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BBEJAEHUE

B cooTBeTcTBUU ¢ y4ueOHBIM IUTaHOM crienuainbHOCTH 1-39 03 01 «DnexTpoH-
HbIE€ CHCTEMbI 0€30MaCHOCTH» JUCHUILTMHA «MeToIbl M TEXHUYECKHE CpEeJCTBa
obecnieuenus 6ezonacHoct» (MuTCOB) npenycmaTtpuBaeT 32 yaca 1a60paTOPHBIX
paboT, pa30UTHIX Ha JBE JIOTMYECKUE YaCTH, COOTBETCTBYIOIIUE JABYM CEMECTpaM, B
KOTOPBIX U3y4YaeTCsl JUCIUIUIMHA.

[lepBast yacTh JAHHOTO MOCOOUS TMOCBSIIEHA W3YYECHUIO METOJOB 3aIUThl NH-
dopmanmu. Bropast 4acTh — M3y4EHHIO TEXHUYECKUX CPEACTB obecreuenus Oe3omac-
HOCTU MH(GOPMAIIUU U 0OBEKTOB.

[Ipensiaraemeplii 1a0OpPaTOPHBIN MPAKTUKYM BKIJIFOYAET YETHIPE JAOOPATOPHBIE
pabotsl. [lepBas pabota mocBsieHa U3yYECHUIO METOJIa ONPEACICHUsI YPOBHS Kaye-
CTBAa TEXHUYECKUX CPEACTB 3anuThl nHGopManuu. Bropas pabora — uzydeHuto me-
TOJIa 3allUThl PeueBOM MH(OPMAIMU C TOMOIIBI0O MACKUPYIOIIUX CUTHAJIOB pa3iuy-
HBIX BUJOB. TpeThs paboTa CcBsi3aHa ¢ M3ydeHUEM KpUNTOorpaduyecKux METOJIOB 3a-
HIUTHI TEKCTOBOUM MH(popmaruu. UeTBepTas pabota — ¢ U3y4eHHUEM METOJ0B KOMITb-
IOTEPHOU cTeraHorpaduu, MPUMEHSIEMBIX ISl CKPBITHS TEKCTOBOM MH(MOpMaIuu B
Pa3IMYHBIX BUJAX rpadudeckux ¢Gansos.

Bce nabopatopubie paboThI IpeayCMaTPUBAIOT MTPOBEPKY TEOPETUUECKUX 3HA-
HUUW CTYJEHTOB. J[JI1 3TOro CTyEHT AOJIKEH OTBETUThH HA OMPE/ICTICHHOE KOJINYECTBO
BOITPOCOB, MOCJIE KOTOPBIX OH JOIYCKAETCS K BBINOJHEHUIO paboThl. s Bcex mabdo-
paTopHBIX pabOT pa3pabOTaHO OPUTHMHAIBLHOE MpOrpaMMHOE oOecrnedeHue, M03BOJIs-
I011I€€ TPOBOJIUTh MHAWBUIYAIBHYIO MPOBEPKY TEOPETUUECKUX 3HAHUM CTYJEHTAa,
CaMOCTOSITENIbHO BBINIOJIHATH JIA0OPATOPHYIO pabOTy M MPOBEPATH MPABHIBHOCTDH €€
BBITIOJTHEHUSI.

PacueTHO-aHAIUTUUECKUI METO]1 ONpPEICTICHUS YPOBHS KaueCTBA TEXHUUECKUX
CPEICTB 3alIUThl MH(OPMAIIMU C TTOMOIIBIO KOMIUIEKCHBIX IMOKa3aTesei, paccMoT-
peHHBIN B mabopaTopHoit pabore Nel, MOXKET UCMOIB30BATHCS B JATbHEHIIEM TMIPH
IIPOBEJICHUN MPAKTUUECKUX 3aHATHH I BHIOOpAa KOHKPETHOTO COCTaBa TEXHUYECKUX
CpeICTB cUCTeM obecrieueHrs 0€30MacHOCTH, a TAK)KE MPHU BBHIMOJTHEHUH JUTLIOMHBIX
IPOEKTOB [0 TEMAaTHKE, CBSI3aHHOW C pa3paboTKoW cucTeM obecriedeHus: 0e30macHo-
CTH. DTOT K€ METOJI, a TaK)Ke KPUNTOrpadhuuecKrue METO bl 3alUThl TEKCTOBOM HH-
dbopmainmu, paccMOTpeHHBIE B JlabopaTopHOU paboTe Ne3, MOTyT HCIOJIB30BATHCS
npu GOPMUPOBAHUHU 3aJaHUN MO KOHTPOJBHBIM padboTaM I CTYJAEHTOB 3a0YHOIO
o0yueHus.

N3yyenue matepuasia 1ab0paTOPHOTO MPAKTUKYMA M €ro MCIOJIb30BAHUE TIPU
MPOBEJCHNUN J1a0OPATOPHBIX M MPAKTUYECKUX 3aHATHM, a TaKXKe MPH  BBIMOJHEHUH
KOHTPOJIbHBIX pa0OT MO3BOJIUT CTYACHTAM 3aKPEMUTh 3HAHUS U MOJYYUTh HABBIKH 110
UCIIOJIb30BaHUI0 METOJIOB, TPUMEHSIEMBIX ISl 3alIMTHI Pa3IMYHBIX BUJIOB MH(POpMa-
1017078

ABTOp BeIpakaeT OnaronapHocth lllueiinepoBy E. H. 3a mpaktudeckyto pea-
TU3AIMIO UICH TU3aitHa 00I0KKH TOCOOMS.



JlabopaTtopHasi pab6ora Nel

OmnpenesieHue ypoBHSI Ka4eCTBA TEXHUYECKUX CPEACTB
3alUTHI HH(pOPpMALIH U

1.1. lleab pa6oThI

N3yuenne MeTOAOB OINpeNeNieHUus] MoKa3aTeliel KauyecTBa TEXHUYECKUX
CpPEeACTB 3alUThl HHHOPMALIUKA U MPAKTUYECKOE OMPEACICHUE UX YPOBHS KayecTBa C
MCIIOJIb30BaHUEM KOMIUIEKCHBIX MTOKa3aTeNeH.

1.2. TeopeTnyeckue cBeaeHUs
1.2.1. OcHOBHBbIE IOHSITHS, TEPMUHBI U ONpPe/IeJIeHUs] TEOPUH Ka4eCcTBa

Texuuueckue cpeactna 3amutbl uHGopmanuu (TC3U) B OonbIIMHCTBE CiIyya-
€B IPEJCTABIISIIOT COOON paanodeKTpoHHbIe ycTpoiicTBa (POY), npeanasHaueHHble
JUTIsl OOHAPYKEHUS U MOJABICHUS MPOCIYIIMBAIOIINX YCTPOUCTB, MU(POBAHUSI U KO-
TUpOBaHUs MH(OpMAIWK, 3alUThl UHPOPMALIMU B BO3MOXKHBIX KaHamax yreuku. K
HUM OTHOCSITCS MHAMKATOPBHI U AHAIM3ATOPhl PA3IUYHBIX MOJIEH, IIHPOKOIOIOCHBIE
PUEMHUKH, T€HEPATOPbl BUOPOAKYCTUYECKUX U PaJUOIIYMOB, CKpeMOsepnl (Tere-
(OHHBIE KOOUPYIOILIKUE YCTPOICTBA), OJOKMUPATOPHI COTOBBIX TEIE(POHOB, OOHAPYKU-
TEJU CKPBITBIX BUICOKAMEP U JPYTrUe MOJOOHbIE YCTPOICTBA.

Muoroo0pasue nono0HbIx POY naxke ogHOTO Ha3HAYEHUS, UMEIOIIUX K TOMY
K€ Pa3IMYHbIE TEXHUYECKHE XapaKTEPUCTUKHU, 3aTPYJHAET WUX MPAaBWIbHBIA BBIOOD
JUISL ONTUMAJIBHOTO U 3(Q()EKTUBHOIO PELICHUs MOCTABICHHOW 3aJayd IO 3allUTe
uHdopMaIuu.

[ToaTOMY 3HaHHE METOJIOB ONPEIEIICHHUS YPOBHS KaueCTBA BBIITYCKAEMOW IPO-
JTYKIIUA U YMEHHE MCIOJIb30BaTh UX Ha MPAKTHKE SBISICTCS BAKHOM 3a/auedl Kak s
MIPOU3BOIMUTEIISA, TAK U JUIsl TOTPEOUTEIS TPOTYKIIHH.

PaccMoTprmM OCHOBHBIE IOHSTUSA U ONIPEAECICHUS TEOPUU KauecTBa POAYKIUH,
K KoTopo# oTHOCcsTcsA POV, u B wactHoctu TC3U.

Kauecmeo npodykyuu — COBOKYITHOCTh CBOWCTB MPOIYKIIMH, 00YCIOBIHBAIO-
IIMX €€ MPUTOIHOCTh yIOBIETBOPATH ONpEEICHHbIE MOTPEOHOCTH B COOTBETCTBHUHU C
ee HazHaueHueM [1].

Ilpooykuua — mMatepuan30BaHHBIA PE3yJbTAT IMpOLeccCa TPYAOBOM AEATEIb-
HOCTH, 00JIaAatOUINil MOJIE3HBIMU CBOMCTBAMM, TIOJYYEHHBIA B OMPENCICHHOM MECTE
3a OMNpeAeNICHHbIH MHTEPBAJI BPEMEHU U MPEJHA3HAUYCHHBIN JJI1 UCIOIb30BaHUSA T10-
TPEOUTENIMU B 1IEJISIX YAOBIETBOPEHUS UX MOTPEOHOCTEN KaK 0OIIECTBEHHOTO, TaK U
JUYHOTO XapakrTepa.

Eounuua npodykuyuu — OTACIBHBIA HK3EMIUIAP IITYYHON MNPOAYKIHUHU WU
ONPEJEIEHHOE B YCTAHOBJICHHOM IOPSAKE KOJMYECTBO HEIUTYYHOM WM LITYYHOU
MPOIYKIUU (TTAPTHS U3EIHM, OTIpeieTIeHHAs eMKOCTh UITH 00BEM).



EnuHunel npoayKIuy CIyKaT He TOJIBKO U1l UCHUCIIEHUS €€ KoJndecTna. [le-
JIEHUE NPOAYKIUHU Ha OINPECIICHHbIC €AUHUIBI NMEET CYIIECTBEHHOE 3HAUCHUE NpU
YIPABJICHUH Ka4eCTBOM IPOAYKLIIMM W, B YACTHOCTH IIPU OLICHKE €€ KayecTBa IIpU
KOHTPOJIE KaXX0M €IMHULBI (CIUIOIIHOM KOHTPOJIb) UM HEKOTOPBIX €ANHHUIL (BBIOO-
POYHBIN KOHTPOJIb).

H30enue — enyHANA IPOMBIIIIIEHHOW MPOAYKIIMH, KOJIUYECTBO KOTOPOW MO-
KET UCUUCIIATHCS B IITYKAaX WIM dK3EMILIIpax.

JIro6oe POY sBasieTcss 4aCTHBIM CIIy4aeM €IMHMIBI IPOMBINUIEHHON MPOIYK-
nuu. KomuyecTBo u3aenuii MoKeT ObITh 0XapaKTEPU30BaHO UCKPETHOM BEIMYHUHOM,
MCUYUCIISIEMON B MITYKaxX WM 3K3eMIULsipax. OJHAKO B HEKOTOPBIX CIydasx KOJude-
CTBO ONPENEIECHHBIX M3JEINI (HalpuMep KPENEKHbIX AETallell) MOXKET XapaKTepu-
30BaThCA HENPEPBIBHOW BEJIMYWHOW, NMPUMEHSIEMOM JUIsI HEIITYYHOM NPOAYKLWH, U
HCUYHUCIATHCS, B YACTHOCTH, B €IMHUIAX MACChL. BuiamMu u3aenuil, npeacTaBIsIOIIH-
MU OOBEKThl KOHCTPYKTOPCKOM TOKyMEHTAlLlUH, SIBISIOTCS JeTalld, COOPOUYHbIE €u-
HUIbI, KOMIUIEKCBI 1 KOMITJIEKTHI.

Ceoiicmeo npodykuyuu — OOBEKTHBHAST OCOOCHHOCTH MPOAYKIIMH, KOTOpas
MOJKET HPOSIBIIATHCS MPU €€ CO3JaHUU, IKCIUTyaTallui UM OTPEOICHUH.

JIrobast mpoxaykuusi, B ToM uucie U POY, umeeT MHOXECTBO pa3IMYHbIX
CBOMCTB, KOTOPbIE MOT'YT IPOSIBISATHCS IPU pa3pabOTKe, MPOU3BOJICTBE, UCIIBITAHUSAX,
XpaHEHUH, TPAaHCIOPTUPOBAHUHU, TEXHUYECKOM OOCITYKUBAaHUH, PEMOHTE U HCIOJb-
30BaHMU. CBOMCTBA MPOAYKIIMM MOKHO Pa3JIeNInTh HA MIPOCTBIE U CIOXKHbIE. [Ipume-
POM CJIOKHOTO CBOWCTBA SIBJISIETCA HAJEKHOCTh W3JENNsA, 00yCIOBJICHHAs TaKUMHU
OTHOCUTEJIBHO MPOCTBIMH €r0 CBOMCTBAMHU, KaK 0€30TKAa3HOCTb, IOJITOBEYHOCTb, pe-
MOHTOIIPUTOJTHOCTh U COXPAHSEMOCTh. JleneHne CBOMCTB MPOAYKIWH HA TEXHUYeE-
CKH€, SJKOHOMUYECKUE U T.II. SIBJISETCA HEMPABOMEPHBIM (HEOJHO3HAUHBIM), TaK KaK
OJIHO U TO K€ CBOMCTBO MPOJIYKLUUU MOXKET ObITh ISl pa3IMYHBIX LieJel (B pa3HbIX
Cllydasix) OXapaKTepU30BaHO TEXHUYECKUM WM 3KOHOMHUYECKHM I[OKa3aTeJIeM.
Hanpumep, cBONCTBO PEMOHTOIIPUTIOHOCTH MOKHO OXapaKTepU30BaTh KaK BEPOST-
HOCTBIO BBITIOJIHEHUS] PEMOHTA B 33JJaHHOE BpeMsl (TeXHUYECKUN MOoKa3aTelb), TaK U
CpeAaHeN CTOMMOCTBIO PEMOHTA (3KOHOMUYECKHI TTOKa3aTeNb).

Ilpusznak npodyKkyuu — Ka4eCTBEHHAs! WM KOJMYECTBEHHAs XapaKTEPUCTUKA
JF0OBIX CBOMCTB MIIM COCTOSIHUM MPOTYKITHH.

K kadecTBeHHBIM NpU3HAKAM, HapuMep, OTHOCATCS LIBET Marepuaia, Gopma
U3JIETIHS, BUJT TIOKPBITUS JIeTalu (3allUTHOE, AEKOPATUBHOE), CITIOCOO HACTPOUKH WU
PEryJIMpPOBKM TEXHUUYECKOTO YCTpoucTBa (py4yHOW, aBTOMarmyeckuii). Cpeau kaue-
CTBEHHBIX MPU3HAKOB IMPHU ONPEEICHUN KayecTBa MPOAYKLIHMHU OO0JbIIOE 3HAUCHHE
UMEIOT aJbTEPHATHUBHBIE MPHU3HAKU, KOTOPBIE MOTYT MMETh TOJBKO JIBa B3aUMOMC-
KJIIOYAIOIIMX BapHaHTa, HAIPUMEP HAJIMYHUE WM OTCYTCTBHE Ne(EKTOB B U3JIEIIHUHU,
BO3HUKHOBEHUE WJIM OTCYTCTBUE OTKA3a MPU UCIIBITAHUSX.

KosmuecTBeHHBIN NIPU3HAK IIPOYKIUU SABIIIETCS €€ TapaMETPOM.

Ilapamemp npodykuyuu — TNPU3HAK NPONYKLHUH, KOJUYECTBEHHO XAPAKTEPH-
3YIOLIHiI JTI0ObIE €€ CBOMCTBA MJIM COCTOSTHUS, B TOM YKCJI€ U BXOJSAIINE B COCTAB Ka-
yecTBa npoaykuuu. CrenoBaTellbHO, MOKa3aTeNlb KadecTBa MOXKET OBITh YaCTHBIM
CIy4aeM mnapamerpa npOoIyKIUH.



MHuorue nmokasareian KadyecTBa NPOAYKIHNHU SIBISIFOTCS (QYHKUMSAMU €€ mapaMeT-
poB. KauecTBeHHBIN NMpU3HAK MPOAYKIMH MOKET BJIMATH Ha BUJ (PYHKIIMOHAIBHOU
3aBHCHMOCTH IIOKa3aTeslel KauecTBa MPOIyKIUH OT ee napameTpoB. Hanpumep, cro-
co0 pe3epBHUPOBaHUA (KAUECTBEHHBIN MPU3HAK) OKa3bIBAECT CYLECTBEHHOE BIIUSHUE
Ha BUJ] 3aBUCHMOCTH MOKa3aTelsi 0€30TKa3HOCTH pe3epBUPOBAHNUS (CTPYKTYpPHBIH ma-
pameTp).

CBsI3b NOHATUN IPU3ZHAKY, «IIAPAMETP» U «II0KA3aTeIb Ka4eCTBA MPOTYKIIUN
nokasasna Ha puc. 1.1,

[Ipuznak
MPOAYKIUHU
A 4 A 4
KavecTBeHHBIN KonnuecTBeHHBIN
\ 4 A\ 4
I[ByXBapHaHTHHfI MHuoroBapraHTHBIN
(aJIbTEepHATUBHBIN )
v A 4
['eomeTpuueckuii CtpyKTypHBIit HApyrue

\ 4

Iloka3arenp KayecTBa
MPOAYKIINHU

Puc. 1.1. CBsi3b NOHATUHN «IIPU3HAKY, «ITApAMETPY» U «II0Ka3aTeIh KauecTBa
MPOTYKITI

['eomeTpuyeckue mapamMeTpbl MPOAYKIIMHA OOECIEYUBAIOTCS, KakK IPaBUIIO,
KOHCTPYKTHUBHO, @ CTPYKTYPHbIC — KOHCTPYKTUBHO U TEXHOJIOTHYECKH.

Crnenyer OTMETUTh, UTO MHOT/IA OBIBAET CIIOKHO YCTAaHOBUTH HAJIMYWE W BUJ
CBSI3U MEXIY HEKOTOPBIMHU MapaMeTpaMu MPOJYKIIMU U MOKAa3aTeIsIMH €€ KauecTBa.
Hanpumep, napamerp, XapakTepHu3ylOlUid MPOHUIAEMOCTh Kopriyca POY nns pa-
JTMOAKTUBHBIX U3Ty4YE€HUN, YCTAaHABIMBAEMOI'0 Ha aBTOMOOMIIE, OOBIYHO HE TPUHUMA-
€TCsl B pacueT npu oreHke kadectsa POY. Oxgnako, ecnu aBTOMOOWIH IPEeTHA3HAYCH

8



AJs1 ICPECCUCHUA MCCTHOCTH, 3apa>1<eHH0ﬁ paaAruOaKTUBHBIMU BCHOICCTBAMMH, TO YKa-

3aHHBIN mapamMCcTp CJICAyCT CHUTATL OOHUM H3 BA)XKHEHIIIMX ITOKA3aTeJIeH KauyecTBa
POY.

1.2.2. ExnanuyHbBIe MOKa3aTeu KayecTtsa POY

Jlnst oueHku kadectBa POY mcnonp3yroTces MmokasaTenyu KadecTsa, IOJ KOTO-
PBIMH TIOHMMAIOT KOJIMYECTBEHHBIE XapaKTEPUCTUKH OJHOTO WJIM HECKOJIBKUX
cBoicTB PDY, paccmarpuBaemble NIPUMEHHUTENIBHO K ONPEACIIEHHBIM YCIOBHUSIM €ro
CO3JIaHUSI ¥ DKCIUTyaTallUH.

KauectBo POV sBisieTcss MHOrOrpaHHbIM CBOMCTBOM. JIJisl onMcaHus pa3ivy-
HBIX CTOPOH 3TOr'0 CBOWMCTBA MCIOJB3YIOTCA €IMHUYHBIE ITOKAa3aTeau KayecTna [1, 2].

OCHOBHBIMHM €IMHUYHBIMHU TTOKA3aTEIsIMH KadecTBa POY sABISAIOTCA ciemyro-
IIue.

Bxonanble napameTpsl:

— BXOJHOE HaIIpsKEHUE;

— BXOJIHOE€ COIIPOTUBJICHUE;

— JIMara3oH IPUHUMAEMBIX 4acTOT;

— YHUCJO IPUHUMAEMBIX KaHAJIOB;

— YyBCTBUTEJIBHOCTb.

BrIxoaHble mapameTpsl:

— BBIXOJIHOE HaNpPsHKEHHUE;

— BBIXOJHOE CONPOTHBIICHUE;

— U3Jy4daemasi MOIIHOCTE;

— JIMana3oH IMepeJaBaAEMBbIX YaCTOT;

— TO0JIOCA BOCIIPOU3BOJAUMBIX YACTOT.

BryTpeHHue napameTpsl:

— 00BeM IaMsATH;

— OBICTPOJICHCTBUE;

— TaKTOBas 4acToTa;

— TPOMEXYTOUYHas 4acToTa MpeoOpa3oBaHMUs;

— BpeMsl MpeoOpa3oBaHMUS;

— BpeMsl 3aJACPKKH.

[TapameTpsl sHEPronoTpeOIeHUS:

— HamnpspDKEHUE MUTaHUS;

— YacTOoTa MUTAOLIEr0 HANPSKEHNUS,

— TOK NOTpeOeHus;

— MOIIHOCTh MOTPEOICHUS.

MaccorabapuTHbie mapamMeTphbl:

— Macca;

— pasMepsl;

— 0o0beM;

— 3aHUMaeMas IUIOIA/b.



K enuHn4HbIM MoKa3aressiM kayecTBa POY MOryT ObITh OTHECEHBI apaMeTPhI
HAJIC)KHOCTH, TEXHOJOTUYHOCTH, CTOUMOCTH U T. M., KOTOPbIE HE BKIIOYAIOT B CEOs
JpyTUe mapaMeTphl.

MHorue eIMHUYHBbIE MOKa3aTeI HaXOJISATCS B MPOTHUBOPEYMBOM CBA3M, T. €.
yJIydIlIeHHe OJIHOTO ToKa3aTels yxyamaeT apyroil. Hampumep, Bo3pactaHue HaJlex-
Hoctu POV Bneder 3a co0oil noBsilieHHE ee cTouMocTh. Kpome Toro, O0NbIIMHCTBO
MoKasaTelsiel BhIPaXKaloTCsl pa3HbIMU MMapaMeTpaMu U 3HaYEHUSIMU 3THX MapaMeTpOB.
Bce 310 3arpynHseT OOBEKTMBHYIO OLIEHKY KauecTBa KaK CYIIECTBYIOIIMX, TaK U
BHOBb pa3padaTbiBaeMbIX POY.

O xauectBe POY MOXHO CyAuTh HE TOJIBKO MO a0COMIOTHBIM, HO U TIO0 OTHOCH-
TEeIbHBIM TOKa3aressiM. Hampumep, BHOBb paspabarsiBaecMoe POY cpaBHUBaIOT ¢
CYILIECTBYIOIUM IPOTOTUIIOM WJIHM ¢ 00pa3LoM, NPUHATHIM 3a 3TanoH. Ilpu 3ToM uc-
MOJIB3YIOT METO]T SKCIIEPTHBIX OI[EHOK M MOKA3aTeNn BhIPAXKAIOT B Oasiax.

OnHako Takasi OIlEHKa Jake MPU BBICOKOM KBaJM(UKALMKU SKCIEPTOB HOCHUT
CyOBEKTUBHBIN XapaKTep U HE MOXKET OBbITh aOCOTIOTHOM.

JUIsl IpeoioNeHNsl YKa3aHHBIX TPYAHOCTEW HCIONB3YIOT KOMIUIEKCHBIE ITOKa-

3aTeNld Ka4ecTBa.

1.2.3. KommiekcHbIe moka3areau kauecrsa PIOY

KomruiekcHble MokaszaTenyu KayecTBa, B OTIIMYME OT €JWHUYHBIX, XapaKTEpHU-
3YIOT HECKOJIBKO CBOMCTB POY M yunThIBalOT eMHUYHBIE TTOKa3zaTenu [ 1, 2].

[TpocThIM mpUMEPOM KOMIIJIEKCHOTO MOKa3aTessl sIBAseTCS KOIPOUIIUEHT TO-
TOBHOCTU KT, KOTOPBIM BRIUUCIISIETCS 11O (hopMyJie

.
- H (1.1)
r ! '
TH + TB

rne  Tw— HapaboTKa Ha OTKa3 (IoKa3aTeidb 0€30TKa3HOCTH);

Ts— cpeaHee BpeMsi BOCCTAHOBJICHHUS (ITOKa3aTelb PEMOHTOIPUTOTHOCTH).

Kax Bumno u3 dhopmynst (1.1), k03¢ dUIIMEHT TOTOBHOCTH XapaKTepU3yeT JBa
cBoiicTBa POY — 0€30TKa3HOCTh U PEMOHTONPUTOTHOCTb.

Hpyrum npuMepoM KOMIUIEKCHOTO IOKa3aTessl KauyecTBa SIBISIETCS CpeaHe-
B3BEUICHHBIN MoOKa3zaresb Kk, KOTOPbIA BhIUUCISAETCA MO GopMyram, MPUBEIECHHBIM
HIDKE:

— CpEJIHEB3BEILICHHBIN apuPMETHUECKUI:

m
K=Y o K. (1.2)

— CPEIHEB3BECILICHHBIN €OMETPUUYECKUM:
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KK = (1.3)
— CPEIHEB3BEIICHHBIM TApMOHUYECKHU:
m
2y
KK: m O (1.4)
> Hi
_1 K
I=1"Hj

I7I€ Opi — HOPMHUPOBAHHBIN KOA(D(UIIMEHT, XapaKTepU3yIOIUA BeC (3HAYUMOCT,
BaYKHOCTD) I-T0 €IMHUYHOTO TTOKA3aTes;
Ky — HOpMUPOBaHHBIN I-H ¢TMHUYHBIN TIOKA3aTeIIb;
M — KOJIMYECTBO €AMHUYHBIX MTOKa3aTeeH, IPUHATHIX BO BHUMAaHUE.

Kak BugHo u3 dopmyn (1.2-1.4), cpeHeB3BEIICHHBIN MTOKa3aTellb XapaKTepu-
3yeT M pa3nu4HbIX CBOUCTB POY.

KomrnekcHblit mokazatenb Kr UMeeT onpeereHHoe Pu3nieckoe cojep:Kanue,
a UMEHHO BEPOATHOCTH TOTO, UTO OlleHuBaeMoe PDY okaxercss paboTOCTIOCOOHBIM
(TOTOBBIM K BBITIOJIHEHUIO 33JJaHHBIX (DYHKIMI) B 71000 MPOU3BOJIBLHO BHIOPAHHBIM
MOMEHT BPEMEHH B MPOMEKYTKAX MEXKIY MEePUOJaMH IJIAHOBOTO TEXHUYECKOTO 00-
CITY>KUBaAHUSI.

KommiekcHbIil  cpeHeB3BEIICHHBIN ToKa3aTenb Ky TMpeacTaBiseTr coOoi
YCJIOBHYIO BEJIMYWHY, BBIpAXaeMyIO0 B YCJIOBHBIX €IuHHUIIAX (B Oajiax, B OTHOCH-
TEIbHBIX €AUHUIIAX ), U PEATIBHOTO (DU3UUECKOTO COIepKaHUSI HE UMEET.

Jenenue moxa3areneil KayecTBa HA €IMHUYHBIE M KOMIUIEKCHBIC SIBJISIETCS
YCJIOBHBIM H3-3a2 YCJIOBHOCTH JI€JICHUSI CBOMCTB HU3JIENIMSI HA MPOCTHIE M CJIOKHBIC.
Tak, HanpuMep, CBOMCTBO PEMOHTONPUTOJHOCTH IO OTHOIIEHUIO K CBOMCTBY I'OTOB-
HOCTH WJIU K eIl 0oJiee CII0KHOMY CBOMCTBY HaJIEKHOCTH, ABIAETCS MPOCThiM. O1-
HAKO €ro ImpoCTOTa SIBISIETCST HE aOCOMIOTHOM, a OTHOCUTEIBHOM, TaK KaKk caM TOKa-
3aTellb PEMOHTOIIPUTOTHOCTH 15 BBIYUCIISIETCS B CBOIO OYepeb 0 popMmyiie

T =T _+T 15
rnie To  — cpemHee BpeMs, 3aTpauyMBacMoe Ha OTHICKAHHE OTKa3a;
Ty  —cpemHee BpeMs, HE0OX0UMOE IS YCTPAHCHHS OTKa3a.

Kak BuaHo u3z dopmynsl (1.5), peMOHTONPUTOMAHOCTh SIBISETCS CIIOMKHBIM
cBoiicTBOM POV mo oTHOmIEHUIO K TakuM OOJiee MPOCThIM €€ CBOWMCTBaM, Kak Mpu-
CIOCOOJIEHHOCTh K OTHICKaHUIO OTKa30B U MPUCIIOCOOJIEHHOCTh K UX YCTPAHEHUIO.
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CrnenoBatenbHO, MOKa3aTenb 1p OTHOCUTENBHO K MOXKHO paccMaTpuBaTh Kak
SIMHUYHBIN, & OTHOCUTEIBHO 1o U Ty — KaK KOMIICKCHBIH.

B umHXeHepHO!l NpakTUKE B KayeCTBE KOMILJIEKCHOTO IOKa3aTessl KayecTBa
HauOoJIee YacTO UCIOIB3YIOTCS BeIpaxkenus (1.2 u 1.3).

Becosbie ko3 duimenTs! (K03hPUIMEHTH 3HAUUMOCTH) Ol 3aBUCAT OT (PyHK-
[IMOHAJIBFHOTO Ha3zHaueHus POV u ycraHaBmmBaioTcs OOBIYHO C MO3MIIMU 3aKa3uHKa
(moTpeduTesnsi) ¢ HMCIOIb30BAHUEM, HAIPUMEpP, METOAA 3KCIEPTHBIX OIEeHOK. [lpu
onpezaeneHud Ko3h(HUIMEHTOB 3HAYMMOCTH SKCIEPTHBIM METOJO0M OOBIYHO MpUMe-
HSIOT METO/bl PAHXKUPOBAHUS, MOCIEA0BATEILHOIO CPABHEHUS, TAPHOTO CPABHEHMS,
pPaccTaHOBKU MPUOPUTETOB U OAIITbHBIN METO/I.

Meton paccCTaHOBKM MPUOPHUTETOB SIBISETCA MOAUPHUIIMPOBAHHBIM METOJIOM
MapHOTO CpPaBHEHUS W HE TpeOyeT YCIOBUS TPAH3UTHUBHOCTH (€CIM a Jydlle 8, a 8
Jqy4iie ¢, To U a jgy4ine c). [loaromy pe3yibTaT MapHOro CpaBHEHUS TUM METOIOM
Haubosiee TOYHO OTpakaeT CyObEKTHUBHOE MPEANOYTEHHUE, TaK KaK B 3TOM Cllyyae Ha
BBIOOp HalaralTCs MUHUMAJIbHBIE OTPAHMYEHUS M ODKCIEPTY HE HABS3BIBAIOTCS
anpuopHble ycioBus. KpoMme TOro, mpu OTCYyTCTBHM TpeOOBAaHUN TPaH3UTHBHOCTU
AKCHIEPT MPOU3BOJUT COMOCTABJICHUE MapaMeTpoB (MOKaszaTesnei) 00bEKTOB HE3aBU-
CHUMO OT pe3yJIbTaTOB JPYTHX COTOCTaBICHUN U OJHA JIOMYIICHHAs OIIHOKa HE CTOJIb
3HAUUTEIBHO BIUSET HA Pe3yJbTaThl pacueTa 3HaYeHUI MpUopuTeToB (KO3 duiueH-
TOB 3HAYMMOCTH). OJHUM M3 OCHOBHBIX HEIOCTATKOB METO/AA MapHOTO CPaBHEHHUS
SIBIISIETCSL €r0 Majasi MPUMEHUMOCTh TP YBEIMUEHUHN YHCIIa CPAaBHUBAEMBIX O0OBEK-
TOB K3-3a HENPONOPLUOHAIBLHO OBICTPOTO POCTa YMCIA €AMHUYHBIX MapHBIX CpaBHE-
HUM.

Koaddurments 3Haunmoctu oyi A1 Beipaxenuit (1.2 u 1.3) nomkHbl BHIOU-
paThcs TakUM 00pa3oM, 4TOObI 00ECIIEYNBAIOCh COOTBETCTBEHHO OJHO U3 YCIOBHIA:

m
=1

m
_H Ol pyi =1. (1.7)
1=1

To ects HOpMUpOBaHHBIE KOIDDUITUEHTH 3HAUUMOCTH Oy JODKHBI JICKATh B
npeaenax 0 < api < 1.

JIns moTydeHus: HOpMUPOBAHHBIX (O€3pa3MepHBIX) 3HAYCHUN €IMHUYHBIX I10-
Kazaresiel Ky MOTYT HCTIOJIb30BAThCS CICAYIOIINE BEIPAKCHUS:

Ki _KKpi
MiTx Tk (1.8)
opti Kp |
K
Ky = (1.9)
max |
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min i
K .=—"" 1.10
Hl R. ] ( )
i
roe Ki — HCXOIHOE 3HAYE€HHE i-r0 eqUHUYHOIO [T0KA3aTeNs;

Kipi — KpUTHYECKOE 3HaUCHHE I-T0 eIMHIUYHOTO ITOKa3aTeJIs;

Kopt i — onTUMaNibHOE 3HAYCHHUE I-T'O TIOKa3aTeds;

Kiaxi — MAKCHUMaJIbHOE 3HAYEHHE I-TO MOKa3aTelIs;

Kmin i — MUHAMAaJIbHOE 3HAYE€HHUE -0 IT0KA3aTes.

Ecmu ncxonusle 3HaueHus K; nexat B npeaenax Kipi < Ki < Kopri i Kopt i < Kj <
< Kyp i , TO HOpMHpOBaHHBIE 3HaUeHUs Ky OyayT nexats B npeaenax 0 < Ky; < 1.

Jns ompeneneHuss KOMIUIEKCHBIX II0KA3aTelie KadecTBa pasndHbIX POY
(TC3H) B nabopatopHoit paboTe ucnoib3ytorcs Beipakenus (1.2, 1.3, 1.6, 1.7, 1.8).

1.2.4. UuTerpanbHblii NoKa3aTeab kKauecrsa PIY

HHTerpaapHbIi MOKa3aTellb KauyecTBa MPEACTaBIICT COOOW OTHOIICHHUE CYM-
MapHOTO MmoJjie3Horo dddekra oT Fkcruryatanuu POY k cymMmapHBIM 3aTpaTtam Ha €ro
CO3/IaHuE U dKCIuTyaramuio [1, 2]:

K —Q— (1.11)
141 ZZ

rae Qs — nonHas ueneBas otAada POV naHHoro tuma 3a mepuoj  AKCIUTyaTal[UH
(cymmapHbIil osie3Hbli 3¢ eKT ot skcmryarauu POY);
Zs = Zc + Z5 — cymmapHble 3aTpaThl (M3IEpKKH) Ha JOCTHXKEHHE MOJHOW 1ene-
BOM OT/JA4H;
Zc — cyMMapHbI€ 3aTpathl Ha co3ianue POY;
Z» — cyMMapHbI€ 3aTpaThl Ha dKCIuTyaTanuio POY.

®opmyna (1.11) cnpaBeanuBa s POV, cpok ciryxk0bl KOTOPOro He MpeBbIIIa-
€T OJHOro rojaa. B aToM ciyyae eIMHOBPEMEHHBIE U TEKYIIUE 3aTPAThl MPOCTO CyM-
MUPYIOTCS.

Hns POY, cpok citykObl KOTOPOTO TMPEBBIIIAECT OJAUH TOJ, €AMHOBPEMEHHBIC
3aTpathl Zc JOJDKHBI OBITH MPUBEACHBI K MOCIEIHEMY TOJly Cpoka CiaykObl POV ¢
UCII0JIb30BAHUEM HOPMATUBHOTO KOA((UIIMEHTA, YYUTHIBAIOIIETO CAMOOKYIaeMOCTb
POYV.

BaxHoe 3HaueHue 115 OLICHKM KadyecTBa POY mmeer pacnpeneneHue moaIHoN
LIEJIEBOM OTJa4M U CyMMAapHBIX 3aTpaT BO BpeMeHu (puc. 1.2).

[Tonnas nenesast otnaya Qs 3aBUCUT OT MHOTUX TEXHHYECKHX WM OpraHHU3allu-
OHHBIX (PAKTOPOB: (POPM M METOJOB OpraHuU3aluu dKcIuryatauuu POV, yciosuii ero
AKCIUTyaTalu, KBaauduKauu o0CIyKUBAIOIIETro epcoHana u Jip.
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Qx, Zs

v

Puc. 1.2. Pactipenenenue monHoit neneBoit otaauu Qs 1 cyMMapHBIX
3aTpaT Zs BO BpeMeHH (11 — BpeMs IPOEKTUPOBAHMS, H3TOTOBJICHUS
1 IOJTOTOBKU K MCIIOJL30BaHui0 POV
to — Bpemsi OCTMIKEHUS MOJHOM 1IEJIEBOM OTIauu;

t — mepuoa BpeMeHU pacxo/10BaHUs CPEJICTB)

CyMmmapHbie 3aTpaThl Ha JOCTHKEHHUE TOJIHOW 11€JIEBOM OTIauu Zs 3aBUCAT OT
TEXHUYECKOTO YPOBHS MPEANpuUsiTrs, (GOPM U METOJOB OpPraHU3aIlMU TTPOU3BOJICTBA,
npoeccHoHaNbHOM MOTOTOBKHU KaJpOB, TEXHOJIOTUYHOCTH KOHCTpYyKimu POY u nap.

OT mpaBWJIBHOTO MOCTPOEHUSI MATEMATHUYECKUX MOJENIeH (BBIPAXKEHUN) IS
BenuunH Qs M Zs 3aBUCUT MPABWIBHOCTh WHTEIPANIbHOM OlleHKH KadecTBa POY. Ha
MPaKTUKE OOBIYHO HE TOJIBKO CJIOXKHO TMONYYUTh MOAEnH i pacdera Qs u Zs, HO
WHOT/Ja HESICHO, YEPE3 KAKHUE MapaMeTPbl BBIPAKATH MOJHYIO LEJIEBYIO OTAAYy.

B peanpHBIX yCIIOBUSIX HE MEHEE CIIOKHO MOACYUTATh U CYMMApPHBIE 3aTPATHI.
TeM He MeHee OOIIHOCTh TPUMEHEHUSI UHTETPAJIbHOTO TTOKa3aTeNsl K Pa3JIMuHbIM BH-
nam POV obGneruaer onpeaeneHue ux ypoBHs KauecTBa.

Hapsiay ¢ uHTErpalibHBIM MOKA3aTeEM KaueCTBA MOYKET HMCIIOJIb30BATHCS BE-
Ju4uHa, o0paTHas eMy M Ha3blBacMas yACIbHBIMU 3aTpaTaMu Ha eauHuIly ddekTa.

1.2.5. MeToabl onpeaesieHus MoKkas3areJieil kauectsa POY

CyliecTBYIOT CleAYIONIUE METObI onpeeneHus kayectsa POY [1]:
— UW3MEPUTEIbHBIN;
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— PpErucTpalvOHHBIN;

— PpacCUeTHBIN;

— OpraHoOJICITUYECKUIA;

— JKCIEPTHBIN;

—  COILIMOJIOTUYECKUH.

Hzmepumenvuwlit Memoo OCYUIECTBISETCS Ha OCHOBE TEXHUYECKHUX CPE/ICTB
U3MepeHuil u Oasupyercs Ha uWHGOpMAIMHU, MOJYy4aeMOW C HCIOJb30BAaHUEM 3THX
cpenctB. C MOMONIIBI0 U3MEPUTEIBHOTO METO/IA ONPENEISIOT 3HAUCHHS TAKUX MOKa-
3areneil kauectBa POV, kak Tok moTpeOiaeHus, BXOJTHOE COMPOTUBIICHUE, COMPOTHB-
JIEHHUE U30JISIIIUH, Macca (BEC) U T. 1I.

Pecucmpayuonnslit Memoo OCYIECTBISIETCS HA OCHOBE HAOMIOICHUS U MO-
cyeTa 4ucja ONPEAENICHHBIX COOBITHM, mpeameToB win 3arpar. OH 0asupyercd Ha
nH(popManuy, NOJydyaeMOld MyTeM PErucTpalMd U MOJCYETa YHCIa ONpPEAeTIeHHBIX
COOBITUH, HANpUMeEp YHciia 0TKa3oB POY unm ero KOMIOHEHTOB NpU MPOBEACHUU
UCTIBITaHUM, ocueTa yncia 1e()eKTHhIX U3/IeIUH B IAPTUH U T. II.

Pacuemnulit Memoo OCYyIIECTBISIETCS HA OCHOBE MCIIOJIB30BAHUSI TEOPETHYE-
CKUX U (WJIM) SMIMPUYECKUX 3aBUCUMOCTEN MTOKa3aTeIe KkauecTBa NPOAYKIUU OT €€
napameTpoB. OH IPUMEHSETCS B OCHOBHOM Ha CTaJiMM NIpoeKTHUpoBaHus POY, korna
OHO HE MOKET OBITh 0OBEKTOM IKCIIEPUMEHTAIBHOTO MCCIEA0BAaHUA. DTUM K€ METO-
JIOM MOTYT OBITh YCTaHOBJIEHBI U 3aBUCUMOCTH MEXIY OTICJIbHBIMH MOKAa3aTEIsIMU
kaduecTtBa PDY. PacueTHbIii MeTOJ MCHONB3YyeTCS ISl ONMpEACIICHUsT MacChl (Beca),
MoKa3artesiel HaJIe)KHOCTH, TOTpedIisieMoit MomHoCTH POY 1 1.10.

Opzanonenmuyeckuii Memoo OCYIIECTBIISIETCS HA OCHOBE aHaJIn3a BOCIPUS-
TUH OPraHOB YYBCTB YEJIOBEKA, KOTOPBIE BBHIAAIOT MH(OPMAIIUIO O MOJTYYEHUU COOT-
BETCTBYIOLIMX OIIYLICHHI. 3JHAUYCHHS NTOKA3aTEIel KauyeCTBA HAXOAT ITyTEM aHAIN3a
MOJIyYEHHBIX OILYIIEHUI Ha OCHOBE MMeEIoIerocs omnbita. [loaromy ToUHOCTH U J10-
CTOBEpPHOCTD MOJIYYEHHON MH(OPMALIMU 3aBUCUT OT KBaJIM()UKALIMU, HABBIKOB U CIIO-
cOOHOCTEM JIUIL, KOTOphIE ee onpeaesstoT. OpraHoJenTHUYECKU METOl He UCKII0Ya-
€T BO3MOYKHOCTH HCIIOJIb30BaHUSI TEXHUUYECKUX CPEACTB (JIyIa, MUKPOCKOI, MUKPO-
(GOH U T. 1.), MOBBIIAOIINX BOCIPUUMUYUBOCTh U Pa3peIIAOIINe CIIOCOOHOCTH Opra-
HOB YYBCTB Y€JIOBEKA. DTOT METOJ LIMPOKO NMPUMEHSETCSA I ONpEIEICHUs Kaye-
CTBa MPOIYKIMH, UCHOJIb30BaHUE KOTOPOU OOYCIIOBJIEHO WJIM CBA3aHO C 3MOLMO-
HaJIbHBIM BO3JCMCTBHEM Ha MOTpeOuTeNnel (HamUTKH, KOHAUTEPCKUE, TaOauHbIE,
napgromepubie uzgenus). OJHAKO OH MOXET UCIHOJIb30BAaThCA U ISl ONpEACIICHUS
kauectBa PDY, Hampumep Takoro mnokaszaTens, Kak XyJO0KeCTBEHHOE odopmiieHue
(mu3aitn POY). Iloka3arenu kadecTBa, ONpeAeNieMble OPraHOJENTUYECKUM METO-
JIOM, BBIpQXXarOTCsl OOBIYHO B OaijiaXx (OTHOCUTENIBHBIX €UHUIIAX ).

IKcnepmuplit Memood OCYIIECTBISETCS HA OCHOBE PEILIEHUs, TPUHUMAEMOTO
AKCIIEPTaMHU, KOTOPBIE JAIOT OLEHKY KaYeCTBEHHBIM MMOKA3aTeNsIM MPOAYKIIMU B Oai-
nax (OTHOCUTENIBHBIX €IMHMIAX). DKCHEPTHBIA METOJ MCHOJB3YETCS U I OIpelie-
JeHus K03 PUIIMEHTOB BECOMOCTH MOKa3aTeNel KauecTBa MPOTyKIHH.

Coyuonozuueckuii memoo OCYIIECTBIIICTCS HA OCHOBE cOOpa M aHAJIN3a MHE-
HUN (PaKTUUECKHUX WM BO3MOXKHBIX MMOTpeduteneit npoaykiuu. COop Takux MHEHHUI
MO>KET OCYIIECTBISTHCS YCTHBIM CIIOCOOOM (HEMOCPEICTBEHHO WJIM C MOMOIIBIO Te-
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nedoHa), C TIOMOIIBIO PACIPOCTPAHEHUSI AHKET-BOIMPOCHUKOB, MYTEM IPOBEACHUS
KOH(EpEeHIINA, COBEIIaHMH, BEICTABOK U T. M. COIMOIOTHYECKUH METOJ] HHOT1a MO-
JKET MPUMEHSATHCS W I ompesenaeHus Kod()PUIMEHTOB 3HAYMMOCTH IOKa3aTeseH
KadecTBa MPOTYKITHH.

1.2.6. MeToanbl onpenesieHus kauyecrsa PIY

Jlist onpenenenust kauectBa POY Ha mpakTHKe MHPOKO HUCIOIB3YIOTCS Oug-
Gepenyuanvhblil, KOMIIEKCHBIN, CMEUAHHBIUL U CIAMUCMUYECKULL Memoobl.

Jlugpghepenyuanvuviit memood OCHOBAH Ha UCIIOIb30BAaHUU €IMHUYHBIX MOKa-
3aTench kadectsa POY.

Komnnexkcuotit memoo ocHOBaH Ha MCIOJIb30BAaHUHM KOMINUIEKCHBIX IOKa3aTe-
Jiei kauecTBa POY.

Cmewiannulit Memoo OCHOBAH Ha OJHOBPEMEHHOM MCIIOJb30BAHUU €IUHUY-
HBIX M KOMILJIEKCHBIX ITOKa3aTeliei kauectBa POYVY.

Cmamucmuyeckuii Memoo OCHOBAH Ha NpaBWIaX MaTEMaTHYECKOW CTaTH-
CTHUKH.

[Ipu permenny nMpakTUYECKUX 3a1a4 0 OMpeaesIeHuIo kauecTBa POY 00bIYHO
MpUOEraroT K COUCTaHUIO PACCMOTPEHHBIX METOIOB.

2.7. IllpuMeHeHHE IKCIIEPTHBIX METO/I0B JIJIsl ONpeaeeHusl
KadecrBa POY

DKCHEepTHBIE METOAbI (METOIBI IKCIIEPTHBIX OIIEHOK) HCIIONB3YIOTCS B TEX
ClIyJasiX, Korja ¢IMHWYHBIC TIOKA3aTeld HE MOTYT OBITh SIBHO BBIPAXKEHBI KOJHYE-
CTBEHHBIMU MEpaMHM, HapUMeEp XYJI0KECTBEHHOE oopmMileHHe (IU3aiiH) Ui ya00-
CTBO B TEXHHUYECKOM OOCITyXkuBaHuu. [[J1s1 ydeTa moToOHBIX €IMHUYHBIX MTOKa3aTeNeH
UCITIOJIB3YIOTCSI METOJIBI AKCIIEPTHBIX OLIEHOK. B 3THX MeTojax eqnHUYHOMY TOKa3a-
TEJII0 J1aeT HE3aBUCHMYIO OIICHKY (HampuMmep B Oaiiax) rpymna CIHenraluCcTOB-
IKCIEPTOB. Pe3ynbTUPYIONIYI0O OKOHYATETBHYIO OIEHKY OOBIYHO MOJY4YaloT MyTeM
ycpenHeHnus. B mpocreiiiiieM ciydyae MOJCYUTHIBAIOT CpeiHee apuPpMETHIECKOE 3Ha-
YyeHue 1mo hopmyie

K.
1]
n

N M=

k=1==" (1.12)

rae K; — auciieHHoe 3HaYeHUe OIIEHKH, CACTaHHOE J-M KCIIEPTOM;
N — 4HCII0 3KCIIEPTOB, YYACTBYIOUIUX B MPOLENYPE DKCIIEPTHOM OLICHKH €IUHNY-
HOT'O IOKa3aTelIst KayecTBa.
Jlydmive pe3yabTaThl Ja€T YCPEIHEHHE C y4ETOM BECOBBIX KO3 (UIIMEHTOB,
YUUTBHIBAIOIIMX 3HAYUMOCTb MHEHHUS (OMbBIT, KBaNU(UKAIMIO, aBTOPUTET U T. II.)
J-ro akcnepTa. B aTOM ciydae ucnonbs3yroT popmyiry
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k=472 "~ (1.13)

IZIe Oj — BECOBOM KOO PUIIMEHT |-T0 IKCIepTa.

[Ipu ucnonb30BaHUM METOAA SKCIEPTHBIX OLEHOK JJIs ONPEACIICHUSI KaueCTBa
PDY BakHBIM 3TanoMm SBJISIETCS MPABWIbHBIA BBHIOOP 3KcnepToB. [IpuHImuner otdopa
NOTEHIUAJIBHBIX IKCIIEPTOB OCHOBBIBAIOTCS HA aHAJIM3€E CIIECAYIOIINX XapaKTEPUCTHUK:

— CTax paboThl B TOM 00JIACTU UCCIIEIOBAHUN, K KOTOPOU MPUHAJJICKUT OIle-
HuBaemoe POYVY;

— HAy4Has CTENEHb U 3BAHUE;

— KOJIMYECTBO MyOJIMKAIMM B COOTBETCTBYIOIIEH 00J1acTH;

— HaJguyue M300peTEeHU B COOTBETCTBYIOIIECH 00IaCTH U T. 1.

[Ipu popmupoBaHUM SKCIEPTHON TpyNmbl OTOOP SKCHEPTOB MPOBOAUTCS Ha
OCHOBE KaU€CTBEHHOM U KOJIMYECTBEHHOW OLICHKH.

[Ipn Ka4ueCTBEHHOMN OLICHKE aHAIM3UPYETCA CTEIEHb COOTBETCTBUS 3KCIIEPTOB
npejyaraeMbiM TpeOOBaHUSIM (KOMIIETEHTHOCTh, YBEPEHHOCTh, OObEKTUBHOCTH, JI€-
JIOBUTOCTb, 3aMHTEPECOBAHHOCTH ).

[Ipr KOIMYECTBEHHOW OLIEHKE MPOBOJIUTCS KOJIMYECTBEHHAsI OLIEHKA KayeCcTBa
skcriepToB. Hanbosiee BaKHBIM CBOMCTBOM, XapaKTEPU3YIOIIMM KauyeCTBO HKCIEPTa,
SIBJISIETCSL CBOMCTBO «KOMIIETEHTHOCTbHY». [103TOMY IIpM KOJIMYECTBEHHOW OLICHKE Ya-
1I€ BCEr0 YUYUTHIBAECTCS TOJBKO 3TO CBOMCTBO. KonnMuecTBEeHHAs OLIEHKA MOXKET OIpe-
JEJSITHCS. HA OCHOBE YNPOIICHHOW KOMOMHUPOBAHHOM OIIEHKH, 3aBUCSIICH OT camMo-
OIICHKH M B3aMMOOIIEHKH, 110 (hopMyIie

K, =04K

5 +06K, (1.14)

C

riae Kc — caMoolieHKa KOMIIETEHTHOCTH;
KB — B3anMHas OlleHKa KOMIIETEHTHOCTH SKCIIEPTHOM TPYTINHI.
OnenuBast BenmuuuHy Kc, 9KCIEPT OIICHWBAET CBOIO MH()DOPMUPOBAHHOCTH U
CTEIEeHb 3HAKOMCTBA C PA3JIMYHBIMU aclieKTamu olieHnBaeMor POY. 3Hauenue camo-
orieHku K¢ ompenensiercs 1o ¢popmyie

p
K.= Y B.K, (1.15)
Cc . 1" Ci
=1
rie Bi — BeCOMOCTh (3HAYMMOCTb) MoKa3aTesiei nHHOPMUPOBAHHOCTH U CTEIICHHU 3Ha-
KOMCTBA;
Kci — 3HaueHne caMOOIICHKH 0 HHPOPMHUPOBAHHOCTH M CTEIICHH 3HAKOMCTBA C
I-M Imokaszarenem;
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P — 4KCIIO MTOKa3aTesNei, 0 KOTOPhIM MPOBOJUTCS pacueT CaMOOLICHKHU.

p

3nauenus Pi u Kci onmpenenstorcss TakuMm o0pa3oMm, 4TOOBl Y Bi =1 a

=1
0<Kc¢i £ 10. Orcroga 0 < K¢ <10.

Bsaumoornenky Kp 4ieHbl 3KCHEPTHOM TPyMHIbl JAIOT APYT APYTy MO mpodec-
CHOHAJIBHOM KOMIIETEHTHOCTH, HANpUMEp, MO MATHOAIIBHOW cUcTeME. 3HAueHHE
OLICHKM KOMIIETEHTHOCTH Ka)KJIOTO 3KCIEpPTa ONPENEIAeTCsS KaK CpelHee U3 3Hade-
HUM OLICHOK, Ha3HAYCHHBIX BCEMH OCTAJIBHBIMH JKcIiepTaMu. B3anMoorieHka MeHee
CyOBEKTUBHA, YEM CAMOOIIEHKA, HO UMEET CHELM(PUUECKUN HETOCTATOK, COCTOSLIMIMI
B TOM, 4YTO YJIEHBI SIKCIIEPTHOM IPYIIIIBI MOTYT CJIa00 3HATH APYT APYyTa.

B pesynbrare npoBeneHHOro oTOOpa Ha OCHOBE Kaue€CTBEHHOM M KOJIMYe-
CTBEHHOW OLIEHKH B COCTaB SKCIIEPTHON IPYIIBI BKIIOYAETCS HEOOX0IUMOE KOJInYe-
CTBO HanOoJee KBATU(PUIIMPOBAHHBIX 3KCIIEPTOB.

1.3. llopsaA0K BHINOJTHEHHUS PadOTHI

1. U3yunTh TEOPETUUYECKYIO YACTh PAOOTHI.

2. IIpoBecTn camMONpPOBEPKY TEOPETUUYECKUX 3HAHWUM, OTBETUB HA IOCTABJICH-
HBIE BOIIPOCHI.

3. [lomyunTs BapuaHT 3aJaHus U O3HAKOMHUThCA ¢ mapamerpamu TC3U, uc-
MOJIb3YEMBIMH JIJIs1 ONIPEAEIICHUS €0 KaYeCcTBA.

4. 3anoiHUTH TAOJIUIly HEIOCTAIOIMIUMU MCXOJHBIMU JAHHBIMHU (3HAYCHUSAMHU
Kod(duIreHTa 3HAYMMOCTH) C COOTBETCTBYIOIIMM YCTHBIM HJIM TUCBMEHHBIM 000C-
HOBAHHUEM MPUHATHIX 3HAYCHHI.

5. llpuBecTr K OJHOW BEJIIMYMHE 3HAYCHMS C€IMHUYHBIX IOKAa3aTeliel, BbIpa-
KEHHBIX HECKOJBKUMH BEIMYMHAMHU (rabapuTHBIE pa3Mephl, JMAMA30H YacTOT U
T. IL.).

6. CKOppEeKTUPOBaTh 3HAYCHUSI €IMHUYHBIX MOKA3aTeJel, OTMEUYEHHBIC 3BE3-
JIOYKaMH, C COOTBETCTBYIOIINM YCTHBIM UJIM MUCbMEHHBIM 0OOCHOBAHUEM MPUHSITHIX
3HAYCHUM.

7. IIpoBecTr HOPMUPOBKY KOI(PHUIIMEHTOB 3HAYUMOCTH TaKUM 00pa3oM, 4TO-
ObI BRIIOTHSUTUCH yeioBus (1.6 u 1.7).

8. IIpoBecT HOPMUPOBKY €AMHUYHBIX IMOKa3aTeliel, UCIONb3Yysl BBIPAXKEHUE
(1.8).

9. IIpoBecTH pacueT KOMIUIEKCHBIX MMOKa3aTesield KauecTBa JJIsl MPEAJIOKEHHO-
ro Bapuanta TC3U, ucnosn3ys Beipaxenus (1.2 u 1.3).

10. Onpenenuts MO MOJYYEHHBIM 3HAYECHHUSIM KOMIUIEKCHBIX MMOKa3aTesie Ba-
puant TC3U, nmeromuii HauBbICIIMKA YPOBEHb KaueCTBA.

11. OdbopMHUTh OTYET ¥ 3AIUTUTH PadOTY.

1.4. Onucanue nporpammsl At IBM

[Iporpamma mO3BOJIAET MPOBEPATh TEOPETHUUECKUE 3HAHUSA CTYIAEHTOB, BbIJIA-
BaThb BAPUAHTHI 3aJlaHUM MHIMBUAYAJIBHO I KaXIOrO0 CTYAEHTAa WIM I'PYIIBLI CTY-
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JICHTOB, TPOBEPATHh MPABMIHHOCTh KOPPEKTHUPOBKU HCXOJHBIX JAHHBIX, MPaBUIIb-
HOCTb TEKYIIIUX PacyeTOB U OKOHYATEILHOTO pe3yiabTara. MUms mporpammel LEVEL.

1.5. Conep:xanme oTyeTa

1. llenb mabopatopHOil pabOTHI.

2. Homep BapuanTa 3a1anusl.

3. Tabnwia HCXOMHBIX TAHHBIX B COOTBETCTBHUH C 33/IaHHBIM BapUAHTOM.

4. Tabnuria CKOPPEKTUPOBAHHBIX MCXOIHBIX JAHHBIX W MOAPOOHBIC TIOSCHEHUS
MOJYYEHHBIX 3HAYCHHM.

5. Tabnuiia HOPMUPOBAHHBIX AAHHBIX U MOAPOOHBIA TMPUMEP KOPPEKTUPOBKH
KO3 (D PHUITMEHTOB 3HAYMMOCTH M €IMHUYHBIX TTOKa3aTeJIeH Il OJTHOTO TIprbopa.

6. Tabnuma ¢ pe3yIbTaTaMu pacyeToB KOMITIEKCHBIX ITOKA3aTeIeH KauecTBa U
o ipoOHBIN IPUMEP pacdeTa JjIsi OJJHOTO pudopa.

7. BeiBo1BI 110 pabore.

Jlureparypa
1. TOCT 15467-79. YupapneHnue kauecTBOM NpOAYKIIUU. OCHOBHBIC TOHSTHS,
TEPMUHBI U onpeaenenus. — M. : M3n-Bo ctannaptos, 1979. — 26 c.

2. bopoBukos, C. M. TeopeTrueckne 0OCHOBbI KOHCTPYHUPOBAHUS, TEXHOIOTUU
u Hagexxnoctu / C. M. BopoBukoB. — MuHck : [luzaiin [TPO, 1988. — 336 c.
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JlaGopaTopnasi paGora Ne2

HccaenoBanue pa3doopunBOCTH PedH METOIOM APTHKYJISIIIHOHHBIX
U3MEpPEeHUI NPH 3aluTe peueBoil HHpopMauuu pa3IuYHbIMUA BUIAMU
MAaCKHMPYIOIIMX CUTHAJIOB

2.1. Hean padoTsl

N3yuenue Merona onpeneneHus pa300pUYMBOCTH PEUU € MOMOILIBIO apTUKYJIS-
LIIOHHBIX NU3MEPEHUN U MPAKTUYECKOE UCIOJIB30BAHUE €T0 JUIS UCCIIETOBAHUS 3alH-
ThI peueBOi UHPOPMAITUN MACKUPYIOIIMMH CUTHAJIAMU PA3JIMYHBIX BUIOB.

2.2. TeopeTnueckue cBeaeHHs
2.2.1. [lapaMeTpbl M XapaKTEPUCTHKH 3BYKOBOI'0 MOJIS
2.2.1.1. 3ByKOBBI€ BOJIHBI

3BYKOBOHM BOJIHOM Ha3bIBAETCS MPOLIECC paclpOCTpaHEHUs AepopMaluil cxa-
TUS WM PACTSHKEHUS B CIUIOIIHOM Cpelie, MPOUCXOJAIUNA C KOHEUHOW CKOPOCTHIO
[1, 2].

3ByKOBasi BOJTHA MO>KET BO3HHUKATh U PACTIPOCTPAHATHCS TOJIBKO B TaKOW Cpe-
7ie, KoTopasi 00JagaeT onpeaeneHHON ynpy2ocmyvio (CKUMAEMOCTBIO) U UHEPYUOHHO-
cmobio (MIOTHOCTHIO). CryioliHas cpena, 001aiaroas ToJIbKO 3TUMHU ABYMs (pu3Hue-
CKHMH CBOMCTBaMHM, Ha3bIBACTCS udeanvHoli. B oTnnume oT Hee peanrvhas cpeda Xa-
paKkTepu3yeTcsi eme M OUCCUNAMUBHBIMU CEOUCMBEAMU, TIPUBOIALUIMMH K IOTepe
HHEPTUU BOJTHOBOTO JIBHXKCHHUS.

36yK060ii 1yu — 3TO HANPABICHUE PACHPOCTPAHEHUS 3BYKOBBIX BOJH. A TIO-
BEPXHOCTb, BKIIFOUAIOIIAs CMEXHBIE TOUYKH 3BYKOBOTO TOJISI C OJJMHAKOBBIMU (hazaMu
KOJIcOaHMs1, HA3bIBACTCS (DPOHMOM BOJIHbI.

36yKko060e none — 3TO NMPOCTPAHCTBO, B KOTOPOM MPOUCXOAUT PACHpPOCTpaHe-
HUE 3BYKOBBIX KOJIeOaHUN. 3BYKOBBIE KOJEOAHUS Cpelbl OOBIYHO BO30YKIAIOTCS 32
CYET KOJCOAHMM Pa3TMIHBIX MEXaHUYECKUX YCTPONCTB WM roJioca. 3BYKOBBIE KOJie-
OaHus B KUJIKOM M Ta3000pa3HON cpeje (BO3Ayxe) MPECTABISIOT COOO0M TPOI0b-
HbIe KOoJieOaHusl, TaK KaK YaCTUIIbI CPEAbI KOJICOIIOTCS BIIOJIb JIMHUH PacIpoCTpaHe-
HUS 3ByKa. BeiencTtBue 3Toro oOpasyroTcst CTyIICHHUS U Pa3psbKeHUs Cpeibl, IBHUTa-
IOIIEHCSl OT UCTOYHUKA KOJICOaHUM C ONPEeIeICHHONW CKOPOCThIO, Ha3bIBAEMOU CKOpO-
Cmbl0 38YKa.

2.2.1.2. CkopocTh 3ByKa

CkopocTh 3BYKa SIBISIETCS] TOCTOSTHHOM BEJIMYMHOM ISl TAHHOM CpEellbl U Me-
TEOPOJOTUIECKUX YCIOBUH U OTpeAenseTcs mo Gopmyie
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P
—, (2.1)

r7e Y — nokaszaTenb aauadatel s BO3AyXa (OTHOUICHHE YACTbHBIX TEIIOEMKOCTEH
BO3/yXa IPH TIOCTOSSHHOM JABJICHUHU U IIOCTOSTHHOM o0beme, y = 1,41);
Pcr — crarndeckoe gnabinenue cpenabl (Per = 101325 [la npu naBieHun
760 MM PT. CT.);
p — MIOTHOCTH cpenapl (it Bo3myxa npu 20 °C U HOpMaLHOM JaBJICHUU
p = 1,22 xr/md).

CkopocTh 3ByKa B BO3JyXe MPH HOpMalbHBIX ycinoBusx paBHa 330 m/c. s
CpaBHEHUS: CKOPOCTh 3BykKa B Bojae paBHa 1500 m/c, a B ctamm — 6000 m/c. CBs3b
MEXIy CKOPOCTBIO 3BYKa, JJIMHOM BOJIHBI U YacCTOTOM (IIEpHOIOM) KoJieOaHUI ompe-
JeNAETCS COOTHOLIICHHEM

, (2.2)

rJe A — JUIMHA BOJIHBL
f —ygacrora Konebanuii;

T — nepuon koneOaHui.
Crnenyer OTMETUTH, UTO JAaHHOE COOTHOIIECHUE CIPABEIJIMBO IS MIOCKOU U
cghepuuecxoii hopmul GpoHTA 3BYKOBOM BOJTHBI.

2.2.1.3. 3ByKoBOe 1aBJIeHHEe 1 HHTEHCUBHOCTH 3ByKa

36yKo6oe Oasnenue. Ecnu cuntarh, 4YTO AABJIEHUE CPENbl B OTCYTCTBUE 3BYKO-
BbIX KOJieOaHMil paBHO P, (CTaTHYECKOE NIaBlICHUE), TO MPU PACIPOCTPAHEHUH 3BY-
KOBOM BOJIHBI B JIFO0OI TOYKE 3BYKOBOTO TOJISI TTOJTHOE JIaBJICHUE OYIET U3MEHSThCH,
YBEJIMUUBASICH MPHU MPOXOKIACHUH CKATHN M YMEHBIIASCh MPHU CIAEAOBAHUH pa3psike-
HUW. Pa3HOCTH MEXIy MTHOBEHHBIM 3HAUYE€HHWEM IOJIHOTO JaBJICHHWS P, M crathye-
CKHMM JIaBJICHUEM CPE/Ibl P Ha3bIBACTCS 36YKOGbIM oasneHuem.

p= PM - PCT :

3BYKOBOE JIABJICHHUE SBJISICTCS 3HAKONIEPEMEHHOW BEIIMYMHON W OMPEACTACTCS
KaK Cuia, JEUCTBYIOIIAs Ha €IWHHUILY IUIOIIAAN. 3BYKOBOE NIaBICHUE M3MEPSAETCS B
nackasax (1 ITa =1 H/m?).

Humencuenocmsv 36yka. VIHTEHCUBHOCTBIO 3BYKa HA3BIBAETCA KOJIUYECTBO
3BYKOBOM SHEPrHUM, MPOXOJIALICH B €IUHUILY BPEMEHHM 4Yepe3 €AWHULY IUIOIIAIH,
MEPIEHAUKYJISIPHON K HAIIPABJICHUIO PACIIPOCTPAHEHUS 3BYKOBOU BOJIHBI. MIHTEHCUB-
HOCTb 3BYKa U3MEPSIETCA B BaTTax Ha METP KBAJAPATHBIM U CBA3aHA C JICUCTBYIOLINM
3HAYECHHUEM 3BYKOBOT'O JIABJICHHS] COOTHOIIEHUEM
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2

| P
p-C’

(2.3)

I p-c — yIeIbHOE aKyCTHYECKOE CONMPOTHBIICHHE Cpelbl (i1 BO3MyXa MpU HOP-
MaJIbHBIX aTMOC(EPHBIX YCIOBHAX p-c = 412 Kkr/m%c).
CpenHee KOIMYECTBO 3BYKOBOM SHEPTHH, IPUXOJAIIEHCS HA €IUHUIYY 00beEMa,
HA3bIBACTCS NIOMHOCMbIO IHEPeULU U U3MEPSETCS B KOYIISIX HA METP KyOHMUECKUH.
Ypoenu unmencuenocmu 3eyka u 36yxko6020 oaenenus. BenenctBue nora-
pUGMHUUIECKOTO 3aKOHA BOCHPHATHS 3BYKOBBIX KOJ€OaHMA (4acTOT) CIIYXOBBIM aHa-
IM3aTOpoM (YXOM) YesIOBEeKa W IMPOKOTO JHAara30Ha WHTEHCUBHOCTEH CIIBIIITUMBIX
3BYKOB JIJII OObEKTUBHOM OIICHKH BBEJICHO TIOHSTHE YPOBHSI MHTCHCUBHOCTH:

L, =10-1g(1/1,), (2.4)

rae | — MHTeHCUBHOCTh UCXOJHOTO 3BYKA;
. N —10-12 2
| ,— HyJI€BOH (IIOPOTOBBIN) YPOBEHb HHTEHCUBHOCTH 3ByKa ( | =10""* B/m).

B coorBercTBMM ¢ KBagpaTUYHOW 3aBUCUMOCTBIO MEXAY WHTEHCHUBHOCTBIO
3BYKa U 3BYKOBBIM JIaBJicHUEM (2.3) ypOBEHb 3BYKOBOI'O JIABJICHUS OMPEACIISIETCS KaK

L, =20-lg(p/ py) (2.5)

TAC p — 3BYKOBOC JABJICHUC UCXOAHOI'O 3BYKaA,

Po — HyJIeBOH (IIOpOTOBBIN) YPOBEHB 3BYKOBOTO JIaBJICHU (po = 2 .10 Ia).
3a mOporoBbIil YpOBEHb MHTEHCUBHOCTHU 3BYKa (3BYKOBOI'O JIaBJICHHUSI) MPUHHU-
MarT ypoBeHb 3ByKa Ha dactore 100 I', KOTOpHI BOCIPUHUMAETCA YEJIOBEKOM C
BEpOATHOCTHIO 0,5. YPOBHH MHTEHCUBHOCTH 3BYKa U 3BYKOBOT'O JABJIEHUS SIBISIOTCS
OTHOCHUTEJIbHBIMU BEJIMYMHAMU U U3MEPSIOTCS B AennOenax.
Beluucnenre ypoBHs MHTEHCHBHOCTH WJIM 3BYKOBOT'O JIaBJIEHHS CJIOYKHOTO
3ByKa CleyeT MPOU3BOAUTh, CYMMUPYSI HUHTEHCUBHOCTH (/1aBJICHUS) KOMIIOHEHT:

n
LIZ :1OIg(_ > Ii/IO);
1=1
n

LpZ = 20Ig(i El pi/po). (2.6)

Ecnu u3BecTHBI YPOBHU 3BYKOBBIX JIABJICHUH B JIeNIMOEIaX HECKOJIBKUX UCTOY-
HUKOB 3BYKa, TO OTNpeAesieHNue O0IIETO YPOBHS OCYIIECTBIISIETCS ITyTeM BHECEHUS CO-
OTBETCTBYIOIICH MOIMPaBKH, ONMPEACIICMON WIH ITyTEM BBIYUCICHUS, WJIKM Ha OCHOBE
Homorpammsl. Tak, Hanpumep, ecnu Ly, = 85 1b, L,,= 82 ab, To BHavane omnpexe-
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mstierest pasHocTe Ly — L, =3 ab, a 3atem mo HoMorpamMme ¢ y4eToM 3Toi pasHo-

pl
CTH OIIPEAEISETCS COOTBETCTBYIOIIAsA MONMPAaBKa, KoTopas cocrasiser 1,7 nb. Torma
00IIH1 YPOBEHD LpZ =85+ 1,7=286,7 nb.

2.2.2. XapaKTepUCTHUKH U CBOWCTBA CJIYXOBOI'0 AaHAJIU3ATOPA YeJIOBeKa

CnyxoBo#l aHaIM3aTOP YEJOBEKAa COCTOUT U3 yXa, CIIyXOBOTO HEPBA, CIOKHON
CUCTEMbI HEPBHBIX CBS3€M W LIEHTPOB Mo3ra. B ammapat, 0003Hau€HHBIN TEPMUHOM
«yX0», BXOAUT Hapy»XHOe€ (3BYKOYJIABJIMBAIOIIUHI ammapar), cpeiHee (3ByKornepesa-
IOLMI amnmapaTr) U BHyTpeHHee (3BYKOBOCIPUHMMAIONIMI amnmapar) yxo. HapyxHoe
yXO0 BOCHPUHHMMAET OIpPE/CIICHHbIE YacTOThl 3BYKOB Ousiaronmapsi (hyHKIIMOHAJIbHON
CIIOCOOHOCTH BOJIOKOH €ro MeMOpaHbl K pe3oHaHcy. dusmonormueckoe 3HaueHHUE
Hapy>KHOTO U CPEIHETO yXa 3aKJII0YaeTCs B MPOBEACHUU U YCUIICHUU 3BYKOB.

CnyxoBOM aHalIM3aTOp 4YEJIOBEKa YJIAaBIMBAeT (OPMY BOJHBI, YaCTOTHBIN
CHEKTP YUCTBHIX TOHOB U IIYMOB, OCYLIECTBJISIET aHAJIU3 U CUHTE3 B OINPEICICHHBIX
Mpe/iesiax YaCTOTHBIX KOMIIOHEHT 3BYKOBBIX pa3/ipaXx€Hui, 0OHapyKUBAET U OMO3Ha-
€T 3BYKU B OOJIBIIIOM JMANa30HE€ MHTEHCUBHOCTEHW U 4yacToT. CyXOBO# aHamu3aTop
M03BOJISIET NP PEPEHIIMPOBATH 3BYKOBBIE Pa3/IpAXEHUSI U ONPEEISATh HalpaBJIeHUE
3BYKa, & TAKXKE yIAICHHOCTh €r0 OT HICTOYHHKA.

CnyxoBO# aHAIM3aTOp YEJIOBEKa BOCIIPUHUMAET KaK CIIBIIIMMBINA 3BYK KoJieOa-
Huda B auanazone 20 ['u—20 kI'1, 4TOo COOTBETCTBYET UANA30HY JIJIMH BOJH B BO3MY-
xe 17-17 MmM. YX0 Hanbosee 4yBCTBUTEIHHO K KOJIEOAHUSIM B 00JIaCTH CPEAHUX Ya-
cror 1-4 xI'm. 3Byku ywactot Hmwxke 20 [’y Ha3wIBatoTCs uH@pazsykamu, a Boiie 20
k' — yrempazsyxamu. Uadpa3Byku u yJIbTpa3ByKd MOTYT TakKKe OKa3bIBaTh BO3-
JENUCTBUE HA OPraHU3M, HO OHO HE CONPOBOXAAETCS CIYXOBBIM OlllyllleHrneM. MuHu-
MaJbHOE€ 3BYKOBOE JABJICHHE, OOHAPYKMBAEMOE HOPMAJIbHBIM CIyXOM, COCTABIISIET

20 mklla, wi 2-107 Ila, uto COOTBETCTBYET YPOBHIO 3BYKOBOro paasiicHus 0 nb.
MakcuMallbHBIM YPOBEHb 3BYKOBOT'O JaBJIEHUS, BOCHPUHUMAEMOTO yXOM, COCTaBIISI-
er 120 nb, uam B 10° pa3 Gonble, yeM MUHUMANBHOE JaBjieHHe. BoT moyemy ymo0-
HO HMCIIOJIH30BaTh JIOTAPU(MHUUECKYIO IIKATy 3BYKOBBIX KOJIEOAHMM, KOTOpAs M03BO-
nseT cxarhb quanazon 1-10° 1o nuanasona mupunoit  0-120 nb.

JIyst cripaBKM MOYKHO TPUBECTH YPOBHU 3BYKOBBIX JIaBJICHUM B ACIMOENax Xo-
POIIIO W3BECTHBIX YEJIOBEKY 3BYKOB.

3BYKHU TPUPOIBI (JIEC, TITHIIBI). .. eveenreenreenneennneensenneans 10-20
1 3) (03117 (0] 1<) ¥ T 30-40
(©)111) 7 (PR 60-70
| oL 1 (o1 (0] :15) < F PP 6575
JIETKOBOM @BTOMOOMIID. ...ttt eeteeeeeeeteeenneeennaineas 80-90
[ PY30BOM QBTOMOOMIID. ...\ vveeteeeeeteeenneennneeeenneeennenees 90-95
[THEBMATUUECKUN MHCTPYMEHT ...\ enersennreeannnneannnnnnns 100-105
PeakTUBHBIN CAMOJET (B3JIET) .. uvveeenreennneeeanneeannnnns 120-125

K npeumyiectBaM jorapuMuuecKoi HIKajabl OTHOCUTCS TaKK€ TO, YTO OHA
0ojiee TOYHO, YeM JIMHEHHAs IIKajda, COOTBETCTBYET CYOBEKTUBHOMY BOCHPUSTHIO
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OTHOCHUTENIbHOM TPOMKOCTH 3BYKa. DTO OOYCIOBIMBAETCS TEM, UYTO CIIyX pearupyer
Ha MPOICHTHbIE U3MEHEHUSI MHTEHCUBHOCTH (JJaBJICHUs) 3ByKa U, CIIEIOBATEIbHO, Ha
U3MEHEHHs ero ypoBHs. YpoBeHb B 1 b siBisieTcss HauMeHbIIMM O0OHAPyKUBAEMbIM
CIIyXOM HM3MEHEHHEM YPOBHS 3BYKa, OTOOpa)aroluM HJEHTUYHOE OTHOCUTEIHHOE
U3MEHEHHE B JIFOOON TOUKE JIOrapu(PMUUECKON HIKAIIbI.

CyObeKTUBHOE OIIYIIEHHE WHTEHCUBHOCTU 3ByKa (3BYKOBOTO JaBJICHUS)
Ha3bIBaeTCS epomkocmuio U udmepsiercs B ponax (d). YpoBeHb rpOMKOCTH 3ByKa B
¢doHaxX YMCIIEHHO PaBeH MHTEHCHBHOCTH 3BYKa B JenuOenax Jjs YUCTOro TOHa 4Ya-
crotoi 1 kI, BOCHpUHMMAEMOr0 KaK paBHOIPOMKHUM C JAHHBIM 3ByKOM. DaKTOpBHI,
OTIpEeCTIAIONINE CYObEKTUBHYIO TPOMKOCTh 3BYKa, OUEHB CIIOKHBI. OJTHUM U3 TaKuX
(bakTOpOB SABIAETCS YACTOTHAS 3aBUCHMOCTh YYBCTBUTEIBHOCTH YEJIIOBEYECKOTO CITY-
Xa, KOTOpasi UMEET MaKCUMaJbHOE 3HAUY€HHE B OOJACTH CPEJHUX YAaCTOT U MUHU-
MaJIbHO€ 3Ha4€HUE B 00JIACTH HU3KUX M BBICOKUX 4acToT. [lorTOMy, 4TOOBI 0Oecme-
YUTh MOCTOSIHHYIO TPOMKOCTh 3BYKa, YACTOTa KOTOPOTO MEHSETCsl, HEOOXOAUMO CO-
OTBETCTBEHHO M3MEHUTH €T0 MHTEHCUBHOCTH WJIM YPOBEHB 3BYKOBOI'O JaBieHus. Jlist
ATOTO UCHOIB3YIOTCS Tpa(UKU KPUBBIX PABHON T'POMKOCTH B 3aBUCUMOCTH OT YPOBHSI
3BYKOBOI'O JIaBJICHUs U YaCTOTHI. Tak, HanmpuMep, 3ByK ¢ YPOBHEM 3BYKOBOI'O JIaBJie-
Hus 85 n1b u yactoroit 50 I'1y olieHHMBaEeTCsl Kak paBHBIM 10 TPOMKOCTH 3BYKY C YPOB-
HeM 3ByKoBoro gaBieHus 70 nb u gacroroii 1 kI'u. Takum oGpa3om, B JaHHOM CITy-
4yae MOBBIIIEHUE YaCTOThl KOMIICHCUPYETCS CHUYKEHUEM YPOBHS 3BYKOBOI'O JaBlIE-
HUSL.

OneHKa TPOMKOCTH M BBICOTHI TOHA (YaCTOThI) OUYE€Hb KOPOTKHUX 3BYKOB 3a-
TpynHeHa. [Ipy InuTensHOCTH CMHYCOMANBHOTO TOHA 2—3 MC YEJIOBEK JIMIIb OTME-
YaeT €ro HAIMYME KaK «IIETYOK», HO HE MOXET ONpPENeNnTh ero kadects. C yBenu-
YEHNEM JUIUTEIIBHOCTH 3BYKa CIIyXOBOE OLIYLIEHHUE YIYy4YIIA€TCs U YETOBEK HAUMHAET
paznyaTh TPOMKOCTh U BBICOTY TOHA. MUHHUMaIbHOE BpeMs, HEOOXOIUMOE JIJIsl OT-
YETJIUBOTO OLIYILICHUS YPOBHS IPOMKOCTH U BBICOTHI TOHA, COCTABIIAET IPUMEPHO
50 mc.

AKYCTUYECKHI aHAJIM3aTOP MO3BOJISIET ONPEAETATh PACCTOSHUE O UCTOYHHUKA
3ByKa M HalpaBJICHUWE HA HEro. BaxkHyro poJib B OLIEHKE U3MEHEHUS PACCTOSIHUS 10
MCTOYHUKA 3BYKa MIPAET pa3IN4ueHUE W3MEHEHHI TPOMKOCTH. 3BYK, TPOMKOCTh KO-
TOPOTO YBEIIMYUBAETCS, BOCIIPUHUMAETCS KaK MPUOIIKAIOIIHICS, 1 HA000poT. py-
ruM (PaKTOpPOM OIICHKH PACCTOSHUN Ha CIyX SBJSETCS 3BYKOBBICOTHOE (3BYyKOYa-
CTOTHOE) pasznuyeHue. [Ipu npuONMmKeHUH MCTOYHMKA 3BYKa K UYEIOBEKY 4acToTa
3BYKOBBIX KOJICOAHUI YBEIWYUBACTCS, a IPU €ro yAaleHUuU — yMeHbiaercs (3¢ dext
Homuepa). IT0 oTpakaeTcss B CIYXOBBIX OLIYIICHUSX B (hOpME M3MEHEHUS BBHICOTHI
3ByKa. 3HAUUTENIbHOE BIUSHUE HA OLIEHKY PACCTOSHUSI OKa3bIBaeT TeMOp. TeMOpupo-
BaHHBIN 3BYK, UMEIOLIUI 0oJiee CI0KHYIO0 (POPMY 3BYKOBOM BOJIHBI, OLIEHUBAETCS KaK
OoJiee yaaJICHHBIN, a MEHee TeMOPHUPOBAHHBIN — KaK 00Jiee OJTU3KUM.

TOYHOCTH ONPEAEICHUS] HATPABIICHUS 3aBUCHUT OT MOJIOKEHUS UCTOYHHKA 3BY-
Ka OTHOCHUTEJIBHO 4YEJOBEKAa M OT YacTOThI 3Byka. Hambomee TOYHO ompeaensiercs
HaNpaBJICHUE B TOPU30HTAIBHON IUIOCKOCTH. [Ipy 3TOM Ha mepBOM MeCTe 110 TOYHO-
CTH OKAa3bIBAETCSA IPABOE HAIIPABJIIEHUE, a 3aTE€M JeBOoe. JloCTaTOYHO XOpPOILIO Ompe-
JenseTcs nepeaHee HanpasiieHue. Ho ¢ HUM 4acTo CMEInBaeTCsl BEpXHEE U 3aHeEe.
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TOYHOCTH OLIEHKH BEPXHEIr0 M 33HEr0 HAIpPABJICHHS B JBa C JIMLIIHUM pa3a MEHbLIE
10 CPAaBHEHMIO C JIEBBIM U IIPABBIM.

Jlia Hus3kux yactot 3ByKa (10 800 ') TOUHOCTH OnpeneneHus HallpaBiIeHUs B
TOPM30HTAIBHON TUIOCKOCTH cocTaBisier okosio 10°. C yBenMyeHHEM YacTOTHI OHA

yMenbaercs, gocruras 20° B paiione 3 k', a 3aTeM BHOBbL yBenuuuBaercs 10 13°
B parione 10 x['m.

['1aBHY1I0 pOJIb B BOCHPHUATHM HANPABICHUM 3BYKa UIPAET B3aUMOJICHCTBHUE
CTOPOH aKyCTHYECKOrO aHaJn3aropa yesjoBeka. biaromaps yemy BO3HUKAaeT OMHAy-
panbHBIA 3P GHEKT, KOTOPBIN OMpeaeseTCs Pa3HOCThI0 BPEMEH MPUX0/a 3BYKOBOU
BOJIHBI K TPAaBOMY U JIEBOMY yXY U OTHOIIIEHHEM aMIUIUTY/]] 3BYKOBOUM BOJIHBI, IOCTY-
MAIONIMX Ha IpaBoe | JeBoe yxo [1-4].

2.2.3. BocripusiTue pe4eBbIX CHTHAJIOB U MX XaPAKTEPUCTUKHU
2.2.3.1. BocnpusiTue peun

OnnuMm u3 HanOosee 3P (HEKTUBHBIX UCTOPUUECKH CIIOKUBIIUXCSA CPEACTB Iie-
penaun MHPOpMAIMM YEJIOBEKY SBIIAETCA peub. YeraoBeueckas pedb MPEACTaBIIseT
co00l IIyMONOJOOHBIN aKyCTHYECKHI CHUTHAN C aMIUIUTYJAHOW M YaCTOTHOM MOJY-
JIAIUEN.

Peub cocTouT 13 3BYKOB, CIOr0B, (Ppa3 u T. 1. HauMeHbIINM 3JI€MEHTOM peuun
ABIIIETCS 3BYK, KOTOPBIH, KaK MPABUJIO, B M30JMPOBAHHOM BHJE HE CYIIECTBYET, 3a
WCKITIOYECHHEM HECKOJIbKHX COI030B M MeXA0oMeTHI. TOYHOTrO onpeneneHus MOHSITHS
3ByKa HE CyIIECTBYET. Tak, B 3aBUCUMOCTH OT MPOU3HOIIECHUS (MI0YepKa) 3BYK MOKET
UMETh MHOT'O OTTEHKOB, MPUYEM H3-3a WHAMBHUAYAIbHOCTH MPOU3HOLIECHUS Ha CIIyX
OH MOXXET HE OTJIMYAThCS OT APYToro 3ByKa.

TunusupoBaHHbIE 3ByKM peUM B TEXHUKE Mepeadyd pedyd Ha3bIBalOTCS ¢home-
mamu. B pycckoM si3bike HacuuThiBaeTcs cBbimie 40 ¢ponem. Takum obpazoMm, GpoHem
HECKOJIbKO 0OJIbIle, yeM OYKB, TaK KaK MHOTHE M3 COTJIACHBIX OYKB COOTBETCTBYIOT
JIBYM 3ByKaM — TBEPAOMY U MATKOMY. B TO ke Bpems MOYTH IMOJIOBMHA TJIACHBIX
OyKB mpejcTaBisieT u3 ceOs ABOMHOM 3BYK (1 + riacHbiil). Kaxknas usz donem umeet
CBOM XapaKTEepHbIE MMPU3HAKHU, JIETKO pa3iuuyuMble Ha cayX. OgHaKo Aaxke Npu camoM
TOYHOM TIPOU3HOIICHUH €€ B CBSA3HOW PEUH, BCICACTBHE BIMSHUS COCETHUX 3BYKOB,
OHa MOXKET MPHOOpEeTaTh T€ WU MHBIE OTTEHKU. PeueBoil 3ByK SIBISETCS CIIOKHBIM.
OH BKiIHOYaET psg 00€pTOHOB (TAPMOHHUK), HAXOJSAIIUXCSA B TAPMOHUYECKOM OTHO-
IIEHWA K OCHOBHOMY TOHY. Ba)XHBIM yCIIOBHEM BOCTPHUSATHS PEUH SIBISIETCS pasiiu-
YeHHE ITUTEIbHOCTH MPOU3HECCHHsI OTJCIBHBIX 3BYKOB U WX KomMOuHanuii. Cpennee
BpeMsl JUIMTEIBHOCTH MPOU3HECEHUS TJIaCHBIX paBHO npumepHo 0,35 ¢, a corjaacHbIX
— 0,02-0,3 c. IIpu BocipusiTHH IOTOKA PEUd OCOOCHHO BaXKHO PAa3IMYCHHE WHTEPBA-
JIOB MEX/y CJIOBaMH WJIM TpynmaMu ciioB. VckitoueHue nay3 Wi UX HeBepHas pac-
CTaHOBKa MOYET MPUBECTH K UCKAKEHUIO CMBICIIa BOCTIpUHUMaeMoii peun. Bocnpus-
THE U IOHMMaHUE PEUYEBBIX COOOUICHUM (ayqupoBaHUE) B 3HAYUTEIbHON Mepe 3aBU-
CHUT OT TeMIia ux nepenayr. OnTuMaibHbIM cuuTaeTcs Temn 120 ciioB/MuUH.
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[Ipu BoCHpUATHN OTAENBHBIX CIOTOB U CIIOB CYLIECTBEHHOE BIIMSIHUE OKa3bl-
BalOT (pOoHETHYECKHE 3aKOHOMEpPHOCTH. [Ipu BOCHIpUATHU CIOBOCOYETAHUN B JIEH-
CTBHE BCTYINAIOT CUHTAKCUYECKHE 3aKOHOMEPHOCTH, a (DOHETHYECKHE OTCTYMNaloT Ha
BTOpOM TutaH. [Ipu nepexojie Kk ¢pa3zam ciymiaTeslb HAUUHAET OPUECHTUPOBATHCS YHKE
HE Ha OTJEJIbHBIC 3JIEMEHTHI TIPEIJIOKEHUS, a HAa BECh X CIIOKHBIA rpaMMaTHYECKUN
KapKac.

Takum oOpazoM, ayouposanue TpPEACTaBISIET COOOW MHOTOYPOBHEBBIA MPO-
I1eCC, CoUYeTaomMui (OHETHIECKUH (3BYKOBOI), CHHTAaKCUYECKUH (CIIOBOCOYETATEIIh-
HBII) U CEMaHTUYECKUH (CMBICIIOBOI) YpOBHU. [Ipr 3TOM BhIILIENIEKAIINE YPOBHU UT-
paroT BEAYIIYIO POJib, OMPEAEIISIS X0I BCEro MpoLecca ayAUpOBaHMS, YTO HEOOXOIH-
MO MMETh B BUY IIPH OPraHU3aliy PEUEBBIX cooOmeHui [1-4].

2.2.3.2. XapaKTepUCTHKH PeYyeBOro CUrHAJIa

36yKo060e 0agiienue peyu — 3TO CUIIa, C KOTOPOM 3ByKOBAasi BOJIHA, BbI3bIBAEMAasI
3ByKaMH p€YH, JaBUT HA €AUHUILY IIOMIAJAN TOBEPXHOCTH, PACIIOI0KEHHOM MEepIIeH-
JTUKYJSIPHO K Ty0aMm TOBOPSIIETO Ha PacCTOSHUU | M OT Hero. YpOBHU 3BYKOBOTO
JaBJIEHUs peuu JiexaT B nuarnazone 0-65 nb (Herpomkas peun) u 0—80 n1b (rpomkas
pedb, yCUJIEHHAsi TEXHUYECKUMU cpencTBamu). C yBeTUYeHUEM PacCTOSIHUSL OT TOBO-
pAILIETO YPOBEHb 3BYKOBOI'O JABJICHUS peyu Majnaer. Tak, HampuMep, YBEIUYCHHE
paccTosHUS B JIBa pa3a MPUBOAUT K YMEHBIIECHUIO YPOBHS Ha 6 1b, B 4eThIpe paza —
Ha 12 nb, B Bocemb pa3 —Ha 18 nb u T. 1.

Yacmoma ocrhoenozo mona. opMupoBaHue 3HAUUTEIHHON YaCTH 3BYKOB pe-
YU MPOUCXOJUT C ydacTheM roiioca. ['oocooOpazoBanue, win ¢GoHalus, CBI3aHO C
paboToOM TOJIOCOBBIX CBSI30K, KOJIEOAHUSI KOTOPBIX BBI3BIBAIOT MEPUOJAUUYECKUE U3ME-
HEHUsI TUIONIAJU TOJOCOBOM mienu. Tak Kak rojiocoBble CBSI3KM 00JIaal0T OIpese-
JICHHOW MHepIMen, 00yCIOBICHHON MX MacCOM, TO IS UX Pa3MbIKaHUS M CMBIKaHUS
TpeOyeTcsi ompeneneHHoe Bpems. OTpe30oK BpeMEHHU, HEOOXOIUMBIM ISl MOJHOTO
IIMKJIa KOJeOaHUN TOJOCOBBIX CBSI30K, Ha3bIBaeTCs nepuodom xonebanuti. OH ompe-
JESIeT TaK HA3bIBAEMYIO YACHmOMY OCHO8HO20 MOHA TOJIOCA PEUYd, KOTOpasi B CBOIO
ouepenib 00YCIOBIMBACT 8bICOMY 20j0CcA. ITA YAaCTOTa JIJISi BCEX T'OJIOCOB JICKUT B
npeaenax 70—450 I'u. IIpu nponsHeceHUU peyr OHA HEMPEPHIBHO MEHSETCA B COOT-
BETCTBUU C yIAPEHUEM, TOJUYEPKUBAHUEM 3BYKOB U CJIOB, a TAKXKE MPU MPOSBICHUU
sMmoruii. 3MeHeHne 4acTOThl OCHOBHOI'O TOHA HAa3bIBAKOT MHTOHALIMEU. Y KaXIOTO
YyeJoBeKa CBOW JMana3oH M3MEHEHUs 4acTOThl OCHOBHOTO TOHA M CBOSI MHTOHAIIWS.
OCHOBHOI TOH, MHTOHALMS, YCTHBIA «MOYEpK» W TeMOp (OKpacka) roioca Moryt
CIY>KUTh JUIsl OMO3HAHMS 4YejoBeka. YacToTa OCHOBHOIO TOHA OMPEACISIET CheK-
MpanbHsli cocmas (TapMOHUKH ) TOJI0CAa KOHKPETHOTO YeJIOBEKa.

Cnexkmpanovnaa naiomuocms. PedeBoii cCUrHai MpejcTaBisieT co00M mrymMorno-
noOHbIN curHasl. OH COCTOWT M3 3BYKOBBIX BOJH PA3JIMYHBIX YACTOT C Pa3TMYHBIMU
WHTEHCUBHOCTSIMU, KOTOPBIE MPEJCTABISIOT COO0U cnekmp cuenana. CnekmpanbHol
NJIOMHOCMbIO UHTEHCUBHOCTU PEYEBOI0 CUTHAJIA HA3bIBAETCS OTHOIIEHUE CpPEIHEN

MHTEHCUBHOCTH CUTHAJIA B 3aJIaHHOW IOJIOCE YacCTOT Alcp K IIUPUHE 3TON MOJIOCHI
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Af W = Alcp | Af . CriekTpasibHasi INIOTHOCTh U3MEPSAETCS B BATTaX Ha METP KBaApaT-

Heli Ha repi (Bt/mM*/['11) 1 yucIeHHO paBHA UHTEHCUBHOCTH IIIyMa B MOJIOCE YacTOT
mupunon 1 I'm.

«benwtit wiym» npencTabisieT coOOM CaydailHbI MPOIECC, CHOEKTP KOTOPOTO
pPaBHOMEpPEH M0 MHTEHCUBHOCTHU IIIyMa B IOJIOCE YaCTOT OT HYJIS 10 OECKOHEYHOCTH,
TO €CTh CHEKTpabHasl IUIOTHOCTh KOTOPOTO HE 3aBUCUT OT YacCTOTHI (B 3aJJaHHOU MO-
noce 4actoT). [IpakTnuecku 1oCcTaTouyHO, YTOOBI 3TO TPeOOBAaHUE BBIAECPKUBAIOCH B
MOJIOCE CJIBIIIMMBIX YaCTOT, €CIU TaKOW IIyM HMCIOIb3YETCS JJIsI UCCIAEAOBAHUN B
JAHHOM 00J1aCTH YacToT.

«Po3oebtit wiym» mpenctapiaser coOOW ClaydalHBIM IpoIecc, orudarorias
CIIEKTpa KOTOPOrO CHaJaeT B CTOPOHY BBICOKHX YaCTOT CO CKOPOCThIO 3 nb Ha okTa-
By. CrieKTpasibHBI COCTaB TaKOTO IIyMa HauboJiee OJIM30K K CIEKTPaTIbHOMY COCTa-
BY PEUYEBOTO CUTHAJA.

Buvicoma 3¢yka (2onoca) — 310 CyOBEKTHBHAsI OIICHKA BOCHPUSITHS 3BYKa IO
YaCTOTHOMY JMana3oHy. 3a OOBEKTUBHYIO €JIMHHILY BBICOTHI 3BYKa, MPHUOIMKEHHO
OoTpaxkarolie CyObeKTUBHOE BOCIIPUATHE, IPUHATA OKMABA, KOTOPask XapaKTEepU3y-
€TCsl JBYKpPaTHBIM OTHOIIEHWEM 4acToT — 1, 2, 4, 8, 16 u T.1. Ha npakTuke oxraBa
MOXET JIEJINTHCS HA NOJYOKIMA8bl U MPemboKmaesl. ECIIM OKTaBHBIE YaCTOTHI PACIIO-
JIO)KUTh HAa PaBHBIX PACCTOSHUIX MO OCH YaCTOT, TO MOJYYHUTCS JIorapuMUUYECKU
MaciTad, KOTOPbId COOTBETCTBYET CyObEKTUBHOMY BOCIPUSITHIO 3BYKOB IO YaCcTOTE
CIIyXOBBIM aHAJIN3aTOPOM.

Junamuueckuit ouanazon. B npoiiecce Npou3HOILIEHUs JTF0O0T0 peyeBoro co-
oOIIIeHUsI YPOBEHb aKyCTUYECKOTO CHTHAaja HEMPEPHIBHO U3MEHSETCSA. 3aBUCUMOCTD
YPOBHSI CUTHaJIa OT BPEMEHU Ha3bIBACTCA YpOosHe2paAMMOU. Jlunamuueckuil Ouana3ou
ONpENEIISIeTCSl KaK pa3HOCTh MEXAY MAaKCUMAJIbHbIM U MUHUMAaJIbHBIM YPOBHEM CHUT-

Hama: D=L . —L . . JlnHaMUYeCKHid JUana3oH pedd YesloBeKka cocraBiseT 25—-35

nb, a Tene@oHHbIX pa3roBopoB — 3545 nb.
IHuk-ghakmop onpenenseTcs Kak pPa3HOCTh MEKIYy MAaKCHMAIbHBIM M CPEIHUM

YpOBHEM curHaia: P =L -L
max C

P

@opmMaHTBI — 9TO 00JIACTU KOHIEHTPAIIMM SHEPTUH B PEUEBOM YaCTOTHOM
JMana3zoHe, MOJyYaroluecs Mpy MPOU3HECEHUU KaKUX-TH00 3BYKOB peuu. OOBIYHO
(bOpMaHTHI TOJHOCTHIO 3AIMOHSIIOT BECh YaCTOTHBIN nuama3oH peun oT 125 go 8000
['n. Ho B 3aBHCHMOCTH OT 4acTOTHI TOBTOPEHUS 3BYKa PEUM YaCTOTA BCTPEUAEMOCTH
(dbopMaHT B ONpeIeTICHHON MOJI0Ce YacToT pasnuyHa. Kaxaas u3 gopMaHT 1aeT CBOIO
9acTh UH(MOPMAITUH O 3BYKE PEYH, U 3T YaCTH HE3aBUCUMBI JIPYT OT JIpyTa. DTO IaeT
BO3MOXXHOCTh apU(PMETHYECKH CYMMHPOBATh BEPOSATHOCTH TOSBICHUSA (HOpPMaHT.
CrieKkTp riacHBIX ompeenseTcs AByMA-TpeMs popMmanTamu. [lepBas umeeT nuama3on
300-1000 I'i, BTopast — 900-2300 I'1, TpeThst — 2200-2500 I't. Cnektp cormac-
HBIX Yallle BCETO MMEET OJIMH JOCTATOYHO PACIUIBIBUATHIN MUHUMYM.

Cnumnocmo 38yyanusn. CayxoBoe ONIYIIICHHE 3ByKa MCYE3aeT HE cpasy, a Mo-
CTEIIEHHO, TIJIAaBHO YMEHBINASACh 10 HYJA. JTHTeTbHOCTD 3aACPKKH CIIYXOBOTO OITY-
IICHUS XapaKTepHU3yeTCsl MOCTOSHHOW BPEMEHH CiIyXa, KOTOpas B CpPEIHEM paBHA
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150-200 mc. BcenenctBue 3TOro CBOMCTBA HAOMIOJAETCS MHTETPUPOBAHUE KPAaTKO-
BPEMEHHBIX 3BYKOBBIX MUMITYJILCOB B CIUTHOE BOCHPUSTHE 3BYKOB, 3ama3/IbIBAIOIINX
JIPYr OTHOCUTENBHO Jpyra. JJis CIMTHOTO BOCHPUATHS JIBYX 3BYKOB HEOOXOJIMMO,
4YTOOBI MOCJEAYIONINNA 3BYK 3aMa3fblBall OTHOCUTEIBHO MPEAbIAYIIEro Ha MPOMEXKY-
TOK BpemeHu He Oosiee 50 mc. Ho u ipu GosibiiieM 3amna3iblBaHUU CIMTHOCTh 3ByYa-
HUS MOXKET HE HapYIIAThCA, €CIIM MOCIEAYIONUNA 3ByK UMEET YPOBEHb 3HAYUTEIBHO
HUXKE nepBoro. [IpubIMmKeHHO cuMTaeTcs, YTO MHTEHCUBHOCTh 3BYKOB, 3ama3ibIBa-
folux Ha 60 MC U MeHee, IOJIHOCTBI0O CYMMHUPYETCSI C HHTEHCUBHOCTBIO OCHOBHOTO
3ByKa, a 3ByKH, 3ama3jpiBaromue 6oiee yem Ha 60 MC, OJHOCTBIO SBIISIOTCS MOMe-
xoil. [Ipu OonbIIMX MHTEpBaNax 3ama3IblBaHHs OLIYLIEHHWE OT MEPBOT0O 3BYKA YXKe
CTAHOBUTCS MajbIM U HE MackupyeT BTopoil. [loaTromy 00a 3Byka BOCIIPUHUMAIOTCS
pa3zienabHo.

Ilpamoe u oughgpysnoe 3eyuanue. llpu pacipoCTpaHEHUH 3BYKOB PEYM B IO-
MEILEHUH 3BYK, BBIXOJS W3 MCTOYHHUKA, PACIIPOCTPAHSACTCS MPSAMOJIUMHEWHO N0 TEX
1I0p, MOKa HE JOCTUTHET MOBEPXHOCTH, OT KOTOPOM OH OTpa)kaeTcs. 3BYK, pacIpo-
CTpaHSAIOUIMICA NPSIMOJMHENHO O MOMEHTA CBOErO OTPa)KCHWs, HA3bIBACTCS Hpsl-
MbLM 38YKOM, A 3ByKOBOE TIOJIE — CBOOO0OHBIM 38YK0GbIM nojiemM. B TO xe BpeMs 3BYK,
MHOTOKPaTHO OTPa)KarOUIUICS OT IIOBEPXHOCTEN, CO3AET B KaXKJOU TOUKE 3BYKOBOI'O
II0JI1 TIOMEIEHNs 3BYKOBYIO 3HEPIHIO, OJMHAKOBYIO BO BCEX HallpaBieHUAX. Takoe
3BYKOBOE I10JI€ ¥ 3BYKH B HEM HA3bIBAIOTCA OUPDDY3HbLMU.

Hnoexc nanpasenennocmu cayxa. llpu nepneHIuKyIspHOM MAJAEHUUA 3BYKO-
BOM BOJIHBI HAa YXO MMEET MECTO OTPa)K€HUE BOJIHBI U ee audpakius. COOTHOUIEHUE
MEXIAy MHTEHCUBHOCTSIMU OTPa)XEHHON W Judparvupyrouieil BOJH 3aBUCUT OT OTHO-
HIEHUS JUIMHBI 3ByKOBOM BOJHBI M pa3Mepa rojoBbl. Tak Kak BOJHA OTPAXKaeTcs OT
TOJIOBBI, TO 3BYKOBOE JIABJIEHUE Y yXa MOBBIIIAETCA. DTO MOBBILIEHUE MOXKET COCTaB-
75T 1-6 1b B 3aBUCUMOCTH OT 4acTOThl. B ciydae majeHust 3ByKOBOM BOJIHBI CIiepe-
JIU SIBIICHHE OTPa)KEHUs MOYTH HE cKa3biBaeTcs. [Ipy majgeHnn 3ByKOBOW BOJIHBI MO
Pa3IMYHBIMH YTJIaMH, KaK 3TO CBOMCTBEHHO MU(DPy3HOMY MO0, HA HU3KUX YaCTO-
Tax 3BYKOBOE JABJICHUE BO3JIEC YyIIed MPUMEPHO PABHO 3BYKOBOMY IaBICHUIO UG-
¢by3HOTO MO, a Ha BBICOKMX YacTOTaxX 3TO JaBlieHWE yaBamBaeTcs. BenmnuuHa mo-
BBHIIIICHUST 3BYKOBOTO JIaBJICHUS y yXa CIyIIaTels, BhIpaK€HHAs B aenubOenax, 1o
cpaBHeHUIO ¢ AU Y3HBIM 3BYKOM B TTOMEIICHUH HA3bIBAE€TCS MHIEKCOM HaIpaBJIeH-
HOCTH ciyxa [1, 2].

2.2.3.3. D¢ dexkT MacKMPOBKHN pevyeBbIX CUTHAJIOB

Mackupoekoii peueeozo cucnana Ha3bIBACTCS SIBICHHE, BBIpaXKarolieecs B
TOM, YTO BOCHPHUATHE 3BYKOB, HECYIITUX OMPEACICHHYI0 WH(POPMAIUIO, YXYIIIACTCs
IIpU OJJTHOBPEMEHHOM 3BYYaHHH JPYTUX MEMIAIOIINX 3BYKOB. B pe3ynbraTe Bo3HUKA-
eT MOoTeps 4acTu WM Jaxke Bcer nHdopmanuu. Mcnonb30BaHne 3TOro SIBJICHUS U Jie-
HUT B OCHOBE OJIHOTO U3 METOJIOB 3aIllUThl peueBoil nHpopmaruu. MackupoBka Mo-
XKET ObITh HECKOJBKUX BHUJOB: OJIHOBPEMEHHas (IIOMEXOH, AeHcTBYIOLIEH OJHOBpe-
MEHHO C CHUTHAJIOM), MOCJI€0OBAaTEIbHAs WM OCTaTOYHasl (IOMEXOMH, MpeIlIeCTBYIO-
Iei curHainy), ooparHas (IOMeXou, ClIeyIoIIel Mocie CUrHaia).
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KosnuecTBEeHHO MacKUpPOBKA OLICHUBAETCS IMYyTEM OMpPEACICHUSI Opora Clibl-
MIMMOCTH CHHYCOMJIAJIBHBIX 3BYKOB B IMPUCYTCTBUU MeEIIAIOIIEro 3Byka. Eciu uzme-
HSITh YaCTOTY MCHBITATEILHOTO TOHA U OMPEEIATh Ha KaXKI0M 4acToTe YPOBEHb HH-
TEHCUBHOCTHU, NIPU KOTOPOM OH HAYMHAET MPOCIYIIMBATHCA HAPSAIY C MEIIAOIINM
3BYKOM, TO MOXHO TOJIYYUTb KPUBYI0 HOPO2d CAbLUUMOCMY TIPU HAJTUYUHU MACKU-
POBKH.

dppexm mackuposxu ONpenensieTcs: pa3HOCTbIO MOPOrOB CIBIIIUMOCTH (715
YUCTOTO TOHA 3aIaHHOM YacTOThI) B IIyMaxX U B TUIIUHE:

M =b,, —b,, (2.7)

raue bLH =10-Ig( ILH /1 o) — YPOBEHB IIOPOTra CJIBIIIUMOCTH B IIIyMaXx;
bT =10-Ig( IT / IO) — YPOBEHbB IOPOra CIBIIINMOCTH B TUILINHE;

|;;; — AHTEHCUBHOCTH LIIyMa;

| — MHTEHCHBHOCTb 3ByKa B TUILIMHE (0€3 1Iyma);

lo — myneBoit yposens (2-107° ITa).

O¢ddexr mackupoBku 3aBUCHT OT psaa (akTopoB. B mepByro ouepenb OH
ONPENEIIIETCS YPOBHEM MAaCKHUPYHIOIIETO 3ByKa. CyIIECTBEHHOE BIMSHHUE HWMEET U
(dopma ormbaromeil CreKTpa MyMOB: HU3KOYACTOTHBIE COCTABIIAIONIME ITYMOB Mac-
KUPYIOT 3BYKH BBICOKOM YacCTOTHI JIy4Yllle, YEM BBICOKOYACTOTHBIE COCTABIIIOLINE
IIYMOB — 3BYKM HHU3KOHM yacToThl. Hanbonee pacnpocTpaHeHHbIM BUJOM MTOMEXH 5IB-
nsieTcs «Oenblil mym». Ero Mackupytoiiee neicTBU€ B OCHOBHOM OIPEACINISIETCS OT-
HOCHUTEJIbHO Y3KOM TOJIOCOM YacTOT, JeXamux BOIu3M mackupyemoro toHa. Korma
oOmasi sHEPrUs, MPUXOAIIASNCS HA KPUTUUECKUN y4acTOK «OEJoro Imrymay, paBHa
DHEPIUM TOHA, IPOUCXOAUT IOJHOE MTOJABIECHUE IT0JIE3HOI0 CUTHAaA.

B ciiydae AHCKpETHBIX MIYMOBBIX CHEKTPOB AH(HEKT MACKHUPOBKHU MOJIYHAETCS
HAuOOJNBIITUM [IJI1 3BYKOB, YaCTOTHBIE COCTABJISIFOIIME KOTOPBIX pPacHoJiararoTcs
BOJIM3M YaCTOT MAaCKUPYIOUIMX COCTaBIsAommMX. Ha 3TOM OCHOBaHbBI METO/BI 3al1yM-
JIEHHS PE€UYU C MMOMOUIIBI0 MAaCKUPYIOIIMX CUTHAIOB. [IpH TOHanpHON MOMEXe MacKH-
pyroliee JeiCTBUE BbIpakaeTcs TeM OoJbllie, YeM OJMXKE €€ 4acToTa K YacTOTe CHI-
HaJa.

CrneunduyeckuM BUJIOM MacKUpPOBKH SIBIISIETCSI peueBasi CMECh (peyeBoi Xop,
pEUYeBOM KOKTEWJIb), TPU KOTOPOl Ha PEUYEBOM CUTHAJ HAKIIAJBIBAETCS HECKOJIBKO
IPYTUX PEYEBbIX CUTHAIOB (Pa3roBOp JBYX HJIM HECKOJIbKMX YE€JIOBEK OAHOBPEMEH-
HO).

UToOBI pedeBbie 3BYKH ObLIA MOHSITHBIMHU, MX WHTEHCUBHOCTH JIOJDKHA TIPEBBI-
aTh MHTEHCUBHOCTH IITyMOB B 0011eM citydae npuMepHo Ha 6 1b. OnHako oOHapy-
UTb 3BYKH MOKHO JIa’)K€ B TOM CJIy4ae, KOTJja MHTCHCUBHOCTh PEUYH MEHbIIIE HHTEH-
CHUBHOCTH IlIyMa (IIPUMEPHO Takxe Ha 6 1b).

[Tonnmanue cioB Ha QoHE «OENIOTo IIyMay 3aBUCUT OT psiia (hakTopoB. MHO-
TOCJIOXKHBIE CJIOBA MOHUMAIOTCA JIy4llle, YeM OJIHOCJIOXKHBIE. ITO OOBSCHAETCS TEM,
4yTO OO0JIEe JIIMHHOE CJIOBO 001anaeT OOJBbIIMM YUCIOM OINO3HABATEIbHBIX MPU3HA-
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KOB, 4eM KopoTkoe. Cli0Ba, HAUMHAIOIIMECS € TJIACHOTO 3BYKA, OHUMAIOTCS Jy4lIe,
YeM HAuYMHAIOLIKECS ¢ coryacHoro. OnpeneneHHoe BIUSHUE Ha NMTOHUMAHUE OKa3bl-
BAE€T MECTO yaapHoro ciora. ClI0BO MOHMUMAETCA 3HAYUTEIbHO Jy4llle, €CIIA yaape-
HUE HAXOJUTCS B KOHIE Hero. J{muHa (pas3bl HE BIUsSET HA MOHMMAaHUE 0 YPOBHS
npumepHo B 11 cioB, nocie yero nonuManue yxyamaercs. C yBelnueHUeM rryou-
HBI ()pa3bl IOHUMaHUE YXYAIIAETCA, JaXe €CIIH JJIMHA (Ppa3bl OCTAETCS HEU3MEHHOM.
[Ipu 3 TOM KpUTHYECKON BEIUYMHON siBsieTcs IiryOnHa ¢pas3sl B 59 cioB. [lonuma-
HUE B YCJIOBUAX «PEUEBON cMecH» OOYCIOBICHO TaKXe PsIoM (PaKkTOpoB. YXO CIO-
COOHO pa3nnyaTh HYXHBIA TOJOC CPeAM JABYX-Tpex aOoHeHToB. M3 AByX OJHOBpe-
MEHHBIX COOOIICHWI TOYHEe BOCHpHHHMaeTcs nocrynusiiee Ha 0,2-0,4 ¢ paHbIe.
JudbdepennmpoBanue cooOmeHni BO3MOKHO Pa3ACICHUEM TI0 CMBICITY, 110 WHIUBH-
JTyaJIbHBIM T'OJIOCOBBIM XapaKTEPUCTUKAM, IO HAIIPABJICHUIO 3ByKa HA IIPABOE U Jie-
BO€ yXO, UCIIOJIB30BAaHUEM JTONIOJIHUTENBHBIX BU3YyaJIbHBIX HHAUKATOPOB [ 1, 3, 4].

2.2.3.4. Pa30opunBOCTH peun

Pa30opuuBOCTh peun mpu 3amuTe pedeBoil nH(opMalun JOHKHA paccMaTpu-
BaThCs B JIByX acnekTax. C OJHOW CTOPOHBI, IPU O3BYYMBAHUU KAaKOr0-IMOO cO00-
IICHUS, NPEJHA3HAYEHHOIO JUIS ONPENENICHHBIX CIlyllaTenei, HeoOXOoAUMO cTpe-
MUTBCSI K TOMY, 4TOOBI OHO OBUIO YCJBIIIAHO W TOYHO MOHATO. B 3TOM ciyuae pas-
OOpPYMBOCTh PEYH JOJKHA ObITh MakcUMallbHOM. C Ipyroil CTOpOHBI, s obecneye-
HUS 3alUTHl PeYeBOM HHPOPMALIUKA OT BO3MOYKHOI'O IepexBaTa HEOOXOAUMO ClIENaTh
pEYEeBOil CUTHAI MUHUMAJIbHO pa30opuuBbIM. [Ipu 3TOM ymMeHblIeHUE pa300puuBoO-
CTH HEOOX0AMMO 0OecrieurBaTh B MECTAX BO3MOKHON YCTAHOBKU MPOCITYIIMBAIOIINX
YCTPOMCTB, Kya OyJeT nmajarh 3ByKOBas BOJIHA pedyeBoro curHana. [Ipu stom HeoO-
XOJIMMO UMETh B BUJY, YTO MPUEMHUKOM PEUYEBOr0 CUTHAJA SBJISETCS CIyX YeJOBe-
Ka, UMEIOLIUI XapaKTePUCTUKH, KOTOPbIE OTIMYAIOTCA OT XapaKTEPUCTUK OOBIYHO
UCITIOJIB3yEMBbIX IPUEMHUKOB CUTHAJIOB.

[Ipu ananu3e ycinoBuil nepenayd pedyd HEOOXOAMMO YUMTHIBATh pPa3HULY B
IIPOBEJICHUH €€ OLEHKHU. B OAHUX Cily4asx pedb OLEHUBAIOT TOJBKO C TOUKH 3PEHUS
ee TIOHATHOCTH, a B IPYTUX — C TOUKHU 3pEHUs] Pa300pPUUBOCTH U KayecTBa 3By4aHMs,
MOCKOJIbKY KpOM€ MOHATHOCTH peur HeoOX0ouMa U y3HaBaeMOCThb roJioca.

Pa3zbopuueocmuio peuu Ha3bIBa€TCd OTHOCHUTEIBHOE WA MPOLIEHTHOE KOJU-
YECTBO MPUHSTHIX CHEUATBHO MOATOTOBICHHBIMU CIYIIATENIIMHU 3JIEMEHTOB PEUH U3
o0l11Iero KoJauyecTBa MepeAaHHbIX MO TPaKTy. B KauecTBe 3JIeMEHTOB pedd MPUHU-
MaloT CJIOTH, 3BYKH, CJIOBa, (Ppa3bl (komaHabl) U HUPpbl. COOTBETCTBEHHO 3TOMY
pa3anyaroT CIOTrOBYIO, 3BYKOBYIO, CMBICIOBYIO M LIU(PPOBYIO pazbopuuBoCTh. B co-
OTBETCTBUU C HM3MEPEHHOW pPa3z30OpPUYMBOCTBHIO YCTAaHABIMBAIOTCS KJIACCHI KauecTBa
pa300pUMBOCTH PEUYM M HOPMBI Pa30OPUYMBOCTH 3BYKOB M OJHOCIIOXHBIX CIOB. B
YaCTHOCTH, JUIsl paJuo- U TeIePOHHOM anmaparypbl YCTaHOBJIEHBI MATh KJIACCOB Ka-
YyecTBa Mo HopMaM pa3dopunBocTH [S]. Kitacchel kauecTBa U UX XapaKTEPUCTUKU MPH-
BeseHsl B Ta0. 2.1
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Tabmuma 2.1
Kraccel kauecTBa 1 HOPMBI pa300pPUYUBOCTH PEUU
(B cootBetcTBHU ¢ ['OCT P50840-95)

Hopwma crnorosou

Kiacc kauectBa XapakTepucTUKa Kjiacca KauecTBa paz00pUMBOCTH
peun, %
Bricwuii HOHI/nvfaHHe nepeaBaemMoin peuu 6e3 ma- Boee 93
JICHIIIeT0 HAMPSOKCHUSI BHUMAHUS
| [Tonumanue nepez{aBaer)ﬁ peuu 0e3 3a- 86-93
TPYIHECHUN
IToHumaHue niepegaBacMou peuu ¢
I HaIpsDKEHUEM BHUMaHUs 0€3 mepectpo- 76-85

COB U MIOBTOPEHUM

[TonumaHue riepegaBacMom peun C HEKO-
11 TOPBIM HaNpsLDKEHUEM BHUMAHUSA, C PeJi- 61-75
KUMU TIEPECIPOCaMU 1 MMOBTOPEHUSIMU

[Tonnmanue nepegaBaeMon peuu ¢ 00Jib-
v IITUM HaNpsDKCHUEM, YaCTBIMH TIEPECIIPO- 45-60
CaMH | ITOBTOPEHUSIMU

Takum 06pa30M, JJIA Haﬂe}I(HOﬁ 3allIUThI pequoﬁ I/IH(i)OpMaHHH B MCCTax BO3-

MOKHOTO €€ IepexBaTa HeoO0XOAMMO oOecrneuuBaTh pa300pUYMBOCTH CIIOB MEHEE
60 %.

2.2.3.5. OcHOBHBIE MeTO/IbI M3MepeHHs Pa300PUYUBOCTH PedH

Jlnst uamepeHust pa300pUMBOCTH PEYU HUCTIONB3YIOTCS CIETYIOIINE METOIbI:

— METOJ] ApTUKYJISALUOHHBIX H3MEPEHUH;

— pacuyeTHBIM METOJ] OCTATOYHOM paz0OPUMBOCTH peud Mo (GopMaHTHOUN pa3dop-
YUBOCTH;

— METOJI CIIEKTPAJIbHOTO aHAJIM3a PEUYEBOI0 CUTHAA.

Memoo apmuKyIAyuOHHBIX U3MEPEeHUIl 3aKIII0YAETCS B TOM, YTO CIyIIAaTeIn
BOCIPMHUMAIOT Ha CIyX OIpEeIeJICHHOE YHCIO OJTHOCIOKHBIX CJIOB, (PUKCUPYIOT UX,
IIOCJIE YEro MPOBOJUTCS CPABHEHHE IMOJYYEHHOTO PE3yJbTaTa ¢ UCXOJHBIM TEKCTOM
Y ONPEAEIISIETCS MPOLIEHT MPaBUIIBHO MPUHATHIX CJOB [1, 2, 5, 6].

Pacuemmnwlit memoo ocmamounou pazoopuueocmu peuu 10 (POPMAHTHON
pa300pUMBOCTH OCHOBAH Ha TOM, YTO ()OpMaHTHAsI Pa300PUYUBOCTH UMEET OTHO3HAY-
HYIO CBS3b CO CJIOBECHOH pa3z00pUMBOCTBHIO JJISI KaXKJIOTO KOHKpPETHOro si3bika. [lo-
ATOMY, OLIEHMBAsI C MOMOIIbIO COOTBETCTBYIOIIETO pacyeTa WM U3MEPEHUsS] YPOBHS
olyIIeHHs (POPMAHT, MOKHO JIOCTATOYHO TOYHO OMPEEIUTh Pa300pUUBOCTh PEYH B
KOHKPETHBIX YCIOBUSX €€ NMpOou3HoIeHus [1, 6].

Memoo cnekmpanvno2o ananusa peuesozo CUHALA OCHOBAaH Ha TOM, UTO
paz00punBOCTh (OPMAHT OMPENEISAETCS 3aKOHAMU PACIPEICICHHUS BEPOSTHOCTH
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(GOopMaHT MO YaCTOTHOMY M AMHAMHUYECKOMY AMana3oHy peudd. [loaTomy BenmunHa
dbopMaHTHON pa3z0OPUYMBOCTH B MPAKTUUYECKUX YCIOBUAX C JOCTATOYHOU CTEMEHBIO
TOYHOCTU MOXKET OBITh OTIpeJIeieHa MPOU3BEICHUEM IUPUHBI YaCTOTHOTO IUana3oHa
(B repuax) u cpeaHei BeMMunHbI 3G (PEKTUBHOTO TMHAMUYECKOTO Jrara3oHa peyu (B
nenuoenax). [locie yero mo gopmyiie cBSI3U MEXAY CIOBECHOW U (POPMAHTHOU pa3-
OOpPYMBOCTSIMU WJIM IO COOTBETCTBYIOIIEH TaOJuUIE ONMpENeNsieTCs CIOBECHas pas-
OOpPUYUBOCTb.

MeTo apTUKYISIIMOHHBIX U3MEPEHUN SIBIsSIETCA HanOoJiee MPOCThIM U HE Tpe-
OyeT 60JIbIIIOT0 00BheMa U3MEpEeHU U BhraucieHui. [loaTomy 1yist onpeneneHus pas-
OOpPUYMBOCTH pEYM MPH HCCICTOBAHUM 3aIIUTHI pedeBOi MH(GOPMAIMU C TTOMOIIBIO
MaCKHUPYIOIIUX CUTHAJIOB B JaHHOU J1a00paTopHOil paboTe UCIONb3YETCs YKa3aHHBIN
Metoj. PaccMotpum ero 6osee moapoOHo.

2.2.3.6. MeToa apTUKYJISIIUOHHBIX U3MeEPEeHUI

JIsist peanu3anuu 3TOro MeToja HeoOX0IUMO HaJWu4Ke TPYMIbl CIylaTene B
COCTaBE HE MEHEE TpeX YeNIOBEK, TpeX U 0oJiee TMKTOPOB, 3BYKO3aMUCHIBAIOIIEH al-
napaTypbl, UCTOYHHKOB MACKHPYIOLIMX CHUTHAJIOB M IIYMOMEpA MJIi H3MEpPEHHUS
ypoBHEM peun U myma. CiaymaTend NPUHUMAIOT Ha CIIyX HEKOTOPOE YHCIIO TaOJIHII.
Takue TaGauipl cocTosT U3 50 OAHOCTOXKHBIX CIIOB, HAIPUMED, TOJI», «ITOK», «TOK»,
«KyO», «MUT», «4ac» U T. 1. [IpumMepsl TabnuI] NpuBeAEHHI B [3, 6].

[lepen nmpoBeeHHEM KOHTPOJIBHBIX U3MEPEHUN CIYIIATENH AOJHKHBI IPOBECTH
IPOOHBIN MPUEM HECKOJBKHX TAOJIMII CIOB C LEIbI0 aJanTallid U OCBOEHUS METOJIa
u3MepeHuil. Metonnka paz0opUMBOCTH CIIOB 3aKJIIOYAETCs B CleaytoueM [3, 6].

BocnpousBoasTcs 3anucaHHble MPEIBAPUTEIIBHO HA MArHUTHBIA WK APYroit
HOCHUTEJb TAOJMIIBI CJIOB C COOTBETCTBYIOIIMM BHUIOM M YPOBHEM MACKHPYIOUIUX
curHasioB. CiioBa JOJKHBI IPOU3HOCUTBCS CO CKOPOCThIO 1 Tabnuiia 3a 3 MUH. pOB-
HBIM TOJIOCOM 0€3 MOAYEePKUBAHUSI HAYAIBHBIX M KOHEYHBIX COTJIACHBIX. B omHOM
WU3MEPEHUU HE JIOMYCKAETCsl MOBTOPHOE YTEHUE OJHOM U TOM e Tabiuibl. Bocrpo-
U3BEJICHHUE CJIOB TAOJUIl CIIEAYET MPOBOJAUTH MPU CPETHEM YPOBHE 3BYKOBOTO JaBJie-
Hus 70 n1b, ”3MEpEeHHOro Ha pacCTOSHUM, HA KOTOPOM HAXOISATCA CIyLIATEIU OT aKy-
CTUYECKOW CUCTEMBI. Y POBHU 3BYKOBOI'O JIaBJICHUS MACKHUPYIOIIUX CUTHAJIOB JOJIK-
HbI U3MEPATHCS HA TOM K€ PACCTOSIHUM U MEHATHCS CTyIleH4aro yepe3 3 nb B Auamna-
30He 60—80 nb. IIpu HEOOXOAUMOCTH ITOT JUAMA30H MOKET OBITH PACIIUPEH.

CrnymaTenu 3anychblBalOT MPUHSTHIE CJIOBA B TAOIMIIbI, B KOTOPBIX YKa3bIBACT-
cs1 HoMep TaOauIbl, (pamMuius ciymiarens, aTa, ypoBeHb MOJIE3HOTO U MACKUPYIOIIIe-
ro CUrHaja, BUJ MAacKUpYIOUIEro CUTHala W, MpU HEOOXOIUMOCTH, IPYTUE JaHHBIE.
Jnst ynoOctBa 00paboTKK TabJIMIl CIOBa HEOOXOIUMO 3alUChIBATh MOJ CBOMMHM TO-
psanakoBbIMU HOMepamHu. [Ipumep Takoi Tabauibl NpUBENIEH B |5, 6].

[TpoBoauTCA OMnpeeneHre NPaBUIbHOCTH 3alIMCAHHBIX CIIOB IIyTEM CPaBHEHUS
TaOHIIBI TPUHATHIX CJIOB U UCXOJIHOM TaOIUIIBI.

Onpenensercs pa3z0OPUYUBOCTD CIIOB JJISA KaXKI0H TAaOIUIIBI, IPUHATOW OJHUM
ciymiatesuem, 1o ¢popmyie
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S. =(N_/N)-100 %, (2.8)

rac NH_ KOJIMYCCTBO IIPABUJIBHO 3aIIMCAHHBIX CJIOB;

N — oO1ree KoIMYeCcTBO BOCIIPOU3BEACHHBIX (3aMTMCAHHBIX) CIIOB.
Omnpenensiercs cpeHee 3HAUCHHE Pa30OPUYMBOCTH CJIOB M CpelHEee KBaApaTu-
YeCKOe OTKJIOHEHHE 10 popMyiam

S :iTl; (2.9)

o =|1=1 , (2.10)

rge n=m- k— 0611166 YHCJIO Ta6JII/III, IMPUHATBIX BCCMHU CIIYIIATCIISIMU,
M— 9uciio cnymaTeneﬁ;
K — gucio IICPCAaHHbIX Ta6JII/III.

Ecmm |S; — S¢p| > 205, TO nanHBIe pe3ynbTaThl N3MEPEHHI HCKITIOYAOTCS U T10-
BTOPHO MPOBOJATCS BbIYUCIEHUS 110 popMmyiiam (2.8—2.10) ¢ yd4eTOM yMEHBIIEHHOTO
4yuCIia U3MEepeHun [6].

2.3. Ilopsinok BbINOJIHEHUS PA0OTHI

1. U3y4nTh TEOPETUUECKYIO YacTh PabOTHI.

2. IlpoBecTH caMONpPOBEPKY TEOPETUUECKUX 3HAHUN, OTBETUB HA MOCTaBJICH-
HbIE€ BOIIPOCHI.

3. [IpoBecTu 3anuch BOCIPOU3BOIUMBIX CIOB TAOJUIL JJI Pa3IMUHbIX YPOBHEN
MOJIE3HOTO U MAaCKUPYIOIIHUX CUTHAIOB U UX BUIOB.

4. OnpeaenuTs YUCIIO MPAaBUIBLHO MPUHATHIX CIOB IyTEM CPaBHEHUS MOTYUICH-
HBIX PE3yJIbTaTOB C HCXOIHBIMH JaHHBIMH.

5. TlpoBectu pacyeT pa30opurBOCTH CIIOB 10 hopmysiam (2.8 —2.10).

6. OnpenenuTh MO MOJYYCHHBIM pe3yibTaTaM BHJl MAacCKHPYIOIIEro CUTHaja,
HanboJiee MOAXOIAIIETO IS 3alIUTHl pe4eBON HH(POPMAITUH.

7. OpopMUTH OTUET U 3aLUTUTH PAOOTY.

2.4. Onucanue nporpammel s IBM

[Tporpamma mo3BOJSIET MPOBEPSATH TEOPETUUECKHUE 3HAHUS CTYAEHTOB, OMpe-
JENSITh KOJIMYECTBO MPABUIILHO MPUHSATHIX CJIOB, PACCUMTHIBATH HEOOXOIMMEBIE Mapa-
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METPBI Pa300PUYMBOCTH CJIOB M TPOBEPSATH MPABIWIHBHOCTH BHIOOpPAa MAaCKUPYIOIIETO
CUTHaJa, 00ECTICUNBAIOIIETO HAMIYUIIYIO 3allUTy pedeBoi mH(pOpMammm, sl Kax-
JIOW TPYMIBI ayJUTOPOB U COOTBETCTBYIOIINUX BapUAHTOB, BKIIOUAIOIINX Pa3INIHBIC
KoMOMHaIuu skcepumMenToB. Mms nporpammel SPEECH.

2.5. Conep:kanue oT4yeTa

1. [lenb 1abopatopHOil pabOTHI.

2. TaGnuipl ¢ pacro3HaHHBIMU CJIOBAMU JJIS1 PA3IMYHBIX YPOBHEH MOJIE3HOTO U
MAaCKUPYIOIIUX CUTHAJIOB U MX BUIOB.

3. Tabmuupl ¢ pe3ynbraTaMu pacueToB Pa30OPUYMBOCTH PEUW JJISl Pa3IMUHBIX
YPOBHEH MOJIE3HOTO W MACKUPYIOIINX CUTHAJIOB W MX BUJIOB I KaXJI0TO ayJauTopa
U C pe3yJIbTaTaMU CPETHUX 3HAYCHHH JJIsI TPYIIIIBI 2y IUTOPOB.

4. BbIBOIBI 1IO padoTe.
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JlabopaTtopnast paGora Ne3

HccaenoBanue Kpunrorpapuueckux MeTo10B
3alUTHI HH(POPMALUHA

3.1. Hean padoThI

M3ydeHne MeTo10B 3aIUThl HHPOPMAIHH C TOMOIIBIO PA3IMYHBIX BHIOB
MUQPPOB, UCTIOIB3YEMBIX B KPUIITOTpaduu.

3.2. TeopeTnueckue cBeaeHUs
3.2.1. OcHOBHBIE NOHSITHUSI, TEPMUHBI H ONIpeJe/ieHHs] KpUNnTorpadpuu

CnoBo «xpunmoepagus» MPOU30ILIO OT JIPEBHETPEUECKUX CIIOB «Cryptos» —
TaiHbIN 1 «graphos» — muceMo. Takum oOpa3om, Kpuntorpadusi — 3T0 TaHHOIKCH.
Kpunrorpaduueckas 3ammra napopmanuu (JaHHBIX) ¢ TOMOIIBIO KOJIOB U MK (GPOB
SABJISIETCS. OJIHUM U3 BOXHEHIIMX perieHud rnpoOiemMbl ee 6e3onacHOCTH. 3amudpo-
BaHHBIE JJAHHBIE CTAHOBSATCA JOCTYMHBIMH TOJILKO TOMY, KTO 3HaeT, Kak UX pacuud-
poBaTh. [loaTOMy mnoxuileHue 3amM(pPOBAHHBIX JAHHBIX OECCMBICICHHO ISl He-
CaHKLIMOHUPOBAHHBIX MOJIb30BATENECH.

Pa3znuunbie koAbl U MKMQPPBI UCMOJIB3YIOTCSA AaBHO. C TEOPETUYECKOH TOUYKH
3pE€HUS MEXJy HUMHU HE CYIIECTBYET 4eTKoro paznuuusg. OIHAaKO B COBPEMEHHOU
MPaKTUKE HMCIOJb30BaHUS KpunTorpaduu paziudyve MeXIy HUMHU OMNpPENeSIEeHO J0-
CTaTO4YHO 4eTKO [1, 2].

Kooupoeanue — 310 nipoliecc 3aMEHbI AJIEMEHTOB OTKPBITOTO TEKCTa (CUMBO-
JI0B, KOMOWHAIIMH CUMBOJIOB, CJIOB U T. I1.) KofgaMu. KoOsl ONIEpUPYIOT JIMHTBUCTHYE-
CKUMHU 3JIEMEHTAMHU, PA3IENsisi KOAUPYEMbIA TEKCT HA TAaKUE CMBICIOBBIE 3JIEMEHTHI,
KaK CJIOBa U CJIOTH.

HlIugposanue — >1o npouiecc 3amudpoBanus Wik pacimdpoBanus. B stom
npouecce KpunTorpapuueckoMy HpeoOpa30BaHUIO MOJBEPraeTcsl KaKIbli CHUMBOJI
TekcTa. B mmdpoBanuu Beerga HCHOMB3YIOTCS 1B 3JIEMEHTA: aJTOPUTM U KITFOY.

Anzopumm wughposanua — >TO TOCIETOBATEIBLHOCTh OIPEACICHHBIX K-
CTBUM HaJ[ OTKPBITBIM TEKCTOM, B PE3YJIbTAaTe KOTOPHIX MOJIydaeTcs 3andpoBaHHbIN
TEKCT (MMGPOTEKCT). AJTOPUTM TTO3BOJIAET UCIOJIB30BaTh CPABHUTEIIBHO KOPOTKUMN
KJTF0Y U1 IUM(POBAHUS CKOJIb YTOJAHO OOJIBIIIOTO TEKCTA.

Kniou — 3T0 KOHKPETHOE CEKPETHOE COCTOSIHHE HEKOTOPBIX MapaMeTpOB ajro-
puTMa Kpunrtorpaduyeckoro mnpeoOpa3zoBaHUsl JAHHBIX, OOecreduBarouiee BBIOOP
OJIHOTO BapHaHTa U3 BCEH COBOKYMHOCTH BO3MOXHBIX BAPUAHTOB JJIsl IAHHOTO aJIrO-
puTM™A.

Hlughp — 510 COBOKYNHOCTH OOpaTHMBIX MpeoOpa3oBaHUIl MHOXKECTBAa BO3-
MOYKHBIX OTKPBITBIX JaHHBIX HA MHOXECTBO BO3MOXKHBIX 3aIIM(PPOBAHHBIX JAHHBIX,
OCYILIECTBIISIEMBIX IO OMPEAECIEHHBIM MTPaBUIaM C MPUMEHEHUEM KITIOUECH.
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3awugposanue — >to nporecc npeoOpa3oBaHUs OTKPHITHIX JTAHHBIX B 3amud-
POBaHHBIE C MOMOIIBIO MK PPA.

Pacuugpoeanue — 510 npouecc npeodpa3oBaHUs 3aKPHITHIX JAHHBIX B OT-
KpBIThIE JJAHHBIE C TOMOIIIBIO MK PpA.

Jlewughposanue — 310 nipoliecc NpeoOpa3zoBaHus 3aKPHITHIX JTAHHBIX B OTKPHI-
ThI€ IaHHbBIE TIPU HEU3BECTHOM KJTIOUYE U, BO3MOXKHO, HEU3BECTHOM aJTOPUTME.

I'ammuposanue — 310 POLECC HATIOKEHHUSA 110 ONPENECICHHOMY 3aKOHY TaMMBI
mudpa Ha OTKPHITHIC JaHHBIC.

I'amma wughpa — 510 1iceBrOCIydaliHas JBOMYHAS MOCIEAOBATEIBHOCTD, BbI-
pabatpiBaeMasi Mo 33JJaHHOMY aJTOPUTMY, JUTsI 3aII(POBAHUS OTKPBITBIX JaHHBIX U
pacmmdpoBanus 3aMPOBAHHBIX JAHHBIX.

Ypasnenue 3amughposanun — 3170 COOTHOIICHNE, OMHICHIBAIOIIEE MTPOLIECC 00-
paszoBaHMs 3amM(POBAHHBIX JAHHBIX W3 OTKPBITHIX JAHHBIX B pe3yibTare mpeodpa-
30BaHMil, 3JaHHBIX AITOPUTMOM KpPHUIITOTpaduuecKkoro npeodpa3oBaHusl.

Ypasnenue pacwiughposeanua — 310 COOTHOLIEHHE, ONUCHIBAIOIIEE IMPOIIECC
00pa3oBaHMs OTKPBITHIX JAaHHBIX W3 3alIM(PPOBAHHBIX JAHHBIX B PE3yJbTaTe MpPeoo-
Pa30BaHU, 3aIaHHBIX AITOPUTMOM KpUNITOTrpadhuyecKoro npeoOpa3oBaHusl.

HUmumozawuma — 310 3a1mUTa CUCTEMbl IMHU(PPOBAHHON CBSI3H OT HABA3BIBA-
HUS JIOKHBIX JaHHBIX. JIJis o0ecrieyeHus: IMUTO3AIIUTHI K 3au(POBAHHBIM JaHHBIM
n00aBIIIeTCSI HUMUTOBCTABKA.

Hmumoecmaegka — 310 0Tpe30K nHDoOpMauu (GUKCUPOBAHHOMN JJIMHBI, MOJY-
YEHHOW 110 OMPEIeICHHOMY TPaBUIy U3 OTKPBITHIX JAaHHBIX M KIIFOYa, TOOABICHHBIN
K 3al(pPOBAHHBIM JaHHBIM JIJIs1 00€CIIeUeHUS UMUTO3AITUTHI.

Kpunmozpaguueckas 3auwyuma — 3710 3amuTa JaHHBIX C MOMOIIBIO KPUIITO-
rpaduueckoro nmpeodpa3oBaHuUs.

Kpunmozpaguueckoe npeobpazosanue — 310 npeoOpa3zoBaHue JaHHBIX C TO-
MOTIIbIO UG POBAHUS U (UITN) BEIPAOOTKH UMUTOBCTABKH.

Kpunmocmoitkocmo wughpa — 310 xapakTtepucThka mudpa, onpenensromas
€ro CTOMKOCTh K femudpoBanuto. OOBIYHO 3Ta XapaKTEPUCTUKA OMPEEseTCs Te-
pHOIOM BpEeMEHHU, HE0OXO0IUMBIM TSI TeT(POBAHUS.

3.2.2. Metoabl kpunrtorpadumn
3.2.2.1. Knaccudukamnus MeTo10B

Metoasl kpuntorpadhur MOKHO Pa3feIuTh Ha JBE TPYIILL: ¢ CeKpemHulMU
KII04amu U ¢ omkpulmuimy kaoyamu [ 1].

Metoasl kpuntorpaduu ¢ cekpemuvimu (3aKpvulmuvimu) Kiuamu Tpeny-
CMAaTpUBAIOT OJWH KJIIOY, KOTOPBIA HCIOJIB3YETCs Kak B IMpoliecce 3ammdpoBaHus,
TaK ¥ B Ipoliecce pacimu@poBaHus. DTOT KIIFOY U3BECTECH TOJBKO TeM, KTO 3amudpo-
BBIBACT M pacmu(PpoBBIBACT IaHHbIE. Tak Kak B 3THX METOJaX MCIOIb3YEeTCS TOJIBKO
OJIVIH KJIF0Y, OHU HA3bIBAIOTCS CUMMEMPUYHBIMU MEMOOAMU.

Meroapl kpuntorpaduui ¢ OmKpvimbIMU KIOYAMU TIPEIYyCMATPUBAIOT JBa
kitoua. [TepBbIil KITFOY UCTIONB3YETCS MJIs 3a(PpOBAHUS M HE SBIISIETCS] CEKPETHBIM.
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OH MOXeT OBITh U3BECTEH BCEM IOJIH30BATEIISIM CHCTEMBI, KOTOPBIE 3aripOBbIBa-
10T AaHHble. PacimmdpoBanue JaHHBIX ¢ TOMOIIBIO U3BECTHOTO KIIF0Ya HEBO3MOIKHO.
Jlns pacmiudpoBaHus UCIIOIB3YETCS BTOPOM KJIIOU, KOTOPBIN SIBIISETCS CEKPETHBIM.
Tak kaK B ATUX METOJIaX HUCIOJB3YIOTCS JBa PAa3IMYHBIX KJIOYa, OHHM HA3bIBAIOTCS
HeCUMMEMPUUHBLIMU MEMOOAMU.

B cBoto ouepenr METO/IBI C CEKPETHBIMU KITIOUAMHM JEISATCS Ha Memoovl 3ame-
Hbl (NOOCMAHOBKU), MEMOObL NePeCMaHOB8KU U MemoObl NepemMeuusaHusl.

Memoo 3amensl (noOCmMaHO6KU) OCHOBAH HA TOM, YTO KaXKJbli CMMBOJI OT-
KPBITOTO TEKCTa 3aMEHSETCS APYTMM CHMBOJIOM TOro ke ajdaButa. KoHKpeTHBIH
BHJT 3aMEHBI OMPECISICT CEKPETHRIN KITI0Y. 3aMEeHa MOXKET ObITh MOHOANDABUMHAA,
20MOoGhoHUYeCKast, NOIUALIPaABUMHAs N noauepammuas. JIJis peanu3anuu MeToja 3a-
MEHBI MOXET OBITh UCIIOJIB30BAH AATUUK (T€HEPATOP) NICEBIOCTYUYaHBIX YUCET.

Memoo 3amensvl ¢ ucCnob308anuem 0AGMUUKA NCEGOOCAYUAUHBIX YUCEN OC-
HOBaH Ha I'eHepaly raMMbl IHdpa ¢ MOMOIIBI0 TeHepaTopa MCeBAOCTyIaiHbIX Y-
ceJ ¥ HAJIOKCHHH TOJIYYCHHON TaMMbI Ha OTKPBITBIC JIaHHBIC 0OpPaTUMBIM 00pa3oM.
PacmmdpoBanue qaHHBIX CBOJIUTCS K MMOBTOPHOM I'eHEpaIluyd TaMMbl mdpa mpu u3-
BECTHOM KJIIOUE U HAJIOKEHHUIO 3TOM raMMbl Ha 3aliu(poBaHHbBIC JJAHHBIC.

Memoo nepecmanoeku OCHOBAH Ha U3MEHEHUU TOPAJIKA CICIOBAaHUS CUMBO-
JIOB OTKPBHITOTO TeKCTa. [TopAIoK MmepecTaHOBKU OMPEACseT CEKpeTHBIN Kitou. Ile-
pPECTaHOBKA MOXET OBITh NPOCMAsi U YCIIONCHEHHAS.

Memoo nepemewiusanus OCHOBAH Ha TOM, YTO M3MEHEHHUE OJTHOIO CHMBOJIA
OTKPBITOTO TEKCTA MPUBOJAUT K U3MEHEHUIO MHOTHUX CUMBOJIOB IIU(POTEKCTA.

3.2.2.2. MeToabl KpUNTOrpauu ¢ CeKPpeTHbIMH KIKYaMU
Obuwue nonoixcenus

Knaccruueckum moaxojoM B KpUNTOrpapuu SBISETCS UCIOJIb30BAHUE CEKPET-
HBIX Kirodeil. [Ipu sTomM moaxoje moJsiaraeTcsi, YTO KPUNTOAHAIUTHUK MPOTUBHUKA
3HAeT METOAMKY IMU(POBAHUSI U CEKPETHOCTDh MIH(pa OMPEEIAETCS TOTBKO CEKPET-
HOCTBIO Kitoua. CTpyKTypHasi cxema mu(poBaHusi C CEKPETHBIM KIFOYOM (CHMMET-
puuHOe mudpoBaHue) mokasana Ha puc. 3.1.

Ex(X) Dx(Y)
COOBHIEHUE .| M PPOTEKCT .| COOBIIEHHNE
X A g Y A w X
KJIFO4
K

Puc. 3.1. CummeTpuuHoe mudpoBaHue
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VYpaBHenue 3ammdpoBaHusS MOXKET OBbITh IPECTABICHO B CIEAYIOIIEM BU/IE:
X = Ex(X), (3.1)

rae Ex — cuMBoJI, 03HaYarONIM alropuT™ MKUGPOBaHUS MO CeKpeTHOMY Kitouy K.
VYpaBHenue paci@poBaHusi MPUHUMAET TOT]IA CIEAYIOMUN BU/L:

X = Dk(Y), (3.2)

rie Dk — cumMBoII, 03HaYaIONIU anropyuTM pacin@poBaHus Mo CeKpeTHOMY Kitouy K.
Taxum oOpa3zom, 3amuppoBanre U pacuppoBaHre MPOBOAUTCA C TOMOUIBIO
TOJIBKO OJJHOTO CEKPETHOrO Kitoua [3].

Memoo 3amenni

[IudpoBanue MeTo1I0M 3aMeHBI (TI0JICTAHOBKH) OCHOBAHO Ha alredpandeckoi
orepanuu, Ha3blBaeMon noocmarnosxoti. Iloocmanoexoit Ha3bIBAETCS B3aUMHO O/I-
HO3HAYHOE OTOOpPa’KEHHE HEKOTOPOTO KOHEUHOro MHOXecTBa M Ha cebs. Yucino N
AJIEMEHTOB 3TOI'0 MHOKECTBA HA3bIBACTCS cmeneHvto noocmarnosku. [Ipupona MHO-
’ecTBa M poJid HE UTpaeT, MOITOMY MOXKHO cKazaTh, uto M =1, 2, N.

B kpuntorpadum paccMaTpuBaroTCs YEThIPE THUIA TOJCTAHOBKH (3aMEHBI):
MOHoangasumuas, 2comoghonuueckas, noauaipasumuas u noauepammuasn [1]. Ilox-
CTAHOBKA MOXET OBITh peaIM30BaHA C MCIOJIb30BAHUEM JaTUMKA TMCEBIOCTYyUYaHBIX
YuCen.

Monoangpasumnasn 3amena. 1Ipu MoHoan(paBUTHON 3aMEHE KaXXIbIii CUMBOJI
anaBUTa OTKPHITOTO TEKCTa 3aMEHSIETCS CUMBOJIOM MIM(POTEKCTA U3 TOro ke anda-
BUTA.

O6mast popmyiia MOHOAT(PABUTHOM 3aMEHBI BRITIISIUT CIETYIOIIIM 00pa3oM:

Yi= (Ki- Xj+ Kz) mod n, (3.3)

rae  Yj— i-il CHMBOJ IIUPPOTEKCTA;

Xi — 1-if CHMBOJI OTKPBITOTO TEKCTA;

K1 1 K7 — KOHCTaHTBI;

N — mmHa andaBuTa.

[Tox pesynbraTtom omeparmu (Ki- Xi+Kz) mod n moHuMarT 0CTaTOK OT IIEJ10-
yuciienHoro aenenus cyMmbl (Ki- Xi + K3) Ha grcio N, eciu cymma OOJIbIIE JUTHHBI
andanura.

Jliist ontvcanus anroputMa mudpoBaHus OOBIYHO BMECTO CHMBOJIOB OTKPBITOTO
U MU@POTEKCTa UCTIONB3YIOT WX IU(poBbIe YKBUBAICHTHL. [Ipumep 1udpoBoro k-
BUBAJICHTa OYKB pycckoro ajndaButa (0€3 3HAKOB TMPENUHAHUS) TPHUBEACH B
tabn. 3.1.
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Tabmuma 3.1
I{udpoBbie 3KBHBAJIEHTH OYKB pyccKOro ajidaBura

()

byksa A| b |B| T | E XK 3 n nmn| K |J

[Mudposoit

KkBuBaneHt | L 2 | 3] 4 S 6 7 8 9 |10] 11 |12

byksa M| H |O| II P C T Y o | X | I |4

[Mudposoit

skemeament | 1S | 14 |15 16 | 17 | 18 | 19 | 20 | 21 (22| 23 |24
bykgsa mr | uy | b | bl b 2 | IO | 4 _ (ITPOBEJI)
[Hudporoii

skemeanent | 2° | 20 |27 28 | 29 | 30 | 31 | 32 33

Oo1ee unciao cuMBoIOB andasura N = 33. 5
IIpumep 1. Otkpeithiii TekeT: «HITMOPOBAHUE 3AMEHOW». [TonctHoBka

3amaHa taoi. 3.2.

Tabmuma 3.2
[Tpumep nmoacranoBku andaButa s MUPPOBaHKUs MOHOATI(ABUTHON 3aMEHOU
AndaBUT OTKPBHITOTO A lE B |Tr| 1 el ol
TEKCTa
Andasut mudporekcrta | _ | A | IO | O | b o A B | b|A

[Mudpoteker: «MILIMPTHO VIIBIAIL ®bIYTY».

OCHOBHBIM HEJOCTATKOM PACCMOTPEHHOTO METOAA SIBIAECTCS TO, YTO CTaTHU-
CTUYECKHE CBOMCTBA OTKPBITOTO TEKCTA (YACTOTHI MOSIBJICHUSI OYKB) COXPAHSIOTCS U B
mudpoTeKcTe. ITOro HelocTaTKa JuiieHsl mudps Bukunepa u bodopa.

HIugp Bustcunepa. llludp Buxunepa 3agaercst popmynoun

Yi= (Xi + Ki) mod n, (34)
rae Ki— i-i cuMBOJI KiIr04a, B Ka4eCTBE KOTOPOI'O MCIOJIB3YETCs CIIOBO MK (hpasa.

IHpumep 2. OtkpoiThiii TekeT: «(3AMEHA». B xauecTtBe Kiroua UCHOIB3YyETCS
cioBo «KJIHOYy. [ToxacranoBka 3amana tadm. 3.3.
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Tabmuma 3.3

IToncranoBka mudpa Bkunepa
3 A M E H A
K JI 1O q K JI

B coorBercTBUHU ¢ Ta0. 3.1 3aIMChIBAEM:

Y;=(8+11)mod33=19 > T;
Y,=(1+12) mod 33=13 —> M;
Y;=(13+31) mod 33 =11 > K;
Y4= (6 +24) mod 33 =30 - D;
Ys= (14 + 11) mod 33 = 25 — I1I;
Ye=(1+12) mod 33=13 > M.

[udpoteker: « TMKIIM».

Hudp Brwxunepa ¢ HeorpaHUYEHHBIM HETIOBTOPSAIOIIUMCS KIIFOUOM Ha3bIBAIOT
mdppom Beprama.

HTugper Boghopa. llIndpw bodopa 3anarorcs popMmynamu

Yi= (Ki— Xi) mod n,
Yi= (Xi— Kj) mod n. (3.5)

Tak xak npu ucnonszoBanuu muppos bodopa Bo3MOKHBI cirydan, Koraa pas-
HOCTh MOXET OBITh paBHA HYJIO, TO HyMEpaIlMi0 CUMBOJIOB ajipaBuTa HEOOXOIUMO
HaunHaTh ¢ HyJsa. Torma B tabauie 3.1 6ykBa A Oyner coorBercTBoBaTh 0, b — 1,
B-2wurT. n.

[Tpu paccMoTpeHnr STUX BUIOB MUGPOB BUIHO, UTO YeM OOJIBITIE JJTMHA KITIO-
ya, TeM Jydie mudp. CylecTBeHHOro yJIydIlleHus CBOMCTB MU(POTEKCTa MOKHO
JOCTUTHYTh IPU UCIIOJIBb30BAHUU UUUPPOE C ABMOKIIOUOM.

[udp, B KOTOPOM caM OTKPBITHIA TEKCT WM MOJIyYArOMIAsCs KPUITOrpaMma
UCIIOJIb3YETCsl B KaueCTBE KIII0Ua, Ha3bIBaeTCs wugpom ¢ asmoxarouom. udposa-
HUE B 9TOM CJIy4yae HauMHAETCA C KJIF0Ya, HA3bIBAEMOTO MEPBUYHBIM, U MPOJAO0KACT-
Csl C TIOMOIIBI0 OTKPBITOTO TEKCTA WM KPUIITOTPAMMBbI, CMEIIIEHHBIX Ha JJIMHY TIEp-
BUYHOTO KJTIOYa.

Ipumep 3. OtkpriThiii Tekct: «IIMGPOBAHUE 3AMEHOy. ITepBuuHblii
kimou: «KJIFOY». Cxema mu@poBaHus ¢ aBTOKIIOUOM IPHU UCIOJIb30BAHUU OTKPHI-
TOT0 TeKCTa MpejcTaBiieHa B Tab. 3.4.
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Tadomnura 3.4
Cxema mm¢ppoBaHus ¢ aBTOKIIOUOM IIPH UCITOIb30BAHUU OTKPBITOTO TEKCTA

ar | " PIO|B|A| H | U _|3|A|M|E|H O

® 5|
K|J |[io|d|m|uleoe|prP|o A|lH|U|E 3 |A M

36 |21 |52 |41 |40 |12 |22 31|24 3422|1019 39|22 |16 |23

= o W o

B|® |T |3 |X|J|X|I0O|4 A|X|U|T|E|X |II |1

IIndporeker: «BOTIKIIXIOUMAXUTEXIIL».

Cxema mu(poBaHHUS C aBTOKJIIOUYOM TIPH HCIOJIB30BAHUHM KPHUIITOTPAMMEI
npencraBieHa B Ta0u. 3.5.

Tabmuma 3.5
Cxema mm¢poBaHus ¢ aBTOKIIOUOM IPH UCITOIb30BAaHUN KPUIITOTPAMMBI
MM, & P/ O|B|A|H| U |E 3/A|M|E|H|O | H

K| JJ|0O |4 B|®|T|3|C|UY|V|X|B|D|V|D|H
36|21 | 52 | 41|18 |24[20|22|27|30(53|30(28|43|26|44|43]|20
B|®| T |[3|C|Y|VYV|X|B|D|V|D|B|U|WI|K|U|Y

=k

IIndporeker: «BOTICUYXBIYIBINIIKIAY ».

TI'omoghonuueckan 3amena. Ilpu romohoOHNYECKON 3aMEHE KaXKIbIi CHMBOJI
angaBuTa OTKPHITOTO TEKCTa 3aMEHSIETCS B OMPENEICHHOM MOPSAKE HECKOJIbKUMHU
CUMBOJIAaMH MUGPOTEKCTA U3 ITOTO K€ alhaBuTa. ITOT METOJI MPUMEHSICTCS IS HC-
KOKCHHSI CTATUCTHYECKUX CBOMCTB MU(POTEKCTA.

Ipumep 4. OtxpoiThiii TekeT: «3AMEHAY. [ToacranoBka 3agana tadi. 3.6.

Tabmauma 3.6
[Tpumep noacranoBku andasuta s mudppoBaHus ToMOGOHUIECKON 3aMEHOM
AndaBUT OTKPHITOTO A 5 E K 3 M H
TEeKCTa
Andasut mudpoTex- 17 | 23 | ... | 97 | 47 | 76 | ... | 32 | 55
cra 31 | 44 | ... | 51 | 67 | 19 | ... | 28 | 84
48 | 63 | ... | 15 | 33 | 59 | ... | 61 | 34

Kaxxgast OykBa OTKPBITOTO TEKCTa 3aMEHSETCS 110 o4Yepeu nudpaMu COOTBET-
CTBYIOIIIETO CTOJIOIA.

[Mudpoteket: «76 17 32 97 55 31».
Honuangpasumnasn zamena. llpu nonuandaBuTHON 3aMEHE UCTIOIB3YETCS HE-

ckoJibKO anaBuToB mmdporekcra. [lycts ucmons3yercs K amndasuros. Torma ot-
KPBITBIA TEKCT
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X= Xle...Xka+1...X2kX2k+1... (3.6)
3aMCHIACTCA IIII/I(prTeKCTOM
Y = Fl(Xl) Fz(Xz) Fk(Xk) Fl(Xk+1) Fk(XZk) Fl(X2k+1) ceey (3.7)

rrue Fi(X;) — cumBon mmgportexcTa andasura i 17151 CHMBOJIA OTKPBITOTO TEKCTa X;.

Ipumep 5. Otkpeitoiit TekeT: «3AMEHA». K = 3. 3amena 3agana tabm. 3.6, B
KOTOPOH KaxKJasi CTpoKa LIU(PP COOTBETCTBYET CBOEMY ai(aBUTy MIHPPOTEKCTA.

[udpoteket: «76 31 61 97 84 48.

Honuzpammnasa 3zamena. llonurpamMHas 3aMeHa (OPMUPYETCS U3 OJHOTO
aipaBUTa C MOMOILBIO CHEUMATIBHBIX NpaBwil. [IpuMepoM moIUrpaMMHON 3aMEHbI
MOXeT ciykuth mudp [lmiidepa.

Hlugp Inzugpepa. B >tom mmdpe andaBut pacnoinaraercs B martpuie. OT-
KPBITBIA TEKCT pa3OMBaeTCs Ha mapbl CUMBOJIOB X, Xi+1. Kaxaas nmapa cuMBOJIOB OT-
KPBITOTO TEKCTa 3aMEHSETCA Ha Mapy CUMBOJIOB U3 MATPUIIBI 110 CIAEAYIOIIUM IpaBU-
Jam:

— €CJIM CUMBOJIBI HAaXOJSATCA B OJJHOM CTPOKE, TO KaXKIblid U3 CUMBOJIOB Mapbl
3aMEHSIETCS Ha CTOSILUN MpaBee OT HEro (3a MOCJIETHUM CUMBOJIOM B CTPOKE CIEIyET
NEPBBIi);

— €CJIM CUMBOJIBI HaXOJSTCSI B OJJHOM CTOJIONE, TO Ka)KIbli CUMBOJI Maphl 3a-
MEHSIETCS] Ha CUMBOJI, PacIlOJIOKEHHBIN HIKE €ro B cTosONe (32 NOCIEeAHUM HUKHUM
CHUMBOJIOM CIIEyEeT BEPXHUN);

— €CJIM CUMBOJIBI TTapbl HAXOJATCS B Pa3HBIX CTPOKAX U CTOJOLAX, TO OHU CUH-
TAIOTCS MPOTHUBOIOJIOKHBIMU yIiaMH TpsiMOyTosibHUKa. CHMBOJ, HaXOASIIUNCS B
JIEBOM YTy, 3AMEHSETCS Ha CUMBOJI, CTOAIIMN B IPYroM JIEBOM YIJy. 3aME€Ha CHUM-
BOJIA, HAXOSAIIEr0Cs B PABOM YTIIy, OCYIIECTBIISIETCS aHAJIOTMYHO;

— €CJIM B OTKPBITOM TE€KCTE BCTPEUAOTCS JIBA OAMHAKOBBIX CUMBOJIA IOAPS, TO
nepea MUQPPOBAHUEM MEXKIYy HUMHU BCTaBISETCSA CHELUATIbHBIA CUMBOJ (Harpumep
TUpE).

Ipumep 6. OtkpoiTeii Teket: «ITUDP TTJIDMOEPA.». Marpuua andapura
3agada taoi. 3.7.

Tabmuna 3.7

Martpuna andasuta mmdpa [Imiidepa
A K b M I B
q r H 1 I O
E 1] , X v IT

3 b P 17 17
C b K c) T JI
1O A _ bl o —
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Mudporekcr: «PANBL-CT-MN.XYCy».

Memoo 3amenvl ¢ UCNONB30GAHUEM OAMYUKA NCEBOOCAYUAUHDBIX HUCEI.
[udpoBanre TUM METOJOM 3aKJIIOYAETCs B F€HEpaluu raMMbl mudpa AaT4uKoM
NICEBIOCIYYANHBIX YUCEN C MOCIEAYIOIMINM HAJIO0KEHUEM MOJYYEHHON raMMbl Ha OT-
KPBITBIE JaHHBIE 0OPATUMBIM CITOCOOOM (HAMpPUMED, IyTEM MOPa3PSATHOTO CIOKESHUS
10 MOJIYJIIO 2 C UCIIOJIBb30BHUEM JIOTUYECKOW onepanuu «uckimodaromee UIIN»: 0 +
+0=0;1+0=1;0+1=1;1+1=0).

Taxkum 00pa3oM, OTKPBITHIA TEKCT, KIOY W MHUGPPOTEKCT MPEACTABISIOTCS B
BHJIE JIBOMYHBIX MOcieAoBaTeIpHOCTEN. KitoueBas mocienoBaTeibHOCTh POpMUPY-
eTCs JaTYMKOM ICEBIOCTYYalHBIX YHCEN, KOTOPBIM 3allyCKaeTCs HayajdbHbIM 3Have-
HUEM KJIIoYa.

PacmmdpoBanne MaHHBIX OCYIIECTBISIETCS ITyTeM ITOBTOPHOW TeHEparuu
KJIFOYEBOM TOCJIEIOBATEIBHOCTH TMPU HM3BECTHOM HAYAJIIbHOM 3HAYEHUM KIIOYa U
HaJIOXKEeHUs ee Ha mudpoTekcT [1].

3ammdpoBanHoe coodiieHrne OyAeT JOCTaTOYHO TPYAHO JemudpoBaTh, €CiIu
ramMma mudpa He COACPIKUT MOBTOPSIOMIUXCS OUTOBBIX MOCIENOBATEIBLHOCTEH WIIH
€CJIM TIEPUOJ] TaMMBbI MPEBHIIIACT JJIMHY BCEro 3arGpoBaHHOTO COOOIICHUS 1 HEU3-
BECTHA HUKaKasi 4acThb UCXOAHOTO TekcTa. [Inudp MOXHO pacKphITh TOJIBKO MPIMBIM
nepebopom (moadopoM Kimoda). B 3ToM citydae KpUIITOCTOMKOCTH OMPENENseTcs pas-
MEPOM KITIOYa.

JInst mosmy4yeHusl JIMHEHHBIX MOCIEI0BATEIbHOCTEN 2JIEMEHTOB TaMMBbI i dpa,
JUTMHA KOTOPBIX MPEBBIIIAET pazMep MU(pyeMbIX COOOIICHUHN, UCTIOIB3YETC s TeHe-
paTop MCEeBAOCTYyYalHbIX Yucell. JIMHEHbIE MOCIeI0BaTENbHOCTH TICEBIOCTYYalHbIX
quces, BbIpabaThiBaeMbIe TAKUM T€HEPATOPOM, OMKUCHIBAIOTCS COOTHOIICHUEM:

T(i+1)=[AT(i) +C]mod M, (3.8)

rae A u C — KOHCTaAHTHI;
T(1)—ucxomHass BeIUMYKMHA, BBIOpAaHHAs B KadyeCTBE MOPOXKIAIOIICTO YHCIa
(BXOJIHOTO KJTIOUa).

['eneparop BbIpabaThIBACT MCEBAOCTyYaWHbBIE YHCIIa C ONPEICTCHHBIM TIEPUO-
JIOM TIOBTOPEHUSI, 3aBUCAIINM OT BhIOpaHHBIX 3HaueHni 4 u C. 3HaueHue M oObIYHO
ycTaHaBauBaeTcs paBHbIM 2, rae | — nnmHa mocienoBaTensHOCTH (IIMHA CIIOBA B
OBM) B Ourax.

PasznuuaroT METOOBI KOHEUHOU U OecKOHeuUHoU 2aMmbl. B KaduecTBe KOHeuHOou
2ammbl MOXKET HMCIIOIB30BaThCs (Ppasza, a B KAUYECTBE HECKOHEUHOU 2AMMbl — TIOCIIC-
JIOBATEIBHOCTD, BEIpaOaThIBaeMasi FTeHEPATOPOM TICEBAOCTYIalHBIX YHCEII.

Ipumep 7. OtkpoiThiil TekcT: «[IPMKA3» («16 17 09 11 01 08» cormacHo
Tabmn. 3.1).

lamma: «[CTAMMAY («04 01 13 13 01» cornmacuo Ta6im. 3.1)

Omneparus: ciaoxenne mo mod 33:
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Y1 =(16 +4) mod 33=20 >,
Y,=(17+1)mod 33=18 — C;
Y3=(9+13)mod 33=22 — X;
Ys=(11+13) mod 33 =24 - Y,
Ys=(1+1)mod33=2 > b;
Ye=(8+4)mod33=12 — JL.

Mudporekct: «YCXYBJD».

Hpumep 8. Otkpsithiil TekcT: «[TPUKA3» («16 17 09 11 01 08» cormacHo
taoi. 3.1).

ITepBbie 3HaueHus gatyuka: «2 179456 7».

Omnepanus: ciokeHue mo Mod 2 ¢ HUCHOab30BaHUEM JIOTHYECKOH OIepalin
«uckiarouaroniee MJIN».

3anumeM koA (1udpy) Kaxaol OYKBBI OTKPHITOTO TEKCTa B JBOMYHOM BHJIC,
UCIIOJIB3YS MATh Pa3psiioB, a KAKAYI0 IU(py raMMbl — HCTIOJIB3Ys YETHIPE pa3psaa, U
IIPOBEICM OIEPALIHIO CAOKEHHUs 10 Mod 2:

10000 (16) 10001(17) 01001(09) 01011(11l) 00001(01l) 01000 (08)
00010(2) 00001(1) 00111(7) 01001(9) 00100(4) 00101(5)

10010(18) 10000(16) 01110(14) 00010(02) 00101(05) 01101(13)

Mudpoteker: «CITHBAM» («18 16 14 02 05 13»).

HIudpoBaHue 3aMeHON HEOOS3aTENBHO MPEANOIaracT 3aMeHy CHMBOJIOB OT-
KPBITOTO TEKCTa CHMBOJIAMU TOTO ke andasuta wiu iudpamu. B kauectBe andasura
I PPOTEKCTa BO3MOYKHO HCITOJIE30BAHNE CUMBOJIOB TICEBAOTPA(DHUKH WK, HATIPUMED,
MY3BIKaJIbHBIX HOT. OCHOBHBIM HEJIOCTATKOM METOJOB 3aMEHbI SIBJISIETCS B3aUMHOE
COOTBETCTBUE MOJIOXKEHUS OTKPHITOIO TEKCTa U HIU(PPOTEKCTA.

Memoo nepecmanosxu

[IudpoBanre METOIOM MEPECTAHOBKHM OCHOBAHO HA MEPECTAHOBKE CHMBOJIOB
OTKPBITOT'O TEKCTA, MOPSAJOK KOTOPOU OMpPEAEsET KITIOY.

CymiecTtByeT OO0JBIIOE KOJIMYECTBO PA3IUYHBIX CIIOCOOOB TEpecTaHOBKU. B
Ka4eCTBE PUMEPA PACCMOTPHM HPOCIYIO U YCIOANCHEHHYT0 nepecmanosku [1].

Ilpocmasa nepecmanoeka. 1lpu 1poCcTON NEPECTAHOBKE OCYILECTBISETCS IIE-
pEeCTaHOBKa I'PYIN CUMBOJIOB aji()aBUTa OTKPHITOTO TEKCTa B OMPEACIICHHOM MOPS -
Ke€.

Ipumep 9. OtkpoiTeiii TekeT: «IIIMOPOBAHUE [IEPECTAHOBKO».
Kittou (mpaBuiio nepecTaHOBKH): OYKBBI B TPyMIaxX U3 BOCAMHU OYKB C TIOPSIKOBBIMH
HoMepamu 1, 2, ..., 8 nmepectaButh B mopsok 3,8, 1,5,2,7, 6, 4.

IlIndporexcr: «®HITOMABP CHUEEEPITHUTBAOKO».
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VYcnoxHeHHas: nepecTaHoBKa. [Ipu yclIO)KHEHHOW NEPECTaHOBKE OTKPBITHIN
TEKCT 3alHMCBhIBACTCS B MaTpHILy MO omnpeaeaeHHoMy kimouy Ki. [Iudporekct obpa-
3yeTcsl IPY CUMTHIBAHUHU W3 3TOU MATPHUIIBI 10 K04y K>.

Hpumep 10. Otkpoiteii Teker: «IIIMOPOBAHUE ITEPECTAHOBKOM».
Marpuiia U3 4yeTbipex CTOJIOIOB MpUBEAeHA B Ta0. 3.8, I/ie 3alUCh OTKPHITOTO TEK-
CTa MPOBEJICHA TT0 CTPOKaM B COOTBETCTBHUU € KitouoM Ki: 5, 3, 1, 2, 4, 6, a ureHue —
10 CTOJIOIIAM B COOTBETCTBUU C KirouoM K. 4, 2, 3, 1.

Tabnuma 3.8
Martpuna andasura ¢ mepecTaHOBKOM
13 YETHIPEX CTOJIOIOB

1 171 E B I
2 E P E C
3 0 B A H
4 T A H 0
5 I u @ P
6 B K o) "
KK 1 2 3 4

Indporeker: «[ICHOPUEPBAUK EAH®OUEOTIIIB».

Bonee cnoxHble nepecTaHOBKH OCYILECTBISIOTCS € UCIIOJIb30BaHUEM Ipada 1mo
TaK Ha3bIBAEMBbIM FAMUJITOHOBBIM IYTSIM, KOTOPBIX B rpad)e MOKET ObITh HECKOJIBKO.

Ipumep 11. OTKPBITBINA TEKCT:

«IIMOPOBAHUE ITEPECTAHOBKOI». Kimou — raMui»TOHOB yTh Ha
rpacde puc. 3.2.

3 » UTEHUE KPUIITOTPaMMBI
S [=m ¥ 6 [ (1-7-5-8-2-4-3-6)

Y ¥ R 3ammch OTKPBITOrO TEKCTa
7 J 8 r*(12345678)

Puc. 3.2. 'amuibTOHOB MyTh Ha rpade

IIndporekcr: «IITAOHUPO®BUEECEIT PTOBMAOHKY.
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Heobxoaumo oTMeTHTH, YTO NJIsi TaHHOTO Tpada M3 BOCBMHU BEPIIUH MOYKHO
MPEIVIOKNATh HECKOJIBKO MApIIPYTOB 3alHUCH OTKPBITOTO TEKCTa U HECKOJIBKO Ta-
MUJIBTOHOBBIX MYTEW I YTEHUSI KPUIITOTPAMM.

Emie Gosee ciiokHble MepecTaHOBKM OCHOBAHBI HAa MPUHIIMIIAX, 3AJI0KEHHBIX B
noruueckoit urpe «Kyouk PyOuka». [Ipyn ucnonb30BaHMU TaKOW CXEMbI OTKPBITHIN
TEKCT 3alKChIBaeTCs B sUehKH rpaHeit ky0ba no ctpokam. [locie ocyiiectBienus 3a-
JTAHHOTO YKCJIa MMOBOPOTOB CJIOEB KyOa CUMTHIBAaHUE MUPPOTEKCTA OCYIIECTBISIETCS
no crosbuam. CnoXHOCTh pacuiupoBaHUs B 3TOM Cllydae OMPEACISIETCS YUCIOM
SYEEK Ha TPaHSX KyOa M CIIOKHOCTHIO BBITIOJHEHHBIX TTOBOPOTOB cloeB KyOa. [lepe-
CTaHOBKa, OCHOBaHHasi Ha KyOuke PyOuka, monmyumia Ha3BaHUE 00bEMHOU (MHO20-
MepHou) nepecmanoku. Y COBEpIIEHCTBOBAHHAsA CXE€Ma TAKOW MEPECTAHOBKH, B KO-
TOPOH HapPSTy C OTKPBITBIM TEKCTOM IEPECTAHOBKE MOABEPTAOTCS M (PyHKITMOHATh-
HBIE AJIEMEHTHI CaMOT0 aJropuTMa MM(poBaHus, Jerjia B OCHOBY CEKPETHOU CHCTe-
Mbl «PyOukon». B 31Ol cucteme B kauecTBe MpoOOpPa30B MPOCTPAHCTBEHHBIX MHO-
TOMEPHBIX CTPYKTYp, HA OCHOBAHHHM KOTOPBIX OCYIIECTBIISIIOTCS IMEPECTAHOBKH, UC-
MOJIB3YIOTCSI TPEXMEPHBIN KyO U TETpadIp.

OCHOBHBIM HEJIOCTaTKOM METOJIOB NEPECTAHOBKHU SIBISIETCS COXpAaHEHUE Ya-
CTOTHBIX CBOMCTB CUMBOJIOB OTKPBITOT'O TEKCTa B MIHU(PPOTEKCTE.

Memoo nepemewiusanus

Meron nepemMemmBaHus OCHOBAH HAa COBMECTHOM HCIIOJIb30BAHUM METOIOB
3aMeHbl (MMOJCTAHOBKU) U MepecTaHOBKU. [Ipu 3TOM CyIlIeCTBEHHO HApYIIAKOTCS CTa-
TUCTUYECKUE CBSI3U U(POTEKCTA C OTKPHITHIM TEKCTOM. B cTanaaprax mmdpoBaHus
YacTO MPHUMEHSIOTCS CHEUUaIbHbIe MEpbl, 00ECIECUNBAIOIINE PACIIUPEHUE BIIMSHUS
KQ)KJIOTO CUMBOJIa OTKPBITOIO TEKCTa Ha IPYIIy CUMBOJIOB mMdporekcTa [2]. B pe-
3yJbTaTe 3TOrO MPHU 3aMEHE JIF00OTr0 OJJHOTO CUMBOJIA OTKPBITOIO TEKCTAa U3MEHSIETCS
3HAYUTENbHAs FPyNIa CUMBOJIOB IIU(PPOTEKCTA.

B npaktuueckux mmdpax UCoiab3yr0TCs ABa OCHOBHBIX npuHIuna IllenHona:
pacceusaHnue U nepemewiusanue. Pacceusanue — 510 paclipoCTpaHEHUE BIUSHUS OJ-
HOT'O 3HAaKa OTKPBITOTO TEKCTa HA MHOXECTBO 3HAKOB IIM(POTEKCTa, YTO MMO3BOJISIET
CKPBITh CTaTUCTUYECKUE CBOMCTBA OTKPBITOTO TekcTa. Ilepemewtueanue — 310 uc-
M0JIb30BaHNE B3aUMOCBSI3H CTATUCTUUECKUX CBOWCTB OTKPBITOTO U MIMPPOTEKCTA.

udp nomxeH HE TONBKO 3aTPYIHATH PACKPBITHE, HO M OOecrieurBaTh JIeT-
KOCTb 3alIM(ppoBaHus U paciMdpoBaHus MPU W3BECTHOM ceKpeTHOM Kitoue. [loaTto-
My IPHUHSTA WIS UCTIOIb30BaTh MPOU3BEACHUE MPOCTHIX MU(POB, KAXKIBIN U3 KOTO-
PBIX BHOCUT HEOOJIBIION BKJIA/l B 3HAUUTEIbHOE CYMMapHOE pacCeMBaHUE U Mepeme-
muBaHue. B TakuX cocTaBHBIX MIM(pax B KaUeCTBE AIEMEHTAPHBIX COCTABIISIOLINX
Yale BCEro UCIOb3YIOTCS MTPOCThIC MOCTAHOBKHU (3aMEHBI) U MepecTaHoOBKH [1].

3.2.2.3. MeToabl KpUNTOrpauu ¢ OTKPbITHIMU KJIOYAMH

Haunbonee mepcneKTUBHBIMU CHUCTEMaMU KpPUNTOTpadUUYECKON 3aIUThl WH-
dbopmanuu ABISIOTCS CUCTEMBI C OTKPBITBIME Kitodamu [1]. B Takux cucremax ms
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3amu(pOBaHUS TAHHBIX MCIIONB3YETCS OAMH (OTKPBITHIN) KITI0OY, a s pacimdpoBa-
HUS — Opyroi (cekpeTHbIN). [lepBbIil KITFOY HE SBISAETCS CEKPETHBIM H MOXET OBIThH
M3BECTEH BCEM IIOJB30BATEISIM CHCTEMBI, KOTOpBIE 3amm(poBBIBAIOT TaHHBIE. Pac-
muppoBaHUE AAHHBIX C MMOMOIIBIO M3BECTHOTO KJIF0Ya HEBO3MOXKHO. J{ist paciud-
POBaHHS JAHHBIX MCIOJIB3YETCsI BTOPOH KIIFOY, KOTOPBIH SBISIETCS cCeKpeTHBIM. Kitrou
pacumdpoBaHHs HE MOXKET OBITh ONPE/ENICH U3 KIToua 3amudposanus [3].

CtpykTypHast cxeMa HH(POBaHUA C OTKPBITHIM KIIOUYOM (HECUMMETPUYHOE
muQpoBaHue) Mokazana Ha puc. 3.3.

Exi (X) Dk2(Y)

COOBIIEHHME y INNOPOTEKCT x » COOBIIEHUE
X Y X
KJIIOY KJIIOY
K1 KZ

Puc. 3.3. HecumMmerpuuHoe muppoBaHue

Kpuntocucrema ¢ OTKPBITBIM KIFOUOM JOJKHA COAEPIKATH CIEIYIOIINE dJie-
MEHTHI:

— PaHIOMHU3WPOBAHHBIN QJITOPUTM TE€HEPAIMHM OTKPHITOTO0 Kiro4ya Kj M COOT-
BETCTBYIOILIETO €My CEKpETHOro Kitoua Ko;

— aNropuT™M 3amu@poBaHusi, KOTOPBIA MO COOOIIEHUIO X, UCIONB3YsT OTKPHI-
ThIl Ki1r04 K1, hopmupyet mmdporeker Y = Exi (X);

— aITOpUTM pacmudpoBaHus, KOTOPBIA MO MUGPOTEKCTY Y, UCIOJIB3YS CEK-
peTHBIH K04 K>, BoccTaHaBIuBaeT ncxoanoe coodmenue X = Dia(Y).

Haubonee nepcneKTHBHBIM METOJIOM KpUNTOrpaduyecKon 3anuThl nHHOopma-
MM C OTKPBITHIM KJIIOYOM sIBJIsIeTCsl anropuT™ RSA (Ha3BaH 1o HavaabHBIM OyKBam
damunuu ero nzoodperateneii — Rivest, Shamir u Adleman). IIpu paccmorpeHun aj-
roput™Ma RSA He00X0IMMO BCIIOMHUTh HEKOTOPHIE MATEMATUYECKUE TEPMUHBI.

[lon npocmvim uuciom TOHUMAKOT TAKOE YUCIIO, KOTOPOE JIETUTCA TOJIBKO Ha |
M Ha camo ce0s1. BzaumHo npocmuimu yuciamy Ha3bIBAIOT TAKUE YUCIA, KOTOPHIC HE
UMEIOT HH OJTHOTO oO1mero aenutens, kpome 1. IToxa pesynbratom omneparuu i mod j
TIOHUMAIOT OCTATOK OT LIEJIOYMCICHHOTO JICJICHUS | Ha |.

UtoOs1 ucnonb3oBaTh airoput™ RSA, HE0OX0auMO CHavalia CreHEepPHpPOBAThH
OTKPBITBIA U CEKPETHBIN (3aKPBITHIN) KIIFOUH, BHITIOJIHUB CIICAYIOIICE:

— BBIOpATh JIBa OUYEHDb OOJIBIIIUX MPOCTHIX YKCIA P U (;

— OnpeaeuTh N Kak pe3ysbTaT yMHOXeHus P Ha q (N =pq);
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— BBIOpaTh Oobinoe ciaydaitHoe unciao d. OHO JOHKHO OBITh B3aMMHO TPO-
CTBIM C YHCJIOM, OIPEICIIIEMbIM KaK pe3yabTaT yMHOKeHus uucen (p — 1 )(q— 1);

— OIpPEACIUTh TAaKOE YHCIIO e, JUIsl KOTOPOTrO SIBJISIETCS] HCTUHHBIM CJIEAYIOIIEee
cootnomenue: edmod ((p—-1)(q—-1))=1;

— CUUTATh OTKPBITHIM KJIIOYOM YHUCIA e U N, a CEKPETHBIM KIIOUOM — YHCIIa
dun.

Jlnst Toro 4ToOBI 3amupoBaTh JaHHBIC 10 U3BECTHOMY Kirouy { €, N }, HeoO-
XOJIMMO pa3ouTh MUGPYEMBbId TEKCT Ha OJIOKH, KaXABbIA U3 KOTOPHIX MOXKET OBIThH
npeacTanieH B Buje uncaa M ot 0 go n — 1.

3areM 3amu@poBaTh TEKCT, pacCMaTpPUBAEMbI KakK MOCIEA0BATEIbHOCTh
yucen M;, BeinoiaauB Beraucienud Y = M€ mod n.

YroOsl pacmmdpoBaTh 3TH JaHHBIC, HCIOJNB3Yys cekperHbid kiarou {d, n},
HEOOXOMMMO BBINOMHUTH BhMucienus Mi= Y mod n. B pesynbrate GyaeT mosyde-
HO MHO>XECTBO uncen Mi, KOTOpoe MpeacTaBisieT COOON NCXOAHBIN TEKCT.

Ipumep 12. OTkpeIThIi TEKCT «EJIA».

J11st IpOCTOTHI OyIEM UCIIOJIb30BaTh «MAJICHBKUE) YKCIA.

Bri6epem nBa npocthix uncna p =3 u g = 11.

Omnpenennm n = 37311 = 33.

Hatinem (p — 1)(q — 1) = 20.

CrnenoBarenbHO, B KAYECTBE CEKPETHOTO Kitoya d Hy)KHO BBIOpaTh JIFOO0E YrC-
J10, KOTOPOE SIBIISICTCS B3AUMHO MPOCTHIM ¢ yrciioM 20, Harpumep d = 3.

BriOepem 3HaueHHE OTKpBITOro Kitoya e. B kauecTBe Takoro ymciaa MOMKET
OBITh HCIOJIB30BAHO JIO00E YHCIO0, Uil KOTOPOTO CHPABEAJIMBO COOTHOILECHHE
(e7+3) mod 20 = 1. Hanpumep, e = 7.

Takum 00pa3oM, OTKPBITHIN KITIOU COCTABJSIOT ynciaa e =7 u N = 33, a cek-
petHbIi —uuciad =3 un = 33,

[IpeacraBum mudpyemMoe cooOIIeHNE KaK MOCIEA0BATEIBHOCTD IIENIBIX YHCEI
B nuanaszone 0—32, uncno koTopsix He npesbiiaeT N = 33. Torna Oyksa E n3obpaxa-
eTcs uuciom 6, OykBa /[ — yuciaom 5, OykBa A — uucnom 1, a cioBo «EJJA» mipen-
CTaBJISIETCS TTOCJIEA0BATEILHOCTRIO IIU(POBBIX SKBUBAJICHTOB (Unce) Kak 651.

3ammudpyeM cooOIeHne, HCIOIb3ys OTKPBITHINA Kitod {7, 33}

Y1=6"mod 33 = 279936 mod 33 = 30;
Y, =5"mod 33 = 78125 mod 33 = 14;
Ys=1"mod 33 =1 mod 33 = 1.

Mudpoteket: «30 14 1».
Pacumdpyem coobmenune «30 14 1», momyueHHoe B pe3ynbTaTe 3amudpoBa-
HUS 110 M3BECTHOMY KJTFOUY, Ha OCHOBE cekpetHoro kimova {3, 33}:

My =30° mod 33 = 27000 mod 33 = 6;

M, = 143 mod 33 = 2744 mod 33 = 5;
Ms; =1®mod 33 =1 mod 33 =1.
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Takum oOpa3zoM, B pe3ysibTare paciu(poBaHus COOOIICHUS MOJIYYEHO UCXO/I-
Hoe cooOrmienne «EJJA» («651»).

Kpunrocroiikocts anroputmMa RSA ocHOBbIBaeTcS Ha MPEANONIOXKEHUH, YTO
UCKJIFOUUTEIBHO TPYJIHO OMPEIETUTh CEKPETHBINA KITIOY 10 U3BECTHOMY, TaK Kak JJis
ATOr0 HEOOXOJUMO PEIIUTh 3aJady O CYIIECTBOBAHUU IECIMUTENEH IEI0ro 4ucia.
JlanHast 3aj1a4a 10 HACTOSIIET0 BpeMEeHH He nMeeT 3((HEKTUBHOTO (OJTMHOMUHAIb-
HOT'0) pELIEHUS.

3.3. [lopsa10K BbINOJTHEHUSI PA0OTHI

1. I3y4uTh TEOPETUYECKYIO YACTh PaOOTBHI.

2. [IpoBecTu camoOIpOBEPKY TEOPETUUYECKUX 3HAHMI, OTBETHUB HA IOCTAaBJICH-
HBIE BOIIPOCHI.

3. [losyunTh BapHaHT 3a/1aHus Ha 3alId(poBaHue U paciin(PpOBaHUE TEKCTA.

4. OcyiiecTBUTh 3aln(poBaHue U paciiupoBaHUE TEKCTa COOTBETCTBYIO-
UM METOJAOM, UCHOJb3ysl HeoOxoaumble Tadu. 3.9 u 3.10 U COOTBETCTBYIOIUN aj-
TOPUTM.

5. [IpoBectr mpoBepKy MNPaBUIBHOCTU PE3YJIbTATOB 3alIM(pPOBaHUA U pac-
mu(ppoBaHUS TEKCTA.

6. ObopMHUTH OTUET U 3AIUTUTH PabOTY.

Tabnuua 3.9
[ToacranoBka andasura 1uisl M(poBaHUs MOHOAI(DABUTHOM 3aMEHOM

()

byksa A b | B | T" | A]|E|X| 3| | N| K/]|I

[Hudporoii

OKBHUBAJICHT

1 2 3 |14 |5 6 7 8 9 |10 | 11 | 12

byksa M|  H|O I | P |C|T|VY | ®| X |OHD|U

[udporoii
SKBUBAJICHT

13 |14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24

BykBa W |mW|5s || b | D || 9| (IPOBEN

Hudporoii
HKBUBAJICHT

25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 33
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Tabmuna 3.10
[ToncranoBka andasura it mrppoBaHus MOTUAT(PABUTHON 3aMEHOM
(xonmmyecTBO andaBuToB mHdppoTekcta K = 3)

Andasur .
OTKpBITOrO | A b B r i E | X | 3 n| nn,| K| J1
TEKCTa

1 2 3 4 3) 6 7 8 9 |10 | 11 | 12

AndaBut

mudpo-

TeKcTa 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45
67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78

Andasur

otkpeiToro| M | H | O | II P C T V] o | X || U
TEKCTa

13 |14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24

Andasur
mudpo-
TeKeTa 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57
79 18 |81 |8 8|8 |8 |8 |87/ |8 |8 |90
Andasut
otkpeitoro | III | Il | b | bI | b 2 | IO | A _ (ITPOBEJN)
TEKCTa
25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 33
Andasut
mudpo-
TeKCTa 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 66
91 1 92 | 93 |94 | 95 | 96 | 97 | 98 99

Anroputwm 3amudpoBanus: O + K =I1I.
Ecimn (O+K)>33,To II=0+K-33.
Ecmm (O +K) <33, 70 III=0+K.
Anroputm pacmudposanus: LI — K= O.
Ectu (II-K)>0,To O=1-K
Ecitun (II-K)<0,T0 O =33+ (III-K).
O — otkphiThi TekeT. K — kimtou. I — mudpoTekcer.
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3.4. Onucanue nporpammsl 1jst IBM

[Iporpamma 1mo3BOJSIET OCYLIECTBISATH MPOBEPKY TEOPETUUYECKUX 3HAHUM CTY-
JICHTOB, BbIJIaBaTh BApUAHTHI 33aJIaHU U TIPOBEPATHh MPABWIBHOCTh PE3yJIbTAaTOB 3a-

mmdpoBaHus U pacmupoBaHUS TEKCTa MO BCEM BapHWaHTaM 3amaHuid. Mms mpo-
rpammbl CRYPT,

3.5. Conep:xkanue oTueTa

1. llenp maGopaTopHO PabOTHI.

2. BapuanT 3a1aHusl.

3. McxomHbIie TEKCTHI U 3aJaHUS TI0 METO/IaM HX 3amu@poBaHus U pacmudpo-
BaHUS.

4. TlogpoOHble nmoscHeHus 3auppoBaHus U pacuiidpoBaHUs TEKCTOB.

5. BeiBogsI 1o pabdore.
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JlabopaTtopHasi pabGora Ne4

HccaenoBanue MeToaa KOMIBIOTEPHON cTeranorpadumn
JJISL 321U ThI HHpopManuu

4.1. Heanb padoThl

Uccnenosanue meTona 3aMeHbl MIAAIINX OUT, UCMIOJIB3YEMOTO B KOMITBIOTEP-
HOM cTeranorpaduu Ajs 3allUThl HHPOPMAITHH.

4.2. TeopeTuueckue cBeleHUs

4.2.1. OcHOBHbIE IOHATHS, TEPMHUHBI U ONpe/ieJIeHNs] KOMIIbIOTEPHOI
creraHorpaguu

Cmezanozpaghusa — 510 MeTOJ OpraHU3alUU CBsI3M (TIepeayu COOOIICHUN),
IIpU KOTOPOM CKpBIBAE€TCA CaMO Hajuuue CBA3M. B oTnmume ot kpuntorpaduu, rae
IPOTUBHUK TOYHO MOKET ONPEIENUTh, SBIETCA JIM MepeaBaeMoe COOOLICHUE 3a-
MHUQPOBAaHHBIM TEKCTOM, METOJbl CT€raHOrpa(uu MO3BOJSAIOT BCTpauBaTh CEKPET-
HbI€ COOOIICHUS B OTKPBITHIE MOCIAHUS TAKUM 00pa30M, 4YTOObI OBLIIO HEBO3MOKHBIM
3aI10/103pUTh CYIIIECTBOBAHHWE CAaMOT0 BCTPOCHHOTO Tocaanus [1, 2].

Takum oOpa3zoM, eciau 1elb KpunTorpaguu cocToUT B OJIOKMPOBAaHUN HECAHK-
IIMOHUPOBAHHOTO JOCTyNa K HHPOpMAIMH IMyTeM MUGPOBAHUS COACPIKAHUS CEKPET-
HBIX COOOIIEHUH, TO 11eJIb CTeraHorpauu — B CKPBITUHU caMoro ¢akTa CyIlecTBOBa-
HUSL CEKPETHOTO COOOIICHUSI.

[Ipu HeoOxogumocTH 00a crioco0a MOryT ObITh OOBEAMHEHBI M UCIIOIB30BAHbI
JUTs TIOBBIIEHUS A (HEKTUBHOCTH 3alTUTHI HH(POPMAITUH.

CnoBo «cmezanocpaghus» B TEPEBOJIE C I'PEYECKOT0 O3HAYAET «TalHOMMCH))
(«steganos» — cekper, TaitHa, «graphy» — 3amucs). K He#t 0OTHOCHTCS 0O0JIBIIIOE YK CITO
CEKPETHBIX CPEJCTB CBSI3U, TAKMX, KaK HEBHJMMbIE YEpHUIA, MUKPO()OTOCHUMKH,
YCIIOBHOE PAcCIOJIOXKEHHE 3HAKOB, CPEACTBA PAIMOCBA3M Ha IUIABAIOIIMX YACTOTAX U
T. 1.

Pa3BuTHe BHIYMCIUTEIHLHOM TEXHUKHU W HOBBIX KaHAJOB Iepenadn uHQopMma-
IIUH TIPUBEJIO K MOSBJICHUIO HOBBIX METOOB CTeraHorpaduu, B OCHOBE KOTOPHIX Jie-
XKaT OCOOCHHOCTH TpEACTaBICHUsI NHOOPMAIIUKA B KOMIBIOTEPHBIX (aiinax, BeIYHC-
JUTENBHBIX CETAX W T. M. DTOT BUJI CTEraHorpaduu MoJy4usl Ha3BaHUE KOMNblomep-
HOU cme2anozpaguu.

KomnreroTepHas creranorpadust 6a3upyercst Ha 08YX OCHOBHbIX NPUHYUNAX.

Ilepewuii npunyun 3aKkino4aeTcs B TOM, 4To ¢aiiibl, cogepaume onudppoBaH-
HOE M300pa’KEHUE WIIH 3BYK, MOTYT OBITh 10 HEKOTOPOW CTENEHU BUIOU3MEHEHBI 0e3
noTepu X (QYHKIMOHATHLHOCTH B OTJIMYUE OT JAPYTUX THUIIOB JAHHBIX, TPEOYIOITNX
abCOIIOTHON TOYHOCTH.

Bmopou npunyun 3akioyaeTcsi B HECIIOCOOHOCTH OPraHOB YYBCTB U€JIOBEKa
pa3nnyuaTh HE3HAUYUTEIbHBIC U3MEHEHUS B LIBETE M300paKCHUS UM KA4eCTBE 3BYKA.
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OTOT NPUHIAN OCOOCHHO JIETKO MPUMEHATH K M300paXEHUIO WU 3BYKY, HECYIIEMY
H30BITOYHYIO HH(POpPMAIIHIO.

Tak kak KOMIBIOTEpHAs CTEraHoOTrpadus SBISIETCS MOJIOJBIM HAMpPaBICHUEM B
o0JnacTu 3aMThl THGOPMAIIMK U 0 HEIABHETO BPEMEHU HE UMeEJia CBOCH TEPMHUHO-
norud, To B 1996 1. 66110 NpeI0KEHO UCTIOIB30BATh EIMHYIO0 TEPMUHOJIOTHIO.

Cmezanozpagpuueckasa cucmema Wi cme2ocucmema — 3TO COBOKYITHOCTb
CPEIICTB M METOJIOB, KOTOPHIE UCHOJIB3YIOTCS sl (POPMHUPOBAHUS CKPBITOTO KaHaja
nepenaun uHbopmaruu. [Ipu MOCTPOECHUU CTETOCUCTEMBI  JOJKHBI YUYUTHIBATHCS
CIEIYIOLINE TTOJ0KEHUS:

— METOJIBI CKPBITUS JOJDKHBI OOECIeUYMBATh AYTEHTUYHOCTh M IEITOCTHOCTH
nH(pOpMaI, B KOTOPOI CKPBIBACTCS COOOIIICHHE;

— MPOTHBHUK MMEET MOJIHOE MPEACTABICHHE O CTeraHorpau4eckoil cucreme
U JeTaisix ee peanusanuu. EnuHCTBeHHON WHGOpMaluei, HEeM3BECTHOW MOTEHIU-
aJTbHOMY IIPOTUBHUKY, SABJISETCA KJIIOY, C TOMOIIBIO KOTOPOI'O TOJBKO €r0 AEPKATEIh
MO>KET YCTaHOBUTH (DaKT MPUCYTCTBUS U COJIEPKAHUS CKPBITOTO COOOIIEHUS;

— €CJIM MPOTUBHUK KAaKUM-TO 00pa3oM y3HaeT O (aKTe CyIIeCTBOBAHUS CKPbI-
TOTO COOOIIEHHUS, TO 3TO HE JOJKHO MMO3BOJIUTH EMY U3BJIEUYb CKPBITYIO HH(POPMALIKIO
U3 IPYTUX JAHHBIX JI0 TE€X MOp, MOKA KIII0Y XPAHUTCS B TallHE;

— MOTEHIMATBHBIA MPOTUBHUK JOJKEH OBITh JIUIIECH KaKUX-IMO0 TEXHUYECKUX
Y MHBIX NIPEUMYIIECTB B PACIIO3HABAHUU WJIM PACKPBITUU COJEPKAHUS CKPBITBIX CO-
oOLIeHU .

CrpykTypHas cxema CTETOCHCTEMBI NIPEICTaBIeHa Ha puc. 4.1.

Kuntou Kunrou
Konrelinep l l Konreiinep
o EEEEE——
BerpanBaemoe | Berpamsamme | CTerokaHan | Hspmeuenne
coo01eHne R > Coobmienue
OTnpaBuTenh [Torygarens

Puc. 4.1. CtpykTypHasi cxeMa CTerOCUCTEMBbI

Coobuenue — 310 mobast nHopmanus, Mojiexailas CKpelToi nepenaye. B
KauyecTBEe COOOIIEHUSI MOXKET HCIOJIb30BAThCS JIFOOOMW BHUJI MH(MOpPMAIUMU: TEKCT,
n300paxeHue, ayJuoCUrHali.

Bcmpoennoe (ckpvimoe) coobuienue — 310 cooOlleHHe, BCTPOSHHOE B KOH-
TEUHEP.

Konmeiinep — »1o nrobast uapopManusi, IpeaHa3HAYCHHAs 1 CKPBITUS CO-
oOmienus. BeiOop BuJa KOHTEHMHEpa OKAa3bIBAET CYIIECTBEHHOE BIUSHUE HA HAICK-
HOCTBh CTETOCHCTEMBI M BO3MOXXHOCTh OOHApyKeHus (akTa mepeaadud CKphITOTO CO-
obmenus. [lo pazmepy (MPOTSHKEHHOCTH) KOHTEHMHEPHI MOKHO pa3eliuTh Ha JBa TH-
a: Henpepwvighvle (NOMOK08ble) U 02PAHUYEHHOU ((DUKCUPOBAHHOU) ONIUHDL.
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OCOOEHHOCTBIO HOMOK06020 KOHMeUHepa SBISETCS TO, YTO HEBO3MOYKHO
OTPENICTUTh €ro Havajao U KoHell. B TakoM koHTelHepe OUThl HH(OpMAIUK, UCTIOJIb-
3yeMble NIl CKPBITUS COOOIIEHUS, BKIIOYAIOTCS B OOIIMN MOTOK B peaibHOM Mac-
mTabe BPEMEHU U BHIOUPAIOTCS C MOMOIIIBIO CIIEIIMAIBHOIO TeHEPaTopa, 3a1at0IIEero
pacCTOSTHUSI MEX]ly HUMH. B HempepbIBHOM IMOTOKE JAHHBIX camas OoJjblias Tpya-
HOCTB JIJIS TIOJTy4YaTessl — ONPEJEINTh, KOr/la HAYMHACTCSl CKphIToe coobtienue. [Ipu
HaJMYUU B MMOTOKOBOM KOHTEWHEPE CUTHAJIOB CHUHXPOHU3AIMU WJIM TPAHUI] NIAKETa,
CKPBITOE COOOIIIEHNE HAUMHACTCS cpa3y MOocje OJHOTO U3 HUX. B cBOIO ouepenn, s
OTIIPaBUTEINS COOOIIEHUSI BO3MOKHBI MTPOOJIEMBI, €CIM OH HE YBEPEH B TOM, YTO TO-
TOK KOHTEWHepa OyIeT JOCTaTOYHO JUIMHHBIM JIJIsl pa3MEUIECHHUS BCETO COOOIICHHUS.

IIpy ncnonp30BaHNN KOHmMeEUHEpa 0ZPAHUYEeHHON OUHblL OTIIPABUTEND 3apa-
Hee 3HaeT pasMep ¢aiiga W MOXET BhIOpaTh CKPBHIBAIOIIUME OWTHI B TIOIXOJSIICH
IICEBJOCIYYaHON MOCHEA0BAaTENbHOCTU. C OPYrom CTOPOHBI, TAKWE KOHTEUHEPHI
UMEIOT OIPaHUYEHHBIN 00bEM U BCTPAUBAEMOE COOOIIEHUE WHOTA MOXKET HE MOoMe-
CTUThCS B (pailii-koHTeiHep. Jpyroil HEQOCTATOK 3aKIIOYAETCSI B TOM, YTO PaccTos-
HUS M@Ky CKPBIBAIOIIMMHU OUTaMH PaBHOMEPHO pacCHpeiesieHbl MexAy Hauboliee
KOPOTKUMU U Hanbosee NIUHHBIMU 33JJaHHBIMH PACCTOSHUSMHU, B TO BPEMs KaK HC-
TUHHBIN CIy4allHBIA IIyM OYJET MMETh SKCIOHEHIIMAIbHOE pPACIpECTICHUE JJIHH
uHTepBana. [Ipy He0OXOAMMOCTH MOKHO 33JaTh MICEBOCTyYaliHble 3KCIIOHEHI[UAIb-
HO pacripeieNEéHHbIE YUCIIa, OJHAKO TOT MyTh Haubosaee Tpyaoemkuil. Ha npaktuke
Yalie BCEro MCIOIb3YIOTCS KOHTEHHEpbl OrPAHMYEHHOM NIJIMHBI Kak Haubosee pac-
IPOCTPAHEHHBIE U TOCTYITHBIE.

Bo3MOXHBI cnenyrommue BapuaHnTbl KOHTEMHEPOB:

— KOHTEUHEDP I'eHEPUPYETCS CaMOW CTETOCUCTEMON. TaKoW MOJIXO0[ HAa3bIBACT-
Csl KOHCmpyupyruwieil cmezanozpagueit;

— KOHTEHHEp BBIOMpAETCs M3 HEKOTOPOTO MHOXXECTBA F'€HEPUPYEMBIX CTETO-
CHCTEMOM KOHTEMHEpPOB. TakoM IMOJIXO/I HA3BIBACTCS Ce1eKMUpyrouieil cmezanozpa-
Queit,

— KOHTEUHEpP MOCTYyNaeT U3BHE CTErOCUCTEMBI. Takoil MOaX0/1 Ha3bIBAETCS De-
3a1bMEPHAMUBHOU cmezanozpaguelil.

B 3aBucuMocTu or Buja WHGOpPMAIIUM, UCTIOJIB3YEMOW JIsi BCTPAUBAHUS CO-
OOLIeHNH, KOHTEITHEPBI MOTYT ObITh BU3yaJIbHBIE, 3BYKOBbIE U TEKCTOBBIE.

Bu3syanvusiit konmeithep ipencTaBisieT co00i KapTUHKY win Gotorpaduio, B
KOTOPOU JIsl BCTPAauBaHUsI COOOIICHUI UCIIOJIb3YIOTCSI HEOOIbIIINE U3MEHEHUS SIPKO-
CTH 3apaHee ONpPEEICHHBIX TOYEK pacTpa u300paxKeHusl.

36yK06011 Konmeiinep TIPpEICTaBIICT COO0N peyeBON WM MY3bIKAJIbHBIA CHUT-
HaJl, B KOTOPOM JJi BCTpauBaHUsl COOOIICHUI MCIOb3YIOTCS MiIailliie OUThI ayauo-
CUTHAJIa, YTO MPAKTUYECKHU HE OTPA’KAETCS HA KaUueCTBE 3BYKa.

Texkcmoegvlit KOHmelinep TPEICTaBISIET COO0N TEKCTOBBIA (haitn, MOAroToB-
JICHHBINA K TeYaT Ha IPUHTEPE, B KOTOPOM JIJIsl BCTPAUBaHUS COOOIICHUI UCITIONIb3Y-
I0TCS HEOOJBINE M3MEHEHMsI CTaHAApTOB MeyaTH (pacCTOSHUS MEXIy OyKBaMU,
CJIOBaMH U CTPOKaMH, pa3Mepbl OYKB, CTPOK U Ap.).

[Ipu BBIOOpPE TOTO MM MHOTO BHUJA KOHTEHiHEpa HEOOXOJUMO UMETh B BUIY,
YTO NpPU yBEJIMYEHUH 0O0bEMa BCTPAMBAEMOIO COOOIIEHHUS CHI)KAETCS HAIEKHOCTD
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CTErocucTeMbl (Ipy HEM3MEHHOM pa3Mepe KoHTelHepa). Takum 00pa3om, UCTIOB3Y-
€MBbIi B CTETOCUCTEME KOHTEHHEP HAKJIAAbIBAET OTPAHUYEHUS HA pa3Mep BCTpauBae-
MOT'O COOOIIIEHUS.

Ilycmoit konmeiinep — 3T0 KOHTeHEp 6€3 BCTPOSHHOT'O COOOIICHUSI.

3anoiHeH bl KOHmMeEelHep, U CMme20KOHmelHep — 3TO KOHTEUHED, coaep-
KAl BCTPOEHHYIO HH(OPMAIIHIO.

Cmezanozpagpuueckuit kanan (cmezoxkanan) — 3To KaHaj Mepeiadd CKPHITOTO
COOOUICHMUS.

Kntou (cmezoxniou) — 310 CEKPETHBIN KITFOY, HEOOXOAMMBIN JIJISI CKPBITHS CO-
oO1ieHusi. B 3aBUCMMOCTH OT KOJMYECTBA YPOBHEW 3alIUTHI B CTETOCUCTEME MOKET
OBITH OJIMH WJTH HECKOJIBKO CTETOKITIOUCH.

[To ananorum ¢ kpunrorpadueil Mo THUIMY CTETOKII0Ya CTETOCUCTEMBI MOApa3-
JEJSIIOTCS Ha JBA BUJA: C CEKPEMHbIM KIIOYOM U C OMKPLIMbIM KIIOYOM.

B crerocucreme ¢ cekpemmuvim Karouom UCNOJIB3YETCS OJUH KIIFOY, KOTOPBIA
JIOJKEH OBITH OIpeelieH IN00 10 Hayana 0OMEHa CEKPETHBIMU COOOIIIEHUSIMU, JIMOO
nepeaaH 1o 3allMIIeHHOMY KaHamly.

B crerocucremMe ¢ omkpwvimsim Kai04om s BCTPAUBAHUS M U3BJICUECHUS CO-
OOIIIEHUsT UCTIONB3YIOTCS pPa3Hble KIIOUM, Pa3Iiyie KOTOPBIX COCTOUT B TOM, YTO C
MOMOIIBIO BBIYUCIIEHUN HEBO3MOKHO OMPEAEIUTh OJUH K04 U3 apyroro. [loatomy
OJIUH KJItOU (OTKPBITHIM) MOXKET IepeaBaThCsa CBOOOIHO MO HE3aIIUIIEHHOMY KaHa-
Jy CBSI3U.

JIrobas crerocucTeMa JOJKHA OTBEYATh CJIETYIOIIUM TPEOOBAHUSM:

— CBOICTBa KOHTEHEpa HOJKHBI OBITh MOAM(DUUIMPOBAHBI TaKUM O00pa30M,
4TOOBI U3MEHEHHE HEBO3MOKHO OBLIO BBISIBUTH MTPU BU3YyaIbHOM KOHTPOJIE;

— CTErocoO0IIEHNUE TOHKHO ObITh YCTOMYMBO K MCKAKEHUSIM, KOTOPBIE MOTYT
MMETh MECTO TIPH €ro Tnepeaye, BKIoYas U pa3andHbie TpaHchopManmu (yMeHbIIIe-
HUE, yBeJIMUCHUE, MpeoOpa3oBanue B Apyroi gopmar, cxatue 6e3 norepu nHbopma-
WU, CKATHUE C TTOTepel nHPopMaIuu u T. 11.);

— JUI1 COXpaHEHUs EJIOCTHOCTH BCTPAMBAEMOTO COOOIICHHSI HEOOXOIUMO HC-
M0JIb30BaTh KOJbI C UCIIPABJICHUEM OIITHOOK;

— JIJIs1 TIOBBIIICHUS HAJIC)KHOCTH BCTPAUBAEMOE COOOIICHHE JOHKHO OBITh MPO-
nyOaupoBaHo [2].

4.2.2. MeToabl KOMIILIOTEPHOM cTeraHorpagum
4.2.2.1. Knaccudukauus MeTo10B

Metoasl KOMIIBIOTEPHOUM cTeraHorpaduu MOXHO pa3AeiuTh B II€JIOM Ha JiBa
BUJIA:

— METO/]Ibl, OCHOBAaHHbIE Ha H30BITOYHOCTH BU3YaJIbHON U ayIMOMH(GOpMAITUH;

— METO/[bl, OCHOBAHHBIE HA HCIOJb30BAHUU CIEIHATBHBIX CBOWCTB KOMIIbIO-
TEPHBIX (HOPMATOB.

Memoowl, ochoeannvle Ha UZOBIMOYHOCHU GU3YATbHOU U AYOUOUHPOPMa-
yuu 18 CKpeITUS WHGOPMAIIMK MCTIONB3YIOT MIIAIIINE Pa3psaabl MUGPOBBIX OTCUE-
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TOB LU(POBOTr0 M300paKEHUSI M 3BYKa, KOTOPbHIE COAEPKAT OUEHb MaJIO MOJE3HOU
uHdopmaruu. VX 3amosiHeHHe JOMOJHUTENIbHOW WHGpOpMAaIMell MPaKTUYEeCKH He
BJIUSIET HAa KA4€CTBO BOCTIPUATHUSA, YTO M JAE€T BO3MOKHOCTb CKPBITHS KOH(PUIACHITU-
abHOU MH(MOpMaIu.

[IpeumyiiecTBOM 3TUX METOAOB SIBISIETCS BO3MOXKHOCTb CKPBITOM Tepenayu
0ompIIoro o0beMa HHGOPMAIMU U BO3ZMOXHOCTH 3alUThl aBTOPCKOIO MpaBa MyTeM
CO3J]aHUsl CKPBITOrO0 M300pakKeHHUs] TOBAPHON MapKu, PETUCTPALIMOHHOIO HOMEpa U
T. M.

Henoctatok MeTona COCTOMT B TOM, YTO 33 CUET BBEJIECHHUS JOMOJHHUTEIBHON
uHGOPMAIIUU MCKAXXKAIOTCSI CTATUCTHUECKHUE XAPAKTEPUCTUKH IU(GPOBBIX MOTOKOB.
JlJis CHIDKEHUSI KOMIIPOMETHUPYIOIIUX MPU3HAKOB TPEOyETCs] KOPPEKIUsI CTaTUCTHYe-
CKHX XapaKTEpUCTHUK.

Memoobt, 0cHO6aAHHbBIE HA UCNONL306AHUU CHEUUATbHBIX CEOUCME KOMNb-
10mepHvIX hopmamog, NensATCS Ha:

— METOJbI HUCIOJIb30BaHUS 3aPE3EPBUPOBAHHBIX IJISI PACIIMPEHUS MOJIEH KOM-
MBIOTEPHBIX (POPMATOB JTAHHBIX;

— METOJIbI CHEIUATBHOTO (POPMATUPOBAHUS TEKCTOBBIX (PailsioB;

— METOJbI CKPBITUSI B HEUCIIOJIB3YEMBIX MECTAaX KOMITAKT-IUCKOB;

— METO/Ibl UCTIOJIb30BaHUSI UMUTUPYIOMUX (HYHKIIHIM;

— METOJIbl YJaJeHUsI UACHTU(DHUIIUPYIONIETO (paiiil 3arojoBKa.

Memoobt ucnonv3o6anus 3ape3epeuposanHnvix 0131 pPACUWIUPEeHUA hoJieil
KOMNbIOMEPHBLIX (hopmamoeé OAHHbIX OCHOBAHbI HAa TOM, YTO MHOTHE MYJbTHME-
TuiiHbIe (DOpMAThl UMEIOT TMOJISI PACIIMPEHHUSI, KOTOPbIE 3aNOJIHAIOTCS HYJIEBOW HH-
dbopmalyeil 1 He YUYUTHIBAIOTCA MpOorpaMMoil. B 3Ty moms u 3anuceiBaeTcs CKpbiBae-
Masi nH(popmanus.

Memoowt cneyuanvnozo gopmamuposanus mekcmogvix (Pailiioé B CBOIO
ouepesp AeNATCs Ha:

— METO/IbI UCITIOJIb30BAHUS U3BECTHOTO CMELIEHUS CTPOK, CJIOB, MPEIJI0KEHHM,
a03al1ieB;

— METOJIbI BEIOOpA OMpeneNEHHBIX MO3UIINN OYKB;

— METOJIbl HCIIOJb30BaHUS CIICLUATBHBIX CBOMCTB, HE OTOOpakaeMbIX Ha
sKpaHe noJielt opmaTos.

MemoOobl ucnonb308anus U36eCMHO20 CMeEWeHUs CMPOK, C108, NPeodlodiCeHuUll,
ab3ayes OCHOBAHbI HA U3MEHEHUU TMOJIOXKEHUSI CTPOK M PACCTAHOBKH CIIOB B IIPEJIO-
KEHUU, 4TO 00ECIIeYNBAETCA BCTABKOM JOMOIHUTEIBHBIX MPOOEIOB MEXAY CIOBaMHU.

Memoowbl 8vlbopa onpedenieHHbIX no3uyull OyKe UCTIOJIb3YIOT IPUHIUIT H)1e60-
20 wugpa. Akpocmux SIBASETCS YaCTHBIM CIIy4aeM 3TOr0 METOJa, KOrja, HalpuMep,
HavyaJbHbIE OYKBBI KOO CTPOKU 00Pa3yIOT COOOIICHUE.

Memoowvl ucnonvzosanusi cneyuarbHLIX CBOUCMS, He OMmMOoOPaANCAeMbIX Ha
9Kpaue noneu ¢opmamos, OCHOBaHbI Ha UCIIOJIb30BAHUU CIIELUATBHBIX CKPBITHIX IO~
JIeH JIJ1s1 OpTaHU3aIlii CHOCOK M CCHUIOK, HAIIPUMEP MCIOJb30BaHUE YEPHOTO MIpH -
Ta HA YepHOM (OHE.
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Memoowvl cKpblmusa 6 HeUCnONb3YeMbIX MECMAX KOMNAKM-OUCKO8 OCHOBAHbI
Ha TOM, YTO CKpbIBaeMas MH(OpMAaIUsl 3alHUChIBACTCI B OOBIYHO HEUCIIOIb3YEMbIX
MeCTax JIMCKOB (HalpuMep B HYJIEBOM JOPOXKKE).

Memoobt ucnonv3osanus uMumMupPyOUWUX YHKYUI OCHOBaHbI HAa TEHEPALIUH
OCMBICJIEHHOTO TEKCTa, CKPBIBAIOILETO HH(DOpMAIHUIO.

Memoowt yoanenus uoenmuuuyupyrouieco ¢aiii 3a20,106Ka OCHOBaHbI Ha
TOM, YTO CKpbIBaeMmasi “HpopMalus mudppyercs U B HeM yJaisieTcsi UAeHTUDULINPY-
IOIIMI 3ar0JIOBOK, KOTOPBIN 3apaHee U3BECTEH MOJIb30BATENIO.

[Ipenmy1iecTBOM 3TUX METOJIOB SIBJISIETCS MPOCTOTA UX pealid3alliu, a HeJllo-
CTaTKOM — HU3Kas CTETICHh CKPBITHOCTH | TIepeIada HeOoIbIux 00beMoB nH(pOpMa-
uuu [1].

4.2.2.2. Metoa 3aMeHbI MJIAJIINX OUT

OnHuM u3 Hanbosiee paclpOCTPAHEHHBIX METOJOB CTEraHorpauu, UCIoIb3y-
IOUINX NCUXO0(U3NUECKHE OCOOCHHOCTH YEI0BEKa, SBJISETCS METO] 3aMEHbI MIIaAILINX
our undpopmanuu, win LSB-meron (Least Significant Bits). PacnpoctpanéHHOCTD
3TOro MeToja 00ycioBleHa (PYHKIHMOHAIBHON MPOCTOTOM, OOJBIION EMKOCTBIO M
BBICOKOM CTEIIEHBIO 3alIMIIEHHOCTH OT CTeroaHanusa [3].

CyTb MeTOJ1a COCTOUT B 3aMEHE HECKOJIbKUX MJIAJIIMX OUT B OalTax JAaHHBIX.
OH npumeHsieTcs B rpaguueckux ¢aiinax, UCIOoJIb3YIOMHMX ISl POPMUPOBAHUS LIBETA
KaKJIOTO 3JeMEHTa M300pakeHUs (MHMKCeNa) 3HAYEHUS HEKOTOPBIX COCTABJISIOIINX
(HanmpuMep, 3HAYEHMSI COCTABJISIOLIMX OCHOBHBIX LIBETOB — KPACHOTO, 3€JIEHOTO U
CUHET0), WM B 3BYKOBBIX (pailax, UCMONb3YIOUIUX 111 (OPMUPOBAHUS 3ByKa 3HAUe-
HUS TUCKPETU3UPOBAHHBIX aAMILIUTY/]] CUTHAJA.

[Ipu oundpoBke n300pakeHUs] WIM 3BYyKa BCEr/la CYHIECTBYET MOTIPELIHOCTD
IUCKPETU3alMH, KOTOpasi OOBIYHO HAXOAMUTCS Ha YpOBHE MJI/ILIET0 3HaYaIlero ouTa.
DTO0 3HAYUT, YTO (PAKTUUECKH HEU3BECTHO, YTO OyAET CTOATh B MJIAJIIEM 3HayalleM
paszpsiie HUppPOBOTO MpeACTaBICHUS 1IBETa WK 3ByKa. [103TOMy IpH 3aMeHe TOJIbKO
CaMOTO MJIAJIIIErO 3HAYaIEero OuTa rOBOPUTh O KaKOM-JIMOO MCKaKEHUH M300paxe-
HUSl WM 3ByKa HE MMeeT cMbiciaa. OJHaKo MpH 3aMEHE TOJbKO OJHOTO MJIAIIEro
OuTa Takoil METOJ MMEET JOCTATOYHO Malyl €MKOCTh, mopsaka 10 % ot obobema
(aitna-koHTeiHEepa, MOATOMY Ha MPAKTUKE UCTIOIB3YIOT 3aMeHy 0oJiee 0JJHOTo OuTa.

PaccmoTpuM ucnonp30BaHuE JTaHHOTO MeToja Ha mpumepe dopmara BMP
(BitMaP), xpamnsiero u3oopaxenue B True Color (ecTeCTBEHHBIX LBETaX) U SIBJISIO-
IIErocsi OCHOBHBIM (popMaToM pacTpoBoii rpaduku s cuctembl Windows. Takwue
rpaduueckue ¢aiasl uMeroT pacimupenue BMP, oqHako HeKoTOpble U3 HUX MOTYT
umeth pacmupenue RLE (LEnth encoRding), uro yka3siBaeT Ha TO, YTO MPOU3BEIC-
HO C)KaTue pacTpoBoi nHbopmaluu, xpansiuieiics B ¢aine BMP-dopmara.

B ¢aiinax BMP urdopmanus o 1iBete KaKI0ro MUKCena 3a1aeTcs Tpems Oai-
tamu (1 Gaiit = 8 OGutam). Kaxxapiii 6aiiT coaep>KUT OHY W3 TPEX COCTABIISIFOIITUX
nseta RGB: kpacuyo (Red), 3enenyro (Green) u cunioro (Blue). IHTeHCHBHOCTB
KaXJI0M COCTaBJIAIOIEH JICKHUT B peaenax oT 0 1o 255, T. €. Kaxaas COCTaBIISIONIast
uMeer 256 OTTEeHKOB. Bapbupys MHTEHCHMBHOCTbH KaKIOH COCTaBIIAIOLICH, MOXHO
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N3MCHATDH UBCT OT YCPHOI'0, KOrga THTCHCHUBHOCTDb BCEX COCTABJIAIOIINX paBHA HYIIHO,
0 6€JIOFO, Koraga MHTCHCHBHOCTL BCCX COCTABJLIIOIIMX MAaKCHUMaAJIbHA. HpI/I IIpoOMC-
KYTOYHBIX KOM6I/IH3HI/IHX 3HAYCHUH COCTaBJAIOMINX 6y,ZIYT IMOJIY4aTbCsA PaA3JIMYHBIC
XPOMATHYCCKUC (HBCTHLIC) OBCTa U OTTCHKU.

MakcuManbHOE KOJUYECTBO BO3MOKHBIX OBCTOB COCTABJIACT oonee 16 mum.
OI[HEIKO CICcAyCcT UMCTb B BHUAY, YTO IJIa3 YCJIIOBCKaA criocobeH pa3iindaTtb TOJIBKO
0K0J10 4 ThIC. OBCTOB. I[JISI KOOAUPOBAHUA TAKOT'O KOJHWYCCTBA IBCTOB AOCTATOYHO

Bcero 4 outa (log: 34000 = 4).

Pa3zmep ¢aiina nzo0pakeHus: HaIPsIMYIO 3aBUCUT OT YKCJIa ITUKCEIOB U TOYHO-
CTH TIpejcTaBieHus 1BeTa. Tak, 8-pa3psaHoe (1 6aiiT) iBeTHOE U300pakeHHne pa3me-
pom 640x480 mukcenoB Oyaer 3anuMarh 300 KoaiitoB (640x480x1 OGaiit), a 24-
pazpsiaHoe u300pakeHue pasmepom 1024x768 nukcenoB 3aiiMer yxe 2,25 MoOaiit
(1024x768%3 Gaiir); (1 Kbaiir = 21° = 1024 Gaiit; 1 M6aiir = 21° = 1024 K6aiir).

CreneHb YNakOBKH HECYILIEro M300pa)K€HUS 3aBUCUT OT TOrO, CKOJBKO OUT
MJIQIIINX Pa3psiioB B OAHOM OalTe UCHOJIb3YETCA ISl CKPBITHS MH(POPMALIHH.

[Ipu ucnons3oBanuu 1 Outa Ha OalT rpaduyeckoil HHGoOpMaLKH, T. €. 3 Outa
Ha MHKCEN, IJIs YINAKOBKM OJHOTO CKpbhIBAEMOro OaiiTa HMCIOJIb3YyeTCs 3 MUKCena.
CreneHb ynakoBKH cocTaBisieT 1/9 (ckpbiBaeMble OMTHI IPEACTABICHBI €AUHULIEH U
BbIJIEJICHBI TIOJTY>KUPHBIM HIPUPTOM):

R G B

(1 Gaiir) (1 Gaiir) (1 Gaitr)
00000001 00000001 00000001 1 muxcen (3 Gaiira)
00000001 00000001 00000001 1 muxcen (3 Gaiira)
00000001 00000001 00000001 1 muxcen (3 Gaiita)

[Ipu ncnonb3zoBanuu 2 OUT Ha OaiT rpaduyeckoil UHPopManuu, T. €. 6 OUT Ha
MUKCeJl, JJI1 YIaKOBKH OJHOTO CKpbIBaeMoro Oaita mcnoiib3yrorcs 2 nukcena. Cre-
NeHb YMaKOBKH cocTaBisieT 1/6:

R G B

(1 Gaitr) (1 Gaitr) (1 Gaitr)

00000011 00000011 00000011 1 mukcen (3 Gaiita)
00000011 00000000 00000000 1 mukcen (3 Gaiira)

[Tpu ucnonp3oBanuu 3 OuT Ha OalT rpaduueckoil MHGOPMAITMN MOXKHO yIa-
KOBaTh 9 OUT HA MUKCEN, HO JJI CKPBITHUS OJHOTO OaiiTa uCcrob3yeTcst 8 OUT Ha MUK-
ces. CreneHp yrakoBKH cocTaBiser 1/3:

R G B
(1 Gaitr) (1 Gaitr) (1 Gaitr)
00000011 00000111 00000111 | nukce (3 Gaitra)

58



[Tpu ucnonb3oBanuu 4 OuT Ha OGallT rpaguueckoi MHGOPMALIMKU MOXKHO yTa-
KOBaTh 12 OUT HA MUKCEN, HO JUIsl CKPBITUS OAHOro OaifTa ucmoyib3yercs 8 OUT Ha
nukcen. CTerneHp YIakoBKU cocTaBisgeT 1/3:

R G B
(1 Gaiir) (1 Gaiir) (1 Gaiir)
00001111 00001111 00000000 1 muxcen (3 Gaiita)

Ecnu st 3amucu ckpbiBaeMoil HH(POpMAIMK HCTIONb30BaTh 4 MiIaamux Oura
Ha Kbl 0aiiT 6J0Ka JaHHBIX, TO MAaKCUMaJIbHOE UCKa)XEHHE I[BETA MPHU 3TOM CO-
craBuT 6,25 % (24/28 = 16/256 = 0,0625). IIpu ncrnons3oBaHuK 24-pa3psagHOro U300-
pakeHus, KOTOpPOE IIMPOKO MPUMEHSETCS JUIsl ONMCaHMsl LBeTa cTpaHull B Internet B
dopmare HTML (Hyper-Text Markup Language), 3To uckaxenue OyaeT eiie MeHb-
1€ ¥ COCTaBUT Beero 9,53-10°% (24/2%4 = 16/16777216 = 0,953-107).

Takue nckaxkeHus: B M300pakeHUM OYyT MPAaKTUYECKU HE3aMETHBI JUIs TJiasa.
OpHako mpu CKpHITUM MH(POPMAaLKU B TpapUuecKoM H300paK€HUH HEOOXOAMMO
YUUTBIBaTh, YTO YYyBCTBUTEJIBHOCTH IJla3a K Pa3IMYHBIM COCTABJSIOLIUM IIBETa He-
OJIMHAKOBa. Tak, K 3€JICHOMY CHEKTpY IJ1a3 0oJjiee YyBCTBUTENEH, YEM K KPAaCHOMY U
cu"emy. [loaToMy Al MPaKTUYECKOTO MUCTIOIB30BAHUS JAHHOTO METOAAa PEKOMEHIY-
€TCSl CKpbhIBAaTh B KPACHOM M CHMHEH COCTaBJsIOLIEd 1o 3 OuTa, a B 3€JI€HOM COCTaB-
nsroeld 2 oura uHpopMauuu. B 3TOM ciyyae B OAHOM NMHKCENe U300paXKeHUs MO-
KET XPAHUTHCS OAMH OANT CKpbIBa€MOM MH(OpMaLUMU U €€ 00beM MOXHO OIpe[e-
JUTH IO popMyiie

V=WH, (4.1)

rae W — mupuna u3o0pakeHus: B TUKCeNax;
H — BeIcOTa M300paskeHusl B TUKCETaX.

[Tone3nast EMKOCTB MpHU 3TOM cocTaBJsieT nopsiaka 30 %.

CrnenyeTr OTMETUTh, YTO pPEaIbHO MCKaXKEHUS M300paxKeHusi OyayT elé MeHb-
1€, TaK KaK MEHSIOTCS TOJIbKO T€ OMThI, KOTOPbIE HE COBMAAAIOT C OUTAMH CKpbIBae-
Mo# uH(popMauuu. Tak, s CKpeITHS JeBATH OUT NaHHbIX, Hanpumep 101101101, B
24-pa3psiAHOM H300paKEHUU HEOOXOIUMO U3MEHUTh MakCUMyM 3 miukcena (9 6aiT).
[TycTh 3 nukcena 24-pa3psaIHOTO U300paKEHUS NPEJCTABICHBI B CIEAYIOIIEM BUJE:

R G B
(1 Gaiir) (1 Gaiir) (1 Gaiir)

10010101 00001101 11001001 1 nukeen (3 Gaitra)
10010110 00001111 11001010 | nukcen (3 Gaitra)
10011111 00010000 11001011 | nukcen (3 Gaitra)
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Mensis MiTaammi paspsl CIEBA HANPABO M CBEPXY BHU3, MOJIYYAEM CIIEAYIO-
U pe3yabTaT (M3MEHEHHbIE Pa3psiibl BBIACICHBI OTY>KHUPHBIM HIpUPTOM):

R G B
(1 Gaiit) (1 Gaiit) (1 Gaiit)
10010101 00001100 11001001 1 nukcen (3 GaiiTa)
10010111 00001110 11001011 1 mukcen (3 Gaiita)
10011111 00010000 11001011 1 mukcen (3 Gaiita)

Taxum o0OpaszoM, Ui CKpBITHS 9 OUT NaHHBIX MOTPEOOBAIIOCH 3aMEHHUTH BCETO
4 6uTa TOJBKO B 2 MHUKCENAX UCXOJHOTO M300pakeHus, 4To cocrasiseTr Menee 50 %
MITQJIIINX Pa3psI0B, UCIIOJIb3YEMBIX I 3TOU LEIH.

Taxoii ke MeToa MOYKHO MCHOIb30BaTh U JUISL CKPBITUS MH(OPMALIUU B YEPHO-
OeJbIX U300paKEeHHSIX.

2.2.3. MeTtoa 3aMeHbI IBETOBOM NMAJIUTPbI

MeToi OCHOBaH Ha HCIIOJIb30BaHUU clienuuueckux ocoOeHHocTel ¢dopmara
(aila-KOHTEHEepa U MpeIHa3HAuEeH I CKPBITHS TEKCTOBOW MH(OopManuu B rpaduye-
CKuX (pailyiaX, HCIOJIb3YIOUIMX LBETOBbIE MNANMUTPbl. Takumu QailiaMu  SBISIOTCS,
Harpumep, ¢aitiel BMP, PCX u GIF [3].

[TamuTpa npeacraBisieT coO0M HEKOTOpOE YUCIIO Tpuaj O6atT (He Oosee 256),
KOTOpbIE OMHUCHIBAIOT IIBET TOYKH IO TOMY K€ NPHUHIMMY, 4TO W B (aiimax True
Color. 3a nmamuTpoii ciieayeT MacCHB OaiT, KakKIbli M3 KOTOPBIX OMHCHIBACT OJHY
TOYKY U300paKEHUS U COJIEPKUT B ceOe HOMED IBETa B MAIUTPE.

[Ipu ucnonb30BaHUM 3TOTO METOJIa B KaueCTBE KOHTEIHEpa cienyeT BhIOupaTh
(aiinbl, coepkallire HEKOTOPbIN BET B U30bITKe. Hampumep, 3To MOryT OBITH CXe-
MBI, PUCYHKH, TEKCT YEPHOTrO 1BeTa Ha O6enoM one. Takoe coueraHue BETOB SIBIS-
€TCsl ONTUMAJIbHBIM JIJIs1 peajn3alii TaHHOTO METOJIa, OJJHAKO MOKHO HCIIOJIb30BATh
U IpyTHE LIBETA.

B kauectBe mpumepa Bo3bMeEM H300pakeHHUE, cojaeprxkaliee YEPHbIA PUCYHOK
Ha O6esioM (pone. DoH 3aHMMAET OOJBIIYIO YaCTh U300paKeHUs, T. €. UMEETCST U30bI-
TOK O€JIOro IIBETA.

Bnauane coznaetcs andasur, coaepKaiinii CMHMBOJIbI, KOTOPbIE UCHIOIB3YIOTCS
B (aiine cooOmienus, HanpuMep Bce 33 OYKBBI pycckoro andasuta ot A 1o A, nuud-
pbl oT 0 10 9, cienuanbHbIe 3HAKU U 3HAKW MYHKTyallud — BCero 51 cuMBoII:

Kon 0O 1 2 3 4 ... 49 50
Camon A b B I' I ... % ;

Jlanee mpoBOAMTCS 3aMEHa LBETOB Mmanutpel. [iig storo mepBomy 51 nBery
NaJTUTPBI HA3HAYASTCS YePHBIN 1BET (I[BET pucyHKa). Crnemyromiemy 51 mBeTy maiuT-
pbl HazHauvaeTcs Oenblil nBeT (1BeT (oHa). Ecnu pucyHok coaepkut 3—5 1BETOB, TO
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MOYKHO IIEPEHA3HAYUTH CJIEAYIOIIME TPYIIIBI 10 51 1BETY B COOTBETCTBYIOIINE LIBETA.
Torna B HameMm ciaydyae U3MEHEHHAs MaJIUTpa IIBETOB OyJIeT UMETh B IIECTHA/ATH-
PUYHOM IPEACTABICHUM CICAYOLIUN BUI:

YepHbiil UBET

Kon 0 1 2 49 50
IIser 000000 000000 000000 .... 000000 000000

benwrit BeT

Kox 51 52 53 100 101
liger FFFFFF FFFFFF FFFFFF ... FFFFFF FFFFFF

YepHbIil IBET B JAHHOM ClIly4ae UMEET HYJE€BOM YPOBEHb, YTO ISl OJTHOTO Oaii-
Ta cooTBeTCTBYET 0 B iecsituuHon cucteme cuuciienus, 00000000 B nponynoit u 00 B
HIECTHA/IIIATEPUYHOM, a OBl IIBET UMEET YPOBEHb 255, UTO COOTBETCTBYET 255 B
necsituyHoi, 11111111 B nBouunoit u FF B mecTHaamatepuyHoil cucrteme cuuce-
Hust. st ckpeitust uHGopManuu OepeTcs rneppasi Touka H300paxeHus1, aHaTu3UpyeT-
Csl €€ MPUHAJICKHOCTD K OMPEAEICHHON IBETOBOM IPYIIIE, HAIPUMEP K TPYyNIE Yep-
HOTO IIBETA, 3aT€M ATOM TOYKE MPUCBAUBAETCSA KOJ TEKYIIEro CUMBOJIA W3 (paiiia-
COOOIIEHHUSI ¢ y4eTOM BBIOpaHHOM I[BeTOBOWM Tpymnmbl. Hampumep, mist cumBona b
YepHOU TOUKe OyAeT Ha3HAYEH LBET C KOJOM 1, a Oesoil Touke — UBET ¢ KOJOM 52.

O0BeM CKpbIBaEMOM 3TUM METOJIOM MH(OpMAIIMU OmNpeaeseTcs no Gopmye
(4.1). Meroa siBAsieTcsi caMbIM EMKHUM ISl CKPBITHS MHGOpMALMK B TpadHUuecKux
(aiinax ¥ MO3BOJISET OCTABIATH U300pakeHue 0e3 u3MeHeHu. Ero MoKHO UCIOJb-
30BaTh IS JIFOOOTO andaBUTa C YMCJIOM CUMBOJIOB He Oosiee 128.

Onnako uH(popMaIus, CKpbITas STUM METOJIOM, JIETKO BBISBIISETCS] CTATUCTH-
YECKUM aHAJIN30M, HApUMEpP MPOCMOTPOM THUCTOTpaMMbl rpaduyeckoro daiia B
penakrope Photoshop.

4.2.2.4. MeToJ COPTMPOBKH LIBETOBOI NAJIUTPBHI

MeTon oCHOBaH Kak Ha MCIOJIb30BAaHUM OCOOCHHOCTEH (hopMara KOHTEHHEpPA,
TaK U Ha UCIOJIb30BAHUH TICUXO(PU3NIECKUX 0COOCHHOCTEN BOCIIPHUATHS I[BETA YEIO0-
BeKoM. [Ipu 3TOM MeTo/ie B KauecTBe KOHTEHepa UCHOb3YIOTCS (Daliiibl C MHIEKCH-
POBaHHBIMM IIBETAMH, COJEPKAIIMMH MOHOXPOMHOE (O0OBIYHO Tpajallid Ceporo)
nzoopaxxenue. CyTb METOJIa 3aKJIIOYAETCS B CIIEUUAIBLHON MPpeABAPUTENIBHON MOATO-
TOBKe (haiiyia-KoHTeHepa [3].

[TanuTpa ¢aiina ynopsaouuBaeTcs TakuM 00pa3oM, 4TOObI LIBETA C COCETHUMU
HOMEpPaMHA MUHUMAJIBHO OTJIMYAJIUCh APYT OT APYra U paBHOMEPHO M3MEHSIUCH OT
YEpHOTO IIBETA JJIA HYJIEBOTO HOMEpa 0 Oenoro mBeta aisa 255-ro Homepa. [locie
ATOrO CKpbIiBaeMasi WH(GOPMAIIUsS 3aHOCUTCS B MIIAJIIIINE Pa3psIbl TOUCK H300pake-
HUs. To ecTh UCKaXKaloTCS HE CaMU IIBETa, a HOMEpa IIBETOB, HO Oyiaroaaps mpeBa-
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PUTEIBHO OTCOPTUPOBAHHOW NMAJIUTPE LIBET TOUKU 3aMEHSAETCS Ha ITOX0KUHM, KOTOPBIN
MPAKTUYECKU HEBO3MOKHO OTIMYUTH OT UCXOJTHOTO M3-3a UX MAJIOTO Pa3IMyus.
Nudopmanusi, CkpbiTas JTaHHBIM METOJIOM, TaKXe JIETKO BBISBISIETCS CpE/l-
CTBaMHM NMPOTPAMMHOT0 aHAJIU3a.
OrnucaHHbIe BBIIIE METOJBI HE YBEIUYHUBAIOT pa3Mep ¢aiia-KoHTeHHepa, HO
UX MPUMEHEHHE OTPAaHUYEHO PACTPOBBIMU (popMaTaMu, UCHOJB3YIOIMIUMH CKaTHE
nHpopMmaru 6e3 nmorepu kauectra, Hanpumep RLE- nim LZW-cxatue.

4.2.2.5. Metoabl koMnblOTepHOii cteranorpaguu B JPEG-daiinax

[[BeTHBIE M300paXkeHUs, TpeEACTaBIeHHBIE B IU(poBO (popme, mocTaTOUHO
BEJIUKH W 3aHUMAIOT OOJBIION 00BeM MaMATH (10 HECKOJIbKHX Merabait). [loatomy
JUI UX CXKaThs CYIIECTBYET psia meTroaoB. Tak, popmatet BMP u GIF ucnons3yror
aJITOPUTMBI CKaTHs 0e3 MoTepb, 00ECIIEYNBAIOIIUE TOYHOE BOCCTAHOBIEHUE MCXOJ-
HOTO n300paxkeHusi. CyIleCcTBYIOT TaK)Ke aJITOPUTMBI CKATUSI C TOTepel (MCKaKeHU-
em) uHpopMaruu. TakuM mpuMepoM MoxkeT ciyxuth ¢popmar JPEG (Joint Photo-
graphic Experts Group) [4].

B o0mem ciiyqae mMeToabl 00pabOTKU (C:KaThs) U300paKEHUH MOXKHO pasfie-
JUTh HA JIBE€ TPYIIIbBI: HenocpeocmeeHHble U cnekmpaivhule. 1Ipu MCTOIb30BaHUM
HEenocpeocmeeHHbIX Memooo8 0OpabOTKe MOABEPraloTCsl caMU UCXOAHbIE M300pa-
xeHus (mukcensl). CnekmpanbsHble Memoobl OCHOBAHBI HAa TIPUMEHEHUHU JUCKPET-
HBIX YHUTapHbIX npeoOpa3oBanuii dypre, Anamapa u ap. [Ipu sTom oOpadaTsiBaeTcs
HE UCXOJIHOE U300paKeHUe, a COOTBETCTBYIOLIME KO3 PUIIMEHTHI TpeoOpa30BaHuUs.

AnroputMm cxatus JPEG cocTouT u3 crieayromux 3Tanos:

— mpeoOpa3zoBaHUe U300paKEHUS B ONITUMAJIHHOE I[BETOBOE IIPOCTPAHCTRO;

— cyOaMcKpeTu3alys KOMIIOHEHTOB I[BETHOCTH TIOCPEICTBOM MX yCPEAHECHHUS;

— TPUMEHEHHE IUCKPETHBIX KOCHMHYCHBIX MpeoOpa3oBaHuil (Pa3HOBUIHOCTh
npeodpazoBanuii Oypre) 111 yMEHBIIEHNUS H30BITOYHOCTH JIAHHBIX U300paKeHNs,

— KBaHTOBaHHE KOA((PUIMEHTOB MpeoOpa3oBaHUs C MPUMEHEHUEM BECOBBIX
GbyHKIUNA, ONTUMU3UPOBAHHBIX C yU4eTOM (DPU3UOJIOTUYECKUX OCOOCHHOCTEHN 3pEHUS;

— KOAMPOBAaHUE JAHHBIX H300pakeHus (pe3yJIbTUPYIOMUX KOIPHUIIMEHTOB)
JUTSL yIaneHus: n30BITOYHOCTH HH(OpMAIMK ¢ TpUMeHeHueM anroputma Xaddmana.

Bo3moskHOCTE ucnonb3oBanus (HaiyioBeIX (HOPMATOB, IIOCTPOCHHBIX MO CXEME
cxatus JPEG, nnst ckpeiTust nHdopmanuu oOycaoBIEHA UX IMIMPOKUM paclpocTpa-
HEHUEM IPU XpaHEHUH U Tepeade rpapuaeckux n300paKeHN, B YaCTHOCTH B CETH
Internet.

B JPEG-¢aiinax MOryT HCMOJIb30BATHCS CIEAYIOIIME METOMbI CKPBITUS WH-
dbopmanuu:

— JIOTIMCHIBaHWE JAHHBIX CKPhIBAEMOM MH(GOpMAIIMK B KOHEI] (aiina;

— CKphITHE HH(OpPMAIIMK B KOCBEHHBIX JaHHBIX (paiinia;

— CKpBITHE HH(POPMAIIUU C UCTIOJIb30BAaHUEM TaOJIUIT KBAHTOBAHMUS;

— CKphITHE HHPOpMAIIUK MEXKIY OJIOKaMU JaHHBIX (aiiia.

Mertonpl ckpbiTusi uapopmanuu B JPEG-daiinax o01agar0T 10CTaTOYHO BHICO-
KOH CTENEeHbI0 3aIUIIEHHOCTH OT CTEroaHalin3a, Tak KaKk BO3MOKHOCTh BapbHUpOBa-
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HHA Ka4eCTBa CXAToro I/I306pa)KCHI/I$I B IIUPOKOM JHAITa30HC HC ITO3BOJIACT JICTKO
YCTAaHOBUTD, ABJIAIOTCA JIX BO3HUKAIOIIHWC B PC3YJIbTATC CXKATUA IMOTPCHIHOCTH CICI-
CTBHUCM CKPLITHA AJAHHBIX HJIN CJICIACTBUCM HCIIOJIB30BAHUS BBICOKHUX KOC—)(I)(i)I/IHI/IeH-
TOB KBAHTOBAaHU:.

4.2.2.6. KomnbrorepHasi creranorpagusi B PRN-daiinax

®aiinpl MeYaTH UBETHBIX TpadUUIecCKUX M300paXeHU Ha MPUHTEpax, MOAep-
YKUBAIOIINX TOUECYHBIA BBIBOJ, COJEPKAT OMCAHUE OMTOBOM KAPThI OTIIEYATKA.

[Iponienypa meyaru mpearnosiaraeT MmojiydyeHHe OUTOBBIX KapT OTIEYATKOB, KO-
IVpOBaHME MX Ha s3bIke ympasieHus npuntepom (PRN-¢aiinbl) U mepecbuiky Ha
IIPUHTEP JJI1 HENOCPEACTBEHHOIO MOJIyYEHHUsl OTreyaTka. B 3ToM ciayyae B KayecTBe
KOHTEWHEepa CTErOCUCTEMBI MOXKET OBITh UCIIOJIb30BaHa OMTOBAs KapTa oTreyarka [S].

CTpyKTypHass cxema CTErOoCUCTEMbl Ji CKpBITUA MHGOpMaluuu B OUTOBBIX
KapTax MpuBeJieHa Ha puc. 4.2.

Hcxonnoe buroBas
U300paKeHUE " KapTa ¥ OrtneyaTok
Monauduxanus
OUTOBOM KapThI

Puc. 4.2. CTpykTypHasi cxeMa CTerOCUCTEMBI ISl CKPBITUS UHPOpMAIlUU B
OMTOBBIX KapTax

Jo nonydyeHus: otneyaTka OMTOBasl KapTa MOJIUDUIMPYETCS TaKUM 00pa3oM,
9YTOOBI HE MO3BOJIUThH BBISIBUTH HAJTMYUE BCTPOCHHOTO COOOUICHUS BU3YyalbHBIM KOH-
TPOJIEM CaMOM KapThl U COOTBETCTBYIOIIETO €i oTnevaTka. Jst ckpbiTus nHbopMma-
IIMU B 3TOM CJIy4yae MPUMEHSETCS] OJIMH U3 METOJI0OB KOMITBIOTEPHON cTeranorpaduu,
OCHOBaHHBI Ha U30BITOYHOCTH JaHHBIX. B OWTOBBIX KapTax M30BITOUYHOCTH JAHHBIX
co3/1aeTcs 3a cueT OOJbIION BapMAaHTHOCTH B3aWMHOTO PACIOJIOKEHUS LIBETHBIX IIs-
TE€H BHYTPU OJHOTO M TOTO XK€ €IWHUYHOrO (pparMeHTa oTrneyaTka HM300paKeHHUs.
KonuyecTBO OMTOBBIX KapT paBHO KOJMYECTBY MEPBUYHBIX KpPACUTENECH MpPUHTEpA.
Kaxxnas OutoBas kapTa, COOTBETCTBYIOIIAS OJTHOMY MEPBUYHOMY KPACUTENIIO MPHUH-
Tepa, MOXKET OBbITh MPEACTABICHA MPSIMOYTOJIBbHON MaTPUIIEH C HYJIEBBIMH U €JUHUY-
HbIMU KOMIIOHEHTaMH, Y KOTOPOU 1 COOTBETCTBYET HAIIMUMIO KPACUTEIN B COOTBET-
cTBytoulel no3unuu, a 0 — ero orcyrcTBUI0. COBOKYMHOCTh OUTOBBIX MATPHIL C CO-
OTBETCTBYIOIIMMH 3HaueHUSIMU O 1 1 COOTBETCTBYET KOHKPETHOMY OTIEYaTKy. ['pa-
JAlUy [IBETa Ha OTIEYATKE BOCIPOU3BOIATCS C MOMOLIBIO MOJMHOXECTB (€IMHUY-
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HBIX ()parMeHTOB) OMTOBOW KapThl — PACTPOBBIX TOYEK C PANIUYHON TUIOTHOCTHIO
KPacoOYHBIX IATeH. J{J1s coXxpaHeHHs MPaBUILHOTO IPaJalliOHHOTO BOCIIPOU3BEICHHS
IpY MeYaTH U, CIEA0BATENbHO, Ui CKPBITUS (haKkTa BCTpauBaHUs KOH(UICHIIMATb-
HOU MHpOpMaIK, MOAU(PHUKAIMI OUTOBBIX KapT OTIEYATKOB HE JOJKHA MPUBOIAHUTD
K U3MEHEHMIO IJIOTHOCTH KPAaCOYHBIX ISATEH (AOTOB) BHYTPHU PAaCTPOBBIX Touek. Ba-
PHAHTHOCTH B3aUMHOT'O PACIOJIOKEHHUS TI0TOB BHYTPU PACTPOBBIX TOUYEK M SBISETCA
pecypcoMm, KOTOPBIH HCTIONIb3yeTes Ui opranu3anun crerocucremsl B PRN-daiinax.

Cpenu Bcex BO3MOXHBIX y30pPOB, OTBEYAIOIINX HEKOTOPOH IUIOTHOCTH 3aIoJi-
HEHHS PAaCTPOBOHM TOYKHM KPACOYHBIMHU ISATHAMH, JJIS LEJel CTeraHOrpaduu MOXKHO
TI0JIb30BATHCS PETYIISIPU30BAHHBIME, HE CO3/IAIONIMMH Myapa pacTpamH, T. €. TAKUMH,
JOTBI KOTOPBIX PACIpPEEICHbl JOCTATOYHO PABHOMEPHO IO TUIOMIAJNA PACTPOBOM
TOYKH.

Cremyer OTMETHTB, YTO pa3Mephbl PACTPOBOM TOUYKH KECTKO HE OINPEICIICHBI 1
MOTYT BapbUpOBAaThCs B pa3yMHbIX npexaenax. Hampumep, npu paspemennu 300 dpi
(dot per inch) MoxHO MCIIOIB30BATh KBAIPATHYIO MAaTPHUILy pazMepaMu 6x6, 7x7, 8x8
1 9x9. dopmMa pacTpoBOi TOUKH (TIPSMOYTOJIbHAS, KPYTJIasi, OBAIbHAS U T.1I.) TaKXKe
MOYKET BapbHPOBATHCS IPU BCTPAaUBAHUU UHPOPMALIUH.

[Tonmy4uTh OTIIEYATKH CO CKPBITON MHPOPMALIEi MOXKHO TOJIBKO C IOMOIIBIO
CHENHATBHOTO MPOTPaMMHOT0 00ECTICUeHHSI, TaK KaK MPH MeYaT JpaiBep MpUHTEpPa,
UCTIONB3YS (PUPMEHHYIO TEXHOJIOTHIO PACTPUPOBAHHUS, «PAa3MOET» T€ CUMBOJIBI CKpbI-
TOW MH(pOPMAIHH, KOTOPBIE TI0 CBOUM pa3MepaM CPaBHUMBI C pa3MepaMu PacTpPOBOM
Touku. JIJis M3BJICUEHUs] CKPBITOW MH(POPMAIMU HEOOXOAMMO HCIOJIB30BATh MPO-
rpamMmy U ajagaBUTHbIE TaOIULIBI.

B 3akirodueHue MOXKHO OTMETHUTh, YTO METOJbI KOMITBIOTEPHON CTeraHOTrpa-
¢buu, ucnonb3yroume ocoOeHHOCTH (opmaToB (HalOB-KOHTEHHEPOB, HEBO3MOMKHO
BBISIBUTH ITyTeM CYOBEKTUBHOTO aHajm3a (MPOCMOTPOM, MPOCITYIIUBAHHEM), HO JI0-
CTaTOYHO JIETKO OOHAPYKUTh, UCTIONB3Ys Pa3IMUHBIC IPOrPAMMHBIE CPEACTBA CTETO-
aHanmm3a. B To ke Bpemsi METOJbl, OCHOBaHHBIC HA WCIOJIB30BAHUU TMCUXO(pU3NYE-
CKUX OCOOCHHOCTEH UYeoBeKa, HEBO3MOKHO BBISIBUTH MPOCTHIM MPOTPaMMHBIM aHa-
JU30M Ha IMPEeIMET COOTBETCTBUS (hOpMATy W JOCTATOYHO CIOKHO, @ B HEKOTOPBIX
ClIydasix 1 HEBO3MOXKHO, OOHAPYKUTh IIyTEM CYObEKTUBHOTO aHAIIN3A.

4.3. llopsinok BbINOJHEHNsI padoThI

1. I3y4uTh TEOPETUUECKYIO YACTh PaOOTHI.

2. IIpoBecTn caMONpPOBEPKY TEOPETUUECKUX 3HAHWM, OTBETHB Ha IMOCTABJICH-
HBIE BOIIPOCHI.

3. UccnenoBaTh BIAMSHUE KOJIUYECTBA 3aMEHSEMbBIX MJIQJIIIUX OWUT JJI pa3any-
HbIX cocTaBistonux RGB mo otnenbHOCTH M B MX KOMOMHAIIMK HA KAa4yeCTBO BOC-
MIPOU3BEIICHUS OT/ICTHHBIX 1IBETOB (paiiyia-KOHTEHHEepa.

4. UccnenoBarh BAMSHUE KOJUYECTBA 3aMEHSIEMbIX MIIAJIIITUX OWUT /IS pa3iind-
HbIX cocTaBisitomux RGB mo oTaensHOCTH M B MX KOMOWHAIMKM Ha KavyecTBO BOC-
pou3BeeHUST KOMOMHAIIMY 1IBETOB (pailna-KoHTeWHepa.
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5. UccnenoBaTh BIUSHUE KOJIMYECTBA 3aMEHSIEMbIX MIIAIINX OUT JJISl pa3iand-
HbIX cocTaBisitomnx RGB no otnensHOCTH M B UX KOMOMHAIMM Ha KayecTBO BOC-
IPOU3BECHUS PA3IMYHBIX 1IBETOB B MHOTOKOMIIOHEHTHOM IIBETOBOM KapTuHe (aii-
JIa-KOHTEHUHEPA.

6. Ha ocHOBaHMM pe3yJIbTaTOB, MOJYYEHHBIX B II. 3—5, T0OUTHCS HaUTydlIIe-
ro KauecTBa MHOTOIIBETHOW KapTHHBI (paiiia-KOHTEMHepa MpHU CKPHITUM B HEM WH-
dbopmaruu.

7. OhopMUTH OTYET U 3aIIUTUTH PabOTYy.

4. Onucanue nporpammsl 1 IBM

[Iporpamma mo3BOJSET OCYIIECTBIATH MPOBEPKY TEOPETUUECKUX 3HAHHUM CTY-
JIEHTOB U TPOBOJUTH MCCIEIOBAHUS BIMSHUS KOJIMYECTBA 3aMEHSEMBIX MIIQIIINX
OUT COCTABJISIFONIUX I[BETA Ha KAYECTBO M300paskeHus (aiia-KoOHTEHHEpa IPU CKPbI-
TUU B HEM MH(POPMALIMA METOJIOM 3aMEHbl MIIAJIIIUX OWUT, C UCMOJIB30BAHUEM MPO-

(deccuoHaNbHONW MPOTPaMMBbI KOMITBIOTEpHOU cTeraHorpaduu. Mms mporpammbl
STEGAN.

5. Conep:xanme oTuera

1. llens nabopaTopHO PaObOTHI.

2. PesynpTaThl HWCClIeIOBAaHWUN BIWSHUAS KOJWYECTBA 3aMEHSIEMBIX MIIQIIIAX
OuT M pasnmuyHBIX cocTaBisomux RGB mo oTmensHOCTH M B MX KOMOWHAIIUKA HA
Ka4ueCTBO BOCHPOU3BENICHUS OTIEIbHBIX IBETOB (paila-KOHTEWHEpa C yKazaHUEM
KOHKPETHBIX 3HAaYEHHUI OUT U BUJOB UCHOJIb3YEMbIX (halijIOB-KOHTEHHEPOB.

3. PesynbTaThl MCCIAEAOBAHUN BIMSHUS KOJIMYECTBA 3aMEHSIEMBIX MJIIAIIINX
ouT 115 pa3nmuuHbIX cocTaBisomux RGB mo oTnensHOCTH M B UX KOMOMHAIIMK HA
KaueCcTBO BOCIIPOU3BEJCHUSI KOMOWHAIIUM 1BETOB (haija-KOHTEHHEpa C yKa3aHHEM
KOHKPETHBIX 3HAYeHUI OUT U BUIOB HCIOJIB3YEMbIX (PaillioB-KOHTEHHEPOB.

4. Pe3ynbTarbl MCCIEIOBAHWI BIUSHHUS KOJWYECTBA 3aMEHSIEMBIX MIIQIIAX
ouT 115 pa3nuuHbIX cocTaBistomux RGB mo oTnensHOCTH M B UX KOMOMHAIIMK HA
KAueCTBO BOCIIPOM3BEIAEHUS PAa3JIMYHBIX LBETOB B MHOTOKOMIIOHEHTHOW IIBETOBOI
KapTuHe (pailma-KoHTelWHepa ¢ yKa3aHWEM KOHKPETHBIX 3HAYE€HWW OWUT W BHUAA HC-
I10J1b3yEMOM MHOTOKOMIIOHEHTHOM LIBETOBOM KapTHUHE.

5. Pe3ynbTaThl UCCIEIOBAaHUN 1O MYHKTY 6 MOPSIIKA BBITOJHEHHS paOOThI C yKa-
3aHHEM KOHKPETHBIX 3HAYCHUM OUT U BUJA UCTIOIB3yeMO MHOTOIIBETHON KapTHUHBI.

6. BeiBobI 110 pabdore.
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