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BBE/JIEHUE

[esibro Hacrostieir paboThl sIBJIsieTCs CO3JlaHue pruMepa oPOpMJIEHUs CTY-
JIeHIecKoil paboTwl cpejicrBamu cucrembl HTEX.
[TocTapiena 3ajaua opOPMUTH JIOKYMEHT B COOTBETCTBUHU:

— co craggaprom CTO 06.02-2019 IlopsiikoM BBINOJHEHUsI, CTPYKTYPOi 1
npasuiaMu odOpMIIeHHs KYPCOBbIX paboT (IIPOEKTOB) U BbBIIYCKHBIX KBa-
TUPUKAIMOHHBIX paboT, MpuHATHIX B CapaTOBCKOM TOCYIapCTBEHHOM yHU-
Bepcutere B 2019 rojy;

— ¢ npaBujamMu opOpMJIEHUsT TUTYJIBHOTO JIUCTA OTUETa, O IPOXOXKICHIH IPAK-

THKH B cooTBeTcTBUN co ctapgaprom CTO 1.01-2005.



1 IIpaBuia odopmiieHNs, BBIAEP2KKN N3 CTAHIAPTA

6.1.1 Kypcosasi pabora (mpoekT) u BbIycKHasi KBajuduKainnonHas pabo-
Ta (ajnee - paboTa) JMOJIKHA ObITH BBINOJHEHA C HCIOJb30BAHAE KOMIIBIOTEPA 1
IpUHTEpa Ha OJHOI cTopoHe jucra besoit bymarn ¢popmara A4 mpudrtom Times
New Roman uepes mnoJjiropa unreppaJia. Lper mpudra JjlojkeH ObITh YepHbIM,
BhicoTa 1P, OYKB U JPYrux 3HAKOB - pazmepom 14 nr (keruseit). Teker pabors
cJaejlyer medaTarb, cobJtojiast Cae/yolue pa3Mepsl HoJieii: JeBoe — 25 MM, IIpaBoe
— 15 MM, Bepxuee n nmxknee — 20 M.

O6beM KypcoBoii paboThl (MpoekTa), Kak mpasuio, cocrasiser 20-30 crpa-
HUIl, 00'beM BBIIYCKHOW KBaJU@UKaIMOHHONW paboThl DakaJiaBpa, ClielUaIncTa —
40-60 crpanwni, maructpa — 00-90 crpanuni,.

KosmmuecTBo cTpaHml], OTBOJMMBIX Ha KarKJIblii pa3jiesl paboThbl, OIpeieis-
eTCs CTY/ICHTOM IO COTJIACOBAHUIO ¢ HAYIHBIM PYKOBOJUTEIEM (DYKOBOJUTETIEM ).
Honyckaercsi UCIo/ib30BaTh KOMIILIOTEPHBIE BO3MOYKHOCTH JIjIst aKIEHTHPOBAHMS
BHUMAaHUsI Ha ONPEJIEICHUIX, TEPMUHAX, (POPMYJIaX U JPYTUX BaXKHBIX OCOOEHHO-
CTSIX TyTeM MPUMEHEHUsT Pa3HbIX HauepTaHuii mpudra (KypeuB, MOy KUPHbI,
OJTY>KUPHBII KYPCUB, Pa3psKa U JIp. ).

6.1.2 OmeyaTku, ONKMCKM U rpaduyueckue HETOUYHOCTHU, opdorpaduieckue,
CUHTAKCUICCKHE U PeUeBbie OMMOKN, OOHAPYKEHHBIE B IIPOIECCE BHIIOJHEHUS Pa-
OOTHI, JIOMYCKAETCsT UCIPABJISITH 3aKPaliBaHUEM KOPPEKTOPOM W HaHECEHWEM Ha,
TOM e MecTe HcrpasieHHoro Tekcra (rpadukn). [loBpexpenus aucton, momMap-
KU, CJICJIbI HE TTOJHOCTBIO YJIAJEHHOTO TPesKHero TekcTa (rpadukn), opdorpadu-
JecKue, CHHTAKCUUeCKe U pedeBble OMNOKU He JIOMYCKalTCs.

6.1.3 Pabora noskua ObITh mojiucana uctnosauTeneM. Ilopmnucs u jara cra-

BATCA UCIIOJIHUTEJIEM II0CJIC CIIMCKa HMCIIOJIB3OBAHHBIX MCTOYHUKOB.

1.1 OcHoBHBbIE TpeOOBaHUSA K M3JI0XKEHUIO MATEPUAJIA,

6.2.1 Tekcr paboThl JJOJIKEH ObITH KPATKUM, Y€TKUM, JIOTUIECKHU TTOCJIEI0-
BaTeJbHBIM U He JIONYCKATh JIBYCMBICJIEHHBIX TOJKOBAHUIA.

6.2.2 B pabore J0KHBI TPUMEHATHCS HAyIHbIE U HAYIHO-TEXHUIECKUE Tep-
MUHbI, 0003HAUYEHUsI U OlIPEJIeJIEHUs, YCTAHOBJIEHHbIE COOTBETCTBYIOIIMMU CTAH-
JlapTaMu, a PU UX OTCYTCTBUU - OOIENPUHSATHIE B HAY YHOW U HAy YHO-TEXHUIECKO

JIuTEparype.



B Tekcre paboThl He JIONYyCKAeTCst IPUMEHSTH: 000pOThI pa3roBOPHOIT peun,
TEXHUIU3MBI, MPO(ECCHOHATM3MBI; JIJIsT OJHOIO U TOT'O K€ MOHATUS pa3IuIHbIe
HaydHbIC W HAYTHO-TEXHUIECKUE TePMUHBI, OJIU3KKE MO CMBICTY (CHHOHUMBI), €C-
JIN CHHOHUMHWYECKHe 0003HAUEHUS He SIBJIAIOTCA OOIMETTPUHATHIMUI; TPOU3BOJIHLHBIC
CJIOBOOOPA30BaHUsl; COKPAIIEHUST CJI0B, KPOMe TeX, KOTOPbIe YCTaHOBJIEHbBI TTPaBH-

JlaMu pycckoit opdorpadun, craHgapTaMu, a Tak»Ke B JaHHOI paboTe

1.2 Odopmiienne puCyHKOB U TabJIAILL

6.8 Miurroctparuu 6.8.1 K uiocrpanusM OTHOCIT IpaduKy, CXeMbl, KOM-
NbIOTEPHbIE paclevaTKH, JuarpaMMbl. VX ciemyer pacrnoararh HEIIOCPEICTBEHHO
IIOCJIe TEKCTa, B KOTOPOM OHM YIOMHUHAIOTCS BIIEPBbBIC, MU Ha, CJIEIYIONei cTpa-
HUIIE.

Ha Bce miumocTpaliium JOKHBI ObIThH JIAHBI CCHIJIKKA B TEKCTE.

6.8.3 MnmocTpanun, 3a HCKIIOUEHHEM WILTIOCTPAIUil IPUIOXKEHH, ClleTyeT
HyMepOBaTh apaOCKUMK MudpaMu CKBO3HOM HyMepalineii. Eciau pucyHok onus, TO
on oboznavaercst «Pucynok 1y. Miuocrpaiiuu npu HeOOXOIMMOCTH MOI'YT UMETh
HAaMMEHOBAHUE U TOSICHUTEbHBIE JanHble (nogpucyHounblii reker). Cioso «Pu-
CYHOK», €r0 HOMep U Yepe3 TUpe HauMeHOBaHUE TTOMEITAIOT TTOCIe MOACHUTETHHBIX
JIAHHBIX U pacIloJiaraloT B IEHTPE II0JI pUCYHKOM 0e3 Touku B Kourie. [Ipumep —
Pucynox 1 - [leraysu npubopa

Hornyckaercs HyMepoBaTh UJLJIOCTPAllMK B IIpeJie/iax pasjiesa. B aTom ciiy-
Jae HoMep WJLTIOCTPAIUT COCTOUT U3 HOMepa pasjiesia 1 MOPSKOBOTO HOMEPa UJI-
JIIOCTpAInK, pa3JieleHHbIX Toukoi: Pucynok 1.1. amocTpanum Kaxk 1010 Ipuio-
»KeHHUsi 0003HAYAI0T OTJEIbHON HyMepalueil apabckumu nudpamu ¢ JjodaBieHneM
nepes mudpoit 0bo3HaueHnsT TpuIoXKenns: Pucynok A.3.

6.8.4 Ilpu ceblikax Ha MILIIOCTPAIMK CIELYET ACATH «... B COOTBETCTBUU C
PUCYHKOM 2% IIPA CKBO3HON HyMepallui U ... B COOTBETCTBUHU C PUCYHKOM 1.2»
IIpY HyMepalluy B Ipejiesiax pasjiena.

6.9 Tabaump

6.9.2 Tabuuiy ciejyer pacioJaraTb HEIIOCPEJACTBEHHO 1I0CJIE TEKCTa, B KO-
TOPOM OHa YIIOMUHAETCsi BIIEPBbIe, WK Ha, cjeayiomieil crpanuie. HaumenoBanue
TaOJIMIBI, TIPA €r0 HAJWYHWHU, JOJDKHO OTpaykaTh ee CojeprKaHue, ObITh TOUHBIM,

kpaTkuM. HamMeHoBanue TaOJIHUIbI CJleJlyeT IIOMENIATh HaJi TabJuIel cjieBa, B



OJIHY CTPOKY C €e HOMEpPOM Yepe3 TUPE.
6.9.3 Ha Bce TabJiniibl JOJKHBI OBITH CCHIIKU B TeKcTe. [Ipu cebliike ciey-
eT MUCATh CJIOBO «Tabyiunay ¢ ykazanueMm ee Homepa. 6.9.4 Tabmuiy ¢ 60abIIM
YUCJIOM CTPOK JIOIMYCKAETCs IEePeHOCUTh Ha Jpyroi Jjuct. [Ipu mepenoce gactu
TabJIMIbl HA JPYTON JIUCT CJIOBO « Tabsiuiay, ee HOMEpP U HAMMEHOBAaHUE yKa3blBa-
10T OJIMH pa3 CJaeBa HaJI EePBOil YacThio TaOJNIIBI, a Ha | JPYTUMEA JaCTIMHU TAKXKe
cieBa nuiryT cyaosa "llpomomkenne TabauIbl" M YKa3bIBAIOT HOMEDP TaOJINAIIBI

6.9.6 Tabuuiel (3a UCKITIOYEHEEM TaOJIUI MPUIOKEHH) CJIeyeT HyMepo-
Barb apabckumu nudpamu CKBo3HOR HyMmepatueit. Jlonyckaercst HyMepoBaTh Tab-
JIMIIBL B TIpejiesiax pasjena. B 9roM ciydae HOMep TabJIUIBI COCTOUT M3 HOMEPA
pasjena ¥ MopsiIKOBOrO HOMepa TabJINIIbl, Pa3/Ie/IeHHbIX TOUKOM. Tabanihl KarK-
JIOTO TIPUJIOXKEHUs 0003HAYAIOT OTAEJIbHON HyMepalueil apaOCKuMu nudpamu ¢
nobaBieHreM 1epes mudpoit obo3nadeHus npuaoxkenns. Eciau B pabore onna Tad-
JIAIIA, TO OHA, JIOJKHA, ObITh 0OO3Ha4eHa «Tabsiuna 1y uian «Tabauna B.1y, eciun
OHa, IIPUBEJICHA, B NIPUJIOKEeHNH B.

6.11 Cancox ncrosb30BaHubIx ncTOUHUKOB 6.11.1 CBenenns 006 HCTOUYHUKAX
npuBojisiTcs B coorBercTBum ¢ TpeboanusmMu I'OCT 7.1, T'OCT 7.80 u 'OCT
7.82.

[Tpumepnr OubsMorpaduueckoro omnurcaHusi B CIHUCKE MCIIOJB30BAHHBIX UC-
TOYHUKOB 1puBejieHbl B (haiie thesis.bib, nanpuwmep, (1], [2], [3], [?], [?], [4], Dex-

Tpounsie pecypest 5], [6].



2 IIpumep odopMIeHNd TEKCTa

2.1 IIpumep OCHOBHBIX 3JIEMEHTOB MATEMATUIECKOTO TEKCTA

1 _ 1 1
e* T feo g’

[Tpumep ojunouHOl cebliku Ha jsureparypy [7]. Tlpumep MHOkecTBEHHOI

BryTpurekcroBas ¢popmyiia

cebliku Ha Jimreparypy |7,8413]. Emg muoxkecrsennas ceobuika [14,/15]. TIpumep

cebikn Ha [Ipusoxenue [B

Cebliika Ha pucyHOK [I]

Pucynox 1 — [logmuch K pucyHKY

Ecinu paszHOCTb 3HEPruil 57JeKTPOHHO-ILIPOUYHBIX YpoBHEH Fo — E Oins3ka
K 9HEPIUK IPEJIIbHOI0 OnTu4Ieckoro ¢porona hfdro, T0 B pa3ioyKeHUN BOJHOBBIX
GYHKIMI TTOJTHOTO raMUJIBTOHUAHA MOXKHO OIPAHUYUTHCST HYJIEBBIM HTPUOJIMKEH -
eM JIJIs BCEeX COCTOSHUM, 3a UCKJIIOUeHHeM OJIM3KUX 110 3HaUeHuo K Fo. BosiHOBBIE
GYHKIMHU MOCTEHUX IIPEJACTABII0T co00il ciieyompue KOMOMHAIIMN TIOUTH BbI-

POXKJICHHBIX cocTostHmA [13)].

2.2 Emie a3j1ieMeHThl MaTeMaTUIeCKOr'o TEKCTA

Heitpon siBjisiercst cocraBHO# dacTbio HeilporHO# cetr. OH COCTONUT U3 dJie-
MEHTOB TPeX THIIOB: YMHOXHUTEEH (CHHAIICOB), CyMMATOPa U HEJMHEHHOro mpe-
obpazoBaresiss. CHHAICHI OCYIECTBIAIOT CBA3bL MEXKJy HEeHpOHAMHU, YMHOXKAIOT
BXOJIHO# CHT'HAJ Ha THCJI0, XapaKTepusyrolee Cuiy csasu (Bec cunarca). CyMmma-
TOP BBINOJIHACT CJIOXKEHUEe CUTHAJIOB, MOCTYIAMOINUX 10 CUHAITUYCCKUM CBA3AM
OT JIDYI'MX HEWPOHOB, U BHEIIHUX BXOJIHbIX curHaJ 0B, Hejmueiinbiii ipeobpasoBa-

TeJIb peasin3yeT HeJMHEeHY0 PYHKIMIO OJIHOTO apr'yMeHTa — BhIX0J/a CyMMaTopa.



O1a QyHKIMS Ha3bIBAETCsT (DYHKIMEH aKTUBAINK WK TIePeJIaTOTHON PyHKINE.
Ha pucynke [2| mpuBeieHO cTpoeHne ojiHoro HeipoHa.
Heiipon B 11e710M peasiu3yeT CKaJsipHyo (PYHKIUIO BEKTOPHOI'O apryMeHTa.

MaTremaTmyeckas MoJe/Ib HEHPOHA:

n
s = E w;T; + b,
i=1

y = f(s),

rjie w; — Bec cuHarnca; ¢ = 1,...,n; b—3HaueHue CMeleHus; § — pe3yJIbTaT CyM-
MUDPOBAHUS; &; — i-ThIii KOMIIOHEHT BXOJIHOIO BEKTOpa (BXOJHON CHTHAJ),
1 =1,...,n; Yy — BBIXOJIHOI CUTHAJ HelpoHa; 1 — YUCJIO BXOJIOB HeifpoHa; f(s) —
HeJIuHeitHOe peobpazoBanue (HbYHKIHUsT AKTUBAINN ).

X

(’Egk\
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v

Pucynok 2 — Heitpon

B kauecTBe (hbYHKIUM aKTUBAIUU HEHPOHOB OEpYT OOBIYHO OJTHY U3 CJEIY-
IOIIUX:

— 1oporoBasi (pyHKIUS aKTUBAIUN;
— 9KCIOHEHIIMAJIbHAsl CUTMOUJIA;
— pallioHaJbHAsSg CUTMOUJIA;

— TUNEepOOTNIECKU TaHTEeHC.

Hanuble pyHKIUMKU aKTUBAIMK 00J1aJIAI0T TAKMM BayKHbIM CBOMCTBOM Kak
HeJimHelHocTh. HeymuelHocTh (pyHKIMY aKTUBAIMY TPUHIIUITUAJIBLHA JIJIST TOCTPO-
eHUsI HeHpOHHBIX cereil. FKciau Obl HEWPOHBI OBLIU JIMHEHHBIMU SJIEMEHTaAMU, TO
JI00as MOCJe0BaTeIbHOCTh HEfPOHOB TaK»Ke IPOU3BOJIMIIA Obl JIMHEHOE IIPeod-
pasoBaHue U BCsl HEpOHHAs ceTh OblTa Obl SKBUBAJIEHTHA OJHOMY HeipoHy (uim
OJIHOMY CJIOI0 HEIIPOHOB B CJIyYae HeCKOJIbKUX BbIX0/0B). Hesmueilinocts paspyiia-
eT CyNepIO3UIUIO U TPUBOJIUT K TOMY, YTO BO3MOXKHOCTH HEHPOCETH CYIIECTBEHHO

BbIIIE€ BO3MOXKHOCTE OT/ICJIbHBIX HEUPOHOB.



2.3 CHOBa MaTeMaTUYeCKUNIN TEKCT

OnumreM caMyio TONYJISIPHYIO aPXUTEKTYPY — MHOTOCJIORHBINA TIEPCENTTPOH C
II0CJIE/IOBATE/IbHBIMY CBA3SIMU U CUIMOU/JIAJILHON (DYHKIUEH aKTHBAIIH (Feedfor—
ward Artifitial Neural Network, FANN).

B MHOIoc/10iiHbIX HEHPOHHBIX CETSIX C IIOCJIECI0BATE/IbHBIMU CBSI3SIMU HEHPO-
HbI JICJISITCSI Ha, TPYIIILI ¢ OOIUM BXOJHBIM CUrHaI0M — cjior. CraHgapTHas ceTh
COCTOUT U3 L cj0eB, IPOHYMEPOBAHHDLIX CJIeBa HAIPaBo. KaxKablit ¢JI0i comepKuT
COBOKYIIHOCTH HEHPOHOB C €IWHLIMHU BXOJHBLIMH CHUTHaJaMU. BHemHme BXOIHBIE
CUTHAJIBI TIOJIAI0TCA Ha BXOJIbl HEHPOHOB BXOJIHOTO CJIOSA (ero 4acTO HYMEPYIOT KaK
HyﬂeBoﬁ), a BBIXOJIAMU CETHU SIBJISIIOTCS BBIXOHbBIE CUI'HAJIBI TIOCJIEIHErO CJiost. Kpo-
Me BXOJIHOT'O ¥ BBIXOJHOT'O CJIOEB B MHOTOCJIOMHON HEHPOHHON CETH €CTh OJINH WJIN
HECKOJIbKO CKPBITBIX CJIOEB, COCJIMHEHHBIX ITOCJIEI0OBATE/IbHO B MPAMOM HaIlPaB-
JIEHUN U HE COJIEPXKAIUX CBsI3eil MeXKJIy 3JeMeHTaMU BHYTPH CJIOS U OOpaTHBIX
CBsAZENl MexJIy CJIOsiMU. HuCJIO0 HEHPOHOB B Cjl0€ MOXKET ObITh JIIOOLIM U HE 3a-
BUCHT OT KOJIMIECTBA HEHPOHOB B JIPYTUX CJIOSAX. ADXUTEKTYypa HEHPOHHOW ceTn
MPSIMOTO PACIpPOCTPaHEeHNs! CUT'HAJIA TPUBEJIEHA Ha PUCYHKe [J]

Ha ka>kip1it HefipoH IepBOTo CJIOS MOJAITCS BCE 9JIEMEHTHI BHEIITHEI'O BXO/I-
HOT'O curHaJjia. Bce BBIXOJIBI HEPOHOB 4-T'O CJIOA TOJMAIOTCS Ha KaKblil HEfipoH
ciost ¢ + 1.

HeiipoHb! BBITIOIHSAIOT B3BEIIEHHOE CYMMUPOBAHKIE 3JIEMEHTOB BXOIHBIX CHUI'-
HajoB. K cymme npubapisiercsi cMmernenne Heiipona. Haj pesysibraroMm cyMMupo-
BaHUsl BBINOJIHAETCs HEJMHEHOe Ipeodpa3oBaHne — (DYHKINA aKTHBAIMH (Hepe—
JaTovyHasd cbyHKuHH). Snadenue HYHKIUN aKTUBAIUN eCTh BbIXOJl Hefipona. I1pu-
BEJIEM CXE€MY MHOI'OCJIOMHOIO 1epcenTpoHa. HellpoHb! mpejicraBieHbl KPYKKaMHu,

CBsA3SH MEXKIY HeﬁpOHa,MI/I — JIMHUAMM CO CTPEJIKaMU.

Q) -+ Q——n
o CRED) - 0
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Pucynok 3 — ApxurekTypa MHOTOCJIORHON CETH IPSAMOI0 PacupoCTPAHEHHUS



DOyHKIMOHUPOBAHKWE CETH BBITIOJHSIETCS B COOTBETCTBUU C (POPMYJIAMU:

Ni—1
S W o1 N k=1L
=1

j )

[k—1]

— y; ' — BBIXOJIHO# curHaJ i-To Heifpona (k — 1)-ro cios;
[]
ji
CJIOS;

k . ”
— bg. J - shavenne CMeIeHusl J-10 HefipoHa k-0 CJ10s;

— y = f(s) — yHKIUS aKTUBAINY;
(]

— Y, — BBIXOJIHOW CcUTHAJI j-ro ueiipona k-ro cjos;

— w;; — BEC CBA3UW MEXy j-M HeiipornoM ciost (k — 1) u i-M meiiponom k-ro

— N}, — auciio y3708 cos k;
— L — obi1iee 41cji0 OCHOBHbBIX CJIOEB;
— n = Ny — pa3zMepHOCTh BXOJIHOI'O BEKTOPA;
— m = N — pasMepHOCTh BBIXOJHOTO BEKTOPaA CETH.
Ha pucynke 4] mpejictaBiena ceThb MpsiMOTO PACIPOCTPAHEHUsT CUTHAJA C D

BXOJaMU, 3 HEMPOHAMU B CKPBITOM CJiOe W 2 HelpoHaMU B BBIXOJIHOM CJIO€.

To—> \Q
\
—Y
T3— O 1
— Y
Ty4— ’
Tr—

Pucynok 4 — IIpumep neiiponnoit ceru
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3 Pazngen ¢ mompasaenaMu

3.1 Tekct ¢ dpopmysamMu u JIeMMOit

O6o3HATAM (Yo, Y1, - - -, Yp; f| DABIETEHIYIO PABHOCTD TOPSIKA P DYHKIAH
f o ysnam yp <y < ... < yp.

O6oznaunm Ly, f(x; yo, Y1, - - -, Yp) WHTEPHOJSIHONHDINA ToMHOM HbloTomna

dbynkuun f 1o ysmnam Yo, Y1, - - -, Yp:

P J—1
def
Ly f(z5 90,91, - - Yp) = Zyo,---,yj, -H(x—yz-), r—ya1 =1 (2

Jlemma 1. Fcau 0 < 9 < 11 < ... <z, < 1 u f € C[0,1] ydosaemesopaem
YCAOBUAM

1. f(x) 20, z €[0,1];

2. Yoy -y Ypt1; f] = 0 daa scex y; € 10,1], i =0,...,p+1,

moeda
L,f(x;z0,...,25) 20 (3)
def
daa 6cex T € [Ty (op41), Tp-2k), K =0,...,[p/2], x_1 = —o0.
Howasamesvcmeo. BosbmeMm © € [Ty (ok41), Tp-2t], & =0,...,[p/2].

U3 ycejioBust (1] jiemMbl ciiejiyer, 4To

[$07 cee 7xp—(2k+1)7 Ly Tp—2ky- -y Lp; f] 2 07
T. €
def
pf (@5 w0, 1) =

1 o x% e i f(xo)

ot L2y (op4) IZ—(%H) e ‘/Eg—(2k+1) f(@p—(2n+1))

=1 T z? a? f(z) >0 (4)
1 zp_a %2;—% T xi—% f(@p—2r)
1 T 2 P b f(zp)
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3 papencrsa

Apf(z;xo, ... xp) = (Lpf(z; o, ..., xp) — f2)) H () — ;).

0<i<j<p

u (4)) caenyer, aro
L,f(x;zo,...,2,) = f(2).

C yuerom yciioBust (1| ieMMbl MbI TToJTydaeM yTBepsKjienue ((3)). []

3.2 HazBanme apyroro moapasiesia
3.2.1 BoJjee Menkuit mojpasien

Ecian pasznocTs 3HEpruit 97JeKTPOHHO-ABIPOYHBIX YpoBHEH Foy — F Oinska
K SHEPIUU IPeJIeJIbHOrO onTu4deckoro ¢porona hf2ro, To B pa3ioyKeHUU BOJHOBBIX
GYHKIHH TOJTHONO TaMUJIBTOHUAHA MOXKHO OIPAHUIUTHLCS HYJIEBBIM TPUOIUKEHI-

eM JIJIsI BCEX COCTOSIHMIA, 3a UCKJIIOYEHUEeM OJIM3KUX 110 3HAYeHUIO K Fy.

3.2.2 Tekcr ¢ Tabaureit

B rabsure [1| npejicTaBienbl pe3yJbTaTbl COKPAIIEeHns caoBapeil Hencrnpas-

Hocreii Jutst cxem u3 kKaraJjora [ISCAS’89.

Tabuna 1 — Pe3ysbrar cokpalieHus cJoBapeil HeMCIpaBHOCTEH MPH ITOMOIIH MAaCOK

1 2 3 4 > 6 7 8
5298 177 | 1932 341964 61 10797 | 3,16% 0,61
5344 240 | 1397 | 335280 59 14160 | 4,22% 0,53
5349 243 | 1474 358182 62 15066 | 4,21% 0,60
5382 190 | 12444 | 2364360 | 55 10450 | 0,44% 3,78
5386 274 | 2002 548548 91 24934 | 4,55% 1,40
5400 194 | 13284 | 2577096 | 58 11252 | 0,44% 4,28
5444 191 | 13440 | 2567040 | 60 11460 | 0,45% 4,26
5510 446 700 312200 70 31220 | 10,00% 0,63
5526 138 | 13548 | 1869624 | 38 5244 | 0,28% 2,41
5641 345 | 5016 | 1730520 | 132 | 45540 | 2,63% 7,06
S713 343 | 3979 | 1364797 | 131 | 44933 | 3,29% 5,61
5820 712 | 21185 | 15083720 | 244 | 173728 | 1,15% | 126,99
5832 719 | 21603 | 15532557 | 253 | 181907 | 1,17% | 135,18
5953 326 322 104972 91 29666 | 28,26% 0,27
51423 | 293 750 219750 93 27249 | 12,40% 0,57
S1488 | 1359 | 22230 | 30210570 | 384 | 521856 | 1,73% | 541,69
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3.2.3 TekcT ¢ KOJIOM POrpaMMBbI

Tepvun «pazpexkenHas MATPUIlay> BiiepBbie ObLI Tpejioxker ['appu Mapko-
BurieM. B 1989 on ObL1 Harpakjien npemueit umenn /Ixxona ¢pon Heitmana B Tom
YUCIe U 3a BKJIAJ B TEOPUIO METOJIOB JJIsI PAa3pPesKeHHbIX MATPHIL.

B 00JibIIMHCTBE UCTOYHUKOB, Pa3PEKEHHON MaTpUIEil HA3bIBAETCH MaTpU-
112, B KOTOPOW MaJi0 HEHYJIEBBIX JIEMEHTOB. DTO HEJIb3sl Ha3BATh OMPEJIeIeHNEM
13-3a CJI0Ba «Majioy. B [16] monsTre paspe:keHHON MATPHIBI OMPEIEIIIeTCS TaK:
«Mbl MOXKeM Ha3bIBaTh MATPUILY PA3pEXKEHHOM, ecjiu IIpUMEHeHue K Heil MeTo-
JIOB, OIMCBIBAEMbIX B KHHUTE, SKOHOMUT MaMITh /WU BpeMsi». TakuM oOpazoM,
CJIeJIYeT JIaTh ONPEJIeIeHIe aJITOPUTMY JIJIsT PA3PEXKEHHBIX MATPHUIl. AJTOPUTMOM
JIUIsl Pa3peXKeHHbIX MaTpull OyjieM Ha3bIBaTh aJI'OPUTM, Y KOTOPOTO BpeMsi pabo-
Thl ¥ HEOOXOJIMMbI 00bEM IaMSTH 3aBUCAT OT KOJIMUYECTBA HEHYJIEBBLIX 3JIEMEHTOB
B MaTpHIIE.

Pasmepnocrs kBajpartoil marpuiisl A Oyjaem obosHadarsb n, a KOJUIECTBO
HEHYJIEBbIX 3JIEMEHTOB B Heil |A|.

[LsioTHBIE MATPHUIIHI OOBIYHO XPAHSATCS B KAUECTBE JIBYMEPHOTO MaCCHBa N X
n. Bynem obo3sHavyaTh TaKoii MaccuB a. Pa3pekeHHble MATPUIIbl HE CTOUT XPAHUTD
TAKUM CIIOCOOOM U3-38, CJUIIKOM OOJIBIIIOrNO MOTPeOIeHUs aMsITH, KOTopas Oy1eT
3aHsTa B OCHOBHOM HYJIEBBIMU 3JIEMEHTAMMU.

OJivH U3 BapUAHTOB HPEJCTABICHNST PA3PEKEHHBIX MATPHUIL B TAMSITH KOM-
nbIoTepa — B BUJE TpeX MaccuBOB: column, value m rowIndex. Pasmepn mac-
cuBoB column u value pasubl |A|. Pasmep rowIndex pasen n + 1. HemyseBbie
9JIEMEHTBI MATPHUILI A XpaHATCs MOCJIEI0BATEILHO 10 CTPOKAM B THX MAaCCH-
Bax. dJjemenT column[i] cojmepKuT HOMED CTOJIONA, B KOTOPOM COJIEPXKHUTCS 1-i
HeHyJieBoil ajieMenT, a valuel[i]l —ero Benuunny. Maccus rowIndex[i] cojep-
J)KAT B cebe MHJIEKC IIepBOIO HEHYJIeBOI'O 3JjieMeHTa i-it cTpoku. Bce HenyJieBbIe
9JIEMEHTDHI 1- CTPOKM COJiepzKaTcd B MaccuBax column u value B 3jeMeHTax C
unjgekcamu or rowlndex[i] mo rowIndex[i + 1]-1. [lasg ymoOcTBa mojararmoT
rowIndex[n]= |A|.
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st ipuMepa pacCMOTPUM CJIEJLYIONLY IO MaTPUILY:

)

S O O NN O

w O = = Ot

S W O B~ O

0

y

MaccuBbl column, value u rowIndex Jijisi 9TOif MaTPHUIIBI IPEJCTABICHBI B

Tabsmrie [2)

Tabauna 2 — Maccusbl column, value u rowIndex
012345 |6|7]8[9]10]11

[column [0 [2[1]2[3][2[0]1[3]2]4

value |1]5]2|7]4]1]9(6]3(3]5 |

’rowIndeX \0 \2 \5 \6 \9\ 11\

|

HewusBecrhblit BEKTOP M BEKTOP 1PaABOl 4acTu XPaHsTCA B BUJIE MaCCUBOB

pasmepa n. MaccuB HensBecTHOrO BeKTOpa 0003HAYAIOT X, a MAaCCUB [PaBON 4a-

CThU — rhs.

Paccmorpum mpuMep ajropuTMa sl pa3pekKeHHbIX MaTpuil. AJITOpUTM pe-

menns CJIAY, npencraBieHnoi HUKHETPEYTOJLHON MATPHUIEH a, MOXKHO peaJir-

30BaTb JABYM: BJIO2KEHHbIMU IIMKJIAMHA 110 11:

for(int i =

x[i] =

0; i $<$ n; ++i){
rhs[i];
for(int j = 0; j $<$ i; ++j)

x[i] -= alil[j] * x[j];

x[i]l /= alillil;

Ho, eciin marTpuiia a XpaHuUTCs B Pa3pe:KEHHOM BHUJIe, TO B JAHHOM aJirO-

puTME€ MO2KHO IIPOXOJUTH TOJIBKO IIO HEHYJIEBBIM 3JICMEHTAM a.

for(int 1 =
x[i] =
for(int j

0; i $<$ n; ++i){
rhs[i];
rowIndex[i]; j $<$ rowIndex[i + 1] - 1; ++j)

x[i] -= valuel[jl * x[column[jl];

x[i] /= valuelrowIndex[i + 1] - 1];
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B nepsom ciyuae onenka spemenn paboter 6yner O(n?), a so sropom O(|A|).
Metojpl it pa3pe:kKeHHBIX MaTPHUIl OCHOBAHBI Ha CJEAYIOMUX TJIABHDLIX
npuHnumax [16]:

1. XpaHgTcsd TOJBKO HEHYJIEBbIE 3JIeMEHThI MATPUIIHI.

2. BeimoiHsSIOTCS TOJIBKO TE 1TPpeodpas3soBaHust, KOTOPhIE JAEHCTBUTEIHLHO UTO-
TO M3MEHSIOT. B npuMepe He MMeeT CMbICIa BbIYUTaTh M3 x[1] 3Ha4YeHne
x[jl*alil [j], ecom ali] [j] paBHO myuIO.

3. Hucsio «HOBBIX 9JIEMEHTOB», BOSHUKAIOIINX, HAIIPUMED, BO BPpeMsl UCKJTIOUe-
aust [aycca, crapalorcsi yMEHbIIUTD [yTEM [IEPECTAHOBOK CTPOK U CTOJIOIOB

MaTpPHUILbI.
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SAKJIOYEHUNE

B nacrosiieit paborbl IpuBeeH npuMep opOpMIIeHUs CTYIEHIECKOi pabo-
THI cpegcTBamu cucrembl BTEX.
[Tokazano, kKak MOYXKHO O(DOPMHUTDH JOKYMEHT B COOTBETCTBUH:

— ¢ npaBujiaMu opOpPMJIEHNsT KYPCOBBIX W BBIMTYCKHBIX KBAJM(DPUKAITNMOHHBIX
pabor, npuHsaThix B CapaToBCKOM ToCyjapcrBeHHOM yHuBepcuTere B 2019
roay;

— ¢ npaBujamMu opOPMJIEHUST TUTYJILHOTO JIUCTA OTYETa, O POXOXKJICHUH TTPAK-
TUKU B COOTBETCTBUM CO CTAHJIAPTOM.

daMmnm KypcuBom
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Hymepyembie 00b€KThI B IPUJIOXKEHUN

ITPNJIO2ZKEHUE A

Tabuna 3 — Results of pass-fail dictionary reduction with the help of masks

Circuit | Number Number The The The % of CPU
of of  test | volume of | volume | volume pass-fail running
modelled | vectors in | pass-fail of of masked | dictionary | time,
faults the test | dictionary,| found | dictionary, min

set bit mask bit
5298 177 322 56994 30 5310 9,32% 0,07
S344 240 127 30480 29 6960 22,83% 0,04
5349 243 134 32562 35 8505 26,12% 0,05
S382 190 2074 394060 28 5320 1,35% 0,43
5386 274 286 78364 65 17810 22,73% 0,26
S400 194 2214 429516 32 6208 1,45% 0,99
S444 191 2240 427840 30 5730 1,34% 0,98
S526 138 2258 311604 28 3864 1,24% 0,61
S641 345 209 72105 58 20010 27,75% 0,24
S713 343 173 59339 58 19894 33,53% 0,19
5820 712 1115 793880 147 104664 13,18% 9,09
S832 719 1137 817503 151 108569 13,28% 9,20
5953 326 14 4564 13 4238 92,86% 0,01
S1423 293 150 43950 58 16994 38,67% 0,15
51488 1359 1170 1590030 158 214722 13,50% 26,69
Pucynox 5 — Iloanmuch K pucyHky
Tabanma 4
01
110
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IMTPNJIO2KEHUE b

JIucTuHT IporpaMmbl

Kon npusnoxennsa task.pl.

1use locale;

:use encoding "cp866";

s

5

10
11
12
13
14
15
16
17
18

19

29
30
31
32
33
34
35

36

print "Uma manku: "; my $folder_name=<>;
chomp ($folder_name) ;
my @files = ‘chcp 866 & attrib $folder_name\\*.pl®;
if (substr($files[1],0,15) eq ’He maiimen myTsb:’) {
print "IlyTp He Halmen. [lompobyiiTe eme.\n";
redo;
}
elsif (substr($files[1]1,0,15) eq ’He Hmaiimen ¢aitn:’) {
print "llamka He comepxuT ¢ainor .txt .\n";
last;
}
else {
foreach my $file (@files[1 .. $#files]){
my $file_name = substr($file, 11);
chomp($file_name) ;
open(FH,"<$file_name") or die $!;
my %hash = Q;
foreach $chunk (<FH>){
my @words = $chunk =~ /([\@\%\$][a-zA-Z_0-9]1+[\[\{1?)/g;
foreach my $word (@words) {
$word = "\$".substr($word, 1)
if (substr($word, 0, 1) eq ’Q@° &&
substr($word, -1) eq ’[?);
$word = "\$".substr($word, 1)."["
if (substr($word, 0, 1) eq ’@’);
$word = "\$".substr($word, 1)."{"
if (substr($word, 0, 1) eq ’%’);
$hash{$word}++;
};
+;
my Oxs = keys %hash;
print 0xs;
close(FH);

20



37
38
39
40
41 }

42 C

my $ans = scalar(@xs);

print "$file_name :

$ans\n";
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ITPNJIO2KEHUE B

MHuorocrpannvyHasa TadIuIia

Tabmuna 5 — 'OCT DIN ISO — Tabauma cooTBeTcTBUs CTaHIAPTOB

IMIIAHAPUIECKAM KOHIIOM

KJaccos Tounoctu A u B

Cranmapt HaumenoBanme Cranmapt | Ctaggapr
rocr DIN ISO
1 2 3 4
rocr [HmuaTH DIN 94 IS0 1234
397-79
rocT Ulypymsl ¢ mOTYKPYIIOit DIN ISO 7049
1144-80 TOJIOBKO# 96DIN
7981
rocT [Ilypymst ¢ moTaiiHo#l rOJI0BKOiT DIN ISO 7050
1145-80 97DIN
7982
rocT UTypynsl ¢ moaynoTaitHon DIN ISO 7051
1146-80 TOJIOBKO# 95DIN
7983
rocT Bunthl ycTaHOBOUHBIE C DIN 553 ISO 7434
1476-93 KOHUYIECKUM KOHTIOM W TTPAMBIM
MLIANEM KJIACCOB TOYHOCTH A u
B
I'ocT BuHTBI ycTaHOBOYHBIE € MJIOCKUM DIN ISO
1477-93 KOHIIOM U NPAMBIM ILJIUTEM 438DIN 47661SO
KJ1accoB Tounoct A u B 551 7436
rocT Buntbl ycranoBodHbie C DIN 417 ISO 7435
1478-93 OUJIAHIPUIECKAM KOHIIOM U
MPSMBIM TILJIATIEM KJIACCOB
rounoctd A u B
rocT BunThl yCcTaHOBOYHBIE C DIN 561
1481-84 MEeCTUTPAHHON TOJTOBKOU 1
MUIAHIPAIECKAM KOHIIOM
KjaaccoB Tounoctn A u B
rocT BuHTHI ycTaHOBOYHBIE C DIN 479
1482-84 KBaJIpaTHOH T'OJIOBKOH 1
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[Iponoskenue TabUIbI

1 2 3 4
rocT Bunrsl ycTaHOBOYHBIE C DIN 479
1485-84 KBa/IPATHON TOJIOBKOH 1
3aCBEPJIEHHBIM KOHITOM KJIACCOB
rounoctu A u B
rocT BunThl yCTAHOBOYHBIE C DIN 480
1486-84 KBaJIpATHOU TOJOBKON 1
CTYIEHYATBIM KOHIIOM O cdepoii
KjaaccoB Tounoctn A u B
ocT BuHTHI ycTaHOBOYHBIE C DIN 478
1488-84 KBaIpaTHOM TOJIOBKON 1
OYPTHKOM KJIACCOB TOTHOCTH A H
B
rocr BunTh ¢ muauHaprdeckoi DIN 84 ISO 1207
1491-80 TOJIOBKOW KJIACCOB TOYHOCTH A n
B
rocT laiiku-Oaparniku DIN 315
3032-76
rocT Boarsr orkummnbie DIN 444
3033-79
rocT [IpyKuHbI Tape/bYaThIe DIN 2093
3057-90
rocT Kanmar cranpHOil 1BOIHOIM DIN 3060
3070-88 ceuBku Trna TK koHCTpyKIum
6x19 (1+6+12)+1 o.c.
rocr [ItudTh MUIXHIPHIECKHTE DIN 7DIN ISO
3128-70 | He3akajeHHBIE 6325 2338150
8734
rocT [MItud T KOHTIECKHE DIN 1 ISO 2339
3129-70 He3aKaJIeHHbIe
rocr PriM-60s1THI DIN 580 ISO 3266
4751-73
rocT [aiiku mecTUrpanHble CTAIbHBIE DIN ISO
5915-70 KJacca ToIHOCTH B 555DIN 40321SO
934 40331S0O
8673ISO
8674
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[Iponoskenue TabUIbI

HallpaBJIAIOIIUM IIOJII'0OJIOBKOM,

KJIacC Tounoctu B

1 2 3 4
rocT [aiiku mecTurpanHble HU3KKUE DIN ISO
5916-70 KJIacca TogHOCTH B 439DIN 4035150

936 40361SO
8675
rocT [aiiku mecTUrpanuble DIN 935 EN ISO
5918-73 pOpe3Hbie 1 KOPOHIATHIE 7035EN
KJ1acca TouHocTu B ISO
7036EN
ISO 7037
rocT [aiiku mecTurpanube DIN 937 EN ISO
5919-73 IpOpe3HbIe W KOPOHYIATHIE 7038
HU3KHWE KJacca ToIHocTH B
rocr [aiiky mmecTUTpaHHBIE KJIacca DIN ISO
5927-70 TouHOCTH A 555DIN 4032ISO
934 40341SO
8673
rocT [aiiku mecTurpanHble DIN EN ISO
5932-73 IPOPe3HbIE U KOPOHUATHIE 935DIN 7035EN
KJIACCA TOYHOCTH A 937 ISO
7036EN
ISO 7037
rocr [aiikyu KpyTJIble ¢ OTBEPCTUSIMU DIN 1816
6393-73 Ha Topie "mox Kaod'Kiacca
ToYHOCTH A
rocT [11aitObr TPy KUHHBIE DIN 127
6402-70
rocT [Tait6sr yBenndenubie. Knacest DIN ISO
6958-78 rounocta A u C 440DIN 70941SO
9021 7093-11S0O
7093-2
rocr BoaTel ¢ moTaitHoit TOT0BKOM 1 DIN 608
7786-81 KBaJIPATHBIM TOJIT'OJOBKOM
Kaacca Tounoctu C
rocT Boats ¢ mecturpannoii
7795-70 YMEHBIITeHHOH TOJIOBKON U
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