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CO3UJJAHHUE MHUPA C MAIIIMHOWU BPEMEHU

A.K. 'y

Hccnenyetcst Bompoc o JIOTHYECKHUX CBOWCTBAX OMMCAHHUSI MUPA, B KOTOPOM BO3-
MOXKHa pabdoTa MallMHbl BpeMeHH. [IpensaraeTcsi paccMaTpuBaTth JOTHUECKHe
NIPOTHBOPEUHs KakK IIPOTUBOPeUHsl Mex1y HeOCO3HaBaeMbIM IIPHOPUTETOM MHUpa
U MOAYMHEHHOCTH €My JIOTHYeCKHX CXeM paccylka.

Astopom B [1] mMaTemaTHuecKH 0OOCHOBBIBAeTCSI HIEs, UTO OKPYKaIOIIMH Hac
peanbHbli Mup He siB/sieTcss He3aBUCHMbIM OT UYejioBeuecTBa, He TMOSIBUJCS [0
YesioBeuecTBa, a CO3MIAETCs, TBOPUTCS MHOXKECTBOM MHAMBHAYaJbHBIX CO3HAHHH
(pasymoB). B aToii craTbe mpemsiaraercsi cxema COTBOPEHHsS] MHpa, JOMYCKAaIOUIETO
(YHKIIMOHHPOBAaHHE MalllMHBI BPEMEHH, C MOMOIIBI0 KOTOPOH COBepIaeTcsi BO3Bpa-
menue B [Ipowoe.

CJI0)XKHOCTb MPOGJeMbl B TOM, UTO MHP C MAllMHOH BpeMeHU JIOTHYECKU MpPO-
THUBOPEUMB C TOYKU 3peHHusi paccyaka. [IpoucxomuT 3To B cuay Toro, 4yro Mup
CO3HIaeTCsl TOCPENCTBOM CO3HAHHS, TBOPUECKOrO aKTa, OCO3HABAEMO20 HAMU KaK
TMpoIlece, T.e. KaK KOHCTPYKIIMSI, MPeACTarollas mepel pacCyaKoM MO3TAIMHO, MocJje-
JI0BATeJIbHO, T.€. B0 8peMeHl, A L02U1ecKoe ONUCcaHue polecca — akT, yOUBaKOIIUHI
nuHamuky. OH (UKCHpyeTCs HaMH, HallUM PAcCyIKOM B TepMHHAaX MaTeMaTHKH,
BCe CTPYKTYPbl KOTOpO# cTaTHuHbl. [Ipy MpHBJeYeHHH MaTeMaTHKH K OMUCAHHIO
(U3HUECKOrO SIBJIEHHSI, TPOLIeCCa, Ha3bIBAEMOr0 akToM (hopMaJiU3alliH, MPOUCXOAUT
o6esBpeMenye. Moje/b IBJEHHUS, T.e. TOTO, UTO IPeACTAET epej HaMH BO BpeMeHH !,
JIMILIeHa BPEMEHH.

Cawmbl#l pakT onucaHHUsi MpeBpalllaeT TUHAMHUECKHH 0OBEKT B CTaTHue-
CKYI0 MOJeJib... B mporecce CTPYKTYPHOTO ONMHCaHHsI OOBEKT HE TOJBKO
YIpoLIaeTcst, HO ¥ JOOPraHu3yeTcst, CTAHOBUTCS GoJiee KECTKO OpraHu-
30BaHHBIM, 4yeM Ha camom jneJje (Jlotman, [3]).

Copyright © 2013 A.K. I'yu

Owmckuit rocynapcTBeHHbIH yHUBepcuTeT UM. ©.M. JlocToeBcKoro

E-mail: guts@omsu.ru

'Bpems (o Kauty) — ampuopHas (opMa 4yBCTBa BHYTpeHHero (BHYTPeHHEro CO3eplLaHHs).
MartemaTrKa, KOHCTPYHUpPYs CBOH MpenMeT, OmnupaeTcs JUOO HA UUCTOe CO3epliaHHe MPOCTPaHCTBA
(reometpusi), u6O Ha YKCTOE co3epuaHue BpemeHu (apu¢mervika) [14, c. 324]. Harypaabhbiit psiz,
KaK MOTeHLHa bHasi 6eCKOHEUHOCTh, [IPeAnoJaraeT CYéT, T.e. TeueHHe BPeMeHH, HO caM 1o cebe, Kak
yucmoe cosdepliaHue, Kak aKTyaJbHasi 6€CKOHEYHOCTb, MEPTB, T.e. HAXONUTCS BHe BpeMeHH. TouHee,
CUET OCYIIECTBJISIETCS B0 8pemeHil, OJHAKO B TaKOM CJyyae BpeMs, O KOTOPOM HAET peub, He eCTh
o6bruHOe amnupuieckoe epems [2, c. 177]. TlosTomMy B TekcTax MareMaTHKH W apU(PMETHKH, B
YaCTHOCTH, BpeMs He Teuér.
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1. JlexkorepeHUus U MaKpOCKONMUYecKas JOKaJ13aLus

BuemHui#t Mup BUAUTCS U BOCIPUHUMAETCS HAMM, KaK COCTOSILIMH U3 KaMHeEH,
CKAJIMCTHIX TOpP, AepeBbeB, JIECOB, — TO €CTh Belled TBEPABbIX, CYLIECTBYIOLIUX [e-
CATKH, COTHU U THICSUHU JIeT, HO NTOCTENEHHO Pa3pylUaoUIMX MO BO3/IeHCTBUEM HEKO-
el HelmoCTHXKUMOH CYLIHOCTH, Ha3biBaeMol BpeMeHeM. Bce a1o Kaaccuueckuil mup,
JOCTaTOYHO XOPOIIO OMMUCBIBaeMbIH KJjacchueckod (uaukoil. Belib B TakoMm Mmupe
JU00 eCTh, T.e. BEUIeCTBEHHA, MaTepHa/bHA, JUOO €€ HeT, T.e. OHA JIMLIb MBICJAUTCS,
UjieasbHa.

Ho ectb npyras ¢usuka — ksanmosas. OHa, KaK yBepsiloT Hac (DU3UKH, GoJsee
TOYHO onucbiBaeT Buemnuit mup. M B 3TOoM HUKTO He coMHeBaeTcsl. OnHako 3Ta
(hr3rKa, ONMUCBIBAsl, HAllpUMep, KAMeHHBIH 11ap, npeaJaaraetT HaMm (opMmajbHYO (op-
MyJy IJIS COCTOSIHHSI, UMesl B BUJy MeCTOHAXOXJeHHe ero LeHTpa B 6eCUHC/IeHHOM

4yHCJie BAPUAHTOB!:
> ), (1)

z€lR3

TJle |x) anbTepHaTHBHbIE COCTOSIHUSA IIapa ¢ IEeHTPOM B Touke x. Bce oHM o6pasyioT
OPTOHOPMHUPOBAHHBIH 6a3UC B TMIbOEPTOBOM MPOCTPAHCTBE.

®opwmyna (1) naét KBaHTOBOe COCTOsIHME LIapa, HOCsIllee Ha3BaHUE KOcepeHm-
Holi cynepno3uyuu. OHa TOBOPUT, UTO LIap, B MPUHIUIE, MOXKET HAXOAUTHCS B JIIO-
60H Touke npocTpaHCTBA. KorepeHTHasi Cyneprno3uLus — 3TO CyNepro3ULUs COCTO-
SIHUH, KOTOpble He MOTYT ObITb peaju30BaHbl OJHOBPEMEHHO C KJIACCHUECKOH TOYKU
3peHusi. BaXKHO OTMETHTh, YTO CYTepro3UlUsi — 3TO He CMeChb ABYX KJAaCCHYECKHX
COCTOSIHMH (HEMHOrO OJIHOTO, HEMHOTrO IPYToro), 3TO HeJOKaJbHOe COCTOSIHHE, B
KOTOPOM KaMeHHOTO Ilapa, KaK JOKaJbHOTO 3JeMeHTa K/JIacCHYeCKOro MHpa, HeT, He
CYLIECTBYeT.

Ho mbl moyemy-To BUAMM LIap TOJbKO B ofHOU Touke? Kmaccuyeckas ¢usuka,
3IpaBblii CMBICJ, PACCYHOK MOACKA3bIBAIOT HAM, YTO KaMeHHBbIH IL1ap He MOXeT Ha-
XOJIUTbCS OIHOBPEMEHHO B JIByX pPasHBIX TOYKAaX MPOCTpPaHCTBa. Tak Mouemy xe
KBaHTOBasl (pU3UKa MpejjaraeT HaM He OJUH, a CPa3y MHOXKECTBO HECOBMECTHUMBIX
BapHaHTOB?

Jlns Toro uTo6bl corsiacoBaTh KJAaCCUUECKHUH B3IV HA COCTOSIHME 1l1apa U KBaH-
TOBbIH, PUBJIEKAIOT JOMOJHUTENbHOE K MOCTY/aTaM KBAHTOBOH (DU3UKH TOSICHEHHE.
[TosicHeHHe 3TO Ha3bIBAlOT UHTeprpeTalell KBaHTOBOH MeXaHUKH.

CaMbIM pacrpocTpaHéHHBIM Cpely (PU3UKOB MOSICHEHHEM SIBJISeTCS KOINeHrareH-
CKasi MHTepIpeTanus, KOTopas IJIACUT, UTO KBAHTOBBIH OOBEKT, B3aUMOIEHCTBYS C
BHelHUM KJ1acCUUeCKUM MUPOM, U3 BCEX BO3MOXKHBIX MOJIOKEHUH 3aHUMAeT TOJbKO
OJIHO, T.e. B HalleM CJ/y4dae:

Buemnss cpena
4
E C|) — |zo) ¢ BeposiTHOCTBIO | Cpy |- (2)
z€R3
Takum 06pa3oM, MPOMCXOAUT PaspylIeHHe CYNePIO3ULUK (CyMMbI) KOT€PEHTHBIX CO-

CTOSIHHH, T.e. MPOUCXOAUT OeKoeepeHyuss KBAHTOBOTO COCTOSIHUS Lapa, U OH Tpel-
CTaéT mepea HaMH B KJIaCCHUECKOM 00pase, CTPOro B OMpPeNeNEHHOM MECTE Zy.
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JlexorepeHuss — 3T0 (PU3MUYeCKUH NpoLecc, KOTOPbIH CONPOBOXKAAETCS
noTepeld KOrepeHTHOCTH KBAHTOBBIX CYINEPIO3HLHH B pe3ysbTaTe B3au-
MOJEHCTBHS CUCTEMBI C OKpPY2KeHHeM. B 4acTHOCTH, 3TO NPOUCXOAUT NPH
MU3MepeHHH.

1.1. Marepuanusanus KBaHTOBbIX 00bE€KTOB

B pesy/bTaTte neKorepeHUHUH NPOUCXOIUT «IIPOsIBJIEHHE», MaTepHUaNn3aLIUs TeJ U3
MYCTOTBI, U3 HEOBITHS, U3 HEJIOKAJIbHOIO KBAaHTOBOIO MUCTOYHHKA. B xome 3TOoro mpo-
[ecca MaTepHa/M3alMM MOSIBJISAIOTCA IJIOTHBIE JIOKAJNbHBIE OOBEKTHl OKPY2KaMOLIEro
MHUpa, B TOM UYHCJIe Pa3/JM4YHble KJaCCHUYeCKHe MOJisl, HAPUMeD, 3JeKTPOMarHUuTHOe
WJIM TpaBUTallMOHHOE [4].

TakuM oOpasoM, aeKorepeHLHs OTBeyaeT B ONpeleéHHOM Mepe Ha BOIpoOC, CJle-
OyeT JIM U3 KBAHTOBOM MeXaHHWKH TOT (pakKT, UTO OKpYyxKalwlui Hac BHewHu# mup
SIBJISIETCS «KJacCHUUeCKUM». boJjiee Toro, oHa nokasbiBaeT, Kak 3TO NPOHUCXOMAHT.

Bo3MOXHBI MHble HHTeprpeTaluy KBAHTOBOM MeXaHUKH, CaMOH M3BECTHOH M3 KOTOPBIX
siBaisieTcsl UHTepnperauus Xbpio IOBeperta. CornacHo el Kaxuoe W3 KOrepeHTHBIX COCTOSI-
HUH 11apa HabgiogaeTcss B CBOEM COOCTBEHHOM BHeELIHEM MHpe. DTH MUpPBI NapajijielbHbl,
T.e. CYLIeCTBYIOT He3aBUCHUMO IpPYT OT APYra, U OHHU BETBATCS Ha HOBble BHEILIHHE MUpHI
BCAKHMH pa3, KOroa BO3MOXKHBI aJbTepHATHBHblE KOTE€PEHTHBbIE COCTOSIHHS, COCTABJISIOILNE
KOTePEHTHYIO CyIeplo3HLUI0, T.e. HEKJaCCHYeCKoe, K6aHMmosoe COCTOSIHHEe CUCTEeMBl, a B
HallleM CJlyyae KaMeHHOro liapa.

[losiBsieHHe «IJIOTHOTO Tesa» Y KBAHTOBOIO 00beKTa HAa3bIBAIOT €r0 MAKPOCKONU-
yecKoll aokaausayueti. Mpl Ha3Baau 3TO MaTepUanu3alLreld KBAaHTOBOrO 00beKTa.

1.2. PaspyumeHue CLHeNJeHHOCTHU MOACUCTEM

[Ipu nmekorepeHIMHM yMeHbIIaeTCss KBAHTOBasi CLEMNJEHHOCTh (3aMyTaHHOCTh) —
pacrnajgaercs MOJHOE €AMHCTBO M HCYe3aeT TapMOHMs, KOTopas CYyIIeCTBOBaJja B
MaKCHMaJbHO CLENJEeHHOM COCTOSTHHH.

[TosicuuM ckasaHHoe. HamoMHUM, 4TO COCTOsIHHE

) =) i (lel) @@ el), (3)

i1=1 ip=1

rae efk € Hy, Hy (i = k,...,p) — ruab6EpPTOBO MPOCTPAHCTBO COCTOSIHUE k-# mop-
CUCTEeMbl U3yuyaeMOH CHUCTEMbl Ha3bIBAIOT CUENAeHHbIM, €CIIH

V) # |21) @ ... @ [ay),

rae |rg) € Hg.
OnHako KOTepeHTHas CyMeprosviks Buaa (2) MpH IeKOrepeHIMH MePexXOoqqT B
COCTOsIHHE

lei) ® ... ® e} )

C BEPOSITHOCTBIO |;,..;,|%, KOTOPOE He SBJSETCS yXKe CLeEMIeHHBIM.
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B pesysbrarte nekorepeHLMH MOACUCTEMBI, TePSisl CLEMJIEHHOCTb, «HAUUHAIOT 000-
cab/MBaThCs, OTAENATbCS APYT OT APYyTa, BIJIOTh 10 MOJHOH He3aBUCHMOCTH (cemna-
pabesnbHOoCcTH). [IpH 3TOM MPOMCXOOMUT MX JIOKANIHU3AUMUS — Yy KaXKAOU MOACHUCTEMBI
MOSIBJISIIOTCS] OTAEJbHAs, BUAUMas opma U “mioTHoe Tesno”» ([loponuH, [4]).

1.3. IlomaBneHue uHTepdepeHINU
KBaHTOBBI 00BEKT «IIap» MOXKET NpeObiBaTb B Pa3HbIX KOT€PEHTHBIX COCTOSIHHU-

[y =) clz) u |o) =) wila),

z€IR3 z€IR3

AX:

re cOOCTBEHHbIE BEKTOPHI |x) 00pa3yroT OPTOHOPMHUPOBAHHBIH 6asuc, T.e. (x|z) = 1,
ecan ¢ =2/, U (x|z') =0, econ x # .
BepositHOCTb mepexona oT |¢) K |¢) paBHa

2

2
(Wl = (D elo)| D wala)) )| =] D ew <ala’ >| =

z€IR3 /' €R3 z,z' €IR3
2
_ = | _ — — _ 20 12 _
= CoW,| = CpWy, CplWy = lee|*|we]” + CpCop Wy Wy .
z€R3 z€R3 r€R3 z€R3 z,x’ (x#x’)

Bropast cymma — 3To HHTep(depeHLHs MexAy ajbTepHAaTHBaMH |r) W |z’), mo-
CPeICTBOM KOTOPOH OHHU B3aUMOIEHCTBYIOT.

Teopusi nekorepeHUHH 3aHHMaeTcsl H3yueHHeM (CIOHTAHHBIX) B3aHMOIEHCTBHH
MeXIy CHCTEMOH W OKpyKailled e€ cpenoil (OKpy»KeHHEeM), KOTOpoe MPUBOIHUT K
NO/aBJE€HHI0 KBaHTOBOM WHTepdepeHuuu. [Ipu nekorepeHuMH 3a CUET H3MepeHUs
COCTOSIHUSI |To) WM MHOIO B3aUMONEHUCTBHs ¢ BHelHell cpenoii uHTephepeHIHOH-
HbIH 4JieH, KaK BHAHO U3 (opmysnbl (2), ncyesaer.

2. Marepuanusanus Mbicjaen

MoryT /i MbICIH JIOAEH O TOM, YTO B OKpYXKaloLleM HX MPOCTPAHCTBE MOSIB-
JisleTcs, CKaxkKeM, KaMeHHBIH 1ap, AeHCTBUTEbHO NPUBECTH K TOMY, YTO U3 HUUYEro
BAPYT MaTephasn3yeTcst peasbHO KaMeHHBbIH TBEPAbIH OOJBLIOH 1ap?

[ToneiTaemcsi mokasaTb, UTO CTOJIb CTPAHHBIN, HeJeNbldl BOMPOC NEHCTBUTEIbHO
MMeeT TO0JI0KUTeJbHOEe pelleHue.

EcrecTBeHHO, YTO cjienyeT oOpaTUThCS K KBAHTOBOH MeXaHHKe, KOTOpasi BKJIO-
yaeT B ce0sl IOBOJIBHO CKYAHYIO M0 BO3MOXKHOCTSIM KJIAaCCHUECKYI0 MEXaHUKY, U Kak
BBISICHUJIOCh BO BTOpPOH mMoJsioBMHe XX Beka, MOXeT [aBaThb KpailiHe HEOXUIAHHble
IJ151 OOBIIEHHOH TOUKH 3peHUs MpelcKa3aHUsl.

Melc/ib YesloBeKa i — 3TO KBaHTOBAas «4aCTHIA»>, OMHMChIBAEMasi BEKTOPOM |/i;),
JieXKallluM B a0CTPAaKTHOM T'MJ/bOEPTOBOM MPOCTPAHCTBe H U SIBJASAIOLIASCS YaCTULlEH

>YacTHily B KJacCHUecKoll MeXaHHKe BHAAT KaK MaJeHbKHH apHK M TPUIHCHIBAIOT efi KOOpIH-
HaTy © U UMIyJbC P. VIMIy/nbC accOUMHUPOBAH CO CKOPOCTbIO v YacTHLbl. CKOPOCTb XapaKTepU3yeT
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OKpPY?KEeHHsI BHEIHEel cpelbl MaKpPOCKOMHYECKOro oObeKTa B, CKaxeM, KaMeHHO-
ro wapa. CocTosiHHe 1apa ¢ LEHTPOM Macc B NPOCTPAHCTBEHHOH TOYKE T — 3TO
BEKTOp |T).

fIcHo, UTO ap KaK KBAHTOBBIH OOBEKT MOXKET UMETb PA3HYH0 MPOCTPAHCTBEHHYIO
JIOKaJIM3alH1Io, T.€. HAXOOUTbCsl B pasHOM MecTe. [109TOMYy ero cocTosiHHE HOJIKHO

OIIHUChIBATbCA B BUE
> cla), (4)

z€IR?
a TOYHee C MOMOILbI0 MAaTpULbl MJOTHOCTH p KBAHTOBOW cucteMbl H; X Hp, rue
‘H; — ruap0epTOBO MPOCTPAHCTBO COCTOSIHUH Mbicjaed cyObekTa ¢, a roe H; —

THJILOEPTOBO TMPOCTPAHCTBO COCTOSIHHE Iapa B. Ymo6HO Hcrmosb3oBaTh [D], Tak
Ha3blBaeMYI0 PelyLHPOBAHHYIO MaTPHUIY MJIOTHOCTH pp(x,z’,t).

o | “g-(- x)) nocne

p N
z) =)

qu}/

Puc. 1. Mbicsb 0 1mape ynauHa uiu HeynadHa (puc. us [5])

Kenanue cyObekTa ¢ yBHIETb IIap C LEHTPOM B TOYKe T peau30BaHHOH —
3TO TpaTa MCHXHUYECKOH 3Hepruu cyObeKkTa, O3Havawllee H3MeHeHHe, KOPPEKLHI
MBICJIH, TTOMeUYaeMyl0 Kak YCMeLIHYI0 HJH HeycleliHyo. MHade roBops, HMELLY0
u3MeHéHHoe coctosiHue |u;(x)) (cm. puc. 1). Tlpouecc monbITKH cyOGbeKTa ¢ MaTepH-
anu3auuu wapa B — ato onepatop |z) @ i) — S(|z) @ |wi)) = |z) @ |pwi(z)) (|z)
— COGCTBEHHBIH BEKTOP).

CyObeKT 7/, ec/ii ¥ UMeeT TaKOe 2Ke KeJaHHWe MaTepuasn3oBaTh LIap, BCe-TaKH,
KaK cJieqyeT NOMYCTHUThb, BUIUT IIap C LEHTPOM B Touke z’ (' # x).

Mbicau-keanust GOJbLIOr0 YHcaa CYOBEKTOB CO3[al0T BHEIIHIOW Cpexy st
KBAHTOBOTO O0bEKTa «Illap», KOTOpas CIOCOOCTBYeT MaKpPOCKOMHUYECKOH JIOKa/au3a-
I[IMM KBaHTOBOI'O OOBEKTa «IlIap» MOCPEICTBOM JeKOrepeHIun [5].

[Ipouecc feKorepeHIHH KOTepeHTHOH Cyneprno3uluy (4) 3ak/aouaeTcsi B TOM, 4TO
Bce CyObeKThbl JOJKHBI YBUAETb LIap B KOHKPETHOH TOUYKe X, a Ha sI3bIKe MaTpPHLBI
MJIOTHOCTH 3TO TPOMCXOAUT B TOM cJaydae, Koraa pp(z,2’,t) — 0 mpu t — +o0.
DTo ¥ 03HauaeT MPOCTPAHCTBEHHYIO JIOKAJHM3aLHUI0 (MaTepuasnsaliio) KBaHTOBOTO
o6bekTa «wap». llap nosBaseTcs, MaTepraauayeTcss Kak «IJIOTHOE TeJO».

KayecTBO (OBICTPOE WM/ MeIJIeHHOE) MepeMelleHus B MPOCTpaHCTBe. B KBAaHTOBOH MeXaHHKe UacTH-
a — 3TO HeYTO aOCTPaKTHOE, MO3TOMY, MoyeMy Obl €f He ObITb MBIC/IbIO, & BMECTO KOOPAMHATHI
U UMIyJbCa MMEIOT [eJI0 C IPMUTOBBIMH OmepatopaMu T ¥ p = ¢hV, HeHCTBYOLUMH Ha BEKTOPHI
npoctpaHcta H. OnepaTopsl, 0coGeHHO AU(QepeHIHaNbHBIE OMepaTop P, OTHIOAb HE BHI3BIBAIOT
acCoLMaLMI0 MecTa M COOTBETCTBEHHO MepeMellleHUs] B (PM3MUeCKOM MPOCTPAHCTBE, U B CHJY 3TOrO
MBI BIIPaBe AOMYCTHUTh, YTO MBIC/b MOXKET HaXOAUThLCS B COOCTBEHHOM COCTOSIHMM M UMeTh COOCTBEH-
Hble 3HAUYeHHs! ONEepaToOpPOB W MMITYJbCa, XapaKTepu3ys COOTBETCTBEHHO HANpPaBJEHHOCTb MBICIH Ha
KOHKPETHOE MECTO, T.e. MbIC/Ib JIOKAJNU3yeTcs, U mépmayto cury (mo JlelOHULY) €€ BOMJIOLIEHHUS.
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Puc. 2. Mbicsiu 0 mape MHOXKeCTBa CyGbEKTOB Co3naioT cpeny (puc. us [5])

Ipu psge monyuueHui® 115 JoKaAM3aLUHU apa ¢ PAAHYCOM a ToJaydeHa (popMy-
na [5]:

p(z, 2’ t) = pp(z, 2, 0)6—A|azfx/|2t’

9
An 102 (= )6 L
cm?s \em K)
Orciona mosiyyaeM, uTo wwap paguyca 1 m maxpockonuuecku AOKQAU3Yemcs Wi
mamepuarusyemcs 3a 1070 cex.

roe

3. Hedusnueckne MakpocKonnuueckre KBaHTOBbIe 3(P(heKThI

BeruncnurenpHas MaimiuHa ob6sanaet ocoObiM (YHKLUHOHAJbHBIM CBOHCTBOM: B
Heé 3aKJaJblBaeTCsl MPOrpaMma, peasiu3yiollas KBAHTOBBIM aJrOPUTM. DTO CBOH-
CTBO SIBJISIETCS He@u3uyecKum B TOM CMBbICJE, YTO OHO MOXKET ObITb OIpeneseHO
NpU MOMOLUM TEPMHHOB, He COAepKAallUX CChIJIOK Ha (hU3UUYECKOe WM XHMHYecKoe
CTpOEHHe KOMIIbIoTepa.

Mosr MoxeT nefcTBOBAThH MO ONpefeJEHHON TporpaMMe, KOMIbIOTEP MOXKET JeH-
CTBOBATh IO OTNpe/eJEHHON TporpamMme, U (PYHKIIMOHAJbHAS OPTaHU3aLUs MO3ra U
KOMIbIOTEPA MOXKET OBbITh TMOJHOCTBIO OJHHAKOBOH, HECMOTPS HA TO 4YTO MaTepHad,
U3 KOTOPOT'O OHH COCTOSIT, LIEJHKOM M MoJiHOCTbio padauueH (ITatHawm, [7, ¢.108]).

Mosr, no coBpeMeHHbIM B033peHUsIM [leHpoysa u Xamepodda, — 3T0 KBaHTOBas
cucrema [8]. Mbicab, upaes, (paHTasusi, MOSBJSIOUIASACS B MO3TY, €CThb pe3yJbTaT
MaKpOCKOITHUECKOT0 Mpollecca, OMMChiBaeMOro KBAaHTOBOMEXaHMUYECKH (M He JO0TycC-
Kalollero TOYHOT'O W3MEpPEHHs), ¥ B CHJYy 3TOTO IMpelcTaB/sieT coO0H KBaHTOBOE
COCTOSIHME B MO3Ty HHAMBHAA (cyObekTa). CyObeKT — 3TO BCEro JHIIb MOACHCTE-
Ma cucTeMbl, HasbiBaeMod Mupom, PeanbHocTbio, Beenenno#. C cocTosiHHeM 3TOM

391U ponyienus B KHure [5] oTHOCATCA K paccMaTpuBaeMol cyry6o MaTepHasbHOH (hUsHUecKoi
cpefie, a He K Cpefle KBAaHTOBBIX UaCTHUL-MbICJeH, T.e. K MeHTa/JbHOMY moJjo. Ho dakruuecku omne-
DUPYIOT He C KOHKDETHOH Cpeliod, a ¢ ee MareMaTH4YecKHM onucaHueM. A (opMyJibl, KaK H3BECTHO,
OHW U Te Ke W MPH ONUCaHUH (PU3UYECKOro I0Js, U MPH ONMUCAHUH MeHTa/bHOro nojs. CM. npHme-
pel B [6], rne moxasaHo, Kak ypaBHeHHe OpIOCCEsITOpa MOXKET ONHCHIBATb HE TOJBKO XHUMHYECKYIO
peaklHIo, HO U IUCCENEHCTBO, a (hOpMYyJbl (PU3HUECKOH KHHETHKH CIIOCOOHBI OMUCHIBATb 3apOXKAeHHUe
APY>KHH 10 HaBeleHHIO 0OLIeCTBEHHOr0 Mopsiika M T.[.
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TIOJCUCTEMBI COOTHOCSITCSI APYTHE MOACHUCTEMbI-CYOBEKTHl U 0cobasi MOACHUCTEMA, KO-
Topasi HOCUT Ha3BaHue [Ipupooda.

4. Co3HaHue U MalliHA BpeMeHU

Ecau nonycTUTb BO3MOXKHOCTb MOCTPOEHUS] MallMHbl BPeMEHH, M03BOJSIS UeJsio-
BEKY BO3BpalllaTbCsl B MPOLUJbIE 3M0XH, TO PeajlbHOM CTAaHOBUTCS CUTYalMs, KOraa
NyTelleCTBEHHUK MOXKeT YOWUTb CBOlO 0alylLIKy A0 TOro, KakK OHa POAUT €ro oTua
UM MaTb. Ho B TakoMm cjydyae CTAaHOBUTCS HEBO3MOXKHBIM CyIlleCTBOBaHHWe MyTe-
1LIeCTBEHHUKA, MOCKOJbKY OH He OyneT poxaeH. CTolb MPOTUBOpPEUYUBAst CUTYyallUs
HOCUT Ha3BaHuUe napadokc 6abyuKu.

Knaccuueckass Hayka 6asupyeTcss Ha JIOTHKe, Ilie JeHCTBYeT 3aKOH Apucrore-
Jl O HelNpoTHBOPeUYMH: YTBEepXKIeHWe U ero OTpHLlaHUe BMeCTe He BCTPeyarTCs.
[Tapanokc 6aOyIiKH HECOBMECTHM C NaHHBIM 3aKOHOM ApwucrtoTens. JeHCTBUTENb-
HO, BO3BpallleHHe yOuiilbl 0abylikd B cBoé Hacrosiliee HEBO3MOXKHO, MOCKOJBKY
TaM OH He Obl poxkaéH. Ho mpuHuMn cBoGoAbl AeicTBUS, CBOOOABI BOJH, NAIOLIUH
NPpaBO Ha BO3BpallleHHe B CBOIK 30Xy U SBJAIOLIMHCH HEOTbeMJIeMbIM MPHUHLHIIOM
yIpaBJeHUs MallMHOW BpeMeHH, NpefocTaB/seT yOuiille BO3MOXKHOCTb BEPHYTbCS
Tyla, T1e ero He N0JKHO OBITb.

Ha napanoxkc 6a0yliku yKasblBalOT BCeraa, KOTAa 3aXOOUT pedyb O CO3JaHHUHU
MallMHbl BpeMeHH. CUMTaeTcs, U4TO 3TOT MapajoKC HepaspeliuM, U B CHJY 3TOr0
MIOCTPOEHHE MallMHbl BpeMeHH HeBO3MOxxHO. OnHako o6liasi TeopHsi OTHOCHTEJb-
Hoctd (OTO), BocnprHHUMaemasi Kak TeopHsi aGCOJIIOTHOTO MPOCTPAHCTBA-BPEMEHH,
BIIOJIHE JIOTTyCKAeT BO3BpaT B MPOLIJIOe, MOCKONbKY MaminHa BpemMenn B OTO — 3To
3aMKHYTasi BpeMeHUNono0Hasi KpUBasi, KOTOpas 4acTO MPUCYTCTBYeT B pellieHHsX
ypaBHeHU# DitHuITelHa [9].

[loyemy MBI He MOXKeM MPeONOJeTh Mapafoke 6a0yILIKKU, KOTOPbIH OCTaHABJIMBAET
Hac CBOEH HepaspelIMMOCTbIO, MPOTHBOpeYa peasbHOMYy Mupy, 4acTbio KOTOPOro
MBI SIBJISIEMCSI?

Jla notomy, 4TO JIOAH, T.€ Mbl, 2XKHBEM B KOHKPETHOH UCTOpUUecKol smnoxe. B Hell
HeT MallWHbl BpeMeHHU. JIoruka 3Tol 3MoXH, OKpy»Kalollero Hac MHpa, CO3[JAaHHOTO
MHOXKECTBOM MHIMBHAYaNbHbIX CO3HAHWUH, COOTBETCTBYET 3TOMY MHUPY W He JOMYycC-
KaeT paspelleHHus napanokca 6a0bywkHy. JlonyM He 3aayMbIBaJUCh O TOM, YTO UM /151
KOM(OPTHOH KH3HU Hy>KHa MalllhiHa BpeMeHHU. Ecju Obl oHa Obl1a UM HYXKHA, TO
Hal Mup cKoppeKTHpoBaJcs Obl, U3MEHHUJICS COOTBETCTBYIOILHUM 00pPa3oM.

HoBblil MHp ¢ MalIMHOM BpeMeHH MO3BOJSET MyTelleCTBeHHUKY B MPOLLIoe yOu-
BaTh CBOIO 0a0YIUKYy 0 TOro, Kak 0a0yllKa pOAUT ero poauTesis, U IPpU 3TOM OCTa-
BaTbCS CYLLECTBYIOLUM.

Ho kak ocTtaTbcsi CyLIECTBYIOILNM, ecu TeOs He POANJ HEPOXKIEHHBIH POIUTEb?

OtBet: yOurtas 6abymika ao/KHa XWTb. [IpocTo 6abymika, Kak u J000H U3
JIIOled CyLIeCTBYeT B MHOXECTBe BapHaHTOB. Yb6urtas Oabyllika MepTBa B OAHOM
KOHKPETHOM BapUaHTe MUpPa-BCEJEHHOH, B OLHOM HMCTOPUUYECKOH 310Xe, HO OCTaET-
csl B IPYrux, NapaJjijie/]bHbIX BapUaHTaX MHUpax-BCe/eHHbIX. bynyiiee — pesysbrar
UX KBaHTOBOW uHTepdepeHunu. [loaToMy ocTaBlIMXCS KUBBIX Oabyllek A0CTaTO4-
HO [/l POXKJEHHUSl MyTellleCTBeHHHKA BO BpPeMeHH. TouyHee, MHOXKeCTBa BapUaHTOB
NyTelleCTBEHHHUKA BO BPEMEHH.
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5. Hcropuueckas amnoxa, rae nNpoTUBOpeurss — 3TO HOpMa

J71s Hac o4eBUOHBIM SIBJSIETCS MPABUJO, COTJIACHO KOTOPOMY «IIPOTHBOpeualline
OIHO JIPYyroMy YTBepXKIEHHS He MOTYT ObITb UCTMHHBIMH OTHOCHTEJbHO OTHOTO U
TOrO »Ke TpefMeTa B OJHO M TO e BpeMs W B OOHOM M TOM »Ke cMbicje». Ho,
KaK oTMeuaeT JOrHK MuHTO, 3T0 caMo coboi pasyMmeroleecs AJs HAC JIOTHUECKOe
TMOJIO’KEHHEe COBCEM He OblJI0 TAKOBBIM B 3MOXY aHTHUHOCTH. B miaToHOBCKOM aua-
Jore «JDBTHIEM» OMHUCAHO, KaK NBa Oparta rmoGekKAalT B CIIOpe CBOHX OIIMOHEHTOB,
yTBepKaasi, UTO OTBET «HET» He UCKJI0UaeT OTBeTa «1a». «Pa3Be mouTeHHoe He eCTh
BCerja Mno4yreHHoe, a HU3Koe — HU3Koe? — crpawuBaeT ux Cokpar. «IDTo Kak MHe
HpaBUTCS», — oTBevaeT Jnonucomop» [10, ¢.32].

6. bwuosorus u mammnHa BpeMeHH

Mup, B KoTOopoM paboTaeT MallMHa BpeMeHH, npoTuBopeuuB. [IpoTuBOpeune, o
KOTOPOM HIET peyb, — 3TO NapagoKc 0abyLIKH.

C TOYKM 3peHHs KJAaCCHUECKOW NBY3HAUHOH JIOTHKH, H30erawlied MpoTHBOpe-
yui, napagokc 06abylikd Oe3ynpeuyeH, ¢ HUM HEBO3MOXHO CIIPAaBUTbCS, €CJAU He
JOMYCTUTb, UTO UCTOPHYECKAsl 3M0Xa, B KOTOPOH MallMHa BPeMeHW — 3TO OOBIJeH-
HbI{ MHCTPYMEHT NepeMelleHHH, IT0JIHa TOr0, YTO HaMHU BOCIHPHUHHUMAETCsl KaK He4To
HEeBO3MOXKHOE€, T.e. IBJSeTCS YYyAOM.

Bpsa snM MOXHO npusHath 4yynoM Mup, B KOTOpPOM Napaaokc 0abyliKH pas-
pelraeTcss 3a CU€T TOrO, UYTO BHYK He MOXKeT BCTPETHUTbCH C 0abylIKOH, U TeM
camblM, 6abyliKa OCTaércsl KUTb. JTOT MHpP, KOHEYHO, HAIOJHEH yylaecaMH, I10-
CKOJIbKY 0abylika OyneT uymecHbIM oOpasoM u3beraTb KUpHUYed ¢ KpPBILIW, MHH,
paccTaBJ/IeHHbIX Ha €€ MyTH, CracaTbCsl NPU NOAPBIBE MJOTHH, IPHU KOTOPBIX MOTOKU
BOJbl CMBIBAIOT ropol U T.n. Bce 3T0 uyneca, copMyaupoBaHHbBIE KaK MPHUHLHUIIBI
CaMOHenpomueopes60cmy, NMOKYIIATCA Ha OoJsiee CHJIbHBIA MPUHLHUI CBOOOXBI
BOJIM 4eJIOBeKa, U TMO03TOMY BPSM JU IpPHUEMJIEMBI.

Mo>kHO 1 c031aTh MHUP, TOJNHbBIH TPOTHBOPEUHH?

«bor mor 6bl co3gaTh MHp, B KOTOPOM MPOTUBOpeYHUst Oblid Obl COBMe-
ILleHBbl, HO «Mbl He JOJI’KHbl TBITaTbCS 3TO TOHATH, MOTOMY UTO Halla
HaTypa He TaKoBa, YTOOBI MBI MOTJIM 3TO MOHMMaTh» (MamappamBuiy,
«Kapresuanckue pasmbiinenus», [11, ¢.89]).

«Ecai peasbHOCTB MpenCTaB/IsIeTCsT TOJBKO MOCPEACTBOM YHCTOrO pac-
cynka (realitas noumenon), ToO HEMBICJHUMO TPOTHBOPEUHE MEXKIY Peasib-
HOCTSIMH, T.e. TaKOe OTHOIIEHHe, MPH KOTOPOM OHH, OyIyud CBsI3aHbl B
OHOM CyO'BeKTe, YHUUTOXKaJAH Obl CJEeICTBUS APYT Apyra». «PeanbHocTH
B siBieHHH (realitas phaenomenon) MoryT mpoTHBOPEUHTb APYT APYTY H,
OyLy4H COeIHHEHBI B OMHOM CyOBbEKTe, OHa PEaJbHOCTh MOXKET MOJHO-
CTBIO HJIM OTYACTH YHHMYTOXKATb cjenctBust apyroi» (Kant, «Kpurtuka
yucToro pasymar, [12, c. 317])
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MHuaue rosopsi, BHellHUI MUp siBleHUH BMOJHE MOXKeT ObITb MPOTHBOPEYUB, He
3a00TSICb O TOM, 4YTO 3TO TPYAHO MOHATb PACCYAKOM, ONEPHUPYIOILUM IOHATHSAMH,
IJ151 KOTOPBIX 3aKOH HeNpOTHBOpPeYHsl 00s13aTesleH.

UesioBek, pa3 oH co3haH Mo o6pasy U noaodu 00KeMy, CJAel0BaTeJNbHO, TAKKe
MOXKeT CO3/1aTb MUpP, B KOTOPOM MPOTHUBOPEUYUS] COBMeELIEHbl UyAeCHbIM 00pa3oM, HO
NP 3TOM HeOoOXOAMMasi UyJeCHOCTb AOJKHA MOTAaKaTh Hallled HaType, YTOOBI Mbl
CyMeJId MOHATb TO, UTO CO3[aJUM.

[lonnmaemoe yyno B napanokce 6a0ylIKH — 3TO HeHW3OexXHOe BOCKpelleHHe 0a-
OyLIKK B cayudae, ecju e€ yOUBaeT e€ MOTOMOK, T.e. CyLIeCTBO C TeM e Habopom
reHoB. HeuyznecHoe BockpellleHHe — 3TO caMoOpereHepalus NOBPexKAEHHBIX OPTaHOB.
®akT BroJHe OHUOJOrMUECKH MOHUMAaeMbli.

OnHako camopereHepalus COXKEHHOTO Tesa 6abyLIKU SBHO M0X0Xa Ha 4yjec-
Hoe BockpelueHue. Ho tak qu 3710?

J1s Hac kuTesedl Halled MUCTOPUUECKOW 3MOXH TeJO 4esioBeKa — 3TO TMpexje
BCEro BelleCTBeHHOe oOpa3oBaHue, (GopMHUpyeMoe [0 Iporpamme, 3aJ0XKEeHHOH B
reHetnyeckoM Koje. CaM »kKe reHeTHUeCKHH KO /S HaC — BelLIeCTBEHHAs MoJe-
Kyna. Ho mporpamma, mnponucaHHasi B 3TOH MoJieKyJie OTHIONb He BellleCTBeHHOe
oOpa3oBaHHue.

[losToMy B HCTOpUUECKOH 310Xe ¢ MalIMHOH BpeMeHH ybuTasi 6abyllKka BEpHET-
csl... ¥ He BepHETcs. BemomHuM, Kak 3ToT ¢akT onucaH Jlemom B «Cossipuces:

— Bepuércsa Takas e, Kak B HauaJe... neporo Busuta. [lompocty He
OyneT HHYero 3HaTh, ToUHee, OyzeT ceOsi BECTH Tak, OYATO BCEro, UTO Thl
cienaJ, 4Tobbl OT Heé U30aBUTHCS, HUKOTAA He Oblio. Ecau He BBIHYOUT
eé K 3TOMY CUTYyalusi, He OyIeT arpecCUBHOM.

- Kakas curyauus?

— DTO 3aBHUCHUT OT 0OCTOSITELCTB...

Paccynok He cripaBi/isieTcsl ¢ MpeibsiBJAEHHOH CUTyalHeld MOBCEeIHEBHOCTH Uy/ec.
Paccynok — 3To cocraBasiiolias pasyma, obecrneyuBarolias CoCOOHOCTb pacCykK-
IIeHHs1, COCOOHOCTb COCTaBJSATh cyxKaeHus (o KaHTy), CBSI3HO M MO BO3MOXKHOCTH
4éTKO, L02U4HO CTPOUTDH BBICKa3biBaHUA. Ho paccynok He co3qaéT HOBOrO 3HAHHUS, a
JIMILb CUCTEMaTHU3UpyeT yxke cyluecTBylollee. [[o3ToMy, 4TOOBI CMHUPUTBCS C HeJlO-
FMYHOCTBI0 MHPa C MAIIMHOH BpeMeHM®, c/eyeT MepecTyNHUTh 4Yepe3 OrpaHMYeH-
HOCTb JIOTUUECKUX CXeM PacCylaKa, U OTKPbITb MYyTbh HOBOMY 3HAHHIO.

HenepenaBaemoii nesnoe purma... 6outcs paccynka (Anmpedt bBenbii,

[13]).

Paccynok, cornacHo KaHTy, uMmeeT fneso ¢ amnpuUOpPHBIMH, T.e. HE3ABUCSLIUMH
OT OMbITa, OOONbIMHLIMU KATETOPUSIMH, KOTOPBIE CYTh «(OPMBI MBILIJEHUS», WU
SIBJSIIOLIMMHUCS YHUCTO YMO3PUTEJNbHBIMH. Paccymnok, omuchbiBasi siBJeHHE, KOTOPOe
MpencTaéT mepel HaMH B Pa3BUTHH, BO BPEMEHH, MOATOHSIET €ro MOj alpHOPHYIO
BHEBPEMEHHYIO YMO3PUTENbHYIO JIOTUYECKYIO CXEMY.

*Onna u3 kateropuit (MOHATHH) paccylka — 3TO TNOHATHS NPUUYUHBL U CJIEACTBHs. Maiuuna Bpe-
MEHH HapyllaeT NPUYUHHOCTb.
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«CxeMaTH3M Hallero paccyaka B OTHOLIEHHWHU SIBJEHHH U UX UHUCTOH (DOPMBI €CThb
CKpbITOE B IJyOHHe 4esoBeYeCKOH YU MCKYCCTBO, HACTOSIIHEe MPUEMBI KOTOPOro
HaM BpSiI JIK Korjna-aubo ynacTcsl yragaTh y NPHPOAbl M packpbiTh» (Kant). Korma
MBI UMeeM [IeJI0 C SBJeHHEM, TIPEIMETOM, OTIEPHPYeM C HUMH, TO MBI UCTIO/Nb3yeM HX
CXeMbl B TOM, pasyMeeTcs, cayyae, eCli TaK WJM MHa4ye 3HaeM, 4YTO C HUMHU JesaTh,
4yero OT HUX OXKHUAATh.

«CorsiacHo KaHty, K npeameraM BHe Hac Mbl, JIIOAH, oOpallaemMcs He UHaYe, Kak
C TOMOLIbI0 KaKUX-JIHOO TMpeAMeTHO-OObeKTHBIX 00pPa30BaHUU HALIEro CO3HaHUS.
Mexny nepBbIMH U BTOPBIMH HET U He MOXKeT ObITb TOXKAecTBa. Ho ennHCTBO MeX 1y
HUMH CYIIECTBYeT». DTO €IMHCTBO OCYIIECTBJSETCS MOCPENCTBOM (IesiTeNbHOCTH)
paccynka.

Mbl MOXKeM M03HaTh TOJbKO TO, YTO CaMM CO3[aJjH, — TakoBa (opmy/a Teopuu
nosHanusi Kanra [14, c. 327]. Ecau pasym Jiofeil co3nact MHp ¢ MalllMHOH BpeMe-
HHU, TO MBIl CMOXeM €ro MoOHfATb W NpPUHATH. [IpoTHBOpeYrBOCTh 3TOrO0 MHpa OyneT
COOTBETCTBOBATb CXeMaM pacCyaka.
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STOCHASTIC CAUSALITY IS INCONSISTENT
WITH THE LORENTZ GROUP

O. Kosheleva, V. Kreinovich

According to modern physics, all physical processes are described by quantum
theory. In particular, due to quantum fluctuations, even in the empty space,
the causal relation is, in general, slightly different from the usual Minkowski
one. Since quantum effects are probabilistic, to properly represent the cor-
responding stochastic causality, we need to describe, for every two events e
and €', the probability p(e,e’) that e can causally influence €’. Surprisingly,
it turns out that such a probability functions cannot be Lorentz-invariant. In
other words, once we take into account quantum effects in causality, Lorentz-
invariance is violated — similarly to the fact that it is violated if we take into
account the presence of matter and start considering cosmological solutions.

1. Introduction

Deterministic causality in Special Relativity: a brief reminder. In the
Minkowski space-time of Special Relativity, causality is deterministic: an event
e = (t,x) can causally influence an event ¢’ = (¢, 2’) if and only if ¢ < ¢, and a
process with velocity not exceeding the speed of light ¢ starting at e can reach ¢/,
i.e., if and only if

t,—tZd(xc’x), (1)
where
7y def 7\2 72 72
d(z,2") = /(21 — @) + (32 — 24)? + (23 — 24) (2)

denotes the Euclidean distance between the spatial points = = (21,29, 23) and
' = (2,2}, x%). Geometrically, this causality relation is described by the usual
future cone:

Copyright (© 2013 O. Kosheleva, V. Kreinovich
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Deterministic causality implies Lorentz group. Special Relativity theory
has many symmetries: namely, all physical phenomena (including the phenomenon
of causality) remain the same if we simply perform a shift, a spatial rotation,
and/or a Lorentz transformation

t/_U'ZL‘l
Ty —v-t
r_ c r_ N
U= = :El——UQ, Ty = X9, Ty = T3. (3)

[t is known that, vice versa, the deterministic causality relation (1) implies
Lorentz group, in the sense that every bijection IR* — IR* which preserves this
causality relation is a composition of shifts, spatial rotations, scaling z — A-x, and
a transformation from the Lorentz group; see, e.g., [1,2,5].

Deterministic causality beyond Special relativity. According to modern
physics, the presence of matter changes the geometry of space-time; see, e.g., [4].
The resulting space-time is described by a metric tensor field g”/(x). This tensor
field defined the following local causality relation: an event with 4-coordinates
e = (xg, x1, T2, x3) (Where ¢ is time) can causally influence an event

e+ de = (xo + dxg, x1 + dxy, 29 + dro, T3 + dX3)

if and only if

3 3
dxo > 0 and Z Zg” ~dx; - dx; > 0. (4)

i=0 j=0

The space-time of Special relativity corresponds to the constant diagonal metric
tensor g% = diag(c?, —1,—1,—1).

Need for stochastic causality. According to modern physics, the real world
is described by quantum theories; see, e.g., [2]. In quantum physics, there are
always quantum fluctuations. In particular, even in the absence of matter, there
are always quantum fluctuations of the metric tensor ¢g¥. As a result of these
fluctuations, the values of ¢“/(z) are slightly different from their Special Relativ-
ity values ¢ = diag(c?,—1,—1,—1). The resulting future cone may be slightly
different from the original future cone (1):

e it may be that some events ¢’ which are slightly outside the original future
cone (1) can actually be influenced by the event e¢;

e it may also happen that some events ¢’ on the border of the original future
cone (1) cannot be influenced by the event e.

For example, if at some point z the value ¢°°(z) is slightly larger than ¢* while
other values ¢*(z) remain the same, this means that we can have processes which
are slightly faster than the original value of the speed of light, and thus some
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previously causally inaccessible events will be covered. Such microscopic local
“violations” of causality are a known feature of quantum field theories [2,4]; it
should be mentioned that they do not lead to any violations of observed macroscopic
causality.

Quantum fluctuations are random. As a result, we cannot tell beforehand which
events can influence each other and which cannot. Instead, we can only talk about
the probability p(e,e’) that an event e can influence an event ¢'.

Reasonable expectations. In the deterministic (non-quantum) case, to de-
scribe causality relation of Special Relativity, it is sufficient to write down the
formula (1). Once we take into account the quantum-induced stochastic nature of
causality, we need to describe a function p(e,e’). We are still discussing the space-
time of Special Relativity, so it is reasonable to require that the corresponding
function p(e, e’) does not change under Lorentz transformations.

What are other reasonable properties of the function p(e,e’)? The probabili-
ties p(e,e’) describe the results of quantum fluctuations. From the macroscopic
viewpoint, quantum fluctuations are extremely small. We therefore expect that
they only change causality relation in the very narrow vicinity of the border of the
d(x, ) In

C

future cone, i.e., of the set of all the events (¢,2') for which ¢/ =t +

other words:

e for events ¢’ inside the future cone which are sufficiently far away from the
border, we should have p(e,e’) = 1,

e for events ¢’ outside the future cone which are sufficiently far away from the
border, we should have p(e,e’) =~ 0;

e and only for the events in the narrow vicinity of the border, we should have
values p(e, €’) which continually change from 0 to 1.

For a point ¢’ on the original border of the future cone, it seems to be equally
probable that the randomly perturbed causality cone will be perturbed towards the
inside — in which case e can no longer influence ¢ — or it will be perturbed
outside, in which case e can still casually influence ¢’. In other words, for such
events ¢/, we expect p(e,e') =~ 0.5.

On the other hand, if we take a symmetric point ¢ = e — (¢/ — ¢), we end up
dlz, o) This

point €” is far way from the border of the future cone, so we expect p(e,ce”) ~ 0.

Since p(e,e’) =~ 0.5 and p(e, e”) ~ 0, we conclude that for these three events e,
¢/, and €”, we get p(e,€’) > p(e,e”). This should be true when ¢’ (and hence e”)
is sufficiently far away from e, i.e., this should be true for at least some triples of
events.

with a point ¢” = (¢”,2") on the past cone of e, for which ¢ =t —

What we show in this paper. In this paper, we prove, somewhat unexpect-
edly, that no such Lorentz-invariant function p(e, ¢’) is possible.
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2. Main Result

Definition 1. By stochastic causality, we mean a continuous function p :
R* x R* — [0, 1] for which, for some point €' on the border of the future cone of
e, we have p(e,e’) > p(e, "), where " = e —(¢' —e) is the symmetric point on the
border of the past cone of e.

Definition 2. We say that a stochastic causality [unction is Lorentz-
invariant if p(Te,Te') = p(e,€’) for each Lorentz transformation T and for all
possible events e and €.

Proposition. Sfochastic causality cannot be Lorentz-invariant.

Comment. For readers’ convenience, the proof of this result is placed in a
separate section.

Discussion. What is the physical meaning of our result? This result shows
that once we take into account quantum effects in causality, Lorentz-invariance is
violated.

Lorentz-invariance is definitely violated when we take matter into account, since
then instead of the flat Minkowski space-time, we have a cosmological space-time,
and cosmological space-times are not Lorentz-invariant, they usually have a fixed
temporal axis. We show that a similar phenomenon occurs even in the absence of
matter, when we only take into account quantum fluctuations.

3. Proof of the Main Result

By definition of stochastic causality, there exist events e and ¢’ for which ¢
is located on the border of the (Minkowski-based) future cone of e and for which
ple, ') > p(e,e”), where €” e (e —e).

For convenience, let us start with any coordinate system on the Minkowski
space. Then, let us shift the starting point to the point e. In the new coordinates,

the event e has coordinates (0,0,0,0). Let ¢ o ey — €9 > 0 denote the time
coordinate of the difference ¢ — e; then, in the new coordinate system, the ;-
component of the event €’ is equal to ej = t.

Finally, let us rotate the spatial axes in such a way that z;-axis goes in the
direction of the spatial component of the different ¢’ — e. Then, we will have
e, = e5 = 0. Since the point ¢’ is located on the border of the future cone of
e=0=(0,0,0,0), we conclude that ¢} = c¢-¢. Thus, ¢ = (¢t,c-t,0,0). Therefore,
for the symmetric point ¢’ =e — (¢/ — ¢), we get ¢ = (—t,c-t,0,0).

We have p(e,€’) > p(e, "), i.e.,

p(0, (t,c-t,0,0)) > p(0, (—t,c-t,0,0)). (5)
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Since the function p(e,e’) is continuous, for sufficiently small ¢ > 0, we have a
similar inequality for e-close points:

p(0,(t- (1 —¢),¢-t,0,0)) > p(0,(—t- (1 —¢),c-t0,0)). (6)

We will show that this inequality is inconsistent with Lorentz-invariance; specifi-
cally, we will show that there exists a Lorentz transformation 7" that keeps the point
e = 0 invariant and transforms ¢’ = (t-(1—¢), ¢-¢,0,0) into €’ = (—t-(1—¢), c-¢,0,0).
Thus, Lorentz-invariance would imply that

p(67 6,) = p(o, (t : (1 - 8)7 c-, 07 0)) = p(o, <_t ’ (1 - 5)7 c-t, 07 0)) = p(67 6”>7 (7)

which contradicts to the inequality (6).
To find the proper Lorentz transformation (3), we should have

v-e
ey — L
" C 8
y 2 (5)
] v
2
and ,
e —wv-e
(=L )
2
1-5
1

Substituting ej = —t- (1 —¢), ey =t- (1 —¢) and €} = ¢t into the formula (8) and
multiplying both sides by the denominator, we get

2

—t-(1-¢)- 1—%:t-(1—s)—%-t. (10)

Dividing both sides of this formula (10) by ¢ and denoting u oo % we get

—(l—¢) - V1i—-uw=(1-¢)—u. (11)
Squaring both sides, we get
1—eP - (1-v?)=0-e)+u*>—2u-(1—¢). (12)

The left-hand side of (12) can be represented as (1—¢)*—u?-(1—¢)?-u?. Cancelling
terms (1 — €)% in both sides, we get

—(1—e)* v?=u®—2u-(1—¢). (13)

Moving terms depending on u? to the right-hand side and all the other terms to
the left-hand side, we get

2u-(1—¢)=[1+(1—¢)% v (14)
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Dividing both sides by u, we now get

2-(1—¢)

u= TTa-oF (15)

One can show that for the corresponding velocity v = u - ¢, the equality (9) is also
satisfied. Indeed, substituting e = c¢-t, e[, =t-(1—¢) and ¢} = c-t into the formula
(9) and multiplying both sides by the denominator, we get

02
ct- 1—6—2:c-t—v-t~(1—5). (16)

Dividing both sides of (16) by ¢ -t and using the notation u = 2, we get
C

Vi—uw?=1-u-(1-¢). (17)
Squaring both sides of (17), we get
l—w?=1+v*-(1-¢)?-2-u-(1—¢). (18)

Subtracting 1 from both sides of this equality (18), moving terms depending on
u? to the right-hand side and all the other terms to the left-hand side, we get the
same formula (14) that was used to find u. Thus, for the value u described by the
formula (15), both formulas (8) and (9) are satisfied. The proposition is proven.
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IS LANGRANGIAN FORMALISM ADEQUATELY
DESCRIBING ENERGY CONSERVATION?

V. Kreinovich, O. Kosheleva

In most physical theories, total energy is conserved. For example, when the
kinetic energy of a particle decreases, the potential energy increases accord-
ingly. For some physical systems, energy is not conserved. For example, if we
consider a particle moving with friction, the energy of the particle itself is not
conserved: it is transformed into thermal energy of the surrounding medium.
For simple systems, energy is easy to define. For more complex physical
systems, such a definition is not easy. To describe energy of generic systems,
physicists came up with a general notion of energy based on the Lagrangian
formalism — a minimal-action representation of physical theories which is
now ubiquitous. For many physical theories, this notion leads to physically
meaningful definitions of energy. In this paper, we show that there are also
examples when the Lagrangian-motivated notion of energy is not physically
meaningful at all — e.g., according to this definition, all dynamical systems
are energy-conserving.

1. Energy Conservation: Physical Meaning
and Lagrangian-Based Description

Energy conservation: physical meaning. Some physical systems are con-
servative in the sense that their total energy is preserved. For example, the
dynamics of a particle in a potential field V(z) = V(x1,x9,23) is described, in
Newtonian mechanics, by Newton’s equations

ov

where ;, as usual, denotes time derivative. For this particle, the overall energy

()" + V(2) (2)

1

1
Ezﬁ.m.

3
1=
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3

is conserved: when the kinetic energy E-m-Z(:ti)z decreases, the potential energy
=1

V(z) increases appropriately, and vice versa.

When energy is not conserved: physical meaning. A classical example
of a physical system for which energy is not conserved is a system with friction.
[ts simplest case is when we do not even have any potential field, i.e., when the
dynamical equations have the form

for some friction coelficient k. This equation can be further simplified into
ZL’Z = —]{?0 . Zti, (3&)

of k
for kg & 2. A system that follows this equation slows down, its velocity (and

hence, its lzrilnetic energy) exponentially decreases with time — without being trans-
ferred into any other type of energy.

From the physical viewpoint, this non-conservation of energy means that the
system described by the equation (3a) is not closed: the energy lost in this system
is captured by other objects. For friction, it is very clear where this energy goes:
it gets transformed into the thermal energy, i.e., into kinetic energy of individual
molecules in the surrounding medium.

Need to go beyond simple examples. For simple particles, energy is easy to
define and easy to analyze. However, for more complex physical systems, especially
when fields are involved, it is not easy to find an appropriate expression for energy.

A general Lagrangian approach to energy conservation. Newton's
physics was originally formulated in terms of differential equations. It turns out
that most physical theories can be equivalently described in terms of the mini-
mal action principle: the actual dynamics of particles and fields is the one that
minimizes a special physical quantity called action S. For particles, action has
the form S = [ L(x(t),%(t)) dt, where the function L(x(t),%(t)) is known as the
Lagrangian. For example, for the Newtonian particle in a potential field V' (z), the
Lagrangian has the form

1 SR
L= §-m-;(a}i) —V(x). (4)
For fields f(x), ..., the action S has a similar form S =
[L(f(x),..., fi(z),...)dz, where f; denotes the corresponding partial derivative

def O
f,i a 85(,’1
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The Lagrange formulation of physical theories is currently ubiquitous. One
of the main reasons for this ubiquity is that, according to modern physics, the
correct picture of the physical world comes from quantum mechanics. It is not
easy to find a quantum analogue of a physical theory based on its system of
differential equations, but when a physical theory is given in Lagrangian terms,
its quantization is much more straightforward: in the Feynman’s integration-over-
trajectories formulation, the amplitude ¢4 5 of a transition from a state A to the

state B is proportional to the “sum” (integral) of the expression exp [ 1i- %> over all

trajectories leading from A to B, and the probability to observe the transition into
different states B is proportional to the squared absolute value of this amplitude
V4 B|?; see, e.g., [2,2].

Once we know the Lagrangian, we can use Euler-Lagrange equations to derive
the corresponding differential equations. For particles, these equations take the

torm OL d (0L

One can easily check that for the Newtonian Lagrangian (4), we get exactly New-
ton’s equations (1). For fields, the equations take the form

oL 0 (0L
o7 2, (57.) o o)
In the Lagrange approach, the energy of a particle is formally defined as
def . oL

One can check that for the Newtonian Lagrangian (4), we get the standard expres-
sion (2) for energy. A similar expression defines energy for a field theory [2,2]:

OL
CED M SRR ®)

What we do in this paper. The Lagrangian approach has been very suc-
cessful in describing physical energy of different particle and field systems. What
we show, however, is that in some simple cases, the Lagrangian formalism does
not adequately convey the physical meaning of energy conservation.

2. A Simple Example When the Physical Meaning of En-
ergy Conservation Differs from the Lagrangian-Based
Energy

Description of the simple example. Let us consider the simplest possible
example of a physical system in which, from the physical viewpoint, energy is
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not conserved: a 1-D particle with friction, whose dynamics is described by the
equation
Z(t) = —ko - (). 9)

What we will do. In this section, we will show that this system can be
described by a Lagrangian and thus, for this system, energy (as defined in the
Lagrangian formalism) is well conserved. This will show that — at least on this
example — the Lagrangian formalism does not adequately convey the physical
meaning of energy conservation.

In the next section, we show that this inadequacy is not a freaky property of
this particular simple system: generic dynamical systems describing a 1-D particle
can be described by an appropriate Lagrangian.

Towards finding an appropriate Lagrangian. The classical Newtonian La-
grangian (4) is a sum of two terms: a term depending only on #; and a term
depending only on z;. Let us look for a similar type Lagrangian for describing the
equation (9), i.e., let us look for a Lagrangian of the type

L = a(#) + b(z), (10

for some functions a(#) and b(x). For this Lagrangian, Euler-Lagrange equations

(5) lead to

W (z) — %a’(:ﬁc) —0, (11)

where b'(z) and a'(), as usual, indicated derivatives of the corresponding functions.
By applying the chain rule to the formula (11), we get

b (x)—d"(&)-%=0. (12)

We want to find a Lagrangian that leads to differential equation (9). For this
Lagrangian, the formula (12) will be true when we substitute the expression (9)
for the acceleration #. As a result, we get the following formula

V(@) + ko - a"(i) - i = 0, (13)

i.e., equivalently,
ko-ad"(z) -2 = -V (x) (14)

for all possible values x and .

The left-hand side of the formula (14) does not depend on &, and its right-hand
side does not depend on x. Since these two sides are equal, this means that this
expression cannot depend neither on x nor on & and is, therefore, a constant. Let
us denote this constant by C'. Then, from the condition that the right-hand side is
equal to this constant, we conclude that ¢'(z) = —C, hence b(z) = —C'-x+Cj. The
constant term Cj in the Lagrangian does not affect the corresponding equations
(5) and can thus be safely ignored. So, we have b(z) = —C - x.
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Similarly, from the condition that the left-hand side of the formula (14) is equal
to the constant C, we conclude that

ko-a"(y)-y=C, (15)

where, for simplicity, we denoted y & . From (15), we conclude that

C

'(y) = (16)
Integrating over y, we get
a'(y) = ,% -In(y) + Co, (17)
and, integrating once again, that
a(y)zg‘y~ln(y)+c‘o-y+01- (18)

ko
Ignoring the constant C) and taking into account that L(z,2) = a(%) + b(z) and
that b(x) = —C - z, we get the following expression for the desired Lagrangian:

Resulting Lagrangian. The system (9) can be described by the Lagrangian

L(x,x'):k%-x'-ln(i)—FC'o-i—C-x. (19)

Comment. One can easily check that for this Lagrangian, Euler-Lagrange
equations (5) indeed lead to the equations (9).

Resulting expression for conserved “energy”. Here,

oL C .

Thus, applying the usual formula (7) to the Lagrangian (19), we get the expression

. OL ¢ .
EL—x-%—L—k—O-x—i-C-x. (20)

One can easily check that this “energy” is indeed conserved. Indeed, here

dE, d (C c .
i dt (ko o x) PR (21)
L N - , , dEy,
Substituting the expression & = —k - @ into this formula, we indeed get — = 0.

dt
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3. From the Simplest Example to a General Dynamical Sys-
tem

What we do in this section. One may think that the weird conclusion —
that for a friction particle, energy is well-defined and conserved — is caused by
the fact that we have selected a very simple dynamical system (1). Alas, this is
not the case. Let us show that a similar Lagrangian reformulation is possible for
a generic dynamical system

:UZ:fZ(xl,,xn,xl,,xn), Z:L,n (22)
A simple multi-D case. Let us start with a multi-D analog of a system with
friction, in which the differential equations have the form

This system can be described, e.g., by a Lagrangian
r . .

General case. In the general case, differential equations (5) take the form

4
Tt

where L, denotes partial derivative. By using the chain rule to differentiate the
expression L ;,(z;,4;), we get

La, =Y Liw -i;— Y Laa, i (26)
J J
Substituting &; = f; into this formula and using notations y; = &;, we get

L,aﬁi - ZLyyﬂ»’j . ?/g - ZL,yiyj : fj('rlv o Iy Y1, - 7yn) (27)
J J

L, Lgs =0, (25)

Our objective is to define a function L(zy,...,2n,y1,...,ys) of 2n variables for
which the second-order partial differential equation (27) holds.
Let us show how we can construct such a function. Let us take, e.g.,

L(zy,...,2,,0,...,0) = 0 when all the derivatives y; are equal to 0. Then, we
extend it to the case when y; # 0 and y» = ... =y, = 0. With respect to y;, (27)
becomes a simple second order equation

0?L £t 0?L N

from which one can explicitly obtain such an extension — e.g., by Euler-style step-
by-step integration. Then, we can extend this function along ys, etc. At the end,
we get a function defined for all possible values of x; and y;.
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FROM URYSOHN'S UNIVERSAL METRIC SPACE
TO A UNIVERSAL SPACE-TIME

A.G. Aksoy, Z. Glassman, O. Kosheleva, V. Kreinovich

A known Urysohn’s result shows that there exists a universal metric space,
i.e., a metric space into every other (separable) metric space can be isomor-
phically embedded. Moreover, this universal metric space can be selected to
be ultra-homogeneous — every isomorphism of its two finite subsets can be
extended to the isomorphism of the whole space.

Starting with Einstein’s theories of Special and General relativity, space-times
are described by a different type of structure — a set (of events) equipped
with the proper time 7(a,b) between points a and b; such spaces are known as
space-times with kinematic metric, or k-space-times. In this paper, we show
that Urysohn’s result can be extended to k-space-times — namely, that there
exists an ultra-homogeneous universal k-space-time.

1. Formulation of the Problem

Urysohn’s universal metric space. In one of his latest papers [16],
P. Urysohn showed that there exists a universal metric space U into which every
separable metric space can be isometrically embedded; see, e.g., [1,9, 10, 14]. The
Urysohn’s space is known to be ultra-homogeneous in the sense that every iso-
morphism between its two finite subspaces can be extended to an auto-isometry,
i.e., an isometric 1-1 mapping of the space U onto itsell.

Possible physical interpretation of Urysohn’s universal metric space.
From the physical viewpoint, Urysohn’s universal set can be viewed as a universal
space — a space that includes all other metric spaces as its subsets.

Need to consider space-times, not metric spaces. In Newton’s physics,
spatial distance d(a,b) was a well-defined physical notion. Relativity theory has
shown, however, that spatial distance is not absolute, it depends on the coordinate
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system; to properly describe the physical world, we thus need to consider space-
times (sets of events), not just spaces; see, e.g., [2,2,5].

Proper time: a natural space-time analog of a metric. In relativity theory,
the only “absolute” (invariant) analog of metric distance is the proper time 7(a,b)
between two events a and b.

In relativity theory, the observed time interval depends on the person’s motion:
in general, the faster you travel, the shorter the observed time interval, so that
for objects moving close to the speed of light, time practically stands still; this is
the main idea behind the well-known “twins paradox”. Thus, if an event a causally
precedes event b, it is always possible to get irom a to b by spending as little proper
time as possible: it is sufficient to travel with a speed close to the speed of light,
and then travel back with the same speed.

The longest possible proper time is when we are immobile (or when we move
with constant direction in the same velocity); any acceleration decreases the
amount of proper time. Thus, a physically meaningful proper time 7(a,b) can
be defined as the longest possible proper time for all trajectories leading from the
event a to the event b. When a is not causally preceding b, we can set 7(a,b) = 0.

Comment. The fact that we consider the /ongest possible proper time make
this notion different from (kind of dual to) the usual spatial metric d(a,b) which
can be defined as the length of the shortest possible path connecting spatial points
a and b.

Properties of proper time. Clearly, we can get from any event a to itself in
0 time, so 7(a,a) = 0.

[f an event a casually precedes b, and b causally precedes ¢, then some trajecto-
ries going from a to ¢ pass through b but not necessarily all of them. The largest
proper time of trajectories going from a to ¢ via b is composed of the largest time
7(a,b) of going from a to b and the largest time 7(b, ¢) of going from b to ¢, and is
thus equal to 7(a,b) + 7(b,c). The largest proper time 7(a,c) among all possible
trajectories leading from a to ¢ is larger than or equal to the largest possible time
7(a,b) + 7(b,c) among those trajectories which pass through b.

In terms of the largest proper time 7(a,b), we can conclude that a precedes
b if 7(a,b) > 0 — because otherwise, if a does not causally precedes b, we take
7(a,b) = 0. Thus, we conclude that if 7(a,b) > 0 and 7(b,¢) > 0, then

7(a,c) > 1(a,b) + 7(b, c) (1)

Proper time vs. distance. For distance d(a,b), a similar logic based on its
definition as the shortest path leads to the triangle inequality d(a,c) < d(a,b) +
d(b,c) — since the length d(a, ¢) of the shortest path from a to ¢ is smaller than or
equal to the shortest length d(a,b) + d(b, ¢) of all the paths that go through b.

Because of this connection, the above inequality (1) is called an anti-triangle
inequality. Because of its origin in kinematics (a physical description of how
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particles and physical bodies move), the function 7(a,b) is known as a kinematic
(k-)metric; see, e.g., [1,3,5].
So, we arrive at the following definition.

Definition 1. Let X be a set. By a kinematic (k-)metric of X, we mean a
function 7 : X x X — R for which 7(a,b) > 0 for all a and b, 7(a,a) =0, and
the following property is satisfied:

if T(a,b) >0 and 7(b,c) > 0, then 7(a,c) > 7(a,b) + 7(b, c), (2)

The pair (X, 1) is called a k-space-time.

Discussion. The usual metric d(a,b) is symmetric: d(a,b) = d(b,a). In con-
trast, a k-metric is highly asymmetric: one can easily prove, by contradiction, that
if 7(a,b) > 0 then 7(b,a) = 0. Indeed, if we had 7(b,a) > 0, then due to the
anti-triangle inequality, we would have

0=17(a,a) > 7(a,b) +7(b,a) > 0,

a contradiction.

A natural question. Since k-space-times are natural models of space-times,
a natural question is: is there a universal k-space-time, i.e., a k-space-time into
which every other k-space-time can be isometrically embedded?

In this paper, we prove that such a universal k-space-time is indeed possible.
To formulate our precise result, however, we need to make one physics-related
comment.

A physics-related comment. From the mathematical viewpoint, a space-
time has infinitely many possible events. For example, in Newton’s physics or in
relativistic physics, we can have events corresponding to infinitely many moments
of time and infinitely many spatial points.

In practice, however, at any given moment of time, we have only made finitely
many observations; in other words, we only have finitely many observed events.
This number can be huge, and by performing additional observations and measure-
ments, we can make it even larger — but we will always have finitely many events.
Thus, from the operationalist physical viewpoint, it is sufficient to make sure that
every finite k-space-time can be embedded.

In the metric case, we can make the same restriction and then tend to the limit,
since the metric d(a,b) naturally induces the notion of convergence. There is no
such automatic convergence for kinematic metric, so we will restrict ourselves to
finite k-space-times.
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2. Main Result

Definition 2. Let (X,7) and (X',7’) be k-space-times. A 1-1 mapping f :
X — X' is called an isometric embedding if for every z,y € X, we have 7(x,y) =
7' (f(x), f(y)). When f is a bijection, we say that the k-metric space-times are
isometric.

Definition 3. A k-space-time U is called universal if every finite k-space-
time can be isometrically embedded into U.

Definition 4. Let (X,7) be a k-space-time, and S,S" C X. A bijection
f S — S is called an isometry if for every two points x,y € S, we have
T(z,y) = 7 (f(x), fy)). When S = 5" = X, an isomorphic embedding is called
an auto-isometry.

Definition 5. A k-space-time (X, T) is called ultra-homogeneous if every
isometry between its [inite subsets S and S’ can be extended to an auto-isometry
of X.

Theorem.
o There exists a universal ultra-homogeneous kinematic metric space.

e Fvery two universal ultra-homogeneous kinematic metric spaces are iso-
metric to each other.

Comments.

e In other words, modulo isometry, there is a unique universal ultra-
homogeneous kinematic metric space.

e In [4,12], it is shown that a universal ultra-homogeneous space-time model
exists if we only model causality relation. In this paper, we extend this
universality result to the case when we also consider proper time (i.e., k-
metric).

Prooi. To prove our result, we will use the Fraissé limit theory; see, e.g.,
[7,8,11]. In our description, we will only need a relational part of this theory. In
this part, we start with a set I which either coincides with the set of all positive
integers, or has the form I = {1,...,n} for some n. A signature L is then defined
as a mapping which assigns, to each integer ¢ € I, a symbol R; and a positive
integer n; called arity. By an L-structure A, we mean a tuple consisting of a non-
empty set A and a sequence of n;-ary relations R* C A™. An injection f: A — B
is called an embedding between structures A and B if for every ¢ and for all
possible values ay,...,a,,, we have R*(ay,...,a,,) < RB(f(a1),..., f(a,,). The
existence of an embedding is denoted by A < B.
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An embedding is called an isomorphism if it is a bijection. The existence of an
isomorphism is denoted by A = B.

A class K of finite L-structures is called hereditary if A < B and B € K
imply A € K. It is said to satisfy the joint embedding property if for every two
structures A € K and B € K, there exist a C € K for which A < C and B < C.
The class is said to satisly the amalgamation property if for every three structures
A e K, Belk, and C € K, and for every two embeddings f : A — B and
g : A — C, there exists a structure D € K and embeddings » : B — D and
s : C — D for which ro f = sog. A countable class K is called a Fraissé class if it
is hereditary, satisfies joint embedding and amalgamation properties, and contains
structures with arbitrary large number of elements. Fraissé has proven that for
every Fraissé class K, there exists a countable ultrahomogeneous structure into
which each structure from the class I can be isomorphically embedded, and that
such a structure is unique up to an isomorphism; this universal structure is known
as the Fraissé limit of the class K.

We want to use this result to prove our theorem. The main difference between
Fraissé’s formulation and our problem is that Fraissé considers sets with relations,
while we are interested in sets with a real-valued function 7(a,b). So, to reduce
our problem to Fraissé’s, we need to describe the real-valued function in terms of

m
relations. We can do it by considering, for each positive rational number ¢ = —, a
n

binary relation R,(a,b) < (T(a, b) > @) Since there are countably many rational
n

numbers, we are thus introducing countably many relations.

For every a and b, if we know the truth values of all the relations R,(a,b),
this means that we know the set of all rational numbers ¢ < 7(a,b). From
this set, the real number 7(a,b) can be determined as the supremum of this set.
Thus, if R,(a,b) < R,(f(a), f(b)) for all ¢, this means that the corresponding
sets of rational numbers coincide and therefore, 7(a,b) = 7(f(a), f(b)). So, for
the above-defined signature (set of relations), isomorphism means isometry of the
corresponding k-space-times, embedding means isometric embedding, etc.

Thus, to apply the Fraissé result to our case, it sufficient to prove that the class
IC of all finite k-space-times is hereditary, has joint embedding and amalgamation
properties, and has structures (k-space-times) with arbitrarily large number of
elements.

Hereditary property follows directly from the definition of a k-space-time; as
k-spaces-times with arbitrarily large number of elements, we can take, e.g., finite
subsets of the usual Minkowski space-time — or, even simpler, sets {1,..., N}
with 7(z,y) = max(y — z,0).

The joint embedding property is also easy to prove: for each pair of structures
A = (A,74) and B = (B, 1), as the desired structure C, we can simply take the
union C of two disjoint sets A and B, with the following k-metric:

e for a,a’ € A, we take 7(a,d') = 1a(a,d);

e for b, 0 € B, we take 7(b,b') = 75(b,0'); and
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e fora € Aand b € B, we take 7(a,b) = 0.

To complete the proof, let us prove the amalgamation property. Let us assume
that two embeddings: f: A — B and g : A — C, for some structures A = (A, 74),
B = (B,75), and C = (C,7¢). Without losing generality, we can safely assume
that A, B, and C are disjoint sets — otherwise we would simply take disjoint
copies of A, B, and C. Then, to get D, we do the following:

e We take the union BUC.

e On this union, we have an equivalence relation: two points x, 2’ are equiva-
lent if there exists an a € A such that x = f(a) and 2’ = g(a).

One can easily check that this is indeed an equivalent relation, in which each
equivalence class consists of either one element or of two elements {f(a), g(a)} for
some a € A. A factor-set of B U C over this equivalence relation is our set D.

The subset of D formed by elements of the type f(a) is isomorphic (thus iso-
metric) to A. Trivial embeddings 7(b) ©'p and s(c) ¢ are isomorphic embeddings
of B and C into this set D. (In topology, what we do to get D is called “gluing”:
we take B and C, and glue them together by the part isomorphic to A.)

The k-metric 7 on this set D is then defined as follows:

e for b, € B, we take 7(b,0') = 75(b,¥); for ¢, € C, we take 7(c,d) =
7_C(Ca C’);

e for values b€ B — C and c € C — B, we define

7(b,c) = Igleaj((TB(b, a) + 7o (a,c));

e for values b€ C — B and c € B — C, we define

7(b,c) = Iclbleaj((Tc(b, a) + 15(a,c)).

One can check that thus defined function satisfies the anti-triangle property (2).
The statement is proven, and so is our main result.
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HOW TO DEFINE DISTANCE IN TERMS OF KINEMATIC
METRIC AND/OR OTHER PHYSICAL QUANTITIES

F. Zapata

[t is desirable to have a metric d(a,b) which describes the closeness between
space-time events. In Newtonian space, we can use Euclidean metric to de-
scribe the closeness of different spatial points. In relativistic physics, spatial
distance is not invariant, it changes when we go from the original reference
frame to another one which moves in relation to the original one. The only
invariant characteristic is the proper time — known as kinematic metric. Can
we use kinematic metric to define the desired distance d(a,b) between space-
time events? In this paper, we show that for the full space-time of special
relativity, it is not possible to define a metric d(a,b) in terms of the kinematic
metric; however, if we limit ourselves to a compact (bounded) part of space-
time, such a definition becomes possible. We also show that, more generally,
for compact parts of space-time, we can define metric in terms of any number
of physical fields.

1. Introduction

Distance is relative. Different measuring instruments ranging from rulers
to laser-based super-accurate devices measure distance between two spatial points.
By using these measuring instruments, for every two spatial points x and y, we can
determine the distance d(z,y) between these two points. This measured distance
satisfies the usual properties d(x,x) =0, d(x,y) > 0 when x # y, d(z,y) = d(y, z),
and the triangle inequality d(z, z) < d(z,y) + d(y, z). In mathematics, a function
d(x,y) which satisfies these properties is called a distance function.

In Newtonian physics, distance between the two points had an absolute phys-
ical meaning. However, relativity theory showed that distance is not absolute: a
measured distance between the two points depends, e.g., on whether we measure
this distance by the original instrument or by another instrument which is moving
with respect to the original one; see, e.g., [2,4].
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Is there an absolute distance function? The usual physical distance is not
absolute, it depends on the coordinate system. A natural question is: can we
define an alternative continuous distance function which will be absolute? In other
words, can we use coordinate-independent physical quantities to define a continuous
coordinate-independent distance function?

What we do in this paper. We show that in some cases — e.g., for the full
empty space-time — such a continuous coordinate-independent distance function
is not possible. On the other hand, if we limit ourselves to a part of space-time
which is compact, then such a continuous distance function is possible. We also
show that, more generally, for compact parts of space-time, we can define metric
in terms of any number of physical fields.

2. Case of Full Empty Space-Time

Empty space-time: what is observable. Let us first consider the case of an
empty space-time. In Newtonian space, the distance d(a,b) can be defined as a
shortest path between the two spatial points a and b. In an empty space-time, we
do not have a direct way of measuring distance, we can also measure time. For
every two events a and b, if a causally precedes b (we will denote this by a < b),
we can measure proper time of different particles which start at @ and end at b. In
contrast to the Newtonian space, where the positive shortest distance corresponds
to the straight line connecting a and b, in relativistic physics, we can always get
from a to b in zero proper time: by sending a photon which is reflected so that it
reaches a point b. In relativistic physics, the proper time is the longest along the
straight line connecting a and b. If another particle travels with a certain speed
in relation to the straight-line particle, then, according to the known feature of
relativity theory, the time on that other particle slows down, so the overall travel
time will be shorter than on the original straight-line particle.

We can therefore define a natural analogue of metric 7(a,b) as the longest
proper time of a particle that travels from a to b. This function 7(a,b) is known as
kinematic metric; see, e.g., [1,3-5].

For the usual metric, the shortest path from x to z cannot be longer than the
path from x to y, and then from y to z; thus, we have the usual triangle inequality
d(x,z) < d(x,y) + d(y,z). For the kinematic metric, the longest time between a
and c cannot be shorter than time of going from a to b and then from b to c¢. Thus,
when a < b < ¢, we have 7(a,c) > 7(a,b) + 7(b, ¢); this inequality is known as the
anti-triangle inequality.

For the case when a cannot causally influence b, the kinematic metric is usually
defined as 7(a,b) = 0.

The question. In this case, the question is: if we only know the kinematic
metric 7(a,b), can we define a new function d(a,b) in terms of the kinematic
metric?
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It is impossible to define a distance function in terms of kinematic met-
ric: a proof. Let us show that in the empty Minkowski space-time of Special
Relativity, where the kinematic metric takes the form

T((t.2), (5,9)) = V(s — 1) = p2(x,y) iT s =t > d(z,y), (1)

def

where p(z,y) = {/>_(z; — y;)? is the usual metric in a 3-D Euclidean space, it is

=1
not possible to define a distance function in terms of 7(a,b).

Indeed, the kinematic metric 7(a, b) of special relativity is known to be invariant
with respect to Lorentz transformations, transformations that describe a transition
to a coordinate system associated with a moving body. Thus, if we could have a
metric function d(a,b) which is described in terms of the kinematic metric 7(a, b),
then this distance function d(a,b) would also be Lorentz-invariant. Let us prove
that this is impossible, i.e., that there is no Lorentz-invariant distance function.

We will prove this by contradiction. Let us assume that such a distance function
d(a,b) exists. Let us pick some point a = (¢, ) in Minkowski space-time and let us
pick a real number € > 0. Since d(a,a) = 0 and the function d(a,b) is continuous,
there exists a neighborhood U of the point a for which d(a,b) < e for all b € U.
This neighborhood included points from the future light cone

Li ={(s,y) : s —t=p(z,y)}.

Thus, for some points b € L}, we have d(a,b) < e.
It is known that every two points from L} — {a} can be transformed into each
other by an appropriate Lorentz transformation. Since d(a,b) < ¢ for some

be L —{a}

and the distance function d(a,b) is Lorentz-invariant, we can therefore conclude
that 0 < d(a,b) < e for all the points b € L]. This inequality 0 < d(a,b) < ¢ holds
for all ¢ > 0, thus d(a,b) = 0 — which contradicts to the fact that for distance
functions, we should have d(a,b) > 0 when a # b.

3. Case of a Compact Part of Space-Time

Formulation of the problem. Instead of the whole space-time, let us now
consider a separable compact part of space-time, with a continuous kinematic
metric 7(a, b).

Need to consider physically meaningful space-time models. Of course,
we cannot define a distance function in terms of 7(a,b) if there exist two points
a and b which cannot be distinguished by the kinematic metric, i.e., for which
7(a,c) = 7(b,c) and 7(c,a) = 7(c,b) for all ¢. In this case, such points a and b,
while mathematically different, cannot be distinguished by any physical properties
and are, therefore, identical from the physical viewpoint. It is therefore reasonable
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to consider space-time models which are, in this sense, physically meaningful, i.e.,
for which, for every a # b, there exists a point ¢ for which either 7(a,c) # 7(b, ¢)
or 7(¢,a) # 7(c, b).

We also assume that the kinematic metric 7(a,b) is continuous with respect to
some original (non-physical) metric do(a, b).

Comment. For example, in a 4-D space time with points a = (ag, ay, as, as),

3
we can use a coordinate-dependent distance function dy(a,b) = /> (a; — b;)?.
i=0

Result. [t turns out that for physically meaningful compact space-time mod-
els, we can define a distance function in terms of kinematic metric 7(a, b): namely,
we can take

d(a,b) ¥ sup max(|7(a, ¢) — 7(b, )|, |7(c, a) — 7(c, b)]|). (2)

C

Let us prove that this formula indeed defines a continuous metric, and that the
topology generated by this metric d(a,b) is equivalent to the topology generated
by the original metric dy(a,b).

Proof. Let us first check that the function defined by the formula (2) is indeed
a distance function.

Proving that d(a,a) = 0. For a =b, we have
|T(CL, C) - T(ba C)| = |7—(a’7 C) - T(CI,, C)| =0

and
|7(c,a) —7(c,b)| = |7(c,a) — 7(c,a)| =0,

so we have
max(|7(a,c) — 7(b,c)|,|7(c,a) — 7(c,b)|) =0

and thus, d(a,a) = 0.

Proving that d(a,b) = 0 implies a = b. Since the kinematic metric is assumed
to be physically meaningful, for each pair a # b, there exists a ¢ for which either
|7(a,c) — 7(b,c)] > 0 or |7(c,a) — 7(c,b)] > 0. In both cases, max(|7(a,c) —
7(b,c)|,|T(c,a) — 7(c,b)|) > 0, and that, the supremum d(a,b) of all such values is
also positive. Also, from the definition (2), it follows that d(a,b) = d(b,a) for all a
and b.
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Proving the triangle inequality. Let us prove that the expression (2) satisfies
the triangle inequality, i.e., that d(a,a’) < d(a,b) + d(b,a’) for all a, b, and a’. The
value d(a,a’) is the largest of all possible values |7(a,c) — 7(d/,¢)| and |7(c,a) —
7(c,a’)|. Thus, to prove that d(a,a’) does not exceed the sum d(a,b) + d(b,d’), it is
sufficient to prove that each of these values |7(a,c) —7(d’,¢)| and |7(c,a) — (¢, d’)|
does not exceed the sum d(a,b)+d(b,a’). Indeed, for all real numbers A, B, and A’,
we have [A — A'| <|A— B|+|B— A’|; this is a 1-D case of the triangle inequality.
In particular, for A = 7(a,c), B =7(b,c), and A" = 7(d’, ¢), we get

IT(a,c) —7(d, )] < |m(a,¢) — 7(b,c)| + |7(b,¢) — 7(d, ).

Here, by definition of d(a,b) and d(a’,b), we have |7(a,c) — 7(b,c)| < d(a,b) and
|7(a’,c) — 7(b,c)| < d(a,b), thus we conclude that

|7(a,c) —7(d’,c)] < d(a,b) +d(b,a).
Similarly, we can prove that
(e, ) - 7(c,a")| < d(a,b) + d(b, o

for all ¢. This proves the triangular inequality. So, we have proved that the
expression (2) defines a distance function.

Proving continuity. Let us show that the distance function d(a,b) is continu-
ous with respect to the original metric dy(a, b).

We know that the kinematic metric 7(a,b) is continuous. It is known that
a continuous function on a compact set is always uniformly continuous with the
respect to the original (non-physical coordinate-dependent) distance function dj,

i.e., for every € > 0 there exists d(¢) > 0 such that if do(a,a’) < d(¢) and dy(b, V') <

5(c) then |7(a,b) — 7(a’, V)| < e. Let us show that if dy(a,a’) < 6y < & (%) and

do(b,b') < dg then |d(a,b) — d(a’,b")| < g; this will prove that the function d(a,b) is
indeed continuous.

It is sufficient to prove that d(a,b) < d(a’,V’) +¢; in this case, we can similarly
prove that d(a’,t’) < d(a,b) + ¢ and thus, that |d(a,b) — d(a’,b")| < €. By definition
(2), d(a,b) is the supremum of the values

max(|7(a,c) — 7(b,¢)|, |7(c,a) — 7(c, b))

corresponding to different points ¢. Thus, to prove that d(a,b) < d(a',V') + ¢, it is
sufficient to prove that all these values are smaller than or equal to d(da’,V) + ¢,
i.e., that

max(|7(a,c) — 7(b,c)|,|7(c,a) — 7(c,b)|) < d(a',V) + ¢

for all c.

The largest of the two numbers |7(a,c) — 7(b, ¢)| and |7(¢c,a) — 7(c,b)| is smaller
than or equal to a certain bound if and only if both numbers do not exceed this
bound. Thus, it is sufficient to prove that for every ¢, we have |7(a,c) — 7(b, c)| <



40 F. Zapata. Distance in Terms of Kinematic Metric . ..

d(a',b') + ¢ and |7(c,a) — 7(c,b)| < d(a’,V') + . Without losing generality, we will
prove the first inequality; the second one is proven similarly.
From dy(a,a’) < &y = 5(%) and d(c,d) = 0 for ¢ = ¢, we conclude that

IT(a,c) —1(d,c)| < % Similarly, from do(b,b") < &9, we conclude that

(b, c) = 7(V', 0) <

Thus, we have
|(T(a,¢) = 7(b,¢)) = (7(a’,c = 7(¥, )| = [(7(a,¢) = 7(d’, ¢)) = (7(b,c) = 7(V,0))| <
(@, ) = (d, )|+ [7(b,c) = 7(V, 0))| <

Hence,
|7'(G,, C) - T<b7 C)’ < |T<O,/, C) - T(blv C)‘ +E.

By definition,

|7(a’,c) —7(b,c)| < sup max(|7(a’,c) — 7(V',¢)|,|7(c,d') — 7(c,V)]) = d(d, ).

Thus, we indeed conclude that |7(a’,c) — 7(V,¢)| < d(a’, V) + €. The inequality is
proven and so, the metric d(a,b) is indeed continuous with respect to the original
metric dy(a,b).

Proving the equivalence of topologies generated by metrics dy(a,b) and d(a,b).
On a compact set, continuity of the metric d(a,b) implies its uniform continuity.
Thus, for every € > 0, there exists a 6 > 0 for which dy(a,b) < § implies d(a,b) < e.
This implies that when dy(a,,b,) — 0, we also have d(a,,b,) — 0.

To prove that the metrics dy(a,b) and d(a,b) generate the same topology, it is
sufficient to prove that, vice versa, for every ¢ > 0, there exists a 6 > 0 for which
d(a,b) < ¢ implies that dy(a,b) < e. We will prove this by contradiction. Suppose
the above statement is not true. This means that there exists an ¢ > 0 for which,
for every 0 > 0, there exist points @ and b for which d(a,b) < § and dy(a,b) > «.
In particular, for each natural number n, we can take § = 27" and conclude that
there exist points a, and b, for which d(a,,b,) < 27" and do(a,,b,) > ¢.

On a separable compact set, every sequence has a convergent subsequence.
Without losing generality, let us assume that the sequences a,, and b, themselves
converge (in the sense of the original metric dy(a, b)), i.e., that a,, - A and b, — B
for some limit points A and B. Since both the original metric dy(a,b) and the new
metric d(a,b) are continuous in the original topology, we conclude that d(A, B) =
liTan 27" =0 and that do(A, B) > ¢ > 0. Since dy(A, B) > 0, this means that A # B.

Since we assumed that the space-time is physically meaningful, this means that
there exists a point C' for which either 7(A,C) # 7(B,C) or 7(C, A) # 7(C, B). In
both cases, we have max |7(A,C) — 7(B,C)|, |7(C,A) — 7(C, B)| > 0 and thus,

d(A,B) = sgp max |7(A,c) — 7(B, )|, |r(c, A) — 7(¢, B)| >
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max |7(A,C) — 7(B,C)|,|7(C,A) — 7(C, B)| > 0,

which contradicts to d(A, B) = 0.

This contradiction proves that the above statement is true, i.e., dy(a,b) is con-
tinuous with respect to d(a,b) and thus, the metrics dy(a,b) and d(a,b) indeed
generate the same topology.

4. General Case of Physical Fields Over a Compact Part of
Space-Time

Description of the general case. Let us assume that we have a sepa-
rable compact space-time A. On this space-time, we can have physical fields
fi(a),..., fu(a), i.e., functions which assign a real number to each space-time point
a (a vector-valued or a tensor-valued field can be viewed as a tuple consisting of the
component fields). We may also have functions g;(a1,...,an,), ..., gm(a1,...,an,)
that assign numbers to fuples of space-time points — just like kinematic metric
assigns a number 7(a,b) to each pair of space-time points a and b.

Similarly to the case of kinematic metric, we assume that the fields
are physically meaningful, in the sense that for every two space-time
points a and b, we have either f;(a) # f;(b) for some i, or we have

gjlay, ... ap_1,a,ap41, ..., an;) — gj(a1,...,ar_1,b,ar41,...,ay,,;) for some j and k
and for some points ay,...,ax_1,ar41,...,0,,. We also assume that all these func-
tions fi(a) and g;(ay, ..., a,;) are continuous with respect to some original metric
d()(a, b)

How to define metric in this case. Similarly to the case of kinematic metric,
we can define the metric d(a, b) as follows:

d(a,b) = max(dy, (a,b),...,ds, (a,b),dg (a,b),....dg, (a,b)), (3)
where
def
dy,(a,b) = |fi(a) — f;(b)| and
dg,(a,b) = sup Ajr(a, b, a1, .. ap—1, i1, - - ny),
k’,(ll,...,(lk,hak+1 ,,,,, (lnj
where
Ajk(aa bv A1yeey Ap—1, Qf41, - - - >anj) d:ef
lgi(ay, ... ak_1,0,041,. .., an;) — gjlas, ..., ap_1,b,ap41, ..., an,)l|.

Similarly to the previous section, we can prove that this formula defines a contin-
uous metric, and that the topology generated by this metric d(a,b) is equivalent to
the topology generated by the original metric dy(a,b).
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SAIIUTA JIECA KAK CTPATETMYECKASA UTPA

A.K. I'yu, JI.A. BosoxueHkoBa

[IpenniaraeTcs MaaHUpOBaHHE MEPONPHSTHH MO 3allMTe Jieca pacCMaTpPUBATh
KaK CTpaTerdyeckylo WUrpy ¢ <«IpUPOAOH» B paMKax MaTeMaTHYecKOH TeopHH
Urp.

3auiura JieCHbIX HacaKJIeHUH fIBJseTCS BaKHOM 3ajayell JieCHbIX yINpaBJeHHH
perrnoHoB. JIto6oe JjiecosalliuTHOe MeponpusiTie TpedyeT (PUHAHCOBBIX BJIOXKEHHWH, H,
€CTeCTBEHHO, COOTBETCTBYIOLME IeHeKHble MHBECTULHUH NOJ/IKHBI ObITh 3(p(heKTUBHO
NOTpPayeHsbl.

JlecosalluTHble MeponmpUATHS — 3TO OOLIMPHBIA TNepedyeHb paboT, KOTOpble
NOJDKHBI OBITh NPOBENEHbl B ONpeleséHHble MEepHoAbl BPeMeHHU ropa pabOTHHKAMHU
pervoHasbHbIX JIeCcHBIX ynpaB/eHHH B COOTBETCTBHUU C Pa3pabOTaHHBIMU U yTBEp-
XKIEHHBIMU JIeCHBIMH NJ1aHaMH.

[Iprpona MoxKeT NPUHOCHTH HEOXKHUAAHHBIE CIOPIPU3bl, KOTOpble CBOAST Ha HET
HEKOTOpBIE NMPOBEAEHHBIE J€CO3ALIUTHbIE MEPONIPUATHS, YTO CJAEAYeT pacCMaTpUBaTh
KaK HalpacHO NMOTpadyeHHble NEHbrH, T.e. CJAeAyeT pacCMaTpHUBaThb KakK yOBITKH, IO-
HeCEHHble JIeCHBIM YyTpaBJeHHeM peryuoHa.

Ecau B3risiHyTh Ha oTHoweHus [Ipuponsl u JlecHoro ynpasseHHsI ¢ TOUKH 3pe-
HUSl TEOPUM WTP, TO YOBITKHU JIECHOTO yIPABJEHHS — 3TO BBIUIPBILI UTPOKA, HMEHY-
emoro «mpupona». Cama urpa ¢ «IpUpPOLOH» MPOXOAUT B YCJOBHUSIX HEOIpeneEHHO-
CTH, T.e. OTCYTCTBHS MOJHOH HH(OPMALUK O CTPaTETHsIX Urpoka «mpupoma» [1].

B urpe «npuponbl» u JlecHoro ynpasJjeHUs, Yy KaxKA0TO U3 3TUX UI'POKOB MOXK-
HO IE€PeYUC/IUTb pa3Hble CTPATeTHH IOBEJeHHS, B COOTBETCTBUU C KOTOPBIMH OHHU
[le1aloT CBOM XOMbl, KOTOpPBbIE 03HAYalT BHIMIPbILI JIeCHOro ymnpasJjeHHsl, KOraa Jie-
CO3aLIUTHOE MeponpusTHe OblJI0 CBOEBPEMEHHBIM U €HbIM MOTPayeHbl He 3ps, JUO0
TIPOUTPBILL, €CJAU <«IPUPOAA», «BbIOPaB» CBOI CTpPATervio, chesasa Xofi, KOTOPBIH
HaHéc yObITOK JlecHomy ympaBseHuto. Mrpy MoxHO paccmMaTpuBaTbh KaK WIpy C
HYJIEBOM CYMMOH, KOT/a BBIMTPBILI OAHOTO UIPOKA paBeH MPOWTPBILY APYToro.

Jlnsa mpoBeneHUs UIpPHl C «IIPUPOAOH» HaAlo 3HaTh Habop ctparteruét JlecHoro
ynpasaeuust LZy,...,LZ,,, Habop cTpaTeruil (xomoB) «mpupomsl» — Li, ..., L,, pe-
3yJIbTAThl UIPHI @;; TIPU KaXK[10H nape ctpaterud LZ;, L;, KOTOpble ABAAIOTCA YObIT-
KaMu (a;; < 0) JlecHoro ympaB/ieHHs 110 peasyU3alUy JeCO3AMUTHBIX MEPOIPHUATHH,
ecsId «Ipuposa» BhiOpasa Xox L; ¥ I KOTOPOro CTpaTerdsl 3alluThl L.Z; Oblua
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POBAJ/IbHOM, WJIM BbIMIpbILIeM (a;; > 0), ecjau Jeco3allUTHbE MepONpUsTHs obec-
MeYUJIH yIAYHYIO 3alLUTY Jieca.

BrpoueM, MOXXHO paccMaTpuBaTh OUMAaTPUUHYIO WPy, €CJH IIPOMIPBIL OLHOH
CTOPOHBI He SIBJIIeTCS, B OOLIEM, BBIMTPBILLIEM IPYroH.

Ecnu JlecHoe ynpaB/eHue o6sagaeT BepOSATHOCTSMU CTPAaTerud <«MPUPOAbI» —
p(L;), TO Hauaydlleld cTpaTerveil 3auUTH Jeca OyneT Takas cTparerust LZ;, mpu
KOTOPOH OYAyT MHHHMaJ/IbHbl CPelHHe NOTepH, T.e. OyaeT MUHUMaJ/lbHA CyMMa:

> ai; - play).
j=1

MoxHO HaleaTbCs, YTO BePOSITHOCTH p(L;) MOryT ObIThb ONpefeseHbl 1O pe-
3y/bTaTaM MHOTOJIETHUX CTATHUCTHYeCKHUX HCCJENOBAHHUM, HO Ha TO «IPUPOAA» H
IBJISIETCSl HelpelCKa3yeMblM UIPOKOM, YTO OHa BCerfa MOXKeT MPernogHeCTH JIOASM
HENPUSATHBIA CIOPIIPHU3.

TeopeTnueckd Mbl MOKeM BbIOpaTb ONTHMAJIbHYIO CTPATerdio MOBENEHHS, CBO-
AALIYI0 YOBITKM K MHUHHMYMY, U 06e3 3HaHMs BeposTHOCTeH p(L;), ecju MOCTPOUM
WIPOBYIO MaTpully (a;;), B KOTOPOH pe3y/nbTaTaMH HIPBI fIBJISIOTCS MaTepHaJbHblE
MIOTEPU OT CIOPIPU30B «IIPUPOLBI».

Tabauua 1. [Tnatéxuas maTpuLa U BePOSATHOCTH

Ly Lo L,

p(L1) | p(La) | ... (L)
LZ1 a1 a12 A1m
LZ2 a1 a922 A2m
LZn an1 [(07%)) Anm

Jlns aT0ro He0OXOAMMO BOCIIO/b30BATHCA TOH HJIM MHOHW pPeKOMeHAaLHeld TeOpHUH
UTD, CBOASILEHCS K YTOYHEHMIO, UTO Mbl [TOHUMaeM MOJ ONTUMAaJIbHOM CTpaTeruey,
U KaKyl0 CTPATeTrHi0 UMeeM B BUIAY — YMUCTYIO MJ/IM CMEIlaHHYIO.

1. Crpareruu «npuponbi»

HenpusatHbM clopnpusom /s 6J1aronosy4Horo pasBUTHS Jieca MOTyT ObITb CJle-
AyIOllHe XOnbl (CTPaTeruu) «IpPHPOIbI»:

Crpaternsi Lnoycaps: — JE€CHBIE MOXKAPBI KaK CJEACTBHE HEOPEXKHOCTH JIONeH
UJTH 3aCyXH.

Crparerus LHe@mmoaycﬂ. — HeGJIaroTpUsITHBIE TIOTOIHbIE YCJIOBUS U MOUYBEHHO-
KJIUMaTHYecKHe (pakTopel (MajoCHeXHasi 3MMa, 3acyXxa, yparaHHble BeTpbl, H3MeHe-
HUe YPOBHSI I'PYHTOBBIX BOJ (MepeyBJia’KHEHHs MOYBbI), 3aMOPO3KH U JIPyrHe).

Crparerust L econgm. — neconatosorudeckue (HakTopbl, pa3MHOXKEeHHUEe BPeIHbIX
OpraHu3MoB U 60JIe3HH Jeca.
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Crparerusi Lanrponoren. — @HTPOINOreHHble BO3AEHCTBUA Ha Jiec. XOTs 3TOT (hak-
TOp MOPOXKIEH JIOAbMH, a He [Ipupono#, Mbl OTHOCHM €ro UrpPOKY «IIpHUpOAa», Mo-
CKOJIbKY aHTpOIIOTeHHble BO3JEHCTBUS YesoBeKa Ha Jeca CKJAAbIBAIOTCS U3 IIpoO-
MBILLJIEHHBIX BBIOPOCOB, BBIPYOKH JIECOB, pachallKy MoJed, UcTpebIeHns UIH Tepe-
ceJIeHHs XKHUBOTHBIX U pacTeHUH, 3arpsi3HeHUs BOAbI, MOUBbl U aTMOC(eprl, KOTOPble
Ha MOMEHT HX 3a/IeHCTBOBaHHUS HHKAaKUM 00pa3oM, Kak MPaBUJIO, HE YUHUTHIBAIU UX
OyayLIero oTpyuLaTebHOIO MPOSIBJIEHHSI B OKPY2KAIOLHX Jlecax.

[IpombilsieHHBIe BBIOPOCH HAHOCAT OO0JbIIOH Bpel pacTeHUsIM, Bbi3biBast olliee
yTHeTEeHHEe UX pPOCTa W PAa3BUTHSA B pe3y/bTaTe HapyLIeHUs AeATeJbHOCTH YCTBHULL,
paspylLleHUs NPOTOMJIa3Mbl, MOAABJEHHS TPOLECCOB AeJNeHUs KJEeTOK, (POTOCHUHTe3a,
HapylleH’e BOLOOOMEeHa.

Crparerusi Lyenar. — HenaToreHHble (paKTOPBI, KOTOpble BbI3bIBAIOT OcJjab/eHre
COCTOSIHUS JepeBbeB, HO He MPUBOASIT HacaxKAeHHUs K rudeau. B sty rpynmy dak-
TOPOB OTHECEHbI: MeXXBHUI0Basi U BHYTPUBUAOBAS KOHKYPEHILUS, 3aTeHEHUs, OXJIeCT,
owMbIr U Apyrue. [Ipouecc Bo3nelcTBUSA HeMaToreHHbIX (PAaKTOPOB HA €CTECTBEHHOE
OTMHUpaHHe JIepeBbeB C BO3PACTOM Jleca HMeeT XapakTepHYyl0 0COOEHHOCTb: BHayalje
OTMHUpaHUe UAET OueHb ObLICTPLIMU TeMIIaMM, a 3aTeM Bce OoJiee U OoJiee 3amenJisi-
ercs. [2, c. 113];

Crparerusi Lyup — NOBpeXJeHHe (BbITANThIBaHWE) PACTEHHH YKUBOTHBIMH.

2. Crpareruu JlecHoro ynpasaeHnus

Crpaterun JlecHoro ynpaBsieHHsl CBEIEM K CJEAYIOLIUM MEPONPUSATHSAM:

Crpaternsi LZp0yqp — POTHBONOXKAPHbBIE MEPONPUATHS:

— CaHWTapHas OYMCTKa Jeca (OT YCBIXaKOMIMX M CYXOCTOHHBIX N€PEBbEB U KY-
CTapHUKOB, OyPEJOMOB U CKOMJIEHHH CYXHX BETOK).

— CO3[1aHHe TPOTUBOMNOXKAPHBIX OapbepoB — pasfeJsieHHe JIeCHbIX MacCUBOB, Mpe-
NSATCTBYIOLIEE PACIPOCTPAHEHUIO OTHS;

— CO3JaHHe MPOTUBOIOXKAPHBIX BOJOEMOB — B MeCTaX O4YeHb OMNACHBIX B MOXKap-
HOM OTHOLIEHHH.

Crparernsi L7344 1eca — 3aI1MTa JIECOB OT BPEIHBIX OPraHU3MOB IOCTHIaeTCs
3a CUér:

— JIECOTaToJIOTMUeCKHUX 00CJe0BaHUH, MOBBIIIEHUS ONEePaTUBHOCTH BbISIBJIEHUS
U KayecTBa JHUArHOCTHUKU HeOJIarONpPUATHBIX JIeCONATONOTMUeCKUX (PAKTOPOB B IIPO-
1iecce JIeCONaToN0rMUeCKOr0 MOHUTOPHHTa;

— CBOEBPEMEHHOTO M KaueCTBEHHOTO NPOBENEeHUS CAHHUTAPHO-03A0POBUTEJbHBIX
MEepOIPUATHH;

— TOBbILIEHUSI 3(P(PEKTHBHOCTH MEPONPHUATHH IO JIOKAJM3aUUH WU JUKBHIALWHU
04YaroB MacCOBOTO Pa3MHOXKEHHS BPEAHbIX OPraHU3MOB.

Crparerus LZ 00 sa necon — CAHUTAPHO-030POBHTENIbHEIE ~MEPOINPHATHS
(crtomiHble caHUTapHble PyOKH, BHIOOpPOUHBIE CaHUTapHble PyOKH, yOopKa OT 3a-
XJJAMJIEHHOCTH).

Crparerust LZ  eoc060cm. — BOCIPOHU3BOACTBO JIECHBIX PECYpPCOB B MHOT'OJIECHBIX
palioHax M Jecopa3BejieHHe, JIeCOBOCCTaHOBJIEHHE, IOBLILIEHHE [0 ONTHMaJbHOIO
YPOBHS JIECUCTOCTH B MaJIOJIECHBIX PalOHAX U 0e3/leCHbIX paliOHaX peruoHa.
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Crparerus L7, — CHUXXeHHE aHTPOMOTeHHbIX BO3IEHCTBHUU:

— YCTAQHOBKA OYUCTHUTEJbHBIX (PUJIBTPOB, CTPOUTENBCTBO OYHUCTHUTEJbHBIX COOPY-
JKEeHUH,

— COBEpLIEHCTBOBAHHE TEXHOJIOTMH NPOU3BOACTBA,

— INpOBeJeHHe CAaHUTAPHO-030POBUTEJ/bHBIX MEPONPUATHH.

3. IIpumep urpsoi. beso3épckoe JecHnYECTBO

PaccMoTpuM B KadecTBe NpHMepa 3allUTy Jeca B Deso3épckoM JiecHUYeCTBe
Kypranckoii obsacTu.

PaccmarpuBaem GUMaTpUUHYIO WPy, HHA4Ye TOBOPSI, BHIUTPLILIHBIE (PYHKIUU [IJI5
JlecHoro ympaB/ieHUs] — UTPOKa | U «IIpUPOIBI» — UTPOKa 2 — Pa3JIUYHBI.

Ta6auua 2. [1natéxHas maTpuua

1\ 2 Ly Lo L,

LZ, [(111, 511] [a127 512] [alma blm]
LZ, [a21, 521] [(122, 522] [a2m7 b2m]
LZn [anly bnl] [an27 an] [anm7 bnm]

BLIUrpHILIKM B CMEIIAHHBIX CTPATErusix s = (P1,...,0n) U 0 = (q1, ..., Gm) UTPO-
koB 1 (JlecHoe ympaBsenune) u 2 («Ipupoaa») COOTBETCTBEHHO PaBHBI

sAocl u sBoT,

rae A = (ai;), B = (by).

Ta6suua 3. Pacxonbl Ha BbinoJsiHeHHe jiecHoro naaHa Kypranckoit obnactu B 2012 rony

MporHoampyeMble pacxoabl Ha BbiNONHEHWe MeponpuaTUil NlecHoro nnaHa B obnacT OXpaHbl, 3aLuTbl,
BOCNPOW3BOACTBA NECOB HAa TEPPUTOPKMM necHoro doHaa necHudects B 2012 rogy

(TbiC. pyb.)
MeponpuaTia benozepc- | Baprawmmc- | TnAgsu- | Oanma- Kaprano- Hypramc- Kypra- MNatyxos- | Wanpukc- | Watposc- Lkynaia- Hpra- WTOoro
nin Koe Ko& cxoe ToBckoe | nbckoe K& MBiLLC cxoe Koe KoE XHHCKD® MbilLIC-
Koe Koe
1. Oxpawa necos ot 6346,8 8686,0 76521 | 109602 178004 206479 7518,7 66618 5304,7 99691 82471 6176,3 | 1159709
NOKapos
2. SawuTa necoa 111135 352985 | 288873 | 131985 217585 53020,2 331128 221503 21269.0 8964.3 45703,5 | 228473 | 3176238
N NecosoccTancaneme, 72004,8 T9T11,1 | 9957 | 257001 | 468383 | 406438 | 364713 | 197942 | 100227 | 259905 | 31401.2 | 250505 | 3231874
BEEro
4 VO£ 33 NBCAMM, BCBFD, 12466,0 48417 30235 91161 139249 123398 184382 14402 5 20676 9050,8 128429 98464 | 1236605
B TOM YHCNE:
5. 3aroToska cemaH 150,0 300,0 240,0 150,0 450,0 1560,0 180,0 150,0 150,0 360,0 450,0 300,0 4440,0
NECHLIX PACTEHUA,
B0
6. 3aknanka - - - - - 332,0 - - - - - - 532.0
MBCOCEMEHHOI
nNauTaumm
7. BripalyneaHme 863,2 604,2 690.5 4316 19618 T297,7 863,2 259,0 125855 1412,5 941,6 B63.2 17443.9
CTaHapTHOrD
NOCaAoHHOTD
Matepuana ans
NECOBOCCTAHOBNEHKS |
NECOPaIBEABHIR,
acero
8. (OTBOOLI NecoceK 14731 1622,2 10286 11682,7 19313 27598 25217 866,1 12135 17770 1566.3 1548,7 179223
8. NecoycTpofcTao 9210,0 - - - 2100,0 - 6315,0 - - 6465,0 9885,0 33975,0
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st JlecHndecTBa 3TO MJIaHHUpPyeMble pacXolbl MO Pa3HbIM CTATbAM (CM. Taba. 3),
a JJd «[IpUPOAbl» — yllepO B ThiC.pyO, HAHOCHMBIH Jlecy B C/yyae, KOra Te WJH
UHble IPUPOJHBIE aHOMAJIMK OKa3a/JUCh HEMPUATHBIM CIOPIPHU30M [J151 JIeCHUKOB.

OtnenbHoll cTpaTerueit JlecHoro ympaB/eHHs SIBJASIOTCS PacXofibl Ha TpOBefie-
HUe Hay4YHbIX MCCJIEeOBAHUU MO pa3paboTKe NMPOTHUBONEHUCTBUH HA CAy4yad pPasBUTHUSA
Pas3JIMUHBIX NPUPOAHBIX aHOMAaJHUH.

PaccMoTpuM crenyollyo MaTpULy UIPHI:

Crpareruy Lnoaapor | Laeconam. | Luenam. | Lawmpon.,mus. | Lyeguae.np.yca.
JIECHOTO

praBﬂeHl/IH

LZnomap [6346,10000] [0,100] [0,50] [0,2000] [0,500]
LZsau;./zeca [0,10000] [11113,100] [0,50] [0,2000] [0,500]
LZy%00 sa aec [0,10000] [0,100] [12466,50] [0,2000] [0,500]
LZecosoccmat. [0,10000] [0,100] [0,50] [22094,2000] [0,500]

L2 yayu.uccaed. (200,01 (100,0] [100,0] [50,0] [1000,0]

L5 BbIUMC/IEHUH pe3ysbTaToOB UTPbl HcCMoJb3yeM mnporpamMmmy Gambit, cospaH-
Hyo R.D. McKelvey, F.M. McLennan u T.L. Turocy.

Jlannas wurpa umeer 17 paBHoBecuiél Hsma, koTopble mnpuBeneHbl B Tab.j. 4,
pacCUMTAaHHBIX MO METOAMKE, PeKOMeHIOBaHHOH B mporpamme Gambit. Mbl Bu-
IMM, UTO BO BCeX pDaBHOBeCHsIX Bce cTpaTerud JlecHOro yrnpaB/eHUSI — YHUCTble
s = (1 :1,..,1 : 5), a cTpaTernu <«IpUPOAbl», KaK MPaBHJIO, CMellaHHble —
o=(2:1,..,2:5).

Ta6auua 4. Perienust GumatpruuHoit urpsbl (paBHoBecust Haiua)

Pr’-‘——"“—“‘TDTMEHa TEnamoe. 118 by enumeration of mixed strategies in strategic game

# 1 | w2z | 3 | w4 | ws | ozt | 22 | 23 | za 5
1 o o i] ] 1 9SE49522032075 546193831 30750 AZEI THATIATS 2PATI1S4364E25  STE1ST1327EEE0E
BOZEOTIEAEVO23Y | OOZSATSBMETOZI | BOZ3T1324ET023T | SOZSOTSELETOZET | B0Z531524E70Z3T
2 0 0 0 0 1 SE0EIAIETE 0 431 EITS 2472163625 S2326824537
EFFITaIBaNZ CIFERCErTE EFFara98412 ET7IT498412
920873 TS A0E4209
3 0 0 0 0 1 0 0 13136344 19196344 1133803
4 i} o i ] 1 S0E1227750 AT SZE0ESS00 ] 8815387250 126435524429
243468304333 243468304333 243465304333 243468304333
27E1750 Ta3230 AB924052
5 0 0 0 0 1 20433053 0 0 20433033 20433053
250 511
B 0 0 0 0 1 0 0 0 2 ok
F323500 2778250 E0E31393
7 0 0 0 0 1 0 60993143 0 68993143 68993143
a o o i 1] 1 34633664300 19777303000 ATE30TTA500 i] 63703897853
281159441867 221159441867 221159441867 93719812880
3116300 1586500 18993339
3 0 0 0 0 1 23698359 0 23692359 0 23698359
300 €183
10 0 0 0 0 1 0 0 2 0 L]
S556500 73000 33932949
" 0 0 0 0 1 A2562449 42562449 0 0 d2562449
300 2073
12 0 0 0 0 1 o 0 0 0 o
13 0 0 0 0 1 0 0 0 0 1
1000 [ 11013
1 0 0 0 0 1 0 g 0 0 ity
6233000 SRIES00 E2088373
15 0 0 0 0 1 0 EECTRETE] EECTTETE] 0 FEETEETE]
16 o o ] i 1 o 47212987750 1534566387 SE3E4E125 187610133897
Z2BEZBIETEAT ZEBRZBIETRAT 228828227647 Z2BB2BZZTEAT
17 1 0 0 0 0 1 0 0 0 0

To, uto Bce crpaterun JlecHoro ymnpaB/eHHUS] UHUCTble, MOXKHO OOBSCHHUTb TeM,
YTO JIeHbI'W 110 BCeM MYHKTaM (10 BCeM CTpPATeTHsIM) He MOCTYMa/TH cpasy, a mepe-
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YUCJISJIUCh MO3TANHO, B Pa3Hble KajeHAapHble CPOKH, M IOCJe MOCTYMJeHUS JeHer
JIECHHYeCTBO U peasiM30BaJjo COOTBETCTBYIOILYIO CTPATerHIo.

[Tpupona, HanpoTHB, CO31AET KPUTHUYECKHE CUTYALMH He MO3TAMHO, a CTUXUHHO,
M 4aCTO 3TO OIAHOBPEMEHHO W BPEIUTENH, U aHTPOINOTeHHble BO3AEHUCTBHS, U TOJ-
TOMJIeHHs JiecoB (nau 3acyxa). OTciona noBceMecTHOe 3a/efCTBOBAaHHE CMeIIaHHbIX
CTpaTeruu.

Camasi uHTepecHass maptus — 3To 17-e paBHOBecue. Ilpupona cosgaér ycio-
BUsl 1J151 moxapa, a JlecHoe ynpaBjeHHe CBOEBPEMEHHO MOATOTOBUJOCH K Oopbbe ¢
T02KapOM.

Breiurpeiin JlecHoro ynpasJsieHUs], a TOUHee pacxoibl Ha POTHUBONONOXKAPHbIE Me-
pONpPUATHUS B JAHHOH MapTUU paBHBI 6346 ThIC. py0., a BBIMIPBILI «IIPUPOABI», T.€.
MOTeHIMaAbHO HAaHOCUMBIH yiep6 Jsecam oT moxkapa — 10 000. MoxHo aymaTs,
4TO pacxopbl JlecHoro ynpaBsieHUsl U NPOTHUBONOXKAPHbIE MEPONPUATHUS HA 3TU JIe€Hb-
ru OblIM MPOBeNdEeHbl CBOEBPEMEHHO, W MoXKap Obla1 JHUKBUIHPOBAH 6e3 GOJBLIOrO
yiep6a. Ecau ke npoTHBoOBONOXKApHBIE MEPONPUATHS He OBLIM OCYLIECTBJIEHbl U3-
3a OTCYTCTBUSA JEHer B JIeCHHYeCTBe, TO yIepO OT JIeCHBIX I10’KapOB COCTaBJsIeT
10000 TBIC. PYO.

3a6aBHO, HO B JaHHOH Wrpe oCHOBHas cTparterus JlecHoro ynpaBjieHUsT — 3TO
TpaThl Ha HayuyHble HccjaenoBaHusi. MHaue roBopsi, paGoOTHUKAM Hay4HbIX Tocydpe-
KIEHUH 3apI/aty IJIAaTAT UCIPaBHO, IIOMHAT 00 yrpo3e M0XKapoB, a BOT HA MpoUHe
Jleco3alllMTHble MepONPUSATHS JleHer He XBaTaer.

B 13-ii paBHOBeCHOH MapTUH BHIUIPHILI <«IIPUPOAbLI» HYJEBOH, HO OHA HUKAKHX
HeMpHUATHOCTEH He MpHUHOCHJA (CTaBUJ/a Ha HAyKy :)), JlecHoe ke ympaBJ/ieHHe HC-
MPaBHO BBHIMJIATHJIO 3apriaty yuéHeiM B pasmepe 1000 teic.py6. Cutyauus BroJsiHe
peaJsibHasi U 0OblIeHHAS.

B 1-#i paBHOBeCHO! MapTHH BBIUIPHILI «IIPUPOIBI», KOTJA OHA «HACTYyMaeT IO
BCceM (PpOHTaM», HYJEBOH, a pacxoibl JlecHOro ympaBjeHHs cocTaBJseT (MPUOJIH-
3uTesbHO) 775 Thic.py6. HamomHuM, 4TO myaHupyemble pacXoibl Ha HAyKy PaBHbI
1550 TBIC.pYO.

4. 3akJjwueHue

B crarbe JMIIb NPOAEMOHCTPUPOBAHA BO3MOXKHOCTb NPUMEHEHHUS TEOPUM UIP K
pelLIeHHI0O Ba)KHOW 3aJaud M0 3allUTe JeCHbIX HacaKaeHWH. O4yeBUIHO, YTO Tpe-
OyIOTCA MHOTOYHCJIEHHBlE KOMIIBIOTEpPHBIE 3KCIIEPUMEHTBl C peasbHBIMH JaHHBIMH,
HaxXOAAIIMMHUCS B pacrnopsi>keHUU JIeCHbIX ynpaBJeHHH AJs TOro, 4ToObl MOJYUHUTh
BECKHE apryMeHThl B [10/1b3y UCIOJb30BAHHUS TEOPUU UTD B MPAKTHKE PerHOHaJbHBIX
JIECHBIX yIPaBJIEHUH.
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MATEMATHUYECKAS MOJAEJIb OBHAPY2KEHUYA TOYKH
BECITPOBOJHOI'O JOCTYIIA 11O UISMEPEHHUAIM
MOIIIHOCTHU HU3JYYEHHUA PASBHECEHHBIMH
HABJIIOJATEJIIMU

O.A. BumnsakoBa, J[.H. JlaBpos, C.10. JlaBpoBa

B crarbe mpexncraBieHa Mojesb CHCTEMbl ONpeleseHUss KOOPAWHAT TOUYeK Oec-
NPOBOJHOTO AOCTYMA B MPEATNON0KEHUH U30TPOIMHBIX MPUEMO-NIEpefAIOINX aH-
TEeHH W OTCYTCTBUS mperpai. B aToMm ciydae JMHMM PaBHOTO YPOBHS H3Me-
peHHUs] MOLIHOCTH NpPeJCTaBJsoT COO0H OKPY:KHOCTH. B mpexnnosoxeHuu, 4to
KOOPAMHATEl PAa3HECEHHBIX TOYEK HaOMI0IeHUs U3BECTHBI, a MO MOLIHOCTH MPH-
HUMaeMOro CHTHaja CTPOUTCS OLeHKa PAfWyCOB 3THUX OKPYKHOCTEH, MOXKHO
COCTaBUTb CUCTeMYy HeJsMHelHbIX ypaBHeHuid. K coxkasneHuto, B cusy ommn6ox
M3MepEeHUs] PaguyCcoB, CHCTeMa ypaBHEHUH OKa3bIBAaeTCs HeCOBMEeCTHOH. Mu-
HUMHU3UPYSl OLIMOKY M3MepeHHUs WJM HeBSI3KY CHCTeMBl YpaBHEHHH, CTpPOUTCS
OlLleHKa KOOpAMHAT TOYKH jpoctyna. [lns peanusauuu MeToda MOCTPOEH BHI-
YUCJUTEJbHBINA aJropuTM Ha ocHOBe Metona HbrortoHa-Padcona. B pesynbrate
KOMIIBIOTEPHOTO 3KCIIEPHMEHTa MOKa3aHO, YTO MHUHHUMH3aLWs HEBSI3KU U MH-
HUMH3AUUsl OLIMOKY H3MEpPeHHs PAfWyCoB TPH YCJAOBHUH, UYTO PAgUyC MHOTO
60Jblile OMKUOKH, 1AI0T ONMHAKOBbIE OLIEHKH KOOPIHHAT.

Beenenue

O6Hapy:keHHe U omnpeaeseHHe KOOPAUHAT HECAHKIIMOHUPOBAHHBIX TOUEK Oecrpo-
BOJHOTO IOCTYMa Ha PeXKHMMHBIX NIPeANPUATHAX SBJSETCS BaXKHOH 3a1aueld, KOTOPYIO
HeoOXOAUMO pellaTh [/ HeMe[JEeHHOrO0 pearMpoBaHUsl Ha MHLMIEHTBl HapyLUeHUs
MOJUTUKH 0€30MacHOCTH NPeANpUSATHS.

[To nannbiM! PockomHansopa B 9TOM BEIOMCTBE MCIONb3YeTCs alapaTHO-Mpo-
rpaMMHBIN Kommyieke HeBon-2 nnis Takux ueneil. Kak oH ycTpoeH W Ha KakuX MPHH-
MIIaX OCHOBAH, HEU3BECTHO.

[IprMeHsis MPUHUMIIBI PaAHUOJOKALlUK, MOXXHO MOCTPOUTH CHUCTEMY AJSl ONpeie-
JIeHWs] KOOpPIMHAT LeJu AByMs crocob6amu. [lepBelil OCHOBaH Ha NMPUMEHEHHH MNaphbl
BpalllalolMXcs HalpaBjaeHHbIX aHTeHH. [lo BcmjieckaM MOLIHOCTH NMPUHHMAaeMOro
CUTHaJla C OMNpPeNesEHHOrO0 HampaBJ/eHUs Ha 00eMX aHTeHHAaxX MOXKHO ONpeleJMThb
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KOOPAMHATHI KaK MepecedyeHre MPsSMbIX, 3aaHHBIX LIEHTPOM KOHKPETHOH aHTeHHbI U
HalpaBJeHHUeM Ha BCIJIECK MOILIHOCTH.

Bropoii mopxon mpennosaraet Gosblioe (6oJiblie TPEX) KOJHUECTBO Pa3HECEH-
HBIX B NPOCTPAHCTBE H3MepHTeJsiel, KOTOpble OLEHHWBAIOT PACCTOSIHUE N0 LeJd 0
MOILLIHOCTH TPUHUMaeMoro curHajna. I[lepeceueHue JMHUN pPaBHOTO YPOBHSI MOLLHO-
CTU HAET KOOPAUHATHI.

Bropoil crioco6 uMMmeeT oueBHAHBIE NOCTOMHCTBA. HecmoTps Ha TO, 4TO 4HC/I0
aHTeHH OoJibllle, HO He TpebyeTcs, YTOOBl OHU ObIJIM HAMpaBJEHHBIMHU U amnnapaTHas
4yacTb TAKHUX CUCTeM He OyleT COfepxKaTb NBHXKYILUMXCS 4YacTeH, a, CJe10BaTeJbHO,
Oynet GoJsiee 0TKa30ycTOWUMBOH. K HemocTaTkam BTOpOro crnoco6a OTHOCHUTCS HeJu-
HeHHOCTb MoJlydaeMblX YpaBHEHHH, KaK MPaBUJO, 0KA3blBAIOLIMXCS HECOBMECTHBIMH.

[Tpexke yeM MpUCTYMUTh K peanu3alydy TAKOH CHCTeMBbl B arnnaparype, Heo6Xo-
JUMO NIPOBECTH UCCJEN0BaHKE, IPU KAaKUX OLIMOKaxX CUCTeMa HaA€XHO U YCTOUYUBO
OyneT HaXOAUTb KOOPAMHATHI LieJell ¢ mpHeMJeMbIM YPOBHEM OLIMOKH.

[{esbto Hallero ucc/aeq0BaHUSA SBJISETCS OCTPOEHHUE TaKOW MaTeMaTHYeCKOH MO-
JeJ1 U3MepeHUH KOoOpIMHAT Liesel N/ pasHeCE&HHBIX B MPOCTpPaHCTBe HabJrofate-
JIeH.

Jlng poctrxeHHs Lieqd HEOOXOAMMO MOCTPOUTH MOJENb HU3MEpUTeJs, IPOBECTH
KOMITBIOTEPHOE MOJEJUPOBaHHE, OLEHUTb NPUMEHUMOCTb JAHHOIO MOAXOAA.

1. IlocraHoBKa 3amaumn

Bynem pewate 3amauy B C/eqyOLIUX MPEANONOKEHUAX:

— HECaHKLU/IOHI/III)OBaHHaH TOUKd 6eCHpOBOILHOI‘O A0CTyIa ABAAETCA U3OTPOIHBIM
U3JjiydaTeJseM.

— AHreHHBbl HabJofaTe/led UMEIOT BCeHAlpaBJ/eHHble KPYTOBble JAHArpaMMbl Ha-
NPaBJIEHHOCTH.

— Ilonoxenne (KoopAWHATBE) aHTeHH HabJrofaTesneldl H3BECTHBI.
— IlpensiTcTBUsA A5 pacnpoCTpaHEHHs CUTHaJa OTCYTCTBYIOT.

— Heo6xonumo no n3MepeHUsIM paiyCoB OKPYKHOCTEH PaBHOH MOILLHOCTH OIlpe-
JeJIUTh HauJy4yllylo 110 BBIOPAHHOMY KPHUTEPHIO OLEHKY KOOpAHHAT.

B orcyTcTBHM 0IMOOK M3MepeHHUs] YPaBHEHHs [JIS HAXOXKIEHUS KOOPAHMHAT TOY-
KU IlepeceyeHust BhINIAAAT TaK:

(=)’ + (y —n)*= R
(x —22)* + (y —2)* = R;
(l’ - xn)Q + (y - yn)2 = R?m

rae (r,y) — KOOpAHHATHl HECAHKLHOHHPOBAHHOH TOYKH JOCTYTIa;
(x;,9;) — KOOPIUHATHI i-TOUKH HaOJIONEHHUS;



Marematuyeckue cTpyKTypbl H MojeaupoBaHue. 2013. Ne 2(28) 51

R; — OLeHKM pacCTOsiHUS OT HabOJIofaTe s 10 TOUKH 6ecripOBOAHOIO AOCTYTIA.
PeasbHble H3MepeHHs paluyCcoOB MPUBENYT K TOMY, YTO AaHHas cuctema (1) Gyner
HeCOBMeCTHa.

2. OueHka paccTosIHUS OO0 U3O0TPOIMHOrO M3JaydaTeJs

H3BecTHO, UTO 1Ji HI€aNbHOU H30TPOMHONU aHTEHHBI MOTEPU B CBOOOIHOM IIPO-
CTpPaHCTBe ompenessitotess popmynoi [2, ctp. 72]:

b (4 R)?

P a2 @

P, — MolHOCTh CHrHaJja nepejawlleil aHTeHHBI;

P, — MOIIHOCTb CHUT'HaJa, MOCTYTNAIOIIero Ha aHTeHHY NPUEMHHKA;

A — IJIMHA BOJIHBI Hecylled A = ¢/f, rie ¢ — CKOpocThb cBeTa, a f — LeHTpalb-
Hasi yacTtora, onpenessemMas no tabsauie 1;

R — paccrosinue, POUIEHHOE CUTHAJIOM MeX1y ABYMS aHTE€HHAMH.

Tabauua 1. BeluucieHHe eHTPalbHON YacTOThl [2]

Kanan [lenTpanbHas
gactota (MI)
1 2412
2 2417
3 2422
4 2427
5 2432
6 2437
7 2442
8 2447
9 2452
10 2457
11 2462
12 2467
13 2472
14 2484

Jlisi IpyTHX THIIOB aHTEHH HEOOXOAMMO YYHMTHIBATH KOA(MMOHIIMEHT YCHJIEHHS.
YpaBHeHHe [IJsi MMOTEPb MOIIHOCTH CHTHajJa B CBOGOIHOM IPOCTPAHCTBE MPHMET
BUI [2]:

P, 4T R)?
Zt_ i___23, (3)
P, GG\
OTKYZa moJydaeM (popMmysy AJsi OLEHKH paanyca
P
A t(?tC¥T‘ )

T4\ P



92 O.A. Buuaskosa, J.H. Jlaspos, C.FO. JlaBpoBa. MaremarHdeckas. . .

[Ipu pacmpocTpaHeHHH CHUTHaJMa BHYTPU 3MAaHHH MOTEPH MOTYT ObITb yYTOUHEHHBI
Ha OCHOBe TOTepb B 3aBUCHUMOCTH OT MaTtepuasoB mneperopomnok [1]. Yacro mpu
pas3paboTKe peasibHBIX CHCTEM HCIOJNb3YIOT YIPOLIEHHYI0 MOJAEJb MOTEPb B TpaKTe
nepenauu [1, ctp. 105].

Jns1 6oJbIIMHCTBA MOJeiel ToUueK AO0CTyMa MOUIHOCTb P, usjydaTtessi H3BeCTHA.
Y3HaTh MpoM3BOAMTENST TOUKHM pocTtyna MoxHo mno komam OUI waum MFG MAC-
anpeca WiFi-kanpa. Mimess 6a3y naHHBIX H3rOTABJAMBAaeMbIX MPOU3BOAUTENEM TOYEK
NOCTyMa, MOXXHO CUMTaTh, UTO BeJWUMHa P, usBecTHa. Bennuuny P, Ham mnpeno-
CTaBJsieT ApaiBep 0eCrpOBOAHOHN CeTeBOM KapThl B eIMHULIAX Aellube-MUIIUBATTaX
(nbwm). ITepecuét B BaThl (BT) He mpeacTaBasieT CJAOXKHOCTH U ONpeessieTcsl H3BeCT-
HBIM COOTHOIIIEHHEM:

P, (Br)

1(Bt) ’

OTKyJa MoJiydaeM HeoOXOAHMYI0 (popMyJy mepecyéra:

P, (nbm) =30+ 10-1g

P.(Br) =1(BT) - 10(Pr (aBm)—30)/10.

Bennuunbl K03(pPULHEHTOB yCcHUJIeHUs TPUEMHOH W mNepepailledl aHTeHH G U
G, MOryT ObITb ONpejeJseHbl U3 TeXHUYECKHX XapaKTepPUCTHK MpousdBoauTes. Ecau
OHHM HEM3BECTHBI UJIM HEJOCTYIHbI, TO MOXKHO MOJYYHUTb 9TH XaPAKTEPUCTUKHU MyTEM
M3MepeHHi: KaaubpoBKoil npubopa uaMepeHus (cmapThoHa WM HOyTOYKa) B cpele
C M3BECTHBIMU XapaKTepUCTUKaAMH.

Takum o6pazom, dopmyay (4) 6ymeM HCMOJb30BATh IJIsI OLEHKH paguyca JUHHH
PaBHOTO YPOBHSI MOILLHOCTH H3Jy4YeHHUS.

3. Bpi06op HauanbHOrO NMPUOIUIKEHUS

PaccMoTpuM, Kak BBIYMCJAAIOTCS KOOPAMHATHl TOYKH [OCTyla B cjaydae ABYX
To4YeK HaOJ/IofleHUsl. DTO pelleHHe He BBIXOAUT 32 PaMKHM Kypca aHaJUTHYeCKOH
reoMeTpPUH, HO Mbl €ro NpUBeAEM [Jisl MONHOTHI NPEACTABJIEHHOIO pelleHHs.

[IycTh HaM naHbl 1Ba ypaBHEHUS] OKPYXKHOCTHU:

(@—2)'+(y—m)= R

(=) (=) = R ©)

Jlns ynpoleHus aHa/iu3a BO3MOXKHBIX BapPUAHTOB PACIIOJNOKEHHsI OKPY2KHOCTeM
npeoOpa3oBaHUeM CIBHUIa MOMECTHM IEPBYIO OKPY>KHOCTb B HauaJl0 KOOPAMHAT:

T x T
| = — ) 6
() -()- () ©
YpaBHeHUs1 peoOpa3yloTcsl B HOBOH CUCTEMe KOOPAHWHAT K BUAY:
P?+y= R}
(-2’ + (§— 1)’ = Rj,

TIE To = Xo — T1 U Yo = Yo — Y1.
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3areM MOBOPOTOM N0OBEMCS, YTOOBI LIEHTP BTOPOH OKPYKHOCTH JIET HAa OCb abc-
uucc. [IpeobpasoBaHue KOOpAMHAT B MaTPUUHOM BHJIe OyfeT UMEeTh BUI:

) -5 0)-(6)

%, ﬁ:SiHﬁ:%, (9)
VT3t Y3 Ty + Y3
a ¥ — yroJ moBopoTa.

[locsie moBopoTa cucTeMa ypaBHEHHUH MPUMET BHUJ:

rae
a=costd =

P+t = R

_ > (10)
(f—\/igjty%) +9* = Rj.

Jns nonydeHus HadaJbHBIX MPHUOJIMKEHHH PACCMOTPUM CJEAYIOLIHE B3aWMHBIE
pacrnoJyioKeHUsI OKPYKHOCTEH:
Cayuaii 1. Ry + Ry > /(22 — 21)2 + (yo — y1)? uaiu
|Ry — Ry| > /(22 — 21)2 + (y2 — y1)? — OKPYXKHOCTH He MepeceKaoTcs.
Cayuait 2. Ry + Ry < \/(:vg —21)?2+ (Y2 — y1)?> — OKDPYKHOCTH IepeceKaloTcsi B
OIHOM WJIM IBYX TOYKAX.

[TpuBenéHHbIE yC/0BUS pabOTalOT KaK B MCXONHOH, TakK U B NpeoOpa3oBaHHOH
cUCTeMe KOOpIHHAT.

PaccMoTpuM Kaxaplil caydaid OTAesbHO.

Cayuait 1. @opmanbHO pellleHWH HET, CUCTeMa yPaBHEHHWH HeCcOBMeCTHa. leM
He MeHee, Mbl MOXKEM BbIOPATh B KaueCTBe HAUajbHOTO MPHUOJMKEHHS TOUKY, Jexa-
Y0 MOCpeqruHe MexXAy OJMKAHUIIMMH TOUKAMU TepeceueHus MPSiIMOH, COeqUHSIIO-
11ell UeHTPbl OKPYKHOCTEH, U CAMUMH OKPYKHOCTSIMU. B npeobpazoBaHHOH cucTeMe
KOOPJIMHAT pellleHHe HAXOIUThCS JIerKO:

T19=1Ry, T34=1/T5+ 75 L Rs. (11)

Janee, HaX0OUM UHAEKCHI, AJ151 KOTOPBIX PACCTOSIHHE MUHHUMAJIbHO, U BBIYUCSEM
HauyaJ/bHOe MPUOJIHKEHUE!

(k,l) =arg min [T — I, (12)
ke {1, 2}
1€ {3, 4}

7= %, (13)

y=0. (14)

Cayuait 2. Touku nepecedeHusi 6ynyT onpenessiTbcst GopMynaMu:
R — B3+ 75 445
275 + U3

= +\/R} -2 (16)

, (15)

<



o4 O.A. Buuaskosa, J.H. Jlaspos, C.FO. JlaBpoBa. MaremarHdeckas. . .

[TonyyeHHBle TOYKM HauyaJbHBIX NPHUOJIHKEHHUH 0OpaTHBIMU NpeoOpa3oBaHUSIMH
NIPUBOAATCH K UCXOJHOM CHCTEMe KOOPAHHAT.
[TonpiToKKMM, ONKMCaB MOJNyUYEeHHBIH alITOPUTM.

AJroputM HaxoKAeHHS TOYEK HAYaJbHOI'O MNPHUOJIUIKEHUS [AJs Mapbl
OKpYIKHOCTEH

1. BoisicHsieM, Kako# W3 JBYyX CJydyaeB HMeeT MECTO, H BBIUHUC/SIEM HadajbHbie
npubaukeHusi no gpopmyaam (13) u (14) nau (15) u (16) B npeo6pazoBaHHOH
CHCTEME KOOPIHHAT.

2. BeimosiHsieM 06paTHBIH MOBOPOT Ha yroa —u:

T a —f T
) = N I 17
(y) (5 a) (y> (4
TIe « U [ MOo-TIpexKHEMY ONpeNesIsiFoTCsl COOTHOIEeHUsIMH (9).

3. U 3aBepmiaem o6paTHBIM CIBUTOM

()G ()

O6paTvTe BHUMaHHE, YTO BO BTOPOM CJIydae Mbl T10OJy4aeM 1Ba pelIeHHUs.

PaccmarpuBasi ciyyail TpéX OKpPYKHOCTEH, HaXOAMM IONapHble MPUONHKEHHS K
HayaJbHOMY TpHOJHKeHHI0. CaMblil CJOXKHBIH cJyudal, eciyd Bce MOMapHble mepece-
ueHUsl AaloT 1o ABa peiieHusi. O603HAUUM 3TH mapbl peweHud {(zo1, Yo1), (o2, Yo2) }
— JJIs IepBOi napbl oKpy»KHOCTeH (1-2 okpyxKHOCTB), {(Z03, Y03), (Toa, Youa)} — AAS
BTOPOH Tapbl Okpy:kHOcTel (1-3 okpyxkHocTh), {(Zos,Yo0s), (Tos, Yos)} — Aas Tpe-
Thell Mmapbl OKPYXKHOCTEH (2—3 OKPYKHOCTb).

BriGupaeM 1Mo OOHOMY peIleHHI0 M3 KaXAOH Mapbl Tak, YTOObI MEpUMETp Tpe-
yroJibHUKa, 06pa30BaHHOTO 3TUMH TOUKAMH, OblT MHHUMAJEH:

(kv L, t) = arg kIen{i1n2} Z p((kav yOk)7 (xOla yOl))?

e {3,4}
t € {5,6}

rae p((zok, Yox), (Tor, vor)) = v/ (Tor — zor)® + (Yo — Yor)> — PaccTOsiHHE MeXIy pe-
HIeHUAMHU.

Ecsu mapa okpy»KHOCTell 1aéT B KauecTBe pelleHHs OfHY TOUKY (TOUKY KacaHH$
WJIH CPeNHIOI TOUYKY B CJydae OTCYTCTBHS TepecedeHHi), TO MOXKHO CUMTATh, UTO
3Ta TOYKA MPOCTO MOBTOPSETCS ABAXKIAbI, U TOTJA 3a4ada CBEAETCS K TOJNBKO UTO
pPacCMOTPEHHOH.

B oTcyTcTBUM OIMOOK M3MepeHHUsl MoJydeHHOe HadyajbHOe MPUOIUKEHHE KOOp-
IUHAT [OJI2KHO OBITb €IHHCTBEHHBIM.

Ecau umeroTcss oWIMOKU H3MepeHHs, TO HeOOXOAUMO MHHHMU3HPOBATh JUOO
HeBSI3KY ypaBHEHHH, 1060 OIMOKY H3MepeHUs paanycoB. JJisi 3TOr0 Mbl IPUMEHUM
UTEepaLMOHHYI0 Npollenypy Ha ocHoBe MeTona HeiortoHa-Padcona.
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4. IleneBble (pyHKIMHU AJiSl TOUCKA ONTHUMAJbHBIX pelleHUH

Tak xak B OOJIBIIMHCTBE CJIy4yaeB CHUCTeMa ypaBHeHHi (1) B CTporom cmbicie
pelleHUH He KMMeeT, — HeOOXONMMO HaWTH ICeBAOpelLleHHe, KOTOPOe MOXKeT ObITh
BeiOpaHo mo-pa3Homy. [lpensaraercs nBa BapuaHTa:

1. TlceBnopelieHHe MUHMMH3UPYET AJHHY BEKTOpA HEBSI3KH 1) = (11,...,7M,)" .
[Tocsie BBemeHUs] BeKTOpa HeBs3KM B ypaBHeHus (1), oHu mpeobpasyroTes K
BULLY:

(z—m)’+@y—n)?—Ri= n

(=)’ + (y— )’ — Ry = o (19)

2 2 2
(=) +(W—yn)” — R = 1.
HCGBﬂOpeLHeHI/Ie 6y,HeM HCKATb, HUCXOAA W3 MHHHUMHU3ALUUU KBaI[paTa HOprI
HEBA3KU.

n

Inl]? = Flz,y) = > (@ =2+ (y — 5)* — B)* > min.  (20)

=1

2. MUHMMHU3MPYeM OIIMOKY M3MepeHHs paauyca € = (e1,...,&,)". [Ipu BBeneHun
BEKTOpa OLIMOOK £ B UCXOAHbIE ypaBHeHHUs (1) mosyuum:

(z—2)’+(y—wn)’= (Ri+e)
(z—22)°+ (y— )’ = (Ro+e2)

(z — xn)Q + (y — yn)2 = (R, + 5n)2'

[TonenuB kaxknoe ypaBHeHHe Ha R; # 0, cuuras, uyto R; > ¢; 0Jd BCeX i =
1,...,n (B 3TOM cJydae caaraembiM €7/ R; MOXHO npeHedpedb), npeodpasyem
CHCTEMY YpaBHEHHUH K BHLY:

(enPrwow?
_ — 61
2R?
(. —22)* + (y — 1)° 1 —
2 —1= &
R (21)
([L’ - xn)z + (y - yn)2
1= e
\ 2R? e

Bropasi ueneBasi (pyHKIUS BblpaxKaeT 3agadyy MHHHUMHU3aLUU OLIMOKH HU3Mepe-
HUSl PaHUyCOB:

el = o) = 3 () i 2
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5. AJropuT™m BbIUMCIEHHUS OIIEHOK KOOPAWHAT HAa OCHOBE Me-
toga HeroroHna-Pagcona

Brille mokasaHo, KakK MOJNY4YHTh HadajbHble MPUOJIMMKEHHS MIJisi 3aMycKa 3TOro
UTepalnOHHOr0 ajaroputMma. /s BbiBOIa ypaBHEHHWH HTepalUHd IJsi TepBOH leJe-
Boi Qynkuuu F(z,y) = ||n||* nponuddepenunpyem (20) mo x u y U nosydeHHbie
ypaBHEHHs TIPUPABHSIEM K HYJIIO:

n

> (2 + = )~ R =) = 0

S (@ —2)? + (y— ) — By —w) = 0.

=1
Ham HeoOxonuMMo pelnTh 3Ty CUCTEMY HeJMHEeHHbIX ypaBHEHUH.
B o6uiem Buae utepauus HeloToHa A/151 cUCTEMBI

Fi(z,y)=0
Fy(z,y) =0

6yaeT BBITJIAAETb TaK

<$k+1):<$k)_ dr dy (Fl(xkvyk)) (23)
Yrt1 Yk OF, OF, By, ye) )

[Tpu peanusaunu Ha DBM 006paTHYI0 MaTPUIy MOXKHO BBIYMCJHTH SIBHO.
[TosyunMm BelpakeHHusl [Ji1 3J1eMEHTOB MaTpPULbl TPOU3BOAHBIX:

aFl 2390—331 F - - R Y —22 (v — )

OF. OF. -
2—22 (v — vi); a_;: D (=) +3(y —wi)* — R

=1

HbioToHOBCKAsT UTepalysi AJsi BTOPOH LiesieBOi (QyHKUMHU ||| mosyyaercs: aHa-
JIOTHYHO.

CnepBa nuddeperunpyem (22) ¥ Moay4uM CUCTEMY ypPaBHEHHUH:

’i(@—m?;@—w_1)@_%): 0

=1 g
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BrluncssieMm MaTpUIly MPOM3BOAHBIX IJs1 JAHHOH CHCTEMBl YPaBHEHHWH M amIpok-
CUMHUpYEeM JIMHEHHBIM yYpaBHeHHeM, YTOObl MOJNYyUHTb UTEPALMOHHBIN mpolecc (23).
[TonyyeHHass MaTpuLa NPOHU3BOAHBIX MpeNCTaBIeHA HUXKeE:

G (-2’ +y—w)? |\ G @) (y—u)
oz Z( R L) dy 22 R}

=1

1=

0G, “(r—x) - (y— i 0G, - x—x;)* 4+ 3(y —v:)* — R?
22( )Rg(y Yi) Z(( )? +3(y — ui) _1)'

- Y

oz y — R?

3aMeTHM, 4TO [PHU MOJTyYEHHH HOBBIX JaHHBIX, 00€ LeJeBble (PYHKLUHUH M01ydaioT
JIOTIOJIHUTENIbHOE CJlaraeMoe, a, 3HAa4HT, BCe BbIBeJleHHble HaMH (DOPMYJBI OCTAKOT-
Csl BEPHBIMH TPH YCJIOBHH, YTO COOTBETCTBYIOLIHE CJaraeMbie N0GaBSIOTCS BO BCe
ypaBHeHHsi. MBI MOXeM CYMTaTh, UTO LieseBasi PyHKUUST — 3TO (DYHKIHs, 3aBU-
csilasi He TOJbKO OT = W y, HO W oT n. Takum obpasom, ||n||*> = F(z,y,n) u
lell* = G(z,y,n).

6. Onucanuve UTOroBOro ajropurMa

[lar 0. dns nepBBIX TPEX MOCTYNMHUBILIMX W3MEPEHHUH BBIUMC/SEM Hada/JbHOE MPHUOJIH-
JKeHHe 1o ajaroputmy Ha ctp. H4. Ilomoxum n = 3.

[llar 1. YTounsiem Mertomom HbioToHa-Padacona mo ¢opmynam (23) pelneHue nJs
F(z,y,n) unn G(z,y,n).

[lar 2. Ilpu mocTynjeHUH HOBBIX H3MepPEHHH yBeJUUUBaeM n = n + 1 U pacliupsem
MacCHB NaHHBIX 3HAUEHUSAMH X, Yy, U R,. [lepexogum na lar 1.

DakTHUECKH JaHHBIH aJITOPUTM MOXKeT paboTaTh ¢ OOHOBJEHHSMH, a 3HAUUT
MoxeT ObiThb MepepaboTaH B amanTuBHbIH. [locTynaiomive u3mepeHusi MOTYT Ha-
KalJ/JUBaTbCS NJS MOBBILIEHUS TOYHOCTH HW3MEPEeHHH, a cTapble U3MepeHHsl OT TeX
’Ke caMbIX TOUEK MOTYT OTOpachiBaTbCsi, 0OHOBJISAS HH(pOPMALUIO O MoJjoxeHUH. Ha
OCHOBe OOHOBJIEHMH MOXHO IMOCTPOHUTb CHUCTEMY, OTCJEKUBAIOLLIYIO MepeMelleHHs
3JI0yMbILIJeHHUKA.

7. UYuciaeHHble IKCIEPUMEHTDI

Jlnst npoBeieHUsT KOMITBIOTEPHBIX 9KCIIEPUMEHTOB MPeACTaBJIEHHbIH aJrOPUTM pe-
aJM30BaH B MpeAMETHO-OpUeHTHPOBaHHON cpene Scilab.

Llenb MoaeMpoBaHUsl — MOKa3aTb pPabOTOCNOCOOHOCTh aJArOPUTMa, €ro IPAHUILbI
IPUMEHUMOCTH B paMKax pa3paboTaHHOW MaTeMaTH4eCKOH MOJeNH U MOBeleHHe MpH
OTKJ/IOHEHUH OT MOJEJIH.

Ha MoMeHT HamucaHHs CTaTbU NPOBENEHO MpedBapUTe/bHOE MOJAEJHPOBaHMUE,
KOTOpOE MOKa3blBa€T CXOAMMOCTb aNrOPUTMa K TOYKE PeajlbHOrO PacoJIOKeHUs
HEeCaHKIIMOHUPOBAHHON TOYKH [OCTYyIa.

[Ipy mpoBeneHHH KOMIBIOTEPHOTO 3KCIEPHUMEHTA CYUTAETCs, YTO OLIMOKa H3Me-
peHMs MpeACTaByaseT co00M Oesblii TayCCOBCKHUU IIYM C HYJEBBIM MaTeMaTH4YeCKHM
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OXXHJAHHEM M aucriepcuedl 0. PacrosokeHue Touek HaGJIOIEHHS OCYLIECTBJISAN0CH
pPaBHOMEpPHO B OKpPYKHOCTH panuycoMm 70 merpoB. HecaHKIMOHHMpOBaHHAs TOuKa
JOCTyTa pacroJiarajgach Takxke CJAy4alHO BHYTPU YKA3aHHOHU BHILIE OKPYXKHOCTH.
B pamKkax KOMMbIOTEPHOTO IKCIEePUMEHTa OblJI0 YCTAHOBJEHO, UTO OLEHKH, MOJY-
YeHHble HAa OCHOBe JIBYX paHee PacCMOTPEHHBIX TOAXOAOB: MUHUMHU3ALUWUU HEBS3KH
ypaBHEHWH W MUHUMH3alUHWKU OLIMOKH H3MepeHHs PaguycoB, — JAAlT ONHWHAKOBbIE
yucJjeHHble peuieHusi. [ToaTomy nmpu peanusauuu MOXXHO OTPAaHUUYUTbCS MUHUMU3aA-
uel HeBSI3KM, TaK KakK ypaBHEHHs, MoJydaeMble Ha OCHOBE 3TOr0 MOAXOAa, UMEeIT
MeHbllle onepauuil 1eJeHus, a, CJAe0BaTe/NbHO, Jerue peaqusyTcs B anmnaparype.
B manpHeHIINX HCcael0BaHUSIX HEOOXOIUMO:

® 0CTaBasiCb B PaMKaX MOJEJ/H, MOJYYUTb 3aBUCHMOCTb a0COJIOTHOH U OTHOCH-
TeJIbHOW OLIMOKH U3MepeHHs MOJIOKEHHUS TOUKH AOCTYIa OT IyMa U3MepeHUH;

e B paMKax MOJEJH OLIeHUThb BJHsSHUE OLIMOO0K H3MepeHUsl KOOpAUHAT HabJona-
TeJiell Ha OIIMOKY U3MepeHUs MOJ0XKEeHUs] TOYKHU JOCTYIa,;

® YTOUHHUTb MOJeJb PEeaJbHOr0 WyMa HM3MepeHHUH U ero BJMSHHS Ha OLEHKY
KOOpAMHAT, NpoBeAsl U 00paboTaB HATYpHBIE KCIEPHMEHTH;

® [I0 pe3yJibTaTaM MOAEJHPOBaHHA YTOYHHUTbL MOOEJb I/ISMepeHI/Iﬁ WU NPOBECTH
IIOBTOPHbIE KOMIIBIOTEPHbBIE SKCIIEPUMEHTHI,

® peasM30BaTh KJIMEHTCKOE MPUJIOKEeHHe IJ1s1 MOOHJbHBEIX miaatdopM (cMapTdo-
HOB), ofecreynBallee cO0pP AaHHBIX O MOIIHOCTSX CHTHAJOB TOYEK JOCTYTa
U KOOpAMHAaTaxX HabJjioparens;

e peasn30BaThb CepBepHOE TNpUJIOKeHHe, obecreyuBalollee MOJyYeHHe NAHHBIX
oT HabJgionartesed U NPOMU3BOAsIIEe PACYET HUCKOMOTO PacOJOKEHHUS TOYKU
LOCTYTIa;

® [IPOBECTH HATYPHbIE SKCIIEPHUMEHTEI 10 MeJEeHI'Y HECAHKIIHMOHUPOBAHHLIX TOYEK.

3akJaueHue

B pa6ore mnpencraBieHa MaTeMaTHueckash MOJAEJb H3MEPEHHs MOJIOKEeHUS
HECaHKIIMOHUPOBAHHOHW TOYKM AOCTyNa. Pa3paboTaH BBIYUCJMUTENbHBIH aJrOpUTM
1J151 JaHHOW Moze/H. [IpoBeneHO KOMIIbIOTEpHOE MOJeIMPOBAHHE, KOTOPOE M10Ka3aJo,
UTO B paMKaX Moje/H pa3pabOTaHHBIH aIrOPUTM CXOAMUTCS K TOUKE peasibHOTO pac-
T0JI0XKEHUs] TOYKK OecrpoBogHOro noctyna. s peanusaluny U CO3aHUS ONbBITHOIO
o6pasna TpebyIOTCS AOMOJMHUTENbHBIE paboThl M H3bicKaHus. CocTaBieH pabodui
NJaH JaJjbHeHlIero pa3BUTHS MpPoOeKTa.

JlaHHBIA monxon MoxKeT ObITh MOJIe3eH He TOJbKO AJsi 0OHApYKeHHs HEeCAHKIIU-
OHHPOBAHHBIX TOYeK OECHpPOBOAHOTO NOCTyMNa, HO U 1J51 YTOUHEHHUS PACIIOJNOKEHHS
TOYEeK AOCTYNa B CUCTeMaX KOCBEHHOTO MO3UIMOHHUPOBAaHHS NPU YaCTHUYHO paboTa-

IOIIMX HWJIM TOJHOCTBIO OTKJIOUEHHBIX CHCTEMaX IJ100aJbHOrO MO3HUIMOHUPOBAHHS
tuna [JIOHACC unu GPS.
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POPMAT JAHHBIX HA OCHOBE XML-PASMETKH OJI4
OBMEHA BUOMETPUYECKHMH OBPA3IIAMU

A.B. Agbtepror, O.A. Bumnskosa, [{.H. JlaBpos

B pa6ote mpencraBsneHo omucaHue dopmata XML-nokymMeHTa, comeprKalllero
6roMeTpuueckue o6pasipl U BeIOOPKH. [Ipu mpoekTnpoBanuu (opmara Oblsia
3a/102keHa MJIaT(OPMOHE3aBUCUMOCTD, pacluupsieMocTb (opmara. Popmar wuc-
noJib3yetcss IJsi oOMeHa AaHHBIMH MeXKAy MOAYJSIMH pa3pabaTbiBaeMod B Ha-
cTosilllee BPeMsl CUCTeMbl cOOpa OMOMETPUYECKUX NAHHBIX.

Beenenue

Pasbop opmata naHHBIX MOXXHO MPOUTHOPHPOBAThb MpU cOOpe NAHHBIX, HO PaHO
UJIM TI03[IHO BCTaHET BONpoc 00 UHTepnpeTalnu coOpaHHbIX AaHHbIX. Komannoi pas-
pabOTUMKOB paccMaTpHUBaJIMCh Ba MOAXO/A: XPAHUTb JaHHble B OTHeNbHbIX (hakinax
B M3BECTHBIX (hopMaTax WJM B yxkKe pa3oOpaHHOM BH[e, HANpuMep, B BHAE CTPOK
Bunpa [[2.0 3.0] [4.0 6.0]] [1]. [TepBblét BapuaHT OBl OTBEPTHYT U3-32 HEBO3MOXKHO-
CTH KOHTPOJIMPOBATh M3MeHeHHUs1 (POPMaTOB U UX OTPOMHOr0O pasHoobpasusi. Bropoii
BapUaHT OblJ OTBEPrHYT M3-32 CUJIbHOH HU3OBITOYHOCTH U HEOOXOAUMOCTH pasbopa
CTPOKH, MPeACTaBJ/SAILIEH MHOTOMEPHBIA MAaCCHB, a TaKXKe «yTPO3bl» peaslbHOHW WU
MHHUMOH MOTEePU TOUHOCTH TPHU OKPYTJIEHHH.

[TpensioxkeHo KoMIIpOMHUCCHOE pelleHre. XpaHUTb OWHApHbIE JaHHble B BHlle Oail-
toBoro noroka (B XML B konupoBke Base64, B 6aze nanHeix B BLOB-nossix mox-
HO XpaHUTb KakK Habop 6aliT) ¢ ykasaHueM creurdukartopa 6aiToBoro mortoka. B
crielrUKaTOpe yKa3blBaeTCsl THUI sYeHKM M MaKCHMaJibHOe 3HaueHHe MapameTpa,
KOTOpO€ He JOJI?>KHO MPEeBbIILIATh MAKCUMAaJbHOTO UHCJ/IA STYEHKH.

1. XML-cxema

[Ipu nepenaue 6romeTpryeckoro obpasua HaM TpeOyeTcsi CHAOAUTb €ro MHOXKe-
CTBOM MeTaJlaHHbIX. B CBOI0 ouepenb MeTafaHHble MOTYT B COBOKYITHOCTH (POPMH-
pOBaTb HEKOTOPYIO CYLIHOCTb.

K npumepy, ceHcop, KoTopeiM obpasel] Obll CHAT, SBJSASACh YACTbIO OMHCAHUS
o6pasia, MoxeT ObITb NPeACTaB/eH KaK CaMOCTOSATe IbHAs CYLIHOCTb, a CIIMCOK CeH-
COpPOB, MCIIOJIb3yeMbIX B KOHKPETHOH cHCTeMe XpaHeHUs W 00paGoTKH OuUoMeTpHye-

Copyright © 2013 A.B. Aasreprot, O.A. Bumnsakosa, II.H. Jlaspos
000 «JliokcodpT»; OmMcKni rocynapcTBeHHbIH yHUBepcuTeT UM. .M. JlocToeBcKOro
E-mail: avaltergot@gmail.com, olga@Rinfotekorg.ru, lavrov@Qomsu.ru
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CKHX 00pasioB, MOXKeT ObITh TepelaH CaAMOCTOSITENbHO Kak crpaBouHUK. CTPyKTypa
snemMeHTa <sensor/> B crannapre XML Schema nwmeer crenyromuii Bun:

<xs:complexType name="Sensor">
<xs:sequence>
<xs:element name="name" type="String"
minOccurs="0" maxOccurs="1"/>
<xs:element name="description" type="String"
minOccurs="0" maxOccurs="1"/>
</xs:sequence>
<xs:attribute name="id" type="Long" use="required"/>
</xs:complexType>

CeHcopr MOTYT ObITh Pa3JUYHBIX THUIIOB. B uactHocTH:

<xs:complexType name="Microphone">
<xs:complexContent>
<xs:extension base="Sensor">
<xs:sequence minOccurs="0"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

B naHHOM ciydae TN ceHcopa «MUKPO(OH» He MMeeT KaKHUX-JAMOO HONOJHH-
TeJbHBIX XapaKTePUCTHK, HO B OYNYLIeM OHH MOTYT MOSIBUTbCS, TIPH 3TOM 0a30BbIH
THUI Sensor MeHsITbcs He Oyer.

CnenoBatesibHO, 3JeMeHT <sensor/> B XML ¢atine umeer Bun (B JaHHOM
cydyae MUKPO(OH):

<sensor xsi:type="bio:Microphone" id="1">
<name>Genius</name>
<description>10Hz-22kHz</description>
</sensor>

Jlns sanemenTa <sensor/> o6s3aTe/bHbIM ABJs€TCS JAULIb aTpubyT @1id, KoTO-
pOro J0CTaTOYHO /51 ONpefeseHUs] CEHCOpa, MPH YCJIOBUM, YTO OH M3BECTEH CHCTe-
Me. Mbl npeanosaraeM, 4To BCe M3BECTHBbIE CHCTEMe CEHCOpbl OYAYyT BHOCHUTbCS B
Heé 3apaHee, C MPUCBOEHHEM COOTBETCTBYIOLIero id. dneMeHT <sensor/> MOXeT
ObITh YACTbIO ONMHCAHHS 00pas3la M 3/JeMEHTOM CIHMCKa CIIPAaBOUYHHKA CEHCOPOB B
caydae ero BHIrpy3kd B XML.

AnanoruuHo, naHHble 0 CyOBEKTe BBIIENAIOTCS B djeMeHT <subject/>. Onu-
caHuWe THIa:

<xs:complexType name="Subject">
<xs:sequence>
<xs:element name="hash" type="String"
minOccurs="1" maxOccurs="1"/>
<xs:element name="gender" type="Gender"
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minOccurs="0" maxOccurs="1"/>
<xs:element name="birthdate" type="Date"
minOccurs="0" maxOccurs="1"/>
<xs:element name="document" type="String"
minOccurs="0" maxOccurs="1"/>
<xs:element name="comment" type="String"
minOccurs="0" maxOccurs="1"/>
</xs:sequence>
<xs:attribute name="id" type="Long" use="optional"/>
</xs:complexType>

O6si3aTeibHBIM y <subject/> siBasercss Hanuuue hash’a. Mbl HaksiagbiBaem
YHUKaJbHOCTb Ha hash B paMKax CHUCTeMbl, TOCKOJbKY OHOMeTpUUYecKHe 00pasibl
XpaHATCS U IepefaroTcss 00e3/MYeHHBIMH, B TO BpeMsl Kak hash BblYMC/AsETCS 110
NepCcoHabHbIM NAHHBIM HCIBITYyeMOro. Takum o6pa3oM, Mbl BCerja 3HaeM, uTo 00-
pasupl, Oyoydd CHATH B pa3HOe BpeMs Pa3HbIMU CIOCOOAMH, MPHUHALMNEKAT OfLHOMY
U TOMY 2Ke 4eJIOBeKY, HO HeM3BeCTHO KoMy MMeHHo. [Ipumep <subject/> B XML:

<subject>
<hash>87cc535abl7...ea286</hash>
<gender>MALE</gender>
<birthdate>2013-01-01T00:00:00.000zZ</birthdate>
<comment>Comment</comment>
</subject>

Ormerum, yto TUnbl String, Long, Date, Gender W JApyrue MpoOCThbie THIIbI
OIMHKCaHbl B CXeMe, UX BUJ UHTYHUTHBHO MOHATEH, He TpeOyeT OTAeJbHbIX MOSICHEHUH.

Kak yxe OblJIO CKa3aHO, mepenaércs U XpaHUTCS OHOMeTpUUecKUH obpasel +
MeTanaHHble. OnucaB OTAe/bHbIE CYIIHOCTH, Mbl MOXKEM MePeHTH K «LeHTPaJbHOMY»
3JileMeHTy OMoMeTpHUYecKol cxeMbl Ha ocHoBe XML.

CrpykTypa ero cjaenymouas:

<xs:complexType name="Sample">
<xs:sequence>
<xs:element name="timeStamp" type="Date" minOccurs="1"
maxOccurs="1"/>
<xs:element name="binaryData" type="BinaryData"
minOccurs="1" maxOccurs="1"/>
<xs:element name="format" type="String" minOccurs="1"
maxOccurs="1"/>
<xs:element name="hash" type="String" minOccurs="1"
maxOccurs="1"/>
<xs:element name="subject" type="Subject" minOccurs="1"
maxOccurs="1"/>
<xs:element name="sensor" type="Sensor" minOccurs="1"
maxOccurs="1"/>
</xs:sequence>
<xs:attribute name="id" type="Long" use="optional"/>
</xs:complexType>
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OneMeHT <binaryData/> tuna BinaryData COmepXUT CHATHIH OMOMETpH-
yeckuid obOpasen. Ha naHHOM 3Tane pa3BUTHS CUCTEMbl NOA 3THM THIIOM IOAPA3y-
MeBaeTCs OOBIKHOBEHHBIH MaccuB GaliT B opmare Base64. B Gymyiiem, oH MoxeT
COZIepKaTh CCBHIJIKY Ha (a1 B (halJOBOH CHUCTeMe UM BbIMOJHEH B Buae attachment.
B nto6om caydae, cHATBIHM oOpasel npeactaByaseT co6oi Habop 6aiiT, a HHPpOPMaLKIO
0 TOM, KaK HHTepIPeTHPOBaTh 3TOT HabOp, COLEPKHUT aneMeHT <format/>. Arpu-
OyT @id He sBssgeTcs oOg3aTesbHBIM [J5 3/eMeHTa <sample/>, NPUCYTCTBYeT B
cayxebHbix Heasx. as hash tpeboBaHue aHaJOrMUHOE TAKOBOMY [JIsl dJ€eMEHTa
<subject/> (cM. Bhbille).

AnasornuHo ceHcopaM 00pasilibl HMEIOT pasJduHble THUMBL. B yacTHocTH, omuca-
HUe oOpaslia THMa «peueBod obOpasel»:

<xs:complexType name="VoiceSample">
<xs:complexContent>
<xs:extension base="Sample">
<xs:sequence>
<xs:element name="text" type="Text" minOccurs="1"
maxOccurs="1"/>
<xs:element name="handMarking" type="String"
minOccurs="0" maxOccurs="1"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

3amMeTHM, UTO peueBOH 0Opasell COAEP:KHUT NOTONHUTEbHbIE XapaKTepHble CBOM-
CTBa, KaK TO: NMPOUMTAHHBIH TeKCT (37eMeHT <text/>), pydyHas pa3meTka (QpoHeM
(<handMarking/>). Ilpyrue Tumbsl 06pa3ioB MOI'YyT MMeTb MHIUBHAyaJbHble Xa-
paKkTepHble CBOHCTBA.

Hcxonst u3 BhilleckazanHoro, XML-nokyMeHT, cofepxKaliuii peueBoid 6HOMETpPHU-
yecKU# obpasell, CHATBIA MUKPO(OHOM, OyIeT UMeThb CJAeAYIOUHUNA BUL:

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<bio:samples xmlns:bio="http://omsu.ru/fkn/ctn/bio/sample/schema">
<sample xsi:type="bio:VoiceSample"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<timeStamp>2013-08-30T00:44:30.143z</timeStamp>
<binaryData>
<data>
EuwVAhKgFC8TZx ...<omitted output>...
A3ADMAGAAXARH/0/+3/4X/Vv9e/3n/jf+d/37/XP9K/yb/Qvov
</data>
</binaryData>
<format>84000:s:48000</format>
<hash>1b7040708946478db8d834f ... eff6l</hash>
<subject>
<hash>c65cdec4aa512£67£d75 ... 370la</hash>
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<gender>MALE</gender>
<birthdate>2013-08-30T00:00:00.000Z</birthdate>
<comment>comment</comment>
</subject>
<sensor xsi:type="bio:Microphone" id="1">
<name>Genius</name>
<description>10Hz-22kHz</description>
</sensor>
<text>
<hash>3b44a07140e76ddb26ae8 ... c7d82</hash>
<text>absruo</text>
</text>
</sample>

JlocTouHCTBa

e OmucaHHBIH MOAXON JesaeT BO3MOXKHBIM B3aHMOJIEHCTBHE ¢ GHOMETPUUYECKUM
00pa3uoM, Kak ¢ 00beKTOM B paMKax NPUBBIYHONW 00BEKTHO-OPHEHTHPOBAHHOU
monenu. OnHoBpemeHHo ¢dopmar XML siBisieTcss TEKCTOBBIM, YTO MO3BOJISET
4esI0BeKy 4YMTaTb M PeJaKTUPOBaTb MeTaJaHHble 0e3 HUCIO/Nb30BaHUS CIIeLH-
aJIbHBIX CPelCTB.

e Texnosoruss XML Schema nosBossier Banuaupoats XML-nokymeHT no onu-
CaHHBIM MpPaBUJAM.

e TexHosoruss XML Schema mosBoJsisieT MpUMeHATb HHCTPYMEHTBI KOJIOTeHepa-
LU /15 00BEKTHO-OPUEHTHUPOBAHHBIX S3bIKOB MPOrPAMMHPOBAHMUS, UTO YCKO-
psieT mpolecc pa3paboTKu mnpujaoxeHud. B kommiekce ¢ kapkacamu XML-
NapcUHra MOAXOA I[103BOJeT OBICTPO M YHOOHO HMHCTaHLMHUPOBATb B NaMATH
00BEKTbl OMOMETPUUYECKUX 00Pa3LOB.

Henocraku

e @dopmar XML, B cuiy CBOUX 0COOEHHOCTEH, BHOCHUT NMPUJIUUYHYIO HOJIO CJIY-
’KeOHBIX TEeroB B NepefaBaeMble JaHHbIE.

e lcrosb3yeMblli HAa 1aHHOM 3Tare MOAXO[ Mepenayu OMHAPHOH WH(pOpPMALUUA —
dopmat Base64 — siBaisieTcst u3OLITOUHBIM, 106aBjsieT 1/3 oT 06bEMa NaHHBIX.

e B rTekyllell pegakuuu cxema AaHHBIX MOApPasyMeBaeT NyOJUpOBaHHE HEKOTO-
pBIX 3JeMeHTOB. Hanpumep, KOHCTPYKLUSA
<subject><hash>ABC<hash/><subject/>
Oynet 00513aTeIbHO MPUCYTCTBOBATh B KaxKAOM 00paslie, CHATOTO C 4eJOoBeKa
¢ hash=ABC.

2. ®dopmar cneuuduKkaropa

®opmar 6GUHAPHBIX AAHHBIX OMHCHIBaeTcs TIroM <format> comepxKamum crie-

uugurkatop ¢opmara. Ero cTpykTypa omuchiBaeTcs cjaefylolHUM 06pa3oM:
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;]VlX...XNiX...XN@ITlMl...TLMLIFS,

pPa3MepHOCTb

rie R — pa3MepHOCTb JaHHbIX;

N; — KOJM4YeCcTBO TOUEK Ha COOTBETCTBYIOLIEH ¢-H OCH;

L — uucsao noael B siueiike;

T;M; — tun sueiiku (1) 1 MakcHMaJbHOe 3HaueHue (//;), KOTOpoe MOXKeT OBbITb
OMYIIEHO, UTO OyIeT 03HaYaTh, UTO OHO COBMAJAeT C MAKCUMAaJIbHbIM, OTPEAE/ISIEMbIM
tunom; T; = {b,s,i,l,B,S,1,L, F, D},

B — o6aiit 6e3 3naka (8 our),
S — cJoBo 6e3 3Haka (16 6uT),

I — nBoi#HOe cyoBoO Oe3 3Haka (32 6ura),

L — ueTBepHOe c/ioBO Ge3 3HaKa (64 OuTa), B HUXKHEM PErHCTpe Te XKe
pPa3MepHOCTH CO 3HAKOM (COOTBETCTBYIOT B TOYHOCTH THIIAM java:

b — byte,
s — short,
1 — int,

[ — long,

F — cootBerctByert java float (32 6ura),
D — cootBetcTByeT java double (64 6ura).

F, — dacrora AHMCKpeTH3allMH B repuax (mjs 3ByKa, CHTHAJOB aKCeJepOMETPOB
M rpaHuuecKoro IJIaHIIeTa), pas3pellieHHe IpPU Ted4aTH B TOUKAxX Ha AWHM (nJs
M300paXkeHHH), B Kaipax B CEKYHIY JJIsl BUIEOMOTOKA;

: — paslesiuTesib MeXJy TPyNNaMHi ONHOTHIHBLIX TMoJied (@ — OTCYTCTBYIOIee
noJjie, 3HaueHHe M0 YMOJYAHHUIO B COOTBETCTBHH C THIIOM);

X — pasiesuTesNb BHYTPH TPYIIbl Pa3MEPHOCTb (X X — 3HaueHHe 10 yMoJsda-
HHUIO B COOTBETCTBHU C THIIOM); B peaibHOoM XML-(aiise BMECTO X HCMOJNb3yeTcs

2.1. Ilpumeps! cnenmbpukanui popmara
Hzob6paxenne pasmepom 320 x 200 B hopmare RGB ¢ paspemennem 300 dpi:

320x200:BBB:300 — cokpauéHHas ¢hopma;
320x200:B255B255B255:300 — noJsiHas opma.

Nzo6paxenne pasmepom 320x200 B popmate CMYK c paspemennem 600 dpi:
320x200:BBBB: 600

MoHo3ByKOBast 10poXKKa ¢ yacToTod nuckperusaunu 48 k' u 32-6utHoi ound-
poBko# (4 6aiita), 1000 oTcuéTos:
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1000:I:48000 — HeueHTPUPOBAHHBIE UJIH

1000:1:48000 — weHTpUPOBAHHBIE OTHOCUTEJ/BHO HYJIS OTCUETHI.

Crepeo3ByKoBasi HOpOXKKa € 4yacTOTOM aAMckpetudauunud 22 klu u 16-6utHoit
ourdpokol, 32000 oTcuéToB:

32000:I1:22000

launble rpaduueckoro mianmera A6 (4,13x5,83 mroiima) ¢ 4acToTol IHUCKpeTH-
sauuu no BpemeHu 50 [ u paspelenunem no ropudoHTadu u Beptukanu 2540 dpi
(Ipi) u 512 ypouamu nasaenus, 2000 oTcuyéTos:

2000:FFS512:xxx:50, ecau pa3pelieHre cpady nepeBoautcs Bo float

WJIM, €CJM He TePeBOAUTCS, — HCIOoJb3yeM (opmaT 6e3 CcokpalleHUH
(4,13*2540=10490,2 Touek; 5,83%2540= 14808,2 ):

2000:5104915148095512:50.

[Tpumep copmar-ctpoku Bugeonotroka B 1000 kagpos pasmepom 320x200 B hop-
mate RGB u yactoroil 30 kan. / cek.

320x200x1000:BBI:30.

2.2. Ilopsimok Gaut

[lopsinok 6GaiiT asnsi 3anucu uuces OyaeM HCMOJb30BaThb OT CTapwIUMX OalT K
MJaAUM. DTOT MOPSAOK He COBNAfaeT C MPUHATBIMH COTJIALIEHHUAMM [JIs1 ap-
XUTEKTYphl TpoueccopoB Intel, HO sBsasieTcss Gosee ecTeCTBEHHBIM H, KPOMe TO-
ro, BIG_ENDIAN wucnoJjb3yercs no ymoJauyaHuio B Java. IlpeoOpasoBanus wu3
BIG_ENDIAN B LITTLE_ENDIAN B A3blKe Java He MpeacTaBJseT CJIO’KHOCTH .

2.3. PeryaspHoe BbIpaxkeHHe [1Js NPoBepKHU (opmaT-CTPOKU

Tosbko psg yno6¢TBa NpeacTaB/leHUs pery/sipHOe BblpaxkKeHHe pa3OUTO HUXKe Ha
TPU CTPOKH C OTCTyMaMHU:

((?:[1-91[0-9]1*) (?2:x[1-9][0-9]*)*):

((?:[B,b,I,i,L,1,S,s,F,D](?:[1-91[0-91*)2(2:\\{\\w+2\\})?)+):
([1-9110-91*(2:\\{\\w+\\})?)

PerysnsipHoe BblpakeHue MpencTaB/sieT COO0OH eAWHYI CTPOKY 6e3 KaKuX-Jubo
npoOeJIoB.

PerynsipHoe BblpakeHHe CQOPMHUPOBAHO TaK, 4YTOObI CTaHAAPTHbIE TPYMIIbI
group(1l), group(2), group(3) comepzKamau noJisd, pasaeJeHHble 1BOCTOUUSMH,
KOTOpbIe B MOCJeNyIOLeM MOXHO OyneT pasdupatb OTAEJBHO.

151 mpoBepku pabOThl pery/sipHOro BbipaxkeHus co3nanbl JUnit-TecTsl.

Tlpumepsl cMeHbl mopsiika GaHT MOXKHO HallTHM B cTaTbe http://javainception.
ru/index.php/sistemavvodavivodajava/sistemavvodavivodajava/
o-poryadke-baytov.html
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2.4. Kpuruka

[TpucyTcTBYeT M3MEHUHMBOCTb €IMHHUL H3MepeHHs Fs: To 3To MoxkeT ObITh dpi,
a moxeT ObiTh Hz uaum fps (kagpoB B cekyHpmy). Hns yaydiieHUs 4uTaeMOCTH H
Jydllero MOHWMAHUS KOHTEKCTa pelIeHO BBECTH KOMMEHTapuM B (opMaT-CTPOKY
(?:\{\w+\})?). Takum o6pazom, hopMaT-CTPOKH C KOMMEHTAPHUAMH Telepb Bbl-
TJASAST TaK:

1000:B:100{Hz}

123:L{x}L{y}L{p}L{t}:60{Hz}

1000:L{x}L{y}L{p}L{t}:60{HzZ}
320x200:B255{Red}B255{Green}B255{Blue}B255{null}:300{dpi}

3. 3akamuenue

B pesynbTaTe MJHTENBHBIX AUCKYCCHH B KOJJEKTHBE pPa3pabOTUHMKOB BblpaboOTaH
(opmart, KOTOPHIH YAOBAETBOPsieT OOJbIIMHCTBO pa3paboTunKoB npoekrta. Crnenudu-
Kauus (opMaT-CTPOKM IpejcTaB/eHa B JaHHOW cTaTbe. PaspaboTaHo peryi/sipHoe
BblpakeHue /s ObICTPOM MPOBEPKH KOPPEKTHOCTH (pOPMAT-CTPOKHU U e€ MocJ/eqyto-
mero aHanusa. Cospanbl JUnit-TecThl 1/ MOAY/NBHOTO TECTHPOBAHMS HCIOJb30BA-
HUSI 3TOT'O PEryJsipHOTO BbIpaXKeHHUS.

B npoekTax, B KOTOPBIX MCIOJb3yeTCs TEKCTOBOe INpeACTaBJ/eHHe COOHMpaeMbIX
NaHHbIX, (hOpMaT U MOAXOM, ONHUCaHHbIe B [1], MOTYyT ObITh ynoOHEE B HCMOJIb30BAHUH
M B NeHCTBUTEJBbHOCTH aKTHBHO IMPOLOJIKAIOT Hcmo/b3oBaThes [3]. Tem He MmeHee,
npenCcTaBJeHHbIH B 1aHHOU paboTe gopmaT HoJiee yHHBepcaJseH. B Hacrosiiee Bpe-
Ms pa3pabateiBaetcs Bropas Bepcusi JSON-tdopmata, KoTopasi OyfeT UCIONb30BATh
UJIeU U TOAXOMbI, ONMCcaHHble 3aech aiasg XML.

OnucaHHas B JaHHOH craTtbhe cxema XML-nokymeHTa B HacTrosiliee BpeMs HC-
noJib3yeTcsl B pa3pabaTbiBaeMoii cucteMe c6opa OMOMETPUUECKUX AaHHBIX, KOJ KOTO-
po# pa3meliaetcsi Ha cepBepe bitbucket mo ampecy: https://bitbucket.org/
dlavrov/biometricsmodelling. Pe3ynbrarsl pa6oThl AOKJIaAbIBANIWCh HA Ha-
YYHOU KOH(epeHLHH [2].
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OBb30P ITPOTPAMM
«9JIEKTPOHHASA KAPTA INTAIIMEHTA»

A.l'. ApyXuHuH

YKe NaBHO MeNMUMHCKHE LEHTPbl U MyHHLMMAJbHble GOJbHULBl HUCIONb3YIOT
NpoCTeHIlINe 3JeKTPOHHbIE KapThl MAallUeHTOB, YCTAHOBJAEHHbIE HA KOMIIBIOTEDHI
B peructparypax. Takue KapThl CO3[1aBajUCb C LeJbI0 YIPOCTUTb U YCKOPHUTb
NpOLeCCHl IHAarHOCTUPOBAHHUS, coOpaTh AaHHble O NallMeHTe, Ha3HAuUWUThb Jeye-
Hue. OTbIT, OMYYeHHBIH B pe3yJsbTaTe 0630pa MHOXKECTBA MOLOOHBIX MPOrPaMM,
N03BOJISIeT CO34aTh ONTHMaJ/bHOE NIPOrpaMMHOe oOecledeHHe AJs JeKTPOHHOH
KapThl 60JBHOTO, KOTOpOe OYAeT OTBeYaTb COBPEMEHHBIM TPeOOBaHHUSM M COOT-
BETCTBOBATh OXHMJAHUSIM Bpaued U MaLHeHTOB.

Beenenue

YKe naBHO MeIMLMHCKHE LEHTPbl M MyHHLMUNaJbHble OOJbHULBl HCIOAB3YIOT
MpoCTeHIlne 3JeKTPOHHbIE KapThl MallMEHTOB, YCTAHOBJIEHHble Ha KOMIbIOTEPHl B
peructpatypax. Takue KapThl CO3[1aBaIUCh C LEJbI0 YIIPOCTUTb U YCKOPUTB TPOLEC-
CBl IMaTHOCTUPOBAHUS, COOPATh AaHHbIE O MAlHeHTe, HA3HAUUTD JIeUueHHe.

Ho xak nokasana mpakTHKa, Takhe KapThbl NeperpyKeHbl HEHY>KHBIMH (DyHKIH-
SIMHM, B HUX OTCYTCTBYeT MPOCTOTA U YAOOCTBO MCIIOJNb30BaHHS, U3-32 Uero B 60Jb-
IIMHCTBE TOCYNAPCTBEHHBIX OOJNBHHUI[ OHH CJYXKAT TOJBKO [Js1 pacredyaTKHd TajoHa
Ha npuéM. A yX 006 UHTerpaluy 3J1eKTPOHHOH KapThbl MaLHeHTa C CAMUM MalHeHTOM
peun BooOllle He UOET.

[Tpu paspaboTke nmporpamMmHoro otecrnedyeHusi HH(OPMALHOHHO-aHAJIUTHYECKHH
MOJYJ/1b JOJTOCPOUHOr0 AUCIAHCEPHOTO HaOJ/IOeHUs] MAallMeHTOB, MepPeHECHINX HH-
dapkt muokapna (MAM ITMKC) s uccienoBas oTeyecTBeHHbIE U 3apy0exxHble MPO-
rpaMMbl, CO3/IaHHBIE [/151 06ecreueHus] aBTOMAaTU3aLUH KapThl 60JBHOTO U KOHTPOJIS
3I0pOBbs TMaLKWeHTOB. HeoOXonMMo ydyecTb Bce HEIOCTATKH M MPEUMYIIECTBA UMEIO-
IMXCS TTPOTPaMM, CHeJaTb COOTBETCTBYIOIIME BBIBOABI M CO3[aTh MPeIMeTHYI0 6a3y
1151 peasM3alliy HacTosillel MporpaMMbl.

[TockonbKy KakIblil YesloBeK, OpraHM3alus, Fropoj UH FOCYAapCcTBO NpecyaeayeT
CBOM LleJIM U CO3JaET MPOrpaMMHBIH MPOAYKT MOA CBOM HYXKAbl, TAKHUX MPOrpamMMm
JNOCTaTOUHO MHOTO.

Copyright © 2013 A.T'. JpyxuHuH

Owmckuit rocynapctBeHHblil yHuBepeutet uM. @.M. JlocToeBckoro
E-mail: saschalion@list.ru
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1. dnekrponHas w™eguuuHcKasa kKapta (IMK), cucrema
MenuaJjor

IOMK - 310 ynobHas aBTOMaTH3HpOBaHHAasi aMOysnaTopHasi KapTa MaludeHTa WUJx
(masi cTauMoHapoB) 3J€KTPOHHAs HCTopusi Gose3nu. Mopynb DMK cooTBeTcTBY-
eT TpeOGOBaHHUSIM TOCYAAPCTBEHHOI0 CTaHAApTa <«DJEKTPOHHAs HCTOpPHUS OOse3HU»
(TOCT P 52636-2006).

Mopnynb ycraHaB/iMBaeTcs Ha paboyee MeCTO MeIMUMHCKUX CIIeLHAaUCTOB pas-
HOro mnpocuJ/s: Bpaya, MEAULUHCKON cecTphl, JabopaHTa, PyKOBOAWUTEJEeH pasHOro
YPOBHSI MEIULIMHCKOTO yUpexXAEHHSs, a TaKxKe Be3Je, I'lle eCTh MOTPEeOHOCTh BHOCHTD
UH(pOpMaLMi0 B KapTy nauueHta. [Iporpamma umeeT cjenyrolide BO3MOXKHOCTH U
NperuMyllecTBa.

BeicTpoe 3amosHeHHe aMOYyJaTOPHOU KapThl U UCTOPUM OOJI€3HH

BBon o6cnenoBaHui, pe3y/nbTaTOB aHAJM30B M APYrod MeNWLUUHCKOH HMH(MOpMa-
[IUM TIPOU3BOJUTCS MOCPEACTBOM CO3[aHUS 3aMHUCEH Pa3JWYHbIX MPOGUIEH, Crelu-
aJbHO pa3paboTaHHBIX JJIs Bpayed pa3HbIX ClelHAJbHOCTEH: TepaneBTOB, O(Tasb-
MOJIOTOB, XMPYProB, KapAHOJOroB, MyJbMOHOJOTOB U T.A. (CM. pHc. 1).
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Puc. 1. Beon pasHopopHO# HH(OpMalUU

Mopnyns DMK/anekTpoHHasi uctopusi 60Je3Hu cucTeMbl Menuasor npepjaraet
Bpady MOLIHBIH apceHaJ] WHCTPYMEHTOB BBOAA AAaHHBIX, aJalTUPOBAHHBIX IJISI pas-
HOOOpa3HbIX BUIOB UH(OPMALIUH.

B mporpamme npenycMoTpeHbl BO3MOXKHOCTH THIIH3UPOBAHHOTO BBOAA, TO €CTb
3aTO/IHEHHUST TOJIEH TEKCTOBOTO, YHMCJOBOTO, JIOTUYECKOTO THIIOB, CIIMCKOB U AT,
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KOTOpble B CBOIO O4epe/lb NPeJoCTaB/SAIOT AONOJHUTEbHbIE BO3MOXXHOCTH NPU cHope
CTaTUCTHUKU U TMOCTPOEHHUH TpapUKOB.

PenakTop cxem Mo3BoJisieT Ae/aTh rpaguueckre MNOMETKH U PUCYHKH, HaMpUMep,
Ha u300paKeHUH POroBullbl rMaza. B MK moryT ObITh MoMellleHbl H300paKeHUs B
J0O0M K3 HanboJiee pacnpoCTPaHEHHBIX (POPMATOB.

I'mOkas HacTpoWiKa CTPYKTypbl 0a3bl JaHHBIX M UHTep(elica BBoAa

JlaHHble MOXKHO BBOIUTb He TOJBKO OBICTPO, HO U B IMOJHOM COOTBETCTBHHU C
npogeccruoHa bHbIMU TOTPEOHOCTAMHU crienuanucta. CTaHAapTHBIA Hab0p SKPaHHBIX
(opM, BKJ/IIOYEHHBIX B KOMIIJIEKT MEIMLHUHCKOH UH(POpPMaLMOHHOH cucTeMbl Menua-
JIOT, MOXKeT OBbITb JIETKO MU3MeHEH M paclurpeH OJaropapsi UCHOJb30BaHUIO BCTPOEH-
HOTO pefakrTopa (popm.

Yn0o06HbBIN U OBICTPBIA MOMCK UH(pOPMALIUU O NALMIEHTe

Monyne DMK/3nekTpoHHast UcTOpUST GOJE3HH MEIUIIMHCKOH HH(OPMALOHHON
cucreMbl Menuasor 6bla CIPOEKTHPOBAH TaKMM 00pa3oM, UTOObl HE TOJbKO BBO[,
HO W TOCJ/eAylolllMe MPOCMOTP M aHa/M3 JaHHBIX OblIM yNOOHbI, HATVISAHBI U HH-
dbopMaTuBHEI, a J0bas UHpopmMaLrs, XpaHsuiascs B 6ase naHHbix Menuasor, Oblia
JIETKO [OCTYyIHa MOJb30BaTeIo0.

CnpaBounnk «MexayHapoaHas Kuaccudpukauus Bogaesneit 10-ro mepe-
cmotpa» (MKB-10)

Monyab DMK/anekTpoHHass UCTOpHs 6oJie3HH comepKUT crnpaBouyHuk MKbB-10,
KOTOPBIH HUCMOJb3yeTcs [/ BHECEHHs] TUarHO30B B CTAHAAPTH30BAHHOM BHIE.

(I)OpMI/IPOBaHI/Ie AJOKYMEHTOB [IJid IMe4YaTu

CosnaHue JOKYMEHTOB pa3HOro THma (O0TYETOB, MUCEM, BBIMHUCOK, 3aKJIOUYEHHH)
SIBJISIETCS1 TIOBCeIHEBHOM paboToit Bpaua. B mMonyne 9MK/anektponHas ucrtopusi 60-
Jie3HU cucteMbl Mennasor nmpeaycMOTpeHbl HHCTPYMEHTBI, KOTOpble CYLIECTBEHHO
o6JieryaioT 3TOT MPOLeCC, a TakxkKe 00eCleynBaIOT Ha/leXKHOe apXMBHUPOBaHHE BCel
IOKYMEHTaLHH B 3JeKTPOHHOM BHUIE.

Onuun momyust

e HHTerpanus c npodeccuoHadbHbIMU AUKTOOHaMu. [[aHHAs onuus M03-
BOJISIET BpauaM MPUKPENJATh K cBOUM 3anucsiMm B DMK rosiocoBbie coobieHus,
MCIIOJIb3YS 1151 UX 3aMKCH NpodeccHoHabHble TUKTO(MOHBI, HAaIpUMep, (PUPMBI
PHILIPS.

¢ Idkcroptr IMK B HTML c¢opmare. ChopmupoBaHHble B cucteme MenuaJsor
3JIeKTPOHHBIE MeIUIUHCKHE KapTbl MalHUEHTOB MOTYT ObITb 3KCIIOPTHPOBAHBI
B oTkpbiToM (opmare (HTML), koTopblii MOKeT ObITb MPOYTEH Ha JIOOOM
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kKommnbiotepe. Cucrema Menuasnor moxer skcrnoptupoBate DMK cpasy Ha
HeCKOJIbKUX $13blKaX, HallpuMep, Ha PyCCKOM M aHIJIMHACKOM. TakhM 006pasom,
y TalMeHTa MOsIBJAsSeTCs BO3MOXKHOCTb IMOKa3aTh CBOI MEIMLHUHCKYIO KapTy
3apy6exKHOMY CIIeLHaJUCTY.

2. Cromaronoruveckas nporpamma [denran-Codr

[Iporpamma nsisl 4acTHBIX NPAKTHUKYIOLIUX Bpaued CTOMATOJIOTOB HJIM CTOMATO-
JIOTHUECKUX KJHMHHUK, KaK IMJaTHBIX, Tak ¥ pabdorawoumux B cucteme OMC (cM. puc.

9).

[Iporpamma mpenHasHayeHa AJis aBTOMAaTH3aLUKWH JOKYMEHTOOO0POTa CTOMATOJIO-
THYeCKOT0 KabWHeTa W BeleHHs JEeKTPOHHBIX MEIUIUHCKHX KapT CTOMATOJIOrHYe-
ckoro manueHrta. KommbioTepHass mporpamma [IJjsi CTOMAaTOJOTHH pa3paboTaHa Ha
s3bike nmporpamMmmupoBanus MS Visual C++ 2010, B kauecTBe XpaHUJIHILA JAHHBIX
MoxkeT ucrosnb3oBatbest MS Access, MySQL Server uan MS SQL Server.
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Puc. 2. [entan-Codr

HporpaMMa MO2KeT HCII0J/Ib30BaTbCA 104 YIIPaBJI€HHEM ONHOI'0O M3 BHI0B 6a3 naH-

HbIX:

MySQL Server
PostGre SQL Server

Microsoft SQL Server. B Tom unc/ie BO3MOXKHO HCIOJIb30BaHHe OecCIJIaTHO
pacnipoctpaHsiemoii Express Bepcun Microsoft SQL Server.

MS Access

Pacuér YE u cymMBl onJiaTel B KacCy BBITNOJIHSIETCS aBTOMATHUYeCKH, BO3MOXKEH
pacyéT aBaHCa C OTpaXKEeHHWEM 3aMUCH B MEIMLHUHCKOH KapTe U MOCJEeNYyIOIUM ero
3auéToM Mpu pacuére JjeueOHOU padoThl mo ¢akty. [lo xenaHuio MOXKHO BecTH
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rpacuk paboThl Bpaued U MpeiBapUTeNbHYIO 3alKUCh MALKEHTOB HA MPUEM, a TaKkKe
HalnpaBJieHHe Ha aHaJ/M3bl U MOCJeNYIOIHH BBOL Pe3yJbTaTOB 3TUX aHAJIW30B. AB-
TOMAaTHYECKHUH ydyeT OCMOTPEHHBIX Ha Mpod. 0CMOTpe, HYXKAAIOIIKUXCS B CaHALUHU U
CaHHUPOBAHHBIX.

Mo2kHO BeCTH yuéT M0 JUCKOHTHBIM KapTaM, ¢ aBTOMaTHUYECKUM MOACUYETOM CKH-
JOK, B 3aBUCUMOCTH OT HAaKOIJIeHHOH cyMMbl Ha KapTte. CTomaToJoruyeckas mnpo-
rpamma [eHtan-Codt Benér y4yéT moceliaeMocTH MallMeHTa U caMa aBTOMAaTHUYeCKU
MOJCYUTBIBAET, KOTla NMalMeHT NIepBUUHBIA U KOrJa MOBTOPHBIH, B cjydyae MepBUYHO-
ro ToCelleHNs TpejJaraetTcss ykasatb 3yOHyo (GopMmyny Ha HadaJjo roga ¥ Onucath
00beKTUBHbIE AaHHble TMepBUYHOro nauueHta. [Ipu onucanuu B 0ObeKTHBHBIX AaH-
HbeIX R-rpammer, [1TH, T uaun nnpekca PMA unér aBromarndeckudt nogcuét YET.

EcTb BO3MOXHOCTb NMpPHUBSI3aThb CHUMKH K TallMeHTy U3 Buauorpacda. [locse Ha-
MHUCaHHsl HOMepa KapThl MallheHTa B JHEBHUKe BpayeOHOro oOC/Ief0oBaHMS cpasy
OTpassATCcs BCe PEHTreH-CHUMKH NaHHOTO MalHeHTa.

[IpenycmoTpeHa BO3MOXKHOCTb OTPaKeHHUS B MEIHMLHUHCKOH KapTe CTOMATOJIOTH-
YeCKOro MauMeHTa BBIMUCKU OOJbHUYHOIO JIMCTA, €ro IMpojJieHHe, MPOAoJKEeHHe,
3aKpbITHe, paspelleHHs BblauM IVIaBHBIM BpauoM, HampasjeHue Ha BK, MC3IK,
petrenrie MCIK, Bbimucku ay0/ukaTa, HapyllleHHs: pexkuMa. Bemercst xypHans 6/
U a”aJuaus 1no 6/..

Hmeertcs pacuvpenHblil norck nauneHToB no gparmentam @UO, noay, poxaéH-
HBIMH MeXIy NaTaMH, MecTy paboTel, npodeccusM, aapecy U MH. Jp.

EcTb BO3MOXKHOCTb (hOPMHUPOBAHUS CMHUCKA MALKUEHTOB AJ5 OTHPaBKH UM SMS-
COOOILeHHH ¢ HalOMHHAHWEM O 3alHCH Ha NMPUEM UM HANOMHHTb, YTO OH He I10-
celas cromarosiora 0oJiee MOJYrofa, a Tak:Ke MOXKHO MO3APaBUTh C PA3IUYHBIMU
npasgHUKaMU, WAW Bbl MOxkeTe C(OPMHUPOBATb CBOH COOCTBEHHBIH a/JTOpPUTM [Jsi
CO3[IaHHU$l CMHUCKA TMALMEHTOB AJs OTIPaBKU UM SMS-coobiieHu.

3. IIporpamm maioc: daeKTpoHHaAs perucrparypa

«DJNIeKTpOoHHas peructpatypa» (JP) mpencrasisieT co6oi crenua M3upPOBaHHbIH
UHTepQeic, cBA3bIBalOWMKA 0a3y NAaHHBIX Bpayed OOJbHHLBI, pacrnucaHue paboThl
Bpaued u 6a3y naHHbIX NauveHToB. C MOMOIILbIO MPOrpaMMbl JIETKO aBTOMaTHU3H-
poBaTh 3aNlMCh MAallUEHTOB Ha NMPUEM U ONTHMHU3UPOBATh paboTy BpayeH, KOHTPO-
JIMPOBaTb HAarpy3Ky Ha HHUX, MOBBICUTb 3(P(EKTHBHOCTb HCIOJNb30BAHUS INJOLIANEH,
o60pyfoBaHUS U MepcoHana 6oabHULB (CM. pUC. 3).

OP npenHasHaueHa B MepBYIO ouepeib MAJs YIpPOLLeHHUS] PabOTbl perucTparyp
MONMKJWHUK U MeIUIUHCKUX LeHTpoB. Mcnosb3oBanue JP nossossieT 3aMeTHO 110-
BBICUTb 3(()EKTUBHOCTb AAMHUHUCTPATOPCKOH pPabOThl PEruCTpPaTypbl U COKPATHUTh
oyepenr Kak B caMy PerHcTpaTypy, Tak U y KaOMHETOB BpaueH.

OcHoBHbIe (PYHKIIMM NPOrpaMMbl 00€CIeYnBalOT:

e 3aMUCh MallMeHTa Ha NPUEM K BBIOpaHHOMY Bpauyy B COOTBETCTBHH C CYLIECTBY-
IOIMM pacliUCaHKWeM 3TOro Bpaua (B TOM UHCJe «HA JAOM» U MO TeJe(oHy);

® VIEHTU(PUKALUIO MALUEHTA 0 YHUBEPCAJIbHOU COLMAJNBHOH KapTe;
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N8 Hydra Client (i) = en x|
Cnpasourwen  Hyprans  Hactpodon Hydra - Cepemces Hydra

i pwest naunenron (5) @

v o I —, Yaoms

SHO aoKTopy Aere regom QT8 npiens Hrano npeoKa  Korew Nprers PHO nanenTa W2 an Yomyra
Mevpos Capred Unaomr s 04.08.2010 01:00:00 02:00:00 Visme0ns Hris Cepressss 2 hkjedl
MeTpos Capred MaaHos Desa 25.08.2010 03:00:00 04:00:00 Mhaans BareHTio MmaTost Sfoth |
TeTpo Cagrer HoaHooir BTopren: 24.08.2010 02:00:00 04:00:00 Vinariona Mind Cepresesns 2 mpose |

Kpommw Hwormsi Esovmenins Mywcams Barserirmo HmaTone

23.08.2010 10:00:00 11:00:00 (S — 2 forger |

Mpccoopons Banermies Mbosinotsns  maTrews 13.08.2010 03:30:00 05:00:00 Miearoes Hrna Ceprosens 2 ferger |

A = Tovos

Puc. 3. «DnektpoHHas perucrparypa»

CaMO03aMnuch MallMeHTa Ha NPUEM K BbIOPAaHHOMY Bpady C HCIOJb30BAHUEM
uHpopmanronHoro tepmunana (Mudomar);

caMo3aluch MalyeHTa Ha MPHEM K BHIOPAaHHOMY Bpady C HCHOJb30BaHHEM
HurepHera yepes caiit JIIIY;

MPOCMOTp pachucaHusi npuéma (aKTyasJbHOTO Ha TEKYUIMH MOMEHT BPEMEHH)
Ha 3KpaHax OOJIbLIOrO paspelieHust (MaHesn) JUOO MPU TOMOIIM HHOpPMALIH-
oHHoro TepmuHasa (MHdomara);

OBICTPBIK JIOCTYI K 3aBeIEHHBIM MEAMIHHCKHM KapTaM, BKJ0Uast (GHIbTPALIHIO
1 nouck Kaptel mo PO GonbHoro, Homepy kaptol, CHUJIC,

meyath JIMLEBOH CTOPOHBI MEIULHMHCKOH KapThl aMOy/JaTOPHOTO GOJIbHOTO B
coorBetcTBUH ¢ [Iprkazom Ne 255 ot 22 Hos6psi 2004 ropa (popma Ne 025/y-
04);

co3laHue U BeleHHe TajoHa ambynaTtopHoro nauuenTa (TAIT);

meyaThb TaJioHa aMOYJaTOPHOTO MalueHTa B cooTBeTcTBUH ¢ [Iprnkasom Ne 255
ot 22 Hosiopst 2004 rona (popma Ne 025-12/y);

CO3[aHUe, BeleHHe U YYET MeIULUHCKUX KapT aMOy/1aTOpPHOro OOJIbHOTO;
1eyaTh TaJOHA JIEKTPOHHOH Ouepely;
BBIBOJl CIIPaBOYHOW MH(OPMALMHK Ha BHELIHWH MOHUTOpP KabuWHeTa Bpaua,

MHIUKALMIO TeKYIIeH oyepeid MJisi MAllMEHTOB Ha BHEIIHEM MOHHUTOpPe Kabu-
HeTa Bpaya.

OcHoBHbIE MTPeHMYIIECTBA:

® [IPOCTON, HHTYUTHUBHO MOHSATHBIA HHTep(elic N5 OBICTPOro 3amycka rnpoiecca

asroMartusauuu JIITY;
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® MOIIIHBIH fIepeyeHb (bYHKU,I/IOHa.HbeIX BOSMO}KHOCTEI;'I;
® COOTBETCTBHE 3aKOHONATEJIbCTBY B 06JacTH 3allUThlI MepCOHAJJbHBIX HAHHDBIX]

e nonaep:kka csodopHoro nporpamMmmHoro obecneuenus (CI1O), Bkaroyas padory
non OC Linux u ucnosnb3zoBanue Open Office;

e MoJJepKKa TePMUHANBHOIO pexXuma 1Js pabounx mecT nepcoHana JIIIY;

® BO3MOXXHOCTb MPOCTOr0 Tepexofia Ha KOMIJIEKCHYI0 aBTOMAaTH3alHI0 BCEro
JIITY 3a cyeT BCTPOEHHOW HMHTerpalUM C KOMIJIEKCHOH MH(OPMALMOHHON CH-
cremoll yposusa JIIIY;

e COOTBeTCTBHe Tpe6oBaHHAM MHUH3APaBCOLPA3BUTHS K UH(POPMALIUOHHBIM CHU-
CTeMaMH, TIPUMEHSIeEMbIM MIPH CO3[JaHHUHU PETHOHAJBHBEIX MTPOEKTOB aBTOMATH3a-
UM yupeXIeHUH 31 paBOOXPAHEHHUS.

4. HudopmanuonHasa cucrema (MC) «AmOynaropHas Kap-
ta manueHta», 000 dnekrponnas MeguumHa

HC «AwmOynaropHasi kapra maudeHTa» NpeiHA3HaueHa JJis BeleHHs] MeIULHH-
CKOM KapThbl B 3JEKTPOHHOM BH[E, COZep:xKalleid NaHHble O MalHeHTe U COCTOSHUU
€ro 370pOBbsl HA OCHOBAHWM MPOBEAEHHBIX BpauyeOHBIX OCMOTPOB, J1IaOOPATOPHBIX U
IOpPYrUX BUOOB UcciaenoBaHui. Mcnonb3oBaHue HH()OPMALMOHHONW CUCTEMbI [103BOJIS-
eT LIeHTPaJN30BaHHO XPAaHUTb JaHHble MalKeHTa, YTO AAET BO3MOXKHOCTb MPOCMaT-
puBaTh MH(GOPMALUIO €ro UCTOPUM 0O0Jie3HH pazjuyHbiM crneuunanuctam JIIIY 6Ges
nepefayd Mexnay HHUMH OyMakHOH aMOy/JaTOPHOH KapThl.

[Ipy onucaHuu cOCTOSHUS 30POBbSI MALMEHTA MOXKHO MCIIOJb30BaTh TEKCTOBbIE
1abJOHbI /I COKPAalleHUs] BpeMeHU 00C/yKHUBaHUS, N0Jy4aTb CTATUCTUUECKHUE OT-
4éThl 110 LUIMPOKOMY CIHEKTPy MapaMeTpoB, OTCJAEXKHBATb AWHAMHUKY HM3MeHEeHHs IMO-
KaszareJsel COCTOSIHUS 310pOBbsi. Kpome 3TOro, BO3MOKEH KOHTPOJIb XOfa JIeUeHUs U
IUarHOCTHUKU MalleHTa Ha OCHOBAHWH 3JEKTPOHHBIX NAHHBIX aMOyJaTOPHOW KapThl,
YTO MO3BOJIsSIET MOBBICUTb KAYECTBO OKa3aHUS MeIWLHUHCKOH MOMOLLH.

[Tpu pabote cuctembl B aMOYy/1aTOPHO-TIOJNHUKJIMHUUECKOM JieueOHOM YUpeXKAeHHUH
B cJlyyae HHTerpauuu ¢ MporpaMMHbIM MoayJeM «Perucrpatypa» nosiBiasercss BO3-
MOXKHOCTb 3alMCH MalMeHTa Ha MPUEM K JAPYroMY CIEeLHaIUCTy, YTO HUCKJYaeT
HeoOXOAUMOCTb MOBTOPHOIO 0OpallleHHsl B PerUCTPaTypy.

JIns vcKJ/IoUeHUsl MOBTOPHOTO BBOJA AAHHBIX BpayaMH MH(OpPMaLHUs O NMallueHTe
nepenaércsi B UC «AmOynaTopHas KapTa nalueHTa» M3 6asbl JaHHBIX PETHUCTPATY-
pbl ONHUM K3 TepPeYUCJeHHBIX CrNOCOO0B (B 3aBUCHUMOCTH OT TEXHOJOTMU PaboTHI,
MPUHSATON B JiIeueOHOM yUpeXKIeHUH):

® U3 CIIHCKA MALMEeHTOB, HANpaBJEHHBIX PErUCTPAaTypod Ha TEKYILLYK AaTy K
KOHKPETHOMY Bpauvy;

e 13 6a3bl JAHHBIX NPUKPENJEHHOTO KOHTHHITEeHTa Ha CJaydald 3KCTPEHHOro 00-
pallleHUs MalHueHTa.
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[Ipy sTOM MouMCK mauueHTa BO3MOXKEH MO (paMUJIUH, UMEHH, OTUECTBY WJH KOAY,
BBOJSILIIEMYCSl BPYUHYIO C KJIaBUAaTypbl MJM CUHTHIBAEMOro CO LITPUX-KOAA Ha Ta-
JIOHe aMOyJaTOPHOro MalueHTa, Jubo OyMaKHOH KapThl aMOy/JaTOPHOTO MalHeHTa
NpU MOMOLIU CKaHepa WITpUX-Kona. [IpenycmMoTpeH TakxKe pexXHM pYy4YHOrO BBOJA
MH(pOpPMaLMK O MallMeHTe B CHUCTeMy. 3aHeceHHe NaHHbIX 00 OCMOTPax M HCCJeN0-
BaHHSAX MOXKET OCYLIECTBJATHCS HECKOJIbKUMH CHNOCOOAMH:

® BBOJ C MCIIOJIb30BAHHEM CIellMa/bHBIX I1a0JOHOB JJIs KaXKI0T0 OMUCBIBAEMOT0
napaMmeTpa, NpeAcTaB/JeHHbIX B BHUIE CIMCKA 3HAaUYeHUH W/ [epeBa AaHHBIX,
HacTpauBaeMbIX [JIl KaxKA0ro BpaueOHOro Npogu/as UHAUBUAYAJBHO;

® BBOJ C MCNOJb30BaHHEM OOIIUX LIA0JOHOB TEKCTa, 3aMOJHSIOLIUX OJHOBpe-
MEHHO HEeCKOJIbKO OMHChIBaEMBbIX MapaMeTpOB 3apaHee 3aJaHHBIMU 3HAYEHUS-
MU;

® BBOJI I/IHqJOpMaLU/II/I C KJIaBHUaTYypPhI.

[Ipy co3nanum BpaueOHBIX OCMOTPOB MOTYT HCIIOJIb30BaThbCsl (pefepalibHble, pe-
THOHAaJ/IbHble U BHYTPeHHHUe CTAaHAApPThl AMATHOCTUKH U JIeYeHUSs MallueHTa B 3aBUCH-
MOCTH OT HO30J/IOTHYeCKOH I'pyMIBl, [0Jla U BO3pacTa, BKJIOUas Kak 00si3aTe/bHYIO,
TaK ¥ Heo0s13aTeJIbHYI0 COCTABJSOLIME CTAHAApPTa, YTO MO3BOJISET MOBBICUTb Kaye-
CTBO MeIMUMHCKOH momouu. Kpome onepauuil co3naHusi, U3MEeHEHHUS] W YyHaJeHUs
OCMOTpPa, BO3MOXKHO €ro KONHMPOBaHUe ISl MOBbIILIEHHS CKOPOCTH BBOJA JAHHBIX.

Ha neyatp BbIBOOUTCH KakK €IMHHYHBIH OCMOTP HJIM NPOTOKOJ, TaK U OTUET
o BCeMy cJaydyaw 3aboseBaHus. Kpome Toro, ecTb BO3MOXKHOCTb (POPMHPOBAHUS
CTaTHUCTHYECKUX OTYETOB (HATIPUMEp, OTUET 110 KOJUYECTBY MPOBEIEHHBIX OCMOTPOB
BpauaMHM 3a yCTAHOBJIEHHbIH NPOMEXKYTOK BPeMEHH W/ KOJHUECTBO 3a(hUKCHUPOBAH-
HBIX CJlyuaeB 3a00J/i€BaHUsl 33 MEPHOJ BPEMEHH CPeId MYKCKOTO H/HJH XKEeHCKOT0o
HaceJIeHHst).

Habop napameTpoB ocMOTpa M KOHeuHas NOKyMeHTalLHUsl MOTYT M3MEHSITbCS U
HACTpaMBaTbCAd B 3aBUCUMOCTH OT CIEUHM(PUKU M NOTPEOHOCTEH YyupeKAeHHs, HC-
T0J/1b3YIOILEr0 HH(POPMALUOHHYIO CUCTEMY.

B kaproukax ocMoTpa MalHeHTOB MPeLyCMOTPEHO XpaHeHHe U BBIBOJ rpaguue-
CKHX H300paxkeHu#. PopMupoBaHHe NJaHa JedyeHHs1 GONBHOIO MOMKET OCYILIEeCTB-
JSITbCS KaK C MCIOJb30BaHMEM CIPaBOYHMKA MeAUKAMEHTOB, TaK U 0e3 Hero.

B nporpamme Takxke peasn30BaH aHAJOr 3J€KTPOHHOH LU(PPOBOH MOAMUCH: BHe-
CeHHe M3MEeHeHMHM B KapTOUKy OCMOTpa IOCJe BbIBOAA €€ Ha MedyaTb HeBO3MOXKHO
AJ15 TI0JIb30BaTe/Isl, He UMeoLlero rnpasa afiMMHHUCTpPATOpa, YTO obecrnedyrBaeT MOJ-
HO€ COOTBETCTBHE 3JEKTPOHHOIO JOKyMeHTa cBoel OyMaxkKHOW Konuu. Bce namene-
HHS B OCMOTpe (B TOM YHCJIe ¥ afMUHUCTPATOPOM) (PUKCHUPYIOTCS C BO3MOKHOCTBIO
nocJ/eqyoLUero NpocMoTpa.

[Ipenycmotpena unterpauus MC «AmOynatopHasi KapTa MalUeHT» C APYTHMHU
mony/asimMH, paspadoraHHbIMM OOO «DneKTpoHHas MefMlLMHA», TAKUMH Kak «Peru-
ctpatypa», «[Ipuémuuk», «Jlabopatopusi» u «Bakunnar.

Baaronaps BzaumoneiictBuio ¢ MC «Peructparypa», Bpau, paboTawliyi ¢ mpo-
rpaMMoOd B aMOy/aaTOPHO-MOJUKIUHUYECKOM JieueOHOM YupexKIeHHH, MOXKeT OCY-
LIECTBJSITh 3aMUCh MAlMeHTa Ha NPUEM K JIPyroMy CIElHaTUCTy (C MevyaTbio TaJoHa
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AIl) nnu K cebe camMoMy Ha MOBTOPHBIH MPHUEM, YTO HCKJIOUAET HEOOXOAMMOCTb
BO3BpallleHHs] B PETUCTPATYpPY, TEM CaMbIM yMeHbllasi e€ 3arpyKeHHOCTb.

JlaHHble 0 MpOBeNEHHOM HCCJEeNOBAHUM MNOCTYIHBI Bpady cpa3dy MocJe BHece-
HUS UX JabopaHTaMH B CIelMasJbHO MpeqHAa3HaUeHHYI CHCTEeMY, Peasiu30BaHHYIO
Ha enuHod 6aze BMmecte ¢ MC «AMOynaTopHast KapTa MalydeHTa», UTO CHHXKAeT PUCK
noTepyu UHGOpPMALUKU U obecreyuBaeT CBOEBPEMEHHOCTb €€ MoJy4YeHHUs .

[Tpy coBMecTHOM HCMONB30BAaHWK MH(POPMALMOHHBIX cHUcTeM «Peructparypa» u
«AmbynaTopHasi KapTa MalHdeHTa» BO3MOXKHA aBTOMaTHYecKasl reHepalusi CTaTUCTH-
YeCKOH M IKOHOMHYECKOHW OTUETHOCTH Ha OCHOBAaHMM BpayeOHBIX OCMOTPOB, YTO
MO3BOJISIET HCKJIOUYHUTh AOMOJHHUTENbHbIE OIIMOKM, BO3HHKAIIIHWe Ha 3Tare BBOAA
CTATUCTUUECKUX NOKYMEHTOB B HH(OPMALUOHHYIO CHUCTEMY, U AOOUTHCS IOJHOTO
COOTBETCTBUS BBOAMMOU WH(pOPMALUHU U MEPBUUHON NOKYMEHTAUHH, YTO MUHUMHU-
3UpyeT O0TKa3bl MPH MPOBEIEHUH IKCIEPTHU3bl KAUeCTBA MEIUIIMHCKON MOMOIIIH.

Kpome 3Toro, nHopManMoHHasi cCUCTeMa TOAIEPKUBaeT (DYHKIIUIO pacripeeJie-
HUS U KOHTPOJIS 00BbEMOB OKa3aHUsI MEIULIMHCKON MOMOLIHM 10 BpauyaM U MPOMEXKYT-
KaM BpeMeHU. Bo3MOXKHO BefieHHe U pelaKTHpPOBaHHe CXeM MUMMYHOMPO(MHUIAKTUKH
IJIS KaXKJIOro nanyeHTa, a Takxe cO6op W XpaHeHHe HH(pOpPMalLUMU O JUCTKaX Bpe-
MEHHOH HeTPYAOCIOCOOHOCTH.

B uHdopmanuronHoil cucteMe «AmOysnaTopHasi KapTa MalyeHTa» peasM30BaHa
CHUCTeMa yBeIOMJEHUH, MO3BOJSIONIAS OCYLIECTBJSATh PACCBIIKY HEOOXOAWMOH WH-
(opmMallMu Kak COTPYAHHUKAM Jie4eOHO-MPO(UIAKTUUECKOTO yUpeKIeHUS C UCMOJb-
30BaHHEM JOKaJbHOU ceTH, Tak M manueHTtam JIIIY ¢ ucnonb3oBaHueM cayKObl
KOPOTKUX coobuieHu# (SMS) rio6abHON ceTH.

IIpenycMoOTpeHBI clenylomye JOMOJHUTEIbHbIE BO3MOKHOCTH:

e (busbTpaLMs CIUCKA NMPUHATHIX nanueHTtoB no koxy, PUO, nate poxneHus u
NOPSIAKY BBOAA B CUCTEMY;

® BBIBOJ OCMOTPOB, NPOBEIEHHBIX KOHKPETHBIM BPayoM;
e BBIBOJ NALMEHTOB C HE3aKOHUEHHBIMU CJydasiMHu 3a00/eBaHUS;

e MpUCBOEHHe MauueHTy npusHaka «Ocoboro ciayudasi» 1J51 BbleJNEHUS ero M3
00lLIIeT0 CIUCKA;

® BBHIBOJ CIIMCKA MALMEHTOB, COCTOSAIIUX HA JAUCIIAHCEPHOM YYETe;
e XpaHeHHe MH(OPMaLH{ O NMPUCBOEHUH TPYIIT COCTOSHUS 3[10POBbS;

® [IOTIOJIHEHWE WJIM M3MEHEHHWe NAaHHBIX, BBEAEHHBIX peI‘I/ICTpaTyp0ﬁ HJIH HpI/IéM-
HHUKOM.

5. ERM Soitware, Practice Fusion

[TonHOCTBIO CepTU(UUUPOBAHHAS CHUCTEMa 3JEKTPOHHBIX MEIUIMHCKUX KapT,
pa3paboTaHHas AJsl CPEIHUX U MaJjblX OOJbHUL, OecrjaTHasi U C IIUPOKHUM CIIeK-
TPOM BO3MOXKHOCTe# (cM. puc. 4), o6benunsieT coie 65000 GobHULL.
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Patient is connected.
e This patient is connected
| Recent activity for Eric Ford
L Jack Jones, MD updated o m
; Jack Jones, MD acc il

lack Jones, MD

Puc. 4. ERM Software, Practice Fusion

Jlns mosyyeHust 1OCTyNa U CO3AaHUsA COOCTBEHHON KapThl O0JbHOrO HEOOXOAUMO
3aperucTpUpoBaTh U CO31aTh aKKayHT Ha caliTe http://practicefusion. com.

BkJtouaet B ce0si 3/eKTPOHHbIE MPeANUCAHUs, KApPThl OOJBHOTO, 3JEKTPOHHYIO
J1a60paToOPHIO, PACCHINKY 3/J1eKTPOHHBIX TUCEM U CMC-COOOLIEHUH, CTaTUCTUKY H MJa-
HUpPOBaHHE, BO3MOXKHOCTb CJEIUTb 334 PAacXOAaMH M BEeCTH OyXra/Tepuio, OHJaWH
3aluchb K Bpauy.

Cucrema paspaboTaHa BpayaMM W UMeeT 60JIbILIOe KOJUYECTBO FOTOBHIX 11a6J10-
HOB, KOTOpble MOTYT OBbITb HMCIIOJIb30BaHbBI A/ JIOOOro Bpaua HE3aBUCHMO OT CIIellU-
aJIbHOCTH. B03MOXKHOCTH M NperMylllecTBa:

AnekTpoHHad Kaprta mida Ipad

JlaHHasi mporpaMMa Tak»Ke MOXKeT ObITh HCIOJb30BaHa Ha ycTpoicTBe Ipad kak
OT/IeJIbHOE TIPUJIOKEHHe (CM. pHC. D).

I'n6kue mada0HBI U YMHBIE TpacduKu

Bkuaiouaer 6osee uem 220 1ma6soHOB, MpegHa3HAUeHHBIX MAJs1 YAOBJIETBOPEHUS
notpe6HoOCTel necsiTKOB crennasnbHocTel. [IlabnoHbl pazpaboTaHbl ¢ YUETOM Mpak-
TUKYIOIIUX Bpauel U peKOMeHJaUWH BeAylHX MeIULHUHCKUX aCCOLUALUH.

Co3gaHue U HacTpoiKa COOCTBEHHBIX MIA0JOHOB

Kamnaﬂ ClegraJbHOCTb OTJAHUYAETCHA, TTIO3TOMY 1a0JIOHHI [IporpamMmmMbl MMOJHOCTBIO
HaCTpaHWBaeMble, TdK UTO MO2KHO pPedaKTHPOBAaTb CBOHU I_Ha6.HOHbI, yTOOBl COOTBET-
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Puc. 5. dnektponHas Kapra s Ipad

CTBOBaTb paboueMy MpoLeccy KOHKPeTHOH BpaueOHOH MPaKTHUKH, UK CO3[4aTb CBOU
COOCTBEHHEIE.

Bo03MOXHOCTb OBICTPO y3HAaTh TUArHO3 M COCTOSIHUE OOJBHOTO

Yno6Has Tabnuua NaudeHTOB, MH(OPMaLHs COCPeNOTOUYEHA B OJHOM MecTe C
OBICTPBIM MOWCKOM JHATrHO30B, PELENTOB, JEeKAPCTBEHHBIX aJ/JepPriuil U UCTOPUH 6O-
JIE3HMU.

B03M0OXXHOCTb yNpaB/sATh NPSIMO U3 MaHeNU yIpPaBJEHHUS:

JNUArHOCTUKOH UCTOPUH 00JIe3HH;
® CIIMCKOM JIEKapCTB;

® DaCLIMpPEHHbIMU JAUPEKTHBAMU,

® LCTOPUSIMU OOJIE3HHU;

e UH(popMaLMeld O NPHBUBKAX;

e aBromatudeckodl CDC nmuarpammoii pocra.

M3 rnaBHOro pasnesna mporpaMMbl MOXKHO MOJYYUTb CHHUMOK BCeX aKTUBHOCTeH
KapThl NalMeHTa B BUJe I'Pa()MKOB Ha OCHOBe IMPOLIJIBLIX BbI30BOB OOJBHOIO, BCTpeY,
pedepanos, JeKapcTB, NaHHble Ja00OpPaTOPUHU U MHOroe apyroe. Bo3MoKHOCTBb co-
31aBaTb 3aMeTKH, THEBHUKH, PACCBIJIKY COOOLIEHHUH U MHOTOe ApPYToe.

B03M0OXHOCTb cliesiaTh UMIOPT BCeX NAHHBIX U3 CHCTEMBI.
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3akJjrueHue

Kamaaﬂ W3 BbILIENEePEeYHUCJEHHbIX NPOTpaMM MMeEET CBOU MperMylLleCTBa U HEOO-
CTaTKHW, HO MO2KHO BBIABUTH PAL MNPEUMYIIECTB aﬂeKTpOHHOﬁ KapThl 60JBHOTO BIe-
JIOM:

® OTCJ/IeXKMBaHHe COCTOSAHHSA MallKMEeHTOB B TeUeHHEe BCEro BPEMEHHU,

L I/IL[eHTI/I(pI/IKaU,I/IH [MallueHTOB, KOTOPbLIM HeO6XOJlI/IMO HpOIZTI/I oduepenHble nUa-
FHOCTHYECKHUE TIPOBEPKHU UJIK JI€UEHHUE,

® MOHHUTOPHUHT H3MEHEHUS OHpeILG.HéHHbIX NapaMeTpoB TalHWEHTa, TaKUX Kak
NyJibC U apTepraJbHOE NABJIECHHE;

e TOBbILIEHHE O0Iero KOJM4ecTBa Haa30pa 3a OONbHBIMU U UX 3[10POBBEM.

Paspat6atsiBas monynb «MMAM ITHMKC», s mocrapascs ydecTb BeCb HeTaTHBHBIU
OMBIT paHee CO3[AHHBIX AHAJOTMUHBIX MPOTPaMM, H, B MEPBYIO Ouepelb, PEeLIUJ
peasnM30BaTh MPOEKT B BUIe Beb-mpusoxkeHus. [Ipu atom chesnatb ero HOCTYNHBIM
KaK AJs Bpaua, TaK M JAJs nanueHTta. Takod MOAXOA cpasdy OTKPBII MHOXKECTBO
nperMMyllecTB. Bo-mepBbIX, Takas 3/eKTpPOHHAas KapTa MalleHTa AOCTylHa Bpady
WM MeJULMHCKOH cecTpe U3 J0OOro Mecta 6e3 yCTaHOBKH JAOMNOJHUTENBHOIO MpPO-
rpaMMHOro ofecrnieueHusi. Bo-BTOpbIX, Takas 3/JeKTPOHHAs KapTa MO3BOJSET Mallu-
eHTy MpSIMO Ha cailiTe KJIMHUKH OTCJEXHBATh IPOLECC CBOEro JeYeHHs, a Bpauy
KOPPEKTHPOBATh €ro 1o Mepe HeOOXOAHMOCTH.

OnbIT, MONyYeHHBIH B pe3ysbTaTe 0030pa MHOXKeCTBA MOAOOHBIX MPOrpPaMM, M03-
BOJISIET CO3/1aTh ONTHMaJibHOE MporpaMMHoe obecriedeHue AJs1 3JEKTPOHHOU KapThl
60J1bHOTO, KOTOpOe OylneT OTBeuaTh COBPeMEHHBIM TpeOOBaHUSM W COOTBETCTBOBATH
OXKHIaHUAM Bpauel U MalUeHTOB.
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OINITUMHU3AIIVI BEB-UHTEP®ENCA HA CTOPOHE
KJIMEHTA OJ4 PABOTbI C TABJIUYHbIMU JAHHBIMH

E.A. Hmomeukun, U.C. Moaoabix

B pa6oTe onucaHa 3apgaua co3gaHHsA KJAUEHTCKOH 4YacTH 3(PQPeKTUBHOro Beb-
uHTepdeiica s paboTel ¢ TabJUUHBIMU AaHHBIMH Ha OCHOBE BO3MOXKHOCTEMH
HTML5, a takxke npuBeleHbl OCHOBHbBIE MPUHIMITBI POrPAMMHOUN peasu3anuu
Takoro uHtepdeica.

Beenenue

C pasBuTHeM T106aJbHBIX CeTel U BeO-TeXHOJOTHH BeO-MPUNOKEHUS CTATH Ofi-
HUM U3 HauboJjlee paCIpOCTPaHEHHBIX CPeACTB 0OpabOTKHU YHAJEHHO XPAHSALIMXCSA
NaHHBIX. B coBpeMeHHBIX BeO-NIPUJIOKEHHAX MPUXOAUTCS CTaJKUBAThCH C 3aja-
yeil Mogu(UKaLUK GOJbIIMX MAaCCUBOB OJHOTUIIHBIX 3aMUCel, KOTOpble MOT'YT OBbITh
TpelcTaBJ/eHbl B BUle Tabnubl. B nanbHeiieM nogo6Hele faHHble OyeM Ha3blBaThb
TaGJUUHBIMH.

Kak npaBu/o, moprdukanus TabJHUHbIX NAHHBIX OpPraHU3YyeTcs Mo CJeAyIollei
cXeMe: MOJIb30BATEJI0 MpelJaraeTcsi BHIOpaTh 3amucb U3 (BO3MOXKHO, OT(UIBTPO-
BAHHOT'O 10 HEKOTOPOMY KPHUTEPHIO) CIIMCKA, MOCJe 4Yero OH MOMajaeT B PEXUM
penaxkTupoBaHus 3anucu. [lo 3aBeplueHHI0 paboOThl C 3aMHUCbI0 HOBble JAHHbIE OTChI-
JIAI0TCSl Ha cepBep, a MoJb30BaTe b BHOBb BO3BpallaeTcsl K CUCKY. JlaHHBIH moaxon
o6nagaeT NByMsl HeIOCTaTKaMH.

l. Boabmue HakJagHble Pacxodbl Ha MepPeCBLIKY: K I0Je3HOMY Tpa(UKy B
KaXKI0M 3anpoce fo0aBJsieTcsl CaAyKeOHbIH 3arosnoBok. [Ipu Hamumuuu Kyku
60J1b1I0T0 00BEMA, UTO SIBJSETCS BeCbMa TUIMHUYHBIM JJI1 KOPIOPATUBHbBIX MPH-
JIOXKEHUH, JJIMHA 3aroJloBKa MOXKeT NpeBbIlIaTh AJUHY JaHHBIX.

2. Boapmasi Harpy3ka Ha cepBep: I Ka)KJOro 3arpoca HeoOXOAMMO paso-
OpaTb 3aroJiIoBOK, BBIIIOJHUTb MPOBEPKH, CBS3aHHblE C aBTOPU3aLMel, HHULH-
aJIM3UpPOBaTh HEKOTOPBIH KOHTEKCT.

Mo>xHO n36aBUTHCST OT ITHX HEIOCTAaTKOB, €CJIH KIMHWPOBATb HAa CTOPOHE MMOJIb30-
BaTeJd Coe/laHHble U3SMEHEHHSA, a 3aTeM IepefaBaTb NaHHbIe 0060 BceX H3MeHEHHBIX
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3aMucsiX OJHUM 3ampocoM (B makeTHoM pexume). [Toak/o04yuB MexaHHU3MBbI Opay-
3epoB Local Storage u Application Cache, otHocsmmecss k cranmapry HTMLS,
BO3MOXKHO K3LIMPOBATh U BeO-CTPaHHIIb, a CAMU [TaHHBblE COXPAHSATb Ha Heolpese-
JIeHHBIH cpok. [IoMHMO CHUKeHHsI pacXoloB Ha MepechlKy U 00pabOTKY NaHHBIX,
JOJTOCPOYHOE KILIMPOBAHHE JAHHBIX M BeO-CTPAHUIL HA CTOPOHE MOJb30BATe/Is 103~
BOJISIET peasi30BaTh [BE JONOJHUTENbHbIE BO3MOXKHOCTH:

1. OtnoxeHHoe penakTupoBaHue. [losb3oBaTe/sb MOXKeT IPHOCTAHABJIUBATH
paboTy C NAaHHBIMH, COXPaHsAS clleJlaHHble U3MEeHeHHs JIOKAJbHO, U OTChLIaTh
pe3yJsibTaT MO 3aBeplleHHUH pPelaKTHPOBAHUSA BCexX 3amuceid. Tem caMbIM MOJib-
30BaTeJ/Ib YIPaBJSeT LeJOCTHOCTbIO BHOCUMBIX H3MEHEHHUH U MOXKeT OTJIOXKHTh
nyO/IMKaLUIO pe3yJbTaTa, HAallpUuMep, AJ/s KOHCY/JIbTallUU ¢ OoJsiee KOMIIETEHT-
HBIM CIIELHAJUCTOM.

2. Od¢aaiiHoBbIi pexuM padoTbl. M0XKXHO BHOCUTh U3MEHEHHS B JIOKAJbHYIO
KOMHIO NAaHHBIX MPU OTCYTCTBHUH MOAKJIOUEHHs K CETH, HallpuMep, B IOpOre, U
MOCHINIATh Pe3y/abTaT MPH BBIXOIE B CETh.

HOCKO.Hbe O6pa6aTbIBaTb TabJUUHbIEe JAaHHbIE [IPpUXOONUTCHA BO MHOTHUX IIPHJIO-
KEHHUAX C B€6-HHTepq)€ﬁCOM, Lle.HECOO6p33HO c03JaThb THIIOBOE U THOKOoe pelieHue,
JIMLIEHHOE NepeqyrucCJAeHHbIX HEOOCTATKOB H obsnanawiiee YKa3aHHBIMU BO3MO2KHO-
CTAMH. ﬂaHHaH pa60Ta OIMHMCBbIBAET OIBIT CO3AAaHUA TAKOI'O peLIeHHUS].

1. IlocraHoBKa 3agauM ¥ UHCTPyMEHTapPUM

Jllo6oe BeO-TMpuUJIOKEHHE NEeJIUTCS Ha CepBEPHYIO0 YacTb, BBIMOJHSOLLYIOCS Ha
BeO-cepBepe, U KJAMEHTCKYI0 4acTb, BBIMOJHSAMOLIYIOCS B Opay3epe M0Jb30BaTeJS.
Cospnatb equHOe yHUBEpCaJbHOE pelleHue 1151 CEpBEPHOU UacTH MPUJIOKEHHUS HEBO3-
MOXKHO, TaK Kak cepBepHasi 4acTh MOXKeT ObITb HalHCaHa Ha Pa3JIMUHBIX, HE COBMe-
CTUMBIX MeXAy COO0O0H s3blKaX NporpaMMHUpoBaHHUsl. HanmpoTuB, K/JAMeHTCKas 4acTb
BCerja BBIMOJIHSETCS B HHTeprpeTaTope fi3bika JavaScript, BcTpoeHHOM B J1000H
nony/aspHblii 6paysep. [losTomy B naHHOH paboTe paccMaTpHBaeTcsi peasu3allusi
KJIMEHTCKOH 4acTH W UHTepdeic B3auMOLEHCTBUS MeXIy KJIUEHTOM U CepBEPOM.

B o6cyknaemoii peanusaunu A nepefadyr CTPyKTYPUPOBAHHBIX JAHHBIX MeXIY
KJIHEHTOM U cepBepoM wucrnosbayercs popmar JSON: oH uMeeT Masble HaKJaAHbIE
pacxonbl (IO CpaBHEHHWIO, HATNpUMep, C WHOTAA HcmoJbdyeMbiM XML) U xopouryio
BCTPOEHHYIO MOANEPKKY B s3bike JavaScript. Best mepenaua naHHBIX OCyllecTBJsET-
csl B (DOHOBOM pekKMe 0e3 Mepe3arpy3Kd CTpPaHMLbl — HUCIOJb3yeTCsl CTaHIapTHas
texHosorust AJAX. Il K3UIMpOBaHUs JaHHBIX Ha CTOPOHE KJHEHTa HCIOJb3yeTcs
BCTPOEHHAsi BO BCe COBpeMeHHble Opay3epbl TexHoJsorusi Local Storage (nmanee —
JIoOKasibHOe xpaHuauiie) [1].

YacTo 3HaueHHe onpees€HHOro NoJsi TabJarLbl MOXKET BbIOMPATbCS U3 HECKOJb-
KHX (PUKCHPOBAHHBIX BAapMaHTOB, M3 HEKOTOPOro crpaBouHHKa. s peanusauuu
AaBTOHOMHOH pabOThl 3T CIPAaBOYHHUKH TakKe HEOOXOAMMO 3arpyKaTb Ha CTOPOHY
KJaueHTa. BoT MUHUMasnbHBIH HabOp METONOB, MPENOCTABJSEMBIX CEPBEPHOH CTOPO-
HOH:
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1. loadData — 3anpoc TeKyIMX AaHHBIX TaOJHIIbI;
2. saveData — coxpaHeHHe cle/laHHBIX U3MEHEHUH Ha CepBepe;

3. loadDictionary(name) — 3anpoc crnpaBoyHHKa C YHHKaJbHEIM HMEHEM name.

Hecmotpsi Ha To, 4TO Bce coBpeMeHHble O6pay3epbl UMEIOT BCTPOEHHBIH HHTEpIIpe-
tatop JavaScript, enuHBIl cTaHAApT HAa HabGOp AOCTYMHBIX M3 CKPUITA 00BEKTOB, UX
noJjedl ¥ MeTOHOB A0 CUX MOp He peanusoBaH. [las peuieHus: npobsaembl KpoccOpa-
Y3€pHOCTH, TO €CTh, BO3MOXKHOCTH OAMUHAKOBOIO BBHIOJHEHHUS KJAUEHTCKOH 4acTH
NPUJIOKEHUS] BO BCeX CTAaHIAAPTHHIX Opay3epax, MpejajaraeTcss MCMosib30BaTb OWO-
JIMOTEKY, abCTparupymolLyo pazpadoTunka oT 0COOeHHOCTeH KOHKPEeTHbIX Opay3epoB
U MPefoCTaB/ISINLYI0 Habop yHUBEpCaJbHBIX IPUMUTUBOB. B HacTosilee BpeMs Cy-
II[ECTBYET HECKOJIbKO MOMOOHBIX OUOIHOTEK. ABTOpamu Oblja BbiOpaHa OHOJIMOTEKA
jQuery, uMeroliasi GOJBIIYI0 MOMYJSPHOCTb, MHOXKECTBO PACIIMPEHHUH U OOraThld
¢yHkuroHas . JaHHbIH BbIOOp, ONHAKO, He SIBJSETCS €IWHCTBEHHO BO3MOXKHBIM U
Haubosee 3(PPeKTUBHBIM. B UacTHOCTH, /s pelleHHs YaCTHBIX CAydYaeB paccMmar-
prBaeMoH 3a1a4u MOXXHO BblOpaTb OoJiee JierkoBeCHble U OblCTpble OUOIHOTEKH.

bubauoreka jQuery [2] mpemocTaBssieT ynoOHBIH crMoco6 pacUIMPEHHs] CBOEro
(yHKLIMOHAJ/Ia B BUJle NJIaTHHA — MOAKJ0UYaeMOro MOAYJIsl ONpeaeséHHON CTPYKTYPBI.
[Ipepnaraemoe 3nech perleHue OblJIO BBINOJHEHO HMEHHO B TaKOH (popMe, MOCKOJBKY
MeTO/ibl MJIaTMHA BBI3BIBAIOTCS B TOM K€ CTHJIE, YTO U MeTOJbl caMOH OUOJIUOTEKH.
ATo menaetT Kof MpUJoKeHHUs1 6osiee YHU(PULUPOBAHHBIM U, YUYUTBIBAS MOMYJASPHOCTD
jQuery, 6oJiee YUTAEMBIM CTOPOHHUMH pa3paboTUHKAMH.

[lnarvH BbINOJIHSET CeayoUIMe OCHOBHBIE (DYHKIIUH:

1. OrpucoBka rpauyeckoro uHTepgenrca: TabanLbl C JaHHBIMH U 3JIeMEHTOB
IJ11 BBOJA MH(OpPMAaLHUH.

2. ObmeHHe C cepBepoM: aCUHXPOHHOe MoJyyeHHe NaHHbIX TaOJaulLbl U Ccripa-
BOYHMKOB, MaKeTHasl OTIPaBKa CMHUCKA CHeJaHHBIX U3MeHEeHHH.

3. OrcnexuBaHue U3MeHEeHUM: POPMHUPOBAHME TEKYILEro ClMcKa U3MeHeHUH B
BUJle 00BEKTa, KOTOPbIH MOXKeT COXPaHATbCH B JIOKAJbHOM K3IlIe HUJIM OTIIpPaB-
JIITbCS Ha cepBep.

4. OTn0XeHHOEe peJaKTHpPOBaHHe: COXPaHEeHHe U3MEeHeHHH B JIOKaJbHOM K3lIIe,
UX aBTOMaTHYeCKOe HaJloXKeHHWe I0CJ/e 3aMyckKa CTPaHHULbl, OYUCTKA K3Lla.

5. OddanaiiHoBBIN pexuM PaGOTBI: ONpeeseHHe HAJUUHsl CBS3H C CEPBEPOM
UJH, N0 MeHbllel Mepe, MOAKJ/IOYEHHUS] K CeTH U BBIIOJIHEHHE COOTBETCTBYIO-
IIMX OeHCTBUH MPU OTCYTCTBUM CBSI3HU.

MOXXHO BBIIEJMUTb PSAN NOMOJHUTENbHBIX (PYHKIMH, YIPOLIAIIIMX B3aUMOIEH-
CTBUE I10JIb30BaTesss ¢ TabJHLed: COPTHPOBKA MO CTO/NOLAM, TOCTpaHWYHAs pas-
OUBKa, KJaBUATypHAasi HAaBUTalLUsl, 0ToOpaKeHHe TaHeJ I yIpaBJ/eHHs (Harnpumep, B
OMMCBIBAEMON peaiM3alii Ha CTPAHUIY BbIBOAHMJACH MaHesb ¢ KHomkamu «OGHO-
BUTb ¢ cepBepa», «CoxpaHUTb Ha cepBep», «COXPAHUTb JIOKAJTBHO»).
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ABTopamu 6bl1 pOBeieH 0630p CYILECTBYIOLIMX OUOMHOTEK AJs paboTHl ¢ Tab-
JULlaMU Ha cTopoHe KJaueHTa. Hu onHa u3 paccmorpeHHbix 6ubauorek (Flexigrid
[3], jqGrid [4], Ingrid [5]) He BbIMoOJIHSIA BCEX MepPeUUCTEHHBIX (PYHKIHUH, B 4acT-
HOCTH, Be3Jle OTCYTCTBOBa/Ja BO3MOXKHOCTb OTJOXKEHHOTO DPeNaKTHPOBAHHUS U O(-
(aaiiHoBOro pexkuma padotel (Tabda. 1).

Tabsuua 1. Peanusauus Bo3MOXXHOCTeH B ApPYyrux OubIHOTEKax

IInaruu Flexigrid jqGrid Ingrid
OTtpucoBka rpacguyeckoro uHrepdeiica + + +
ACUHXpPOHHBINI 00MeH JaHHBIMHU C CepBEPOM + + +
ITakeTHas nmepenaya JaHHBIX 00 U3MEHEHUSAX - + -
OTn0XKeHHOE peJaKTHpPOBaHUE - - -
Bo3moxHOCTh o¢hpaaiiH-paboThI - - -

2. ApxuTeKTypa IjaruHa

[{enecoobpasHo pa3buTh pa3pabOTKy IMJarkHAa Ha HECKOJbKO OTHOCHTEJbHO
He3aBHCUMBbIX, B3aHMOJEHCTBYIOLUX APYT C IPyroM KOMIIOHEHTOB, KOTOpble MOXKHO
peasnn3oBaTh, HampuMep, B Buae o6beKkToB JavaScript:

1. Moxynb oOmeHuss ¢ cepepom otnpasiaser AJAX-zampochl Ha 3amaHHBIN
anpec u obpabaTbiBaeT OTBETHl cepBepa. B pesysibrate oH 160 BO3Bpalla-
eT NaHHble IPyroMy KOMIIOHEHTY IJarhHa (MeHeIKepy CJ0Baped MJH MOLY-
JII0 0TOOpakeHUsl NaHHBIX), JUO0 MepenaéT HHPpopMalHi 06 OHOKe MOLYJIIO
OTOBeIlleHHH. 3apoChl MOT'YT TeHEepPUPOBAThCS KaK NeHCTBUAMHU T0Jb30BaTe s
(HaxkaTHe Ha ONpelesNEHHYI KHOIKY), TaK U BbI30BAMU OT JPYTUX KOMIOHEH-
TOB.

2. MeHnenxep ciaoBapel ymnpasJseT MH(OpMalMeHd O CJAOBapsX, MPEefOCTaBJs-
eT 3Ty HH(pOPMALHIO, KOTJla HY»KHO O0TOOPa3UTh CIHCOK BbIGOpa IJs1 Ompene-
JIEHHOTrO moJis Tabauubl. [IpH HEOOXOAMMOCTH MOATPYKaeT OTCYTCTBYIOILYIO
MH(MOPMAIUIO C cepBepa C TOMOIIbI0 MOAYJS OOIIEHHS C CepBepoM, JHO0 U3
JIOKAJIbHOT'0 XPaHUJIHILA.

3. MeHenxep JOKaJbHOI0 XpaHWJIMIIA [103BOJISIET K3LIMPOBATh JAaHHBlE Tab-
JIUL, CJIOBapeH, CIIMCOK BHECEHHBIX U3MEHEHUH B JIOKaJbHOE XpaHHUJMIle Opa-
y3epa W 3arpyxaTb UX M0 TpeOOBAHHIO.

4. Moaynb oToOpaxKeHus NAHHBIX OTBeyaeT 3a OoToOpakeHHe TaGJHUUHBIX HaH-
HBIX W moJjeld ux penakthpoBaHus. Ciona ke BBIHOCATCS JAOMOJHHUTENbHbIE
(yHKLMH, obOecreyuBalollle UHTEPAKTHBHOCTb pabOThl MOJb30BaTess] BPOJE
COPTUPOBKH, MOCTPAHUUHOH pa3OUBKH M KJaBUATypPHOH HaBUTALUH.

5. MoHuTOp U3MeHeHMIl 0TBevaeT 3a (POPMHUPOBAHUE CIHCKA U3MEHEHHH CO Bpe-
MEeHH MOCJ/efHero 0OHOBNEHHS JaHHBIX C CcepBepa.
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6. MeHemxep 6Ji0Ka yrpaBjeHHUs 0TOOpakaeT MaHe b ¢ KHOMKAMH /IS BbI30Ba
MEeTO/I0B COXpaHeHHsl JaHHBbIX Ha cepBep, MOMelleHHs] U3MeHeHHH B JIOKaJbHbI{
K311, 0OHOBJIEHUS] AHHBIX C cepBepa. 31ech Ke 3a/aloTcsl napaMeTpbl QUJb-
TpalUU JaHHBIX Ha CTOpOHe KJyueHTa. MoxeT ObITb 00BEAMHEH C MOAYJeM
0TOOpakeHus NAHHBIX.

7. Moayib omoBemeHU YBeIOMJSIET M0Jb30BaTe sl 00 oKOKaX, AOCTYMHOCTH
cepBepa M PasMYHbIX COOBITHSX, a TAKXKe BBIBOAUT OTJaJ04YHblE COOOIIEHHUS
B KOHCOJIb Opaysepa.

3. IlpuHuunsl peanusauuu

[Ipennaraemoe petenue assi paboTel ¢ TaOJUUHBIMU AaHHBIMH, BbIMOJHEHHOE B
BUJIe NJaruHa 6ubanoteku jQuery, COCTOUT U3 TPEX (haloB: sapa, (haiilna HacTpoeK
1 ¢aiina CSS, nepBblil U3 KOTOPBIX He 3aBUCHT OT Cpejbl MPUMeEHeHHs, a ABa APY-
TMX MOT'YT U3MEHATbCS MOJ KOHKpeTHble HYxabl. [Ipunaratomuiica ¢aitn HacTpoek
M3Ha4ya/JbHO COAEPKUT HACTPOHKH MO yMOJUAHHUIO U OJHOBPEMEHHO SIBJSIETCS CIIpa-
BOYHUKOM [0 JOCTYIHBIM [JISi U3MeHeHHs napameTrpaMm. HacTpolku BbINOJHEHBI B
tdopme enuHoro JavaScript-o6bekTa U COCTOAT U3:

1. Ilepeunsi cioBapeil ¢ yKaszaHHWeM CCBUIOK [JI UX MOJY4YEHHUs C cepBepa.

2. Habopa cTos6110B TabJHIBl U HX NapaMeTpoB (3aroJioBOK, MOCTYIHOCTb IJIs
pelaKTHPOBAHHUs, IPUBSI3aHHBINA CJIOBAph U T. I.).

3. a6nonoB html-pasmerku.
4. 111abn0HOB CeNeKTOPOB.

5. TnobanpHbix mapamerpoB Tabuauibl (CSS-knacc KoHTelHepa TabJHIbI, WIEH-
TU(HUKATOP TaOJULbL /51 Pa3JHUeHUs] HECKOJbKUX TaOJHI HA CTPAHHIIE).

6. [losnb3oBaTebCKUX 006paBOTUHUKOB /151 HEKOTOPBIX COOBITHH.

3.1. IIa6aoHu3auusi KaK CPEACTBO AOCTUIKEHUS TMOKOCTH

B obuiem cayuae mabJ/0H — 3TO ONKUCAHWe HEKOTOPOH yHUBepcabHOH abCTpPaKT-
HOH CTPYKTYpPbl NAHHBIX WJH AJrOPUTMOB, KOTOpasi MpU 3aMOJHEHUH peasibHbIMH
JAHHBIMH TI03BOJIeT pellaTb KJacc CXO0XuX 3anad. lllabnonusauus OUOJUOTEKH
SIBJISIETCS OCHOBOH €€ TMOKOCTH — s1po, onepupyollee LabJ0HAMH, MOXET UCIOJb-
30BaThCs Besle 0e3 M3MeHeHHH, U3MeHATbCs OyleT JUllb (pally HacTpOeK, MPUCIO-
cabnuBaOLMUU 3TO AP0 MOA KOHKPETHYIO cpeny npumeHeHusi. [logo6Hoe pasnede-
HUe Silpa U HAaCTPOeK MO3BOJISIET JIETKO OOHOBJATH OMONHOTEKY 0€3 HeOOXOAUMOCTH
TIOBTOPEHUS BHECEHHBIX B NPeAbIAYLLYI0 BepcHio Moaudukauui. Kpome toro, caiin
HacTpoeK UMeeT (B OTMYMe OT (hailyia, ComeprKalllero Koi) NeKJapaTHBHBIH Xapak-
Tep U NPeACTaBJASeT KOHTEKCT NMPUMeHeHHUs1 OUOIUOTEKH B ropas3io 6oJjee UnTaeMoM
BUJIE.
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Uro6bl BeIBOAKMMAs Tabsxlla FapMOHHYHO BMHCHIBaJach B BeO-UHTepdeiic, a5 eé
3JIEMEHTOB MOXKET MOHAJ00UThCs ocobas pa3MeTka (HampuMmep, HHOrAa HeoOXOIHu-
MO o6opauuBaTh AaHHble sYeeK TaOJHUIl B JNOMOJHUTENbHBIE 0JI0KH). Eciu kEcTko
3amaTh html-pasmeTKy BbIBOZMMO# TaGJulbl B Kome OUOJIMOTEKH, TO MIJSI HUCIOJb-
30BaHUS OUONHMOTEKH B COCTaBe KOHKPETHOIO caiiTa MOXKeT MOHaJ00UThCs MOAU(U-
Kauus eé koma. [loatomy, uTobbl cnenaTh NJarkH yHHBepPCAJbHbIM, UMeEET CMBbICJ
UCIIO/b30BaTh LIA0J0HBI Pa3MeTKH — MepeMeHHble, COolepKalllhe (hparMeHThl pas-
MeTKH C 3alOJIHUTeNIMH, 3aMelllalolMMUCS Ha peasbHble 1aHHble. Hanpumep, nms
slyedKU TabsuIbl mabjgoH MoxkeT uMeTh BuI <td><div>{data}</div></td>. IIpu
BBIBOJle Ha cTpaHuly napametp {data} 3amelnaercss Ha peasibHble NaHHBbIE STUEHKH
(byHKLMeH MJaruHa, rnoJydarolled Ha BXOA MMS 11a06J0HA U CIHUCOK (PaKTHUECKUX
3HaYeHWH ero aprymMeHToB. BriHeceHMe 11a6/0HOB B (haiisi HACTPOEK IMO3BOJSIET He
TOJIBKO JOCTHYb OOJiblIeld TMOKOCTH, HO M OTHEJHUTb KOJ OT AAHHBIX, UTO SIBJISETCS
XOopolulel NMPakTUKOH pa3paboTKH.

[TapameTpel, oTBeuatmre 3a BHeMHNWN BUf 6jokoB html-pasmerku (uBet, (op-
My, OTCTYINbl W T. 1.), B COBPEMEHHBIX BeO-NMPUJI0XKEHHSX CKOHLEHTPUPOBAHBI B
¢ainax CSS-ctusel. dnemeHTaM CTpPaHMLbI NPUIHCBIBAIOTCS HEYHHUKaJbHble aTpH-
6yThl class u yHukanabHble atpubyThl id, a B CSS-caiine cocpemoToueHbl mpaBua
oToOparkeHusl Py onpeaeséHHON KOMOMHALIMU 3HAUEHUH 3TUX U HEKOTOPbIX APYTHUX
aTpubyTtoB. XoTs Hanndyue uiau orcytctBue CSS-atina He BAMsSET Ha QPyHKIIHMOHAN
cKkpunrta B o6pasle ¢aiia HacTPoeK, pacnpoCTpPaHsAEMOM C MJIardiHOM, BCe 1IabJIOHBI
html-pasmeTku ucrnonb3yoT (aisa cTuIel A5 onpeneseHHs BCeX apaMeTPoB 0TOO-
paKeHHs OMUCBIBAEMBIX UMM 3J1eMeHTOB. [Ipu M3MeHeHHH HacTpoeK peKOMeHAyeTCs
COXpaHSITh 3TOT MPHUHLMII U HE HUCMOJb30BaTh B LabjoHax html-pasmerku atpuby-
TOB, HEMOCPEACTBEHHO BJHSAIOLUIMX HA BHeIUHUH BUI OJ0KOB. Mcnosnb3oBanue Takoro
MoAXO0a COCOOCTBYET AajibHeHIlIeld CTPYKTYpHU3aLUUU AaHHBIX 32 CUET pasiesieHus]
UH(pOopMaLuHu 06 0TOOpPaKeHUH U O CTPYKTYpe.

Jl71s1 moucka 3/1eMeHTOB CTPAHHUIBl U MAHUMNYJISALUUU UMU B jQuery U e€ aHajorax
NIPUMEHSIOTCS BbIPa>kKeHUs CleLHaJbHOr0 BUAA — CeJleKTOpbl. [I0CKO/bKY CesleKTOph
UCIMONb3YIOTCS B KOJAE HEONHOKPAaTHO, a IMOKas pa3MeTKa MOXKET BHOCHTb H3Me-
HEHHWS] B WCXOAHYIO CTPYKTYpPY TaOJHIbl, HUMEET CMBICJ OTHENUTb CeJeKTOPbl OT
KOJa U COCPelOTOUYUTb MX B OJHOM MecTe — B (paije HacTpoek. IIpu 3TOM Heko-
TOpble CeJIeKTOpbl TOXKe HeOOXOAUMO 3a/laBaTh B BHAe wwabsioHoB. Hanpumep, mab-
JIOH ceJleKTopa AJ/s1 BbIOOpa COAEP:KUMOro mn-d f4eHKH HMeeT MO YMOJYaHHUIO BUI
td:eq(’{n}’) > *, a ogna T1NpuUBEOEHHOrO BbIlIE MNpUMepa pasMeTKH —
td:eq(’{n}’) > div > *.

Uro6bl 6e3 MOAU(pUKALNU 1pa MEHATb He TOJNbKO BHELIHHWH BHUJ 0TOOpaKaeMblX
3JIeMEHTOB, HO W IOBeJleHHe IJIarMHa, NpHU pa3paboTKe NPUMeHSJICS NMPUHLUI NpPo-
eKTHPOBAHUS, Ha3blBaeMbli 1IabJOHHBIM MeTonoM [6]. Kox OGuOMHOTEKH comep:KUT
(hbyHKLMU-3ATTYLIKH, BbI3bIBa€Mble TaM, Te M0Jb30BaTEJIO0, BEPOSITHO, MOHALO0UT-
Csl JOTMOJIHUTb CTAHAAPTHYI 00pabOTKY HAHHBIX U COOBITUH CBOUMH JEHCTBUSIMH.
ITH GYHKLUUU MOTYT OBITh HAIMOJHEHBl peaibHbIM COoJepKaHHeM, eCJId M0Jb30BaTeNb
onpenesUT Ux B (alye Hactpoek. [TockonbKy jQuery, Kak U apyrue 6UOJIUOTEKH,
M03BOJISIeT I0JIb30BATEJI0 CO3/laBaTb COOCTBEHHble COOBITHS, MJIsl MOJY4YeHUs aHa-
JIOTUYHOH BO3MOXKHOCTH [OMYCTHMO HCIIOJNb30BaTh COOBITHHHO-OPHEHTHUPOBAHHBIH
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MOJAXO/: BMECTO BbI30Ba (DYHKIIMH-3arJyLIKK reHepupoBaTh ClelHasbHOE COOBITHE.
Torna nosnb3oBarens OyneT He MepeornpenesisiTb B HACTPOHKAX (PYHKIUHU-3ar/IyLIKH,
a yKasblBaTb 00pabOTUYMKHU [JIs1 3TUX CllelUabHbIX cOObITHH. CpaBHEHHE 3THUX IBYX
MOXOL0B MOXKeT OBbIThb MPeIMeTOM OTIAEeJIbHOr0 UCCAEN0BAHHS.

3.2. OcoGeHHOCTH PabGOTHI C JOKAJbHBIM XPaHHUJIUIIEM

Jloka/sbHOe XpaHUJHUIEe B COBPEMEHHbIX Opaysepax M03BOJsIeT XPaHUTh CTPOKO-
Bble Mapbl KJou-3HaueHHue. [l coxpaHeHusi o6bekToB JavaScript B BUae CTPOKH
U WX MOCJeNYIOLIero BOCCTAHOBJEHHS MOXHO HCII0Jb30BaTb BCTPOEHHBbIE METO[bl
cepva/u3alMy U ecepruanusalluu, NpefocTaBJ/sieMble CKPUIITOBBIMU ABHXKKaMHU Opa-
y3€poB.

Kak mpaBu/sio, KBOTa XPaHMMBIX JaHHBIX Ha OAWH NOMeH cocTaBjsier HMB.
OueBunHo, nss obecrneyeHusi paboThl ¢ OOJbIIUM O0OBEMOM JAHHBIX HEOOXOAHWMBI
HEeKOTOpble OpraHHW3alHOHHble Mepbl. Hampumep, MOXKHO ony6JHKOBaTb Ha calTe
UHCTPYKLHHU 10 YBeJHUUYEHHUIO KBOThl B HACTPOMKAX Pa3UYHbIX Opay3epoB.

J171s1 5KOHOMHH HCIONB3YEMOTO B JIOKAJbHOM K3llle MecTa CTOUT NPHMEHSAThb Me-
TOZBI C2KATHS JAaHHBIX. EC/IM yuecTh, 4YTO NpH cepUaiu3alii UMeHa Mojeld 00beKTOB
NONafaloT B pe3yJbTaT, MOXKHO Nepen NyOauKalureid 6HOMUOTEKH MPOMYCTUTh €€ Ye-
pe3 Tak HasblBaeMbli MUHH(UKATOP (MPOrpaMMbl IJisi YMEHbIIEHHUS] pa3Mepa CKpPHII-
Ta), KOTOPbIH B TOM UHCJE MOXET YMEHBbIIUTb IJWHY HUMEH BCEX HCIOJb3yeMbIX
nepeMeHHbIX 0 2-3 CUMBOJIOB.

3.3. OcoGenHoctu co3ganus od@aaiH-NIPUIOKEeHNS

s ob6ecnieuenrsi paboThl C JI0OKAJIbHO K3LIHPOBAHHBIMU JaHHBIMU 0€3 MOAKJII0-
YEeHHUS K CeTH HeOoOXOIMMO HCIIOJIb30BaTb MEXaHHU3M COBPeMEHHBLIX Opay3epos, MO3-
BOJISIIOLLMH K3LIHMpPoBaTh (akyel Beb-cTpanui,— Application Cache [1]. [To cyTh, ato
TpebyeT JIMIIb MepeyruC/IeHUs BCeX K3LIHPyeMbIX 3/1eMeHTOB B (paksie MaHU(pecTa U
yKaszaHusi 3Toro ¢aiga B arpubytax crpaHuubl. Paiin mMaHudecTa HUKaK He 3a-
BHUCHUT OT Kofa OUOJHOTEKH, HO, UTOOB H30exXaTb MpobJeM ¢ 0OHOBJIEHUEM MPOUYUX
CTPaHMLL CalTa, PEKOMEHAYeTCS UMEeTh OTACJbHYIO BEPCUI0 CTPAHULBI, MOLJIEXKALLYI0
K3LIMPOBAHUIO, KOTOPAsl COLEPXKUT HENMYCTOH aTpUOyT MaHUpecTa.

Bbubanoreka no/KHa yMeTb onpene/siTb HaJlW4yMe MOIAKJ/IOYEeHHs K ceTH. bpay-
3epbl M03BOJISIOT OTCJEKHUBATh AOCTYIHOCTb CETH C IOMOILBIO CHelHalbHOr0 00b-
eKTa navigator, ¥ BO MHOIHMX CJyudasiXx 3Toro jpoctaroyHo. OnHaKo OKasblBaeTcs,
4YTO TakKMM 00pa3oM OTCJEKHUBAeTCsl He MOAKJUeHHe K MHTepHeT Wau Kopropa-
TUBHOW CeTH, a JHMILUb HajJduhe aKTHBHOTO ceTeBOro uHTep(deiica. Hampumep, mnpu
TeCTUPOBAHUM OHUONHMOTEKH BBISICHUJIOCH, YTO Opay3ep CUYMTAeT, YTO OH HaxXOAUTCH
B CeTH, JaKe eCJM CeTb HeNOCTYIHA, HO aKTHUBEH OAMH M3 BUPTYaJbHbIX CETEBbIX
UHTep(elCcoB /s CBSI3M C BUPTyaJbHOH MAIMHOH. DTy OCOOEHHOCTb CTOUT Y4YeCTh
B peaju3alydyd W BMeCTO MNPOBEPKH CTaHAAPTHOro oObeKTa Opay3epa BbIIOJIHATH
TECTOBBIH 3alpOC Ha cepBep BeO-NPUMOKEHUS.
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3akJjrueHue

B nanHo#i pabore 6Oblaa paccMOTpeHa 3ajfada Co3faHUsi 3(PPEKTUBHOTO MOJb30-
BaTeJbCKOTO HMHTep(erica BeO-NpUIOKeHUs NJs paboThl ¢ TaOJUYHBIMHU NaHHBIMH,
a TakXxe MpelJoXKeH MyTb €€ yHHBepCaJJbHOIO pelleHHs] Ha OCHOBE OMbITa aBTOPOB.
BesycsoBHO, 3TO He eNMHCTBEHHBIH BO3MOXKHBIA CIIOCOO pelleHUs] OMUCAHHOW 3aja-
uyu. Kpome Toro, coBpeMeHHble BO3MOXKHOCTH Be6-Opay3epoB CTOUT NPUMEHUTh U [JI51
pelleHUs: MPOUYMX NMpoOJeM, CBI3aHHBIX C yaydllleHHeM HHTepdeica nojb3oBaTes.

PasBuTre mpensioKeHHOro 3[1eCh PelleHUs] MOXKHO MPOAOJXKHUTh M0 HECKOJbKUM
HamnpaBJIeHUSIM.

1. KoppekTHas 06paboTka KOH(JINKTOB pelaKTUPOBAHUS — CUTyallMi, KOra OHa
3aMMCh pelaKTUPyeTCsl HeCKOJbKHUMHU I0JIb30BATE/ISIMH.

2. Tlouck HaWJy4dliero crocoba cxkaTus JAaHHBIX B K3lle OJid 6oJiee 9q)q)eKTHB-
HOIr'0 HCII0JIb30BaHHsA JIOKAJbHOT'O XpPaHUJHIILA.

3. Bo3aMoxKHOCTB peaakKTUpOBaHWA CBA3AHHDLIX Ta6JIHU, U BaJqugalud TabJUUHBIX
CBsi3eld Ha CTOPOHE KJIMEHTA.
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PASPABOTKA ITPOTPAMMHOI'O ITPOAYKTA IJIA
AHAJIN3A BE30IIACHOCTH JOCTYIIA K ®AHJIAM
B OITEPAIIMOHHBIX CUCTEMAX WINDOWS 7

.M. Bpeuka

B cratbe paccmarpuBaetcs mpoiecc pa3paboTKH MPOrpaMMHOrO MPOAyKTa A
aHaju3a JocTyna K oobekTaM (ainoBoi cuctembl Windows 7 Ha ocHOBe Mo-
nenu 6ezonacHoctH Take-Grant. OnuceiBaeTcst BHYTpeHHSS OpraHU3alUs Npo-
rPaMMHOTO MPOAYKTA, ero (PyHKIHOHAJM U TECTHPOBAHHE NPOU3BOAUTEBHOCTH.

BBenenue

HopmaTuBHBIE NOKYMeHTHI M0 MH(OpPMalMOHHOH Ge3omacHocTH [1,2] TpebyioT
UCI0Jb30BAHUS MEXaHHU3MOB [IHCKPELHOHHOIO pasrpaHUuYeHHUsl NOCTYMOB B COBpe-
MeHHBbIX KOMIbIOTEPHBIX CUCTEMAaX, AaHHOe TpeGoBaHUe MPUMEHUMO U K OMepaltoH-
HbIM cucTeMaM. OIHAKO HaJWuyMe MeXaHU3Ma AWCKPELHOHHOT0 pasfesieHus NoCTymna
B OINEPALMOHHOHN cHCTeMe He rapaHTHpyeT 3alIMLIEHHOCTb CUCTEMBl OT HECAHKIIHO-
HUPOBAHHOTO JOCTYMA, TaK KaK HACTPOHWKA AOCTYIA BBHIIOJHSETCS MOJb30BATENAMU
CUCTEMBbI, B pe3yJibTaTe 4ero MOTYT MOSIBAATHCS OLIMOKM aiMUHUCTPHUPOBaHUA. Ta-
KUM 00pa3oM, BO3HUKAeT NOTPeOHOCTh B pa3paboTKe MeTONOB OLEHKH KOPPEKTHOCTH
paboTbl MEXAaHU3MOB NUCKPELIMOHHOTO pasjiesieHusl J0CTYIa B OMepallOHHbBIX CUCTe-
Max.

Ha ceromHsiluHUE neHb cyliecTByeT psifi (POPMaJibHBIX MoJeJsed AUCKPeLHOHHO-
ro pasgenenuss nocryna [3]. OueHHBaThb KOPPEKTHOCTb PabOTHl JHUCKPELUOHHOTO
MeXaHHW3Ma B OMepallMOHHON CUCTeMe pa3yMHO Ha OCHOBe KaKoH-1H60 (hopMasibHON
monend. OnHaKo NosUTHKa 6e30MacHOCTH B KOHKPETHOH ONepalMOHHOH chUcTeMe MO-
JKeT He MOJHOCTbIO COOTBETCTBOBATH KJACCHYECKOH Moneau Ge3omacHocTH. B aTom
cJydae BO3HHMKaeT rpobJjemMa afanTalrd KJ1acCHUeCKOH MOIENU K MOJNUTHKE, TPHMe-
HsIeMOU B KOHKpeTHOH cucteMe. B paGoTe [4] onucaHo ucciefoBaHHe BO3MOXKHOCTH
NpUMeHeHHsT JUCKPEIIMOHHON Mopesu Ge3onacHoctu Take-Grant pnsi ananusa mo-
cTyna K obbekTaMm onepaundoHHbx cucteM Windows 7 u Ubuntu Linux 10.4.

[lenbto naHHOU paboTHl SABJSETCS OMMUCAHHE Mpouecca pa3paboTKHU U TeCTUPOBa-
HUSl IPOrPaMMHOIO NMPOAYKTA /ISl aHAJNNU3a AOCTyNa K 00beKTaM (palaoBOH CUCTEMBI
Microsoft Windows 7 Ha ocHoBe monenu Take-Grant.
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1. IloayyeHue mocTyma K CUCTEMHbIM CTPyYKTypaM B omepa-
LMOHHBIX cucteMax Windows 7

Onepauuonnsle cuctembl Windows npenocTaBssioT IHPOKHUH HaGOp UHCTPYyMeH-
TOB [/ aIMUHUCTPUPOBAaHUs KoMmbioTepa. OnHUM U3 HanboJee yHOOHBIX MHCTPY-
MEHTOB aAMHUHUCTPHUPOBAHHUS, AOCTYMHBIX MAJs TM0Jb30BATENbCKUX MPOrpPaMM, SB-
asietrcss Windows Management Instrumentation (WMI). Windows Management
Instrumentation — 3To TexHoJsoTHSI yNpaBJeHUS U CJexeHUs 3a paboToH pasJny-
HBIX YacTed KOMIbIOTEPHOH cHcTeMbl mop yrpasieHdeM Windows [5]. B ocHose
WMI nexxuT 00beKTHO-OPUEeHTHPOBAHHBIM MOAXOA K NpeACTaBJeHHI0 KOMIIOHEHTOB
cucteMbl. [loss 06bekTOB, npenoctaBaseMbix WMI, sBASIOTCS TMHAMHUUECKHUMH, 3TO
O3HauaeT, YTO 3HAUEHUS ITHUX MOJIeH HUTJe He XPaHSATCS, a CO3[AITCH IO 3anpocy
nosb3oBartessi. Bece Ksacchl crpynnupoBaHbl B NPOCTPAaHCTBA UMEH, KOTOpble Hepap-
XMYEeCKH YIOpSI0YeHbl, TO €CTh AOMYCKAIT HaJHuHe KJACCOB-NIOTOMKOB M KJIaCCOB-
ponuTesen.

WMI npenocraBasier 60Jblloe KOJUUECTBO KJAacCOB AJS AOCTYNa K HH(popMma-
MU O KOMIblOTepHOH cucTeMme. Tak, Hampumep, AJAS AOCTyNa K Y4YETHBIM 3alu-
CSIM T0JIb30BaTe/ell MOXKHO BOCMOJIb30BaThCs KjaaccoM Win32_UserAccount, a
OJs1 1oCTyna K HHGOpPMAlMKU O TPyMnax mnosb3oBatesedl — Win32_Group. Cy-
lIeCTBYeT pSi KJAacCoB AJSl JAOCTyna K oObekTaM (anJoBOM CHCTEMbI, HaIpu-
Mep Win32_LogicalDisk npenocTtaBsaseT MH(POPMALHIO O JOTMUECKHX IHCKAX,
a Win32_Directoty — o manke. [Ing pocTymna K mpaBam MoJsib3oBaTessl Ha (haiia
MOXKHO MCI0J1b30BaTh Kaacc FileSystemAccessRule [5].

Jns1 obpawenus Kk oobektam WMI npumeHsieTcs crnelnabHBIA $13bIK 3aPOCOB
— WMI Query Language (WQL), kotopslii siBasieTcss pasHoBuaHoctbio SQL. He-
nonb3oBanre WQL nosBosisieT paborath ¢ o6bektamun WMI kak ¢ tabaunamu 6a3
NAHHBIX, UTO MOXeT ObITh YALOOHBIM Kak NpH oOpalleHuH K 00beKTaM M3 I0J1b30Ba-
TeJbCKUX TPOrPaMM, TaK U U3 BHEIIHHUX CKPUIITOBHIX 0060J04ek, Hanpumep Windows
PowerShell [5].

2. Pa3pa0oTKa mpoeKTa MPOrpaMMHOro NMPOAYKTa AJs aHa-
Ju3a J0CTyla K o0bekTram (hailjioBOM CHCTEMbI

OcHoBHOH 3anaueil pazpabaTbiBaeMOro NPOrpaMMHOrO MPOAYKTa sBJseTCs 0OHa-
py»KeHHe olINOOK pacrpeneseHus MpaB AOCTyNa K MoJb3oBaTeNbcKUM (aitnam. Ha-
JU4YMe TaKUX OLIMOOK MOXKEeT CTaTh MPUUMHOHN MOSIBJEHHS HECaHKLHOHHPOBAHHOTO
poctyna. HacTtpoiikoil mpaB goCTyna MOKeT 3aHMMaTbCsl aAMUHHCTPATOP CHUCTEMBI
u Baagesel (aina. [IpuuuHbel nmosiBieHHs OWIMOOK HACTPOWKH IpaB MOTYT OBITh
CJeyIOLHUMHU:

1) HeKOTOpbIE MOJIb30BATENH MOTYT SIBASTHCS Yj€HAMH TPYII, 00/1aJaloUdX aj-
MUHUCTPAaTUBHBIMU NPaBaMH, WU, BCJENCTBHE 3TOrO, MOJydaTb AOCTYN K (ai-
JlaM KaK 4JeHbl afMAHUCTPATUBHBIX TPy,

2) mpaBa mosib30BaTesiss HA (aiy MOryT OBITb yHAcJelIOBaHbl OT AUPEKTOPHH, B
KOTOPOW HaxXoauTCs (pau;
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3) mpu co3maHuu (aisa Moab30BaTEb TPUMEHSIET TOJUTHKY MO yMOJYaHHIO,
KOTOpasi MOXKeT He COOTBEeTCTBOBATb OXKHAAHUSIM IOJIb30BaTe 5.

Takum o6pasom, AJss1 BBINOJHEHUS CBOEH OCHOBHOH (pYyHKUHUM paspabaTbiBaeMas
nporpamma AOJIKHa pacroJfaraTb CBeeHHUsAMH 000 BCeX I0/1b30BaTe/IIX KOMIIbIOTEP-
HOM CHCTeMbl M TpyINax MoJb30BaTe/ed, a Takke 000 Bcex (painax Ha TeKylleM
KoMmIbloTepe. PesynbTatoM paboTbl NPOrpaMMbl JOJIXKEH ABJSATbCA OTYET, COAEpKa-
LMK CBEJIEHHUS O TOM, KaKHe IpaBa MUMeeT ONpele/IEHHBIH [10/1b30BaTe/b Ha OMNpefe-
JIEHHBIH (bally1 ¥ 10 KaKUM IPUYMHAM OH MMeeT 3TH npasa. Mcxonas M3 ckasaHHOro,
MOXKHO OIpeeJIMTb MUHUMAJbHBIH HA00p pexXKHMOB PabOThl MPOrPaMMBL:

1) mpocMOTp UMEH BCceX YUETHBIX 3alHCel MOJb30BaTeJeH, 3apPeruCTPUPOBAHHBIX
Ha JaHHOM KOMIIbIOTEDE;

2) TMpOCMOTP BCEX IMOJIb30BATEJNbCKUX TPYIIN Ha JAHHOM KOMIBIOTEPE;

3) mpocmoTp (aisioB, XpaHAIIMXCS HA NAaHHOM KoMIbioTepe (B yKasaHHOH au-
PEKTOPHH, Ha YKa3aHHOM JMCKe WJIH BCeX (pal/oB Ha KOMIbIOTEPE);

4) npoBepka npaB JOCTyNa KOHKPETHOTo MoJb30BaTe/1s (BceX Mosb30oBaTe/el) Ha
KOHKPeTHBIH (paiis1 uiau Ha rpynny (aiaos (paiabl B yKasaHHOH AUPEKTOPUH).

CorsiacHO MPUHLHITY IeKOMIIO3UIMH [6] cenyeT pasneuTh NOCTABJIEHHYIO 3a/1a-
4y Ha 6oslee MeJIKMe YacTH, YTOObl YIIPOCTUTb Ipoliecc ee pelleHUs1. PaspabaTeiBae-
MbIH MPOrpaMMHBIH MPOAYKT MOXKHO Pa3fesuThb, KAK MUHUMYM, Ha TPHU MOMAYJs UJH
oobekTa. [lepBblli Monysnb OyneT CayXKWUTb A cOopa MH(MOPMALUHU O CyOBEKTax U
00beKTaX KOMIbIOTEPHOU CUCTEMBI, Ha KOTOPOH 3amylleHa nporpamma. Bropoii mo-
IyJb OyneT BBHINOJNHATb BCe NEHCTBUS MO aHAJIM3y AOCTYNa CyObEKTOB K 00bEKTaM.
Tpertuil monysnp OyeT NpeaoCTaBAATh MOJAb30BATENbCKUNA HHTEP]EHC.

Jns 6oJiee HarJasiIHOrO NMpeACTaBJAEHHsl pellaeMOH 3afayd M yMeHbIIEHHS KO-
JIMUeCcTBa CBSi3el MexXIy OTAe/JbHBIMH YacTIMH MPOrpaMMbl NpejJaraercsi U3bpartb
00bEeKTHO-OPHEHTHPOBAHHBIN MOAXOM K pa3paboTke mporpamm [6]. B atom ciyuae
BblJle/IeHHble NPOrpaMMHble MOIAYJH MOTYT OBIThb NpPEACTaBJEHbl B BHAe O0BEKTOB,
a OTHeJsIbHble 3aJaul, pellaeMble 3THMH OOBEKTaMU — B BHJE METOJ0B OOBEKTOB.
B KkauecTBe s3blKa MPOrpaMMHUPOBAHUS AJs pa3pabOTKU MPOrPaMMHOIO MPOAYKTA
Obln BbIOpaH s3blK C#, KOTOPBIH sIBJSETCS YNOOHBIM 00BEKTHO-OPHUEHTHPOBAHHBIM
SI3BIKOM.

3. Paszpaborka KJjacca ajig aHajausa JOCTymna

YnoOHBIE MHCTPYMEHT HJisI aHaju3a NOCTyla B KOMIBIOTEPHOH CHCTeMe Tpeio-
cTaBJsisieT Monesib 6e3onacHocT Take-Grant [3,7-9]. JlaHHasi Mozesib TpeaCcTaBJsieT
KOMITbIOTEPHYIO CHCTEMY B BHJe rpacda AOCTYINOB, BepIIMHAMU KOTOPOTO SBJSIOTCS
CyObeKThl U 00BeKTbl CUCTEMBbl, a AYyraMM — IMpaBa CyObeKTOB Ha 00beKThl. /s
paccmaTpuBaeMoi 3amauu cyObeKTaMu rpada OyayT siBAATbCS M0Jb30BaTe M (MOJb-
30BaTebCKHE YUETHBIE 3aMHCH), a 00bEKTaMH — M0Jb30BaTebCKHe (Daiibl. Takum
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00pa3oM, OUeBHUIHO, UTO B Mporpamme norpedyercss ABa Tuna BepluH. [Tomumo Tu-
na B BepuUIMHe rpaga MnoJie3Ho XPaHUTh NOMOJHUTENbHYI0 HH(POPMALUIO O BepLIMHe
TaKyl0 Kak: HOMep BepLIUHBI B rpade U UMS cyObekTa UK 00beKTa, MpeacTaBJ/eH-
HOTO JaHHOH BeplUHHOW. Kpome Toro, n/1s yno6c¢tBa paboThl B IpOrpaMMe BepIUIHHbI-
00BEKTBl U BEPUIMHbI-CYObEKTbl HyMepYIOTCsl OTAeNbHO. B ¢BSI3W CO CKa3aHHBIM, [JIs1
XpaHeHUs] UH(OPMALIMU O BeplLIMHe yH0OHO OyfeT CO3[4aTh CHeLHaNbHYI0 CTPYKTYPY,
coziepKallylo Mepeunc/eHHble T0Js.

struct Vertex {

public string name; // ums BepuIHHbI

public string type; // Tvn BeplinHBbI

public Int64 number; // HOMep BepIIMHBI AaHHOTO THIA
public Int64 ID; // HOMep BepuiuHBI B rpade

}

Cy1iecTByeT HECKOJbKO CTaHIAPTHBIX CIIOCOOOB MPOTPAMMHOIO MPEACTABJAEHUS
rpacoB [10], nas paspabatbiBaeMoil mporpaMMbl OblT H36paH crnocob MpencTaBJe-
HUS rpaca B BUAe MaTpulbl cMexxHOCTH. CToNOUAMH U CTPOKAMH TaKOW MaTpHIbl
SIBJISIIOTCSl BEPLUMHBI rpada, a B suedKax Haxo[sATCs Beca NMyTed MexX1y CMeXXHbIMU
BeplIMHAMH. B Hamiem ciydae B siuelKax MaTpHIbl yIOOHO pacloJOXHTh TpaBa
IOCTYyIa, KOTOpble, B CBOIO OYepeNb, YIOOHO MpPeACTaBUTb B BHAe OUTOBOH CTPOKH,
Tle KaAblil OUT UAeHTH(DULHUPYET HAJIUUKE UJU OTCYTCTBHE OINpele/éHHOrO MpaBa.
Taxk kKak B pas3HbIX OMNepPalHOHHBIX CHCTeMax MOxKeT ObITb pa3JHUUHOE KOJUYECTBO
npaB JOCTYMNa, TO U pa3Mep OUTOBOH CTPOKH [Js1 Pa3HbIX OMNepPallMOHHBIX CHUCTEM
Oynet pasubiM. [loaTomy yno6HO co3naTh B Kjacce crelMabHOe KOHCTAHTHOE M0Je
(BN) nnst xpaHenust pasmepa 6MTOBOM CTPOKH. [y pabOTHl ¢ GUTOBBIMH CTPOKAMHU
B si3bike C# ymoOHO MCIOJb30BaTh Kjaacc BitArray [B], Torma maccus, 3amatoriui
MaTpPULLY CMeXKHOCTH, MOXKeT ObITb 00BSBJIEH CJedyIIIUM 00pas3oM:

BitArray[,] a_matrix.

L5 XpaHeHHs CMUCKA BepUIMH-CYOBEKTOB U BEPLIHH-0OBbEKTOB MOXKHO CO31aTh
IBa JWHamMuueckux MaccuBa Tuma Vertex. Takke ymnoOHO 3aBeCTH OTHeJbHBIE TO-
Jfl B KJacce /5 XpaHeHHs KoJsudecTBa CyObeKTOB M 0OBEKTOB, BO H30eKaHHe
HeoOXOAUMOCTH MPOU3BOANUTh UX MoacuéT. Takum o06pasoM, K MOJsIM KJjacca OyAyT
OTHOCHTBCS CJIelyIolile NepeMeHHble:

static int BN; // konndecTBo 6UTOB B CTpOKe (KOJHMYECTBO MpaB AOCTYIMA)

int IDs; // nepemeHHasi aJisi moacuyéTa obIIero yucjaa BepPIIMH B rpade

BitArray[,] a_matrix; //marpuua cMexHOCTH rpada

public int S; // KonnyecTBO CyOBEKTOB B rpade

public int O; // KonndecTBO 00BEKTOB B rpade

public Vertex[] Subjects; // cnucok cy6bekToB B rpade

public Vertex[] Objects; // cnincok 06bekTOB B rpade.

51 paboThl ¢ rpachoM OOCTYIIOB, OUEBUIHO, MOHAN00ATCS onepaury 106aBJeHUs
U yiaseHus cyObeKToB U 0OBEKTOB, a TaKzKe onepauny 1006aBaeHUs U YAaNeHUs AYT.

[Ipyn no6aBsneHuu cyObekTa UM 00beKTa HEOOXOAMMO YBEJHUHUTH O0lllee YHCJI0
BEpILIWH B rpade, a TakKe yBeJUUUTb KOJIUYECTBO BepIUHMH AaHHOro THmna. s yHU-
¢ukauuyu paboTel ¢ MaTpULEH CMEXKHOCTH B MPOrpaMMe HCIIOJNb3yeTcs CJeqyloliee
coryiallleHWe: B MaTpHlle CMeXXHOCTH 3alHCH O BeplUMHaX-CyObeKTax pacroJararoT-
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csl 10 3anucell o BeplMHax-o6bekTax. CjenoBaTesbHO, NPU N00aBAEeHUH CyObeKTa
Heo0X0MMO N06aBUTh CTONOeL (CTPOKY) B MaTpHUIy MOCJe BCeX CTONOLOB (CTPOK),
COOTBETCTBYIOILIUX CYyObEKTaM, HO 10 CTOJIOLOB (CTPOK), COOTBETCTBYIOUIUX 00b-
ektaM. [Ipu noGaBneHun oObekTa B MaTpully A00aBJseTCS MOCJAENHUH cToabel U
NoCJIeJHsIST CTPOKA.

Anroputm no6aBieHust cyObeKTOB B MATPHUILY CJIeTYIOMIMMI:

1)

2)

3)

4)

5)
6)

co3paéresl BpeMeHHasi Matpuna pasmepoM (S+O0+1) x (S+O+1), rne S u
O — COOTBETCTBEHHO KOJHYECTBO CyObEKTOB U 00OBEKTOB B rpade AOCTYMNa;

BO BPEMEHHYIO MaTpPHUIy KOMHUPYIOTCS 3HAYeHHs MCXOAHOHW MaTpHLbl 0 TeX
mop, MOKa He BCTPETUTCS MOCJeNHssT cTpoka (cTosbel), COOTBETCTBYIOLILAS
CyOBeKTy;

HOBBIH CyObEeKT MOKa He UMeeT CBsi3el ¢ NPYTHUMU BeplliMHaMU rpada, no3Tomy
S'UEMKH HOBOM CTPOKH U CTOJ/I0LIA OCTAITCS NMYCTHIMH;

MocJie HOBOT0 cyObeKTa BO BpEMEHHYI0 MaTPUILY KOMUPYIOTCS CTOJNOIBI H CTPO-
KM, COOTBETCTBYIOIIHE 0ObeKTaM;

B UCXOJHOU MaTpHlle YBEJUUNBAETCS KOJUUYECTBO CTPOK H CTOJIOIOB,;

3HaYeHHs U3 BPEMEHHOH MaTpHLbl KOMUPYIOTCS B UCXOAHYIO.

Jlo6aBneHre 00beKTa NPOUCXOAUT aHAJNOTMYHO, HO HOBble JaHHble N00aBJ/S0TCA
B KOHeLl MaTpHILbI.
[Ipu ynanennn cybbekTa WM 0ObeKTa YMeHbIIAeTCsl KOJUYECTBO BepIUWH JaH-

HOTO

tuna. [Ipu v3MeHeHHWH MaTpUllbl CMEXKHOCTH HEOOXOAWMO YAAJIUTh CTOJOell

M CTPOKY, COOTBETCTBYIOILLYIO NAHHOH BepIIHHEe. AJrOpUTM yAa/JeHHs BEPIIMHBI U3
MaTpPULbl CJIeLYOIHNI:

1)

2)

3)

4)
5)

co3naércs BpeMeHHast Matpuna pasmepoM (S+ 0O —1) x (S+0 —1), rne S u
O — COOTBETCTBEHHO KOJHUYECTBO CYyOBEKTOB U OOBEKTOB B rpade A0CTyIa;

BO BPEMEHHYI0 MAaTpPHUIly KOMHUPYIOTCS 3HAYeHHs HCXOAHOHW MAaTpULBbl 0 TeX
nop, MoKa He BCTPETHUTCS CTPOKa (CTos6ell), COOTBETCTBYIOLLAs YAadsieMOH
BEpLINHE;

JlaJibHelllee KOMMPOBaHUE 3JIEMEHTOB NPOUCXOAUT CO CIBUIOM Ha OAHY fYel-
Ky BIIepén, TO €CTh B TeKyLLlyl0 SUYedKy BpPeMEHHOHW MaTpHIbl KONHUPYeTcs
3HaueHHue CJaeAyIlled YelKU UCXOAHOM MaTpPUILLBL;

B UCXOJHOH MaTpHlle YMeHblIaeTcsl KOJTUYeCTBO CTPOK U CTOJOLOB;

3Ha4YeHus U3 BpeMeHHOﬁ MaTpHLbl KOMMHUPYIOTCA B UCXOOHYIO.

JloGaBseHre nyrv NpOU3BOAUTCS MPOCTHIM KONMHPOBAHHWEM 3HAU€HHS B COOTBeET-
CTBYIOLLYI0 SUEHKY MaTpHIBl CMeXHOCTH, NPU 3TOM B Haudaje MNpoBepsieTcs, Cy-
LIeCTBYIOT JIM B rpade BepLIMHBI, MeXAy KOTOPBIMM HeOOXOAMMO H00aBUTb IYTY.
YnaneHnve Oyryd NPOUCXOAMUT aHAJOTHYHO — MYTEM yAaseHUsl 3HAuUeHHUH.
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Jns yno6ctBa pab6oThl ¢ rpadom noctyna no6aB/eHbl METOABI COXPaHeHHUs rpada
B (a1 u 3arpysku rpaca us gaiaa. MHpopmauus o rpade XpaHUTCH B TEKCTOBOM
(haiise co caenymwolled CTPyKTypoH: B HadaJe (aiiia coxpaHsieTcsl KOIUUeCcTBO CyOb-
€KTOB, 0ObeKTOB U 00lllee YUCIO BepLIHH B rpade. 3aTeM COXpaHSETCS KOJHUECTBO
nyr rpaca. Hanee cjenyeT CHUCOK BceX CyOBEeKTOB CO 3HAUeHHUSAMM BceX MoJed
cyobekToB. CsenoMm 3a cyObeKTaMH TakUM »Ke 00pasoM COXPaHSIOTCS OOBEKTHI.
[Tocnennum snemeHTOM B (baiine coxpaHsieTcsi MaTpHllia CMeXHOCTH rpada.

[TomrMO oOMMCaHHBIX METONOB B KJacce MPUCYTCTBYeT HECKOJbKO BCIOMOra-
TeJbHBIX METOOB: MeTOAbl copybits — n/is KonupoBaHHs OUTOBBIX CTPOK, METOJ
addSpaces — nmuis no6aBseHuss Mpo6esioB MPH BBIBOAE MATPULIBI CMEXHOCTH, METO.
showAdjacencyMatrix u meron showMask — njs BbIBOZA COOTBETCTBEHHO MaT-
pULIBI CMEXXHOCTH U 3HAueHHUsl sUeHKU MaTpHLbl CMEXKHOCTH B CTPOKY, KOTOPYIO B
najibHel1lIeM MOXKHO BBIBOAWTb Ha 3KpaH WU B (aiI.

CTpyKTypa OMHCaHHOTO KJjacca H3o0parkeHa Ha pUcyHKe 1.

ProtectionGraph

$Subjects : Vertex
¢0Objects :Vertex = Null
&E “Integer = Nul
¢S Integer=0
¢0 Ineger=0
BN : static int
&ya_matrix : BitArray []= Null
&IDs: hteger=0

®addSubje d(SubName : String="", SubNum: Integer = 0) : String
¥3ddObjectObName : String = ™, ObNum: Integer = 0) : Sting
‘deleteSubjecl(SubNa me : String) : String
QdeleteObjed(ObName: Sting): String
QaddArk(initvertex : Integer, finvertex : Integer, mask: BitArray) : Sting
‘deleteArk(iniNertex - Integer, finVertex : Integer) : String
’saveToFiIe(ﬁ lename : String) : String
®loadFromFile(filename : String) : String
¥showAdjanddencyMatrik () : Sring
Qshowhas kKisub: Integer, ob : Integer) : String
addSpaces(irst: String, bound :Inkger): Sring
copybits(source : BitAray, dest : &BitAmay) : wid
copybits(r: Boolean, dest : &BitArray): void

Puc. 1. Crpykrypa knacca ProtectionGraph B HoTauuu UML

4. Paspabotka KJjacca ajg coopa cucteMHON MHGopMaLuu

[Tpu ananuse moctyna moxeT notpeboBaThCs cjenyiolias HHPOpPMaLUs O MOJb-
30BaTesie; MMs MOJb30BaTessl, CHCTEMHBIH HOeHTH(UKaTop mosb3oBartessi (SID),
NIOMEeH I0J1b30BaTeJsl U CIIMCOK TPYII, B KOTOPble BXOAUT MOJb30BaTesNb. B cBOMO
oyepeab, MOXKeT NMOTpebOBaTbCA chaeAyiollas HH(OpMaLKs O TPyINe: UMS TPyNNbl U
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cucTeMHbIH uaeHTudukarop rpynmnel (SID). Ins xpaHeHus uHGOpPMaLHK O TPyNIax
Y 10J1b30BaTeNsAX B IPOrPaMMHOM MPOAYKTE HUCIOMb3YIOTCS CelyIolne CTPYKTYpbL:
struct Group {
public string Name;
public string SID;
;

struct User
public string Name;

public string SID;
public string Domain;
public List<Group> UGroups;

}

[Tone UGroups ctpykTypsl User XpaHUT CUCOK TPYII, B KOTOPblE BXOAUT I0JIb-
3oBaTesb. JTo moJie uMeeT Thn List, mpenocraBnsembiéi miardopmoit Microsoft
NET Framework.

J1s XxpaHeHus uHpopmauuu o (aije B MPOrpaMMHOM MPOAYKTE HCIOJb3yeTCs
cJenyIolIasi CTPYKTypa:

public struct SObject {

public Int64 ID;
public string name;

}

Kak BUIHO, B MPOrpaMMHOM INpPOAYKTEe XpPaHUTCS HAeHTHU(pUKaTop (aia U ero
ums. I XpaHeHUs CIIUCKOB M0Jb30BaTe iel, rpynmn U ¢aitjoB B Kjaacce MpeaycMoT-
pEeHBl CJIeAYIOLHe T0JIs:

List<Group> Groups; // cnucok rpymnmn

List<User> Users; // cucoK MnoJb30oBaTesied

List<SObject> SObjects; // crniucok ¢atinos.

Kpome Toro, knacc umeer cratudueckoe BN mnoJsie, B KOTOPOM XpaHUTCS pasmep
OUTOBOH CTPOKH AJis MpeAcTaB/eHus npas poctyna. as Windows 7 3HaueHHe 3TOrO
noJisi paBHo 23.

Jlns nmonydyeHus: cnucka noJib3oBaTesied CUCTEMBI C NepeuncaeHueM BceX TPy,
B KOTOpble BXONSIT MOJIb30BaTeJiH, MpuMeHsieTcss Meton getSubjects. JlaHHBIH Me-
TOJL He MMeeT MapaMeTpoB. B Hauase MeTon MoJsyyaeT CIIMCOK BCeX I'PyMI W CIIH-
COK BCeX TMoJib3oBaTesiedl B cucTeMe ¢ nomolbio WMI-06bekToB Win32_ Group u
Win32_UserAccount COOTBETCTBEHHO, HH(POPMALHUA O MOJNb30BATENSAX U Ipynnax
coxpaHnsiercs B nossix Groups u Users. 3aTeM MeTox NepeOupaeT BCexX MOJb30BaTe-
Jiell U Bce I'pyImibl, 4TOObl BBIICHUTb YJIEHCTBO MOJb30BaTe el B rpynnax. das mpo-
BEpKH UYJIEHCTBA MO0Jb30BaTe/si B rpymmne ucnosabdyercs meron checkMembership,
MPUHHMAIOLIMI Ha BXOA WMS [OMEeHa, WMl TPyNNbl U HMMs noJsb3oBartesns. Meton
checkMembership BosBpaliaeT 3HaueHHe «HUCTHHA» JUOO «JIOXKb», B 3aBUCHMOCTHU
OT TOro, SIBJISIeTCS YKa3aHHBIH M0Jb30BaTe b UJI€HOM YKa3aHHOH TPYIIbl UM HeT.

s nonydyeHus cnucka (palJoB B yKa3aHHOH MoJib30BaTeseM AHPEKTOPHH HC-
nosb3yercsi Meton getObjects, mpuHHMMaoOIMH Ha BXON HMSI AWPEKTOPHUH. IDTOT
MeTol AJsl peKypcuBHOro o6xofa KaTaJjorop 3amyckaeT MeTon lraverseTree.
TraverseTree 00XoqUT MoAKaTanord U coxpaHsieT HH(OPMALHMIO O HaHAeHHBIX (hai-
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nax B nojie SObjects. [as noctyna K uHpopmanuu o ¢ainax TraverseTree ucmosb-
3yeT 06bekT System.lO.FileInfo us .NET Framework.

J1s co3naHus MaTpulbl CMeXXHOCTH rpada ucnosb3yercss metoq createMatrix.
CyuiecTByeT nBa BapHaHTa 3Toro mMerona. [lepBelil BapHaHT MeTOA MPOCTO CO3MAET
MaTpUIy CMEXKHOCTH, BTOPOH BapHaHT CO3AAET MATPUILY U BO3BpAILAET 3Ty MATPHUILY
0 CChIIIKe B INPOLEAYPY, Bb3BaBlIylo MeToln. Mertox createMatrix cosgaér HoByto
matpuiy pasmepoM (S + O) x (S + O), rne S U O — COOTBETCTBEHHO KOJHUYECTBO
CyObeKTOB U OOBEKTOB B CUCTEME, U B KaXKAYIO fUeHKY MaTpPULbl KOMHUPYeT JHO0
npaBa cyObekTa Ha 00beKT, JHUOO0 MycTyl OUTOBYIO CTPOKY, €cJu npas HeT. s
KOMUPOBaHMS OUTOBBIX CTPOK MCIOJb3yeTCsl BCIIOMOTaTesbHBIN MeTon cpbits.

s BeISICHEHUS MpaB cyObeKTa Ha 00beKT MeTox createMatrix BbI3bIBaeT MeTO[,
getMask. Meton getMask npuHrMaer B KauecTBe napamerpa o0beKT Tuna SObject
1 cyobekT tTuna User. Meton nepe6upaer Bce ACE us DACL nannoro daiina u
BbIsiCHsieT, ecTb Jiu B DACL 3amucd, COOTBETCTBYIOIIHE TPyMNIaM NAaHHOTO I0Jb-
30BaTe/Isl WM MHIUBHAyaJbHble 3aMUCH JJIs NAHHOTO MOJb3oBaTess. Ecan takue
3alMCH HaXOASATCs, TO Bbi3biBaeTcsi MeTof createMask, KoTopblii (hopMHUPYeT CIIUCKH
3ampelléHHbIX U pa3pellléHHbIX NeHCTBUH MJIs TAHHOTO IMOJb30BaTe sl Hal HAaHHBIM
o6bekToM. CHUCKK NeHCTBUE Bo3BpallatroTcs MeTonoM createMask B BHae GHUTOBBIX
CTPOK. YUHTBIBAas TO, UTO SIBHO 3ampelliéHHble AEHUCTBUS HUMeloT 0GoJjiee BBICOKHH
MIPUOPHUTET, ueM paspeluéHHble, getMask ¢opmupyer HTOTOBYyI0 OGUTOBYIO CTPOKY,
KOTopasi NOJ’KHa ObITh 3amKcaHa B MaTpUlly CMeXHOCTH. MroroBasi cTpoka Bo3-
BpallaeTcs 1o ccolike Mertony createMatrix. Ias mocrtynma k DACL daitia meton
getMask ucnonbsyer o6bektol Ttuna File u FileSecurity, npenocraBasiemeie .NET
Framework.

Meton createMask npuHMMaeTr B KadecTBe mapamerpa OOBEKT THIA
FileSystemAccessRule, u, B 3aBucuMOCTH OT THIA MpaBa (paspeluaroliee U 3anpe-
matoiiee), GOpMHUPYeT BBIXONHbIE OMTOBBIE CTPOKH, TH€ KaxKA0e MPaBo, NOCTYIHOE
T10/1b30BATEJI0 PACIONOKEHO B ONpenenéHHOM paspsije 6uToBoH cTpoku. Hanpumep,
ecaM Kakoe-iub0 TpaBO SBHO pa3pelleHO I0Jb30BaTe/]l0, TO B paspeliaiolield 6o-
TOBOH CTpPOKe OHT, COOTBETCTBYIOIIMEH 3TOMY MPaBy, yCTaHABJWBAETCS. AHAJIOTHUHO
(opmupyeTcs cTpoka 3anpelnawomux npas. OcobeHHBIM 0Opa3oM oOpabaTeiBaeTcs
npaBo FullControll. Eciu takoe mpaBo BcTpeyaeTcss B CTPOKe, TO BCe OUTHI CTPOKH
yCTaHaBJIMBAIOTCS.

Jns co3naHusi MycTod OUTOBOH CTPOKU (€C/aH MeXIy CYObeKTOM M OObeKTOM
He MOXeT ObITb INpaB) NMPeLYCMOTPEH Meperpy:KeHHbIH BapuaHT Merona getMask.
Jlns BbIBOgA crucka ToJb3oBaTtesieidl, rpynn U (aiaoB B KJacce MperycMOTPeHb
cootBeTcTBytolIe MeTonnl: listUsers, listGroups, listFiles.

Onucanue knacca B HoTauuu UML npuBeneHo Ha pucyHke 2.

5. PaspaﬁoTKa KJiacCa OJid MnpegocrtaB/J€eHUd IT10Jb30BATEJ/Ib-
CKOro uHrepgerica
[lonb3oBatenbckuil HHTepdeic mnpenocTtaBasercs KJaaccoM Program. [anHbiéd

Kjacc umeer aBa Mertona. Merton parseMask mpeoGpasyeT GUTOBYIO CTPOKY, Mpe-
CTaBJ/SIIOLLYI0 HaOOp NpaB CyObeKTa Ha OOBEKT, B CTPOKY, COAEPKALIYI0 HAa3BaHHUS
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SystemlInformator

&BN - static int =23

% Groups : List<Group> = null
¢Users : List<User> = null
¢SObjects : List<SObject> = null

¥getSubjects() - void

¥getObjects(error - &string, pt : sting =" ") : string

QlistUsers() - string

QlistGroups() - string

QlistFiles() - string

createMatrix(matr - &BitArray[.]) : void

@ createMatrix() - void

&PcreateMask(rule - FileSystemAccessRule, amask : &BitArray, dmask : &BitArray) - void
@ getMask(obj - SObject, sub : User, m - &BitArray) : void

@ getMask(m - &BitArray) - void

@ TraverseTree(emor - &string, root - string) - void

@ checkMembership(DomainName - Stnng, GroupName : String, UserName : String) : bool
@ cpbits(source - BitArray, dest : &BitArray) : void

Puc. 2. Crpyxrypa knacca SystemInformator B Hotauuun UML

npaB AJs BbIBOAA UX Ha 3KpaH. Meton Main npenocTas/isieT KOHCONbHBIH M0OJb30Ba-
TeJbCKUH HHTepdelic, obecrneynBaroIi BO3MOXKHOCTb AOCTyNa KO BCeM Mepeunc-
JIEHHBIM BBbILLIE pexkuMmaM paboTsl mporpammbl. [Ipu 3anycke nporpammber Meton Main
npejJiaraetT MoJab30BaTeN0 BBECTH IUPEKTOPHIO, AJs KOTOPOH OyneT NPOU3BOAUTHLCS
aHanu3 poctyna. [lonab3oBaresnb MoxeT He BBOAUTb NUPEKTOPHIO, TOTAA MPOrpaMm-
Ma OyneT aHaJM3UpOBaThb AOCTYI KO BCeM JOKaJbHBIM (paiinaM koMmmbioTepa. [las
aHaJ/M3a J0CTyna CTPOUTCs rpad AOCTYINOB, BEPLUIMHAMU-CYObeKTaMU B KOTOPOM $1B-
JIIOTCS M0JIb30BATE/M CUCTEMBI, @ BepIIMHAMU-00beKTaMU (Dakibl U3 TUPEKTOPHH,
yKa3aHHOU ToJsib30BaTesieM (JH60 BCe JIOKanbHble (halJIbl).

Meton Main npepnoctaBssieT M0/b30BaTeN0 MEHIO, B KOTOPOM HMeeTCsl BO3MOXK-
HOCTb BBIOpATh CJenylolie NeHCTBUS:

1) mpocMoTp crnucKa noJib3oBareJiel;
2) TpPOCMOTp CHHUCKa TPYII,

3) mpocMoTp crucka ¢aios,;

4) mpoBepKa AOCTYIa;

D) BbI30B CIIPaBKH.

[lepBble Tpu fAeHCTBHS BBIMOJHSIOTCS MOCPEACTBOM BbI30BA CIELHAJNbHBIX Me-
TooB oObekTa Kiacca Systemlnformator, onucanue KoToporo npuBeneHO BBILLE.
[IpoBepka mpaB nocTyna NPOW3BOAMUTCS MPH MOMOLIM Bbi3oBa MeTona showMask
ob6bekTa Kisacca ProtectionGraph nns 3agaHHBIX CTpokH W cTos6ua. Ilepen BeIBO-
JIOM Ha 3KpaH Macka npeobpasyeTcsi U3 OUTOBOH CTPOKH B CHHUCOK JOCTYIHBIX TpaB
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npu nomoinu Merona parseMask o6bekta Program. BeiBom mpaB moctyma moxer
ObITh OCYILILECTBJIEH B CJAEAYIOLIUX peXUMAX:

1) BbIBOA MpaB KOHKPETHOTO IMOJb30BaTe/Is1 Ha KOHKPETHBIH (aii;
2) BBIBOJ MpaB KOHKPETHOTO M0JIb30BaTeJIsl HA BCe (PaHbl;
3) BBIBOI IpaB BCEX I0JIb30BaTeJiell Ha KOHKPETHBIH (hai,

4) BBIBOI TpaB BCeX M0Jb30BaTe el KO BceM (halam.

Kpome Toro, y nosnbsoBaTesissi €CTb BO3MOXKHOCTb NepeHANpPaBUThb BLIBOA 3alpo-
IIEHHOU MH(pOpPMaLUU B (hauJ.

[TporpamMma BBIBOIMT MH(pOpPMALMIO O AOCTYNe K (halay B cjedylolleM BHUIe: B
NepBOd CTPOKe BBIBOAUTCS HWMS TMO0JIb30BaTeJssl, BO BTOpod — uMs (aiaa, nanee
cJlelyeT CIIHUCOK AEHUCTBUH, NOCTYMHBIX JJIsl JAHHOTO I0JIb30BaTeJIs.

Crpykrypa knacca Program mpencraBseHa Ha puUCyHKe 3.

Program

& parseMask(m - string) - static string
@Main(args - string[]) - void

Puc. 3. Crpykrypa knaacca Program B HoTauuun UML

6. OueHKa NPoU3BOAUTENBHOCTH MPOTPAMMHOI0 MPOLYKTA

Haubosee TpymoéMKHMH NeHCTBHUSIMH, BBINOJHSAEMBIMH MPOrPAMMHBIM MPOLYK-
TOM, SIBJISIIOTCS: cOOp CBeleHHH 0 CyObeKTaX CHCTeMbl (T0JIb30BaTeNsAX U TPyMIax),
c6op cBefieHUH 00 0ObEKTaX CHCTEMBI, BbISIBJAEHHE NOCTYNOB CyObEKTOB K 00beKTaM
¥ MOCTPOEHHE MaTpULbl CMEXHOCTH. Bpewms, 3aTpauriBaeMoe Ha aHAJU3 BO3MOXKHO-
CTH J0CTyna, OyIeT 3aBUCETh OT KOJHUYECTBA CyOBEKTOB W OOBEKTOB B CHUCTEME, TO
€CTb OT pa3Mepa MaTPHLbl CMEKHOCTH.

Cbop cBezieHHi 0 CyObeKTaX CUCTEMbl BKJIOUAET CJEAYIOLIMe JTAllbl:

1) mpu moMolIM CHCTEMHBIX BbI30BOB (POPMHPYIOTCS CIHUCKH T'PYINI U T0Jb30Ba-
TeJlel, 3aperuCTPUPOBAHHBIX B CHUCTEMe, 3TH CIIUCKU COXPaHSIOTCS BO BHYT-
PEHHUX CTPYKTypax NpOrpammbl;

2) BBISICHSIETCS] YJIEHCTBO T0JIb30BaTesiell B TpyMnax, IJsi 3TOTO TepebupaTcs
BCe T0Jb30BATeNH, TPYMNbl U 3aMKUCH O TOJb30BATENSIX B KaxKAOH IpyIIe,
(hopMHpyeTCs CMUCOK TPYTI KaKAOTO MOJb30BaTES.

Kak BuAHO, crcTeMHble BBI30BBEI IPUMEHSIIOTCS TOJbKO Ha nepBoM 3Tamne. [lycTb
AJs1 moJiydeHust uHopMauuu o6 omHoW rpymnmne Tpebyercs A eNMHHI BpeMeHH, a
IJ151 TIoJlydeHust MH(OpMaUru 00 OJHOHU 3aMUCH MOoJb30BaTe s Tpebyercs B equHHULL
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BpEeMEHH. HYCTb B CUCTEME 3aperucTprupoBaHO N mnoJab3oBaresed u M rpyii, Torga
BpeMsd 3aBepllieHUd IepBOoro aTara c60pa CUCTEMHOH I/IH(pOpMaU,I/II/I MO2KHO OLEHHTDb

KaK
T,, = AM + BN.

Jlns BbISICHEHMS uJIeHCTBA I0/1b30BaTe/Isl B TpyIe HeOOXOAMMO MPOBEPUTH BCe
3alUCHU B TeKylleH rpynne U CPaBHUTb UX HAEHTU(PHUKATOPHl ¢ HAEHTHU(PHUKATOPOM
TeKyllero nosb3oBaress. [Iyctb Ha onepauuio cpaBHeHUs 3aTpaunBaeTcss C' eqUHULL
BpeMeHH, TOr4a BpeMsl Ha BbIICHEHHEe YJeHCTBA MOJIb30BaTeJ/sl B IPyMIeE BBIYUC/IS-
eTcsl Kak

M
T;2 = Z UlNO,
i=1

rjle u; — KOJIM4eCcTBO NoJb30BaTesell B rpymnme . Toraa obulee BpeMmsi tana cbopa
UH(pOpMaLUU 0 CyObeKTax CUCTEMBl OLleHUBAETCs Kak

M
T, =T, +T, =AM+ BN +> u;NC.
=1
C6op cBeneHuit 06 00BEKTAX CUCTEMBI IPOUCXOAUT MYTEM PEKYPCHBHOr0 06xona
KaTaJioroB, aJropuTM 00X0fla TAKOB:

1) KOpEHb KaTaJiora 3aHOCHUTCA B CTEK;

2) C NMOMOILILbI0O CHUCTEMHBIX BbI3OBOB OIIpeAedeTCd CIIMCOK MOAKAaTaJoroB MU (paﬁ—
JIOB B TEKYIIEM KaTaJiore;

3) nmaHHBle Kaxaoro (aisa KOMUPYIOTCS B CUCTEMHYIO CTPYKTYPY MPOTPaMMBI;
4) KaxAbIH MOAKATAJIOT 3aHOCUTCS B CTEK;
D) yCJIOBHEM BBIXOJ M3 PEKYPCHH SIBJISIETCS OTCYTCTBHe 3alMCel B CTeKe.

[IycTh Ha onepauuu 3aHeceHHs W BO3BpaTa M3 CTeKa COBOKYIMHO Tpatutcs W
eIMHUL BPEMEHH, BpeMs MOJy4eHUs CIUCKa I0AKaTaJJ0roB paBHo X, a BpeMs MoJy-
YyeHUs crucka ¢aisos paBHo Y. [IycTh Takxke Z — Bpems MoJaydeHUs UHPOpPMALUU
00 onHoM (parine. Torna Bpemsl MOJy4YeHHUs CIHCKA OOBEKTOB MOXKHO OLEHUTb IO

bopmyue:

l l
T,=UX+Y+WY k+2Z> f),
=1 i=1

roe | — ruyOuHa BJIOXKEHHOCTH, k; U f; COOTBETCTBEHHO KOJMYECTBO KaTaJlOroB U
(bal/IOB Ha i-M YpOBHE AepeBa KaTaJoros.

BrisiBsieHrne npaB focTyna cyObekTa Ha OOBEKT BBINOJHSETCS M0 CJeyoLleMy
aJITOPUTMY:

1) mpocMaTpuBaeTcsi CIIUCOK NOCTYIA 00BbEKTA W BHISIBJSIOTCS 3aMKCH, COOTBET-
CTBYIOLIMe TPyINaM MoJb30BaTe s,
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2) ecau Ha#IeHa 3amuCb, COOTBETCTBYIOLIAs TpyIlNe MOJNb30BaTessl, TO MpaBa,
persiaMeHTHpyeMble 3TOH 3aMUCbl0, COXPAHSIOTCS BO BHYTPEHHUX CTPYKTypax
porpaMmbl;

3) [IpoCMaTpPUBAECTCA CIIMCOK OOCTYyIia 00beKTa U BBISBJSIOTCS 3aIllnhCH, COOTBET-
CTBYIOLIIKME I10JIb30BAaTEJIIO;

4) ecsu HalieHa 3aMuch, COOTBETCTBYIOILAs MMOJb30BATEIO, TO MpaBa, perjaMeH-
THpyeMble 3TOH 3aMUChI0, COXPAHSIOTCS BO BHYTPEHHUX CTPYKTypax Mporpam-
MBI;

5) mocJjie BBIMOJHEHUs WIaroB 1-4 mporpaMma (pOPMHPYeT CIUCKH Pa3pelIéHHBIX
U 3aNnpelléHHbIX AeWCTBUH, NOCJAe Yero U3 MOJNYYEHHBIX CIIMCKOB I0J1Yy4YaeTCs
eIUHBIMA CIIHCOK IpaB B BUAe OUTOBOHU CTPOKH.

[lonoxum, | — ngauHa cnucka i-ro (aiaa, e — KOJIUYECTBO 3aluCel O rpyrire
J B CIHCKe 7,h — KOJHMYeCTBO 3alHCed O TeKylleM MoJ/b30BaTese B CIUCKE i, —
KOJIMYECTBO TPy, B KOTOPble BXOAUT MO0Jb30BaTeNb. 10ria BpeMs BbISIBJAEHUS MpaB
JOCTyIa TeKYIero nosb3oBaTess K TeKylleMy hanay:

Ty = Kl(pe + h) + E,

rie K — BpeMsi cOXpaHeHHUs NPaB Ha 0OBEKT BO BHYTPEHHEH CTPYKTYype MPOrpaMMel,
E — Bpemsi (hopMuUpoBaHHs 0OLIero CrUcKa Mpas.

dopMHpOBaHHE MATPULIBI CMEXHOCTH MPOUCXOAUT MYTEM KOMHPOBAHHUS MaCKH
noctyna B sueiky matpulpl. [Iycts B cucteme S cy6bekToB, O 00bEKTOB U BpeMs
KOMHUPOBAHUS OUTOBOH CTPOKU 3aHUMAeT T eUHHUL BPpeMeHH, TOra BpeMsl CO3[AaHUs
MaTpPHULbl CMEXKHOCTH:

T,, = 7T4(S + O)*.

O6uree Bpemsi cbopa HH(DOPMALUKMH O CHUCTeMe U (POPMHUPOBAHUS BHYTPEHHUX
CTPYKTYpP NPOrpaMMbl MOXKHO BBIUHC/IUTh KaK:

Ts; =T+ T, + T.

[locne ¢opmHupoBaHUS BHYTPEHHUX MPOTPAMMHBIX CTPYKTYP BpeMs MOJYy4YeHHSs
UH(opMaLMK O MpaBax AOCTyIa I0Jb30BaTe/s ¢ Ha 00beKT j OyAeT onpelessiTbCs
BpeMeHeM KONHPOBAHHUS OMTOBOW CTPOKHM M3 MaTPHILBl CMEXKHOCTH, pa3dopa CTPOKH
M BblBOJA MH(popMmauuu Ha skpaH. O6o3HauuM 3To Bpems udepe3 7;;. Torma Bpe-
Ms TOJy4YeHHs HMH(pOpPMaLMU O JOCTyNle BCeX I0Jb30BaTesedl K 00beKTy j Oymer
ONpefensTbC Kak:

Tsj = Sﬂ];

rie S — KOJMYecTBO CyOBEKTOB B cucTeMe. Bpems mnosiyueHus HMH(pOpMaLUU O
LOCTYIIE T10/1b30BaTe sl ¢ KO BCeM 0ObeKTaM CHCTEMBI:

T’io = Oﬂja
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rie O — KOJM4eCcTBO 0OBEKTOB B CHUCTEME.
Bpewmsi nosyyenusi uH(OpMaLUKU O AOCTyIEe BCeX MOJb30BaTesNeld KO BCeM 00beK-
TaM:

Ty = Tsj + T = E](S_'_ O)

7. TectupoBaHMe MPOM3BOAMTEJbHOCTH MPOTrPaMMHOro Mpo-
OyKTa

Kak BUIHO M3 mpeablAylLIero pasaena, CKOpoCTb paboThl MPOrpPaMMHOIO MPOAYK-
Ta 3aBUCUT OT MHOXeCTBa napameTpoB. [y cokpalleHHs o0béMa AaHHOH CTaTbH
NpUBeEM 3aBUCHMOCTH CKOPOCTH pabOThl NPOAYKTA TOJNBKO OT KJIOYEBBIX [apameT-
poB. /s Tekyllero TecTUPOBaHUS KOJMUYECTBO TPYII M MOJb30BaTesNed He MeHs-
JIOCb, He MEHSJ/O0Cbh TaKXKe YJIEHCTBO IoJib30Baresell B rpynnax. OCHOBHOH 1ieJblo
TEeCTHPOBAHHUS SIBJISJOCH BbISIBJE€HHE 3aBUCUMOCTH CKOPOCTH PabOThl MPOrpaMMHOI0O
NPOAYKTA OT KOJMYECTBA 00BEKTOB CHUCTEMBI.

[lapameTpel BBIUMCAUTENBHOH CHCTEMBI, Ha KOTOPOH NPOHU3BOAUJIOCH TeCTHPOBA-
HUe MPOrpaMMHOr0 MPOAYKTA, NpUBeNeHbl B Tabule 1.

Tabauna 1. XapaKTepI/ICTI/IKI/I BBIYHCJUTEJNbHOU CUCTEMbI AJI51 TeCTUPOBaHUS MPOrpaMMHOI0

NPOAYKTa
OTkpeiThiil TekeT Mopnenb nponeccopa | AMD Athlon 64 x2 Dual-Core 6000
YacTora npoueccopa 3,01 MIg
O6bem (pusnyeckod MamsiTu 2048 M6b6a#uT
CKOpOCTb J0CTyNa K KECTKOMY AMUCKY 67 Moaiit/c
OnepanuoHHasi cucrema Microsoft Windows 7
[Tpodeccruonanbuas 64 6ur
Bepcus Microsoft .NET 4.5
KonnuecTBo nosb3oBatene 5
KosnuecTBo mo/sib3oBaTeIbCKUX TPy 20

CpenHee Bpems c6opa MH(popMauuu o cyObekTax cucteMmbl nocsae 10 3amyckos
nporpamMmmbl coctaBuiio 18,4 c.

3aBHCUMOCTb BpeMeHM cOOopa CBeleHHH O (palaax OT KoJaudecTBa (pal/oB Mpes-
cTaBjeHa Ha pucyHke 4. [Ipu cocraBieHHH AUarpaMMbl HU3MEHSJOCh KOJHYECTBO
(haiisioB B OIHOYPOBHEBOW NUPEKTOPHUH, BJIOXKEHHbIE THPEKTOPHUH OTCYTCTBOBAJIHU.

3aBHCUMOCTb BpeMeHH MOCTPOEHUs MaTPULLbl CMEKHOCTH OT KoJiMuecTBa (ai/oB
npuUBelleHa Ha PUCYHKe O.

13 npuBenéHHbIX AMarpaMM BHUJAHO, UTO, €CJM NpeHeOpeub MOTPELIHOCTbIO, TO
BpeMs cO6opa cBeleHHH 0 (palsax pacTéT MpakTHUeCKH JIUHEHHO B 3aBUCHMOCTH OT
KosrdyecTBa (pai/ioB. Takxke BHUAHO, YTO BpeMsl MOCTPOEHHS MaTPHULbI CMEXKHOCTH
IJ5 rpada AOoCTyna MMeeT 3KCIOHEHLMaJbHYI0 3aBHUCHMOCTb OT KOJM4YecTBa (ai-
JoB. TakuM 00pa3oM, sKClepUMeHTa/NbHble JaHHblE MOATBEPKIAIT CIIPaBEANUBOCTD
TeOpeTHUYeCKOH OLEHKH MPOU3BOAUTENBHOCTH, OMMCAHHON B MpebIAyllleM pasieJe.
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Puc. 4. lnarpaMma 3aBUCHUMOCTH BpeMeHH cOopa cBeleHUH 0 (aiiax oT Ko/audecTBa (Paiios

3akJjrueHue

B nanHo#l pa6oTe onucbiBaeTcs npoiiecc pa3paboTKU U TECTUPOBAHUS MPOTPAMM-
HOTO TPOAYKTa JJIs aHa/iu3a AOCTyma K o0bekTaMm (aiynoBoil cucteMbl Windows 7.
Pabora siBsisieTcst Npoao/IKEHHEM HCCAeloBaHUH B 00JIaCTH MPUMEHEHUs] TUCKpPeLU-
OHHOM Mopesu Ge3onacHocTu Take-Grant mis aHanu3a 3alULIIEHHOCTH KOMIbIOTEp-
HBIX CHUCTEM OT HECAHKI[MOHHPOBAHHBIX NOCTynoB. OCHOBHBIE Pe3y/NbTaThl TeKYIlleH
paboThl CJeAyOLINe:

1) paspaboran mporpaMMHBIH MPOAYKT AJsl aHa/lM3a AOCTyna K o6bekTam (haid-
JoBo# cucrtembl Windows 7;

2) mpoBeleHa OLeHKA MPOU3BOAUTENBHOCTH Pa3pabOTaHHOTrO MPOTrPaMMHOI0 MPo-
LYKTa;

3) TpoBeleHO TeCTHPOBAHHE TPOU3BOAUTEBHOCTH Pa3paboTaHHOrO MPOrpPaMMHO-
r0 MPOAYKTa Ha JIOKAJbHOM KOMIbIOTepe mof yrpaBsieHueM Windows 7.

TectrpoBanue nporpaMMHOro NPOAYKTA M0Ka3aso ero MpPUroAHOCTb I MCIOJb30-
BaHHUS B JIOKQJbHBIX CHCTEMAX C OTHOCHUTEJBHO HEOOJIbLIMM KOJUYECTBOM (paiJIoB.

[IponomkeHue nccnenoBaHui B JaHHOW 00/1aCTH NJaHUPYeTCs B CJAEAYIOLIMX Ha-
NpaBJeHUSX:

1) paspaboTKa mporpaMMHOrO MPOAYKTa I/l aHAJu3a NOCTYMNa K MPOUYUM 00beK-
tam Windows 7;

2) ananu3 npuMeHUMocTH Monenu Take-Grant mns nccnenoBaHusi 6€30MacCHOCTH
KOMIIBIOTEPHBIX CeTeH;

3) aHanu3 npumeHumoctd Mozmenu Take-Grant mis uccienoBaHusi 6€30MaCHOCTH
CHCTeM YTpaBJjieHUs] 6a3aMu NaHHbIX.
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Puc. 5. lnarpaMma 3aBHCHMOCTH BPEMEHH TOCTPOEHHS] MATPHULIBI CMEXHOCTH OT KOJHUECTBA
thaiinos

4) ananu3 npuMeHuMocTH Mopesd Take-Grant mnst uccienoBaHust 6e30MaCHOCTH
MOOUJ/IbHBIX OMEPALUOHHBIX CHUCTEM.
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UIEHTUDPUKAIIUS YEJOBEKA IO IOXOIKE
C UCIIOJB30BAHUEM HOCUMBIX CEHCOPOB. OB30P
UCCJIENJOBAHUM

A.T. KaszanueBa

B cratbe npuBonuTcs 0630p CYLIECTBYIOIIMX HA AAHHBIA MOMEHT MOAXOMAOB K
UIEeHTU(UKALUY UeJIOBEeKa IO TMOXOJKe C HUCIMOJb30BaHHEM HOCHMBIX CEHCOPOB.
PaccmarpuBaoTcss METOMUKY 3aMKCH TOXONKH, TIPUMeHsieMble /ISl 3TOTO CEHCO-
pbl, aATOPUTMBl PAClO3HAaBaHHUsS U MOJyUYeHHble HCCAEN0BaTENIMUA Pe3yabTaThl.

Beenenue

B Hacrosiliee BpeMs JIOCTAaTOUHO aKTHUBHO BeAETCS HMCCefoBaTebCcKas paboTa B
00JIaCTH pacros3HaBaHUs yesoBeka mo noxonke. [IpennaratoTcsi pasjinyHble METO/bI:
OT CTaBlled yxxe OObIIeHHOW HWAEHTU(PUKALHUK MO CUJAYITY HA BUAEOU300paKEeHUH,
[0 TaKOr0 3K30THUECKOro, KakK HAeHTH(UKALHUsS 4esOoBeKa M0 ero TeHU C BO3NY-
xa [1]. CornacHo [2], uccienoBaHusi B 06JacTy GHOMETPUUYECKOH HIeHTU(DUKALHU-
1/ayTeHTU(DHUKALMHK 110 MOXOAKE MOXKHO Pas[esuTh Ha TPH OCHOBHBIX HATpaBJIEHHS:
MalIMHHOe 3peHHe, CEHCOpPbl B MOJy M HOCHMble ceHcopbl. [locnenHemy wu3 3tnx
HampaBJieHUH W MOCBsILeHA NaHHAsl CTaThsl.

1. 0630p
1.1. Cencopsl

M3 tabauubl 1| MOXKHO BHIETh, UTO B KayeCTBE HOCHMBIX CEHCOPOB yallle BCe-
r0o BHICTYTalT akcesjepomeTpbl [3-25]. Ho mpemnaratorcsi u npyrue matyuku. Tak
Morris [3] u Huang [5] B cBoMX cHcTeMax «yMHOiH» 00yBH, TTOMHMO aKCeJepOMeT-
pOB, HCIOJb3YIOT THPOCKOMbBI, TaTYUKH CHJbl, CTHOA, AaBJEHUS U YJIbTPa3BYKOBbIE
natuuku. Mondal et al. [26] npennaratoT njis UAeHTU(UKALKMK HCMOJb30BATh CH-
CTeMY M3 BOCbMM NaTYMKOB yIja MOBOPOTA, PACIONOMXKEHHBIX HAa BOCbMH KPYIHBIX
cycTaBax: IJleueBbIX, JJOKTEBBIX, Ta300eIpeHHbIX U KOJeHHbIX, a Shiraga [27] — nBe
HOCHMbIE BHIE€OKAaMepbl, PACIOJIOKEHHbIE Ha PIOK3aKe.

He meHee pa3zHooOpasHbIM OKa3blBaeTCsl U pa3MellleHHe aKceJepOMEeTPOB Ha TeJje
cyobekTa. Mx, kak npaBuJjo, pacnoJaraioT Ha tanuu [4,6-8,10,14,15,21,22,24,25],

Copyright © 2013 A.T'. Kasanuesa
Owmckuit rocynapctTBeHHbld yHUBepcuTeT UM, .M. JlocToeBcKoro
E-mail: anna_kazantseva@bk.ru
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Ta6muna 1. Mcnonb3yemble 1aTiuuKu

HccnenoBanne Hcnoab3yemble TaTYMKU M UX YaCTOTHI JUCKPETU3ALMH
Morris [3] 1x3A, 1x3G, 4xF, 2xB, 2xP, 1xEF, 1xU*@>25Hz
Huang et al. [5] 1x3A, 1x3G, 4xF, 1xB, ?xP, 1xU, ?xI, 2xS*@50Hz
Ailisto et al. 6],

Mantyjarvi et al. [4], 1x3A@256Hz

Vildjiounaite et al. [9]

Rong et al. [7,8] 1x3A@250Hz

Pan et al. [10] 5x3A@100Hz

Gafurov et al. [IT-17],

Bours et al. [2&] ] 1x3A@100Hz

Kobayashi et al. [19] 1x3A@33Hz

Hoang et al. [18] 1x3A@27Hz, 1x3A@100Hz

Kwapisz et al. [20] 1x3A@20Hz

Yan et al. [21] 1x3A@40Hz

Derawi et al. [22], -
Nickel et al. [24,25] [x3A@40-50Hz

Mondal et al. [26] 8xR

Shiraga et al. [27] 2xV@30FPS

[YcnoBubie 06o3Hauenust] 3A — TpéxoceBoit akcesepomerp; 3G — TpéxoceBoi rupockor; F
— JaT4y¥K cuJjbl; B — natunk cruba; P — natuuk nasnenuss; EF — patuuk snekTpuueckoro
nossi; U — ynbTpasByKOBOH HaTUMK; S — HATUMK NepekJioueHus; | — nHKauMHOMeTp; R —
JaTuuK yria rnosopota; V — Bupeokamepa. [[Ipumeuanus]| *Ha xaxxnoMm 60THHKe.

B pyke/Ha 3samsctbe [9, 10, 16, 19], Ha muxonotke [10-13] u B KapmaHe OpioK
[9,17,18,20]. dpyrue Bo3MOKHbIe PacCHoJIOXKeHHsI: B HarpyoHoM KapmaHe [9], Ha
6enpe [10], na naeue [10], Ha o6yBu [3,5].

[IpumeHsieMasi mJisi 3alMdCH 4yacTOTa AMCKpeTH3auuu Bapbupyercss ot 20 10
256 Hz.

1.2. ]JlaHHbIE

HecMmoTpst Ha TO 4TO BO BCeX HCCJENOBaHUSX HCIOJNB3YIOTCS TPEXOCEBbIE aKCe-
JIEPOMETPHI, IJIsl PAaclo3HABAaHUsA He BCerjga NMPHUMEHSIOT NMOKa3aHUs BCeX TPEX oced.

Tak Ailisto [6] u Mantyjarvi [4] npeanosoXuau, UTO NBUKEHHE M3 CTOPOHbI
B CTOPOHY SIBJISIETCSI HAaUMeHee CTaOMJIBHBIM, U UM MOXKHO mpeHe6peub. C 3THUM
cornacHbl ¥ Derawi et al. [22], KoTopble MOLIIH €l11€ AaJjblie H B Ka4eCTBe BXOIHBIX
NaHHBIX [IJIsl aJTOPUTMa B3SIJIM TOJBKO YCKOPEHHUsI BAOJb BepTHKaJbHOU och. C npy-
rodl croponsl, Gafurov et al. [11,12] npuwmnu K nNpsiMo NPOTHBOMONOKHOMY BBIBOLY
— TOPHU30HTAJIbHOE BHKEHHE HOTH B IJIOCKOCTH, TePIeHIUKY/ISPHON HaIlpaBJIeHHUIo
IBY2KEHHUS, SIBJISIeTCSl CaMbIM XapakTepHbIM. [IprMeHUB nJisi pacrno3HaBaHUsl U3Mepe-
HHSI UMEHHO MO 3TOH OCH, OHM MOJYYHUJIH HAUJYUIIYIO TPOU3BOAUTENBHOCTh. 3/1€Ch
CTOMT OTMETUTh, UTO TaKHe Pe3y/bTaThl, CKOpee BCEro, BbI3BaHbI PAa3HBIM PAaCIOJIO-
JKEHHEeM CeHCOPOB (Ha TaJuH U IIHKOJOTKE COOTBETCTBEHHO).

MHorue nccsenoBateslM BMECTO HENMOCPeNCTBEHHO ycKopeHHH mo ocsiM X, Y, Z
UCIIOJIBb3YIOT UX MOIYJb, UYTO MO3BOJISIET He 3a060TUThCS 00 OpPHEHTALMM CEeHCOopa B
TPOCTPAHCTBE.
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1.3. IIpenoOpabGoTka

T.xK. maHHbBle akcesepoMeTpa OOBIYHO [OBOJBHO CHJBHO 3allyMJIeHbl, A/ HX
npeno6paboTKH YacTo NPUMEHSIOTCS pa3inuHble GUabTpel. Hanpumep, B [11-13,22]
MCIOJIb3YIOTCS (DUABTPBI CKOJIb3sIIero cpeaHero, a B [18] u [7,8,21] — BeiiBseThl
Hob6ewu nopsinkoB 6 1 8 COOTBETCTBEHHO.

1.4. CermeHTauusg cUr=aja

CylecTBYIOT JBa OCHOBHBIX MOAXOAAa K CEerMEHTAlMH CHrHaja: CerMeHTallusi
Ha WMHTepBasbl (PUKCHPOBAaHHOH mauHbl [16, 20, 24, 25] ¥ MOUCK MIAroBBIX MHK-
JoB [4,6-8,10-15, 17,18, 22, 26]. CermeHTauusi Ha (pUKCUPOBAHHbIE HHTEPBAJIbI,
KakK MPaBUJIO, MPUMEHSIETCS B CBSI3Ke C MAalIMHHBIM OOydeHHeM. DTO He CJydalHo:
Nickel et al. [28] yTBepkaaioT, uTO LIATOBBIE LUKJIBI, Oyay4YH OoJiee TPYLOEMKHUMHU C
TOUKH 3pPEHHUsT BbIUKCJEHHs], He AAI0T MPUPOCTAa TOUHOCTHU Pacrlo3HaBaHHs B Caydae
MPUMEHEHHsI MOJX0I0B, OCHOBAHHBIX HA MAIIHHHOM OOyUeHHH.

1.5. Ilapamerpusamus

Bo MHorux pa6otax B KauyecTBe BEKTOpPA MapaMeTPOB HCIOJb3YIOT Pa3JHUHbIE
KOMOWHAIMK CTAaTHCTHYECKUX BEJMUYMH, TaKUX KaK: MUHHMYM/Makcumym [18, 25,
26], cpennee apudmernyeckoe [20,25], rucrorpamma [4,17,25], cranpaptHoe [20,
25] u cpenHekBanpatudyeckoe [18,25] OTK/IOHEHHS, MOMEHTHI BBICIIMX MOPSAKOB
(koabuLKeHTH 3KCllecca U acUMMeTpuH) [4, 17].

TaM, roe MpoU3BOAMTCS CErMEHTAlMsl Ha I1aroBble LHKJbI, Yallle BCEro HCMOJb-
3yeTcsi TOAXOJ C HaxOXKAEHHeM yCcpeliHEHHOro LMKJa. [Ipy 3TOM ycpeaHeHHe Mo-
XKeT MPOU3BOAUTHCS KaK C HMCMOJb30BaHHEM IHUHAMHUYECKOTO HUCKaXKeHHsI BPEeMeHH
(DTW) [7,8,22], Tak u 6e3 nero [4,6,12,15,17].

Takke BO3MOXXHO pasJyioXKeHHWe CHUrHaJja Mo creKTpy (Kod(ppHIMEHTH pasJjoxKe-
nus Dypoe [5, 8,9, 16], kencrpasbHble Ko3hdUIMEHTH [25]) U mapameTpusalus
MEeTOlaMH TJIaBHBIX [5,23] W He3aBUCHUMBHIX [D] KOMMOHEHT. B HEKOTOpBIX ciydasix
napaMeTpU3alls He MPOU3BOAMTCS Boce [5, 10, 24].

1.6. Kuaaccudukanus

[Tonxonbl K KaacCU(UKALMKH MOXKHO pasfesUTh HA JB€ OCHOBHBIE I'DYIIIBI: T.H.
«template matching», T.e. cpaBHeHHe ¢ 111a6JOHOM MO KAKOH-IHO0 METpUKe, U MOJ-
XOJIbl, OCHOBaHHble Ha MAIIMHHOM OOy4YeHHH.

Metpuku nas «template matching»: eBkaungoBo paccrosinue [11-16,23], man-
X3TTeHcKoe paccrosiue [17,23], DTW [7,8], koppensuus [6,8,17].

B kaTeropuu MamdHHOro oOy4eHHs] MCMOJb3YIOTCS HCKYCCTBEHHBIE HeHpOHHbIE
cet [3,5,26], nepeBbsi pewienuin [3,20], ckpbiThie MapkoBckue Mmopeau [24], a
TaK»Ke MEeTOJ OMOPHBIX BeKTOpoB [18,25] U MUCKpPUMHUHAHTHHIN aHanu3 [26].
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1.7. IIpousBoauTeIbHOCTH

B cBsi3u ¢ TeM, 4TO MPOU3BOAUTENBHOCTb aJTOPUTMOB paclo3HaBaHUs, Kak Mpa-
BHJIO, TECTHPyeTCs Ha pPa3/JUUHBIX HabopaxX 06paslloB C Pa3JHUUHBIM KOJHYECTBOM
YHHUKAJbHBIX CYOBEKTOB (3auacTyio He OueHb OOJBbLIMM), 3aMHCAHHBIX B Pa3HbIX
YCJOBUSX W Pa3HbBIMH NMPUOOpPAMH, U TIPUBOIMTCS B PA3HBIX €MHHILIAX M3MEpeHHS,
CPaBHHBATD €€ MOBOJIbHO 3aTPyIHHUTENbHO. TeM He MeHee, Mbl MOTbITAeMCs TPOBECTH
CpaBHEHHe TaM, TJe 3TO BO3MOXKHO.

KosdhduuueHT pacrno3HaBaHUsi B CHCTeMax «yMHOH 00yBH» [3, 5] mocTuraer
~97% (npu KosmuuecTBe CyOBEKTOB B TecTOBOM Habope ~10).

Y Pan et al. [10] B coyyae oqHOBPEMEHHOT'O MCIOJb30BAHHUS TMSATH CEHCOPOB,
pacrioyIoXKeHHBIX Ha MATH 4YacTaX Tesa, Ko3(P(UIUEHT pacro3HaBaHHUS MOJydaeTcs
paBHBIM 96,7%. OnHaKo B c/yd4ae OMMHOYHOTO CeHCOpa MPOU3BOAUTEbHOCTD MafaeT
no 66,8-74,5%. ¥ Mondal et al. [26] HabntonaeTcss aHaJoruyHasi KapTHHa C CEH-
copaM¥ MOBOPOTA: BOCEMb CEHCOPOB NAlT Kod(duuueHT pacrnosnaBanus a0 100%,
TOJIBKO CeHCopbl Ha Horax — oT 87 1o 93%. CTOUT OTMETHTh, UTO MPUMEHeHUe /s
pacro3HaBaHUs JIUUHOCTH CHUCTEMBl M3 HECKOJbKHX CEHCOPOB, PACIOJNOXKEHHBIX Ha
pa3HbIX UACTSX TeJsa, He MPEeACTaBJ/sSeTCs HaM Le1eCO00pPa3HBIM.

EER MeTona pacnosHaBaHusi ¢ TIOMOIILbI0 HOCUMBIX Kamep [27] cocraBiset 5,6%.

HeMmHoro 6oJibliie MOXKHO CKa3aTb 00 OTHOCUTEJbHOU 3(D(PEKTUBHOCTH aJTOPHUT-
MOB, KOrJla TECTHUPOBAHHE MPOUCXOAUT HA OTHOM U TOM ke Habope NaHHBIX.

Tak Derawi et al. [22] npu ucnonbsoBanuu «template matching» ycpenHéHHBIX
maroBblx UKkJ0B nonyunan EER B 20,1%. Ha To#t ke 6aze manHbix u3 ~5H0 ue-
nosek Nickel et al. go6unucs FNMR 10,42% u 6,3% npu FMR 10,29% u 5,9%
COOTBETCTBEHHO, UCIOJIb30BaB [IJisl KJacCH(UKALUU CKpbIThle Moesn MapkoBa [24]
1 METOJ OMOPHBIX BEKTOPOB [25].

Ailisto u Mantyjarvi Ha 6a3e U3 36 ueJiOBeK MOJYUUJIH CJEAYIOLINE Pe3yJIbTaThL:
EER st MmeTona ycpeiHEHHBIX II1arOBBIX [IUKJIOB C KOPPENSLUOHHON MeTPHKOH [4,6]
cocTaBusl ~7%, B TO BpeMsl KaK KO3(PPULHEHTH pa3JjoxeHuss Dypbe, rucTorpamMma
¥ MOMeHTH Bbiciinx nopsinkoB [4] manmu EER B 10, 19 u 18% cooTBeTcTBEHHO.
31ech CTOUT YMOMSIHYTb Takxe M padoTy [17], B KOTOpPOH TecTHpOBaHHe, XOTs
¥ mpoBoausoch Ha apyroé BJl, Bk/awodaso B cebsi Bce anroputmbel u3 [4] u [6].
CorsiacHO 3TOMY HCCJI€OBaHMIO, UCTIONb30BAHNE MAHX3TTEHCKOTO PACCTOSTHUS BMe-
CTO KOPPEJISILMK B METOJle YCPENHEHHBIX LIMKJIOB TO3BOJIUT €lE HEMHOTO YJYUIIUTh
npousBoauTesbHoCTh: ¢ 9,2 o 7,3% EER (na B/l u3 50 uesioBek).

Gafurov et al. mpu ncnonb3oBaHUM B KauecTBe METPHUKU €BKJIHAOBOTO PACCTOS-
HUsI MeXKJy HauboJiee COBMAJAIOLIMMHU MapaMH 1IaroBbIX LHUKJOB [14] ynanock cHHU-
sutb EER 10 7,5% (mo cpaBuenuto ¢ EER ~13% nns npocroro «template matching»
Ha OCHOBe yCpeIHEHHBIX IIaroBbIX LUUKJAOB [15]). Ty ke TeHmeHUHIO MOXKHO HabJIi0-
IaTh U B Apyroé rpymnmne uccaenoBanui Gafurov et al., o6benuHénubix obied B/1:
MpU 3aMeHe MeTOJa YCPeIHEHHBIX HUKJOB [12] Ha MeTon HaubGoJsee COBMANAIOLIMX
nap [11], EER cuuxaercs ¢ ~28 no ~20%. B [13] ymaércs cHU3HTH ero eré
Gousble, 10 ~17%, NPUMEHHB CJMsIHUE MOKa3aHHEU BCeX TPEX ocel aKcesepoMeTpa.

BIl B [7] u [8] x0T M He SBJSIIOTCS WAEHTHUHBIMH, cOOpaHbl OMHUMH HCCJe-
JOBAaTe/SIMH, B aHAJOTHUHBIX YCJOBHSIX, C MOMOIIBI0 OTHOTO U TOTO K€ yCTPOHCTBA



Marematnyeckue cTpyKTypbl H MojeaupoBaHue. 2013. Ne 2(28) 107

M colepxKaT MPUMEPHO OIMHAKOBOE KOJHUECTBO cyOBbeKToB. [103TOMYy MBI cuMTaem
CpaBHEHHe pe3yJbTaTOB B 3THX NBYX paboTax HomycTHUMbIM. [Ipu cpaBHeHuH ycpen-
HéHHBIX LHKJI0B 10 MeTpuke DTW, EER B [7] monyuaercst paBubiM 6,7%, a B [8] —
9,6%. Monxon xe ¢ Koapuuuentamu Pypbe U KOppessilihell B KaueCTBe METPHKH
B [8] maer cyurectBeHHO xyaiiue pedyabrathl: 21,1% EER.

Bours et al. [23], npuMeHHB MeTON TJIaBHBIX KOMIIOHEHT K YCPEIHEHHBIM ILIAro-
BBIM LMKJaM, Moaydusn oueHb xopoiinid EER B 1,6% mss Bcex mpoTecTHPOBaHHBIX
MeTpUK Ha JoctatouyHo 6osbiioid B/l n3 720 3anuceii/60 cy6bekToB.

CBozKa pacCMOTPEHHBIX B CTaThe aJTOPUTMOB MPHBelNeHa B Tabsule 2.

2. IIpoGnemsl
2.1. BuusHue KOBapuaTOB Ha pacro3HaBaHUe

13 pa6otsl Kobayashi et al. [19] MoxHO cuesnaTh BBIBOMI, UTO HAaHUOGOJblIEe BJIH-
sIHMe Ha TOUHOCTb pacro3HaBaHHUsl OKa3blBaeT MOJIOXKEHHWEe CeHcopa B MPOCTPAHCTBE.
B paGote mpeanpuHUMaeTcs MOMbITKA CO3[aTh MWHBAPUAHTHBIH OTHOCHTEJIBHO OpH-
€HTalluK CEeHCOopa aJTrOPUTM, HO TOJyUeHHAs TOUHOCTb Paclio3HaBAaHHUSI OKAa3blBAETCs
menble 50%. Brnpouem, moaxomsl, moJsaramiiiecs Ha METOM IJIaBHBIX KOMIIOHEHT U
MCII0JIb30BAHHE MOAYJsI YCKOPEHHWH MJisi MOCTHXKeHWs] MHBAPUAHTHOCTH, Ha NaHHOM
Habope MaHHBIX BeAyT cebs ellé xyxe: KoaduiueHTsl pacrnosHaBanus < 25 u 10%
COOTBETCTBEHHO. Kak HaMm KaxkeTcsl, TaKyl HHU3KYIO MPOU3BOAUTENBHOCTb MOXKHO
YacTUYHO OOBSICHUTb TeM, 4TO cOOp MAHHBIX MPOUCXOAUJ] B HEKOHTPOJHUPYEMBIX
YCJIOBHSIX.

Gafurov et al. B [11-13] paccmaTpuBaioT BiHsiHHe OOYBH Ha KauyeCTBO Pacrio-
3HaBaHus. HecMoTpsi Ha To, YTO BCs MCIOJIb3yeMasi B 9KCIIEPUMeHTax 00yBb HMeeT
TMJIOCKYIO TMOMOIIBY U OTJIHYAETCs TOJbKO BECOM, MPOU3BOAUTENBbHOCTb Paclo3HaBa-
HHsI Ha CMelllaHHOM Habope MaHHbIX MajaeT A0CTaTOYHO cuJjbHO. Hampumep, B [13]
EER nssi oTnesibHBIX THIOB 0OYBH B CpelHeM cocTaBjisieT ~2%, B TO BpeMsi KaK B
CMeIlIaHHOM 3JKCrepuMeHTe — 1esbiX ~17%.

B uccnenoBanuu Kwapisz [20], kpome XombObl MO POBHOH MOBEPXHOCTH, pac-
cMaTpHuBaeTCsl TakxKe Oer W MOABEM/CIYCK MO JeCcTHHIe. B cMmellaHHOM 3Kcrepu-
MEHTe MPOU3BOAUTENbHOCTh MamgaeT 10 ~70%, mo cpaBHeHuio ¢ ~87% B cayuae
TOJBKO XOAbObl. 3HAHHE O THUIEe AKTUBHOCTH T03BOJISIET HE3HAUWUTEJbHO YJIYUIIUTb
pe3yJibTaT, YTO FOBOPHT O TOM, UTO PACMO3HAaBaHHWE THMA ABUTATEbHOH aKTUBHOCTH
(MOMHUMO 1EeTEeKTHPOBAaHHS CaMOro COOBITHSI MOXONKH), CKOpee Bcero, Oecrepcrek-
TUBHO.

Sprager et al. [29] yTBepaaroT, 4TO TOYHOCTb PACIIO3HABAHUS He 3aBHCHT OT
THIa TOBEPXHOCTH (TpaBa, KaMeHHbIe MJIMThI, I'PaBUH, 3eMJs1). A uccaenoBanue [17]
NaéT OCHOBaHHUs TMoJaraTh, YTO HOLIEHHE PIOK3aKa TaKKe He OKasbiBaeT GOJBIIOTO
BJMSIHUSI Ha TIOXOAKY: MPH TMEPEKPECTHOM TECTHUPOBAaHUM C HAaGOPOM NaHHBIX 6e3
prok3aka EER Beipoc ¢ 7,3 10 9,3%.

2.2. Bo03MOXKHOCTH MOAJEJKH MOXOIAKHU

I/ICCJIeI[OBaHI/IIjI Ha TeMy UMHTalHHU I-Iy)KOI;'I [TOXOAKH HEMHOTI'O.



108 A.l'. KazaHueBa. HneHTH(HKALHS YeJ0BEKA MO MOXOAKE. . .

Tabnuna 2. McnosmbayeMele aaropuTMbl

Ref. | Onucanue aaroputma

[3] | D:{AD,GD,FD}—FV:{cm. [3]}—M:ML{CART,NB,ANN}

[5] | D:{?)=FV:{D}{FFT(D)},{PCA(D)}{ICA(D)}—M:ML(ANN)

(6] D:{AX,AY}—S:SD(SP)—FV:AVG(S)—»M:TM(COR)

4 | DL
2) [6]—=FV:{FFT},{BD},{HOM}—M:TM(?)

. . 1) 16],
O | DAXAY,AZSDNLPE= o) oyl ppr M TM(FET, em. [9])

(7] D:{AX,AY,AZ}—-DN:DW8—S:SD(GC)—FV:AVG(S)-M:TM(DTW)

8] | DD{AX AV} 5DN:-DW8—SSD(GC) SFV:AVG(S)—+ M TM(DTW)
2)D:{AX,AY,AZ}—1)FV:FFT—»M:TM(COR)

[10] | D:{AM}—S:SD(GC)—M:V(SP)

[16] | D:{AM}—S:FI-FV:FFT»M:TM(E)

[15] | D:{AM}—»DN:MA—S:SD(GS)—FV:AVG(S)-M:TM(E)

[14] | [I5]=FV:S>M:TM(E(BM))

[12] | D:{AX},{AY},{AZ}—->DN:WMA—S:SD(GC)—FV:AVG(S)—-M:TM(E)

[11] | D{AX}{AY},{AZ}>DN:MAS; [12] >FV:S—M:TM(E(BM))

[13] DA{AX,AY},{AX,AZ},{AY,AZ},{AX,AY,AZ}—-D:WMA—S:SD(GC)—=FV:S

S M TM(E(BM))
[17] | D{AM}DN:MA-SISD(GS)— o potnt6) ST o

[23] | D:{AX,AY,AZ}—S:SD(GC)—FV:PCA—M:TM{E,WE,M, MW}

D{AX,AY,AZ, AM}>DN:WD6—-S:SD(GS)—
)FV:{MAX}{MIN},. .. {RMS} {BD},{SD}
2)FV{FFT},{DCT}

—M:ML(SVM)

[18]

[20] | D:{AX,AY,AZ,AM}—S:FI-FV:{AVG,SD,. .. ,BD}—-M:ML{ANN,J48}

[22] | D:{AX}—DN:WMA—S:SD(GC)—FV:AVG(S)—>M:TM(DTW)

[24] | D{AX,AY,AZ}—>S:FI-M:ML(HMM)

(25] | DAAXAY AZ AMJSSFISFVA{MIN MAX, AVG,SD RMS,~ BD, MFCC,BFCC]
—M:ML(SVM)

[26] | D:{RI,...,R8}—=S:SD(GC)—FV:{MIN(D),MAX(D),...}—M:ML{ANN,LDA}

[YcnoBHble 0603Hauenusi] DN:x — npumensiemble ¢puabtphl; X € X = {LPF, DWN, MA, WMA},
rie LPF — duabrp Husknx yacror, DWN — BgeiiBser Hobeuwwn nopsinka N, MA/WMA —
(B3BeleHHBIH) QUABTP CKOJB3siLIEro cpenHero. S:x[(y)] — mprMeHsieMbi#i Croco6 cerMeHTanuu
curtana; x € X = {FI, SD}, rne FI — unrepBansl hukcupoBaHHoH mnyuHb, SD — MOWCK 11aros;
y € Y = {SP, GC}, rne SP — napui waros, GC — warossie unkibl. FV:x — BekTOp mapameTpos,
rne x € X = {FFT, DCT, PCA, ICA, AVG(S), BD, HOM, SD, RMS, MFCC, BFCC, MIN,
MAX, AVG}, rne FFT — koadduuuents pasnoxenus Pypse, DCT — nucKkpeTHOe KOCHHYCHOE
npeo6pasoBanue, PCA — MeTon rnaBHbIX KomnoHeHT, ICA — MeTon He3aBUCHMBIX KOMIOHEHT,
AVG(S) — ycpennénnnlél mwaroselit nuka, BD — rucrorpamma, HOM — MOMEHTBHI BBICLIMX IIO-
psiakoB, SD — cranpapTHoe oTkJoHeHHe, RMS — cpennekBanpatnyeckoe oTkJaoHeHue, MFCC
— MeJI-4acTOTHble KencTpaJsibHble Koadduuuentsl, BFCC — 6apk-yacToTHble KencTpaJsbHble KO-
s¢punnenter, MIN — mMunumym, MAX — makcumym, AVG — cpennee apudmetnueckoe. M:x
— agroput™m Kaaccudpukauuu; x € X = {TM(y), ML(z), V(SP)}, rne V(SP) — roJsocoBanue
CUTHAaTYpPHbIMH ToukamMH, TM — cpaBHeHue ma6moHoB, ML — mammnHHOe ofyueHue; y € Y
= {E, WE, E(BM), M, WM, DTW} — ucnonb3yemasi 1jsi cpaBHeHust meTpuka, rae E/WE
— (B3BelleHHOE) eBKJAMIO0BO pacctosinve, E(BM) — eBK/IMIOBO paccTosiHue Mexay Haubosee
MOX0XKHUMHU Mapamu nukaoB, M/WM — (B3BellleHHOE) MaHX3TTeHCKoe pacctosinue, DTW — nu-
HaMHueckoe uckaxeHue Bpemend, COR — koppensiuus; z € Z = {ANN, SVM, LDA, HMM,
J48, CART}, rme ANN — uckyccTBeHHasi HelipoHHast ceTb, SVM — MeToJ ONMOPHBEIX BEKTOPOB,
LDA — nuckpuMmuHaHTHbIH aHanu3, HMM — ckpbitas Mapkosckasi Monesb, NB — HauBHbIH
GaliecoBckuil Kaaccugpukatop, J48 — nmepeso pemenunit J48, CART — nepeBo kJaccuduKaunu
U perpeccuu.
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Gafurov et al. B pabore [15] Hcc/enylOT UMHUTALMIO MOXOAKH «MUHHUMaJbHbBI-
MU ycunusMu». [losyuyeHHble UMK pe3ysbTaTbl CBUIETEJbCTBYIOT O TOM, YTO TakKas
MUMHTALMsl He TOBbILIAET IIAHCHI JIOXKHOTO TPOMYCKa M0 CPaBHEHHUIO C HaCTOsiIlel
TIOXOKOH 3JI0yMBbILIJIEHHHKA.

B [31] mpoBeneHo Gosee ryGokoe HccienoBaHue Bompoca. M3ydyeHo BJUsiHHE
JIOITOBPEMEHHOTO 00yueHHs] Ha KauecTBO MUMHTAlMH. VccienoBaHue mokasaJo, uTo
Yy BCeX YYacTHHUKOB Ipouecc oOyuyeHHs] MPaKTHYeCKH OTCYTCTBYET: OOJBLIMHCTBO
0YeHb OBICTPO NOCTHraeT rnpenesa odydaeMocTH (moxoxke, 06YCJIOBJIEHHOTO (PU3HO-
JIOTHeH), a y HEeKOTOPbIX AaxKe HaOJMI0gaeTCsl YXYyAIeHHe pe3y/bTara.

3akJjroueHue

Jlo mosiBieHUs aJropuTMOB PAacCloO3HABAHUS TMOXOAKH, MPHUTOAHBIX AJS Macco-
BOI'O HCIIOJIb30BAaHUS, €ll€ OUeHb MHOrOe INpPeICTOUT CHesNaTh. B mepBylo ouyepens,
HeoOXOAUMO HNOOHUTHCS MpHUeMJeMOH TOUHOCTH PACNO3HABAHMSA NPH Pa3JMUYHBIX pas-
MeLLEeHHUSX U MOJOXKEHUAX NaTUMKa, a TaKxKe MPU UCII0Nb30BAHUU PA3/JUUHON 00YBH.
Kpome Toro, Heo6xonuMel 6osee Ir1y0OKHe UCCAeN0BAHUSI HHAWBUAYAJbHOCTH YeJo0-
BEUECKOH MOXOAKH ¥ BO3MOXKHOCTH/HEBO3MOXHOCTH €€ UMHUTALIUH.
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Cepreii Cepreesuu Ecumosn

1956-2013

B Owmcke 16 utons 2013 rona Ha 56 ropy »xusHu tTparuuecku noru6d Cepreir Cep-
reesnd EcdumoB. Cepreii CepreeBuu Haul KoJjJera, Hall aBTOp, 4J€H PeIKOJJIEruu
IopyxecTBeHHOro xkypHasna «BectHuk Omckoro yHuBepcutera». Cepreii CepreeBud
TpyoUJcs Ha Kadeape BBIYUCIUTENbHBIX CUCTEM (DaKy/JabTeTa KOMIBIOTEPHBIX HayK
OMI'Y npakTtuuecku co AHS €€ OCHOBaHMUS.

Cgoto mnpodeccuoHanbHy0 nesitesbHOCTh Cepreil CepreeBuu Hadas B OMcKOM
MOJIUTEXHUUECKOM HHCTUTYTe. B 1985 1. oH ycremHo 3amu T KaHIUIATCKYO IHC-
ceprauuio, a B 1990 r. eMy OblJIO PUCBOEHO y4€HOe 3BaHME MOIEHTa Mo Kadenpe
npukaanHoil mMatematuku. B 2004 r. Cepreil CepreeBuu nepelés npenogaBaTb B
Owmckom rocynapctBeHHoM yHuBepcutete. B 2011 r. emy Obl70 MpUCBOEHO MOUYETHOE
3BaHUe «[IouéTHBIH pabOTHUK BBICLIETO MPO(ECCHOHAIbHOIO 00pa30BaHUSA U HayKU
P®D».

3a u3obpeTaTeIbCKYI0 U PAallMOHANNU3ATOPCKYIO nesitesqbHOCTh Cepreto CepreeBu-
4y nprucBoeHo 3BaHHe «M3o6peraresr CCCP». B ero noc/y>kHoM CIHCKe HECKOJBKO
BHeAPEHHBIX PaLHOHAIN3ATOPCKUX TpeNJoKeHUH, 6osee necaTH aBTOPCKHX CBHJE-
TeJbCTB Ha U300peTeHUs], OKOJIO 1BaALATH CBUAETEIbCTB O PerUCTPALMH MPOrpPaMM-
HBIX CPeICTB.

Ceprei#i Cepreesuu ErMoB aKTHBHO 3aHMMaJICsl HAYUHO-HUCCIEI0BATENbCKOH pa-
6oTo# co cTyneHTamu. [IporpaMmel, pazpaboTaHHble B paMKaX KypPCOBBIX M IHIJIOM-
HBIX TpoeKTOoB moj pykoBoacTBoM Cepresi CepreeBnda, BKJO4eHbl B OTpacseBoi
@®oHpn anroputmMoB M nporpamm PenepasbHOro areHTcTBa No ob6pazoBaHuio P,
OTMeueHbl JUMJIOMaMH U rpaMOTaMH, BHEIpeHbl B y4eOHBIH Mpoliecc BedylIHUX BY30B
r. OMcka. A pe3ysnbTaTbl ero COBMECTHBIX CO CTyIEHTaMH H3bICKAHUH OMyOJHKOBa-
HBI, B TOM YHCJIe, U B HAllIeM KypHaJe.
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Cepreil CepreeBuu EdrMOB 3aHHMaN aKTUBHYIO »KU3HEHHYIO MO3ULHIO, BBICTY-
nas 3a aKTHBHBIH OTHABIX, 3aHHMaJCS BeJocHUNefHbM crnopToM. OH cocTosil B Be-
Jnokny6e «llemnasi peakuusi», mobun nanbHue Bejonpoberd. OOHUM H3 €ro Jud-
HBIX TOCTHXKEHHH SIBJISIeTCS yyacTHe B BesoMapadone mo mapupyty bpect-Ilapuxk-
Bpecr.

B ero nuue Mbl NOTEPS/IM BbICOKOKBAJMU(HULIHPOBAHHOIO ClelHaNnCcTa, TpeOoBa-
TeJbHOI'0 M MPHUHUMIHUAJBHOIO KOJIJIEery, BeJMKOJIeITHOro IpernojaBaTesss U HacTaBs-
HHKa, crioprcMeHa. Mubl 3anoMHUM Cepresi CepreeBuya y/blOUHBBIM, SHEPTHUYHBIM,
nobpoxkenaTebHBIM U B TOXKe BPeMsl MPUHLUIHAIBHBIM U BLYMUHUBBIM YeJOBEKOM.

BripaxkaeM HcKpeHHHe c000/Ie3HOBAHUS POAHBIM, OJU3KHUM, KOJlJ1eraM, ydeHHKaM
u BceM, KTo 3HaJ Cepresi CepreeBuua. Cepreil CepreeBndy E¢pumMoB Obls1 NOXOpOHEH
B Omcke.

Pedkoanrecus syprara
«Mamemamuueckue cmpykmypol
U Mo0eauposarue»
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AHHOTAIINH

A.K. I'yu. Co3unanue Myupa ¢ MaliiHON BpPeMeHH.

AnHotanusa. Mccienyercs Bonpoc o JIOrMYeCKHX CBOHCTBaxX OMUCAHUSI MHUpPa, B KOTOPOM
BO3MOXKHa paboTa MalMHBl BpeMeHH. [Ipensaraercsi paccMaTpuBaTh JOTHUECKHE MPOTHBO-
peursi Kak MPOTHBOPEUHs] MeXIy HeOCO3HaBaeMbIM MPHOPUTETOM MHpa U TMOAYMHEHHOCTH
eMy JIOTHYeCKHX CXeM paccyaka.

KnroueBbie ciioBa: co3HaHHe, MHP, peasbHOCTh, BpeMsi, MallliHa BPeMEeHH.

O. KomeJea, B. KpeitnoBuu. CToxactrieckas NPUUHHHOCTb HE COIVIACYETCSl C TPYIIIOH
JlopeHua.

AnHortamusa. CoryacHO COBpeMeHHOH (H3HMKe, BCe (PU3UYECKHEe MPOLECCH OMUCHIBAIOTCS
KBaHTOBOH Teopuei. B yacTHOCTH, U3-3a KBAHTOBBIX (DJIYKTyallMi faxKe B MyCTOM MPOCTpaH-
CTBe NMPUUYHHHAS CBSI3b, B 00OLIEM, HEMHOI'O OTJIHYAETCs OT OObIYHOH CBSI3M MUHKOBCKOTO.
[TockoabKy KBaHTOBBIE 3P(eKThl BEPOSATHOCTHbBIE, YTOOB MPABUJIbHO MPEACTaBUTh COOTBET-
CTBYIOLILY0 CTOXaCTHUECKYIO TPUUMHHOCTD, HY2KHO OMUCATh [JIst JIIOOBIX ABYX COOBITHH € U €’
BEPOSITHOCTh p(e, €’) TOro, 4To e MOXKEeT MPUYUHHO BJHsATh Ha €. HeokuoaHHO okasasoch,
YTO TaKHe BepPOSTHOCTHble (DYHKUUU He MOryT ObiTb JlopeHL-WHBapHaHTHBIMU. pyrumu
CJIOBaMH, KaK TOJbKO Mbl MPHHHMaeM BO BHHMaHHe KBAaHTOBble 3((PEKTbl B MPUYMHHOCTH,
JlopeHLI-MHBapHAHTHOCTh HapyllaeTcsi — aHAJOTMYHO TOMY, KaK OHa HapyllaeTcsi, eCJH Mbl
MPUHHMMaeM BO BHHMaHHe HajHuWe MaTepPUH M HauWHAeM pacCMaTpPHUBaTh KOCMOJIOTHUECKHE
peLeHHs.

KaioueBbie cioBa: cToxacTHuecKasi IPUYMHHOCTb, KBAHTOBBIE (DJIYKTYalMH MPOCTPAHCTBA-
BpeMeHH, JIopeHIl-HHBAapPHAHTHOCTD.

B. KpeitnoBuu, O. KomeneBa. KoppektHo s JlarpanxeB (opMa/nan3M ONUCBIBAET COXpa-
HeHHe JHepPruu?.

AHHoTtauusa. B GosblivHCTBe (hU3MYeCKHUX TeOpH MoJHas 3Heprus coxpaHsercsd. Hampu-
Mep, KOTa KMHeTHYecKas IHepPrys 4acTHLbl YMeHbILAeTCs, MOTeHU A bHasi SHEePrusi CooT-
BETCTBEHHO YBeJH4YUBaeTcsl. B HEKOTOPHIX (PU3HUECKUX CHUCTeMax 3Heprusl He coXpaHseTcs.
Hanpumep, ecau Mbl pacCMOTPUM YaCTHLY, ABHKYILYIOCS C TPEHUEM, SHEPTUS CAMOH 4acTH-
LIl He COXpaHsieTcsl — OHa Npeo0pa3oBbIBAETCS B TEIJIOBYIO SHEPrUI0 OKpy2Kalolled Cpefbl.
B npocTeIX cucTeMax 3HEPruio JIETKO onpeneanTb. B 6osee cloKHBIX (PU3UUECKUX CUCTEMAX
JaTb TaKoe olpefeseHHe HepocTo. UToObl onucaTbh 3HEPTrHio OOLIMX CHCTEM, (PU3HKHU BBeJH
obllee MOHSATHE HEPrUH, OCHOBAHHOe Ha JlarpaH:keBoM ¢opmasnusme — npeincTaB/eHue (u-
3UYeCKHX TeOpUH C IOMOLLbI0 NPUHILIMIA HAHMeHbLIEero AeHCTBUS, KOTOpPOe cedyac UCIOJb-
3yeTcsl noBceMecTHO. /1 MHOTHX (DU3MUECKHX TEeOpUH 3TO MOHSATHE Bel&T K (PU3WYeCKH
3HAUMMOMY OIlpellesleHHI0 3Hepruu. B naHHOH paboTe MOKa3aHO, YTO CYLIECTBYIOT TaKxkKe
npuMepbl, Korna JlarpaH:KeBo NMOHATHe HEPrUU BooOlle He HMeeT (PU3UUECKOr0o CMbICIa —
HarnpuMep, B COOTBETCTBHUHU C ITHM OINpele/ieHHeM, BCe TUHAMUUYECKHE CUCTEMBbl COXPAHSIOT
3Hepruio.

KuaroueBble cioBa: coxpaHeHHe 3Heprud, Jlarpanxes hopMasnsm.

A.T. Akconr, 3. TImaccman, O. KomeneBa, B. KpeiitnoBuu. OT yHUBepcasbHOr0O
MEeTPHUYECKOTO TPOCTPAHCTBA YPBICOHA K YHHBEPCAJbHOMY MPOCTPAHCTBY-BPEMEHH.

AnHoTtanus. V3BecTHbIH pe3y/bTaT YPBICOHA MOKA3bIBAET, UTO CYLIECTBYET YHHBepCalbHOE
MeTpHUYeCKoe TPOCTPAHCTBO, T.. METPUUECKOe MPOCTPAHCTBO, KOTOPOE MOXKHO M30MOP(HO
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BJIOXHTb B J06oe apyroe (cemapabesbHOe) MeTpHUECKOe MPOCTPAHCTBO. Dosee TOTO,
5TO yHHMBepCasbHOE MeTPHUYECKOe MPOCTPAHCTBO MOXHO BHIOpaTb CO CBOHCTBOM YyJbTpa
OHOPOIHOCTH — KaxKAbIH M30MOP(U3M [BYX €ro KOHEUYHBIX MOIMHOXECTB MOXET ObITh
paciudpeH 10 u3oMopdu3Ma Bcero mnpoctpaHcTBa. HauunHas co cnenuadbHOH U 00lel
TEOPHH OTHOCHUTENBHOCTH JDUHIITEHHA, MPOCTPAHCTBO-BPEMSI OIMUCHIBAETCS CTPYKTYPOH
MHOTO THNa — MHOXeCTBO (cOObITHI1), CHaGXEHHOe OTHOCHTENbHbBIM BpeMeHeM T(a,b)
MeX1y ToukamMd a u b. Takoe mNpocTpaHCTBA H3BECTHO KakK MPOCTPAHCTBO-BPeMSI C
KHHEMaTH4YeCKOH MeTpPUKOH WM k-NpoCTpaHCTBO-BpeMsi. B maHHOH paboTe mokasaHo,
YTO pe3ysbTaT YPBICOHA MOXHO DPaCIIMPHTb Ha k-TPOCTPAHCTBO-BPEMSI — a HMEHHO, UTO
CYLIEeCTBYeT y/IbTPa ONHOPOAHOE YHHUBEpPCaJbHOE k-TPOCTPAHCTBO-BPEMSI.

KiaioueBble  cjaoBa:  yHHBepcasJbHOE  MPOCTPAHCTBO-BPEMs,  YJbTPa-OLHOPOAHOE
MPOCTPAHCTBO-BPEMsI, YHHBEPCAJIbHOE METPHUECKOE MPOCTPAHCTBO YPBICOHA.

®. 3anara. Kak onpenesuTb paccTosiHHe ¢ TOUKH 3pEHUs] KUHEMAaTHYeCKOH MEeTPUKH U/H/K
Ipyrux (U3NYeCcKUX BeJHYUH.

AnHoTtanus. Beiio 66 Xopouo HMeTb MeTPUKY d(a, b), KOTOpasi OMHUCHIBAeT GJH30CTh MeX-
Ny COOBITHUSIMH TPOCTpaHCTBa-BpeMeHH. B mpoctpanctBe HbloToHa n/1s onucanus 61130CTH
pas3/JMYHBIX NPOCTPAHCTBEHHBIX TOUEK Mbl MOXEM MCIOJb30BaTh EBK/IMIOBY MeTpHKy. B
pPeNSITUBUCTCKOHM (DM3MKe, MPOCTPAHCTBEHHOE PACCTOSIHME He WHBAPUAHTHO, OHO MeHseTcs,
KOTla Mbl [IepeXOIUM U3 HauaJbHOH CUCTEMBI OTCUETA B IPYTYIO0 CUCTEMY, KOTOpPasl IBUKETCS
OTHOCHTEJIbHO HauyajbHOH. ENWHCTBEHHAash MHBAapHaHTHAsl XapaKTEpPUCTHKAa — 3TO OTHOCH-
TeJbHOE BpeMsl, U3BeCTHOe KaK KMHeMaTHueckass MeTpuka. MoxKHO JIM MCHO/b30BaTh KHHe-
MaTHYeCKYyl0 METPHKY, 4TOObl OMpeNesqUTh Hy»KHOe HaM paccTosiHde d(a,b) MexXay COOBITH-
SIMH NIPOCTPaHCTBa-BpeMeHU? B maHHOU paboTe mokasaHo, UTO JJs1 MOJHOTO MPOCTPAHCTBA-
BpeMeHHU CIellHabHOM TeOPHH OTHOCHUTEJBbHOCTH HEBO3MOXHO ONpefeuTh MeTPHKy d(a,b)
C TOYKM 3peHMs] KMHEeMaTHUeCKOW MEeTPHUKH; OIHAKO, €CJH Mbl OTPAaHHYMMCS KOMIAaKTHOH
(cBSI3HO#) 4YacTbl0 MPOCTPAHCTBA-BPEMEHH, TaKoe OINpelesieHHe CTAHOBUTCS BO3MOXKHBIM.
Taxxe mokaszaHo, 4To, B GoJjee oOuieM cjaydae, OJisi KOMINAKTHBIX YacTed MPOCTPaHCTBa-
BPEMEHH MOXKHO ONpelesUTb METPUKY C TOUKHM 3peHHs JI0O0ro KosJHuecTBa (PU3HUECKHX
noJied.

KiioueBble cioBa: KMHeMaTHUecKasi MeTPHUKa, MeTPUKa, FTeOMeTpHs IPOCTPaHCTBA-BPEMEHH.

A.K. I'yn, JI.A. BonogueHkoBa. 3auuTa Jjeca Kak cTparerudeckasi Urpa.

AnHoramusa. [lpennaraercs niaHupoBaHHe MEpPONPHUSTHH MO 3alMTE Jieca pacCMaTpPUBATh
KaK CTpaTeruyecKyro Urpy ¢ «[IPUPOMOH» B paMKaxX MaTeMaTHUeCKOH TEOPUU HUTP.
KuioueBbie cioBa: Jiec, 3alUTa Jieca, TEOPUS UIP, CTPATETHH.

O.A. Bumnsakosa, [I.H. JlaBpos, C.IO. JlaBpoBa. Matemaruueckasi Moaesb 0OHapy»Ke-
HHS TOUKH GeCHPOBOIHOrO NOCTYMA MO W3MEPEHHSM MOLIHOCTH HM3Jy4eHHS pa3HECEHHBIMH
HabJrofaTeNsIMH.

AnHoTtamusa. B cratbe nmpencraB/ieHa Mofie/lb CHCTEMBI OTpeleseHnst KOOPAWHAT To4YeK Oec-
MPOBOIHOTO OOCTYMA B MPENNOJ0KEHHH U30TPOMHBIX NPUEMO-TIEPEeNAIOIIUX aHTEHH U OTCYT-
CTBUSA Nperpan. B aToM ciydae JMHHU PABHOTO yPOBHS H3MePEHHS MOLIHOCTH MPEACTABISIOT
co00H OKPYKHOCTH. B mpeanonokeHuu, 4To KOOPAHMHATH Pa3HECEHHBIX TOUEK HAOMIONEHUS
M3BECTHBI, a 110 MOLIHOCTH NPUHHUMAEMOr0 CHrHa/la CTPOUTCS OLleHKa PafnyCOB 3THX OKPYyXK-
HOCTEH, MOXKHO COCTaBUTb CHUCTEMY HeJHUHEHHBIX ypaBHeHUH. K coxkasneHHio, B CHJYy OLIU-
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60K H3MepeHHsl PaJnyCcoB, CUCTeMAa YpaBHEHHWH OKa3blBaeTCsl HECOBMeCTHOH. MHUHUMU3UPYS
OINOKY U3MepeHHsl UM HEBSI3KY CHCTEMBl YPaBHEHHH, CTPOUTCS OLEHKA KOOPAHMHAT TOUKH
poctyna. ljs peann3auuy MeToja NOCTPOEH BHIYMC/AUTE/bHBIH alrOPUTM Ha OCHOBE MeTOona
HbiotoHa-Padcona. B pesysnbraTre KOMIbIOTEPHOrO 3KCIEPUMEHTa MOKa3aHO, UTO MUHUMHU-
3alMsl HEeBSI3KH M MUHHMH3allMs OLINOKHM HU3MEpeHHUsl PafilyCcoB INPHU YCJIOBHH, UYTO PaiHUyC
MHOT0 60Jibllle OLIMOKH, 20T OAMHAKOBbIE OLEHKH KOOpPAMHAT.

KaroueBbie cioBa: o6HapyxeHHe OeCIPOBOAHBIX ToueK AocTymna, Meton HeloTona-Pagcona,
CHCTeMbl HelIMHeHHBIX ypaBHEHHH, OLleHKa KOOPAMHAT UCTOUHHKA HU3JyUeHHUs.

A.B. Aastepror, O.A. Bumnsakosa, [I.H. JlaBpoB. ®opmat naHHbX Ha ocHoBe XML-
pa3MeTKHu AJs1 o6MeHa OUOMETPUYECKUMU 0Opas3LaMu.

AnHortamusa. B pabore mpencraBneHo onucanue (opmara XML-nokymeHTa, comep:kalie-
ro 6romerpuyeckre obpasiupl ¥ BeiOOpKH. [Ipy mpoekTHpoBaHUM (hopMaTa Oblja 3aj0XKeHa
n1aTOPMOHE3aBUCHMOCTb, pacluupsieMocTb (opmara. Popmar ucrnosnb3yercs Ajas oOMeHa
JaHHBIMHM MeXXy MOIY/SIMH pa3pabaTbiBaeMOH B HacTosilllee BpeMs CUCTeMbl c6opa GHOMeT-
PUUECKHX TaHHBIX.

KuaroueBbie ciaoBa: XML, ¢opmat obmeHa naHHBIMH, OUOMETpPHUS.

A.T. Npyxunaua. O630p nporpamm «DJeKTPOHHAS KapTa MalUeHTa».

AHHOTamus. Y:Ke NaBHO MeIHMIHHCKHE LEHTPbl U MYHHIHNAJbHble OOJbHHUIBI UCIOIb3YIOT
NpocTeHlIe 3eKTPOHHbIEe KapThl MAllHEHTOB, YCTAHOBJEHHbIE HA KOMIbIOTEPHl B PErUCTpa-
Typax. Takue KapThl CO3IaBaJHMCh C LIEJIbI0 YIIPOCTUTh M YCKOPHUTb MPOLECCH IMArHOCTHPO-
BaHHUsl, coOpaTh JaHHBIE O MalMeHTe, Ha3HAYUTh JedeHHe. OMBIT, MOJYyUEHHBIH B pe3ysbTare
0630pa MHOXKeCTBa MOLOOHBIX TPOTPAMM, MO3BOJISET CO3/MaTh ONTHMAJbHOE TPOTPaMMHOE
obecrieyeHue 17 3JEKTPOHHOH KapThl 60JbHOro, KOoTopoe OyleT OTBeuaTb COBPeMeHHBIM
TpeGOBAaHUAM U COOTBETCTBOBATH OXKHAAHHUSIM Bpauel W MalHeHTOB.

KnioueBble cjioBa: 3/1eKTPOHHAs KapTa, MporpaMma, HH(MapKT MHUOKapaa, MalueHT, MOLY/b.

E.A. Uaromeuknn, U.C. Momoasix. OnTuMusanusi Be6-uHTepdetica Ha CTOPOHE KJHEHTa
17151 paboTel ¢ TabBJUYHBIMH AaHHBIMH.

AnHoTamusa. B paGote onucaHa 3amadya co3gaHUsl KAHEHTCKOH 4acTH 3(PQeKTHBHOro Beb-
uHTepdeiica anas paboThl ¢ TabJMYHBIMH NaHHBIMH Ha ocHOBe Bo3MoxxHocTed HTMLS, a
TaKxKe MPHUBeNeHbl OCHOBHbBIE MPUHIUIBI IPOTPAMMHON peasin3aldd TaKoro UHTepderca.
KaioueBbie ciaoBa: htmlb, jquery, BeG-uHTepdeiic, JoKajbHOe XpaHUJHILE, OohdaaiH-
NPHUJIOKEHHS, NIJaruH, Ta0JIUYHblE NaHHBIE.

.M. Bpeuka. Pa3zpaboTka nporpaMMHOro MpoAyKTa AJs aHanu3a 6e30MacHOCTH AOCTYMa
K (haliiaM B omepaunoHHbIX cucteMax Windows 7.

AHHoTamusa. B crathe paccMarprBaercs npoiecc pa3paboTKy NPOrpaMMHOTO MPOAYKTA IJs1
aHasn3a JocTyna K o6bekTaMm (aiaoBoil cucrembl Windows 7 Ha ocHOBe mozmesu Gesomac-
HocTH Take-Grant. OnucbiBaeTcsi BHYTPeHHsIE OpraHU3alys MPOrPaMMHOTO MPOLYKTa, €ro
(PYHKLHMOHAJ U TECTHPOBAHHE MPOU3BOIUTENBHOCTH.

KuaroueBble cjioBa: MporpaMMHBIA MPOAYKT, aJATOPUTM, 0€30MAaCHOCTb, ONepalUOHHAs CH-
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crema, Take-Grant, nporpammupoBaHue, 0OBEKTHL.

A.T. KazanueBa. MneHtudukauus yesoBeka 1o noxoike ¢ UCIOJb30BAHUEM HOCHMBIX CEH-
copoB. O630p ncc/en0BaHUH.

AnHoTanusa. B cratbe npuBonuTcs 0030p CYIIECTBYIOIIMX HA NAaHHBIE MOMEHT TOAXOIO0B K
UICHTU(PUKALMH YesOoBeKa MO MOXOAKe C HCIIOJb30BAHHEM HOCHUMBIX ceHCOpoB. Paccmatpu-
BAIOTCS METOAMKH 3aMUCH TIOXOAKH, NMPUMeHsieMble JJIsi 3TOT'O CEHCOPHI, aJTrOPUTMbI PACIO-
3HABaHHWS Y MOJYYeHHbIE UCCJEN0BATESIMUA PE3YbTaThI.

KuaroueBbie cnoBa: pacro3HaBaHue, 1MOXonKa, GUOMETPHs, 0630p, HOCHMBbIE CEHCOPHI.

ABSTRACTS

A.K. Guts. Creation of world with time machine.

Abstract. The question of the logical properties of the world in which a time machine can
operate is study. It is proposed to consider the logical contradictions as the contradictions
between the unconscious priority of world and subordination of reason logic to it.
Keywords: Consciousness, world, reality, time, time machine.

O. Kosheleva, V. Kreinovich. Stochastic Causality Is Inconsistent with the Lorentz
Group.

Abstract. According to modern physics, all physical processes are described by quantum
theory. In particular, due to quantum fluctuations, even in the empty space, the causal
relation is, in general, slightly different from the usual Minkowski one. Since quantum
effects are probabilistic, to properly represent the corresponding stochastic causality, we
need to describe, for every two events e and ¢/, the probability p(e,€’) that e can causally
influence €’. Surprisingly, it turns out that such a probability functions cannot be Lorentz-
invariant. In other words, once we take into account quantum effects in causality, Lorentz-
invariance is violated — similarly to the fact that it is violated if we take into account the
presence of matter and start considering cosmological solutions.

Keywords: stochastic causality, quantum fluctuations of space-time, Lorentz invariance.

V. Kreinovich, O. Kosheleva. Is Langrangian Formalism Adequately Describing Energy
Conservation?.

Abstract. In most physical theories, total energy is conserved. For example, when the
kinetic energy of a particle decreases, the potential energy increases accordingly. For
some physical systems, energy is not conserved. For example, if we consider a particle
moving with friction, the energy of the particle itsell is not conserved: it is transformed
into thermal energy of the surrounding medium. For simple systems, energy is easy to
define. For more complex physical systems, such a definition is not easy. To describe
energy of generic systems, physicists came up with a general notion of energy based on
the Lagrangian formalism — a minimal-action representation of physical theories which
is now ubiquitous. For many physical theories, this notion leads to physically meaningful
definitions of energy. In this paper, we show that there are also examples when the
Lagrangian-motivated notion of energy is not physically meaningful at all — e.g., according
to this definition, all dynamical systems are energy-conserving.
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Keywords: energy conservation, Lagrangian formalism.

A.G. Aksoy, Z. Glassman, O. Kosheleva, V. Kreinovich. From Urysohn’s Universal
Metric Space to a Universal Space-Time.

Abstract. A known Urysohn’s result shows that there exists a universal metric space, i.e.,
a metric space into every other (separable) metric space can be isomorphically embedded.
Moreover, this universal metric space can be selected to be ultra-homogeneous — every
isomorphism of its two finite subsets can be extended to the isomorphism of the whole
space.

Starting with Einstein’s theories of Special and General relativity, space-times are
described by a different type of structure — a set (of events) equipped with the proper
time 7(a, b) between points a and b; such spaces are known as space-times with kinematic
metric, or k-space-times. In this paper, we show that Urysohn’s result can be extended to
k-space-times — namely, that there exists an ultra-homogeneous universal k-space-time.
Keywords: universal space-time, ultra-homogeneous space-time, Urysohn’s universal
metric space.

F. Zapata. How to Define Distance in Terms of Kinematic Metric and/or Other Physical
Quantities.

Abstract. It is desirable to have a metric d(a,b) which describes the closeness between
space-time events. In Newtonian space, we can use Euclidean metric to describe the
closeness of different spatial points. In relativistic physics, spatial distance is not invariant,
it changes when we go from the original reference frame to another one which moves in
relation to the original one. The only invariant characteristic is the proper time — known
as kinematic metric. Can we use kinematic metric to define the desired distance d(a,b)
between space-time events? In this paper, we show that for the full space-time of special
relativity, it is not possible to define a metric d(a,b) in terms of the kinematic metric;
however, if we limit ourselves to a compact (bounded) part of space-time, such a definition
becomes possible. We also show that, more generally, for compact parts of space-time, we
can define metric in terms of any number of physical fields.

Keywords: kinematic metric, metric, space-time geometry.

A.K. Guts, L.A. Volodchenkova. Forest defense as a strategic game.

Abstract. It is proposed to consider the planning of forest defense as a mathematical
strategic game with the «nature».

Keywords: forest, forest defense, game theory, strategies.

O.A. Vishnyakova, D.N. Lavrov, S.Y. Lavrova. Mathematical model of the wireless
access point detection by measuring the radiation power of spaced observers.

Abstract. A model of the detection system under the assumption of isotropic antenna
transceivers and a lack of barriers is presented. In this case, lines of equal level power
measurements are circles. Assuming that the coordinates of the spaced observation points
are known and the assessment of these circles radii is based on the power of the received
signal, we can make a system of nonlinear equations. Unfortunately, system of nonlinear
equations may not be consistent due to measurement errors in the radii. Minimizing
measurement error or residual of system of equations the access point position estimate
is calculated. A computational algorithm based on the Newton-Raphson method is created
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for implementation. As a result of computer simulation it is shown that the minimization
of radii measurement error and the minimization of the residual yield the same estimate of
coordinates in case of the radius is much larger than errors. In order to approve proposed
to implement this system for smartphones users. The scheme of interaction smartphones
observered. We discuss the further development of the model.

Keywords: wireless access point detection, the Newton-Raphson method, a system of
nonlinear equations, estimate of coordinates.

A.V. Altergot, O.A. Vishnyakova, D.N. Lavrov. XML-based data format for biometric
samples exchange.

Abstract. The article describes the format of XML-document containing biometric
templates and samples. The platiorm independence and format extensibility were
established during the format designing. The format is used to exchange data between
modules of system for collecting biometric data that is currently under development.
Keywords: XML, data exchange format, biometrics.

A.G. Druzhinin. Program "Patient Electronic Card"review.

Abstract. [t has been a long time since health centers and public hospitals are using the
simplest electronic records of patients that are installed on the computers in the registries.
These maps are designed to simplify and speed up the process of diagnosis, to collect data
about the patient, prescribe treatment. The experience gained from the review of many
such programs can create an optimal software for electronic patient dossier that will meet
the current requirements and the expectations of doctors and patients.

Keywords: electronic card, program, myocardial infarction, patient, module.

E.A. Ilushechkin, 1.S. Molodyh. Client-side optimization of web-interfaces for table data
processing.

Abstract. The article considers a problem of creation of an effective web-interface dealing
with table data and based on HTMLS features. It also presents main implementation
principles of such interface.

Keywords: html5, jquery, web-interface, Local Storage, offline applications, plugin, table
data.

D.M. Brechka. Development of the software for the analysis of file access security in
Windows 7.

Abstract. The article discusses the process of software development for the analysis of
access to file system objects in Windows 7 based on Take-Grant protection model. Internal
organization of the software, its functionality and performance testing are described.
Keywords: software, algorithm, security, operating system, Take-Grant, programming,
objects.

A.G. Kazantseva. Biometric gait recognition with wearable sensors: A survey.
Abstract. In this paper a survey of the current approaches to gait recognition by way
of wearable sensors is offered. Gait measurement techniques and equipment, classification
algorithms, and obtained results are reviewed.

Keywords: recognition, gait, biometrics, survey, wearable sensors.
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