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MockoBckuit HHzKeHePHO -(PU3HYECKHE HHCTUTYT (ToCy1apCTBEHHDbIH YHUBEPCHTET)
B. C. Naspenmves (k. m. H., gouenm)

MockoBckuit HHzKeHEePHO -(PU3HYECKHE HHCTUTYT (ToCy1apCTBEHHDbIH YHUBEPCHTET)

O PEAANMSALIMY MOJAEAW KOHTPOAA LEAOCTHOCTHU MHOOPMALIMH
B BA3E JAHHbBIX (MOAEAW BHUBA) CPEACTBAMMU CYB/ Oracle

B cmamve npusosumcs pewenue sazauu npakmuueckoii pearusayuu mozeau buba xomniaexcmoim ucnoavsosaruem
pasauunvix cpegcme CYB/ Oracle, 8 komopoii Ha cezoaHAWMHUL JeHb He NPesYCMOMPEHBL CREYUAADHBIE CPEACMBA MAHIAMHOZ0
KOHMPOASL WeA0CmHOCIU.

YacTu peAsitipoHHO#R MOZIeAH, CBSI3aHHOM C 06eCTIeYeHHeM LIEAOCTHOCTH HH(POPMALIHH, YAEASETCs B IOCACHHIE
roapi cepbesHoe Buumante [ 1]. Bmecte ¢ Tem zas Takoii 6a30B0i MOZEAM pasrpaHMYEHHs LIEAOCTHOCTH, KakK
mozeAb buba [2, 3], roTosbix perenuii Ha ceroausmuui aenb B cymectsyomux CYDB /] ner. Asropn
TpesAaraloT BO3MO2KHBIH BapHaHT PEIleHHs 3aa49H MaHZATHOTO METOZa PasrPaHMYEHHs LIEAOCTHOCTH
(cootsetctBytomero moaeau buba) — na npumepe CYB /] Oracle10gEE.

Hanomuum, uro mozeab Buba ycranasauBaet ypoBHu 1ieA0cTHOCTH A5 cy6bekToB (ToAb30BaTeAeH
MHPOPMALIHH ) 1 06beKTOB (TabAHIL 6a3bl JAHHbIX ).

O6osnauenus Ha puc. 1: Sh — cy6bexr ¢ Bbicokum yposaem nieaoctroctr, Oh — 06bekT ¢ BbicoKUM
ypoBHeM neaocTHOCTH, Si v Oi — cOOTBETCTBEHHO CYObEKT U O6BEKT C HUSKHM YPOBHEM LIEAOCTHOCTH [ 3 ].

[ lepBbiit Bonpoc, KOTOPBIH MPUXOAUTCS PeIIaTh MPH PeaAHsalMH MoZeAn Duba, kak, Bripodem, u
AI060# ZIPYTOH MOZIEAH KOHTPOAS LIEAOCTHOCTH: YeM KOHKPETHO Pa3AHHYAIOTCS YPOBHH LIEAOCTHOCTH OGbEKTOB.

EcAu 06beKTb1 — pasHbie TaGAHLIBI, TOr/Ia pasAMHHe YPOBHEH IIEAOCTHOCTH MO2KET OTPeIeASTbCS PasHbIM
Ha6oPOM constraint — rpaBHA orpaHudeHHst eAocTHocTH Tabau ( primary key, foreign key, unicum key, constraint
NOT NULLur. a.), pasubiv Habopom TpHITepoB, 06ecriedHBaoIIHX crielupuyeckye nposepkH. JIas ool
TabAMLIbI 3TO MOZKET 6bITh paciipeHHbIN Habop constraints u Tpurrepos (Oh) , ara apyroit — cyzxennbiit (Oi).
1 toraa mozean Buba, 310 oueBuaHO, pearrsyeTcs rpymIoi 06 beKTHbIX IPHBHAETHH, B YHCAO KOTOPBIX BXOZST
npuBHAeru read, write — B codeTaHHH ¢ Tpe6yeMbIMH TPUITePaMH. -3eCh Bee IPOCTO.
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Puc. 1. Ilomoxku unpopmauuu s mozeau buba

Elcau pasubie 06beKTb1 — pasHble cTpokH (TOUHee, IPYTITIbI CTPOK ) OZHOM TaGAHIIBI, IEAO OCAOKHSETC.
B CYB/l Oracle ner BosmozkHOCTH ycTaHABAMBATb pasHble constraints Ha pasHble CTPOKH OZHOH H TOH 2ke
TabaupbL. Ecan B ogHOM ceance moabsoBaTeAb, Hanpumep scott, MPH 3aHECEHMH CTPOK B TAOAHILY OTKAIOHAET
constraint 3aITycKOM IpoLeypPbl, BKAIOHAIOIIeH cTpoKy auHamudeckoro SQL. ¢ cooTsercTByromei koManzok
«alter table drop constraint...», 1 3aHOCHT CTPOKyY, HapyIIAIOILYIO OTKAIOYEHHDIH constraint, TOAb30BaTeAb
scott U3 ZPYTOH CeCCHH, aKTUBHPYIOIIMH STOT 2Ke TIpeIBAPUTEABHO OTKAIOYEHHbBIH constraint, He CMO2KeT
paboTaTh ¢ TaBAMIIEH, TaK KaK 3a/1eHCTBOBaHHbIH constraint oTpe6yeT BepHyTh «HAPYLIAOILYIO» CTPOKY B
11eAOCTHOE cocTostHHe. A HaM TpeGyeTcst, YT06bI OAb30BATEAH, TIOMEYeHHbIE PasHbIMH YPOBHSMH LIEAOCTHOCTH,
MOTAH OZIHOBPEMEHHO paboTaTb I0-PasHOMY CO «CBOMME» cTpokamu Tabauwpl. | loabsoBatenn scott, Harpumep,
paboTaeT co CTPOKaMHU TabAHLIbI emp, A KOTOPBIX IIPH BCTaBKe, H3MEHEHHH, TIPOCMOTpe He TpebyeTcs
BBITIOAHSITD CIIeIMaAbHbIE POLIEZYPbl KOHTPOAS LIEAOCTHOCTH, a TOAb30BaTeAb System paboTaeT co CTPOKaMH
3TOH 2K€ TaBAHIIbI, A KOTOPDIX BbITOAHSIOTCS CIELIMaAbHbIE TIPOLIeyPbl KOHTPOAS eAocTHocTH. | Ipuem
TIOAb30BaTeAb SCOtt 1o MogeAn Buba 6yzeT BUAETb CTPOKH BHICOKOTO YPOBHS [IEAOCTHOCTH TIOAb30BAaTEAS
system, HO U3MEHATb UX HEe CMO2KET. A BoT noAb3oBaTteAb system BHZETb JaHHbIe [IOAb30BaTeAs scott 1o
mozean Duba ne Mozxer, a usmMenut ux mozkeT. | [oab3oBaTeAb scott B mpuBeZeHHOM MpHMepe TIOMedeH
HH3KHM yPOBHEM LIEAOCTHOCTH, TIOAb30BAaTEAb System — BbICOKHM.

BosmozkHo paccaoenue 0HOM TaBAHIIbI IPH YTEHHH MH(OPMALIUH M3 Hee T10 TEXHOAOTHAM BHPTYaAbHBIX
yacTHbIx 6a3 zanHbx Fine Grained Access (F(GA) Ha ocroBe HeroabsoBaHus B (DyHKLIFH, peausyIoIied METOAUKY
6€30MaCHOCTH, OIpeeAEHHOH 06pabOTKHU CTPOK TAGAHLIBI C LIEABIO KOHTPOAS ypoBHs ee LieaoctHocTH. Ho rorbrrka
TpH BcTaBke B TabAuITy ucrioabsoBatb FGA zas1 TabauLp: BMecTe ¢ Tpurrepom (Ha BCTaBKY ) ZAst (JOPMHPOBAHUsT
CTPOK C MIOBBIIIIEHHOM LIEAOCTHOCTBIO (TI0AB30BATEAD System B HalIleM MPHMepE I0AKEH HMETh BOMO:KHOCTb BCTaBASITh
CTPOKH C TIOBbILIEHHOH 11eAOCTHOCTBIO ) puBoAHT K onmbke « ORA-04020: o6uapy:xena BHyTp. 6A0KHpOBKA
TIPH TOTIbITKE GAOKHPOBATD OGBEKT. . . ». | PUITEp KOH(PAHKTYET C IOANTHKOH 6€30MaCHOCTH TP BCTaBKE CTPOKH B
Tabauiy. | akum o6pasom, pearusarust mogean buba B Oracle ¢ ¢ npumenerrem Toabko FGA se yaaetcs.

Ha nomorup npuxozaut ceofictso uusepcrm mogean buba no otHomermio k mogean beara n Aanazyaa 3]
B yacTH urenus. Hanomuum 3zech, uro mogeab Beana u Aanagyaa peaansyercs B Oracle Texnonorueit
OLS. C nomompio OLS mozxH0 3a1aTh METKH BBICOKOTO YPOBHsI CEKPETHOCTH H YCTAHOBUTD ZASl 9THX CTPOK
HU3KHH yPOBEHb [IEAOCTHOCTH, 3aKAIOHAIOIIHHACS B TOM, YTO K 3THM CTPOKaM He 6y/IyT MPMMEHSIThCS IIPOLIey bl
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KOHTPOASI LIEAOCTHOCTH, HaTTpUMeEP BbIMHCACHHST KOHTPOABHBIX CYMM H METKH HM3KOTO YPOBHST CEKPETHOCTH, H
YCTaHOBHTD ZIAS 9THX CTPOK BHICOKHH yPOBEHb LIEAOCTHOCTH, 3aKAIOHAIOIIMHCS B TOM, YTO K 9THM CTPOKaM 6y 1y T
TIPUMEHSITHCS TIPOLIETYPbI KOHTPOAS LIEAOCTHOCTH, HAaITpUMep BbIMHCACHHS M BCTaBKH (M3MEHEHHs1 ) KOHTPOABHbIX
cymm. [ [porierypb1 BbIMHCACHHST KOHTPOABHBIX CyMM 3/16Ch Ha3BaHbI TOABKO ZIAS IIPHMepa PaszIeACHHs CTPOK
OZTHOH TabAHIIbI 10 YPOBHAM LIEAOCTHOCTH. OTH MPOLIEAyPbI HAZI0 3a/IeHCTBOBATD C HCTIOAb30BAHHEM TPHITEPOB.
Tpurrep na scraBky u usmenenve BMecte ¢ OLS pa6oraer ycrienmo.

[ Ipusezem (parmenTbI Koza AAst HANOCTparH ckasanHoro. Kozpt Bbmoanstorest B SQL*Plus. Koapt
HarmcaHb! s Tabaui dept 1 emp cxembi scott. [ Toabsosareu cosgarorcst o uvenam orzaeos (dname) us Tabauip!
dept. Pasrpanmense noAHOMoUME pearnsyeTcst s TabAMLIbI emp.

«Crietmanbab > noansosareb Ibacsys (nosmastorpticanocae yeraroski OLS B CYB /1 Oracle v o6ecriesmsaroripii
Hactpoiiky OLS) cosgaer oumvky 6esoracrocr c uvenem emp _policy’ nonpeaeasier yposru cexperroctu (Pruc. 2):

begin
sa_sysdba.create_policy("emp_policy’,’label col’/LABEL. DEFAULI,READ CONTROL);

end;

/

begin
sa_components.create_level
(EMP_POLICY, 20,
‘LI’,"Low_Integrity’);
sa_components.create_level
(EMP_POLICY”, 10,
"HI’, "High_Integrity’);
end;

/

Puc. 2. Cosgarue norumuxu u ycmarosaeHue yposHeli CCKPEMHOCMU — NepBoz0 KOMNOHEHMA MEMKU.

Bbicokomy ypoBHIo cexpeTHocTH ¢ ycAoBHbIM BecoM 2() COOTBETCTBYeT HUBKHI yPOBEHD 1IEAOCTHOCTH, H,
Ha060POT, HUSKOMY YPOBHIO CeKPeTHOCTH ¢ yeAoBHbM Beco 10 cootBeTCTBYeT BhICOKHMIT ypOBEHb LIEAOCTHOCTH.
Lbacsys perucrpupyer yernipe oraeaenus (1o MMeHaM €rapTaMeHTOB ) — 9TO BTOPOH KOMITOHEHT METKH

(Puc. 3):
begin

sa_components.create_compartment
(EMP_POLICY”, 10,
"ACC’, "/ACCOUNTING);
sa_components.create_compartment
(EMP_POLICY’, 20,
'RES’,"RESEARCH");
sa_components.create_compartment
(EMP_POLICY”, 30,
"SAL,"SALES’);
sa_components.create_compartment
(EMP_POLICY”, 40,
‘'OPE’, "OPERATIONS);

end;

/

Puc. 3. Cosgarue smopozo komnoHeHma memxu
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PasHble ycAOBHbIE Beca OTZIEAOB He CBUZCTEABCTBYIOT O TIOYHHEHHOCTH OJIHHX OTZeAOB ZpyruM. Beca atu
HY?KHbI TOABKO ZIASI PA3AHYEHHS OTZIEAOB.

Lbacsys coszaeT aBe pasAHtHbIe METKH ypOBHEH CEKPETHOCTH, KOTOPbIe MbI 6yZIeM HCTIOAb30BaTh HHBEPCHO,
kak MetkH LieaoctHoctH (Puc. 4):

begin

sa_label admin.create label
(EMP_POLICY’, 100",
‘LI:ACC,RES,SAL,OPE’, TRUE);
sa_label admin.create label
(EMP_POLICY’, "2007,
'HI:ACC’, TRUE);

end;

/

Puc. 4. Mopmuposarue memok us A68Yyx KOMNOHEHMOB

Mertka "HI:ACC’ 6yaer coorBeTcTBOBaTb CTPOKaM TaGAHIIbI €M C «BICOKOH» LIEAOCTHOCTBIO (HM3KOH
cekpeTHOCTBIO, Tak Kak "HI” B ypoBHsx cexpetroCTH MMeeT Menbnmit yeaopubii Bec (10)).

MerxaLI:ACC,RES,SAL,OPE’ 6yaet cootBercTBOBaTH CTPOKaM TAGAUILIHI €MP C «HUBKOM» LIEAOCTHOCTBEO
(BbICOKOH cexpeTHOCTDIO, Tak Kak LI B ypoBHsIX cekpeTHoCTH HMeeT 60Abii yeaoHbiH Bec (20)).

Lbacsys npumensier noautuky k Tabaute emp (Puc. 5):

begin
sa_policy admin.apply table policy
(EMP_POLICY’/SCOTTEMP’'LABEL. DEFAULT,READ CONTROL);

end;

/

Puc. 5. Ipumenenue cosganroii noaumuxu k mabauue emp

[ Tocae a1oii komanzp! B Tabavwe emp nostBrcst croaGert label_col, koropomy nnprcsavBarores snaderms meka.
Beae 3a Tem aavumpcTpaTop 6a3sbl JAHHBIX CO371a€T YeThIPEX MOAb30BATeACH, COOTBETCTBYIOIIMX YeThIpEM

crpoxkamTabanupt DEPT: ACCOUNTING, RESEARCH, SALES, OPERATIONS, u gaet nv nprsinervn

pabotbi ¢ TabAriamu dept 1 emp cxembi scott. I locae cosaarmst moabsosateneii Ibacsys Hasnauaet v meku (Prc. 6):

begin

sa_user_admin.set user labels

(EMP_POLICY" ACCOUNTING’,’HL.ACC’);
sa_user_admin.set user labels
(EMP_POLICY’RESEARCH’,'LI:ACC,RES,SAL,OPE);
sa_user_admin.set user labels
(EMP_POLICY’/SALES’/LI:ACC,RES,SAL,OPE");
sa_user_admin.set user labels
(EMP_POLICY”OPERATIONS','LI:ACC,RES,SAL,OPE");
END;

/

Puc. 6. Hasnauerue memok co34aHHbIM NOAb308AMeAsIM

Bcaez 3a Tem oabsoBateAb scott cO3Aa€T METKH LAl CTPOK TaBAMLIbI €M, IS Hero OH ZIOA?KeH 06Aa/IaTh
cootsercTBytommMH ripusuaerusivi (Puc. 7):
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UPDATE scott.emp

set label col=200

where deptno = (select deptno from scott.dept
where dname="ACCOUNTING");
UPDATE scott.emp

set label col=100

where deptno in (select deptno from scott.dept
where dname <>’ACCOUNTING");

Puc. 7. Hasnauerue memok cmpokam mabauywl emp

[ Toabsosarean ACCOUNTING Bugur crpoku toabko 10-ro oraera. 1o cTpoku «BbICOKOH»
neaoctHocTH. OcTarbHbIE OAB30BAaTEAH BUZSAT BCE CTPOKH TaOAMIIbI, KAK 3TO M [IOAATAeTCs1 ZIAs [IOAb30BaTeACH C
«HHMBKHM» YPOBHEM LIEAOCTHOCTH.

Tenepb Hazi0 obecrieayTs pearnsarHio AEHCTBHH 110 MPe0TBPAILEHHIO M3MeHeH sl i BeTaBku 3armcedt 10-ro
otzeAa apyruvu noabsosaTesivu, kpome ACCOUNTING. Zlas storo ncrioansyem tpurrep (Puc. 8):

create or replace trigger trig_int

before insert or update on scott.emp

foreachrow

declare

v_uservarchar2(30);

begin

Vv_user:=user;

ifv_userin (RESEARCH’,'SALES’,OPERATIONS’) and
:new.deptno in (10) then

RAISE._APPLICATION ERROR(-20000,

"Bcraska ¢ HuBKOrO Ha BHICOKHI ypOBEHb [IEAOCTHOCTH HeZIOIyCTHMA” );

end if;

:new.sal:=:new.sal+500);-- 3ta cTpoKa K012 UMHTHPYET OTIEPALIHIO KOHTPOAS LIEAOCTHOCTH
end; —cTpok Tabaubt EM P, npunaanezkamx oraeny ACCOUNTING

/

Puc. 8. Cosgarue mpuzzepa Ha Bcmasky ¢ npoueaypoii KOHMPOAS UeAOCMHOCIU

Tpurrep orpabatbiBaer ycrienmo u BMecte ¢ Hactpoiikamu OLS pearrsyeT 06paGoTKy ITOTOKOB MH()OPMALIMH
B COOTBETCTBHH C pHC. 1.

Ocranoch ermie 01HO: TIPH YTEHHH HHPOPMALHH HAZI0 A CTPOK C «BbICOKOH» LIEAOCTHOCTBIO 06ECTIeYHTh
BbIIIOAHEHHE TIPOBEPKH COCTOSIHUSL CTPOK C DTOH «BbICOKOM» IIEAOCTHOCTBIO.

a5t aTOro ncroabsyem (coBmecTHo ¢ pearusosanHbivE HacTpoikamu OLS u tpurrepom) FGA — 6e3
HCTIOAb30BaHMsl KOHTEKCTa, Tak Kak 3ToT BapuanT FGA npoiue u nmotoMy 6bicTpee MO3BOAUT yOeAUTbCS B
BoamozkHOCTH coBMecTHOH pabotbl OLS, FGA u tpurrepa Ha BctaBky.

Cozaaaum QyHKIHIO, peausyronIyo NoAUTHKY 6esomacHoctd (Puc. 9):

CREATE OR REPLACE FUNCTION fgaols
(obj_schema IN VARCHAR?Z, obj_name IN VARCHAR?2)
RETURN VARCHAR2

IS
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vuser varchar2(10); vcount number(1); vreturn varchar2(11);
BEGIN

vuser:=upper(user);

select count(¥*) into vcount from label.dept

where dname=vuser;

if vcount=0 then

RAISE. APPLICATION ERROR(-20001,
"TToabsosarento’|VUSER||' seanss npocmarpusars’);
endif;

if vuser = "ACCOUNTING' then
dbms_output.put_line('T Iposepsiem LleroctrocTs”) ;- a1a cTpoka Koza mmuTHpyeT onepaumro
VRETURN="; -- kontpos ueaoctHoCTH

goto M; - - crpok Tabaumpt EM P, npunaaaexxarix

end if; -- otzeny ACCOUNTING

vreturn:=";

dbms_output.put _line("He nposepsiem Lleroctrocts”);
<<M>>

RETURN vreturn;

END;

/

Puc. 9. Dynxuus a1a pearusauuu noaumuxu besonacHocmu

Sta (PyHKIMS He TIO3BOAUT NIPOCMATPHBATh TAGAHILY emp TOAb30BATEASM, He BXOJSIUMM B HETBEPKY
ACCOUNTING, RESEARCH, SALES, OPERATIONS. /lxa noabsoarers ACCOUNTING
@ysxups Bbsoaur coobruente ‘T [poepsiem [leroctrocts’. Ouesuapo, 1ro napsizy ¢ BbiBozoM 31010 COOGIIEHHS B
3TY YaCTb KO/Ia MOXKHO BCTABHTb CTPOKH KOZIA, TIpelyCMAaTPHBAIOILHE OrpeieAeHHyT0 06paboTKy uHpopmaryy. /s
OCTaAbHBIX I0Ab30BaTeAeH (PyHKLks BbiBoauT coobiuentie "He nposepsiem [leroctocts”. Caeayer Taxzie o6patur
BHMMaHFe Ha BO3BpaIaeMoe (pyHKLIHEH ITyCToe SHAYEHHe, H3-3a 4ero pasHHLIA B paboTe (PYHKLIMH S pasHBIX CTPOK —
TOABKO B BbITIOAHSIEMbIX / HEBHINOAHSIEMbIX IEACTBHSX, B 3aBHCHMOCTH OT PaGOTAIOIIIETO TIOAb30BATEAS.

[ Toauruky 6esonacuoctu cosgaem caeayromyto (Puc. 10):

BEGIN

DBMS RIS.ADD POLICY(
OBJECT _SCHEMA => 'SCOTT,
OBJECT NAME => "EMP’,
POLICY NAME => "EPOLICY,
FUNCTION_SCHEMA => 'SCOTT,
POLICY FUNCTION => "FGAOLS/,
statement _types =>"SELECT”,

update _check=> FALSE,

enable => TRUE,

static_policy => FALSE);

END;

/

Puc. 10. INoaumuxa 6esonacHocmu Ha npocmomp mabauywl emp
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Cosmecrnas pabora FGA u tpurrepa 3aech Bosmozkna, Tak kak FGA Bratouaercs va select, a tpurrep —
Ha insert, update. OHu He MemaIOT ZPYT APYTY, TaK KaK HACTPOEHDI HA PasHbIe OTEePALIMH U II09TOMY pabOTaroT
paszaeabno. Ha puc. 11 nokasan ckoppextrposannbiii puc. 1 ¢ ykasanem pasperrieHHbIX OTOKOB HH()OPMALIMU 1
HCIIOAB3YEMBIX TEXHOAOTHH JIASI PEAASALIMH YPOBHEH LIEAOCTHOCTH B pabOTe C OZIHOU TAOAMLIEH.

OLS + Tpurrep
S, write O,
read
Bbicoxuit yposenn
1eAocTHOCTH (HUBKUH ypoBeHb
6esonacuocru OLS)
OLS+FGA
X -
OLS
Oi read Si
write
OLS
Husxuii yposenn
1IeAOCTHOCTH (BbICOKHE YpPOBEHb
6esonacuocru OLS)

Puc. 11. Yposru uesocmrocmu u nomoku urngopmauuu 8 mozeau buba s pabome c ogmoii
mabauyeii ¢ ykasaruem pearusyrowux ux mexroaozuii Oracle

Ces13b Ha sarmicb ot S, k O, Ha puc. 11 orcyrersyer. [ Ipu sarmcu cyGbexrom S, Bbicokoro ypos LierocTHOCTH
(#m3roro yposwst Gesoractoctr OLS) B o6wexr O, Huskoro ypoBst eAocTHOCTH (BBICOKOTO YpOBHS Ge30M1acHOCTH
OLS — norok S, — O, na sanmcp na puc. 1) merka OLS y BcraBAeHHO cTpoku GyzieT CoBMazaTh ¢ METKOH
cybpexta S, nnosTomy npuHazezsath 06bekty O. He mozker. Tak yerpoen ManzarHbii Metoz zoctyria Oracle.
BrumarebHbii uiTaTeAb OTMETHT, U4TO HOBasi CTPOKA TaGAHIIbI PUHAZAESHT B TakoM cayyae O, . Ito Tem
6oAee cripaBeZIAMBO, ecAu Tpurrep cpaboraet BMecte ¢ OLS u BcraBAeHHas cTpoka 6yzeT MMeTb BbICOKHH YPOBEHb
uenoctHocTH. T akoe «riepemernenyie» BerasaerHok crpoku u3 O, B O, roBopHT 0 OPMAAbHOH HepearH3yeMoCTH
csisut (notok S, — O, Ha sarmcp Ha puc. 1) B Mozean buba npu pasrpasmuenmu neaoctrocTw B paGote ¢ ozHOw
TabAmel — 6esotHOCHTeAbHO K Atoboi CYDB/I. /lefictBureAnHo, Cy6beKT, MOMEYeHHbIH BbICOKHM yPOBHEM
IIEAOCTHOCTH, He MOZKET [TUCATbh B OZIHY H TY 2K€ TAOAMILY OZIHH CTPOKH C BHICOKHM H JIPYTHE C HUSKHUM YPOBHEM
neaoctHoctH. | [o onpezieAeHHIO OH MOZKET MHCaTb CTPOKH TOABKO € BHICOKHM YPOBHEM LIEAOCTHOCTH.

Taxim 06pasom, MozeAb KouTpoAs LIeAocTHOCTH DHba npu pasrpamieHy ypoBHe# 1IEAOCTHOCTH B O/HOH
tabamwe pearnsyercs B Oracle coBMecTHbIM «vHBepcHbIM» Heroabsoarvem OLS, ncrioabsoparmem FGA — aas
YTeHHs1 M TPHITEPOB Ha 3aITHCh 1 H3MEHEHHe.
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B. M. Bap6awos (k. m. u., gouenm), H. C. Tpywrun (k. m. 1., Jouenm )
MockoBckuii HH2KeHePHO -(PHBHYECKUI HHCTHTYT
(rocyaapcTBeHHbII yHUBEPCUTET)

B3AHMMOCB13b BEPOATHOCTHBIX 1 ITOPAJROBDBIX MOJEAEH I1PU
MOJAEANMPOBAHHMHY MYHKLIMOHAABHOUW BE3OITACHOCTH BHMC

Paccmompervr ocoberrnocmu npuuur pyukyuonasrvorx omxasos BHC npu sosgeiicmsuu agecmabuausupyrouux
paxmopos. [lpesnoxcernvr memogol OueHOK B3AUMOCBA3U BEPOSMHOCTIHLIX U TNOPSLAKOBbIX MOJeAeill AAS MOJeAUPOBAMUS
pyrryuorarvroii 6esonacnocmu BHC, xomopvie ocnosawvi Ha Mogeau Heuemkozo uugposozo asmomama bBpayspa u
BEPOAMHOCIMHO20 HajexcHocmHozo asmomama. B nepsom cayuae nosegenue BHUC onpegensemcs usmenenuem cmamuueckux
U JUHAMUYECKUX NAPAMEmMpPOs, 80 BMOPOM — CMAMUCMUYeCKUM PasbpocoM NOPOZOBbIX YPOSHEL OmMKasd.

Amnanus noseaenus iugposbix bC B ycroBusix BosaelicTsys ZiecTabBUAMBHUPYIONIUX (PAKTOPOB OKA3bIBAET,
4TO IIPMMEHEHHE MaTeMaTHUeCKUX MoZIeAeH, aZleKBaTHO oTpazkaroiux gyHkiponuposante BIC, npeanoaaraer
HEOBXOZMMOCTh COBMECTHOTO HCTIOAb30BaHHS H COTIOCTABAEHHS MOZIEAH, IMEIOIIHX PA3AHHYHYIO MAaTEMATHHECKYIO
CTPYKTYpY U (PUBHUECKYIO HHTepIIpeTaLtio. F.cAu yuecTb, 4To Bce OHM OMHChIBAIOT MOBEAEHHE OJHOTO M TOTO
2Ke 06'beKTa, MX MOKHO YTIOPSIZIOUMTD U PasZIeAHTb Ha ZBa KAAacca MOZEAbHOTO oficaHus. B nepsoM cayuae
aas omvcanust pyskuronuposaust BHIC B ycaoBusix BoszeficTBHs BHENIHMX (PAKTOPOB HCIIOAb3YETCS MOZEAD
POBOTO aBTOMATA C TIPHBAEYEHHeM arrapara TeoprH BepoaTHocTH. O61muM 151 6yAeBbIX HaZIeKHOCTHBIX
ceTel, K KOTOPHIM OTHOCATCS MOZIEAH TOZOOHOTO KAacca, IBASETCS TO, YTO B TIPOCTPAHCTBE COCTOSIHUH,
N0CTPOeHHbIX AAs BHyTpeHHHX aaeMenToB B C, BbimoansoTcs akcuombr 6yaesoii pernerku. B cayuae,
Korza HeobxoauM y4eT gusHueckux MexanusmoB otkasa BIIC, nocrpoenne gpynximonarbHo-AorHueckoi
MOZIEAH TAKOTO KAACCa MPeATIoAaraeT Iepexoz OT aKCHOMATHKHU GYAeBOH PelteTKH K aKCHOMATHKE BeKTOPHOM
PEILIETKHU C COOTBETCTBYIOIIEH 3aMeHOH aArebpandecKux oneparuil (06beHHEeHHe 1 epeceveHre MHO2KECTB
Ha 6y.AeBOM BEPOSTHOCTHOM IIPOCTPAHCTBE ) Ha OTIEPALH «MUHUMYM>», «MAKCUMyM>» H «ZIOTIOAHEHHE » :

M5 ()= min(LL, (x), wy(x)), 1, ,(x)=max(u (x), t,(x)), i, (x)=1-p,(x), 1

AAs Kaxkaoro xe X.

OrcyTcTBHE aKCHOMBI «HCKAIOUEHHOTO TPEThEr0» HAH «yCAOBHS JOTIOAHUTEABHOCTH> GYA€BOH aAre6pbl
AnA# 0, AuA# X B akcuoMaTHKe BEKTOPHOH pEIIeTKH MPUBOAUT K TOMY, YTO XapaKTepPHUCTHYECKAs
(YHKIMA [l He BHIOUPAETCS IPOU3BOABHO, a ONPeZEeASeTCs KOHKPETHbIM XapaKTepOM ZOMHHHPYIOIIHMX
(PMBUYECKHX MPOLIECCOB, TIPUBOSIIMX K OTKasy, U ee sHaueHue Aexut B untepsare [0,1]. [1pu stom
(PYHKLIHOHAABHO-AOTHYECKAs MOZEAb, TOCTPOEHHash Ha YKa3aHHOH CHCTeMe aKCHOM, OMHMPAeTCs Ha
MaTeMaTHU4ecKHH armapat aire6pbl Dpayspa [1], uTo mosBoasier coxpanutb npeumyiectsa 6yAeBbIx
(PYHKIIMOHAABHO - AOTHYECKHX MOZICACH.
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