIE MHOXKECTBA
BXOJHBIX CJIOEB B 3TOM KOHTPOJIIEpE.

Brok, Hecymmii B cebe naHHble (GYHKIHHA —
memory_controller npeacrasnen Ha puc. 1.

memory_controller

clk next | ——
start addr_out | —

sel | —

inst

Puc. 1 Moaysae memory_controller

DyHKIIMOHATIbHAS cxema

TIpeJCcTaBICHA Ha prHC.2

aNropUTMAa

Hauano

JBuxeHue agpeca
3/1eMEHTOB BHYTpU
obnactu agpa

v

MNepeknioueHune
BXOAHbIX KapT
npusHakos

v

[AsukeHue obnactn
AApa no BXxogHou  f—
KapTe NpusHaKos

v

3anyck pabortbi
cnegyiouiero cnos

Puc. 2 Anroputm paboTsl 0J10Ka KOHTpOJLIEpa
naMsTH

Peanuzanus ocHoBHbIX pyHkuuii CHC
OcHoBHble pyHKnnu CHC nensrcs Ha:
o OYHKIMU CBEPTOYHOTO CIIOSI
o OYHKITUH €105 CYOTUCKPETH3AIIH
o OyHKIUS OJIHOCBA3HOIO €105
e OyHKIMA aKTUBAIUU
CBEPTOUHBIN CIIOH IpeaCcTaBsAeTCs B BUIE OJI0Ka
n300pa’keHHBIM Ha pHcC. 3.

convolution

clk complite
bies next
in_neuron addr_weight
in_weight out_addr
start out_neuron

stop

inst2

Puc. 3 Moaynb CBEPTOUHOrO €105

JlaHHBIN OJIOK COCTOUT U3 MOAYJICH:
e St machine_weight, momaer cooTBeTcTBYyIOIINE
3HAaYCHHA BECOB HA YMHOXUTCIIb
e St_machine_neuron, momaer COOTBETCTBYIOIIHME
3HAYCHHE BXOAHBIX HeﬁpOHOB Ha YMHOXHUTECIIb
¢ Neuron, BBIIOJTHSIET HEMOCPEICTBEHHYIO
orepanuio CBEPTKH. BIOK COCTOUT B CBOIO ouepenp
COCTOMT U3:
o Mult, peanusyet ymHOKEHHE
o Reg, 3anuceIBaeT pe3ynbTaT YMHOKEHUS
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o Sum, MPOU3BOAUT CIIOKCHUE.

o St_machine_sum,  peamusyer  aBTOMAT
YIPaBICHUSI CYMMbI C HAKOIUICHHEM U
3aIiCh pe3yJIbTaTa

OCHOBHOW aNTOPUTM PAaOOTHI OJIOKA 3aKITI0YACTCS
B MEPEMHOXEHUH 3HAUYEHHN BXOIHOI'O CJIOS C SAPOM
ceéprkn. St_machine_weightu St_machine_neuron
BBITIOJHAIOT (DYHKIHMIO MOJAYd 3HAYCHHHA BECOB U
HCHPOHOB Ha OJIOK yMHOXHUTeNs. B Havanme paOoOThI

yMHOXHTeNss  Omoku  Sum  wm  St_machine_sum
NPOU3BOAAT  OINEPAIUIO  CIOKEHUE OOHYJIEHHOTO
Onoka Reg W 3HayeHWs CMeENIEHHMsA HEWpPOHA.

3HaueHHs BBIXOJA YMHOXKHTEIS 3allUChIBACTCS B
peructp. Ilocnenyromas paborta cBs3ku Reg,Sum u
St_machine_sum paboTaroT Kak CIIOKEHHE C
HakomieHueM. [10 3aBepIEHHIO OTEpalidi CBEPTKH
omok St machine_sum mnpomsBoguT OOHYyJICHHE
HAKOIUIEHHOW  CYMMBI, a  pe3yJbTaT  CBEPKH
3aMMCHIBACTCA B IAMSTE BBIXOIHOTO CITOS.

Croii cyGaHUCKPETH3AIMN TIPEACTABIACTCS B BHIE
0JI0Ka TIPEICTABICHHOTO Ha puc. 4.

pooling

clk complite |

s_complite addr_out |

in_num addr_out_res L.

start_next_layer |

out_res__

inst3

Puc. 4 Monyis cnost CyOauCKpeTH3aIIUH

B cBoro ouepenp HaHHBIH OJOK TaKXKe COICPIKHT
JIaHHBIN OJIOK COCTOMT M3 OJIOKOB:

e St_machine_pooling, BbIONHSET yHpaBlieHHE U

noJjavy 3HaYCHUH Ha OJIOK CPaBHEHUS

e Comp, KoMIapaTop AByX YUCE

Mopynb  cnost  CyOJMCKpPETH3allMd  BBIIOJIHSET
(YHKIMIO COKpAIEHUs] Pa3MEPHOCTH BXOJHOTO CIIOS
Ha OCHOBE OMepanuu BbIOOpa MaKCHMAaJbHOI'O
anementa[3]. St_machine_pooling, mocnenosarenbHo
MoJaeT Ha BXONIbl KOMIIAPATOpA CUYHMTAHHBIA U3
NaMsITd D3JEMEHT M HaWJCHHbIA MaKCUMAaJbHbIH.
Brnaromapst TakoMy ainropuTMy padOTHI, KOJAYECTBO
TAKTOB TpPeOYeMBIX JJs TOWCKAa MAaKCHMAllbHOTO
JJIEMEHTA, PAaBHO KOJIMYECTBY AJIEMCHTOB ITOHCKA.

OYHKIUS TOJHOCBSI3HOTO CIIOS SBISIETCS YaCTHBIM
ciydaeM cBEpTOYHOrO cios. I[lodToMy oOTHenbHOM
peanu3anuy Uil JJAHHOTO THIOA CJIOEB B JaHHOM
paborte HeT.

OyHKIMA aKTHBALMM Ul HEHUPOHHBIA cCeTeil
CYIIECTBYET JIOCTATOYHO MHOTO, OJHaKO  JUIsi
annapaTHOW peayu3aluyd MPU BO3MOXHOCTH BbIOOpa
JNydmie BBIOMpATh MPOCTYIO JUIA pealu3anudu. A
HanOoee TIPOCTOH, SIBIISIETCSI ReLU[4]
MPEACTABJISAIOLLYIO coboit KYCOUYHO-JIMHEHHAas
(yHKIHIO.

Ucxoas u3 aroro, 6su1 coznan 610k func_active
KOTOPBII COJIEPXKUT B ceOe (DYHKIHMIO BUA!

x,x >0

f(x)z{o,xso

JlaaHyr0 QyHKIHIO JETKO TOCTPOUTH IS JIF0O0TO

MPEICTABICHUS YKCEIT ¢ TOMOIIBIO MYJIbTHILIEKCOPA.
Ha puc. 5 mnpexncrasmen Onoxk  func_active,
KOTOPBI TIPUHHMAaeT 3HAYEHWE ¥ BO3BpAIIacT B

COOTBETCTBHUH C €Tr0 (PYHKITHEH.
func_active

| in_Num out_Num | —

inst4

Puc. 5 Moayns pyHKIIUH aKTUBAIH

Cunxponunsanusi pyHKIHOHAIBHBIX (0JIOKOB

OrnurcaHHbBIE MOYJIH CO3/IaHbl HA OCHOBE OJIOYHO-
OPHEHTHPOBAHHOTO MOJX0/a, KOTOPBIN UCIOIb3YETCS
Jutst peanusanuii Ha ITJINC [4].

CuHXpoHM3aIUs OJIOKOB TMPOMCXOAMUT 3a CUET
aBTOMATOB YIpaBJICHUS (St_machine_weight,
St_machine_neuron, St_machine_sum,
St_machine_pooling), 0610k0B KOHTpoJUIepa MaMSTH
(memory_controller) u curnanos ynpasnenue (Start,
stop, reset).

3aki0ueHue

B naHHON cTaTbe paccMaTpUBarOTCS OCHOBHBIE
MOMEHTBl  alllapaTHOM pealu3aluud  CBEPTOUYHOU
HelipoceTn. Ha ocHOBe omMcaHHBIX OJIOKOB MOYHO
COCTaBIIITb PA3iIUYHBIC APXUTCKTYpbl CETEH, Ha
OCHOBE KOTOpPOi BO3MOKHO JanpHeiee
Hccie0BaHNe B 00JIaCTH anmaparHbIX Helipocereil. B
YacTHOCTH, Ha OCHOBE JaHHOW pabOTBl BO3MOXHO
YBEIMYEHNE CKOPOCTH paboThl M TMOBBIIICHUS
9HeprodPPeKTHBHOCTH B CpaBHEHHUH c
IPOrpaMMHBIMH aHAJIOTaMHU.

CHMCOK MCIO0JIbL30BAaHHBIX HCTOYHUKOB
1.30ee W.B. Pa3paboTka BBEIYUCIUTENS OIS

TUTABAIOIICH TOYKH UII HEHPOHHBIX ceTeil / Hayd.
pyk. AH. Mampuykos // UWHpopMannoHHEIE
TEXHOJIOTHH
chepe n MeamuuHe: COOpPHUK Hay4HbIX TpyaoB III
MexayHaponHoW Hay4yHOW KoH(epeHunu, Tomck
23-26 mas 2016 r. — Tomck: Usg-so TITY, 2016. —
Y. 1.-C. 162-164.

2. Giusti A. et al. Fast image scanning with deep
max-pooling convolutional neural networks //arXiv
preprint arXiv:1302.1700. — 2013.

3. LeCun Y., Bengio Y., Hinton G. Deep learning
/INature. — 2015. — T. 521. — Ne. 7553. — C. 436-444.

4. Epemun B. B. , MampuykoB A. H. O
MIPUMEHEHNH OJIOYHO-OPHEHTHPOBAHHOTO MOAXO0na K
paszpabotke yctpoiicte Ha I[IJIMC [DnekTpoHHBII

B HayKe, YIpPaBJICHUU, COLUAIbHOU

pecypc] // Becrumk Haykm Cubupn. Cepwus:
WNHpOopManMOHHBIE  TEXHOJOTMM M CHCTEMEI
ynpasnenust. - 2011 - Ne. 1 - C.379-381. Pexum
JOCTyIa:

http://sjs.tpu.ru/journal/issue/view/2/showToc/sect/4

46



XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

IMPOBEPKA COOTBETCTBUSA TAPAMETPOB 2JIEKTPOOHUHE®AJIOT'PAMMBbI
TPEBOBAHUAM, NPEABAB/ISIEMBIM K HAPAMETPAM B 3ATAYAX
BBICOKOHAJIE?KHOU BUOMETPUN

bopmeBankoBA.E.

JampHEeBOCTOUHEIH (erepaabHBIN YHUBEPCUTET
LAJG91@mail.ru

Beenenne
Obecnieuenre WHMOOPMALMOHHOW 0€30macHOCTH
ABJISIETCS  BaKHBIM  BompocoM. Cpeam  cpencts
3alUTEl  MHQOPMAUM  BBIACIAIOTCS TEXHOJOTUH
OmomeTpryecKon ayTeHTH(PHUKALINH. OpnHako
CYILECTBYIOLIHE TEXHOJIOTUH KIIACCHYECKOH
OmomeTpru He  00ECHCUMBAIOT  HEOOXOIUMBIN

YPOBEHb HAIEKHOCTH, KOTOPBIH MOXHO OBLIO OBI
WCIIONB30BaTh B KPUTHUYECKH BaXKHBIX 00BeKTax [1,2].
Hampumep, B 3ajauax KOHTpPOJSI M pa3rpaHUuCHUS
JIOCTyIa Ha aTOMHBIX JJIEKTPOCTaHLUAX. J[Js Takux
CUTyallMid I[eJIECO00Pa3HO MPUMEHATh TEXHOJIOTHU
BBICOKOHAJIEAKHOM O6uoMeTpuuecKon
ayreatudukaiua. CyTh  JaHHOH  TEXHOJOTHHU
3aKIIFOYAETCS B BOCCTAHOBIICHHU M3 OMOMETPHUECKUX
JTAHHBIX HEKOTOPOTO KPHUITOTPahUIECKOTO KITFOYa.

OnmHOif W3 NEpPCHEKTUBHBIX  XapaKTEPUCTHK
ABIISICTCS ANeKTpodHnedamorpamma (O0I0), Tak Kak
nepexsat ee JaHHBIX 3aTpYAHECH TS
3JI0yMBILIJICHHUKA. Onnako B 3aj1a9ax
BBICOKOHAJIC)KHOM oromerpun BO3HUKAIOT
ornpejiejieHHble  TpeOOBaHMs, KOTOPBIM  JIOJDKHBI
COOTBETCTBOBaTh ~ OMOMETPHYECKHE  MapaMeTphl.
Ienpto  maHHOM  paboOTHI  SBNAETCS  CpaBHEHHE

TpeGoBaHuii, m3noxeHHeIXx B cramapre ['OCT P
52633.1-2009 [3].

BuoMerpuueckue napamMmerpsl

TexHosoruss BHICOKOHAJEIKHOI OHOMeETpHUUecKOn
ayTeHTH(]UKaMn MIPUHATA B KadyecTBe
roCyapCTBEHHOTO cTa”japra Poccuiickoit
Deneparuu U onrcana B JuHeHke crannapros 'OCT
P 52633 [1,3]. [daHHas TeXHOJOTHA MOJy4YMsIa
Ha3BaHUE HelpoceTeBoro npeoOpa3oBaTes
"Buometpus - kog focryna'.

Ha navampHOM  3Tame  uWccieOBaHMM 11O
O6uomerprueckoil uaeHTHdUKau Ha ocHoBe OO
HapaOaThIBajiCsl ONBIT HCIIOJIB30BAHHUS TEXHOJIOTHH
«uHTEpdEC MO3T-KOMITBIOTEP» [4]. Janee
MPOBOIWINCH  WCCIIEAOBAaHUA IO  TIOCTPOCHUIO
HelpoceTeBoro mpeodpasoBarens "buomerpus - Kox
nmocrymna' c WCTIOJb30BaHUEM BBI3BAHHBIX
MOTEHIINAJIOB Mo3ra [5] B KauecTBe
OMOMETpPHUYECKUX TIapaMeTpoB Opajack pPa3HOCTh
noreHnuanoB D91 moab30BaTesst B COCTOSIHUU MOKOS
U TpH €ero CTUMyiIupoBaHud. [ BbLIesICHHA
noreHimaia P300 B ganHOW paboTe HCHOIB30BAIACH
CTUMYJIILIUS U3 MOOYEPEIHO MEHSIOLUUXCS HA YKpaHe
mdp ot "0" mo "9". Ilomp3oBarens BBHIOMpAN OIHY
WIM HECKOJBKO LU(Gp M TPH HUX HOSBICHUU
KOHIICHTPUPOBAJICS Ha HHX. OTOT Habop mudp
CUHTAJICS. MBICIICHHBIM ITapOJIEM.

buomerpuueckue mapaMeTpel Ui JaHHOTO
9KCIIEPUMEHTa BBIJCISUINCH CIEIYIOMHUM 00pa3oM
[5].

B kauyecTBe OMOMETPUYECKOH XapaKTEPUCTHKU a
UCTIONB3YyeTCsT pasHUIa Mexnay ypoBHem O3 mpum
CTUMYJISILUM W YCPEAHEHHOTro 3HaueHus IOl B
cocrostHUU TOoKoA. O0o3HaumM yposeHb OJI' mpu

a .
crumyinuu deped ™ a ycpeJHEHHBI YPOBEHb

93T B COCTOSIHUY MOKOS Uepe3 Anoxoit | Torna:
a=a

oTHM A noxoit )

B cumy BBICOKOH CIIOXKHOCTH MaTeMaTH4ecKOTO
ommcanus ¢Gopmbl curHama O3 ObUTO TPHUHATO
pelIeHHEe  TNPOM3BOAWTH  BBIOOPKY  NATHAIIATH
MaKCHMalbHbIX  3HAYCHWH,  BBUHUCIAEMBIX IO
dopmyne (1). Ilemecoobpa3sHo roBOPUTH 00

HCIOJIb30BAHUN XapaKTCPUCTHUKU B BEKTOPHOM

BUJAC:
ai = {a ji=1..14, ] =1...15
e Qi BEKTOp OHMOMETPHYCCKHX IaHHBIX,

HCITONb3yeMblii B HelpoceTeBoM mpeobpasopatere; |

— HOMEp 3JIEeKTpoja, ¢ KoToporo cHsta I3T; )

HOMCP MAKCUMAJIBHOT'O 3HAYCHU A a C KaHaJia I .

Jns kaxmoil W3 KOMIIOHCHT BEKTOpa aHHBIX
HEOOXOIMMO BBIYHCIUTH TaKWe IIOKa3aTeNu Kak
CTaOMJIBHOCTh, YHUKQJIBHOCTH M KadecTBO, a 3aTeM
B3SITh UX CpeqHee 3HaueHue [3].

CootBeTcTBHE MOJTy9YEHHBIX
ctaHaapTy [3] npuBoAUTCS B TabuuIIe.

pe3yIbTaTOB

Tabimma. CooTBETCTBHE IOKa3aTeIei
mapaMeTPOB IEKTPOIHIIE(PATOTPAMMEI CTAHIAPTY
T'OCT P 52633.1-2009

3HaueHne
3HaueHue IoKazaTesei
Ha3zpanue IoKasaTeiei JUISE
T0Ka3aTess mo 'OCT P | mapamerpos
52633.1 3JIEKTPOIHIIC
(daorpaMMbl
Maremaruaeckoe
ORUAAMHC 3,452 2,307
cpenaHei
CTaOMIIBHOCTH
CraHnapTHOE
OTIIONCHHE 1,517 1,235
cpenaHen
CTa0MIBHOCTH
MunumansHO€E 0,721 0,982
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3HAYCHHUE
cpenHei
CTaOUILHOCTH
MakcumainbHOe
3HAYCHHUC
cpenHen
CTaOUILHOCTH
Maremarudeckoe
OXKHIaHHE
cpenHen
YHHUKQJIBHOCTH
CrannmaptHOE
OTKJIOHEHHUE
cpenHei
yHI/IKaJ'ILHOCTI/I
MuHuManbHOE
3HAYCHHUE
cpenHeit
yHI/IKaJ'ILHOCTI/I
MakcumanbHoe
3HAYCHHUE
cpenHen
YHHUKAJIBHOCTH
Maremarrueckoe
OXKUIaHHE
CpeIHero
KavecTBa
CrannapTHoe
OTKJIOHCHHUE
CpEeHero
KavecTBa
MuHuManbHOE
3HAYCHHUE
CpEIHEro
KauecTBa
MakcumanabHOe
3HAYEHHE
CpeIHero
KauecTBa

10,860 8,397

0,568 0,256

0,223 0,053

0,203 0,121

1,926 0,375

0,385 0,156

0,111 0,036

0,151 0,081

0,851 0,228

[TosnydeHHbIe pe3yibTaTHl TOBOPSIT O TOM, 4YTO
oumomerprueckne mnapamerpsl D3I cooTHOCITCS B
nenoM ¢ TpeboBaHUSAMU cTaHAapTa. HecMoTps Ha TO
YTO  OTHOCHUTEIBHO  MAaKCHUMAaJbHBIX  3HAYEHUI
MapaMeTpoB, ONMHUCHIBAEMBIX B CTaHAAPTE, MapaMeTPh

O0I' HmKe, HO OTHOCHTEIBHO MHHUMAJIBHBIX
TpeOOBaHUIT OHH BBIIIIC.

PesynbraThl, MONyYeHHBIE TPU  MPOBEICHHUU
SKCIEPUMEHTOB, IIOKa3bIBAIOT, YTO HEHPOCETeBOU

nmpeoOpa3oBareibh YCHEIHO o0pabaThiBaeT JaHHBIC
HH3KOTO Ka4yeCTBa U MOJy4aeT OIHOKY BTOPOTO poja
menee 10-12.

3akJouenue
Hcnonp3oBaHWE  TEXHOJOTUU  HEUPOCETEBBIX
npeoOpazoBareneit "buomerpus - kox moctyma'

OTKpPBIBAET OOJBIINE BO3MOXHOCTH I 00pabOoTKH
OYEHb HEYETKHX, HO NEPCIEKTHUBHBIX C TOUKH 3PEHHUS
HaJIe)KHOCTH JIAHHbIX, TaKHX Kak
anekTpodHnedanorpamma. B nmanpHelmeid pabote

HEOOXOZMMO  TPOBOMUTH  HCCIEOOBAaHHS MO
YIIyUIIEHUIO KadyecTBa paboTsI TaKUX
npeoOpa3oBaTeleH, YBEIHYCHUS Ka4ecTBa,

HCCIIeyeMbIX MapaMeTpoOB, a TaKXKe HCCICJOBaHUS
MapaMeTpoB,  KOTOpbIE  TOJNYy4YeHbl 33  CYeT
MPUMEHEHHUST METOJIOB MPEOOPa30BaAHUSI, OTIUYHBIX OT
HCTIONB30BaHHOTO B paboTte [4] meTona.

Cnucok HCnoJIb30BAHHBIX HCTOYHHKOB
1. 3ammra wuHpopmannu. TexHUKa  3aIIUTHI

HHpOPMALUY. ABTOMAaTHYECKOE o0yueHue
HEHpOCETEeBBIX Mpeodpa3zoBarecii OHOMETPUS - KOJ
mocryna: FOCT P 52633.5-2011. — BezieH BIiepBEIe;
Been. 01.12.2011. — M.: Cranmaptuadopm, 2012. —
20 c.

2. l'onuaposn
UcnonszoBanue

C. M., bopumesnukoB A. E.
TEXHOJIOTUH  BBICOKOHAJIEKHOU
OMOMETPHUYECKOW AayTCHTU(UKAIMA B KPUTHICCKU
BaYKHBIX oObeKTax // Wudopmanmonnas
6e3omacHOCTh pernoHoB. — Caparos: CapaTOBCKHMA
COLMAIBHO-DKOHOMHYECKNUH UHCTHUTYT (unuan) POY

um. ['.B. [Tnexanosa, 2015. — Ne 4 (21). — C. 18-23.
3. 3amuTa WHpOpPMALUU.

nndopmanun. TpebGoBanus k QopmupoBaHuio 0a3

TexHuka  3aIIUTBI

C€CTCCTBCHHBIX 6I/IOMeTpI/I‘ICCKI/IX 06p330B,
npeaHa3Ha4YCHHbIX JUIA TECTUPOBAHUA CpCACTB
BLICOKOHa,Z[G)KHOﬁ 6HOMeTpH‘ICCKOI>'I

ayreatudukanuu: [TOCT P 52633.1-2009. — Beenen
BriepBhie; Brea. 15.12.2009. — M.: Cranmaptuadopm,
2010. - 24 c.

4. T'onuapos C. M., Bumasikos M. C., Mapkun M.
E. Ucnonws3oBaHue MOTEHIMAIOB KOPBHI TOJOBHOTO
Mo3ra Juis IapoJjibHOW HAEHTH(UKAIWU Ha OCHOBE
texHonorun «MIMK» // XKypuan «upopmanus u
Oe3omacHOCTEY. Brim. 3. Boporex: BI'TVY, 2012. - C.
404-409.

5.Tonuapor C. M., bopmesaukoB A. E.
IMocTpoenne  HelpocereBoro  mpeobOpasoBaresns
"Bbuomerpust - ko1 nocTyna" Ha OCHOBE MapaMeTpoB
BH3YaJIBHOTO BBI3BAaHHOTO MOTEHIIHANa
anekTposnnedanorpammel  // Jlokmaner  Tomckoro
TOCYJapCTBEHHOTO YHHUBEpCHTETA CHCTEM
YOpaBJIEHUS U PaguodJaeKTpoHukH:  Hayunblil

xypHai. —Tomck: U3n-so TYCVYP, 2014. — Ne 2. — C.
51-55.
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HEJOCTATKHU TEXHOJIOI'MHU SDN, U PEKOMEHJAIIMA 110 UX
YCTPAHEHMUIO.

Opnapuenko P.C., Hakos C.}O
HarpoHanbHbIi aBHAIIMOHHBIH yHHBepcuTeT, Kies, Ykpannadacov@ya.ru

Beegenne

C KaxIpIM ToJoM O00BEM HCIOJIB3yEeMOTro
MHTEpHET TpaduKa, Bce OOJbINE, PacTyT U 3alpochl
OIlepaTopa, CBS3aHHBIE C [IMHAMUKON pELICHUI B
MHTEPHET MPOCTPAHCTBE, KAK B IPOBOJAX, TaK U IO
BO3AyXy, a koumemmus SDN  sBmsgercs Ha
CeTONHAIIHUA  JI€Hb Jy4IIMM  pEIICHHe Ui
mpobeMbl 00beMa TepeaBaeMbIX THTa0alTOB TaK U

JUHAMUKOM  TOHKHMX  HAaCTpPOEK  ONEpaTOpoOB
MOOHJIBHOW M CTallMOHAPHOW MHTEPHET UHIYCTPHH.
ITosTomy MOJIepHU3AIUSL o0OopynoBaHus

HeoOxonuma. SDN - ceTw, MMEIOT MPEenMyIIEecTBa
nepesl TPaaUuIIHOHHBIME CETAMH, 3TO Ce0ECTOUMOCTS,
obopynoBanue u IIO, ympaBieHHs, BO3MOXHOCTh
3aIycKa CEpBUCOB.

Ho, SDN u SDR TexHOJOrMM HOBBIE, HECMOTPS
Ha  CBOIO  COBPEMEHHOCTh, W  IIOTEHITHAI,
KOHQHUTYpHpyeMBbIe CETH  JIOCTATOYHO  CHIPHIE,
MOATOMY paboTaTh B 3TOM HAIIPABIICHHUH €IIe MHOTO.
Ho TemMHM MeHee, He ONHO J>KENaHUE 3aCTaBIACT
padoTaTh B 3TOM HampaBJICHHE, TIOHUMAHKUE TOTO YTO
B JajbHeWeM 0e3 HOBBIX PEIIeHUH HE BO3MOXKHO
Oymer mepediTn Ha OoJiee COBpPEMEHHBIC BEPCHHU

WHTEPHET YCIIyT, SIBJIIETCS JIOCTaTOYHOM
MOTHBAIIEH TMO3BOJISIBINEH paboTaTh B OTOM
BEKTOpE.

Hexoropele Hemoctatku  KoHuenuuud  SDN,

CBsI3aHHBIE C HOBU3HOW BONPOC IIEHTPATH30BAHHOTO
VIOpaBJICHUS CETSAMH, IIO3TOMY KOJHYECTBO OSTHX
HEIOCTaTKOB CO BPEMEHEM CTaHET ropas3io MEHBIIIE.
[1,2] Cneumamucter Hewlet-Packard, cuuraror, 49Tto
IIKM coBceM He HMEET HEIOCTAaTKOB, TaK Kak
TEXHOJIOTHSI ~ KOTOpas  IOMOTUTEe  OOeCle4uTh
0€30TKa3HOCTh M 0e30macHOCTh KoHmenuuu SDN
YK€ CYIIECTBYET €€ Ha/l0 TOJIBKO MPUMEHUTb. [6]

OcHOBHOIi MaTepHaJ

OmHUM W3 TIPUMEPOB  IPOAYKTOB  3aIIUTHI
ABISIETCS ~ TIPOEKT  C  OTKPBITBIMH  KOJAMH
OpenFlowSec.org 1o  pa3paboTke  peLIeHUH,

MO3BOJISIIOIINX PEAIM30BaTh HEKOTOPHIE 3alUTHBIE
cepBUCHI NpH ucnonb3oBanuu SDN. B pamkax storo
NPOEKTa CO3/aHO KaKk MHHHMYM TPH IPOAYKTA,
KOTOpBIE JAIOT TOJB30BAaTEIsIM KOHTpOJUIEpa C
OTKPBITBIMA KOJIaMH NOX BO3MOKHOCTb
peann3oBaTh HEKOTOPBIE CEPBUCHI OE30IIACHOCTH:

1. NMuctpyment Security Enhanced Floodlight -
JOTIONTHUTEIBHBIA ~ MOAYJNH Ui KOHTPOJUIEPA,
MO3BOJISIET IPOBEPSATH KOPPEKTHOCTH OCYIIECTBICHUS
YIpPAaBJICHUS IOTOKaMU MH(POPMAIMH C TOUYKH 3PEHHS
6esomacHoctn. OH TakXKe MOXeT OJIOKUPOBATH
COEIUHEHUs, HapYLIAl0T 3apaHee OMpEeeICHHYIO
MOJINTHKY 0€30MacHOCTH.

2. Security  Actuator -  obGecreunBaet
pearupoBaHUC Ha BHEIIHHE aTaKh M MEPECTPaHBacT
SDN-ceTh Tak, 4TOOBI JIOKATH30BATh HAMAJCHUC U
3a0JI0OKUPOBATH 3aPAIKCHHBIC KOMITBIOTEPHI.

3. OpenFlow BotHunter -  coGupaer
nHpOpManuio o paboTe, TPOSBILET 3apakeHHBIE

y3IBI, @ TaKXKe MEpPEHANpaBIsCT  BPEAHYIO
JEATEIPHOCTh ~ HAa  CICHHAIbHBIE  JIOBYIIKH,
¢bukcupyronye JOCHCTBHSA HalaJaomnx "

AHAJIU3UPYIOT UX AKTUBHOCTD.
Kommanue#t Radware npeanmoxkeHa mnporpamma
DefenseFlow, pa3paboTaHHyr s 3allMThl OT

DDoS-atak  (Distributed Denial of Service).
PykoBoxcrBysch YKa3aHUsIMH KOHTpOJIIIEpa,
OpenF low- KOMMYTaTOoOp cobupaet CTaTUCTUKY

ceteBoro Tpagpuka. DefenseFlow nzyuaer Tpadpuk Ha
IpeAMET aHOMAJIbHOTO TOBEICHUS CETH, THITUIHOTO
st DDoS-atak. B cnydyae HaxoxaeHUsI aHOMaJIbHOM
AKTHBHOCTH, KOHTpOJIIEP MHCTPYKTUPYET
KOMMYTaTopsl ~ KakuM  o0pa3oM  (HIBTPOBATH
MOJO3pUTENbHBIE  MOTOKM.  Takum  oOpasom
OTCEMBAeTCs TOIBKO BPEJOHOCHBIH TpauK.

IToxoxmue MepbI 0e301acHOCTH MOTYT
peanu3oBaHBl M U1 JPYTMX KOHTPOJUIEPOB, WU
O5ITh TIOpTHPOBaHBl Ha HUX [1]. C 0oIHON CTOPOHEI,
SDN OTKpbIBaeT 3JIOYMBIIIJIEHHUKAM HOBBIE II€TTU
JUIl HamlaJeHus W 3JI0yNoTpeOJIeHHs, a ¢ JApyrou
CTOPOHBI TIPE/IOCTABISIET HOBBIE BO3MOXKHOCTH II0
CO3JIaHUIO CEpBHCOB nH(pOpMaMOHHOM
0e30IacHOCTH.

Bobixoa u3 cTposi KOHTpoOJLIEpa

Camplif oueBHAHBIN HemocTaTok SDN BeITEKaeT
13 ee LEHTPAIN30BAHHOCTHU - MPU BBIXOJE U3 CTPOS
KOHTPOJUIEpa OCTAHOBHUTCS BCS CETh. JTO MOXKET
OBITH BBI3BAHO BHEIIHWM BMENIATEIbCTBOM (BEIb
KOHTpOJUIep OyZeT ySI3BUMOH TOYKOH CETH M MOXKET
CTaTb  ILENbI0  HANpPaBIEHHBIX  aTaK) WU
BHYTPEHHUMH  HEUCTIPABHOCTAMH  ((pU3NUECKHMU
MOBPEX/ICHUSIMH, HEXBATKOW 0bopynoBanus) [2,3].

3Ty NpodJjieMy MOKHO PellINTh:

1. PesepBupoBaHue KOHTpoiIepa. 3anacHOU
KOHTPOJUIEp JOJDKEH IIOCTOSHHO paboTaTh B
«XOJIOCTOM» PpEeXHMe JUII BO3MOXKHOCTH 3aMEHBI
OCHOBHOT'O KOHTpoyuiepa. Jlpyroil BapHaHT, ecid
(YHKITMOHATBLHOCTh ~ OyleT  MojelieHa  MEeXAy
KoHTposulepamMu. Ecim  KOHTpONJIEpsl pa3HECEHBI
reorpaduuecky, TO KK U3 HUX OyaeT OTBedaTh
3a Ty 4acTb CETH, 3aJepKKa KoTopoi MeHsle. IIpu
9TOM KaXK/IbIii U3 KOHTPOJUIEPOB JAOJDKEH ObITH TOTOB
NPUHATH BCIO (PYHKIMOHAJILHOCTH Ha ceOsi B cilydae
coost.
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2. Tlocrpoenme rubpuanoii cetn «SDN +
TpaJULMOHHAs CEeTb». Toraga B Ciydae BBIXOAA U3
CTpOS. ~ LIEHTPAJIbHOTO  JJIEMEHTa  YIpaBIICHHS,
KOMMYTAaTOpsl IEPEXOAAT B AaBTOHOMHBIH PEXHM
BBIYHCIICHUA MapUIpyTOB M HAYMHAIOT paboTaTh IO
CTapoil TEXHONOTHH - XOTh M MeEAJCHHee, HO 0e3
pa3psiBa COCIMHEHNS.

3. IIlpuMeHEeHnEM HOBBIX NPOTPAaMMHBIX CPENCTB
0e30macHOCTH, 3allMINAIOIIUME  KOHTPOJUIEp  OT
BHEIIIHUX aTak. [IpuMepsl Takux CpeacTB MPUBEICHBI
BBIIIE.

Ommnéka nporpaMMHUPOBAHUM NPHI0KeHHIHAPI

Ommnbka B NPOrpaMMHPOBAHUU KOHTpOJUIEpPA
MOXET IPUBECTH K CEPhE3HBIM MpoOJIeMaM Ha BCel
ceTn, KOTOpylo OH oOcmyxkuBaer. [Ipumep:
HECKOJIbKO OJHOBPEMEHHO DPabOTAIOMMX IPOrpaMm
OyIyT KOHKYypHpOBaTh 3a CETEBBIC PECYPCHI, NpPHU
OoJbIION Harpy3ke MOXKET BO3HUKHYTHh CHTYalus,
KOrZa OfiHa IPOTrpaMMa MOHOIOJIM3UPYET HX, H3-32

4ero Jpyrue HPUIOKEHUS MepeCcTaHyT
¢dyHKIMOHUpOBATh [4].
Bo3mo:kHoe pemienue:
Hcnons3oBanue TOJILKO MIPOBEPEHHBIX

TIPIIOKEHUH 1 UX KOMOWHAIIHH.
IIpoBeneHne TecTUPOBAHMS HOBBIX MPOTpPaMM Ha

BUPTYaJIbHOH CETH Tmepel BBEACHHEM HX B
9KCIUTYaTaIHIO.
3ajepkka  TpPH  TOMYYEHHUM  HWH(OpMaInu

KOHTPOJUIEPOM O  BBIXOAEC U3
3arpy’kKeHHOCTh KaHaja

[Iporoxon IP opueHTHpOBaH Ha TO, YTOOBI
MapUIpyTH3aTOPBl  CaAMOCTOSITETIBHO — CISIWIN 32
MOTPY3KOM U PabOTOCTIOCOOHOCTBIO CBSI3AHHBIX C
YCTpOHCTBOM KaHaoB, a B SDN M0 COCTOSIHUIO CeTH
CIEIUT KOHTPOJUIEP, KOTOPBIH MOIy4aeT JaHHBIE O
BBIXOJIC M3 CTPOS KAHAJOB M UX 3arPy:KEHHOCTH «CO
CTOPOHBI», TO ©€CTh 3aJepKKa B TOIYYCHUHU
HHPOPMAIMU © TPHHATHH peIIeHHS. ITO He
CIOCOOCTBYET YBEIMICHUIO HAIC)KHOCTH.

CJI0’)KHOCTD ITOCTPOEHHS CETH, MMEIoIei Ooee
OJTHOTO BIIAJIeblla H3-32 HEBO3MOXKHOCTH [IEJIUTh
MeXIy co00H (YyHKIMH OHOTO KOHTPOJLIEpa

JIBa omepatopsl HE CMOTYT JEIUTh MEXKIY COOOM
(hyHKIMK OHOTO KOHTPOJUIEPa, TO3TOMY HaJIeKHYIO
MIPOTPaMMHO-KOH(DHUTYPHPYEMBIX CEeTh MOHO
MOCTPOUTH TOJIBKO, €CIIH BCA CETh HUMEET OIHOTO
Biagenbia. OTMETHUM, YTO CIOXHOCTh BO3HHKAET
TOIBKO B  Cllydae  HCIONb30BaHUS  OJHOTO
JIOTHYECKOT0 KOHTPOJLIEpa.

Bo3MoxxHbBIM peleHreM SIBIISICTCS
BUpTyalu3allsd ¥  W30JAIMs  Tpaduka  JOBYX
npoBaiinepos Ha ypoBHe VLAN. Takas ceTs, 0JHaKko
gBIsieTcd Ooyiee  CIOKHOM Il yIpaBieHUS U
HACTPOWKH, W3-32 HEOOXOAMMOCTH TPUMEHEHUS
ITOPUTMOB ISl TaKOTO pPAacIpeleieHus] CETEeBBIX
PECYPCOB,  VAOBJIETBOPUT TMOTpeOHOCTH 000X
onepatopos ISP.

CTpOS  WIH

HeTtexHosornunpie npodaeMsl
Heob6xomuMocTh TEpeCTPONKH CYMIECTBYIOIIUX
CEeTeH.

Heob6xonumocTs nepeKBaI(puKaum
aIMUHHCTPATOPOB CETEH.
Mamoe kommgectBO  «aHCTHIX»  OpenFlow-

KOMMYTaTopoB Ha peiHKe. B ocHoBHOM, OpenFlow
IPHUCYTCTBYET B CETEBOM 00OPYAOBAaHHHU TOJIBKO KaK

JOIIOJTHUTCIIbHasA (IJyHKL[I/IOHaHLHOCTL . 310
NpUBOAUT K  YAOPOXKAHUIO OGOpyI[OBaHI/Iﬂ, a,
CJIE€A0BATCIIBHO, Ha BHEIAPCHUC MporpaMMHO-

KOH(OUTYPHPYEMBIX CETH HEeoOXOAuMBbI OoJblIine
JICHE)KHBIE 3aTpaThl.

HeOonpmioe  KoJIMYeCcTBO  mporpamm  Juist
KOHTPOJUIEPA C OTKPBITHIM IIPOrPAaMMHBIM KOJIOM.

Bce 3t po6nieMbl OyayT ycTpaHEHBI C TEM, XOTS
KOMITaHHU c OoNBIINMH (bMHAHCOBBIMH
BO3MOXKHOCTAMH " KBATH(UIIMPOBAHHBIMH
CIIEUAJIUCTAMU YXKE celyac MOTYT PeluTh ux. [5,7]

BriBoaBI

HccnenoBaHbl HEIOCTaTKH SDN-cereii.
BrigBI€HO, YTO HaA AAHHBIHE MOMEHT TaKUM CETAM
NPUCYIIM  CIENYIOIIME HEAOCTaTKH: OCTaHOBKA

paboThl CeTH NpH BBIXOJE U3 CTPOS KOHTPOJIIEpa,
BO3MOXKHOCTh OHIMOKM IpH MPOrpaMMHUPOBAHUU
MPUI0KEHUN, 3a/IepiKKa IpH MOJTyYEHHN
nH(pOpMaK KOHTPOJIIIEPOM O BBIXOJIE U3 CTPOS WIN
3arpy’K€HHOCTh KaHaJla, CII0)KHOCTh IOCTPOEHUS
ceTn, WMeromei Oojee OJHOTrO BiajeNbIa Yepes
HEBO3MOXHOCTb JIEJINTh byHKIMN OJTHOTO
KOHTpoOJuIepa. Bpumn mpeanoxeHsl MeToxbl OOpbOBI
CO BCEMH BBIIICIPUBEACHHBIMH HEIOCTaTKAMH.
Bcenencreue HoBU3HBI TeXHOI0rMK, SDN-ceTH Takxke
CTaJIKUBAIOTCS c npobiemMaMu neduiyra
KBaTH(DHUIMPOBAHHBIX  aJIMHHHCTPATOPOB  TAaKHX
ceTel, MEHBIIIMM aCCOPTUMEHTOM 000PYIOBaHUS IS
SDN-ceteil 1 HEOONBIINM KOJUYECTBOM IMPOrPaMM
JUIl  KOHTPOJJIEpA C OTKPBITBIM POrpaMMHBIM
KOZIOM.
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PA3PABOTKA BbICTPOJAENCTBYIOIIETO JEKOJEPA BUX-KO/IA (15, 5, 7) HA

IJINC

PwokoBaC. E., MeikoE. A., 3oesU.B.
Hayunslit pykoBoautens: A.H. ManbuykoB
ToMCKUI IOJIUTEXHUYECKUN YHUBEPCUTET
r.svet93@yandex.ru

BBenenue

Bonpoc coxpaHeHHs LEIOCTHOCTH IAaHHBIX INPH
nepenade U XpaHEHHH MH(POPMAIMH OCTPO CTOUT B
BEK 0eCIpOBOTHBIX TEXHOJIOTUH. Hns
CBOEBPEMEHHOTO OOHapyXeHHsi M OIEpaTHBHOIO
UCIIPaBJICHUsT OIIMOOK B KOJOBBIX KOMOWHAIUSIX
MPUMEHSIOTCA IOMEX0YCTONYMBbIe Koabl. OXHUM U3
HanOosee W3BECTHBIX B JAHHOW 00JacTH SBISIETCS
kox boysa — Yoyaxypm — Xoksuarema [1] (BUX-
kon). CymecrBytomue anroputmsl (IIntepcona-
T'opencreiina-Lupnepa, EBxinnos aJIrOpUTM,
Bepnekemna-Meccn) nexomupoBanus BUYX-komos
UMEIOT OAMH CEpbe3HBIII HEJNOCTaTOK — OHHU He
UCIIPABJIAIOT OMIMOKY B IMPUHATOW KOMOWHaIWH, a
CIOCOOHBI TOJIBKO OOHApPYXHTh MO3WIHIO OIIMOKH.
s ucnpaBneHus: olMOKH HE0OXOJUMO NPUMEHHUTH
Mmeton YeHs, KOTOpbIA MO (akTy SIBIASETCS MOIHBIM
nepebopoM,  YTO  3HAYUTEIHHO  BIUSET  Ha
ObICTpOJICiiCTBIE YCTpOHCTBa AekoaupoBaHus. Jlis
penieHust TpPoOJIEMBI  HU3KOTO  OBICTPOJECHCTBHSA
pa3paboran OvIicTponeiicTByrommid aekoxep bBUX-
koma (15,5,7) Ha ocHOBe MeTOHa ITMKIMYECKOTO
JIEKOANPOBAHUSL.

MaTpHYHBIi AIrOpPUTM AeJIeHUs MOJTMHOMOB

MeToa LIMKIMYECKOTO AEKOAMPOBAHHUS OCHOBAH
Ha Omepanusx JeNeHHns MO MOJYII0 2 KOJOBBIX
KoMOuWHanuid Ha oOpasyrommii mommHOM [2]. Jlns
anmapaTHOW  peanM3zalyM  HauboJee  yIauHBIM
SBIISIETCS MaTpUYHbINA AITOPUTM JIeTICHUS
MOJIMHOMOB, KOTOPBIM 3aKilfo4aeTcss B IPOLEAype
YMHOXCEHHUSI BEKTOpa Ha MaTpHIly, IIe B KauyecTBe
BEKTOpa BBICTyNAaeT [eIMMOE, a MAaTpUIbl —
MpeIBapUTEIFHO  BBIYMCIICHHAS ~ MaTpulia IS
3apaHee ONpPEJIEICHHBIX UIMH JIEIUMOT0 U JICIUTENs
(puc. 1). MaTtpuunslii anroput™ (puc. 2) HO3BOJISIET
MOCTPOUTh CXE€My Ha KOMOHMHAIMOHHOW JIOTHKE,
KOTOpast ()OPMHUPYET BBIXOJHOH CHTHAJI C Y4ETOM
TEKyIEr0 3HAYEHUs BXOAHOTO CHTHajla, 4YTO HE
TpeOyeT HaJIW4Ms 3JIEMEHTOB NaMsTH [3,4].

a0 k-1 a00

alk-1 alo

an-1k-1 an-1,0

k I

Puc. 1. Hpe[[BapI/ITeHLHO BbIYHMCJICHHAA MaTpulia

KC

c0
cl
c2
c3
c4
c5
c6
c7
c8
c9
cl0
cll

mi

=)

Martpuua

0000000001
0000000010
0000000100
0000001000
0000010000
0000100000
0001000000

0100000000
1000000000
0100110111
1001101110

0010000000 [—»

QOcraTok
I

c0 +cl10 +c12 +cl4
cl+cl0 +cll +cl2 +cl3 + cl4
c2+cl0+cll +cl3
c3+cll+cl2+cl4
c4 +cl10 +c13 + cl4
c5+¢c10 + cl1 + cl12
c6 +cll +cl2 +cl3
c7 +cl12 +c13 +cl4
c8 +¢cl10 + cl12 + c13

c9 +cll +c13 +cl4

cl2 0111101011 9
c13 1111010110

cl4 1010011011
L1 ml14

Puc. 2. CTpyKkTypHast cxeMa MaTpHIHOTO aJropuTMa

CrpykrypHas cxeMma aexogepa bUX-koaa (15,5,7)

CormacHo mapamerpam bUX-xoma (15,5,7)
JEeKoJep AOJDKSH HCIPABIATH A0 TPEX HE3aBHCHMBIX
OIINOOK TUTS KoJIa JUTHHBI 15 (mmaHA
nndopmanmonHoro coodbmenus — 5). Ha puc. 3

MpeCcTaBjeHa CTPYKTYpHas cxemMa JeKoAepa.
CW(x) *

DopmMmuUpoBaHue N
KOOOBbLIX CNOB

CWo(x) CWhn-1(x)

Bol4qucneHne
ocTaTkKoB OT
aeneHus
CWi(x) na G(x)

Ro(x)l IRn-1(x

BolucneHne
BeCOB OCTaTKoOB
Ri(x)

Resulto Resultn-1

=21

WHMcnpasnerHne
ownbKKn
F(x) = CWi(x) @& Ri(x)
n oBpaTHbIA
UMKITMYECKMIA caBur
Ha i BwvT

Jreo

Puc. 3. CrpykrypHas cxema aekoaepa bBUX-kona

I[eKOI[PIpOBaHI/IG OCYIICCTBJIACTCA Ha OCHOBE
MOI[I/I(l)I/IL[I/IPOBaHHOI‘O METoaa TUKIUYECKOTO
JACKOAUPOBAHUA. MO,HI/I(i)I/IKaHI/ISI 3aKJII04acTCsd B
HapaHHCHBHOﬁ OGpaﬁOTKC CABUI'OB KOJOBBIX CJIOB,
YTO UCKIIHYACT HAJIM4YUeC O6paTHOI71 CBsA3H.

@DyHKUMOHAIBHASA cxeMma nexoaepa BUX-koana
(15,5,7)
Pa3paboTannblii Jexonep BKIO4YaeT 32 MOIyds
[5], pa3paboTaHHBIX Ha SI3bIKE OMHMCAHMS ANIapaTypbl
Verilog: main, SEGMENTO-SEGMENT14,
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WEIGHTO-WEIGHT14, SHIFT_1.

B momyne main (puc. 4) moctymaeT BXOTHOE
KOJIOBOE CJIOBO, IUII KOTOPOro (hOpMHpPYIOTCS Bce
BapUaHTHl IUKINIECKUX CIBHUIOB.

“main

m— POL[14 0]  POLA[4 0] fe=

| instd

Puc. 4. Moayne main

Monymu SEGMENTO-SEGMENT14 (puc. 5)
OTBEYAIOT 3@ BBIYMCIICHHEC OCTAaTKa OT JCICHHS BCEX
BapUAHTOB  LHUKJIWYECKOrO  CABHUra  BXOIHOTO
KOJIOBOTO CJIOBa Ha O0Opa3ylolluii IOJMHOM, Ha

OCHOBC AJITOpUTMA MAaTPHUIHOT'O ACICHUS.
| SEGMENT0 i

=t POL[14 0]  SEGM_0[3 0] fe—

~inst :

Pﬁc. 5. Monynb SEGMENi

B wmoagymax WEIGHTO-WEIGHT14 (puc. 6)
OCYIIECTBIISICTCS. pacyeT BECOB OCTaTKOB. 3areM,
[IOJIyYEHHBIM pe3yNbTaT CPaBHUBACTCS C YUCIOM
MaKCHMaJIbHOTO  KOJIMYECTBa OHIMOOK, KOTOpPOE
CIocOOEeH HCTPaBUThH ACKOJEP, B JAHHOM ciydae 3.
Ecnu Bec ocrarka Oounblie, TO Ha BBIXOJ IHOAACTCS
jnorudeckuii  «0», eclii MEHbIe WIM paBeH —

joraueckas «1».
WEIGHTO

—— SEGM 0[9.0]  RESULTO —

inst10

Puic. 6. Monyms WEIGHT

B moxyne SHIFT | mpoucxogut ucmpaBieHHe
OmMMOKM B IpUHATOW KoMOMHammu. [Ipm momorn
NPUOPUTETHOTO MMQpaTopa, HAXOANUTCA TIEPBBINA

CHUTHAI RESULT C JIOTHYECKOM «1»,
COOTBETCTBYIOIIMA  JTAHHOMY CHTHAIy  OCTaTOK
CKJIQJIIBAETCSl MO MOJYJI0 JIBa CO CABUHYTBHIM
KOJOBBIM  cjoBOoM. Takke B JaHHOM  OJIOKe
ocymectBisier Bbmada curHanoB CORRECT w
UNCORRECT.

MopeanpoBaHnne padoThl JeKoaepa

Jns MOJTBEPKACHHS paboTrocriocobHOCTH
JIeKoiepa HeOOXOANMO IIPOBECTH €r0 TECTUPOBAHHE
Ha pa3NUYHBIX Habopax MaHHBIX, C Pa3THIHBIMHU
BapHaHTaAMH OMIMOOK B NPWHIMAEMBIX KOJOBBIX
komOuHanmsax. Ha puc. 7 mpencraBieHsl pe3yIbTaThl
paboTel nmekoaepa s paznudHbix ommbok (7FFF—
ucxonHoe cioBo, 7D6F — TpéxxpatHas omnOka,

TFFO—ueTbIpéxkpaTHas ouInoKa).
100,0ns 125,0ns 150,0ns 175,0ns

Name

POL 0000 7D6F 0000 JFFD
FIX_POL 0000 3 % 1 ST ) D000 Kl

CORRECT
UNCORRECT | Ir

Puc. 7. Pesynbratel paboThl AeKoaepa

Kax BumHO u3 puc. 7 nexojep OOHapyxuia H
UCTIPaBWI TPEXKPATHYIO HE3aBHCHUMYIO OIIHOKY, MPH
9TOM YETHIPEXKPATHYIO OIIMNOKY IeKOAep OOHAPYKII
(1o He ucnpasmin) u Beigan curgian UNCORRECT.

B TabIuIEe MIPUBEIICHO OBICTpOIEeiicTBHE
pa3paboranHoro nekxojepa BUX-koma m gexonepa-
aHajora.

Tabnuna. bricTponeiicTBue nexkoxepa

n k AHanor Pa3paboTKa
15 | 7 |3318mkc| 28051HC
3aki0ueHue
Pe3ynbTarhl TECTMPOBAaHUS U CPABHUTEIBHBIN

aHanmu3 paspaboranHoro nexonepa bBUYX-koma (15, 5,
7) TOKa3bIBAIOT €ro CIOCOOHOCTh OOHAPYKUBATH M
UCTIPABIIATH OMIMOOYHbIC OUTHI B MAaKeTe JAHHBIX HA
Pa3MUYHBIX MO3UIHAX — KaK B KOHTPOJILHOM OJIOKe,
TaKk U B UH()OPMAIMOHHOM, TaK M MPU HAITUYUH
omuboK B 00omx Onokax. Ha ocHOBaHWYM cpaBHEHUS
JIEKOJIepa € aHAJIOTOM MOXHO CKa3aTb, YTO ACKOJEP
SIBISIETCSL  OBICTPOJCHCTBYIONIMM, YTO [O3BOJISET
OIICPATUBHO HCHPABJIATH OHII/I6KI/I npu nepeaavuc
JaHHBIX B CUCTEMAX aBTOMAaTHU3alluu IMPOU3BOJACTBA.

Cnmcok ucnoJb30BaHHBIX HCTOYHHKOB
1. boy3 P.K., Poit-Hoynxypu [I.K. O06 omHOM

KJIacC€ NBOUYHBIX I'PYHNIIOBBIX KOJAOB € UCIIPABJICHUEM
omubok. — B kH.: Kubepreruka. M., 1964. — C.112-
118.

2. Mytsko E., Malchukov A., Adaptation of
technology MPI and OpenMP to search for the
generators polynomials. Proceedings of the 9th
International Forum on Strategic Technology (IFOST-
2014). Chittagong, 2014, pp. 5-8.

3. Mytsko E. A., Malchukov A. N., Novozhilov I.
V., Kim V. L. Fast Decoder of BCH Code with Cyclic
Decoding Method. Proceedings of the International
Siberian Conference on Control and Communications
(SIBCON-2016). Moscow, 2016, pp. 1-4.

4. Mytsko E. A. , Malchukov A. N. , Ryzhova S.
E. , Kim V. L. Structure Development of the BCH
Code High-speed Decoder Based on the Cyclic
Decoding Method. Proceedings of the International
Conference on Applied Mechanics and Mechatronics
Engineering (AMME-2015). Bangkok, 2015, pp. 175-
178.

5.Epemun B. B. , MampsuykoB A. H. O
MMPUMEHCHUHN 6H0‘{H0-OpI/I€HTI/IpOBaHHOFO noaxoaa K
pa3pabotke ycrpoiicte Ha [IJIMC [DnekTpoHHBIH

pecypc] // Becrnuk wHayku Cubupu. Cepus:
WNHpopMannOHHBIE  TEXHONOTMH W CHCTEMBI
yopasienus. - 2011 - Ne. 1 - C.379-381. Pexum
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JocTymna:
http://sjs.tpu.ru/journal/issue/view/2/showToc/sect/4
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NHOOPMAILIMOHHASA CUCTEMA CBOPA, XPAHEHUSA 1 OBPABOTKHA
METEOJAHHBIX

Komnouer A.C., ITonor B.H.
Hayunsrii pykoBogutens: Ilonos B.H.
ToMCKUI IOJIUTEXHUYECKUN YHUBEPCUTET

ask71@tpu.ru

Beenenne

B nmocmenHee Bpems T MEXIYHApOIHOTO
oOMeHa METEeOpOJIOTHIECKOH WHpOpManneH MIMPOKO
WCTIONB3YIOTCS  KOAWpOBaHHBIE  cBoAku.  OHH
BKITIOYAIOT JaHHBIE HaOMOneHWH W oOpaboTaHHBIC
nmaHable. KomupoBaHHBIE CBOIKH — HCIIOJIB3YIOTCS
TaKkKe I MEXIYHAPOAHOTO OOMEHa IaHHBIMH,
TPeOYIOIMMHUCS Ul CHEHUAIBHOTO TMPUMEHEHUS
METEOPOJIOTHH B Pa3IMYHBIX 00JIACTAX YeI0BEUECKON
JeITeNIbHOCTH, W Uil oOMeHa wHH(OpMaIuei,
uMmeromeil oTHomeHue Kk Mereopoioruu. Komsl
COCTaBJIEHBI U3 Habopa KOJOBBIX (GOPM M ABOMYHBIX
KOJIOB, COCTOSIIIMX W3 CHMBOJIOB (OyKB WJIM TPyMHII
OykB), 0003HAYAIOMIUX METECOPOJIOTHUECKUE WIIH, B
OTIpeNeNICHHBIX ~CIIydasX, Ipyrue reo(u3ndecKue
JJIEMEHTHI. 3aMeTHUM, YTO JaXkKe KpaTKOe OIHMCaHWe
CTPYKTYPBI M COCTaBa KOIOBBIX (OPM ITOKa3bIBaeT
HEOOXOMMMOCTh  Pa3pabOTKH  CpPEACTB  XpaHCHUS
METEOPOJIOTHYECKUX AAHHBIX JUIA Pa3IHMYHBIX CHCTEM
MX  aBTOMaTH3MpOBaHHOW  00paborku. HmeHHO
paszpaboTke WHPOPMAIIMOHHOW CHUCTEMBI IJsi cOopa,
XpaHeHHs M 00pabOTKM METEOJaHHBIX U TOCBSIIECHA
HacTosIas pabora.

Haub6onee pacnpocTpaHEHHBIM KOJIOM,
COJIeP KALIIM THIPOMETEOPOIIOTHIECKYIO
uHpopmanmio, sBusercs koxm KH-O1. Jlawubrii xon
COJICPKHT JTAHHBIC THIIPOMETEOPOTIOTHUECKUX
HAOJIOMEHUI C Ha3eMHBIX M MOPCKHX CTaHIWAN
(MmexxnyHapomHas dopma FM 12-VIISYNOP u FM
13-VIISHIP). B cocTtaB JaHHOTO KOJa BKIIOYEHO
niecTb paszenos. IlepBelid, TpeTUl U ISITHIE Pa3zeilbl
colepXaT JaHHbIe, IIONyYeHHbIE C IPU3EMHBIX
CTaHIUii, a BTOPOM U 4ETBEPThIi— JaHHBIE C MOPCKUX
cranimii. HyneBoit pasmen sBisieTcs oOmmM, Kak JJis
NPU3EMHBIX CTAHIMA, TaK © JUII MOPCKHX, U
COJIEP’KUT MH(POPMALIMIO 0 OYKBEHHOM OIIO3HABaTele

KOla, JaTe W CpoKe HaONIoJeHHs, YyKa3areie
HCTIONB3YEMBIX €UHHI] CKOPOCTH BETpa U crocoda eé
OTIpeNieNIeHus, a Taloke 00 yKa3zaTelu THIIa CTAaHIUU U
eé unnekce. Kaxxaplil pasgen coCTOUT U3 HECKOIbKUX
rpym [1].

Cxemy Koma
CIeyoImM 00pa3oM:
Paznen OM.M,M.M,YYGGlW““l
Pasmen l:igixhVV  Nddff 1s,
3POPOPOP0 4PPPP (I/IJ'II/I
GRRRtB7WWW1W2 8NhC|_CMCH
Paznen 3:333 1s T, T, T, 28, ToTnln 3ES TqTy 4E’sss
55SSS 6RRRtg 8N,Chshs 9SpSps,s,

Pazmen 4:555 1ES T'(T'q (580T24T24T24) (528nT2T5)
(530f1,f12) 7TR24R24R24/ 88R24R24R24

Hwxe npencraBneH npuMmep mnepeaaBacMoro
KOJia, BKJIFOYAIOLLETO PaHEe OMHUCAHHBIE Pa3/ieibl:
15151 26063 21328 81407 10073 21027 40025
57021 76345 86626 333 10115 60052 86808

MOKHO TNPEACTAaBUTH

TTT ZSanTde
4azhhh) Sappp

DOYHKIMOHUPOBAHUE CHCTEMBI
JlanHble, mocTymnatonue co craHiuuu B koje KH-
01, ¢ momompl0 KOHBEpTEpa BXOMHBIX JAHHBIX
pazbuBaroTcss M TpeoOpasyrTcs B ¢opMmaT Oasbl
JTAHHBIX ¥ 3aHOCATCA B 0a3y JaHHBIX B TaOIHILy (TalII.
1) MeTeomaHHBIX IJIS JaJbHEUIIErO YIOPsSI0YeHHOTO
xpaHeHuss W oOpabotkm.  Ilpomcxommt  3TO

crenyonM  obpazom. U3 daiina, coaepxkaiiero
manaele B Qopmare  KH-01,  cuwmteBarorcs
3aK0IUPOBAHHBIC COO0OLIEHHS. Haiee u3

MIPOYNUTAHHBIX COOOIIEHUI YyIaNAIOTCS H30BITOYHBIE
JIaHHBIE, TaKWe KaKk OTJIUYUTENbHblE HU(PBI Ipym.
3aTeM MPOUCXOAUT pasfefieHHe NepeaaBaeMoro Kojaa
Ha OTAENbHbIE KOMIIOHEHTHL. B mrore momywarorcs
JIaHHBbIe, KOTOphIe YAOOHO XpaHWUTh B 0a3e NaHHBIX,
KyJa OHH U 3aHoCcATCA[2]

Tabimma 1. Tabiuia MeTeoJaHHBIX

Stationtype Theheightoftheclo Rang_e_ofwsl Cloud base | Cloudamount | Formclouds
uds bility
1 3 28 6 70 8
I[aHHI)Ie, nocrynaromume cOo CTaHouu B BHUHAC CIIPABOYHBIX Ta6J’II/III, CoACpKallluX JAaHHBIC JId
cnemmanpHoro koma KH-01, nensitrcs Ha paspensi, npeoOpa3oBaHus,

paszienibl — Ha TPYNINbl, TPYHIbl — Ha KOMIIOHEHTHI,

KOTOpBIE€ YCIIOBHO MOYKHO pa30uUTh Ha 3 BUA!

1. KOMIOHEHTHI TPYIIHI C YHCIOBHIMUA JTAHHBIMA —
KOMITOHEHTHI, cojepkaiye JIaHHBIC,
npeoOpa3oBaHNE KOTOPBIX INPOUCXOAWUT 3a CUET
BBITTOJTHEHHUS MAaTEMaTHIECKUX (QYHKIIHAHN;

2. KOMIIOHEHTBI TPYIIbI C TEKCTOBBIMH TaHHBIMH —
KOMITOHEHTBI, COJEpIKAIIKEe TaHHBIE, 151 KOTOPBIX
HIPEeayCMOTPEHO HaJau4yue ClieuaNbHbIX

3. KOMITOHEHTHI TPYHIIBI ¢ OOBIYHBIMH JaHHBIMU —
KOMITIOHCHTHI, KOTOPBIC HE HYXIAr0TCA B
mpeoOpa3oBaHUM.

Jlnst mpeobpa3zoBaHusl JaHHBIX W3 GopMmaTta Oas3bl

JNaHHBIX B (opmar ymoOHBIA IJIs TOJIE30BaTENs

UCIIONIb3YETCS ~ KOHBEPTEP  BBIXOAHBIX  JIAHHBIX.
[MpeoOpa3oBaHue AaHHBIX OCYLIECTBISIETCS 3a CUET
HCIOJIb30BaHHUS CIPaBOYHBIX TabmIl Wi

MareMartuueckux QyHKkuui. CrpaBouHble TaOJMILBI
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coJepkar B cebe COBOKYIHOCTb HEOOXOJMMBIX
KIIrouel i 0o0pabOTKM KoJla U XpaHATCA B BUJC
CHEIHUATbHBIX TAOJUII-CIIPABOYHHKOB 0a3bl JaHHBIX
(Tabm. 2).

Tabmmua 2. CipaBoyHast Tadsuna o popme 001aKoB

Code Form clouds

0 [epucrsie (Ci)

1 [Tepucro-ky4essie (Cc)
8 Kyuessie (Cu)

9 Kyueo-noxaessie (Cb)

B xadectBe mpumepa pacmm(poOBKH TEKCTOBBIX
JaHHBIX paccMmorpuM rpymmy 8NChshs (pasmen 3),
Harpumep, kox 86808. KoHBepTep BXOIHBIX JaHHBIX
yAaJsieT OTIHYUTEIbHYIO H(pY TPyl U pa3OuBacT
TPYIIY Ha OTACIbHBIC KOMIIOHCHTHI.

B pesynbTare B Tabnuiyy metreogaHHbIX (Tadu. 1)
OynyT 3aHeceHBl cienylouie naHubie: 6, 8§ u 08. B
JAHHOM TIpUMEpPEe BTOpas KOMIIOHEHTA T[PYIIIbI
yKa3bIBaeT Ha (OPMY OOJAKOB U pacIIU(PPOBBIBACTCS
KOHBEPTEPOM C IIOMOILBIO CIPABOYHOW TaOIMIBI
(tabn. 2). B pesymprare TOMYyYNM  CIIEIYIOIIHE
nmanable:  «KydeBsle (Cu)» o6maka. OcTanbHbBIC
KOMITOHCHTHI PaciIi(POBEIBAIOTCS aHAJIOTHYHO.

B kauectBe mpuMmepa pacmm(pPOBKH YHCIOBBIX
JIaHHBIX paccmorpuM Tpymmy 1s,TTT (pazmen 1),
Hanpumep, kox 10073. KonBepTep BXOJHBIX JaHHBIX
yAaJsieT OTIIMYUTEIbHYIO [U(PY Pyl U pa3OuBacT
IpyIIy HA OTACJIbHBIC KOMIIOHEHTHI. B pe3ynbTare B
TabIuIy MeTeoAaHHBIX (Tabn. 1) OymyT 3aHECeHBI
cinenyromue panneie: 0073. B ganHOM mpumepe

) - A

MeTeocTaHuua

KoHBepTep BXOAHLIX

OnepaTop AAHHBIX

..q

nepBas Ludpa Tpynmbl yKa3plBaeT Ha  3HaK

TeMIepaTypbl  BO3IyXa. OcranpHble  1HQPE

ONPEICTSAIOT TEMIIEpaTypy BO3AyXa C JECATBHIMH

JOMAMH H  PacII(pOBBIBAIOTCA  MPUMEHEHHEM

MaTeMaTHUYeCKON omnepauuu. B pesynpTaTe mosydum

TeMIreparypy Bosayxa: «+7,3» °C.

ITpuHOMT pabOTHI CHCTEMBI, MOXKHO Pa3AeinTh Ha

TISATH 3TAINOB (TIPEACTABIICHBI PUCYHKE):

1. Omepatop, uMesi CBsI3b C THIPOMETEOCTAHIMEH,
noxyyaer Qain, xpaHsumid kon B gopmare KH-
01.

2. 3arpyska onepaTopoM METEOAAHHBIX,
MOCPEACTBOM MHTep(eiica, B KOHBEPTEP BXOHBIX
JIAHHBIX, (QYHKIHS KOTOPOTO COCTOMT B yIaJICHUH
M30BITOYHBIX JAHHBIX " paszeneHnn
repe1aBaeMoro KoJjia Ha OTJeIbHbIE KOMIIOHEHTHI,
KakJasi U3 KOTOPBIX MMEET CBOW OMNpeAeICHHBIN
MOKa3aTelb: TeMIlepaTypa BO3[yXa, BBICOTA
00J1aKOB, CKOPOCTh BETpPa, AABICHHUE, KOJTUIECTBO
0CaJIKOB U T.JI.

3. Tlocnme pasneneHuss JaHHBIE  3aHOCATCS B
CTPYKTYpPHUPOBAaHHBIN MAaccCHB, KOTOPBIN
nomeniaercss B TaONUIy METEOJaHHBIX JUIs
JAIBHEHIIero  XpaHEeHUsT M IMOCIeAylomen
00paboTKH.

4. KonBepTep BBIXOAHBIX JaHHBIX OTBEYaeT 3a
npeoOpa3oBaHWe [aHHBIX, XpaHANIMXcA B Oase
MaHHBIX w3 (opMaTa 0a3pl JaHHBEIX B (opMmar,
YOOHBIN AJIS1 TTOTB30BATEIS.

5. BeBox mpeoOpa3oBaHHBIX [aHHBIX HA JKpaH
KOMITBIOTEpA B YZOOHOM JUIsl TIOJIB30BATENS BHIE,
Harpumep, B ¢opme Tabnui win rpaduxoB [3]

— © S s-
KoHBepTep BbIXOAHbIX
AAHHBIX

ba3a aaHHbIX MoHuTOp

Puc. Cxema paboTBI CHCTEMBI

Jis pa3paboTku HHOOPMAITMOHHOH CHCTEMBI OBLI
WCTIONIb30BaH CKPUITOBBIA SI3BIK IPOrPaMMHUPOBAHMS
PHP, mmpokxo mpuMmeHseMBIH U1 pa3paboTKu BeO-
NPWIOKEHUH, a Takke paboTarommii ¢ OoibIHIM
KOJIMYECTBOM  DPa3jMYHBIX CHCTEM  YIpaBJICHHS
6asamu maHHBIX. B kKadectBe CYBJl BRIOpaHa Taxke
MIMPOKO pacnpoctpanerHHas MySQL.

3akJi0uenue

Jannas WHPOPMANOHHAS cucreMa
aBTOMATH3MpYyeT cOOp, XpaHeHHe U O00paboTKy
METEOPOIOTHIECKUX JTAHHBIX, MOMOTaeT
OpraHW30BaTh JOCTYN K JaHHBIM, a TaKxke
obecrieunBaet YIOOHBIH MIPOCMOTP u
MAaHUITYJIUPOBAHUE JaHHBIMH. HOBTOMy Takas
nHPOpMAalMOHHAsT CUCTeMa OymeT T1ojie3Ha B

HCCIICIOBAaHMAX, HAIIPABJICHHBIX HAa aHAJM3 M MPOTHO3
MIPUPOAHO-KIIMMATHIECKHUX TIPOLIECCOB.

CnHcoOK MCHO0JIb30BAHHBIX HCTOYHUKOB
1. Kog pans omepaTWBHOM Tiepenayd JaHHBIX

MIPU3EMHBIX METEOPOJIOTHYECKIX HAOIIOACHUH C ceTn
-URL.:
nara

CTaHIUMN Pocruapowmera.
http://meteork.ru/doc/serv/synop.pdf (
obpamienus 10.10.2016).

2. boreirua UL.A., TlomoB B.H. Apxwurexrypa
pacnpesneneHHoi aitoBoit cucrems! // MHTepHET-
xkypHan «HAYKOBEJIEHUE» 2014. Ne 6
http://naukovedenie.ru/PDF/137TVN614.pdf (moctyn
cBOOOAHBIN). 3ari. ¢ akpana. f3. pyc. anra. DOI:
10.15862/137TVN614

3. 1. A. Botygin, V. N. Popov, V. A. Tartakovsky,
V. S. Sherstnev Architecture of scalability file system
for meteorological observation data storing // Proc. of
SPIE, 21st International Symposium Atmospheric and
Ocean Optics: Atmospheric Physics. — 2015. — vol.
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9680. - pp. 96800J-1- 96800J-4. -— doi:
10.1117/12.2205749.

57



XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

PA3BPABOTKA METOJIA WIEHTU®HUKAIINN AHOHUMHBIX
IMOJIB30OBATEJIEM CETH TOR

PemetnnkoC.1O.

Hayunsiit pykoBoautens borsirun 1.A.
ToMCKUI IOJIUTEXHUYECKUN YHUBEPCUTET
resh.sersh@gmail.com

Beenenne

B nHacrosimee BpeMst Bce OOTBITYIO TOMYIISAPHOCTE
Cpeoy aHOHMMHBIX IIONIb30BaTee HaOMpaeT CeTh
TOR. D10 ceTh, cocTosmias W3 TPOKCU-CEPBEPOB,
KOTOpBIC IO3BOJISIIOT yCTAHABIMBAaTh aHOHWMHOE
CETEeBOE COEANHEHHE, CBOOOTHOE OT MPOCITYIIUBAHHS.
OHa TakXe MOXXET pacCMaTPHUBATHCS KaK aHOHHUMHAas
CeThb BUPTYaJbHBIX TYHHENCH, IpeaoCcTaBIAIOmas
nepenady AaHHbIX B 3amm¢poBaHHOM Buie. Cerb
TOR HamucaHa, NPEeUMMYLIECTBEHHO, Ha S3bIKax
nporpammupoBanust C, C++ u Python. Cpean
AQHOHMMHBIX TI0JIb30BATENeH TaHHOM CETH MOT'YT OBITh
U 370yMBINUIEHHUKH. [lo3ToMy mouck cmoco0oB X
UICHTU(DHUKAIINH SBISCTCS aKTyaJlbHOHN 3a/1a4ei.

B coBpeMEHHBIX aBTOMATH3HPOBAHHBIX CHCTEMAX,
OCHOBAaHHBIX HA KOMIBIOTCPHBIX  TEXHOJOTHSX,
W3BECTHH METOIBI MACHTH()HKAINN II0JIB30BATEICH,
MIOCTPOCHHBIC Ha XpaHeHnH [P-anpecoB KOMIBIOTEPOB
U 3allUCH Ha KOMIBIOTEP IIOJH30BATENd TaHHBIX B
Buze cookie-gaiiiioB. bosee CIOXHBIM sIBIIsIETCS
METOJ, OCHOBAaHHBIH Ha CEMaHTHKO-CHHTaKCHYECKOM
aHaM3€e JaHHBIX TOJIb30BaTeNs. JlaHHBIE MeTOIBI
uieHTUGHUKAUY  O0JaaloT  PSJIOM  HEJOCTATKOB,
OHUMH M3 KOTODBIX SIBIISIETCSl HH3Kas CTENeHb
JIOCTOBEPHOCTH HICHTU(DUKAIIH, oo
HEOOXOMMOCTh ~ CO3JIaHHSI  CIICIHATN3UPOBAHHBIX
CEMAaHTHUKO-CHHTAaKCHYECKHX W  MOP(OIOTHUSCKUX
aHanuzatopoB [1-3]. Tlomumo  BblIIEYKa3aHHBIX
METOZOB, CYIIECTBYIOT ¥ JpPyTrHe TEXHOIJIOTHH,
TIO3BOJISFOIIINE cobupathb HHPOPMAIIHIO,
XapaKTepu3ymomyo pabodyio cpemy MOJb30BaTeNs.
MeToabl TaKuX TEXHOJIOTHI MPEIIOIIAaramT
BBISIBJIGHHE C TOMOIIbI0 JavaScript «yHHKaJbHOTO
OTIIEYaTKa» IT0JIb30BATENS, 10 KOTOPOMY €ro MOXKHO
uneHtnunmposars. K Takum UIeHTUPHUKAITHOHHBIM
METKaM MO>KHO OTHECTH:

¢ CKOpOCTb B3aMMOJICHCTBHS C KOJECUKOM MBIIIIH,
KOTOpasi 3aBHUCHT OT KOH(UIypaIuy OINeparioHHON
CHCTEMBI, OT almapaTHON COCTABIISIONIECH, a TaKXKe U
OT HACTPOEK IOJIb30BaTEIIS.

* CKOPOCTh MepeMeIIeHUs] Kypcopa MBIIITH.

* XapaKTepUCTUKH TIPOLIECCOPA MOTH30BATEIS.

» Oowext TextRectangle, conepskammii cBoiicTBa
it gtenus left, top, right u bottom, ommceiBaromme
OOKC TmoONBb30BaTENsl C TPAaHUIAMH B ITHUKCEIHHOM
u3MepeHu [4].

» Ter canvas B HTMLS, xoTopslil nmpegHa3HaYeH
JUISL CO3IaHUsI PacTPOBOTO M300pa)keHUs. Y JaHHOTO
Tera €CTh OCOOCHHOCTh OTPUCOBKM mmipudroB. Nx
PEHIOEPUHT KaXIeId Opay3ep OCYIIECTBISIET IIO-
pPa3HOMY B 3aBHCHMOCTH OT pa3JIMIHBIX (PakTopoB [5].

OnucaHHble METOJBI C MOMOIIBI0 JS-KOJa MOTYT
OBITh YCTAaHOBJICHHI Ha HECKOJBKHX YyYaCTHHKAX
MHPOPMAIIMOHHOTO OOMEHa B YaCTHOW CETH H
naeHTHGUIMpoBaTh WX. Hampumep, peanuzamuei
MITM-araku (Exit-node), B xome koTopout JS-kon
BHEApSieTCI BO BCE  BEO-CTPaHUIBI, KOTOPEIC
MocenaeT BO BHEUIHEN ceTH pe3uaeHTt cetu Tor. Unu
peanuzanme araku MeEXKCAMTOBOTO  CKPUITHHIA
(XSS) mpu B3auMoAeHCTBUH BHEAPEHHOTO Koja ¢
CepBEPOM 3JI0YMBIIICHHUKA.

Takum o0pa3oM, ecid emie y4ecTb, YTO
JIOCTaTOYHO OOJIBIIIOE YHCIO MPOAHAIU3UPOBAHHBIX
PECYpPCOB YAaCTHOW CETH TMOJBEPIKEHbI TAKUM aTakaMm,
TO 3TO JaeT BO3MOXXHOCTH CKOMIIPOMETHPOBATH BeO-
MPWIOKEHU W TOAHATH jAopBen  (doorway),
pa3MecTUTh TaM HEOOXOAMMBIH JS-Koo W HayaTh

COCTaBIIAITh 0azy JTAaHHBIX YVHHUKAIBHBIX
¢uHTepnpHHTOB [5]. DTO, B TOM 4YHCIE, MO3BOJIUT
BBISIBUTH YHUKaJIbHbIE UICHTHU(PHUKATOPBI

(«oTmeuatku») ToNB30BaTenel cet Tor, YTOOBI
OTCIIS)KMBATh WX JEATeNIbHOCTb B IHTepHeTE W
COOTHOCHTB C TIOCELIEHUEM Pa3JIMYHBIX CTPAHUII.
Ienpto HacTosAmIeH paboTHI ABISIETCS pa3paboTka
MeTozia UIeHTU(UKALUH 3JI0yMBIIIJICHHHKOB,
UCTIONB3YIOMNX CeTh Tor Al aHOHUMHOTO JOCTYTa K
CEeTEeBBIM pecypcaM M BhIpadOTKa PEeKOMEHAALMH IO
obOecrieueHni0o  WHOOPMAIIMOHHON  0e30macHOCTH
CETEBBIX COOOIECTB M BEO-CEPBHCOB OT TAKUX aTak.

IMocraHoBka 3aga4un

Hcxonsd n3 MpoOBEIEHHOIO aHanM3a padOThl CEeTH
Tor, MOXHO caenate BBIBOA 00 ee O4YEeHb XOpoLIeii
3aIMUIICHHOCTH, HO, TEM HEe MEHee, He CBOOOJHOW OT
HEJOCTaTKOB.  Bce  OTMEYEHHBIE  ySI3BUMOCTH
TEXHUYECKH YYECThb JIOCTATOYHO CJIIOKHO H3-32 HX
CJIO)KHOCTH, TI03TOMY B JaHHOI pabore Oyner
MCIIONIb30BaThCS ISl M3yUCHUs] OrpaHUYEHHBIH HabOp
YA3BUMOCTEM. B Ka4ecTBe OCHOBHOTO
pa3pabaThIBAEMOr0 MOJIOKEHHS IPEIJIOKUM METOJ
BHEJ[PEHHSI Mapkepa Ha KOMITBIOTEP
3JIOYMBIIUICHHNKA. [ 3TOro HeoOxomumo Oyner
IPOBECTH CIEAYIOMHUI KOMILIEKC PadoT:

a) MpoaHaIM3UpoBaTh Tpaduk cetn Tor;

0) paspaborars MH(QPACTPYKTYPY TECTOBOTO BeEO-
MIPUJIOKEHUS;

B) pa3paboTarh u
NIeHTU(UKALMOHHBIH MapKep;

') IPOBECTH HCCIEJOBAaHHMS HA TECTOBOM BeO-
NPUIOKSHUH 110 HACHTU()UKALIUH TT0JIb30BATEILS.

HCII0JI30BaTh

Xoa padoThl
B kadecTBe MHCTpyMEHTa JJisi 3aXBaTa CETEBOIO
TpaduKa  HCHOJNB30BAACh  KOHCOJbHAST — BEpPCHs
nporpamMmmbl Wireshark — yTunmuTsl ¢ uHTEpdeiicom
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KOMaH/IHOH cTpoku tshark, kortopas sBisercs
OecIIaTHON U CONEPKUT BCe HEOOXOAUMBIE CPEACTBa
Ul aHanu3a Tpaduka. YTWINTA BBHINOJIHAET, B TOM
4Hcle, 3axBaT IakeToB B ¢opmare libpcap, dro
MO3BOJISIET MX YZOOHO aHAJIM3UPOBATH yXKE B CaMOH
mporpaMMe Wireshark. HUccrnenoBanms o
WACHTU(QHUKAINKA TPOBOIIINCH Ha TecToBRIXx OC
Windows, pabotatomux Ha Virtualbox.

C momonipio cpencts sizeika PHP Obu1 cozman
KOPPEKTHBII JavaScript-crienapuit, KOTOPBIH
nepesarpy’kajl TeKyllylo CTpaHUIy U OJHOBPEMEHHO
c otuM mnepexasan aitny vkr.php meronom GET
3HaueHue, cojepkaiieecs B JS-mepemenHoil. Jis
9TOr0 Ha CTPAHMILYy BHIBOAWICS OTKPHIBAIOLIMN OJIOK
JS-koma ¢ momomio omeparopa echo, BHyTpH
KOTOpOTO 3a/aBajiach CpeiacTBaMH JS mepesarpyska
Tekymeil crpanunbl  (document.location.href). B
KayecTBE  aapeca  CTPAHMIBI  HCIIOJIH30BAIOCH
3radenne eMeHTa REQUEST URI u3 rmo6ansHoTr0O
maccuBa $_SERVER u k Hemy 100aBiisjics napameTp
C UMEHEeM U_hame CO 3HauCHHEM, PaBHBIM 3HAYCHHUIO
cojiepxaierocs B JS-niepeMeHHOM.

IlomydeHHple  3HAuUeHWs  XCUIMPOBAINCH U
nomenanuck B 6a3y naHHbIX. [lomydeHHBIN Xem — 3To
Y €CTh YHUKAJIBHBIH UIEHTU(PHUKATOP ((PUHTEPIIPUHT).

B mpoBeneHHBIX MCCIEAOBAaHUSAX HCIIOIb30BAUCh
Java-ys3BuUMOCTH. DTOMY €CTh HECKOIBKO NPHIHH:

a) Java-ys3BUMoOcTH B TIOZIABIISIFOLIIEM
GOJIBIIMHCTBE CBOEM — ITAaT(OPMO HE3aBHCHUMBIE, YTO
MO3BOJISIET  aKTHBHO  HCIIONBb30BaTh HX IPOTUB
[EeNeBBIX cucTeM mon ympasieHueM Windows, OS X
u Linux;

6) Java pabotaer Ha OOJBIIOM KOJIUYECTBE
MEPCOHANBHBIX KOMIIBIOTEpAaX W B MMJUIHApAax
YCTPOUCTB (B TOM YHCJIe B MOOHIBHBIX TeleOHAX U
B TEJICBU30pax) 10 BCEMY MUDY;

B) Java-ys3BumocTa JIOBOJIBHO MIPOCTO
IKCIUIyaTHPYIOTCS, Tak Kak He TpeOyloT o0xona
DEP/ASLR u npounx MexaHH3MOB 0€30MacCHOCTH;

B kauecTBe WMHCTpyMEHTa A  CO3JaHUS,
TECTUPOBAHUS u UCTIONIb30BaHHMS
WIEHTU(HUKAMOHHOTO MapKepa, OCHOBBIBAIOIIETOCS
Ha ammieTax java, WCIOJb30BaNIach Iuiathopma
Metasploit Framework. 1 maCcTpy™MeHTapuit Social-
Engineer Toolkit. D210 QpelAMBOpPK, KOTOPHIH
WCTIONB3YeTCS AN WCIBITAaHUS POHUKHOBCHHEM
(Penetration Testing).

B okcmepumente wucnonp3oBaics Java signed
applet skcmoiit. J[aHHBIH SKCIUIONT TUHAMHYECKU
cozmaer ¢aitn ¢ pacmmpeHueM .jar, a 3aTeMm
noanuceiBaer ero. I[lomydyuBIIMHCS NOAMMUCAHHBIN
anIuieT MpPEeACTaBISIETCS MOJIb30BaTEeN0 4yepe3 BeO-
CTpaHUIly ¢ Terom <applet>.

B kauecTBe mONIE3HOH Harpy3ku (IIeJUI-KO.)
ucronb3oBanack Reverse tcp. OHa BBIONHAETCS B
pesynbrate ycnemHoro neicTBus Java signed applet
OKCIUIOWTA. OTO HWCIOJHAEMBIH KO, KOTOPBIH
HepeacT ynpaBleHUE KOMaHIHOMY HPOLECCOpPY, T.€.
Bei3bIBaeT cmd.exe B OC Windows.

[Tocme Toro kak ympaBieHHE OBLIO IEpPeAaHo
KOMaHJHOMY MpoIeccopy, T.e. MOJIy4eH JOCTYH K
KOMaHTHOH CTpPOKE OT WMEHH aIMUHHCTPaTopa,
MOJKHO C JIETKOCTB y3HATh ip-aJpec MOJIb30BATEIIA.

UccnenoBanus 1o UACHTUDHUKAITHA
3TIOYMBIIIICHHNKA TPOBOAMINCH Ul ONEPAllMOHHON
cuctemsr Windows 7.

Ucnone3yemple B
Google Chrome, Firefox.

HCCIICIOBAaHUH  Opay3epshl:

3akiaouenue

B xone uccrnenoBanus Tpaduka cetu Tor ObuTH
clleNlaHbl  BBIBOJBI, 4YTO, pasMemas JS-kox Ha
pecypcax cetu MHTEpHET, MOXKHO COCTaBIIATH 0a3y
JMAHHBIX  YHUKAJIbHBIX  (DUHTEPIPHUHTOB,  YTOOBI
OTCJIICKUBATh KX JEITCIBHOCTh B UHTEepHETE W
COOTHOCHTH C TIOCEIICHUEM pa3IH4YHbIX cTpaHull. Ha
pa3pabOTaHHOM TECTOBOM TIPHIIOKECHHH ITOKa3aHa

peanmzanus nosydeHus (uHrepnpunTra. llokasaH
crnocod mosydeHust Mapkepa ¢ momompo I10
Metasploit u Social-Engineer Toolkit,
npeIHa3HAYCHHBIX A1 Penetration Testing
(McTpITaHUS IPOHUKHOBEHUEM).

W3 nomyuyeHHBIX pE3yJNbTAaTOB HCCIEIOBaHUMI

MOXHO CZeJIaTh BBIBOJI, YTO HCIOJB30BaHUE CPEICTB
JKCIUTyaTaIl[ul yS3BUMOCTEHN HE MO3BOJISET
OCYILIECTBIIAITh MIOCTOSTHHYTO HUACHTUPUKAIHIO
MoJIb30BaTenei ceTu Tor, Tak Kak >KU3HCHHBIA ITHKII
SKCIUIONTOB OYEHb KOPOTKHH W CYIICCTBOBaHHE
pa3HBIX Bepcuil Opaysepa (comepikamux KOHKPETHYIO
YSA3BUMOCTh U HE COJAEPKAIIUX €€) CTaBHT IOJ yIap
OYEHb Y3KUH KPYT MOJIb30BaTENIEH.
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18.01.2016).
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IMPOI'PAMMHOE OBECIIEYEHUME JJIAA BU3YAJIN3ALIUU JAHHBIX
PEI'ICTPATOPOB EUDOMII3

Upuenko A.JO.,boteirun N.A.
ToMckuil NOMTUTEXHUYECKUH YHUBEPCUTET
ayill@tpu.ru

Beenenne

YenoBe4eCTBO  aKTHBHO  B3aUMOJEHCTBYET C
npupoaoii. COOTBETCTBEHHO, BOZHHUKAET IMMOTPEOHOCTH
B NPOTHO3MPOBAHHUM  PAa3IUYHBIX  IIPHUPOIHBIX
IOpOLIECCOB M KAaTaKIU3MOB. MHOrOKaHaJIbHBIN
reopusnuecknit peructpatop MI'P-1 mpermnasHaueH
JUIL PETUCTPALMH BJICKTPOMAarHUTHBIX IPOIECCOB B
3eMHOH KoOpe, TeO(pHU3NYeCKOH pa3BeIKH, MOUCKa
CTPYKTYPHBIX M JIMTOJIOTHYECKUX HEOJHOPOJIHOCTEH,
MOHHUTOPHUHTA TCOAUHAMHUYCCKOTO0 ABHKCHUSA 3€MHOM
KODPBI, 3KCIIPECC-OLECHKU CEUCMUYECKOM OIIaCHOCTH
[1].

Llenbro HacTosiel paboThl sIBIsSETCS pa3paboTka
iaT(opMo-HE3aBUCUMOT0 KOMIIEKCa MPOrpamMM st
3¢ eKTUBHON BHU3yalM3alMd W aBTOMAaTHYECKOTO
aHanmu3a OOJIBIIOTO KoJIM4YecTBa (aityioB, coOOMpaeMbIX
mporpaMMHO B kiactepsl (bigdate HampaBIeHHOCTS),
MOCTYTAIOIMINX ¢ peructparopos MI'P-1.

Onucanne anropurmMa

@aiin peructparopa MI'P-1 crpykrypupoBaH B
OIIOKM M0 TpWHAANATH OAWT cieayrommM o0pa3oM:
nepBble  TpUHAANAaTh OalTOB (aima comepkar
WUICHTU(HUKATOp CTAaHIMM W CEPUHHBIA HOMep. B
Ka)XJOH ciexyomell Tpymnmne pasMepoM TPHHAALATh
OaliT 3aKOAMPOBAaHO BpeMs (TpH OJHOOAUTOBBEIX
3HA4YEeHHUs), KOJIMYECTBO UMIIYIBCOB MO TPEM KaHaJIaM
(o omHOM 6€33HaKOBOI MEpeMEHHOH pa3MepoM JBa
OaiiTa Ha KaHaJ) ¥ aMIUIMTYJa 11O JBYM KaHajuam (1o
OJTHOW 3HAKOBOM IepeMeHHOW pa3MepoM jaBa Oaiira
Ha KaXIbIi KaHa).

IIporpammHOe obecrieueHHEe HUMEET OKOHHBIM
uHTep(eiic, pealn30BaHHBIM INPH IOMOIIM IaKeTa
JavaSwing.  WHTepdeiic  mo3BodsieT  BHIOMpATH
HECKOJIbKO (aiiJloB ¢ paclmmpeHueM mgr Juis
BU3yalIM3allii, CTPOUTH I'paMKH HY>XHBIX JaHHbBIX,
MacmTabupoBaTh UX M COXPaHITh Ha KOMIIBIOTEpE,
BBIOMpATh BPEMEHHON IPOMEXYTOK HW3MEPEHHH u
YCPEIHSTh JaHHbIC B BRIOPAHHOM IIare.

IIporpamma moaAep>KMBaeT BBIOOP HECKOJIBKUX
(atinos. JlaHHAs BO3MOXKHOCTh PEATU3YeTCs KIACCOM
naketa JavaSwing — FileChooser. Ha nmepBom starme

MPOUCXOJUT uTeHHe (PailiioB ¢ pacIIMpeHueM mgr,
ocyulectBisieMoe npu nomomu nakera JavalOAPI,
kinacca  RandomAccessFile  [2,3].  Crpykrypa
CUNTAHHBIX JIaHHBIX KOHTpPOJIUpYeTCS u
KOHBEpTHUpYeTCS B TaONHIly WCXOJIHBIX JIaHHBIX.
Kaxnast crpoka Tabiauipl 0TOOpa)kaeT MTHOBEHHOE
3HAa4YeHHE W3MEPSEMBIX BEJIMYMH B OIPEACICHHBIH
MOMEHT BPEMEHH.

Jns  rpadudeckoro mpencTaBICHHS —JaHHBIX
WCTIONB3YeTCs Tonb3oBarenbckuii maker JFreeChart,
KOTOPBII TaKXK€ pean3yeT BO3MOXKHOCTb COXPaHEHHS

rpapuka B [I3Y u mno3Bomser MacmrabupoBath
rpaduku BBIJICJICHUEM HYXHOM TUTOIIAIKU
KOMIIBIOTEPHOH MBIIIKON, a TakXe YBEJINYCHHEM
pa3Mepa OkHa. Busyanusanus IpouCXOJUT Ha OCHOBE
00pabOTaHHBIX JaHHBIX, TOMEIICHHBIX B 0OBEKT THIIA
XY Series [4].

Hepeso METO/IOB,
NPE/ACTABICHUN JAHHBIX B
IIpeJCTaBICHO Ha puc. 1.

Meron jButtonAction BbI3bIBaeT 1Be (YHKIHH:
check, kotopas peamusyer wuHTepdeiic BbIOOpa
rpadukoB (puc. 2) u draw, KoTopas BU3yaJIH3UPYET
yKa3aHHblE  JaHHbIE TpH  HOMOIIM  (DYHKUUIA
createDataset qy1 GpopMupoBaHus TaOIHIBI JAHHBIX,
parse AJsl YTEHHWsS IIOJIb30BATEIBCKUX YCTAaHOBOK H
createChart IUTS BH3YaIn3alluu TaOJIHIBI,
chopmupoBanHoOii B createDataset (puc. 3, puc. 4).

UnTtepdeiic (puc. 2) comepKUT TPH IO BBOJA:
BEpXHEE II0JIe TPEJHA3HAYEHO Ui BBOAA IIara
YCpEeIHEHUs, 1Ba HWKHUX — Ul BBOAA BPEMEHHOI'O
IpoMexyTKa u3Mepenuil. Ilporpamma npepocrasisier
BO3MOXKHOCTB JUIsl BBOJIa MAaTEMaTHYECKOTO MpUMepa,
COJIEpIKAIIETO YMHOXXEHHE. IIpeobpazoBanue
BBEJ/ICHHOI CTPOKH MPOMCXOAUT TIPH IIOMOIIM METO/a
parse (puc. 1). Ha puc 2. MoxHo HabmoaaTh, 4TO
10JIb30BATENs] UHTEPECYIOT JaHHble ¢ 5550 ceKyHIbI
1o 10000 cekyHAapl C IIAaroM YCpeIHEHHUs OJlHA
MHUHYTa

HCTIONIb3YEMBbIX pu
rpajuyeckoM BHIC

vold jButtondction(ActionEvent evt)

void check()

void draw(inl position)

X¥Dataset createDatasetint position)

int parse(JTextField)

JFreeChart createChart{final XYDataset dataset, String str)
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Puc. 1. [lepeBo MeTO10B
=] ) [ESREESC)

©ain

] Mmnynece no H G-k
] Wmnyneckl no H 3-B
| Mmnynbcel no E

| Amnnutyga no H1 C-HD

| Amnnutyoa no H2 3-B

] *10 cex

MocTpouTe
555 1000 *10 cek

Puc. 2. [Tonmp3oBarenbekuii HHTEpdEC

L o]
' Mnnynec H CHO
B . T
[ [ ]
™ . wy ¥% (]
| 35 ._ ".'. L] I L o |in
[l s ma = L} I. . ] -
3 ] [ o I P "
' an .l n ]
- L] " " ..
> [ ]
15
10
& 00 X:. 1 800D 1000 )
Puc. 3. Umnynscer H CIO
2 - - ]
Umnynsc H 3B
’ = © .
: . -'-....J.- -“ s sl :- -
c 2 J’ 2 AL .-I.. LIS .- “
[ ] ° i e o ﬂ. ‘.-

X

Puc. 4. I/IMr[ym:cm H3B

Ha puc. 3 mpencrasien rpaduk ycpeaHEHHOTO
KOJIMYeCTBA AMIYJIbCOB 3JIEKTPOMArHUTHOTO
n3nydenus 3emun o kanairy Cesep-IOr, a Ha puc. 4
mo kaHamy 3aman-Bocrok. Ilo ocm X ykazaHo
3HAYCHHUE BPEMEHU OT Hayaja OT4eTa B CeKyHaax. 1o

ocu Y yKazaHO yCpEeJHEHHOE KOJIMYECTBO MMILYJILCOB
3a OZIHYy MHUHYTY.

AHanu3 KoJau4ecTBa HMMIIYJIbCOB IO KaHany H
Cesep-IOr (Mmmynsc H CIO) mokaspiBaer, 9To B
MPOMEXYTKE MEXKIYy CEMbI0O M BOCEMbBIO THICSYaMHU
CeKyHJl IIOCIE Hadala HW3MEPEHHH HaOI0Aanoch
AaHOMAaJIbHOE W3MEHEHHE YCPEJHEHHOTO KOIWYECTBa
uMmyibcoB oT 4500 o 2300 u omste 1o 4500.

AHanu3 KOJHMYeCTBa HMITYJIbCOB MO KaHaimy H
3anan-Bocrox (Mmmynasc H 3B) mnokaseiBaer, uTO
3JIEKTPOMarHUTHOE 1ojie 3eMJIU ObLIO YCTOWYMBOE.

Jnis pemieHus 3ajaddl  MCIMOJNIB30Banach cpeja
«NetBeansIDE 8.1».

3akJl0ueHue
Ha ocHOBe uU3y4eHHOU CTPYKTYphl JaHHBIX,
TMOJIy4aceMbIX C JaTYUKOB perucTpanun
€CTECTBEHHOTO HMITYJIbCHOIO  3JEKTPOMArHUTHOTO
monst  3emumn  (EMDMII3)  6buto  paspaboraHo

MPOrpaMMHOE O0CCIIeUYeHHE, TMO3BOJIAIONICE YUTATh
coliepkuMoe (haiiyioB ¢ JaHHBIMH, KOHBEPTHPOBATH
ux B (¢opmatbl ymoOHbIE ATl BOCHPHUSTUS U
oOpabotku. Jlnsd BU3yanm3alMd HAaHHBIX  OBLI
HCIIONB30BaH ¢BOOOIHO pacmpocTpaHseMblit
dbpeitmBopk s rpaduku — JFreeChart.

CnucoK MCnoJIb30BAHHBIX HCTOUYHHKOB
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URL: http://archive.sb-
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12.10.2016).
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NIEKTPOMArHUTHOTO MO 3eMiH [ DJIEKTPOHHBIN
pecypc]. - URL:
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3. l'eomatoreHHple  30HBI M ECTECTBEHHOE
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http://www:.tutorialspoint.com/jfreechart/jfreechart_q
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PACCESHUME CBETOBOI'O IYYKA HA HEOJHOPOJHOCTAX CEPALEBUHbI
GI-POF, UMEIOIIUX KOJIBIHEBYIO CTPYKTYPY

IIu6ensryT A. A., Paxum P. A. A., JIuteunosa H. P.
Hay4YHBII PYKOBOJUTEb, IOLEHT, K.().-M.H. JInTBHHOBP. B.
ToMmckuil NONUTEXHUYECKUN yHUBEPCUTET, TOMCKUI YHUBEPCUTET CUCTEM YIIPABJICHUS U PAJUOIICKTPOHUKH
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Kak mokazano B paborax [1-4] mnaneHue
c(OKYCHPOBAHHOTO JIa3epHOTO Iy4YKa Ha OOKOBYIO
MOBEPXHOCTh  ONTHYECKUX  BOJOKOH  MOJXKET
NPUBOANTH K BO30Y)KICHUIO BOJHOBOJHBIX MOA [5].
[IpuunHOM 5TOrO SIBJISETCS paccesiHUE CBETOBOTO
Mol Ha HEOJHOPOJHOCTSIX CEPJALEBHHBI BOJIOKHA.
XapakTepHoi 0COOEHHOCTHIO 3aBUCUMOCTHU
3 PEeKTUBHOCTH TAaKOTO BO30YKICHUS B CTYIIEHYATHIX
BOJIOKHAX OT TOJOXEHHS  JIa3epHOTO  ITydKa,
CKaHMPYIOIIETO BOJIOKHO, SIBISETCS HAJIMYHE OCTPBIX
MaKCHMYMOB, KOTOpPBIE JJOCTUTAIOTCS MPH HEKOTOPOM
MOJIO)KEHUU CKaHUpyrouero mnydka [1, 2]. B nanHom
COO00IeHNN MIPEACTaBIICHBI Ppe3yIbTaTh
HCCIIeI0BaHUs aHaJIOTHYHOTO BO30YKIACHUS
IPaIMEHTHOrO TOJMMEPHOIO ONTHYECKOTO BOJIOKHA
(graded-index polymer optical fiber — GI-POF).

OKCIIepUMEHTAIbHBIE U3MEPEHUSI HHTEHCUBHOCTHU
BO30y)XIaeMbIX  BOJHOBOAHBIX Mon Il mpu
pasnMUHBIX  CcMemeHHsxXx d  Ja3epHOro  mydka
OTHOCHUTEIILHO  OCH  BOJIOKHA B  IJIOCKOCTH
MONEPEYHOTO0  CEYEHHs ObUIM  BBIIOJIHEHBI  JUIS
MepIEHNKYIIPHOH HOJISIPU3AIIH my4Ka
OTHOCHUTENILHO OCH BOJIOKHA Ha [JIMHE CBETOBOM
BonHBl 633 HM. Ha pucynke 1 kpyxoukamu u
BEePTUKAIBHBIMA OTpPE3KaMH, MPOXOIAIIUMHU dYepe3

KPYXOUKH, TIOKa3aHbI cpenHue 3HAYCHUSA
unreHcuBHoctn  [1(d) u ee  moBepuTelbHBIC
UHTEPBAJIbl, pPACCYUTAHHBIE B COOTBETCTBUH C

pactpenenenuemM CTBIOACHTA UIS  JOBEPHUTEIBHOM
BeposiTHOCTH p=0,95 ® mnpeHeOpexuMo Maion
HHCTPYMEHTAJIBHOH ITOTPEITHOCTH.

W3 pucynka 1 BHIHO, YTO 3KCHEpUMEHTAIbHAS
3aBUCUMOCTh 1L(d) obOnamaer CIEAYIOIIUMU
OCOOEHHOCTSIMHU. Bo-niepBbix, OTCYTCTBYET
CUMMETpPHS 3TOH 3aBUCHMOCTH OTHOCHUTEILHO OCH

BOJIOKHa. BO-BTOpBIX, B TIPOMEXYTKE MEXKIY
MaKCHMaMH{ 3aBHCHMOCTH IIPUCYTCTBYIOT MaJible
(mykTyanmm ~ MHTEHCHBHOCTH  (MenKas — psiOb).
B-tperbux, 3aBUCHUMOCTh 1L(d) 3aMETHO
ACHMMETpPHUYHAa OTHOCUTEIEHO OCH OpAMHAT.
Texnonorus MIOCJIONHOIO CIIEKaHUsA

YIBTPAIUCIIEPCHOTO TIOPOINKA, HCIOJIb3yeMas I
miroroBienuss GI-POF, mnpuBoaur K KOJIbLEBOM
CTPYKTYpe pacrpeesieHus] oKa3aTessl MPeIoMICHUS
M0 CepIUeBUHE BOJOKHA. KolM4ecTBO 3TUX KoJell
MOXET JOCTUTaTh HECKOJbKUX JecATKoB [6]. Ilpu
paauyce CepALEBHHBI MOpsiika | MM IIMpPUHA TakuUX
Kosiery uMeet nopsitok 10 MxMm. Menkue daykryauun
MOKa3aTessl MPEIOMIICHHS, KOTOphIe HAONIOMaloTCs B
mpefenax KakIOro KOJbIa, CBUAETENBCTBYIOT O
HAJTN9IAN HEOJHOPOIHOCTEH, HMMETOIINX

aHAJOTUYHYIO KOJIBIIEBYIO CTPYKTYpY.
TeopeTnueckuil aHaNu3 U YUCICHHOE MOJEIUPOBAHHE
MOKA3bIBAIOT, YTO MpH TOJIIMHE KOJel, He
IpeBbllaromeit nopsiaka w=10 MM, HOpMUpOBaHHas
WHTEHCUBHOCTb BO30YX/Ia€MbIX BOJIHOBOJHBIX MOJ
MOJKET OBITh NIPEJICTABICHA B CIEAYIOIIEM BUJIE!

15(@)=TL (@) ks FLo(@)Le(a),

= ®

rre ks ecTh HOpPMHpOBAaHHAas KOHIICHTpAIUSI
HEOJHOPOAHOCTEM B s-oM Kojbue, s=1,2,3...N;

T,(d)
€CThb  TpOITyCKAaTeJIbHas  CIIOCOOHOCTH

000JIOYKH BOJIOKHA;

F.5(0)= J[ 2iocos(ze)-5eostoe(vs(d) o)1)+

N %Cosz (¢)sin? ( 30, (ysz(d ) <P)Dd(p

KO3(1)(1)I/IL[I/I€HTBI, OIIMCBhIBAIOIINEC BIIMSAHUEC
JIOKaJIbHBIX napamMmeTpoB OJIMHOYHOI'O
paccenBarouero LHEHTpa u MMPOCTPAHCTBCHHYIO
I/I36I/IpaTCJ'IBHOCTB OIITHYCCKOT'O BOJIOKHA, rae

v (d)=((s2w? - a?JV2

2(\/W(ZS+1)2 —d2 —w(2s -1 fdzj,

npu d <w(2s-1)
Le(d)=12y/w(2s +1)? —d?,

npu w(2s—-1)<d <w(2s+1)

0, npu d> W(ZS +1)

addexTrBHAS TMHA, OMWCHIBAIOMAs BKIAa B
CyMMapHOE paccesHHe HEOAHOPOIHOCTEH B S-OM
KOJIBIIE.

ITynktupnoit KpUBOH Ha pHUCYHKE 1
NPE/ICTABICHBl  PE3yJbTAaThl YHCIEHHOTO pacueTa
3aBucuMocTH MHTeHcuBHOCTH [L(d) mo dopmyne (1),
KOTOpBIE ~ COOTBETCTBYIOT  CJIy4ald  paccesHHs
CBETOBOr0  IIydKa Ha  OJMHOYHOM  KOJIbIIE
HEOJHOPOJAHOCTEH B cepJleBuHE BOJIOKHA (s=1).
Vcnonp3yemble B pacderax 4YHCICHHBIE 3HAYCHUS
IIUPUHBI KOJIbIIAa HEOMHOpOAHOCTEH 2w=17,4 MKM U
ero pamuyca R=282,6 MKkM OBIIM  TIOJyYEHBI
MOJATOHKOW TEOPETHYECKUX KPUBBIX IOJ[ CpEIHHE
9KCIIEPUMEHTAJIbHBIC 3HAa4YCHUS o MeToxy
HaMMEHBIINX KBajapaToB. U3 pucynka 1 cinexyer, uto
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MyHKTUPHAs KpUBas He 00JagacT OCOOCHHOCTSIMU
SKCIepUMeHTaNbHOM 3aBucuMocTH [L(d): ee mikm

134 I, oTH. ex.

©00 lexperimental
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Puc. 1. ComnocTaBieHre YUCIEHHOTO
MOZ[CJ'IHpOBaHI/IH C 3KCHepI/IMeHTaHLHLIMI/I JaHHBIMU

3HAUUTEIBHO YK€ MHKOB  OKCIIEPUMEHTAIbHOM
3aBUCHMOCTH, OHa MMEET CUMMETPHIO OTHOCHUTEIHHO
OCH BOJIOKHA W €€ pacrpelieliecHne MHTCHCUBHOCTH B
NPOMEXYTKE MEXIy MUKaMU He 00NajaeT MajbIMU
(GyKTyauusMM HMHTEHCUBHOCTH (TJajgKasl KpHBas).
OTMEUYeHHBIE PpACXOXKICHUS TO3BOJSAIOT  CHAEJIaTh
BBIBOJ] O HEIMOJHOM OIMCAaHUM PACCESHUS Ja3epHOro
IMy4Ka Ha HEOJHOPOAHOCTAX ONTHYECKOI'O BOJIOKHA B
BOJIHOBOJIHBIE MOJIBI Ha OCHOBE MOJEIH C OJHUM
KOJIBIIOM HeoJHOpoaHocTel. [loaTBep)aeHnemM 3Toro
ABISIETC M TO, 4YTO PE3yAbTaThl TEOPETHYECKUX
pacderoB, TpeJCTaBIEHHblE Ha  pHCyHKe |
MYHKTUPHOW KPHUBOH, HE MMONAAAI0T B IOBEPUTEIIbHbIE
MHTEPBAJIBI SKCTICPUMEHTAIBHBIX JaHHBIX.

Pe3ynbraThl 4MCIIEHHOTO pacyeTa 3aBUCHMOCTH
uaTeHcUBHOCTH [X(d) 1o  dopmyne (1) mus
MHOTOKOJIBIIEBOIl  CTPYKTYpBl ~ IIpEICTaBIICHbl Ha
pucyske 1 crutomHoil KpuBoil. PacueTsl BBIIOJIHEHBI
st N=49 xouern OqUHAKOBOHW TOIIIHUHBI 2W=10 MKM.
I[Ipn  3TOM  HOPMHpPOBaHHBIE  KOHLEHTPALUH
pacceuBaromux 1eHTpoB ks ObUTH HAWIEHBI METOJIOM
MHHHUMH3AIME HOPMBI HEBS3KH MeEpeoInpelesieHHON
CHCTEMBl YpaBHEHHH, MOIy4eHHOW M3 Qopmyinsl (1)
MOJACTAaHOBKAMHU B Hee 66 CpeIHuX
SKCIEPUMEHTAIBHBIX 3HaueHuil [X(d). B oTmmume ot
3agucumoctH | 1(d), cooTBercTByrOmEH ~cCiy4aro
paccesHHS Ha OIHOM KOJbIEe (CM. IyHKTHPHYIO
KpUBYyIO Ha pucyHke 1), 3aBucumocts [X(d)
corjacyercss ¢ 9SKCHEPHUMEHTAIBHBIMH  JIaHHBIMU
3HAYUTENBHO JIy4llle KaK 10 YPOBHIO, TaK 1o (opme u
MOJIOKEHHI0 MakcuMyMoB. Ha kpuBoit I1X(d) Taroke
HOSIBIISIIOTCS Masble (DIyKTyalMu, OTCYTCTBYIOIINE Y

kpuBoit  1L(d). IIpu  »TOM  Hamuuume vy
JKCIIepuMeHTanpbHOW  3aBucuMoctu  [L(d) (cwm.
KPYXOYKH Ha pHUCYHKe 1) Xopowmo 3aMeTHOH

ACHMMETPUU OTHOCHUTEIHHO OCH OPJMHAT HE MOXKET
OBITH ONIICaHO B PaMKaX PaCCMOTPEHHOH MOMEIH, TaK
Kak OHa HE  YyYUTHIBACT  HEOTHOPOIHOCTH
pacmpenieieHusl  PacCeMBAOIIUX  IIEHTPOB IO
a3UMYTaIbHOMY YTIIy.

Pacnpeaeﬂeﬂne HOpMHpOBaHHOﬁ KOHIICHTpalun
HeOHHOpOHHOCTeﬁ BJ10JIb paauyca BOJIOKHA,

COOTBETCTBYIOIIEE 3aBUCUMOCTH Imany rings Ha

A Ks, OTH. €.

k]
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Puc. 2. Pacnipenenenust HOpMUpOBaHHOU
KOHIIEHTPAIMX HEOJHOPOIHOCTEHN BJIOb paanyca
cepauesunsl GI-POF
pucyHke 1 mpencraBieHbl HA PUCYHKE 2 CIUIOIIHOM
kpuBoi. OOmacTh MakCHMyMOB  KOHLEHTpAIMH
COBMAfAlOT C  MOJOXEHHEM  OJHOrO  KOJblia
HEOJHOPOJHOCTEH, MOKa3aHHBIM Ha pHCyHKE 2
IMYHKTUPOM M COOTBETCTBYIOIIEM  3aBUCHUMOCTHU

Isingle ring Ha pucyske 1.

Takum  00pa3oM,  CpaBHHUTCIBHBIM  aHANN3
pe3ynbTaTOB  YHCICHHOTO  MOJEIUPOBAHHA  C
SKCIEPUMEHTAIBHBIMUA JAHHBIMH IOKa3bIBA€T, YTO
HOpeJIOKEHHAs  BBIIE MOJENIb MHOTOKOJIBLEBOU
CTPYKTYpbl HeogHopojaHocreil cepaueBunsl GI-POF
YYUTBIBACT OOJBITNHCTBO PaccMOTpPEHHBIX
0COOEHHOCTEH 3KCIIepUMEHTAIBHOM KpuBoil. OHaKo,
OHa HE JaeT OOBACHEHHS HAIWYMIO AaCUMMETPHHU
MAaKCUMYMOB Ha 3KCIIEPUMEHTAJIbHOU KpPUBOH, YTO
MOXET OBITh  CBSI3aHO C  HEOJHOPOAHOCTHIO
pacipeseneHns pacCcerBalOINX [EHTPOB B 00IaCTH
KOJIBLIEBOH CTPYKTYPHI IO a3UMYTaIbHOMY YIIIy.
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BBeaenue
Ha ceromssmuuii  OeHbp  KIMMAT  INIAHETHI
MOJBEPKCH  HENPEPHIBHBIM ~ W3MEHEHHWsM.  bes

Ha6HIO)IeHPIﬁ 3a U3MCHCHHAMH B KIHMMATC IIJIAHCTBI
HCBO3MOKHO €ro OIIMcCarThb, IIOHATH MIPUYNHBL
W3MEHCHUM U MMPOTHO3UPOBATD.

daktnueckue cBegeHus 00 atMocdepe, morone u
KIMMaTe JaloT METEOpPOJOTUYECKHE HaOMI0ICHUS.
Merteoponoruueckue HaOIroIeHNS - 3TO
HHCTPYMCHTAJbHbIE H3MEPEHHUS U  BHU3YyaJbHBIC
OLICHKH METEOPOJIOTHYECKUX BEIWYMH M SIBICHUM.
Mereoposorudeckue HaOMIOJCHUS HaJ COCTOSHHEM
aTMocdepsl BHE IIPU3EMHOTO CJIOS U IO BBICOT OKOJIO
40 KM HOCAT Ha3BaHUE aXPOJIOTUIECKUX HAOIIOICHUI.
AHanu3 pe3ynbTaTOB  HAONIOAEGHWH  CIYXXHT B
METEOpOJIOTHH ¥ KJIMMATOJOTHH  CPEICTBOM
BBIICHGHHUSI ~NIPUYMHHOM CBSI3M B M3Y4aeMbIX
aBieHmsIX. Hanbonee momHple 1 TOUHBIC HAOMIOACHHS
MPOU3BOATCA B METEOPOIOTHIECKUX u
a’poJIoTHUECKUX obcepBaTopwsx [1].

MeTeOpOJ’IOI‘H‘IeCKI/IC Ha6J'IIO,Z[€HI/I$I BEAYTCS Ha
CTaHIUAX 1O €AUHBIM METOAWKaM, C UCIIOJIb30BAHHUEM
OJJHOTHUITHBIX l'IpI/I60pOB n B OIPCACIICHHbIC YacCbl

cyrok. TakuM o00pa3oMm, METEOpOJIOTHYECKHE U
a’pOJIOTHUECKHE CTaHIMM O00pa3yloT B  KaKIOH
CTpaHe u MHPOBOM Macmirade ceTb

METEOPOJIOTUIECKUX CTaHITHH [2].

CTpyKTYypa TEXHUYECKHX JAHHBIX

PazpabaTriBaemoe TEXHUYECKOE pelieHne
oOpabatbiBaeT (aisibl ¢ JAHHBIMU, KOTOPbIC CHUMAET
mpubop.

JlaHHBII TIPOrpaMMHBEIA MOJAYNE 00padaThIBacT
JaHHbIC (aiyIbl C JAHHBIMHU, KOTOPBIC 3a(UKCHPOBAI
npubop B OMNpeneieHHBIH NPOMEKYTOK BpPEMEHH.
Jannpie cHATHE npuOOpoM XpaHATCS B (ailax B
3amudpoBaHHOM Bujae. Hwke npuBeneHa CTpyKTypa
dbopmupyromerocs daiina.

B nauane ¢aiina 3anmuceiBaroTCsl OalThI, HECYIUE
MHPOPMALIMI0O O JaTeé W BPEMEHH PETHCTpAIH
MEPBOTO OTCYETA JAHHBIX M3/CINHs, 3alHCHIBAEMOTO B
(aiin.

Ilocnie  sTOoro  3amUCHIBAIOTCS ~ MTHOBEHHBIE
3HAYCHUS METCOPOJOTHYCCKUX MapaMeTpoB IS
KKJOr0 IHKJIA W3MEpPEHUH, TOBTOPSIOMIUXCS Yepes3
uaTepBan 12,5 mc (mpu = 80 I'n):

e TemmepaTypsl Bo3ayxa.

e  HOXHBI KOMIIOHEHT BEKTOPa rOPU30HTAILHON

CKOPOCTH BETpa.
e 3.Bocrounsiii KOMITOHEHT
TOPM30HTAIFHON CKOPOCTH BETpA.
e BepTukanbHbIii KOMIIOHEHT IOJIHOTO BEKTOpa

BCKTOpa

CKOPOCTH BETpa.

e AtmoctepHOE JaBICHHE.

e  OtHOCHUTENbHAs BIAKHOCTh BO3IyXa.

e [IpusHak omuOKH.

[To 3aBeprieHHIO 3amUcH KaXIOTO OWHAPHOTO
¢aiina B ero KOHEI| JONMKCHIBAIOTCA Jata U BpeMs
peructpanyu MmocCjaCAHETOo OTCYETAa JaHHBIX H3CJIHA,
3aMUCHIBACMOTO B (haidi.

JIByx0aiiToBbIC rapaMeTpsl 3aIUCBIBAIOTCS
MJaaAmuM OalWTOM BIEpel, T.e. CHayana MIIaJIIIni
0aiiT ynciia, 3aTeM CTapIIuil OaiT.

Pa3paboTka nporpaMMHOro odecrnedeHust

Crenyst OOLICTIPUHATON NpPaKTHKE M C y4ETOM
TpeOOBaHUII K THAPOMETEOPOJIOTHYECKUM IOCTaM
BcemupHOil ~ METEOpOJIOTMYECKOW  OpraHU3alMU
(BMO) u Pocrumpomera cratuctudeckoir o0paboTke
MOZIBEPTAETCsl COBOKYIHOCTh JIaHHBIX H3MEPCHHMH,
OTpaHWYMBacMasi 0 BPEMEHU X PETHCTPAIUU ABYMS
rapaMeTpaMu: CPOKOM METEOPOTOTHIECKUX
HaOIOZIGHN HadaJlbHOTO BPEMEHH W HWHTEPBAJIOM
CTAaTUCTHYECKOTO aHanmm3a (YCpeZHEHHS) JaHHBIX
YCpEAHEHHOTO MPOMEXyTKa BpeMeHH [3].

[ToMuMO fmaHHBIX TOJNYYEHHBIX C TIpuOOpa,
MPOrpaMMHBIA MOZYJb BBIYUCISAET JONOTHHUTEIbHBIE
mapaMeTpsl, TaKWE KaK CTaTHYECKUE JAHHBIC
HEOOXOoAnMBIe Ul TPOTHO3UPOBAHWS M aHAJIHM3a
HOTOHBIX YCJIOBUH.

O0paboTKa JaHHEIX pa3JelicHa Ha J[Ba dTara.

Ha nepBom 3tamne pacueroB UAET OLIEHKA CPEITHUX
W JUCHEpPCUN JJid 3HA4YeHUH MEeTeOpOTIOTHYECKUX

BCJIMYMH TEMIICPATYpPhbl, OaBJICHUA, BJIAXXHOCTH U
CKOpOCTH BETpa B Ppa3JINIHbIX KOOpAUHATaXx,
OIIMChIBAOIIUX ux KBa3UPAaBHOBECHOC (33

BHIOpaHHBIH BPEMEHHOW WHTEpBaJ YCPEJIHEHHOTO
NPOMEXYTKa  BPEMEHH) COCTOSHME B  TOUYKE
U3MEPEHUIl B MOMEHT BPEMEHH.

Ha BTOpOoM 3Tame paGoTsl MPOTpaMMHBIA MOy
BBIYHCIISET rapamMeTpsl aTMocepHOH
TypOyJIEHTHOCTH:  CO3J]aHME  HOBBIX  MAacCHBOB
00pabaThIBaEMBIX JaHHBIX U BBIYUCICHUE (QU3HMUYECKU
3HAQUYUMBIX CTAaTHCTHYECKHX MOMEHTOB BTOpPOTrO (M
BEIIIIC) TIOPSIIKA.

JlaHHBI TIPOTPaMMHBIA MOAYNH (YHKIIMOHAIHHO
criocobeH o00paboTaTh Kak Bce JaHHBIE 3a BECh
MPOMEXYTOK BPEMEHM, TaK M CJieJlaTh BBIOOPKY 3a
ONpENENEeHHBI MPOMEXYTOK BpeMmeHu. Ilomumo
BBIOOPKM W 00pabOTKM, JAaHHBIH [POTrpaMMHBINA
MOJYJb MMeeT (QYHKIHIO «CKOJIB3SIIEr0 OKHay.
Hanpumep, YIBTPa3BYKOBOU TEpMOAHEMOMETP
MPOU3BOJUT peaNbHbIE H3MEpEeHUs Kaxupie 12,5
MWUINCEKYHJ, a TPOTPAaMMHBIA MOIYIb MOJXKET
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M3MEHUTh WHTEpBa] (IIyTeM YCPEIHEHHUsS) MEeXIy
MTHOBEHHBIMH  H3MEPEHUSIMH [0  HMHTEepBaja,
YKa3aHHOTO HCCIIEIOBATEIIEM.

AJropuT™ padoThl NPOrpaMMbI
JlaHHBIN IPOrpaMMHBIN MOIYJIb COCTOUT U3 ABYX
yactel. IlepBblii MOIyap NpOrpaMMbl OTBEYAET
00paboTKy NAaHHBIX C M3MEPHUTEIBHBIX HPHOOPOB B
3aJaHHOM IIPOMEXYTKH BpPEMEHH, WX pacueT H
nepeAady BO BTOpOil Moaynp mporpaMMsel. Bropoii
MOJyJdb TPOTPaMMBl OTBEUaeT 3a BHU3yaIM3ALHIO
MOJYYSHHBIX JJAHHBIX W3 TIEPBOTO MOJYJS, 3 UMEHHO
NpE/ICTaBICHUEe B TaOJMYHOM BHJAE C BapUaHTaMHU
BBIOOpA JaHHBIX U BO3MOXKHOCTBIO TIOCTPOUTH Tpaduk

0 BHIOPAaHHBIM paHee TaOJIUYHBIM JAaHHBIM.

Hamucate, 9TO TmpH  3amyCKe OTKPHIBACTCSI
KJIOMMKEp Jaranukep, 4ro B gedtada mpoucxomst
BBIUUCIICHHS, Jajbllic OTKphIBaeTCsS (popma, mpo Hee
HIDKE OTIMCAHKE HICT.

Ha ¢opme pacmomaraercs Ttabmmma jTable mis
BBIBOZIA aHHBIX, jTextArea ajs BHIBOJA CTATHCTHKH,
rpymnna 3nemenToB jCheckBox, ucxons n3 KOTOPBIX,
0TOOpaXaroTcsl JaHHble W TpaduK. A TaKkKe KHOINKHU
yIIpaBIeHUSI.

I[To coOprTuro Haxatus KHOWKH “‘OTOOpa3sHTh
TabnuIyy” mporpaMma IMojydaeT paHee 3aIlOoJIHEHHYIO
nepemennyro  GetData.DannieTablic wu3 kmacca
GetData.

3arem wucmons3ys meron AddToTable() manHBIC
oToOpakaroTcs B TaONHIe C yYETOM BBIOPAHHBIX
jCheckBox myTemM mnpuCBOEHHS TaOmUIle HOBOM
MOJICITH.

Ilo coObrtuio Hakatuss KHOmKH ‘“‘CraTHcTHKA”
MPOUCXOIUT OTOOpaXCHHWE CpeOHEeH CTATHCTUKH
00pa0bOTaHHBIX [AHHBIX ITOJy4CHHBIX W3 IIEPBOTO
MOJYJIS C TOMOIIBIO CTATUYHOM IEPEMEHHOIA.

B pesynbTaTe Ha 3TOM L1are, ocijie HaxaTHs 3TUX
JIBYX KHOIIOK ()peiiM MMeeT BHJI, ITPEACTaBICHHBIN Ha
pucyHke 1.

[ et Cimaepinne
s e
S oo s
) Beprxounserpa | Mymuc Toun

s Pimuc Bept Koun Serpa

enpoecn L My ipoman Koun Bersa
01503 0%

21603 921 Ountea 1 M Nones Kowe Berpa
Ll aaewacnapa ] Mowew orox Teems,
L (o yoprocra pworo napa) (4] Mot Noroesman

Sewctt

[

Orofpasn 13ty

Crames

( e —
Puc. 1. 3anmonuenssIi Gppeiim
Janee  BblkmroueHHass kHomka — “TlocTpouts
rpa¢uk”’ CTAaHOBHUTCS AaKTUBHOH, W  IOSBISETCS
BO3MOXKHOCTb HOCTPOUTH Tpaduk, NpencTaBIeHHBINA
Ha PUCYHKE 2.

C momomsto Meroma CreateDataset(), KoTOpbIit
Oepet manuble u3 Tabmuis! jTablel, crpources rpaduk
B 3aBUCUMOCTH OT BPEMEHHU UCCIIe0BaHM.[4]

Puc. 2. 'paduk mo BEIOpaHHBIM JaHHBIM

Hcnonb3yemas cpena BU3yaau3aluu
JlaHHBII TporpaMMHBIN MOayss ObUT pa3paboTaH
Ha s3bIKe BbICOKOTO ypoBHA JAVA. bouia
HCII0JIb30BaHa JIOTIOJIHUTEIbHAS rpaduyeckas
6ubnuorexa JFreeChart.

Pazpaborka Bemace B cpeme IDE NetBeans.
JaHHas cpema TO3BOJIiET OBICTPO M JIETKO
pa3pa0aTbiBaTh HACTOJBHBIE, MOOWJBbHBIE U BeO-
npuiiokeHus Java, a taxxke npunoxenus HTMLS ¢
ucronb3oBaHueM TtexHoioruii HTML, JavaScript u
CSS. IDE TaKxke MpeOoCTaBIsACT
MHOTO()YHKIMOHAJIBHbIE ~ HA0OpBI  CPEACTB  JUIA
pa3paborunkoB PHP u C/C++.

PazpaboTaHHbIil TPOrpaMMHBIH MOJYJb SBISETCS
wiaTGopMHO-He3aBUCUMBIM. [5][6]

3aki0ueHue
B pesynbrate  coBMecTHOH  paboOTBl  ObUI
pa3paboTaH MONHOLCHHBIH MPOrpaMMHBIA HPOAYKT,
MO3BOJLIIOINMKA  00pabaTeiBaTh M  BU3YAIU3HPOBATH

METEOJaHHBIE, MOJly4aeMblE C  yIbTPa3BYKOBBIX
TEPMOaHEMOMETPOB.
IlepBelii MoOAaynb IHporpaMmbl  OTBEUYaeT 3a

00paboTKy JaHHBIX C HM3MEPUTEJIBHBIX MPUOOPOB B
3aJaHHOM IIPOMEXKYTKM BPEMEHH, HX pacueT H
nepeaady BO BTOPOH MOyJb IPOrpaMMBbl.

Bropoii Moxayinep nporpaMMbl  OTBE4aeT 3a
BU3YyaJU3alUI0 IIOJYYEHHBIX [JaHHBIX W3 MEPBOIO
MOJIyJIs, @ UMEHHO NIPeJICTaBIeHHE B TaOJIMYHOM BUE
C BapHaHTaMu BbIOOpa MAaHHBIX M BO3MOXKHOCTBIO
MOCTPOUTH Tpaduk 1Mo BEHIOPaHHBIM paHee TaOIMIHBIM
JIAHHBIM.

CnHcoOK MCHO0JIb30BAHHBIX HCTOYHHKOB
1. XpomoB C. [II, TIlerpocsaim M. A.

Merteoponorust u  Knmmartonorus: y4eOHHK —IUist
yauBepcuteToB. M., MI'Y, 2001. — 528 c.

2. Cropm [Mannon. Atiac moromasl. ATMoc(hepHbIe
siBIIeHHs ¥ IporHo3kl. - CI16.: Amdopa, 2010. - 192 c.

3. CrexHOBCKUI AN, Bacunbses K.IL
CnpaBO4HHK o HaBUTal[UOHHOMN
rugpomereoposorun .— M.: Tpancrnopr, 1976.— 168
c.

4. T'epbept, unar Java 2 v5.0 (Tiger). Hosrsie
Bo3moxkHoctH; CI16: BXB-Ilerepoypr, 2013.- 208 c.

5. Hoynros, I1.; Munar, I'. Java 2 B moanMHHUKE;
CII6: BHV, 2011.
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NAEHTUOUKALIUA TMHAMUYECKUX OBBEKTOB METOOM
MN30BPAKAIOIIUX BEKTOPOB

ITonomapea A.B.

[Tanaes FO.H.
ToMCKUI IOJIUTEXHUYECKUN YHUBEPCUTET

avp35@tpu.ru

Beenenne

B CTaThe MIPOBOANTCSA UAEeHTU(UKALUSL
JUHAMHYECKAX  OOBEKTOB IO  XapaKTCPHCTHKE
BBIXO/IHOTO CUrHajna. B pabote mpeanokeH alroputM
OLICHKH  MapaMeTpoB  AWHAMHUYECKOH  CHCTEMBI
METOIOM M300pakarommx BEKTOPOB. 3t0
ONEpPAaTOPHBIA METOJ, KOTOPBIA BCSKOH BpEMEHHOM
(yHKIMM Ha KOHEYHOM IPOMEXYTKE CTaBHT
COOTBETCTBUE N-MEPHBI BEKTOp, a JMHEHUHOMY
omepatopy — Matpuiy (n X n). JlanpHeimmmne
npeoOpa3oBaHusi, HEOOXOJMMBIC  JJIS  OLICHKU
apaMeTpoB  CHUCTEMbI,  BEIYTCA  YHCICHHBIMU
METOJAaMH, YTO MO3BOJSET YCIHEIIHO MCIOIh30BaTh
BBIUHMCIIUTEIBHYIO TEXHHKY, a OKOHYATEIbHBIN
pe3ysibTaT Ha OCHOBAHUHM (OPMYIBI OOpaIIeHHs
3alichIBaeTcs B aHanoroBo ¢opme. B BexropHO-

MaTPUIHON dopme TIPOU3BOAUTCS CHHTE3
YIPaBIIAIOIIETO CHTHaja HECTaIlMOHAPHBIX
JTUHAMUYECKHUX CHUCTEM o JKeJlaeMon

XapaKTepUCTHKE BBIXOJHOTO CHTHAJa U MPEAJIOKEH
QITOPUTM  OIEHKM WX  IapaMeTpoB  METOJOM
N300paKaIOIMX BEKTOPOB, BCE BBIYMCICHUS BEAYTCS
YHCICHHBIMH MeTogaMHM. Bce 3T0  mo3Bossier
YCIIEIIHO UCIIOB30BAaTh BEIYUCIUTEIbHYIO TEXHHUKY, &
OKOHYATEeJbHBIN PE3yJIbTaT Ha OCHOBAHUH (HOPMYJIIBI
oOpaiieHusi 3anuchlBaTh B aHAJIOroBOH (opme.
OueHnBaroTCA KOHCTPYKTUBHBIE rapamMeTpsl
neperaToyHoll GYHKOMM N W M HCCIeAyeMOn
CHCTEMBI, a TI0 CHCTeMe alreOpandecKux ypaBHEHHH
HaxomaTcst  KOd(QUIMEHTHl  3HaMeHaTelnst WU
YHUCIIUTEJNS IePEeIaTOUHOM (QYHKIHH.

OueHka napaMeTpoB JUHAMHYECKOH CHCTEMBI

JuHamMuKy  CHCTEMBbl  YNpaBICHHUS  YCHEIIHO
OMHKCHIBAIOT ¢ TOMoMbI0 JuddepeHInaIbHBIX U
I/IHTeraHBHBIX ypaBHEeHHH | 1 -7]:

}:& n.y() }:Q m,UG)
dt dt )

®dopmainbHas CTPYKTypa CHCTEMBI yIIPaBICHHS Ha
OCHOBAHWW MHOTHX HCTOYHHKOB OTPEICICHA B BHIE
mudpdepennmanpaoro  ypaBHenus (1).  Omepatop
UICHTU(QHUKANMKA OOBEKTa YIpPABICHUS 3aIllUIlleM B
BUJIC TICPEAATOYHON (PYHKIIUH:

B(s)
A(s) @)

Takum oOpa3oM, 3amaya OICHKH IapaMETPOB
nepeaaToyHod (YHKIMHA 10 BHUAY HEPEXOIHOTO

W(s) =——

rnpounecca CUCTEMbI YHPABJICHUSA h(t) CBOOUTCA K
OLCHKEC KOHCTPYKTHBHBIX IIApaMETpPOB m W N

m<n

nepenarouyHoil Qyskuuu (2), npu 3TOM , U

HaXOXACHUIO HEU3BECTHBIX MapaMETPOB MOJACITIN
&0=Qn—DanJ=Qm)

Jns pereHus MIOCTaBJIEHHO 3a7a4u
BOCIIOJIb3YEMCSI METOIOM H300paxaroIiX BEKTOPOB.
Meton  m3o0pakaromuX  BEKTOPOB  —  3TO
OIIEPaTOPHBIM METOJ,, KOTOPBIM BCSAKOH BpPEMEHHOM
(GYHKIMY Ha KOHEYHOM MPOMEKYTKE BPEMEHH CTaBHUT
B COOTBETCTBHE p-MEpHBIH BEKTOp, a JHHEHHOMY
omeparopy — MAaTpHUILy (p>< p). Cytp Merona
N300paXalOIUX BEKTOPOB COCTOMT B TOM, HTO

KaXI0H (QyHKIMH f(Y) crasurcs B ommosHaunoe

cootBercTBUE Bektop F = {fl, 2,..., fp} amemeHTHI
Kotoporo, koddpduumeHter psma  Dypee, 1A
¢bynkiun  f(t), onpeneneHHOW Ha MPOMEKYTKE

Bpemenu [0, t0], uMeeT MecTo pa3ioKeHue:

f(5)= Y 1T,0)

f; T,
rre ' — xodpdumuenter Dypoe; 1Q)
OPTOHOPMHUPOBAHHBIE CMEIICHHbIE TIOJIMHOMBI
T=t/t,

YeorimeBa [-ro pona;
He3aBHCHMAas TEPEMEHHAs.

Oe3pasMepHas

[TepexonHoit mporuecc h(t), HCXOJIHOM CHUCTEMBI,
npeobpazyeM B H300pakalomuié  BEKTOp IO
COOTHOIIEHISIM [ 1-6], momy4yum:

H :{hl,hz,...,hp}. -
ITo BexTopy (3) u U3 dopmynsl obpamenus [1,2]
MOTy4aeM aHAJUTHYECKYIO 3aBHCHMOCTh

MEPEXOHOrO Mpouecca B BUJC IMMOJIMHOMA IMOpAIKa p

ht)=(H.TM) 4

ITo anammTHueckod 3aBUcHUMOCTH (4) GyHKIHN

t

h(t) HaxXoJuM BpEMs IIEPEXOJHOTO IIponecca 0 or
MOMCHTA BKIKOYCHHA CHUCTCMbI 10 MOMCHTA, KOraa
MOAYJIb OTKJIOHCHHA MNEPEXOJHOI0 Ipoiecca oOT

YCTaHOBUBUICTOCA 3HAYCHUA HC IIPEBOCXOAUT
Sa}IaHHOI\/’I BCJIMYMHBI 30HBI HEYYBCTBUTCIIBHOCTH. 21.]'[5{
w(t)

HAXOXJCHUS BECOBOW (DYHKIMU CHUCTEMBI
BocmoNib3yeMcest TuGHepeHIUATBHON CBI3BI0 MEKIY
BECOBOW U MEPEeXOTHON (PYHKIMAMHU:

w(t) = %h(t)
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B obnactu N300paKaroIINX BEKTOPOB
COOTHOILIEHHE (5) 3amuIIercs Kak:

ITo cooTtHOmIeHMIO (4) MOMydaeM aHATUTUYECKUIN
BUJI BECOBOM (DyHKLINM:

W) = (W TM) . o

ITo BecoBo#t Qynkmuum (7) morydaeM YHCIOBYIO
XapaKTEePUCTHKY NEPeNaTOYHON (YHKIWH, JUIS 3TOTO
BOCIIOJIB3YEMCSI MHTETPAIBHBIM  IIPeoOpa3oBaHUEM
Jlamnaca:

W(g,) = [ w(t)exp(—g,t)dt
v . (®)
rJe gi — BELIeCTBEHHbII MapaMeTp Ha WHTepBaie

[O’t‘)]; W(g:) OTIepaTop CHUCTEMBI YNPABICHUS.

HeoOxomumMo OTMETHTH, HYTO M yCTOWYMBBIX
IUHAMHUYECKHX cucteM BecoBas ¢yHkuus (7)
onpezeneHa Ha unrepsaie [0, t0 ], To ecTh Ha BpeMms
MEepPEXOHOro Mpolecca, Ha MOCIEIYIOMIEM ydacTKe
HaOoieHys, OHa paBHa Hymo. Ha ocHoBaHMM 3TOTO
BBIBOJ[a MHTETrpalibHOE mpeobpasoBanue Jlammaca (8)
paccMaTpuBaeTcs B Ipeesiax BPeMEHU IEepex0IHOr0
npolecca.

Omeparop cucteMbl ympasieHus (2) s

BGH.[CCTBGHHOﬁ HepeMeHHOﬁ g 3allMIICTCA KaK:
m m-1
W(g):bmg +b, 9" +...+bg+D

-1
g"+a,,0" +..+a,0+4,

 (9)
e & (i=0n-1 , bj(j=0m) _ KO PHUIIHEHTHI
nepeaaToyHoN QyHKIUH.

I[J'Iﬂ OLCHKHU KOHCTPYKTHUBHBIX MNAapaMETPOB N, m

BocmoNb3yemess  [2-6], ypaBHeHmwsimu (8, 9) w
MpeJeTFHBIM COOTHOIIICHUEM
. W -
lim —(E) =c""
s>=W(Cc*g) , (10)
rae c¢>1. ONBITHBIM IIyTeM [ONy4eHO, YTO
Jy4UIMA ~ pe3ylbTaT  OLUEHKH  KOHCTPYKTHBHBIX

napaMeTpoB m U n jJocruraerca mnpu c=2. U3
noJy4eHHoro cooTHomeHus (10) HaXomuTcs OleHKa
KOHCTPYKTUBHBIX TapaMeTPOB:

~

n—m=

n—m

Inc

B pesymeraTe BBEICHHBIX JONYIICHUH TpHU
OIICHKE TTapaMeTpoOB N, M MOJIYYAeTCs BEHICCTBEHHOE
YHUCIIO, COJepXKallee MEeIyHd YacTh W MAaHTHCCY.
MaHTHCCY TOTYYCHHOTO BBIPAXKEHUS MPHHAMAEM 32
eAMHUIly W mpubaBiseM K nenod dwactu. s
HaXOKICHWS  TapamMerpa m  BOCIOJB3yeMcCs
omepatopoMm ciapura (4) W, WU3MEHSAS BEIUYHMHY K,
ompenensieM KOJMYECTBO HyJieH m mepeaaTOuyHOn
byHKIINN.

Takum 00pazom, 3aaua HaXO0XKICHUS
KOHCTPYKTHUBHBIX TapamMeTpoB n, m pemeHa. s

HaXOICHUS K03 (h(pUIMEHTOB nepeaaTouHon
(GYHKIIMM HEOOXOIMMO PEIIUTh CHUCTEMY JIMHEHHBIX
anreOpandecKux  ypaBHeHHA  mopsgka n+m+l
CJICYIOIIETO BUJA:

n-1 ) m .
ngW(gk) +W(gk)zaigll< _ijgkJ =0,
i-0 =0

k=0,n+m+1.
o a,b,

I[lo walimeHHBIM KO3 UIHEHTAM U m
KOHCTPYKTUBHBIM IapaMeTpaM N U m 3aluChIBaeM
nepeaToyHylo (YHKIMIO HMCXOIHOH CHUCTEMBI, TO
eCTb HaX0AUM CTPYKTYpPY HCclIeyeMOoi
JUHAMHYECKOW cucteMbl. HeoOXoamMo OTMETHTh,
4TO nepexoHoil mporecc (9) MoxkeT ObITh Ha BBIXOJE
HECTAallUOHAPHON U HEJIMHEHHON JAMHAMUYEeCKUX
CHUCTEM.

3akiaoueHue
WznoxeHHBIE  METOH  OICHKH  IapaMeTpOB
MHAMHYECKHX CHCTEM II03BOJISIET

alllIPOKCHUMHPOBATh 3T CUCTEMBI IEPEIATOYHBIMU
(GYHKIMAMY JTHHEHHBIX JMHAMUYECKUX CHCTEM.
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AHAJIN3 AJITOPUTMOB UHTEPBAJIBHOI'O I'OJIOCOBAHMSA 1JIA
OBPABOTKHU UBMEPUTEJIBHBIX TAHHBIX B BECITPOBOJHBIX
CEHCOPHBIX CETAX

Xynonorosa JI. M.

ToMCKHI TOJINTEXHUYECKUI YHUBEPCUTET

likhud@tpu.ru
BBeueHne NEepeCceUYCHUEC NHTCPBAJIOB 60J‘II>HII/IHCTBa Y4aCTHUKOB.
T'onocoBanue siBnsgeTcs ogHUM U3 3()(EKTHBHBIX Ha puc. 1 nmokasan mnpuMep HUHTEPBAIbHOIO
METOOAOB pemeHI/m Hp06J'I6MbI COrjaCcoBaHUA TOJIOCOBAHUSA C MMPUMCHCHUCM IpaBujia
HCTOYHBIX, HCITOJIHBIX HJIN HpOTI/IBOpe‘lI/IBBIX JAaHHBIX, OTHOCUTECJIBHOI'O 6OHLIHI/IHCTBa. I PpaHulbL
MONYyYCHHBIX W3 pasHbIXx wucTounukoB [1]. Ilox IOJIyYEHHOTO  pEe3yIbTHPYIOLIEr0 HHTepBana Ir

TOJIOCOBAHHUEM IIOHHUMAETCS MPOLEAypa HM3MEPEHUS
YPOBHSI COTJIACOBAaHHOCTH MHEHHMH m wn30mparenci
(Y4acTHHKOB) OTHOCHUTENBHO psAla N KaHAUJATOB
(anprepHaTuB). 3amaued TOJOCOBAaHUS  SIBISETCA
HaxO0XJICHHEe KOHCEHCYCa, MPEACTAaBILIIOLIET0 cO0O0H
0000I1IeHHOe MHEHHE YYacTHHKOB. B MHTepBaJbHOM
TOJIOCOBAaHMM KaX/IbIM yYaCTHUK IpPEICTaBISIET CBOE
MHEHHE B BHJAE UWHTEpBala 3HAYCHUH  Ha
BEIICCTBEHHOW OCH, M BCE 3HAYCHHSA U3 3TOTO
MHTEpBaJa (ANbTEPHATHBBI) SBIAIOTCS OJUHAKOBO
NPEANOYTUTETIBHBIMH C TOYKHM 3PEHHS YYacTHHKA.

PesynpTaToM  TAakoro TOJOCOBAaHMS  CTaHOBHTCS
MHTEPBaJl 3HAUYCHUMU, BBIPAKAIOWUN HAWITYYIIHH
KOMIIPOMHUCC MIPECTaBICHHBIX MHEHHH.

VIcrionb30BaHHEe WHTEPBAIOB II03BOJISECT YYACTHHUKY
HE OrPAaHUYUBATBCS OJHHUM 3HAYCHHEM, €CIIU
HECKOJIbKO aJbTePHATUB MPEJACTABISIOTCS €My B
paBHOM Mepe mnoaxoasmuMu. OCHOBOH 0000
IrOPUTMa TOJIOCOBAHMS SIBIICTCS MPaBHIO OTOOpa,
omnpeiensolee, Kak pe3ybTaT TOJ0COBaHHs Oyner
nonydeH. B jaHHOW cTaThe IPOBOAMUTCS aHAIU3
AITOPUTMOB TOJIOCOBAHHS C IENBI0 OIIEHKH HX
OPUTOJHOCTH  JUIS  00paboTKH  WU3MEPHUTENbHBIX
JTAaHHBIX B OecrpoBOAHBIX ceHCOpHBIX ceTiax (BCC).

AJITOpUTMBI HA OCHOBE NMPaBUJI A0COJIOTHOIO U
OTHOCUTEJIbHOTO GOJILIIUHCTBA

B [1-3] paccmarpuBaroTCs HPOCTBIE aJITOPUTMBI
MHTEPBAILHOTO  TOJIOCOBaHMs, OCHOBaHHBIE  Ha
npaBmiax — aOCONIOTHOTO M OTHOCHUTEIBHOTO
OonpmuHCTBA. B mpuBeneHHBIX paboTax MHTEpBAT I,
BBIPD@XKAIONIMH MHEHHWE YYacTHHKA, IPEJCTaBIISCTCS
coumu HiwkHed (1) m BepxHe#l (u) rpaHunamu, T.e.
HavMEHBIIUM W  HauOOJBIIUM  3HAYEHHEM U3
YIIOPSIOYSHHOT0 Psijia alIbTEPHATHB.

B cooTrBercTBHM C IpaBUJIIOM OTHOCUTECJIBHOI'O
6OJ'IBLHI/IHCTB3., MOJACYUTBIBACTCA YHCJIO YYaCTHUKOB,
MPOrojIOCOBABIIMX 32 KaXAYH0 M3 albTepHATHB.
«[loOeaurenem» CTAHOBUTCS aJbTepHATHUBA,
HaOpaBmias HawOoOJbIIEe KOJIHYESCTBO TOJOCOB. B
OTJIMYME OT aJrOPUTMOB, IJI€ MHEHHE YYaCTHHKaA
MpeJCTaBIsIeTCs]  €IMHCTBEHHOW  aJbTEpHATHUBOM,
WHTEPBAJIILHOE TOJOCOBaHUE HE TpeOyeT NPsAMOro
MoJCYeTa WM  TIONAPHOTO  CpPaBHEHHS  BCeX
MPEAIOYNTAeMBIX — albTePHATHB, 32 CYET Hero
BPEMEHHAsI CJIOXXHOCTh aJTrOpUTMa WHTEPBAIBEHOTO
TOJIOCOBAHUS 3HAYUTEIHHO CHIDKAETCS.
PesynpTupyrommii  MHTEpBan =~ HaXOOUTCA  Kak

0003HaYEHBI IMYHKTUPHBIMU JIMHUAMU.

Puc. 1. aTepBanbHOE rojlocOBaHNE Ha OCHOBE MpaBUiia
OTHOCHTEIHLHOTO OOJILITHHCTBA

HecmoTpst Ha TO, YTO aNTOpPHUTM, OCHOBAaHHBIN Ha
OTIpe/IeIICHHN MHTEpBaja MOCPEICTBOM TepeceUeHUs,
MPOCT, OH MOXET NPUBECTH K BO3HHKHOBEHHUIO
MapaZoKCOB TOJOCOBaHUA. [IpenmonoxuM, 4To IMpH
TOJOCOBAaHUH TIONy4eHBl HWHTEPBAJBl OT HYETHIpEX
YY9aCTHHKOB, KakK IIOKa3zaHO Ha pwuc.2. Ilpumensas
MPaBUJIO OTHOCHTEIBHOTO OOJBIIMHCTBA, MOXKHO
HalTH JIBa HemepeceKalolmuxcsi nHTepBana [a, b] u
[c, d], xaxaplii W3 KOTOPBIX HMEET OJWHAKOBOE
KOJIMYECTBO roJIocOB. B Takom ciiyuae HesCHO, Kako
HMHTEpBAI cilenyeT  BBIOpaTh B KayecTBE
PE3YIBTUPYIOUIETO, TTOCKOIBKY HET NMPUYHH CYUTATH
OJIMH W3 HUX MPEANOYTUTEIhHEE IPYTOro.

z 5 <

<

! 1 |—1-|
! >

! 2

|

1
H
1
1 fa
T

Puc.2. [Tapanokc ronocoBanus

CornacHo mpaBmiy aOCONOTHOTO OONBITUHCTBA,
moOeuTeNIeM CYHUTAeTCs ajJbTepHATHBA, COOpaBIIas
OoJbIIe TOIOBMHEI TONI0CcOB. B [3] mpencraBnens! nBa
aNropuTMa Ha OCHOBE TpaBmia aOCOJFOTHOTO
OOJIBIIMHCTBA NPUMEHUTENBHO K WHTEPBAILHOMY
ronocoBanuto. Pesynerupyromue unrepsanst Irl u Ir2
JUISl IBYX aJITOPUTMOB COOTBETCTBEHHO ITOKa3aHBI Ha
puc. 3. Kak BuAHO Ha pHUCYHKE, IIOJydYEeHHbIE
MHTEPBAJIBI OCTATOYHO MIMPOKH. C OJJHOH CTOPOHBI,
3TO JaeT OCHOBAaHWE YTBEP)KAaTh, 4YTO BepHas
aNbTEpPHATHBA C BBICOKOH CTENEHBIO BEPOSTHOCTH
MoTalaeT B pe3yibTUpYIOMui uHTEepBai. C apyroi
CTOPOHBI, YeM HIMPE MOJYYHBIIMKUCS MHTEPBAJI, TEM
HIDKE TOYHOCTH OTpeNesieHust pesyibTata. Kpome
TOTO, IPABHIO AOCONIOTHOTO OOJBIIMHCTBA TaKXKe
MOJKET IIPUBOANTS K TOSIBICHUIO TapaIOKCOB.

|
~‘ i

I3 1
1

s
—

Puc.3. IHTepBaIbHOE FOJOCOBAHUE HA OCHOBE MpaBHJIa
a0COJIFOTHOTO OOJIBIIMHCTBA
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AJITOPUTM Ha OCHOBE arperupoBaHus
npeanoyTeHui

B [4] mnpencraBmeH TNPUHOWNIHAIBGHO HOBBINA
MOAXOA K HWHTEPBAIbHOMY TOJIOCOBAHHUIO, TZE
MHTEPBAJI TIPEACTABIACTCS B BHAE PAHKHPOBAHMS
IBTEPHATHB, KOTOPOE MOXKET BKJIIOYATh CTPOToe
OTHOIIICHHE MIPEATIOYTEHHS " OTHOIIICHNE
SKBUBAJCHTHOCTU. [lycTh cpemu m  y4acTHHKOB
TOJIOCOBAHUS KaXKAbIH K-bIl yYacTHHK NPEIOCTaBIIET
unrepsai lk (Puc.4). Pacrionoxxum kaxkiplii HHTEpBa
Ha YHUCIOBOM IPSAMOM KOHEUHOH InuHBL. Paznenum
IpsAMYI0 Ha n — 1 OTPe3KOB paBHOM JJIMHEI, IPUCBOUB
BEpPXHEH TIpaHHIE KAXKAOT0 OTpe3Ka 3HAueHHe u3
MHOX€ECTBA aJIbTepPHATUB
A ={al, a2, ..., an}. Terrepp copmMupyeM MHOKECTBO
otHomenui npeamourerus A = {A1, A2, ..., Am}, rme

Kaxmoe w3 m  pamkupoBammii A = {al>
a2 >...~aS~...~an} MOXET COHepXaTh CTPOroe
OTHOIIICHHE TMPEANOYTCHUsT > H  OTHOIICHHUE

SKBUBAJIEHTHOCTH ~ MEX]y albTepHaTHBaMHu a. Ecnu
anpTepHaTHBa ai momamaer B uHTepBan 1k, oHa
HAaXOIUTCSI B OTHOLIEHHH CTPOTOrO MPEIIIOYTEHUS K
aNbTepPHATHBAM, pPACIOJIOKECHHBIM 32 HpeaeiiaMu
MHTEpBaJla, W DKBHBAJICHTA AbTCPHATHBAM BHYTPH
unTepBana. J{is npoduns npeanodyreHus A cTpouTcs
MaTputa npodurst P = [pij] mo popmye (1):

m | O ecmm aik>—a'j‘ ) (1)

Pij :Z 1 ecnm aik ~alJ§ R
k=1l 2 ecom aik = a'l-‘

IIpasuno Kemenu 1o3BojsieT HAUTH OTHOILICHHE
KOHCeHcyca [, Takoe, uto paccrostaue D(B,A) ot

pamxupoBaHus 3 10 npoduias A MUHUMAJIBHO:

. 2
B=arg;n€quD(7»,A)=§pij, @
rie D(A,A) — paccrosiHEe MeXIy HEKOTOPBIM

pamkupoBanneM A wu upodmmem A [5].  Jas
HaXOJKICHUS OTHOIIEHHUS KOHCEHCyca MpUMEHSIETCS
PEKYpCUBHBIN aJIFOPUTM BETBEU U rpaHul. B ciydae
mojay4yeHus Oonee dYeM OJHOIO  ONTUMAIBHOIO
pemieHust  BCe  peleHHs  NpeoOpasyrorcs B
eIMHCTBEHHOE UTOTOBOE OTHOIIEHHE KoHceHcyca Bfin
B COOTBETCTBUH C MpaBUiaMH, onucaHHbIMU B [4]. B
MOJyYeHHOM OTHOUIEHHH KOHCEHCyca aJlbTepHaTHBa
af, crosmas Ha mEepBOM MecCTe, IPUHUMAETCs 3a
CepelMHy pPe3yJbTHPYIOIIEro WHTEpBajia. | paHHIbI
MHTEpBAJIa ONPEAEISIOTCS KaK HauMEHbLIEE U3 JBYX

3HAYCHHWI:  MaKCHUMajbHas  HIKHSS  TPaHUIA
(Ik = af )
W MHUHHMaJbHAas BEpXHAA TpaHHIA
ug > a
(U t) naTepBanos (Puc.4).

HcnoJib30BaHNe HHTEPBAJILHOTO T0JIOCOBAHUS JIJIsl
00padoTKU U3MePUTEJIbHBIX TAHHBIX
O6paboTka pe3yabTaTOB M3MEPEHUH CEHCOPOB B
BCC Heobxommma pH 9KOJIOTHIE€CKOM MOHHTOPUHTE,
MEIUIUHCKOM MOHUTOpHHTe W mp. llenpro Takon
00pabOTKU SIBISACTCS MOIYYCHUEC TOYHOTO 3HAYCHUS
HU3MEPSIEMOii BEJIMYMHBI HA OCHOBAaHUH HETOYHBIX WU
HETIOJIHBIX PE3yJIbTAaTOB H3MEPCHHUI CEHCOPOB.

| |
L
1,.I t E-E : By
I Is
T
a a a1 dsi_ _ as_ _ _as

Puc.4. UuTepBanpHOE TOIOCOBaHNE HA OCHOBE
arperupoBaHus MpeanoYTeHHH o npasumry Kemenn

JlaHHBIE C COCEHMX Y3JIOB CETH B OJHOM
uccienyeMoi  obnacTH, — arperupyrorcs Ui
HaXOXJICHUS MAaKCHMaJbHO BO3MOXHOTO TOYHOTO
3HAUCHMs BEJIMYUHEL. J[aHHbIE C COCETHUX Y3IIOB CETH
B OJHOH HcclienyeMol 00JIacTH, arperupyroTcs JUis
HaXOXJICHUS MAaKCUMaJbHO BO3MOXHOTO TOYHOTO
3HaueHus BenmuunHbBL OOnamas wuHpopMammel o
nmorpemHOocTH ceHcopa U(xk), y3en mpemocraBiser
naHHble B ¢opme uHTepBania [xk = U(xk)], roe xk —
3HaYCHHE BEJIMYMHBL, M3MEPEHHOE K-BIM CEHCOPOM.
LleHTpaNbHBIA y3eJl [OCNIE MOJYYCHUsS JAHHBIX
3aIlyCKaeT aJrOPUTM HMHTEPBAILHOIO TOJIOCOBAHMS,
OIpeNeNSIFOMIMIT  MHTepBajl  HEONPEACICHHOCTH |
3HAUCHHE M3MEPSIEMOil BEIMUNHBI.

3aki0ueHue

OnucaHHbIe AITOPUTMBI HUHTEPBAJILHOTO
TOJIOCOBAaHUs OBUIM MCIIOJB30BaHbl A 00paboTKU
JAHHBIX YHUCICHHOTO MojenupoBaHus padotel BCC.
Pesynprar: mpaBwino KemeHu MO3BOJSET MONYYHUTH
Y3KUH pe3yabTUPYIOIIHI HHTEpBal HEOIPEACICHHOCTH
u Hambomee ONM3KOe K HOMHHAIHHOMY 3HAYCHHE
n3MepsieMoil Benuuunsl [4]. Vcnonb3oBaHue npasuia
KeMeHn wWCKiIO4aeT BEpPOATHOCTh BO3HUKHOBCHUS
MapagoKCOB IIPH TOJOCOBAaHUH. XOTS BpEMCHHas
CIIO)KHOCTh QJITOPUTMa HA OCHOBE arperupoBaHUs
MPENOYTEHHH BBIMIE, YeM IPH HCIOJIB30BaHUU
MpaBUi OOJBIIMHCTBA, NMPH YHUCIE YYACTHHKOB IO
JIBQALIATH BpeMsl pabOTHl aJITOPUTMa HE MPEBHIMACT
HECKOJBKUX CEKYH.

CHMCOK MCIO0JbL30BAHHBIX HCTOYHUKOB
1. Parhami, B. Voting: a paradigm for

adjudication and data fusion in dependable systems //
Dependable  Computing  Systems:  Paradigms,
Performance Issues, & Applications, Wiley, 2005, pp.
87-114.

2. Berg D., Norine S., Su F.E., Thomas R., Wollan
P. Set intersections, perfect graphs, and voting in
agreeable societies // Manuscript, August 2006.

3. Parhami B. Distributed interval voting with
node failures of various types // Proceedings of the
IPDPS 2007, California, USA, 2007, pp. 1-7.

4. Muravyov S.V., Khudonogova L.I. Multisensor
accuracy enhancement on the base of interval voting
in form of preference aggregation in WSN for
ecological monitoring // Proceedings of the ICUMT
2015.— Czech Republic, 2015.— P. 293-297.

5. Muravyov S.V. Preference aggregation as a
way to solve problems in me-trology and

72



XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

instrumentation // Measurement Techniques. — 2014.
- Vol. 57, iss. 2. - P. 132-138.

73



XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

JUCIIETYEPU3AILIUS HA OCHOBE ITMHAMHWYECKOTI'O NIOJAKJIIOYEHUA
PECYPCOB
Harues A.E.,boteirun UL A., lllepctuéBa A.U.

ToMckuil NOMTUTEXHUYECKUA YHUBEPCUTET
andrew_nagiev09@mail.ru

Beenenne

B Hacrosimee BpemMs  HaMeTWJIach — uYeTKas
TCHACHIMSI K IPOEKTHPOBAHWIO PACTIPENCICHHBIX
TeTEPOTEHHBIX CHUCTEM ympasieHus. 1 3To moHATHO —
OYCHBb MpUBJIEKATEIbHA nnest YBEIHYUTH
BBIUHMCINTEIBHYIO MOINHOCTh CHCTEM 3a CYET
MIPOCTOM HHTErpaluy KOMIIBIOTEPHOM TEXHUKU B
SeAWHBII  BHUPTYaNbHBIH  KiacTep.  Pa3pabotka
pacnpeie/IeHHbIX BBIYMCIUTEIBHBIX CHCTEM TECHO
cBsa3aHa ¢ OamancupoBkoil Harpy3ku (BH), xoropas
MO3BOJISIET MaKCHUMAJIBHO 3(QQEKTUBHO HCIIOIb30BATh
pecypchl BUPTYaJIbHOTO KJIacTepa, a TaKKe MOBBIIIACT
ero OTKa30yCTONUHUBOCTh u obecrieunBaeT
JIOTIONTHUTEIbHOE IOJKIIOUYEHUE BBIYUCIUTENEH INpH
BBICOKHX Harpy3Kax Ha OCHOBHBIC Y3IbI.

MeTtoa TMHAMHYECKOT0 MOIKIIOYEHHS PECYypPCoB
B HaCTOALIEH pabote pa3BUBaETCs
TUCTICTYCPHU3alrs HAarpy3KH Ha OCHOBE MeETOJa
JMHAMHYECKOTO TTOAKII0UeHHUs pecypcon [1-3].
DyHKIMOHAIbHASL CTPYKTYPA, HA OCHOBE KOTOPOH
IMPOBOAUINCH IIpOTrpaMMHBIC OKCIICPUMEHTBL 1o
HCCIIETOBaHHIO MIPEI0KEHHOT O anropuTMa
nucnetuepuszanuu (AI1P) npexcrasnena na puc. 1.

OCHOBHOM LIEHTp ynpasnexua (OLY)

TononnwTE Al LEHTH
nesws 1 (1Y)

Oucnetuep

Bydep
3anpocos

Aucnetuep

lenepatop
3anpocos

Puc. 1. CtpykrypHas cxema pacnpeneneHHoi
BBIYUCIIUTENBbHOU cuctemsl ¢ TP

Ha cxeme w300pakeH OCHOBHOH  LIEHTp
ynpasnenust (OLlY), koTopeIii UTpaeT poib cepBepa
ynpaBneHusi. Takke ObuUIM T0OaBJICHBI CHEITUAIBHEBIE
JUCTICTYCPBI HArPYy3KH. OHI/I TIO3BOJIAIOT MPOU3BOJIUTH
JIOTIONTHUTENBHOE IOJKIIOYEHUE PecypcoB (LICHTPOB
ynpasienus). bygep 3ampocos OLY mpennasnauecH
JUIE  HAKOIUICHHS TOCTYHAIOIIUX 3alpOCOB  Ha
0o0paboTky oT TreHeparopa 3ampocoB. [locie
00paboTKU 3ampoca Ha BBIYUCIICHUS MPOUCXOIUT €ro
ynanenue u3 0ydepa.

C yBenMuYeHWEM KOJHMYECTBA MOCTYMAIOIINX
3ampocoB ot TreHeparopa OIY He ycmeBaer
obpabarteiBaTh Bce 3ampochl. OMHAKO, B OTIMYHE OT

KJIaCCUYECKOTO CEpBEPHOTO peleHus, rae
MPOUCXOJUT OTKa3 CHUCTEMBI, B pacIpeAerIeHHOU
BBIYHMCIIMTEILHON CHCTEME C HcIoiab3oBanmem J(I1P
MPONCXOJUT HAKOIICHHE ITOCTYNAIOIUX 3allPOCOB B
Oydepe. IIpn JTOCTIKEHUH
OTIPEICTICHHOT03a/IaBAEMOT0  KOJIMYECTBA 3aIPOCOB
Ha 00paboTky B Oydepe, MPOUCXOIUT MOIKITIOUYCHIE
JIICIIETIEPOB HArpy3kw. Jlucmerdepsl Harpyskd B
OTJIENIBHBIX ITOTOKaxX HA4YMHAIOT 3aIrycKaTh
JIOTIONTHATENbHBIE  IeHTpbl  ympasnenus  (JLY).
KonnuectBo moaxmrouennbix LY orpannumBaercs
TOJIBKO  CKOPOCTBIO IOCTYIUICHHS 3alpOCOB U
(GU3MYECKUMH ~ BO3MOXXHOCTSIMH ~ CHUCTEMBI,  T.€.
HaJINYMEM  JIONMOJHUTENBHBIX  BBIYUCIUTEIBHBIX
MOIIIHOCTEMN.

Kaxnpii  3amyckaembrii  aumcneruep u ALY
pabotator ¢ Oydepom B oTmensHOM moTOoKe. [locie
BBIYHMCIEHUS BCEX, IEPEJaHHBIX C  MOMOIIBIO
JucrneTyepa Harpysku 3amnpocos, HALIY mnpekpamaer
paborty.

IIporpamMHoOe Moae1UpPOBaHUE
Ha puc. 2 u3obpaxeHa kpuBas, oToOpa)xaromias

KOJIMYECTBO TMOTOKOB, palOoTalomMX B JaHHBIN
MOMEHT B F€HEpaTope 3alpocoB.

I[Ipu  ompeneneHHOW ~ HEBBICOKOM  YacToTe
nocrynatomux  3anpocoBOLlY  ycmeBaer — ux

MPUHUMATB, 00padaTHIBATh U OTIPABIATH PE3yIbTATHI
W3 pa3IHYHBIX TIOTOKOB OOpaTHO B TeHEpaTop
3alpocoB ISl NanbHeHmedl pabotel. OmHAKo, MpH

MOBBIIIEHNH CKOPOCTH  MOCTYIAIOMIHMX  3aIlpOCOB
MIPOUCXOTHUT yBEJINYEHUE KOJINYECTBa
o0OpabaThIBaeMBIX ITIOTOKOB M OCHOBHOW  LIEHTD

yOpaBIeHUS YXKe He YycrmeBaeT o0paboTaTte Bce
MOCTYMAIOMMe  3ampockl, MW  OHH  HAYUHAIOT
HakarauBaThCcs B Oydepe 3ampocoB. B 3TOT MoMeHT
MPOUCXOAUT  OTKa3  KJIACCHYECKOT0  CEpPBEPHOIO
pelieHus, T.K. BBUAY OTCYTCTBHS Oydepa HOTOKH
HAYMHAIOT KOHKYPUPOBATh 32 pecypchl cepeepa. [lpu
JIOCTHXKEHUH OIPENIEICHHOIO KOJIMYECTBa IOTOKOB,
3a/1aBa€MOr0 MPOrpaMMHO, BKJIIOYAETCS IUCIETYED
Harpy3ku, KOTopeld  monkmroyaer ALY u
YBEJIMYMBAET BBIYMCIUTEILHYIO MOIIHOCTh CUCTEMEI.
DTO TPUBOAWT K TOMY, HYTO POCT KOJIUYIECTBA
3alpoOCOB B Oydepe MpeKpamaeTcss W MPOUCXOIUT
MEIJICHHOE CHIDKCHHE KOJHMYECTBA 3aIpPOCOB ITyTEM
pacmpeneneHusT WX MEXIy JOTOJHUTEIHHBIMU
[EHTPaMH yTIPaBJICHIUSI.

Ha puc. 3 MOXHO 3aMeTUTh, Pa3HHIy MEKIY
3arpy3koit LIl 1o Havama oOTHpaBKHU 3alpocoB OT
reHeparopa ¥ npu o0paboTke 3arpocoB. YBelIndeHHEe
YacTOThl TMOCTYNAIOIIUX 3alpOCOB  YBEJIUYHBAET
ucnoiipzoBanue {11 ocHOBHBIM LIEHTPOM yTpaBJIeHHUS,
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KOTOpBIII Bce ObICTpee
MOCTYMAOIINE 3aMPOCHL.

JIOJDKeH — 00pabaThIBaTh

10 min ~

Threads
80

70 Live threads
&4

60
50
40
30
20
10

)

23:00 23:05

Live: 64 Peak: 78 Total: 2 341

Puc. 2. T'paduk xommdecTBa JeHCTBYIONIUX
notokos B PAC

3arem poct Harpy3Ku obecreunBaeTcst
noaxitouenue  JIY. Ilpu »3TOM  mpoucxoaurt
paBHOMEpPHOE paclpe/ielieHne BBIUYUCICHUN MEXIY
sapamu LI Ha ocHOBe HaTuMka NCEeBHOCTYYallHBIX
YHCEIL.

CPU Usage
30,%

o S
20,%
15,%
10,%

5,%

0,%

23:05 23:06 2307 2308 2309

CPU Usage: 24,0%

Puc. 3. YBenuuenue Harpy3ku cucremoit LIIT

[anee, mocie OKOHYaHMS OTIIPABKU 3alPOCOB OT
TeHepaTopa MPOUCXOAUT 0O0paboTKa OCTaBIIMXCS
3anpocoB B Oydepe M BBIKIIOYEHHE AMCIETYEPOB U
JITY. IIpu  sTOM MPOUCXOAUT  CHIKEHHE
WCIIONIB30BAaHUSL  IIEHTPAIBHOTO  IIpoleccopa [0
MePBOHAYAIEHOTO COCTOSHUS (pHcC. 4, puc. 5).

CPU Usage
30,%

25,%

20,%

15,%

10,%

5%

CPU Usage
4 0,0%

0,%

23:08 2309 2310 2311 312
CPU Usage: 0,0%
Puc. 4. Cumxenue ucnonbzoBanue LI mpu
OKOHYaHHH MOCTYIUICHHSI 1 00pabOTKH 3a11pocoB

10 min ~

Threads
80

70

60

50

40

30

20 Live threads
4 16

10

0

2309 23110

Live: 16 Peak: 78 Total: 3019
Puc. 5. OkoHuaHME OTIPABKH 3aMPOCOB OT
reHepaTopa XapakTepu3yeTcsi CHUKEHUEM MTOTOKOB B
cucreMe

Pe3yJibTaThl IPOrPaAaMMHOIO0 IKCIIEPUMEHTA

B  pesynaprare mpoBeneHHMS ~— IKCHEPUMEHTOB
MOXHO TOBOPHTb O TOM, YTO BpPEMs MOAKIIOUCHHS
TepMHUHAIOB u 00pabotkm 3ampoco k OLY mo
CPaBHEHHIO c KIIACCHUYECKUM BapUaHTOM,
cokpaTuiock Ha 57%. 3a 1o xe camoe Bpems k OL[Y
MOJKIIIoUaeTcs U oOpadateiBaercs Ha 58,5% Oombie
3alpOCOB  OT TEPMHHAIOB, YeM HpH  padoTe
OCHOBHOTO LIEHTpa YIpaBieHHs O0e3 MOAKIIOUCHHUS
JIOTIOJTHUTEIbHBIX.

IIpu mnopxmouyenuun Broporo JIIY ckopocTth
00pabOTKM BBIpOCIA COOTBETCTBEHHO Ha 13%
OTHOCUTENIbHO cucteMbl ¢ oxHum JIIY. Ilpu
nogkiroueHnn Tpethero LY ckopocts 00paboTku
Takxxe Bo3pocia Ha 24% OTHOCHUTENIBHO CUCTEMBI, B
KOTOpOH paboTaeT [Ba JONOJHHUTENBHBIX LEHTPa
yIIpaBJIeHUSI.

3aki0ueHue
OKCIIepUMEHT, ONHCAHHBII  BBINIE, IIOKa3aj
3¢ HEeKTUBHOCTH pa3paboTaHHOTO MeTofa
JIMHAMHYECKOTO TMOJKIIOYEeHUs pecypcoB. biaroaaps
MPE/ICTABJICHHOMY  MOJICIbHOMY  JKCHEPHMEHTY
MOXHO CKa3aTh, 4YTO PpAacCMOTPEHHBIH  METOX
JIMHAMHYECKOTO  IOJKIIOYEHHUs] PecypcoB  Oyner

5(Q(EeKTUBEH TakXke NPU 3HAYNTEIHHOM YBEINYECHHH
KOJIMYECTBA IOAKIIOYAEMBIX Y3JOB W YBEINYEHHH
MacuTaba apXUTEKTYphI.

CnucoK NCnoJb30BAHHBIX HCTOUYHHKOB
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NMUTAIOUOHHAA MOAEJIb BAJIAHCUPOBKHU HAT'PY3KHU B
PACIIPEJAEJEHHBIX BBIYUCJIUTEJIBHBIX CUCTEMAX
®ponos C.I'., [Tonos B.H., boreirun . A.

Boreirna U.A.
ToMcKMil NOTUTEXHUUECKUN YHUBEPCUTET

Beenenne
OpHa W3 KITIOYEBBIX MPOOJEM B pacIpeieiIeHHBIX
BBIUMCINTEIBHBIX ~CHCTEMax — 3T0 mpolbiema

0aaHCHPOBKM HAarpy3Kd BBIUHCIMTENBHON CeETH,
BO3HMKAIOIasi 1O  HECKOJBKUM  JIOCTaTOYHO
OUYEBHIHBIM NPUYMHAM. 3]I€Ch M pa3/IndHasl CTEICHb
CJIOKHOCTH, TIOCTYIIAIONINX Ha 00pabOTKy 3aJaHuid, 1
HEOJJHOPOAHOCTh camoro BBIUUCIUTEIEHOTO
Kjactepa, W  HEOJHOPOAHOCTb  MEXY3JIOBOTO
B3auMoJieiicTBUA B Knactepe U T.I. OCHOBHBIMHU
3aJjayaMl  CHUCTEMbl  OQJIaHCUPOBKH  SIBJISIOTCS
KOHTpPOJIb 3a Harpy3koi u COCTOSIHHEM
BBIYMCIIUTEIBHBIX ~ Y3J0B, a TakXke BbIOOp, B
COOTBETCTBHM C 3aJaHHBIM alTOPUTMOM, y37a JUIs
nepeayy Ha HEro 3arpoca nosbs3osarens. M nmenHo
OaaHCHPOBKA HArpy3KH SBJSIETCS Ha CETOMHSIIHUH
JCHb ONHUM M3 HauOoJee HCIONIB3yeMbIX IPHEMOB
MOBBIIIEHHUS NPOM3BOANUTEIHHOCTH paclpeeIeHHbIX
BBIUHCIUTENBHBIX CHCTEM 3a CYeT ONTHUMAJIbHOIO

pacnpeneseHus 3alaHui MEXIY y31amMmu
BBIUHCITUTENBHON cHucTeMbl. IlosToMy pa3paboTka
METOJI0B u aIrOpUTMOB ONTUMAJIbHOIO

JICTIETYMPOBAHUST BBIYMCICHUH B pacCIpelesIeHHBIX
cucTeMax, IMHAMHUYHO M3MEHSIONIMX B Mpolecce
paboTHI CBOKO MHPPACTPYKTYPY — BayKHAs 3aj1a4a.

Ha ceronsmHuii JeHb CYIIECTBYET MHOXKECTBO
MeTOoZoB OamaHcupoBkH Harpy3ku: Round Robin,
Weighted Round Robin, Least connections, Weighted
least connections um ap. BamaHcupoBKa Harpysku
TaKKe paznensercs Ha CTaTHYECKYIO,
NOJyIMHAMHYECKYl0 ¥  JWHaMuueckyr. Ecnnm
TOBOPHTH O TOM, KaK B3aUMO/IeiiCTBYeT OajlaHCUPOBKa
Harpy3kd B BBIYMCIUTEIBHOW  CHCTEME,  TO
OayaHCHpOBKa HoApa3AeNseTcs Ha
LEHTPAIM30BaHHYION PACIPEICIICHHYIO.

B craree omuceiBaeTcs MeTon OalaHCHPOBKH
BBIYMCIINTENIGHOW HArpy3ku B  paclpeleseHHBIX
ABTOMATH3MPOBAHHBIX CHUCTEMAaX, OPHEHTHPOBAHHBIX
Ha  MYJIBTHAareHTHOCTb M MHOTOIOTOYHOCTH
00paboTku naHHbIX. [Ipemroskena cxema ynpaBleHHs
00paboTKN 3alpocOB OT TEPMHUHAIBHBIX YCTPOWCTB,

obecrieunBaromass  3G(GHEKTHBHOE  JTUHAMUYECKOE
TOPHU30HTAIILHOE MacirabupoBaHie
BBIYHMCIIUTEILHOM MOIIHOCTH npu IIMKOBBIX
Harpy3kax. llpencraBinenst  GPSS-momens  u
PE3YyIbTATHI MOJCIJIBHBIX OKCIICPUMEHTOB
UCCIIeI0BaHNUS pa3paboTaHHOTO anropuTMa
JUCTICTYCPHU3AIMN HArpy3KH, MOKA3bIBAIOIIAE €r0
3(h(HeKTHBHOCTB JTaxe npu 3HAYUTEIIEHOM
YBCJIMYCHUU KOJIMYECTBA MOJKIIOYACMBIX Y3JI0B H
YBEIUYCHUHN Macirada APXUTEKTYPBI

pacnpe,ueneﬂﬂoﬁ BBIYHMCIIMTSILHON CHCTEMBEL.

sgf2@tpu.ru

ApXHMTEKTypa pacnpe/ejeHHON BBIYHCIUTEIbHOM
CHCTEeMBbI

MopenupoBanue (hyHKIMOHHPOBAHHSA aNrOpUTMa
0amaHCHPOBKM  HArpy3kd  HCCIEIOBajIoOCh  Ha
(YHKINOHATHHON  CTPYKType  paclpeneleHHON
BBIYHCIINTEIBLHON cucTeEMBI. OCOOEHHOCTBIO TAaHHOM
CHCTEeMBI  SIBIAETCS  BO3MOXKHOCTB  OBICTPOTO
Hapall¥BaHUs IPOU3BOIAUTEIBHOCTH C IOMOIIBIO
TOPU30HTAIHHOTO MacITabupoBaHUS
BBIUUCIUTENBHBIX Y3JI0B M PECYpPCcOB. APXUTEKTypa
CHUCTEMBI 6asupyercs Ha KOMIIOHEHTaX,
UCTIONB3YEMBIX MpPHU TOCTPOCHUH COBPEMEHHBIX
HHCTPYMEHTAJBHBIX  CPEACTB  PAacCHpeesICHHbBIX
BoruucneHmit  (grid-cucrem). Ho  BHyTpeHHAA
CTPYKTYpa KOMILJIEKCa, coJiepiKaHne
(YHKINOHATBHEIX KOMIIOHEHTOB (middleware) wu
MIPOTOKOJIBI ux B3aUMOJCHCTBUS  SIBIISIFOTCS
OpPUTHHAJIBHBIMH.  ApPXHTEKTypa pa3pabOTaHHOTO
KOMIUIEKCAa  BUPTyalIM3HpyeT  TpU  OCHOBHBIX
TEXHHYECKUX pecypca, Ha KOTOPBIX CTPOHUTCH
BBICOKOIIPOU3BOIUTENIbHBII LIEHTP 00paboTku
JAHHBIX  (BBIYUCIUTEIbHBIE CHCTEMBI, CHUCTEMBI
XpaHEeHUs JAHHBIX M IVI00anbHbIE KOMMYHHKAIUN), a
3aTeM coOupaeT uX B EIUHBIH BHUPTYaJIbHBIN
KOMITBIOTEp, YTOOBI NPEJOCTABIATH €r0 PEecypchl B
BHUJIE CEPBHUCOB.

B crpykrype pacnpeneneHHON BBIYMCIUTENILHOMN
CHCTEMBI 00paboTkn JTaHHBIX BBIJICTICHBI
BBIYHCIINTEIbHBIE  CEPBEPHl, KOMMYHHKAIIHOHHBIN
cepBep u cepBep 0a3pl AaHHBIX. [InmaHupoBaHuMe n
JIUCTIETYNPOBAHNUE TPOIECCAaMU 00pabOTKH JaHHBIX
BO3JIOKEHO HA CIELMAIbHBIM KOMMYHMKAI[MOHHBIN
ceppep. BzaumopelicTBue Bcex MOJb30BaTelle C
KOMIUIEKCOM O0OpabOTKHA OCYIIECTBISETCS TOJBKO
gepe3 KOMMYHHKAIlMOHHBIM  cepBep. OCHOBHOM
3ajauell KOMMYHHMKALIMOHHOTO CepBepa sBISETCA
obecrieueHre ONTUMAIBHON 3arpy3KH MMEIOIIUXCS B
€r0 pacHopsHKEHUU BBIYMCIUTENBHBIX CEPBEPOB U
obecrieueHne pexnMa paboThl B pealbHOM BPEMEHH
(online) momp3oBaTeneil. B Takoi  curyauuu
MOJIB30BATENIO YXKE HE Ba)KHO, HA KAKOM KOHKPETHOM
y3J1€ CeTH HCIOJIHASTCA €ro 3ajada — OH IPOCTO
MOTPEOIIIET ONpeIeIeHHOE KOJIMYECTBO BUPTYaIbHON
MPOIIECCOPHOM MOIIHOCTH, HMerolelcs B cetd. Ha

BBIYHCITUTEIbHBIX cepBepax KOMILIIeKca
TIPOM3BOTUTCS MaTeMaTHIecKas o0OpaboTka
naHubix[1].

ANTOpUTM HCTIONIB3yeT HH(pOPMAIMIO, KOTOpas
XpaHUTCS B npoduIsIX (MeTaonucaHMsAX)

BBIUUCITUTEIBHBIX CEPBEPOB (TabNHIlAa MPOIECCOPOB,
TaOJIUIA COOTBETCTBUS 3a/1a4 U Ta0JIMIa 3a1a4).
OCHOBHBIE 1lIard AJITOPUTMA:

77



XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

[ar 1. ®opMupoBaHue CIUCKA BHIYUCIUTEIBHBIX
CEpBEPOB I pEUICHUs 3a/1aui.
[Mar 2. McknroueHue U3 CHHUCKA BBIKJIIOUEHHBIX

CEpBEPOB.
[lar 3. MckaroyeHHe U3 CIHCKA 3aHATHIX
CEpBEPOB.
[ar 4. HckmioueHHWe W3 CIHCKAa CEPBEPOB, C
KOTOPBIMH  CBSI3p 10 TEXHHUYECKHM IPHIMHAM
HEBO3MOJKHA.

IMar 5. OmnpeneneHue BpPEeMEHU YCTAHOBJICHUS
CBSI3M M CKOPOCTH Tepeiaun JaHHBIX C CEpBEpaMHU.

[[Tar 6. Omnpenenenue cepBepa € MaKCUMAaJIbHO
CBOOOTHOM BBIYHMCIUTEIBHON MOITHOCTHIO.

[lar 7. Ilpu HanUuUM HECKOJBKHX CEPBEPOB C
OJIMHAKOBOI BBIYMCIUTENBHON MOILHOCTBIO
BEIOMpaeTcsi TOT cepBep, C KOTOPBIM CKOPOCTB
oOMeHa JaHHBIMU BBITIIC.

[Tar 8. YBenuueHue Ha €IUHULYY 3HAUYEHUS OIS
KonunuectBo nonb3oBaTeneit.

[far 9. TIlpu OTCYTCTBUHM CEPBEPOB  CO
CBOOOJHBIMU  BBIYUCIHUTEIBHBIMA  MOIIHOCTSMH
3asiBKa Ha BBHITIOJIHCHUE 3a]]aud MMOMeIiaercs B 0ydep
KOMMYHHKAIITMOHHOTO cepBepa.

[ar 10. Ilepenauya ymnpaBieHHUs HAa BBIOpPAHHBII
BBIYHUCITUTENBHBIN CepBep.

Kputepuii BeiOopa 3akirtogaeTcsi B MMOUCKE TAKOTO
cepBepa, Harpy3ka Ha KOTOpbIi MHMHHMMAalbHa, a
CKOpPOCTh OOMEHA TaHHBIMH — MaKCHMAaJIbHA.

Gpss-moaens Aas oneHKH 3(pPeKTHBHOCTH

anaropurMa 0aJaHCHPOBKH HATPY3KH

Jus onenkn 3¢ dexTruBHOCTH (PYHKIIMOHUPOBAHUS
pacrnpeneneHHON BBIYUCIUTEIHHON CHCTEMBI,
MpeJCTaBJICHHON BbIIe, ObIa pa3paboraHa e€
HMHUTAIMOHHAs MOieNb Ha si3pike GPSS World [2].

OCHOBHBIMU O00BEKTaMH MOJEIUPYEMOH CHCTEMBI
SIBIISTIOTCSI: ITOTOKH BXOJHBIX 3aJlaHuMH,
BBIUHCITUTENbHBIE ~ CEeIMEHTBI,  BBIYHUCIHUTENIEHBIC
cepepel  (BC) cermMeHTOB, KOMMYHHKaIlMOHHBIN
cepeep (KC), cepreprr 6a3 manueix (bJI), Mmenemkep
BJI. BeluncieHrne MOMEHTOB MOSIBICHHS 3aJaHUil
(cmy4aifHOW BENUYHHBI, CBS3aHHOW C MPOMEKYTKOM
BPEMEHU MEXAy MOSBICHUSMH [JBYX COCEIHHUX
3a/laHUid) OCYIIECTBISIETCS IO HOPMAJIbHOMY 3aKOHY
pacnpenenenus. WHTepBalibl OOCTYXKUBAaHUS TaKkKe
SIBJISIIOTCSI CITy4aitHOM BEJIMUMHBI, pacnpee’éHHOMN 1o
HKCHOHEHIHATBHOMY 3aKOHY.

M3MmeHseMBIMI TapaMeTpaMu MOJENH SIBISTIOTCS:
kommaectBo BC, makcuManpHOE Bpemst 00paboTKh
3aJjaHus, KOJMYECTBO THUIOB 3aJaHUl, CpeqHHI
MHTEPBAI MEXIY 3aJaHMsAMH, IO HapaulelbHbIX
3aJaHuii, JOJs OTKIOHEHHBIX 3aJaHuil, cpeaHee
Bpemss 00pabotku 3amanuit KC, OTKIOHEHHE OT
cpenHero  BpeMmeHM —o0paborkm 3amanumit  KC,
BEpOSITHOCTH ¢60s1 BC, BEpOSITHOCTh BOCCTaHOBIICHHS
BC, cpemnee Bpemss  BoccraHoBieHuss  BC,
OTKJIOHEHHE OT CPEIHEr0 BPEMEHH BOCCTaHOBJICHHS
BC, xomuuectBo KC, MakcuManbHOE  BpeMs
00paboTKN 3amaHUs aIMHUHHCTPATOpPa, KOJIUIECTBO
TUMOB  33JlaHUM, CPEOHUW  WHTEpPBAJI  MEXIY
3amaHmsAMHU, CpemHee BpeMs BoccraHoBieHus BC,

OTKJIOHEHUE OT CPEJHEro BPEMEHH BOCCTAHOBJICHHUS
BC. TumoBbiMH 33JaHUSMUA B HACTOSILEH MOJENH
SBISUIACH 3aJadll cOopa, XpaHEHHS U 00pabOTKH
METCOPOJIOTHIECKUX  HAaHHBIX [UIA  aHajlm3a o
MPOTHO3UPOBAHHUS KIMMATHIECKUX MPOIeccoB [2].

B pabote TIPOBE/ICHO HCCIICIOBaHHE
3aBHCHUMOCTEH TaKMX KPUTEPHEB KakK: KOJMYECTBO
3amaHuil oOmiee, OTKIIOHEHHBIX, 0e3 Imapajuienenn3ma,
C MapayieIu3MOM,  aBapUUHBIX  CUTyallUid C
BOCCTaHOBJICHHEM, oe3 BOCCTaHOBJICHHUSI, c
BOCCTaHOBJICHHEM (AJi1 3aJaHUil ¢ MapauieTu3MoM),
oe3 BOCCTaHOBJICHUS (st 3aaHul c
mapajyiciu3MoOM),  3aJaHduii B OdYepead,  OT
CIeNyIOMINX  MapaMeTpOB: KOJIMYECTBO BC,
MaKCHUMaJIbHOE BpeMs 00paboTKH  3ajgaHus,
KOJIMYeCTBO THIIOB 3aJaHWil, WHTEPBAT MEXKIY
3anaHusamu, koauuectso KC.Bo Bcex akcnepuMeHTax
MOJICIUPOBAaHUE OCYIICCTBIUIOCH B TeYeHWH 24
4acoB (MOJEIBHOE BpeMs).

I[lpu BBHIOpaHHBIX B MOJENH IapaMeTpax
owicTposeiictBust BC: ux kommuectBo (cBbime 100),
MaKCHUMaJIbHOTO BpeMEHH 00paboTku 3amaHus (10
100 enunnn), konngectBo KC (o 10) mpaktuuecku
HE BIMSIET Ha uccienyemble KpuTepuu. KonndecTBo
TUTIOB BBITIONHSEMBIX 3a/laHU{ 3HAUUTENBHO BIUSET
Ha yucio BeinonHeHHBIX B MBK 3ananuii, a Taxke Ha
ouepenp k KC. MI3meHeHne uHTEpBana MOCTYIUICHUS
3aJaHUll 3HAYUTENEHO BIMAET Ha HCCIETyeMbIe
KPUTEpPHH, OCOOCHHO Ha HaYalbHBIX 3Tamax ero
YBEIUYCHHUS. DKCIICPUMEHTHI HMUTAIHOHHOTO
MOJICIUPOBaHMUA pa3paboTaHHON (DYHKIIMOHAIBEHOU
CTPYKTYpPBHI pacrnpeneneHHon BBIYUCITUTENBHON
CHUCTEMBI ToKa3aiu 3 GEeKTHBHOCTD ee PabOThl Jaxe
Opy  3HAUMUTEIHHOM  YBEIMYEHHUH  KOJIMYECTBA
MOJKIIIOYAEMBIX Y3JIOB M YBEIMYCHHH MaciiTadba
apxuTeKTyphl. [IpeanoxkeHHbie mapaMeTpbl MOJCTH H
CTaTHYECKUE KpUTEpUn OIICHKHU ee
(YHKIMOHUPOBAHUS  ITO3BOJIIIM  KOMIUIGKCHO U
OIICHUTH Ka4eCTBO pa3pabOTaHHON MOJICIIH.

3akiaoueHue

Bomnpoc o IUIAHUPOBAHWU  HATpy3Kd B
pacupeeieHHON BBIYMCIUTENBHON CUCTEME CIIeAyeT
pemaThs emie Ha paHHeH CTaauu Pa3BHTHSA JHO00TO
cepBuca. [lepBoHauanbHO MPOOIEMBI HEJOCTATOUHOM
MIPOU3BOTUTENILHOCTH pacnpeneneHHoi
BBIYUCIIUTEIBHOM CUCTEMBI B CBSI3M POCTOM HAarpy3oK
MOXXHO pellaTh IYyTEM HapalllMBaHHUsS MOILHOCTU €€
cepBepoB, HO OdbhdexkTuBHEE —  ONTHUMH3AIIMS
HCIOJIb3YEMBIX AJITOPUTMOB U MPOrPAMMHBIX KOJOB.
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CBETOAMOJHOE TABJIO, YIIPABJIAEMOE MUKPOKOHTPOJIVIEPOM
ARDUINO

AmnanbeB A.Jl, Co6oas A.B., FOaun A.1., ®anees A.C.
Hayunsrii pykoBoautens: @aneeB A.C., 3aBenyronmii kapenpoit AuKC UK TITY
ToMckuil MONUTEXHUUECKUI YHUBEPCUTET
sciffl6@yandex.ru

Beenenne

B Hactosmee BpeMs OoipIas 9acTh aBTOOYCOB B
ropozne ToMcKe HCTIONB3yeT «KAPTOHHBIEY TAOIHUKH
¢ uadopmarmeir o Mapmpyre. VX HYKHO PeryJsipHO
MEHSTbh, €CITH OAMH aBTOOYyC CIEIyeT MO HECKOIbKHM
MapIpyTam; Mpyu U3MEHEHUH MapIIpyTa MPUXOIUTCS
W3TOTABINBATh HOBYIO TaOJHMUYKy; B TEMHOE BpeMs
CYTOK B OOJBIIMHCTBE CJIy4aeB OYEHb CJIOXKHO
YBUAETH MAapLIPyT MH3-3a OTCYTCTBHUS IIOJCBETKH.
OnHaKoO WIMPOKOE PACHpPOCTPaHEHHE CBETOAMOTHBIX
MaTpHl TO3BOJISIET CO37[aBaTh Pa3IMYHBIE CHCTEMBI
nH(opMHUpOBaHUS OT OEryluX CTPOK, 10 3HAKOB U
ykazareneil. [IpuMeHeHre Takux MaTpull ¢ yIoOHOM
CHCTEMOW yNpaBICHUS TIO3BOJIMIO OBl CO31aTh
COBPEMCHHYIO M yJOOHYIO KakK Ul BOAUTEICH, TaK 1
JUTS TTACCAXXUPOB HH(POPMAIIMOHHYIO CHCTEMY.

Lenpto naHHOH pabOTHI SABISIETCS CO3IAHUC
CHCTEMBI, YIIPaBIIEMOH C IOMOILIBIO ILIAT(POPMBI
Arduino, otoOpaxaroiieit HHPOPMALIUIO O HOMEpE U
MapuipyTe JIBHKEHUS OOIIECTBEHHOTO TPAHCIIOPTa H
MO3BOJISIFOILEH BOJUTEINIO YIPABISATH SKPAHOM.

CocraB cucTembl

JanHass uHOpOpPMalMOHHAsI CHCTEMa COCTOMT W3
4eThIpex 4acTel: MUKpokoHTpoiuiep Arduino, Tabmo,
COCTOSIIIEE W3  IIOCIEOBATEIbHO  COEAMHEHHBIX
CBETOJIMOJIHBIX MAaTpull pa3mepamMu 16x32 TOUKH,
LCD-gucmueit pasmepoM 20x4 cHMBOJIa U MaTpHUYHAs
KJIaBUaTypa pa3MepoM 4x4 KIaBUIIH.

Arduino Uno - 3To yCTpPOHCTBO Ha OCHOBE
MukpokoHTpojuiepa ATmega328. B ero cocras
BXOJUT HEOOXOIUMBIH HA0Op KOMIIOHEHTOB JUIsi
ynoOHO#t  paboThl € MHKPOKOHTpoJuiepoM: 14
(POBBIX BXOJIOB/BBIXOZ0B, 6 aHAJIIOTOBBIX BXOJIOB,
pazsem USB, pa3zbem muTaHus, KHOMKa cOpoca U Jip.
Jnst Hawama paboOTBI C YCTPOHCTBOM JOCTATOYHO
npocro mnojare nuranue or AC/DC-agantepa winm
Oarapeiiky, MO0 TOAKIIOUYUTH €ro K KOMIBIOTEPY
[IOCPENCTBOM USB-kabenst. Brennmii BUJ,
MUKPOKOHTPOJLIIEpA NIPEACTABIIECH Ha PUCYHKE 1.

=
sealeeneein,
DIGITAL (PWM-~} 2

Pucynox 2 - BHeuHuit Bug MUKpOKOHTpOJLIEpa
ArduinoUno

Tabno — cBeTOMMOHAS MAaTpPHUIlA, HCIOIB3YIOIIAs
32x16 cBerommomoB KpacHoro IBera. [lpm Takoi
CXeMe MOIKIIOYCHUS] B YCTPOMCTBAX OTOOpaXKeHHUs
MPUMEHSETCS. MaTPUYHAS CXeMa BKITFOUEHHS, KOTOpast
MO3BOJISIET COKPATUTh YUCIIO YIPABISIOMIUX KAHAIIOB,
a, CJIE/IOBATENIbHO, U KOHTAKTOB, B HECKOJIBKO Da3.
Cxema MOJKITI0YCHUsI IPE/ICTABICHA HA PUCYHKE 2.

Bxomsr Apnynso

el e
el e

Bxoms! ApnynHo

]
2
o

Pucynok 3 - Cxema nOoIKITI0YCHHS

CyTp ee TakoBa: y KaXAOTO CBETOAMOJA €CTh
o0IIMii KOHTAaKT B KaXKAOM Py M CTpouke. UToObI
3aropesicsi HY)KHBIH CBETOAMOJ, HY)XKHO IOJaTh Ha
CTPOUYKY «ILTIOC», TO €CTh JIOTMYECKYIO €IMHHUITY, a
HYXHBIW CTOJOEI] MOJKIIOYUTh K «MHHYCY», TO €CTh
HOJATh JOTMYECKUHA HOJb.

UroObl 3axedyb cpa3y HECKOJIBKO  pa3HbBIX
CBETOJIMO/IOB B pa3HbIX CTOJOIAX M CTPOYKax, HaJg0
CHauaja 3a)kedb CBETOAMOJ Ha BEpXHEHl CTpodKe,
yepe3 HEKOTOPOE BPeMs CHATh HANpPsKEHUE C NEPBOU
CTPOYKH, W TMOJaTh Ha BTOPYI, a MHKPOCXEMBI
CTOJIOIOB MOJKIIOYNTE K MUHYycaM. CMeHa 3aropaHus
CTPOYEK JOJDKHA TPOUCXOIUTh TaK OBICTPO, UTOOBI
[OJIb30BAaTENIb HE 3aMedan MepIaHus, Co3/1aBas
OIlyIIeHWEe, 9YTO Ha CaMOM Jelie TOopsAT Bce
CBETOAMO/IBI TaOJIMIKH.

Jna yIpaBlI€HUs CTpOUKaMU
CBETOJMO/0B UCTIONB3YeTCs TPaH3HCTOP,
ynpasisieMbld  MUKpokoHTposuiepoM  (MK). s
YIPaBJICHUS. CTOJNOLAMH HCIIOJB3YIOT —C/ABUTOBBIC
PETUCTPBI,  KOTOPBIE  3aMEHSAIOT  MapajuIeNbHOE
yIpaBlIeHUE cTosIonamMu MaTpUIbI Ha
MIOCTIEIOBATENEHOE YIIPABIICHHUE.

CIOBUTOBBIE PETUCTPHI PAabOTAIOT CHHXPOHHO C
rmaBHeIM MK Tabiamuknm W TakTHPYIOT HX IO
COOTBETCTBYyIOImEMY Bxony. [Ilocime 3amonHeHus
MOCIIEAHEH STYEHKN perucTpa, HHGopMaIus moaaeTcst
Ha BBIXOA, K KOTOPOMY MOXHO IOAKIIOYHUTH
CIEIYIOUUHA CIOBUTOBBI PErucTp U TEM CaMbIM
MPOJIOJDKUTH LIENOYKY (BBIXOJ).

MaTpulbl

80



XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

IIpn moctpoennn T1abno, uHGOPMHUPYIOIIETO O
HaVMEHOBAaHUM HAYaJIbHOW M KOHEYHOH OCTaHOBKHU
cienoBaHus aBroOyca, HeoOXoaumo (OpMHpPOBATH

TEKCTOBYIO HHPOPMALIHIO Ha HECKOJIBKUX
CBETOIHMOIHBIX MaTpHIax, PaCIIONIOKEHHBIX
BIUIOTHYIO. Marpumst TIOTKITFOYAIOTCS
MOCJIEIOBATENFHO, TIPH STOM IIOCBUIAIOTCS CHTHAJIBI
TOMPKO HA  TIEPBYIO  MAaTpuUIly, HO, TIOCJe
(dopmupoBaHus HM300paKEHUsI Ha HeW, JaHHBIC

nepenaroTcsi Ha cieaymoourylo. Takum  oOpaszom
uudposeie BeixoapI MK MOAKIIOYAIOTCS TONBKO KO
BXOJIy TIEPBOW MATPHIIBI, HO (PAKTHYECKH yIpPaBICHUE
OCYLIECTBIISIETCS M300paKCHHEM BCEX  MaTpHIL,
MOAKJTIOYCHHBIX MOCJIEI0BATENBHO. Cxema
Mpe/ICTABICHA HA PUCYHKE 3.

Brixon

Pucynoxk 4 - IlocienoBarenbsHOE MOJKITIOUEHUE
CBETOAUOAHBIX MaTPUIL

Ha wMarpuiry mnomaroTcs JaHHBIE, KOTOpPHIE
MpEJCTaBICHbBl ~ MacCHBOM  JECATHYHBIX  YHCE,
COOTBETCTBYIOIIMX B JBOWYHOM IIPEJCTaBICHUU
CBETOJMO/AM, KOTOpble  HEOOXOAMMO  3aXedb.
IIpyHIUD BEIBOJA IPECTABICH HA PUCYHKE 4.

SR Sl i
S S S
S S S
R

T

Pucynoxk 4 - IIpuniun BeIBOJa

LCD jucnnedt mnpepHazHayeH s yAoOcTBa
uHGOpMHUpOBaHMS ~ BOJMTENs, OH  IO3BOJISIET
otoOpakaTh HaOpaHHYI0 KOMOHWHamui wudp u
MOKa3blBaTh 4acTh HWH(OpManuK, BBIBOJUMOW Ha
Tabno. [lns yMEHbIIEHHS KOJMYECTBA 3aHUMAaeMBIX
BXOJOB/BbIX00B Ha Arduino OBUIO HCIIOJB30BaHO
(poBOlf NPOTOKOJI MOCJIECAOBATENBHON Iepenadn
napopmanun — [12C. Anpec nucruiest Ol onpeseeH
CTaHAapTHOW KOMaHIOW cpeapl pa3paborumka. 3a
CYeT HaJW4Us ajpecanuy YCTPOWUCTB, mpoTtokon 12C

MO3BOJIIET TapajulebHO TMOJICOSAUHATH g0 127
YCTPOMCTB, HCIOJIB3Ys TOJIBKO  JABa  BBIXOJA.
IIpuanun =~ paGoThl  CIIEAYIOIIUK: YCTpOWCTBa

OCTarTCs B O€3/IeHCTBUH, MTOKa HE PACMO3HAIOT CBOM
ajzipec mepe KOMaH/IOM, TO eCTh JJaHHbBIE MePEAatOTCs
O THITY «aJIpec - KOMaH/Ia.

Honkntouenne LCD aucnnes npu nomomu 12C
MOJIyJsl mpejcTaBieHo Ha pucynke 5. 12C momyns
conepxurt cienytoue Bxoasl: VCC — BXoJ MUTaHUs,
GND -~ BeIxOog Ha  «emio», SDA —
rnociaeaoBaTenpas guHug gaHaeix, SCL — curman
TAKTOBBIX CHHXPOHMMITYJBCOB. Brixomsr SDA u SCL

MOJKIIOYAIOTCS. K aHAJOroBeIM moptaM A4 u A5
COOTBETCTBEHHO.

Pucynok 5 - Cxema noaximtouenusi LCD nucruies k
Arduino ¢ nomouisto 12Cmomyiist

[puHun pagoThl cHCTEMBI
CxeMa cHUCTEMBI ITPeICTaBlIeHa Ha PUCYHKE 6.

Enok nutanma

5v

5 N

Tabao

\

Kog

\

Arduine

Homep MapwpyTa

MaplpyT Kaapuarypa

Tucrmedt

Pucynok 6 - Cxema cuctemsl

ITocme 3arpy3km Koja Ha MHKPOKOHTDOJLIED,
MOJaYM IUTAaHUS HAa MHMKPOKOHTpOJUIEp M Habope
KoMOnHanmy mudp Ha KiaBuatype, Ha LCD aucrutee
n  Tabno, cocTosmEeM W3  IOCJIEIOBaTEIbHO
COEJIMHEHHBIX LED MaTpHi, oToOpakaeTcs
nndopmanms. Ha nucruiee otrodpaxaercs HabpaHHas
koMmOuHanms 1udp W yacth  MHDOpMALUH,
orobpaxkaeMoil Ha Tabio, a Ha Tabjao oTroOpaxaeTcs
MapuIpyT IBM)KEHHUS! TPAHCIOPTA, COOTBETCTBYIOLIHUNA
HaOpaHHOW KoMOuHaIH .

CHuCcOK HCIO0JIb30BAHHBIX HCTOYHUKOB
1. MockaroB E.A. DiextponHas TexHuka. V3manue

2. — Taranpor, 2005.

2. «<How to Connect and Read a Keypad with an
Arduino» [Onexrponnsiipecypc] http://www.learning-
aboutelectronics.com/Articles/Arduino-keypad-
circuit.php (mataobpamenus 6.09.2016).

3. «IloakiaroyeHne TEKCTOBOTO 9KpaHa K Arduino»
[Onextponnsrii pecypc] http://wiki.amperka.ru/cxembr-
MOIKITIOYCHHUS: TOAKIFOYCHUEe-TeKCTOBOrO-9Kpana  (ara
oOpamienus 6.09.2016).

4. «Crsizka  Mega2560 ¢ pl0 ledmodule»
Marepuansl  1mo  mporpamMmupoBaHuto  Arduino
HepeBeCHHbIE ¢ OMUUIMANIBHOTO  caiiTa MpOEKTa

ApnynHo [DnextpoHHBIA pecype] http://arduino.ru/fo-
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rum/apparatnye voprosy/svyazka-mega2560-s-p10-led-
module.
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CAIIP JJIA PASPABOTKMU IP-CORE HA A3BIKAX BBICOKOI'O YPOBHA
VIVADO HIGH-LEVEL SINTHESYS

Yepemnos A.A.
Hayunslil pykoBonutens: MansuykoBA.H.
ToMCKuil NONUTEXHUYECKUNA YHUBEPCUTET
e-mail: aac26@tpu.ru

Beenenne

[IUDINC —pa3sHOBHOHOCTh HWHTETPANBHBIX CXEM,
Joruka pabOTBI KOTOPBIX OIpEAENseTcs He NpH
W3TOTOBIICHNH, a 3ajaercs MOCPEACTBOM
nporpammupoBanusi. Cospemennsie [IJIMC conepxat
JO JBYX MIWIJIHOHOB JIOTHYECKHX SUEEK, KOTOpPBIC
MOTYT OBITh CKOHOQUIYpHPOBaHBI JUIA 3aJaHHA
MHOX€ECTBa alNropuTMOB. IIpu 3TOM CKOpPOCTH PabOTHI
anroputmMa Ha IIJIMC cpaBHMMa cO CKOpPOCTBIO
paboThl 3TOrO KE aiaroputMa Ha o0buHONH UC,
onHaKo BakHbIM mpeumyuniectBoMm [IJIMC sBnsercs
BO3MOXXHOCTb JUHAMUYCCKOTO UBMCHCHUA CTPYKTYPhI
JIOTHYECKUX SYEeK.

IIpaktuueckoe wucnonb3oBanue IIJIMC wyacro
BBI3BIBACT TPYIXHOCTH AJISI «IUCTHIX» IPOTPAMMHCTOB,
KOTOpBIE  CTAalIKHBAIOTCS €  LEJIBIM  PSIOM
HETIPUBBIYHBIX 33/1a4: HEOOXOJMMOCTHIO TIOMHHUTH O
NpaBIJIBLHOM (OPMHUPOBAHHN TaKTOBBIX CHUTHAJIOB,
YUYUTBIBATH JIATCHTHOCTDH, & TaK¥XC BOO6IJ.[C IIOHUMATh,
4TO OIECPaTopbl A3bIKOB OIIMCAaHUA almaparypbl HE
BITOJIHC OKBUBAJICHTHBI oreparopam S3BIKOB
MPOrpaMMHUPOBAHHS.

CAIIP VivadoHLS, npeanasHauena ajist co3iaHus
UPPOBBIX YCTPOHCTB € MPHUMEHEHHEM S3BIKOB
BBICOKOTO  ypoBHA.C TIOMOIIBIO JaHHOH  Cpessl
pa3pabOTKN BO3MOXHO HalWcaTh NPOrpaMMy, WIIH

IMEPEHECTU  YiKE TOTOBEIN aJIroputT™Mm = jsd  €ro
HaﬂbHeﬁLHeFO pacnapajuieaIMBaHusA u
KOHBGﬁCpHSaHHH, YTOOBI NOJIYUUThb BCEC

npeumMyiiecTsa oT ucnosb3oanus [IJIMC.

Baxubv npeumymiectsom ganHoro I10 sBisercs
TO, YTO HHXXEHEpHl, KOTOpHIE pa3pabaThIBAOT
nporpammsl s [IJIMC, cmoryT pabotaTs Ha Gojee
BBICOKOM ypOBHE aOCTpakmuu, a pa3paboTduku
npukiaagHoro  IIO  momydaroT ~ BO3MOXHOCTB
peanus3allMy anmnapaTHOro YCKOPEHHsI BBIUUCIEHHH
npu nomomu IIJIMC, 3aTpauuBas mpu 3TOM
MUHHMMAaJlbHOE KOIMYECTBO BPEMEHU U PECYPCOB.

Illaru pazpadoTku

Pazpaborka HLS mpoexToB
CIEIyIOUINe MIaru:

. Co3maHue aiaropuTMa Ha S3BIKE BBICOKOTO
YpOBHI H ero mpoBepka mpu momomu C-
CUMYJISIINH.
. VmmieMeHTanst JaHHOTO aIrOpHTMa Ha
RTL npu momomu C-cuHTE3a B €r0 BepuUpUKaIus.
[[Taru koTOpO¥# MOKa3aHBI HA PUCYHKE 1.
. Onrumuszanus IIOJLy4E€HHOT' O RTL
ONpeNeNeHusl NpH  TMOMOIIM  CIELUAIBHBIX
JUPEKTUB.

noapasymeBacT

. Co3znanue HECKOJIBKUX peleHuni,

OTINYAOIINXCS ObIcTpoaeiicTBHEM u

KOJIMYEeCTBOM 3aHUMaeMbIX pecypcoB IIJINC.

. OKcrmopT maHHBIX permieHuil kak [P-core mms

JATbHEHIIETO UCTIONb30BAHMA.

*  Hcnone3oBaHue pecypcoB JaHHOTO MPOEKTa

B IPYTUX IPOEKTAX.

Kaxnprit mpoekr Vivado HLS conepxut B cebe
CIeIyIOIIe KOMIIOHEHTHI:

. Oynkiuio, HanucanHyio Ha C, C++ wuim

SystemC, kotopast 6yaet mpeodpa3oBana B RTL

. OrpanudeHuss ¥ TpeOOBaHUS, BKIIOYAIOIINE

B ce0s Mepuoj TaKTOB, MOTPEHIHOCTh MEepHOAa U

[UIMC, nmns xotopod coszmaercs I[P-core. Ilo

YMOJYaHHIO TOTPENIHOCTh TPHPABHUBACTCA K

12,5% ot nepuoaa.

. OnuuoHanbHBIE  JUPEKTHBBI,  KOTOpBIC

OTIPEZICTISIIOT  OCOOCHHOCTH —(PYHKIMOHMPOBAHMS

IP-core, Takme kak uHTEepdechl BBOAA/BHIBOJA,

KOHBEHEpH3alUI0  LHUKIOB,  pecypchl  Juis

pa3MelleHus JaHHbIX U T. .

. @aisiel ¢ KOAOM Il TECTUPOBaHUSA
CHUHTE3MpYeMOil  (QYHKUMHM M  3aroJOBOYHBIC
(aib

Ucxomusiii xox B Vivado HLS nemwrca Ha 1nBe
YacTHU:

. Kopn, xotopsrii 6yner cuate3upoBad B RTL.

. Becob OCTaJIbHOU KOJI, KOTOPBII
HCTIONB3YeTCs JUIST TECTHPOBaHUS
npeoOpa3yemMoro Koja.

WrapC Simulation RTL Simulation Post-Checking

Simulation

Test Bench

Test Bench YTy > AutoTB o ,nm>

1 t

ouT RTL Module

Puc. 1. lllaru RTLBepudukarum.
Jis  xaxmoro mpoekTa HeoOXOAWMO BHIOpATh
omHy (YHKIOHIO, KoTopas OyJoeT ompenensirh
HCIIONB30BaThCsl ST CHUHTE3a. OJTOH (yHKIMEH He

MoxeT ObiTh ¢yHKmMa main(). Take OyayT
CHUHTC3UPOBAHBI BCEC HO}I(I)yHKHI/II/I, BbI3BIBACMBIC
OCHOBHOH (pyHKITHEH.

Pa3paboTurky mpenocTaBiseTcs BO3MOXKHOCTh
ruOKo  ompenensaTh HHTEPPEHCH  BBOIA/BBIBOJA
JIAHHBIX, UCTIONB3YEMBIE  PECYPCHI aMATH,
OCYIIECTBIISITH KOHBeHepHU3anuio u
pacnapajuleIuBaHie IIPU  T[OMOILIM  CIIELHAIBHBIX
JIMPEKTUB.
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IIpu 3amycke cpeapl pa3pabOTKH OTKPHIBAETCS
CTapTOBasl CTPaHMUIlA, W300pakKeHHAsi Ha PHUCYHKE 2,
KOTOpast MO3BOJISIET CO31aTh HOBBIH IMPOEKT, OTKPHITH
CO3JJaHHBIC paHEEe MPOEKTHI, B TOM YHCIE MIPOEKTHI C
MPUMEPAMH, a TaKKE MO3BOJISIET IOIYYUTh OBICTPBIN
JOCTYI K Pa3IMIHBIM BHJAM JOKYMEHTALUH.

| VIvaDQ'

Quick Start

Documentation

Puc. 2. CraproBas crpanuna VivadoHLS.

OcoGeHHoCTH HcnoJb30oBaHus C/C++

TpaHcnauuss UCXOAHOTO KOAA BBICOKOI'O YPOBHS
Ha S3bIK ONMCAHMS anmnaparypbl HakJaJbIBaeT
cnenuduueckue TPeOOBaHUS U OTPAHUYCHHUS Ha
UCIOJIb30BAaHUE SA3BIKOBBIX KOHCTpyKuui. Taxoke
BMmecte ¢ VivadoHLSnocrasnsercs Habop 6ubanorex
st si3eikoB  C/C++/SystemC, coxpepkamue B cebe
psAx TONE3HBIX (GVHKIMA W THIIOB, TaKHX Kak:
3HAKOBBIE/0€33HAKOBEIC IIENBIC YHCa MPOU3BOJIBHON
paspsmIHOCTH, NpOOHBIE dHCiIa C (UKCHPOBAHHOM
TOYKOH TPOU3BOJIBHON pa3psamgHOCTH, OHOIHOTEKH
Julst pabOThl C TOTOKAMH, Mar. (QYHKIHUAMH, s
00paboTKu BUJEO U T.1.

[Mporpammucty npu UCIIOJIb30BAaHUH
VivadoHLSxenarenbHo uMeTh x0T OBl 0Oriiee
npencTaBieHne o0 wuHTepdeicax B3auUMOACHCTBUS
Mexay oTaenbHbeIMU Omokamu RTL, u 3HaTh 06 AXI
cranyaprax, handshakenporokosne u T.1.

PaccmorpuM, kak co3marotrcs MHTEp(EWCH mpu
npeoOpa3oBanuu GyHKIUU Ha s3pike Cu B RTL 610k
Ha IpuMepe npocTeneil GyHKIuH.

dout t sum io
(din t inl, din t in2, dio_t *sum)
{
dout t temp;
*sum = inl + in2
temp = inl + in2;
return temp;

+ *sum;

PesynbraT cunre3a npumepa B RTLO10K nokazan
Ha pUCYHKeE 3.

DTOT mpuUMep COAEPIKUT B cebde:

e JIBa BXOJHBIX apryMeHTa, IepeaaBacMbIX

HaIpsMYIO.

. Vkazarenp SUMMO3BOJIIONIMKA  YUTaTh U

3aIHCHIBATH JaHHEIE.

. Bo3sgpamaemyto

returnmepemennyto temp.

MTOCPEICTBOM

ap_ctrl D—H‘ e pp_ctrl
= bap_start
1 4ap_done

: :‘ :‘::w ap_retum(31:0) ) ap_return[31:0)
- i “I: sum_o31:0) » sum_o[31:0)
ap.c C‘,, y g ‘ sum_o_ap_vid[0:0]p
ap_rst 5 ap_rst
|n1[31:0]5:ml[)1:0)
in2[31:0) [Dy———emin2[31:0)
sum_i[31:0]) [Dr————emsum_{31:0]
Puc. 3. RTLOJ0K, mONy4YeHHbBIH B pe3yabTaTe

CHHTe3a IpUMepa.

IMlo ymomuanuro VivadoHLScosmaer mopthi
ap_clkm ap_rst gns TakTMpoBaHMs U cOpoca
cooTBeTCTBEHHO. TaKKe 1Js peaausaldu IIpOTOKOJIA
OJ0YHOrO  ypoOBHsA  co3gaercs mmHA  ap_ctrl,
coacpxKalas B Ce6e CHUI'HaJiIbl JIs1 HWHIAUKAlUKU O

3aHATOCTH, TOTOBHOCTH, 3aBCPIICHUUN pa6OTI>I )44
CHTHAJI CTapTa.
Takke VavadoHLS mo  ymomuaHurocosmaer

MOPTHI IS NIEPEMEHHBIX, KOTOpble OOBSBICHBI Kak
aprymenTsl ¢yHkuuu. I[IporpamMmucT MOXeET mpu
NOMOIIM  CIENUANbHBIX  JUPEKTHUB  Ha3Ha4aTh
apryMeHTaM (pyHKINM KOHKPETHBIH THII IIOPTA BBOAA
WK BBIBOJA NaHHBIX. IIpy 3TOM AN pasHBIX THUIIOB
BXOJHBIX JaHHBIX JOCTYNHBI Pa3HbIE THIBI MOPTOB.
Bce BXOnHBIE AaHHBIE pasAeisAlOTCd HAa TPU THIA!
CKaJIpHBIN, MacCHB, yKas3aTelnb WM ccbuika. Ilpn
3TOM Kak MOPTHI BBOJIa/BBIBO/IA MOTYT
HCIOJIb30BAThCS TOJIBKO MacCCHBBI WIH
ykazarenu/ccbliki.  CKaJsipHBI ~ THUI  JTQHHBIX
omnpefessaeTcss Kak IOpT TOJNBKO M BBOJA WIH
TONBKO ST  BBIBOJA  JaHHBIX. Tabmumy ¢
COOTBETCTBHMEM  HMHTEP(PEHCOB THMAM  BXOJIHBIX
MIEPEeMEHHBIX MOXKHO HAlTH B ToOKyMeHTe [2].

3aki0yeHue
Vivado HLS sBrnsieTcs MOITHBIM HHCTPYMEHTOM,
KOTOpPBI  IO3BOJIIET B Kpardailiie  CpPOKH
paspadorars IP-Core npukiaHOMy HpPOrpaMMHUCTY
JUISl YCKOPEHHsI BBIYUCIICHUS! CBOMX aITOPUTMOB Ha
TJINC.

CHucoKIUTEPATYPHI:
1. Introduction to FPGA Design with Vivado

High-Level Synthesis(UG998). — 89 p

2. Vivado Design Suite User Guide High-Level
Synthesis UG902(v2015.4) November 24, 2015. —
671p

3. Vivado High-Level Synthesis // Xilinx Inc //
URL: https://www.xilinx.com/products/design-
tools/vivado/integration/esl-design.html 1
Haraoopamenns: 10.10.16

4. Getting started with Vivado High-Level
Synthesis I Xilinx Inc. I URL:
http://www.xilinx.com/video/hardware/getting-
started-vivado-high-level-synthesis.html//
*Marao6pamienus 10.10.16
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INTRAMODE WAVE PACKET WITH SPECTRUM IN THE VICINITY OF ZERO
FREQUENCY OF THE TM-MODE GROUP VELOCITY OF THIN LEFT-HANDED
MATERIAL

Rahim A.A.R., Parafionova E.S., Litvinova N.R.
Supervisor: Litvinov R.V.
National research Tomsk Polytechnic University
aritomsk@yahoo.com

One of the new laws for directed propagation of
the optical modes of material left-handedwaveguides
due to the fact that the direction of the power carried
by a waveguide mode in the left-handed material, the
opposite direction to portable power with the right-
oriented coating medium and substrate [1, 2].At a
certain frequency w, total power carried by the
waveguide mode of the cross section of the
waveguide, and, as a consequence, its group velocity
vanish [3, 4].

This report presents the results of analysis of the
propagation intramode wave packet with frequency
range of near zero group velocity of the optical mode
TM-type thin left-handedmaterial.

710,69
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Fig.1 The dispersion dependence of the
propagation constant mode ofthin left-handed material
in the vicinity of the frequency of zero group
velocitymodes a, with width of the wave
packetspectrum AQ=10"rad/s.

Figure 1 shows the dependence of the dispersion
of the propagation constant  with frequency mmodes

ofTMfor material thickness 0fh=330 nm with
parameters of left-handed metamaterial
®,=3,46-1015rad/s (plasma frequency),

on=1,63-1015rad/s (magnetic resonance frequency)
and F=0,5 (the filling factor of the metamaterial), air
coating medium and the substrate with relative
permittivity e,=2.At a frequency wo=1,74-1015 rad/s
modes group velocityvanishes (v;=dw/dB=0). The

dependence of B(w) dividesinto two branches at
thepoint ofuv,=0.The phase and group velocity of
modes corresponding to the lower branch of the
dispersion relation, have the same direction, and the
respective upper branch - opposite.Thus, at a
frequencywnear the point of @y (w<wy), in which the
group velocity of the mode TM becomes zero, there
might be two waveguide modes with propagation
constants belonging to the same continuous dispersion
branch.

Dependencies B(w) near the point of oy (See. Fig.
1) can be represented as a series in powers of the
square root (Aw ) from the frequency increment
Aw=wy—wm.Dispersion dependencies of the
propagation constant B* (modes with the same
directions of the phase and group velocity) and
constant B (modes with opposite directions ofthese
velocities) in the first approximation largest Aw*?can
be described by the following equations:

BE=BoFAwa=Bg(1F5p): 1)

whereBo=p(mp), a=-0.5d’w/dp? 8p=(Awla)"*/B,. For
the case Bo=1,02-107 m™, a~1,28 s/m.

In general, the frequency interval AQ=w,-
omin<<wp correspond to two different couples
intramode packages waveguide modes which have
opposite direction of phase velocity. Wherein modes
of one package of each pair (with constant
propagation B*) have the same direction of the phase
and group velocities. Modes of another package of
each pair (with permanent °) have opposite directions
of these velocities. Below is believedthat each of the
packets has a uniform spectral density within the
frequency band AQ.

In this case, the power flow mode and the group
velocity at the frequency wpare equal to
zero.Therefore, the dispersion distortion of power of
each wave packet, manifested in their spatial-temporal
transformation, in this case associated with both
thephase dispersion and the form dispersion as well.
Normalized (dimensionless) power carried by one of
these intramode wave packets can be obtained as:

AQ
P(z,t)=Re J.exp[—i(Aa)tJr\/%szwa
- i @
xIJEexp[i(Aa+ ﬂzJ]dAa)}
2 V1A 4
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The time dependence of the power
p(t)=P(z,t)/max[P(0,t)], carried by the wave packet
width AQ=100GHz in different sections z = const,
normalized to the maximum flow at z = 0, is shown in

Figure 2.
Figure2. Normalized to the maximum time
z=0
z=70 MxM
. /
2 i _
= i z=0.14 mMm
T i /‘/
50;-» 05]: : z=0.22Mm

0 02. 04 06
time,ns
dependence of the power carried by the wave packet
TM mode in various sections z = const left-
handedmaterial.

The multi-character of this relationship due to a
rectangular range of the original wave packet is not
changing during its propagation. Effect of dispersion
leads to distortions manifest themselves in alignment
depending lobe maxima s(t)in the process of
spreading the packagein time with increasing z while
maintaining the package of energy in the absence of
absorption. Noticeable distortion of the wave packet
dispersion occur even at small distances z, the order
of tenths of a millimeter.

With strong dispersion distortions typical idea of
the speed of propagation of a narrow band of the
wave packet, as the group velocity is meaningless
[5].In this case, as the packagepropagation velocity
may be considered the speed of the main peak
power.The analysis shows that both the instantaneous
and average velocity increases from this maximum
value,equal to:vo=(136-(aAQ)"?)/105~5,27-10°m/s in
the  section z—0, to a value equal
v, =(2-(alAQ)")~8,14-10°m/s in the section z—>.

Note that in an unbounded (bulk) left-handed
environment, the group velocity of light waves does
not vanish in any of frequencies under the considered
range.At the same time at a frequency wy~1,74-10"°
rad/s, where the group velocity of the guided mode
TMthin left-handed material vanishes, the group
velocity of approximately equal 4-10’m/s.This is 50
times more than the propagation power velocity,
considered tolerable intramode wave packet having
order 7-10° m/s with a width of its spectrum equal
AQ=100 GHz.Decrease in AQ reduces the speed of
power carried by the package in a left-handed
material. The propagation velocity of the power

carried by the wave packet with a width range of 1
GHz in this material will be a 500-fold less than the
group velocity of the bulk material.

In the limit AQ—0 considered the propagation
velocity of the wave packet in the material and strive
to zero, since in this limit the wave packet in the
material degenerates into a guided mode having zero
group velocity at the frequency wy.

Thus, the propagation velocity of a wave packet in
intramode left-handed thin material at its spectrum
width of 100 GHz can be reduced relative to the group
velocity of light in a left-handed bulk material by two
orders.

References
1.He Y., Cao Z., and Shen Q. Guided optical

modes in asymmetric left-handed waveguides. Optics
Communications, 245, 125 (2005).

2. Xuea Y. L., Liu W, Gu Y., and Zhang Y.,
Light storage in a cylindrical waveguide with
metamaterials. Optics & Laser Technology, 68, 28
(2015).

3. Atakaramians S., Argyros A., Fleming S. C,,
and Kuhlmey B. T. J. Opt. Soc. Am. B, 29 (2012).

4. Konkin D.A., Shibelgut A.A., Litvinov R.V.,
Optical waveguide mode dispersion of thin left-
handed films.// lzvestiya Samarskovo nauchnovo
tsentra RAN, 2015, 1. 17, 83 c.

5. Davidovich MV "Onthe Hartman paradox,
electromagnetic wave tunneling, and supraluminal
velocities (comment on "Tunneling
of electromagnetic waves: paradoxes and prospects"
by A B Shvartsburg)" Phys. Usp. 52 415 (2009).

86



XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

DEVELOPMENT OF CROSS-PLATFORM SOFTWARE COMPLEX FOR
DETERMINING OPTICAL RADIATION EXTINCTION AND TRANSMISSION

Loskutov V.V.
Scientific advisor M.A. Sonkin
National Research Tomsk Polytechnic University
deonold@gmail.com

Introduction

Nowadays, the task of monitoring and
investigating marine areas is given a large amount of
attention [1]. The reason is growing necessity of
environmental control and rational management of
natural resources. For such task, it is very prospective
to use optical methods based on determining the
properties of radiation transformed by a medium.

This work describes the principles and algorithms

behind the development of software complex,
implementing a numerical model for studying
extinction and transmission of optical radiation

passing through a medium containing various
particles. The software complex in question allows to
easily perform a large number of calculations for a
variety of input data and display the results in a way
that is convenient for conducting research.

Method of calculation
To study the properties of the incident radiation
passed through a medium, a numerical model has
been developed [2]. Modelling the extinction process
of radiant energy requires considering the extinction
coefficient. For a system of particles, it can be defined
as following:

Oleyt = C-(Sext) (1)

Here <Se“> is the average extinction cross-section;
C is the volume concentration of particles.

When radiation beam transmits through a layer of
medium with particles, radiation intensity decreases.
The transmission function is determined as

T= eXp(_aext ’ h) ()
where h is medium layer thickness.
To compute the extinction characteristics, it is

necessary to use the dimensionless value such as
extinction efficiency factor:

Qextz%’
)

where Ssq is the area of particle geometrical
projection on the detector surface crystal shadow.

The software complex uses two methods to
compute Qext among many other incident radiation
scattering and extinction properties. First method
utilizes Bohren-Huffman-Mie algorithm for solving
the scattering problem of the plane wave on the
sphere [3]. This algorithm returns a precise solution
and is not compute-intensive. However, its
application is limited to simple highly-symmetric

shapes. This work uses the most common Mie
algorithm for spheres only.

The second method is discrete dipole
approximation (DDA) [4]. By using DDA method, it
is possible to solve the problem of plane wave
scattering on a particle of arbitrary shape and
composition. While conceptually easy, the algorithm
is iterative and computation-intensive. Nonetheless, it
can solve the task with any specified accuracy given
sufficient computational resources.

The software complex utilizes both of these
methods as a part of its calculation routine. However,
for a proper study of spectral-wave dependence of
extinction, it is necessary to use a priori information
on particle nature and select acceptable wavelength
ranges for laser sensing. The numerical model uses a
non-absorbent medium with particles that can absorb
and scatter light to a varying extent.

Software complex model

To calculate the optical characteristics of the
medium, we should consider a number of input
parameters. They include wavelength of the incident
radiation, the refractive index and thickness of the
medium layer, particle sizes, particle concentration
and spectral dependence of the complex refractive
index.

The software complex designed for studying
optical radiation extinction and transmission should
satisfy a number of requirements. Such requirements
include modularity, usage convenience, possibility of
using custom input data sets and ability to record
output data as well as change its visual appearance.
The functional scheme of the developed software
complex is shown in Figure 1.

User
(interface)

request for data
or modifications

A-DDA
module

Database for
refractive
indices

Central module
requested
walug

BHMIE

module

set of output
data

Output module

Figure 1. Software complex functional scheme

The central module acts as a pivot of the complex,
receiving input data via user interface, sending
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commands to computation modules and sending the
results to the output module. The user can specify
whether to calculate a single value or a range of
values with a varying parameter. In the case of
varying parameter, a set of the resulting data in sent to
the output module.

The user can specify which computation module
needs to be used — BHMIE or A-DDA. The modules
use Mie or discrete dipole approximation methods,
respectively. The input data is received via user
interface and collected by central module after
processing. Since A-DDA module calculations can
require a considerable amount of time, it is run in a
separate thread with a separate window that displays
computation progress as well as processing log.

Determining optical properties of the radiation
transformed by a medium requires considering
materials with spectral dependences of the complex
refraction index. Therefore, it is very convenient to
use a complex refraction index database. Once
material database is loaded, its contents are added to
the user interface. The screenshot of the central
module displaying database contents is shown in
Figure 2.

n] Extinction analyzer

|

Bxoarbie AaHHble | PacusT | ADDAnapaMetpel | Basamantox | Oypran

Tabnua

AmmoniumSulphate ¥ | | OTofpasuTe Tpatux OTKpeTe BA

DVM PM1 PM2 Cal
0.2 155 1e-07

0.25 1.55 1e-07
0.3 1.54 1e-07

0.337 1.54 1e-07

w B W m =

04 1.54 1e-07
v

Figure 2. Screenshot of the database for refractive
indices

When calculations are complete, central module
gathers the output data into a single set and sends it to
the output module. The output module stores the data
received in this session and can display it in both text
and graphical form. For research purposes, the data
visualization is the most important aspect. The output
module features a number of tools to display
calculation results in a more convenient way, adding
multiple data sets on a single graph or changing the
curve style and color for visibility. The screenshot of
the output module is shown in Figure 3.

(a ] BLIBOA pe3y/LTaToR ?
Tadnk | famee

Hafiop aakHsix

3) 10.10.2016 18:32: 10

Napanerp Kpussie
QExt v |Kowean2 -

8 . Oan x0xdfy0iyl
g 4 ™. . 000000 |3 [ |
T~ 2,00000 %

000000 [ Mpyrerrs

239261 [5 YaanTs

Figure 3. Screenshot of the output module
graph

Implementation tools

The prototype version of the software complex for
determining  optical radiation extinction and
transmission was written on C++ language and
utilizes free Qt libraries. Qt allows to compile the
source code for most of the known platforms, which
can extend the application field of the software.

BHMIE calculation module uses classic Bohren-
Huffman-Mie algorithm for solving the scattering
problem of the plane wave on the sphere. The
algorithm was rewritten for C++ programming
language and further modified to fit the software
complex.

Discrete dipole approximation calculation module
uses free ADDA application designed by Maxim
Yurkin. Software complex provides a basic interface
that allows to generate a series of commands for
ADDA running in background. After processing is
complete, central module reads and stores the results.

Output module uses free QCustomPlot library [5]
that provides a convenient way for customized graph
visualization.

Conclusion

A software complex designed for determining
optical radiation extinction and transmission was
presented in this paper. Its modular architecture and
ability of cross-platform code compilation allow for
easy modification due to possible changes in
requirements. The described software can run a
number of calculations and visualize them in a way
convenient to study and find useful dependences. The
developed complex is a practical solution for
researching optical radiation transformed by a
medium containing particles of various sizes and
natures.
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Beenenne

OnNuMOHHBIA MPOAYKT (ONUIMOHHBIN mopTdens,
OIl) — WHBECTHIHMOHHAS CTPATervs, YIaKOBaHHAS
WHIUBHIYaJIBHO IJIsl KJIMEHTA UCXOJs U3 €To Ienel n
3aIpocoB, copMupoBaHHas MOCPECTBOM
KYIUTH/TIPOIaKH OTIITUOHHBIX KOHTPakToB [1].

Ommmon «call» (ko) / «puty (myT) maet mpaso
MOKYTNATEII0 ONIIMOHA KYNUTh / MPOAaTh Oa3HMCHBINA
aKTHB Y INpOJaBla OMIMOHA IO IIEHE WCIIOJHEHUs B
YCTaHOBIICHHBIE CPOKM WJIM OTKa3aThCsid OT OTOM
nokynku. ®prouepc — NPOM3BOAHBINA (PHUHAHCOBBIN
UHCTPYMEHT, CTaHAApPTHBIH CpPOUYHBI  OupKeBOH
KOHTPAKT KYIUIM-TIPOIaYKH 0a30BOTO aKTWBa, IpH
3aKJIIOYEHHH KOTOPOTO CTOPOHBI (IpojaBel] |
MOKyTaTelb) JOTOBAPUBAIOTCA TOJNBKO 00 YpOBHE
LIEHBI U CpOKe mocTaBky. CTpaik — pUKCHpOBaHHAS B
OIIIMOHHOM KOHTpAaKTe LleHa (IleHa MCIOJIHEHHUS), MO
KOTOPOH MOXET OBITh KYIUICH WM MpoJaH 0a30BBIH
aKTHB B clly4ae ucnojneHus omuona. [{ena ask (bid)
IeHa mpojaxu (MOKymkH) Oa3oBoro aktusa. Ilpu
ATOM CIPEeIOM Ha3biBaeTcsi pasHocTh meH ask u bid
[1].

B JaHHOM  HCCJICIOBAHUU HMECTCA YCTBIPE

(dakTopa, BiMsAOMKMX Ha BbIOOp (uHAHCOBOTO
MPOyKTa:

1) CTouMOCTH OINIIHOHHOIO MPOAYKTA:
OTpHUIaTeNIbHAS,  IOJNIOKUTENbHAsT W HyJeBas.
OTtpunarenbHas CTOUMOCTD — MPOIYKT OECIUIaTeH IS
KIIHEHTA 31 mpeIoIaraet MIePBOHAYAIIEHYIO
JEHEeXKHYI0  BBIIUIATY B~ MOMEHT  CO3JaHHA
MHBECTUIMOHHOT'O nopTdens (MoHeTH3aIus).
ITonoxureanHas - CTOMMOCTE MPOYKTAa,

yCTaHOBJICHHAs: OaHKOM, OIJIAYNBACTCS HHBECTOPOM B
MOMEHT (popMupOBaHUS MOPTQeENs (JeMOHETH3AIU).
HyneBast —  TpOXyKT  SBIAETCS  HOJHOCTBIO
OeCIUIaTHBIM IS KIIMEHTA.

2) CueHapuil IBWKCHHUS IIEHBI 0a30BOTO aKTHBA
ONMIMOHHOr0 mopTdess (Hanpumep, «ObIYMI» WIH
«MEJIBEXKUI» CIIPEIp).

3) Toprdens noMKEH HMETH OTpaHUYCHHBINH
MaKCHMaJbHbIH ~ ypOoBEHb yOBITKA B  clly4ae
HepeaJM3allid MpOTHO3a JIBI)KEHHS IIEHBl aKTHBa
HWHBECTOpA.

4) Ecmn mena 0a30BOr0 axkTHBa B MOMEHT
SKCIMpAIMK OIMIMOHHOTO MPOAYKTa COBHAJIET C

NPOTHO3UPYEMBIM ~ 3HAUEHHWEM  II€HBI, TMOPT(eEb
JIOJKEH TIPHHECTH MaKCHMAITbHY0 TIPUOBLIH [2].

BBeeM  MPEANONOXKEHWS W YCIOBHBIE
0003Ha4YeHHUS.

1. Ilpenmonaraercs, 4To OaHK MUMEET JOCTYI K
cpouHoMmy pbeIHKY MockoBckoit Oupxu FORTS, Ha
KOTOPOM  3aKIIIOYAIOTCS  CHCIKHA  KYIUTH-TIPOJAXKH

pa3IUYHBIX JI€PUBATUBOB C
CpPOKaMU SKCIUPAIIH.

2. bazoBwnit aktuB (BA) — aKkmuu, IICHHBIC
Oymaru, (HOHIOBBIC MHIEKCH M IpyTrue (YUHAHCOBBIC
WHCTPYMEHTBI, KOTOPBIC JIE)KAaT B OCHOBE CpPOYHBIX
KOHTpakTOoB. B kauectBe nepuBaTtuBOB Oyner
BBICTYIIATh MAap>KUPYEMBbIHl OIIMOH KOHKPETHOTO
BHAa Ha (BIOYCPCHBIN KOHTPAKT Ha Kakoi-mnoo BA
(mampumep, akuuu ITAO «["asmpom» WM HHIEKC
PTC) [3,4].

Toproaio Map>KUPyEeMbIMH OMIOHAMHU
samyctiiia Oupxka PTC B 2009 romy. OcHoBHOE
OTIIMYKME  MapXKUPYEMBIX  OT  HEMap)KHUPYyeMbIX
ONILIMOHOB COCTOUT B TOM, YTO IMOKyHaTelb cpa3y He
IUIATUT BECh pa3Mep MpPEeMHH TPOAABIly, T.€. B
MOMEHT 3aKJIIOYEHHs CHIeJKM Ha cyeTax He
MPOUCXOJUT  JBIDKCHUS  PEAIBHBIX  JCHEXKHBIX
cpexnctB. BmecTo 3TOTO € 00€MX CTOPOH (TOKymHaTess
" MPOJIaBIIA) YIepKUBACTCS rapaHTHHHOE
obecrieuenne (I'O). IIpu 3TOM MO UTOraM M3MEHEHUS
nensl B aHeBHOW (14:00 mck.) u BeuepHwmit (18:45
MCK.) KJIMPHUHT UM HA4HCIIAETCS MOJIOKUTEIbHAS WIN
OTpHIIATENbHAS pa3HUIA (BapHaIlMOHHAsS Mapika) [1].

lapantuiinoe obecneyenue (I'O) — cymma,
COCTaBIIAONIasT HEKOTOPHIH NMPOLEHT OT CTOMMOCTHU
0a30BOro aKkTHBa, KOTOpas MOJDKHA HAXOIWTHCS Ha
cuere kimeHrta. [apantuitHoe obecneuenue (I'O)
00bryHO Bapwupyercs oT 10 mo 25 mporeHToB OT
CTOMMOCTH 0a30BOIO aKTHBAa M yKa3blBaeTcs B
cnenuduKanuu GproYepcHOro KOHTpakTa. Pasmep 'O

COOTBETCTBYIOLIUMU

TECHO CBS3aH C BOJIATHJIBHOCTBIO  (JMHAMMKOM
I/ISMeHeHI/I}I) IICHBI Ha PBIHKEC.

I'apanTuiinoe obecrieueHue OIpeNeIAeT
JIETIO3UTHYI0 MapKy (BO3BpallacMas CTpaxoBas

CyMMa, KOTOpasi B3UMaeTcs Oupxed ¢ 00enx CTOpOH
(mokymartenss W TPOJAaBIa) HPU IOKYIKe/Tpoaake
OITLMOHHBIX KOHTPaKTOB [1].

IlocTanoBKa 3aga4yn

IIycte M € [0;+o0] — peiHOYHAs eHa BA (akuum
«ITAO T'a3mpom») Ha MOMEHT PKCIHMPAIHU MPOIYKTa
(ueHa cmot). MHBECTOp MMeEeT MPOTHO3 POCTa LEHBI
aKTHBa OT TEKyIIero 3HaueHus My, 10 0XumaeMoro
3HaueHussT Mg, B KOTOpOM OH JKeJIaeT MOJIYYHTh
MakCUMallbHBIN goxoa. Kpome Toro, B MOMEHT
(dbopmupoBaHUs MOPTQENIT UHBECTOP XOUYET MOTYIHUTh
JIEHeXKHYI0 cymMmmy Mon (MoHeTusaius), a B ciiydyae
HaaCHUsA TOCHBbI aKTHBa OrpaHUYNTH YPOBEHBb
MTOHECEHHOTO YOBITKA OTPEICIICHHON BEIMIMHON L.

BxoaHble mapaMeTphbl
E — xommuecTBO KYIDICHHBIX / TIPOJAHHBIX
OTIIMOHOB C OIHHUM CTPAaWKOM (OTIPEIeNIeTCs] NCXOAS
W3 JIMKBUHOCTH Ha PBIHKE, B JAHHOM UCCIICIOBAHUU
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E=10); X = (X4, ..., Xs), npuuem |X;.| < E— Bektop
KOJIMYECTBA KYIUIEHHBIX / TPOJAHHBIX OMI[MOHOB KOJIT
Ha ¢erouepc; anamormuro Y = (Yy, ...,Ye), mpuuem
|Yi] < E- BektOop KONHYECTBa KYIUICHHBIX /
NIPOJIaHHBIX OIIIMOHOB KOJUT Ha ¢brouepc; Sc = (Sci,
ey Sce)s THE Sci< ... <Scg— IIEHA CTPalK OMIHOHOB
KOJUT Ha (pbroUepCHBIA KOHTPAKT; Sp = (Spy,..., Spe),
Spi< <Spg — meHa CTpaiik ONIHMOHOB ITyT Ha
(hwrouepCcHBI KOHTPAKT; =1 ¢ (Xx* Max (M-S¢y; 0)) —
CyMMapHasi o0lias  KOJUI-BBIIIaTa B MOMEHT
skcrnupaiu npoaykra; Zy=1 6 (Yir max (Sp-M;0)) —

cymMMapHas  oflmas  TyT-BbIIATA B MOMEHT
skcmupauuu npoaykra, P=(P;, .. , Pg) -
CpEMHEB3BCUICHHBIE [EHBI  ONIMOHOB KOMI B
COOTBETCTBHM ¢ HeHoW crpaiik; Q=(Qy ..., Q) —

CPCAHCB3BCIICHHBIC IICHBI OIIITMOHOB mnmyT B
COOTBETCTBUHU C HeHOﬁ CTpaﬁK; CpPCAHCB3BCIICHHBIC

LICHBI MOKYIKH OIIHOHOB: KOJLI
Pgic=(Psid() ---.Pside), Tm€ Pgiggy=Pi*0.9, k=1..6 n
nyT  Qgig=(Qsid(y .- Qsiae)): e Qsiay=Qx*0.9,
k=1..6;  cpemHEB3BEIIGHHBIE  LIEHBl  IIPOJAXKH

onuoHOB: KO Pag=(Pask (1) ----Pask 6), Te Pas
w0=P«*1.1, k=1..6 n nytQas=(Qask (1) ---»Qask (5)), T11€
QAsk (k):Qk*l.l, k=1..6.

Torma cymmapHyr NpuOBLUIb, MOJNYy4YaeMyl0 B
MOMEHT SKCIUPAIHK MPOLYKTa, MOKHO IIPEICTABHTD
B CIEIYIONIEM BHJIE:

F(P, Q. X, Y, M) = Zi=1 6 (Xi'(-(Paidq) 1P asig) + max
(M-S¢i;0)) + Yo (-(Qgigy unt Qasky) + mMax (Spy-
M:0))) [5]. 1)

Hpunuunsl gopmupoBanus noptdens
1. BennuuHa BbIIUIaT MOPTQENs Ha TPOMEXYTKE

[0; min(Scq; Spq)] momkHA OBITH OrpaHUYEHA, & TAKKE
JIOJDKHO BBIMIOJHATHCS YCIOBHE TOPHU30HTAIBHOCTH
rpaduka:

F(P,Q,X,Y,M = min(Scl;Spl)) =-L,u

n
Y, =0(2)
k=1
2. I[J'IH obecneueHus TOPU30HTAJIbBHOCTH BBIILJIAT

Ha IPOMeXKyTKe LeHbl [max(Scy;Spy)i+e], momkHO

.. n
BBINOJHATBCS YCIOBHE: & o (3)
k=1
3. Pactymwmit Tpenx rpadpuka ¢yHKIEH Ha

MPOMEXYTKE MEXAY JABYMsS JIOOBIMH COCETHUMH

CTpalikaMl  CO3/[aeTcst W3 YCIIOBHUS [5]:
Dg= X X;-— > Y: >0’ ()
a = i i=
Scj SSq Spj qu+1
(Sw:Se.q) € [Min(Scy: Spq ); max(Sc,,; Spy )] re 9 = 17
qv q+1 € 11 plv n: pn pil
4. OrpuuarensHas  CTOMMOCTh  HPOIYKTa,
BBIPAKAETCS CIIEIYIOIIUM OrpaHuYEHUEM-
paBenctBoM: Mon = const< 0 (5)

n
kzl[xk - (Pgid (k) #m Pask(k)) + Yk - (Qid (k) wm
unu QASk(k) )] = Mon

Pacuyernas yactb

[Tycts maBecTOp 22.02.2016 BRIOBUraeT MPOTHO3
JIBWKEHUS LEeH akuui [asmpoma oOT TeKyliero
3Ha4eHus Mp,,=138,8 py0. mo oxxnmaemoro 3HaYCHUS
Ha 15.06.16 Mg=155 py6., B KOTOpOM OH >KEJaeT
[OJIYYUTh  MakcUMajbHBIH  Joxonx. Ilpu sToMm
uHBECTOp Xo4eT nmoiyduTsh 1000 py6. HanM4HBIMHU B
MOMEHT NPHOOpPETEeHHsT NPOJIYKTa M OTPaHUYHUTH
MakcUMalbHbIN yOobITOK Benmunnoi L=10 000 py6.

Jnst yaoBineTBOpeHuUs NPEANOYTCHUH UHBECTOpa
cienyer chopMHpPOBATh MOPTQEab W3 6 OIIIMOHOB
«cally (komr) Ha (QplOYEpCHBI KOHTPAKT Ha
oObikHOBeHHBIE akimun «[TAO Tasmpom» u 6
OIIIOHOB «PUt» (IIyT) C OJHUM CPOKOM HCIIOTHEHHS
17.06.16 u pa3nu4HbIMU cTpailkaMu.

Ha pemke akunuit 1 ot comepxkur 1 akuwro,
OHAKO HA CPOYHOM pBIHKE TOPTOBISA HIET HE
JoTamMu, a KoHTpakTamu. OO0beM (bIOUEPCHOTO
koHTpakTa Ha akuuu ITAO «lasmpom» — 310 100
aKIM{, CJIeIOBATEeNbHO, CTPailkKM Ha OUpKE — 3TO
LIEHBI aKkIuii, yMHOkeHHbIe Ha 100.

Takum o00pa3omM BBeIeM BEKTOp CTPAKOB
omroHoB Kot u myt: Sc = (13500, 14000, 14500,
15000, 15500, 16000) u Sp = (12000, 12500, 13000,
13500, 14000, 14500). Cdopmupyem BekTopa
CPEIHEB3BEIICHHBIX (PAacuyeTHhIX) IIEH OIIMOHOB
KOJUI ¥ ITyT B COOTBETCTBUY C KOHKPETHBIM CTPAHKOM.
HX MOXXHO MOIYy4YUTh, MCHONB3YSI CHEHU(PHUKALNIO U
«locky ommuoHOB» cpoyHoro pbiHka FORTS
Mocxkosckoii  oupxxkuP=(1187,894,647,448,295,184),
Q=(186,276,399,562,769,1022).

B coorBercTBuM ¢ mpuHIMIAMH (GOPMHUPOBAHHS
noptdenss (1-5) Obuta pemieHa 3amada JTHHEHHOTO
NPOTrPaMMHUPOBAHUS MyTE€M I[POrPaMMHUPOBaHHS B
nakere «Matlab». Breuto monmydeHo ontumaneHOe
3HAUCHHME LIeNIeBOH (QyHKINU:
maxF(P,Q,Xoptimal: Y optimat, Me=15500)=22938 py6. u
ONTHMaNBHBIN M1aH: Xopima=(2, 10, -2, 10, -10, -10) u
Y opiima=(10, 10, 10, -10, -10, -10).
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http://rts.micex.ru, cBOOOTHBIN. — 3ari. ¢ ’KpaHa. —
A3. pyc., aarn. [lara oopamenus: 20.03.2016 r.
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COBPEMEHHBIE 3ATAYY B OBJIACTU MATEMATHUYECKOI'O
MOJEJIMPOBAHUS JIECHBIX ITIOKAPOB

Conpynenko O.E., [lepmunoB B.A.
Hayunslit pykoBoauTens: npodeccop, 1.¢.-m.H. [Tepmunos B.A.
HauvonaneHeli uccinenoBarenbckuil TOMCKHM NOTUTEXHUYECKUNA YHUBEPCUTET,
E-mail: soprunenko.elina@yandex.ru

Beenenne
JlecHoi oxap NIPEACTABIISAIOT coboit
Ype3BBIYaiHO  CIIO)KHOE M Pa3pyLIMTENBHOE
NPUPOJHOE SABICHHE, HWHTEHCHBHOCTb TEIJIO - H

MAacCOBBIJICNICHNASI KOTOPOTO 3aBUCHT OT MHOXKECTBa
(hakTOpOB, OCHOBHBIMHU M3 KOTOPBIX SIBJISIOTCS: BHI 1
KOJIMYECTBO JIECHBIX ropiounx MarepuaioB (JITM) u
METEOpPOJIOTHIECKUE yCIIOBHSL. O6nactb
HCCIICIOBAaHUA HAXOIUTCA Ha CTBIKE pAda TaKHX
JUCHHUIUIMH, KaK: MEXaHHUKa CIUIOIIHBIX Cpell, JIeCHas
nuposorus, dKkojormss u T.4. Hexoma w3
BBILIECKA3aHHOTO, HEOOXOIMMO BBIOpaTh  Takou
METOJl HCCIIEOBaHUs, KOTOPBIA C OJHOH CTOPOHBI,
MO3BOJMI OBl  BBISIBUTH  XapakKTEpPHBIE  YEPTHI
M3y94aeMOoro SIBJICHUS M OCYLIECTBUTH €TI0 MPOTHO3, &
C IIpyroil CTOPOHBI, JAHHBIA METOX IOJDKEH OBITH B
MaTepruagbHOM OTHONICHHUH JOCTYITHBIM U BBITOJHBIM,
JaBaTh MH(GOPMAIMOHHO €MKHH W aJeKBaTHBIHA
pe3ynpTaT. A B HEKOTOPBIX CIy4asX, OH JOJDKEH
BBICTYIIATh JOCTOWHON 3aMEHOH, B MH(HOPMAIIMOHHOM
OTHOIIICHHH, HaTYPHBIM u 11a00paTOPHBIM
HKCIEPUMEHTaM B CHJIy HX JIOPOTOBH3HBI, a MOPOH
pHCKa U HEBO3MOXKHOCTH pPeain3alyu.

I'mmore3a wucciaeqoBaHUA [T OCYIIECTBIICHHS
3¢ ¢dexTuBHON OOpHOBI €  JIECHBIMH  TOXKapaMH
3aKJII0YaeTCs B TOM, YTO HEOOXOMMO pa3padaThIBaTh
HOBBIE MaTe€MaTHYECKHe MOEIM BO3HHKHOBEHHS M
pasBUTHsL  JIECHBIX IIOKapoB  Pa3lIMYHOTO  BHJA
(BepXOBBIC, HU30BBIE, KPYITHOMACIITAOHBIE H T.1.), C
ONMMCAaHMEM JIMHAMHUKH  W3MEHEHWS  COCTOSHHS
OKpy’Kalollel cpeasl B pe3ysbTaTe BO3JCHCTBHSA
ouara TEIUIO- M MAacCCOBBIJCJICHUSI Ha MPU3EMHBIN
cnoif  armocdepbl, a  TaKKe  OIMCHIBAIOIINE
BO3JCUCTBHE JIECHBIX IIOXKApOB Ha 3JaHUA U
COOPY)KEHHSI PACIIONIOKEHHBIE B HETOCPEICTBEHHON
ONMM30CTH OT JIECHBIX MAacCHBOB (BO3HHKHOBEHHE
TOPOJICKUX MIOXAaPOB). Pazpaborannas
MaTeMaTudecKast MOJIETb JIOJDKHA ObITH
UCIIONIb30BaHA ISl OIIEHKM U  IPOTHO3MPOBAHHUS
BO3ACUCTBHS JIECHBIX II0’KaPOB HA OKPYXKAIOIIYIO
Cpely ¢ y4eToM KaK MOKHO OOJIBIIEro KOJIMYecTBa
(hakTopos.

Knaccudukxanus MmoaeJieil JJeCHbIX II0KApOB

CaMbIM BaXKHBIM, OIPEEISIONIMM BOIPOCOM AT
UCCIIEIOBAaTENsl OCTAeTCs BONPOC MOCTPOCHHSA U
JIOCTOBEPHOTO ONHCAHUS MOJEIH, a JIs 3TOro
HEOOXOZMMO BEPHO pacCTaBUTh HPUOPHUTETHI B
HCCIEIyeMOM IpoLecce, T.€. IPaBUIBHO OMPEICIUTh
€ro IIEPBOCTECIIEHHBIC CTOPOHBI, BBI3BIBAIONINE HAII
Hay4HBIA UHTEpEC.

Hauyunas co Bropoil mnonoBuHbl XX Beka
npobyiieMe  MOJCIMPOBAHUS  JIECHBIX  IIOXKAapOB
YIEIANOCh MHOTO BHHUMAHHUSI 10 BCEMY MHpY. 3a
MOCJIEIHNE MOJ Beka OBIIO TMpOAETaHo OoJbInoe
KOJIMYECTBO HCCIECIOBAaHWH, B PE3YyNbTaTe KOTOPBIX
OpuT pa3zpaboTaH psAg  MaTeMaTHYECKHX MOJEIer
JIECHBIX TOKapoB. B GONBIIMHCTBE HAyYHBIX TPYLOB

OpUHATA Cclenyiomas KiIaccupukanus Mozenei
JIECHBIX MOKapoB: TEOpeTHYECKHE WIN
MaTeMaTHYecKue, SMIIUPHUECKHUE WA

CTaTUCTUYECKHE, OTYIMIUPUUECKHE.

Teoperndeckue MOJEIM OCHOBaHBI Ha 3aKOHAX
TEIJIOMACcCOINIEPEHOCa U ra30BON JUHAMMKU, BKIIOYAs
TaKKe PAI IPYTruX 3aKOHOB XUMHUH U (pusnku. 3anuch
UX YacTO OCYIIECTBISIETCS B BHUIE CHCTEMBI
muddepeHIMaNBHBIX  YpaBHEHHH B YacTHBIX
mpon3BoaHBIX. OcyIlecTBIEHHE aIeKBATHOCTH TAKHX
MoJenel BecbMa IIpo0ieMaTndHa, HO IPH 3TOM OHH

CANHCTBCHHBIC OITUCBIBAKOT pa3BUTHC u
pacnpoCTpaHEHHUE  JIECHOT'O nmoxapa ¢ YyY4€TOM
COBOKYITHOCTH OCHOBHBIX 06].[II/IX u

TEPPUTOPUAIBHBIX (HAKTOPOB, KaK CIIEJICTBHE, JaBas
BO3MOKHOCTH PEIIUTh PSJI 33734 U HAWTH OTBETHI Ha
Gobiiee KOJINYECTBO BOIIPOCOB, qeM B
HCCIIEIOBaHUAX C APYTUMHU MOJEISIMH.

B smnupuueckux WM CTaTUCTHYECKHUX MOJAEISAX
COOMPAIOTCS M CHCTEMATHU3UPYIOTCS TAaHHBIE O TaKUX
napaMmerpax JECHOTo IoXkapa, Kak: CKOPOCTb €ro
pacupocTpaHeHusl, KOHLEHTpaLUUu KHCIOpoAa |
MPOAYKTOB MUPOJN3a BOJIHM3M OYara JECHOTO IMoXKapa
u 1.7. [Ipu 3TOM cam MexaHHW3M SIBIEHHS HE Oyner
ONHCaH, a MOJYYEHHBIE COOTHOIICHHS HE CMOTYT
OBITH MCIOJB30BAHBI 3a MpeAesaMH HPUMEHHMOCTH
CTATUCTHYECKUX [AHHBIX, KOTOpBIE YKa3aHBl B
nanHou mozenu. [Ipu ncnonb30BaHUM TaKUX MOJIEIEeH
UCCIefOBaTeNM  JAlOT  MPOTHO3  TONBKO €
OINpPENENEHHON BEPOSTHOCTBIO.

B nmonysmnupudeckux Mojensix, K MpUMEPY, C
LENBI0 OHpPEJeNIeHHs] CKOPOCTH PaclIpOCTPaHEHHUs
¢poHTa mOXapa, HCHONB3YIOTCS OOIIME 3aKOHBI
COXpaHEeHHMsT DHEPruu, Maccbl M  KOJMYeCTBa
JIBIDKGHUS, KOTOpBIE  3allUCBHIBAIOTCSI B BUAE
YOPOIICHHBIX 3aBHCHUMOCTEH, a COOTBETCTBYIOIIHE
K03 UIIMEHTH MOAOUPAIOTCS TyTeM O0O0OIICHUS
YK€ NMEIOIIEHCS IKCIePUMEHTAIFHON WH(pOPMAaIHH.
Takne Momenu TNPUMEHUMBI B CHTYalMsIX, MPH
KOTOPBIX ObUTH cOOpaHbI 1 0000IIEHEI B JOCTATOYHOM
KOJINYECTBE OMBITHBIE AAaHHBbIE. DTU MOJENU MPOCTHI
IO CPABHCHHIO C TCOPETUYCCKUMH B BEpUPHUKAIINHU, U
MIPY 3TOM OHH O0Jiee aJIcKBaTHBI, €CIIM UX CPABHUBATH
C OIMIUPUUYECKUMH (CTATUCTHYECKUMU) Moaesamu [1].
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ABTOop pabotel [2] oTMewaer, uYTO BCe
CYLIECTBYIOIIME MaTeMaTH4YEeCKHe MOJAEIM IO0XKapoB
Takke MOXHO pa3ONTh Ha CIEAYIONIHE YEThIpPE
TPYIOBI: MOAENH C IENbI0 TPOTHO3a W3MEHEHUS
KOHTYpPOB JIECHOTO MOXapa; MOJAENIN C MENbI0
NPOTHO3a  XapaKTePUCTHK TEYEHHSA, TEIIO- W
MacconepeHoca BO (POHTE W 30HE IMOXKapa; MOIETH
IPOTHO3a CKOPOCTH  PAcCIpOCTPAHCHUS  JIECHOTO
noxapa; oOIue MaTeMaTHYeCKUe MOJENH, KOTOpbIe
MOTYT MPOTHO3UPOBATh BCE XapPaKTEPUCTUKU KaK BO
(¢poHTe Tak B 30HE JECHOro mHoxkapa. B pamxax
o0Ieil MaTeMaTHYeCKOW MOJIENH JieC TpH HOoXKape
IpeJCTaBJIeH KaK MOPHUCTO-TUCTIEPCHAS
PEaKIMOHHOCIIOCOOHAs CIUIOIIHASA Cpefa, KOTopas
JOCTaTOYHO HEOJHOPOAHA IO COCTaBYy M CTPYKTYpe.
Hcxonss w3  CcymecTBYIOIIMX —OIEHOK, THIMYHOE
paccTosiHIE MEXIy AEPEBbSIMH Ha MHOTHE HOPSIKH
MEHBIIIE XapaKTEpPHOTO pa3Mepa JIECHOTO MacCHBa,
3TO W TIO3BOJAET HCCIEIOBATEIIO HCIIOIb30BATh
METOIBl ~ MEXaHWKHM  CIUIOIIHOM  cpenmsl I
MaTEeMaTHYECKOI0 ONUCAHMS JIECHBIX IOXKapoB, Ui
OCYILECTBJICHHSI MATEMaTHUECKOH MOCTAaHOBKH.

JTanbl MaTeMaTHYeCKOT0 MOAeIUPOBAHUS
JIECHOT0 MO0Kapa NPH AeTePMUHUPOBAHHOM
nojaxoje

[Ipu maHHOM TOIXOME WCCIIEAOBATEIh BBHIICIICT
B pabOTe CICTYOIIUE TAIIB:

1. ®usnueckuit aHaJImn3 npotecca
pacTpoCTpaHeHUsT JIECHOTO IoXKapa: OIpeeIicHIe
MeXaHU3Ma Iepeadn Hepruu u3 (HpoHTa moxapa B
OKpYyIKaloliee cpeay, WIACHTU(DHUKAIMS THIA CPEIbl
(6uoreorieHo3a), T.€. OCYIIECTBISETCS MOCTaHOBKA
(usMyecKoit MOJIEeIH SBICHHMSI.

2. Pacuer Temno(pU3MYECKUX CBOMCTB CpeJbl
(ko3 PUIEHTOB NepeHoca U apaMeTpoB CTPYKTYPhI
cpenbl). BBIBOII OCHOBHOW CHCTEMBI YpaBHEHHH,
ONMCaHWe TPaHUYHbIX W HAYAIbHBIX YCIOBHii, T.e.
MaTeMaTHYeCKas [IOCTAaHOBKA 3a/1a9H.

3. Breibop MeToma  YHCICHHOTO
3a/1a4u.

4. TecroBas mpoBepka mporpaMmbl. YucieHHOE
peuenue 3anaun Ha OBM.

5. TlpoBepka  aJeKBaTHOCTH  MOJYYEHHBIX
pe3ynpTaToB Mozaenu. Pusndeckas HHTEPHpETaIys
MOJYYSHHBIX ~ JIAHHBIX W BBIPa0OTKA  HOBBIX
MpeIIoKEeHUH 0 Mepax OopbOBI C  JIECHBIMH
MOXKapaMH.

MatemaTtnueckoe MOJIETUPOBaHHE TaKUX
MHOTOKOMITOHEHTHBIX CIJIOXHBIX OOBEKTOB HPUPOJIBI
NPE/ICTaBIsIeT CO00H enUHBIA HEepa3pbIBHBIA ITUKII
co3maHusl OT (PyHOAMEHTAIBHOTO HCCIEJOBaHMS
npoOyieMbl 710 JIeTaJbHBIX YHCIEHHBIX pacdyeToB
nokasateneli  d¢p¢exTuBHOCTH  00BeKTa. Cxema
CO3JJaHUSI MaTeMaTHYECKO MOJENN OCYIIECTBIISETCS
TIO CIEAYIOMIEMY aJITOPUTMY:

- BBIWICHCHHWE TOTO MapameTpa WIM (yHKIHH,
KOTOpPBIE HHTEPECYIOT HCCIIEI0BATENS;

- OmIpeeNieHue 3aKOHa, KOTOPOMY ITOTUHHSICTCS
BBIOpaHHBIN TTapaMeTp;

peaieHus

- BBIOOp TO# 006nacTu, rae HeoOXOIUMO U3YUYHUTh
IaHHOE SIBJIICHHE.
Vke Ha OCHOBE CO3JaHHBIX MaTEMaTHYECKHUX

MoJenen OCYLIECTBIISIETCA BBIYHMCIIUTEIbLHBINA
SKCIEPUMEHT, KOTOPBIi BEICTYyTIaET KakK
MIPOMEKYTOYHO-CBA3YIOIIA, TEOPETHKO-

MpakTHYecKass pealn3alus [OaHHOTO MeTojxa. Mel
MOJTy4aeM HOBBIH CHOCOO ONHCAHUS PEaTbHOCTH —
BBIUUCIUTENbHBII METO IO3HaHUS, B KOTOPOM
OCYILECTBJIICTCSL NEPEX0J] OT H3YYEHHUs peaslbHOro
00beKTa K U3Y4YEHHUIO €ro MaTeMaTH4ecKOW MOJIEIH.
IIpumep moOCTpOeHHMsSI  KOMIIBIOTEpDHOH  MoJenu
BEPXOBOTI'0 JIECHOTO MOXapa MpeCTaBIeH Ha PUCYHKE

1[3].

Puc. 1. KomnerotepHas MoJiesib BEpXOBOTO
JIECHOTO NToXkKapa

3akiaouenue

ITpn HU3y4YECHUHN TaKUX CIIOJKHBIX
MHOTOKOMITIOHCHTHBIX 3aja4, CBSI3aHHBIX C
BO3HUKHOBEHHEM W  PACIPOCTPAHCHHEM  JIECHBIX
MOXAapOB, a TAKXKe H3yYeHHEM HUX BO3JCUCTBUS Ha
OKPYXAIOUIYI0 Cpely, METOJbl MAaTeMaTHYECKOTO
MO/ICTTMPOBAHUS SBJISIOTCS Haubosee 3PPeKTUBHBIMU
U YIOBIECTBOPSIIOT COBPEMEHHBIM TPEOOBaHUSIM,

oTBedass Ha  BONpPOCHI  yueHoro. PaspaboTka
MaTeMaTHYeCKUX  MOJeNiell  BO3HUKHOBEHHUS H
pacmpoCTpaHeHHs JIECHBIX IOXAapOB  IO3BOJSET

npencka3aTh WX MOBEICHUE, YTO CIIOCOOCTBYET Ooee
s¢dexTHBHOI 60pHOE CO CTUXHEH OTHS.

Cnucok MCnoJib30BAHHBIX HCTOYHHKOB

1. I'pumma A.M. MareMaTHuecKue MOJAEIH
JIECHBIX I0XKAPOB ¥ HOBBIE CIIOCOOBI OOPHOBI ¢ HUMU /
I'pumna A.M. — HoBocubupcek: Hayka, 1992. — 408 ¢

2. I'pumun AM. O MaTeMaTH4YEeCKOM
MO/IETIMPOBAHNH TIPUPOIHBIX M10XKapoB U KatacTpod //
BecTHHK TOMCKOT0 rocy1lapCTBEHHOTO YHHBEPCHUTETA.
—2008. — Ne 2(3).

3. Compynenxko  D. E.  MaremaTtndeckoe
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YCTOMYUBOCTH T'MBKUX KPUBOJMHENHBIX HAHO-FAJIOK B
TEMIIEPATYPHOM ITIOJIE

Jo6pusuB. B., KyrenosU. E., Kpricsko A. B.
CapaToBckuil rocyJapCTBEHHBIN TeXHUUECKU yHUBepcUTeT uMenu ['arapuna H0.A.
ToMcKMil NOTUTEXHUUECKUN YHUBEPCUTET
ilyakutepov@yandex.ru

BBenenue

MHUKpO - ¥ HaHO-pa3MepHbIE OaNKH, IUIACTUHKH U
000JI0YKN IIMPOKO HCHOJIB3YIOTCS B MUKPO - U HAaHO
3IEKTPOMEXaHNUECKUX CUCTEMaX, TAKUX KaK JaTYUKU
KoJIcOaHu [11, MHKPO-TIPUBOIbI [2],
MUKponepekouaTenu [3].

3aBUCHUMOCTh YIPYTOTo HOBEJCHUS OT pa3MepoB
Tela B MHKPOHHOM MacuTabe 3KCIEepUMEHTAIBHO
HaOromanxack B Metamiax [4] W Ipyrux MaTepHaioB
TaKHe KaK CIUIABBI, TOJIMMEPHI, KPUCTAILIIBI.

Hecmotpst Ha Gonbloe KOMHMYECTBO padoT, MO
JaHHOW TEMaTWKe, B KOTOPBIX JUII YHCICHHOTO
aHaMM3a  HCIOJB3YIOTCS  JIMHEHHBIE  MOJCTH,
HEOOXOJMMO  OTMETHTh  YTO,  OKCIEPHUMEHTHI
MOATBEPKIAIOT HEOOXOAUMOCTD y4eTa HeIMHEHHOCTH
Ha TIOBEJCHUU MHUKPO M HAHO MEXaHHMYECKUX CHUCTEM
[9].

Jlo HacTosAmiero BpeMEHM HE  IOJIyYEHBI
ucxonHele aupdepeHnnanbHbple  ypaBHEHUs  JUIs
KPUBOJHMHEHHBIX  HaHO-Oanok  beprHymmu-Diinepa.
Hacrosmas paboTta ctaBUT CBOEH 1IEIBIO MOIYYEHUS
9THX YpaBHEHMH W CO3JlaHHME AJITOPUTMA pacdera
HaHO-Oanmok  bBepHymm-Dimepa ¢ y4eToM UX
KPHUBOJIMHEIHOCTH B TEMIIEPATypPHOM IIOJIE.

MartemaTnueckasi MoaeJdb
J1si M30TPONMHOIO HEOJHOPOAHOIO Marepuasa
HapsDKEHUs, BBI3BAaHHEIC KHHEMaTHIeCKIMH
napaMeTpami, BXOISIIMMU B  BBIpOKEHUE JIA
IUIOTHOCTH JHEPTUH JAe(opMaIiiu, OIPEHeIIIOTCS
CJENYIOIINMH YPaBHEHUSIMHU COCTOSIHUS:
Oy = A& Oy + 2pe;;, my; = 2plPy;; (
1)
rhe oy, &, My U Xjj 0003HAYaIOT KOMITOHEHTBI
KJIaCCUUECKOT0 TEH30pa HaNpsyKeHUH o, TeH3opa
neopmanuii €, IEBUATOPHOW YaCTH CHMMETPUIHOTO
TEH30pa MOMEHTa BBICHIEr0 MOpsiAKa m u
CUMMETPUYHOM 4YacTH TEH30pa KpPUBHU3HBI Y,
E

Ev _
1+v)(1-2v)’ H= 2(1+v)

napametpsl  Jlamd;  E(x,y,z,¢;), v(x,y,ze;)-
Monyab FOura w  xosdduument  IlyaccoHa,
COOTBETCTBEHHO, P (X, Y, Z, €;)— IIIOTHOCTh MaTepHraja

0anKku; e;— UHTEHCUBHOCTH Ae(opMaIim.

COOTBECTCTBCHHO, A=

IMapamerp [, mosBIAOmMIiCSI B MOMEHTE
BBICHIETO  MOPA/KA My, TPEACTABISET  COOOM
JIOTIOJTHUTEIbHBIA ~ HE3aBUCHMBIN  MaTepUasbHbII

mapameTp JJIUHBI CBSI3aHHBI C CHMMETPHUYHBIM
TEH30POM TPaMCHTA BPAIICHUS.

VYpaBHEHUs] [ABWXKCHHSA Oallkd, TpaHUYIHBIE U
HadalbHBIE  yCJOBHSA  OBUIM  TOJNyYeHH U3
sHepreTmdeckoro  mpuHIuna  OcTporpaiackoro-

I'amunbTOHA. CornacHo 3TOMY MPUHIOUITY

MPOM3BOIUTCS  CPaBHEHHE ONU3KUX  ABHKCHUMH,

NPUBOISIIIMX CUCTEMY MaTepUaJbHBIX TOYEK U3

HavyalbHOTO MOJOXXEHHS B MOMEHT BpEMEHH t; B

KOHEYHOE TIOJIOKEHHE B MOMEHT BpeMeHu ti. Jlus

WCTUHHBIX JIBIKCHUH JIOJDKHO BBINOJHATBCS YCIOBHE
t
f(6K—6H+6W)dt=O
to

rne K — xuHeTmdeckas sHeprus cuctemsl; II —
NOTeHIMa bHas dHeprus; W — cyMma ajieMeHTapHbIX
paboT BHEITHHUX CHII.

Jist city4ast TMHEHHOTO W30TPOIHOTO MaTepHana
BBITTUIIIEM CHCTEMY HEITMHEHHBIX
mudQepeHnaIbHbIX YpaBHEHUI dIIeMeHTa OalKki B
YaCTHBIX ITPOM3BOIHBIX B O€3pa3MEpPHOM BUJIE:

0%u ow ONT  9%u

Ly(w,w) — - =0;
axz TR g tlsww) -5

1 <1+1 )6"‘W+k [Ou .
12 727 ) axt T g~ &Y
1(aw>2 9w 3)

2)

W +Li(w,u) + Ly(w,w)] —

T) o’MI  9*w  ow
ox *
8%u ow

rae, Ll (u, W) = mg +

2 52 2
(G 5 Lww) =T -
ornepatopbiw (x,t) — mporu® GajiKd B HampaBIEHHH
HopManu; u(x,t) — TepeMelleHne DJJIEMEHTa B
NPOJIOJBHOM — HampaBieHuw; & — KoddduueHt
JICCUNAIMK; (o — BHEIIHAs Harpyska, AUy -
pasmepHo-3aBucuMble  Kodhduumentsr; NI —
TemmepatypHoe ycunue; M. TeMIIepaTypPHbIi
MOMCECHT.
bespasmepHble apaMeTpbl UMEIOT BULL!

—————=—&—=—+qy=0.
L,(w,w) =

HEJIMHEHHbBIE

~ER3

31ech, p = const — OoOBEMHBIH Bec MaTepHuaa
0anku; g — yCKOpPEeHHEe CBOOOTHOTO MaJICHHS; MOIYIIb
IOnra E = const,; a - KO3 UITHEHT
TEMIIEPATYPHOTO PACIIMPCHHS.

AJTOpUTM pacuera

Temmneparyprsle ycmwmus N u MoMeHTHI M,
ompesienseTcs W3 PElIeHHs JBYMEPHOTO YpaBHEHHS
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TEIJIONPOBOIHOCTH /ISl COOTBETCTBYIOIINX KPaeBBIX
yCIOBUH. YpaBHEHHUS B YacTHBIX NPOU3BOAHBIX (3)
cBomsiTcs K 3amade Komm METoIOM KOHEUYHBIX
pa3HOCTeH BTOPOTO MopsiaKa ToYHOCTH. 3amada Koo
pemaercs meronoMm Pyrre kyTel 4-To mopsaka [5].
Pazouernne Ha 80 wacTelf 1O MPOCTPAHCTBEHHOM

KOOpAMHATE  METOJOM  KOHEYHBIX  Pa3HOCTEH
OKa3aJIOCh ~ ONTUMANBHBIM, a [UIi  ypaBHECHUS
TEIUIONPOBOAHOCTH 80x10 qacreii, T.C.

paccMaTrpuBajaCb CUCTEMaA C OCCKOHEYHBIM YHCIIOM
cTeneHen CBO6OIH:I.

UncienHnslii npumep
B  xauectBe  mpumepa  paccMaTpUBalach
KpHBOJIMHEIHas Oanka ¢ XapakTepucTukamu E =

2,06 x10° wmIla, a=125x10"%  I/rpan.
rpaHI/I‘{HLIC yciaoBusa Ajd Oalkn — HEIIOABHKHOEC
OIMMpaHnEe Ha KOHIAX:

w(0,t) = u(0,t) = M,(0,t) = w(1,t) 5

=u(l,t) =M, (1,0)=0; )
HavanbHbie ycaoBus A Oayku:

(6

w(x,0) = w(x,0) = u(x,0) =1u(x,0) =0.)

I'parnuanble YCIOBHSA TSt YpaBHEHUS
TETIONPOBOIHOCTH NPHUBEACHBI B TAOIHIIE:

Tabnnna. ['pannyHbIe YCIOBUS

Tx,z)=T z=-=1/2 0<x<1

T(x,z)=0 z=1/2 0<x<1

T(x,z)=0 x=1 -1/2<z<1/2

T(x,z)=0 x=0 -1/2<z<1/2

Ha BepxHIOIO MOBEPXHOCTh OajKé JEHCTBYeT
ynapHas Harpyska 6eckoHeuHOH
MPOJOJDKUTEIBHOCTEIO  BO  BPEMEHH,  BSI3KOCTh
cpenple = 1, KpUBH3HA k, = 24. Pacuetsr

npoBommuck gt Yy = 0;0,3;0,5. Tlpu ¥y =0 wmu
MoJyyaeM  pemieHne  Jus  THOKod  ympyroi
KpuBOJHHEHHON Oamku, mpu Y = 0,3; 0,5 momygaem
pemieHre A7 THOKOM KPHBOJIMHEIHON HaHO-0aJKWy,
HaXOJAIIAMUCS B CTAI[IOHAPHOM TEMIIEpPaTypHOM
noJe.

st HCCIIEJOBaHUS YCTOHYMBOCTHU
MPOAHAIM3UPYEM 3aBUCHMOCTH TIpormba W OT
Harpy3ku qo (PucyHok 1) amst cimydast B OTCYTCTBHA
TEMIEepPaTypHOro BO3EUCTBUS
T = 0 (moxazaHo uyepHbIM IBeToM) U npu T = 50°C
(moKa3aHO KpacHBIM ILBETOM). YCTaHOBJICHO, YTO
ydeT B MaTeMaTHYeCKHX MOJAEISIX pa3MepHo-
3aBHCHMOIO TIOBEACHHUS IMPHUBOIAWT K YMEHBIICHHIO
mpornba w TpH OJMHAKOBBIX HATPy3Kax JUIL MOJEIen
KaKk C y4eToM TeMIepaTypel Tak U 0e3 e€ yuerta.
Bo3sneiictue TEMIIEPATYPBI BCJIEICTBUE
TEMIEPaTypHOrO  pACIIUPEHUs  HPUBOAUT K
YBEIMYCHUIO KPUBHM3HBI OaJKM W  BO3PaCTaHHIO
KPUTUYECKOI HArpy3ku MHpU KOTOPOH MPOUCXOAUT
HnoTeps yCTOMYMBOCTH.

Puc. 5. w(0.5)[q,]
Pabora BeInonHeHa py (UHAHCOBON MOAJEPIKKE
Poccwuiickoro Hayynoro ¢onna Ne 16-19-10290.

BriBoabI
[TocTpoennas MaTeMaTH4YecKas MOJETb
MO3BOJIIET HCCIIE0OBAaTh HEJIMHEWHYIO JIHUHAMUKY
MEeXaHHYECKUX CHCTEM Ha OCHOBe Oanku bepHymim-
Diinepa C Ppa3Iu4YHBIMU FEOMETPUUECKUMHU
mapamMeTpamMu, a IMEHHO KPHUBH3HHBI KX W pa3MepHO-
3aBUCHUMOIO IapaMmerpa 7Y, a TakXke C Yy4YeTOM

HEJIMHEWHOTO TEMIEPATYPHOTO HOJISL. Jns
paccMaTpMBaEMoOro Kjacca 3ajad  HalpaBlICHHE
TEMIIEpaTypHOTO  BO3AEHCTBUS HE BIMSET Ha

zagucumMocTb W (0.5)[q,].

IlokazaHo, uro BeJMYMHA @IApaMeTpa 7y H
TEMIIEpaTypHOE TII0JI€ CYIIECTBEHHO BIHSAET Ha
BEIMYNHY KPUTHYECKUX HArpy30K KPHUBOJIHWHEHHBIX
Oamok  Bepmymmm-Ditnmepa.  YcraHOBIEHO,  9TO
YBEIIMUYCHHE DPa3MEpPHO-3aBHCHUMOTO TIapamerpa Y
NPUBOAMT K BO3PACTAHWIO KPUTHUECKOH Harpys3KH.
VBenuueHue TEMIIEpPaTypPHOTO BO3/ICHCTBUS
OTIPEZICTICHHOTO THMA W KPUBU3HBI OallkM Tak XKe
CHoCOOCTBYET BO3PACTAHHIO YCTOIUHMBOCTH CHCTEMBI.

CHHCOKHCIOIL30BAHHBIXHCTOYHUKOB
1. Fu, Y., Zhang, J.: Electromechanical dynamic

buckling phenomenon in symmetric electric fields
actuated microbeams considering material damping.
Acta Mech. 212, 29-42 (2010)

2. M. Moghimi Zand, and M. T. Ahmadian,
“Static pull-in analysis of electrostatically actuated
microbeams using homotopy perturbation method”,
Appl. Math. Model. 34 (2010), 1032-1041.

3.Jia, X.L., Yang, J., Kitipornchai, S.: Pull-in
instability of geometrically nonlinear micro-switches
under electrostatic and Casimir forces. Acta Mech.
218, 161-174 (2011)

4. Fleck, N.A., Muller, G.M., Ashby, M.F.,
Hutchinson, J.W., 1994. Strain gradient plasticity:
theory and experiments. Acta Metall. Mater. 42, 475—
487.

5. Kutepov, L.E. Chaotic dynamics of flexible
Euler-Bernoulli  beams / AV. Krysko, J.
Awrejcewicz, N.A. Zagniboroda, V. Dobriyan, V.A.
Krysko, |.E. Kutepov // Chaos, 34(4), 2014.
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AHAJIN3 ®UHAHCOBOM YCTOMYUBOCTH NPEJINPUSTUIA
SHEPTETHYECKOM OTPACJIM POCCHHA

KunesaM.O.
KpnuxuitO.JIL.
ToMcKMl NOTUTEXHUUECKUN YHUBEPCUTET

mariakineva@mail.ru

BBenenue
®uHaHCOBas YCTOMYMBOCTh opraHu3aluu
XapakTepu3yeT CTaOMIIBHOCTD (MHAHCOBOTO

MOJIOXKCHHUSL OpPTraHU3allid, KOTopas 00ecreYyuBacTCs
BBICOKOW JI0JIeii COOCTBEHHOTO KamuTaia B oOIien
CyMME HCIIOJIb3YEMBIX €0 (PMHAHCOBBIX CPEACTB U
(dopmupyercsi B mpolecce Bceil MPOU3BOJICTBEHHO-
XO3SIICTBEHHOHN JesTeNbHOCTH opranu3anuu. OHa BO
MHOTOM 33aBHCUT OT HaJIW4YUsl Yy OpraHHU3alUH
COOCTBEHHBIX PECypPCOB W MPEXKIE BCETO, MPHOBLIH.
Yem Oompmiass [oisi MpHOBUIM HANpaBIIeTCA Ha
pa3BUTHE IPOU3BOJCTBA, TEM YCTOMYHUBEE MOJIOKEHUE
OpraHM3aIlH, a TaKke dYeM OOJbIe ICHEKHBIX
CpEeJICTB MOXKET MPHUBJICYh OPTaHU3AIM, TEM BBIIIE €€
(mHAHCOBBIE BO3MOXKHOCTH.

Iensto HacTosIei paboTsI SIBIISCTCSA
MpOBEICHUE aHaimu3a (HUHAHCOBOW YCTOHYMBOCTHU
OpeanpusTuii U BBIOOpKa Hauboiiee aaeKBaTHOTIO
METOAa, MPUMEHHUMOIo JUIi JaHHOH  OTpaciu
MIPOU3BOJICTBA. B npouecce HCCIIeI0OBaHUS
MIPOBOAMIIMCH SKOHOMHUKO-MAaTEMaTUUECKUE METOABI —
KOOQQUINEHTHBIA  aHANMM3,  JUCKPUMHUHAHTHBIN
aHanu3 — Mojenu AnbTMmana, Jluca, Cnpunreiita,
Yeccepa, Caiidpymmmaa-Kaneikosa, Taddmnepa.

AKTyambHOCTh JAaHHOW pabOTBl COCTOMT B
MOTPEOHOCTH  TPOW3BOJCTBEHHBIX  MPEINPHUITHIA
aHaIM3a BEPOATHOCTH OAaHKPOTCTBA MPEIIPUSITHSI-
3aKa3drKa u paccMOTpeHHs BO3MOXHOCTH
3aKJIFOUYEHUS JIOJITOCPOYHBIX KOHTPAKTOB TOJNBKO C
MPEeNNPUITHIMH, AMEIOIUMHU YCTOWYHBOE
(hMHAHCOBOE COCTOSHHE.

B pesynbrare HccinenoBaHus NMPOBENEH aHAIN3
(mHAHCOBON ycToiuMBOoCcTH 9 HamboJee KPYITHBIX
POCCUICKHX KOMIIAaHUHM 3HEPreTHUYECKOil oTpaciu, Ha
OCHOBE WCIOJIB30BAaHUS JAHHBIX OyXTaJaTepCcKHX
OamancoB ¢ 2008 r. mo 2016 r, a Takxke MpOBEJCHA
KOMIUIEKCHAsT OIIEHKAa BEPOSTHOCTH OAaHKPOTCTBA C
moMmomplo 6  Moxenei. Jlama  uwHTepIpeTanus
MOJTy9YE€HHBIX pe3ynbTaToOB u C/IeTaHBI
COOTBETCTBYIOIIHNE BBHIBOJIBI.

Mertoabl OLIeHKH

Amnanus JOJITOCPOUYHOI (uHAHCOBOM
YCTOIYMBOCTH OPHUEHTHPOBAH HA OLEHKY CTPYKTYPHI
KaluTajla, TOCKOJIbKY  HMMEHHO  COOTHOIICHHE
COOCTBEHHBIX " 3a€MHBIX HCTOYHHUKOB
(mHAHCHPOBAHUS TIPEAONpPENEISIET
IUIATEKECIIOCOOHOCTh OPTaHHU3ALMH B JOJITOCPOTHON
TIepPCIEKTUBE. DUHAHCOBYIO YCTONYHUBOCTH
OpraHu3alMY C MO3ULHUH JOITOCPOUYHON NEPCHEKTUBBI
NPUHATO  OLEHMBATh  JIOCTaTOYHO  OOJBLIMM
KOJINYECTBOM K03 huLHeHTOB. Kpome

KO3 PHUIHEHTHOTO
KI1accu(pUKAIMOHHBIX

aHaIu3a
MoJeIIeH,

HCTIOJIB3YETCA

psn

OTACIAIOIINX

(prMI:I-GaHKpOTLI oT yCTOﬁ‘-IP[BLIX 3aCMIIIUKOB H
MPOTHO3UPYIOMINX BO3MOXKHOC 6aHKpOTCTBO (I)I/IpMLI-

3acMIIIMKa.
OLICHUBaHUA

Hcnonb3oBaHHbIE
(uHaHCOBOH

MpeINpUSTUN IpeAcTaBIeHsl B Tabaune 1.

MOJEIN
YCTOMYUBOCTH

1A

Tabnuya 1. Hcnonv3yemvie modenu 01s paciema.

Mopeanb Hopsanok pacuera Bankpor
CTBO
MaJIOBEp
OSITHO
npu
MOJEIb
AnpTMa Z=12X,+14X,+33X,+0,6X,+X, | Z>29
Ha
mozens | Z=0,063X,+0,092X, +0,057X, + 7 50,037
JIuca +0,001X%, -
I‘T“’ﬂeﬂb Z=0,53X, +0,13X, +0,18X, + 2503
apdre |5 16x, !
pa
MO/JI€CJIb
Kapiko | p_ 9K 10,1K, +0,08K, +0,45K, +
Ba nl pP>1
Caitdpyn 5
HHa
goﬂeﬂb Z=1,03X, +3,07X, +0,66X, + 7 <0.862
CHPHHEE | 10,4, <0
ura
Y =-2,0434-5,24X, +0,0053X,, -
-6,6507X, +4,4009X, -0,0791X, -
MORSTb | _0,1220X,, P<0,6
Yeccepa
1
P = —Y
(l+e ")

Jn1st ananuza sHepreTudeckoi orpaciu Poccuu B

1eJIoM OBITM BBIOpAHBI KPYITHEHITNE MpeanpusiTHs,

3agnMmaromue  80%  umcciuemayeMoil  oTpacim IO
Kanuralnu3anuu. beumn IIpOoaHaJIM3UPOBAHBI
nmokasareian (UHAHCOBOW YCTOWYMBOCTH JaHHBIX
OPEeANpUSATHA W  BBLIBIEHO, 9YTO B  CpEeIHEM
MOKa3aTeIn  BCEX BBIOPAaHHBIX JUIT  aHAJIN3a
NpeANPUSTHI COOTBETCTBYIOT HOpMaM

YCTOI\/'I'{I/IBOCTI/I. I/ICXO}_DI U3 TOTO q)aKTa, 4TO BCC
PacCMOTPCHHBIC npeanpuATus (bHHaHCOBO
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ycroifuuBel 3a mepuox ¢ 2008 mo 2016 rogp,
MpeJIaraeTcsi MPOBEPUTh 3PHEKTUBHOCTh U3BECTHBIX
Mojneneii  OmeHKH  (PUHAHCOBOW  YCTOHYHMBOCTH
npeanpusituii.  OCHOBBIBasSCh ~ Ha  pe3yJbTarax,
MOJYYCHHBIX MPH HCIOJIb30BAHHUA 6 Pa3THYHBIX
METOZOB, OBII BBHIOpAaH OAWH HAWIYYLOINA METOZ,
pe3ysibTaT KOTOPOro B  OONBIIMHCTBE CIIy4acB
TOBOPHI O XopomeM (HUHAHCOBOM MOJIOKECHUH
OPEJNPUATHIA W TPEIIoaral HU3KYI0 BEPOSITHOCTh
OankporcTBa. Tak e A1 BBIOPAHHOTO METOAA OBLI
HalileH KOX((UIMEHT JCTCPMUHAIINU, 3HAYCHHC
KOTOPOT'0 OKAa3aJoCh OMU3KUM K 1, 3TO 03HAYaeT, 4To
JUCTIEPCHST Majda W MOJCIb JIOCTATOYHO XOPOIIO
omuchiBacT JaHHbe. Kpome 3TOro, Obuia OllcHCHA
3HAYUMOCTh KOI(PHUIUCHTOB, BXOASIIINX B MOICIb U
BBISIBJICHO, 4TO Bce KO3 (UIMEeHT 3HaUnMbl. Hike
Mpe/ICTABIICHA CPaBHUTEIbHAS TAaOIUIA PE3yJbTATOB
M0 KXJOMY METOJY C YKa3aHHEM TOYHOCTH OLCHKU
B IIPOIIEHTHOM cooTHomeHnH (Tabnwma 2).

Tabruya 2. Cpagnenue noiyyeHHvIX pe3yibmamos

2008- | 2011- | 2014- Wror
2010 | 2013 | 2016 oro
Morexs, 0% | 0%| 1% | 0%
AnpTMaHa
Moneme | 7500 | gg05 | 80% | 729
JInca
Mopenb o 0 0 o
Tadpdepa 99% 98% 92% 96%
MOZENb
KaneikoBa n 56% 38% 36% 42%
Caiipymaa
Monenb
o 39% 38% 26% 35%
Crnpunreiita
Mojaean 100%
Yeccepa

Hawmnyumeidt Monenso M3 paccMaTpHBaeMBbIX
Obuta BbIOpaHa Mozens Yeccepa. JlanHas Mmopens
COJICP)KUT JIMCKPUMMHAHTHYIO (yHKuuio u Oapbep
JUIL BEPOSITHOCTH OaHKpPOTCTBA, KOTOPBI MOXKHO
UCIIONIb30BaTh  JUIA  OLEHKH  Oojee  MEJIKUX
SHEPTEeTHYECKUX MPEATPUITHH.

BriOpaB nmaHHBIA MeTOn W YOEAMBIIWCH, YTO
JTaHHAS MOJIEINTb OIICHUBAHUSA (huHAHCOBOMH
YCTOMYMBOCTH  IPUMEHMMA K  DHEPreTHYECKOM
orpaciu Poccum, mpoBemem aHanu3 (HUHAHCOBOM
ycroituuBoctu ITAO «JleHsHeproy» A BO3MOXKHOTO
3aKJIIOYCHUS] KOHTPAKTOB B Oy yIiem:

Tabnuya 3. 3nauenue ouckpumunanmuou gynxyuu P.

TIepUO.T P
2 kB 2016 0.207738749
1 xB 2016 0.182426737
4 kB 2015 0.268690239
3 kB 2015 0.568238101
2 kB 2015 0.566119083
1 xB 2015 0.4622903
W3 T1abaumpl BHUAHO, YTO 3HadYeHWe P He
MIPEBBILIAET 0,6, YTO TOBOPHUT 00
YIOBIETBOPUTEILHOM  (DMHAHCOBOM  COCTOSIHHH

JIAHHOTO TPENNpUITHS BEPOATHOCTh OaHKPOTCTBA
O4YEHb HU3Kasl.

3aki0ueHue

B  nmannoit  paboTe  ObUIM  HMCCIIEIOBaHBI
KpyNHEWINUE NPeAIpUATUsS SHEPreTUUYECKONH OTpaciu
Poccun Ha (hpMHAHCOBYIO yCTOWYMBOCTD PAa3IHIHBIMU
METOJIaMH.

bemn BBIOpaH HamwIydmmid MeTom — MOJAENb
Yeccepa, JAIOMINiH JIOCTOBEPHYIO OLICHKY
JIEITEIIFHOCTH TPENNPHUSITHAS M CICTaH BBIBOJ O €ro
MPUMEHUMOCTH K aHAIN3y SHEPreTUYecKON OTpaciu
Poccun.

Hcnonp3ys nmaHHBI MeTOJ OBUIO TIPOBEICHO
uccnenoBanne I[TAO Jlensnepro mnst majabHEWIIEro
3aKiIloYeHus] KoHTpakTa. [Ipeampusitue (UHAHCOBO
yCTOfI‘IPIBO, MEPCHECKTUBBI Ha COTPYAHUYECTBO
XOpOILHE.

Cnucok ucnoJib30BAaHHBIX HCTOYHHKOB
1. Ananu3 (HUHAHCOBOW OTYETHOCTH: Y4ueOHHK. —

2-¢ mn. / Ilog obm.pen. M.A.BaxpymmHoW. —
M.:ByzoBckuii yaeornk: UHOPA—M, 2011. 43 1c.

2. llepenepsiee .M. Yder u aHanu3 OaHKPOTCTB:
yueOHoe nocodue, 2-¢ u3f., crepeoturt. — M.: MY,
2008. — 208 c.

3. bangun K.B. MareMaruyeckue MeETOAbl U
Mojenu B skoHoMuke: yaeOHuk / K.B. banmaux, B.H.
BamuteikoB, A.B. PykocyeB; monm oOmied pemaxiuei
K.B. bammuna. — M.: ®JIMHTA: HOY BIIO
«MIICH», 2012. — 328 c.

4. Mloxumaea T.A. AnHamm3  ¢uHAHCOBOU
otuetHOCTH: ydeOHOe mocobue / T.A.IloxumaeBa. —
3-e m3x., crep. — M.: KHOPVYC, 2010. 320c.

5. Monenn OaHKpOTCTBA (IUArHOCTUKA M OLCHKA
BEPOSATHOCTH OAHKPOTCTBA) [DNEKTPOHHBIN pecypc] /
caiit ®unancoBblii Menemkep finance-m.info. URL.:
http://finance-m.info/bankruptcy models.html  (mara
oOparnieHus 02.08.2016).
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TOMOI'PA®UYECKHN AHAJIN3 JE®EKTOB NPOTE30B KPOBEHOCHBIX
COCYA0B METOJI0OM OBPATHOI'O MPOELIUPOBAHUSA HA OCHOBE
BEEPHOI'O IYYKA BE3 IIPUMEHEHUSA AJI'OPUTMA INEPEITAKOBKH
OznmeB A.X., KproakoslO.10.

Kadenpa Obmeit pusukn, Pusnko-Texuuaecknit MactutyT, ToMmckuit [lomuTexHuyecknii Y HUBEPCHUTET, €-
mail: ozdiev@tpu.ru

BBenenue
CoBpeMeHHBIE ~ MEIWIIMHCKHE  TOMOTpadsl,
UCIIOJNIB3YIOIINE ~ PEHTICHOBCKOE  M3JyYeHHE, B

MOAABJISIONIEM OOJIBIIMHCTBE ITOCTPOCHBI Ha ITyYKe
KOHyco0oOpa3HO# wmiM BeepHoW ¢opmbl. B crathe
OpeAIaraeTcs IPUMEHEHUE MPSAMOI0  alrOpUTMa
00paTHOIO MPOEIMPOBAHUS IS PEKOHCTPYKLIHU
IIPOTE30B  CEIMEHTOB  apTEPUANIbHOIO  pyciaa U3
MPOEKIHOHHBIX JAaHHBIX, MOIYYEHHBIX HA BEEPHOU
reoMerpuy, 0e3  WCHONB30BaHUS  aNrOPUTMa
NEPENaKOBKH JAHHBIX B apALIENbHYIO.

O0BbeKT nccie0BaHusA
«KeMAHrnonpores» - €IUHCTBEHHBIH B MHpE
IpoTe3 KPOBEHOCHOTO cOCyZla W3 BHYTpPEHHEH
TpyOHOU
apTepuH KPYIMHOTO POraToro CKOTa, HCIIOIb3YeMbIH
UL MIOCTOSTHHOTO 3aMEIICHUS CETMEHTOB
aprepuanbHoro pycia. lllmpoko mnpumeHsiercss B
XUpypruueckoi npaktuke ¢ 1993 rona.

Puc. 1 — IIpoTe3 KpOBEHOCHOTO cOCyla KOMITAaHUU
"HeoKop" (http://neocor.ru/pages/15.html)

JlaHHBIM TpoTe3 — YacTh BHYTpEHHEW TpyJHOMN
apTepuM KPYIHOTO pOraToro ckora, oOpaboTaHHON
anoKcHcoeauHeHneM. [l mosydeHus Tpebyemoi
JUIMHBL KCEHOIIPOTE3Bl COCYIOB H3TOTABIMBAIOT W3
OJTHOTO, IBYX HJIM TPEX CETMEHTOB apTEePH.

Tomorpadudeckas pPeKOHCTPYKIHSA ITO3BOJISET
MPOBOIUTH aHANN3 JAaHHBIX MPOTE30B HA MpPEIAMET
HaJIM4MS TaKuX Ae(EeKTOB KaK: TPEUIMHBI, HOPHI, U

nedopManuu; a TakkKe OINpenessaTh pPeabHYIo
TOJILIUHY CTEHOK.
Onucanue anropurmMa
OnxauM u3 CTaHIAaPTHBIX METOJIOB
PEKOHCTPYKIIUU U300paKEHW B KOMIBIOTEPHOM
ToMorpaguu  SABJISETCS ~ AITOPUTM  OOpaTHBIX
npoekumid  [1]. UWpges  anroputma  BBITJISIUT

CJICIYIONIMM 00pa3oM: Ul KaXJO0ro 3Ha4eHUs yria
noBopota 6 mpoekuust p(s, ) GyHKIMHM IUIOTHOCTH
u(X, y) IpencTaBisieT co0oil 0HOMEPHYIO (YHKIHIO,

KOTOPYIO MOXKHO IIPUBECTH K JBYMEPHOH IIyTEM
pactaruBanus (puc. 1) mo Bceit miockoct (X, ).
Takum 06pa3oM mosydaercsi oopaTHast Hpoekus [2].

CuHorpamma |
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! e
P e
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0

Puc. 2 — O6partHoe npoennpoBaHue (pacTATHBAHUE)
npoekuun P(S, ) byukimu maoTHocTH U(X, Y)

[Hanee BCE oOpaTHbIe MIPOEKIINH,
yaoBieTBopsifomue  Toxkaectsy 0 <6< I,
CKJIaJBIBAIOTCSI, B pe3yJbTaTe uYero MOJIy4aeTcs

CyMMapHoOe n300paxeHue, BU3yaJTU3UPYIOIIEe
uccieayeMbliit 00bekT. M3 pucyHka BUIHO, YTO TaKoH
MOIXO/T MIPUMEHUM TOJIBKO Ui ciydas
MapajuieIbHOTO PACIPOCTPAHCHHS W3ITyYCHHS, TaK
KaK pacTsATHBaHHE B OOpaTHOM  HAaIPaBICHHU
MIPOU3BOJUTCS BIIONb MPSAMBIX IapaUICIbHBIX MEXKIY
coboii muHUE [3]. B ciydae ¢ BEEpHBIM ITyYKOM
TEOMETPHSI BEITIBIIUT CICTYIOIIM 00pa3oM.

CymmupoBaHHe OOpaTHBIX Mpoekiuii (puc. 3) B
KOHType 00JacTH pPEKOHCTPYKIUH MPUBOJUT K
MOJTYYEHHUIO (buHaTBHOTO H300paKeHwsI,
HCTIONB3yeMoe I 00BEMHON BH3yalIH3anus, OIEHKN
IJIOTHOCTH, TIOUCKA JIe(EKTOB.

B  HacTtosmiee Bpems, uTOOBI  W30EXKAThH
JTOTIOTHUTEIHHBIX BBIYHCIICHUH, TIPUMEHSIIOT
MePEnaKoBKy NaHHBIX [4]. JlaHHBIX TOaX0[ 00Nagaer
psmoM HemocTtaTKoB. HaOiromaercss MOTrpemrHOCTb
PEKOHCTPYKIUHU u YXyIIICHUE Ka4eCcTBO
PE3YNIBTHPYIOIIET0 HM300pa)KeHUs, IOJYYEHHOTO U3
MPOEKLMOHHBIX JAHHBIX IOCJE «IIE€PErpyNnIupOBKU»
[5]. TlorpemmHocTh ycunuBaeTcsl TPU YMEHBIIEHUH
grpciaa pakypcoB. Hebompmioe dYHCIO —pakypcoB
SBIIIETCS. OJHUM W3 TIABHBIX KPUTEPUEB, IS
JIOCTI)KEHUS MUHUMAJIBHOTO BPEMEHH IKCTIEPUMEHTA
1 3HAYUTEIHHOTO CHIKCHUS 1036l O0TydIeHUS.

Jns  peamuzamym  anropuTMa  OOpaTHOTO
MPOELUUPOBAHUS MIPU UCTIOIB30BAHUH BEEPHOTO ITyUyKa
0e3 mepenakoBku nomumo HopMmanu (EP) u3 touku
00JacCTH PEKOHCTPYKIHMU K UCHTPAJIBHOW JHHUU
HEOOXOIMMO YUYUTHIBATh: PACCTOSHHE OT HMCTOYHHKA
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M3ITy4eHHUs 10 TOUKK obnactu pekoHcTpykuuu (SE) n
paccTosiHie OT WCTOYHMKA H3JIYYEHHs 10 HOpPMaJH
(SP), a Takxke BBECTH MOHATHS KOPPEKTHUPYIOIIETO
(haxTopa u BUpTyanpHOTO neTekTopa (D1D2).

Puc. 3 — Cxema skcriepuMeHTa

Koppextupyrommii ¢pakTop paccUUTHIBaeTCS Kak
OTHOIIICHHUE PACCTOSHUA OT UCTOYHHUKA U3ITYICHUS JIO
HOpMallM,  ONYIIGHHOW W3  TOYKH  00Jactu
PEKOHCTPYKIIMM HA  LEHTPAJbHYIO JIMHUIO, U
paccrostauss d OT MCTOYHHMKA HM3Iy4YCHHs O IICHTPa
BpAIllCHUsI CUCTEMBI.

PaccMoTpuM TOHSATHE BHPTYalbHOTO JETEKTOpA.
B 3amaue ToMorpaduyeckoil PEKOHCTPYKIIUH IPH
WCIIONb30BAaHUU  BEEPHOTO TMy4YKa BHUPTYaJbHBIM
JNETEKTOPOM  HAa3bIBaeTCS MpsiMas, MPOBEICHHAS
MEPICHANKYISIPHO TCHTPAIBHOH JIMHUK Yepe3 IEHTP
BpalleHuss cucTeMbl. Bione 31Ol mnpsMoil s
KaXk01 TOYKHU obnactn PEKOHCTPYKITUH
OTKIIA/IBIBACTCSl MHTEPBAJ, KOTOPHIH BBIYHUCISACTCS IO
dbopmyne OF = EP + u, rie U — KOPPEKTUPYIOIIHIA
tdakrop. Uutepsan OF Oyaer oauHAKOBBIM IS TEX
TOYEK obnactu PEKOHCTPYKIIUH, KOTOpBIE
MpUHAUIe)KAT OJHOMY M TOMY K€ JIydy, BJIOJIb
KOTOpOTO pacmpocTpaHseTcst M3ITyYeHue.
WaTepnionsuus  3HaYCHHH  TPOCKIHH  (QYHKIMH
mwioTHocTd Ha wuHTepBan OF juig Kaxaoi Touku
00J1acTH PEKOHCTPYKIMH MO3BOJSIET IPOHM3BOJIHUTH
oOpartHoe MIPOELMPOBaHLE BIOJIb MPSMBIX,
coeluHsoIuXCcs B Touke S [5].

JKCnepUMEHTAIbHbIE Pe3yJIbTaThI

OnwuchIBacMbI  MOIXOA  TMO3BOJHI  ITOJYYUTH
MOCJTIONHYI0 PEKOHCTPYKIIMU UCCIEAYEMBIX 00pa3IoB
U BH3YQJIM3UPOBATh PE3YJIbTaT B TPEXMEPHOM BUJIC
0e3 MprMeHEeHUs MIePEaKOBKHU JTAHHBIX.

B skcnepumeHTe  OBUIO  HCIIONIB30BAaHO 5
CETMEHTOB MPOTE3a, KOTOPBIE MO OTIEIEHOCTH OBLIH
BEPTUKAJIIBHO PACIIOJIOKEHBI BHYTPU 5 NJIaCTHKOBBIX
TpyOOK COOTBETCTBYIOUIEH MIHHBL. lIpoeKnnOHHBIE
JIaHHBIC TpeNCTaBsId w3 cebs Habop w3z 600
MPOEKIMA, ITOJYYeHHbIX ¢ yIIoBbIM Tmarom 0.3
rpagyca. O4eBHIHO,YTO CYMMapHBIA YTOJ MOBOPOTa
coctaBisin 180 rpamaycoB, yrojl pacKpbITHS BEEPHOTO

myuka 661 paBeH 4.151566 rpagycoB, paccTOsIHHE OT
UCTOYHHUKA A0 LIeHTpa BpameHus 940 M.

Puc. 4 — TpexmepHas Bu3yanuzauus

3axioueHue
B pesymbratre mnpuMmMeHeHHs anroputMa 0Oe3
MIEPENaKOBKH OBLIO TOCTUTHYTO JTOCTATOYHO BBICOKOE

Ka4y€CTBO PCKOHCTPYKIIHH, IIO3BOJIMBIICC C
HpHCMJ’ICMOﬁ TOYHOCTBIO OLCHUTH IIJIOTHOCTh
HUCCIICAYEMBIX MAaTEpUajoB, a TaKXE IIPOBCCTU

00BEMHYIO BU3YAIU3AIUIO U MTOUCK Ae()EKTOB.
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MATEMATHUHYECKOE MOJAEJIUPOBAHUE OCJIABJIEHUA UHTEHCUBHOCTHU
PEHTI'EHOBCKOI'O U3JIYYEHUA

bayc C. C.
HayuHb1i1 pykoBOaUTENb: K.T.H., 10LEHT IInoTHukoBa U. B.
HalMOHAJIbHBIN HCCle10BaTeNbCKUN TOMCKHUN MONUTEXHUUECKUN YHUBEPCUTET

ssh@tpu.ru
MaTeMaTI/ILIeCKOG MOI[eJ'IPIpOBaHI/Ie — OJHa wus3 MaTeMaTI/IquKI/Ie MOAeIIn CTpOSITCSI nu

HanOonee TMEPCHEKTUBHBIX METOJIOB WM CHCTEM
peanbHOrO (pr3mueckoro mupa. B HacrosBuiee Bpems
3HaYCHUE MaTeMaTH4eCKOTo MOJETUPOBAHUS
CTPEMHUTENBHO BO3PaCTaeT B CBSI3U C IIUPOKUM
BHE/IPCHHEM JIOCTIKCHUH HAayKH ITOYTH BO Bce cepsl
NESTEBbHOCTH dYelloBeKa. CIOXHOCTh TEXHOJIOTHH,
HEOOXOTMMOCTh TPUHATHS OTIEPATUBHBIX PEIICHUNA U
T.I. SBISIIOTCA OOBCKTHBHBIMH TPEANOCBUIKAMH K
HCIIOJIE30BAaHUIO MATEMATHICCKOTO MOJCITUPOBAHNS U
B HAYYHO-HCCIICAOBATCIILCKON ACATEIEHOCTH.

CHOXHOCTh BOCIPOM3BOAMMOCTH IIpoliecca Ha
MIPaKTHUKE, He/0CTaTOYHas H3Y4EHHOCTh
npoOJieMaTUKK HAy4YHbIM COOOINECTBOM, HaJIH4YHe
MHO)KECTBA BCEBO3MOXKHBIX HEYUTCHHBIX (HaKTOPOB,
KOTOpBIE HE BIMSIOT Ha (HU3WYECKUil mpouecc u
NpUPOJY TMOBEACHHUS oOcialleHuss HWHTEHCHBHOCTH,
BCE 3TO SIBIISICTCS MpUIHHAMHA BEIOOpa
MaTeMaTHYECKOTO MOJCTHPOBaHUA. Benp cucTeMBbI
HAYYHOTO WJIM  TPOMBIIUICHHOTO  Ha3HAYCHUS,
pa3paboTaHHEIe 0€3 TIPUMECHEHUS HHCTPYMEHTOB
MaTEeMaTHYECKOTO  MOJCIHPOBAaHUS, BO  MHOTHX
ciydasx He 00JamaroT HeOOXOAWMBIMH KadyeCTBAMU
(3 dexTuBHOCTHIO, TOYHOCTbHIO 0TOOpaXKeHUs
peanbHON  (PU3MUYECKOrO SBJCHUS WIH OOBEKTa,
3JI0)KEHHBIX CBOMCTB | T.1.).

HanOonee HarisiiHO 3HAYEHHE MaTEMaTH4ECKOTO
MO/JICIUPOBAHMS MPOSIBIAETCS NIPU KOHCTPYHUPOBAHUU
PCHTTCHOBCKMX CHCTEM [UIi  Hepa3pyIIAoIIero
KoHTpOJst. Eciin mpu KoHCTpyHpoBaHUHM TOMOrpada, a
B YaCTHOCTH BHIOOpa MapaMeTpoB pabOTHI CHCTEMEI,
MPUMEHATh (PU3MYECKOE MOJACIHPOBAaHUE, TO, BO-
MEPBEIX, JIETO CBEAETCS K epedopy BCeX BO3MOKHBIX
COYETAaHUI JIIEMEHTOB TOMorpada, KOTOPBIH, Iaxe
€CJIM 3TO M BO3MOXKHO, MOTpedyeT 3HAYHUTEIFHOTO
BPEMEHH; BO-BTOPBIX, 3TO MOTpeOyeT OONBIINX 3aTpar
BPEMEHH M MaTepHaNbHBIX pecypcoB. Eciam ke B
[EeNAX COKpaImleHWs 3aTpaT BPEMEHH M CPEACTB
BOCTIOJIB30BaThCS METOJIOM JKCIIEPTHBIX OIICHOK, TO
pesynpraT OymeT 3aBHCETh OT CYOBEKTHBHBIX
NPE/ICTABICHUH CaMHUX JKCIepToB. TakuM o0Opazom,
MCIOJIb30BaHNE MAaTEMaTH4YECKOr0 MOJIEIUPOBAHUS B

MPOEKTUPOBAHUN TOMOTpapIECKNX cucTeM
NPE/ICTaBISIET coboit yTh MOBBILIEHUS
3¢ peKTuBHOCTH u KayecTBa pa3paboTku
TOMOTpapMYECKUX CHCTEM 32 CYET MOJEIUPOBAHUS
nporecca ocabeHns HWHTEHCUBHOCTHU
PEHTT€HOBCKOTO U3JTy4eHHS, U3JIy4aeMOro

PEHTTEHOBCKOM TPYOKOH, TOCIe TIPOXOKACHHS depe3
HCCIeayeMblid MaTepural.

Jnst  pemieHust JTaHHOW MPOOJIEMAaTHKH MOXKHO
MPUMEHHUTH KOPPEJSILMOHHO-PErPECCUOHHBIN aHau3.

UCTIONB3YIOTCS JJISl TPEX 0OO0OIICHHBIX IeJIeH:

e IS OOBSICHEHHS,

® I IPE/ICKA3aHus;

® JUIS YIIPaBIICHHS.

[Monb3ysch METOlaMU KOPPENSAIHOHHO-
PErpECCHOHHOr0 aHaIn3a, U3MEPSIETCS] TECHOTA CBSI3H
nokasaTenei c MOMOIIBIO ko3 durmenra
koppensin. [Ipu 3TOM OOHAPYKUBAIOTCS CBSI3H,
pasnuuHble 1Mo cuiie (CUIIbHBIC, Cliadble, YMEPEHHbBIC U
JIp.) W pa3MuHble MO HAMNpaBlICHUIO (IPSAMBIE,
oOpatHble). Ecu cBSI3M OKaXXyTcs CYyLIECTBEHHBIMH,
TO 1enecoo0pa3Ho OyaeT HalTH WX MaTeMaTHYeCKOe
BBID@KCHUE B BHAE PErPECCUOHHON MOJENH U
OLICHUTh CTATUCTUYECKYIO 3HAYMMOCTH MOJICIIH.

Nmeercs COBOKYITHOCTh pE3yIbTaTOB
HaOroieHuil. B 3TO# COBOKYITHOCTH OJMH CTOJOEIT
COOTBETCTBYET  TIOKa3aTelio, Ui KOTOPOTO
HEO0OX0IUMO YCTaHOBHUTH (GYHKIHOHANBHYTO

3aBUCHMOCTh C TapaMeTpaMu OOBEKTa U Cpesl,
MPE/ICTABICHHBIMHU OCTAIbHBIMU cToNOnaMu. Llensio
KOTOPOH SBJSIETCS. YCTAHOBUTh KOJIMYECTBEHHYIO
B3aMMOCBSI3b MEXIy TOKazaTeneM M daxrtopamu. B
TakOM cllydae 3aJada pEerpecCUOHHOTO aHalau3a
MIOHMMAeTcs  KaK  3a/Ja4a  BBIIBICHHS  TakoH
¢dbyHkunonaapHO# 3aBucumoctu y = f (X1, x2, x3, ...,
Xn), KOTOpas HaWIy4dlllUM o0O0pa3oM ONHCHIBAET
HMEIOIIHECS IKCIIEpUMEHTAIbHbIE JaHHBIE.

PerpeccronHblli aHanM3 Ha3bBIBAIOT OCHOBHBIM
METOZIOM COBPEMEHHOH MaTeMaTHYECKOW CTaTUCTHKH
JUIS BBISIBIICHUS HESIBHBIX M 3aBYaJMPOBAaHHBIX CBS3EH
MEXAY JaHHBIMH HaOTIOIECHUH.

Jlns mpoBesneHus ombiTa ObUIM BBIOpaH THTAH.
Turan oxuH wn3 Hamboyiee 4YACTBIX MAaTEPUAJIOB,
INPUMEHSEMBIX B  HW3TOTOBICHHH  Pa3MYHBIX
MPOMBIIIJIEHHBIX neraneu 51 yacTen B
MalIMHOCTPOEHUH, KOCMOCOCTPOEHUH U T.A.

JlaHHBIN 3KCIIEPUMEHT POBOJUTCS B CIEIYIOIINX
ycnoBuax. OUKCHPYIOTCS 3HAYEHUS TOIIIUHBI U BUIA
UCCIEAYEMOT0 MaTepHuana, a TakXKe MOIIHOCTh
PEHTIeHOBCKOH TpyOku. BpIOpaHHBIM MaTepuanom
SBIIIETCA  KENe30, KaK OJMH M3 CaMbIX 4YacTo

BCTpevamolmuxcss Ha  mpaktuke.  Mccnepyemas
JKelle3Has IIaCTMHA HUMeeT TONIMMHY 2 MM.
MoOIHOCTh ~ PEHTTeHOBCKOM  TpyOkm  ocraercs
IIPEKHEN.

Jlamee TpUBOAWTCS ONHCAHHWE OSKCIIEPUMEHTA.
BxirogaeM — peHTreHOBCKHM ~ MHUKpoToMorpad B
JNIEKTpUUEeCKyto ceTh. JlaemM emy mporperbcs 2-3
MUHYTH. [IpOM3BOAMM  KOHTPONBHBIH  «IIPOTOHY
UMIIyTbCa  PEHTITEHOBCKOTO W3ITY9ICHUS 6e3
MaTepuana. HaOmromaem — 3HaueHWE  BEITHUYMHBI
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WHTEHCUBHOCTH DEHTI'CHOBCKOIO W3JIyYSHHUS, €CIIH
JlaHHasi BEJMYMHA COINOCTaBMMAa C TEXHHYECKOM
JOKyMEHTaleii Ha npuOOp MOXXKHO HAIMHAThH
IPOM3BOIUTH  ONBIT, B  IPOTUBHOM  CIIydae
HEOOXOAMMO  YCTpPaHUTh TNPHYMHY  OTKJIOHEHHS
3HAYCHHA MHTEHCHBHOCTH PEHTTEHOBCKOTO
W3JIydeHUS OT  3asABICHHBIX B  TEXHHYECKOH
JOKyMEHTallMH. YOeAMBIINCH, YTO AAHHAS CHUCTEMa
paboraer UCIIPaBHO, MOKHO Ha4YMHATh
MPOCBEYNBAHUE HCCIIelyeMoro Matepuana. [ljis atoro
HE0OX0/IMMO pa3MECTHTh MCCIIEyeMBbIH MaTepHasl Ha
paboumii cTos mpuOOpa, 3aKpHITh KPBIIIKY MpUdopa,
yOeIUTHCS, YTO COOJIO/ICHA TEXHHKAa OE30MacHOCTH,
YCTaHOBHUTh 3HaYCHHE HalnpsDKeHUS Ha
PEHTTCHOBCKOI TpyOKe, IOXKIaThCsl CHUTHalIa o
NPOCBEYMBAHWU  MaTepuasa H  3aUKCHPOBATh
pe3ynpTaT, MPEINCTAaBICHHBIA HA  WHIUKATOPE
npudopa, Hccaenyemslii matepual ¥ €ro pasmep, a
Takke BEIMYMHY  HANPSDKEHWS  PEHTTCHOBCKOM
TpyOKH HEOOXOOUMO BHIOMpaTh Ha OCHOBAaHHUH
BBIOpaHHBIX 3HAUEHHH IKCIIEPUMEHTA.

Jns ananuza ObUIM  ONpENENICHBI  CIEAYIOIIHE
nepeMeHHBIE:

1. BeixoaHnas MHTEHCUBHOCTh nocine
MPOX0XKJCHUS Yepe3 UCCllelyeMblil MaTepuall, KaB.

2. Hampspkenne Ha peHTT€HOBCKOU TpyOKe, KB.

Jns  ompeneneHnss TECHOTHI CBSI3EH MEXIy

noKasaTCIsiMHu Halps>KCHUA u BBIXO,HHOﬁ
HHTCHCHUBHOCTH, OLICHKH (baKTOpOB, OKa3bIBArOIINX
HauOoJIbIIEe BJIMAHHC Ha BBIXOHYIO

WHTCHCUBHOCTH, YCTAHOBIICHUSI CTENICHH BIUSHHS
HaANpPSOKEHUST Ha BBIXOJHYIO MHTEHCUBHOCTH, BEIOOpA
TUOAa ¥ (OPMBI HEM3BECTHBIX MPUYMHHBIX CBSI3EH, a
TaKxKe OIIPENICIIEHHE pac4€THBIX 3Ha4YEHUU
BBIXO/IHOW HMHTEHCHBHOCTH ((YHKIIMH PErpeccuu)
HCTIONB3YIOT PETPECCHOHHBIN aHaIN3, YTO MO3BOJISET
MPOTHO3UPOBATh NpU paboTe ¢ mpuOOPOM 3HAUCHHUS
BBIXOTHOU WHTCHCUBHOCTH JUTS Oonee
Ka4eCTBEHHOTO ITOCTPOCHHUS TPEXMEPHBIX TEHEBBIX
n3o0paxkeHnit. Kak M3BECTHO, BaXKHEHIIUM 3TarioM
MOCTPOCHHUS PErPECCHOHHON Monenu (ypaBHEHHS
perpeccun) SBIISIETCS BBHIOOp BHIA MaTEMAaTHUCCKOW

(hyHKIAH, KOTOpast HAMTY4IINM obpazom
ONpEeZeTsAeT  CYIIECTBYIOUIME  CBSI3M  MEXKIY
aHanmu3upyeMbIMu npu3Hakamu [1]. B manHOM

ciIydae, 3a pe3yNbTaTHBHBIA NPHU3HAK MBI MPHHSIH
BEIMYMHY  BBIXOJHOW WHTCHCHBHOCTH, a 3a
(haKTOPHBII — HAIIPSKEHHE.
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Pucynok 1. Jluarpamma paccenBaHus

Amnanus HCXOAHBIX JTaHHBIX MO3BOJISET
IIPEAINOJIOKHUTh, YTO YPABHEHHE IHApHON JIMHEHHOM
KOPPEIALMOHHON CBSI3M UMEET BUA (DYHKIIHH:

y:b0+b1X.

Ha pucynke 1 MoXHO HaOmronaTh AuarpaMmy
paccenBaHuA. Koppemsinust nMeeT MOJI0XKHUTEIbHYIO
TEHJCHIUIO. ITpoussens COOTBETCTBYIOIINE
BeuMcIeHNs B Excel momydmnm  cnemyromue
pesynbpraTel. R-kBagpar (k03(h(UIIMEHT CMemIaHHOH
KOPPEIISIIIN) MIPECTABISAET coboit OIICHKY
MOJIE3HOCTH PETPECCHOHHOTO YpaBHEHUsI, OLIEHUBAET
JIONI0  BapuallMd  TepeMeHHod Y,  KoTopad
OOBsCHSIETCS ~ HE3aBHCUMOI mepeMeHHOH X B
perpeccuoHHOi Mozend. J[aHHOE€ 3HauYeHHEe paBHO
0,973. D10 xapakrtepusyer 1O, uTo 97,3% Bapuamuu
BBIXO/JIHOW WHTEHCHUBHOCTH OOBSCHSETCS BEIMYMHON
HaNpspKeHus. W TONbKO 2,7% npyrumu (hakTopamm.
Bonbmne 3HaueHus, cTpemsimyecs K 1, yKa3pIBaloT Ha
TO, 9T0 X MOXXHO HCIIOJIB30BATh AL OOBSCHEHHS
MHOBEICHUA Y.

CpenHekBagpaTHdeckast ommOka paBHa 3,6696.
OTO TOBOPUT O TOM, 4TO B 95% ciy4aeB 3Ha4eHHS
OynyT momajgaTh B mpenensl +3,6696 oT JauHUM
perpeccun. B urore mojiyueHo ypaBHEHHUE JIMHEUHOU
perpeccu, KOTOpPO€  BBIp@XKaeTcid  CIETYIOLINM
obpazoM: Y=-55,9916+0,6867*X. JlanHOE ypaBHCHHE
NPUMEHUMO Ul BBIOPAHHOI'O JAMana3oHa pabouux
3HaueHuil  cucteMbl.  [lONOXKUTENbHBIA  HAKJIOH
JMHEHHOW perpeccuu TOBOPUT O TOM, YTO TIpH
YBEIMYCHUN  HampsDKeHWsT  HAa 1 eIuHHIYy
HabmonaeTcs poct 3HAYCHUS BBIXOZHOU
HHTEHCHBHOCTHU Ha 0,6867.

B 3akimroueHnH X04eTcs OTMETUTbh, YTO NPOBEIEH
OHO(AKTOPHBI  PErpecCHOHHBIA  aHaluu3, TI7e
OTKJIMKOM CHCTEMBI, KaKk U B TOJTHOM (haKTOpHOM
9KCIEPUMEHTE, SBISANACH BEJMYMHA HHTEHCHBHOCTHU
Iocje MPOXOXKICHHUS Yepe3 TONIIHHY HCCIeTyeMOoro
Mmarepuaia, a 3a (akTop ObUIO NPUHATO 3HAUYEHHE
HampsOKeHUS Ha PEHTTEeHOBCKOHM TpyOke. Ilpumenss
JTAaHHOE JIMHEHHOE PpEerpecCHOHHOE YpaBHEHUs Ha
MPaKTHKE, MOKHO JIETKO M OBICTPO CIIPOTHO3HMPOBATH
BEJIMYMHY BBIXOJHOW MHTEHCHUBHOCTH B 3aBUCHMOCTHU
OT  BBHIOPAaHHOTO  3HAYCHWs  HANpsDKEHHS  Ha
PEHTI€HOBCKOH TpyOKe JuIsi JIaHHOTO JMamna3oHa
pabor.

CHnucoK uTepaTypsl

1. Annep 0. II. IlnanupoBaHue 3KCIEpUMEHTa
IIPH TIOMCKE ONTHMAaNbHBIX ycnosuit // FO. I1. Ammep,
E. B. Mapxkoga, 0. B. I'panoBckuii. — M. Hayka,
1976. - 280 c.

2. Landisa E. N., Keane D. T. X-ray
microtomography [text]. - Materials Characterization.
—2010. — Pages 1305 — 1316.

3. bayc C. C. Cucrema aBTOMAaTH3MPOBaHHOTO
npoektupoBanus (CAIIP) penrtreHoBckoil TpyOkn
OTKpPBITOTO M 3aKPBITOTO  TUMNA AN HYX]I
Hepaspyuiaomero KoHrposisi //  VHHOBalMoHHBIE
TEXHOJIOTUM B MAIIMHOCTPOCHUH: COOPHHUK TpPYIOB
VI MexayHapoaHoi Hay4YHO-TIPaKTHYECKOH
koH(pepenmuu. - Tomck: TITY, 2016 - C. 274-279.
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TEOPUSI KOHTAKTHOI'O B3AI/IMOI[EFICTBPIH JABYX B3AUMHO-
NEPIIEHAUKYJAPHBIX IIVIACTUH KUPXT'O®A
Bogoruna T.B., CanteikoBaO.A., KpeicbkoA.B.

CaparoBckuii rocyJapCTBEHHBIN TeXHIUUeCcKuil yHuBepcureT uMenu I'arapuna 10.A.
tanja-klio@yandex.ru

Beenenne

Msuorue KOHCTPYKLIUH SIBIISIFOTCS
COCTaBHBIMH, ¥ OHH COCTOST W3 COWICHEHUs OaloK,
CTep)kKHeH, mmacThuH W oOonouek. OueHb BaKHBIM
BOIIPOCOM, TP HUX TIPOCKTHPOBAHUH, SBISCTCS
MOCTPOCHHE MOJETH KOHTAKTHOTO B3aUMOJCHCTBUSL.
PaccMOTpyM  KOHTakTHOE B3aWMOAEWUCTBHE JABYX
B3aUMHO-TIEPIICHANKYIISIPHBIX TUTACTHUHOK,
nopunHsomuxcs runorese Kupxroda [1,2].

IHocTaHoBKa 3aga4n
Ha Pwuc.1, mnpencraBieH miaacTHHYATHINA
JJIEMEHT, COCTOSAIIUN u3 IBYX  B3aUMHO-
MEePHEHANKYISPHBIX MIACTUHOKCONPSKEHHBIX MEXTY

coboii B 06macTu: Q = (0, b)x(bl _h72 by +hZZJ

b, ¥

S ‘I
[ P Y/WI ,,,,,,,,,,,
% e v .

Puc.1. Pacuernas cxema

Hcnonb3yeM neKkapTOBbI CHCTEMbI KOOPIUHAT.
3anuiemM BBIPKEHUS IS KOMIIOHEHT BEKTOPOB
Lot 1 1
nepeMeneHu i U¢ ), v®y nporuda W )21.]'[}1 TIACTUHBI
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3ameuanue:B ¢yHkunonane (4) nomaraem, s
YIPOLICHHs, YCHINS MU MOMEHTHI, JICHCTBYIOIINE Ha
rpaHHLax [UIACTHH, PABHBIMHU HYITIO.

Teopema:  @yHKIMOHAI  JOCTHIaeT  CBOETO
CTAllMOHAPHOTO  3HAYCHHS HAa  NEpPEeMEIICHHMSX,
KOTOpBIC YIOBJICTBOPSIOT YPAaBHEHUSM DPAaBHOBECHS,
KHHEMaTH4YeCKUM (3aJaHHBIM) M CTaTUCTHYECKHM
I'paHUYHBIM YCJIOBUAM, BBIPpAKCHHBIM qepes
MEPEMEIICHUA, a TaK K€ YCIIOBUAM COIIPSIKECHUA Ha

h h
noznoce (0,b) x (b; - ?Z,bl + 72) CJIE/TyIOIIEro B/

VpaBHEeHHs]  paBHOBECHUSI W  E€CTECTBEHHbIE
rpaHUYHbIE YCIOBHS JJIs IEPBOM MIIACTUHBI:
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VYpaBHeHust Uil BTOPOW IUIACTHHKH, BHAY HX
FPOMO3/IKOCTH, HE IPHUBOJASATCS, OHH  HUMEIOT
AQHAJIOTHYHYIO CTPYKTYPY C ypaBHeHusaMHE (5-9).

JlokazaTenbCeTBo: Hns JIOKa3aTesbCTRa,
npoBapbupyeM  ¢yHkuuonan (4). IloctpoeHHsId
(hYHKIIMOHAN TMpPENCTaBIsieT co00il  00OOIICHHBIN
¢ynkponan Jlarpanxka, U3 yclIOBUS CTAllMOHAPHOCTH
KOTOPOTO  CJIEAYIOT  YpaBHEHUS  PaBHOBECHS,

(9)

{D* -

V1=
Y1 =

=_—d
2

CTaTUCTUYECKHE TpaHUYHbIC YCIIOBUS TS
paccMaTrpuBaeMoil IPOCTPAHCTBEHHOW IJIAaCTUHYATOU
KOHCTPYKIMH B pamMKkax moxenu Kupxroda, yciaoBus
conp;mceHH;I 3JIEMEHTOB KOHCTPYKLUH BIOJIb TOJOCHI

)5 "%

by + j TeopeMma nokaszana.

3akiaoyenue

B pabote chopmynupoBaHa 1 J0Ka3aHa TeopeMa O
JIOCTI)KCHUM (DYHKI[OHAIA CBOErO CTAlMOHAPHOTO
3HAUYEHHSIHA MepEeMEeILEeHUsX, KOTOpBIE
YAOBJIETBOPSIOT YpaBHEHUSIM paBHOBeCHS,
KHHEMATHIECKAM, CTATHCTUIECKAM | T. JI. YCIOBHSAM.

Tak e BHEpBBIC IONYyYCHBI BBIPAKCHUS IS
KOMIIOHCHT BEKTOPOB MIEpEMEIICHHI UTIPOTHOOB.

Pabora BrmonHeHa Tipu moanepkke rpanta PHO
16-11-10138

Hekotopeie Matepuaibl 3TOW pabOThl  ObLTH
nonoxenbl Bonormuoit T. B. Ha koHgepeHuuu
«JlomoHoCcoB-2016» 11.04.2016 T. B MI'Y.
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HEJIMHEWHASL IMHAMUKA JBYX B3AI/IMHO-HEPHEPEII[I/IKYJIHPHI)IX
MNJIACTUHOK MOAEJIU TUMOILIEHKO B TPEXMEPHOU IOCTAHOBKE
Bonoruna, O.A. CanteixoBa T.B., Kpricbko A.B.

CaparoBckuii ToCyJapCTBEHHBIN TeXHIUUECKUH yHuBepcuTeT uMeHH ['arapuna H0.A.
tanja-klio@yandex.ru

BBeaenue
MpHuorue KOHCTPYKLIMH OTBETCTBEHHOT'O
Ha3HAa4eHUs] B CTPOUTENBCTBE, MAIIMHOCTPOECHUH,

ABHALMOHHOW TEXHUKE, PAKETOCTPOCHWH SBIIIOTCS
COCTaBHBIMH M COCTOST W3 COWICHEHHS OaloK,
IUTACTHH U 000J0YeK. DTH KOHCTPYKIUH HAXOISTCS
[OJ ACMCTBMEM BHEUIHMX CHJI PA3IMYHOW HPHUPOJBI,

MOTOMY OYEHb Ba)XXHBIM BOINPOCOM MpH HUX
[IPOEKTUPOBAHUM  SBJIACTCA AHAIM3 HEJIMHEHHOU
quHaMukd.  KoHTakTHOoe — B3auUMOAEHCTBHE U

XaoTH4eckas AMHaAMHKa 0aJoK Moaend THUMOIIeHKO
omucaHo B pabore [1]. HenuneliHas guHAMEKA
CTPYKTYpPBHI W3  3aMKHYTOM  UMJIMHIPUYECKOU
obomoukn u Oanku wusydaercst B [2]. Paccmorpum
KOHCTPYKLIMIO COCTOSIIMX W3 JBYX B3aHMHO-
MEPICHANKYISPHBIX IUIACTUHOK, ITOXYUHSFOIIIXCS
runoreze Tumomenko C.II. XeCTKO COEIUHEHHBIX
Mexay coboit [3]. B u3BecTHO# snuTeparype Takux
pELIeHUH HET.

ITocTanoBKka 3aga4u

Ilyctb Ha BEpXHIOKW IUIACTUHKY JACHCTBYET
3HAKOIEpEMEHHAsl Harpy3ka, II0 BCed IpaBoOH
60K0BOI TOBEpXHOCTH (puC. 1).

§ &
-C,
2 q
2
<h2 - ]
b, A

l
bk

vZy
Puc.1. PacueTnas cxema.

Paszmepsl mnactuHok onauHakoBel: 100x100x10
(MM). HmxHssS 1UIaCTUHKA KECTKO —3aKperJieHa.
BepxHsis ruiacTuHKa 3amemiieHa B miockoctu XOY
(puc. 1). O6e MIACTMHKU IMOJYMHSIOTCS THIIOTE3aM
Tumomenko C.I1. [4]. 3amaua paccmarpuBaercs B
TpexXMepHOU TIOCTaHOBKE. BbeckoneunomepHas
cuctemMa auddepeHnnaIbHbIX YpaBHEHUH CBOIUTCS K
cUCTEME OOBIKHOBEHHBIX b depeHIaTbLHBIX
YpaBHEHHA  METOJOM  KOHEYHBIX  DJIEMCHTOB.
Tlonyuennass 3amaya Komm pemaercss Meroaom
SIBHOTO UHTETPUPOBAHUSI.

Harpy3ka mpuioxeHHass K MOBEPXHOCTH BTOPOW
TIACTHHKE MMEET BUI: q = o * sini{w,t) (puc. 1.),
rae aMIUIUTy 1a do =1000, 1650xzc / M
gactotaw, =1000 (I'y) NpUIOKEHHOH HArPy3KH.

Hccnenosanue  MPOBOAMIOCH € MOMOIIBIO
METOJOB HEIWHEHHON JUHAMHUKH: WCCIEIOBAINCH
CHUTHAJIBI (puc.2(qo=1000(keclmn?), puc.
5(0o=1650(keclmm?), prc.8(o=1000(keclmm?));
dazoBbie noprpetsi(puc.3(0o=1000(kec/mn?),
prc.6(qe=1650(kec/mn?)), puc. 9(qe=1000(keclun?));
criexTpsl MomHocTH Pypbe(puc.4(Qe=1000(kec/mn’),
puc.7(qo=1650(keclmn?), puc.10(qe=1000(kec/mn?));
BeliBner-ananu3 Mopiae u 'aycca-32. Ha rpadukax
JUIsl TUIACTUHKK |  CIJIONIHOW JIMHMEW MOKa3aHbI
XapaKTEPUCTUKH, CHATBHIE CIpaBa, a IyHKTUPHOU
JIUHUCH — CJIeBa OT IJIACTUHBI 2.

w(mm)
L.
S
-
w(mm)
i
o
b
R
===
=
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=

t(s) t(S)
0) [Tnactuaka 1
Puc. 2. Curnansl

w(mm)
w(mm)

10 -1
110° -5a0' 0 sa0t  1ac® ~1a0° -5a0' 0 540

dw dw
a) IUTacTHHKA 2 6) rutactuHKa |
Puc. 3. ®a3oBbie mOpTpETH

amplitude
amplitude

0 500 1x10 0 500 1x10°

omega
omega

a) [Tmactuaka 2 6) [TmacturKal
Puc. 4. Criextpsr @ypne

MNPpUCYTCTBYKOT U Oosee Menkue 4acToThl. da3oBEIC
MOPTPECThI INTACTUHOK CXOXKU U MPEACTABIIAIOT coboit
MEPEeCCYCHUC IISITU KOJICI.
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Puc. 6. ®a3oBble mOpTpeTH!

6) I[nactunka 1
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a) [Tnactuuka 2 0) IMnactunka 1
Puc. 7. Cnextpsl ®ypbe

OerCTHOCTHX.3Ha‘{eHI/I}I 4acToT i,, W1 U Wy~
JMHelHo-3aBucuMble. Da30BbIil MOPTPET BepxHEH
TUTACTHHKH COOTBETCTBYET Xa0THYECKIM
KoJIeOAaHUAM, a Ui HIDKHEH IUTACTHHKH IPOU30IIIO0
pa3pyIeHe Koell.

Jlanee yMeHBIIMM B /IBa pa3a BHICOTY MIACTUHKH
2: 100x50%10 (Mm). Junamuaeckre
XapaKTepUCTUKU TNpHuBeAeHb Ha puc. 8-10 st
do =1000xzc/ mm?, Wy =1000 (T'y).

= [\W\/\
mimn f ;}Lu \W.,\ﬂ,\\\j\/\,

0 4x107%  8xa0° 0 4107 a0
t(s) t(s)
a) [nactuuka 2 6) [nactunka 1
Puc. 8.Curnaist

w(mm)

dw

a) [Mnactunka 2
Puc. 9. ®a3oBbIie MOPTPETHI

0) IMnactunka 1

Puc. 10. Cnextpsr @ypre

Ha puc. 10 (a,0)0TCYTCTBYIOT AONOJIHHUTEIBHBIC,
4acTOThl, MO cpaBHeHHUIO0 ¢ puc. 4 (a,6).Ha cnektpe
MOIIHOCTH €CTh TOJBKO YacTOTa BBIHYKAAIOMINX
koneOannii. Konebanust HW)KHEH MIACTHHKHU ClieBa U
CIpaBa HaxOJsTCs B IPOTUBO(dA3e.

J1100=1650 (K‘ZC/MMZ),OJp =1000 (I'y) rpaduku
HE TPUBOIATCS, TaK KaKyBEJIMYCHHE HArpy3KH He
MPUBOAUT K TOSBICHUIO HOBBIX YacTOT M CMCHE
pexnMa KoneOaHWi. YBENWYMBAaeTCS aMIUIATYOa
konebaHMi  TIACTUHOK.  Xapaktep  (ha3oBOro
MOPTpETaHe MEHSETCSL.

3akii0ueHue

B pesynpTare nNaHHBIX MCCIENOBAHUM, MOKHO
CICaTh BBIBOJ, YTO YBCIMYCHUC HAIpy3KH, a TAKKE
HU3MCHCHUC BBICOTHI BerHeﬁ IIJIaCTUHKHU
CYIIECTBEHHO BIMSCT HA THHAMUKY CHCTEMBI.

B ciydae oqHAKOBBIX T€OMETPUIECCKHAX Pa3MEepOB

IUIACTUH ~ yBEJIWYEHHE  aMIUIUTYAbl  HArpy3KH
NPUBOAMT K CMEHE peXuMa KoyiebaHWH Bcel
CTPYKTYPBI.

‘YMeHbIlIeHHEe BBICOTHI IIACTUHKU 2, MMPpUBOJUT K
crabunu3anMu Bcell CTPYKTypbl. B sToM ciydae
YBEJIMYCHUE aMILIUTY bl KOJeOaHHUi HE CIIOCOOCTBYET
IIOABJICHUIO HOBBIX YAaCTOT.

Paboma evinoanena npu noodepoicke epanma
PH® 16-11-10138
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ONIPEAEJIEHUE KAYECTBA MOJEJIM BPEMEHHOI'O Ps1/IAB
3ABUCUMOCTH OT KOJIMYECTBA BXO/HBIX TAHHBIX

bo3zuskos P.B.
Hayunsrit pykoBonutens: CemenoB M.E.
ToMckuil NOMTUTEXHUYECKUA YHUBEPCUTET
romariol131@bk.ru

BBeaenue
B o5koHOMHKE YacTO BCTpEYarOTCs —SBJICHUS,
KOTOpbIE MHTEPECHO M Ba)XXKHO M3y4aTb, TaK KaK OHU
U3MEHSIOTCT BO BpemeHH. C TedeHHMEM BpeMEHHU
M3MEHSAIOTCS LIEHbI, 5KOHOMMYECKHUE YCIIOBUS, PEXUM
MIPOTEKAaHUs TOTO WM HMHOIO IPOU3BOJACTBEHHOIO

nponecca. Ecmm YMETh AHAJIU3UPOBATH n
MOACJIUPOBATL  JTaHHBIC mpoueccrl, TO  MOKHO
YMEHLUIUTH BCPOATHOCTDH BO3HHUKHOBCHUSA

HEOJaroMpHUATHBIX COOBITHH, TO €CTh COKPAaTHTh
pucCKu. PuCK SBIsIeTCST HEOTHEMJIEMOW YacThiO
JESITEILHOCTH JIIOACH M KOMIAHUM, 3aHUMAIOIINXCS
BBIIMYCKOM HJIH WHBECTHPOBAHUEM B IICHHBIC OyMaru,
a UMCHHO B akimu. M3 BceX HEHHBIX OyMar akiuu
00naatoT HamOOJIBIICH BOJATHIIBHOCTHIO, TO €CTh
SBIISIIOTCSL HanOoJee W3MEHYMBHIMA. [lodTOMy s
COKpAIICHUS PUCKOB M, COOTBETCTBEHHO, JICHEKHBIX
MoTepb HEOOXOAMMO YMETh AaHANM3UPOBaTh U
WCCIIeIOBATh MPOIIECCHl U3MEHEHMSI 1IEH aKIIUH.

OOBeKTOM HCCIIeIOBaHMSA B JaHHOW paboTre ObLTH
BoIOpanbl LeHbl akuuii OAO «[asmpom». OAO
"T'asmpom" - rmoGanbHas SHEPreTUYecKast KOMIIAHHUS.
OcHOBHBIE HaIpaBJICHUS JIeATeIIbHOCTH -
reoJIoropasBe/ika, Jo0ObI4a, TPaHCTIOPTUPOBKA,
XpaHEeHHE, IepepadoTKa U peai3alys raza, ra3oBoro
KOHIeHcaTa W HeTH, peanm3amnus ra3a B KadecTBE
MOTOPHOTO TOILIHMBA, & TAKXKE IMPOU3BOJICTBO M COBIT
TEIUTO- ¥ AJIEKTPOIHEPTHH.

Lenp nanHOW pabOTHI - TPOBEACHHE aHAIN3a
00BEKTa WCCICHOBAaHHUA ¥ IOCTPOCHHE MOMIEIH,
ONMCBHIBAIOIUI  MCCIEAYEMBIl IpoLecC TEYeHUE
Pa3IUYHBIX MHTEPBAJIOB BPEMEHM ISl OIpeaeIeHHs
BJIUSIHMSI KOJIMYECTBA BXOJIHBIX JIAHHBIX HA KayeCTBO
MMOCTPOCHHBIX MoOjeneil. B kauecTtBe uccnemyembix
WHTEPBAJIOB OBUTH B3STHI TIEPUOBI BPEMEHH, PAaBHBIC
4 mecsam (¢ 01.02.2016 o 01.06.2016), 6 mecsiiam
(c 01.12.2015 mo 01.06.2016), 1 roay (c 01.06.2015
o 01.06.2016).

Jis  WccieayeMbIX TEPHOJOB BPEMEHU OBLIH
c(OPMHUPOBAHBI TPU BPEMEHHBIX Psa, COICPIKAIIIX
84, 124, 252 Ha0JTI0TaEMBIX 3HAYCHH I
COOTBETCTBEHHO.

IIpoBenenne anaanza

[TomyueHHBIE BpeMEHHBIE PSRl OBUIH TPOBEPEHBI
Ha HOPMAaJIbHOCTH pacnpeneneHus u
CTAIlMOHAPHOCTE.JIIT  dTOr0  OBUIM  TIOCTPOEHBI
THCTOTPaMMBl AL psiAa  JOXOAHOCTEH akuuil B
TE€YEHUE 33JaHHBIX IEPUOAOB BPEMEHH, a TaKXKe
npumeHeH kputepuil Kommoropoa - CmupHOBa.
JloxotHOCTH aKkuuii pacCUUTHIBAIMCH 110 (hopMmyJie:

X, = Xt+1 B Xt
t Xt

Breuto  mosydeHo, dWTO  BCe  HCCIEdyeMBbIe
BPEMEHHBIE DPAOBl  MONYUHSAIOTCS  HOPMAJILHOMY
3aKOHY PacCIpe/e/ICHHUSI.

Jns  mpoBepKHM HAa  CTAI[MOHAPHOCTH  OBLIH
HCCIICI0OBaHbI ABTOKOPPEIIALUOHHBIE byHKIIH
BPEMEHHBIX psAAoB. MccienoBaHue TOKazano, YTO
H36HIOI[aCTCH 3HAYUTCJIbHAA 3aBUCHUMOCTb

(xoppemsnusa) MeXIy CMEXKHBIMU HaOIIOACHUIMH.
Taxke MOXHO OTMETUTH OYEHb BBICOKYIO BEIHUHHY
KO3 PHIIUCHTa KOPPEIAIUU TMEPBOrO MOPsAAKA I
BPEMCHHBIX PSZOB U TOCTEIIEHHOE CHIDKECHHE IIpH
W3MEHEHMH Jlara. Takas CHIbHAs 3aBHCUMOCTh MEXKIY
HaOMIOZCHUSIMI yKa3bIBaeT Ha HaJW4YUE TPEHAa B
XapakTepe IIOBEJICHHS BPEMCHHBIX pSAIOB M OaeT
OCHOBaHHE I0JIaraTh, YTO BPEMEHHOH DS IIPU BCEX
HCCIIEAYeMbIX IIEpHOIax SIBISAETCS HECTAlMOHAPHBIM.

IMocTpoeHne MaTeMaTH4YeCKOIl MOIeTH

Tak KaK BpEMEHHbIE PAIBI SIBIISIFOTCS
HECTAIIMOHAPHBIMH, TO U3 Kjlacca JMHEHHBIX MOJIee
noaxojsiieit moaensto Oyaer moxens ARIMA (p, d,
q), toe mapamerp d=1, Tak Kak psAg SABIACTCS
HHTETPUPYEMBIM IIEPBOTO TTOPSIIKA.

B xome wuccnmemoBaHme OBUTH  ONpEICICHEBI
ONTUMAIIEHBIC MOJICIH JIJISl UCCIIEAYEeMBIX psinoB. s
BPEMEHHOTO psima C 1mepuoioM 4 Mecsma
ONTHMAJILHOM MOIeNbI0 siBIseTcss Mojieinb ARIMA (1,
1, 0). HanHas MO/ieTTb UIMEET CIETYIOIIHA BU/T;:

X; =0124+0142X,; + &

Jis BpeMeHHOrO psiia C TepuoaoM 6 Mecsia
ONTHUMAJILHON MOJIeNbIO siBisieTcst Mojiesib ARIMA (2,
1, 0), umeromias cneAyoIUn BUA:

X; =0,0597+0,96X,_; —0,87X;_, + &

Jus psma ¢ mepwoioM rojx ObUIa TOCTPOCHA
Mozenb ARIMA (2, 1, 0):
X; =0,021+0,055X,_ 4 —0,27X,_, + &

HOCTpOGHHHC MOJACIN JTOCTATOYHO KOPPEKTHO

OITHCBIBAIOT HCCIe1yeMblii npotiecc, 4To
noareepxknaiot AK® u YAKD psga ocraTkoB, a
HMEHHO MaJible 3HAYCHMS KO3 PUIIIECHTOB
aBTOKOppEJILIMM B Mpenejax  JIOBEPUTEIHLHOTO
HHTEpBAaJa.

CpaBHeHHe MOJIYYeHHBIX MoJeeil
Jns cpaBHeHUsI Ka4decTBa MOJIYYEHHBIX MOJIETEH
OBLTH BBIOPAHBI CIEAYIONINE XaPAKTSPUCTHKH:
CATIO — cpennsist abcoOTHASI MPOIIEHTHAS OITHOKA,;
CAOQO — cpennsist abcomtoTHast OMIMOKa;
CKO - cpenHekBaapaTHIeCKOe OTKIOHCHHUE;
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BIC- undpopmarmonnslit kpurepuii baitepca;
2
R

— KO3 PUIMEHT AeTepMHUHALIHY.

Vcnone3ys HaHHBIE XapaKTEPUCTHKH, OBLIO
NPOU3BEICHO CPaBHEHHUE IOCTPOCHHBIX MOZAENCH A
KQKIOTO W3 HCCIENyeMBIX BpPEMEHHBIX DSIOB.
[Noy4yeHHBIe pe3yNbTaThl NMPEACTABICHBl B TaOIHIE
1.

Tabmuua 1 — XapakTepUCTHKH BPEMEHHBIX PSJIOB

4 mecsua 6 Mecs1eB 1 ron
(84 Habm. (124 Hatmn. (252Ha01.
3Ha4yeHuil) | 3HaveHwuil) 3Ha4eHUil)
CAO};IO, 1,30 1,29 001 1,21 -0.08
CAO 1,89 1,86 003 1,73 013
CKO 6,17 5,96 021 511 -0.85
BIC 1,87 1,86 001 1,67 -0.19
R2 97,72 98,4 | +1,7 | 99,63 | +1,21
%

Kak BumHO 13 Tabiuusl 1, mpu yBenuueHHH
KOJIMYeCTBa BXOJIHBIX JIAHHBIX, 3HaYCHHE
paccUNTaHHBIX XapaKTEePUCTHUK YMEHBIIAETCs. OTO
O3HAYaeT, YTO C YBEJIMYCHHEM KOJMYECTBA BXOJHBIX
JaHHBIX ~ BEJMYMHA OTKJIOHEHHS  HaOII0JaeMBIX
3HAYeHWH OT pacyYeTHBIX (MOJEIBHBIX) YOBIBACT,
CJIEIOBATENIbHO,  MOJENb  Oosiee  KayeCTBEHHO
OIIMCHIBAET MCCIIEyeMBbIi poriecc. B nanHoM ciryuae
HawWiIydIIedl sBISIETCS MOJENb, MOCTPOSHHAs JUIs
BPEMEHHOTI'0 psijia C IEPHOIOM, PaBHBIM | Toxy.

OnpeneneHue oNTUMAJIBLHOIO KOJIMYeCTBa
BXO/JHBIX IAHHBIX BPeMEHHOI0 psifia ¢ nepuoaom 1
roj

Panee OBUIO OIpeNeNeHO, YTO KOJWYECTBO
BXOJIHBIX JAaHHBIX BJIMSET Ha KadecTBO Mojend. B
JJAaHHOM CJly4ya€ BpPEMEHHOM psa colepkut 252
HaOmonaeMbIXx 3HadeHui. Ho nelicTButensHO mn
BPEMEHHON PsIl JOJDKEH COJEpXKaTh ONPENEIEHHOE
KOJINYECTBO, MM BO3MOXHO COKPAaTUTh KOJIUYECTBO
JAHHBIX, HOPU TOM HE 3HAUUTEILHO MOTEPSIB B
KagecTBe. {7 TOrO, YTOOBI 3TO MPOBEPUTH, OBIIO
OPHUHATO pemieHne mocTpouts moxens ARIMA(2, 1,
0) mIs maHHOTO BPEMEHHOTO Psijia, TOCTENEHHO
youpas n3 Hero HaOmoaeHus. VickimrodaTees OyayT Te
HaOJIOIeHNUs, KOTOPbIe BOILIM BO BPEMEHHOH psf B
KOHILIE Tepuoia uccienoBaHus. I[IponensiBaTh 3TO
HEoOX0MMO 10 TeX IOp, MOKAa PACXOXKAEHHUS He
CTaHYT 3HAYUTCNILHBIMH. JlaHHBIE  ITOJYyYEHHBIX
pacdeToB IpeJICTaBIeHb! B Tabnue 2.

Tabnuua 2 — Pe3ynbpTaThl pacueToB

KomnuectBo | KoauuectBo CKO CAO

BXOJIHBIX HCKITFOYEHHBIX

JAHHBIX JIAHHBIX
252 0 5,17 1,73
251 1 5,19 1,73
250 2 5,14 1,72
245 7 5,20 1,74
242 10 5,17 1,73
239 13 5,12 1,71
236 16 5,16 1,73
229 23 4,96 1,69
226 26 4,99 1,7
216 36 4,45 1,62
206 46 45 1,63

CpaBHeHHE Mopenel MPOMU3BOIMIOCH TOJNBKO IO
nByM xapakrepuctukam: CAO u CKO. Kak BuaHo U3
TaONHIIBI, IPH UCKITIOYCHUH JTAHHBIX B KOJTMYECTBE OT
0 mo 16, CKO nexur B uHTepBane ot 5,1 mo 5.2,
HN3MEHEHHUS IPOUCXOIUT B COTBIX JOJSAX. YBEIUUHBas
KOJIMYECTBO UCKIIOUEHHBIX HaHHBIX 110 23, CKO yxe
craHoButcsa paBHbIM 4,96, CAO=1,69. Haumyumne
Iokas3aTeId HMeeT Mojedb, cojepxkamas 216
HaOmonaemMbIx 3HaueHud (-36). MoxxHO chenatb
BBIBOJI, ONTHUMAIbHYI0O MOZAENTb Ml BPEMEHHOTO
MPOMEXYTKa MOMKHO TIOCTPOMTh W C MEHBIINM
KOJIMYECTBOM JAHHBIX, IPH HTOM HE TEPsIs B KAUECTBE
MOJICTIH.

3akJl0uenue
B nanHOW paboTe ObUIO M3Y4EHO BIHSHHE
KOJIM4YeCTBa BXOJIHBIX JaHHbIX Ha Ka4dyeCTBO
MIOCTPOCHHOMU MO/JIETIH. Hnst 3TOTO ObLITH

c(OpMHUPOBaHBI TPH BPEMEHHBIX psijia B TEUEHHE TPEX
Pa3IUYHBIX BPEMEHHBIX TPOMEXYTKOB: 4 Mecsma, 6
MecsneB, | roa. Beuio mosydeHo, YTO KOJHMUYECTBO
BXOJHBIX JAaHHBIX JEHCTBUTENBHO BIUSAET Ha
KauecTBO MOJEIH, a MMEHHO Ha BEIUYHHY
OTKJIOHEHUS HaOI01aeMBIX JIaHHBIX oT
CMOZIENMPOBAaHHBIX. Tarke OBUI0 KOJIMYECTBEHHO
ONpeJIe]IeHO  BIMSIHME jJaHHOTO  ¢akropa. Jlis
BPEMEHHOT'0 psfa C MePUOIOM, paBHBIM | roxay ObIIO
[IOJIyYEHO, 4YTO MOXHO OTKHMHYTh 4acTb HCXOJHBIX
JIaHHBIX, HE TEPssl IPU 3TOM B KaueCTBE.
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MOHUTOPHUHI IOT'PAHUYHOTI'O CJI0OA ATMOC®EPHOI'O BO3JIYXA

IMunenxuiiA. A., borerruall. A.
ToMCKUI NOIUTEXHUUYECKU YHUBEPCUTET
aap47@tpu.ru

BBenenne

Ha cerognsmHuii neHb HMMeEETCS JOCTaTOYHOE
KOJIMYECTBO 3a/1a4, JJIsl PEIICHUS KOTOPBIX TpeOyeTcs
M3y4YeHHE  TPOIECCOB B  IMOTPAHUYHOM  CJIOE
aTMochepsl (Takue Kak: HCCICIOBAHHE a’pO30Iei,
MOJICIUPOBAaHUE MOTPAHUIHOTO CJOS arMocheps
(IICA), 3arpsa3aenne atMocheps! 1 1p.).

Pome IICA pmocraToyHO Bennka, HECMOTpPS Ha,
Ka3aJIoch ObI, HEOOIBIIYIO ero TONIINHY. BRIy ToTO,
YTO B NOTPAHUYHOM CJIO€ BO3AYUIHBIA IOTOK
3a/IePIKUBACTCS, 371eCh 00Jice CHIbHBIC BEPTUKAIbHBIC
rpagueHTbl  Temmepatypbl. [Ipomeccsl  oOmeHa
SHEprued W BIArOi MOBEPXHOCTHIO M aTMoc(epoii
TaKXe MIPOUCXOIAT B JaHHOM cioe [1, 2].

CoBpeMeHHbIE WU3MEpUTENIbHbIE cpencTBa
MO3BOJIAIOT ~ YJIyYIIaTh ¥ TOBBIMIATH  KadecTBO
MOJICIIUPOBAaHUA ¥ MOHHUTOPHHTAa aTMOC(EpHBIX
MIPOLIECCOB. [Ipumenenue YIbTPa3ByKOBOM
ABTOMAaTU3UPOBAHHOM METEOPOJOTMYECKON CTaHIIUHU
(YAMC) AMK-03 MTO3BOJISCT OTIpEeNICIINTh
TypOyJIIEHTHBIE  XapaKTePUCTHKH  aTMOC(EPHOTO
Bo3ayxa. [lpuHuOMnI nedcTBUS METEOCTaHLUMUM IIpU
M3MEpPEHUH TMapaMeTpOB BO3AYIIHBIX IOTOKOB H
TeMIIEpaTypbl BO3JyXa OCHOBaH Ha HW3MEpPEHUH
BPEMEHHBIX WHTEPBAJIOB MIPOXOMKICHUS
YIBTPa3BYKOBBIX CHTHAJIOB MEXKIY YETHIPhMSI TapamMmu
MbE30AJIEKTPUIECKUX npeobpa3oBareneit
YIbTPa3BYKOBBIX CHUTHAJIOB W  BBIYUCIEHUH IO
MOJIYYUEHHBIM 3HAUYEHHUSIM MOJIYJS U HaIlpaBJIeHUS
BEKTOpa IPYNIOBOH CKOPOCTH BO3IYIIHOTO IMOTOKA,
MIPOTEKAIOLIETO MEXIY npeoOpa3oBaTeIMU
YIBTPa3BYKOBBIX CHUTHAJIOB, @ TaKXe TEMIEPaTypbl
BO3lyXa.

Hast MOJIyYEHUS MT'HOBEHHBIX 3HAYCHU N
METEOPOJIOTHYCCKUX BEIMYMH OblIa HCIOJIh30BaHA
YAMC AMK-03. 3 MTHOBEHHBIX
METEOPOJIOTUIECKUX BEIMYHMH CKOPOCTH BETpa VX,
Vy, w u Temnepatypsl Bo3ayxa T ObUIM TOJYYEHBI
BPEMEHHBIC PSIBl TYpOYJICHTHBIX ITyJIbCAllUd BBIIIC
MEPEUNCIICHHBIX BEJTUYKH.

HOJ’Iy‘leHHLIe BBIIICIICPEYUCIICHHBIC  psabl, C
IIOMOIIBIO q)OpMyJ'I TCOpUU BEPOATHOCTU
HCIIOJIB30BAJIMCh JIIsL pacuera CTaTUCTHYCCKUX

XapaKTepUCTHK CIydyalHbIX BeIMYUH. Takue Kak,
OIICHKH CpEIHEKBAAPATHIECKIX OTKJIOHEHHIA,
KO3(QPHUIINEHTOB KOppENAnuu, aCHMMETPUH U T.J.
ITocne cratucTuueckoit oOpabOTKM IaHHBIX W3 €€
pe3yabpTaToOB OBUTH MOIYYECHBI Pa3IMIHBIC TApaMeTPHI

TypOyJIEHTHOCTH TS IIOrpaHUYHOIO cl1os
aTMocdephl.

VYka3aHHBIC BBIYMCIICHUS MPOU3BOAWINCH TPU
UCMONB30BaHuM  (opMyn  Teopuu  aTMOC(EepHOU

TypOysnenTHoctd MonuHa-O0yxoBa.

OcHOBHBIE TT0JI0KEHUA TEOpUHU MoHuHa-

OodyxoBa
B HacTosimee BpeMs 11 pacueToOB XapaKTEPUCTHK
aTMocdepHor TypOYJIEHTHOCTH, a TaKKe
MOJICTIMPOBAHUSI  UCIOJIB3yeTCsl Teopusi MoHHHa-
OobyxoBa [3].

B Hacrosimee Bpems Iy m3y4eHHs atMochepHoOit
TYpOYJICHTHOCTH IpUMEHseTcss Teopus MoHHHa-
Oo0yxoBa. B armocepHOM NOTrpaHUYHOM CJIOC
ypaBHeHHe OanaHca TypOyIEHTHOH »Hepruu Oyner
WUMETh BUJ:

NMyggw tow|-ow®™ 5wz

oz\ 2 P o p
1

rue U7 U'7 W" ,07 p,_

IMyJIbCAllMOHHBIE KOMIIOHCHTDBI

cpeaHue U
TOPU3OHTAIILHOH U

l

BepTHKaJ'IBHOfI CKOpOCTH u INIOTHOCTH;, -
BCPTUKAJIIbHASA KOOpJAWHATaA (Har[paBneHa BBCpX OT

g

MIOBEPXHOCTH); - YCKOPEHHME CHUJIbI TSKECTH; -
CKOpOCTb  JUCCHIIAIMM KHHETHYECKOHM HSHEpPruu
TypOyJI€HTHOCTH TOJ] JAEHCTBHEM MOJICKYJIIPHOM
BA3KOCTH.

JleBass wacte ypaBHeHus (1)  omnmceBaer
BEPTUKANbHBI NEPEHOC HSHEPrHU  IIyJbCALUSIMU
CKOPOCTH W JIaBJICHHs, OOBIYHO OHa IIOJaraercs
MaJoi Mo CpaBHEHMIO C JIpyruMu wieHamu. CpemaHue
BEJIMYMHBI CKOPOCTU U HAIPSDKEHUHN B IONEPEYHOM K
[OTOKY HAalpaBJICHUHM PaBHbl HYJIO B  CHILY
cuMMeTpud. B ycnoBusax pas3BuToil TypOyleHTHOCTH
BA3KHE HANPSDKEHUS TPEHUS IPEHEOPEKUMO MaJbl MO
CPaBHEHUIO C TypOYyJCHTHBIMH  HalPSDKEHUSMH
PeitHonbica (KpoMe NPUMBIKAIONIETO K TTOBEPXHOCTH
BSI3KOT'O TIOJICJIOS), TO3TOMY ECTECTBEHHO CUMTATh,
YTO IIEPEHOC TYPOYJIEHTHOW SHEPruM 3a CYeT CHII
BA3KOCTH OY€Hb Maj II0 CPAaBHEHUIO C IEPEHOCOM
SHEpPruM TYpOYJIEHTHBIMU MYJIbCAIUIMH CKOPOCTH.
Bxknag cumn ruaBydect B OanaHc TypOYJIEHTHOW

AT
OHEPIruyd BbBIPAXKACTCA YICHOM B= ng , T.C.
KOppE€IUPOBAHHBIMUA  IIYJIbCAUAMH  CKOPOCTH U
IIJIOTHOCTH. OcHOBHOU BKJIag B HU3MCHCHHC

IUDIOTHOCTH BHOCAT NYyJibCalUW TEMIICPATYPhl IIpU

6T /az # O W B MEHBIICH CTEICHU ImyJabCaluu
BJIA)KHOCTH BO3yXa.

HpO,Z[yKL[I/IH OHEPrun 3a C4yeT IpaaruC€HTa
IUIOTHOCTH OIPCALIACTCA BEPTUKAJIbHBIMU TOTOKAMU
TCIJIa U BOASIHOI'O Iapa

ﬁW:_T_ VW' (2)

%
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I'paMeHT CKOPOCTH OMPENENACTCS CIEAYIOIIUM
o0pazom:

oU u.
E:KZ%(G)
)
Tud
Z | = v
2 _ _mw s =— =
meu*— UW, L' K(J ” @)

Bxoanble JaHHDBIE

Jns  BbINONHEHMsT JaHHOM  paboTel  OBLIO
paspaboraHo NPUIIOKEHHUE, CUYMTHIBAIOLIEE
MeTeo/JaHHbIe, XpaHsauurecs B ¢aiiinax, ¢ qanpHeimen
00paboTkoii u BBIUNCIICHUH OCHOBHBIX
XapaKTepPUCTUK OTOBI.

Kaxnprit daitn, chopmupoBannsiiit YAMC AMK-
03, xpaHuT cBeneHHsS OO0 OCHOBHBIX HM3MEPSEMBIX
METEOpOJIOTHYECKUX ~ BEIMYMHAX  (Temmeparypa
BO3yXa, CKOPOCTh TOPU30HTAJIBHOIO M BEPTHKAIBHO
BeTpa, arMoc(epHOEe NaBlICHHWE W T.A.) B TEUCHHE
JecaTUMUHYTHOTO nepuoza. [Ipn atom mnboOpMarms
XpaHUTCS B OaifTax.

Crpykrypa ¢aiina c
MpeJicCTaBJIeHa Ha pUCyHKe 1.
DF[07 [03 [00 |01 |00 |00 [00 [07 |00 [14 |00 |1C |03 [8C[0A
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Puc. 1. Ctpykrypa (aiina ¢ MeTeoJaHHBIMH

Ha ocHoBe mpouuTaHHBIX (halIOB TPOU3BOAMTCS
(opmupoBanue MaccuBa XapaKTEPUCTUK c
HOCIIEAYOLUM BBIYUCIIEHUEM Ppa3IM4HbIX
XapaKTEepUCTHK aTMOC(epHhl, B TOM YHUCIIE TapaMeTPOB
TypOYJIEHTHOCTH ISl TIOTPAHUYHOTO CIIOS.

AHAJIU3 PacCYNTAHHBIX BeJIMYUH

Ha ocHoOBe BBIITOJIHEHHBIX BEIYHUCICHUU B
pa3pabOTaHHOM MPUIIOKEHHH BO3MOYKHO ITPOBECTH
aHaJIN3 XapaKTePUCTUK aTMOCHEPHI 3a ONPeaCICHHBIN
nepuoj. B maHHON paboTe MPOU3BENCH aHaIU3 JIBYX
XapaKTepUCTHUK: YNPYTrOCTH BOJSHOTO Tmapa (e) u
neduimra Baaxxuoctu (Ey):

Ed =F—e , (5)

rae E - ynpyrocts mapa, HaCHIIIAIOMIETO BO3AYX
MPY TaHHOW TeMIIepaType;

17.62xt

e = 6.112 * eza3.12+t, (6)
rae t - TeMieparypa Bo3ayxa.
Ha pucynke 1 u pucyHke 2 mpeicTaBieH
CYTOYHBIH X0/ YIPYrOCTH BOJSHOTO Tapa U aeduiur
BJIaXKHOCTH, XapakrepHoro st 01.03.2015.

Ynpyrocrtb sogaHoro napa, rMa
d
Y
!
{
\
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Puc. 2. CyTouHblit X0/ yIIPyroCTHBOASHOTO Mapa

Oeduuut BnamHocty, rla

0:00 2:00 4.00 6:00 800 10:.00 12:00 14:.00 1600 18:00 20:00 22:00

Bpema (yacbl)
Puc. 3. Cyrounslit xox nedunura
BJIQKHOCTH

3aki0ueHue

BeprukanbHblii IOTOK TeILIa SBJISIETCS OCHOBHOM
XapaKTepPUCTUKON MOTPaHUYHOTO cIos,
OTpeNeNngonel  TepMHUYecKoe  B3aMMOJEHCTBHE
aTMoc(epbl M MOJCTWIAIONIICH moBepxHOCTH. s
pacdeToB  TYpOYJIEHTHBIX  XapaKTEPUCTHK  OBUIO
HalMCaHO  MPUJIOXKEHHE  C  HCIOJIb30BaHHEM
iaTopMo-He3aBUCUMOM TexHojoruu Java. B cBs3n
¢ OOJNBIIMMH 3aTpaTaMM BBIYHCIUTENBHBIX PECYpCOB
i GopMHUpoBaHHSA HH(PACTPYKTypel M pacueTa
HY)KHBIX  XapaKTepUCTHK  aTtMocdepsl, ITaHHOE
NpWIOXKEHHe  OyIeT  YCOBEpIIEHCTBOBAHHO  C
ncnoip3oBanueM Grid-TexHOJIOTHH B OYyIIEM.

Cnmcoxk Jureparypbl
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PA3PABOTKA U UCCJIEJJOBAHUE MOJIEJIEd CHCTEMHOM TUHAMUKH B
METOAOJIOI'NMA TMBPUJIHBIX CUCTEM

JanmnoB A.C., lllopauxos 0.B.
HoBocubupckuii rocyaapcTBeHHBIH TEXHUYECKUH YHHBEPCUTET

danilov.as@inbox.ru

BBenenue
Cucremuas IMHAMHKA - 9TO MOJIXO.T
AMHUTALOHHOTO MOJICITAPOBAHUSA CJIOKHBIX
SKOHOMHYECKHX, COLMAIBHBIX M OJKOJIOTHYECKUX

cucrteM, mnpeanokeHHeld Jlxeem @DoppecrepoM B
1970-x rr. Monenu CUCTEMHOW AMHAMHKH SIBJISTFOTCS
HenpepbiBHBIME, U DoppecTep ONMUCHIBAET HX C
MOMOLUIBIO Pa3HOCTHBIX ypaBHCHUI c
UCIIOJIb30BaHHEM SIBHOTO MeTojia Diiepa — 0JJHOTO U3
CaMbIX HETOYHBIX YHMCJICHHBIX MeTOJ0B [1]. B pabote
mpeuiaraeTcest cuenuuKams MoJelell Ha s3bIKe
COBPEMCHHOW BBHIUYHCIUTEIFHON MATEMaTHKH - B BUJIC

CUCTEM g depeHITaIbHO-aNTre0pandecKux
YpaBHEHUH M CTPYKTYPHBIX  CXEM  TCOPHUH
ABTOMAaTHUYECKOI'0  YIPABICHUSA. OJTO  MO3BOJISCT

HUCIIOJIB30BaTh 60nee TOYHBIC YUCJIICHHBIC MCTObI JIA
pemenns 3amaun  Komm.  MogenupoBanue
9KCIEPUMEHTHl MPOBOJMWINCE B HHCTPYMEHTAIbHOU
cpene UICMA 2015 [2].

OcHoBHbIe napaaurmsel no @oppecrepy
OCHOBHBIMH TTapaUTMaMH CUCTEMHOW JHHAMHUKHU
SIBIISTIOTCSI: YPOBHH, TIOTOKH U 3aIIa3/IbIBAHUS.
YpoBHH OTpaKarOT BO3HUKAIOUINE HAKOTUICHHS
BHYTPH CHCTEMBI H MOTYT OBITh OITUCAHBI C TOMOIIBIO
3agaun Komn

IAF' (t) = SRF(t) — SSF(t),

IAF(0) = IAF.,,
rne  |AF- snauenme ypoems, SRF, SSF-—
BXOJHOM M BBIXOAHOM TEMIIBI COOTBETCTBEHHO,

|AF0 — Ha4aJbHbIE yCIOBUSL.

TeMnbl MOTOKOB OINPENEIAIOT CYIIECTBYIOLIHE
MOTOKH MEXIY YPOBHSIMH CHCTEMBI M OTPaXKalOT MX
aKkTHBHOCTh. MYHKIMM pemieHui, (opmupyrouye
HOTOKH, OIUCBIBAIOTCS anredpanyecKuMu
YpaBHEHHSMH, INPaBble YaCTH KOTOPHIX MOTYT OBITH
OTIpeieNIeHBI Yepe3 KyCOYHO — JTMHEHHBIC (PYHKITUH.

3ana3zapiBaHue OIpEeNsieT 3aJCPKKy MEXIY

BXOJHBIM nu BBIXOIHBIMHU TEMIIaMHU.
CootBercTByIomas cucremMa  auddepeHnnansHO-
anredpanvdecKuX ypaBHCHUN UMEET BHT
LEV'(t) = IN(t) - OUT (t),
LEV(0) = LEV.,
LEV(t
ouT ()= -EV®.
DEL
rme LEV - yposens B 3amasasiBanmm,
IN, OUT -BxXomHO#f ¥ BBIXOAHON IIOTOKH

COOTBETCTBEHHO, DEL - MOCTOSIHHAs
3ama3/IbIBaHMs.

W3noxeHHBII MOAXOA NPOWJUIIOCTPUPOBAH Ha
IpUMeEpe  MOJENH  NPOU3BOJCTBCHHO-COBITOBOM

cucremsl (IICC), mpenmoxxennoit ®oppecrepom [3].
ITepeBo3ka pyabl OCYIIECTBISIETCS C  MOMOIIBIO
aBTocamocBanoB benA3-7547 rpy3onoabEMHOCTEIO
45 touH. JloObiTas pyma u3 Kkapbepa «VHTep»
MepEeBO3UTCS Ha MIPOMEKYTOYHBIH CKIIa,
HaXOZSILIMNACS HAa PACCTOSHUHM OJUH KHJIOMETP OT
Kapbepa. BMecTHMOCTh MPOMEXYTOYHOIO CKIaja -
45000 TomH. /[lamee pyma TpaHCHOPTHpYETCS Ha
CKJIaJ TIOCTOSHHOTO XPAaHEHHs, pAacCTOSHHE [0
KOTOPOT'O OT IPOMEXYTOYHOTO CKJIaJa cocTaBisieT 18
KHJIOMETPOB. BMECTUMOCTh TOCTOSIHHOTO CKJIaia —
200 000 tonH. B 3aBucumoctn oT HyX1 (hadpuku Ne3
pyZAa MOABO3UTCS C TIOCTOSIHHOTO cKiazna. Paccrostaue
OT TMOCTOSIHHOTO CcKiiana a0 (aOpuKH cocTaBisieT
4yeThlpe KHJIOMeTpa. Bcero Ha mepeBO3Ky pynabsl ¢
«/HTEp» 3alEeUCTBOBAHO IATH  aBTOCAMOCBAJIOB.
ITorpy3ka aBTOCaMOCBAJIOB B  KaXJIOM IYHKTE
OCYILECTBIIICTCS  ITOCIIEIOBATEIbHO C  MTOMOIIBIO
OIHOTO Tmorpys3unka. JloOblua W TpaHCHOPTHUPOBKA
PYABl NPOMCXOMUT eXeaHeBHO. [locraBka pyabl Ha
oboratutenbHyr0 (Qabpuky Ne3 ocymecTBusgeTcs
HENpEphIBHO C TIOCTOSHHBIM TeMmnoM. lleneBoit
ypoBeHb 100brau pyasl B rog — 500 000 ToHH.
Pa3paborka mogenu

Mopnens comepKUT TpU YPOBHS: pPyIbl Ha
MPOMEXYTOYHOM CKJIaJie, PYAbl Ha MOCTOSHHOM
CKJIaJie, pyAbl JJOCTaBJIeHO Ha (adpuKy.

OmnpezeneHo ABa COCTOSIHUS THOPUIHON CHUCTEMBI:
«OObIIHOEY, TMPHU TMEepexoAe B KOTOPOE HHUYEro He
npoucxomur, ¥ «Hawano mnorpysku», B KOTOpOM
CKauK000Opa3HO U3MEHSIETCS 3Ha4YeHHe
muddepeHInaNBHOTO ypaBHEHHUS JJIsl BPEMEHH C
Havana rocieaHeil morpysku. Ha cienyromem miare
MHTETPUPOBAHUS CPa3y K€ MPOHUCXOIUT IEpPEXoa B
coctosinne «OObrgHOE» U3 cocrostHus  «Hauwarno
norpy3km». Ha BXoj 0yioka HOCTymaroT ciieayromye
3HAYCHHS: HOMEp [HS, IeJas 4acTb MOJIENBHOTO
BPEMEHH; YPOBEHb PY/Ibl HA IIPOMEXYTOYHOM CKJIAJIE;
YpOBeHb pYJAbl Ha IOCTOSHHOM ckiiaze. Ha BbIXof
MOCTYTIAeT 3HAUEHHE BPEMEHM C Hadaja IOCIIeTHEN
norpy3ku. K Beixomy 670ka MOIKITIOUEHA HETMHEHHAS

GYHKIUSA, MOISTUPYIONIAasi OJWH IUKI MOTPY3KH
aBTOCaMOCBAJIOB, HAyuMHasg C HYJIEBOTO MOMEHTa
BpEMEHH.

MamuHHbIe YKCTIEPUMEHThI
[IpoBeném crnemyrommii skcnepuMeHt. J[oObrua
pynel octanaBnuBaeTcs Ha 30 mmerr (¢ 100 mo 130
nenb). OcTanmbHbIE TapaMeTpbhl MOJENIH OCTAIOTCS
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Hen3MeHHbIMH. Ha pucyHke 3  mpesacTaBieHBI
rpa¢Ku M3MEHEHHs YPOBHEH pyAbl Ha CKIaJax H
CYMMapHOTO KOJIMYECTBAa DPYZAbI, JOCTABICHHON Ha
¢abpuxy. o 100 nmuS cucremMa HaxOOWTCA B
KBa3MyCTOIYMBOM COCTOSIHUHM, KaK W B IIEPBOM
cueHapuu okcrnepumeHTta. Haumnas c¢ 100 nHa
MPEKpaIacTcsl MOCTaBKa PyAbl Ha MPOMEKYTOTHBIN
CKJIaA. YPOBEHb PYJbl Ha MPOMEKYTOUYHOM CKIIaJle Ha
MPOMEXYTOYHOM CKJIaJie COCTaBHJ 4yTb mMeHee 75%
OT HOMHMHAJILHOTO 00bEMa, a Ha TIOCTOSIHHOM CKJIaJie

YpoBeHb pyAbl HAa MPOMEKYTOYHOM CKIIaJie OCTaéTCs
HEU3MEHHBIM, a Ha MMOCTOSIHHOM yMeHbIaetcs 10 118
mas. Ha 118 neHp ypoBeHb pyAbl Ha MOCTOSHHOM
CKJIaie¢ CTAHOBHUTCS HIKe KoMmboptHOro B 75% oT
HOMHHAIIFHOTO, TIEPEBO3Ka PYIBI C MIPOMEKYTOUHOTO
CKJaJa Ha TIIOCTOSHHBIA BO30OHOBISETCA, YPOBHU
pyZIBI Ha ckiagax crabmwimupyrorcs. Haumnas co 130
IIHs, T00BIYa pyasl BOSOOHOBISIETCS, CHCTEMa BHOBB
MPUXOJNT B KBAa3HMYCTOHUMBOE paBHOBECHE. 3a BECh
MEPUO]T IPOCTOSI Kaphepa JOCTaBKa Pyl HA (paOpHKy

npeBsicual  75%  HOMHUHanbHOrO 00BEMA. JTO HE IpeKpallagach X HE YMEHbLIAJIach 3a CYET
MNPpUBOAUT K OCTAaHOBKE TpPAHCIIOPTUPOBKU PYIbI HNCXOIHBIX 3aracoB pyabl Ha CKJIagax.
MCKAY MPOMCKYTOYHBIM M MNOCTOSAHHBIM CKJIaJaMH.
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Puc. PesynbraTel MmamuaHOTO KcnepuMenTa «[IprocranoBka moOsrau pyasl Ha 30 mHEH

3aki0ueHne
B pesynbTate pelieHs! ciaeayomue 3a1adm:
Cucrematuzuponana mozens [ICC doppectepa ¢
KOHKPETHBIMH NapaMeTpaMu
[IpemnokeH HOBBIA (opMamu3M Al YPOBHEH,
TEMIIOB M 3ama3[gblBaHUIl C HCIOIB30BAHUEM
3agaun Komru.
Pazpaborana u wuccienoBaHa CTPYKTYpHO
TexcTtoByto Mozens [ICC B HOBOM dopmanuzme B
okpyxxennn ICMA.
Pazpaborana Monenb M 1OA0OpaHBI peaibHbIC
napameTpsl TEXHOJIOTHYECKOTO npouecca
TpancnoptupoBku pyael B I'OK HMHTEP c
Y4ETOM ILIAHOBBIX ITOKa3aTele.
BrimoiaHeHO  KOMIBIOTEPHOE  MOIETHPOBAHUE
TEXHOJIOTHYECKOTO TIPOIIeCca TPAHCIIOPTHPOBKHU
pyast B TOK HWHTEP ¢ peansHBIMH
MOKa3aTeIsIMHA BBITIOTHEHHS IUIaHa 10 J00BIYe U
TPaHCIIOPTUPOBKE KUMOEPIUTOBON PyIbl.
B pesymprare HapaboTaHHOTO MaTepHana C
aJIeKBaTHBIMU MOJENSMU U PEeAbHBIMU MapaMeTpaMu
HOJATrOTOBJIEHA MaTeMaTu4eckas 6aza JUis
ONEPTHBHOTO NPUHATUS OOBEKTUBHBIX pEHICHUH B

H€6J'IaI'OHpI/I$ITHLIX CUTyallMdgX HApYHICHHUS IOTAaTHOI'O
PCEKrMa BBIIIOJHCHUS TEXIPOLICCCa.

CnucoK MCcnoJIb30BAHHBIX HCTOYHHKOB
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sciences: proc. of the 2014 intern. conf. on
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Petersburg, 23-25 Sept. 2014. — (Mathematics and
computers in science and engineering; vol. 32). —
Saint Petersburg, 2014. — P. 257-262. — ISSN 2227-
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OIIPEJAEJIEHUE BPEMEHHOTI'O ITIOJIOXKEHUS CJIOKHBIX CUT'HAJIOB HA
OCHOBE BEUBJIET-IIPEOBPA3OBAHMUS

Unpsicosa U. D.
Kouerypos A. 1.
ToMckuil NOMTUTEXHUYECKUA YHUBEPCUTET
ilmiral3121993@yandex.ru

BBenenue

B Hacrositiee BpeMst CIIOXKHBIE CHIHAJIBI IHPOKO
NPUMEHSIOTCS B PAJUOJIOKAI[MH, HABUTAIIMU U CBS3H,
aKyCTHKE W psiic NPYTHX HAMpaBJICHUHU, CBSI3aHHBIX,
Opexae BCEro, ¢ Iepemadeil  wHpOpMalMu B
aucrepcHonHbix  cpenax[l, 2]. Ocoboe mecto
3aHUMAET MCIOJIBb30BAHUE CIIOKHBIX CHUTHAJIOB B
reodusuKe MpH U3YyYEHUH CTPOSHMS 3EMHOW TOJIIN
[3, 4].

Kak wW3BEeCTHO W3 pPaIMOTEXHUKH, CIOKHBIMA
CUTHAJITAMH Ha3bIBAIOTCS CHTHAIIBI, Y KOTOPHIX 0asza B
Gosnblie equHABIS]:

B=T-F, (D)
rae T — IIMTENbHOCTE CUTHAJA;
F — momoca 4YacToT, B KOTOpPOH cOCperoTo4YeHa
OCHOBHAs YHEPTUs CUTHAJA.

[IpunepxuBasch JIAaHHOT'O OTIpeIeIICHS,
HETPYOHO IIOKa3aTh, YTO CEHCMHYCCKUE CHTHAIBI
OTHOCATCS K  KJAacCy  CIIOXKHBIX  CHTHAJIOB.
JlelicTBUTENBHO, JIATEIHLHOCTD CEMCMHYECKHIX

curHajioB cocrasisier nopsiaka 80-100 mc, a monoca
gactoT nmokpeiBaet 100 I'my, Torma 6a3a B = 8 — 10.

Ienpto manHON paboThl ABIsAETCA pa3paboTka U
HCCIICIOBAaHUE BO3MOXKHOCTH OTIpeJIeNIeHNS
BPEMEHHOTO TIOJIOKEHHUSI CJIOKHBIX CUTHAJIOB Ha
OCHOBE BEUBIET-MPEOOPA30OBAHMUS.

IHocTpoeHue MaTeMaTH4eCKOil MO1eJIN
ceiicMu41ecKoi 3anucu

[Ipeamonoxum, 4To HAa HEKOTOPOM HHTEpBAJC
3anuceil HaOMIOJaroTCsl CeHCMHYECKHe CHTHAIBI,
perucTpupyemble Ha (POHE HEpery/sIpHBIX moMex. [1o
celicMOTpacce epeMeIaeTcsi OKHO aHalli3a, KOTopoe
B K&XIBIA MOMEHT BbIpe3aeT (HUKCHPOBAHHBIN
Y9acTOK 3amucHu. MaremaTHdyecKass MOJENb TaKOTro
ydacTKa MOKeT OBITh TIpE/ICTaBlICHA B BHJE:

x(t) =St — 1)+ N(1), 2
rneS(t — T) — none3Hble CeCMUYECKME CUTHAIIBI, 10
KOTOPBIM BEIETCSI MHTEPIIPETALINS;

N(T) — aguuTHUBHBII HEperyIspHBIA IIyM, C
YHCIIOBBIMH XapaKTEePUCTHKAMU M, 05 ;

T — BpEMEHHOE TIOJIOKEHHUE CEHCMHYECKOTO
CHUTHaJIA.

Takum oOpa3om, OOy CEHCMOTPACCYy MOXKHO
paccmarpuBarh Kak CyMMY JIBYX HE3aBHUCAIINX
MIPOIIECCOB: CUTHAIBHOTO, TPEACTABIIIONIETO COOOMH
HaJlO)KEHHE OOIBIIOrO dYHCIa BONH OAWHAKOBOH
(hopmpbl, ¥ ITyMOBOTO.

Janee  caemaeM  HEKOTOpbIE  JIOIYIICHHS
OTHOCHUTEJIFHO CUTHAJIOB M THOMeX. bynem cuurtars,
yro B (2) curHasi  WMeeT 3aJaHHyl0 GOopMy U
MHTEHCUBHOCTb, HEM3BECTHBIH NapaMeTp — TOJIBKO T.

S(t— 1) = apx e By cos@uf(t—1) + @) (3)
— CEHCMUYECKUIl CUTHaj, KOTOPBIA ONMCHIBAETCS C
MOMOIIBIO «KOJIOKOJIBHOI» orubatoredl GpyHKuuu, B
JUTEpaType  4YacTO  Ha3blBaeMbIH  HMITYJIbCOM
[Ty3eipéBa (Toe a, — aMIIUTyAa, 5 — KO3 GUIUEHT,
OTIpEeICeTISIONIMI 3aTyXaHHe MUMITyJIbca, f — OCHOBHas
4acToTa, () — HadaJbHas (asa).

OnpenesieHHe BpeMEHHOT0 MOJI0KEHHU CI0KHBIX
CHTHAJIOB HA OCHOBE IUCKPETHOI0
npeodpazoanus Pypbe

Xopomo  u3BeCTHO, YTO  wHHpOpMAIMI O
BPEMEHHOM IIOJIOXKCHUH CHUTHAJIOB HAXOIHUTCS B HUX
daszouactoTHO# xapakrepuctuke (ODUYX) [6], koTopast
JUIL  cydash CJOXHBIX CHTHaJOB  IIOKa3bIBaeT,
HACKOJIbKO OJIHM T'apMOHHMKM 3ala3]blBalOT WX
onepexaroT jpyrue. [lo3ToMy onTUManbHBI METO[
00paboTkn OYXpeanuzyer ONTHUMAIILHYIO
MpOLEAYpPY OIpPEAETICHUsI BPEMEHHOTO MOJIOKCHHUS
curanoB  [6, 7]. Jus Beumcienus — OUX
UCTIONBb3YyeTCsl JAUCKpeTHOe mpeobpasoBanne Dypbe
(AlM®d) [8].Ha puc. 1 mnpusBenena @OUX s
celicMouMITyJibca, paccuuTaHHass Ha ocHose [II1D.
Ora XapakTepUCTHKa M OIPEJesieT BPEMEHHOE
nojioxeHne curHaia. [lonpoOHbIN aHATN3 U3MEpeHus
BPEMEHHOI'O TMOJIOKEHHSI CJIOKHOTO CUTHalla Ha
ocHoBe pacuéra @®YX mnpueenén B [9] wu, mo-
BUJINMOMY, HE Tpebyer JIOTIOJTHUTEIBHBIX
uccieqoBaHui. PaccMOTpUM BO3MOKHOCTH OLICHKH
BPEMEHHOTO IIOJIO)KEHHS CJOXHBIX CHTHAJIOB Ha
OCHOBe BeliBieT-nipeodpazoBanus (BIT).

@aa0acranian xapamepreTna

@aaa, pan

Vrnonam sacrora, panlc

Puc. 1. ®UYX

BeiiBiieT-npeo0pa3oBaHue CJ10:KHBIX CHTHAJIOB

CrekTpaibHO-BpEMEHHOE Mpe/ICTaBICHHE
CJIOXHBIX  CUTHAJOB  HAa  OCHOBE  BeWBIeT-
mpeoOpa3oBaHUil MOXHO MPEICTABUTh C MOMOIIBIO
puc. 2 u 3, Ha KOTOPBIX I[IOKA3aHO BbIAEJICHUE
CUTHAJIOB Ha (DOHE aIJUTHUBHBIX T'ayCCOBBIX IMOMEX.
Tak, Ha puC. 2 TMOKa3aH 3aIIyMJIEHHBIM CHTHAJ, a Ha
puc. 3 — BOCCTaHOBJICHHBIH [UISI PAa3IUIHOTO
OTHOIIICHHS CUTHAJI/TITYM.
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JlanHble ~ BBIUMCIEHHMS  TNPOBOJWINCH  HA
[OCTPOCHHON MOJIENIM BOJIHOBOIO CEHCMHYECKOTO
HoJss HAa OCHOBAHWM METOMMKH, HU3JIOKEHHOW B
pabotax [10].

Chwan 6az wyma
T

Bponn,

KO wyma = 0.5

raushme curHana

L L
om oo ans

o
]
H
5
o

BracHwe Girsana

Bpeun,c

Puc. 2. «HucTblil» CUTHAJ U CUTHAJ C IIYMOM C
paznuuneiM CKO

a5 054 ™ a2 ey o 0w om am oot 0cs

=08

Dos 200 s Fr) an ] o o o0 o s

Bocaraonnenuh currian (CKO wyws = 0.2)

Booww, o
BoceTansBneHLIA caHan (CKO wyna = 0.1)

om " s ] oo o oo 0 oo
Bpews, ¢

Puc. 3. BoccTaHOBIIEHHBIE CUTHAIIBI

AHaJu3 pe3yJbTaToB

M3 npuBen€HHBIX pUCYHKOB BUAHO, uro BII
[MO3BOJIIET JOCTATOYHO TOYHO BOCCTAHABIIMBAThH
CUTHANBI TPH HAJIMYUU HWHTCHCUBHBIX  ITOMEX.
CrnenoBarenbpHO, 3TO MPEOOpa30BaHUE MOXKET OBITh
MCIIOJIB30BAHO ISl BBIACIICHHUS YKCTPEMYMOB 3aITUCH,
KOTOpBIC, KaK [MpPaBWIO, MPHUBS3BIBAIOTCA K
BPEMEHHOMY IMOJIOKCHHSI CUTHAJIOB.

Takum o6pa3zom, Ha ocHoBe BII Moxer OBITH
pa3paboran 3()(HEKTUBHBINA alTOPUTM OMpPEIACICHHS
BPEMEHHOTO MTOJIOKEHHSL.

3aki0ueHue
ITo pe3ynpraTam pabOTH MOKHO C/IETATh BBIBOJBIL:

— Ha OCHOBE CHEKTPaJbHBIX U CIEKTPaIbHO-
BPEMEHHBIX MPENCTABICHUAX CIOXHBIX CUTHAJIOB
MOTYT OBITH peann30BaHbI JIOCTaTOYHO
3G GEKTUBHBIE  METOABI  OMPEACICHHUS  HX
BPEMEHHOTO MOJIOKEHUS;

— B OTOM IUIaHe JJIs OUEHKA BPEMEHHOrO
MOJIOKEHUS CEMCMHUYECKUX CUTHAJIOB, Hapsnly C
yxe mupoko ucnoiabzyeMbiM JIID, npeanaraercs
TIPUMEHSTH BEHBIIET-TIPEOOpa30BAHNE;

— npoBenéHHble uccaenoBanus BII Ha mocTpoeHHOR
MOJEIH  BOJHOBOI'O  IOJS  [OKa3ald, 4TO
MIpUMEHEHNE JTAHHOTO npeoOpa3oBaHUsL
OKa3bIBAa€TCsl BeCcbMa  IMOJIE3HBIM, TaK Kak
obecrieunBaeT BBICOKYIO TOYHOCTh
BOCCTAHOBJCHUSA  (DOPMBI, B  OTJIMYHE  OT
(ha304aCTOTHBIX aITOPUTMOB.
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PA3PABOTKA OHTOJIOI' MM 3AIAY CAITP METO/JIOM UEPAPXUYECKOM
KIIACTEPU3AIIHN

KypeituukB.M., Cadponenkosall.b.

HOxHBIH enepanbHbI YHUBEPCUTET
irishkin050788@mail.ru

Beenenne

Hcnonp3oBanre  OHTOJNOTMH  XOpomo  ceds
3apeKOMEHIOBaJO0  BO  Bcex  oOmactsax, TIe
HeoOXonuMa CTPYKTypu3anus | Kiaccudukaims
OoypIIMX MaccMBOB HMH(oOpManuu, B T.4. 3TO
apxMBalMs W 3al0UTa  JaHHBIX, OOydeHHe
KJIaccu(puKaTopoB, 6a3sl 3HaHUI TUTS
uateektyanpHbix CAIIP (MCAIIP) m wmHOTOE
mpyroe [1]. Ho, HecMoTrps Ha  OOMIMpPHEIHA
WHCTPYMEHTApui, CYIECTBYIOUIMH Ui CO3JaHMsA
OHTOJIOTHH, WX pa3pabOTKa OCTAeTCs CIOXKHOH M
HMHTEPECHOM 3a7aueil. B kauecTBe OAHOIO U3 METOAOB
pa3pabOTKK OHTOJIOTMH aBTOpPaMH JIAaHHOW paboThI
IpejylaraeTcsl MCIOIb30BaTh METOJ HepapXHyecKon
KJIaCTEpU3allMi JAHHBIX Ha MpUMeEpe KilacTepHu3aluu
3anau CAIIP.

HekoTopble cBeeHUsT 00 OHTOJIOTUM

Ilon OHTOJIOTHEH (OHT) [IOHUMAETCSA
HEepapXUUecKd  CTPYKTYPUPOBAHHOE  MHOXKECTBO
TEPMUHOB, OIMCHIBAIONINX IPEIMETHYIO OO0JIacTb,

KOTOpas MOXeT OBITh HCIOJIB30BaHA KaK HCXOAHAs
cTpyktypa st 6a3el 3Hammit. OHT coctosT wu3:
KJIacCOB,  JK3EMIUIIPOB, IIOHATHH, aTpHOYTOB,
OTHOIIEHWH. OK3eMIUIpBI — 3TO  OCHOBHBIE
koMnoHeHTbl OHT HmxkHero ypoBHs. OHM MOryT
NPeICTaBIATE CO0OH  mroOble  (QU3MUecKue U
abcTpakTHBIE OOBEKTHIL. [IOHATHS WM KIacchl — 3TO
TPYIIIEI WK HaOOpHI T00bIX 00BekTOB. MHOTMA OHT
MPEJCTaBISIIOT Kak COBOKYITHOCTh Tpex
COCTAaBIIIONINX: KOHLENTH; OOBEKTHI; aTPHOYTHI.
OTMeTHM, 4TO KOHIENTHl — 3TO aHaJOIMU KIAacCOB
OHT. OO6bexTsl — 3T0 aHajoru sk3emiuipos [IpO.
O0bektel B OHT uwacto nmeror arpuOythl. Kaskabiid

aTpuOyT HWMeeT WMs, 3HaueHHe M  XPaHUT
MH(OpPMALNIO, OTHOCSIIYIOCS K STOMY O0BEKTY.

®opmanbHas mogens oHrosoruu (O) — 2310
KOPTEX JUTUHEI TPH:

O0=<M, V¥, F>,

rie F - KoHeuHOe MHOXeCTBO (DyHKIMH

WHTEPIIPETAIlNY, 33JaHHBIX Ha KOHIIENTaX W/WIH
OTHOILIEHUSIX OHTOJIOTHH;

M — KOHeYHOe MHOKeCTBO moHsATHH [IpO

Y — KOHEYHOE€ MHOXKECTBO OTHOIICHUN MEXIy
noustusamu OHT, W= {op 1, ¢2 ,.., on} [2].

Hepapxuyeckas KiacTepu3amnus
3amada KiIacTepusalul — pa3OueHHe UMCIOIIETOCs
MHOXXECTBA OOBEKTOB JaHHBIX Ha IMOJAMHOKECTBA
TakuM  00pa3oM,  YTO  O3JEMEHThl  OJHOTO
MOJMHOXECTBA  CYIIECTBEHHO  OTJIMYAIOTCSl MO
HEKOTOpOMY Ha0Opy CBOWCTB OT 3JIEMEHTOB BCEX
JIpYrux MmoaMHOXecTB [3]. MeTon uepapXudeckoit

KJIacTepu3alul yIOOHO MPEACTaBHTh BH3YaJbHO.
[Tyctp cxoxecTh Tpynm OyAeT ONpeneNsiTbes HuX
OTHOCHTEJIbHBIM PACHOJIOKEHHEM — 4YEeM TPYIIIbI
OmKe Apyr K Opyry, TeM Oosee oHu cxoxu [4]. Jns
JIEMOHCTpalMU PadOThl ANrOpUTMa KIlacTepU3aluy,
PaccCMOTpUM CIEAYIOLUI IpUMeEp.

ITocTanoBka 3ama4ym: pa3paboTaTh OHTOJIOTHIO
3aja4 CAIIP METOZIOM HepapxuyecKoi
KJIacTepH3alny Habopa 00pasIoB.

[TycTs mMeeTcss MHOXECTBO, COCTOAIIEE W3 ISITH
TEKCTOBBIX (DOPMYJTHPOBOK TIPOM3BOIBHO B3ATBIX
3amau CAIIP: {Taskl, Task2, Task3, Task4, Task5}.
OmnpenennuM MHOXKECTBO, COCTOAIIEE U3 IBYX CBOMCTB
{pl, p2}, Kaxxa0€ U3 KOTOPBIX MOKET MPUHAAJICIKATH
kakoii-nmubo 3anaue CAIIP. B pamkax mocraBieHHON
3aJauyd JaHHBIE CBOWCTBA OMPEIEIAIOT KOJUYECTBO
OTIpeIeTICHHBIX CJIOB, BCTPEYAFOIIIXCS B
¢dopmymupoBke kaxnoit u3 3agad CAIIP (Tabmuma).

Tabmuna. Tabnuia s KIacTepu3anum.

3amaya pl p2
CAIIP

Taskl 1 2

Task2 2 2

Task3 3 4

Task4 4 3

Task5 4 1

JlaHHBIe 00pa3mbl MpEACTaBMM Ha IBYMEPHOM
JarpaMMe, Iie o OCH X OTJIIOKEHO CBOMCTBO pl, a
mo ocu y - p2. dns mpoctotsl Oymem cumnrath: Taskl
=A, Task2 = B, Task3 = C, Task4 = D, Task5 = E
(puc.1)

*
o

CBoiicTBO, p2
*»
*
w

OR NWAW
*
o

*

0 1 2 3 4 5

CsoiicTso, p1

Puc.1. Tnarpamma o6pasnos 3agay CAIIP

W3 pguarpamMmbl  BUJHO, 4dTO  OJMDKaWIIUIMHU
COCEIHUMH dJIEMEHTaMM SIBIITIOTCS dJIEMEHTHI A u B.
COOTBETCTBEHHO OHM W 00pa3yrT MEpBEIA Kiactep,
KOTOPBIi OyJeT pacmojoKeH Ha YCPEeIHCHHBIX
KOOpJAWHATAX, BKIIOYCHHBIX B HEro O0O0pa3IoB.
Crnenyromumu OmyKaNIIUMU COCEJISIMU,
oOpa3yronmMu HOBBIM kiacTep (HasoBeM ero DE),
sisitorest anemednTsl D u E. Ha cnemyromem srtame
HOBBIN Ki1acTep oOpasyercst MyTeM CIUSHUS Ki1acTepa
DE u C. Jlanee mpoucxoauT 00beAMHEHNE KIIACTEPOB
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AB u CDE. Ha nocnennem sTtamne nojgy4yaem Kiactep
ABCDE. [ns onpenenenus monobus (6amM3ocTy)
JBYX TpYII aBTOpHl TPEIIararoT HCIIOJIb30BaTh
kodpdumment IlmpcoHa, KOTOPHIH pacCUMTHIBACTCS
o hopmyie:

nyf¥

r =
J& x0T,
re X u 'y — oopasusr 3agad CAIIP.

Kaacrepuzanust kak MeTo pa3padoTku
OHTOJIOTHH

Anroputm HepapxudecKon KJIaCTEpU3ALNHU
CTPOHUT HEPapXui0 TPYMI, OOBEIUHISI Ha KaKIOM
miare B¢ camble NOX0Xue rpynnbl. CTOUT OTMETUTD,
YTO TaKOW alTOpUTM MOXET OBITh TPUMEHEH K
pa3paboTKe OHTOJIOTHYECKOW MOMIETH, IIOCKOJIBKY
IpU TOCTPOCHUM OHTOJOTMHM TaKXe HCIOIb3YIOT
HepapXUUECKUN MIOAXOJ. ITpn IIOCTPOEHUHU
OHTOJIOTMI  BO3MOXHBI BapUaHTbl: HUCXOJALIUN
MOAX0A (HAaYMHAeTCs C OIPEAETICHUS KOHIENTOB),
BOCXOJAIIMN TOAXO0J (HaYMHAeTcsd C ONpeneeHus

KJIaCCOB, MOJIKJIACCOB, SK3eMIUIAPOB U T.1.) [5].

Temneps afanTUpyeM TEPMHHOJIOTHIO,
UCTIONB3YEMYIO TPH HEepapXHUUecKoil KiacTepu3alun
MPUMEHUTEIEHO K OHTOJIOTHYECKOMY

MOJICTUPOBAHUIO B paMKax MOCTABJICHHOM 3a1a49H.
Iox rpymmoii OymeM moHEMaTh HabOp 00pa3IoOB
3amay  CAIIP, xoTopple SBISIOTCS OOBEKTaMH
oHTONIOTMH. BHauane kaxJas rpynmna COCTOMT W3
OJTHOTO 00BEKTa, B JIaHHOM Clly4ae — OJHOHM 3ajauu

CAIIP. Ha «xaxpmoil wuTepanmMu  BBIYHUCIAIOTCA
MOTIapHBIE PACCTOSHUS MEXIy HabopaMH 0OBEKTOB, U
IPYNIbI,  OKa3aBIIMECS  CaMbIMH  OJIN3KUMH,

OOBEANHSIOTCS B HOBYIO TPYIITy, KOTOpas SIBJISICTCS
KjaccoM oOHTonoruu. [lom cBoWCTBaMM OOBEKTOB
OyzeM MOHWMATh aTPHOYTHI OOBEKTOB OHTOJIOTHH.
Jns BeIUMCIIeHHs OJMM30CTH KIIACCOB HCIOJIB3YETCS
KOpPENSIHOHHEIN Kod(pdunueHT [Tupcona, KoTopsIid
MOKa3plBaeT  CBSI3b  MEXIy  KiaccamMu.  Tak
MOBTOpSIETCA O TeX IOp, MOKa HE OCTAHETCS] BCEro
onuH kiacc. Ilog TakuM KOHEYHBIM KJIaccoM Oyaem
MOHMMATh HEKWH KOHIENT IpeaMeTHOW obiactu. B
KadgecTBe MpUMepa pa3padoTaH (pparMeHT OHTOJIOTHH
3amau CAIIP (puc. 2). U3 pucyHka 2 BHIHO, YTO

UMeeTCcsl deThlpe Kkiacca 3amad:  «KoMmoHOBKay,
«Pa3zmenienue», «Ilonyuyenue KTI» u
«TpaccupoBkay. Honst 3a7a4 «KomMnonoBka»

paccMOTpeHbl  00pasupl: «KOMIOHOBKa B MOIYJIbY,
«KoMmnoHoBKa B_siueiiky»,«KoOMIIOHOBKa B IaHENb»

W3 momenn BuaHO, uTo 3amaun «KomMmoHoBKa»
umeroT atpudyTel «Kputepum», KOTOpbIe BBIPasKeHBI
Kak «I1IIOTHOCTh _KOMIIOHOBKH»,
«MUHMMYM _COEIVHEHUN.

Sz CATP

Keamowce Pameceime (@ rowewexm | | @ Tpscopcma |

[# Kowrwcnsa s o

4 fourcucess 8 ra
ey | " en

§ Yowrcwena 8 vo Kpeerepn
a

§ M coeave # Naonocrs souno
M= s

Puc.2. — ®parment ontonoruu 3agay CAIIP B cpene
Protége 4.2

3akinoueHne

IIpenosxeH HOBBIA MeTOJ] pa3pabOTKU OHTOJIOTHI
npeametHoid obmactu CAIIP. B ocHOBy naHHOrO
MeTOoJia TOJIOXKEHa HepapXudeckas KiIacTepu3alus,
MO3BOJISIIOIAsT CTPYKTYPHUPOBATh OOJBLIME MAaCCHBBI
JTAaHHBIX, IIyTeM CO3JIaHHs OHTOJIOTHYECKUX MOJEeNeH.
Jlanee Takue OHTOJIOTHH TIPEJIaracTcsl NCIOIb30BATh
B KayecTBE XpaHWIWIIA 3HAaHUH B PasIMIHBIX
HMHTEJJIEKTyallbHBIX —cucreMax, B T.4. MCAIIP.
Hcnonp3oBanme it pacdyera OIM30CTH  KIACCOB
ko3(¢unuenra [lupcoHa mO3BOMSET CpaBHUBATH
33729 C PAa3IUYHBIM KOJWYECTBOM CJIOB, HTO
aKTyaJbHO B paMKaX IIOCTaBJICHHOI 3a/1auH.
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B mHacrosmiee BpemMs B CBA3M C BBEJCHHEM
(enepanbHBIX TOCYAApPCTBEHHBIX 00pa30BaTENIbHBIX
craagaptoB (PI'OC) Beicmero mpodeccHoHaTFHOTO
obpazoBanmst (BIIO) Tperbero mokojeHHs BecbMa
aKTyaJIbHBIM SIBIISIETCS. BONPOC O KOMITBIOTEPHOM
aHaJIM3€ BCTYNUTEIbHBIX HCIBITAHWH aOMTYpHEHTOB.
Amnanus conepxkanus @I'OC BIIO no3BossieT caenaTtb
BBIBOJI, YTO TIPHOPUTETHOW 3amadell yHpaBJICHHS
KauecTBOM 0O0pa3oBaHMs Ha COBPEMEHHOM JTare
BBICTYNaeT OIIGHKAa KauyecTBa OCBOEHHS OCHOBHBIX
00111e00pa30BaTeNbHBIX  MPOrpaMM,  BKIIOYAIOLIAs
pe3yabTaThl €IUHOTO TOCYAApCTBEHHOI'O JK3aMeHa
(ET'3). Konrtponpe kadectBa 00IIero odOpa3oBaHus, B
YacTHOCTH pe3yapTaToB EI'D, naér BO3MOXHOCTH

OLICHUTH Ka4ecTBO Habopa aOUTYypUCHTOB,
npuodperaer XapakTep MOHHUTOPHHTA WIN
HETIPEPBIBHOTO  KOHTPOJS  JUIL  TOCTOSIHHOTO
OTCIIC)KMBAHUSI  PE3YNbTaTOB 0Opa3oBaHMA, XOAa

00pa3oBaTeNbHOrO TIIpoIecca, HEOOXOOUMOTO IS
CUCTEMATUUYECKON KOPPEKTUPOBKH MEPOIPUITHH IO
ux peamnzanuu. llenpio maHHON paboTHI ABIAETCA
KJIaCTepHU3alusi POCCUIICKMX BY30B B (DaKTOPHOM
IIPOCTPAHCTBE MoKazarenen BCTYHHUTEIHHBIX
ucnbiTanuii (IIBU) mo HampaBieHHIO HOIATOTOBKU
snepHble Gpuzuka u TexHosnoruu (HIID).

Pe3ysbTaThl CTATHCTHYECKOTO AHATH3A

B kadecTBe 0asbl JAaHHBIX B3ATHI JaHHBIE 16-TH
BVY30B no caepyrouum 8-mu noxazarensim: EIDqs-
cpenuuit 6amt EI'D 3auncnenssix B 2015 roxy, ETD14
- cpennmit 6amn EI'D 3auncnennpix B 2014 roxy, Dgry
-TMHaMAYeCcKui Tokazatenb (pazHoctb EI'D 2015 u
2014 1r.), N- KOJIM4ECTBO CTYJCHTOB, 3aYMCICHHBIX
Ha OI0/KEeTHBIE MecTa, Nc - KOJHMYECTBO CTYIIEHTOB,
3a4HCIICHHBIX Ha OIO/KETHBIE MECTa T0 pe3yJbTaTam
KOHKYypca, Nrts - KOJIUYECTBO CTY/ICHTOB,
3aUMCIECHHBIX Ha IEJeBble MecTa, N - KOJIMYECTBO
CTYACHTOB, 3aYHCJICHHBIX Ha OIO/KETHBIEMECTa IO
mprotaM, N - KOJIHYECTBO CTYJICHTOB, 3a4HCICHHBIX
Ha OIO/KETHBIC MECTa IO Pe3yNIbTaTaM OJHMITHAJIBL.
Takum oOpa3om, co3nannas B MS Excel 6a3a manHbIX
BIIOCJICJICTBHH HCIIOJIb30BAach B makere Statistica [2]
JIISL CTATUCTUYCCKOTO aHAJIN3a JIAHHBIX.

Cornacao mpoBepke [IBM Ha koppemsunoHHYIO
3aBHUCHUMOCTD ObLIH BBISIBIICHBI 3HAYMMBIE
KOPPEJSAIMOHHBIC 3aBUCHUMOCTH, Ha OCHOBE KOTOPBIX
MOXHO BbiaenuTh 3 rpymmsl [IBU {DEI'D}, {EI'Dyy,
EI'Ds5}, u {N, N¢, NTs, N,No}. Ipuuem pazamums
mexay koaddunuenramu Crimpmena R u Ilupcona r

He3HauuMble (Hampumep, mias EIDy4-EID:s r=0,90
R=0,93 p~=0,6>0,1).

Ha puc. 1 w3o0paxkeHa  JeHApOrpaMma
(mpeBoBHIHAS ~AMArpaMMma WM HEPapXUYECKOe
ZIEpeBO) KOPPESLIMOHHOM MaTpHLbI [1BY,
MOJTy4eHHAs B pe3yibrare JIPEBOBUIHOM

Kinactepm3anuu. B kadectBe mepwr Ommzoctu [1BU
UCTIONb30BAaHO KOPPEISIIMOHHOE paccTosiHue 1 — T,
rae r - kodpduuueHt koppemsauuu Ilupcona, a B
KadyecTBe MpaBUiIa OOBEIUHEHUS I IBYX KIIACTEPOB
HCcnoNib30BaH MeTol Yopaa (Bapaa).

Meton Bapaa
1-r IImpcon

N
=)

—
[

Paccrosinue oObe JHHEHUS
=
(=]

dp Ddn Ders
|
0.5
0,0 —
Ders No  Nps  No Ne N EI'Dyy EIDis
Puc.1. I'opuzonranbHas JleHAporpaMmma
KoppessiuonHoi Matpuisl [IBU
Hanuuue KOPPEJSILIUOHHON CBSI3U 11BU

MO3BOJISIET KCIOJIB30BaTh (DAaKTOPHBIA aHAU3 JUIs
COKpAllleHUs] 4MClla TIOKasaTeled W OonpeneieHus
CTPYKTYpbI B3auMocBs3eit mexay IIBU. C momomsio
METOZia TJIABHBIX KOMIIOHEHT IIOJlyueHa 3-MepHas

(axropHas MOJIEIb. DaxTOpHBIE Harpy3KH
nepBoHavyanbHbix [1BU paspenmmnuce mo Qakropam
crenyromM  obpasom: dakrop 1 —  akTop

yucieHHOcTH Py XapakTepu3yeTcs MOJ0XKHUTEIbHON
koppensuoHHoi cBsi3bi0 ¢ N, Nc, N \Nts, No u
UHTEpIpeTHpyeTcs  Kak  (akTop  YHCIEHHOCTH
nocrynuBmx 1no HII®; dakrop 2 — dakrop dp
XapaKTEepU3yeTCs MOJIOKHUTEIbHOW KOPPENSIUOHHON
cBa3pl0 ¢ Dgry W mHTepmperupyercss Kak (akrop
IUHAMUKH; ¢GakTtop 3- (QakTop BCTYNHUTEIBHBIX
ucnbplTaHuil Dprr XapakTepU3yeTcsl MOJO0KHUTEIbHOM
KoppensiuonHoit cBsi3pto ¢ EID;s m EIDyy, u
HHTEPIPETHPYETCs Kak GaKTop MPOXOAHOTO Oasia mo
ETD (tabin.l1).

[Ipn mnpoBemeHun KiacTepuszalyd BY30B 110
HII® meronoM npeBoBHAHOW KilacTepu3auuu (puc.2)
B MOCTPOEGHHOM TpexpakropHoM mpoctpaHcTBe {Dy,
®p, gy} B KadecTBe Mep OJIU30CTH BBIOPAHBI
EBKJIMIIOBO pPACCTOSIHME W PAacCTOSHHE TOPOACKUX

123


mailto:dary_2503@mail.ru

XIV MexayHapoaHasi Hay4YHO-IIPaKTHYeCKasi KOH(PEPEHLMSI CTYICHTOB aCIIMPAHTOB U MOJIOJBIX YYEHBIX
«MoJ10/1€XKb ¥ COBpPEMEHHBIC HHPOPMAIIMOHHBIE TEXHOIOTUI

KBapTaJoOB, a B KaUeCTBe MpaBuiia 00bEINHEHUS JIBYX
KJIaCTEpOB UCHOJIb30BaH MeToa Yopaa. B pesynbraTe
KJacTepu3aliil  OBUIO  MONYYCHO  yYCTOMYMBOE
pa3buenue 16 BY30B Ha 7 K1actepos.

Tabnmma 1. Matpuria pakTOpHON CTPYKTYPHI
I1BU By30B o HII® 2015 r.

oy {K1, K2}, {K5, K4, K3, K6, K7}.
dp: {K3, K4, K1, K6, K2, K5, K7}.
Drry: {K1, K6, K7, K3}, {K3, K2}, {K4, K5}.

Urorm xiacTepHOro aHamm3a HAONIONEHUH 110
COBOKYITHOCTH (PaKTOpOB, YYUTHIBas pPE3yIbTaTHI
MHOXXECTBEHHBIX CpPaBHEHHWHA KIACTEPHBIX CPEIHUX
UL KaXI0T0 (pakTopa, JaroT BO3MOYKHOCTB ITPOBECTH

0 1 2 3 4 & 6 7 8

Paccrosue 06benuHeHus
Puc.2. T'opuzoHTanbHast AeHAPOTpaMMa By30B IO
HII® B nmpoctpanctBe {®@y, Pp, Dery}

CormacHo  mapamerpudeckoMy  F-xputeputo
knactepbl Tpynn BY30B pa3nuyaroTcsi  BBICOKO
3Ha4MMO 10 Py U Dgry (YpOBEHB 3HAYMMOCTH P<
0,0005) u cratuctudecku 3HaUHMO 110 Op (Ha ypoBHE
smaunmoctn 0,005 <p~ 0,018 < 0,05).
Henapamerpuueckuii panrossiii kputepuii Kpackena-
VYomnuca CriaaxkmBaeT pa3iuuus 10 CTaTUCTUYECKH
3HaYUMBIX 110 Oy U Dgrs (YpoBenb 3HauuMocTu 0,005
<p< 0,05) u cnabo HezHaunmoro no ®p (Ha ypoBHe
suagnmoctu 0,1<p= 0,16).

CornacHo amoCTEPUOPHBIM — MapaMETPUUECKUM
KPUTEPHUSIM MOXXHO BBIICTUTH IS KaXI0ro (axropa
OTHOPOJHBIE (pa3IHyalomyecss HEe3HAYNMO, TO €CTh
Ha ypoBHe p> 0,10) Tpymmel  KiIacTepos,
pacrioyio)keHHbIe B TOpsAAKEe yOBIBaHUS (DaKTOPHBIX
CPEIHHX:

o {K1}, {K2}, {K5, K4, K3}, {K4, K3, K6}, {K3,
K6, K7}.

Op: {K3}, {K4, K1, K6}, {Kl1, K6, K2, K5}, {KS5,
K7}.

Dy {K1, K6, K7}, {K7, K3}, {K3, K2}, {K4, K5}.
Ilo HenmapameTpUuecKOMY paHTOBOMY KPHUTEPHUIO
Kpackena—Yonnuca:

TToka3zarenn [ON @y Dy KJIaccu(pUKaIIIo HAOIIOACHUH CIIEAYIOMHIM 00pa3oM:
ElDy5 0.280 | 0.06 0.949 «Jlunep» — (+2; +3), «Boime cpeanero» — (0,75;2),
ElDyy 0.263 | -0.308 0.904 «Cpemuuit» — (-0,75; +0,75), «Huxe cpeanero» — (-2;
D -0.020 | 0.984 | -0.106 -0,75).
N 0.950 | -0.041 0.261
A JInzep
Nc 0.929 | -0.011 0.185 3
Nrts 0.772 | -0.212 0.345
N 0.586 | -0.222 0.554 2 (\ /A\ —
No 0.779 | 0.119 0.448 cpenmero
Honst pakropa 0.433 | 0.147 0.307 . G g@ »
3 Cpennuii B/ \
Meton Bapna e
EBKJIMI0BO paccTosAHHE 4 57 ] e - K2
T Hizxe 4 = K3
MO f———— cpemmero I Dot
HI TIIY |
s he ' =
voy —F——1 oy @ Oers K7
CITY K3
MYTIOU ,,Ify%ffg j_—|_ﬂ4 Puc.3. Jlunetinsie rpaduku HakKTOPHBIX CPETHIX
KI%I;% |_]— KJ1acTepoB By30B o HIID
IBOY :l_fi’
| K6 3akaouenne
CIIoNY ;D | 1. Ha ocHOBaHMH KOPPESIIIMOHHOTO aHaJIn3a
CII6 HIL HTCI\% —&7 BBISIBJICHBI 3 TPYMNIBI  HCXOJHBIX IOKaszaTesei:

{Dero}, {EID1s, ETD1s}, 1 {N, N¢, Nys, Ni, No}, uto
MO3BOJIMJIO C MOMOUIBIO  (DaKTOpPHOrO — aHajiIM3a
MOCTPOUTD 3-X (akTopHYyIO Moelb { Dy, Pp, Dy}
2. B pamkax kimacTepHOro anammza B 3-X
MepHOM (akTtopHOM TpocTpancTBe {Dy, DPp, Dgra}
MOCTPOEHa 7-MH KJIacTepHass BBICOKOKAYeCTBEHHAs

Mozaens 16-tu By3oB mno HII®. Jns kaxnoro
(axTOpHOTO MoKa3aTelsl  BBINENEHBI  TPYIIIBI
OJIHOPOJHBIX  KJIaCTEPOB H  OIEHEH  YPOBEHb

3HAYMMOCTH Pa3TUINil HEOJTHOPOIHBIX KJIACTEPOB.

3. Pe3ynbTaThl KJIACTEpHOIrO aHaIn3a BY30B MO
HII® 1o COBOKYNHOCTH IOKa3aTejaeil IO3BOJIIOT
MIPOBECTH KAaYECTBEHHYIO KIACCH(HUKAIMIO BY30B IO
HII® B HomuHanbHOM mikanme wu3MepeHuid. Tak,
Harpumep, kmacrep K1 (MU®DU)  sBusercs
AOCOJIFOTHBIM JIMJIEPOM M0 YHCITy OOyYaromMXcs IO
HII®; Ttakue BY3p1, kak MI'TY, CIIGIIY wumeror
ypoBeHb «BbILIe cpeaHero» no ®EID; a HU TIIY,
BXomsamuil B kiacrep K2, mmeer ypoBeHb «BbIIIE
cpennero» no ON, «cpennuit» - no ®D, «cpeguuit» -
mo ®ETD.

Jlutepartypa
1. KauecTtBO OIOKETHOTO npuemMa B
rocyJapCTBEHHBIE BY3bI // URL:

http://mwww.hse.ru/ege/
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2. 2. boposukoB B.II. STATISTICA. UckycctBo
aHanM3a  JaHHBIX Ha  KOMIIbIOTEpE: Jns
npodeccronanoB. — CII6.: TIurep, 2003. — 688 c.
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MATEMATHYECKOE MOJAEJINPOBAHUE PACITPOCTPAHEHUSA BEPXOBBIX
JIECHBIX TIOKAPOB C YYETOM CKOPOCTHU BETPA U ITAPAMETPOB
JIECHBIX MACCHUBOB

Jlayrenmnerep H.H.
Hayunsrit pykoBoautens: [lepmunoB B.A. x. ¢-M. H., mpodeccop xadeapsl 3K0I0oruu 6e30macHOCTH
KHU3HEACATEIbHOCTH
ToMCKHI TOJIMTEXHUYECKUH YHUBEPCUTET
E-mail: Laut1994@mail.ru

JlecHolt moOXap — 93TO HEKOHTpPOIUpPYyEMOe
pacmpocTpaHeHHe OTHS IO JIECHOMY MaccuBy. B
OO0 CHUTyallMH Jae HeOOJIbIIIoe BO3ropaHue
MOXKET TepepacTd B cTuxuifHoe Oexcteue [1].
BONBIIMHCTBO JIECHBIX MOapoB CIPOBOLMPOBAHO
JIeATENBHOCTBIO JIOZCH. JlecHple MOXapbl HAHOCAT
Oosipiiol  ymepO ~ 9KOCHMCTEME  CTpaHbl,  €ro
nociaeaCTBusd HEraTUBHBI W JIsA 6I/IOTI>I, n s
aTMoc(epsl, ruapocdepsl, JIUTOCGEPHI. A
SKOHOMHYECKHH  ymepd OT JeCHOTO  MoXkapa
HCUUCIIICTCS] MIJITHApAaMu pyOIteit B ToI.

Bo3HUKHOBEHHE © PACIpPOCTPaHEHHE JIECHBIX
MOXKApOB  3aBUCHUT OT  Pa3lWYHBIX  YCIIOBHU:
METECOPOJIOTHIECKUX (CKOPOCTH W  HANpaBJICHUS
BeTpa,  TEMIEpaTyphl  OKpY)XKamlled  cpensl,
COCTOSIHUSI aTMoc(epsl M Jp.), COCTOSIHUS JIECHOTO
MaccuBa (3amaca ¥ BJIArOCOACP)KaHUS  JICCHBIX
TOPIOYMX MaTEepPHaJIOB, BUAA PACTUTEIHHOTO MOKPOBA
U T.J.), a Take penbeda MECTHOCTH H IPYTUX

(daxropoB. Hauboyiee omacHeIM BHJOM TOXKapoOB
SIBJSIFOTCSL  BEpXOBble. B CBsi3m ¢ TeMm, 4TO
JKCIEPUMEHTANIbHBIE  HCCIICOBAHUS  BEPXOBBIX
JIECHBIX IOXKAPOB SBJISIIOTCS OY€Hb TPYAOCMKUMH H
JIOPOTOCTOSIIUMH, MpPE/ICTABISET HHTEpEC
HCIIOJIb30BAHHE METO/IOB MaTeMaTHYECKOro
MO/ICTTUPOBAHUSI.

AKTyaJIbHOCTh TEMBI OO0YyCJIOBJEHA TEM, 4TO
JIECHBIE TI0XKapbl HAHOCAT KaTacTpoduueckuii yuepo
9KOCHUCTEME CTpaHbl, €ro TOCJEACTBUS HETATUBHBI
Uit 6rocdepst U atMmochephl.

Henpto paboThl  SBUJIOCH  OMpENEICHHE
0e30MacHBIX pa3MepOB MPOTHUBOIOKAPHBIX Pa3phIBOB
B 3aBUCHUMOCTH OT METEOPOJIOTMYECKUX YCJIOBHH U
MapaMeTpoB JIECHOTO MAacCHBa B Pa3IMUHble MOMEHTHI
BPEMEHU C TMOMOIIBIO YHUCIEHHOTO pEIIEHUs, YTO
MO3BOJIUT HCCIIEOBATh MPOLECC BO3HUKHOBEHUS H
pacnpocTpaHeHUs BEPXOBOTO JIECHOIO MOXkapa B
3aBUCUMOCTH OT CKOPOCTH BeTpa H MapaMeTpoB
JIECHOT'O MacCHUBa.

IIycth B OECKOHEYHOM JIECHOM MAaCCHUBE MMEETCS
oyar TOPEHNS, 3aJIaHHBIN MOBBIIIEHHON
temneparypoi. [Ipeanonaraercs, 4To oyar BEpXoBOTO
Mmo’kapa WMeeT KOHEYHbBIE pa3Mephbl W HaJ TOJOrOM
neca 3amgaHa ckopocth Berpa. Ock 0X3 HampaBieHa
BBepX, a ocu 0X; u OX, -mapajuielbHO MOBEPXHOCTH
3emin (ock OX;COBMazaeT C HampaBlICHHEM BETPA).
Cxema maHHOro mponecca npezacraeieHa Ha Puc.l.
Jnst omucaHust JaHHOTO IMPOLIECCa HUCHOJBb3YeTCs
MOCTAaHOBKAa  3aJayd, IIOJyYye€HHass Ha OCHOBE

MaTeMaTUYeCKOH MOJEIM IOKapOB IPEATIOKEHHOU
AM. I'pumisev [1].

X3

Ipusemnstit c1oil ammocepst

X1

noJjoe jieca

Puc.1. Cxema pacu€rHoit obnactu

Tak Kak BepTUKaNbHBIE pa3Mepbl JIECHOTO
MacCHMBa 3HAYUTEIHLHO MEHBIE TOPH3OHTAIbHBIX,
TpexMepHast cucreMa Qg depeHIraTbHBIX
YpaBHCHHIA, OIIHCHIBAOIIIAS TIPOIIECCHI
TeIIoMacconepeHoca B JjecHoM Maccuse [1,2], moxer
OBITh ~ TPOWHTETPHPOBAHA IO  BEPTHUKAIBHOU
KoopaWHATEe X3. [IpWBOAS OCHOBHYH CHCTEMY
YpaBHEHHI K TUBEPTCHTHOMY BHUILY, IPOUHTETPUPYEM
M0 BBICOTE OT HAMOYBEHHOT'O TOKPOBa JI0 YPOBHS
BEepXHEW TIpaHHUIBI Toiora Jjeca. B pesymbsrare
MOJIYYUM JIBYMEPHYIO HECTAIIMOHAPHYIO CHUCTEMY
muddepeHIHaTbHBIX YPaBHEHUH.

Ha ocHOBe  U3I0XKEHHOW  MaTeMaTUYECKOH
MMOCTAaHOBKH TPOBOJMIUCH YHUCICHHBIE PACUEThl IO
OTIpENICIICHUIO KapTUHBI MPOIeCCa BO3HUKHOBEHUS U
pacupoCTpaHEeHUs1 BEPXOBOTO JIECHOTO TOXapa OT
3aJlaHHOTO ouara ropeHus. B pe3ynpraTe UMCIECHHOTO

WHTETPUPOBAHUS  TOJYYEHBI  IIOJISI  MAacCOBBIX
KOHUEHTpauun KOMIIOHEHT razoBoit ¢assl,
TeMIeparyp, OOBEMHBIX  JIOJIell  KOMIIOHEHTOB

TBEpIO# (ha3bl B pa3IHIHBIC MOMEHTHI BpeMeHH [3].
Tak xe Xoje Hamield paboThl HCCIEIyeTCsl TaKoi
mapamerp JIECHOTO MAacCHBa, KaK MPOTHBOIOXKAPHBIC

paspeIBBl  pa3IMYHOTO poaa (IIPOCEKH, JIOpOTH,
MOJITHBI W T.JI.). DBBITM TIpOBENeHBI YHCIICHHBIC
pacdeTbl sl ONpeNesieHHs 3HAYeHUH IIUPHUHBI

pa3pbIBa, IPU KOTOPOM TOXKAP MEPEXOIUT €ro JHOO
HE TIPEOJOJeBaeT MJAaHHBIA pa3peiB. Tak ke
9KCIEPUMEHTAITBEHO MOJTYYCHO MUHHMAaJIbHOE
paccTosiHAe pa3pbiBa, IPU KOTOPOM (PPOHT MOKapa
OCTaHABIIMBACTCA U YyXKE HE pPACIpOCTpaHICTCS Ha
nanpHeWmue ~— ydactkn. Ha  pucyHkax 2,3
MPE/ICTABICHO PACIpeelieHne H30JUHUNA H30TEPMBI
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ra3oBoi (a3sl T(T=T/Te,Te =300K): 1-2.,2-26,3
-3, 4 — 35 5 — 4. N3onmHAN KOHIICHTPALNU
KHCIIOpO/ia (Cl :cllcle 1Ce :0-23): 1-01 2-
05 3-06,4-07,5-0.8, 6 - 0.9. U3omuauu

KOHUEHTPAlMK  TPOAYKTOB IUPOJIU3 62 (
c,=c,/c,,c,=023) 1- 01, 2 - 0.05 3 -

0.01.M30ommann 00bEMHBIX JOJCH (as.

X2, M a) X2, ™ 6)
50 50
40 40
30 30
20 20
1o 654321 10
o ., o .
0 20 40 BO 8O M 0 20 40 B0 80 XM
X,m &) XM r)
50 50

40 40
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20 20

VVVVﬁVVVV
dd Ao didadddida

0 Xim 0

0 20 40 B0 &0 gn M

o

20 40 60

Puc.2. Pacnpemenennms w3ommuumii t, cl, Cc2 wu
00BEMHBIX JTOTIeH (pa3 mpu HAJIMYWHU pa3pbhiBa B 2,5M

Ilpu 3apanHOW BiaxkHocTH, 3amace JII'M wu
CKOpOCTH BeTpa TMOXap C JErKOCTh MPOUAET
3aJIlaHHBIA pa3pbIB B 2,5M.Jlanee paccMoTpuM rpaduxk,
B KOTOPOM pa3pbIB yBeNW4YeH Bcero Ha 1 MeTp, u
MO’Kap yXKe He PaclpoCTpaHsIeTcs Jaiblie.

XM a Xa,m 6)
50 50
40 40
30 0 ( O\\]
20 20 /
o St g
10 10
0

2 0 N
0 20 40 60 80 Xim 0 20 40 B0 80 XM

Xom B) XM r)
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0 (/\\) 0k~ 3
. ]
2 Nt / 208 i
e h 3
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h

z 0 S
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Puc.3. Pacnpenenenus w3ommuuii t, cl, c2 wu
00BEMHBIX J10J1eH (a3 npu HAIMYUK pa3pbiBa B 3,5M

Ha pucynkax 2,3 mpencraBieHbl MepedncIeHHbIE
BBIIIIC XapaKTCpUCTHUKH, PaBHOMEPHO
pacrnpesienieHHbIe O Bceil o0iacTv, TIe ecTb
pa3phIBBI, HA PUCYHKE 2 pa3pblB COCTABISAET 2,5M, Ha
pucynke 3 paspeiB coctaBiseT 3,5 M. H3oTepmbl
Ta30BOU (ha3bl M M30JUHUHM KOHIICHTPAIMI KUCIOpoIa
U TPOIYKTOB MUPOJIM3a PABHOMEPHO paCIpe/IeIICHBI
o Bcel obnactu. GPOHT ABUracTCs MO HAMPABICHUIO

BeTpa (OCh X;) M pacIIUpseTCs B MEPIEHIUKYISIPHOM
HAarpaBJIeHUH BETPY 110 OCH X».

[Ipemmoxxennas B paboTre METOIUKA MOXKET OBITH
HCTIONIb30BaHa TSt OLICHKH pa3MepoB
MPOTHUBOMOXAPHBIX PAa3pHIBOB B 3aBUCHMOCTH OT
XapaKTEepUCTUK JIECHBIX MaccuBOB. IIpoBenéHHoe
HCCIIEJOBaHNE MOXKET CTaTh OCHOBOW AJISI pa3paboTKu
HOBBIX YCOBEPIIEHCTBOBAHHBIX CIIOCOOOB OOpPBOBI ¢
JECHBIMM ~ TNOXapaMHd, a Takke METOJUK 10
npoduIakTHKe JaHHOTO SIBJICHHUS.

B xonme naHHOM paboTHl  MPOBEIECHO
MaTeMaTH4ecKoe MOEIMPOBaHUE BO3HUKHOBEHHS U
pa3BUTHsL BEPXOBBIX JIECHBIX IOapoB. IlomydeHsl
JIlaHHBIE O NPENeJFHOM pPacHpOCTPaHEHHU I0Kapa,
HalWJeHbl KOHEYHBIE pa3Mepbl MPOTHBOIOXKAPHBIX
pa3peIBOB (IIMPHHA W JJIUHA), TIPU KOTOPHIX (POHT
TOpeHHus He pacnpocTpaHsercs. IIpoBexeHa oneHKa
3QQEKTUBHOCTH  pa3sMepoB  IPOTHBOIOKapHBIX
Pa3phIBOB IS Pa3IMIHBIX CKOPOCTEH BeTpa.

CnHCcoK Henoab3yeMo JTUTepaTypsbl

1. I'pumma  A.M. MareMaTHuecKue MOJAEIH
JIECHBIX TT0’KapoB M HOBBIE CIIOCOOBI OOPHOBI C HUMHL.
-HoBocubupck: Hayxka, 1992. —408 c.

2. IlepmuHOB B.A. MaremaTHueckoe
MOJICIUPOBAaHNE  BO3HUKHOBCHMS  BEPXOBBIX U
MacCOBBIX JIECHBIX MOXapoB: ABTOped. JHC. ... TOKT.
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MOJAEJMPOBAHUE MOJUPUKAIIMU METOJIA IEHOOBPA3OBAHUA PSM
1O HEH3YPUPOBAHHBIM IAHHBIM

Kypxo E.C.
3enkosa K. H.
Tomckuil rocyJapCTBEHHBIN YHUBEPCUTET,
helenal993@mail.ru

BBenenne

OmHnM w3 HambOolee TOMYINSPHBIX W JTOBOJNBHO
MPOCTHIX B MPUMEHEHHH METOJOB LIEHOOOpa30BaHMs
aBiasercs  Merton  PriceSensitivityMetter  (PSM),
paspaborannbiii [Iutepos Ban Becrennoppom. PSM-
MeTron  0asupyeTrcss Ha  BBIBICHHUM  LIEHOBBIX
MPEANOYTEHUSIX MpeICTaBUTEINCH LEeNeBO
ayauToOpuH, 3aUKCUPOBAHHBIX TIOCIE TOrO, Kak
ToBap OBUI HMH TPEIBAPUTENBLHO ONpPOOOBaH,
MCIOJIb30BAaH WM TMPOTSCTHPOBAH HA MPOTSHIKCHHUU
HEKOTOpPOTo meproaa BpeMeHH. OUeBHIHO, JAaHHOE
MapKETHHTOBOC HCCJICIOBAHUE MOXET TPHBECTH K
OONBIIMM  3aTpaTraM, T[O3TOMY JJIs  CHUKCHHUS
CTOMMOCTH MPOBEACHHUSI ONMpoca  IEeIecoo0pa3Ho
CBECTH YHCIO OMNpAlIMBACMbIX PECIOHICHTOB K
MuUHUMYMY. Takke Ha NpPaKTHKE HE PEAKH CIIydyaw,
KOra TOTPEOUTENN 3aTPYAHSIOTCS JaTh TOYHBIC
OTBETHl HAa BOMPOCHI, 3a/JaBacMble UM B paMKax
HCCIICMIOBAHMS, & JTO TMPHBOAUT K IOSBICHUIO
HCTIOJIHBIX, IECH3YPUPOBAHHBIX MNAHHBIX, a 3HAYUT, K
HeoOxoxumocTu Moaudukauu meroga PSM.

Meton uenoodpazosanusi PSM u ero
MoaupuKaAnus

Cyts  wmeroma PSM  [1] 3akmrouaercs B
crenyronieM. PecrioHieHTaM TpeuiaraeTcsi OTBETUTh
Ha 4eThIpe BoIpoca:

1) Ilpu kakoil nenme X, ToBap Kaxkerca Bam
CIIMIIKOM  JICHIEBBIM,  BBI3BIBAIOLIMM
OTHOCHTEIIFHO €ro KauecTna?

2) Ilpu xakoii neme X, IeHa Kaxerca Bam

COMHCHMUA

MOAXOMSIIEH TS COBEPIICHHS TTOKYITKU?
3) Ilpu kakoii neHe X, Bbnl

3aBBINICHHOM, HO BCE JKe KyIuTe ToBap?
4) HaunHas ¢ Kakoif HeHbl X, TOBap IOKaXeTCs

coureTe €€

Bawm cnumkom 1oporum Ui COBEPIIEHUS MOKYITKN?
B pesynbpTare mogy4eHHBIX OTBETOB (hOPMHUPYETCS
ciyyaiinas BHIOOPKA (X, X5, X5, Xip ) s 1 =L N, i-if

i27 i3 i
JJICMCHT KOTOpOﬁ MpeaACTaBJIsACT coboit YCThIPEC
YPOBHSI ILI€H, YKa3aHHBIX i-M PECIIOHACHTOM. Ilo
KOKIOMY  BEKTODY {Xij},

j=14, crpoutcs

smnupudeckas GpyHkuus pacnpenenenus (3.¢.p.) 1o
hopmye:

N

Fr\(tj) :%ZI [o.x](xij)‘ (1)

i=1

I (y)= 0,ecnu y #[0,x); — UHIUKATOPHAS (PYHKIUS.
[0.x) y
Lecnuy €[0,x)

s j=1 u 2 crpoutcs oleHKa QYHKIMH BEKABAHUS

S () =1-F{ (), 0
Janee GpyHKIMYM, Ha3pIBaEMblE KPUBBIMH IIEHOBOM
YYBCTBUTEIBHOCTH, OTOOpa)KaroTCsi Ha  OJHOM
rpaduke (Puc.1). IlepeceyeHust KpHBBIX 00pa3yroT
4eThlpe  TOYKU.  «MHUHUMAJIbHO  BO3MOXKHOWY,
«ONTHMANbHOW», «OXUAAaeMOW» LEeHBl U TOYKY
«MAaKCUMaJIbHO BO3MOXHOM LeHbl». B kadectse
PEKOMEHAYEMOI0 IHala3oHa YCTAHABIMBAEMBIX LEH
paccMaTpUBaeTcd OTPE30K  OT ONTHMAJIbHOIO M0
0KUIa€MOTO YPOBHSL.

100% -
90%
80% -

70%

Touxa MmO
BOSMOMKHOH LIEHBI

60%

Touxa
MAKCHMATEHO
BO3MOHOH LIEHBI

-—
50%

40%
0% -
20% -
10%

0% T T T T T T T T T |
$5 $10 $15 $20 $25 S0 $I5 $40 S$45 $50

|—Oqem>)zeuxaxo —+—He goporo  ——Owuern goporo —O—[oporo I

Puc.1. Metox PSM

Metox PSM 6asupyercs Ha MOJHBIX TaHHEIX,
KOT/Ia PECTIOHAEHTHI TOTOBBI J1aTh TOYHBIE 3HAYCHMS
IIeH B OTBETax Ha Bompochl. Ha mpakTuke ke yacto
BO3HUKAIOT CHUTYaIIH, KOTZa MOTpeOnTENDH
3aTpyAHSAETCS 1aTh TOYHbIE OTBETHI, @ MOXKET YKa3aTh
HEKOTOphIe MHTEpBajJbl. B maHHOM ciydae B Habope
JTAaHHBIX MOSABISAIOTCS HEIMOJHBIE, IIEH3YPHUPOBAaHHbIC
3HaueHus1.JlJis1 BRIOOPKH, coiepiKalieil Takue JaHHbIe,
npuMeHerne Qopmynsl (1) HEZOMyCTHMO, BMECTO
3.¢.p. cnenyer wucnonb3oBaTh oOLEeHKY Karana-
Meiiepa [2].

IMpn yBenmuueHWH IONM LEH3YPUPOBAHUS ( H
pacupeHreM obmactn HEOIPEEIEHHOCTH
qucnepcuss ysenuuusaercs [3, 4]. Manoe uucno
YYaCTHHKOB  OIpoOca TaKXKe CKa3bIBaeTCsl  Ha
pe3yabpTaTaX MapKeTHHTOBOTO HCCIEeNOBaHUA. Takmm
o0pazom, BO3HHKAET 3amada OTIpeIeIeHuUs
HaMMEHBIIIETO  JIOMYCTHMOTO  3HaYeHUs o0beMa
BBIOOpKH,  TpH  KOTOPOM  HE  HPOHCXOIHT
CyIIECTBEHHOH TIOTEpHM TOYHOCTH OICHWBAaHUS, a
TaKXXe BBISBIICHWE BIMSHHS NMPUMEHEHHS Pa3IHIHBIX
napaMeTpoB W BUJIOB  LEH3YPUpOBaHUS  Ha
pesynbTatel MeToga PSM.

IMocraBneHHble 3ajauu PEUIMIUCH C IOMOLIBIO
UCTIONB30BaHUsI MMUTAIMOHHOTO MOJenupoBaHus. B
paboTe HccnenoBanochk 0JHOKpaTHO | Tuma crpaBa u
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CeBa TMPOTPECCHBHOE I[EH3YpHpPOBaHHE. BekTop
JAHHBIX, TIONYYEHHbIA U3 OTBETOB HA TPETHH BOIPOC,
T0/(BEprajIcs [paBoMy I JIeBOMY
LICH3yPHPOBAHUIO, HIIM OCTABAJICS HEU3MEHHBIM, NPH
3TOM HCCIIEOBANOCH CMEIICHHE TOYEK p; M p3 OT
COOTBETCTBYIOIIUX MM TEOPETHYCCKHX 3HAYCHHIA.
Jns  moctpoerus F{® (x)  HCIOIB30BaTaChOLCHKA

Karutana-Meiiepa, a aist OLEHOK (.p. MO IIOJHBIM
aarHeM ( F{Y (x) , SP(x), S (X)) — popmymna (1).
B npomecce HMMHTAIMOHHOTO MOJEIUPOBAHUS
¢ukcupoBamock  3HaueHme  1,=0.3, mapamerp
momemupoBanus  M=10000, wu3MeHsuIc  00BEM
BeiGopku N (N=6,7,..,12), monst meH3ypHpoBaHus (
(9=0.1,0.2,..,0.9), a TaKKe T. Bribopku
TeHEPUPOBAIHCH U3 PABHOMEPHOTO PACTIPEIEIICHUS, C
napameTpamy nepBoii BeIOOpKH — R, (X) , BTOPOii —
Rio212 (X), TPETbEH M YETBEPTOH — COOTBETCTBCHHO

Ros.16) (x)-

3HAYEHHMs MCKOMBIX TIDAHMI][ IIEHOBBIX JHANA30HOB:
p1=0.7; p,=0.8; p3=0.8; p,~0.9. Ha xkaxxmom miare
MojeaupoBanus i=1,..., M Obl1 mONydeH HAOOp IEH

{gl’%Z’%B’%4}

YCpEIHSIICH.

M Rg,,,(X) H Teopernyeckue

KOTOPBIN BIIOCJIEZICTBUU

OueBHIHO, 4YTO IEH3YPUPOBAHUE

TpeTBeﬁ BLI60pKI/I HC U3MCHACT 3HAYCHUA %2 n %4 y
IMO2TOMY B pa60Te HCCICI0BATINCHE CMCIICHUS OLICHOK

@1 u %3 OT HCTHHHBIX(TEOPETHYECKHUX) 3HAYCHUI

IIEH.
PesynbpraT mokasai, 4To IEH3YpHUpOBaHHE cIeBa
MPHUBOIUT K OOJBIIEMY CMEIEHHE 1I€H OTHOCHUTENIFHO

COOTBETCTBYIOLIUX HNCTUHHBIX 3Ha‘I6HI/II‘/’I, yeM
[IEH3YpUPOBAHKUE CIpaBa Tpu Malbix oO0bemax N.
Taxxe B pesynbTaTe MMHUTAIlHOHHOTO

MOJCIMPOBAHUA IIOJYYEH BBIBOJ O TOM, 4YTO IIpU

maneix o6bemax BoiGopku (N<12) u B cnywasx,
Korma  BeIOOpka  comepxkur  Oomee 50 %
LEH3YPUPOBaHHbIX  3HAYCHWH,  T.C. g>0,5,

«okMaemas IieHa» [3 OKa3bIBAeTCS CYLIECTBEHHO
3aBBIIIEHHON OTHOCHTEIBHO MCTUHHOTO 3HAUYCHMUS.
3aMeTuM, 4TO TOYKAa [; OTKJIOHSETCS OT CBOEro
TEOPETUYECKOT0 3HAa4eHUS B MEHBIIEH Mepe, 4To
MPOJIEMOHCTPUPOBAHO Ha PHUC.2.

pi=03

Puc.2. 3aBUcHMOCTD pEKOMEHTyeMBbIX 1I€H OT § ISt
T1=0.5, g=0.7

,Z[J'ISI HaXOXJICHHUA HAMMCHBIICTO o0BeMa BI)IGOpKI/I

u oInpeneneHus BIIMSIHUS napaMeTpoB
LEH3YPHUPOBAHUS Ha PE3YNBTATHI MeToza
HCCIIE0BAIINCh SMIUPUIECKHUEC

cpenuexBanparnaeckre ommnoOku (CKO) momydeHHBIX
Ha0OpOB 3HAuUcHHWIt Touek mepeceueHuit [5]. Bsuto
BeisiBIIeHO, 9T0 CKO TOUKH p; Oombmne mpH JICBOM
[IEH3ypPUPOBAaHNH, YeM TIpH mpaBoM, mpu 3tom CKO
TOYKH p3 OOJNbIIIE TP MPABOM, YeM IMpu jeBoM. [1]
JlaHHast 0cOOEHHOCTH HAOMIOAAETCS M [IPU U3MEHEHUH
3HaueHMsT  UeHsypel  T;.  Takke  pesynbrar
MO/JICTIMPOBAHUSl yKa3blBaeT HA TOT (DaKT, 4YTO IpH
N=10 3nauennme CKO sBIsfeTCS CpaBHUTEIHHO
HeOOJBIIMM M HECYNIECTBEHHO OTJIUYAIOUIMUMCS OT
CKO, noxy4eHHOM TIpH JajibHeHmIeM yBenmdeHud N.

3aki04eHue
Takum 00pa3oM, C NOMOIIBIO HMHTALHOHHOTO
MOJCITUPOBAHUS OBLTO BBISIBIICHO BIIMSHUC
LEH3YPUPOBAaHUS Ha pe3yinbTaThl Meroma PSM,

MOJyYeH BBIBOZA O TOM, YTO IPH ONPEICIICHUU IIEHBI
Ha TOBap, CJIe[lyeT BHUMATEIBHO OTHOCHUTHCS K BHIY
LIEH3YPUPOBaHKS, a TAKXKE K J0JIE LEH3YpPUPOBaHHBIX
3HAUEHMH, TaK Kak JaHHbIE (aKTOPHI ONpeIeICHHBIM
00pa3oM CKa3bIBAalOTCSI Ha pe3ysbTaTaX MeToJa.
HccnenoBanue IMOKa3ajio, Y4TO IMPU HCHOJIB30BAHUH
Mamoro oObeMa BBIOOpKH, clemyer u30erarsb
LICH3ypUpPOBaHHus clieBa. B pesynprare paboThl Takke
yIanoch ONpPENCNUTh HAUMEHBIIUH  JOIYCTHMBII
00BeM BBIOOPKH, a WMEHHO, YHCJIO IMOTpeOUTeInei,
Y4YacTBYIOLIMX B ONpOCE.
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BBeaenue

Kommeroteproe 3peHne onmpaeTcs Ha
HHPOPMALIIO C BHUAEOKaMep. OTO MOTyT OBITh U
CTepeoKaMepbl, ¥  MHOTOKAaMEpHbIE  CHCTEMBI.
Hcnonp3oBanne 0a3bl TPEXMEPHBIX OOBEKTOB U
TEKCTyp TO3BOJIICT «IOHSATH», C YEeM HMEHHO
CTOJIKHYJICS po0oT. OH OTMepsieT paccTosHHE [0
0o0beKTa  «BOCIPUHUMAS»  NPOCTPAHCTBO M,
OPUEHTUPYSCh B HEM, BBLIACIHSCT MIPENATCTBUS B 30HE
JBIDKCHUS.

3peHne momoraer poOOTy HE MPOCTO PadboTaTh C
npeaMeTaMu W OOCTaHOBKOH, HO M pacHo3HaBaTh
JFOJICH, WX JINIIA U JKECTHI, OITUPasiCh Ha CHeNHaIbHbIC
MpOTpaMMbl PACIO3HAaBaHHWA. OTH JaHHBIE B CBOIO
odepenb  3allyCKaloT  OMNpeNeNEHHbIE  CLEHapUH
IOBCACHU.

IIpumeHeHHs] KOMIIBIOTEPHOT 0 3PEHMsI

PaGora ¢ MEIUIMHCKHMH  HM300paKCHUSIMH:
CO3JJaHME TIPOTPAMMHBIX CHUCTEM, KOTOpPBIE MOTYT
yayqmars HabOp HM300pa’KeHWH, BBIABIATH Ha HHX
Ba)KHbIE MOMEHTBI WII coOBITHS 6o
BU3YyalM3UpoBaTh HWH(OpPMALMIO, IOJYYECHHYIO U3
N300paKeHHH.

PaznuyHble TEXHUYECKHE IPOBEPKH, KOrjga Io
N300paKEHHUAM 00BEKTOB ompenensercs,
COOTBETCTBYIOT JIM OOBEKTHI crienudukarnuu [1].

Wnrteprperanms  ¢ororpadguii, CAENAHHBIX CO
CIIyTHHKA, KaK B BOCHHBIX LEJIAX (HAIIpUMEpP, MOXKET
MOTpeOOoBaTHCS nporpamma, BBISIBIISIOLIIAS
MHTEPECHBIE, C BOGHHOH TOYKH 3pEHHs, COOBITHS B
YKa3aHHOM pPErHMOHE WIM ONpeAessiomas Bpel,
HaHECEHHBIN B pe3ynbTare OOMOApIUPOBKH), TaK U B
rpaXTaHCKUX (Kakoi ypoxkaill KyKypy3bl Oyaer B
3TOM TOJly? CKOJBKO OCTaJOCh TPOIMUYECKUX JIECOB?)

[2].

Bubanorexka KOMIBIOTEPHOI0 3pEHHA

s peanuzanmu nporpaMmsl Ha si3bike C++ Oblia
WCIIONIb30BaHa OMONHOTEKa KOMITBIOTEPHOTO 3pEHUS
OpenCV.

OpenCV — camas momyisipHas OuOIHOTEKA
KoMIbIoTepHOTO 3peHus. OHa HanmcaHa Ha C/C++, ee
WCXOIHBIN KOJI OTKPHIT, OMOIMOTEKa BKITIOYaeT Ooee
1000 ¢pysakmmit u anroputmMoB. OHa pa3pabaTsiBaeTCs
¢ 1998 r., cHayana B koMmmnanuu MHTen, Temnepp B
Itseez mpu axkTMBHOM Yyuyactuu coobmecrtBa. O
BBICOKOM MOy ISIPHOCTH 6ubIMoTEKN
CBHJICTEILCTBYET KOJIMYECTBO 3arpy3ok, HX Ooiee
6000000.

CymecTByloT Onbanorexu, Oojee NPOJBHHYTHIC
mo (yHKIIMOHAIBHOCTH, Hampumep, Halcon. Ectb
O6ubmuoTeku OoJiee CHeIMaTN3UPOBAHHEIE, IETAIOIIHE

aKIeHT Ha KakoH-TMOO KOHKPETHOM  3amaue,
Hanpumep, libmv. Ogaaxo OpenCV — camas 6onbrias
OmbnMMoTeKa Mo MHUPOTE TEMATHKH.

bubnuorexka pacmpocTpaHsSeTCs MO JIMICH3UU
BSD, uro o3Hauaer, 4TO €€ MOXXHO CBOOOJHO U
0CCIIaTHO KMCIOJB30BATh KaK B OTKPBITHIX MPOEKTaX
C OTKpPBITBIM KOJOM, TaK W B  3aKPBITHIX,
KOMMEPYECKUX MPOCKTaXx. bubnuorexy HE
00513aTeNIbHO KOMHMPOBATh LIEJIMKOM B CBOW MPOECKT,
MOJKHO HCHOJB30BaTh KYCKH Kona. EmmHCTBeHHOE
TpeOoBaHME JUICH3UN - HaJINIne B
COTIPOBOXKIAMIINX MaTepuajax KOMWU IJUICH3UA
OpenCV.

Uz-3a nubepambHON  JTUICH3UH
HCHOJIB3YCTCA MHOI'iMH KOMIIaHUAMMU,
OpraHu3alusIMu, YHHUBEPCUTETAMH, HampuMmep,
NVidia, Willow Garage, Intel, Google, Stanford
University. Kommanumn NVidia u WillowGarage
YaCTUYHO CIIOHCHPYIOT ee pa3pabotky [3].

OMOIMoTEKA

IIporpamma neTeKTHpPOBaHUS 00BEKTOB

JleTekTupoBaHue 00BEKTOB — IOUCK 00BEKTa IO
mabnony. JlerektupoBaHue OO0BEKTa IO MIa0JIOHY
MOJKET MPHUTOJUTHCSI BO MHOXKECTBe cirydaeB. Camblii
IPOCTOM IpUMEep — TOHCK 3apaHee 3aJaHHOro
obbekTa [4].

Jannas pabora MOCBSIIIIEHA MOUCKY
OIlpe/ieNieHHbIX OYKB Ha M300pakeHUH (B 4aCTHOCTH,
HE00XOAMMO OBUIO B TEKCTE ONPEAETUTh OYKBEI «a»
MOJICYUTATE X KOJMYECTBO).

B OpenCV nerektHpoBaHHE OOBEKTOB ITyTEM
CpaBHEHHs IIa0JIOHA W MEePEeKPHIBAIOIIErOCsS OKHA Ha
UCXOIHOM  H300paKCHHH  OCYILECTBISIETCS — NPH
oMoty Gpyukimu cvMatchTemplate():

CVAPI(void) cvMatchTemplate( const CvArr*
image, const CvArr* templ, CvArr* result, int
method );
rze image — n300pakeHue 1Jis MOKCKa;
templ — maGnon 1151 morcka (He T0KeH
MPEBBIIIATH UCXOIHOE U300paKEHUE U
UMETh TOT K€ THUI);
result — xapTta pesynbpTaTa cpaBHEHHS;
method — merox cpaBHeHMst 00OIacTeit
1/1306pa>1<eH1/151, 3a4a€TCiA B BUAC
MEPEYNCIICHHUS:

enum {
CV_TM_SQDIFF =0,
CV_TM_SQDIFF_NORMED =1,
CV_TM_CCORR =2,
CV_TM_CCORR_NORMED =3,
CV_TM_CCOEFF =4,
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CV_TM_CCOEFF_NORMED =5

b

OyHKIMIO TOWUCKA MOXHO  NPUOIHM3UTENBHO
MPEACTaBUTh  CIEAYIOmHUM  00pa3oM:u300pakeHne
nrabiiora templ mocienoBaTeIbHO HAKIIAIBIBACTCS HA
HUCXONIHOE W300pakeHHEe image W MeXIy HHMHU
BBIYUCIISIETCS  KOPPEJILMs, pe3yiabTaT  KOTOPOH
3aHOCHTCSI B pPE3yNbTHpYIOIee n3oOpaxkeHue result.
Ipn 3TOM, KOppessuus MEXKIY JBYMSI
N300paKEHUAMH OTpeessieTcst napaMeTpoM method.

B  nmanHoit  pabore  Obula  HCIIOJB30BaHA
crenyronias popMyia pacuéra KOppesyu:

Method=CV_TM_SQDIFF

U nomyuun pe3ynbrar.
5 res - = IEN

Pucynok 1- pesynbrar yepes
cvMatchTemplate()

B 3aBucuMoctH OT  BBIOpAaHHOrO  MeToja
KOppEISIK, MECTONOJIOKEHHE IabjJoHa MOXKHO
BBIYUCIUTH IO MUHUMYMY WJIM MaKCUMYMY 3HAaUYCHUSA
Ha UCXOJIHOM U300pakeHuu. J{J1st 3TOro ucnob3yeTcs
¢ynkuus cvMinMaxLoc():

CVAPI(void) cvMinMaxLoc( constCvArr* arr,

double* min_val, double* max_val, CvPoint*

min_locCV_DEFAULT(NULL), CvPoint*
max_locCV_DEFAULT(NULL), constCvArr*
maskCV_DEFAULT(NULL) );

e arr — MaccuB (M300pakeHHe) AJIsl ITONCKa;

min_val — ykasaTespb Ha epeMeHHYO IS
COXpaHCHUA MUHUMAJIBHOI'O 3HAYCHUA,

max_val — ykasaress Ha TepeMEHHYIO st
COXpaHCHHUA MaKCUMaJIbHOTO 3HAUYCHUA,

min_loc — ykasaTespb Ha TOYKY MECTOTIOIOKEHHUS
MUHUMYMaA,

max_loc — yka3zaresb Ha TOUYKY MECTOIMOJIOKCHHUS
MaKCUMyMa;

mask — macka J1si BBIOopa MoaMaccHBa.

JUISL TIPUBEICHUS Pe3yJIbTaTa KOPPESLH B
«BUAMMBINY GopMaT UCIIOIb3YEeTCs HOPMUPOBKA
n300paxeHust mpu nomotu ¢pyHKiuy cvNormalize():

CVAPI(void) cvNormalize( const CVArr* src,

CvArr=* dst, double a CV_DEFAULT(1.), double b

CV_DEFAULT(0.), int norm_type

CV_DEFAULT(CV_L2), const CvArr* mask
CV_DEFAULT(NULL));

rae arrl, arr2 —ucxogHOe H300paKeHNUE;
norm_type — Tui HOPMHUPOBKH;

mask — macka.

Hakonern Mbl nucnons3yem QyHkmio cvRectangle()
JUTSL BBIJICJICHHST TIPSIMOYTOJIbHUKOM HaWICHHBIX 10
mabJoHy OYKB «ay.

Pesynprar paboThl mporpaMMbl MpPEACTaBICH Ha
pucynkax 1 u 2. Ha pucynke 1 moxasaHo HCXOIHOE
n300paKkeHHe, Ha PUCYHKE 2 MOKa3aHO U300paKCHHE
C HANJCHHBIMHU U BBIJICIICHHBIMH B MPSIMOYTOJEHUKA
OykBamu.

B mupegsce noOBTOPAETgsH - HOUBWM BecHd)

wCH ,ﬂ'aCTe)Kb OTKISBITHI (POPTOUKM,

N Ha Kpbile KHBIE OH 1 OHa
TAHYT HEXHO APYr K APYry MOPAOYKH,
Pucynok 2 - McxoaHoe n300pakeHne

nHa kpoidie' 1 dHe

OH U OHQa

TAHYT HEXHO APYr K APYry MOPAOYKH.

Pucynox 3 — U3o0paxenue, ¢ HailICHHBIMU
OykBaMu

3akji0uenne
B nporecce BoimonHEHUS 3a7aHus ObUIM OIICHEHBI

JIOCTOMHCTBa OWOIMOTEKH KOMIBIOTEPHOTO 3pEHHUS
OpenCV 115 perieHust 3aayd Je€TEKTUpoBaHuA. B
xoze paboTsI OTIpEIeIIeHO
HaJIM4He 3aJaHHON OYKBBI Ha M300paKCHHU, a TaKKe
BCE HaliIcHHBIE COBIIAICHUS BBIJICJICHBI

BBITITOJITHCHHU A OBLIO
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MAIINMHHOE OBYYEHUE IPUMEHUTEJIBHO K 3AJIAYE
KIIACCUO®UKAIINU CEMSH 3EPHOBBIX KYJIBTYP B BUJAEOIIOTOKE

BiacoBA.B., ®anees A. C.
ToMcKkuil MONMUTEXHUICCKUH YHUBEPCUTET

andark@tpu.ru

BBenenue

B  coBpemMeHHOM  arpapHOM  TIPOHM3BOICTBE
MPOIIECCHl  3aTOTOBKH CEMSH JOJDKHBI ~aKTHBHO
pa3BUBaTHCA, YTOOBI CIIEOBATh 3ampocaM OOIIecTBa.
TpaauinuOHHBIE METONBI OYUCTKH CEMSH ceildac
YIIYyYIIAlOTCS 32 CYET MPUMEHCHHS KOMITBIOTEPHOM
00paboTku. Pa3Hele MOAXOIBI OOBCAUHSIOTCS B
(yHKIMOHAJBHBIE OJOKM IS JOCTIXKEHUs OoJjee
3(h(HEKTUBHBIX MIPOIIECCOB OUNUCTKU.

Ha cerogusmHuii JeHb KOMIIBIOTEPHOE 3pEHUE
YIa4HO JIOKUTCA B KOHIICTIIUIO pPAacHO3HABAaHUS H

knaccupukamuun  o0vexToB  [1].  [IpmMenenwme
TEXHOJIOTHA  KOMITBIOTEPHOTO  3pPEHUS  OOBIYHO
BBIBOJUT  CHCTeMBI ~ 00pabOTKM  HAa  HOBBIH
3¢ hexTUBHBIH YPOBCHB, HO B obxactu
pacro3HaBaHHMsA ~ CEeMSH,  Takoe  IPUMCEHEHHE

TEXHOJIOTHH ele HeaocTaToyHo uiydeHo [2,3]. Tem
HE MEHee OJTOT MOJXOJ B pACIO3HABAaHUU CEMSH
BBITJISIIUT BBITOJHBIM C PA3JIMYHBIX TOYEK 3PCHUSL.

B cratbe mpuBeneHo uccieqOBaHME W ATall
pa3paboTKM  MeTo/a, KOTOpPBIH  MO3BOJNMI OBl
3(h(HEeKTHBHO U TOYHO KIACCHU(PHUIIIPOBATH COPT CEMSIH
U MOBBICUTh TOYHOCTb IMpOLIECCA OYMCTKH 3€PEH OT
copa rnepeJ NoCaIKoM.

Onucanne MaTepualioB 1 MeTO10B
Jnsa  pemeHus 3agauM  KJIACCU(HUKALUHCEMSH
36pHOBBIX KYJbTYP Ha II€PBOHAYaJbHOM 3Talle
HCTIONIB30BAJICA TECTOBBI HAOOp BXOAHBIX JAHHBIX —

tdororpaduii  3eper. Ilpu ycIOBHH OTCYTCTBHUS
MOIXOMANMX 0a3 H300pakeHH €  OTKPBITHIM
moctynoMm  Oblma  cobpaHa  cobcTBeHHass — 0asa

HU300paKeHU ¢ y4eToM TpPeOOBaHMN MOCTABJICHHON
3ajaun. B 0a3zy Obuin coOpanbl ¢oTtorpaduu msatu
COpPTOB CeMAH B cymMme cocTtaBitomue 550
n3o0pakennid. Ilpumepsl n300pakeHHH C 3epHOM
MPUBEJIEHB] HA PUCYHKE 1.

r I

Puc. 1. IIpumep n306paskeHus 111 O0yUeHHS: a —
MIIeHuIa; 6 — parc; B — arenus; T — JEH; 1 —
ropyYHIIA.

B  kadecTBE  HWCCIICHOBAHUS  NPUMCHHMOCTH
METOJIOB 00pabOTKH W300paKeHWH I JTaHHOM
3aJauyd  ObUIM  HCIOJIb30BAHBl  aKTyallbHbIC IS
COBPEMCHHOTO KOMIBIOTEPHOTO 3peHUs

K1accu(pUKaTOPHl HA OCHOBE MAIITHHOTO O00YUeHUs, a
TaKKe€  PACCMOTPEHBl ~ BApPHAHTBl  NPUMEHEHUS
Kiaccu(pukaTopos Ha OCHOBE CBEPTOYHBIX
HEHUpOHHBIX ceTeil. Peamuzauus © NOpUMEHEHHE
ITOPUTMOB, a TakXe OIEHKa pPEe3yJIbTaTOB ObLIN
npousBeneHbl npu nomomu cpeasl MATLAB u
Ha0Opa HEOOXOTUMBIX OHOINOTEK.
MamunHoe 00yueHue

Krnaccudukanms o0OBEKTOB Ha H300paKeHUIX
MOXET MIPOBOAUTHCA C IIOMOIIIBIO Ppa3JIMIHbIX
METOJIOB, HO YUHTHIBasi OCOOCHHOCTH 3aJJaull METOJIbI
KOMITBIOTEPHOTO ~ 3pEHHs  SBISAIOTCA  Hambolee
MOAXOISIIIMMH U epcreKTHBHBIMU. K 0coGeHHOCTAM
33724l OTHOCHTCS TpeOOBaTENbHOCTh K CKOPOCTH
pacrio3HaBaHUS OO0BEKTa. OJTO CBA3aHO C TEM, 4YTO
ceMeHa OYAyT ChIAThCS Mepe] KaMepol U Ipu
OOHApy)XCHHM JBIDKCHHS B Kajape, OH Oyzer
nepenaBarbcsi Ha 00paboTKy. [Ipu 0OpaboTke HYKHO
MAaKCUMaJILHO ObICTpPO BBIATh pe3yibTar
MIPUHAJJIEKHOCTH K TOW WJIM MHOM KynbType (3amaHa
KyJIbTypa: ONpPEACIUTh NPUHAICIKHOCTh K HEH) JUis
JalbHEeHWIIed Tnepefayd CUrHajza Ha yCTpPOWCTBO
yIaJeHHs ~ COpPHOTO  ceMeHH. Eme  ofHOi
0COOCHHOCTBIO SIBIISICTCS TOYHOCTh PACHO3HABAHUSL.
HeobxomnMo  MakCMMaJIbHO TOYHO  ONPENEISTH
COpPHBIE CEMEHa, YTOObl MHHHMHM3HMPOBAaTh YHCIIO
UTEpalidi COPTHPOBKH AJSI JIOCTIDKEHUS HYXXHOU
YHUCTOTHI ceMsiH. BceMm atum YCIOBUAM TECOPETHUCCKU
YIIOBIETBOPSIIOT ~ KJacCU(UKATOphl  Ha  OCHOBE
MAIIIMHHOTO 00YYEHUs U MIyOUHHOTO 00yueHus [4].

Iox TpeOOBaHMUs 3amaun MOIXOIUT
TPaauIMOHHOE MaIlnHHOe oOyueHue. [lpu 3TOM
JIAaHHBIN TO/IX0/ He TpeOyeT OOJbIIOro KOJMYeCTBa
UCXOAHBIX M300paKeHWH s oOydeHHs H B
CpPaBHEHHUM C JPYTUMH METOJaMH TPaIMIHOHHBINA
kiaccudukaTop o0ydaeTcst 3aMeTHO ObIcTpee.

B  ocHoBe MeToma - JEXHT  W3BJICUYEHHE
0CcOOCHHOCTEH MCKOMBIX OOBEKTOB, KilacTepU3alus
COCTaBJICHHE U3 HUX CJIOBapsi BU3YAJIbHBIX CJIOB, MO
KOTOpOMY B JajbHeWmeM OyneT MpONCXOIHUTH

Kaccupukanys (pUCyHOK 2).
extract keypoints feature descriptors clustering wvocabulary visual words

feature defection

feature vector . =2 .
b ° b~
~ -.g .‘; Yo .- M |
e |

(=]

e
‘%

Puc. 2. N3Bneyenne Habopa ocoOeHHOCTEN AJIs
M300paKeHNI CeMsH

base
obOyueHne

CortacHo TEOPETUIECKOMN
MATLAB,TpaguniionHoe  MalliHHOE
OpWEHTHPOBOYHO  JaeT TOYHOCTH 75-85%, a
ryouHHOe OoOydeHWme Ha OCHOBE CBEPTOYHBIX
HCHPOHHBIX CETCHMOXXET JOCTUTaThTOYHOCTH B
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95%[5]. Btopoii BapuaHT MpearnouYTUTENbHEE I
pellicHWsT ~ TOCTABJICHHOW  3amaud, HO  Oojee
TpeboBareneH K pecypcam MPOBEICHUS

SKCIIEPUMEHTa, TaK Kak TpeOyeT misi oOydeHHs
TBHICTYN HM300pKCHUH KakKAOro Kjacca M BBICOKHE
BBIYHCIIHTEIIbHBIC
(pucyHoxk 3).

Traditional Machine Leamning

BO3MOXKHOCTH  000pyIOBaHUSA

~
Classification Phacelia v~

. Machine Wheat X

3 " Learning

y z - Rapeseed X

\ & J
Convolutional Neural Network (CNN|

End-to-end learning

~
Phacelia v
Wheat X

Feature learning + Classification

Rapeseed X
J

Puc. 3. MeTosbl TpaIMIIMOHHOTO U TITyOUHHOTO
MAaIIMHHOTO 00y4YeHUs

OHI/IpaﬂCL Ha TCOPCTUYCCKHUC BO3MOXHOCTH U

XapaKTCPpUCTUKHU  MAlIMHHOTO 06yqu1/I$[ MOXHO
BbIIBUHYTbH MpCANOJIOKCHHC, 4qTOo YyCIrieuiHbIC
Ppe3yibTaThl NPUMCHCHUA Ooiee IpoCTOroO B

pealu3aly  TPaJULHOHHOTO OOyYeHHS HOKaXKyT
3((eKTUBHOCTh NMPUMEHEHHsSI MAaIlHHHOTO OO0y4YeHHS
W ONpPaBJaHHOCTb TPOBEACHHUS OKCIEPUMEHTOB C
TIyOMHHBIM O0yYeHHeM B paMKax I[OCTaBJICHHOM
3a1a4u [6].

Jlisi IpoBepKH MPEATNOIOKEHUsT Ha IMOJTYyYECHHOM
HaOope wu3o0paxkeHui (PUCYHOK 1) OBUIO peIIeHO

MPOU3BECTH o0ydenue TPaANIOHHOTO
KIaccupukaTopa. Juist o0yueHHS ObLTH
HCIIONIE30BaHbl  OMOJIMOTEKMMAIIMHHOTO  OOYYeHHUs
MATLAB. OcHOBHBIE OdTambl TMpH  OOYYCHUH
BKJTIOYAITN pa3JielICHHe N300paXeHUH Ha 00yJaronyio
M TECTOByl0  BBIOOPKY, BBlAENeHHE  Habopa
0COOCHHOCTEH, XapaKTepHbIX KaXIOMY KJaccy

U300paKeHUH U COCTaBIIEHHE HAa UX OCHOBE CIOBaps
(pucyHox 2), 3areM TpPOW3BOAMIOCH OOy4ueHHE
KIaccupukaropa U OLEHKAa  pe3yiabTara  €ro
MIPUMEHEHHUs Ha TECTOBOM Habope.

Pe3yabTaThl 3KCNIEpUMeEHTA

CorylacHO cOOpaHHBIM JaHHBIM, KJIacCH(UKATOP
pacro3HaeT OTJIMYAIOIINEcs] KYJIbTYPbl CeMsH, Te Yy
KOTOPBIX (POPMHUPYIOTCS 3aMETHO Pa3IMYHbIe HAOOPBI
ocobenHocTed. Ilpn cXOXMX BH3yaJbHO COpTax WA
TUIOXOM Ka4ecTBe N300pakeHHsI BOZMOXKHA OIINOKa.

B xome TectoBBIX 00y4YeHHWIl KiaccudukaTopa
YCTaHOBJICHO ONTHMAIIFHOE COOTHOIICHHE Pa3MEpOB
obydaromiero u TecroBoro Habopa B pasmepe 0.3 k
0.7, a pasmepuoctu cioBapsi — 5000 cnos. [Ipu Tux
3HAYCHHAX HAOII0JaeTCs ONTUMAIFHOE COOTHOIICHHUE
BpEMEHH OOy4YeHHS] M TOYHOCTH paclO3HABAHMUS
(Tabmuma 1).

[locne ontumanbHOro mMOAOOpPa XapaKTEPUCTHK
o0y4eHHUs ObUI NPOBEIEH psJ TECTOBBIX OOydeHHH
kinaccudukaropa B MATLAB. VYapanoce nobuthes
pe3ysbTarta co cpeHuM 3HadeHueM 82,56% TOUHOCTH
pacro3HaBaHus NPUHAUIC)KHOCTH CeMsIH K
ONpeIeNIEHHON KYJbTYpeE.

Tabnuna 1. 3aBUCMOCTD TOYHOCTH KIaCCUBUKAIIH
OT pa3Mepa cioBaps

Pasmep KomuuectBo Metox Cpennee Cpennsas
CIIOBapsl, M3BICYCHHBIX K- BpeMs Ha TOYHOCTB,

KOJI-BO 0COOEHHOCTEH cpefHuX, utepamuo, %
CIIOB KOJI- c
30000 169970 39 6.66 85.02
15000 167775 28 4.19 79.45
10000 183410 28 2.92 86.31
5000 138210 31 1.45 84.04
2000 119295 33 0.87 76.57
1000 134370 18 0.84 76.30
500 115330 30 0.68 75.97
100 168335 30 0.88 63.10
50 200640 34 1.04 61.90
10 165790 40 0.61 47.01
3akaio4enue
ITocne NpPOBEJCHUS 3KCIIEPUMEHTA c
TPaJMIMOHHBIM MAIIMHHEIM 00yYeHHEM yCTaHOBJIEHA
ero  5(QdexTHBHOCTL B paMKaXx  3aJa4u
KnaccM(UKalMM CEeMsH 3EPHOBBIX KYJNbTYyp Ha
TECTOBBIX U300paKEHUAX. Conocrasnenue
MOMYYEHHOTO  pe3ymbTaTa M TEOPETHYECKHX

BO3MOXKHOCTEH pa3WYHBIX METOJO0B MAIIUHHOIO
o0y4yeHuss  MOATBEPXKAAIOT, 4YTO  NPHUMEHEHHE
rIyOMHHOTO OOy4eHHs JacT XKeJaeMblil pe3ysbTaT C
BBICOKOI1 BEPOSITHOCTBIO TTONTydeHus 3 hekTHBHOTO 1
TOYHOTO  KIAacCH(HUKATOpa CeMSH Ha  CXOXKHX
M300pKEHUAX M MOXKET MPUMEHSTHCS B JAbHEHIINX
HCCIIeIOBAHHUSX.
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K HEYCTOMYUBOCTHU COCTOSAHUIN JUHAMMUYECKOI'O PABHOBECHSI
I'A3A BJIACOBA-IITYACCOHA

KucaroM. A., I'y6apeslO. I'.
ToMckuil NOMTUTEXHUYECKUA YHUBEPCUTET
kisatov@mail.ru

BBenenue
Marematnueckass mozens  Bnacosa-Ilyaccona
ONMKCHIBaCT  JWHAMHUKY  TOYECYHBIX Macc B

CaMOCOTJIaCOBAHHOM ~ IpaBUTAlMOHHOM none [1].
Hanpumep, 5Ta MOJEIb OMMCHIBAET CKOIUIEHUS 3BE3]1
B ranaktukax [2]. JIng COCTOSHUM JUHAMHYECKOTO
paBHOBECHs YK€ M3BECTHO JOCTATOYHOE YCIOBHUE
YCTOMYMBOCTH, OJHAKO, €lIé He OBbLIO MOKA3aHO, YTO
OHO SABJIAETCS HEOOXOAMMBIM (HM OIS MalbIX
BO3MYLICHHUH, HH, TEM 00JIiee, I KOHEYHBIX).

KuHeTHYecKre ypaBHEHHS MMEIOT CBS3b  C
YPABHEHUSAMH THAPOJMHAMMYECKOIO  THIA, JUIA
KOTOPBIX, B CBOK OYEPEdb, CYIIECTBYET METOL
JIOKa3aTeNbCTBA ~ HEOOXOAMMOCTH  JOCTATOYHOIO
YCIOBUSL YCTOWYMBOCTM CTAalMOHAPHBIX TEUCHUH,
KOTOPBIE 9KBUBAJIIEHTHBLI COCTOSHHAM PABHOBECHSL.

PaccMaTpMBarOTCs YUCTO PaIUaibHBIE JBUKEHUS
yacTuil. B omInMude OT NpeAblAylMX TPYAOB, TIE
paccMaTpUBAIKMCh MOMNEPEYHBIE MO OTHOIICHUIO K
HANpaBIEHUIO BIONL paguyca CeYeHHs, OYyIyT
paccMaTpHBaThCA HPOIOJILHbIE OTHOCHUTENLHO
TPAeKTOPUH JABIKEHUs yactul [2].

Llens naHHOM paboThl — JOKa3aTh aO0COIOTHYIO

JMHEHHYIO HEYCTOWYHMBOCTh cdeprueckn

CHMMETPHYHBIX COCTOSTHUH JMHAMHYIECKOTO
paBHOBecus raza Biacosa-Ilyaccona.
ITocranoBka 3agaun

Wzyuarorcs panuaibHbIe JBIDKCHUS

6ECKOHEUHOTO 6eCCTOIKHOBUTEIEHOTO

camorpaBuTHupytomero raza  Bmacosa-Ilyaccona
HEUTpaIbHBIX YacTUIl B CHEPUUECKON CcHUCTeMe
KOOpAMHAT. Paccmarpusaemblit 6e3rpaHUYHBIH
0ECCTOIKHOBUTENBHBI ~ CaMOTPaBUTHPYIOLINHA  ra3
ONUCBHIBAETCS CHUCTEMOW KUHETHYECKUX YypaBHEHUH
BrmacoBa-Ilyaccona B cdepudeckoii  cucreme
KOOpJUHAT:

ﬁf+vfr_urfv=0

(r*uU,), = 16m?r? f f@r,v,t) vidv
0

Havanpubie yciaoBus Ha‘laﬂbHO-KpaeBOﬁ 3aJadyun:

f(,v,0) =fo(r,v), f=f@vt)=0

t € [0, +), r,v € [0, +00)
I'paHn4HBIE YCIOBUS HAUYAIbHO-KPAeBOH 3a1a4uu:
f— 0 mpu v — o
f,U— 0 npu r — oo nubo nepuoauyHsI

I'ne, f- HeoTpULaTeIbHas ¢byHKIUSA
pacnpeneneHus YaCTHILL, 3aTyXaromas Ha
OECKOHEYHOCTH;

U —noTeHnman caMorpaBUTHPYIOIIETO OIS,

T,V —paAguanbHble KOOPAWHATHI YACTHIIBI, PaINyC
U CKOPOCTH COOTBETCTBEHHO.

XoJa 10Kka3aTesibcTBa
XoTuM 00paTUTh YK€ H3BECTHOE JOCTATOYHOE
YCIOBHE YCTOMYMBOCTH COCTOSHMM paBHOBECHUS IO
OTHOLICHMI0O K MajlbIM BO3MYILICHHAM TOH ke

CUMMETPHH:
d (UO + "2—2)

dfo

T. e. XoTuM nOKa3aTh, 4to yciosue (1) sBusercs
Takke U HeoOxoauMbIM. OIHAKO, HEM3BECTHO, Kak
9TO c/ejaTh B KHHETHYECKOM OIMCAHUH, IO3TOMY,

=>0(1)

BBITIOJIHACTCS nepexoa K YpaBHCHUAM
rMAPOANHAMUYCCKOTO  THIIA. I[J'I?[ nepexoga K
ruaApOANHAMUYCCKUM YpaBHCHUAM HCIOJIb3YyCTCA

3amMeHa 3axapoBa [3]. Takum 00pa3oMm, Mbl
MepEeNNChIBAEM HAIly HAYaJbHO-KPaeByIO 3ajady B
TePMHHAX TUAPOJIUHAMUYIECKUX YPaBHEHUIH.

Jst Ha4aJIbHO-KpaeBoOu 331841
TUAPOANHAMUYCCKOTO THIIA TaKXKC HU3BCCTHO
JIOCTaTOYHOE YCIIOBHE YCTOWYMBOCTH:

d (u® 0
o\ +0%|=0(2)

Opnako ycnoBue (2) cnpaBemauBO HE IS BCEX
BO3MymeHHﬁ, a HUMCEHHO I TEX, IJd KOTOPBIX
BBITIOJIHAETCS ACUMIITOTHKA:

oo ,
ff %(uoxou 2) dddr — 0 (3)
0

HOCKOJ’ILKy 3aM¢€Ha 3axapOBa, C IIOMOIIBIO
KOTOpOﬁ MNpoOU3BOAWIICA NEPEXOoA OT KHUHCTHUYCCKUX

OIIMCaHuA K THAPpOANHAMHNYCCKOMY, -
HEBBIPOXKACHHAA U B3aMO OJHO3HAa4YHas1, TO CBOMCTBA
pGH_IeHI/Iﬁ KHHCTUYCCKOI'O OIIMCAaHHUA u

THAPOJMHAMUYECKOTO JOIDKHBI COBIAAATh, OIHAKO,
JUISl YPABHEHHN KHHETHYECKOTO THIIA CYLIECTBYET
JIOCTaTOYHOE ycaoBue ycroumBoctd (1), a s
YpaBHEHUH THAPOIMHAMHYIECKOTO THIA yciaoBue (2)
SIBJIAETCS.  JIOCTATOYHBIM YCIIOBUEM yCTOWYMBOCTH,
ecnu BeITONHsETCS yeiosre (3). AcumnroTrka (3), B
CBOIO OdYepelb, 00pasyeT HEMOJHBIN He3aMKHYTHIM

MOJKJIACC ~ BO3MYIICHHH, TO3TOMY  TIOSIBIISTFOTCS
OCHOBAHUS I1ojarartsb, qTO peuicHuA
paccMmarpuBaemMoit HayalbHO-KpaeBOi 3a7a4u

a0COJTFOTHO HEYCTONYHBEI.

YTtoOBl MOATBEPAUTH NAaHHOE IIPEAIIOJIOKEHHE,
paccMaTpuBaeTcs HIOAKIIACcC BO3MYLICHHH,
OIMCHIBAEMBIH 10JIEM JIaTPAHIKEBBIX CMELLICHUH.

ITocne paccMOTpeHUs] Ha4aIbHO-KPAaeBOW 3agadu
B HOBOH IIOCTAaHOBKE CTaHOBHUTCS $ICHO, 4YTO ¢
peuieHust aOCONMIOTHO HeycToiumBbl. /[lanee, Hama
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clelyrolas Liejlb — OUcaTh pocT BO3MyLleHuM. s
JOCTHKEHUS 3TOM LeNd B  TEpMUHAX  IOJSL
JIarpaHKeBbIX CMEILEHUH paccMaTpUBaeTCA
BCIIOMOTATEIbHBIN ()YHKIMOHAT !

(o]

M = 16m? ﬂ- p°&2dYdr

3arem g mapamerpa A > 0 BEIBOTUTCS OCHOBHOE
nuddepeHnransHoe HepaBeHCTBO [4], comepikaiiee
BBIIICONMCAHHBIA (QYHKIHOHAT M, €ro mepByw u
BTOPYIO MPOU3BO/IHBIE:
d*M dM )
Tz ZAE +2(A2*+a)M =0 (4)
HepaserctBo (4), BBIBENCHHOC MOWM HAyIHBIM
pykoBonutenem I'ybapessim HO.I'. ,mpencrasiser
coboii nuHeitHOe nuddepeHInaIbHOe HEPABSHCTBO C
nocrosiHEbIME KOd(dunmentamu. HepaBenctso (4)
MOJKET OBITh TOTIOJIHEHO CUCTHBIM HAOOPOM YCIIOBHIA

L R
aM 27;1n+2a nmn
a ) 22 (e M (zm)
M (s = MO ”(zm>
aM n i
<zm) & e ()

aM > 2 (2 a
M(0) > 0, E(O)_Z( +I)M(O)

[Ipu BeIMONHEHUH yciaoBuil (5) W3 OCHOBHOTO
muddepeHnnanbHOr0 HepaBeHCTBa (4)  BBITEKaeT
arnpHopHast IKCIIOHEHIIMANIbHASL OLIEHKA CHU3Y:

M(t) = Cexp(At), C =const>0

Orta oOmeHKa yKa3blBaeT Ha TOT (aKT, dYTO
¢ynkponan M pacTér He MeEUICHHee, YeM
9KCIIOHEHIIMAIBHO, TAakKUM 00pa3oM, LeNb 3a7adu
JOCTHTHYTA, & IMEHHO, OIIMCaH POCT BO3MYIICHHUH.

ITockonbky naHHas OLlEHKA BBIBEJECHA 0€3 KaKUX
Obl TO HM OBUIO JOTOJHUTEIBHBIX OTPAHUYCHHUN Ha
M3y4aeMoe COCTOSIHHUE PAaBHOBECHS, TO, TEM CaMbIM,
Kak pa3 ¥ JioKa3zaHa aOcoJioTHas JIMHEHHas
HEeYCTOWYHBOCTh HCCIeyeMbIX panuanbHbIX
COCTOSIHUH  JTMHAMHYECKOTO  paBHOBECHs  rasa
BnacoBa-Ilyaccona ~ OTHOCHTENBHO  H3y4aeMBIX
BO3MYILEHHUI TOTO K€ THITa CHMMETPHH.

Taxxe  pocT  BO3MYILEHHH
MOCMOTPETH Ha PUCYHKE:

npegiaracTesa

91(0)

M(0)

3aki04eHue

ITepsoie nBa ycioBust u3 (5) MOTYT TPaKTOBATHCSI
KaK JIOCTaTOYHBIC YCJIOBUS JUHEHHOU NMPaKTUYECKOU
HeycTodnBocTH. Takum 00pa3oM, eciii 3TH YCIOBHS
BBITIOJHSIOTCS, TO HCCIIEAYEMOE TEUSHHUE Pa3BHUBACTCS
B HEYCTOMYMBOM pPEXHME, €CIH K€ ITH YCIOBHS
HapyIIAIOTCs, TEYCHHWE DPa3BUBACTCS B YCTOWYHMBOM
pexume. Kpome Toro, B crity mpon3BoiabHOCTH A > 0,
MOXHO YTBEp)KAaTh, YTO OTHOCHTEIHHO MaJIbIX
BO3MYILICHHI B ()OpMEe HOPMAJbHBIX BOJH, YCIOBHS
(5) aBnAIOTCS TaKkXKe U HEOOXOIMMBIM.

YCTaHOBIEHHBIM 3[€Ch JOCTAaTOYHBIM YCIOBHUSIM
JUHEHHOW  mpakThdyeckoit HeyctoiumBoctd  (5)
npucyIa KOHCTPYKTUBHOCT, TIO3BOJISTIOILAs
NPUMEHSTh UX B KaueCTBE MEXaHU3Ma TECTHPOBAHMS
W KOHTPOJSI TOpPU  NPOBEIACHUH  (PHU3MYECKUX
OKCIIEPUMEHTOB M BBINOJHEHMH  YHCJICHHBIX
pacuetoB. bomee Toro, ycmoBus (5) MoryT
TPaKTOBaThCA KaK YHCJICHHAS IPOLEAypa, KOTopas
MOCTpOeHa 0e3 ANCKPeTH3alMi COOTBETCTBYIOIINX
omnpenensIonmx  JuddepeHInaNbHbBIX  YpaBHEHHUH.
JlaHHBII (AaKT TOBOPUT O TOM, YTO C IOMOIIBIO
ycnoBuii  HeyctoitumBoctn (5) MOXHO IOJy4aTh
YHUCIICHHbIE  PE3YNbTaThl, [0  CTENEHH  CBOEH
TOYHOCTH, HAJIS)KHOCTH M JIOCTOBEPHOCTH HU B 4YeM
HEe YCTYNalolIMe OTBEYAION[UM MM aHAIMTHYECKHM
pesynbratam. Takum oOpa3om, BIEPBBIE B HUCTOPUH
CTHPAIOTCSI BCAKHE PA3IMUYMA MEXKIY YMCICHHBIMU U

AHAJIMTUYCCKUMU PE3YJIbTaTaMU.

CHHCOK HCI0JIb30BAHHBIX HCTOYHUKOB

1. Begensmun B.B. Kunetmueckue ypaBHEHHS
Bonbsuimana u Bnacosa. M.: ®U3MATIJINT, 2001

2. lonsiHuenko B.JI. ®punman A.M. PaBHoBecus
U YCTOWYMBOCTb TPaBUTHUPYIOIIUX CUCTEM. M.:
Hayxka, 1976

3. Yangpacekxap C. DiuuncoujanbHbie (GUIYpBI
paBHOBecust M.: Mup, 1973

4. I'ybapes I0T. KpUTEpHii JUHEWHOU
YCTOWYUBOCTH YCTAaHOBUBIIMXCS THUEHUH UICAIBHON
JKUIKoCTH// C. 429-441
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OB30P PACYHETHBIX CITOCOBOB OIIPEJEJIEHUA
HU3KOTEMIIEPATYPHBIX CBOMCTB JU3EJbHBIX TOILIAB

AnteiHOB A.A, bornanos U.A., Kupruna M.B.
Hayunsiit pykoBoautens Kupruna M.B.
HauunonaneHslil necaenoBaTenbekuil TOMCKUN NOIUTEXHUUECKUIT YHUBEPCUTET
bogdanov_ilya@mail.ru

BBeaenue
W3 Bcex BHAOB JKHAKOTO TOIDIMBA IH3EIHHOE
TOIUIMBO SIBIISICTCS TIEPBBIM 110 00BEMY IPOM3BOJCTBA
B Poccuiickoit @enepannu.
ITo manHBIM MuHHCTEpPCTBAa DHEPTrETUKU BCETO Ha

HII3 Poccum 3a 2015 roadwpuio MIpPOU3BENCHO
39,2 MiIH. TOHH aBTOMOOWIBHOrO O€H3MHA BCEX
Mapok, 76,1 MJTH. TOHH  JW3€JIBHOTO  TOILIHBA,
9,6 MJIH. TOHH aBHAIMOHHOIO KEepOCHHA,
71,0 MJIH. TOHH TOMIOYHOTO Ma3yTa [1].

Bwmecte co CTpEMHUTEIHHBIM poctom

MPOU3BOJICTBA JTU3EIHHOTO TOIUIMBA YXKECTOUAIOTCS H
TpeboBaHMS K ero KadecTBy. HamOomee BaXKHBIMHU
MOKa3aTeasIMH  KauecTBa  AM3ENBHBIX  TOILUINB
SBIIIOTCS [IETAHOBOE YHCIIO M HU3KOTEMIIepaTypHBIE
CBOMCTBa (TeMmepaTypa 3acThIBaHMSA, TeMIIeparypa

MOMYTHEHUS u npesenpHast TeMIepaTypa
¢$unsTpyemocTn).
KonTponb HHU3KOTEMITEPaTYPHBIX CBOWCTB

JIN3ETbHBIX TOIUIUB HMeEeT OOJBIIOW HHTEepeC u
OTPOMHOE TPaKTUYECKOE 3HAauCHHWE, YTO CBI3aHO B
OOJIBIIEN CTEIIEHH C OCOOEHHOCTSIMH KIMMAaTHYECKUX
ycinoBuit  Poccmiickoit ®enepauuu, a Takxke C

HEJIOCTaTOYHBIMHU MOIIHOCTSIMH
HedrenepepadaThIBaIOIINX TPeATIPUSTHN o
BBIDA0OTKE HMMEHHO 3WMHHX U  apKTHYECKUX
JIN3ENBHBIX TOTUTUB.
PacueTHsble CIOCO0bI onpeneneHust
HHU3KOTEMIIEpaTyPHBIX cBOiicTB AN3eJTBbHBIX
TONJIUB

HecmoTps Ha  cymiecTBOBaHHME  HaJEXKHBIX
METOJINK 9KCIIEPUMEHTAIIEHOTO OIIpEAEIIeHUS
HHU3KOTEMIIEpaTypHBIX CBOHCTB JIM3ETbHBIX
TOIUIMB,IIPOLIECC ~ HMX  ONpEAENEHHsS  SBISETCS

JIOPOTOCTOSIIIMM W OY€Hb JUINTEIbHBIM. VIMeHHO
MOATOMY, 3ajada pa3pabOTKH TOYHBIX METOJIOB
pacu€rta HHU3KOTEMIICPATYPHBIX CBOWCTB JAU3CIIBbHBIX
TOIIJIUB, SBJIACTCA O}IHOﬁ n3 Hamboiee AKTYaAJIbHBIX
3a/1a4 COBpeMEeHHON HedTenepepadoTKu.

I/ICHOHB3yH OKCIICPUMECHTAJIbHBIC JaHHBIC,
MOJy4eHHBIE ¢ HedTenepepadaThIBAIOIIEr0 3aBoja
AO «'A3ITPOMHE®Tb-OHII3», Onlma mpoBepeHa
TOYHOCTh CYIIECTBYIOIIMX (opMys Uil pacdera
HHU3KOTEMIIEpaTypHBIX CBOMCTB TU3EIbHBIX TOTLIHB.

CymecTByer cHoco0 pacyera TeMIeparypsl
3aCTBIBaHUs JIM3EIBHBIX TOIUIMB, OCHOBaHHBIA Ha
(hpakIMOHHOM cocTaBeHeTenpoaykTa [2]:

T,=0,877 Ty, —321,7 )

rae Tosy, — TEMIlEpaTypa BBIKHIAHHWS 96% 10
obwvemy dpakmun, °C.

Ilpn  pacyere  TemmepaTypbl  3acTHIBAHUA
m3eNbHbIX (pakimii (7,) mo popmyrte (1), B kKauecTse
TeMIIepaTypsl BRIKUIaHUS 96% 1o o0beMy (pakimy,
Obula HCIOJIB30BaHA TeMmIlepaTypa BbIKHNaHus 95%
no obbemy Qpakuuu.  PesympraThl  pacuera
npejacTaBiaeHsl B Tabmune 1. PesympraTel pacuera
CpaBHUJIM C OKCICPUMCHTAJIbHBIMU JaHHBIMU 110
OIIpe/IeNICHUIO JaHHOTO IapaMeTpa.

Tabnuma 1. Pe3yneTaTel pacuera TeMneparypsl
3acteiBanust 1o ¢popmyie (1)

Ne DCos9 ‘ T oen. ‘ T pacu. ‘ A
°C
1 290,0 -50,0 -67,4 17,4
2 300,0 -46,0 -58,6 12,6
3 297,0 -44,0 -61,2 17,2
4 304,0 -42,0 -55,1 13,1
5 299,0 -42,0 -59,5 17,5
6 304,0 -42,0 -55,1 13,1
7 301,0 -39,0 -57,7 18,7
8 304,0 -38,0 -55,1 17,1
9 296,0 -43,0 -62,1 19,1
10 282,0 -55,0 -74,4 19,4
Ay, °C | 16,5

Kax MOYHO BUIIETH u3 Pe3yJbTaToB,
MPE/ICTABICHHBIX B Tabiuie | CpemHssi morpemnHocTb
pacdera TeMmIeparypbl 3aCThIBAHUS COCTaBUIa Ooliee
16 °C, qT0 SIBIISIETCS HEJIOITYCTHMBIM u
CBUJICTENBCTBYET O HEBO3MOXKHOCTU HCIIOJIb30BAHHMS
JIaHHOM hopMyJIBI IS MIPOTHO3UPOBAHUS
TEMIepaTypbl 3aCThIBAHUS JH3CIBHBIX TOIUIUB Ha
HII3.

Temmeparypa  NOMYTHEHHS MOXET  OBITh
paccunTaHa Kak (DYHKIMS OT CPEIHEH TemIeparypsl
KHIEeHUs AU3eIbHON dpakiun [3]:

log(T,) =-7,41+5,49-1logT_ -

-0,712-T_°*-0,133. p,° @
: o : Ps

rne T, CpeiHssl TeMIeparypa KHUIECHUS
¢pakiun, °C.

Pacuer Temmeparypbl HOMYTHEHHs JW3EIIBHBIX
opakumii (7;) ObuT ocywecTBieH mo ¢opmyne (2),
Pe3ynbraThl pacuera npeAcTaBiICHbI B TAOIULE 2.

PesynbraTht pacuera CPaBHHJIH c
IKCIIEPUMEHTANBGHBIMUA JAHHBIMH 110 OIIPEACIICHUIO
JaHHOTO TIapaMeTpa.
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Tabnuna 2. PesynbraThl pacyera TeMnepaTypsbl
NOMYTHEHUS 110 hopmye (2)

o L2 | T [ T [ T | 4
r/em® °C

1 | 0843 | 276 -9 132 | 42
2 | 0843 | 276 -9 132 | 42
3 0,85 280 -12 -12,0 0,0
4 0,846 276 -10 -13,4 34
5 0,845 276 -7 -13,4 6,4
6 | 0856 | 279 -11 129 | 19
7 | 0843 | 276 -9 132 | 42
8 0,843 276 -9 -13,2 4,2
9 0,85 280 -12 -12,0 0,0
10 | 0,846 276 -10 -13,4 34

A °C | 32

W3 pe3ynpTaToB, MpEACTABICHHBIX B Tadmuie 2
MOXHO BUACTH, YTO CPCAHAA IOTIPCIIHOCTHL pacyueTa
TEMIepaTypbl TOMYTHEHHS [W3CIBHBIX  TOIUIHB
HeMHOro mnpesbimaer 3 °C, 4To ABISETCA XOPOIIUM
pe3yIbTaTOM, OJHAKO JaHHAS MOTPEITHOCTh SBISACTCS
3HAYUTEIBHON I IPUMEHEHUS TaHHOH (pOpMYIBI Ha
HII3.

IIpemensHas ~ TeMmmepatypa GMIBTPYEeMOCTH
JU3EJBHOTO TOIUIMBA MOJXKET OBITH OIpeneNeHa IIo
MIPUBEJICHHON HIKE, 3aBUCUMOCTH [4]:

Ty — T, —88,073

Tre = ©)
T
1,3532
rae Tso, — Temmeparypa Bolkumanus 50% 1o
oobemy  ¢pakuuu, °C; Ty, —  TEMIeparypa

BeIkumanus 10% mo oovemy dpakmuu, °C;
PesynbraThl pacueTa MPEISIbHOW TEMIIEPaTyph
(UIBTPYEeMOCTH IU3ENBbHBIX (pakmuid 1mo ¢popmyie
(3), npencrasnens! B Tabauie 3 PesynbraThl pacuera
TaKk e OBbUIM CPaBHEHbI C JKCIHEPHUMEHTAIbHBIMH
JIAHHBIMH TI0 OPEJIEIICHHIO JJAHHOTO MapaMeTpa.

Ta6ymua 3. PesynbraTsl pacyera npeaenbHON
TeMmepaTypsl GpuisTpyeMocTu 1o popmye (3)

o | P | @Cwe | 10w | 0T0p | A
°C

1 | 1620 | 1960 | -600 400 | 200
2 179,0 208,0 -58,0 -43,7 14,4
3 | 1630 | 1990 | 580 385 | 195
4 174,0 220,0 -33,0 -31,1 19
5 174,0 225,0 -31,0 -27,4 3,6
6 173,0 217,0 -40,0 -32,6 74
7 192,0 217,0 -54,0 -46,6 74
8 195,0 232,0 -37,0 -37,7 0,7
9 198,0 240,0 -34,0 -34,1 0,1
10 | 2000 | 2390 | -330 363 | 33

A °C | 78

Kak  MOXHO  BHIETH U3  PE3YNbTaTOB,
NPE/ICTaBICHHBIX B TaONuIe 3 cpeqHss MOTPEIHOCTb
pacuera HpenenbHON TeMIepaTypsl (GHIbTPYEMOCTH
mo ¢opmyne (3) cocraBmsier mopsaka 8§ °C, dro
IPEBBIIIACT IIOTPEIIHOCTh ONPEIETCHHs JaHHOTO
napamerpa SKCIePHUMEHTAIBHBIM CIIOCOOOM.

3akjouenue
Takum 00pa3oM, Ha OCHOBaHHMU MOJYYCHHBIX

JAaHHBIX, MOXXHO CJeJaTb BBIBOJ O TOM, 4YTO
pPacCMOTpPEHHbIE  pacyeTHHIE (bopmybl ULt
OIpeneneHus HU3KOTEMIIEPATyPHBIX CBOMCTB

JIU3CNBHBIX TOIUIUB HE MOTYT OBITh KCIOJIb30BaHBI
JUIsl TIPOTHO3UPOBAHUS CBOWCTB JU3EJbHBIX TOILIUB
TIPOU3BOTUMBIX Ha
npeanpusatTueAO «"ASIIPOMHE®TbL-OHII3»,
BBHJY BBICOKOH IOTPEITHOCTH pacueTa. AKTYaIbHBIM
SBISICTCA ~ pa3pabOTKa albTEPHATHBHEIX  (OPMYIT
pacueTa HH3KOTEMIIEPATYPHBIX CBOWCTB IH3CIBHBIX
TOIUTMB, XapaKTePH3YIOIIMXCS  Ooilee  BBICOKOM
TOYHOCTBIO pacyeTa.

CnHCOK HCI0/Ib30BAHHBIX HCTOYHUKOB

1. OdunuanbHbIH CamT MuHnucTepcTBa
SHEPTETUKU Poccuiickoit Denepanuu.
[Onektponnblii  pecypc]. — Pexum  poctyna:
http://minenergo.gov.ru/node/1213, cBoGoaubIii (1aTa
obpamenwns: 10.10.2016).

2. Cnoco6 ofpe/IeIeHuUs TEMIIEPATYPBI
3aCThIBAHUS JICTHUX BUJO0B NU3CJIIBHBIX TOIIJIUB I/I/I/IJ'II/I
nux cMmeceit [DnexTpoHHBII pecypc]. -

Pexum nocryna:
http://www.findpatent.ru/patent/236/2364858.html.,
cBoOOHBIN — [laTa oOpamenus: 23.09.2016 r.

3. PHYSICALPROPERTIES [DnexTponHsIit
pecypc]. - Pexxum nocryna:
http://www.chemstations.com/content/documents/Arc
hive/physprop54.pdf. , cBobGoamsiii —  lata
obpamenns: 5.10.2016 T.

4. Cambopckass M.A, JlaktnonoBa E.A, Mamuna
B.B. Pa3paboTka pacdeTHBIX METOJOB OIpEIEICHUS

9KCIUTyaTAI[MOHHBIX  XApaKTEPUCTHK  MOTOPHBIX
toruB. // @yHaaMeHTanpHbIe Hccaenopanus. — 2013.
- N 8 (wacte 3). - C. 709-713.
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CTET'AHOI'PA®USA B 3BYKOBBIX ®ANJIAX HA IPUMEPE ITPOI'PAMMBI
MP3STEGO

Kecenpman M.M.
Crenanosa W.I1.
ToMCKUI NOIUTEXHUUECKUM YHUBEPCUTET

srvl@tpu.ru

BBenenue
VYuensie yHuUBepcutera KammpopHuumoacunranmm
00BEM MenMIHOTO KOHTEHTa, KOTOpOe MOTpedsieT

KaXIpIii aMepUKaHeN, BKIIOYas  TeJCBUACHUE,
Be0-CaiThl, paanio, ra3eThl U Mp.
Cpeanuii  amepuKkaHell 3aTpayUBaeT  OKOJIO

12 yacoB B JicHb Ha MOJIyuYCHHE UHPOPMALUU. 33 3TO
BpeMs  OH  mpocMmarpuBaeT 34  rurabaiita
ayanoBu3yaibHOU nH(Gopmaruu U 100 ThICSY CIIOB.

B 2010 romy B JmAeHp MO CTaTUCTHKE Ha
HOMYJSIPHEIA  BuAeopecypc YouTube 3arpyxanocsk
50 Teicsty  4yacoB  BHAco. YrToOBI chuemuTh 34
aBTOPCKUMH TIpaBaMu Ha YouTubeucmons3yercs
nporpammaContentlD, B koTopoit Ha TaHHBIIT MOMEHT
XpaHuTcs yxe 6osee 50 MITH. DU(PPOBBIX OTIICYATKOB.

TexHonorum, co3iaHHbIe ISl BHEAPEHHS B (ailibl
IUQPOBBIX  BOJSHBIX 3HAKOB MM  LHU(PPOBBIX
OTIICYATKOB, COOUpAlOT mox ofliee  MOHITHE
creranorpadus (0T rped. cTeraHo — CKpBITHI, Tpadoc
— nuiy, OyKBaJIbHO «TaHHOIUCHY).

[TomuMo BHeApeHUS LU(PPOBBIX OTIIEYATKOB,
JIAaHHBIC TEXHOJIOTMH HCIIONB3YIOTCS Ul BHEIPEHUS
moboit wmHpOpManmu B Qaiibl, CKpBIBas CBOE
MPUCYTCTBHE OT MOJIb30BaTEICH.

Buasi ayauocreranorpaguu
AynuocreraHorpadusi — 3To BUJ cTeraHorpadumu,

KOTOpPBI  MCIHOJNB3yeT  ayauodaiinbl  pasHbIX
pacIIMpeHuil B BUJIE€ KOHTEHHEPOB il CKPbIBAEMOM
HHQOPMAIUH.

Ha naHHBI MOMEHT BPEMEHHU PaCIpPOCTPAaHEHBI
3 Buzia ayauocreraHorpaduu, KOTOPbIE HCIOJB3YIOT
pa3iMyHbIe THITBI COKPBITUS HHPOpMaNKH B (aiinax:

1) da3oBas creraHorpadusi.

2) Coxpsitie unpopmaiuu B mp3-rerax.

3) Coxpsitre uHGopMarmu B Mp3-¢ppeiimax.

CoxpbiTne undopmamun B mp3-gpeiimax

CymiecTByeT MeToJl, KOTOpbIH NpeoOpa3oBbIBaET
(aiin CpacmmpenneM WMV B ¢aiia ¢ pacumpeHueM
Mp3 ¢ pmobaBieHumeMm CKpHITOW  WHGpOPMaNuy.
MetoapeanusoBan B mporpamme MP3Stego. Muest

pearu3aiyd  3aKI0YaeTcs B TOM, 4YTO JIAHHBIC
cHayana mUdpyOTCsI, a 3areM B Iporecce
KOJIUPOBAHHUS MP3-paiina (u3 WAV)

MOAMEIINBAIOTCS B KOHEUHBIN pe3yibTaT. B wutore
nony4aercs o0braHbIil MP3-daiin 6e3 3aMeTHBIX IS
cillyXxa  WCKaXeHWH, HO  XpaHsmuid B cebe
3aKOJIMPOBAaHHBIEC JaHHbIE.

Adaropurm cxkatust Mp3Stego.
Butbl BcTpamBaeMoro cooOleHHs KOIUPYIOTCS

3HAYCHUSMH  4YHCIa OWT, HEOOXOIUMBIX ISt
KOZMPOBAHUS K03 (HUIIMEHTOB JIUCKPETHO-
KOCHHYCHOTO peoOpa3oBaHUS (AKIT) u

MacmtabupoBanus kogoM Xaddmana (cm. puc.l).
JlaHHBIC ~ QJTOPUTMBI  CO3JAHBl  JUI1  COKaTHUA
nHGOpPMALUK, HANpUMEP, OHH HCIOJIB3YIOTCS I
cxarus daiinoB MPEG, JPEG.

Tak, ecnu HEOOXOAMMO 3aKOAMPOBATH HYJEBOW
OWT, TO 3HAUCHHE ITOTO YHCIA JOJDKHO OBITH YETHBIM,

a eClM  eNWHWYHBIA  OWUT, TO  HEYETHBIM.
Heobxonumyto 4ETHOCTD HOJTy4YaroT
MyTEMyMCHBIIICHHSI ~ [Iara  KBaHTOBaHWS.  3arem

ocymiecTBisieTcs: kBaHToBanue kodddunuenros JKII
¢ HOBBIM IaroM. Ilocie 4ero noJcYUTHIBACTCS YUCIIO

our, HEOOXOANMBIX TUISt KOZMPOBAHUS
kodpdunuenro JKII, m cymmmpyercs ¢ dYuciIoM
our, HEOOXOANMBIX JUIS KOZIMPOBAHUS

K03 PHUIHEHTOB MacmTabnpoBaHusi. B cimydae ecnm
pe3ynbTaT paBeH HEOOXOAMMOW YETHOCTH M IIyM
KBaHTOBaHUs OKa3ajJcs HUXKE IIOPOrOBOTO 3HAYCHWUS,

TO OCYHIECTBISIETCS Mepexoh K KOIUPOBAHMIO
crepymoomiero Outa, B OTPUIATENBHOM  Cllydae
YMEHBIIAeTCs IIar KBaHTOBaHMs, U Ipolexypa
MIOBTOPSETCA.

[Toporosoe 3HAaYCHUE BBIYUCIIACTCS

MICUX0AaKyCTHYECKOH Mojensio. [lcmxoakycTHdeckue
MOJIENI CITyXa TIOMOTAIOT MPOU3BOAUTE KOMIIPECCHIO
CHTHaNa ¢ ToTepell WHPOPMAIUH B BBICOKOM
kagectBe. OHHM TIOMOTarOT 3a CYET TOTO, YTO
MO3BOJISIFOT TOYHO OIMKCAaTh, KaK MOXHO O€30I1acHO
YAQIUTh 9acTOTHl U3 UCXOJHOTO CHUTHAlIA — TO €CTh
0e3 3HAYMTENHHOTO YXYIICHUs KadeCTBa 3BYKa.

Havano
b - Gt sCTpaMBIEMOrC
COODULEHMS

b

I

tann “wav ]
XCAWPOBaHWE K0IPPUUMEHTOR
l AKN xopom Xadpdgmana

cunTeisanme B Bydep
2048 orcueros UKM
] copmmposanmre xagpa MP3

ANCKDETHO - KOCHHYCHOE I
npeobpazosanue (AKN) KoMey

BbLIYMCNEHME HAYANBHOMO wara
KBAHTOBAHMA §

l<
-

KBAHTOBaHKE KOXDDUUMEHTOR

I

mod(part2_3_length/2) = b

]
q=q-1

part2_3_lenght - wwenc
] na BHT, HECHXOANMBI ANR
KOAUPOBAHMS
oo KN »
MacLTAGupoesHNs

BbiNMCNeHwe Wwyma
quant_noise

quant_noise < thr

th - AOAYCTIMLIA YPODENY
LIYMA KBAHTOBAMAR

[

Puc. 1. Anroput™ cxxatus HGOPMaIUN
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Ounenka 00béMa BHeapsieMoii nHGopManun
Juns omenku o0péMa BHeIpseMol HWHGpOpMAIHU
BBeAEM KOX(OUIMEHT HCIIONB30BaHUS KOHTEHHepa,

OTIPEICTIAEMBIi BEIPAKCHUEM é

rme Vi - 06béM BHE/IPEHHOTO COOOIICHUS B
OaiiTax; Vi -06béM KOHTeHfHepa ¢ COOOIIeHHEM B
Oaiitax.CTaTHCTHKA Ha pecypce MPOTPaMMBbI TJIACHT:
B TPOBENEHHBIX OKCIIEPUMEHTaX I10 BHEIPEHHIO
nHdopmanuu B 3BYKOBbIEe (ailbl 3 QPEeKTHBHOCTH
nporpammbl  MP3Stego moxazana koad¢uumeHt
UCIIOJIb30BaHUs KOHTelHepa, paBHblil 0.001

Hcnoab3oBaHne U MOMeXH B HCIOJIb30BAHUHT
nporpammbl Mp3Stego.

IIporpamma MP3Stego monydmia IIMPOKYIO
HOMYJSIPHOCTh 332 CYET TOro, 4To ObUIa MepBOi
MPOrpaMMOK, KOTOpas MPOHM3BOJMIA mp3-(haiiasl co
CKPBITBIMU JaHHBIMH BHYTPH. Taxoxe
NPEeUMYLIECTBOM 3TOH MpOrpamMMbl ObUIO BHEIpEHHE
nndopmauun B Mp3-daiin Bo BpeMsi cOOpKH camMoro
(aiina, 4TO rapaHTUPOBAJO OOJNBIIYIO CKPBITHOCTH B
OTJIMYHE OT APYTUX HPOTPaAMM.

udpatop Mp3Stego Ttpebyer ayauodaitn ¢
pacuMpeHrHeM wav U TeKCT B (opmare JOKYMEHTa
txt. Ha BeIXome »xe mTporpamMMa BBIBOAUT YKe
3ammdpoBaHHBIN (aiin B hopmaTe mp3.

Hemmudparop mporpammeiMp3Stego  Tpedyer
TONBKO (haiin co creronmHpopmarmeii B popmare mp3.

Kon mporpamver Mp3Stego oTKpwIT Ut JIFOOBIX
OKCIIEPUMEHTOB U YIYy4YIICHHUIl. ABTOp MPOrpaMMbI
Mp3Stego He obHoBIsT €€ ¢ 2006 ropa,
CJIe/IOBATENILHO, TOCeqHel OoQUIMaNbHONH BepcHn
Mp3Stego10 ser.

K coxanenuro,mporpamma Mp3Stego ycrapesaer,
e€ OTJaJKOW HUKTO HE 3aHHUMAaETCs, CJIEAOBATEIbHO,
Ha Ooniee mo3aHUX Bepcusix WindowsoHa nokaspiBaeT
HYJICBOH pe3ybTaT.

Tarke pmnst paborer  Mp3Stegorpebyercst He
moboit wav-daiii, T.K. mporpamMma H30HpaTelbHa U

MOJETHE  3allyCKaThCsl  M3-3a  OTCYTCTBHUS B
(hatirekakux-m0o JIAHHBIX. PesynpraTsl
SKCHEPUMEHTOB  C  pa3HBIMH  ayauodaiimamun

MIPEICTAaBICHBI Ha pHC. 2.

Puc. 2. CkpHHIIOT KOHCOJIU PE3Yy/IbTaTOB
SKCIEPUMEHTOB C PAa3TUYHBIMA ayAHodaiiamMu

ﬂeTeKTI/lpOBaHI/Ie CTEroBCTaBOK B ([)aii.ﬂax

Mp3
I[JI}I JCTCKTUPOBAHUA CTErOCTAaBOK H606X0£[I/IMO
IIpOaHaJIN3upPOBAaThH pacnpeneneHue 3HAYCHUH

kBaapanToB (asrapmonuk[l]. Ecan Bo dpeiim ObL10
BCTPOCHO COO0OIIeHUe, OyaeT 3aMeTHONpeoOIagaHme
HEKOTOPHIX KBaapaHToB. /[l mycroro peiima
Takoromnpeobaaganus ue 6yzaet (cMm. puc. 3).

120 8
100 70
3 Teq

80, @
4 50

2 g
560 2%
30|

g 50 g
2 210

n

Ksanpa#r a) Ksanpanur 6)
Puc. 3. I'ucrorpamMmmsl pacripenesieHnii 3HaYeHUH
(a3 o xBagpaHTaM ais PpeiMOB CO BCTABKOIA (a)
u 0e3 BcTaBkH (0)

Kak BumHo w3 puc. 3-a, 3HauYUTENbHOE
npeobiaganre | ¥ 2 KBaIpaHTOB CBUAETEIBCTBYET O
TOM, 4YTO BO (ppeliM ObLIT BCTPOCH ETUHUYHBIN OUT.

3akJl0ueHue
Bonbmoe komudecTBO MenmamHbOpManuu, a
TaKkXKe IDIOXO€ PEeryJIHpOBaHUE AaBTOPCKOTO TIIpaBa
JaroT  OonbpInoe  Tmosie  AAS HCIIOJIB30BaHUA
creranorpaduu. MHpopMaMOHHAsS JTOCTaTOYHOCTD
(dhopMaToOB XpaHEHHUsS ayJUOJaHHBIX JaéT OOJIBIIOE
KOJMYECTBO MECT JJIsi COKPBITUS WHGPOpMAallU B

ayauoaiinax.
ITomumo 60BIIIOTO pacipocTpaHeHust
MeauadaiioB, HECOMHEHHBIM IUTFOCOM  SIBJISIETCS

BBICOKasl TPYAOEMKOCTb HAXOXKICHHS U OIpeleIeHHe
CTErOCUCTEMbI, BHEIPEHHON C MOMOILIBIO IPOrPaMMBI
Mp3Stego.

B nanHOE Bpems akTyaJbHOCTh NPOEKTUPOBAHUS
Ka4eCTBEHHBIX M TOJJEPKUBAEMBIX CTETrONpPOrpaMm
pactér, 4To AAa€T MOBBILIEHHBIH HHTEpEC K JaHHOU
TEME.

Jlutrepartypa
1. Kokopur ILII. O meromax creroaHanm3a B
aymuodaitnax // Tpynst CIIMUPAH. Beim. 4. — CII6:
Hayxka, 2007.
2. Bukumnenus [Dnextponnsiii pecypc] - URL:

https://ru.wikipedia.org (mata oOpateHus
11.10.2016).

3. YouTube [Daextponnsiii pecypc] - URL:
https://www.youtube.com (mara obpareHus
11.10.2016).
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O BABUCHBIX U MACHITABAPYIOIINX ®YHKIUSX BEVBJIETOB

Caitnakosa . C.
Hay4ne1it pykoBOIUTETH: TOLEHT, K. ¢. - M. H. bepiyn B. H.
HanmonaneHslit Hecnenopatensekuit ToMCKHA TOCYJapCTBEHHBIM YHUBEPCUTET
ira.saynakova@mail.ru

BeiiBner aHanu3 ceromHs SBISETCS OJHUM U3
BOCTPEOOBAaHHBIX Pa3ieioB MaTeMaTHKU U €€ MPHUIIO-
skeHui. OH TpUMEHseTCs, HAallpuMep, MpPU pPEeIeHuH
3aJad MOJEKYJSIPHONH NWHAMHKH, (U3UKH IUIa3MBbl,
KBAaHTOBOM MEXaHWKH, CEHCMHYECKONW TeO(PH3HKH,
BBIYUCITUTENHFHON TOMOTpaduy, KOMIBIOTEPHOH Tpa-
(hUKK ¥ pacmo3HaBaHUS pedd, 00pabOTKH M300paxke-
HUH ¥ CXKaTUsl TaHHBIX, KOMIIBIOTEPHOH Oe3omacHoC-
TH U aHIN3a KPOBSHOTO JABJICHHS, HCCIICTOBAHUS
kinuMara, aHanu3 JIHK u 1.1, B otnnume ot Teopun
Oypre,  BeiiBneT-npeoOpa3oBaHue  obOecrneuynBaeT
JByMEpHOE INpEeJICTaBICHUE HCCIeIyeMOro CUTHajlIa B
JacTOTHOM obactu [1-3].

BeliBneramu Ha3bIBaOTCS (DYHKIIUHU, 00pa3yromIme
6a3uc npoctpanctea L,(R), monydaemble cABUTOM U

cxatreM (QyHKIUH i (X) (MaTepHHCKOTOBEiBIeTa), IO
dhopmynam [4]:
Yia(X)= x/ziw(zi X— n) , Lo‘"ivn (x)dx =0.
Hcnonb3yrores
hyHKIAA:

0 ()=NZ0(2x-) [, =1,

n n+l| .
supp((pjyn)=[§,7}, jnel.

CTpyKTypHBIE CBOWCTBAa BEWBIETOB U  UX
MacIITaOUPYIOIINX byHKIMi HO3BOJISIIOT
OCYILIECTBUTH paclierieHne (QyHKIHH TPHOIKEHUS
K CHUTHAILY Ha JiBE COCTAaBJISIOLUE:
anMnpoKCUMHUPYIOLIyl0 —  TpyOyro, JOCTATOYHO
MEAJIEHHO  MEHsoWEeiicas Cco  BpeMEHeM, W
JeTAN3UPYIOyI0 — ¢ Ooiee OBICTPOH JUHAMHKOM
U3MEHEHUSI.

B kagectBe Macmrabupyrommx (YHKIHHA BeEw-
BJIETOB MOTYT UCIIOJb30BaThCS CILIAHHBL

DyHKIMSL S,,(x) HasbIBACTCA HMHTEPIOIALNOH-

TaKKe MacITabup yroIue

HBIM MOJMHOMHUAJIFHBIM CIIAWHOM CTETICHM n Kjacca
cm [a, b] (o <m<n;v= n,m) C y3JlaMH Ha CETKe
o={a=X, <X <...<Xy, =b,h =x —x_,i=1N},
eciu [5]:

n
LS, (x)=S' (x)= sz;a; (x=%)", xe[X, %] -
2.s,,(x)eC"[a,b]-
3.5,,(x)=f, i=0.N.

HopmanuzoBannble B-CIUlaiiHbl CTENEHU n Jie-
¢exra eqununa B (x),i =—n,N —1 JHMHEHHO HE3aBU-
CUMBI B 00pa3yroT 0a3uc B MPOCTPAHCTBE CIUIAHHOB
S,.(®). Hanpumep, Ha Puc.l. s x e[0,5], N=5

MpeaACTaBJICHA MOJIHAas CUCTEMa 0a3HCHBIX (byHKIlI/Iﬁ

- X=X X, —X
B (x)= XX g0+ 22X g () @
X =% Xiv2 = Xin
Ha PaBHOMEPHOI CEeTKE
WX, < <Xy << Xy <Xy N=X =X
X
Puc.6. Cucrema 6a3ucHbIX GYHKIMA B (x),i=—1,4.

WHTepnonsiuMOHHBIA CIUIaliH S (x) mo cucreme
0a3ucHBIX QyHKINH (1) MOXKHO IpEICTAaBUTE B BUIE
N-1
S(x)=> fB(x).
i=—1
Paccmorpum  temeppr X w3 [ab] cerky
. L
AL Xy <eo<Xyy h=(0-28)/2"y cerky AL 1 ¢ marom
2h, L>0 uenoe.Toraa u3 (1) i CETKH C YABOSHHBIM
warom AL nonxyunm

i 1. i+ 1.
Bl(x,AH):EBl(x,AL)+ B/ (x,A, )+ EBl 2(x,A,)

KaK JIMHEHHYI0 KoMOMHaIuioB-cruaifHOB Ha ceTke ¢

marom h, u3o6paxensbix Ha Puc.2.
.

Puc.2 Cruaiinsl ¢ Hocutenem 2h u 4h.

B BeiiBier-aHanu3e CUTrHAJIOB YAOOHO HCIOJB30-
BaTh LIEJIOUUCIICHHbIE y3ibl ceTku.KapaunanbHele B-
CIUTAWHBI — 3TO (PYHKIIMH, TOCTPOCHHBIE C IMTOMOIILIO
B-crinaiiHOB M MMerOIIMe KOMITAKTHbIE HOCHUTENIU Ha
LICJIOYUCIICHHON CeTKe Z ={...,-2,-1,0,1,2,...} . Ecin

ast GYHKUMA BY (x) HA CETKE A| g KapIUHAJILHOIO

crutaiigaBBECTH obo3Hauenve K, (x), CBiI3aHHOE He

CO CTCIICHBIO crmaﬁHa, a C KOJIMYCCTBOM HMHTCPBAJTIOB
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Hocutens M, ToK_(x)=B2,(x). Ha Puc3

MPE/ICTABIICHBI IPUMEPhI KapIHHAIBHbBIX CIUTAHHOB.
1. Oynkums Xaapa. K, (x)=K,(2x)+K,(2x-1) .
2. K, (x)= % K, (2)+ K, (2x—1)+%K2 (2x-2).

3. K, (x) =%K3(2x)+%K3(2x—1)+

3 1
4 Ko (2X-2)+ 1K, (2x-3)
4. K4(x):%K4(2x)+%K4(2x—1)+

3 1 1
+ Ko (2x2) 4 2K, (2x-3)+ K (2x-4).

1 5
—K, (ZX)+E K (2x-1)+

5. K (x) = r

+§K5(2x—2)+gK5(2x—3)+

5 1
+1 Ko (2X-4)+ oK, (2x-5).

1 3
6. Kq(x) =2 K, (2x)+EK6(2x—l)+

15 5 15
+§K6(2x—2)+§K6(2x—3)+§K6(2x—4)+

3 1
+E KG(ZX—5)+§ KG (2X-6)

1

0.6

0.4+

“

o 1 2 3 4 5 6
x

Puc. 3. Conanimer K, K,, K;, K,, K.

OTMCTI/IM, YTO JJId KapAWHAJBbHBIX CIIJIAHHOB HMMeEET
MecTo cooTHomeHue [4]:

m

Km(x)=22m”[Tij(2x_k)’ 3)

k=0

M3 KOTOPOro CJICAYCT, 4YTO IIpU YBCIWYCHHUU IIara

CeTKM B JIBa pasa, MISICYMMBbI BeCOB}/ JIMHEWHBIX

K, (X) umeer  mecto

KOMOWHAINI CILJIAlfHOB

m
COOTHOLIEHHE = 2‘”‘”2(::; =2,

k=0
DyHKIUS ¢(x) e L? (R) Ha3bIBaeTCA Macurabupyro-

Hlefl, €CJIM OHA MOJKET OBITh npeacTaBjicHa B BUIC

0(x)=VZX No(2x-n). Sfn[ <0 (6)

M3 supa ¢ymxumit K, K,, K,, K,, K, ciexyer, uto
3TN (YHKIUHM C KOHCYHBIMH HOCHUTEISMH SBIIIOTCS
MacImTabupyromumMu [6], Tak KaK yIOBICTBOPSIOT
pasnoxennto (3).

IIpyu mnonydeHuMM  BEWMBIET-Pa3/IOKEHHUS  MOXKHO
UCTIONb30BaTh KapJHHAIBHBIEC CTUIAWHBI.
3HaueHuss HekoTopelix K-crulaiiHoB B y3max

HOCHUTEISl TpUBeACHBI B Tabn.l, a WX MpPOW3BOJIHBIC
Ha Puc.4.

Tabuuma 1
3HaYCHUS Y3JI0B HOCUTEIIS
X 0 1 2 3 4 5
Ki
K, 0 1 0 0 0 0
K, 0 1/2 1/2 0 0 0
K, 0 1/6 2/3 1/6 0 0
K, 0 1/24 | 11/24 | 11/24 | 1/24 0

-1

Puc.4. [Iponssoansie cnaiinos K, , K,, K;, K,,
K.
CHuCcOK MCN0JIb30BAHHBIX HCTOYHUKOB

1. Yyu Y. Beenenue B BeiiBneTsl. — MockBa: Mup.
—2001.-412c.

2. lo6emmu M. [lecars jekuuii mo Be#BieTaM. —
Mocksa: PX/I. — 2001.

3. Cromuun; O. BeliBaersl B KOMIBIOTEPHOMH
rpaduke: Teopus n npunoxenus. — Mxesck: HUILL
"PerynsipHast ¥ xaotuueckast nuHamuka". — 2002. —
271 c.

4. Cmonennes H. K. OcHoOBBI Teopun BeiBIETOB.
BeiiBietst B8 MATLAB. — Mocksa: JIMK IIpecc. —
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5. bepuyn B. H. Crunaiiabl ceTouHbIX (QyHKIMH. —
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CTATUCTUYECKAS OLIEHKA ITPEJIOYTEHA NHBECTOPA TIPH
O®OPMUPOBAHUU U YITPABJIEHUU ITIOPT®EJIEM C YYETOM
®UKCHUPOBAHHOI'O YPOBHS HENIPUATHUS PUCKA U CTYUYAHHO
W3MEHSAIOMENCA CTENIEHU JTOBEPHUS K YIIPABJISIIOIIENR KOMIIAHUA

Macreposa E.B.
Hayunstit pykoBoautens: Kpurkuii O.J1., noueHT, K. ¢-M. H.

r. Tomck, HU Tomckuii nonurexuudeckuii ynusepcurer, ®TH.
masterova_katya@mail.ru

BBenenue

B Hacrosiiee BpeMsi B CBSI3U C IOBBILICHHOMN
3aMHTEPECOBAHHOCTHIO OOIECTBA B MHBECTUPOBAHUE
JICHE)KHBIX CPEACTB B aKTHUBBI ()OHAOBOTO pBIHKA,
HOSIBJISIETCS.  OOJIbIIOE  pa3HOOOpa3ue OpOKEPCKUX
KOMIIaHWH,  (UHAHCOBBIX  Ipymn  WIH  Ke
YOPaBIAIONIX KOMIIAHUH, KOTOpBIE YIOBICTBOPSIOT
cpoc o0miectBa ¥ I[OMOrarOT HHBECTOpPaM B
ToproBie. I B OCHOBHOM BBIOOpD TOH WM HHOW
KOMITaHWH TIPOUCXOJHUT HAa OCHOBE PEKJIAMbl, COBETOB
3HAKOMBIX, pa3Mepa KOMHCCHOHHBIX COOpPOB M T.II.
Onnako paHHBIE (DaKTOPBl HE BCErAa SIBISIOTCA
00BEKTHBHBIMH.

IlosToMy BO3HHMKAaeT NOTPEOHOCTH B H3Yy4EHHE
CBSI3M MEXAY pPa3MepoOM KOMHCCHOHHBIX COOpOB,
MOJy4aeMOH JTOXOJHOCTBbIO, YPOBHEM HENPHUATHUS
pUcCka HMHBECTOpAa U  CTEMEHBIO  JIOBEpUS K
YIOPaBIAONEH KOMIIAHWH, KaK OCHOBOIIOJIATAOIINM
MoKa3aTelqsiM  B3aUMOJICHICTBHS ~ MHBECTOPOB U
YIPaBISFONIEH KOMIaHUH.

IMocTpoenue moprdeasi HEeHHBIX OymMar u
NMpPOBepPKa KA4eCcTBa ero ynpaBJeHHsl.

IocTpoenue mopTdernss TPOXOAWIO NPU MTOMOIIH
MorudunrpoBaHHoi Mmoaenu ["appu Mapkoura.|[1]

CormacHO  JaHHOM  TeopuH,  IOKa3aTeleM
JIOXOJHOCTH SABJISIETCS MaTeMaTHUECKOe OXKUIAHUE, a
Mepa pHCKa PpAacCUMTHIBAETCA dYepe3 CTaHIapTHOE
OTKJIOHEHHE:

JIOXOJTHOCTb TOpTdheNns = oxugaemMast J0X0JHOCTh

pix = Elrx (] = 3 E[6 (01% = > i,
i=1 i=1

pHUCK l'IOpT(i)CJ'IH = BOJIATUJIBHOCTH

o2 =var(r,(t)) = var(i %)= iicov(ri (), r; )%X;,

3amaua  MOWCKAa  ONTUMAJIBHOTO  MOPTdens
[IOJIyYEHUE PACCMATPUBAIACh CO CTOPOHBI NOJIy4YEHUS
MAaKCHUMaJIbHOW [OXOJHOCTH IIPU 3aJaHHOM YPOBHE

T i3 X
n
>x =1
i1 |
O'ZSGZ,
T z

Takum 00pa3oM, HCHONB3Ys TEOpHI0 MapkoBHIla
u nannele o ctoumoctu ETF ¢ 1 suBaps 2015 no 1
aBrycra 2016, na 01.08.2016 Obu1 chopmupoBan
nopTdenb, B KOTOPHIA C TOXOMHOCThIO 4,63% u
BonatwibHOCThIO 33% Bouumin ETF EICYC (Dow
Jones morpeburensckuit  cextop), ETF.EWK
(bensrus), ETF.DEDOW (I'epmanust), ETF.EWJ
(Snonus), ETF.FRDOW(®panuus) B cleIyrOUX
cootHomeHmaX: 50% ; 15%; 8%; 12%; 14%.

Jamee mpu momomu ko3dduimenta anpda ObLta
IpOBEpEHa  CTAaTHCTHYECKas  OIEHKa  KadyecTBa
YIpaBIeHUS JaHHBIM NOpTdhenem.

Koadpdumment ampha— 3TO pasHUIA MEKIY
peasbHON JIOXOAHOCThIO MOpT(eNs 3a Nepuoi, |
JIOXOHOCTBIO, KOTOPYIO OH JIOJDKEH OBbLIT MOKa3aTh C
yu€ToM CTENeHM pocTa WIM TaJCHHS pBhIHKA |
ko3¢ ¢unuenra 6era storo nmoprdens [2].

(/X; =£‘r - Bnﬁ'r:

re "7 - CpenHsisl JTIOXOAHOCTh mopTdes, N .
cpenssist  moxoxaHocth uHmekca MSCI World, [B,-
k03 dunueHt dera aist noprdens.

Koaddunuent anpdha ans wamero moprdens Obia
paccuuTaH B TEUEHHE Mecsla 1ocie (HOpMUPOBAHUS
noprdenss Npu  ypoBHE HENpPUSTHS pHUCKA K
YIpaBISIONIE KOMIAHWM PAaBHOM HYJIO, T.0. Ha
01.08.2016 on cocrasmi 0,24 , a na 1.09.2016 — 0,52.

Kpowme Toro, Obi1a copMyMpoBaHa U MpoBEpeHa
CTaTHCTHYECKas THIIOTE3a 0 paBeHCTBe
KO3QPHUINEHTOB anb(a HYI, COTNIACHO KOTOPOH
ObUIO  BBISIBICHO, 4YTO HCCIEAyeMblid mopTdens
JIOCTaTOYHO A(PQPEKTHUBHO YIPABISIOTCA, ITOITOMY
OBUIO MPHHATO PEIICHHE, YTO JAHHBIM MOpTQens Ha
01.09.2016 HE HYX)HO TIEpePOPMHUPOBHIBATE.

®opmupoBanue noprdesei c yuerom
(puKCHPOBAaHHOT0 YPOBHS HEMPHUSATHS PHCKA H
cJy4yaiiHO U3MEeHsIoLelicsl CTeneHu 10Bepus
HHBECTOPOB K YNPAaBJISAIOMeH KOMIaHHH.

CrpaBeUIMBBIH pa3Mep KOMHCCHOHHBIX COOpOB,
3aBUCSIIUN oT CTETEeHU JIOBEpHSI
(6) 1 moxogHoctu noptdens (R):

= () * )

1+8 2

rae creneHplo noBepusi (6) OymeT SBIATHCA
CiTyqaiHast BEJIMYMHA, pacipeneneHHas 1o
HOpMaJIbHOMY 3aKoHY B npezenax oT 0 no 1. [lannas
BEJINYNHA Oyner XapaKTepu30BaTh
HEOIpPEJEeIEHHOCTh UHBECTOpa MO OTHOLIEHHI0 K I
yOpaBiAoomEe KkoMmmaHuW. belmo  B34TO  fmecsTh
CIIydalfHBIX 3HAUEHUI CTEIIEHU N0BEpUsL.
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JI71st KaXI0T0 M3 IeCSATH MOJyUYEeHHBIX HHBECTOPOB
paccunTaeM Ko3(hGUIMEHT epecyera:

o = R=f)
k,t A0
rae  agg “HCIIPpUATHUEC pPUCKAa HHBECTOpAa K

YIPaBILSIOIIEH KOMITaHUH, f- KOMHUCCHOHHBIN cOOp 3a
ymnpasienue, R- poxogHoctes moptdens, o —
BOJIATUJIBHOCTb. [3]

JauHplii  KOA(QQUIHEHT IO3BOJIIET  OICHHUTH
3aBUCHMOCTh ~ HENPUATHA  pPHUCKA  KOHKPETHOTO
HMHBECTOpPA K KOHKPETHOU YIPABJIAIOIIEH KOMIIAHUU C
y4eToM  pa3Mepa  KOMHCCHOHHOTO  cOopa W
moxogaoctu moptdens ETF, mnpurocmmoit mox
PYKOBOJCTBOM MEHEKEpa YIPaBIAIOMIEH KOMIIAHUH

panee. OH OyngeT HaileH /i1 HMHBECTOPOB C
¢ukcupoBaHHbIM HenpusitueM pucka: 0; Y 1,
KOTOpBIE 0003Ha4aI0T clenyronee: 1-

MHBECTUPOBAaHME IIepelaeTcsl MOJHOCThIO B PYKHU
YINPaBISIIOLIETO, PUCK ATl HEro B 3TOM Ciydae
NpUpaBHHUBaeTCs K Hymoo; 1/2-  ympaBieHue
KaIlUTaJIOM TaKKe IPOUCXOIHUT MOJ PYKOBOICTBOM
MEHEKepa TOM MM MHOM YIpaBisIOIEed KOMIaHUH,
HO TOJIBKO MHBECTOP OTHOCHTCS K 3TOW KOMIIAHHWHU C
OTIaCKOH, HEJAOBEPUMBO, TEM CaMBIM IIOJBEpras ceds
U CBOM Kamuran pucky npumepHo Ha 50%; ecim xe
UHBECTOp He coOupaeTcs OTIaBaTh CBOH KamMTal
YOpaBIAONEH KOMIIAHHM, II0 TPHYMUHE IIOJHOTO
HeloBepus, 100 KeJaHUi U YMEHUS MHBECTHPOBATH
€ro caMMM, TeM CaMbIM Oeps Bech PHCK Ha cels, TO
HETIpUsITHE pUCKAa B JTAaHHOM cilydae OyneT paBHO
Hymo. IlocnenHuit  cioydallk B JalbHEHIIEM
HCCIe/IOBaHNE y4acTBOBaTh HE OyAeT, T.K. HHBECTOP
MOJTHOCTBIO OTKa3bIBAETCSI OT YCIIYT YIPaBILSFOLIECH
kommaHuu. [4] Takum oOpa3oMm, HoxydaeM TaOHITy-
npoduITe HHBECTOPOB:

Tabmmma 1 - pasMep KOMUCCHOHHBIX COOpOB,
CTENEHb JIOBEPHS HHBECTOPOB U YPOBEHb HENPUSTHS
pHUCKa K ynpaBJIsitoLIel KOMIIaHUK

ynpasisomel komnanuu, B nepuon ¢ 1.08.16 mo
1.09.16 rr., T.€. 32 aBryct 2016 rona.
Tabnmma 2-J{oXoTHOCTh U pHUCK TOpTderei.

YpoBeHBb HENMPHUATHS PUCKa HHBECTOPOM (a)

YpoBeHb HENPUSITHSI PUCKA HHBECTOPOM ()
1 1
O fi Xt 0 fe Xkt
0,08 0,03 0,58 | 0,11 0,04 0,28
0,19 0,07 0,55 | 0,19 0,06 0,272
0,19 0,07 0,55 | 0,21 0,08 0,27
0,22 0,08 0,54 | 0,34 0,12 0,263
0,23 0,09 0,53 | 0,36 0,124 0,261
0,35 0,11 0,52 | 0,46 0,14 0,258
0,38 0,12 0,51 | 0,48 0,15 0,256
0,49 0,15 0,50 | 0,51 0,155 0,25
0,81 0,20 0,46 | 0,61 0,17 0,24
0,90 0,22 0,45 | 0,91 0,20 0,23
Ilpy momomm  HalgeHHOro  Kod(ddummenra

MOJyYrM TOpTHEnn AN pa3HBIX MO THITY CTETICHU
JIOBEPHUS U HENPUSATHUSA PUCKA UHBECTOPOB.

Hanee, ucnonp3ysi nepecuyUTaHHbIE NP MOMOLLU
K03(dULMeHTa 10JH, HAXOAUM JIOXOAHOCTb M PHUCK
noprgenei HHBECTOPOB, pasnuyarmuxcs
HENPUATHEM PUCKA U CTEICHBI JOBEpUSL K

% 1
0,08 0,529 | 0,102 0,11 0,262 0,025
0,19 0,505 | 0,093 0,19 0,256 0,024
0,20 0,504 0,09 0,21 0,250 0,023
0,22 0,499 0,091 0,34 0,239 0,022
0,23 0,497 0,089 0,36 0,238 0,021
0,35 0,478 | 0,083 0,46 0,231 0,019
0,38 0,474 | 0,082 0,48 0,230 0,019
0,49 0,458 0,076 0,51 0,229 0,019
0,81 0,426 | 0,066 0,61 0,223 0,018
0,90 0,419 | 0,064 0,91 0,213 0,016
3akiaouenue

B pesynbrare mpoBeIleHHOTO HCCIIEIOBaHUS ObLIH
JIOCTUTHYTBI CIIEAYIOLIHE PE3YIbTaThI:

1. CoopmupoBan moptpens u3 ETF ¢
OXOJTHOCTBIO 4,63% ¥ BOJIATHIBLHOCTEIO 33%.

2. Jna mopTdens ObLTH paccYuTaHBI
aHATUTHYECKUEe KOX(PQUIMEHTH amb(pa Ha TEpHOI C
1.08.2016 mo 1.09.2016. A taxxe chopMymnpoBaHa u
NpOBEpEeHa CTaTUCTUYECKas THIIOTe3a O PaBEHCTBE
ko3pdunueHror ambpa Hymo. [lokazaHo, YTO
noptdens ynpasiusercs 3pPeKTHBHO.

3. Jlonu noprdeneii ObUTH CKOPPEKTUPOBAHBI C
YUETOM YPOBHS HETIPUSITHSI PUCKA U CTETICHU J0BEPHs
HMHBECTOPOB K YIPAaBJLIOLIEH KoMIIaHUU. B 0CHOBHOM
Ha0Mo1aeTcs TeHICHIMS YMEHBIIEHUS TOXOAHOCTH 1
pHCKa ¢ YBEIMUCHHWEM YPOBHsS HENpPUSATHS PHUCKA U
YBEJIMYCHUEM CTENEHH JIOBEpUsl HHBECTOpa K
ynpaBisionied Komrnanuu. Yto oObsCHAETCS TeM, UTO
C pOCTOM JIOBEpHUSl PHUCK IIOTEPh YMEHBINAETCs, a
3HAYUT, JOXOAHOCTh MHBECTHIMH magaer. C pocTom
JIOBEpUsI pacTeT W IulaTa 3a YNpaBJEHUE, YTO TOXKE
YMEHbIIAeT TOXOAHOCTh nHBecTopa. ClienoBaTenbHO,
TakOM croco® WHBECTHLHI pPEKOMEHIyeTCs JUIs
KOHCEPBAaTHBHBIX HMHBECTOPOB WM HMHBECTOPOB C
BBICOKMM YPOBHEM KaIuTaa.
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PEAJIMBALIUA TPAOPUYECKOI'O PEJAKTOPA JIAA IOCTPOEHUSA
MOJIEJIEM SJHEPTETHYECKHX KOTJIOB

Tony60. A., Ky3uBanoBH. C., Xayctosll. A.

ToMcKkHI TOTUTEXHUIECKUHA YHUBEPCUTCT
oag7@tpu.ru

BBenenue

Koncrpyuposanue u
SHEPreTHIeCKnX KOTJIOB, KakK TPaBHIO, Tpedyer
SKCICPUMEHTANBHBIX ~ HCCIENOBAHWH  CIIOKHOTO
KOMILJIEKCa apaMeTpoB ropeHust u
TermioMaccoooOMena. Kpome toro, Uit onTuMH3aLuu
MPOCKTHPYEMOW KOHCTPYKIIUU TPEOYETCS YCTAHOBHUTH
KOJIMYECTBEHHYIO 3aBUCUMOCTh  TEIUIO(QH3MIECKUX
MapaMeTpoB TOMOYHOW Cpelbl OT KOHCTPYKTHUBHBIX
0co0eHHOCTEe! TOMOYHOro YycrpoiictBa. HartypHbie
MHOTO()AaKTOPHBIC ~ HCCICAOBAaHUS  TaKOro  poja
SIBIISTEOTCS OYCHBb JTIOPOTOCTOSIIAMUA u
TpyAo3aTpaTHRIMH. [lo 3TOH mpWYWHE B HACTOSIIEE
BpeMs IIpH KOHCTPYMPOBAaHHH U MOICPHHU3AINN
KOTJIOB BCE 4damle NPUMCHAIOT KOMIBIOTEPHYIO
CUMYJISALIMIO TOMOYHBIX MPOIIECCOB € UCTIOJIB30BaHUEM
MH)KCHEPHBIX ~ pacyeTHhIX mnporpamm. V3oOuime
¢usnyeckux Mozeneld B BBIIICHEPEYHCICHHBIX
[aKkeTax TI03BOJIAET C XOpoLIeH CXOAUMOCTBIO
IpeAcKa3blBaTh  JIAMHHapHbBIE U TypOyJeHTHBIE
TEUeHHsT M JpYyrue SBICHHS HAa OCHOBE THOKOro
MOCTPOEHHUS CeTOK [1].

Takue BO3MOXKHOCTH 3HAYHTENHEHO PACIIMPSIOT
00J1acTh MIPUMEHEHHS, HO B TO )K€ BPEMsI YCIOXKHSIOT
MOJB30BATENECKAN ~ WHTEpderc,  T.e.  JeNarT
WCIIONE30BAaHUE  TPOTPaMMHOIO  IMakerta  OoJjee
CJIOXHBIM B OCBOEHUU M dKCILTyaTauuu [2].

OpmHy U3 CJIOXKHOCTEH MpeNCTaBiseT HOIydeHHE
CeTKH, pa3feifIomell KoTed Ha COCTaBJIIIONIHE,
MoJIaroIIrecss uccieaoBanuio. Hekotopsle u3 paHee
YIOMSTHYTBIX pac4€THBIX IIporpamMm HE
MPEOCTABIAIOT BO3MOXKHOCTH TIOCTPOUTH JIaHHYIO
CETKY, a IPOBOJAT PacUeThl 110 YK€ NMEIoIIeHcs.

Jiist aBTOMaTH3aIMH Mpoliecca MolydeHns: Habopa
(hparMeHTOB BO3HHUKJIA HEOOXOAMMOCTH Pa3padoTaTh
nporpaMMHOe oOeclieueHne, MPUHUMAIOIIee Ha BXOJ
YePTEXKU  KOTIA W HUHPOPMALMIO O  €ro
(hYHKIIMOHANBHBIX ~ cOCTaBisAOIMX. Ha  BeIXOHE
TaKOro TMPOTPAMMHOTO OOECTIeUeHUsS] JOJKHO OBITH
pazOueHne u300paKeHUsT Ha DSJIEMEHTApHBIE YacTH

(3].

MOJIePHU3AINS

Onucanue
CeToK
Jns pemenus 3agauu pazOoueHHs n300pakeHHs
OBLTO pa3paboTaHO KOHCOIBHOE NMPHUIIOKEHHE B Cpeie
Visual Studio Ha s3pike C++. BpiOop s3pIka OBLT
00yCIIOBJIEH €ro OBICTPOJEHCTBHEM W HAIUYHEM
OubIMoTeKH Standard Template Library,
cozeprkaieit HeoOXOANMMBIE CTPYKTYPhI TaHHBIX. BbuT
paszpabotad 5()PEeKTUBHBIA ANTOPUTM pa3OUeHUs |
OIpEZIeTICHUsI COCTABIISIIOIINX, HWCIIOJIB3YIOMNN 3TH

CTPYKTYPBL.

CHCTEMBbI NOCTPOCHUSI PACHYETHBIX

[TpunoxxeHne MpUHUMAET Ha BXOA M300pa)keHHE
KOTJa, onucanHoe B popmare xml. CreHepupoBaHHAs
IIPOrpaMMON MaTpulla CETKU M COIYTCTBYIOLIAas e
nHPOPMALNS TTOMEIIAeTCs B TEKCTOBBIN (aiin [4].

Ilocne BBeneHHsI B SKCIUTyaTallUI0 HPUIOKEHUS
npolecc MHOCTPOSHMSI  PacyéTHOM  CeTKH  ObuI
3HAUUTENBHO YIPOIIEH, OJHAKO IPOLECC CO3AaHUA
gepTekel  JHepreTH4eckUx  KOTJIOB  OCTaBaJICA
Tpyno&éMKuM. HeoOX0auMo OBIIIO BBHIMOIHATE YEPTEK
Ha OyMaXKHBIX HOCHUTENSX WM XK€ B KakoH-TH0o
CAD-cucteme. 3ateM cJeqoBajO  OCYIIECTBIATH
nepeHoc yeprexa B popmar XML.

Bo3HukiIa HEOOXOIMMOCTE PEaTN30BaTh CPEICTBO
JUIL  CO3MaHUs dYepTeked M  aBTOMATHYECKOTO
coxpaHeHHs ux B popmar XML.

Onucanne NpuI0KeHUs
Jlns BBIIICONMCAHHBIX IIE€JeH OBUT peann30BaH
rpagudecknii  pemakTrop.  3amada  peaxkTopa
3aKJTI0YaeTcst B paboTe ¢ 4epTe)kaMH SHEPTeTHIECKUX
KoTJI0B. [ToaepkuBaroTcs CieyIomue oneparyu:
- CO3JaHHE HOBOTO YEpPTEXka;
- 3arpys3ka paHee CO3/IJaHHOTO 4epTeikKa;

- PeIaKTUpOBaHHE paHee CO3JJaHHOTO
qepTexa.
UYepréx  cocTOMT M3  IIBYX  IPOEKILHUH,
BBITIOJTHSIEMbIX HE3aBHCHUMO JPYT OT Apyra (puc. 1).
[ memecor pesamp eprem o b i
v [Copawn ] [Foma maomen
vl
OHN® Qe
® ' E=
|\
F)
MNposepum

Puc.7 — OkxHo rpaduueckoro peaakropa

UepTtéx Ha KaKAOH U3 NPOEKIMHA COCTOUT U3
CIIEIYIOIINX IIPUMHTHBOB:

- JUHUH;

- IJIMHWH BBIXOA;

- KpYTJbIe TOPENKH;

- TPSMOYTOJBHHBIE TOPEIKH.

Jns noGaBneHWs BBIMICONMCAHHBIX HMPUMHTHBOB
HEo0X0aANMO BEIOpAThH COOTBETCTBYIOLIUH
UHCTPYMEHT Ha MaHeId, a 3aTeéM pPAacHOoJOXKHUThb
IPUMUTHUB HA OJHOH U3 MPOEKIHIA.

Jnsg  mocTHxeHHMs ~— METPHUECKOM  TOYHOCTHU
MOCTPOCHHUS yepTexka ObLIH peann30BaHEbl
CJIEAYIOLIIE CPENICTBA!
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1. B mpoumecce pobaBieHHs — CYIIECTBYET
NpuBsi3Ka OOBEKTOB — HMEETCSl BO3MOXKHOCTB
3aMKHYTh OTPE30K B TOYKE, paHEe HCIIOJIb30BAaHHOMN
IpH IIOCTPOCHHH OTPE3KOB WM IPSIMOYTOJBHBIX
TOpEeJoK (PUCYHOK 2).

o s e I, © ==

Omperms Coparsms |

[Hosea noxyment

128;228;

Puc. 2 — OxHo Tpaduyeckoro pegakropa

2. Oro0OpakeHHe TMHEHKH.

3. OroOpaxeHHe TEKyIIMX KOOPIMHAT Kypcopa
B HIDKHEM IIPABOM YTy OKHA MPOTPAMMBI.

IlonnepsxuBaercs orepanus yIaneHus
MPUMUTHBOB — I 3TOTO PEAM30BaH HHCTPYMEHT
«Jlactuk». [Jlns ero mNpHUMEHEHUs HEeoO0X0IuMO
aKTUBUPOBATh HHCTPYMEHT, HakaB Ha KHONKY Ha
COOTBETCTBYIOLIEH IIAHEIM, a 3aTEM OCYILECTBHUTH
Ha)KaTue MBIIIN Ha TPeOyeMbIX IPUMUTHBAX.

Ectb BO3MOXHOCTE OTMEHSTH W BO3BpalllaTh
COBEpIIEHHBIE onepannu. s 3TOro B NPHIOKEHUU
UMEIOTCA MHCTPYMEHThl «OTMEHUTH» U «BepHyTby.
IIporpaMmmHO uX peanu3alMs OCYIIECTBIAIACE C

HCIIOJIb30BaHUEM naTTepHa MIPOEKTUPOBAHUS
«Komannma». Ctex omepanui, NPUTOTHBIX IS
BO3BpaTa, XpaHUT He Ooyiee CcTa MOCIECTHUX
W3MEHEHUM.

Peann3oBaH MexaHW3M HM3MEHEHHs MacmTaba ¢
MIOMOIIIbIO HHCTpYMeHTa «Jlymay.

IIpoBepka KOPPEKTHOCTHYEPTEKA

Uepréx npoekuuil 3HEPreTUYECKOro  KOTia
JIOJKEH YIIOBJETBOPSTH HEKOTOPHIM TPeOOBaHUSIM
KOPPEKTHOCTH.

1. Kaxngas MIPOEKIUA KOTJa OKHA
NPEACTaBIATh W3 ce0S  3aMKHYTBIH  KOHTYD,
O6p330BaHHLIﬁ JJUHUSIMU WJIKX  JIMHUSIMH BBIXOJa.
IIpoBepka Ha 3aMKHYTOCTb BBIIIOJIHAETCS C IIOMOILBIO
noctpoeHus rpada WHIHUICHTHBIX JIMHUA H  €ro
00xo/1a B TIIyOuHY.

2. Tlpoekmuu MODKHBI COOTBETCTBOBATH JAPYT
Ipyry 1o KoHpurypanuu. [lobKHA CyImIecTBOBAThH
MOJIeNb, KOTOpas HMEET OJHy M3 NPOEKUUH Kak
(dbpoHTaNIBHYIO, APYTYIO — KaK OOKOBYIO.

3. Ha xaxmgoll u3 MpoeKuuil He MODKHO OBITh
6oee OJJHOTO 3aMKHYTOTO KOHTYpa.

4.  YepTéx N0DKEH OBITH HE MYCT.

IIpoBepka KOPPEKTHOCTH dYepTeka MPOBOIUTCS
MpU €ro coxpaHeHuu. Takke ecTb BO3MOXKHOCTb
MPOBEPUTH UEpPTEK BO Bpemsi mnocrpoeHus. I[lpu
HApPYIICHUH BBIIICYKA3aHHBIX TMPABWI TOJB30BATEIb

BUAUT MOJAJIBHOE OKHO C HpeaylpexIcHUEM
(pucyHok 3).
Cwmbra &
KoHTyp He 3amKHyT!
Puc. 3. OkHO mipenympexaeHus
3akinoueHne
bein peanuzoBaH TpaduyuecKHil penakTop JuIs
9HEPreTHUECKUX KOTJIOB. OYHKIIMOHAIBHOCTh

pelakTopa DOCTaTOYHA ANA CO3JaHUS TpadUIeCKUX
IIPUMUTHUBOB, ONKCHIBAIOIIMX MOJEIH KOTIOB. Takxke
penaktop obnazaer yOOOHBIM  JPYXKECTBEHHBIM
uHTEpdEicoM.

Ha cerogusmuuii geHp mporpaMmMa IepefaHa Ha
Kagenpy MaporeHepaTOpOCTPOCHUS u
HaporeHepaTOPHBIX YCTaHOBOK Tomckoro
MOJUTEXHUIECKOTO yHHBepcuTeTa. [lanee oHa Oyner
UCTIONB30BaHa JJ HAy4YHBIX MCCIEJOBaHUI B
COBOKYITHOCTH C CHUCTEMOM IIOCTPOCHMS PacyETHBIX
CETOK.
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INPUMEHEHHWE PAHI'OBbBIX KOO®PUIMUEHTOB CIIMPMEHA JIUIS1 AHAJIM3A
KOPPEJIALUU JUCHUIIJIMH B YYHEBHOM IIVTAHE CIIEHIMAJIBHOCTH BY3A

Yepusaesa H.B.
Hayunslit pykoBoauTens: Munens A.A., 1.T.H., mpodeccop kadpenpsl nHGopmanuoHusix cucrem IOTU TITY
TomMckuii mommTexHIYecKui yHUBepcuTeT FOPrUHCKUH TEXHONIOTHIECKAN HHCTUTYT
nina.turalina@yandex.ru

B mponecce BHeapeHHs B CHCTEMY OOpa30OBaHUA
HOBBIX (enepanbHBIX TOCYAapCTBEHHBIX
00pa3oBaTeNBHBIX CTAHJAPTOB BBICIIETO 0Opa30BaHUS
(®I'OC BO) npu popMHpoBaHUH YUEOHBIX TUIAHOB U
pabounx ImporpamMMm HEOOXOJMMO YUUTHIBATH CBSI3H
MEXJY H3ydaeMbIMH IUCHMIUIMHAMHU. OTpaxarorcs
9T CBA3M C TIOMOLIbIO TaKUX MOHATHH Kak
«IIPEPEKBU3HUTHI» U «IIOCTPEKBU3UTHI».
IIpepexBU3UTHl — AUCHUIUIMHBI, OOS3aTEeNbHBIC IS
OCBOGHUS 00 W3YYCHHS JAaHHOW JAWCIUIUIMHEL
ITocTpekBU3UTHl  (KOPEKBU3UTHI) — AWCIUILUINHEI,
00s13aTeNbHBIC U OCBOCHUS N0CIe U3YUCHUS TaHHOH
JVCIUTIIHHBL. B OOJIBIIMHCTBE CITy4JacB
NPEPeKBU3UTEl W IIOCTPEKBU3UTHI  JUCHUIIHHBI
YKa3bIBAIOTCS B y4YeOHOM IUIaHE Ha YCMOTPEHHE
npernoaBarens  0e3  BBIYMCICHUS  KaKUX-JHMOO
B3aUMoOCBs3e  Mexay HuMH.  CreaoBaTenbHO,
y4eOHBII TIaH MOXKET HE B IMOJHOW Mepe OTpakaTh
B3aMMO3aBHCHUMOCTH MEXAY MAUCIUIUIMHAMH, YTO
IpuUBeJeT K IPOTHBOPEYMBBIM OLIEHKaM, a B
JabHEHIIEM — K IPETEH3UsIM CO CTOPOHBI ayIUTOPOB
CHCTEMbI MEHE/KMEHTA KauecTBa 00pa3oBaHusl.

IMocTranoBka 3agaun

3ajady ONTHMHU3AIMK Y4eOHOrO IUIaHA MOKHO
cOpMyIHPOBATh CIIEIYIOMHUM 00pa3oM: HEOOX0ANMO
otoOpath B y4eOHBIH IDTaH HamboJiee BaKHBIA IS
MpodecCHOHANBHON  eATeNTPHOCTH  MaTepual u
pacIoJIOKUTh €ro 10 CEeMecTpaM ONTHMAlbHBIM
0o0pa3oM C y4eToM IOCIEA0BAaTEIbHOCTH H3YUYECHHUS
qucuuiuiiH. Heo0XoguMo OTMETUTh, 4YTO YydeOHbIe
IUIaHBI  MOTYT ObITh  (hopManu30BaHbl B  BHAE
OpHUEHTHUPOBAHHBIX TpadoB, TaOMUIl WIM HUMETh
MaTpUYHOE MpEACTaBICHUE, YTO M O00yCJIaBIMBacT
MHOXECTBO METOJIOB UX MocTpoenus [1, c. 16-28].

Ha  ocHoBanMm  aHanmM3a  CyHIECTBYIOIIMX
MOAXOA0B K PELICHUIO 337a4M IOCTPOCHUSI yueOHOTro
TUIaHA CIEIUAJIBHOCTH C yYETOM JIOTMYECKOH YBSI3KH
JUICUUIUIMH MOXKHO CJ/IeNaTh BBIBOJ, YTO KOPPESIHS
MEXAYy JUCHUILUIMHAMHM B y4eOHOM IUIaHEe IpU
COCTABJICHHUH MPEPEKBU3UTOB M MOCTPEKBH3UTOB
3a/aeTcd B OCHOBHOM DJKCIIEPTHBIM ITyTeM, T.e. Ha
YCMOTpEHHE MpenogaBaTess JTaHHON TUCIUTUINHEL

Hanpumep, B paborax [2, ¢.90-97, 3, 179-185]
npejaraeTcs ajaroput™M (QOopMupoBaHHs paboueil
MpOTpaMMBbl AUCIUIUIMHBI C YYE€TOM B3aUMOBIIUSHHS
N3y4aeMbIX JCIUIIIINH u (hopmupyeMbIX
KOMIICTEHIINH, rue 3aBUCHMOCTh MEXKIY
JUCUUIUIMHAMH B JaHHOM MOJENM YCTaHaBIIMUBACTCS
MOJIb30BATeNIeM, T.€. MpolieMa aaeKBaTHOCTH TaKUX
CBsI3el OCTAETCS OTKPBITOU.

B  OompmmHCTBE  MOElell  aBTOMAaTH3aLUU
npouecca MOCTPOCHHUS yaeOHOTO IUIaHa

CIICLIMAJIbBHOCTH ~ OTCYTCTBYIOT ~MOZAYJIM  aHAJIN3a
B3aMMO3aBHCHUMOCTH JOUCUMIUIMH. [lodTOMy Hamu
OBUTO TIPWHATO pelIeHne O pa3paboTKe COOCTBEHHOU
MOJIETIM ~ aHalu3a TECHOTHl CBSI3M  JTUCLUILIMH
yuyeOHOrO IUIaHa Ha OCHOBE KO3((UIMEHTOB
paHroBoi koppessiuuu CriupMeHa.

MarepuaJjbl 1 MeTOABI

B kauecTBe BXOAHBIX JaHHBIX MJIsI aHaJIHM3a
B3aUMOCBSI3H JUCIUIUIAH yueOHOro I1aHa
BBICTYIIAIOT ~ PE3YJIbTaThl  HMTOTOBOH  ATTECTAIMH
CTYICHTOB (OIICHKH, BHIpakeHHbIe B Oammax). [lpum
3TOM CTOWT YYUTHIBAaTh, YTO TPAAWIMOHHAS OLCHKA,
BBICTAaBIsIEMasl B 3K3aMEHALMOHHYIO BEJOMOCTH, B
Ka)XJOM KOHKPETHOM BYy3€ ONpenensercs Mo
cobcrBenHoil mmkaie. Hampumep, B HU TIIY (r.
Tomck) mepeBoj OalloB B TPagUIIMOHHBIE OLIEHKH
ocymecTBisieTcs mo 100-6anpHOM 1Kae.

T.K. OLIEHKH CTYAEHTOB (IIPU3HAKM) MOTUUHSAIOTCS
OTJIMYHBIM OT HOPMAJILHOTO 3aKOHAM pacIipeAeieHus,
a UMEHHO SIBJISTFOTCSI MHOT'OBEPILHHHBIM
pacmpesieneHueM,  TO OyneM  pacCUMTHIBATh
HerapameTpuieckue Kod(GQUIMEHTb KOppessiuuu.
Jl1st 3TOTO 3HAYEHUsI PU3HAKOB (B HAIIEM CITydae 3TO
0aJuTBl CTYICHTOB IO UTOTOBOMY KOHTPOJIIO OCBOCHHUS
JIICIIUTIIMHBI ) cienyer YIIOPSI0YUTH I
MPOpPaHXHUPOBaTh IO CTENEHH yOBIBAaHMS  WIH
BO3pacTaHus PU3HAKA.

JIJIsl OLIEHKM TECHOTBI CBSI3U MEXIy Pa3lIMuHBIMH
JICLIUILTHHAMH CIELUaIbHOCTH HCTIONB3YyeM
ko3 duuueHT panroroi xoppemsiunu Crupmena [4,
c. 626-628]. Berumcmnsiercs OH CIEAYIOIINUM 00pa3oM:

n
63 d’
_q_ 1=l
p_ 2 ’
n(n- -1)

2
rje dj — KBajpar pasHOCTH PAaHTOB;

N — 9uciio HaOMIOAEHUH (YUCII0 Tap paHros).
Koadpdummenr Cnumpmena npuUHHMAaeT 3HAUYEHUS

ot -1 mo 1.

3HAYNMOCTh KO3 QUIMEHTa TNPOBEpsSeTCs Ha
ocHoBe t-kpurepusi CreroonmeHta mo Qopmyne. I[pu
MpPOBEpKE  3TOH  TUIOTE3bl  BBIYHUCISETCS -
CTaTHUCTHKA:

PacuerHoe 3HAYCHHME CPABHUBAETCS C TAOIMYHBIM
3HAYECHHEM tq (n—2). Ecou pacueTHOe 3HAUCHHUE
TaOJIMYHOTO, 3TO

OoJtbliIe CBUACTCIILCTBYET O
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3HAaYUMOCTH  KOd(hPHLIMEHTa  KOppeIsLuH,  a,
CJIeJI0BaTENBHO, u 0 CTaTUCTHYECKOU
CYIIECTBEHHOCTH 3aBHCHMOCTH MEXIY

BEIOODOYHBIMHM ~ NAaHHBIMH. 3aJada MOXKET OBITh
pelieHa ¢ TOMOINBI0 JIOOOT0  MaTeMaTHYeCKOTO
nakeTa (Harmpumep, Mathcad).

Pe3yabTaThl HCc1e10BaHUSA
HccnenoBanue  KOpPENALMH  BBIIOJIHEHO  Ha
OCHOBE JIaHHBIX 00 ycmeBaemoctu crynentoB OTU
HU TIIY. 3a ocHOBYy B3iTa BBHIOOpKAa MTOTOBBIX
OLICHOK TI0 BCEM JUCLHUIUIMHAM Y4eOHOro IUIaHa
CTYAEHTOB mocieaHux Tpex et (2013, 2014 u 2015

IT.) 1o CHenHanbHOCTU «[Ipuxnagnas

nndopmaruka», hopma o0yueHus — OakanaBpuar.
Crpyktypa OCHOBHOM oOpa3oBaTenpHON

MPOTPaMMBbI pa3paboTaHa Ha Kagenpe

HNudpopmammonnbix cucrem IOTU HU TIIY. B weit
OTIpeNIeNIeHBI TPEPEKBU3HUTHI IS KKIOH H3ydaeMon
JIHACLMILIAHEL

Yucno HaOmopenuit (crymenTtoB) pasHO 30,
CJIeI0BATENbHO, YHUCIIO CTEneHeH CBOOO/IBI
v=n-2=28. Torna COIJIacHO Ta0IuIe
KPUTHIECKUX TOUeK pacmpeneicHus CTBIOJCHTA MPH

ypoBHe 3Haummoctu 0,05 tq (28) =2,05. Ha
OCHOBaHHM  MPEMJIOKCHHOW  MOJENH  IONyYeHa
KOPPEJSILIUOHHAS ~ MaTpulida  MEKIUCIUIUIMHAPHON

cBs3W mucnuiuiiH pasmepHocThio NXN, rme N —
YHCIIO AUCUUILUIMH, U3y9aeMBbIX Ha MPOTSIKSHUH BCETO
nepuona oOydeHus. KoapuumeHTs KOppesum,
JUIA KOTOpHIX [ -CTaTHCTMKA  MeHbpIIME  dYeM

tq (28) = 2,05, MOXKHO CUHTATh PaBHBIMHU HYIIIO, T.C.

KOppeJsus He3HaYUMa.
Ucxons u3 aHaIM3a
KO3 (GULNEHTOB  KOPPEIINY,

CJICJIYIOIIHNE BBIBOJIBI:

a) BoNBPIIMHCTBO IWCIUIUIMH IEPBOTO CEMEecTpa
(mHDOpMaTHKAa W TPOTPaMMHUPOBAHHE, HCTOPHS,
MaTeMaTHKa U Jp.) IMEIOT TECHYIO KOPPEILIIHUI0. ITO
MOXXHO OOBSICHUTH TEM, YTO BCE OHH TpPeOYIOT
0a30BBIX 3HAHWHA IIKOJBHOH MPOTPaMMBI, MpHU
3((}EeKTHUBHOM YCBOCHUHM IIKOJBHBIX IPEIMETOB
HAOJIFOMAeTCsl  XOpOIlasi yCIIeBaeMOCTh B TEUCHHE
MEPBOTO ceMecTpa 0OyUeHUsI.

06) JlucuWIUIMHBI TOCIETHEr0 8-T0 cemecTpa

obmieit
MO>KHO

MaTpULbL
caenarb

(rpadmdeckne  cpeactBa B WHGPOPMAIMOHHBIX
cucremMax, HH)KEHEPHO-TIPOM3BOICTBEHHAS
MOJTOTOBKA, yIpaBJICHUE HHPOPMATHOHHBIMU

CUCTCEMaMH H )_Ip) TaK K€ HMCKT TCCHYIO CBA3b.
CBsi3aHO 3TO ¢ TEM, YTO BCC OHHU HAIIpABJICHBI Ha
YCHeUIHYO Ccady TroCcyAapCTBEHHOI'0 3JK3aMEHa I10

HalpaBJICHUIO CIICIIMAJIbHOCTH, a TaKXeC
OOJILIIMHCTBO U3 HHUX noapasyMeBarOT IMPUMEHCHUC
IMOJTYYCHHBIX TCOPECTUUCCKUX 3HAHUI Ha

MPOU3BOJICTBE, T.e. 3aJCUCTBYIOTCS IMPAKTHYECKHE
YMEHHS CTYJICHTOB U UX TBOPYECKUH MMOTEHIIUA.

B) [IpepeKkBU3NTHI, 3asBICHHBIC B yUeOHOM ILIaHE,
Ha MPaKTHKE HE BCerzaa MOKa3bIBAIOT
KOPPEISHOHHYI0 CBSI3b  C  JUCLUIUIMHOW, JUIst

KOTOpOH OHM Ha3HadeHbl. (OCHOBaHHUEM STOMY
CIy’)KUT, KaK YK€ CKa3aHO paHee, TO, 4TO Ipe- U
KOPEKBM3HUTHl HA3HAYAIOTCSl IMPETOJaBaTesIMH  Ha
CBOE yCMOTpPEHHE, HE MPOBOANTCS HCCIECIOBAaHUN MX
B3aMMO3aBHCHUMOCTEIL.

r) BONBIIMHCTBO MUCHUINIMH HMEIOT 3HAYNMYIO
KOPPEIAILNIO ¢ MHOCTPAaHHBIM S3BIKOM, YTO MOXKHO
0OBACHUTH 0COOCHHOCTSIMA CHEIUATBHOCTH.
BoNbIIMHCTBO S3BIKOB MPOrPAaMMUPOBAHKS HAITUCAHO
Ha aHTJIMHCKOM SI3bIKE, CIIEIOBATENHHO, €CIIU CTYICHT
BJaZieeT UM Ha JOJDKHOM YpPOBHE, TO U OCBauWBaeT
HaBBIKHM IPOTPaMMHUPOBAHUS OH TOpa3io jerye.

Takum 00pa3oM, MOXHO cHenaTh BBIBOZ, YTO
Ha3Ha4YeHHEe MPEPEeKBU3UTOB TUCIUILIMHAM B Pabounx
IpOorpaMMaxHa YCMOTPEHHE IIPErojaBaTeNs WiH
METOJIOM 3KCHEPTHBIX OLIEHOK HE COOTBETCTBYET
b0 HE B TONHOW Mepe OTpakaeT peaJbHYIo
KOPPEIAILNIO JUCHUILIMH Ha OCHOBE YCIEBAEMOCTH
CTYZICHTOB.

HccnenoBanne KOppessiuy AUCIHUIUINH Y9eOHOTO
IUIaHA MOXKET OBITh MOJIE3HO HE TOJIBKO IIpH
COCTaBJIEHUH 0a30BBIX y4YeOHBIX IUIAHOB, HO U IpH
MOCTPOSHUN WHIUBHIYAILHON TPACKTOPUH O0yUeHHS
cryneHra. Panee Hamm  Obuia  paspaborana
JMHAMHYECKasi MOJIeNIb YIPABJICHHUsT UHUBUAYaJIbHOM
Tpaekropueil oOydenus crymenra [5, c. 77-81]. C
MIOMOIIBIO K03((pUIrEeHTOB TECHOTEI
MEKANCIMIUINHAPHON CBSI3U (mucnumiH
MPEPEKBU3UTOB u JVCLUIIIMH-KOPEKBU3UTOB)
omnpezensercs HOPAAOK  HM3Y4eHHS JAUCHUIUINH,
KOTOpBIM  33/1aeTCsl  MHIUBHAYAIBHBIM  y4€OHBIM
miaHoM. TakuMm 00pa3oM, HCHONB3YysA MOTY4YEeHHBIE
pe3ybTaThI IO TECHOTE CBA3EH MUCLUIUINH y4eOHOTrO

IUlaHa Ha OCHOBE KOX((UIMEHTOB  paHroBOM
koppemsitmn  CriupMeHa,  MOXHO — pealiM30BaTh
OrpaHUYCHUE, CBA3AHHOEC C TIOPAAKOM U3YUCHHUSA

JUCHUIUINH, KaK B TCUCHUE BCEIo nNeprojia 06y‘leHI/IH,
TaK U B OTACJIIBHOM CEMECTPC.
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BBenenue

3amava pa3pabOTKH HMCKYCCTBEHHOI'O HIPOBOTO
WHTEIUIEKTa U1 TOKepa SBIIETCS JOCTaTOYHO
MOMYTISIPHOM, ¥, YTO caMoe TJIABHOE, N0 CHX IIOp
HEpEIIEHHON. Paborer B mamHOM  oOsactu
MIPOIOIDKAIOTCS Y)K€ He TEPBEIA Toll, 0 CHX IOp He
CYIIECTBYET ONTHMAIBEHOTO alTOPUTMa, CIOCOOHOTO
MIPEB30HTH BO3MOKHOCTH YEIOBEKA, 33 UCKIFOUCHIEM
OOHOIro M3 YaCTHBIX CJ'Iy‘IaeB J'II/IMI/ITI/IpOBaHHOI‘O
nokepa (IJ1s1 AByX UTPOKOB).

C105KHOCTH NOKepa 1J1sl MAIIMHHOI0 00y4eHMs

Texacckuil XosaeMm npumedareiaeH TeM, 4TO OH
SBJSIETCS MIPOM C HENOJNHOM wuHpopMaimedn —
KQ)KIblI 3HACT TOJIbKO CBOU KapThl U KapThl HA CTOJIE
(xoTs Bce KapThl HA CTOJE OTKPHIBAIOTCA TOJIBKO Ha
MOCJIeIHEM ~ Kpyre Inpukyma). Takke B HeM
HOPUCYTCTBYIOT JJIEMEHTHI CIy4allHOCTH — KapTsl
UTPOKOB M Ha JOCKE BBIMETAIOTCS U3 KOJIOIBI
ciryqaHbIM 00pa3oM. K 3TuM 1ByM acmektam HTpsl B
MoKep M00aBiseTcs eme M TPEeTHl — KOJIHUYECTBO
UTPOBBIX COCTOSIHMH, KOTOpoe B O€3THMHTHOM
Xongeme CYIIECTBEHHO BBIIIIE, yeM B
JUMUTHPOBAaHHOM.

Pucynox 1 mokassiBaeT CTpPYKTypy Haumbonee
IPOCTOrO  BapuaHTa MIPbl, OJHAKO Jaxe B
HOPOCTEHIIEM ClIydyae HMrpa COJEPXKHUT MHOpsIKa 10"
UTPOBBIX CHUTyallUi, YTO JEJAeT JaHHYI UIpy
MPaKTHYECKN HE penraeMoil «B J100», MyTéM HOIHOTO
nepebopa BceX BO3MOXKHBIX BApPHAHTOB Pa3BUTHS
COOBITHIA.

IIpn co3maHMM MOKEPHBIX WHTENJIEKTOB OOBIYHO
IIPUMEHSIOTCS pa3iu4HbIE YIPOILEHUS,
COKpAILAOLINE KOJIUYECTBO UIPOBBIX coCTOssHUU. Ho
npu 3TOM BO3HUKAET mpobiema oTePU
CYIIIECTBEHHOW NH(pOpMAaUU 00 UCXOAHON UTpeE.

Mepsbliit payHa Toproenu (npedbrion)
Kom6uHaumu kapt: 13261225 = 1,624,350

Toprosns
7 naTTepHOB CTaBOK: CC, CrC, CITC, IC, ITC, ITIC, CITTC

L9

BTopoi payHa Toprosnu (cpnomn)
HoBbix komGuHaLuii kapT: 17296

[ Toprosns

9 naTTepHOB CTABOK: CC, CIC, CITC, IC, ITC, ITTC, CIITC

hod

TpeTuit payHAa TOProsnu (TEpH)
HoBbix KoMGWHaLWIA KapT: 45

9 naTrepHoB CTaBOK: CC, Cr¢, CITC, IC, ITC, IMTC, Crrrc

Ly

YeTBepTbiit payHp (puBep)
HoBbIx KOMBUHALMIA KapT: 44

Toproensa J

T
Toprosns
17 naTTepHoB cTasok: cc, crf, cre, crrf, crre, i, re,
rrf, rre, rrrf, crrif, crrre, crrrrf, crrrre, rre, e, rrrre

c uzpoasix 0 T
cmagox

Xondema. B
« o
- KO unu yek; - Gem, peds, pepeds u m.9.; T - ¢ond, ¢Gpoc.

Pucynok 1. CTpykTypa UIpbI ¢ yKa3aHHEM HOBOIt
nHdopmanuu
KoHuenuusi nokepHOro HHTEVIEKTA

Pewenne, paccMmarpuBaeMoe B JaHHOM CTaThe,
IpenroyaraeT — HCIOJIb30BaHHE  [UII  OOydYeHUS
HUCKYCCTBEHHOH HEHPOHHOM CETH TE€HETUYECKOTO
agroputMa. Takol mOAXOJ TO3BOJAT OIYCTUTH
3ajadqy  pa3pabOTKM  ONTUMANbHOH  MOKEPHOI
CTpaTeruu. KOHI_ICHI_[I/IH TCHCTUYCCKUX aJI'OPUTMOB
MO3BOJISIET TIOJIyYUTh Haubojee >KH3HECIIOCOOHYIO
0co0b MyTEéM CeNEeKIMOHHOrO oTOopa. B ciywae ¢
MOKEPHBIM HHTEJICKTOM JKH3HECITOCOOHOCTh OymeT
OMpeNeAThCs IPPEKTUBHOCTHIO €ro Urpsl. [Ipu sToM
HHTEIUICKT HE KONHMPYeT MOBEJCHHE OIIOHEHTa, a
NPUICPKUBACTCS COOCTBEHHOM CTpaTerdu, KOTopas
MO3BOJIICT €My OOBI'PAaTh MPOTHBHHMKA U HOJNYYHTb
HanOoJpIIyr0 npubbUe. Brpouem, cama crparerus
MOJIy4YeHHOI'O MHTEIUICKTaHe OyAeT IOAIaBaThCs
KIacCU(HKAIMKU, a cKopee OyIoeT IMOoX0oXa Ha CTHIIb
UTPBI 4e0oBeKa, KOTOPBIH ObUT BbIpaboTaH Onaroxaps
TMOJIYYCHHOMY JINYHOMY OIIBITY.

OnpenesieHne HaGopa BXOJHBIX JaHHBIX

OueHb BaXXHBIM B NPOLIECCE CO3AAHUSA TIOKEPHOTO
HMHTEJUIEKTa SBJSIETCS MOJIYYCHHE OT UIPOBOH Cpersl
HanOoJiee MOJTHOTO M JJOCTaTOYHOro Habopa BXOTHOMN
nHpopmanmu. Hanmume w30bITOuHO WHDOpPMAHA
ycrmoxkHser mpouecc obydenms MHC, a HexBaTka
nHpopManmMK  MOXET TPUBECTH K  INPHHATHIO
HEBEPHBIX PELICHUH.

Kaxnplit urpok mpum urpe B TOKep oOianaer
crenyronied nHpopMamyeil: KapTel Ha pyKax, KapThl
Ha CTOJie, CTaBKH WIPOKOB, KOJIMYECTBO JICHET Ha
pyKax y KaXAOr0 WIpoK, ©OaHK, a TakKxe
PacIoIoKEHIE UTPOKOB 32 CTOJIOM.

B mepByio ouepens, cieayer yopath M3 Habopa
BXOJHBIX JAaHHBIX HWHpOpManuio o KapTrax. Bmecto
KapT, KOMOHMHAIMM KOTOPBIX JIOCTATOYHO CIIOKHO
3aKOJMPOBaTh  ONTHUMaJbHBIM  o0pasoM  Juis
ucnone3oBanuss B HWMHC, ropa3mo ymoOHe#dt wu
3¢ eKTUBHEH UCIIOIB30BaTh BEPOSTHOCTD BBHIMIPHIIIA
IPU W3BECTHBIX KapTax Ha pyKax M Ha CTOIe.
BeposiTHOCTD BBIMTpBHIIIA MOXKET ONpejesieHa MyTEM
WCTIONB30BAaHUSl M3BECTHBIX YHCICHHBIX METOJIOB,
Hanpumep, meroaa Monre-Kapio.

CraBKH UTPOKOB M KOJIHYECTBO JCHET SIBISIOTCS
CYIIECTBEHHBIMU AaHHBIMH. VICXO/Is U3 ATHUX JaHHbBIX,
MOXXHO BBIpabOTaTh ONTUMAIBHYIO  CTPATETHIO:
HalpuMep, MOKHO IONpoOOBaTh 3aJaBUTh CTABKOH
Oosiee c1aboro Urpoka, WK ke 0CTEPedbCsi CHIIBHOTO
UTpoKa B CiIydae, €I OH HaYHET MOBBIIATH CTABKY.
ITpu aTOM caM OGaHK Ha CTOJIE IPAKTUYECKH HE MUIPacT
HHUKaKoOil pOJM, MOITOMY MM MOMHO NpeHeOpeyb.
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Hecymecrennoid  mHdpopmanuei
PacIoioKeHUE UTPOKOB 3a CTOJIOM.

SABIIACTCA u

CTpyKTYypa MCKYCCTBEHHOM HelipOHHOM ceTn

B cBs3u co cnenmdukoil perraemoil 3amauu, B
JaHHOH pa0oTe WCIONB3yeTcsT KacKal M3 JBYX
KJIACCUYECKHX HEHUPOHHBIX ceTeil IIPSIMOTO
pacnpocTpaneHust. CBsi3aHO 3TO € TeM, 4TO, 1O CYyTH,
OCHOBHYIO 3ajady — IPUHATHE pEIICHUS O XOHe
UTPOKa, MOXKHO Pa3JeINTh Ha JIBE MI03a/1a9H.

.

Pucynok 2. Kackan HeHpOHHBIX ceTel
IlepBas mon3anada — 3aga4ya NPUHATUS PEIICHUS
0 BEJIMYHMHE CTaBKH, KoTopas OyJneT ONnTUMaibHOU

UCXOJsl W3 TEKYHIEro CcOCTOsHuA urpbl. Takoe
pellieHHe TMPUHUMAETCS Ha  OCHOBAHHHM  CHJIBI
KOMOHMHAIIMK, KOTOpas MOJyd4aeTcss y WIpOKa, H
COOTHOIICHHS CTABOK M CYMM JOCTYIHBIX JCHET Yy
UrpokoB 3a crojoM. Omnepupys STHMU JaHHBIMH,
MOXHO TMONPOOOBATh 33JaBUTh HMIPOKOB CTABKAMH,
eCIM CHJIa PYKH TIOIy4aeTcss HeOObIIONW, 11b0
HA000POT, MOMPOOOBATH MOJAHATH CTABKY TaK, YTOOBI
HE CIIyTHYTb IIPOTUBHUKOB.

Bropas moa3anaya CBOAUTCS HEMOCPEICTBEHHO K
BBIOOPY XOJ1a UTPOKA: COPOCUTH KapThl, OMAEPKATH
CcTaBKy MO0 mOBBICHTE. IIpm 3TOM B KauecTBe
BXOJIHBIX JAaHHBIX JUISi aHalIW3a HUCIOJb3YyeTCs
CTaH/ApTHBIH HAOOp BXOMHBIX MAaHHBIX, @& TaKXKe
pe3ynbTar paboTel mnpeabiayiieit ceru. IlomoGHoe
pasjienieHue 3aja4 3HAYMTENILHO YIPOIIACT IMPOLIECC
oboyuenns MHC.

Pe3yabTarsl
B uccnenoBannyu ObUIM PacCMOTPEHBI HECKOJIBKO
UHTEJIEKTOB, OTIIMYAIOIINECs CTPYKTYpaMu

HelipoHHOU ceTu. OOydeHHe OCYIIECTBISIIOCh C
IIOMOIIBIO TCHETHUYCCKOTO aJITOPUTMA, TI€ B KAYECTBE
MHAWBHUIA TPUHUMACTCA MOJIHBIN Ha60p BECOB
Kackaga  HEWpOHHBIX  ceTed.  DPPeKTHBHOCTH
00y4eHHs MHTEJUIEKTa OIPEIENeTCs] Pa3HUIIe MEXKIY
CTapTOBHIM  KalHWTAJIOM W  KalUTaJIOM  TIOCIe
KOHTPOJBHOM CepHU UTp.

B xome o0O0ydyeHHst WHTEIEKTOB COOHMpaMCh
MPOMEXXYTOYHBIE Ppe3yibTaThl, TI03BOJISTIOIINE
nocTpouts rpaduk mnporpecca oOydeHus. JlaHHBIH
rpa¢uk  1a€T BO3MOXHOCTh OLEHHUTH KadecTBO
o0ydeHHss W BBIIBUTH HamboJyiee >KU3HECIOCOOHBIC
HUHTCJIJICKTHI.

1s00

1100

Tlogasarems mpicriocobuersiocmt

Drioxa obyresrr

Pucynok 3. I'paduk nponecca oOyueHnst HHTEIIIEKTA

I'paduk, mpencraBieHHBII Ha pHCYHKE 3,
SIBJISICTCSL. OJHUM M3 HauOojee IMOKa3aTeIbHBIX IS
Hea(hdekTuBHBIX pemeHnd. Kak BugHO, mporpecc
MHTEJUICKTAa UAET HEPABHOMEPHO, COIPOBOXKIACTCS
PE3KMMHU  CKayKaMH. OTH CKAaYKd BBI3BaHBl HE
MPOTPeccoM B OOYYCHUHM HWHTEIICKTA, a OMIUOKAMU
CUCTEMBI OLCHKH 3((EKTUBHOCTH OOyUYCHHS, KOT/a
WHTEJUIEKT BBIUTPHIBACT 3a CUET yOAYHOTO CTEUCHUS
00CTOSTENbCTB.

[TomoOHBIE  WHTEIUIEKTHI  XapakTepU3yIOTCS
MalbIM KOJHYEeCTBOM CKpHITHIX cinoée B MHC u
MaJlbIM KOJIMYECTBOM HelipoHOB B HHUX.
COOTBETCTBEHHO, o g00OHbIC HWHTEIICKThI
HECTOCOOHBI OOYYHTHCSA TAKUM CIIOKHBIM 3ajadam,
KaK Urpa B MOKep.
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Pucynox 4. I'paduk npouecca o0yueHns: HHTEIUIEKTA

Pemenns, momxoGHbIE MHTEIUIEKTY HAa PUCYHKE 4,
SBIISTIOTCS HamOonee »¢dexTuBHbIME. Ha rTpaduke
BUJIHO, YTO TOKa3aTenb 3(GEKTUBHOCTH MHTEIICKTa
JIOCTaTOYHO MOHOTOHHO BO3pacTaer, 0e3 pe3KHx
CKauKOB, 4TO 00YCIIOBIICHO napamMeTpamu
TEHETHYECKOr0 aIrOpUTMa C MaJbIMU CHIIOH H
IIaHCOM MyTalMu. B uTore peuieHue MOJIYYUIIOCH
JIOCTaTOYHO CHJIbHBIM, M K TOMY )K€ MMeeT IOTEHIHaI
JUIA JajbHeNIero o0yueHus.

[TonoOHBIE ~ MHTEIUIEKTHI  XapaKTepU3YHOTCS
OOJBIINM KOJMYECTBOM CKPBITHIX CIIOEB M HEHPOHOB
B HuX. OpHako, cieayer OTMETHUTh, 4YTO C
BO3pacTaHueM  KonuuectBa cBsizer B UHC,
BO3PAcTaeT U CIIOKHOCTh €€ 00ydeHHS.

3akiiroueHue

[TpoBenénnoe nccie0BaHne TIO3BOJINIIO
ONpEJICTINTh JAJIbHEHIINEe HampaBieHus paboThI:
HEOOX0MMO MOIM(HUIMPOBATH MPOLECC OLEHKU
3(GGEKTUBHOCTH HHTEIUIEKTa. Takke HaUOONbIIHNA
MHTEPEC NPEICTABISAIOT WHTEIUIEKTHI, COZAEpIKallie
JIOCTATOYHO OOJIBIIOE KOJMYECTBO CBSI3EH.

Jlurepartypa
1. UckyccTBeHHBIE HEHWPOHHBIE CETH.
[OnexTponnsnii  pecypc]. — Pexum moctyma:
http://bigor.bmstu.ru/?cnt/?doc=NN/base.cou,
CBOOOHBIH.
2. Yto Takoe HMCKYCCTBCHHBIC HCHPOHHBIC CETH?
[DmexTpoHHBII pecypc]. Pexum JIoCTyTa:

http://habrahabr.ru/post/134998/, ceo6oaublii.
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3. 00 HCKYCCTBEHHOM HHTEIUIEKTE B IIOKEpE.
[DnexTpoHHBIH pecype]. Pexim JIOCTyTIA!

https://geektimes.ru/post/173273/, co6onusblit

4. I'enernueckuil anroput™. IIpocTo o cioxxHOM.
[OnexTponnelit  pecypc]. — Pexmm  mgocryma:

https://habrahabr.ru/post/128704/,  cBo6oansiii.
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MOJAEJUPOBAHHUE TEPMOIAUD®Y3HNOHHbLIX ITPOLHECCOB ITPH
3JEKTPOHHO-ITYYKOBOM OBPABOTKE

Yan Mu Kum AH, Hryen bao Xsiar

Hayunsiit pyxoBonutens —KosansT.B.
ToMCKUI NOIUTEXHUUECKUM YHUBEPCUTET
email: tranmykiman@gmail.com

BBeaenue

Jns TOBEpXHOCTHOTO YIIPOYHEHHUs] MaTepuana
TIPUMEHSIOTCS CIocOO0BI KOMOWHHUPOBAHHOU
00paboTKH, codeTarouien 3NEKTPOB3PBIBHOE
JIeTUPOBaHUE u MoCeayIoIee o0iryyeHue
SMEeKTPOHHBIM IydkoM [l], WM HUKIMYECKUH
MPOIIeCC HAHECEHUS MOKPHITHSA U BO3IEHCTBHS IOTOM
SHEPTUH  HU3KO3HEPreTHMYECKOI'0  3JEKTPOHHOIO

My4Ka. DJIEeKTPOB3PBIBHOE JETHPOBaHUE, IpeodpasyeT
CTPYKTYpHO-(a30BOE€  COCTOSHHE ITOBEPXHOCTHOTO
ciost 00pabaTeIBaEMOro MaTepHanta W IMOBEPXHOCTH.

DNEeKTPOHHO-ITYIKOBAs 00paboTka,
COIPOBOXKIAIOIIASCS nuddysueit aTOMOB
JETUPOBAaHHOTO DJJIEMEHTa B O00BEM MarepHaina,
OKa3bIBAIOT BJIMSHKME HA €r0 MEXaHMYEeCKUE CBOICTBA.
[Mocnenyromiass  3IEKTPOHHO-TTy4YKOBas — 00paboTKa
MOBEPXHOCTH TO3BOJISIET  YCTPAHUTH  KaleJlbHYIO

(pakuyo pacmpUIIEMOro Marepuaja M YIpaBisTh
I'paJieHTOM KOHIICHTPALUH JIETUPYIOIIEro AJIEMEHTa.

MaremaTuyeckoe MOJAEIMPOBAHUE BO3ACUCTBUS
MOTOKOB SHEPrHMM Ha MaTepuaibl B 3aBUCHMOCTH OT
Kpyra MpakTHYECKHX 3a/[ad BKIIIOYAET B ceOsl MOAen
TEIJIOBOTO M TEPMOYNpPYroro  BO3AEHCTBHS,
CTPYKTYpHO-(a30BBIX  TpPEBpAIlCHUH, ¢usuKo-
XMUMHUYECKHX TIpolieccoB M Ap. B aroit pabore
NPOBOAUTCS ~ MaTeMaTHYecKoe  MOJEIMPOBaHHE
JIEKTPOHHO-IIYYKOBOH 0OpabOTKH MOBEPXHOCTHOTO
cIos CTalH, c(hOpMHUPOBAHHOTO nocie
BJICKTPOB3PBIBHOI'O JICTUPOBAHUSA MCObIO.
IIpoBomuTcs cpaBHEHHME pe3yJbTaTOB pacueTa u
sKcepuMenTa [1].

MaremaTnyeckasi IOCTAHOBKA
Maremarnueckass Mozaenb TepMoAH((GY3NOHHBIX
IPOLIECCOB B YCIOBHUSIX BO3ACHCTBHUS HMIYJIbCOB
3MEKTPOHHOTO MOTOKA BBICOKOW MOIHOCTH BKIIFOUAET

YpaBHEHHs TEIUIONIPOBOAHOCTH U JuGPy3uu c
yYueTOM (ba30131)1x NEPEXOJI0B IpHU  IUJIABJICHUHU U
HCTIapC€HUH, N3MCHCHHA TGHHOQ)HBI/I‘{CCKI/IX
KO3(QPHUIIMEHTOB OT KOJHYECTBA  JIETHPYIOIIETO
JIIEMEHTA.
Ypasuenne TertonposoaaocTH [2]:
E, E<E,
cp

E, <E<E, +L,p,
LE-(En+Lup)

cp
rae E(x,t) — TemoBas cocraBisiomas BHYTPEHHSIS
sueprust; T(X,t) — Temneparypa; A(T) — koaddurpenTt
teronposoaHocty; ¢(T) — yaenbHas TEIIOEMKOCTD;
p(T) — wiotHocTh; t — Bpems; Ty, u Ly, — Temmeparypa

2
E_ EGET Ll
ot ox  ox?
T

m

@

W yoembHas  TemoTa IulaBieHWs; En=Tncp;
V{(T)=c"(3/4m)*exp(-(A*A)/(RT)) — ckopocTs dponTa
WCTapeHus; C — CKOpOCTb 3ByKa B rase; A —
yIenbHas TEIJIoTa Menapenus npu temmeparype 0°K;
A — aroMHEI Bec MaTepwana; R — yHHBepcaibHas
ra3oBast IOCTOSIHHAs;

OddexruBHbIe TerIOpU3NUECKUE KOIPPUITUSHTHI
3aIlMChIBAKOTCS B BUJIC:

s, T <T, - AT,

T (T, AT
n= n5+73%,Tm—ATS <T<T,

S

, T >Tm.

Wunexcsl S u | — oTHOcATcs K TBEpOOMY H
KHIAKOMY COCTOSIHUSIM; ATy — TeMIepaTypHbIe
UHTEPBAJEI, B KOTOPOM MOJENb HAaXOAUTCS B
nByxdaszuom cocrosuum; n={cp, 1}, ys={Ls/Tm, (A
A}, Ls — Temmora  ¢asoBoro  mepexoia.
D¢ dexruBHBIC BEIIMYUHEI TETUTO(PHU3MIECKUX
mapametpoB  P={c¢, p, A} omnpemensmHch B
COOTBETCTBHH c AJTUTHBHBIM
3akoHOM:P=(NPg+mPy)/(n+m), tme Py u P, -
COOTBETCTBYIOIIHE mapaMeTpsl JIETUPYIOIIETO
9IIEMEHTa U OCHOBBI, N © M — COOTBETCTBYIOIIUI UM
IIPOLIEHTHBINA COCTaB.

Hauanpaoe ycmoBme: T(X,0) = T, O<x<L
I'paHuYHbBIC YCIOBUSI:
ﬂ,ﬂ =q(t)— pV;AH, iﬂ =0,
X lxoo OX x=L

rae q(t>tg)=0, q(t<ty)=E¢/to— mIoTHOCTH MOIIHOCTH B
UMITyJIbCE JUIMTENbHOCTRIO 1o, AH=A*-RT/2AE, —
IUIOTHOCTB TIOTOKA 3HEepTHH; L — ninHa Momen.

Ypasaenue nuddysuu:

< _2lpmo% @

ot ox OX
rae C(x,t) — konuentpauus meau; D(T,C)=Dy(C)exp(-
EJ/RT) — koabduuuenr aubdysun; E, — sHeprus
akTHBaUuK.] paHnyHble ycnoBus i AUGPY3HH —
HyJIeBBIE TIOTOKH Ha 0o0emx rpaHumax.B HadanbHBIH
MOMEHT BpPEMEHH paclpeelieHHe KOHICHTPAInH
Meau B TPUIOBEPXHOCTHOW obmactu I<<L 3amaercs
byHKIMEH C(0,x)=f(x) B COOTBETCTBUH
pacIpeieNieHHI0 JITHPYIONIETO 3JIEMEHTa B METalle,
0=<x<l.

Pe3ysibTaThl MOJCTHPOBAHHUS
Yuciaennoe  peiierue  ypaBaeHudd  (1)-(2)
npoBoawiiock ¢ npumeneHueMm naketa MATLAB B
nuana3oHe sHepruit 15+30 Z[)K'CM'Z.
[Ipy MIOTHOCTH PHEPTHH ITyYKa SJEKTPOHOB 15
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Jlx-cM™ MPaKTHYECKH HE MPOMCXOHMT [UIABICHHS M
TaKXKe U3MEHEHUsI IPaJlieHTa KOHIEHTPpaluyl Meu Mo
CpPaBHEHMIO C HayalbHBIM. Bo3zaelcTBUE MIOTHOCTH
SHEPrMM  Tydka  oekTpoHoB 20430  Jhk-cm
COIPOBOXKIAETCS MIIABICHUEM ITOBEPXHOCTHOTO CJIOA,
a TpH WIOTHOCTH 3Hepruu 30 Txem™ TeMIleparypa
MOBEPXHOCTH IIPEBBIMIACT TEMIIEPATypy HCIapeHHs
menu (puc.l).

o 20 40 80 80 1, MKC

Puc.1. Temneparypa MoBEepXHOCTH CTAIIH
nerupoBaHHON Menbio (1-4), TeMnepaTypa ruaBICHUsI
xkene3a (5) u ucnapenus menu(6); 1 — Eq = 15; 2 — 20;

3-25,4-30 Ix-cm?

ToumyHa JTETMPOBAaHHOTO CJIOS YBEJIMYHBACTCS C

POCTOM IUIOTHOCTH DHEPTUH ITyYKa JIEKTPOHOB € 7.75
-2 -

MkM 1pu Ey=20 Ix-em® mo 17 mxm mpu Ey=30

Jbx-em™?,  Te. AJIEKTPOHHO-ITy4YKOBasi  00paboTKa
MOBEPXHOCTH  CTaJM  TOCIE  AIIEKTPOB3PBIBHOIO
JICTUPOBAHUA TIIpU BapUalyu IIJIOTHOCTH OSHEPIUU
3J€KTPOHHOIO Mmy4Ka E>15 21>K~CM’2

conpoBoxkaaercs nuddysueli aToMoB Mean B 00beM
marepuana (puc.2). C yBeJMUCHHEM KOJIMYECTBA
JEUCTBYIOIIMX  WMIIYJICOB  30Ha  auddy3un
pacumpsercs  (puc.3).  PesympTarthl  pacderoB
COOTBETCTBYIOT OKCIIEPUMEHTAIBHBIM HM3MEPEHHAM

[1] (puc.4).
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Puc.2. PacyeTHbIe TpaieHTH KOHIIEHTPAIIUH
MU BCTAITH MOCJIE UMITYJIBCA C MIIOTHOCTHIO
sueprui: (1) — 15 (HaganeHOe pacmpenenenue), (2) —
20, (3) — 25 u (4) — 30 x-cm™.

100

IS @ o
=) S =]

N
o

KoHueHTpauns Mefn, sec.%

15 20

10
X, MKM

Puc.3. PacyeTHble rpaJieHThl KOHIICHTPAIIUH
MeJIH TIPH pa3sHoOM yHciie umMmynabeos: (2) — 1, (3) — 5,
(4) - 10;(1) —mavansHOE
pacnipenenenne; Eg=25 k- cm 2

8 ",

Konruentpauna Mean, Bec.%

4 8 10 12 14 18 18
X, MEM

Puc.4. I'paguieHTs KOHIIEHTPAIIMH MU CTan 45,
MOJIBEPTHYTOH JIEKTPOB3PBIBHOMY JIETUPOBAHUIO U
HOCIIeTyIoLIel 3JIeKTPOHHO-IIYYKOBOM 00paboTKe npu
E¢=15 Jlx-cm™ (myukTupHbie muHAN) 1 30 J[x-cM”
%(crumommmble KpuBEIe), (a) — pacuer, (6) —
skcnepumedT [1] (10 ummyascoB)

3aki0ueHHe

MopenupoBanue TepMoan(pGy3nH, BKIIOYArONICH
B ce0s 3aJauyd TEIUIONPOBOAHOCTH W audy3um,
MI03BOJISIET KOHTPOJIMPOBAThH I'PaJMCHT KOHICHTPALIN
JETHPOBAaHHOTO  3JEMEHTa  IIPU  HMMILYJIbCHOM
3JIEKTPOHHO-ITyIKOBOH 00pabOTKe M, CIEIOBATENbHO,
MHUKpPOTBEPAOCTh MOBEPXHOCTHBIX cjoeB. CpaBHEHHE
YHCJICHHBIX PACUYETOB C 3KCIIEPUMEHTOM IOKAa3bIBAET,
YTO 3JIEKTPOHHO-IIYYKOBas 00pabOTKa MOBEPXHOCTH
ctamd 45  TOABEPrHYTOH  3JIEKTPOB3PHIBHOMY
JICTUPOBAHMIO IIPH BapUallMM IUIOTHOCTH SHEPrUu
AIEKTPOHHOTO myJKa npu E>15 Jix-em™
CoTpoBOXKIaeTcsl TUQPQy3neii aTOMOB MeAH B 00BEM
Mmarepuai.

CnucoK MCnoJb30BAHHBIX HCTOYHUKOB

1. dopmupoBanne CTPYKTYPHO-(a30BBIX
COCTOSIHUI METaJlIoB u CILUIaBOB pu
OJICKTPOB3PLIBHOM  JICTUPOBAHUUN u 3JICKTPOHHO-
My4koBoil oOpaborke/mon pen. B.E. I'pomoBa.—

Hogokysneuk: 13n-Bo «Uurep-Kyszbacey, 2011. — 212
c.

2. Brneiixep I'A., KpuBoGoxos B.II. 3Oposms
MOBEPXHOCTHU TBEPAOTO Tela MOA ASHCTBHEM MOILIHBIX
ITy4YKOB 3apskeHHbIX yacTull. — Hos-ck: Hayka, 2014.
—245c.
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HPPIM]EHEHPIE AIIIIAPATA HEUETKOM JIOTUKHU JUIA YAYYIIEHUA
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Beegenne

MPPT (Maximum Power Point Tracking) -
OTCJIEXKHUBAaHUE TOYKM MAKCHUMAaJIbHOM MOIIHOCTH —
3TO OJWH M3 CHOCOOOB MOBBIIICHHUS 3HEPTETHUCCKOI
3(h(eKTUBHOCTH  (QOTOINEKTPHUSCKIUX MOIYIeH W
BETPOIHEPIETHUECKUX YCTAHOBOK, IyTEM MOITyYCHHS
MaKCUMaJIbHOH BO3MOKHOW MOINMHOCTH Ha BBIXOJE
yKazaHHbIX cucteM. Jna peamusauuun MPPT
HCTIOJNIB3YIOTCS mudposeie YCTpOHCTBA,
AQHATM3UPYIOIIKE BOJBT-aMIEPHYIO XapaKTEPUCTHKY
(BAX) c nenpio onpeaeauTs ONTHMAIbHYIO apy TOK-

HalpspKEeHUe, o0ecreunBaroyIo MaKCUMYM
BBIXOZHOU MOIIHOCTH.
Ha pucynke 1 mpusenén mpumep BAX

(HhOTORICKTPUIECKOTO MOAYJsl ¢ O00O3HAYCHHOW Ha
Hell TOYKOHM MaKCHMAaJIbHOM MOIITHOCTH.

TOK, A
30

TOUKA MAKCHMANLHON
t MOLHOCTH
N (Usmium)

LJ; TOK KOPOTKOTO 3AMBIKAHHS ( 1)

[
o

o

o
o

|
B 222 B0 e |

10 15 0/ 2

HANPAXEHHE
HANPAXEHWE, B XONOCTOro

XORA (Uxx)
Puc. 1. MPPT ra BAX §oTO3/MeKTpHYIECKOTO MOTYIIS

Hauboiee pacnpocTpaHEHHBIM MPPT
QITOPUTMOM  SIBIISIETCSL  allTOPUTM  «BO3MYIICHHUE-
HaOmoznenue». B atom merozne ycrpoiictBo MPPT Ha
HeOOIBIIYIO BEITHMYUHY H3MEHSeT BXOHOE
CONIPOTHBIICHHE, BCIEICTBHE YEro H3MEHSeTCS
HaNpsDKEHHE COJTHEYHONW YCTaHOBKHM W H3MEpSeT
MOIITHOCTh, €CITH MOIIHOCTh YBEIWYMBACTCS —
KOHTPOJUIEp TPOJOIDKACT W3MEHSTh HANpsDKEHHE B
S5TOM K€ HAaNpaBICHHWU, [OKa MOIIHOCTb HE
nepecTaHeT  yBeNnWumBarbes. [IpuHImMm  pabGoTsl
ITOPUTMA «BO3MYIICHUE-HAOIIOICHNE» M0Ka3aH Ha
pHUCYHKE 2.

Henocrarkamu anropuT™Ma «BO3MYILIEHHE-
HaOJroIeHNe» SBISAIOTCS KOJEeOaHWs MOITHOCTH U
(huKCUpOBaHHOE BpeMsI «BOCXOXKICHHA». PemeHmeM
yKa3aHHBIX MpoOJIeM BUAWTCS MPUMEHEHHS ammapaTa
HEYETKOMU JIoTHKH [1].

wv
[SUBREAN AN SURRRRERRUNNER]

o
o

o
—
-1
O —

PM

Power [W)

'
0 T T T T T T Y

VM
9 Voltage [V] e

Puc. 2. [IpuHIMn noucka TOYKH MaKCUMaIIbHOM
MOILHOCTH 110 aJITOPUTMY «BO3MYILICHUE-
HaOJIoJCHUE»

Annapat He4éTKOM JJOrMKHU

MaremaTuueckass TeOpUs HEUYETKUX MHOXKECTB
no3BoJisieT (OpMaIn3oBaTh HEYETKHE IOHATUS U
3HaHUS,  ONEpPUPOBaTh  3TUMHM  3HAHUSAMH U
OCYILECTBIISATh HEYETKUE BBIBOJIBI.
OKCIIEPUMEHTAIbHO I0Ka3aHO, YTO MCIOJIb30BAHUE
HEYeTKOM JIOTMKM B  YNpaBIeHWH (HEYeTKoe
yIpaBleHWE) JaeT Jy4llhue pe3yibTaThl, 0
CPaBHEHHUIO C TOIY4aeMbIMH MpPH TPaJULMOHHBIX
anropuTMax ympasieHus [3].

MopenupoBanue MPPT konTpossiepa

Just uccnemoBaHWs — BHEIpPEHHs — armapara
HeuéTkoi joruku B MPPT-anroputm paspaboTtaHa
MO/IEJIb COJTHEYHOH (POTOIIEKTPUIECKON YCTAHOBKH C
MPPT-xorTpoimepom 3apsima [4]. dns co3maHus
MoJIeN ucrons3oBanachk cpena MATLAB, Simulink.

B paspaboranHOIi Mojenu, TMpeACTaBICHHOH Ha
pHCYHKE 3, MOUCK TOYKM MaKCHMaJbHOH MOIIHOCTH
BeETCs o AITOPUTMY «Bo3mymenue-
HaGmonenue», NpuHIMIT KOTOPOTO OBUI PaccMOTPEH

paHee.
Bbiok HEYETKOMN JIOTUKH CITyKUT s
(dhopmMupoBaHuS Koa(dureHTa, 3a/1aI011IETO

BEJIMYMHY TPHUPAIICHUS B 3aBUCHMOCTH OT BXOJHOM

JIMHTBUCTHYECKOI NIEPEMEHHOM. 3HaueHne
Macmrabupyromero koddduiueHta OT BXOJHOU
JUHTBUCTHYECKOM IIEPEMEHHON OIpejensercs B
3aBUCHMOCTH  OT Habopa TpaBWJ  HEYETKOTO

KOHTpoJuiepa [2], mpuBeI€HHBIX B TaOJIHIIE.
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O
B

Fuzzy Logic
Cantroller

Puc. 3. Monmens MPPT koHTpoOsiepa ¢ He4ETKOM
JIOTHKOH

Ta6muma. [IpaBuiia HEYETKOTO KOHTpOIIIEpa

E|\dE— low middle high
low low low low
middleL midL midL low
middleH midH midL low
high high midH midL

HcciienoBanye BJUSHUA 0JI0KA HEYETKOM JJOTHKH
Ha padoty MPPT koHTpos1epa

Jnst  wccnenoBaHus BIUSHUSL  PabOTHl  OJioKa
HEUYETKOU JIOTUKH Ha COJIHEYHYIO
(HOTOPIEKTPUIECKYIO  YCTAHOBKY, OBUIM  3aJlaHbI

CIIEYIOIINE UCXOTHBIE TapaMeTphl MOIeNH:

- HampsbkeHue Xxojocroro xonxa Uxx=24 B, Tok
KopoTKoro 3ambikanus 1kz=6,14 A;

- HopMalbHblE ycnoBus: Temmepartypa 25 0C,
ypoBeHb conmHeuHOW wHcomsmuu W=1000 xkBt/m2,
yroi nageHus aydeit a=900;

- HarpysKa norpeduTesnel OTKII0YeHa;

- MOZYJIb 3apsDKAeT aKKyMYJISITOP ¢ HOMUHAIbHBIM
HanpspkeHueM 12 B, paspsoxérnsiit 1o 80 %;

PesynbraTel MOAEIMPOBAaHUS IPEICTABICHB Ha
pucynkax 4, 5. 3enéHplM 1BeTOM 0003HAYECHBI
MoKa3aTean OOBIYHOTO KOHTPOJUIEpa, a CHHHUM — C
HEYETKON JIOTMKOM.

W3 pucynka 4 BUIHO, YTO INpHMEHEHHE OJIOKa
HeuéTkoi noruku B MPPT koHTposuiepe mo3Boiauio
3HAQUUTENIBHO YBEIUYUTh CKOPOCTb  HAXOXKIECHUS
TOUYKM  MaKCUMaJIbHOM  MOINHOCTH, a  TaKXke
HEWTPaIN30BaI0 KOJEeO0aHUS HaNpsDKEHHs, 4YTO B
CBOIO O4YepeIb CHU3WIO KoJeOaHHs MOIIHOCTH

(pucyHOK 5).

o T 0 1500
£ m, mc
Puc. 4. CpaBHeHNE pE)XKUMOB ITOMCKA TOUKH

MaKCHUMAaJIbHOM MOIITHOCTH II0 HaIpsHKEHUTO
P, BT

T T T T T T T H T

nasfi

nahi

175

185 NUONY. S

S0 30 E00 820 840 EED £20 700 120 740

Puc. 5. CpaBHEeHHUE peKUMOB MOUCKA TOYKU
MaKCUMaJIbHOM MOIIIHOCTH MO0 MOITHOCTH

3akaroyeHue

IlonBoass UTOr MNPOBENEHHBIM HCCIEIOBAHUAM,
MOJKHO CJIeJIaTh BBIBOJ, YTO IPUMEHEHHUE ammapara
HEYETKOW JIOTMKM JUI YJIYyYLIEHUS XapaKTepPUCTUK
COJIHEUHBIX (DOTOIIEKTPUIECKUX YCTAHOBOK SIBIISCTCS
(GYHKIMOHANBHBIM W aKTyalbHBIM  pELICHUEM.
W3MeHnsst Joruky HEYETKOrO pEryJaupoBaHUsS U
HOJCTpanBas €€ MOJA KOHKPETHYIO CHCTEMY MOXKHO
noburscs  yBenmuenus KIIJI ¢dorosnexTpuueckoit
YCTaHOBKH Ha JOTONHUTEIbHBIE 1-2%.
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BBenenne

PaccmarpuBas atmocdepy 3eMiM, MpeacTaBlsieM
€e B BUJIE Cpeldbl, COCTOSILENH M3 CMECH TIa30B H
B3BEIICHHBIX B BO3JyX€ TBEPIBIX U JKUIKUX MEIKUX
YacTHI, KOTOphIE OyIeM Ha3bIBaTh a’3pPO30JIAMH.
AdpO030JBHBIE YaCTHUIIB UTPAIOT CYIIECTBEHHYIO POJIb
B IpOLIECCE NMEPEHOCA U3IYUEHUS, BIMSIS TEM CaMbIM
Ha morony u kmmMaT 3emin. Oco00 BaKHYIO POJb
A3pPO30JIbHBIC YaCTUIIbI UI'parOT B MOIIOWICHUU U
paccesiHUM COJIHEUHOTO HU3inydeHus. Bxknag aspososneit
B paccMaTpuBaeMble MPOIECCHl BECbMa BENUK, H
IMMO2TOMY H3Y4YCHUE OITUKHU aTMOC(bepI)I HEBO3MOXHO
6e3 yueTa X ONTUYECKUX CBOUCTB.[1]

IlocTanoBka 3agaun

Ilon cucremoil BHIEHUS IOHMMAKOT CXEMY
HaOJII0ICHUS, BKJTIOYAIOIIY IO B celst: a)
MOACTHIIAIONIYIO ITOBEPXHOCTh; 0) pPaccEeUBAIOUIYIO U
MOTJIONIAIOIIYIO CpeNy; B) ONTHYECKOE YCTPOMCTBO,
OCYILECTBIIAIONIEE  PETHCTPALUI0  IPUXOAAIIETO
u3nyyeHus.[2]

PaccmoTpuM pacceuBarouyro cpeny, B KOTOPOM
MPOUCXOIUT MPOIEeCC H3IydyeHHs (OTOHOB M TJe
pacnojararoTcs UICTOUHHUK W MPUEMHUK H3lyyeHus. B
KayecTBe pacceuBarolei cpenbl Oynem
paccMaTpuBaTh CIOMCTO-OJHOPOJHYIO, a3PO30JbHO-
MOJIEKYJISIpHYI0 aTMochepy 3emun.

Onruueckas  Mojenb  atMocdepbl  3agaeTcs

CJIE/TYIOLIMMH XapaKTEePUCTUKAMH:

Q)TIOJIHBIN KO3 PHUIHEHT ocyabieHus

our)=0 00, 0r) e o
c

Ko3ppuIneHT paccesHus, 2 — KOA(pPHUIIHEHT

MOTJIOIICHHS;

0) gk 1) — UHJIMKATpHCca PacCesIHUs.

r=(xy,z2)

3nech — paauyc-BeKTOp TeKyLIei

(e’ o)
TOYKHM B TIPOCTPAHCTBE, — KOCHHYC Yyrja
paccesHus U3Jy4YCHUsI, NPUIICAIICTrO C HallpaBJICHUA

(0', B HampaBneHnu @, Ao JUTMHA  BOJIHBI
Ma/IAT0IIEeTO N3ITYICHUS.

Jis oOmagHOrO CNOS TMpeamnoiaraeTcs 3agaHue
COOCTBEHHBIX ONITUYECKUX XapaKTEPUCTHK.

C MareMaTH4eCcKOM TOYKHU 3pC€HHA OTHOLICHUEC

cTSC

G MOXHO paccMaTpuBaTh Kak BEPOATHOCTH TOIO,

r=(xy,z
9TO B TOYKE Y MIPOUCXOTUT «PACCETHUECH
(oToHa (M3MEHEHHME HAIPABJICHUS €r0 JBHKCHUS),

Oa

oTHOmIcHHEe O - BEPOSTHOCTH MOTJIOIICHUS (OTOHA
(ero MCUe3HO