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A. M. 3asiu, KaHIuIaT TEXHUYIECKUX HAYK, TIpodeccop

OCHOBHBIE UTOI'1 HAYYHO-UCCJEJTOBATEJIBCKOM
PABOTBI U HUPC

1. ATorn Hay4Ho-MCCJIe0BaATEIbCKOI padoThI

[Tpodeccopcko-nipenogaBaTenbCKkuil cocTaB Kadeapsl MPOTOIIKUI MPO-
BeJICHUE HCCIeA0BaHUN (PyHIaMEHTaIbHOTO U MPUKJIAAHOIO XapaKTepa B pam-
KaX rocOIOPKETHOM HAYYHO — UCCIEeA0BATENbCKOU padoThl «HPpOpMalMOHHBIE
CUCTEMBbI M TEXHOJOTUM: TEOpPHUS M TpakTHUKa». OCHOBHBIC PE3yJbTAaThl ObLIN
OITyOJIMKOBaHbI B COOPHUKE HayYHBIX TPYA0B Kadenpsl Ne 8, KOTOpbIi ObLI MO/~
TOTOBJICH 110 MaTepHaliaM MCCJIEAOBAHUM U HAYYHO - MPAKTUYECKUX padoT co-
TPYJIHUKOB KadeIpsl, MpeCTaBICHHBIX HA HAYYHO-TEXHUYECKON KOH(pEpEHITUN
MHCTUTYTa Jieca u npupogonosb3oBanuss CIIOIJITY B suBape 2016r. Bcee
COOpHUKHM Hay4HbIX TpynoB Kadenpsl (1-8) 3apeructpupoBansl Ha maaThopme
Hay4yHoU snekTponHor 6mommotreku eLIBRARY.RU u umeror Poccuiickuii un-
JIeKC HalmoHaapHoro nutuposanus (PMHLY).

[IpenogaBatenu xkadeapsl NPUHAIN aKTUBHOE ydacTHe B 3 3apyOex-
HBIX, / MEXJIYHapoIHbIX U 11 poccuilckuX Hay4YHBIX KOH(EpEHUHAX.

[To marepuanam ucciaenoBaHuil MoATroToBieHO Oosice 40 HaydHBIX
cTaTeil, KOTOpble ONMyOJUKOBAHBI B POCCUMCKUX U 3apyO0EKHBIX KypHAaIax.
Bce crateum umeror PUHII, 12 crareit omyOGiauMKOBaHB B JKypHajlax H3
cnucka BAK.

Ornenka pe3yabTaTUBHOCTU U A3(DPEKTUBHOCTU JEATEIBHOCTH, MyOJIMKa-
[IMOHHOW aKTUBHOCTU M IUTUPYEMOCTH YYECHBIX Kadeapbl M0 WHJEKCaM Hayd-
HOTO ITUTUPOBAHMS MEXKTYHAPOIHBIX U POCCUMCKUX 0a3 TaHHBIX CIIEAYOIIast:

o unekc Xupiia (Web of Science) - mpodeccop boratsipes B.A. —
1, moment XKyk I0.A. — 2;

o uHIekc Xupma (Scopus) - mpodeccop borarsipeB B.A.— 3, no-
neHt Xyk I0.A. — 3;

o unnekc Xupma (Elibrary - PUHI Science) - nmpodeccop borarsi-
peB B.A — 22, nonent Kyxk F0.A. - 3, nouent Bacunser H.II.- 2, npodec-
cop 3asaun A.M. — 1, nouent Xabapos C.II. — 1.

[Iponomkena mpakTUKa CO3AAHUS MPUKIATHBIX MPOTPAMMHBIX MPOIYK-
TOB, B 3TOM T'OJIy MOJTY4YEHBI 3 CBUIETEIHCTBA O TOCYAAPCTBEHHOW pPETUCTPAIUH
nporpamm 171t DBM. ABTopsl penonaBarenu kadeapsl: Bacunses H.I1., 3as
A.M., JloraueB A. A., MaructpanTbl U OakanaBpbl. OTIpaBICHbI HA PErUCTpa-
LUIO e1lle 3 3asBKHU.

BaxxupIM mokazaTesieM B Hay4yHOU paboTe sBIsSETCS AESITEIbHOCTD
npemnojiaBatesneid B 00JacTU HAy4YHO — METOJUYECKOM paboOThl, BhIpaxkalo-



masicsi B HaMCAHUU YYEOHBIX U METOJAUUYECKUX mocoOuil u crateit. Tak B
2016 rony mpemnonaBaTensiMu KadeAapbl MOATOTOBIEHBI U U3JaHbI ClEny-
I0I1Me yueOHbIC TTOCOOUS:

e borateipee B A. THOOPMALIMOHHBIE CUCTEMBI 1 TEXHOJIO-
M. TEOPUA HAEXHOCTU. PekomennoBano YMO Beiciiero oopasona-
HUS B KaueCTBE y4eOHOT0 MOcoOus Jisi CTYACHTOB By30B OOy4YalOIIUXCs 1O UH-
YKEHEPHO-TEXHUYECKUM HarpaBiieHusM -Mockaa .:FOpaiit, 2016. -318 c.

e VtkuH JL.B., Kyk FO.A. DieMeHTBl CHCTEMHOrO aHalau3a: TEOPUsS HIP
09.03.02-Canxr-IletepOypr .:U3n-Bo [lonmurexH. yu-ta, 2016. -84 C.

e Jlonmeraesa H.I'. OCHOBBI MOCTPOCHHS pacHpeaeICHHbIX HHPOPMALUOH-
HbIX cucteM -CII0 .:MI1O CIIGI'JITY, 2016. -128 c.

e [llyouna M.A. VYmpapieHue [AaHHBIMA. PEKOMEHJOBAaHO HAy4HO-
Metoauyeckoir komuccueit CIIOIJITY st nanpasnenuit noaroroBku 09.03.02
u 09.04.02 .:CII6I'JITY , 20161.-132 C

[ToaHOCTBIO TOATOTOBJIEHBI U HAXOIATCS HA 3aBEPIIAIONIEH CTaIUU K HU3-
JTAHUIO y4eOHBIE ITOCOOUSI:

e XabGapos C.II. lunkuna M.JI. BeluucnurenbHble MallMHbI, CU-
CTEMBI U CeTH: Y4eOHoe rmocodue 1moj pea. K.T.H., mpod. 3asi A.M. Uzna. [onu-
TEXH. YH-Ta, 240 c.

e [IlyOuna M.A. WMHpopmallMOHHBIE TEXHOJOTUU. Y4YeOHOE MocoOue i
6ak. 35.03.02. CII6.: CII6IJITY, 116 c.

ITepepaboTansl B coorBeTcTBUU ¢ PI'OC 3+ 6070ee 30 pabounx mporpamm
Y4EOHBIX AUCIUIUIMH MO Pa3UYHBIM HAMPABJICHUSM MOATOTOBKU 0aKajIaBpOB U
MarucTpoB. Pa3paboTaH u pacCMOTpPEH Ha YYEHOM COBETE YHUBEPCHUTETA y4eO-
HBI{ TUIAaH HaNpaBJICHUS MOATOTOBKH «JIeCHOE neno» mo MarucCTepcKoul Mpo-
rpamme «HpOpMaIMOHHBIE CHCTEMBI M TEXHOJIOTHH B JIECHOM XO3SHCTBE»

2. UTorm Hay4HO-HCCJIeA0BaTEIbCKOI padoThl CTY/IEHTOB

Ha  kadeape  TpaauuuMOHHO  aKTUBHO  BEAETCS  HAy4HO-
uccieoBaTeNb-ckasi paboTa CTyJeHTaMHi, KOTOPbIE SBJISIOTCS aKTUBHBIMU
yiaenamu CHO. OTa pabota npoBOAUTCS MO PA3IMYHBIM HANPABJICHUSAM.

2.1. YuacTue CTyJ€HTOB B 0JIJUMIIHA/IaX, KOHKYPCaX U 'PaHTax

Tpu KOMaHABI CTYAEHTOB 3 U 4 KYpCOB YCHEIIHO BBICTYNAJIU B YeT-
BEPTh(PU-HATBHBIX OTOOPOYHBIX CTYJIEHUECKUX COPEBHOBAHUSIX KOMAH]I-
HOTO YeMInoHaTa Mupa no nporpammupoBanuto - ACM ICPC 2016-2017,
NEERC, Northern Subregional Contest (tpenepst noi. Jlebeges M.O., ct.
npen. Kypunosa M.H.).

JeBsaTh cTylneHTOB 3 W 4 KypcoB NpUHsIM ydyacTue B OTKpBITOU
MEXIYHApPOJIHOU cTyaeHdYecKkol umHTepHeT - onummnuane (OIIO - OPEN
INTERNATIONAL INTERNET-OLYMPIAD), no HampaBieHUIO MOATO-
ToBKU «MHDOpMaMOHHBIE CUCTEMBI U TEXHO-JIOTUN» U MPOJAEMOHCTPUPO-
BaJu Xxopouiue 3HaHus (Tpenep cT. npen. Kypunosa M.H.).



Crynentka — BeinyckHuna 2016 roma KanamnwukoBa Enena crana
(BTOpO# Ton moiapsa) duHAmMcTKOW KOoHKypca «Honor Cup» (cmoHcop
bupma « Huawei») mexayHapoaHoi onuMuaasl B chepe nHGOPMAIIHOH-
HbiX TexHonorut « UT IIJTAHETA» 2015/2016.

Crynentsl 4 xypca Illanaes E. Y. u BacunbeB C. 11. cranu npuzepamu
koHkypca koMmmanuu CKb Konryp "lIporpammuposanue : C#, ASP.NET MVC"
Y HarpakxJIeHbl IUILIOMaMH 3a 3-€ MECTO.

B omumnuane « U'T HJIAHETA» 2016/2017 y4acTBYIOT U IPOXOJAT
TecToBble ucnbiTanus 19 crynentoB 1,2,3 u 4 xypcoB. ®uHan B mae T.
Coun (Tpenep npod. 3asau A.M.). Tpu cTyaeHTa HHCTUTYTa Jeca U Npu-
ponomnonb3oBanus CIIGIJITY nanpaBnenus nmoarotosku «Mudpopmamuon-
HbIE CUCTEMBI U TexHoaoruun» Payncon A.A. - 3 k., Bacunsen C.II. - 4k.,
[[TamaeB E.N. - 4k. ycnemHo crpaBUJIMCh ¢ TECTOM MEPBOro Typa, HaOpaB
ot 180 mo 230 6ammoB u3 300 u nMpojoKAT ydacTHe BO BTOPOM Type.

Maructp KsimocoB A. F0. — noGeauTenb KOHKypca BUIACOPOIUKOB B HO-
MuHanuu «Most Oyaymias mpodeccus», TpOBOJUMOTO B YHUBEPCUTETE MO/ Jie-
BU30M «ITO MOW yYHMBEpCUTET!». BUICOPOIUK aKTUBHO MCIOJIB3YETCA B MPO-
dbeccruoHanbHO - OpUeHTAMOHHOM padoTte mpuemHoi komuccuu CITOIIITY.

JymoB Makcum MHHOKEeHTHEBUY, 4 Kypc, 7 Tp. — moOeIUTEIh KOHKYypCca
rpanToB 2016 roma st CTYJ€HTOB BY30B, OTPACIEBBIX M aKaJEMUYECKUX WH-
CTUTYTOB, PacIoJIO)KEHHbIX Ha Tepputopuu Cankrt-lIletepoypra (20000 py6.).
[IpencraBnena uccienoBatenbekas padora «MHpopmalmonHas cuctemMma MOHU-
TOPUHTA JIECOB U JIECHBIX MOKAPOB C MUCIOJb30BaHUEM OECIPOBOAHBIX CEHCOP-
HBIX ceTei» (HayuHbIi pykoBoauTenb mpod. A.M. 3asn).

Ha 6aze xadeapbsl mpoBeJeH perdoHalbHBIA 3Tanm Bcepoccuiickoit
oJMMIIAaIbl mpodeccrnonanbHoro mactepersa 2016 no cneuunansuoctu 09.02.04
"UndopmarmonHbie cucTeMbl. 3a YCICIMIHYIO IMOJATOTOBKY Ipu3epa (CTy-
nentka MuxaitnoBa O.I1.) gouent xadenps IloneraeBa H.I'. marpaxmaena
crienuanabHbIM JuIuioMoM Komurera 1o Hayke u Beiclierd mkosie [IpaBurtens-
ctBa Caukr - [letepOypra.

Crtynentsl 3 1 4 KypcOB MHCTUTYTa Jeca U MPUPOAOINOIb30BAHUS
CIIGI'JITY wnampaBnenuss moarotoBku «MHbopmamuoHHbIE CUCTEMBI H
TEXHOJOTUUY» (CMEIUaTUCT - PYKOBOAUTENbh Maructp 2 kypca Ilymkapena
JI.T'.) OblmM BKJIIOYEHBI B TEXHUYECKUN MEPCOHAT MPUEMHON KOMHUCCHUH,
7 paboOThl B Ka4€CTBE ONEPaTOPOB — HCCIEeAOBaTeNed aBTOMATHU3UPO-
BaHHOW cUCTEMBbl «AOUTYPUEHT», YCHENIHO CIPaBUJIUCh C IOCTaBJICH-
HBIMHU 3aJlauaMH U ObLIM MOOIIPEHBI PYKOBOJICTBOM YHUBEPCHUTETA.

2.2. YyacTue CTYJIeHTOB B HANMCAHUM HAYYHBIX CTATell M BbI-
CTYIUJIEHHSIX HA HAYYHBIX KOH(pepeHnsax

CtyneHTsl ABIAIOTCS aBTOPaMHU U COaBTOpaMu 7 ctareid B cOOpHH-
Kax JOKJaJ0B Pa3IMYHBIX HAYUYHBIX KOH(pEpeHUUil u 6 CBUIETEIbCTB O
rocynapCcTBEHHOW peructpamuu mporpamm i OBM. HaubGonee 3Haum-
MBIMU, U3 KOTOPBIX SABJSIOTCH



e [Iymkapesa JI. I'. [Ipumenenne coBpeMeHHBIX WH()OPMALMOHHBIX TEX-
HOJIOTHM TMPHU MPOEKTUPOBAHUU JIECHBIX MUTOMHUKOB. COopHuk TpynoB VII
HayuHo-nipakTuyeckoit KOHPEPEHIIMH MOJIOABIX YUYEHBIX «BbIYMCIUTENbHbIC
CUCTEMBI U ceTH - MalopoBckue ureHus»/ [lox pex. a.1.H., mpod. T.W. Anue-
Ba. CII6: Yuusepcurer U'TMO, 2016.

ellymkapeBa JIL.I'. «Mudopmaruzanusi mpoueccoB MPOEKTUPOBAHUS U
(GYHKIIMOHUPOBAHUS JICCHBIX MUTOMHUKOB HAa OCHOBE PEHMH)XHHUPHUHTA OW3-
HEC-TIPOLIECCOB M BHEAPEHMS CETEBBIX TEXHOJOrni» COOPHUK HAYYHBIX TPY-
noB XIX Poccuiickoit HayuHOU KoHpepeHInH «VHXUHUPUHT TIPEATIPUSTHMA
u ynpasienue 3Hanusmuy (MI1&Y3-2016).

e A.M.3asu, dymoB M.U. OG630p OeCpOBOJIHBIX CEHCOPHBIX CETEH H
TEXHOJIOTUI MH(POPMAIIMOHHBIX CUCTEM OLIEHKH JIECHOU MOXKapOONaCHOCTH U
MOHUTOpPHHTA JiecoB // THPOpPMAIIMOHHBIE CUCTEMBI 1 TEXHOJIOTUU: TEOPHSI U
IpaKkTHKa: cOOpHUK HaydHbIX TpyaoB- CII6..:CIIOIJITY, 2016, Ne8.

oC.I1.Xa6apos, E.N. Illanaes, C.Il. BacunseB. Peanuzanus Momyis Ji0-
TUYECKOTO BBIBOJIA B COCTaBE MH(POPMALMOHHOW CHUCTEMBI KiaccU(UKaIUU
pactenuit. //Jleca Poccuu: monutuka, MpOMBINIIEHHOCTh, HAayKa, oOpa3oBa-
nue /Marepuanst HTK.-CII6. .:CIIOIJITY ,2016. Neo 2.

elloneraeBa H. I'., TykrapeB J[.O. 3ammura qaHHBIX KpUNTorpadhuuecKu-
mu cpencrBamu CYB]] Oracle//MHdopMaliioHHbIE CUCTEMBI M TEXHOJIOTHH:
Teopust U npakTuka. COOpHUK HayuHbIXx TpynoB.- CII6.:MITIO CIIGIJITY,
2016,Ne 8.

2.3. Crunenauu  Ilpesmaenta P®, IlpaBureabctBa PD wu
CHkT — IlerepOypra

3a aKTUBHOE y4acTH€ B HayYHO HMCCJIEIOBATEIbCKONU paboTe U JOCTUTHY-
Thie pe3yJbTaThl cTyAeHTHI WwieHbl CHO kadeapsl ObUTM OTMEUYEHBI CTUTICH IS -
mu IIpesunenta PO, [Ipasurensctea PO u KHBII IIpaBurenscrBa Cankr- Ile-
TepOypra:
o IlymkapeBa Jlto6oBs ['ennagneBHa, crunennus lIpesugenta PD
maructp 2 xkypc. [Ipukaz Muno6puayku Ne707 ot 04.07.2016;
e [llamaeB Erop Uropesuu, 4 xypc, 7 tp. Ilpukaz MunobpHayku
Ne707 ot 04.07.2016;
e boOpoBa AHnactracus MropeBna maructp 2 kypc, Pacnopsbkenue
Nell13 ot 29.09.2016 «O HazHayeHUM W BBIIJIATE UMEHHBIX cTuneHauil [IpaBu-
tenbcTBa CaHkT-IleTepOypra cryaeHTaM 00pa3oBaTENbHBIX YUPEKICHUN BBICIIIC-
ro 00pa3oBaHMs U CpeTHEr0 MPOPECCHOHATIBHOTO 00pa30BaHUY;
e JlymoB Makcum MHHOKeHThEBUY, 4 Kypc, 7 rp. [Ipuka3 pekrtopa
CIIOIJITY Nel734/ck ot 07.09.2016.
Ha kadenpe ycnemno ¢ynkiuonupyetr uHdpopmaruonnas cucrtema. Cu-
JaMu COTPYAHHMKOB Kadenpbl U CTYAEHTOB Ha MPOM3BOJCTBEHHBIX MPAKTHUKAX



MIPOJIOJDKEHBI pa0OTHI MO €€ MOJIEPHU3AIMHA B OCHOBY, KOTOPOU TOJIOKEHBI CO-
BPEMEHHBIE UJIEU U TEXHOJOTUU — BUPTYAJIU3AIMK U 00JIaYHBIX TEXHOJOTUH.

210 103BOUT d(PPEKTUBHEE UCIIONB30BATh 000PYI0BAHUE JIs MIPOBEE-
HUSI HAy4YHBIX SKCIEPUMEHTOB, YCHJIUT NPAKTUYECKYH0 HAIpPaBJICHHOCTH BbI-
MYCKHBIX KBaTU(UKAIIMOHHBIX paOOT. Pe3ynbTaToM MOJEpHU3ALNU TAKXKE CTa-
HET PacIIMPEHUE CIEKTPA TEXHOJIOTUN AOCTYIA CTYACHTOB K AJIEKTPOHHBIM pe-
cypcam CIIOIJITY u cneuunanu3upoBaHHBIM 0a3aM MO MPOBEICHUIO HCCIIEO-
BaHM B ceTu MHTEpHET M 3P (HEKTUBHOTO MPUMEHEHHSI COBPEMEHHBIX HH(OP-
MaIlMOHHBIX TEXHOJIOTHH B 00pa3oBaTebHOM IMpOIecCe ISl KaueCTBEHHOTO
MPOBEICHUS BCEX BUIOB 3aHATHUH.

A. M. 3asin kaHauaaT TEXHUYECKUX HayK, mpodeccop
H.A. JIMUTPpHEHKO CTyJIEHT

HOAXOJ K OPTAHM3ALUY NEPEJAYM KPUTHYHBIX JAH-
HBIX JATYMKOB B HHOOPMALIMOHHOW CUCTEME MOHU-
TOPHUHT A JIECHBIX TEPPUTOPUIA

Cy1iecTByeT MHOKECTBO BApUAHTOB IOCTPOEHUSI OECIIPOBOAHBIX CEHCOP-
Heix cererr (BCC) B mHGOPMAIIMOHHBIX CHCTEMaX MOHUTOPHHTA JIECHBIX TEPPU-
topuii [1-8]. Ilpu mocratoyHo OONBIIMX pa3zMepax TEPPUTOPHUIl MOHUTOPUHTA,
npeayaraercsi oprann3oBbeiBaTh bCC Kak COBOKYNMHOCTh MOJCETEN (KJIacTepoB),
CBSI3aHHBIX KOOPJAMHATOPAMHU U ILLIIO30M B3aMMOJEHCTBHUS: «CEHCOpPHAsl CETh —
KOPIOpPAaTUBHAS CETh MHPOPMALIMOHHON CUCTEMBD».

[Ipu BbIsIBIIEHUH COOBITHI MPUBOJASAIIMX K BOZHHMKHOBEHHUIO JIECHOTO IO-
apa, BaXXHBIM SIBJIIETCSI CBOEBPEMEHHOCTh TEpeaul «KPUTHUYHBIX» JTAHHBIX
(UKCUpYyEMBIX TaTYUKAMM CETU Ha y3€Jl KOOPAUHATOP M IUTI03 U Jajiee KOHeY-
HBIM TOJIb30BATENISIM CUCTEMBI. 3/1€Ch U JaJIe€ MOJl «KPUTHUYHBIMWY» JAaHHBIMU
OyZeM MOHMMAaTh W3MEpPEHUsl 3a(pUKCUPOBAHHBIE AATYMKAMHU IO YPOBHIO Ipe-
BBIIIAIOIIUE 3apaHEE YCTAHOBJIEHHBIN ITOPOT.

Jlist addexTuBHOM pabOTHI U MOTYUYEHUS aKTyaJIbHBIX PE3YJIhTaTOB HEOO-
XOJIMMO, HEOOXOAUMO YTOOBI JOCTaBKA ATUX MAHHBIX JIJISi MPUHATUS PEIICHHUS
OCYILIECTBISIaCh Obl HE TOJBKO OMEPAaTUBHO, HO U C MUHUMAJIbHBIMU 3a/1€P K-
KaMU [IpU OpraHu3allly [epeayn.

AHanu3 TOKa3bIBaeT, Iepenayy Tpaduka, MOPOKIAEMOTO COOCTBEHHO
JaTYMKaMU B O€CIIPOBOIHOM CEHCOPHOM CETH MOXKHO OCYILECTBIISITh B TPEX pe-
KUMax: MepuoJnYecKasl OTIpPaBKa JAHHBIX, OTMPABKa JAHHBIX MO 3ampocy U
yhpasisiemasi COOBITUSIMU OTIPaBKa AaHHBIX [9].

[lepuonuueckast OTOpaBKa JAHHBIX MPEACTABISIET COOON PETYIAPHYIO OT-
npaBky uHpopmanuu coOpaHHyro AaTdukoM. [Ipu 3TOM HUKakue BHEUIHUE CO-
OBITHS, KPOME BBIKJIFOUEHHUS] CEHCOPHOI'O Y3Jla, HE MOTYT MOBJIUATH HA TaKylO
OTIPABKY JTAHHBIX.



CyTp nepenauu JaHHBIX MO 3aMPOCY COCTOUT B TOM, YTO KOOPAMHATOPOM
(LLLITI030M)  CEHCOPHOMY Y3JIy OMPABIIAIOTCS 3alpOChl, © OH MUHUIMHPYET OT-
IIPaBKy U3MEPEHHBIX JAaHHBIX.

[Ipu ynpasisiemoil cOOBITUSIMU OTIIpaBKE JaHHBIX, MPEANOIAraeTcs, 4ro
OHM TEPENAIOTCSA MO WHUIIMATUBE CEHCOPHOrO y3Jia, HO TOJIBKO B TOM CIy4ae,
€CJIM OHU €CTh B HAJIMYMU U KPUTHUYHO OTIIMYAOTCS, OT MPEAbIAYIIECH IepeaayH,
I1M00 JaHHBIE O 3HAYCHUSIX M3MEPEHHUM JTOCTHUTIIM KaKUX-TO MPEAEIbHBIX YPOB-
Hel. Hanprumep, TeMiiepaTypHbIii CEHCOPHBIN y3€J1 OTIPABIISET TAHHBIE TOJIBKO
B Cllydae, €CJIM U3MepsemMas JaTYMKOM TeMIepaTypa JOCTUIIIA WX MPEBBICHIIA
3apaHee 3aJJaHHYIO BEJIUYUHY.

Jlist paccMaTpUBaEeMOil CHCTEMbl MOHUTOPUHIA TPUEMIIEMBIMHU SIBJISTFOTCS
BTOPOl U TPETUN PEXHUMBI, €CJIU CYUTATh, YTO OTIpPaBKa JaHHBIX IO 3aMpPOCy
TaK)X€ MPOUCXOJIUT BCIEACTBUE HEKOTO COOBITHS, MOPOXKAAEMOIO0 B CEpPBEPE
CUCTEMBI WJIM Ha pabouell CTaHIMU MOJB30BATENs B pe3yJbTaTe aHalu3a ClIo-
YKUBILIEHCS 0OCTAaHOBKHU.

HeoOxoaumbiM yciioBUEM TpU peaiu3aiii dTUX PEKUMOB SIBIISIETCA TO,
YTO Ha BpeMs pabOThl CUCTEMbl MOHUTOPUHTA, OCOOCHHO B KPUTHUYECKUX CHUTY-
aIusix, JOJDKHBI OBITh «OTKPBITBIMI» (B 00€ CTOPOHBI) KaHAJbl Mepeayu JgaH-
HBIX:

1. Koneunsle y35bl OeClIpOBOAHON CEHCOPHOM CETH (HATUYUMKU) — KO-
OpAVMHATOP — MUIIO3.

2. 103 — BeO-cepBep — MOIB30BATEIN KOPIOPATUBHOW HH(POPMAIIH-
OHHOM CHCTEMBHI.

N3-3a CyleCTBEHHBIX pA3JMYUil B OPraHMW3alMy U NPOTOKOJAX Meperadn
JAHHBIX B CEHCOPHOM CETH W 3a €€ MEPUMETPOM PEATHU3ALUI0 3TOr0 YCIOBHUS
MIPEIaraeTcs pemarh Mo - pa3HOMY JUJISl ’TUX KaHAJIOB.

Texuunuecku, 0ObEAMHEHNE ITUX KAHAJIOB OCYIIECTBIISIETCS YCTAaHOBKOM
nuiro3a 3a nepuMerpom bCC. Tak kak B kaHanax | v 2 ucnonb3yroTcs pa3iny-
HBIE CpeJibl TIepeaaun, a Tpahuk MeXay HUIMHU JOCTATOYHO OOJBIION, TO ILITIO3
OOBIYHO peaIn30BaH B BUJE OTIEIHLHOTO YCTPOMCTBA M MOXKET MPEAOCTABIIAThH
TOYKY AocTyna K cetu MHrepHer. B coctaB ycTpoicTBa JOMKEH BXOAUTD MPHE-
MOTIEPEIaTIYUK, COBMECTHMBIN C CEHCOPHON CEThIO U C TJIOOAIIBHON CEThIO THIIA
GSM umn WiIMAX.

AHanu3 MoKa3bIBaeT [9], 4TO MOXKHO MCIOIB30BaTh LIII03, UMEIOIINN am-
napaTHO-IIporpaMMHBIe€ cpecTBa it paboThl B ceTsix ZigBee u GSM, a Takxke
GPRS/EDGE xanan nns pocrymna k cetu Internet. Ilpennaraemast peanuzarus
1UTI03a 00€CTIEYNBAIOT UHTETPALIMI0 U COBMECTHYIO pabOTy ceTel ¢ pa3InyHbl-
MU MPOTOKOJIAMHU U TEXHOJIOTUSIMH (PYHKIIMOHUPOBAHUS.

[Inro3 obecneunBaer noakmoueHrne bCC k wWeb - cepBepy CHCTEMBI,
MpUYEeM JaHHBIE MOTYT TIEpenaBaThCsl Kak Il 00pabOTKM Ha CEpBEPHI, TaK H
MPSIMO KOHEUHBIM IOJIb30BATENSIM.

Kanan 1 - «koneunsie y3161 BCC — KoopauHATOp — IUTI03» MOKET OBITh
OpraHu30BaH MyTeM Mepeaadyu JaHHbIX o cetu GSM mo texHosmorun GPRS
(General Packet Radio Service — «makeTHasi paguoCBsI3b OOIIEro MOJIH30Ba-
HUSI»). DTa TEXHOJOTHUSI MO3BOJSIET KOOPAUHATOPY CEHCOPHOM CETU MCMOJb30-
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BaTh BO3MOXXHOCTH COTOBOW CBSI3U W MPOHU3BOJAUTH OOMEH JTAHHBIMU, KaK C JApPY-
TMMU KOOPAMHATOPaMU, BKIIOUYECHHBIMU B CE€Th, TAK U C KOPIOPATHUBHBIMU CE-
TAM U IHTEepHET yepe3 yCTaHOBJICHHBIN LITIO3.

['maBHOM OCOOEHHOCTHIO TAKOW TEXHOJIOTMH, HY>)KHOW B KPUTHYECKUX CH-
Tyalusix 00CTaHOBKH, SIBJIIETCSI BOBMOXKHOCTH MTOCTOSTHHOTO MOAKIIOYEHUS J1aT-
YUKOB K CETHU U MOJIYYECHHE AaKTUBHOTO BUPTYaJIbHOTO KaHaja CBA3U.

Ha Bpemsi mepenaun JaHHBIX CEHCOPY IPEIOCTaBISETCs pealbHbIN ((hu-
3MYECKHI) paJuoKaHal, KOTOPbIA B OCTaJIbHOE BPEMs MCIOJb3YyeTCs IS nepe-
Jlayu JTaHHBIX OT JPYTHX JATYMKOB CETU. MakCHUMaabHO BO3MOXHAs CKOPOCTh
oOMeHa JaHHBIMU ¢ TToMolIbio TexHoJorun GPRS Teopetnuecku moxer noctu-
ratb 170 Kbut/c., 4To BIOJIIHE YJOBIETBOPSIET TPEOOBAHUSIM IEpeiayll JaHHBIX
B pacCMaTpUBAEMOI CUCTEME MOHUTOPUHIA JIECHBIX TEPPUTOPHIA.

Jlist yckopenus ooMeHna MoxkHO ucnoib3oBaTh EDGE (Enhanced Data for
Global Evolution) nmudpoBy0 TEXHOJOTHIO OECHPOBOJHON IMepenadd JTaHHBIX
JUTs MOOMIIBHOM CBSI3U, KOTOpas sABisgeTcs HaacTpoiikoi Han 2G u 2.5G GPRS -
cetsimu. [lonkmouenne B cetu mo EDGE npumepno B 3 pasza ObicTpee, 4em 1o
GPRS, makcuMmanbHas CKOpOCTh IEpeNayd JaHHBIX MOYKET COCTaBIATH 474
Kout/c.

JocTyn K paguoKaHally B CETH IMPOU3BOJUTCS MO YIPABICHUEM KOOp-
JWHATOPA, KOTOPBIN MOJKIOYAETCA M0 COOTBETCTBYIOLIEMY AJIITOPUTMY, MIPUBSI-
3aHHOMY K CHUTHaJaM MaskoB. B paccMOoTpeHHOM BapuaHTe coOroaaeTcs: HeoO-
X0JMMasi OPUEHTUPOBAHHOCTh Ha COJAEp)KaHUE JaHHBIX (yIpaBiisieMas COOBITH-
MU OTIpaBKa JaHHBIX). 371eChb HEOOXOAUMOCThL OOMEeHa orpesensercs nHdop-
MallMOHHOM COCTaBJISIONIEH COOOIIEHNI. 3anpaBaeTcsl TOIbKO HHPOpMALIHS
C TeX Y3JI0B, JaHHbIE Ha KOTOPBIX IMPEBBINIAIOT YCTAHOBJIECHHBIC YPOBHU
(HampuMmep, TeMIiepaTypa OKpY>KaroIllel cpebl Bblle KPUTUUECKOH, MPU KOTO-
pOif MOXET BO3HUKHYTH moxap) [9].

Cpenu mpoTOKOJIOB, OPUEHTUPOBAHHBIX HA JAaHHBIE, CIEAYET OTMETUTH
Sensor Protocols for Information via Negotiation (SPIN), Directed Diffusion
protocol, Energy-Aware Data-Centric Routing (EAD) [10].

B paccmoTpenHOM BapuaHTe «BEAyIIMM» B OOMEHE SIBIIIETCS KOOpIUHA-
TOp, MPUHUMAIOMUN UH(GOPMAIINIO OT JAaT4MKa, 3a()UKCUPOBABIIETO CKAYOK B
MU3MEPEHUAX, TAaHHBIE O KOTOPOM HEMEIJIEHHO MEPENAIOTCS KOOPAUHATOPY, TO
€CTh IIPOUCXOUT HEMEIJICHHAs Mepeadya COOOIIEHN M0 OTKPHITOMY KaHaly 1.
[Tonyyennas uumo3oM uHpopmaius ot koopaunatopoB bCC noasepraercst 00-
paboTKe, IJie BBISIBISIOTCS JaHHBIC C KPUTUUECKUMU U3MEHEHUSIMU U J1aJie€ OHU
HEMEJJICHHO JIOJKHBI TIepeiaBaThCs MO0 KaHaly 2 Ha cepBep Juisi padOThl CHEu-
ATbHBIX KJIMECHT-CEpBEpHbIX Webh — mpunoxenuii. B pesynbrare ncnoiHeHus,
NPUIOKEHUN Ha KapTe paboyero cTojia Mmojb30Baress OyAeT oToOpaxarbes 00-
CTaHOBKA Y4acTKa JICCHOW TEPPUTOPUU B BUJIC MHTEPAKTHUBHOW Tpadyiku U OIu-
caTeabHON MH(pOpMaMU HEOOXOIUMON CIICIMaINCTaM JISCHOTO XO3SHCTBa IS
OLIEHKM 00CTaHOBKY W MpHHATHUS perrenus on — line [11 -14].

[Ipu 5TOM OTMEPATUBHOCTHh MPUHSITHS PEIICHUA OYIET 3aBUCETh TAKXKE U
OT CKOPOCTH BBIITOJIHEHUsT WeD — IpuIIoKeH I, KOTOPBIE JTOJIKHBI HCIIOTHITHCS
TaK k€ OBICTPO KaK, HAIPUMEP, IECKTOITHBIE TIPHIIOKCHHUS.



B knmaccuueckoii kireHT-cepBepHoit Web - cperne st mosrydeHus TaHHbIX
U UX HUCIOJIb30BaHUS MPUWIOKEHUSIMH KIMEHT JoJkeH caenate HTTP — 3anpoc
U MIOTOM I10JIy4aTh JIaHHBIE 110 U3BECTHOM cxeMe: ycraHoBieHue [CP — coenu-
HEHUS, MOJIyYEHUE «IIOPLHUNU» TaHHBIX OT CEPBEPA U Pa3phbIB COCTUHEHMUS.

B kpuTuueckux cuTyanusx, Takas cXxeMa HE MOXKET 00ecleYuTb MUHU-
MaJIbHYIO JJATEHTHOCTb, TaK KaK MTHUIIMATOPOM OOMEHA BCET/a SBJIAETCS KIMEHT
(B Hamem ciyyae - 1III03), a JaHHbIe 00pabaThIBAIOTCS HA CEpBEPE, HO OH B
3TON CXEMe€ JIMIIb UCTOYHHUK JAHHBIX, @ HE HHULIUATOP CETEBOT0 OOMEHA.

Jlnisg ycTpaHeHHsI 3TOr0 HEIOCTaTKa IMpeAjaraeTcs MCIoiIb30BaTh TEXHO-
JIOTHIO OpraHmu3aruu ooMeHa 1o nporokoiry WebSockets.

Peanuzauus 3Toro nporokona o0ecneyruBaeT MEXaHU3M OBICTPOro U 0e3-
OTaCHOTO JBYCTOPOHHETO MH(OPMAIMOHHOTO B3aWMOJACUCTBUS MEXIY KIWCH-
TOM U CEpPBEPOM IIPH ITOM MHUIIMATOPAMHU OOMEHa SIBISIFOTCS 00€ CTOPOHBI. 3a-
rOJOBOYHBIN (ailyl 11 YCTAHOBJIEHUSI COEAUHEHUS C CEPBEPOM OTIIPABIISETCS
TOJILKO OJUH pa3, BCE IMOCIEAYIOIINE OOMEHBI OCYIIECTBISIOTCA 0€3 OTCBHUIKU
3aroJioBKa, YTO MOJIOKUTEIBHO BIIUSAET HA TpaQUK OOMEHA U JJATEHTHOCTh Iepe-
JTauH.

[Toapo6no mpotoxon Websocket paccmatpuBaetcst B [15-18], rae mpen-
CTaBJIEH MaTepual, 0 JAHHON TEXHOJOTUHU U ONMCHIBAIOTCS BO3MOKHBIE Bapu-
aHTbI €€ IPUMEHEHMSI B Pa3JIMUYHbBIX 00JIaCTIX.

[Ipu ucnosib30BaHUM 3TOW TEXHOJIOTMH CPABHHUTENBHO JIETKO pa3padaThl-
BaTh CJIOXHBIC OJTHOCTPAHUYHBIE WEb-TIPHIIOKEHUS ¢ MHOKECTBOM PA3IUYHBIX
ACHHXPOHHBIX 3JIEMEHTOB Ha CTPAHMIIE, KOTOPbIE OOBIYHO XapaKTEPHBI I WH-
(bOopMaIMOHHBIX CHCTEM MOHUTOPUHTA JIECHBIX TEPPUTOPHH.

B paccmoTpenHOM mojxozae mepeaur KpUTUYHBIX JaHHBIX MPEACTaBIIe-
HBI OCHOBHBIEC UJIEH €r0 MPUMEHEHHS, TPeOYIOIIne TeTaTbHON MPOPAOOTKH BO
BCEX acCIeKTax ero ammapaTtHo - IPOrpaMMHON peanu3auuu. ABTOPHI JIUIIb MO-
IBITAJINCh MOKa3aTh BO3MOXHOCTh OOBEAMHEHHUS U Hauboyiee NMEepCreKTUBHbBIX
TEXHOJIOTUH 0OOMEHA U UX COBOKYITHOTO HCIIOJIb30BAaHUS B T€TEPOreHHBIX Webh —
OPUEHTHPOBAHHBIX MH(POPMAIIMOHHBIX CHUCTEMaX MOHUTOPHUHIA JIECHBIX TeppH-
TOPHU.
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H.II. BacuibeB, kKaHIMAAT TEXHUYECKUX HAYK, JOLUECHT
I'MBPUJHBIE TEXHOJIOI'MA PASPABOTKH NMPUJIOKEHUN
11 MOBHUJIBHBIX IIVIAT®OPM

Beeoenue

B nocnegnee Bpemsi HaOMIOAAETCsl POCT MapKa pPa3IMYHBIX MOOMIBHBIX
YCTPOMCTB, X BBIYUCIUTEIBHON MOIIHOCTHA U CIIPOCA CO CTOPOHBI MOJIb30BaTE-
Jeil. B cBA3M ¢ 3TUM pacTeT Takke MHTEpEeC CHEIHAIMCTOB K pa3paboTKe U u3y-
YEHHUIO TEXHOJIOTHI CO3/JaHus MPUIIOKEHUIN N1 MOOWIIBHBIX TIaTdopM (omepa-
oHHBIX cucteM): Android, 10S, Windows Phone (WP), BlackBerry u np.
HaunbGonee nomynsipHbIMH W BOCTPEOOBAaHHBIMH SIBJISIOTCS IEPBbIC JBE ILIAT-
bopMBL.

[To yka3aHHBIM MpPUYMHAM B HACTOSIIEE BpeMs MPAKTUYECKU BCE TIOIY-
JsIpHBIC cpenbl pa3padboTku nporpamm (SDK — Sofware Development Kit) mon-
JIEPKUBAIOT Ppa3pabOTKy Ui TeX WM HMHBIX MOOWJIBHBIX OINEPAallMOHHBIX CH-
creM. [Ipu 3TOM 0c000€ TIOJIOKEHUE UMEIOT TaK HAa3bIBAEMBIC «POJIHBIC)» - Native
Cpensl pa3pabOTKHU, KOTOPhIE MOCTABIAIOTCS HEMOCPEACTBEHHO «BIAACIIbIIAMI»
MOOMIBHBIX omeparnoHHbix cucteM. Jto Android NDK (Native Development
Kit) ams Android, Xcode mns i0S. Bee cpeapl B ¢cBOOOAHOM JOCTYyIIE IS CKa-
YUBaHUS.

Ocoboe moJioKeHHe 3aHUMaeT pa3paboTka npuioxenui nos 10S. Jleno B
TOM, 4TO0 XCOde MOXKHO pa3BepHYTh TOJILKO Ha KOMITBIOTEPE OT KOMIaHuu Ap-
ple u coOpaTh MOOWIILHOE TIPUIIOKEHHE MOXHO TOJBKO B PaMKax JTOW CPEIIbL.
Oco0y10 CIIOKHOCTh TaKXKe MpeACcTaBisieT pa3BeprhiBanue (deploy) u pacmpo-
crpanenue (distribute) va peansHbIX ycTpoiicTtBax: iPhone u iPad. [To stoii mpu-
YHHE B HACTOAIIECH CTaThe pedyb MOMJET B OCHOBHOM 00 3TOH Iuiatdopme, a
TaK)Ke 0 MEXaHMW3MaX 3allUThI MPUIOKEHHUH OT (haTbCUPUKALIMN U TPOBEPKU UX
MOJTHOMOYHM, HE CMOTPS Ha TO, YTO 3TH MEXAaHU3Mbl YHUBEPCAIbHBI U UCTIOJb-
3YIOTCS JJIsl JTFOOBIX MPHIIOXKEHUM (pa3paOOoTaHHBIX C TTOMOIIBIO THOPUIHBIX WIIN
JTHOOBIX JPYTUX TEXHOJIOTHM).

Ecin pa3paboTka MOOMIIBHOTO NMPHIIOKEHHS BeAeTCs B paMmkax Native-
CpeIbl Ha SI3BIKE, KOTOPBIM MPETyCMOTPEH B 3TON Cpelie, TO TaKylo pa3padoTKy
MOYKHO CYMTaTh «POAHOI», Native paspabortkoit. [yis mporpamMMHupoBaHUs B
Xcode wucrnonb3yercst sA3bIK mporpaMmupoBanus objective-C u swift, st An-
droid NDK — si3e1k C++ (ecthb emte u Android SDK, rae ucnonb3yercst A3bIK Ja-
va). B mo0om apyrom citydae, €Clid HCHOJb3YIOTCSI UHBIE SI3bIKH IIPOIPAMMUPO-
BaHus, unu SDK cTopoHHux pa3paboTyukoB, TO pa3paboTka B TOW WM HUHOM
Mepe SBJISETCS THOPUIHOM.
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Hanpumep, ecnan ucnonbzyercst s3blk C#, TO MOXKHO BOCHOJIb30BaThCS
cpenoi paspaboTku Xamarin (Www.xamarin.com). Eciau ucnoib3yroTcst S3bIKH
HTMLS/CSS u JavaScript, TO cieayeT HCIOJIb30BaTh TEXHOJIOTHIO COrdo-
va/phonegap, wiu ¢peitmBopk Appcelerator Platform (www.appcelerator.com).
KoHeuHo, TepMUH «TUOPUJIHBII B MOJHONW MEpe MOAXOIUT UMEHHO JUIsl TaKUX
ciydaeB. Eie pa3 ciieyeT noguepkHyTh, YTO B HACTOSIIEE BpEMs CYIIECTBYET
JIOCTATOYHO OOJIBIIOE KOJIMYECTBO BCEBO3MOKHBIX TEXHOJOTUM, (PpeMBOpPKOB
U CpeJl IpOrpaMMUPOBaHUs, TIO3BOJISIIONINX BECTH Pa3pabOTKy MPUITOKESHHUM IS
MOOWMIIBHBIX TUTATGOPM, 0030p KOTOPHIX SBISICTCS OTACIBbHON TeMou. boabmmH-
CTBO CTOPOHHHMX ITOCTaBIIMKOB TE€X WJIM WHBIX TEXHOJOTUHA MPHUIACPKUBAIOTCS
OTIpEIECNEHHON IIEHOBOM MOJMTUKH, OOJBIIMHCTBO UX WHCTPYMEHTOB SIBISIOTCS
mwiataeiMu. Cordova/phonegap — 3To OecriaTHbIC TPOTYKTHI.

Cnengyer OTMETUTBH, UTO MHOTHE MOMNyJisApHbIE JavaScript ¢ppeiiMBopku
XOpOIIIO MHTETPUPYIOTCS ¢ 0a30BbIMHM TexHOJoTHsAMHU cordova wim phonegap.
DTO B HOJHON Mepe OTHOCHUTCS, Harpumep, K ppeiimBopky Sencha ExtJS.

B crarbe ucnosb30BaliuCh MaTepuUaibl OPUTHMHAIBHBIX PYKOBOJCTB, JO-
CTymHbIX Ha moprtaie Apple [1,2].

Cordova/PhoneGap

Phonegap - 3To oHa U3 caMBbIX TIEPBHIX TEXHOJOTHI pa3pabOTKK THOPHUI-
HBIX MOOMJIBHBIX MPUJIOKEHUU, HA OCHOBE KOTOPOU padOTalOT MHOTHE APYTHe
¢dpeitmBopku. Phonegap Obu1 co3pan npumepno B 2008 - 2009 rony BHYTpH Ka-
HaJickoro npoekta Nitobi, Kak cpea ¢ OTKPHITBIM MCXOAHBIM KOJOM, KOTOpas
MO3BOJISLIA TIOYYUTh JOCTYI K HATUBHBIM (DYHKITUSM YCTPOWCTBA M3 BCTPOCH-
Horo webview. Llenpto mpoekTa ObUIO 00€CTEYUTh BO3ZMOXHOCTh IMOCTPOCHHUS
MOOWJIBHBIX MPHJIOKEHUH UCKITIOUUTENLHO Ha Web-texnomorusx (HTMLS/CSS
u JavaScript), HO ¢ BO3MOXHOCTbIO BbI30Ba HATUBHOI'O KOJIA.

B 2011 romy Adobe mpuobpena Nitobi u Bce mpaBa Ha Phonegap
(www.phonegap.com). Mcxoansiii koj siapa Obl1 mepeman Apache. DTOT wuc-
XOJIHBIN KOJI OCTaJICsl OTKPBITHIM, HO €My MOHan00mI0ch HOBoe umsl. [locie ma-
pBI HEYIAYHBIX TOMBITOK, ObUIO BeIOpaHo nMsi Cordova — 1o Ha3BaHUIO YIIHIIHI,
Ha KoTopoii ObuT pacnoiokeH oduc Nitobi (cordova.apache.org).

Takum oOpasom, cordova u phonegap B Hacrosiiiee BpeMs BBICTYMAlOT
KaK JIBe pasHble I1aThOpMbI, XOTS U CBA3aHHBIE APYT ¢ Apyrom: phonegap omu-
paetcst Ha cordova. OGe mo3BOJIAIOT pa3padaThIBaTh NMPHIOKEHUS IS pas3ind-
HBIX MOOMJIBHBIX OTICPAIIMOHHBIX CHCTEM, (PaKTHUECKH, MCIIOIb3Ysl OAUH U TOT
K€ UCXOJHBIN KOJ (3TO CTIpaBEAJIMBO /10 ONPEICTICHHON CTETICHHN).

WX ocHOBHBIE OTIANYMS, JOCTOMHCTBA U HEOCTATKH:

o Cordova opuentupoBana uckiatountenbio Ha CLI (Command Line
Interface), To ecth - Ha KOMaHHYIO CTPOKY. B TO ke BpeMs phonegap mpemna-
raeT J0BOJIBHO MPOCTOE HACcTONBHOE mpuinoxkenue (phonegap desktop app), 60-
jiee TpUBBIUHOE A1 mosib3oBateneii WIindows, B pamMkax KOTOPOrO MOXHO BbI-
OpaTh OCHOBHBIE HACTPOMKU M CO3AaTh MPOEKT (MPH 3TOM MOKHO paboTaTh U ¢
CLI).

o C nmomoIipio COrdova MOKHO BBITIOJHUTH COOPKY MPOEKTA MO Ty
WM UHYI0O MOOMJIBHYIO TUIAaTGOpPMY, MPOTECTUPOBATH MPUIIOKEHHE C TTOMOUIBIO
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OIMYJISATOPOB M PA3BEPHYTh HA PEATBHOM YCTPOUCTBE. DTO CIIPABETHBO C OJHOM
CYIIICCTBEHHON OTOBOPKOW: Ha KOMITBIOTEpPE JIOJDKHA OBITh yCTaHOBJICHA HATHB-
Has cpena paspabotku. Takum oOpazoM, cOOpka, TECTHPOBAHHUE U Pa3BEPTHIBA-
HUE (PAKTUIECKH OCYIIECTBISICTCS C TIOMOIIBIO «POTHBIX» CPEICTB Pa3pabOTKH
1IOJT Ty WJIH UHYIO MOOWJIBHYIO TIaTGopMmy.

o CoOopka mpoekra phonegap moj Ty WM MHYKO MOOHJIBHYIO ILIAT-
dbopMy ocymiecTBisieTcsl B 001a4HOM cepBuce. st 3TOro Hajo 3aperucTpupo-
BaThCs Ha caiite build.phonegap.com, moaroToBUTE MPOEKT i COOPKH, 3arpy-
3UTh TMPOCKT U TMOJIYYUTh pe3yiabTaT cOOpku. OYeBUIHOE TOCTOMHCTBO TaKOTO
nojxona — He Tpedyercs ycraHaBiuBaTh Native SDK (dTo ocoOeHHO akTyallbHO
s 10S cOopkm, KoTopash MHaYe HEBO3MOXKHA 0Oe3 KommbioTepa oT Apple).
[IpenaBapuTtenbHOE TECTUPOBAHUE MTPOEKTA OCYIIECTBIISETCS C TIOMOIIBIO CTICIH-
alpHOrO OecruiaTHOro MoOwmiIbHOro mpwioxkeHus (phonegap developer app).
[IpenycMoTpeHbl BapuaHThI JIs TI000H OMepaliuOHHON CUCTEMBL. DTO (pakTHuye-
CKU SMYJISITOP, KOTOPBIH HEMOCPEICTBEHHO Pa3BEpHYT HA MOOWJIBHOM YCTPOM-
CTBE.

o [Ipouiecc cOOpKH, TECTUPOBAHMS, U Pa3BEPThIBAaHUS HA MOOMIBHOM
YCTPOMCTBE 3HAYUTEIBLHO yclokHseTcs misi 10S. dakThudecku, 3TH MPOIECCh
HEBO3MOXKHBI 0e3 Apple mac.

®opmanpao Cordova - 3To MoOmaynb (MAKET) MOIMYJSPHOH CEepBEPHOM
mwraropmer node.js (http://nodejs.org), mocTpoeHHON Ha OCHOBE JBHIKKA OT
Google (u3BectHoro kak Google Chrome JavaScript Engine V8). Dto 6ecmat-
HBI IIPOTPAMMHBIA MPOAYKT, KOTOPBIA MOXHO CKAa4aThb C YKA3aHHOI'O BBIIIE
caiiTa ¥ yCTAaHOBUTH MPAKTUYECKHU B JIIOOOH ONeparimoHHON cucTteMe. Y CTaHOB-
ka cooctBenHo Cordova HuueM He OTJIMYAeTCs OT YCTAHOBKH OOBIYHOTO MOTYJIS
node.js - HaJ0 BOCTIOJIB30BATLCS MEHEKEPOM TTaKeTOB NPM (BXOAMT B AMCTPH-
oytus node.js): npm install -g cordova.

PhoneGap sto Takxke maker NOUE.JS ¥ yCTaHABIMBAETCS AHAJIOTMYHO:
npm install -g phonegap. Drot Moayne onupaeTcs Ha Moayas Cordova, Ho Mo-
JKET YCTaHABJIMBATHCS M UCTIOJIB30BATHCS OTICIBHO.

[leHTpasbHOE TOJOXKEHHUE B apXUTEKType mpuiioxeHuss Cordova 3annma-
et WebView. Ot1o daktuueckn web-o6o3peBaTenb, KOTOPBIA U OyIeT BOCIPO-
u3BoauTh HTMLS/CSS u JavaScript-koa. D10 native-KkoMIoHEHT, KOTOPBIA aB-
ToMaTH4YecKu moarpykaercs Cordova B OKOHUATEIbHYIO COOpPKY TOJ Ty HIIN
UHYI0 MOOUIBHYIO Tuatopmy. KoHeuHo, 3ToT 00o3peBaTesib UMEET psiJ Cyllie-
CTBEHHBIX OTJIMYHi OT 0OBIYHOro Web-obo3pesatens. Hampumep, momaeprkka
cnenupUIHBIX ISl peaTbHOTO MOOUIILHOTO YCTPOMCTBA COOBITHIA:

deviceready — 3To coObITHE BO3HUKAET mocie 3arpy3ku kak DOM, tak u
COOCTBEHHO CaMOr0 HATHBHOI'O Koja mpuiokenus Cordova;

pause — 3To coObITHE BO3HHKAET, KOTJa MOOWIbHas miatdopma mepe-
KITFOUAeTCS Ha JPYTroe MPUII0KEHUE;

resume — 3TO cOOBITHE BO3HUKAET, KOT/Ia OMEpAIlMOHHAsI CUCTEMa BHOBb
BO3BpAIIAETCS K UCIIOJHEHUIO TPHIIOKEHUS;

U JpyTue, CPeIu KOTOPBIX €CTh CHEIU(PUIHBIE AN TOW WM WHOW TIaT-
dbopmbl, Hattpumep, 11 10S wim Android.
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Apxumexkmypa npunoxcenus Cordova

e

Cordova Application \‘\
Web App Cordova Plugins

config.xml Accelerometer Geolocation

BEETITTEs Camera Media

Device Network
Contacts Storage

HTML Rendering.-.
Engine(WebView)

Custom Plugins

PHC. 1. ApXI/ITeKTypa MO6I/IHBHOI‘O HpI/IJ'IO)KCHI/I}I, l'IOCTpOCHHOFO Ha OCHOBC TCXHOJIOTUN
Cordova

Kpome storo, WebView nomnepkuBaer APl 11 CBSI3M ¢ pa3siIuYHBIMHU
pacimpeHusIMH (IJIariHaMu) (HarmpuMmep, JUTs TOCTyIa K TeM WM WHBIM JOTT0JI-
HUTEIBHBIM BO3MOXKHOCTSIM MOOWJIBHOTO yCTPOWCTBA: T'€OJIOKAINH, aKCceIepo-
METpY, KaMepe U Jip.). ITO, 0 CyTH, BO3MOXHOCTh UCIIOJIHEHHUS HATUBHOT'O KO-
na w3 JavaScript, Bemonnstonerocss B pamkax WebView. Pasmuuaror «Core
Pluginsy, paspaboTtanHsie B pamkax mpoekra Cordova, v miaruHel OT CTOPOH-
HUX pa3pabOTUYNKOB.

Hakonen, camo Web-npunoxenne, paspaboraHHOE Ha  s3bIKax
HTMLS5/CSS wu JavaScript. Kone4Ho, 3T0 npuiokeHue JOMKHO yUYUTHIBATh He-
00JBIIIOE pa3penieHne MOOUITBLHBIX YCTPOUCTB. B HacTosIee BpeMs CyIIeCTBYeT
JOCTATOYHO OOJIBIION BHIOOP (peliMBOpPKOB Ha JavaScript, KoTopbie OpHUEHTH-
pOBaHbI HA MOOHMJIBHBIE yCTpOKCcTBa. ITO — jquery mobile, sencha extjs modern,
sencha touch u MHOXeCTBO APYTHX.

Ycemanoexa 10S npunoscenuii (deploy and distribute)

[Tporiecc pa3BepThiBaHUS, TO €CTh 3arpy3ka u yctaHoBka (deploing) Ha
MoOuIbHOE ycrporicTtBo 10S mpunoxeHwuii, TeM 0oJiee, UX IEHTPAIN30BAHHOC
pacnpoctpanenue (distributing) — 10BONBHO CIOXKHBIM ¥ HE OECILIATHBINA MPO-
necc. Crnenyer, oJlHaKO, MOTYEPKHYTh, YTO C MOsiBJIcHUEM XCOde 7-oif Bepcuu
CTaJI0 BO3MOXKHA YCTaHOBKA MPHJIOXKCHHI 0€3 y4acThs B OJHOW W3 IUIATHBIX
nporpamm Apple (Apple Developer Program unu Apple Developer Enterprise
Program), To ectb OecriaTHO, MpaBla, C PSIOM CYUIECTBEHHBIX OIPaHUYCHUM.
DTy BO3MOXXHOCTh MHOTJa HaspiBatoT Free Provisioning. IToxanyii, camoe cy-
IIECTBEHHOE OTPAHUYCHUE COCTOUT B TOM, YTO MPHIIOKEHHUE OyJET 3aIyCKaThCs
Ha MOOMJIBHOM yCTPONCTBE TOJBKO B Te4eHHE Henenu. OJHAKO eCIM MPUIIoKe-
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HUE BHOBb Pa3BEPHYTh HA MOOWJIBHOM YCTPOWCTBE, TO OHO CHOBA IMPOCYIIIe-
CTBYET OUEPETHYIO HEJIETIO.

B ocTanbHbIX ciaydasx moTpedyeTcst nproOmuThes (3auncauThbes - Enroll)
k Apple Developer Program umu Apple Developer Enterprise Program na mop-
tasie developer.apple.com, a mpouecc pa3paboTku OyIeT BBINIAIACTH CICIYFO-
UM 00pa3om.

I N
Distribute
DEVE'OP Generate a
Distribution
Certificate
Generate a
Development
Certificate
Create an
Enroll Application
Identifier
{AppID
Create an A;: =
i
ApplelD device Generate a
Distribution
Provisioning
Envoll in the Create an ApplD Generate a ———
Apple & OR Team
Developer Provisioning Pravisioning Assign Identity
Program Profile Profile and Sign app
with certificate
Provision for
Store Generate Package and upload to
Te:hnnlegies |Tur?es.CDnnelct
OR distribute .ipa
a5 an
In-House
or
Ad-Hoc app
b

Puc. 2. Dransl pazpadboTku npuinokeHus nox i0S

Pa3nuuune 3THX IBYX MporpaMM B OCHOBHOM COCTOUT B TOM, YTO YYacTHE
B IIEPBOM JAaeT MPaBO Ha LEHTPAIM3OBAHHOE PACHPOCTPAHECHUE IMPUIIOKECHHI
yepe3 App Store. Ydactue BO BTOPOMl OpPHEHTHPOBAHO Ha DPACTIPOCTPAHCHHE
MPWIOKEHUHN TOJILKO BHYTPHU (DUPMBI (OpraHu3aiuu). ITo Tak HazbiBaemoe In-
House pacnpoctpanenue (3a mpeaenamu App Store). Yyactue B mepBoi mpo-
rpamme oboitnercst B 998, yuactue Bo Bropoit — 299$ B roa. B pamkax no6oi
IporpaMMBI Jonyckaercs Tak HaszeiBaeMoe Ad HOC pacmpoctpaHeHue (MOXHO
yCTaHaBJIMBaTh NpuiokeHus Ha 100 ycTpoiicTBax B roxn).

Bo3MOXHOCTH NpPUIIOKEHHI, B OCHOBHOM, CBS3aHHBIE C HCIIOJIb30BAHUE
pasnuuHbIX cepBUcOB Apple, s pa3iMyHBIX Mporpamm OyAyT pa3iudaThCs.
Oty paznmaus npeacrapieHsl B Tadbmuie (kojmonku 10S u 10S Enterprise).
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105 watchO5 watchO5 Mac
T

Capability Enterprise Extension App Developer ID
App Croups [ ] » [ ] » * ® o]
Apple Pay o o

App Sandbox » o
Associated Domains o e O O

Background Modes *» ® ® ®

Data Protection » » [ ] *

Came Center O o O

Came Cantrollers ®

Healthkit ® @ @

Hornekit & & *» &

iCloud: CloudKit o e o 9] O O
iCloud: iCloud Documents O o O ® O
iCloud: Key-value Storage O o o 8] O O
In-App Purchase 8] 8] o]
Inter-App Audio » ]

Keychain Sharing ® e ® @ O O
Maps & @ & ® O O
Personal WPM o e o O
Push Motifications @] & 8] O o] o]
Wiallet o e o

Wireless Accessory Configuration ® L

Puc. 3. Bce cepsucer (Capability) tpe6ytor Apple 1D, 11st CBETJIBIX METOK — JOTIOJHUTEIBHO
TpebyeTcs ydacTHe B IJIaTHOM mporpamMme paspadborauxos Apple

Provisioning Profile

Mexanu3m cOOpKH, pa3BepTHIBAHUS U 3aIlycKa MPUIOKEHUH HA MOOWIIb-
HOM ycTpoiicTBe noj yrnpasienuem i10S, npenycmorpenHnsiii Apple, HanpasieH
Ha pelICHHE CICAYIONINX OCHOBHBIX 33/a4:
e OO0ecneuenue 6e3omacHocTH. [Ipexae Bcero, 3To mpegoTBpaiieHue Gpaib-
cu(UKaIUu, TO €CTh MOAMEHBI, WM MOIU(DHUKAIIMN KOJIa MPUIIOKEHUS C
MOMEHTA €T0 YCTaHOBKH.
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e KoHTponb nosHOMOYMHM npuitokeHus. [Ipexne Bcero, 310 KOHTPOJIb BO3-
MO>KHOCTH BBITIOJIHEHUSI TIPUIIOKEHUSI HA JAHHOM yCTpPOWCTBE. 311eCh MPOBEPs-
eTcst cepTu(duKaT pa3paboTIrKa U JOMYCK TaHHOTO MPHUIIOKEHUS ISl BBITIOTHE-
HUS Ha JaHHOM YCTPOMCTBE (C UMeroIMMes y Hero uaeHtudukaropom UDID).

DTOT MEXaHW3M TMpeAyCMaTpUBAeT HEOOXOJUMOCTh YCTAHOBKUA B OJTHOM
CBSI3KE C MPHUJIOKEHUEM, C OJTHOM CTOPOHBI, TaK Ha3bIBaeMOro npoduis odecre-
gyenust (Provisioning Profile). C apyroii ctoponsi, Tpedyercs nmdpoBas mo-
MUCH MPUIOKEHHS CEPTUPUITUPOBAHHBIM Pa3pabOTIUKOM.

B npodune yka3pBaloTCs TpU OCHOBHBIE MO3UIIMHU: KTO, TO €CTh pa3pa-
OOTYHK, YTO, TO €CTh MPUIOKEHHE, U TJE, TO €CTh YCTPOHCTBA, HA KOTOPBIX 3TO
MPUIIO’KEHNE MOKET BBIMOJIHATHCS. DTa HHPOpMAIIHS POBEPSETCS MPH 3aIMyCKe
IPUIIOKEHUS (COTIOCTABIISIETCSI C COOTBETCTBYIOIIMMU METAJJaHHBIMU, KOTOPbIE
U3BJICKAIOTCSI HEMOCPEACTBEHHO M3 CAMOI0 NPUJIOKEHUS) U MO pe3yjbTaTam
IIPOBEPKHU MPUIIOKEHHUE JINOO 3aIlyCKAETCsl, TMOO €ro 3ayCK OTKIOHSETCS.

Team Provisioning Profile

® ApplID
¢ Certificates
Devices @ J

Development
Name Certificate
Search string

Services O-= Public Key

Name
Device ID

Puc. 4. Conepxumoe npoduiis odecrieueHus

Cozpnanue u Mmoaudukanus npoduiisi ooecrnedeHrs oCyIeCTBISETCS OMo-
CpelloBaHHO ¢ mnoMolbio Xcode ayig kKomMaHAbl pa3paboTuMKOB. B komanne
KOKIBIM YICH MOXKET UTpaTh ONMPEACICHHYIO POJIb U OBITh areHTOM, aJIMHHH-
CTPaTOPOM WJIM MPOCTHIM TOJIb30BaTeNeM. B 3aBUCHUMOCTH OT POJM YYaCTHUK
KOMaH/IbI TIOJTy4aeT T€ WK WHbIe ToHOMouns. Co3aaTellb KOMaH/bl SBIISETCS
€€ areHTOM U UMEET MaKCUMAaJIbHBIE TTIOJTHOMOYHS.

Komangusiii mpoduis odecnieuenus (Team Provisioning Profile) momyc-
KaeT MOJNUCh MPUJIOKEHUN JFOOBIM YWICHOM KOMAaH/Ibl M MX 3allyCK Ha BCEX
YCTPONCTBAX YJICHOB KOMaHIbl. KomMaHma MOXKET COCTOSITh TaKKe M3 OIHOTO
YjieHa — arceHTa 3TOM KOMaH/bI.

CrnenyeT mog4epKHYTh, €CIM pa3padOTUUK SIBJISICTCS YYaCTHHUKOM ILIaT-
HOM mporpaMmbl, To Xcode Oyaer paboTaTh COBMECTHO C MOPTAIoM pa3padboT-
yukoB (developer.apple.com) u 3ampammBaTh co31aHue HEOOXOAUMBIX aKTHUBOB
Ha 9TOM MopTajie. AKTUBBI (B TOM YHCIIE€ U MPOQPUIN) XPaHATCSA MOJ YUETHOU
3anuchio pa3padotunka (Apple ID). Komnanus Apple taxke npemycmaTpruBaer
HEIMOCPEJICTBEHHYIO padOTy C MOPTAIOM.
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Xcode cozmaeT npoduiib oOecreueHuss U ero KOMIIOHEHTHI TI0 Mepe HE00-
xoaumoctu. Tlpexae Bcero, Xcode 3ampamuBaer cepTudukar, ecim OH OTCYT-
ctByeT. CepTudUKaT HCMONB3YeTCS A HUIASHTH(HUKAIMU pa3padoTunka. B
npoduie Takke JOHKHO OBITh 3aperUCTPUPOBAHO MOOUIIFHOE YCTPONCTBO (HITH
YCTPOMCTBA), HA KOTOPOM TIPEIOJIaraeTCs pa3BepHyTh MPHUIOKEHUE, TTOITOMY
Xcode MOXKET MOMPOCUTH MOIKIIOYHTH 3TO YCTPOHCTBO. Xcode Takke BBITIOJ-
HsET TpeOyeMble HacTpoiKu mpoduis A Kaxkaoro ceppuca Apple (capability),
KOTOPBIN MPEINOJIaraeTcs UCIOIb30BaTh.

B npodune Takxke XxpaHuTcs Tak HazpiBaeMbiii APP ID, koTopomy qoimKeH
coorBercTBoBaTh Bundle ID mpunoxenus. Otot Bundle ID sBusiercst yHUKAIb-
HBIM UACHTU(PUKATOPOM MPUIIOKEHUS (OH, €CTECTBEHHO, 005A3aTeIbHO MPOIHU-
CBIBA€TCs B KOAE COOPKHU IMPHIIOKEHHUS).

Marazun App store u cepBucel Apple ucnons3ytor Bundle ID anst ogno-
3HayHOW HAeHTU(UKauuu npuioxeHus. [loatomy, nmociae Toro, Kak MpUIIOXKe-
Hue Oyner moctymHo B App store, ero Bundle ID He mMoxeT ObITh U3MEHEH.
Wnentudukatop Bundle ID ob6pasyercst ananornuno DNS, Toibko B 00paTHOM
nopsiake. Hampumep, Xcode coeannsier uieHTU(UKATOp KOMIIAHUM, €€ Ha3Ba-
HUE, C Ha3BaHUEM IPUJIOKEHUS, B PE3yJIbTAaTe, MOKET MOJIYYUThCA YTO-TO TIO-
X0Xkee Ha CTpoKy: com.example.mycompany.MyFirstApp. OnHako, B oTiIM4uue
OT IOMEHHBIX UMEH, uaeHTHu(ukaropsl Bundle ID uyBcTBUTENBHBI K PETHCTPY.

Cneunanbnbiii uaeHtugukarop App ID B npodune oOecrieueHust UCHOJIb-
3yeTcs JUisl MACHTU(PUKALUHA OJHOTO WJIM HECKOJBKUX MPUIOKEHUU. DTOT App
ID moxet ObITh siBHBIM (€Xplicit), Torna on B Tounoctu moBTopsier Bundle ID
MIPUJIOKEHUS, WK SBIATHCS 1madioHoM - wildcard App ID, Torma on cooTBeT-
ctByeT MHOkecTBY Bundle ID, mocTpoeHHBIX cortacHo 3ToMy 11abjiony. Xcode
n3HavaiabHO co3maer wildcard App ID, u sBublii App ID co3maercst Toabko B
ciiyyae HeoOxoaumocTH. Hampumep, ecin npuioxeHHe HCHOJIb3YyEeT CEpBHC
Apple, koTopslit TpeOyeT ykaszanusi ssHoro App ID (manpumep, obaauHbIe cep-
Bucel iICloud). Takum oOpa3om, ouH TPOGHIL MOKET OBITh MCIIOJIB30BaH He-
CKOJIbKMMH MPHIIOKEHUSIMHU.

Hudposass noanuch NPUI0KEHU A

JIns moAnucH NpUIOKEHUA UCIIOJIb3YETCA Napa CBA3aHHBIX KIFOUEH: OT-
KPBITBIN U 3aKpbITHIH (cekpeTHbIi) kmoun (Public and Private keys), kotopsie B
nokymenrtanuu Apple oObruHO Ha3wiBarOTCS: signing identity.

Otu kmoun popmupyrorest Xcode B mpoliecce 3arnpoca U MoxydeHus cep-
TudukaTa pa3paboTUMKa C MOMOIIBIO MopTana (eciau pa3paboTyuK - YYACTHHUK
IJIATHOM MporpaMmbl) WM Xcode IelCcTBYeT caMOCTOSATENbHO (B paMkax Free
Provisioning). Ceptudukar ¢ OTKPBITBIM KIFOYOM XPAHUTCS Ha MOpTale MO/
YUETHOM 3amuchio pazpaborunka. CepTUUKAT C OTKPHITHIM U 3aKPBITHIM KO-
4yoM (TO ecTb - signing identity) xpanurtcs B Buze cBs3ku kirouei (key chain) va
KOMIIBIOTEpE, I7I€ yCTaHOBJEeH Xcode.
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Certificates

O-= Public Key

Member Center

Keychain

T

Signing Identities

O-= Public Key

(
[

$—% Private Key ]

Puc. 5. Ilopsgok xpaHneHus cepTuuKaTon

BaxxHo oTMeTHUTB, eciii pa3paboTUrK «Iepeexan Ha HOBBIM Mac u He 1o-
3a00THJICS O COXpaHEHUHU CePTU(PHUKATOB C CEKPETHBIMU KIIFOUaMU, TO OH 00ec-
neyus cedsi TOMOTHUTEILHON paboToM, CBA3aHHON C TIEPECO3/]aHUEM BCEX Cep-
TU(UKATOB U 0OECIIEeYeHHEM HOBBIMU MPO(UISIMU BCEX CBOMX NMpPHIIOKEHUI. B
CBS3U C 3TUM B Xcode mpenycMOTpeHa npoueaypa 3KCIopTa U UMIIOpTa CEPTH-
(buKaTOB, KOTOPHIE HEOOXOAMMO XPAHHUTH B HAJIGKHOM MECTE.

[Toa moanuceI0 KOJIa MOHUMAIOT CIEAYIOIINE TPU COCTABIISIONINE:

e Xem (tutom0a, meyath (Seal)). DTo KoJUIeKIHsS KOHTPOJIBHBIX CYMM HIIH
XJIIEeH pa3IMYHbIX YacTel COOPKHU MPUIIOKEHHUS, CO3/IaHHBIX C TTOMOIIBIO CIie-
[IMAJILHOTO TporpaMMHOTo obecnedenus. [Imomba nmo3BossieT 0OHAPYKUTH W3-
MEHEHHUS KoJa (CIydailHble WM BHECEHHBIE BUPYCOM) C JIOCTATOYHO OOJIBIION
BEPOSITHOCTHIO.

e (Curnarypa. [lnomba mudpyeTcsi ¢ MOMOIIBIO CBSA3KU KITIOUEH, B3STHIX U3
cepTuduKara pazpadoTurKa. ITO rapaHTUPYET LIETIOCTHOCTD Xellla.

o [IpaBuia, perTaMeHTUPYIONIUE MOPSIOK MPOBEPKH CUTHATYphl. HekoTo-
pbI€ M3 HUX MPUCYIIHA TPOBEPSIONIEMY MPOTPAMMHOMY 0OecTeueHnIo (B 3aBU-
CUMOCTHU OT ero uenei). [Ipyrue onpenensitoTcsi NOAMUCYUKOM U ONEYaTaHbl C
OCTaJIbHOM YaCTBIO KOJA.

MexaHu3M TOANMKUCH KOJa CO3/IaeT Xelu - om0y, oOpaboTaB pa3ind-
HbIE YacCTH COOPKH TPHJIOKEHHUS (OMOJMOTEKH, WCTIOMHSEMBIN KOJ, PECypCHI,
daiin Info.plist u Tak maynee) coraacHO OAHOCTOPOHHEMY AJITOPUTMY XAIIHPOBaA-
Hus. Ha BeIXoze mosrydaercs cepusi XdIIeH WM KOHTPOJBHBIX CYMM, KOTOPBIC
SBJISIIOTCS YHUKAJIbHBIMHM, HO KOTOpPbIE HE MOTYT OBITh MCIIOJIB30BAHBI JIJIsl BOC-
CTAaHOBJICHUS] UCXOHOM COOPKHU MPUIIOKEHHUS.

[IpoBepsitonuii oTpadaThIBaET TOT K€ ANTOPUTM XAIIUPOBAHUS U CPABHU-
BaeT MOJYYEHHbIE PE3yJIbTaThl C OPUTMHAIOM — XpaHamuMces xemeM. Hecosna-
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JIeHHE YKa3blBaeT Ha (anbCUPUKALUI0 MpHiIokeHus. O4YeBUAHO, MOJOO0HAs
IpoOBepKa JEHCTBYET TOJIBKO, €CIIM BPEAOHOCHOE IPOrpaMMHOE OOecTICueHUE HEe
noJMeHMI0 XpaHumblid xaml. [IudpoBka xema - cUrHaTypa TapaHTHPYET He-
BO3MO>KHOCTh TaKOW TTOJIMEHBI.

[IudpoBanue xemra BBHITOTHAETCS C MOMOIIBIO 3aKPBITOTO KITF0Ya, KOTO-
pBI TOCTYTIEH B cepTuduKaTe pazpadoTumKa - signing identity Ha 3Tane cOOpKu
NPUJIOKEHHUS ¢ moMolbio XCcode Ha Mac komIbloTepe pa3padorunka. Jlemmd-
poBaHHEe, HEOOXOIMMOE Ha CTaJUU MPOBEPKH JJIsI COMOCTABIICHHUS MOTYYCHHOTO
U XpPaHUMOTO XEeIIeH, BBITIOIHSIETCS C MOMOIIBI0 OTKPHITOTO KIIF0Ya, XPaHUMOTO
B Provisioning Profile.

bubianorpaguyeckuii cnucox

1. https://developer.apple.com/library/content/documentation/IDEs/Concept
ual/AppDistributionGuide/Introduction/Introduction.html

2. https://developer.apple.com/library/content/documentation/Security/Conc
eptual/CodeSigningGuide/Introduction/Introduction.html

M.P. BarusoB acCUCTEHT
PA3BPABOTKA HHTEPAKTUBHBIX TEONH®OPMAILIMOHHBIX
CUCTEM: IPUHIMUIIBI ITIOCTPOEHUSI U KOHCTPYUPOBAHMUSI
CUCTEMBI

JIJisi IIIaHOMEPHOTO Pa3BUTHS JIECHOM OTpaciu pa3padoTKa U MCIOIb30-
BaHHE T€OMH(POPMAIMOHHBIX CHCTEM Ha HOBBIX MPUHIIUINAX B3aUMOJEHCTBUSA
MOJIB30BATENIsl C CUCTEMOM SIBIISETCSA aKTyanbHOM 3amaueil. CriocoObl 1 METOIbI
npoekTupoBanus otpaciieBbix [MC, pemarommx omnpeAen€éHHbIl Kpyr 3ajad,
0a3upyIOTCs B IEPBYIO OYEPE/Ib HA METOOJOTUIO TTOCTPOEHHUS OOIIEH CTPYKTY-
pBbl KOHCTPYUPOBaHUS WH(POPMAIMOHHBIX CUCTEM C MCIOJb30BAHUEM KOMIIbIO-
TepHBIX TexHojorui. OgHON U3 1eneil npu pazpadoTke reonHGOPMaIMOHHBIX
CUCTEM, SIBJISIETCS co3JaHue Haubosee yJno0HOTO U MPOJYMAHHOTO YeIOBEKO-
MaimuHHOTO uHTepderica. CTeneHb B3auMOJICHCTBUS MOJIH30BATEIISI C CUCTEMOM
MOXET OBITh OLICHEHA Yepe3 MOHSATHE — UHTEPAKTUBHOCTb.

B 4ém cocTtouT oTiMYMe CTaHIapTU3UPOBAHHOTIO MHTEpdelica OT UHTEp-
aktuBHOrO? Ilpm pelreHuu 1eIoro psifa 3ajaad, B COBPEMEHHBIX T'€OuH(popmMa-
IIUOHHBIX CHUCTEMaX, HEOOXOIUMO MPOXOJUTh MOATOTOBKY, B YaCTH OMpeaee-
HUS (PYHKITMOHAIBHBIX BO3MOXKHOCTEH paboThl cucTeMbl. B yacTHOCTH, B mpo-
rpaMMax, KOTOPhIE HCIIONB3YIOT 0a3bl JaHHBIX, TPEOyeTCs 3HAHUE s3bIKA TO-
cTpoenus 3arpocoB (SQL) s mpaBUIILHOTO BBIMIOTHEHUS OOpalieHust K JaH-
HBIM, YTO YBEJIMYMBACT BpeMs JOCTyIla K HYKHBIM JaHHbIM. Pemenne 3tou
POOJIEMBI JISKUT B CO3/IaHUM TOTOBBIX 3alIPOCOB B BHUE peaT3yeMbIX (HyHK-
uuii. /[OMOTHUTENBHON CIIOKHOCTBIO SBJISICTCSI HABUTAIMOHHAS CKOBAHHOCTH
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dbyHkimoHana uHTEpdeEca CUCTEMbl, HEKOTOPbIE HCIOJb3YEMbIE MapaMeETPhI
TPYAHOJOCTYIIHBI U MOTYT HE MCHOJIb30BATHCS MOJIb30BaTENSIMUA BOBCE. Pe3yiib-
TaT HE MPOAYMAHHOIO MHTepdeica - AuTenbHas TPEeanoAroTOBKa U OCBOCHHUS
Bcex Bo3mokHocTed [MC, mpu sToM, MOXKET MOTpeOOBATHCS MPOXOKIACHHE
CHEIUMATN3UPOBAHHBIX KYpCOB O0yUeHHUs, U3y4eHHE OOJBIIOro 00bEéMa Compo-
BOXKJAOIINX MATEPHUAIIOB.

Hanuune cnoxHo-MOAM(DUIMPOBAHHBIX MJIs MOJIb30BaTesne uHtepdei-
COB MPHUBOJUT K TOMY, UTO OOBEM 3asiBICHHBIX (DYHKLIUNA CUCTEMBI HE HCIIONb-
3yeTcsl B MOJHOM 00bEME. bosee TOro, ¢ MCUXOJOTUYECKONW TOYKHU 3PEHHUS, OT-
CYTCTBHE MHTYUTBHO-TIOHATHBIX MOJYJIEH B COCTaBe UHTEpeiica cucTeMbl po-
TPaMMBbI, MOXKET SIBISATHCA MPUIUHON HECTIOCOOHOCTH 00pabOTKU OONBIINX 00b-
€MOB MH(pOpPMAIIMK MO3TOM, YTO CKa3bIBAETCSl HA YMEHBIIIEHUH BPEMEHU padOThI
C IPOrPAMMHOU CPEHOH.

CoBpeMEHHBIN, BBICOKHA YpPOBEHb IPOU3BOAUTEIBHOCTH MNPOrPaMMHO-
anmapaTHOro oOecreyeHus], T0JKEH BBIBECTH MCIIOJIb3yEMbIE Ha CETOIHSALIHUM
JI€Hb T€OMH(OPMAIIMOHHBIE CUCTEMBI HAa HOBBI YPOBEHb B3aUMOJICHCTBUS C Ue-
JOBEKOM, Orarojapsi pa3BUTUI0O UMEHHO MHTEPAKTHUBHBIX CHCTEM B3auUMOJICH-
CTBUS [TOJIB30BATENSI U CUCTEMBI.

Takum 00pa3oM, Ha MepelHUM MJIaH HAYYHBIX TEXHOJOTMYECKHX pelie-
HUIl CTAHOBUTCS ONPEJEIICHNE U pa3paboTKa METOI0B OCTPOCHUS UHTEPAKTHB-
HBIX T€OMH(OPMAIIMOHHBIX cucTeM. Llesb cOCTOMT BO BHEAPEHUH CTaHAAPTU3H-
poBaHHOro MHTEp(eica TAKUX IJIEMEHTOB, KOTOpPbIE 0071aat0T TOTOBBIM pellie-
HUEM OmpeneséHHOro criekTpa 3anad [1,2]. ns Havana, HeoOxXoaumMo ompee-
JINTh, KAKUMHU CPEJICTBAMHM U 3a CUET Yero, OyJeT JOCTUraThCcsi HeoOXoaumas
MHTEPAKTUBHOCTh I€OMH(OPMAIIMOHHON CHUCTEMBI B 3aBUCHUMOCTU OT LieJiel €€
ucrnosb3oBanus. [Ipy 3TOM BHE 3aBUCHMOCTH OT MPUKIIAIHBIX 337a4 PelIaeMbIX
reouH(pOpMallMOHHON MPOrpaMMOM, MOXKHO BBIJIEIUTh HEKOTOpbIE KPUTEPHUH,
00s513aTeIbHOE HCIOJIb30BaHUE KOTOPBIX NMPUBENET K YJIYULICHUIO B3aUMOJCH-
CTBHS C cucTemoit [3]:

1. MonynbHOE MPOrpaMMHPOBAHHUE;

2. TPOJyMaHHas apXUTEKTypa UHPOPMAITMOHHON CUCTEMBI;

3. NPUHIMN JEKOMIO3UIIMU [P YCIOBUHU CBA3HOCTH CHUCTEMBI,
4. TpebOBaHUS MHTYUTUBHOTO B3aUMOJECUCTBUS C CUCTEMOM.

Heo6xonumo, uto O6b1 reonHpOpMaIlMOHHAsI CUCTEMa cojiepxkaia B cede
TaKhe TEXHOJIOTUYECKUE PEIICHUsI, YTO Obl 00ECeYTh MUHUMAIBLHOE KOJIUYE-
CTBO BPEMEHHU Ha pElICHUE INIABHBIX 337a4 U YIPOCTUTh PYTUHHBIN MMOUCK AaH-
HBIX.

[lepBbIil acmekT, Ha KOTOPbIA HEOOXOIMMO OOpaTUTh BHUMAHHUE, 3TO
NPUMEHEHUE KPUTEPUEB JIsl YIYUIIEHUsS] B3auMoAecTBus. boblioe BHUMaHue
IIPU PEUIEHUH BBIILIECIIEPEYHCICHHBIX KPUTEPUEB OTPAXKAETCSA HA CTAIUU IPOECK-
TUPOBaHUs UH(POPMALIMOHHOW cucTeMbl npu e€ paspadotke. [Iponenypa nonno-
ro KOHCTPYUPOBAHMSI CUCTEMBI JIOJDKHA OTpa)kaTh €€ 1eiH, QyHKIHMOHATIBHYIO
peann3aiuio, ObITh MOCIE0BATENbHA, JOTHYHA U MOHITHA HE TOJBKO MPOEKTH-
POBIIMKY.
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Bropoii acniekT B co3gaHMM MHTEPAKTUBHOTO MHTep(eiica - 3TO MHTEIN-
JeKTyaau3alus Mpouesyp MOUCKa, HaBUTaLKHU, YIIPABICHUS U BbIBOJA PE3YJib-
TaTOB paboThl. IHTEpaKTHBHAs cUCcTEMA JOJKHA COJIEPIKATh!

1. Moaynu B BUJIE TOTOBBIX pEIICHUH (coaepKaIiux B ceoe GyHKIUN);

2. TOTOBBIE 3aMpPOChl 0€3 HEOOXOAUMOCTH CIOXKHO-KOH(UTYPUPYEMOTO pPyY-
HOTO BBOJIA;

3. KaueCTBEHHOE BU3YaJIbHOE COIIPOBOXK/ICHUE;

4. NOCTYNHYIO NOAJIEPKKY P BOSHUKHOBEHUH CJIOKHOCTEN pabOThI C HEH.

Cnegyer OTMETHTh, YTO 3ajaya MPOEKTUPOBAHUS HHTEPAKTUBHOIO HH-
Tepdeiica HecéT B cebe rpaMOTHYIO KJIacCU(UKAITUIO MPOIIECCOB CUCTEMBI, BBI-
SBJICHUE HEOOXOMUMBIX (DYHKIMH MO KOJIUYECTBY OOpAaIEHUIl U UTOTOBBINA J0-
cTynHbld Buf [4,5].

Ha puc.1 npencraBieHbl OCHOBHbIE KOMIIOHEHTHI U B3aUMOCBSA3b CUCTEMBI
c noJsib3oBaresneM. PazbepeM ypoBeHb B3aUMOEHCTBUS, ONPEACIAIOIINNA HHTEP-
aKTHBHYIO CUCTEMY, KaK TakoBYy0. Hainuune B cucTemMe roTOBbIX pELIEHUI B BU-
1ie OJIOKOB, YaCTO UCHOJIb3yEeMbIX (YHKIMI MOBBIIIAET CKOPOCTh IPUHUMAEMBIX
peuieHuil. JIMIo mpuHUMArOIEe PELICHUE B JaHHOM ClIy4ae, pyKOBOACTBYETCS
TOJILKO OCOOEHHOCTBIO 0JI0Ka, OJIXOJUT JIU OH JUIsl peleHUs] He0OX0AUMOH 3a-
naud win Her. Clenyromuid MOJydb - MHTyUTHUBHas Hauranus. Ha cramum
IPOEKTUPOBAHUSA U KOHCTPYHPOBAHUS CHUCTEMBI, BCE BBINOJIHAEMbIE (YHKLIUU
JOJKHBI OBITh KJIacCU(pUUMpPOBaHbl HE OOJee YeM Ha TpU Iepexoja A0 €€ Me-
cTopacnoyiokeHusi. bosee Toro, kaxkaas mporpaMmHasi cUcTeMa JIOJKHA ObITh
CKOH()UTypUpOBaHA, YYMUTHIBAsI €€ HAMPABIEHHOCTb, U CTPOUTHCS W3 MPHUHIIU-
MoB U crerudukanuii npeaMeTHon obaactu. Ha cerogusmHuii 1IeHb CUTyaIus
BUAMUTCS OOpaTHOM, Tak MPU MOCTPOCHHH Kak WED-CepBHCOB, TaK U MPUIIOXKE-
HUN KCIMONB3YIOTCS 1A0JIOHBI TOTOBBIX PEIICHH, UMb ClIerka MOAUPUIUPYS
U JIOTIOJHSISL CUCTEMY HEOOXOAMMBIMU MOAYJIsIMU. Henb3s HE OTMETUTH MOJIO-
JKUTEIbHBIE CTOPOHBI IPOEKTUPOBAHMS TAKOIO IOAX0JA, 3aKJIOYAIOIIETrocs,
IpEeKIe BCEro B COKPAIEHUH BPEMEHHU MOCTPOSHUS CUCTEMBI, @ HAOOP TOTOBBIX
OMOJIMOTEK Tak K€ CYIICCTBEHHO YIIPOIIAeT KOHMDHUTYPAIUIO U CTPYKTYpY IPO-
rpamMmbl. OHAKO, OTIMYUTEILHOW OCOOCHHOCTHIO MHTEPAKTUBHBIX CHUCTEM OT
11a0JIOHHBIX, SBJISETCS UX KaUeCTBEHHAs pealin3alus, ObICTpOe BHIIIOJHEHHUE 3a-
SIBICHHBIX (DYHKIIMM, TOTOBBIE PEUICHMs, YHUKAJIbHBIN CTUJIb. Takue CHUCTEMbI
OyIoyT 3allOMUHATHCS B MCIOJIb30BAaHUHU, UX (PYHKIMM MOTYT OBITH OBICTPO
OCBOEHBI, OHM MPHUATHBI B JKCIUTyaTallMd C TOYKH 3PEHUS MCUXOJOTMYECKOTO
BocrnipusTus. [lpuBeneM HarJgIHbI NpUMEp peanu3aluu JIBYX HHTep(deiicoB
reoMH(OPMAIMOHHBIX TIPOrpaMM (puc. 2).

OtMeTruM (yHKIMH, YCIOXKHSIOIKUE PaboTy €O CTaHAAPTU3UPOBAHHBIM
uHTEepdencom:

1)  orcyrcTBHE OOBEIUHEHHUS B OJIOKH;

2)  peanu3aiyisi OCHOBHBIX 3a/1a4 B BUJIC CIIUCKA,;

3)  OoubIIOE KOJMYECTBO MEPEXOA0B O MOMEHTA BBIOOpAa HEOOXOIH-
Mot pyHKLIUH.

4)  crapmapTHOe rpaduyeckoe ohopMIICHHE.
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[IpuBenem mpuMep mnepeneIaHHOTO CTaHAAPTU3UPOBAHHOTO HHTEpdeiica

B MHTEPAKTUBHBIN BH (pHcC.3).
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Puc. 1. DnemMeHTb HHTEPAKTUBHON CHCTEMBbI
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V' T105 - TaBnuya BeicTROPACTYWMX NOPOA, (aKTyan.)
' T106 - Onpefenexue KNacca TOBAPHOCTH (aKTyan.)
& T107 - TOBAPHO-COPTUMEHTHEIE TaBnuub!
" T108 - CTaBku NNaTkl 38 APEBRCHHY

\/ T109 - X0zARCTEEHHBIM 3aNaC KOPMOBLL DACTEHW,L 3
¥ DEAPHbIE TAANMLE! (N0 COPTaM) CHCTEMET
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?_ 14 Peaops ITepeyens maneif MakeTos
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MeTozpuecKie penIeH A TI0 TOBAPH3 ALFH K COPTHMEHTALMH,
MM eTogpue cxuit MaTepyan 1o pafoTe ¢ mogcucTeMOH
NaHHble "Jecroe xosmicteo" Pasgen - "Jeconomssoparme".
Belgenetue ofvexTa B Texcamosn: doplayx
ki s Mol Tl OTIOMHMTEEHEIE BOSMOMHO CTH CHCTEMBI M APYTHE HOBO CTH.
AOKYMEHTEI
DYHKLM padmki

Puc.2. I'eounpopmanronHas nporpaMma ¢ CTaHIapTU3UPOBAHHBIM UHTEpdEiicoMm

Oco0eHHOCTH 3MEHEHUS CTaHAapTU3UPOBAHHOTO HHTEpdeica:
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1) OCHOBHBIC 33J1a4¥ YIOPSAA0YEHBI B MOTyJH (OJIOKH);

2) JIAAJIOTOBOE OKHO TEKYIIEW KOMaH/IbI;

3) JIOTIOJTHUTEJIPHOE MEHIO YaCcTO MCIOIb3YEeMbIX (DYHKITU;

4) OTCYTCTBHUE «JIMHHBIX» MIEPEXO0B;

5) HAJINYUE UCTOPUU JICUCTBUI B CUCTEME.

KauecTBeHHass peanuzaiidss HMHTEPAKTUBHOrO wWHTepdelica IpH3BaHa:
a) COKpaIllaTh KOJMYECTBO UTEPALMK JIJI1 TIOMCKA W BBITTOJTHEHUS HEOOXO0UMOMN
3amayu, 0) YMEHBIINTh BPEMSI OCBOCHHUS M HABUTAIIMU B T€OMH(DOPMAITMOHHON
porpaMMe, B) YCKOPUTH MPOLIECC YETOBEKO-MAIIMHHOTO B3aUMO/ICHCTBUS.

Bo3MOXkHO 11, OLIECHUTh CUCTEMY C TOYKHU 3pPEHUS €€ MHTEPAKTUBHOCTU?
Jlst aTOTO TpeOyeTcsl BBECTH MOHATHE WHTEPAKTUBHOCTH KaK OTHOIICHHE, CYM-
MBI H3MepsieMbIX BeianuuH (Vr), Torma:
v, =Lk
M = T_‘l‘

rae PK xonmuecTBO ACHCTBHIA OJTHOM (PYHKIIMK TPOTrpaMMBI, ONpeaeisie-
MO€ 4Yepe3 CyMMY KOJIMYECTBA OIepaldidi Ha BpeMs UX BBIMOJIHEHUS, N — YUCIIO
oOpalleHnii K riIaBHBIM (DYHKIIUSM MPOrpamMMbl [X — BpeMs peaiu3aluu JcH-
CTBHI.

Pk = S1+S2+S3+Sn,
rae S1, S2, SN — Koau4yecTBo AeHCTBUN OTHOU (PYHKITUH.
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Puc.3. ['eoundpopmannonHas nporpaMma ¢ UHTEpPaKTUBHBIM HHTEpQeiicom

JIOTOJIHUTENIBHOM OLIEHKOM MOXET SBJISITbCS BBEIACHHUE CHEHHATBbHOMN
IIKAJIBI, T/Ie HH(OOPMAIMOHHAS CHCTEMa OIIEHUBACTCS C TOUKHU 3pCHUS e€ HHTEeP-
akTuBHOCTU. O003HauYMM 6 (I1€CTh) YPOBHEH MHTEPAKTUBHOCTH CHUCTEMBI MPU-
HHUMasi MAaKCUMaJIbHYIO OLICHKY KaK HauOoJjiee BEICOKUM mapameTp.
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1. CucteMa He MHTEpAKTHUBHA (CJIOKHOCTh B HaBUTAllUU, B YIpaBIie-
HUHU, TpeOyeTcs 3HAUUTENbHOE BpeMs JUisl €€ OCBOCHMs, MHTep(ENC CIO0XKHO
CTPYKTYPHUPOBaH);

2. Cucrema oOnagaeT OTAEIbHBIMU MOJYJISIMH, PACIOJIOKEHHUE TJIaB-
HBIX (QYHKIHH 3aTpyJHEHO, TPEOYyeTCs PyYyHOI BBOJ 3alIPOCOB;

3. B cucreme mpuCyTCTBYIOT 3J€MEHThl HHTEPAKTUBHOTO B3aUMOJICH-
CTBUs, 0oJiee MOJIOBUHBI (DYHKIIMOHAIBHBIX BO3MOXKHOCTEH MpOrpamMMbl Tpedy-
10T JONOJHUTEIBHOTO OCBOEHUS.

4, HuTepdeiic cucteMbl MPEeUMYIIECTBEHHO COCTOUT W3 MOJYJBHOM
CTPYKTYPBI, B HETO BKJIIOUEHBI CKOH(UTYPUPOBAHHBIE 3alPOCH] B BU/I€ TOTOBBIX
pelIeHN;

S. WuTepdelic cucteMbl J0CTaATOYHO MHTEPAKTUBEH, UHTYUTUBHO TO-
HSTEH B HETO BXOJSAT peaju30BaHHbIE (YHKLINU;

6. Cucrema MHTEpAaKTHBHA, IPOCTa B HABUTALMU U YIIPABIICHUH, TpE-

OyeTcsi MUHUMAaJIbHOE BpeMs JUIsl €€ OCBOEHUS], HHTEp(EiC CKOHCTPYUPOBaAH JIO-
TMYHO U ITOCIEN0BATEIBHO.

Ha ceronusamHuil 1eHb HECOMHEHHBIM SIBIISIETCS BCIUIECK B PA3BUTUU UH-
(dopManMOHHBIX TeXHONOTHH. [1oBBIIIIEHHE TPONU3BOUTENIBHOCTH IPOTPAMMHO-
anmnapaTHbIX CPEACTB IMO3BOJSIET BBIBECTU N'€OMH(POPMALMOHHBIE CUCTEMBI CO-
BEPILIECHHO HAa HOBBIM YPOBEHb B3aMMOJEUCTBUA C KOHEYHBIM I10JIb30BATEIIEM.
Pazpabotka nmenHo uHTepakTuBHBIX [ IC MO3BOIUT B MEPBYIO OYEPEbh COKpa-
TATHh BPEMS HA PELICHUE NMPUKIAAHBIX 3a1a4. CTOUT OTMETUTH, YTO TPAMOTHOE
KOHCTPYMPOBAaHWE WHTEPAKTUBHOW CHCTEMBI, HE O3HA4YaeT €€ yNpOIIEHHE, JO-
IMYECKU CUTyallus BUJIUTCA OOpaTHOM, TEM HE MEHEee CIOCOObl MOAXObl U Me-
TOJBl MPOEKTUPOBAHUSI COBPEMEHHBIX T'€OMH(DOPMALMOHHBIX CUCTEM TPEOYIOT
JAJbHEUILIETO PA3BUTHS, U3YUEHNS U TIOUCK ITyTEH X IPUMEHEHHS.

bubanorpadguyeckuii cnucox

1. A. M.3asm, A. A. JloraueB. MaremaTuueckue MOACIUA AJs MOJI-
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FO.A JKyk kaHIuIaT nearoruueckux HaykK, JOUEHT
N. B.CoITIOT Maructp

PACIHO3HABAHUE AHOMAJIBHOI'O NIOBEJAEHUSA CTYAEHTOB
HA OCHOBE AJITOPUTMOB UHTEJUVIEKTYAJIBHOT'O
AHAJIM3A JAHHBIX

Beenenne

B Hacrosimiee BpeMs Bce Oouiblliee paclpoOCTpaHEHHE MOIydaeT aHalu3
M300paKeHUI YesloBeKa i1 MACHTU(PUKAIMK €ro JUYHOCTH WM €ro COCTOS-
Hus. IlpuMeHeHnue naHHOrO aHain3a OBICTPO MPUOOPENO OOJBLIYIO MOIMYJIAP-
HOCTh B pa3HbIX 00JaCTAX YEJIOBEUECKON AesITeNbHOCTU. Pacrio3HaBaHUE yeno-
BEKa M0 U300paKEHUIO JIHIA OTIMYAETCS TEM, YTO JAHHBIN CIOCOO MOXHO MpHU-
MEHATh JTUCTAHIMOHHO, TEM CaMbIM, HE OCTaBJIsIsl HEYJIOOCTB JJisi YEIIOBEKa, a
TaK)K€ MPHU BBISIBJIEHUU MOJI03PUTEIBHBIX JIMYHOCTEHN, HE MOABEPTasi ONMAaCHOCTH
apyrux monaen. [[ns ananusza A0CTaTOYHO: MEPCOHAIBHOIO KOMIBIOTEPA, COOT-
BETCTBYIOILIETO MpOTrpaMMHOE oOecrieueHue M u3o0paxeHuil moxaeil. B xoxe
aHanu3a M300paKEHU MOKHO HE TOJIbKO MJICHTU(DHUIIMPOBATH JTUYHOCTh YEJIO-
BEKa, HO U y3HATh €r0 SMOI[MOHAIBHOE COCTOSIHUE.

OpHOM W3 TNaBHBIX MPUYMH MCIIOJIB30BAaHUS PACIO3HABAHMS OOpa3oB B
MTOBCEIHEBHOM KU3HM SBJISICTCS aKTHUBHBIN POCT 00BEMOB IMOTydyaeMo HHGOP-
Malliy, KOTOPYI0 HEOOXOJIUMO KadeCTBEHHO U ObICTpO 00padoTaTth. CTOUT OT-
METHUTh, YTO TOJABIISIONIEEe OOJBITUHCTBO HAYYHBIX paOOT B JaHHOW oOnacTu
UMEET SMIMUPHUUYECKHUI XapakTtep. I 3MIMpHUYECKOro METOJa HMCCIEI0BAHUS
XapaKTepHO HEMOCPEJCTBEHHOE HW3YYEHHME MCCIEAYeMOro OOBbEKTa B XOJE
HaAOJII0JICHUS 32 HUM, U HE TpeOyeT, B OTIMYHE OT TEOPETUUYECKOTO, BbISBICHHUS
CYILIHOCTH SIBJICHHS. OMIIMPUYECKUNA METO]I 3aKJII0YaeTCsl B cOOpe U MOATrOTOB-
Ke HHpOpMalKHU, IOCIIEe YET0, MPOU3BOAUTCS TECTUPOBAHUE ANTOPUTMA.

Baxkneiimelr 001acThio, B KOTOPHIX MPUMEHSIETCS paclio3HaBaHuE oOpa-
30B, ABJIAETCS o0ecreyeHne 6e30MacHOCTH a3pONOPTOB, METPO, MECT CKOTICHHUS
OO0JIBIIOr0 KonyecTBa Jroaei. Eie oqHON KU3HEHHO BAKHOUN 00JIACTHIO YEIIO-
BEUYECKOM JICSITEIbHOCTH, B KOTOPOW MPUMEHSIETCSl paclio3HaBaHUE 00pa3oB, sB-
JSIeTCS MEIMIIMHA, HO, K COXAJICHHUIO, MOXKET BO3HUKATh CyOBEKTUBHAS OIIMOKa
MPUIIO PSAY IPUYHMH, B TOM YUCJIE W3-3a HE KBATM(PUITUPOBAHHOCTU CIIEIUATH-
cra. KoMmnbrorepHoe ke 3peHre MOXKET CYHUIECTBEHHO OOJErdyuTh U PaCIIUPHUTh
COBpEMEHHbBIE BOBMOKHOCTH, BBISBIISAS 3a00I€BaHUsI HE TOJIBKO HAa BUTUMOM JIs
Bpaya CTaJiuu, HO U Ha OoJiee paHHEH.

Pacno3naBanue 00pa3oB Takke MPUMEHSIETCS] B UTPOBOW MHIYCTPUH, AJIs
pacro3HaBaHUs aBTOMOOMJIBHBIX HOMEPOB, B pAaCIO3HaBaHUHM TEKCTOB, B I'€0JI0-
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UM U BO MHOTHX JAPYTUX 00JACTAX 4EeIOBEUECKOH AesTenbHoCcT. Benymme Mu-
POBBIE KOMITAHUU CETOJIHS CTPOST Ha MPOLIECCE paclo3HaBaHUS 00pa3oB camble
pa3InyHbIE POTYKTHI.

OpnHa M3 HEMHOTMX OTpaciei, KyJa HE CTOJIb aKTUBHO BHEIPSIOTCS CO-
BPEMEHHBIE TEXHOJIOTMY MHTEJUIEKTYaJIbHOTO aHAJIM3a JaHHBIX — 3TO ME€Jaroru-
ka. B coBpemenHOM 00pa3oBaHUM Bce 0OJbIlIe HAOUPAET MOMYISIPHOCTh TECTHU-
poBaHME, KaK BUJ aTTeCTallMU. DTO CBSI3aHO C OOJBIIMM OOXBAaTOM TECTUpPYE-
MOH ayJUTOpUH, a TAaKKe C OBICTPOM MPOBEPKOM pe3yabTaToB. COBpPEMEHHBIM
YeJIOBEK BCE OOJIbINE BBIMOJHSAET Pa3iMyHbIe TECTUPOBAHUSA, BEllb 3TO OYEHBb
yIOOHBIN BUJ aTTeCTallMd, HO JO CUX MOpP KOHTPOJIUPYET 3TOT MPOLECC YEINIO-
BeK. [lopoil HEBO3MOKHO NPOCIEAUTH 3a BCEMH YYAaCTHUKAMH TECTUPOBAHUS,
YTO BEAET K BOSHUKHOBEHHIO HEKOPPEKTHOTO (AHOMAJIBHOIO) MMOBEICHHUS - K HC-
M0JIb30BAHUIO HEPa3pEUIEHHBIX MCTOYHUKOB HH(popMauuu. st TOro, 4ToOsbI
aBTOMATU3UPOBaTh HUIACHTHU(PUKALMIO AHOMAJIbHOIO IOBEJAEHUS CTYJIEHTOB,
IpeJyIaraeTcsl UCIoIb30BaTh AIrOPUTMbl MAIIMHHOIO OOy4Y€HUs, KOTOpPbIE I10-
CIIEIHEE BpeMs CTPEMUTEIBHO 3aBOCBBIBAIOT IIPAKTUYECKU BCE HAIPaBIICHHUS
NEATEIbHOCTH YEJI0BEKa.

Cy1iiecTByeT MHOKECTBO METOJIOB pacro3HaBaHHUs 00pa3oB, HO BCE OHU
UMEIOT OOIIyI0 cXeMy Ipoiiecca 00paboTku nu3obdpaxkenus [1], aTa cxema mnpe-
CTaBJI€Ha Ha pUCYHKE |.

W3obpamenne

ToKann3auna
o0LexTa Ha
n3oBpaweHn

Koopguxatsl
PacnoNo¥EHUA
00LeKTa

BelpasHuBaHie
W300paera
oferTa

BripasHerHoe
na00paxesue
00LeKTa

U3eneyenme
XADEKTEDHELX
MOM3HAKOE

Baxtop
NOM3HEKOE

BriGop
COOTEETCTENA

Peaynerar
DaCcn03HaEaHIA

Puc. 1.06mas cxema mpoiiecca pacro3HaBanus oopasza

Oman 1. Ha Bxo1 nogaetcst n300pa’keHre, Ha KOTOPOM MPUCYTCTBYET He-
kuii 00bekT. Ha manHoOM sTarne mpoucxoauT pacro3HaBaHWe ouepTaHu 00pasa,
Jokanu3anusa o0beKTa Ha N300paKEHUU U BBIYMCIICHUE KOOPJUHAT PACIIONOKE-
Hus 00bekTa. KoopauHaTh! epeIaroTcst Ha CIEIYIONTUH dTarl.

Oman 2. Ilocne momyyeHus KOOPAMHAT O0BEKTa HA M300paKEHHUH, MPO-
HCXOJIUT €ro BhIpaBHUBAHUE. ITO HEOOXOUMO, TaK KaK B MIOBCETHEBHON KU3HU
O00BEKTHl MOTYT M3MEHATH CBOE IOJIOKEHUE, U, €CITU HE YUUTHIBATh ATOT (ak-
TOp, TO OTPEIIHOCTh PACIIO3HABAHUS OYI€T OYEHb BBICOKOIA.

Oman 3. Ha nanHoM »Tamne n3o0pakeHre oO0beKTa yKe JOKATU30BaHO U
BBIPOBHEHO, [TOATOM HACTYIAET Yepe U3BJICUCHUS XapaKTePHbIX MPU3HAKOB, HA
OCHOBE KOTOPBIX OYyJIeT MPOUCXOIUTh pacrio3HaBaHue. [Ipu 3ToM CTOUT yUUTHI-
BaTh, YTO YBEJIMYECHHE NMPU3HAKOB MHOTJA MPUBOJUT K HE3HAUUTEJIbHBIM HU3ME-
HEHUSIM pe3yJIbTaTa, IPU HTOM MOTJIOMIAET OOJIBIIOE KOJIUYECTBO BBIUMCIUTEb-
HBbIX ¥ BPEMEHHBIX PECYPCOB.Ha BBIXOJI€ JTAHHOTO 3Tara (GOPMHUPYETCS BEKTOP
XapaKTEePHbBIX TPU3HAKOB.

Oman 4. Ha 6aze xapakTepHbIX MPU3HAKOB MPOU3BOAUTCS PACIIO3ZHABAHNE
o0pasa, TO €CTb ONpeeNieHUsI K KaKO UMEHHO KaTerOPUH OTHOCUTCS OOBEKT.

Onnum u3 Hambonee >(Q(PEKTUBHBIX U PACIPOCTPAHEHHBIX CIIOCOOOB
IIPEICTABICHUS] W PELIEHUS NEPEUMCICHHBIX BBIIIE 3a1a4 SIBIIAIOTCA UCKYC-
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cmeenHvle HelpouHvle cemu[2,3].HelipoHHBIE CETH TOIYYHIN CBOE PaCIpO-
CTpaHEHHE HE TaK JaBHO, HO, HECMOTpPsS Ha 3TO, OHM 3aWHTEPECOBAIM OOIIIe-
CTBEHHOCTh. [lOoCKOJIbKY MPUHIUMI MX pabOThl OCHOBAaH Ha MPUHIIMIE PabOThHI
YeJIOBEUECKOr0 MO3ra, KOTOPbIH, B CBOIO OY€pe/b, J0 CUX MOp SBISETCS IS
YUEHbIX 3aragkoi. OTINYUTENBHOU 0COOEHHOCTHIO YEJIOBEYECKOTO MO3Ta SIBJIsI-
€TCsl €ro CIIOCOOHOCTD JIeNIaTh BBIBOJIbI, 0a3UPYsICh HA MPEIBIIYIIEM OMbITE, YTO
MIOMOTAET CTPOUTH JOTUYECKUE CBSI3M U MPUXOJUTH K HOBBIM pe3yibTaTaMm, a
IIOPOU U OTKPBITHSM.

CymiecTByeT MHOXECTBO Pa3HOBUAHOCTEH HEUpOHHBIN ceTeii[4], HO
HaWJIy4ylIe Pe3ysbTaThl B paclio3HaBaHUU 0Opa3oB M sMomuil mokazamun CNN
(CBEpTOUHBIC HEUPOHHBIE CETH), UMEIOIINE OCOOCHHYIO apXUTEKTYPY, KOTOPYIO
npenoxui fAH JlekyH [5]. OHa noka3zana Ha puUCyHKe 2.

CeepToyYHbIN CyBaucKpeTUInpyoLLmMi CBepTouHbIA CybancKpeTUsMpyoWwmi TONHOCBA3HBIA
cnon cnon cnon cnon cnon

W3oBparkeHue

Puc. 2. Ctpykrypa cCBEpTOUHON HEHPOHHOM CETH

CBepTouHasi HEWpPOHHAsA CETh MOCTPOEHA IO aHAJIOTUU C PabOTON 3pu-
TEJIbHOM KOPBI MO3ra, KOTOpas B CBOIO OY€pEAb COCTOUT U3 MPOCTBIX M CIOK-
HBIX KJIETOK, MPOCTHIE - PEArupyloT Ha NPSIMbI€ JIMHUM MO Pa3HBIMU yTiaMu, a
CJIOKHBIE - CBA3aHbI C aKTUBALMEN HEKOTOPOT'O KOJIMYECTBA MMPOCTHIX KIETOK[6].

Ceeprounble HelipoHHble cetu (CHC) onepupyroT TpeMs BUAAMH CIIOEB:
CyOUCKPETU3UPYIOIIMMHU, CBEPTOYHBIMH U MOJHOCTBSI3HBIMU. OCHOBHAsi Hjes
CHC 3akmtouaeTcst B uepeJoBaHUH CYyOAUCKPETUZUPYIOIIUX U CBEPTOUYHBIX CIIO-
€B, MIPUYEM TIEPBBI CJIOW - BCerJa CBEPTOUHBIN. YepegoBaHue CI0€B HEOOXO-
JUMO JJI1 U3BJICUEHUS MPU3HAKOB IMPHU JIOCTATOYHO HEOOJIBLIOM KOJIMYECTBE
TpEHUPYEMBIX NapaMmeTpoB. [locie NMpoOXOXKAEHHS CIO0EB BBIXOJIHBIE JAaHHBIC
Ha3bIBAOTCS KAPTOU IMapaMeTpoB.

CyOaucKpeTU3upyIOIUil CI0M MpeJIHa3HAuYeHbl AJIs YMEHbIIEHUS pas-
MEPHOCTH M300pa)KeHHsl, TO €CTh 3aJaHHOE M300paKEHUE YMEHbBIIAETCS B He-
CKOJIBKO pa3, 4YTo oOecreunBaeT MHBAPUAHTHOCTh K Maciitady. Kaxmoi kapre
CJIOSl COOTBETCTBYET ONpe/ieNieHHas: 001acTh BO BXOAHBIX JAHHBIX, PU 3TOM HU
OJIHa KapTa He MEePEeceKaeTcsi ¢ IPYrMMU BO BXOJHBIX 3HaUeHUsX. VI3MeHeHus,
MPOUCXOSIINE C U300paKEHUEM MOCIIE TPOXOXKIECHUS JAHHOTO CJI0S, TOKa3aHbI
Ha pUCYHKE 3.

Puc. 3. CyOnuckpeTu3upyromuii cioi Puc. 4. CepTounslii cioit
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CBepTouHbIE CIIOM MPEJHA3HAYEHBI JUIsl YMEHBLIEHUSI KOJIMYECTBA Napa-
METPOB B JIaHHOM cJioe. B oTianune oT cyOauCKpETU3UPYIOLIETrO €05, BO BXO/I-
HBIX JIAHHBIX W3HAYAJIBHBIC JaHHBIE KAPT PACIIOJIOKEHBI BHAXJIECT, KaK ITOKa3a-
HO Ha pUCYHKE 4.

[TosTHOCBSA3HBIN CIIOH - 3TO HaOOp BBIXOAHBIX MAPAMETPOB, BBIAECIECHHBIX
U3 UCXOJHOIO N300paXeHHUs.

OpHoM U3 HayaJbHBIX 3a7a4 HAILIETO MCCIIEIOBAaHUS SIBISETCS COCTaBIIE-
Hue 06a3 JaHHBIX, KOTOPbIE OYAYT MPEACTaBIATh U3 ce0sl XpaHWIHIIE H300paxke-
HUIl CTYJIEHTOB B MaTpuuHOU dopme. JlaHHbIE CHUMKHU OyTyT MOJYYEHBI B XOJ€
IIPOXO’KJICHUS TECTUPOBAHMS ydalleMcs C MOMOIIbI0 BeO-kamep. Mcnonb3oBa-
HUE CBEPTOYHBIX HEHPOHHBIX CETEH ISl pelIeHMs 3TOW 3aJa4u 00YyCIOBIICHO
TE€M, YTO OHHM OOECIEYMBAIOT YACTHYHYIO YCTOMYMBOCTh K M3MEHEHHSIM Mac-
mrada, CMEUEHUsIM, TIOBOPOTaM, CMEHE paKypca M MPOYUM HCKaKeHHUs M. BTo-
POl 3Tam HCCIeAOBaHUS 3aKII0YaeTcs B TOM, YTO OyJleT NMPOBOJUTHCS aHAIU3
3TUX (OTO, & UMEHHO SMOIIMOHAIBHOE COCTOSIHHE YEJIOBEKA, a TAK)KE aHaJIN3
IIOJIOKEHUS TOJIOBBI, HAPABIICHUE B3IUIA1A, BCErO, YTO MOXKET yKa3aTh HA aHO-
MajbHO IOBEACHHUE YYallerocs B MpoOLEcce TEeCTUpOBaHUsA. /[ BbIABICHUA
HMOLIMN YeJIOBEKa, MPEXKIE BCEro, HEOOXOAUMO Paclo3HATh U300paKEHUE €ro
JMIA, U TMPAaBWIBHO OIPEACIIUTh KIIFOUEBBIE TOYKH, YTO CEWYac HE SIBIAETCS
TpUBHAJIbHOM 3a1aueii. [locie BpIeIeHNS KIIOUYEBBIX IPU3HAKOB, OYIET IPOBE-
JeHo oOydeHHe HEeHpOHHOHM ceTu. [[ns 3TuX 1eneu mpenjaraercs UCroyib3oBa-
Hue oubimoreku Caffe, koTopasi peann3oBaHa ¢ HCIOIB30BAaHHEM SI3bIKA TIPO-
rpammupoBanus C++. Pa3zpabotruuku Caffe momnepxuBaroT BO3MOXKHOCTH CO-
3laHus, OOYYEHMS] W TECTHUPOBAHUS MOJHOCTHIO CBS3aHHBIX M CBEPTOYHBIX-
HEUPOCETEN.

Pa3paboTka cucTteMbl TUAarHOCTUPOBAHUS aHOMAJIbHOTO MOBEJEHUS CTY-
JIEHTOB HA OCHOBE HMHTEJUIEKTYaJIbHOTO aHAJIW3a JAHHBIX UMEET IIUPOKUN HC-
cienoBarenbCKkuil noreHuai. [lomydyeHnsie pe3ynbTaTbl MOTYT OBITH IPUMEHE-
HBl B NPAKTUKE pabOThl 00pa30BaTENbHBIX YUPEKICHUM B KaueCTBE MOIYJS B
CUCTEMBI IUCTAHIIMOHHOTO O0yUYEeHUsI.
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FO.A. Kyk KaHIMAAT NEIarOrHYECKUX HAyK, TOIEHT
A.A. YNrmpuHCKNHA MarucTp

OITPEAEJIEHUE ®AKTOPOB, BJIUAIOINNUX HA YCIIEBAE-
MOCTbBb CTYAEHTOB,C IOMOILIBIO METOJA JTACCO

VYueOHas ycreBaeMOCTh BCETrJia SBIISIIACh OJHOM M3 CaMbIX aKTyaJIbHBIX
npobiiem oOpa3oBaHus. Pa3BuTre TEXHOJIOTHM, B TOM Ynclie HHG)OPMAIMOHHBIX,
yYBEJIMYEHUE MOTOKa MH(OpPMALMKM YCTAaHABIMBAIOT HOBBIC, MOBBIIICHHBIE TPE-
OoBaHUA K MPOo(EeCCHOHATBHBIM HaBBIKAM BBITYCKHUKOB BBICHIMX YUEOHBIX 3a-
BEJICHUI. Ycrex o0ydaromierocs, onpeaeaeHHo, MoKa3aTelb,KOTOPbIA 3aBUCUT
HE TOJIbKO OT OLIEHOK W WHJMBHUAYaJbHBIX PE3YJIbTaTOB 00YUYEHUS B By3€, TaK U
OT KU3HEHHBIX YCJIOBUH M ONbITa MOJYYEHHOTO JI0 MOCTYIUIeHUs. BrisiBiaeHue
HauOoJiee 3HAUYUMBIX (DAKTOPOB, KOTOpPHIC BIMSIOT Ha OOy4YEHUE, SBISIETCS HE
MEPBbIN I'OJT AKTYAIBHOW 3a1a4€H ISl IECATKOB MEAAroroB U MCHUXOJIOTOB.

Cuctema BpICIIEro OOpa3oBaHHUsS pacIoiaraeT OrPOMHBIMH OOBEMaMH
JAHHBIX O cTyjaeHTax. OgHaKo 10 cuX Mmop (pakTophl U KOHKPETHBIC MPUUYUHBI,
HarpyuMep, HEYCIIEBAEMOCTH, BBISABIISIOTCS KAaueCTBEHHBIM aHAIM30M, 0€3 HcC-
MOJIb30BAHUSI COBPEMEHHBIX MAaTeMaTHYECKHUX METOJO0B. BakHeWIIMM HHCTpPY-
MEHTOM peai3aIlid HOBBIX TEXHOJIOTHUH SIBISIOTCS d3(D(PEKTUBHBIC aJTrOPUTMBI U
MOJIENIA MAIIMHHOTO OOYYEeHUSs, KOTOPHIE SBISIOTCS HEOOXOIUMBIM 3JIEMEHTOM
B TEXHOJIOTMYECKON IICMOYKE BBISBIICHUS] 3HAYMMBIX (DAKTOPOB, BIUSAIONIUX Ha
YCIIEBAEMOCTh CTYJICHTOB U TTOCTPOCHHE Ha OCHOBE MHTEIUICKTYaIbHOTO aHaIHU-
3a JaHHBIX CHUCTEeMJJIS MPUHSATHS PEIICHUN U MPOTHO3UPOBAHMS PE3YyJIbTATOB
oOy4eHus.

Psin uiccnenoBanuit mocBsMIEH AaHHOM TpoOeMe. B GoNbIIMHCTBE U3 HUX
UCCJIeIOBATENN MBITAIOTCS HAWTU HamOoJsiee 3(h(PEKTUBHBIN aNTOPUTM IJisi pe-
IIeHUs 3a/1a4 nporuozuposanusi[3,4,5]. [Ipobremamu uccienoBaHUA TAKOTO Xa-
pakTepa SIBJISETCS, Yallle BCEro, HaInyue O0JbIIoN o0OydJaromieil BBIOOPKH, TaH-
HBIX C BBICOKOW CTEMEHBIO JOCTOBEPHOCTH M KAYECTBEHHOW MOJENU aHaIu3a
ATUX JAHHBIX, KOTOpasi C OOJIbIIOW TOYHOCTHIO MO3BOJUT OTOOpATh JACHCTBU-
TEJIHLHO BaXKHBIC (DAKTOPHI BIMSIHUS Ha YCIIEBAEMOCTbD.
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CoBpeMeHHbIE METOIbI MHTEIUICKTYaJIbHOTO aHAIN3a JTAHHBIX MTO3BOJISIOT
BBITIOJIHATH MOJOOHBIE TPOTHO3bI, YYUTHIBAIOLIUE MHOKECTBO UMEIOIIUXCS (hakK-
TOPOB, MCHOJB3Ys KiIacCU(UKAIIMOHHBIE UM PErPECCUOHHBIE MOJCIIN aHaJIU3a
naHHbIX. Takke CYIIECTBYET 3ajiaya ONpe/leNICHUs], KaKk MEHsSETCSl BIMSHHUE Ha
YCIEBAEMOCTh Pa3JIMYHBIX (PAKTOPOB Yy CTYJEHTOB pPa3HbIX Y4eOHBIX HAIlpaBlie-
HUH, a TAKXKE Y CTYJICHTOB Pa3IUYHBIX KYPCOB.

[enpro paboThI sIBAsIETCS pa3paboTKa MOJENIU U MPOrpaMMHOro odecrie-
YEHUS U OMpPEACNICHUS W PaHXKUPOBaHUSA (PAKTOPOB, BIUSIOIMIUXHA yCIICBAC-
MOCTb CTYJI€HTOBPA3TMYHBIX KyPCOB.

Ilocmanoeka 3a0auu

CymiecTByeT MHOKECTBO (haKTOPOB, KOTOPHIE MOTYT OKa3bIBaTh BIIMSTHUE
Ha YPOBEHb YCIIEBAEMOCTH CTYACHTOB, /I YA00CTBA MX MOXHO pa3/JeivTh Ha
rpynnsi[7]:

¢ 1cuXx0(pU3HOJOTUYECKUE U COITUAIbHBIC (DAKTOPHI;
® OpraHu3alMOHHBIC U YKOHOMHUYECKHE (HaKTOPHI.

K mepBoii rpyrime OTHOCSTCS JIMYHOCTHBIC Ka4eCTBA CTY/ICHTOB, WX TICH-
XO0JIOTHYECKHE O0COOEHHOCTU. M3yuas JaHHbIE OCOOCHHOCTH, TaKM€ HAYKHU Kak
MeJJaroruka W MCUXOJIOTHST padOTar0T HaJ COBEPIICHCTBOBAHUEM CYIIECTBYIO-
IMX Y9€OHBIX METOIOB M IIPOTPAMM.

K nuaHOCTHBRIM W TMCHXO(U3HOJOTHYECKHM OCOOCHHOCTSIM KOHKPETHO
B3STOTO CTYJICHTa MOYKHO OTHECTH €T0 MHTEJUICKTYaJIbHBIE CITIOCOOHOCTH, YpO-
BEHb MMEIONIEHCS MOATOTOBKH, TOJYYEHHON JI0 MOCTYIUICHHS B BhICIIEE Y4eO-
HOE 3aBEJICHHE, MOTUBAIMIO K O0yYEHHI0, CHOCOOHOCTh K OpraHU3allud camo-
CTOSITEJIBHOTO O0Yy4YeHUs, pa3IuyHble MHTEPEChl, YepThl xapakrepa. [loaxons-
UMY IS U3y4YeHus: PakTopaMu HYKHO TaK)Ke CYUTATh MOJI M BO3PACT CTY/ICH-
TOB, COCTOSIHHE WX 370pPOBBs. Takke JJI MCUXOJIOTHYECKOTO COCTOSTHUSI MOTYT
OBITh BaXXHBI ONIYIIEHUE MOJICPKKH CO CTOPOHBI JIPYTUX JIOJCH, CEMbHU, pas-
JUYHas TmomoIb.Bo3aeiicTBUe Ha ypOBEHb YCIIEBAEMOCTH MOTYT OKa3bIBaTh
CIIOCOOHOCTH CTYJEHTa K KOMMYHHKAIIUW, YCTAHOBJICHUIO KOHTAKTOB C JIPYTH-
MU JIt0IbMU (coruanbHbie (pakTopsl). OlIeHKa CBOETO COOCTBEHHOTO MOJIOKEHUS
B 0011IeCTBE, YMEHHUE BBICTPOUTH OOIIIEHUE C TIPETIOIaBATEIISIMH.

[ToMUMO TUYHOCTHBIX KauecTB, O€3yCIIOBHO, HEOOXOUMO ITPUHUMATDH BO
BHUMaHHEPAa3HOOOPa3HbIC OpPTraHU3AIMOHHO-dKOHOMUYeckne (akTopbl. HyxHO
YYHUTHIBATh CHEIU(UKY OpraHU3alui O0yYCHHSI KOHKPETHOTO CTyJeHTa, (popmy
oOydeHwus (O4Hasi, 3a0YHasi, AUCTAHIIMOHHAS U Jp.), YPOBEHb 00yUEHHUS, KBATH-
dbuKkamuio mpemnoaBareye u ene MHOXKECTBO (aKTOPOB.

[Toce oT6opa BO3MOKHBIX (HAKTOPOB, BO3HUKAET HEOOXOUMOCTh TOJTY-
YEHUSl JAHHBIX ISl BOBMOKHOCTH TPOBEACHUS WX aHaim3a. Bo MHOrmx pabo-
TAlOT CHUCTEMbI JHUCTAHIIMOHHOTO OOydYeHHs] U WHOOPMAIMOHHBIE CHUCTEMBI
yIOpaBJIeHHs, U3 0a3 JTaHHBIX KOTOPBIX BO3MOYKHO TMOJIYYUTh HWH(POPMAIHIO O
CTYJIEHTaX, U, OMPEeJIICHHBIM 00pa3oM (hopmMann30BaB WX, COIOCTABUTH C OTO-
OpanHbIMU (akTopamu.Eciii AaHHBIX AJI1 UCCIENOBAaHUSI OKaXKETCS HeAocTa-
TOYHO, TO MOKHO TOJIYYUTh HEOOXOJIMMBIE CBEJCHUS IMyTEM aHKETHUPOBAHUS U
orpoca CTYJEHTOB.
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DakTUYECKH, PEIICHNUE 33/1a4U BBISIBICHUS 3HAYMMBIX ()aKTOPOB COCTOMT
B OIPE/ICNICHUH HEKOTOPOU 3aBUCUMOCTH ((DYHKIIMH) MEXKY CTYJEHTaMU, Mpe/I-
CTaBJICHHBIMH HAOOPOM (PaKTOPOB, U HEKOW LIKAJIOM, MPECTABISAIONICH CTEIIEHb
ycrieBaeMoCTu.BhIsiBlieHHE TaHHON 3aBUCUMOCTH MOMOXET OINpPEICIUTh, KaKHe
dakTopsl Oosiee BakHbI, a Kakue MeHee. st peleHust JaHHOM 3a7a4u MOIX0-
JUT UCIOJIb30BaHUE METOJIOB U AJITOPUTMOB MAITUHHOTO OOYUEHHS.

Buvibop memooa

BakXHbIMU MOHATHSAMU MAlIMHHOTO OOy4eHUs [2] ABISIOTCS OOBEKT, OT-
BeT, oOydJaromias BEIOOpKa, MOJIEIb alrOpUTMA.

Cy1iecTByeT 3aBUCHUMOCTh (HEU3BECTHAsl) OTOOPAKEHUS U3 MHOXKECTBA
00BEKTOB X BO MHOKECTBO OTBETOB Y.

vy XY,

CymiecTByeT TakKe U KOHEYHOE MHOKECTBO M3 MH3BECTHBIX COINOCTaB-

JICHHBIX 00BEKTOB U OTBETOB, Ha3bIBAEMOE 00yUar0IIe BHIOOPKOIA:

X" {(Xlryl)r :(anyn) }
{x....xJcX ’{3’1= ...:}rn}CY
v=y &) i=1..n
B kxoHTekcTe pemaemMoil 3aaun, 0ObEKTaMU SIBIISIFOTCS CTYJIEHThI, OTBE-
TaMU SBJIIOTCS CTENEHU UX ycneBaeMocTu. OOyuaromasi BBIOOpKa MpeacTaBiie-
Ha U3BECTHBIMU HA TEKYILIUH MOMEHT JaHHBIMH 00 OoOydarommxcs CTyJeHTax U
CTEINEHbI0 X ycneBaeMocTu.Camy 1o cebe 3aBUCUMOCTb HalTH HE MpeICTaBIs-
€TCsl BOBMOXHBIM, HO MOYKHO TOTBITATHCSI HAUTH (PYHKIHIO (B Pa3HBIX 3a7adax
— QJTOPUTM KJacCU(UKAIMU WIM PErpecCHOHHAas MOJENb), KOTopas Obl Mpu-
6am3iIa GbIY Ha BCeM MHOXKeCTBe X (3a1a4a alpOKCHMALIHH).
Kaxxnip1i1 00BbeKT UMEeT MPU3HAKU — OTOOpaxKeHus: 00bEKTa HA MHOKECTBA
JIOTTYCTHMBIX 3HAUEHUH TeX WM WHBIX TPU3HAKOB:
X =D, j=1.p.
Ecim nns oObekra 3amaH  psji TPHU3HAKOB  fi, ... f,;,, TO BEKTOP
X = (fi(X), ... f,(X)) Ha3bpIBaeTCA MPU3HAKOBBIM ONHUCAHUEM OOBEKTA X, MPHU-

Ha/JIeXKAaIllero MHOXKECTBY 00BbeKTOB X.B perraemoil 3a1aue npu3Hakamu siBJsI-
I0TCSl pa3iMyHble (DaKTOpbI, KOTOPbIE MOTYT BIMSTH Ha ycrneBaeMocTb. Jlis
KOKJIOTO OOBEKTa-CTyJeHTa 3afaH psaj (HAKTOPOB-IPU3HAKOB, SIBISIOIIUNICS
MPU3HAKOBBIM OMUCAaHUEM JaHHOTo oObekTa.llpu3Haku camu no cede pazuens-
I0TCSI HA HECKOJIBKO TUIOB. KaXKbIil mpu3HaK MOXKET ObITh:

o OMHapHBIM (JTMOO OH MPUCYTCTBYET, JIMOO OTCYTCTBYET; HAIIPUMED,
CTYACHT MOET OBbITh MECTHBIM MJIM HHOTOPOJHUM);

o HOMMHAJIBHBIM (IIPUHA]JICKUT KOHEUHOMY MHO>KECTBY; HalpuUMeEp,
dbopma 00yueHus CTyICHTA);

o NOPSIKOBBIM (TMPUHAIJICIKUT YIOPSIIOYEHHOMY KOHEUHOMY MHOXe-
CTBY; Hampumep, oOpa3oBaHHUE CTYJEHTa MOXET ObITh CpelHee, OakaiaBp, Ma-
TUCTp, U T.]1.);
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o KOJIMYECTBEHHBIM (TIPUHAJICKUT MHOXKECTBY JIEHCTBUTEILHBIX YH-
Cell; HalpuMep, KOJTMYECTBO CTYACHTOB, 00YyJaIOIMINXCs B OTHON yu4eOHOU IpyT-
TIe C pacCMaTPUBAEMBIM CTYICHTOM).

JlaHHBIE O CTYACHTaX, KOTOPhIE BO3MOXHO TIOIYyYUTh, HE SBISIOTCS Pop-
MaJIM30BaHHBIMHU, X HEOOXOAMMO TPHUBECTH K OJHOMY W3 THIIOB TPHU3HAKOB,
yTOOBI B TaJIbHEUIIIEM ¢ HUMHU MOXHO ObII10 padoTats.Ilocie Toro, kak ompeme-
JICHBI OOBEKTHI, U ISl KAKIOTO OOBEKTa OMpEeeH Psa MPU3HAKOB, MOYKHO
OTIPEICTUTH BCE UMEIONTUECS JaHHBIC B BUIC MATPHUIIBI KOOBEKTHI-TIPU3HAKI

L) o f(xy)
F= N
GG e ()

CTpoku B MaTpuile COOTBETCTBYIOT 00BbEKTaM (CTyA€HTaMm), CTOJIOLbI CO-
OTBETCTBYIOT ITpU3HaKaM ((hopMann30BaHHBIM 3HaYEHUAM (akTopoB). MaTpuia
PA3HOTUIIHA, TaK KaK pa3HbIe IPU3HAKNA MOTYT UMETh PA3JIMYHbIE TUIIBI.

Yro KacaeTcsi OTBETOB, TO, €CJIM UX KOHEYHOE MHOXKECTBO, 3a/a4a sBJIS-
eTcsl 3aauell Kiaccu(uKam, a UMEHHOCOIIOCTABIIEHUS] O0ObEKTaM 3HAUCHUHN U3
KOHEYHOT'O MHO>KECTBA KJIACCOB (BO3MOXKHO, KJIACChl MOTYT IE€pPECEeKaThCs, OJI-
HOMY OOBEKTY B JIaHHOM ciy4ae, OyJyT COIOCTABJIEHbI Cpa3y HECKOJIbKO Kjac-
coB).Eciiu oTBeT npeacTanisier co60i HEMPEPHIBHYIO 1€HCTBUTEIbHYIO BEINYU-
Hy, TO 3ajada sBisieTcsl 3agadeil perpeccuu.Eciam 0OBEKTY COOTBETCTBYIOT
MHOKECTBO OTBETOB C Pa3HOM CTENEHBIO PEIEBAHTHOCTH, TO 3a/1a4a Ha3bIBAECTCS
3alayedl paHkUpoBaHM. [ mocTaBieHHOM B paboTe 3agauyum HEO0OXOAMMO
ONPENENINTh, KaKOW THN 3a7aun OyAeT pelarbesl, KiacCu(UKaluu Ui perpec-
CHUH.

Mogenbio anropuTMOB (perpeccuu Wiv Kiaccugpukaluu) Ha3blBa-
eTCsl TTapaMeTPUIECKOe CEMENHCTBO 0ToOpakeHui A:

A= {axw) wew },
rae W — MHOXKECTBO JIONTYCTUMBIX 3HaUE€HUU TTapameTpa W, u
a:X*xW—-=Y
ABIsIeTCsl (PUKCUPOBAHHOM (QyHKUMEW (111 (PUKCUPOBAHHOTO 3HAYEHUS

rapaMeTpoB).

3amadeil sBiseTCS BHIOpaTh AIrOPUTM M3 JAHHOTO CEMEMCTBA, KOTOPBIM
GBI JIydllle BCEro MPUONM3MI ¥ Ha BceM MHOXecTBe X. IJoMOYb B 3TOM J0/DKHA
paccMoTpeHHas paHee oOydJaroiasi BHIOOpKa.

MeTtonom 00ydeHwHs Ha3pIBaeTCs OTOOpaKEHHE BH A

L (XxY)" — A,

craBsmiee obyuarolell BEIOOpKe X B COOTBETCTBHE HEKOTOPBIA airo-

pUTM @ U3 ceMeicTBa A,
Mo>HO cka3aTh, 9TO Ha JaHHOM 3Tare MPOUCXOANT OOy4YeHHE, TO

€CTb METO/1 00y4YEeHHs CTPOUT MO 0Oyyaromieil BEIOOPKE aaropuT™ a:

a=px".
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VY 1a4HO MOCTPOEHHBIN aJTOPUTM B JAIBHEUIIIEM JJI1 HOBBIX HEU3BECTHBIX
paHee 00BEKTOB (HE BXOAIINX B 00yJarOlIy0 BEIOOPKY) JTOJDKEH OYJIeT CyMETh
BBITIOJIHUTH 00paTHOE IEMCTBUE — BBIJATh OTBET:

v =a(x).

JlanHblil Tan yxe OyAeT ABISAThCS HE OOyYEeHUEM, a ITAloM MpPUMEHe-
HUSL.

Korna BwiOupaercs anropuTMm U3 cemeiicTBa mo oOyuaromieil BBIOOpPKE,
JIOJKHA OBITh BO3MOXHOCTb OIICHUBATh BHIOPAHHBIN anropuTM (MOKHO CKa3aTh,
OLICHMBATh NAapPAMETPhI BEBIOPAHHOTO AITOPUTMA).

3amavya OIEHKU anroputMa (opMaau3yercs uyepe3 BBEIACHHUS (PYHKIHH
notepsL(@, X;), KOTOpasi BEIOPAHHOMY aNTOPUTMY @M KaXKIOMY OOBEKTY X; U3
oOyyaroieil BHIOOPKU CTaBUT B COOTBETCTBHUE IEJIOUMCICHHOE 3HAaUYCHHUE OIINO-
KH— U3MEPEHHOTO0 HEKOTOPBIM CIIOCOOOM PaCXOXKICHUSI MEXITY 0KHIAEMBIM OT-
BETOM ¥, U3 BHIOOPKH U TIOJYYEHHBIM OTBETOM &(X;) IIPH UCIOJIB30BAHHH [aH-

HOTro anropurMa. TakuM o0pa3oM, OLIEHUBAETCS BEJIMYMHA OLIIMOKH TAaHHOTO aJI-
rOpUTMa Ha HEKOTOPOM OOBEKTE.

[Tpumepom oneHKHU 11 3a]1a4 Kiaccu(UKaluy ABisieTcss QyHKIUS TOTEPh
B BUJI€ UHAMKATOpa OMMOKM (Hampumep, omnoOka paBHa 0, ecau Obula BBINOJI-
HEHa MpaBujIbHas Kiaccudukaims u 1, ecau HenpaBuiIbHas).

JUis 3ajauu perpeccuu MPUMEpPOM SIBJISETCS aOCOIIOTHOE 3HAaYeHHUE
OLIMOKHU:

L(a,x;) = |y, —alx)|
WJIM KBaJIpaTUYHAs OLIMOKA:
L(a, %) = (v, —a(x))?.

OyHKIHS TOTEPh BHICUUTHIBACTCS M KAKIOTO O0BEKTa M3 BBIOOPKH, a

JUTS OLIEHKH PabOTHI aNropruT™Ma Ha BCEH BBIOOPKH HUCIIONIB3YETCSl SMIUPUUYECKUI

PUCK:

Q(a,X™) == (X", L(a,x,)).

n
Yem HIDKE SMIUPUYECKUN PUCK JIJIS JAHHOTO aJITOPUTMA U JaHHOU 00Y-

qaronieil BBHIOOPKH, TEM JIydllle JaHHBIA aITOPUTM NPUOTIMKAET HCKOMYIO
byHKIIHMIO }f* Ha MHOXeCTBe X.

N3 3TOr0 MOXKHO CAENaTh BBIBOJ, YTO JUIsl TIPOBENICHUS JIydIIero oOyde-
HUs (BbIOOpa airopuT™Ma Mo 00ydarolie BHIOOPKE) HY)KHO PEIINTh 3a7ady OTl-
TAUMU3AIUU: MAHUMH3AIUN SMIIUPUIECKOTO PHUCKA, TO €CTh MOJI00paTh TaKue
napameTphl AITOPUTMA, TIPU KOTOPBIX SMITUPUIECKUN PUCK OYy/1Ie€T MUHUMAJICH:

W = argming ¢, Q(a, X%),

rae W — MoTydeHHBIH B pe3yIbTaTe MUHUMHU3AIIUN BEKTOP MapaMeTPOB.

C apyroit cTOpOHBI, OAHOW U3 OCHOBHBIX MPOOJIEM MAITMHHOTO O0Y4YEeHUS
SBIIIETCS TIpo0JieMa MmepeoOydeHuUs, KOoTopasi BO3HUKAET MPH CIIMIIKOM MajoM
SMITUPUIECKOM PUCKE Ha OOJIBIION BBIOOPKE: MPOMCXOAUT CUTYAIHs, KOT/Ia ajl-
TOPUTM HJI€AJIbHO MPUOIMKAET HCKOMYIO 3aBUCMMOCTh Ha 00yuvaroleid BhIOOop-
K€, HO BBIJIAET OOJIbIINE MOTEPU HA JPYTOil KOHTPOIBHOM BBIOOPKE, MOKHO CKa-
3aTh, OH CTAHOBHUTCS «IIOJOTHAH» KOHKPETHO IO/ 00YYaIOIIyI0 BEIOOPKY.
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Kak wurtor, MOXXKHO cKa3aTh, 4TO Ui TIOCTaBJICHHOW B paboTe MpoOIeMBbI
HE0OXOJIMMO BBIOpATh THUIl pENIaeMON 3a7auyd MAIIMHHOTO OOy4eHHs, OCyIlle-
CTBUTH BBIOOp MeToa (KJacCU(PHUKAIMK UM PErpecCur) U MOCTPOUTH MOJIEIb
Ha OCHOBE BBIOPAHHOTO METO/a, KOTOpas MO3BOJMIA Obl BBIOpATh JTy4IIU ai-
TOPUTM JIJIs1 PEUIEHUS 3aJa4H.

Jlnist perieHust 3a/1a4y KjaacCU(UKAIMU U PETPECCUU MPUMEHSIOTCS Pa3HO-
oOpa3Hble METO/Ibl, TAKUE KaK JIEPEBO MPHUHATHUS PEIICHUs (JIOTHUECKUI METO]T
KJIacCU(PUKAILIMN), HEKOTOPbIE METPHUUECKHE METOJbl KiIacCU(PUKAINH, JNHEH-
HBIE METOJIbI KJIaCCU(PUKAUU (METOJI CTOXaCTUYECKOTO IpaiueHTa, JOTUCTHYE-
CKYIO PETPECCHUI0 U METOJ OOPHBIX BEKTOPOB), JIMHEWHAsI perpeccusi, HeWpoH-
HBIE CETH, a TAKXKE arperipOBaHHbIC AITOPUTMBI KJIaCCHU(PHUKAIIH.

JInist ctatucTiyeckol 0OpabOTKM JAHHBIX O CTYJIEHTaX JIy4llle BCErO MCHOJIb-
30BaTh JIMHEMHBIE pErpecCHOHHBIC MOien (TpedHeBas perpeccus, MetoA Jlacco [6],
’NacTUYHas ceThb). [ paccMarpuBaeMbIX JaHHBIX BBIOOP TakoM Mojenei 00ycinoB-
JIeH, TIPEXKIE BCETO, TEM, UYTO KOJIMYECTBO (PaKTOPOB WM MPU3HAKOB MOXKET CyIlIe-
CTBEHHO MPEBBIILIATh YMCIIO HaOmoAeHni. TakuM 00pa3oM, KOJIMYECTBO NapaMeTpOB
MOZIENHY NPEBBIIIAET YUCIIO0 HAOIIOICHUH, U UCIIOIb30BaHUE HETMHEWHON MOJIEN He
MMEET CMBICIIA, TaK KaK 3TO MPUBEJIET K €I1e OOJIbIIEMY YBEIMUYEHHIO NapaMETPOB U
OoJbIIEN YyBCTBUTENBHOCTH K IIyMy. Takxke MperuMyIecTBOM UCIOJIb30BaHUs J1aH-
HBIX METOZIOB SIBJSIETCSA TO, YTO €CTh BO3MOXHOCTH IOJIYYHTh BEPOSTHOCTHYIO
OLICHKY IJIsl KaXJIOro OTBETa MpH KJIacCU(UKAUU TOTO WIM HMHOTO OOBEKTA.
[Ipu 3TOM ISl yJydllIeHHs] pe3yJbTaTOB KENAaTeIbHO MCIOJIb30BAaHUE METO/A
JIOTUCTUYECKON perpeccuu ¢ NmpuMeHeHueM perynispuszaropoBL] u L2. Ilo pe-
3yJbTaTaM 00y4Y€HHUs alropuTMma Kiaccuukauuu OyAyT MOJy4YEeHbl U 3HAUCHUS
BECOB KAXKJOTO MPHU3HAKA, YTO JACT OTBET HA BONPOC, KAKUE U3 MPU3HAKOB SIB-
Jst0TCsl 00JIee BECOMBIMU, @ KAKHE UIPAl0T MEHBIIYIO POJIb TPU O0yUEHUH.

Jnsipeanuzanusi Mojienu 00pabOTKU JAaHHBIX MOXKHO HCIIOIB30BaTh S3BIK
nporpammupoBanus R [1], KoTopeIil HampaBiieH HA CTATUCTHYECKYIO 00pabOTKy
JAHHBIX U ObUT CO3/IaH KaK aJbTePHATHBA JJIS SI3bIKA S, UMEIOIIET0 aHaloTuy-
Heie 1enn. Gaktudecku, 36Kk R B HacToAIEee BpeMsl CTal CTaHAapTOM IS CTa-
TUCTUYECKONH 00pabOTKM U Pa3IMYHOIO aHalIM3a JAHHBIX, YaCTO HCIOJIb3YEeTCs
JUTSL peau3aliiy alilTOPUTMOB MAITMHHOTO O0y4YeHUS.

Jlns peanu3alvii TPOTPaMMHONM CHCTEMBI C TIOMOIIBIO A3blka R MOXHO
UCTIOJIB30BaTh MakeT glmnet, B koTopoM peaar3oBaHbl aIrOPUTMBI IIOCTPOCHUS
MOJIeJIeH 2JIaCTUYHOM CeTH, rpedHeBoM perpeccun U Merozaa Jlacco. Mcnonb3ys
JAHHBIN NTAKET, MOYXXHO IPOBECTH HACTPOMKY PEryJsipu3aTOpOB JJIsl TaHHBIX Me-
TOJOB, MOAO0paB JJIsl HUX ONTUMAaJIbHbIE 3HaUEeHUS.VICXOAHBIMU JTaHHBIMU JUISI
MIPOrpaMMBbl JOJDKHBI SIBISITHCS TEKCTOBBIE (aiiibl, ¢ (OpMalIN30BaHHBIMU JaH-
HBIMH O CTYJIEHTaX, B TOM YHCJIE€, YPOBHE UX YCIIE€BAEMOCTH, OTKyAa OyJeT Mpo-
U3BOAUTHCS uTeHue. Ha OCHOBE 3THX JaHHBIX MPOU3BOAMUTCA O0yUYEHHE CHCTE-
MBI, TO €CTh IOCTPOEHUE PETPECCUOHHON MOJIEIU W BBIYMCIICHUE 3HAYEHUN €€
napaMeTpoB. Pe3ynbTaTaMu BBINOJHEHUS] TPOTPAMMbl — BBIXOJIHBIMU JTAHHBIMU
(TEeKCTOBBIMH, KaK U BXOJAHBIE), OYAYyT SBIATbCA HAOOPHI HanboJiee BAXKHBIX C
TOUKHM 3pEHMs BIMSHHS Ha ycrneBaeMocTh (akTopoB.Ha ocHOBe momyueHHBIX

36



3HAHUM MOXHO OYJET BBIMOJHATH MPOTHO3MPOBAHUE YPOBHS YCIIEBAEMOCTH
CTYJICHTOB.

Pa3paboTka cucteMbl MPOrHO3UPOBAaHUS Ha OCHOBE MeToja Jlacco umeer
HIMPOKUM UCcieoBaTeIbCKuii oTeHnual. [lonydeHnsie pe3yabTaTtbl U TEXHO-
JIOTUX MOTYT OBITh NMPUMEHEHBI B MPAKTHKE PabOThl 00pa3oBaTENbHBIX yupe-
KJICHUIN B Ka4eCTBE JOTOJHUTEIHLHOTO HCTOYHUKA MPOTHO3HON MH(MOpMaIuu o0
abUTypUEHTaX U CTYACHTAX MpPH MPUHATUU PEUICHUI O mpuemMe U BhIOOpE crie-
UANM3aliH, a TaKKe HEMOCPEACTBEHHO B Y4eOHOM Mpoliecce. YTpaBieHHE B
00pa30BaTeNbHON AESITENHOCTH, KaK U YIIpaBJieHHUE B JII0O00M Ipyroi neareisb-
HOCTH, TIPEoaraeT MporHo3 U MOKET ObITh OCYIIECTBICHO Ha €r0 OCHOBE.
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ONTUMM3ALMSA CTPYKTYPbI JUHAMMUYECKOM BJ
U PABOTAIOLIEIO C HEI IPWJIOKEHMSI.

ITon nuHAMUYECKMMHU TTOHUMAIOTCS Takue 0a3bl maHHbIX (B/]), mms koro-
PBIX COCTaB (PUKCUPYEMBIX MapaMETPOB (COCTAB IMOJIEH U JJaXKe COCTAaB TaOJIUII)
HE OIPEACIICH TOJHOCTHI0O HA MOMEHT NIPOSKTHPOBAHUS CUCTEMBI, UM 3TOT CO-
CTaB MOXET MEHATHCS B X0JI€ IKCIUTyaTaruu cucteMbl. O000IIeHHAs CTPYKTypa
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takoil b/l Ha nornueckomM ypoBHE B OOJBIIMHCTBE CIy4aeB MOXKET OBITh MpPE.-
CTaBJI€HA CXEMOM, IIOKa3aHHOM Ha puc. 1.

OCHOBHOW CMMCOK A MHdobnok
K OcHoBHoro cnucka | PK \4 K OcHoBHoro cnucka | PK,FK1
MNone 1 Koag b
Mone 1
Mone N
Mone N

—

XKypHan 1 XKypHan 2 XKypHan n
MK OcHoBHoro cnucka | PK,FK1 || 0K OcHoBHoro cnucka | PK,FK1 NK OcHoBHoro cnucka | PK,FK1
na 3anucu PK ua 3anucu PK na 3anucu PK
Mone 1 Mone 1 MMone 1
I.'.I.one N I.'.I.one N i'.l.one N

Puc. 1. O6o6meHHas cxema quHamudeckon b1

Tabnuna "OCHOBHOM CHUCOK" COJEPKUT CIUCOK OCHOBHBIX OOBEKTaX,
JUIsl paboOThI ¢ KOTOPBIMHU HCIIOJNB3yeTCs JlaHHas cucteMa. CocTaB Mojei 3Toi
Tabnuipl (mapamMeTpoB WU aTpUOyTOB OOBEKTOB) OMpENENseTcs MPeaMETHOM
00JacThIO, JJI1 KOTOPOM Mpe/Ha3HaueHa JaHHas WHGOpPMAIMOHHAs CHUCTEMA.
[Tone "IIK OcHoBHOTrO cnucka" - NEpBUYHBINA KJIt0Y TaOauIbl. B kauectBe nep-
BUYHOTO KJIIOYa 11eJ1eCO00pa3HO MCIOJIb30BaTh OJHO MOJIE, KaXJA0€ 3HAUYCHHE
KOTOPOT0 YHHMKaJIbHO. B 3aBUCMMOCTH OT MCHOJIb30BaHUSI MH(OPMAIIMOHHOM
CHCTEMBI 3TO MOJXKET OBITh MoJie THMa "cueTyuk" (1IeI0YMCICHHOE T0JIe, 3HaJe-
HHE KOTOPOr0 aBTOMAaTHUYECKU YBEJIMUMBAETCS NP J0OABICHUU HOBOM 3aIKCH),
WU UMETh O0Jiee CIIOKHBIN aJrOpUTM OIpeesIeHUsI HOBOTO 3HAaYeHUs (Hampu-
Mep, 3HadeHus: Ha 6aze GUID - rmo6anbHOro yHUKAJIBHOTO HIIEHTU(]HKATOPA).
Tun "cuerunk" oGecreynBaeT YHUKAJIBHOCTh MEPBUYHOTO KiTF04a Kak Jyuist desk-
top'HBIX (HACTOJIBHBIX, WU OJHOIMOJb30BaTeNbCkuX) BJI, Tak u mns KIueHT-
CEpPBEPHBIX KopropaTuBHbIX b/, eciii 3HaUeHNE NEPBUYHOTO KIIKOUa OMpeaeis-
eTcsi Ha cepBepe. Ecnu mHbopMalmonHas cucteMa MmpeacTaBisieT co00i coBO-
KYITHOCTh HE3aBUCHUMBIX 0a3 JaHHBIX (M MPHIOKEHUH, pabOTAOMINX C STUMU
0a3aMu), JTaHHBIC KOTOPHIX B MOCJIEICTBUH JIOJKHBI OBITh O0OBETMHEHBI B HEKYIO
oO1yro 0azy, TO B KaueCTBE MEPBUYHOIO KIIFOYA I1€J€CO00Pa3HO HCIOIb30BaTh
3"HaueHus1 Ha 6aze GUID. OcHoBHbIe TpeOoBaHuE K cocTaBy mnosieit "OCHOBHOTO
cnucka':

o 00s13aTeNIbHOE HAJTUYKe 3TUX aTpUOYyTOB y BCeX 0OBEKTOB, HHPOP-
Marus 0 KOTOpbIX XpaHures B b/1;
o 9TH aTpUOYTHI SBISIIOTCA (PAKTUYECKUMH JTaHHBIMU (T.€. HE Tpedy-

10T COXPAHEHHUS UCTOPUH U3MEHEHU).

Habop nanubix "MH)OOIOK" comepKuT aTpuOyThI (TOJIs1), TAKKE Xapak-
TePUBYIONIUN Kbl 00beKT crucka. Ho, Bo-TiepBbIX, cocTaB 3Tol mHpOpMa-
MU OMpeeNsieTcss Ha3HAauYeHUEM HH(POPMAIMOHHON CHCTEMbI, a, BO-BTODBIX,
ATU aTpuOyThl HE 00S3aTEIBHO JOJDKHBI OBITh Y KaXKJI0T0 00BeKTa. ATpUOYTHI
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"Undobnoka" Taxxke sBusAoTCA (pakTHueckumMu naHHbIMH. Ha mormyeckom
ypoBHe "OcHoBHOI cnicok" U "MH(D0OIOK" MOKHO NIpeICTaBUTh Kak JBE Ta0-
JUIIBI, UMEIOIKE CBS3b "0oauH-K-omHOMY'". He penko cocraB nosed mHbopma-
1MOHHOTO OJioka (HabGopa naHHbIX "MHGOOIOK") HACTONBKO OOBEMHBIN, YTO
M0JI30BATENIO OBIBACT 3aTPYJAHUTEIHLHO BOCIPUHUMATH MPEJICTABICHHYIO B HEM
uHdopmaimio. B 3ToM citydae nenecooOpa3Ho rpynmnupoBaTh Takyro HHGoOpMa-
UI0 MO0 KakuM-1ubo mpusHakam. Hampumep, 610k undopmanuu "O poaute-
nsax" (ecim UITPC cBsizana ¢ peructpanueit ywamniuxcs), win "[lepeHeceHHbie
3a0oneBanus" (eciau MHPOPMAIMOHHAS CUCTEMA O TarMeHTax). IMeHHO ¢ 3Toi
uenpio B Ha0op AanHbIX "MHPoOI0ok" BHeceHo none "Kox UB" (kox nndopma-
1uoHHOTO Os10Ka). [ kakmoro Gioka mHOpMaIuu M.0. CBOM COCTaB MOJIEH.
Ho Bce nonst MudoO10ka TIoruyecku npeicTaBisitoT co00il OJIHY TaOIUILy.

CoBOKYITHOCTB KYypHaJlOB (C 1-ro mo N-if) Ha JOTUYECKOM YpOBHE Ipe/-
CTaBJISIOT COOOM TaOIHIIBI, KaXdasi U3 KOTOPBIX UMEET CBOM COCTaB mojiei (Kak
M0 KOJMYECTBY, TaK M MO THUMaM JaHHbIX). Ho Bce 3Tu TaONIUIIBI JTOTUYECKU
UMEIOT OTHOIIEeHUs ¢ Tabiuied "OCHOBHOM cMCOK" CBSI3b "OJAMH-KO-MHOTHUM".
T.e. onno#t 3amucu B Tabnune "OCHOBHOM CHHCOK" MOMXET COOTBETCTBOBATH
OOJIBIIIE OJTHOM 3aITUCH B KAXKJIOM >KypHAJIe.

[Tepexonst ot abcTtpakiuu "0O0BeKT" K aOCTpakuuu "maHHBIE", T.€., BBI-
noJiHssT HopMasnuzanuio Tabmui bl He Ha ypoBHE XapakTEpUCTHK OOBEKTOB, a
Ha YpPOBHE THUIIOB JIaHHBIX, OIMHUCHIBAIOIIUX AITH XapPAKTEPUCTUKHU, CTPYKTYPY
Ta0aul 1 UHGOPMAIMOHHOTO OJIOKAa, U KYPHAJIOB MOXET OBITH TMpEeJCTaBlIeHA
CeAyIoIMM 00pa3om (puc. 2).

YKypHan |

PK | OK OcHoBHOro cnucka
PK | Koa_xypHana

PK |Kog_nons

PK | Kogo_sanucu

3HayeHue

Puc. 2. Ctpykrypa undopmMamoHHbIX Tabiui nuHaMudeckoi bJ]

3nech, "Kypran |" - Tabnuia, xpansmas naHHbie i-ro tuna (I - cTpoko-
BBIM THIM, LIEJOYNUCICHHBIA THUII, BEIIICCTBEHHBINA THUII, JOTUUYECKUN THI U T.1.);
"Kon_momns" - ompenenser JIOTMYECKOEe UMS TIOJIs, €r0 THI JIaHHBIX, U CIIOCO0
BBOJIa 3HAYCHUS (BPYYHYIO WM BHIOMpAs 3HaUYEHUE U3 CIUCKA - U3 CIPABOYHU-
ka); "Kom_ xypuana" - umeHTH(UKATOp KypHAIA HA JIOTHUYECKOM YpOBHE (CM.
puc. 1), B KOTOpPOM JIOJKHBI HAXOJIUTHCS 3TH JaHHbIE (HA JIOTHYECKOM YPOBHE);
"Koa_3anucu" - nosie, 0JHO3HAYHO OMPEEIAIONIEE 3aMUCh B JIOTUYECKUX KYP-
HajaxX WIA OYepeHOe 3HAUYCHHUE TMapameTpa B HHPOPMAIMOHHOM OJoKe (eciu
napaMeTp Ha JIOTHYECKOM YPOBHE JOIMYCKaeT MHOXKECTBEHHOCTb 3HAYEHUM);
"I[IK OcHoBHOTO cricka" - moJie (MM COCTaB MOJIEH ), ONPeIesSIONINi K KAaKOMY
O0OBEKTY OCHOBHOTO CIHCKAa OTHOCHTCS 3TO 3HaueHue. B Tabnuiax Takoii
CTPYKTYpPbl XpaHSATCS JIaHHbIE, KOTOPbIE HA JIOTUYECKOM YpPOBHE MOTYT OBbITh
MPE/ICTaBIICHHbIE KAaK B )KypHaiaX, Tak U B MHGOpMaIMOHHOM OJioke. Jlokanu-
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3anus JaHHBIX (IPUHAIIEKHOCTh K KOHKPETHOMY KypHATy/HH(POPMAIIMOHHOMY
0s10Ky) onpenensetcs nojieMm "Koa sxypHana". B aTom citydae xkaxabiii uHGOp-
MaIMOHHBIM OJIOK, KOTOPBIM ompeaersuics 3HadeHueM nons "Kox UB", B nan-
HOM CIJIy4yae MPEICTABISAET OTIEIbHBIN KypHaJ, T.€. ONPENEISAETCS 3HAYECHUEM
nons "Koxa sxypHana". I TakoW CTPYKTypOM JaHHBIX, HEOOXOAMMO HMETH
ONMCaHWE MPUHAMICKHOCTH MOJIEH K TOMY, WIM UHOMY KypHAIy. DTO BOIPOC
peraeTcsi ¢ MOMOIIBIO CO3/IaHMs Ta0JIUIl, OMUCKHIBAIOIIUX BapUAHTHI KYPHAJIOB
(IMHAMUYECKUI JKypHaJ, WM KBAa3UCTATUUECKHM JKypHal - HHPOPMAI[MOHHBIHI
0JIOK), U COCTaBhbI MOJIEH, OTHOCSIIKMECS K JOTMUYECKUM >KypHanam. Ha puc. 3
MOKa3aHa CTPYKTypa TaOJIMI], ONKUCHIBAIOIIUX ITU METalaHHbIC.

Cnuncok XXypHanos Cnucok nomnemn >XypHanos
PK | Kog_xypHana | PK,FK1 | Kog_xypHana
PK Kon_nonsa
Tun xxypHana
HavmeHoBaHue Homep_nn
Homep_nn HasaHwne
Tun_aaHHbIX
BBoa_paHHbIX

Puc. 3. Ctpykrypa Tabnui, onpeaensionias cocTas xypHanoB auHamuyeckoit UTTPC

[TogoOHast cxema opraHu3alliy JaHHBIX HE TpeOyeT mepenporpaMMmupo-
BaHUs HU cepBepa bJl, HU KIMEHTCKOro mpuiiokeHus (il OTOOpa)xeHus, pe-
JAKTUPOBAHUS U MOWCKa UH(POpMAIMK) MPU U3MEHEHHH COCTaBa MapaMeTpoB U
XKypHaJIoB WH(MOPMAIIMOHHON cucTeMbl. OHAKO HEMOCPEICTBEHHOE HCIIONb30-
BAHME TaKOW CTPYKTYpbl JAHHBIX MPUBOAUT K 3HAUYUTEIHHOMY YBEJIHYEHUIO
obbema bJ] M3-3a HaIMUMS KITIOYEBBIX IMOJIEH, OOBCIUHSIONIMX JIaHHBIC B OT-
JIEJIbHYIO 3aluCh KypHana. Paccmorpum cnenyrommi npumep. Ilycte xakou-
100 JIOTUYECKHUH KypHaT WHOOPMAITMOHHONW CUCTEMBI COIEPKUT CIICTYIOIIHE
MH(OPMAIIMOHHBIE MTOJIS:

JlaTta Min 3HaueHue Max 3HaueHue [Ipumeuanue
Tun: [arta/ [la- Tun: Integer Tumn: Integer Tumn: cTpoka
taBpems
Pazmep 8 GaiiT Pasmep 4 Gaiita | Pasmep 4 Gaiita | Pazmep 255 Gaiit

Ha norudeckom ypoBHE CBsI3b OCHOBHOT'O UCTOYHHKA U KypHana | st
KJIACCUYECKON CTPYKTYPHI JaHHBIX (a0CTparupoBaHue Ha YPOBHE 00BbEKTa) OY-
JIET UMETh BU/I, TOKa3aHHBIN Ha pucC. 4.
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OCHOBHOM CNUCOK

KypHan |
MK OcHoBHoro cnucka | PK |
MK OcHoBHoro cnucka | PK,FK1
Mone 1 ~ | Oara PK
i'.l.one N Min_3Ha4yeHune
Max_3Ha4yeHune
MpumeyaHune

Puc. 4. Knaccuueckas cTpyKTypa JaHHBIX OCHOBHOI'O CIIMCKA U JKypHasa

[Tycts "IIK OcHoBHOro cnmcka'" mpejacTaBiiseT co0oil moJie Tuma "cyer-
yuk", pazmep kotoporo 4 Oaiita. Tora Ha OJIHY 3aMKCh B KypHaJI MOTpedyeTcs
275 Gaiir. [Ipu ucnosb30BaHUU AUHAMUYECKON CTPYKTYpbI JaHHBIX (abcTparu-
pOBaHUU Ha YPOBHE THIIa JaHHBIX) OJHA 3alUCh TAKOTO KypHalla OyJeT Xpa-
HUTBHCA B TPEX PA3JIMYHBIX TAOJIMIIAX:

1. TaGmune, Xxpansmiei qanubie Tuna "Jlara" (mosxe "/lara");

2. Tabnuue, XpaHsiei gannsie Tuna "llenoe yncno" (mons "Min 3HaueHue"
u "Max 3Hauenue");

3. Tabnune, xpansmei nannaeie Tuna "Crpoka" (mosne "[Ipumedanne").
[IpuueM, 3HaUEHUE KaXKOTO MOJIs MpeIBapsIeTCs 3HAYCHUSIM 4-X KIIFOYEBBIX TO-
nen: "lIK OcnoBHoro cnmcka", "Kox_xypnana", "Kon_nosa" u "Kox_3anumcu".
[TycTh nmociennue 3 mojst Takxke UMeroT Tull AaHHbIX "llenoe yucno" (pazmep 4
OaiiTa; OyaeM mojiaraTh, YTO ATO HE paclpejiesieHHas], a KopropaTuBHasi UHPOP-
MallOHHAsl CUCTEMA, B KOTOPOW 3HAYEHHUS BCEX KIIFOUEBBIX MOJIEN OMpPENEsIOT-
csi Ha cepBepe). Takum oOpaszoM, NIt XpaHEHUsT OJTHOM 3aIUCH KypHaJla B J1aH-
HOM citydae noTpeOyercs 4x4+8+(4x4+4)x2+ 4x4+255 = 335 Gaiitr. Uto npu-
MepHO Ha 22% yBenuuuBaeT 00beM, HEOOXOIUMBIN JJI1 XpaHEHUs OJTHOM 3aITH-
CH B )KypHaJje, 10 CpaBHEHUIO ¢ KJIacCHYeCKUM mojxoqom. Eme 6ombiiee yBe-
Ju4eHre o0beMa JIaHHBIX OYJET B Cllydae paclpefeeHHOW MH(POPMAIMOHHOM
CUCTEMBI, KOT/Ia 3HAYCHHS TIEPBUYHBIX KIIIOUeH OyayT ¢popMHupoBaThcs Ha Oase
GUID. B o6meM ciydae, eciau >KypHai coaepkuT N mojei, TO JONOJIHUTEIb-
HbIIl 00bEM JAaHHBIX B JUHAMHYECKOW CHCTEME Ha OJIHY 3aluch OyAEeT COCTaB-
aatb 3xSXN 6aiT (3mecs S - pasmep nosert "Koxa xypnana", "Kon mons" u
"Kon_3amucu"). CooTBeTCTBEHHO, At R 3amuceil JonoaHuTeNbHbIA 00beM OY-
net paBeH 3xSXNxR 0Qaiit. Tak, nis paccMotpenHoro npumepa S=4, N=4. To-
raa, ana 100 3ammcedt  KypHalla  JIOMOJHUTEIBHBIH 00BEM  COCTaBUT
3x4x4x100=4800 Oaiir.

AnbTEpHATHBOM TAaKOW OpraHU3aIMM JTAHHBIX B COYETaHHWH C obecreue-
HUEM JuHAaMUYHOCTH bJl MokeT OBbITh CcO37aHHE >KYPHAJIOB KJIACCHYECKOM
CTPYKTYpbl Ha OCHOBE METaJaHHBIX, OMUCHIBAIONIUX ATU KypHaIbL. [Ipu 3TOM
MMEHA TOJIEH 3THX KBA3MKJIACCHUECKHX >KYPHAJIOB MOTYT (hOPMHUPOBATHCS TIO
OTIpEJICTICHHBIM TIPaBHJIaM, BKJItOUast B ce0sl 3HAYCHUS KOJIa MOJIs, YKa3aHHOTO B
METAJIaHHBIX TPU OMUCAHUU >KYpPHANOB. [l CTaTUYECKHX >XYpHAJOB (MH-
($h00JI0KOB) coxpaHsieTcsl aOCTparupoBaHUE Ha YPOBHE TUIIOB JAaHHBIX. B 3TOM
ciydae ypennueHue oobema bJl Oyner B npegenax 18 - 37% mo cpaBHEHUIO ¢
KJIACCUYECKOM CTPYKTYpOoW JaHHBIX. TeM caMbIM JOCTUTaeTcsi KOMIIPOMHMCC
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Mexay obecriedeHreM TMOKOCTH (IMHAMUYHOCTH) CTPYKTyphl B/l u ee pa3me-
pom.

Jns mpuutoxkenusi, padoTaromero ¢ Tako bJI, 1omkHBI OBITH CHOPMYITH-
pOBaHBI OIpE/CIICHHbIE TpaBUia, Kacaloluecs OTOOpaKeHHUs JaHHBIX. OJTH
npaBuia ONPENEsSIOT alrOPUTM pabOThl C JAaHHBIMHU (OTOOpa)KEHHUE NTaHHBIX,
peaKkTUpPOBaHUE NAHHBIX, MOUCK JAHHBIX). DOPMYIUPOBKH STUX MPABUII 3aBU-
CSIT OT MPEAMETHON 00J1aCTH, JIJIsi KOTOPOM co3AaeTcsi UHPOpPMallMOHHAsL CUCTe-
Ma, 1 BO3MOKHOCTSIMH Cpeibl pa3paboTKu MPUIIOKEHUS (BO3MOKHOCTSIMH BU3Y-
aJIbHBIX/HEBU3Y-aIbHBIX KOMIIOHEHTOB, 00pa0OTYMKOB COOBITHN U T.m.). Oue-
BUJTHO, YTO 3TH IpaBUJIa JOJDKHBI 00€crednBaTh 100aBIEHUE PA3TUYHBIX KYp-
HAJIOB U MoJeil nHpoOIOKOB, HE TPpeOys MeperporpaMMHUPOBAHMS TTPUITIOKEHUS,
3a MCKJIIOYEHHEM, BO3MOXKHO, OJIOKA, OTBEYAOIIETO 3a CTAaTUCTHUECKYI0 00pa-
00T1Ky. Tako# 610k MOXKET ObITH BhINOJIHEH B BuJE dll-kommonenTa. TeM cambiM
Oyznet oOecrieueHa OecriepeboitHas paboTa MPUIIOKEHUS IPYU U3MEHEHUH JIOTU-
YECKOM CTPYKTYpPHI NaHHBIX. MI3MEeHEHHE JIOrM4ecKOl CTPYKTYpbl JAHHBIX M103-
BOJISIET 0€3 MepenporpaMMUpPOBAHMS TPUIIOKEHUST BBIIOIHATh paboOTy C JaH-
HBIMH (JI00aBJISITh HOBBIE 3aIlUCH, PEIAKTHPOBATH CYIIECTBYIOIIUE, YIANSTh,
OCYIIECTBJISATh IOUCK/BBIOOPKY JaHHBIX). A 1o Mepe Heobxoaumoctu dll-
KOMITOHEHT, OTBEYAIOIIUIA 32 CTATUCTHUYECKYI0 O00OpabOTKy MOXET ObITh mepe-
POrpaMMHUPOBAH MO YYET HOBBIX JIOTMUECKHUX TOJIEH U TepelaH B COOTBET-
CTBYIOIIIME CIIYKObI (Ha OIpe/ielieHHbIEe paboune MecTa).

H.B. JIymkuH, KaHAUJAaT TEXHUYECKUX HAYK, TIOLEHT
H.II. BacuibeB, KaHIUIAT TEXHUYECKUX HAYK, JOLIEHT

MOJEJIUPOBAHUE JAPEBECHBIX CTPYKTYP
MHOTI'OYI'OJIbBHUKAMMW BOPOHOI'O (I YEUKAMMU JUPUXIJIE).

BBenenne

B cratbe oOcyxmaercs 3amada MOIETUPOBAHUS TpadUUECKON CTPYKTYPhI
MHOroyrojibHuKamu BopoHoro (sueiikamu Jlupuxie), 4To pacmiupseT npei-
CTaBJICHHE O JAPEBECHUHE KAaK MPUPOJHOM KOHCTPYKIIMOHHOM Marepuaiie. MHo-
royrojbHUKH BOpoHOro moiiydaroTcsi nmpu pa3OMEHHH IUIOCKOCTH, Ha KOTOPOM
3aJlaHbl TIPOU3BOJIbHBIE TOYKH, HAa COOTBETCTBYIOIIEE KOJUYECTBO OOJacTeil.
Kaxxmas Takas 00J1acTh - TO MHOYKECTBO TOUEK IIJIOCKOCTU HanboJjiee OJIU3KUX K
COOTBETCTBYIOIIEH TOuke puc. . IlycTh 3amana miockas rpaduyeckasi CTpyKTy-
pa (mampumep, puc. 2). Iloctpouts Hanbosee 6JM3Ky0 Moaenb BopoHoro, s
rpaduuecKkoil IpeBeCHOM CTPYKTYpHI puc.3.
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Puc.2. Ilpumep npeBecHON CTPYKTYpHI. Puc.3. Muoroyrosiasauku BopoHoro

JUtst penieHusl NOCTABJIICHHOM 33/1a4M MOJIEJIMPOBAHMS IPEBECHBIX CTPYK-
Typ MHOTOYTOJIbHUKaMH BOpPOHOro, KpaTKO ONUIIEM ITOCJIEI0BATEIbHOCTD AEH-
ctBuii. Ha rpaduueckom HM300pakxeHUM OINpPEAEINISeTCS] MHOKECTBO CBA3aHHBIX
00BbeKTOB. OnpenenstoTcss KOOPAUHATHI IIEHTPOB TSAXKECTH KaXJA0ro OObEKTa.
[IpyHuMas 3TH KOOPJAMHATHI, KaK MO MHOKECTBA TOYEK Ha MJIOCKOCTHU, UCTIOIb-
3yst anroput™ DopuyHa. Peanu3oBanHoMy B [2], CTpOSTCS MHOTOYTOJTBHUKH
BopoHoro.
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Puc.5. ConocraBnenue rpapuieckoro o0bEKTa, MOTYYSHHOTO MO KoopauHatam (X ,Y) IeH-
TPOB TSKECTH, C UCXOJAHOU MOoJienbio BopoHoro

Ecnmu maoroyronsauku Boponoro (sueiiku Qupuxie) (puc. 3 ) paccmart-
pUBaTh Kak IJIaHAPHBINA rpad, To ypaBHeHHE Diinepa 1 rpadoB UMETh BHI:
b-n=p:i- po,
rze Po - HyJeBOe 4nciao beTTu(uncio KOMIOHEHT CBS3HOCTH rpada), pi - mep-
Boe ynciio bertu(uucio rpaneit rpada), b - uncio BepimH, N - yrcao péoep.
IIpy mocTpoeHun MHOTOYTOJIBHUKOB BopoHoro, uucio BepiidH (P) u
yrciio pedep (N) rpada, onpeaesIroTcs Mo MOACIN IpadUIECKOro 00beKTa.
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Pe3ysbTaThl MOIEJIHPOBAHUS IPEBECHBIX CTPYKTYP (puc. 6 — 18).

CTpykTrypa JibHA

D e

Puc.6. Ctpykrypa ipHa

Puc 7. Beiienennast 001acTh CTPYKTYpBI JIbHA
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Puc.9. [Ipumep MonenupoBaHus IpeBECHON CTPYKTYpbl MHOTOYTOJIbHUKaMH BopoHoTro
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Puc.12. [Ipumepsl MOaETUPOBAHUS APEBECHBIX CTPYKTYP

Oaiin Mpaeka Pucosars Tonuwmwa Crane  Llser
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HOTO I10 KOOpAUHATaM (X ,Y) LIEHTPOB TSKECTH, C HICXOJAHON CTPYKTYPOU UBBI
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Puc. 14. Ilpumep MoaenupoBaHus JPEBECHBIX CTPYKTYP

Crpykrypa eian
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Puc.15. Ctpykrypa enu

)
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el
Puc.16. ConocraBnenue rpagpudeckoro o0bexTa (MHOrOyrojabHHKOB BopoHOro), momy4eH-

HOT'O TI0 KOOpJAMHATaM (X ,Y) LIEHTPOB TSHKECTH, C UCXOJHOM CTPYKTYpOH enn

MoaenupoBanue MUKPOOHOJIOTHYECKUX CTPYKTYP(KOJIOHUH OaKTe-
puii) MHOroyroJibHnkamu Boponoro

Puc.17. MoaenupoBaHue MUKPOOHOJIOTHYECKUX CTPYKTYP(KOJOHUN OaKTepHii)
MHOTOYTOJIbHUKaMu BopoHoro
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Puc. 18. MoaenupoBanue MUKPOOHOIOTHYECKUX CTPYKTYP(KOJIOHUM OaKTEpHii)
MHOTOyTOJIbHUKamMu BopoHoro

bubanorpadguyeckuii cnucox

1. Konocora M. U., ConoBbeBa H. I'. OCHOBHBIE aHATOMUYECKUE TTPUZHAKU
JIPEBECUHBI JIMCTBEHHBIX JIepeBbeB U KycTapHukos. CIIOIJITY, 2013.

2. BacunbeB H.II. Peammzamms anroputma dopuyHa pacuera auarpammbl
Boponoro na PHP. B ¢6. "MHbopManroHHbIE CUCTEMBI U TEXHOJIOTHUU: TEOPHUS
u npaktuka" CO6. vHayu. Tpyznos. Bem.7 CII6, CIIGIJIY, 2015. c. 10-16

3. Jlymkun H.B. Anroputm ompeneneHus CBS3HOCTH rpaduuecknx oObek-
TOB. - Tpyasl Cankr-IlerepOyprckoit ['ocynapcTBeHHOM JIECOTEXHUYECKOM aKa-
neMun AKTyajldbHble TPoOJieMbl pa3BUTHs Bbiciied mmkoibl CaHkT-IleTepOypr.
2010. Ctp. 308-309.

H.B. JIymikuH, KaHaU1aT TEXHUYECKUX HAYK, JTOLIEHT
B.b.boukoBa, Mmaructp

OIIPEJEJIEHUE HEKOTOPBIX TIAPAMETPOB MUKPOBHOJIO-
T'MYECKHUX OBFBEKTOB IO UX TPA®UYECKUM ®ANJTAM

MuxkpoOuosioruss — Hayka, U3y4aroliasi CTPOCHUE, KU3HEAEITEIbHOCTh
U SKOJIOTHI0 MUKPOOPTaHW3MOB — MeEIbYalIIuX (OpM >KU3HU PACTUTEIHHOTO
WJIM KUBOTHOTO ITPOMCXO0XKICHHSI, HE BUAMMBIX HEBOOPYKEHHBIM I1a30M. Muk-
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poOuosiorusi M3ydaeT BCEX MpeACTaBUTENEH MuUKpomupa (OakTepuu, TpuObl,
pOCTEUIIne, BUPYCHI).

B mMukpoOuonornyeckoil mpakTUKe 4acTo HEOOXOJUMO HE TOJBKO BbIJIE-
JUTh TOT WIM UHOW BHUJ, HO W OINpPEACIIUTh YUCICHHOCTh KMBBIX MUKpPOOpra-
HU3MOB B T€X WJIM MHBIX OOBEKTAaX HccienoBaHus. [ 3TOro Mcmnonb3yroTcs
pa3MyHbIe METObl KOJTUYECTBEHHOTO yYeTa.

Onucanue MeTO0B KOJIUYECTBEHHOI0 y4yeTa.

Hawnbonee pacnpocTpaHEHHBIM SIBISIETCS_METOJ CEPUUHBIX PA3BEICHUM.
OTOT METOJ] MO3BOJISIET BECTH YUYET TOJIBKO KU3HECIIOCOOHBIX KJIETOK MUKPOOP-
raHu3MOB. BTOpBIM METOIOM SIBISIETCA — METOJ MOJcUYeTa MHUKPOOPTaHU3MOB
110JT MUKPOCKOTIOM B CUETHOM Kamepe ['opsieBa. DTOT METOI MojicueTa sBISETCS
MEHEE JTOCTOBEPHBIM T.K. NP MOJICYETE CYUTAIOTCS KaK JKU3HECTIOCOOHBIEC TaK U
HE KM3HECIIOCOOHBIE KIIETKH.

Meton npenenbHoro pasbdasieHus oOpasna (METoJ CEpUMHBIX pa3Bele-
HUI1) IO3BOJISIET C BBICOKON TOUHOCTHIO ONPEAEIIUTh KOJUYECTBEHHOE 3HAUCHHUE
IpyNIbl MUKPOOPTaHU3MOB.

CyIHOCTh METOJUKH 3aKII0YAETCA B TOM, YTO Uccieayemas mpoba Heo -
HOKPAaTHO Pa3BOAMTCSA CTEPUIIbHOW BOJOHM OmpeJieleHHbIM oOpazoM. M3 mony-
YEHHBIX pa3BEJICHUH JENalOT MEPEeCceB Ha IJIOTHYIO MUTATENIbHYIO Cpelly C ara-
pom B vamku [letpu.

3acesHHple yamku [leTpu TepMOCTaTHpYIOT TMpPH TeMIeEparype, ONTHU-
MaJbHOW NIJISl MCCIENYEeMBbIX MHKPOOPTAHM3MOB W YEpE3 OIpPENeTICHHOE BPEeMs
MIPOBOJIST MOACYET BHIPOCHINX KOJIOHUH.

B nanHoi padore MHKPOOMOJIOTHYECKHUM O00BEKTOM HCCJIeI0BAHMS
siBJIsieTcs OakTepum poaa (Actinomyces).

AKTHHOMHUIIETHI — MHKPOOPTaHU3MBI, UMEIOIINE IPU3HAKU U OaKTepuH,
u rpuboB. Ilo cTpoeHnio U GMOXMMHYECKUM CBOMCTBAM aKTMHOMHUIETHI aHaJIO-
THYHBI OaKTEpUsIM, a 10 XapaKTepy Pa3MHOMKEHUs, CIOCOOHOCTH 00pPa30BHIBATH
rudbl 1 MULIEIIUNA TTOXO0XKHU Ha TPUOBI.

AKTUHOMMIIETHl — MHUKPOOPTaHU3MbI, 3aHMMAIOIIUE IPOMEKYTOUHOE
MecTo MeXay rpubamu u Oaktepusimu. [1o cTpoeHHI0 1 OMOXUMHYECKUM CBOM-
CTBaM aKTMHOMHUIIETHI aHAJIOTMYHBI OAKTEPHSIM, a 10 XapaKTepy Pa3MHOKEHUS,
CIIOCOOHOCTH 00pa30BBIBATh TU(PHI 1 MUTICTTUH TTOX0XKH HA TPUOBHI.

UpesBblYaifHO MIMPOKOE PACHpPOCTPAaHEHHWE AKTUHOMHIIETOB B TMPHUPOJC
JlaeT OCHOBAHUE MOJIaraTh, 4TO ATHM OpPraHU3MaM MPHHAICKUT OOJIbIIas POJb
B KPYTOBOPOTE BEIIECTB, KAK OPTAaHMUYECKUX, TaK U MUHEPATHHBIX.

AKTUHOMMUIIETHI TIPU MTOMOIIM OMOTEXHOJOTHUH MPU KyTbTUBUPOBAHUN Ha
NUTATENBHBIX Cpelax B Mpollecce OMOCHMHTE3a BBIICTSIOT XMMHUYECKHE Bellle-
CTBa, KOTOPbHIE MMEIOT BBICOKYI0O MHCEKTULHMJHYIO (IPOTUB HACEKOMBIX), (yH-
TUITIHYIO (TPOTUB TPUOOB) M aHTUOAKTEPUATHHYIO AKTUBHOCTb.

W3 MHOTHX KyJlbTyp aKTHHOMHULETOB TMOJIY4alOT JEKapCTBEHHbIE Mpera-
paTbl - aHTUOMOTHKH, HCIOJb3yeMble B MEAMIIMHE, BETEPUHAPHUH, PACTCHHE-
BOJICTBE, MTUIIEBON MPOMBIIIIEHHOCTH. AKTUHOMHUIETHI CIIOCOOHBI IPOAYLIUPO-
BaTh BUTAMUHBI, TOPMOHBI, ()EPMEHTHI, TOKCUHBI, POCTOBBIE BEIIECTBA, AMHHO-
KHCJIOTBl U APYTrH€ MOJE3HbIE I YelIOBEeKa OMOJOrMYecKue BelecTBa. Bax-
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HYIO POJIb aKTUHOMUIIETHI UTPAIOT B TPOIECccax MOYBOOOpa3oBaHusi u GHOpMu-
POBaHUU TUIOJJOPOINH TOYB.

O0mue 3aMevyaHusi IO METOAM CePUIHBIX pa3BeeHUI.

HecMoTpst Ha TO, YTO METO/bI CEpUMHBIX pa3BEACHUN SIBIISIOTCS HauOO-
jiee TOYHBIMU U UHPOPMATHBHBIMHU, UX TIOCTAHOBKA B MPaKTHYECKUX J1a00paTo-
PHUSIX CONPSDKEHA CO 3HAYUTENbHBIMU TpyAHOCTSIMU. [Ipexie Bcero, pedb uaet
o Heoboxoaumoctu pyudHoro mnoxacuera KOE (kononueoOpasyromiasi eauHUIIA)
Kaxaoi yamku [letpu ¢ ucciemyemMbiM 00pas3ioM, 9TO CHIIBHO CKa3bIBaeTCS Ha
BPEMEHU TMPOBEACHUH HcclieqoBaHus. [lomuMo 3TOTO MpM M300MIIMK 3arps3He-
aus i KOE (konoHneoOpasyrorias equHuIa), pyqYHON MoACYET MPaKTUIECKH
HEBO3MOYKEH, YTO B TaJbHEUIIIEM TTPUBOJNUT K TIOBTOPHOMY IMPOBECHHUIO OITBITA.
Taxke HEOOXOIUMO YYHMTHIBATH IMOTPEITHOCTH, CBA3AHHYIO C YEIIOBEUYCCKUM
(bakTopoM.

Nanwocrpanusa npuMepoB 0akTepuil (AKTHHOMMIETOB) NPH CepHii-
HOM pa3BeJleHHUH.

Ha pucynke 1 mb1 Habmonaem uzobunue KOE, roe py4Hoii nmoacuer ko-
JIOHUM MPAKTUYECKH HEBO3MOYKEH.

Ha pucynke 2 mMpl HaO10/1a6M M300MIME KOHTAMUHAIIAN (3arps3HEHHUS ).

Ha pucynke 3 mbl Buanm crangaptHeiil Bug KOE.

Puc.1. U3060mmue KOE. Pwuc.2. M300mine KOHTaMUHALIUH. Puc. 3. CrangapTHblil BUI.

Heo0xogumocTh nepexona K KOMINbIOTEPHBIM BbIYUCICHUSIM.

HecMoTps Ha TO, YTO METOABI CEPUITHBIX PA3BENICHUN ABIISIIOTCS HauboJsee
TOYHBIMU ¥ UH(POPMATUBHBIMU, UX MOCTAHOBKA B MPAKTUYECKUX JaOOPATOPHUIX
COMpsKEHA CO 3HAYUTEIbHBIMU TPYAHOCTSIMHU.

[Ipexxne Bcero, peub ujaeT o Heobxomumoctu pyuHoro mnojcuetra KOE
(konoHuneoOpasymoIias equHuIa) Kaxaon yamku [letpu ¢ ucciemnyeMbiM oopas-
IIOM, YTO CHJIBHO CKa3bIBACTCSl HA BPEMEHU MIPOBEACHUHN UCCIICIOBAHMS.

[Tomumo storo npu nzodumu koHTamuHanuii win KOE (kononueoOpa-
3yIolllasi €IMHULIA) , PYYHOHU MOJCYET MPAKTHUYECKH HEBO3MOXKEH, UTO B Allb-
HEUIIIEM MPUBOIUT K TOBTOPHOMY MPOBEJCHHIO OIbBITA. TaKXe HEOOXOIMMO
YYUTHIBATH MMOTPEITHOCTH, CBI3AHHYIO C YEIOBEUECKUM (haKTOPOM.

UcnbrtaB Teoputo noacyera KOE, npu momorty nporpaMMbl, HAMHA OBLITH
MOJIYYEHBI PE3YIbTAThI COMOCTABUMBIE C PYUYHBIM MOJCYETOM.

Onucanue aaropurMa onpejeJaeHus KOJIu4ecTsa dakTepuii.
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N3o06paxenuss OakTepuil MOTyT OBITh KaK MU30JUPOBAHHBIMU, TaK, U 00b-
CIIMHEHBI B TPYIIIBI CBSI3HBIX 00JIaCTEl MO HECKOJIbKO Oaktepuit (puc.l.,2.,3.).
CraBuTcs 3a/1aya OICHUTH KOJUYECTBO OAKTEPHUI HAXOIAIIUXCS Ha U300paxke-
HuU rpaduyeckoro gaina. [Ipeanaraercs cieayromue 3Tamnbl peleHus MocTaB-
JICHHOM 3aJ1a4u:

1. ormedaeMm B JICBOM OKHE (puc.4) IBET B UCXOAHOM H300pakeHuu (IBET
OakTepui) ;

2. BkmouyaeM kHonky "ITYCK";

3. mporpaMma Ha TMPaBOM OKHE H300pakaeT CBS3HBIC OOBEKTHI(KOJOHHH
OaxTepwii) pa3TUIHBIMY IIBETAMU;

4. mocnenoBaTeNbHO AJIA KaXKJIOTO CBA3AHHOTO OOBEKTa Mporpamma ompe-
JIeNeT TUIOMIalb U 0ToOpakaeT Ha HHPOPMAIIIOHHOM OKHE;

5. TOCIeAOBaTEIbHO OTMEYaeM HEOOJbIINe OOBEKTHI(KOJIOHUM OaKTepHil),
I/ BO3MOXKHO Majioe KoiandecTBo Oakrepuit (10 10);

6. mporpaMma BOCCTaHAaBIMBAET HMCXOJHBIN IBET OTMEUAEMOIro OOBEKTa U
IPOCHT BBECTH KOJMUYECTBO HAOIFO1aeMbIX OakTepuit (puc.S.);

/. mporpaMma ompenessieT CPeIHIOI0 IJIOMAIs OaKTepUH;

8. B 3aBHCHMMOCTH OT UCXOJHOTO rpaduueckoro (aiiia u omnbITa MoJIb30Ba-
TEJIsl, MYHKTHI 5, 6, 7 BBITIOJIHSIEM HECKOJIBKO pas3;

9. oTka3pIBaeMcs OT BBOJIA KOJIMYECTBA OaKTEpUi;

10. mporpamMMma Mmoka3bIBaeT KOJUIECTBO OTMEUEHHBIX OaKTEPHUA M pacCUUTHI-
BaeT CPEIHIOI0 TUIOMIAb OAKTEpUH N7l BRIUMCICHHUS OOIIEro KolndyecTBa OakTe-
puii;

11. BximouyaeM kHomKy "Pacubak", yToObl Ha MH(POPMAIIMOHHOM OKHE OTOO-
pa3uTh 0011I€€ KOJIMUECTBO OAKTEpU B UCXOJHOM IpaduyeckoM daiiie.

BriBoabI

JlaHHasi KOMIIBIOTEpHas 00paboTKa KOJIOHHMH Actinomyces XOpoIo COo-
TJIaCYETCs C pe3yJbTaTaMU COMTOCTABUMBIE C PYUHBIM TIOJICUETOM.

3asBICHHBIN MOIXO/ PU 00paboTke rpadguueckux (haiaoB MUKPOOHOIIO-
IMYECKUX O0OBEKTOB, MO3BOJIAET BBISIBUTH aKTyaJbHbIC HAMIPABJICHUS U OOPATUTD
BHUMAaHHE Ha Pa3BUTHE KOMIIBIOTEPHOTO aHAJIN3a XapaKTEPUCTUK MUKPOOHOIIO-
rudeckux o0bekToB.IIporpamMma mo3BoIISIET CO3aTh CUCTEMY OTEPATUBHON 00-
pabOTKH ¥ OIEHKH XapaKTEPUCTUK KOJOHUM Actinomyces.
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bubauorpadguuecknii Ciucoxk

1. XKwusup pactenuii. Tom 1. Beenenue. bakrepun u aktuHomunetsl' \\[os
penakuueii uineHa-koppecrnongaenta AH CCCP npodeccopa H. A. KpacunbHu-
KoBa u npodeccopa A. A. Ypanona - Mocksa: [Ipocsemienue, 1974 - ¢.487

2. Muxuii N.JI., Cunopuyk U.U., Xonynsak WN.1O. u ap. MukpoOunorus: Py-
KOBOJICTBO K JJaOOpaTOPHBIM 3aHATUSM: Y4eOHOe mocobue /it CTyIeHTOB dap-
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MmarieBTnuecknx BY30B u dapmaneBTryeckux (HaKyIbTeTOB MEIUIIUHCKUX HH-
ctutytoB. // K.: U] “IIpodeccuonan™, 2004. — C

3. PyKOBOJACTBO K MPAKTUYCCKUM 3aHSTHIM 10 MEIUIIMHCKON MHKPOOHOIIO-
TUU 1 JabopaTopHON nuarHocTuke nHGpEKIUoHHBIX O0onesneit /Ilox pen. [Ipod.
Kpusomenna 1O.C. — K.: Buma mxkomna, 1986. — C. 25-31

4. Jlymkun H.B. AnroputMm ompejeneHusi CBSI3HOCTH IrpaduiyecKux 00beK-
TOB. - Tpyasl Cankr-IlerepOyprckoit ['ocyaapcTBeHHON JIeCOTEXHUUECKOU aKa-

JNeMUU AKTyasjbHbIe MpoOJieMbl pa3BUTUA Bbiciied mmKosbl CaHkT-IleTepOypr.
2010. Ctp. 308-309.

A.A. HukugopoB KkaHauaaT c-X. HAyK, JIOLECHT

OBPABOTKA MATEPUAJIOB ADPO®OTOCBEMKMU, IOJIYYEH-
HbIX C IIOMOLIBIO BECITMJIOTHOI'O
JIETATEJBHOI'O AIIITIAPTA

JUIst “3ydeHusl JIECHOIO PACTUTEIBHOIO MOKPOBA IMPUMEHSIOTCS Pa3jiny-
HbIE METO/Ibl, HanboJIee MUPOKOE MPUMEHEHHUE MOJIYUYNUIIN TUCTAHIIMOHHBIE Me-
To/ibl. OHU OCHOBaHbI Ha MOJY4YEHUH HH(pOpMauU 00 UCCIETYyEMbIX 00BEKTaX
Ha PAcCCTOSIHUM IIyTEM PErMCTPAlMU 3JEKTPOMArHUTHBIX W3JIyYCHHU IpHU IO-
MOIIIM YyBCTBUTENIbHBIX PUEMHUKOB, YCTAHOBJICHHBIX HA KOCMUYECKUX KOpad-
JsIX, caMoJieTax, BepToyieTax, OECHMIOTHBIX JieTaTeNbHbIX anmnapartax [Cyxux,
2005, 3asu 6,7]. becnminoTHelil netatenbHblid annapar (BIIJIA) npencrasiser
co00l Pa3HOBUIHOCTh PAJAMOYIPABISIEMOTO JIETATEILHOTO armapara, yupasie-
HUE KOTOPBIM OCYILECTBIIAETCS ONEPATOPOM C 3€MJIM, MJIM B aBTOMATHYECKOM
pexume (Ha aBTonuiiote) [3uHuenko, 2011].

Haubonee pacnpocTpaHeHHbIMU OECMIIOTHBIMU JIETATEJIbHBIMU ammapa-
tamu saBistOTCA BIIJIA caMoneTHOro M BEpTOJIETHOrO THUMA. Y KaXXJIO0ro TUMa
€CTh CBOM mpeumyinecTBa u Hepoctatku. BITJIA camoneTHoro tuma crocoOHBI
BBINOJIHATH MOJIET JUIMTENbHOE Bpems. i B3nera U mocajku HEOOXOAUMO OT-
KPBITOE MPOCTPAHCTBO, JINOO TPeOYIOTCS JOMOIHUTEIbHbIE MEXaHU3MbI — KaTa-
nynbTa, napamitoT. BIIJIA BepronerHoro tumna, HaO60pPOT, IS B3JETa U MOCA-
KU HEe TpeOyeTcs MHOTO MECTa, HO MPOIOJKUTEIBHOCTD MOJIETa B pa3bl MEHBbIIIE.
CornacHo knaccuuKaIuyu, MHOTOPOTOPHBIE TIAT(HOPMBI OTHOCITCS K Oecmu-
JIOTHBIM JIETATENBHBIM alnapaTaM BepTOJeTHOro tuna [3unuenko, 2011].

HccnenoBanus BBIMOJHEHbI HA TIpuMepe JIMCMHCKOTO y4eOHO-OMBITHOTO
necxo3a (JIucunackoro YOJIX). YueOHO-OMBITHBIN J€CX03 pacnojaraercs B Jle-
HUHTPAJICKON 00JIaCTH B LIEHTPaIbHONU YacTH TOCHEHCKOro aIMMHUCTPATUBHOIO
paiiona. TeppuTopust jecxo3a MpeacTaBigeT coOO0H KOMMAKTHBIN JECHOU Mac-
CHUB, IPOTSKEHHOCTH C CeBEpa Ha 10T cocTaBisieT 34 K, ¢ 3amaja Ha BOCTOK - 18
kM. [lo maTepuanam necoycrpoiicTBa, KoTopoe npoBoausiock B 2005 r., obmas
II0IAAb cocTaBigeT 28384 ra.
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Kommexkrauust npumensiemoir st a3poPOTOChEMKH MHOTOPOTOPHOM
wiatgopmsel (Puc. 1) cnenyromas: pama Tarot FY650 ¢ pasmepoM o auaroHamu
650 mm; MmoTopel T-Motor MN4010 ¢ gactoToii Bpamienust 475 00./BOAbT; Mpo-
neJuiepsl IPsIMOTo M 00paTHOTO BpalleHUs U3 KapOooHa pazmepoM 15X5.5”, KoH-
TPOJUIEPHI YIIPABIEHUSI CKOPOCThIO BpallleHust MOTopoB T-Motor ¢ ontopasBsiz-
KOH 10 KaHajy yNpaBJIeHUs W HOMHUHAIBbHOW Harpy3koil 40A; aBromuior Pix-
hawk ¢ npomuskoit Arducopter v3.1.5; cucrema ri100aIbHOTO TO3UIIMOHUPOBA-
Hust GPS Ublox Neo-6m; cucrema mepenadn 1anHbIX 110 pagnokanary 900MI
JUTUI-TIOJMMEPHBIE aKKyMyJsTOpHbIe Oarapen emkocThio 5000 MAu 4s1p c
HOMHHaIBHOU ToKoTAaueH 40C; moaBec Ha OECKOIEKTOPHBIX MOTOpPAxX MPsIMO-
ro npuBoaa Tarot T-2D (Puc. 2); dpoto-Buacokamepa GoPro Hero 3 Black Edi-
tion.

Puc. 1. MHoropotopHas miatgopma Puc. 2. J/IByxoceBoil mojBec Ha OECKOIIIEK-
TOPHBIX MOTOpaX MPSIMOTO MPUBOJIA

B cocTtaB Ha3eMHOI CTaHUMK BXOJAT IMOPTATUBHBINA KOMIIBIOTEP C yCTa-
HOBJICHHBIM MIPOTrpaMMHBIM oOecrieuenuem Mission Planner u pagromonem st
oOecrieyeHnst CBA3M ¢ OECNUIIOTHBIM JIeTaTeabHBIM anmnaparoM. [IporpamMmmuoe
oOecrieueHne MO3BOJISIET BbINOMHATH HacTporky BIIJIA, cosznmaBaTh monetHoe
3a/laHKe, YIPABIATH JIETATEIbHBIM aIlllapaToOM U IMOJIy4YaTh JAHHBIE TEIEMETPHUH
BO BpeMs mosieta. [lnan nonera npeacrapieH B TabauyHOM Bujie (Tadm. 1).

[IpenBapuTenbHO OBLTM ONpENETEHBl OMOPHBIE TOYKHU ISl Teorpaduye-
CKOM MPUBSA3KH IJIAHOBO-KapTorpapuyeckux matepuayioB. [ Buzyanuzauuu
OMOPHBIX TOYEK Ha CHUMKaX NMPUMEHSUIUCH JUCTHI (haHEepbl OKpAILLIEHHbIE B Oe-
a1 1BeT pazmepom 0,5x0,5M, KOTOpPbIE YKIIAIBIBAIUCh HA OTKPBITHIE YYACTKH
MECTHOCTU. I3MepeHuss KOOpIMHAT MPOU3BOAMINCH ¢ TmoMolbio GPS-
IPUEMHHUKA 10 LIEHTPY JKCTa (DaHEepbl, pe3yIbTaThl IPUBEACHBI B Ta0. 2.

3amyck, MojeT M MOocagka MHOTOPOTOPHOHM MIaT(OpMbl BBITOIHAETCS
MOJIHOCTBIO B aBTOMAaTUYECKOM pexxkume. OrnepaTop OECHMIOTHOTO JIETaTeIbHO-
ro anmapara OCYIIECTBIISIET KOHTPOJb 3a BBIIOJHEHHEM KOMAaHI, a B Cllydae
BO3HMKHOBEHUSI HEWITATHOW CUTyalMH, nepeBoaut ynpasiieHne BIUIA B pyu-
HOM PEXKUM.
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I1;1aH moJjieTHOIO 3aaHUusA

Taonuma 1

Ne| HaummenoBa- |IlIuporta, | Jouarora,| OTtHocuTenn- | Jlucran- A3n-

1/ | HUe KOMaHAbI | TPpaj rpaa | Hasi BICOTa, M UsIM MyTIpa

Il | aBTONMMWJIOTA i

1 TAKEOF 0 0 30 0 0

2 | WAYPOINT |59.409218 | 30.700285 150 014 35
7 1

3 | WAYPOINT [59.415147 | 30.697007 150 684.9 344
9 4

4 | WAYPOINT |[59.414842 | 30.695372 150 98.5 250
8 3

5| WAYPOINT [59.409241 | 30.698469 150 647.0 164
7 1

6 | WAYPOINT |59.409264 | 30.696653 150 102.8 271
7 0

7 | WAYPOINT |59.414537 | 30.693737 150 609.1 344
8 3

8 | WAYPOINT |59.414232 | 30.692102 150 98.5 250
8 3

9 | WAYPOINT |[59.409287 | 30.694836 150 571.2 164
6 9

10| LAUNCH 0 0 0 0 0

TaOnuma?

I'eorpagmueckne KOOPpAMHATHI ONMIOPHBIX TOYEK

Ne omopnoit 0JIT0TA, IIupora,
TO‘-III()I/I . rpaj rl?az( Bricora, m
1 30.69730 59.40922 54
2 30.69470 59.41065 56
3 30.69451 59.41249 57
4 30.69331 59.41438 56
5 30.69492 59.41487 56
6 30.69647 59.41507 56

becniuioTHRIM JieTaTENbHBIM ammapaToM BBINOJHEHAa a’3podoOTOChEMKA
123 kBapTana JINCMHCKOTO y4eOHO-OMBITHOTO JIECX03a, B pe3ybTaTe MOJyueHa
cepus a3poOTOCHUMKOB BBICOKOTO paspenienus (Puc. 3).
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Puc. 3. Cepust a3po(hOTOCHIMKOB BBICOKOTO pa3peleHus Ha mpumMepe JIncuackoro yaeo-
HO-OIBITHOTO JIECX03a

Jlig onpeieseHnsi MECTOIOJIOKEHUSI KaMephl BO BPEMSI ChbEMKHU MPOBE/ICH
aHanu3 jor-gainos nojera. C nmomoimbio nporpammbl « Tpek-Ansoom: JleTHas
Kumwxkxka» http://track-album.com comocTaBieHbl KOOpAWHATHI C IIEHTPAMHU
cHuMKoB. KoopauHatel 100aBiIeHBI B CBOMCTBA M300PaKCHHUI B CTICITUATBHOM
dopmare EXIF. EXIF (anrn. Exchangeable Image File Format) — crangapr,
MO3BOJIAIOIMINN JA00aBISATh K M300paKEHUAM JOTOJHUTEIHHYIO HH(POPMAIUIO
(MeTagaHHBIC), KOMMEHTHPYIOIIYIO 3TOT (haiijl, ONMUCHIBAIONIYIO YCIOBHS U CIIO-
cOOBI €ro NoJIy4eHHUs.

Jis 3aaHus TONOXKEHHUSI ¥ OPUEHTAllMd MOJETH HEOOXOAMMO YKasaTb
reorpaduyecKkue KOOPJAWHATHI MUHUMYM I TpEX TO4YeK. BakHO, KaK MOXKHO
TOUHEE ONPEJEINUTD MOJI0KEHHE OMOPHBIX TOUYEK Yepe3 UX MPOEKLUU Ha UCXO]I-
HbIX (oTorpadusx. [ns omnpesneneHus MONOKEHUS MapKEpOB B TPEXMEPHOM
MIPOCTPAHCTBE HEOOXOIMMO YKa3aTh MX MOJIOKEHHE KaK MUHUMYM Ha JIBYX (o-
torpadgusx. Yem Ooinbliee uuciao Qororpaduil ucmonb3yercs sl yKa3zaHUs
OpOeKLUUHA MapKepa, TeM BbIlEe OyJIeT TOYHOCTh no3uunoHupoBaHus. Ilo pe-
3yapTaTaM 00pabOTKM TOJlydeHa TaOJMIla CPEIHEKBAIPATHUUHBIX OIIMOOK OT-
KJIOHCHHMSI TIOJIOKEHUSI MapKepa OTHOCUTEIBHO OMOPHOM TOUkH (Taod. 3).

Bo Bpems nporiecca BeipaBHUBaHUs (poTorpaduii pororpammerpudeckas
cuctema PhotoScan orieHuBaeT 3HaueHHs TapaMeTPOB BHYTPEHHEW M BHEIIHEH
OPHUEHTAIIMN KaMEpbl, B TOM YHCJIE HETMHEMHBIX pagualbHbIX auctopcuii [Hu-
kudopos, 2011].

dotorpammerpuueckas cucrema PhotoScan mnoanepxuBaer Haubosee
pacnpocTpaHEeHHbIE TUIBI KaMmep: KaJpOBble KaMepbl, CepUyecKue KaMephl,
WIMHIPUYECKHE KaMepbl U KaMepbl ¢ HIMPOKOYTOJbHBIM OOBEKTUBOM. JIis
Ka)XJO0r0 TUMNA KaMep HCIOJB3YETCsl CBOS MOJETh KOPPEKTUPOBKH TUCTOPCHIA
(Puc. 4).
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Taoaxuma3l
BolunciieHHbIE CpeTHeKBAAPATHYHbIE OIIMOKH MOJI0KEeHHSI MAPKEPOB
OTHOCHTEJILHO OMIOPHBIX TOYEK

Ne omopHoii Toukn | Ommoka X, m | Ommoka Y, M
1 6.96789 0.0381546
2 0.705149 3.16084
3 -5.43435 -2.43173
4 0.517607 2.57847
5 -1.96702 -3.13761
6 -2.07492 2.80636
OOmas 3.80839 2.59083

[To ymomuanuto PhotoScan paccmarpuBaer craHmapTHBIE ISl KaMephbl
napameTpbl KaIMOPOBKHU B KAYECTBE MEPBOHAYAILHOTO MPEATIONOKEHUS U TIepe-
CUMTHIBAET UX BO BpeMs BhipaBHUBaHUS (poTorpaduii (Taodn. 4).

Hcnonb3yroTes clneayronye napaMmeTpbl KATMOPOBKU KaMEPHI:

fx, fy - pokycHoe paccTosiHUE 10 X- U y- OCSAM (B MUKCENSIX);

CX, CY - KOOpJMHATHI TJIABHOW TOYKH, T. €. KOOPJAWHATHI IEPECEUCHHUS OTI-
TUYECKON OCH 0OBEKTHBA C MIIOCKOCTHIO CEHCOPAa;

Skew - ko3¢ durmeHT ckoca;

k1, k2, k3 - ko3¢ UIMeHTH paTuaibHON JUCTOPCUMY;

pl, p2 - koapPuIUEHTH TAHTEHITUATHLHOU TUCTOPCHUU.

O6paboTka mMaTepuaioB a’podOTOCHEMKH BBINIOJTHEHA B CIEIHUATU3UPO-
BaHHOU 1U(POBO# (oTorpammerpuueckori cucteme Agisoft Photoscan [Pyko-
BOACTBO, 2016]. Cepust coctout u3 166 n3o0paxeHuit ¢ pa3penieHueM Kaxaoro
cauMka 3000 x 2250 nukc, NpoCTPaHCTBEHHOE pa3pelieHue ChbEMKH COCTABUIIO
7,13 cM/miukc.

Puc. 4. HeBsi3ka 1o CBA3YIOIUM TOYKaM
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Tadbnumad

IMapamMeTpbl KAJINOPOBKU KaMephl

T e By | x| cy Iskew K1 | K2 | K3 | P1 | P2

KaMephbl

Kanpo- 1780.[1781.21392.1040.8F | 0.09142} 0.00125 ]

Bas 5 8 9 1 [1.1040.028783 0.0261[7 0.0004
7 1 3

[Tocne ompenencHUs MOJOXKEHUS W OPHEHTAIIMHM KaMmepbl IS Ka)JI0To
KaJipa U CO3JIaeTcsl pa3pexeHHoe o0aKko Touek. B pesynbrare 0oOpabOTKHU BbI-
MOJIHEHO BBhIpaBHUBAHKE CEpUM U3 166 CHUMKOB U TIOCTPOCHO pa3peKeHHOE 00-
nako u3 157708 touexk.

[I®C PhotoScan mo3BosisieT co3maBaTh M OTOOpa)kaTh IJIOTHOE 00JIaKO
ToueK. OCHOBBIBAsICh HA PACCUUTAHHBIX MOJIOKEHUAX KaMep MporpaMMa BbIYUC-
JISI€T KapThl TIIYOUHBI JIJIs1 KQXKI0M KaMephl U Ha UX OCHOBE CTPOUT ILJIOTHOE 00-
nako Touek. [ImoTHoe obmako Touek coctout u3 16943810 Touek.

PhotoScan momnep)KuBaeT HECKOJIBKO METOJIOB BOCCTAaHOBIICHHUS TpPEX-
MEPHOU TOJUTOHATBLHOW MOJENH M MPEAOCTABISICT PsJ HACTPOEK, MO3BOJISIO-
IIIUX BBITIOJIHUTH ONTHMAIBHYIO PEKOHCTPYKIIHIO JJII KOHKPETHOTO Habopa ¢o-
Torpadui.

MeTonpl, onpenensieMble TUIIOM TIOBEPXHOCTH «KapTa BBICOT», ONTHMHU-
3MPOBAHBI I MOJCITMPOBAHUS TUIOCKUX MOBEPXHOCTEH, HAIIPUMED, TaKUX Kak
naAmadT. DTOT TUM MOBEPXHOCTHU CJIEIYET BHIOMpATh MpU 00pabOTKE pe3yiib-
TaTOB a’3pO(OTOCHEMKH, TOCKOJIbKY COOTBETCTBYIOLIUE METOAbl TPEOYIOT
MEHBIIIET0 KOJMYECTBA PECYPCOB MaMSTH, U CIIEOBATEIBHO, MTO3BOJISIOT 00pa-
OarpiBaTh OoJiblliee unciio u3obpaxenuil. Ha ocHoBe mIOTHOrO OOaka TOYeK
co3/iaHa Mojiesib, kotopas coaepxkut 713000 nmomuronos u 358314 BepiuH.

PexxuM HajoXeHUS TEKCTYphl OIpENeNisieT, KakKuM o0pa3oM TEeKCTypa
00beKTa OyAET XpaHUTHCA B TEKCTYpPHOM atjace. BeiOop moaxoadinero pexuma
MIOMOTAeT TOJYYUTh ONTHMAJBHBIN BHUJ XpaHEHUS TEKCTYPhl, YTO BEICT K
YIIYUIICHHIO KauyeCcTBa BH3yallM3alldd WTOTOBOW Mojenu. J[ns BuU3yamusamuu
MCIIOJIB30BAJICS OOIUI PEeKUM MapaMeTpU3allu ¢ pazMepoM TeKcTypol 4096 x
4096 nukc.

Kapra Beicor (DEM) npencrasnsier Mojienu moBEpXHOCTU B BHUJE PEry-
JSIPHOU CETKW 3HAYCHHM BHICOTHI. KapTa BEICOT MOKET OBITh paccUMTaHa Ha OC-
HOBaHUHU TUIOTHOTO OOJlaKa TOYEK, Pa3peKEHHOTO O0JaKa TOYEK WIIA TOJIUTO-
HaJbHOU ceTku. UTOOBI 10OMTHCS HamboJee TOUHOTO Pe3yJbTara, KapTa BhICOT

co3/laHa Ha OCHOBE IJIOTHOTO o0Jlaka Touek ¢ pazpemeHuem 4726 x 4910 nuke
(Puc. 5).
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34m

200 m
Puc. 5. Kapra Beicor (DEM)

OprodoTorian CTpOUTCS Ha OCHOBE JTAHHBIX MCXOJHBIX CHUMKOB H pe-
KOHCTPYHUPOBAaHHOM MOJIEIIH, YTO TIO3BOJISIET CO3/IaBaTh PE3yJIbTUPYIOIIEe H300-
pakeHHe BBICOKOTO pasperieHus. OpTtodoTomiaH co3maH ¢ pa3peieHueM
12188 x 13076 mukc. (Puc. 6).

Puc. 6. Oprodoronnan gecHoro yuactka 123 kBaprana
JIucuHCKOro yueOHO-OIBITHOIO JIECX03a
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[TomyuenHbIit OpTO(OTOITIAH COOTBETCTBYET TPEOOBAHUSIM JIECOYCTPOU-
TenbHOM MHCTpYKIUH [JlecoycTtpoutensHas, 2011]. Ha ocHoBe opTodoToriana
Y KapThl BBICOT BO3MOKHO BBIIIOJIHUTh aBTOMATU3UPOBAHHOE ACIIN(PUPOBAHUE
C LENbI0 ONPEEIICHUsI TPAHHULL JIECOTAKCAIIMOHHBIX BBIAEIOB U UX TaKCallUOH-
HBIX XapaKTEPHUCTHUK.

B pe3synbrare npoBeaeHHBIX pa0dOT, BBIIOJIHEHA anpoOalysi BO3MOKHOCTH
IPUMEHEHUsI OECIMJIOTHOTO JIETATENbHOIO ammapara Ha 0a3e MHOTOPOTOPHOM
mwiatGopmsl s a3poOTOCHEMKH YYaCcTKOB JiecHOTO (ponma. becnmnoTHbie ne-
TaTeJIbHBIE allapaThl BEPTOJIETHOIO THIA HA OCHOBE MHOTOPOTOPHBIX IJIAT-
¢dbopM 3aHUMAIOT CBOIO HHIILY MIPH BBIMOJIHEHUH PadOT, CBSI3aHHBIX C a3podoTo-
cbeMKkoii. O0manas BO3MOXKHOCTHIO BEPTHUKAIBHOTO B3JI€Ta U MPU3EMIICHUS, OHH
B OCHOBHOM MPHUMEHSIOTCS JJI1 a3pOPOTOCHEMKH HEOOIBIIMX Yy4acTKOB. Jlis
MapIIpyTHOU a3po(POTOCHEMKH 3HAYUTEIBbHON MPOTSHKEHHOCTH PEKOMEHYETCS
npuMeHsTh BIIJIA camoneTHoro tuna.
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KOMIIBIOTEPHOE MOJIEJIMPOBAHUE
AKNIKOCOJEBOI'O YPAH-TOPUEI'O PEAKTOPA

B mpomuteix pabdorax [1] u panee (2015-2016 rr.) cobopHuka kadeapsl
ObUTM TPUBEICHBI PE3yJIbTaThl KOMIBIOTEPHBIX PACUETOB IO PagUallMOHHON
0€30MacHOCTH B OKOJIO3€MHOM IPOCTPAHCTBE M B KocMoce. B maHHo# padote
npemiaracTcss OOCYKIIEHHE BOIPOCOB OE30MaCHOCTH TMPUMEHEHHUS SICPHOU
sHepreTuku. LInpoko pacnpocTpaHeHHas ypaHO-IUTYyTOHHUEBAs s/IepHasl SHepre-
THUKa TPEANoJiaraeT MPoOU3BOJACTBO HE TOJIBKO YHEPTUM, HO U KOMIIOHEHT SJep-
HOTO OPY’KHUSI, UTO IPOTUBOPEUUT 3ajayaM HEpacCIpOCTPAHEHUs SJIEPHOTO OpY-
Kus. B paMkax ypaHO-TUTyTOHHUEBON SHEPreTHKH BO3MOXKHO peIlieHHe podiieM
HEpaCIPOCTPAHEHUS AJIEPHOIO OPYKHUSI TOJIBKO IyTEM IOPUANYECKUX 3aAMPETOB.
B pamkax ypaHO-TOPUEBOM SHEPIETUKH HA )KUAKOCOJIEBBIX PEAKTOPAX PEIIACTCS
npo0semMa Kak MpOU3BOJICTBAa YHEPTUH, TaK U MpoOJIeMa HepacIpoCTpaHEHUS Ha
(U3UKO-TEXHOJIOTHYECKOM YPOBHE, YTO ONpENENsieT MEePCHEeKTUBHOCTh YpaH-
TOPUEBOM SHEPTE€TUKHU, KOTOPYIO M HA3bIBAIOT aJIbTEPHATUBHOU SIAEPHOM SHEp-
TETUKOM.

[Ipousomnio aBe kKaracTpodsl IIaHETAPHOTO MacHiTaba U MHOMXECTBO
SJIEPHBIX aBapyUil U UHIUJEHTOB, KOTOPHIC CIIYYAIOTCS MOUYTH €XKeHeAeabHO. Po-
caToM OyAy4u MOHOMOJMCTOM B 00JIaCTH aTOMHOM SHEPreTUKHU COXPaHSET U 3a-
KpEIUISIeT Ha TPsSAyLIUe AECATUIIETHSI HAy4YHO-TEXHHUUECKOe omcmasanue B 00-
JIACTH €CTECTBEHHOUW O€30MaCHOCTU M 3aTPATHOCTH aTOMHOM 3HEPreTHKU. IJTO
oObsicHsieTcst TeM, uTo Poccusi, B TOM 4ucie U BeIyllue rocynapcTBa MHpa
(npoepamma INPRO 4), 1mo cux mop UCHONB3YIOT B SICPHBIX PEAKTOPAX M6E3b-
Hble cemepoceHHble mexHoao2uu S0-JeTHEeW MaBHOCTH, a TaKXKe B3PHIBO- U TO-
’KapOOoIacHbIC TEIJIOHOCUTENH (BOAA, HATPUM ), TOPIOYHE.

BrpkuBaHue d4enoBeuecTBa W €ro OJaronoydue B TEUEHUE TPSTYIIUX
CTOJIETUH BO MHOTOM OIPEICIUTCS 00ECIEYEHHOCThIO €0 HEPTUeH, WM, Kak
ATO MPUHSTO CeYac Ha3bIBaTh — PHEPIETUUECKON Oe30macHOCThIO. [ 1aBHas co-
CTaBJISIONIAs ATOW 0€30MaCHOCTH — 00ECTIEYeHHOCTh ChIpheM. Eciu nucxoaurs u3
TOT0, UTO YPOBEHb MOTPEOJICHUSI SHEPTUU HAa OJIHOTO YEJIOBEKa B Pa3BUTHIX U
Pa3BUBAIOIIUXCS CTpaHaX MOCTENEHHO BBIPABHUBAETCS, U YY€CTb, UTO YHCIICH-
HOCTh Hacenenust kK 2050 roxy yBenuuutces B 1,5 paza, To pecypcHas 6a3a AByX
OCHOBHBIX KOMIIOHEHT CYIIECTBYIOIIEH ceiiyac SHepreTuku - HeTu u rasa, Oy-
JIeT hcueprnaHa Kk cepeause 21 Beka.

3anacoB yriisg 3HAUYUTENbHO OOJbIIE W XBAaTUT €r0 Ha HECKOJIBKO COTEH
net. Ho, k coxanenuto, mupokomMacmTabHOe CKUTAaHWE YTJIsl B KPYITHBIX TOPO-
JaxX TPUBOAMUT K y)KacaroleMy 3arpsi3HCHHIO aTMoc(epbl, 4TO UMENI0 MECTO,
HarpuMmep, B JIOHJIOHE, a B HACTOAIIEE BpEMsI MPOUCXOJUT B HEKOTOPBIX TOPO-
nax Kuras. [Ipu moObrue yriis mpouCXOauT TAKKe 3arpsi3HEHNE 0YeHBb OOJIBIITUX
TEPPUTOPHUIA, Ja U OTXOJOB IMOCJE €ro CUTAHUS HEMOMEpPHO MHOTO. Jlaxe y4u-
ThIBasi BCE BO3PACTAIONTYI0 CTOMMOCTh HE(TH U Ta3a, STUX IEHHEHTITNX XUMUYe-
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CKHUX TPOJYKTOB, OHU BCE B OOJBIIMX KOJIMYECTBAX CHKUTAIOTCS B TOMKAX TEl-
JIOBBIX U DJIGKTPUUECKUX CTAHIIUNA, OCTaBasiCb OCHOBHBIM PECypcoOM ISl OOJIb-
110 AHEpreTuku. Y 3To HeCMOTps Ha TO, UTO IOMUMO OBICTPOTO COKpAILIEHUS
UX 3aMacoB MPOUCXOJUT HAKOIUICHHE ra30B, BBI3BIBAIOIIMX MapHUKOBBIN 3(-
GbeKT (IByOKHCH YTiiepoja, MeTaHa, OKCHJa a30Ta U rajoyriiepo/ioB), pU KOTO-
pOM ri00anbHOE U3MEHEHUE KIIMMATa MOXKET CTaTh BEChMa BEPOSITHBIM.

B cioxuBIencs cuTyaluu cedyac MEHSETCS OTHOIIEHUE K aTOMHOM
JHEPreTUKe, KaK €JUHCTBEHHOMY 00JIe€ YUCTOMY, YEM YTroJib, KPYITHOMAaCIITa0-
HOMY UCTOYHUKY SHEPTUU. DTO MPOUCXOJUT BO MHOTUX CTPaHAX, B TOM YUCIIE U
B Poccun. Ilo ouenkam MAI'ATD B TeueHHE HECKONBKHUX CIEAYIOIIUX JIECs-
TuneTui motpedyercs nmoctpouts npumepHo 2000 ADC (momuocThio B 1000
MeraBaTT Kaxjaas). JTo yBenuueHue oomieit MmomHoctd ADC B miath pas. s
Poccun B COOTBETCTBMU CO CTPATETMYECKUM IUIAHOM Ipearnonaraerca B 6a3o-
BOM BapUaHTE YBEJIUYUTH OOIIYIO AJIEKTPpUUECKYI0 MOITHOCTH 10 300 I'BT.

Ho aroMHas sHepreTuka He cTajla U HE MOXET CTaTh JIMJIEPOM B MPOU3-
BOJICTBE PHEPTUH, HE UCKIIOYMB CaMy BO3MOKHOCTb II00aIbHOM KaTacTpOQHbI.

DHeprusl, BbIAEISIONIAsACS MPU JICJICHUH aTOMHBIX SIIEP B PEAKTOPE, SBIIS-
€TCS HMCTOYHUKOM BBICOKOKOHIIEHTPUPOBAHHOM 3HEPTUU. ITO CBOMCTBO JETIAET
e€¢ BechbMa IPUBIICKATEIbHONW, HO U CO3JAET BBICOKYIO MOTEHIMAIBHYIO OIac-
HOCTb IIPU €€ UCIIOJIb30BaHUMU.

ABapusi B YepHoObiie Obuta Hactosimieit karactpodoit nns CCCP, Bo
MHOTOM ycKopuBIleM ero pacnaj. CHavana (B mepBbId IoJl MOCIE aBapuu Ha
YepHOObIIE) mI0maas 3arpsasHenns 6oee 15 Ku/km? momydana 30Ha %KeCTKOTO
koHTpons. OHa coctaBuna 10340 km? ¢ mpoxkuBanueM 272,8 ThIC.YENL B 3-X
pecnyOnukax. Pannonyknunamu 3arpsizneHo 23 % tepputopun benopyccun, Ha
KOTOPOM pacmoiioxkeHo 3,6 ThIC. HaCEIEHHBIX MyHKTOB. ABapus Ha HADC crana
npuunHoil P3 3HaumTenbHbix Tepputopuit Ounnsaauu, Hopseruu, IlIBennw,
Asctpun, boarapuu (45 Tteic. kM%) n BenukoOpuranuu. Dxcno3unus ne3usa-137
B 3aIPA3HEHHBIX 00/1acTsX mpesbimana 37 Kbk/m?,

BEJIAPYCH Yy POCCHSA

Mime
4 hn;l X

Bmoruua
.

.Obo yia

d

Kuposorpaa
.

0 40 B0 120 xm

Puc.1.0OcHoBHBIE O4aru paJiuoakTUBHOTO 3arps3Henus EBponerickoit vactu CCCP
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B nacrosiiiee BpeMsi B KaueCTBE BHELIHUX FPaHULl 3arpsi3HEHUSI TEPPUTO-
pus npu yposre 1 Ku/km? o nesuro -137. Oto 3,2 % Bceil TeppUTOpUH B €BPO-
neickoit yactu ObiBiero CCCP.

B Poccuu mmomaib Takux yroaui coctabiisieT 2,8 MiH.ra. bosbliie Bcero
sarpssHeHsl bpsHckas, Kanmyxkckas, Tynsckas obnactd. Boneme 15 Ku/kxm?
TOJIBKO B bpsiHCKOM 00acTHy.

CnumkoM BeJNHMKH ObUIM MOTEPU U CTpax HE 3arjiylliuTh YBEPEHUSIMHU
oueHb-04eHb HM3KOH (107) BeposTHOCcTH HOBTOpa UepHOOBUIA. Jla, AeicTBH-
tenbHOo, ADC nocnenHux pa3paboTok OoJiee Oe30MacHbl U HAJIEKHBI, YEM CTaH-
MU MPONUIBIX OKOJEHUU. TeM He MeHee TIPU MOBPEKIACHUU CUCTEMBI IIUPKY-
nsmun Terionocutens (s oxnaxaeanss ADC 1000 MBT tpeGyercst 18 ky6
METPOB B CEKYH/Iy) MPU BBICOKOM YJIETbHOM BBIJICJICHUU SHEPTUM HEMHUHYEMO
BO3HUKHET 4€pe3 HECKOJIbKO MUHYT W MPOU30MJIET paciliaB TOILIUBA MPU TEM-
neparype 2800°C, 13 KOTOPOro McHapsATCs MOYTH BCE BEIIECTBA, B TOM YHUCIIE U
PaJMOaKTUBHBIE H30TOMEI ¢ TeMnepaTypoii kunenus Huke 2800°C. ITpu momnon-
HUTEJIBLHOM pa3pyLICHUd CTEHKU PEaKTopa 3TO MPHUBEIET K BHIOPOCY UX B aT-
Mocdepy, 3arpsas3Hsisi, Kak U B ciiydae YepHoObUIA, pauoaKTUBHOCTHIO OTPOM-
HbIE IUTOMIAAM, Jeasi X HEMPUTOIHBIMU JJid KU3HU. [I0CKOJIbKY BCE PEAKTOPBI
PBMK Tuna YepHOOBUILCKOTO JIMIIIEHBI, B OTJIMYUE OT PEaKTOPOB JIPYroro TH-
a, TOJICTBIX CTAJbHBIX COCY/IOB, B KOTOPBIX HAaXOAWTCS aKTUBHAs 30HA, TO Be-
POSITHOCTD BBIJIETA 3a MPEEIbl PpEaKTOpa PaIuOaKTUBHBIX MPOAYKTOB SIBJISIETCS
3HAYUTENHHO 0oJiee BhICOKOU. HO M /j1s1 peakTopoB CO CTAIbHOM JOTOJHUTEIb-
HOM 000JI0YKOM TPH pacriaBe aKTUBHOW 30HBI HEMHUHYEM BBIOPOC 3a Mpe/Iebl
ADC o4eHb BBICOKOW paJuOaKTUBHOCTH, 4TO Iipousonwio Ha ADC dykycuma-1.
XOTs peakTopbl OBUIM OCTAHOBJICHBI M OCTATOYHOE TEIJIOBBIACICHUE B TEILIO-
BhIIETsIIONIMX 2yieMenTax (TBDJIax) 6suto B 100 pa3 menblie, ueM 111 paboTa-
IOIET0 PeaKTopa, ATOTO OKA3aJIOCh JOCTATOYHBIM, YTOOBI CHaudajga O00OJIOUYKH
TBDJIOB IIPH OTCYTCTBUM TEILIOCHEMA HATPENUCH 0 TeMuepaTypsl cabime 1100°
C, npu KOTOpOM BOJla MPEBPATUBIIMCH B MAp OYE€Hb SHEPTHMYHO B3aUMOJICH-
CTBYET C IIUPKOHUEBOM o6omoukoit TBDJIoB (maponmpkonueBas peakuus Zr +
2 H, 0 = 2H; +Zr) ¢ o6pa3oBanueM BOJOpOa U BBIJCICHUEM JOMOTHUTEIBHOTO
TeIUIa, YTO MPUBOJUT C MPOJOKAIOIIUMCS OCTATOUYHBIM TEIUIOBBIJEICHUEM K
noBbIeHHI0 Temreparypsl TBDJIos 1o 2800 °C u HeMuHyeMOMy UX pacILIaB-
JICHUIO C BBUIETOM M3 HUX HAKOIMHUBIIMXCS BO BpeMs pabOThl peakTopa pailuoaK-
THUBHBIX PJIEMEHTOB.

ATOMHasi IHepzemuka Hyxycoaemca 6 Kopennou pexoncmpyxyuu. Cy-
wecmeyrwuiaa aomunucmpayua Pocamoma, eeoomcmeennvie HUH u Ilpo-
eKmHble UHCIUMYMbl PACRUCATUCDH 8 C80€ AOMUHUCMPAMUBHOU U HAYUHOU
HeMowU, nOUOA HA OONOJIHUMETbHOEe WMAMmHoe 00nyuieHue pacniaea akK-
muenoit 30nel AIC (panvuwie npeononazanacet 603MOICHOCHb NACCUBCHOZ0
OXJ1A)COEHUA AKMUBHOU 30HbL 0€3 603MONCHOCIMU PACNIA8aA) U Nocedyiouie-
20 coopa Kopuyma 6 Konmeunmenm noo kopnycom AIC 60 epemsa adephoii
Kamacmpodeul...

Bo3moxxHOCTh TOBTOpeHHsI KaTtacTpod Tuna YepHOOBLIbCKON U DyKy-
CUMCKON C KOJIOCCATbHBIMA MaTEpPUATBHBIMHA MOTEPSIMHU U Tpareauei mepeoo-
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Jy4eHUs] MHOTHUX JIIOJIeH Ha OTPOMHBIX TEPPUTOPHSIX ISl OOJIBIIION YacTH HACe-
JICHUS Y BBICEJICHUEM COTEH THICSY KUTEJIEH C POJTHOM 3€MJIM IIPUBEIIO K TOMY,
YTO BO MHOTHX CTPaHaX AAJIbHEHIIEE pa3BUTHE OUEHb OIMMACHOW SHEPIETUKHU HE
TOJIBKO OCTaHOBUJIOCh, HO Kak B fAnonuu, I'epmanun, llIBeiunapuun u ap., npu-
BEJIO K PEIICHUIO MIPEKPATUTH NAJBHENIIEE UCIOJIb30BAHUE aTOMHOW YHEPTETH-
ku.B fIlnoHuum oTkazanuce OT MCHOJIB30BAaHUS SIAEPHOM SHEPrE€TUKHU, XOTSA BbI-
Oopoc Ha dykycume ObUT puMepHO B 10 pa3 MeHbIIE 10 BeInurHe, ueM B Yep-
HOOBLITE.

OcTtaToyHOE BBICOKOE TEILJIOBBIACICHUE B OTPAOOTAHHOM SIAEPHOM TOII-
mue (OAT) u ero BrICOKasi paiMOAKTUBHOCTD SIBJISUTUCH TPUYMHON MHOTHX Ce-
PBEZHBIX aBapHii ¢ BEIOPOCOM OOJIBIIIOTO KOJIMYECTBA PATNOAKTUBHBIX TPOTYK-
TOB. M3-3a mpucyrcTBus B HEM amepuuna-241, WU30TONOB IUIyTOHUS U APYTHUX
TPAHCYPAHOBBIX AJIEMEHTOB COTHHU THICAYM TOHH OTXOJIOB SIAEPHOTO TOIUIMBA
(OST) HEeoOX0MUMO OXJIAXKAATh B CHEIMAIBHBIX XPAaHUIHUIIAX 00ecreunBasi uxX
MOCTOSTHHBIN OTBOJ, TE€IJIa HECKOJIBKO ThICAY JIET.

ABapus Ha DyKycume IpaMaTHYECKHd MPOJIEMOHCTPUPOBAJIA, HACKOJIBKO
ATOMHBIE CTAHIIMU YSA3BUMBI B CIIy4ae MOJOMOK CUCTEM OXJIAXIEHUS, U 3TO MO-
KET «IPOOYIUTH UHTEPEC TEPPOPUCTOB» K aTaKaM Ha TaKHWe CTAHIIUU UITH K€ Ha
MOJIOMKY CUCTEMBI OXJlaxaeHus B xpanuwiuuie OAT, 4To ocyliecTBUTh 3HAYU-
TEJILHO TPOIIIE.

Kpome HenmocpeCTBEHHOTO 04€Hb BBICOKOTO YPOBHSI PUCKA aBApPUU C BbI-
OpocoM OrpOMHOTrO KOJIMYECTBA PAIUOAKTUBHOCTH, aTOMHAsl SHEPreTUKa B CY-
IIECTBYIOIIEM BapUaHTE ypaH-TUIyTOHUEBOTO IMKJIA MPUBOAUT K HEKOHTPOJIH-
PYEMOMY pACIPOCTPAHECHUIO SIACPHOTO OPYKUsl. TUNMUYHBIN JIETKOBOJHBIN pEaK-
TOp aJiekTpuueckor MomHocTteio 1000 MBT npousBoaut exeromno ~200 kr
mayToHus. CKOpOCTh €ro HaKOIUJICHUS COCTaBJIsieT B Hacrtosiiee Bpems 70
T/ron. B 90-e roasl B MUpe €XKETroaHO U3 00JyYeHHOTO TOTUIUBA BBIACISIIOCH S-
22 T MIIYyTOHUSA, IPU 3TOM 2-8 T IUIYTOHUS UCIIOIb30BAIOCH B JIETKOBOAHBIX pe-
aktopax u Opuzaepax. K 2005 romy obpaszoBasics 3amac SJHEpreTUuecKoro miyTo-
Hus Oonee 200 T.

[InanupoBanock B koHIle 60-x Havase 70-X TOJOB IPOILIOrO Beka Mpo-
u3BouTh Oosiee 50% anexrposneprun u 30% temmoBoit Ha ATOC k Hauamy
21 Beka. ATOMHas SHEPreTHKa, JNEHCTBUTEIHLHO, BeChbMa OypHO pa3BHBAIACh,
0COOEHHO B MEPEJIOBBIX CTpaHaxX, HO OEHBIX 3amacamu ra3a u Hegtu: OpaHuuu,
Anonuu, Benukoopuranuu, ['epmanuu, [lIsenun, a takxke B CILIA u CCCP, uto
COMPSHKEHO OBLIO JIJISt 3TUX CTPAH C YK€ PA3BUTBHIMU SJIEPHBIMU TEXHOJIOTUSIMHU
s BIIK. Ha Bcex ADC npeanonaranocs Npou3BOAUTE B CAMOM Hadayle TPETh-
ero Teicsiuenietust 3-4 Teicsiy ['BT anexTposHeprun. 10 ObUIO 3apUKCUPOBAHO
Ha JKeneBckoit koHbepenuuu B 1971 romy. Ilpuuém, 30-40% momkHO OBLIO
MIPOU3BOJIUTHCS B PEAKTOpax Ha OBICTPHIX HeWTpoHax. Ho Tak He MOTYyYHUIIOCH.
Ceiiuac o6mast ycranoBieHHas MomHOCTh Bcex ADC oxoino 370 I'Bt(21.), a u3
DPHEPTreTUYECKUX PEAKTOPOB Ha OBICTPHIX HEUTpPOHAX PabOTaeT ceidac TOJBKO
onuH - BH-800 B Poccun (Cynepdennkc Bo @pannmn u Moua3o B SAnonnn
OCTaHOBJIEHBI U3-32 HECKOJIbKMX OIMACHBIX CHUTYallMil, KOTOPbI€ BO3HHUKAIU MPHU
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uX JKcIuTyatanuu). Peskoe 3amemienne pocta uncia ADC 00yCIOBIEHO TeEM,
YTO aTOMHAsl YHEPreTUKa, BOIIPEKU 0KUIAHUIM, OKa3ajach :

1- BecbMa OIacHOM M3-3a BOBMOXKHOCTU KPYIHBIX aBapuid (karactpod) c
OTPOMHBIM IKOJIOTHYECKUM U IKOHOMHUYECKUM YyIIEepOoM;

2-SBIIIONICICS NICTOYHUKOM PACHpPOCTPAHEHHS] OCHOBHOW COCTAaBIISAIONICH
SJIEPHOTO OPY>KHUS - TUTYTOHUS;

3- BecbMa HEIKOHOMHOW B HCIOJB30BAaHUU SAJIEPHOrO ToIIMBa (Oojee
99% ypana ceituac UIET B OTXOABI) U, KaK CIEJACTBUE, B CIy4ae YCKOPEHHOI'O
pa3BUTHS  HE 00ECIEUYEHHON TOIUTMBHBIMU PECYPCAMHU.

Mzl npoBenu TUHTBO-KOMOMHaTOpHOE MoaenupoBanue (JIKM), kortopoe
onupaeTcs Ha HAO0OPbI KIIOYEBBIX CJIOB, OMUCHIBAIOIIUX Ty WU HHYIO CTPYKTY-
Py, IO KOTOPOH CTPOSATCA CUCTEMBI SKBUBAJICHTHBIX YPaBHEHUW C MPOU3BOJIb-
HbIMH KO3 puiieHTaMu. DTH NPOU3BOJIbHBIE KOA(DPHUIIMEHTHI 3aJaI0T CTPYKTY-
PUPOBAaHHYIO HEOIPENEICHHOCTh, KOTOpask MOXET ObITh HCIOJb30BaHa JIs
TIOJICTPOMKH MOJIEIIH.

[Tocne mpoBeAcHUS NETAIBHOTO aHAIW3a MPU HCIIOJIB30BAHUM JIMHIBO-
KOMOMHATOPHOTO MOJIETIMPOBAHUS BCEX CYIIECTBYIOLUX PEAKTOPHBIX CUCTEM, U
BO3MO>KHOCTH BO3HHUKHOBEHHS B HUX KPUTHUYECKUX CUTYallUW, MPUBOASILUX K
pa3pylIEHUIO peakTopa (B TOM YMCJIE U B CIy4yae TEPPOPUCTUUYECKUX AKTOB U
JUBEPCUI) Mbl IPULLIN K BBIBOJY, YTO 00O3HAUEHHBIE BbIIIE MPOOJIEMBI pela-
I0TCS TOJIBKO IIPH MEPEXOE Ha YPaH-TOPUEBBIN UK C PEaKTOpPaMH Ha TOILIU-
BE€, HAXOIALIEMCS B )KUJKOM COCTOSIHHH.

DKcrnepuMeHTaNIbHBIN peakTop Takoro tuna (MSRE) 6b11 3anmymien
B 65 TOIy pOIIIOro Beka M ycmemHo mpopabdotan B TeueHue 4 jgetr B ORNL
(CILIA4). Cxema peakTopa MpejacTaBiicHa Ha PHUC.2.
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Puc.2. DxcnepumMenTanbhblii peaktop tHna (MSRE)
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IIpuHATBIE COKpaLLleHH

A3 5P axTHBHAs 30HA SJIEPHOTO pe- I1B IIATATENIbHAs BOJA
aKTopa
BO 06710k 0OYMCTKU OT MPOTYKTOB I IIapOreHepaToOp

SITIEPHBIX PEAKITHI

'] ra3ojlyBKa

XPCP1 xpanwmie pacriiaBa cojieu
dbTopunoB 1 KoHTypa

KCP  peakTtop C paciiaBaMu Co-
Jer GTopuaoB B KOHTYpax

XPC®2 xpanwmuiiie paciuiaBa cojei ¢hro-
PHJIOB IPOMKOHTYpA

KO kommencatop o0nEMa paciiaBa
cosert 1 KoHTypa

[HH1 LIUPKYJLMOHHBIM HACOC pacIuIa-
Ba | KOHTYpa

KI'JI  xanan raznudra paciaBa
coseii 1 kOHTypa

11H2 IUPKYJSIUOHHBIA HACcOC pac-
TUIaBa MPOMKOHTYpA

KTOP xaHajpl TEIuiooOMeHa MEX-
JIy pacriaBaMyd KOHTYpPOB

Ha sTOoM peakTope ObUI OCYIIECTBIEH 3a BpeMsl padOTHI MIMPOKUN KPYT
WCCIICIOBAaHUM U TIOTYYCHBI OOHAAEKUBAIOIINE PE3yIbTaThl. Pe3ynbTaTel omy0-
JUKOBaHBI B 0TYETaX Jab0paTopuu, B HAYIHBIX KypHaIax M JOKIAIbIBAIMCH Ha
koH(pepenuuax. Ho 3arem, pabora Ha 3TOM peakTope Oblla MPUOCTAHOBJICHA.
[Ipoliecc ocBOEHMSI TOPUEBOTO IIMKJIA B BapUaHTE PeakTopoB 0e3 TBEPAOro TOI-
auBa CBENCS K OyMakHOMY TBOpPYECTBY. B pasHbIX cTpaHax ObUIM CO3JaHBI
CJIO)KHBIE U HMHTEPECHBIE M0 BECbMa IIMPOKOMY KpYTy €Il U cedyac He peliae-
MBIX MPOOJIEM MPOEKTHI KUAKOCOJIEBBIX PEAKTOPOB OOJIBLION MOIIHOCTH, MPHU-
4YeM C JOBOJBHO BBICOKMM KO3()(PHUIIMEHTOM BOCIPOU3BOACTBA. B 3TH mpOeKThI
OblIa BKJIFOUEHA CIIOYKHEHWIasi AUCTAHIIMOHHAS nepepaboTka MUPKYITUPYIOMIEro
SJIEPHOTO TOIUIMBA, JIs1 HEKOTOPBIX MPEANOarajoch AOMOJHUTEIBHOE UCIIOJIb-
30BaHHME YCKOPUTENS (DJIEKTPOSACPHBIN OPUANHT). DTH MPOEKTHI OBLIN TPaHIu-
O3HBI, HO COMHHUTENBHBI B OCYIIECTBICHUN M3-3a WX CIIO)XKHOCTH W JOPOTOBH3-
HBI, ¥ TIOOTOMY HE MOJIYYUIIH TOJAECPKKU 1 (PUHAHCUPOBAHMSL.

Hcxonga wu3 yOEXKIEHHOCTH, 4YTO NpeNesbHyl Oe30MacHOCTh H
HAJIeKHOCTh pabOThl peakTopa Jierye BCero 00ecnevuTh B BapUAHTE €ro Ipe-
JIEBHOM TPOCTOTHI, MBI B3SUTUCH (M B 3TOM Hallle OTJIMYME OT APYTUX) 3a pac-
CMOTpPEHHE BapHUAHTOB PEAKTOPOB C JKUIKUM SIACPHBIM TOIUIMBOM OoJiee Tpo-
CTBIX M HaeXHbIX, 4eM MSRE u npennaraBmmxcs mo ero o0pasily BapuaHTOB
OOJBIINX PEAKTOPOB.

Kaxkue npobseMbl 0603HaUUIUCH MpH dKcrutyaTanuu nepsoro XKCP
(MSRE) B Ok-Pumxckoit madopatopun?

1. Beicokass KOppO3MOHHasi aKTUBHOCTb COJIEBBIX PAaCILIaBOB, OCOOCHHO
npu Temmneparype caoime 700°C, ko Bcem Tunam craneil. Koppo3noHHas akTus-
HOCTh COJIEBBIX PACIVIaBOB BO3PACTAET HA MOPSAJKHU MPU OOpa30BaHUU CIEI0B
BOJIbl MJIM MOHOB BOJIOPO/Ia B COJIEBOM PACILIIaBe.

2. OxpylyuBaHHUE CTalM W3-32 HApaOOTKU B COJIEBOM pacCIliaBe Tell-
Jypa, a TaKXkKe APYTUX 3JIEMEHTOB, PUBOAMAIIUX K Pa3pyILIEHUIO CTAIbHBIX TPYO.
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3. Bosmoxnas 3akymopka TpyO, yepe3 KOTOpbI€ IMUPKYIHPYET TOIUIHB-
Has COJIb U3-3a MX KOPPO3HH, a TAKKE OCAKJCHHS Ha METALINYECKUX TOBEPX-
HOCTSIX IIEJIOro psifia OJaropoaHbIX U MOJayOimaropoanbix Metamios (Ag, Pd, In,
Te, Cd, Mo, Ga, Ge, Nb, Ru, Rh, Zn), kotopsie He 00pa3yroT B TOILIMBHOMN COJIH
CTAOMIBHBIX (PTOPHUIOB M TAK)KE OCAKIAIOTCA HAa METAUIMYSCKUX MMOBEPXHOCTSIX
MIepPBOI0 KOHTYpA.

4. HeoOX0IUMOCTh CIIOKHOM paJMOXUMUU, I 0OECTIeYeHUs IPOJI0JI-
KUTEIbHOU PadOTHI.

5. CpaBHUTENHHO HU3KAs pPaJAANUOHHAS CTOMKOCTH MPUMEHSBIIETOCS
rpaduTa, KOTOpas IPUBOINIIA K HEOOXOMMOCTH €ro 3aMeHBI uepe3 3-4 rofa.

6. OrpanmdeHHOE BpeMs pabOTHI M3-3a MPEACITHHO JTOMYCTUMON KOHIICH-
TpalMHd IPOAYKTOB JEJIEHUS B COJIEBOM KOMIIO3ULINH HE MPEBBIMIAIOmeEn 5%.

7. Kak m 1 peakTopoB € KUAKOMETAUTHICCKAM HOCUTEIIEM OCTaeTCS
PHCK 3aMep3aHHs TEIJIOHOCUTENS B TPYOHOM CHUCTEME TEIUIOOTBOJA MEPBOIO M
BTOPOTO KOHTYypa.

Otr ipoOJIeMbl CYIIECTBYIOT B TOM WJIM MHOM Mepe JJIs BCEX Bapu-
aHTOB TIPeIaraeMbIX KHUIKOCOJIEBBIX PEaKTOPOB C IUPKYJIUPYIOUIUM SICPHBIM
TOILJIMBOM I10 TE€INIOOOMEHHOMY KOHTYPY. MBI mpejjiaraeM COBCEM OTKAa3aThCs
OT IUPKYJIAIUU SACPHOTO TOIUIMBA 4Yepe3 BHEIIHUM KOHTYP M OCYIIECTBIISATH
BMECTO 3TOro 3(PeKTHBHOE MEePEeMEIIMBAHUE U TEIJIOChEM B CaMOM aKTHBHOM
30HE.

Ha cnenyromem puc.3 (HoAnucH Te e, 4TO Ha pUC.2) MpeCTaBIICH
3aIaTeHTOBAHHBI HAMH BapHaHT peakTopa 0e3 MUPKYJISAINN TOIUIMBA 3a Mpee-
JaMU aKTUBHOM 30HBI. [IUpKyIAIHS TOTUTMBA MPOUCXOAUT C TIOMOIIBIO Ta3mu (-
Ta, TIPHU UCTIOIH30BAHNUN TEIHS.

" ]

Map <]

KTOP

> Nap

Krn

ns p 4B

LT R R PR I L L )

Puc.3. Cxema peaktopHoit ycraHoBkH (PVY)
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Mgl 3HaeM, Kak OCYIIECTBUTH 3HAYUTENIbHO O0Jiee aKTUBHOE MEepEeMeIn-
BaHME W LMUPKYJSIHUIO TOIUIMBA B MpejesiaX TOJIBKO aKTUBHOW 30HBI M TEM Ca-
MbIM  00€ecTeunuTh BhICOKOI(P(HEKTUBHBIN TEMI00OMEH C TEIJIOHOCUTENIEM BTO-
pOTO KOHTYpa. AT BO3MOXKHOCTb HUCIIOJIH30BATh B KAUECTBE TOIJTUBHON KOMIIO-
3UIIMK HE TOJIBKO paciiaB coiu. O0 3TOM ObLIO YIIOMSHYTO B OITyOJIMKOBAHHOM
cratbe «Peaktop 2020» (AC, Ne§, 2006 r.) 1 maTeHTe Ha MOJIE3HOE YCTPOMCTBO
No ITatent No64424 [12].

Hy»xHO MOBBICUTH paallMOHHYIO CTOMKOCTb MAaTEPHAIOB C HCIIOIb30-
BaHWEM HAHOMATEepUANIOB. Y JAIUTh I'a3000pa3HbIe U JIETyYHE PaJHOaKTHUBHBIC
MPOYKTHI TIPEATONIATACTCS ¢ UCIOIB30BaHUEM HAHOTPYOOK 1Isl 3 (PEeKTUBHOTO
NOTJIOIIEHUS PA3IMYHBIX COPOESHTOB MPU BBEJAECHUU B HUX HAHOMATEpHaNoB [4].
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H.I'. [TosieTaeBa, KaHAUAAT TEXHUYECKUX HAYK, JOLECHT

PEHNIEHUE HAYYHBIX 3AJIAY C IPUMEHEHUWEM SA3bIKA
INPOI'PAMMUPOBAHUA PYTHON

PaccmoTpuMm s3pIk mporpammupoBaHusi Python kak HWHCTpYMEHT IS
HAyYHBIX BBIUMCICHWA W aHanmm3a AaHHbIX. Cpemu MHOTOOOpas3usi TMaKeTOB
Python MO>XHO BBIZIETUTH CIEIYIONIHE OUOTNOTEKH JIJIS 3TOH 1IeIH:

e NumPy mo3BossieT ynoO6HO paboTaTh ¢ BEKTOpaMH W MaTpHUIIAMH, TIPH
ATOM pean3alns BCeX ONeparyii ¢ HUMH TIATEIHFHO ONTUMHU3HPOBAHA;

e Matplotlib — st pucoBanwust rpadukos;

e Pandas — a1 BBITIOJHEHUS aHAJIM3a JIAHHBIX B PEXKUME PEaIbHOTO BpEeMe-
HU;

e SCipy — aJ1s peIIeHUs] CUCTEMbI JIMHEHHBIX U CIOKHBIX U dHepeHIInab-
HBIX YpaBHEHUH, JIJIs1 YUCIICHHOTO HHTETPUPOBAHUS U ONITUMHU3AIIHH;

e SymPYy — CHMBOJIbHBIC BEIYHMCIICHHUS.

OTH OMONMOTEKH TMOIACPKUBAIOT BCE BO3MOXXHOCTH MaTeMaTHYECKOTO
naketa Mathcad, Ho mporpamma, HamucaHHasi ¢ nmoMouielo Matplotlib, Moxer
ObITh BcTpoeHa B Web-caiiT 1 MTHOBEHHO MOKa3bIBaTh BU3YAIM3aIIHIO JaHHBIX.

Hpyrue none3npie OMOIUOTEKU:

e MySQLClient — noctym k 6a3am garnasix MySQL;

e PyODBC mno3Bossier paboTarh ¢ JIOOBIMH UCTOYHUKAMH, TIOJEPKUBAC-
MbiMu ODBC, ¢ 6a3zamm manasix Access, SQL Server, MySQL u Tabmnu-
namu Excel;

e PyMC — nns baifecoBckoro aHanm3a,;

e WebBrowser, UrlLib, ftpLib, ... — paboTa ¢ ceTbio;
o Woget — ns cieuuduyeckoit pabotsl ¢ Web-caiiTom;
e Delorean - myst paGoTsI ¢ AaTOM ¥ BpeMeEHEM;

e TKkinter — rpaduyeckuii uHTEpdEiic;

e Pillow — pa6ora ¢ nuzo0pakeHUSIMH.

[Iporpammel Python BBITIONHSIIOTCS MHTEPHPETATOPOM, UCXOHBIE (ailiibl
UMEIOT pacuupenue *.py. OCHOBHbIE apXUTEKTypHbIe uepThl Python — qunamu-
Yyeckas TUNU3alus, aBTOMATHYECKOE YIPABJICHUE NAMATBIO, IOJHAs WHTPO-
CHEKIUs, MEXaHU3M 00pabOTKN MCKIIIOUEHUH, OIJIep’KKa MHOTOITIOTOYHBIX BbI-
YHUCIIEHUH U yA00HBIE BBICOKOYPOBHEBBIE CTPYKTYPbI IaHHBIX.

B cucreme Windows mporpammel Python MokHO 3amyckaTh JABOMHBIM
HIeTYKOM Ha (aiiie ¢ pacmupenueM .py. [Ipu 3ToM npoucxXoauT 3amyck HHTEp-
IIPETaTopa U BBIIIOJHEHUE IPOTPaMMBbI B OKHE TEPMHUHAJA, KOTOPOE HEMEIJIEHHO
UCYEe3aeT MOocye 3aBepuIeHHs MporpaMMbl. YToOBI N30€XaTh 3TOro, MO>KHO BOC-
M0JIb30BaThCSL CPElol MHTErpupoBaHHON pa3padoTku. JuctpulbyTtuB Anaconda
— 9TO Jy4IIMH BBIOOp, €CIIM HYKEH HE TOJIbKO caMm uHTepnperaTop Python, Ho u
MHOTHE €r0 MaTeMaTU4ECKUE TTAKETHI.
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AJIbTEpHATUBHBIE BAPUAHTHI:
- yctanoBka Python u ero nmakeroB 1o otaensHocTH B cucteme Windows;
- ycraHoBka Anaconda Ha BUPTyallbHYyI0 MaliuHy, Hamnpumep, Oracle
VirtualBox.

JIIs WILTIOCTpalMy IpUMeHeHus si3bika Python m ero OmOnmoTek pac-
CMOTPHUM 3aavy IIOCTPOCHUA HCIIAPAMCTPUYCCKUX OLCHOK INNIOTHOCTH BCPOAT-
HOCTH AACPHOI'O THUIIA P036H6HaTa-Hap3€Ha:

f,(x,8) = (N5”)’1ZN:h((x— X /6),
1)

rne Y €Ry - ciyuaiiHble BEKTOpHBIE BeNMUMHBI, pacTpeie/icHHEIE C HEH3BECT-
HOU TUIOTHOCTBIO BEPOSITHOCTH, 0>() —apameTp criaxkuBanus, h(- ) — BecoBas
GyHKUMS (AP0 OLUEHKH).

Acumnrornyeckue cBoiictBa oneHkd (1) mpu N-+ oo u §(N)+ 0 xoporro
U3yYCHBbI. YCTAaHOBIICHBI, B YaCTHOCTH, YCJIOBHS CXOAMMOCTH TMOTOYEYHON H
PaBHOMEPHOM MO X B Pa3IMYHBIX BEPOSTHOCTHBIX cMbIciax. OgHaKo Bce pe-
3yJIbTaThl, KACAIOIINECS ACUMITOTUK OLIEHOK, CBUAECTEIbCTBYIOT JIUIIb O MPUH-
IUIHAIBHON 3(DPEKTUBHOCTU OLICHOK U YCTAHABIUBAIOT TE€ WU PYTUE YCIOBUS
Ha aCMIITOTHKY YObIBaHHs napamerpa ycpeanenus o(N).

AcCUMNTOTHYECKUE PE3yJbTaThl B IPHUHILIMIIE HE MOTYT JaTh OTBETa Ha
LEHTPaJIbHBIA BOMPOC, ONPEICISIONIMA MPAKTUYECKYI0 PpabOTOCIOCOOHOCTH
OLICHOK, KaK BeIOpaTh d(N) mpu 3ajaHHOM KOHEYHOM 4wmciie HaOmoaennid N Ta-
KM 00pa3zoM, uToObl oleHKa (1) maBana Hawmydinyro (WA OPUEMIIEMYIO HpPH
3aganHoM N) TouyHOCTh. OUeBUIHO, UTO PELICHUE ITOU 3a/1aul MOXKET ObITH TO-
Jy4eHO TOJBKO MPH YCTAaHOBICHHH 3aBHUCHMOCTH IapameTpa YCpEeIHEHHUS OT
HAOMIOJIEHUH, T.e. TEpPeXoJOM OT JECTePMHHHPOBAHHOTO MPOTPAMMHO-
u3Menstomerocs mapamerpa 6=0(N) Kk ciy4ailHOMy, 3aBHUCSIIEMY OT BCEro
HaOopa Habmongenuii {xO}', § = 5{x9}").

Jlist BeIOOpa mapamerpa criaxuBanus 0(N) B HemapamMeTpUuecKux OICH-
Kax TJIOTHOCTH BEPOSITHOCTH TMPEAJIOKEH W MUCCIIEIOBAaH METOJI MaKCUMyMa M-
NUPUYECKOro Npasaonoaodus [1].

CyTh MeTofia 3aKirodaercs B ciemyromem. O6o3HaunM uepes f”(x,8)
OIIEHKY IJIOTHOCTH BepostHOocTH (1), BBIYKMCICHHYIO O BceM y3iaam {x®},

KpPOME |—TO:
f)(x,8) = (N5”)’lih((x—x‘s’)/5). (2)

S#j

OMIUPUYECKYIO (PYHKITUIO TIPABIOTIONOOMS OTIPEACIIUM COOTHOIIICHUEM:
N . .

L) =TT F 0.0). 3)
j=1

31ech Kaxaas U3 OLEHOK (2) HUCMONb3yeTcs JJisl TPOTHO3a BEIUYUHBI

IJIOTHOCTH BEPOSATHOCTH TOJILKO B BBIOpomIeHHON Touke x. B cooTBercTBUM
CO CMBICJIOM NPHUHIMIIA MaKCMMyMa IIPaBIOIOA00Ms mapamerp O BhIOMpaeTcs
U3 yCIOBUS Makcumyma L(5) :
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Sy =arg(maxL(5)). (4)

(s)yN
Ecnu N Benunko, TO Bce MHOXECTBO y3J10B OH moskHo pa30ouTh Ha JBa
MOJIMHOKECTBA: 00ydJaroee U KOHTPOIbHOE, U MTOCTPOUTH OICHKY (2) Ha 00y-
YaroIieM MHOXKECTBE, a (PYHKIIHIO MPaBIONOA00MS Ha KOHTPOIHHOM.
Torpa
f,(x,8) = (N,™) " 2o h((x=x9)/5
sel,
L(s) =] f, (x?,8) 5, = arg(max L(5)
jel, ’ 6>0 ’
rae lo, Ik — HOMepa y31m0B X®), 0THeCEeHHBIX K 00yYaromeMy M KOHTPOILHOMY
MHOKecTBaM. OKOHYATEJIbHO OLIEHKA IUIOTHOCTH BEPOSTHOCTH OIPEAEIIAETCS

dopmymnoit Tn(Xdw)

3agaya pa3OUEHUS] SKCIEPUMEHTAIIBHOTO MaTephayia Ha OOydYarollyr U
KOHTPOJIbHYIO TPYIITIBI, B JAHHOM CITydae, UMEET TOT KE CMBICI U TTOPOKIACT TE
e MPoOJIEMBI, UTO U B 3aja4aX KJIacCU(UKAIIMU U TOCTPOCHUS PEeTPECCHOHHBIX
3aBucumocteil. CootHomeHust (2), (3) omnpenensioT OAWH U3 BapUAHTOB SKO-
HOMHOTO HCIIOJIh30BaHUS YKCIIEPUMEHTAILHOTO MaTepraja, Ipu KOTOPOM OJTHU
U T€ K€ JaHHbIE MHOTOKPATHO Pa3UYHBIM 00pa3oM pa30MBAIOTCA HAa KOH-
TPOJIbHOE U O0ydaroliee MHOXKeCTBA. Takum criocodoM GopMupoBaHusi pyHK-

MU TPaBIONoa00us L(9) IPUXOJIUTCS TOJIB30BAaThCS NPU CPaBHUTEIBHO He-
oompimx N.

[TonuepkHeM copepKaTeabHO HamboJee BaXKHBIM MOMEHT: TO WM HHOE
pazOueHne HaOJIIOJEHUN Ha JIBE TPYIIBI HEOOXOAMMO JIJIsi POBEPKU KadyecTBa
OLIEHOK — BO3MOKHOCTH MX UCTIOJIB30BaHUS I HHTEPIIOJSIIINA BOCCTaHABIMBA-
€MOM 3aBUCHMOCTH.

Kpome Toro, mpu OOBIYHBIX MPEAMOIOKEHHUSIX O CBOMCTBaX BECOBBIX
byHkuuii /(+), umeer Mecto cienyroumii popmanbhbiil (akT. Ecau oTkazatbes

N
S =TT E (xD
OT pa30MeHMsI TaHHBIX Ha TPYMIbI U MPUHATH L(0) = H fn (X9 1o OPUHLIMII
J:
MaKCUMyMa NpPHUBOJUT K TPUBUAJIBHOMY M HEUHTEPECHOMY pe3yJbTaTy
5 = arg(max L(5)) = 0.
Merton (2) - (4) 6611 peann3oBaH B BUJE BBIUUCIUTEIBLHON MPOLIETyphl Ha
s3bIKe TporpammupoBanus Python u onpo6oBaH MOCTpOEHUEM OIIEHOK IIOTHO-

crn BepostHoctn v (%:On) 1o ClTy4aitHbIM O , IMEIOIIIUM 3apaHee 3aj1aH-
HYIO TUIOTHOCTH BEPOSITHOCTH. PacdeTsl ObUIM BBITIOJIHEHBI C MCIOJIb30BAHUEM
pa3n4HbIX BecoBbIX (yHKImA h(U) mpu pasnuunabix N u f(X).

ByneM xapakTepu3oBaTh TOYHOCTh BOCCTAHOBJICHHS OJHOMEPHOM IIOT-
HOCTH BEPOSITHOCTH KBaJPAaTUUYHBIM (DYHKI[HOHAIOM:

U2(s) = TAZN (x,8)dx/ T f2(x)dx, (5)

—00

A% (x,8) = M{(f, (x,8) - T (x))*}.
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*

HazoBeM ontumansHbIM N 3HAYCHHE MapameTpa CTIaXUBaHHS, oOecrie-
yuBaInee MUHUMYM (pyHKIoHana (5):
5y =arg(minU?Z (5)).

)

PacueTsl IOKA3BIBAIOT, 4TO 3HAYCHHUS ON, ompenensieMpie B cuiy (4),
OJIM3KHU K ONTUMAJIbHBIM 3HAYEHUSM apameTpa CriIaKUBaHUS Oy-
HccnegoBanuch crneayroiye BecoBbie (PyHKITNU:

1) rayccoBCKOTO THIIA
h(U) — (27[)71/2 e7u2/2 ,

(6)
2) pUHUTHBIE THUIIA PABHOMEPHBIX
" 1/2,|u| <1
u) = .
0, |u>1 (7)
[IpuBeneM BbIpaKeHUs, OMNPENEIAIONIME KBaApaTHUHbIA (DYHKIIMOHAT

U (9) mist rayccoBekoro N(0,1) u paBHOMEPHOTO pacrpe/ieeH i
A. f(x)=N(0,1)

Jliis siapa (6)
UZ(5,)=(NS) T +(N-1)/(NJ1+52)+1-2%2 ] J2+52.
(8)

s siopa (7)

UZ(5,) =vr{(N5,)™ + (N —l)/(8N5§)_T(erf((x+5N)/ﬁ)—erf((x—dN)/\E))zdx—

25 terf (5, / 2)}+1,

9)

e erf(x) = 2/\/;J.e‘”2du.
0

1 xeloy
B. f(x)_{o, X [0.]

s siapa (6)
U2(S,) =@V N§, ) +(N —1)/(4N)T(erf(x/(\/2_5N ) —erf((x—1) /(2 5,,)))%dx +

1-2%25, (V0 _1)/Jx.

(10)

Hns sinpa (7)
UZ(5,)= (2N, )™+ (N +2)/(3N) S, 1IN, &, =1/3/2(N+2).
(11)
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* a 2 *
B 1a0n. 1 1 2 npuBeneHsl pe3ysibTaThl PACUETOB BEIMYNH OOy Uy (On)
12
q)YHKHI/IOHaJIa U N, KOTOpLIﬁ XapaKTCPU3YCT KAaYCCTBO BOCCTAHOBJICHUS IIJIOTHO-
CTH U ompeaesieTcss HopMYIIOi:

N n . n . «©
UZ =N (f,(xP,8,)- f(x(‘)))zlffz(x)dx.
j=1 0

(12)
Tabaumal
f(x)=N(0,1)
h(u) = (27) /2™ 1/2,|u[ <1
h(u) =
N 0, |u>1
Sy Sy U (6y) Sk Sy Sy Ug(6y) u?

30 0.58 0.65 0.043 |0.010 |0.98 1.00 0.013 |0.007

100 0.45 0.45 0.019 ]0.004 |0.75 0.75 0.006 |0.005

200 0.38 0.38 0.011 |0.004 |0.65 0.70 0.004 |0.004

500 0.32 0.32 0.005 ]0.002 |0.54 0.64 0.002 |0.002

TaObnuma?

1, 01
£(x) = xe[0]]
0, x¢[0]]

h(u) = (27) Y22 1/2,|ul <1

) = (27) %e o) = u
N 0, |u>1
Sy Sy, Ug () K Sy Sy Ug@sy) | U2

30 0.14 0.15 0.105 ]0.127 ]0.22 0.27 0.121 ]0.100

100 0.08 0.06 0.064 |0.050 ]0.12 0.11 0.072 ]0.050

200 0.05 0.04 0.047 10.040 |0.09 0.06 0.053 |0.050

500 0.04 0.03 0.031 |0.032 |0.06 0.06 0.035 |0.030

OnuuMm m3 Oosbmnx npeumyinecTB nakera Matplotlib sensiercs ta cko-
pPOCTh, C KOTOPOIl MOKHO MOCTPOUTH rpaduk. B nmpuBeneHHON HUXKE MHCTPYK-
UM MUMIIOPTUPOBAaH OCHOBHOM Moayib OuOarorekn Matplotlib.pyplot mist mo-
cTpoeHHs rpaduKoB 1Mo uMeHeM Plt, iMeHHO Tak HanboJIee YacTo COKpaIaeTCs
3TO IJIMHHOE UMSI:

import matplotlib.pyplot as plt,

MOCJIe ATOTO0 MOYKHO HCHOJb30BaTh (GyHKIuIo Plot(), kotopas cOOCTBEHHO U
CTpOUT TpaduK.

Monyne random mo3BosisieT TeHepUpoBaTh CciaydaiiHble uncia. IIpexie
YeM MCMOJb30BaTh MOJYJb, HEOOXOJAUMO MOJAKIIOYHTH €r0 C IMOMOIIbIO HH-
CTPYKLUU:

from numpy import random.
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Hanpuwmep, HopmanibHOE pachnpeneicHue T'e€HEPHUPYETCs C IMOMOIIBIO
dbynkmuu U = random.normal(m, sigma, size=N), rae m — cpenHee 3HaveHUE,
sigma — cranmapTHOe OTKJIOHeHHE, N — pa3MepHOCTh MacCUBa CIy4YailHBIX YH-
cen U.

®dyukuus u=random.uniform(a,b,size=N) renepupyer MaccuB paBHOMEp-
HO PacIpe/IeICHHBIX CIYYalHbIX YMCEI C IUIaBaroIIe 3anmsaTol u: a<u<b.

[Tpusenennas ke Gynkuus density(X, d, N) Berduciser HemapaMeTpu-
YEeCKYIO OIICHKY IIJIOTHOCTH BEPOSTHOCTH B (-) X JJIs1 BeCOBOH (YHKIIMH rayc-
coBckoro tuma h(u), rae d — onTUMaNbHBINA MapaMeTp CriaKUBaHUS, OMPEICIIs-
eMBIii 110 anroputMy (2)-(4) mpu 3a7jaHHOM KOHEYHOM Yuciie HaOmoaeHuit N:

Import math
def h(u):
return math.exp(-0.5*u**2)/math.sqrt(2*math.pi)

from numpy import random
def density(x, d, N):
m=0
sigma=1
u = random.normal(m, sigma, size=N)
den=0
for j in range(1,N+1):
den=den+h((x-u[j-1])/d)
den=den/(N*d)
return den
Ha puc. 1-4 npuBeneHsl mpuMepbl OLUEHOK MJIOTHOCTENW BEPOATHOCTEW,
IMOCTPOCHHLIC B CHUJIy OIIMCAHHBIX IIPOOCAYP IIPHU HCIIOJb30BAHHUH PA3JIMYHBIX

S7ep U ONpeCICHUH TapaMeTpa CrIIaKUBaHUsI 10 aaroputmy (2)-(4).

05 - T T T T 0.45
L @ & N(0,1) N=30

. 0.40 |
.o 4 4 uniform N=30 | |
0.35 |

4 4 |® @ N(OI)N=100 ||
A 4 uniform N=100
— fix)

04}

030
03
025

0.20 |
0z

01f

0.0
-6

Puc. 1. [TapzenoBckue orenku miotHocT BepositHocTH f(X)=N(0,1), N=30,100
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ool ® o NIO1)N=200 (| .o ® @ N(0,1) N=500 ||
4 4 uniform N=200 4 & uniform N=500
03 — fix) 1 — fix)
®
0.30 " 030
025 | 0.25
020 b 0.20
015 | 0.15
[

0.10 - 010
0.05 | 0.05
0.00 0.00

-6 —4 -2 0 p] 4 [ -6 —4 -2 0 2 4 6

Puc. 2. [Tap3enoBckue oreHku miotHoctH BepostHocTH f(X)=N(0,1), N=200,500

18 : . - T : 16 i . . : .
e ® ND1) L] e & NOI1)
4 4 uniform || [

14}
& & uniform
o B

Y
121 — flxin=30 15| 5‘03 s — f(x) N=100 |{
. 2

10+ 10}

08 - o8l
06 oe |
04 04

0z 02}

0.0

0.0
-1.0 -0.5

20 -1.0 -0.5

15 20

Puc. 3. [Tap3eHOBCKHE OIIEHKH INIOTHOCTH BEPOSTHOCTH PABHOMEPHOTO pacIpe/ieNieHus,

N=30,100

14 : : - : - 14 : -

® o ND,I) ® & NO1)
121 & 4 uniform 1 12t 4 & uniform
Lol — fon=200]| | — (%) N=500 |
08| 08|
0af 06|
04} 04}
0z f s 1 oz2f
0.0 0.0 L
1.0 05 10 15 20 -10 05 0.0 05 10 15 20

Puc. 4. HapSCHOBCKI/IC OIICHKHU IJIOTHOCTU BEPOATHOCTH PABHOMCPHOI'O paCIIpCaACIICHNA,
N=200,500

[TpuBeném mpoctyto mporpammy Ha si3bike Python, koTopast ctpourt rpa-
¢buk [Tap3eHOBCKOI OIIEHKHM HOPMAJILHOM TNIOTHOCTH PACIPEICIICHNUS:

import numpy as np

import matplotlib.pyplot as plt

N=500

d=0.32 #omrumanbHbIl napamerp crinakuBanus 1 h(u)=N(0,1)
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du=0.64 #onTuMalbHBIA TAPAMETP CTIAKUBAHHS 11 GUHUTHON BECOBON
#GyHKIIUU TUIIa paBHOMEPHBIX, N=500

Xs = np.linspace(-5, 5, 500) # Cetka 3HaYCHHI TI0 OCH a0CITUCC

plt.plot(xs, [density(x, d, N) for x in xs], 'ro',
Xs, [densun(x, du, N) for x in xs], ‘g™,
xs, [gaussian(x, 0, 1) for x in xs], 'b-'

)

plt.legend(['N(0,1) N=500',
‘'uniform N=500',

f(x)'], # CITUCOK JICTCH/IBI
loc="upper right’) # nonoxxeHue jgereH bl
plt.show()

OO61ue KaueCTBEHHBIE BBIBOJIBI CBOASATCS K CJICIYIOIIEMY:
1. I HEOTpUIIATEIBHBIX BECOBBIX (hYHKITUI h(u)=0
BaeTcs BechbMa d(h(PeKkTUBHOM gake mpu MasoM N.

2. PaspeiBHbie (yHKIMHU f(X) BocCTaHABIMBAIOTCS B O0IIEM Caydae CyIie-
CTBEHHO XYK€ HEIPEPBIBHBIX, TUDPEPEHITUPYEMBIX.

3. Haunydiiee BOCCTAHOBJIEHWE IIJIOTHOCTA BEPOSITHOCTUA JOCTUTAETCS
MIPU UCIIOJIb30BaHUU OJHOTUITHOTO C HEH siipa.

4. HenpepblBHBIC TIAJIKUE Sipa TayCCOBCKOTO THIA MPUBOAAT K HEMpe-
PBIBHBIM TJIaJIKUM OIIEHKaM, pa3pbIiBHBIC sipa Tumna (7) IpUBOAAT K Pa3pbIBHBIM
OIICHKAM.

npoleaypa OKasbl-
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JL.I'. IlymkapeBa marucrp
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HCCJIEIOBAHHUE ITPOTOKOJIA WEBSOCKET B JIABOPA-
TOPHOU PABOTE HA IPUMEPE CETEBOI'O B3BAUMOJIEUCTBUA
B 'ETEPOI'EHHBIX CUCTEMAX «WINDOWS -UBUNTU»

WebSocket — 310 mpoTokos MmoSHOMYIICKCHON cBsizum  moBepx TCP-
COCIMHEHMS, TTPEHA3HAUYCHHBINA UIT 0OMEHa COOOIIECHUSIMU MEXITy Opay3epom
1 Web-cepBepoM B pekrMe PeaIbHOTO BPEMCHH.

TexHonorns peanm3and 3TOTO TPOTOKOJIA 00JIATaeT HEOCTIOPUMBIMHU
MIPEUMYIIECTBAMH TIPU WHPOPMAITMOHHOM B3aUMOJCHCTBUYU KJIMEHTA U CEpBEpa
B cpaBHeHHH ¢ ipotokosiom HTTP [1-3].

B cratee omuceiBaeTcs mpumep peanusarus TexHosorun WebSocket B
TETEPOTCHHBIX CETIX B JAOOPATOPHOU paboTe, MOATBEPKAAIOUIUN BCE €€ 10CTO-
uHcTBa. [l mocroBepHOCTH TectupoBanus TexHonorun WebSocket B mabopa-
TOPHOM JIOKAJIbHOM CceTH Oblla CKOH(GUTYpUpOBaHa IreTeporeHHasi CTPYKTypa,
COCTOSAIIAsl U3 JIOKAJTBHOTO KOMIIbIOTEpPA C OmMepainroHHoi cuctemoir Windows
7 u BuptyanpHoi MamuHbl Oracle VM Virtual Box ¢ Ubuntu 14.04 LTS, mexay
KOTOPBIMHU YCTAHOBJICHO CETEBOE B3aUMO/ICHCTBUE.

Jlns paboter mo mpotokony WebSocket 6via ncnons3oBaHa ¢cBOOOIHO
pacmpoctpansemMas yTuiauta websocketd.

3amycK YTHIMTHI B KOMaHAHOW CTPOKE MO3BOJISAET MOATOTOBUTE YCIOBHS,
YTOOBI TPHWJIOKCHUS MOTJIM OCYIIECTBIIATh B3aWMOJICHCTBHE TIO IMPOTOKOIY
WebSocket.

Jlns cemelictBa omnepanuonHbix cucteM LINUX yrunuty websocketd
MOJKHO CKavaTh ¢ oummaasHoro carita websocketd.com. (cm. puc. 1).

CI - L & QGitH &

Get it

BSD, OpenBSD and Solaris

Easy tocopy tosenvers

Puc. 1 Opunmansuslii caiit yrumuter WebSocketD

Jlns reHepupoBaHHS IOCIIEIOBATSIBHOCTH COOOIICHWI Ha CepBEpPHOM
CTOPOHE CO3aJIMM 3X0-CEpPBEP, KOTOPHI OyAeT paboTaTh CIETYIOIIEM 00pa3oM.
[TpocnymmBaetcst onpenenenusiii TCP nunu UDP mopT, mo npuxoay cooOmenus
Ha 3TOT MOPT OHO MEPECHIIAETCS OOPATHO OTIPABUTEIIO, 3TO TO3BOJUT peau-
30BBIBaTh IUKJ MO MEPEHANPABICHUIO MOJb30BATEIbCKUX MOTOKOB B TEUCHHE
CKOJIb YTOJHO JJTUTEIBHOTO BPEMEHU U MOKA COECIUHEHUE aKTHUBHO, MOJb30Ba-
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TEJIb MOKET OTIPABIATH COOOIIEHUS HA CEpBEP M IMOJydaTh OT HETO OTBET 110
npoTokoay Websocket.

Jliist peanmu3aiiy 3X0-cepBepa MCIOJIb30BaH CKPHUITOBBIHN s3bIK bash - 3to
craHiapTHas koMmaHaHas obonouka UNIX nmomoOHbIX cucteM. CKPHHIIOT Cep-
BEPHOI0 Kojla Ha si3bIke bash mpeacrasien Ha puc. 2, B Buje daiina hello.sh.

(2 hello.sh (~fws_ubuntu/ws) - gedit

k.
n_ POTKprTb v ECD,\:paHHTb

= hello.sh x

#! /bin/bash
while true
do

read line
echo Sline
done

Puc. 2. CkpuHIor cepBepHoOro koja Ha bash
PaccMoTpuM cuTyanuio, Korja cepBepHas U KJIMEHTCKas 4acTU peasin3o-
BaHbl HA BUPTYaJIbHOHN MallluHE.
Jlns 3amycka yruiautel websocketd Ha BHpTyallbHOW MalinHe, HE0OXOIU-
MO BBIINOJIHUTH CIICIYIOULYIO IMOCJIEA0BATEIBbHOCTD JCUCTBUM:
1. IloMectuTh B pabouyro Manky paHee CKa4aHHYIO ¢ O(UIHMAIBHOTO caiTa
yruuty websocketd.
2. Co3mamate (cMm. puc. 3) KOMaHAHBIN (alia ayisd 3amycka YTHIWTHI
websocketd coBmecTHO ¢ cepBepHBIM Koj0M daitia hello.sh.

start (~/ws_ubuntu/fws) - gedit

E P OTKpEITE  ~ E CoXpaHuTb |g|

L] start x

khmod 744 websocketd
chmod 744 hello.sh
. /websocketd --port=8081 ./hello.sh

Puc. 3 Cxpunmor ¢aiina quist 3amycka yruiauTtsl websocketd

3. U3 KkoMaHIHOW CTPOKHM BHUPTYyajJbHOW MAIIMHBI 3aMyCTUTH (ailn Ha BHI-
NoJHEeHUE (CM. puc. 4), KOTOPBIH ¢ MOMOINBI0 yTUINTBI websocketd u mpuiio-
keaust hello.sh (Ha CckpuHIIOTE BBIEICHO JKEJITHIM I[BETOM), CO3/AaeT
WebSocket - cepsep coenunenne mo 8081 mopTy ¢ BO3MOKHOCTBIO OCYIIECTB-

JSTh KIIMEHT — CepBEpHOE MH(POPMALIMOHHOE B3aUMOJICHCTBHE.

[>] lubov@Lubov: ~/ws_ubuntu/ws
lubov@Lubov:~/ws_ubuntu/ws$ chmod 744 start
lubov@Lubov:~/ws_ubuntu/ws$ ./start

sun, 15 Jan 2017 16:17:15 +0300 | INFO | server | | Serving using applica
tion : ./hello.sh

Sun, 15 Jan 2017 16:17:15 +0300 | INFO | server | | Starting WebSocket se
rver : ws://Lubov:8081/

Puc. 4 CkpuHinor 3amycka KoMaHAHOTo ¢aiiia B TepMUHATIE

Takum oOpa3zom, cepBepHasi yacThb MPHUJIOKEHHUS 3amylleHa M TOToBa K
NPUEMY BHEIIHUX TOJKIFOYEHHM.
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Knuentckas yacTh NMpuiIoKeHHs — 3TO 3amyckaemas B Opaysepe html-
CTpaHUIIa, KOTOPasi MOXKET «OOIIATHCS» C CEPBEPOM MOCPEICTBOM OTIIPABKH CO-
obmenwuii mo WebSocket-nporokoy.

(] test.html (~/ws_ubuntufws) - gedit

n POTKPMTL\ - ECD,\:paHHTh |:|

testhtml x
<!DOCTYPE html>
<meta http-equiv="Content-Type" content="text/html; charset=utfg">
IP: <input id="1ip" type="text" size="12"
style="text-align:center;" value="127.0.0.1">
.. PORT: <input id="port" type="text" size="6"
style="text-align:center;" value="8081">
<br/><br/>
<textarea id="txt" cols="60" rows="10"></textarea><br/>
<input id="btn" type="button" value="RUN"/>
<pre id="log"></pre>
<script>
function log(msg){
document.getElementById('log').textContent+=msg + '\n';
btn.addEventListener('click',function(e){
var ip = document.getElementById('ip').value,
port = document.getElementById( 'port').value,
ws = new WebSocket('ws://' + ip + ':' + port);
ws.onopen = function(){
Tog( ' CONNECTED');
ws.send(txt.value);

ws.onmessage = function(e){
log('MESSAGE:' + e.data);

ws.onclose = function(e){
log( 'DISCONNECTED:code = ' + e.code);

1
I2H

</script>

Puc. 5 Cxkpunmor html-koia KIMEHTCKOM YaCTH TPUIIOKCHHUS

ITo ymomganuto, coOOIEHUs OTMNpaBIsIIOTCS Ha cepep mo IP ampecy
127.0.0.1.

[Tonp30BaTenh, MMEET BO3MOXXHOCTh WM3MEHUTH 3HaueHue |P-agpeca u
noAkounThest kK WebSocket-cepBepy, 3amyiieHHOMY Ha yAaJl€HHOM KOMIIbIO-
Tepe.

OtkpsiB html-cTpanuity B Opay3epe MOXHO MPOBEPHTH B3aHMMOJCHCTBHE
KJIMEHTa U cepBepa (cM. puc. 6).

B Tepmunane, ¢ kotoporo 3amymeno WebSocket - cepep coenunenue,
oTOOpaXkaeTcs MPOIECC MOAKIIOYCHUS KIIMSHTOB (CM. puc. 7).

Mozilla Firefox

file://fhome...s/test.html x Y&

file:///home/lubov/ws_ubuntufws/test.htm [

IP: 127.0.0.1 ... PORT: 8081

Hello, Server!|

RUN

CONNECTED
MESSAGE :Hello, Server!

Puc. 6 CkpuHIIIOT B3aMOJICHCTBHS KJIMEHTA U CepBepa
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lubov@Lubov: ~/ws_ubuntu/ws

Llubov@Lubov:~/ws_ubuntu/ws$ ./start

Sun, 15 Jan 2017 17:14:26 +0300 | INFO | server | | Serving using applica
tion : .[/hello.sh

Sun, 15 Jan 2017 17:14:26 +0300 | INFO | server | | Starting WebSocket se

rver : ws:/fLubov:8081/
15 Jan 2017 17:14:46 +0300 | ACCESS | session | url:"http://127.0.0.1:80
' id:'1484489686289336387"' remote:'localhost' command:'./hello.sh' origin:'fi
" | CONNECT

Puc. 7 Ckpunmior noakmodenus kiarenta k WebSocket-cepsepy

®dakT MOAKIIOUCHHS KIIMCHTA K CEPBEPY OTMEUCH HAa CKPUHILIOTE XKENTHIM
1BeToM. [Ipu 3TOM COeIMHEHUE HE pa3phIBacTCs, TaK KaK 3X0-CePBEP peaiu3yeT
MHOTOKpaTHbIN LMKI. Eciu 3akpbITh Opay3ep TeKyllee COeIMHEHUE Pa3pbiBacT-
Csl, HO TIPH ATOM CEpBEP MPOA0IDKAET paboTaTh.

[Tocrne 3amycka u npoBepku GpynknronupoBanus WebSocket - cepsep co-
CIMHCHUS Ha BUPTYaJbHON MaIIUHE, IPOTECTHPYEM 3TY TEXHOJIOTHIO B FeTEPO-
TCHHOM CHUCTEME JUIS IBYX BapHAHTOB:

1. Cepgsep 3amymen Ha Ubuntu, kimmenT — ma Windows 7.
2. Cepsep 3anymien Ha Windows 7, kiuent — Ha Ubuntu.

Bapuanm 1. TlepeHecéM KIMEHTCKYIO YacTh B OTECPAIMOHHYIO CHUCTEMY
Windows 7 u npoBeném tectupoBanue. 3amyctum WebSocket-cepeep na Ub-
untu.

3areM OTKphIBaeM KJIMEHTCKYIO 4acTh B Opaysepe u MeHseMm |P-aapec,
yCTaHOBJICHHBIN 10 yMoJ4aHuto, Ha IP-anpec BupTyanpHON Marmubl ¢ Ubuntu.
OtmpaBiisieM cooOIeHne Ha cepBep (cM. puc. 8).

[ i | filey//Dy/Habarov/ws2/2_Client2.html
IP:| 192.163.1.40 |..PORT: 8031

Hello, Ubuntu!

RUN

CONNECTED
MESSAGE:Hello, Ubuntu!

Puc.8 Cxpunmior B3anmoseiictsus kiarenta Windows 7 u Ubuntu-cepsepa

B tepmunane na Ubuntu otoOpakaercss uHpoOpMaLus O MOAKIOYEHUU C
IP-anpeca 192.168.1.38 (cm. puc. 9).

- lubov@Lubov: ~fws_ubuntu/ws

Lubov@Lubov:~/ws_ubuntu/ws$ ./start

Sun, 15 Jan 2017 18:01:02 +0300 | INFO | server | | serving using applica
tion : ./hello.sh

Sun, 15 Jan 2017 18:01:02 +0308 | INFO | server | | starting WebSocket se

rver : ws://Lubov:8681/

Sun, 15 Jan 2017 18:01:17 +0300 | ACCESS | session | url:'http://192.168.1.40
:8081/' id:'1484492477766772059' remote:'192.168.1.38"' command:'./hello.sh' orig
in:'file://' | CONNECT

Puc. 9 CKpHHIIIOT TepMHUHAIA TIPU TOAKTIOUeHIH Kiruenta ¢ Windows 7
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Ha ckpunmoTe nHdopmarms 0 MOAKITIOYCHUHN BbIICIICHA KEITHIM IIBE-
TOM.

Bapuanm 2. ]Ins nemoHcTpanuu pabOThl KIHEHT-CEPBEPHOTO MPHIIOKE-
HUS B ciydae, eciu WebSocket-cepsep 3amymien Ha Windows 7, kak u paHee
HEO0OXOJIMMO CKayaTh ¢ OPHUIIMaIBLHOTO caiiTa Bepcuio yTuiauThl websocketd, HO
ISl OTIEPAIIMOHHBIX crcTeM cemericTBa Windows.

Dxo0-cepBep OyAeT peann3oBaH CPEJACTBAMHU S3bIKa MPOTPaMMHUPOBAHUS

C# (cm. puc. 10).

*%, EchoServer.Program

Ssing System;
using System.Cellecticns.Generic;
using System.ling;
using System.Text;

-Inamespace EchoServer
{
] class Program
{
= static veid Main(string[] args)
{

while (true)

{
var msg = Console.ReadlLine();
Conscle.WriteLine(msg + '\n');

}

h
¥
}

Puc. 10 CxpuHIIOT K0/1a 3X0-cepBepa Ha sizbike C#

Dxo0-cepBep Ha C# paboTaeT aHAIOTMYHO CO3JJAHHOMY paHee CepBepy Ha
s3bike bash.

Co3mgamuM KOMaHIHBIN aitn s 3amycka ytuiautel Websocketd cos-
MECTHO C CepBEpHBIM Ko1oM (aiina (cMm. puc. 11) mox Windows.

= 2_stat-ws-c#cmd 3 \

| 1 websocketd —-port=B081 2 EchoServer.exe
Puc. 11 Ckpunior komanHoro ¢aitna ais 3amycka yruiuTsel websocketd

3anmyctuM (aitn B koMaHaHou ctpoke, WebSocket-cepBep oprann3oBaH.

3amycTiM KJIMEHTCKYIO YacTh MPHIIOKEHUs B Opay3epe Ha BHUPTYaTbHOU
mammHe ¢ Ubuntu u otmpaBuM COOOIICHHWE Ha CEpBEp, PACIOJIOKCHHBIA Ha
Windows 7 (cwm. puc. 12).

Mozilla Firefox

file:///home...s/test.html x &I

file:///home/lubov/ws_ubuntu/ws/test.htm c
IP: 192.168.1.38 ... PORT: 8081

Hello, Windows 7!

RUN

CONNECTED
MESSAGE:Hello, Windows 7!

Puc. 12 Cxpunmor B3aumojeiictsus kiarenta Ubuntu u cepsepa Windows 7
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Tem Bpemenem, B komauaHou ctpoke Windows 7 otobGpaskaercs uadop-
Marus o noakitoueHuu ¢ IP-anpeca 192.168.1.40 (cm. puc. 13). Uadopmarnus o

IIOAKJIIOUCHHU 0T06pa)KaeTC5I Ha CKpHHIIOTC KCJITBIM IBCTOM.
BN C\Windows\system32\cmd.exe - 2_start-ws-c#.cmd |£|EI_J

d:~Habarovsws2>2_start—ws—cH.cnd

m| s

d:“Habharovsws2>uehsocketd ——pu}t =8081 2_EchoServer.exe

Sun, 15 Jan 2017 18:27:35 +0300 INFO I server I | Serving using applical
tion : .n2_EchoServer.exe

Sun, 15 Jan 2017 18:27:3C 10300 ! INFO I server I | Starting WebSocket se

+M300 ! ACCESS | session I url:"http:/7192_168_1_.38

sms1/ id: 14844942586666116@@‘ remote:’192.168.1.40° command:’ .~\2_EchoServer.e
xe' origin:’'file:/r’ | CONNECT

Puc. 13 CkpyHIIOT KOMaHHOHM CTPOKH TIpH MOIKII0oYeHnH Kimenta ¢ Ubuntu

[IpoBeneHHOE TECTUPOBAHUSA YOSAUTEIHHO MOKA3BIBAECT, YTO TEXHOJIOTHS
WebSocket ycnenHo paGoTtaeT kak B OZHOPOJIHBIX, TAK U T€TEPOTCHHBIX Cpe-
Jax, IOJATBEPKasi BCE CBOM MIPEHMYIIIECTBA B UCIIOJIb30BAHUU.
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HBIX JATYUKOB B MH(OPMALMOHHOW CHCTEME MOHUTOPWHTA JIECHBIX TEPPHUTO-
puiil. /MIHpOpMallMOHHBIE CUCTEMBI U TEXHOJOTHHU: TEOPUS U MPAKTUKA: COOp-
HUK Hay4dHbIX TpyaoB Ne 9 - CII6.: CIIOIJITY, 2017.

C.C. TypOun acriupanT

BbIBOP CPEACTB UMUTAIITMOHHOI'O MOJAEJINPOBAHU
BAPUAHTOB OPTAHU3AIINY PESEPBUPOBAHHOU
KOMMYHUKAIIMOHHOU CUCTEMbI

[Ipu nmpoexTupoBaHUM MHPOPMAITMOHHBIX CUCTEM Pa3IMYHOTO MPUKJIIAJI-
Horo HazHaueHus [1,2] TpeOyercs oOecrneuuTh BHICOKYIO HAACKHOCTH [3] U
YCTOMYMBOCTh (PYHKIIMOHUPOBAHUS [4] KaKk CUCTEMBI, B 1I€JIOM, U B €€ KOMMY-
HUKAIMOHHOMN MOJICUCTEMBI. 3a/adya o0ecreueHus] HaJe)KHOCTH (DYHKIITMOHUPO-
BaHUS OCOOEHHO OCTPO CTOUT JJISI CUCTEM, PEaIM30BaHHBIX, HA OCHOBE OecCIpo-
BOJHBIX cerer [5-7]. JIns obecnieyeHuss TpeOyeMou HaJeKHOCTH, MPOU3BOIH-
TEJIBHOCTU U OTKA30yCTOWYMBOCTH KOMMYHUKAIMOHHOW MOJICUCTEMbI HCIIOIb-
3yeTCsl PE3EPBUPOBAHNE KOMMYHUKAIIMOHHBIX CPEJICTB, B TOM YHUCJIE arperupo-
BAHME KAHAJOB IPU PA3JIMYHBIX BAPUAHTAX OPraHU3aALMU HAJAEKHOU JOCTABKU
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[IAKETOB C HCIIOJIb30BAHUEM MEXAaHU3MOB PE3EPBUPOBAHHON NEpeaun MMAKETOB
UX MMOBTOPHBIX Mepeaay u ¢pparmeHTanuu [8-12].

Br100p parmoHanbHbIX BAPUAHTOB CTPYKTYPhI CETH, OpTraHU3ali OOMEeHa
TpeOyeT peaiu3auu MoJeaupoBanus. M3BecTHbIE aHAIUTUYECKHE MOJIEIH
MOAJCPKKU MPOEKTUPOBAHUS CUCTEM C arperupoOBaHUMEM KaHAJIOB, HE YYHTHI-
BaIOT BIIMSHHME Ha HAACKHOCTb M d(PPEKTUBHOCTH JIOCTABKH JTAHHBIX MHOXeE-
CTBEHHOI'0 JIOCTYIMa, KPOME TOTO MX BO3MOXKHOCTH OrPaHUYEHBI IOKA3aTENb-
HBIM pacrpe/eIeHHeM MPEeaNoiaraéMbIX MOTOKOB 3allpOCOB U BPEMEHH 00CITY-
*KuBaHHs. VIMUTAIIMOHHBIE MOJIENIM CUCTEM C arperupoBaHHEM KaHAJIOB WU pe-
3epBUPOBAHHOM Mepenadeil MakeToB, pacCMOTpEeHHbIE B [13] — HE yYUTBHIBAIOT
pean3alnuyi MHOKECTBEHHOTO JIOCTYIa M KOHKPETHBIX MPOTOKOJIOB OOMEHA.

B cBsi3u ¢ 3TUM B HacTOsIIIEH CTaThe CTAaBUTCS 3aj7ava aHaliv3a U BbIOOpa
CPEIICTB MIMHUTALIMOHHOTO MOJEIUPOBAHUsS, KOTOPHIE MO3BOJSIOT Y4€CTh CTAaH-
JApTHBIE MPOTOKOJBI M TapamMeTpbl KOMMYHUKAIIMOHHOTO OOOpYJAOBaHMS, MC-
II0JIb3yEMOT'0 B COBPEMEHHBIX CETSIX.

NmuTanmoHHass MOJENb MOANEPKKU MPOEKTUPOBAHUS PE3EPBUPOBAHHBIX
CETEBBIX CTPYKTYp JOJKHA yIOBJIETBOPATH BCE NOTPEOHOCTH MO aHANIU3Y JaH-
HBIX C BO3MOXKHOCTBIO MacIITAOMPOBAaHUS Ha 00JI€€ CI0MKHBIE TOTIOJIOTHH.

[Ipu 3TOM MMUTALIMOHHAS MOJIEIb TOJKHA 00€CIIEYNBATD:

-MacIITabUPyEMOCTh: BO3MOKHOCTh 3aITyCKa MOJIEIUPOBAHUS C OOJIBIINM
YHUCJIOM BBIYMCIMTENBHBIX Y3JI0B 332 Pa3yMHOE BpEMS;

-TUOKOCTh: BO3MOXHOCTh YKa3bIBaTh B OINpPEACIIEHHOM KOH(UTYpaluoOH-
HOM (paiiie COOTBETCTBYIOLIME TapaMETPbl MOIETUPOBAHUS;

-COOTBETCTBUE CETEBBIM TPEOOBAHUSM: HACTpauBaeMas TOIOJIOTUS CETH C
pEaNMCTUYHOM MOJIOCOM MPOIYCKaHMsI, 3aJI€P>KKH NAKETOB, JIOJKHBI OBITH 00ec-
NI€YEHBI TOTEPH;

-[IOBTOPHOE HCIIOJIb30BAHUE PE3YJIBTATOB MOJECINPOBAHUS;

-CTaTUCTHUKA: COOpP CTATUCTUYECKUX JAHHBIX, B KOTOPHIC BXOIAT OTIPAB-
JICHHbIE, TIOJYyYEHHbIE MAKEThI, IEPEChUIKA CETEeBOro Tpaduka Ha y3eid, yCHelll-
Has WU HEyJlauyHasl JOCTaBKa, YHCJIO MAKETOB; MPEJOCTABICHHbBIE PE3YJIbTaThI
JOJDKHBI UMETh (OpMaT, KOTOPBIA JIETKO TMOJJAaceTCs AAbHEUIEeMy aHaIu3y
(Hampumep, TeHepalys rpaguKkoB, HaCTpauBaeMbIe (PHIIBTPHI U T.11.);

-BU3YAIM3aIUs: IJIs TOTO, YTOOBI TPOBEPUTH OITUOKK B MPOTOKOJIAX TIe-
peaadyd W TOIMOJOTUU CETH, HEOOXOAMMO MPEIOCTABUTH Ipa@UUeCKuil MHTEp-
deiic s BU3yaau3aiy JaHHBIX.

Ha cerogusimiHuii J1eHb CYIIECTBYET MHOKECTBO Pa3IMYHBIX CETEBBIX
UMUTATOPOB JUIsl TIOCTPOCHUSI CETEBBIX Mojened. Bribop cumynsitopa Oo4eHb
Ba)KEH MPU MOJEIMPOBAHUHU U aHAIM3€ MPOU3BOJAUTEILHOCTH CETH. XOPOIIUM
CUMYJIATOP 3TO TOT, KOTOPBIA MPOCT B MCIOJIb30BAHUH, 00ECTIEUYNBAIOIINI THO-
KOCTh B pa3pabOTKe MOJENH, MO3BOJSIOIUN OCYIIECTBIATh MOIU(DUKALNIO U
MPOBEPKY, BKIIIOYAIOIINN COOTBETCTBYIOLIMI aHAIU3 BBIXOJHBIX JTAHHBIX MOJE-
JUPOBAHUS, TEHEPATOP MCEBIOCTYyYalHBIX YUCEI, a TaKke 00JaIalomuil cTaTh-
CTUYECKON TOYHOCTHIO PE3YyJIbTaTOB UCCIIEIOBAHHUS.

Cpena MMHUTAIIMOHHOTO MOJETUPOBAHUS BKJIIOYAET B ce€0s MHTETPHUPO-
BaHHBIN, yHUBEPCAJIbHBIN, IPOCTON B UCIOIB30BaHUU Tpadudeckuii uHTepdeiic,
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WHCTPYMEHTHI, TTO3BOJISIONINE MPOCKTUPOBIIUKY pa3padaThiBaTh U MOECIHUPO-
BaTh BbIUKCIMTEIbHBIC ceTH, Takue kak SNMP, TL1, TFTP, FTP, Telnet u mp.

Cy1miecTByeT MHOXKECTBO MAKETOB CETEBOr0 MMUTALMOHHOTO MOJEIHPO-
Banusa, takux kKak OPNET, NS2, NS3, NetSim, OMNeT++, REAL, J-Sim,
QualNet.

NS2 - nuckpeTHas cpela MOJAEIUPOBaHUS, OPUCHTHUPOBAHHAS HA CETEBbIC
coObITHsi. ObecrnieunBaeT MOJIEPKKY MoJenupoBanus npotokona TCP, nmpoto-
KOJIbl MHOTOQIPECHOM nepenaur (IpoBOAHBIE U OeclpoBOIHbIE) B nanHOM cpe-
JIe HE MPEeTyCMOTPEHBI IPOTOKOJIBI MAaPIIPYTU3ALINH.

NS3 - cpena ceTeBOro UMUTAIIMOHHOTO MOJEIUPOBAHUS ISl JUCKPETHBIX
COOBITHH, C OTKPBITBIM HCXOJHBIM KOoJoM. [IpemHa3HadeH B MEpPBYIO OYEpelb
JUTSL ICCIIEIOBATENBCKUX U 00pa30BaTEIbHBIX LENEH.

OPNET (Optimized Network Engineering Tools): - oOmumpHbIi 1 MOIITHBIH
MaKkeT MPOrpaMMHOIO OOecreyeHus: Il MOJCIUPOBAHUS CETeH C MIMPOKUM
pazHOO0pa3ueM BO3MOXKHOCTEN U MOAJIEPKKON PA3IMYHBIX MPOTOKOJIOB.

NETSIM (NetworkBased Environment for Modellingand Simulation): -
MPWIOKEHUE, MPETHA3HAYCHHOE JIJII UMHUTAIMU pabOThl CETEBOTO 00OpYyaA0Ba-
HUSL ¥ IporpammHoro obecrneueHusi npousBogutens CiscoSystems u mpenHa-
3HAUEH IS OKa3aHUsl MOMOIIM TOJIb30BATENI0 B U3YYEHUH KOMaHIHOW CTPYK-
typsr Cisco 10S.

JSIM (Java-based simulation): - cuctema JuIst TOCTPOCHHS KOJIMYECTBEH-
HBIX IU(POBBIX MOJAENCH W aHANM3a WX B OTHOIICHWH SKCTIICPUMEHTATBHBIX
CIIPABOYHBIX JAHHBIX.

OMNet++: - pacmmpsiemasi, MOay/IbHasi OMOIMOTEKAa HA OCHOBE KOMIIO-
HeHTOB C++ u GpeiiMBOpPK, B MEPBYIO OYEPEh AJIsi MIOCTPOCHUS CETEBBIX CUMY-
JSTOPOB. MOJENb CTPOUTCS U3 UEPAPXUUYECKU BIIOKEHHBIX MOMYJEH, KOTOPHIE
O0OMEHMBAIOTCS TAHHBIMU C TIOMOIIBIO Nepeaaun cooodmenuid. st onpeaeneHus
ctpykTypbl Mmojenu OMNet++ ucnonb3yet s3uik Tomogorun, NED. Paccmar-
puBaeMasi CUCTEMa MOJICITMPOBAHUS BKIIIOYAET B ceOsl MPOCTON B MCIIOJIH30BA-
HUU rpaduyeckuii uHTEpQEic, coaepKaniuil Bce He0OX0AMMbIe BO3MOKHOCTU
JUTSI IPOEKTUPOBIIINKA CETH.

OMNeT++ peanuzyer MHOXKeCTBO (PyHKUNH, HEOOXOIUMBIX JIJIsl BU3ya-
mu3anuu. BetpoeHHnsrit rpadgudeckuii natepdeiic oToopaxaeT TOMOJIOTHIO CETH,
Y376l B TIepeilaBaeMble COOO0IIeHNsI. BO3MOKHOCTH OTIaKH MO3BOJISIFOT MTPOBO-
JIUTH JIETATbHBIN aHAIU3 COJIECPKUMOTO HH(POPMAITMOHHBIX MTAKETOB M MTapaMeT-
poB y310B. ['padudeckuii unTepdeiic MoxKeT ObITh OTKIIFOUEH Jisg 0osiee ObICT-
poro mozaenupoBanusi. Ha pucynke 1 mpencrapiieH npumep rpauueckoro uc-
MOJTHEHUSI UMHUTALIMOHHONW MOJIENH, COCTOSIICH W3 HECKOJBKUX BBIYHACIUTEINb-
HBIX Y3JIOB.

SABHoe npenmymiectBo OMNet++ 1o OTHOIIEHUIO K APYTHM PEIICHUSIM -
31O Hcnoib3oBanue ¢GpeitmBopka INET. JlanHbIi (GperiMBOPK COMEPHKUT MHO-
TOUYMCJICHHBIE MOJIEM CETEBBIX YCTPOWCTB W TMPOTOKOJIOB, BKIIIOUAS MOJICIH
MAC Ethernet, mogaepkXKy IOTOTHHUTEIBHBIX MEXaHH3MOB OpPraHU3AIMH OYe-
peneit, HampuMep, C MOMEYCHHBIM MPHOPUTETOM. DTO TOMOTAET yYMEHBIIHUTH
Bpems pazpaboTku mojnenu. [laker coctout u3 6GUOAMOTEK KIACCOB S3bIKA MPO-
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rpammupoBanust C++ 171 sapa CUCTEMBI, a TAK)KE BCIIOMOIaTENIbHBIX KJIACCOB
(I7st TeHepaluy Cy4yalHbIX YUCeN, cOopa CTaTUCTUKHU, pa3pabOTKU TOMOJIOTUU
U TIp.). DTU KJIACCHI UCTIONB3YIOTCA JIs CO3/IaHMsI KOMIIOHEHTOB UMUTAIIMOHHOM
MOJEIN: MOAYJIN, KaHAJbI U TIp.

Bushetwork [ﬁ: BusNetwork.host3

| iPvdMetworkConfigurator
[ 1|
etherBus

DOV

Et2 Et3

& &

hogtl Etl

etherBusl

Puc.1. I'padmueckuii pexnm B makere Omnet++

Br16op nonaxoasiiero nakera MOAEIUPOBAaHUS JIJIsl KOHKPETHOIO MPHUIIO-
KEHUSI He sBJsieTcs Jierkod 3amaueil. [[ns BpiOOpa moaxonsuiel mporpammsl,
BaXHO MMETh 3HAHUS O MHCTPYMEHTAaX, JIOCTYIHBIX Hapsay C aHaJIM30M CHJIb-
HBIX U cJa0bIX CTOpOH. Ba)XHO Takke rapaHTUpOBATh, YTO PE3YJIbTATHI, MOTY-
YEHHBIC C MOMOIIBI0 CUMYJISTOPOB JIEHCTBUTENBHBI U 3aCITy>KHUBAIOT JOBEPHSL.
BbuT paccMOTpeH TeNblil psii MIHPOKO MCMOJIB3YEMBIX CETEBBIX CUMYJISTOPOB, B
tom uncie NS-2 u OPNET Modeler. NS-2 siBnsieTcst monmysipHbIM CETEBBIM CH-
MYJISITOPOM CPEAM HAYYHOTO COOOIIECTBA, KOTOPBIA JOCTYIICH AJISi CKAUMBAHHMS
0e3 kakux-1ubo 3arpar. Tem He MeHee, NS-2 TpyHO UCTIOIB30BATh, TAKETUME-
eT ckyaHyro nokymeHTtanuo. OPNET sBasercss komMepUyeckuM MmakeToM, KOTo-
pBIif UMEeT OOMUPHYI0 OMOTUOTEKY MOJIeNel, yA0OHbIN rpadudecKuii MoIb30-
Barensckuii unrepderic (GUI), n HacTpanBaeMble MPE3CHTAMH PE3YJIHTATOB
moxaenupoBanusi. Tem He menee, OPNET nmoporoit maket, maxxe ecnu oH Oyjaer
UCIIOJIb30BaThCSl B paMKax aKaJeMUYECKUX MporpaMMm yHuBepcuteTa. s pe-
IICHHUs TIOCTaBJICHHOW 3a7aun OblUla BhIOpaHa cpelja UMUTAIMOHHOTO MOJEINH-
poBanusi OMNet++. MoTtusanueii ucnons3oBanusst OMNet++ B kauecTBe make-
Ta MOJCIUPOBAHUS JJI UCCIICIOBAHMNA SBISETCS TO, YTO OH TpeJiaracT 00b-
enuHeHHsle npeumyiectsa NS-2 u OPNET, sBnserca GecruiatHoi cpenoit ¢
OTKPBITHIM UCXOIHBIM KOJIOM.

Takum oOpa3om, MpOBEICHHBIC HCCIEIOBAHMS TMOKa3ald IeIecoo0pas-
HOCTh WCIOJIL30BaHUs TIPU MTOCTPOCHUN MOJIEICH MOAIEPKKH MPOCKTHPOBAHHSI
pe3epBUPOBAHHBIX NHPOKOMMYHHUKAIIMOHHBIX CUCTEM CPEACTB UMUTAIMOHHOTO
monenupoBanus OpnetModeler, OMNet++ ¢ pacmmpeHHbIME OHOTHOTEKAMHU
MOJIETTUPOBAHUSI.
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C.I1. Xa6apoB, kaHIUaT TEXHUYECKUX HAYK, JOLECHT

NCITOJIB3OBAHUE YTUJINTBI WEBSOCKETD JIUIAA YAIAJTEHHOI'O
BBIITOJTHEHUSA ITPOT'PAMM

[Tpotoxon WebSocket mommepxkuBaeT TEXHOJOTHIO JIBYHANpPaBICHHOMN
CBSI3M MEXIy Opay3epoMm u cepBepoM. [Ipu moakiroueHuu K cepBepy Opaysep
noceutaeT eMmy HTTP 3arosioBok ¢ 3ampocom o ero noaaep:xkku WebSocket. Ec-
JIU cepBep OTBEYAET MOJIOKUTEILHO, TO Aanbiine HTTP npekpamaercs u obiie-
Hue uaet no nporokory WebSocket, koropsiit He umeer ¢ HTTP Huuero o6mie-
ro U MO3BOJIAET 00EUM CTOpOHAM OOMEHHMBATHCS JTAHHBIMHU MPAKTUYECKU B pe-
QJIbHOM BPEMEHHU U TIOYTH 03 JIUIITHETO CETEBOTO Tpaduka.

WebSocket — 310 camoe kapauHanbHOE paciiupenue nporokosa HTTP
C ero mnosiBieHus. M3Ha4yanbHO CUHXPOHHBIN MPOTOKOJI Ha MOJEIH «3alpoCc —
OTBET» CTAHOBUTCS MOJIHOCTHIO ACHMHXPOHHBIM M CHUMMETPUYHBIM, YTO JIA€T
MOJIHYIO CBOOOTy B 0OMeHe JaHHbIMU. [lob30BaTeNb caM pelraer, Kak 3TO HC-
M0JIH30BATh.

B 4gacTHOCTH, 3TOT MPOTOKOJI UCITONB3YIOT IS IMapajuICIbHBIX BBIUKCIIC-
HUM, MOCTPOEHUS pacnpeeneHHblx cucreM u Web-npunoxenuit. CoctaBHOM
JaCThIO ATUX 3aja4 SIBISICTCS yJIaJCHHOE BBIMOJHEHUE TIporpamm. Llenpro nan-
HOM CTaThU SABJISETCS PaCCMOTPEHHUE OJHOTO M3 BO3MOXHBIX TMOIXOJIOB K €€ pe-
meHuo Ha 6a3e nmpotokona WebSocket.

I100x00 Kk peanuzayuu WebSocket na kiuenme u cepeepe.

Yro kacaetcs cepBepHoii peanusaiuu WebSocket, To 3xeck nmeetcs mu-
POKHUI BBIOOpP pa3HBIX MPOTPAMMHBIX MPOAYKTOB U MOAX00B. OT MOCTATOYHO
MOIITHBIX CEPBEPOB MPHIIOKEHHUH 110 COOCTBEHHBIX pa3zpaboTok. CepBepamu
MPWIOKEHUH, Y KOTOPBIX ecTh mojaepkka WebSocket, sBisiroTcst:

. GlassFish 4, xoTopslii sBiseTCs STalIOHHOW peanu3anuend MmiaaTGopmsbl
Java EE 7 (https://glassfish.java.net/),
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. IBM WebSphere Application Server (http://www-03.ibm.com/software/
products/ru/appserv-was),
. Apache Tomcat 7 (https://tomcat.apache.org/) u psig ApyTux.

N3BectHbl peanuzaun WebSocket cepsepoB Ha Java, na C#, na Node.js,
Ha acCMHXpPOHHOM (¢peiimBopke phpDaemon. OnHako Bce OHU TpeOYyIOT JOCTa-
TOYHO CJIO)KHOW HACTPOMKH, a TaKXKe 3HAHUS SI3BIKOBBIX CPEJNICTB, C MOMOIIBIO
KOTOPBIX MOYKHO BBECTH CEPBEPHYIO 00pabOTKY.

OT »3TOrO0 BO MHOTOM CBOOOJHA JIOCTATOYHO TIPOCTas YTHIINATA
WebSocketD (http://websocketd.com/), kotopas 3amyckaetcs B (pOHOBOM pe-
XKUMeE (IIEMOH), OpraHu3ys cepBepHbId cokeT. OHA UMEET pean3alliu Mo pas3-
Heie Tunibl OC. Ee apXuB COAEPKUT BCETO OJUH BBITIONHSIEMBIN (hailyn, KOTOPHIi
He TpeOyeT HUKAKON Ha4aIbHOW YCTAaHOBKH.

Ee mocromHCTBOM TipH peanu3anuy HEOOJIBIINX MPOSKTOB W 3HAKOMCTBE
c TexHoJoruen pabotsl ¢ mporokoioM WebSocket, siBisieTcss To, 4TO OHA MO3-
BOJISIET ISl pa3pabO0TKU CEPBEPHBIX KOJOB U3 MHOXKECTBA SI3bIKOB BHIOpATh TOT,
KOTOPBIN 0OoJiee BCero JocTymeH pa3padotuuky. CepBepHbIE KOJbI MOTYT pa3pa-
0aTbIBaThCSl HA Pa3HBIX s3bIKax. B TOM 4yucie U HAa CKPUNTOBBIX, KOTOPBIE BXO-
nsT B coctaB nocraBku camux OC. Takux, kak bash (Linux), VBScript u JavaS-
cript (Windows).

Yro kacaetcs peanmzanuu WebSocket Ha kireHTCKON CTOpOHE, TO 371ECh
HaJI0 OTMeTuTh, uTo WebSocket — 3To coBpeMeHHOE cpeicTBO KOMMYHUKAITUH,
KpOCC-IIOMEHHOE, yYHHMBepcaibHOe H Oe3omacHoe. OH MoaAepKUBaeTCs OOJb-
IIMHCTBOM COBpEeMEHHBIX Opaysepos: Internet Explorer 10+, Mozilla Firefox
11+, Google Chrome 16+, Opera 12.5+ u Apple Safari 6+.

SA3pik JavaScript umeer cooctBennoe API mns padoter ¢ WebSocket. On-
HAKO OHO paboTaeT TOJIBKO Ha KIMEHTCKOW CTOPOHE, KOTOpasi OOBIYHO peaan3y-
€TCsl Ha OCHOBE TOro WM MHOro Opaysepa. [Ipu sTom He Bce Opaysepsl Mmo-
nepxkuBatoT padoty 3toro API. Tloatomy mepBoe, uTo HagO JenaTh Ha CTOPOHE
KJIMEHTa — 3TO BBIABUTH MOIEPIKKY Opay3epom padotsl WebSocket API:

iIf("WebSocket' in window) {
Il WebSocket momgnepxuBaercs. MoxHO mucaTh CBOU KO/

}else {

// Hajio ucmosib30Bath Apyrue METO bl CBSI3U

¥

JInst  OTKpBITHSL COEAMHEHUS JIOCTATOYHO CO3/1aTb HOBBIM OOBEKT
WebSocket, ykazaB B HEM COOTBETCTBYIOLIUNA MTPOTOKOJ U JIOKATOP pecypca:

var sock = new WebSocket(‘ws://server/',['soap’,'’xmpp']);

JI1st MoTydeHust CBEICHUH O HOBBIX IMTOJKIIFOUCHHUSX, BXOISAIIUX COOOIIIe-
HUSX WIM OIIMOKaX HCIOJB3YIOTCA 0O0paOOTYMKU COOBITHH, CBS3aHHBIC C CO-
ennnenneM. C 1100bIM 00beKkTOM Kiacca WebSocket, B ToM unciae u ¢ 00beK-

92



ToM sock, cBsi3aH HAOOp COOBITUI M METO/IOB, KOTOPBIE IPUBEICHBI B TAOJIUIIAX
lu 2.

[Tocne opranm3anuu coeAvHeHus mo mpotokoay WebSocket yxe Her
KIIMCHTAa M cepBepa ¢ (UKCHUPOBAHHBIMU POJIIMH, a €CTh JIBa PaBHOIIPABHBIX
ydacTHHKA. Kaxaplii paboTaeT cam 1o ceOe, i KOrjaa HaJao OTHPABISICT JaHHBIC
npyroMmy. OTnpaBuil — U MPOJOIKUI CBOIO padoTy. Bropas ctopoHa OTBETHT,
KOT'/Ia CMOYKET WIIH 3aX04YEeT — MOJKET He Cpa3y, a MOKET M BOOOIIIE HE OTBETHT.

Taonumal
CoOrrtust WebSocket

CoObiTe OOpaboTUnK Onucanue coObITHS

[Tpoucxonut, koraa SOCK ycTranaBnmBaeT coeuHe-

open

sock.onopen Hue.

sock.onmessa HpOI/ICXOIII/IT, Korga KIIMCHT ITOJIY4aCT JaHHBIC C
message ge cepBepa.

HpOI/ICXOI[I/IT, Koraa €CTb OIIMOKY B KOMMYHHKa-
error sock.onerror 1.

DT0 cOoOBITHE IMPOUCXOIUT, KOT'Ja COCAMHCHHNC 3a-
close sock.onclose kpeiBaetcs.

Taonuma?
Metoasr WebSocket
Meton Onucanue
sock.send
0 Meton send(data) mepenaeT naHHbIe, UCTIOIB3Ys COSAMHECHHE.

sock.close ' Hcmonb3yercs 1jis MPEeKpaIeHUs JIF0O0TO CYIECTBYIOIIETO
0 COEIUHCHMS.

Oo6uuit n00x00 K peutenuto 3a0auu

[Mpennaraercs Web-texHosorus, KoTopast Ha CepBepe UCIOIb3YET YTUIIH-
ty WebSocketD cosmectHo ¢ cepBepom cuenapueB Windows Script Host
(WSH) B xauecTBe HHCTpYMEHTA JIJIsl yIAJICHHOTO BBITIOJHEHHUS KOJa Ha SI3bIKaxX
VBScript wimm JScript. TIpu 3TOM KJIMEHTOM JjIsi BBOJA CKPUITOB U TOJYUYCHHUS
pe3yJbTaTOB UX PabOThl MOXKET OBITh Jt0OOK Opaysep B 060 OC, KOTOPHIi
nojiepxkuBaet npotokon WebSocket. [Ipyrumu cnoBamu ctaBuTCs 3amada 1o
HCIIOJIb30BAaHUIO Opay3epa B KadecTBe MHTepdeilica pydyHOro uiu (aiioBoro
BBOoJIa VBS- nnu JS-cKpUnTOB ¢ 1eNbI0 TIepelaui uX Ha CEpBEP IS BBHITIOTHE-
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HUS YW BO3BpaTa pe3yjbTaTOB KIUEHTY. DTO TpeOyeT pa3padOTKH CEPBEPHOTO
Web cepBuca, a Tarke html crpanuibl, koTopas 0o0ecrieYUBaCT MOAKIIOUCHHE
KITUEHTA K 3TOMY CEPBHCY.

[IpennaraeMyro TEXHOJOTHIO PAacCMOTPHM Ha MPOCTEHIIEM MpUMEpE.
[Tycth TpeOyeTcs yaaaeHHO BBITIOJHUTH HEOOIBIIIONW CKPHUIIT:
daiin test.vbs

Fori=1 To5
S=S+i
Next

WScript.Echo("Result =" & s)

Hauynewm ¢ peanuzanum cepBepHOM NPOLERYPHI, 33/1a4a KOTOPOU MPUHSTH
BXOJISIINIM OT KIMEHTa MOTOK CKPUMNTOBOTO Kojaa u mepenarh ero WSH Ha BbI-
nojiHeHue. DT1a 3a1adya Ha VBSCript peanu3syercs Bcero 0IHON CTPOKOI:

Call Execute(WScript.Stdin.ReadLine())

CoxpanuMm ckpunt noa umeHeM Serverl.vbs. Jlis mpoBepkH 3amycTuM
€ro B KOMaHJIHOM CTPOKE C MOMOIIBIO CEpPBEpa CLEHAPUEB, MEPENAB €My ABa
orneparopa VBScript, koTopsie pa3ieiieHbl CHMBOJIOM JABOCTOYHSL.

d:ws=ECHD a=1+2 : WScript.Echo("Resul = " + Cstr(a)) = tmp.vbs

Kak BUJIHO M3 CKpHHIIIOTA 3TOT IMPOCTOM CEPBEPHBIN KOJ YCIICIIHO pabo-
TaeT ¢ OJJHOCTPOYHBIMU CKpUNTaMHU. UTOOBI €ro MOKHO ObLIO OBl UCTIOJIB30BATh
B OoJsiee oO1eM cirydae, Haio 4ToObI KIIMEHTCKOE TPUIIOKEHHE MOTJIO TIpeodpa-
30BBIBATh BBOJMMBIN B HEM CKPHIIT, KaKk Harmpumep test.vhs, B 0Hy CTPOKY, Tie-
penaBaeMylo Ha cepBep 1o npotokoiay WebSocket.

B kadecTBe KJIMEHTOB OyaeM HCosb3oBath html cTpaHuibl, s XpaHe-
HUS KOTOPBIX Ha CepBEpe BBIICIUM OTICIBHYIO Manky, Harmpumep, htm. Co3ma-
MM B JTOHM Tamke moka mycroi ¢aitnm ¢ umenem client vbs.htm. Ycnemrnas
MPOBEpKA JIOKAITHHOW pabOTOCIIOCOOHOCTH cepBepa IMO3BOJISIET CHOPMUPOBATH
KOMaHAHBIN (aiin 1t 3amycka Web-cepBrca, peann3yroniero pa3padoTaHHbIH
CEPBEPHBIN KO

®aiin RunServerVB.cmd
websocketd --port=8081 --staticdir=.\htm CScript /nologo Serverl.vbs

[Tocne 3amycka aToro (aiiia Ha BBIMOJIHEHUE OTKPOETCS OKHO KOMaHTHOM
CTPOKH, U3 KOTOporo BumHO, 4to cepBuc WebSocketD 3anymien u rotoB x co-
€AMHEHUIO ¢ KaueHToM 1o nopty 8081 (puc. 1)
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081 --staticdir Ehtm CScript /nologo Serverl.wvbs
| | Serving using applic;
WCScript. exe /nologo Serverl.vbs
+0300 | INFO | server | Serving static conten

8081,/
:50:29 +GjDG | INFO | server
Sserp-VAIO: 8081,

I
0:29 +0300 | INFO | server | | 5tarting WebSocket se
I

| Serving CGI or stati

Puc. 1. 3arryck Web cepBuca Ha cepepe

[TpoBeputs paborocmocooHOCTs WED cepBrica MOXKHO ¢ IIOMOIIBIO Opay-
3epa JnokampHOrO [IK Ha 6a3e OC Windows u ¢ mroboro cereoro 1K, nampu-
mep, ¢ OC Ubuntu [1,2], 3nas mpu 3tom IP aapec cepsepa (puc. 2).

Mozilla Firefox
[} http://192.168.200.203:8081/ e & hitpy// 127001081
{ 192.168.200.203 & 127.00.1

client vbs.htm

client vhs.htm

Puc. 2. Toctyn k Web cepBucy ¢ 10KalbHOT0 U yIaJICHHOTO KOMITBIOTEPOB

Yo6enuBmicy B padborocnocodHocTH noctyna k Web cepsucy, tenepb
MO>KHO TMEPEUTH K HACHIIIECHUIO €r0 (DYHKIIMOHATILHOCTH U pa3padoTaTh HEOO-
XOJIMMYIO JJIS PEIICHHs MOCTAaBICHHOM 3ajaun unrepdericuyio html crpanuity,
KOTOPYIO KJIMEHT OyJeT 3arpyatb ¢ cepepa. OIHUM U3 BO3MOXKHBIX BapuaH-
TOB MOXET OBITh MPE/ICTABJICHHbIN HIKE KOA:

daiin client vbs.htm
<IDOCTYPE html>
<meta http-equiv="Content-Type"
content="text/html; charset=utf-8">
<textarea id="txt" cols="60" rows="10"></textarea><br/>
<input id="btn" type="button" value="R U N"/>
<pre id="log"></pre>
<script>
If("WebSocket' in window) {
btn.addEventListener(‘click’, function(e) {
var ws = new WebSocket('ws://192.168.200.203:8081");
ws.onopen = function() {
log(CONNECTED";
//nns VBScript — 3amena \n Ha ’:’
ws.send(txt.value.replace(/\n/g, ":")+\n’);
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//mns JavaScript — 3amena \n Ha *’
/ws.send(txt.value.replace(/\n/g, ")+"\n");
o
ws.onmessage = function(e) {
log(MESSAGE: ' + e.data);
o
ws.onclose = function(e) {
log('DISCONNECTED: code =" + e.code);
o
bk
function log(msg) {

document.getElementByld('log’).innerHTML += '<br>'+msg;
}
} else { alert("WebSocket HE noxnepxusaercs !!1."); }
</script>

[Tocne Toro, kak 3Ta cTpaHuIia Oy/IeT OTKphITa B Opay3epe, B €e TeKCTO-
Boe moJsie Oyner BBeleH TekcT VBS ckpunra, ananoruunsiii daitny test.vbs, u
Haxata kHonka RUN, OyzaeT nmonydeH pe3ynbTar, MpeACcTaBiICHHbIA Ha pHC. 3.

Mozilla Firefox
i http://192.168...nt_vbs_203.htm &g
§ 192.168.200.203

For i=1 To 5
S=5+1
Next
wscriot.Echo{"Result = " & s)

| RUN |

CONMECTED
MESSAGE: Result = 15
DISCONNECTED: code = 1800

Puc. 3. Bemonuenune VBS ckpunra Ha komnbrotepe ¢ OC Ubuntu

Amnanornunbiii Web cepsuc MoxeT ObITh peain30BaH Ha KOMITBIOTEPE C
OC Windows u aj1s1 yIaJIeHHOTO BBITTOJIHEHHSI CKPUITTOB Ha si3bike JScript. s

ATOTO HAJI0 peajn30BaTh OJHOCTPOUYHBIN cepBep, KOTOPHIA, KaK U BbIlIE, OyAeT
COCTOSITh BCETO U3 OJIHOM CTPOKH, U UMETh BU/I:

daiin Server2.js
eval(WScript.StdIn.ReadLine());
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Jnst 3amycka 3Toro cepBepHoro koxa B Bujae Web cepsuca cnenyer co-
3/1aTh KOMaHAHBINA (aiii, KoTopblil Oynet 3amyckars yrunuty WebSocketD, ko-
TOopasi Oy/leT epeHanpaBiATh BXOJAHON Ha nopT 8082 MOTOK HA OJAHOCTPOYHBII
cepBep. Bbibop HOMepa MOKET ObITh MPOU3BOJIbHBIN, HO B pacCMaTpuBaeMOM
pUMEpPe OH OTJIMYEH OT MPEJbIAYIIEr0, YTOObl UMETh BO3MOKHOCTh 3aITyCKaTh
Ha onHoM I1K cpasy aBa Web cepsuca.

daiin RunServerJS.cmd
websocketd --port=8082 --staticdir=.\htm CScript /nologo Server2.js

Hurepdeiicayro html crpanuiy ans paboTsl ¢ JS ckpunramu pazMecTuM
B TOM ke manke htm. Ona Oyaer ananormyHa gaitury client vbs.htm 3a uckiro-
YCHHUEM TPEX CTPOK, B KOTOPHIX U3MEHEHBI KOMMEHTApUU M HOMEp IOpTa:

®aiin client_js.htm

var ws = new WebSocket(‘'ws://192.168.200.203:8082");
ws.onopen = function() {
log(CONNECTED?;
//mns VBScript — 3amena \n Ha *:’
/lws.send(txt.value.replace(/\n/g, ":")+"\n");
//nns JavaScript — 3amena \n Ha >’
ws.send(txt.value.replace(/\n/g, "")+"\n");

}3

s mpoBepku pabotocniocobHoctn WeD cepBuca Hajno Ha ygaJeHHOM
[TK oTkpbITh Opay3ep, B €ro apecHOl CTPOKE BBECTH aJpec U MOPT cepBepa, 3a-
TeM BbIOpath (aiin client_js.htm. Ilocne 3arpy3ku CTpaHHUIBI B €€ TEKCTOBOM
00J1aCTH MOKHO BBECTH KOJ Ha s3bIke JSCript (test.js) u Haxkath kHONKY RUN.
Ecnu B ckpunte He ObUIO OMIMOOK, TO B OKHE Opay3epa MOSBUTCS pe3yJibTaT
BBITIOJTHEHHSI TOTO CKPUIITA Ha cepBepe, epeJaHHbI Ha CTPAHUILY KITUCHTA.

[ <« C | O 192.168.200.203:8082/client_js.htm

for (var i=0; 1i<5; i++) {
Wscript.Eche(i,"'~ 2 =", i*i)

b

RUN

| CONNECTED
MESSAGE :

| MESSAGE:
MESSAGE:

| MESSAGE:

| MESSAGE: 6

| DISCONNECTED: code = 1080

Wk =@
E R ]
[ RET S LS R L )

= o=@

Y

s

Puc. 4. BBox u pesynbraT BeinosHeHnue JS ckpunta B cpene Google Chrome
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Kax BugHO U3 puc. 4 KoJ ObLI YCIIELIHO MepeJjaH Ha cepBep, TaM OH OT-
pabotan nox ynpasieaueM WSH, u msiTe cooO1eHuit 6610 Mepe1aHo B BBIXOI-
HOM moToK. M Bce aTH math cooOmieHuit yrunuroii websocketd Oblin mepena-
npasiieHbl 1o npotokoiy WebSocket k mporieccy kineHTa.

[ToaBos UTOT 3TOMY pa3einy, MOKHO cKa3aTbh, YTO ObUT COPMYITHPOBAH
oOrmii moaxoa o ucnoib3oBanuto WebSocketD mis yaaieHHOTO BBIIOIHEHHS
CKPHUTITOBBIX KOJOB.

Pacuupenue ¢pynkyuonanvhocmu KiueHmcKou 4acmu

Ha xiameHTCKOM CTOpOHE 3aTPyIHUTENBHO KAXKIBIM pa3 B TEKCTOBOM OKHE
html crpanuiel HabUpaTh TOT WM HHON CKPHIIT WJIM KOITUPOBATH €T0 U3 KaKO-
ro-nuoo ¢aina. 3HaUuTEIbHO MPOILE ObLIO ObI 3arpyKaTh KOJ HEMOCPEACTBEH-
HO u3 (aitna. [{is 3TOro MOXKHO MCMOJBb30BaTh BBeAeHHbIH B HTMLS snemeHt
dbopmbl <input type="file" >, KOTOpBIIl O3BOJISIET BHIOpATh HYXHBIN (aitn u3
CTaHJapTHOTO OKHa, aHanoru4yHoro FileOpen B Windows.

EcTh HEKOTOpBIE OCOOEHHOCTH MCIIOJIb30BaHUS ATOTO KOMIIOHEHTa B pas-
HBIX Opay3epax, HO Ha ATOM Mbl OCTAHABJIMBATLCSA HE OyJeM, a mocTtapaeMcs
PEeIINTh MOCTaBIECHHYIO 3aa4y, YTO TOBOPUTCS B J100. J[J11 IPOCTOTHI paccMOT-
pHUM ciydait paboThl TOJBKO ¢ daitmamu *.vbs. C aroii meib B manke htm co3na-
nuM ¢aiin html craHuibl, KOTOPBIM UMEET CIAEAYIOMINM BU:
®aiin client_file.htm

<html>

<head>

<meta http-equiv="Content-Type" content="text/html;

charset=utf-8">

<title>Send File To WebSocket</title>

<script type="text/javascript">

function readFile() {
var selectFile = document.getElementByld('f").files[0];
var reader = new FileReader();
reader.onload = function (e) {
var FileContent = e.target.result;

parseContent(FileContent);
b
reader.readAsText(selectFile);

¥

function parseContent(content) {
document.all("txt").value = content;

¥

</script>
</head>
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<body>
<input id="f" type="file" onchange="readFile()"><br />
<textarea id="txt" cols="80" rows="20"></textarea><br />
<input id="btn" type="button" value="SEND TO SERVER : "/>
<pre id="log"></pre>

<script type="text/javascript">
btn.addEventListener(‘click’, function(e) {
var ws = new WebSocket(‘ws://192.168.200.203:8081");
ws.onopen = function() {
log(CONNECTED");
ws.send(txt.value.replace(/A\n/g, ":")+\n’); };
ws.onmessage = function(e) {
log(MESSAGE: ' + e.data);
o
ws.onclose = function(e) {
log(DISCONNECTED: code =" + e.code);
o
b
function log(msg) {
document.getElementByld(‘log").innerHTML +='<br>'+msg; }
</script>
</body>
</html>

3anyctuB Web cepBuc, ucnons3ys komanay RunServerVB u momkiro-
YUBIIMCH K HEMY U3 Opay3epa, MOSBISETCsS BO3MOXKHOCTh BEIOpaTh 0HY 13 html
CTpaHMII, XpPaHUMBIX Ha cepBepe B manke htm. Beiopas ¢aiin client_file.htm, B
Opay3ep Oyzer 3arpykeHa CTpaHMIIa, B KOTOPOW KHOIKa BHIOOpA MO3BOJISIET B
TEKCTOBYIO 00JIaCTh CTPAHMIIBI 3arpy3UTh HY)KHBIM CKPUIITOBBIN (aitn. ITOT
KOJI, €CJIM HY>KHO, MOXET OBbITh OTPEAAKTUPOBAH U OTIIPaBJIECH AJIS BHITIOJHEHUS
Ha cepBep, YToObl 00PATHO MOTYUYUTh Pe3yJIbTaT ero padboThl (puc. 5).

99



O YElY 2 Y Y [ sendFile To WebSocket x‘

& C | ® 192.168.200.203:8081/client _file.htm
B = D 192.168.20 ,_._ indexhtm
< C @ 192.168.200.203:2081 | | BuiGepue aiin | test.vbs
o indahtm For i=1 To 5
s=541
client_file.htm <::| Next
client <s.htm Wscript.Echo("Result = " + Cstr(s))
client_vbs.htm
A
SEND TO SERVER :
CONMECTED
MESSAGE: Result = 15
DISCONNECTED: code = 100@

Puc. 5. BBog u pe3ynbraT Beinonnenue JS ckpunta B cpene Google Chrome

PaccMoTpeHHBIN BBINIE MMOAXOJM IMO3BOJISIET Mcmoyib3oBath \WebSocketD
KaK MHCTPYMEHT YAaJCHHOIO aJIMHHUCTpUpOBaHMs. UTOOBI MOKa3aTh BO3MOXK-
HOCTh HCIOJIB30BAHUS Pa3IMUYHBIX KOMIIOHEHTOB, MCIIONB3YEMBIX IPU yaadeH-
HOM aJIMUHUCTPUPOBAHMH, CO3auM (aiin test admin.vbs.

daiin test_admin.vbs
Set oWshNet = WScript.CreateObject("WScript.Network")
WScript.Echo("CompName: " & oWshNet.ComputerName)

Set oShell = CreateObject(*"Wscript.Shell")
WScript.Echo("CurDir : " & oShell.CurrentDirectory & "\")

Set o WMI = GetObject("winmgmts:\\127.0.0.1\root\cimv2")
sQry = "Select * From Win32_DesktopMonitor"

Set colltems = oWMI.ExecQuery(sQry)

For Each oltem In colltems

Wscript.Echo "Display : " & oltem.ScreenWidth & " x " & ol-
tem.ScreenHeight

Next

sQry = "Select * from Win32_OperatingSystem"
Set colltems = oOWMI.ExecQuery(sQry)
For Each oltem In colltems

Wscript.Echo "OS ver. : " & oltem.Version
Next
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CHayasna npoBepuM pabOTy 3TOTO CKPUIITA, IPHU YCIOBHUH, YTO CEpBEP 3a-
NyIICH Ha JOKAJIBHOM KOMIIBIOTEpE ¢ oreparronHoi cuctemon Windows 10.

0 LIt ST ) [ Send File To WebSocket }(“

& C | @ 192.168.200.203:8081 /client_file htm

sQry = "Select * from Win32_OperatingSystem"
Set colItems = oWMI.ExecQuery(sQry)
For Each oltem In colltems

Wscript.Eche "05 ver. : " & oItem.Versicn
Next

SEND TO SERVER :

COMMECTED

MESSAGE: CompMames: SERP-VAIOQ
MESSAGE: CurDir @ D:hwsh
MESSAGE: Display @ «x
MES5AGE: 05 ver. : 10.0.14393
DISCOMMECTED: code = 1000

Puc. 6. Beog u pe3ynbrat BeiotHeHue JS ckpunta B cpene Google Chrome

A notoMm Ha ynaneHHoM IIK, B kauecTBe KOTOpOro OyJeT UCIOJb30BaHA
BupTyanbHas MamuHa ¢ OC Windows XP u 32-paspsaHoii Bepcueir WebSock-
etD cosmectHo ¢ WHS-cepBepom. [yt 3TOTO SKCIIEpUMEHTa CIEAyeT HCIOIb-
30BaTh (aiiel, aHamorndHeie Serverl.vbs, RunServerVB wu client_file.htm, no
HECKOJIbKO BUJIOM3MEHEHHBIE M CO CBOMMH ITyTSIMU JIOCTYTA K (aiinamM, KOTOpbie
MOTYT OTIIMYAThCS OT T€X, YTO ObUTM HA JIOKAJTHHOM KOMIIBIOTEPE.

Beimosass komanay ipconfig, moxHo y3Hath IP anpec BupTyaibHOM Ma-
IIMHBI, KOTOPBIA nMeeT 3HaueHune 192.168.200.202. K Web cepucy storo aj-
peca Hamo MOJKIIOYXTH KIWEHTa, 3arpy3uTh (aiin test admin.vbs u HaxkaTh
SEND TO IP. Ckpunt O0yner nepenan Ha BUpTyanbHyto MamuHy XP-VM, tam
BBITIOJIHEH, & PE3YJbTAaThl OyIyT BO3BpAIICHBI KIUEHTY U TaM K€ OTOOpakKeHbI
(puc. 7).

W3 ananuza pe3ynbTaTOB MOXHO y3HaTh MMsI KOMITBIOTEpA, TEKYIIHA Ka-
tajor, u3 koroporo 3amyiiena yruwinra WebSocketD, Bepcuio OC, ycraHOB-
nennyto Ha XP-VM, a taxxe pa3perieHue ee dIKpaHa.

Ecnu Teneps yMEHBIINTH pa3Mep OKHA BUPTYaJIbHOM MaIlIWHBI, a B Opay-
3epe OCHOBHOIO KOMIIbIOTEpa MOBTOpPHO HaxaTh kHomky SEND TO IP, to mno-
BTOPHBIN PE3yNbTaT BRIMOJHEHUS CKPUTITA TACT HECKOJIBLKO MHOW PE3yJIbTarT:

CONNECTED
MESSAGE: CompName: XP-VM
MESSAGE: CurDir : F:\Transas\ws\Sample_4\

MESSAGE: Display :/ 671 x 517 |
MESSAGE: OS ver. : 5.1.2600
DISCONNECTED: code = 1000
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DNS—Cyo®oOuKC 3TOro NOAKAWYEHUA . . =

IP-agpec . . . . . . . . . . . . = 192.168.200.202
Macka nopceT¥ . . . - - - . - . . = 255.255.255.0
OcHoBHOW, = 5 -

S — DY® "N oiv Ul U XX T [ Send File To WebSocket X Y
& file:///C:/ws/Sample_4/client4_3.htm

Bribepute chaiin |testd.vbs

Set oWshNet = WScript.CreateObject("WScript.Network™)
WScript.Echo("CompName: " & olishNet.ComputerName)

Set oShell = CreateObject("Wscript.Shell™)
WScript.Echo("CurDir : " & oShell.CurrentDirectory & "\")

Set oWMI = GetObject("winmgmts:\\127.0.0.1\root\cimv2")
sQry = "Select * From Win32_DesktopMonitor”

Set colItems = oWMI.ExecQuery(sQry)

For Each oItem In colltems

i Eééf86§1?7‘iﬁf Wscript.Echo "Display : " & oItem.ScreenWidth & " x " & oItem.ScreenHeight
Nsystem32\CSc| Next
ST IR sQry = "Select * from Win32_OperatingSystem”

zgiégggﬁg\CQS! Set colItems = oWMI.ExecQuery(sQry)

UM VANl For Each oItem In colltems

202:8081/’ id| Wscript.Echo "0S ver. : " & oItem.Version
\system32\CSc| EIT.

Sat, 02 Jul 2 :

202:8081/’ id

T LA eyl SEND TO IP: 192.168.200.202 ... Port: 8081

CONNECTED

MESSAGE: CompName: XP-VM

MESSAGE: CurDir : F:\Transas\ws\Sample_4\
MESSAGE: Display : 1920 x 976

MESSAGE: OS ver. : 5.1.2600

DISCONNECTED: code = 1000

Puc. 7. Beimonnenue ckpunta Ha BupTyaibHoi Mammuae ¢ OC Windows XP

[ToaBO/IE HEKOTOPBIN UTOT, CIEAYET OTMETUTh BO3MOXHOCTH HCIIOJIb30-
Banus yruinuthl WebSocketD mo ymaneHHOMY aIMUHUCTPUPOBAHHWIO M BBITOJI-
HEHUIO CKPUTITOBBIX KO/10B. O/IHAKO, HAZI0 OTMETUTh M HEKOTOPHIN HEIOCTATOK,
KOTOPBII CBA3aH C T€M, 4TO I BBIOJHEHUs KOJ0B Ha Jscript u VBScript tpe-
O0oBaJIOCh pa3pabaThiBaTh M UCIOJIB30BATh Pa3HbIE KaK CEPBEPHBIC, TaK U KIIU-
EHTCKUE KOJIbI.

Oowuit Web cepeuc ona JScript u VBScript ko0os

B nanHOM pa3zzaene OyaeT mpeasioskeH OJUH U3 BO3MOXKHBIX MMOAXO0B IS
peanu3anny eIUHBIX KaK CEPBEPHBIX, TaK M KIMCHTCKUX KOJOB, MO3BOJISIOIINX
YIaJICHHO BBITIONHATH CKPUIITHI Ha JIFOOOM 13 mojyiepkuBaeMbix WSH s361k0B.

Hanuuue B Opay3epe kiaveHTa BO3MOxHOCTH Ha html crpanuiie BoIOMpaTh
U 3arpy’kaTh B €€ TEeKCTOBYIO 00JacTh (hailil 1Mo ero MMEeHH, TIO3BOJISIET OMpeie-
JIUTH THUII 3TOTO (paiiia Mo ero pacIMpeHHIo.

3Has pacmupenue Qaitina, MOXHO U3MEHSTh BBIXOJAHOW MOTOK C KJIIMEHTA
Ha CepBep B 3aBUCHUMOCTH OT THIA 3arpyeHHoro daiina. [Tonpobyem yuectsb
9Ty BO3MOXXHOCTh B HOBOW MHTepdeiicHOoi html cTpanwmie, koTopas moiydeHa
u3 ¢aiin client file.htm myreMm MUHHMaNBHBIX M3MEHEHHH U TOOABJICHUA. JTH
KOPPEKIIMU BBIJICJICHBI HAa MPUBEICHHOM HUXE JINCTUHTE OOJiee TEMHBIM IIBe-
TOM:
daiin client_wsf.htm

<script type="text/javascript™>
var ext;
function readFile() {
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var selectedFile = . . ;

FileName = selectedFile.name;

ext = FileName.split(".").pop().toLowerCase();
var btnSend = document.getElementByld(*'btn"")
btnSend.hidden = !(ext=="vbs" || ext=="js")
var reader = new FileReader();

<body>
3arpyska JS- u VBS- ¢aitnos B koguposke UTF-8
JUTS BEITIOJTHEHHE UX cepBepe <br /><br />

var ws = new WebSocket('ws://192.168.200.203:8083");
ws.onopen = function() {
log(CONNECTED);
/lws.send(txt.value.replace(/\n/g, ":")+\n’);
if (ext =="vbs"){
ws.send('vb'+txt.value.replace(/\n/g,":")+"\n");
}else {
ws.send(’js'+txt.value.replace(/\n/g,"")+\n");

}
jo

[Mepemennas FileName coxepxut umsi BeiOpaHHOTO (haiiia, a mepemMeH-
Has ext ero pacmmpenue. Ecimu pacimpenue gaiina He cooTBeTcTBYeT *.vhS nim
*.JS, TO KHOIIKA OTIPaBKH (haiija CTAHOBUTCS HEBUIAMMOM, YTO MCKIIFOYAET BO3-
MO>KHOCTb l€peaun Ha cepBep PaiiioB, KOTOPbIE HE MOTYT ObITh BBIIIOJIHEHBI.

[Ipennonaras, yTo HOBbIH Web cepBuC MOKeT paboTaTh COBMECTHO C pa-
Hee pa3paboTaHHBIMU CEpBUCAMU, 3ape3epBupyeM 3a HUM nopT 8083. MmeHHO
Ha 9TOT MOPT OYJET HAMPABIATHCS BBHIXOJHOM MOTOK KJIMEHTA, CTPYKTypa KOTO-
poro OyAeT U3MEHATHCS B 3aBUCUMOCTHU OT TuUIa (haiiyia, 4To mpeaycMaTpruBaeT
MOCBUIKY B Hayaje KaXXJ0ro MOTOKa JBYX JOIMOJHUTEIbHBIX CUMBOJIOB, Xapak-
TEPU3YIOLUX SI3bIK TPOTPAMMHOTO KOJQ, IEPENaBaeMOro Ha CEPBED.

Pazo0pasmice ¢ naTepdeicHOM YacThiO KIIMEHTA U €T0 BBIXOIHBIM MOTO-
KOM MOHO IEPEUTH K CEPBEPHOM YaCTH CEPBUCA, KOTOPBIA JOJKEH NMPUHSATH
MOTOK OT KJIMEHTA, BBIICIUTH €r0 TEpBbIe JBa CUMBOJA, YTOOBI Y3HATh SI3bIK
MPOrpaMMHOTr0 KO/a, MOCTYNUBIIETO OT KJIIMEHTA, U BBINOJIHUTH €T0.

Cnenyer oTtMeTuTh, uto cepBep cueHapueB WSH — 3TO KOMIIOHEHT
Microsoft Windows, koTopbIii npeaHa3HadYeH JJIs 3alycka CLICHApUEB Ha psijie
CKPHUITOBBIX s3bIKOB. [IprueM He Toabko Ha JScript unu VBScript, HO U Ha psje
JPYTUX JOTOJHUTENIBHO YCTaHABIMBAEMbIX s3bIKax. Takux, Harpumep, kak Perl.

Ocob6ennocte WSH B TOM, 4TO OH J1a€T BO3MOXXHOCTh KOMOMHHPOBATH
BCE YCTAHOBJICHHBIC B CUCTEME CKPHUITOBBIC SI3BIKKA B OHOM (haiijie ¢ paciupe-
HueMm .wsf. IMeHHo Takoil (paiin mpeanaraercsi UCIONIb30BaTh KaK CEPBEPHBIi
koa Web cepBuca aiisi yjaleHHOTO BBIIIOJIHEHUSI POTPaMM Ha JII0OOM H3 JIBYX
S3BIKOB.
®aiin Server3.wsf ( ®aiin B koguposka UTF-8)
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<?xml version="1.0" encoding="UTF-8"?>
<job id="MyTestJob">

<script language="VBScript">
<I[CDATA]
Function ExecuteVVBS(cod_vbs)
ExecuteVBS = Execute(cod_vbs)
End Function
11>

</script>

<script language="JScript">

<I[CDATA]
var Dataln = WScript.StdIn.ReadLine();
var id = Dataln.substring(0,2);
var cod = Dataln.substring(2);

if (id=="vb") {
ExecuteVBS(cod);
}elseif (id=="js") {
eval(cod);
}else {
WScript.Echo('Error in wsf-file I' + '\n");
by
11>
</script>
</job>

OcHOBHYIO PabOTy TO MPHUEMY BXOJHOTO TOTOKA BBIMOJIHSET MOMIYJh
Jscript, koTopslii pa3ziessieT ero Ha JBe YacTH: MEpPBbBIC JIBa CUMBOJIA COXpaHsi-
10TCs B 1d, a ocTaBImiascsi 4acTh MPUHSATOTO MOTOKA 3alMCHIBACTCS B MEPEMEH-
Hyto cod. B ToM citydae, korjga uaeHTH(GHUKATOP MOTOKA OymeT paBeH 'jS' mocTy-
MUBIIMKA OT KJIWEHTA MPOTPAMMHBIN KOJ OYJET BBINOJIHEH BHYTPH MOIYJIs
Jscript.

Ecnu uaentudukaTtop moroka Oyaer mMmeTh 3HadeHue 'Vb', TO B 3TOM
cllydae BHYTpH MoJyJis JSCript Oymer Bei3biBaThes pyHkmnus ExecuteVBS(cod),
KOTOpast onpezesieHa B Moayie VBScript.

3amyck Web cepBuca ¢ TakuMm cepBepHbIM WSf-k010M HUYEM HE OTIHYa-
eTCsl OT paCCMOTPEHHBIX paHee MoaxoA0B. KoMaHaHbIN (aiin 11 3TOro cirydas
OyJeT UMETh BU/I;

®daiin RunServerWSF.cmd

websocketd --port=8083 --staticdir=.\htm CScript /nologo Serv-
er3.wsf
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[Tocne Toro kak 3ToT Qaitn OyAeT 3amylieH Ha CepBepe UMEETCS] BO3MOXK-
HOCTH Ha JIFOOOM YJaJICHHOM KOMITBIOTEPE OTKPBITH Opay3ep, MOIKITIOYHTHCS K
Web cepsucy, BeiOpath nntepdericHbii ¢aitn client_wsf.htm, a mocne storo 3a-
Ipy3uTh JIF000H U3 (aittoB *.vVDS uian *.JS, eciiu HY)KHO OTPEIaKTHPOBATh, U OT-
NIPAaBUTh HA CEpBEP IS BBITIOTHEHMS (pHC. 8).

Beb-6payzep Firefox

@ o Mozill]

[ ihttp://192.168

< 192168 € 192.168.200.203

3arpyzxa ]J5- 1 VBS- daiinor B konpupoeke UTEF-8 ona su

-

client file.htm
client_js.htm

client wbs.htm
client wsf.htm

Browse... | test.wbs

For i=1 To 5
s=5+i
Next
WScript.Echo("Result = " + Cstris))

SEND TO SERVER :

CONNECTED
MESSAGE: Result = 15
DISCONNECTED: code = 1686

@ 2 [ m

Puc. 8. Bommonnenne VBS ckpunra Ha komnbiotepe ¢ OC Ubuntu

C ucnonb3oBanue WebSocketD MoxkHO Ha OIHOM cepBepe co3JaTh He-
ckosibko WeDb cepBucoB, oOecrieunB MHOKECTBEHHBIC TIOIKITIOUCHHS K KaXJ10-
My U3 HUX, a cama cepBepHasi 00padOTKa, B OTIUYUU OT PACCMOTPEHHBIX MPHU-
MEpOB, MOXET UCIOIb30BaTh JOCTATOUYHO MOIIHBIE MPOTPAMMHBIE TPOTYKTHI.

bubianorpadguyeckuii cnucox

1. C.I1.Xa6apoB. Opranmsanus rereporeHHsix JIBC ¢ TepMuHaIBHBIM [10-
ctyniomM mexny ee yznamu. //M3sectust CITI6GJITA-CII6 .,2016. Ne 216, c. 267-
280

2.C.I1.XabapoB. Tepmunanbubiii n1octyn mexay UBUNTU u WINDOWS
KoMIibroTepami. //MHbopMaIimoOHHbIe CUCTEMBI M TEXHOJIOTHHU: TEOPUS U TPaK-
tuka: ¢0. HayuH. Tp.-CII6. .:CIIOI'JITY ,2016. Ne 8, ¢. 30-43.

C.I1. XabapoB, KaHAUAAT TEXHUYECKUX HAYK, JOLECHT
B3AHMO)IEFICTBH$[ Y3J10B CETU 110 ITPOTOKOJIY WEBSOCKET

PazButne nporokona WebSocket sBuiaoch oTBeTOM Ha HEOOXOAUMOCTD B
Oostee 3¢ dexkTuBHBIX perieHusx noctpoerus Web-mpunoxennii, paboraromux
M0 TEXHOJOTUU KJIUEHT-CEpBEp B peaabHOM BpeMeHdu. Jlo mosBieHUS
WebSocket ucnonb3oBanuch Takue METObI, KaK MEPUOAUMIECKHUI OMPOC CEPBE-
pa (Polling) wm ouepenp oxunaroniux 3ampocos (Long Polling).

105



O6a MeToa UMEIOT CBOM MPEUMYIIIECTBA, HO UMEIOT O0IIHE HETOCTATKH.
Onu ucnonb3yroT npotokosn HTTP, yToObI OTHpaBisATh COOOIIECHUSI HA CEPBED.
[Tpu »TOM KaXK/blif MaKeT 000paYMBAETCsI MACCOM 3ar0JI0BKOB, KOTOPHIE OMUCHI-
BAaIOT, IJI€ MaKeT ABWXKETCS, OTKyJa OH Mpuiies, uHbopmaluio o Opaysepe u
npouee. Bee 310 100aBiisieT MHOTO HaKJIAHBIX PacXoJ0B Mpu paboTe B peaib-
HOM BpeMmeHH. Hu oJlMH M3 ATHUX METOJOB HE SBJISETCS "IBYyHAINpaBiICHHBIM
MOJIHBIM JTyTIEKCOM", KOTJ]a KIIMEHT U CEPBEP MOTYT MOCHUIATh U MOTy4aTh UH-
dbopMaruio Apyr OT apyra OAHOBPEMEHHO.

[To aTuM mpUYMHAM OHU HE OYE€HB XOPOIIH JJI OBICTPO, MacITabupye-
MOI CBA3U B peajibHOM BpeMeHu B MHTepHere. OT 3TUX HEAOCTATKOB OoJee
cBoOoeH npoTokoa WebSocket n moctpoeHHbie Ha ero ocHoBe Web cepBucCHL.
JIOCTOMHCTBO TIPOTOKOJIA M B TOM, YTO OH MMEET JOCTATOYHO MPOCTON B HC-
nosib3oBaHuu API [1], koTOphIil paboTaeT B COBPEMEHHBIX Opay3epax pa3HbIX
OC [2].

B naHHO# cTaThe OCHOBHOE BHUMaHUE OYJET y/IeleHO COOCTBEHHO IpOo-
Tokoiry WebSocket, ero cnemnudukanum 1 B3aUMOJICHCTBUIO y3JIOB CETH, UC-
MOJIB3YIOMIMX 3TOT MpOoTOoKoN. C 3TOW 1ENbI0 paccMaTPUBAETCA MPUMEP MOJI-
KJIFOUEHHUS KIIMEHTa ¢ ToMOIIbl0 Opay3epa k WebSocket-cepBepy u 3axBaT yTu-
autoit Wireshark Bcex TCP ¢peiiMoB, KOTOPBIMU KJIIMEHT U CepBep OyayT 00-
MEHHMBATBCSI MEXIY COOOiA.

Ilpouecc e3aumooeiicmeusn no npomokony WebSocket

[Tporokon WebSocket no3Bosisier pemars MUPOKUNA KPyT 3a7ad, CHUMAS
pSI OTpaHUYEHUN Ha OOMEH JaHHBIMHU MEXKAY Opay3epoM U cepBepoM, oOecrie-
YuBas JIOCTaTOYHYIO O€30MacHOCTh W CYIIECTBEHHOE COKpAIlEHHWE CETEBOTO
Tpaduka.

JIst IByXCTOpOHHEH KOMMYHHUKAIIMHM OH TPeOYeT, YTOOBI M KJIMEHTCKOE,
CEpBEPHOE MPHUIIOKEHUS TOJIJIEPKUBAIA BCE JIETAIHM STOTO MPOTOKOa. To ecTh
HyXHa, Hanpumep, WebSocket-coBmectumas html crpanwuiia, kotopasi BeI3bIBa-
eT WebSocket-coBMecTUMY0 KOHEUHYIO TOUKY.

[Tpu B3ammomeicTBUM y3710B ceTH 1o mpoTokony WebSocket Beimensitor
TPHU OCHOBHBIX IpoIlecca:

BsauMoseiicTBie HaunWHaeTCs C mpolecca ycTaHoBieHus ceszu (hand-
shake), B xoae koToporo Opay3ep M cepBep MOATBEP)KIAIOT CBOE HAMEPEHHE
B3aMMOJICHCTBOBATH MO MTOCTOSTHHOMY COCTHHCHHIO.

» Jlanee mo TCP B 00e CTOpOHBI MOCHIIAETCS CEepHUs MAKETOB COOOIIe-
HUH, IPAYEM MTOCBIUIKA MOTYT BBITIOJIHITHCS aCHHXPOHHO, U B Pa3HBIX 00beMax.

* Ilpu 3aKkpbITUH COEIWHECHHS 00C KOHEYHBIC TOYKH OOMEHHMBAIOTCS
KaJpoM 3akphITus (close frame) a1t KOPPEKTHOTO 3aBEPIICHUS CBSI3H.

PaccmoTpuMm mporecc B3aMMOJEMCTBHE Y3JIOB CETH II0  ITPOTOKOIY
WebSocket wa mpumepe moakirodenust mpoctoit html crpanunsr (puc. 1) us3
Opaysepa Google Chrome « crangaptHomy WebSocket »sxo-cepBepy
(ws:\\echo.websocket.org).
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- R X
1 <!DOCTYPE html> ”
2  <meta http-equiv="Content-Type"™ content="text/html; charset=utf-8"> __
3  <textarea id="txt" cols="68" rows="18">{/textarear<br/>
4 <input ide"btn™ types"button™ value="R U N"/>
5 <pre id="log"»</pre»

6 <script>

7 btn.addEventListener('click"', function(e) {

8 var ws = new WebSocket('ws://echo.websocket.org/");

9 ws.onopen = function() {

18 log(*CONMECTED" );

11 ws.send(txt.value);
12 1i

13 ws.onmessage = function(e) {

14 log("MESSAGE: ' + e.data);
15 hH
16 ws.onclose = function(e) {

17 log('DISCONNECTED: code = ' + e.code);
18 1i
13 1);

28 function log(msg) {

21 document.getElementById("log').innerText += msg + "‘\n";
22 }

23 </=scripty v

Puc. 1. Kox html cranuisr aims noaxmrouenust k Ws:\\echo.websocket.org

[Tocne 3arpy3ku 3toit html crpanuisr B Opaysep, BBOJa MPOU3BOIHHOTO
TEKCTa B €€ TEKCTOBYIO 00J1acTh, HaxkaTusi kKHONKU RUN u monydenus: cooOie-
HUS OT CepBepa, CTpaHuIa Oy/IeT UMETh BUJ, AaHAJIOTUYHBIN MPUBEICHHOMY Ha

puc. 2.
I! 2 Chws\wsSample_1\1_test_www.htm

®aiin MNpaska Bwg WM3BpandHoe Cepenc Cnpaska

Hello,
Serp

RUN

CONMECTED
MESSRZE: Hello,
Serp

Puc. 2. Bug cranuipl nocie noakmoucHus k Ws:\\echo.websocket.org

Ecnu npu sToM, ncnone3ys yruinty Wireshark, BEIIOTHUTE 3aXBaT ceTe-
BOTrO Tpauk MEXIy Opay3epoM U CEpBEpOM, a 3aTeM OT(HILTPOBATH BCE 3a-
XBaueHHBIEC TTakeThl 7151 mpoTokosoB WebSocket u HTTP, To MOXHO sIBHO pa3-
JMYUTH BCE TPH MPOIlecca B3aUMOJICHCTBUS MEXKy Opay3epoM U CEpBEPOM IPHU
WebSocket-coenunenuu (puc. 3).
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Janpac Ha YCTaHOBNEHHE

WebSocket-coguHeHus Npouece

Ha4YansHoMm

OTBET O NPUHATHH 38NPOCa J> VETAHOBNE HHA
.‘ CBAZH

g B

Moneavsle gaHHbIE

= Eﬂ,zyxcwm}wuﬁ

ManeaHsie JaHHbie | notox nakercs

il
-

3AKPHIBANHUME JaHHEE i 1 3aupuitee
e f COBAMHEHWA

| packets_www_fli.picapng

File Edit View |Go Capture Analyze Statistics Telephony Wireless Tools  Help
Adm® RE Qerp=Zf &5 A/ H
[ [ http or websacket [X] ~ | Expression...  +

Mo, Time Source Destination Protocol Length Info
18 3.578318 ' | 192.168.208.201 174.129.224.73 HTTP 333 GET / HTTR/1.1
28 3.744395 [ 174.129.224.73 192.168.268.281 HTTP 576 HTTP/1.1 181 Web Socket Protocol Handshake
22 3.746378 '192.168.208.201 174.129.224.73 WebSocket 71 WebSocket |Text [FIN] [MASKED]
23 3.892832 174.129.224.73 192.168.268.281 WebSocket 67 WebSocket IText [FIN]
33 18.185933 192.168.208.201 174.1259.224.73 WebSocket 62 WebSocket Connection Close [FIN] [MASKED]
34 18,251791 174.129.224.73 192.168.268.281 WebSocket 6@ WebSocket Connection Close [FIN]

Puc. 3. BzaumogeiictBue Opaysepa u cepepa npu WebSocket-coennaennn

Ha ocHoBe »Toro mpumepa paccMOTpUM B3auMMOJEUCTBHE Opay3epa U
cepBepa nmpu WebSocket-coequHenun, packpbiBas U TIIATEIBHO HUCCIETYS Kax-
JbIN U3 1mecTH (PperMoB, KOTOPHIMU OOMEHSIITUCH MEXTy coOoM Opay3ep u cep-
BEp.

[TpoToxon WebSocket Ob111 pazpaboTan Tak, 4TOOBI yCHIEHTHO padOTaTh B
yke cylecTByroniei Bed nndpacrpykrype. [loatomy ero crnernuduxanus omnpe-
nenseT, yto coequuenne WebSocket naunmnaer cBoro xu3Hb kak HTTP coenu-
HEHUE, TAPAHTUPYSA MPU ATOM MOTHYIO 0OpPaTHYIO COBMECTUMOCTb.

Ycemanosnenue \WebSocket-coeounenus

[Tporokon WebSocket padotaet nan nporokonom HTTP, mostomy Opay-
3ep MpU MOJKIIOUYEHUH K CEpBEpYy OTMHpaBisgeT emy crneruaibaeie HTTP 3aro-
JIOBKH, C 3apocoM O Tojiepxkke cepBepom npotokosa WebSocket. Eciiu cep-
BEp OTBETUT NONOKHUTENBHO, TO HTTP coennnenune npekpamaercs U JaabHEU-
mee obmenue uaeT o nporokosry WebSocket, koropsiit ¢ HTTP yxe ne numeer
HUYEro OOIIEro.

PaccmoTpum mpoliecc ycTaHOBJIEHHUS COEIWHEHHsT OoJiee mojpoOHo. B
caMOM Hauyajie 3TOTo Ipolecca KIueHT GopmupyeT u noceutaer Web cepeepy
o0brynbi HTTP-3anpoc, koTopsiii npeactasiser codoit komanay HTTP GET.

DTOT 3ampoc CKOH(UTYpPUPOBAH Kak 3ampoc MepekimrodeHus (upgrade
request), OCHOBHOE OTJIMYME KOTOporo ot oosiuHoro HTTP 3ampoca cocrout B
HAJIMYHUU B €TO COCTaBE JIOTIOJHUTEIBHBIX 3ar0JIOBKOB.

B paccmarpuBaemom mnpumepe stomy HTTP-3ampocy coorBercTByeT
dpeitm Nel8, packpslB KOTOpBIA B cpeqHeM okHe Wireshark MoxHO yBHIETH
MOJIHOE €r0 cojiepKumMoe (puc. 4).
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Hanmaue B 3ampoce kimeHTta 3arosioBka Upgrade ykaseiBaeT Ha TO, 9TO

KJIMEHT MPOCUT CEepBEp MEPEKIIOUUTHCS Ha JApyrod mpotokois. Kpome storo B
3aMpoce KJIMEHTa UCTIOIB3YIOTCS CIEAYIONINE 3ar0JIOBKHU:

* GET, Host — ato cranmaptaeie HTTP 3aronosku n3 URL 3ampoca.

«  Connection, Upgrade — 3Tu 3aroioBKM yKa3bIBarOT Ha TO, 4TO Opay-
3ep XO04YeT MepPeiTH Ha JPYroi MPOTOKOL.

» Origin — 3xech yka3zaH IPOTOKOJI, IOMEH U MOPT, OTKY/1a OTIIPABJICH
3amnpoc.

»  Sec-WebSocket-Key — B 3TOT 3arojoBOK moMeNIaeTcsi CIrydaiHbIi
KJIIOY, KOTOPBIN TeHepupyeTcs OpayzepoM: 16 6aiiT B koaupoBke Base64.
Sec-WebSocket-Version — 3to Bepcust IpoTOKOJIa, TeKyIas Bepcus: 13.
Bce 3aronoBku, kpome GET u Host, 6paysep crenepupyer cam. Bozmox-
HOCTH YTO-TMOO W3MEHHTH cpeiactBamu ckpumnrta html crpanuier He npeny-
CMOTPEHO.

* Hypertext Transfer Protocol
GET / HTTP/1.1%\r\n
Origin: null\rn
Sec-klebSocket-Key: 3FoVPk3e3geHu/Gvkgll3g==\r\n
Connection: Upgrade’rin
Upgrade: Websocket\rin
Sec-kWebSocket-Version: 13%r\n
User-Agent: Mozilla/s.@
(Windows NT 18.8; WoWed4; Trident/7.8; rv:11.8) like Geckolrin
Host: echo.websocket.orghrin
Cache-Control: no-cachelrin
\rvn
[Full request URI: http://echo.websocket.org/]
[HTTP request 1/1]
[Response in frame: 28]

Puc. 4. HTTP-3ampoc knuenTa (¢ppetim Nelg)

[pu aHamu3e 3ampoca KIMEHTa, CEPBEP MPUHUMAET PEIICHUE O JAOMYCTH-
moct WebSocket ¢ y3na, aapec koToporo ykaszas B 3arosioBke Origin. [Tostomy
IpU OTIIPABKE HA CepBEp KIMCHTCKOTO 3ampoca, B HEM BCEr/a JOJKEH MPUCYT-
CTBOBATh ITOT 3ar0JIOBOK.

B 001em citydae KIMEHT MOXKET ITOChUIATh APYTHE 3ar0JIOBKH, KPOME TeX,
4TO OBLIM MEPEUYMCIICHBI BbIIIE. BO3MOXKHBI TaKUE JOMOJHUTEIbHBIC 3ar0JI0BKH,
kak Sec-WebSocket-Extensions u Sec-WebSocket-Protocol. Ouu OyayT onuchl-
BaTh PACIIMPEHUS] U MOIIPOTOKOJIBI, KOTOPhIE MOXKET MOJUICPKUBATH JIaHHBIH
KJIMCHT.

Yro kacaercsi pacCMaTpUBACMOr0 MpUMeEpa, TO 37ICh CIEAYET OTMETUTh,
4TO 3ampoc K cepBepy Opaysep COHOPMHUPYET CaMOCTOSTEIBHO, BBITOJIHSS
ckpunt html ctpanuiel, koraa OyaeT co31aBaThCs HOBBIA 00BEKT:

new WebSocket(*'ws://echo.websocket.org");
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Ecnu cepBep, NpUHSAB 3alIpOC KIIMEHTA, PEIIAET Pa3pELUINTh €MY MOAKITIO-
yeHue 1o npotokoiry WebSocket, To on BepHeT kiuenty HTTP otset, koTopsiii
OyJeT aHaJOTUYEH TOMY, YTO B pacCMaTpUBAaeMOM MpUMEpeE ModyyeH ¢ y3ina, IP
aapec koroporo 174.129.224.73 u conepxutcsa Bo pperime Ne20 (puc. 3). Pac-

KPBIB €TI0 COACPIKUMOC UMCCT BU/I, KOTOpBIﬁ IMpCACTABJICH HA PUC. 3.
* Hypertext Transfer Protocol

HTTP/1.1 181 Web Socket Protocol Handshakelrn
Access-Control-Allow-Credentials: truelrin
Access-Control-Allow-Headers: content-typehrin
Access-Control-Allow-Headers: authorizationrin
Access-Control-Allow-Headers: x-websocket-extensionsrin
Access-Control-Allow-Headers: x-websocket-wversionyrin
Access-Control-Allow-Headers: x-websocket-protocollrin
Access-Control-Allow-Origin: nullirin
Connection: Upgraderin
Date: Mon, 29 Aug 2816 11:28:18 GMTh\r\n
Sec-WebSocket-Accept: z¥DgkfVMygqOizrG3g4qRk&EM/Tk="r\n
Server: Kaazing Gateway\r\n
Upgrade: websocket\r\n
Yrn
[HTTP response 1/1]
[Time since request: B.166877888 seconds)
[Request in frame: 18]

Puc. 5. HTTP-otBeT cepBepa (¢ppeitm Ne20)

[lepBas cTpoka oTBeTa cepBepa COOOIIAET, UTO “pyKOMOKATHE” YCIICIIHO
3aBepiieHo. Kox craryca 101 B mpotokosnie HTTP/1.1 roBoput o Tom, 4TO cep-
Bep IpeiaraeT nepeiTy Ha 0osiee MOIXOMSIIMN Il YKa3aHHOTO pecypca Impo-
TOKOJI, CIIUCOK KOTOPBIX OH yKa3bIBaeT B moJje 3aroyioBka Upgrade.

Ctpoxa c 3aronoBkoM Sec-WebSocket-Accept oOwsiBiIsieT, 4TO cepBep ro-
TOB K IIOAKJIIOYCHUAM, U COO6Il[aCT CIiICaJIbHbIM 06p2130M BBIYMCJICHHBIM X3III
OT KJIFO4a, TIEPEeIaHHOrO B 3aIlpoce KJIMeHTa B 3arojioBke Sec-WebSocket-Key.
DTO 3HAUYECHUE HE SBJISIETCS MPUHIUITUAIBHBIM MPU pabOTe CTaHAApPTHOTO Opay-
3epa co cranaaptHeiM WebSocket cepsepom. Opgnako, npu pa3paboTKe CBOEro
CCPpBCpa BCCrAa HAJAO BBIYHUCIIATH O3TOT X3, HCIIOJIB3YS AJITOPUTM KPHUIITOI'pa-
¢buueckoro xemmpoBanus SHA-1.

N3 puc. 5 BUIHO, KaKO€ 3HAYEHUE CEPBEP OTIPABISAET KIMEHTY B 3aro-
noBke sec-WebSocket-Accept B oTBeT Ha MOJy4YEeHHBIH OT HEro K4 Sec-
WebSocket-Key. KnueHnt B Buae Opaysepa HCIONB3YET 3TO 3HAYCHUE TSI [IPO-
BCPKHU TOI'O, UTO OTBCT MPCIHA3ZHAYACTCA UMCHHO CMY.

[Tocne “pykomnoxkaTusi”’ COEIUHEHUE OCTAHETCS OTKPBITHIM, U Y3JIbI MOTYT
JPYT C APYrOM O0IIATHCS MO IBYHAIIPABICHHOMY MOJTHOMY AYIUIEKCY, a IaHHbIE
OyIyT mepeaBaThCs MO MPOTOKOITY, CTPYKTYypa KOTOPOTO («peiMbl») U3I0Ke-
Ha Jajece.

Dopmam oannvix npomokona WebSocket
CrangapTt 3TOTO MPOTOKOJA YTBEPKIAEH MEXKIYHAPOIHON OpraHu3aluen
IETF (Internet Engineering Task Force — Mmxenepusiii coBer MuTepHeTa), a
MOJTHOE ero OTHUCaHUE COJICPIKUTCS B RFC 6455
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(https://tools.ietf.org/html/rfc6455). 3nech paccMOTpUM TOIBKO KpPaTKOE OIMHCa-
HUE €T0 CaMbIX B)KHBIX YacTeH.

B npotoxone WebSocket mpegycMoTpeHbl HECKOJIBKO BHIOB (PpeiiMOB,
Cpelld KOTOPBIX BBIACISAIOT ABa OOJBIIMX Kiacca. JTo ¢GpeliMbl ¢ JaHHBIMU
(«data frames») u ynpasisitomue ¢peitmol («control framesy), KOTOpbIe UCIIOJTb-
3ytoT s ipoBepku cBsizu (PING, PONG) u 3akpeitusi coequnenus. OO0mmii
BuJ popmata ¢peiima potokosa WebSocket npusenen Ha puc. 6.

B 3aronoBke ¢peiima caauana uayt 6utel FIN, RSV1, RSV2, RSV3, cre-
oM 3a HUMHU «Onkony (4 6ura), KMACKA» (1 6ut) u «/lnmuaa coobmenus» (7
out). Ecnu 3nadyenne B none «JlnmHa coobmenus» Oyner paBHo 126 wmu 127,
TO B MOCBLIJIKE MOSBUTCS moie «Pacimpennas qinHa Tena», pazmMepoM B 16 umu
64 O6uta. 3akaHuMBarOT MOCHUIKY «Kittou Mmacku» (4 OaifTa) u camo cooOIIeHUE.

0 1

01 2 2456 789012 32456

Pt — b — b ——— — — e 4

|FIR|R|R| COneEom |M| ImHa |

[TI8|2|58]| (4BeTa) |B| coobmemas |

| W |V ||V | {TBaT) | 16 Fzar

| [112]3] | K |

I T N | 2] |

bttt ——— — — e 4

| Pacmipennas gmyma coobmemiz | 16 o 64 Bmra
| | mmm oTcyTCoTEVET
b e e e 4

| Macka | 32 FBmra MIM OTCYTCOTEYVET
b e e e 4

| | SasmcHT

[ Coobme mae | oT mmaHE

[ | coobmenms

Puc. 6. ®opmar dpeiima nporokona WebSocket

PaccmoTpum moapoOHee onrcaHue OTASIbHBIX YacTel (peiima, KOTophie
OTIPEJIEIISIIOT, Kak HMEHHO MepeatoTcs COOOIEHUS:

* «FIN» — Ecnu cooOrienue JIMHHOE, TO OHO (hparMeHTUpyercs. Y BceX
dperimoB, kpome nociennero, FIN=0. V nocnegnero FIN=1. Ecmu co-
oOlleHne COCTOUT Bcero u3 omHoro ¢peitma, To B HEM FIN pasen
1.«RSV1, RSV2, RSV3» — Onu npegHazHavyeHbl 1Jis pacIIUPEHU mpo-
TOKOJIa ¥ OOBIYHO WX 3HAYEHUS paBHBI (.

* «Onkon» — Ero 3HadeHue ompenenseT TUM JAHHBIX, HAXOISAIIUXCS BO
bpeiime:

Ox1 — o6o3HaYaeT TEKCTOBBIN Ppeiim.

0x2 — o603HayaeT JBOUYHBIN (hperiMm.

0x3 - 0X7 — 3ape3epBUpOBaHbI AJisi Oy Aymux (GpeiiMoB C JTAHHBIMHU.
Ox8 — 0603HavaeT 3aKphITHE COSAMHEHUS ATUM (PperiMOoM.

0x9 — o6o3nauaet PING.

OXA — o6o3nauaer PONG.
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* «Macka» — Eciii aT0oT OUT paBeH 1, To nanHble ¢ppeiima MaCKUPOBAHBI.

* «Jlmuna coobmenus» — 3nauenus ot 0 1o 125 — uHTEpHIpETUPYETCS, KaK
miHa coobuienus. Ecnu 126, To cnenyromue 2 6aiitTa MHTEPIPETUPYIOT-
csl Kak 16-OuTHOE O€e33HAKOBOE IIEJI0€ YUCIO, CoAepKallee JIMHY CO00-
menus. Ecnu 3nauenue nosst paBHo 127, To cnenyromue 8 0alT UHTEP-
OPETUPYIOTCA Kak 64-OMTHOe Oe33HaKOBOE IIeNioe, CoJepiKallee JJIUHY
COOOIIECHHUS.

Takas cxema mMO3BOJISIET MUHUMHU3HPOBATh HaKIagHble pacxojnbl. Ecmu

JUTMHA cOoOoO0IIeHui 10125 6ailT, To A XpaHEHUs: ero JIJIMHBI HY>KHO BCe-

ro 7 out, nia coobmeHui ot 126 o 65536 Oaiitr — 7 ouroB + 2 Oailita, a

IUIA COBCEM OOJBIIUX — 7 OUTOB M 8§ OalT. DTOr0 XBAaTUT AJIsI XpaHEHUS

JUTMHBI COOOIIEHUS pa3MepoM B TUTabaiT u Oosee.

» «Kimrou macku» — Ecnu 6ut Macka = 0, To 3TOro mosst He OyJeT, eclii OH
paBeH 1, To aTH 4 GaliTa coliepkaT MacKy, KOTopasi HaJaraercsi Ha TeJo.

* «J/lannbie dpeiima (coobmienue) » — MX miuHa 10KHA OBITH paBHA TOM,
YTO yKa3aHa B 3ar0JIOBKE.

[locne TOro, Kak CBS3b YCTAaHOBJIEHA KJIMEHT M CEpBEp MOT'YT OOMEHU-
Bathcsl ¢peiimamu npotokona WebSocket, B koTopoM “nosie3Hbie” JaHHBIC
HAYMHAIOTCA C ONepanuoHHOro kojaa («Onkoa»). 3HaYEHUE 3TOTO MOJS yKa3bl-
BaeT THUIl ONEpAlMK, KOTOPYIO HAJIO BBHIMOJHUTH B Ipolecce 00pabOTKU KOH-
KpeTHOTo (peiima.

Hamo ormeruth, uro WebSocket-cooOmienust mepeaaroTcsi aCHHXPOHHO,
MOATOMY Ha OTIPaBJICHHBINA 3aMpoc HE 00s3aTebHO OyAET MOJy4eH MTHOBEH-
HbI oTBeT. [Ipu ucnons3oBanuu nporokoiga WebSocket jgyuriie MbICTUTH B Ka-
TEropUsAX YHUBEPCATBHBIX COOOIICHHH, MepeaaBaeMbIX OT KIUEHTa CEpBEPY U
o0paTHO, ¥ 3a0bITh O TPAAUIIMOHHOM I1absoHe 3ampoca/orBera B HTTP.

Ilpouecc oomena WebSocket coooumenuamu

Pazobpasmuce co cTpykTypoit dpeiima nporokona WebSocket, Bepuemcs
K paccMaTpuBaeMOMY MPUMEpY, IJe YK€ YCTAaHOBJICHO COCIUHEHUE, U Opay3ep
HAYMHAET Mepe/iaBaTh JaHHBIC HA CepBep. DTOMY MPOIECCY B CIUCKE MAKETOB,
KoTopble ObLIHM 3axBadeHbl Wireshark (puc. 3), coorBeTcTBYyeT Ppeiim No22.

NmMenHo oH oOecrieunBaeT mepeaady Ha CepBep JABYX TEKCTOBBIX CTPOK,
KOoTOpblie ObLTH BBeAeHbI Ha html cTpanuiie no Haxkatust RUN. Eciiun B Wireshark
PaCKpBITh 3TOT (PperiM, TO MOKHO OOHAPYKHUTH CTPYKTYPY, KOTOPas MOJTHOCTHIO

AHAJIOTMYHA OMMMCAHHOW BBIIIE, © UMEET BUJI, IPUBEACHHBIN HA pUC. 7.
v WebSocket

l1... .... = Fin: True
.8@@ .... = Reserved: @xea
. BBel = Opcode: Text (1)
1... .... = Mask: True
.B28 1811 = Payload length: 11

Masking-Key: 4dSc54a3
Masked payload
Payload

% Line-based text data
Hello,n
Serp
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Puc. 7. @peiim nepenaun JaHHBIX OT KJIMEHTa Ha cepBepa (ppeiim Ne22)

W3 puc. 7 BUIHO, UTO OCYIIECTBIISIETCS TIepeaada OJJHOTO €IUHCTBEHHOTO
(Fin=1) tekctoBoro ¢peiima (Opcode=0x1) mporokosra WebSocket ¢ mmHoi
Tena cooOmienus Bcero B 11 Gaift. [Ipuuem conmep:kaHne TEKCTOBBIX JaHHBIC B
TOYHOCTH COOTBETCTBYIOT TEM, YTO BBOJWIMCH B OKHE html-cTpaHuIiel. DTH
JaHHBIC SIBHO HE MPHUCYTCTBYIOT B CTPYKType (peiimMa, HO UMEIoTCsS B paciiud-
poBke Line-based text data yrunutet Wireshark.

Ecnu o0paTtuThcsl HEMOCPEACTBEHHO K CTPYKType (peiima, TO B TOJIC
Masked payload Bmecto mociemoBaTenbHoCTH KOa0B 48-65-6C-6¢-6f-2¢-0a-53-
65-72-70, COOTBETCTBYIOIIUX UCXOJHOMY TEKCTY, OyJIeT COBCEM HHasl MOCTE0-
BaTeNbHOCTD U3 11 Gaitt — 05-39-38-cf-22-70-5e-f0-28-2e-24 (puc. 8).

Frame 22: 71 bytes on wire (568 bits), 71 bytes captured (568 bits) on int
Ethernet II, Src: HonHaiPr_f2:6b:be (4c:@f:6e:T2:6b:be), Dst: Tp-LinkT_fe:
Internet Protocol Version 4, Src: 192.168.200.201, Dst: 174.129.224.73
Transmission Centrol Protocol, Src Port: 58894 (56@94), Dst Port: 80 (88),
¥ WebSocket
looe wunn = Fin: True
Reserved: Bx@@
Opcode: Text (1)
looe wunn = Mask: True
.888 1811 = Payleoad length: 11
Masking-Key: 4d5c54a3
Masked payload
Payload
Line-based text data

9@ f6 52 6 3b 98 4c @f e T2 6b be @8 @@ 45 88  ..R.;.L. n.k...E.
@2 39 58 8f 4@ @@ 88 @6 B89 T2 cB a8 c8 9 ae 81 LOK.@... ...o.....
e@ 49 c3 ae @@ 58 1b cf Sd b8 @3 35 fc of 58 18 .I...P.. ]..5..P.
@38 @3 fd 27 @4 @@ 8@ 51 8b 4d Sc 54 a3 [FRECIERNS .. '..... mT.JEER

LU0 70 Se fo 28 2e 24 "o~ (]

Puc. 8. ®parment masked payload dpeitma nepenaun JaHHBIX Ha cEpBEP

OTO OTIWYME CTaHET MOHSTHO, €CIM OOpaTUTh BHMMAaHUE Ha TO, YTO
Opay3ep B ctpykrype dpeiima WebSocket ycranosun ¢uar macku (Mask=1) u
3aman ko4 Macku («Masking-Key»=4d5c54a3). Oto 3nauenue WebSocket nc-
MOJIB3YEeT JJISi MACKUPOBAHMS COOOIIEHUS, UTO JIOJDKHO 3AIUTUTh OT aTak TUIIA
«OTpaBJICHHBIN K31». [Ipu 3TOM HAOIIOMAIOTCS CIIETYIONTUE PA3THYUNS:

» ®peiiM, nocTynawmui ot Opaysepa, Kak MpaBuio, 3aMacKUPOBaH.
» ®peliiM, MOCTYNAIONIINN OT CEpBEpa, HE JOKEH ObITh 3aMaCKUPOBaH.

[Tpu 3HaueHmsx Mask=1 Hag kaxapIM 0AaHTOM COOOIICHHUS BBIOTHACTCS
MOOUTOBOE «HMCKJTIOYAOIIEE UMY C COOTBETCTBYIOLIUM OaiiTOM Macku (puc. 9).

Line-based text data:

H e 1 1 o . \n 5 e r e
48 &5 [ & c & f 2c 0a 53 &5 72 70
Payload:
0100 1000 0110 0101 0110 1100 0110 1100 0110 1111 0010 1100 0000 1010 0101 0011 0110 0101 0111 0010 0111 0000
48 &5 & c & c & £ 2c 0a 53 65 72 70

Masking-Key:

0100 1101 0101 1100 0101 0100 1010 0011 0100 1101 0101 1100 0101 0100 1010 0011 0100 1101 0101 1100 0101 0100
44 Sc 54 a 3 44 5c 54 a3 44 Sc 5 4

Masked payload (ECOR):

0000 0101 0011 1001 0011 1000 1100 1111 0010 0010 0111 0000 0101 1110 1111 0000 0010 1000 0010 1110 0010 0100
as 39 38 c £ 22 70 Se £0 28 2 e 2 4
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Puc. 9. [Ipumep nosydeHus: 3aMacKupPOBAaHHOTO COOOIIICHMSI

HmenHo 310 1 HabmogaeTcs npu (popMupoBaHUM (peiiMa rnepeayu AaH-
HBIX Ha cepBep. B ommume ot 3T0ro0, Kak BUaHO U3 puc. 10, ppeitm, moctynus-
mmi ¢ cepBepa, He umeet (rara macku (Mask=0), a mone Masking-Key B ero
CTPYKTYp€ BOOOILE OTCYTCTBYET.

v WebSocket
l... .... = Fin: True
.B@@ .... = Reserved: @xee
. BBRl = Opcode: Text (1)
@... .... = Mask: False
.Be@ 1811 = Payload length: 11
Payload
* Line-based text data
Hello,'n
Serp

Puc. 10. @peiim, mOCTYNUBIINN KIHEHTY ¢ cepBepa (ppeiim Ne23)

[Ipoliecc acHHXpOHHOM Tepenayu U MprueMa COOOIIEHU MOKET BBINOJI-
HATBHCS JOCTATOYHO JIOJITO, MTOKA OJIHA U3 CTOPOH HE 3aKPOET TO COEIUHEHUE.
Tak kak B mpuMepe HUCMOJb30BaHa MpocTeimas html crpanuna, To cpenct
HOPMAJIBHOTO 3aKPBITHSI COSAMHEHUS B HEH HE MPETYCMOTPEHO.

EnuHCTBEHHBIN BapUAHT NIPEPBATH COCAUHEHUE C CEPBEPOM — ATO IIPOCTO
3aKkpbITh html cTpanuiy B 6paysepe. Hecmotpst Ha aBapuiiHOe TpepbIBaHUE CO-
enuHeHus 1o npotokoiny WebSocket kiveHT u cepBep ycneBalOT 0OMEHSThHCS
COOOIICHHUSIMU, B KOTOPBIX (pparmeHThl pperima «Onkoa» paBasl 0x8 (puc. 11).

Crnenyer OTMETUTD, UTO U B 3TOM ciiydae ¢ppeiiM KIMEeHTa 3aMacKUpPOBaH,
a TiepeaBaeMoe UM COOOLIEHHE COOTBETCTBYET KOAY 3aBEpIUEHUS, KOTOPbIH B
aTOM cuTyanuu npuHuMaer 3HadeHue 1001 (yman€HHas CTOpoOHa «HCUE€3IIay).
Takoe 3HaueHHE KOJ 3aBEPIICHUS MPUHUMACT B TOM cCllydae, KOTJa MPOIECC
cepBepa «youT» uim Opaysep nepemén Ha Ipyryro crpanuiy. [Ipu HopMaasHOM
3aKpBITUHM COEAMHEHUS Ko 3aBepiieHus paseHn 1000.

¥ WebSocket ¥ WebSocket
R = Fin: True ... .... = Fin: True
.BB@ .... = Reserved: 8xee .B28 .... = Reserved: @x@8e@
. 1888 = Opcode: Connection Close (8) ... 1828 = Opcode: Connection Close (8)
oo, ..., = Mask: True B... .... = Mask: False
.Bea 8ele = Payload length: 2 .Be@ eele = Payload length: 2
Masking-Key: 5887c233 ¥ Payload
Masked payload ¥ (lose
v Payload Status code: Going Away (1281)
¥ Close
Status code: Going Away (1861)

Puc. 11. ®peiimbl 3aBepiieHus coenuaeHus (Gppeiimpl Ne33 u Ne34)
Acunxpounocms oomena cooomenusamu ¢ WebSocket

114



W3 npuBeneHHOro mpuMepa CTaHOBHUTCS SICHO, YTO €IMHOXIbI YCTaHOB-
JICHHOE COEJIMHEHHE AeT BO3MOXKHOCTh KIIMEHTY U CepBepy MOCTOSIHHO oOMe-
HUBaThcsa cooOuieHusMu. [lpuyem, kak yka3aHo B crenu(uKauy MpOTOKOIIA,
elle ¥ B aCHHXPOHHOM PEXHME.

YroObl MPOMILTIOCTPUPOBATH STOT TMPOLECC PACCMOTPUM HEOOJBIION
npruMep, B KOTOPOM KJIMEHT Yepe3 HEKOTOPYIO Hay3y MOChIJIaeT Ha cepBep TpU
koMmaHfbl. [lociie moctymieHus: oT cepBepa MOATBEPIKICHHS O TOJTYYECHHUS KO-
MaH/Abl KaXaas U3 HUX 00pabaThiBaeTCs MyTEM HECKOJBKHX B3aMMOICHCTBHIA
MEXIy KIUEHTOM U cepBepoM. i peanusainuu 3TOH 3a7aud BBHIIOJHUM IIPO-
creiuryro Mmoaudukanuio html crpaHuibl HCXOIHOTO IpUMeEpa:

ws.onopen = function() {
ws.send(‘cmd1-');

setTimeout(function() { ws.send('cmd2-") }, 100);
setTimeout(function() { ws.send('cmd3-') }, 200);

Y

ws.onmessage = function(e) {
log(MESSAGE: ' + e.data);
if (e.data.length == 9) { ws.close(); }
else { ws.send(e.data + 'a’); }

}

[Tocne 3arpy3ku 3Toit html cTpanuubl B Opay3ep, U HaxaTusi KHOIKH
RUN, Oyzaer ycranoBieHo coequHeHue ¢ WebSocket cepBepoM U BBITOIHUTCS
OOMEH COOOIIECHUAMH MEXIYy KIHEHTOM W CEpPBEPOM, KOTOPBIM HOCUT SIBHO
ACHMHXPOHHBIN xapaktep (puc. 12).

&« C | @ ‘test_to_www.htm

RUN

MESSAGE: cmdl-
MESSAGE: cmd2-
MESSAGE: cmdl-a
MESSAGE: cmd3-
MESSAGE: cmd2-a
MESSAGE: cmdl-aa
MESSAGE: cmd3-a
MESSAGE: cmd2-aa
MESSAGE: cmdl-aaa
MESSAGE: cmd3-aa
MESSAGE: cmd2-aaa
MESSAGE: cmd3-aaa

Puc. 12. PesysnbraT pabotsl mpumepa Web npunoxenns

JlaHHBI MpUMep MOKa3bIBAET BO3MOYKHOCTh MCIOJIB30BAaHUS IPOTOKOJIA
WebSocket s peanuzanun nHTEpakTUBHBIX Web-nipunoskeHui, BXOAAIUX B
COCTaB Pa3JIMYHbIX ABTOMAaTU3UPOBAHHBIX CUCTEM ymnpasiieHus [3, 4]. IIpu atom
1101 UHTEPAKTUBHOCTBIO OYZIEM IOHUMATh!
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* MuUHUMAaNBHYIO JTATEHTHOCTH, TIPU KOTOPOUM YEJIOBEK MTOJDKEH IMOTYy4aTh
pEeaKIMIoO Ha CBOE JIEHCTBHE KaK MOXKHO ObICTpee, oOecrieunBasi IPUHIIUII
«HAKMH HA KHOTIKY — MOJYYHUIIb PE3YJIbTATY.

* ACHHXPOHHOCTh, TMIpU KOTOPOM TeKyllas JeATeIbHOCTh KIMEHTa
HE JI0JDKHA MellaTh peakiiyd Ha BHOBb MOCTYMaroIlIue coobiienus. Ecnu
ATO YCJIOBHE HE BBIMOJIHSIETCS, TO MHTEPAKTUBHOCTD TEPSIETCS
Yro6s! uaTepakTuBHOC Web npunokenue padoTano Tak e ObICTPO, Kak

U JICCKTOITHOE MPHUJIOKEHUE, HAZ0 MPETyCMOTPETh TaKOi 0OMEH MEXIy CepBe-
POM ¥ KJIMEHTOM, YTOOBI OH OCYIIIECTBIISJICS MOCPEACTBOM MaJIeHbKUX, MAKCH-
MaJbHO YacThIX cooOmieHuit. [Ipu TakoM moaxoae OyaeT MUHUMU3UPOBAaHA Jia-
TEHTHOCTb, U MOKET OBITh 00eCcTiedYeHa ACHHXPOHHOCTD.
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C.I1. XabapoB, KaHAUAAT TEXHUYECKUX HAYK, JOLECHT
K.C. T'oanybeB, cTyIeHT 2 Kypca MarucTparypbl

KIIMEHT-CEPBEPHAS DKCIIEPTHAA CUCTEMA
HA OCHOBE TEXHOJIOI'MX WEBSOCKET

brnarogapst mmupokomy paszputuio MHTepHer B XXI| Beke cTago BO3MOXK-
HBIM yAaJIeHHO oOpadaThIBaTh JIaHHBIC, KOTOPHIE XpaHATCA Ha cepBepax, obdec-
neYnBas JOCTYI K HUM TMIOMOIIBIO CTaHJAPTHBIX Opay3epoB, BXOAIINX B COCTAB
HIMPOKOTO KJIacca OINEPAlMOHHBIX CUCTEM COBPEMEHHBIX BBIYMCIUTEIbHBIX
ycTpoucTs [1].

B naHHOI cTaThe pacCMOTPEH OJUH M3 BO3MOXKHBIX IMOJXOJ0B K OPraHu-
3alluU KJIMEHT-CEpBEpPHOIl sKkcnepTHOU cucteMbl (DC) HA OCHOBE TEXHOJOTHU
websocket . On mwmmocTpupyercs npumepom pazpadbotku IC «Ompenenurenb
XBOMHBIX MOPOJ MO BUY LIHIIEK», KOTOPAsi HO3BOJISIET MOJIb30BATEII0, 3aMEHSS
9KCIIepPTa, MOJIy4aTh BBIBOJ O TOM, Kakas XBOWHas mopoja HaXOIUTCS Mepes
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HUM Ha OCHOBE BHEITHETO BUJA ee muiieK. [[puHimm paboThl CUCTEMBI OCHOBAH
Ha YJAJICHHOM COEAMHEHUH C CEPBEPOM U MPOXOXKICHUU KOHCYJIbTAIlMU 1O Ka-
Haiy websocket.

Havano pazpadotku IC otHocsaT k 1970-x rogam, a B 1980-x onu nosy-
YL KOMMepueckoe mojkperieHue. [lpearedun 3KCmepTHBIX CUCTEM ObUIH
npeanoxensl emie B 1832 roay C. H. KopcakoBbiM, CO31aBIIMM MEXAHUYECKHUE
YCTPOMCTBA, TaK HA3bIBAEMbIE «MHTEJUICKTYaJIbHbIE MAIIMHBDY. OHU MMO3BOJISIIH
HAXOAWUTh PELICHUS IO 33JaHHBIM YCIIOBUSM, HAIPUMED, OINPENesaTh Hauboee
MOJIXO/SIINE JIEKAPCTBA MO HAOIIOAAeMbIM y TAIleHTa CUMIITOMaM 3a0oJieBa-
HUSL.

B HacTosmiee BpeMs 3KCIEPTHBIE CUCTEMBI PACCMATPUBAIOTCSI COBMECTHO
c 0a3zaMu 3HAHMI KaK MOJEJIH MOBEJIEHUS SKCIEPTOB B ONPENEIEHHON 001acTu
3HaHUMU C UCIOJIB30BaHUEM MPOLEAYP JOTUUYECKOTO BBIBOJIA U MPUHSITHUS pelle-
HUM, a 0a3bl 3HAHUN — KaK COBOKYIHOCTh (PAKTOB U MPABMII JOTUYECKOTO BbI-
BOJIa B BEIOPAHHOM MPeIMETHOM 001acTH IeATeNLHOCTH [2].

WebSocket — ato crieayroree MOKOJIEHHE TEXHOJOTHH JBYHAIPABJICH-
HOMCBSI3U MEXIy Opay3epoM U CepBEpPOM, KOTJa MEXKAY IMOJIb30BaTEIEM U Cep-
BEPOM YCTaHABIIMBAETCS MOCTOSIHHOE MOAKIIOYEHHE, B KOTOPOM 00€ CTOPOHBI
MOTYT OOMEHUBATHCS JAaHHBIMHU B peajbHOM BpeMenu [3,4]. DTOT mpoToKoa pa-
ooraetr Hag HTTP, uto mo3Bosser nepecbuiaTh JIHO0bIE JaHHBIC, HA JTHO00H 10-
MeEH, 0€30MacHO U MOYTH 0€3 JTUIITHETO CETEBOTO TpaukKa.

Ha ocHoBe 3TOro mpoTokosa MOSIBISETCS BO3MOXKHOCTh CTPOUTH ApXU-
TEKTYpy KJMeHT-cepBepHbIX DC MO MPUHIIMIY TOHKOTO KJIMEHTa, IPU KOTOPOM
Ha KJIMEHTE HET HUKAaKOW 00pabOTKHU JaHHBIX, a BCE BBINOJIHSAETCS Ha cepBepe. B
kauecTBe mpocreimero HTTP u WS cepBepa MOXHO MCTHONB30BaTh YTHIIUTY
WebSocketD, kotopas Oynert:

* TMpUHUMATH BHEITHee http moaKII0YeHHE;
* TepechUIaTh KIMEHTY CTapTOBYIO html-cTpanuily, KoTopas COIEPXKHT JS-

K0/, o0ecreunBaroIMi epexol Ha WS-COeTUHEHHE;

* TOAJIEPKUBATH WS-COSIMHEHUE C KIIMEHTOM, O0ecreunBas nepekitoueHme

BXOJHBIX U BBIXOJHBIX BHEIIHUX IIOTOKOB Ha cepBepHoe sapo IC.

B kagecTtBe nporpammHoro obecrnedeHus ceppepHoro sapa IC mpeasara-
€TCSl MCTOJB30BaTh KOHCOJIBHYIO peau3aliuio 000JOYKH MPOAYKIIMOHHBIX DC
CLIPS, a taxxe psa 6a3 3nanuii (b3), peann3oBaHHBIX B 3TOM cpexae ((haiib
*.clp). Bce onu npencraBnsier codboit Habop GakToB U MpaBuUi, HA OCHOBE KOTO-
pbix OC MoxkeT (PopMyIUPOBAThH 3aKIIOUECHHE.

Ecnu B cocTaBe cucTeMbl IpEAnosiaraercs HCHOJIb30BaHUE M HEYETKUX
b3, To B aTOM ciyuae B cepBepHOE SAp0 IC MOXKET ObITh TOMOJIHUTENBHO MO/I-
KJIFoUeHa erle 1 Takast ooosniouka IC, kak FuzzyCLIPS. [{ns peanuzanuu npe-
JIOKEHHOTO MOJIX0Ja K CO3JIaHUI0 KIHeHT-cepBepHOil DC OyAeT Mcroyib30BaTh-
Csl apXUTEKTypa, aHAJIOTUYHAs TOW, YTO MPUBEAECHA Ha puC. 1.
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Puc.1 Knuent-cepBepHas apxuTeKkTypa 10cTyny K sajapy 3C

[Ipenmonarasi, 4To AN CBA3M KIMEHTOB C CEPBEPOM IO MPOTOKOIY
websocket Oynmer mcmonb3oBan mopt 8081, a craproBeiid index.html cepsepa
HAXOJIUTCS B TEKYIIEM Kartajore, JJi 3alycka CepBHCa MOKHO HCIOJb30BaTh
KOMaH/Ty:

websocketd --port=8081 --staticdir=. CLIPScmd.exe

CepBep CTaHOBHUTCS aKTUBHBIM U roToB K npuemy HTTP-coennnenuii.
OT0 mo3BoJsieT B Opay3epe modoro kirenta BBectu HT TP anpec cepepa u 3a-
IPY3UTh B HErO cTapToByto html cTpanuiy, kKoTopast cogepKuT js-KoJ, odecrie-
YUBAIOIIMI BO3MOXXKHOCTh paOOThI KJIWMEHTa 1o mpoTokoiy websocket. Tlpu
9TOM, 00paboTynk coObiTus body.onload() momkeH comep arh CIEAYONIHIA
(dbparmMeHT Koja:

var url = (location.hostname !'=") ? location.hostname : 'localhost’;

var ws = new WebSocket(‘'ws://' + url + ':8081/";

DTO0 MO3BOJISET BHIMOIHUTD MEPEKITIOYCHUE KIIMEHTA HAa HOBBIN MPOTOKOJI
U OpraHM30BaTh JBYHANPABICHHBIN MOTOK JAaHHBIX MEXIY KIHMEHTOM H CepBe-
pom. Kpome storo, craproBast html cTpanuity momkHa obecrieunBaTh BO3MOXK-
HOCTh BbIOOpa HY>KHOH ISl KOHCYJbTAIllMK 0a3bl 3HAHUI. JTO UMEET OOJBIIOoe
3HaueHHUe, Tak Kak HacTpanBaeT padboty CLIPS B cocTtaBe cepBepnoro supa IC.

Tak, Hanpumep, nipu 3amycke DC B pexuMe UISHTU(UKAITUN TPEBECHBIX
NOpoJ C KIMEHTa Ha cepBep JOJKHA MOCTYMUTh UHPOPMALUA O HEOOXOAUMO-
cTH 3arpy3ku B 000504ky CLIPS cooTBercTBytomiero ¢aiina 6a3el 3HaHui [5], a
TaKKe KOMaH bl Ha 3aMMyCK A3TOro ¢aia B pexxuM KoHcyabTauu cpeast CLIPS.
Jlyis paccmaTpruBaeMoOro mpHUMepa 3TO MOXKHO OCYIIECTBHUTH, MEpeiaB, UCIOIb-
3ysi mpoTokoa Websocket, ¢ kiuenTa Ha cepBep CIEAYIONIYIO MOCIIEeI0BATEb-
HOCTbH YITPaBJISIOIINX KOMaH/I:

(clear)

(load™ "Expert_Tree.clp™)
(reset)

(run)
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Ha cepBepe moOTOK »THX CcOOOIIEHUNH OyneT NPUHAT YTUIUTOU
WebSocketD u mnepenampaBieH Ha BXOJ YK€ 3alyIIEHHOrO IMpoliecca
CLIPScmd, 4TO BBI30BET OUKHCTKY €ro paboueil mamsiTi, 3arpy3Ky B Hee Habopa
(bakToOB M paBUIJI U3 COOTBETCTBYIOMIETO (haitna b3, u 3amycka ero B pexxum HO-
BOM KOHCYyJbTalUU. ECiM B 3TOT MOMEHT YK€ BBINOJHSIACH KOHCYJIbTAIUS C
KaKUM-JTHO0O0 JIPYTUM KIMEHTOM, TO MapajulesibHO OyAeT 3amylleH HOBBIN IMpo-
1ecc.

3anmyck Ha cepBepe COOTBETCTBYIoIIEH b3 B pekuM KOHCYJIbTAIIUU MPHU-
BeZeT K Tomy, uto cpena CLIPS copmupyeT mepBslii 3ampoc MOIb30BATENIO
OC. Orot 3ampoc ¢ BeixogHoro moToka CLIPScmd moctymaer Ha BxOn
WebSocketD, rae npeoOpa3yercs B BEHIXOAHONW WS-TIOTOK cepBepa. OH, mpons
1o ceTv MIHTepHeT, MOCTYNUT Ha BXOJ KIMEHTa U cpopMUpYET HOBBIN BHUJI html-
CTpaHuILbl (puc. 2).

[Tpu »TOM cliefyeT OTMETUTh, YTO BCSl HE0OXoauMas AJi1 (OpMUPOBAHUS
CTpaHHuIlbl Opay3epa uHpopMaIus, Kak TeKCTOBas, Tak U rpaguyeckas nepejaa-
€TCsl IO CEeTU C UCIOJIb30BaHUEM IPOTOKOJa websocket, 4To MO3BOJSET Cylle-
CTBEHHO COKpPAaTUTh BpeMs oOMeHa MH(popMaluell MeXIy KIUEHTOM U cepBe-
POM, U KaK CJIE/ICTBUE CYLIECTBEHHO COKPATUTh 3arpy3Ky CETH U cepBepa.

Bce, yTo HEoOxonuMo caenath noJsib3oBarento JDC AJisl MOTyYeHUs JKella-
eMOl KOHCYJIbTALIMHU — 3TO OTBEYATh HAa YTOUHSIOIINE BOIIPOCHI, IIpeiaracMble
OC, kotopsie hopmupyroTcs 6a3oit 3Hanuit CLIPS. B ciyuae, koTopslii ipuBe-
JIeH Ha puc. 2, IIsl OTBETa Ha BOIMPOC JOCTATOYHO IIEIKHYTH MBIIIBIO B COOT-
BETCTBYIOIIEH 00JIaCTH SKpaHa. ITO JecTBUE OyeT TpaHC(HOPMUPOBAHO B CO-
OTBETCTBYIOIIUI OTBET W MO MPOTOKOJY websocket Oyner Bo3BpaleHO Ha cep-
Bep, rae yrwimura WebSocketD npumer ero u yxe B Hy)kHOM ¢opmaTe mnepe-
npasut Ha Bxoq CLIPS.

OTtpaboTtaeT mporeaypa Jorudeckoro BeiBojga o6onouku CLIPS, Beimor-
HUTCS CIEAYIONINIA 3Tar paboThl ¢ 6a30i 3HaAHUI, HA OCHOBE KOTOPOTO CHOpMHU-
pyeTCsl HOBBIN YTOUHSIIOIIUI BoOMpoc K mojib3oBarento JC. U Tak Oyner mpo-
JOJKaThes 10 TeX mop, noka DC He MOIy4YUT KOHEYHOE 3aKJIIOUEHHUE WU pac-

MUIIETCS B CBOEH OecrioMontHOCTH (puc. 3).
O ¥ x
<« C | @ www.habarov.spb.ru/es

Beibepute 3C: OnpegenuTene Nopof v

CLOSE_WS

MoxanyicTa, ykasuTe QopMy LUMLLIKK

ITuansapuaeckas Kyomueckan Kpyraas AfiuesnaHan

Puc.2 Havano KoHCyJIbTalluy SKCIEPTHON CUCTEMBI
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MoxanyncTa, ykaxuTe Kak pacnonoxeHbl Nynku Ha WUTKax

I Ha cepeanne murxos [ Ha xornax murxos 1[ [Tynxoe Het

MoxanyiicTa, YKakuTe Kakoil LBET UMEET LuMLLKA

[ CooMeHHEIH II.I.onona:wo-wpmmeauﬁl CBeT10-KOpHIHEBhIH “ TeMHO-KOPHYHEBBIH

MoxanyincTa, ykaxuTe Kakyto (hopMy OCHOBaHUA UMEET LUMLIKA

I [Trockoe l 3akpyrieHHOE

BbIBOM:
[ Bala apesecHan nopoaa - ,E,U!,D,Q,BPJKHOBEHHA?!,,]

d
Puc.3 Ipouecc u pe3ynbTaT NpoBeICHUS KOHCYIbTAIIMN YKCIIEPTHON CUCTEMBI

TakuMm 00pa3oM, UCTIOIB3YsI MPEITOKEHHBIN MTOIXO/I, TOJIH30BATEIIO JIJIs
TIOJTyYEHHUSI KOHCYJIBTAIIMA OT KaKOH-TMOO 3KCIEPTHOW CHUCTEMBI JTOCTATOYHO
00J1a1aTh BCETo JUIIL Opay3epoM M 3HATh aJIpeC COOTBETCTBYIOIIETO CEepBEpa.
[Ipu paboTe B yAaJIeHHOM PEXHUME C MCIIOJIb30BaHWEM MPOoTOKoiIa websocket y
MOJIB30BaTENSI OYACT OIIYIIEHHUS, YTO BCE ATO MPOUCXOAUT HA €TO KOMIIBIOTEPE.
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C.I1. Xab6apoB, kaHauIaT TEXHUYECKUX HAYK, TOLEHT
N.A. KpacoBckni, CTyICHT 2 Kypca MarucTpaTrypbl
A.X.-A. KueB, CTyJIEHT 2 Kypca MarucTparypsl

YIAAJIEHHOE YIIPABJIEHUE HA BA3E TEXHOJIOT'MU
WEBSOCKET

JIByHanpaBIeHHOCTh MOTOKOB JTaHHBIX uyepe3 VHTEepHET W MOCTOSTHHAs
CBSA3b MEXIY KIMEHTOM U cepBepoM 0e3 nuimHux HTTP 3aronoBkoB penaror
npotokon WebSocket mpuBiiekaTenbHBIM 1T TOCTPOCHUS PACIPEACIICHHBIX
VOPABJISIIONIMX CUCTEM peaJbHOTO BpeMeHH. Kpome 9Toro, Hamudue
WebSockets AP mo3BosisieT HOCTaTOYHO MPOCTO MCIOJIB30BaTh €ro B web-
MIPWIOKEHUSAX JIJIT OTKPBITHS WM 3aKPBITUS COCTMHCHMS, Tepeavyr U MoTyde-
HUU s coobmennit [1,2]. 1 uTto ocobo BaxkHo, WebSocket moanepxuBaroT Bce
coBpeMeHHbIe Opay3epsl pasHbix OC [3].

B nanHO# cTaThM HCCleAyeTcss BO3MOXKHOCTh TexHojoruu WebSocket
JUTSL TIOCTPOCHUSI pacipe/ieNIeHHBIX yNpaBisomux cucteM. C 3Toi 1enblo  pac-
CMOTpEH MPUMEpP MPOCTEHIIIEH CUCTEMbI YIIPaBIEHHUS BCETO JABYMsI OOBEKTaMH,
Ha KOTOpbIE MOJAIOTCS CUTHAJBI YIIPABICHUS U CUUTHIBAIOTCS CUTHAIIBI UX CO-
ctostHus (puc. 1).

[l ByHanpaBneHHble
NOTOKKM [aHHbIX '

~
A

oty Web P §

= HTTP o

— - Ly Cepeep

— Obbekr 1| Obwekr 2 |

7 7
Q

Puc.1. CtpykTypa paccMaTpuBaeMOro npumepa CUCTEMbI

[Tpu 3TOM crcTeMa T0HKHA TIO3BOJIATH JTF0OOMY M3 yIaJ€HHBIX KIIMCHTOB,
HCIIOJIb3YsI TOJIBKO Opay3ep, MpOCMaTPUBATh TEKYIIIEE COCTOSIHUE BCEX 0ObEKTOB
yIpaBJieHHE. A KIMEHTHI, UMEIOIINE COOTBETCTBYIOIINE MpaBa, MOTJIA OBI €IIle,
U YIPaBIATh JOCTYMHBIMH MM OO0BeKTaMu. be3 morepu OOITHOCTH MPEANOo-
KUM, 4TO pedb UJET 00 ympaBJeHHE MOJa4Yei AIEKTPOIHEPTUU B JIBA PA3HBIX
JoMa.

JIist  TpOCTOTHI  peayiu3aliu  MpUMepa TMPUHUMACTCS €ro KIWEHT-
CEpBEpHAsl OPTaHM3AIUs, TP KOTOPOH COCTOSTHUE BCEX OOBEKTOB XPAHUTCS Ha
cepBepe, a UX KOJIUYECTBO, B OOIIEM Cilydae, MOXKET ObITh 3HAYUTEIBLHO 00JIb-
e, 4yem jaBa. [Ipu 3TOM KaXIblii U3 KIUEHTOB JOJKEH MOJICPKUBATH TOJIBKO
OJTHO WS-COETUHEHHE C cepBepoM. IIpu MOCTpOeHUHM YHCTO pacmpeieeHHON
CHCTEMBI 06€3 cepBepa BCeM KIIMEHTaM HE00X0UMO ObLIO ObI OPraHU30BBIBATH U
MIOJIJICPYKUBATH COSTMHEHHSI CO BCEMHU 00BEKTaMH, YTO 3HAYMTEIILHO YCIOKHHUIIO
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paccmatpuBaeMsblii mpumep. OcTaBasch B paMKaxX KJIMEHT-CEPBEPHOM mapajur-
MbI, OTMETUM, YTO:

* CepBepHas 4acTh MPWIOKEHUsT OyAET MCIOJIb30BaTh KpoccIiaThopMeH-
nyto yruauty WebSocketD, kotopas Bemonuser ¢ynkuuu WebSocket-
cepBepa C IMepeHarpaBiIeHUEe BHEUIHUX BXOJHBIX U BBIXOJHBIX MOTOKOB
cepBepa Ha CepBEPHBI KoJI 00pabOTKH.

* CepBepHbIii KOA 00pabOTKU OyAeT pealn30BaH CPEJACTBAMU OOBEKTHO-
OpPUEHTHUPOBAHHOIO sI3bIKa MporpammupoBanus JAVA.,

» Knuentckas 4acTb NMpHIIOKEHUA OyJeT MPEACTaBIATh COOON MPOCTYIO
HTML-ctpanwuiy, kotopas ¢ momonisio WebSocket-mmoakinrouenus oyaer
oOparmaThCs K cepBepy 1 0OMEHUBATHCS ¢ HUM COOOIICHUSMU.
Peanm3anus cepBepHoOil yacTu npuJio:kenus. [Ipu cozganum cepBepHo-

ro Koja HEoOXOAMMO MpPEeIyCMOTPETh BO3MOXHOCTH MHo2conomounocmu. To
€CTh CEpPBEPHAs YaCTh JIOJKHA OTCICKHUBATh BCE U3MEHEHHUS Ha KaXK/I0M U3 KJTU-
€HTOB, 00pabaThiBaTh UX U OTMIPABIATH U3MEHEHHUS! COCTOSHUE CHCTEMBbI BCEM
KJIMEHTaM TOJIKJIFOUEHHBIM K CepBEpYy B TEKyIIUi MOMEHT. [IoToku B3auMoaei-
CTBOBATH JIPYT C IPYTOM U€pe3 OCHOBHOM «POJIUTEIHCKUN» MOTOK, U3 KOTOPOTO
OHH CTapTOBAIH.

Jlnst peanu3anuy MOCTaBICHHON IENMH co3AaauM (aill ¢ pacuImpeHreM
*java, B KOTOPOM ompenennM JBa kiaacca: LampServer (puc. 2) u FonStream
(puc. 3). st mpoCTOTHI peanu3aiuu, HHOOPMaILMIO O TEKYIIEM COCTOSIHUHU BCEX
00BEKTOB yIpaBjcHHs OyJaeM XpaHuTh B ¢aiiie lamps.txt, popmar comepxumo-
ro KOTOPOTO UMEET CICIYIOIIUNA BU/L;

] <ON/OFF>|2 <ON/OFF>] ... |<n> <ON/OFF> ,

@aiJI COCTOMT M3 OTAECIBHBIX, PA3JICIICHHBIX CHUMBOJIOM , 3aIruce,
MepBOE TOJIE KOTOPBIX OMpENEesieT HOMEpP OOBEKT yNpaBJEHHUS, a BTOPOE €ro
COCTOSIHHE

7’|”

public class LampServer {
static String fileMame = "lamps.txt";

public static wvoid main(String[] args) throws ICException {

Thread 5tream? = new Thread(new FonStream()): //Cozmaswme noroxa Stream?
Stream?.startc(): //BanycrE noTokra
while (trume) {
BufferedReader in = new BufferedBeader(new InputStreamBeader (System.in));
String message = in.readLine():
if (message.length()==0){

System.exit (C);

}
System.out.println(message) ;
ReplaceFile (message) ;

Puc. 2. Ckpunmor xozaa kiacca LampServer

Knacc LampServer, sBisisch pOAUTEIBCKUM, CO3/1a€T HOBBIM ITOTOK
Stream2 Ha ocHoBe kiacca FonStream. JlouepHuii motok 3amyckaercs (Start), a
OCHOBHOM MOTOK TMEPEXOUT B PEKUM OXKHUITAHUS MPUEMa COOOIICHUI OT KIUEeH-
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TOB, KOTOpble Ha Hero mepeHanpasisieT yruiura WebSocketD. Tlpu nmpuxone
COOOIICHHUST OHO 00pabaThIBAETCS, BBIMIOJIHSIETCS KOMaHAa HAa BKJIIOYEHUE WU
OTKJIIOYEHHE TOTO WIIM MHOTO 00beKTa, U OOHOBIsieTcs MHbopmalus B (aitie
lamps.txt.

Knaccc FonStream peammsyer unatepdeiic Runnable (puc. 3), KOTOpBIii.
ABJIIETCS] HanboJIee pacpoCTPaHEHHBIM CIIOCOOOM CO3/1aHUSI TIOTOKOB.

class FonStream implements Runnable {

SiMeron run BymeT BHOOMHATECH B GOHOBOM OOTORE
public wvoid run() i
tryi
String linel = LampServer.ReadLineFromFile() :

System.out.println{line0) ;

while (true) {
String linel = LampServer.BReadLineFromFile({) :
if (linel.compareTo(lined)=0} {

tryi
zleep| )
lcateh (InterruptedException e){}
} else {
Syvstem.out.println{linel) ;
lined = linel;

)
}catch (ICException e} {}

Puc. 3 Ckpunior koza kiacca FonStream

B nanHoM kiacce kaxple 3 CEKYHJIbI CpPaBHUBAETCS cojep:kumoe (aitna
lamps.txt ¢ TekymmM cocTosiHueM 00BeKTOB. [Ipu coBNaieHUM JaHHBIX HUYETO
HE MIPOUCXOJIUT, a €CJIH JaHHbIC OTIMYAIOTCS, TO MPOUCXOANUT UX aKTyaTH3aIus
U TEKYIlEe COCTOSIHHE CHCTEMBI OyJIeT mepeaHo BCeM KIMEHTaM, MOJKII0UeH-
HBIM B TEKYIIIMI MOMEHT K cepBepy 1o nporokoiy WebSocket.

Peanu3anus KJIMEHTCKOI YacTu npuioxkenus. OHa OpUEHTUPOBaHA Ha
paboTy B cpejie CTaHIapTHBIX Opay3epoB ¢ moaaepxkoi WebSocket u co3naer-
csi cpenctBamu HTML u JavaScript. O6mmii Bux cTpaHuilbl pu €€ mepBOHA-
YaJIbHOM 3aIyCKe TIPE/ICTAaBIICH Ha PUC. 4.
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IIpumep yoanennoro yupaeneHua Ha baze WebSocketD

ITepBBII J0M Bropoii 1om

\

il
i

|

Pexum goctyna: | v |

Hom 1
Hom 2
| Bce

Connected to Server (ws://localhost:8081/)

Puc. 4. CkprHIIOT IMIaBHOM CTpaHUIIbI IPUIOKEHUS

BBI30B T1aBHOM CTpaHUIIBI BBITIOJIHICTCS CTAaHAAPTHBIM YKa3aHueM http://
azjpeca cepBepa, HO MPH €€ 3arpy3Ke MPOU30MIET aBTOMATHYCCKOE MO IKITFOYE-
nue kirenta k WebSocket-cepeepy, o ueM HHGOPMUPYET COOOIIEHUE B HUXK-

Heit yan ctpanuilsl (Connected to Server).
KineHnT nmeer BO3MOXKHOCTh BBIOpAaTh PEXUM JIOCTyIa K YIPABJICHUIO

oOBbeKTaMu. BpIOOp 0HOTO U3 PEKUMOB BHIBOJIUT HAa CTPAHUILY JOTOTHUTEIb-
HBIE DJJIEMEHTHI YIpaBiieHUs (KHOMKH), KOTOPbIE W MPEAOCTABISIOT BO3MOX-
HOCTb YIIPABJISATh ANEKTPOIHEPTUEN KOHKPETHOIO 00bEKTa (puc. 5).

Pexmmmoctyna Bre v

BRI, BRI,

OTE, OTK.

Connected to Server (ws://localhost:B031/)

Puc. 5. CkpuHIIOT II1aBHOM CTpaHMIIBI C pEKUMOM aocTyma «Bcey

VY Kkaxa0oro u3 00BEKTOB CBOM KHOMKHU yrpaBieHus. [Ipu Haxkatuu Ha 0]1-
HY U3 KHOTOK «BKI1./BBIKIL» Ha cepBep OTHPaBIsSETCS KOMaH/1a Ha BBITTOJHEHUE
HY>KHOM olepalid Ha KOHKpeTHOM oObekTe. dopmaT oTrpasisieMoro coobiie-
HUs: “<HoMep oObekTa> <omeparus>". Hampumep, '1 ON’.

[TocTynuBiiee Ha cepBepe COOOIIEHUE AHATIM3UPYETCS, U MIPU HATMYUU B
HeM nojactpoku ‘ON’ unu ‘OFF’ Oyner BbINOJHEHA COOTBETCTBYIOIIAS aKTya-
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Ju3anus CUcTeMBbl. [Ipu mocTymieHnu OT cepBepa HOBOTO WS-COOOIICHHS 00pa-
OOTYMK COOBITHS WS.0NMessage KIMEHTa BBI3BIBACT (DYHKIIMIO JUIS €T0 aHAIKM3a

(puc. 6).

function BeciveFromServer (message) {
block = message.split("|"):
for (var 1 = 0; 1 < block.length; i++} {
m3g = block[i] .split(" "}:
n = msg[0]:

if (msg[l]="CH") {
S$('L"+n+" OFF').style.display = 'none';
${‘1‘+n+‘_CH‘}.style.display = 'inline"';
$('on'+n) .disabled = true:
$("off'+n) .disabled = false:

} else if (m=sg[l]="CFE"} {
S${'L'"+n+" OFF').style.display = "inline';
${‘1‘+n+‘_CH‘}.style.display = 'mone';
$('on'+n) .disabled = false:
£('off"+n) .di=abled = true;

} =lse {
log{("Error: " + 1 + " - " + block[i]):

1
1
Puc. 6. CkpuHmor koga 06paboTku cooOIIeHuit cepepa

Ota (QyHKIHMS MOCTYyNUBILIEEe COOOIEHUE MPEJCTABIIET MACCUBOM 3aIlu-
cell I KaXJA0ro U3 0OBEKTOB yIpaBJICHUs. AHAIN3 TUX 3alUuceld TPUBOIUT K
CMEHE M300paKEHUI Ha TJIABHOW CTpaHUIIE, a TaKKe PEryJIUpyeT TOCTYIMHOCTb
KHOIIOK I10 YIPABJIEHUIO KaXIbIM U3 00BEKTOB.

3anyck npuioxenusi. Ha npusenennoit Huxe ¢otorpaduu (puc. 7) no-
KAa3aHO CETEBOE TECTUPOBAHUE NPHUIOKEHHS, CO3JAHHOIO C HCIIOJIb30BAaHUEM
texnosmorun WebSocket. Yaanenno ¢ ycrpoiictBa «iPad» OblI0 mpou3BeneHo
nojAKIroYeHre no BHemrHemy [P aapecy k cepBepy pa3paOOTaHHON CHUCTEMBI,
1ocJie 4ero ObLI MOJIydeH JIOCTYI K yAaJCHHOMY YNPAaBICHUIO MOAAuYeH 3JeK-
TPOIHEPTHH HA KaXKIbIH U3 00HEKTOB.

Puc. 7. JIleMoHCTpanus yIajJeHHOIO YIIPABJICHUs OCBEILIEHUEM JOMOB

Ho nns Toro, 4roObl 3KCHEPUMEHT 3aKOHYHIICS YCIEUIHO, He0OXO0IuMO
OBLJIO MPEABAPUTEIHHO HA CEPBEPE BBHIMOIHUTH PSAJT OTIEPALIUIA:
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. 3arpy3uTh KOHCONBHYIO Bepcuro yTmmThl WebSocketD u yctaHoBUTH Ha
CepBepe MporpaMMHYIO cpeay Java.

. Ucnonb3yst  koMmuiaTrop  Java,  mOpeBpaTUTh  HMCXOAHBIM  KOJ
LampServer.java B 6aiiT-ko/1, COOTBETCTBYIOMIUI crerudukanuun JVMS

javac LampServer.java

. Ha 6a3e otkommmmpoBanubix FonStream.class u LampServer.class co-
3J1aTh JIJIs1 CEPBEPHOTO KOJa BHIITOJIHSICMBIH jar-apXuB:

jar -cvmf manifest. mf LampServer.jar *.class

UCIIOJIb3Ysl PU 3TOM (ailn MaHu@ecTa MpoCTeHIIero Buaa:

main-class: LampServer

. st 3anmycka WebSocket-cepBepa chopmupoBaTh KoMaHAHBIN (aits BUa:
Websocketd --port=8081 --staticdir=.\htm java -jar LampServer.jar

CrpykTypa KOMaHAHOTO (pailiia mpeanosiaraeT, 4To Iocle 3amycka yTH-
autbl WebSocket-cepsep Oyner padorats Ha 8081 mopTy cepBepa, BCe BHEIIHUE
BXOJIHBIE M BBIXOJHbIE WS-TIOTOKM YTHJIWTa OYJIET TPAaHCIMPOBATh MPOLECCY
LampServer.jar, KOTOpbIi caMa aBTOMAaTHYeCKU U 3anmycTuT. Kpome storo, nan-
HbII KOMAaHJHBIM CIIeHapuil MpeAnojaraer, 4ro Bce ¢ainbl riiaBHoM html-
CTpPaHMIIBI KIIMEHTCKON YaCTH MPHUJIOKEHHsI XpaHATcs B manke .\htm cepepa.

BbINoOnHUB yKa3aHHBIE BbILIE JEUCTBUS, TEIEPh IJIA 3allyCKa CUCTEMbI B
paboTy JIOCTATOYHO 3aMyCTUTh HA BBIMOJIHEHHE KOMaHAHBIN ¢aiin. [Ipu stom
HTTP u WS-cepBepa cTaHyT H1OCTYIHBI B CETH.

3akiroueHue. B kauecTBe 3aKIIOYEHUS CIENYET OTMETHTbD, YTO TEXHOJIO-
rust Ha 6a3ze WebSocket nmpocTta B Mcnoyib30BaHHH, OBICTpPA, HAJEKHA U JIOCTa-
TouHO 3(pdexTnBHa. OOecTeunBaeT IBYHANPABICHHYIO CBSA3b MEXAY KIHMEHTOM
Y CEPBEPOM U MOJXOMST JJIS TEX MPUII0KEHUN, KOTOPBIE MOJIY4YatOT U OTChUIAIOT
MHOTO JaHHBIX 32 OYEHb KOPOTKHUI MPOMEKYTOK BPEMEHH B pEaIbHOM BPEMEHHU.
OcoOy10 poJib 3Ta TEXHOJOTUSI MOXKET 3aHATh B COCTaBE CUCTEM, OJJHUM U3 y3-
JIOB KOTOPBIX SIBJISIIOTCSI CETMEHTBI CEHCOPHBIX ceTel coopa undopmanuu [4] .
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MLUJIL. HIunakuHa, KaHIUAAT TEXHUYECKUX HAYK, JOLECHT

MMUTPAIIUA JJOKAJIBHOM B/ B BA3Y JAHHBIX MYSQL
HA UHTEPHET-PECYPCE

MHorue npeanpusTHs pazinyHbIX cdep OusHeca — cepbl 00CITyKHBa-
HUSI, aBTOCEPBHUCA, Mara3uHbl, ONTOBBIE CKJIAJbI, — UMEIOT CBOIO JIOKATHHYIO WU
KJIMEHT-CEPBEPHYIO0 0a3y JaHHBIX, COJAEPXKALlYyI0 HMH(OPMALHUI0 O KIHEHTAaX,
MIPEIOCTABIISIEMBIX YCIyrax, 0 HOMEHKJIATYPE U XapaKTEPUCTUKAX Pealli3yeMbIX
TOBapOB U YCIYT, Mpaic-TUCTbl, THPOPMAIUIO O COTpyIHUKaX Gpupmbl. C npy-
roil CTOPOHBI, JII000€ MPEANpPUITHE B COOTBETCTBUU C TpPeOOBAaHUSIMU COBpE-
MEHHBIX peaquii Ou3Heca MOAJEPKUBAET CBOM COOCTBeHHble HHTEepHeT-
pECYpCHI, T/I€ TOTCHIIMAIbHBIC KJIUEHTHI MOTYT MOJYYUTh PEKIAMHYIO HH(OP-
MaIuIo 0 ToBapax u yciayrax gupmel. Ha onpenenenHom sTane pa3BUTHS IPe-
NPUSTAS BO3HUKAET HEOOXOIUMOCTh HE TOJNBKO MH()OPMHUPOBATH KIMEHTA (WU
COTPYJHHKA) O CBOEM OM3HECE, HO U BECTH caM Ou3Hec uepe3 MHTepHeT — mo-
CpeaCTBOM OTKpBITUSI MHTEepHET-MarasmHa, OpOHUPOBAHUS MECT B TOCTUHHUIAX
yepe3 rio0aabHyIo CeTh U T.N. B 3HaunTeNbHOM OOJBIIMHCTBE ciiydyaeB HTep-
HeT-OM3HEC BO3HUKAET HE caM M0 ceOe, a Ha OCHOBE YK€ CYIIECTBYIOLIEro Ou3-
HEC-TIPEeANpUsATUs ¢ 0pUCOM U CTAOMIIBHBIM JI0XOJOM, HAlpUMEpP, OOBIYHOIO
Mara3uHa, CKJIaJa, TOCTUHUIIBI U T.II., TOTOMY YTO, KaK MOKa3bIBAET MPaKTUYe-
CKUH ONBIT, 10XO/A OT UHTEPHET-NPOIaXK CYIIECTBEHHO HUXKE, YEM OT O(PHUCHBIX
npoaax. BozHukaer mpobiieMa BeJieHHs IBOMHOTO OM3HEca — JUIsd MPOJax uepes3
opuc u 4yepe3 mHTEepHET. UTOOBI M30ekKaTh €€, Tpedyercs oOBeTUHUTH 0a3bl
JaHHBIX 00€MX BUJOB MPOJIaX B OJHY COTJIACOBaHHYIO 0a3y. 3ajaya OCIOMKHS-
€TCsl TEM, YTO JIOKaJbHAs 0a3a JaHHBIX, KaK MPaBHIIO, co3aaHa B (popmate Ac-
cess, MS SQL Server, Oracle, Paradox u 1.1., a 0a3a JaHHBIX Ha WHTCPHET-
pecypce umeert, kak npasuio, Gopmar MySQL. MoxHO ObIIO OBl YKCIIOPTUPO-
BaThb cojeprKaHue JokanbHOU 0a3bl B (hopmatr XML, a 3atem, ucnons3ys PHP-
oubimoreky SimpleXML, umnoptupoBats coxepxkumoe XML-daiina B 6a3y
nanabix MySQL, HO 3TOT clieHapuil MaJlo MPUTOACH C MPAKTUYECKOW TOUKHU
3peHUs, TaK KaK MpOoJaKaMu 3aHUMalOTCS MEHEKEPhI, KOTOPbIEe HE KOMIIETCHT-
HBI U1 paboThl ¢ Oazamu naHHbIX Ha Web-cepBepax. [ToaToMy TpeOyercs Mak-
CUMAaJIbHO aBTOMAaTU3MPOBATH MPOLEAYPY COTIACOBAHUSI COCTOSIHUN JIOKAJIbHOM
u Web 6a3 naHHbBIX.
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Taxum 00pa3oM, mocTaHOBKA 3a7auu GOPMYITUPYETCS TaK: UMEETCs KIIu-
CHT-CEpPBEpHAs WM JIOKaJdbHas 0a3a MAaHHBIX YAaCTHOTO MPEANPHUATHS U CAUT
aTOM Ke (pupmbl, paspadoranHblii B CMS 1 pa3MelieHHbI Ha XOCTUHIE B WH-
TepHeTe, co cBoei 6azoi maHHbIXx MySQL. Tpebyercs pazpaboTaTh MEXaHU3M
aBTOMATH3MPOBAaHHOTO M3MECHEHHS KOHTEHTA Ha CailiTe NMpPU M3MEHEHUH COOT-
BETCTBYIOIIIETO COACPKaHUS B 0a3e JAHHBIX MPEATPHUATHSL.

DTy 3ajady IpeasiaraeTcsi peluTh C HCHOJb30BaHHUEM aBTOMATHYECKU
3ammyckaemoro Ha \WWeb-cepBepe ckpunrta, HanrcaHHOTO Ha si3bIke Perl, kotopsrii
110 33/IaHHOMY PACIHCAaHUIO TPOBEPSAET COCTOSHUE MATKH JIJIs1 BXOAHBIX (PailyioB.
Ecnu ckpunt o6HapyxuBaet B 3Toit manke XML-daiin ans o6HOBIEHUS COCTO-
staust Ta0ui 6a3el JaHHbBIXx MYSQL, ckpunt cHadaima pa30uBaeT 3TOT BXOJIHON
¢aiin Ha MHOXXECTBO (PaioB (PUKCUPOBAHHOTO pa3Mepa, MPUUEM HEOOXOIu-
MOCTh TaKOTO pa30MEeHHUs BBhI3BAHA TEM, YTO HA XOCTHHTAX CTOSAT OTPAaHUYCHHSI
Ha pa3Mep BXOAHBIX (ailioB Juisl mocienyromeid oOpaboTku UX (YHKIUSIMU
ouommotekn SimpleXML. IlonydeHHble B pe3yiabTare pa30oveHus (anbl
CKPHUIIT COXpaHAET BO BPEMEHHYIO Manky. 3aTeM U3 Kaxaoro ¢aiijia CKpUIIT
MOOJIOYHO W3BJICKAET 3HAUEHHUS MMapaMETPOB, KOTOPBIE MOJCTABISIET B XpaHU-
MYIO TIpOIEIypy, MOAM(PHUIMPYIONIYIO COCTOsHUE Oa3bl JaHHBIX Ha \Web-
pecypce, U 3allyCKaeT 3Ty NMpoIeaypy Ha BbIIOIHEHHE (puc. 1).

JIyist penieHust MOCTaBJIEHHOM 3a7aud HEOOXOAMMO OMpe/eiIeHHOE ara-
paTHOe W TporpammHoe oOecrnedueHue. Eciam oTnaxuBaTh 3aiady HaJO0 Ha JIO-
KaJTbHOM CEpBepe, TO CHadalla HeOOXOIUMO YCTAaHOBUTH ITOT JIOKAJIBHBIA Cep-
BEp, B COCTaB KOTOPOTO BXOISAT:

1.  Apache (2.4 u crapie);

2. PHP (5.5 u crapmie);

3. MySQL — xenaTeapHO MOCTICTHSIS BEPCHS;
4.  rpaduueckas obosouka phpmyadmin s padorsr B MySQL (1o
JKEJIAHUIO).

JIist ynpolieHuss HaCTPOWKH COBMECTHOM paOOThl ATHUX KOMIIOHEHTOB
MOYKHO YCTAHOBUTb I'OTOBBIN JIOKaIbHBIN cepBep Wamp, EasyPHP unu Denver.
Kpome Toro, He00OX0aMMO YCTaHOBHUTH HA JIOKAJLHOM KOMIIBIOTEpE rpadude-
CKyto cpeny Pedro mist paspabotku u orinaaku Perl-ckpuntoB Ha J0KaabHOM
cepBepe. BoiBoa auarnoctrueckux coodienui Perl ocyiectsisier Ha KOHCOIIb,
B CMd-CTpOKYy.

Ecnu pemars nocraBiaeHHyIO 3aa4y HaJl0 Ha apEHIOBAHHOM I pa3me-
HIeHUs caiiTa (U, COOTBETCTBEHHO, 0a3bl JaHHBIX MYSQL) cepBepe Ha XOCTUHTE,
TO XOCTHHI JOJ/DKEH TaKXke mpemocTaBiiarh Apache ne Hmke 2.4, PHP 5.X,
MySQL u Crontab mns 3amycka Perl-ckpuntos.

PaccmoTpum pemieHue moctaBiieHHOW 3agauu (puc. 1) Ha mpumepe. Ha
MPAKTUKE BO3MOKHA CUTyallus, KOTJa Ha CalTe y»Ke€ YCTaHOBJICH CTaHAapTHBIN
KOMITOHEHT, KOTOPBIH, Hampumep, peanusyer MHTepHeT-marasuH, Bpoae Vir-
tueMart 8 CMS Joomla. B stom ciyuae crpykrypa BxomHoro XML-daiina
JOJDKHA OTIPEIEIATHCS CTPYKTYPOM TaOIHI] 3TOT0 KOMITOHEHTA.
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Coananue B BJT MySQL
TaOJHUL CO CTPYKTYpPOIt,
COOTBETCTBYIOIIEH TaHHBIM H3
nokanbHoil B]1, myOnukyeMbiM

Ha caiite.
¥

Co3spgaHne MOOYJIA, BEIBOOAIIETO
coaep:kaHHe TaOIHIbl Ha caiiT, 1
MHCTAULALMA 3TOro Mmoayida B CMS.

=

Hamucanne XxpaHHMOI1 IpoLeayphl
B 61 MySQL, KoTOpasA npHHHMaeT
Habop napamerpos THna IN u
3aMHCHIBAST 3HAYEHHA STHX
TIapaMeTpPOB B COOTBETCTBYIOLINE
moJiA TabmuIe! B 6a3e JTaHHBIX

MySQL.
1L

DKCIIOPT COAEPAKHMOI0 TadJIHLIBI
(Tabmuw) nokaneHoit B B XML-¢aiir.

¥

Hammcanme ckpunra Ha a3bike Perl ¢
HCIIONb30BaHueM OuOmuoTeku SimpleXML,
KoTopsIil GepeT BXxomHoit XML-daiin u3 BxoaHoit
Ak, pa3buBacT ero Ha Kycku mo 500 cTpok u
3aMTHCHIBAET MOMYyUEHHBIE IPU pa3OHeHHN (aiinb
BO BPEMEHHYIO MAIKy.

3ateMm u3 Kaxkmoro xml-aiina H3BIEKaeT
TMOGIIOYHO 3HAYSHHA MAPAMETPOB JIJIA
TIOICTAHOBKH 3THX 3HAUEHHH B HATTNCAHHYIO HA
TIPeABIAYIIEM 3Talle MPOUEAYPY U 3aMycKaeT e€ Ha
BBITIONTHEHHE.

T.0. 3raueHms xml-mapametpos (Tomneit 13
TOKanmbHO# §]1) OKa3bIBAOTCA 3aITHCAHHBIMH B
6a3y maHHBIX MySQL.

B saxmoucHue Bxoanoit xml-daiin
TIepPEIIHUCEIBACTCA B BBIXOJHYIO NATIKY, 8 BXOIHAA
M BpeMEHHAs TAITKH BRIYHIAIOTCA.

L |

3amuck B daitn koHuHTypaimi Cron KOMaHIE
Ha 3ammyck Perl-ckpHmTa mo ykasaHHOMY
pacIHCaHHIo.

Puc. 1. Cxema coriiacoBaHusi COCTOSIHUHM JIOKaIbHOW 0a3bl JaHHBIX U 0a3bl TaHHBIX Ha
Web-pecypce

C npyroit CTOpOHBI, BOBMOXKHA CHUTyaIusi, KOTJIa Ha caiiTe Tpedyercs
0TOOPa3UTh TEKYIEE COCTOSHUE HEKOTOPHIX TAOJHUI] JJOKAIBHOW 0a3bl JaHHBIX.
Torna nnsa Bxonnoro XML-daitna onpenenstonieit spisieTcss CTpyKTypa UMEHHO
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TUX Ta0auU. PaccMOTpHM 3TOT ciaydyail MOCTAHOBKHM 3adadd. Tak Kak oToOpa-
KaTh Ha CalTe HAJ0 TaOJMIly U3 JIOKAThHON 0a3bl, TO Ha CaliTe HET TOTOBOTO
KOMIIOHEHTa JUIsI BBIBOJA COJICP)KMMOTO TaOJIMIbI, © HET M3HAYaJbHO B 0ase
naHHbplx MySQL tabmuiel, cOOTBETCTBYIONICH Tabnuie (Miau Tabiuiam) Jio-
KanpHOW 0a3bl maHHBIX. [loATOMY TIepBOe, YTO HEOOXOIUMO CAeNaTh - 3TO CO-
3nath B MySQL TaGnuily ¢ mossiMi, COOTBETCTBYIOIIMMHE JTaHHBIM U3 JIOKAJb-
HOM 0a3bl TaHHBIX, KOTOPhIE HEOOXOAUMO BBIBECTH Ha CAMT.
3T0 MOXKHO C/IeNIaTh ABYMS CIOCOOAMH:

a. u3 phpmyadmin gepe3s rpadudeckuii nHTEpPEIiC;

b. uepes nupekruBy CREATE TABLE u3 komanmnoi crpoku MySQL.
[Tycthb B Tabnuiie, KOTOPYIO HAJO OMYyOJIUKOBATH, 5 TOJEH:
id INT(11);
name VARCHAR(20);
textl text;
quant INT(11);
data DATE.

[Tocne toro, xkak Tadnuma B MySQL co3nana, Hafo co31aTh MOAYJb BbI-
BOJIa COJIEP)KMMOTO 3TOM TaONMIBI HAa caiT. Bce KOMIIOHEHTHI MOJYJsS CTaH-
JapTHBIE Kak Ui JIIo0oro Moayisi cootBeTcTByromeir CMS, no B default.php
JIOJDKEH TIPUCYTCTBOBATh OJIOK, cojepskamuid 3amnpoc k 6aze MySQL Ha naH-
HBIC, KOTOPBIC HAJI0 BEIBOAUTH Ha CTPAHUILY:

$db = JFactory::getDBO();
$query =" SELECT * FROM "ums_tabmuisl_MySQL™ "
$db->setQuery($Squery);
$list = $db->loadObjectList();
echo '<p><table class="umsa_knacca_CSS" border="5"
cellpadding="5" cellspacing="1" >
<tr align="center" >
<th>id</th>
<th>Nms</th>
<th>Order</th>
<th>Cost</th>
<th>Data</th>
</tr>"
foreach ($list as Sitem) {
echo'
<tr align="left">
<td> ".$item->id.’
<td> '.$item->name.’
<td> '.$item->text.’
<td> ".$item->quant.’
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<td> '.$item->data.’
</tr>",
¥
echo '</table></p>";
CJIGI[yeT CcA€JIaTb HECKOJIBKO 3aMeYaHuM 110 IMOBOAY KOOAUPOBOK Ta6J'II/IH B
MySQL.:

1. ®aiinel ¢ onucanueM Moaynst U BxoaHo XML-¢aiin ¢ umnopTupyeMbim
COJIEP>KUMBIM JOJDKHBI OBITh cOXpaHeHbl B kogupoBke UTF-8, nnaue B Opayse-
pe Ipu MPOCMOTPE CTPAHMIIBI C MOJYJIEM, BBIBOJAAIIUM TaONUILy, U B KOMAaH/I-
HoW cTpoke Perl mosBsiTcst ormoKH.

OTO0 crpaBeIMBO JJIs CIydasi, €CJIM €CTh HEOOXOAMMOCTh BBIBO/Ia KUPHUJILITH-
1pl. JJ71s1 TaTUHUIEI MOAYJIb MOKET KOPPEKTHO pabdoTaTh M B IPYTUX KOAHPOB-
Kax.

2. Komuposka bJ] MySQL, a Takxe cpaBHEHHE CTPOK B TaOJIHIIE, B KOTOPYIO
UMIIOPTUPYIOTCS JaHHBIC, MOJDKHBI ObITh ycTaHOBIcHBI ULf8_general ci wm
cpl251_general_ci, unave pycckuii mpudr Oyaet oToOpakaThCs HEPOTIU(haMH.

Korna Monynb BbIBOAA TaOJMLBI HAMMCaH U KOPPEKTHO pabOTaeT, MOXKHO
IpUCTYNaTh K HANMCAHUIO XPAaHUMOM MPOLEAYPHI, 3aMOIHSIIONIEH BBIBOJUMYIO
Ta0JHILy HYKHBIMHU 3HaYEHUSIMU TOJIEH U MOTyYaroiel B Ka4eCTBE MapaMeTpoB
3HAYEHHUSI ITUX TOJIEH:

DROP PROCEDURE ‘ums_npouenypsr
CREATE DEFINER="user name @  host name’ PROCEDURE
uMs_Tpouenypsl (
IN Person_Id int(11),
IN Name varchar(20),
IN Textl text,
IN Quantity int(11),
IN Data date)
BEGIN
IF NOT EXISTS(SELECT * from ums_tabmuusl MySQL where id =
Person_Id)
THEN
INSERT into mmsa_tabmuer MySQL (id, name, textl, quant, data)
values(Person_Id, Name, Textl, Quantity, Data );
ELSE
UPDATE wums_tabmuusl MySQL set
name = Name, textl = Textl, quant = Quantity, data = Data
Where id = Person_Id;
END IF
END
CrnenyroommmM 3TanoM SIBISIETCS 3KCHOPT COAEPKUMOTO JIOKaJIbHOU 0azbl
naHHbIX B XML-¢aiin. s cozganust XML-daiina u3 tabnuiel B Access HaJlo0:
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1. TIpaBbIM MIETYKOM MBIIIN IO UMEHH TAOJIHIIBI BHI3BATh KOHTEKCTHOE MeE-
HIO.

2. Boibpats Oxcnopm-> XML-gaiin

3. Uepes kHonky OO030p ykaszaTh Manky Ha3HAYEHUS U UMs CO3/1aBa€MOTO
XML-paiina.
[TepeumenoBsiBaeM B XML-daiine:

- root-rer B Container,

— noctpouneie Tabmuunbie Term B Procedure_SQL c arpubyrom
Name= "ums_xpanumou_npoyedypwr ",

- TEru 3HAYCHUI MOJeil KopTexeH, BIOKEHHBIE B IOCTPOYHBIE TETH,
neperMEHOBBIBaeM B Param, Ba)KHO, 4TOOBI MOPSIIOK CIEJOBAHUS ITHX BIIO-
KEHHBIX TETOB COOTBETCTBOBAJ MOPSIKY CIIEIOBaHUS (POPMAIBHBIX MMapaMeTpPOB
XpPaHUMOM MPOLEAYPHI.

Teneps MOKHO NMPUCTYNaTh K CO3JaHUIO0 CKpUNTa Ha si3bike Perl. Jlns ero
KOPPEKTHOM paboThl CHayana Hajgo CO3[aTh 3 ManKh Ha cepBepe (Wiu Ha Jio-
KaJIbHOM KOMITbIOTEpE, €CiIi paboTa ocymiecTBisiercs Ha localhost) ¢ umenamu:

o xml - TamKa JijIsl 3arpy3ku Tyja BxoaHoro Xml-gaiina;

o xml_tmp - BpEMEHHas Marka JJIsl 3alicu TyAa pa3ouToro Ha
Kycku BxogHoro XML-daiina;

e xml_old - TIarKa JijIs 3alicy TyJa o0pab0TaHHOTO BXOJIHOTO
xml-daiina.

B nepByto manky coxpansieM MoArotoBiieHHbIH XML-(aiin, octanbHbIe
MKy MyCTHI.
CKpunT COAEPKUT cieayronre GyHKIIMOHATbHBIE OJTOKU:
. [Tposepsier manky XML Ha nipeameT HaM4usi B Hel (aitios.
.-> Ecnu aiin ects
. - OYMIIIAET COOTBETCTRYIOITYIO0 Tabmuity ¢ nanubiMu B BJI MySQL;
4 . - pazbuBaet (aiin Ha kycku BxoaHou XML-daiin u 3anucbiBaeT 3TH Kyc-
KM B manky xml _tmp;
5. - 4uTaeT CTPYKTYypy Kaxaoro XML-010ka B mamsTh;
6. - 3allyCKaeT HANMCaHHYI0 XPaHUMYIO MPOLEAYpy C MNapaMeTpaMyd Ha
SQL-cepBepe;
7 . - xonupyeT orpadotanubiii XML-daiin B manky xml old.
I'maBHOE TENO CKpUIITAa UMEET BUL:
use Data::Dumper; # BeImostHseT Print Ha koncous Perl
use XML::Simple;

w N =

use DBI; # ycraHaBiuBaeT coeuHeHue ¢ b/l
use File::Copy;

use Encode;

my $dir  ="/myts_k_mamke xml/xml";

my $dir_end ="/myts_k_manke xml_old/xml old";
my $dir_tmp ="/myTh_k_manke xml tmp/xml_tmp/";
my @list_dir = scan_dir($dir); # 3amuceiBaeT uMeHa (ailyioB U3 MANKU
xml B
# wmaccus list_dir
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my @list_tmpdir;

my $num; my $numm;
my $text; my $textl;
my $data_file;

my $data_file_tmp;

my @params;

my $sql3;

my $sth;

my $rv;

my $user=‘user name';
my $password=‘pass';
my $database = ‘database name';
my $host = ‘host_name';

my $sql;

my $dbh = DBI->connect("DBI:mysql:$database:$host",$user, $pass-

word);

# noaximounauchk kK bl MySQL
foreach $data_file (@list_dir) {
$sql3 = "TRUNCATE TABLE wums_Ttabmuner MySQL";
$sth = $dbh->prepare($sql3);
$rv = $sth->execute;
clean_dir($dir_tmp); # ouwctmim nanky xml_tmp

wrap_file($data_file); # pas3owmm ucxomusii Xml-daiin Ha Kycku u

# sanumcanm ux B Xml_tmp
@list_tmpdir = scan_dir($dir_tmp);

# 3anmcanu B MaccuB list_tmpdir umena ¢ainos u3 namku Xml_tmp

foreach $data_file_tmp (@list_tmpdir){
my $simple = XML.::Simple->new();

my $data = $simple->XMLin( $data_file_tmp, ForceArray

# 3amuchIBaeT BJIOJKCHHBIC TETH B MACCHUBHI

foreach $num ( @{ $data->{Procedure_SQL} }) { $#params

# OYMCTWJIA MACCUB params
$textl = $num->{Name};
$sql ="call " . $textd . "(";

foreach $numm ( @{ $num->{Param} }) {

$text = Snumm->{content};
push @params, $text;

$sgl =$sgl . "™ S$text . ™M)
}
chop($sql);
$sql = $sql . ")";

my $sql2 = encode('cp1251',$sql);

$sth = $dbh->prepare($sql2);



$rv = $sth->execute;

copy($data_file, $dir_end);
unlink $data_file or warn "fail on $data_file: $\n";

¥

my $rc = $dbh->disconnect;

clean_dir($dir_tmp);

B ckpunte ucnonap30BaivCch BBI30BBI BCIOMOTATENbHBIX mpoueayp. Onna
U3 HUX (OpPMHPYET MAcCUB M3 UMEH (DailyioB, HaXOAIIMXCSA B JUPEKTOPUU C
MMEHEM, TIEPETAHHOM B MPOLIEAYPY B KauecTBE (PaKTHUECKOTO IMapaMeTpa:

sub scan_dir {

my ($dir) = @ _;
# MaccuB @_ COZCPKHUT TTapaMETPhI, TIepeiaBacMbIe B TIPOLICTYPY
my @list;

for my $file ( glob( $dir . '/*') ) {
# glob() Bo3Bpamaer crnmicok ¢aiiioB, * - M00as MOCIEAOBATEILHOCTh
CHUMBOJIOB
push @list, $file;

if (-d $file) # nposepka, uro $file sBisercs qupekropuem

{
my @sub = scan_dir($file); # pexypcuBHbIii BHI30B
push @list, @sub;
}
}
return @Iist;
}

Hpyras npouenypa yaanser U3 Iarnku BCe COAECPKUMOE:
sub clean_dir{
my @clean_dir = scan_dir($_[0]); # $ [O] - mepBbIii nepenaBacmblii ma-
pamerp
foreach $clean_file (@clean_dir){
unlink $clean_file or warn "fail on $clean_file: $!\n";
# unlink ynansier ¢aiin

}
¥

[TocnenHsis mMONMB30BaTENIbCKAs TPOIICypa pa3douBaeT Qaii, nepeaaHHbIi
B HEC B Ka4eCTBE BXOJHOTO IMapameTpa Ha (aiyibl PUKCUPOBAHHOTO pa3Mepa 1o
500 cTpok.

sub wrap_file {
my ($file) = $_[0];
my @list;
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my $i = 0;
my $j = 0;
my $fileN = "$file"."_n";
open(INPUT, "<", $file) or die "Couldn't open $file \n" ;
open(OUTPUT, "+>", $fileN) or die "Couldn't open $fileN \n" ;
# co3naém (aitn 11 YTeHUs ¥ 3alKCH OJTHOBPEMEHHO
while (<INPUT>){
s/<\/IProcedure_SQL>/<\/Procedure_SQL>\n/g;
# MMOACTAaBJIACT BC3/C IMOCJIC 3aKPhIBAOIIUX TCTOB MICPEBOJA CTPOKHU
print OUTPUT "$_";
# 3anmcpiBaeM n3MeHEHHbIe cTpoku B OUTPUT
¥
close(INPUT);
close(OUTPUT);
open(INPUT, "<", $fileN) or die "Couldn't openl $file \n" ;
# otkpeiBaeMm INPUT B read - mode
open(OUTPUT, "+>", "$dir_tmp$j") or die "Cannot open

$dir_tmp$;j ";
while (<INPUT>) {
if (/<\/Procedure_SQL>$/) {
# €CJIM CTPOKAa 3aKaHYMBAETCS HA 3aKPBIBAIOIIANA TET
print OUTPUT "$ "; # mepenuceiBaem i-to crpoky B OUT-
PUT
Pi++;
if ($i>500){
$i=0;
$j++;
print OUTPUT "<\/Container>";
close(OUTPUT);

open(OUTPUT, "+>", "$dir_tmp$j") or die
"Couldn't open3 \n";
print OUTPUT "<?xml version=\"1.0\"
encoding=\"Windows-1251\" standalone=\"yes\"?>";
print OUTPUT "<Container>";
by
by

else { print OUTPUT "$_" }

}
if ((1 <=500) and (j>0))

{ print OUTPUT "<V/Container>"; }
close(OUTPUT);
push @list, $file;
close(INPUT);
unlink $fileN or warn "failed on $fileN with break $'\n";
return @list;
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Tenepsp, korna CKpUNT HaUcaH, HEOOXOAUMO 3a/1aTh paclHuCcaHue, Mo Ko-
Topomy mporpamMa Cron Oyner 3amyckaTh €ro Ha BbinojHeHue. Cron — 3T0
IporpaMMa, BBINIOJIHAOIIAS 33aJaHusl Mo pacnucaHuto. [lo3BossieT HEOqHOKpAT-
HBIW 3amyck 3agaHuil. T.e. 3aaHue MOXKHO 3aIlyCTUTh B OIPEIEICHHOE BpeMs
WIH Yepe3 ONPEEICHHbII IPOMEKYTOK BPEMEHHU.

Ha xocTtumHre, kak mpaBmiio, ecTh HHTepdeic a1 padorel ¢ Crontab-
naHenbo. OH BKIIFOYAET:

- MacKy pacluCaHus 3allyCKa CKpHUIITa, Hampumep, */15 */2 * * * -
3aIlyCKaTh KaK/Jple 15 MUH 1O YETHBIM YacaM, KaKIblid I€Hb, MECSI U JIEHb HE-
pI(N 17K

- yKa3aHue myTtu K uHTenperaropy Perl m uepes mpoben ykazanue
MOJIHOTO MTYTH K CKPUIITY.

B 3akitoueHre HEOOXOAUMO ClieNIaTh BBIBOJ, MOYEMY UMEHHO TaKUM 00-
pa3oM MPUILIOCH pelIaTh 3a/1auy 3KCIOPTa TaHHBIX U3 KIMEHT-CEPBEPHOM 0a3bl
JTaHHBIX Ou3Hec-mipennpusatust B Web-6a3y nanaeix MySQL. Bens, kak yxe ot-
meyanoch, B PHP Takxke ecte Oubmmorexka SimpleXML, koropas @yHKuumo-
HaJIbHO aHAJIOrM4Ha Takol ke oubnmoreke B Perl. IIpobiema B TOM, uTO C yue-
TOM OOBEMOB COBpPEMEHHOro Ou3Heca, BxojHble XML-(daiisbl oka3bIBarOTCS
OTPOMHBIX Pa3MEpPOB, @ HA XOCTHHIAaX CTOUT OTPAaHUYEHHE MO IMAMSITH JJI1 UC-
MOJIHSIEMBIX CKPUNTOB. Tak 4To ¢ TeKyIleil TexHosorueit oonpmon XML-daiin
B MaMsTh 3arpyxkarb He nomydaetrcs. [loaTtomy HeoOxommmo pazouBarh XML-
¢aiin Ha KyckHd, a 3TO KJaccHueckas 3ajada padoThl ¢ TEKCTaMH, AJi KOTOPOM
coznasaics Perl. I mosromy cunamu PHP He oGoitTics. HemanoBaxkubiM mpe-
MMYILIECTBOM SIBJISIETCS] TAKKE BO3MOKHOCTh aBTOMAaTHYECKOIO 3aIlyCKa CKpHII-
Ta MO pacnucaHuio, 0€3 HEOOXOJUMOCTH MPUBICYEHUS K 3TOMY COTPYIHUKOB
NPEeANPUATHS.

ML.A. lllyOuHa kaHaUIaT. TEXHUYECKUX HAYK, TOLICHT

KOMIUVIEKCHBIE PEHIEHUSA KATAJIOT'U3AIIMN
N XPAHEHUA INCTAHIIMOHHBIX JTAHHBIX

C KaXapIM TOJIOM pacimpsieTcs cdepa HCIOIb30BaHMs TaHHBIX JUCTaH-
IIMOHHOTO 30HUPOBAHUS B PA3IUYHBIX 00JIACTSIX YEITIOBEYECKOM NEATETLHOCTH.
B xocMoce HaxoIuUTCs MHOXKECTBO amnmaparoB, PUKCUPYIOMINX Pa3IUYHbBIE Xa-
PAKTEPUCTUKH MOBEPXHOCTH 3€MJIM U JIpYyrux miaHeT. [lonyyaemblie naHHbIE —
ATO JIaHHBIC MTPAKTUYECKU BEUHOTO XpaHEHHUs, 00bEM KOTOPHIX MOCTOSIHHO YBe-
JUYUBACTCS.

KocMmuueckue ammapaThl TpUHAAJIEKAT pPa3HbIM CTpaHaMm, (DUKCUPYIOT
pazHOMacITaOHYI0 WH(OPMAIMIO B HECKOJBKUX 3JIEKTPOMArHUTHBIX TUAINa30-
HaxX 4acTo 00 OJHUX M TEX ke ydacTkax 3emiid. B cBsi3u ¢ 3TUM BO3HUKAIOT 3a-
Jlayll XpaHEHUsl W KaTajJoTu3aliu JAHHBIX, a TaKXKe JOCTyNa ¢ y4eTOM KOH(U-
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JEHITMATBFHOCTH, BRIOOPKH U WX aHAJIHM3a TMOJIb30BATESIMU — OPTaHU3AMUSIMHU U
rpakIaHaMU Pa3HbIX CTPaH.

[TpuHIMNIUATBEHO UHPPACTPYKTYpPa paCHpeieIEHHbIX XPAHWIUI] CITyTHU-
KOBBIX JIaHHBIX JOJKHA MPEJICTABIATh COOOM MHTEIPUPOBAHHYIO paclpe/ieiieH-
HYIO Cpelly HEOHOPOAHBIX HMH(POPMAIIMOHHBIX PECYPCOB — PE3YJIHTATOB HCCIIe-
JIOBaHUS 3€MJIM U3 KOCMOCA C MPEICTABICHUEM JTAHHBIX U KaTaJlOTOB JAHHBIX B
COTJIaCOBaHHBIX CTaHAAPTHBIX (popMaTax, ¢ MOMOIIbIO CTaHAAPTHOTO HHTEP-
¢eiica ¢ UCMOIBL30BAaHUEM COMOCTABUMBIX TEXHOJIOTUM BBIOOPKU M aHanmmu3a [1,
3, 4].

PemeHue mnepedrcleHHbIX 3aJad BEChbMa CII0KHO, HO JUISI HEKOTOPBIX
I00ATBHBIX TIPOEKTOB OB HAWEHBI MPAKTHUECKUE PEIICHUS.

K yncnmy Takux mpoeKToB OTHOCHUTCS mocTpoeHne «BupryansHoro Hayu-
Horo llenTpa maHHBIX», KOTOPBIA peann3oBai MexayHapOIHbI KOHCOPLUAYM
SPASE — Space Physics Archive Search and Extract (co3man Hay4HBIM co0OIIIe-
crBoM EBpomnsl u National Science Foundation, CIIIA) [2, 15]. laiee oT BupTy-
QJIBHBIX IIEHTPOB HAYYHBIX JIAHHBIX ObLI OCYIIECTBIIEH Nepexo K uHbopMaIiu-
oHHbIM MH(ppacTpykTypam: Spatial Data Infrastructure (SDI), National Data In-
frastructure (NSDI), Global Data Infrastructure (GSDI).

Jlpyroii mpoekT — B oOiactu usydenus miaHeT co3man NASA (National
Aeronautics and Space Administration) — npoexkt PDS (The Planetary Data Sys-
tem) [14]. OOpa3oBaH MeXTyHAPOIHBIN KOHCOPIIMYM U C(POPMUPOBAHA CHCTEMaA
On-line apXMBOB, COCTOAILIAS U3 HECKOJIBKMX Teorpauuecku pacnpeneeHHbIX
[IEHTPOB, CBSI3aHHBIX CE€ThI0 HTEpHET.

B Poccuu pazButre reonHpopManioHHON HUHPPACTPYKTYphl pacrpese-
JICHHBIX CITYTHUKOBBIX JaHHBIX BBHIMIOJHSIOCH B IIpoekTe MHCTUTYyTa KOocMude-
ckux ucciegoBanuii PAH «Pacnpenenennasi cpefa UHTETpUPOBAHHBIX UHGOP-
MaIlMOHHBIX PECYPCOB B 00JIACTH KOCMHUYECKOTO MOHUTOPHUHTA MPUPOJTHOM cpe-
nel» (Buptyansubiit Hayunsiii [lentp cnytHukoBbix nannbix). B 2003 r. EBpo-
neiickass Komuccus npunsuia pemrenue o cosnanuu INSPIRE (Infrastructure for
Spatial Information in Europe) — I'moGanbHON reonHpOpMaIMOHHON HHpa-
CTPYKTYphI HaHHbIX B EBpone. Ananornunbsiii mpoekT B Kanage — Canadian Ge-
ospatial Data Infrastructure (CGDI).

OcHOBHBIC 3a7a4¥ TPOTPAMMbl Pa3BUTHS TeonH(pOpMaIMOHHOW HHPa-
crpyktypsl Spatial Data Infrastructure (SDI) moxxHO copmysrpoBaTh cieay-
IOIIUM 00Pa3oM:

* [Toctpoenue rinobanbHol uHMpacTpykTypbl UT 1 reonanHbIX.

* ["apMoHUM3aLMs COYTHUKOBON WMH(OpPMAIUU; HMCIOJIb30BAHUE COTJIAco-
BaHHOT'O Ha0Opa CTaHAAPTOB, IIOHATHBIX» BCEM YYaCTHUKAM JJAHHON CHCTEMBI.

* NuTeponepalbenbHOCTh MEXKY HE3aBUCUMO CO3JaHHBIMH MPUIIOKEHU SI-
MU U 6a3aMU JaHHBIX; HEOOXOAMMO COBMECTUTh MEX]Ty CO00# X UHTEPEHCHI,
MPOTOKOJIBI U (hOPMATHI JAHHBIX.

* [lopnepxka eIMHON MOJMUTHKU JAHHBIX: a) JOCTYI K JIaHHBIM U 0) CO-
3[IaHWE U TOJJEP>KKa CITyTHUKOBOW MH(GOPMAIINK — JJI 33724 KOJIOTHH, HO OT-
KPBITOU U JJTSI CEITbCKOXO03MCTBEHHBIX M TPAHCIIOPTHBIX MPOOIIEM.

137



[TpoGnemMbl 1 0COOEHHOCTH, ¢ KOTOPHIMHU CTAJIKMBAIOTCSI HAIIMOHAJILHBIC
Hay4YHBIE COOOINECTBA HMCCIeaoBaTene 3eMiIn U3 KOCMOCa MPHU MOUCKE OITH-
MaJIbHOTO JIOCTYIa K CITYTHMKOBBIX JAaHHBIM, ObUTH yuTeHbl B TpoekTe INTAS
IRIS Project, B poccuiickoii peanusanuu - Integration of Russian Satellite Data
Information Resources with the Global Network of Earth Observation Infor-
mation Systems. [IpoGiema HHTETpalUU CITyTHUKOBBIX apXUBOB SIBIISICTCS TPHU-
MepOoM MHMPACTPYKTYPHBIX PEIICHUI MPU OPTaHU3AINH YJAJICHHOTO JOCTYyTa U
pacnpeneneHHON HHPOPMAITMOHHOM Cpeb [5].

OcCHOBHOE BHHMMAaHHE MPHU PELICHUH 3a/1a4 ITOMCKa PECYPCOB, B3aUMOACH-
CTBUS C peCcypcaMu, W3BJICUYCHHUS PECYpPCOB, COBMECTHOTO HMCIOJL30BaHUS pe-
CYpCOB yaenseTcs mpodiemMaMm pa3paboTku MacmTaOHON WHOOPMAITMOHHON
WHOPACTPYKTYPHI MHTETPAIIMN PECYPCOB, YAAICHHOTO JIOCTYIAa W YIPaBJICHUS
TETEPOTeHHBIMA PECYpCaMU CITyTHHKOBBIX apXWBOB. C ATOH IENbI0 ObLTa BBI-
MOJIHEHA peanu3anus HHOOPMAITMOHHBIX CUCTEM TPEX MOKOJICHUNM — OT TPOEKTa
nepBoro nokojieHus INTAS IRIS, no GMES HMA. Ilpoekt IRIS nmoanepxuBa-
€T OOBbEAMHEHUE JNAHHBIX PETrHOHAIBHOTO CIYTHHUKOBOTO AKOJOTHYECKOTO MO-
HUTOPUHTA.

B pamkax mpoekta obOecnedrBaeTcsi JOCTYIl POCCHUMCKUX TOJIb30BaTENIeH
K eBpormneiickoit nHpopmanronnoi cucreme INFEO (meramannsie / on-line ka-
tasjoru). [Ipu 3ampoce B €MHON TOYKE CUCTEMBI MMOUCK JIAHHBIX OCYIIECTBIISET-
Csl OJTHOBPEMEHHO B pecypcax paclpeeiICHHBIX MHUPOBBIX KaTaJIOroB. 3aIpoc
Ha METaJaHHble O(OPMITSICTCS €IUHBIM 00pa30M ISl BCEX CIYTHUKOBBIX IICH-
TPOB, U HH(MOPMAITUS HUIIETCSA Cpasy MO BCEM IIEHTPaM, JOCTYITHBIM U3 TI00aTb-
HBIX TIOUCKOBBIX CHCTEM (B MEPBYIO odepesb, 3To cuctema EOSDIS/ USA u cu-
crema INFEO) [17]. TIpu ¢popmupoBanum reonHGOpPMAIIMOHHON HHPPACTPYK-
Typbl CIYTHHKOBBIX JTaHHBIX PEIIAOTCS 3agadyu ucnoiib3oBanus GIS u Web
TEXHOJIOTUIA JJIsi pa3pabOTKU HOBBIX CPEJCTB MOMCKA U BBHIOOpA JTAHHBIX a’po-
KOCMUYECKOTO 30HAUPOBAHUS; BKIIOYCHHE POCCUMCKUX CITyTHHUKOBBIX KaTallo-
roB B MexayHapoganyio cuctemy INFEO; co3manme ommcanus pocCHUACKHX
CIyTHUKOBBIX Kojutekuuid u peructpaiuu ux B IDN (International Directory
Network). IIpu co3ganuu eaquHON WHPOPMAITMOHHOW CHCTEMbI, OCHOBAaHHOM Ha
KOHIICTIIIUA MHTEPOMNEepabebHbIX PACHPEICTICHHBIX apXUBOB HEOOXOIUMO
o0ecreynTh TpeOOBaHUS JEHCTBYIONIMX MEKIyHAPOAHBIX cTaHaapToB: 1SO/TC
211, FGDC USA (Federal Geographic Data Committee), CEOS (puc.1) [8].
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Pa3BuTHe TEXHOJIOTUN MHTErpallid BTOPOrO MOKOJIEHUsS ObLIO HaIpaBJe-
HO Ha IepexoJi OT MOjX0/1a, OCHOBaHHOrO Ha TexHojoruu Z39.50/Gateways, k
ucnojp3oBanuio BeO-cepBrucoB (XML wag SOAP/HTTP) mist cBsi3u BHEIIHUX
karajoroB ¢ karamoramu INFEO [16, 17]. TexHOJOTHM MHTETpallid BTOPOTO
noKoJyieHwusI, moiayunBmue HazBanue EOLI-XML, paspabarteBatorcss ESA B co-
TPYJAHUYECTBE C HAIIMOHAIBHBIMU KOCMHYECKUMH AreHTcTBamu: DpaHuuu
(Centre National d’Etudes Spatiales — CNES), Uramuu (Italian Space Agency —
ASI), I'epmannu (German Space Agency — DLR), European Union Satellite
Centre (EUCS), Joint Research Centre (JRC) npu y4acTuu psijga mapTHEpOB B
npombitiuieHHocTr: SPOT Image, Siemens, Spacebel u ap. EOLI - XML npen-
CTaBJIsIeT COOOW BHENMIHMM MHTEpdeic st oOMeHa COOOIICHUSIMU MEXIY cep-
BEpOM U KJIMEHTOM Ha ocHoBe mpotokosia SOAP. Texunonoruss EOLI-XML ne-
XKHUT B ocHOBe cucteMbl SSE (Service Support Environment), paspabarsiBacMoit
JUISl pELLICHNs YKAa3aHHBIX 3a/1a4 C IOMOILBIO CO3JaHUsl OTKPBITOM, CEPBUC - OpU-
€HTUPOBAHHOW, pacnpeneseHHon cpeasl. [Ipn manpHERmeM pa3BUTHM BBIOJI-
HSJIACh MHTErpalvs HEOAHOPOJIHBIX PpaCIpEAesICHHbIX HH(POPMALMOHHBIX pe-
CYPCOB CITyTHHKOBBIX JJaHHBIX (MHHUIMaTuBa GMES 1 nmpoekt HMA).

OcnoBubIM nipeHazHadenueM Global Monitoring for Environment Secu-
rity (GMES) sBnsiercs moaneprxka 3amau EBporetickoro Coro3a, Kacarolmuxcst
YCTOMYMBOIO Pa3BUTHUS U TI00ATBHOTO YIpPaBIEHUSI C MOMOUIbIO 0OECIIeYeHUs
JIOCTyNa K BBICOKOKAYECTBEHHBIM JIaHHBIM JAUCTAHIMOHHOIO 30HJIUPOBAHUSA
3emiiu B pexuMe pealbHOTO BpeMmeHu. Mudopmarus, nonydaemasi ¢ HOMOIIbIO
npoekta GMES, ucnomnp3yeTcst B TpeX OCHOBHBIX HANPaBICHUSX NEATEIBHOCTH:
OKOJIOTHSl M 3alllUTa OKPYXAIOMIEH Cpenbl, MOAAEPKKa pa3BUTUS WH(DPACTPYK-
Typel EC, obecnieuenne 6€30MacHOCTH Tpaxk/laH, Kak B MOBCEIHEBHOM XU3HHU,
TaK U B PEKUME UYPE3BBIYAWHBIX CUTyalHW. B HACTOAIIMM MOMEHT IOCTyI K
JAHHBIM JUCTAaHUMOHHOTO 30HAMPOBAHMUS 3€MJIM KaXXI0r0 CIYTHHKOBOI'O OIlE-
paTopa OCYIIECTBIISIETCS] Yepe3 OTIEIbHYI0 TOYKY AOCTyna («ImopTamy) 3TOro
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oneparopa. i moucka Hy>KHbIX €My JJaHHBIX MMOJb30BaTEb JI0JKEH MPOCMAT-
pUBaTh HHPOPMAIIMIO PA3HBIX OMEPATOPOB OTAEIBHO B KAXKJI0M TOUKE JOCTYyIA.

C 9T0i1 11eM1bI0 TTOJIB30BATENh MOKET BOCIOJIb30BATHCSI TOUCKOBBIMH HH-
tepdeiicamu, Hampumep, 1o ajapecy: http://catalogues.coportal.org/eoli.html,
uHTepdeic KOTOpOro BHIMIOJIHEH B Buie Java-ammuiera. CyliecTBYeT BO3MOXK-
HOCTb OTPaHMYMBAThH MOMCK MO MOCTaBIIMKaM JaHHBIX (maHens Find Products),
KyJZla BXOJAT KPYIHbIE MOCTAaBUIMKU, UMEIOIINE HECKOIbKO COOCTBEHHBIX 00-
IIUPHBIX KoJIeKni 1 1o koyuieknmsiM nanabiX (Find Collections).

B nacrosimee Bpems penieHueM 3a7ad B 3TO 00JIaCTH B POCCHIICKOM CEK-
TOPE 3aHUMAETCSI HECKOJIBKO oprann3anuil. K unciny ocHoBHbIX oTHOCcHTCs MK
PAH P® u cerps HUL] «Ilnanera», cocrosinas u3 noapasaeicHUN, HAXOAAIIUX -
csi B MockBe, HoBocubupcke, Tomcke, BnaauBoctoke [18]. YuactHukamu mpo-
€KTa SIBJISIFOTCS CBBIIIE BaaANaTH HHCTUTYTOB PAH, pematomux 3amgauu B chepe
pacrpe/ieieHHbIX BBIYHCICHUNA U TEICKOMMYHUKAIUN, Te0(U3nuecKor, XUMU-
4YecKol, kaprorpaduueckoil HarpaBieHHOCTH. Ha mpoTspkeHuu psia JieT COB-
MecTHbIMU ycriusiMu HHCTUTYTOB CO PAH, By30B cHOMPCKOTO peruoHa u 1eH-
tpoB HUI] “Ilnanera” co3maercss apXWB JaHHBIX JUCTAHIWOHHOI'O 30HAMPOBA-
HUS 3eMu. ApXUB, a TaK)Ke €ro anmnaparHoe U MporpaMMHOE 0OecTieueHHe, CH-
CTeMa B3aWMOJICHCTBUS C IEHTPAMHU MpUeMa JaHHBIX COCTABISIOT PO UHOOP-
MallMOHHO-BBIYUC-IUTENEHON UHPPACTPYKTYphl LleHTpa KOJIEKTUBHOTO MOJb-
30BaHUs JAaHHBIMU JUCTaHIIMOHHOTO 30HAupoBanus CO PAH (puc.2) [8].
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Puc. 2. Pacnpenenennas uHGpacTpyKTypa npuema, 00paboTKH U XpaHEHUs
nmaaueix HULL «ILmaneray

140



Hntepdeiic HULL «IIlnaneray BkiIroYaeT moiisi: «HA3€MHBIA KOMILIEKCY,
«OIepaTUBHAs NMPOAYKIHUSD) MO TOAPA3ACICHUSIM.

[Mponykuust EBponeiickoro nenrpa ®I'bY "HUIL] "[1nanera": «o030pHBIE
HaOM01eHUs], 00JIAYHOCTh (MOCKOBCKHMM PETHOH, €BPOTICHCKUNA PETHOH, F0MKHBIHI
benepalibHbIN OKPYT, CEBEPO-3ala/IHbI PETUOH); «IJI00aIbHbIE HAOIIOACHUS»
(kapThl HepaHaIM3a ¥ TIPOTHO3a HBOIOIUU 00JaYHBIX 00pA30BAHMI; KapThl Me-
TEOPOJOTUYECKUX MapaMeTpoOB, 0030pHBIE KAPThI CHEKHOTO U JIEIOBOTO MOKPO-
BOB, CPEIHSSI U MaKCHUMaJlbHAsi MHTEHCUBHOCTb U THIT OCAJIKOB OCAIKOB, (ha3bl
OCaJIKOB, MAKCHMAaJIbHAasl CKOPOCTb BOCXOJIIMX ABHKCHHM, TeMIlepaTypa Io-
BEPXHOCTH CYIIU W JIbJIa, MAaKCUMaJbHAs BBICOTA Ky4€BO-J0XKIEBOM 00IavyHO-
CTH, KM, BO3MOHBII MaMETp rpaja, UHTEHCUBHOCTU I'PO3); «CHEUUATU3ZNPO-
BaHHbBIE KapThl CIIyTHUKOBOI'O METE€OaHaIn3a» (CHeluuaIn3upOBaHHbBIE KapThI
CIIyTHUKOBOI'O MOHUTOPHHIAa YepHOro U A30BCKOTO MOpPEU, KapThl TPAEKTOPUI
JBUKEHHUSI TPONUYECKUX IMKJIOHOB); «TEeMIlepaTypa BOJAHOW IOBEPXHOCTH
(bemoe mope, banruiickoe mope, bapeniieBo mope, UepHoe u A30Bckoe Mops,
Kacnumiickoe mope, Tuxuii okean, Maauiickuii okeaH, ATJIaHTUYECKUI OKeaH,
mupoBoil okeaH (Enunas cucrema mHpopmannu o6 oOcraHoBKe B MupoBom
okeane (ECUMO); «ieastHOM MOKPOB»; «CHEXHBIA TMOKPOBY», «PACTUTEIbHBIN
IIOKPOB», «I10XkapHasi 00CTaHOBKa», «IaBOJIKOBas OOCTaHOBKa», «BYJIKAHHYE-
CKasi aKTUBHOCTB.

[Tponykuus Cubupckoro nentpa ®I'bY "HUII "llnanera": «o0030pHBIE
HaOJII0/IeHHs], 00JIAYHOCTEY (CHOMPCKOTO PEeruoHa), «KapThl HedaHau3a U mpo-
THO3a ABOJIIOIUU 00JIAUHBIX 00pa30BaAHUID, «ICASTHON MOKPOBY», JICISTHOU MO-
KpOB Ha peKax U BOJAOXPAHWIHILAX», «I0XKapHasi 00CTaHOBKa», «CHEKHBIN MO-
KpPOB», «ITABOJKOBast 00OCTAHOBKa.

[Tponyxkuus ansHeBocTouHoro 1neHTpa @I'BY "HUI] "l[lnanera" BkITrO-
4aeT aHAJIOIMYHBIE JaHHBIE JUIA JaJbHEBOCTOYHOIO PETMOHA M, KOHEYHO, JaH-
HBIE O BYJIKAHUYECKOU JIEATEIILHOCTH.

IIpuknanHble MPOEKTHI: KOCMUYECKMM MOHUTOPHUHI 3arpsA3HEHUs IIpHU-
OpexHbIX akBaTopuii A30Bo - UepHOMOpCKOro OacceiiHa; TEXHOJIOTHU KOCMU-
4ECKOTO0 MOHUTOPHHIA JIEJSHBIX IOKPOBOB APKTUKN U AHTapKTUKH; CIIyTHUKO-
BbIII MOHUTOPHUHT 3aTomieHuil Bonro-AXTyOMHCKOW MOWMBI; MOHUTOPUHT OIYy-
cThiHUBaHuUs B KanMbIkuu; olleHKa BO3AeMCTBHSI HEPTSIHBIX M ra30BbIX pa3pado-
TOK Ha OKpPYXarwIlyrw cpeny; MexayHapoasnsid npoekT "[ICEWATCH"; monu-
TOPUHT YepHOro 1 A30BCKOTO MOpEN U JIp.

Kpome Toro, BbITyCKaIOTCS €KEMECSIUHbIE M UTOTOBbIE OIOJUIETEHU U Je-
KaJIHbIE 0030PHI.

UKW pa3BuBaeT MeTOAbl U TEXHOJOTMH «DJEKTpOHHbIE bubnnorexku
CIIyTHUKOBBIX JTaHHBIX U3MEHEHHUS OKPYXAIOIIEH CpeApl U KIMMaTay, KOTOpbIE
OCOOCHHO BaXKHBI JJIs1 Pa3BUTUS MUH(DOPMALIMOHHON MOANEPKKH KOCMHUYECKOTO
MOHHUTOPHUHTA OOBEKTOB MPUPOJHON Cpelibl U II100aNIbHBIX U3MEHEHUH KIIMMaTa,
CO3/1aHUsl €AMHON CHCTEMbI aBTOMAaTH4eCcKoW 0o0paboTKM MH(pOpMAIMU U pac-
NPEIEJICHHOT0 MOUCKA 10 BCEM HAI[MOHAJIBHBIM apXHUBaM KOCMUYECKOM UHGOP-
Maruu. ODneKkTpoHHass bubimoTeka co3maercs Kak HHQPACTPYKTypa CHCTEMBI
MEXIyHApOJAHOTO OOMEHa KOCMUYECKOM nH(opMalelr Ha OCHOBE TEXHOJIOTHiA
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INFEO (Information about Earth Observation). Dnexrponnas bu6nnoreka MUK
MPEIOCTABIISET MOJIH30BATEISIM CHEIMAIM3UPOBaHHbIe UHTEp(deichl nocTymna K
JTAHHBIM, 00ECIIEYMBACT JOJITOBPEMEHHOE XPAaHEHUE JAaHHBIX U MO3BOJISIET MPO-
U3BOJIUTH MOUCK CITYTHUKOBBIX CHUMKOB M KOJUICKIIUI TaHHbIX.

Tem He MeHee, ocTaeTcs AaKTyaJlbHOM OCHOBHAs MpoOiieMa: OTCTAalOT
aJIeKBaTHbIE CIIOCOOBI BHIOOpA U aHANIM3a OOJBIINX apXUBOB HAKOIJICHHBIX JaH-
HBIX JUIsI IPUKIIATHBIX MTOJIb30BATEICH.

OnHuM U3 CTIOCOOOB pelIeHus: MPOoOIEMbl — TOCTPOCHNUE UHTEIICKTYallb-
HBIX MHTEp(]PEicoB, BKIIOUAIOIIUX 3JIEMEHTHl 00paboTku naHHBIX. [Ipumepom
MOXET CIYyXHTh paszpaborka TtexHojgorun GEOSMIS — moctpoenuss BeO-
uHTep(ericoB pabOThI C MPOCTPAHCTBEHHOMN MH(pOpMalMel B CUCTEMaX JAUCTaH-
[IMOHHOTO MOHHUTOPWHTA, KOTOpbIE MPEAHA3HAUYEHBI ISl pabOThl ¢ OOJBIITNMHU
pacmpesieIeHHBIMA MHOTOMEPHBIMU apXUBAaMHU CITyTHUKOBBIX JTAHHBIX U PE3yIb-
TaTaMU X 00pabOTKU. TEXHONOIrHUsl pacCUMTaHa HE TOJBKO HA MOUCK JIaHHBIX,
HO U Ha CO3/IaHuE€ MHCTPYMEHTOB aHAJIM3a U yIpaBlieHUs JaHHbIMU [7]. B nanb-
Heiimem Ha ocHoBe GEOSMIS paspabateiBatoTcsi crieniMain3upOBaHHbIE HH-
TepQeichl JIsl NPUKIAHBIX 3a/1a4 (COCTOSIHUS CEIbCKOXO03UCTBEHHBIX 3EMEIIb,
JIECOMOKPBITHIX TEPPUTOPUIN U T.JI.).

GEOSMIS cocrout 13 AByX YpOBHEU: ypOBHS MPEACTABICHUS, BKIIOYA-
rorero npocmotp B ArcGis, skcropt nanabix B GoogleEarth, kaprorpaduue-
ckuii uHTepderic, KOMOMHUPOBAaHHBIM HHTEp(deiic, U MPUKIATHOTO YPOBH,
BKJItOUaroniero cucremusie Mmoayiu APl u Web-cepBucos. Monynu API: dop-
MUPOBaHMWE METAJaHHBIX, JOCTYN K JAHHBIM, KOHTPOJIb JOCTYIa, KOHTPOJb
npoueccoB. CepBUCHL: KapTorpaduueckue, CepBUChl METaJaHHBIX, YIPaBICHHUE
nauabivu, CGI Moy, Web-cepeucet o3BOJISIFOT MOTYYUTH AOCTYI K JAHHBIM
Ha ocHoBe mpoTtokoioB HTTP. Apxutektypa BeO-uHTepdeiica npuBeneHa Ha
puc. 3, padota ¢ ¢ Web-cepsucamu npeocmaenena na puc. 4 [7].

Web-UHTepdeiic

3nemeHTbl
ynpasnneHus

&

hymHKumm, DyHELMM,

cobbiTua cobbiTua
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Kapra
> -
obwvekT smisMap
I GetMetadata MertanaHHbie L GetMap »
JSON obbekT smisMeta - Image

. a

Kaprorpaduieckmi

web-cepauc web-cepauc

METAfaHHBIX

Puc. 3. OcHOBHBIE 2JIEMEHTHI apXUTEKTYpbl Web-uHTepdeiica
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Puc. 4. CtpykrypHO-(yHKIIMOHATFHAS cXeMa BeO cepBrca smiswms

Pemenue GETMAP (puc. 3), paspaGotanHoe komnaHueil «CoB30HI»,
MPU3BAHO MAKCHUMAJIbHO YIIPOCTHUTH MPOLIECC CO3JAaHUSI U BHEIPEHUSI COOCTBEH-
Hoil BeO-I'MIC 3a cueT OBICTPOro co3ianusi, He TPEOYIOIIEro HaBbIKOB MTPOrpam-
MupoBaHusl win Tiyookux 3Hanuii ['MIC; ucnosib30BaHUsI OTEYECTBEHHOM pas-
pabOTKU M OTKPBITHIX MPOTPAMMHBIX MPOAYKTOB, BO3MOKHOCTEH HACTPOWMKH
KapT, BBINOJHEHUA (PYHKIUMH aJMUHUCTPATOPOB, ONEPATOPOB U MOJIb30BATENEH
CUCTEMBI; OIIEPATUBHON TEXHUUYECKOMN MOIEPIKKH.

JIpyroe HampaBi€HHE PELICHUS 3aJad XPAaHEHUs W aHaJM3a IPOCTpaH-
CTBEHHBIX JIaHHBIX — TEHACHIIMS NIEPEHOCA PECYPCOEMKHUX MPUIIOKEHUN B CpERY
o0JlauHbIX BeIUMCICHHUH [13, 16], mo3BosItoNIas KCIOJIb30BaTh pa3paboTaHHbBIC
BeO-I'MIC B KkauecTBE MHTEPHET-CEPBHCOB, MCIOJIB3YIOUIYIO pacIpeIeICHHYIO
TPEX3BEHHYIO apXUTEKTypy, MO3BOJIIONIYI0 paboTaTh C MNPOCTPAHCTBEHHO-
aTpuOYTUBHBIMH JaHHBIMU 0€3 HEOOXOAMMOCTH UX MPEIBAPUTEIHHON 3arpy3Ku
Ha BeO-cepBep Oyarojapsi COXpaHEHUIO B KdIlle BeO-Opay3epa MporpaMMHOTO
KOJ1a, HE0OXOIUMOTO JIJIs1 00paOOTKU MPOCTPAHCTBEHHO-aTPUOYTUBHBIX TaHHBIX
['MC na xnuentckoi ctopone mnpuioxeHus (I1O Ousnec-noruku BeO-I'MC-
kiueHTa u 110 Buzyanuzaruu ganueix BeO-1' MIC-kuenTa) [6].

[Tocne MHCTAIISALMK TI0JIB30BATENIN MOJy4aroT rotoByto BeO-I' MIC ¢ yxke
NOJKIIOYEHHBIMA 0a30BBIMH KapTaMH, B KOTOPYIO MOKHO 3arpyaTh COOCTBEH-
HbI€ JJaHHbIE, HACTPAUBATh UX OTOOPAKEHUE U UCIONB30BaTh paznuuHbid [ MC-
MHCTPYMEHTAPHM.

Komnanus «CoB3oHa» sBisOmasics O(UUIUATBHBIM AUCTPUOBIOTOPOM
psaa BeOyIIMX MHPOBBIX KOMIAHUN-OMEPAaTOpOB CHYTHHUKOB /133, Bemymmum
POCCUHCKUM HHTErpaTOpoOM B 00JaCTH TeOMH()OPMALMOHHBIX TEXHOJOTUH U
a’POKOCMUYECKOTO MOHUTOPUHTA OblJIa 0Opa3oBaHa B 1992 roay u akTUBHO 3a-
HUMAaETCs pa3pabOTKOM MPOrpaMMHBIX PEIICHUH paccMaTpuBaeMbIx 3aaad [20].

Komnanus ¢ 2007 rona perymnspuo opranusyet ' MC-dopymsbl, npoBoguT
BEOMHAaphI IO 0OCYXACHUIO U 03HAKOMJIEHHIO T10JIb30BaTENEN CO CBOMMH HOBBI-
MU INPOAYKTaMH, M3JaeT xkypHain «l'eomarmka». OHa Takke NPENOCTaBIIACT
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MOJI30BATEISIM JTAHHBIE W CEPBUCHI JJIs1 JOOBIYM KOCMUYECKOW HWH(pOpMAaIUU
(cm. http://catalog.sovzond.ru/, moctyn kK mHOOPMAIIMOHHOW CHUCTEME, MpEIHa-
3HaYCHHOW JIsi (POPMHUPOBAHUSI CTPYKTYPUPOBAHHOTO apXHBa MPOCTPAHCTBEH-
HBIX JaHHBIX «[ eoanamuTuka.Apxus» (puc. 5) — [20].

[TocTaEKa [IpoeEepKa Eminoe I'pynnup oBKa
CII ¥ THHKO BBIX  afinoE gl P AHHIH I E gl cH U MICOE E ——
CIIHCKOE T 0 CTABKH J33 P 0 EKThI
JaHHEIE O Moot
CIYTHHKOEBIX aep g:web-
CRTEROARS Hactpofixa ||™ Gpaysep
npaea MIpaE g 0CTyIa
nOCTYIa,
0CTYII
TP 0EKTE] 'Itlrep?;
®FTR

Puc. 5. Cxema pabotsl nHpOpMaoHHOM cucTembl [ 'eoaHanuTuka

Kommnanust «CoB30Ha» sIBIs€TCS O(QUIMATBEHBIM JUCTPUOBIOTOPOM TPO-
nyktoB Airbus Defence and Space B Poccuu u ctpanax CHI', B Tom umciie npo-
rpammbl SpaceDataHighway ais yckopeHHOM nepeiadu TaHHBIX CO CITyTHUKOB
133, no3Bosronieit 0naronaps jga3epHON TEXHOJOTUM €XKETHEBHO NepeaBaTh
10 40 TOGalT maHHBIX CO CIyTHUKOB J[33, aBHAIlMOHHBIX CUCTEM WU ¢ Mexay-
HapOJHON KOCMUYECKON cTaHIMK co ckopocThio 1,8 I'out/cek. (IIporpamma sB-
JSI€TCS PE3YNIbTATOM IOCYJapCTBEHHO-YACTHOTO NMapTHEPCTBA MEXIy EBporneii-
CKMM KocMu4eckuM areHTcTBoM u Airbus Defence and Space npu crioHcopcTBe
['epmaHCcKOro 11eHTpa aBUAIIMU U1 KOCMOHABTHKH. )

[IpenocraBnseMble MPOrpaMMHbBIE POAYKTHI: hoTOrpaMmmeTpudeckas 00-
pabotka inpho, oOpabotka mauubix ¢ BILJIA, TemaTuueckas oopaborka ENVI,
KoMITJIeKcHast 0opabotka TRSS, o6paboTka pamapubix nanabix SARScape, rum-
poreosiorndeckoe MmojenupoBanue Waterloo u nap., yciyru: mpoOieMHO-
OPUEHTU-POBAHHOE TI'E€OMOJIEIUPOBAHNE, CO3/JaHUE CHTYalMOHHBIX LEHTPOB,
KOMILJIEKCHBIX ~ WH()OPMAIMOHHO-aHATUTUYCCKUX  CHUCTEM,  ammapaTHo-
MPOTPAMMHBIX TEXHOJOTUYECKUX KOMITJIEKCOB, Tabopatopuit J133.

«CoB30H) MJIAHUPYET UCIOJB30BaTh B OyAyIIMX pa3pabOTKax TEXHOJO-
ruu Big Data u [oT (uHTEepHET Beleit — «CeTh CeTei»).

Komnanusa « CKAHOKC» ¢ 1989 rona 3aHumanack pa3pabOTKON CTaHIIUI
npueMa CIYTHUKOBBIX JaHHBIX, 3aTeM co3aana 6ojee 30 mporpaMMHBIX TpoO-
JIYKTOB, TOJJCPXKUBAeT ON-liNe KaTajsor KOCMHYECKUX H300paKCHUM, B TOM
YuClie OKa3bIBAET YCIYTH MO mpenocTaBieHuto ganHbix ¢ KA Landsat 8 u3 rio-
6anbHOTO apxuBa USGS, KOTOPHIN COACPIKUT MOKPHITHE MPAKTUUECKH BCEH TTO-
BEPXHOCTH 3€MJIM, IPUYEM HEKOTOPBIE PETHMOHBI, B TOM YHCJIE U BCSI TEPPUTO-
pust Poccuu, oTCHATBEI MHOTOKpaTHO. KOMMaHusi BBIMOJHAET TPOECKThHI MOHUTO-
puHra aiusa MuHHCTEpCTBAa NPUPOAHBIX pecypcoB PO, MunuctepcTBa 4pe3Bbl-
yaitHbIX cutyanuii PO, Pocruapomera; necsaTku MPOEKTOB B 00IACTH CEIBCKOTO
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U JICCHOTO XO3siCTBa, HedTerazoBoi orpaciu, MoHuTopunra UC, skomorude-
CKOT'O COCTOSIHUSI TEPPUTOPUM M aKBAaTOPUM, TPAHCIIOPTA, CTPOUTEIIHLCTBA U He-
JTBIKMMOCTH, KaJacTpa ¥ Kaptorpaduu, S3HEPreTUKH, PeruOHAIbHOTO U MYHHU-
IIUITAJIBHOTO YIPaBJICHUS U MHOTUX ApYyrux. Ha 6aze TeXHOJOTHI KOMITAaHUH CO-
3/1aHBI IIEHTPHI KOCMHUYECKOT'0 MOHUTOPHUHTA B BEIYIIMX By3ax cTpaHbl. Komma-
HUS U31aeT )KypHai «3emis u3 kocMocay. CKAHOKC npenocraBisier 10CTym K
KC ¢ mnomompto wuHTepdeiica (http://www.scanex.ru/geo-service/onlayn-
katalog/, kosmosnimki.ru.) [19].

HecMoTpst Ha HEKOTOPBIE YCIIEXW Pa3BUTHS UH(POPMAITMOHHBIX TEXHOJIO-
TUH, TIONCK, BRIOOPKA M aHAJN3 AUCTAHIIMOHHBIX JaHHBIX J0 CHX MOpP MPEICTaB-
JSIIOT OO0 HEOCTATOUHO aBTOMATHU3UPOBAHHBIN MPOIECC MOCIEI0BATEILHOTO
MPOCMOTPA MMEIOLIUXCS CAaUTOB, MPEIOCTABIISIIOIIUX JOCTYI K U300pakKeHUsIM
0 33JIaHHBIM XapaKTEPUCTUKAM.

Curyanus B Omkaiiiiee BpeMsi OyJeT YCIOXKHSATHCS MO0 Mepe paciivpe-
HUS WMCIOJIb30BaHUSI OECIMJIOTHBIX JIETATEIbHBIX amnmapaTtoB i a’podoTo-
cbemku (BITJIA) 1 He0OXOIUMOCTH COXpPaHATh MOJydyaeMble JaHHBIC JJIs KOH-
KPETHBIX MPOEKTOB B perHOHANIBHBIX 0a3ax [10]. DTu 6a3bl JOJDKHBI 3arpyKaTh-
csi (OKellaTeJIbHO aBTOMAaTHMYECKH B pEeXHUME ON-ling), U K HUM JOJDKEH OBITh
oOecrieueH JOCTYIl KaK JJisi yIpaBJiIeHUs MOJIETOM, TaK U JijIsl BHIOOPKU U aHATU-
3a JJAaHHBIX C y4eTOM oOecreueHus: KOH(MUIECHIIMATLHOCTH W 3alUThl JaHHBIX.
W3 HaKOMJIEHHOTO OMbITa Pa3pabOTKU KATAJIOTOB M XPAHWIMIL CITyTHUKOBBIX
JIAHHBIX, OYEBUHO, YTO, MIPEXKAE BCEro, HEOOXOAUMO pa3padoTaTh U COTJIACO-
BaTh COOTBETCTBYIOIIME CTaHIAAPThI MPOTOKOJOB, CIYXKEOHBIX (QYHKIUN U Ap.
[11, 12]. PaGoTy monp30BaTeed ¢ JaHHBIMM B 3TOM CiIy4yae MOXHO MpeJcTa-
BUTH KaK Ha puc. 6.

Egnnoe xpaumamme 1133
=
IIpoexTsr —1 el
ITpaga goctyna ; i
p CTY | S
Karamors iao6paxeHuit |
= 3ajaHie Ha CheMKY
MOHCK ITO KaT/IoraM BBHIOOD JaHHBIX
3ajaHMe Ha CheMKY
ITonb30BaTeNIb e
L 4
aHaTH3
CTyTHHKOBBIE
— JaHHBIX
BITTA ¥
= ?; BJ] mpoekTa
rpaHCopMaLiga |
JaHHBIE JaHHBIX ) AHATH3
gopmupoBarye [ ™ =»| gaHHBIX
Karajora B
on-line

Puc. 6. Cxema B3auMOJICCTBHYS MOJIB30BATENS C XPAaHWINIAMU JaHHbIX J[33

Br160op maHHBIX C MMOMOIIBIO MOOMIIBHBIX YCTPONCTB Takke TpeOyeT pas-
BUTHSI COOTBETCTBYIOIIMX CTaHAAPTOB W TexHoJjoruii. Hampumep, ymaieHHOe
BBITIOJIHEHUE TMPOTPAMM MOXHO PEaJu30BaTh C IMOMOIIBIO TMPEAJIaraeMoro B

145


http://www.scanex.ru/geo-service/onlayn-katalog/
http://www.scanex.ru/geo-service/onlayn-katalog/

HacToAleM cOOpHUKE Tmonaxona — ucnonb3oBanus ytunutel WEBSOCKETD
[9].

3akioueHue

Pa3Butue anmapatypsl U 00JacTeill HCIOIb30BAHUS TAHHBIX JIUCTAHIIMOH-
HOT'O 30HJMPOBAaHUS 3EMIIM JUIsl PELIEHUsS MHOXECTBA XO3AWCTBEHHBIX U Hayuy-
HBIX 3a7la4 MPHUBENIO K PE3KOMY YBEIMYEHHUIO 00beMa pacIpeeieHHONW pa3Ho-
MacimTaOHOW MH(pOpMAaIUH, MOIy4aeMO B pa3HBIX IHara3oHax 3JIeKTpoMar-
HUTHOTO CIIEKTpa, MPEAHA3HAUYCHHOW ISl «BEYHOTO XPaHEHHUA». ITO TpeOyer
pa3BUTHUSL HOBBIX TEXHOJIOTHI OpraHu3alliy MOWCKa, epeaud U XpaHEHHs 10-
Jy4aeMbIX TaHHBIX, (POPMHUPOBAHMS KAaTaJOrOB YK€ HAKOIIEHHOW WHpOpMa-
un. VMcrnonp3yeMbIMU B HACTOsIIIIEE BpeMsl MTOIX0/IaMU K PEIICHUIO 331a4 SIBIIS-
eTCsl «IIPOCTO» HAKOIUJICHUE W MPEOCTaBICHUE JaHHBIX ONepaTopaMu M pa3pa-
00TKa IPOOIEMHO-OPUEHTUPOBAHHBIX WHTEIJICKTYaTbHBIX CEPBHCOB, B KAYECTBE
HepPCIIEKTUBHBIX paccMmarpuBatorcsi TexHonoruu Big Data u IoT (komnanus
«CoB30H1»). B Omkaiimem OyayiieM NpuaeTcs pemaTh BOIPOChl HHTETPaIU
MHOTOUMCJIEHHBIX paclpeneiaeHHbX AaHHbIX BIIJIA B «eaunble» XpaHWiumia
JTAHHBIX O 3eMIIE.
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A.I'. lImekTopoB A0LIEHT
®am Ban Tyan, aciupant

OBPABOTKA HABUTALIMOHHOI MH®OPMALIMM B 3AJJAYAX
YIJI0OBOM CTABWJIN3ALIMA MAJIOTABAPUTHBIX ITOIBOTHBIX
AINIITAPATOB

BBenenune

B Hactosimee BpeMs MUKPOMEXaHHMYECKHE HW3MEPUTEIBHBIE CUCTEMBI
HAXOJIAT MTUPOKOE TPUMEHEHNE TS 3379 HaBUTAlUK U yrpasieHus. OcoOeHHO
3T CHUCTEMBI AKTYaJIbHBI JJIsI MOJABOJHBIX aMIlapaToB, KOTOPbIC, BBUAY MaJbIX
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Macc ¥ rabapuToB, HE TIPEIHA3ZHAYCHBI I Pa3MEIICHUSI BBICOKOTOYHBIX U TPO-
MO3JIKUX HABUTALIMOHHBIX CPEACTB U3MEPEHUS.

OOBEeKTOM HCClIeIOBaHUSI B JAHHOM JOKJIA/€ SIBIISAETCS U3MEPHUTEIbHbBIN
Moxaysib MPUS060, B cocTaB KOTOPOTO BXOJUT MUKPOMEXAHUYECKHE THPOCKOII
u akcenepometrp. M3MepeHne mpoeKIHii JUHEWHOTO YCKOPEHHUS M0 TPEM OCSM
MO3BOJISIET BBIYUCIISTH YTkl KpeHa U nuddepenta Moaynsi, THPOCKON obecre-
YUBAET U3MEPEHHE COOTBETCTBYIOIINX YIJIOBBIX CKOpocTel. OJIHAKO MUKpOMeE-
XaHUYECKUE YYBCTBUTEIBHBIC AJIEMEHTHI OTJINYAIOTCS JOBOJIBHO HU3KOU TOYHO-
CTBIO M MOMEXO3AIIUIIEHHOCTHIO, TO3TOMY JJIsI TTOTYUYECHUSI MPUEMIIEMBIX Olle-
HOK TIapaMeTpPOB JBWXCHHUS HEOOXOIUMO HCIIOIB30BaTh alTOPUTMBI (DHIBTpa-
100518

N3BecTHBIA METO MOJMYyYEHUs OLECHOK YIJIOB M YIJIOBBIX CKOPOCTEN OC-
HOBaH Ha noctpoeHuu ¢unbTpa Kanmana majis Mojenu JBOMHOTO MHTErpaTopa
[1] u mpenmonaraer nanbHEWIIEe YBEIWYECHHE MOPSAIKAa MOJEIU Uil y4eTa
BHEIIIHUX BO3MYyIIeHUH. OTHAKO, IPU HAJIIMYUU JOMOJHUTEIbHON UHGOpMAIINH
0 TIOTPENTHOCTSIX U3MEpPEHUH, MaTremMaTrueckasi Mojienb u ¢punsTp Kanmana mo-
T'YT OBITH MOJTYYEHBI B YIIPOILIEHHOM BUJIE.

AHanu3 u3mepureabHoro moayiass MPU6050.

BHemHuii BUA U3MEPUTEIIBHOIO MOAYJIS IPEICTABIIEH Ha pucC. 1. B coctas
MOJAYJSl HWHTETPUPOBAH TPEXOCHBIM aKCEIEPOMETpP, TPEXOCHBIM THUPOCKOIN H
uu(ppoBoOil mporeccop s NEpBUYHOW 00pabOTKM u3MepeHuil. B monyie
MPU6050 npenycMOTpEH aHAJIOTOBBIM BXOJ JJIsl BHEIIHETO KOMIAca, 4To IMO3-
BOJIUT 00ECIIEYUTh U3MEPEHUE OPUEHTALIUU TpeX yIiIoB Ditsiepa. OOMEH TaHHBIX
noaepxuBaerca uaTepdeiicaoi mmuoi 12C. BcTpoeHHBIE B MOIYIJIb aHAJIOTO-
Bo-1M(poBbie npeodpazoBatenu (3 AL nna akcenepomerpa u 3 — aJig TUPO-
CKoOMa) 00eCcTeunBBaIOT U3MEPEHUS Ha BBIXOJE€ MOAYJs B 1uppoBom Buae. Mo-
NyJb TIPOrPaMMHO MOXET ObITh HACTPOEH Ha pa3Hble TUana3oHbl W3MEpPEHUs
yraoBoit ckopoctu (£250, £500, £1000, u +2000 rpamycoB B CEKyHAY) U JIU-
HEHHOTO yckopeHus (+2, +4, +8 u =16 g). [lorpenHoctu n3MepeHuii MPUBEICHbI
B criendukamy Moys [2].

Vel kpena (0) u guddepenta (y) MOAYIsT MOTYT OBITh MOJYYEHBI IO
JAHHBIM aKceJIepoMeTpa:

Puc 1. Crpykrypa MPU 6050
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a a
0=arctg—L; O=arctg—~
ax ax
rac ax, ay, az — IPOCKIHH YCKOPCHHUA Ha IIPOAOJIbHYIO, BCPTUKAJIBHYIO U I10-

MEPEUYHYIO0 OCH B CUCTEME KOOPJIMHAT, CBA3aHHOM C IIEHTPOM MacC MOJYJIS.

N3mepenus akcelepoMeTpa UMEIOT CYIIECTBEHHBIE BHIOPOCHI U HCKaXe-
HUs1, 00YCJIOBIICHHBIE IEUCTBUEM OOKOBBIX YCKOPEHUH.

Vbl kpeHa u auddepeHTa Takke MOTyT ObITh MOJY4YEHBI TyTeM WHTe-
IPUPOBAHUSL COOTBETCTBYIOIIMX MPOEKIUNA YTIIOBOM CKOPOCTH, MOJIYYEHHBIX OT
TUPOCKOIA, OJIHAKO MPU ATOM BO3MOKHO HAKOIUICHHWE OIIMOKH MHTETPUpPOBa-
Hus. Kpome Toro, Jyisi MUKPOMEXaHUYECKUX THPOCKOIIOB XapaKTepPHO MaJlo Me-
HSAIOIIEECsS CMENIEHUE yriaoBoil ckopocTh. COOTBETCTBEHHO, TPeOyeTcsl MpoBe-
CcTU (UIBTPALUIO0 U3MEPEHUI aKcelepoMeTpa M TMPOCKOIA, COYETAIOIIYIO J0-
CTOMHCTBA 000UX JATYHUKOB.

MaremaTnuyeckasi MoJeIb M3MEPUTEJIHLHOr0 MOAYJisl U puabTpa Kasamana

CrocoObl u3MepeHus yria KpeHa u yriaa auddepeHta OJUHAKOBbI, MO-
TOMY MOHO paccMaTpuUBaTh MOJEIb M3MepeHus Jroodoro yria. Jlamee anro-
putT™M (unbTpanuu OyJIeT paccMaTpUBAThCS JUIsl M3MepeHui yria kpeHa. Ilo-
CKOJIBKY MU3MEPEHHUE YTIIOBOM CKOPOCTU T'MPOCKOIIOM Ha MAJIOM MHTEpBAJIEC Bpe-
MEHHU MMEET JOBOJIBHO BBICOKYIO TOUHOCTB, €0 MOKHO HMCIIOJIB30BATh JJI KOP-
PEKIIMM U3MEPEHHUs akKcelaepoMeTpoM. MartemaTudeckas MOJEib yria KpeHa
MOJYJSl UMEET BU:

doft)

1 = Ox(t)-ox(t), (1)

IIe Oy — M3MEPEHUE YTIOBOW CKOPOCTH THPOCKOIIOM; Myp — YTIIOBAst CKOPOCTh

npeiida rupockorna.
[TockonbKy yrioBas CKOpPOCTh yXOJa TMPOCKONA MEHSETCS Mallo, €€
MO>KHO OIIMCaTh YPAaBHEHHUEM
donlt)_ () @)
rie u(t) — rayCCOBBIi OeJblii IIyM ¢ Majoi KoBapualuen.
Moayne MPU6050 obecnieunBaeT uaMepeHusi B iuppoBoM BHUJE, MOITO-
My ypaBHeHus (1) u (2) ynoOHee npeicTaBUTh B IUCKPETHOU (hopme:

0 1 —-h| 6 h|_
= + (DXk ! (3)

riae h — mepuona AMCKpeTH3AIINH.
YpaBHEHHE BBIXOa HIMEET BU/I:
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_ 0
0 =[1 O]LJ J + vy, (4)
xb g

TJIe Vi — rayCcCOBBINM O€JbIi ITyM, OMMCHIBAIONIUI MOTPEIIHOCTh U3MEPEHUH yT-

Ja kpeHa. KoBapwannoHHBIE MATPHUIIBI MPOIECCOB, OMHCHIBAIOIINX TOTPEIII-
HOCTb U3MEpEHUN yriioBoil ckopocTH (Q, ) u yria kpeHa (Rg), Moryt ObITh 3a-

JIaHbl, UICXO/IS U3 XapaKTEPUCTHUK MOJTYJIA.

Paccmotpum moctpoenue muckpetHoro ¢unstpa Kanmana mis momenu
(3), (4), paboraromiero Mo MPHUHLMITY MPOTHO3a-Koppekuuu [3]. AmpuopHas
OLICHKA BEKTOpa COCTOSIHUS MOAENH (3), a TaKyKe MaTpula KOBapUALIMH OLIMOKH
UMEET BU]I

X1 = AdXg +Bguy,
- T
Ao =AdP A +Qx, ()
rne A4, By — AuckpeTHBIE MaTpUIlBl COCTOSIHUSA U yrpasienus (3); X — anpu-

OpHasl OLICHKa BCKTOpa COCTOAHUA (3), Uk =6Xk ; Pk — MaTpulla KOBapHalluH
OIHI/I6KI/I OLCHHUBAHMUA, Qk — MaTpHla KOBapualuuu, OIpcAcirsiCMasd IIorpCirHo-
CTbIO UBMCPCHUA yrHOBOﬁ CKOpOCTH:
Qx =Q2BgBy' = Qup)* 0 :
0 0
CxkoppektupoBaHHas orieHka ¢punbTpa Kanmana numeet Bua:

X1 =Ryq1 + Kk+1(yk+1 —-Cy )A(IZ+1);

1
— ~T — ~T
Kk+1=FCyq (Cd PeaCq + RT : (6)
rne Cq — marpuna HaOmonenus ypaBHenus (4); Ky — marpuna xosddunmen-
ToB hunbTpa Kanmana; y, = 0y ; R =Ry.
KoBapuanusa ommbku puibTpa ¢ KOppeKuen MoKeT ObITh OolpeaesieHa
o dhopmyiie:
Pei1= (I — Kk+1Cy )Pk_+1’ (7)
riae | — enuHnYHAs MaTpuIa.
BripaxkeHust j1s1 MaTpULl COCTOSIHMSI, YIIpaBJiICHHUS U HAOJIOJIEHUsT MaTe-

MaTHYECKOW MOJEIN HMEIOT MPOCTyio (Gopmy, modtoMy Bbipaxenus (5)—(7)
MOYHO ONPEICIUTh AHATUTUYECKH.

150



Pi =P+ h(Pzzh —Po—Py+ Qezh)
Plo =P — Pyoh;

Py1 =Po1 —Pooh;

Poo~ =P,

Ky = Pi .
1+PR1
Ky = Pa1 .
1+Fﬁ_1_

{Pll PlZ} :{ Pi(1-Ky) P (1-Ky) }
Por Pooliyg [P —KoPii Poy —KoPyp™

rae P1, P, Po1, Pop — anementsr Matpunsl B ; Kq, Ko — aneMeHTsl BekTopa
ko3 Puunento Ky 1. B kauecTBe HauanbHbBIX 3HaUCHUHM MaTpuLbl Py MOKHO

BBIOpaTh HyJIeBbIe 3HaUeHUsA. OlleHKa yria KpeHa, BOCCTaHOBJIEHHAS (PUILTPOM
Kanmana, BeIYucseTcs cleayomuM o0pa3oM:

O 1 = O + (@, —oxp )
Ok1=0kq1 + K1(6k+1 - 9E+1)

Oxpy,,; = Oxb, + K2(9k+1 — Ok

VYrpomennsie popmyiel st pacuera ko3¢ dunrentoB ¢unbTpa Kanma-
Ha, MATPUIIBl KOBapUAIMM U OIEHOK MOKHO JIETKO PEaJM30BaTh C MOMOIIBIO
CTaHJApPTHBIX CPEJICTB BHICOKOYPOBHEBBIX S3BIKOB MPOTpaMMUpOBaHus. OUILTP
aHAJIOTUYHOU CTPYKTYPHI MOXKET OBITh pealn30BaH HE3aBUCHUMO IS TOTYICHUS
orieHKH yria quddepeHTa, a mpy HAJTMYWK BHEITHETO KOMIIAca — TaKKE OIICHKH
yria peICKaHUsI.

Pesyabrarsl ucnbitanuii Mmoaysass MPU6050 ¢ puiabsTpom Kanamana

B kadectBe mCXOomHBIX mapameTpoB s ¢uasTpa Kanmana, coriacHo
HacTtpoiikam moaysst MPU6050 Obutr BRIOpaHBbI CISAYIONINE KOBAPUAIIUHN:

Qe =0.04; Rg =0.05.

Pe3ynbpTaThl MCHBITAHUNA M3MEPUTENIBHOIO MOAYJs 0e3 o0paboTku (uib-
TPOM MPUBEACHBI HA pUC. 2 (17151 HEMOJABUKHOTO COCTOSIHUS MOyJist). 13 puc. 2
BUJTHO, YTO OTJICJIBHBIC BEIOPOCHI M3MEPEHHUS aKCEIEPOMETPOM JOCTHUTarT 1.5°,
a Tupockon umeeT apeid (yrioBas ckopocTh cocTanisieT mpumepHo 0.005 °/c).

Ha puc. 3 npuBenens! pe3ynbrarhl paboThl GruibTpa Kanmana npu moBopo-
T€ MOJIYJs BAOJL ocu X. U3 prcyHKa BUIHO, 4TO (PUILTp oOecreurnBaeT cria-
KEHHYIO OLICHKY yrja, ¢ TOUHOCThIO 710 0.2°. Ha puc. 4 u puc. 5 npuBeieHbI pe-
3yJbTaThl U3MEPEHUM MApaMETPOB MOJTYJISI PU IEPEMEHHOM BO3/I€HCTBUU
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W3 pucynkoB BuaHo, uto QuiubTp Kanmana obecrneynBaeT AOCTATOYHO
CTaOWJIBHYIO TOYHOCTh BOCCTAHOBJICHHS YIJIOBOM OpHUEHTalud Momyiid. Takum
obpazoMm, Moy MPU6050 ¢ anropuTMamMu KaaMaHOBCKOM (QUIbTpallUd MO-
KET ObITh UCIOJI30BAH JJII U3MEPEHHUSI YIJIOBBIX MMapaMeTPOB JIBUXKECHUS U pe-
IIeHUA 3a7a4 cTabmimM3anum KkpeHa u auddepenra.

Bosgaelicteune
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Akcenepometp
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Angle (degree)
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A.X. IllowoH, cTynenTKa 3 Kypca
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C.B. KuceneBa, 1011eHT

OPT'AHM3ALIUSA IPAKTUKYMA B KYPCE
«APXUTEKTYPA 3BM U HTHOOPMALIMOHHBIX CUCTEM)>»

Lenp nanHON pabOThI — UHTEHCU(PUKALIUSA UHTEPAKTUBHBIX 3aHITHI U ca-
MOCTOSITEJIBHOCTH CTYJIEHTOB. BriOpaHa TEXHOJIOTHSI MPAKTHUECKOTO OOyYEHHUS
C IOMOIIIBI0 KOMIIBIOTEPHOTO cuMyIisitopa OBM.

Mertoayka OCHOBaHa Ha UCCIIEOBAHUAX U CHCTEMHOM AHAJIM3E CTPYKTYP
OBM, BoByieueHUH B UHPOPMALIUOHHBIN MPOIECC OOMIETPU3HAHHOM, HATJISTHOM
U JIydllled, IO MHEHHUIO SKCIEpPTOB, Ha JIaHHOE BpeMs yueOHoU monenu DBM
[1].

PacueTHO-aHanmuTHUECKHE paOOTHI BBHITOJIHAIOTCA 110 AUCLHUILIIMHE B CPEIE
Mathcad. OO6iee aeiicTBHE METOAMK CBOAMT BOEIUHO IMOHUMAaHHE (YHKIHO-
HaJbHBIX 3aJ]lay, CBSI3U MPOTPAMMHUPOBAHUS M KOMIIWIISIIMU C MUKPOIIPOIpam-
MHUPOBAHHEM B CTPYKTYpPE KOMAaH]l M KOMIIO3MIIMM pAJia anmapaTypHbIX pelile-
Hui. JlucuuminHa 6a3upyercsl Ha 3HAHUAX, MPUOOPETEHHBIX B Kypcax HH(OP-
MAaTUKH, KOMIIBIOTEPHBIX CETEeH, TEOpUH HHPOPMALMOHHBIX MPOLECCOB U CH-
CTEM, a TaKX€ MOJEINPOBAHUS HHPOPMALIMOHHBIX CUCTEM.

3HaHue (PYHKIIMOHAILHON M CTPYKTYPHOUM OpraHu3aiii KOMIbIOTEpA SIB-
JsieTCsl 1eJIeBOM OCHOBOM (hopMUpPOBaHUS MPO(PECCHOHATBLHBIX KOMIIETCHIIUN B
npoiecce oOydeHUss U gaynee A Jr0oi chepbl AESTENbHOCTH BBIMTYCKHUKA
BBICILIEN IIKOJIBI.

[lepen mpakTHYECKUM 3aHATHEM TPHUBOISTCS MPOOJIEMHBIC BOIPOCH U
MOCTaHOBKA 3a7a4 B JopMare MUHU-JICKIMN, a HA MPAKTUYECKOM 3aHATUU TIO0-
CTOSIHHO TPAKTUKYETCS TOIMYJISpHAs CTpaTerusi pabOThl B MaJIbIX TPYIIIAx IO
TpeOOBaHUIO U HEOOXOAMMOCTH pa3pelIeHHs] BOSHUKAIOUIMX pa3HOrIacHil. ITo
YUYHUT CaMOCTOSATEILHOCTH B MBIIUICHUU. B quanorax Ml akTUBU3UPYEM BOIPO-
Chl U O0CYKJlaéM OCHOBHbBIE MPUHIUIIBI CO3/IaHUs, JOCTOMHCTBA U HEIOCTATKU
TEX WJIU UHBIX CTPYKTYPHBIX PEIICHUM.

[IpeacraBinenre o cucreMHol opraHuzauuun OBM dopmupyrorcs kak
KOHLIENIMS apXUTEKTYPHON MOJENM B ONUCAHUSAX BO3MOYKHOCTEW M KOMIIO3H-
M1 COCTABHBIX YaCTEU, UCITOJIb30BAHUS TEXHUYECKUX KOMIIOHEHTOB. [Ipu 3TOM
B HallleM MOHUMAaHUU PACKPBIBAIOTCS OCOOCHHOCTH BHYTPEHHEro KOHBEiepa
KOMaHJi, TEXHOJIOTUYECKHUX MOJIXOJ0B U KOHCTPYKTUBHBIX PELICHHI Mapajuielib-
HBIX BBIYMCIICHUN U IOCTATOYHO CJIOXKHBIX CTPYKTYP.
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[To Hamemy MHEHWHIO, B KJIAaCCU(DHUKAIIMN CTPYKTYP CIEIYET UCIIOJIb30BATh
KPOKH cXeM, PaCTOJIOKEHHBIX 10 K8AOpawmam, ¢ yIpoIueHHbIM HabopoM Kirac-
CU(UUUPYIONINX MPU3HAKOB — MO OJAMHOYHBIM ToTtokaMm koMann Sl (OK) u
MHoOkecTBeHHBIM M| (MK), 3atem oauHO4YHBIM moTokaM AaHHbBIX SD (OJl) u
MHO)ecTBeHHBIM MD (MJI) — B deThipex codeTtaHusx M. OiauHHA, YTO 3PUMO
OTTEHSICT WJCI0 Mapayienu3Ma. HamMeHOBaHWS BEKTOPHOW, KOHBEHEPHOU U
MaTPUYHON CTPYKTYpbl MHOTOIpOIeCCOPHBIX IBM Xopoiio BoCpuHUMAIOTCS
1 JIETKO aHAJM3UPYIOTCS B JAHHOM KOMILICKCE.

ApPXUTEKTYpHBIE PEIICHUS PAacCMATPHBAIOTCS Ha Pa3IMYHBIX YPOBHSIX
OMHMCAHWs, CO CBOM KOMIIOHCHTaMH (M pa3HBIMH KATETOPHUSIMH SI3BIKOB OIIHCa-
HUS) B HEPAPXUUECCKOM TIPEJICTABICHUN CTPaT, BBIICICHHBIX UCCIEIOBATECIISIMU
[4].

B xone mabopaTopHOro MpakTUKyMa y CTYACHTOB 3aKPEIUISIOTCS 0a30BbIC
MOHATHUS: KOMIIBIOTEPHON apXUTEKTYpPhl, H3ydaeMol KiacCU(PUKAIIMU KOMITbIO-
TEepHBIX cucTeM (puc. 1), Ha pa3HBIX YPOBHSAX APXUTEKTYPHI, IPUHIIUIIOB JIEH-
CTBUS U B3aUMOJICUCTBUS TTOJICUCTEM.

Qbnacte MNamare MNamare
namaT
TR npomamm JaHHbIX
nay KOMaHa I Crek I
2 1 A — g
npomamm| a i wa AewwundpaTtop 3
Enox LleHTpanbHuIv -—L—UV—> KOMaHA 2]
WA | wurepdeiica npoueccop (BY s 2
03y 2 ﬂa‘:/iﬂTblO W BHYTPEHHUE npomamm + g
AGHHBIX | )y perMeTpbl Uentpanshsii | .| 5
npoueccop =
Crekogoe U uHTERDEIC : o
L
03y K perucTposomy
o3y

a) 0)

Pucl. Knaccuueckas apxutektypa a) ¢on Hetimana, 6) rapeapackas
http://www.intuit.ru/studies/courses/3/

VYuyebHast MOZeNb peanu3yeT KIacCHYECKyl0 HEHMaHOBCKYIO apXUTEK-
Typy Ha 0a3ze 3MyJISLMU COKpalleHHOro Habopa MamuHHBIX kKoMaHg RISC. B
OTJIMYKE OT YIMPOIIEHHOTO PACCMOTPEHHS PEaTbHO CYIIECTBYIOIIUX MX MPOTO-
TUTIOB TIPUMEHSETCS] MCXOJHAs MPOCTas MOJEIh — CUMYJISITOP, YTO OOJyierdaer
MOHMMAaHWE IPUHIIAIIOB B3aUMOICHCTBUS KOMITOHEHTOB KOMIIBIOTEPA Ha YPOBHE
(GYHKIIMOHATBHBIX YCTPOWCTB, a TaK)K€ Ha yPOBHE AapXUTEKTYphl MAIIMHHBIX
KOMaH/I U accemMOiiepa, 3TO BAXKHO M JJIsl CACTEMHBIX TIPOTPAMMHUCTOB.

PaccmaTtpuBaroTcst cucteMa KOMaH Ipoueccopa, TUMbl U (GopMaThl KO-
MaHJ/ONepaHIoB, COCOOBI aJpecali OMepaH/oB, HAOOPBI PErHCTPOB, B3aM-
MOJICHICTBHE C YCTPOICTBaMU BBOJIa/BBIBOIA, 00Pa0OTKA OCOOBIX CUTYAITHIA.

B nabopatopHoM nmpakTHKyMe yHop JAeNaeTcsl Ha IPUMEHEHUH POrpamm,
UHUIMUPYIOMINX pabOTy CUMYJISITOPOB, YTO MOBBIIIAET HATJSAHOCTh 3aKPETLIs-
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eMoro y4eOHOTro Marepuaja W 00JierdyaeT BOCHpUATHE Y4eOHOTO Marepuaia
CTYJICHTaAMHU.

PaboTa coCcTOUT B OCBOEHUHU apXUTEKTYpbl U CUCTEMbI KOMaH, UX Gop-
MaTOB, OIMMCAHUS MOJIETN apU(PMETHUKO-JIOTMYECKOT0 YCTPOMCTRA.

B3auMopeiicTBue paccMarpuBaeTcsl Ha CIAEAYIONIMX YPOBHSX:  ONEpalu-
OHHBIX OJIOKOB M YINPABIAIONIMX aBTOMATOB, a TAaKXe 0a30BbIX MOJCUCTEM:
MPOLIECCOPBl — 3alIOMHUHAIOLIUE YCTPOMCTBA, CUCTEMHBIE MAaruCTpalid, yCTPOU-
CTBa BBOJIa-BbIBOJIA.

Hccnenyerca KoMaHAHBIA LMK IPOLIECCOPA B BUJIE MOCIEA0BATENBHOCTH
MUKPOKOMAH]I, KOTOpasi BBHIBOJUTCS B CIELMAILHOM OKHE «MHUKPOKOMAH]IHBIH
ypoBeHb». MccrnenoBarenb JIEFKO BBIUKCISAET XapAKTEPUCTUKH MOJENINA BHYT-
PEHHETO KOHBeMepa.

PaGota BeinonHsieTcs nmostanHo. KoHcTpyHpyeTcst cuctema U3 OCHOBHBIX
osoxoB. [IpoBepsitoTCs Ha TECTax YCTPOMCTBA BO B3aUMOCBS3X:

a) mporieccop — ocHoBHas namsth (O3VY), koHTposuiep oOMeHa; 0) KA1 naMsTh
(CO3Y), BHayane oHa OTKIOUYeHA. [IOMKIFOUAIOTCS BHEIIHUE YCTPOWCTBA: a)
KOHTpOJUIEp — AUCIUIeH, 6) 0003peBaTesib HHPOPMAIIUU.

VYHukanbHO uccaenoBanue 3(p(HEeKTUBHOCTH UCIOIB30BaHUS K3LI-TIAMSTH
B oOuieil cucreme nmamatu. OHa 100aBiseTCsl B UCCIAEAYEMYIO KOMIIO3ULIUIO IO
KoMaH/ie uuTepdeiica cumynsatopa «Kour BkitoueHa». Ha ocHoBe npeasiaraemo-
ro HKCIEPUMEHTa HM3y4daloTCsi B y4eOHOM IMPOLECCE TMIOTE3bl BIUSHUS Psaa
(aKTOpOB: EMKOCTH K3II-NIaMATH; pazMepa CTpoku; cnocoda orpaxenus OIl Ha
KOII-TIAMATh; aJITOPUTMA 3aMEIIeHUs HH(pOpMaIK B 3aMTOJTHEHHOM KAIII-TIaMsATH
Y aJITCOPUTMA COTJIACOBAHUS CONCPKUMOTO0 namsTu [2,3].

[lenpro JaHHOTO MCCIeA0BaHMs OyJeT mpoBepKa padOThl Pa3IUYHBIX al-
TOPUTMOB 3aMEUICHHs MPHU PA3UYHBIX peKMMax 3amucu. OUKCUPYIOTCS TpHU-
3HaK 3aHATOCTH SYEWKH Tera, NMPU3HAaK HCIOJb30BaHUS U MPHU3HAK 3alKCU B
SYCHKY 10 aJIfOPUTMaM CKBO3HOM 3amMCcH WJIM OOpaTHON B COYETaHUU C Ha3Ha-
YEHHBIMHU aJTOPUTMAaMU 3aMELICHHs] CTPOK. B Monenu peain3oBaHbl TpHU pas-
JUYHBIX QITOPUTMA 3aMEIICHUS CTPOK:

cyyaiinoe, KOTJa HOMEp SYEWKH KAII-NaMSATH BbIOMpaeTcs ciaydailHbIM
obpazom;

ouepedb, TIPU KOTOPOH BBHIOOP 3aMeIIaeMOil sUeHKU ONpeessieTcss Bpe-
MEHEM MPeOBIBAHUS €€ B KAII-TIaMSTH;

Oum uUcnonb308anusl, KOraa ciiydaiiHbld BBIOOP OCYILIECTBISETCS TOJBKO
U3 TEX SYEeK, KOTOpbhle UMEIOT HYJIEBOE 3HaUeHHUE (hyiara UCTOIb30BAHMUS.

HaGupaercst cratuctuka K3II-MONAJaHUNH U COOTBETCTBYIOUIUM OIpese-
asiercss koadduiment K 3QpGeKTUBHOCTH pabOThI KAUI-aMSITH.

3akmroueHue. B oTianyune oT ynpoueHHOro pacCMOTPEHUS PeaibHO Cyllie-
CTBYIOIIUX MPOTOTUIIOB DBM MpHMeHeHne TEXHOJIOTUHU MPaKTUYECKOro o0yye-
HUSL C MOMOUIBI0 KOMIBIOTEPHOTO cumyisitopa DBM obnerdaer moHumanue
IPUHIMIIOB B3aUMOJIEUCTBUS KOMIIOHEHTOB KOMIIBIOTEpA, CO3LAET NMEpPEXoAd K
CUCTEMHOM KapTHHE 3BOJIOLMH MHpa coBpeMeHHbIX OBM [5]. CtyneHntsl npu-
OOpeTaloT HAaBBIKK MO BHIOOPY, HACTPOMKE M MCIOJIB30BAHUIO COBPEMEHHBIX
KOMIIBIOTEPOB ISl PEIICHUS TPUKIATHBIX 3a7ad.
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